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Gluconeogenesis ,  when sharp ly  s t imulated by exhaustion of the l ive r  glycogen r e s e r v e s ,  is one 
of the fac tors  maintaining the no rma l  blood sugar  level in mice  with tumors .  Hyperg lycemia  
induced by glucose leads to an inc rease  in the l ive r  glycogen content and a dec rea se  in the ino 
tensi ty of gluconeogenesis  in control  mice and also in mice  with tumors .  Only in the la t t e r ,  
however,  does glycogen synthesis  f rom noncarbohydrate  compounds r i se  again s teadi ly  a f t e r  
the injections of glucose a re  discontinued. 
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As a resu l t  of gluconeogenesis ,  lactate  and glycerol  a re  reut i l ized in the body and the ca rbohydra te  
skeleton of ce r ta in  amino acids ,  whether  absorbed  f rom the a l imen ta ry  t r ac t  o r  mobil ized as a resu l t  of the 
breakdown of t i ssue prote ins ,  is conver ted into glucose [7]. In an animal  with a constant  tendency toward 
hypoglycemia  because  of the action of a tumor  as a glucose t rap  [2, 4, 6, 12], in mos t  cases  compensa to ry  
s t imulat ion of gluconeogenesis  is observed,  so that the normal  blood sugar  level  is maintained even under 
these unfavorable conditions [1, 10]. 

Severe  hypoglycemia,  p rog re s s ing  with the growth of the living m a s s  of the tumor ,  a r i s e s  in an imals  
with t ransplanted tumors ,  for  thei r  body is unable to intensify gluconeogenesis  sufficiently to provide for the 
loss  of glucose a s s imi l a t ed  energe t ica l ly  by the neoplasm [12]. 

These a rguments  a re  supported by data in the l i t e ra tu re  on the maintenance of the no rma l  blood sugar  
in r a t s  with tumors ,  for the act ivi ty  of the enzymes  of gluconeogenesis  in the i r  l i ve r  is inc reased  [9]. So 
fa r  as  pat ients  with c ance r  a re  concerned,  there is only scanty evidence,  indirect  at  that, of cor re la t ion  be -  
tween hypoglycemia  and the inability of the body to s t imulate  gluconeogenesis  [8, 11]. 

In this paper  the w r i t e r s  p resen t  new data on gluconeogenesis  in mice with tumors  and on the effect  
of exogenous glucose on the blood sugar  level ,  the l ive r  glycogen concentrat ion,  and the intensity of gluco- 
neogenesis .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on male  (CBA •  1 weighing 20-22 g, divided into four groups:  
healthy mice and mice  with tumors ,  and healthy mice  and mice  with tumors  rece iv ing  daily in t raper i tonea l  
injections of 40% glucose solution in a dose of 10 m g / g  body weight. The control  mice  and half of  the mice  
with tumors  ( immediately  a f t e r  t ransplantat ion) rece ived  glucose daily for  10 days ,  and the o ther  half of the 
mice rece ived  glucose twice a day for  5 days,  in the morning and evening, s ta r t ing  15 days a f t e r  t r ansp lan -  
tation of the tumor.  The f i r s t  generat ion hybrids were  inoculated subcutaneously with a Ca-755 tumor ,  syn-  
geneic for  mice of one of the parenta l  l ines (C57BL). 
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Fig. 1 Fig, 2 

Fig. 1. Glycogen metabo l i sm in the l ive r  of control  mice  (1, 3) 
and mice  with tumors  (2, 4, 5); 3, 4) daily injection of glucose 
for  10 days  (a), 5) for  5 days,  twice a day; beginning of glucose 
injections indicated by a r r o w  (b). Absc i s sa ,  t ime (in days); o r -  
dinate,  glycogen concentra t ion (in m g / g  l iver) .  

Fig. 2. Intensi ty of synthes is  of glycogen-C14 f r o m  tyrosine-U-C14 
in l i ve r  of contro l  mice  and mice  with tumors .  Legend as  in Fig. 1. 
Absc i s sa ,  t ime (in days); ordinate ,  specif ic act ivi ty of newly formed 
glycogen (in p u l s e s / m i n / g  glycogen). 

On the day of the exper iment ,  immedia te ly  af ter  the injection of glucose,  the mice were  depr ived of 
food, but 4 h l a t e r  they were  given an in t raper i tonea l  injection of 10 Ci uniformly labeled ty ros ine-C 14 0Ra- 
d iochemical  Centre ,  A m e r s h a m ,  England) with a specif ic  act ivi ty  of 507 m C i / m m o l e .  

The mice  were  decapi ta ted 1 h a f t e r  injection of the label (during this period par t  of the labeled ty ro -  
sine was conver ted  into g lucose-C t4 which, in turn, was incorpora ted  into glycogen), the l ive r  was ex t rac ted ,  
and the glycogen isolated f rom it by the method of Good et  al. [5]. The glycogen was then dissolved in hot 
water  and one-f i f th  of the total volume was applied to f i l te rs  to count the radioact iv i ty  in a liquid gas-f low 
counte r  (Nuclear Chicago, Mark  II). The r e s t  of the glycogen was hydrolyzed in 2 N sulfuric acid and the 
glucose of the glycogen de te rmined  in the d iges t  by an enzymic  method [3] with some modification. The 
glycogen content was e x p r e s s e d  in m g / g  l i ve r  and its specif ic  act ivi ty in p u l s e s / m i n / g  glycogen. The blood 
glucose was de te rmined  by the same enzymic method. 

EXPERIMENTAL RESULTS 

Transplantation of the tumor into mice did not affect the blood sugar level; normally it was I01 • 5 
rag% and 20 h after transplantation it was 98 • 13 rag%. 

Preliminary experiments showed that a single intraperitoneal injection of glucose in a dose of I0 
mg/kg increased the blood glucose concentration in healthy mice after 1 h to 848 mg % and the hyperglyce- 

mia continued for 3 h. In the next experiments all procedures on the mice took place 5 h after the injection 

of glucose; by this time the blood glucose in the healthy mice was back to its initial level. 

As a result of administration of glucose for 5 days the hyperglycemia in the healthy mice reached 
141 • 9 rag%, whereas in mice with tumors it was lower: 120 • 5 mg %. 

After administration of glucose to the mice for i0 days the hyperglycemia was the same in both groups 

(133 i 8 rag% in the control, 130 • 5 rag% in the experiment). However, the blood sugar of the healthy mice 

still remained at its former level even I0 days after the end of the glucose injections, whereas in the mice 

with tumors it had fallen to 71 • 7 mg %. Administration of glucose to mice with established tumors did not 
change the blood glucose concentration (103 • I0 rag%). 

Throughout the period of observation the blood sugar remained normal in the mice with a Ca-755 tu- 

mor; hyperglycemia appeared only if the glucose was injected immediately after transplantation of the tu- 
Mor. 

It will be clear from Fig. 1 that by the 20th day after transplantation of the tumor the liver glycogen 
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content in the no rma l ly  fed mice with tumors  was reduced to l ess  than one- tenth  of its no rma l  level  - 
to 1.87 m g / g  l iver .  

After  daily adminis t ra t ion  of glucose the l i ve r  glycogen content in the mice  increased  sharply.  In the 
healthy mice a f t e r  5 days it was increased  by 6.3 t imes ,  compared  with 13.2 t imes in the mice with tumors  
a f t e r  the same period;  10 days  a f te r  the injection of glucose the increase  was 4.3 and 14 t imes ,  respect ive ly .  
These observa t ions  co r r e l a t e  with the changes descr ibed  above in the blood glucose concentrat ion and it 
can be concluded f rom them that the synthes is  of glycogen was more  intensive in the l iver  of the mice with 
the Ca-7 55 tumor.  

After  the end of the glucose injections the l iver  glycogen content of the healthy mice dec rea sed  g rad -  
ually,  but a f t e r  10 days  it was stil l  above normal .  If the adminis t ra t ion  of glucose to the mice with tumors  
was discontinued, thei r  l iver  glycogen content fell ca tas t rophica l ly  quickly to the level  cha rac t e r i s t i c  of 
mice with tumors  not receiving glucose. These resu l t s  a re  evidence of the increased  mobil izat ion of gly-  
cogen f rom the l ive r  of an imals  with tumors ,  probably to compensate  for  the constant  tendency toward hypo- 
g lycemia  [12]. The glycogen content  in the l ive r  of the mice with tumors  could be inc reased  even if glucose 
adminis t ra t ion  began during the per iod of rapid growth of the tumor  (Fig. 1). 

Development  of t umors  in mice thus exhausts  the glycogen r e s e r v e s  in the l ive r  not through inhibition 
of its synthesis  but through its intensified breakdown. 

The synthes is  of glycogen-C 14 making use of the ca rbohydra te  skeleton of the glucogenic amino acid 
ty ros ine-C 14 increased  sharp ly  in the mice  with tumors  (Fig. 2). By the 20th day a f t e r  inoculation of the 
tumor  the intensity of synthes is  was 4.2 t imes  g r e a t e r  than normal ly .  Consequently,  a chronic  glycogen 
def ic iency in the l ive r  of an imals  with tumors  s t imula tes  endogenous ca rbohydra te  format ion sharply.  

In t raper i tonea l  injection of glucose lowered the intensi ty of gluconeogenesis  in the l ive r  both of the 
healthy mice and of mice  with tumors ,  but in the f o r m e r  the ra te  of format ion of glyeogen-C 14 f rom t y r o -  
s ine-C 14 remained  low even a f t e r  the end of the glucose inject ions,  whereas  in the an imals  with t umor s  
under  the same  conditions gluconeogenesis  again was sharp ly  intensified. Excess ive  st imulat ion of glueo- 
neogenesis  in the mice with tumors ,  a f t e r  the end of glucose injections,  co r r e l a t ed  c lose ly  (Fig. 1) with the 
d e c r e a s e  in the l ive r  glycogen and in the blood glucose concentrat ion.  Consequently,  the ra te  of mobi l i za -  
tion of glycogen f rom the l iver  was sharp ly  increased  in the mice with the Ca-755 tumor ,  as  a resu l t  of 
which its synthes is  f rom noncarbohydrate  compounds was s t imulated sharply.  Probably  the demand of the 
t umor  for  the newly formed glucose rose  cons iderably  again immedia te ly  a f t e r  adminis t ra t ion  of the addi-  
t ional  quantity of ca rbohydra te s  to the mice had ended. 

Inc reased  format ion  of glucose f rom labeled tyros ine  could be cons iderab ly  reduced in intensity in 
the mice  with the Ca-755 tumor  if the glucose was injected not only immedia te ly  a f t e r  t ransplantat ion of the 
tumor  but also during its growth (Fig. 2). 

Af te r  t ransplanta t ion of a t umor  into (CBA xC57BL)F  1 mice the synthes is  of glycogen f r o m  noncarbo-  
hydrate compounds in the l i ve r  is sharp ly  intensified; this is one of the fac tors  enabling the normal  blood 
sugar  to be maintained. Excess ive  adminis t ra t ion  of exogenous glucose lowers  the intensity of gluconeo- 
genes is  both in healthy mice  and in animals  with tumors ,  but the a f t e r - e g e c t  of glucose d i sappea r s  much 
sooner  in the an imals  with tumors  than in healthy mice.  
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