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intimal lipid in the aorta might not be ex- 
pected to produce the same result, because 
medial nutrition is not dependent on fluid 
permeation alone since vasa vasorum penetrate 
the media. I t  is hoped that future investiga- 
tion may elucidate the roles of these factors. 

-4lthough there may be some justification for 
considering that the lesions which have been 
observed in choline-deficient rats may be re- 
lated to human atheroma, further discussion 
is not warranted until the results of more ex- 
tensive investigations are at  hand. I t  should 
be of interest however to those concerned with 
the problem of cardiovascular disease that 
lesions closely related morphologically to 
human atheroma can be produced by a dietary 
deficiency in an animal, the rat, which has 
previously been considered refractory to aortic 
disease. I t  is possible that by following this 
type of investigation, knowledge of athero- 
matous conditions in man can be extended. 

Lesions have been observed in 
the aortas, carotid and coronary arteries in 
26 of 116 rats fed a low choline diet for periods 
up to 216 days. Sone of these animals ex- 
ceeded 300 days of age at  the time of sacrifice. 
The initial lesion consists microscopically of 
the deposition of stainable lipid in the en- 
dothelial cells of the intima. In later stages, 
a proliferation of intimal cells had taken place 
so that small plaques resulted. In the large 

Summary. 

vessels (aortas and carotids) the subjacent 
media had undergone .necrosis and eventual 
calcification. The possible relation of these 
lesions to atheroma in man is discussed. 

The authors are indebted to Mr. William D. 
Wilson and to Miss E. Berman for their assistance 
in preparing microsections. 
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Use of Normal Rabbit Serum in Production of Hypercholesteremia in 
Cholesterol Fed Rats.* (19886) 

MEYER FRIEDMAN, RAY H. ROSENMAN, AND SANFORD 0. BYERS. 
From the Harold Brunn Institute, Mount Zion Hospital, Sun Francisco, Calif. 

Recently we have found( 1)  that the hyper- 
cholesteremia following the injection of Triton 
WR 1339, is due to an alteration in the plasma 
protein complex induced by the injection of 
this surface active substance. The hypercho- 
lesteremia in the rat following the adminis- 
tration of sodium cholate also has been found 

*Aided by grants from the American Heart Asso- 
ciation, the Monterey Heart Asso. and the U. S. 
Public Health Service. 

-- -- - 

( 2 )  by us to be due to an initial arteration in 
the plasma protein complex brought about in 
some way by cholate. In  other words, the 
injection of either of these substances ap- 
parently allows the blood of the treated ani- 
mal to retain a greater fraction of that cho- 
lesterol normally entering and eventually leav- 
ing the blood stream. 

These findings suggested the possibility that 
other forms of hypercholesteremia also might 
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TABLE I. Rcsponse of Rats Plasiiiaplic~rcsed with Sormnl Rabbit Srruni to High CholesteroI 
F e c d i i i ~ .  

* Calculated :IS $ the to:al vol of rabbit SCI’IIII~ given in  first p!asmaplicrc4h plus total rol  

t R.:inge. 
given in swoiid plasma~ilierc.sis. 

be due to this mechanism rather than to some 
intrinsic derangement in the handling of 
cholesterol by any particular organ or tissue 
of the body. I t  therefore was decided to in- 
vestigate the plasma mechanism underlying 
the hypercholesteremia occurring in the rabbit 
placed upon a high cholesterol diet. If the 
hypercholesteremia of the cholesterol fed rab- 
bit is clue priiiiorily to some property of its 
plasma. then transfer of this plasma to a 
species that ordinarily is refractory to diet in- 
ducecl hypercholesteremia should produce 
hypercholesteremia in this species when 
combined with a high cholesterol intake. The 
following preliminary report indicates that 
when the rat is so treated. it becomes hj-per- 
cholesteremic. 

A1cfhod.c.. Sormal male. Long Evans rats 
(approximately 12 weeks old) weighing 2 14- 
300 g were used in this stud!.. Fourteen of 
these rats were anesthetized. their blood hepar- 
inized and then by nieans of cannulation of 
the inierior vena cava. they were bled as 
completely as possible. ‘C’sually 8.0 cc of 
blood could be obtained from each rat. The 
blood was centrifuged, the plasma discarded 
and replaced by an equal volume (usually 
3-4 cc) of previously pooled, normal rabbit 
serum (cholesterol content: 62 mg per 100 cc). 
The reconstituted blood was returned to the 
rat and after 3 minutes, the entire procedure 
was repeated. Since the total plasma volume 
of rats of this weight was approximately 7.5 
cc (3 ) ,  the plasmapheresis probably replaced 

66-80% of the rat’s own plasma with rabbit 
serum. KO ill effects were observed in the 
rats following this prccedure nor 48 hours 
later when each rat was injected again with 3 
cc of the same pooled rabbit serum. No 
studies were done to determine how rapidly 
this serum was destroyed or utilized in the 
rat but no more than 6% of the initial amount 
of serum protein was excreted in the urine dur- 
ing the first 24 hours. Following the plasma- 
pheresis, 9 of the 14 rats were given 100 mg 
of cholesterol in 3 cc of olive oil by stomach 
intubation and placed thereafter upon a high 
cholesterol diet-. This diet was a mixture of 
pulverized Purina laboratory chow containing 
an added 27% cholesterol and 5% corn oil. 
The remaining 5 plasmapheresed rats were 
placed upon a cholesterol free diet(4). Five 
normal, untreated rats also were placed for 
control purposes upon the high cholesterol diet. 
Blood samples were obtained before and im- 
mediately after plasmapheresis and also, in 
most of the rats: a t  the end of 24, 48 and 144 
hours at which time the experiment was dis- 
continued. These samples were analyzed for 
cholesterol according to a previously described 
method(4). 

Results. As Table I indicates, rats whose 
own plasma had Seen replaced for a short 
time a t  least by normal rabbit serum, became 
hypercholesteremic when placed upon a high 
cholesterol diet. Their average plasma cho- 
lesterol rose from 50 to 115 mg per 100 cc 
(an increase of 130%) in 48 hours. The 
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plasma cholesterol rose even higher (122 mg 
per 100 cc) in those rats tested at  the end 
of 144 hours. This increase did not appear 
to be due to some non-specific reaction of the 
rat to the introduction of rabbit serum because 
the five rats given the same serum and in 
equal amount but placed upon a cholesterol 
free diet did not have a marked rise in their 
plasma cholesterol either at 24, 48 or 144 
hours. Likewise, the normal, untreated rats 
placed upon the high cholesterol diet showed 
only a slight rise in plasma cholesterol. 

Discussion. The induction of hypercho- 
lesteremia in the rat by substituting rabbit 
serum for its own plasma and then feeding a 
high cholesterol diet of course suggests that 
the hypercholesteremia induced by dietary 
means in the rabbit itself is also mediated in 
part a t  least by a peculiarity of this animal's 
plasma-a peculiarity which can be trans- 
ferred to another species. In  other words, the 
plasma phenomenon in respect to cholesterol 

induced in other animals by Triton or chollate 
administration may already be an intrinsic 
property of rabbit plasma. If this is so, the 
dietary induced hypercholesteremia occurring 
in the rabbit is of similar mechanism to that 
type of hypercholesteremia set in motion by 
the administration of these detergents. Studies 
concerning this point are now in progress. 

Rats subjected to a procedure 
which substituted normal rabbit serum for 
their own plasma became rapidly hyper- 
cholesteremic when placed upon a high cho- 
lesterol diet. 

Summary. 
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Compleiiient-Fixing Murine Typhus Antibodies in Vitamin Deficiency 
States" IV. BIZ Deficiency. (19887) 

KENNETH WERTMAK AND JOSEPH L. SARANDRIA. 

From t h e  Dirision of Bacteriology, Department 

The authors have presented data( 1-3) con- 
cerning the effects of thiamine, pantothenic 
acid, pyridoxine. nicotinic acid, riboflavin and 
folic acid deficiencies upon complement-fixing 
antibody production by rats in response to a 
suspension of washed murine rickettsiae 
(Rickettsia typhi )  as the antigenic stimulus. 
The present paper is concerned with the effects 
of vit. BIZ deficiency upon the production of 
complement-fixing antibody under similar ex- 
perimental conditions. The purpose of this 
investigation, and others in progress, is an 
attempt to explain the increased susceptibility 
and mortality that occurs in malnourished 
populations exposed to typhus fever (4) and 
other infections. Wertman and Sarandria( 1 ) 

* This investigation was supported by a research 
grant from the Upjohn Co., Kalamzoo, Mid.  

of Biologud Sciences, University of Pittsburgh. 

reported that pantothenic acid and thiamine 
deficiencies influenced the antibody response 
when a relatively small amount of immunizing 
material was injected into the rat. However, 
the influence was not as apparent when a 
relatively large amount of the same antigenic 
material was employed. In  addition, they,also 
reported (2) a severe impairment of antibody 
response in pyridoxine deficient rats when a 
rickettsia1 antigen (Rickettsia typhi) con- 
taining 0.0073 mg N was injected. Rats de- 
ficient in nicotinic acid did respond and pro- 
duce complement-fixing antibodies when stim- 
ulated with the same amount of antigen. 
These same investigators also reported (3) 
that the riboflavin requirement for antibody 
production was not as critical as the folic acid 
requirement. The inanition control (paired- 
weighed) and the normal control animals (fed 




