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CHAP'.rE.JL • ..l 

INTRODUCTION 

Knowledge or the cause and managemellt of shoct have been sub­

jects of intensive investigation and speculation since the history of 

medicine. 

For many yeara, the treatmellt of hemorrhagic shock has be en 

centered about the concept that the main defeet in this syndrome is 

the blood loss and that ideal treatmen.t is the replacement of this 

loss with adequate transfusions. Alongside with fluid replacement, 

vasopressors have been extensively used in the treatment of any form 

of hypotension, wit.h the assumption that the fall in blood pressure ia 

a valid measurement of the blood volume deficit. 

In baeteremic shoct, massive antibiotics and adrenocorticoids 

have been used extensively (MacLean, 1962) with soma convincing resulta. 

In spi te of the adven.t of antibiotics, the mortality rate of patients 

with coliform bacteremic shock is still over 65~ (Adcock and Hakanson, 

1960}, (Spink, 1960). In some areas this percentage is even higher. 

Our knowledge of the dynamics of shock is better than it was 

fifty years ago. There is recognition that the development of shock 

is a very complex phenomenon, not necessarily causally related to any 

one factor. Shock resulta from a multiplicit.y of influences, hormonal, 

renal, circulatory, biochemical. humoral and enzymatic. 

With the growing acceptance of the view that catecholamines are 
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the major orrenders in the refractory state of shoek and in the ir­

reversible phenomanon, tany investigators (Lillihej., 1962), (Wilson, 

1963), (Longerbeam~ 1962), (Corday, 1960), are objeeting to the in­

diseriminate use of vasopressoa during haemorrhagie and endotoxin 

shock. Ganglionie blocking agents ~re receiving preference over sym­

pathomimeties (Nickerson and Carter, 1959), (Hakatian, et al, 1961), 

(Thomas, 1958), (Gourzis~et. àl,t,l~6ih (Be.el,et 111~.1952). 

- 2 -

With so many conflicting opinions as to the beat management of 

the shock syndrome, we deeided to tackle the biochemical aspect or the 

problem. 

Hence, our objectives were to correct the pH by dialysing lac­

tic aeid and other organie acide {pyruvic acid and phosphate), which 

play a part in the irreversible phenomenoa. Sinee b~roducts of bac­

teria can be dialysed into the rinsing solution, we be lieve that by 

ultrafiltration of these harmful substances, we may eure or prolong 

survival time in animale. Sinee histamine and catecholamines are in­

criminated in the irreveraibility of shock, we thought that these sub• 

stances could also be dialysable. Dialysis in itself helps to correct 

hypovolemia and by so doing we hoped to eounteract peripheral vascular 

pooling and aggregation of eells that oecurs during shoek. {Wiggers, 

1950), (Lars-Eric Gelin et al, 1961), (Cameron, 1962), (Shoemaker, 

1962), (Niekerson, 1959), (Aust, 1957). 



CHAPTER._Il 

A. HISTORICAL PERCEP!!m 

There is no problem in the field or medicine which bas elicited 

so much interast or physieians and surgeons throughout the ages as 

'shock'• Celsus at the beginning of the Christian Era~ in deseribing 

the errects or traumatie shock wroter 

Now when the heart is penetrated, much blood issues, 
the pulse fades away, the colour is extremely pallid, 
eold and malodorous swsat bursts out as if the body 
bad been wetted by dew; the extremities become eold 
and death quickly tollows. 

In 1497, Brunsehweig (1933) commented on the collapse which tol-

lowed severe gunshot wounds, but he attributed this condition to pois• 

oning or the wound by gunpowder. Even Billroth (1859), one or the 

greatest surgeons ot all time, belin·ed that gunpowder poisoning was 

partly responsible tor eome ot the symptoms or shock. 

Puerperal sepsis in the large hospitals or Europe is vividly 

described in Deyils, Dtuga_&Qd Doçtotl {Haggard 1953). Books on colon-

i&ation ot the Orient give diagnostic descriptions or victims ot 

cholera, dying ot baeteremia and dehydration hypotension. 

As we move through the centuries, we see that bleeders, barbera, 

surgeons and physicians all reeognized this syndrome ot haemorrhagic 

and endotoxi~ shock without calling it as auch. This word 'shock' 

was tiret used in the English translation trom the works or the 

French surgeon LeDran (1743), who during the same year wrotu 

- 3 -



The bullet thrown by gunpowder acquires such rapid 
force that the whole animal machine participates in 
shock and agitation. 

Ambroise Pare (1582) pointed out ';,t lilir.t syndrome or shock 

which be called 'commation• as he thought it as caused by 'f'alling 

!rom a high place on something solid and bard• or •by blows causing 

contusions, auch as those caused by a stone or a mass or a blow of a 

lance or an artillery blow or thunder ralling near a person•. He 

referred t o the pallor, eold sweat, indetectable pulse as 'Petite 

Morte' • The original or this text readsa 

D'avantage faut entendre qu'outre lee susdites 
fractures, il se fait une autre disposition appelée 
Commotion. Ou lbranlement et concussion du cerveau, 
qui cause semblables accidents que les fractures du 
Crine' laquelle Commotion se fair pour avoir tombe* 
de haut en bas sur chose solide et dure,_ ou par 
coups orbes, comma de pierre, ou d'une masse, ou d'un 
coup de lance, ou l'air d'un coup D'Artillerie, ou du 
tonnerre tombant pris de la personne, voire de la main, 
ou autres semblables. 

Subsequently there sprung otber workers in this field or shock 

in the 18tb, 19tb, and 2oth Centuries, to mention only a few men liker 

(1) Bell (1812), (2) Abernathy (1804), (3) Hunter (1812), (4) Cannon 

(1917), (5) Harkins (1935), (6) Wig~rs (1950). All these men have 

given tremendous contributions in the field of shoct .• 

Abernatby (1804) in his 'surgieal observations' described a 

patient admitted into St. Bartholomew's Hospital, with an 'aneurism of 

the femoral artery', for treatment of' which he tied the external iliac 

artery. The description of' this patient's ninth day post-operativt 

condition is suggestive of bacteremic shock. 

His pulse beat ••• l60 in a minute, his tongue was covered 
witb a dark brown fur, be looked agittted, and purge took 
place, which was not restrained till the following nigbt 
by a cordial and opiate mixture. 
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This woundman, a generation later 
than Brunschweigh, shows cannon halls im­
pinging themselves, one upon the armand 
t~e other upon the leg. This picture act­
ually representa all the possible causes 
of shock as conceived by physicians and 
barbera of the 19th Century. A lance fal­
ling near the left foot of the 'man' is 
also sean. It is also noted that over the 
upper third of the thigh, an eruption is 
sean. This re presents the "great pox" , 
which was becoming an important cause of 
shock at the time. (Courtesy Bilroth 
ttHistorical Studies on Gun Shot Wounds", 
1859.) 
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Herman Fischer (1870) eorroborated with current opinion in 

Germany on the concepts of surgieal shoek as • ••• paralysirenden 

Einfluss einer plôtzlieher und heftigen Nervenver Letzung auf die 

Herzthltigkeit'. Translated into English this reads 1 • (Shock) is 

caused by a sudden and violent injury of the nerves, with a paralys· 
, 

ing influence on the action of the heart. 

B • MQPiRN CONCEfiS QF:_PATHOPHI~lOLOGY OF THE §HOCK SYNDROME 

With the general progress over the last fifty years in the 

understanding of human biology, anatomy, physiology and biochemistry, 

the present concept of the pathophysiological meehanisms involved in 

the shoek syndrome are elearer than they were during the time of 

Ambrose Pare (1582). 

It is now more generally accepted by nearly all authoritiee on 

this subject that the factors whieh are prineipally coneerned with 
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ahock or the target organe area (1) the heart (Ua~:11Jii'd;;li62)(11alt::t!lar.,,l,951 ). 

(2) the eirculating Tolume (Fine, et al, 1955), (Blalock, 1930), 

(Phemister, 1927-28); (3) the peripheral vessels, arterioles, met­

arterioles, VGnules and capillaries (Wiggers, 1950), (Cameron, 1962), 

(Rardaway, 1959, 1961, 1962). In between these target organs, a host 

of physical, biochemical and metabolie changes oceur, which lead to 

further depression of normal functions of the target organs, leading 

to irreversibility. 

1. TH~LSOLE OF _!tlE HE.ART 

a) Failure of tht MyocardiW! 

The importance of the myocardium and its role in the develop· 

ment of the irreversible phenomenon in shock has been a subject of in-



Jcoronary Circulation 
~Corona ry Re si stance 

3. '(Anoxie Myocardium-+ Failure of 

"'"' Heart Muscle 
4. ~ardiac Output 
5. ~yocardial Glycogen 
6. -tMyocardial Pyruvic Acid 
7. Jf'Lactic Acid 
8. ..,..denosine Tryphosphate 
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9. ,aAbi lit y to use Pyruvic A cid 

1. Chemical banges in Cell· ~ 
2. Depression of R. E. S. 
3. Endotoxin Like Substances Histami.ne 

j 1 ~ ~~:~:~ni1~e like substances 

4./~~adykinines and allied substances ~~ 
5 .~ ftïbrynolysin~Fibrinolysi s~Bleeding tendency 
6./ Catecholarrines~Vaso spasrr~Anoxia4(:ell death 
7. Electrolyte disturbances. Acidosis~Metabolic derangements 

r /8. General endocrine body reaction to injury ~ 
~ 9. Reduction of blood flow to live r--+fàilu re to break down 

t( Metabolites ~cidosi 

CIRCULATING VOLUME 

1. Reduced blood pressure 
2. Reduced blood and/or plasma 

volume or not at ali 
3. Dec reased venous return 
4. Reduced oxygen supply to tissues 

5. Circulating injurious substances 
from injured tissues (Burns or 
released by bacteria) 

PERIPHERAL VESSELS 

1. Regional peripheral resistance 
2. Poo ling and stasi s in venu les 

and capillaries of other organs 
3. Dec reased clotting tirr e 
4. Aggregation of cells-+stasis 
~Tissues and cell perfusion 
-il" Cell death 

5. Lecithinase--t-Po.ssibility of 
endothelial disruption 

DIAGRAM ILLUSTRATING BRIEF. PATHOPHYSIOLOGY OF THE SHOCK 
SYNDROME 



tensive investigation during the last decade. The shock state that 

accompanies severe myocardia1 infarction fortifies the theory that the 

failure of the pump mechanism is the primary cause of irreversibility. 

Increase in atrial pressure, diasto1ic ventricular and ventricu1ar end 

diastolic pressure along with diminished ventricular stroke output 

(Crowell and Guyton, 1961, 1962), (Wiggers, 1942, 1947, 1950) give 

strong evidence of the importance of cardiac function in endotoxin and 

haemorrhagic shock. Izquieta and Pasternack (1946) observed depression 

of the ST segment during haemorrhagic and ischemie compression shock. 

Bloor (1958) and his associates observed the same abnormal electrocard­

iographie changes in haemorrhagic shock. Cardiac glycosides have been 

found to be beneficia! in experimental traumatic shock (Keyl, 1956, 

1957). This supports the important role of the myocardium in the pro­

duction of irreversible haemorrhagic and endotoxin shock. 

Kohlsteadht and Page (1944), Werle et al (1942) also support the 

theory that the primary failure of the myocardium is responsible for 

the irreversible phenomenon. 

There are many 1iffarent types of insulta which can lead to mye­

cardial deterioration in shock (Sarnoff, 1955). Nutritional deficieney, 

bacterial toxins, unèerlying he art disease (Guyton, 1961, 1962) may 

exert deleterious affects on the myocardium during shock. Many bacterial 

toxine, especially the endotoxine of the gram negative coliforms, have 

very toxic effects on the myocardium (Ross, 1957) •• '~Whatever the cause 

of a particular type of shock might be, death of a. person finally ensues 

when the heart itself can no longer pump blood. In haemorrhagic shock, 

as well as many other types of shock, it is the heart itself that is tha 
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primary and lethal deteriorating structure of the circulation and 

that deterioration which occurs in other parts of the circulation 

may vary well not be lethal at all.~ {Guyton, 1961) 

According to the above theory, all other changes that accom­

pany this phenomenon are secondary to myocardial failure. 

On the other hand, (Weil et al, 1956), (Freedberg, 1944) 

(Zamecnik, 1947) and (Ebert, 1955a, 1955b) studying the venous pres· 

sures ia ~(iog•S\;obeerT.e·t:4 that the systemic venous pressure waa 
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either reduced or it remained the same during the experimental period. 

This indicates that c~stive heart failure is not the cause of shock. 

~arnoff (1954), in his studies on haemorrhagic shock, observed 

that. both the right and the lett ventricles showed evidence of mye­

cardial failure, dilitation of the heart and a decrease in the vigor and 

rapidity of arteriel systole. Augmenting coronary flow, either 

meehanically or by administration of aramine, led to the decrease in 

right auricular pressure and dilatâtion of the heart. Jlelcher:·(l95lh 

found; .:in dogs subjected to prolonged shock, areas of fatty infiltra­

tion and necrosis of cardiac muscle. 

Hypovolemia and insufficient coronary blood flow leads to de­

crease in cardiac output, decrease in oxygen transport, oxygen availa­

bility and increase in oxygen debt and eventually to myocardial failure 

(Simeone et al, l958a, 1958b), (Meleher and Waleott, 1951), (Weil, 

1957), (Sarnoff, 1954) ,(G!&tèh:po.l1•, 1955). 

b) Pecreased Corpnar~ Çircu}ation and Cardiac OuiEY! 

Normally coronary blood flowau measured in the lower animale 

approximately constitutes four to fi ve percent of the total cardiac 



out put. In human be ings this would mean an average coronary flow of 

approximately 225 mtlminute (Guyton, 1962). 
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During haemorrhagic and endotoxin shock, there is a signifieant 

continuing decrease in coronary resistance with concommittant decrease 

in coronary circulation (Wiggers, 1950), (Eckenhoff et al, 1940, 1947), 

(Edwards, 1954), (Hackel and Goodale, 1955), (Opdyke, 1947), (Corday et 

al, 1960). This decrease in coronary flow leads to the generalized 

decrease in myocardial blood flow (Catchpole, 1955), (Churchill­

Davidson et al, 1955). Decrease in coronary flow ia accompanied br 

decrease in cardiac output and st.roke volume (Osher, 1953), (Raad et 

al, 1957), (Hackel and Goodale, 1955), (Hausner et al, 1940). 

Reduction in coronary flow has been associated with shock states 

regardless of cause :and ba~ been known to result in myocardial 

necrosis (Master et al, 1937), (Friedberg and Horn, 1939), (Melcher 

and Walcott, 1951). Normally about 65% of the oxygen in the arterial 

blood is removed berore it circulates the coronariea. During shoek, 

the oxygen saturation of arterial blood circulating the coronaries 

is greatly reduced. This laada to severe anoxia to the myocardium. 

Meneely (1946) postulated that prolonged anoxia of the myocardium can 

lead to increased permeability of the blood vessels in the heart, 

which would be an actual structural damage t o the heart. Nobody has 

yet reduplicated Meneely's findings. 

There is a progressive decline in cardiac output as shock 

reaches the terminal phase and a critical leval of cardiac output, 

which, if lowered even slightly by withdrawal of blood, results in 

sudden death (Fine, 1947). There is temporary improvement in 



cardiae output following transfusion (Wiggers, 1950). 

e) Y:etabolic Effggjs of Shgck on the HeaD 

Any prolonged hypotension leads to decreaaed oxy~n consumptioa 

of the heart muscle. This is particularly prominen:t during the latter 

stage or shoclt:. (Burdette, 1952). It has been shovm that myocardial 

oxygen availability parallels closely the fall and rise in blood pres­

sure seen in experimental haemorrhagic and endotoxin shock (Caliva.~ 

1959). The prolonged anoxia causes many metabolic changes in the heart 

muscle. The myocardial extraction or lactate is increased during 

haem~rrhagic shock (Edwards et al, 1954). Arterial concentration of 

pyruvate and lactate are increased during oligamic and normovolemic 

shock. Opdyke, (1947) ':also, ndt:ie:èd reduction or myocardial ex• 

traction coe:rfieient of pyruvate to negative values during sbock, 

but sometimes there was increase in lactic acid (Burdette, 1950) 

and decreased adenosinetriphosphate (LePage, 1946). 

Arterial glucose concentration is inereased during olegemia, 

while myocardial glyeogen dropa. Myocardial pyruvate extraction is 

decreased while pyruvate in the coronary beeomas higher than in the 

arterial blood. 

None of these changes can be pointed out with certainty as 

the primary causes of the final state of irreversibility. There 

se ems to be little doubt a.s t o the synergistic affect of these pa.tho­

physiological mechanisms in precipitating irreveraibility in shoct. 
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a) Periphoral..BI .. d.ru~ 

'-The animal bad been bled to death, so that the vessels had 

an additional stimulus to produce contraction in them. as we know 

that all veasels in animale endeavour as mueh as possible to adapt 

themselves to the quantity of fluid cireulating in them ... (Hunter, J •' 

1812). Even as early as the beginning of the Ninet.eenth Cent.uryt 

prominent surgeons and physieians noticed the reaction of blood 

vessels to haemorrhagie shock. (Seelig and Lyon, 1909) 

In haemorrhagic shock, the cardiovascu1ar system trietl to ad-

just itself in arder to accommodate the smaller volume by increasing 

the periphera1 resistance through genera1ized vasoconstriction. 

(Gessell, 1919), (Catchpole, 1955), (Erlanger, 1919), (Wiggers, 1950), 

(Cameron, 1962}, (Lansing, 1962). This adjustment is brought about 

by vasomotor nerves situated in the wa1ls of the capillaries. At the 

same time, inerease in plasma catecholamines helps to ma.intain this 

vasomèor tons (Fine, 1962), (Vassant ,et :a;l; ,H63) i (<:Qrday, '].960), 

(Wiggers, 1950), (Cameron, 1962). Catchpole (1955) noted that ad-

ministration of l·nor-epinaphrine during haemorrhagic shoek did not 

lead to further peripheral vasoconstriction. However, there was a 

rise in blood pressure without increase in mean cardiac output. This 

is indicative of a differential increased resistance in different 

parts ot the vascu1ar beds. Wiggers (1950) observed the aame phe-

nomenon of differential vascular resistance. Vasodi1ation was noted 

to appear an hour be fore de ath (Fine, 196a) • 
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Landgren and Neil (195la, 195lb) demonstrated that stagnant 

hypoxia caused a heavy discharge of cnemoreceptors and that this was 

correspondingly reduced by increasirtg systemic pressure. However, 
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Field and laverty {1958) do not subscribe to the theory of humoral 

vasoconstrictor material. Phemister and Hardy (1927, 1928) described 

vasodilator substances which develop in heparinized blood outside the 

body and therefore temporarily help tissue perfusion after reinfusion 

and thus increase cardiac output. The same authors believe that pro­

longed vasoconstriction that follows may be due to serotonin that ia 

formed in the transfused blood or in the body of the animal during shock. 

General vasoconstriction which occurs in all types of shock is 

aimed at redistribution of a large volume of b1ood t o those structures 

whose function is vital for immediate survival. This vasoconstriction 

to other organe, if prolonged~ may lead to the production or lethal 

factora or possibly to factors that lead to irreversibilit:w (Cameron, 

1962), (Alexander, 1955), (Adcock, 1960). Probably the haemcrrhagic 

necrosis of the small bowel seen in fatal endotoxin and haemœrrhagic 

shock may be due to intense vasoconstriction and oligemia of the gut 

(Lillehei, 1956, 1957), (Lillihei and MacLean, 1958). This may a1so 

be responsib1e for an increase in the hematocrit and :liemoglo- . :' -

bin and a decrease in plasma volume (Lillihei and MacLean, 1958), 

(Fine et al, 1959). 

The clinical situation of shock due to sepsis appears to be 

primarily related to the failure of peripheral vascular resistance • 

Gilbert et al, (1955) round in their patients that hypotension was 

not associated with decreased cardiac output, while peripheral resis­

tance was reduced. These authors found that patients who received bloo4 



eon~aminated with coliform baeilli or in septic abortion, exhibited 

the se hemodynamie abnorma.lities. Hinshaw et al (1958) in animal ex­

perimenta with Escherichia. Coli endotoxin also noted a. fall in peri­

pheral resistance. Weil et al (1956} reported normal total peri­

pheral resistance during the early phases of shock. This resistance, 

however, ~ended to decline as the animal progressed into shock 

(Hinshaw et al, 1958). This decline in periphera.l resistance is 

proba.bly due to the release of some parasympatholytic substance at 

the nerve endings. Vick and Hinshaw, (1960) believe this substance 

to be acetylcholine. There is a possibility also that this delayed 

vasodilatation in this type of shoek may be due t.o a.ccummulation or 

acid metabolites associated with a large oxygen debt (Hinshaw, 1958). 

On the other band, Cannon and Bayliss (1919} claimed to have dis­

covered a substance liberated from injured tissue, a histamine-like 

substance which on being absorbed circulated throughout the body, 

producing dilation and increased eapillary permea.bility. Parsons and 

Phemister (1930) were unable to demonstrate any such vasodilation 

toxin coming by the blood stream fran an injured area.. 

Zweifaeh et al (1956) noted that progressively increasing 

doses of endotoxin led to the decrease in the response or the terminal 

arterioles to epinephrine; at the aame time the venules be came mare 

reactive. This physiologieal disturbance eontributes to the stag­

nation of flow and peripheral pooling. Thomas (1956) and Zweifach 

(1956) claim that endotoxin intensifies the local VS!J,oconstrictive 

action of epinephrine. 

Speeies differences in reaction to endotoxin make this 
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subject more intriguing. Injection of endotoxin into a monkey leads 

to hypotensive changes which are not clearly understood (Ross, 

1957) at the present stage in our knowledge of shock dn primates. 

In the cat, venous pooling is noted primarily in the pulmonary vas­

cular system and not in the aplanchnic bed {Gilbert, 1960), while 

in the rat, marked liver congestion with haemorrhage suggests trap­

ping of the blood in the splanchnic area. There is a similarity 

between the endotoxin vasomotor and vascular collapse with ana­

phylaxie. Probably this similarity is due to a common factor whicb 

depresses the reticuloendothelial system (Fine, 1959), (Frank, 1955), 

(Thomas, 1958). Studying the hemodynamics of patients with bactere­

mic shock, Vassant et al (1963) round that reduction in mean arterial 

pressure was aceompanied by reduced cardiac output and increased 

peripheral resistance. This would indicate that the reduction in 

arterial pressure is due to a decline in eardiac output rather tban 

due to arteriolar dilatation or so called 'vasomotor collapse •. Mean 

circulation time was prolonged, refleeting decreased velocity or 

blood flow. In gram negative shock patiente, hypotension is assoc­

iated with a marked reduction in cardiac output; vasodilation doea 

not account for the hypotension {Vassant et al, 1963), (Wiggers, 

1947, 1948). Deficit in venous return and venous pooling with de­

creased venous return account for the initial reduction in cardiac 

output (Weil, 1961), (Wiggers 1950), (Wiggers and Werle, 1942) and 

for the primary causes of bacteremic shock (Vassant et al, 1963). 

b) Venomotor Failu[l 

Venomotor failure also throws new light on the process of 
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blood pooling in shoek. This is accounted as the primary cause in 

the reduction of venous return in haemorrbagic shock (Wiggers, 1950), 

(Alexander, 1955), (Zweifach, 1944), (Gelin et al, 1961). It seems 

that oscillatory bebaviour of the vasomotor centres following haemor­

rhage {Guyton and Harnis, 1951) producee oscillations in venomotor 

tone as wall as fluctuations in arteriolar tone {Green et al, 1943). 

The magnitude of venoconstriction evoked by haemorrhage indicates that 

this is a contributing factor in compensatory adjustments of the 

circulatory system. Venomotor tone tends to dissipate most markedly 

in critical hypotension (30 mm Hg). This is followad by muscular 

venules (Zweifach, 1944). It seems tbat venomotor failure harald• 

the period of irreversibility. Since there is little arteriolar 

dilatation (Alexander, 1955), (Wiggers, 1950) in endotoxin shoek, 

this places upon the venomotor system a major responsibility for the 

hemodynamic failure of the circulation in shoek. Alexander (1944) 

demonstrated that venomotor tone sharply rose with haemorrhage just 

as in arterioles, but it is not maintained with prolongation of 

hypotension. Failure of the venomotor mechaniams is an important 

factor in shock, as it leads to pooling and aggregation of blood in 

the venous system (Gelin et al, 1961), (Hardaway, 1961&, 196lb, 

1962). This in turn le~ds to deereased eardiac output, decreased 

nutrient flow, anoxia, metabo1ic changes and then finally to the 

irreversible state of shock. 

It is concluded that failure of the venomotor mechanisms is 

an important factor in shock. 



c) Coaa;uWion Mechanisms in S}Jggl 

Hewson (1846) noted that in bleeding human patients •the 

blood whieh issued last coagulated first" • Turpini and Stefanini 

(1959) confirmed Hewson•s findinga, and in addition they found tbat 

during haemorrhagic and traumatie shock, hypercoagulability was fol­

lowed by hypocoagulability, with a fall in clotting elements and an 

increase in fibrinolysin activation. 

Endotoxin (Hardaway et al, 1959, 1961&, 196lb) and haemorrhag· 

ic shock have been shown to be associated with abnormalitiea in the 

coagulatiO"ll mechaniam (Hardaway and McKay, 1959, 1962a, 1962b) {Gans, 

1960). Intravaseular clotting and hypereoagulability 16 the blood 

has been a constant finding in all types of shoek (Crowell and Read, 

1955a, 1955b), (Crowell, 1960). However, it seems to be eneountered 

to a greater degree in haemorrhagie than in endotoxin ahock. 

The author observed, while taking blood samples for chemis• 

tries and electrolytes, that when a dog had been in shock for 3f 

hours, the blood wa.s so hypercoaguable that mort heparin had to be 

added in order to keep the blood in a liquid state. Vac!Cay (1955, 

1956) and his associates noted the aame changes in coagulation of the 

blood after administration of incompatible blood transfusion. 

The cause of decreased elotting during haemorrhage is obscure. 

Norepinephrine is known to cause significant drop in elottiag tima of 

dogs (Hardaway, 1962). Decrease may be again a protective mechaniam 

aimed at staunehing haemorrhage (Hardaway, 1962). In severe haemor­

rhage, the blood is so hypercoagulable that intravascular 
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coagulation takes place (Ehrlick, 1963). This resulta in the body*s 

depletion or tibrinos-n and prothrombin (Tagnon et al, 1946). With 

mierocireul&t.ion redueed to these dans-rous leals, perfusion to vi­

tal organe is markedly redueed and thus tissue death takes place 

especially in those areas which have a great need for continuoua 

blood supply sueh as the kidney and the gaatrointestinal mucosa. 

Irreversibility was correlated rith a tall in prothrombin and fibri­

nogen whieh denoted intravaseular coagulation and aggregation of 

eells {Hardaway, 196la, 196lb, 1962). Injection of thrombin produced 

the same intra.vascular phenomenon (Hardaway, 1960) • It se ems that 

death oeeurs due to tissue necrosis as a result or thrombi. The 

focal necrosis and haemorrhages that oecur in the li ver, kidneys. 

pancreas and sometimas in the heart following irreversible baemor• 

rhagic and endotoxin shock are due to these vascular diaturbancea 

(Hardaway, 1959). 

Hypercoagulability and survival are correlated, since hypo­

coagulability heralds the appearance of irreversibility (Hardaway et 

al, 1963). Probably autos-nous heparin appears later and causes the 

hypocoagulability. Neutralization of this heparin-like substance br 

proteine seems to point to the tact that the substance is heparin, 

which is probably released by the liver (Hardaway et al, 1963). The 

same authors claim protection of the animal against lethal influences 

of haemorrhagic shock by administration or tibrinolysin, probably by 

dissolution of established clots in visceral capillaries and de· 

struction or fibrinogen. 

In splenectomized animale (Hardaway, 196Z) the fibrinogen 
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levels were not only lower initially, but tell less. This was much 

more signiticant in permanent survivors. These findings sugg:est that 

there is less total fibrinogen converled into fibrin in splaneeto-

mized than in normal doga. Splenectomy does seem to gtve soma pro-

tection against irreversible haemorrhagie shock. 

Basides the aggregation and sequestration of blood in the 

capillari.es and venules, then are so:me enzymatie derangements which 

seem to take place as a result or prolonged tissue and cellular an-

oxia. Leeithinase is liberated in the anoxie areas of the circul• 

ation (Hardaway, 1963). This enzyme hydrolyses the cement or the 

endothelium, leading to more plasma losa into the e:rtravascular 

spaces. This may be one of the causes of focal necrosis round in . 
some organe following protracted endotoxin hypotension. 

Whatever the aetual pathological derangements are in peri-

pheral vessels, there is no doubt that this pari of the circulatioa 

has a role to play in the irreversible phenomenon of shock. 

3 • ~ULATING VOI.lllq IN H@MORRH4GIC AND ENDQTOXIN SHOCJE 

a) ~1 Syncope 

Reduction in effective blood volume and venous return are im­

portant in the development of circulatory :f'ailure. Cireulatory 

failure can occur without any external losa of blood, characterized 

by fall in right atrial pressure and slight inerease in heart rate. 

Unpleasant smalls, pain. psychic :f'right or physical trauma without 

any loss of blood, either internally or externally, may result in 

fainting. This form of shock is ealled vaaovagal syndrome (Lewis, 
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1932). In this syndrome, peripheral resistance is markedly de­

creaaed, suggesting a reflex vaaodilation as the dominant factor 

{Warren et al, 1945)• 

There is inerease of flow through the muscles while that or 

the skin and the brain is decreased. Muscular blood flow ia reduced 

by sympathetic nerve block. Sudden syncope which is followed by 

reduction or arterial pressure is due to reflex vagal alowing and/or 

dilatation or the blood vessels dominantly ia the musclas. 

b) Yol.wM . ..Qhaaps Duripg Haemprrh&gic ShocJt. 

This type of shock resulta initially from reduction in blood 

volume. It was Keith (1919) who first demonstrated decrease4 

volume of the circulating blood in shock. Although haemorrhage may 

be the inciting cause of this syndrome, the signa and symptoms, as 

well as the ensuing phyaiological and bioehemical alterations, are 

not entirely the direct affect of the blood volume deficit par se. 

Some factors must enter the picture to produce thase changea. 

Between the initiating blood volum.e loss and the final end 

reault, the re are many compensatory reactions, many ot which have a 

bearing on irreversibility. A chain of events occurs after haemor­

rhage and they ara ao linked together that a vicioua cycle occura. 

Haemorrhage and hypovolemia stimulate the activity of the sympathatic 

narvous system, which leads to increased production or epinepbrine 

(Walker, et al. 1959), (Cameron, 1962), (Wiggers, 1950), (Harkins, 

1935), Longerbeam, 1962), (Longerbeam et al, 1962), (Corday, 1960), 

(Shoemaker, et al, 1961), (Walton, et al, 1959). 

This campensatory response leads to initial increase or 
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blood flow through the liver, incre•aed portal vein pressure and 

increased resistance to flow across the liver, (Shoemaker, 1961) 

which gradually decreases due to regional resistance (Shoemaker, 

et al, 1961). This resistance in hepatic flow leads to increased 

portal vein pressure whieh in turn hinders blood flow from the 

splanchnic area. With generalized impairment in the circulation, 

there is impairment of the metabolic and biochemical funetions of 

the li ver. The interference with hepatic circulation Erventually 

leads to aggregation of cells in hepatic sinusoids and small peri­

pheral vessels and the same vicious cycle described before comea 

into play again, eventually leading to irreversibility. 

Replacement of the blood volume deficit after protracted and 

severe haemorrhagic shock does not avert the phenomenon of irre­

versibility. Therefore decrease in blood volume which is postulated 

to be a sequellae of eapillary permeability and/or blood losa does not 

appear t o be the main factor in irreversibility. 

It is generally believed that there is a reductign in the 

volume of circulating blood in a~l types of shoek. In shock without 

haemorrhage, the diminuation of blood volume is attributed to passage 

of fluid from the blood into the tissues possibly as a result of some 

taxie substance (Blalock, 1930&, l930b), whieh disrupts the peri­

pheral vessels. Lillihei and MaeLean (1958), on studies of blood 

volume in ninety dogs, reported an increasing plasma 1oss reaching 

an average of 35% immediately prior to death. Li1lihei (1962) 
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working separately, also reported a similar plasma loss in irre­

versible baemorrhagic shock. 

Penner and Bernheim (1942) working with shiga toxin noticed 

that after injection of the toxin into the dog, there was a rise in 

hemoglobin, red cell count, hematocrit reading and specifie gra.rlty 

of whole blood. The values of these parameters indicate a decrease 

in circulating blood volume. 

Crenshaw, et al (1962), using s35 labelled sodium sulpbate 

1131 and Cr51, eoncluded that during acute baemorrbagie sbock. in 

doge, the re is a marked diminution in funct.ional extracellula.r 

fluid volume. This is attributed to .the ·:âeh.c"t···-, in interna.l dis­

tribution of the extracellular fluid. In their experimenta, the 

total functional extraeellular fluid loss aver~d 3~. Tbese re­

sulta were obtained from patients who bad been admitted during acute 

h&emorrhagic shock. 

The average blood volume deficit in endotoxin and in haemor­

rhagie shock after transfusion in rabbits and dogs is 7.~ (Grable 

et al, 1963). In tact this team claims to have round no ebange or an 

increase in plasma volume before death. 

It is possible that during haemorrhagic and endotoxin shock, 

substances such as histamine, proteases, kinins, polype.ptides and 

otber permeability factors are responsible for capillary permeability 

in sbock - thus allowing the loss of eirculating plasma volume 
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(tiles, 1961) t {Stetson, 1961). Bowever, replacement of the aame 

amount of fluid lôss did not inerease the survi.al rate. (Grable~•t al, 

1963), (Lillehei, 1962). 



On the ot.her band there are others who elaim that plasma. 

volume during endotoxin shock remains within normal range (Ebert and 

Astead, 1941). Gilbert (1960) found that during the early stage• or 

uncomplicated endotoxin shock, there was no critieal reduction in 

total blood volume. However, this reduction seems to be a coutnhu­

tory factor during the later stages or shock. 

Intravenous injection of typhoid vaccine, produced no change 

in hematoerit or plasma volume as measured by T-1824 (Favorite and 

Morgan, 1942), (Gibson and Kopp, 1938). Altsehule et al (1945) re­

ported an increase in plasma volume in febrile conditions. Patient• 

dying with shock from peritonitis or from a transfusion contaminated 

by gram-negative organisme were found to have normal blood volume and 

hematocrit (Emerson and Ebert, 1945), (Richards, 1943-44), (Stevens 

et al, 1953). 

The correlation between plasma volume and irreversibility is 

still obscure. Death occured in dogs whose plasma volume deficit 

had been corrected (Lillihei and MacLean, 1958), and it has been 

shown in experimental peritonitis that plasma volume fall does not 

determine death or survival {Ebert t 1949), (Frank et al, 19:55). 

There are reasons to suspect that a fall in plasma volume 

must eventually occur. Histological evidence or edema in the in­

testine (Penner and Bernheim, 1942) seems to substantiate this losa. 

Studies with tagged t 131 showed the highest concentration or this is­

otope in the intestine (Aust and Johnson, 1957, 1958), (.Aust, 1959) • 

The later rall in plasma volume is probably due to increase 

in capillary permeability which has been pointed out previously. 
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There are experimental data whieh indicate tha.t plasma 

volume falls during endotoxin shock. There is progressive rise 

in hematocrit as the dog sinks deeper into shoek {Penner and 

Bernheim, 1942). Hematoerit inereases closely parallel plasma 

lasses (Lillehei and MaeLean, 1958). Blood diarrhoea otten starts 

one to three hours after endot.oxin administration and continues 

until death. The author's own observations confirmed these findings. 

Blood determinations made in patients with baeteremie shock 

following contaminated blood (Stevens et al, 1953) were within 

normal limita. Ebert and Stead (1941) investigating the hemodynamics 

of cireulatory failure in acute infections did not find any signiti­

cant blood volume reductiona. Muelheims (1959) and his co-workers 

have demonstrated that after severe haemorrhage, the liver shows a 

decrease in red blood eell volume of about 5~. 

Falling plasma volume reported in dogs is probabjy the result 
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of dehydration or loss of fluid into the interstitial spa.ce or both. 

Braude et al (1955), working on rabbits and using endotoxin tagged with 

radio active sodium-chromate, demonstra.ted that the distribution of 

radioactivity was greatest in the plasma for two hours, after which 

its highest concentration was found in the liver and the buffy coat 

(Braude, 1955a, 1955b). 

Differences in figuree on plasma volume changea in endotoxia 

shock may be due to differences in the techniques of estima.ting plasma 

losa. This problem of volume changes could be re-evaluated by using 

more than one species and standardizing the method or 



measuring plasma volume using modern instruments such as the vole­

metron. 

4. THE ROIE OF THE LIVER DURING SHOCIC 

a) QiccylatQtY CbeJQ&ti 

Two-thirds or the hepatic flow is from the portal vein and 

one-third is from the hepatic artery (Bard, 1956). Decrease of 

systemic blood pressure is followed by a decrease in both portal 

and hepatic artery circulation. 

The liver plays a very important role during haemorrhagic and 

endotoxin shock. The hemodynamic events that fo1low haemorrhage or 

bacteremia are refleetions of more dire consequences in the sp1anch­

nic vasculature than in any other system of the body• The increased 

hepatic vascular resistance to b1ood flow produces in effect, a 

physiologie dam (Hamrick, 1955), (Shoemaker, 1962}, (Kuida et al, 

1958). With increasing haemorrhage, the portal vein flow decreased 

almost linearly (Wiggers, 1946), (Shoemaker, 1961). The poo1ing of 

blood in the splanchnic area is probably due to the constriction of 

hepatic veina. Adminstration orE. Coli endotoxin is followed by 

an immediate decrease in blood pressure. This initial phase of 

hypotension is due to decreased venous return, caused by initial 

hepatic venous spasm followed by sequestration or blood and plasma 

in the intestine and a consequent deerease in eardiac output (Aust 

and Johnson, 1958), (MacLean, et al, 1956), (MacLean and Weil, 1956). 

Farber (1954) and his associates have shown that mechanical obstruc­

tion of hepatic veina causes hypotension and decreased venous return 

to the heart. This increase in portal vein pressure and intestinal 
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congestion encountered in haemorrhagic and endotoxin shock bas been 

q,uestioned by many investigators (Lillehei, 1956, 1957), (Lillehei 

and MacLean, 1958), {Schweiburg et al, 1957), (Frank et al, 1946), 

(Cohn and Parsons, 1950), (Johnson, 1958), (Zanetti, 1952). This 

constriction of hepatic veina resembles histamine shock (Hinshaw, 

1960, 1961 and 1962), (Wiggera, 1950}. 

Previous measurements of the portal vain flow in aeute shock 

recorded a decrease in flow but did not indicate a significaDt in· 

crease in mese~eric vascular resistance (Cull, et al, 1956), 

{Selkirk and Brecher, 1956}, (Levy, 1958). 

As the hepatic resistance increases and falling hepatic 

blood flow progresses, a critical situation arises where the dia-

meter of the sinusoids produces alterations in the blood vélocit[J~•· 

Exaggerated Rouleau formation oecura and leads to sludging or aggre· 

gation of red cells in the hepatic sinusoids (Gelin, 1956, 1961), 

{Gelin and Shoemaker, 1961), {Knisely et al, 1945). Congestion and 

hyperemia of the hepatic sinusoids take place in the pericentral 

area. Sludging of cells in hepatic sinuscida was also seen in burns 

(Gelin, 1956) and in haemorrhagic shock (Knisely, 1946), (Wiggers, 

1950}. However, Hamrich and Meyers (1955) believe that although 

there is aludging, there is no alteration in the oxygen consumption 

in the splanchœdc area. It is this sequestration of blood in this 

area that gives rise to reduction in effective circulating volume 

(Shoemaker, 1962). Histological evidence of acute hyperemia and con• 

gestio·n of the liver have been observed both in man and experimental 

animals dying of shock. 
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As shock progresses from impending to the irreversible state. 

there is a depletion of glycogen stores. This is reflected by the 

hyperglycemia which is markedly prominent during the hypotensive 

period of shoek (Beatty, 1945). It was Claude Bernard who was the 

first man to show that haemorrhage produees hyperglycemie. The gly­

cogen release is activated by the sympathetic nervous system (Engel, 

1952), (Wiggers, 1950), which also stimulates the adrenal medulla to 

liberate adrenaline and finally the activation of the liver to liber· 

ate glucose. Engel (1943) attributed the hyperglycelllia to increased 

glucogenolysia. Wiggers {1950) is of the opinion that elevated 

levels of glucose are due to the tailure of the liver to synthesise 

glycogen from glucose and lactic acid and that there is also a con­

comittant depression of the tissue•s ability to utilise glucose 

efficiently. The liver's uptake of oxygen is decreased and its 

ability to deamini&e amino acids and synthesize urea from dl-alanine 

and ammonium lactate is impaired (Wilhelmi, 1945), (Wiggers, 1950). 

The energy reserves represented by stores of A.T.P. and A.D.P. are 

diminished (Wiggers, 1950), {Levenson, 1961), (HcShan et al, 1945), 

(Lepage, 1946). There is intracellular accumulation of creatinine, 

inorganic phosphates and other nitrogenous metabilites (Cowley et al, 

1960), (Nelson and Seligson, 1953), (Fishman and Levine, 1948). 

Due to the depression of the liver circulation, there is a 

loss of liver potassium and an increase in liver sodium ehlorida. 



Prolonged haemorrhage ·leads to increa.se or liver potassium by 

Sa,% and deerease of liver sodium by Sq%. Thus liver electrolyte 

derangement and the additional enz:yma.tic disturbances lead to the 

accumulation or water in the liver (Darrow and Engel. 1945). 

The biochemical changes in the liver, the depletion and the 

reduction or oxygen saturation in the portal system play an import• 

ant role in the irreversible pheno.menon {lB page, 1946), (Frank 

et al, 1946), (Seligman et al, 1947). There is a reduction in the 

secretiœ or bile during shock. Bromeulpthalein clearance ia dim­

inished {Fine, 1947), (Wiggers, 1950), {Levenson et al, 1.961). The 

congestion and discoloured state or the liver observed during 

haemorrhagic and endotoxin shock, especially in the latter, suggest 

that the li ver must play some important role during the period of 

stresa. The .f:Ti&ble congested liver round at death from haemorrhag­

ic shock suggests severe reduction or liver runction during haemor­

rhagic shocit. 

c) Toxic Faç;toa 

Stligman et al {1947) found tbat by viviperfusion of the 

liver tor tive to nine hours with arterial blood from the donor, 

8~ of the dogs in baemorrhagic shock, irreversible to transfusion, 

recovared, while doge which nre perfused through the femoral artery 

bad a 7Tf. mortality rate. In the same year, Fine and Seligman (1947), 

working on dogs in which therapeutic transfusions bad failed, ob• 

tained results simila.r to Seligman's group. 

Frank et al (1946) preveuted or delayed the onset or irrever­

sible shock by increasing arterial blood flow to the l~ver. 
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Elliott {1951) reported higher survival rate on dogs which 

had received intravenous injections of sodium dehydrocholate. At 

the same time he noticed that by increasing arterial blood flow to 

the liver, he increased the surTival rate of doge subjeeted to 

haemorrhagic shoCÉ• 

Chambers et al (1944) suggeated the presence of a circulating 

toxin in haemorrhagie and torniquet shoc~. Certain toxine cause 

hepatic vein contraction in dogs and this resulte in arterial hypo­

tension, hepatic con~stion and increased portal Tain pressure 

(Thomas and Essex, 1949). Shorr (1945) and his assoeiates are of 

tba opinion tbat shock is due to an endogenous vasopressor toxin, 

which is principally round in the liver. HoweTer. if a toxin is 

responsible for the lethal outcome of shock, it would be difficult 

to account for the healthy atate of the donor dog, while the re· 

eipient dies in ehock. There must be aome neutralidng element in 

the donor dog which is not available in the recipient in spite of 

the free intermixture of the two blood streama (Fine, 1947). 

Shorr (1945) round that tba toxin il elaborated by anoxie liTer 

even in vitro and it is inactinted by healthy liver tissue. The 

same investigator and his team isolated reduced ferritin from 

shocked liver and claimed this material as the toxin responsible 

for irraversibility (Shorr et al,. 1957). 

These findings aeem to indicate tbat the liver manufactures a 

toxin which is capable of paralysing the vascular tone. There may 

be a hepatic hormone which normally maintains vascular tone, wbich 

like hypertensinogen and fibrinogen, disappears as the hepatic 

cells become increasingly incompetent (Fine, 1952). On the other 
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band, Prinzemetal (1944} c1aims that tbere is a principle in certain 

liver extracts which possesses power of decreaaing mortality and 

increasing survival ttme in animale subjected to burn shoct. 

The important role of the liver during endotoxin shoek is dem­

onstrated by Seligman (1948) who injected radioactiYe (r131) 

Serratia marcescens into rata. He round that the greatest radio-

activity was in the linr. 

5. T~ ROLLQF THE :{Nl'I§TIB IN IfiRli!VlÇRSIBIE HA;I!ORRHAGIC 
A.ND ENDOTOXIN SHOŒ 

There is considerable overlap in the mesenterie and hepatic 

changes that take place during shock. The anatomiœl and circula-

tory relationships of these two systems are well know.n. 

The role of the intestine in irreversible haemorrhagie and 

endotoxin shock has been widely studied by many investi~tors (Blaloct 

and Levey, 1937), (Blattberg et al, 1960), (Braude, 1955a, 1955b), 

(Li1lehei, 1957, 1958, 1962). Preservation of blood flow to the gas­

trointestina1 tract by cross circulation (Li11ehei, 1957) bas resu1ted 

in protection of 80% of dogs from going into irreversible shock. 

Blood diarrhea, edema, mucosal haemorrhages and necrosis of the small 

bowel, which are a sine qua non of the irreversible shock syndrome, 

were prevented by this form of treatment. It appears that the site or 

irreYersibility is the gastrointestinal tract (Henly, 1958)• The re­

duction of normal portal flow from the average of 31.6cc./.min./kg. to 

18.5cc./min./kg. (Henly et al, 1958), {Corday, 1960) during the hypo• 

tensive period may be responsible for the haemorrhagic necrosis of the 

bowel. 

Arter administration of endotoxin, the liver weight risea 



abruptly while the intestinal weight risee over a period ot 4-6 

hours until death ensues. (Aust and Johnson, 1958} • The increase 

in the weight of these organe is probably due to pla8111& sequestr­

ation in the intestines (Hinshaw et al, 1958a, 1958b)• MacLean 

(1956) and his associates have demonstratecl a marked losa of' 

f'luid into the intestine following endotoxin shock with small 

bowel weight rising to as much as 196-770 grams in the hour rollow­

ing endotoxin injection. The fluid losa partly accounts for the 

hypotehaion observed. Aust ând::J:Qhu:on (19i8)l belieTe tbat endo• 

toxin causes capillary permeability to the degree where leakages 

of large protein molecules in the intestinal spaee1 oecur. 

This explains the edematous eongested intestine tbat is found at 

autopsy or doge dying of irreversible endotoxin and haemorrhagic 

shock (MacRay, 1958). The pathophysiological intestinal similar­

ities between endotoxin, h&emorrhagic and traumatic shock have 

led to the beliet tbat all ronu of shock have a baeterial or endo­

toxin etiology for the production or irreversibility (Fine, 195&~ 

1954, 195:8), (Fine et al, 1959), (Jacob et al, 1954), (5chweinburg 

et al, 1954), (Lillehei, 1957), (Lillehei and MacLean, 1958). 

On the basie or this hypothesis, Lillehei (1962) {Zweifach 

et al, 1958) sterilized the gut or dogs before subjecting them to 

haemorrhagic shock. This did not alter the course or irreversibil­

ity. At the same tim.e, Fine (1952, 1955, 1962) reporta better re­

sulta in dogs pretreated with non-absorbable oral antibiotica, it 

given prior to the induction of haemorrhagie shock. He claims anti­

biotic treatment pre induction or shoek increases the survival rate 

from 2~ to 65~. Yet out or 192 blood cultures taken at intenala 
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during shock up to the time of daath, only four positive cultures 

were foundr two for clostridia and two for pseudomonas (Powers and 

Schloerb, 1958). Intestinal extirpation of the dogs prevente4 the 

plasma sequestration and •pooling' into the intestine tbat follows 

baeteremic or endotoxin shoek. 

Lillehei (1951), Lillehei and MacLean (1958) and Fine et al 

(1959), while they disagree on the b&cterial etiology of avery 

form of shock, agree that the late phase of irreversible shoek b 

probably mediated by bacterial endotoxine which cause the vaseular 

changes that contribute to the irreversible phenomenon and then 

finally to the dee.th of the animal. 

Ravin (1958) and his co-workers have demonstrated the pres­

ence of endotoxin activity within 5-10 minutes of irreversible 

haemorrhagic shock. 

Lillehei (1956) demonstrated that perfusion of the superior 

mesenteric artery either with or without an Eck fiatula, thus per­

fusing the small bowel at near normal pressure, was more effective 

in preventing irreversible haemorrhagic shock than perfusion of the 

liver. The dogs whieh survived permanently did not show the mucos•l 

congestion and necrosis which were nated in the control animala. 

Lillehei (1958) also claims that a 'hernin' pigment ia present in 

higher concentration in the plasma of non·survivors than in the 

survivors and the pigment increases eoincident with the development 

of irreversibility. 

Deuterium oxide studiea with endotoxin shocked doga showe4 

that the intestine and the liver took up suffieient deuterium 
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oxide from the blood in two minutes• This is consistent with the se• 

questration of plasma previously mentioned, that is noted in endo• 

torln shoclt UBradle and Johnson, 19158) • In their studies~ they also. 

demonstrated that after endotoxin administration, the norœ.l flow 

rate value for the intestine was reduced from 1.a ml./mtn./gm• to 

0.4 ml./min.,/guh This perhaps explains the basil for the necrotic 

haemorrhages of the small intestine in irreversible haemorrhagic and 

endotoxin ahoclt. 

The mucosal haemorrhagie necrosis which is seen in dogs dying 

from irreversible haemorrhagic and endotoxin shock can be eomparecl 

to the pseudomembranous enterocolitis which occurs in soma patienta 

dying from various disease entities associated with shock (Panner 

and Bernheim, 1939&, l939b)• These authors conclude that pseudo-

membranous enterocoli.'tis my be a sequellae of vascular spasm en-

countered during shoclt. This entity is not due to antibiotic thera.py, 

sinee it was described before the adTent of antibiotiea. It must 

be concluded therefore that neerosis of the intestine may occur in 

shoek just as it does in the kidney (Panner and Bernheim, 1939a~ 

l939b). 

Ende (1958) reported several cases of intestinal necrosis in 

patients dying of severe heart failure and shocli:.: who at poli> mortem 

bad no demonstratable mesenteric thrombotic vascular occlusion. 

GastroMintestinal mucosal ulcerations, the so•ealleci stress ulcera 

(Boyd, 1961) and haemorrhages are a common finding at post mortem 

following severe shock. 

Franco-Bowder (1959) and his assoeiatea working on a potent 

histamine liberator, polymixin B., induced mucosal haemorrhagea and 
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erosions similar to those encountered in endotorln nd haemorrhagic 

shoclt. These authors concluded that histamine release from the peri­

pheral body stores is the primary cause of vascular disturbancea, 

which result in the intestinal leaioaa. In the mon~y, which ia 

much closer to man than the dog, intestinal baemorrhagic necroaia 

is rarely seen in endotoxin shock (Vic~ et al, 1963). 

"It would seem tbat the small bowel is the locus minoris 

resistance during haemorrhagic and endotoxin shocli:. The additional 

intraluminal loss of blood and plasma as a result or peeuliar sus• 

ceptibility of the intestinal capillary bed to ischemie. appears to 

be one of the significant lethal factors in haemorrhagic 'shocit'•. 

McRay (1958). 

ô • RENAL BJ!iMODYNAUIOS DURING SHOOX: 

Impairment of renal function is a common clinical finding 

whieh is associated with the shock syndrome. Anuria, proteinuria, 

oliguria, azotemia, uremia and sometimes hematuria are a reflectiœ 

of severe disturbances in renal function (Bywaters, 1944), (Van 

S1yke, 1948), (Corcoran, 1943, 1945, 1947a, 1947b). These findings 

are eommonly encountered in patients with bacteremic and baemœ-r• 

hagic hypotension. Under normal conditions estimated blood flow to 

the kidney is 20•25~ of totaleardiac output (Selkurt, 1945, 1946). 

On account of its copious blood supply and its labile vasomotor 

aetivity, the kidney plays an important role in homeostasie of the 

circulatory system. 

The hypotension that occurs in shock leads to renal ischemia, 

which is probably the cause of the renal changes {Malcolm, 1905). 

- 34 .;.. 



Hypotension causes reduction in renal blood flow (Moyer et al, 1955), 

{Cameron, 1962), (Wiggers, lq5o), which in turn is aceompanied by a 

decrease in glomerular filtration rate (G.F.R.). The excretion or 

potassium, inorganic phosphate and lactate ie also severelf impa.irecl. 

These physiological derangements are aceompanied by metabolie acid­

osis, since the increassd production or acids cannet be campensate4 

by their excretion and formation of ammonia to conserre base. 

(Wiggere, 1950), (Cannon, 1917), (Wilson, 1963), (Clowes, 1961), 

(Crandell, 19:59). 

It is possible that sa. substances unrelated to Iihei.n-enin­

angiotonin system (Corcoran, 1943), (Chambers and Zweifach, 1947) 

ars rapidly liberated from the blood following endotoxin injection. 

These substances may be reaponaible for the renal vaso conatriction 

within the first hour or endotoxin circulation (Wiggers, 1950). 

Increase in renin substrate of dog•a blood increases after haemor­

rhage. (Hamilton and Collins, 1941, 1942), (Sarpestein et al, 1941, 

1942.), (Huidobro andBn..un-lhmde.S".,, 1942), (Rau, 1949). 

Franklin (1951) postulated tbat the vasoconstriction of the 

renal circulation which occurs is preferrential treatment of the 

brain and the heart. Histamine•liJce substances may be responsible 

for the kidney hyperemi.,., the persistent fall in systemic arterial 

blood pressure and the gradual decline in peripheral re sistancs 

{Vassant at al, 1963), (Spink, 1961), (Hinshaw and Bradley, 1959), 

(Hinshaw et al, 195f,l9ôl). 

A proteolytic en%yme may be released from the juxtaglomerulal" 

apparat us or from the cortical epithelium. The en%yme, by rea.cting 
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with plasma globin forma angiotonin (hypertensin) (Wiggers~ 1950). 

This resulta ~-in; tubular reabsorption depression (Pickering and 

Prinzmetal, 1940). Trip and Ogden (1948) believe that this vase­

constrictor substance is a byproduct of angiotontn. 

Default of renal sxcretory mechanism seems to be the most 

important factor in man in the production of irreversibility in 

shock (Vick et al, 1963). Hinshaw and Bradley (1959) also working 

on clearance tests, observed the temporary decline of excretion 

ratios aftsr administration of endotoxin. 'l'his temporary decreaae 

suggests depressiart of renal tubular function secondary to vaso­

constriction. The Tm P.A.H. values returned to preendotoxin 

levels while creatinine ratios shqwed irregular changea. The 

same investigators noted a fall in weight of the kidney after en• 

dotoxin injection (Hinshaw and Bradley, 1957). other investi­

gators (Selkurt, 1945, 1946), (Corcoran and Page, 1943, 1947), 

(Lawson et al, 1944), (Phillips et al, 1945), (Montague and Wilson, 

1948), using clearance techniques have demonstrated impairment or 

renal blood flow during shock. 

Blood etudies on A. V • oxygen differences during ha.emorrhagic 

shocli.t do not show any change 1 renal veina stay nll oxygenated till 

the terminal phase of shock (Wiggers,. 1950) •. Even when the glome­

rular filtration rate is less than le% of normal, extraction ratios 

of para-amino-hippurate are maintained (Vick et al, 196l). 

Suprarenal &ortie occlusion for eight hours in the African green 

monkey resulted in a.cute reœl failure and yet the a.nimals survived 

up to seven hours of haemorrhagic hypotension with no significant. 
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renal sequell&e {Cerilli et al, 1962). 

On the ether band, Selkurt {1945a, 1945b, 1946) by clamp­

ing the renal vessels during haemorrhagic shock produced damage 

to the kidney tubules. The pathophysiological changes ranged 

from hydropic degeneration to parenchymatous (Moon, 1947) degener­

ation of renal tubules. In clinical shock these changes are 

heralded by scanty dark concentrated urine, containing albumin, 

hemoglobin, epithelial and red cella, as well as hyaline granular 

and pigmented casts (Martine au and Hartman, 1947) • 

As shock progresses to irreversibility, hemolysis and 

liberation of myoglobin takes place. This is more commœly encount­

ered in shock arising tram burns and erush injuries. The myoglobin 

is deposited into the kidney tubules. Sueh deposition may leacl to 

complete blockage of nephrons abf ultiqttely .. : to:: clrc,~t~~:tJJ.lure 

(Bywaters, 1944), (Corcoran et al, 1943), (Corcoran and Page, 1943, 

1945, 1947). 

7 • Ml.i:TABOLIC CHANGIS 

a) Wb.2hl'llwe Metabpliam 

The hypoglycemia. that is encountered in endotoxin and haemor­

rhagic shock bas been alrea.dy mentioned. The interference in the 

functional efficiency of the enzyme systems concerned in oxydation, 

such as cytochroma oxidase and the suceino-oxidase system is partly 

responsible for the derangements of carbohydrate metaboliam during 

shoclk.. 

As the hypoxia continues, the ability of the liver to remove 
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lactate falls progressively and the arterial leval or the lactate 

rises accordingly (Beatty, 1945). There is also an elevation or in~ 

organic phosphate, laetic aeid and depleted glycogen. A. T. P. 

(adenosinetr:ti'hosphate), phosphocreatinine and an a.bnorma.l accumu­

lation of phosphopyruvic acid (Lepage, 1946). Beatty also found 

that in severe haemorrhage there is increase in the amount or glu­

cose released by the liver, and in the arterial glucose leval in 

spite or the rise in peripheral glucose utilisation (Russell et al, 

1944). The shitt to anaerobie metabolism •Y lead to faulty energy 

production with breakdown or high energy organic phosphorus compounda 

to inorganic phosphorus (Engel, 19!52) • The most important factor 

which initiates this anaerobie metabolism during shock is tissue 

anoxia (Wilheim, lg4s). 

It is reasonable to postulate that the extraordinarily high 

lactic acid and low arterial pH that occurs during haema:rrhagic shoct: 

nay combine to upset the vital enzymatic processelh This may con­

tribute eventually to cellular disorganization and death (Russell et 

al, 1944). The same authors think that the integrity or the enzyme 

systems is not seriously da.u:aged since they show a rapid return to 

normal following transfusion. The development or irreveraibility in 

haemcrrhagic shock is not due to failure of the liver to metabolise 

lactic and p~vic acids (Russel et al, 1944), (Drucker et al, 1958). 

When death occurs, it seems to arise from disorganizatian of the 

cellular and enzymatic processes {Drucker et al, 1958). 

The return to normal (Seligman et $1, 1947) of lactic and 

pyruvie acid afier transfusion is interpreted u indicating that 
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metabolic acidosis is not the primary cause of irreveraibility. 

Neverthe less, many investigators believe that while acidosia per 

se does not cause irreversibility, it is an important contributory 

factor since administration of alkalinizing agents increased the 

survival rate of dogs subjected to prolonged haemorrhagic shock 

(Levine et al, 1944), (Cannon, 1918), (Hardaway, 1961.,1962), 

(Milroy, 1917), (Wiggers and Ingram, 1946). 

b) Protein Metabolism 

Sorne of the metabolic disturbances of protein have been dis­

cussed. Each tissue metabolizes protein in its own fashion and 

thsre are differences in anabol~c and catabol~c rates amongst 

various tissues (Levenson et al, 1959). As a result of plasma 

loss in untreated haemorrhagic shock, hypoproteinemia occura. 

There is increase in total free amino nitrogen during shock 

(Sayers et al, 1945), (Engel et al, 1943}, {Russell et al, 1946). 

An early rise in the level of amino nitrogen during haemor• 

rhagic shock is indicative of a poor prognosis (Sayers et al, 1945), 

if the animal is not treated. As the animal progresses into shoclc:. 

there is inereased release of amino acids from muscle and other 

organe which are damaged as a result of reduced circulation• As the 

liver fails in metabolizing nitrogenous compounds, aminoac~demi& 

takes place. 

There is a release of various peptides and activation of 

certain proteolytic enzymes which are probably releasad from the 

muscle (Levenson et al, 1961). In severe late shoct:, elevation ot 

blood ammonia is commonly observed (Cowley et al, 1960), 
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(Nelson and Seligson, 1953). This rise is partly due to hydrolysis 

or urea in the gut,. absorption of the amraania. into the portal blood 

and decreased abi1ity of the 1iver to form ure&• 

c) tissue Met&;o1itea 

Tissue concentrations of g1ycogen, adenosine tr~phospbate,. 

and phosphocreatinine were analysed (Wiggers, 1950). Samp1es were 

drawn from the liver, the kidney, brain and heart muscle. There wa.a 

no dep1etion of these substances in the brain and muscle. The heart 

showed slight depletion or energy reserves,. while the kidney and liver 

showed serious dep1etion. The conclusion drawn. is that during shoek, 

there is a preferential distribution or blood to the heart and the 

brain at the expanse of the kidneys and the liver (Lepage, 1946). 

The metabolic changes seen in shock may be a .nttlectiono.ôt 

changes in the mitochoadria of cella {Croxatto et al, 1951). There 

is claim that enzymatic hydro1ysi8 of the peptides 1eucylglycine, 

leucyldiglycine and leucinamide acetate are increased following 

haemorrhage and traumatic shock in dogs and cats (Levenson, 19~1). 

There is also a corresponding ri&e in lactic acicl :~dëhydrogenase 

(Vesaell et al, 1951) • 

d) Ac id Base Balt.nce apd E1e ctroJ.n.u. 

Hypovolemic shock is accompanied by reduction in a1kali 

reserve, a marked metabo1ic acidosis (Cannon, 1919), {Milroy, 1917), 

(Wiggers, 1950) and a development of oxygen debt (Guyton,. 1961) • 

This metabolic acidosis is due to an increase in blood lactic and 

other organic acids. The reduction in the tissue perfusion leade to 
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anaerobie respiration which leads to accumulation of metabolites and a fur­

thar reduction in alkali reserve. This leads to reduction in pH and an in­

crease in plasma catecholamines (Hangar et al, 1957). Animale treated with 

TRAM& tr:is·(Hydroxymethyl) aminomethane (Page and Olmstead, 1951) had a gre­

ater survival rate (Hardawa~ 1962) than animale treated with saline alone 

(Smith and Moore, 1962). These authors observed that saline administration 

in highly acidotic dogs produced little change in the animal's acid-base 

statua. There was, however, a fall in the serum potassium level in 75/o of 

the dogs. Dextrose in water infusion showed no change in potassium, 

chloride and sodium levels. 

Levine (1944) report~ 62% survival rate in haemorrhagic shock animale 

treated with sodium bicarbonate supplemented with whole blood transfusions, 

while treatment with whole blood alone yielded 25% survival. All the con­

trol animale died. 

In Hardaway's group (1962), the highest survival rate was observed 

when correction of the arterial blood pH was associated with oxygen delivery. 

Catecholamines were highest in those animals which did not receive butter, 

indicating that acidosis per se in addition to hypotension may stimulate 

catecholamine production. 

Acidosis which appears during haemorrhagic and endotoxin shock ia not 

a direct cause of irreversibility, since its correction does not seem to 

prevent the irreversible trend (Hardawayet al 1962)(Cannon 1918){Russell et 

al 1963). 

The rapid metabolic acidosis whieh develops in haemorrhagic and endo­

toxin shock is partially compensated by a reduction in partial pressure of 

carbon dioxide in the blood (Hardaway et al 1962), (Root et al 1947), ( Guyton 

1962). Metabolic acidosis correlated well with survival and could be used 

as an effective criteria for prognosis (Root et al, 1947). 
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Electrolyte disturbances are known to oceur during haemorrhagic 

and endoto:x:in hypotension. There is marked increase in plasma potas· 

sium due to m01'1ement of intracellular fluid into the blood stream to 

replace the fluid volume lost through haemorrhage. Plasma potassium 

nay also rise as a result of cellular release of potassium associated 

with glycogen and protein tissue breakdown (Baetjer, 1935), {Zwemer and 

Scudder, 1937), (Root et al, 1947). The potassium levels reach their 

highest levels in eight hours. The more severe the haemorrhage, the 

higher the serum potassium concentratiln. Zwemer (1937) believes that 

histamine has something to do with increased potasdum levels in the 

blood during shock, since injection of histamine is followed by inere­

ased potâssium levels in e:x:traeellular body fluids. During hyperventil­

ation, there is a drop in potassium levels (Hall and Reeser, 1963). 

The high levels of serum potassium e:x:ert toxic affects on the 

heart (Manery and Solandt, 1943). Wintler et al (1938) noted during 

shoek only minor electroeardiograph changes of potassium intoxication. 

These authors maintain that it is exceptional for death to be caused 

by cardiac arrest resulting from potassium auto-intoxication. They 

f'eel that such high taxie serum levels occur only pre-mortem. The 

tonie affects of potassium may be aggravated by hypoealcemia and acid­

osis whieh may be seen in shock (Levenson, 1961). 

Plasma sodium and chloride may be normal or low during the early 

phase of shock. At this stage, sodium and chloride excretions are 

initially low, while potassium execretion is higb. Sodium tends to 

accumulate in the injured tissues {Tabor et al, 



1951) • As the potassium leaves the cell. sodium and hydrogen enter. 

resulting in hyponatremia. Sodium and hydrogen :imJii.gratii.on into tha 

cell may also be aceompanied by basie amino acids auch as lysine 

(Fuhrman, 1960). 

8. _N&YROHlllORA.L AND ENDOCRINE ASPE.CTS OF SHOCI: 

a) W.scelJ.Ineous N!urohumQAl §Mbsitncea 

Any form or injury to the nervous system auch as concussion. 

as well as prolonged hypotensiœ, was round to lead to failure of 

the pressor response to angiotonin (Fine. 1961}• Cannon and 

Rosenblueth (1937) round th&t denervation of animals in shock graat­

ly augmented response to a vtrietF of drugs. Treatment of ani.Jœ.la 

with adrenergic blocking agents increa.sed the rate of surviwl in 

animale subjected to shock (Wiggers, 1950}. Nickerson and Carter 

(1959), using a Noble-Collip Drum, round that the vasodilator 

Hydralazine reduced the incidence of acute traumatie death, while 

Dibenzyline increased the overall survival, whether trauma •• milt 

or se va:re • 

Acidosis and hypoglyeemi-. as discussed before 1, .are known to 

accompany shock (Cannon, 1918). Elevation of lactic acids and glu­

cose is mediated by increased catechol~mines in the plasma ot 

shocked dogs (Fine 1961). The reduction of arterial pH is followed 

by depression of co2, which resulta in depression of ventricular 

isometric systolic tension. There is a corresponding decreaae in 

the vesaela• responae to norepinephrine (Derby et al, 1960}. 
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Page (1961) demonstrated that forced breathing of C02 produced hypo­

tension and severe vascular refractoriness in doge. Total sympath• 

ectomy prevented this refractorinesa. It seema that C02 is a power­

ful stimulator of the autonomie ganglia. 

It is postulated (Fine, 1961), (Wiggers, 1950), that humoral 

agents control vasomotor and venomotor tone of the paripheral vas­

sels during shock. These same invastigators believe that rhytbmic 

contractions of the vascular smooth muscle or release or local sub­

stances may also be responsible tor the adjustment of vascular tons 

during shock. 

It is possible that some substances besidss epinephrine and 

norepinephrine may be responsible for the vascular phenomenon. 

Environmental change of pH may be equally important in regulating 

peripheral vascular tons. 

The kidneys, in response to a variety or stimuli, including 

haemorrhage, release same vasoconstrictor substances (Huidboro and 

Braun-Mende a, 1942) • The same authors claim that the proteolytic 

enzyme renin is freed to act on alpha - 2- globulin to produce 

angiotensin, which bas a powertul affect on vascular tons. Even co
2 

concentration can etfectively change vascular tons. The sodium 

cation has been clinically noted as tba chief oftender in maintain­

ing or increasing vascular tons in hypertension. 

It is possible that these vasoactive substances have injur­

ious affects to both peripheral nssels and the heart. In the 

plasma of shoeked animale, other unidentified vasoeonstrictor eub• 

stances may be present (Page, 1961). Weinstein et al (1960) 



identified what they considered to be a ~sopreasin in the blood of 

dogs subjected to h&emorrhagic shoek. 

Freiden at &1 (1954) round that their hypophysactami~ed ani­

mals were axtremely vulnerable evan to slight haemorrhage. Admin• 

istration of pitreasin returned susceptibility to haemorrh&gs baek 

to normal. 

Angicrt.ensin, syntheaiaed at Cleveland Clinic and Ciba Pharma­

ceutieal Co., is anot.her n.aoa..ctive polypeptide whose pharnacologi­

cal affecta in shock are still undar inveatigatiaa (Page, 1961). 

Proteasea liberated during tissue injurr may ba responaible for 

liberation of thase vasoactiva substances. 

Sarpistein (1941) round that blood of normal anfmala with 

normal blood pressure contains actin.tor with no ranin, whereaa 

post haemarrhage blood taken after long paraiating low pressure 

cont&ins demonstrable am~unts of renin. These findings support the 

views that the kidney acta as an organ of interna.1 seeretie in 

order to preserve the homeostuis of the whole circula:tory ayate• 

by humoral mecbania (t..veaaon, 1961). 

b) lpintohrig 

It bas already bean pointad out that shock, tear and other 

situations of' stresa lead to an increase in prœduction of ca·h.,. 

cholaminea. In haemorrha.gie and endotoxin ahock the amount of 

andogenous circulating catech~inas bacomaa markedly increasa4 

(Corday, 1960), (Cameron, 1962), (Wiggars, 1950), (Longerbeam~ 

1962.) t (Harkins, 1935, 1941&, l94lb, l94lc). Watts (1956) is of' 
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the opinion that ·:..-tl:ie': amourrt or endogenous catecholamines may be 

as high a:s 29 micrograms/1., decreasing to 't microgra.ma/1. art er 

restoration or the blood volume to normal by reinfusion. In 
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spite of normovolemia and reduction in cireulating cataeho~ines, 

the animals still went into irreversible shock and died (Greever and 

Watts, 1959). 

Corday et al (1960) round tbat the peripheral levels or nor­

epinepbrine increased to a much greater exterrt tba:n thoae of epin• 

ephrine, while epinephrine ·laval• in adrenal vein plana nre more 

than the norepinephrine leval•· This finding seems to indicate 

that the main source or norapinephrine leval in the peripheral 

blood was extra adrenal, possibly aympathetic nerva endinga. They 

poatulated that the high peripheral norepinephrine levals nay be 

due to decreased utilization, rather than due to activity or an 

erlra""'.drenal source. 

Although there •• no ~vidence to demonstrate adrenal corti• 

cal insufficiency during shock, necropsy findings have revealed tbat 

sequential hiatological changea develop in adrenal glands of animala 

and humans who have died as a reeult of various types of snoct (Bla• 

lock, 1934), (Dunphy et al, 1!41), (Davis, 1941, 1949),(Moon, 1942). 

In those animale that succumbed to shock comparatively early, petecb• 

ia1 haemorrhages were f'ound in the medulla and in the Zona reticularia 

and Zona f'asciculata of' the cortex {Wiggers, 1950}. Atter a pro­

longed state of shock, focal necrosis and laucocytic infiltration 

have been reported (Selye, 1946). It is diffieult to conclude asto 

whether these pathological changes are the cause or the consequence 



of the circulatory failure responsible for deatb. Irreversible 

baemorrbagic shock can develop witbout a.ny demonatrable bisto­

pathological changes in the adrenala. The author autopsied 

twenty dogs which bad died in irreveraible ahoc~and no macro­

scopic or microscopie lesions were round in the kidney and the 

adrenals. 

What part the adrenals play in the machanism of shock is 

still not clear. \Yalker et a.l (1959) claim t.bat they tound in­

creased corticosteroids in the adrenal veina of dogs subjected 

to acute blood losa• 

c) Histamine 

Histidine decarboxylase activity ot certain animal tissues 

ca~ be increased by stresa, by injection or release ot epine­

phrine or norepinephrine or by injection of E. Coli endotoxin -

evidence painting to an increaae in the rate ot histamine syntheais 

in the living animal (Scbayer et al~ 1960). These observatiaaa 

strongly suggest tlie hypothesis tbat histamine and the catechol­

amines fora a balance eoncerned with circula.tory ft.omeoil$asds un4•r 

conditions of stress and tbat a sufficient excess of either of the 

antagoniets may lead to circulatory colla.pae. The eventa observed 

in the small blood vessels during shock support this hypothesia. 

There are similaritiea between the vaacular actions of histamine 

and endotoxin {Ki.tida. et al, 1958), (Gillbert et al, 1958), (Binshaw 

et al, 1959), (Lillehei and MacLean, 1958), (Aust, 1959), (Dale 

1929), (Hardy, 1959), (Stead and Warren, 1944). 
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The activity of histidine decarboxylase is increased by endo­

toxine. These observations suggest ~hat the rate of histamine syn­

thesis is accelerated in this kind of shock (Schayer, l9ô0a, l960b)• 

In addition, it is round that the stimuli auch as stresa, epinephrine, 

endotoxin, also lead to increased activity of the enzyme, which syn­

thesizes histamine; the likelihood that histamine is an important 

shock toxin seems very strong. Schayer (1960&, 1960b) found that 

catecholamines increased the activity of histidine decarboxylase. 

d) Sorqj; pnin 

This neuroendocrine hormone is also associated with argenti­

finoœs and it is a powerfu1 vasoconstrietor {Walton, 1959). It ia 

liberated from plate lets. It seems that during haemorrhage, serotonin 

has a beneficia1 effect of causing an injured b1ood vessel to contract 

down on a forming platelet clot (Page, 1961). The ro1e of serotonin 

during shock is not clear. It may be that this substance is a pre­

cursor or a more primitive form of epinephrine and norepinephrine. 

e) Br&ciYkiuiD 
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Bradykinin seems to be liberated during shock. This substance 

has been recently synthesized and it seems basides its pressor affecta, 

to cause increased capillary permeabi1ity. The author observed during 

endotoxin shock a period where bradycardia was very marked. This 

usual1y occurred 5 - 30 minutes after administration of endotoxine 

Goodwin and Richards (1960) found in the blood of protozoa-infected 



animale a substance which was similar to polypeptides. 'l'he sub­

stance may arise from host parasite reactiœ. 

r) Hoaarin 

Hypercoagulability of the blood, which occurs in shoek~ 

bas already been diseussad (Crowall and Raad, 1960}, (Crowell~ 

1960)• Large doses of beparin have been knorn to protect doga 

from irreversible shoek {Crowell and Read, 1955), (Crowell,- 1960), 

(Hardawa.y et al, 1959, 196%). 

9. PRESENT CONCEPTS ON THii! TR&AmENT Qf SHOCK: 

a) IY.Rm:essora 

Vasopressors have been used in the treatment of shoeE: for 

many years. However, at the present moment, eontroversial evidence 

rega.rding the eff'iciency of vasopressor agents in shoek, is aceumu­

lating. During baemorrhagic shock or any flll'll of' stress, the body 

pours out its 01111 endogenous catecholamines (Corday, 1960), (Cameroa, 

1962), (Wiggers, 1950), (Close, 1958), (Wiggers and Ingram, 1948), 

(Longerbeam, 1962), (Lillehei and JlacLean, 1958), (Bronson et. al, 

195'1), (Zweif'aeh, B.W., et al, 1956). 'l'hase workers argue tbat. al­

thougb initial vasoconstriction of'fers temporary benefits by aug­

menting 'the amount of blood which can be lost before critical 

changes in 'the blood pressure occur, 'there can be little doubt tb&t 

the prolonged continuance of sympathogenic constriction is deleter­

ious in tbat it accsleratss the onset of the irreversibile state. 



Clove et al (1951) claim 65% mortality rate in haemorrhagic 

shock dogs treated with norepinephrine as compared to 33% in con­

trole. Vassant, Weil et al (1963), working on patients with bac-

teremic shock tound that arterial resistance and not vasodilation 

was the underlying cause of redueed venous return. they also 

questioned the wisdom of using vasopressor agents, since their use 

would result in additional vasoconstriction. Administration ot 

metaraminol in endotoxin shock to maifttain 'normal• blood pressure 

enhanced the fatal reaction of the animal to endotoxin (Lillehei 

and MacLean, 1959). 
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Aramine (metaraminol bitartrate) may temporarily improve an in-
' 

crease of flow through the myocardium, but there is no correction or 

the earbohydrate metabolic disturbanees that occur during hypotens-

ion and oligemia. Transfusion seems to correct sorne of those distur-

bances. Correcting the hypotension alone for which the vasopressors 

are principally used does not seem to aeeom!)lish much good. This 

supports the concept that hypotension alone is not necessarily harm­

fu1 to the heart (Catehpo1e, 1955). Severe hypotension induced by 

spinal anesthesia produees no evidence of myocardial anoxia or gross 

metabolic derangements in human subjects (Haekel, 1960), (Hackel and 

Goodale, 1955). 

Each organ has a characteriatie vaseular reaponae to endo~ 

genoua or exogenous catecholamines. Catchpo1e (1955) found that 

l·norepinephrine decreased coronary vaseular resistance whieh was 

already deereased in haemorrhagie hypotension. Corday (1960) found 

that Ltvarterenol caused increase in coronary flow above control 

values and peripheral coronary resistance diminished markedly. 
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The administration of sympathominetics causes a marked drop 

in the portal vein circulation. On the whole, total hepatic flow is 

diminished because the blood supply to the liver at this time becomee 

principally arterial in origin. Brunson et al {1951) believe that the 

incidence of liver neerosis bas increased in the last ten years because 

or the extensive use of vasopressor drugs. The liver shows central 

necrosis, which is known to occur in shock aloM• other inTestigators 

(Braude et al, 1953), (Borden and Hall, 1951), (Hall and Gold, 1955), 

have round a high correlation between hepatic necrosis and the admiBia­

tration of sympathomilletic amines. Corday (1960) does not accept this 

concept, since 70'/o of the oxygen supply to the li ver is supplied by 

the hepatic artery and flow of this vassel is almost equa:l to the 

normal flow after lenrterenol administration. 

Reduction of systemic blood volume is followed by reduction 

in renal blood flow with increased vascular resistance. Restoration 

of renal circulation to normal by levarterenol leads to further 

reduction in blood flow and increase in vascular resistance {Corday, 

1960), (Watts, 1956), (Liveeray et a.1, 1954). However, when sma.ll 

doses of epinephrine or levarterenol were administered, the 

excretion of urine increassd, whereas large doses of these drugs 

led to reduction in the volume of urine (Langston and Guyton, 1958). 

fiecrosis of the kidney fo11owing severe haemorrhagic and traumatic 

shock have been substantiated in man (Panner, 1940), (Sheehan, 1947, 

1950), (Duff, 1941), (Lucke, 1946), (Bywaters, 1944), (Corcoran and 

Page, 1947), (Van S1yke, 1948), (Oliver et al, 1951). 
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The decrease in flow and increase in vaseular resistance is 

disproportionally large in renal and splanchic circulations. The 

possibility that vasopressors may aggravate the isehemia of the 

intestine already produced by the shoek cannat be ignored {Cone et 

al, 1~57). These authors have recently reported the occurrence of 

intestinal necrosis in a young child with a pheochromocytoma, who 

died in hypertensive criais• These observations support the theory 

that high concentration of catecholamines in the eirculatioa exeri 

delaterious effeets on the gut and other organs. Panner and Barn• 

heim (1939) produced ulcerations of the digestive tract in dogs by 

repeated injections of epinephrine. 

Stimulation of the splanchnic nerva and injection of epine­

phrine and norepinephrine all produce vasoconstriction of the masan­

tarie vascular bad (Deal and Green, 1956), (Levy, 1958}. Even aym­

pathetic stimulation alone bas been shown to produce mesenteric 

vasoconstriction (Bunch, 1898), (Bayliss and Starling, 1899), 

(Grayson and Swan, 1950). 

Hardaway (1962), who bas dona soma extensive work on eoagu• 

lation of the blood during shock, observed that norepinephrine 

causet hypercoagulability of the blood, which leads to tissue an• 

oxia, tissue meeroais and eventually to the irreversible pbenomenon. 

In spite of the growing evidence against the indiscriminate 

use of sympathomimetic drugs in the treatment of any form of hypo­

tension, clinical evidence of the beneficial affects of vasopressors 

cannot be ignored (MacLean, 1962). The good effects of vasopressora 

reside1.: in their ability to inerease the perfusion of vital organ•, 



improve the venous return, (Rasking, 1953), (Shadle, 1955), {Weil, 

1956), and enhance the myocardial function by increasing coronary 

flow and sometimes by direct stimulation of the myocardium itselt 

{Lansing et al, 1962). 

The increase in vanous return t~ the haart with concommitant 

increase in cardiac output effected by sympathomiaetica has been 

established experimentally {Rasking, 1953), (Shadle, 1955), (Weil, 

1956). The vasopressors may also bave a dilatimg affect on hep&tic 

veina (Andrews, 1955). Catchpole {1915) and his co•workers claim 

that norepinephrine decreases coronary vascular resistance in haemor­

rhagic shock dogs and incrsase coronary blood flow. It seems ac­

cording to these authors tlBt sympathomimetics have a physiological 

action on the heart, the kidneys and the liver, especially in a 

patient with bacteremic ahock. Norepinephrine ussd to treat haemor­

rhagic shock refractory to blood replacement. has been employed with 

encouraging suecess (Lansing and Stevenson, 1958), (Lansing et al, 

1957). 

The use of Y&Sopressors early in shock before vasomotor col­

lapse bas talœn place and in dosages that maintain blood pressure 

just below norma.l has satisfactory resulta (Corday, 1960), {Lansing 

et alt 1962) • In cases where losa of blood is the initiating 

cause of shock syndrome, vasopressors alone cannot be used as sub­

stitutea for blood replacement. Epinephrine alone in the treatmerrS. 

of olegemic shoek ia not effective because it does not correct the 

metabolic abnormality while coneurrently imposing a heavier burden 
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of work on the heart due to further increase in vaseular resistance 

(Caliva et al, 1959). "Successful restoration of the blood pressure 

by a vasopressor must not be the signal for a period of complaoency. 

{Lansing, 1962). 

Vasoconstriction in reeponse to eympathetic nervous system 

hyperaetivity as cited before, may play a deleterious role in the 

development of the ahock syndrcme. 

- 54 -

.. 

Nickerson and Carter (1959) have demonstrated rather convin­

cingly that pretreatment of dogs with vasodilators may increase the 

percentage of animals surviving various procedures designed to ta­

duce shoek. Zingg (1958) using,his own method of inducing haemor­

rhagic shock and pretreating the experimental animale with .5 mg/kg 

hydraladne, claims 667- permanent survivors and 30;. in the controla. 

Baez et al, (1952) claims lOQ% survival rate in dibenamine pre• 

treated animals subjected to haemorrhagic, traumatic and endotoxin 

shock, while only 31.5% of his controls survived. On the whole, a 

significant increase in the survival rate of animale subJected to 

haemorrhagic, traumatie and endotoxin shock bas been demonstrated 

by many investigators using different forme of vasodilators and 

ganglionie blocking agents (Hakstian et al, 1961), {Baez et al, 

1952), (~ck, 1956, 1959), (Carruthers and Crowley, 1956), (Hershey 

et al, 1955), (Inglis et al, 1959), (Jacob et al, 1956), (Gourzis 

et al, 1961), (North et al, 1951), (Saltz, 1960) • 

Vick (1963) and his co-workers in studying the relative value 



of hydrocortisone, metaraminol (aramine} and phenoxybenza.mine 

(Dibenzyline} on endotoxin shoeked monkeys and dogs round that 

Dibenzyline dramatically reversed the renal funetions when given 

after the onset of shock. While aramine and hydrocortisone 

maintained the arterial blood fressure for a long time, they did 

not greatly influence renal hemodynamics. 

Vasoconstriction in the presence of haemorrhage givea pref­

erential treatment of blood supply to the vital canters, the heart 

and the brain. In sympathectomized animale, such preference ia lost • 

All tissues of the body are aecorded the same treatment as long as 

the vital centres reeeive sufficient blood supply. All tissues of 

the body probably receive an adequate amount of circulation and the 

aggravation of the shock condition is prevented (Freeman et al. 

(1938). Ganglionic bloeking agents work on the aame principle. 

Baez (1958) and his associates postulats that the protection 

afforded by Dibenzyline may be due to changes it induces at a cel• 

lular metabolic level besicles its sympatholytic action. 

Chlorpromazine, another ganglionic bloc king agent, h&s been 

shown to prolong the survival time of dogs in irreversible shock 

(Inglis et al, 1959). This group also observed increased mesenteric 

circulation after administration of chlorpromazine. The importance 

of mesenteric circulation in the irreversible phenomenon bas al­

ready been discusse4. 

It was also noted that animals pretreated with ganglionic 

bloeking agents showed less blood/kg. in the reservoir compared to 

the control group. This may mean that pretreated animals may reach 
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standard levels of hypotension with lees blood loss than controls 

{Zingg, 1958). 

c) HydrqcortiiQDI and Cortieosteroida 

What part cortisone plays in haemorrhagic and endotoxin 

shock is still a matter of speculation. Administration of corti-

sone in pharmacologie dosage produces a decline in arterial pres-

sure and an increase in cardiac output (Lillehei and YaeLean, 

1959) in patients with shock. 

Thus the beneficia! effects or corticosteroid in the 
treatment of bacteremic shock may be due to increase 
in systemic flow which is accomplished without the 
penalty of added vasoconstriction. 

(Vassant, Weil et al, 1963}. 

Dibénzyline and eorticosteroid seem to be aynergietic in this 

regard of increasing cardiac output with vasodilation and thus im· 

prove tissue perfusion. Kurland and Freedberg (1951) observed a 

potentiatian of pressor response to norepinephrine in normotensive 

patients art er administration of A .c .T .H and cortisolM • The se 

authors conclude that hydrocortisone bas a protective affect against 

lethal tissue·damaging affect of endotoxin. Some investigators 

{Zweifaeh, 1952), (Fritz and Levine, 1951), have demonstrated that 

in adrenolectomized animals, vascular response to norepinephrine is 

lost and it is restored only by topical application of adrenal ex-

tracts or by injection of cortisone. On the other band, Hayes 

(1954} is of the opinion tbat in haemorrhagic shock there is a de-

ereased minute volume of blood delivered to the kidneys and pre­

sumably to the adrenal glands, with a subsequent possible 
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reduction in thé amounts of adrenal corticosteroida available 

in the circulation per unit time for peripheral tissue utilizaticn. 

However, nobody has yet demonatrate4 conclusively reduc• 

tion in steroid output during hypotension. Since massive doses 

of cortisone are required to produce any substantial effeets, it 

is quite likely that the levels or circulating corticosteroids 

- 57 -

are inadequate to maintain a satisfactory vascular résponae 

(Conolly, 1958). Cowley (1962) and his co-workers using D. 

Aldosterone in dosages ranging from .05 mg/kg. body weight to 

.1mg/kg reduced the mortality of haemorrhagic shock dogs by 45~. 

They believe that aldosterone proteets the animala against renal 

shut down and haemarrhagic enteritis. Zweifach and Chambers (1942) 

using histamine and trauma to produce shock, prevented capillary 

hyperemia by administration of cortical extracta. Some investi• 

gators be1ieve that the corticosteroids which influence intermad­

iary mstaboliam are the most effective in preventing irreversible 

circulatory fai1ure {Swingle et al, 1941, 1942), (Remington, 1942). 

Selye and Dosne (1940) using corticosterone, round it ef­

fective in eombating traumatic shocJb However, Noble and Collip 

(1942) did not find practical benefits of cortical compounds in 

shocked animais. Fine and Seligman (1942) also obssrved no faveur­

able affects or corticoateroids in treatment or haemarrhagic shock. 

These unfavourable affects of corticosteroids on haemorrhagic 

shock have been reported by other investigators (Howard and DeBakey, 

1951), (Knapp and Howard, 1957). 



Studies on adrenal cortices of doga dying as a result of 

haemorrhagic shock showed depletion of total earboxyl containing 

lipoid and that administration o·r cortisone and A.c.T.H. 

inereased the histologie evidences of damage to the adrenal 

cortiees of dogs in irreversible haamorrhagic shock (Frank et al, 

1955). 
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9l!APTER III 

Mll:l'HODOLOGY AND MATE~ 

J, • ANIMAl:S, 

One hundred and thirty-four mongre1 dogs without preference 

to sex and weighing between 18 - 26 kg. {average 22 kg.) were 

used in these etudies. These d_ogs were subjeeted to different con· 

ditions or haemorrhagic and endotoxin shock and were divided into 

four main groups& 

GROUP la m:ALYSIS OF NORMAL~ .. 10 dogs 

a) 5 without prophy1actic antibiotica 

b) 5 with prophylactic antibiotica 

GROUP _na !!mOT cm SHOOIC 

a) lndotoxin and ear1y dia1ysis with old and 

new coi1s - 28 doge 

1) 14 controle 

2) 14 experimental 

b) Endoto:dn and ear1y dia1ysis with new 

coi1s only - 10 dogs 

c) Endotoxin and 1ate dia1ysis with o1d and 

new coils - 15 doga 

1) 5 controls 

2) 10 experimental 
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d) Endotoxin and histamine - 6 doga 

e) Endotoxin and mechanical effects of dialysis - 10 dogs 

f) Endotoxin, morphine and early dialysis, with both 

new and old coils - 10 dogs 

GROUP Ilia HAEMORRtiACIC SHOCK 

a) Haemorrhagic shock and dialysis - 20 dogs 

1) 10 controls 

2) 10 experimental 

b) Haemorrhagic shock and Diben~yline - 20 dogs 

1) 10 controle 

2) 10 experimental 

_Q:ROUP IYa DEl'l'ERMmATIONS OF...]~ ARTERIAL CHEMJ;S'l'RIES -

5 dogs 

All the dogs were fasted for twenty-four hours before they 

were subjected to any form of experimental procedure. Dogs which 
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did not look healthy were discarded or used as donors for the blood 

necessary for priming of the dialysing artificial Kolff kid.ney machine. 

All attempts were made to avoid exciting the dogs as they were being 

transferred from the kennels to the anesthesia room. Most tech• 

nicians skilfully mastered the art of cajoling a dog to the anes­

thetic table with very little struggling on the part of the animal• 

When the dog had completely won the confidence of the operator and 

his team, it was weighed on •1eight Model 9281 (Toledo) Scale. Then 

the dog was securely tied around the mouth to prevent any accidental 

dog bites in the laboratory. 



a) lltthqd oUwn:thea:i& 

The left antero-medial aspect or the foreles: was shaved, 

so as to visualise the gross anatomical position or the cephalic 

vain. Since some dogs became excited by the sound of the auto­

matie electric shaving machine, time for the dog to calm down wa.s 

allowed bafore any anesthesia was administered. All dogs exeept 

the endotoxin and morphine group (Group II, (r)) were anesthetised 

with 30 mg/kg of intravenous nembutal. This was cautiously in­

jeeted into the left eephalic vein with an 18 gauge needle. In 

cases where there was accidentai infiltration of the nembutal in 

the tissues around the left cephalic vain, the right foreleg was 

used. In most cases the amount of anesthesia used was less than 

30 mg/kg. Injection of the nembutal was diseontinued as soon as 

the dog showed sufficient muscle relaxation with preservation or 

the eorneal reflex. The binder around the mouth was loosened. 

The dogs were shaven in bath groins and painted with tineture of 

merthiolate lt200. 

b) ~rativl-ftocedure and Operation Room let-up 

No aseptic technique was observed in our experimenta. The 

animals were then transported t o the operation room. The experimen­

tal dog was laid in a dorsal position on the Weight Modal 9281 

Scale, which is calibrated in both pounds and kilograms and can ba 

opened and locked during the experimantal procedure. Thisr. eca•e 
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enabled the operator to observe the weight of the experimental 

animal throughout the procedure. The control 4og was laid down on 

a separate table beside the experimental dog. This facilitatea 

constant observation of both dogs during the experiment. 

Both dogs were intubated, but no pump or Bird Respirator 

was eonnected to the tube. A thermometer probe as inserted into 

the oesophagus to record temperatures in degrees centigrade. In 

order to prevent both the probe and the intubation tube from 

slipping, they were tied separately around the upper jaw. The 

probe was sometimes snuggly tied around one of the canines, while 

its other end was connected to one sida of the Tele -thermometer. 

This is so constructed that two probes, one from each dog can be 

plugged in at the same time on each side of the Tele-thermometer 

box. (Fig. 2} 

When the dogs were securely tied on the tables, both 

the right and the left femoral vassels were dissected out and 

clearly exposed through a longitudinal incision one inch long, made 

two centimeters below the inguinal ligament. Then 3 mg/kg heparin 

was injected into the right femoral vein by means of a 22 gauge 

needle. The right femoral vein was cannulated by a poly-

ethylene tube, No. P.330. This was pushed as high as possible to 

the level of the inferior vena cava for recording venous pressures 

in centimeters of saline. The heigh:t of this manometer was adjusted 

to the level of the righ:t auric le. The right femoral artery •• 

also eannulated and connected to a mercury manometer and occasion­

ally, by means of a three way stop-cock, to a Sandborn polygraph, 

- 62 .. 



WIGGERS- FINE TECHNIQUE OF INDUCING HEMORRHAGIC SHOCK 

1 

BLOOD 
RESERVOIR 

- 1000 

800 

600 

- 400 

- 200 

TELE ­
THERMOMETER 

FOR INTRAVENOUS 
INJECTION 

HG - MANOMETER 
- BP. 

PLASTIC TUBE 
TO RESERVOIR 

_.....KELLY CLAMP 

T-TUBE 
CONNECTOR 

Fig. a . --This illustrates the differ­
ent apparatus used in the induction of haemor­
rhagic shock, using ïiggers-Fine Technique . 
In the case of Endotoxin shock, the reservoir 
was excluded from the set up. 
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for recording of mean arterial pressures and diastolic pressures 

reapectively. (Photograph 2) The left femoral artery and vain 

were also cannulated with 'tapered' cannulae especially designed 

for hemodialysis tubing connections. The se cannulae were first 

filled with normal saline to expel the air and then clamped with 

Kelly forceps to keep them filled with saline. Then they were in­

serted into the vessels. They remained clamped unt:i~·:;helbo~ ~ 

dialysis began or when arterial samples of blood were being with­

drawn. In the control dogs, the left femoral vessels were eannul· 

atad only when intravenous injections of endotoxin formed part of 

the experiment and when arterial blood chemistries and electrol­

ytes were taken during the experimental period. 

When all the eannulae were inserted in their proper places, 

the experimental dog was weighed again. It is obvious that the 

cannulae ,. Kelly clamps, the weight of the leashes and the pressure 

of the dog on the table all helped to increase the original weight 

of the dog alone. All articles on the scale contributing to this 

weight were recorded. 

The control vital signa in both experimental and control 

dogs were noted. If any blood chemistries and electrolytes were 

studied, the control samples were taken at this period. 
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PHOT OGRAPH II 

This picture illustrates a cannula with 
three way stop coc-k, which is connected to both 
a mercury manometer and a Sandborn Polygraph. 
A reservoir with 500 cc of blood is sean hanging 
on an adjustable pole at the foot of the dog. 
In the. foreground is a tele-thermometer. 
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3. MATERIA~ AND METHOD OF CQLLECTING BLOOD SAMPLES FOR CHEMISTRIES 
- &iD ELECTRQLYTES 

a) IllL!nUJ:~bic MethQd of Colleç:tion of BlooUf.mQill..J:.g[ 
pH, pC02t and HC03 

A 20 cc syringe was connected to the end of the arterial tap­

ered cannula and 10 cc of blood was drawn and laid aside. The Kelly 

clamp was put back. In a few seconds another 20 cc syringe filled with 

3 cc of heparin was connected to the cannula. No air was to be lert 

in between the heparin and the noule of the syringe. After the 

syringe was connected to the cannula, the KellJ clamp was released 

and the arterial blood was allowed to flow slowly into the syringe. 

A little over 20 cc of blood was collected. Exercising avery care not 

to introduce air into the syringe, 4 cc of blood from this syringe was 

squirted into a lOcc beaker. The outlet of the syringe was closed 

tightly by means of a special rubber cap to prevent air coming in and 

out of the syringe. 

Heanwhile an assistant quickly pipetted 2 cc of blood from 

the 10 cc beaker. The blood was allowed to flow drop by drop into a 

centrifuge tube containing 5 cc of 1~ trichloracetic acid that was 

kept in a refrigerator. The tube was covered with paraffin pe.per 

and taken back to the refrigerator till the lactic acid was dater-

mined. In the collection of these samples for lactic acid, avoidance 

of the fingers coming into contact with the delivery end of the pip­

ette or the paraffin paper is of utmost importance. Fingers contain 

an appreciable amount of lactic acid. 
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Then finally 10 cc of the blood was drawn in a 20 cc silicone 

coated syringe and carefully squirted int o a centrifuge tube • The 

assistant reinfused into the dog the first 10 cc of blood which bad 

been withdrawn before all the blood samples were taken. After pipet­

ting 100 mm of blood for heatocrit determinations, the rest of the 

sample of blood was centrifuged~ and the supernatant serum used for 

determinations of electrolyte~. 

b) He!Qilt oc rit De]trminatj.QD 

The Winthrobe method •• used for the determinations or hema­

tocrit. This consisted of filling a Winthrobe tube tdth heparinised 

blood to the lOO mm mark. This was spun a.t 3,.000 revolutions per 

minute for thirty minutes. Then the height of the red cells was 

read and the packed cell volume expressed in percentage. 

After sa.mples for control electrolytes and chemistries wre 

taken, ha.emorrhagic or endotoxin shock was begun. 

_!.._IŒTHOD AND llATERIALS OF INDUCING SHOCJ( 

a) ti&amgrrb&&ic Shoçl 

A reservoir ri th a eapacity of 2,000 cc was employed. The 

inside part of the reservoir was silicone sprayed once a week. The 

right femoral artery was cannulated with a polyethylene tubing, 4 cm 

in diameter, attached to a plastic T tubing connector, one arm of 

which was connected to a blood reservoir, while the other was con­

nected to a mercury manometer with a three wa.y stop-cock:. (Fig. 2) 
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ISO, MODIFIED WIGGERS- FINE TECHNIQUE OF INDUCING 

B. P. 
mm Hg 

150 

120 

90 

HEMORRHAGIC SHOCK 

REINFUSION 

60 

30 40 mm Hg - 30mins 

15 30 45 

50 mm Hg- 2 hrs 

60 75 90 105 

TIME mins 

120 

! 
(DIALYSIS) 

. . 
1 

t 

135 150 

Fig. 3.--This diagram illustrates Wiggers-Fine Technique used in one 
series for production of haemorrhagic shock. The dog is bled into the reservoir 

for 10 minutes, till the blood pressure is down to 40 mm Hg. It is kept at this 
level for 30 minutes. At the end of 30 minutes, the reservoir is elevated, so 
that blood pressure reaches a level of 50 mm Hg. This level is maintained for 
2 hours before reinfusion. o. 

co 



The tube connecting the blood reservoir with the T tubing connecter 

is made of polyvynil material and haa a bore of 8 cm in diameter. 

It measured 4i yards long and thus enabled the reservoir to be ele• 

vated and lowered accordingly. A special adjustable intravenous 

pole for hanging the blood reservoir was used. This enabled the 

operator to adjust the height of the blood reservoir. Blood samples 

were usually collected from the left femoral artery. 

In order to bring the dogs to irreversible shock,. the modi• 

fied Wiggers-Fine Technique was employed (Wiggers, 1950}, (Fine,l954). 

This method consiste of bleeding the dog into a reservoir for ten 

minutes to bring the blood pressure to 40 mm Hg for thirty minutes. 

(Fig. 3) Blood pressure is maintained there by lowering or elevating 

the reservoir, as the case may be. After thirty minutes, the mean blocd 

pressure is elevated to 50 mm Hg and kept there for two hours. At the 

end of the two hours, the blood is reinfused into the dog by means or 

a syringe intraarterially and then if the dog is to be dialysed. dialy• 

sis begins and is earried on for one hour. 

Whenever blood samples were collected, they were drawn at 0 min., 

30 min., 90 min., 150 min., 210 min., and 270 min. (See Table 4) 

b) Endotgxin Sbock 

In this form of experimental shock,. 3 mg/kg endotoxin n.s given 

intravenously for a period of one to five minutes. For the first 

thirty minutes, all vital signs were recorded avery five minutes in 

both control and experimental dogs. This was done in order to avoid 

the possibility of missing the bradycardio-hypotensive period, which 
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usually oceurred within five to thirty minutes after endotoxin injec­

tion. When this crucial period was over, the vital signs were re­

cordad .very ten minutes. 

Blood samples for chemistries and electrolytes were eolleeted 

in the same manner described a bove • 
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In both haemorrhagic and endotorln shock, the weight of the 

experimental animal on the scale was determined every firteen minutes 

during the course of the experiment. Weigb:t determinations were useful. 

They served as a guide together with blood pressure and flow rates in 

replacement of fluid lost by the dog during the shock and hemodialysis 

periods. 

Each dog received 4 mg/kg of protamine intravenously before 

it was sutured and taken to the recovery room. 

5. ffilHCifL!LQE tm:: MTIFICI& KID~ 

This implies an exchange of two solutes through a semipermeable 

membrane - the blood on one side of a cellulose membrane and the rinsing 

(dialysing fluid) fluid on the other. (Figure 4) Diffusible substan­

ces of small molecular si~e, such as urea, creatinine, urie acid and 

phosphate freely traverse the membrane. Plasma proteine, protein-

bound substances and viruses are held bact. 

Substances with smaller molecular weight are removed from the 

blood, if the volume of the rinsing fluid is large and if their con­

centration is greater in the blood than in the rinsing fluid. 

Electrolytes can pass through the membrane, guided by differences in 

concentration between those in the blood plasm& and the electrolytes 

in the rinsing fluid. In this way, plasma electrolytes concentration 
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VENOUS PRESSURE 
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CLEARANCE 
95%021 
5"1. co2 

KIDNI::J' 

1 
TELE - THERMOMETER 

COlL KIDNEY 

DIALYZING 
FLUID 

OUTER 
CONTAINER 

Fig. 4.--'fbia di&gram ill~ra:tea the pri.D• 
ciple and appa.ratus involved. in the use ot IColtt ldd­
ney tor bumodiàlyaiJh 'l'he outer chamber, or tftJ'lk. 
the dialysing tluid.. the :imar cor.rtainer with the dia• 
posable coil kidney are ahawn on the right haad coraer 
ot the picture • The direction ot the tlow of bloocl dur• 
ing dialysis is ahown by arrowa. 
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can be eontroll.ed. Dialysis can corre et acidosis, hyperpotassemia 

or hypopotassemia within a few hours (Kolff, 1956). Acidosis in shock 

causes resistance of vessels to sympathomimetic drugs (Burget and 

Visscher, 1927). Sodium content can be adjusted to any predetermined 

level. Histamine and catecholamines are postulated to play an import­

ant role in theirreversibility of shock (Schayer et al, l960a, l960b), 

(Hinshaw, 1958), {Wiggers, 1950), (Harkins, 1926, 1941}. Since these 

substances have small mole cular weight, it is possible tbat they are 

dialysable. The molecular weight of histamine is 111, epinephrine 

185 and that of norepinephrine is 169. Harmful bacterial products 

liberated during bacteremic shock may also be dialysable. 

The rinsing fluid generally approaches the composition of 

normal plasma. The blood is usually drawn from the femoral artery 

and after it has been 'purified' by dialysis, it is returned to the 

fem«al vein • 

.Q. DESCRIPTION_QLTHE DISPOSA.BLE_KIDNEY Ç.Q~ 

This disposable kidney coil is produced by Travenol Labora­

tories Inc. It is based on the kidney eoil developed by William J. 

Kolff, of the Cleveland Clinie, Ohio (Kolff, l956a, l956b, 1957). 

The eoil consiste of two cellulose tubings enveloped in fiberglLsa 

screens or mesh. (Pbotograph 3) The fiberglass screens allo• expans· 

ion of the cellulose tubes to a eontrolled maximum in diameter. 

The layers of the screens and tubing are sewn in a large roll, wbich 

is wrapped around the central cylinder. It is of interest to note that 
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when this method of dialysis was first introduced, an old fruit can 

was used as a central core (Kolff, 1956) • There are two lengths or 

cellulose tubing in parallel arrangement, each measuring approximat­

ely 10.75 meters long, whieh is equivalent to a dialysing area or 

19,000 sq. cm. This parallel arrangement makes it a 'twin' coil. 

Cellulose tubing bas a flat diameter of 4.5 cm and the pore size of 

24 angstrom. Its wall thiekness is l/1000 of an inch. The plastic 

central core around whieh both the fibergla.ss and the cellulose tub­

ing are wrapped measures about 10 cm in diameter. 
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The patient 's blood is circulated through the semipermeable 

cellulose membrane and leaves through the tubing to the venous aide or 

the circuit, whila the rinsing or dialysing fluid circulates on the out­

aide. {Fig. 4) Rinsing fluid also circulates crosswise the fiber• 

glass m.esh. The rinsing fluid is pumped into the bottom of the can 

in which the coil is tirmly fitt.ed. The fluid flows up through the 

screening and over the top of the eoniainer and falls back into the 

tank. 

Polyvinyl chloride tubings and nylon connecting pieces are used 

in this set-ap. Polyvinyl tubings have the advantage of setting pro­

parties, so that lesa heparin than usual is used in the system. 

Blood required for priming is approximately 1500 ml. At a 

flow rate of 200-400 ml of blood per minute, the average urea remaved 

in the course of six hours is 60 - 90 grams. At this rate, urea 

clearance is about 140 ml per minute. The pressure required to pump 

the blood through the dialyser at this rate is approximately 160 mm 

Hg. The sygnaroator pump is so designed that it maintains the dialy­

sing fluid flow at 3 - 5 litera per minute. At this rate of flow, 



PHOTOGRAPH IV 

DOG UNgERGOING !!JŒMOD!M!X§Iê.--The 
dog lying on the scale is undergoing dial­
ysis. The tank with its plastic cover is 
seen near the wall. Inside the inner con­
tainer is the kidney coil, held in place 
by a metal band. Beside the tank, on the 
right hand side, is a sygmamotor pump and 
switches for thermostat circulation and 
drainage of the dialysing fluid. A tycos 
anaeroid manometer and a bottle of saline 
connected to side arm are held up by an 
intravenous pole. 
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the ultrafiltrate is approximately 300 ml (2•6 pounds weight losa 

during dialysis}. The outtlow pressure eould be increased to 250 

mm Hg in which case there will be a losa or rluid or approximately 

700 ml per hour or 6-8 pounds in one hour• The blood from the dog 

is pumped from the femoral artery into two tubes of the arteria.l 

set. These tubes pass through the sygmametor pump so that sub­

stantially the sa.me amount or blood in both tubes is pumped into the 

kidney coil. 

After traveraing the 90,000 aq. cm surface of the cellulose 

~mbrane, which is constantly being inundate4 by circulating rinsing 

fluid, blood laaves the coils through the vanous end of the set 

(the periphery). :S.fore the blood entera back into the dog through 

the femoral vein, it flows through two filter chambers of the venoua 

set, where air bubbles are trapped and blood flws can be obsern4. 

(Photograph 3) 

7, PEftVANENT :&QUIPÇNT CONSI§TS...Ql! (Photograph 4) 

1. hSH!ImQi.CU:--lm!IIR 

2. • 100 li~tL-iank tor rinsini llYi~· The tank is made of stain• 

less steel. It has a clear plastie cover or transparent lid, so as to 

prevent excessive ateaming. There is a platform tor the sygmamotor 

pump, a can or container for the dialysing unit (cellulose tubing and 

fiberglass screen). There is also a metal board on the side of the 

platform, where awitches for drainage of the tank, circulation of the 

rinsing fluid, and thermostat are found. The tank has large inflow 

and outtlow pipes for quick changing of rinsing fluid. 
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s. ADDITIONAL EQUIPMENT 

Some of this equipment is needed during dialysia' B Kelly 

clamps, 2.0cc syringe and •tape red • cannulae especially suited for 

dialysis tubing connections. 

i• RINSING # DIALX§Dl@_~ 

The rinsing tank contai na lOO litera of fluid • The temper­

ature of this tank is thermostatically controlled by an electric 

heater, &nd kept at 37° - 3900. (loo0 
- 102.°F.) 

The dialysing~fluid contains sodium chloride, sodium bicar­

bonate, potassium chloridt, calcium chloride, magnesium chloride, 

glucose and lactic acid in concentratiœns shown in Table 1. 

In clinieal practice, to mainta.in the: pH a.t 7.4 during dialy­

sis, 9Q% 02 with C02 is bubbled through the rinsing fluid. This 

method, basides maintaining a stable pH, has the advantage of oxy­

genating the blood during dialysia. 

l.Q.~- ASSEMBLING_TI!i!1 DIALYSING UNit 

The coil unit is removed from the plastic bag and firmly 

fastened into the inside container ean. A flat steel belt is slid and 

fastened over the top of the coil to keep it in the can during dia.ly­

sis. The tubes for the inflow and outflow are found in the hollow 

space of the central core. The arterial tubes have clear vinyl pJ.astic 

ends with cotton plugs, while the vsnous tubings are attached to the 

periphery of the coil and terminate in 'male• connectora. A yellow 

band is attached to corresponding inflow and outflow tubes. 
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TAB~ 

COMPOSITION OF DIALYSINJ FWID 

COMPONENI'S G/lOOL NaT K .. Ca Mg'f'T 

Na CL 585 lOO 

NaH00.3 252 .30 

KC1 22.4 3 

CaC12 29.4 4 

MgC12 15.0 3 

Total in. 
meq/1 1.30 .3 4 .3 

Lactic !cid - 20 cc to adjust pH to approximately 7.4 

Cl-

lOO 

.3 

4 

.3 

llO 

HOO-
3 

--

30 

.30 

GLUOOSlC 

200 

-:a 
(X) 



The cotton plugs can be either removed by a small hemostat, 

or part of the plastic ends can ba eut off by a sharp straight acis­

sors. The green protactors from the plug-ins (male) on the arterial 

aide are removed. The plug-ins are inserted into the 'female' eut• 

ends of the inflow tubes. Kinks in the tubings should be avoided at 

all cost. 

The venous connecting tubes are usually sealed together. They 

require to be eut in the centre. The green covera on the plug•ina 

of the outf'low tubes are removed and the plug-ins similarly inserted 

into the outflow tubes of the coil unit. 

These connections may seem confusing at first, but eloser ex­

amination will show that both the inflow and outflow connections have 

male and female tubing connections which eannot be easily confused. 

The tubing connections should be wired to make doubly sure that 

an air leak does not occur. A 'tycos anaeroid manometer is tightly 

fitted into one of the aide arms on the filter, especially designed 

for measuring pressure from the coil. The other two sida arma on eaeh 

filter ehamber are elamped with Kelly forceps. (Photograph 4) 

On the venous set, the re is a plastic ring, sometimes green in 

colour, which is used for hanging the filter chambers in an upright 

position, with the filter chambers at the bottom and the tycos above. 

Clamps are placed on the arterial inlet tubing, the venous tubing and 

the infusion side arm, which is connected with an intravenous tubing 

to a bottle of 1000 ce 5% D/Normal Saline. 

The rinsing t&nk is filled with 100 litera of ~ tap water 
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(37oC.) which is circulated through the sereening of the eoil unit 

tor about ten minutes. This water is removed from the tank and then 

filled with dialysing (rinsing} fluid. 

llL PREP~ION OF THE RINSING FLUID 

'l'he NaCl, NaHco3 and KCL are poured into a separa.te container 

of hot water and thoroughly mixed till the salts are completely dia­

solved. lleanwhile the tank is being filled wlth warm tap water. When 

the water fills the tank to about 80 liters, the taps are closed. 

Two hundred grams (200gm) of sugar is poured into the dia.lysing 

fluid tank. Then Cac12 and MgC12 are mixed in their own separate 

bucket and completely dissolved before they can be added to the rina­

ing solution. After addition of 2.0 cc of lactic acid to the rinsing 

solution, the solution of MgC12 and CaCla is added to the tank. La.ctic 

acid, basides adjusting the pH, also prevents precipitation of calcium 

into the bottom of the tank. 'l'he tank is filled to 100 liter mark 

and the temperature kept between 370 and 39oc. 

As a final check for the isotonicity of the rinsing fluid, 5 cc 

of arterial blood is mixed with 5 cc of the rinsing fluid and spun at 

200 rev/min. f'or fitteen minutes. If hemolysis does not occur, the 

solution is isotonie and satisfactory for use. rr, however, hemolysia 

oecura, the solution should be discarded and a fresh solution should be 

made up. 

In clinical practice, if the object of dialysis is hyperpotas­

semia, then one half of the usual potassium concentratian is used in 

the dialysing fluid. It is also important to hydrate a dehydrated 
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patient before dialysis is done beeause of considerable ultrafiltrate 

that is removed in one hour. 

In cases where dialyais is earried out for six hours, the rin-

sing fluid should be changed at least once. 

It is also important to note tbat dialysing fluid must be pre­

pared immediately prior to dialysis to prevent Ca' and~· from precipi­

tating upon standing. Preparation of the solution of MgC12 and CaCl2 

in water with the temperature above 43°C {110°F) may also lead to the 

precipitation of Ca~and Kgy ions. 

J.L...__TESTING THE KIDNEY COIL 

The eireulating pump is switched on and observations are made 

on how the ·dialysing fluid c~reulates through the screen of the coil 

unit. The r:iinsing fluid circulstes upwards and crosswiae throught the 

polygrass mesh. Care is taken that no testing or the kidney is dona 

before the coil is wet. 

The pump tubes of the a·rterial set are placed in the sigmamotor 

pump, with the plastic circular stops just outside the pump housing on 

the inflow side of the pump. The pump tubes must be properly placed in 

the heles of the pump housing or else they will not runction properly. 

The tubing should not be pinched when the sigmamotor plates are closed. 

'l'he whole set is re-examined before priming the machine with 
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s% D/Normal Saline. Having made sure that the unit is airtight and that all 

equipment to be used during dialysis is nearby, the Kelly 

clamps on the side arm and on the arterial inlet are releaaed 



and the solution allowed to fill the inlet tubing by gravity. The 

Kelly clamp is put baek when the inlet tubing is filled with 5~ 

D/Normal Saline. In filling this tube, all bubbles of air must be 

expelled. 

A special regulating serew c~p is snugly applied on the 

venous side of the tubing. This clamp is essential for the regul­

ation of ultrafiltration pressure in the coil. 
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The sigmamotor pump is started very slowly,- observing whether 

the pu."'lp tubings are reeeirtng the same pumping strength of the sigma­

motor machine. Oftentimes air is trapped in the pump tubes of the 

arterial set. These bubbles of air are easily removed by bending the 

outflow ends upwards. A slight downward bend of the plastic stops 

also helps in the removal of air from the pump tubes. 

When this is done, 100 ml of heparinized blood from a donor 

dog is pumped through the unit. This is followed by 5% D/Normal 

Saline. Leaks can be detected by the appearanee of blood in the dialy­

sing or rinsing fluid. The sigmamotor pump should always be stopped 

before bottles of either blood or saline are empty to avoid introducing 

air into the system. 

If no leak is noticed, running of the sygrœ.motor pump is con­

tinued, gradually increasing the speed till the flow rate reaehea 

200-400 ml of saline par minute. At this rate, the speed control 

plate of the pump is clamped with a Kelly forceps. The flow rate is 

determined by timing how long a 500 ml bottle of S% D/Normal Saline 

takes to empty into the circuit at a horizontal flow in both filter 

chambers. 



Another method used for measuring flow rate is to colleet 

outflow from the kidney into a graduated one liter flask. After the 

circuit is primed with 5'/. D/Normal Saline, it is again primed with 

1500 cc of fresh blood. 

Every dialysis requires one or two donor dogs, which are 

weighed, heparinized, cannulated into the femoral artery and bled 

into a s•erile one-liter empty bottle. The blood is kept in the 

refrigerator until the time it is needed for priming the kidney. 

When the kidney is primed with blood and there are no air 

bubbles anywhere in the tubes, the arterial outflow tubing is con­

nected t o the femoral artery of the dog through the tapered cannula. 

The venous inlet is similarly connected to the venous cannula. 

lleanwhile, the clamp for adjusting the flow and the ultrafiltrate 

pressure is adjusted to maintain a pressure of 160-180 mm Hg. The 

Kelly clamps on the tapered eannulae are not released until another 

check is done on the circuit and its connections. Then the chief' 

operator gives the sign to his assistant (if he has one) and the 

two Kelly clamps are removed simultaneously with the switching on 

of the sygmamot or pump. 

The chief operator concentrates on the proper working of the 

whole machine, while the assistant keeps a constant check on the 

vital signa of the dog. Replacement of fluid lost by the dog is de­

termined by the amount of weight the dog loses during dialysis, the 

blood pressure, the turgor and elasticity of the dog•s skin. Hema­

tocrit % is also helpful in determining the amount or fluid lost 

by the dog during ultrafiltration. 
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Dialysis waa earried on for the whole hour in our experimenta. 

Once dialysis startst it should not be stopped to avoid settling out 

of erythrocytes in the dialyser. 

Occasionally during the priming of the kidney machine with 

blood, the level of blood in one filter chamber may be higher than 

in the other and it may obstruct vision of flow. In order to overcome 

this inconvenience, a release of the Kelly clamp on the side arm to 

bleed the air, will bring the blood t o the desired level. In cases 

where the level of the blood column is too high in the filters, forc­

ing 10-20 cc of air into the chamber will reduce the level. 

During the whole period or diLlysis, a special attempt is made 

to maintain a constant volume of blood in the machine and thus avoid 

change in the blood volume of the dog-patient. The visibility of 

the rinsing fluid is important so that if there is a leak in the dial­

ysing membrane, it will be seen immediately. 

As blood is forced through the 19,000 aq. cm of cellophane sur­

face, a hydrostatis pressure difference across the membrane is created 

so tbat ultrafiltration as nll as dialysis take place. The ultra­

filtration pressure of 250 mm Hg is preferable on the blood aide than 

on the rinsing fluid. The reasons being that besides its efficiency 

in dialysing out harmful substances into the bath, in case of a leak­

age, blood coming into the bath ean be easily seen, whereas rinsing 

fluid going~Linto the blood is difficult to see. This may lead to over 

hydration of the dog and sinee the bath is not sterile, bacteria may be 



int.roduced into the animal (where aseptic technique is an important 

factor). Ultrafiltration also has the advant.age of counteract.ing 

the colloid osmotic forees of blood plasma that operate in the oppos-

ite direction. 

13 • PRECAUTIONS DURING DIA.LYSI~ 

1. At. flow rate of 200-300 ml of blood per minute, a dog can 

bleed to death in a few minutes, if a broken tube or leak is not not­

iced. This stresses the neeessity for the operator to keep a constant 

eye on both the machine and the pttient. 

2. Occasionally the arterial wall may be sucked into the opening 

of the catheter, a vacuum created and air sucked through soma weak 

opening into the tubes. Therefore, care is always taken to see that 

no vacuum is form.ecl. 

3. The wall of the vain may also be sueked into the open end or 

the tapered cannula and may lead to obstruction of flow and if not cor­

rected, to the bursting of the kidney coil. . P•r~ora~ion of a vein 

with the outflow catheter may lead to enormous hematomas. 

4. Temperature of rinsing fluid should be watched carefully at 

all times. 

5. Occasionally, if the pump tubes are not properly positionecl 

in the sygmamotor pump, a perforation may occur and thus a leak is 

created in the system. 

6. Dialysing (rinsing) fluid must be isotonie before starting 

the cireulating pump to prevent hemolysis of the blood in the cell­

ulose. 
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~ METHOD OF DETERMINATION OF BLOOD CHEMISTRIES 

A) Lactic_.~~!!!.(Barker, S. B. and Summerson, N.H., 1941) 

PrinçiRlc--Lactic acid is converted into acetaldehyde by 

treatment with concentrated sulfuric acid. The acetaldehyde is 

determined by its colour reaction with p. hydroxydiphenyl in the 

present of cupric ions.' 'l'he colour is read in a photoeleetr:ic 

colourimeter with a filter having a peak transmission at 560 » • 

BiiUI.I:tl: 

1. 20fo CuS04 .5 H2o (200 grs. Cuso4 to 1,000 ml H2o) 

2. 4% CuS04 .s H20 (take 100 ml of the above 2Q% solution 

and dilute to 500 ml) 

3. 11% Triehloracetic Acid 

4. Conc. Sulfuric Acid 

S. 1.5% p-hydroxydiphenyl in 3% NaOH 

Lactate std. 5 mg% in 0.25% Benzoic Acid 

Make up from s% std. solution and dilute 1&100 · , 

Use the following waya 

0.1 ml to 4.5 ml of water (total volume) 2.5m~ 

0 .. 2 ml to 4.5 ml of water (total volume) 5 mgfo 

0.3 ml to 4.5 ml of water ( t otal volume) 7 .smgi! 

0.4 ml to 4.5 ml of water (total volume) 10 mg% 

0.5 ml to 4.5 ml of water (total volume) 12.5mgi( 
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To pr§p~~-5% l&ctic acid .liSL-~Qlution 

If Lithium Lactate is used& Lithium Lactate M.W. • 96.012 gr 

Lactate -: 89.072 gr. per mQJ].e. 

To prepare a solution containing 5 gr. of lactate in 100 ml, 

or 5 gr.% solution with regard to lactate 

x • 5 x 96.012 = 5.39 gr/liter, or 89.072 

Weigh out 0.539 gr. of Li lactate 'and dissolve it in 0.25~ 

Benzoic Acid and make up toDOO ml in vol. flaak. 

loz:kin& staAA&td ·. · {5 · UÎ} ··' 

Take 1 ml or the above standard solution and dilute to 100 ml 

with 0.~5~ Benzoic Acid. 

Proce4ua in the De:Çgrmtnnion gt Iactic Am 
' 

1. Treatment of the protein free sample by copper sulfate cal-

cium hydroxide procedure of Van Slyke to remere intarfering 

materiala, auch as glucose. 

2. Conversion of the lactic acid to acetaldehyde by controlled 

oxidation with sulfuric acide 

3. Colour development by treatment in concentrated acid sol• 

ution with P• hydroxydiphenyl in the presence of added cu~-

rie ions, which enhance the colour deTelopment. 

1. 11% Triehloracetic Acid. This should be freshly prepared 

every two weeks and stored in the refrigerator. 

2. 20~ Copper Sulfate Solution (CuS04 .s ~0) 
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3. Calcium Hydroxide (CaOH) 

4. Concentrated Sulfuric Acid - Reagent Grade s.g.l.84 

5. 4% Copper Sulfate Solution 

6. l.5fo P• hydnoxydiphanyl in 3% Sodium Hydroxyde (NaOH) 

7. Lactate Standard - 5 mg% 

0.25~ of Benzoic Acid. 

Keep in refrigerator in 

Qrliliœu. 

This method is extremely sensitive. Sinee all cells produee 

lactic acid, there is enough on the fingers to destroy the accuracy of 

the test. Therefore, it is advisable not to mix tubes by inverting 

with the centrifuge tube or touehing the tips of the pipettes. 

~tl}gds 

Take 2 cc or whole blood and add dropwise to Sec of cold 11% 

T.C.A. Cover with paraffin paper, shake and centrifuge for fiYe min­

utes. The supernatant fluid is store4 in the deep freeze. 

1. 

2. 

3. 

4. 

Place 1 cc of supernatant fluid in a centrifuge tube. 

Add 3.5 ce of distilled water 

Add 0.5 cc of 2ofo copper sulfate solution. 

Add approximately o.s g calcium hydroxide (a little on the 

end of a spatula.). Cover with paraffin paper and shake 

well. The solution in the tube should turn bright blue 

and if it is pale, add more calcium hydroxide. 

5. A blank tube, containing wa.ter in place of supernatant, 

and a. standard should be set up similarly. 

6. Stand for at least thirty minutes, shaking occasionally 

and then centrifuge for thirty minutes. 
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7. A 1 cc aliquot of the supernatant is layered carefully 

on 6 cc of conc. sulfuric acid in a pyrex tube in an ice 

bath.. Aliquote should be taken in duplicate. 

a. Shake tubes quickly to mix under ice water. Localized 

heating due to uneven mixing will cause the oxidation of 

acetaldehyde to acetic acid. 

9. Heat the tubes for five minutes in boiling water. 

10. Cool to 30° C and add one drop of 4% copper sulfate sol­

ution. To this is added 0.1 cc diphenyl reagent • A 

white precipitate will form. 

11. Vix: carefully and stand at 28-30°C for thirty minutes with 

occasional shaking. 

12. Heat in boiling water bath for ninety seconds. 

13. Cool, transfer to colourimeter tubes, and read percent 

transmission on Coleman Junior at wavelength 560. 

Stang§rQ. Cy;cr.1, 

o.o, 0.1, 0.2, 0.4, 0.6 cc lactate standard (5mg~q is pipetted 

into centrifuge tubes and water is added to make the volume up 

to 4.5 cc. Proceed as above in stages. These amounts corres­

pond to 0.0, 2.Smg%, smg% and 15mg% lactate in whole blood and 

a straight line is obtained if the percent transmission is 

plotted versus concentration in mg% on semi-log paper. 
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B) peo2 , pH and HC03 Determination 

PrinciRle in the d!iermination of blood chemi(tries (Guyton, 

l26l)~ (!riibta 1961), (PavenRQrt, 1961}--The Astru~ {1955, 1956, 1957~ 

1958) method is one of the best and quickest methods available in the 

quick analysis of any acid-balance in the blood. 
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Vfuen blood comes in contact with carbon dioxide or specifie 

partial pressure, it will take up or give off co2 until a state or equi­

librium is reached• It was Petera and Van Slyke (1932) who first worked 

on the absorption curve for carbon dioxida in the blood• 

Increase of partial pressure of carbon dioxide leads to a con­

comittant increase in the absorption of carbon dioxide and vice versa -

co2 will be expelled if there is decrease in partial pressura. 

Blood will take up co2 in the capillaries where the partial pres­

sure is low under normal circumstances. The importance of this functio.n 

or the blood cannot be overesti.lœtecl. 

Henry•s law states "The content of gas physically dissolved in a 

liquid is proportional to the partial pressure of the gas above the 

liquifl•" This same law applies to blood and plasma with regard to co2• 

Changes brought about by chemical means are of more importance than the 

actual physical absorption or separation of co2. 

The ability of the hydroxyl ion to combine with co2 to rorm a 

bicarbonate or vice versa is the most important chemical reaction in tbe 



process of co2 exchange in the blood. 

OH- t co
2 

HC03 

In accordance with the law of mass action, the relation between the 

concentrations of the components involved in this schema is given by 

the following equation• 

COH CC02 : K.CHC03 

Looking at this equation, it is evident tha1; 

1. An increase in co2 partial pressure or higher co2 partial pres­

. sure must also lead to an increase of HCo3• In order to produce HCO~ 

OH- is also required and thus leads to the decrease of C0H-

2. Similarly, a decrease of co2 (lower partial pressure) leads to & 

decrease in HCOj; but when HC03 dissociates, OH- is produced and hence 

OH- concentration will rise correspondingly. 

3. This decrease of OH- brought about by an increase of C02 is 

counteracted by the addition of OH- ions, the ability of converting C02 

into Hco; will be improved correspondingly• 

4. Knowing the con~entration of OH- ions and the partial pressure 

of co2 , the concentration of HCOj ions can be calculatéd. 
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Since the pH of an aqueous solution is specifie also for the con­

centration of OH-, according to the temperature, it is sufficient to 

know the pH of the blood sample and the partial pressure of co2 to be 

able to calculate the concentration of bicarbonate. 

According to the Astrup i'iiethod, the partial pressure of co2 can 

only be determined indirectly. Astrup's Method allows the sample to 

equilibrate with a gas mixture whose co2 partial pressure has been pre­

determined. When the equilibrium is attained, the pH is determined 
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and then bicarbonate content is calculated under the conditions givan 

below. 

The plasma relationship between pH, CHco3 and CG0
2

are covered 

by the Henderson·Hasselbalch equation' 

pH : g.llO t log (HCOs) 

{co2 t HaC03} 

pH - 6.110 - log (HCOg) 

pC02.0.03 

In this equation, (Hco;) means the bicarbonate concentration in milli-

mols par liter and pC02 is the partial pressure of C02 in mm Hg. 

The bicarbonàta concentration at a pC02 of 40 mm Hg is called 

'standard bicarbonate'. The standard bicarbonate then "Is the concen-

tration of bicarbonate in the plasma, which is separated from the cella 

with the hemoglobin completely oxygenated, at a pC02 of 40 mm Hg and at 

a temperature of 38° c.~ (Astrup, 1958}. The normal 'standard bicar­

bonate' in humans is 23! 2 meq/1. In dogs it ranges between 17-25 

meq,/1. 

Astrup has achiev:ed to estabiish the correlation betwaen pco2 

and pH for plasma at varying composition. A resulting set of curv:es • 

. serves the purpose of finding the aetual peo2 of blood at the moment 

of sampling. 

The Van Slyke method of volumetrie and manometric determination 

of total C02 is usually not followed by a pH determination, which is an 

important omission. The Astrup Method has bridged this important gape. 



Arrangement !or equilibrating pla•m a with gaa mixture• o{ 
known compo•ition•. For detailed explanation •ee text. 

Fig . 5.--!HE ASTRUP APPARATUS 
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Ast.tY.R Pz:aaedun 

a) 4lu!u:flt.Wl 

The Astrup apparatus (Fig. 5} consista of a chamber with two 

sidas, one at the top, A, and the other at the bottom, l> • A two way 

stop-cock, C, connecta both side tubes with a moistening chamber, which 

contains distilled water enveloped by a water jacket kept at 38°C. 

A mixture of o2 and COz passing the moistening chamber is saturated 

with water vapor at the temperature of the water in the water jacket• 

From moistening the chamber, the gas mixture ean be led to the 
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electrode chamber through one of the side tubes and/or it can be allowed 

to escape through cock. D, when two way cock C is closed. The chamber 

is provided with an agitator, E, operated by a coil, r, which is fed 

from a pulsator. The agitator moves up and dawn at a frequency of 

about three cycles par second. The downward movement is brought about 

by the attraction of the coil and the upward movement by the buoyancy. 

A circulating thermostat (Photograph 5) and a pH mater are placed 

on either sida of the Astrup apparatus. A cylinder of 1Q% COz is kept 

in a horizontal position to "avoid decrease in the 002 concentration 

of the outflowing gas during use as the higher specifie gravity of coa 

relative to o2 causes the co2 concentration in the lower part of the 

cylinder to decrease when standing upright.• (Astrup, 1957) 

b) Stand§rg ~t Solut~ 

This solution is used for adjustment of the pH mater. Tht>pre­

paration consista of an M/15 phosphate, prepared from 200 M/15 primary 



PHOTOGRAPH V 

THE ASTRUP APPARATUS--This is the Astrup appar­
atus described in Fig. 4. The pH mater can be sean on 
the r i ght hand si~e of the picture, close t o the a ppar­
atus and the circulating thermostat is similarly situ­
ated on the left hand side of the apparatus. 
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potassium phosphate (9 .. 078g dry KH2Po4 p.a. (tlarck) dissolved in one 

liter of redistilled water) and 800 ml M/15 secondary sodium phos­

phate (11.8667 g Na2HP04, 2H20 p.a. (Merck) dissolved in one liter 

of redistilled water). The pH of this solution is taken to be 7.360 

at 38°C. The buffer is best stored in a pyrex bottle provided with 

a sodalime tube. 

c) Prpàellura 

It is beyond the seope of this brief description to go into 

the details of the Aatrup procedure. 
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Arterial blood is anaerobically colleeted into a 20 cc syringe 

as deseribed above. Half the sample is centrifuged under liquld paraf­

fin. Equilibration of the plasma with o2-co2 mixture is made. The 

gas mixture entera the measuring chamber through the upper aide tube 

(a) and escapes through cock A. By means of the mercury, the plasma 

leval is lowered so that the agitator is above the surface of the 

plasma each time it reaches its top position and a fresh film of plasma 

eontinuously comes into contact with the gas. The equilibratioo gener­

ally takes six to ten minutes. When this has been completed~ coct C 

is closed and the plasma leval is elevated to surround the electrode. 

The pH is then measured after two minutes. 

The pC0,2 in aqueous solution is ca.lculated from the carbon di• 

oxide concentration, measured as followst 

(B-W x pgrceni_QQa___ 

lOO 

B = Ba.rametric pressure in mm Hg 

W = Vapour pressure of water at 38° ~(. 50 mm Hg} 

After the anaerobie introduction of the sample in the electrode 

chamber, the actual pH is measured. Then the plasma is equilibrated 



Relation between pH and pCOz at bicarbonate concentrations 

in plasma of normal protein concentration. The figures at 

the lines signify bicarbonate concentrations measured in 

mMol/L. 

.,. ..• 
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with an ~-G02 mixture of known pC02 of' approximately 40 mm Hg, the 

pH is measured again and the position of the pH-pC02 curve is f'ound 

by using the diagram on ·~~'igure 6. 

Finally, the pC02 is determined by means of the curve and the 

actual pH. Knowing the actual pC02 and the actual pH of the plasma 

sample, the total content of' ca2 can be calculated by means of the 

Henderson-Hasselbalch equation& 

pH • pK1 f, log (HC03) 
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The actual bicarbonate concentration expressed in mM/1 can be calcul­

ated by inserting in this equation the pH value measured at 38°li, taking 

pK1 to be 6.110 and replacing (pC02 t HaC~) expressed in m'M/1, by 

pC02 in mm Hg multiplied by 0.03. In short, the bicarbonate concen­

tration and that of the physically dissolved co2 gives the total co2• 

~MclTHOD OF ~TERMINATION OF SERUM EL&CTROLYTES - - ---

l ml pipette, 100 ml volumetrie flask, double distilled water, 

oxygen tank, propane tank and galvanometer scale. (Photograph 

6) 

B. Jathod 

1. ~odigm--The method used for serum Na• estimation in our 

experimenta is based on the original method adopted by Barnest {Valley, 1962) 

a) Pipette 0.5 ml of serum or plasma into a 100 ml 

volumetrie flask. 

b) Fill the flask with water to within 5 ml of the 



CO~~ MODEL 22 FLAME PHOTOMETER.--This is 
used for determination of serum potassium and sod­
ium. The propane tank is seen at the bottom of 
the photometer chimney and filter. The oxygen 
tank is on the left aide of the photometer, while 
the reading a cale is at the very top of the machine. 
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mark and then add 2 ml of 1% Sterox S.E. to make up to 

the volume with water. 

e} Adjust machine with oxygen at 10.5 lbs. and propane at 

5 lbs. 

d) Set blank back to zero and stronger working standard at 

150 meq/1 on the ga.lvanometer scale. 

e) When the machine is stable, raad the sample of serum 

directly from the scala. 

f} When working, a beaker of the blank solution should be 

kept separate and used only for flushing through the 

atomizer. 

~rincipla--In the excitation of electrones, eaeh absorba 

energy and releases it in light of specifie wave length and the amount 

of light emitted is measured by photoelectric tubes. 

&lapXlta 

a) JJ' Sterox s. E. in water 

b) Ni+ Standard 0.75 meq/1 NaY and 0.02% Sterox S.E. -­

equivalent of 150 meq/1 Na• in diluted serum or plasma. 

c) 0.5 meq/1 Na"' and 0.02% Sterox: S.E. -- equivalent of 

meq/1 Na• in diluted serum or plasma. 

d) Blank and eleaning reagent o.o~ Sterox: S.E. 

Caution--An reagents mentioned in Na~ and K• techrliques 

should be stored in pyrex or polythene bottles. Whenever water ia 

mentioned, double dist il led water is meant. 
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a) Pipette 0.5 ml of serum or plasma into a 25 ml volumetrie 

f1ask. Fill to within 10 ml of mark with water. 

b) Pipette 5 ml of reagent 2 into the flask and make up the 

volume with water. 
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c) Adjust the flame photometer with 10.5 lbs. of o2 and 5 lbs. 

o:t propane. 

d) Set reagent 3 to zero and reagent 1 to 5 meq/1 on the 

ecale when the machine is stable. 
1 ' 

e) Read the sample of serum or plasma directly from the scale. 

Between each reading of serum or plasma. flush the atom-

ber with reagent 4. 

Reo.gents 

a) K• Standard - 0.1 meq/1 potassium, 25 meq/1 sodium and 

O.Oz% Sterox S.E. 

b) 125 meq/1 Sodium and 0.1% Sterox S.E. 

c) Blank& 25 meq/1 sodium and o.oa% Sterox S.E. 

d) Cleaning reagent& 0.02% Sterox S.E. 

3. ~hlori4a 

~d_and_M&~i&la--This method is based on Folin-Wut 

a) To 0.2 ml of plasma add 1.8 ml of water. 

b) Add 0.06 ml of t,he indieator and titrate with the mercurie 

nitrate with a microburette calibrated to 0.01 ml. One 



ml should equal 100 drops. When filtration is done dir­

ectly on plasma, the eolour at first is salmon-red. 

ehanging t.o deep violet when the titra.tion ilf begun, then 

becoming pale yellow or colourless. A sharp change to 

pale violet then, denotes the end point. 

c) Carry out the titration on 2 ml of the stan~rd chloride 

solution. 

f~inciplg--Plasma is titrated with a mereurie nitrate solution, 

using diphenylcarbazone as indicator, which gives a violet - blue com• 

plex with mercurio ions. 
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Hereuric chloride is formed and remains in solution,. but it is 

so very slightly dissociated that sufficient mercuric ions tc give this 

colour are only present when all the chloride is titrated and excess 

mercuric nitrate is addede 

Raa iflrrta. 

a) Vere urie Nitrate solution, made by dissolving 3 grams of 

mercuric nitrate in a few hundred milliliters of water. 

'l'he 20 ml of 2N. nitrie acid is added to make up a litre of 

water. It is important to adhere to this formula strictly, 

otherwise the end point will not be sharp. 

b) Diphenylcarbazone indicator. Dissolve lOO mg in 100 ml of 

95% alcohol. Keep this solution in the dark in a retriger­

ator. 

c) standard chloride solution. Dissolve 585 mg NaCl, dried at 

120°C in water and make up to one liter. 

------------···--·· 



U... EXTRACTION AND BIOASSAY OF HISTAMINE 

_f:cin.<:~ 

Guinea pig ileum is particularly sensitiTe to histamine and 

bence the cotrtra.ct.ion obtained and recorded on a rota.ting drum can 

be used for bioassay of unknown quantity of histamine in any extra.cta. 

Prpcedun 

The 'Bioassay Method' of C.F. Code (1956 Mayo Clinic) was used 

in our experimenta. 

1. Blood samples of 10 cc were taken at interrals of 2 secs.~ 

10 secs., 30 secs., 1 minute, a minutes, 5 minutes, 10 minutes 

1 hour, 2 hours, and ai hours. 

a. The blood or a piece of tissue is weighed accurately on a 

balance. 

3. Add 10 cc of 10% T.c.A. {Trichloroacetic Acid) and homogenize 

and centrifuge at 3,000 r.p.m. for fifteen minutes. 

4. Take the supernatant fluid and pour it in a flaslli:. 

5. To the residus, add 5 cc of 5% T.C.A., mix and then centrifuge 

at 3,000 r.p.m. for fif'teen minutes. 

6. Pool with the first supernatant. 

7 • Extract, using air reflux and beat for lt hours. Extraction 

should be in flash evaporator using absolute alcoho1 3x under 

pressure. The end product should be &bso1ute1y dry. 

8. Dissolve in 10 cc tyroden solution and do the bioassay, using 

guinea pig's ileum and or~n bath. 
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.1L.... EXPERDIENTA.L_fROCEDURES ON DIFFERENT GROUPS OF DOGS 

GROUP I.' D!ALYS~...QE.JiOBMAL DOG~ 
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a) Jithout Er~bilaciic ~niibiaLica--Five dogs were dialysed for 

one hour. After the completion of dialysis, the dogs• incisions were 

closed up with number I merselene sutures and taken to t.he recovery 

room. No prophylactic antibiotics were administered. Vital signa were 

recorded in the manner described above. 

b) IDb Pz:SU!llxJ.actic An:ti.lù..Qtia--The five dogs in this group, 

after the end of the experiment were given 2 cc of Fortimycin intra­

muscularly. This was the only variable between these two groups of doga. 

GROUP IIt ENDOTOXIN SHOCK 

a) indotpxin sbock &nà-~z:li dialxsli_E!ib old and new coi!l-­

Twenty-eight dogs were used in this group, fourteen experimental and 

fourteen eontrols. All the twenty-eight dogs were subjected to the same 

experimental procedure described above. Both groups of dogs received 

3 mg/kg of endotoxin intravenously. In addition to the recording of 

vital signs, blood samples for ehemistries, electrolytes and hematocrite 

were collected in ten experimental and ten control doga. Dialysis was 

begun thirty to thirty-five minutes after the injection of endotoxin. 

No form of treatment was given to the control doga. At the end of the 

experiment, prophylactic antibiotics, 2 cc of Fortimycin, wa.s adminis­

tered intramuscularly before the dogs were taken back to their cages. 



b) iudotoxin lhock and jarly lialysis with New Coils Opli-­

Ten dogs were used in this ltud.y• These dogs were dialysed thirty 

to thirty-five minutes after endotoxin administratiO-n• The import­

ant variable in this group, when compared with the abova early di• 

alysis, was the use of new coils only. 

c) ludataxin Shock aud_L&te Dialyais with New &nd Old Coil(-­

Fifteen dogs were employed in this group. The only difference betnen 

this group and the early dialysis is that, instead of dialysing these 

doge thirty to thirty-five minutes arter endotoxin injection, they 

were dialysed in three and a half to four hours after the adminia· 

tration of endotoxin. Electrolytes, chemistries and hematocrits were 

not determined. 

d) luàatoxiu Shoek and Hiatamin~-~Six dogs were used in this 

group. A.fter the uaual infrainguinal ligament incision was made, and 

the femoral artery and veins well exposed, a polyethylene tube, 4 cm 

in diameter, was inserted into one of the femoral arteriea. The 

catheter was pushed so high that its proximal tip was one inch above 

diaphragm. Specimens for whole bloO-d and plasma histamine were taken 

at two seconds, ten seconds, thirty seconds, one minute, two minutes, 

one hour, two hours, and two and one half hour•• 

Plasma histamine levels were determined in one group of three 

dogs, while blood histamine leve la wre determined in the other three 

doga. 

For the extraction of histamine from theae samplea, the bio­

assay method of C.F. Code described above was used. 
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TELE- THERMOMETER 

KE LLY 
CLAMP 
1 

MECHANICAL EFFECTS OF DIAL YSIS 

'i~ 
i . \ 

~ ' ~ 
_:J \_______ 

VENOUS PRESSURE 
cm H20 

TYCOS 

REGULA TING 
CLUMP 

SIGMAMOTOR 
PUMP 

Fig. 7.--This diagr.am illustrates the set up of the apparatus used 
in 'Mechanical Effects of Dialysis '. It is noted that this set up is for 
all intenta and purposes the same as Fig . 3 (Dialysis), except that in .the 
former, the bath, the kidney coil and the dialysing fluid are absent - an 
important omission. 
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e) ~~n_ah~k and Jechani~ Effeets of Dialysia-­

(Fig. 7} Ten dogs were employed in this group. The important dif­

ference between this group and the early and late dialysis groups is 

the absence of the kidney coil and the rinsing solution. This group 

is an important double control for the mechanical affects of dialy· 

sis during haemorrhagic and endotoxin shock. This is in affect an 

extracorporeal circulating system or hemodialysia. (Photograph 7) 

The resistance to circulation was kept at a pressure or lOO 

mm Hg. Circulation wa.s maintained for one hour. The weights of five 

dogs were continuously watched during the process of pumping. Blood 

ehemistries, electrolytes and hematocrite were determined in five 

dogs. 

f) _lnr;lgioxina Morphine and iarly Dialyais ..IU,h Bg!.h.Jf!.W an4 

~ld-Qaila--This is the only group which did nat receive nembutal. 

Ten dogs, five control and five experimental, were employed. Three 

milligrams per kilogram of body weight of morphine sulfate and .3 

mg/kg of atropine were given intramuscularly one half hour before the 

endotoxin was administered intravenouslJ• Samples for blood chemis­

tries and electrolytes were nat colleeted. 

GROUP IIIt HAEMORRHAGIG SHOGJ[ 

- 107 .. 

a) Haomorrhaiic Shock and marly DialYsia--There were ten ex­

perimental and ten control dogs used in this group. In order to shock 

the dogs, the modified Wiggers-Fine Technique waa employed. Blood 



MECHANICAL ~FFECT2_Q[_~!ALYSIS--This dog 
has been given .5 m~Endotoxin and is under­
going '? echanical Effects of Dialysis'. The ab­
sence of the tank and its contents is noted, 
otherwise the reet of the connections are similar 
to the set up of dialysis. 
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ehemistries, electrolytes, hematocrite and vital signe were deter­

mined in all the twenty dogs. 

At the end of two and one half hours of shock, the blood was 

reinfused intraarterially into the dog by means of a syringe. Dialy­

sis ~~s begun soon after all the blood was back into the dog. Blood 

samples taken during dialysis were drawn through the three-way stop-

cock. 

In five dogs, a polyethylene tubing 4 cm in diameter was 

pushed into the right auricle through the ipsilateral external jugu­

lar vain. Central venous pressures in centimaters of water were re­

corded simultaneously with inferior vena cava. pressures. 

- 109 .. 

b) H&emor~ie Shoct.&nQ Diben1!11nl--The same method, Wiggers­

Fine Technique, was used to bring this group of dogs into shock. 

There were twenty dogs in this series, ten experimental and tan eon· 

trol. It is to be noted that the latter group of dogs resembles the 

control group of haemorrhagic shock and dialysis. 

The ten experimental dogs received .5 mg/kg of dibenayline in 

lOO cc of normal saline intravenously after all the control parameters 

bad been taken. One hour after the administration of dibenzyline, a 

second blood specimen for biochemistries and electrolytes was drawn. 

The dogs were then shocked for two and one half hours. 

Five calm and docile dogs without any anesthesia were tied onto 

the operating table. All the dogs did not put up a struggle, since 



since they bad been band picked on the basie or their tameness. 

By means or an 18 gauge needle, arterial blood samples for chemistries 

were drawn from the remsral artery. Compression was applied to the 

artery arter withdrawal or the needle and the dog was sent back to the 

eage. 



MEAN VITAL SIGNS OF NORMAL OOGS SUBJECTED TO HEMODIALYSIS 
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Fig. 8.--There is an initial drop in mean blood pressure, heart rate, 
temperature, respiratory rate and venous pressure during the first tan min­
utes of dialysis. Then for the next thirty minutes, all the parameters show 
a tendency to go back to normal levels and to stay stable till the end of 
dialysis. 
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MEAN VITAL SIGNS OF NORMAL DOGS SUBJECTED TO HEMODIALYSIS 
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Fig. 9.--Except for the mean venous press-ure and respiratory rate, 
the vital signa display the same tendeneies observed in i'ig. 8. The 
mean venous pressure in this group remained at praetically the same 
level during the period of dialysis. 
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CHAPTER If 

RESULTS 

GROUP ll 

Aa DIALYSIS OF A NORJlAL DOG WITH AND WITHOUT PROPHYLACTIC 
ANTIBÏClriCS 

1. EFFECTS OF DIALYSIS ON THE_J:ITAk_S;);GNS_OF A NOJYML Dl:q 

a) Temperature--The mean normal temperature in a healthy dog 

lies between 36 - 37°C. In both groups of doge there was a slight 

drop in temperature oB an average usOC at the beginning or dialy-

sis. However, as a whole, after this initial drop, the temperature 

leveled off again till the end of the experiment. (Fig. 8 and Fig. 9) 

b) B1ood freaaure--There was usually a drop in systolic blood 

pressure, soinetimes to levels as lw as 50 mm Hg. Only one dog in th!t 

antibiotic group did not experience this period of hypotension. 

This same dog lived for five days. This phenomenon of initial hypo• 

tension :f'ollowing the beginning of dialysis was a common reature en-

countered in both groups. 

c} Baart Wa--The average normal heart rate in a dog is 140 

beats per minute. In both groups the values did not dif:f'er markedly 

and the heart rate eeemed to remain at practically the same le·nl 

throughout the experiment. There was a tendency towards tachycardia 
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during the last f'orty-tive minutes of the experimental period• 

d) Ytnoua Presaura-~~he mean normal venous pressure of a dog 

is 6 - 6.5 cm of H
2
o. The antibiotic group showed stable mean ven­

oua pressures, which remained at about 10 cm H20 during the whole 

period of' dialysis. The non antibiotic group showed higher mean 

- 114 -

venous pressures averaging 14 cm H2o throughout the experimental perio4. 

The stability of venous pressures at some point during dialyail waa 

noted in both groups. (Table 2) 

e) Bavpin.torx BaU--The re was a tende ney towarù hypernea 

at the beginning of' the experiment in the control dogs. During the 

later thirty minutes of' the experiment, the respiratory ra:t.e returne4 

t o noraa.l. The prophyla.ctic group showed norma.l mean respiratory 

rates throughout the observation period. 

At some point during dialysia, all the parametera were noted 

to be stable and to remain ri.able for a period or fitteen to thirty 

minutes. (Table a) The temperature, blood pressure, heart rate, 

vanous pressure and respiratory rate remained practically unchanged 

during this period. (Figs. 8 and ~) The time at which this phyaio­

logical equilibrium occurred •s difterelrl in each animal. 

(Appendices I and II) 

There were no perma..nent aurvivors in the clogs tl'at did nat. 

raceive prophylactic antibiotics, while in the antibiotic group, tour 

out of five dogs survived permanently. Theae survivora were subse• 

quently used as donors in later experimenta on hemodialysis. 



TIME IN MIN.JTES 

Temperature 
in Degrees 
Centigrade 

B1ood Pressure 
in mm/Hg 

Heart Rate 
per Min 

Venous Pressure 
in cm. Water 

Respiratory 
Rate per Min. 

TABLE 2 

EFFECTS OF DIALYSIS ON VITAL SIGNS OF WRMAL DIALYSED DOGS 
WITH AND WITHOUT PROPHYLACTIC ANTIBIOTICS 

0 5 10 20 30 40 

c 37.3 29.3 37.2 36.7 36.7 36.5 

A 37.0 36.7 36.3 36.9 36.95 36.9 

c 157.6 152.8 88.4 96.0 128.0 138.0 

l 160.4 122.8 115.4 ·129.6 147.2 150.0 

c 149.2 140 154.6 145.2 147.2 139.8 

A 149.4 141.5 138.8 1.32.8 130.0 134.0 

c 14.1 12.7 1.3.3 14.4 14.5 12.8 

A 11.1 10.7 10.6 10.9 10.5 10.8 

c 30.0 30.6 27.4 24.2 19.0 19.6 

A 18.2 20.8 27.2 29.0 20.8 18.2 

50 
-

36.1 

36.6 

146.0 

143.0 

1)9.2 

137.2 

13.0 

10.4 

21.4 

20.2 

..., ..., 
U'l 



TABLE 2 (Cont'd.) 

TIME IN MINUTES 60 70 80 90 lOO llO 120 

-
Temperature c 36.1 36.0 36.1 36.1 37-9 37-9 35-9 
in Degrees 
Centigrade A 36.2 36.2 36.2 36.2 36.4 36.4 36.3 

Blood Pressure c 142.0 140.2 149.6 141.4 143.6 142 140 
in mm./Hg 

A 142.6 145.6 149.6 146.2 145.6 142 141.4 

Heart Rate c 144 138 142 156.8 142 148.4 154.4 
par Min. 

A 132.4 135.8 143.2 146.6 149 150 155.2 

Venous Pressure c 1'1.6 16.5 16.3 16.6 16.5 14..5' 15.7 
in cm. Water 

A 10.4 10.3 10.2 10.2 10.7 10.3 10.2 

Respiratory c 29.8 21.8 23.0 21.2 22.4 24.6 22.8 
Rate par Min. 

A 20.2 21.4 21.6 22.0 22.6 24.4 24.0 

~ : Dogs receiving antibiotics 0 • Control - no antibiotica 

..., 
t: 
• 



HEMODYNAMIC CHANGES INDUCED IN DOG 

BY 3 mg 1 kg ENDOTOXIN E. COLl 

mm. Hg WITH EARLY DIALYSIS 

1 
5 

Min. Min. 
1 

hr. hr. hr. 

Fig. 10.--Administration of endotoxin is followed by a dramatic 
fall in blood pressure, which lasts for a period of thirty to sixty min­
utes. Then the blood pressure risee again to control levels and stays 
for ano1ther period or thirty t o aixty minutes, art er which i1: declines 
progressively till the death or the aninal. The period of initial hypo· 
tension is sometimes accompanied by a marked bradyeardia. 

hr. 
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TABLE 3 

0011PARATIVE VITAL SIGNS OF CONrROL AND EARLY DIALYSED DOGS SUBJECTED TO 
3 MG/KG ENDOTOXINE. COLI (DIFCO) 

TIME IN MINUTES 0 15 30 45 60 15 90 

-
Temperature c 37-.5'1 3'[.32 36.8 36.;' 36.49 36.08 36.0 
in Degrees 
Centigrade D 36.92 36.52 36.63 36.16 34.14 35.58 35.22 

Blood Pressure c 154 134 119 109 95 90 89 
in mm Hg 

D llO 109 115 llO 109 103 99 

Heart Rate c 154.07 140 132-.5'7 149.93 146 149-57 163 
per Minute 

D 146 137 125 133 142 148 146 

Venous c 6.5 5.4 5.1 4.'[ 4.5 4.3 3.9 
Pressure in 
cm Water D 6.2 4.6 3.3 3.8 4.4 4.2 4.5 

Respiratory c 29.5 2'[.64 23.86 26.79 33.86 33.14 JO.) 
Rate per 
Minute D 26 33 31 31 32 30 27 

105 120 

35.86 36.11 

35.09 34.64 

89 88 

93 88 

1)8.93 160.86 

147 150 

4.4 4.1 

4-5 4.4 

29.93 30.43 

26 25 

~ 
()) 



TABLE 3 (Cont'd.} 

TIME IN MINUTES 135 150 165 

-
Temperature c 36.03 36.3 36.2 
in Degrees 
Centigrade D 34.44 34.41 34.44 

B1ood Pressure c 89 87 93 
in mm Hg 

D 88 88 91 

Heart Rate c 169.21 181.5 187.8 
per Minute 

D 154 161 165 

Venous c 4.5 3-9 5.5 
Pressure 
in cm. Water D 4.9 4.7 5.0 

Respiratory c 26.7 27-79 27.6 
Rate par 
Minute D 25 24 25 

C :: Control D • Dialysed 

180 195 

36.1 36.0 

34.21 34.07 

95 94 

95 99 

184.7 189.9 

162 162 

6.2 6.5 

5·5 5·7 

27 .o 25.1 

25 24 

210 225 

35.5 34.9 

33.85 33.85 

95 96 

.102 103 .. 
186.6 187.3 

160 160 

6.7 5·9 

6.0 5.8 

24.1 25.1 

27 26 

240 

-
34.6 

33.79 

95 

105 

187.8 

160 

5.6 

5·9 

24.,5' 

26 

.... .... 
U) 



TABLE 4 

MEAN ELECTROLYTES, CHEMISTRIES AND HEMATOCRIT OF CONTROL AND EARLY DIALYSED DOGS 
SUBJECTED TO .3MG/KG ENDOTOXIN E. COLI (DIFCO) 

TIME IN MINJTES 0 .30 90 150 210 

-
CONTROL DOGS 

pH 7 • .3'{ 7-.3.3 '{ • .3.3 7·.32 '{ • .34 

pC0
2 

in mm Hg 2.3.1 17.92 16 • .34 14.52 15.95 

HOO .3 in meq/1 1.3.94 9·47 9·6 9·8.3 8.92 

Lactic Acid in meq/1 .3.01 4-99 5.68 6.22 5-72 

Chlorides in meq/1 112 114 114 116 115 

Sodium 1 n meq/1 147 144 146 148 145 

Potassium in meq/1 .3.66 .3.88 .3.42 .3. 71 .3·99 

Hematocrit f., 47 52 52 5.3 54 

~ 

• 
~ 
0 

• 



TABLE 4 (Co nt 'd.) 

TIME IN MINUTES 0 30 

DIALYSED DOGS 

pH '(.32 '(.28 

p002 in mm Hg 25.8 22.5 

HC03 in meq/1 15.01 12.01 

Lactic Acid in meq/1 3·51 4.79 

Chlorides in meq/1 110 llO 

Sodium in meq/l 147·7 147.6 

Potassium in meq/1 3.63 3·39 

Hematocrit 'f.. 49 43 

90 150 

-

7.31 1·33 

21.'( 20.2 

11.8 11.'( 

5.71 6.23 

109 110 

138.1 146.2 

2.9 2.95 

43 44 

210 

1·35 

15.9 

10.4 

5.98 

116 

143.0 

3.26 

45 

t'; 
""' • 

. ~ 



DOG NUMBER 

Control Dogs 

Dialysed Dogs 

1 2 

TABLE S 

SURVIVAL TIME IN HOURS OF OONTROL AND EARLY 
DIALYSED DOGS SUBJECTED TO ENDOTOXIN 

J 4 5 6 1 8 9 10 11 

------- - -
8 

8 

8 

JO 

10 

20 

1.5 

9.5 

Control Dogs 

Dialysed Dogs 

5 2-5 

9·5 JO 

Mean Number 
of Hours 

10.5 

20.0 

9 

JO 

4.75 JO J.5 J.5 

9·5 8.) 5 JO 

Number of Percent 
Permanent Survivors 
Survivors 

1 7% 
7 5~ 

12 lJ 14 

6 24 24 

JO JO JO 

t; 
N 



TABlE 6 

PERCENI' SURVIVAL OF CONl'ROL AND EXPERIMENI'AL DOGS 

TOTAL NUMBER OF DOGS, BOTH CONTROL AND EXPERIMENI'A.L, 
SUBJECTED TO 3 MGJKG ENDOTOXIN 

Total No. No. of Permanent Percent 
of Dogs Survivors Survival 

Control 34 6 1'1.64 
Experimental 39 19 48.71 

Hi at ami ne Group 6 0 0 

TOTAL NUMBER OF DOGS IN HAEMORRHA.GIC SIDCK AND THEIR CONTROLS 

Total No. No. of Permanent 
of Dogs Survivors 

Control 20 1 

Experimental 20 3 

Percent 
Survival 

lo% 
30~ 
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Tili/IE IN MINUTES 

Temperature in 
Degrees Cent. 

B1ood Pressure in 
mm Hg 

Heart Rate 
per Minute 

Venous Pressure in 
cm Water 

Respiratory Rate 
per minute 

TABlE 7 

.MEAN VITAL SIGNS IN EARLY ENDOTOXIN DIALYSED OOGS 
\VITH OLD AND NEW COILS 

0 15 30 45 60 15 
-

37·9 37 ·9 37.8 37 ·7 37.6 37·5 

156 89 93 101 105 104 

190 106 135 161 162 167 

6.2 5.6 5.8 6.5 7-2 6.5 

19.2 21.9 21.3 23.7 23.4 t4.9 

90 105 

37-5 37.4 

109 112 

175 178 

6.0 5.6 

2.3.4 2.3.7 

120 

37.4 

112 

173 

5·5 

24.0 

1 

..... 
N 
~ 



TABLE 7 (Cont'd.) 

TIME IN MINUTES 135 150 165 180 195 210' 225 240 270 

-
Temperature in 37-1 37 .o 36.8 36.7 36.4 36.1 36.0 35·9 35.8 
Degrees Cent. 

B1ood Pressure in 
mm Hg 109 108 107 106 105 102 lOO 100 101 

Heart Rate 
per minute 170 170 172 173 172 172 171 180 182 

Venous Pressure 
in cm Water 5·7 5·7 5.5 5·7 5·7 5·7 5.8 6.2 6.2 

Respiratory Rate 
per minute 24.0 27 .o 28.5 28.2 24.6 25.8 24.3 24.7 25.2 

~ 
(JI 



TABlE 8 

EFFECTS OF LATg DIALYSIS ON VITAL SIGNS IN EIDOTOXIN DOGS WITH OLD AND NEW COILS 

TIME IN MINUTES 0 15 JO 45 6o 15 90 105 

-
Temperature in 0 37·9 37 ·9 31·9 37.8 37.6 37.4 37.1 37.1 
Degrees Centigrade 

D 38.1 38.1 38.1 37.8 37.6 31·5 31·5 37.4 

Blood Pressure 0 158 90 83 107 109 116 121 113 
in mm Hg. 

D 152 103 107 109 124 132 124 120 

Heart Rate 0 190 124 103 132 129 127 133 150 
per Minute 

D 180 131 122 163 168 171 180 181 

Venous Pressure c 5·9 3.2 2.9 3.7 5.4 5·5 4.3 4.8 
in cm Water 

D 6.2 4.3 4.2 5·1 6.6 6.0 5.4 4.8 

Respiratory 0 40 42 43 45 34 35 48 40 
Rate per 
Minute D 21.3 20.4 18.9 20.7 22.7 22.8 24-.J 20.7 

t-1 
01 



.·TABLE 8 (Co nt 'd.) 

TIME IN MINUTES 120 135 150 165 180 195 210 22;' 

- -
Temperature in c 37-2 37.1 36.8 37.2 37.2 37 .o 37.2 36.3 
Degrees 
Centigrade D 37.3 37.1 37.2 37 .o 36.9 36.8 36.8 36.8 

B1ood Pressure c 102 101 92 109 105 102 101 104 
_in mm Hg 

D 116 111 109 108 101 102 98 97 

Haart Rate c 180 185 165 224 244 244 288 227 
per Minute 

D 201 198 216 223 215 219 208 201 

Venous Pressure c 4.4 4.'1 4.9 3.2 2.5 2.7 3.8 5.0 
in cm Water 

D 4.8 4.2 4.4 4.3 4.4 4.3 4.3 4.3 

Respiratory c 37 29 33 40 3D 30 2;' 27 
Rate per 
Minute D 20.4 22.8 23.1 20.7 20.4 20.4 20.4 21.9 

C : Control D : Dia1ysed 

1-' 

~ 



TABlE 9 

H.lFLUENGE OF EARLY AND LATE DIALYSIS ON THE VITAL SIGNS OF ENDOTOXIN DOGS 
( OLD AND tEW CO ILS) 

TIME IN MINUTES 0 15 JO 45 60 75 90 105 

-- --
Temperature in E J6.92 J6.52 J6.6J J6.16 J6.14 J5.58 J5.22 J5.09 
Degrees Centigrade 

D J8.1 J8.1 J8.1 J7.8 37.6 J7 ·5 J7 ·5 J7 .4 

B1ood E 152 109 115 llO 109 10J 99 9J 
Pressure in 
mm Hg D 152 10J 107 109 124 1J2 124 120 

Heart Rate E 146 1J7 127 1JJ 142 148 146 147 
per Minute 

D 180 1J1 122 16J 168 171 180 181 

Venous Pressure E 6.2 4.6 J.J J.8 4.4 4.2 4.5 4.5 
in cm Water .. 

D 6.2 4.J 4.2 5.7 6.6 6.0 5.4 4.8 

Respiratory E 26 JJ J7 J7 J2 JO 27 26 
Rate per Minute 

D 2l.J 20.4 18.9 20.7 22.7 22.8 24.J 20.7 

~ 
co 
1 



TABLE 9 ( Co nt ' d. } 

TI.ME IN MINUTES 120 135 150 165 180 195 210 225 
-

Temperature in E 34.64 34.44 34.41 34.44 34.21 34.07 33.85 33.85 
Degrees Centigrade 

D 37-3 37.1 37.2 37 .o 36.9 36.8 36.8 36.8 

B1ood Pressure E 88 88 88 91 95 99 102 103 
in mm Hg 

D 116 111 109 108 '101 102 98 97 

Heart Rate par E 150 154 161 165 ~62 162 160 160 
Minute 

D 201 198 216 223 215 219 208 201 

Venous Pressure E 4.4 4.9 4.7 5.0 5.5 5·1 6.0 5.8 
in cm Water 

D 4.8 4.2 4.4 4.3 4.4 4.3 4.3 4.3 

Respiratory Rate E 25 25 24 25 25 24 27 26 
par J6inute 

D 20.4 22.8 23.1 20.7 20.4 20.4 20.4 21.9 

t:; 
tD 

~~ 



TABLE 9 (Cont'd.) 

TIME IN MINUTES 240 

Temperature in E .33-79 
Degrees Centigrade 

D .36.6 

B1ood Pressure E 105 
in mm Hg. 

D 88 

He art Rate E 160 
per Minute 

D 173 

Venous Pressure E 5·9 
in cm Water 

D 4.9 

Respiratory E 26 
Rate per 
Minute D 21.6 

E : Ear1y Dia1ysis 

........_ 

255 270 285 

36.5 36.1 35.8 

93 97 94 

174 179 178 

5.0 5.0 5.2 

21,9 22.8 21.3 

D : De1ayed Dialysis 

.300 315 

35.6 35-3 

92 97 

174 168 

5.1 5.8 

23.0 23.5 

330 

35.1 

9.3 

168 

5·9 

23.5 

.... 
w 
0 



TABlE 10 

INFLUENCE OF THE MECHANIOAL EFFEOTS OF DIALYSIS ON THE VITAL SIGNS OF ENDOTOXIN DOGS 

TIME IN MINUTES 0 1; 30 45 60 15 90 l:o5 120 

-
Temperature in )7.86 37-76 31.10 31.55 31.55 31.25 37.15 36.15 36.63 
Degreee Centigrade 

B1ood Pressure in 149.5 96.4 100.0 10'{.1 111.5 106.7 96.9 89.9 85.9 
mm Hg. 

Heart Rate per 16.3.2 105.1 136.4 137.2 164.7 169.6 175.8 18.3. 7 185.7 
Minute 

Venous Pressure 8.49 6.74 8.84 8.44 8.15 8.15 7.45 6.85 6.40 
in cm Water 

Respiratory Rate 29.1 26.6 23.2 2'{.1 28.9 26.2 27.9 28.6 26.8 
per llfi nut e 

1 

t;; 
..... 



TABLE 10 (Cont•d.) 

TIME IN MINUTES 135 150 165 180 195 210 225 240 360 

-
Temperature in 37.86 36.45 36.40 36.10 38.65 35.83 35-15 35-56 35.81 
Degrees Cent. 

B1ood Pressure 79·2 78.0 76.6 74.3 72.4 84.8 84.4 83.1 79.0 
in mm Hg 

Heart Rate 190.2 198.5 189.3 192.8 139.4 176-9 172-9 190.4 178.1 
per Minute 

Venous Pressure 5-75 5.60 5-90 6.95 7-15 7.28 6.48 6.16 6.16 
in cm water 

Respiratory Rate 26.4 27 .o 24.6 23.4 22.0 21.6 24.0 24.0 25.1 
per Minute 

., 
ii: 
~ 



TABLE 11 

COMPARATIVE TRENDS OF VITAL SIGNS OF ENOOTOXIN OOGS SUBJEOTED TO EARLY DIALYSISJUID ITS MECHANIC!L EFFEc:I'S 

TildE IN MINUTES 0 15' 30 45' 60 15' 90 lOS 120 

-
Temperature in D 31·9 37 ·9 37.8 31·1 37.6 37·5' 31·5' 37.4 31.4 
Degrees 
Centigrade Il 37.86 37.76 37.70 37-55 37.SS 37.ZS 36.15' 36.15 36.63 

Blood Pressure D 15'6 89 93 101 lOS 104 109 112 112 
in mm Hg 

Il 149.S 96.4 100.0 107.1 111.5 106.7 96.9 89.9 85.9 

Heart Rate per D 190 106 135' 161 162 167 175 178 173 
Minute 

M 163 105.1 136.4 137.2 164.7 169.6 175.8 183.7 185.7 

Venous Pressure D 6.2 5.6 s.8 6.5 7.2 6.5 6.0 5.6 s.s 
in cm Water 

:u: 8.49 6.74 8.84 8.44 8.15 e.a.s '·'' 6.85 6.40 

Respiratory Rate D 19.2 21.9 21.3 23·7 23.4 24.9 23.4 23.7 24.0 
per Minute 

M 29.1 26.6 23.2 27.1 28.9 26.2 21.9 28.6 26.8 

....., 

~ 



TABLE 11 (Co nt' d.) 

TIME IN MINUTES 135 150 165 180 

-
Temperature in D 37.1 37 .o 36.8 36.7 
Degrees Centigrade 

M 36.76 36.45 36.40 36.10 

Blood Pressure D 109 108 107 106 
in mm Hg 

M 79·2 78.0 76.6 74.3 

Heart Rate D 170 170 172 173 
per Minute 

M 190.2 198.5 189.3 192.8 

Venous Pressure D 5·1 5·7 5·5 5·7 
in cm Water 

M 5·75 5.60 5·90 6.95 

Respiratory Rate D 24.0 27 .o 28.5 28.2 
per 1ünute 

M 26.4 27.0 24.6 23.4 

D : Dia1ysed Group M = Mechanical Effects 

195 210 225 

36.4 36.1 36.0 

35.85 35.83 35·15 

105 102 100 

72.4 84.8 84.4 

172 172 171 

139.4 176.9 172.9 

5·1 5·7 5.8 

7-15 7.28 6.48 

24.6 25.8 24.3 

22.0 21.6 24.0 

240 

35·9 

35-56 

lOO 

83.1 

180 

190.4 

6.2 

6.16 

24.7 

24.0 

270 

35.8 

101 

182 

6.2 

25.2 

360 

35.87 

79.0 

178.1 

6.16 

25.1 

1-' 
w 
!llo 



gROUP _Il! 

Bt ENDOTOXIN SHOCIC 

21 EFFECTS OF ENDOTOXIN AND DIALYSIS ON VITAL SIGNS 
(Tables 3, '1, 8, 9, 10, 11) · 

a) Te~rat»Dl--ln all the dogs that received 3 mg/kg of en-

dotoxin, both dialysed and control, there was a marked and progres-

sive f'all in temperatures. The difference between the control temp­

erature and that at the end of tile experiment •s sometimes 5° Cent-

igrade. High mean temperatures were noted in the group of' doge sub-

jected to endotoxin and delayed dialysia. There doee not seem to be 

a definite correlation between progressive drop in temperature and 

survival. (Appendices III, V, VII, VIII) 

b) Blaod ftaaaUt&--There is also a general tendency for 

blood pressure to f'all progressively as the dog goes into shock. 

Immediately af'ter administration of endotoxin, there is a dramatic 

f'all in blood pressure to levels sometimes as low as 60 mm Hg. This 

period may last for thirty-f'ive minutes to one hour. (Fig. 10) 

Out of seventy-nine dogs that received endotoxin, forty manif'ested 

this dramatic phenomenon of' endotoxin hypotension. Three dogs neTer 

recovered from this crucial period as they went downhill and died in 

3-f hours. 

The control dogs in the endotoxin series showed a general 

tendency of maintaining their blood pressure belo. 100 mg Hg till 

the end of the experimental period. The experimental doge and three 
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dogs in the-mechanical-ef'rects-of'-dialysis group generally showed a 

gradual rise in pressure during the lan hour of' the expariment. 

(Appendix XII) There is some correlation between surviva1 rate and 

the beha.Yiour of' blood pressure during the shock period:. Animals 

which tended to keep their mean blood pressures above 100 mm Hg 

during the experimental period, survived longer than thoae doga 

which remained severely hypotensive (65 mm Hg) for over 3! hours. 

- 136 -

All the morphine endotoxin dogs which survived permanently maintained 

their blood pressures well above 100 mm Hg throughout the experiment. 

{Ta ble 13) • One morphine -en dot oxin dog whieh had remained hypoten­

sive for one hour eompensated at the end and it survived permanent1y. 

(Appendix Xf) Dogs undergoing dialysis also showed initial drop in 

blood pressure at the beginning or dialysia, as observed previous1y 

in normal dogs. However, usually the dialysed dogs showed blood 

pressure inerease at the end or the experiment, eapecially permanent 

survivors. 

c) Heart Raia.--(Appendicea II, III, Y, ni, YIII, n, X, XI,. 

XII, XIII, XY) In all the endotoxin dogs there was a. tendency t.o­

wards tachycardia arter at hours in shock. (Tables 3, 7, 8, ~) 

s ome groups, notab1y the endotoxin- meehanical-ef'fects-of-dialysis 

animals, the mean heart rate was as high as 244 beats par minute. 

(Table 10) Five to ten minutes after the injection of endotoxin, 

sorne dogs showed a marked bradycardia to values as low as eight:r 

beats per minute. Thirty-seven endotoxin dogs out of' a total of 



seventy-nine exhibited this period of bradycardia. It was of 

interest to notice that this period usually eoincided with the 

period of initial hypotension mentioned above. Early dialysis 

was usually commenced when both bradycardia and hypotension 

phases bad passed. (Fig. 10) 

d) ~WL..Preasura--There was a tendency to elevation of 

venous pressure to averages of 8.5 cm water at the beginning of 

the experiment. Examining the values of individual animals, it 

is noted that some dogs showed initial venous pressures of 5~6 cm 

water. Towards the end of experimental period, most survivors 

maintained a venous pressure of 5-6 cm H20• The dogs that died 

during the experimental period showed a terminal elevation of ven­

oua pressure to levels as high as 13 cm water. Some permanent sur­

vivors also manifested this terminal increase in venous pressure• 

to values as high as 14 cm water. 

- 137-

e) Rospiratory Rate--Tbere was a tendency towards hyperp­

noea in mast dogs at the beginning of the experiment, as observed in 

the other groups of doga. Hyperpnoea was aggravated by endotoxin 

administration. The mean respiratory rate tended to rise slightly 

in the middle of the experiment, but in the maj orit y of cases the rate 

showed little variation until towards the end of our observations. 

Examination of individual respiratory rates shows that permanent 

eurvivors tend to compensate well by maintaining a normal respira­

tory rate (18-27) towards the end. 



TABLE 12 

THE INFLUENCE OF 1-lECHANICAL EFFECTS OF DIALYSIS VERSUS EARLY 
DIALYSIS ON ELECTROLYTES, CHEMISTRIES AND 

HE:MATOCRIT OF ENDOTOXIN DOGS 

TIME IN MINUTES 0 30 90 150 210 270 

Chlorides in M 121 116 119-7 123.7 120.4 117.5 
meq/1 

D llO 110 109 llO 116 

Sodium in M 145.2 143 145.6 145 142.5 141.5 
meq/1 

D 147-7 147.6 138.1 146.2 143 

Potassium in M 3-57 2.95 
meq/1 

2.98 3.25 3.21 2.73 

D 3.63 3-39 2.90 2-95 3.26 

Hematocrit '}. M 54 48.4 5D.4 51.3 50.8 44.5 

D 49 43 43 44 45 

pH M 7-35 7-31 7-30 1·33 7-36 7.27 

D 7-32 7.28 7·31 7·33 7-35 

pco2 in mm M 32.2 25.8 21.1 17 ·9 1.$.8 1.$.0 
Hg 

D 25.8 22.5 21.7 20.2 15·9 

HCO~ in M 19.4 13.4 11.1 10.6 10.2 8.6 
meq 1 

D 15.01 12.01 11.8 11.7 10.4 

Lactic acid in 
meq/1 

M 4.37 4.83 6.oo 5·55 5-92 5.88 

D 3-57 4.79 5·71 6.23 5.98 

M : Mechanical Effects D : Dialysed Group 
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TABlE 1 3 

EFFECTS OF ENDOTOXIN, MORPIITNE AND DIALYSIS ON VITAL SIGNS 

TI:ME IN I,!INUTES 0 15 30 45 60 15 90 105 120 

- -
Temperature in 0 37·9 38.1 38.1 38.1 37.2 37.4 31 ·3 36.7 36.7 
Degrees 
Centigrade D .36.9 37.2 36.9 36.8· 36.8 .36.7 )6.5 36.2 36.2 

Blood Pressure c 125 96 116 117 116 llO 109 104 102 
in mm Hg 

D 115 82 86 84 86 87 80 90 89 

Heart Rate c 160 167 172 165 166 176 176 188 188 
per Minute 

D 144 104 151 152 156 159 158 161 149 

Venous Pressure c 4.6 4.6 4.7 4.4 4.8 5.0 5·3 5.1 5.0 
in cm V/ater 

D s.o 4.3 4.3 4.1 4.5 4.6 5.4 5-3 6.0 

Respiratory c .38 40 46 51 53 65 67 41 39 
Rate per 
Minute D 39 30 31 29 22 23 24 23 20 

' 
t; 
\0 



TABLE 13 ( Co nt ' d. ) 

TIME IN MINUTES 135 150 165 180 195 210 225 240 

-
Temperature in c 36.4 36.9 36.9 36.3 36.3 36.3 36.1 35.8 
Degrees Centigrade 

D 36.1 35.6 35.8 35.6 35.3 35.4 35.0 .34.9 

Blood Pressure c 90 10.3 101 94 91 93 91 88 
in mm Hg 

D 91 92 91 92 90 87 83 81 

Heart Rate c 141 180 186 206 186 196 200 204 
per Minute 

D 161 145 165 168 165 165 166 166 

Venous Pressure c 5.4 4.1 4.3 4.1 4.0 3-9 4.6 4.9 
in cm Water 

D 5·9 5·9 6.8 7.1 7.1 7·3 7.6 8.6 

Respiratory c 28 32 32 29 30 31 26 26 
Rate per 
Minute D 24 24 22 21 21 20 20 22 

C • Control D • Dia1ysed 

1 

~ 
0 

• 
.......... 
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TABlE 14 

OOMPA.RISON OF VITAL SIGNS OF CONTROL AND DIALYSED DOGS SUBJEOTED TO HAEMORRHAGIO SIDOK 

TIME IN MINUTES 0 15 30 45 60 75 90 

-- -
Temperature in 0 37 ·37 37.29 3'[,;14 37.04 36.50 36.09 35.49 
Degrees Centigrade 

D 37-7 37.8 37·7 37.4 37.2 36.9 36.8 

B1ood Pressure 0 157-2 40 40 §O 50 50 50 
in mm Hg 

D 142 40 40 40 50 5D 5D 

Heart Rate a 156 128.5 142.1 153·9 159·9 168.6 168.5 
per Minute 

D 155 137 163 173 208 217 215 

Venous Pressure c 7·65 3.70 2.60 4.0 3-35 3.20 3-5 
in cm \Vater 

D 6.7 2.7 2.1 2.3 2.2 2.5 2.4 

Respiratory Rate c 27.3 39·3 37.0 31.5 31.5 31.8 32.4 
per Minute 

D 35 30 28 30 29 29 26 

~ .... 
' 



TABlE 14 ( Conti:nued) 

TillE IN MIWTES 105 120 135 150 165 180 195 

--
Temperature in c 34.95 34.25 33.80 33.65 33.65 33.6 33.4 
Degrees Centigrade 

D 35.5 36.0 35·9 35.8 35.2 34.9 34.9 

B1ood Pressure a 50 50 50 50 50 50 96 
in mm Hg 

D 50 50 50 50 50 112 108 

Heart Rate c 167.2 171.2 172.8 169.4 164.4 155·3 168.1 
per Minute 

D 215 219 221 218 228 19.3 183 

Venous pressure c 3-35 3.30 3.2.5 2.26 2.86 4.60 4.6 
in cm Water 

D 2.6 2.5 2.4 2.8 2.9 4.6 4.7 

Respire.tory c .31.2 .32.7 .32.1 .32.7 32.5 27.5 29.6 
Rate per 
Minute D 26 28 28 27 27 28 28 

C • Control D = Dia1ysed 

~ 
N 

• 



TABLE 14 ( Continued) 

TIME IN MINUTES 210 225 240 255 270 

-
Temperature in c 33.27 33.06 33.06 33.06 33.05 
Degrees Centigrade 

D 35.0 34.8 34.7 34.55 34.0 

Blood Pressure c 96 107 107 107 102 
in rrun Hg 

D 106 101 103 111.3 117 

Heart Rate c 142.8 155.6 155.8 155.0 
par Minute 

D 163 163 162 158 150 

Venous Pressure c 5·9 5.0 4.9 5.0 5.2 
in em Water 

D 8.3 5-3 5-5 5·5 5.6 

Respiratory 0 24.4 27-7 26.2 24.3 23.2 
Rate per 
Minute D 25 26 25 24 24 

C a Control D : Dialysed 

' 
~ 
w 



TA.BIE 15 

INFLUENCE OF DIALYSIS ON BWOD ElECTROLYTES OHEMISTRIES AND HEMATOCRIT IN HA.EMORRHAGIC SIDCK OOGS 

TIME IN MINUTES 0 30 90 150 210 270 

-
CONTROL DOGS 

pH 7.32 7.18 7.13 6.16 7.16 7.12 

pC02 in mm Hg 36.13 15.0 15.40 16.33 22.63 

HC0
3 

in meq/1 17.39 9·03 7.30 7.18 9·09 

Lactic acid in meq/1 4.06 10.2 1$.32 14.71 9.41 

Chlorides in meq/1 113 115 113 116 117 

Sodium in meq/1 160 146 148 151 159 149 

Potassium in meq/1 3.6 5·5 4.7 5.0 5.8 

Hematocrit 'fo 44 47 51 53 58 61 

..... 
""' ~ 
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TABlE 15 ( Continued) 

TIME IN MINUTES 0 30 90 1.5'0 210 270 

--
DIALYSED DOGS 

pH 7.40 7.18 7·17 7·1.5' 7-36 7.31 

p002 in mm Hg 30.7 20.5 16.4 18.6 23 • .3 21.7 

H003 in meq/1 18.2 7·9 7.4 7.2 11.6 12.4 

Lactic acid in meq/1 2.8 9·.3 10.0 9·7 6.5 7.0 

Chlorides in meq/1 117 114 115 116 107 110 

Sodium in meq/1 147.6 146.8 149.1 152.2 140.5 142.2 

Pot as si um in meq/1 4.02 5.)4 5-2.3 5-77 4 • .3.3 4.2.3 

Hematocrit % 51 52 52 54 50 50 

~ 
Ul 
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TABlE 16 

EFFEC'DS OF DIBENZYLINE ON VITAL SIGNS OF DOGS SUBJECTED TO HAEMORRHAGIC Sll>CK 

TIME IN MINUTES 0 15 )0 45 60 75 90. 105 120 135 

-
Temperature in c 37·5 37.5 37 .. 6 37.3 37.2 37.1 36.7 36.7 36 .. 8 36.8 
Degrees Centigrade 

D 37 ·7 37-7 37-5 37·3 37.2 37.1 37.1 36.7 36.5 36.) 

B1ood Pressure c 149 40 40 40 50 50 50 50 50 50 
in mm Hg 

D 150 124 108 108 101 96 40 40 40 47 

Heart Rate 0 181 188 183 212 215 202 202 194 208 220 
per Minute 

D 194 183 191 162 180 185 188 199 2o8 194 

Venous Pressure c 4.6 J.O 2.0 3.0 2.1 2.2 3.2 3.3 3.4 3.4 
in cm Water 

D 4.3 4.2 4.3 4.4 4.2 4.3 4.1 3.2 3.5 4.2 

Respiratory c 22 23 22 24 25 21 21 20 21 21 
Rate per 
Minute D 21 22 17 17 17 18 22 22 22 25 

.... 
~ 



TABIE 16 ( Continued) 

TIME IN MINUTES 150 165 180 195 
--

Temperature in c 36.5 36.o 35·7 35.0 
Degrees Centigrade 

D 36.1 35·9 35.8 35.3 

B1ood Pressùre c 50 50 80 81 
in mm Hg 

D 47 48 48 50 

Heart Rate c 228 222 204 169 
per Minute 

D 213 213 209 196 

Venous Pressure c 3.4 3.3 4.3 6.2 
in cm Water 

D 3·1 3·9 4.9 4.4 

Respiratory Rate c 21 22 22 20 
per Minute 

D 26 26 25 25 

C : Control D = Dibenzy1ine 

210 225 240 

34.8 34.7 )4.6 

34.9 34.1 34.~ 

101 117 114 

50 87 97 

167 166 179 

178 176 203 

1·0 6.6 6.7 

4.8 s.o 3.9 

20 20 19 

23 24 26 

255 

34.4 

33·9 

112 

103 

174 

182 

6.6 

3.7 

17 

27 

270 

34.4 

107 

200 

6.6 

20 

285 

33.6 

92 

223 

6.2 

20 

1 

..... ,.. 
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GRQUP lila 

Ca HAEYORRHAGIC SHOCK 

3: ~FFECTS OF HAEMORRHA~~K1 DIALYSIS AND DIBENZYLINJC 
ON VITAL SIGH§ (Tables XIV, XVI) 

- 148 .. 

a) Tempeu.t.m:.a.--{Appendices XVI., XVII, XX) The same tendency 

of gradual temperature depression aeen in the endot.oxin group was 

alao noted in the baemorrhagic group. The temperature in the latter 

group bad the tendency to drop much lower tban in the former group. 

There did not seem to be a.ny difference in the behaviour ot temper• 

ature between experimenta:l and control anima.ls. However, one 

dibenzyline-haemorrhagic shock animal maintained its temperature ta 

an average of 38° C throughout the experimental period. This same 

dog was a permanent survivor. On the whole, animals which survived 

either permanently or the longest, tended to stabilize the ir temper-

atures at an average of 34° C. 

b) Blnod Preasuta--Ten to fifteen minutes after reinfusion. 

the mean blood pressure in both experimental and control animal& went 

up to levels above 100 cm Hg. The mean values were however higher in 

dialysed dogs than in the eontrols. (Table If) The dibenzyline con­

trol dogs were almost identical to the haemorrhagic shock and dialy­

sis control group of animala. After the administratiœ of .5 mg/kg 

dibenzyline, there wa.s a gradual fall of blood pressure to leve la as 

low as 50 mm Hg in thirt.y minutes. (Fige. 11 ! 12) Seven out of ten 

dogs in this series showed this tendency. All the three permanent. 



200· 

ISO· 

100• 

POLYGRAPH TRACING OF BLOOD PRESSURE IN 2 NORMAL DOGS 

~: 1 -~--'tf'~!IIJ'II ~,, .. ,...,,. .. ••u fWilll'lll._.. · '"'Y'ti'W.._'.if' li tli!Uf\IJJI' .. WlliUUJW111J1!1-tii'IIJr Vf ~-,... 9 'tV ~ 4"'"'"'"',. ~ 

200-

1110· 

"· 100· 

50· 

o-

··-.-·--· --~·' _..,,. "•" - •m••·- ""'""'i•-•• 

Omin. 

··.::···:-:-::;~--:-::;:;.;~,'~:.:~:·;., ~v:;:~~.:.::::.,~::~::-::··.,,;::;::-..:.;:,~~-.'.~..:";::::;:::.....!...-.:r--:: .• ··::::_.::.:~·--:::.-:-~~ .. :: -~ 

30mins. 1 hr. 2 hrs. 3.5 4 5 6 7 8 IOhrs. 

Fig. 11.-·This is a normal polygraph traeing or two dogs wbich were not 

subjected to any form of experimental procedure. They were anesthetired with 

nembutal and their blood pressures were observed for over eight hours. Nembutal 

in pharmacological doses does not cause hypotension in a dog. 
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' Fig. 12.-~inistration of Dibenzyline (phenoxybenzamine) is acè~panied 
a gradual fall in blood pressure to levels as low as 50 mm Hg. In spite of'u~s 
hypotension the other vital signa are not adversely affected. 
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survivors in this group bad blood pressures below 100 mm Hg for the 

whole hour prior to the induction or the dogs into shock. They. 

however, showed elevation or their blood pressure above 100 ma Hg 

atter reinfusion and maintained it to that lenl till the end ot 

the experiment. One dibenzyline dog showed progressive tall ot 

blood pressure arter administraticrl or the drug and died in tbree 

hours. 

c) Haart Bata--There was a general tendency towards tachy­

cardia as the animal went deeper into ahock. This was seen in both 

control and experimental dogs. In tact the dialysed dogs• maan 

values were much higher than the control group. (Tables 14 and 16) 

The heart rate in this latter group went as high as 228 beats per 

minute. The dibensyline dogs bad mean heart rates lower than the ir 

control group. The sevan dogs which died in less tban !ive hours in 

this series showed a S'evere tachycardie., up to 300 beats per minute, 

titteen to thirty minutes pre mortem. However, one dog, which sur­

vived permanently, also anifested a severe tachycardia, 300 beata 

per minute at the end or the experimental periad. 

d) Jenoua fr•saur•--There was an inereasing depression ot 

venous pressures from the normal average values ot 6.5 cm water to 

levels as low as -2 cm water. Nine dogs in the haemorrhagic group 

showed venous pressures which were below zero degrees centigrade. 

One or these dogs was a permanent survivor. These sub:ero values 

usually appeared fitteen to twenty minutes after induction or shoct. 

They remained at this leval until reinfusion when the venous 
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pressure went up again to levels slightly below control values• 

Dialysed dogs manifested a tendency to increase venous pressures 

to normal values. As obserTed in the endoto:x.in doge, there was 

always an elevation of venous pressures to averages of 16.5 cm 

water just before death. 

•> Bea~r&torJ R&ta--Some dogs were hyperPWoeic before the 

experiment was begun. Hyperventilation as a common feature of 

all dogs at the beginning of the bleeding period. One dialysed dog 

which died in Si hours bad a respiratory rate of ninety per minute. 

!here was a general tendency for tba dogs to reach normal respira­

tory rates taRrds the end of the experimental period. All the nine 

permanent survivors in this group showed a tendency to adjust their 

respiratory rate to nonnal values. As a general rule, mœst doge 

showed an increased respiratory rate in the middle of the experiment­

al period. It is of interest to note that the dibenayline dogs, 

except one, maintained a fairly normal respiratory rate (18-27) 

throughout the whole experimental period. 

f} lUa.oiL!.olum& and Rate of BleedinK iut.p the Restrvoir--In 

all the control and experimental dogs, exeept the dibenzyline animale, 

the rate of blood flow into the reservoir bad an average of 120-150 

cc per minute, while the bleeding volumes avaraged 40 cc/kg body 

wight. (Photograph VIII) At the end of induction of haemorrha.gic 

shock, there was so much resistance in reinfusing the blood baek into 

the dog that a 50 cc syringe bad to be employed in order to reinfuae 
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the blood intraarterially. In the dibenzyline animals there was 

little resistance to reinfusion. It was also noted that most haemor-

rbagie shoek dogs started autoreinf'usion at the average time or 

seventy-nine minutes. In the dibenayline groupr six out or ten doge 

did not reinfuse at al1 for at hours. (Appendix XXII) (Table 20) 

It is interesting to note that in all endotoxin and ha.emor-

rhagie shock doge that were weighed, the average losa or weight during 

the experimental period was 1.5 kg. 

4l VFECTS OF TREATMENT ON SURVIVAL RATE (Tables 5~ 6, 19~ and 
Fig. 13) 

a) Normal Da&B• Dialysis and Propbylaçtic Antibiotics--There 

were four out of ten (aQ%) permanent survivors in the dogs which received 

proJhylactic rortimycin arter haemodialysia. The average lif'e apan of' 

the dogs which did not receive prophylactie antibiotics was 4.2 daye. 

No dog in this group lived for more tban f'ive days. 

b) :lndotgrin GJ:.QU--'.fbe total number or permanent aurviTora 

in the endotoxin group out or a total or aeventy-three doge (excluding 

six hhta.mine dogs) was twenty-f'in• Of' these dogs, six out or thirty-

four controls were permanent survivora, while nineteen out of' the 

thirty-nine experimental animale lived permanently. 

In the endotoxin and early dialysis with new and old coils, 

there were eight permanent survivors out of' twenty-eight paired dogsf 

one control and sevan experimental. The mortality rate in the exper­

imental group was f"irty percent as eompared to ninety-three percent in 

the control animale. 



TABLE 11 

BEHAVIOUR OF BLOOD ElECTROLYTES, CHEMISTRIES AND HEMATOCRIT FOLI.OWING ADMINISTRATION OF 
DIBENZYLINE TO HAEMORRHAGIC SHOGK DOGS 

Res. 
TI:ME IN MINUTES 0 30 60 . 90 150 210 Blood 270 

--
CONTROL DOGS 

pH 7-36 7.17 ., .u 7.16 7.17 7-34 7.29 

pC0 2 in mm Hg 37.5 18.8 20.3 23.6 20.6 34.2 21.5 

HCO 3 in meq/1 20.3 8.2 8.7 9-5 9·9 18.8 11.9 

Lactic acid in meq/1 2.7 10.02 11.36 10.1 12.05 4.98 7-2 

Chloriàès in meq/1 117 114 114 114 115 117 lOO 

Sodium in meq/1 145 143 144 146 146 146 147 

Potassium in meq/1 4.1 5.4 5-5 5.8 6.1 6.4 5.0 

Hematocri t 'fo 46 45 43 49 52 43 54 

330 

7-45 

24.5 

15.8 

119 

6.0 

52 

• .... 
"' ,. 
1 



TABLE 17 (Cont'd.) 

Res. 
TI:ME IN UINUTES 0 JO 60 90 150 210 B1ood 270 330 

-
DIBENZYLINE DOGS 

pH 7.42 7·38 7 ,.J 7.29 7.32 7·29 
. 

p002 in mm Hg 34.4 21·1 21.1 22.3 26.1 26.4 

HOOJ in meq/1 19·9 1).1 11.2 10.1 12.6 13.1 

Lactic acid in meq/1 2-57 4.27 8.4 7.63 4.61 6.07 

Chlorides in meq/1 113 112 111 114 113 112 

Sodium in meq/1 142 144 143 149 143 144 

Potassium in meq/1 4.0 J.6 4.2 4.1 4.4 4.6 

Hematocrit '/o 48 48 48 50 44 49 

~ 
t.n 

1 



TABlE 18 

EFFECTS OF DIBENZYLINI, HAEMORRHAGIC SHOCK AND ENDOTOXIN SHOCK 
ON pH AND BICARBONATE AFTER CORRECTION 

OF PC02 TO 40 14U/Hg 

TIME IN MINUTES 0 3D 90 150 210 270 

End.otoxin and Early 
Dia1ysis 

pH '/.20 7.16 '/.18 7.19 7.12 

PC02 40 40 40 40 40 

HC03 20.5 17.5 18.0 19.0 17 ·5 

Lactic acid 3-51 4.'/9 5.'/1 6.23 5.98 

(Endotoxin and Ear1y 
Dialysis) 
Control 

pH 1-25 '/.17 '/.1 '/.12 '/.14 

PC02 40 40 40 40 40 

HC03 22.5 17-5 14.0 15.0 16.0 

Lactic acid ,3.01 4.99 5.68 6.22 5.72 

Endotoxin and Mechaniaal 
Effects of Dialysis 

pH '/.21 7.12 '/.06 '/.08 '/.12 '/.03 

PC02 40 40 40 40 40 40 

HC0.3 20 15 11.0 12.5 20 10 

Lactic Acid 4.37 4.83 6.00 5.55 5·92 5.88 
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TABlE 18 ( Conti nued} 

TIME IN MI NU 'l'ES 0 30 6o 

Haemorrhagic Control Group 

pHl 7.26 7.04 

PC02 40 40 

HCOJ 17 10.5 

Lactic acid 4.06 10.12 

Haemorrhagic Dialysis Group 

pH 7.34 7.06 

PC02 40 40 

HCOJ 27.5 11.5 

Lactic acid 2.8 9-3 

( Haemorrhagic) 
Dibenzyline Group Control 

pH 1·33 7•03 

PC02 40 40 40 

90 150 

-

7.0 7•0 

40 40 

8.0 6.5 

11.6 14.71 

7·0 7•0 

40 40 

s.o 8.2 

10.0 9·7 

7.05 7 .os 
40 40 

Res. 
210 Blood 

7.06 

40 

12.5 

7.6 

7.22 

40 

20 

6.5 

1·05 7.29 

40 40 

270 

7.0 

40 

8.0 

10.0 

7.17 

40 

17.0 

1·0 

7.16 

40 

300 

7.32 

40 

1-' 
U'l 
--1 

• 



TABLE 18 ( Continued) 

Res. 
TIME IN MINUTES 0 30 60 90 1,5'0 210 B1ood 270 300 

-
( Haemorrhagic) 
Dibenzy1ine Group Control 
(Co nt 'd.) 

H003 28.0 10 10.8 10.8 11.0 2.5' 19.0 26.,5' 

Lactic acid 2.7 10.02 11.36 11.1 12.0.5' 4.98 7.2 

Haemorrhagic Dibenzyline 
Group 

pH 7 ·37 7.29 7.18 7.17 7.22 1.2 

P002 40 40 40 40 40 40 

H00
3 32.,5' 2,5'.0 18.0 17.5 20 19 

Lactic acid 2.,5'7 4.27 8.4 7.63 4.61 6.07 

p00 2 in mm Hg H003 and Lactic acid in meq/1 

~ 
Çl) 

1 



DOG NUMBER 

Endotoxin 
Control Group 

Endotoxin &: 
Mech. Effects of 
Dialysis 

De1ayed Dia1ysis 

Ear1y Dialysis 
01d &: New Coi1s 

Ear1y Dialysis 
New Coils 

Endotoxin & 
Morphine 

TABlE 19 

OOMPARATIVE CHART OF SURVIVAL TIIIŒ IN I-JJURS OF DOGS SUBJECTED TO DIBENZYLIIB, 
ENDOTOXIN SHOCK AND HAEMORRHAGIC SHOCK 

1 2 3 4 5 6 7 8 9 

-
8 8 10 1.5 5 2.5 9 4.75 301' 

3-5 10 7 28 10 10 10.5 2 3 

30"' 3D" 30" 9 1.5 30" 5 24 24 

8 3D"' 20 9·5 9-5 30"' 30"' 9.5 8.5 

.30'" 24 30'" 24 30'" 3D'" 3D'" 24 30'" 

c .30" 4 30" 3DT 2 

E 24 24 8 10 12 

Haamorrhagic Control 3 10 8 10 3D" 8 3-5 30" 10 
Group 

10 

3 

9 

30" 

30" 

3D'" 

9 

11 

3.15 

.... 
U'l 
tl:> 



!ABLE 19 (Continued) 

DOG NUMBER 1 2 J 4 5 6 1 8 9 10 11 

-
Haemorrhagic 
Dialysis Group 8 Jo• 8.5 20 4.5 J-5 JO~ 14 24 Jo• 

Haemorrhagic 
Dibenzyline 5 JO' JO' 2.5 J 20 10 12-5 JO J-5 

Haemorrhagic 
Dibenzyline J-5 11 20 9 12 9 4.5 7 24 Jo• 
Control 

C • Control 

li: • Experimental 

t;: 
0 

• 



TABLE 19 (Cont'd.) 

DOG NUMBER 12 13 14 Mean Number of Survivors Survival Rate 

-
E ndotoxin Control Group 6 24 24 10.4 1 7'/o 

Endotoxin and Mechanical 
Effects of Dialysis 10.1 1 10'/o 

Delayed Dialysis 
50'/o Old and New Coils 20.4 5 

Early Dialysis 
50'/o Old and New Coils Jo• Jo• Jo• 20.0 7 

Early Dialysis 
New coils only 28.2 7 7 o'fo 

E ndotoxin and Morphine C 19 3 60'/o 

E 15.6 0 0'/o 

Haemorrhagic Control 12.2 2 2o% , 
Group 
Haemorrhagic Dialysis 17.2 3 3D% 
Group 
Haemorrhagic Shock 14.0 3 .30'/o 
Dibenzy1ine 
Haemorrhagic Shock 13.0 1 10% 
Dibenzyline Control 

c • Control E • Ex periment al ..., 
en ..., 
• 

-~-·~ ·~---
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Yo SURVIVAL RATES OF DIALYSED AND UNDIALYSED DOGS SUBJECTED TO 

100 

80 

...J 
<( 60 > 
> 
0:: 
:::> 
en 40 
~ 0 

20 

~ 

5 

3 mg /kg OF ENDOTOXIN e e OIALYSEO 

•·······• UNOIALYSED 

................... 

10 20 

( E COLl- OIFCO) 

50% 
~ ·------

. ·· .. 
···········•.. 7 °/o .. ·· .•...................... ·•···· ······ ............... . 
30 40 50 

HOURS 

60 70 2 
WEEKS 

3 

J'ig. 13.--The highest mariality rata in both control and ex­
perimental doga lias betnen one and tan hours. Af'ter this perio4,. 
most dogs live permanently. 

t: 
N 

1 



PHOTOGRAPH_!!ll 

These two dogs have almost identica1 weights • 
Both dogs were subjected to figgers-Fine Technique 
of haemorrhagic shock. Both doge have a blood pres­
sure of 50 mm Hg. The dog on the Weight Sca1e Mode1 
9281 (Toledo) has a bleeding volume of 1,100 cc of 
blood in the reservoir, while the dibenzyline dog in 
the foreground has a bleeding volume of 500 cc. 
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In the dogs that were dialysed early with new coils only, 

the surviT&l rate was seventy percent out of a total of ten healthy 

mongrel dogs. Among the ten dogs out of fifteen that were dialy­

sed 3!-4 hours post endotoxin injection, tin (50%) were permanent 

survivors while in the five control animals, there was only one 

{10%) permanent survivor. The survival rate of the mechanical­

effects·of-dialysia dogs closely reaemble that of all control dogs 

subjected to endotoxin. Out or ten doga subjected to this proced­

ure, only one lived up to twenty-eight hours. The mean surviTal 

time is almost identical with that in the control group or early 

dialysisJ 10.1 hours and 10.4 hours respectively. 

However, of the ten morphine doga, four (40%) were permanent 

survivors. The experimental group had one (10%) permanent survivor 

out of five dogs, while the control dogs bad three (60%) out or tive 

permanent survivora. 

c) Haamor.rbagic~aU»--Out of a total of fort~ doga employed 

in this experiment, nine (22.5%) were permanent survivors. In the 

ten animale subjected to haemorrhagic shock and hemodialysis, three 

{3<>%) were permanent survivors, while only two (20%) or the ten con­

trol doge in this group surviwd permanently. 

The control group of the dibsnzyline dogs which resembled the 

control of the haemorrhagic shock and dialysis doga, had ons {lQ%) 

permanent survivor out of ten doga. The other ten animale which re­

ceived .s mg/kg of dibenzyline bad three (30%} permanent surviv~a. 
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NORMAL DOG INTESTINAL 
MUCOSA 

- 16::> -



PHOTOG!!AE!L,! 

HEMORRHAGIG INTESTIN AL MUCOS.L\ 

A piece of small intestine was taken from a 
dog which lived S hours arter endotoxin injecti~n. 
The mucosa looks oedematous and haemœrrhagic. The 
same pathological findings were observed in non 
survivors subje~d to haemorrhagic shock. 
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St NXCROPSY FINDINGS (Photogra.phs IX and X) 

All the ten normal dogs subjeeted to baemodialysia with or 

without antibiotics were autopaied. In those dogs whieh died and 

had not receiTed antibiotics, the lunga were congested, haemorrhag­

ie, soggy and covered with white-greyiah ,;~ ,p&txHte:a.. ''Jl't. 

liTer was also coTered with these whitish leaion~e '!'hese findings 

were highly suggestive of septicemie:. Both large and small ilrt.est­

ines were unremarkable. The permanent surTiTors who were donors, 

were also opened i..mm&diately after death, and no gross pathologieal 

lesions were n~ed in the viscera. 

Ten or the endotoxin group that had died in shock were also 

autopsied. The signifieant findings were bluish purplish aerosa or 

the small bowel from the upper jeJunum to the ileum. On opening the 

small bowel, bloody yellowish fluid was found. The mucosa w&s oede­

matous, congested and haemorrhagic and sorne mucosal ulcerations were 

seen in sorne segments of the small bowel. 

- 167 -

In the twenty haemorrhagic shoek doga, the aame haemorrhagic 

phenomenon in the mucosa of the small intestine was noticed. In ad­

dition to these findings, the spleen was extremely contracted and rub­

bery in eonsistency. The fiTe dibenzyline dogs that were autopsied 

did not show as much of a seTere haemorrhagie necrosis of the bowel 

as the fiTe control dogs. All the five permanent surTiTors that were 

sacrifieed after thirty hours did not show these gross pathological 



BLOODY DIARRHOEA_IN A HAEMORRHAGIC _~CK DOG 

This dog began having bloody diarrhoea after 2t hours 
in haemorrhagic shock. The shed blood had alraady 
been reinfused into the dog. 
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PHOTOGRAPH_lli 

This is the appearance of a normal 
liver. Notice the beefy, reddish, healthy 
colouration of this organ. 
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PHOTOGRAPH XII! 

After administration of 3 mg/kg of endo­
toxin to the same dog, the capsule becomes very 
tense. The liver becomes engorged with a tre­
mendous amount of blood and it changes its normal 
colour to a blue-blackish appearance. These 
changes last for two hours or more. 

- 170 -



.. l'tll-

changes. 

Often some dogs would start having a bloody diarrhoea after 

2i-3i hours in shoek. (Phot ograph XI) 

61 QIEER FINDINGS 

Three histamine dogs, that were opened through a midline in­

cision to visuali&e the liver, showed gross interestiag changea in the 

liver as the dog went deeper into shock. The beefy·reddish appearance 

of the liver (Photograph XII) progressively became darker (Photograph 

XIII} to an almoat black eolour in one hour after the administration 

of endotoxin. The capsule became tense as the eolour deepened. Atter 

two hours and a half of these observations, the liver did not seem. to 

regain its normal eolour. 

'11 :unQ'l,1QF E.Nll\11:011N SHOCK...AIDLDIAI,XSIS QH BLQQD 
C~ISTRIES, ELECTROhl:f_!S AND HIMATOCRIT IN DOGS 

a) ~gTRQ~YTES (Tables 4 and 12) (Appendices IV, V, and VII) 

In the endotoxin group, chemistries, electrolytes and hemato-

erits were determined in fourty-five dogs. 

1. Chlotide--'l'he mean chlorides in both control and e.x.peri-

mental dogs remained at practieally the sam.e ln·el. There was a sligbt 

hyperchloremia at the end of 3i hours. Examining the individual values 

of the chloride anion, there i1 a general tendency of increasing plasma 

chloride as the dog goas deeper into shock. Ninateen dogs out of a 

total of forty-five endotoxin dogs showad this tendency of slight hyper· 

chloremia with progressive shock. 



2. Sj41ga--Plasma sodium shows the opposite tendency of the 

chloride anion in both dialysed and control dogs. Only six dogs in 

this series showed a slight increase in sodium cation as the dog sank 

deeper into shock. In fact, there waa a progressive lowering of the 

mean sodium values in all the dogs. 

3. Potaaaiwœ--In dialysed dogs and in dogs subjscted to en• 

dot.oxin and mechanical affects of dia.lysis, there wa.s a general fall 

of plasma potassium during the shock period. On the other band, in 

the control group, there was a general increase in plasma potassium 

levels during the experimental period. 

4. lflmatoc0.1--Hematocrit levele increased with inereasing 

ahock except in dialysed dogs where the tendency at progressive fal· 

ling or stabiliz:ation of hematocrite ns observed. The mechanieal­

effeets-of-dialysis doge ehowed the eame tendency. 

b) CBEMISTRIES 

1. ~ --(Normal arterial blood chemistries are shown on 

-l'la-

Table 21.) The mean pH in all the sndotoxin doge which bad been fol­

lowed for three and a half hours wae 7.33. However, in the endotorln· 

meehanieal-effects-of-dialysis dogs, that were followed for 270 minutea, 

the mean pH was 7.27 • On the whole the se dogs did not manifest an 

acidosis of significance. 



TABlE 20 

COMPARATIVE CHART OF TIME IN MINUTES BEFURE DOG S'l'ARTS REINFTJSION 

DOG NUMBER 1 2 3 4 5 6 7 8 

--
Haemorrhagic 
Control Dogs 25 50 25 40 lOO 45 40 50 

Haemorrhagic 
Dialysed Dogs 55 30 6o 50 30 50 50 50 

Di benzyline 8: 
Haemorrhagic 50 50 lOO N.R. N.R. N.R 90 N.R 
Shoek Dogs 

Haemorrhagi c 
Shock Control 90 90 75 50 50 75 90 90 
Dogs 

N.R. ~ No Reinfusion 

....... 

9 10 

40 110 

40 80 

N.R N.R 

90 90 

MEAN 

53 

50 

29 

79 

.... 
-:a 
w 

• 



TABLE 21 

l. ARTERIAL BWOD CHEYJ:STRIES OF N)RMlL UNANESTHETIZED DOGS 

DOG NUMBER 1 2 3 4 

pH (Blood) 7.42 7.41 7.38 7.86 

pH {Serum) 7.28 7.22 7-24 7-30 

pOO 
2 

in mm Hg 32.3 27.8 32.0 37.2 

Bicarbonate in meq/1 20.20 17.8 18.6 21.2 

Lactic acid in meq/1 1.8 2.3 2.03 1.4 

5 

7-43 

7-24 

28.0 

18.5 

1.4 

• 
~ 
4 
M:o 

• 
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TABlE 21 ( Continued} 

ARTERI AL BI.OOD CHEMISTRIES OF WRMAL UNANESTHETIZED DOGS 
Bl lFTER CORRE~TION OF pC02 TO 40 MM, 'Hg 

DOG WMBER 1 2 3 4 5 
-

pH (B1ood) 7-37 1.32 7.34 7.61 7.34 

pH (Serum) 7.23 7.20 7.20 7.29 7.16 

pCO 2 at 40 mm, Hg 40 40 40 40 40 

Bicarbonate in meq/1 20.1 18.0 19.8 25.0 16.5 

(B1ood) JO 27 .o 27.5 40.0 27.6 

Lactic Acid in meq/1 1.8 2.3 2.0 1.4 1.4 

1-' 

~ 
1 
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However, in correcting the pC02 to 40 IIID Hg, the pH beeomes 

markedly lower from the average or 7.33 to 7.1, even as low as 7.0. 

The lowest mean pH was found in the haemorrhagic shoek control doga. 

(Table 18) On the whole, the dialysee!. dogs showed a higher pH than 

the controls. The controle on the other hand showed higher pH aver• 

ages than the dogs subjected to endotorln and the meehanica1 affects 

of d.ialysis. 

2. pC0
2 

-- The control dogs showd a reduction of pC02 from 

the control almost by half. This reduction was maintained through­

out the experimental period.. There is a simila.rity of mean pCOz in 

the endotoxin-mechanical-effeets group and endotoxin control dogs. 

The mean pC02 in dialysed d.ogs was maintained. at practieally the 

same control value throughout the observation periol. 

3. Bicarbonate--There was a tendency in the control group to 

maintain its bicarbonate leval at 9 t l.f 1118q/l. Individual resulta 

showed that bicarbonate concentrations were markedly redueed during 

the first half hour of endotoxin shoct. The endotorln-mechanieal• 

errects-of-dialysis d.ogs showed a marked depression of mean HC03 dur­

ing the experimental period. Dialysed dogs shoœd a fairly steady 

leval of HC03• Even bicarbonate values of individual dogs showed 

this steady tendeney. When the pC02 was eorreeted to 40 l'!D Hg, the 

bicarbonate values were much higher than the previous figures. 

(av. 6 meq/1) 

4. -lac.:U.c~ .. .Aw--There was a general tendency for gradual 

elevation of la.ctie aeid from the control levela. Laetie aeid. in the endo• 



,... 
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toxin-mechanical-effeet-of-dialysis doge reflected the same tendeney, 

as in the endotoxin control dogs. Dialysed dogs also showed a sligbt 

rise of lactic acid during the experimental period· The tendeney to-

wards elevation of laetic acid was noted in individual doge as a whole. 

In the endotoxin dogs, the ehemistries were not markedly dit-

ferent from normal. However, when pC02 was eorreeted to 40 mm Hg, 

there was a drop in pH to very severe acidotie levels. On the whole, 

dialysed dogs seemed to retain higher pC02 values than the control 

doge. Bicarbonate showed progressive depletion during shock. On 

correctien of pC02 to 40 mm Hg, there was a tendency towards preserva­

tion of base bicarbonate to normal values. Lactic acidosis, although 

not very severe was observed in all doga. 

Ba _l!!FFECT~ OF HAIMQRRHAGlC ~HQQ.Ka .. JUJ~l~I!tll!LANI/ DIALYW 
ON BLOOD ELECTROLYTES~'AISTRI:ES AND HEI'fATOCRIT 
(Appendices XIX, XXI, and XXIII) 

1. Qhlatide--Tha two control groups in this series are 

almost identical. Yean chloride of the twenty dogs aleo manifested a 

tendency towards hyperchloremia at the end or 4i hours. The mean values 

of chloride of this group markedly resembled the endotoxin control 

group. Dibenayline dogs eL~ibit lower plasma chloride when compared 

with the controle. However, the dialysed haemorrhagic shock doge did 

not have chloride mean values that were lower than the control•• In 

fact, the figures were very similar. On the whola, the dialysed endo­

toxin group showed lower mean plasma chloride than the dialysed haemor· 

rhagic shock dog•• 



2. ladiwi--The mean plasma sodiumw higher in the ten dogs 

which served as controls of the dialysed haemorrhagie shock dogs 
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than in all the othtl" thirty dogs in this group. There was little 

difference in plasma levels between the dibenzyline dogs and the dial­

ysed ha~morrhagic shock animals. Plasma values in this group gener.&lly 

resembled the endot oxin group. 

3. Potassiuœ-·Potassium levels in control doga showed a tend• 

ency to rise as the dog sunk deeper into shock, while dialysed haemor­

rhagic shoek dogs manifested little changes from the control values. 

However, the dibenayline doga showed lower mean values by 2 meq/1 of 

potassium throughout the experimental period. In all the endotoxin 

group, the potassium levels were mueh lower tban in the haemorrhagic 

group. 

4. HaiQitoCJ:.i.t.·-There was a general tendency in the elen.tion of 

hematocrit in the control dogs. Wbile in the dibenayline and the 

dial~ed dogs, hematocrite seemed to remain fairly steady during shock. 

The hematoerit ot the control in this group very much resembles the 

endotoxin and early dialysis control doga. Both groups showed a general 

tendeney towards hematocrit elen.tions as the doga went into irreversible 

shoelt. 

1. pH -- The pH in all the control dogs wa.s extremely acidic 

for the first two hours. In one group of control dogs, the pH remained 
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at 7.1 plus a fraction until the end or the experimant. However, in 

the other tan control dogs, pH returned to preshock levels after re· 

infusion of the blood into the dog. While the ten dialysed baemar­

rhagic shock dogs also anifested a strong acidotic state for the 

first two hours, after reinfusion and dialyais, the pH went up mark­

edly almœt to control values arter treatment. 'l'he dibenzyline group 

did not have a single mean pH which was below 7.2 throughout the whole 

experimental period. The pH remained at this high leval during shock. 

It was also noted that in the endotoxin dogs, the pH reservoir blood 

was determined before reinfusion, the average was 7.34. Correcting 

the pC02 to 40 mm Hg, the control group a!rowed a severe depression of 

pH to 7.0. However, in one control group of ten dogs, there was an 

elevation of pH to control levels at the end of the experiment. The 

control group that showed severe acidosis had twD permanent survivors 

out of tan (20;() and mean surrlval hours of 12..2, while the other 

control group, which showed an elevation of pH to preshoek levels at 

the end of 4j- hours, had one permanent surrlvor (le%) and an average 

survival time of 13 hours. 'l'he dibenzyline doge, even after correction 

of pC02, did not show pH values below 7.1, while the dialysed haemor­

rhagie shoek doge still showed a slight elevation of pH during and 

after hemodialysia. 'l'he severity of the acidosis in corrected pH or 

the control in haemorrhagic dogs resembled the endotoxin-mechanieal­

effeeta-of·dialysis doge. 

2. pC02 -- In all the control dogs there was a tendency of 

marked reduction of pC02 from the control values. Sometimes these 

mean values were almost half the preshock values. It was notecl that 
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pC02 was generally 1owered by not less tban 10 mm Hg during the 

period or shock. This same phenomenon was observed in dialysed 

haemorrhagic shock dogs. The dibenzyline dogs on the whole, while 

they reduced their pC02 by 5 mm Hg, were able to maintain it at the 

same leval during the experiment. The pC02 values or dialysed endo· 

toxin dogs very much resembled the dibenzyline haemorrhagic shock 

dogs. In the endotoxin animale, except for the dialysed group, the 

pC02 tended'to be lower than in the haemorrhagic dogs. It was ot 

interest to note that the blood reserToir pC02 did not rall below 

33 mm Hg. (Table 18) 

3. Bicarbcn•tt.-·There was a progressive severe depressiœ or 

bicarbonate in all dogB except the dibenzyline group, during the tiret 

2t hours or shock. There was a general tendency towarda elevation or 

bicarbonate values arter reintusion and dialysia. Rven the control 

dogs which were not dialysed showed this bicarbonate elevation towarda 

the end of the experiment. One remarkable observation was that the 

dibenzyline group maintained their bicarbonate leTela above 10 meq/1 

till the end. The reservoir pC02 stayed at the same control valu••• 

Correeting peo2 to 40 m Hg, the control liaemorrhagic shock: 

dogs show a severe depletion or base bicarbonate reserve to values as 

low as halr the preshock levels. It qs noted, even in the correctecl 

bicarbonate concentration, that post reinrusion figures tended to be 

higher than the preeeding shoek values. Dibensyline dogs preserved 

their base bicarbonate throughout the eritical stages or shock. In 

this group there was no depletion or bicarbonate to levels as low aa 
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those round in control dogs. Dogs subjacted to dialysis showed an 

increase in base bicarbonate two times higher than the preceding 

values. Even in the endotoxin dogs, there was a general tendency of 

preserT&tion of base bicarbonate throughout dia1ysis. It was also 

interesting to observe that in the endotoxin-mechanical-effects-or­

dialysis dogs, which also received normal saline d.ring the proceaa, 

there was a progressive reduction or bicarbonate similar to the 

other control groupa in endotoxin and haemorrhagic shock. 

4. I&c.:t.ic....!c.i4--There was progressive elevation of lactie 

acid within half an hour to one hour of haemorrhagic shoek::. In the 

control dogs there was a reduction or lactic aeid ro·r the hour immedi­

ately following reinfusion or the reservoir blood into the dog. The 

dibenzyline dogs maintained a steady leval or lactic acid. No value 

or lactic acid in this group exceeded 8.4 meq/1 for 4f hours. The 

experimental dogs showed a slight drop of lactie acid concentration 

following dialysis. Reservoir lactic acid was lower than the lactic 

aeid in the dog. In contrast to the marked acidosis ot the haemor­

rhagic dogs, the endotoxin animals manifested a low degree of lactic 

acidos:t. during shock; no values were higher than 6.0 meq/1 in the 

endotoxin shock dogs. 



CHAPTER V. . 

DISCUSSION. 

An attempt has been made to demonatrate the effica.cy of 

hae.modialysis in the treatment of endotoxin and haemorrhagic 

hypotension. One hundred and thirty-four dogs were employed in 

this study. Seventy-nine were g1 ven 5 mg/kg bodJr weight of 

endoto:xin under various conditions of shock. Using a modified 

Wiggers-F~e technique, forty dogs were subjected to haemorrhagic 

shock, ten of which were dialysed. 

The initial drop in blood pressure atter initiation of 

dialysis is probably due to a decrease in venous return to the 

heart from. the coU as a re sul t of dis pari ty in the volume of 

blood received by the dog and the volume of blood returning to the 

coil during the first few minutes of dialysis. It is possible 

that the femoral vein 1JJ!J.7 be in spasm. . This iacipient drop in. 

blood pressure atter initiation of dialysis ia aeen in all dogs 

which undergo this form of treatment. Yihen the an1mal has ad­

justed itself to this form of stress, the vital signa tend to 

leval off to nor.mal values. The period where all the parameters 

remained fairly constant is suggestive of a state of 1 p~siological 

equilibriwn'. This is probably indicative of a period wbere 

perfusion of vital organs is satisfactocy during dialysis. 
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It seems that regardless of what for.m of shock an animal 

is subjected to, there is a period where tachycardia is ver.y 

mueh marked. This is usually seen after the an1mal has been in 

shock for two and one ha.lf hours. Tachycardia which was 

observed in .raa.!V' anima..ls during shock was markedly less 

pronounced in dibenzyline dogs. Tachycardia is a compensatory 

circW.atory mechanism. Since dibenzyline causes blood to be 

physiologically distributed in equal amounts-to all parts of the 

body without preference to any particular organ, suffieient 

tissue perfusion and increased cardiac output may explain the 

relative absence of tachycardia in dibenzyline dogs subjected to 

haemorrhagic shock. As a whole, a tachycardia of over three hundred 

beats per minute indicates a poor prognosis. A progressively 

falling blood pres-sure is, in spite of transfusion, indicative of 

the irreversible stage. These two grave prognostic signa are also 

encountered in humans witb bacteremic and haemorrhagic shock 

(Kinney et al, 1962), (Wilson, 1963). A dog wbose systemic blood 

pressure stays above a hundred during dialysis and after reinfusion 

has a good chance of survi ving longer or permanently. Probably 

the reason for this is that at this state the vital organs, 

notaàly the kidney 1 the intestines,· the brain and the li ver 

are well perfused and well o~genated due to elimination of 

anoxia. 1be liver, by receivi.ng sufficient nutrition, metabolises 

lactic acid effieiently and thus prevents occurrence of acidosis 

which enhances metabolic derangements that play an 
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important role in the irreversible phenomenon. 

The initial dramatic period of hypotension which follows 

administration of endotoxin maT be due to a sudden release of 

some vasoactive substance, possible histamine, but no 

aignificant amount of histamine in blood or plasma was extracted 

during this period. Perha.ps a more sensitive technique is 

needed to exclude histamine as the cause of this dramatic post 

endotoxin injection hypotension. Scbayer et a1·(lg6o a, 1gso b) 

believe tbat histidine decarboxrlase activity is markedly 

increased duriAg the first two and one hal! hours of shock. 

Jùican and Hardy (1961) found that this initial hypotension 

period of endotoxin shock was accompanied.by elevation of 

portal vein pressure and an increase in thoracic duct lymph flow. 

The direct relationship between the hypotension itself and these 

physiological phenomena have not been established. Concomitant 

bradycardie. is often noticed during this period. Heart rate may 

drop to levels as low as 80 beats/minute. It is possible that 

bradykinina and other allied kinins are released by endotoxin. 

Administration of dibenzyline causes a dramatic fall of 

blood pressure not unlike that observed in endotaxin shock. The 

dibenzyline hypotension occurs ten to fifteen minutes after the 

administration of the drug. It is preceded by higher amplitudes 

on the polygraph tracing. This may be indicative of increased 

myocardial contractile strength which is partly respohsible for 
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the increased cardiac output observed with this drug (Vasaant 

et al, 1965), (Nicheraon et al, 1959), (Vick et al, 1965). 

Morphine as an •anaesthetic agent' does not se~ to 

cause as much hypotension as nembutal. This may explain why 

on the whole tbese dogs bave higber blood pressure averages 

throughout shock than the nembutal dogs. 

HyperventUation is observed at the beginning of each 

haemorrhagic sbock experim.ent and towarda the end. This 

phenomenon ia also observed with endotoxin administration. This 

initial hyperventU,\iQil is probably reflex in origin. The 

vaaomotor respiratory centre attempts to adjust itself to the 

sudden onslaught by seme noxious stimulus. 

When the animal is alreaqy in shock or going into irreversible 

state anotber phase of compenaatory b1Perventilation is observed. 

The animal, in trying to compensate for the rising lactic acid, 

blows ott co2. Thus the pC02 of haemorrhagic and endoto~ shock 

dogs is characterized by progressive fall as ~he dog sinks into 

irreversibility. 

The dibenzyline dogs maintai~ a fairly constant temperature 

throughout the experimental period. The rea son .may be due to the 

lesa acidotic state of this group of dogs throughout the hypotensive 

period. In spite of the severe hypotension encountered in the 

dibenzyline dogs, there is lesa acidosis in this group than in the 

other groups of dogs subjected to the same pattern of hypotension. 
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Therefore the severity of hypotension in shock does not necessarily 

mean great er meta.bolic disturbances. The re is no. defini te re1a tion­

ship between severe hypotension a.lone and the irreversible state. 

In spite of correction of hypotension by reinfusion of the shed 

b1ood and infusion of normal saline, 40% of the twenty haemorrha.gic 

shock dogs went into irreversible state and died, while in 

endotoxin shock where thirty-four out of seventy-three dogs received 

no infusion at all, 66% survived permanently (Tables 6 and 19). 

The venous pressures tend to rise at the beginning of each 

experim.ent from 10.7 to 14.1 cm of water (average 12.4) in normal 

dogs subjected to dialysis a.lone. In endotoxin shock dogs, the 

range of initial venous pressure is from 3.6 to 8.5 cm water 

(average e.o.) in both experimental and control dogs. In the 

ha.emorrhagic group of dogs, mean venous pressures ranged from 

4.3 to 6.7 cm water (average s.s). The depression of venous 

pressures in haemorrhagic shock sametimes to negative values may 

be a ref1ection of peripheral venomotor disturbances. Reinfusion 

of reservoir blooà temporarily restored the venous pressure to 

nonœal levels, indicating that a temporary improvement in cardiac 

output and tissue perfusion !ollows restoration of blood volumes 

to normal. 

The dogs, being lightly anaesthetized, were 1whiningt at 

the beginning of the experiment. This grunting like respiration 

increased intraabdominal. pressure (Val Salva Ma.neuver) and led to 
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rather elevated venous pressures. This also explains why the 

normal dogs subjected to haemodialysis alone showed the highest 

initial mean venous pressures. Terminal elevation o! venous 

pressure is a reflection o! decreasing venous return secondar,y 

to the !ailure of the 1pump' to function ef!iciently. It was 

also observed that sorne permanent survivors exhibited elevated 

venous pressures at the end o! !ive hours. The reason for this 

was that the dogs were already recovering from shock and were 

ready to jwpp off the table. This behaviour was frequently 

observed in endotoxin-morphine permanent survivors. 

The progressive fall of temperatures during haemorrhagic 

and endoto:x:in shock is summa.rized in . the appendices. This 

progressive fall in temperature may. be due to the dog's losa of 

beat to its am.bient environm.ent such as the scale and/or the 

room or it may be a reflection of decreased meta.bolic rate 

seconda.r,y to reduction of effective circülating blood volume to 

vital organs and thermoregulating centres of the brain. 

Temperatures of haemorrhagic shock dogs under the same experimental 

conditions showed a tendency to drop lower than the endotoxin 

dog 1 s temperatures. This is suggestive of a meta.bolic rather than 

the environm.ental cause in the beh&viour of temperature during 

shock (Vassant et al, 1965),. (Longerbeam et al, 1983), since the 

both groups of dogs were exposed to the same environment during 

the experimental period. 
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Tbat there is peripheral vascular resistance during 

haemorrhagic shock is shown by the great resistance to reinfusion 

of the reservoir blood into the dog atter two and one half hours 

in shock. This is the reason wh1' a 50 cc Luer Look syringe had 

to be employed to reinfuse the dogs intraarteriilly. The resistance 

was hardly encountered in the dogs which were pretreated witb 

dibenzyline. In tact, most of these dogs auto reinfused by mere 

elevation of the reservoir stand to a higher level. 

This simple experimental observation stongly supports the 

arguments of those who advocate the use of ganglionic blockers 

during shock to overcome the vasospastic effects of endogenous 

catecholamines. 

The average weight losa of s, dog during five to six hours 

of haemorrhagic and endoto~ shock is 1.5 kg. This is prob&bly 

due to evaporation and losa of water through the respiratory 

system. Out of ten dogs subjected to mechanical effects of 

dialysis, in spite of restoration of the weight lest during the 

experimental period, only 10% survived. This observation implies 

that replenishment of lost fluid &lone does not alter the 

course of irreversibility. 

The major blood changes in both ha.emorrhagic and endotoxin 

shock, particularly in the former' consista of decreases in 

arterial pH, pC02 and bicarbonate concentration with increases in 

the concentration of lactate. The pH of control arterial blood 
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varies between 7.28 and 7.4~ (Dd.ttmer, 1961) (Table 21) 1 averaging 

7 .as. During endotoxin shock, the pH of both experimental and 

control animale remained practically within normal limita ranging 

between 7.27 and 7.58 (average 7 .54) while in ba.emorrhagic 

shock dogs, pH ranged betwéen 7.12 and 7.38 (average 7.25). 

In the en~otoxin group there was hardly any difference between 

the pH of dialysed doga and that of the èontrol dogs. The reason 

for this similarity may be that the dogs were not followed for 

a period of ever five hours. Probably, if blood etudies were 

made eight to ten hours after endotoxin administration, the pH 

might have shown significant acid.otic leveu. However Va.ssant 1 

Weil et al (1963) 1 working on patients with bacteremic hypotension, 

tound , no signiticant acidosis in these patients. Their blood 

pH value was also normal and the pC02 measurem.ents showed no 

consistent values. Correcting the pC02 to 40 mm Hg the pH becomes 

highly acidic in botb expetimental and control dogs, .ranging from 

7.05 to 7.25 (average 7.14). The dialysed dogs do not show any 

significant correction of pH to normal values (Table 18). 

After correction of pco2, haemorrhagic shock dogs show a 

ver,y severe acidosis with the pH ranging from 7.0 to 7.57 

(average 7.18). After initiation of dialysia there is a slight 

elevation of pH from 7.0 to 7.22. Dialysis does seem to counter­

act metabolic acidosis either by diluting the acids or by 

dialysing out lactic and phosphoric acids through osmolarity 
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gradient difference between the bath and the plasma. 

Dibenzyline dogs show the least pH depression in haemorrhagic 

shock dogs. This attem.pt at ma.intaining a normal pH during 

haemorrha.gic ahock is perhaps indicative of the drug'a ability 

to prevent aggregation of cells, im.prove tissue perfusion and 

counteract the formation and accumulation of metabolites. It 

seems that prevention of metabolic derangements and accumulation 

of tissue metabolites play one of the key roles in the irreversible 

pheno.menon. Dibenzyline ia antia.drenergic and therefore improves 

the tissue perfusion by relief of venous apasm, prevention of 

blood sequestration and collection of by-products of anaerobie 

meta.bolism. 

It is also interesting to note tbat blood reservoir pH, 

peo2, bicarbonate and lactic acid were within normal limita 

(Table 18). This blood bas not undergone the active anaerobie 

metabolism that goes on in a dog that is in.shock. 

Normal arterial pC02 in a dog ranges between 30.0 and 

45.7 (average 36.4). The~e is general reduction of pC02 during 

haemorrhagic and endotoxin shock (Table 4). This is more marked 

in haemorrhagic shock dogs wbich did not receive any treatment. 

'l'he general depreë-èion ·:of pQQ:t·was' l~ss mai'k~d: -in 'those dogs ·WÎli:èh 

were treated with dibenzyline. In both endotoxin and haemorrhagic 

shock dogs treated with dialysis there was less depression of 
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pCOe (Table 15). The increased pulmonary ventilation that occurs 

during shock is responsible for the general reduction of plasma 

pCo2• The more severe the acidosis the more the animal hyper­

ventilates in order to compensate. Reduction of pCOe leads to 

reduction in plasma bicarbonate concentration. The nature of 

the acid-base changes is shown by the graph on Figures 14 and 15 

which show a positive relationship between bicarbonate concentration 

and lactic acid. This is indicative of the tact that the chief 

metabolite responsible for acidosis is lactic acid, As dibenzyline 

and dialysis correct acidosis to a degree, there is less reduction 

of pCQe in animals subjected to these two forms of treatment. 

The same correlation between levels of lactic acid and 

pH were observed in both endotoxin and haemorrhagic sho~k dogs. 

The lower the pH the higher the lactic acid (Figs. 16 and 17). 

This finding confirma the previous observation. that the chief 

cause of acidosis in these two for.ms of ·ahock is lactic acid 

(Hardaway, 1962), (Cannon, 1918), although.saœe other acid may 

help to aggravate the pieture. 

Bicarbonate of control art&rial blood averagecl 33.5 meq/1, 

ranginJi between 27 .o and 40 meq; 1.. During haemorrhagic and 

endotaxin shock, the values of bicarbonate show a general 

tendency towards reduction. However, in the dogs'that were 

dialysed or pretreated with dibenzyline, there was a tendency 
' ' 
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towa.rds preservation of bicarbonate at higher levels. In the 

haem.orrhagic shock dogs where bicarbonate is severly depressed 

at the end of two and one half hours, institution of dialysis 

raises the bicarbonate values to reasonably high values. This 

rise of bicarbonate following dialysis is significant when 

correlated with a concomitant rise in pH and depression in 

lactic acid. This finding is not so marked in control dogs. 

Dialysis does seem. to correct .raetabolic acidosis during shock. 

We can reasonably postulate that dialysis causes p.bysiological , 

preservation of base bicarbonate becauae the mechanical-effects­

of-dialysis dogs, which also received saline, do not show this 

tendency of preservation of bicarbonate that ia amply dem.onstrated 

in dialysed dogs (Tables 12, l5, 17, 18) • This is more marked 

in endoto.xin than haemorrhagic shock dogs. In the latter, 

dialysis does not seem to be capable of preserving bicarbonate. 

Dibenzyline, in this respect, is superior to. dialysis. 

Dibenzyline dogs show the slightest reduction of 

bicarbonate throughout the ahock period. This was pointed out 

previously as due to better perfusion of all the organs of the 

body. 

The lactic acid concentration of the blood of control 

ani mal s varied from 1.4 to 2. 3 meq/1. The increase in blood 

lactate that tollows shock accounts tor the acidosis that is 

encountered in this syndrome. This is more marked in haemorrhagic 
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than in endotoxin shock. This reflects the very severe lactic 

acidosis that is encountered in haemorrhagic shock. Prolongation 

of this state for over two and one hal! hours is fatal even 

though the acidosis and the hypovole.mia are corrected. Endotoxin 

shock dogs show only a moderate increase in lactic acid during 

shock. This is probably due to the fact that the animals in 

this study were not in severe enough acidosis to reflect a 

marked change in lactic acid (Table 18). Following dialysis, 

there is a slight reduction of lactic acid in haemorrhagic shock 

dogs. Dilution ef.t;ect of the saline may account for this fall 

since reservoir blood lactic acid was four times lower than the 

blood lactic acid. Since there is no marked lactic acidosis 

in endotoxin shock, dialysis does not produce any sigriificant 

changes. Dibenzyline dogs were spared of severe lactic acidosis 

during the whole period of shock. 

The progressive rise in hem.a.tocrit during shock is due 

to plasma loss (25% - MacLean and ~ieU, 1956) (7% - Grable et al, 
' 

1965). Whatever the amount of plasma lost, there is some 

progressive elevation of hematocrit during endotoxin shock. It 

is higher in haemorrhagic shock where some dogs show hematocrite 

as high as 65%. In dialysed haemorrhagic shock dogs, hematocrit 

tends to faU at the end of the experimental period while in . 

endotoxin shock, hematocrit remains fairly constant. In both 

cases, this fall can be attributed to the infusion of 5% D/N.S. 
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during dialyaia. Dibenzyline dogs show ateady hematocrit values 

which are kept at levels close to normal throughout the experimental 

period. This observation. supports the fact that dibenzyline 

preventa aggregation of cella and thus improves tissue perfusion. 

The major changes in arterial blood electrolytes during 

shock are characterized by hyperkalemia and hyperchloremia in 

both control and experimental animale. This finding bas. been 

observed b,y other investigators in this field.(Richards# 1943, 1944), 

(Wilson, 1965), (iWiggers, 1950), (Page, 1961). This is postula.ted 

to be due to emigration. of the chloride and potassium ions from 

the cell to the extracellular space. There is general tendency 

towa.rde hypona.tremia. as shock progresses. Diben.zyline and dialysis 

have a tendency to keep plasma sodium at normal constant values 

during shock. 

The general fall in plasma potassium observed in dialysed 

and mecha.nical-effects-of-dialysis dogs. is probably due to 

saline ini'usion whlle the hypokale.mia may be the result of the 

dilution effect of 5% D/N.S. This reasoning is fortified by 

the fact that control groups which did not receive saline showed 

a general tendency towards hyperkalemia as pointed out before. 

These changes in the blood constituants indicate the 

nature and the extent of som.e of the metabolic disturbances 

which occur when blood flow is elowed by decreasing the blood 

volume. Measurements of arterial pH, pC02 and lactate therefore 
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provide further quantitative criteria not only for determining 

the depth or degree of shock, but also for testing at various 

stages the effectiveness of transfusion or any other therapeutic 

procedure. 

One of the most interesting observations in these experimenta 

is the correlation of aurvival time between the different groups 

of animals (Table 22). The survival time and percent survival 

rate in each experimental group of animals is summarized on 

Table 22. There is a definite correlation in su1~ival time 

between the endotoxin control dogs and the endotoxin-mechanical­

effects-of-dialysis animale. The former group bad an average 

survival time of 10.4 hours while the latter averaged 10.1 

hours. The two groups received 5 mg;kg endotoxin. Their main 

difference is that one group was subjected to the pumping effect 

of haemodialysis while the other group received no other for.m 

of trauma besides the endotoxin. Pumping the endotoxin shock 

dog without a kidney coil and bath or shocking the animal without 

any added insult have practically the same .m.ortality rate. The 

survival rate of delayed dialysed dogs using old and new coils 

is 50% while that of early dialysed dogs with old and new coils 

is also 50%. This see.m.s to point out that delayed dialysis does 

not seem to have a greater advantage over early dialysis in the 

treatment of endotoxin shock. The use of new sterile coils 
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yielded 7(JJ. sw·vival rate. '!he efficiency of the new kidney 

coll is reflected in the additional 20% survival rate. It is 

also noted that early dialysis or late dia1ysis have a mortality 

rate alœost seven times as 1ow as in the two control groups. 

These facts indioate that haemodia1ysis is of some value in 

baoteremic shock. 

The !act that morphine-endotoxin-dialysed dogs bad no 

permanent survivors whlle the controls bad 6e>:' aurvival rate 

is intriguing. It ia very likely that morphine has a protective 

effect on a dog subjected to endotoxin. The dialysed dog was 

deprived of this protection as morphine wae probab1y dialyaed 

into~" the bath. 8ome pharmacological interaction between 

morphine and endotoxin, beneficial to the dog, may have been 

responsible for protecting the dogs from the lethal affects of 

endotoxin. A larger number of dogs is needed to interpret 

these findings statistically. 

In the haemorrhagic shock dogs which were subjected to 

haemodialysis, only 30% survived whi1e the controls in the same 

group had 20% survival rate. This is an interesting finding. 

It has been noted that haemorrhagic shock produces a marked 

state of lactic acidosis (Tables 15, 17 and 18) with m.a.rked 

dep~ession of pH to levels as 1ow as 7.0. We have also observed 

that in our experimenta there is an apparent elevation of pH to 

7.22 and base bicarbonate from 8.2 to 20 meq/1 after dialysis 
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and a significant lowering of lactic acid from 9.7 to 6.5 meqjl 

coupled with an elevation of pC02 from 18 to 23 mm Hg. This is 

in contrast with the endotoxin group whose chemistries and 

electrolytes were practica.lly within nonna.l limits. In .. a_plte 

of hardly any acidosis during endotoxin shock, 50% of the early 

dia.lysed dogs died in irreversible shock, while the undialysed 

dogs in the same group had a mortality rate of 93%. In haemorrhagic 

shock, although correction of the pH is apparently accamplished 

by haemodialysis, yet the mortality rate is 70%. 

Comparing the morta.lity rates of the endotoxin and 

haemorrhagic dialysed dogs and correlating them with the degree 

of chemical and electrolyte disturbances, it seems that while 

acidosis plays a role in the irreversible phenomenon of shock, 

it is not the chief actor on the stage since the drama can go 

on to the end with or without it. ·This conclusion is fortified 

by the observation of chemistries and electrolytes in dibenzyline 

treated dogs. Even though these dogs maintaineà their blood 

chemistries and electrolytes close to nor.mal levels throughout 

shock, only 30% survived per.manently. 

The questions that come to our mind are: How ào we 

account for better results of haemodialysis in the treatment of 

endotoxin shock? ~1Jhat are we dialysing in endotoxin shook which 

is not àialysable or absent in haemorrhagic shock? Could the 

substance or substances be catecholamines and/or histamine or could 
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this be some bacterial toxic product or is it the endotoxin 

itself that is dialysed out before it sauses irreversible 

damage to cella? It is possible that histamine and catecholamines 

are in greater concentration in endotoxin shock than in 

haemorrhagic shock. One important difference between these two 

groups is that dialysis 1 in spite of its correction of the 

acidotic state in haamorrhagic shock1 does not seem to be of 

value in the t1·eatment of this condition. One reason may be 

that when dialysis be gins ( two and one hal! hours after shock 

bas begun), the animal is already in a state of irreversibility; 

thus at this stage this for.m of treatment appears to be an 

addition of another insult to injur,y. 
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CHAPTER VI. 

SUMMARI AND COWŒNTS. 

1. One hund:red and tbirty-four dogs were employed in thia 
. 

series of experimenta. One hundred. and nineteen were subjected 

to experimental shock. Forty were subje~ted to ~aemorrhagic 

shotk whlle seventy-nine dogs were given a lethal dos·e of 

E. Coli. Blood chemistries and'electrolytes were determined 

in seventy dogs which were diVided into: five nor.mal, twenty-

five endotoxin and forty haemorrhagic. Vital signa were 

recorded in all the dogs except five nor~l and six endotoxin 

dogs which did not require.these parameters. 

2. The review of literature on endotoxin and hae.m.orrha.gic 

sbock was presented witb special reference to the feasibility 

of employing haemodialyais in the treatment of these two 

for.ms of hypotension. 

3. Dialysis is a relatively innocuoucs .torm. of treatment 

whieh bas been clinically employed for a wi4e variety of 

conditions which include: acute and ehronic uremia, aeute 

tubular necrosis, acute pancreatitis, a.cute glomerulo-

nephritis, hemoglobinuric and myoglobinuri.c nephrosis, 

hepatorenal syndrome, acute renal failure supervening on 

existing renal disea.se, chemical nephrosis, salicylate and 
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barbiturate poisoning. 

The artificial kidney can correct intractable oedema 

by ultrafiltration of 1,000-2,000 ml. in one hour (Kolff, 

1954). Electrolyte derangements are encountered in many 

disease entities, many of which are associated with acute 

or ehronie renal disease-. Haemodialysis, if performed with 

enough caution, ean restore electrolyte composition of blood 

plasma to normal more rapid.ly than can the na tural kidney or 

any diuretic. 

4. Haemodialysis was the principal for.m of treatment 

used in haemorrhagic and end.otoxin shock. The resul ts 

obtained with this form of treatment indicate that dialysis, 

if combined with antibioties, cardiae glycosides and oxygen, 

has a place in the treatment of endotoxin shock. 

It is also reasonable to conclude that if aseptic 

technique was used in conjunction with dialysia and. anti­

biotics, more dogs could have survived the fatal effects of 

endotoxin. 

s. Dibenzyline was used in a group of haemorrhagic shock 

dogs and its effect on blood chemistries and survival time 

has been discussed. Dibenzyline, while it produces hypotension 

by its sympatholytie action, also causes vasodilation of the 

vessels in those parts of the body where blood is most 

needed (heart, small intestine, liver and kidney). It appears 

that the greatest benefit rendered by dibenzyline in 
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haemorrhagic shock is in the opening up of the arteriolar 

portion of the circulation. This is so vital to tissue 

perfusion that even if shock is induced, anoxia does not 

take place so rapidly. 

In spite of its.a.pparent gooà eft'ects on circulation, 

dibenzyline did not markedly improve the survival rate in 

anjmals subjected to haemorrhagic shock. It is possible 

that a larger dose than the one used in this series may give 

better resulta. 

6. Morphine, for some obscure reason, seems to have some 

protective effect on dogs subjected to endotoxin shock. This 

observation needs more data to have same statistical value. 

7. The major changes in blood chemistry and in acid-base 

balance which occur in haemorrhagic and endotoxin shock consist 

of progressive decreases in pH and arterial C02 content and 

progres&ive increases in the concentration of lactate and 

possibly phosphate. The metabolic acidosis, which is present 

during shock, is partly compensated for by a reduction in 

arterial co2. 

There is no definite relationship between blood chemical 

derangenents and survival in these series of experimenta. 

a. Dialysis has no place in the treatment of haemorrhagic 

shock. It could be useful if instituted before the onset of 

the irreversible stage. 
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CHAPTER VII. 

COllCLUSION. 

1. Dialysis of a normal dog without any secondar,y infection 

is compatible with life. 

2. In endotoxin shock, haemodialysis, if instituted within 

tive hours of infection, ca.n prevent animal.s frOIIl going into 

irreversible sbock. It is possible that some patients who are 

seen in the early phases of bacteremic shock may benefit from 

this type of' treatment since the mortality in this f'orm of' 

hypotension is still high. 

3. Endotoxin must release some toxic by-product, which 

contributes towards irreversibility and this substance or 

substances must be àialysable. 

4. Combin&tion of haemodialysis with antibiotics in treating 

endotoxin shock must yield better resulta than haemodialysis 

or antibiotics alone. 

S. Haemodi&lysis is not an effective treatment. of haemorrhagic 

shock. It may however be useful if used before irreversible 

changes have taken place. 

6. Haemorrbagic shoek produces a very severe acidosis, 

correction of which does not seem to alter the fatal trend 

in the majority of animals. Less metabolic derangements are 

encountered in endotoxin shock. 
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7. Th~ major changes in the arterial blood chemistries 

and electrolytes after haemorrhage and endotoxin administration 

consist of decreases in the pH, peo2 and sodium and increases 

in lactate and potassium. 

a. While metabolic acidosis is postulated to play an 

important role in the irreversible phenomenon, it does not 

seem to play a vital role, since its correction or absence 

does not necessarily reverse the fatal trend of shock. 

9. Dibensyline, while .maintaining chem.i.stries and electrolytes 

at near normal levels during haemorrhagic shoek, does not 

increase the number of survivors. 

10. Progressive fall in blood pressure in spite of dialysis 

or any for.m of treatment is indicative of a poor prognosis in 

any form of hypotension. 

11. Replacement of fluid lost by the dog does not necessarily 

avert the irreversible trend. 

12. Hypotension or olegemia alone cannot be responsible for 

the metabolic and electrolyte derangements in shock because 

dibenzyline dogs, in spite of their prolonged and severe 

hypotension, exhibit less metabolic derangements than the other 

group of dogs with higher blood pressures. 
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APPEBDIX l 

IFFJiiCTS Of DIALYSIS ON pp m4L SIGRS Dl BQRJIAL DOGS JITHOJ.l't PROPDJL4CTIC .ANTIB!O'fl.CS 

A 'rime in Minut.e a 0 5 10 ao 30 40 50 

"temperat-ure in 3'1.3 29•3 3'1.2 36.'1 36.'1 36.5 36.1 
Degreee 
Centigrade a 36 .. 36 - 35.5 - 35.5 - 35.5 - 35.5 - 34_.5 .. 

38•5 38 38.5 38 38 3'1.5 3'1.5 

Blood Pressure 15'1.6 152.8 88.4 96.0 aa.o 138.0 146.0 
in lill ID 

a 130 .. 134 - 60 ·so- '10- 86- 115 .. 
170 1'10 134 150 150 1'14 1'16 

Reart Rlrt.e per 149..2 140 1~4.6 145.2 147.a 139.8 139.2 
IH.nvt.e 

a lOI- 102 .. 142 ":' 132- 90• 69 ... 120. 
180 168 160 ·1'10 1'14 216 156 

Voous Preaaure 14.1 12.'1 13.3 14.4 14.5 12.8 u.o 
in cm Water 

a 9 - 5.5 .. 5.5 .. 6.5 • '1.0 .. 8.0 - 9.0-
24 24 24 16 • 1'1 18 

Bespiratory Ba.te 30 30.6 27.4 u.a 19 19.6 21.4 
per llinut.e 

a 18 .. 20• 15• 15. 15. 15 ... 15 ... 
60 51 51 30 24 24 30 

(Corrt.inued) 

1 

l\) 
0 
(l) 



B "ri111 in Kinut.es 60 '10 80 90 100 llO 120 
(Cont'd.} 

'fempera:t. ure 1:a 36.1 36 36.1 36.1 3'1.9 3'1.9 35.9 
Degrees 
Centigrade R 34.5 - 34.5 - 34- 34.5 - 34- 34- 34.• 

3f 3't 37 3Y 37 3f 3f 

Bl.ood Pressure 142 14o.a 149.6 141.4 143.6 lU 140 
inDIIIl!IJ 

R 120 - 120- us .. 125- 120- 120- 120-
1'10 156 156 156 160 160 160 

Baart. Rate par 144 138 142 156.9 141 148.4 154.4 
llinute 

Jl 120 .. 120. 120 - 134 - 120 .. 134 .. 134 -
156 156 160 180 168 170 aoo 

Yenous Pressure 
in cm Water 1'7.6 16.5 16.3 16.6 16.5 14.5 15.'1 

Il 13 .. 10 .. 9- u.5 - 10.5 - 10 - u.s-
30 30 30 30 30 26 24 

Rea pirat ory Ba.t.e 29.8 21.8 za.o 21.2 22.4 24.6 22.8 
per IU.nute 

Jl 15- 15 - 15 • a- 8 .. 8• 8-
60 34 32 32 32 40 40 

R = Range 

~ co 



DAN TDPERATUU IN DEGBDS CENTIGRADlC OF NOBYAL DIALYSlm DOGS 

. nTHOt11' PROPHYLACTIC ANTIBIOTICS., 

DOG NO. 1 a 3 4 5 DAN ---
TDŒ IN 
JIINU'l'ES 

0 36.5 38.0 36.0 3'1.5 38.5 37.3 

5 36.5 38.0 36.0 37.5 38.5 3'1.3 

10 36.5 38.0 35.5 l'l' .5 38.5 3.'1.2 

20 35.5 38.0 35.5 3'1.0 3'1.5 36.'1 

30 35.5 38.0 35.5 3'1.0 3'1.5 36.'1 

40 35.5 3'1.0 35.5 3'1.0 3'1.5 36.5 

50 35.5 3'1.0 34.5 36.0 3'1.5 36.1 

60 36.0 3'1.0 34.5 36.0 3'1.0 36.1 

70 35.5 37.0 34.5 36.0 3'1.0 36.0 

80 36.0 3'1'.0 34.0 36.5 3'7.0 36.1 

90 36.0 3'1.0 34.0 36.5 3'1.0 36.1 

100 15.0 3'1.0 K.o !a.5 37.0 37.9 

110 35.0 3'1.0 34.0 36.5 3'1.0 l'f.o 

120 15.0 3'1.0 34.0 36.5 3'1.0 35.9 
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DAN SYSTOL!C BLOQD PRESSURK Dt WIn OF NORJf&L DI.&LYSID DOGS 

wrrHOUT PROPHYLACTIC ANTIBIOTICS. 

DOG NO• 1 a s 

'riJIB IR 
1IIR111'E8 

0 180 148 1'10 130 160 157.6 

5 150 140 170 ll4 1'10 152.8 

10 88 134 60 90 'TO 88.4 

20 8) 150 50 100 100 96.0 

30 135 150 '10 130 142 128.0 

40 174 150 86 130 150 138.0 

50 1'16 150 125 132 150 146.0 

60 170 150 120 120 150 142.0 

'10 156 150 125 1.20 150 140.2 

80 156 148 120 118 156 149.6 

90 156 144 125 1.34 148 141.4 

lOO 160 154 120 134 150 143.6 

no 160 150 120 130 150 142.0 

120 160 150 120 134 150 140.0 
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DOG NO. 

TIKK IN 
MINUTES 

0 

5 

10 

20 

30 

40 

50 

60 

'1'0 

80 

90 

lOO 

llO 

120 

DAN BEART RATE PER MINUTE OF NORMAL DIALYSli:D DOGS 

WITHOUT PROPHYLACTIC ANTIBIOTICS. 

1 2 3 4 5 

--

144 180 152 168 102 

144 132 154 168 102 

144 142 160 156 1'11 

132 132 160 131 170 

174 90 160 132 1'10 

216 69 144 120 150 

156 124 144 120 150 

156 150 144 120 150 

156 120 144 llO 150 

156 llO 144 130 160 

144 180 156 134 1'10 

144 120 144 134 168 

144 150 144 134 1"10 

144 150 144 134 200 
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149.2 

140 

154.6 

145.2 

147.2. 

139.8 

129.2 

144 

138 

142 

156.8 

142 

148.4 

154.4 

----------·--------------------------·------------------



lŒAN VENOUS PRESSURE Dl CIL UTER OF NœJW. DIALYSED DOGS 

IITHOUT PROPHYLACTIC ANTIBIOTICS 

DOG NO. 1 2 s 4 5 -- --
'l'ID lX 
liiil1rU 

0 9.0 12.5 13.0 24 12..0 14.1 

5 9.0 5.5 13.0 24 s.o 1.2..'1 

10 9.0 5.5 16.0 • 13.0 13.3 

ao s.5 6.5 16.0 24 1'1.0 14.4 

30 s.s 'T.O 16.0 24 1'1'.0 14.5 

40 9.o s.o 12.0 18 rr.o u.s 

50 9.0 9.0 1s.o 18 16.0 u.o 

60 15 13.0 15.0 30 15.0 1'1.6 

IJ'O 13 10.0 15.0 30 14.5 16.5 

80 13 9.0 15.0 30 14.5 16.3 

90 12 11.5 15.0 30 14.5 16.6. 

lOO 12.5 10.5 15.0 30 14.5 16.5 

110 12.0 10.0 14.0 26 10.5 14.5 

120 12.5 12.5 15.0 B4 14.5 15.'1 
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MUN RESPIRJ.TORY RATE PER YINtJ'rE OF NORMAL DIALYSBD DOGS 

WITHOUT PROPHYLACTIC ANTIBIOTICS 

DOO NO. 1 a 3 4 5 BAN 

------ --
TID Dl 
YINt:I'HS 

0 20 60 28 24 18 30 

5 20 51 28 24 ao 30.6 

10 ao 51 28 24 15 27.4 

20 14 30 28 24 15 24.2 

30 24 18 20 18 15 19.0 

40 24 21 20 18 15 19.6 

50 24 27 12 30 15 21.4 

60 3% 60 12 30 15 29.8 

7'0 34 18 11 30 15 21.8 

80 32 30 8 30 15 23.0 

90 32 30 8 24 12 21.2 

100 32 30 8 30 12 22.4 

110 40 30 8 30 15 24.6 

120 40 30 8 18 18 22.8 



APPBKDIX n 

BFFECTS OF DIALYSIS Œ MEAN VITAL SIGNS IN NORIIAL DOGS 'IITH PROPHILACTIC ANTIBIO'riCS • 

A 'rime in Minutes 0 5 10 ao 30 40 50 

Temperature 3'1.0 36.'1 36.3 36.9 36.95 36.9 36.6 
in Degrees 
Centigrade R 36.5 - ss.s - 36.5 - 35.5 - 36.5 - 36.25 - 36 -

3'f.5 37.5 37.5 37.5 3'1.5 3'1.5 3'1.5 

B1ood Pressure 160•4 122.8 us.4 129.6 147.1 150.0 143.0 
in 11111 Ill 

R 150- so- 55 .. 58- 120- 13.4- 100-
1'70 1'10 162 158 160 160 160 

Beart Ba-te per 149.4 141.5 138.8 132.8 130.0 134.0 13'1.& 
llinute 

R 102 - 98- 120- 102 - 102- 102 .. 112-
1'1"4 168 180 160 162 162 156 

Yenous Pressure 11.1 10.7 10.6 10.9 10.5 10.8 10.4 
in cm 'fater 

R a.s - 6.5 - '1.5 - 8.5 .. 8 - 8- 8-
13 14 14 14 14 16 14.5 

Respirat ory Rate 18.2 ao.a 2'1.2 29.0 20.8 18.2 20.1 
per llinute 

R 12 - 12- 12 - 16 - 16 • 15• ll• 
27 40 54 42 33 21 21 

(Ccmtinued) 
l'V 
l-' 
CJ1 



• Time in Minutes 60 70 80 
( Gont' d.) 

Temperature in 36.2 36.2 36.2 
Degrees 
Centigrade R 36 - 35·5 36 -

37.5 37 36.4 

Blood Pressure 142.6 145.6 149.6 
in nun HG 

R 100 - llO- 120 -
174 174 174 

Heart Rate per 1)2.4 135.8 143.2 
Minute 

R 102 - 112- 112-
152 162 180 

Venous Pressure 10.4 10.3 10.2 
in cm Water 

R 8 - 8 - 8 -
14.5 14.5 1h5 

Respiratory 20.2 21.4 21.6 
Rate per 
Minute R 12 - 18 - 18 -

27 27 27 

90 lOO 

36.2 36.4 

36 - 36 -
36.5 37.5 

146.2 145.6 

llO - 112 -
168 168 

146.6 149.0 

114 - 111 -
168 180 

10.2 10.7 

a..; 7..5 -
14.5 15 

22.0 22.6 

18 - 18 -
36 30 

110 

36.4 

36 -
31·5 

142.0 

lOO -
166 

150.0 

135 -
180 

10.3 

1·5-
15 

24.4 

20 .. 
30 

120 

36.3 

36 -
37.5 

141.4 

lOO ... 
166 

155.2 

120 -
180 

10.2 

7 -
15 

24.0 

24 -
24 

ro ..... 
(J) 
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ME&N TEMPERATURE IN DEGREES CENTIGRADE OF IDRMU. DIALYSED OOGS 

WITH PROPHYLACTIC ANTIBIOTICS 

OOG ID. 1 2 4 5 MEAN 

TI:ME IN 
MINUTES 

0 37.0 37.5 36.5 36.5 37.5 31.0 

5 36.5 37.5 35.5 36.5 37-5 36.1 

10 36.S 37·5 35.S 35-5 36.5 36.3 

20 36.5 31·5 37·5 36.5 36.5 36.9 

30 )6.2 37·5 37-5 37.0 36.5 36.95 

40 36.0 37·5 37·5 37.0 36.5 36·9 

50 36.0 37-0 31·5 36.0 36.S 36.6 

60 36.0 37.0 35.S 36.0 36.5 36.2 

70 36.0 36.5 36.0 36.0 36.5 36.2 

80 36.0 36.5 36.0 36.0 36.5 36.2 

90 36.0 36.5 36.0 .36.0 36.5 36.2 

100 36.0 36.0 31·5 36.o 36.5 36.4 

llO 36.0 36.0 31.S 36.0 36.S 36.4 

120 36.0 36.0 31·5 35.5 36.5 36.3 
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MEAN SYSTOLIC BLOOD PRESSURE IN MM HG OF N:>RMAL DIALYSED DOGS 

WITH PROPHYLACTIC ANTIBIOTICS. 

DOG N:>. 1 3 4 5 MEAN 

TIME IN 
MINUTES 

0 160 162 150 160 170 160.4 

5 170 50 150 90 154 122.8 

10 120 55 120 120 162 115.4 

20 150 58 158 126 156 129.6 

30 150 150 160 120 156 147.2 

40 150 156 160 134 150 150.0 

50 120 160 160 100 145 143.0· 

60 150 154 174 lOO 135 142.6 

70 150 158 174 110 134 145.6 

80 160 160 174 120 134 149.6 

90 160 160 168 110 135 146.2 

lOO 160 154 168 112 134 145.6 

110 160 150 166 lOO 134 142.0 

120 156 150 166 lOO 135 141.4 
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MEAN HEART RATE PER MINUTE IN NORMAL DIALYSED DOGS 

WITH PHOPHYLACTIC ANTIBIOTICS. 

DOG W. 1 2 3 4 MEAN 

TIME IN 
.MINUTES 

0 174 171 102 132 168 149.4 

5 168 170 98 112 160 141.3 

10 138 180 120 120 144 138.8 

20 102 150 150 102 160 1)2.8 

30 112 134 162 102 140 1)0.0 

40 112 144 150 102 162 134.0 

50 112 154 150 114 156 137.2 

60 112 152 152 102 144 132.4 

70 123 138 162 112 144 135.8 

80 120 180 160 112 144 143.2 

90 140 168 166 114 145 146.6 

lOO 144 180 160 111 150 149.0 

llO 140 150 180 135 145 150.0 

120 146 180 180 120 150 155·2 
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DAN 'VENOUS PRESSURE IN CU: WATER OF NORKAL DULYSED DOGS 

IITH PROPHYLACTIC ANTIBIOTICS 

-- --
DOO NO. 1 2 3 4 5 

TIB IX 
MINUT:S:S. 

0 10 a.5 lZ•O 12.0 13.0 11.1 

5 9.0 6.5 12.0 12.0 14.0 10.'1 

10 9.8 7.5 12.0 10.0 14•0 10.6 

20 a.5 a.5 13.0 10.5 14.0 10.9 

30 a.o a.5 11.5 10.5 14.0 10.5 

40 a.o 8.5 11.5 10.0 16.a0 10.8 

50 a.o 9.o 10.5 10.0 14.5 10.4 

60 a.o 9.0 10.5 10.0 14.5 10•4 

70 a.o 9.0 10•0 10.0 14.5 10.3 

80 a.o 9.0 10•0 10.0 14.5 10.2 

90 7.5 8.5 10.0 10•5 14.5 10.2 

lOO 7.5 s .. s 10.0 12.5 15.0 lO.'T 

llO 7.5 a.s 10.0 10.5 15.0 10.3 

120 7•0 a.s 10.0 10.5 15.0 10.1 



BAN RESPIRATORY RATE PER MINUTE IN NORMAL DIALYSi:D DOGS 

WITH PROPHYLACTIC ANTIBIOTICS 

DOG NO. l :2! 3 4 5 MlWl 

-------- ----
TIME IN 
MINUTES 

0 27 12 24 12 16 l8.a 

5 40 12 24 12 16 20.8 

10 54 12 24 30 16 27.2 

20 33 42 30 84 16 29.0 

30 lB 21 33 21 16 20.B 

40 18 21 15 21 20 lB.a 

50 lB ao 12 21 16 20.2 

60 1B 20 l2 2'1 24 20.2 

'10 18 20 18 2'1 24 21.4 

80 21 lB 18 27 24 21.6 

90 20 lB lB 36 24 22.0 

lOO 20 21 18 30 24 22.6 

llO 20 24 24 30 24 24.4 

120 24 24 24 24 24 24.0 
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SURVIVAL TDŒ OF DOGS SUBJECTED TO H.Ua.lODIALYSIS 

WITH AND WITHOUT PROPHYLACTIC ANTIBIOTICS ___ , 
DOG NO. 1 % 3: 4 

---
No AntibiotiC' 
Group 4 Days· 4 Days 4 Day. 4 Daya 

Antibiotic 
Group 4 Weeka 4 Weeb 4 Weeks 4 Weeka 

5 

5 Day. 

5 Daye 

l\:) 
N 
l\:) 



APPiliD!X IU 

MJi:AN VITAL SIGNS OF CONTROL DOGS SUBJEOT.ZD TO 3 IIG/ICG ENDOTOXIN 1. COLI (DIFOO) • 

---
A TilH in Minutes 0 15 30 45 60 75 90 105 120 

----------
Temperature 3'7.51 37.32 36itB 36•5 36.49 36.08 36.0 35.86 36•11 
in Degrees 
Centigrade R 35.5 - 34.5 - 32.5 - 32.5 .. 31.5 - 31 - 31 .. 31.5 - 31.5 -

40 39 39 39 40 39 39 39 40 

Blood Pressure 154 134 119 109 95 90 89 89 88 
in ... Hg 

R 118 - 40 ... 20 - aa- 30 - 20 - 20 .. ao- lB • 
190 170 168 170 155 140 140 144 150 

Heart Rate 154.07 140 132.57 139.93 146.07 149o.57 163 158.93 160.86 
per Minute 

R '15- 72 ... '15- 84- 96- llO ... 140 - 108 - 110 • 
232 23% 210 180 195 180 210 192 192 

Tenous Pressw-e 6.5 5.4 5.1 4.7 4.5 4.3 3.9 4.4 4.1 
iD cm Water 

B. 3.5 - 3 - 2.5 .. 2 - 2 .. leS - 1.5 .. 1.5 - 1.5 -
11 8 14 10 9.5 11 8 9 7•5 

Respiratory 29.5 27.64 23.86 26.79 33•86 33.14 30.5 29.93 30.43 
Rate per 
Minute R 9 ... 15 .. 6 ... 5 - 15 - 12- 12 - 1.2- 15 -

66 48 45 48 57 66 60 54 45 
1 

1'\:) 
!'\:) 
C)ll 



B Time in Jfinutea 135 150 165 
{cont •c~.!.l._ __ -

Tempe :rat ure 36.03 3CL .. 3 36.2 
in Degrees 
Centigrade a 31.5 - 31.5 .. 31.5 -

39.9 39.9 39.5 

B1ood Pressure 89 8'1 93 
in mm Hg 

R 25• 25 - 15 -
150 150 150 

Heart Rate 169.n 181•5 18'1.8 
per Jliaute 

R 112 - 112 - 120-
212 240 2'10 

Venous Pressure 4.5 3.9 5.5 
in cm l'ater 

R 1.0 - 1 - 1.5 -
12 12 12 

Respiratory 26.7 2.'1'.79 26.6 
Rate par 
Jlinute a 15 .. 18 - 18-

45 45 40 

........ 

180 195 

-
36a.1 36.0 

31.5 - 31•5 -
39 38•5 

95 M 

30- 45 -
145 150 

184.'1 189.9 

132 - 130 ... 
268 280 

6.2 6.5 

2 - 2 -12.5 12.5 

2'1.0 25.1 

18 - 6 -
45 42 

210 

--
35.5 

31 
38.5 

95 

45 .. 
150 

186io6 

120 -
2'15 

6•'1 

2 -
14.5 

24.1 

6 -
39 

22.5 

34.9 

31 
3'1 

96 

45 -
145 

18'1.3 

120 -
280 

5.9 

2 .. 
14 

25.1 

18-
36 

240 

34.6 

31 
3'1 

95 

45-
145 

18'1•8 

130-
2'10 

5.6 

2 .. 
14 

24.5 

18 -
41 

• N 
N 
tf:>. 
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MEAN TEMPERATURE IN DEGREES CENTIGRADE OF CONTROL DOGS 

SUBJECTED TO ENDOTOXIN 3 MG/KG E. COLI ( DIFCO) 

DOG NJ. 1 2 3 4 5 6 7 

TIME IN 
MINUTES 

0 35·5 38.2 38.7S 36.'[5 38.o 39.0 37-5 

15 3S.S 38.25 37-7 37.0 37.0 39.0 37-5 

3D 32.,5' 39.0 38.0 37.25 35.5 3B.o 36.5 

45 32.5 39.0 38.5 31-5 33.0 38.0 35.S 

60 31.5 39.0 38.5 31.5 32.5 39.0 35.0 

15 31.0 3B.o 38.0 37.S 32.0 39.0 34.0 

90 31.0 38.5 38.0 37.0 32.0 39.0 34.0 

lOS 31.5 38.5 37.5 31·5 32.0 39.0 33.0 

120 31.5 38.5 31·5 31-5 32.0 39.0 33.0 

135 31.5 38.5 37.0 37-5 32.0 39.0 33.0 

150 31.5 38.,5 37.0 37.0 39.0 33.0 

165 31.5 37.0 37-.5' 37.0 39-0 33.0 

180 31.5 31-5 37-5 37-5 38.,5 32.,5' 

195 31.,5' 37..5' 37.0 31-5 38.5 32.,5' 

210 31.0 36.5 37-0 36.5 38.0 32.5 

225 31.0 J6.o 36.5 36.0 37.0 32.5 

240 31.0 36.0 36.5 35.0 37.0 32.,5' 

SURVIVAL 
TIME IN 24 10 7t 2' 50" 9 4'4S" 
HOURS 

• - 225 -
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B DOG ID. 8 19 'Î.l 12 1~ 14 MEAN 
(Cont'd.) 

TIME IN 
MINUTES 

0 37-5 38.0 37·5 J6.o 40.0 35·5 37.0 37.51 

15 37-5 38.0 37-5 36.0 40.0 34.5 37.0 37-32 

JO 36.0 J8.o 39-0 36.0 39.0 35.5 35.5 36.8 

45 31·5 39.0 39.0 35.0 39.0 34.5 JJ.O 36.5 

60 39·5 38.o 40.0 36.2 38.0 34.5 33.2 36.49 

15 36.5 38.0 39.0 36.2 J8.o 34.5 33.0 38.08 

90 36.0 38.0 39.0 36.0 38.0 34.5 33.0 36.0 

105 36.0 38.0 39.0 36.0 38.0 33.5 33.0 35.86 

120 36.0 J8.o 40.0 36.0 38.0 33.5 35.0 36.11 

135 36.0 38.0 39·9 36.0 38.0 33.0 35.0 36.03 

150 36.0 38.0 39·9 36.0 J8.o 33.0 35.0 36.3 

165 36.0 38.0 39·5 36.4 38.o 33.0 35.0 36.2 

180 35-5 JB.o 39.0 36.0 38.0 33.0 35.0 36.1 

195 35-5 38.0 38.5 36.0 38.o 33.0 35.0 36.0 

210 35.5 38.5 35.5 37.5 32.5 35.0 35.5 

225 35.5 35.5 37.0 32.5 34.5 34.9 

240 35·5 35·5 36.0 32.5 34.0 34.6 

SURVIVAL 
TIME IN 6 .3! 3'50" 8 30 24 8 10.5 
HOURS 



A. DOG l'tl. 

TIME IN 
MINUTES 

0 

15 

3D 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 

195 

210 

225 

240 

SURVIVAL 
TIME IN 
HOURS 

MEAN BWOD PRESSURE IN .MM HG OF CONTROL DOGS 

SUBJECTED TO 3 MG/KG ENDOTOXIN E. COLI ( DIFCO). 

1 2 3 4 5 6 

150 155 170 190 150 145 

lOO 105 170 150 40 150 

90 115 168 lOO 55 155 

95 90 170 95 55 112 

115 80 150 80 55 72 

120 55 120 15 55 65 

130 64 lOO 60 55 104 

132 98 85 60 45 105 

132 lOO 85 60 40 lOO 

122 102 90 60 40 150 

120 104 92 60 98 

130 104 90 65 98 

132 115 95 65 98 

108 llO 95 65 95 
llO llO 95 68 95 

114 108 85 65 95 
112 108 85 65 95 

24 10 7t 2'50" 9 

- 227 -

7 

155 

155 

150 

lOO 

82 

82 

75 

75 

15 

15 

72 

72 

72 

70 

70 

70 

70 

4'45" 
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B DOG :00. 8 9 10 11 12 13 14 'MEA.N 
(Co nt' d.) 

TIME IN 
MINUTES 

D 175 158 166 140 150 130 118 154 

15 164 152 170 .154 120 140 104 134 

30 160 122 158 154 130 90 20 119 

45 170 105 150 154 140 80 22 109 

60 155 lOO lOD lOO 128 90 30 95 

75 155 95 80 98 124 120 20 90 

90 115 95 80 95 120 140 20 89 

105 105 94 78 95 120 140 20 89 

120 102 90 78 92 125 144 18 88 

135 102 85 78 118 130 150 25 89 

150 lOO 84 78 ll8 120 150 25 87 

165 lOO 85 78 ll8 120 150 25 93 

180 lOO 85 72 lOO 120 145 3D 95 

195 98 90 70 112 ll8 150 45 94 

210 98 74 ll2 115 148 45 95 

225 99 112 115 145 45 96 

240 lOO lOO ll5 145 45 95 
SURVIVAL 
TIME IN 6 3 3'50" 8 30'" 24 8 10.5 
HOURS 
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IŒAN H&ART RATE PER IIINUTE OF CON'l'ROL DOG8 

SUBJECftD 1'0 3 MG/KG ENDO'l'OXIN :&. COLI (DIFCO). 

--
A DOG NO. 1 2 4 5 6 , 
--- -----
'fiD IN 
Miw.rES 

0 120 126 160 100 185 165 165 

15 't2 98 160 102 150 180 138 

30 90 90 156 88 162 135 '15 

45 132 130 162. 84 135 180 130 

60 148 132 180 96 165 114 150 

75 150 136 180 llO 180 162 126 

90 1'16 162 180 150 153 1'14 138 

105 108 1'16 180 l.%8 150 170 162 

120 llO 180 1'14 130 160 162 1'14 

135 112 180 180 130 156 210 170 

150 112 180 180 130 240 1'12 

165 120 180 180 132 270 1'10 

180 140 180 180 135 268 168 

195 135 190 190 130 280 168 

210 120 192 180 144 275 170 

225 120 200 180 130 280 1'10 

240 135 200 180 135 2'10 160 

SURVIVAL 
TID m 10 'li 5 a• 5o- 9 4•4s-
HOURS 



- 2:30 -

B DOG NO. 8 9 10 11 12 13 14 JIIWI 

(Co1Ji'4·L-- --
TDIE Dl 
KINUTKS 

0 120 232 75 156 130 210 213 154.0f 

15 132 232 84 132 140 160 180 140 

30 210 180 '15 165 100 180 150 u2.st 

45 162 168 100 150 98 1'18 150 139.93 

60 195 164 114 140 108 180 159 146.0'1 

'15 162 150 120 138 150 180 150 149.5f 

90 210 150 14'1 140 160 180 162 163 

105 192 150 189 140 1'10 132 148 158.93 

120 192 180 1. 162 1'12 132 132 160.86 

135 210 192 162 162 170 212 120 169.21 

150 210 195 162 240 1'10 212 120 181.5 

165 220 230 160 240 1'10 200 120 18'1.8 

180 214 225 1'10 238 1'15 1'18 132 184.7 

195 222 23a 1ft 2'10 1'10 180 130 189.9 

210 210 180 260 168 212 128 186.6 

225 220 240 1'10 220 130 1at.s 

240 220 240 168 220 130 187.8 

auavnu. 
'l'DŒ Di 6 
HOURS * 3•so- 8 30'1 8 10.5 



... DOG. NO • 

DAN Vl!:NOU:S PIUCSSURJI: Dt t.11 WATD OF COBTROL DOGS 

St1B.l'BCTBD fO 3. S/IG iNDOTOXDt &. COLI (DIFCO). 

l a 3 4 5 6 

- 231 -

'1 

-- --- -------
TDII D 
nwms 

0 a.o 9.0 8.5 7.5 '1.0 '1.0 11.0 

15 6.5 a.o '1.5 4t.O a.o 6.0 '1.5 

30 6.5 5.0 8.5 a.o a.o 3.5 a.5 

45 6.2 5•5 a.s a.o a.o 4.0 a.s 

60 6•5 s.s 9.5 3.0 a.o 5.0 a.o 

'15 6.5 5.0 11.0 a.o 1.5 4.5 a.o 

90 '1.0 4.5 a.o a.o laS 3..5 a.s 

105 '1•0 4.5 'f.O a.5 3.0 4.5 a.s 

120 '1.5 5.0 6.5 a.5 4.0 4.5 2.5 

135 '•5 4.5 6.5 a.5 s.o 4.5 2.5 

150 6.5 4.5 6.0 2.5 4.5 a.s 

165 6.5 4.5 6.8 6.5 s.o s.s 

180 6.0 5.5 6.8 6•5 5.0 4•5 

195 '1.0 s.s '1.0 '1.5 5.0 4•5 

21.0 a.o 5•0 7.5 '1.5 s.o 6.0 

225 9.5 s.o '1.5 '1.0 s.o '1.0 

240 t•S s.o '1.5 '1.0 6.0 s.o 
SUR VIf AL 
TDII Il 10 5 a• sa- 1 4'4st-
HOURS 
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B DOO NO. 8 9 10 11 12 13 14 llllH 

~~--- ---- ---
TID Dl 
JfiNU"1'ES 

0 4.0 5.0 5.0 3.5 4.0 3•5 a.o a.s 

15 6.5 3.5 4.5 a.5 a.o s.s 4.0 s.4 

30 a.o 2.5 14.0 3.5 4.5 3.5 4.0 5.1 

45 T.5 a.5 10.00 z.s 4.5 3.5 4.0 4.'1 

60 7.0 a.s 4.5 2.5 4.5 3.0 ••a 4•5 

'15 s.o 1.5 5.0 a.s 4.0 s.o •·a 4•3 

90 4.0 1.5 e.o 2.5 4.0 a.s 4.0 s.t 
105 4.0 1.5 9.0 a.5 6•5 z.s 4.0 4.4 

110 4.0 1.5 4.0 a.5. 6.5 2.5 4.0 4.1 

135 4•0 1.0 4.0 a.5 12.0 1.5 3.5 4•5 

150 4•0 1.0 4.0 a.5 12.0 1.5 s.s s.t 
165 4.0 4.5 10.5 a.o u.o 1.5 3.5 s.s 

180 4.0 '1•5 u.s 3.0 12.0 a.o 4.0 '·' 
195 4.0 8.5 12.5 s.o 14•5 a.o 4.0 e.5 

210 4.0 13.0 s.s 14.5 a.o 4.0 '·' 
225 4.0 s.s 14.0 a.o 4.0 s •• 
240 4e.5 s.s 14.0 a.o 4.0 s., 

SURVIYAL 
TU. D 6 * s•so- 8 301 8 10.5 
BOUB8 



.1 DOG. JO • 

TDIIC Dt 
JIDIUTKS 

0 

15 

30 

45 

60 

'15 

90 

105 

1.20 

135 

150 

165 

180 

195 

210 

aas 

140 

StJRVIYAL 
'l'DIB 
souaa 

Büt RmSPIRATORY RA'l'm PD IID.tJTE Ill CœrrROL DQGS 

SUBJJ:CTED TO 3 IIG/ID DDOTOXDT •• DOL! (DIJ'CO).. 

1 2: 3 4 5 6 

---

42 18 39 40 66 15 

21 20 39 40 54 21 

21 21 18 18 45 18 

21 21 If 48 u 14 

14 20 Il 50 41 33 

30 24 Il 48 If 35 

30 14 15 36 30 39 

30 14 18 38 30 30 

30 24 18 38 30 36 

30 24 15 38 4 %4 

Z7 14 18 38 16 

lf 24 18 30 27 

l'f 18 21 2.7 24 

2'f 18 21 27 14 

17 14 2.1 30 1-1 .., 24 18 30 21 

18 14 18 30 If 

10 ,.. 5 z•5o- t 
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, 
--

2'1 

18 

18 

Il 

5"1 

" 
60 

54 

45 

45 

45 

40 

45 

38 

38 

36 

42 

4'45" 
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B DOQ JIO. 8 9 10 11 1.% 13 14 JlU1l 
(Çopt•«.} -- ----
TIIII D 
Jmnr.rœ 

0 1 21 15 40 %'1 15 39 %9.5 

15 l5 15 18 34 39 15 48 %'1.64 

30 6 Il . ., 34 %4 18 45 23.86 

45 5 24 18 Z4 30 18 u %6.'19 

60 18 45 30 48 36 15 50 33.86 

75 1.% 33 1'1 54 18 Il 45 33•14 

90 1l 30 . ., H 14 41 M 30•5 

105 11 30 l'f 14 Il 41 36 19.93 

110 15 38 2'1 14 18 ... 33 30.43 

135 14 38 30 &'l 18 l'f 33 16.'1 

150 18 40 30 . ., 18 18 33 2'1.'19 

165 18 40 36 a.-1' 18 Il 33 1'1.6 

180 Il 40 36 Il n 24 av 1'1•0 

lt5 22 6 42 24 Il Z4 3S 25.1 

210 l'f 6 14 18 14 l'l 24.1 

225 2'1 14 18 14 . ., 25.1 

240 18 24 18 24 27 24.5 

SUB.VIYAL 
Till D 6 * s•so• 8 SI,) t' 8 10.5 
HOURS 



APPKRDIX II 

lŒAN CHWRIDES IN YB:Q/L OF CONTROL DOGS SUBJECTED TO S IIG/KG ENDOTOXD B. COLI {DIJ"CO) 
, __ -- --

DOG RO. 1 2 3 4 5 6 , 8 9 10 

---- --
TDŒ IR 
JUNUTES 

0 112 112 116 112 la5 115 113 102 105 lla 

30 11'1 116 119 111 109 122 106 112. 113 119 

90 113 116 12.1 108 114 112 11.2 llO 112 120 

150 116 119 120 113 11'1 121 112. lU 118 113 

210 115 120 121 117 ll'f 118 105 105 120 

SURVIYAL 
TID IR 8 %4 10 ft 3l a•5o• 8 30 .... 24 9 
HOlJBS 

___________ , ___ _ 

1IIWI 

112 

114 

114 

116 

115 

U.Y 

1 

f\j 

~ 



DOO HO. 

TDO': I1f 
KIIUHS 

0 

30 

90 

150 

210 

SUJIIIIYAL 
TDE Dl 
HOua& 

MUN SODIUil IN DQ/L OF DOGS SU~ TO 3 Jm/m DDOTOXIN :&. COLI (DIFCO) 

1 2 3 4 5 6 '1 8 9 10 

---

163 144 141 148 14'1 148 144 141 146 145 

155 145 139 140•5 145 143 137.5 142 150 138 

152 144 147 148.5 145 151 141.5 145.5 147 142 

153 145 154 147 147 160 140 140 148 144 

150 147 150 143 146 141 141 149 140 

8 24 10 'li st s•so- 8 set 14 9 

.... 
147 

144 

146 

148 

145 

12.f 

1 

l\) 
CA 
CD 



DAN POl'.lSSIUil IN BQ/L OF COlt'l'ROL DOOS StJB.lECrKD 1'0 1 lm/ID DDOrOIDi lC • COLI (DIFCO) 

DOG NO. 1 2 3 4 5 6 'T 8 9 10 ... 
------

1'1D Dl 
MINtrrU 

0 2.1 3.'1"l' 3.7 4.67" 3.8 4.4 3.4 3.3 a.t 3.6 3.a6 

30 2.8 3.85 4.0 3•45 4.3 4.6 4.3 3.1 4.5 a.t a.sa 
90 2.1 3.4, 3t.4 2.95 3.95 4.0 3.3 a.T 3.3 4.0 3.42 

150 2•4 3.4'1' 3.5 a.o ••• ••a 4.05 s., s., 3.8 a.n 
no 3.0 s.5f 5.1 s.5, 5.4 3., 3.7 3.4 4.5 3.91 

StntnY.lL 
'l'ID D a 24 10 ,. Si HOUR& 

s•so- 8 "Ill 24 9 12•' 

~ 
CA 
...:J 

• 



DAN H:DIATOCRIT ~ 01' CONTROL DOGS SUBJECT.mD TO 3 KG/ICG :li:NDOrOXlll :; • COLI (DIJ'CO) 

DOG NO. 1 z 3 4 5 6 , 8 9 

--
Tn&: IN 
M:INUTJUS 

0 4'7 55 50 45 S'T 57 45 44 44 

30 50 5'1 55 48 54 65 44 4'1 49 

90 55 58 55 4f 50 61 38 41 51 

150 5'1 IG 58 46 50 63 40 45 55 

210 60 65 59 50 4'1' 43 46 60 

SURVIT AL 
TIB Dl 8 
HOUBS • 10 'li 31- a•so• 8 so+-. 2.4 

---------------

10 

45 

10 

55 

53 

5'1 

9 

BAN 

4'1 

5% 

5Z 

53 

54 

12.'1 

ro 
CJtl 
CD 



·. 

BAN CHLORID&, SODitDI,. PO'l'.1SSIUK IN UQ/L AND H&IIATOCRrf f. IN CONTROL DOGS 

SUBJB:crn Tè,. 3 KG/m ENDàtom ·:m. coLI <niroo> 

TID IR JaNU'ŒS 0 30 90 150 no 
--

Ch1oridea in me.f1 112 114 114 116 115 

a 102- 106 - 108 - 112- 105-
125 l%2 111 121 121 

Sodium in me.,l1 14'1 144 146 148 145 

R 141- 13'1.5 - 141.5 - 140- 140 -
163 155 15% 160 150 

Potasaiœn in •ca/1 3.66 3.88 3.42 s.n 3.99 

a 2.1 - 2.8 - 2.1 - 2.4 - 3.0 -
4.6'1 4.6 4 4.9 5.4 

Hematocrit f. ,., 5I 5I 53 54 

a 3'1 - 44 - 4'1 - 40 - 43 -
5'T 65 61 63 65 

R • Range 

l" 
(/':1 
(() 



JIU.N pH OF CotrmOL DOGS SUB.DC'JSD !0 3 m/m KROOTOXD :a. COLl (DilCO) 

-
DOG HO. 1 2 3 4 5 6 ' 8 9 

------- --
TillE Ill 
IIIBUTBS 

0 "•34 7'.31 7.39 '1.38 7.31 7.40 7.36 7.11 '1.41 

30 7t.30 '7.34 'l.4 '1.45 7.15 7.33 7.31 'T.41 7.33 

90 Y.l3 7.34 '7.35 '1.41 7.26 7.35 7.31 7•41 '1.36 

150 7.12 7.36 '1.&'1 'T.ta T.U '1.35 'T.Sl '1.41 '1.15 

ZlO 7.4 '1.3 '1.41 '1.23 '1.34 7.45 7.35 

SURVIVAL 
TŒ&D 8 H 10 7l * a•so• 8 3Ô 24 
HOURS 

10 

'1.31 

7.21 

'1.34 

'1.34 

7.21 

• 

... 

.,.,., 
7.33 

7.33 

'1.32 

'1.34 

12.7 

1 

1I) 
~ 
0 



DAN peo2 IH D Hg OF CONTROL DOOS SUBJEOTED '1'0 a IIG/ICG INDO'.l'OXII :&. COLl (DIJ"OO) 

DOG 1.0. 1 2 3 • 5 6 'T 8 9 10 

----- ---
'.l':IIIm D 
JIIHtrr.U 

0 25.0 26 23 17.4 24 23 

ao at 13 1.2..5 18.5 1'1 aa.5 

90 24.2 19.8 10 12.5 15.2 

150 u ao 11.4 10 ao.a 
no 21 10 17 15.8 

SURVIYAL 
'l'ID IX 8 2.4 10 'ti 
HOURa 

at a•so- 8 ao+- 24 9 

---------------

1UWf 

23.1 

1'1.92 

16.34 

14.52 

15.95 

1%.7 

ro 

""' 1-' 



lŒAN BIC.ARBOKATI 01' CORTROL DOGS SUBJICT.ID 1'0 3 lfl/llJ IND01'0XDI • • COLI (DIJ'CO) 

DOGJO. 1 2 3 4 5 ' ' 8 • 10 DAN 

-- --
'l'ID IN 
KIKU'lJCS 

0 13.1 13e4 14.9 11.2 15.0 15.0 15.0 13.94 

30 '1.5 '1.5 ., .. 10•3 12.0 u.e S.5 9.4'1 

90 10•5 10.0 a. a a. a .. , 11.0 12•5 9.60 

150 5.6 10.5 'l.O '1.8 13•0 13•0 11•9 9.83 

210 t.t '·' '1.1 a.o 8.'1 s. ta 

SURYIYAL 
TID lR 8 24 10 .,. at 3'50" 8 ao+ H t 12.f 
HOURS 

~ 
ro 



DAN LACTIC ACID IN DQ/L OF CONTROL DOGS SUB.BCDD TO ERDOTOXIN SHOC.IC 3 KG/KG li: • COLI {DII'CO) 

DOG NO, 1 2 3 4 5 6 .,. 8 9 10 BAN 

- --- ---- --- ---- ---- ---- --- --- ---
TDŒ Dt 
MINUTES 

0 2.91 1.81 2.51 1.33 4.28 3.34 2•52 7.65 1.89 1.89 3.01 

30 8.0 6.13 3.'11 3e65 6.34 s.as 2.54 6.00 4.16 41.0 4.99 

90 7.7. 8•9 5.14 4.86 6•93 5.29 3.oa 4.'14 5.23 4.94 5.68 

150 7.74 8.9 5.14 4.86 6.93 5.29 3.02 4.74 s.zs 4.95 5.68 

210 4.88 7.24 9.85 3.06 4.25 8.40 2•36 s.1a 
SUR'IIVAL 
TDŒ IN 
HOUU 8 24 10 'Ti * a•so• 8 30 ... u 9 12.'1 

------------------ ·-----------------------

1 

"" ~ eN 



UEAN pH, pCOa, HC03 UD LA.CTIC ACm OF CONTROL DOGS 

SUBJECTKD TO 3 JlG/KG ENDOTOXDt le COLI (DIJ'CO) 

'J.'DŒ IN MIHU'l'.ICS 0 30 90 150 

-----
pB '7.3'1 '1.33 7.33 7.32 

a 7.31 - 7.22 - 7.13 - 7.12 -
7.41 7.45 7.42 '1.42 

peo
2 

in lllll Hg 23.1 17.92 16.34 14.52 

a 1'7.4 - 12.5 - 10 - 10 -
26.0 24.0 24.2 ao.z 

Bicarbonate iD 
meq/1 13.94 9.4'7 9.60 9.83 

a 11.2 - 7.5 - 6.3 - 5.6 • 
15 12.6 12.5 13.0 

I.actic Acid 
in meq/1 3.01 4.99 5.68 6.22 

R 1.33 - 2.54 - 3.02 - 3.21 .. 
'7.65 8.0 8.9 8.98 

R ~ Range 

2t.O 

7.34 

7.21-
'7.45 

15.95 

10 -
21.0 

8.92 

, .. .;,. 

12 

5.'72 

2.36 -
9.85 

ro 
~ 
~ 



DAN J.fi, pao2 , HC03 AND LACTIC ACID OF CONTROL DOGS 

SU&BCTBD TO 3 MG/KG KNDOTOXIN 1• COLI (DIFCO) Wl'.rli pCOa CORRIC'l'ID TO 40 W HO 

TDII IN IIINl.1'rES 0 30 90 150 210 

--------
pB ,.as 7.17 7.1 '1.11 '1.lt 

peo2 ia- Hg 40 40 40 40 40 

Bicarboaate ia • .,11 22.5 17•5 14•0 15.0 16.0 

Lariic Aeili in meq/1 3.01 4.99 5.68 6.21 5.'11 

'---------------------· 

ro 
t; 



UPEMDIX Y 

liEAN VITAL SIGNS OF DOGS SUB..JECTICD TO 3 JIG/KG ENDOTOXIN JI. COLI (DI.FCO) 

AND BARLY DIALYSI8 

TDŒ IN t.IINtlTES 0 15 30 45 60 '75 90 105 120 

·--- --- -- -----
Temperature 36.92: 36•52 36.63 36.16 34.14 35.58 35.22 35.09 34.&1 
i:n Degree• 
Centigrade a 32 - 32 .. 34.2 - 34 ... 34 - --~ 33.J: - 33- 32.5 

39.2 39.5 38 38 37.5 37 37 3'1 3'1 

Blood Pressure 152 109 115 110 109 103 99 93 88 
iDDIIlBg 

R llO - 28- 50 - 58- 64 - 65 - 52- 40- 38-
180 165 160 158 1'10 1'15 150 160 160 

Heart. Rate 146 l3'r 12'1 133 142 148 146 l4'T 150 
per llinule 

Il 132 - 96 .. 66 - 100- 104 - 120- 120 - 120- 120 -
165 1'75 180 162 180 170 175 172 180 

VeBous Pressure 6.2 4•6 3.3 3.8 4.4 4.2 4.5 4.5 4.4 
:in cm Water 

a 3 .. 1.5 - 1.5 - 1 - 1 - 1 .. 2. - 1.5 - 1.5 -
14 12. '1 ., 9.5 8 8 10.5 S.5 

Reepiratory %6 33 37 3'1 32. 30 2'1 16 25 
Rate per 
tl inule R 6 - 6 - 6 - 18 .. 15 - 15 - 15 - 15 - 15-

42 75 52 80 '18 'rO 60 60 36 

~"--- -«~ 

l':) 
.p. 
en 

_....... 



TillE IN MINU'l'ES 135 150 165 180 195 210 225 240 
_ {Cont~<l.) - - --
Temperature 34.44 34.41 34.44 34.21 34.0'1 33.85 33.85 . 33.!9 
in Degreee 
Centigracle R 32.5 - 32.5 - 32.5 .. 32.5 - 32.5 - 32 - 32 - 32 -

36.5 36 36.5 35.5 35.5 35 35 35 

B1ood Pressure 88 88 91 95 99 102 103 105 
iD: mm He 

R 40 - 40 - 45 - 45 - 50 - 50 - 55 - 55 -
156 160 160 160 160 118 1&0 160 

Heart Rate 154 161 165 162 162 160 160 160 
per Minute 

R 118 - 126 .. 130 - 132 - 132 - 130 - 132 - 130 -
210 230 240 245 230 222 224 230 

Venous Pressure 4.9 4.'f s.o 5.5 5.7 6.0 5.8 5.9 
in cm Water 

R 1.5 - 1 - 2 - 2 - 2 - a.1 - 2.5 - 2.5 -

Re spirat ory 25 24 25 25 24 2'1 26 26 
Rate per 
V:inute R 15 ... 15 - 15 - 15 ... 15 - 21 .. 21 - 21 -

40 42 40 42 36 40 40 42 

------------------------·------------------------
R -= Range 

~ 
....:1 
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MEAN TEJIPKRATURE IN D:S:GRUS CENTIGRADlll 01 DOGS 

SUBJIC'l'ED TO 3 KG/KG ENDotOXIN m. COLI (DIFCO) 

AND EARLY DIALYSIS 

---------

A DOG NO. 1 2 3 4 5 ' 
TDB IN 
MINUTES 

0 37.5 37.0 36.5 37.5 39.25 32.0 36.75 

15 37.5 37.0 35.5 3'7.0 39.5 32.0 36.5 

30 36.0 37.5 35.5 37.5 36.2 35.5 36.0 

45 38.0 37.5 35.25 37.5 36.2 37.2 37.0 

60 37.0 3'1.5 35.1 3'1.'1 35.7 37.5 36.5 

'15 37.0 36.0 35.5 37.5 35.15 36.5 36.5 

90 36.9 35.5 33.1 36.5 35.0 36.5 35.1 

105 36.5 35.25 33 36.5 35.0 36.5 35.1 

120 35.5 34.75 32.5 36.5 34.'7 36.5 34•1 

135 35.5 34.'15 32.5 36.0 34.0 36.5 34.1 

150 35.5 34.'15 32.5 36.0 34.0 36.0 34.5 

165 35.5 34.5 32.5 36.5 34.0 35.5 34.0 

180 35.5 34.5 32.5 35.5 33.5 35.0 34.0 

195 35.0 34.5 32.5 35.5 33.5 35.0 34.0 

210 35.0 34.0 32.0 35.0 33.5 35.0 33.5 

225 35.0 34.0 32.0 35.0 3!h8 35.0 33.5 

240 35.0 34.0 32.0 35.0 33.0 35.0 33.5 

SURVIVAL 
TDŒ Dl 8 30"' 20 sot 
HOURS 

------ ------ -------
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B DOG NO. 8 9 10 11 12 13 14 
{CoDt •d.) --------

TDŒ IN 
MINUTES 

0 3'1.0 38.0 38.5 38.0 35.0 36.0 36.0 36.92 

15 36.0 37.0 3'1.9 37.5 34.0 36.0 36.5 36.52 

30 36.0 37.0 38.0 37.5 34.2 35.5 36.5 36.63 

45 35.2 35.0 37.5 35.0 34.0 35.0 36.0 36.16 

60 36.0 35.0 37.5 36.0 34.0 35.0 35.5 36.14 

75 35.0 35.5 37.5 35.0 34.0 34.0 35.0 35.58 

90 33.5 36.0 37.0 35.0 34.0 34.0 35.0 35.22 

105 33.5 36.0 3'f•O 35.0 34.0 34.0 34.0 35.09 

120 33.5 35.0 37.0 35.o 33.0 33.0 34.0 34.64 

135 34.0 35.0 36.0 35.0 33.0 33.0 34.0 34.44 

150 34.0 35;.0 36.0 34.0 33.0 33.0 34.0 34.41 

165 34.0 35.0 35.5 34.0 33.0 33.5 34.5 34.44 

180 33.5 34.5 35.5 34.0 33.0 33.5 34.5 34.21 

195 33.5 34.5 35•5 33.5 32.5 33.5 34.0 34.0'1 

210 33.5 34.4 35.0 33.5 32.5 33.0 34.0 33.85 

aas 33.5 34.0 35.0 33.5 32.5 33.5 34.0 33.85 

240 33.5 34.0 35.0 33.0 32.0 34.0 33.5 33.'19 

SURVIV.lL 
TIIII Di 9.5 9.5 5 so• 3)f 30tl 20 
HOURS 

------ --



DOG NO. 

TDŒ IN 
MINUTXS 

0 

15 

30 

45 

60 

'T5 

90 

105 

120 

135 

150 

165 

180 

195 

210 

225 

240 

SURYI'IAL 
TDII Il 
HOUB8 

MEAN BLOOD PBESSURJ: IN :M:U: Hg OF DOGS SUBJECTED 

TO 3 KG/KG ENDOTOXIN 1. COLI (DIFCO) 

AND EARLY DIALYSIS 

1 2 3 4 5 6 

llO 130 164 140 140 1'15 

28 130 165 llO 122 115 

50 llO llO 115 120 120 

58 92 128 120 104 120 

64 lOO 132 65 80 120 

'15 llO 122 65 6'1 120 

65 100 135 90 60 120 

'10 92 142 80 54 no 
fO 85 128 80 50 90 

'12 85 128 'T5 48 65 

'12 'TO 12.8 '15 48 '15 

'12 60 130 80 50 85 

'12 65 130 80 50 90 

'10 '15 135 85 55 100 

'10 80 135 85 55 llO 

68 90 us 85 55 120 

68 100 135 85 55 120 

8 ao• 3~~ 

------ ---
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'1 

160 

165 

105 

125 

130 

112 

llO 

llO 

lOI 

101 

105 

105 

120 

130 

145 

145 

145 

so• 
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B DOO NO. 8 9 10 11 12 13 14 'MlW( 

(Cont~ -- -----
TDŒ IN 
MINUTES 

0 155 l'TC 154 155 160 135 180 152 

15 30 60 104 152 130 135 100 109 

30 :·.so 102 115 160 145 130 100 115 

45 62 80 118 158 150 160 120 110 

60 98 85 110 150 130 150 1'r0 109 

'15 68 82 lOO 140 122 149 1'15 103 

90 52 '15 88 120 118 148 150 99 

105 40 62 84 102 126 160 144 93 

120 38 55 90 110 126 160 120 88 

135 40 55 80 90 120 156 130 88 

150 40 55 50 90 120 160 150 88 

165 45 55 50 100 130 160 150 91 

180 45 60 55 112 135 160 155 95 

195 50 60 55 110 140 160 155 99 

210 50 65 55 120 140 165 150 102 

225 55 60 55 130 140 160 150 103 

240 55 60 55 130 150 160 150 105 

SURVIYAL 
Tmm 9.5 9.5 5 30• 30• 30• 20.0 
HOURS 

---·- ---



A DOG NO. 

Tnt.E IN 
MINUTES 

0 

15 

30 

45 

60 

'1"5 

90 

105 

120 

135 

150 

165 

180 

195 

210 

225 

240 

SURVIVAL 
Tllllil IN 
HOURS 

DAN HEAR'1' RATE PER MINUTE OF DOGS SUBJECTED 

TO 3 liG/KG lilNDarOXIN lil. COLt {DIFCO) 

AND EARLY DIALYSIS 

1 2 3 4 5 6 '7 

------------

135 132 117 l'Tl 146 165 150 

96 155 120 l'Il 145 1'75 165 

66 120 120 150 120 162 90 

104 108 120 150 132 162 100 

132 104 120 165 160 180 126 

132 150 120 168 148 150 135 

119 124 120 165 158 150 120 

120 150 132 165 1'72 150 129 

150 135 120 159 170 180 156 

148 132 132 160 144 180 154 

150 126 130 160 160 180 150 

150 130 130 165 160 180 150 

150 132 132 165 144 170 150 

160 132 132 165 150 165 155 

155 130 132 160 155 160 155 

150 132 132 160 155 150 155 

150 130 130 160 155 150 155 

30" ao.o 9•5 30" 30" 

- 252 -
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B DOO NO. 8 9 10 11 12 13 14 
(Cont•W --- --

TDŒ IN 
:MINUTES 

0 135 150 150 150 135 135 180 146 

15 150 150 132 156 99 135 100 137 

30 180 150 150 150 100 130 100 127 

45 14'1' 150 150 154 120 150 120 133 

60 141 162 154 150 132 150 120 142 

75 132 168 160 160 182 148 1!f0 148 

90 150 153 162 162 ua 150 175 146 

105 159 156 160 150 120 149 150 147 

120 135 180 150 162 120 150 144 150 

135 156 210 165 180 118 160 128 154 

150 150 230 210 180 159 160 130 161 

165 150 240 220 180 160 160 135 165 

180 150 245 212 175 155 155 132 162 

195 155 230 212 160 150 150 144 162 

210 155 222 220 160 150 150 140 160 

22:5 160 224 210 165 155 158 138 160 

240 160 230 210 155 155 160 140 160 

auam.u. 
TDŒ IB 9.5 9.5 5 30. 30. 3~ 30• 20.0 
HOURS 

----



A 

DAN VENOUS PUSStm Dl Cil \VATER IN DOGS SUBJJCCTKD 

1'0 3 MG/KG ENDal'OXIN E. COLI (DIFCO) 

AND EARLY DIALYSIS 

DOG NO. 1 2 3 4 5 6 

------ ---
1'Dfl Dl 
JliNU'l'ES 

0 5.5 3.o 5.0 3.5 11.5 5.0 

15 2.5 1·5 ,.o s.s l.J.o 4.0 

30 3.5 1.5 'f.O a.5 a.o 4.0 

45 5.5 1.5 5.5 1.0 3.o 5.0 

60 4.5 1.0 5.5 1.5 6.0 5.0 

'15 4.5 1.0 6.5 a.o 4.5 4.5 

90 5.5 a.5 6.5 a.o 3.5 5.0 

105 s.o 3.0 6.5 1.5 3.0 5.0 

1%0 5.0 3.5 5.5 1.5 3.0 6.0 

135 5.0 3.s 6.5 1.5 3.o 6.0 

150 5.0 a.o 6.5 1.5 3.0 5.0 

165 5.5 3.5 6.5 a.o s.o 5.5 

180 s.s 3.5 6.0 a.o 4.5 s.o 
195 5.8 3.5 6.0 2.0 4.5 5.0 

210 6.0 3•5 6.0 2.5 4.5 s.o 
225 6.0 3•5 6.0 2.5 4.0 s.o 

240 6.0 3.5 s.o a.5 4.0 5.0 

SUR'llYAL 
TID Dl 8 30• ao. ao• 
HOURS 

-254-

., 

14.0 

a.o 
a.o 

3.5 

9.5 

2.5 

4.5 

10.5 

'1.5 

13.5 

13.5 

13.5 

13.5 

12•5 

12.5 

10.5 

10.5 

so• 
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B DOG HO. 8 9 10 ll 12 13 14 Ba 
(cm•«.> --------- ---

TIB Dl 
M.IHUTES 

0 6.5 a.o 6.5 7.0 3.o s.o 4.0 6.2 

15 5.5 a.o 2:.0 6.0 z.o 3.0 4.0 4.6 

30 3.0 s.s z.o 3.0 z.o 4.0 4.5 3•3 

45 4.5 '7.0 2:.0 3.0 3.5 4.0 4.5 3&1 

60 4.0 6.0 z.o s.o 4.0 4.5 5.5 4•8 

'75 4.5 6.0 2..0 a.o a.o 4.5 6.0 4.2 

90 3.4 'l.O z.o s.o a.o 4.5 6.5 4.5 

105 3.5 '1.0 1.5 2.5 2.5 5.0 '1.5 4.5 

120 3.0 '1.0 1.5 a.5 a.5 5.0 8.5 4.4 

135 4.0 '•0 1.5 2.,5 2:.5 5.0 8.5 4.9 

150 4.0 6.0 1.5 1.0 4.0 5.0 s.o 4.'1 

165 4.0 6,5 z.o z.o 4.0 5.0 7.5 5.0 

180 5,5 6.5 4.5 3.5 4.5 5.5 '1.5 5.5 

195 5.5 6.8 6.5 4.5 4.5 5.5 '1.0 5.'1 

210 '•0 '1.00 s.s 5.5 4•5 5,5 '1.0 ,.o 
225 6.0 '1.0 a.5 5.5 s.o s.s '1.0 s.s 
2:40 6•0 '1.0 a.s 6.5 s.o 5.5 '1.0 5,9 

SŒVIUL 
TIB Il 9.5 9.5 5 so• so• so• 30"' zo.o 
HOURS 

--------------·----------------------
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&AN RESPIRATORY RA'm Pim lU.NUTE IN DOGS SU:BJ.ICCTIJ) 

TO 3 KG/KG E.NDOTOXDI E. COLI (DIFCO) 

AND EARLY DIALYSIS 

---
A DOG NO. 1 a 3 4 5 6 't 

---- -----
TIB IR 
KINUTES 

0 21 21 18 27 40 33 15 

15 42 21 44 27 40 '15 15 

30 60 21 22 u 48 62 72 

45 60 Zl 18 18 40 60 60 

60 28 18 15 2'1 68. 21 18 

75 2'1 2.4 15 24 48 21 '10 

90 18 42 15 2'1 48 21 2.4 

105 21 40 15 24 36 18 24 

120 2.4 33 15 24 36 30 24 

135 24 24 15 18 40 36 24 

150 2% 2'1 15 18 42 21 24 

165 24 2'1 15 18 40 ?.:1 24 

180 24 2't 15 21 42 27 Il 

195 21 21 15 21 36 2'1 24 

210 27 24 2l 24 40 30 24 

%25 2'1 24 21 2'1 40 21 2'1 

240 2'1 24 21 24 42 24 24 

SURVIVAL 
Tm IN 8 ao• 20. ao• HOURS 
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B DOG MO. 8 9 10 11 12. 13 14 
~~.) -- --
T~IH 

MINUTES 

0 12 6 42. 21 39 60 12 26 

15 '12 6 27 18 Z2 54 12. 33 

30 60 6 30 18 40 51 12 37 

45 80 18 24 18 42 47 15 37 

60 54 2.7 21 15 '18 47 18 32 

'1'5 36 18 24 15 42 44 18 30 

90 39 18 24 15 2.4 60 15 %'1 

105 30 18 24 15 14 60 24 26 

120 36 18 24 15 24 27 21 .as 

135 36 18 24 18 27 2'1 14 25 

150 36 18 33 15 27 27 14 24 

165 36 21 33 15 21 2'1 24 25 

180 30 24 33 21 24 24 21 25 

195 27 24 36 21 24 24 21 24 

210 2'1 24 30 Zif 14 ar at Il 

2.25 17 24 36 24 2!1' 21 21 26 

240 24 24 36 21 2'1 24 24 16 

SURVIT AL 
'l'ID Dt 9.5 9.5 5 so• so• so• so• 20.0 
HOURS 



DOG NO. 

TDŒ IN 
JI IN UTES 

0 

30 

90 

150 

210 

SURVIVAL 
TIJŒ IN 
HOURS 

APP~DIX VI 

JEAN CHLORIDES IN YEQ/L OF DOGS SUBJECTED TO 3 KG/KG ENDarOXIN B. COLI (DIFCO) 

AND EARLY DIALYSIS 

l 2 3 4 5 6 ., 8 9 10 

--- ---

103 113 llO lQa 109 118 llO 108 119 113 

106 115 114 108 109 111 106 112 105 115 

10'1 115 108 l06 105 117 105 118 104 108 

108 111 109 103 109 120 109 122 llO 105 

116 112 109 116 126 109 112 116 114 

8 30• 20 91- 9.5 30• 30• 30" 30" 30" 

IŒAN 

llO 

llO 

109 

llO 

116 

22.7 

l\) 
en 
(X) 



J11!:AN SODitDl IN IŒQ/L OF DOGS St1B.JEC1'BD 

TO 3 E/m BNDOTOXIN :&. COLl (DIJ'CO) AND mARLY DIALYSIS 

DOGNO. 1 2 3 4 5 6 "t 8 

----
TDB IH 
lliNUT.U 

0 138 165 160 128 148 144 143.5 142..5 

30 163 163 163 130 143.4 121 148 13'T.a 

90 149 160 141 134 143t.8 129.5 13'1 10 

150 159 159 134 132 150 142.5 141.5 142 

210 164 144 120 149 138 142 143 

SURY'ITAL 
Tllll Ill 8 30• 20 * 5 30• so• so• 
HOURS 

9 10 

159.5 148 

144 163 

134.5 158 

142 160 

143 145 

30• 3CJI 

.. 
14'1•7 

14'1.6 

138.1 

146.2. 

143 

22.'1 

""' en 
f.Cl 



MEAN POTASSIUM IN MEQ/L OF DOGS SUBJECTED TO 3 MG/KG ENDOTOliNE E .. COLI (DIFOO) AND 
EARLY DIALYSIS 

DOG ID. 1 2 3 4 5 6 1 8 9 10 

-
Time in 
Minutes 

0 ,3.6 ,3 • .3 2.1 4.6 3.47 4.1'7 4.15 3.3 4.25 .3.4 

30 4.3 ,3.8 2.95 3·5 3.45 3.0 3.3 3.0 3.,38 4.2 

90 3.1 2.6 1.95 2.7 2.'7 3·9 2.95 2.7 3.5 2.9 

150 ,3.1 2.6 2.4 2.8 3.25 3.47 2.95 2.5 3.42 3.0 

210 2.1 3.2 4.55 3.82 2.9 2.3 3.4 3.8 

SURVIVAL 
TilŒ IN 
HOURS 8 30"' 20 9i 5 30"' 30"' 30" 30"' 30" 

MEAN 

3.6.3 

3·39 

2.9 

2.95 

3.26 

22.7 

1\:) 
(J) 
0 



OOG W. 

Time in 
Minutes 

0 

JO 

90 

1.50 

210 

SURVIVAL 
TIME IN 
HOURS 

MEAN HEMATOCRIT 'f, IN DOGS SUBJECTED TO J MG/KG ENDOTOXINE. COLI (DIFOO) 
AND EARLY DIALYSIS 

1 2 .3 4 s 6 7 8 9 
--

ss .51 45 40 47 52 42 51 57 

40 49 42 J7 44 46 J6 49 49 

.39 40 50 .38 5.3 .38 J7 45 48 

.37 45 42 J9 60 45 .38 50 51 

J8 40 .37 40 6.3 46 .39 51 5.3 

8 .30" 2~ 9t 5 .30'" .30" JO"' .30'" 

10 

45 

42 

40 

.37 

42 

.30'" 

MEAN 

49 

4.3 

4.3 

44 

4.5 

22.7 

N m 
1-' 



lllWl CHLORIDZ. SODIUK, POTASSIUK IN DQ/L AND HEtl.A.1'0GR.rr f,. 

OF DCXlS SUBJ.Ti:Ci"ED TO 3 IIG/KG ENDOTOXII s. COLI {DIFCO) 

AND lilARLY DI.ALYSIS 

TillE IN MINUT&S 0 30 90 150 

-----
Chloridea in •q,/1 llO 110 109 llO 

a 102 - 105- 104- 103 -
119 n5 ll'l 122 

Sodium im meq/1 147•'1 14'l.t6 138.1 146.2 

Il 128 .. 121- 129.5 - 132 -
165 163 160 160 

Potaaai• in meq/1 3.63 3.39 2..90 2.95 

Il 2.1 - 3.95 - 1.95 - 2.4 -
4.6 4.3 3.9 3.4'1 

Be..-tocrit f,. 49 43 43 44 

Il 40 - 36• 3'1 - 3'1 -
5'1 49 50 60 

- 262 -

210 

116 

109-
126 

143 

120-
164 

3.16 

2..1 -
4.55 

45 

37 -
63 

·---------------·------------------------·----------·-----------
R • Range 



DOG NO. 1 

TDIE m 
MINUTES 

0 7.34 

30 '1.12 

90 7.21 

150 '1.2.3 

210 7.3 

SURVI'IAL 
T:DIB IN 8 
HOURS 

BAN pH OF DOGS SUBJEC'rli:D TO 3 MG/lm ENDO'l'OXIK B. COLI (DIFCO) 

AND BARLY DULYSIS 

2 3 4 . 5 6 '1 8 9 

--

7.32 't.3 '1.3'1 7.35 '1.3 7.2.8 7.46 7.19 

7.34 '1.3 '1.39 7.2.6 7.2-G '1.2.9 '1.41 7.23 

'1.24 7.4 7.35 7.29 7.3 7.33 7•4 '1.2.8 

7.2.4 7.44 7.31 '1.23 7.32: 7.38 7.44 7.31 

7.2 7.43 '1.3 7•35 7.39 7.4 7.41 '1.34 

so• 20 * 5 30" 30" ao• ao• 

10 

7e2.9 

7.28 

7.37 

7.36 

7.38 

3o• 

..._ 

'1.32. 

7•28 

7.31 

'1.33 

7.35 

22.7 

1 

l"' 
O'.l 
();1 



DOG NO. 1 

TDIE IN 
YIBU'.I.'ES 

0 zs.o 

30 14.5 

90 3o.o 

150 12.0 

210 

SURVIVA.L 
TDŒ IN 8 
HOURS 

MEAN peo2 IN 101 Hg OF DOGS SUBJECftD 

TO 3 MG/KG ENDOTOXIN m. COLI (DIFCO) AND EARLY DI.ALYSIS 

2; 3 4 5 6 'T 8 9 

---------- ----

24.0 31.0 25.2 14.8 1'1.2 51•0 

2'1.0 2.'1.5 14.5 14.0 32.0 

24.5 24.0 26.0 14.0 10 21.0 

25.5 20.5 3o.o 1'1.2 16.5 20.0 

19.0 15.5 20.0 14.5 10.5 

3o• 20 tt 5 ao• ao• 30" ao• 

10 

18.8 

2.8.5 

24.5 

20.5 

ao• 

MEAN 

25.8 

22.5 

21.'1 

20.2 

15.1 

22.'1 

l\:) 
m 
~ 



DOG HO .. 1 

T:rt.Œ IR 
MIHU'l':&S 

0 14.9 

30 6.3 

90 a.o 
150 't.O 

210 a.o 

SURVIV.A.L 
TnlE IN 8 
HOURS 

DAN BICARBONAT.IC IN DQ/L OF DOGS SUB.TKCT.IJ) 

TO 3 1lG/m ENDOTOXD :1. COLI (DIFCO) AND BARLY DIALYSIS 

2 3 4 5 6 , 8 9 

-- ---- --

15.0 1'1.0 12.9 14.8 13.5 18.0 

11.0 u..s 12.9 14.5 10.6 13.3 

11.5 12.'1 13.0 14.0 '1.5 11.8 

8.8 9.'1 15.2 11.5 12.8 11.7 

s.9 10.0 13.0 11.0 8.80 12.0 

3o• 20 * 5 so• 30• so• so• 

10 

14.0 

15.0 

12.0 

11.9 

12.0 

3o--

JllWl 

15·01 

12.01 

11.8 

11.f 

10.4 

22.'t 

l\:1 
m 
(Tl 



8&R W.CTIC ACID Dl IŒQ/L OF DOOS SUB.ŒCT&D 

TO 3 KG/KG mNDOTOXIN &. COLl: (DIFCO) AND &ARLY DULYSIS 

DOG HO. 1 a 3 4 5 6 7 8 

--- -
orno: m 
IIIRUTBS 

0 3.49 1.68 1.81 4.24 3.64 3.75 3.96 8.16 

30 9.82 3.'13 2.69 6.15 5.38 3.6'1 3.85 5.66 

90 8.65 5.96 3.0'1 6.65 4.38 4.16 3.85 8.5'1 

150 9.9 '1.48 3.29 8.75 6•23 , .• .... i•l . 
210 g.,a 8.15 2.69 8.23 5.11 5•20 6.43 

SUR'Il:VAL 
TDIC Dt 8 so• 20 9i 5 30• 30• 30• 
HOURS 

9 

3.5 

3.4 

4.3 

4.'1 

4e5 

30• 

10 BA.JI;, 

-----

1.49 3.57 

3.62 4.'1'9 

6.56 5.71 

5.82 6.23 

3.'15 5.98 

30• 22.'1 

1 

l\:1 
Cl 
Cl 



BAli pH, peo
2

, HC0
3 

AND LACTIC ACID Dt DOGS 

SUB.mCT:ID TO 3 E/m DDO'tOXl1l :1. COLX 

{DIFCO) .AIID :WU.Y DI&LYSIS 

'î llŒ IN MINUTES 0 30 90 150 

------
pB '7.32 'T.aa '7.31 '7.33 

a '1.19 - '1.12 - '1.2.1 - '1.%3 -
'1.46 'T.41 '1.4 '1.44 

pC~ iD -Hg 25.8 u.s 21.7 zo.z 
a 14.8 - 14.0 - 10 - u.o -

51.0 32.0 30.0 30 

Bicarbonate iD meq/1 15.01 1.2.01 11.8 11.'T 

R 12.9 - 6.3 .. 7.5 - '1.0 .. 
18 15 14 15.% 

Lactic &cid ill •cv'l 3.5'f 4.79 5.71 6.23 

a 1e68 - a•69- a.o'1 - a.at -
8.16 9.81 8.65 9.9 

: 267 -

no 

'7.35 

7.2 -
'1.43 

15.9 

10.5 -
20 

10.4 

s.o -
u 

5.98 

2.69 -
9•8 



!Œ&N p!, pCOz, HC03 .lND L&.CTIC ACID IN DOGS 

SUBJECTED TO 3 IIG/IG DDarOXI:I :;. COLI (DIJ'CO) J:RD 

EARLY DIALYSIS 'IITH pCOz COBRI.CTJ:D TO 40 & Ife 

TIJŒ :m JliNUTKS 0 30 90 150 

-- ----
pli fe20 'r.l6 7.18 '1.19 

pC02 h- B:g 40 40 40 40 

Bicarbonate 1Js •.Il ao.5 17.5 18.0 19.0 

Lactie Acid in •.fl 3.5, 4.79 5.71 6.23 

- 268 -

210 

7.12 

40 

17.5 

5.98 

_____________ , __________ _ ------



DOG NO. 

Humber ot 
Hours 

DOG NO. 

-
Number of 
Hours 

SURVIV'AL TDŒ IN HOURS OF EARLY DIALYSID ENDOTOXIN DOGS • OLD AND ND COIIB 

1 2 3 4 5 6 1 8 9 10 

--- --......-----
8 30' ao 9;.5 9.5 30' 30' 9.5 9.5 5 

IŒAN NO. PEBII'ANKNT PIRCJCNT 
11 12 13 14 HOURS SURVIVORS SURVIVOHS 

- - -
30" 30" 30" 30"' 20.0 , ~ 

N) 
o:> 
<0 



A TID IN KINUTES 

Temperature c 
in Degree• 
Centigrade D 

Blood Presaure c 
ill Dllr Hg 

D 

Heart Rate c 
per Jlinute 

D 

Va noua c 
Pressure in 
cm Wtter D 

Respiratory c 
Rate per 
Jlinut.e D 

APPENDIX !U 

COUPARA.TIVE VITAL SIGNS or CONTROL AND lWU.Y DIALYSD DOG8 

SUBJECTED TO 3 MG/KG 1i:NDOTOIIN E. COLI (DIFCO) 

0 15 30 45 60 '15 90 

- ---- ---- --- ---
37.51 37•32 36.8 36.5 16.49 36.08 36.0 

36.92 36e5a 36.63 36.16 36.14 35.58 35.22 

154 134 119 109 95 90 89 

llO 109 ll5 llO 109 103 99 

154.0'T 140 1.32.57 139.93 146 149.57 16S 

146 13'1 125 1.33 142 148 146 

6.5 5.4 5.1 4.7 4.5 4.3 3.9 

6.2 4.6 3.3. 3.8 4.4 4.2 4.5 

29.5 27.64 23.86 l6.'lt 33.86 33.14 30•5 

26 33 37 37 32 30 27 

105 

35.86 

35.Gt 

89 

93 

158.0 

14T 

4.4 

4.5 

29.93 

26 

120 

36.11 

34.64 

88 

88 

160.86 

150 

4.1 

4.4 

30.43 

25 

ro 
...:] 
0 



B 'l'DIE IN MINIJ'ŒS 135 150 165 180 
___igoni 'd.) --- --
Temperature c 36.03 36.3 36.2 36.1 
in Degrees 
Centigracle D 34.44 34.41 34.44 34.21 

Blood Pressure c 89 8'1 93 95 
in IIID Hg 

D 88 88 91 95 

Heart Rate c 169.2.1 181.5 187.8 184.7 
per llinute 

D 154 161 165 162 

Venous c 4.5 3.9 5.5 6.2 
Pressure in 
cm Water D 4.9 4.7 5.0 5.5 

Respiratory c 26.7 27 .'19 2'1.6 27.0 
Rate per 
Mlnute D 25 24 25 25 

-----------·~----------------· ·--------~------------- ------------
C :: Control 

D :: Dialysed 

195 

36.0 

34.07 

94 

99 

189.9 

162 

6.5 

S.'f 

25.1 

24 

210 225 240 

----------
35.5 34.9 34.6 

33.85 33.85 33.'19 

95 96 95 

102 103 105 

186.6 187.3 187.8 

160 160 160 

6.'1 5.9 5.6 

6.0 5.8 5.9 

24.1 25.1 24.5 

2'1 26 26 

l\.'l 
--.1 
1-' 
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COMPARATIVE BAN OF BLOOD CHElfiSTRIJi}S AND ELECTROLYTES 

IN CONTROL AND EARLY DIALYSED DOGS SUBJECTED 

TO 3 KG/KG ENDOTOXIN 1. COLI (DIFCO) 

TID IR MINU'l'.U 0 30 90 150 210 

--
CONTROL DOGS 

pH 7.3'7 '7.33 7.33 '7.32 '7.34 

pC02 iD- Hg 23.1 l'r.ta 16.34 14.52 15.95 

HC03 iD meqf1 13.94 9.47 9.6 9.83 8.92 

Ltctic Acicl iD maq/1 3.01 4.99 5.68 5.22 5.n 

Ch1oridea 112 114 114 116 115 

Sodium 14'7 144 146 148 145 

Potassium 3.66 3.88 3.42 3.'11 3.99 

Hematocrit '/. 47 52 52 53 54 

DIALYSED DOGS 

pH '7.32 7.28 '7.31 '7.33 7.35 

peo2 in .. Hg 25.8 22.5 21.'1 ao.a 15.9 

HC03 ill me CJI1 15.01 1.2.01 11.8 11e'l 10.4 

Iactic Acid b me\1'1 3.5'7 4.'19 5.'71 6.&3 5.98 

Ch1orides llO 110 109 llO 116 

Sodium 14'l.'7 14'1.6 138.1 146.2 143.0 

Potassium 3.63 3.39 2·9 &.95 3.26 

Hematocrit '/. 49 43 43 44 45 



PIŒJIANENT SURVIVALS AND NON SURVIVALS OF CONTROL AND EARLY DIALYSKD DOGS 

SUBJECTED TO 3 KG/KG ENDOTOXIM J:. COLl (DIJ'CO) 

·------------·--------------------------
DOO NO. 1 2 3 4 5 6 '1 

CONTROL DOGS 

Time in Hours 8 8 10 '1.5 5 2.5 9 

DIALYSKD DOGS 

Time in Hours 8 30• 20 9.5 9.5 30• 30• 

8 9 10 11 12 13 14 BAN HRS. .NO. OF P.S. DOG NO. 
.J.Qon't 'd.} ----- ----- ------ ----
CONTROL DOGS 

Time in Roure 4.75 30" 3.5 3.5 6 24 24 10.5 1 

DIALYSKD DOGS 

Time in Hours 9.5 8.5 s 30" 30" 30" 30" ao.o '1 

Permanent SurviTor • 30 Hrs. 

'/. SURVIVAIS 

Tf. 

~ 

l\:) 
...:1 
Cl'l 



'l'OTAL NUYB:mR OF DOGS BOTH CONTROL AND laPE.RDIIH1'AL 

SUBJECTED TO 3JlG/KG OF ENDOTOXDl 

------------------

- 274 -

TOI.'AL NO. OF DOGS NO. OF P. SURT. '/. SURVIYAL 

CONTROL 

UP&DŒNTAL 

HISTAMINE GROUP 

-------------------------
34 

39 

6 

6 

19 

0 

TOTAL NU!lBER OF DOOS BOTH CONTROL AND SUBJECTED TO 

HBMORRHAGIC SHOCK 

---·----

0 

TOTAL NO. OF DOGS NO. OF P • SURV. '/. SURVIVAL 

CONTROL 

EXPERDŒNTAL 

------- ----
20 

20 

1 

a 



A P P E N D I X VIII 

MEAN VITAL SIGNS IN EARLY DIALYSED DOGS SUBJECTED TO 

.3 MG/KQ ENDOTOXINE. COLI (DIFCO) WITH NEW COILS 

A THE IN riiNUTES 0 15 .30 45 60 75 90 105 120 

- -
Temperature in .37·9 .37·9 .37.8 .37.7 .37.6 .37.5 .37 .s .37.4 .37.4 
Degrees Centigrade 

R 36 - .36 - 36 - 36 - .36 - 36 - .36.5 - 35·5 - .35-5 -
39 39 38.5 .38.5 .38 .38.5 38 38.5 .38.5 

Blood Pressure 156 89 9.3 101 105 104 109 112 112 
in mm. Hg 

R lOO - 50 - 38 - 38 - 40 - 50 - 67 - 90 - 95 -
1.35 lOO 165 160 160 150 150 150 150 

Heert P.ate 190 106 135 161 162 167 175 178 17.3 
per Mïnute 

R lOO - 90 - 60 - 112 - 120 - 126 - 140 - 144 - 1.32 -
312 189 200 240 250 270 270 280 .300 

Venous Pressure 6.2 5.6 5.8 6.5 7.2 6.5 6.0 5.6 5-5 
in cm. Water 

R 1.5 - 2.0 - 1.0 - 2.0 - 2.5 - 2.5- 2-5- 1.5 - 1.5-
13.5 1.3.0 12.5 12.5 12.5 15.5 12.5 12.5 12.5 

Respiratory Rate 19.2 21.9 21 • .3 23.7 23.4 24.9 2.3.4 23.7 24.0 
per Minute 

R 15 - 15 - 12 - 18 - 18 - 21 - 15 - 21 - 12 -
24 .36 .36 27 27 .39 27 27 27 

1 

~ 
...;} 
(11 



B TIME IN MINUTES (Gont'd.) 135 150 165 180 

Temperature in 37.1 37.0 36.8 36.7 
Degrees Centigrade 

R 35-5- 3$.5- 35-5- 35-5-
38.5 J8 .38 .38 

Blood Pressure 109 108 107 106 
in mm. Hg. 

R 65- 65- 65- 65-
150 155 155 155 

Heart Rate 170 170 172 17.3 
per minute 

R 136- 134- 1J6- 140-
300 270 280 250 

Venous Pressure 5·7 5·7 5·5 5·1 
in cm. Water 

R 2.0- 1.0- 1.0- 1.5-
10.0 1.3.5 12.5 12.5 

Respiratory Rate 24.0 27 .o 28.5 28.2 
per minute 

R 18- 18- 18 - 21-
JO 30 36 36 

R : Range 

195 210 225 

36.4 36.1 36.0 

.35- 35- 35-
37·5 37·5 J7-5 

105 102 lOD 

65- 65- 65-
155 1!>.0 160 

172 172 171 

132- 144- 140-
250 255 2JO 

5·1 5·7 5.8 

1.5- 2.0- 2,0-
12.5 12.5 12.5 

24.6 25.8 24.3 

21- 18- 18-
30 JO JO 

240 

35·9 

J5-
37.5 

lOO 

65-
167 

180 

140-
260 

6.2 

.3.0-
12.5 

24.7 

21-
40 

270 

35.8 

J5-
37-5 

101 

65-
160 

182 

140-
270 

6.2 

J.O-
12-5 

25.2 

21-
40 

l\:) 

"' m 



IIEAN TE'MPlmATURE IN DEGREES CENTIGRADE OF DOGS SUBJECT.Im TO 3 KG/KG ENDOTOXIN li: • COLI (DIFCO) 

AND EARLY DIALYSIS WITH NEW COILS 

DOG .NO. 1 2 3 4 5 6 ., 8 8 10 JIIAN 

---- ------- -- --- --
Time in 
Minutes 

0 39.0 36.0 38.5 as.5 38.0 3'1.5 38.0 38.0 38.0 37.0 3'7.9 . ... ,. .... 

15 39.0 36.0 38.5 38.5 38.0 37.5 38.0 38.0 38.0 37.0 37.9 

30 38•5 36.0 38.5 38.5 38.0 37.5 38.0 38.0 38.0 37.0 37.8 

45 38.5 36.0 38.5 38.0 38.0 37.5 38.0 37•5 38.5 37.0 3'1.'1 

60 38.0 36.0 38.0 38.0 38.0 3'1é5 38.0 37.5 36.5 38.5 37.6 

'15 38.0 36.0 38.0 38.0 37•5 37.5 37.5 37.5 36.5 38.5 37.5 

90 38.0 35.5 38.0 38.0 3'1.5 37.5 37.5 37.5 36.5 38.5 37.5 

105 37.5 35.5 38.0 38.5 37.5 37.5 37.5 37.5 36.5 38.0 37.4 

120 37.5 35.5 3'7 .5 38.5 37•5 37.5 37.5 37.5 36.5 38.0 37.4 

135 37.5 35.5 37.5 38.5 37.5 36.5 3'7 .o 37.0 36.5 37.5 37.1 

l\:1 
...;) 
;..;:t 

1 



DOG NO. 1 2 3 4 
{Cont 'd.) ---

Time in Minutes 

150 3'1.5 35.5 3'1.5 38.0 

165 3'1•5 35.5 35i5 38.0 

180 3'1.5 35.5 35.5 38.0 

195 3'1•0 35.0 35.5 37•5 

210 35.5 35•0 35.5 3'1•5 

aas 35.5 35.0 35•0 3'1.5 

240 35.5 35.0 35.0 3'1.5 

2'10 35.5 35.0 35.0 37.5 

SURVIVAL 
TID IN 30" 24 30" 24 
HOURS 

---- ---------, 

5 6 '1 8 

--

3'1.5 36•5 3'1.0 3'1.0 

3'1•5 36.5 3'1.0 3'1.0 

36.5 36.5 3'1.0 36.5 

36.5 36.0 37•0 36.0 

36.5 35.5 36.0 36.0 

35.5 35.5 36.0 36.5 

35.5 35.5 36e.O 36.5 

35.5 35.5 35.5 36.5 

30" 30" 3o• 24 

9 10 

--

36.0 3'1.5 

36.0 3'1.5 

36.0 3'1.5 

36.0 37.5 

36.0 37.5 

36.0 3'1.0 

35.5 3'7.0 

35.0 37.0 

ao• 301 

DAN 

3'1.0 

36.8 

36.'1 

36.4 

36.1 

36.0 

35.9 

35.8 

a8.a 

1 

l'\) ...., 
Q) 



MEAN BLOOD PRESSUIU!: IN W Hg OF DOGS SUBJli:CT.ŒD 

'rO 3 KG/KG ENDetrOXIN E • COLI (DIFCO} AND EARLY DIALYSIS WITH ND COI18 

----
DOG NO. 1 2 3 4 5 6 'T 8 9 10 MEAN 

---- -- ---
'rime in 
Minutee 140 165 148 175 165 135 145 190 135 165 156 
:o 

15 50 75 '15 140 55 90 100 80 45 '15 89 

30 50 100 52 150 38 95 11.2. 165 95 75 93 

45 80 125 80 140 38 98 108 160 lOO 80 101 

60 90 125 95 135 4) lOO 108 160 lOO 95 105 

75 lOO 135 90 105 50 lOO lOO 150 100 112. 104 

90 100 135 100 105 67 112. lOO 150 llO llZ 109 

105 lOS 135 lOO lOO 90 ua 100 150 llO 115 112 

120 95 130 lOO lOO 95 112 120 150 lOO 115 112 

135 65 130 120 lOO 95 lOO llO 150 100 112 109 

150 65 112 120 98 100 100 120 155 lOO 112 108 
l\:) 
..J 
(0 

• 



DOG NO. 1 2 3 4 5 
__{Q.Qnt • d • ) ---------
TIO IN 
MINUTES 

165 65 110 112 98 100 

180 65 100 112 98 100 

195 65 95 115 95 100 

210 65 65 115 95 100 

225 65 '10 lOO 95 98 

240 65 '15 lOO 95 98 

2'10 65 75 ll.2. 95 98 

SURVIVAL 
TDŒ IN 30" 24 30" 24 30"" 
HOURS 

6 7 8 

• 

100 110 155 

100 100 155 

98 100 155 

98 100 160 

96 98 160 

98 90 16'1 

98 90 160 

30" 30" 24 

9 10 

112 112 

112 115 

112 115 

112 112 

100 llO 

100 110 

100 no 

30" 30" 

--------- --

JIIU.1( 

---

10'1 

106 

105 

102 

lOO 

100 

101 

a.a.a 

1 

~ 
<D 
0 



l4EAN HlWtT RATE PER MINUTE OF DOGS SUBJECT.ID 

TO 3 JfG/m ENDOTOXIN E. COLI (DIFCO) AND EARL! DIALYSIS WlTH NEW COIIB 

---- ------
DOG NO. 1 2 3 4 5 6 '1 8 9 10 DAJ( 

---·------ --- --- --- - - - ------
Time in 
Vin utes 0 100 150 250 240 144 204 174 312 180 150 198 

.15 90 100 90 100 99 100 98 189 98 100 106 

30 60 118 180 200 96 100 120 189 120 165 135 

45 112. 136 162 MO 120 180 180 189 120 17'0 161 

60 120 136 162 250 140 150 1'14 180 132 ua 161 

75 126 135 1'11 2'70 155 1'10 168 180 132 165 16'1 

90 180 150 l'Tl 2'10 150 160 170 185 140 1'10 1'15 

105 150 148 216 280 160 180 180 1'19 144 144 1'18 

120 150 148 192 300 155 180 144 180 132 146 1'13 

135 150 150 180 300 140 158 144 178 136 165 1'10 

150 150 150 180 a7o 150 160 148 190 134 17'0 1'10 

ro 
~ 



DOG NO. (Cont 'd.) l 2 

---
Time in 
Minutes 

165 144 148 

180 140 144 

195 132 144 

210 140 144 

225 150 150 

240 140 150 

270 140 150 

SURVIVAL 
TlB Dl 30" 24 
HOURS 

--------~·-----------

3 4 5 6 , 8 9 

------

180 280 155 170 150 180 136 

180 250 180 180 155 185 140 

1'12 250 180 180 160 185 144 

1'72 255 178 155 162 180 144 

172 230 190 200 162 l'T9 140 

170 260 180 222 l'TO 168 138 

180 2'TO 162 215 220 172 140 

30"- 24 3o•- 30" 30" 24 30" 

-----------~-----------------

10 

1'12 

1'14 

168 

1'10 

140 

168 

1'10 

30" 

BAN 

l'li 

173 

lU 

1'10 

l'tl 

180 

182 

za.a 

1 

l\') 

~ 



!lEAN VENOUS PRESSURE IN CM WA'l'ER OF DOGS SUBJECTED 

TO 3 111/KG ENDOTOXIN lC • COLI (DIFCO) AND lCARLY DI&LYSIS Wl'l'H NEW COILa 

DOG NO. 1 a a 4 5 6 7 8 9 

---------
Time iD 
Xinutea 0 3.5 a.o 1.5 9.0 11•0 8o.5 5.5 13.5 4.0 

15 3.5 a.o a.o 3.5 11.0 13.0 5.5 '1.5 4.0 

30 3.5 1.0 3.0 s.o 6.5 12.5 5.5 '1.5 6e,S 

45 3.5 a.o 4.5 9.5 6.5 12•5 s.5 10.0 6.5 

60 3.5 a.5 4.0 9.0 6.5 12.5 6.5 16.5 6.5 

75 3.5 2.5 3•5 5.5 5.5 15.5 6.5 12.5 6•0 

90 3t.S 1.5 a.o 5.5 5.5 12.5 6.5 12.5 6.0 

105 3.5 1.5 1.0 5.0 5.5 12.5 6.0 10.5 s.o 
120 3.5 leS 1.5 3•5 St.O 12e.5 :.6.0 10.5 6.0 

135 3.5 2.0 3.0 3.5 5.0 12.5 5.5 10.0 6.5 

150 3.5 2.0 1.0 3.5 5.5 13•5 5.5 10.5 6.5 

10 

3.0 

a.5 
3.5 

4.0 

4.0 

4t.O 

4.5 

4.5 

5.0 

. 5.5 

5.5 

DAN 

6e2 

5e6 

5.8 

'1.2 

'1.2 

6.5 

s.o 

5.6 

5.5 

5.'1 

5.'1 

ro 
()) 
~ 



DOG NO. (Cout 'd.) 1 2 3 4 5 

Time in 
Minutee 

165 3.5 a.o 1.0 a.5 6•0 

180 3.5 2.0 1.5 2.5 6.0 

195 4.5 3.0 1.5 a.5 6.0 

210 4.5 3.0 a.o a.5 6.0 

225 4.5 3.0 2•0 a.o 6.0 

240 4.5 3.0 6.5 a.o 6.0 

2'10 4.5 3t.O 6.5 a.o 6.0 

SURVIV.lL 
TillE IN 30" 24 30" 24 30" 
HOURS 

6 7 8 

--

12.5 5.0 10.5 

12.5 5.0 12.5 

12.5 5.0 10.5 

12.5 s.o 10.5 

12.5 5t.5 10.5 

8.5 5.5 12.5 

a.o 6.0 12.5 

30" 30" 24 

9 10 

6.5 s.o 

6.0 5.o 

5.5 5.5 

5•5 5.0 

5•5 s.o 
5.5 6.5 

5.5 6.5 

30" ao• 

DAN 

5.5 

5.'1 

5.7 

5.'1 

5.8 

6.2 

6.1 

28.2 

l':) 
(X) 
~ 



DOG HO. 

BAN RESPIRl'rORY RA.TE P.IR MINT..l'J.'l!:. OF DOGS StJBJJCCDD TO l MG/KG ENDOTOXDI :&. COLl: (DIFCO) 

AND lWlLY DIALYSIS WttH ND COII.I 

1 a 3 4 5 6 " 8 9 10 

-------- - -·- --
Time in 
llinutea 

0 24 15 21 18 21 21 18 21 15 18 

15 30 15 36 18 15 n %4 'Z't 15 18 

30 36 12 24 18 15 11 H 24 21 18 

45 2:4 18 36 21 18 30 ?!/ 24 18 21 

60 24 ao 24 21 18 ao 27 21 18 21 

'15 30 39 21 21 21 30 21 21 21 24 

90 27 30 15 21 18 27 24 2't Il 24 

105 27 24 21 21 21 ?!1 24 50 2l 21 

1%0 27 24 21 18 27 30 24 30 18 21 

135 2.1 18 ~1 33 21 27 lO 30 18 21 

150 30 18 30 33 24 30 30 27 21 2'1 

UE.AN. 

19•2 

21•9 

21.3 

23.7 

23.4 

24.9 

23.4 

23.'1 

24t.O 

24.0 

27•0 

1 

~ 
(X) 
(f1 



DOG. NO. (Cont'd.) 1 a 3 4 5 

-------
Time in 
Minute• 

165 36 18 30 36 24 

180 36 24 33 33 24 

195 30 24 27 21 24 

210 27 24 33 2'1 24 

225 2'1 24 30 27 2.1 

240 21 24 40 2'1 21 

2'1'0 20 24 40 24 21 

SURVIVAL 
TDŒ IN 3o• 24 30" 24 30" 
HOURS 

6 , 8 

30 33 2'1 

21 33 27 

18 27 14 

18 27 2'1 

18 24 2.7 

21 24 24 

21 24 27 

30" 30" 24 

9 10 

24 27 

24 ?:1 

24 27 

Il 30 

18 2'1 

21 24 

l7 24 

30• 30" 

---

lŒAH 

28.5 

as. a 

2:4.6 

25•8 

2.4.3 

24.>'1 

as.a 

as.a 

1 

l\) 
CD 
Cl 



SURVlVAL Tlllll lN HOURS OF IARLY DIALYSICD JOOlO'l'OXIN DOGS - Na' COILS ONLY 

------·----------------·--------------·-------

DOG NO. 1 2 3 

----------- ------- -------
Number of 
Hours 30r 24 30" 

MO. OF PEm.t&NE.NT 
SURVIVORS 

7 

4 

24 

5 

30" 

6 ' 8 

-- --
30" 

Pli:RCENT 
SUR VI VORS 

... 

30" 24 

9 10 

30• JO'' 

BAN NO. HOURS 

aa.z 

l\::1 

~ 



AfPKNDIX Xl 

DAN VITAL SIGNS Of DCGS lN ENDOTOXIH SHOCK AND Dli:LA.DD DIALYSIS 

A TIMI IN JIINUTICS 0 15 30 45 60 '15 90 105 120 135 150 

-- --
Temperature 38.1 38.1 38.1 37-.8 37.6 3'7.5 37.5 37,4 37.3 37.1 37.% . 
in Degree• 
Cerrtigracle a 36.5- 36.5- 36.5- 36.5 - 36.2 - 36 - 36 - 36 - 36 - 36 - 36-

39 39 39 39 38.5 38.5 38.5 38 38 38.5 38.5 

B1ood Pressure 152 103 10'r 109 124 132 124 120 116 111 109 
in nua Hg 

B. 135 .. 52• 40 .. 45 - 50- 55 - 60 ... 60 - 50 - 48- 48 ... 
l'f'O 140 160 155 150 180 llO 150 155 150 150 

Hean Rate 180 131 122 163 168 l'Tl 180 181 201 198 216 
per ViJJlrte 

a 108 - 81- 72 ... 52 - ll1- 96 - 98 - 120 .. 120 .. 156 - 150-
270 300 300 2'10 270 240 240 220 300 230 300 

Venous Preesure 6.2 4.3 4.2 5.'1 6.6 6.0 5.4 4 .. 8 4.8 4.2 4.4 
in cm Water 

a a.s .. 1.5 - 1.5 - 1.5 - 1.5 - 1.5 - 1.5 - 1.0 - 1.0 - 1.5 - 1.5 -
9.5 10.5 10.5 10.5 13.0 14.5 14.5 10.5 10 14 10 

Respiratory 21.3 20.4 18.9 20.7 22 • ., 22.8 2:4.3 20.7 20.4 aa.a 2:3.1 
Rate per 
Vintrte R 6 - 9- 6 .. 6 ... l-2 - 12 - 12 ... 12- 12 - 12- 12- tl) 

60 33 30 60 50 54 5'1 27 27 - 39 OJ 
OJ 



B 'l'ime in llinutea 165 180 195 210 225 
_{Cont'd.) --
'l'eapera~ure 37•0 36.9 36.8 36.8 36.8 
in Degrees 
Centigrade R 36 - 36 - 36 - 36 - 36 ... 

39 39 38.5 38.5 38.5 

B1ood Pressure 108 101 102 98 91 
in mm Hg 

R ~ •... 45 - 45 .. 40- 40- 42 -
150 140 135 130 130 

Heart Rate 223 215 219 208 201 
per llinute 

R 154 - 162 - 156 ... 132 - 132 ... 
350 300 300 2'10 2'10 

Yenous Pressure 4.3 4.4 4.3 4.3 4.3 
in CDI Wa~er 

R 1.0- a.o- 2.0- a.o- 2.0-
10.5 10.5 10.5 10.5 10.5 

Resp:lratory 20.'1 20.4 20.4 20.4 21.9 
Rat.e per 
Uinut.e R 12 ... 12- 12 - 12- 12 • 

2'1 at %'( 2f 30 

R '=' Range 

240 as5 2'TO 285 _ __...... __ 
36.6 36.5 36.1 35.8 

35.5- 35 - 34.5- 34 ... 
38.5 38.5 38.5 38 

88 93 97 M 

40- 40- 45 - 45 -
120 120 120 115 

1'73 1'14 1'79 1'78 

190 - 100 ... 105 - 110 -
2.5% 252 260 ••• 

4.t s.o s.o s.a 
3.0 .. a.o- a.5- 3.0-

10.5 lilaS u.s 1&.5 

21 •• 21.1 22.8 21.3 

12 • 12 - 12 .. 12 -
30 36 36 30 

300 315 

35.6 35.3 

33.5- 33.5-
38.5 38 

92 9f 

50 - 50 -
115 l2i 

lf4 168 

114 ~ 120 -
Ill Ul 

5.1 s.a 

2•5- 3.5-
10.5 ·:.t.s 

23.0 23.5 

12- 1.2• 
39 39 

330 

35.1 

33 -
38 

93 

so-
1J3 

168 

110 -
atO 

5.9 

3.5-
10.5 

23•5 

12-
39 

ro 
CD co 

' 



DOG. NO. 1 

-----
Time in 
Minutes 

0 36.5 

15 36.5 

30 36.5 

45 36.5 

60 36.5 

7'5 36.2 

90 36à0 

105 36.0 

120 36.0 

135 36.0 

150 36.0 

165 36.0 

:MEAN 'mli?ERATURE IN DEGRDS CENTIGRADI OF DOGS DIALYSID 3f- • 4 HOURS 

AmR I. V • INJECTION OF 3 11G/KG OF BNDOTOXIH E. COLI (DIJ'CO) 

2 3 4 5 6 '1 8 9 10 

---- ----

38.0 37.5 38.0 38.5 39.0 39.0 37.5 39.0 38.0 

38.0 37.5 38.0 38.5 39.0 39.0 37.5 39.0 38.0 

38.0 37.5 37.5 38.5 39.0 39.0 3'1.5 39.0 38.0 

38.0 37.5 37.5 38.5 39.0 38;.5 3'7.2 37.5 38.0 

37.0 37.0 38.0 38.5 38.0 38.5 37.2 37.5 38.0 

37.5 37.0 38.0 38.0 38.0 38.5 37.2 38•0 38.0 

37.5 3'1.0 38.0 38.0 n.~ 38.5 37.2 38.0 37.2 

37.5 37.0 38.0 38.0 37.5 37.5 3'1.0 38.0 37e5 

37.5 37.0 38.5 37.0 38.0 37.5 37.0 37.0 3'7•5 

3'7 .5 37.0 38.5 37.0 38.0 37.5 37.0 36.5 37•5 

37.0 36.5 38.5 37.0 38.4 37.5 37à0 36.5 37.5 

37.5 36.5 38.5 36.5 at.o 37.5 37.6 36.5 37.0 

JIEAll 

38.1 

38·1 

38.1 

37.8 

37•6 

37.6 

37.5 

37.4 

37.3 

37.3 

37.1 

37.2 
1 

~ 
<.0 
0 



DOG NO. 1 a 3 4 5 6 7 

---------
Time in 
Minutes (Cont'd.) 

180 36.0 37.5 36.5 37.0 36.5 39.0 37.5 

195 36.0 37.5 36.5 37.0 36.5 38.5 37.0 

210 36.2 37.5 36.5 37.0 36.5 38.5 3'1.0 

225 36.2 37.5 36.5 37.0 36.5 38.5 37.0 

24:0 36.1 37.5 35.5 36.5 36.0 38.5 37.0 

255 36.5 37.5 35.5 36.5 35.0 38.5 3'1'.0 

2'10 36.2 37.0 35.5 36.0 34.5 38•5 3'1•0 

285 35.5 36.7 35.5 35.5 34.0 38e0 37.0 

300 35.5 36.5 34.5 35.0 33.5 38.5 3'1.0 

315 35.5 36.5 34.0 35.0 33.5 38.0 

330 35.3 36.5 34.0 34e5 33.0 38.0 

SURVIVAL 
T~ IN 30• 3~ 30 .. 9 71- 30• 5 
HOURS 

8 g 

36.5 36.5 

36.5 36•5 

36.5 36.0 

36.5 36.0 

36.0 36.0 

36.0 35.5 

35e5 35.0 

35.0 35.0 

35.0 34.5 

35.0 34.0 

35.0 38.0 

2;4 24 

10 

31.8 

37.0 

36.5 

36.5 

36.5 

36.5 

36.0 

36.0 

36.0 

36.0 

35.5 

30• 

JŒAN 

37.0 

36.9 

36.8 

36•8 

36.6 

36.5 

36•1 

35.8 

35.6 

35.3 

35.1 

22.0 

N co 
1-' 



MEAN BLOOD PRESSURE IN Wl Hg OF DOGS DIALYSKD 3f • 4 HOURS 

ArrER I.V • IN.ŒCTION OF 3 IIG/KG of ENDŒOXDI :&. COLI (DIFCO) 

----
DOG" NO. 1 2 3 4 5 6 , 8 9 10 KIWI 

-- ------
Time in 
Minutes 

0 162 140 140 160 135 165 155 150 140 1'10 152 

15 130 1.25 140 90 sa 100 110 65 130 100 103 

30 160 12:5 140 40 4a- 125 lOO 90 130 105 10'1 

45 155 130 140 45 48 130 100 100 130 115 109 

60 150 130 150 ll.a 50 140 105 110 140 150 124 

75 140 180 155 140 55 140 110 110 145 145 132 

90 130 120 150 130 60 140 115 110 135 145 124 

105 125 100 135 100 60 145 140 110 130 140 120 

120 110 90 135 110 50 130 155 110 125 140 116 

135 108 80 130 llO 48 125 140 105 120 150 lU 

150 108 '10 130 112 48 120 125 105 120 150 109 

165 105 65 135 115 45 120 120 105 120 150 108 
1\: 
co 
N 



DOG NO. 1 2 3 4 5 

----
Tima in 
llinut.es 
(Cont•d.) 

180 110 60 140 110 45 

195 112 60 135 115 40 

210 115 60 130 115 40 

225 120 65 130 115 42 

240 60 85 120 '10 40 

255 70 100 85 112 40 

2'10 95 lOO 90 120 45 

285 115 90 llO 80 45 

300 115 80 100 '10 50 

315 125 80 100 100 50 

330 123 80 95 80 50 

SURVIVAL 
TID 1ll 30" 30 ... 30• 9 'Ti HOURS 

6 '1 8 9 

--

110 120 85 120 

120 120 85 130 

110 120 85 100 

110 120 85 100 

120 120 85 80 

110 120 85 llO 

llO 90 90 115 

110 90 85 115 

112 90 85 115 

115 90 115 

110 90 115 

30" 5 24 24 

10 

112 

100 

100 

90 

95 

100 

100 

98 

98 

98 

98 

30• 

DAN 

--

101 

102 

98 

9'1 

88 

93 

97 

94 

92 

9'1 

93 

za.o 

l\:1 
<0 
CA 

t 



DOG NO. 

'l'lM in 
Minutes 

0 

15 

30 

45 

60 

'15 

90 

105 

120 

135 

150 

165 

MEAN HÙ.R'l' RATE l'BR MINUTE OF DOGS DIALYSlm 3i - 4 HOURS A:M'li:R I. • V • INJECTION 

o:r 3 11G/KG OF iNDO'l'OXIN 1. COLl: {DIFCO) 

1 2 3 4 s 6 T 8 9 10 

--- --

192" 108 180 270 180 150 180 138 132 270 

150 31 99 90 150 102 300 138 112 90 

120 '72. 99 126 159 126 300 90 144 100 

170 '12 210 144 162 120 2'70 156 150 180 

162 120 201 150 180 160 2'70 156 111 168 

150 96 162 201 1'78 180 240 156 108 240 

180 98 165 210 180 210 222 150 150 240 

185 130 160 216 180 220 210 162. 160 200 

165 120 175 210 210 300 220 162 180 214 

166 180 195 192 210 222 230 156 214 210 

180 180 180 22.8 195 300 240 150 290 212. 

154 180 198 250 210 350 240 159 300 190 

JŒAK 

180 

131 

122 

163: 

168 

l'Tl 

180 

181 

201 

198 

216 

223: l'V 
ID 
.;:.... 



DOG NO. 1 2 3 4 5 

--- ------
Time in 
Minutes (Cont•d.) 

180 180 168 168 270 170 

195 162 168 210 265 156 

210 180 132 258 240 168 

225 180 132 198 225 180 

240 150 114 198 asa 156 

255 138 120 210 252 156 

270 154 120 150 260 156 

285 168 114 180 180 150 

300 150 114 170 168 150 

315 150 120 150 180 130 

330 155 120 162 240 120 

SURVIVAL 
TDIK IN 30• 30• 30• 9 'Tf 
HOURS 

6 7 8 

--

282 250 162 

300 2'70 162 

180 260 168 

160 270 162 

90 210 168 

100 210 168 

105 210 240 

110 210 246 

120 210 231 

120 231 

110 168 

30• 5 24 

9 10 

--

300 200 

290 222 

2'70 224 

2'70 230 

150 240 

162 220 

158 240 

210 216 

210 220 

210 222 

210 230 

24 30" 

MEAN 

215 

219 

208 

201 

173 

1'74 

1'79 

178 

174 

168 

168 

22•0 

ro 
cD 
(.11 



DOG NO. 

Time in 
11inutea 

0 

15 

30 

45 

60 

f5 

90 

105 

120 

135 

150 

165 

LŒAN VKNOUS PRESS'I.JU IN Cll WATER OF OOGS DIALYSED 3j- .. 4 HOURS AFTER I • V • INJECTIOK 

OF 3 'MG/KG OF ENDO'l'OXIN E. COLI (DIFCO) 

1 2 3 4 5 6 7 8 9 10 

--· ---- ----- ---- --- -- --- ---------

5.5 5.5 6.0 6.0 a.o 7.5 2.5 6.5 9.5 6.6 

1.5 3.0 4.0 6.5 2.5 5.5 2.5 5.5 10.5 1.5 

3.0 4.0 4.5 3.0 1.5 5.0 3.0 5.5 10.5 2.0 

4.5 4.0 6.0 6.5 1•5 6.5 3.0 10.5 10.5 4.0 

4.0 4.0 'T.O 7.0 1.5 10.5 3.0 10.5 13.0 5.0 

3•5 3.0 5.5 5.5 1.5 10.0 3.0 10.5 14.5 2.5 

3.5 3.0 5.5 5.5 1.5 6.5 3.0 '1.5 14.5 3.5 

3e.5 3.0 5.5 5.5 1.0 6.5 3.0 6.0 10.5 3.5 

3.5 s.o 6t.5 5.0 1.0 6.5 3.0 6.0 10.0 3.5 

3.0 3.5 6.5 5.0 1.5 5.0 3.0 6.5 14.0 4.0 

3.0 2.0 5.5 5.0 1.5 4.0 3.0 6.0 10.0 4.0 

3.0 2.0 4.5 5.5 1.0 3.5 3.0 6.0 10.5 3e5 

DAN 

6.2 

4.3 

4e2 

5.7 

6.6 

6.0 

5.4 

4.8 

4.8 

4.2 

4.4 

4.3 l'V 
(!) 
0) 



DOG NO. (Cont•d.) 1 2 3 4 5 

--- --- --- ---
Time ill 
llinutea 

180 2.5 2.0 4.5 5•5 2.0 

195 2.5 2.0 4.5 5.5 2.0 

210 2.5 2.0 4.5 5.5 a.o 

225 2.5 2.0 4.0 5.5 2.0 

240 3.0 4.0 3.5 6.0 5.5 

255 3t.O 4.5 3.5 6.0 5.5 

2'10 2.5 4.5 3.5 5.5 s.s 

285 3.0 4.5 3.5 5.5 5.5 

300 2.5 4.5 3•5 5.5 5.5 

315 3.5 4.5 3.5 6.5 e.5 

330 3.5 4.5 3.5 6.0 10.5 

SURVIVAL 
TIJm IN 30• 30• 30• 9 fi 
HOURS 

6 7 8 

---

3.5 3.5 6.0 

3.5 3.5 5.5 

3.5 3.5 5.5 

3.5 3.5 5o.5 

4.0 3.0 s.o 

4.0 3.0 s.o 

4.5 3.5 5.0 

6.5 3.5 5.5 

6.0 3.5 5.5 

6.0 6.0 

6.0 ~.o 

30• 5 24 

9 

10.5 

10.5 

10.5 

10.5 

10.5 

11.5 

11.5 

10.5 

10.5 

9.5 

9.5 

24 

10 

4.0 

3.5 

3.5 

3.5 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

30 .. 

1IEAN 

4.4 

4e3 

4e.3 

4.3 

4.9 

5.0 

5.0 

5.2 

5.1 

s.a 

s.g 

22.0 

ro 
(() 
....:! 



DOG NO. 

Time in 
Vinutes 

0 

15 

30 

45 

60 

f5 

90 

105 

120 

135 

150 

165 

MUN RESPIRA TORY RATE PER MINUTE OF DOGS DIALYSKD 3f • 4 HOURS AFTJ:R I .. V • IN.Tli:C'l'IŒ 

OF 3 V:G/KG OF ENDOTOXIN E. COLI (DIFCO) 

1 2 3 4 5 6 '1 8 9 10 

--------- __ .._,_. ____ 

lB 6 36 60 %1 12. 15 15 1% tf 

33 l.Z 2'1 21 1'1 12 12 21 9 30 

21 6 2'1 18 30 12 18 21 9 2'1 

60 6 24 18 2'1 12 18 15 9 18 

45 12 21 50 24 12 18 15 12 18 

30 12 %'1 54 24 12 21 15 12 21 

21 15 21 S'l 24 12 2'1 33 12 21 

18 15 24 2'1 24 lJ 2'1 18 21 21 

18 18 24 18 2'1 12 'Z'T 15 24 21 

18 42 21 15 2T 12 24 21 24 2.4 

18 39 21 15 2'1 11 30 2'1 18 24 

18 15 24 21 2'1 ll 27 21 18 24 

BAli 

21•3 

20.4 

18.9 

ao.'l 

aa.t 
aa.s 
24.3 

20.'1 

20•4 

aa.s 

23.1 ' . 
ao.'l li) 

co 
()) 



DOG NO. (Cont•d.) 1 a 3 4 5 6 7 8 9 10 BAN 

--- ---- --- ---- ---- -------
Time in 
Jlinutea 

180 18 15 24 24 2.7 12 2'T 18 18 21 20.4 

195 18 15 24 27 27 12 2.7 15 18 21 20.4 

210 18 18 21 2.7 27 12 2.'1 15 18 21 20.4 

225 21 18 21 30 24 12 27 18 24 24 21.9 

240 30 12 30 2.4 12. 15 27 18 30 18 :n.s 

255 21 24 36 18 12 15 24 18 27 24 21.9 

2'10 21 24 36 2.1 12 15 24 24 21' 2.4 22.8 

285 18 12 30 24 12 15 2'1 2.4 24 27 :n.3 

300 18 20 39 24 12 15 27 24 2'T 24 23.0 

315 24 24 39 21 12 18 24 2'1 24 23.5 

330 24 20 39 21 12 18 24 27 27 23.5 

SURVIVAL 
TDŒ IN ao• 30" 30• g 'Tf 3o•- 5 24 2.4 30• aa.o 
HO'LJRS 

1 

~ 
co 
co 



DOG NO. 

Number of 
Hours 

1 

30" 

SURVIVAL TDIE IN HOURS OF L&TE DIALYSKD ENDctl'OXIN DOGS • OLD AND Nii:W COIL8 

% 

so• 

3 • 5 6 " 8 

--- ---- --
30• 9 7.5 

NO. OF PDVANli:NT 
SURVIYOBS 

5 

30• 5 %4 

P&RCU'.r 
SURVIVOB& 

5a'/. 

9 10 MEAN NO. HOURS 

24 30 .. 

Ul 

8 



APP:&NDIX x 

DAN VITAL SIGNS OF ENDOTOXIN CONTROL DOOS (CONTROL 'fO LAD DIALYSIS) 

- -- -
A T nŒ IN liiNU'l'IS 0 15 30 45 60 '15 90 105 120 135 150 

----- - ---
Temperature 3'1.9 37.9 37.9 37.8 37.6 37.4 37.1 37.1 3'1.2 37.1 36.8 
in Degreee 
Centigrade R 36• 36- 36• 36- 34.2- 34.2.- 34- 34- 34- 34- 34-

39.5 39.5 39.5 39 39.0 39.0 38.5 38.5 38.5 38.5 38 

B1ood Pressure 158 90 83 107 109 116 121 113 10l 101 92 
in lliD Hg 

R 125- 3o- 40- 45- so- 65- 55- 55- 32• 30- 20-
185 130 uo 160 160 140 145 150 145 135 140 

Haart Rate 190 124 103 132 129 12'1 133 150 180 185 165 
per Jlinute 

R 158-:- 81- 80- 99- 99- 90- 31- 130- 130- 138- 20-
2.40 186 180 180 168 168 162 180 222 230 250 

Venoue Pressure 5.9 3.2 2.9 3.'1 5.4 s.s 4.3 4.8 4.4 •.. , .. 4.9 
in cm Water 

R 1- 1- 1- 2- a.s- 2.5- a.o- a.s- 2.5- a- 1-
12 6.5 6 6t.5 10 10 '1.5 7.5 7.5 11•5 12 

Respira-tory 40 42 43 45 34 35 48 40 37 at 33 

R 12- 15• 15- 18- 15- 15- 24- 24- 21- 10- 6• 
90 90 90 95 '10 68 90 66 48 64 71 w 

0 .... 



B TDB IN MINUTES 165 180 195 210 225 240 2.55 2'10 285 300 
__j.Q.ONT 'D.) ' -------
Temperat'Ure 37•2 37.2 37.0 37.2 36.3 36.1 35.9 35.2 35.1 35.0 
in Degreee 
Centigrade R 36- 36- 36- 36.5- 35.5• 35- as- 35- 35- 35-

38.5 38.5 38 38.5 3'r.l 3'1.5 . If •: · 35.5 u.a 35 

Blood Pressure 109 105 102 101 104 99 93 85 lOS 98 
in mm Hg 

R 75- 60- 60- 60- 65- 62- 40 .. 30- 62- 40• 
150 160 150 150 150 130 .140 120 128 130 

Heart Rate 224 244 244 228 227 228 l'Tl. 144 180 205 
per Minute 

R 160- 180- 1'10- 162- 160- 132- 50 .. 10- 150• 150-
300 300 300 290 300 300 300 210 210 150 

Venous Pressure 3.2 2.5 2•7 3.8 s.o 5.2 6.0 6.4 3.6 3.6 
in cm Water 

R 4.5 4.5 5 6.5 10.5 10.5 12.5 14.5 5 5 

Respiratory 40 30 30 25 27 30 19 21 26 as 
Rate per 
Minute R 24- 24- 24- 18- 18- 18- 6- 5- 24- 24-

70 37 33 33 33 36 24 2'1 2'1 2'1 

----------------------·--------------------------------------------------------------------------
R • Range 

w 
0 
N 

1 



OOG NO. 

YiAN T.BY:PKRATUU IN DEGREES CENTIGRADE OF CONTROL DOGS SUBJECTID 

TO ENDOTOXIN 3 MG/KG 8F K. COLI (DIFCO) 

·------------------------------------

1 2 3 4 5 ou 

Time in Minute • 

0 38.0 36.0 38.0 38.0 39.5 37.9 

15 aa.o 36.0 38.0 38.0 39.5 37.0 

30 38.0 36.0 38.0 38.0 39•5 37.9 

45 38.0 36.0 38.0 38.0 39.0 37e8 

60 38.0 34.2 38.5 38.0 39.0 37.6 

75 38.5 34.2 38.0 37.5 39.0 37.4 

90 37.5 34.0 38.0 37.5 38.5 37.1 

105 37.5 34.0 3a.o 37.5 38.5 37.1 

120 37.5 34.0 3a.s 37e5 38.5 37.2 

135 37.0 34.0 38.5 37.5 38.5 37.1 

150 36.0 34.0 38.5 37.5 38.0 36.8 

..... 

1 

w 
0 
w 
1 



DOO NO. (Cout•d.) 1 2 3 

Time in JHnutea 

165 36.0 38.5 

180 36.0 38.5 

195 36i.O 38.0 

210 36.5 38.5 

225 36.0 3'1.5 

24:0 36.0 3'1'.5 

255 35.5 3'1.0 

270 35.0 35.5 

285 35.0 35.0 

300 35.0 35.0 

SURVIVAL 
TDŒ IN 9 at 30., 
HOURS 

4: 5 

36.5 38.0 

36.5 38•0 

36.5 37.5 

36.5 3'1.5 

36.5 35.5 

36.0 35e0 

361.0 35.0 

35.5 35.0 

35.5 

35.0 

12 4i 

BAli 

37.2 

37.2 

37.0 

37.2 

36.3 

36.1 

35.9 

35.2 

35•1 

35.0 

11.6 

t 

w 
0 .,.. 

' 



MUN BLOOD PRESSURE IN W Hg OF CONTROL DOGS SUBJEC"J.'BD 

'1'0 3 Y:G/KG OF ENDOTOXIN l• COLI (DIJ'CO) 

~---

DOG NO. 1 a 3 4 5 

-~------

"l'ime in Minutes 

0 115 150 1'10 160 185 

15 30 90 130 118 80 

30 40 60 120 115 90 

45 45 60 130 130 160 

60 50 65 130 140 llO 

'TS 68 65 140 140 165 

90 110 55 145 145 138 

105 112 55 135 150 112 

120 100 32 135 145 100 

135 105 30 135 135 98 

150 ao 20 140 125 95 

DAN 

---

158 

90 

es 

10'r 

100 

116 

121 

113 

102 

101 

92 

w 
0 
Ul 



DOG NO • (Co nt • d.} 1 2 3 

---- ----
Time in Minutes 

165 75 150 

180 60 160 

195 60 150 

210 60 150 

225 65 150 

240 62 130 

255 62 140 

270 62 120 

285 62 120 

300 40 125 

SURVIVAL 
TID IN 9 at 30~ 

HOURS 

4 5 

122 90 

120 80 

120 80 

115 80 

120 80 

125 80 

130 40 

130 30 

128 

130 

12 4i 

MEAN 

-----

109 

105 

102 

101 

104 

99 

93 

85 

103 

98 

11.6 

w 
0 
0\ 



liEAN HEART RATE l'lm lfl:Nl.ITB OF CONTROL DOGS SUBJlilCTED TO 

3 U:G/m OF IND01'0XIN B. COLI (DI1CO) 

--
DOG NO. 1 a 3 4 5 DAN 

- -
0 158 162 240 174 216 190 

15 90 100 162 186 81 124 

30 80 90 86 180 81 103 

45 100 112 180 168 99 132. 

60 99 110 168 168 102 1.29 

75 90 108 168 168 102 12'1 

90 132 132 162 150 81 133 

105 130 135 180 155 150 150 

120 138 130 222 180 228 180 

135 138 160 220 180 230 185 

150 140 20 228 186 250 165 

~ ..... 

• 



DOO NO. (Cont'd.) 1 2 3 

-------
165 160 250 

180 180 2'10 

195 1'10 2'70 

210 162 240 

225 160 2'70 

240 132 300 

255 134 300 

2'l0 134 180 

285 150 180 

300 150 180 

SURVIYAL 
TID IN 9 * 30• 
HOURS 

4 5 

--
186 300 

186 300 

195 300 

210 290 

180 300 

180 300 

201 50 

210 10 

210 

286 

12 4i 

DAN 

224 

244 

2:44 

228 

22'7' 

228 

l'Tl 

144 

180 

205 

11.6 

w 
0 
co 



DOG NO. 

'rime in 
Minutes 

0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

MEAN VENOUS PRESSURB: IN CM WATER OF CONTROL DOOS SUBJllC'rED TO 

3 MG/KG OF li:NDOTOXIN E. COLI (DIFCO) 

1 2 3 4 5 lllWl 

--

5.0 6.0 1.0 s.s 12.0 5.9 

5.0 6.5 -1 3.0 2.5 3.2 

4.0 6.0 -1 3.5 2.0 2.9 

3.5 6.5 2.5 4.0 2.0 3.'7 

3.0 '7.0 10.0 4.5 2.5 5.4 

3.0 7.5 10.0 4.5 a.5 5.5 

2.0 7.5 5.5 4.5 2.0 4.3 

2.5 7.5 7.0 4•5 2.5 4.8 

2.5 7.5 5.0 4.5 2.5 4.4 

2.5 11.5 2.0 4.5 3.0 4.7 

4.0 12.0 1.0 4.5 3.o 4.9 
w 
0 

"' 



DOG NO. (Cont'd•) 1 2 3 

---------
165 4.5 1.0 

180 2.5 1.0 

195 2.5 1.0 

210 2.5 1.0 

225 3.0 1.5 

240 3.5 2.0 

255 3.5 3.0 

2'10 3.0 3.0 

285 3.5 2.5 

300 3.5 2.5 

SURVIVAL 
TillE IN 9 * 309 

HOURS 

4 5 

4-.5 3.0 

4.5 2.5 

5.0 2.5 

5.0 6.5 

5.0 10.5 

5.0 10.5 

5.0 12.5 

5.0 14.5 

5.0 

5.0 

12 4t 

DAN 

3.2 

2.5 

2.'1 

3.8 

s.o 

5.2 

6.0 

6.4 

3.6 

3.6 

11.6 

w 
t-' 
0 

l 



DOG NO. 

MEAN RESPIRA.TORY RATE PER MINtrrE OF CONTROL DOOS SUBJECTED 

TO MG/KG OF ENDOTOXIN 1. COLI (DIFCO) 

1 ~ 3 4 5 JmlN 

-- --
Ti• in Minutes 

0 60 90 18 12 21 tO 

15 65 90 21 15 18 41 

30 '10 90 24 15 18 43 

45 '70 95 21 21 18 45 

60 '70 39 27 21 15 34 

'15 68 tS 27 21 15 35 

90 70 90 27 24 2'f 48 

lOS 66 55 27 24 2f tO 

120 65 48 21 27 24 3'7 

135 64 10 18 2f 2.4 29 

150 71 6 27 36 2'1 33 

w .... .... 



DOG NO. (Cont 1 d.) 1 2 3 4 5 JŒAN 

-
Time in Jfinutes 

165 70 30 36 24 40 

180 37 30 30 24 30 

195 33 24 30 33 30 

%10 30 21 18 33 as 
225 33 24 18 33 2'1 

240 27 30 18 3& 30 

255 24 24 21 6 19 

270 2'1 27 27 5 21 

285 2'1 27 24 26 

300 24 27 24 25 

SURVIVAL 
TDŒ IN 9 * 3o• 12 41- 11.& 
HOURS 

(A) 

t:;; 



• 

A 

APPENDIX XI 

CmiPARATIVE :MEAN VITAL SIGNS OF CONTROL A.ND LATE DIALYSED DOGS 

SUBJECTED TO 3 MG/KG ENDOTOXINE. COLI (DIFCO) 

TIIIAE IN MINUTES 0 1.5' 30 4.5' 60 7.5' 

--
Temperature c 37·9 37·9 37·9 37.8 37.6 37.4 
in Degrees 
Centigrade D 38.1 38.1 38.1 37.8 37.6 

37 ·' 
B1ood Pressure c 1.5'8 90 83 107 109 116 
in lllll1 Hg 

D 152 103 107 109 124 132 

Heart Rate c 190 124 103 132 129 127 
per Minute 

D 180 131 122 163 168 171 

Venous Pressure c 5·9 ).2 2.9 3-7 5.4 5·5 
in cm Watar 

D 6.2 4.3 4.2 
'· 7 

6.6 6.0 

Respiratory c 40 42 43 4.5' 34 3.5' 
Rate par 
Minute D 21.3 20.4 18.9 20.7 22.7 22.8 

90 10.5' 

37.1 37.1 

37.5 37.4 

121 113 

124 120 

133 150 

180 181 

4.3 4.8 

5.4 4.8 

48 40 

24.3 20.7 
w ..... w 



B TIME IN Mil\lUTES (Cont'd.) 120 135 150 

---
'femperature c 37.2 37.1 36.8 
in Degrees 
Centigrade D 37.3 37.1 37.2 

Blood Pressure c 102 101 92 
in mm Hg 

D ll6 ll1 109 

Heart Rate c 180 185 165 
per Minute 

D 201 198 216 

Venous Pressure c 4.4 4.7 4.9 
in cm Water 

D 4.8 4.2 4.4 

Eespiratory c 37 29 33 
l',ate per 
Minute D 20.4 22.8 23.1 

165 180 195 

37.2 37.2 37.0 

37 .o 36.9 36.8 

109 105 1D2 

108 101 102 

224 244 244 

223 215 219 

3.2 2-5 2.7 

4.3 4.4 4.3 

40 30 30 

20.7 20.4 20.4 

210 

37.2 

36.8 

101 

98 

228 

208 

3.8 

4.3 

25 

20.4 

225 

36.3 

36.8 

104 

97 

227 

201 

5.0 

4.3 

27 

21.9 

w ..... 
..!:> 



0 TIME IN MHlUTES ( Cont'd.) 240 255 270 285 300 315 330 

Temperature 0 36.1 35-9 35.2 35.1 35.0 
in Degrees 
Centigrade D 36.6 36-5 36.1 35.8 35.6 35.3 35.1 

Blood Pressure 0 99 93 85 103 98 
in mm Hg 

D 88 93 9'7 94 92 9'7 93 

Heart Rate c 228 171 144 180 205 
per lünute 

D 173 174 179 178 174 168 168 

Venous c 5.2 6.0 6.4 3.6 ).6 
Pressure in 
cm Water D 4.9 ;.o 5.o 5.2 ;.1 ;.8 5-9 

Respiratory c JO 19 21 26 25 
Rate per 
Minute D 21.6 21.9 22.8 21.3 23.0 23.5 23.5 

w 
~ 



1 DOG ID. 

-
Early Dialysis 

0 - J5 Minutes 

Controls 

Lata Dialysis 

Jt - 4 Hours 

Contro1s 

COMPARATIVE SURVIVAL TIMES IN HOURS OF DOGS SUBJECTED TO 

J MG/KG ENDOTOXIN \VITH 'EARLY' AND LATE' DIALYSIS 

1 2 J 4 5 6 7 

8 Jo• 20 9.5 9-5 Jo• 30 .. 

24 10 7t 5 2.50 9 4.45 

3D" 3D" 30" 9 7t 3D" 5 

9 2} Jo• 12 4 

8 

9-5 

6 

24 

9 
-

8.5 

~ 

24 

w 
1-' 
0'1 



--

B DOG NO. (Cont'd.) 10 11 12 13 14 MEAN PERMANENl' % SURVIVA.L 
SURVIVORS 

Early Dialysis 
5o% 0 - 35 :Minutes 5 30to 30'" 30'" 20 31.4 7 

Control 3.50 8 30'" 24 8 10.5 1 7% 
Late Dialysis 
.Jt - 4 Hours 30" 22.0 5 5o% 
Controls 11.6 1 20% 

Jo•- • Permanent Survivor 

w 
~ 



A P P E N D I X XII 

lil!l!:AN VITAL SIGNS OF ENDOTOXIN DOGS SUBJECTED TO MECHANICAL EFFECTS 

OF DIALYSIS 

TIME IN MINUTES 0 15 3D 45 60 75 90 105 120 

---
Temperature in 37.86 37.76 37.70 37.55 37.55 37.25 37.15 36.75 36.63 
Degrees Centigrade 

R 37.0- 36.5- 36.5- 35-5- 35.5- 35·5- 35.5- 34.5- 34.5-
39.0 39.0 39.0 39 .o 39 .o 38.5 38.5 38 •. 0 38.0 

B1ood Pressure 149.5 96.4 100.0 107.1 111.5 106.7 96.9 89.9 85.9 
in mm Hg. 

R 120- 6o- 70- 70- 70- 72- 60- 50- 50-
180 150 140 140 140 145 130 115 115 

Heart Rate 163.2 10).1 136.4 137.2 164.7 169.6 175.8 183-7 185.7 
per Minute 

R 96- 69- 90- llO- 130- 126- 132- 132- 135-
204 180 176 200 212 240 300 320 270 

Venous Pressure 8.49 6.74 8.84 8.44 8.15 8.15 7.45 6.85 6.40 
in cm. water 

R 3.4- 3.0- ].0- 3.4- 3.4- 2.5- 2.5- 2.5- 3.0-
22.0 17-5 25.0 20.0 17.0 27 .o 20.0 18.0 14.5 

Hespiratory Rate 29.1 26.6 23.2 27.1 28.9 26.2 27.9 28.6 26.8 
per Minute 

15- 12- 15- 15- 15-· 10- 12- 15- 18- w 
48 50 36 51 51 36 42 42 51 ..... 

0) 



TI:ME IN MII\IUTES (Co nt' d.) 135 150 165 180 

Temperature in 36.76 36.45 36.40 36.10 
Degrees Centigrade 

R 34.5- 34.5- 34.5- 34.0-
.38.0 .37·5 .37·5 .37·5 

Blood Pressure 79-2 78.0 76.6 74 • .3 
in mm. Hg. 

R 40- 20- 20- 15-
120 1.30 1.32 132 

Heart Rate 190.2 198.5 189.3 192.8 
per Minute 

150- 150- 150- 150-
240 .300 220 240 

Venous Pressure 5·75 5.60 5.90 6.95 
in cm. Water 

R 3.0- 3.0- .3-5- J.o-
1.3.0 12.5 12.5 11.5 

Respiratory Rate 26.4 27.0 24.6 23.4 
per Minute 

R 18- 18- 18- 18-
51 51 .33 .30 

R • Range 

195 210 225 

35.85 35.83 35-75 

.34.0- JJ.5- .3.3.5-
37.5 .37.5 .37.0 

72.4 84.8 84.4 

10- .30- .30-
1.32 1.30 1.30 

1.39.4 176.9 172·9 

10- 150- 140-
215 216 220 

7·15 7.28 6.48 

2.5- 3.0- J.O-
12.0 14.0 10.0 

22.0 21.6 24.0 

6- 2- 18-
.30 30 .30 

240 

35.56 

.33.5-

.37.0 

83.1 

.30-
120 

190.4 

160-
240 

6.16 

3.0-
10.0 

24.0 

18-
.30 

360 

35.87 

.33.5-

.36.5 

79.0 

.35-
112 

178.1 

140-
222 

6.16 

3.0-
10.0 

25.1 

21-
.30 

w ....., 
&.0 



MEAN TEMPERATURE IN DEGREES CENTIGRADE OF DOGS SUBJECTED T0 

3 MG/KG OF ENDOTOXIN (DIFCO) E. COLI AND THE ~~1ECHANICAL EFFECTS OF DIALYSIS 

DOG NJMBER 1 2 3 4 5 6 1 8 9 10 llEAN 

- -
0 38.0 37-5 38.o 38.1 37.0 38.0 37.5 37.0 39.0 38.5 37.86 

15 37·5 36.5 38.0 38.1 37.5 38.0 37.5 37 .o 39.0 38.5 37.76 

30 37·5 36.5 3B.o 38.0 37.0 38.0 37-5 37.0 39.0 38.5 37.70 

45 36.5 35.5 38.5 38.0 36.5 38.5 37.!} 3'/.0 39 •. 0 38.5 37.55 

60 36.5 35.5 38.5 38.0 36.5 38.5 37.5 37.0 39.0 38.5 37-55 

75 36.0 35.5 38.0 37.5 36.5 38.5 37 .o 37.0 38.0 38.5 37.25 

90 36.o 35·5 37.5 37.5 36.0 38.5 37.0 37.0 38.0 38.5 37.15 

105 36.0 34.5 37.5 36.5 36.0 37-5 37.0 36.5 38.0 38.0 36.75 

120 36.5 34.5 37.0 35.1 36.2 37.5 37.0 36-5 38.0 38.0 36.63 

135 37·5 34.5 37.0 35.1 36.5 37-5 37.0 36.5 38.0 38.0 36.76 

150 36.5 35.0 36.0 34.5 36.5 37.5 37.0 36.5 37.5 37.5 36.45 

165 36.5 34.5 36.0 34.5 36.5 37.5 37.0 36.5 37·5 37-5 36.40 

w 
~ 



DOG NillŒER 1 2 3 4 5 
_l Conj;~.) 

180 36.0 34.0 36.0 34.0 36.5 

195 3.5.0 34.0 35.5 34.0 35.5 

210 35.0 33.5 35.5 34.0 35.5 

225 34.5 33.5 3.5-5 35.5 

240 34.0 33.5 35.5 35.5 

360 34.0 33.5 35·5 35.5 

SURVIVA.L 
TIME IN 10 10.5 9 3.5 9 
HOURS 

6 7 8 

36.5 36.5 36.5 

36.5 36.5 3~.5 

36.5 .36.0 

36.5 36.5 

36.5 35-5 

36.0 35.0 

3-5 10 7 

9 10 

3'1·5 3'1·5 

37-5 31·5 

.37.5 37.0 

37.0 37.0 

37 .o 37.0 

36.5 36.o 

28 10 

ME lN 

36.10 

35.85 

35.83 

35.75 

35.56 

35.87 

10.1 

w 
N 
1-' 



MEAN BWOD PRESSURE IN MM Hg OF DOGS SUBJECTED TO 

3 MG/KG OF ENDOTOXIN (DIFOO) E. COLI AND THE MECHANICAL EFFECTS OF DIALYSIS 

DOG :t-.'UMBER 1 2 3 4 5 6 7 8 9 10 MEAN 

-
Time in 
Minutes 

0 180 130 155 150 145 160 150 120 145 170 149.5 

15 69 95 150 125 90 85 90 120 60 80 96.4 

30 lOO 70 140 125 llO 90 85 115 75 90 100.0 

45 125 70 140 125 128 90 90 115 80 108 107.1 

60 122 70 140 130 128 95 llO 110 95 llO 111.5 

75 82 72 145 120 128 90 llO llO lOO llO 106.7 

90 60 72 130 125 8o 60 ll2 110 llO llO 96.9 

105 62 65 lOO 95 8o 50 115 llO llO 112 89.9 

120 62 50 90 8o 80 50 115 llO llO 112 85.9 

135 60 45 70 50 75 40 120 lOO 120 112 79.2 

150 60 45 80 20 75 30 120 98 130 ll2 78.0 

1 
(IJ 
N 
N 

l 



DOG NUl.dBER 1 2 3 4 5 
_ (Cont'd.) 

Time in 
Minutes 

165 65 40 80 20 75 

180 62 38 70 15 75 
,. 

195 50 38 70 10 75 

210 50 30 75 75 

225 50 30 75 75 

240 50 30 75 75 

360 50 35 '(0 70 

SURVIVAL 
TIME IN 10 10.5 9 3.5 10 
HOURS 

6 7 8 . 

30 115 98 

30 115 98 

30 115 98 

115 95 

112 95 

112 95 

lOO 95 

7 28 10 

9 10 

132 112 

132 108 

130 108 

13D 108 

130 108 

120 108 

112 lOO 

10.1 

:MEAN 

76.6 

74.3 

72.4 

84.8 

84.4 

83.1 

79·0 

' w 
tl 



MEAN HEART RATE PER MI~'UTE OF DOGS SUBJECTED 'ro 

3 MG/KG OF ENDOTOXIN {DIF(X)) E. COLI AND THE MECHANICAL EFFECTS OF DIALYSIS 

DOG NUMBER 1 2 3 4 5 6 1 8 9 10 MEAN 

- --
0 180 156 186 204 96 rro 180 150 145 165 163.2 

15 69 180 180 120 72 8o 90 60 llO 90 105.1 

30 1.32 144 176 110 210 90 160 110 112 120 136.4 

45 126 126 156 llO 150 200 170 170 144 120 137.2 

60 1.32 132 150 200 200 212 179 162 150 130 164.7 

75 132 126 160 240 210 222 164 155 155 132 169.6 

90 132 138 156 300 210 204 166 158 150 144 175.8 

105 1.32 135 210 .320 200 198 178 160 160 144 183.7 

120 135 204 220 270 204 195 180 144 155 150 185.7 

135 204 214 234 240 180 190 190 150 150 150 190.2 

150 210 208 300 210 210 200 182 160 150 155 198.5 

~ 
""' 



DOG NUMBER 1 2 .3 4 5 6 7 8 9 10 MEAN 
_ ~Co nt 1 d.} 

165 212 212 180 214 210 220 185 150 150 160 189 • .3 

180 200 240 184 220 216 220 188 150 160 150 192.8 

195 1.30 141 180 80 215 10 170 150 168 160 1.39.4 

210 200 162 174 216 175 168 170 150 176·9 

225 140 180 180 220 168 170 170 155 172·9 

240 200 240 180 210 174 179 160 180 190.4 

.360 190 200 168 222 165 175 140 165 178.1 

SURVIVA.L 
TIME IN 10 10.5 9 .3.5 9 .3.5 10 7 28 10 10.1 
HOURS 

~ 
U'l 



MEAN VEN)US PRESSURE Hl CM WATER OF DOGS SUBJECTED TO 

3 MG/KG OF El\'DOTOXIN (DIFCO) E. COLI AND THE MECHA!'IICAL EFFECTS OF DIALYSIS 

DOG NŒ,IBER 1 2 3 4 , 6 7 8 9 10 MEAN 

Tim.e in 
Minutes 

0 16.5 6.5 22.0 3.4 1·5 5.5 6.5 4.5 5.o 7.5 8.49 

15 8.5 3.0 17.5 3.4 6.0 5·5 6.5 4.) 5.o 1·5 6.74 

30 17.5 3.0 25.0 3.4 6.5 6.0 7.5 5.0 6.5 6.0 8.44 

45 20.0 3.5 20.0 3.4 6.5 6.0 7-5 ,;.o 6.,; 6.0 8.44 

60 12.5 11.1 17.0 3.4 6.5 6.0 7-5' ,;.o 6.5 6.0 8.1,; 

75 12.5 8.,; 27 .o 3.5 6.5 2.; 7 ·5 5.0 2.5 6.0 8.15' 

90 11.0 9.5 20.0 4.0 6.5 2.5 1·0 5.o 2.5 6.5 7.45 

105 6.5 10.0 18.0 4.0 6.0 2.5 7.0 5.5 2.5 6.5 6.85 

120 6.,; 9·5 14.5 4.0 6.0 3.0 7.0 5.5 3.0 5.o 6.40 

135 4.5 1.5 13.0 3.5 6.o 3.0 6.5 5.5 3.0 5.o 5-15 

150 4.5 6.5 12.5 3.5 6.0 3.0 6.5 ,;.o 3.5 5.o 5.60 
1 
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DOG NU1ŒER 1 2 3 4 5 6 
(Co nt' d.) 

165 4.,5 6.5 12.5 3.5 6.0 6.0 

180 6.5 6.0 11.5 10.5 6.0 8.5 

195 6.5 6.0 11.,5 12.0 6.0 10.,5 

210 8.5 4.5 10.,5 14.0 6.0 

225 8.5 4.5 10.0 6.0 

240 8.5 4.5 10.0 6.0 

360 8.0 4.5 10.0 6.,5 

SURVIVA.L 
TllŒ IN 10 10.5 9 3.5 9 3.5 
HOURS 

7 8 9 
--·-- ----

6.0 5·5 3 • .5 

6.o 6.0 3.0 

6.0 6.0 2 .. 5 

6.0 6.0 3.0 

6.0 6.5 3.0 

5.0 6.5 3.0 

5.0 6.5 3.0 

10 7 28 

10 

5.0 

5.5 

4.,5 

6.5 

6 .. 5 

6.o 

6.0 

10 

MEAN 

5.90 

6.95 

7-15 

7.28 

6.48 

6.16 

6.16 

10.1 

w 
N sa 
~l 
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J.lEAN RESPIRA'roRY RATE PER MINUTE OF DOGS SUBJECTED 'ro 

.3 MG/KG OF ENDOTOXIN (DIFCO) E. COLI AND THE ME:CHANICAL EFFECTS OF DIALYSIS 

DOG :t>.UMBER 1 2 .3 4 5 6 7 8 9 10 MEAN 

-
Time in 
Minutee 

0 18 48 27 18 42 42 27 .36 18 15 29.1 

15 3.3 50 18 15 12 .36 .30 .36 18 18 26.6 

.30 27 .3.3 16 15 15 .36 .36 18 18 18 2.3.2 

45 21 51 21 15 40 30 .3.3 18 21 21 27.1 

60 .30 51 21 15 40 .30 21 27 21 28.9 

15 27 .36 18 10 .36 .3.3 30 21 27 24 26.2 

90 27 42 24 12 .3.3 .30 .36 24 27 24 27.9 

105 .3.3 42 24 15 28 .36 .36 27 24 21 28.6 

120 27 51 21 18 28 27 27 27 24 18 26.8 

135 27 51 21 18 21 30 27 27 24 18 26.4 
w 

150 27 51 24 18 21 .3.3 21 .30 18 27 27.0 N 
co 



"" 

DOG NUMBER 1 2 3 4 5 6 7 8 9 10 MEAN 
~Co nt' d. 2 

165 30 27 24 18 24 27 18 33 18 27 24.6 

180 30 21 21 18 24 24 18 27 21 30 23.4 

195 30 27 21 9 21 6 21 21 27 27 22.0 

210 30 27 24 2 21 21 18 30 21 21.6 

225 30 27 24 24 18 18 3D 21 24.0 

240 30 27 24 24 18 21 30 18 24.0 

360 27 24 27 24 24 24 30 21 25.1 

SURVIVAL 
THŒ IN 10 10.5 9 3.5 9 3.5 10 7 28 10 10.1 
HOURS 

~ 
\0 



DOG .NUMBii:R 

Till8 iD 
lli.nutea 

0 

90 

150 

210 

2'TO 

SURVIVAL 
TillE IN 
HOURS 

U1 :S: H D I X nii 

OlN CHLORIDl: IN BQ/L OF DOGS SUBJECTED TO 3 KG/KG 

OF DDO'!'OXIH :S: • COLI (DIFCO) AND 'l'Hl 

:UCHANICAL li:FJ'.ICTS OF DIALYSIS 

1 3 4 5 

--

114 11'T 122 132 120 121 

113 116 110 124 11'T 116 

119 116 120 130 11'f 119.'1 

121 119 125 117 120.f 

116 119 117.5 

10 10•5 9 3.5 9 8.4 

- 330-



DOG NUMBn 

--
Time in 
Minute a 

0 

30 

90 

150 

210 

270 

SURVIVAL 
TIB IN 
HOURS 

MEAN SODIUJl IN MKQ/L OF DOO:S StJB.lEC'BD TO 3 Jll/KG OF 

li:NDOTOXIN IC • COLI (DIFCO) AND TIŒ ISCHANICAL 

EFBC'fS OF DIALYSIS 

1 3 5 lWll 

140 150 146 160 130 145.2 

137 144 134 155 145 143.0 

138 145 148 160 145 145•6 

135 148 147 150 145.0 

136 144 145 145 142.5 

140 143 141.5 

10 10.5 9 2.5 9 8.4 

- 331 -



JŒAN POTASSIUM IN ~L OF DOGS SUBJECTED TO 3 MG/ml OF 

ENDOTOXIN E. COLI (DIJ"CO) AND THE MECHANICAL 

.IFF.ICTS OF DULYSIS 

DOO NUM:BER 1 3 4 5 

----- ---
Time in 
Vinutes 

0 3.3 3.1 3.1 4.25 4.1 3.5'1' 

30 3.2 2.5 2.'15 3.2 3.1 2.95 

90 3.1 2.5 2.6 4.1 2.6 2.98 

150 3.5 3.0 2.8 2.8 3.25 

210 3.6 2.25 3.7 3.3 3.81 

270 2.95 2.5. 2.73 

SURVIVAL 
TDIIi: Dl 10 10.5 9 3.5 9 8.4 
HOURS 

- 332 -
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MEAN HEMATOCRIT 5 OF DOGS SUBJECTED TO 3 MG/KG OF 

ENDOTOXIN E. COLI (DIFCO) AND TH& MECHANICAL 

EFFECTS OF DIALYSIS 

-------- --
DOO NmœER 1 2 3 4 5 DAN 

-- ---- --
Time in 
Minutes 

0 56 52 54 60 48 54.0 

30 43 44 53 54 48 48.4 

90 46 45 53 54 54 !:.<>.4 

150 48 50 54 53 51.3 

210 49 50 sa 54 so.s 

270 45 44 44.5 

SURVIVAL 
Tin IN 10 10•5 9 3.5 9 8.4 
HOURS 



DAN CHLORIDIS, SODitlM AND PO'l'ASSIOK IN DQ/L AND 

HEMA.TOCRIT '/. OF ENDOTOXIN DOGS SUBJECTED TO 

MII:CHANICAL EFI'ICTS OF DIALYSIS 

TIIIIi: IN KINUTES 0 30 90 150 210 

-------- --
Ch1orides in 121 116 119.'1 123.7 120.4 
meq/1 

R 114- llO- 116- 116- 117-
132 124 130 135 125 

Sodium in 145.2 143 145.6 145 142.5 
meq/1 

R 130- 134- 138- 135- 136-
160 155 160 150 145 

Potassium in 3.57 2.95 2.98 3.25 3.21 
meq/1 

R 3.1- a.5- 2.5- 2.8- 2.25-
4.25 3•2 4.1 3.5 3.7 

Heœtocri't 54 48.4 50.4 51.3 so.a 
R 48- 43- 45- 48- 49-

60 54 54 54 54 

- 334 .. 

270 

117.5 

116-
119 

141•5 

140-
143 

2.73 

2.5 .. 
2.95 

44.5 

44-
45 
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llEAN pH OF DOGS SUBJECTED TO 3liG /m ENDOTOXIN 

(DIFCO) E. COLI AND THE LŒCHANIC& EFFECTS OF DIALYBIS 

----
DOG NUJ4BER 1 2 3 4 5 JIJWf 

·------ ---- --- ---- -
Tim.e in 
Minute a 

0 7.34 7.43 7.37 7.33 7.30 7.35 

30 7.28 7.3'1' 7.38 7.24 7.29 7•31 

90 7.25 7.38 7.18 7.42 7.%5 7.30 

150 7.25 7.36 7.42 7.29 7•33 

210 7.28 ','!'.!4 7.45 7.36 

270 7.26 7.28 7.2'1 

SURVIVAL 
TI111: IN 10 10•5 9 3·.s 9 8.4 
HOURS 



DAN. pCO IN JD4 Hg OF DOOS SUBJECTID '1'0 3 MG/KG INDOTOXIN 
2 

1. COLI (DIFCO) AND 'l'Hm Wi:CHANICAL 

EFFICTS OF DIALYSIS 

- 336 ... 

DOG HUMBER l 3 4 5 1IIWt 

Time iD 
llinutea 

0 35.0 aa.o 38.0 38.5 27.5 32...2 

30 31.0 aa.o 22.5 25.0 as.s as.s 

90 25.5 lY•O as.o 16·5 at.5 31.1 

150 22.5 16.2 15•0 1s.o 17.9 

210 19.5 14.5 13.5 15.8 

270 18.0 12.0 15.0 

SURVIJAL 
TID Dt 
HOURS 10 10.5 9 3.5 8.4 



DOG NUMBER 

Time in 
Kin utes 

0 

30 

90 

150 

210 

2'10 

SURVIYAL 
TIB Dt 
HOURS 

JIEAN HC03 IN liEQ/L OF DOGS SUBJECTED TO 3 MG/KG 

li:NDOTOXIN E. COLI {DIFCO) AND THE :MECHANICA.L 

EFI'ECTS OF DIALYSIS 

1 3 4 5 

---------

18.9 15.5 2.1.0 19.5 2.2.0 

14.5 13.5 14.0 11.2 14.0 

11.8 11.5 9.0 12.0 11e1 

9.9 10•9 11.2. 10.2. 

10.2 9.5 11•0 

9.5 '1.'1 

10 10.5 9 3.5 9 

- 33'1 -

DAN 

19.4 

13.4 

11.1 

10.6 

10.% 

a.a 

S.4 



BAN IAC'l'IC ACID IN MEQ/L OF OOGS SUBJEC'ŒD TO 3 U:G/KG 

ENDOTOXIN E. COLI {DIFCO) AND THi JŒCHA.NICAL 

EFFlCC'l'S OF DIALYSii 

DOG Nl.JJllmR 1 2 3 4 5 

-----
Time in 
Minutes 

0 3.14 5.87 5.61 3.74 3•50 

30 3.51 6.55 6.55 5.14 2.99 

90 3.'19 6.40 7.48 6.i'14 5.61 

150 3.97 6.10 7.58 4.56 

210 4.00 6.64 7.11 

270 4.30 6.45 

SURVIVAL 
TID IN 10 10.5 9 3.5 
HOUBS 

- 338 -

4e.H 

4.83 

6.00 

5.55 

5.92 

5.88 

8.4 



T DŒ IN MINtrl'ES 

DAN pH, PCo2 , HC03 AND LACTIC ACID 

OF KNDOTOXIN DOGS SUBJEC'.rKD TO 

DCHAN.ICAL EfDCTS OF DIALYSIS 

0 30 90 150 

-- ------ --- --
pH 7.!5 '1.31 7.30 7.33 

R 7.30- "t.l4- 7.18- 7.&5-
7.42 7.38 7.4Z 7.4% 

peo2 in mm Hg. 32.2 25.8 21.1 1'1.9 

R 22.0- u.o- 16.5- 15.0-
38.5 31t.O 25.5 2%.5 

aco3 in maq/1 19.4 13.4 11•1 10.6 

R 15.5- 11.2- t•G· 9.9-
22.0 14.5 12•0 11•2 

I.a.ctie aeid in meq/1 4.37 4.83 6.00 5.55 

R 3.14- 2.99- 3.79- 3.9'1· 
5.8'1 6.55 7.48 '1.58 

- 339 -

210 Z70 

7.36 ., .z•r 

7.28- 7.26· 
'1.45 '1.28 

15.8 15.0 

13.5- 1%.0-
19.5 18.0 

10•2 s., 
9.5- '1.'1-

11.0 9.5 

5.92 5.aa 

4.00- 4.30-
7.11 6.45 
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Mli:AN pH, PC02 , BICARBONATE, AND LACTIC ACID WITH PC02 CORREC'rED 

1'0 40 MM Hg OF ENDOTO.XIN DOOS SUBJECTED TO THil 

YECHANICAL li:FFECTS OF DIALYSIS 

TDŒ ·IN MINUTES 0 30 90 150 210 270 

---- ---- --------
pR 7.21 7.12 7.06 7.08 7.21 't.OS. 

pC0
2 

in mm Hg 40 40 40 40 40 40 

HC0
3 

in meq/1 20 15 11.0 12.5 20 10 

Lactie aeid in 
meq/1 4.37 4.83 6.00 5.55 5.92 5.88 



DOG NtlllBER 

Humber ot 
Hours 

MEAN SURVIVAL TDŒ IN HOURS OF OOGS SUBJEC'l'ED TO 3 UG/KG OF ENDOl'OXIN E. COLI (DIFCO) 

AND MECHANICAL EFFECTS OF DIALYSIS 

NO. OF 
IŒAN NO. PERM'ANKNT 

1 a 3 4 5 6 7 8 9 10 HOURS SUR VI VORS 

----------
10 10.5 9 3 9 3,5 10 7 28 10 10.1 1 

PERCENT 
SURVIVOU 

lJ1/. 

~ 
...... 



A P P E N D I X XIV 

MEAN VITAL SIGNS OF MORPHINE - ENDOTOXIN DOGS SUBJECTED TO HEMODIALYSIS 

TIME IN MINUTES 0 15 3D 45 60 75 90 105 120 

-- -
Temperature in .36.9 37.2 36.9 36.8 36.8 .36.7 .36.5 36.2 36.2 
Degrees Centigrade 

R 35.5- .36.5- .36.5- 36.0- 36.0- 36.5- 36.0- 25.5- 35·5-
38.0 37·5 37.5 37.5 37-5 .37.1 36.9 .36.5 36.5 

Blood Pressure 115 82 86 84 86 87 80 90 89 
in mm Hg. 

R lOO- 60- 60- 60- 68- 75- 65- 65- 70-
1.30 lOO llO 112 115 105 95 120 llO 

Heart ltate 144 104 151 152 156 159 158 161 149 
per Minute 

R 120- 90- 120- 120- 120- 120- 126- 126- 120-
165 150 200 208 198 200 180 195 192 

Venous Pressure 5.0 4.3 4.3 4.1 4.5 4.6 5.4 5.3 6.0 
in cm. water 

R 3.5- .3.0- ?.D- 2.5- ? • .5- ).~- 3.5- .3.5- .3.5-
1·0 7-0 7.0 6.0 6.o 6.0 8.0 8.o 8.5 

Respiratory Rate 39 30 .31 29 22 23 24 23 20 
per minute 

R 16- 16- 21- 18- 18"1' 18- 21- 18- 18-
66 70 60 44 30 30 .3.3 3.3 24 

1 

w 
,j:lo 
tl' 



R = Range 

w 
~ w 
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nAN TEKPERATURE IN DEGREES CEN'l'IGR.ADE 

OF MORPHINE .. ENDOTOXIN DOGS SUBJEC'l'BD '1'0 HJi,"!,(ODIJ.LYSIS 

DOG NUMBim 1 z 3 4 5 

------ ----
Time in 
Minutes 

0 37.5 38.0 36.7 35.5 37.0 36•9 

15 37.5 37.5 37.5 36.5 37.0 37•2 

30 37.5 37.5 36.5 36.5 36.5 36.9 

45 37.5 37.5 36.0 36.5 36•5 36.8 

60 37.5 37.5 36.0 36.5 36.5 36.8 

75 37.1 37.0 36.5 36.5 36.5 36.7 

90 36io9 36.5 36.5 36.0 36.5 36.5 

105 36.5 36.5 35.5 36•0 36.5 36.2 

120 36.5 36.5 35.5 36.0 36.5 36.2 

135 36.5 36.5 35.5 35.;5 36.5 36.1 

150 35.0 35.5 35.5 35.5 36.5 35.6 

165 35.0 35.5 35.5 35.5 36.5 35.a 

180 35.0 35.5 35.5 35.5 36.5 35.6 

195 34.5 35.5 35.5 34.5 36.5 35.3 

210 34.5 35.0 35.s 34.5 36.5 35.4 

225 34.5 35.o 34.5 34.5 36.5 35.0 

240 34.0 3s.o 34.5 34.5 36.5 34.9 

SURVIVAL 
TD.Œ IR 24 24 8 10 12 15.6 
HOURS 



DAN BLOOD PRESSURE IN MM Hg OF MORPHINE: - ENDOTOXIR DOOS 

SUB.Jli:CUD TO BDODIALYSIS 

DOG NUMBER 1 2 3 4 5 

--------
Timl in 
Minutes 

0 112 100 110 130 lZ2 

15 100 60 80 '10 100 

30 80 80 98 60 110 

45 60 '15 98 '15 112 

60 68 '15 98 '15 115 

75 '15 90 90 '15 105 

90 65 90 '15 '15 95 

105 65 90 120 80 95 

1.20 '10 90 llO 80 95 

135 '15 95 llO 80 95 

150 80 95 110 80 95 

165 90 95 102 '15 95 

180 90 95 108 '15 90 

195 90 90 95 75 100 

210 95 90 '15 '15 100 

225 95 90 f5 64 90 

240 95 90 '10 60 90 

SURVIVAL 
TDIE IN 24 24 8 10 12 
HOURS 

- 345 -

115 

82 

86 

84 

86 

87 

80 

90 

89 

91 

92 

91 

92 

90 

81 

83 

81 

15.6 



BAN BEART .RA'1'E PER YINUTE OF MORPH:OO: - ENDOTO.'XD DOGS 

SUBJEC'lED TO BEtlODIALYSIS 

DOG NUlBER 1 3 4 5 

--
Time in 
Minutes 

0 150 165 135 150 12.0 

15 90 lOO 90 150 90 

30 120 150 150 aoo 135 

45 1%0 180 126 208 126 

60 168 180 120 198 135 

'15 17'1 162 120 200 135 

90 180 180 l.%6 180 1%6 

105 165 186 132 195 126 

120 120 180 120 192 132 

135 162 180 132 2.04 128 

150 135 192 108 180 128 

165 160 189 150 198 130 

180 169 192 165 186 130 

195 170 174 160 190 130 

210 170 170 165 192 130 

225 179 170 165 190 128 

240 160 190 160 190 130 

SURVIVAL 
TM DI 
HOURS 2.4 24 8 10 

- 346 -

144 

104 

151 

151 

156 

159 

158 

161 

149 

161 

145 

165 

168 

165 

165 

166 

166 

15.6 



1ŒAN VENOUS PRESSURE IN CK WATD OF JIORPHDIE - ENDai'onN DŒS 

S.UBJ'.iCTED TO HKMODIALYSIS 

- 347 -

DOG :NULmER 1 3 4 5 KIWI 

-- ---- --- -----
Ti me ill 
Jlinutes 

0 'T.O 4.5 3t.5 4.0 6.0 s.o 

15 '1.0 4.5 3.0 4.0 3.0 4.3 

30 7.0 4.5 2.0 4.0 4.0 4.3 

45 6.0 5.5 2.5 2.5 4.0 4.1 

60 6.0 5.5 2.5 4.0 4.5 4.5 

'15 6.0 5.5 3.0 4t.O 4.5 4.6 

90 s.o 5.5 3.5 4.5 5.5 5.4 

105 s.o 5.5 3.5 4.5 s.o 5.3 

12.0 s.o s.s 3.5 5.0 5.0 6.0 

135 6.0 a.5 4.5 s.s s.o 5.9 

150 6.0 s.s 4.5 5.5 5.0 s.t 
165 'T.O 10.0 4.5 7.0 5.5 6.8 

1SO 7.0 10.0 5.5 T.S 5t.5 '1.1 

195 7.0 10.0 5.5 7.5 5.5 7.1 

210 7.0 10.0 5.5 8.5 5.5 '1.3 

225 7.0 10.0 5.5 10.0 5.5 7.6 

240 7.0 14.5 5t.O 11.0 5.5 8.6 

SURVIYAL 
TDIB: IN 24 Z4 
HOURS 

8 10 12 15.5 



- 348 -

JŒAN RESPIRATORY 1W.'E PER UINUTE OF MORPHINE • ENDc.trOXIH DOGS 

SUBJECTED TO HEMODIALYSIS 

------
DOG NlJIBER 1 2 3 4 5 

---·----- --
Time in 
llinut.es 

0 66 21 60 16 30 39 

15 '10 21 2'1 16 18 30 

30 60 21 30 24 21 31 

45 44 18 2"t 36 21 29 

60 21 18 18 ·ao 21 22 

'15 18 24 21 30 21 2a 

90 21 24 21 33 21 24 

105 18 24 18 33 21 23 

l.ZO 18 18 18 24 21 20 

135 21 18 27 30 24 24 

150 27 18 2'1 tt 24 24 

165 2'l 18 2'1 18 21 21 

180 24 18 24 20 21 21 

195 24 18 24 20 21 21 

210 24 18 21 18 18 20 

225 21 18 21 18 24 20 

240 2'1 18 21 18 24 22 

SURVIYAL 
TDŒ nt 24 24 8 10 12 15.6 
HOURS 



A P P E ND I X XV 

MEAN VITAL SIGNS OF MORPHINE - ENDOTOXIN DOGS 

A TII!.E IN llLNUTE S 0 15 .30 45 60 75 90 105 120 

-- -
Temperature in .37·9 38.1 38.1 .38 .l 37.2 37.4 37.3 36.7 36.7 
Degrees Centigrade 

R 37 ·5- 37·5- 37.5- .37 .5- 35·5- .36.5- 35.0- 35.0- 35.0-
.39 .o 40.0 40.0 .39.0 .39 .o .39.0 .39.0 .38.0 JB.o 

Blood Pressure 12) 96 116 117 116 llO 109 104 102 
in mm Hg. 

R lOO- 6o- 102- llO- 105- 8o- 75- 60- 5D-
150 135 132 132 130 1.35 135 1.35 130 

Heart Rate 160 167 172 165 166 176 176 188 188 
par Minute 

R 1.32- 135- 132- 132- 135- 126- 126- 126- 120-
192 204 222 213 210 210 210 214 210 

Venous Pressure 4.6 4.6 4.7 4.4 4.8 5.0 5 • .3 5.1 s.o 
in cm 1flater 

R 1.5- 1.5- 1.5- 1.0- 1.0- 1.0- 1.5- 1.5- 1.5-
10.0 9.0 9.0 9.5 9.5 9-5 9·5 9.5 as 

Respiratory Rate .38 40 46 51 53 65 67 41 39 
par Minute 

R 21- 21- 21- 21- 24- 24- .3.3- .30- 27-
72 lOO 140 140 140 200 200 72 72 

w 

"" ID 



TIME IN MINUTES {Cont'd.) 135 -150 165 180 

Temperature in .36.4 .36.9 .36.9 36.3 
Degrees Centigrade 

R .33-5- .36.5- 36.5- .35-5-
38.0 38.o .38.0 37-5 

B1ood Pressure 90 103 101 94 
in mm Hg. 

R 30- 90- 8o- 60-
120 120 128 120 

Heart Rate 141 180 186 206 
per l11ünute 

R 6- 147- 162- 195-
200 204 204 222 

Venous Pressure 5.4 4.1 4.3 4.1 
in cm Water 

R 1.5- 1.5- 1.5- 1.5-
10.5 7.5 7·5 7.0 

Respiratory Rate 28 32 32 29 
per Minute 

R 10- 27- 27- 18-
36 36 36 34 

R • Range 

195 210 

.36 • .3 36.3 

.35-5- 35.5-
37-.5 37 ·5 

91 93 

55- 50-
110 llO 

186 196 

150- 180-
225 210 

4.0 3.9 

1.5- 1.5-
6.5 6.5 

.30 31 

24- 24-
34 36 

225 

.36.1 

35-5-
.37-5 

91 

40-
llO 

200 

180-
215 

4.6 

1.5-
B.o 

26 

9-
36 

240 

35.8 

34.5-
37.5 

88 

30-
112 

204 

188-
222 

4.9 

1.5-
10.5 

26 

5-
36 

w 
t1l 
0 



DOG HUMBER 

Time in 
Iinute• 

0 

15 

30 

4:5 

60 

75 

90 

105 

120 

135 

150 

165 

180 

195 

210 

225 

240 

SURYIYAL 
TD& IR 
HOURS 

DAN 'l'li:11PERATUBE IN DEG.RDS CEN'l'IGRIJll Ol' 

VORPHINE·ENDCJrOXIN DOGS 

1 2 3 

- 351 -

5 JIJWf 

--- ----

39.0 37.5 3'1.5 3'1.5 38.0 3'1.9 

co.o 37.5 3'7.5 37.5 38.2 38.1 

40.0 37.5 3'7.5 3'7.5 38.2 38•1 

40.0 3'1.5 3'7.5 37.5 3s.a 38.1 

39.0 3'7.5 35.5 37.5 3.6.5 3'7.2 

39.0 37.5 37.5 3'1 .5 36.5 37.4 

39.0 37.5 37.5 3'7.5 35.0 3'T.S 

38.0 36.5 36.5 3'7.5 35.0 3.6.'1 

38.0 36.5 36.5 3'7.5 35.0 36.'7 

38.0 36to5 36.5 37.5 33.4 36.4 

3a.o 36.5 36.5 36.5 36.9 

38.0 36.5 36.5 36.5 36.t 

3'1.5 3.6.0 35.5 36.0 36.3 

3'1.5 36•0 35.5 36.0 36.3 

3'1.5 36.0 35.5 36.0 36.3 

37.5 35.5 35.5 36.0 36.1 

3'7.5 34.5 35.5 35.5 35.8 

30" 4 30" 30 .. 2 19 



DOO NUMBmR 

Time ill 
Jlinut.ea 

0 

15 

30 

45 

60 

'75 

90 

lOS 

120 

135 

150 

165 

180 

195 

210 

225 

240 

SURVIYAL 
TID Di 
HOURS 

MEAN BLOOD PRESSURE IN D Hg OF 

KORPHI:NE - ENDarOXD DOGS 

l a ~ 

115 140 150 100 

95 100 135 90 

120 110 132. 1œ 

120 llO 132 llO 

120 105 130 11% 

120 105 135 112 

120 lOS 135 llO 

120 98 135 llO 

120 98 130 llO 

105 98 120 98 

105 90 120 98 

105 80 128 90 

108 60 ao 85 

108 55 llO 90 

110 50 llO 100 

llO 40 110 104 

110 30 100 112 

ao• 4 ao-

- 352 -

112 125 

60 96 

114 116 

114 llf 

114 116 

80 llO 

'75 109 

60 104 

50 102 

30 90 

103 

101 

94 

91 

93 

91 

88 

2 19 
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MORPHINE .. ENDOTOXIN. DOGS 

DOG NUMŒR 1 3 4 5 

Time iD 
ftinut.ea 

0 132 180 150 148 192 160 

15 168 180 135 148 204 167 

30 168 180 132 160 222 1ft 

45 162 150 132 160 213 165 

60 192 135 135 160 210 166 

'75 210 135 126 198 210 1'76 

90 210 135 126 198 210 176 

105 210 192 126 200 214 188 

120 210 180 120 %04 210 188 

135 200 177 150 192 6 141 

150 190 204 14'1 180 180 

165 198 204 162· 180 186 

180 210 222 195 198 206 

195 150 225 180 190 186 

210 210 200 180 194 196 

215 215 210 180 194 200 

240 222 222 180 190 204 

SURVIVAL 
TDŒ IR so• 4 
HOURS 

so• so• 2 19 



DOG NUtlBJ&R 

'1'ime iD 
11inut.ea 

0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 

195 

210 

225 

240 

SURYIVAL 
TDŒ IN 
HOURS 

1 

DAN VENOUS PRESSURE IN CM WADR OF 

MORPHINE - ENDC11' OXIN DOGS 

3 4 5 

-----

1.5 a.o 1.5 10.0 a.o 

2.5 '1.5 2.5 9.0 1.5 

2.5 7.5 3.0 9.0 1.5 

1.0 7.5 2.5 9.5 1.5 

1.0 6.5 a.5 9.5 4t.5 

1.0 6.5 a.5 9.5 5.5 

1.5 6.5 2'.5 9.5 6.5 

1.5 s.s a.5 9.5 6.5 

1.5 5.5 a.5 '1.0 a.5 

1.5 5.5 2.5 '1.0 10.5 

1.5 4.5 3.0 '1.5 

1.5 5.0 3.0 '1;.5 

1.5 5.5 a.s '1.0 

1.5 s.s a.s 6.5 

1.5 s.o a.s 6.5 

1.5 ~:a.o a.s 6.5 

1.5 10.5 5.0 6.5 

ao• 4 30"' ao• a 

)ŒA!f 

4.6 

4.6 

4.'1 

4.4 

4.8 

5.0 

5.3 

5;.1 

5.0 

5.4 

4.1 

4.3 

4.1 

4.0 

3.9 

••• 
4;.9 

19 



- 355 -

BAN RESPIR&TORY RATE FSll 'MINU'rK OJ" 

KQRPHIB - END al' O.liN DOG6 

--
DOO HmlBD. 1 3 4 5 BU 

-- --
Time in 
Minute• 

0 72 n 21 24 51 38 

15 100 a1 21 24 33 40 

30 140 21 %1 24 33 46 

45 140 21 21 48 24 51 

60 140 33 36 30 24 53 

75 200 33 36 30 24 65 

90 200 33 33 33 36 6f 

105 '12 33 30 33 36 41. 

120 72 36 27 33 27 39 

135 33 36 30 33 10 28 

150 27 36 30 33 32 

165 27 36 30 34 

180 18 30 33 34 29 

195 2.4 33 30 34 30 

210 24 36 30 34 31 

225 27 9 36 30 26 

240 33 5 36 30 26 

SUllYI'I'.&L 
TDŒ IN 30" 4 30" 30" 2 19 
HOURS 



COMPARATIVE VITAL SIGNS IN MORPHINE - ENDOTOXIN OOGS CONTROL AND DIALYSED DOGS 

A TI :ME IN MI NOTES 0 15' .30 45' 60 75' 90 105' 

-
Temperature in D 36.9 37.2 36.9 36.8 36.8 36.7 36.5 36.2 
Degrees 
Centigrade c 37·9 38.1 38.1 .38.1 37.2 37.4 37.3 36.7 

B lood Pressure D 115 82 86 84 86 87 80 90 
in mm Hg. 

c 125 96 116 117 116 llO 109 104 

Heart Rate D 144 104 151 152 15'6 15'9 158 151 
per Minute 

c 160 167 172 165 166 176 176 188 

Venous Pressure D 5.0 4.3 4.3 4.1 4.5 4.6 5.4 5.3 

c 4.6 4.6 4.7 4.4 4.8 s.o 5.3 5'.1 

Reapiratory Rate D 39 30 31 29 22 23 24 23 
par Minute 

c 38 40 46 5'1 53 65 67 41 

D • Dia1ysed C • Control 

120 

--
36.2 

36.7 

89 

102 

149 

188 

6.0 

,5.0 

20 

39 

w 
(JI 
(Il 



B. TIME Dl MINUTES (Co nt' d.) 1.35 150 165 

Temperature in D .36.1 .36.6 .35.8 
Degrees Centigrade 

c ,36.4 36.9 36.9 

B1ood Pressure D 91 92 91 
in mm Hg. 

c 90 10.3 101 

Heart Rate D 161 145 165 
per Minute 

c 141 180 186 

Venous Pressure D 5·9 5-9 6.8 
in cm Water 

c 5.4 4.1 4 • .3 

Respiratory Rate D 24 24 22 
per Minute 

c 28 .32 .32 

D :a Dialysed C :a Control 

180 195 210 

.35.6 .35 • .3 .35.4 

.36 • .3 .36.3 .36.3 

92 90 87 

94 91 9.3 

168 165 165 

206 186 196 

7.1 7-1 7-.3 

4.1 4.0 ).9 

21 21 20 

29 30 31 

225 

.35. 0 

36.1 

8.3 

91 

166 

200 

7.6 

4.6 

20 

26 

240 

34.9 

35.8 

81 

88 

166 

204 

8.6 

4.9 

22_ 

26 

w 
1,11 
-:a 



DOG NUMBER 

Number of Hours D 

c 

D : Dialysed 

COMPARATIVE SURVIVAL TIME IN MORPHINE - E?-IDO'IUXIN DOGS 

CONTROL AND DIALYSED 

1 2 .3 4 

24 24 8 10 

.3D" 4 3D" .30'" 

C • Control 

5 

12 

2 

MEAN NO. 
HOURS 

15.6 

19 

NO. OF 
PEREANENT PERCENI' 
SURVIVORS SURVIVORS 

0 

.3 

o% 
6o% 

w 
U'l 
œ 

' 



APPENDIX XVI 

IŒAN VITAL SIGNS IN OONTROL DOGS SUBJECTED TO HAEMORRHAGIC SFI)CK 

A. TIME IN MINUTES 0 15 30 45 60 75 90 

-
Temperature in Degrees 37.37 37.29 37.14 37.04 36.,5'0 36.09 35.49 
Centigrade 

R 36- 34.5- 34.,5'- 33.5- 33.5- 3.3- 33-
38.5 38.5 39 39 39 38 38 

B1ood Pressure in 157.2 40 40 40 50 50 50 
mm Hg 

R 140- 40- 40- 40- 50- 50- 50-
182 40 40 40 50 50 50 

Heart Rate per 156 128.5 142.1 153.9 159·9 168.6 168.,5' 
Minute 

R 120- 40- 102- 75- 102- 120- 120-
198 216 270 274 240 240 270 

Venous Pressure in 7.65 .3.70 2.60 4.0 3.35 3.20 3.,5' 
cm Water 

R 4.,5'- -1- -2- -2- -2- -2- -2-
13.,5' 10.5 10 20 18 18 18 

Respiratory Rate 27.3 39.3 37.0 31.5 31.5 31.8 32.4 
per Minute 

R 15- 21- 21- 15- 18- 18- 18-
15 57 51 45 42 42 45 w 

U'l 
~ 

- 1 

R - Range -



B TIME IN MINUTES (Co nt' d.) 105 120 135 

-
Temperature in Degrees 34.95 34.25 33.80 
Centigrade 

R 33- 33- 32-
31 36-5 36 

B1ood Pressure in 50 50 50 
mm Hg 

R 50- 50- 50-
50 50 50 

Heart Rate per Minute 167.2 171.2 172.8 

.R 104- 120- 120-
274 260 270 

Venous Pressure in 3.35 3.30 3.25 
cm Water 

R -2- -2- -2-
. 8 1 18 18 

Respiratory Rate 31.2 32.7 32.1 
per Minute 

R 18- 18- 18-
45 45 45 

150 165 

33.65 33.65 

31- 31-
36 36 

50 50 

50- 50-
50 50 

169.4 164.4 

90• 108-
260 208 

2.26 2.86 

-2- -2-
9 9 

32.7 32.5 

18- 18 .. 
45 45 

180 

33.6 

31-
35.5 

50 

50-
50 

155-3 

150-
200 

4.60 

1-
9.5 

a1.5 

6-
45 

-

195 

33.4 

31-
35.5 

96 

55-
120 

168.1 

130-
240 

4.6 

2.5-
10.5 

29.6 

21-
36 

• 
w 
~ 
0 

• 



c TIME IN MI.NUTES ( Continued) 210 225 

-
Temperature in Degrees 
Centigrade 33.27 33.06 

R 31- 31.5-
35 35 

Blood Pressure in 96 107 
mm Hg 

R 45- 95-
125 136 

Heart Rate per Minute 142.8 155.6 

R 20- 130-
180 190 

Venous Pressure in 5·9 5.0 
cam Water 

R 3-5- 3.5-
13.5 8.0 

Respiratory Rate 24.4 27·7 
par Minute 

R 4- 21-
36 33 

240 255 

33.06 33.06 

31.5- 31.5-
35 35 

107 107 

98- 98-
130 130 

155.8 155.0 

130- 120-
190 180 

4.9 5.0 

3.5- 3.5-
8.0 7·5 

26.2 24.3 

18- 18-
33 ~7 

270 

33.05 

31.5-
35 

102 

98-
130 

5.2 

3.5-
7·5 

23.2 

21-
27 

• 
"' 0'1 .... 



DOO NUWWl 1 

----
Time iD 
Minutes 

• 37.0 

15 3'7.5 

30 3'7.5 

45 3'7.5 

60 3'7.0 

'15 3'7.0 

90 36.0 

105 36.0 

120 36.0 

135 36.0 

150 36.0 

D&N 1'li:!IP.UATt:JR.E IN DEGREES CENTIGIWlK OF CONTROL DOG& 

SUBJECTlW TO HA&MORRHAGIC SHOCX: 

2. 3 4 5 6 'T 8 

--- -- ---

37.2 36.0 37.5 37.0 38•5 3f.5 38.0 

3'1'.2 34.5 37.2. 37.5 38.5 37.5 38.0 

36.5 34.5 36.5 38.9 39.0 37.5 3'7.5 

36.5 33.5 36.0 38.9 39.0 3'1•5 3'7•5 

35.5 33.5 35.5 38.9 39.0 36.0 3'7.5 

34.9 33.0 35.0 38.0 3'7.0 36.5 3'7.5 

34.9 33.0 34.5 38.0 37.5 35.5 36.0 

34.5 33.0 33.5 3'7.0 36.5 35.0 36.~ 

33.5 33.0 33.5 35.0 36.5 35.0 35.0 

33.5 33.0 32.5 35.0 36.0 34.0 3!5.0 

33.5 31.0 32.5 35.0 36.0 33•0 34.5 

9 10 nu 

38e.O 3'1.0 3'1.37 

38.0 3'1•0 3'1.29 

37.5 36.5 3'7.19 

3'7.5 36.5 3'7 .04 

3'7.5 36.0 36.50 

3'7.5 36.0 36.09 

35.5 34.0 35.49 

35.0 33.0 34.95 

34.0 33.0 34.25 

33.0 3a.o 33.80 

33.0 32.0 33.65 
1 

w 
Ch 
w 



DOG NUMBiR 1 2 3 4 5 
_.(.Cnnt •d.J._ _ ---- --- --- --
Tima in 
Minutes 

165 36.0 33.5 31.0 32.5 35.0 

180 35.5 33.5 31.0 32.5 34.5 

195 33.5 31.0 32.5 34.5 

210 33.5 31.0 32.0 34.5 

225 33.0 31.5 32.0 34.5 

240 33.0 31.5 32.0 34.5 

255 33.0 31.5 32,o 34.5 

2'10 33.0 31.5 32.0 344.0 

SURVIVAL 
Tlllli: IN 
HOURS 3 10 8 10 30" 

6 , 8 

- ---

35.5 33.0 34.5 

35.4 33.0 34.4 

35.5 33.5 34.5 

35.0 33.5 34.5 

35.0 34.0 

35.0 34.0 

35.0 34.0 

ss.o 34.0 

8 * 30" 

9 10 

33.0 32.5 

33.5 32.5 

33.5 32.5 

33.0 32.5 

32.5 32.0 

32.5 32.0 

32.5 32.0 

32.5 32t.O 

10 9 

DAtl 

--

33.65 

33.6 

33.44 

33.2'1 

33.06 

33.06 

33.06 

33.05 

12.2 

w 
0> 
w 

• 



MEAN BLOOD PRi:SSURE IN MM Hg OF CONTROL DOGS 

5 UBJECTED TO HILEY.ORRHAGIC SHOCIC 

----

DOG NUMBER 1 2 3 4 5 6 ,. 8 9 10 MEAN 

-------- ---- --- --- --- --- ---- --- ---
Time in 
Minutes 

0 1'10 150 1'78 160 150 150 152 140 182 140 15'7.2 

15 40 40 40 40 40 40 40 40 40 40 40 

30 40 40 40 40 40 40 40 40 40 40 40 

45 40 40 40 40 40 40 40 40 40 40 40 

60 50 50 50 50 50 50 50 50 50 50 50 

'15 50 50 50 50 50 50 50 50 50 50 50 

90 50 50 50 50 50 50 50 50 50 50 50 

105 50 50 50 50 50 50 50 50 50 50 50 

120 50 50 50 50 50 50 50 50 50 50 50 

135 50 50 50 50 50 50 50 50 50 50 50 

150 50 50 50 50 50 50 50 50 50 50 50 
1 

w 
0\ 
,p. 



DOG NUMB.ER 1 2 3 . 4 5 
{Cont 'd .) 

---- ---
165 50 50 50 50. 50 

180 50 50 50 50 50 

195 100 100 100 98 

210 lOO 98 100 lOO 

225 98 98 112 110 

240 98 98 100 115 

255 98 98 100 115 

2'10 90 90 88 120 

SURVIVAL 
TIB IN 
HOURS 3 10 8 10 30• 

6 7 8 

--
50 50 50 

50 50 50 

98 55 120 

98 45 125 

100 136 

100 130 

lOO 130 

98 130 

8 * 30• 

9 10 MEAN 

----------
50 50 50 

50 50 50 

110 80 96 

112 90 96 

115 95 10'1 

115 100 10'1 

120 98 107 

100 98 102 

10 9 12.2 

w 
0\ 
0'1 



DAN BlWl'l' RA'l'E PD KINUI'E OF CONTROL DOG8 

SUB.mCTBD TO HADIORRHAGIC SHOCS: 

-- --
DoG NUMBER 1 2 3 4 5 6 7 8 9 10 BAH 
-------- ---- --- _..._ ___ ---- --- --- ------- --
'l'ime in 
Minutes 

0 180 150 12.0 198 120 162 180 150 150 150 156 

15 150 96 40 150 114 120 171 216 132 96 128.5 

30 llO 102 126 126 114 130 159 270 144 120 142.1 

45 140 126 150 '15 153 165 162 2'14 162 132 153.9 

60 180 135 150 102 160 240 150 180 161 132 159.9 

'15 195 135 150 uo 180 171 165 240 210 120 168.6 

90 150 144 150 120 186 1'10 162 270 213 120 168.5 

105 132 135 138 104 195 180 150 274 214 150 167.a 

120 130 132 150 1.20 210 180 164 260 216 150 l'rl.2 

135 150 140 148 120 200 190 162 270 198 150 172.8 

150 90 150 150 120 198 180 250 260 196 150 169.4 

1 

w 
0> 
0> 



DOG NUMBIR 1 2. 3 4 5 
(Cont•d.) 

---- -
Time in 
Minutes 

165 108 150 150 120 198 

180 50 140 148 130 180 

195 145 145 135 165 

210 130 145 125 1'70 

225 130 140 130 155 

240 135 140 130 155 

255 135 140 130 155 

SURVIV'AL 
TIU IN 
HOURS 2. 10 8 10 30" 

6 7 8 

--

180 208 180 

1'10 2.00 190 

188 240 175 

180 20 175 

190 165 

1'75 165 

180 165 

8 * 30" 

9 10 

--

195 155 

190 155 

1'70 150 

180 160 

185 150 

190 150 

180 us 

10 9 

!.{lAN 

164.4 

155.3 

168•1 

142.8 

155.6 

155.8 

155.0 

12.& 

w 
m 
-1 



DAN VENOUS PRESSURE IN Cil WATER OF CONTROL DOGS 

SUBJECTED TO HAEMORRHAGIC SHOC~ 

·---
DOG NUIIl.BER 1 2 3 4 5 6 , 8 9 10 DAR 

----- ------ --- ------
Time in 
llinut.es 

0 8.5 6.5 6.0 4.5 8.0 13.5 4.5 5.5 13.0 6.5 7;.65 

15 s.s 6.5 s.o 1.0 s.o 10.5 -1 -1. 2.0 3.5 3.70 

30 2.5 5.5 4.5 laO 4.0 10.0 -2 -1 •1 2•5 2.~60 

45 2.0 5.5 4.5 1.5 4.0 20.0 -2 3.0 "!1 a.5 4.0 

60 2.0 4.5 3.0 1.0 4.0 18.0 -a 1.0 -1 3.0 3.35 

'15 2.0 4.5 2.0 1.0 3.5 18.0 -2 1.0 -1 3.0 3.20 

90 2.0 4.0 4.5 1.5 3.5 18.0 -a 1.0 -1 3.5 3.5 

105 2.0 4.0 4.5 1.0 a.5 18.0 -2 1.0 -1 3.5 3.35 

120 2.0 4.5 3.0 1.0 2.s 18•0 -2 1.0 -1 4.0 3.3 

135 2.0 4.0 2.0 1.0 2.0 18.0 -2 1.5 -1 5.0 3.25 

150 2.0 4.0 1.0 1.0 2.0 9.0 -2 1.6 -1 s.o 2.26 
1 

w 
01 
0) 



DOG NUUBER 1 2 3 4 
{Cont 1 d.) 

----- ------
Time in 
Jfinutee 

165 8•0 4.0 1.0 laO 

180 9.0 4.5 1.5 1.5 

195 6.5 2.5 4.5 

210 6.5 4.5 3.5 

225 6.5 4.5 3.5 

240 6.5 4.5 3.5 

255 rr.o 4.0 4.0 

270 rr.o 4.0 4.0 

SURVIVAL 
T:Dili: IN 
HOURS 3 10 8 10 

5 6 '1 8 

2.0 9.0 -2 1.6 

2.0 9.5 8.5 3.5 

3.5 8.5 10.5 3.0 

3.5 8.5 13.5 3.5 

4.0 8.0 3.5 

4.0 8.o 3.5 

4.5 7.5 3.5 

5.5 7.5 3.5 

30• 8 * 30• 

9 10 

-1 s.o 

1.0 s.o 

2.5 5.5 

3.5 5.5 

4.5 5.0 

4.5 5.0 

4.5 5.0 

4.5 5.5 

10 9 

MEAN 

2.86 

4.6 

4.6 

5.9 

s.o 

4.9 

s.o 

5.2 

1z.a 

w 
0'> 
<D 



MEAN RESPIRATORY RATE PER MINUTE IN CONTROL DOGS 

SUB.ŒCTED TO HAEMORRHAGIC SHOCIC 

DOG NUIIBER 1 2 3 4 5 6 7 8 9 10 DAN 

----··-- ----- --- ---------- --
Time in 
Minute a 

0 45 21 75 15 27 15 21 18 18 18 27.3 

15 42 60 45 21 36 42 24 57 36 30 39.3 

30 36 45 42 21 43 42 33 51 21 36 37.6 

45 36 27 33 33 45 36 30 27 15 33 31.5 

60 36 36 36 27 42 39 30 27 18 24 31.5 

'75 30 42 36 18 42 36 30 36 18 30 31.8 

90 33 42 36 18 45 33 30 36 21 30 32.4 

105 36 36 33 18 42 30 30 45 21 21 3lt.l 

120 36 36 33 18 45 33 33 45 18 30 32.7 

135 36 40 33 18 45 24 34 40 21 30 32.1 

150 39 36 30 18 45 3l 30 45 21 30 32.'1 " 
"" ...:a 
0 

Il 



DOO NUMB:mR 1 a 3 4 5 
{Cont 'd.) 

-~- ----
Time in 
Minutes 

165 36 36 30 18 45 

180 6 36 2'1 18 45 

195 36 21 21 36 

210 30 21 21 36 

225 30 2.4 21 33 

2.40 27 27 24 27 

255 27 21 27 27 

270 2'1 21 24 2.4 

SURVIV'AL 
Tlr!llC IN 
JIINUTES 3 10 8 10 so• 

6 "t: 8 

-----

33 30 40 

33 30 36 

36 30 30 

36 4 24 

33 27 

30 Z4 

27 21 

21 21 

8 * ao• 

9 10 

--

2'1 30 

24 30 

24 33 

21 27 

21 33 

18 33 

18 27 

21 27 

10 t 

lllWJ 

--

32.5 

27.5 

29.6 

24.4 

27•7 

2.6.2 

24.3 

23.2 

12.1. 

(.\) 
...:a 
1-' 



APPENDIX XVII 

MEAN CHLORIDES IN ME(V'L IN CONTROL DOGS SUBJECTED TO HAEMORRHAGIC SHOCK 

---
DOG NUMBER 1 2 3 4 5 6 , 8 9 10 UlWi 

----- -- -- ----
'l'ime in 
!linutea 

0 114 119 119 103 111 109 119 116 11'7 107 113 

30 115 115 115 108 120 112 119 115 114 114 115 

90 112 114 114 112 118 1ll 120 114 111 107 113 

150 113 117 119 113 112 113 125 116 120 115 116 

210 121 124 112 116 115 114 114 125 112 11'1 

2'10 121 124 112 116 115 114 125 11'7 117 

SURVIVAL 
TDŒ IN 
HOURS 3 10 8 10 30 .. 8 * ao• 10 9 12.2. 

w 
i\l 



HEAN SODIUJl IN OQ/L IN CONTROL DOGS SUBJECTED TO HAEMORRHAGIC SHOGJ[ 

DOG NUMBER 1 2 3 4 5 6 ' 7 B 9 

------ --- -----
Time in 
Minutee 

0 158 156 162 155 163 156 119 145 142. 

30 150 145 156 146 164 151 119 145 143 

90 156 145 154 157 156 156 120 148 150 

150 164 151 156 158 155 161 130 146 146 

210 156 158 155 164 156 160 144.5 149 

270 154 156 153 160 152. 144 147.5 

SURVIYAL 
'l'Dl&: IN 3 10 8 10 30" 8 * 30'" 10 
HOURS 

10 

145 

143 

141 

143.5 

144 

147 

9 

MEAN 

--

150 

146 

148 

151 

154 

151 

12.2 

w 
~ 
w 



DOO NtDlB.ER 

Time ill 
Minutes 

0 

90 

150 

210 

270 

SURVIVAL 
TDŒ IN 
HOURS 

MEAN POTASSIUM IN YEQ/L IN CONTROL DOOS SUBJECTli:D TO HAEIIORRHAGIC SHOCK: 
, _____ 

1 2 3 4 5 6 , 8 9 10 

--- ---- ---------

3.5 2.7 3.2 3.6 4.5 2.7 3.92 3.3 4.4 4.37 

4.3 3.2 s.o 4.4 3.6 3.7 6.95 4.8 6.3 5.orr 

s.a 3.2 6.0 5.7 4.2 3.6 6.0 s.o 6.4 4."1 

5.0 5.6 s.8 3.8 4.0 5.0 5.1 7.6 5.15 

4.8 5.4 5.6 3.6 4.2 5.0 7.4 5.22 

3 10 8 10 30• 8 li 30" 10 9 

MIWt 

3.6 

4.7 

5.0 

5.2 

5.22 

12.2 

w 
-;a 
,j::o 



DOG NUMBER 1 

-------- ----
Time in 
Minute a 

0 37 

30 48 

90 50 

150 55 

210 

270 

SURVIVAL 
TID IB 
HOURS 3 

'MIWl HEJIATOCRIT 'f. OF DOGS SUBJECTED TO HA.EMO.RRHAGIC SHOCIC 

2 3 4 5 6 't 8 ·9 

-- --

47 35 45 40 42 48 48 52 

50 40 48 44 50 50 56 54 

55 42 50 45 55 58 58 55 

56 40 55 48 56 60 60 60 

58 50 63 55 60 63 62 65 

60 58 64 58 63 65 66 

10 8 10 3~ 8 3i so• 10 

10 

37 

33 

48 

&3 

46 

58 

t 

MEAN 

44 

47 

51 

G3 

58 

60 

12.2 

w 
~ 
(.1' 



A CHART OF MEAN CHWRIDE, SODIUM IN MEQ/L, PDTASSIUM IN MEQ/L, AND HEMATOCRIT 'j. OF HAEMORRHAGIC 

CONTROL DOGS 

TIME IN MINUTES 0 .30 90 150 210 270 

-
Ch1orides in meq/1 11.3 115 11.3 116 117 117 

R 10.3- 108- 107- 112- 112- 112-
119 120 120 125 125 125 

Sodium in meq/1 150 146 148 151 154 151 

R 119- 119- 120- 1.30- 144- 144-
16.3 164 156 164 164 160 

Potassium in meq/1 .3.6 5·5 4.7 5.0 5.7 5.2 

R 2.f- .3.8- .3.2- ).2- .3.8- .3.6-
4.5 8.4 6.95 6.4 7.6 7.4 

Hematoerit % 44 47 51 5.3 58 61 

R .35- .3.3- .38- 40- 46- 54-
52 56 58 60 65 64 

w 
-:a 
0\ 



DOO NUlvlBER 1 
------- ----- -
Time in 
Minutes 

0 7•38 

30 7.31 

90 7.12 

150 7.06 

210 

2'10 

SURVIVAL 
TDIE IN 
HOURS 3 

MEAN pH OF CONTROL DOGS SUBJECTED TO HAEMORRHAGIC SHOC~ 

2 3 4 5 6 7 8 9 10 MEAN 

-- ------- --- --- --- --------

7.27 7.42 7.32 7.34 7e3 7.31 7.2 '1.3 '1.39 7.32 

7.14 7•20 7.22 7.3a 7.1 7.13 7.1 7.1 7.:n 7.18 

7.07 7e24 6.98 7.22 6.9 6e9 '1.3 7.1 7.2 7.13 

'1.18 7.23 7.02 7.18 7.1 7.0 7.3 7.1 6.4 7.1 

7.06 7.1 6.97 7.33 '1.2 '14.4 7.1 7.1 '1.16 

7.06 '1.0'1 6.84 7.31 7.2 '1.3 7.1 7.12 7.12 

10 8 10 30• 8 * 30' 10 9 12.2 

w 
~ 
~ 



DOG NWBER 

-- '-~----
Time in 
Minutes 

0 

30 

90 

150 

210 

270 

SURVIYAL 
TIME IN 
HOURS 

MEAN pCOa IN MM Hg OF CONTROL DOGS SUBJECTED TO HAEUORRHAGIC SHOCE. 

1 2 3 4 5 6 '1 8 9 10 

----- - -------- --

a5.o 42.5 31.2 28.5 24.1 42.0 27.0 31.0 36.0 42.0 

19.0 14.0 10.0 30.0 26.0 18t.6 22.5 10.0 

20.5 10.5 10.5 28.0 24.0 16.8 1'1.6 16.0 

11.5 11.2 10.0 11.8 12.0 10.0 13.2 18.0 13.2: 

32.5 30.5 10.0 38.0 24.0 19.8 13.8 12.0 

26.5 25.2 10.0 29t.O 1'1•0 14.2 12.4 10.0 

3 10 8 10 30• 8 * 30Y 10 9 

DAN 

--

32.1 

18.'T 

1'1.1 

12.3 

22.'1 

18.0 

12.2 

w 
~ 
co 



MEAN HC~ IN MEQ/L IN CONTROL DOOS SUBJECTED TO HAEMORRHAGIC SHOCK 

DOO NUJ4BER 1 2 3 4 5 6 7 8 9 

------- ---- --- ----------
Time in 
Minutes 

0 20.5 19.1 18.0 15.0 18.0 20.0 14.0 14.5 17.8 

30 6.2 7.5 6.0 19.0 8•0 9.0 6.8 8•4 

90 6.4 6.5 10.0 6.8 6.5 6.5 10.5 '7.0 

150 6.3 7.5 10.0 6.2: 7.5 5.0 9.6 6.9 

210 9.2 10.5 10t.O 19.0 8.5 13.5 6.3 

270 8.4 8.5 10.0 17.5 7.0 11.5 6.3 

SURVIVAL 
TIJŒ IN 
HOURS 3 10 8 10 30 .. 8 3f 30 .. 10 

10 

11.2 

10.4 

s.s 

5.7 

7.1 

6.1 

9 

MEAN 

16.8 

9.03 

7.30 

7.2 

10.4 

9.40 

12.2 

w 
...::s 
t,O 



~!EAN LACTIC ACID IN MEQ/L IN CONTROL DOGS SUBJEC'l'ED TO HAEMORRHAGIC SHOCit 

-
DOG NUMBER 1 2 3 4 5 6 7 8 9 10 BAN.. 

------------ ---· --- --
Time in 
Minute a 

0 5.55 3.4 4.67 1.4 1.3 a.s 5•44 1 6.5 15~5 1.8 4.06 

30 7.48 10.1 13.2 9.5 3.5 9.6 1.8 23.0 12.8 u.2a 10.12 

90 10.6 8.5 8.3 12.'7 12..5 12..6 8•0 10.9 1'1.7 14.04 11.6 

150 10.6 18.1 7.7 18.'7 10.0 14.6 11.5 7.2 16.0 31.79 14.71 

210 4.6 5.6 6.4 3.5 18.0 7.9 3.8 14.04 7.6 

2'10 6.6 6.5 7.8 4.6 14.0 9.0 6.3 15.3 10.0 

SURVIVAL 
TIB IN 
HOURS 3 10 .8 10 3o• 8 * 30" 10 9 12.a 

w 
gj 



MEAN CHE:MISTRIES OF CONTROL DOGS SUBJECTED TO HAEMORRHAGIC SHOCK 

TIME IN MINUTES . 0 .30 90 1.5'0 210 

-
pH 7 • .32 7-18 7.1.3 7.10 7.16 

R 7·2- 7·1- 6.9- 6.4- 6.96-
7.42 7·.32 7·.3 7·.3 7-4 

pC0 2 in mm Hg .32.1 18.7 17.1 12 • .3 22.7 

R 24- 10- 10- 10- 10-
42 • .5' .30 28 18 .38 

HC03 in meq/1 16.8 9.0.3 1·.3 7·2 10.4 

R 11.2- 6.o- 6.4- s.o- 6 • .3-
20 • .5' 19 10 • .5' 10 19 

Lactic Acid in meq/1 4.06 10.12 11.6 14.71 7-6 

R 1 • .3- .3 • .5'- 8 • .3- 7-2- .3 • .5'-
1.5'·5 2.3 14.04 .31.79 14.04 

270 

7.12 

6.84-
7·.3 

18.0 

10-
29 

9·4 

6.1-
17-.5' 

10.0 

4.6-
15 • .3 

w 
(X) ..... 



MEAN CHEMISTRIES IN CONl'ROL DOGS SUBJECTED TO HAEMORRHAGIC SHOCK WITH 

CORRECTION OF pOO! TO 40 MEQ/L 

TillE IN MINUTES 0 30 90 150 210 

pH 7.26 7.04 '1·0 '1·0 7.06 

R 

pC02 in mm Hg 40 40 40 40 40 

R 

aoo3 in meq/1 17 lOS 8.0 6.5 12.5 

R 

Laetic !cid in meq/1 4.06 10.12 11.6 14.71 7.6 

R 

2'10 

'(.0 

40 

8.0 

10.0 

w 
~ 



A.PPENDIX XVIII 

VITAL SIGNS IN DIAUBEÎLOOGS~UBJE~..1'0. HAEMORRHAGIC S.fi)CK 

' TIME IN MINUTES 0 15 .30 45 60 75 90 

Temperature in .37·7 .37.8 37.7 .37.4 .37.2 .36.9 .36.8 
Degrees Centigrade 

R .36.2 -36.5- 36- .36- .36- .36- .36-
.39 39 40 40 .39.8 .38.5 .38 

B1ood Pressure in 142 40 40 40 50 50 50 
mm Hg 

R 122- 40- 40- 40- 50- 50- 50-
160 40 40 40 50 50 50 

Heart Rate per 155 137 16.3 17.3 208 217 215 
llinute 

R 135- 99- 99- lOO- 1.35- 1.35- 150-
180 198 258 270 .350 260 270 

Venous Pressure in 6.7 2.7 2.1 2 • .3 2.2 2.5 2.4 
cm H20 

R .3.5- 1.5- -1- -1- -1- -1- -2-
16.5 5.5 5 5 4S 5·5 5·5 

Reapiratory Rate .35 30 28 .30 29 29 26 
per Minute 

R 12- 18- 15- 15- 15- 18- 15-
90 54 45 48 48 .36 36 

w 
(D 
w 

R = Range 



B TIME: IN MINUTES ( Oont' d.) 105 120 135 

-
Temperature in 35.5 36.0 35·9 
Degrees Centigrade 

R 35- 35- 35-
38 31 37 

B1ood Pressure in 50 50 50 
mm Hg 

R 50- 5D- 5o-
50 50 50 

He art Rate per 215 219 221 
Minute 

R 165- 164- 164-
290 275 300 

Venous Pressure in 
cm H2o 2.6 2.5 2.4 

R -2- -2- -2-
5 5 4.5 

Respiratory Rate 26 28 28 
par Minute 

R 15- 21- 21-
36 36 36 

150 165 

35.8 35.2 

34- 34-
37-5 36 

5D 50 

50- ;o-
50 50 

218 228 

156- 156-
300 300 

2.8 2.9 

1.1- 1.2-
4.5 4.5 

27 27 

21- 21· 
3D 36 

180 

34.9 

34-
36 

112 

90-
155 

193 

126-
300 

4.6 

2-
8 

28 

15-
51 

195 

34.9 

34-
36 

108 

'10-
140 

183 

lOO-
360 

4.7 

1-
8.5 

28 

6-
50 

w 
0) 

""' 



0 TIME IN MHlUTES (Co nt' d.) 210 225 

Temperature in Degrees Centigrade 35.0 34-.8 

R 34- 34-
36 36 

Blood Pressure in mm Hg 106 101 

R 70- 30-
148 150 

Heart Rate per Minute 163 163 

R 50- 50-
264 280 

Venous Pressure in cm E20 8.3 5-3 

R 2- 2.5-
36.5 8 

Respiratory Rate per Minute 25 26 

R 4- 12-
51 45 

240 255 

34 • ., 34.55 

32- 32-
36 36 

103 111.3 

3- 80-
155 150 

162 158 

30- 80-
215 200 

5·5 5·5 

2.5- 3-
8.5 8.5 

25 24 

12- 18-
45 40 

270 

34.0 

32-
36 

117 

112-
145 

150 

112-
190 

5.6 

3.5-
8 

24 

18-
36 

w 
CD 
U'l 



MEAN TEMPERATURE IN DEGREES CENTIGRADE OF DIALYSED DOGS 

SUBJECTED 'I'O HAEMORRHAGIC SHOCIC 

---

DOG NUMBER 1 2 3 4 5 6 7 8 9 10 MEAN 

-------- ---- ---- ---- ---- ----
'I'ime in 
Minutes 

0 37.0 3'7.5 38.8 3'7.5 38.0 39.0 3'7.5 37.5 36.2 37.5 3'7.7 

15 37.9 3'7.5 38.8 37.5 38.0 39.0 37.5 37.5 36.5 37.5 37.8 

30 38.0 36.5 38.8 37.5 3'7.5 40.0 37.5 37.5 36.0 37.5 37.'1 

45 37.8 36.5 38.0 37.5 37.5 40.0 36.5 37.5 36.0 37.0 3'7.4 

60 3'7.8 36.5 38.5 37.5 36.0 39.8 36.5 36.5 36.0 37.0 37.% 

75 37.9 36.0 38.5 37.0 36.5 38.0 36.5 36.5 36.0 36.5 36.9 

90 3'7.0 36.0 38.0 37.0 36.5 38.0 36.5 36.5 36.0 36.5 36.8 

105 37.0 35.5 38.0 35.5 35.5 38.0 35.5 35.5 35.0 36.5 35.5 

120 37.0 35.5 37•0 35.5 35.5 37.0 35.5 35.5 35.0 36e0 36.0 
135 37.0 35.0 37.0 35.5 35.5 37.0 35.5 35.0 35.0 36.0 35.9 

tiJ 

150 37.5 
(X) 

34.0 37.0 35.0 35.5 37.5 35.5 34.5 35.0 36.0 
0\ 

35.8 



DOO NWBER 1 2 3 4 5 
__ .(c.ant..!.cL.L --

Time in 
Minutes 

165 36.0 34.0 36.0 35.0 34.0 

180 36.0 34.5 35.0 35.0 34.0 

195 36.0 35.5 35.0 35.0 34.0 

210 36.0 35.5 35.5 35.5 34.0 

225 36.0 35.5 34.5 35.5 34.0 

240 36.0 35.5 34.5 35.5 34.0 

255 36.0 35.0 34.5 3.5.5 34.0 

270 36.0 34.5 34.5 35.0 33.0 

SURVIVAL 
TD!E IN 
HOURS 8 30* * 20 * 

6 7 8 9 

-- -

35.5 35.5 34.5 35.0 

35.5 35.0 34.0 34.0 

35.5 35.0 34.0 34.0 

35.0 35.0 34.0 34.0 

35.0 34.0 34.0 

35.0 32.o0 34.0 

35.0 32.0 33io5 

34.5 32.0 33.0 

* 30• 14 24 

10 

36.0 

35.5 

35.0 

35.0 

35.0 

35.0 

35.0 

34.5 

so• 

DAN 

--

35.2 

34.9 

34.9 

35.0 

34.8 

l!hfl 

34.55 

34.0 

17.2 

w 
lXI 
~ 

c 



MEAN BLOOD PRI!!SSURE IN MM Hg OF DIALYSED DOGS 

SUBJECTED TO HAEMORRHAGIC SHOCK 

-------- ---
DOG NUMBER 1 2 3 4 5 6 '1 8 9 10 !ŒAN 

--------- --- ----- ---- -- ----
Time in 
Minutee 

0 135 145 142. 145 160 145 122 150 150 122 142 

15 40 40 40 40 40. 40 40 40 40 40 40 

30 40 40 40 40 40 40 40 40 40 40 40 

45 40 40 40 40 40 40 40 40 40 40 40 

60 50 50 50 50 50 50 50 50 50 50 50 

75 50 50 50 50 50 50 50 50 50 50 50 

90 50 50 50 50 50 50 50 50 50 50 50 

105 50 50 50 50 50 50 50 50 50 50 50 

120 50 50 50 50 50 50 50 50 50 50 50 

135 50 50 50 50 50 50 50 50 50 50 50 

150 50 50 50 50 50 50 50 50 50 50 50 
w 
()) 
!)) 



DOO NUUBER 1 2 3 4 5 
(Cont 'd.) 

----
Time in 
Minutes 

165 50 50 50 50 50 

180 155 100 120 90 100 

195 140 98 135 95 75 

210 135 148 120 100 75 

225 144: 150 1.20 100 75 

240 150 155 120 100 90 

255 130 150 115 100 80 

2'10 130 145 115 112. 85 

SURVIVAL 
TillE IN 
HOURS 8 3o• at 20 41-

6 ., 8 

50 50 50 

llO 100 120 

12:0 80 12.0 

70 90 12.0 

95 115 

100 115 

112 110 

120 120 

* ao• 14 

9 10 

50 50 

120 100 

130 90 

120 80 

110 70 

llO 60 

110 95 

112 120 

14 1 30• 

MlWl 

50 

112 

108 

106 

101 

103 

111.3 

11'1 

l'l.a 

w 
co 
tD 



MEAN HEART RATE PER MINUTE OF DIALYSED DOOS 

SUBJECTED TO HAEMORRHAGIC SHOC:&: 

DOG NUMBER l 2 3 4 5 6 '1 8 9 10 MEAN 

------·---- -- --- ---- -- --------
Time iD 
Minute a 

0 135 150 150 180 150 168 150 180 156 135 155 

15 150 150 12.0 180 150 198 105 99 132 90 13'1 

30 180 156 138 180 150 2;25 258 99 134 105 163 

45 180 162. 150 2.00 162 250 3'10 100 150 110 1'13 

60 180 180 168 240 222 250 350 135 169 186 208 

'15 219 198 168 asa 213 248 300 1'10 135 260 217 

90 204 198 168 248 212 270 2.'10 180 150 244 2.15 

105 1'10 200 1'10 200 212 255 2.90 240 165 250 ~ns 

120 164 198 :no 164 220 250 275 2.30 216 258 219 

135 164 168 :u4 175 210 256 300 llO 2.10 300 221 

150 156 168 27'0 180 210 2'10 300 22.5 200 200 218 w 

"' 0 



DOG NUMBER 1 a 3 
(Conttd.) 

- -------
Time in 
Jlinutes 

165 156 168 2'70 

180 126 158 150 

195 144 152. 150 

210 144 150 150 

225 132 150 150 

240 130 150 150 

255 130 150 140 

2'10 120 150 135 

SURVIVAL 
T~ IN 
HOURS 8 ao• Si-

4 5 6 7 

---------

180 214 256 280 

150 220 150 300 

144 210 100 360 

135 210 50 264 

140 220 280 

140 215 200 

140 2:00 180 

130 190 1'15 

20 4i 3f ao• 

8 9 

300 189 

210 162 

162 188 

162 180 

180 150 

168 150 

160 155 

150 148 

14 14 

10 

270 

300 

200 

180 

175 

160 

155 

150 

ao• 

MJW{ 

228 

193 

183 

163 

163 

162 

158 

150 

17•1 

w 
110 ..... 



MEAN VENOUS PRESSURE IN Cll WATER OF DIALYSED DOGS 

SUBJECTED TO HAEMORRHAGIC SHOCK 

--
DOG NUMBER 1 2 3 4 5 6 7 8 9 10 MEAN 

--- -- ----
T~ iD 
Minutes 

0 7 5.5 4~5 4.5 3.5 6.0 7.5 5.5 6.5 16.5 6.7 

15 2.0 2.0 z.s z.o 3.0 3.0 1.5 3.5 5.5 a.o 2.7 

30 2.0 a.o 2;.5 1.0 -1 3.5 2.5 1.5 5.0 2.0 2.1 

45 2.5 3.0 2.0 1.1 -1 3.5 3.0 1.5 s.o a.o 2.3 

60 3.0 3.0 1.;.5 1.1 -1 3.0 3.5 1.5 4.5 2.0 2.2 

'15 3.0 3.0 1.5 1.1 -1 4.0 3.5 a.o 5.5 a.o a.5 

90 3.5 3.0 1.5 1.1 -a 4.0 3.5 a.o 5.5 a .. o 2.4 

105 3.5 3.0 a.o a.o -a 4.5 3.5 a.o 5.0 a.o 2.6 

120 3.5 3.0 a.o 1.1 -a 4.5 3.5 a.o 5.0 a.o 2.5 

135 3.5 3.0 a.o 1.1 -2 4.5 3.5 a.o 4.5 a.o 2.4 

150 3.5 3.0 a.o 1.1 1.5 4.5 3.5 z.o 4.5 a..o 2.8 
1 

w 
U) 
N 

' 



DOG NUY.BER 1 a 3 4 5 
(Cont td.) 

------ ---- ---- --
165 3.5 3.0 a.o 1.2. a.5 

180 6.5 5.5 3.5 5.5 2..5 

195 5.5 5.5 3.5 5.5 1.0 

210 5.5 9.5 3.5 5.5 2.0 

225 5.5 7.5 3.5 5.5 4.5 

240 5.5 6.5 3.5 5.5 6.0 

255 5.0 6.5 3.0 5.5 '1.0 

270 5.0 6.5 3.5 s.o a.o 

SURVIVAL 
TIME IN 
HOURS 8 30• * 2.0 4!-

6 'T 8 

---------
4.;.5 3.5 s.o 

a.o 4.0 a.o 

a.s 4.5 2.5 

16.5 4.5 2.5 

4.5 2:·.5 

4.5 2..5 

5•5 3.0 

5.0 3.5 

* ao• 14 

9 10 

-·--
·~5 a.o 
6.5 2..0 

6.5 3.5 

6.,5 6.5 

6.5 8.0 

6.5 8.5 

6.0 8.5 

6.0 8.0 

14 aor 

BAN 

2.9 

4.6 

4.'1 

8.3 

5.3 

5.5 

5.5 

5.6 

17•2 

w 
\0 
w 



MEAN RESPIRA.TORY RATE PER MINUTE IN DIAL.YsmD DOGS 

SUBJE.C'l'ED TO HAEMORRHAGIC SHOCK 

DOG NU.M.BER 1 2 3 4 5 6 1 8 9 10 MEAN 

---- --- --
Time in 
Minute• 

0 15 54 12 15 21 90 44 18 18 60 35 

15 54 24 40 21 21 24 48 18 24 30 30 

30 45 2'1 15 2'1 42 27 18 21 24 30 as 

45 33 30 15 24 33 2.'1 48 24 27 36 30 

60 24 30 15 33 30 2'1 48 24 2'1 36 29 

'15 2'1 30 18 33 30 30 36 24 21 36 29 

90 24 30 15 24 30 30 30 24 21 36 26 

105 21 30 15 24 30 30 30 24 21 36 aG 

120 21 30 21 24 36 30 30 24 2l. 30 as 
135 21 30 21 24 36 30 33 2'1 24 30 28 

150 27 30 21 2:4 30 30 so &! al 30 27 .1 

w 
~ 

""' 



DOG NUM.BER 1 2 3. 4 
(Cont 'd.) 

-------- ----
165 21 30 24 24 

180 15 36 24 . 21 

195 21 50 24 24 

:no 15 51 21 16 

225 '12 36 21 16 

240 12 24 21 16 

255 18 ~u 21 lB 

2'10 18 18 18 21 

SURVIVAL 
TIME IN 
HOURS 8 30"' at 20 

5 6 7 a 

----
36 30 30 27 

30 15 36 51 

30 6 36 45 

27 4 36 40 

27 36 45 

21 36 45 

24 2'1 40 

21 27 36 

tt * 30• 14 

9 10 

21 30 

21 27 

18 24 

18 24 

18 24 

24 24 

21 24 

2'1 2'1 

14. 30" 

' ..QAN 

27 
~ 

28 

28 

25 

26 

2.5 

24 

24 

l'Tel 

w 
\0 
l1l 



DOG NUYBER 

Time in 
Minute a 

0 

30 

90 

150 

210 

270 

APPENDIX XIX 

.flf.üN CHLORID.&S IN MEQ/L oF DIALYSED DOGS SUBJlliCTED TO HAEMOR.RH.A.GIC SHOCit 

l 2 3 4 5 6 , 8 9 10 

--

106 114 113 122 120 116 122 122 114 114 

107 111 115 117 105 112 115 117 114 114 

106 112 119 122 llO 124 115 115 116 107 

llO 114 125 126 109 120 119 115 114 109 

105 100 llO 106 109 llO llO 102 llO 

109 107 111 109 llO 113 111 

MEAN 

11'1 

114 

115 

116 

107 

llO 

w 
t.O 
0> 



DOG NUMBER 

Time in 
Minutee 

0 

30 

90 

150 

210 

2'10 

MUN SODIUil IN DQ/L OF DIALYSID DOGS SUBJECTED '1'0 HA.li:MORRHAGIC SHOCI 

1 2 3 4 5 6 ., 8 9 10 

-----

16'1 146.5 144.5 146 143 141 147 148 148 •. 144.5 

168 144 146 146 13'7 150 145 145 143 143.5 

166 147 150 159 137 150 146 145 150 141 

1'11 147 153.5 166 140 150 149 156 148 141 

157 134 139 136 135 139 142: 138 145 

159 134.5 150 141 140 135.5 

·BAH 

147.6 

146.8 

149.1 

152:.2 

140.5 

142.2 

(.A) 
\0 
~ 



DOG NUUBER 

Time in 
Minute a 

0 

30 

90 

150 

210 

270 

MEAN PO'l'ASSitJM IN :MEQ/L OF DIALYSED DOGS SUBJEC'XmD TO HA.li:MORRHAGIC SHOCJC 

---
1 2 3 4 5 6 '1 8 9 10 

-- -- --

4.0 4.45 4.0 4.4 3.5 3.8 3.9 3.9 3.9'1 4.1 

4.8 5.'1 6.32 10.'1 5.6 6.6 4.35 4.2 3.42 3.'12 

s.8 s.a 6.0'1 6.5 '1.3 5.4 4.45 4.'1 3.5 3.82 

6.2 6.05 7.35 7.5 7.7 6.'1 3.9 4.25 4.05 4.0 

4.6 4.27 4.80 s.s 4.6 3.65 3.9 3.% 4.5 

4.4 4.43 4.35 5.5 3.5 3.5'1 

MEAN 

4.02 

5.54 

5.23 

5.7'1 

4.33 

4.23 

w 
\Q 
(X) 



BAN HliJ4ATOCRI'l' '1. OF DIALYSED DOGS SUBJEC'.t'lCD TO HAEJAORRHAGIC SHOCK 

-------------· ·-----

DOO NUMBER 1 a 3 4 5 6 .,. 8 9 

------- ---
Time in 
Minute a 

0 45 4'1 53 56 44 55 57 48 55 

30 40 44 52 66 48 58 55 48 49 

90 42 . 53 59 68 48 65 54 44 49 

150 40 60 6'1 '12 56 68 63 42 42 

210 37 60 47 59 40 52: 55 50 

270 44 52 42 50 

10 

50 

44 

40 

42 

52 

51 

MEAN 

---

51 

52 

52 

54 

50 

50 

w 
co 
CD 

1 



A CHART OF .MEAN ELECTROLYTES AND HEMATOCRITS IN DIALYSED DOGS 

SUBJECTED TO HA.EMORRHAGIC SWCK 

TIME IN MINUTES 0 30 90 150 210 270 

-
Ch1orides in meq/1 117 114 115 116 107 110 

R 108- 107- 107- 109- 102- 107-
122 122 122 128 llO 113 

Sodium in meq/1 147.6 146.8 149.1 152.2 140.5 142.2 

R 141- 137- 137- 141- 134- 134.5 
167 168 166 171 157 159 

Potassium in meq/1 4.02 5.54 5.23 5-77 4.33 4.23 

R 3.7- 3.42- 3·5- 3.9- 3.2- 3-5-
4.45 10.7 7-3 7·7 5.5 5·5 

Hematocrit 'f. 51 52 52 54 50 50 

R 45- 40- 40- 40- 37- 42-
57 66 68 72 59 52 

1 

~ 
0 

• 



DA.N pH OF DIALYSED DOOS SUBJECTlilD TO 1Wi:t40RRHAGIC SHOCK 

DOO NtDIB&R 1 2 3 4 5 6 '1 8 9 
--...... _. ____ -------- -- --
Time in 
llinutes 

0 7.27 '7.45 '1.4 7.39 7.38 '1.50 7.44 7.37 7.38 

30 6.9 7.1 7.3 7.15 7.11 7.2.0 7.36 7.28 6.2.2. 

90 7.12. 7.1 7.2 7.07 7.09 7.16 '1.29 7.24 7.14 

150 7.1 7.01 7.2 7.0 7.14 7.15 7.28 7.13 7.16 

210 7.2 7.3 7.3 7.22 7.2.2 7.39 7.30 7.37 

270 7.2 7.5 7.3 . 7.2 7.19 7.38 

10 

'7.44 

7.2 

7•ZI 

7.22 

7.27 

7.42 

DAN 

7.4 

7.18 

7.17 

7.15 

7.36 

7.31 

tll-
0 .... 



DAN pC02 IN Mil Hg OF DIALYSKD DOlS SUBJECTED '1'0 HAEYORRH.A.GIC SHOOE. 

--"· 

DOG NUMBEa 1 2 3 4 5 6 , 8 9 10 

------- ---- ---- ------- ------
Time iD 
Minutes 

0 40.5 24.0 34.5 u.o 24.6 10.0 53.0 35.0 29.0 

30 52.8 19.8 13.2 21.0 13.4 8.o 14.0 10.0 22.0 

90 1'1.5 13.9 16.'1 18.5 15.0 a.o 18.0 21.5 18.5 

150 18.0 24.0 10.0 20.0 11.5 24.0 23.5 1P.O 

210 29.8 21.5 18.0 21.8 22.0 2.6;.5 

270 35.5 1'1.5 16.0 13.5 26.0 

DAR 

30.'1 

20.5 

16.4 

18.6 

23.3 

21.7 

"" 0 
N 



BAN HC03 IN BQ/L OF DIALYSIW DOGS SUBJECTED TO HU'IlORR.HAGIC SHOOE 

DOG NUMBER 1 2 3 4 5 6 '1 8 9 10 JliWl 

--- --- ----
TilDe in 
Minutes 

0 18.0 16.9 19.5 16.0 15.0 10.2 28.0 ao.o 19.9 18.2 

30 11.3 5.9 '1.8 8.2 5.95 s.o 8.6 9.2 9.4 '1.9 

90 '1.1 5.'7 '7.9 5.'7 6.0 s.o 10.0 10.2 8.6 '1.4 

150 6.5 '1.6 5.8 5.9 5.8 8.0 9.2 8.'1 7.2 

210 12.2 12.8 9.'1 a.g 13.5 12.5 11.6 

2'10 14.0 14.1 10.0 '1.0 16.9 12.4 

8 
w 



DOG NtJ!lBER 

Time in 
Minutee 

0 

30 

90 

150 

210 

270 

:u:mAN LlCTIC ACID IN MEQ/L OF DIALYSID DOGS SUBJECTED TO HAEM:ORRHAGIC SHOCK 
, ____ 

1 2. 3 4 5 6 7 8 9 10 

--- - --- - - ----

1.6 1.7 2.9 4.3 2.27 4.73 2.69 1.44 2.43 7.74 

7.5 12.'1 6.3 9.38 1'1.34 10.74 6.23 6.80 8.14 7.80 

8.3 16.6 8.3 14.23 10.32 3.50 6.95 11.55 6.34 8.75 

14.0 5.7 10.57 8.95 9.64 6.65 8.15 14.'13 8.32 

7.7 6.5 5.9 6.41 5.69 5.70 7.0 7.69 6.66 

6.7 5.4 10.3 9.47 6.37 6.1 4.42 

DlN 

2.8 

9.3 

10.0 

9.'1 

6.5 

'7.0 

~ 
0 
~ 



A CHART OF MEAN CHEMISTRIES OF DIALYSII!D OOGS SUBJECTED TO 

HAEMODIALYSIS AND HAEMORRHAGIC SIDCK 

TIME IN MINUTES 0 30 90 150 210 

pH 7.40 7.16 7-17 7·15 7-36 

R 7.27- 6.9- 7-07- 7-07- 7-2-
7·45 7.36 7-29 7.26 7·39 

pao2 in mm Hg 30.7 20.5 16.4 16.6 23.3 

R 24- 6- 6- 10- 16-
5.3 52.6 21.,5' 24 29.6 

Bicarbonate in meq/1 16.2 7·9 7.4 7·2 11.6 

R 10.2- 5·9- 5-o- ,5'.6- 8.9-
26 11.3 10.2 9-2 13..$ 

Lactic Acid in meq/1 2.8 9·3 10.0 9·7 6.5 

R 1.44- 6.23- 6.34- 5-7- 5·69-
4.73 17 • .34 14.2.3 14.73 1·'1 

270 

7-31 

7 •. 19-
1·5 

21.7 

1.3.5-
.35-5 

12.4 

7·0-
16.9 

'1·0 

-4.42-
10 • .3 

•~"> 
0 
(}l 



A CHART OF MEAN pH, pC02, BICARBONATE AND LACTIC ACID OF DIALYSED DOGS 

SUBJEO'l'ED TO HAEMODIALYSIS AND HAEMORRHAGIC SHOCK WITH 

pC02 CORRECTED TO 40 MM Hg 

TIME IN MINUTES 0 30 90 150 210 

-
pH 7-34 7.06 7·0 1·0 7-22 

270 

7-17 

pC0 2 in mm Hg 40 40 40 40 40 40 

Bicarbonate in meq/1 27-5 11.5 B.o 8.2 20 17.0 

Lactic Acid in meq/1 2.8 9·3 10.0 9·7 6.5 7.0 

,p. 
0 
0> 



OOMPARISON OF VITAL SIGNS OF OONI'ROL AND DIALYSED DOGS SUBJEOTED TO HAJCMORRHA.GIC SrDOK 

TIME IN MINUTES 0 15 30 45 60 15 90 
-- -

Temperature in Degrees c 37 ·31 37.29 37.19 37.04 36.50 36.09 35.49 
Centigrade 

D 37-7 37.8 31-1 37.4 37.2 36.9 36.8 

Blood Pressure in c 157·2 40 40 40 50 50 50 
mm Hg 

D 142 40 40 40 50 50 50 

Heart Rate per Minute c 156 128.5 142.1 153·9 159·9 168.6 168.5 

D 155 137 163 173 208 217 21.5' 

Vènous Pressure in c 7-65 3.70 2.60 4.0 3-35 3.20 3.5 
cm H20 

6.7 D 2.7 2.1 2.3 2.2 2.,5' 2.4 

Respiratory Rate c 27.3 39·3 37 .o 31.,5' 31.,5' 31.8 32.4 
per Minute 

D 35 30 28 30 29 29 26 

0 • Control D • Dialysed 

,j::. 
0 
~ 



B TIME IN MINUTES {Cont'd.) 105 120 135 

Temperature in c 34.95 34.25 33.80 
Degrees Centigrade 

D 35-5 36.0 35-9 

B1ood Pressure in c 50 50 50 
mm Hg 

D 50 50 50 

Hear Rate per c 167.2 171.2 172.8 
Minute 

D 215 219 221 

Venous Pressure in c 3.35 3.30 3.2,5' 
cm ~0 

D 2.6 2.,5' 2.4 

Re spiratory Rate c 31.2 32.7 32.1 
per Minute 

D 26 28 28 

150 165 

:n.65 33.65 

35.8 35.2 

50 50 

50 50 

169.4 164.4 

218 228 

2.26 2.86 

2.8 2.9 

32.7 32.5 

27 27 

180 

33.6 

34.9 

50 

112 

155-3 

193 

4.60 

4.6 

27.5 

28 

195 

33.4 

34.9 

96 

108 

168.1 

183 

4.60 

4.7 

29.6 

28 

til> 
0 
Q) 



c TIME IN MINUTES (Cont'd.) 210 
6 

Temperature in c 33.27 
Degrees Centigrade 

D 35.0 

B1ood Pressure in c 96 
mm Hg 

D 106 

Heart Rate per c 142.8 
Minute 

D 163 

Venous Pressure c 5·9 
in cm ~0 

8.3 D 

Respiratory Rate c 24.4 
per Minute 

D 25 

225 240 

3.3.06 33.06 

34.80 34.7 

107 107 

101 103 

155-6 155.8 

163 162 

s.o 4.9 

5-3 5.5 

27-7 26.2 

26 25 

255 

3.3.06 

34.5 

lOT 

111 • .3 

155.0 

158 

5·0 

5-5 

24.3 

24 

270 

33.05 

102 

117 

150 

5.2 

5.6 

23.2 

24 

oll> 
0 
.0 



OOMPARISON OF BWOD CHEMISTRIES, ELECTROLYTES AND 

HEMATOCRIT IN CONTROL AND DIALYSED DOGS 

SUBJECTED TO HAEMOP.RHAGIC SOOCK 

TIME IN MINUTES 0 30 90 150 210 

CONTROL OOGS 

pH 1·32 7.18 7-13 6.16 7.16 

p002 in mm Hg 36.13 15.0 15.40 16.33 22.63 

HOO J in .meq/1 17.39 9-03 1·30 7.18 9·09 

Lactic Acid 4.06 10.12 15-32 14.71 9.41 

cl- 113 115 113 116 117 

Na" 160 146 148 151 159 

K"' 3.6 5·5 4.7 5.0 5.8 

Hematocrit % 44 47 51 53 58 

DIALYSED OOGS 

pH 7-40 7.18 7·17 1·15 7-36 

p002 in mm Hg 30.7 20.5 16.4 18.6 23.3 

HC03 in meq/1 18.2 7·9 7.4 7.2 11.6 

Lactic Acid 2.8 9-3 10.0 9·7 6.5 
01- 117 114 115 116 107 

Nar 147.6 146.8 149.1 152.2 140.5 

K" 4.02 5.54 5-23 5·11 4.33 

He.matocrit % 51 52 52 54 50 

- 410 -

270 

7.12 

149 

61 

7-31 

21.7 

12.4 

7.0 

110 

142.2 

4.23 

50 



NUMBER OF HOURS OF PERMANENT SURVIVORS AND NON SURVIVORS OF CONTROL AND 

DIALYSED DOGS SUBJECTED TO HAEMORRHAGIC SHOC~ 

DOG NUMBE.R 1 2 3 4 5 6 7 a 9 10 "/e SURVIVAL 
------------ ------ ---- ----- - -- ------ -- ------
Control Dogs 3 

Dialysed Dogs 8 

10 

30• 

30• • Permanent Survivor 

a 

~ 

10 8 

ao ~-

30" at JO• 

3t 30• 14 

10 

24 

9 

30• 

20% 
3o% 

~ 
1-' 
1-' 



...... 

APPENDIX xx 

MEAN VITAL SIGNS OF CONTROL DOGS SUBJJ&Ci'ED TO BAEY:ORRHAGIC SHOCK: 
--------- -------------

TIME IN MINUTES 0 15 30 45 60 '75 90 105 120 135 
-------·· .. ------ --- -- --- ---- ----
Temperature in 3'1.5 3'7 .s 37.6 37.3 37.2 37.1 36.7 36.7 36.8 36.8 
Degrees 
Centigrade R 34.1- 32- 32- 32.5- 32.5- 32.5- 32.2- 32.2- 32- 32-

39 39.5 39 38.5 38.5 38.5 38.5 38 38.5 38•5 

B1ood Pressure 149 40 40 40 50 50 50 50 50 50 
in mm Hg 

R 110- 40- 40- 40- 50- 50- 50- 50- 50· 50-
195 40 40 40 50 50 50 50 50 50 

Heart Rate 181 188 183 212 215 202 202 194 208 220 
per :U.lnute 

R 135- 135- 99- 108- 112'!"1 102- 102- 102- 120- 120-
216 300 300 300 300 300 2'70 211'0 260 300 

Yenous Pressure 4.6 3.0 2.0 3.0 2.1 2.2 3.2 3.3 3.4 3.4 
in em Water 

R 1.1- -1- -1- -1- -1- -1- -1- -1- -1- -1-
8.5 8.5 4.5 '7.5 7.5 '1.5 8.o 8.5 8.5 a.5 

Respiratory Rate 22 23 22 24 25 21 21 20 21 21 
per Minute 

• R 12- 12- 15- 15- 18- 15- 12- 12- 12- 15- = 60 30 30 36 36 36 36 36 33 33 

---- -----



TDI!l: IN MIN1J'.l'~S 150 165 180 195 
( Cont 'd.) 

--.. --·------
Temperature 36.5 36.0 35.7 35.0 
in Degreee 
Centigrade R 32- 32- 32- 30.1-

38.2 38.2 37.5 37.0 

B1ood Pressure 50 50 80 81 
in mm Hg 

R 50- 50- 50- 30-
50 50 150 150 

Heart Rate 228 222 204 169 
per Minute 

R 150- 150- 150- 50-
312 280 275 225 

Venoua Pressure 3.4 3.3 4.3 6.2 
in cm Water 

R -1- -1- -1- 2-
8.5 8.5 9.0 11.5 

Respiratory 21 22 22 20 
Rate per 
Minute R 12- 12- 6- 6-

36 39 38 36 

R ... Range -

210 225 240 

34.8 34.7 34.6 

30.1- 30.1- 30.1-
37 37 37 

101 117 114 

10- 65- 45-
150 155 150 

167 166 179 

10- 117- 50 .. 
350 300 270 

7.0 6.6 6.7 

3.5- 3- 3-
13 13 13.5 

20 20 19 

3- 6- 9-
36 30 24 

255 2.70 

34.4 34.4 

30- 30-
36.5 36.5 

112 107 

30- 30-
150 150 

174 200 

20 .. 102 .. 
300 290 

6.6 6.6 

3.5- 3.5-
13 13 

17 20 

6- 12-
30 30 

285 

33.6 

30-
35.5 

92 

45-
150 

223 

102-
312. 

6.2 

3.5-
13 

20 

12-
30 

---

..,.. ,.., 
w 



DOG NUJIBER 

---
'1'ime in 
Minut.ea 

0 

15 

30 

45 

60 

'75 

90 

105 

120 

135 

150 

1 

BAN TEMPERATURES IN DEGREES CENTIGR.ADE OF CONTROL DOGS 

SUB.TECTED TO HAEUORRHAGIC SHOCK: 

2 3 4 5 6 7 8 9 

------- ------ ---- ---

38.5 34.1 36.0 38.0 39.0 36.0 39.0 38.5 38.0 

38.5 32.0 36.0 38.5 39.5 36.5 39.0 38.5 38.0 

38.2 32.0 36.5 38.5 39.0 38.5 39•0 38.5 38.0 

38.2 32.5 36.1 3'7.5 38.5 38i,O 38.5 38.5 38.0 

38.5 32.5 36.0 37.0 38.5 38.0 38.5 37.5 38.2 

38.5 32.5 36.1 37.0 38.0 38.0 38.5 37.5 3'7.5 

38.0 32.2 36.1 37.0 38.0 38.0 38.5 36.0 37.5 

38.0 32.2 36.0 3'7.0 3'7.0 38.0 38.0 36.0 3'7.5 

38.0 32.0 36.0 37.0 37.5 38.6 38.5 36.0 3'1.5 

38.0 32.0 35.5 37.5 3'7.5 38.2 38.5 36.0 3'7.5 

37.0 32.0 35.5 3'7 .5 3'7.0 38.2 38.0 36.0 37.5 

10 J&:hN 

38.0 37.5 

38.0 37.5 

38.0 37.6 

3'7.5 3'7t.3 

37.5 3'7.a 

3'7.0 37.1 

37.0 36.'7 

37.0 36.'7 

37.0 36.8 

37.0 36.8 

36.5 36.5 

.,. 
~ 



DOO NUMBmR 1 2 3 4 5 
_i.Q.Qni'd,) - -----
Time in 
Minute a 

165 33.0 32.0 34.0 37.5 3'1.0 

180 33.0 32.0 34.0 3'1.5 37.5 

195 32.0 30.1 33.5 36.0 37.0 

210 32.0 30.1 33.5 36.5 3'1.0 

225 30.1 33.5 36.0 3'1.0 

240 30.1 33.5 35.5 3'1.0 

255 30.0 33.5 35.5 36.5 

2'10 30.0 33.0 35.0 36.5 

285 30.0 33.0 35.0 35.5 

SURVIVAL 
Tllllii IN 
HOURS at 11 20 9 1.2 

6 't 8 

-- -

38.2 38.0 36.0 

37.5 3'1.0 35.5 

3'1.0 3'1.0 35.5 

3'1.0 35.0 35.5 

36.5 35.0 35.5 

36.5 34.5 35.0 

36.0 34.5 35.0 

34.0 34.0 

34.0 34.0 

9 41- '1 

9 10 

37.5 36.5 

36.5 36.5 

36.0 35.5 

36.0 5.0 

35.0 34.0 

35.0 34.0 

35.0 34.0 

35.0 34.0 

35.0 33.0 

24 ao• 

BAH 

--

36.0 

35.7 

35.0 

34.8 

34.'1 

34.6 

34.4 

34.0 

33.6 

13 

""' ..... 
Ul 



MEAN BLOOD PRESSURE IN M!l Hg OF CONTROL DOGS SUBJEC'I'ED TO HA.EMORRHAGIC SHOCI[ 

-----------

DOG NUMBER 1 2 3 4 5 6 7 8 9 lO DAN 

--· ------- ---
Time in 
Minutes 

0 195 165 135 170 162 170 110 140 130 112 149 

15 40 40 40 40 40 40 40 40 40 40 40 

30 40 40 40 40 40 40 40 40 40 40 40 

45 40 40 40 40 40 40 40 40 40 40 40 

60 50 50 50 50 50 50 50 50 50 50 50 

75 50 50 50 50 50 50 50 50 50 50 50 

90 50 50 50 50 50 50 50 50 50 50 50 

105 50 50 50 50 50 50 50 50 50 50 50 

120 50 50 50 50 50 50 50 50 50 50 50 

135 50 50 50 50 50 50 50 50 50 50 50 

150 50 50 50 50 50 50 50 50 50 50 50 

1 

~ .... 
0\ 



DOG NUMBER 1 2 3 4 5 6 7 8 9 10 t.ŒAN 
(Cont' d.) 

---··--- ---- ------- ---- ---
Time in 
Minutes 

165 50 50 50 50 50 50 50 50 50 50 50 

180 50 100 laO 120 55 150 50 50 50 50 80 

195 30 120 12.5 120 60 150 50 50 50 50 81 

210 10 125 132 130 75 150 70 llO 115 90 101 

225 130 140 130 65 155 65 115 145 110 11f 

240 132 135 128 60 150 45 120 145 110 114 

255 135 130 128 60 150 30 120 145 110 112 

270 135 130 130 55 150 30 75 145 110 107 

285 135 130 130 50 150 45 50 45 92 

SURVIVAL 
Tnlli; IN 
HOURS 3t u ao 9 12 ' * 

,, 34' 30• 13 

.,.. 
~ 



Mli!AN HliaRT RATE PER MINUTE OF CONTROL DOGS SUBJECTED 

TO HAEKORRHAGIC SHOCK 

--
DOG NUM:BER 1 2 3 4 5 6 , 8 9 10 UEAN 

- ----- ---- -----
Time in 
Minute a 

0 210 135 162 216 180 159 180 150 208 204 181 

15 135 180 144 180 222 300 186 162 210 162 188 

30 120 150 210 210 300 99 100 165 210 270 183 

45 147 300 200 280 300 12'7 108 150 212 300 212 

60 144 138 210 270 300 282 112 152 268 270 215 

't5 210 126 210 268 280 300 120 168 240 102 202 

90 210 150 228 2"TO 270 210 132 180 268 102 202 

105 180 132 215 240 270 210 138 186 269 102 194 

120 200 150 220 260 250 210 144 240 289 120 208 

135 220 150 210 240 240 210 300 213 300 120 220 

150 222 150 225 280 240 240 210 225 312 180 228 
1 

""' ...., 
0) 



DOG NUMBER 1 2 3 4 5 
(Cont •d.) 

---·---- ----
Time in 
'Minute a 

165 280 150 220 280 280 

180 225 150 144 180 275 

195 50 100 145 180 174 

210 10 104 150 210 180 

225 117 155 210 160 

240 107 150 210 225 

255 104 144 228 180 

270 102 150 222 210 

285 102 150 230 240 

SURVIVAL 
Tllllil IN 3! 11 20 9 12 
HOURS 

6 7 8 

--

210 216 186 

210 230 180 

210 225 222 

150 230 120 

150 225 180 

150 50 270 

150 20 240 

150 267 

150 300 

9 4f 7 

9 10 

220 180 

240 210 

222 162' 

350 164 

300 166 

240 210 

300 220 

290 210 

312 300 

24 30" 

MJWI 

222 

204 

169 

16'1 

166 

179 

174 

200 

223 

13 

1 

~ 
~ 
\0 



DOG NUMBER 1 2 

------ -·---
Time in 
Minutes 

0 2 4.5 

15 1 2.5 

30 l 4.0 

45 -1 2.5 

60 -l 3.0 

75 -l 3.5 

90 -1 4.5 

105 -1 s.o 

120 -1 6.0 

135 -1 6.2 

150 -1 6.2 

MEAN VENOUS PRESSURE IN CK WATER OF CONTROL DOGS 

SUBJECTED TO HADORB.HAGIC SHOOK 

-------' 

3 4 5 6 7 8 9 

---- ---- ------ --------

4.0 5.5 s.o ?.S 3.5 a.s 1.1 

2.5 -1 l.oO 5•5 s.o 8.5 1.1 

3.0 -1 1.0 4.5 1 3.0 -1 

7.5 -1 7.0 4.5 l 4.0 l 

7.5 l -l 4.0 -l 3.5 l 

7.5 1 -1 4.0 -1 3.5 1 

8.0 1.5 3.0 5.5 -1 5.5 l 

8.5 2.0 3.!5 4.5 -1 5.5 l 

a.5 2.0 3.5 4.5 -1 s.s 1 

8.5 2.5 3.0 4.5 -1 5.5 l 

8.5 2.5 3.0 s.o -1 5.5 l 

10 

4.0 

4.0 

4.0 

4.0 

4.0 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

GAN 

4.6 

3.0 

2.0 

3.0 

2.1 

2.2 

3.2 

3.3 

3.4 

3.4 

3.4 

,. 
tl) 
0 

1 



DOG NUMBER 1 2 3 4 5 
(Cont •d.) 

----···-- ------- ----
Time in 
Minutes 

165 -1 5.0 8.5 2.5 3.0 

180 5.5 5."2 9.0 4.5 3.0 

195 11.5 5.5 9.5 4.5 4.5 

210 12.5 5.0 8.5 4.5 3.5 

225 5.5 9.0 4.5 3.5 

2:40 5.5 9.5 4.0 3.5 

255 s.o 9.0 4.0 3.5 

2'10 s.o 8.0 4.5 3.5 

285 s.o 8.o 4.5 3.5 

SURVIVAL 
Tin IN 
HOURS 3t 11 20 9 12 

6 'T 8 

-------

s.o -1 5.5 

5.0 -1 5.5 

6.5 6.0 6.0 

6.5 7.0 6.0 

6 .s 8.5 6.0 

6.5 8.5 6.0 

6.5 8.5 6.0 

6.0 6.0 

6.0 6.0 

9 4t , 

9 10 

1 4.5 

2.0 4.5 

2.0 6.0 

3.0 13.0 

3.0 13.0 

3.0 13.5 

3.5 13.0 

3.5 13.0 

3.5 13.0 

24 30" 

MEAN 

3.3 

4.3 

6.2 

'1.0 

6.6 

6.7 

6.6 

6.6 

6.2 

13 

1 

~ 
N ..... 
1 



~ŒAN RESPIRATORY RATE PER MINUTE OF CONTROL DOGS 

SUBJECTED TO HA:In(OR.RHAGIC SHOCK. 

-------
DOG NUMBICR 1 2 3 4 5 6 '1 8 9 10 MEAN 

------- - ---- --- --- ----- ---------
Time in 
Minutes 

0 12 18 18 60 15 15 24 15 21 18 22 

15 24 18 27 30 30 12 30 21 21 18 23 

30 24 18 27 30 27 15 18 15 27 18 22 

45 36 18 27 27 27 15 18 21 36 18 24 

60 36 18 18 27 24 24 21 27 36 18 25 

75 24 18 18 27 18 21 18 15 36 18 21 

90 24 18 18 30 15 18 21 12 36 18 21 

105 21 18 15 30 12 18 21 12 36 18 20 

120 21 18 18 30 15 18 24 12 33 21 21 

135 21 18 18 27 15 15 2'1 15 33 21 21 

150 21 18 18 27 12 15 30 12 36 24 21 
ollo 
l'.) 
l'.) 



DOG NtniBll'lR 1 2 3 4 5 6 7 8 9 10 MEAN 
(Cont'd.) 

--- ---- ----- --- -----
Time in 
Minutee 

165 21 18 18 27 12 18 30 12 39 24 22 

180 6 18 18 30 12 24 36 12 38 24 22 

195 6 18 18 30 9 24 36 12 27 24 20 

210 3 18 15 27 12 18 36 27 2.4 24 20 

225 6 15 30 12 18 15 27 24 30 20 

240 9 15 24 12 18 12 27 24 24 19 

255 12 12 18 12 15 6 27 24 30 1'1 

270 18 12 21 15 18 24 24 30 20 

285 18 12 21 15 21 24 24 30 20 

SURVIVAL 
TDIE IN 
HOURS 3! 11 20 9 12 9 4~ 7 24 30" 13 

Il» 

~ 



DOG Nt.:IK.Bli:R 

----·---
Time in 
Minutes 

0 

30 

90 

150 

210 

2'70 

330 

390 

LE..f.A N D I X XXI 

DAN OHLORIDES IN MEQ/L OF CONTROL DOGS SUBJECTED TO HA.EMORRHAGIO SHOOit 

1 2 3 4 5 6 7 8 9 10 

---- - -- -- --

116 108 112 116 119 120 113 123 114 125 

114 104 104 117 121 115 118 llO 116 121 

120 ' 107 104 134 114 115 120 108 llO 112 

114 107 107 123 123 11.2 110 111 116 113 

110 103 113 123 117 108 123 118 116 

111 108 119 116 114 119 116 133 

lOO 

119 

JIIWl 

117 

114 

114 

114 

115 

11'1 

lOO 

119 

~ 

"' ~ 



MEAN SODIUU: IN MEQ/L OF CONTROL DOGS SUBJECTED TO HA.El.tORRHAGIC SHOCK. 

DOG NtalB&R 1 2 3 4 5 6 7 8 9 10 DAR 

------- --
Time in 
Minutes 

0 149 140 144 146 149 140 141 150 148 145 145 

30 150 135 135 148 146 140 142 142 148 145 143: 

90 154 139 136 146 154 136 145 143 149 139 144 

150 156 140 136 151 155 138 144 142 150 144 146 

210 142 136 152 155 146 145 139 155 145 146 

270 137 135 154 151 150 145 147 149 146 

330 14'1 14'1 

SURVIVAL 
TVLE IN 
HOURS 3t 11 20 9 12 9 4f 7 24 30" 13 

~ 
Ul 



MEAN POTASSim.l IN MEQ/L OF CONTROL DOOS SUBJECTED TO HAKMORRHAGIC SHOCJ( 

DCG NUMBER 1 2 3 4 5 6 7 8 9 10 !lEAN 

------------ -- --- ---- ----- ---
Time in 
Kinute• 

0 4.2 6.7 3.1 2.9 4.1 3.8 4.85 3.6 4.0 3.'1 4.1 

30 6.9 6.8 5.1 3.8 5.9 5.2 6.2 6.0 4.1 4.2 5.4 

90 6.5 4.9 5.9 3.6 6.4 5.4 7.4 7.2 4.35 3.6 s.s 

150 7.0 4.6 5.6 3.9 7.2 5.75 7.9 7.7 4.5 3.9 s.8 

210 5.5 6.9 4.8 9.15 5.7 8.2 7.6 4.5 4.4 6.1 

2'TO s.85 7.4 8.9 5.55 5.1 8.35 5.5 5.5 6.4 

330 4.4 5.7 5.0 

390 6.0 6.0 

SURVIVAL 
TDIE IN 
HOURS at 11 20 9 12 9 * 7 2.4 30~ 13 

• 
E 



......-

MEAN HEYATOCRIT % OF CONTROL DOGS SUBJECTED TO HAEMORRHAGIC SHOCX 

DOO NUM.BER 1 2 3 4 5 6 '1 8 9 10 DAN 

-
Time in 
Minutee 

0 52 42 36 49 50 49 48 48 49 41 46 

~ 61 40 30 44 51 51 4'1 40 43 42 45 

90 52 39 24 42 58 48 43 43 41 39 43 

150 64 38 30 45 63 54 55 50 44 42 49 

210 40 39 55 68 61 51 53 53 50 52 

270 41 42 67 55 66 52 52 52 43 

330 54 54 54 

390 52 52 

SURVIVAL 
TillE IN 
HOURS * 11 20 9 12 9 * 7 24 30r 13 

~ 

~ 



MEAN CHLORIDES, SODIUM, POTASSIUM IN MEQ/L AND HE!MATOORIT 'fo OF CON!'ROL DOGS 

SUBJECTED TO HAEMORRHA.GIC SHOCK: 

TIME IN MUIJTES 0 30 90 150 210 270 

----
Ch1orides i~ meq/1 117 114 114 114 115 117 

R lo8- 104- 104- 107- 10, .. 108-
125 121 134 123 123 133 

Sodium in meq/1 145 143 144 146 146 146 

R 140- 135- 136- 136- 136- 135-
150 150 154 156 155 154 

Potassium in mêq/1 4.1 5.4 5·5 5.8 6.1 6 .. 4 

R 2.9- 3.8:.. 3.6- 3·9- 4.4- 5.1-
6.7 6.9 1·4 1·9 8.2 8.9 

Hematocrit % 46· 45 43 49 52 43 

R 36- 30- 24- 30- 39- 41-
52 61 58 64 68 67 

330 

lOO 

100-

147 

147-
147 

5.0 

4.4-
5·1 

54 

54-

390 

--
119 

119-

6.0 

6 -

52 

52-

1 

!ol:oo 
N 
CXI 



DOG NtDIBli:R 1 

---
Time in 
Vinutes 

0 7.34 

60 6.86 

90 7.06 

150 6.86 

210 6.70 

Res. B1ood 7.29 

270 

330 

SURVIVAL 
'l'DIE IN 
HOURS * 

BAN pH OF CONTROL DOGS SUBJECTED 'l'O HA.Ii:MORRHAGIC SHOCI: 

2 3 4 5 6 7 8 9 

7.34 7.32. 7.50 7.38 7•34 7.30 7.33 7.31 

7.17 7.08 7.25 7.07 7.27 7.31 6.97 7.25 

7.19 7.05 7.29 6.92 7•29 7.2 6.96 7.33 

7.18 7.04 7.31 6.91 7.30 7.18 7.05 7.30 

7.09 7.02 7.31 7.0 7.29 7.29 7.11 7.29 

7.3 

7.19 7.20 7.36 7.11 7.39 7.29 7.32 7.39 

7.42 

11 20 9 12 ·.9 tt !J: 24 

10 

7e45 

7.45 

7.46 

7.45 

7.45 

7.45 

7.43 

7.48 

so• 

.. J&AN 

7.36 

7 .rr 

7.17 

7.16 

7.1'1 

7.34 

7.29 

7.45 

13 

,. 
C\) 
q:) 



DOG NUMB.li:R 1 
--------- ---
Time in 
Min1rt.ea 

0 46.0 

60 30.0 

90 39.0 

150 43.0 

210 10.0 

Rea. B1ood 36 

2f0 

330 

SURVIVAL 
TillE IN 
.HOURS at 

MEAN pC02 OF CONTROL DOOS SUBJEC'l'li:D TO HAEMORRHAGIC SHOCI( 

---------- --
2 3 4 5 6 7 8 9 

---- --

39.0 33.0 aa.o 38.0 41.0 33.0 41.0 48.0 

14.5 22.0 15.5 10.0 13.5 19.5 

13.8 25.0 19.5 10.0 12.0 18.2 30.0 19.0 

13.5 .as.s 20.5 10.0 16.0 15.5 31.0 44.0 

10.0 27.5 23.5 28.5 21.5 11.0 24.5 27.0 

33 

16.0 26.0 24.0 25.0 2o.o 12.0 20.0 as.o 

24.5 

11 20 9 12 9 '* 7 24 

10 

33.5 

25.0 

16.5 

16.8 

22.0 

33.5 

25.5 

30"' 

DAN 

3'1.5 

18.8 

20.3 

23.6 

20.6 

34.2 

2.1.5 

24.5 

13 

>llo w 
0 



DOG NUIIBER 1 

-------
Time in 
U:in~ea 

0 23.0 

60 5.0 

90 10.5 

150 7.0 

210 a.o 

Res B1ood 16.8 

2'70 

330 

SURVIVAL 
TDŒ IN 
HOURS 3t 

MEAN HC03 OF CONTROL DOGS SUBJECTED TO HAEMORRHAGIC SHOOK: 

2 3 4 5 6 7 8 9 

--------

20.0 16.5 17.5 :n.5 21.5 18.0 2.0.8 22.9 

6.8 'r .3 8•2 s.o 8.0 11.0 s.o 

6.9 7.4 10.5 5.0 6.5 9.0 7.0 11.0 

6.7 7.3 11.2 5.0 9.4 7.4 7.8 20 

5 7.5 12.5 7.3 11.1 7.5 10.4 13.5 

16 

7.4 10.5 14.0 8.3 13 7.8 11.3 15.8 

15.8 

11 20 9 12. 9 4t 7 24 

10 

21.0 

17•9 

13.5 

13 

15.5 

23.5 

19 

30" 

M:lüN 

21.3 

8.2. 

8.7 

9.5 

9.9 

18.8 

11.9 

15.8 

13 

.... 
w ..... 
• 



MEAN LACTIC ACID OF CONTROL DOGS SUBJECTED TO HAEMORRHAGIC SHOCI[ 

DOG NUMBER 1 2 3 4 5 6 7 8 9 

----- -- ----
Time in 
Minutes 

0 2.35 2.32 3.27 4.45 4.35 1.57 2.96 2.15 1.89 

60 18.09 11.42 10a11 17.04 6.92 5.63 11.79 6.59 

90 14.98 11.42 11.23 12.68 19.37 10.92 7.36 14.33 7.47 

150 13.0 14.52 14 .. 23 20.33 4.47 7.32 9.35 3.24 

210 22.61 17.91 14.79 18.11 10.85 7.17 6.36 7.14 

Res. B1ood 16.31 4.'78 

270 11.42 7.48 6.97 12.78 4.44 8.37 4.67 

SURVIVAL 
TIME IN 
HOURS 3.:'-:.!: 11 20 9 12 9 4j- 7 24 

10 

1.71 

2.63 

3.84 

4.43 

3.48 

3.84 

2.09 

30"' 

MEAN 

2.7 

10.02 

11.36 

10.1 

12.05 

4.98 

7.28 

13 

oll=> 
w 
td 



IŒAN pH, p002 IN MM Hg, BICARBONATE AND LACTIC ACID IN l.IEQ/L OF CONTROL DOGS 

SUBJECTED TO HAEUORRHAGIC SIJ)CK 

Res. 
TIME IN MINUTES 0 60 90 150 210 Blood 270 

pH '( • .36 7·1'1 7·17 7-16 7-17 7·34 7.29 

R 7·.3- 6.86- 6.92- 6.86- 6.7- .7 .29- 7.11-
'1·5 7-45 7.46 7-45 7.45 7.45 7-43 

pC02 in mm Hg 31·5 18.8 20 • .3 23.6 20.6 .3+•2 21.5 

R 22- 10- 10- 10- 10- 3f 12-
48 .30 .39 44 28.5 3 ·.·· 26 

Bicarbonate in 20 • .3 8.2 8.7 
meq/1 

9·5 9·9 18.8 11.9 

R 16.5- 5- 5- 5- 5- 16- 7·4-
23 17·9 13.5 20 15-5 23.5 19 

Lactic Acid 2.7 10.02 11 • .36 10.0 12.05 4.98 7·2 

R 1.57- 2.6.3- ,3.84- ,3.24- ).48- ,3.84- 2.09-
4.45 18.09 19 • .37 20 • .3.3 22.61 6 • .31 12.78 

3.30 

7.45 

7.42-
'(.48 

24.5 

24.5-

15.8 

15.8-

1 

,:.. 
w 
~ 



MEAN pH, pC02 IN. MM Hg, BICARBONATE AND LACTIC ACID IN MEQ/L OF CONTROL DOGS 

SUBJECTED TO HAEMORRHAGIC SHOCK WITH pco 2 CORREC'.I,'ED TO 40 MM Hg 

Res 
TIME IN MINUTES 0 60 90 150 210 B1ood 270 

pH 7·33 7-03 7.05 7 .os 1-05 7.29 7-16 

pC02 in mm Hg 40 40 40 40 40 40 40 

Bicarbonate in meq/1 28.0 10 10.80 10.80 11.00 25 17 .o 

Lactic Acid 2.7 10.02 11.36 11.1 12.05 4.98 7-2 

330 

7.32 

40 

26.5 

.,.,. 
w 
~ 



APPENDIX XXI! 

MEAN VITAL SIGNS OF DIALYSED DOGS SUBJECTED TO -5 MG,/KG DIBENZYLINE 
ANP H4EMORRHAGIC SWCK 

A 
THŒ IN MINUTES 0 15 .30 45 60 75 90 105 120 

- -
Temperature in .37 ·7 .37.7 .37 .5 .37 • .3 .37 .2 .37 .1 .37 .1 .37. 7 .36-5 
Degrees Centigrade 

R .34- .33.5- 33-5- .33.2- .32.5- 32.5- 32- .32· 31-5-
39 .39 .5 39 39 39.2 39.2 39 .39 39-5 

B1ood Pressure 150 124 108 108 101 96 40 40 40 
in mm Hg 

R 100- 90- 60- 6o- 50- 40- 40- 40- 40-
190 165 160 165 155 140 40 40 40 

Heart Rate per 194 183 191 182 180 185 188 199 208 
Minute 

R 132- 120- 90- 120- 102- 120- 126- 132- 90-
264 .300 330 300 270 275 280 280 .300 

Venous Pressure 4.3 4.2 4.3 4.4 4.2 4.3 4.1 3.2 .3.5 
in cm Water 

R 1.5- 2T. 2T 1.5- 1-5- 1.5- -1- -1- -1-
10.5 9·5 9·5 9·5 8.5 8.5 8.5 1.5 8.5 

Respiratory Rate 21 22 17 17 17 18 22 22 22 
~ 

per Minute t>J 
Ù1 R 6- 6- 9- 12- 12- 12- 15- 6- 2• 

60 60 24 24 24 24 24 .36 .36 



B 
TI:ME IN MINUTES 135 150 165 180 195 210 225 240 255 

( Cont'd.) 

Temperature in ,36 • .3 .36.1 .35·9 35.8 35.3 .34.9 .34.1 .34.4 .3.3.9 
Degrees Centigrade 

R .31.,5- ,31.5- .31.5- .31<.5- .30.,5- ,30.5- .30- 3D- .30-
.39 .38.5 .38.0 ,38.,5 .38 .38 .38 .38 .38 

Blood Pressure in 47 47 48 48 50 50 87 97 10.3 
mm Hg 

R .30- .30- 35- .30- 50- 50- .30- 85- 88-
50 50 50 50 50 50 llO 112 120 

Heart Rate per 194 21.3 21.3 209 196 178 176 20.3 182 
Minute 

R 50- 142- lOO- 50- 120- 50- 6- 140- 150-
270 240 .300 280 290 280 .300 280 220 

Venous Pressure in 4.2 3·'1 .3·9 4.9 4.4 4.8 5.0 .3·9 .3.7 
om Water 

R -1- -1- -1- ~1- -1- -1- -1- -1- -1-
lOS 11.0 12.,5 1.3.0 14.0 15.0 15.0 -1·5 8.0 

Respiratory Rate 25 26 26 25 25 23 24 26 27 
per Minute 

R 15- 21- 21- 18- 15- 6- 12- 18- 18-
45 45 42 42 45 42 42 42 42 

R - Range • - ,p. 
w 
iii 



l..ŒAN TEMPERATURE OF DOGS SUBJECTED TO .s M.G/KG DIBENXYLINE AND HAEMORRHAGIC SHOCIC.: 

DOG NUMBER 1 2 3 4 5 6 7 6 9 10 MEAN 

------- ----- --- -- -----
Time in 
Minutes 

0 39.0 34.0 36.0 37.0 37 .o 37.5 39.0 36.5 39.5 39.0 37.7 

15 36.5 33.5 36.0 37.0 37.0 37.5 39.0 37.5 39.5 39.0 37.7 

30 36.5 33.5 36.0 37.0 37.0 36.5 39.0 37.5 39.0 39.0 37.5 

45 36.0 33.3 37.5 37.5 36.5 36.5 39.0 37.1 39.0 39.0 37.3 

60 36.5 32.5 37.5 36.5 36.0 36.5 39.0 37.0 39.0 39.2 37.2 

75 38.5 32.5 37.5 36.5 36.0 36.0 39.0 36.5 39.0 39.2 37.1 

90 36.5 32.0 37.5 38.5 36.0 36.0 38.5 36.0 39.0 39.0 37.1 

105 36.5 32.0 37.5 36.0 35.5 36.0 37.5 36.0 39.0 39.0 36.'1 

120 38.5 31.5 36.5 36.0 35.5 36.0 37.0 35.5 39.5 39.0 36.5 

135 38.5 31.5 36.0 36.0 35.5 36.0 36.5 35.5 39.0 38.5 36.3 

150 38.0 31.5 36.0 36.0 35.5 36.0 36.5 35.1 38.5 38.0 36.1 1 

.llo 
165 36.0 31.5 36.0 35.0 35.5 36.0 35.0 38.5 37.5 35.9 

w 
.oq 



DOG NUMBER 1 2 3 4 5 
(Cont'd.) 

--------- ----------

Time in 
Minutes 

180 37.0 31.5 35.0 35.0 

195 37.0 30.5 35.0 

210 36.5 30.5 34.0 

225 36.0 30.0 34.0 

240 35.0 30.0 33.0 

255 34.0 30.0 33.0 

SURVIVAL 
TIME IN 
HOURS 5 30• 309 2l 

2 3 

6 7 8 

---------

35.5 36.6 36.0 

35.5 35.5 36.0 

34.5 35.5 36.0 

34.0 35.5 35.5 

34.0 35.5 35.5 

33.5 34.0 35.0 

20 10 12f 

9 10 

38.5 37.5 

38.0 35.0 

38.0 34.5 

38.0 32.0 

38.0 

38.0 

309 3t 

MEAN 

35.8 

35.3 

34.9 

34.1 

34.4 

33.9 

14.7 

' ,p. 
w 
aii 



MEAN BLOOD PRESSURE OF DOGS SUBJECTED TO .5 MG/KG DIBENZYLINE AND HAEMORRHAGIC SHOCK 

DOO NUMBER 1 2 3 4 5 6 7 8 9 10 

------- ---- --- --- --- -- --
Time in 
Minutes 

0 160 140 140 190 120 150 175 165 lOO 160 

15 155 100 130 160 90 100 105 145 90 165 

30 135 92. 90 140 60 98 90 135 80 160 

45 150 90 90 125 60 98 100 120 80 165 

60 155 88 90 118 50 95 100 120 70 120 

75 140 88 85 llO 40 88 lOO 120 75 115 

90 40 40 40 40 40 40 40 40 40 40 

105 40 40 40 40 40 40 40 40 40 40 

120 40 40 40 40 40 40 40 40 40 40 

135 50 50 50 30 40 50 50 50 50 50 

150 50 50 50 30 40 50 50 50 50 50 

~ 

150 

124 

108 

108 

101 

96 

40 

40 

40 

4'1 

4'1 

ill> 
w 
iê 



DOG NUMBER 1 2 3 4 5 6 
(Cont 'd.) __ ..__ .. ____ -- ----

Time in 
Minutee 

165 50 50 50 35 50 

180 50 50 50 30 50 

195 50 50 50 50 

210 50 50 50 50 

225 lOO 100 80 80 

240 100 na 90 85 

255 112 120 95 88 

270 112. 150 98 88 

285 112. 150 100 80 

SURVIVAL 
TIJŒ IN 
HOURS 5 309 30• at 3 20 

7 8 9 

50 50 50 

50 50 50 

50 50 50 

50 50 50 

95 110 98 

95 110 100 

95 110 102 

95 llO 102 

95 120 102 

10 12t 30" 

10 

----

50 

50 

50 

50 

30 

3t 

MEAN 

48 

48 

50 

50 

87 

97 

103 

108 

108 

14.7 

>Il> • t:j 



DOO NtnœER 

Ti:me in 
Minutee 

0 

15 

30 

45 

~0 

?'5 

90 

105 

120 

135 

150 

ll1WiJ BART ltA'fE OF OOGS SUBJEC"tED '1'0 .5 MG/Iœ DIBDIZYLIB AIID HAEUCRRHAOIC SBOC&' 

1 2 3 4 5 ' " 8 9 10 

--

168 132 210 138 240 232 rr'T 201 180 264 

150 114 150 130 120 240 300 165 18t 2f0 

100 120 192 154 90 180 330 180 210 2'14 

180 120 1TO 1'14 180 184 300 165 144 200 

210 102 180 180 180 196 2'10 160 150 1BO 

210 120 210 1'14 162 200 2'10 1G5 150 180 

222 150 210 150 ua 210 280 210 126 160 

221 132 225 1'14 180 210 180 250 150 168 

214 140 2'10 90 165 230 300 2'10 150 240 

220 140 230 50 1'10 230 240 2'10 180 200 

222 142 240 200 236 250 210 240 180 

DAN 

194 

183 

191 

182 

180 

185 

188 

199 

208 

lM 

213 

• ... ... 
f;J 

• 



DOG NUMBER 1 2 3 4 5 6 7 8 9 10 MEAN 
{Cont •d.) 

---------- --- -------
165 220 144 180 . lOO 240 250 220 270 300 213 

180 214 146 180 50 280 2'10 200 264 280 209 

195 220 120 210 280 210 240 200 290 196 

210 240 130 180 280 200 240 180 50 178 

225 250 130 180 300 210 240 156 6 176 

240 180 140 180 280 222 270 156 203 

255 180 150 180 170 220 220 156 182 

270 180 150 180 180 240 180 150 180 

285 200 150 198 210 240 180 150 189 

SURVIVAL 
TDŒ IN 
HOURS 5 30T 30"' at 3 20 10 12! 30" 3t 14.'1' 

>llo 

t 



MEAN VENOUS. PRESSURE IN CM VlATER OF DOGS SUBJECTED TO .s MG/KG DIBENZYLENE AND HAEMORRHAGIC SHOCIC 

DOG NUMBER 1 2 3 4 5 6 7 8 9 10 !.L'UN 

--- --- ---
Time in 
Minutes 

0 4.5 1.5 10.5 4.5 2.0 2.0 5.5 4.5 2.5 5.5 4.3 

15 4.5 2.0 9.5 4.0 2'.0 2.0 5.0 4.0 2.5 6.5 4.2 

30 5.0 2.0 9.5 4.0 3.0 2.0 4.5 3.5 2.5 6.5 4.3 

45 5.5 1.5 9.5 7.0 2.5 1.5 4.5 3.5 2.5 6.0 4.4 

60 5.0 1.5 8.5 6.0 2.5 1.5 4.5 2.5 4.0 5.5 4.2 

75 5.0 1.5 8.o 6.0 2.5 1.5 4.5 2.5 2.5 8.5 4.3 

90 s.o -1 8.0 5.5 2.5 1.5 3.5 5.5 2.0 8.5 4.1 

105 3.5 -1 '1.5 5.5 1.5 -1 3.0 s.s a.o 5.5 3.2 

120 2.0 -1 7.5 5.5 2.0 -1 3.0 6.5 2.0 8.5 3.5 

135 2.5 -1 7.5 10.5 2.0 -1 2.5 6.5 2.0 10.0 4.2 

150 2.0 -1 7.5 2.5 1.0 2.5 s.s 2.0 11.0 3.1 

~ 

""' w 



DOG NUMBER 1 a 3 4 5 6 7 8 9 10 JIE.AN 
(Cont •d.) 
--.....--~---. -- ---- ----- ---------- -----
Time in 
Minutes 

165 2.0 -1 7.5 a.s 1.0 3.0 6.0 a.o 12.5 3.9 

180 a.o -1 7.5 10.5 1.0 3.5 6.0 a.o 13.;.0 4•9 

195 a.o -1 7.5 1.0 3.5 6.0 z.o 14.0 4.4 

210 a.5 -1 7.5 1.0 4.5 6.0 3.0 15.0 4è8 

225 a.s -1 7.5 1.0 4.5 6.5 4.0 15.0 s.o 
240 2.5 -1 '7 .5 1.0 s.o 6.5 3.0 3.9 

2:55 2:.5 a.o s.o 1.0 s.o 6.5 2.5 3.7 

2'70 2.5 2.5 s.o 1.0 s.o 5.5 3.0 3.8 

285 2.5 2.5 '7.5 1.0 s.o s.s 3.0 a.g 
SURVIVAL 
TDŒ IN 
HOURS 5 30• 3o• at 3 20 10 lZi 3o• * 14.'1 

j 
1 



IIEAN RESPIRATORY RATE PER MINUTE OF DOGS SUBJECTED TO .Sl.IG/ICG DIBENZYLEJŒ AND H.AEVORRHAGIC SHOCK 
' 

DOG NUMBER 1 2 3 4 5 6 7 8 9 10 MEAN 

-------- --- ----- ---- --------
Time in 
Minutes 

0 24 10 60 6 18 18 12 24 18 15 21 

15 24 12 60 6 24 15 15 18 18 18 22 

30 24 12 9 18 24 18 18 18 18 12 17 

45 24 12 12 18 24 15 15 18 18 15 17 

60 24 15 12 18 24 15 15 21 12 15 17 

75 24 15 15 18 24 18 18 18 12 15 18 

90 2:4 30 15 18 2.4 18 21 2.4 2.4 18 2.2 

105 30 30 15 6 24 18 21 24 36 18 21 

120 30 30 15 2 24 18 21 27 36 2.1 22 

135 45 2.4: 15 24 24 21 24 27 21 2.5 

150 45 2.4 24 2.4 24 2.1 24 27 2.4 26 

1 

""' ""' t1t 
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DOG NtnlBER 1 2 3 4 5 6 7 8 9 10 BAN 
{Con-t 'd.) 

--------- --- --- ---- --- ----
Time in 
Minutes 

165 42. 24 2.4 a4 27 2.1 27 21 24 26 

180 42 2:4 24 2.4 27 18 21 2.4 2.4 25 

195 45 24 24 24 24 18 2.4 15 25 

210 42 2.4 24 2:4 27 :n 15 6 23 

2.25 42 24 24 27 2:4 18 12 24 

2:40 42 24 21 27 21 18 30 2:6 

255 42 2.4 2.1 27 24 18 30 2:f 

2:'10 42 2:4 :u 24 21 18 30 26 

. 285 40 2.4 2:4 24 21 18 27 25 

SURVIVAL 
TDIE IN 
HOURS 5 30" 30" 2t 3 20 10 12i 30Y' li 14.'1 

t 
lfl> 
lfl> 
~ 



A P P E_N D I 1. XXIIl_ 

IIEAN CHLORIDES IN MEQ/L OF DOOS SUBJECTED TO .5 KG/KG DIBENZYLINE AND HAEMORRHAGIC SHQC][ 

DOG NUMBER 1 2: 3 4 5 6 7 8 9 10 MEAN 

--------- -------
Time in 
Minutee 

0 116 117 113 119 112. 104 117 108 119 107 113 

60 109 122 106 114 119 110 116 108 113 107 112 

90 105 122 110 120 104 109 109 112 112 111 

150 112 120 115 12.3 104 llO 111 112 118 114 

210 llO 118 111 110 lia 116 111 113 

270 107 117 102 116 118 112 112 

SURVIVAL 
TntE IN 
HOURS 5 30" 3o• 21- 3 2.0 10 lZi 30" 3i 14.'1 

,p. 
.~'» 

~ 



MEAN SODIUM IN MEG/L OF DOOS SUBJECTED TO .5 MG/I<G DIBENZYLINE AND HAli:MORRHAGIC SHOCE 

------ -----
UOO NUMBER 1 a 3 4 5 6 '1 8 9 10 

-------- -- --
Time in 
Minutes 

0 140 150 151 139 139 141.5 141 142 140 140 

60 137.5 150 150.5 147.5 148 140 145 142. 142 140 

90 137.5 141 145 149 145 144 138 142 144 

150 140.5 144 145 150 141 148 140 143 145 

210 139.5 145 144 144 150 140 141 

270 145 144 143 14'1. 145 142 144 

SURVIVAL 
Tin IN 
HOJJRS 5 30" 30" at 3 20 10 lat 30" * 

MEAN 

142 

144 

143 

149 

143 

14.'1 

til> 
!1!1> 
ci 



MEAN POTASSIUM IN MEQ/L OF DOGS SUBJECTED TO .s UG/KG DI.BEN%YLINE AND HAEUORBHAGIC SHOCIC 

-----' 
DOG NUMB.ER. 1 2 3 4 5 6 7 8 9 10 MEAN 

----·------ ----------- ---- -------
Time in 
Minute a 

0 3.9 3.45 4.6 4.3 4.35 4.07 3.5 3.6 3.9 4.0 4.0 

60 3.'12 4.15 3.1 3.5 3.5 3.5 3.& 3.15 3.8 3.95 3.6 

90 6.65 4.0 3.45 4.0 3.3 4.7 3.6 3.9 4.2 4.2 

150 5.85 3.7 3.45 4.35 3.43 4.15 3.55 4.0 4.9 4.1 

210 6.3 4.8 3.65 3.55 4.3 3.85 4.6 4.4 

270 6.4 4.5 3.8 4.7 4.2 4.3 4.6 

SURVIYAL 
TillE IN 
HOURS 5 30• 30• 2i 3 20 10 12i 30• 3t 14.7 

,.s:,. 
~ 

·.o 



MEAN HEMATOCRIT 'f. OF DOOS SUBJECTED TO .s MG/KG DIBENzyLINE AND HAEMORRHAGIC SHOCK 

------ ---- ------------
DOGN~ 1 2 3 4 5 6 , 8 9 10 

------- ----

Time in 
Minutes 

0 39 46 44 5'1 48 4'1 5'1 43 44 51 

60 48 46 44 55 64 45 51 43 41 43 

90 42 4a 40 52 71 44 56 41 43 4'1 

150 51 47 41 14 43 56 41 43 56 

210 4'1 48 39 40 54 43 40 

270 47 53 43 56 46 45 

SURVIVAL 
TDŒ IN 
HOURS 5 30• 30• at 3 20 10 12i 30• * 

lŒAN 

48 

48 

48 

50 

44 

49 

14.'1 

,.. 
.th 
6 
1 



TI.ME IN MINUTES 

Chlorides in meq/1 

Sodium in meq/1 

Potassium in meq/1 

Hematocrit % 

R : Range 

MEAN ELECTROLYTES AND CHEMISTRIES AND HEI.IATOCRIT fo OF DOGS SUBJECTED 

TO .5 WJ.G/KG DIBENZYLINE AND HAEMORRHAGIC S:OOCK 

0 .30 90 150 210 

-
113 112 111 114 11.3 

R 104-%19 106-122 105-122 104-120 110-118 

142 144 143 149 143 

R 139-151 137-150 137-149 1~0-150 139-150 

4.0 3 .. 6 4.2 4.1 4.4 

R 3.5-4.45 3.2-4.15 3.3-6.65 3.43-5.85 3.65-6.3 

48 48 48 50 44 

R 39-57 41-64 41-71 41-74 39-54 

270 

112 

102-118 

144 

144-147 

4.6 

3.8-6.4 

49 

43-56 

~ 

iri ..... 



JœAN pH OF DOGS SUBJECTED TO .s MG/KG DIBENZYLINE AND HAEMORRHAGIC SHOCIC 

--------------
DOG NtlilBER 1 2 3 4 5 6 7 8 g 10 liE.AN 

-----·--·--- ------- --- -- --
Time in 
Minutes 

0 7.36 7.28 '7.30 7.44 '7.73 7.40 7.38 7.41 7.43 7.46 '7.42 

60 '7.27 7.32 7.34 7.43 '7.36 7.33 '7.40 7.35 7.52 7.45 7.38 

90 7.27 7.44 7.35 7.12 7.21 7.35 '7.39 '1.30 7.44 7•33 7.3 

150 7.26 7.22 7.28 7.24 7.17 7.30 7.35 7.31 7.39 7.38 7.29 

210 7.25 7.24 7.31 7.31 7.30 7.35 7.31 7.43 7.32 

270 7.28 7.16 7.29 7.38 7.35 7.29 

SURVIVAL 
TIME IN 
HOURS so• 30• a.L 

2 5 3 20 10 lai 30"' 3i 14.'1 

"" t1 



DAN peo2 IN Wl Hg OF DOGS SUBJECTED TO .5 MG/KG DIBENZYLINE AND HAœORRHAGIC SHOOJ[ 

-------
DOG NUMBKR 1 2 3 4 5 6 7 8 9 10 
------- --
Time in 
Minute a 

0 29•5 43.5 36.0 21.5 13.8 41.0 33.5 35.5 34.5 30.0 

60 29.0 28.5 34.4 16.8 10 45.0 30.0 34.5 17.0 21.0 

90 22.3 24.5 24.8 10 10 36.0 20.5 18.0 a.s 21.5 

150 22.0 23.0 36.0 10 10 35.0 25.5 20.0 23.0 19.0 

210 17.0 23.0 30.0 36.0 28.0 24.0 19.0 

270 20.0 26.5 34.0 25.0 

SURVIVAL 
TIM.E IN 
HOURS 30' 30' at 30" 3 20 10 121- 30" * 

!lli:Atl 

31.9 

2.6.6 

ao.o 

22.4 

26.0 

26.4 

14.'1 

loi» 
(.n 

..... 



MUN HC03 IN :Y:&Q/L OF DOOS SUBJECftD 1'0 .s MG/KG OF DIBENZTLINE AND HAEMORR.HAGIC SHOCil 

DOG NUMBER 1 a 3 4 5 6 7 8 9 10 lŒAN 

--- --- ---- ---- ---- ---- _, 
Time in 
Minu&es 

0 16.7 19.8 18.0 15.2 20.2 2.4.2 19.2 21.5 23.0 21.0 19•9 

60 13.5 14.5 16.0 12.2 5 2:2.0 18.2 18.5 15e0 15.5 15.1 

90 11.0 11.0 15.0 5 5 19.0 13.1 10.2 10.2. 12.2 11.2 

150 10.8 10.0 10.0 5 5 16.5 14.;.5 11.0 14.5 12.4 10.1 

210 8.9 10.0 10.0 17.0 15.5 12.7 13.8 12.6 

270 10.6 9.9 17.5 14.5 13.1 

SURVIVA.L 
TIM.E IN 
HOURS 30• 30• at 30• 3 20 10 12t 30•. 3t 14.7 

.,.. 
CJ1 
.j:; 

1 



MEAN LACTIC ACID IN MEQ/L OF DOGS SUBJEC'l'ED TO .5 MG/KG OF DIBENZYLINE AND HAEMORRHAGIC SHOCIE: 

---- ---- - -- ---
DOG NUMBER 1 2 3 4 5 6 7 8 9 10 MEAN 

------- --- - - ---- ---- ---- ---- -------
Time iD 
Minut.ea 

0 1.67 1.58 3.0 1.24 # a.o 2.24 1.77 3.06 2.31 6.78 2.57 

60 3.78 3.53 4.6 2.29 8.61 2.2.5 2.78 4.61 2.98 7.3 4.27 

90 4.05 5.43 7.5 17.47 9.13 9.64 8.89 7.82 7.38 6.69 8.4 

150 6.25 4.66 5.5 6.51 8.71 5.93 16.6 8.66 7.38 6.08 7.63 

210 5.47 4.21 6.0 5.36 7.20 3.93 7.23 6.66 4.61 

270 3.42 4.40 11.76 3.89 6.90 6.07 

SURVIVAL 
TillE IN 
HOURS 30 .. 30• a-t 30• 3 20 10 l2f 30"' ai· 14.7 

.c=­
Ul 

"' 



MEAN CHEMISTRIES IN MEQ/L OF DOGS SUBJECTED TO .5 MG/KG DIBENZYLINE AND HAEMORRHAGIC SWCK 

TIME IN MINUTES 0 30 90 150 210 270 

pH 7.42 7.38 '1·3 '/.29 '1·32 1·29 

R 7.28·7-73 7·27-7.52 7.12-7.44 7 .17-7·39 7.24-7.43 '[.16-'[.38 

p002 in mm Hg 34.4 37-7 31.1 22.3 26.1 26.4 

R 13.8-43.5 10-45 l0-36 10-36 17-36 20-34 

H003 in meq/1 19·9 15.1 11.2 10.1 12.6 13.1 

R 15.2-24.2 5-22 5-19 5-16.5 10-17 9·9-17 s 
Laetic Aeid in meq/1 2-57 4.27 8.4 7-63 4.61 6.07 

R 1.24-6.78 2.25·8.61 4.05-17.47 4.66-16.6 3.93-7.23 3.42-11.76 

R : Range 

.~:» 
(JI 

Ol 



MEAN pH, pC02 IN MM Hg,, LACTIC ACID AND BICARBONATE IN MEQ/L OF OOGS SUBJECTED TO 

.5 MG/KG DIBENZYLINE AND HAEMORRHAGIC SWCK WITH pC02 CORRECTED TO 40 MM Hg 

TI:ME IN MINUTES 0 .30 90 1.5'0 210 270 

pH 1·.31 7-29 7-18 7-17 7.22 7-20 

pOO 2 in meq/1 40 40 . 40 40 40 40 

HCO .3 in meq/1 32.5 25.0 18.0 17-.5' 20 19.0 

Lactic acid in meq/1 2-.5'7 4.27 8.4 7.6.3 4.61 6.07 

tf:~> 
U'l .... 



- 45'8-

COMPARATIVE MEAN OF BUlOD CHEMISTRIES AND ElECTROLYTES IN CONI'ROL 

DOGS SUBJECTED TO HAEMORRHAGIC SHOCK AND .5 MG/KG DIBENZYLINE 

TIME IN MINUTES 0 30 90 150 210 270 

CO NI'RO L DOGS 

pH 7·36 7-17 7·17 7.16 7·17 7.29 

pC02 in mm Hg 37.5 18.8 20.3 23.6 20.6 21.5 

HCO 3 in meq/1 20.3 8.2 8.7 9.5 9·9 11.9 

Lactic Acid in meq/1 2.7 10.02 11.36 10.1 12.05 1·2 

Ch1orides in meq/1 117 114 114 114 115 117 

Sodium in meq/1 145 143 144 146 146 146 

Potassium in meq/1 4.1 5.4 5·5 5.8 6.1 6.4 

Hemat o cri t % 46 45 43 49 52 43 

DIBENZYLINE DOGS 

pH 7.42 7.38 1·3 7.29 7-32 7.29 

poo2 in mm Hg 34.4 27·7 21.1 22.3 26.1 26.4 

HCO 3 in meq/1 19.9 15.1 11.2 10.1 12.6 13.1 

Lactic Acid in meq/1 2.57 4.27 8.4 7.63 4.61 6.07 

Chlorides in meq/1 113 112 111 114 113 112 

Sodium in meq/1 142 144 143 149 143 144 

Potassium in meq/1 4.0 3.6 4.2 4.1 4.4 4.6 

Hematocrit % 48 48 48 50 44 49 



SURVIVAL TIME IN H:lURS OF DIBENZYLIŒ DOGS AND TIUUR OONI'ROLS 

-
DOG NUMBER 1 2 3 4 5 6 1 8 9 10 

OONl'ROL 3-5 11 20 9 12 9 4-5 7 24 30" 

DI BE NZYLI liE 5 30.T 30" 2.5 3 20 10 12.5 .30" 3.5 

P.S. : Permanent Survivor = 30• 

No. MEAN 
P.S. No. HRS. 

1 1.3 

.3 14 

~ 
SURVI-

A.&§_ 

1~ 

2~ 

~ 
tel 

1 



TDŒ IN :t.UNUTES BEFœE THE DOG STARTS REINFUSIOH 

---------------- --------------------------· 

DOG NUMBER 1 2 3 4 5 6 7 8 9 10 MEAN 

------------ ------- ------ ------- ------- ---- ----- ------- ---- -- - ------
Dibenzyline 
and Haemor­
rhagic Shocli: 
Do ga 

Haemorrhagic 
Shock Control 
Doga · 

50 

90 

-- -~-~--------------

N~R. • No Reinfusion 

50 100 N.R. 

90 75 50 

N.R. N.R 90 N.R. N.R. N.R. 29 

50 75 90 90 90 90 79 

' 
""' ~ 
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