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in the dog pancreas during administration of 
purified anterior pituitary growth hormone 
has been studied. Fifteen mature normal 
mongrel dogs each received 3 mg/kilo of 
growth hormone daily subcutaneously. Two 
each were sacrificed on alternate days for 14 
days. Eight animals were used as controls. 
It was found that sometimes glycogen is nor- 
mally present in ductular epithelium but not 
in B cells. Increased vacuolization (glycogen 
infiltration) of intralobular and intercalated 
ducts developed prior to and generally in the 
absence of the appearance of glycogen in the 
B cells of the islets. These findings are taken 
to support the hypothesis that hydropic de- 
generation of B cells is not a degenerative le- 
sion resulting from “functional exhaustion” 
but is rather a morphologic expression of hy- 
perglycemia similar to that seen in other or- 
gans. 
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It has been shown repeatedly in man(1-2) 
that increase in proportion of calories from 
dietary lipid causes elevation of concentration 
of serum cholesterol. Recent reports indi- 
cate that this effect does not follow when lipid 
consists of certain vegetable oils ( 3  ) . More- 
over certain oils rich in linoleic acid have been 
reported to produce a significant decrease of 
serum cholesterol concentration in man (4-8). 
In view of differences in cholesterol metabo- 
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lism between man and rat, the present study 
on the rat is concerned first with the effect of 
different fat-diets on cholesterol concentra- 
tion in serum lipoproteins and in liver. 

Since heparin has a “clearing” action on 
lipemic serum, consideration was also given 
to the possibility that heparin might serve to 
some degree as a physiological regulator of 
blood lipid. Tissue mast cells confain heparin, 
and the question is whether their number, in- 
tact or undergoing disruption, is influenced 
by nature and concentration of blood lipid. 
This possibility was examined by counting 
mast cells in external ear tissue of rats main- 
tained on various diets for study of serum and 
liver cholesterol. 

Methods. Adult male albino rats of 
Sprague Dawley strain were used. The age- 
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A G E  (DAYS) 
FIG. 1.  Weight changes of rats maintained on difierent diets. Ralston Purina Chow diet: stated 
to have no less than 5% fat, 8 rats. “Fat-free” diet: Nutritional Biochemicals Co., 8 rats. Butter 
diet: 79% Purina Chow. 2106 butterfat, 8 rats. Sunflower seed oil diet: 75% Purina Chow, 2.5% 
sunflower seed oil (iodine no 1.;1), S rats. Butter-cholesterol-propylthiouracil diet: 75% Purina 

Chon-. 11% butterfat. 55 cholesterol (0.1 9 propylthiouracil added to mix), 16 rats. 

weight relationships for animals on different 
diets are given in Fig. 1. Food and water nd 
libitum was furnished. Blood was obtained 
from tail or, for last sample. when animal was 
sacrificed, by heart puncture. Total serum 
cholesterol was estimated l q -  the method of 
Abell: et aZ.(9) as modified hy ,jnderson and 
Keys ( 10) . Electrophoretic separation of 
lipoproteins was carried out by the method 
of Williams. et  d.( 11) with a Durrum Spinco, 
model R. apparatus (Beckman Instruments. 
Belmont, Calif.). From each sample of se- 
rum 20 pl were taken for protein electrophor- 
esis and 100 pl for lipoprotein electrophoresis. 
Barbiturate buffer (Spinco buffer, B-2) of 
pH 8.6 was used. With rat serum, best sepa- 
ration was achieved when 11.5 ma at 150 
volts were applied for 16.5 hours. After dry- 
ing, the paper strip containing 20 pl was 
stained with bromphenol blue (Spinco dye, 
B-1) to indicate the various protein zones, 
and the strip with 100 pI was stained with 
Sudan black ( 2  g in 1 1 60% alcohol. refluxed 
3-4 hours, decanted after cooling) to show 
lipoprotein zones. Two additional paper 
strips which carried 100 pl serum each, were 
subjected to electrophoresis and drying but 
not staining. The 20 11.1 of serum were de- 

l)osited in one application on strip by means 
of striper supplied with the apparatus, while 
100 pl in a graduated micropipette were de- 
livered in 5 approximately equal portions 
onto paper strip by means of the striper. The 
unstained strips were cut into segments and 
analyzed for cholesterol using the stained 
strips as references. A piece 40 mm long, 
was cut from paper behind the starting line, 
where no serum components were present, to 
serve as a blank. Extraction of cholesterol 
irom paper segments followed procedure of 
.Anderson and Keys( 10). The final volume 
of colored solution was 0.6 ml and was mea- 
sured in Beckman DU spectrophotometer 
using Lowry-Bessey microcuvettes having 
1 cm light path. Liver cholesterol was esti- 
mated in pieces (4  to 5 g) removed immedi- 
ately after bleeding the animal. Liver sam- 
ples were digested in 2 ml3076 KOH a t  about 
90’C for 0.5 to 1.5 hours, or until the liver 
completely disappeared. After diluting to 50 
ml with distilled water, 2 ml aliquots were 
added to 2 ml of absolute alcohol and 4 ml 
of petroleum ether. After shaking for a min- 
ute, the petroleum ether layer was removed. 
Extraction of the aqueous solution with a 4 
ml portion of petroleum ether was repeated. 
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TABLE I. Effect of Diet on Total Cholesterol in 
Rat Serum and Liver. 

Mean cholesterol (mg yo) 
& stand. error of mean 

Weeks on diet 
Diet 1 9 9 

Serum Liver 
Purina chow 6 5 2 3  5 8 2 3  1 9 0 k 1 2  
“Fat-free” 8 5 2 7 ”  7 3 - F 3 t  1 9 2 2  4 
Butter 84f4t 75&4* 215k 8 
Sunflower seed oil 88 f 4t 84 & 3 t  366 40t 

* Significance of difference from corresponding 

t Significance of difference from corresponding 
Purina group, P = 0.05. 

Purina group, P = 0.01. 

The solvent was evaporated, the lipid was dis- 
solved in alcohol-acetone ( 1 : 1 ) , and choles- 
terol was precipitated as digitonide using 
aluminum chloride and ammonium hydrox- 
ide to speed the process as suggested by 
Brown, et d ( l 2 ) .  The method of Foldes 
and Wilson(l3) was used to complete choles- 
terol determination. Because of high con- 
centration of mast cells in the external ear 
and the ease of obtaining these specimens, 
samples of wide, mid-portion were routinely 
taken from each rat a t  time of sacrifice. Sec- 
tions 12 p, were prepared and stained with 
toluidene blue by the method of Smith and 
Atkinson ( 14) so that auricular cartilage ap- 
peared as a dark, central band with subcu- 
taneous tissue and skin on each side. The 
mast cells in random fields, 0.17 x 0.17 mm, 
including subcutaneous tissue both dorsal 
and ventral to auricular cartilage were 
counted (Table IV) . 

Results. Mean weight curves for experi- 
mental groups are presented in Fig. 1. Ani- 
mals on “fat-free” diet showed retarded 
growth after 7 weeks on this diet. Rats on but- 
ter-cholesterol-propylthiouracil diet showed 
progressive weight loss from beginning of ex- 
periment. In spite of weight effects all ani- 
mals had a normal and healthy appearance. 

Table I shows changes in serum and liver 
cholesterol for the first 4 groups of rats. 

Rats on diets other than Purina chow 
showed increase in serum cholesterol concen- 
tration compared with the latter group. No 
change of liver cholesterol was observed in 
animals on “fat-free” and butter diets com- 

pared with those on Purina chow, while rats 
receiving sunflower seed oil showed a sig- 
nificant increase. 

Serum and liver cholesterol of animals on 
butter-cholesterol-propylthiouracil diet is 
given in Table 11. Both serum and liver 
cholesterol values were higher than those 
found on diets listed in Table I, and serum 
cholesterol increased with time. These in- 
creases are significant when comparisons are 
made with data from rats on Purina chow. 
All animals indicated in Table I1 had large 
fatty livers. 

Cholesterol in serum lipoprotein fractions 
was measured on serum samples from 1 or 2 
animals from each experimental group. Re- 
sults are presented in Table 111. 

Distribution of cholesterol among serum 
protein fractions in the rat is strikingly dif- 
ferent from that observed in man. While 
man carries about 80% of total serum choles- 
terol in the beta globulin(lO), rats, on the 
Purina chow diet, had only about 20% in 
this fraction. These findings agree with those 
of Fidanza and Cresta( 15). Changes in dis- 

TABLE 11. Total Cholesterol in Serum and Liver 
of Rats on Butter - Cholesterol - Propylthiouracil 

Diet. 

Mean cholesterol (mg 70) 
k stand. error of mean 

KO. of rats Wk on diet Serum Liver 

5 3 177 2 20*t 568 f 159” 
5 G 2 4 3 2 2 4 ”  820*162* 
6 11 306 23” 675 zk 166* 

* Significance of difference from Purina group 

t One sample lost. 
(9 wk on diet), P z 0.01. 

TABLE III. Distribution of Total Cholesterol 
among Serum Protein Fractions Separated by 

P m e r  Electronhoresis. 

Cholesterol (% of toK1) 

Diet diet min globulin globulin 
Wkon Albu- U- B- 

Purina chow 9 30 
Fat-f ree ’ ’ 9 50 

Butter 9 37 
Sunflower seed oil 9 44 
Butter-eholesterol- 3 20 

Idern 6 23 
I 1  29 

12 

propylthiouracil 
, I  

‘ Normal ’ ’ human serum 

51 
35 
47 
40 
53 

57 
45 

7 

19 
15 
16 
16 
27 

20 
26 
81 



616 CHOLESTEROL FROM DIETARY LIPID 

tribution observed in samples of serum from 
animals on “fat-free:” butter, and sunflower 
seed oil diets appear to be unimportant. This 
indicates that increased cholesterol caused 
by special diets is distributed among all pro- 
tein fractions. 

It is evident (Table 111) that the albumin 
zone contained a considerable fraction of to- 
tal cholesterol. When the paper strips were 
stained with Sudan black. 2 distinct zones 
were visible corresponding to albumin and 
alpha globulins. The Sudan black stain is 
not sensitive enough to reveal quantities of 
lipids such as found in beta globulin zone of 
rat serum. In human serum beta globulin 
stains intensely, albumin less, and alpha 
globulin very little if at  all. 

In contrast with its action in man(6,8), 
sunflower seed oil a t  the 25y0 level in rat 
diet, produced an devat ion of blood serum 
cholesterol similar to that observed in the 
group of animals receiving butterfat. Sun- 
flower seed oil also caused an increase in 
liver cholesterol compared with Purina chow 
alone or plus 2170 butterfat. The rats re- 
ceiving “fat-free” diet showed an increase of 
blood serum cholesterol but no significant 
change of liver cholesterol. These results 
differ with those reported for fat-free diet by 
Alfin-Slater et al. ( 16). who found a decrease 
in blood serum cholesterol and an increase in 
liver cholesterol. The fat-free diet in our 
experiment differed from that of -4lfin-Slater 
et al. in containing, respectively, 1670 ‘IS. 

4% cellulose, 0.60y0 ‘IS. 0.085% choline, and 
in continuing for 9 vs. 20 weeks. It appears 
from our experiment that elevation of serum 
and liver cholesterol in animals receiving 
sunflower seed oil can not be attributed to 
deficiency of essential fatty acids. 

Addition of cholesterol and propylthioura- 
cil to Purina-plus-butter diet enhanced hy- 
percholesterolemia and caused an increase of 
cholesterol content of the liver. On fraction- 
ation of serum proteins by electrophoresis and 
subsequent determination of cholesterol in 
various protein fractions (Table I I I ) ,  it was 
found that with prolonged high blood choles- 
terol the proportion of cholesterol in the al- 
bumin zone decreased slightly while that in 

TABLE IV. Mast Cell Counts on Tissue Sections 
from Ears of Rats on Different Diets. 100 micro- 
scopic fields counted for each diet (20 fields/rat, 5 

ratsldiet). 
~ ~~ ~~ ~~ ~ 

Stand. 

Diet No./field Stand. dev. of mean 
Mean error 

the beta globulin region increased slightly. 
Results on rats fed butter-cholesterol-propyl- 
thiouracil are similar to those of Page and 
Brown (1 7 )  on hypothyroid rats whose diets 
were supplemented with cholesterol. These 
authors reported increase of serum beta lipo- 
protein but no data were given for distribu- 
tion of cholesterol among protein fractions. 

Recently Fillios et aZ.S reported develop- 
ment of atherosclerosis in rats receiving puri- 
fied diets supplemented with cholesterol, so- 
dium cholate and thiouracil, and showing 
marked hypercholesterolemia and hyperbeta 
lipoproteinemia. No gross lesions were seen 
in arteries of any animals employed in our 
study. Both rat and dog, animals considered 
resistant to atherogenesis ( 17), show high lev- 
els of alpha and lower levels of beta lipopro- 
tein(l8). 

It is apparent from Table IV that the dif- 
ferent diets had no appreciable influence on 
mast cell counts in rat ears, and therefore i t  
appears that a response in mast cell number 
does not occur under these conditions asso- 
ciated with varied levels of serum and liver 
cholesterol. Furthermore, no difference in 
proportion of abnormal or disrupted mast 
cells was found. 

Summary. 1) An increase of blood serum 
cholesterol has been observed in rats subsist- 
ing on Purina chow diet when supplemented 
with butterfat, or sunflower seed oil. Ani- 
mals on sunflower seed oil also showed in- 
crease of liver cholesterol. Rats on “fat- 
free’’ diet showed increase in serum choles- 
terol but no change in liver cholesterol. When 
Purina chow-butter diet was supplemented 

$ Reported in Fed. Proc., 1956, 550. 
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with cholesterol and propylthiouracil, an even 
greater increase in both serum and liver 
cholesterol was found. 2 )  Separation of se- 
rum protein fractions by paper electrophore- 
sis revealed that most of the cholesterol was 
associated with albumin and alpha globulin 
fraction in the rat, whereas, in man, the great- 
est proportion of cholesterol is found in the 
beta globulin fraction. This same general 
distribution was observed in all dietary groups 
regardless of their serum cholesterol levels, 
although rats receiving butter-cholesterol- 
propylthiouracil diet showed a slight shift of 
cholesterol toward the beta globulin fraction. 
3) No diets induced a demonstrable change 
in mast cell count on tissue of rat ear. 
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We were interested in producing tubercu- 
lous pericarditis in animals to study frequency 
of development of the constrictive phase, to 
determine the effect of antituberculous drugs 
and to investigate the proper time for peri- 
cardiectomy. Prior to this study, no refer- 
ence could be found concerning experimental 
tuberculous pericarditis, but after completing 
our work the report of Kinoshita( 1 )  was 
found. Kinoshita produced tuberculous peri- 
carditis in rabbits with or without preceding 

*Supported in part by grant from N. Car. Medi- 
cal Fn. 

sensitization, and his results were similar to 
those noted below. 

Procedure. New Zealand white rabbits 
weighing approximately 5 kg were sensitized 
by subscapular injection of 1 cc dried heat 
killed bovine tubercle bacilli. Three mg of 
the ground material were suspended in each 
cubic cm of Bayol F. From 6 to 12 weeks 
later, skin tests with commercial tuberculin 
were carried out and approximately one-third 
of the original group discarded because of 
negative skin tests. In the remaining sensi- 
tive animals, 0.5 cc of milky suspension of 


