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In  a previous paper (1) it was shown that  triton WR-1339, I a non-ionic 
surface-active agent, produces, in vitro, notable physical and chemical changes 
of serum lipoproteins and chylomicrons. I t  was assumed that  if similar alter- 
ations occurred in vivo, they might  be partially responsible for the hyperlipemia 
that  had been described in rabbits (2), guinea pigs (2, 3), mice (4), and rats (5) 
following administration of the detergent. To test this assumption, 14 dogs were 
given prolonged intravenous t reatment  with triton. Overt  hyperlipemia de- 
veloped in all animals, and they died within 4 months after receiving the first 
injection of the detergent. The changes in plasma lipids and lipoproteins and the 
clinicopathologic findings will be described. 

Methods and Procedures 

Animals and D/et.--The animals used were male mongrel dogs, from 1 to 2 years of age, 
which weighed between 9 and 14 kg. They were kept in single cages and were consistently fed 
a diet that was 61 per cent carbohydrate, 32 per cent protein, and 7 per cent fat. The amount 
of food offered daily furnished about 1300 calories, 2 195 calories or 15 per cent of which was 
due to fat. Blood samples, for chemical analyses, were drawn from the femoral vein weekly, 
after a fasting period of about 12 hours. 
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Surface-Active Agent.--Triton WR-1339, a polyoxyethylene ether of an aikyl phenol, was 
prepared in two concentrations, as 12.5 and as 20 per cent solutions, in phosphate buffer 
pH 7.2, I ' /2  0.05, and then was autoclaved. The solutions were allowed to stand no longer 
than 1 week before use. In some of the experiments, Ira-triton was used. The technique of 
iodinafion was reported previously (1). 

Laboratory Analyses.--Serum lipids were extracted in chloroform-methanol (2:1) according 
to Folch et al. (6). In  allquots of these extracts, triglycerides were determined by the method 
of Van Handel and Zilversmit (7), total cholesterol by the method of Abdl et al. (8), and 
free cholesterol by that  of Sperry and Webb (9). Phospholipids were calculated as 25 times 
the lipid phosphorus values obtained by the method of Fiske and Subbarow (10). Plasma-free 
fatty acids were determined by the Dole method (11). Protein concentration was determined 
according to the method of Lowry et al. (12). In hyperlipemic samples and in those samples 
containing triton, proteins were first precipitated with 5 per cent TCA, then washed twice 
with a 2:1 mixture of chloroform : methanol. The protein content was calculated by multi- 
plying by the factor 6.25 the nitrogen values obtained by the micro-Kjeldahl procedure of 
Lange (13). 

Lipoproteins were separated by ultracentrifugation at D 1.21 in a Spinco model L ultra- 
centrifuge according to the technique of Lewis et al. (14). Analyses of these lipoproteins were 
performed in a Spinco model D ultracentrifuge at 52,640 ~M, at 20°C. 

Starch gel electrophoretic analyses were performed following the technique described by 
Smithies (15) with the discontinuous system of buffers (tris-boric acid, pH 8.2) proposed by 
Poulik (16). 

The radioactivity of the Ira-labeled samples was determined in a sodium iodide crystal 
scintillation detector (tracerdab) with a counting efficiency of 33 per cent and an error of 
0-3 per cent. 

Necropsy was always performed within 4 hours after death. Samples from each organ were 
extracted with a 2:1 chloroform-methanol mixture according to Folch et al. (6). In these 
extracts cholesterol (8), phospholipids (10), and triglycerides (7) were determined. Other 
samples from each organ were fixed in Zenker's and in formalin solutions. The aorta was 
carefully dissected from its origin to the iliac bifurcation; one section was stained with Sudan 
IV according to Holman's method (17), and one section was put into fixative. For animals 
that  received radioactive material, autoradiographs of the aorta were made on Kodak nuclear 
track plates, 2.5 x 7.6 cm. The time of contact was from 2 to 3 weeks, at  4°C. The plates 
were developed with ethol developer, simple mix/UFG (Plymouth Products Co., Inc., Chi- 
cago) and were fixed with Kodak fixer. 

Fragility Test for Red Blood Cells.--8 ml of venous blood was collected in 2 ml of acid 
citrate dextrose (ACD) solution, and the plasma was separated by centrifugation at  2,000 
Rp~r, at 4°C. Mter  removal of the plasma, the red cells were washed three times in an isotonic 
phosphate buffer sodium chloride solution (NaC1) (18), pH 7.45, and the cells were then re- 
suspended with the buffered NaC1 solution to a final volume of 10 ml. Aliquots of 0.05 ml 
were suspended in 6 ml of the buffer, mixed with progressively larger amounts (0.2 to 20 mg) 
of triton, and were incubated at  various intervals at 37°C. The degree of hemolysis was read 
at  520 m# in a Coleman Jr. spectrophotometer, and was expressed in percentage of a standard 
solution, in which 100 per cent hemolysis was obtained by adding 0.05 ml of the oxygenated 
red cells to 8 ml of 0.04 per cent ammonia in water (19). 

RESULTS 

Rate of  Disappearance of la3t-Triton f r o m  B l o o d . - - T w o  n o r m a l  dogs  were  

used  for  these  expe r imen t s .  S t a r t i n g  t h r e e  days  before  t he  i n j e c t i o n  of I r a - t r i t o n  
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and throughout the experiments, the dogs were given 10 drops of Lugol's so- 
lution daily in their drinking water to prevent uptake of the radioiodine. They 
were then injected with 25 nag. of I181-triton of a specific activity of 1 #c per 
rag. Blood samples were drawn at  intervals; the serum was separated by 
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TExT-FIo. I. Graph showing the rate of disappearance of radioactivity from plasma of 
2 dogs given intravenously 25 mg of 1m-triton (sp. act., 1 ~c/mg). 

centrifugation, and the radioactivity was determined in 1 ml aliquots. The 
curves of disappearance from plasma of the radioiodinated triton are shown in 
Text-fig. 1. Each value on the curves was corrected for background and physical 
decay. The values on the ordinate express the amount of radioactivity retained 
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in the plasma at each time interval, 100 per cent representing the serum radio- 
activity at zero time. 

The value of half-time (3.84 and 4.0 days) was calculated from the slope of 
the exponential line of disappearance of the radioactivity from plasma. During 
these experiments daily total urinary excretion of radioactivity was recorded. 
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T~x~-Fxo. 2. Graph showing the in ritro effect of triton on the osmotic fragility of canine 
red cells. For technical details, see text. 

Twenty-one days after injection of Pl-triton, approximately 90 per cent of the 
radioactivity had been recovered in the urine. 

That  the radioactivity in the urine was due to free iodine was proved by the 
fact that when urine was filtered through an anion exchange resin ("ioresin", 
Abbott), which selectively retains free iodine, the effluent was practically free of 
radioactivity. When Pl- t r i ton was added to normal canine urine and filtered 
through the column, only a small percentage of the radioactivity was retained. 

From the values of half-time of Ira-triton it was calculated that the detergent 
should be administered every 4th day. 

Early Effects of Triton Administration in Dogs.--In preliminary studies, 
dosages of detergent in the range of 250 to 400 mg/kg of body weight were 
chosen since they were of the order of magnitude previously reported to pro- 
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duce hyperlipemia in rabbits (2), guinea pigs (2, 3), and mice (4). Six dogs 
given triton in doses of 400 mg/kg at intervals of 4 days, died after the first or 
second injection. Two dogs that were given 250 mg/kg of triton every 3rd day 
died following the fourth injection. Ante mortem analysis of blood showed 40 
to 60 per cent decrease in hemoglobin concentrations, great reduction in hemato- 
crit readings, presence of hemoglobinemia and hemoglobinuria, all consistent 
with an acute intravascular hemolytic episode. Necropsy showed that the 
hepatic and splenic sinusoids were packed with erythrocytes, and that the 
collecting renal tubules were distended with eosinophilic masses resembling free 
hemoglobin. The morphologic changes were somewhat similar to those seen in 
phenylhydrazine poisoning. 

To determine whether or not hemolysis was due to a direct effect of the de- 
tergent on red blood ceils, in vitro experiments were performed in which various 
amounts of triton were added to washed canine red cells. The osmotic fragility 
of the red cells increased proportionally to the amount of triton employed 
(Text-fig. 2). 

Group I. Dogs Receiving 250 Mg/Kg Doses of Triton.-- 

A. Physicalfindings: This dose was given intravenously every 4th day to 14 
fasting dogs. 

The course can be divided into 3 stages: Stage I (2 to 3 weeks). Each animal 
appeared to be in good physical condition. The values of triglycerides, choles- 
terol, phospholipid, and lipoprotein were in normal ranges. Stage 2 (4 to 12 
weeks). The animals remained in good health without weight change. The 
serum became opalescent, then distinctly milky. The first lipid fractions to in- 
crease were the triglycerides, followed by cholesterol and phospholipids: about 
80 per cent of the cholesterol was in the free form. The free fatty acid concen- 
tration increased from 2 to 3 times above normal and remained at this high 
value. A typical example of the changes in the serum lipid fractions caused by 
triton is shown in Text-fig. 3. 

The hyperlipemia was accompanied by great changes in the serum lipo- 
proteins. Analyses by the analytical ultracentrifuge showed an early disap- 
pearance of the D 1.063 to 1.21 lipoprotein class (Text-fig. 4). This was the 
fraction that in the normal animals contained approximately 90 per cent of the 
serum cholesterol and phospholipids. In the tritonized dogs, most of these lipid 
fractions (70 to 75 per cent of the total) were found in the D 1.006 to 1.063 
lipoprotein (Table I, columns b and c), whereas the triglycerides, were almost 
evenly distributed between the D < 1.006 and D 1.006 to 1.21 lipoproteins 
(Table I, column d). The large increase of the serum lipids produced by triton 
was not accompanied by a parallel rise in the serum lipoprotein proteins, which 
were distributed between the D 1.006 to 1.063 (80 per cent) and the D < 1.006 
(20 per cent) lipoprotein classes (Table I, column a). 
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Blood hemoglobin, hematocrit values, serum glucose, ketone bodies, and 
albumin were normal. Among the physical findings fundoscopy, blood pressure, 
and roentgenograms of the skull and long bones were all normal. Stage 3 (1 to 3 
weeks). Each animal, in spite of a regular food intake, lost from 2 to 3 kg of 
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TEXT-FIG. 3. Variations of serum lipid fractions during the course of administration of 
triton. 

weight. There were no gastrointestinal disturbances. Trophic ulcerations of the 
skin developed, especially over bony prominences. Serum lipid levels rose pro- 
gressively, and were accompanied by changes of the lipoprotein pattern similar 
to those of stage 2, with exception of a greater concentration of the D < 1.006 
lipoprotein class. 
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Weakness progressed until death ensued. A few animals that had reached 
the terminal stage were given an intravenous injection of pentobarbitah 

B. Pathologic findings: The subcutaneous, mesenteric, omental and retro- 
peritoneal adipose tissues were atrophied. Microscopically, the fat cells 
appeared atrophic (Fig. 1). These changes resembled closely the so called 
"brown atrophy" of severe fasting. 

TExT-FIG. 4. Showing serum ultracentrifugal patterns of a dog (4-36) during administra- 
tion of triton after withdrawal of the detergent. (a) Before administration of triton, (b) Mter  
3 weeks of administration of triton, (c) After 3 months of administration of triton. Adminis- 
tration of the detergent was stopped on the 93rd day. Pattern d refers to the lipoprotein of a 
serum specimen taken 4 months after withdrawal of triton. All analyses were performed at 
52,640 RP~ for 36 minutes, at 26°C. The arrows represent the direction of flotation. 

Livers and spleens were from 2 to 3 times larger than normal and had higher 
concentrations of cholesterol, phospholipids, and triglycerides than those 
found in the organs of normal animals (Table II). These organs showed major 
pathologic changes suggestive of an unusual type of storage disease. The 
Kupffer cells were distended by granular material that, in frozen sections, was 
intensely stained by Sudan IV, oil red, and Sudan black B. Numerous macro- 
phages were also present in the sinusoids of the spleen (Fig. 2) and of the 
enlarged lymph nodes. The kidneys were 20 to 40 per cent heavier than normal. 
On section, the cortex appeared normal; the pyramids were increased in size 
and were white. The whiteness was caused by lipid-laden macrophages ac- 
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cumulated in large and small groups in the interstitial tissues among the 
renal tubules within the pyramids. 

The aortas showed sudanophilic material when stained with Sudan IV, 
outlining points of attachment of the semilunar valves and extending for as 
far as 5 mm along the aorta. Sudanophilic material was also found in variably 
sized, linear streaks and patches along the distal aorta from the region of the 

TABLE I 

ChemicaIComposilion ~ Serum Lipoproteinsin6Normaland6TritonizedDogs 

Mg./lOOml of serum 4- standard error 

Lipoprotein (a) (d) 
class D Protein Triglycerides 

<1.006 
1.0061.063 
1.063-1.21 

6 4 - 3 . 1 1  7 5 4 - 1 2  
25 4- 7.1 I 170 4- 72 

271 4- 52 [ 30 4- 6.2 

(b) (c) 
Cholesterol Phospholipid 

2 N4- * 1.2 

T$ N* T ;  

267 4- 68 4 4- 1.6 540 4- 87 
1i 4- 3.9 [ 859 4- 102 I 20 4- 7.8 11775 4- 315 

129 4- 47 [ 51 4- 13 1330 4- 89 1120 4- 46 

N* T$ 

11.2 4- 4.1 231 4- 52 
25.3 4- 5.2 203 4- 61 
7.17 4- 2,1 8.3 ± 3.4 

* N, normal dogs. 
:[: T, tritonized dogs. 

TABLE I I  

Lipid Analyses of Liver and Spleen in Normal and Tritonized Dogs 

Ani- 
mals, Body 
total weight 
No. 

Normal  11.2 kg. 
6 4 - 2 , 1  

Tri ton 
6 10.6 4- 2.4 

Per cent 
of body 
weight 

.2 4- 1.~ 

.6 4- 2.: 

Liver Spleen 

I 
Choles- Phospho- Triglyc- 

terol lipids erides 

rag~gin wet tissue 

0.9 19.3 ] 3.5 4- 4- 4.0 11.8 4- 0.6 

9.2 4- 1.328.2 4- 5.3 2.8 4- 1.0 

Per cent ot 
body weigh 

0.36 4- 0.2 

0.87 4- 0.6 

I 
Cholesterol I PhosphO-liplds 

i 

Triglyc- 
erides 

rag~gin wet tissue 

3.44 4- 1.2 12.8 ::h 1.6 1.12 4- 0.6 

17.6 4- 6.2 25.0 4- 3.6 2.0 4- 0.9 

renal arteries into both common iliac arteries (Fig. 3). Sudanophilic material 
was found in the thoracic portion of the aortic arch in only 1 dog. In 2 dogs 
that had reached the terminal stage, 10 mg of I131-triton (sp. act., 4 ~c/mg) 
was injected intravenously; 24 hours later the animals were given pentobar- 
bital; autoradiographic studies were performed on strips of the aortas. The 
most intense areas of radioactivity corresponded to those with the greatest 
deposits of sudanophilic material. Microscopically, the sudanophilic material 
either was arranged in droplets of various sizes which penetrated the aorta up 
to half of its mural thickness (Fig. 4), or was engulfed in small clusters of 
macrophages. Occasionally some of these clusters caused the endothelium of 
the aorta to bulge. 
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The hearts, not enlarged, showed extensive atrophy of the epicardial fat. 
Many of the coronary arteries were thickened in the form of a club-shaped 
mass just prior to their penetration into the myocardium (Fig. 5). The earliest 
histopathologic change was the accumulation of small numbers of subendothelial 
macrophages (Fig. 6); in other areas these masses involved the full thickness 
of the coronary arteries. Many macrophages were found around the adventitial 
portion of the arteries. Lipid stain showed that these macrophages contained 
a sudanophilic material distributed in droplets of various sizes. Some of the 
droplets were outside of the macrophages. 

In most dogs the right atrium was thickened and white, with extensive 
infiltration of macrophages filled with sudanophilic material. A large amount 
of sudanophilic material distributed in a patchy fashion was seen throughout 
the pulmonary artery, particularly in the area of attachment of the semilunar 
valves. 

Group II. Dogs Receiving Triton and Heparin.-- 

Four dogs received 250 mg of triton intravenously every 4th day, and 5 
mg/kg of heparin daily. The general course and autopsy findings were similar 
to those observed in animals receiving only triton (Group I), with the excep- 
tion that the onset of the hyperlipemia occurred an average of 2 weeks later 
than in Group I. Group II died within 3 or 4 months. 

Group I lL  Effects of Withdrawal of Triton after Establishment of Hyperlipemia.-- 

In five animals triton was withdrawn when cholesterol values were in the 
range of 3 to 4 gm per 100 ml. The animals were weak and had severe skin 
ulcerations. Discontinuance of triton was followed by steady improvement 
of physical conditions, healing of the ulcerations, and increase in body weight. 
Serum lipid fractions returned progressively to normal within 4 or 5 months. 
Four months after discontinuance of triton the D 1.063 to 1.21 lipoprotein 
reappeared as indicated in the ultracentrifugal pattern in Text-fig. 4 d. I t  can 
be seen that abnormalities were still present owing to an unusual lipoprotein 
fraction with a flotation coefficient between --S 10 and 20. 

Two of the 3 dogs in which triton was discontinued were killed 4 and 6 
months after stopping the drug. There were no gross pathologic findings. 
Microscopic studies of the coronary arteries showed a slight degree of fibrosis 
most evident in the adventitia. A few macrophages were still present in the 
liver and spleen, where sudauophilic material was present in the animals that 
died because of administration of triton. The abdominal aorta of one animal 
killed 4 months after withdrawal of the drug, had a few patchy deposits of 
sudanophilic material within the media of the vessel; the aorta of the second 
animal was normal. 
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DISCUSSION 

In brief, our experiments showed: (a) production of sustained hyperlipemia 
in dogs maintained on a regular diet and given intravenous injections of 250 
mg/kg of triton every 4th day; (b) presence of notable lipid deposition in the 
aorta and the coronary and pulmonary arteries in all animals that received 
triton for from 3 to 4 months; (c) upon staining, accumulation of sudanophilic 
material in the cells of the reticuloendothelial cells of liver, spleen, and lymph 
nodes; (d) general depletion of the adipose fat stores; and (e) reversal of the 
sustained hyperlipemia, cardiovascular changes, and the macrophagic reaction 
following withdrawal of triton. 

Hyperlipemia.--The development of hyperlipemia in dogs treated with 
triton corroborates and extends to another animal species the previous ob- 
servations made on rabbits (2), guinea pigs (2, 3), mice (4), and rats (5). In 
all of these small animals, hyperlipemia promptly followed administration of 
triton. In the dogs, the increase in serum lipids occurred after 2 or 3 weeks, 
reaching a maximum only after 2 or 3 months. This time interval was favorable 
for studying the gradual progress of the lipemia and the concurrent changes 
of the lipid and the lipoprotein fractions of the serum. 

The early increase in triglycerides observed in our dogs, was previously 
observed by Friedman and Byers (20) in rats given triton. Cholesterol and 
phospholipids showed elevation only at a later stage and increased at almost 
identical rates. These results are in agreement with those reported occurring 
in rats (20) and in rabbits (2, 21) treated with triton. 

The preponderance of free cholesterol observed in the dogs, also corroborates 
previous results in rabbits by KeUner a a/. (2), and Payne and Duff (21). This 
preponderance was probably caused by an inhibitory effect of triton on the 
cholesterol esterase activity of plasma. Inhibition of this esterase by surface- 
active agents, like bile salts, has been reported (22). 

With the establishment of overt hyperlipemia there was an early disappear- 
ance of the high density D 1.053 to 1.21 lipoprotein class. In a previous study 
(1) evidence was presented for a direct action of triton on the lipid moiety of 
the serum lipoproteins, with preference for the high density, a-lipoprotein 
class. Those data suggested that a triton-lipid complex forms with consequent 
displacement of the lipid from its usual association with the lipoprotein protein. 
We postulate that if similar alteration of the a-lipoprotein occurs in the 
serum of animals receiving triton, it could be the cause of the disappearance 
of the D 1.063 to 1.21 lipoprotein class from circulation. 

Cardiovascular lesions. Coronary and pulmonary arteries and aorta all 
showed unusual subintimal deposition of lipids either free or engulfed in 
macrophages as "foam cells." We believe that these lipids came from the 
plasma, being aided by their combination with triton to cross the endothelial 
lining of the arterial vessels. Another possibility is that triton may have altered 
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the permeability of the vascular endothelium through a direct combination 
of the detergent with the lipoprotein lipids of the cell membranes--a mecha- 
nism which was also probably responsible for the increased fragility observed 
in canine red blood cells exposed to large amounts of triton. 

The lipids, deposited in the arterial vessels, appeared to be combined with 
triton, for when labeled triton was given to dogs having hyperlipemia, the 
areas of radioactivity in the aorta corresponded to those with accumulation 
of sudanophilic material. I t  is conceivable that these deposited lipids, because 
of their combination with Ira-triton, were unable to be filtered through the 
muscular and elastic walls of the arterial vessels and acted as foreign bodies 
to stimulate a local macrophagic reaction, resulting in the accumulation of 
"foam cells." 

According to this concept, the formation of "foam cells" was the resultant 
of a reaction occurring within the arterial wall between triton-combined lipids 
of plasma origin and local mesenchymal cells with macrophage-like properties. 
This macrophage reaction to lipids represents an early stage of atherosclerosis. 
Possibly fibrotic changes and plaque formation could be produced in dogs 
given small doses of triton for longer periods. 

The possibility of producing an early stage of atherosclerosis in dogs by 
administration of triton is of interest because: (a) experimental atherosclerosis 
is difficult to produce in dogs, (b) a regular diet was given to our animals, (c) 
triton was previously shown by Kellner et al. (23) to protect rabbits, fed 
cholesterol, against atherosclerosis. 

The only example of which we are aware concerning the production of 
experimental atherosclerosis in dogs fed a regular diet is that reported by 
Lindsay et al. (24), in thyroidectomized and hypophysectomized dogs after 1 
to 2 years. Fourteen of the 21 dogs showed aortic lesions; only 7 had lesions 
in the coronary arteries. In all our dogs, both aortic and coronary lesions 
developed. 

In addition to the formation of subintimal foam cells in the aorta, and the 
coronary and pulmonary arteries of the dogs that had received triton from 3 to 
4 months, large amounts of sudanophilic material appeared in the reticulo- 
endothelial system of liver, spleen, and lymph nodes. This observation, cor- 
roborating a previous finding in rabbits given triton (21), suggests a possible 
participation of the reticuloendothelial system in the removal of the triton- 
bound lipids. The engulfment of lipids in the cells of the reticuloendothelial 
system was probably responsible for the increased lipid content and enlarge- 
ment of liver, spleen, and lymph nodes. 

Effect of Heparin on Triton Hyperlipemia.--Graham el al. (25) and Con- 
stantinides et al. (26) reported that heparin administration to cholesterol-fed 
rabbits significantly reduced the levels of serum cholesterol and low density 
lipoproteins, and also retarded the formation of atherosclerotic lesions. Similar 
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results were obtained by Horita and Loomis (27) in cholesterol-fed chicks. On 
the contrary, Horlick and Duff (28), and Schumaker (29), found no change in 
serum lipids in cholesterol-fed rabbits treated with heparin. Heparin is believed 
to clear alimentary lipemia (30) by promoting the release of lipoprotein lipase, 
a lipolytic enzyme (31, 32). This mechanism was used by Day et d. (33) to 
explain the reduction in serum concentrations of total fatty acids in choles- 
terol-fed rabbits treated with heparin. 

In the dogs given triton and concurrent daily injections of heparin, there 
was a significant delay in the onset of the hyperlipemia. After this delay, 
however, serum lipids increased to values equal to those observed in animals 
receiving the surface-active agent alone. The cardiovascular changes produced 
by triton did not seem to be affected by administration of heparin. Lipoprotein 
lipase activity following injection of heparin either was absent or was largely 
inhibited in the dogs given triton; 8 this finding is in agreement with that, 
in vitro, reported by Schotz, Scanu, and Page (34) and by Scanu and Oriente (1). 

Depletion of Fat Stores.--The depletion of fat stores was a regular occurrence 
in the terminal phase of triton disease induced in spite of adequate food intake. 
This depletion was probably responsible for the trophic cutaneous changes 
observed in the dogs, although a possible deficiency in liposoluble vitamins 
or essential fatty acids, secondary to an alteration of the lipid transport mech- 
anism, may have contributed to the dermal changes. Depletion of fat stores 
was probably related to increased mobilization of lipids (indicated by the high 
levels of circulating free fatty acids) as an attempt to supply energy to the 
parenchymatous tissues in a state of "lipid starvation," in turn due to the 
preferential uptake of lipids by the reticuloendothelial system. 

Effect of Withdrawal of Triton on tgyperlipemia.--An interesting aspect of 
triton hyperiipemia was that it could be reversed to normal upon discontinuing 
the detergent. The animals killed at the stage in which normolipemic levels 
were reestablished showed repletion of fat stores and minimal lipid deposition 
in the reticuloendothelial cells of liver, spleen, and lymph nodes. These data 
indicate that triton did not produce permanent damage of the structure of 
the various organs including the arteries, which appeared capable of disposing 
of the deposited lipids with no apparent residual damage. 

SUMMARY 

Fourteen dogs, fed a regular diet and given 250 mg/kg of triton (a non-ionic 
surface-active agent) intravenously every 4th day, exhibited a progressively 
severe hyperlipemia. Serum triglycerides were the first to increase. Cholesterol, 
mostly in the free form, and phospholipids showed elevation only at a later 

a j .  M. Szajewski, and A. Scanu, unpublished observation. 



sc~.Nu ET AL. 291 

stage and increased at almost identical rates. The plasma-free fatty acid con- 
centration was from 2 to 3 times above normal. 

With establishment of sustained hyperlipemia, there was reduction, followed 
by total disappearance, of the high density D 1.063 to 1.21 lipoprotein. Most 
of the cholesterol and phospholipids (70 to 75 per cent of the total) were found 
in the D 1.006 to 1.063 lipoprotein class, the remainder in the D < 1.006 class. 
Triglycerides were almost evenly distributed between these two classes. The 
concentration of the serum lipoprotein proteins was within normal limits. 

All of the animals died within from 4 to 5 months after receiving the first 
injection of triton. Autopsy findings consistently showed: (a) numerous lipid- 
laden macrophages in the liver, spleen, and lymph nodes; (b) significant de- 
pletion of all fat stores; (c) presence of lipids, either free or engulfed in macro- 
phages (foam cells), in the subinfima of the coronary arteries, aorta, and 
pulmonary arteries, indicating an early stage of atherosclerosis. 

Concurrent daily administration of heparin (5 mg per kilogram of body 
weight) did not substantially change the course of the disease. 

Withdrawal of triton from animals that had been receiving the detergent 
for from 3 to 4 months, elicited a slow return to normal of the lipid pattern. 
In two dogs killed when normolipemia was reestablished, all tissues were 
normal with the minor exception of a few hepatic macrophages still laden with 
sudanophilic material. 

I t  is postulated that the primary action of the injected triton was on the 
lipid moieties of plasma lipoproteins with formation of complexes, which, as 
foreign bodies, were preferentially taken up by the cells of the reticuloendo- 
thelial system. Depletion of fat stores was probably secondary to increased 
lipid mobilization, as an attempt by these tissues to supply energy to the 
parenchymal cells unable to utilize triton-bound lipids. 

The authors wish to acknowledge gratefully the skillful technical assistance of Miss Annette 
Costanzo, Mr. Rong An, and Mr. Steven B~r~ny. 
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EXPLANATION OF PLATES 

PLATE 30 

FIG. 1. Photomicrograph of periadrenal fat showing atrophy of the adipose tissue. 
Hematoxylin and eosin stain, X 130. 

FIo. 2. Photomicrograph of a spleen, showing the distended macrophages with 
watery cytoplasm within the splenic pulp. Hematoxylin and eosin stain, X 170. 
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PLATE 31 

FIC. 3. Photograph of a gross specimen of the aorta and the pulmonary artery, 
showing a patchy deposition in the distal portion of the arch and a rather large deposi- 
tion in the aorta distal to the superior mesenteric and renal arteries and extending into 
the common iliac arteries. The pulmonary artery shows a similar deposition. Sudan IV 
stain. 

FIc. 4. Photomicrograph of an aorta, showing intimal and superficial medial accu- 
mulation of sudanophilic material, some of which is free and some engulfed by macro- 
phages. Frozen section; Sudan IV stain, × 130. 
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PLATE 32 

Fro. 5. Photograph of a heart, showing the widening and thickening of the coronary 
arteries in their distal distribution before penetrating lhe myocardium. Note lhe atro- 
phy of the epicardial fat. 

Fro. 6. Photomicrograph of a coronary artery, showing a focal suhendothelial ac- 
cumulation of macrophages, with some penetration and involvement of the media, 
The intima has been deflected into papillary folds. Hematoxylin and eosin stain, X 
130. 
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