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Dietary necrotic liver degeneration+ was 
first recognized as a deficiency disease when 
Weichselbaum maintained rats on a cystine 
free diet( 1). I t  is entirely different from fatty 
liver and cirrhosis, as first pointed out by 
Daft, Sebrell, and Lillie( 2 ) .  

Necrotic degeneration can be produced by 
a wide variety of rations (Table I). All of 
these diets seem to be deficient in vitamin E 
and low in sulfur containing amino acids, 
especially cystine. The deficiency can be 
induced by diets which contain pure amino 
acids in place of protein, as reported inci- 
dentally by DuVigneaud, Dyer and Kies in a 

*Research done under a Special Research Fellow- 
ship, U. .S. Public Health Service. 

t “Degeneration” is defined- as progressive deteri- 
oration of tissue in which its vitality is diminished, 
whereas “necrosis” means death of a circumscribed 
portion of tissue. “Dietary necrotic liver degenera- 
tion” is applied in this paper to define a deficiency 
disease which in previous publications has been 
called “hemorrhage”( 1 ) , I‘hemorrhage and necrosis” 
(2,6, etc.) or “liver degeneration”( 7,s). The defect 
is characterized by a degenerative change which 
eventually leads to acute extensive liver necrosis, 
hemorrhages and death. 
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paper dealing with transmethylation( 3) .  The 
protective action of cystine, discovered by 
Weichselbaum, was independently confirmed 
by Daft, Sebrell, and Lillie(2), Hock and 
Fink( 4,5), Glynn, Himsworth and Xeuberger 
( 6 ) ,  and others. 

I t  has been shown since that dietary necro- 
tic liver degeneration in most instances de- 
velops only when cystine and vit. E are in- 
sufficiently supplied at  the same time land that 
each of these substances alone is able to pro- 
tect(7). The significance of vit. E as a pro- 
tective agent against necrotic liver degenera- 
tion was discovered by Schwarz( 8) .$ The find- 
ing was confirmed by Gyorgy (9) and by Hims- 
worth and Lindan ( 10) and Goettsch ( 11 ) . 
I t  is possible that at least one other not yet 
identified factor may be protective against 
the disease(l2). The question of whether 
necrotic liver degeneration, induced by differ- 
ent diets, constitutes an indivisible entity or 
whether several kinds or types of necrotic de- 
generation have to be distinguished deserves 
further investigation. 

The deficiency can be induced in growing 
rats when the protein requirement is met by 
large amounts of yeast in purified diets(4,S). 
However, only certain yeasts have this effect, 
whereas others do not. Most European yeasts 
examined produced the deficiency in almost 
100% incidence( 7 )  whereas most American 
yeasts did not induce any degeneration or,pro- 
duced the deficiency only in a small percent- 
age of animals after extended experimental 
periods. The lesions have been found using 
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TABLE I. Diets Producing Necrotic Liver Degeneration in Rats. 

Qstine-free (corn starch SO%, dry milk powder Weichselbaum (1) 
16%) 

Low casein (10% or less) 

Ca8eiii 7-1 (alkali-treated, 15%) 
Yeast 

High cod liver oil 

Cytine-free (amino acids in crptalline form) DuVigneaud, Dyer and Kiea (3) ; Glynn, 
Himaworth and Neuberger (6) 

Daft, Sebrell and Lillie(2); Gyorgy 
and Goldblatt(l9) ; Hove and Harris 
(16) 

Scbwarz (17) 
Hock and Fink(4,5) ; Glynn and Hims- 

wort& (18) ; Schwftrz (7) ; Gyorgy and 
Goldblatt (20) 

Schwarz (21) 
Hock and Fink(22) 

Matet, Matet and Fridenson( 23) 

Potato protein, pea protein, cereal proteAa, Gela- 
tin (in various combinations) 

Soy bean meal (raw, fat extracted) 

18% or less of American bakers yeast(13,14). 
This amounts to about 7% of protein in the 
diet which is inadequate in various amino 
acids. The resulting damage is complicated 
by these defects( 15). 

The peculiar discrepancy between Ameri- 
can and European yeasts in regard to necrotic 
liver degeneration is not due to differences in 
variety, since very different strains of yeast 
have the same property and apparently not 
due to technical differences during production. 
I t  appeared to us, however, that the reason 
for the dissimilarity might be found in differ- 
ences of media applied for the cultivation of 
the yeasts? grain products, i.e. corn steep 
liquor being more important ingredients in 
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the USA., whereas beet molasses, sulphite 
liquor, and wood hydrolysate are more widely 
used in Europe. Following this line of thought 
we found that torula yeast, grown in the 
United States in a simple medium (sulphite 
liquor) can be used for the induction of liver 
degeneration as well as European samples. 

Experimental. Weanling rats of the 
Sprague-Dawley strain (National Institutes 
of Health Colony), weighing usually 35 to 
40 g were divided into groups of 10 animals 
of equal weight, sex, and litter distribution. 
The animals were housed in individual ele- 
vated wire mesh cages. Weights were recorded 
once or twice weekly. Diets and tap water 

T A B D  11. Cbmposition of Diets. 

Control Torula YeastK 
diet diet diet 

-~ - - (lasein" 15 
Yeast - 30 30 
Sucroset 74 59 59 
Salt4 5 5 5 
Lard, Vit E-free$ 5 5 5 

' 1  1 Vitamin powder 11 1 

* "Vitamin free," alcohol extracted. 
t Commercial, regular grade. 
$ Ndll  54 g, N Q ~ H P O ~ * ~ H ~ O  91.5 g ;  CaHPO4 

145.0 g;  -PO4 258 g;  Ferric citrate (FeCs- 
H5O7a3H20) 32.5 g. Ca lactate (CaCO3H503)2- 
-5H20) 3459 g ;  MgW4 70 g; KJ-715 g. After 
mixing, the following are added: MhS04.7HzO 

$Vitamin E-free animal fat, stripped by mole- 
cular distillation (Distillation Producta Inc., Roch- 

3% g ;  ZnrSO4*7H2O .4959 g; &604*5H20 285 g. 

ester, N. Y.) .  
I[ Lactose 97.861 g, thiamine HGL 40 mg, ribo- 

flavin 25 mg; pyridoxine HCIl "0 mg; malcium 
Dantothenate 44 ma; Cboline chloride 1 g ;  ni&n 
i g ; menadione {2-m&hyl-l, Pnaphthoquinone) 
10 mg. 
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FIG. 1. Death from dietary liver degeneration. 
(Average of 15 experiments, Aug. l i ,  1949-May 

li, 1930.) 

were given ad libitum. Tlhe diets (Table 11) 
were prepared in dry form and fed in porce- 
lain cups. A standard diet containing 15% 
purified casein was used for comparison. In 
yeast-diets, casein was replaced by 30% yeast, 
the difference of 15% was compensated for by 
a corresponding reduction in sucrose. The 
torula yeast was obtained from the Lake State 
Yeast Corp., -4ppleton: Wis.; Yeast I( (dried, 
debittered brewer’s yeast) was purchased from 
Anheuser Busch, Inc., St. Louis, M0.Q The 
common water soluble vitamins and vit. K 
were incorporated routinely irrespective of 
the vitamin content of the yeast (Table 11). 
Fifty 7 of crystalline vit. -4 alcohol and 1 y 
of crystalline vit. DZ dissolved in 0.025 cc of 
ethyl laurate were given orally once weekly. 

A thorough autopsy was performed on each 
animal. The effect of protective supplements 
was evaluated by comparing the average re- 
ciprocal survival time (multiplied by 100 in 
order to obtain suitable figures). This pre- 
sents a mathematical expression for the 
velocity of the development of death. For 
example, for an animal surviving 25 days, 

B It is emphasized that the results reported in this 
publication do not allow any interpretation regard- 
ing the usefulness of various yeasts in animal nutri- 
tion since these ,materials were fed as the sole source 
of protein in highly purified, vit. E deficient rations. 

1x100 

25 
the reciprocal is - = 4.0. For animals 

surviving indefinitely the figure 0 is assigned. 
Average values for groups were calculated and 
compared. 

Resutts. In  animals on 15% alcohol ex- 
tracted “vitamin free” casein necrotic liver 
degeneration has never been found either in 
these or in other extensive tests. Wlhen the 
torula diet was fed, the rats succumbed to 
necrotic liver degeneration in 100% incidence. 
Two groups of 10 animals on the yeast K diet 
grew well, and were sacrificed after surviving 
70 and 145 days respectively. Their livers 
were norma1.T 

’4verage results on torula diet. In  15 con- 
secutive experiments with 14 groups of 10 
and 1 of 12 animals on the torula ration, 145 
out of 152 animals died with the necrotic liver 
disease: the other 7 rats died with complica- 
tions (6 pneumonias, 1 kidney degeneration) 
during the test. The average survival time on 
the torula diet was 45.5 (22-83) days. The 
time mortality curve (Fig. 1) shows that death 
occurred, starting at  the 22nd day, a t  a rather 
constant rate until about the 48th day. From 
there on the mortality rate declined. 

Effect of L-Cystine. When L-cystine was 
added to the torula ration, increasing protec- 
tion was afforded by increasing amounts 
(Table 111). On a .l% L-cystine supplement 
all animals died, survival being slightly pro- 
longed, as indicated by a 17.5% reduction 
of the average reciprocal survival time. Al- 
most complete protection was provided when 
the ration was supplemented by .5%0 L-cystine 
from the start, or when .5 or 1.0% were added 
at  the 26th day of the experiment. 

Protective effect of vitamin E .  The strong 
protective action of vit. E, formerly demon- 
strated in experiments with European yeast 
diets(7), is shown in Fig. 2. A supple- 
ment of 5 mg % alpha tocopherol acetate in 

1 Two other American yeasts (yeast G, cultured, 
primary dried Saccharomyces cerevisiae, Anheuser- 
Busch, and an USP dried brewers yeast of unidenti- 
fied origin) have been tested for their ability to pro- 
duce necrotic liver degeneration using a system some- 
what different to that described herein. They, like 
yeast K, failed to produce the defect. 



DIETARY NECROTIC LIVER DEGENERATION 82 1 

TABLE 111. Effmt of L-Cystine. 
~~ 

Avg reciprmal 
7% L-cyatine Dead due survival time ( X 100) reduction 
supplement No. of t o  liver b. Experi- of r eciprocrtl 

i n  diet animals degen. a. Controls: menta.1 group t+urvival time$ 

.1 10 10 2.3 1.9 17.5 
.2 9 6 II 2.3 .74 67.8 
.5 9 37 2.08 3 6  82.7 
.5* 10 Ill 1.94 .25 87.1 
.5 t 7 1'" 2.49 .26 89.4 

1 t  9 1** 2.49 .19 92.5 

* Pairfed la mntrob. t Supplementation started at 26.day. $ Littermates on h u l a  
(a-b) in % of a. I( Terminated 100th day. 'IT Terminated diet with no cystine supplement. 

112th day. ** Terminated 177th day. 

the torula diet prevented the disease in all 
instances. With 1.25 or 2.5 mg % degenera- 
tion occurred only after very prolonged experi- 
mental periods. Surviving animals killed at  
the end of these tests had macroscopically 
normal livers. 

Description of the disease. Rats on the toruIa 
diet stopped growing after 3-4 weeks, with- 
out displaying any other symptoms. After 
22 to 83 days they suddenly lapsed into a fatal 
period which took but a few days or hours. 
At the beginning of this striking phase the 

animal remains quiet though trembling, and 
the body feels cool. Sometimes short attacks 
of hyperact.ivity can be seen. There is a 
slowing of reflexes and gradual loss of con- 
sciousness until a deep coma is reached which 
is accompanied by occasional convulsions. 
This stage persists for one ,to several hours, 
during which time the heartbeat and breathing 
fade; the transition from life to death occurs 
slowly and quietly. 

Upon dissection, the most outstanding 
changes are seen in the liver (Fig. 3) .  A 

0 20 40 60 80 100 120 140 160 180 200 
l r l r r l l l r l l l r l r r l 1 1 1 1  

Without Alpha Tocopherol Acetate 

1.25 mg. % Alpha Tocopherol Acetate 2 I O r  7 
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0 1 
t. 

2.5 mg.% Alpha Tocopherol Acetate 
10 a 

= 10 z I 
: o t  1 

5 mg. % Alpha Tocopherol Acetate 

01 I 
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DAYS OF EXPERIMENT 
FIG. 2. Inhibition of liver degenerat,bn by alpha-tocopherol aeetate. 
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PLG. 3. Dietary necrotic degeneration of rat liver. 

macroscopic descrliption and histological analy- 
sis will be published separately. 

The severe damages of the liver, which are 
precipitated in the short terminal period,, are 
apparently the reason for the sudden death. 
In  many of the animals degenerative changes 
can also be seen in the forestomach and the 
kidneys, and acute lesions are frequently 
found in the lung and the lymphatic system. 

Ulcers of the forestomach of pinpoint to 
millimeter size (Fig. 4) occurred in about 
51% of the rats. The lesion has been de- 
scribed previously (16) , it is prevented by 
vit. E and seems to belong to the cycle of 
changes pertinent to dietary necrotic liver 
degeneration. 

The kidneys of the rats which died dis- 
played a whitish intercorticomedullary zone in 
about 87%. This white, often incrusted, 
area resembles that seen after ,the feeding of 
adenine, and might be caused by accumulation 
of dioxyadenine or similar products, due to 
the large amount of nucleic acids present in 

the yeast. Macroscopic defects of the cortex 
were rare. 

Changes which are directly connected with 
the terminal phase of life occur in the lung. 
Acute lung edema was present in about 40% 
of animals, congestion and hemorrhages were 
seen in most of them. Hemorrhage also ap- 
peared in the gastrointestinal tract. The ab- 
dominal and mediastinal lymph nodes were 
hemorrhagic in many cases. 

Summary. American torula yeast, when used 
as the sole protein source in Vit. E free diets, 
induced d.ietary necrotic liver degeneration in 
rats in the same manner as reported for 
European yeasts. Other American yeasts did 
not produce the defect. With' 30% torula 
yeast in the diet the incidence of liver de- 
generation in 15 consecutive exper'iments was 
loo%, the average survival time was 45.5 
days. 

L-Cystine reduced the incidence of the de- 
fect considerably; however, even 1.0% did 
not give full protection when supplementation 



ALCOHOL AND TISSUE RESPIRATION 823 

FIG. 4. Ulcers in forastomach of rat on torula diet. 

started at  the 25th day. Flive mg % vit. E 
prevented the defect completely. 

and hemorrhages in the lungs, in the lymphatic 
tissues and occasionally in the intestine. 

Necrosis of the liver developed very sud- 
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