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costerone and testosterone. 

the former has a side chain at  C17, while the 
latter does not. I t  may be that the presence 
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of this side chain is essential for the alteration 
of responsiveness to insulin. 

Summary. The administration of testoster- 
one propionate in doses of 10, 25, or 50 mg 
daily for la period of 10 days to 13 patients 
with diabetes mellitus failed to alter signifi- 
cantly the responsiveness to insulin in all but 
one. I t  is suggested that the presence of the 
side-chain attached to carbon atom 17 in the 
steroid molecule may be essential for this 
activity. 
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dl-Ethionine." (18879) 

AND E. MEISEL. 

Ethionine, a presumed antagonist of meth- 
ionine, induces fatty changes in the liver( 1) ,  
influences protein metabolism (2 ) , and causes 
destructive changes in the pancreas( 3,4). In  
the course of experiments in which enhance- 
ment of the pancreas-damaging effect of ethio- 
nine was found by the use of a protein deple- 
tion diet ( S ) ,  renal changes were also observed. 
These are the subject of the present com- 
munication. 

Experiments and results. 1-oung male and 
female albino rats of the iVistar strain weigh- 
ing from 125 to 250 g ware used. One group 
of male and female rats was fed a complete 
Rockland rat diet. -A second group was put 
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for a period of 7 to 14 days on a protein de- 
pletion diet consisting of 77.6 parts corn 
starch, 15 parts hydrogenated cotton seed oil 
(Crisco), 4 parts salt ,mixture C.S.P. XIV, 4 
parts ruffex, and 0.4 part Brewers yeast 
powder (Nutritional Biochemical Corp., 
Cleveland, Ohio). The yeast, according to 
the manufacturer, contains 50.3 70 protein. 
The methionine content based on 1670 N 
averages around 1.870. The protein deple- 
tion diet used contained therefore approxi- 
mately 0.2 o/o protein and 0.003670 methionine 
respectively. The animals received in addi- 
tion one drop of cod liver oil twice weekly. 
All rats were given 1 mg dl-ethionine (a- 
amino-7-ethylthyol butyric acid) (Nutritional 
Biochemical Corp.) per g body weight, di- 
vided in 3 doses, intraperitoneally. Animals 
on a complete diet were fasted for 16 hours 
prior to the administration of the drug. The 
possible protactive effects of dl-methionine, 
glycine, and dl-alanine were tested by the ad- 
ministration of equimolecular amounts of 
these amino acids which were given intraperi- 
toneally in 3 divided doses half an hour prior 
to the injections of ethionine to rats on the 
protein depletion diet. These rats were sacri- 
ficed 24 hours later. 

Renal damage was seen in almost all of the 
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FIU. 1. Sections of the kidney of a male rat on the 
protein depletion diet for 12 days and laacrXced 
24 hr after ethionine administration. Necrosis of 
the d i h l  portions of the proximal eonvoluted 
tubules in the inner cortical mne is widespread. 

Hematoxylin-ewin stain X 40. 

animals on the protein depletion diet. Dis- 
tinct changes in tubules located in the inner 
portion of the renal cortex were noticed as 
early as 6 hours following the administration 
of ethionine. There was marked condensation 
of the basal portion of the cytoplasm which 
stained intensely eosinophilic with the hema- 
toxylin and eosin stain. The lum-inal portion 
of the cytoplasm was often fringed, hazy in 
outline and took the stain poorly. The nuclei 
were shrunken and pyknotic. After 13 hours 
some of the tubular cells had become frankly 
necrotic. In rats sacrificed 24 to 48 hours 
following the administration of ethionine de- 
structive changes in the epithelium of tubules 
located in the inner zone of the renal cortex 
had become widespread in some of the kidneys 
(Fig. 1 ) . The epithelium in damaged tubules 
was completely necrotic and the nuclei had 
disappeared entirely. Occasionally, however, 
pyknotic nuclei were still present in some of 
the damaged tubules. These changes resem- 
bled closely those seen following the admin- 
istration of dl-serine( 6 ) .  In animals that 
were allowed to live for 3 days evidence of 
early repair was found. Tubular epithelium 
started to regenerate and mitotic figures be- 
came numerous. Within the next day the 
necrotic tubular cells were partially replaced 

6. Wachstein, M., Arch. Path., 194’1, v43, 503.  

by flat cells which had a more basophilic 
staining cytoplasm. Due to the flatnes of 
these cells the tubular lumen appeared dilated. 
In rats that lived for 7 days almost all of the 
destroyed tubular epithelium had been re- 
placed but remnants of necrotic cells were still 
occasionally visible. Calcification was not 
seen. Casts were not noticed and the glomeruli 
remained intact. In an attempt to localize the 
sites of the renal damage, single nephrons 
were isolated and appropriately stained. The 
isolation of single renal tubules was performed 
by Dr. Jean Oliver. Necrosis was limited to 
the terminal portion of the proximal convo- 
luted tubules. No other part of the nephron 
was involved. The extent of the renal in- 
volvement varied considerably. Its degree 
was expressed m 0, k, 1+, 2+, and 3+. 
In kidneys considered to show -t- damage 
only very few necrotic tubules could be ob- 
served on appropriate sections. 

As can be seen from Table I, there is con- 
siderable difference between male and female 
rats and between animals on a complete or a 
protein depletion diet in the susceptibility of 
the renal cortex to the damaging action of 
ethionine. Male animals on both diets, 
showed more extensive involvement than fe- 
male ones. On the cmplete diet, however, 
renal involvement was only light in the male 
and absent in the majority of the female rats. 
There was a marked increase in renal toxicity 
in rats on the protein depletion diet. A simi- 
lar enhancement of the pancreas-damaging 
action in animals on a protein depletion diet 
has been described previously( 5) .  Almost 
complete protection was observed in both 
male and female animals when methionine was 
given, while glycine and alanine were without 
significant inlfluence. 

Comment. Renal lesions were found on a 
diet low in protein with either carrots or tur- 
nips as the primary constituents ( 7,8). Since, 
however, rats on a diet containing 0.5% (8) or 
1% (9) casein as protein source did not pre- 
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TABLE I. Effect of Sex, Diet and Several Amino Acids on Renal Toxicity of DL-Ethionine. 
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- _.__ ___ _ _  _ _. ___I.__ 

-- 
_- Complete + + 

I’rotcin depiction - + + + + + + 

_- 
? )  

-- 
- 

9 )  9 ,  

*,  9 ,  

?, 9 )  

9 ,  9 ,  

> >  ) ?  

,) 7 ?  

DL-met hionine 
Glycine 
m-alanine 
DL-methionin e 

, J  9 9  + G lyci ne 
? >  ,) + DL-alanine 

--___----- 

sent comparable renal changes, it was con- 
cluded that it was not the lack of protein but 
the persistent alkaline urine containing large 
amounts of calcium and phosphate which was 
responsible for the renal lesions(9). The de- 
pletion diet used in these experiments contain- 
ing only 0.2% protein likewise did not induce 
renal damage. Protein depletion led, how- 
ever, to marked increase in the susceptibility 
of the kidney to the nephrotoxic action of 
ethionine. In  view of the fact that female rats 
on a complete diet very often failed to show 
any renal lesions the negative findings of 
Simpson, Farber, and Tarver(2) are thus 
easily explained. 

Ethionine has been shown to inhibit to a 
marked degree the incorporation of radio- 
actively labeled methionine and glycine into 
the proteins of the liver and kidneys of intact 
rats(2). These inhibitions as well as the 
fatty infiltration of the liver caused by ethio- 
nine are prevented by methionine but not by 
other amino acids including glycine and ala- 
nine( 1 ). Methionine prevents also the pan- 
creatic damage( 3 ) .  The nephrotoxic action 
of ethionine is influenced in a similar manner 
by methionine but not by glycine or alanine. 
It ifs noteworthy that tissue repair in the kid- 
ney should set in 48 to 72  hours after the ad- 
ministration of ethionine, in spite of the fact 
that the animals remained on a diet that con- 
tained only traces of methionine. 

Under different experimental conditions 
ethionine was found to exert an opposite effect. 
Mixed with the food it prevented the accumu- 
lation of liver fat  and the hemorrhagic kidney 
degeneration on a low methionine, low choline 

Total No. No. of rats showing lesions 
rats 0 If 2+ 3+ 

10 
19 

30 
17 

8 
t; 
6 
10 

6 

n 
1 

I 

3 3 1  3 1  
8 2 0  2 0  
7 0 0  0 0  
0 0 1 1 3 6  
1 2 5  9 0  
6 2 0  0 0  
0 0 1  3 2  
0 0 1  3 1  
9 1 0  0 0  
9 1 1  2 0  
0 0 3  4 1  

diet ( 10). This is not necessarily contradic- 
tory to the present findings since much larger 
amounts of the drug reach the blood stream 
and kidneys when given by the parenteral 
route than when mixed with the diet. The 
beneficial effect of ethionine on the renal dam- 
age caused ,by choline deficiency prubably in- 
volves a different biochemical mechanism.t 

The greater susceptibility of male rats to 
the nephrotoxic action of ethionine is in agree- 
ment with previously established findings. 
dl-Serine ( 6 , l l )  carbon tetrachloride ( 12), and 
chloroform( 13) are more toxic to male than 
to female animals. The hemomhagic necrosis 
in acute choline deficiency is likewise more 
pronounced in young male than female rats 
(14). 

Summary. Ethionine induces necrosis of 
the distal portion of the proximal convolu- 
tions in the rat kidney. On a normal diet 
renal involvement is seen more frequently and 
to a greater extent in male animals. A pro- 
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tein depletion diet increases very markedly 
the susceptibility of the kidney to the nephro- 

rats. Methionine inhibits the renal toxicity of 
ethionine while glycine and alanine are with- 
out effect. 

The authors are indebted to Dr. Jean Oliver, 
professor of pathology, State University of New 

his cooperation and 
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Differences of Cortical/Medullary Ratio in the Adrenals of Normal Rats, 
Normal Rats treated with ACTH, and Renal Hypertensive Rats.* (18880) 

L. J. RATHER. 
From the Department of Pathology, Stanford University School of Medicine, Sun Fralzcisco. 

The existence of 'a direct relationship be- 
tween heart weight and adrenal weight in male 
rats made hypertensive by Ithe removal of one 
kidney and constriction of the other has been 
reported( 1 , 2 ) .  It was shown that the rela- 
tive degree of enlargement of the medulla 
exceeded that of the cortex, although by far 
the greater part of the weight increase of the 
whole gland was due to increase in size of the 
cortex ( 2 ) . 

The assumpt*ion that enlargement of the 
adrenals under conditions of stress is due to 
the effect of hypophyseal corticotrophin has 
been generally accepted (3 ) . If increase in 
the size of the adrenals in severe or prolonged 
stress is due solely to the effect of hypophyseal 
corticotrophin, and if enlargement of the 
adrenals in renal hypertensive rats is an in- 
stance of the reaction to stress, then it would 
be expected that the administration of ade- 
quate doses of ACTH would bring about 
changes in the adrenals of normal rats similar 
to those found in renal hypertensive rats. The 
aim of the present report, in part, is to show 
that such is not the case. ACTH was given 
to normal rats and found to induce cortical 
but not medullary growth, within the limits of 
accuracy of the method. If any change in 
medullary size occurred it was very small. In 
contrast, the dadrenal medulla of the renal 
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hypertensive rat has been shown to increase 
to as much as 4 times the normal size. This is 
due to both cell hypertrophy and cell hyper- 
plasia ( 2 ) . 

Experimental procedure. Four male rats of 
the Stanford colony were given 0.5 mg of 
ACTH (Armour) intramuscularly 4 times 
daily to a total dose of 25 mg each. They 
were then killed by exsanguination from the 
aorta under ether anesthesia and their adrenals 
weighed to the nearest milligram on a 'torsion 
balance. Seven normal control rats were 
killed similarly, as were 6 renal hypertensive 
m,ales. Cortical/medullary volume ratios were 
determined by dividing each adrenal into 3 
discs, embedding these in paraffin after fixa- 
tion in Bouin's fluid and dehydration in 
dioxane, and filling several slides with sections. 
The slides were projected onto paper a t  37 
diameters magnification, drawn in outline, and 
the areas of cortex and medulla measured with 
a planimeter. A correction was made for vas- 
cular space in the medulla only. The individual 
cortical/medullary ratios given are based on a 
minimum of 100 sections through the adrenals 
and their statistical accuracy has been tested 
and verified by plotting the course of cumula- 
tive ratios (2).  

Results. The data are given in Table I. 
The 32% increase of the ACTH treated rats 
over the normal rats in adrenal weight ex- 
pressed as percent of a predicted value based 
on body weight, is statistically significant 
(P  < 0.02 > 0.01). No significant change in 
medullary weight seems to have been produced 


