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Fatty Cirrhosis in the Rat. VII. Influence of Different Levels of 
Dietary Fat on Early Deposition of Fat in Liver.* (30062) 

F. W. HOFFBAUER AND F. G. ZAKI 
Minneapolis Mcdical Resrarch Foundation, Hennrpin County  General Hospital, iMinncapolis, Minn .  

Previous studies from this laboratory de- 
scribed the fatty cirrhosis produced in rats 
fed for 15 weeks one of 3 hypolipotropic diets 
containing 5 5 ,  20% or 38% lard(1).  Each 
diet furnished the same amount of protein 
(casein and alpha soya protein). The diet 
containing 38% lard produced the greatest 
incidence and the most severe degree of cir- 
rhosis. Liver disease was least severe in the 
diet containing 5 %  lard. In that paper, the 
statement was made “I t  is probable that the 
fat  accumulation within the first two or three 
weeks was most severe in those animals that 
subsequently exhibited the most severe de- 
gree of cirrhosis a t  the end of the experi- 
ment.” In the present study data are pre- 
sented in support of the statement. 

Methods and material. Male rats of the 
Holtzman strain individually caged in a 
constantly illuminated air-conditioned room 
were employed. The rats, age 35 days, weight 
100 10 g, were fed Purina fox chow for 5 
days after their arrival a t  the laboratory and 
then started on one of the 3 varieties of a 
choline-deficient diet. These diets designated 
CA6-38, CA6-20 and CA6-5, respectively, are 
described in Table I. Sixteen experimental 
and 4 control rats were included in each of 
the 3 groups fed one of the above diets. The 
control rats were fed diets containing a sup- 
plement of 0.4% choline chloride. Since the 
diets were not isocaloric, the daily ration 
available to the 3 groups was 8, 9 or 10 g as 
indicated in Table I. The animals were not 
pair-fed; food consumption was not meas- 
ured. As shown in Table 11, the animals were 
killed after 2 ,  7, 14, 21 or 28 days. That 
portion of the study designated as Experi- 
ment A (Table 11) was carried out in Janu- 
ary and Experiment B, in June. 

Specimens of liver tissue were fixed in neu- 
tral buffered formalin for demonstration of 
fat by the Oil Red 0 stain and in alcoholic 
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Bouin’s fluid for hematoxylin-eosin staining. 
The liver was weighed before and after re- 
moval of sections for histologic study; the 
remaining portion was stored in a deep freeze 
chest for a later determination of total lipid 
and other fat studies. Total lipid of the liver 
was estimated by the method of Folch(2). 
The cholesterol, phospholipid and triglyceride 
fractions were determined on pooled samples 
of the extracted liver lipid. Liver pathology 
was graded on the basis of the gross appear- 
ance and the microscopic examination ac- 
cording to a system previously described (3).  

Results and comments. The control rats 
were killed after 7 and 14 days. Their liver 
lipids were normal or very slightly elevated 
(Table 11). The rats that received the 38% 
lard diet uniformly had a greater deposition 
of neutral fat (triglycerides) in their livers 
a t  each time interval. The speed with which 
the young growing rat develops fatty liver is 
evident by the elevated values for the liver 
l b id  noticeable a t  2 days and reaching a 
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TABLE TI. Early F a t  Deposition in  Liver of Rats Fed CA6 diet Containing 5, 20 or 38% Lard. 
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f a t  level 
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Body wt 
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Liver/ 
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B 5% ” 

2070 ” 

3870 ” 

A 5% ’’ 
20% ” 

3870 ” 

A 5% ” 

20% ” 

38% ” 

2 
2 
2 
7 
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2 114 110 
2 119 110 
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2 130 117 
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4 97 110 
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4 95 120 
4 100 122 
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5.3 
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4.8 
4.5 
5.6 
5.5 
8.0 
8.0 
7.8 
8.5 
7.7 
8.0 
6.5 
6.0 
7.8 
8.7 
7.3 
8.2 

9.4 
13.1 
15.7 
12.1 
26.4 
29.7 
26.2 
29.1. 
36.3 
31.2 
33.7 
41.6 
27.2 
31.5 
41.5 
24.5 
38.5 
42.5 

3.5 
3.5 
3.8 
5.0 
8.7 

10.4 
7.5 
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8.3 
9.4 
9.4 
9.9 

10.3 
13.5 
11.6 
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12.7 
13.5 

13.5 
11.5 
13.3 
13.3 
13.2 
13.4 

8.6 
8.7 
8.3 

10.3 
7.8 
8.3 
9.5 

11.7 
9.5 
6.8 

10.8 
10.6 

77 
115 
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103 
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273 
246 
275 
346 
292 
320 
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252 
330 
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38% ” 
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Control animals (diet supplemented with .4% choline chloride) 
7 2 105 122 3.2 6.1 4.5 16.4 40 
7 2 120 123 3.8 6.8 6.3 14.8 37 
7 2 128 120 3.8 6.9 4.6 11.7 53 

14  2 116 154 4.1 7.4 1.4 10.0 30 
14 2 118 158 4.5 7.5 1.3 8.1 37 
14  2 114 150 6.8 8.2 1.7 8.2 58 

maximum at  21 to 28 days. The initial mani- 
festation of a choline-deficient diet in the rat 
is the centrolobular accumulation of fat. In  
the present experiment this was evident a t  2 
days and prominent a t  7 days. The accumu- 
lation of centrolobular fat involving approxi- 
mately half of the conventional liver lobule 
has been designated as Stage I according to 
the grading system employed. This quickly 
gives way to a situation in which the entire 
liver lobule is fatty; most of the livers a t  14, 
and especially 2 1 and 28 days, were classified 
as Stage I1 in which virtually every liver cell 
contains fat droplets, these being largest in 
the cells nearest the centrolobular vein. 

Our previous study( 1) indicated that rats 
receiving the 38% lard diet for 15 weeks ex- 
hibited the most advanced degree of pathol- 
ogy, viz., hypertrophic or atrophic nodular 
cirrhosis with thick fibrous trabeculae. Rats 
fed the 20% lard diet for a similar period 
showed less severe damage, i.e., early cir- 
rhosis with thin trabeculae. Those receiving 
the 5% lard diet exhibited lesser changes; 
one-fourth failed to develop cirrhosis. 

Hartroft(4) stated “The rate of accumu- 
lation rather than the mere presence of ab- 
normal liver fat would seem to be the essen- 
tial factor in initiating hepatic fibrosis.” The 
results of the present study confirm this con- 
tention. The diet that produces the greatest 
accumulation of fat in the liver in the first 
four weeks results in the most severe degree 
of hepatic pathology after 3 or 4 months. 

The 3 diets employed in this and the pre- 
vious experiment are regarded as capable of 
producing 3 degrees of choline-deficiencies : 
severe, moderate and mild, corresponding to 
the 3 levels of fat (38%, 20% and 5% lard) 
in the diets. Each of the 3 diets is capable 
of producing fatty liver in rats but the sever- 
ity of the pathological changes that follow 
vary according to the amount of fat depos- 
ited early in the course of the experiment. 

The primary exclusive role of fatty infil- 
tration in the pathogenesis of experimental 
dietary cirrhosis is questioned by some ( 5 ) .  
On the basis of our observations we believe 
that excessive fat accumulation is the pri- 
mary cause of the development of cirrhosis 
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in the choline-deficient rat. 
Summary. Liver fat accumulation was 

studied in groups of young rats fed one of 3 
low protein diets containing, respectively, 
5%, 20% and 38% lard. Each diet furnished 
the same quantity of protein (casein and 
soy-a-protein) . The rapidity and magnitude 
of fat accumulation was greatest in rats fed 
the 38% lard diet and least in those receiv- 
ing the one containing 5 %  lard. In previous 
studies the same diets were fed for 15 weeks; 
the 38% lard diet produced the greatest in- 
cidence and the most severe degree of cir- 
rhosis, whereas the group fed the 5% lard 
diet had the least severe degree of liver dam- 

age. The severity of the fatty cirrhosis that 
ultimately develops in choline deficient rats 
is chiefly determined by rate and magnitude 
of fat accumulation in the liver in the first 3 
weeks of the experiment. 
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Further Purification of TSH-Releasing Factor (TRF) from Sheep 
Hypothalamic Tissues, with Observations on the Amino Acid 

Composition." (30063) 
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Department of Physiology, Baylor University College of Medicine, and University of Texas 

M .  D .  Anderson Hospital, Houston 

We have reported previously( 1) on the 
existence in crude extracts of hypothalamic 
tissues, of a polypeptidic substance (TRF) 
which specifically stimulates in vivo the se- 
cretion of adenohypophysial thyrotropin 
(TSH) . We have subsequently described the 
early stages of purification of TRF(2,3) as 
well as its in vitro activity(4) on a system 
of isolated pituitary fragments. Evidence has 
been presented( 1,2,4) to propose that T R F  
is a substance different from LRF (LH-Re- 
leasing Factor) , CRF (Corticotropin-Releas- 
ing Factor) , a- and P-Melanocyte Stimulat- 
ing Hormones, bradykinin, and Von Euler's 
Substance P, all polypeptides known to be 
present in hypothalamic tissues. This paper 
reports the further purification of hypotha- 
lamic TRF. 

Experimental procedures and results. a. 
Starting materials, acetic acid extraction, gel 
filtration on Sephadex G25, bioassay. Table 
I summarizes description of starting mate- 
rials and of early stages of the purification 
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procedure as described earlier ( 1 ,2 ) . The 2 5 
kg of hypothalamus without median emi- 
nence were lyophilized in industrial freeze- 
drying equipment prior to extraction with 
acetone (100 vol/l g material). Two sizes of 
Sephadex G25 columns were used: 5.5 X 150 
cm to which were applied 7.0 g of lyophilized 
acetic acid extract of the hypothalamic tis- 
sues; or 15 x 150 cm on which were applied 
120-140 g of the same extract (Fig. 1) .  The 
bioassay for T R F  used throughout this study 
is the in vivo method described earlier(5). 
Extraction and studies of biological activity 
through the Sephadex G25 filtration stage 
were conducted on aliquots of the 2 types of 
starting material used here, i.e., median emi- 
nence-s talk fragments and hypothalamus 
fragments without median eminence (Table 
I). Because of the similarity of the results 
obtained (see Discussion), the bulk of the 2 
types of material was pooled and processed 
further as in Table I. 

b. Counter current distribution. The con- 
ditions as in(3) are summarized in Fig. 2,3; 
yields are reported in Table I. 


