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th4e cases, were decreased from an average 
of 5.80 meq,i’l in the pre-period to 5.06 
meq/l at the end of the ACTH period. At 
the same time the P was decreased from an 
average for the group of 3.013 to 2.79 meq/l. 
These decreases in serum K and P are inter- 
preted as an indication of glycogen deposi- 
tion during the AlCTH period rather thoan be- 
ing due to increased excretion. The magni- 
tude of the decrease iE retention of these two 
elements appeared to be far too small to in- 
fluence blood composition. 

The mucoprotein and the non-specific hyal- 
uronidase inhibitor of the serums of the pa- 
tients were both found by our colleagues, R.A. 
Good, V. C. Kelley, and D. Glick, to be in- 
creased at  the end of the ACTH period by 
nearly 100% of the control levels. These 
elevations were transient, however, essential- 
ly normal values being found 4 days after 
withdrawal of the hormone. 

The effects of ACTH on the 
fasting blood sugar level and glucose tolerance 
test: on the potassium and inorganic phos- 
phorus content of the serum: on the nitrogen, 
phosphorus. chloride, sodium and potassium 
balances; on the urinary excretion of uric acid, 
creatinine and adrenal corticosteroids and on 

Sumnz/rry. 

the blood eosinophil counts were determined 
in 5 young children with non-Addisonian 
(familial) hypoglycemia. The type of re- 
sponse to ACTH was similar in all respects 
to that of the normal adult. However, und4er 
the conditions of this experiment, instead of 
producing a transient state of diabetes mel- 
litus, as  it does in the normal subjlect, the 
ACTH appeared, merely to reverse the hypo- 
glycemic tendency, with return, of the fasting 
blood sugar llevel and the glucose tolerance 
ciirve to nlormal. While the eosinophil count 
returned to normal promptly upon withdrawal 
of ACTH, the blood sugar remained above 
the threshold for hypoglycemic reactions for 
at least 10 days without ACTH in the most 
severe case in the series (Fig. 1). Adminis- 
tration of 18 rng of ACTH in one dose every 
48 hours thereafter served to maintain this 
one-year-old patifent in an essentially non- 
hypoglycemic state for more than three ad- 
ditional weeks. Results of the study suggest 
that ACTH may prove to be as effective in 
the control of this non-Addisonian hypogly- 
cemic ‘disorder as insulin is in the control 
of diabetes mellitus. 

IteceivPil Juiie 10, 1949. P.S.P:.B.M., 3949, 71. 
~ _ _ _ _  
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Certain derivatives of p teroylglu tamic acid 
(PGA) which have in common the substitu- 
tion of an amino group in the 4 position of the 
_ _ _ - - - ~ _ _ _  -__- 
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pteridine ring have a demonstrablme effect 
against some strains of transplanted mouse 
lmkc~rnial-~ and against solid tumors in mice 

1 Burchenal, J .  H., Burchenal, J. R.: Kushida, 
M. N., Johnston, S. F., and Williams, B. S.,  
Cancer, 1949, 2, 113. 

___ - - 

2 Law, L. W., J. Sat .  C m .  Itist. ,  in press. 
3 Burchenal, J. H., Johnston, R. F., Burchenal, 

J. R., Kushida, M. N., Robinson, E., and Stock, 
C. Chester, PROC. SOC. EXP. BIOL. AND MED., 1949, 
71, 381. 
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and The beneficial effects of such 
compounds in some cases of acute leukemia 
in children were first reported by Farber et 
di and have since been confirmed by numer- 
ous clinical trials. 

In  an attempt to elucidate the mode of 
action of the 4-amino analogs of PG-A against 
leukemic cells, an investigation was undertak- 
en to dbetermine whether prior administration 
of PGA could prevent the anti-leukemic ef- 
fects of 4-amino-W"methyl-PGA. 

Experimental. The procedure for inoculat- 
ing mice of the AKm stock with leukemia 4\k 
4 was similar to that reported p r e v i o ~ s l y . ~ ? ~  
0.1 ml of a saline suspension of leukemic 
spleen containing 1,000,000 cells was injected 
intraperitoneally. Forty-eight hours later, 

4 Schoenbach, E. B., Goldin, A., Goldberg, B., 
and Ortega, L. G., Cancey, 1949, 2, 57. 

SSugiura, K., Moore, A. D., and Stock. C. 
Chester, Cci?icer, 1949, 2, 491. 

6 Moore, A. D.. Stock. ('. Chester, Fugiura, I<., 
and Rhoads, C .  P., PRoC. 8oc. ESP. EIOL. AND 

MED., 1949, 70, 396. 
7Farber,  S., Diamond, L. I<., Newer, R. D., 

Sylvester, R. F., and Wolff, J. A., S e w  Eny. J .  
iuea., 1949, w, 787. 

treatment with 4-amino-Wo-methyl-PGA.~' 
was started in the maximum tolerated dose of 
3 mg'kg 3 times weekly for 10 doses by the 
in traperi toneal route. I n  traperitoneal injec- 
tions of PGA were started 24 hours after the 
inoculation of the leukemia and then given 
one hour before each dose of the antime- 
tabolite. Various dosage levels of PGA were 
studied against the standard dose of $-amino- 
S'o-methyl-PGA. As can be seen from Fig. 
1 and TabIe I, PGA adlministered at  levels of 
60 and 30 mg/kg by this schedule blocked 
the anti-leukemic effects of the antagonist. 
The mice so treated died at  approximately the 
same time as the controls whereas the mice 
treated with 4-amino-Nl0-methyl-PGA alone 
survived at  least twice as long as the controls. 
Khlen the dosage level of PGA was only 15 
mg,/kg, less blocking of effect was seen and 
with 3 mg 'kg there was almost none. 

-4 less toxic conjugate, pteroyltriglutamic _--- --____- 

! We are indebted t o  Dr. Williams and the late 
Dr. Subarrow of the Lederle Laboratories for our 
supply of this compound. 

8 Rmith, J. M., Jr., Cosulich, D. B., Hultquist, 
M. D., and Seeger, D. R., Trans. N .  P. Acad. of 
Sc., 1948, 82, 10. 
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TABLE I. 
Yreverition of the Anti-leukemic Effect of 4-Amino-Nlo-Methyl-PGA by Pteroylglutamic Acid. 

Dose, mg/kg Survival time in days 
r -7 No. of ,- 7 

Experiment SIC 1275 PGA mice Range Mean S.D. 
- 

3 
3 

- 
3 
3 

- 
3 

3 

- 
3 
3 
3 
3 
3 

20 
10 

7 

18 
20 
19 

18 
1 7  

11 

22 
10 
10 
10 
10 
20 

10-18 
13-24 
22-41 

10-18 
12-29 
27-49" 

11-17 
9-18 

21-59 

9-14 
12-17 
10-19 
12-43 t 
23-28 
22-43 t 

12 
16 
30 

13 
17 
31  

13  
16  

30 

11 
14 
14 
22 
26 
30 

21.87 
23.32 
2 5  84 

21.79 
21.27 
2 5 . 3  

21.52 
k2.19 

29 .8  

k1.22 
e1.51 
2 2 . 8 6  
28.48 
21.84 
24,.17 

* 2 niice surviving a t  49 days. 
t 1 mouse surviving at 43 days. 

TABLE 11. 
Yrrvention of Anti-leukemic Effect of 4-Amino-Nlo-Methyl-PGA by Pteropltriglutamic Acid. 

I 7 No.  of fl -l 

4-Aniino-Klo-methpl-PGB PTGA inice Range 

Dose, mg/kg Survival time in days 

Mean S.D. 
- 
- 

3 
3 
3 
3 
3 
3 
3 
3 

- 
400 
400 
200 
100 
50 
25 
12.5 
6.35 - 

2.0 
10 
9 

10 
9 

10 
10 
10  

9 
19 

8-13 
9-12 

12-19 
15-20 
13-24 
13-34" 
17-30 
19-30 
27-34* 
19-34qt 

10  
11 
16 
18 
19 
20 
25 
26 
29 
28 

21 .53  
21.38 
22.64 
k1.69 
22 .82  
k5.49 
~ 3 . 8 9  
23.29 
22.23 
23.79 

* 1 mouse surviving at 34 days. 
t 2 niice surviving at 34 days. 

icid (PTGA)" was also tested by this technic 
for its ability to prevent the anti-leukemic 
3ffect of 4-amino-N'O-methyl-PGA. Table I1 
shows the effect of this conjugate of PGA. 
Some prevention of the chemotherapeutic 
action of a standard course of the antagonist 
was noted at 50 to 400 mgjkg, but none at  
5.25 to 25 mg/kg. 

Discussion. 4-amino-N1°-methyl-PGAS was 
used in preference to 4-amino-PGA in these 

9 Boothe, J. H., Mowat, J. H., Hutchings, B. L., 
Angier, R. E.. Waller, C. W., Stokstad, E. L. R., 
Semb, J., Gassola, A. L., and Subbarow, Y., Trans. 
K .  9. Acacl. Sc., 1948, 10, 70. 

experiments since its chemotherapeutic ef- 
fect against leukemia Ak 4 is greater and more 
con~istent.l$~ The inhibitory action of this 
ant i-me t a bol i t e against St rept ucuccus f ecalis 
R has been shown by Franklin et aZ.1° to be 
of high degree, but reversible by approxi- 
mately equal amounts of PGA over a range of 
10 to 10,000 y per 10 ml of medium. In the 
weanling Wistar rat on a purified diet sup- 
plemented with 10.0 mg/kg of PGA, good 
growth occurred a t  1.0 mg/kg of 4-amino- 
WO-methyl-PGA, but animals fed 3.0 mg of 

IoFranklin, A. L., Belt, M., Stokstad, E. L. R., 
and Jukes, T. H., J. BioZ. Cheni., 1949, 177, 621. 
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the anti-metabolite per kilo of diet all died. 
When the dosage of PG.\ was increased to 
100 mg/kg the rats a t  the 3.0 mg/'k,a level 
survived, but no protection was noted a t  the 
10 mg/kg level of anti-metabolite. In the 
chick, the same investigators'" found a slight 
inhibition of growth by 3 mg of the antagonist 
per kilo of purified diet in the presence of 
0.1 mg/kg of PG.4. \\'hen the level of PGA 
was raised to 10 mgjkg, this inhibition of 
growth was prevented. Hertz and Tullnerll 
found that with this compound inhibition of 
the estrogen induced response of the chick 
oviduct could be obtained by 3 daily subcu- 
taneous injections of 0.2 mg each. Blocking 
of this inhibition was demonstrated with 3 
daily doses of 5 mg each of PG-i  given sub- 
cutaneously one hour prior to the injection of 
the an ti-metaboli te. 

With a closely related antagonist, 4-amino- 
€%.A, the prevention by PG-4 of toxicity,".'" 
of inhibition of estrogen induced growth of 
- -.-----I__----- - - --- - - 

1 1  Heifz. R.. and 'I'iilliit~r. \I-* IV.. E?tc70~?-i/ iology, 
1949. 14, 278. 

12 Fr:tnklin. A. I,., Stokstutl ,  E. T,. H.,  and 
Jukes. T. H., PHOC. So(  . lhp. Rror,. ASI) MED., 
1948. 67, 393. 

Pliiliprs, F. S., and Thicrwh,  J. B., J .  Plrnrm. 
aictl E x p .  Thercrp., 1949. 95, :1@:$. 

uterus or oviduct,'l and of the inhibitory 
effect against mouse leukemia" and solid 
tumors-' has been observed. 

I t  has been shown above that prevention of 
the toxic effects of these 2 analogs of PGA 
may be obtained within narrow ranges at the 
minimum toxic dose by high dosage of PGA. 
Since the dose of 4-amin0-N~~-methyl-PGA 
used in these experiments was just below the 
toxic dose, it was to be expected that an effect 
obtained a t  this level might be counteracted 
by PGX. The ratio of PG.4 to anti-metabo- 
lite necessary to prevent this anti-leukemic ef- 
fect was approximately similar to that re- 
quired in other studies.lOJ1 The ability of 
PG.4 and PTGA to prevent the anti-leukemic 
effects of this anti-metabolite would seem to 
lend support to the theory that the chemo- 
therapeutic effect of this derivative is due to 
its action as a metabolic antagonist of PGA. 

Suwmar?f. The effect of 4-arnin0-N~~- 
methyl-pteroylglutamic acid in prolonging the 
survival time of mice with transplanted leu- 
kemia .4k 4 can be blocked almost completely 
by prior administration of 10 to 20 times as 
much pteroylglutamic acid and, to a lesser 
degree, by 17  to 125 times as much pteroyltri- 
glutamic acid. 
R.eceivrd June 28, 1949. P.S.E.B.M., 1949, 71.. 
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The observations herein reported indicate 
that subjects with reduced kidney function 
respond to the oral administration of suitable 
amounts of calcium lactate and aluminum 
hydroxide gel with a marked and sustained 

-_ _.___ - - - _. 

* This investigation was supported in part by 
research grants from the Diyisirm of Research 
Grants and Fellowships of the National Institutes 
of Health, U. S. Public Hea.lth Service, and from 
the New York Heart Association, Inc. 

elevation of serum bicarbonate. This re- 
sponse occurred both in very young infants 
with physiologically immature kidneys1 and 
in older infants and children with kidney dis- 
ease. S o  such increase in serum bicarbonate 
accompanied th#e administration of compara- 
ble amounts of the two agents to older infants 
and children with normal kidney function. 

1 Barnett, H. L., Hare, K., McNamara, H.: and 
Hare, R., J .  Clin. Invest., 1948, 27, 691. 


