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TABLE I. Studies with Synthetic Folinic Acid. 
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C1 120 2.63 
.3 m g  folinic acid 226 2.01 
.3 mg PGA 231 1.96 
30 iiicg cryst. pit. B12 127 2.51 
1 m g  crpt. vit. BI2 143 2.33 
2 m g  P(;A 269 2.13 

0 106 2.66 
.1 m g  folinic acid 126 2.57 
.1 mg PGA 105 3.08 
.4 mg f olinic acid 209 2.09 
.4 mg PGA 167 2.21 
2 mg PGA 211 2.13 

26 days 

* Feed efficiency-Total feed consumed 

wt gained 
t Trial 2-30 incg cryst. \-it. Blz/kg added to 

basal ration. 

which has been reported to  spare PGA (9). 
In  trial 2, two different levels of folinic acid 

were compared to similar levels of PGA. The 
growth responses and feed efficiency figures 
show that the folinic acid was fully as active 
as PGA; whether it may be even more active 
will require more work to fully determine. 

It is clearly evident that folinic acid should 
be added to the list of known compounds of 
the folic acid group which are active for the 
chick. 
Summary. Studies on the biological activ- 

ity of synthetic folinic acid show that it may 
replace pteroylglutamic acid in the diet of 
the chick. 
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Effect of Administration of ACTH and Cortisone upon Blood Glutathione 
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Conn and his associates( 1,2) reported that 
the administration of ACTH resulted in dim- 
inished glucose tolerance and glycosuria which 
were associated with a decrease of blood glu- 
tathione (GSH) and an increased excretion 
of urinary uric acid. Conn, Lewis, and Johns- 
ton( 3) ,showed that the administration of 
GSH to a normal individual receiving ACTH 
produced a dramatic but transitory reduction 
in the hyperglycemia and glycosuria. This 
observation, as Conn et d. ( 1 ) have indicated, 
is of interest inasmuch as the diabetogenic 
activity of alloxan, a possible purine metabo- 
lite, can be decreased by GSH as well as 
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other substances containing the thiol group. 
Kinsell et aL(4)  found an increased urinary 
excretion of sulfur-conltaining compounds fol- 
lowing the administration of ACTH. Laza- 
row and Berman( 5 )  noted that the injection 
of cortisone into normal rats led to a de- 
crease in blood GSH w\hich appeared to cor- 
relate with the degree of glycosuria. Lazarow 
(6) found that GSH potentiated the action 
of cortisone and, in contrast to its action dur- 
ing ACTH therapy reported by COM et  d. 
(3), produced an increased glycosuria when 
injected into cortisone diabetic rats. 

The observations of Corn et  d.(1,2) upon 
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TABLE I. Blood Glutathione (GSH) and Total Glutathione (GSH and GSSH) and Blood 
Glucose Following AUTH. 

During administration of ACTH 
-7 Max. reduction in 

-NO- control mg % L g  % mg % mg % mg % GSH, % 
1 GSH 

Total 
Glucose 

2 GS1-I 
Total 
Glucose 

3 GSH 
Total 
Glucose 

4 GSH 
Total 

5 GSH 
Total 
Glucose 

6 GSH 
Total 
Glucose 

Total 
Glucose 

8 GSH 
Total 
Glucose 

9 GSH 
Total 
Glucose 

10 GSH 
Total 
Glucose 

l l t  GSH 
Total 
Glucose 

Avg GSH 
Total 

i t  QSH 

40.9 
50.8 
95 
47.0 
63.2 
91 
33.9 
47.6 
95 
44.6 
48.0 
43.1 
46.2 
95 
32.3 
53.3 

33.1 
40.8 

34.0 
56.2 

31.4 
44.0 
97 
32.2 
46.3 
99 
30.4 
50.0 
97 

100 

113 

102 

87.3 (2)  * 
53 

106 
47.1 (1) 
64.7 

8'4.6 (1) 
33.9 
97 
33.9 (1) 
43.1 
40.0(2) 
67.8 

30.8 (2) 
47.7 

24.6 (2) 
38.5 

26.2 (1) 
45.6 

34.4 (1) 
45.6 

107 

126 

102 

68.0 (1) 
40.0 

21.6(2) 
55.0 

117 

129 

42.445) 
47.1 

46.2 (2) 
60.1 

27.7 (5) 
43.1 

32.3 (2) 
43.1 
43.1(4) 
67.8 

38.6 (3) 
46.2 
96 
20.0 (5) 
37.0 

131 

106 

105 

138 
34.5 (3) 
44.6 

31.4 (4) 
43.1 

25.1 (3) 
41.1 

21.6 (4) 
40.0 

107 

114 

104 

121 

39.3 (7) 
36.3 

24.6 (G) 
62.1 

27.7 (8) 
38.5 
94 

42.0 
31.6 (8) 
'70.8 

43.1 (5) 
52.4 

36.1 (10) 
37.0 

11s 

106 

27.7 (4) 

113 

38.5 ( 5 )  

23.6 ( 6 )  

34.9 (4) 

33.9 (7) 

52.4 
9; 

38.6 
100 

45.0 

4G.S 
109 

37.8 (10) 
54.G 

35.4(8) 
53.9 

3'9.8 (11) 
45.6 
95 
38.5(6) 
46.2 
46.2 (18) 
55.4 

105 
40.0 (9) 
46.2 
95 
26.1 (15) 
35.4 

103 

128 
33.4(7) 
52.4 
96 
28.3 (8) 
46.3 

27.7 (9) 
46.2 

115 
36.6 ? 6.0 26.8 2 5.5 t = 4.23 
49.7 re_ 6.0 47.9 11.4 t = 0.50 

9 

48 

28 

39 

26 

5 

40 

23 

25 

32 

29 

* No. in  parentheeea = No. of days on AOTH. 
t Glycosuria, developed on therapy. 

the lowering of blood GSH levels following 
the injection of ACTH were made upon four 
patients and have been confirmed, in one case, 
by Kass, Ingbar, and Finland(7). Sprague 
et d ( 8 )  followed the blood GSH in three 
patients who received both AlCTH and corti- 
sone and although the GSH showed little al- 
teration with ACTH a slight increase in con- 
centration of GSH occurred during cortisone 
therapy. We have determined GSH and total 

~ ~ ~~ 
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glutathione (GSH plus GSSG) in the blood 
following the administration of both ACTH 
and cortisone and have also determined blood 
sugar quantitatively and urine sugar quali- 
tatively. 

Experimental. Reduced glutathione (GSH) 
and total glutathione (GSH plus GSSG) were 
determined Iby the iodometric method of Hess 
(9) as modified by Woodward and Fry( 10). 
This method has been criticized for a lack of 
specificity because both ergothioneine and 
ascorbic acid will react with iodine. As Hess 
(9) pointed out ergothimeine, present in 

9. Hess, W. C., J. Wush. Acad. Sci., 1929, v19, 419. 
10. Woodward, G. E., and Fry, E. G., J .  Biol. 

Chem., 1932, v97, 465. 
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TABLE 11. Blood Glutathione (GSH) and To'tal Glutathione (WH and GSSH) and Blood 
Glucose Following Cortisone. 

During adininis tra tion of c: or tisone 
,__-- -- Max. reduction in 

so. C'ontrol lllg 9; ilia % 111g nip 5% mg % GSH, % 
sO..j 

46.1 
S .5 
2 7 3  
4s.c; 

33.0 
.m.4 

34.9 
41.9 
47.1 
.59.9 
9 i 
42.3 
61.8 
Y u 
40.0 
6l.n 

.W.8 
63.1 

26.2  
47.i  
<J .3 
39.3 
52.3 

28.6 
49.3 

19.3 
33.; 

11.5 

- -  
10.7 

101 

120 

loo 

1 (.I2 

34.1 ( 3  j * 

1.i.i' (,2 j 
39.3 

114 
19.8 (1) 
52.9 

26.7 ( i )  
43.0 
M.4(1) 
51.1 

44.i  ( 2 )  
.3y..j 

4 i . i  (4 j 
34.4 

.53.9 (1) 
156.2 

44.7 (1) 
.592 

3.5.3 ( I ) 
44.5 

--  
10; 

10 i 

110 
36.9 (1) 
4i . l  

100 
1.2.: ( 3  j 
I 1  .i) 

1 u3 
35.0 2 9.0 
s1.2 & 9.9 

.?..i. I (10) 

22.9 ( 7 )  

18.6 (4) 

4 i . i  
110 

34.4 ( 11 ) 
11.8 4.5.f.i 
98 114 

.36.9('2) 
49.1 

30.8 (6)  
49.3 
89 
3 8 3  (5) 
Rl.8 

fG.?(3) 
67.8 
91 
35.4 (6) 
53.0 
99 

56.6 
9.5 
3i.2 (2) 
45.7 
92 
18.3 ( i )  
48.8 

104 

110 

43.3 (2) 

44.0 (5 )  
54.6 

30.8 (IS) 
48.3 

106 

55.4 (10)  
68.3 

37.4(4) 
48.6 

18 

43 

40 

'0 

21 

34 

4 

9 

(increase = +33) 

1 0 

(increase = $8) 

39 

3.1 f 11.1 t = 1.42 
48.9 2 5.8 t = 0.62 

S o .  in parcatheses = S o .  of (la?-s 011 cortisone. 

whole blood to the extent of only 7-8 mg per 
100 cc, has a titer in this method of less than 
one-tenth of that of an equal weight of GSH 
and, consequently, cannot cause any signifi- 
cant error. The amount of ascorbic acid 
present in blood likewise is too small to affect 
the titer for GSH. The more specific ampero- 
metric method of Benesch and Benesch( 1 1 ) , 
as pointed out by them, gives values for blood 
GSH which are the same as those obtained 
by the method we have employed. -3CTH 
and cortisone were administered in amounts 

11. Benesch, R. R., and Benesch, R., Arch. Bio- 
chem., 1950, v28, 43. 

that gave the usual physiological responses, 
eosinopenia, increased urinary excretion of 
1 7  ketosteroids and so forth. 

The changes which occurred with ACTH 
are given in Table I and those with cortisone 
in Table 11. Blood glucose values are in- 
cluded in both tables. The control values 
are, in almost every instance, the average of 
two or more determinations upon fasting blood 
samples. The average GSH values for the 
control periods are substantially the same in 
both groups. The figure in parenthesis fol- 
lowing each of the values obtained during 
the experimental periods is the number of 
days under treatment. The lowest GSH value 
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obtained in each series of determinations dur- 
ing treatment is italicized and the average 
GSH and total glutathione values together 
with their standard deviations are calculated 
from these data. 

Following the administration of cortisone 
there was a drop in GGH to 29.1 mg per 100 
cc of blood from the control value of 35.0 mg. 
However, the t value was 1.42 indicating that 
the decrease had a low order of significance. 
The administration of ACTH produced a 
more marked lowering of the GSH from the 
control value of 36.6 mg per 100 cc of whole 
blood #to a value of 26.8 mg. There was no 
appreciable change in the total glutathione 
value after the administration of either ACTH 
or cortisone indicating that the decrease in 
the GISH was brought about mainly by its 
oxidation. 

The blood sugar increased more than 10 
mg per 100 cc of blood over the control val- 
ues in eight of ten patients following the ad- 
ministration of ACTH. In three patients the 
highest blood sugar level occurred on the same 
day as the lowest GSH value and the highest 
figures for the other five patients were ob- 
tained, on the average, 1.2 days following the 
lowest GSH value. One patient, not included 
among those just discussed, with hyperinsu- 
linism caused by hypertrophy of the islet cells 
(number 4 in Table I) had a control blood 
sugar level of 37 mg per 100 cc of blood 
which rose to 93 mg after four days of ACTH 
therapy. On this day the GSH concentration 
had dropped to 27.7 mg per 100 cc of blood 
from an initial value of 44.6 mg. After the 
discontinuance of treatment the GSH con- 
centration returned to 38.5 mg per 100 cc and 
the blood sugar decreased to 33 mg. Follow- 
ing the administration of cortisone only two 
of eleven patients showed an increase in blood 
sugar of more than 10 mg per 100 cc over 
the control values. One of these demon- 
strated the highest blood sugar on the same 
day as the lowest GSH value but the other 
had the most marked hyperglycemia five days 
before the lowest GSH level was attained. 

Glucose tolerance tests were conducted on 
four patients before and during ACTH ther- 
apy. Two of these patients had mild diabetic 

patterns prior to ACI'H administration but 
showed no further impairment of carbohy- 
drate tolerance during therapy. The average 
decrease in their blood GSH was 16 percent. 
The other two patients developed typical dia- 
betic glucose tolerance curves during ACTH 
therapy whereas their curves were normal 
prior to treatment. The average decrease in 
lblood GSH ,was 38 percent. The number of 
patients is too small to draw any conclusion 
but the results do indicate that the change in 
glucose tolerance and GSH may be related. 
They also suggest, contrary to expressed opin- 
ion (8),  that although individuals with normal 
glucose tolerance may show impairment of 
carbohydrate metabolism during adrenal stim- 
ulation those with mildly decreased tolerance 
demonstrate no further inability to handle 
glucose. 

Glucose tolerance tests were conducted on 
four patients receiving cortisone. In  two cases 
the curves were mildly diabetic before therapy 
and showed no change during treatment, the 
decrease in GSH averaging 5.5 percent. In  
one patient the curve was normal before cor- 
tisone but became typically diabetic during 
treatment and the GSH decreased 14 percent. 
The last patient had normal glucose tolerance 
curves before and during cortisone therapy 
and the blood GSH actually increased 35 per- 
cent. 

A further indication of the relationship be- 
tween the blood glucose level and the de- 
crease in blood GSH following ACTH may be 
noted 'by correlating the increase in blood 
glucose with the decrease in GSH. As shown 
in Table I the five subjects with the greatest 
increase in blood sugar following ACTH ther- 
apy showed an average decrease in GSH of 
34.8 percent whereas the five subjects with 
the least increase in blood glucose gave an 
average decrease in GSH of only 19 percent. 

Summary. Blood glutathione (GSH) and 
total glutathione (GSH plus GSSG) were 
determined in eleven patients during ACTH 
therapy and in eleven patients during the 
administration of cortisone. GSH values were 
significantly decreased from a pretreatment 
average of 36.6 mg per 100 cc .to 26.9 mg by 
ACTH while cortisone produced a decrease 
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from an average pretreatment value of 35.0 
mg per 100 cc to 29.1 mg. The latter de- 
crease, statistically, is of a low order of sig- 
nificance. The total glutathione values 
showed no changes following the administra- 
tion of either -WTH or cortisone. During 
treatment with ACTH the greatest decrease 
in blood GSH occurred in the patients show- 
ing the greatest increase in blood sugar. There 

is suggestive evidence that although patients 
with normal glucose tolerance may show dia- 
betic patterns during treatment, those who 
demonstrate mildly diabetic patterns prior to 
therapy show no furtlher decrease in glucose 
tolerance and minimal reduction in GSH 
values after ACTH or cortisone therapy. 
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Inhibition of Citric Acid Synthesis in vivo by X-irradiation.* (18511) 
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Previous investigations ( 1-4) have shown 
that the activity of a number of enz-mes is 
markedly inhibited by ionizing radiations in 
zlitro. However, the extent to which enzyme 
inactivation is involved in the acute toxic 
effects of ionizing radiations has not yet been 
clearly established. Thus, further studies on 
the biochemical changes in tissues taken from 
irradiated animals are indicated in order to 
find which enzymatic reactions are affected 
by ionizing radiations in the intact animal. 
The recent introduction by Potter(5) of the 
concept of sequential blocking of metabolic 
pathways has provided a new approach for 
studying the actions of toxic agents on inter- 
mediary carbohydrate metabolism in situ. 
This procedure consists of the use of an in- 
hibitor known to block a reaction in the 
tricarboxylic acid cycle with the resultant 
accumulation of one of the Krebs intermedi- 
ates in concentrations high enough to allow 

*The work described in this paper was conducted 
at the University of Chicago Toxicity Laboratory 
under a research contract supported by the At.omic 
Energy Commission. 
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quantitative measurements. Sodium mono- 
fluoroacetate was employed by Potter( 5 )  
for this purpose. Buffa and Peters(6,7) 
demonstrated that this compound causes an 
accumulation of citric acid in rat tissues and 
subsequent investigations( 8-1 1) have shown 
that this effect is due to inhibition of the 
oxidation of citric acid probably through prior 
conversion (8,9,12) of fluoroacetate to fluom- 
citrate or a related compound. Detailed 
studies by Potter, Busch, and Bothwell( 13) 
have established standard conditions for use 
of fluoroacetate as an inhibitor of citrate oxi- 
dation in vivo. 
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