
ABSTRACT 

G.A.C. Milne, M.D. Lipid Metabolism in Bacteremia. 

Master of Science, Department of Experimental Surgery. 

Recent interest in lung lesions seen in septic shock 

anddemonstration of.pulmonary fat embolism in experimental 

bacteremia prompted an experiment to assess mobilization 

and transport of lipid in severe bacteremia.Two groups 

of dogs were fasted for 24hours, then given intravenous 

injections c)f a suspension of E. coli bacteria. When 

severe bacteremia with prostration was evident, thoracic 

duct lymph, blood, liver and lung extracts were assayed 

for triglyceride, cholesterol and free fatty acids. 

While thoracic duct lymph showed little change, there 

was a significant increase in triglycerides in the other 

specimens. 

It is postulated that in sepsis the liver is unable 

to handle the marked mobilizationof lipid that occurs. 

Triglyceride with minimal or abnormal protein binding iS~' 

released via the hepatic veins into tbe circulation. 

Increased lung triglyceride and pulmonary fat embolism 

may be explained on this basis. 
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pH 

ABBREVIATIONS 

= partial pressure of oxygen 

= partial pressure of carbon dioxide 

= inverse of the logarythm of hydrogen ion 

concentration 

Hct = hematocrit 

SGOT = serum glutamic oxalo-acetic acid transaminase 

LDH = lactic acid dehydrogenase 

ml = milliliter 

mg = milligram 

gm = gram 

~q/L = micro-equivalents per liter 
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CHAPTER I. INTRODUCTION 
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The advent of antibiotic therapy for bacterial infect

ions brought with it a great decrease in the mortality 

from infection. Today, although most instances of sepsis 

do not result in a life threatening situation, the number 

of patients that do succumb to this complication is sig

nificant. The main cause of infection in these ca~es is 

gram negative organisms which reside in the gastrointesti

nal tract, and which contaminate the peritoneal cavity 

through necrotic or perforated bowel. The occurrance of 

gram negative bacteremia with manipulation of the genito

urinary tract also is frequent and oècasionally goes on 

to septic shock. The main cause of late death in severe 

burn cases is known to be septicemia from infected wounds. 

Under these conditions septicemia produces many changes 

in the physiological processes of the body. The most ob

vious are the effects on the cardiovascular system, result

ing in shock. Hypoxemia also occurs in many cases without 

shock, and has been associated with pulmonary fat embolism 

at autopsy. 

The term fat embolism is generally used to signify 

either a clinical syndrome or a patho-anatomical finding, 

the relationship between the two conditions not always being 

direct. In this thesis the term will refer to the patho

anatomical condition which can be described as the presence 
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of fat droplets in small vessels. 

In contra st to fractures which arepostulated by many 

to cause intravasation of marrow fat, thereby causing the 

fat embolism, in septicemia it is thought by sorne that a 

change occurs in the form of lipid already existing in 

the blood or being produced by themetabolic pathways. 



CHAPTER II. HISTORlCAL NOTE 
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A relationship between abnorma1ities.in fat metabolism 

and pathology in various orqans fram fat embolism has been 

suspected for many years. Maqendie (1827) was the first 

to realize that fluid fat would obstruct circulation. 

Virchow (1865) first injected oi1 into a doges neck vein 

producing fatal fat embo1ism, accompanied by the weIl 

recognized symptoms and signs of pu1monary edema. 

ClinicalHistory 

Among the first to rea1ize that clinical conditions 

could give rise to abnormalities in the body lipids were 

Zenker (1862) and Wagner (186~ Who both described abnorma1 

fat drop1ets in the ~lood in some cases of osteomye1itis, 

pneumonia, and in one crush injury of the abdomen. On 

the basis of these and other case reports Grohe in 1863 

put forth a theory which is still held by many today, 

name1y that embolie droplets of fat se en at autopsy deve

lop from serum lipids that are norma11y held in suspension .. 

This change in the b100d lipid vas felt to be due to the 

a1tered physica1 properties of the blood. 

Since that time many more cases of fat embo1ism from 

a variety of conditions have been reported. In 1917 

Bisse1l imp1icated fat embolism as an exp1anation for 
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cases of post-operative shock. 01brycht (1922) and Milos-

1avich (1930) both felt that fat embolism was common after 

soft tissue in jury. Lehman and Moore (1927) reviewed the 

1iterature of fat embolism up tothat date and in addi

tion experimentally produced fat embolism by ether anes

thesia in anima1s. They found that extracts of necrotic 

tissue caused the normal blood lipids to come out of 

emu1sion in vitro. On the basis of this and other work 

they divided the causes of fat embolism into metabo1ic 

distutbances, poisoning,· toxemias and tissue destruction. 

A11 have in common the general e1ement of marked chemical 

and physica1 alteration of the b1ood. 

More recent studies have .not brought to light any 

evidence which would suggest that their theory was wrong. 

MacFarlane (1941) and Cooke (1945) both imp1icated fat 

embo1ism as a cause of death in cases of Clostridia We1chii 

infections. Grant and Reeve (1951) found that fat embo-

1ism to varying degrees was a regular feature of fractures, 

and 80% of open abdominal wounds showed sorne evidence of 

a change in the b100d 1ipids. Fort y percent of deaths due 

to burns were found to be associated with fat embolism 

(Levitt 1957). Complications arising frqm technologica1 

advances soon showed themse1ves as cardio-pu1monary bypass 
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cases were studied. Especia11y non membrane oxygenators 

seemed to predispose bô fat embo1ism (Owens 1960). Exter~ 

na1 cardiac massage common1y gives rise to fat drop1ets 

in the b100d and 1ungs (Jackson 1965) • 

Acute hemorrhagic pancreatitis with fat embo1ism was 

reported by Lynch (1954). Pancreatitis is a1so known to 

be associated with the state of hyper1ipemia, and diabetic 

patients have been reported with fat embo1ism without 

trauma (Kent 1955). This association of the pancreas with 

abnorma1~ties in fat embo1ism wou1d seem to indicate a 

ro1e that is not fu11y known at present, a1though it is 

postu1ated that an inhibitor of 1ipoprotein lipase is 

rè1eased by the pancreas under sorne circumstances (Kess1er 

196~ • 

The c1inica1 implications of fat embo1ism and asso

ciated disorders has initiated many experimenta1 studies 

in this field. various experimenta1 mode1s have been 

tried in an attempt to reproduce the patho1ogica1 condi

tion seen in the c1inica1 state. These have demonstrated 

many facets of the prob1em of abnorma1 fat metabo1ism in

c1uding hyper1ipemia, pu1monary and systemic fat embo1ism, 

and fatty 1iver. 
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Experimental Work 

Swank (1960) found that just by feeding high fat diets 

to r~bbits, pulmonary and systemic fat embolismwas pro

duced. Death of the animaIs resulted from stasis of cir

culation and ischemia of the brain, probably due to 

increased viscosity of the blood. He also noted dis

tortion and increased adhesiveness of the red cells in 

these rabbits. Using a similar preparation he noted 

thrombocytopenia (30-70% of normal) as weIl as an increase 

in thé clotting time with this type of hyperlipemia (swank 

1951, 1959). 

In an attempt to duplicate the effects of hyperlipi

demia occuring as a result Qf disease or trauma, Peltier 

(1956) and others (Armin 1951·, OODmor 1963, Zbinden 1964,' 

Wilson 1965), have infused neutral fat .and free fatty 

acids into animaIs. Whereas death is produped quickly 

with a high dose of fatty acids, the same dose of neutral 

fat has little if any effect. The minimum lethal dose D~r 

neutral fat is ten times the dose for free fatty acids. 

Evidence suggests that the fatty acids reach the lungs 

before being boung to albumin, and as free fatty acids 

they are toxic to the capillary endothelium. Neutral fat 

on the other hand has no toxic action as such but may cause 

death by mechanical obstruction of the pulmonary circulation. 
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These experiments have been used to exp1ain the II mechanica1 

theory" of fat embo1ism, name1y that fat from traumatized 

tissues escapes at the time of trauma but does not exert 

-a toxic effect unti1 one or two days 1ater when hydro-

1ysis of the fat by 1ung lipases, re1eases the free fatty 

acids which produce the characteristic signs. 

Feige1son (1961) has shown that raising the fattyl 
• 1 

acid content of plasma by infusions of catecholamines 

resu1ted in a rise of trig1ycerides and a1so produced a 

fatty 1iver. One exp1anation of this finding is that an 

excess of fatty acids is taken up by the 1iver, which 

secretes 1ipoprotein at a fixed rate, thus building up the 

cellular fat, and producing a fatty 1iver. It shou1d be 

noted-that both glucose and insu1in given concomitantly 

with epinephrine prevent a rise in the free fatty acid 

1eve1, indicating that the response is in part due to the 

avai1ability of glucose for uti1ization by the tissues, 

under the stimulus of increased metabo1ic demands. Other 

mechanisms for production of a fatty 1iver under this cir-

cumstance would include the direct effect of the catechola-

mine on liver metabolism or damage of the liver ce11s during 

the experiment. Norepinephrine infused directly into the 

portal vein produced no change in the fatty acid leve1 of 

the b1ood, indicating that breakdown occurred in the liver. 
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Carlson (1965) repeated the above experiment, infusing 

for a longer period of time and found that fat droplets 

appear in most tissues of the body, including the lungs. 

His explanation for this was that the increased levèl 

of free fatty acids caused increased uptake of the fatty 

acids by the cells, which were then unable to metabolize 

the fatty acids as rapidly as they were entering the cell, 

thus causing a buildup of fat in the cell. 

Another effect of hyperlipidemia which has been 

reported (Bergentz 1961) is an increased morbidity and 

severity of fat embolism in animaIs that have been fed 

a fatty meal just before the inciting event - trauma in 

most cases. Bergentz (1961) also found that within half 

an hour of trauma, plasma triglycerides tend to sediment 

with the red cell mass, indicating a trapping of triglyce

ride with this component. This evidence supports the 

theory that fat embolism is due to an altered chemical 

state of blood lipids. 

Microscopie examination of the blood after a heavyfat 

meal (Swank 1951) indicates sorne of the changes that hyper

lipidemia causes. In addition to red cell clumping, the 

chylomicrons tend to cluster, especially if saturated fats 

were ingested. 
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Hyperlipidemia has also been shown to be associated with 

experimental (Kessler 1962) as weIl as clinical pancrea

titis (Lynch 1954) ~ K~ssler produced pancreatitis by 

injecting staphlococcal toxins into the pancreatic duct 

of rabbits and found that hyperlipidemia occurred. He 

showed that this was probably due to release of a lipo

protein lipase inhibitor from the pancreas. 

Groves (196B) has demonstrated in our laboratory a 

hyperlipidemia and fat embolism in dogs subjected to 

repeated doses of E. coli bacteria. 

Clowes (196B) recently demonstrated a lipoid pneumoni

tis after intra-peritoneal infection produced either by 

strangulation of the gut or intra-peritoneal injection 

of E. coli and bile. 
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In order to postu1ate a pathogenesis of fat embo1ism 

and hyper1ipemia it is essentia1 to understand the normal 

pathways of fat metabo1ism. The fact that many aspects 

of fat metabo1ism are contraversia1 and others are not 

known will have to be borne in mind as a scheme of normal 

fat metabo1ism is presented (Fig. 1). 

Norma11y fat enters the body via the gastro-intesti-

na1 tract in the form of trig1ycerides at the rate of 

1-2 gms per ki10gram per day. (Frederickson 1967) 

This is hydro1~sed in the gut to monog1ycerides and fatty 

acids. About 75% of the ingested trig1ycerides are 

absorbed as monog1ycerides (Mattson 1964) • 

In the mucosa1 ce11 the fatty acids and monoglycerides 

are re-esterified into trig1yceride and a10ng with cho-

1estero1, phospho1ipids and protein are discharged into 

the 1ymphatic system as chy1omicrons to be carried up the 

thoracic duct to the venous circulation. A1though absorbed 

free fatty acids account for 60% of the esterified fat 

in chy1omicrons, recent1y it has been shown by Karmen (1963) 

that about 40% of the esterified fat in chy1omicrons come 

from endogenous fatty acids. These endogenous free fatty 

acids cou1d come from serum or the breakdown products of 

bi~e in the gut (Baxter 1966). presumab1y these replace 
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Fig. 1. Simp1ified scheme of fat metabo1ism showing formation 
of the chy1omicron in the mucosal cell, and two of 
its possible routes of metabolism after reaching the 
arterial circulation via the thoracic duct and 
superior vena cava. 
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the absorbed short chain and medium chain free fatty acids 

that are taken up by the portal venous system. 

In the b100d the chy1.omicroœ are removed by the tissues 

of the body. Three avenues are open for the metabo1ism 

of the free fatty acidsonce they are re1eased from 

the chy1omicrons by 1ipoprotein lipase at the capi11ary 

wall 1eve1. 

The first pathway of metabo1ism is oxidation of the 

fatty acids by the body ce11s for production of energy. 

In the 1iver the chy1omicron fatty acids are re

esterified to trig1ycerides and a10ng with cholesterol 

and phospho1ipids are combined with one of the apo

proteins (A, B, or C) to form 1ipoproteins (Wadde11 1953) • 

These 1ipoproteins are not formed in the hepatectomized 

animal, a finding supporting the view that the 1iver is 

the main producer of the plasma proteins (Borgstrom 1961, 

Havel 1961). If sufficient trig1ycerides are present 

they may form sma11 partic1es of fat which differ from 

the chy1omicron partic1e in the ratio of the 1ipids they 
" contain (~rederickson 1967) (Fig. 2). 

The other course of metabo1ism that may be fo11owed 

by the chy1omicron is that of hydro1ysis at the capi11ary 

1eve1 in adipose tissue (Havel 1961). In this tissue the 
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FREDRICKSON et al 1967 

Fig. 2. Origin of plasma glycerides and the lipoprotein in 
which they are formed as separated by paper e1ec
trophoresis. 
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fatty acids are re-esterified te trig1ycerides and then 

may be re1eased into the b100d again as free fatty'acids, 

depending on a variety of factors as will be discussed 

(B~rgstrom 1961) • 

Fatty Acid 

It is genera11y agreed that the most active substance 

in normal fat metabo1ism is the fatty acid circu1ating in 

the b100d bound to a1bumin. This substance, a1though 

maintained at a re1ative1y stable concentration in the 
~ 

normal individua1 is in a constant state of flux with 

more than 25 grams per hour transported in theb1ood. 

Stein (1959) found that 60% of labe11ed pa1mitic acid 

was found in the liver 15 minutes after injection. Two 

thirds of this was found in the form of trig1yceride, 

one third as phospho1ipid. In the post-absorption state 

5Q-9~~ of the bodies -energy needs are supp1ied by fatty 

acids which for the most part come from adipose tissue 

(Frederickson 1967). Their major contrmbution to the 

plasma 1ipid concentration is their conversion in the 

1iver (Byers 1960, Borgstrom 1961) and gut (Havel 1962) to 

trig1ycerides. 

Many factors alter the speed of turnover of the 

fatty acids, including avai1abi1ity of insu1in (Shafrir 1959), 



- 15 

b100d glucose 1eve1 (Feige1son 1961, Baker 1968), glucagon, 

catacho1amine re1ease due to stress (Carlson 1968), and 

sympathetic nerve stimulation (Rose11 1966) and pituitary 

hormones. Nicotinic acid has been shown to decrease the 

mobi1ization of fatty acids, during catecholamine re1ease 

(Carlson 1968) . 

As is true of many other substances in the b1ood, 

the fatty acid concentration is affected by both production 

and uti1ization, a1though it has been ,found that the turn

over rate of plasma free fatty acids is re1ated in a 

quantitative manner to the prevai1ing plasma free fatty 

acid concentration (Armstrong 1961). That is to say that 

the rate of uptake by the 1iver and other tissues is de

pendent on the b100d 1eve1 of fr'ee fatty acids. For this 

reason it is fe1t that most agents that affect the con

centration do so by a1tering the production. 

Lipoprotein 

The third major component of the plasma 1ipid system 

is the 1ipoprotein. A1though exogenous 1ipid in the form 

of chy1omicrons predominate in the absorption state, the 

1ipoproteins or endogenous 1ipids are most abundant in the post

absorption state. These endogenous 1ipids are c1assified 

in severa1 ways each depending on the particu1ar method used 

to separate them. These methods depend for their success 

on the varying chemica1 and physical properties of the 
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lipoproteins. Thus, whereas density of the particles is 

the important feature for centrifugation the electric 

charge on the particle is very important for electro

phoresis. Electrophoresis separates the various lipids 

into distinct bands which are dependent on the afore

mentioned properties. Thus there are alpha, beta, and 

pre-beta lipoprotein bands, as weIl as the chylomicron 

band at the origin of the paper when albumin-containing 

buffer is used (Figs. 3 and 4) • 

Analysis of these various fractions (Frederickson 1967) 

would indicate that the chylomicron is a low density par

ticle varying in size from .5 to 5 microns, average size being 

1 micron, composed chiefly of triglyceride with a thin 

shell of protein which stabilizes the particle in its 

aqueous surrounding. 

Alpha lipoproteins on the other hand are high density 

particles, the composition of which is 45-55% A-protein, 

30% phospholipid, and l~~ cholesterol. 

Beta lipoproteins are low density particles made up 

of 20-25% B protein, ~~ free and 35% esterified cholesterol, 

and phospholipid accounting for 22%. Triglyceride makes 

up the remaining 10%. 

If the triglyceride output of the liver increases 

the beta protein becomes less dense and May be found in the 

pre-beta band which is the very low density band. This 
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TG 

Figure 3. Symbo1s for the three most important factors in 
the simp1est concept of fat transport by 1ipo
protein. a.. = A1pha1ipoprotein 1 = Beta 1ipo
prote in TG = Triglyceride: the Phospho1ipid(P), 
Cholesterol (C) and protein (Stipp1ed for A 
Apoprotein and sol id for B Apoprotein). A110ted 
areas in the symbo1s comparable to their contri
bution by weight to the 1ipoprotein. (Frederick
son, O.S., Levy, R.l., Lees, R.S., New Eng. J. 
Med., 276:38, 1967). 
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Fig. 4. Schematic representation of the major portions 
of the lipoprotein spectrum as defined by paper 
electrophoresis and ultracentrifugation. 
(Frederickson, D.S., Levy, R.I., Lees, R.S. 
New Eng. J. Med., 276:38, 1967) 
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lipoprotein appears to be a combination of A,B, and C 

proteins, containing a high percent of triglyceride. 

They may form particles of lipid that can be seen mic

roscopically, although they do not usually attain a 

size as large a~ the chylomicron. 

The lipoproteins carry 90% of the cholesterol that 

is found in the plasma, the rest being carried by the 

chylomicron. Cholesterol is absorbed at the rate of 

100-500 mg per day from the diet, another 1 gm being 

re-absorbed from the breakdown of bile in the gut.Most 

tissues can synthesize cholesterol and it is maintained 

at a steady concentration in the plasma. 

The phospholipids constitute the largest mass of 

plasma lipids, but do not take part to any great extent 

in the body energy supply. Because of their physical 

properties they function as "biological detergents" pro

moting stability at the oil-water interface. 
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preparation of Septic AnimaIs 

In the experiment two g~oups of mong~e1 dogs weighing 

between 20-30 kilograms were studied. In both groups dogs 

were fasted for 24 hours then given intravenous injection 

of a suspension of Echerichia coli containing 5 x 108 

bacteria per milliliter in a dosage of 1 mi11iliter per 

kilogram weight. Further injections \':-ere administered 

daily for 2 days to produce severe bacteremia and prostra

tion of the animaIs. Fasting was continued throughout the 

experiment. Control animaIs for both groups were fasted 

for a.:n equivalent time but did not receive injections of 

bacteria. 

preparation of Echerichia Coli Suspension 

Echerichia coli bacterial suspension was prepared by 

innoculating two 50 milliliter flasks of Trypticase Soy broth 

with the bacteria and incubating for 18 hours. This mate

rial was centrifuged at 3000 revolutions per minute for 

30 minutes, then the organisms were washed twice in normal 

saline. They were then re-suspended in 100 milliliters of 

normal saline and a viable count was performed. saline as 

indicated was then added to bring the suspension to a con-

'centration of 5-6 x 108 bacteria per milliliter. 
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Experiment l 

These anima1s consisted of 11 experimenta1 and 11 control 

dogs. They were anesthe~ized with Nembuta1 .(20-25 mi1iigrams 

per ki1ogram) intravenous1y, in~ubated and p1aced on a volume 

respirator. A right thoracotomy through the 8th inte.rspace 

was then performed and the thoracic duct was cannu1ated with 

PE tubing #90. The duct was c1eared for 2-3 cms at the 1eve1 

of the 9th rib, and any access~ry communications 1igated. 

The cannu1a was inserted at 1east 3-4 cms dista11y, the 

tip 1ying be10w the 1eve1 of the dia~hragm. The tubing was 

then 1e.ci . out through the incision and the thoracotomy 

c1osed. A #16 red rubber catheter was 1eft in the c'hest 

to evacuate the pneu~othorax. The animal was thentaken off 

the respirator and the tubing·from the 1ymphatic ductwas 

inserted into a test tube to which 10-15 centimeters of 

water of suction was app1ied (see diagram). Four to five 

drops of 15% 1iqllid ethyiene-diamine tetra-aceticacid .. was 

inserted into the test tube to prevent coagulation of the 

1ymph. The first ha1f hour drainage was discarded before start

ing hour1y collections for ana1ysis. 

A femora1 artery catheter and femora1 vein catheter were 

inserted with the venous 1ine being positioned close to the 

hepatic vein before c10sure of the thoracotomy incision. 

B100d pressure was monitored from the femora1 artery by a 

sanborm pressure transducer and recorder. Blood for 1ipid 
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VSCuum 

Illustration of system used for collection of thoracic 
duct 1ymph. Approximate1y 10 cm. of water suction was 
applied to the tubing in the thoracic duct, and the 
1ymph co1Lected without coming in contact with anything 
other than the plastic tubing, ensuring proper collection. 
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studies was taken from the venous cathet~r at the beginning 

and at the end of the experiment. 

Experiment II 

Twe1ve experimenta1 and 12 control dogs were anesthe

tized as for Experiment I. Arteria1 b100d was taken for 

p02' pC0 2 and pH, 1ipid ana1ysis, Hct, SGOT and LDH. Rectal 

temperature was monitored. The dogs were then given a 

1etha1 dose of Nembuta1 and immediate1y through a right 

thoraco-abdomina1 incision, the 1ungs and a major portion 

of the 1iver were removed. B100d on the exterior of the 

organs was washed off. These organs were then minced for 

10-15 seconds in a Waring b1ender with glass container. 

Five grams of minced tissues was put into an Er1enmeyer 

f1ask and 100 ml. of ch1oroform: methano1 2:1 mixture was 

added. Another 50 gm was weighed and the beaker put into 

an evaporation oven at 100 0 e for 24 hours. 

B100d and Lyrnph Ana1ysis 

Specimens of b100d were put immediate1y intovacutainer 

tubes.containing .17 mi11i1iters of ethylene-diamine tetra

acetic acid (E.D.T.A.). These, as we11 as tubes containing 

the 1ymph were then spun down in a centrifuge at 2,000 revo

lutions per minute for 20 minutes. The plasma was separated 
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and put into a cold roo~ at 4°C as was the lymph if imme

diate analysis was not going to be carried out. The spe

cimens were then analysed for free fatty acids, by Doles 

method, as modified by Trout, Estes and Friedberg (1956). 

Results were given in micro equivalents per litre. 

Cholesterol was analysed by Leffler's method (1962) and 

the results expressed as milligrams per 100 millilitres of 

plasma. Triglycerides were analysed as described by van 

.Handel (1961) and results given as milligr~s per 100 milli

litres of plasma. 

The thoracic duct lipid output was calculated by 

multiplying the amount of lipid per millilitre by the 

volume of lymph collected per hour. 

Blood gases including p02' pC02 and pH were determined 

on an Instrumentation Laboratory blood analyser. 'Hematocrit 

was evaluated in a Clay-Adams microhematocrit tube. SGOT 

studies were evaluated by the Trans-Ac technique (Babson 

1962) a colorimetrie assay while LDH was done by the Lac

dehystrate (Babson 1965) colorimetrie assay. Serum and 

lymph for lipid analysis was also subjected to paper elec

trophoresis, using the Beckman Model R electrophoresis 

system. The technique used was a modification of that 

described by Jencks and Durrum (1955) using albumin and 

barbital buffer with oil red ° as the staining material. 
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Tissues ,for extraction were treated after the method 

of Folch (1957). After incubating one hour in an Erlenme-

yer flask, with occasional sttrring, the 5 grams of minced 

tissue and 100 ml of chloroform: methanol 2:1 mixture were 

strained through a filter paper into a separating funnel. 

Twenty mIs of distilled water acidified with 1-2 drops of 

sulphuric acid were~then added and the flask shaken vigou

rously. After separation of the two layers, the bottom 

layer was separated equally into four test tubes each 

cobtaining about 16 mIs. One milliliter from one of the 

test tubes was analysed for triglyceride, it being treated 

in the same manner as a plasma sample. The remaining 

tubes were evaporated under vacuum at 45°C. 

The lipid in one tube was re-suspended in heptane for 

the fatty acid determination and isopropanol was the solvent 

used to dissol ve th~:Lipid,;;:for cholesterol estimation. 
'.; , .. ~~r;:~,. 

calculations for the t9~al lipid included correction 
",", ' 

for the various dilutions, as weIl as taking into account 

the dried weight of the sample. Basic calculations for 

each of the various components are as follows. 

Triglycerides 

Concentraticin(mgJlOO ml) x volume (66 ml) ~ 5 (grn)xdry weight (gm) 

100 ml 50 (gm) 

= weight (mg) / gm of dried tissue 
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Free fatty acids 

Concentration (UEq/L) x vol. (6 ml) ~ 5 (gm) x dry weight (gm) 

1000 ml 50 gm 

= weight UEq/gm of dried tissue 

Cholesterol 

(2x) concentration (mg/lOO ml) x 2 cc ~ 5 gm x dry weight 

100 ml 50 gm 

= mg/gm dry weight 

AlI results were subjected to the unpaired t-test for 

evaluation as to the significance of the differences bet~ 

ween the experimental and control groups. This was done 

by a computer programme developed by others in our labo

ratory. 



CHAPTER V. RESULTS 
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I. General Condition of Dogs 

AlI experimental dogs exhibited vomiting and diarrhea 

within 10-15 minutes after the first injection of E. coli. 

Only t~ose dogs which survived 24 hours and looked relati

vely healthy were given a second dose. It was noted that 

those that were going to get progreSsively worse would 

again vomit and have diarrhea. Approximately one third of 

those studied were investigated after the first injection, 

and the remainder after the second or third injection. 

One thirq of the dogs given the initial injection died 

within 12 hours. 

In Experiment l, 3 dogs died on the table before the 

end of the collection period, going into shock over the 3-4 

hours of collection. These dogs also exhibited an elevated 

temperature of 106-l08°F and had coffee-ground material 

coming from their mouths and tarry stools. The rest of 

the dogs in both groups had normal or slightly lowered 

blood pressure but were not in shock at the time of study. 

It was found that p02 and pC02 of both controls and 

experimental animaIs were in the same ra.nge, no significant 

differences being observed. (Table 1) 

The temperature and hematocrits were significantly 

elevated in the septic dogs while the arterial blood pH was 

lowered in these dogs. 
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TABLE l 

PARAMETERS MEASURED IN EXPT. II 

Control -Experimental p Value 

Arteria1 pH 7.347+.04 7.295+.07 ~ .02 

Arteria1 p02 70.9+11.1 71.1+12.7 N.S. 
(mm Hg) 

Arteria1 pC02 37.4+5.6 34.6+7.8 N.S. 
(mm Hg) 

S.G.O.T. 23.4+6.8 151.4+144.0 <. .01 
(Trans Ae units) 

~ 
L.D.H. 86.8+43.8 93.7+68.4 N.S. 

(International 
units) 

Temperature 101.7+1.1 103.6+2.0 <. .01 
(OF) 

Het. 40.7+7.4 46.5+7.3 <.05. 
(%) 
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Liver function tests showed a marked elevation of the 

S.G.O.T. in the experimental dogs, although the L.D.H. values 

were not changed. 

Results - Experiment l 

a) Thoracic duct lymphe 

In our group of dogs it was noticed that volume of 

flow did not seem to vary with the weight of the dog to any 

extent. The successful placement of the catheter weIl 

down the duct, and the application of the appropriate 

amount of suction seemed to Le the important factors for 

collecting the lymphe As noted in Figure 5 the· flow of 

both groups of animaIs decreased with time, and there was 

no significant difference detected between the two groups. 

One other factor which affected flow in the early 

studies (not reported) was that of clotting of the lyrn.~h 

in the tubing, where there was a metal connector. Elimi

nation of the metal connectors assured a continuous flow 

of lymphe It was noted as weIl that whereas occasional clots 

would form in the control dogs lymph, even with anti~oagulant 

in the test tube, no trouble was encountered with septic 

dogs' lymphe 

This in spite of the hemorrhagic nature of the septic 

dogs lymph, which would usually become increasingly more 
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Fig. 5. Volume of lymph collected from the thoracic 
duct in experiment l. Collection commenced 
one half hour after aIl manipulation of the 
animal had ceased, and animal breathing on 
his own. 
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hemorrhagic as the experiment progressed. When spun down 

the lymph retained a yellow tinge, and often had a hema~ 

tocrit of 1-2%. 

Varying degrees of turbidity of the lymph was noted, 

and corresponded to the amount of triglyceride present. As 

seen in Table II, the conceptration of triglyceride as weIl 

as the actual amount of triglyceride decreased with time, 

for both groups of dogs (Fig. 6). 

This trend was also observed for the other components 

of the lymph studied, namely fatty acids and cholesterol. 

In spite of an increase in concentration as the collection 

proceeded, the output of both these components fell and in 

fact correlated weIl with the output of the control dogs 

(Figs. 7 and 8) (Tables III and IV) • 

b) Blood lipids. 

Several important points are to be noted with regard 

to findings in the blood studies. The first of these is the 

higher plasma free fatty acids in the experimental animaIs 

(Table III). Although not in an excessively high range they 

do differ significantly from the control apimals at the begin

ning of the lymph collec~ion. After 5 hours however the 

fatty acids have fallen to within range of the controls. 

Although cholesterol values are similar as seen in 

Table IV, it will be noted in Table II that the serum trigly

cerides are almost two and one half times higher in the 
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TABLE II 

TRIGLYCERIDE CONCENTRATION --ExPT-•. ~ l 

LYMPH 

Control (mgoA,) EXEerimental (mgoA,) 

536.3 561.0 

456.5 533.7 

391.5 G490.7· 

270.8 383.6 

257.0 402.1 

PLASMA 

66.4+30.5 

71.6+37.0 

163.8+114.5 

175.9+108.9 

P value 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

< .02 

<.01 
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o control 
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Figure 6. Triglyceride output in thoracic duct 
lymph in experiment I. 
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TABLE III 

FREE FATTY ACID CONCENTRATION - EXPT. l 

Time (hr) 

1 

2 

3 

4 

5 

1 

5 

LYMPH 

Control (~EqjL) Experimental (~Eg/L) p Value 

969.0 739.6 N.S. 

834.7 764.5 N.S. 

764.8 781.3 N.S. 

682.1 778.8 N.S. 

764.3 828.4 N.S. 

PLASMA 

501.6+119.6 

551.8+93.9 

779.1+157.3 

611.9+247.6 

1. .01 

N.S. 
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Figure 7. Fatty acid output in thoracic duct lymph 
in experiment I. 
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TABLE IV " 

CHOLESTEROL CONCENTRATION - EXPT. l 

L'YMPH 

Control ~mgo,,} EXEerimenta1 ~mgo,,) 

109MO±.2B.9 

105.4+25.5 

99.5+26.6 

92.3±.33.0 

95.B±.33.5 

139. 8±.45. 9 

15B.2±.51.B 

PLASMA 

140.5+55.3 

139.8+49.9 

141.8+60.0 

135.0+49.7 

169.8+51.3 

259.8+170.5 

209.7+B9.9 

Evalue 

N.S. 

N.S. 

(.05 

(.05 

(.01 

N.S. 

N .S. 
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Figure 8. Cholesterol output in thoracic duct 
lymph in experiment I. 
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experimental gro~p, both at the beginning and the end of 

the experiment. In spite of the loss of triglyceride via 

the lymph, the mean value actually is higher at the end 

of the experiment, and t.he difference between groups is 

slightly more significant. 

Electrophoresis of plasma detected a change in the 

lipoprotein pattern of the plasma after bacteremia (Figure 9) • 

Whereas normal fasting dogs showed no lipid at the origin, 

bacteremic dogs showed a definite IIchylomicron-like bandll , 

that was the same as that expected after a fatty meal in 

normals. The rest of the electrophoretic strip was essen

tially normal except for a questionably thickened beta band 

in some dogs. It should be noted that there was no increased 

lipid in the pre-beta band, the usual place to findllendo

genous" triglycerides. Electrophoretic strip of lymph 

detected lipid at the origin in most controls in which this 

was done, therefore this was not carried out on the experi

mental dO~' J lymphe 
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DOG llPOPROTEIN ELECTROPHORESIS 
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BEFORE BACTERIA 

AFTÊR BACTERIA 

Figure 9. Example of the findings on paper electro
phoresis of the plasma in a normal control 
and a bacteremic dog. Note increase in 
density in the chylomicron band at origin 
of paper after bacteria. 



Results - Experiment II 

a) Blood Lipids 

The same change in blood triglyceride levels was 

observed in these experimental dogs as in the first group. 

That is the septic dogs had triglyceride levels two and 

one half times higher than controls (Table V). There was 

a small increa~e in the serum levels of cholesterol and 

free fatty acids in the experimental animaIs, however, the 

increase was not significant. 

It is to be noted that although the relative increase 

of serum triglycerides in the experimental animaIs corres

ponds to the relative increase in liver triglyceride content, 

there was a relatively less increase in lung triglyceride. 

Serum cholesterol levels changed very little compared 

to the ratio of increase in liver cholesterol content in the 

experimental animaIs. 

d 
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b) Organ extraction-

At the time of removal, the lungs of the septic 

dogs often had petichial hemorrhage, and two had are as of 

g'ross hemorrhage into the lung substance. 

Analysis of the lungs showed a significant increase 

in the triglyceride content of the septic dogs. Fatty 

acid and cholesterol analysis failed to reveal any signi

ficant change in content (Tables V, VI and VII.) 

Liver analysis (See Ta~le V) showed a three-Lold' 

increase of triglycerides in the septic livers, while a 

decrease in the amount of cholesterol was noted. Free 

fatty acid analysis showed no change. At the time of 

removal of the livers it was often possible to predict 

that an increased amount of fat would be found becausé of 

the yellow col our of the liver. 



- 42 -

TABLE V 

TRIGLYCERIDE EXTRACTION EXPT. - OOGS 

Control Experimental p Value 

Serum trig1ycerides 88.7+42.6 235.0+157.1 ~.01 
(mgoA,) 

Liver trig1ycerides 43.4+33.2 136.4+80.9 (, .01 
(mg/Gm D.W.) 

Lung trig1ycerides 23.9+9.9 38.7+20.8 ~ .05 
(mg7Gm D.W.) 
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TABLE VI 

FREE FATTY ACID EXTRACTION - DOGS 

Control Experimental p Value 

Serum F.F.A. 591.9+344.6 622.2+400.8 N.S. 
(\J.Eq;'L) 

Liver F.F.A. 20.7+7.4 18.1+6.9 N.S. 
(!-LEq;'Gm D.W'.) 

Lung F.F.A. 23.23+14.8 21.31+11.5 N.S. 
( !-LEq/ Gm D. W • ) 
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TABLE VII 

CHOLESTEROL EXTRACTION - DOGS 

Control Experimental p Value 

Serum cholesterol 196.6+128.06 223.3+72.4 N.S. 
(mg %) 

Liver cholesterol 9.4+5.1 16.0+6.2 .( .01 
(mg/Gm D.W.) 

Lung cholesterol 17.2+7.1 22.1+12.2 N.S. 
(mg/Gm D.W.) 



CHAPTER VI. DISCUSSION 
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Although the effects of gram-negative bacteremia and 

endotoxemia have been studied from many different aspects, 

few have documented the nature and extent of changes in 

fat metabolism. This ~ub3~ct has sicjnificance because 

of the pathological deposits of fat seen in various 

organs after these conditions. The lymphatics. are im

portant in the over-all metabolism of fat and a few 

workers have studied the characteristics of lymph after 

endotoxine 

Ballin (1959) investigated intestinal lymph flow in 

the dog after endotoxin, and found that although there 

was a direct correlation between lymph flow and portal 

pressure in control dogs, in dogs given endotoxin the flow 

was greater than expected and showed no correlation with 

the portal pressure. This effect presumably was due to 

an increased capillary permeability .in the gut. 

Alican (1961) also investigated lymphatic flow after 

a lethal dose of endotoxin and found that shortly after 

the administration of endotoxin the hepatic lymph flow 

increased markedly, correlating with the rise in portal 

venous pressure. The intestinal component on the other 

hand did not increase until a short time later when the 

portal pressure was back to normal. When he measured the 
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total flow from the thoracic duct, these two components were 

measured as a 4-5 fold increase in flow commencing shortly 

after endotoxin and continuing while the animal was in 

endotoxin shock, gradually decreasing as the animal 

succumbed. 

It is not possible to compare these results directly 

with our animaIs as they were obtained within a short 

time of the administration of the endotoxine These expe

riments however might lead one to believe that the lym

phatic flow would be increased in our septic dogs. This 

was not the case as the mean flow in our experimental dogs 

was not significantly different from controls. One expla

nation for this finding is the fact that the dogs were 

somewhat dehydrated, as indicated by the higher mean hema-
- . 

tocrit in the experimental dogs of experiment II. If 

capillary permeability was normal or only slightly 

increased at the time of measurement the results are as 

might be expected. 

Concerning the lipid content of the lymph, much work 

has been done in the normal but very little on the septic 

animal. 

Morris (1956) found that hepatic lymph cholesterol 

concentration was 85% of plasma, and hepatic lymph flow 

constituted 3~fo of the total flow of thoracic duct lymphe 
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Friedman (1961) found the hepatic and intestinal lymph 

cholesterol concentrations abouthalf that of plasma, 

although Bqllman (1951) states that cholesterol concen-

tration was the same in both hepatic lymph and serum. 

As noted in our results, the cholesterol concentration 

of the lymph varied between 60 - 7~~ of the plasma con-

centration in controls and 54 - 80% of the plasma con-

centration in experimental dogs. 

The source and amount of the lymph lipids is some-

what disputed, in that different percentages are given 

for the amount of endogenous versus exogenous lipide 

possibly one reason for the differing resu1ts is indicated' 

by the finding of Rampone (1961) ,who found that whereas 

dogs fed by duodenal tube had increased amounts of lipid 

in the thoracic lymph for 13 hours, those fed by gastric 

tube had elevated 1eve1s for 24-48 hours. Thus the 

common practice of starving anima1s for 12 hours or even 

24 hours before obtaining basal 1ymph values will produce 

false resu1ts in some cases. After 24-48 hours starving, 

he found that the average rate of lipid transport was 

124 mg/hour. 

Shrivastava (1967) reported an 80% decrease in the 

esterified fatty acids of thoracic duct 1ymph in fasting 

rats with a bile fistu1a. He therefore suggested that 
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the phospholipidsof'bile released fatty acids in the gut 

which in turn were absorbed and formed a large portion 

of esterified fatty acid in thoracic lymph. Karmen (1963) 

found that a full 40% of esterified fat in lymph was 

endogenous, that is synthesized by the.mucosal cell, from 

non-ingested fat. Baxter (1966) on the other hand felt 

that 50% of fatty acids in lymphs were from bile lipid 

and only a little circulating free fatty acid was in

corporated into lymph lipid by the cell. Rampone has 

found that only 1.2% of re-infused chylomicrons are found 

going back up the thoracic duct, indicating a slow plasma

lymph exchange in this forme 

Our results would tend to support the findings of 

those who found that a'large portion of esterified fatty 

acids in the thoracic duct are not exogenous in origin, 

as our dogs, both control and experimental, had been 

fasted for at least 2 days and yet had a high concentration 

of triglyceride in the lymphe Presumably this is explained 

by the contributions of the bile fatty acids as weIl as 

endogenous fatty acids being esterified in the gut. 

Our observations that the lymph was hemorrhagic in 

the experimental dogs confirms the finding made by Alican (1961) 

who noted that both intestinal and hepatic lymph became 

bloody after endotoxine These observations are explained 
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by microscopy findingsof the intestinal and hepatic 

lymphatic systems. 

Baez (1955) studied the intestinal lymphatics and 

found that.trans~vasation of red cells occurred in this 

tissue, after endotoxine De Palma (1967) studied the 

liver ultra-structure by electron microscopy and found 

after endotoxin that sever al changes were evident, within 

2 hours of the injection. There was centrilobular necrosis 

as weIl as a generalized depletion of glycogen. Swelling 

of the Kupfer cells was evident, and it was noted that 

red cells were in the space of Disse. 

These observations would fit in with the findings of 

Hardaway (1966) and Gans (1960) who describe a process of 

intravascular coagulation with resultant fall in fibri

nogen and platelets. This process results in prolongation· 

of the clotting and bleeding time, increasing the possi

bility of red cells getting into the lymphatic channels. 

The anatomie alteration of the liver is reflected in 

abnormal enzyme production as determined histochemically. 

Coscorano (1961) studied the effect of E. coli endotoxin 

and Dound depletion of succinie dehyrogenase in the centri

lobular area within 10 minutes of injection. This picture 

did not change appreciably with time over the 24 hours studied. 

Hirsch (1964) found that B.S.P. retention increased to 

5 - 2~~ within 2 hours of injection of endotoxine 
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These studies are in agreement with our finding of 

elevated SGOT levels, and perhaps indicate why this abnor

mality was found. 

Pulmonary Fat Embolism 

"Fat embolism is well known as a complication of skeletal 

trauma, and has been shown t~ occur in sepsis. Few studies 

have attempted to quantitate this phenomena in sepsis. 

Nelson (1951) reported the effects of parcolon 

bacteremia, which were similar to our own in that metabolic 

acidosis, elevated hematocrit and rise in temperature were 

noted. He also mentioned that histological section of ~he 

lung showed dilated capillaries with hemolysed blood in 

them. 

Lillehei and MacLean (1958) found that pulmonary lesions 

were more common in dogs that survived 24 hours than those 

dying sooner. after endotoxine The typical gut lesions were 

somewhat less in these dogs than in those dying sooner. 

The pulmonary lesion in these dogs consisted of clinical 

pulmonary edema with hemorrhage and congestion being found 

at autopsy. 

Hirsch (1964) also noted hemorrhage and pulmonary ed~ma 

in rabbits that had been given two doses of endotoxin 24 

hours apart. 

Groves (1968) and Allardyce (1968) in our laboratory 

both found histological evidence of pulmonary fat embolism 
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in dog~ and rabbits respectively, after bacteremia and 

endotoxine In the studies, the degree of fat embolism 

was impossible to estimate and not aIl experimental animaIs 

had fat embolism on histologie section. Our results suggest 

that fat embolism is a regular feature of bacteremia as an 

increase in the triglyceride cont.ent of the lung was found 

in 8~~ of experimental animaIs. possibly because of the 

hyperlipemia present in our dogs the values are much 

higher than the hyperlipemic dogs described by Bergentz (1962). 

His results indicate that the amount'of embolie fat is 

determined to some extent by the serum triglycerides. 

Lequire (1959) saw birefringent crystals similar to 

those of cholesterol in 9 patients and in rats that had 

fat embolism when subjected to rapid decompression from 

hyperbaric conditions. The embolie fat contained free and 

esterified cholesterol in greateramounts than normal 

adipose tissue. In our study there was no significant 

increase in cholesterol in lung tissue despite demonstration 

of fat embolism and increased lung triglycerides. 

Fatty Liver and Pulmonary Embolism 

Clinically, fat embolism after trauma is felt to be 

more conunon among patients who .have a fatty liver and 

cirrhosis due to alcoholism (Lynch 1957). This fact has 

prompted the proposaI that fat globules, unbound to 
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protein and therefore insoluble in blood, rupturing out of 

the liver tissue and are the responsible agent in these 

cases. A similar theory was postulated for the septic dogs 

by Groves (1968). 

Hartroft (1951) observed fat globules breaking into 

bile canaliculi and hepatic sinusoids of rats that had 

fatty livers because of choline deficiency. He also showed 

fat embolism in lung and kidney and believ,ed that this 

fat represented embolization from fatty liver (1955). 

In our experiments there was an association between 

increased liver and lung triglycerides in an experimental 

model which had been shown previously to be associated with 

pulmonary fat embolisme If lung embolisation does occur 

from liver it is unlikely to occur via the lymphatics since 

the lipid output of the thoracic duct was the same for 

control and experimental dogs. We cannot rule out fat 

embolization via the hepatic veins however. 

Fatty Liver and Hyperlipedemia 

'That there is an association between fatty liver and 

hyperlipedemia has been appreciated for many years. Hyper

triglyceridemia and fatty 1iver have been produced in 

severa1 experimenta1 studies. Both Feige1son (1961) and 

Carlson (1965) demonstrated hypertrig1yceridemia in dogs 

following ïntravenous infusions of norepinephrine. In 
. 1 
) 

/ 
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addition carlson found fat drop1ets in the lung, 1iverand 

muscle tissue and noted that the dogs exhibited tachpnea' , 
-.. 

, and hyperpyrexia, signs associated with clinical fat 

embolism." Fatty livers are known to be associated with 

increased fatty acid mobilization and these results 

suggest that lipid mobilization with increased catecho-

lamine 1eve1s is an important mechanism in the production 

of fatty 1ivers. The e1evation of the fatty acids and 

triglycerides in our dogs would suggest that there was 

a greatly increased mobi1ization over a fair1y long period, 

at 1east B hours since it has been shown that fatty acids 

must be e1evated for at 1east' 6 - 8 hours before a fatty 

liver can be induced. 

Mechanism of Fat Embo1ism 

From the above evidence several mechanisms explaining 

the observed changes can be postu1ated (see Fig. 10) • It 

'shou1d be stated first however that despite sèvéraI plausible 

mechanisms whereby hyper1ipœdemia and fat embo1ism might 

occur, hyper1ipidemia per se has no direct cause and effect 

re1ationship to fat embo1ism. C1inica11y (Frederickson 1967) 

and experimenta11y (Morris 195~ hyper1ipemia can'exist 

without the patho10gica1 changes that we have found. Under 

the conditions of our experiment however it seems probab1~ 

that a re1ationship does exist, and may occur by one of 

the fo11owing mechanisms. 
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The first is that proposed in principle by Feigelson (1961) 

for a healthy liver, that is, the elevated catecholamines and 

adrenal corticoids release free fatty acids from the adipose 

tissue which in turn go to the liver. The liver increases 

its production of lipoprotein and after 6 or more hours of 

elevated fatty acids, a hyperlipidemia is produced. At this 

point the liver has accumulated fat in the cells since fatty 

acid is arriving faster than the cells can synthesize lipo

proteine In pathological conditions such asbacteremia or 

endotoxemia it is possible that larger orabnormal lipo

proteins are formed which could form the fat droplets 

se en as fat embolisme The electrophoresis results also 

could be explained by this meChanism since the larger 

particles might behave as chylomicrons in this situation, 

rather than thelipid that normally forms the pre-beta 

band. The mechanism for precipitation of these larger 

fat particles possibly involves some change in the IIdeter

gentil of the serum, namely the phospholipid fraction of 

lipids. 

The second possibility is that instead of the liver 

fat being released as lipoprotein, it is being released 

into the hepatic venous system as uribound fat droplets 

from the fatty cysts or damaged liver cells. This type pf 

lipid would also have physical properties different from 
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the normal lipoproteins, thus increasing the possibility 

of embolization and also explaining the ch~nges in elec

trophoresis. 

One possibility that our results do not exclude'is 

that of excess lipid from the periphery coming up the 

thoracic duct. Since our experiments were carried out 

on anesthetized dogs, most of the lymph flow was from 

the abdominal viscera (Morris 1956). In the normal situa

tion a larger percentage would come from the periphery, as 

Fuchsig pointed out •. 

Another possible explanation might be the mechanism 

as found in pancreatitis, namely an inhibition of lipo

protein lipase by a substance released by the pancreas or 

other body tissues. This in effect would decrease the 

utilization of lipid, causing hypertriglycered~mia. 

Triton WR-l339 has been used to study fat metabolism 

under various conditions (Morrisl956, Frieœman 1957) ~ 

Its action is to change the form of the blood lipids such 

that they are not utilized by the tissues for 24 - 36 hours, 

after injection. It is pos~ible that a similar mechanism 

takes place in sepsis, due to some as yet unknown factors. 



CHAPTER VI l • SUMMARY 
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E. coli bacteremia was ~nduced in dogs by intravenous 

injection after a 24 hour fast. Investigations of two 

types were carried out on the surviving dogs at least 

24 hours following injection. These revealed hypertri

glyceredimia and elevated fatty acids in association with 

increased lipids in the chylomicron range on lipoprotein 

electrophoresis. Extraction of lung and liver demonstrated 

an elevated triglyceride content, and a decreased choles

terol content of the liver. Thoracic duct lipid output 

was unchanged, indicating that inc.reased triglyceride 

release by the liver, if occurring, was not via lymphatics. 

It is postulated that catecholamine increase in 

bacteremia results in mobilization of increased amounts of 

free fatty acids, these in turnbeing inadequately handled 

by the liver such that fat accumulates in the hepatic cells. 

Release of this fat, whether by lipoprotein synthe sis or 

by breakdown of the fat globules is via the hepatic veine 

Increased triglyceride content of liver and lung was 

correlated with increased plasma lipids. These results 

support previous work showing pulmonary' ·fat embolism as 

part of the lung lesion of bacteremia. 
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EXPERlMENr II. ORGAN EXTRACTION 

Contro1s 

Dog * LDH SGOT Ht Temp. p02 pH pC02 

9 45 18 36 101 80 7.30 34 
14 69 34 37 102 70. 7.35 30.5 
15 107 20 38 104 66 7.36 34.5 
16 60 16 42 100 62 7.37 41 
17 40 24 38 101 70 7.32 36.5 
24 48 28 57.5 101 78 7.40 34.5 
25 160 23 101 70 7.33 29.5 
26 123 18 32 102 80 7.29 38.5 
27 80 15 34 102 75 7.31 47 
29 170 32 33 101 70 7.39 41 
30 69 33 48 101 65 7.37 39 
31 71 20 46 102 63 7.29 41.5 

Experimental 

28 277 470 60 103 883 7.38 31.5 
23 43 45 44 101 83 7.33 43.0 
22 71 350 41 102 65 7.33 34.5 
21 46 23 38 102 85 7.35 35.0 
20 86 140 51 103 43 7.25 45.0 
19 55 73 46 103 46 7.25 49 
18 79 114 52 103 82 fl.32 32.5 
13 85 138 36 102 70 7.22 34.0 
Il 123 73 39.5 106 63 7.35 28 
10 72 88 58 102 65 39 

8 85 156 45 108 82 7.31 25 
7 95 144 43 103 80 7.30 36 



Dog # 

14-

15 

16 

17 

24 

25 

26 

27 

29 

30 

31 

9 
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EXPERIMENT II. ORGAN EXTRACTION - CONTROLS 

Serum Values 

Triglyceride 
mg/100 ml 

25 

71 

71 

76 

40 

151 

52 

71 

125 

122 

156 

105. 

Free Fatty Acid 
j.LEq/L 

572 

797 

655 

417 

375 

1350 

788 

550 

500 

900 

638 

761 

Cholesterol 
mg/100 ml 

80 

160 

125 

113 

196 

575 

220 

120 

245 

170 

178 

178 
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, 

EXPERIMENT II. ORGAN EXTRACTION - EXPERIMENTAL OOGS 

Dog # . Triglyceride 
mg/lOO ml 

28 442 

23 87 

22 545 

21 121 

20 168 

19 119 

18 202 

13 180 

Il 189 

10 155 

8 520 

7 150 

Serum values 

Free Fatty Acids 
j.LEqfL 

1565 

352 

1042 

572 

782 

500 

359 

473 

785 

421 

864 

897 

Cholesterol 
mg/lOO ml 

290 

200 

245 

118 

310 

179 

238 

275 

155 

225 

350 

209 



Dog # 

14 

15 

16 

17 

24 

25 

26 

27 

29 

30 

31 

9 
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EXPERlMENT II. ORGAN EXTRACTION - CONTROLS 

Lung Content 

Triglyceride 
mg/gm 

24.5 

12.0 

28.3 

31.0 

28.5 

17.3 

11.4 

8.8 

19.3 

31.0 

39.5 

35.0 

Free Fatty Acid 
I-LEq/gm 

14.5 

15.5 

15.0 

15.0 

32.5 

37.0 

16.7 

14.5 

44.5 

47 

44.0 

32.5 

.,. 

Cholesterol 
mg/gni 

24.0 

21.5 

21.5 

27.0 

16.0 

20.1 

15.5 

17.0. 

8.0 

11.0 

2.5 

22.5 
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EXPERIMENT II. ORGAN EXTRACTION - EXPERIMENTAL DOGS 

Lung Content 

Dog # Triglyceride Free Fatty Acids Cholesterol 
mg/gm ~Eqjgm mg/gm 

28 90.0 12.4 24.0 

23 22.5 22.0 16.0 

22 33.0 28.5 13.5 

21 29.3 25.5 17.0 

20 56.0 22.2 15.5 

19 30.0 28.0 11.0 

18 16.2 17.8 6.5 

13 18.5 . 45.0 22.5 

11 30.6 27.0 7.5 

10 26.5 17.7 37.0 

8 45.0 26.8 34.5 

7 64.0 22.0 39.5 
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EXPERIMENT II. ORGAN EXTRACTION - CONTROLS 

Dog # 

14 

15 

16 

17 

24 

25 

26 

27 

29 

30 

31 

9 

Li ver Content 

Triglyceride 
mg/gm 

39.5 

32.0 

47.5 

25.5 

47.0 

21.8 

38.2 

15.8 

41.5 

144.0 

27.3 

.41.0 

Free Fatty Acid 
~Eq/gm 

14.3 

15.0 

25 

Il.5 

19.5 

17.7 

21.8 

9.9 

25.0 

33.5 

24.5 

31.0 

Cholesterol 
mg/gm 

7.0 

Il.5 

15.0 

10.0 

5.5 

8.0 

12.0 

8.0 

4.0 

2.5 

4.5 

20.5 



Dog # 

28 

23 

22 

21 

20 

19 

~lB. 

13 

10 

8 

7 
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EXPERIMENT II. ORGAN EXTRACTION - EXPERIMENTAL OOGS 

Triglyceride 
mg/gm 

147.0 

20.9 

155.0 

110.0 

314.0 

114.0 

118.0 

147.0 

114.0 

114.0 

118.0 

Liver Content 

Free Fatty Acid 
IJ,Eqjgm 

11.7 

16.3 

28.0 

18.5 

16.2 

22.8 

5.4 

16.0 

21.2 

12.5 

22.1 

Cholesterol 
mg/gm 

7.0 

11.5 

14.5 

16.0 

15.5 

15.0 

9.0 

12.5 

16.5 

27.5 

22.5 
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EXPERlMENT l. LYMPH FLOW (ml!Hr) 

Controls 

D09 # Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 

44 32 28 13 17 2S 
36 14 14 8 9 10 
29 27 14 12 11 10 
28 27 14 14 12 18 
26 22 22 21 10 13 
25 17 21 9 9 7 
24 27 21 13 24 18 
45 22 23 24 24.5 31 
46 18 25 25 19 19 

j7 16 13 17 16 6 
48 13 22 13 14 

Experimental 

35 14 12 12 14 12 
30 20 14 14 14 11 
37 11 .9 8 10 10 
33 13 12 10 9 9 
22 11 15 15 15 5 
38 16 30 18 13 
42 25 17.5 15.2 12 12 
43 43 33.2 34.5 33 
49 3.6 6.5 8 7 7 
50 25 37 30 32 
40 33 23 19 16 13 

) 
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EXPERlMENT l. BLOOD LlPlD LEVELS 

Contro1s 

Triglycerides Cholesterol Free fatty acids 
Dog :ft mg/100 ml. mg/mOO ml. mEq/L 

Bour 1 Hour 5 Hour 1 Hour 5 Hour 1 Hour fi 

44 58 43 141 188 487 52'6 
36 53 44 74.5 86 688 488 
29 85 88 166 172 489 489 

28 119 118 
26 130 135 215 230 420 417 
25 119 118 200 209 542 456 
24 48 65 165 167 247 662 

45 48 62 112 160 595 620 
46 50 41 166 132 440 643 

47 38 28 66 63 ' 520 685 
48 45 47 165 175 506 532 

Experimental 

35 450 305 212 275 732 778 
30 206 185 220 199 891 771 

37 331 260 280 270 960 622 
33 105 115 142 147 635 397 

38 121 128 195 203 596 511 
42 84 36 210 150 874 130 
43 103 82 198 159 1000 721 

49 188 210 329 400 659 1050 
50 150 100 212 220 867 605 
40 198 348 98 74 577 534 



EXPERIMENT I. LYMPH CHOLESTEROL CONTENT 

CONTROL 

lst Hr. 2nd Hr. 3rd Hr. 4th Hr. 5th Hr. 
Dog # 

conc. amount conc. amount conc. amount conc. amount conc. amount 
mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. 

47 104 16.7 101 13.2 92 15.6 42.5 6.8 51 3.0 

48 130 17.0 132 29.0 130 17.0 133 18.7 

45 75 16.5 85 19.5 80 19.2 96 23.0 135 42.0 <TI 
-...J 

46 146 41.0 130 32.5 126 31.5 99 18.8 119 22.6 

44 lOB 34.5 102 28.8 94 12.2 77 13.1 75 18.7 

36 66 -92.5 57 80.0 50 4.5 49 4.4 64 6.4 

29 106 2B.5 102 14.3 93 Il.2 94 10.4 88 8.8 

28 68.5 18.5 74.5 10.4 71.5 10.0 64 7.7 62 Il.2 

26 135 29.5 123 27.0 120 25.2 116 Il.6 114 14.8 

25 142 24.2 137 28.8 135 12.1 149 13.4 151 10.5 

24 119 25.0 116 15.-1 104 25.0 96 17.3 99 14.9 

; 



EXPERIMENT I. LYMPH CHOLESTEROL CONTENT 

EXPERIMENTAL 

lst Hr. 2nd Hr. 3rd Hr. 4th Hr. 5th Hr. 
Dog # 

conc. amount conc. amount conc. amount conc. amount conc. amount 
mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. 

50 150 37.5 166 61.5 149 44.7 136 43.5 

49 160 5.75 154 10.0 210 16.8 200 14.0 202 14.1 

43 90 38.7 93 30.8 96 32.6 74 24.5 
0\ 

42 84 21.0 98 17.6 103 15.5 109 13.1 86.5 10.4 (X) 

1 

40 98 32.5 114 26.2 109 20.8 124 38.5 "125 16.3 

38 150 24.0 138 41.4 115 20.8 128 16.7 

37 230 25.4 208 18.7 242 19.3 200 20.0 242 24.2 

35 166 23.3 145 17.4 128 15.5 136 19.0 145 17.5 

33 120 15.6 117 14.0 103 10.3 99 8.9 108 9.7 

30 230 46.0 236 33.0 J 236 33.0 212" 29.5 208 23.0 

27 67 7.4 69 10.4 69 10.4 68 10.2 242 12.1 



EXPERIMENT I. LYMPH TRIGLYCERIDE CONTENT 

CONTROL 

lst Hr. 2nd Hr. 3rd Br. 4th Hr. 5th Br. 
Dag # 

canc. arnaunt canc. arnaunt canc. arnaunt canc. arnaunt canc. amaunt 
mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. 

44 590 190.0 335 94.0 276 36.0 124 19.0 62 15.5 

36 474 66.5 492 69.0 302 24.2 244 22.0 144 14.4 

29 440 119.0 163 22.0 182 22.0 191 21.0 159 15.9 
~ 
\0 

28 400 108.0 1515 72.0 164 22.0 109 12.5 159 28.0 

26 368 81.0 1374 82.5 330 69.5 . 138 13.8 254 33.0 

25 268 45.6 455 95.5 310 27.9 316 28.4 410 28.6 

24 474 128.0 492 104.0 302 39.2 244 58.5 144 26.5 

45 305 67.0 205 47.0 170 41.0 355 87.0 400 124.0 

46 1100 295.0 785 195.0 775 194.0 550 105.0 640 120.0 

47 1070 170.0 845 110.0 1250 212.0 440 71.0 198 Il.8 

48 410 53.0 360 79.0 245 
i 

32.0 268 37.5 



EXPERIMENT I. LYMPB TRIGLYCERIDE CONTENT 

EXPERIMENTAL 

lst Br. 2nd Br. 3rd Br. 4th Br. 5th Br. 
Dog # 

conc. amount conca amount conca amount conca amount conca amount 
mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. mg/100 ml. mg. 

35 1020 142.0 780 94.0 460 55~ 
30 535 107.0 666 93.0 755 106.0 496 69.5 310 34.2 

37 1700 187.0 1320 119.0 1600 128.0 710 71.0 760 76.0 

33 556 22.5 530 64.0 346 34.6 225 20.2 372 33.5 ...,J 
0 

27 205 22.5 215 32.3 228 34.2 232 35.0 214 10.7 

38 570 91.0 580 174.0 260 47.0 175 21.2 

42 205 51.5 490 86.0 365 54.0 418 50.0 220 26.5 

43 340 146.0 290 96.5 250 86.0 220 72.5 

49 290 '.mO.5 350 23.0 700 56.0 1000 70.0 760 53.2 

50 560 14.0 490 180.0 2'60 78.0 205 66.0 

40 198 65.0 160 37.0 184 35.0 155 24.8 179 23.4 



EXPERlMENT I. LYMPH FREE FATTY ACID CONTENT 

CONTROL 

'. 

lst Hr. 2nd Hr. 3rd Hr. 4th Hr. 5th Hr. 
Dog # 

conc. amount conc. amount conc. amount conc. amount conc. amount 
~Eq/L ~Eq ~Eq/L ~Eq ~Eq/L ~Eq ~EqjL ~Eq ~Eq/L ~Eq 

47 11025 16.5 722 9.4 925 15.7 875 14.0 506 3.0 

48 1 659 8.6 506 Il.1 532 6.9 557 . 7.8 

45 643 14.1 620 14.3 833 20.0 1000 24.0 1432 44.5 

46 1950 54.5 1775 44.0 1595 40.0 1080 20.6 1575 30.0 
...,J 
1-' 

44 2250 72.0 1345 38.0 895 11~6 605 10.3 552 13.8 

36 1067 15.0 1188 16.7 910 7.2 645 5.8 997 9.9 

29 567 15.3 534 7.5 511 6.1 622 6.8 545 5.4 

28 922 25.0 711 9.9 600 8.4 577 6.9 577 10.4 

26 452 9.9 381 8.4 381 8.0 436 4.3 436 5.7 

25 686 Il.7 900 18.9 743 6.6 642 . 5.7 657 4.5 

24 439 9.2 500 6.5 488 Il.7 464 8.4 366 5.5 



EXPERIMENT I. LYMPH FREE FATTY ACID CONTENT 

EXPERIMENTAL 

lst Hr. 2nd Hr. 3rd Hr. 4th Hr. 5th Hr. 
Dog # 

conc. amount conc. amount conc. amount conc. amount conc. amount 
IJ,Eq/L IJ,Eq IJ,Eq/L IJ,Eq IJ,Eq/L IJ,Eq IJ,Eq/L IJ,Eq IJ,Eq/L IJ,Eq 

50 552 13.8 659 24.4 500 15.0 632 20.2 

49 342 1.2 526 3.4 764 6.1 946 6.6 895 6.2 

43 802 34.5 710 23.5 710 24.2 710 23.5 -...J 
l\) 

42 

1 

663 16.5 732 13.1 710 10.7 802 9.6 780 9.3 

40 577 19.0 489 Il.2 689 13.0 622 10.0 845 Il.0 

38 1 532 8.5 447 13.4 383 6.9 575 7.5 

37 1460 16.2 1391 12.5 1431 Il.4 1040 10.4 986 9.8 

35 1110 15.6 1089 13.1 910 10.9 932 13.0 922 Il.0 

33 586 7.6 667 8.0 650 6.5 507 4.5 476 4.2 

30 1000 20.0 970 13.6 1321 18.5 1262 17.7 1108 13.2 

27 512 5.6 730 11.0 526 7.9 539 8.1 615 3.0 
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