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Effect of ACTH on Blood Glutathione and Sulfhydryl Content of Liver 
and Kidney in Rats.* (18664) 
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(Introduced by Maxwell Finland) 

From the Thorndike Memorial Laboratory, Second and F o w t h  Medical Services (Harvard), 
Boston City  Hospital and the Department of Medicine, Harvard Medical School, Bostotc. 

The effects of the 11, 17 oxysteroids of the 
adrenal cortex on carbohydrate metabolism 
have long been recognized( 1). ACTH may 
induce glycosuria and hyperglycemia in some 
human patients and such disturbances in the 
metabolism of carbohydrate have been ac- 
companied by a lowered blood glutathione 

I t  has been suggested that some of the 
effects of lthe adrenal cortical hormones may 
be explained on the basis of interference with 
transphosphorylation enzyme systems( 4,s). 
Sulfhydryl (SH) groups have been shown to 
be essential for a variety of enzymic activities, 
including many enzyme systems concerned 
with anaerobic glycolysis and phosphoryla- 
tion(6,7). Therefore, the effect of ACTH on 
the SH contents of frat blood, liver and kid- 
neys was investigated and the effect of the 
hormone on the ascorbic acid contents of the 
organs was aIso determined. 

Methods. Twenty-four white male rats of 
the Sprague-Dawley strain, each weighing be- 
tween 160 and 190 g, were allowed to feed 
ad Eib. on a standard pellet diet. Six animals 
were given 3 mg of ACTHj (Armour standard 
LA-1A) subcutaneously every 8 hours for 3 
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days, and 6 animals received 3 mg of ACTH 
every 8 hours for 10 days. Prior experiments 
had shown that this schedule of dosage pro- 
duced sustained eosinopenia in the rats. The 
remaining 12 animals served as controls, but 
in order #to avoid nonspecific adrenal activa- 
tion associated with injection alone they were 
not given control injections( 8). Following a 
fast of 4-10 hours, each animal was mes- 
sthetized with ether. Three ml of blood were 
collected in potassium and ammonium oxalate 
following section of the tail. Portions of the 
right lobe of the liver and decapsulated kid- 
ney, each about 5aO mg in size, were quickly 
removed from the anesthetized animal and 
weighed to within .05 mg on a torsion balance. 
The tiissues were then placed in Potter- 
Elvehjem homogenizing tubes containing ice- 
cold 0.85% saline which had previously been 
boiled. The final volume was brought t o  5.0 
ml, and ithe tissues were then homogenized. 
The ascorbic acid contents of the homogenates 
were determined by the macromethod of 
Mindlin and Butler( 9), substituting 1 .Q ml of 
homogenate for 1.0 ml of plasma. The non- 
protein SH was measured by the amperometric 
method described by Kolthoff and Harris for 
mercaptans ( lo) ,  adapted for use with amino 
acids and proteins by B e n d  and Benesch 
( l l ) ,  and further modified by Weisman, 
Schoenbach, and h i s t e a d (  12). Two ml of 
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the homogenate were diluted with 16 ml of 
boiled distilled water and 2.0 ml of 22% sul- 
fosalicylic acid were then added. Five ml 
aliquots of the protein-free filtrate were 
brought to a volume of 50 ml with 90% 
methanol, and the SH contents were titrated 
in duplicate with .001 N silver nitrate. The 
results were expressed a5 mg of glutathione. 
The addition of several drops of a solu- 
tion of sodiulm ethylene diamine tetraacetate 
(EDTA) 5 stabilized both the SH and ascorbic 
acid contents of the filtrates by chelating any 
heavy metal ions present. Several more drops 
of EDTA were added to the filtrate-methanol 
mixture prim to titration. The total SH was 
determined by the method of Hughes(l3). 
Methylmercury iodide in toluene was equili- 
brated with aliquots of the homogenate at pH 
8.0, and the remaining methylcmercury iodide 
titrated in duplicate with diphenylthiocar- 
bazone. “Protein SH” was determined by 
subtracting the SH equivalent of the nonpro- 
tein SH from the total SH. Nitrogen concen- 
trations of the homogenates were determined 
by the method of Johnson(l4). The blood 
GSH was measured by the method of Wood- 
ward and Fry( 15), and the blood sugar deter- 
mined by the method of Reinecke( 16). 

Results. The findings in the blood are 
shown in Table I and those in liver and kidney 
are given in Table 11. The blood sugar values 
in the rats receiving ACTH, under the con- 
ditions of fasting and anesthesia, were mod- 
erately elevated as compared with the controls. 
None, however, were in the diabetic range. 
Random urine samples showed only an occa- 
sional trace of sugar, and none of the animals 
was glycosuric following the short fast on the 
day it was sacrificed. No change in the blood 
GSH occurred under the influence of ACTH, 
nor were the erythrocyte counts significantly 
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TABLE I. Effeot of ACTH on Blood Glutathiom 
(NH) ,  Sugar and Erythrocyte Count of Rate. 

--___ 
(lontrol 7.9 1.2t 5.8 2 0.8 109 f 12 
3 days 7.4 2 1.5 6.7 2 1.3 142 f 18 
10 days 7.6 2 1.0 6.1 2 0.9 U S  f 8 

* 3 mg every 8 hr, subcutaneously. 
t VaEuee are expressed a8 the means 2 standard 

devhtion. 

altered. The GSH content per million eryth- 
rocytes was in the normal range for rats( 17). 

The mean nonprotein SH concentration in 
the kidney decreased within 3 days, but was 
not reduced further a t  the end of 10 days. 
These changes were significant statistically. 
There was no change in the mean nonprotein 
SH concentration in the liver after 3 days, but 
it was significantly increased after 10 days of 
administration of ACTH. 

The mean concentration of ascorbic acid in 
the kidney was reduced in those rats given 
ACTH for 3 days, but showed no further 
change at  the end of 10 days of therapy. No 
significant changes occurred in the hepatic 
concentration of ascorbic acid in either group 
receiving ACTH. 

The “proteinSH” concentraition per mg of 
nitrogen in either kidney or liver did not 
change significantly during the administration 
of AcrH. 

ACTH apparently did not induce altera- 
tions in the hydration of the atissues as meas- 
ured either by total nitrogen determinations 
or by erythrocyte counts. 

Discussion. The blood GSH of human pa- 
tients receiving ACTH has been reported to 
decrease in those individuals manifesting hy- 
perglycemia or glycosuria (2,3). In these ex- 
periments, the blood GSH of the rats receiving 
ACTH was unchanged. The alterations in 
tissue nonprotein SH suggest that the meas- 
urement of GSH in the blood need not reflect 
the status of nonprotein SH compounds in the 
tissues. A dissociation between the blood and 
-~ 
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TSBLE 11. Effect of -4CTH ,on n’itrogen, Sdfhydq-I, and .Ascorbic Acid Contents of Livers 
and Kidneys of Rats. 

ACTH Nonprotein SH, Total K, Protein SH, Ascorbic acid, 
given * mg GSH/100 g mg/1@0 mg mg/1@0 mg N mg/lMl g 

#- Liyer 
Control 195 -e 14.6t 2.70 & .36 1.43 * .35 24.4 & 1.7 

10 days 238 2 11.6; 2.60 * .13 1.36 * .33 44.1 2 3.0 
f Kidnq- 7 

Control 166 2 7.6 2 . i 7  .47 1.05 * .39 22.1 2 2.1 

10 da.ys 119 * 5.1: 2.80 +- 2 9  1.99 2 .44 13.0 * 2.1; 

3 days 196 -e 21.6 - - 21.8 -i 3.9 

3 days 139 * 12.0; - 13.0 2 2.4$ 

* 3 m g  every 8 hr, subcutaneously. 
t Values are expressed as the means 2 stand. dev. 
$ Differences from controls are statistically significant (P < O . O l  by “ t”  test of Fisherj 

(30) .  

tissue concentrations of GSH has also been 
demonstrated in scurvy( 18). The values ob- 
tained for the hepatic nonprotein SH by the 
amperometric method agree quite well with 
hepatic GSH values obtained by the specific 
manometric method ( 19), indicating the GSH 
is the principal acid-soluble nonprotein SH 
compound in the liver. This correlates well 
with observations that the livers of rats con- 
tain enzymes capable of synthesizing but not 
hydrolyzing GSH(20). The increase in the 
hepatic nonprotein SH may therefore be ex- 
plained by specific activation of enzymic syn- 
thesis of GSH in the liver, or by an increase 
in ;the availability to the liver of the con- 
stituent amino acids of glutathione, resulting 
from either increased hydrolysis of GSH in 
the kidney or from a catabolic phase of pro- 
tein metabolism. 

The renal nonprotein SH concentration as 
determined amperometrically was higher than 
that reported with the manometric method of 
GSH determination( 19). The presence of a 
GSH-hydrolyzing enzyme in the rat kid- 
ney(20) may explain the occurrence in the 
kidney of large amounts of acid-soluble SH 
compounds other than GSH, and the changes 
induced by ACTH may represent loss of GSH 
or other SH compounds, or both. The de- 
crease in the nonprotein SH of the kidneys of 
rats receiving ACTH is of interest in view of 
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the evidence that altered renal tubular func- 
,tion occurs in human beings given large closes 
of ACTH or cortisone(21). The marked ef- 
fects of various agents which inactivate sulf- 
hydryl groups on the function and structure 
of the renal tubules are well known(22,23). 
It is of interest that the content of protein SH 
in neither kidney nor liver was altered by 
ACTH, despite the occurrence of changes in 
the nonprotein SH. Whether, as has been 
suggested(24), a diminution in GSH alone 
can alter in the kidney or elsewhere the activ- 
ity of enzymes which depend on intact sulf- 
hydryl groups remains to be determined. 

Although the blood sugar values of the 
treated animals were higher than those of the 
controls, the possible hyperglycemic effect of 
the ether anesthesia( 2 5 )  prevents precise in- 
terpretation. The hyperglycemia of the rats 
receiving ACTH may represent an increased 
responsiveness of these rats to anesthesia as a 
result of the increased glycogen content of the 
livers(26). 

No explanation is apparent for the striking 
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decrease in the renal concentration of ascorbic 
acid under the influence of ACTH. Increased 
urinary excretion of ascorbic acid, possibly 
as a result of a change in renal function, has 
been reported in human beings receiving 
-4CTH( 27). The administration of doses of 
cortisone adequate to suppress the growth of 
granulation tissue does not significantly alter 
the concentration of ascorbic acid in the 
plasma or muscles of rabbits( 28). There is 
evidence suggesting that GSH serves to main- 
tain ascorbic acid in the reduced state in vitro, 
and the amounts of ascorbic acid and GSH in 
the tissues may vary together under certain 
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circumstances( 18,29). Whether the reduction 
in renal nonprotein SH observed in this ex- 
periment had any causal relationship to sthe 
concomitant decrease in the concentration of 
ascorbic acid is not clear a t  this time. 
Summary. Rats given ACTH for 3 to 10 

days in doses sufficient to produce sustained 
eosinopenia when compardd with controls, 
showed: (1) no change in the blood gluta- 
thione ; ( 2 ) decreased nonprotein sulf hydryl 
contents of the kidneys; (3)  increased non- 
protein SH contents of the livers; (4) mark- 
edly decreased renal ascorbic acid; (5) no 
change in the ascorbic acid contents of the 
livers; and ( 6 )  no change in the protein sulf- 
hydryl contents of the livers or kidneys. 

The authors are indebted to Dr. Emanuel B. 
Schoenbach for advice concerning the use of the 
amperometric technic and to Miss Helen Alpert and 
Miss Marguerite M. Lundgren for technical assistance. 

30. Fisher, R. A., Statistical Methods f o r  Research 
Workers, 10th Ed., 1946, Oliver and Boyd, London. 

Received March 27, 1951. P.S.E.B.M., 1951, v??. 

Propagation of Poliomyelitis Virus in Cultures of Monkey and Human 
Testicular Tissues.*f (18665) 

JEROME T. SYVERTON, WILLIAM F. SCHERER,~ AND GEORGE BUTORAC. 
From the Department of Bacteriology and Immunology, School of Medicine, 

University of Minnesota. 

It was recently established that propagation MV( I) ,  Lansing(2-4), and Brunhilde(3) 
in tissue culture of members of the poliomye- strains; a mixture of human embryonic skin, 
listis group of viruses can be affected in extra- muscle and connective tissue for the Lan- 
neural :tissues(2-5) as well as in neural tis- sing(2-4) and Brunhilde(3) strains; human 
sues( 1-4). Human embryonic brain and cord foreskin and subcutaneous tissues from pa- 
were employed for the cultivation of the tients ranging in age from 4 to l l  years for the 

Lansing strain (3) ; human embryonic intes- 
tine for the Lansing strain ( 2,4) ; human adult *Aided by a grant from the National Foundation 
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