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ABSTRACT 

./ 

Hepatic and intest~al adenyl cyclase activity were measur-

ed after a single puls·e injection of epinephrine Cfr glucagon into 

normal dogs and into dog~ subjected to hemorrhagic shock. T~e results 

indicated that hemorrhagic shock abolishes the ~crease in adenyl 

cyclase activity seen in normal animals following epinephrine and 

significantly reduces that induced 6y glucagon. ,These changes àre 

reflected in the' gluc~se production' from the liver induced by these 
\ 
,1 

hor.mones. The response of adenyl cycl~se to the in vitro addition of 

epinephrine or glucagon, as weIl as the nonspecific stimulator of 
, 

adenyl cyclase, sodium fluoride, showed that it is the receptor site 

of the enzyme which iOs· affectect primarily by shock. The treatment of 
, \ 

~s witn 30 mg/kg of Methylpredniso1one f~llowing the reinfusion of 

shed blood signi~icantly improved the response of ade~l eyclase to 

epineWtrine in both l1ver and intestine, as well as to the in vitro 
/ 

addition of hormone, and these improvements were reflected in the glu-
. 

cose production by the liver :ip response to the hormone. Insulin levels 

, were significantly increased in steroid treated animals. Plasm~ cyclic 

1 AMP levels were not altered by steroid therapy, although tisBue phos

phodiesteraee wae significantly reduced. 
. , 

Steroide, thereforoet. enhance tissue response to hormonal 
./ 

stimulation in shock by ~estor1ng a~enyl cyclase response and decreas-
• c 

ing phosphodiesteraSê activity. 
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RESUME 
li 

1 ~ 
\ L'activité de l'enzyme adényl cyclase du foie et de 
l, .... ( - . . 

11 intestin grele a été mesuré~ après un-seul bolus intra-~eineux 
,. 1 1\ 

d!épiné;hrine ou de glucagon à'des chiens normaux et à des
l 
chiens 

1. . t .. " 

soumis à un choc hémorrhagique. Les résultats démontrent que le 
". 

choc hémorrhagiqu~ abolit l'augmentation d~ l'activité de l'adényl 
, , 

cyclase suivant l'injection d'épinéphrine chez le group de chaens 

normaUx, de même qU'it diminue d'une façon significative la réponse 
1 

de l'enzyme à la stimulation par le glucagon •. Ces chan~ements 

induits par ces hormones provoquent une modification quantitative 
~ 

de' la production du glucose hépatique. La réponse de l'adényl. ' 
• 

cyclase à l! ad~,ition "in vitro" d' épinéphrine, de glucagon ou 

bien ,d'un stimulateur non-spécifique de l'enzyme, le fluorure 
• {I 

de sodium, a pe~mis de démontrer que le cho~ h~morrhagic affeète 

priqcipalement le site récepteur de l'en~yme. Le traitement des 

chiens avec 30 mg/kg. d~' méthy1prednisolone injetté après la ré

i~fusion du sang dont ils avaient été déflêtés, a amélior,é d' upe 

Ifaçon g~gnif1cative la réponse de l'adényl cyc~ase à l'épinép'hrine 

étudiée dans le foie et l'intestin. La même réponse a été notée 

à' l'addition de 1 'hormone "in vitr'o"" Ces améliorations de 

,l'activité de l'enzyme ont de plus conpuit à une production de , 
glucose hépatique en rép,onse à l'hormone. Les taux d'insuline 

n , 

se sont él'evés d'une façon Slgnificativé chez les animau~ traités 

aux st~roides. Les ta~ plasmatiques d'AMP ,cyclique n'ont pas 

été modifiés par la thérapie stéroidienne, bien que les taux de 

la phosphodiestetase tissulaire diminuèrent d'une façon-signi-, . 
ficative. 

Par conséquent, dans le choc, les stéroides augmentent 

la réponse tissularie à la stimu;ation hormo~ale en réactivant 

"l'activité de, l'adényl cyclase et en "diminuant celle de la phos
l, 

phodiesterase. 

"·~c~ 
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INTRODUCTION-

l', 

SHOCK - A DEFTNITION: 

Shock is a state ~characterized by peripheral vascular in suffi
~ 

ciency or peripheral v8scular collapse. Shock may be .associated With 

hemorrhage, trauma, myocardial~arction, açute pancreatitis, severe 

infection w:i.th gram negative bacteria and their contained endotoxins 

and graril positive bacteria with their ela3.prated exotoxins, intestinal 
, r 

obstruction, intestinal infarchon, diab~tic coma and many!other diseased 
\ j , 

, 1 
states. The prec~pitating events May have'~~t effect~ 

upon physiologie and metabolic balance, ho'Wever, there is general agre~ 

ment (25, 143, 199, 218) that there ~ 5 an ul timate common denominator 

in aU forms of shock and that is - inade'quate capi~lary and tissue 

perfusion. 'The tissues receive insufficient nutrien~s and ôxyger: to sus

t~ normal cellular activity •. In time, the peripherhl. tissues beeome 

anoxie and cellular metabolism and function are disrupted. This in 

turn aggravates the homeostatic attempts to·:restore adequate perfusion 

to these peripheral tissues. 

/ 

SHOCK - REVERSIBLE AND IRREVERSIBLE: 

The sympathoadrenal homeostatic response to moderate blood 1055 

/ ~ 
i3 a normal adaptive respanse. Lasses' of' up ta 1 litre or '8lJout 16 

percent of the average adult blood volume can 'he tolerated in this 

manner and can be compensated for by the venous reservoir. An equili-

) 

" 
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brium can be established 50 that the period. of hypotension can be moder-

a~ prolonged, and retransfusion of the lost blood volume will restore 
\.., 

the circulatory system to normal. This state of shock is termed rever-

sible (143). 
, 

However t should the degree of hypotension become too severe 

or too prolonged, astate of,irreversible shock results, and retrans, 
fusion of the shed blood volume cannot correc~ the syndrome. Vaso-

dilation and increased capillary permeability oceur, with accumulation 

of plasma and red blood cells in the capillary beds. The blood flow 

to the tissues is not sufficilent to maintain their mininnm biochemical 

needs. This stage is characterized by a decompensatory phàse in which 

the vasculature becomes refractory to the effects of the high circu-

lating levels of the catecholamines. This phase is reeognized as the 

irreversible stage of shock whereupon replacement of the lost blood 

volume will not reverse the course of events leading to death. Many 

investigators have attempted to establish the sequence of events leading 

from reversible to irreversible shock. . / ' 

Attention should be focused at the cellular level.' Detects 

in the mac~ery of the celi are translated into total' physiologie 

failure. Investigators must characterize the erucial changes in the 

cellular and subcellular processes induced by prolonged shock. Further-

more, a means to restore these damaged processes must be found before 

" irreversible shock can be rendered reversible • 

./ 

l, 

/ 

, 0 
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CELWLAR METABOLlSM IN SHO'CK: 
) 

The peripheral cells, namely those of the gastro-intestinal 

tract, liver, sldn and muscle, gradually b~come anoxie due. to the 

intense vasoconstriction and progressive shunting of blood away from 

these areas in the shock state, The ischemic anoxia (reversible stage) 

which later becom'es stagnant anoxia (irreversible stage) has profoundly 

deleterious effects on the ultrastructure and function of these cells. 

The literature surveying the effects of llemorrhagic shock on met aboli sm 

in t~e peripheral organs has been derived from many different specie~ 

of animals, using a variety of techniques. As's result, the dif/erences 

• 
in the effects of shock on metabolism are controversial. However, the 

common denominator of alI forms of shock is cellular hypoperfusion. 
, 

Schumer and his associates have done eXtensive~studies on 
- . 

cellular metabolism in shock (302, 303, 306, 30B). Schumer defines shock 
. ~ . 

as a "disorder of the molecules of the gells" (302). Nol'mally, oxygen 

and nutrients such as glucose,.amino acids, fattyacids and glycerol 

pass through the ceil membrane with .the aid of an energy transport 
-' 

system. The body' s energy component is adenosine triphosphate (ATP) 

- and it's energy st orage mOlecule, creatine phosphate. Norm~, most 

of the cêllular ATP is, derived from glucose breakdown to C02 and water. 
l , "-

Howevèr, in the absence of sufficient amounts of oxygen, glucose can 

only'be catabolized-ho 'pyruvate and lactate, reducing the production of 

ATP by 9CJfo. Lactic acid accumulates within the celi reducing the intra-

: 

, J . ~ 
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cellular pH (305). The lactate continues ta accunulate and leak into 

the plasma decreasing plasma pH and producing a lactic acidemia. 

, Norma.ll.y, glucose is stored in the cytopl'asin of liver and 

muscle cells in the form of glycogen. In the presence of increased 

circulating levels of the catecholamines coupled with a decreased 

availability of intracellular glucose for ATP production, the ,gl.ycogen 
- 4 4 

stores ~e broken down to form glucose. If anoxia is pro~nged, the 

glycogen stores of the body become depleted ànd the body must use 

alternate pathways for glucose productJ,.on. This is accornplished with 

the aid of the stress-induced increase in the circulating levels of 
/' -

cortisol (1l5, 126 Chapt. 24). Cortisol aids in stimulating the corn-

pensator,y gluconeogenic process (308). This process uses any available 

lactate, ~o aCids, fatty acids and,glycerol to manufacture glucose 

molecules for the energy (ATP) producing pathway. -Oji and Shreeve (252) 

report that the amount of glucose available to the body in times of severe, 

'stress .from the gluconeogenic process -is about 10 times greater than 

that from the regular glycogen st9res. However, despite the body's 

cornpensatory efforts' to maintain ATP producti~ and celiular fun~tion, 

·should the anoxia continue, the ATP levels coptinue to fall. An 80% 

depression of ATP levels in shock has been noted in the intestinal nncosa 

(56, 133, 222, 280) and in the livér (50, 192, 30B). As ATP leve1s 

#decline and the cellular functions that it normally maintains begin ta 
\ \ 

falter, the cell membrane sodium -"potassium ex9hange pump fails, allowing 

/' 
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,intraceUular accumu.lation of sodium and water (15, 302, 323) and 1eak

age of potassium to the 'extracellular space. Further derangement.s of 

cation balance oceur liS intracelluJ.ar calcium leve1s increase (15, 48) 

while intracellular levels of bound magnesiwn faU and extracellular 
1 

magnesium levels increase (3)'. 
, , 

Associated with all these metabolic and e1ectrolyte distu~ 

bances is an alteration in ceJ4ular .membrane associat,ed with an increase 

in permeability (255). In aq,dition, the intracellular metabolic acidosis , 

contributes to the weakening and even~ual rupture of lysosomal membranes 

(129,151). The release.of the lysoso~al hydrolases produces cel! death, 

'lysis and release of intracellular components inta the already acidotic 
/ 

circulation. 

The COlYII\on pathway for ail types of shock appears to involve 

a mo1 ... ec~ar type of derangement deri ving from the basic defect in the 

energy fonning pathways of the celi; and pro1onged cat~cho1amine -

induced peripheral capillary ischemic anoxia appears to be the precipi

tating factor. ;.''" 
,..;. 

J 
./ , , 

SHOCK -: ~ :~ry.NCHNIC ORGANS: ",' 
, . , 

s'h.0~k is a syndrome of peripheral failure. It is consequent 

upon int~s~ and selective peripheral vasoconstriction (128). The 
" (" 

~rpo~~: of this ~omeostatic action i9 to slnmt the rem~g effective 
. ,./ . 

blood volume toward the vital organs - the heart and brain - at the 
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expense of other non-vital organs. In the dog, the sympathetically -

induced. vasocoffBtrictor' reeponse of the blood pressure regulating mech~ 

an1.sm is selective (27, 131). It occurrs most nJ.7cably in the adrenergic 

sensitive splanchnic, followed. by pulmonary and cutaneous bed.s.' "'The . 
'Ir , ' \. 

blood flow in the hepatic artery and hepatic and portal veins is signi-
'\ , 

ficantly redueed rend~ring the liver ischemic. The mesénteric blood 
, , 

,/ 

flow has been reported (67, lU, 166, 328) to be significantly red.uced 

to as little as 30 percent of' normal in the hypovolemic state. The 

splanchnic organs have become well lmo\m as the ''target organs" to the 
\ 

destru~tive v~soconstriction and ischemia associated with 10w flow states. 

Hepatic function has heen shown to b~ significantly impaired 

follo~g severe shock ~d trauma (26, 48, 80, 97, 324). The damage 

incurred br. the li ver in shock is thought to be due directly to the 

decreased blood flow. Frank 2.!:...!! (104) and Hay and Webb (139) have 

fd~d that protective perfusion of the liver with arterialized blood 
~ 

via the hepatic artery improved. hepatic/ function and survival in dogs 

- \ -
subjected' to' experimenta1 hemorrhagic shock. Norma1ly, the hepatic 

artery contributes one third of the flow to the liver, while the portal 
~~ ft 

vein contributes the remaining two thirds. The hepatic artery is 

canstricted during hemorrhâg:i.c shoek (55), total hepatic blood flow is 

decreased 10 ta 20 perèent of normal (55), and mcygen levels in the 

portal blood are far below normal (89). The reduced flow coupled with 

intrliliepatic vasoconstriction combine to produce ischemic anoxie damage 

to hepatic ul.trastructure and function (104,139, 151, 198)~ 

\ 
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Shoemaker and Fitch (324) reported diffuse congestion around 

the hepatic capillaries and venules in dogs subjected to the Wigsers' (355)' 
,t ' .. 
~" ( 

procedure for 'hemorrhagic shock. Grossly, the liver appears dfsberlded an<:f'-.. ,. . , \ -
engorged. Histo1ogicàl. studies by the sarne investigato~s and ( othjrs 

(48, 151) showed marked congestion, hyperemia with disruption of the .. 
normal cellular and tissue architecture and increased loss 6f "definition 

/ 

of cellular detai1"_" The mitochondria appeared swollen, glyco..gen stores 

depleted and distortion of the endoplasnrl.c reticulum and hepatic lysosomes 

occurred. 

The intestine as the ricentral lesion" in ::Jhock was reporled 

in the classical studies of Lillehei in 1957 (197). Q Cross perfusion 
D 

of the dog' s intestine in hemorrhagic shock via the superior mesenteric 

artery with blood from a normal donor animal prevented deatb in 90 per-

cent of the animals. In addition, the characteristic intestinal necrosis 

induced by ischemia, was prevented. Perfusion of the portal vein however, 
, 

did not prevent death or intesti.l].al necrosis. / 

There . are nurnerous theories on the role of the intestine 

-in the pathogenesis of irreversibility in shoc~. In 1942 Wiggers (356) 
., 

found that in canine shock there was a resistance to portal flow created 

by~the intense hepatic artery and intrahepatic vasoconstriction. This 
\ , 

led to stagnation in t'he portal system cont-ributing ta intestinal mucosal 
, 

congestion ,and pooling 'of b10ad in the intestin~ éapiUary beda. The 

excessive vasoconstriction in the mesenteric bed (143, 169, 228, 247) 

o 

/ 1 

'1 
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coupled with increased portal pressure produces anoxie damage to the . , 

intestinal mucosa. The intestine, like the liver, suffers severe meba-

bolle, structural and funetional alterations in hemorrhagic shock. 

Prolonged intestinal isch~ia can be sa detrimental that actual tissue, 

necrosis and sloughi~g of the intestinal epithelium can o,ccur (56). 

This necrosis has been called hemorrhagic enteritis and has been associ-

ated with irr~ersibility in shock (29, 197, 355, 367). 

Evidence of severe metabolic depression in the intestinal 
, 

epithelium in low flow states has'been reported by several investlgators 

(30, 32, 56, 225, 238, 279). This i5 associated with decreased mucosal 

ATP levels (56, 223, 225) and production (33, 221, 225). Furthermore, 

Chiu ~ (56) found that morphological damage correlat es well in l ,r 

\ 

time course and degree of severity with th~ met abolie depression in the 

intestinal mucosa in low flow states. The greater the reduetion in flow 

to the intestine, the more severe the metabolic and morphological damage. 

Chiu et al (5S) and McArdle et al (223) administered glucose intralum-- -
inally for it~ protective effect upon the/failing ischemic intestinal 

lnucosa. It was found that the ischemie,damage ta mucosal cells was 

diminished by the presence of glucose' wh:i,.ch was 1Î~ed directly by the tissu? 

as substrate for energy production. 

Severa! investigators (28, 96,' 165, 315) have postulated ;that 

during prolonged hypovolemia, there :i.e increased intest~al penneability 

./ to intraluminal substan,ces which are normally retained. The depressed 

1 

1 
.J 1 
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hepatic function renders the reticuloendothe1i1;Ù system incapable of hand-

ling and detoxifying the increased c;irculating bacteria and toxins and thus 

contributes ta irreversibility. However, these conclusions have been dis

puted by Zweifach et al (368) who reproduced the identical shock s1.tuatiGn 1 _ • 

in germ-free animals. In addition t others (j}, 59, 62, 261) bell èVe that 

the observed increase in intestinal permeability in shock allows for 

leakage inta the bawel lumen as opposed ta increased absorption. Large 

amounts of plasma and eventually' red blood cells leak into the intestinal • 

lumen contributing further to a decreased circulating blood volume. Ohiu 

~ (59) show~ that absorption of toxins from th~ bowel lumen i6 not as 

integral to circulatory collapse and irrevers~bilit~ in shock' as i5 

"fluid loss into the intestinal lumen. Others have noted that the is

chernic intestine becomes a secretory organ (145, 218, 220, 237). Sirnilar

ily, in intestinal obstruction (170, 320, 321) and ,superior mesenteric 

occlusion (59, 218) there is'Up ta 30..- 40 percent: of the plasma volulI!e 

lost into the intestinal lumen (57, 117, 261) often wi th an associated 

increa~e in hematocrit (170, 321). 

There are several studies disputing the importance of the 
, 

intestine as the site of irreversibility in shock. Partial (229),85 

well as total (113, 263) enterectomY produced little prolongation of 

survivtD. time in' canine hemorrhagic shock. Gergely and Nagy (113) pointed 

out that total enterectomY rendered the dogs incapable of tolerating , 
\ 

hypotension. 
/' 

, 
\ 

l, 

" 

• 1 
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&3 
Leter and ~lenn (lSS) have studied thé role of the sp1anchnic 

( 1'-
1I\Y'0cardial ~epressant factor (MDF) in the pathogenesis of irreversibilFy 

:in shock. MDF is thought t,c deri va. from the isehemic pancreas during \. 
" \ 

\ , 
boweJ., ischemia, hemorrhagic, endotoxic, cardiogenic and pancreatitis -

- shock. Lefer and Glenn indicate that MDF produces a ,negati'Ve ionotropic 

effect upon the heart, constricts the splanchnic resistance vessels, 

alters :intestinal mobility and probably contributes to the reticulo-

endothelial breakdown observed in shock. MOF is thought to 'Work as a 

,toxic factor by way of exace~bating the development of irreversibility. 

BLOOD L053 AND SYMPATHOADRENAL STIMULATION: 
e 

Loss of 10 to 20 percent of the ,blood volUme :in man and 
, 

exp~rime~tal animals pr~uces a decrease in arterial b100d pressure • 

. This then produces a reduction in the afferent ïmpulses trom the baro-
'" / 

receptors in the carotid sinus and aorl;ic arch, which in tum acti vat es 
f • 

the sympathetic afferents to the heart and b100d vesse1s. As arterial 

pressure falls, blood flow through the carotid and aortîc bodies de-
" 

creases, stimùlating the chemorecept~~s to discharge. The incre~sed 
1 

chemoreceptor discharge ~oup1ed/with a reduced 'baroreceptor discharge work 

together to stimulate the cardiovascular èenter (172) and sympathetic 

vasoconstrictor fibers. Bilateral vagotonw eliminates both chemoreceptor , ' 

and baroreceptor responses resulting in severe drops in arterial pres-
, .. 

sure in response to small blood losses - Urus indicating the importance 

1 

t,' 

.' , 
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of these reflexes,in maintaining circulatory homeostasis. 

.Activation of the sYmpathetic nervous system causes release 

of norepinephrine from the po~t-ganglionic herve endings and release 

of norepinepQrine and epinephrine from the adrenal medulla (82). Re

viewit1g the data from severa! sources (349) indicates that lowering 

blood pressure to levels around 40 l1!Il Hg can illicit 50 te 100 fold 

increases in circulating levels of epinephrine (55; 130) and 10 ~ 50 

fold iricreases in norepj:nephrine (287 f 349). Similar massive increases 

in circulating catecholamine levels have been noted in septic shock (97). 
, . 

Miner increases in circuiating catecholamines are. beneficia! 

in response to a sm,pll blodd 1055 situation. However f massive and 

prolonged release in resp6nse to excessive blood toss upsets the normal 

1f1d intricately balanced microcirculatory flow. Block ~ (27) have 

shown that large doses of"epinephrine (3 - 10 ug/kg) consistently cause 
• 1 

marked peripheral vasoconstriction in man and dogs'. The arterioles and 

precapillary sphincters of the Y'l;scera and skin are richly supplied 

with alpha adrenergic receptors which cause ~hese vessels te constrict 

in response te the increasoo sympathetic nervous tone and high levels of 

catecholamines' (2, 61). Visceral ~ cutaneous vasoconstriction produces 

a reductien in -the vasculâz.' s,pace, and total peripheral 'resistance i8 
\ 

,-., increased while blood flow ta. the brain and hearl is maintained. 
• 'b • 

The normal reaction'of, the heart to the increased sympathetic 

tone is reflected in an increased heart rate and nvocardial contractility. 
, 

, . 
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The begi'nning of physiologie decompensation in shock is heralded.\ 
\ 

by/gradu~ decreasing catecholamine leve1s (16). Fai1ure of the ~ym-
" 

pathetic homeostatic mechanism is characterized by a general vasodilatory 
1 , 

respon\se and resultant fall in total l,periPheral resistanc~. This re

fractory state may occur as a result of anoxia - induced re1ease of 

vasodilatory substances from ischemic tissues, depleted catecholamine 
rie..- , - , 

stores,'a decreased effectiveness ,of the catecholamine action on the vascu-
, 

1ature dUr to aCidosis., Refractoriness" has been demonstrated after pro-, 

longed"ëp1nephrine and norepinephrine infusions and may, in addition to 

1 

other fac~ors, be re1ated to a desensitization of the vascular adrenergic 
\ -

response (106, 136). 

The catecholamine - induced vasoconstriction occurs in the 

organs where it has been reported that so called alpha adrenergic 

'~ ,~recèptors are highly concentrated. There,r~e two major types of recep-, ~ t4r-' 0 

.~t~~~:: ~hat drugs or hormones can interact with to- e1icit a r onse in 

sympathet~c effector cells - alpha and beta receptors., ( 

The alpha (ex) and beta (p) receptQrs originally were conceptual 

structures proposed by Ahlquist in' 1948 (2) to explain changes occurri.hg 

in the precapi11ary and postcapi11ary arterio1es and venules in ~he pre- ' 

sence of catecholamines. stimulation of the alpha receptors by epine-
1 

phrine or norepinephrine produc.es vasoconstriction of both arler101es 

and venules, and hence reduced capillary perfusion and anoxia. Stimu-
, 

lation ,0" the beta receptors which are located primari1y in the striated 

/ 
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muscle, result's in vasodilation. Beta receptors are found in the nwocard-

ium (and elsewhere) and stimulation of these receptors by the catechola-

mthes results in the observed increase in force and rate of contraction. 

There is strong evidence to suggest that prolonged and exces-

si ve increases in the circulating levels of the catecholamines may . 

significantly contribute ~o the magnitude of tissue ischemia and subse-
-

quent irreve~5ibility in most forms of shock. The role of the sympathetic 
o 

nervous system in causing detrimental changes in pro1onged shock have 

been emphasi zed by Fine (96) who noted that the vasoconstrictor re,sponse 

can be aboli shed and mortali ty improved by sympathectomi zing certain 
, 

areas such as the intestine and spleen. Drucker (77) states that t?e 

. adrene!,gic response to hemorrhage is initial1y adapti ve but Jh;; pro-
'-

10nged will compromise homeostasis. Lillehei (331 p. 7 - 15) and others 

(248, 307) nave provided Turther evid~nce that catecholamine action 

contributes to irreverslbility in shock~ Lillehei (311 p. 7 - 15) has ~ 
, 

shown a correlation between circulating norepinephrine and epinephrine 

levels and the state of the circulat~n - greater catecholamine concen-
... 

trations are associated with poorer tissue perfusion. A higher mortality 

rate has been observect (79) in patients with severe sepsis particularly 

if it is associated with hypotension and inc/eased circulating cate-

cholamine levels. Continuous infusions of norepinephrine or epinephrine 

(106, 136, 224) repf".y§....!.he shock situation in healthy dogs and: is 
- . 

\ 

assocf1èed witt a high mortality rate. The death usual1y being attributed 

'. . ' ... ~ . , 
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to lethal shock. Furthermore, if exogenous vasopressors such as metara-

minol are added to boost a falling blood pressure, the microcirculation 
~ 

may deteriorate at an even more rapid rate, and the chance of, survival 

may be further decreased. 

Pre-treatment with an alpha - adrenergic blocldng agent has 

been shown (135, 147. 347, 364) to blunt the'vasoconstrictor effects ' 

of the catecholamines and t~s protect the e1Perirnental animal from a 

potentially lethal hypovolemic episode. l1~~rsne ~ (224) have shown 
.,:: , 

that both hepatic and intestinal hypoxia are significantly red.uced in 
. 

dogs pretreated. with an O'-blocking agent priox:-~to a, lethal ~iggers' shock 

procedure. In addition,O'-blockade has been shown (106) to increase sur

vival following epinephrine shoèk, norepinephrine shock (64, 98), endo

toxic shock (347, 354), cardiogenic shock (27, 147, 199, 257) and 

hemorrhagic shock (135, 364). The most significant results have been 

obtained where the ~-b)..ocker was administered before the induction of 

shock. However, several studies (27, 199, 257) have shown that~-blockade 

coupled with adequate volume replacement fol1owing shock provide signi-

ficant increases in survival. 

TOLERANCE TO SHOCK: 

A common feature of a1l types of shock is the viscero-cutaneous 

vasoconstriction ~d red.uced, blood <flow and anoxia in resp'onse te> the 

sympathoe.d.renal reaction to stress. Initially, this is a protective • 

" 
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/ 

response. However, if pro1onged, it becomes de1eterious and leads to 

eventual deterioration of the viscero-cutaneous nrl.crocirqulation. Any 

measure that b1unts the excessive sympathetic response appears to increase 

survival as seen in the studies with ~adrenergic blockadè. In addition, 

deve10pment of epinephrine ~olerance appears to blunt the effects of 

excessive sympathoadrenal activity in shock. EpinePhrine - to1erant 

dogs have been shown to survive an otherwise 1ethal shock procedure (215). 

,Normally, most dogs will die (acute1y) if given a l - 2 mg/kg dose of 
/" 

epinephfine as an intravenous bolus (199). However, if the epinephrine 

is given three times a week in gradually increasing doses from less than 

0.1 mg/kg to 2 mg/kg over a period of about 6 weeks - these animals will 

be t{olerant to excessive doses of epinephrine. 

The c1assic studies done on shock in 1964 by Lillehei and 

co-workers (199), showed that epiriephrine tolerance conferred a significant 

(70 - SC percent) protection against usually lethal hemorrhagic, endotoxic 

and cardiogenic shock episodes. The. studies indicated that .there is a 

basic hemodynamic disturbanpe which is common to all fôrms of shock. 

In addition cross to1erance studies showea that endotoxin - to1erant 
t-

animals were prot~cted from the excessive vasocons~riction and showed 
\ , 

increased survival when subjected to lethal drum (traumatic) s~ock, 

hemorrhagic or cardiogenic shQck. They stressed the potential value of 

modifying the sympathoadrenal response in shock ta provide improved 

survival. 
/ 

1 
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SHOCK AND OTHER HORMONAL ALTERATIONS: 

The excessive catecholamine response, coupled with widespread 

disturbance of the vasculature and cellular metabolism are associated with 

alterations in function of ail the endocrine glansis. This is reflected 

by changes in circulq.tirrg levels of other hormones. 

Glucagon rele~se, like insulin, is normally controlled by 
, 

.the interplay of gastro-intestinal food products and ot_her hormones. 
, \, 

Hypoglycemia is the most powerful stil'l1.i!us for glucagon release (126 / 
P. 1597 Chapt. 71). Unger (342) has -~ggested that glucagon may play a 

prominent role in catabolic states such as sepsis, diabetes, bums, 

trauma and malignancy. Hyperglucagonemia and hypoinsulinemia have been 
< 

observed in several'disease states associated with s~ock; severe trauma 

(205), extensive bums (35S), endotoxic srock (97) and hemorrhagic shock 

(136). In addition, little or no change in ~ucagon levels w~~e seen in 

major surgery unless accompanied by hypotension (204). It would 

appear that is is some~factor of the shock itself, rather than t~e type .. 
of injur,y that stimulates glucagon secretion. Several investigators (272, 

313) ,have postulated that plasma concentrations of glucagon increase when 

there is an increased requirement for endogenous glucose - such as in times 

of prolonged physiologie stress - and may be in part responsible for 
\ 

the transient hyperglycentia of shock. 
/ 

Gerich et al (114) have shown -
that increased leyels of epinepqrine stimulate glucagon release'in man. 

On the other hand, Sheps and Maher (319) and othe,rs (294, 313) have shown 

/ 

{ 
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~ 
that glucagon can stimulate epinephrine re~ease. ~n addition, increased 

cortis~l levels have ~1len associated with shock states (97, 189, 230) and 
. 

also have been reported to st{mulate glucagon re1ease (97, 217). 

Increased glucocorticoid release as a regular accompaniment 
J • 

to hemorrhage has been shown in dogs (111, 112) and in humans in surgical . , 

trauma (115). /Cortisol levels increase iq response to stress (115, 233, 310 
/ 

P. 1 - 6) and even when adrenal glands are denervated (360). It has 

been proposed that the value of increased glucocorticoid release in 

stress lies in their capacity to play a permissive role in several of the 
o 

effects of other hormones; i.e., the hepatic production of glucose from 
-

noncarbohydrate precursors (gluconeogenesis) (107,~127). Cortisol 
/ 

itself stimulates gluconeogenesis (250) and enhances the abi1ity of epi-

nephrine and glucagon to stimulate glucon~ogenesis (1~163). The 

glucocorticoids supply endogenous glucose in times of atress when normal 

stores are depleted. 

Insulin secret~on is normally regulated through the cQ-ordinated 

interplay between food products, gastro-intestinal hormones and other 
, ~ 

hormonal and n~~a1 stimuli. High circulating glucose levels, antino 

acids, fatty acids and ketone bodies stimulate insulin relëase (126 

P. 1597 Chapt. 71); However, when circulatj.ng 1evels of the fate

cholamines are elevated, the predominant effect is usually one of 

dècreased insulin release (6). Meguid et al (230) found that in shock 

there were inappropriately low circulating insulin levels associated with 
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hyperglycemia, nypercatecholaminemia and gradually increasing glucagon 
,.1 _ 

levels. Other inve~tigators have reported depressed insulin release 

and hyperglycemia in several fonns or- shock in primates (240) and in 
-

humans (46, 171). On the other hand, Finley (97) has reported elevated 

insulin' levels in post-operative patients who became septic. In addi-

tian, several others have also found elevated insulin levels associated 

with hyperglycemia in various fonns of canine and human shock (17, 46, 

76, 227). Baue et al (14) and others (52) have indicated that elevated 
- J 

glucose and insulin levéls May be associated with a periphèral insulin 

resistance and decreased transport and utilization of glucose. The 

literature to date indicates a marked variation in insulin secretory 

responses in shock. 

THE SECOND MESSENGER SYSTEM: 

(i) 
~ 

Introduction: 

Hemorrhagic sh,ock, trauma and other low flow states are associ

ated with dramatic hormonal and metabolic derangements. The circulating . / 

, 

levels of the catecholamines, glucagon, and ~o~isol increase markedly . 
during prolonged hernorrhagic shock. The catecholamine - alpha recepto~ 1 

interaction results in '~xcessive vasoconstric~ion in the splanchnic organs 
" 

reducing effective blood flow to the Iiver and intestine. If prolonged, 

ischemic damage to these organs i9 inevitable. 

Honnonal regulation is fundamental to homeostasis. However, 

in shock, there is a "rude unhinging of the machinery of life" (132). 
" . . 
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/ Most of the actions of ail the hormones (or first m~ssengers) are normal

_ ly transmi tted at the cellular level by the intracellular se'cond messenger 

to the hormones, cyclic adenosine 3', 5' - monophosphate, or cyclic AMP. 

Cyclic AMP was discovered by Rall, Sutherland and.Berthet 

in 1957 (268). It was determined to ~e the intracellular compound capable 

of stimulating hepatic glycogen brepkdown in response to epineph~ne 
, 1 

and glucagon. Epinephrine and glucagon increase the rate of hepatie 

cyclic AMP production, which in·turn promotes the conversion of in-

active phosphorylase b t9 active phosphorylase a (333) which then 
'-

'catalyzes glycogen breakdown (226) and glucose production and release 

by the li ver. 

Most of the known hormones have'been shawn ta exert their 

influence in the target tissue by 1ncreasing or deereasing net produc-
( , 

tion of cyclic ANF (282). Since cyclic AMP mediates the actions of ma st ,of 

the hormones, it's.aetion consists primarilY of regulating the rate of a 

number of intracellular processes. In fact, cyclic AMP is now reeognized as 

an ubiquitoùs nucleoti~e which may be as crucial as ATP or AMP in con--. 
/' -

trol~g en~ymatic reaction, rates. ' However, as more in depth investi-

gation into this system proceeds, the regulation and ef/ects of net 
/ .. 1f 

~ 

cyclic AMP production becomes,more and more complexe 

(ii) Adegrl Cyclase - PhosphOdiesterase: 

The intracellular level of cyelic AMP is depandent" mainly on thé 

relative activities of two enzymes, adeQYI cyclase (AC) (282) and 
\ 

/' 
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phosph'adiesterase '(PDE) (335). Recently however, leakage of cyclic AMP 

from the cells into the extracellular fluid (EeF) has been shown to 

play an important role in the reguJ,ation of intracellular cyclic AMP 

levels. Cyclic AMP i8 formed from ATP (Figure 1) in the presence of mag

nesium (Mg+ +) via the catalytic action of t~e membrane-bound enzyme adenyl 

cyclase (282). Epinephrine, glue'sgon and sorne of the prostaglandins stim-. ~ . 

ulate AC activity as do several other polypeptide hormones, resu1ting 

in an inereased intracellular accumulation of cyelie AMP (2S2). Insulin 

and sorne of the other prostaglandins are thought to exert a mild in-

hibito~ influence upo~ adenyl eyclase, produeing small decreases in cyclic 

AMP'levels (2S3). 

The degradation of intracellular cyclie AMP is eatalyzed by 
/' 

phosphodiesterase (PDE), eontained mainly in~he cell cytoplasm. Cyclic 

\ 

AMP is rapidly ,hydrolyzed ta 5' AMP in the presence of magne sium ions (335). 

PDE moderates cyelie ~ aceunrulation and thus plays a key role in term

inating its action. PDE has been postulated to exist in up to 7 iso-

enzymatie forms (37, 239, 343). 

There are numerous lai;( Km (2 to 5)lM) and high Km (50 to 250)lM) 

forms of PDE in the·liver (211). To date, little data is avrllable 

on the intestinal mueosal content of PDÉ. Evide~ce see'ms to indicate 

that the, low Km activity of the'hepatf.c PDE enzym~ ls the Most im-
/ 

portant for cyelie AM? met aboli sm in vivo (2S4 addendum Chapt. 4 p. 90). 
, 

PDE, like AC May increase or decrease activity subsequent to hormonal 

or drug interactions. It's activity is increased by imtdazo~e (53), 
~' 
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FIGURE 1 

'" 1 .> 
o 

\ 

\ 

EFFECTOR CELL, 

GTP ...... -:: ATP-Mg++" . . :c( -:. a ' 
/ t ' ~ 

()(:: a 0' 5'A~P 
:; ~ POE 

::t~ J. . . l~+ .: l ' - IYII~f 

:: c . C~MP+DPPi 
. ê' ++ ~Pjlysiologic 

a . Ré§POOSe 

.. , 

1 
1 • 

--



( 

_. __ .. _ ..... _. --------_. .- .' -.-~---_._-_.-. --- -

" 

-22-

and is inhibited by methylated .anthines sucp as theophylline and eaffeine 

(335), re~ulting in a decreased degradation and hence an increased net 

production of eyclic AMP. 

(iii) The Second Messenger Conce~t: 

Cyelie ANf> has been found to eXist in almost every wmal tissue 
, 

, for which it has been assayed, including bacteria and unicellular organisms 

(284, Chapt. 2 p. 17). It is now'considered the key intracellular 

mediator of the tissu~ responses to most hormones. These include those 

which influence hepatic and gastrointestinal function such as the eate-

cho1amines, glucagon, corticotropin, thyrotropin, vasopressin, insulin, 

growth hormone, l~teinizing hormones, parathyroid hormone~, serotonin, 

angiotensin, the est~ogens and pro st agI andin 5 (284, Chapt. 2 p. 17). 

The' concept of alpha (0() and be~a J~) receptors initiated by 

Ahliquist (2) has since been expanded to include the adenyl cyclase -

'\ cyclic AMP - PDE system. The new concept (Figure 1) proposed includes the 

hormones as part of a two messenger system. The hormones, acting as the \ 

first messengers, are released from their cells of ongin and travel via 

the circulation to their target tissues, where they interact With the 

membrane-boùnd adenyl cyclase to affect an alteration in the intra-
/" 

cellular level of the second messenger, cyclic AMP, which in turn induces 

the affected cell to perform it's particular function. The' 0( and fJ 

receptor théory proposed by sev~~al ~nvestigators (282) includes an ex

panded design of the adenyl cyclase en~e. The enzyme -is thought to be 

composed of et least three subunits (Figure 1). Two'difrerent outer 

/ 
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or regulatory subunits to which the hormones bind and an inner catalytic 

subunit which specifically catalyzes the breakdown of ATP into cyclic AMP. 

One of the outer regulatory subunits has praperties associated with 0( recep-
, 

tors and the other With B receptors. Interaction between the 0( receptor and 

a s~pathOmimeti~ agent results in a decrease in' a4enyl cyc~ase activity. 

This 0( interaction leads t'o vasoconstriction in the splanchnic organs in res-

ponse to epinephrine or norepinephrine (126, Chapt. 24, p. 485). On the other 

hand, activation of the fi receptors leads ta an activation in adenyl cyclase . 

activity and (for example) an increase in glycogen breakdown in the liver. In 

tissues where Dt and fJ effects appear the same, the p~edominant 0( or fJ, receptors 

may be bound to a catalytic subunit in sllch a way ,that interaction with,' for 
1 

exampl~, the catecholamines, leads to a net ex or idhibitory effect upon ad~ny1 

cyclase aeti vi ty", Systemie vasoconstriction in dogs is a' classical 0( response 

to the catechola'mines (173). The overall effect of stimulation of bath recep-

tors in this case results Ïll a predominant:q 0( effect upon the vasculature. 

In ad~ition, the differences in sensitivity of p receptors in d1fferent 

organs to fJ agonists of varied cuernical structure are sufficiently great 
./ 

enough to differentiate two distinct types of fi.receptors - fil and /32• 

Glucagon and ep'inephrine are both p agonists, but interact with sep~rate and 

distinct /3 receptors in the li ver to produce differént responses (23). 

The exact mechanism where by the binding Of a hormone ta it' il 

particular receptor produces a Change in adenyl cyclase aetivity i8 unknown. 

It is postulated, ,(270), that changes :i.p calcium permeability of the .?ell 

may signal the change in adeny1 cyclase activity. Alpha stimulation' increases 

f 
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calcium entr,y into the cell to reduce adenyl cyclase activity, while 

stimulation reduces calcium entr,y to promote an increase in ACA. ln 

addition, Rodbell ~ (285 B) have recently o15served that guanyl nucleo

tides (especially G1P) also modulate ACA and are able to potentiate the 
, 

AC response to hormonal stimulation. 

The inner or catalytic subunit function i5 more/5tabl~ than the 

receptor subunit function. Rutenberg ~ (28$) and others (69, 243,) -

have reported disrupted receptor function associated with unçhanged 
, 

intrinsic or catalytic subunit activity. The intrinsic or catalytic 

activity of adenyl cyclase may be studie?- without regard to the receptor 

5ubunit :influence with the aid of sodium fluoride (NaF). NaF i8 a non

specifie stimulator of ACA activating the catalytic subunit of the 

enzyme only in broken cell preparatiorfs. The mechanism of NaF activation 
-' 

i8 not' completely understood. It is thought that NaF releases an in-

hibition normall.y exerted upon the catalytic subunit~ 'Hence, the Z to 

10 fold increase of AC activity (25~) over basal in the presence of 

10 nrl.llimolar (mM) NaF may represent a revers,al of an :i!lhibitiori (301); 

although it could be an artifact resulting from cell breakage. However, 

if the catalytic subunit of the enzyme is functioning normally, then nO 

changes in the NaF - stimulated ACA woul~ be expected rJ3gardless of 

changes Produced in basal enzyme activity in the presence of ex or p 

agonists. The ability of NaF to stimulate AC sometimes lasts longer 

than the ability of the receptor' po~ion of the enzrme to bind or respond 

to hormones; but even this is very labile. The expression of basal adenyl 



~ 

y 
1 , 

, t, 
/! • t 

t. 
't; 
( 

~ , 
~ 

f 
1 

1 
1 

! 
i 

1 
1 
( 

,. 

r 
~' 

( 

. 

( 

-. 
- 25 -

cyclase activity is also very labile and therefore great caution must be 

taken in preparation of tissue homogenates. It is therefore, with the 
" 

use of in vitro additions of NaF and hormones, coupled with basal and 

):<viVO hormonal stimulation of ACA, that p-recise alterations at any 

of the levels of the enzyme system may be studied. 

"" 
SHOCK AND THE SECOND MESSENGER SYSTEM: , 

-- ~ ~-------:---------~- -- - -

There are such extreme ~hanges in- epinephrine, norepinephrine, 

glucagon and cortisol levels in shock, coupled with severe ischemié 

cellular structural and functional damage, that changes in the acleny1 -

cyclase - cyclic AMP - phosphodiest'erase system might be expected. Few 

experimental and even rewe~ clinical studies have been done in this speci

fie area. However, of the experimental studies that have ,recently been: 

initiated in this area, al1 of them indicate a depression in the normal func-, ' 

tion of the second messenge' system in low flow states (224, 288, 289, 

Schofield - Jones, C.A., unpublished data, 1973). NOlsuch clinical data in 

patients ~uffering from hem~r~~gic' shock is available. However, studies 
. , 

done on doga and pigs f6110wing hemorrhagic shQck (224, 264) and in humans 

following majo~ surgical trauma (115, Chiu C.J., McArdle, A.H., Hinchey, E.J., 

impublished data), and myoc~al infarction (:332, 346) and sepsis (326) --~ 

have shown increases in circulating plasma cyclid' AMP levels when compared , , 

te levels in normal patients. The reports on shock - induced alterations 

i1l tissue PDE are inconclusive and co~\roversiai (llS, Rutenberg, A.M., 

unpublished data). '_Stress-- activated hormonal and associàted metabolic 
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..... 

changes appear to ~b~e..Jljl.r.e~~~r~ significant' ...changes 'in the .. 
second messenger system." Inadequate or ,excessive re'sponse of the second 

messenger system could result in the decreased ability of the tissues 
fi. ~ '" q 

to respond to homeostatic or therapeutiè controis and therefore may 

contribute ta irreversibi1ity in' shock. 

THERAPY OF SHOCK: 

(i) Intt'oductiori: ----_______________ 
, -----

There are two major problems ta correct in acute circulatory 

co1lapse - a deficiency in effective ~irculating blood volume and in suffi-

ciepcy in thè peripheral vasc~ature presenting with stagnant anoxia. 

In other words, the integrity of the damaged. microcirètllàtion must he 

re-established in order to restore normal cellular metabolism • 
, . 

Restoration of the cir~culating blood volume and return of normal 

b100d pressure are o'f prime importance. Proper a5se5sment of the degree 

of fluid 105s must be attempted an~ appropriate lassés (fluids, whole 
'I\' ). 

b1ood, plasma, etc~) replaced. Several experimental etudies (59 f 215) 
-

have shown that irmnediate short-term ,fIuid therapy followmg an other-

wise lethal period of superior mesenteric artery ()cc1usion, confers 33 

to 53~ survival rates over controls 'with no treatrnent. 'If iluid therapy 
'.. . .. 

i8 delayed, changes tjpical of irreversible shock will ensue., 
/' 

The microvascular and cellular metabo1ic derangements characte:t;'~'" 
1 

? 

ïstic of stagnant anona often cannot be corrected by. fluid replacement 

alone, as the exogenous f1uid itself may a,ccumulate withili th~ st~gnant 

/~,' 
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rnicrocirculation increasing the interstital edema and further contribu-

ting to deterioration. The problem has long been recogmzed, although 

corrective measures lack complete success. The phannacological agents 

that have been used in shock therapy can be divided into two basic groups, 

vasoconstrictors and vasodilators. 

(ii) Vasoconstrictors: 

Most clihicians have almost entirely abamioned the use of 

sympathornimetic agents with <x-adrenergic (vasoconstrictor) action in 

refractory shock patients. Levarterenol is the synthetic equivalent of 

norep}nephrine.' It, like norepinephrine, has some beneficial effects upon 

f1\Yo~ardial contractUity and rate, however, these benefits are far out-

weighed by the delete~ous vasoconstrictor effects upon the microeircula

tion and tissue perfusion (137). 

{iii) vaaodilators: 

The primary a;lm of pharmàcological therapy is to restore blood 

·flow to the anoxie tissties. ) Tt i8 probably the initial phase of intense 

peripheral vasoconstriction and resultant tissue anox;ia tnat pe.rpetuate 

"irreversibility in s~ock. In the presènce of an lX-adrenergic blocking 

agent, or vasodilator, the catecholamine - induced vasoconstriction, 

pooling of blood and! decrease in flow are rninimi,zed. Associated with 

these changes i5 a deèrease in the accumulation of metabolic waste and 
• , 0 

greater availability of oxygen to the anoxie tissues. The drugs used 

may 'prèduce vasodilation directly 'as a result of concentrated intravenous 

administration. They may also vasodilate by blocking tx-adrenergic , 

o 
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receptors, or they may vasodilate by unknown means. 

Nickerson, in 1955 (249), pub1ished. preliminary observations on the 

clinical use of phenoxybenzanIi.ne (POE), - a patent OI'-adrenergic b10cking 

agerit, in treating refractory shock. 
. 

Since then, an abundance of experi-

men'tal studies have provided. data on the ~ffects of POB in catecholarnin'e 

(64), endotoxic (347; 354), hemorrhagic (98,135, 208, 364)· and cardiogenic 

(147) shock. 

Most of the studies have shown improved survi val wi th the use of 

POB before or soon after the induction of shock in a variety of animals. 

The increase in surviva1 rate is usually attributed, to the improved. micro-

J 

circulation and ~ence improved. peripheral tissue met aboli sm. 
/ 
i 

Int7st in O(-adrenergic blOCkiJg agents led ta studies with 

isoprotere~ (91) which is a pure ~-adrenergic agonist. Glucagon (H~l) 

and digitalis (73) have also been used in tÈle ~her-8.PY of shock. These 

agents are usefl11 for their stimulatory effects upon thelrnyocardium • 
• 1 
~~ 

1 
Each of these agents also has side effects which must b~ considered, 

o 
and if used accordingly and i-n conjunction with adequate blood volume, 

replacement, may aiford significant protection from the ravages of' 

shock. 

(i v) G1ucocorticosteroids: 

Welby et al described the use of aldosterone in septic shock in 

1957 (2)2). Since then, ther~has been much controversy as to the efficiency 

of steroids in treating shock. Several investigators have found an increase , 
in survival rate :lf1 animals given massive doses of glucocorticosteroids 

/ 
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before induction of catecholamine shock (1.1.0, 200), septic shock (194, 

199), cardiogenic shock (194) or hemorrhagic shock (60, 134, 24l, 353) • 

. Fukada (UO) reported. that pretreatment of rabbits with g1ucocorticosteroids 

increased survival by rendering the anima1.s less suscept:i!ble ,to hypovolemic 

hypotension. Schumer (304) showed that administration of large arnounts of 

dexamethasone at strategie interva1.s during bleeding, increased survival. in 

splenectomized. Rhesus monkeys subjected to hemorrhagic shock. Desmonts 

(70), Hakstian (134) and others (105, 179, lB7) have found that adminis-

tration of pharmacological doses of steroidlD after hypovolemia is not as 

. effective as pretreatrnent however, does result in improved survi val 

rates when compared to animals given no treatment. 

Lil1.ehèi (143, p. 139) emphasized the importance of splanchnic 

hypoperfusion as a cornrnon denorninator in the pathogenesis' of various shock 

states. Corticosteroids hav~ been reported to increase splanchnic 

flow (348) which may contribute to their salutatory effects in patients 

, suffering from shock. However, Raflo ~ (267) showed only a transien\ 

increase in splanchnic flow and no increase in survival in dogs pre

treated with 60 mg/kg methylprednisolone (Solu-Medrol) prior to a 1ethal. 

hypovolemic episode. Simi1.arily, Replogle et al (276) was unab1.e .to 
- -

demonstrate any significant improvement in hemodynamic or metabolic aspects 

in dogs receiving 5 mg/kg dexamethasone after ninety minutes of hypo-

tension. Spink and Vick (330), Thomas and Brochman (339) and Reichgott 

and Me1mon (273) also failed to show increased survival rates in shock 
1 ' 

with glucocorticoid treatment. 

Jll 
1 1· 



, 
f 

! 
! 
i 
( 

'! 

1 

(; 

- 30-

Desmonts (70) and Altura (7) have specified that when gluco-
, 

c.orticoids are administered after shock' i5 induced, tl)e timing and 

dosage are crucial to improved survival. They postulated that perhaps 

fai~ure to achieve increased survival with steroids might be due to 
. 

inappropriately large or small doses of the steroid administered at the 

wrong time intervals. 

Preliminary clinical studies by Schumer and Nyh~s (309) of 

fifty patients in shock showed survival to be 20 percent greater in 

patients treated --Wi.th steroids than those not treated with steroids. 

Lillehei, Motsay and Dietzman (200) believe that steroids prevent arteriolar , 
and venular constriction in the viscerocutaneous circulat.ion induced by the 

high circulating catecholamine levels in shock - thereby improving tissue 

perfusion. They have postulated that this effect may be due to CX-adrenergic 

blocking properties of sorne glucocort~costeroids. They advocate one or 

more doses of 30 mg/kg of methylp'rednisolone or equivalent amounts of 

hydrocortisone or dexamethasone. Similarly, favourable results have been 

obtained with mas~ive doses of hydrocortisone, methylprednisolone or 
J 

dexamethasone for traurnatic shock (310), ,gram negative septic shock (359) 

and for cardiogenic shock (72). 
/ 

There are several side effects of prolonged steroid therapy 

that do not appear to be a problem in the acute use of steroids :for shack 

therapy. Jarna ~ (167) report ithat if steroids are administered very 
, , . 

early in clinical 'shoc.k, and for anly up to 48 hours, there is a decreâse 

in the incidence of stress ulcers associated with law flow states. 
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• 
Similarily, Dietzman -~ (75) state that there is no' increased 

frequency of gast!ointestinal bleeding nor is there a slow down in 

wound healing fol1owing lÎmited glucocorticoid therapy. 

Feunfer ~ (109) state that in vitro, there is no increased 
& ç ~ 

risk of infection with acute methylprednisolone treatment. These studies 

have been confirmed in vivo by Brothers ~ (3S). 

Me1by and Spink (233) have noted that adrenal supression i5 
, 

not a problem when pharmacological" ~oses of steroids are gi ven o'Ver a 413 

hour period and that no replacement t,herapy i5 required. 

It would appear, that when pharmaco1ogical doses of steroids 

-are given for 4B hours or less the frequency of complications, due directly 

. ~o the steroids, are no greater than in shock patients not receiving steroid 

therapy. 

The mechanism(s) by which glucocorticosteroids preserve cir-

culatory and cellular function are not fully understood. However, there 

are many theories and much data implicatin~ steroid - induced benefits 

at ail levels of cellular and tissue structure and function. 

Glucocorlicoids have been repotted to produce peripheral vaso

dilation (74, 200) thus increase tissue perfusion, (3013, 310, p. 7 - 15), 

decrease metabol1c acidosis ()09) and increase venous-return to the heart. 

In addition to the hemodynamic improvements, g~ucocorticoids are reported 

to stabilize cellular and lysosomal membranes (4, 1S9~ 302, 329). There-

fore, the integrity of the c apillari es , cell and subcellular membranes may 

be preserved in the face of anoxia. 
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Several reports have i~p1icated lysosomal enzymes as.being 

injurious to a variety of tissues (94, 119, 337). Hypovolemic hypo-, 

1-

tension produce,s tissue ischemia which res~ts in an inc,reased perme a-

bility of hepatic lysosomal membranes (143, p. 93 - 111) allowing re1ease 

of lysosomal enzymes int,o the circulation (120) and resultant formation 
. , 

of the cardiotoxic peptide ~ l1\Yocardial depressant factor (MDF) (121). 

CoA:.,icosteroid therapy has beén reported to prevent "such elevations of 

plasma 1evel~ of lyso'somal enzymes in' several experimental shoek states 

(120). Accordingly, 1efer (189,) has ~q~~hat dexamethasone pretreat

ment decreases MDF formation compared to untreated contraIs • 

. ,Reversal of lactic acid into pyruvate and then finally glu-

cose (gluconeogenesis) is an important mode of reducing metabolic acido-

sis and increasing energy (ATP) ~roduction. Schumer (J09)~ has noted. 

that glucoc?rticoids decrease .lactic acidemia, aml..noacidemia and the 

hyperphosphatemia of shock~ Se~era~ others (?5, 162, 252) have shown , . 

that glucoeorticoids stimulatè conversion of lactate ta glycogen through 

• an unknown met abolie pathway. With these facts in mind, Schumer (309) 
..t 

evolved the concept that cofticosteroids stimUlate g1uconeogenesis, convert-

ing amino acids, fatty acids and lactate to energy - producing substances. 

- This generates ATP. When more ATP is produced, there ·is a great-er utili-

zation of free phosphates.' 

Glu'cocorticaids have been rel)orted ta play ,a p.~rmissive role in 

the gluconepgenic process in the liveF in response, to epinephrine or 
" 

glucagon (107, 127)~ In fact, glucocarticaids have been shawn t'o ' 

/' 
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potentiate the effects of epinephrine, glucagon and norepinep~ine on 

severa1 cyc1ic AMP - mediated processes in normal and exercising dogs 
"/ 

(160, 161, 162,,163). The most striking oi' which, is the potentiation 

A' Qf the effects of epinephrine and glucagon on hepatic gluéose output. Up 

to 20 fo1d increas?s over control hepatic glucose output have been reportéd 

(160, 162, 163) in dogs challenged with epinephrine or glûcagon after 

several days of treatment with methy1predniso1one. The mechanism of 

this effect up~n the cyc1ic AMP - mediated process is not'fully,under-

stood. However, it has been postulated to be due to a sensitizing effect 

on the adeny1 cyc1ase - cyc1ic ~ - phosphodiesterase system (163, 297, 

316). Since the cyclic,AHP - generating enzyme, adenyl cyclase, and. per-

haps one or more phosphodiesterase enzyme~ are integrated into the,cell 

membranes in low flow states, then the damaging effects of ischemia and 
. 

anoxia may be amelioratedcbY pharmaco1ogic~ doses of steroids. 

\ 
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MATERIALS AND METHODS 

preparation of Animals: 
.-. 

Fasted dogs of ei ther sex, weighing 17 - 22 kg were anesthe-

tized with 30 mg/kg sodium pentobarbital adndnistered intravenously. 

The dogs were then intubated in order to maintain an adequate airway. 

The animals were di vided into three groups on the basis of 

the hormone they received, and each group was subdivided on the b,~sis 

of treatment. 

Group I: Twenty dogs recei ved 0.3 mg glucagon administered 

intravenously as a single bolus. These anim?J.s were subdivided into 

fo-qr equal' groups as follows: 

A. Control animals. 
• \ '0 

B. Shock animals. 

C. Shock animals treated with glucocorticoid. 

D. Côntrol animals pre-treated, with glucocorticoid. 

Group II: Fifteen dqgs received 0.25 mg epinephrine adminis

tered int:r-avenously as a single bolus. Th'ese animals were subdivided ' 

into 3 equal groups as follows: . , 

A. Control animals. 

B. Shock animals. 
( 

C. Shock animals treated with glucocorticoid. 

Group III: Ten dogs 'recei ved 0.1 mg norep~ephrinè 'adminis-
, , , , 

tered intravenously as a single bolus. These animals were subdivided 
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\ 

into 2 equal groups as follows: 

A. COntrol animals. 
1 

B. Shock animals. 

Treatment of Animals: 

A: Control: 

Two hours following induction of arîesthesia, a laparotorrtY' 

was performed. Cannulas were placed in the femoral and portal veins. 

BloOO samples. were obtained from the portal and hepatic veins before, 

and at one, three, five, ten and fifteen rrdnutes following a single 

pU1se injection of hormone adndnistered via the femoraL veine The 
/ 

semples of ~epatic venous blood were obtained by direct punctur;;6f 

the hepatic veine A cannula was also placed in the femora! art:.ery to 
1 

monitor blood pressure throughout the entire experimental' procedure • 
/' / 

Wedge biopsies of liver were. obtained from adjacent areas of the left 

ventral lobe. In~estina1 biopsies were obtained from an area approxi

mately 15 - 20 centimeters proximal to the ileocecal valve. Samples 

of liver and ,intestine were removed before hormone injection~ and again 

two and fifteen minutes following hormone injection. 

B: 'Shock: 

" Immediately following induction of anesthesia, the dogs 

were subjected to a modified Wigger's procedure for hèmorrhagic shock. 
( \ 

They were bled to a mean arlerial blood pres'sure of 40 to 45 mm Hg 

which was maintained for three hours by removing or reinfusing 
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aliquots of·bldod as necessary. At the~end of the thr~e hour hypovolemic 
, 
, . 

period, the dogs were reinfused their shed blood, and allowed to remain a 

further four hours without intervention whereupon they were challenged 

with a bolus injection of hormone. Tissue and biood samplel:! were obtain~d 

in exactly the saroe manner as described for the control animals. 

C: Shock Animals Treated with Stèroid: 

These animals were subjected to the sarne, bleeding proce<hlre 

described for shock animals. Irrmediately following r~infusion of shed 

blood, the dogs received 30 mg/kg Methylprednil:!0lone sodium succinate 

(MPSS) (Solu-Medrol, Upjohn) , and received a second 30 mg/kg dose 3 hours ., 

later. One heur following the second injection, the dogs were cha1lenged 

with the respective hormone. 

D: Glucocorticoid TJ;'eatment of CQntrols~, 
, , 

Fi ve control ~ma1s were allowed "to s~'abi1ize from inq.uction 
" 

of anesthesia for two hours. They were"then given an intravenous bolus 

injection 'of 30 mg/kg body weight of MPSS over a one minute periOde This 

was repeated again 3 hours later. One hour following the second injection 

of steroid, glucagon was injected and saitJples obtained exactly as speci-

:t:ied for the untreated controls. 

,B1ood Analyses: 
,~ 

A: Glucose:' 

Whole blood for glucose detennination was collected in tubes 

containing fluoride, and glucose concentration was determined using the 

Boehringer Mannheim Test Kit for Glucose (Hexokinase Method). 

\ 
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B: Hematocrit: 

Hematocrit was determined on whole blood by the standard tech-

nique of' microcentrifugation. 

C: Insulin: 

Insulin was measured in serum by radioimmunoassay using the 

Phadebas Insulin Kit (Pharmacia, Canada-Ltd.). SampI es were ~ in dupli

cate and read off a standard curve which was set up for each group of 

samples. Serum insulin levels 'are expressed as microunits of insulin per 

millilitre ().l units/ru.) of serum. 

D: Cyclic AMP: 

Whole blood was collected in tubes containing EnTA and immedi

ately cooled to aOc. The samples were centrifuged in the cold at 2,500 

rpm. The plasma was c01lected and precipitated with an equal volume of 
- . 

ice-cold 0.6 N perchloric acid. The supematant was decanted and frozen J 
at -450 C until analyzed for. eyclic AMI' content. 

Tissue Analyses: 

A: Adenrl Cyclase Activity (ACA): 

The hepatic and intestinal biopsies obtained for biochemical 

examination were irmtediately irmtersed in ice-cold physiologie saline. 

The mucosal side of the intestinal biopsy wa~ blotted ori a piece of 

gauze and an epithelial celi preparation (221) was obtained by_lightlY 

scraping the surface with a scalpel. A portion of the intestinal and 

liver biopsies were then weighed on a precision torsion balance, then 

gently homogenized with 3 stro~es ~ a Teflon homogenizer in 10 volumes 

't, 
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-ice-co1d 75 mM Tris-HCl. butfer (pH 7.50), containing 25 mM MgC12. Ali 

samp~es were assayoo foz: enzyme activity within 30 minutes. 

1 ( i) . _ Basal ACA: Basal ACA was determined using a modi-

fication of the method of Krishna ~ (182). The incubation medium 

consisted of 50 mM Tris-HGl buffeq (pH 7.56), 5 mM magn'esium chloride, 

10 mM theophylline, 2 mM ATP t an A~egenerating system _of 10 mM phos

pho-enol pyruvate with 250 microgramsjml pyruvate kinase and an arilount 

of nn.lcosal homogenate containing 100 - 150 nticrograms DNA or an amount 

of li ver homogenate cont8ining 35 - 40 ll!icrograms of DNA. The final 

volume of the reaction mixture was 0.5 ml. All 1samp1es ~ere run in dupli-
-1>-.---- -. -__ ::.- . _ 
l , ----~. The reaction was initiated at 37~ C by addition of the tissue 

, 
! , 
k • \ 

/ 

homog«;mate and the incubation was carried out in a Dubnoff metabolic 

" ~-
shaker •. The reaction was terminated exactly 10 Inîinut~,,1ater by placing 

, / ,.l',. 
the reagent tubes into a boiling water ,.bâth for 3 minutes. The tubes 

werè then coolOO and the clear supernatant collected by cold centrifuga

tion and \hen stored at -450 C iulti1 assayed for cyclic AMP content. The 

·precipitates were analyzed for theïr total DNA content. 

(ii) Sodium Fluoride - Stimulated ACA (NaF - ACA): The ~ 

effect of in vitro addition of NaF upon basal ACA was determined. 10 nM 

NaF was added directly into the incubation medium imnediate1y preceding 

tissue homogenate introduction and initiation of the enzyme reaction • ..-' 

These sarnp1es were run in duplicate and exactly as described for basal 

ACA except for the in vitro addition of 10 mM NaF. 
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(Hi) In Vitro Hormone - StiJmÙated ACA: The effect 

of in vitro addition of glucagon, epinephrine or norepinephrine upon 

basal. enzyme activity was determined. Five nanomoles of either glueagon, 

epinephrine or norepinephrine were added directly in'to the incub~tion 
. . 

medium inmediately before addition of the tissue homogenate. These 

samples were also run in duplic~te in the sarne manner as that described 

for basal ACA excepjt for the in vitro addition of hormone. 

B: Phosphodiesterase Activity (PDE): 

PDE aeti vit Y in the li ver and intes.tine was determi.ned. in 
, 

duplicate from aliquots of the remaining Tris bufter ti~sue homogenat~s. 

10w Km (1 - 3 uM) was determined by a method deve10ped in this 1abora-

--____ ~to~ry~.~A~constant arnount of co~d cyelic AM?' (1 x 10-8 moles) Was added 

(' r - into the in~cu~b~a~tJ.~· o~n~mïeedia:·iiurnirncc:aonffisrurb±rtg__-Gf_$l~~Tl'r:~~Çl_ buffElr (pH 7.(:1)). ' 

• • 

The tissue homogenate was added to initiate the reaction whieh 'was carried . 
out at 370 C in a Dubnoff metabolic sbaker~ The rpaction was terminated 

after 5 minutes in the sarne manner ,~s described for the AC a~say. The 
. f , 

..Y' 

clear supernatant ~as coll.ect~ and stored at -450 C until cyclic AMP 

determination' could be carried out. 'rbe precipitates were analyzed for 

their DNA content. The difference between th~ amount of cyclic AMP -remain-

ing in the sup~rnatant and· the standard amount in:i. tially added was con9i

~ dered as the amount of cyelie AMP destroyed by the enzyme. 

C: DNA: 
. 
The total DNA .content -in the tissue precipitates from aU 

'the AC and PDE aesays was determined b;r the method of Burton (41:) •. 

- ----- --. __ ._-----
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Cyclic AM? Deternn.nation: 

ill The cyclic AMP content in the supernatants of ail 

the AC and PDE samples W'as detertÎti.ned by the Amersham Searle Cyclic AMP 

Assar Kit. The procedure follows the protein kinase binding method 
" 

of Brown et al (39, 40) using a charcoal separation techniquè to bind free - , 

cyclic AMP, leav:ing the protein ki.nase-,cyclic AMP complex in solution. ' 

" Fifty microlitre 'aliquots of the supernatants were assayed directly, or 
- , 

diluted, to within a 1 picomole to 8 picomole range with 50 mM Tris-HOI 

buffer. Ali samples wer.e run in duplicate and cyclic AMP value,s read off 
\ 

a standard eurve freshly prepared with e~~h set of samples to be assayed. 
, 

The total cylic AMP content of the supernatant fraction was divided 
--

J 

by the total precipitate DNA content and ACA was expressed as pic~moles 

of cy,clic AMP generated per nti.crogram DNA per 10 nrlnute periode PDE 

activity was express per micro-

gram DNA per 5 Minute peried. 

(Hl' The' cyclic AMP content of the tissues and y,lasma 

~ was deternrl.n~, as followSI aliquots of t.he tissue and plasma pe~chloric 

acid extract supernatants were thawed and passed through a Dowex 50 x 

200 mesh columns (15 x 0.7 cm), then e1uted with 0.1 N HCl. The result- , 
.r 

ing eluate was rapidly frozen and lyophylized, givi.ng samples that 

were stable indefinitely at room temperature. The cyclic ,AMr content ~ 

of' these ,sample~was determi.ned by the proteÏl\ Idnase binding method of 

G:i:lman (116). The lyophylized samples were brought to volume with an 

appropriate volume of acetate buffer (pH 4.10), and rùn in dupli.cate 
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at two different concentrations. ~.e cyclic AMP values were read off 

a freshly prepared standafd curve ranging from 0 te 4 picomoles of 

cycli,c AMP. Tissue cyc1ic AM? levels were expressed as picomoles Of 
o 

1. 

cyclic< AMP per milligram wet· weight of tissue. Plasma cyelie AMP values 

were expressed as nanomoles of 'cyclic AMP per litre of plasma. 

Statiatical Analysis: 

The data ebtained within each group st 2 and 15 minutes follow-

ing hor.mone injection was compared to basal values using a paired-T-test. 

The differences between steroid-treated and untreated controls, and steroiq-

treated and untreated shock were analyzed by ... Student's T test. Signi-

ricance was obtained at P '" or < .05. 
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EXPERIMllmAIi: RESULTS AND DISCUSSION 

Blood Glucose Response Curves - Control And Shock: ~ 

(i) G1uc!!,Son 

Hepatic and portal b100d glucose changes fo11owing in vivo 

glucagon injection into normal and shock dogs is presented in Figures 

2 and 3. 

The ~orma1 hepatic blood glucose response to glucagon in

jection (Figure 2) shows a sustain~ rise in glucose leve1s which 

becomes significant (p<.05) by l minute and remains éo (p <.01) 

until 10 minutes where it levels off. ' In shock, the hepatic blood 

glucose response to glucagon 1s reduced but is still significant at . 

l (p <.05) and 5 (p <.05) minutes. 

In Figure 3, it cao be seen that the control portal b100d 

glucose respanse to glucagon shows a slower rise and reaches levels 
\ 

10wer than those seen in the hepatic blood. In shock, this response 

is decreased compared to that seen iIi ,the hepatic blood. 

(ii) Epinephrine 

The hepatic and portal blood glucose response to epinephrine 

injecttiion in normal and shock ~ogs is presented in Figures 4 and 5. 

In Figure 4, it cao be seen that the hepat.ic blood glucose 

level is increased significant.ly (p <~Ol) by oné minute fOllowing 
~ (t! <! 

epinephrine inj ection. 
". 

It continues ~ll>.creasing to a peak at' 10 min
~~ ~~. 1 

ut~s then falls slightly by 15 minutes. In shock, the basal pre-

\ 
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FIGURE 2 

HEPATIC BlDOD GLUCOSE LEVELS 
AFTER IN VIVO GLUCAGON BOLUS • 
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FIGURE ;3 
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PORTAL BLOOD GLUCOSE LEVELS 
AFTE~ IN VIVO GLUCAGON BOLUS 
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After Glucagon Injection 
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honnone level is 19~ lower than control levels. In addition, the 

respOnse to epinephrine is completely aboli shed (p < .005). ' 
" . 

In Figure 5, it can be seen that the control portal bl60d 

\j glucose response curve follows rnuch the sarne pattern as that seen in 
, 

the hepatic blood, however absolute levels are not as great. In shock, 

again the blood glucose response to epinephrine injection is abolish-

ed. 

(iii) Norepinephrine 

Hepatic and portal blood glucose changes following no~ , 

epinephrine injection are presented in Figures 6 and 7. 
. ,." 

Figure 6 shows that,there is little change in hepatic blood 

glucose levels following norepinephrine. The increases are significant 

onlyat 5 (p<.05) and 15 (p<.OI) minutes. In snock, there is.less 

of a response, the ônl.y significant increase\being at 15 (p< .05) 

minutes. 

, Figure 7, shows that the control portal b~ood, glucose res

panse ta norepinephrine is similar to that seen in the hepatic blood. 

In shOC~ there is no response •. '. , 

Discuss.ion: 

Glucagon is a more patent hepatic gJ.ycogenolytic and gluco

neogenic "hormone than is epinephrine (23,·88, 210)., The maxillllm he..:. 

patic blood glucose leveis reached in this study following in vivo 

glucagon bO~u. in' normal animal. is 33% gre.ter ;thon those r}';"'~ed 
f 

following epinephrine bolus (Fi~es 2 and 4). Sind.l~~ Issekutz 
/' 
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FIGURE 5 

.PORTAL BlOOD GLUCOSE RjESPONSE 
TO EPINEPHRINE INJECTION 
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FIGURE 6 
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FIGURE 7 

PORTAL ~BLOOD GLUCOSE RESPONSE 
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~ (161, 163) and lltszuler and Moz:rison (5)- report a 25 to 30% 

greater increase in hepatic b100d glucose 1evels during intravenous 

infusio~ of glucagon compared with infusion of an equivalent dose of 

epinephrine in normal dogs. 

G1ucagon is a more potent mobilizer of glucose, however it 

has been shown that there is a 1ag period before the maximal effects 
, , 

of the hormone becomes evident (86, 88, 286). The maximum effect of 
\ 

epinephrine bolus in normal dogs in this study is obtained by :3 min-

utes, whereas with glucagon this is not observed unti1 after 5 

minutes. 

Several sources (88, 126"Chapt. 24, p. 478, 161, 165) 

indicate that small doses of norepinéphrine have virtually no effect 

upon hepatic carbohydrate metabolism in normal dogs. No change in 

hepatic b100d glucose 1eve1s are noted following norepinephrine infu

sion (161) in normal dogs. This study- shows that in addition to normal 

dogs, there also is no effect of norepinephrine on glucose output in 

hemorrhagic shock in dogs (Figures 6 and 7). 

Since the time-- of C1!"!ie Bernard, hyperglycemia has been 

known to accompany indury, surgical trauma, and ear~ hemorrhagic or 

endotoxic shock (4, 17, 46, 76, 154, 227). However, the 1ater and 

irr~e!sib1e stages of spock have been as,sociated with bath 'hyper

glycem:la arid hypoglycemi.a. In this study, onl.y in the shock - epi-

-nephrine group were both basal hepat~c and portal b100d glucose 1eve1s 

significantly r~uced from their respective control values. When data 

r",:"f ' ' . 
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TABLE l 

Baseline Blood Glucose Response 
,To Shock and Steroid Therapy 

HEPATIC BLOOD 

Control ~ 75.34 + 4.03+ -
* control~terOid : 104.91 + 9.50 -

Shock 70.30 + - 6.63 

, Shock - Steroid 91.80 !"'16.90 

+ All values represent mg % + S.E.M. - . 

PORTAL BLOOD 

- 68.92 + 5.06 - t~3 74.28 .:t--
63.77 + 8.81 -
79.13 ± 16.47 

, . 

* - ,1. Significantly (p .. or <.05) elevated from control (Student-T-Test) 
"1 ~ 
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on basal glucose levels were grouped (Table I) there were 1nsigni-

ficant decreases in shock hepatic and portal blood glucose levels 

when compared to their respective grouped control levels. 

Despite the fact that basal blood glucose,levels are not 

significantly altered in hemorrhagic shock; the norn'la:J..increases in 

blood glucose in response to the hormones are signif~cantly altered 

in hemorrhagic shock. 1 

The complete abolition of glucose response following epi-

nep~e injection 'May be due to a. depletion of liver gly'cogen stores -

a well known effect of ischemia upon the liver (00). However, the fact 

that the hepatic blood glucose output in response to glucagon in shock 
, , 

is Dot aboli shed ; only slightly decreased fram normal and is the 

same as that obtained in the control dogs following epinephtine -

,suggests that perhaps hepatic glycogen d~pleti~ is not the sole cause 

of an altered glucose output fOllowing hormone in~ection in shock. 
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Basal AC Reeponse To In Vivo Hormone Injection - Control And Shock: 

, (i) Glucagon 

The effect of in vivo glucagon injection on hepatic ACA 

in control aD.d. shock animale 15 seen in Figure -S. The tlO~ time repre-

sents basal-ACA - prior ta hormone injection. The control tisêues are 
/' . 

represented by the dotted bars and shock tissues by the open bars. 

The control basal ACA is 6.64 ± 0.69 picomoles of gclic 

AMP generated per JJtl..crogram of DNA per 10 mute incubation (pmOls/,ug 

DNA/10 mins.}e There is a significant (p <.005) 72 percent increasè in 

ACA at 2 minutes .. following glucagon injection. At 15 minute's t.he 

hepati~ACA is still elevated above normal basal levels. 

Basal ACA in the shock tissue does not di:ffer trom that; 

of the control. However, . the response to glucagon 15 no longer signi

" ficant and i6 reduced by 46% compared ta the control response. The 
.. . ~, ' 

ACA measured st 15 minutes in the shock animals was also greater 

than basal levels but again reduced from res~ective control values. 
~ 

The AC r~sponse in the intestine ,f.ollowing glucagon irl-

jection is shawn in Figure 9. 

Control basal intestinal ~cosal ACA is 2.21 + 0.'46 . -
f 

pmols cyelic m/)lg DNA/IO m'i.Jls. t whiéh does not change fOllowing 

glucagan injection. 

The basal ACA in shoek animals is not significantly .. 

different from control values, ACA increases significantly 

(p < .05) at 2 minutes in the shack tissu~. 
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FIGURE 8 

'. 
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FIGURE 9 
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INTESTINAL ADENYL CYCLASE RESPQNSE 
TO INVIVO GLUCAGON INJECTION 
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i 1i) Epinephrine 

The adeny1 cyclase response to in vivo epinephrine injection 

"is presented in Figures 10 and 11. 

There is a significant (p < .025) 2710 increase in hepatic 

ACA over basal ACA at 2 minutes following epinephrine injection 

(Figure la). ACA returns toward nonnal by 15 minutes. 

Basal hepatic ACA in shock was not signi:ficantly differ-

ent from normal basal ACA. However, the nonnal. increase is comp1etely 

aboli shed in shock (p <.025) •. Th~re is no significant dif:ference 

between control and shock by 15 minutes following epinephrine injection. 

Changes in intestinal ACA :following in vivo epinephrine 

pulse are seen in Figure, 11. 

Control ACA is increased by 27 and 15% respecti vtrly at 2 
" \ 

and 15 minutes after epinephrine. 
/ 

" Basal ACA in shock is not signif;Lcantly different from 

control ACA. However, the response is abolished (p <.01) in the shock 

tissue. 

, (i:Li) Norepinephrine p 

The response of AC to in vivo norepinephrine injection 

into ê'ontro1 and sh~ck animals i9 presented in Figures 12 and 13. , ' 

In Figure 12 it' can be seen that there i5 no change in hepatic ACA 

following norepinephrine injection :}Il normal animals. In shock, how

ever, basal ACA is slightly reduced :from contro~ and shows a, 
-

gradual increase to a siggificant (p CI ,05) 52% increase above basal 
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FIGURE 10 
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FIGURE li 

INTESTINAL ADENYL CYCLASE RESPONSE 
1:0 INVIVO EPINEPHRfNE -INJECTION 
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FIGyRE 12 

.c 

HEPATIC ADENYL CYCLASE RESPONSE 
TO INVIVO NOREPINEPHRINE INJECTION 
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FIGURE 13 \ 

, 

. INTESTINAL ADENYL CYCLASE RESPONSE 
TO INVIVO NOREPlNEPHRINE INJECllON 
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l.evels. 

Basal ACA and that seen at 2 minutes in the shock intes

tine (Figure 13) are significantly (p < .05) reduced from their res-

pective control values. No pattern of response to norepinephrine 

appears in either control or shock intestinal tissue. 

Discussion: 

GlycogenoJJ'sis and hyperglycemia in response ta epinephrine 

( 87, 333) 'and glucagon ('è!7, 333) are well known to be mediated by the 

adenyl - cyclase - cyelie AMP - phosphodiesterase syst,em. Since both 

the liver (12, 36, M, 196) and intestine (196, 224, 351) have been 
. , 

shown to be major sources of plasma cyclic AMr- following epinephrine or 

8lucagon infusion, the response of adenyl cyc1ase in these splanchnie 

organs followiilg in vivo injection of epinephrine, glucagon or norepi-
~ 

nephrine was studied in normal <logs. In shock, the hyperglycemic 

response to epinephrine was abolished while that to glucagon was 
, , 

aFtenuated - it was of interest to se if these changes were reflected 

by parallel changes in the AC response to these bonnoiles in shock 

dogs.' 

and intestinal ad~l (/ '---', 
\, -, ~.cyclase asssy are expresse?- as pmols cyclic AMP/)J.g DNA/10 minutes. 

Most investigators express ACA per mg of tissue proteine The teason for 

the use of DN! i8 pri~ ~ecause mcus in the intest.me and lIIU.COUS 

discharge contributes signi.f'icantl( to the weight of the·,tissue. Mucus 
\ ... . '\ 

'" 

..., 

, 
i:. 



( 

\ 
:' 

1 

t 
! r 

! 
.' , , , 
1 
l 

1'.1 
1 f 

l 
1 Cf t 

1 , 

i 
i 

, 1 

! 
1 

\ 

( 

- 62 -

i5 also protein - containing and therefore may not truly represent the 

cellular component of the tissue. The DNA, howev;er t ia constant in 

each tissue and a1ways represents the cellular component of the tissues. 

Basal ACA in both 11 ver and intestine, when appropriate 

conversion factors are employed, compare favorably vith values obtained 

in the sarne tissues by several other investigators (101, 175, 178, 

260, 318). 

Glucagon produces greater increases in hepatic glucose out-

put than does epinephrine and i t mignt also be expected' that glucagon 

producea greater increases in hepatic adenyl cyclase activity than does 

epinephrine. Indeed, this is the case. The maximal increase in 

ACA following glucagon injection is almost 50% greater than that 

seen following epinephrine injection in normal animals (Figures 8 and 10). 

Des~te îhé fact that in shock the basal hepatic ACA ia 

unchanged irom control leve1s, the abilitr of this enzyme to /respond 

to hormonal stinn1ation i5 reduced following glucagon and aboli shed 
• 

following epinephrine (Figures a and 10). Thus, the reduction and 

abolition of the hyperglycemic responses to glucagon and epinephrine 

respecti vely are accompanied by parallel 10sses in the adenyl cycla5e 
.' 

sensitivity to these hormones. 
"'t 

Rutenberg et al (2S9) have shown a significant m reduction - ,. 
ln--basal hepatic ACA in hemorrhagic shock. Indeed,' in the shock 

group of the norepinephrine serias in this'study (Figure 12) bas&! 
,/ 

hepatic ACA ia significantly reduced by 24%. However, when data 

/ 

,il 
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from all three series were' grouped (Table II), the decreases in basal 

ACA were not significant •. Thus, an altered"response may be associ-

ated with a normal - looking basal enzyme activity. o' It is crucial 
, 

, 
therefore, to detennine tbe ability of the enzyme to 'respond to stimula-

~ . 
tion. This will indicate whether there is a serious alteration in bic-

chemical and thus physiologie response. 

Intestinal ad~l cyclase shows little response to glucagon 

injection in normal or shock (Figure 9) animals. Klaeveman et al (178) 

also failed to find any effect: of glucagon upon normal human jejunal 

mucosa. Schwartz et al (312) have stated that there is lack of res-

ponse because the intestine lack~ receptors with any significant affin

i ty f"f glucagon. On the other hand, there appears to be a significant 

humber of receptors in the intestinal tissue for epinephrine. Thj.s is 

evident from the significant increase in intestinal ACA following epi

nephrine injection (Figure 11). The physiologie significance of this 

part.icul.t:..':.SpoDSe 'isunlmown at this time. However it ~ possibl3' i 

be associated with a stimulation of the active secretory process for 

ions and water in the mueos'a of the small intest~e (95). In shock, 

the adenyl eyclase response is aboli shed (Figure 11) and might possibly 

be related to the decrease in intestinal absorption of ions and water 

that is lmown to oecur in early hemorrhagic shoek (lM). 

Catecholamines aiso have the ability to decreasé the level 

of eyclie AMP in sorne cells. The receptors responsible for this.,type 

of effect have the eharaeteristics of O<-ad.renergic reeeptora. The 

! , , 
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possibility that O<-adrenergic effects might b~ mediated by a decrease 

or unchanged ACA has been discussed by RobisOIl (284, p. 225 Chapt. 6). 

Thus, the lack of hepatic or intestinal AC response to norepinephrine 
ct 

ndght be expected (Figures 12 and 13). The signif1cant dec~,eases ln' 

basal ACA in shock, --JDaY be related. to damage of the AC enzyme induced 

by the ischemia of shock. .. 

1 
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Adenyl Cyclase Response To In Vitro Hormone Addition - Control And Shoek: 

(i) Glucagon 

The response of hepatic and intestinal tissue to the ~ 

titro addition of 5 nanomoles of glucagon is seen in Figure 14. -
Addition of 5 nanomoles of glueagon in vitro to the incuba-

tion nti.xture eontaining hepatic tissue increases basal ACA from 

6.64 ± 0.69 to 16.43 ±.1.27 pmols/Ag DNA/IO minutes. Addition of 5 

nanomoles in vitro into the,incubation medium of t~ssue taken from 

animals at 2 and 1) nIinutes following in vivo glucagon injection still 

produces a final ACA of 16.34 ± 1.27 pmols/~g DNA/IO minutes. These 

cl results indicate that th~ in titro addition of 5 nanomoles of glucagon 

i6 saturating a1l the available glucagon receptor 'sites in the 200 

microlitre volume of hepatic homogenate. The effects of in vitro 
• • 

and in vi 'Vo glUCag~ are not a~rti ve. 

The in vitro stimulation of basal ACA' in shock is decreas-

ed from control by a signj..fieant m; that is f'rom 16.43 to 1l.6.3 ± 

2.06 pmols/Jlg DNA/10 mi.nutes~ This 1l.63 value appears to be the site 

saturation 1evel in the shock tissue as there i5 no difference from 

this value even in tissues obtained at 2 and 15 minutes following 1a 
vi'Vo glucagon injection. -

There 1a no ch~e in basal ACA when glucagon is added 

in vitro :i.nto intestinal homogenates from normal animals. In shock, 

however, the in titré - atimu.lated intestinal ACA is significantly 

. reduced from the control value both baiore (p .(.05) and at 2 (p.(.025) 
y-'" 

and 15 mirmtes (p-<.Ol) after in vivo glucagon injection • 

, 
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FIGURE 14 

.ADENYL CYCLASE RESPONSE FOLLQVVING 

IN VITRO GLUCAGON ADDITION . 
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(ii) Epinephrine 

The response of the liver and intest.ine ,ta in vitro addi

tion of 5 nanomo1es of epinephriné is sean in Figure 15. 

Addition of 5 nanomoles of epinephrine to control homo

genates of hepatic tissue produces a 2.85 fald increase (p «.001) 

over basal adeny1 cyclase activity. That is, from 5.92 + 0.54 to 
.' -

16.85 + 2.07 pmo1s cyclic AMP/.ug DNA/10 minutes. This value does 'nct - . 

change whan 5 nanomo1es of epinephrine is added to liepatic hOlOOgéÎlate . 

obtained at 2 and 15 minutes after in vivo epinephrine injection. 

The in vitro epinephrine ~: stimulated ACA in shack is 

sigtlificantly reduced. (p ~ .05) by 4fYfo from the respective control 
- ' 

value. That is from 16.85 .:!: 207 to 10.08 .:!: 1.78 pmols cyclic AMP /),lg 

, DNA/10 minutes. This value does not change in tissues obtained follow-

ing in vivo epinephrine injection. 

Addition of 5 nanomoles of epinephrine, tb control homo

genates of intestinal mucosa produces a 1.2 fold increase in ACA! 

over basal acti vit Y • This remains unchanged in tissue \taken following - . 

epiilephrine inj ection. 

The in vitro sti!ll1lated ACA in shock ia significantly 

reduced (p <.02) by 2f:f1, from control leve1s. That is from 5.51 + 
" -

0.73 ta. 4.f1I + 0.81 pmols cyclie AMP/)lg DNA/IO minutes. This value - , 

remaina unchanged when epj.nephrine ia added to tissues obtained at 2 

and 15 minutes foll~g epinephrine injection. 
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FIGURE 15 

ADENYL CYCLASE . RESPONSE:- FOLLOWING 
IN VITRO EPINEPHRINE ADDITION 
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ADENYL CYCLASE RESPONSE FOLLOWt,aG 
IN VITRO NOREPINEPHRNE' ADDITION' 
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(iii) Nore~hrine 

Hepatic and intestinal respanses to in vitro addition of 

5 nanomoles of norapinephrine are seen in Figure 16. 

A~dition of in vitro norePinephrine to normal hepatic 

homogenates produ~s a ~ decrease in basal ACA. This response 

remains the same in hepatic tissue t-aken, after in vivo norepinephrine 

injection. 

There iB no diffèrencel between control and shock t.issue 

responses to in vitro norepinephrine addition. 

A similar pattern is seen in the intestinal tissue, however 

:in vitro stimulated. ACA ia significantly reduced. from control in 

the shock tissue obtained bafore (p<.05) and 15 minutes (p <.025) 
, 

after in Vivo norep~ephrine injection. 

Discussion: 

The data so far indicate a decrease' in the abUity of the 

splanchnic second meBsenger system to respond ta hormonal stinW.ation 

in experimental hemorrhagic shock. The decreased response iB refle6ted 

by the alteI,'ed hepatic blood. ~ucose resp~se curve following' glucagon 

and epinephrine injections. 

The circulation to and within the splanchnic organs i5 

severely compromised in hemo~agi.c shock. The question arises as to' 
" t 

whether the defects observed. are a direct result ot a decreased. 
\ 

\ . \ . 
delivery of the hormone to the ct?lls of the target tissue; or perhaps 

due to severe ischémie damage to the ~ellular membrane-bodnd enzym,. 

~ . 
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Mdi tiond studies were therei'ore carried out in which the honnone to 

be studied was added' directly into the tissue homogenates made trom 

biopsies taken from the animal s' Just prior to, and following hormone 

injection. The purpose waB to investigate the adeny1 cyc1ase response 
,1 

in normal. and shock tissues when hormone contact. with the target~cell 
, ' 

was assured in vitro. This was done by 'adding equal amounts (5 x 10-9 

r001es(500 ).Ù incub~tion volume) (10-~) of glucagOtl, epinephr:i.ne or 

norepinephrine directly into the AC lincubation medium. 

The results obtained by ethers using simUar methods of in -
vitro addition of hormones to hepatic tissue homogenates is variable. -
The % increase over bas~ ACA following in vitro addition of vari- .' 

, 
Ous concentrations of epinephrine ranges fram 53 to 230% (100, 2'71, 291). 

In vitro addition of glUcagon is associated with inoresses of 60 ta 

300% over basal AC levels (271, 285, 289). 

Stillll1.ation of ACA upon in vitro addi tian of epine/~e , 

, appears to he' maximal (Fj.gure 15); thé stillll1ated ACA seen in alÛmalS 

who have received in vivo injection of epinephrine (Figure 10), does 

not increase to 'a level higher thap that seen in the animals whO"'have 

reeeived the hormone in Vitro. This, MOst likel1, i5 due to the .t'aet 

;,< that the amount of hormone added in vitro is saturating 41 the AC 

receptors specifie for epinephr.Lne. Therefore furthe~ addition of . 
epinephrine - in the form of an in vivo injection - will not alter an 

< 

,alread,y' maximal.ly activated "enzyme. The Bame i5 true for glucagon 

(F':I:gures 14 and 8). Furlhermore, Ray .!l..!l (271), 'Using rat li ver, , 

" 1.,' 
l' 
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/' 

have indicated that concentrations of glucagon and epinephrine of 

10-6 M and 10-5 M ~respe~tively are saturating for each hormon~ and will 

result in "maximal ACA. Rodbe11 et al (285) indicate that for glucagon, -
the saturating concentration is even 1ess, at 4 - 8 x 10-8 M. 

This also exp1ains whY the ACA i5 the same when equal 
/' 

ammmts of either g1ucagon or epinephrine at saturating concentrations 

are added to an equal arnOlUlt of tissue hOlOOgenatè. 

The fact that there ls no change in basal intestinal ACA 

f~owing in vitro (Figure 14) addition of glucagon ls further evidence 

for the 1ack of glucagon receptors in the intestine. 

Addition of epinephrine to intestinal homogenates is associ

ated vith a 29% mcrease in basal enzyme activity (Figure 15). This 

ls the sarne % increase in basal ACA that was observed fo11owing 

in vivo injection' of eplnephrine (figUre 11). This would seern to 

indicate that 10-5 M epinephrine is a' ~at,uratip.g concentration for 

intestinal as well as hepatic tit.~sue. F'urthermore an injection of 
.. 

0.25 mg of epinephrine into a 17 kg animal w~d resÜ1t in a dilution 

of the epinephrine to approximately 10-6 M. It may be that the s'~tur
at:ing concentration of the intestine for ePinephrine 15 1ess than that 

of the liver for epinephrine; ainee the in vitro addition of 10-5 M 

ep:inephrine produced a 185% incrèàae, while in vivo inje~ion produced 

only a 30,( increase over basal ACA in the liver. 
b 

The diacrepancy 'between the in vivo and in vitro responses 

to epinephrine in the liver may be explained. br the fact that in vivo, 

the amount of hormone reaching the hepatic tissue is not as great , '-

i' 
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as that in the in vitro situation. In addition, the vasoconstrictor 

effects of epinephrine upon the vasculature may lind.t it's own delivery 

to the cells of the liver • 

G1ucagon has been sho~ to saturate hepatic adeny1 cyc1ase at 
-8 ' 

concentrations of 4 - 8 x 10 Mo1ar (285) which is within the range of . 
concent~ation obtained by injection o~ mg dose of gluc~on into a 

17 kg animal; and since glucagon has been shown to increase hepatic 

blo'od flow by 100.' (180); the above explanat10ns cannot accoÙnt for 
" 

the dilllcrepancy between in vivo and in vitro responses of the hepatic 

AC system to glucagon (Figur~s 8 and 14). .. 
The explanation may pertain to the fact that there is up to a 

4 minute 1ag period before the in vivo glucagon - stinulated ACA reacttes 

it'9 maxiMum (88, 286). This effect is dependent upon the concentration 

of glucagon in touch with the celle The greater the glucagon concen

tration, the less the time 1ag (286). Therefore, sinc~ the tissue 

biopsy was obtained at 2 minutes following in vivo injection of gluca-
, - 1 

gon, the ACA at this time, probably does not represent maximal 
\ 

activity. The in vitro measurement i9 obtained after 10 minutes of 

contact vith a greater concentration of glucagon [than that in contact 

vith the tntact'liver], and therefore represents a more cloBe approxi-
Q 

mati an of max1ma11y stimulated activity. 

There vere no significant alterations in basal ACA in the 

liver Or intestine following in vitro addition of norepinephrine 
1 - , 

(Figure 
0 

16) • &ermore, no changes 1 in basal ACA vere noted when 
. 

norepinephrine was added in vitro to the -tissues obtained following 

1 

~ , 



'(, 

, .. 

',' 

\ 

1 
• 
t 
t 
l 

. t 
f 

1 
} 

1 
1 

1 

• 

~O 
1 

() 

-74~ 

J 
'-,. 1 

t"i 1 in vivo norepinephrine :injection. Norep:inephrine in low doses, ther~ 
1 

~ore, ~e~ts in a,nonspeci~ic effect,~n AC in the liver and intestine. 

It mat ~eas., creer.as. or produee no change in tissue ACA as seen 

in this study. 

" Shock is associated with significant depressions in both 

ba,sal.and norepirîephrine in vitro - stimulated ACA before arid after 

in vivo norepinephrine injection in the liver and ;intestine. The 

depressions in basal ACA in the liver and intestine of this group 

of animals maY indicate that the extent ,of damage to the AC' enzyme 

differs fram that seen in the epinephrine Or glucagon series of shock 

animals. Q 

The response of th:e shock li ver and intestine following 

in vitro addition of glucagon is (Figure 14) signifi~antlJ" reduced by 

30 and Z7% respectively. Rutenberg et al (289) have also reported 'a - ~ 

significant 5fYI, reduction in the shock 1iyer response to the :in vitro 

addition of glucagon. There are no reports to date on' the affects of 

in vitro addition of glucagon ta shock intestine. 

Hepatic and intestinal responses in shock to in vitro addi

tion of epinephrine are "Significantly reduced by 40 and 2'710 respective-

1 

-ly (Figure 15). These data indic that aven if the hormone is deliver-- , 

ad in a normal fashion to" the tissues :in question, the ability.of these 

tissues to respand no:nnaJ.ly 0 the honnones is significantly reduced 
r 

in hemorrhagic shock. 

'l'herefor~ the .reductions in both the in vivo am in vitro 
a 

tf>' 
0, 
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AC responses to the hormones are not totally' a result of th~ com-

promised microcirculation, and reduced delivery of hormone to the 

tissues. However, the question arises as to why 'éhe membran&-

bound enzyme is not functioning norrna1.ly. ls there actual ischemic 

damage in~ed by the enzyme? ls there a decreased affinitY,and 
. '--

therefore decreased binding of hormones to the ~-receptorSt ,provid

ing less increase in adenyl cyclase activity? 

, " 

.: 
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,Adenyl Clclase Response To In Vitro Sodium Fluoride Addition - Cop.,trol 
1 

And Shock: 

(i) Glucagon 

The data obtained following the in vitro addition of 10 mM 

sodium nuoride (BaF) to control and shock tissue homogenates is pre-' 
/' 

sented in Figure 17. 

Addition of 10 mM NaF to control hepatic homogenates beiore 

in vivo glucagon injection ptoduces'a 4 fold increase in adenyl cyclase 

activity over control basal ACA. )l'bis is from a bas~ ACA of 6.64 ± 
0.69 to a NaF - stimulated ACA of 26.20 + 4~69 pmols cyclic JJJP/}.lg 

, - , 

DNA!lO minutes. ' Following in vivo glucagon injection, t~ere is little 

change in this val~e from the NaF - stilllÙated ACA obtained at "0" time. 

There is a nonsignificant 30% decrease in the "0" - time 

BaF - stilllÙated ACA in shock. There is a slight increase in the 
~~ 

NaF - stimulated ACA at 2 minutes 'following glucagon injection which 

fails slightly by 15 minutes. 

Addition of 10 mM NaF to control homogenates of intestinal 

tissue produces a 4.6 fold increase in basal ACA. This MaF - stimu

lated ACA do es net change following gluéagon injection. 

NaF -' stimulated A'CA in the sho~k intestine (Figure 17) 
-

i6 reduced by 28% from the ,control value and remsins ÔD.lJ' slight13 

lover, (nonsignificant) than control values tollowing glucagon injeëtion. 

(i1) ERineplSne 

The respollse of AC to the in-vitro additiCll.of NaF in the 

ep1nephrine series of animals 1s present~ in Figure 18. 
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FIGURE 17 

ADENYL CYCLASE RESP.ONSE TOIN VITRo : 
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The control hepatic tissue response to NeF addition to 

tissue obtained following epinephrine injection does not differ from 

" 
that seen in the control glucagon series (Figure 17). However, in 

\L 
shock, the reductions in NaF - stinl1l.ated ACA are not! as great in the 

1 

epinephrine group as those seen in the shock - glucagon series; being 

significantly decreased (p '< .025) at 2 minutes following epinephrine 

injection. 

The response of the normal intestine to in vitro addition 'of 

fiaF, in the epinephrine series of animals (Figure 18) is not unlike tha,t 
/ . 

seen in the 'respective glucagon series. In shock however, the reductions 

in NaF - stiDlÜated ACA are significant at 2 (p <.025) and 15 (p < .025) 

minutes following epinephrine injection. 

(iii) Norepinephrine 

The respflse of hepatic" and intestinal tissue to in vitro 
. 

addition of NaF in the norepinephrine series of.control and shock 

animals is presented in Figure 19. 

The normal li ver responds tp in vitro NaF addition in the 

s'ue fashion as !,hat seen in the ~ucagon and epinephrine' series'. In 

shock, NaF - stinulated ACA in the ll,ver is significant~ reduced 

from control levels before (p <.025) and at' 2 minutes (p < .05-) follow

ing norepinephrine injection. 

. The response of the intestinal tissue to the in vitro addi-' 

tian cif NaF (Figure 19) inboth the control and. shock sit.uations does 

not differ from that seen in the glucagon and epinepbii.ne series. 'tle 
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FIGURE 18 

·'AoENvL CVCLASE RESPONSE TO IN VITRO! -
SODUM - FLUORIDE ADDITION, ' ,,~/" j 
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NaF - stimulated ACA iAS significantly reduced before (p < .005) and 
, t' 

0' • 

15 minutes (p < .05) after norepinephrine injection in the sho~k animals. 

Discussion: 

The membrane-bound adenyl cyclase enz.yme 1s composed of two 

subunits; the receptor subunit and the catalytic subunit. It was of 

interest to study the defect1ve AC response using this characteristic 

of the enzyme. In the face of impaired receptor function, the intrin-
• 

sic ACA or the catalytic subunit.function may be Unchanged. This 
/" _ \f 

property of the enzyme msy be studied. ~1dthout regard. to receptor 

sub~t influence with the aid of sodium f1uoride (NaF) (20). This 

compound 1s a nonspecific stimulator of maximal ACA and warks by 

stinulating onl.y the catalytic subunit of the enzyme aM only in broken 

ceil preparations (336). Thus, the NaF - stimulated ACA repr,esents 

the total arnount of enzyme present (176). For eÛmple-, inc.reased tissue 

growth is associated wi th induction of AC synthésis and increases 

in NaF - stinW.ated ACA (243); wherea:J ~otal NaF - stimulated 

ACA i8 not significantlJr different when added ta homone stimulated 

and unstinW.ated tissues (20). 

Bimbaumer ~ (20) round that in vitro addition of 10 rœt:. 

NaF to li ver homogenates produced max:l;mal stil\lÜation of ACA -

a 7 rold increase over basal hepatic ACA. others (13, 20, 101, 1 

268, 285(b), 289, 301, 345) have fOWld between 3 and 10 fo1d incraases 

over basal ACA when 10 mM NaF is added in vitro to various tissues. 

In this study 10 IIIN NaF w.,s found ta produce a consistent"'5 fold 
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" 

mcrease ,over ,basal hepati'c ACA and a consistent 4 fold increase 

over basal intestinal ACA "l" d~ta well within the limits reported " 

by other investigators. 
. Ii 

No change in the tissue response to NaF addition would be 

expected if the catalytic subunit is functioning normal.ly, regardless 
, ~ 

of changes induced by shock upan the receptor subunit of the enzyme. 

A corollary to t!üs statement is that, if in fact th~ intrinsic 

enzyme activity is intact, while recept,or subunit - stinlll:ated activity 

i3 altered in shock, the basal unstil1l1lated enzyme activity May remain 
D. ' , . 
unchanged. Furthermore, Rethy et al (278) state that most investigators, - , 

have observed that thé fate of the NaF - s~imulatéd ACA paralle~s 
<!' 

that of the basal rather than the hormone - sensitive ACA. 

Indeed, this is what was folll'l4. In the shock tissues where 
. 

there are nonsignificant decreas:es in NaF - still1Ü.ated ACA, the 

basal ACA is ~chang~ from control values. However, wheJ? NaF'

ACA is significantly reduced in shock (nor.epinephrine series -

liver and intestine) 50 the basal ACA in the liver and intestine 

is also significantly reduced. The reductions in basal and NaF .:. 

stiœiated ACA are' comparable in the liver (24tf, decrease in basal, 
• 

29% decrease in Nal - stimulated. ACA) and less sa in the intes}~e 
, ' ~ " 

(45% decrease in basal, and 3~ decrease in N8F - sti11lllilfed ACA)._ 
} 

It would appear then that only when aden~'l cyclase function is very 
o 0' 

- ' 

severely disrupted 1a the intrina1c or catalytie, activity of the " 1- disl;urbed. This is evid ... t in bath the epin~.' and "0/"" 
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epin~e series. In the glueagon series,' where tunc~ion is anly 

slightly altered, there ia no signif-icant alteration in the catalJtic 

function of the enzyme as determined .with the in vitro addition of 

sodium nuoride: The structural integrity. of the celi membrane has , 
b~en alte~ed in such a fashion as to result in significant losses of 

" 
tissue respansiveness to hormonal stimulation at the receptor subunit 

level. However, the signif:Lcant depressions in bàsal and NaF - stilll1- .~ 

lated ACA represent' losses in the total amount or' functional AC -

representing more severe damage which includes bot}s receptor. and cata": 

lytic subunit functlon of the AC enzyme. 

The data so far have shown that the response of the" splan
,*, 

chnic tissue 'àdenyl cyciase enzyme to both in vivo land in vitro . ") 

,honnonal stiDlllation is signif'cantly ~educed in hemorrh~c shoc~. 
Further investigation of the enzyme has revealed that of the two sub. 

units of which AC is composed, there a~pears ta be ,a defect in t~e 
, . 

hormone receptor site, "hile the cata.l,ytic subunit funetion remBina nor-
~ 

mal. However, when hormone - stillll1ated receptor f'unction i8 total.ly 

aboli shed, the eatalytic function of AC alsa i8 altered. • 
'" , 

• 
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Gen~ Discussion: .' ' 

\ SPeculBt~on about the natur~ of ~he ad~1 c161a8e, defect 
./ 

in hemorrhagic shock c~ 1eBd in numeroùs; directionse 

AT\'is the substrate for the adenyl clclase reaction. The 

well documented (50, 152, 176) decrèases in tissu~ ATP Ievels in shock 

ndght account for the o.bserved reductions in ACA. , , ' -
McArdle et al (224) and Rutenberg et al (2as) have shown 
,,----- \ f~ 

that there is a paralle;L decrease in ... intestinal and hepatic ATP ~d 
, '1 

cyclic AMP levels in hemorrhagic shock in dogs. Since the ATP- hsed 

for cyclic AMP production could be derived from a restricted pool , 

(compartmentalized) (203) which may be more susèeptible to fluctuations 

than total 'tisS)le ATP (277) - the possibilit;' that substrate deple-
, 

tion aecOWlts for decreaseS in ACA cannot be ignored. However, the 

Km of'the adenyl cyclase enzyme for A~ is 1 - 5 x +0-4 M (13). 

This is at Ieast one order of magnitude Iower than the concentration 

of' ATP' no~ found in the liver or intestinàJ. tissue (140). It 
, l ' 

ié possible therefore, that the minimal decreases in tissue ATP ob-
'" , 

served in this study would not compromise the Km for AC. In addition, 

the part:.icular assay for AC utilized in this study employa an in vitro 

addition of 2 mM ATP coupled with an ATP - regénerating system 

which allows for recovery of ~ of the fh1tially added ATP at the , 

termination of a 10 minute incubati~ period (21). The possibility 

that the crude tissue homogenates employed in this study are contam-

• 
inated with ATP'ase - another source for ATP reduc!;ion - should Blso 

" lM 
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be considered. However, it has been shown (280) that ischelllia in the 
J • C , '\ 

int~stine is associa~ed w.ith a/'significant decrease in homogenate ATP' ~sé 
A ~ 

levels. Although it hastnot,been stuqied, hepatic ATP'ase levels' mai -

also be reduèed during ischemia. '\ 

Thus, the decreased tissue ATP and AC function may repre-
• h , 

sent con~ondttant metabolic derangements which are,characteristic of 

shook tissues. 
ç 1 

Liver glycogen levels are relativelY depleted in hemorrhagic . 
shock (24, 151). A depleted glycogen store might exert ,a form of pro-

duct inhibition upon hormone - stimulated inoreases in ACA. However, 
- " 

this cann,ot account fol' the aboli shed intestinal epinephrine - stilll1lated 

AC response, since the intestine do es not con~ain glycogeI?- stores. 

In addition, hepatic AC, function i5 not 0Iil.y aimed at ,glycogen break-

down and glucose.! release,. Therefore, it seems unlikelyoJ that a product 

inhibition could totally abolish epinephrihe - atimulated increases in 
• 

hepatic ACA. Furthermor~, the hepatic blood glucose levels rose 

following glucagon injection in shack. 

Changes ip the intracellular ionic envi~onme:t;lt are weil 

lmown ta oceur in shock tissues. As the mitochondria fail, and ATP 

levels ~âU, ther~ i5 intraeellular accumulation' of such ions as 

sodium, 'chloride, calcium and ,water (48, 151, 295, 323) with an associ-
j 0 

aied ,1GlSS of potassium and magnesium (231, 3M.). These changes are 
r/ ' /' i' ~ 

accolÎlpan1ed by an increased intracellÙlar pH (336, 345) and. ,cellular 

swelling. 

\ 



. 
f . 

, 

f 
1 

'1 

. ( 
, 
l 

! 

- ! 

1 
( 

1 

f 

f ~ 
1 
1 

'1 
~ 

• , 
J 

( 

\ 

'. 
) . 

( 

,/ 

) 

~{ - 86-
t "--; • 

,/ 1 'Q:\ 

~,/ " : Bee,pher et al (18) have deternti.ned that there i9 a direct -. . 
. relationship between increased extracellular' rnagnesium and the severity . 

~~ . . , 

of shock in humans. Furthermore, Rodbell'~ (286) state that if: 

"-ATP 1s not complexed with Magnesium, it. May in fact inhibit adenyl 
/ - , , ./ 

cyclase. Excessive iptracellular calcium has also been s~own to exert 

an inhibitory influence upon ACA (260, 270, 327). Thus, massive losse~ 

and galns of intracellu:t.ar magnesium and calcium respective4r, in shock, 

May effect severe reducj:.ions in in ,vi v~ AC ~esponsi veness. 
, 

These factors have been taken into account; 5 mM Mg C12 

" is added in vitro into the assay fol' AC, thus proJiding the n~cessary 

.magnesium. In addition, the Tris buifer 1s used in order to buifer 

the pH changes wi~hin the tissue homogenates. Therefore in' the in vitro 

assay of AC most of the ionic and pH derangements are ndnimized and 
,/ 

probably do not account for the decreased hormonal responsiv,eness. 

GTP (Guano sine triphosphate) h'à.s been shawn by Rodbell 
~ 

et al (286) and Salomon et al (292) to be a regulator, modulator or - - . 
allosteIi-o effector of hormone "7' st1mulated ACA. Thus, in the 

absence of GTP, epinephrine and glucagon stilllÙation of ACA is not '. 
- -' l f 

expressed maximallylt In addition, GDP (Guanosine diphosphate) has been 

shawn to inhibit ACA (286). In. shock, GTP ana GDP levels have' not ' 

't 
specificilly ,been meas~ed. Changes in these nucleotide levels there-

fore may also contribute to the altered AC response/in shock. 
l ,~ 

, 
The observed AC defect il} shock appears init1alJ.y to be 

, 
associ~ted with an aLteration in the epinephrine and glucàgon or p-

. 
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receptor sites in the hepatic àlld. intestinal tissue. ethers (14, 51, 

, , 
52, ' 288, 289. 290) have made simil~: obserVations in that the shock 

tissues studied appear to be ttresistant" 'to hormonal s.tinulation. Baue 
. ' l .. 

et al (14) noted the decreased transport and utilization of glucose 

in shock - muscle, despite the high cir~ating levels of glucose and 

insuline . Rutenberg et al (288, 289) also' !ound decreased hepatic AC 

r.esponse to in vivo in~ect:i.on and in vitro addition of glucagon or 
, . . 

e~ephrine in shock rabbits. -However, Baue et al (14) have determ:j..n-

ed that the attachment or binding of the hormones to the receptor site . ' 

is not impaired in shock. Furthermore, it has be~ sh6wn by L~kowitz 

(l?O) and Levey (193) that solubilization of the ceil me~ane phos

pholipids, destroys hormonal sensitivity leaving basal and NaF - stim-
, . 

... _ ula~ed ACA essentially unchanged. However. it was determi.ned that 

reduced hormone sensitivity caused by exposure to phospholipases, is 
, . 

due, in part, to a reduced ability of the hormone to bind to the p-
/ - ""\ ..... 

adrenergic receptors as assessed using (-) - (3H) alprenolol (201). 
/ 

It would appear, that the structure of the receptor subunit is in sorne 
. ,/ ,,' 

wai altered so as the transducer effect fOllowing hormone binding is 

reduced. Whether or not the binding is altered for' epinephrine and 
1 

glucagon in shock has not been assessed. 

Altered hormonal responses mar- refiect damage incurred by . , 
, ~ 

thé cellular membrane structure induced by ischemia. Damage to ' 

structure and enzymatic function of c-ell membranes is we1l documented 
, ' 

in shock (31, 68). It .is àlso well known that cellular swelling' and 
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increased. permeability oceur in shock and tra~ (19, -151). 

Adenyl cYclase is a membrane-bound. /enzyme 'and i t is deperid-
1 

, / 

ant upon the "Structural integrity of the membrane for optimum enzymatic-

function. structural and functional membrane changes induced br ce11-
, 

ular ischend.a, swelling anâ altered permeability could therefore 

induce abnonnaB, ties in the function of AC • . ~ 
In a related study d'ane in this laboratory rî70) and subse-
l _, ' 

, quently in another laboratory (Robinson, J.W.L., Personal Corrrnunication), 
1 "",_ 

, reductions in ATP and cyclic AMP levels coupled with AC malfunction were 
'\ ... \ 1 . , 

observe<1 in the hypoxic proximal portion of the obstructed intestine. 
~ 

The structw:al and/or functional changes in c~tlular membranes induced - , 

1 

by hypoxi~ and ischend.a do in this case produce abnormalities in the 

membrane-b<3llllld AC ~zyme. This then, would th'Wa.rt attempts on ~he part. 
" -' 

of the hormones to maintain tor regain~homeostasis in shock. 

These changes, however, do not account for the differen~es 
- , , 

in the extent of change in the AC response between epinephrine and, 

glucagoh. The fact that in shock, the ~C response i!3 more reduced 
, , 

" f0110wing epinephrine injection than it i5 fo11owing glucagon injection 

may be reÎated to the phenomenon of desensitization. Tolerance, desensi-

tization or subsensitivity to ,certain drugs and hormones has long been 

l " 

observed in both cliriical and laboratory settings (125). Ho' and 

Sutherland (150) and oth;ers (22, 33, 69, 274, 340) have reported that 

exposure to high ~evels of a ~-adreQ.ergic drug renders a .tisSue lees 

responsi ve to the sarne stimulator several hours Iater. Observati'?fls 
/ 

-~ 

f 



~~ G..... ••.•• ~_ •• ~ •• _____ • .,. _______________ --,-___ _ 

1 

f 
1 

1 
1 

~ 
! , , 

, t 

" 1 

)! 
! -

f 

1 
1 

" 

. c. 
t, 

• f 

o 

\ 

~ -89-Q 
,/ 

) 

,Jin man (35,.196) and mtperim'ental animals (43, 65, SS, 174, 2CYJ, 224, 
, ' . 

,259) have shown that the're is a tendency'.for hepatie cyclie AMP pro-

. duction to deeline from an earlier peak during sustained epinephrine , . 
o~ glucagon infusion. 

tissue and TSH (325) , 

Similar .findinga were obtained with thyroid . '. 
. ' 

adipose tissue and epf'neI;>hr:ine (300)' and mro-

eardial tissue with epinephrine and norepinephrine (11). Furthermore, 

in rats with persi~tent hyperg1ucagonemia mduced by infection, hepatic , 
d' 

eycllc AM? ~esponse to exogenous gluc~n is blunted (363), with no 

ehange in basal or NaF - stilllÙ.ated AGA (19i, 236, 24.5, 275)., These 
Il 

findings are simi1ar to what waa seen in tJF,s stucIi. Furthermore, 

the redu~ions.in cyelie AMP le~els were assoeiated with a blunted 
, \ 

AC· response to subsequent epinephrine or glucagon 'challenge. Reports 
- , 

. indicate up to 7C1fo reductions :in epinephrine - re spon si ve ACA (236) 
~ '- -.' 

and 30 - ~ reductions in glucagon responsi ve ACA (69). 

Throughout th~ hypovolemic period and then agairi 1n, 1ate 

re!ractory shoèk when the b100d pressùre 1s again, falling, the ep1-

nephrine receptors are bombarded with up to 100 fold increases in 1:the 

circulating leve1s -of epinephrine. G1ucagon receptors, however, are 

not exposed to ~ch excessive amoants of glucagon. Sin ce epinephrine 
" 1 _ 

a!id glucagon have distinct r,ec~ptors in the li ver and only epinephrine 

receptors in tpe intestine, it is conceivable that sueh ~educ~ions 
j .. 

in responsi venes 5 to :fu.rther hormone challenge could .oceur. 
. , 

Ho et al (150) have recently postulated that a feedback - ., , 

regulator is responsible for the phenomenon of hormonal desensit"iza-
, . 

, 
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tion. Repeated addition of epihephrine and glucagon' or ACTH to liver' 
1 :~ , 

or adrenal. glands produced between 50 and 7CJ%, decrea~s in subsequent 
! \ " 

-
,responses to these hormones. Bas~ ACA remained ~CWrnged. The 

, , 

inhibition of subsequent r~sponses l'Tas i'ound to be dUI;l to the intra-

cellular generation of a so-caJ.led feedback regulator during initial . 
1 

<, 

stirraùation. Feedback regulator' has sinee been ~ound in the circulat-

ing blood oi' humans (149). It i5 thought that the i'eedback regulator ... 
1 . 

acts at ,a site beyond thtt. of the actual. hormone binding (perhaps i~ 

acts upon the phospholipid~ of the ceil membrane). 

Other'possibilities must n0t be excluded such as: accumula-
, , ' 

tion of unidentified extracellular inhibitors of hormone action (150); . , 

local generation oi' peptid'e inhibitors oi' ACA (21); intracellular 
~ 

or ,extracellular i'ormation of adenosine (93); increased local hormonal 

degr~dation (285) and numerous' others. 

Selective alterations in tis~e responsiveness may serve . . , . 
~ • p 

to modulate cellular cyclic AMP generation and alter hormonal. sensitivity 
o 

during periods of excessive ~d sustained hormonal stillll1lation. 

Undoubtedly, a compromised circu,lation such as that seen 
./ 

tollowing hell!Ol'rhagic shock reduces normal cellular activity in the 

splan~hn:i.c organs. Deliver,y of rmtritional substances, hormones or 

drug~ may be prevented, cont,ri.buting futther to the ischemic damage 

incurred by the celi membrane; the structural integrity of which ... . 
optimum adenyl cyclase .activity depends. It appears that the enz,yme 

aystem 15 defeetive in tissues trom shocked animals sinee the response 
• 1 

-...-----,.... .... --
" . , 
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c , -
to both in vivo and" in vitro hormone .stiRl11ation is markedq depressed. 

Thus, honnonal sensitivity of the splanchnic. second messenger system 
/' 

, , . 
is slgnificantly reduced in shock, refJ.ecting the impidred response 

~ . 
to homeostatic control at the cellular level. 
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Glucocortieoids and Glucose Response Curves: 

1 (i) Gllfcagon 

The effect of glucocorti~oid administratIon upon the hepatio' 
. -

blood glucose response curve following in vivo glucagon injection"is, 

presented in Figure 20. . ' 
... 

There are nonsignificant elevations in the normal he~at~c 

blood glucose response curve following glucagon fnjecti~into normal' 
, 

animals treated for 4 hours with pharmacological 'doses of' glucocorticoid. 
" 'f ' 

However basal or 'resting blood glucose levels aie ~~gniticantly in~reased 

(p <.05) by 24%. 

Glucocorticoid treat~ent in ~hoek produces a signifieant 
, 

(p <.02) elevation in the b~seline blood glucose leve~. over untreated 

shoc~. However the respohae eurves pre not significantly different. 

The effect ~f glucocorticoid admirt1stration on the portal 

blood gl~cose,levetS following glucagon injection are pre~ented in 
... 

Figure 21. 

The portal blood ~ucose levels following glucago~ injection 

~ glucocorticoid-treated n~rmal and ·shock animais follows a similar. 

pattern as that seen in the hepatic blood, however no aignificant 

increasfs"' are seen. 

(11) Epinephrine 

The affect of glucocorticoid administration on the hepatic 

blood glucose response curve following in vivo injection of epinephrine 

la presented in Figure 22. Gluc.ocorticoid ~dm:l.nistration produces 

.',> 'i " ti"~ 
\ ' ~ 
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FIGURE 2;3' 

PQRTAL BLOOO GLUCOSE LEVElS 
AFTER IN 'lM) EPlNE1lHRINE. BOlUS 
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a non~ignificant 42fo inorease in the basal resting blood sugar level 

o~er the slightly depressed shock level. Furthennore, it can be seen 

that the blood.~ucose response curve in. the shock animals treated 

with glucocorticoids has been restored to the control pattern. Thus, 

is significantl.y elevated from the :respective shock levels at 3 (p < .02) , 

5 (p < .. 05), 10 (p <.01) and 15 (p ~OOl) minutes following epinephrine. 

A similar restoration qf response is reflected in the portal 
) 

blood glucose levels.{Figure 23) •. 

Note that portal blood glucose levels are lower than their 

r:especti ve hepatic levels by 8 to '2f11,. 

Glucocorticoids and Adenyl grclase Response: 

(i) Glucagon 
~ 

The effect o~ glucocorticoid administration on hepatic adenyl 

cyclase response to in vivo glucagon injection is presented in Figure 24. 

It can he seen in ~e 24 that glucocortieoid administration 

to normal )mmals produce~ a 6f3% ~crease in -basal ACA over untreated 

control basal ACA. There is' no ,signïficant difference in AC response to 
~ , 

, 
glucagon injection between controls and steroid treated controls. 

There iB a significant (p <.05) depression in AC .response at 

2 minutes following glucagon injection in the untreated shock arp.mals 

compared to the control~steroid animals. However, in the steroid treated , . 
shock animals the AC response at 2 minutes following glucagon injection 

is slightly reduced from the respecti va control value (not significant). 
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The effèct of glucocorticoid administration on the in

testj,.nal AC- response to in vivo glucagon injection is presented in 
\ 

Figure 25. 
{' 

+t can be se~ that glucocorticoij treatment produces no 
Q 

significant changes in, either control or shock intestinal AC response 

to in vivo glucagoh injection. 

( ii) Epinephrine'" 

The effect of glucocorticoid administration in shock upon 

hepatic adenyl cyclase response to in vivo epinephrine injection is 

presented. in Figures 26 and 27. 

. It can be seen in Figure 26 that steroid administration in 

shock animals produces small~ decreases in basal hepa,t.ic ACA (p < .05)~ 

However, the response at 2 and 15 minutes has been restored. to normal. 
e 

In Figure 27 the results are presented as percent change in 

basal ACA 2 minutes following in vivo epinéphrine injection. It can 

b~ seen that although the resp~se to. epinephrine is aboli shed in 
1 

shock, st~roidO treatment in shock restores the response to levels that 
• 0 

exceed the control. response. 

The effect -of glucocorticoid administration in shock on 
. , 

intestinal AC response to in vivo injeetion of epinephrine is. present-

ed in Figures 27 and 28. . 

In Figure 28. it can be seen that steroid administration 

is 'asso~iated with a significant (p <.01). depression in basal APA_ 

However. the ab~ity of the intestinal','à,denyl c;yclase' ènzyme to 
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FIGURE 2~ 

" 

HEPATIC ADENYL CYCLÀSE, RESPONSE 
TO IN VIVO GLUCAGON INJEGTION 
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FIGURE 25 
'" 

INTESTINAL ADENYL CYCLASE RESPONSE 
. TO IN VIVO 'GLUCAGON INJECTION 
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FIGURE ',26 

" 

HEPATIC ADENYL CYCLASE RESPONSE 
TC IN VIVO EPINEPHRIt\E INJECTION 
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FIGURE 27 
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FIGURE 28 
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respooo tp epineph1"1ne has been restored, despite the fact that 

absolute values re~ reduced from control (p( .01, p <,.001). 
, . 

In :figure 27 it can b~ seen that although ,the intestinal 

respon~e. to epinephrine is abolished in shock (p<..Ol), as seen in 
1 0 

. . 
the li vert steroid treatment restores the response to levels that 

. exceed the control response. 

Note, that hep~tic basal ACA is almost always about 180% 

greater than basal intestinal ACA. 

Tissue ATP Levels: 

(i) Glucagon 
, , 

Changes in hepatic and intestinal ATP 'levals following gluca-
, 

gon injection are presented in Tables III and IV. 

steroid àdministration in norma.+ animale produ.ces a non-
l 

significant '12%.increase in hepatic ATP levels (Table III) compared to 
- . 

the untreated controls. There were no changes in ATP levels f'ollow-., 
,-

mg glucagon injection.in either eteroid-treated or untreated controls. 
, , 

Steroid treated shock is associated witb ~o change in, baseline ATP 

levels, and the untreated shock ATP leve1s were also unch~ged trom 

control. 

There were no changes in intestinal (Table IV) rucosal 
j 

ATP levels in all groups of animals • .. 
( ii) Epinephrine 

Q -
Hepatlc and intestinal ATP leVels after epinephrin~ are 

shown in Tables V and VI. 
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TABLE II 

" , 

Basal Adeny1 Cyc1ase Respanse 
To Shock and Steroid Therapy 

LIVER 

: 6.17 + 0.62+ * -
ControL - Steroid • 1l.19 + 2.92 • -
Shock : \ 5.77 

~ * 
+ 1.02 -. ~ 

* Shock - Steroid 4.2JJ + 0.57 -

INTESTINE 

3.36 .± 0.64 

2.39 + 'd.'8 -
2.66 :t 0.51 

1 -
~ 1.54 :t 0.18 

+ Ail v~ues represent pmols c' ~ /p.g DNA/10 ndn • .± S.E.M. 

/ 

* significantly (p iii or <.05) depressed f~m control-steroid (Student-T-Test) 
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TABLE III 

Hepatic ATP Leve1s ' 
Following In Vivo G1ucagon Injection 

TIME (Minutes) 0 

• 

2 

Control - + 1.333 + .308 * 1 ... 662 ± .Z70 -
Control - Steroid : 1.497 + .136 ,- 1.007 ± .198 

-- -
Shock 1.628 ± .239 1.635 ± .220 

'Shock - Steroid 1.280 ± .177 1.628 +. .109 -
0 

/' 

15 

1.504;!; .245 

1:423 + .156 - . 

1.685 ± .159 

1.328 ± .042 

+ Al1 values represent )lJlI01s/,. tissue ± S.E.M. ( 

* Sigriificantly increased over "0" time ,value (Paired-T-Test) 

TABLE IV 

Intestinal ATP ~eve1s 
Following In Vivo G1ucagon Injection 

: ,Al1 values, repres~t )lIJlOls/~ tissue" ± S.E.M. . 

Significantly reduced from "0" control and shock values (Student-T-T,est) 

** Significantly reduced from "15" shock value (Student-T-Test) 
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TABLE V / 

, 
t Hepatic ATP Leve1s , 
t Following In Vivo Epinepllrine Inj ection 
'" ,1 
~ 
~-

TIME (Mi{lutes) ~' 0 2 15 
~ 

t / 1.452 + .176+ * 1.612 + ,.176 Control 1.586 ~ .137 - -
~- . Shock 1.206 ± .197 1.342 +' .130 1.430 + .270 f, .. J - ,/ -f. **" 
~ Shock - Stero:1.d : 1.424 ± .197 1.184 + .130 1.198 + .158 
;. - -" z:, 
r + Ali values represent ~ols/11f8' tissue ± S.E.M. i: * 

" 
Significant1y greater th~ "0" value (Paired-T-Test) 

** Significantly deereased from "2" control value (student-T-Test) , , -- " " 

'~ \' 
,~, 

~ 1 

~ , ,,/ 
" '. if TABLE VI 

i 
~ Intestinal ATP Leve1s \ 
t~ Following In Vivo Epinephrine Injection (. 

~ 
~ " , / 
<i? 

:' , 1 j 
~ 

'Tnm (Minutes) 

~ 
0 2 " 15 

1 
~ 

Control ,1.824 + • o 51+' 1.890 ± .123 1.940 :!: .101 -~ 

f 
Sho'ck 1.752:!:: .217 ,1.590 ± .315 1.724 :!: .273 

/ 

Shock - Steroid 1.788 ± .137 1.574 ~ .250 1.820 + .146 

1 
-

+ Ali ,values r~present )llIl01S/~ tissue ± S.E.M. 
l-
i. / ~ 

" 
.. 

~ (,rr 
t --il .- . -or} 

-: '1' 
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The!"e was a significant (p <.05) increase in hepatic 
-

tissue ATP (T~ble V) 15 minutes following epinephrine. The ATP 

Ilevel at· 2 minutes following" epinephrine injection in t:ne shock-
, 

-
s~eroid treated group was significantly reduc~ f,~m that seen in 

1 

the 'control "animals. ot~erwise, there were no changes in ATP 

l'evels in treatecLor ~treated shock compared to contrd~t or each 

other. ( , 

'No changes in in~e~tinal ATF levels were observed follow-

• ing epinephrine injectioo in ~ontrolt shook or steroid~treated sho-ck 

~als (Table VI). 

(i~i) Noreeinephrine 

ATP levels in liver and intest:}ne foll~w:l.ng norepinephrine 
,0 

injection are presented in Tables VII, and VII!. , 

There w~s a significant increase (p <.02) in hepatic Afp 

levels (Table VII) in no~al apimal~~ at 15 lIIinute~ follo~g '~or

epinephrine injection. No further changes in hepatic ATP levels 
r . 

were observed in control or shock animals. 

There w~ie no significant changes in intestinal ATP levels " ,.~. 
• ..J..~>f4' ~ ,,' 

in control or shock animals following norepinephrin.e injection (Table VIII).~ 

~ ---------------
r 

Glucocorticoids and Adenyl Cyclase Response.to In Vitro Hormone Addition: 

( i) Glucagon 
o 

The effect of glucocorticoid administration on the response 

of hep~t:ic and' intestinB.l homogenates to in vitro addition 'of 5 • , 

, ., f ' 
t ~~ / J 
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TABLE VII 

Hepatic.ATP Leve1s 
Following In Vivo Norepinepnrine Injection 

T'lME (Minutes) 
\ 

Control 

Shock 

o 

" + 
,l~524 .t .117 

~ 

1.623 ± .285 

2 

1.808 + .119 -
+ ' 0 

15 

* 2.014 + .133 -
1.770 ± .183 

* Al1 values refresent )lJJlo1s/cpa tissue ± S.E.M. 

Significantly, increased over "0" v,alue (Paired-T-Test) 
1 

\, , 

TABLE VIII 

Intestinal ATP Leve1s 
, . Following In Vivo Norepinephrine Injection 

TIME (Minutes) 0 2 

tCo~trol 1.752 .t .192+ 1.662 ± .131 

Shock 1.848 ± .226 1.980 ± .172 

+ All values represent ~OlS/'P'~issue ± ,S.E.M. 

\ \ , 

.) 

15 

1.844 ± .173 

2.040 + .1)0 - /' 

~ 

1. 
l, 

r 

'~ 
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\~ 



/' 

/ 

- liO-

nanomoles of glucagon is presented in Figure 29. The results are 

presented as percent increase over basal ACA. 

It can be seen that steroid administration in normal dogs 

results in no change in the percent increase in basal hepatic ACA 

over that sean in the untreated controls following in vitro gluca-

gon addition. It can also be seen that the depressed response in 

shock is partially .restored by steroid therapy. 

oThe normal intestine is aS50ciated with a reduction in 

basal ACA upon in vitro addition of glucagon. Steroid a~nistration 

in normal anirnals results in an increase over basal enzyme activity 
, 

following in vitro glucagon addition. A sind.lar pattern is observed 

for the shock and steroid treated shock tissues. 

\(ii) Epinephrine 

~he effect of -glucocorticoid adnd.nistration in shock ~on 

the ability of hepatic'and intestinal adenyl cyclase to respond to 

in vitro addition of 5,nanomoles of epinephrine i~ presented, in 

Figure 30. 

The shock liver shows a significant reduction in the in vitro 

response to epinep~e. steroid treatment restores the response to 

normal. 
. ~ 

The'shock intestine 8180 shows a marked reduction in the 

~....:.;~~l~~~~nnüation which is restbred in the steroid 
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.FlGURE 29 

% CHANÇ2E N BASAL AŒNYt: C)CLASE 
. FOLLONING IN VITRO GLUCAGON 
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FIGURE ;0 

e%,CHMŒ ·N'BASAL AOENYL CYQ..ASE 
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Glucocorticoids and the Adenyl Cyclase Response to In Vitro Addition ofl 

Sodium Fluoride: 

The effect of glucocorticoid administration on NaF - stimula-. 
ted adenyl cyclase activity.in the liver and 1rltestine is 'presented 

in Figure .31. The results are presented as a percent increase over 
~ 

basal ACA. It can be seen that in the normal liver 10 DM NaF produces 

a 410% increase over basal ACA. Steroid administration in normal ani

mals results :in a 6~ increase in basal ACA and only a 2.3% increase in 

NaF - stimulated ACA over respective untreated control values. There-
~ . 

fore the peréent increase over basal in the control steroid group 

appears slightly reduced. On the other hand, steroid administration 

in shock improves the ability of the tissues to respond to NaF, to a 
\ 

level not unlike that ~een in the untreated controls. 

Glucocorticoid administration in the normal intestine is 

associated with a slight incresse in the'NaF - stimulated enzyme 

activity from that seen in the untreated. controls •. ,Steroid treat-

ment in shock shows an improvement in the ability of the tissue'to 
\ 

respond when compared to the lower shock levels. 

,.. 

.. 
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Introductory Discussion: Glucocorticoids 
, , 

Glucocorticoids play a multifaceted role in cellular meta-

bolism. The exact mechanism(s) of action of the steroids has been 

speculated upon, however there are biologie effects that cannot be 

accounted for by currently availab~e·informatiOn. \ 

Glucoco~icoids have bêen repo.rted to play a perrai.ssi ve 

role or potentiate the effects of exogenous epinephrine and gluca-

1 

gon in carbohydrate meta~o~sm in normal, (160, 161, 162, 163) and' 

adrenalectornized (84, 296) animals. Pharmacolog;i.cal doses of l3teroids 

have been shown to effect several hemodynamic improvements in shock 

(74) by way of an alpha-adrenergic-like effect with a resultant 

preservation of the integrity of the peri~heral capi11ary beds. 

Glenn and Lefer (121, 0122) report that glucocorticoids 'stâbili~é ce11-
1 ~~ /' 

uJ.ar and lysosomal membranes in shock. They pôstnl;ate that there is 

sorne invo1vement of the' 'second messenger system in the l.ysosomal mem-
\ \'; 

1 

?rane stabilizing effects of the steroids (123). Furthermore, glucocorti-
\ 

coids have been shown to interact directly with the s~cond mJssenger -, 

system at several1evels (34,206,211). However, as yej:., there is -

litt1e agreement 6n the precise mechanism(s) involved in the 8foreJ 

mentioned processes. 

lt was of interest therefore, to investigate whether the 
!il, 

short-term'administration of pharmacological doses of'stéroids to 

,normal and shock animals al~ers the adenyl cyclase - phosphodiesterase 
, -

responses to the hormones. In addition, it was of interest to see if 

.. 
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the steroids could afford protection from the ischemic damage 10-

curred by the cell membrane in shock; espe~ially with regard to the 

membrane-bound ad~l cyclase enzyme. 

The results obtained by~other investigators using steroid 

therapy in shock are contradi~tory. The "key" to estimation of the 

beneficial effects of steroid therapy in shock appears to be in the 

close regulation of the dosage and timing of administration (74). 

In addition, monito:riJ:ig, of fluid requirements is crucial. The same 

steroid therapy given at one time rDaY. have a eompletely different 
< , 

effect - even a detrimental affect - while given at another time -

it proves benefieial. Therefore it was of interest to aqminister 

optimal doses (30 mg/~) (7, 74', 200) of Methyl Prednisolone Sodium 

SUccinate ~MPSS) inrnediately following hypovolemia. Several studies 

have administered pharmacologie'al doses of steroids befor~ induction 

of shock. When translated into the clinical situation, pre-treatment 

of a "shock" patient is next to impossible - p~e-treatment of the ani

" mal~ in this study'was not attempted. The effects of administering the 

steroid immediately following the period ·of hypovo1em1a were studied. 
, 

Th$3 hali-life of MPSS in normal. animals is said to be about 

3 to 4 hours (251, MelbYt J.C., in 310). Therefore each dosage of 

MPSS was repeated every 3 hours unti1 termination of the study in 
.. 

both normal, and shock animals. 

/' 
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Blood Pressure Studies: Discussion 

Blood pressure was monitQred throughout al! experiments. 

When MPSS is coupled with adequate volume replacem!IDt Md a po si ti ve 

iontropic agent following shock, Dietzman and C'astenada (74) have 

shawn that survival rates are increased fram 22 t() 65% in experimental 

hemorrhagic shock in dogs. 

There were no attempts to measure survival rates in this 

study. However, from previous ex.perience in this laboratol"Y', it is 
/ ~ 

known that the particular ·modification of the Wiggers' procedure for 

hemorrhagic shock in dogs used in this stüdy is associated with a 

mortality'rate of 85%. Therefore, in this study, interest centered 

around the acute and lethal shock situation; no attempts at nuld 

replacement or use of iontropic agents was attempted. , 

steroid treatment was beneficial, in this st~dy, when ad[d.n

istered saon sIter th. hypovolemic episode.. Reductions in bl,ood 

pressure were minimized and 1lG'"0cardial respOllse tO the catecholand.nes 

was improved. In addition, despite the fact that many of the meta

bolic effects of epinephrine are potentiated by MPSS treatment, the 
"-

tolerance/to the extra insult of e 0.25 mg dose of epinephrine, follow-

ing three'hours of hypovolemia, wes increased. 

" Discussion: 

steroid-induced increases in hepatic glucose turnover sni an 

enh~ced rate of peripheral glycolysis has been shown to be ~ssociated. 

\ ' 
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with a significant increase in resting hepatic blqod glucose 1eve1s 

as seen here and e1sewher. (103,0163, 250). When MPSS is adm:i.nistered 
o _ 

acutely, and npt over several d~s - the enhanced peripheral glyco1ysis 
Î • 

is responsible for increased conversion of available lactate into 

glucose (103, 161). Lacticacidosis i5 a common feature of shock, and 

any substance that can actually put use to some of the excess·lactate 
, , 

for production of endogenous glucose, IIUst be of benefit. Glyco1ysis 

è'an proceed in hypoxic tissues and ~he fact that in the shock-

steroid treated groups, the resting b100d glucose is e1evated from 

the respective untreated - shock values is evidence for this fact. 
'. 

Issekutz ~ Borkow (163) also studied hepatic b100d 

"ucose response curves following exogenous glucagon administration 

in MPSS - treated normal dogs. However, unlike our findings, 'they 

observed a spectacular potentiation of the normal hepatic b100d 

glucose response cUrve in the MPSS - -treated animals. This was , 

explained in séveral ways: G1ucagon was infused (o .. 06,ug/kg,/nrl.n) 
, 1 ., 

over a period o,r 2 hours. In addition, the MP~S was administered 

over a three dey peri~ prior to the glucagon administration, allow

ing t'or the glucocorticoid - induced "de nove" synthesis of s,everal 

giuconeogenic e~zymes (350) and an mcrease in hepatic gly"cogen 

stores, with a resultant supranormal responsè ,of the hepatic target 

ceU to glucagon. Furt:.hermore, in vivo, the rate of formation of glu

cose from lactate depends on the plasma lactate leve1s and on the turn

over rate of lactate (103, 161). Normally, glucagon does not increase 

J , 

1 " 
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plasma lactate 1eve1s (5, 163), ,however, when MPS,$ was admtnistered 

over ) days, lactate 1eve1s weie significantly increased (163). . 

These factors probably account for the greater potentiation of res-

ponse following glucagon seen ~n this other study (163). 

"De novo s~thesis of hepatic gluconeogenic enzymes in 

the shoék state 'is very unlikely, especially following short-term 
, 

MPSS treatment.' However,/glucocorticoid-stimulated glucaneog~nesis 

and glycogen production from lactate (74, 252, 302) in the presence 
, 
of increased endogenous lactate MaY contribute to the restoration 

of the hepatic blood glucose response to epinephrine in sh9Ck. 

Steroid treatment in shock i5 associated with a dramatic 

~estoration in hepatic b100d glucose response fo11owing epînephrine 

bolus. It was of interest to see if arry changes in adenyl cyclase 

response might play a ra1e in this improvement. 
~ 

Very little data is avai1ab1e on the direet effects of ster-

oids upon the- AC enzyme. Most reports deal with the effects of 

steroids upon increased "de novo" synthesis of enzymes and t.he resul-

tant potentiation of the particular physiologie rpsponse, For exarnple, 
.... 

the enhaneed response to ACTH in fat cel1 ghosts that have been 

incubated for several days (34), or the enhanced gluconeogene.sis 
, -

observed in nonnai and adrena1~ctorrd.zed animals treated with steroids 

over Beveral weeks (84, 296, 297),. 

However t there is one report by LogsdolJ. ~ (206) that 

suggèsts a direct effeet of steroids upon AC activity. "'They found 
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a rapid (within 5 minutes) 25 - 36% incraase in basal ACA when 

10-6 M corl.iso1 wa's added in vitro into a 1eukocyte incubation' mix-

ture. 

MPSS treatment in normal animaIs for a. total of 4 hours 

prior to intervention was ass~ciated. with a sigrrlficant 68.5% in-
~ . 

crease in basal ACA Over untreated controls. However t there was no 

signifi'Cant difference in response between t,he two groups following , . 
glucagon injection. This is not ,due to the lag in glucagon action in 

. . 
the liver, as a later inorease in ACA would most likely be ra-:-

flected in further significant increases in hep~tic blood glucose 
, r~ ~ 

, 
levels - which did not oceur. Recently, it was shown that insulin 

~s a very patent inhibitor of the glucago~ stimulated release of cyclic 

AMP from the perfused rat liver (85., 86). When cyclic AMP levels are 

increased, i.e., in the presence of glucagon, the cyclic AMP -'lowering 
. 

effect of insulin can readUy De demonstra,ted (195). The mecQ.anism 
, 

by which insulin produces this effect is uncertain. Furthermore, 

inhibition by insulin of hepatic glucose release has also been ob-
, /" 

served. (2~5). Treatment With MPSS signifieantly inoreases insulin 
1 

levels (185) and fOl1owing glucagon injection, insulin 1eve1s w~re 

found to peak at levels almost 5 fold greater than basal levels 

(Tables XlV'and XV). Therefore it is possible that auch excessively' , 

high insulin levels may l:n part be responsible for the lack of signi-
, 

ficant,Potentiation of AC and glucose respanses in the control steroid 

. treated animals, compared to the untreated controls. 

\ 
\ 
\ / 

.., 
,r 
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Steroid treatment in shock is associated with reductions 
-

in basal and glucagon responsi'Ve ACA in the liver. However, ,the per-

cent response at two minutes following glucagon injection (Figure 24) . ' , 

is the satne in the steroid-treated controls, and shock mumals ~ the 
~ 

untreated, shock animals - despite lowered absolute values. A~ these 

extreme-" changes in AC response to glucagon are associated with very 
" 

little alteration in:the primar,y physiological response - hepatic 

blood glucose "output. /' 

The insulin levels measured in the steroid treated ~d 

untreated shock animaIs (Tables nv and XV) vere 'significantly 

. elevated from the untreated controls. The steroid treated shock 

group more so than the untreated shock group - vhich might account 

~or the greater reductions inlshock basal ACA if, in fact, insUlin does 

decrease ,ACA (271). However, insulin levels following glucagon inj,c

tion in shock vere only slightly higher than in the controls -

probably not elevated enough to explain the lower AC responses in 

steroid - treated and untreated shock. The question still arises 

as to hov there can be an unchanged glucose response curve in th~ 
~ / 

face of a depressed AC responsel 

The second messenger system involved in t!te hepat~c glucagon-
. , 

glucose output interaction may be saturated. ~n otherwords, the degree 

of AC aeti vation observed in the control animals far -exceeds thB;t 

required to produce the normal bl?od glucose response curve. Further

more, Robison 'states (284, Chapt. 7 p. 272) that, "glucagon is cap,able 

/' 

/' 

/' 
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,/ 

of increas~g the concentràtiohs of cyc1ic AMP in the liver to leve1s 

DIIlch higher than are neeessary to produce a maxi,mal stinulation of 
1 

glùco8e output". The remaining cyclic AMP i8 put to other uses within 
~, . , 

• the ce11, is broken down by PDE or appears ln. the' extracellular fluide 

There 15 great adaptive value to this potential. Sixt y percent of . 
the glucagon - AC function.may he destroyed, as ~een in this study, 

however the physiologie !esj>0nse remains intact. Thus, the leve1s of 
~ - " '<;. 

cyellc AMP are still high enough that no affect upon glucose a,utput 
• 

1 

can be seen!; Glucagon appears to be an eff~cient glucose - supplying 
" . 

hormone of stress. 
, , 

Steroid admdnistrat~on in normal or shock animals has little 

effect :upon intestinal ACA. There i8 a slight mcrease in basal -. 
ACA :in the steroid treated controls (Figure 25) and a slight de-

'crease in the steroid treated shock ~testine. There appears to be 

a slight response ta glucagon in the steraid treated shock group st 

2 minutes and the steroi~ treated control ~up at 15 minutes 
f .' ,/ 

/' 

(Figure 25). This may fe 5àe to the effect of MPSS on intestinal / 

PDE activity, which will be discussed. 

Bitensky et al (22), has presented substantial evidence for 
,? -

the existence of two separate and distinct. receptors in the liver 

for glucagon and epinephrine. This becomes eyen more evi~ent when 

one observes the totaJ.1t ,different manner in which response ta these 

, hÇlrmones 1s altered in shock. 

steroid treatment in shock completely restores the hepatic 
,/ 

/ 
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'. 

blood gl~ose r~~~o eplnephrine which vas aboliabed in . .mock. 

" 
, This i5 associated with a complete restoration of ade~l cyclase 

response. In tact, the percent response ip both the river and int-es

tine is ~pranormal in the steroid treated shoc~ animals (Figure 27). 
• 

The insulin levels in ,the epipephrine animals, (Tables m 
and XVII) control, shock and steroid shock, are not significantly 

different from those seen in the respective animals at 5 minutes , 

following glucagon injection (Tables XIV and XV). Howev,er, the fac~ 

th,at epinephrine inhibits insulin release (262) and is associated with 
/' 

"a significant depression in portal insulin levers by J, Minute (Table 

XVII), may help to augment the AC' response at 2 minutes f0110wing 

epinephrine injection by exe~ing little or no inhibitor,y influence. 

The supranormal response to epinephrine in the steroid
-rC' .r; 

treated shock animals agrees with data by others (lU; 211, 269) in 

. unrelatedstudies, that in1cate. gl~coc~rtiCOidS enhance the sensi~ 
tivity of p-adrenergic rece brs to stimulation by catecholamines. 

, \-

" 

Th1"s action of gl.ucocort:lCO ds in shoek appears to be1very effective 

and at a time when the rec'e, tors are devoid of sensitivity' to hormon-

al stJlIIllation. " 

~e ,bfJllefici'~ e4fect, of stèroid t~erapy may be di:ectly 

related t,o an improvement ~n blood flow to the affected organs. This t ~, ;.t , 

-
in turn, may provide an inc'reased avaiJ-ability of the ho~rmone in 

question'. Dietzman and Castenada (74) hav-e reported thl!-t MPSS in 
, 

doses of 30 mg/kg acts as an effective peripheral vasodilatory agent 

--,; 
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in clinical and experimental shock. Tissue p'erfusion is enhanced. 

as refiected in an increased oxygen consumption (74) ~ tissue ATP . .-
level.s. The pos.itive effect upon peripheral circulatory ~ May 

in turn he1p to reduce the severity of ischemic damage to cellul.ar 

-;' components within the tissues. , 

steroid administration in nongal animals produces a 12% 
~, 

moraase in hepatic tiissue ATP levels. This 1s similar to < results 

obtained by FeigelS'on and Feigelson (92). McArdle et al (224) obtain-
(/ ~ 

ed a silft1.lar increase in hepatic ATP levels following administration. 

" 
of an O<-tdrenergic' blocldng agent, acepromazine maleate. On the other-

hand, Young (361) states that hydrocortisone may cause a decrease in < 

o 

,the leve1 of intracellular ATP, which 1s what was found in the normal, 
, 

intestine in the steroid-treated control, animals (Table IV). 

Sh~~-i~ both steroid-treated and untreated animals, was 

associ~ted witb no significant alterations in tissue ATP leve1s. 

Numerous' inve~tigators (50, .f)l.A58, 288) have reported significant , , -
reductions in tissue ATP levels during oligemia., However, by 2 hours 

fo1l:owing re-infusion of"b1odd, ATP 1eyels ,May rec,over to within 30 

to 40 percent of normal (152, 176,_ 224). The tissue 'biopsies in this 

study flere obtained 4 hours f911o~ng re-infusion 0l b1ood. and were 

not significantly different fram control values. Steroid th~rap~ in 
~ , 0 

shock; therefore, provided no inlProvement in tissue ATP/levels. 'There , , 

~as no correlation between altered a~enyl cr.yclase fUnction and changes 

in tissue ATP levels. 
1 

o 
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Goldfarb and Glenn (123) state that steroids may maintain 
\ 

,lysosomal stability in ischemic tissues by ,restoratHm of cyclic AMP 

l.eV'els. It is interesting that they did not state, that because cel.i-, 

uiar and lysosomal membranes are stabi1ized by the steroid, the 
\ 
cyclic' AMP system is therefore restored. Ignarro et al (155) report 

that li ver lysosomal frac~ions contain ~ receptor sites which 1'1hen 

stinlll.ated by catecholamines, inhibit lysosoma1 enzyme release by a 

cyclic AMP - mediated process. The P response to epinephrine is 

aboli shed in shock as seen in this study. Therefore, by restorating 

the p recept,r resp~nse to catecholamine stimu1~tion, the steroids 

may also r~tore the effectiveness of the cyclic AM? - mediated lysa-
r 1 , 

somal stab~lizing effect. 
1 

/ 
The question arises as to whether the improvement in adenyl 

cycl.ase function is assoeiated with improved' delivery of the hormone 

or actua1 enh9Ilcement of receptor and/or catal.ytic -.mction. Since 
1 

the response to epinephrine in steroid--treated shock is sUl?ranorma1, 

there mu.st be. improved enzyme f'unction in addition to improved peri-

pheral blood fiow. 

Steroid treatment in normal li vers is associated with no 

increase in response to in vitro glucagon addition (Figure 29). 

"'However, there is a stimul.ation of basal ACA in the intestine of 

,steroid ":" controls where norma~ response to 

in vitro addition of ~gl.ucagon (Figure 29),. This effect of the steroids 
, 

is most probabq rel.ated to the 0( adrene~g:iLc bl.ocldng properties 

./ 
/ 

/ 
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(74) of MPSS. In bloc king any ex or inhibitory in:f1uences upon in

testinal ACA, basal and hormonal activities become sansitized, and 

to sorne degree stimulated - even in shock. 

steroid therapy in shock i5 aSBociated with significant 

improyements in hepatic response to in vitro addition of epinep~e 

and glucagon (Figures 29, 30). This effect is more prevalent with 

epinep~e than vith ~cagon. 
\ 

\ 

!' 

Steroid thera~ in shock i5 probably associated with a 

stabilization of the ce1.l membranes with a resultant improvement , 

in the receptor - subunit function of the membrane-bound AC. 
\ 

The NaF - stilJlÙated AGA is not significantly different 

, , 

between the steroid-treated and untreated control groups in either the 

liver or intestine (TB;ble IX). However, sincè MPSS administration 

caused an increase in bas-al ACA in the normal. liver (Figure 24), 

hepatic NaF - stilllllated ACA in F':iIgu.re 31 appears reduced from the 

untreated control value. It May thus be concluded that shorl-:\:.erm 

administration of pharmacOlogie al doses of MPSS does not induee the 

synthesis of new AC enzyme. Furthermore, there appea.z.;s to be no 

significant inhibition or interferenee in the ability of NaF to 'inter-

aet with and stirrW.ate ACA in the presence of MPSS. However, the ACA 

measured in the presence of NaF is significantly red~ced from control 

in shock and in steroid-treated shoek in both t-he li ver and intestine, 

when aU the data i8 grouped (Table IX). As mentioxied previOusly, 

shock and ischemia in the splanehnic tissues is associatad with a 

o 
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TABLE IX 

Changes in ~Sodiurn F1uoride Stinrulated 
Adeny1 Cyc1ase Activity Following Steroid 

Administration in Normal and,Shock Animais , , 

LIVER 

29.69 + 2.52+ -
Control - Stero~d 32.46 + 7.04 -
Shock 21.80 + 

"- * 
2.85 -. 

Shock - Steroid 17.07 '+ 2.45 * -

INTESTINE 

13.tfJ + 1.45 -
11.15 + 1.30 -
9.44 + - 1.69 

7.08 ' * ± 0-.72 

+ All values represent pmols ctAMP/jUg DNA/IO min. ~ S.E.M. 

* SigIrl:ficantly (p = or <.05) redue ed from control (student-T-Test) 
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\ .' 10ss in the total. amount of AO enzyme - ,as represented by reductions , 

in NaF - AOA. Steroid therapy in shock doea not induee synthesrs of 

new adenyl cyclase enzyme, howevert the ability of the remaining AC 

to respond to NaF (Figure 31) has been improved from that seen in 

shock. The steroids do not create new etlzyme, --'nor do they restore 

sll the 1d'st enzYme. They do, perhaps through a membrane stabilizing 

effect, enhance the function of both receptor aM. catalytic subunits 
\ 

in the remaining AC enzyme; 

_ Throughout~this study, it has beeome increasingly evident 

-
that absolute ACA in the liver exceeds the sarne in the intestine. \ 

.-Basal, NaF - stinrulated, in vitro epinephrine and in vivo epinephrine 
\ 

stimulated ACA in the liver ranges from 150 - 200% greater than the . ' , 
respective enzyme aetivities in the intestine. The resson for this 

phenomenon, has been touehed on before, Rodbell et al. (285a) have -
shown thst the liver binds 20 times more glucagon than do fat cells 

) 

(which are specif:tc for epinephrine) where glucagqn -... sensitive AC 

is 25 fo1d 1ess than hepatic AC. This princip1e applies al.so in 

the .intestine, where ~he:re is a 1ack of glucagon - sensitive-AC 
, 

(312) and a presence of epinephrine sensitive AC. The fact that 

the absolute values for intestinal NaF -' stinulated ACA are so much 

lower than those in the liver probably indi,cates there is lsss 

adenyl cyclase!mg intestinal tissue than per mg hepatic tissue. The .. 
reason for this discrepancy is l1!0st likely centered around the physio

logical need for the AO system. Bata adrenergic stimulation ls of 

limited physio1ogical significance in the intestilie as compared with 

the liver (318). 

'\ 
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Glucocorticoids 

Gluc on 
./ 1 

Changes in hepatic phosphodiesterase (PDE) activity follow-

mg in vivo glucagon injection are presented in Figure 32. 

Control hepatic PDE activity in t~s serie~ of animal~ 

waB 154.49 + 18.31 pmols cyclic AM? destroyed!,ug DNA/5 minutes, and' - / 

did not change follp~ glucagon linjection. In shock t , the basal PDE 
\ 

activity is decreased by 23% (not signiticant) and gradually increases 
! 

to ,control l.evel,s by 15 minute::; following glucagon injection. Steroid 

treatment produces a 44io (p <.05)'''decrease trom control basal PDE and 

a 27.10% deerease from tne respective shock value. The steroid 

treated PDE activity does not change from basal levels after glucagon 

administration. 

Changes in intestinal {,PDE activity fOllowing glucagon 
!, 

injection are presented in Figure 3;3. 

Control basal PDE in the intestine is 14.~7 ± 1.45 pmols 

cyelie AMP destroyed!Jlg :PNA!5 minutes, and does not change f~llow-
, , 

1 - , 

ing glucagon inj ection. : In shock there is a significant (p < .025) 
\: ,,/ . 

25% decrease in basal 'Pl' which remains the sarne aiter glucagon 

-administration. 'st~roid treatment restoras PDE seti vit Y • toward ~ 
control levels. 

e 
J 

Hepatic PDE a tivity folloWing epinephrine pulse is pre-
l ,t 

'sented in Figure 34. cbntrol hepatic PDE 15 75.67 + 15.13 pmols' -

1 ~ - - . 

\ 

1 
1 

\ 
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FIGURE )2 
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FIGURE ;3 

-

.INTESTINAL . PHOSPHODIESTERASE RESPONSE, 
TO IN VIVO GLUCAG.ON INJECTION 
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destroyed/Ag DNA05 minutes. This value does not increase significant

ly after epineph~e bolus. In shock, basal PDE is signïficantly 
/ 

increased (p < .025) before and at 2 (p <..025) and '15 rrd.nutes (p <.0025) 

after epinephrine injection. Steroid treatment is associated with a 

significant (p <.05) 27% decrease in PDE from shock levels which ra-

mains unchanged. 

Intestinal. POE acm vit Y following epinephrine pulse i5 seen 

in Figure 35. Control intestinal PDE activity is 21.25 ± 3.35 pmols 

cyclic AMP destroyed/)lg DNA/5 minutes. This value does Dot change 

after epinephrine pulse. In shock the PDE activity is unchanged from 

the control activity and remains the sarne following epinephrine 

injeC~ion. Steroid,treatment in ~hOCk is associated with a signifi~ ~ 
cant (p'<.05)' 20% reduction in PDE from shoCk' lev~ls at 15 rrd.nutes/I 
foJ.1.ow:trlg epinephrinë bolus. 

1 

(iii l Norepipephrine 

i 

Changes in hepatic PDE activity folloWÎDg norepinephrine 
, 

injection are pre.sented in Figure 36. A slight decrease (nonsigni-

ficant) from basal levels i8 seen fOllowing norepinephrine bolus in 

nonnal anim~s. In shock, bass+ POE is only slightly decreased (non-
, ~ " -

,significant) from control and this value rises only slightly by ;1.5-

minutes. \ \ e 

Changes in 1\ntestinal nncosal POE act1Vity aft'er norepi

nephrine ,bolus 15 presented in Figure 37. Control basal POE aeti vit y 

does not change following norepinephrine injection. The::e ~e no 

.. '-
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FIGURE 34 
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FIGURE 35 

INTESTINAL ,PHOSPHODIESTERASE RESPONSE 
TO IN VIVO EPINEPHRINE INJECTION 
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FIGURE 36 
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FIGURE 37 
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• 
significant changes in intestin.al PDE in shock, and the levels do 

not differ from control levels. 

. Hepatic PDE i5 generally 6 rold greater than intestinal 

PDE (Table X). 
. 
'.::. 
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TABLE X 

Base1ine Phosphodiesterase Actlvity 
in Shock and Steroid Therapy 

LIVER 

123.50 + 12.80+ --, . 
144.19 ± 22.02 0 

Shock - Steroid llO.98 ± * 4.50 

INTESTINE 

17.94 .:t 2.75 

16.49 + 1.80 -
16.23 + 1.28 -

+ Ali values represent pmo1s' ct AMP/)lg DNA/10 ''min. + S.E.M. 
* 1 -Significantly reduced (p <.05) from shock value (Student-T-Test) 

't d ··r _. '" "' . . 'if 

o. 



" 
" 
\' 

~, 

t 
1 .. t 
t " , 

c 

, 
1 

/ 

.' 

- 139 -

Discussion: 

The amount of cyclic AMP present at .any one time is influ-

enced by it' s rate of synthesis, but also by it' s rate of destruction. 

Therefore, it 1s of greJt inŒ>ortance to observe'tchanges in phos-

phodiesterase (PDE) activity before comments 
1 

tissue and plasma levels of cyclic AME. 

can be made about 
r 

The AC response to epinephr:tne in the ster9id.:.treated 
1 

1J:lhock tissue is supranormal. This may indicate thati related and 

compatible changes are occurring within the ceil to 'potentiate the ,,

adrenergic responsé. For ex~ple, in the presence of a P-agonist, 

PDE activity mat be decreased, and cyclic AMP breekdown reduced -

thus potentiating the f3 response." Furthermore PDE activity has been 
l ' 

- / 

shown to be altered by severaI.hormones and drugs~ Therefore it was 
1 

/ 
of interest to observe the changes in hepatic and intestinal 'f DE 

\"\ 

activity fOllqwing in vivo hormone injection in the normal, shock, 
" 

and steroid-treated shock animals. 
/' 

Numerous investigators (54, 202) have noted that most 

tissues' contain both a low Km (0.2' - 3)lM) and high Km (15 - 250 )lM) 

PDE enzymes. OU~ers (23'9, 343) have shown up to 7 separate PDE 

enzymes in one tissue. Furthermore, SUtherland and 1!,all (335) have 

shown that PDE ~tetiv:ity can vary consiperably from tissue to tissue.' 

Hepatic low Km PDE activity in this study is ~most 6 fold greater than 

intestinal low Km PDE activity. Since !'I0st changes are said to oceur 

in the low Km PnE fraction (213) - it was this enzyme which was 

. , ) , .. 
l ' 

\ 
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chosen for study. 

Pawlson et al (256) and others (66, 212, 365) have shawn - ~ .. 
that cyclie AMP, in addition to being the substrate, may alsa play 

a raIe in the acute regulation of PDB activity. POE activity is 

increased 35 to m by in vitro addition of epinephrine or ACTH

'agents whiCh increase. fat c~ll content of cycllc AMP (256). PDE 

activity reaches a maximUm by 4 - ~ minutes, t1Ius paralleliQg changes 

" 
in cellular cyclie AMI' production; then falls toward basal levels 

by 20 to 30 minutes. Sirnilar changes were observed. in this study 

. following in vivo epinephrine injection (Figure 34). Control liver 

, 

-
samples obtained at 2 minutes following epinephrine injection showed 

. \ 
a 3r:tf., inerease over basal PDE ievels. Zinrnan and Hollenberg (366) 

-
also found a 30% increase in PDE aetivity in the presence of 

epinephrine. The increased PDE in the liver is associated with the 

increased AGA. Fu~heI'll!.ore, a l~ fall in .hepatie PDE was sean at 

,2 minutes following norepinephrine injection (Figure 36) which was 

,~ associated ..w:i.th no increase in cyclic AMP productiOn. Glucagon increas-
1 

ed hepatic cycliÇ. AMP production, but was a~ociated with no change in 
" . 
PDE activity (Figure 32). This may represent further evidenC!e for 

the specificity of hepatic AC response to epinephrine or glucagon. 

-The cyelic AMP generated by eitber hormone may be immed.iately corn-
. -

parlmentalized and direc,ted toward specifie physiologie responses. 

The cyclic .AMP generated by glucagon lDay be reserved primar,ily for 

hepatic glucose metab~~sm while that generated by epinephrine may be 

fi' 
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used in a more ubiquitous fashion and oruy a small portion directed 

tow~ glucose met aboli sm. The remaining portion m~ be directed 

to the vicinit.y of POE in order to inorease oyclic AMP destruction 
" -

and limit the action of epinephrine; 

No increase in PDE was seen in the intestine following 

epinephrine, glucagon or norepinephrine injections (Figures 33, 35, 

37). Acute regulation of the cyclic !MF system May not be needed 

in the intestine ta the degree that it May be required in the liver. 

Lit.t.le concrete data is available on the effects of epi-

nephrine, glue agon , norepinephrine or shock upon intest.inal low Km 

POE. Most of the work done on PDE has been performed in the normal 

liver or adipose tissue. In addition, the few reports available on 

hepatic PD~ changes in shock are conf'licting. Glenn and Goldfarb (118) 

report. thate\n shock, hepatic POE activity increases by 5fJ1o. Further-, 

more, Cheung (53) states ,that citrat.e and ATP prGduce a 50 to 75% 
f ,. .. 

inhibition of POE 'aetivity. It niay be that in ,normal t:kssues, POE 

is operating under the ~i.bitory :ipfluence of citrate and ATP, :while 

in shoek tissues which eontain redueed amounts of citrate and ATP, POE 

is re~eased from this parlicular influence and may remain unchanged 
ft 

or increase. 

Changes in the intracellular ion content may also affect. 
, , 

PDE aetivity. Sinee magne sium ions are required for PDE activity 
, r ' ~ 

, (78, 335), and hypax:lc cells tend 'to l~se rnagnesium (231), then 
\ . 
PDE activity might be expected to fall. ~al~m ions are sud to 

\ 
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inhibit PDE (9, 53, 138) and are kilown to accwnulate within shock 

cells; then PDE rnight again be expected to decrease in vivo. On 
! " :-

/the otherhand, Rutenberg (unpublished data) states that there is no 

change in hepatic PDE in shock. The effects of shock upon b.l.s.al 

hepatic and intestinal PDE in this study, were variable (Figures 32 to 
'41' 

37). There appears to be no relatiohship between increases oJi!iÎ1e-
creases in PDE ac~ivity~d altered receptor and/or catalytic f~tian 

of the AC enzyme. The epinephrine-induced increase in hepatic PDE is 

significantly reduced in shoclt (Figure 34). This may be due to the 
\ 

fact that AC response and cy'clic AMP generation are aboli:shed. The 
"\ 

grouped data on basal PDE response in shock (Table X) shows a non-

significant 16% increa~e over control basal PDE. PDE may be associ-

ated primarily with the soluble fraction of the ceil and not the 

membrane.- Therefore, ischemic damage to tliF cellular memb\ane is 

not n~cessaTily associated with sirnilar alterations in PDE fonction 

as seen with the AC enzyme. 

,Mallganiello and Vaughan (213) and Senft (316) have shown 

" 
that adrenalecto~ is associated with increases in tissue'PDE acti-

,vity. Furthermore, numerous investigators (44, 124, 186, 206, 211, 

316)/ have reported that 25 - 5CJ!, depressions in basal PDE activity 

occur in nonnal tissues when steroids are adnrlnistered ei ther in vivo 

or in vitro. 

The effects of shock upon hepatic and intestinal PDE are 

variable, however the chan,ges associated with- steroid treatment are 

1 -, 

, 
!. 
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note Basal hepatic PDE in the steroid treated animals was significant
. .1 

1y decreased from shock levels by 27% in both the glucagon and epine-

phrine series (Figures 32, 34). The inhibitory influence of steroids 

upon PDE activity in normal tissues is still evident in shock tissues. 

Thus, the mechanism by which MPSS alters PDE activity is not aboli shed 

in shock. 

The 30% increase in PDE that occurred 2 minutes following 

epinephrine injection in normal animals (Figure 34) which was absent 

in the shock animals, was partially rest9red in the steroid-treated 
, ~ 

animals. Since the AC response to epinephrine was restored in the 

steroid treated - shock animals, it i5 not unlikely that c~clic AMP 
. 

i5 again acute1y regulating PDE activity as seen in the control 

tissues. 

The influence of insulin upon PDE act'ivity must be mention-

ed. Several investigators (153, 207, 213', 317, 366) ha'V"e reported 

that exogenous administration of insulin incresses homogenate PDE 

activity. pawlaon et al (256) studied this effect of in~in upon -
PDE activity_and determined tEat the mechaOlsm of insulin - induced 

~:-ses is difterent from the cyclic !HP ~ induced PUE increas

es. The resu1ts obtained in this .study agr..ee with Pawlson and further

more indicate that probably the cyclic AM? influence upon PDE activity 

overrides the insulin influence. \' 

. ~nSulin levela ~ the control animals increa~ed much more 

immediately following glucagon injection than fOl1owing epinephrine 

J 

/' , 

1 
1 
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injection (Tables XV, XVII). However hepatic POE did not increase 

folloWing gluC8g9n injeètion (Figure 32). The basal ci~cu1ating in

sulin levels in shock were highest in the glucagon senes, however 

shock basal, hepatic and intestinal PDE in this series were lower than 

in the epinephrine series. The basal sbock insulin levels in the nor

epinephrine series (Table XIX) were greater than the respective cont-

rol values, but hepatic PDE activity was lower in shock. The basal 

insulin levels in the gl'llcagon series (Table XV) of steroid treated 

shock were two fold greater than the respective value in the epi-

nephrine group (Table XVII). However, aga:in., hep~tic and intestinal 

PDE activity were greatest in the epinephrine series (Figures 34, 35). , ' , 

Therefore, it appears that there is no relationJShip between changes 

:in endogenous insulin levels and PDE activity. There are severa! 

possible explanations for this. The effect of insulin on PDE has 
, 1 

been, studied folloW1ng exogenous in vivo or in vitro administration 
o 

df insuline The endogenous levels obtained in this stuây may not 

be great enougb to exert a notieeable influence. Furthermore, it is 

not known whether insuJ.i!l and cyelle AMP affect the same PDE enzyme. 

The data 50 far indicate that steroid treatment in shock 

tends to restore both the AC and PDE responses to hobnonal stinW.a-

tion. 
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G1ucocorticoids and Plasma Cyc1ic !MF Leve1a: 

(i) Glucagon 

The affect of glucocorticoids upon hepatic plasma cyclic 

!NP 1eve1s fo11owing in vivo glucagon injection in normal and shock 
( 

animais is presented in Figure 38. 
-

The' control basal hepatic plasma cyclic AMP 1eve1 is 

41.04 ± 12.71 nIl101s/1. This value is significantly increased 

(p <.05) by l minute following glucagon }:Wse and continues ta tise 

(p <.025) to peak at 10 ~tes, then faU slightly by 15 -mutes. 

Steroid administration in control animals i5 associated with no 

significant change in baseline plasma cyclic AMP leve1s, however 

the 1evels by 5 minutes fol1owing glucagon injection increase at 

a greater rate ,and peak at a higher leve1 by 10 minutes than in 

the untreai:,ed contraIs. They also ~all off slightly by 15 minutes. 

In shock, there are no significant differences in the basal and 

ini~ia1 plasma cyclic AMP 'response t,e gfuéagon pulse, however after 

5 minutes the 1evels drop off slightly from those in the control 

,and steroid treated, control animals at 10 and 15 minutes after 
, ];' 

glucagon. Steroid administration in shock is aS50ciated with a 

greater rate of hepatic plasma cyclic '!Mf appearance initially, 
, , 

however by 5 mutes' the levels no longer increase and remain stable • . ~ , , 

The affect of glucocorticoid administration upon portal 

,plasma cYylic !MF levels following glucagon injection in normal' 'and 

shock ani.mats is presented in Figure 3J' 

. ' 
1 
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FIGURE 39 

-PORTAL PLASMA c ~MP LEVELS 
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There is a. smiller cyclic AMP response' in the normal portal 

plasma than in the hepatic blood following glucagon injection. The 

increase in th~norma1 animal becomes significant by 3 minutes and 

continues to rise 'gradually until 15 minutes following glucagon pulse. 

Control steroid treatmept i8 as~ociated with a significant 

(p<.~5) increase in portal plasma cycllc AM? at 1 minute following 

glucagon ~njection when compared to the respective untreated control 

value. The., response remains similar ta the untreated control until 
1 

15 minutes where it peaks at a slightly higher level. The incr~ase 

in plasma cyclic AMP is significantly grester (p < .05) in shock, cam- , 

pared to the control at l minute ,following glucagon i~tion. How

.. er~/.i; very slow thereafter and the l.eve1s st 15 IIÛllUtes 

arV Sigmficant~ (p <.05) depressed. fram the levels 'obtained in 

steroid treated. and untreated co~trols. Steroid therapy in shock is 

associated with a slight elevation in basal portal plasma cyclic AMP 

level over the respec~ive control value (not significant). in addi

b~~, the level st l minute following glucagon bolus i8 also slightly 

elevated over the respective control value. However, again the rise 
~ 

i8 slower and 1eve1s fall off Dy 10 minutes' and are depressed from 

both steroid-treated and untreated contro1s by 15 minutes (not signi

ficant). 

(i1) Epinephrine: 

The effect of glucocorticoid administration on hepatic . 
,plasma c.Y.Clic AMP level; follow:Uig in vivo epinephrine' injection in 
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nomal and" shock animals is presanted in Figure 40. HepS;tic plasma 

cyoUc ~MP levels show a steep rise Within 1 ntinute following epi-

nephrine injection. They remain significantly elevated over basal 

levels at 3 (p <.01) and 5 (p <.025) minutes. Tnertl 1s a small 
~ , 

decUne at 1,0 minutes and then a peak again at' 15 minutes. (S1gn1-

ficantly (p <.05) elevated from basa11ev.el). The rise 1s more rap1d 
1 

in shock - the f.1rst peak 1s sustained from 1 to 3 minutes. The 

decline 15 more rapid and remBins low from 5 to 10 minutes whereupon 

it ri~ again to a- level similar to that seen at 15 minutes 1n the 

control situation. Steroid treatment in shock i5 associated with a 

small elevation in basal hepat1c plasma cyclic AMP and a reduced but 

not significantly different resp~se from that sean in the control 

animals. 
/' 

The change in plasma cycUc AMP tevels in the portal blood. 

is presented in Figure 41. The response to epinephrine injection in 

the portal plasma is more rapid and rèmains consistèntly higher th~ 

that sean in the hepatic blood. 
1 

The levels became signific~t1y increased over basal levels 

by l,minute (p <.025); show a small decline ,at 3 rrdnùtes and peak again 

by 5, rema,ining constant untiLl5 lI):inutes following epinephrine bolus. 

In shock, the basal level is significantly (p < .05) increased over the 

èontrol level, however the response following epinephrine inje~tion 
/" 

1s significantly less than the control at 5 minutes after epinephrine 

pulse. 5teroid treatrnent in shoek is associated with a response 

. 
~~-------------------~~ ~---~~~33_~~._)=_ 
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FIGURE hQ 
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FIGURE .u 
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FIGURE 42 
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FIGURE 4.3 

PORTAL PLASMA c:AMP LEVELS 
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TABLE n 

Baseline Plasrpa ct AMP Levels Following Steroid 
Àdministration ~ Normal and Shock Animals 

HEPATIC BLOOD 

Control 49.42 + 13.52+ -
Control - Steroid 50.42 + - 14.06 

Shock 59.41 ' + - 26.ll 

Shock - Steroid 88.45 + - 38.69 

PORTAL BLOOD 

35.83 + - 8.89**' 

33.75 + 10.05** -
93.69 + 33.23* -
63.05 + 23.33 

fi -
+ ru values represent nmols C'AMl'/L plasma .:t S.E.M. 
* Significantly (p = or <.05) e1evated from control (Student-T-Test) 
** ' Significantly (p ... or <.05) decreased :t'rom shock levels (Student-T-Test) 

TABLE nI 

Baseline Tissue ct AMP Levels Following Steroid 
Adminis~ation in Normal and Shock Animals 

LIVER 

Control · 2.66 + 0.53+ · . -
Control - Steroid • 2.01 + 0.43 • -
Shock 2.34 + 0.40 -

* Shock - steroid 1.59 + 0.21 -dl 

INTESTINE 

3.37 + - 0.45 
.: 

2.04 + 0.62 -
3.24 + 0.44--
2.15 + - 0.33'" 

+ Ail values represent pIlols c'AMP/mg tissue ± S.E.M. • 
* Significantly (p :s,or(.05) redueed from control (Student-T-Test) 

, 
/ 
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slightly lower than control whieh falla off significantly (p <.025) 

by l"nrl.nutes. 

( iii) Norepinephrine 

T~e hepatic plasma cyelle AMP response to in vivo nor-
J 

epinephrinf;t injection 1a preaented in Figure 42. There arê no signi-
, 

fieant changes in the hepatic plasma cyelie AMP levels following 

norepinephrine injection in the control animala. The response in 

shoek 19 slightly elevated but i5 oruy signifieantly iner,~sed 

(p' <.01) over control 'levels at 15 minutes. 

The portal plasma ayalia AM? response to norepinephrine i3 

presented in Figure 43. There is very llttle change in portal plaslDÇl 

cyelie AMP in normal animals following norepinephrine injection. The 

basal portal plasma cyclle AM? level is significantly" elevated 
t 

(p <.025) in snack and the response slightly elevated over control 

levels, slgnificant (p <.05) at 10 minutes. 

Hepatie plasma cyclie AMP levels 'exceErl portal levels by 

an average of 4<Y;t'(Table XI). However, in sho~k, this ratio is 

reversed and hepatic levels are 36% less than portal levels. steroid 

" administration in shock restores this ratio. 

Glueocorlicoids and Tissue Cyclic AMP Levels:
v 

(i) Glucagon 

Hepatic tissue cyelle AMI' changes following in vivo gluca

_ gon injection in steroid-treat~ and untreated control and shock 
, /' 

", 
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animals i5 prese.nt.ed in Figure 44. 

There is a significant. (p •• 05) 54% increase in hepatic 
" 

cyclic AMP levels 2 minut.es after glucagon injection. Tissue levels 

ret.urn to nonrÎal by 15 minu'l1es. Sterôid-treated controls show non

significant, ineresses at 2 minut.es and at 15 minutes. The response 

in shock i8 not different from that seen in the steroid controls. 

St.eroid therapy in shock is associated with a slight depression in 

the basal cyclic AMP level and in the response to glucagon. 

Changes in int.estinal cyclic AMP levels following glucagon 

in steroid treated and untreated animals are presented in Figure 45. 
1 

There 'is a gradua! dec~ease in intestinal cyclic AMP levels 

fo110wing glucagqn pulse. This i5 significant (p < .05) at 15 min-
" 'v 

ut.es. Steroid treatment in control anima!s is associated wit.h a non-

significant decrease in basal tissue cyclic AMP levels. The levels 
1 

remain 10w at 2 minutes and are signficantly (p<.05) r~uced from 
. 

controls at 15 rrô.nutes following glucagon pu1se. Shock 18 associ-

ated with levels of intestinal oyeli? AMP not signi!J,.cantly different 

from control values, or steroid-controls at 15 minutes. Steroid 
~ ,\' 

treatment in shock produces a significant depression in basal cyclic 

AME' levels when compâred to untreated contr01s and shock. Tissue 

1evel~ continue to fail and are not signiflcantly reduced fro~ \ ' 

control and shock levels at 15 mlnu~.es. 'l'here is no difference in 

~testinal cyclic AMP levels 'iJ.:>e~~een t.he ste~id-t~eated con;ro~s 
4nd the steroid"treated shoek animals. 

) 
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(i1) Epinephrine 

Changes in hepatic cyclic AMP 1eve1s f'ollowing epinephrine 

injection are presented,in Figure 46. 

There is a ~ and a significant (p< .05) 45% increase in 

the normal hepatie tissue cyclic AMP leve1s at 2 and 15 minutes 

respective~ following epinephrine pulse. Shock i5 associated with 

a similar response; the cyclic AMP 1evel at 15 minutes being signi

ficantly (p <.025) elevated ab ove the basal level. Steroid treatment 

in shock produces a slight depression in hepatic cyclic AMP leve1s . 
from control which is significant (p <.05) at 15 minutes. 

Changes in intestinal cyclic AMP ~ontent following epi-

nephrine injection are presented in Figure 47. 

There is a small de cline in tissue cyclic AMP 1eve1s f'ollow

ing epinephrine irl\iection which becomes significant (p < .01) at 15 

minutes. Shock i8 associatéd with a signii'ieant increaàe (p <.025) 
f-

in basal tissue lev:els f however 'levele fal1 off' slightly following 

epinephrine pulse. ,Basal cyclic AMP levels àre not significantly 
/" 

reduced from tlte respective shock levels in the steroid treated shock 

animale. There i8 a signific811t incréase (p (' .01) at 2 minutes which 

falls back to basal 1eve1s by 15 minutes. 

(iii) Norepinephrj,ne 

~ _Changes in hepatic cycl1~AMP content following norepine

phrine injection 18 presented in Figure 48. 

There are no changes in hepatic cycl1c AMP content follow-
1 

/ 
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FIGURE !il 
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ing 'norepinephrine bolus, and in shock the values do not <lifrer from 

the respective control va1ues. " 

" Changes in =!-ntestinal cyclic AMP content following nor-

epinephrine 1Djection are presented in Figure 49. 

There i5 no change in cyclie !HP eonten'l1 in nomal animals 

following norepinephrine pulse. Cyclie!HP content in the shock 

intestine is significantlJr redueed (p <.05) from contro1 at 2 minutes 

ait el~i norepillephrine pulse. 
/1 ,'11 

1he cyelic AMP content of intestinal tissUe 1s general.ly 

25% greater than the cyelic AMP content in the liver, nowever in 
1 

the ste~oid treated., eontro1s, the cyclic/ AMP content is the sarne , 

in the two t1.ssues (Table nI). 
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Discussion z 

, ~ 

èyclic AMP is the product for" AC and substrate for PDE., 
~~ , 

The data so far implicates changes in both these enzymes in shoc;k. 

Glucocorlicoid therapY" in shock exerts a positive influence upon 
.( 

-these enzymes tending to return their hormonal responses to normal. 

However, aince tissue. and plasma cyclie AMP are a net result of ACA, 

PDE activity, leakage and utilization and. sinee the ultimate physio-

-logic responses are med.iated by cyclie AMP - it was of great import 

to study_.d1.anges in both tis.sue and plasJlla cycl1c AMP levels. The . . 
changes in cyclic AMP in hepatic and intestinal tissue and hepatic and 

portal plasma are discus~ed with respect to one another 8nd to changes 
, 

in ACA and PDE activity. 

,Measurement of total 'tissue cyclic AMP 1s not as easy to 

, interpret as once was thought~ Several inv~stigators (49,' 351) have 

reported that cyclic AMP and other adenine nucleoti~es are capable 

ot ,crossing cellular membranes intact, to appear in the ext.racellular 
, -. 

fluide Exton et- al (86) and others (12, 36) have shown that glucagon -
<4 

and epinephrine markedly increase net hepatic cyclic AMP generation, 

however the increase was more accurately ref+ected in the increasing .. 
- extracellular fluid levels than in an intracellu1ar accWJtlllation. ' 

They (86, 185) _round a better correlation between the glycogenolytic 
, 

effect of these hormones and the rise in perfusate cyclic AMP rather 
c. 

than tissue levels, in the pe;rfused, l1ver. Furthermore,~ McArdle et al 
, , -,1. • ç 

(224) have shown that epinephrine can stidb.attvclic AMP production 

o 
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in the intestine in vivo, but the increased amaun~s of cycli~ AMP 
" 

l.eave the ce11s and enter' the poI1'-a1 plasma resulting in no intra-

cellular accumulation •. Wehmann et al (351:, 352) also came to the 
J 

concluSion that the sma1l intestine is an important source of plasma 
! 

c~cli1i ANP. , /~, ,~ ! . A large portion of the intracell\Ùar baseline C1cli9 AM? 

,,\con1nt ~ the norm~ llver and intestine, May be in an inactivè 

b' d or compartmentalized form, whereas the active free cyclic AMP 
", ~ . 

" 'leak ,into th~, extraeellu1.ar ~pace (85, 185). ' Furthermore, Anderson 
, , 

~_al_ (8, 9) and Matsumoto and Uehida (219) report ,that nJ change in 
, :..; 

is~e cyclic AMP leve1s can oocur when no significant alteration in 

~he.ratif betweèn ad~l cyclase activity ~d phosphodiesterase 

activity takes place. -Therefore, changes in the ACjPDE' rat~o ~ 
.. 

affect chang~s in 1D.tracelluJ.ar and to a greater degree ext,racellu1.ar 

otclic !NP levels. 

The source of pla~ma 'c1c11e AMP under basal eondit:tons 1s 
. , 

rather uneert,$in. \However, it is thought, that organs'release and take q 

ut> crelle AMP at the Salle time (351) •. The basa1levels of plasma /. 
1 

cyclic AMP obtained in thia study range between 15 and ,30 nanomoles. 

per li tr~ of plasma. Similar le:t.els have been reported elsewhere 1 in 

dogs' (351,/352) and in man (115, ,196, 265). Normal basal hepatie flissue .., --

.oyclio AMP 1evèls' in tlUs ,study ranged f~om 2.26 to 2.88 Jrl.oomo1es of 
, -

.:cycllo AMP per milligram wet wei:~t (pmo1ajmg) of tissue. This is with-

" ''in the,range reported by Robison (284, p. 27~, ChaPt_ 7). The baseline 

," .' 
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levels of cyclic AMP in the intestinal mucosa ranged between 2.67 and 

3.B2 pmols/mg. This is • agreement with data reported by others (101, 

224, 298, 299). 

Glucagon is more potent in mobilizing hepatic glucose than 

is epinephrine. This was evident in the greater increases in ACA and 

tissue and plasma cyclic AMP levels following glucagon injection com-
< ' 

pared to epinephrine. These observations are in agreement with others 
! 

(5, 88). Norepinephrine ris an alpha-adrenergic agent and. ,therefore 

produced litt le change in cyclic AMP production and glucose mobi1izatio~. 
/' l ': 

There is another essential difference between the glucagon / 
\ 

1 
/ and epinephrine respQnses. 

1 

The pattern of tissue and plasma cyclic 

AMP rèsponse to epinephrine is biphasic in nature, while that fOlleWi1 

, ~ 

glucagon is not -(BB, 334). This finding was confirmed in the presen]t 1 

study. The explanation for the biphasic response to epinephrine is 

not certain, however it has been proposed (334) that an increase in _ 
f - "_ ..... 

f 

PDE, (which was seen in this study, Figure 34), 

r='-- - decline seen following the peak in hepatic plasma 
-':'"\ , /' 

. This coupled with a mass}ve initial release of cellular cyclic AMP 

~t also account for the lack of tissue cyclic ANF accumulation. 
i " ,. ,f, • 

This theory is borne out by the fa,ct that by 15 MUlutes PDE has ra-

turned to normal and. cellular release has slowed down wh1..ch allowed 

for a significant intracellul.ar accwm1lation of cyclic AMP. Further-

more, in the glucagon group, PDE activity did not change ahd initially 
-

cellular release vas slower. than at the sarne 1;.ime following epinephr.1.ne. 

"'--, 
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This allowed for a signifioant inorease ~ hepatic crclle AMP at 2 

minutes which ·fell to normal by 15 minutes when cellular release was 

much greater than that seen after epinephrine. , , 

;' Gyelle AMP, itse1f, appears to be partially responsib1e for 

tenninating iVs own actions. This is accompli shed in two ways: -by 

'stimulating PDE aetivity to increase intracellular breakdown; and 

by escaping into the extracellular fluide These twO mechanisms ~ 

operate one at a time or in unison. 

The pattern of cyelle !MF responae to glucagon in the portal 

plasma probably ref1eets the -changes in hepatic b100d levels eontri

bu~ed by the liver (Figures 38. 39).' Furthermore, there was a slight 

decline in intestinal lIIleosal cyelic AMP levels. This was not upe;x.-

pected. Previously mentioned. was the faet that the intestine does 

not appear to contain signitican~ 8IIlounts of AC sensitive to glueagoI!. 

Field et al (95) stated that addition of epinephrine to - ~ 

en iso1ated atrip of intestinal III1cosa resulted in a decrease in 

lissue eyelie'AMP levels and therefore conc1uded that epinephrine 

exert.s an alpha-like effect upon the intestinal Jlllcosal, AC. There 

-r 

was alao no intestinal accumulation of eyelic AM}> following in vivo 

epinephrine pulse in this study (Figure 47). However, ACA was in

creased 30% by 2 minutes, and appearance of cyelle AMP' into the portal 

circulation was rapid and sustainèd at a high leve1 (Figures, 11, 41). , 

Furthermoré, in vitro addition of epinephrine to intestinal homogena~es . 

produ~ed a 3CJ!, inerasse in ACA (Figure 15). Althougb intestinal' POE did . , 
o • 

" 
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not change in vivo, it appears that cyellc AMI' leakage from the cells 
'" . 

prevented a net intracellular accwnulation following in vivo epinephrine 

as sean elsewhere (224). The discrepancy between these findings and 

those reported by Field et al (95), rnay be due to the fact that they 

did not take into aceount the fact that cycllc AMP may leave the tis-

sues to appear in the external medium. However, epinephrine does 

stilJlllate both 0( and fJ receptors and the intestinal IIllcosa may contain 

both types of reeeptors. Alpha reeeptor stimulation and reduetion in 

cycUe AMP production eannot be igriored as a possible cont.ributing 

fact~t~fluctuations in tissue and plasma cyelic AMP following 

in ~vo epinephrine injection. 
" 

Recently, changes in hepatic and portal vein cyclle AMP levels 

were ~udied (224) following a single bolus injection of' 1 mg of ,epine-
... 

phrine (4 times the does used in this study). The findings were similar - " -- -, 
to what was seen in this study, howe,ver there were sorne noteworthy 

differenees. In the previous study, plasma cyel1e AMP levels fell ta-

ward normal by 15 minutes following epinephrine injection - unlike ~his 

, study where they remained el~vated at 15 nd.nutes. Noteworthy also, 

1s the faet that the maximum levels of cyclic AMP reached in the 
\ 

portal blood following a 0.25 mg dose of epinephrine exceeded those 
" \ . 

seen following a 4 times larger dose of epinephrine (1 mg); while 

h~~.!1tic yein cycllc AMP levels were similar in both s~udies. 
, 

, . , There is a distinèt intestinal IIllcosal second messenger ' 

response to e~ephrine and this respanse can equal or' exceed that 

\ 
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, 

of the liver following epinephrine with respect ta plasma eyclio 

AMP inoreases. However, the pattern of the intestinal response appears 

to be dose dependant; when the epinephrine load beoomes exeessi ve 
...... , 

(1 mg), the response i5 somewhat blunted 'and shorter in duration than 
-' 

- that seen following a II'ftlch smaller epinephrine loael (.25 mg). 

This may be a protecti ve m~asure on the part of tbe seeond mes

sanger system; when overwhelmed, it may "apply the brakes" in the form 

of a negative feedbaek system to reduee production 01' 'oyelie AMP. In 
" ,/ 

addition, it may be that the vasoeonstrietor effect 01' ~ueh a massive 

soe 01' epinephrine on the sensitive intestinal vasculature predom1nates 

and prev~ts full expression 01' the epinephrine effect upon the AC system. 

Ther& i8 little or no ehange in either hepatic or portal 

plasma and tissue cyclie AMP levels following norepinephrine pulse 

(Figures ~, 43~ 48, 49). BaU et al (12) studied the response of 
\ -
plasma oyclie AMP in humans fOllowirig norepinephrine and also found no 

c~anges in plas~a: cyolle AMI' levels. This is not unexpeoted., a/3~ in 
, 

low doses, norepinephrine is prima.rily an alpha agonist in the li ver 

and intestine. 

Basal hepatic vein oyelie !HP levels in shock vere not 

d:!.ff erent from their respective control values (Table XI). How:ev~r, 

'pOrtal vein cyelie AM? levels -vere significantly elevated in shock, 

(Table XI).· Furt,hermore, the shock portal vain levels vere slightly 

greater than° the sho~epatic vein levels. No~ hepatie vein , ' 

cyelie ,AMP levels are gr~ater than portal vein levels under basal 

1 
1 
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1 
) 

- . '-. " 
~9itions (351). This is consistent ~th the fact that the canine 

'- intestine is the well known "target organ" of shock with a tendency 

to develOP\7otiC leBions; and if an increased. cellular releas. of 

cyelic ~ lis a rough indication of~ tissue. ipjury or stress, as shown 

by McArdle et al (224) in" shock dogs, Prudhoe et al (264) in shoc~ 

pigs, Rab:lnowitz et al (265, 266), st range 'et al (3.32) and Vettel' 
• 

et al (.346) for lItYocardial infarction, Sibbald et al (.326) in clinical - • 
sepsis and Sehgal et al (.314) in alcoholic pancreatitis; the increased 

portal levels !DaY in faet be an index of the degree of severity of 
/' 

the insult as proposed by Sehgal et al (.314). 

Furthermore, -Gill et al (115) have indicated that in SUIl"-

gery and trauma, the inereases in plasma cyelic AMP. preeeded and 
• 

appeared to be involved in the stinulation of cortisol release from 

the pituitary glaÂd. They concluded that perhaps the extracellular 

fluid cyclic !HP increases se~ in reàponse to stress might be an 

additional fonn of physiologio c0lllP.ensation. 

Cyclic AMP and other nu-cleotides have been shown to leak 

. at increased rates into the extraeellular fluid in vivo (99) and 

in vitro (18.3) from cells as a re~ult of incréased cellular membrane 
l' . 

permeability which i8 known to oeeur in trauma and shoek. This may 

alao explain wq the initial response of both shock liver and intes-

tine to epinephrine or glucagon ia greater than normal. Furthermore, 

such factors as l'anal insufticiency and reduced ~cretian of cyelic 

AMP IIIQ' also contribute to th' inCreaaed plasma oyclic AMP leveis 
, 

) 
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or to maintenance of the. increase in plasma 1evels. Despite the 

increased CJll penneability, the response to epinephrine rapldly 

fell - no doubt due to the ab1ated AC and increased PDE activities. 

The rise in hepatic vein cycllc AMP in shock following glucagon con

tinued at a rate slower than nonnal but did not fal1 off (Figure 38). 

Probably this re.flects the continuing AC respanse coupled with' a nor

mal PDE activity. The alt'ered pattern of cyclic AMP release into 

portal and hepatic blood appears ta be a rough reflection of the de

fects present in the hepatic and intestinal second messenger syst~. 

Shock basal hepatic and intestinal cycllc AMP levels were 

not significantly different from control. Robis~!!!....!!:. (28:3) also 

found that' anoxie cardiac tissue crclle AMP levels ·were Wlehanged 

from control. However, in contrast are the results of several in-
, . 

vestlga~ors that,found sigmficant reduetions in hepatic (228, 289) 

and intestinal (224) cyclic AMP levels in experimental hemorrhagie 

shoek. Sinul.taneously measured ATP level.s in these stud.iJes were alao 

signifieantly' red.ticed. There were few signifieant reductians in ATP 

leVels in this study. The pOBsibility of ATP bêing eompartmentalized 
1 

and that significant reductions, in ATP could oeeur in the pool des-. -

tined tor AC camot be ignored 'as a pOBs~ble comprom1sing factor in 

,tissue cyclle !HP production. 

"There were sOlle aign.i1"icant 

or cyelic AMP. These were associated 

creased ACA alJi a normal. or slightly" 

1) 

creases in shock tissue levels 
'. 

th a normal or slightly !n

°crease<! PDJ, and occurred 
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despite the ~creased. cellular permeability, and could not be readi1.y 

explained. 

Simultaneous measurement of production, telease and break-

down can account for most plasma and tissue cyclic!HP changes. How-' 

ever, certain discrepancies do 'arise and may be explained in severaI . 
ways. For example, under appropriate conditions, concentrations of 

the catecholamines can be found which :tncrease fat ceU lipo~sis (a<J t 

90) or contractile force in criac muscle (254) t without any de

tectable changes in total tissue cyclic AMP. Furthermore, the rest-

ing level of cycli!! AMP in the liver, if evenl.y distributed illtra-
./ 

cellularly would, on the basis of in vitro etudies, (284, P. 271 

Chapt. 7) represent a concentration of the nucl~otide surficient to 

stilJlll.ate' gluconeogenesie and glycogenoly'sis maximal.l,y. This would 

essentially eliminate glycogen synthesis. Since this is not the 

case, several investigators (10, 42, 100) have postulated that any 

tot_al tissue pool ,of cyclic !HP is cOlllPartmentali~ed w:i:bhin the 

cells. ThUs t the pool of cyclic AMP affecting any partieular function 

may represent onl1 a small fraction ot the total tissue cyelie AMP. 

Therefo~e certain agents could double the size of it' s specifie 

ntarget" pool of cyelic AMf ldthaUt its resulting :i:n an:! m.easur- ' 

able ineraase in the overall basal levels. On the otherhand t hetero-
1 

ganous tissues, such as the intestinal DIlcosa, _ contain numerous 
, , 

large pools of cyclic AMP, whieh are not closely related to the 

" particular function bemg studied, The intestine cont~ villus, 
-' 

, 
\ ' 0\ 
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crypt and goblet cells. The ment to which each contribute to the 

absorpti ve and secretory functi~s produced by O(-stilllllation and p , 

or cyclic AMP stimulation is not laldwn. The i1eal mucoffa also con-

tains many 1eukocytes (mostly lJrmphocytes) which could contribute 

" tE> the cyclic AM? content of this tissue. Minute changes of only a 
_ ... -J 

few picomoles per mg of tissue conceivably are associated with maxi-
1 

mal alterations- ih physiologic function. Changes of this magnitude 

might be undetectable when they occur in one compartment surrounded 

by other compartments with ,high basal cyclic AMP 1evels. Furt.hermore, 

relati vely small decreases in one cell might be masked by high basal. 

cyclic AMP levels in sUrrounding una.f'fected cells. 

Issekutz (159) report~ that Depo-Medrol treatment of 

3.8 mg/kg x :3 days in normal dogs was associated with a 43% decre'ase 
/ 

in baseline plasma cyclic AM? ~evels. Short term ad~strati1 of 

Solu-Medrol for 4 hours (30 mg/kg) was associated with no ch~s in 

baseline plasma cyclic !HP levels (Table XI). However in ShOC~, -

steroid treatment tended to restore the reversed hepatic/port 

plasma cyclic AMP ratio evident in untreated shock. This was 
, , 

plished by increasing hepatic vein oyc1ic AMP 1evel~ (49%) 

creasing (32%) Portal vein cycliq !NP levels. 

Initially, MPSS treatment in normal animals was associated 
, 1 

with an increased ACA, decreased tissue cyclic AMP leve1 and de- -
/ 

, creased PDE activity. The excess cyclic AMP appeared. the plasma. 

However, steroid administration in normal animale for eriods longer 

, ' 
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than four hours may be assoeiated with depressions in bas .. ~lin~ AGA, 
/' 

coupled with decreased plasma levels. 

Steroid therapy ~ shock appears to e1I;ert an inhibitory 

influence upon ~,levels of baseline function in the second mess~ 

ger system as seen here and el~ewhere (159). However, despite the 

depressëd baseline values in shock and in cantrol steroid treated 

animals (159) the responses of AC to hormonal stimulation were supra

normal and eyclic AMP levels were restored in shock. 

Recently, ~t has been shown that insulin is a very potent 

inhibitor ~f glucagon ~ stimulated release of cyc1ic AMP from the 

perfused rat liver (85, 86, 185). Methylprednisolone administration , . 
Sigrrl.ficantly increases plasma insulin levels in normal dogs (Figure 51), 

(45, 159) and in shock - steroid treated animals (Figl,lres 51, 5:3). The . . 
" r 

" J 

increased circulatirig insulin leve1s in the shock and steroid-treated 
-.. lQo • • H / 

shock animals in this study could contribute to sorne of'the decreases 

in plasma cyellc AMP,. response to glucagon stimulation. 

-~- The absolute values for baseliné, basal and NaF - stilJ'lÙated 

ACA are depressed from control and shock values in the steroid-treated 

shock animals. The (iecrease in NaF - stimulated activity probably 

indicates a reduction in the total amount of functional AC enzyme. 
J . 

However, the response of AC to ~ormonal stimulation 1s normal or 

supranormal in the steroid - shock group. Steroi,d administration in 

. shock appears to potentiate the efficiency of the remaining enzyme to 
, . '\ 

r 

a point wher~ the respanse to honnonal stilllÙation is gz;eater than 

" . 
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normal. In conjunction with this positive effect upon AC, steroid 

,therapy is associated with a decrease in PDE activity. The overall 

effect of steroids in ~hOCk appaars to be aim~ at preservation 01 
AC response irrespecti ve of baseline t'unction. ,-" 

Basal ACA does not appear to be of primary importance in 
<J 

, 
determining the ultimate ability of the enzyme to respond to hormonal 

stimulation. Basal ACA in the steroid - treated controls was signi-

ficantly elevated from untreat~ controls, while resP?Xlse to glucagon 

was not significantly _ altered from that of the untreated controls • 

" 

The AC response to epinephrine in shock was abolished and was associ-, 

ated with a normal basal ACA. Basal ACA was reduced in the steroid-" ; 

~ -~ 

treated shock tissues, while AC response bad been .Testored to normal. 
-' 

Therefore, changes in basal ACA do not necess~ rep{ese~t a reliable 
" 

prediction of the ability of the AC enzyme to function. ' However, when 

both basal arxi NaF - stinW.ated ACA are significantly reduced, the 

response of AC and the concomitant physiologie response ar,e altered, 

âs seen in shock follGwing epinep~ne pulse. This i9 no longer true 

in the presence of steroids wheret even in shock, significant reductions 

in basl and NaF - stilJl1l.ated ACA are associated with normal or supra-

normal respanse. 

/ b 

, 1 , 

, 1 , 

1 • 
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Glucocorlicoids and Serum Insulin: 

(i) Glucagon 

The effect of glucoco~icoid administration upan hepatic 

serum insulin levels following glucagon injection in normal and shock 
< 

animals is presented in Table XIV. 

There are only sm~l nonsignificant elevations in hepatic 

serum insulin levels following glucagon injection into control animals. 

The changes in serum insulin levels in shock dogs> folloWing 
-

glucagon pulse are not significantl1 different from those seen in the 

normal animals. 

Steroid administration in normal or shock animals is associ-

sted With slight elevations in basal cireuJ.ating insulin levels. No 

significant alterations in the response curve fQllowing glucagon in- 1 

jection was noted when compared to the respective control or shock 

values. 

Portal serum insulin changes, following glucagon injection 

. are presented in Table XV. 

There is a sllght elevation in serum insulin following 

glucagon injection in normal animals, however none of the increases 
o 

are signif1cant. Steroid administration in control animals is assgci-

ated ·with a nonsignificant increase in basal insulin over the res-

pective control value. The' incresses in insulln levels st 3, 5, 10 
{ 

and 15 minutes following glucagon injection are also not significant. 
r • 

Within esch grOlfP in which insulin leve+s wer~ measured, ;there were 
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TABLE nv 
Changes in Hepat.ic Serum Insulin LeveJ.s Following In Vivo G~ucagon 'Inject.ion 

~ ::. 

TIME (Minutes) 0 ~ 3 5' 10 15 
û 

Control : 38.5 + ~7+ 36.0 + 11 58.2 ± 26 66.5 + 38 59.5 + 26 ~ 78.O!: 30 - - - -
Cantro~ - stero1.d : 87.8 ± 36 123.8 + 69 56.7 ± 18 128.8 ± 80 ~5~.8 ±,63 17~.0 !: 85 -

~ 

---Shock • 23.0 + 5 95.5 + 40 55.7 ± 24 23.0 + 9 28.7 + 13 24.0 + 12 · - - - - -,-

Shoek - stero1.d : 57.3 ± li 65.6 + ~5 ~04.4 ± 38 97.3 ± 41 92.2 ± 36 125.6 + 34 
- - - ri ~ ... \ . -.J 

+ ~-

AU values represent.u un:itS/ml ± S.E.M. 1 
\ 

, TABLE XV \ 

Changes in Portal Serum Insulln Leve1s FO}J-owing In Vivo Gl.ucagon Injection 

'l'IME (M1nutes) 0 l 3 5 10 15 

Control · 22.2 + il+ 4J..7 + 25 74.7 + 52 73.9 + 52 56.8 ± 30 61.3 ± 27 · - - - -
\ Control - Steroid • 66.3 t. 26 143.5 ± 65 ~OO.5 ± 88 314.7 ± 110 285.8 ± 98 186.6 ± 56 · 
'shock : 50.0 + 2~ - 190.0 ± 170 108.5 ± 7~' 1.43.3 ± ll9 l2l..3 ± 101 121.5 ± 93 

Shock - St:.eroid.. : 100.2 ± 39 186.8 ± 74 143.0 + 86 107.8 ± 59 142.8 ± 76 84.2 ± 38 , ' -
+ All values represent ~ units/ml + S.E.M. o _ 

,-
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-
always one or tW9 animals that ~howed excessively high insulin Ievels 
, . 
following hormone injection; espeeiallY in the shock and steroid-

, treated aÎùmaIs. This was therefore associated with large standard 
" , 

errors and a laek of significance. 

Steroid administrat~on in both control and shock ani~als 

was aS50ciated with a trend toward greater elevations in portal in-

sulin levels following glucagon injection. The levels att~ed 
/' . ~ 

fo+lowing glucagon injeotion into steroid-treated controls tended 

to be' greater than those sean in the! steroid-treated shock animals. 

(ii) EpineRhi"ine 

Changes in hepatie serum insulin levels fOllowing epin~ 
<1 

phrine injection are presented in Table XVI. 
- . 

Tllere i5 a 5i&nificant (p <.025) déc~ease in serum insulin 

levels at l minute following epinephrlne injection in normal animals. 

Levels rise slightly but are not significantly' different than the 
1 

basal levels. TQe response in .shock is sil!Ü1ar' except the moresses 

s~en lit 5 and 10 minutes arce sigtuficantly (p (0.05) increased from 

the shock basal level. There are no significant differences between 

the control arxl shock, serum insulin levels following epinephrine bolus. 

Steroid administration is aseociated with ao significant 

changes in basal levels or response fOllowing,epinephrine, pulse. 
.... - 1 "'" 

Changes in port""al serum 1n~ii1 levElis following epinephrine 

inject an are presented in Table ml. 
Serum insulin leVels reuudn low until' ~ter l minute follow:l.Dg , ., , 

'. 

- , . " 
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TABLE'm .. 

Changes in Hepatic S~ In,SUlin Leve~s Follow:lng In Vivo Epinephr:l.ne Injection 
• 

" 
TIME (Minutes) o °1 , 3 5 10 . 15 

27.4 ± 5+ 39.6 ± 16 
ç: 

Control • 19.8 ± 3 20.8 ± 2 3-2.0 ± 7 54.4 ± 21 • 
1 

. 
Shock • 25.0 + 9 ' 21.3 + 7 51.0 + 21 53.8 + 21 58.8'+ 24 46.8:± 20 • - 6- - - ... , r-
Shock - Steroid • 1 48.4 ± 12 33.2 ± 11 39.0 + 14 ... 49.0 + 11 ... 7Q.0 + 21 ... 46,5 ± 8 

/ 

+ AIl values represent~ units/ml + S.E.M. ... § 

TABLE ml !' 

'1 . Change~ in Portal Serum Insulin Levels Following In Vivo Epinephrine Injection 

• 
TIME (Minutes) 0 1 3 5 . 10 15 

22.6 + 2+ \ • . 
Control, s 25.4 ± 8 1 42.8 + 16 81.1 + 55 1 49.8. + 17 ... ... ... ... 92.0 + 59 ... 
Shock 

" 
s 12.7 ± 7 10.5 + 5 ... 18.0 ± 10 28.7 + II 30.4 + 16 ... . ... 25.0 + 9 ... 

# 

75.6 ± 33 * 137.6 ±. 57 163.1 ± 61 Shock - steroid : 28.8 ± 3 45.1 ± 10 
• 

1:27.0 ± 54 
/ 

+ . ......--.. 
A.ll values represent ~ units/ml ± S.E.M. ." 

~ 

* Signii'icantly greater than the respective shock value (p < .05) 

" -. Po' 
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epinephrine injection. There is a peak (p < .05) at 5 minUtes, a 
1 r 

tr~ at 10~and another~eak at 15 minutes~rollowing epinephrine 
, 

_pulse. The response in shock is not s1gn1f1cantly di.1'ferènt from 
. 

the control response. 

Stero1d administll"lt1an in shock is associated with a non-

signifi:ant increase in basal portal sePUIII insulin levels. There is 

a slight (nonsignificant) decrease at l minute, which is signifi

cantly greater (p <.05) than tlre respective shock v'alue. This is 

followed by a gradual inorease which peaks at lq minutes am' .falls 

1 
off slightly. bYe 15 minutes. 

(4.ii l Norepinephrine 

Changes in hepatic serum insulin levals following nar-

epinephrine pulse are presente<i in Table XVIII. . 

!l'here is Ji gradUal ar.rl variable lncrease in serum insu1in 
1 .' 

levels sigziificant.f (p (.025) only, at 10 'np.nutes following norepi-

nephrine pulse. Shock is associated with a slight decr~ase in . / 

response which is significant (p a .05) at 10 minutes. 

PoÎ:t>al serum insulin response ,to norepinephrlne injection 

is presented in Table XViII. The increas'e in control portal serum 
- ,/ 

'\ 1 ' 
insulin levels becomes significant at 3 minutes (p <.0125) 8!ld- ra-

mains so at 5·(p •• 05) and 10 minutes (p <.05) following norepi-

nephrine bolus. There is a significant increase in serum insul.in 
/'. , ~ 

<;l< 

levels at l and 5 minutes following nor.epinephrine injection :in 
, 

shock animals. The shock response i8 onl.y significantly greater 

.. 
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Changes in Hepatic Serum InS1~ros "F~llow:tng In Vivo Norepin~hrine Injection 

TIME (Minutes) 0 l ·3 5 10 

26.2 + 8+ 32.8 + 8 53.8 ± 23 97.8 ± 56 ** Control . 84.0 + 28 . - - -
Shock : 36.5 ± 16 32.6 ::t 9 37.4::t 16 . 38.4 + 13 -

, * 
31.0 + 8 -

+ . / Al1 values represent~ units ml ± S.E.M. 

* Significantly lower than the respective control val.,ue (p = .05) (st~ent-T-Teet) 
** Signific~l,y .Jdevated over baseline value (p <.05) (Paired-T-Test) 

". 

15 

67.2 + 32 -
27.3 + 8 -

Changes in' Portal Serum Insulin Leve1.a..,J Iw:ing In,Vivo Norepin'ephrine I,njection 

Q nME (Mi.nIltes) o 1· 3 5· 10 15 

Cont.rol : 20.6 ± 4+. 25.0 ± il - * * 48.4 ± 10 108.8 ± 48 * 76.4± 26 67.2 ± 34 

Sbock : - * * 84.7 + 59 120.8 + 75 138.6 + S3 166.3 + 70 76.0 + 32 - 63.8 + 20 - .... - -- - -___ . __ ~_ _ __ _ _______ ~_.____ -"'of{ ____ _ 

+ ,Al! values represent. ~ unite/ml + S.E.M. 
* -Significantl,y elevated over respective baseline v~ues (p. ~r<.05) (Paired-T-Test) 
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than th~ control response at °1 minute after norepinephrinè bolus. 

" Glucocorticoids and Hematocrit: • 
l, 

(i) Glucagon 

Chang~s in hepatic blood hematocrit following glucagon 

injection are presented in Table XIX. 

There is n,o change in hematocri t in t.he normal animal .. 
1 

following g~ucagon injection. Steroid-treated shock or tintreated 
4 • 

shock are associated w,ith a slight increase in hematocrit (nonsigni-

ficant) which remains unchanged after glucagon bolus. 

A similar pattern in normal, shoek and s~eroid-treated. 

shock animals is sean ~n the portal blood (Table XX). 

• (ii ) Epinephrine 

Changes in hepatic blood hematocrit following·epinephrine 

injection are seen in Table XXI. 
, .>. 

There is a significant increase (p < .0005) in hematocrlt. 
, ,/ 

1 minut.e following epinephriné pulse, which remains elevated 

(p <.0005) unti1 15 nq.nutes (p <.0025). There i6 no change in hemato

crit at 1 minute 'following epinephri~e injection in shock animals. 
/ 

This value is significantly (p < .025)1' reduced from the respective 

control value. The remaining values.are not significantly different' 

from the contro~ values. Steroid therapY' is associated with a slight 

increase in basal hematocrit which is not significant. There is a 
, 

significant depressio~ in hemat.ocrit ~:t. 15 minutes in the steroid;-

treated. group. 
, ' ". 

'h 

,/ 
,/ 

-' 

,/ 
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TABLE XIX 

Changes:in Hepatic Blood Hematocrit Following In Vivo G1ucagen Injection 

TIME (Minutes) 0 1 :; 5 '" 
10 15 

'- $( " , 

Control Il + * 47.6 + 2.2 46.0 + 4.7 45.8 + 1.8 45.8 + 2.2 49.2 + 2.0 48.8 + 2.0 - - - - - , -
Shock : 55.8 + 6.5 54.5 ± 6.1 55.8 + 5.8 55.5 ± ,5.9 55.0 + 5.9 54-3 + 6.3 - - - -
Shock - Steroid · 55.2 + 3.7 53.2 + S.3 53.2 + 8.3 53.3 + 3.4 53.5 + 3.2 51.3 + 3.5 · - - - - - - -
+ Al1 values represent percent red b100d cells + S.E.M. 
*. -

Significantly (p <.05) e1evàted from base1ine value (Paired-T-Test) 

~ 

,~ 

1 

\ , 
TABLE XX 

Changes in Portal Blood Hematocrit Following In Vivo G1ucagon Injection 

TIME (Minutes) 0 1 . 3 5 10 15 

+ , 

* * Control 45.S ± 1.4 46.0 + 2.1 48.6 + 2.3 48.S + 2.2 47.6 + 2.3 45.6 + 2.6 - - - - - . -
Shock 

~ 
55.5 ± 6.5 56.5 ± 6.0 56.3 .± 5.9 56.0 .; 5.7 55.0 ± 5.9' 53.5 ± 6.4 

Shock - Steroid · 54.5 ± 3.5 51.6 ± 2.77 53.2 ± 4.0 52.8 + 3.3 52.8 + 3.3 49.4. + 3.2 • - - -
+ AIl values repres~t-percent red b100d cells + S.E.M. 
*, --Significant1y (p <.05) e1evated above baseline value (Paired-T-Test) '\ 

1 

\' 1 

~ 

~ 
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TABLE XXI 

Changes in Hepatic Blood Hematocrit Following In Vivo Epinephrine Injection. 

TIME (Minutes) a 1 3 5 la 15 

+ * * * * ' * 50.0 + 4.9 65.5 ± 3.1 62.3 .:!: 3.1 60.8 ± 3.5 57.5 ± 3.8 55;0 +. 4.1 Control -Shock • · 
- .. ' 

** 53.8 ± 3.1 56.2 ± 2.3 
- -

57.6 + 2.4 
, - 57.0 ± 2.3 54.4 ± 2.6 53.2 ± ?5 

Shock - 5teroid ** 58.0 ± 1.1 57.0 ± ~.2 56.8 ± 2.4 58.2 ± 1.7 56.0 ± 2.1 . *** 54.8 ± 1.9 · · ,...,--......... --
+ r-- ---- - --- -- - ---------------- - ----- ----

* All values represent percent red blood cells ~ S.E.M. 
** Significantly!p" or <.05) elevated from baseline value (Paired-T-Test) .J 
*** Significantly p ... or <.05) elevated from control..value (st.udent-T-Test) 

Significantly p CI or <.05) decreased from baseline value (Paired-T-Test) 
'\.. 

TABLE XXIlt 

-

Changes in Portal. Blood Hematocrit Following In Vivo Epinephrine Injection 

l'pŒ (Minutes) a 1 3 5 10 15 
-\- ----

" 

\ 

+ * 45.4 + 4~1 55.5 + 6.0 * * * *. 57.0 ± 5.6 56.0 ± 5.6 55.0 ± 6.5 50.4 ± 5~1 Control J. 

Shock 

Shock - Steroid 

- -
52.8 ± 2.6 57.2 ± 2.1 

** 57.2 + 2.2~ 57.2 + 1.4 - -
5'5.8 ± 2.0 

58.2 ± 1.6 

54.6 ± 2.2 

57.6 ± 1.6 

+ . * All valuea represent percent red blood cells ± S.E.M. . 
** Significantly (p ... or <.05) elevated from baseline value (Paired-T-Test) 
*** Significantly (p CI or <.05) e1evated from control value (Student-T-Test) 

Significantly (p ... or <.05) decreased from basetine value (Paired-T-Test) 

53.0 ± 2.4 51.6 + 2.7 -
*** *** 55.4 + 2.2 54.2 + 2.1 - ..... 

~ 

• 

... 
""" 
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A .simil~ pattern 18 observèd for the portal blood pemato

cri t in Table XXII. 

(1ii) Norepinephrine 
, 

Changes in hepatic blood hematocrit following norepinephrine 

injection are presented in Table XXIII. r 

There is a significant (p <_02) inorease in hematoarit at 

1 minute following norepinephrine boius_ The hematoerit remains 

elevated at .3 (p'<.Ol) and 5 minutes (p <.05) however falls to basal 
\ 

" levels thereafter. There 15 a.51gnifiéant (p (-.. 025) mcresse in . ' . 

basal hematocrït in the shock animals. There are no changes follow

mg nor.epinephrine pulse in shock. 
• d 

Portal blood hematocrit (Table XXIV) shows a significant 
/ ~ . , -
increase (p (.001) at l minute, which remains significantly e+evated. 

There 18 a nons1gni.t:icant -increase in the basal hemato.cri t of the 
• 

shock animale and this does not change follo~g norepinepprine bQlus. , 

, 1 
" 

/ 

-
\ 

/ 
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TABLE XXIII 

Changes in Hepatic B1~od Hematocrit Following In Vivo Norepinephrine Injection 

TIME (Ml..nutes) o 1 :3 5 10 15 

Control.- 46.0 ± 2.3+ * 56.2 :!:. 2.7 
- * 

56.6 ± 2.2 * 54.8 :!:. 2.4 50.8 ± 2.2 

54.5 + 3.6 -Shock ** 55.S + 2.S - 54.3 + 3.1 ... ... 55.0 :t 3.S 53~5 + 3.3 - 53.3 + 3.5 ... 
+ ID values represent percent red blood cells + S.E.~. .-
* ... 

Significantly (p = or <.05) el.evated from baseli.ne value (Paired-T-Test) 
** Significantly (p = or <.05) elevated. from respective control value (Student-T-Test) 

- '" ~--~ 
" 

TABLÉ XXIV 
o 

Changes in Portal Blocx;i Hematocrit Following In Vivo Norepinepl1rine Injection 

TIME (Minu~es) C C::: 1 . 3 

Control \LloY 55.2 + 1.6 55.2 :t 2.4 ... 
Shock .. 5. + 3.2 55.0 + 3.l. 55.0 :!:. 3.l. . ... 
+ " All. va.l.ues repreaent percent red bl.ood cel.l.a + S.E.M • ... 

'\ 
\ 

o 

5 ·10 15 
.. 

54.0 + 2.5 '52.0 ~ 2.1 ?1.0 ! 2.2 ... ... 
54.3 + 3.l. ... 53.8 ± 3.4 53.8 + 3.4 ... \ 

\ 
.--,--: , -=--
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Discussion: 

Insulin is capable of supressing the normal tise in tissue 

and plasma cyclic AMP in response to epinephrine or glucagon (283). 

Many of the hepatic effects of insulin are mediated by a decrease in , , 

o cyclic AMP, either by red~ction in adeny1 cyc1ase activity or increase 

~in ph~sphodi~st.ras. activity-or bo~h. s~c~ blood glucose, serum 

insulin and the sec,ozKl messenger system are intimately re1ated in 

normal and pathological conditions, it .was of interest t? obsérve the 
4 

insulin response to hormonal stimulation undet normal conditions, in 
'" 

untreated shock and following steroid therapy. 

The normal baseline 1eve1s of circulating inmunoreacti ve 

insulin x;ange between 20 to 30 micro units per millilitre of serum 

(llU/na.), values simi1ar to those found in dogs by others (45, 159). 
~ . 

The maximal increas~orta1 b100d insulin 1eve1s in 

normal dogs did not differ floll.okmg epinephrine or glucagon (Tables 

XV, XVII), despite the fact that glucagon is a more powerful-mobi1izer 

of glucose, and also has been reported to stimulate insulin re1ease 
/' 

in tpe absence of, glucose (81). Glucose is the primary stimulus for 

increased insulin re1ease. However, it appears that there is a limit 

béyond which subsequent increases in circulating glucose 1eve1s will 

produce further increase~ in 1nsulin re1ea~e. Thus, the maxJ.ma1 1n-
1 

creases in insulin may be simi1ar, however the patterns of insulin 
1 

response following epinephrine or glucagon are different. Porte (262) . 
and others (lOS, 146) report that epinephrine exerts a direct inhibi-

/' 1 

7 



Of"' • -iliM_ 

, , 

~ 
w 
" ~ 

~ e 
, , 
" 
k 

" ~ / 'f 

l 
r..: 

i" 

a 

,1 

/ 

- 189 -

tory ,effect upon insulin re1ease by stilllÙating the c:<-receptors of 
, 

the pancreatic islet cells. However, the inhibitory influence exert-

ed by epinephrine does not prevent insulin re1eas"e completely. It 

is the glucose, and not amino acid (102) or free fatty acid (129, 214) 

induced e1evations of serum insulin that are inhibited by epinephrine. 

Since epinephrine is known to mobilize fatty aCids, then sorne increase 

in insulin release would b~, expected fOllowing epinephrine injection • . 
/ 

The"inhibitor,y effect of epinephrine probably accounts for ~hê'lag 

in inSUlin re1ease seen following epinephrin~ pulse - which was not 

sean following glucagon, and which was as~ociated with e1evated glu

cose levels in both cases (Tab1e~ XV, XVII).\ Furthermore, the observed 

decline in insulin release at 10 ntlnutes following epinephrine may , 

represent the continuing controlling influence of epinephrine. Glu-

cllBon stinru.lates insulin release by directly stirrnlating the ~ recep

tors in the pancreatic islet cells (J6, 63, 293). In addition, 

glucagqn stimulates r~lease of endogeno{s catecholamines (63, 71) 

which niight account for the small deeline in insulin release seen at 

10 minutes after glucagon injection. 

Cerasi et al (47) have shown that p-adrenergie bloekade 

inhibits the ri~e in insulin during an iDfu'sion of glucose. Others 

(6, 162) havé indicated, that dibutyryl cyclic AMP infusion will in

erease insulin re1ease. Still others (293) have indicated that 

increases in plasma cyelle AMP !DaY directly stil1lÙate insulin release 

which in itself May partially overcome the inhibitor,y influence of 

_._--,-_._......".., 
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epinephrine. Zawalich et al (362) have shown that there is a negative 
/ 

feedback rslationship between plasma cyclic AMP and insuline . When 

ah increased pla~ma cyclic AMP produces a increase in insulin release, . , 

the elevated levels of insulin tend to. "feed back" upon the second 
, . 

mess~er. system to reduce cyclic Al-? produ,ction. Furthermore, a 

highly significànt (p < ~OOO5) correlat!!.on between serum insulin and 

plasma cyclic AM? levels has been reported for hemorrhagic shock in 
/ 

pigs (264) ,and in acute myocardial infarction in humans (346). How-

ever, alterations in renal function were not examined in these studies 

and might contribute to such a close correlation. A positive correla-

tian between'serum in~in and plasma cyclic AMP l~vels, was not seen 

in this study. The insul~ responses were far more variable than the 

/ plasmA cyclic AMP responses. In addition, Chiu et al (unpublished 

data) have also found no correlation between serum insulin levels 

and plasma cyclic AMP levels in patients undergoing minor o~ major 

"( cardiopulmonary bypass) cardiac surgery. 

Issekutz et al (162) have shown thât despi~e theo<-adren-
- , . 

ergic natwe of norepinephrine, insulin levels show a marked but tran':' 

sient increase upon norepinephrine infusion. The rapid rise in free 

fatty acids was thought to be the stimulus. .Similarily, in thi~ study, 

. insulin levels showed a short-lived increase following norepinephtine 

injection (Table XIX). Since there was little change in blood glucose 
• 1 

or plasma cyclic AMP levels, it may be that an increase in free fatty 

acids. sti~ated insulin release. 

( -
/ 

.,. 
• 

/ 
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Blood glucose and insulin 1evel~iin shock are subject ~o tre

mendous variation. Differences in measured values depend on species, 

type of shock and sampling time. However, there is general agreement 

that hemorrhagic shock is 1ike diabetes in that it is characterized 

by an inS\Üin resistance and glucose intolerance (50, 2.90). Çfrouped 

aata (N ... 15;, Table XIII) in this study' indicatè a 125% increase in 
~ '.---

• SIr portal levels of insulin in shock which is associated with an insigni-

.' C 'ù 

ficant 7% decrease in b100d glucose 1evels, both measured at 4 hours 

fallowing hypovolemia. Followin~ epinephrine injection, the blunted 

plasma cyclic AMP and insulin rèsponses were associated with an aboli
# 

tion of the hyperglycemic response. The insulin response following 

glucagon injection in shock is greater than the control response. This 

'"is associated with a slightly reduced hyperglycemic response and pro

bably is an indication of the insulin resistance. 

Insulin has been reported to.>Ïnteract with the second messen-

ger system resulting. in a decrease in net cyclic AMP production 

(83, 258). The mechanism by which insulin affects the decrease is not 

'certain. When endogenous insulin leve1s are decreased during starva-
, 

tion (86) or insulin deficiency (168}, hepatic cyclic AMP leve1s are , 

e1evated. Robison et al (283) report that hepatic .cyclic AMP 1evels 
~ ( 

are decreased in the presence of insuline Ray et al (271) and others 

(157, 164, 184) state that insulin sup~esses tis5Ue'ad~l cyc1ase 

activity. still others (260, 341) have not been able to show any 

change in adeny1 cyclase acti vit y (basal, epinephrine or glucagon 

/' 
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TABLE XIII 

Baàeline Hepatic and PortaJ. Serum Insulm Levels 
Following Glucocortic'oid Administration 

Control 

Control - Steroid 

Shock 
, i 

· · 
· • 

Shobk - Ster?:l.d--- ï . 

, c 

HEPATIC BLOOD 

30.14 + - 10.20+ 

* ~.80 + 36.00 -
28.17 ± 5.49 

52.87 + 1l.85 -
+ AU values represent p.' units/ml + S.E.M. 

fJ 

• 

PORTAL BLOOD 

21.79 ± 5.64 

66.33 + 25.49* -
46.35 + 28.95 - -* 
87.88 ± 36.lq 

* '" -Significantly (p ... 0~<.05) e1evated from,control (Student-T-Test) 

\ 
\ 
\ 
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stilllllated) in the presence of insuJ.in. On the o,,:-perhand, insulin 
-

has been shown ~o increase low Km hepatic phosphodiesterase aetivity . , ' 

in vi:vo ~ 317) and in vitro (207, ~13, 366). However. this eould not 
1 • 

be confirrned by ~er-Oerlinghausen et al (247) or Menahan et al. -
(234).,~ , 

Thus, it i8 possible that exeessivelJr high eiroulating levels 
./ 

of insulin màY feed b.ack upon tne hepatie and intestinal second . 
'messenger system to produee a decrease in plasma cyclic AMP appe~ 
~ . 
ance. This may be what has oecurred. in the steroid treat-ed group 

following glucagon injection. The circulating insulin levels are in-
• 

approprlately high (probably due to st~roid action upon glueoneogenic 
. 

mechanisms and perhaps a direct efr~c~ upon insulin secretory rates, ' 

coupled with 't'he insulin resistance of 'the shock state). Although AC W 

response ta the hormone is restored. to normal, absolute levels and 

appearances of the cyclic A.MP into the plasma is still red.uced. There 

may, in faé~, be a complicated. feedback r~lationBhip between plasma 

'cycllc AMP, glucose and insulin. 

Hemorrhagic shock complicates this relationship with an 

added insulin resistance and further hormonal intervention with in-

creased circulating levels of endogenous epinephrine, nôrepinephrine" 
" r 

glucagon and co~sol. Jeffers~n et al (16S) state that in shock, the 

insulin control on cyclic AMP production is aboli shed. In addition; . ' 

~he reverse ~s also ,true: . it a~ears that cyelie ~ control 'upon 

insulin"release i~ also aboU;{ed in shock. In the shock - epinephrine 

( 
--- --- ---_._~-
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group (Figures J.t), 41), the plasma eyelle AMP response is only 

sllghtly reduced., however both ~e hyperglycentie and insulin r~ponses 
are aboli~d. In contrast, the insulin response' in the ~hoek - gluea

gon gro-q,p (Tables XIV, XV), is greater in shoek than in control and 

• 
is assoeiateÇ. with a slightly reg.uced hyperg;tyeemie and plasma cyelle 

AMI' response. Both insulin, ar}Ji eyclie AMP responses are elevated in . 
shoek following norepineph!1ne (~aRle XIX, Figures 42, 43). 

J 

Bauer ~d associates (17) report that dogs subject'ed to 

-'hemorrhagic shoek develop a significant hyperglyeernia accompanied by 
- , 

- a eorresponding increase in insulin levels. other species such as 

sheep, Rhesus monkey and baboon, do not exhibit a significant in~ 
1 

response to hemorrhagie shock despite a marked hyperglycemic response' 

• 
(136, 141, 240). 

Several clinical studies have reported (46, 4B, 97) low 

insulin levels in vari~s t~ of shoek. The basellne portal in-
, , 

sûJ.in levels in this study, (grouped data, Tabl.e XIII) agree with Bauer 
~ .' 

_ "l 

et al (17) in that thete is a signifieant 112% increase in canine shoek 

compared to control. 
l' -_ 

Steroid treatrrient in ..normal and shoek animals provides 

further stimulus for insulin release. Along with epinephrine and 

glueagon, methy'l~rednisolone i9 ,a powerful gluconeogenic agent. This 

, is evident by the 200% increase in baseline portal insulin levels,~ 
, ~ 

over the untreated controls, in the steroid treat~ control animals 
.. -

. (TabLe XIII, XV). Sind.lar;iJ.y, glucocorticoid therapy has been 
-' 
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shown to increase portaÎ insulin l~veIs in normal ,rabbits (45), by as 

much as 244% (156). Furthermore" insulln release :following glucagon 
l' • -

fujection in the steroid-treated control~, although variable, is great-

er than that seen in the captrol, shock or steroid-treated shock 
"'. 

groups. Baseline portal insulin levels w~re increased by 300% 

in the shock-steroid treated ~als (Table XIII), and the response 

following either glucagon or epinephrine (Tables XV, XVII) t was greater 

than the normal response, but ooly greater than the shock response 

in the epinephrine group. The insulin release fol1owing epinephrine ~ 

in the shock .steroid-treated group appears to have overcome the in

hibitory influencVepinephrine as it is greater than in the control 

animals an~ is associated with a.normal nyperglycemic response. How-
" 

ever, the lnsuJ.in respot;lses in the shock steroid-treated group 

following glucagon injection appears to be inappropriately high for a 

subnormal hyperglycemic response., 

It appears that in addition to providing extra endogenous 

glucose, the steroids sensitize the insulin responding system resulting 
o • 

in a greater outpouring of insulin in respcmse to smaller changes 

Furthermore, the o(-blockade C74) characteris-in plasma eyclic AMP. 
1 • 

) . \ ./ 

tics of MPSS m~ circurr\]'ent the epinephrine induced inhil?it1on to a 

certain extent and a1low for an incr.eased sensit~vity to p-adrenergic 

stimulation. 

Epinephrine and norep~nephrine are potent vasopressors which 

in the dog, and nct in man, contract down the splenic capsÙle (216 

1 ./ 
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Chapt. 24) to decrease- the size of the spleén with a resuitant in-
1 

crease in red blood celi release into the peripheraf circulation. 

Thus, providing a physiologic mechanism for an increased amount of 

circulating hemoglobin during acute hypo~at hemorrhage and other 

stresses that May increase catecholamine release. Furthermore, the 

catecholamines decrease circulating blood volume by increasing the 

loss of protein-free fiuid into the tissues probably as a ~~sult Cif 

post capillary vasoconstriction. The resUltant hemoconcentration is 

a rapid and significant response in this study (Tables" XV, XVI). ,It . 
becomes erldent. by one minute !following ei ther epinephrine. or nor

'pinephrine injection in normal animals. However, in shock, with or 

without steroid therapy, the baseline hematocrit is elevated from 
1 

normal levels, ~ut shows no further increase follQwing catecholamine 

injection (Table XV). This is MOst -likely due ta a depletion in the 

splenic"supply of red blood cells which accompaniés the hemorrhage -

induced disturbances in ,plasma volume. 
/ 

Normally, a lower hematocrit is associated with a better 

survival rate in hemorrhagic shock. However, Manohar and Tyagi (215) 

have, shown that in hydrocQrtisone pre-treated !UÛmals, that were euh

je~j:.ed to superior .mesenteric artery occLUsion shocl<;. the hematocrit 

was markédly elevated, but there were excellent survival' rates (to 
u 

100%). 1 Furthermore, Marks et al (216), have shown th:t adrenalectomY. 
, ' 

decreases plasma volume and'is ge~erally associated with poorer sur-

vival rates following shock than when the steroids, are replaced. 

,/ 
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ï 

They have indicated t.hat increased cortisol level's are part of the 

physiologie requirement for restitution of blood volume following 

hemorrhage (216). Gann and Pirkle (ll2) , h~ve shown that the increas- ", 
./ 

ed hematocrit, plasma protein' concentration 'and osmolality associ-

atad w:ith high cortisol and steroid levels i6 not due to elevated 
, v' ' 

o 

glucose levels alone; but due to an influx of nuid ând electrolyt.es. 

Cortisol and it 's- synthetic ~alogues have been shown (.339) to increase' 

_. plasma volume secondary to an active transport of sodium out of the 

cells. The steroids appear to reverse the effect of /shock upon the 

intraceilular accumulation of excess sodium and water (242, 323). 

The_ endogenous steroids coupled wi'th exogenous administration of 

steroids help the interstitial 1,'luid to protect the plasma volume 
,-' 

in shock. 

/' 

/ 

'II 
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./ GENERAL DISCUSSION 
/ 

/' 

Homeostasis is affected by the response o~ the tissue cells 

to the hormones. The role of the second messenger, cyclic AMP, in medi-

ating cellular responses to hormones is wide~ recognized. Evidence is 

rapid~ accumulating to support the suggestion that defects" in cycllc AMP 

metabolism may account for abnormalities in homeostaticcfunction in vari-
./ 

ous clinical situations. Changes in adenyl cyclase function and tissue 

and plasma cyclic AMR lE!Vels that have been measured in hemorrhagic shock 

(124, 224, 288), indicate a fundamental defect in the cellular-machinery. 

Inadequate response of the second mess~ger system could result in the 
, . . 

decreased ability of the tissues to respond to homeostatic and thera-

peutie controls; and therefore m~ contribute to irreversibility in shock. 
• 1 

, -
Steroids have been shown to interact with and potentiate the, 

response of the second messenger sYstem to honnonal stimulation. 

The purpose of the present investigation was to study the 

normal respo~se of,the second messenger system in splanchnic tissues 

following hormonal stimulation; and to obserV-e the degree to which the 

hormonal response is altered in hemorrhagic shock; and to investigate 

whether the'~nduced alterations could be made t'o respond to therapeu~ic 
, : 

administration of glucoco~icoids. 

'The results obtained by t~e few investigators that have done 

• any work in this. field have been confirmed in thi s study. However, the 

defect in the second messenger response'has been defined more specific~; 

" 

'\ 
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1 

and a means of p~ial.1y reversing the alteration has been accomplished. 

Gl.ucagon is a mçre potent hepatic glycogenoly:tic and 'gluconeo

gèni,c hormone than is epinephrine. The maximum hepatic blpod glucose 
, 

levels reached in this study fol.l.owing in vivo gl.ueagon injection in 

nonnal animals was 33 percent greater than those r~ached folloWing epi

nephrine injection (Figures 2, 4). Therefore, sinee cycl.ic AMP is sédrd 

to mediate the effects of these hormones upon hepatic glucose output, it 

might be expected that ~l.ucagon produces greater inc;reases in hepa"jiic 

adenyl eycl.ase activity.than does epinephrine; Indeed, this is 'what was 
" 1 

, '/' 

seen. The maximal. inc~eas~ in adenyl cyclase activity following glucagon 

injection was almost 50 percent greater than that seen following epine.:.. 

phrine inj ectfon in normal animal. s (Figures S, l.0). Furthermore, the 

ability of the hepatic adenyl' cyclase enzyme to respond to hormonal 

stimulation \<Jas decreased forlowing glucagon anq. aboli shed following 

epinephrine injection (Figures 8, 10) in shô~k animals. ThUs, the . 
-' 

reduction and abol.ition of the hyperglycemic responses to glucagon and _ , 

epinephrine respecti vely, are also accompanied by parallel changes in 
.... 

the adenyl cyclase response to these hormones. 

The reports by others (Sg, 161, 165) indicating that small 

doses of no~epinephrine have virtually no effect upon hep~tic carbohy-

(j drate metabolism in normal dogs was confirmed in this study. Norepi ... 

nephrine injection into normal animals was associated with no changes 

in tissue adenyl cyclase activity or hepati~ b100d gluco'se levels. 
-!: 

Furthermore, no significant' changes were noted when norepinephrine \<Jas 
(, 

" " 

/' 
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injected into shock animale (Figures 12, 1.3). 
/ 

Basal aden~'l cyclase activity was excluded as a reliable pre

diction of a tissue's ability to l"espond to hormonal stimulation in 

shock. The adenyl cycl'ase response to in vivo epinephrine injection 

was aboli shed in shock and. was associated with a "normal-lopking" basal 

ACA in both ~he liver and intestine (Figures 10, li). Hepatic adenyl 

, $ 

cyclase response to in vivo glucagon injection was only slight~ reduced 
1 

land was also associated with a normal basal enzyme activity (Figure ~). 

The circulation to and within the splanchnic organs is severely 

compromisecL in shock. The question ,arises as to whether the defects 

obserVed are a direct result of a decreased deli very of hormone to the 

ce~s of the target tissues, or perhaps due to severe ischemic damage 

to the cellular membrane-bound enzyme. 

The decreased perfusion in shock tissues may contribute to a, 

depressed hormonal response by limitin~,the ~ccessibility of the target 
, 

tissue hormone receptors to ,the circulating hormone. In vitro addition 

of hormone to tissue homogena~es obtained before and after in vivo hormone 

injection assures contact between the hormone and tissue receptors in 

question. These studies indicated that even if the hormones are able to 

reach the ~arget tissue receptors in a normal fashion, the ability of the , 

ade~l cyclase system in these shock tissues to respond is reduced by 
/ , 

40 peroent following in vitro epinephrine addition (Figure 15) and .30 

percent following in vitro glucagon introduction (Figure 14). Therefore, 

the reductions in both in vivo and in vitro responses to the hormones in 
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question are not totally a result of a r:eduction in the amount of hormone 

deli vered to the target tissues in shock. 

Sodium fluoride stimulates adenyl cyclase activity max:imally~ 
o 

and represents the intrinsic or catalytic capabilities of the adeny1 

cyc1ase enzynle - free from rec,eptor subunit influence. Significant 

decreases til NaF - st1mulated ACA were noted ~ in shock livel- and 

intestine following in vivo epinephrine injection where the adenyl cyclase . , 

response was totally abolished; and in the shock liver and intestine in, \ 
, 

the norepinephrine group where basal adenyl cyclase activity was signi-

ficantly reduced. Thus, slight decr~ases in AC response appears to be 

related to a receptor subunit defect, while cata:~ic sub1.Ulit .function 
o , 

r~mains relati vely intact. Howéver, when
6 

response to in vivo honnone , 

injection is totally aboli shed, catalytic fUnctio~ of adenyl cyclase i~ 

also altered. It would appear that only when adenyl cyclase function i8 

severely di~rupted, is the intrinsic or catalytic activity of the enzyme 
/ 

disturbed. 

The altered hormonal responses may reflect damage incurred by 

the cellular membrane.."st,ructure induced by the ischemia of shock. Damage 

to structure and function of celi membranes 1s well docUlnente(l in shock 
/ ' 

(31, 68). Since adenyl cyclase 1s a membrane-bound' enzyme and therefore 

is dependent upon the structural int'egrity of the membr;me for optimal 
, 

enzyme function, then architectural c~anges in the membrane structure 

induced bi ischemia, swelling and altered perme~bility could, therefore, 

induce abnormalities in adenyl çyclase function. Since absolute 

-----_op:q,_ .. ""'"_4 iI_, -.,. ... ~....-..:----.~7 .. "--
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NaF - stimlated aden~'l cYclase act1vity represents the total arnount of ' 
1 

functional adenyl,cyclase present, then the observed decreases in the 

NaF - stimulated adenyl cyclase acti vit Y in ,shOCk' (F1.gures 17 to 19), 
, 

probably represent a los~f functional adenyl cyclase enzyme. 

ATP is the. SUbstrate for the adenyl cyclase reaction. It i6 

pos~ible that the_weIl documented decreases in tissue ATP levels in'shock 
1 

might account for the observed red~ctio~s in adeny1 cyclase response. 

However, the ATP levels in this study showed oruy minimal changes in shock 

(Tables III to VIII) and, in addition, ,the particular in vitro assay for 

adenyl cyclase emp10yed in this study has been shown (21) ta maint.ain the 

incubation ~xture ATP concentr~tion at a sufficient level to result in 

no compromise of maximal adenyl cyclase activity. . 

G1ucocorticoids have been reported to potentiate the effects . , 

of exogenous glucagon and epinephrine on carbohydrate metabolism (160, 

161, 162, 163); and to effect severaI hemodynamic improvements in shock 

(74); in addition to their membrane stabilizing effects (121, 122). . 
Furthermore, glucoceoids haye been ~eported to interact with both 

the aden;r1 cyclase (206) and phosphodiester,ase (211) en~ymes. 

Pharmacologic~ doses of Methylprednisolone 4 hours prior to 

hormone inj~ction in normal animals was'associated with ~ significant 

. increase ir basillne hepatic adényl cyclase a,cti vi ty (Figure 24.). A 

similar effect upon basal adeQY1 cyclase activity of leukocytes incubated 

in cortisol was observed by Logsdon et al (206). However, the increase -
in basal adenyl cycl~se activity in ~his ~~Udy was'not ftccompanied by a 

,1 

. ' 
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significanV potentiation of adenyl cyclase response or blood glucose-
1 

4 output (Figures 20, 24) following gluc~on inje~tion when cOlllPared 
/ 

to the respective untreated control animals. It was concluded that 
• _ J 

the short-term administration of M~hylprednisolone dàes net aUow suf'-

ficient time for'the glucocorticoid~induced ~e novo" synthesis oi sever al 
/ 

gluconeogenic enzymes (350) and the increased hepatic glycogen stores 

which in turn âllows for a greater potentiation of the normal hepatic 

blood glucose output in~ response to exogenous glucagon.. Furthermore, 
'--

the excessively high" insulin levels observed -in the control steroid- -

treated animals (Table XIV), which have 'been shown tg inhibit hépatic 

glucose release (235), may in part be responsible for the lack of potentia-. . . 
'i 

tion of the adenyl cyclasê and glucose responses. 

steroid therapy in shock was associated "w.i.th a restored. and 

furthe~ore supranormal,adenyl cyclase response following,in vivo epi

nephrine inj ection in both the li ver and intestine (Figure 27). This 
. 

was reflected by the return of a normal blood glucose response curve 
, 

following epinephrine injection. 

Despite the supranonnal' adenyl cyclase response following 

epinephrine in the steroid-treated shock animals, the absolute vâlues 

for basal and Sodium fluoride stiDlÙated adenyl cyclase did not exceed 

those values seen in the control animals. 

No consistent effect of shock and ischemia upon tis~~; .!'h~~/ ~ 

phodiesterase activity was observed. However, steroid administration 
'" 

produced consistent and significant 29 to 45' percent decreases in both 

/ 

'.' 

-' ',' 
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hepatic and intestinal phosphodiesteras~ activities. ~s effect 

of steroids upon tissue phosphodiesterase may have contributed to the 

""" restored ànd potentiated adenyl cyclase responses seen ~olloWing epi-
~~ 

neph~e injection in steroid-treated shock by allowing for a greater 
,-

intracèllular accumulation of cyclic AMP. Thus, despite a lowe~ basal 

adenyl cyclase actiVity, a respott;e may be potenti~ted or become supra

nornial. when there is a decr~ased rate of intracellular degradation.-

The initial release of cyclic AMP into the plasma following 

in vivo honnone injection was greater, in shQck than in control or steroid-:

treated shock (Figures 38 to 41). This is probably indicative of an 

alteration in cellular permeability and a rough reflection of the extent 

of ischemic damage to the tissues •. . 
- The damage tb the epinephrine - responsi ve adenyl cyClase 

system was far more extensive than that to the glucagon sensitive adenyl 

cyclase system in shock. The discrepancy May be related to the phenomenon ') 

of desensitization. Several ~nvestigators (22, 69, 150, 274, 340) have 9 

reported, that exposure to high levels of a P'-adrenergic drug renders a 

tissue 1ess responsive to the sarne ,stimulator when introduced several 

hours later. Furthermore, reductions in hepatic cyc1ic AM? production 

(259, 363) and hormone-sensitive adenyl cyclase activity (69, 236) have 

also been reported following repeated and' subsequent Challenge with the 

appropriate hormone. Report~ indicate up to70 percent reductions in 

epinephrine responsive adenyl' cyclase activity (236) and 30 to 40, percent, 
. 

reductions in glucagon responsive adenyl cyclase activity (69). 

1 
~, 

r~ 
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Throughout the hypovblemic period and then again in late re

fractory- shock when the bl.ood pressure' is again falling, the tissue epi-. ~' ~ 

nephrlne receptors are bombarded with up to 100 fold increases in the 

ci~ulating levels (Sf epinephrinee. Glucagon receptors,c'however~ are 
j 

not "exposed to such excessive amounts of gIucagon. Since epinephrine 
0' ;il 

and glucagon have distinct recePt,ors in. the li ver t and only epinephri~e , 

receptors in the intestine, it is conce:i;,,:able that greater reductions 

in sensitivity to furlher epinephrine rather than glucagon challenge 

might oeeur in tissues obtained from sho,;~t animals. 

: 

. . 

1 

..-- -Glucagon ia a very powe~ful mobilizer of hepatic gluCose: Th_eG 

~resent results as well as re~u1ts obtained by others seem to indiCate 

that the specifie gl.ucagon-sensitive adenyi eyclase system'is easily ~ 

saturated and produces far more cyclie' AM? than is required for maximal 

hepatic glucose output. There is great adaptive value to this P?tential. 
'. 

Sixt Y percent of the adenyl cyolase reswnse, to glueagon may be lost in 

shock, however the physiologie response remains relatively intact. That 

is, the liver i8 still capable of a normal glucose producing respohse to 

glucagon stirrulation in shoçk. Glucagon appears to be an ~fficient glu-

oose-supplying horm?ne of stress. 

Absolute levels of intracellular cyelie AMP \lfere not consis-

tently reduced in shock, whereas in &t~roid-treated shock they were 

"reduced. The reliability of measuring tissue cyclie AMP levels h~s been 

que~oned. Simultaneous measurement of /production, release and break-

down of cyelie AMr can account for most of the tissue and plasma cyc]j,.c 

. ' 
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AMP changes, however, certain discrepancies do arise and may be explainèd 

in sev-eral ways. 

Exton ~ (86) ~ others (12, 36) have shown that glucagon 

and epinephrine markedly~crease net hepatic cyclic AM? generatien, 

however, the' increase was more accurdtelY reflected in the increasing 

extracellular :flu:i.d levels than in t~e in-ïracellular accunrulation. 

Similar findings were -observed by MCArdle ~ (224) in the intestine 1.; , 
fOllawing, in vivo epinephrine injection. 

1 Under appropriate conditions, concentrations of the catechola-' 

mines can be found whieh inerease fat cell lipolysis (89, 90) or contrac

tile force in cardiac muscle (254), without an::r deteetable changes in 

total tissue cyclic AMP. Furthermore, re,sting levels of cyclic AMP / 

ip the liver, if evenly distributed intracellularly, would, on the lIasis . ( 
of -in vitro studiÊls, (2~4 Ch~pt. 7 p. 271) represent, a concentratio\ of 

the nucleotide sufficient te stimulate gluconeogenesis and glycogeno-

lysis maximally. Since this is nat the case, it has been postulat~ 
/ , 

(10, 42, 100) that any total tissue pool of cyclio AMP is campartmental-

ized within the cells, and the specifie pool of cyclic AM? affecting ~ 

partic,ular funetion may represent only a small fraction of the total 

tissue cyelic AMP. Therefore, an agent could double the size -of it's 

specifie "tsrget" pool of cyclic AMP, 'ldthout its resulting in any measur-
• 

able increase in the overall basal levels. On the otherhand, heterogenous 
1 

tissues, auch as the intestinal mucosa, may contain numerous large pools 

of cyclic AMP including lymphocytes which could contribute to the cyclic 

( , 

", 
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AMP content of t~s tissue. Minute increases or decreases of o~ a few
o 

, ... ~ picomoles per milligram of tissue may be associated with maximal altera-
1., t,) 

\ 

" .. 

tions in funetion, while remaining undetectable when they occur in one 
, \' 

compartment surrounded by ot.her compartmentl;l with high basal cyelie AMP 

levels. 

steroid administration in normal and shock animals was associ-
-/ 

ated with greater increases in serum insulin levels following in vivo 

hormone injection than were seen in animals not given steroids. Since' l 

steroids enhance and potentiate ~ responses to hormonal sti~ation 

and are associated W1th ~levations in blood glucos~ levels, it is not 

unlikely that the greater increases in insulin are in part a result of 

the direct steroid effects upon the liver. j 
,'", 

The restoration of hepatic and intestinal response t-o epine-

phrine in shock suggests that the action of glucocorticoids 15 not ' 
\ , 

restricted to de novo synthesis of g~uco~eogenic enzymes. The fact that 
, 

this act'ion of the' steroids occurs within 4. hours in animals in shock 

also suggests a '-direct effect upon cyclic AMP met aboli sm. This may 

involve a re-integr~ion or stabilization of the damaged oellulaI" membrane, 
\ 

which in turn restores receptor and/or catalytic subunit'functian of'the 
-

adenyl cyclase enzyme. , Tne effects- of Methylprednisolone in ~hock 
.1 

appears to be aimed at preservation of adenyl cyclase response :1:rres-, ., , 
~ective of:baseline funetion. In additio~, the results indicate the 

.' \ \ 1 adenyl eyclase response i5 augmented by a supression of phosphodiesterase 

activity. 
1 

.. 

1 
i 
1 
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Steroid administration in shoek enhances the ability of the 

tissues to respond to hormonal stimulation by restoring the adenyl 

cyclase response at a time when the tissue is deVoid of P adrenergic 

sensitivity. Furthermore, the restoration of adenyl cyclase response 

is augmented ~r reductions in tissue phosphodiesteràse actrvitr. 
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CONTRIBUTIONS TO ORIGINAL RESEARCH, 

The following factors, which have not been clarified in the 

existing literature, have been found to influence the canine hepatic' 

and intestinal secorid messenger syste~. 

1. Control basal ade~l cyclase activity was inereased by 

68 percent in liver obtained from normal animals 4 hours following 

in vi. vo administration of 3Q rngf~ethylPrednisolone Sodium Succinat~ 

(control-steroid treated animals). 

2. The hep~tic adenyl cyclase response following in vi.vo 

~lucagon injection fn the control-steroid treated animals was not sig-
'l t 

'\ nificantly difjer,fmt 'from that seen in Ithe untreated control liver. 

3. The normal increa8'e in hepatic adenyl cyclase acti vi ty 

seen followiqg-in Vivo epinephrine injection was aboli shed in dogs 
"" 

subjected ta hemorrhagic shock. 

4. The intestinal adeQYl cyclase response following in vivo 
, , 

epinephrine injection in control animûs was also aboli shed in shock. : 
, 4l' 

,5. Basal adenyl cyclase activi.ty in liver obtained from shock 

'\animals treated witn Met~lpredh:i.solone Sodium Sùca,inate was significant-

ly reduced by 40 percent from the respective control value; however was 
, 1 -

associated with a supranormal response following in vivo epinephrine 

injection. 

6. Baseline intestinal adenyl cyclase activity Wss decreased 

• by 50 percent in the shock-steroid treated animals when campared ta'the 

o 

o 

tB' , U Fii5ill 
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respective contr~l value, however the aden1l cyclase resPonse following 

epinép~e pulse was restored ta normal. 

7. The absolute levèls af'adenyl cyclase'activity following 

glucagon injection into the shock-steroid treated animals were decreased 
~ 

from respective control values by 40 per~ent. ~owever, this adenyl 

cyclase response was associated with a normal hepatic blood glucose 
\ 

response curve. 

8. In vitro addition' of 5 nanamoles of glucagon into heQc 

homogenates obtained from control animals pretreated with glucocorticoids 

resulted in ~ final aden11 cyclase activity ~hich was 55 percent gre.ater 

than that obtained follow1ng in vitro addition of 5 nanomoles 1 g3rucagon 

into hepati~ tissue obtained tram normal animals. 

9. The final adellYl ayalase aativity obtained after in vitro 

addition of 5 nanomoles of glucagon intQ'intestinal homogenates obtained 
• :h ' l 

from steroid-treated control animals was 85 percent gr~ater than that 

seen in intestinal tissue obtained ~ from nonnal animals. 

10. The final aden1l cyalase activity obtained following' 

in vitro addition of 5 nanomoles of glucagon into hepatic tissue obtained 
\ '-

from steroid-treated shock animals was increased by 22 percent over the 

respective value seén in liver obtained from shocj( animals. 

11. The final ad9n11 cyclase acti vit Y obtained following , 
l , 

in vitro addition of 5 nanomoles of epinephrine ta hepatic tissue of 

steroid-treated shock dogs was 35 percent grèater than the respective , ; , 

value in the shock 11;,ver. 
.. 
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12. The intestinal adenyl cyclase response to in vitro 

addition,of 5 nanomoles of epinephrine was restored to normal in the 

shock animals t;eated with glucocorticoids., 

1;. Addition of 10 mM Sodium fluoride"into hepatic or intestinal 

tissue homogenates obtained from control animaîs treated with glucocorti

coids was· associated with no significant change in the final adenyl 
... . . 

cyclase activity from that observed in the untreated,controls. 
, r 

14. Baseline 1rltestinal mucosal cyclic AMP levels in the 
; , 

steroid-treated control animals were decreased br 46 percent fro~ the 

respective value in the normal intestine • 
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