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In· Vivo Effect of Nucleotide and Nucleosides (OG-VI) 
Solution and Dietary Nucleotide Deficiency on Tumor 

Proliferation With Coadministration of 5-Fluorouracil (5 FU) 

Makoto Usamil, Jianghua Zheng2, Seiji Haje, George Kotane, Hiroyoshi Sen\ 
Hiroshi Kasahara\ and Yoshiki Tabuchi l 

Aim: To evaluate the effect of nucleotide and nucleosides mixture solution ad
ministration on tumor cell proliferation. 
Methods: Tumor growth of Yoshida sarcoma, inoculated subcutaneously, was 
evaluated in male Donryu rats under a nucleotide deficient diet with or without 
intragastric administration of 5-FU (20 mg/kg/day, 7 days) and intraperitoneal ad
ministration of OG-VI solution (a mixture of inosine, 5' -GMP, cytidine, uridine, 
and thymidine in a 4 : 4 : 4 : 3 : 1 molar ratio, 2.8-14 ml/kg/day, 7 days). 
Results: Tumor weight was 0.50 ± 0.39, 0.13 ± 0.13, and 0.00 ± 0.00 g, in 0, 
2.8, and 14 ml/kg/day OG-VI with 5-FU administration, respectively with statisti
cal significance (p < 0.01). Tumor size in dietary nucleotide deficiency rats with 
OG-VI and 5-FU was 0.13 ± 0.13, against 0.64 ± 0.53 g in a normal diet (p < 
0.01). These results were obtained without major complications. The effect of 
OG-VI mixture was stronger than the effect of each component of OG-VI alone 
(p < 0.05). Enhancing effect of OG-VI on 5-FU action in tumor proliferation is 
apparent. Also this pilot study suspects that dietary nucleotide deficiency en-
hanced the effect of OG-VI. . 
Conclusions: OG-VI is a potential biochemical modulator of 5-FU and dietary 
nucleotide influences the effect. 
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Introduction 

Introduction 
Purine and pyrimidine are essential for 

cellular proliferationl.2.3). But, they are 
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synthesized from glutamine in de novo 
synthesis pathway and are not considered 
as essential nutrients. Patients with gas
trointestinal disorders including . bowel ob.; 
struction require bowel rest and are 
treated with total parenteral nutrition 
(TPN) or elemental diet (ED) to maintain 
sufficient nutrition. TPN and ED consist 
of synthesized macronutrients and micro
nutrients, however they do not contain 
purine and pyrimidine. Recently, a solu
tion containing a mixture of nucleosides 
and nucleotide (OG-VI), consisting of 
inosine, cytidine, guanosine 5' -monophos
phate (5'-GMP), uridine, and thymidine, 
has been developed as a nutritional sup
plement (Table 1)4). OG-VI is known to 
increase hepatic regeneration and improve 
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Table 1. Constituent of OG-VI 1 

(W/v%) 

inosine 0.80 

5'-GMP 1.22 

cytidine 0.73 

uridine 0.55 

thymidine 0.18 

total nucleic acids 3.35 

protein metabolism after partial hepatec
tomy in normal and cirrhotic rats5

. 6), and 
increase DNA synthesis in primary cul
tured hepatocytes7

). From these results, 
OG-VI may be a useful therapeutic de
vice for periopertive nutritional manage
ment' in abdominal surgery. However, 
the augmentation of DNA synthesis in 
hepatoma cell culture by OG-VI was 
pointed out in some concentration range7

), 

and it arouses a great anxiety that it 
may enhance the proliferation of tumor 
cell. 

Our results in cell culture indicate that 
OG-VI itself does not have an enhanc
ing effect on proliferation of human gas
tric cancer cells8

) • Purines and 
pyrimidines in the culture medium are 
utilized by human gastric cancer cells 
and their consumption rates were modi
fied by the addition of 5' -fluorouracil (5-
FU). 5-FU is an important component 
of chemotherapeutic regimens used in the 
treatment of common malignancies, in
cluding breast cancer and gastrointestinal 
carCInomas. Also we showed that OG
VI or its components affect 5-FU me
tabolism and increase 5-FU action on 
cellular proliferation as a biochemical 
modulator of 5-FU8

). 

The effect of protein depletion on 5-

n molll molar ratio 

29.83 4 

30.01 . 4 

29.96 4 

22.52 3 

7.43 1 

FU metabolism has been reported9
). Pro

tein depletion increased toxicity of 5-FU 
associated with a significantly decreased 
rate of hepatic metabolism and clearance 
of 5-FU. However, the effect of dietary 
nucleotide deficiency on 5-FU metabolism 
has not been reported. 

The purpose of this study is to evalu
ate the effect of repeated intraperitoneal 
OG-VI administration and/or dietary nu
cleotide deficiency on tumor growth and 
their modulation on 5-FU in an in vivo 
study. 

Materials and Methods 

Male Donryu rats, 8 to 9 weeks of 
age, obtained from Japan SLC, Shizuoka, 
were kept in wire-bottomed cages at a 
temperature controlled, 12-h light-dark 
cycle. Yoshida sarcoma (YS), a gift 
from SRL Hachioji Lab., Tokyo, were 
maintained by intraperitoneal implantation. 
Rats were anesthetized lightly with ether 
and 1 x 106 YS cells were inoculated 
subcutaneously. One day after transplan
tation the rats were divided into each ex
perimental groups. Drug was adminis
tered in the morning. Dosage of OG-VI 
in rats is considered 2.8-14 ml/kg/day ac
cording to the data of Ogoshi4

). 
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Experiment 1 

Rats fed a nucleotide free (NF) diet 
ad libitum (AIN-B, Oriental Co., Japan), 
with intragastric administration of 5-FU 
or saline (20 mg/kg/day, dissolved in sa
line as 10 mg/ml, Kyowa Hakko Kogyo 
Co., Japan) and intraperitoneal admini
stration of OG-VI solution (2.8-14 mIl 
kg/day) or saline for 7 days. OG-VI, 
composed of 30 mM inosine, 30 mM 5' 
-GMP, 30 mM cytidine, 23 mM uridine 
and 7.4 mM thymidine and each compo
nent were kind gifts from Otsuka Phar
maceutical Co., Tokushima, Japan. 2.8 
mllkg/day of its each component was ad
ministered intraperitoneally , uracil 
(24.61 % in saline, uracil : 5-FU = 4: 1 
mol, the same constituents as in UFf, 
commonly used biochemical modulator lO

» 

was intragastrically administered. 

Experiment 2 

Rats fed NF diet or standard diet ad 
libitum (CE 2, Nihon Crea, Japan) were 
compared with daily 5-FU (all experi
ments were performed with 20 mg/kg/day 
administration except indicated) or saline 
in combination with 2.8 mllkg/day OG
VI or saline administration. 

After 7 days, rats were laparotomized 
for blood and organ sampling under pen
tobarbital anesthesia at the 8 th experi
mental day. Blood biochemical tests by 
serum multiple analyzer (TBA 80 S mul
tianalyzer, Toshiba) and blood counts 
(Sysmex K-I000, Toa Medical Electron
ics) were performed. The tumor was 
separated surgically from subcutaneous 
tissue and the weight was measured. 
Body weight and organs (liver, spleen, 
kidney) weight were measured 

Each result was taken as the mean 
value of a series of 5-12 experiments 
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carried out and expressed as mean ± 
standard deviation (SD). Statistical 
analysis was based upon Student's t test 
and Mann-Whitney U test. A p-value 
less than 0.05 was considered significant. 

Results 

Rats in the experiment 1 tolerated well 
except uracil group. OG-VI did not en
hance the tumor growth in all dosage ex
amined and did not change organ 
weights or results of blood biochemical 
tests (Fig 1). 5-FU decreased cell 
growth. Tumor size in the 5-FU group 
was 1.20 ± 0.93 gcompared with 2.77 ± 
1.26 g in the control group (p < 0.05). 
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Dose of OG- VI (mllkg/day) 

Figure 1. Effect of OG-VI on tumor pro
liferation with 5-FU. 
n = 12, mean ± SD, * P < 
0.01 vs 5-FU (+) and OG-VI 
(-), # P < 0.05, ## P < 0.01 
vs 5-FU (-) 

Coadministration of each component of 
OG-VI equivalent to total purine and· 
pyrimidine in 2.8 mllkg/day OG-VI de
creased tumor growth (Fig 2). Thymidine, 
uridine, inosine and 5' -GMP except 
cytidine decreased· tumor growth. Tumor 
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weight in the OG-VI group was 0.09 ± 
0.07 g compared with 1.20 ± 0.93 g in 
the 5-FU group (p < 0.05). OG-VI re
markably suppressed tumor growth in' 
comparison with. its components. Body 
weight, organ weights and results in 
blood biochemical tests in the OG-VI 
group did not show any statistical 
changes compared with 5-FU alone. Rats 
in the uracil group showed severe diar
rhea, decreased body weight and spleen 
weight, then four out of six died before 
sacrifice. 

5 

4 

* 

D5-FU (-) 

~5-FU (+) 

# 

# 

Figure 2. Effect of OG-VI and its components 
on tumor proliferation with 5-FU. 
n = 6-8, mean ± SD, * P < 0.05 
vs 5-FU (+), # p < 0.05 vs 5-FU 
+ OG-VI. 

Tumor size in the 2.8 ml/kg/day OG
VI with 5-FU group was 0.13 ± 0.13 g 

. in comparison with O . .9.L ±0.18 g with
out 5-FU. Increased dosage of OG-VI, 
from 2.8 ml/kg/day to 14 ml/kg/day 
complet~ly diminished subcutaneous tu
mor, 0.0 ± 0.0 g with 5-FU vs. 0.80 ± 
0.43 g without 5-FU (p < 0.01). And 
all rats tolerated these treatment. How
ever, decreased albumin and increased 
uric acid blood levels indicated adverse 
effect of suppressed protein metabolism 
and increased nucleotide degradation with 
tumor cell distraction in higher OG-VI 
administration with 5-FU. 

Dietary nucleotide deficiency decreased 
tumor weights without 5-FU coadminis
tration (Table 2). Also, antitumor effect 
of 5-FU was facilitated with or without 
OG-VI under a NF diet (p < 0.01). Ap
parent adverse effect was not observed 
under a NF diet (Table 3). 

Discussion 

The present in vivo pilot study demon
strated that OG-VI itself does not affect 
tumor growth, however, it enhances 5-FU 
action of tumor suppression without in
creasing adverse effect. This biochemical 
modulation effect of OG-VI is stronger 
than each component of OG-VI. The 

Table 2. Effect of Dietary Nucleotide on Tumor Weight (g) with 
Coadministration of 5-FU and OG-VI 

NF (n = 12) C (n = 6) 

5-FU (-) 1.00 ± 0.60 * 3.25 ± 1.42 

OG-VI 0# 0.50 ± 0.93 * 1.44 ± 0.94 

5-FU (+) 
0.13 ± 0.13 * 0.64 ± 0.53 OG-VI 2.8 

NF: nucleotide free diet, C: control diet, S-FU: S-fluorouracil, mean ± SD, 

*p < 0.01 vs. C, # OG-VI dosage, mllkg/day 

76 Bulletin of Health Sciences Kobe 



OG-VI and 5-FU in Tumor Growth 

Table 3: Body Weight and Blood Level Changes-under -Ne Diet with Coadminis
tration of 5-FU and OG-VI 

Body W. 
(% change) 

Albumin 
(g/dl) 

5-FU (-) 

5-FU (+) 

5-FU (-) 

5-FU (+) 

5-FU (-) 

OG-VI o § 

OG-VI2.8 

OG-VI 0 

OG~VI 2.8 

Uric Acid OG- VI 0 
(m:g/dl) 5-FU (+) 

RBC 
(X 10000/ml) 

WBC 
(X100/ml) 

OG-VI2.8 

5-FU (-) 

OG-VI 0 
5~FU (+) OG- VI 2.8 

5-FU (-) 

OG-VI 0 
5-FU (+) 

OG-VI2.8 

NF (n =12) 

** 
0.95 ± 0.06 

0.77 ± 0.04* 

0.77± 0.05 

3.23 ± 0.46 ** 
2.60 ± 0.23## 

2.52 ± 0.30 ## 

l.15 ± 0.48 
l.53 ± 0.37 # 

l.70 ± 0.80 

749 ± 49 
807 ± 64# 

777 ± 67 

180 ± 42 
124 ± 43 § § 

125 ± 39 § § 

C (n =6) 

l.10 ± 0.05 
0.84 ± 0,08 U# 

0.78 ± 0.08 

2.32 ± 0.21 

2.90 ±- 0.44# 

2.62 ± 0.31 

l.30 ± 0.47 

l.25 ± 0.40 

1.27 ± 0.51 

721 ± 33 

840 ± 58 

851 ± 139 

232 ± 62 

103 ± 61 ## 

-67 ± 26 ## 

, -NF: nuch:otide free diet, C: contiol diet; 5-FU: 5~fluorouracil,inean.-± SD; ** p < 0.01 VS. C, * P < 0.05 VS. C, 

## P < 0.01 VS. 5-FU (-), # P < 0.05 VS. 5-FU (-), § OG-VI dosage, mllkg/day, 

§ § data from 10 mglkg/day 5-FU administration 

effect of OG-VI with coadministration of 
5-FU to tumor growth is prominent in a 
nucleotide deficient diet. 

This in vivo result showing no en
hancement of tumor growth by OG-VI 
in the dosage between 2.8 and 14 ml/kg/ 
day range agrees with our previous in 
vitro study indicating that OG-VI does 
not increase cellular proliferation with the 
broad concentration range but inhibits 
growth in higher concentrationS). These 
results of OG-VI on cellular proliferation 
are controvertial in different disease con
dition. It is also reported by us that 
preoperative OG-VI administration before 
partial hepatectomy facilitates hepatic re
generation in vivo and DNA and RNA 
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synthesis of hepatocytes in vitr06
,7). Two 

times repeated preoperative administration 
of 10 ml/kg/day of OG-VI increases 
blood pyrimidine level and pool size be
fore operation and increases ATP level at 
5 hour after operation, then improves he
patic regeneration after 24 hours6). How
ever, postoperative administration does 
not affect hepatic regeneration with TPN 
nor hepatic ATP - content in fasting rab
bit6

,11). Many important discrepancies ex
ist between -tumor bearing rats and he
patectomized rats. After partial hepatec
tomy, purine and pyrimidine metabolism 
changes are physiological and well or
ganized pleiotypic response occurring in 
short duration. Also, the administration 
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of OG-VI before operation and to feed
ing rats is important after hepatectomy. 
In malignant disorder, uncontrolled con
stant tumor growth with abnormal purine 
and pyrimidine metabolism is characteris
tic. The data from two different experi
mental models indicates that OG-VI is 
effective to increase purine and 
pyrimidine pool size, but requires some 
suitable condition in DNA and RNA syn
thesis. Further investigation is required 
to explain the discrepancy of OG-VI ef
fect in no tumor proliferation in compari
son with facilitation in hepatic regenera
tion. 

The in vivo results revealed that OG
VI by itself did not influence tumor 
growth, but it enhanced the effect of 5-
FU on tumor growth showing 86% re
duction in tumor weight without major 
complication. The in vivo result of this 
biochemical modulation is in agreement 
with our in vitro observationS}. In vitro 
results of purine and pyrimidine utiliza
tion in cell culture indicate that the addi
tion of 5-FU increases the consumption 
of uri dine and cytidine, decreases the 
consumption of inosine and 5' -GMP, and 
addition of OG-VI changes 5-FU me
tabolism. The anti-tumor effect under 
the combination of 0.1 J.lg/ml of 5-FU 
with OG-VI is equal to that of 1.0 J.lg/ 
ml of 5-FU. Both in vivo and in vitro 
results suggest the possibility of decreas
ing 5-FU dosage and consequently de
creasing the side effect of 5-FU without 
changing the anti-tumor effect of 5-FU 
in combination with OG-VI administra
tion. 

The result of in vivo comparison 
among OG-VI and its components on 
tumor growth showed the advantage of 
the mixture solution III biochemical 
modulation of 5-FU. In vitro report 
shows comparable effect of thymidine 

and OG-VI in cellular proliferationS}, but 
this in vivo result indicates statistically 
significant suppression of tumor growth 
by OG-VI compared with thymidine. 

The mechanism of biochemical modula
tion by the addition of different purines 
and pyrimidines differs 12. 13}. Inosine, 5'
GMP and thymidine increase the cytotox
icity of 5-FU2. 3}, but uridine decreases 
the cytotoxicity 14}. Thymidine inhibits 
thymidine kinase activity, ribonucleotide 
reductase activity, the production of 5-
fluorodeoxyuridine 5' monophosphate, and 
facilitates 5-FU incorporation into RNA 
in tumor cells. Inosine increases 5-FU 
incorporation into RNA and their metabo-
lism . Cytidine competes against 
fluorouridine phosphory lation. 5' -GMP 
has higher water solubility than gua
nosine and enhances 5-FU selectivity in 
tumor cells. Our in vitro results indicate 
enhanced de novo and salvage synthesis 
of DNA and RNA, then enhanced anti
cancer effect of 5-FUS}. In comparison 
with those cytotoxic effect of biochemical 
modulation, uridine has "rescue" effect of 
increasing lethal dose of 5-FU as much 
as twice 12}. 

More prominent in vivo effect indi
cates that the combination of purine and 
pyrimidine in the OG-VI mixture solu
tion is well balanced than its components 
alone in an in vivo 5-FU metabolism. 

The components of OG-VI, especially' 
thymidine, suppress hapatic dehydrouracil 
dehydrogenase activity, which is 5-FU 
degradation enzyme in the liver, and 
might increase 5-FU levels in vivo. The 
effect of OG-VI in modulation of cellu
lar immunity observed in infection or en
dotoxin treatment experiments may sup
port the in vivo result in tumor immu
nityl4. 15}. 

The result showing that dietary nucleo
tide deficiency enhances the effect of OG 
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- VI with coadministration of 5-FU sus
pects changes in the bioavailability and 
efficacy of 5-FU following the dietary 
nucleotide level. It is reported that the 
amounts of utilizable purine and 

. pyrimidine are increased with increase in 
the dos'e of dietary nucleic acidsl7}. This 

,difference in dietary nucleotide may be 
related to the circadian rhythm of 5-FU 
metabolism enzyme activity in relation to 
the activity of orotate phosphoribosyl 
transferase, pyrimidine nucleoside phos-

OG-VI and 5-FU in Tumor Growth 

phorylases and dihydrouracil dehydroge
nase in the liverI8). 

Further in vivo study is required to 
evaluate the effect of combined admini
stration of 5-FU with OG-VI on cellular 
growth in different cancer cells and its 
toxicity. For this hypothesis, tissue or 
blood 5-FU levels and enzyme activity in 
5-FU metabolism, including hepatic dehy
drouracil dehydrogenase, should be meas
ured. 
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