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glycerol portion of the phosphoglyceride 
molecule, but neither the base nor the fatty 
acid (4).  Moreover, glycine-2-P4 labels the 
base (particularly the serine of phosphatidyl 
serine and the ethanolamine of phosphatidyl 
ethanolamine). but does not label to an!- sig- 
niticant degree the glycerol or the fatty acid 
portion of the molecule(4). I t  would thus 
appear that previous exposures of rats to a 
cold environment causes a decrease in the 
subsequent turnover of the fatty acid portion 
of the phospholipide in respiring liver slices. 
with no change in the turnover of other por- 
tions of the molecule. The finding that. with 
acetate-1 - C I 4  as precursor. cold exposure 
causes a decrease in the labeling of the fatty 
acid portion of the phospholipides of rat liver 
slices, taken in conjunction with the report of 
Jlasoro. Cohen and Panagos(7) that under 
similar conditions there is a decrease in the 
labeling of the total fatty acid. might suggest 
that after cold esposure there is some decrease 
in the ability of the liver slice to metabolize 
acetate. However, the observations that cold 
exposure causes no significant decrease in the 
incorporation of labeled acetate into choles- 
terol(3.7). or in the osidation of labeled ace- 
tate to C02(7)  indicates that any change in 
acetate metabolism must be subsequent to its 
activation to form acetyl-CoA. 

Summary. In  rat liver slices respiring in a 
buffered medium containing suitable radioac- 
tive precursors, the acetone-insoluble lipide 
( phospholipide) is labeled metabolically. Ex- 
posure of the animals to an environmental 
temperature of 44°C for the 12 days prior 
to the experiment caused a decrease in the 
subsequent labeling of the phospholipide from 
acetate-l-C14, but no significant change when 
inorganic P3? was the source of the radio- 
activity. Exposure of the rats to - 5 O C  for 
the 3 hours immediately prior to the experi- 
ment caused a decrease in the labeling of the 
phospholipide when the radioactivity was de- 
rived from acetate-l-C1*, but no change when 
it was derived from glycerol- 1 -C14, glycine- 
2-C1* or inorganic P32. 
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I t  has been reported that 6-mercaptopurine 
(6-MP) produces a characteristically pro- 
longed inhibition of the Crocker mouse Sar- 
coma 180 (S-180). Immediately after treat- 
ment with effective doses the majorit>- of tu- 
mors fail to "take" when reinoculated into 
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normal mice. Moreover, the survival of 
treated mice is extended and in a significant 
number tumors disappear completely. In the 
latter animals the loss of tumors begins as a 
resorptive process one to 3 weeks after the 
end of therapy and is completed within an- 
other one to 2 weeks( 1). Characteristic cy- 
tological changes are also seen in treated S- 
180. There is a predominance of giant, mul- 
tinuclear cells with both nuclear and cyto- 
plasmic vacuolization. Some of the aberrant 
cells show irregular, stellate cytoplasmic 
processes and contain peripherally located, 
basophilic nuclei. These cytological altera- 
tions appear to persist until resorption is c m -  
plete or growth is resumed. 

In spite of the cellular lesion produced by 
6-MP, treated S-180 is free of necrosis and is 
viable by all accepted pathologic criteria. 
The evidence suggests that the lesion is as- 
sociated with a persistent metabolic al'tera- 
tion which does not immediately lead to cell- 
death. To examine this possibility more 
critically we undertook a study of the respira- 
tion, anaerobic glycolysis, and succino-dehy- 
drogenase activity of S-180 and of certain 
normal tissues of treated mice. 

Methods. Mice with S-180 were treated 
with growth inhibitory doses of 6-MP as pre- 
viously described ( 1 ) . Tumors, livers and 
kidneys were studied 12 hours after the end 
of treatment. The animals were sacrificed by 
cervical dislocation and the tissues were 
placed in iced, buffered Krebs-Ringer soh- 
tion(2). Slices were prepared free-hand by 
razor and were introduced into Warburg 
flasks; they were thin enough so that respira- 
tion was not limited by oxygen diffusion. The 
dry weight of Itissue in each flask was about 
16 mg in the respiration experiments and 
about 8 mg in the anaerobic glycolysis ex- 
periments. The fluid volume was 3.0 ml in 
the respiration experiments: 0.2 ml KOH 
20% in the central well and 2.8 ml Ringer- 
phosphate buffer, pH 7.0, in the main well. 
In the anaerobic glycolysis experiments 2 .O 
ml of Ringer-bicarbonate buffer with 0.2% 
glucose (pH 7.1) were used in the main well. 
In a few experiments neutralized horse serum 
was used which was prepared as follows: 20 

ml of serum were added to 3 ml of HCI, 0.109 
N. Evacuation of C02 from the acidified 
serum resulted in a pH of 7.4. Thereafter 2 
ml of M/15 phosphate buffer, pH 7.4, were 
added. The gases used, O2 and N2-CO2 mix- 
ture, were flushed through flasks for 10 min- 
utes. The N2-CO2 mixture was passed 
through glowing copper wool before introduc- 
ing into flasks. Equilibration time was 20 
minutes, and readings were made every 10 
minutes for 90 minutes following the end of 
equilibration. Since the values obtained in 
each reading were uniform throughout the 
experimental period, Q O2 and Q :o, were cal- 
culated on the basis of the total gas displace- 
ment. Measurements of succino-dehydrogen- 
ase activity were performed on tissue homoge- 
nates according to the Schneider-Potter tech- 
nic(3). 

Results. The effects of 6-MP on respira- 
tion of S-180 and of liver and kidney were 
first studied in mice treated intraperitoneally 
with 50 mg/kg/day for 7 days beginning one 
day after tumor transplantation. In a few 
instances the respiration of liver and kidney 
was also measured in normal animals receiv- 
ing similar doses of the agent. The resuIts 
presented in Table I show that treatment 
decreased the Q02 of tumor tissue to about 
45% of control values though it did not sig- 
nificantly alter Q02 values of liver and kid- 
ney. An analysis of variance revealed that 
the difference in respiration of S-180 due to 
treatment was significant beyond the 1% 
level of probability (F = 39.11; p. 0.01 = 
11.26). Although control values varied on 
different days for unexplained reasons no sig- 
nificant difference was found among experi- 
ments (F =: 1.1;  p. 0.05 = 3.44). 

The same order of inhibition of the respira- 
tion of S-180 after treatment with 6-MP 
was observed in manometric experiments dur- 
ing which neutralized horse serum (pH 7.4) 
was used as a medium in place of buffered 
Ringer solution (mean values, each of 6 tests: 
Q02 = 7.01 t 0.54 for untreated S-180; 
Q02 = 3.26 _t 0.80 for treated S-180). 

A few experiments were undertaken in 
which treatment with the 7 50 mg/kg/day 
doses of 6-MP was not ini'tiated until the 
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TART,E I. Rrs1)irntioii of Sarcoma 180 (8-180), Liver and Kidney (Slicesj. 

f-Aniin:ils bcaring tunior-, 
Sarcoma 180 Liver Kidney Liver Kidney 

,-Aninids not bearing tumor7 

U T  U T U T U T U T 
3.0 
2.5 
2.9 
2.9 
2.1 
1.6 
3.5 
2.7 
1.3 
1.4 
- 
- 
- 
- 
3.1 
3.2 
1.; 
1.8 
- 
- 
- 
- 
1.; 
1 .o 
1.9 
2.2 

- 10.9 
- 12.5 
- 11.5 
- 10.4 

23.0 - 
18.8 - 
20.3 - 
25.7 I 

20.8 - 
21.1 - 
22.1 - 
29.0 - 

T = Treated with G-JIP: 50 iiig/kg/cloy for  i days. U = Controls. 
V:iluvs ilil1ic:ctc 0, eonsui i~~~t ion:  11111P/n1g clrg ivt/lir. 
* During tlirec cspcriiiic~iits :inacroLic glycolysis was also iiieasured (Table 11). 
t During tlicsc cspwiliiciits suc~iiiodcli~\-drogcllnsr activity mas cleterinined (Table 111). 
Aiia1,nie of v-nri:iiicc of tunior kits gave the folloving results : between treated a id  uii- 

treated F = 23.6 ; bctv-cen esperiiiiciits F 1.0. 

fourth day after implantation of the tumor. 
In these mice there was a reduction in the 
QO, of S-180 of the same magnitude as that 
described above (mean values of each of 6 
tests: QO, = 5.49 t 1.52 for untreated tu- 
mor: QO, = 2.89 t 1 .I  7 for treated tumor). 
By contrast treatment with a few large doses 
of 6-1IP for a shorter period (250 mg kg/day 
for 3 days starting on the 5th day after im- 
planatation) did not result in significant re- 
duction in the respiration of S-180. 

Values for the anaerobic glycolysis of tu- 
mor, liver. and kidney from treated mice are 
presented in Table 11. The Q Fo2 values of 
the treated tumors are about 35% of the 
control values whereas those of liver and 
kidney appear to have been unaltered by 
treatment. In  a few experiments anaerobic 

glycolysis was determined with horse serum 
(pH 7.5) as the medium and the result ob- 
tained was similar to the findings in Ringer- 
bicarbonate (mean values, each of 6 tests, 
not corrected for C 0 2  retention: untreated 
tumor. Q FoL = 11.25 -t- 2.31 : treated tu- 
mors, Q &2 = 1.52 _t 1.22). 

From the above results it is evident that 6- 
MP induces a significant metabolic depression 
in S-180. I t  became of interest to determine 
whether this effect was due to a generalized 
lowering of all steps in cellular metabolism or 
whether it could result from a relatively spe- 
cific biochemical lesion. For an initial sur- 
vey of these possibilities the succinic dehydro- 
genase activities of S-180 and of liver were 
compared in treated and control mice. From 
Table I11 it  appears that the succinic dchy- 
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TSBLE 11. Anaerobic Glycolysis of Sarcoma 180 (S-180), Liver and Kidney (Slices). 

r hniiiials bearing tumor-, rAiiimals not bearing tumor7 

U T  u T U T U T U T 
Sarcoma 180 Liver Kidney Liver Kidney 

14.9 i . 2  
13.2 6.0 
20.9 5.9 
18.5 5.6 
19.9 6.2 
16.1 6.3 
14.6 5.1 
15.5 5.5 

"2i .O 9.1 
"24.8 10.6 

16.9 5.6 
19.3 3.2 

24.6 i .6 
19.2 7.0 

2.5 2.2 
2.6 2.7 
3.1 2.2 
2.8 2.7 
3.5 2.8 
3.4 3.0 

2.9 2.5 
3.5 3.3 
2.9 2.0 
3.1 1.9 

T z Treated with 6-MP: 50 ing/kg/day for 7 days. U = Controls. 
Values indicate CO, production : mnis/mg dry 
* During this experinlent respiration was also 

wtjhr. 
measured (Table I). 

drogenase ac,tivity of S-180 is relatively small. 
I t  can also be observed that the treated S-180 
had a lower enzymatic activity than the con- 
trols; but Ithis difference was small and barely 
significant at the 5% level (F = 5.37; 
p. 0.05 = 5.32). No significant difference 
was found between the activity of treated and 

TAHL E TII. Succino-Dehydrogeiiase Activity of 
Sarcoma. 180 Homogenates. 

T'ntreated 5-180 Treated 5-180 

1.2 1.2 
2.0 1.9 
1.8 1.7 
2.0 1.8 
1.9 1.8 
1.6 1.6 
1.7 1.6 

"1.6 1.8 
"1.9 1.9 

1.6 1.5 
1.9 1.7 
1.6 1.5 
1.5 1.7 
1.6 1.7 
1.4 1.3 
1.3 1.3 
1.7 1.5 
1.6 1.7 

F = 5.37 

Treatment with G-Mercaptopurine: 50 mg/kg/ 

Values indicate 0, consumption: mm*/mg ho- 

* During these experiments respiration of slices 

day for 7 claps. 

mogenate/hr. 

of the same tumor was also measured (Table I). 

untreated liver (mean values, each of 5 tests: 
17.68 t 2.03 for untreated; 20.05 2 3.27 
for treated). 

Discussion. The above findings have re- 
vealed that the respiration and anaerobic gly- 
colysis of S-180 is reduced by treatment in 
vivo with 6-MP. This metabolic change gains 
significance when considered in relation to the 
cytological alteration and inhibition of growth 
produced by the same treatment. I t  may be 
asked whether the observed disturbances in 
metabolism are the more primary effects of 
6-MP that in turn result in retarded growth 
and altered cellular morphology. To gain fur- 
ther insight into this would require detailed 
study of various enzyme systems. Such an 
analysis might consider a previous suggestion 
that 6-MP or a ribosyl derivative might pos- 
sibly become incorporated into coenzyme-like 
molecules in lieu of natural purines( 5 ) .  The 
"fraudulent" coenzymes so formed could act 
as inhibitors of metabolism. This possibility 
is in keeping with recent experiments in which 
coenzyme A has been shown to antagonize 
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the inhibitory effmt of 6-MP in tissue cultures 
of S-180 and of embryo skin(4). It has also 
been found that the agent inhibits the acety- 
lation of sulfonamide in rat liver homogenates 
(6). 

Summary and conclusions. Chronic treat- 
ment with tolerated doses of 6-mercaptopur- 
ine causes a reduction of 50% or more in the 
respiration and anaerobic glycolysis of Sar- 
coma 180 while it does not impair the meta- 
bolic functions in liver and kidney. Succinic 
dehydrogenase activity of Sarcoma 180 is also 
impaired by treatment with 6-mercaptopurine, 
but this effect does not seem to be great 
enough to account fully for the observed re- 
duction in respiration. 
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Spies et al. ( 1 ) demonstrated that thymine 
given orally in large doses has anti-anemic 
properties for pernicious anemia patients com- 
parable to folic acid. \'ilter et d ( 2 )  have 
noted similar results with uracil. Thymine is 
capable of replacing folic acid in the growth 
of a folic acid "dependent" strain. Larfobacil- 
Zus lnctis, if vit. H I ?  is provided ( 3 ) .  Thy- 
midine has been shown to be effective in re- 
placing vit. B12 in the growth of a number of 
strains of Lactobacilli under conditions in 
which vit. B12 is ordinarily required(4,S). 
Thymidine also exerts a marked sparing ac- 
tion on the requirement for folinic acid of 
Leuconostoc citrovorum ( 3 ) .  These results 
have been taken as evidence that vit. B I Z  is 
involved in the linkage of desoxyribose with 
thymine to produce thymidine. Folic acid 
participates in the transfer of single-carbon 
units such as the steps leading to the methyla- 

tion of uracil to produce thymine. 
Since folic acid and vit. B12 are equally 

efficacious in the treatment of tropical sprue it 
seemed of interest to determine the effect of 
thymidine in the treatment of the megalo- 
blastic anemia of this disease. If there is a 
block only in the chemical pathways leading 
to the formation of thymidine, the adminis- 
tration of this end product should correct the 
defect. To our knowledge there have been 
no published reports on the use of thymidine 
in sprue. It has been tried in only smalI 
amounts ( 5  mg) in the treatment of perni- 
cious anemia (6). 

TXBLE I. Effect of Thyiiiidinc on Megaloblastic 
Anemia of Tropical Sprue. 

Dose Total dose Reticulo- 
Patient (ma) Route (mg) cytosis 

*Major, M. C., United States -4rrny) Tropical Re- 

t Bay amon District Hospital, Bayamon, Puerto 
search Medical Laboratory, San Juan, P. R .  

Rico. 

50 1.31. 50 None 
9 ,  

9 ,  

50 
1 

100 
3 
3 100 
4 "on 1.T. 200 
a I.M. 600 

1400 
2500 

G 100 
7 250 

50 

1 no 

9 9  

1 9  

9 ,  

9 9  

1 9  

9 9  

9 9  

9 9  




