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Abstract The aim of this study was to see whether Sodium Glycididazole (CMNa) could
enhance the in situ tumor efficacy of radiation, using 4 different tumor models bearing mice.
The results showed that in comparison with the irradiated group alone, CMNa could deccrease
the velocity of tumor growth and increase the days of Tumor Growth Delay(TGD) evidently
in all four tumor types. CMNa showed radiosensitizing activity for all tumors with SER=s
greater than 1.3. It demonstrates that the novel radiosensitizer can potentiate the in sitn
anti-tumor efficacy of radiation and has different radiosensitization effect among the tested
tumors. Whether the new radiosensitizer CMNa has any effects on normal tissue such as
radiosensitive bone marrow was tested. Survival of bone marrow stem cells(CFU-GM) due
to radiation alone or in combination with the drug was assessed. Nevertheless it did not
enhance the radiosensitizing effect on normal bone marrow and SER=1. The Therapeutic
Gain Factor(TGF) defined as SER of tumor divided by SER of normal tissue bone marrow is
greater than 1.3. Maybe CMNa will be an effective new type radiosensitive drug for clinical
cancer therapy.
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Radio-resistance of hypoxic cells in malignant tumors has been considered as one of the
important limiting factors in the local control of human cancer by radiotherapy!!l. At present. it
is believed that radiosensitizers can selectivly radiosensitize hypoxic cells and noticeably enhance
the efficiency of radiation in controlling tumours. Because some of the radiosensitizing drugs
now available have neurotoxicty, their clinical application is limited. The search for new types
of radiosensitizers with higher efficiency and lower toxicity is therefore an important task for
improving radiotherapy of solid tumours(?.

CMNa [Sodium N, N-Bis (2-methyl-5-nitro-imidazol-1-cthoxy-carbonyl methyl)- glycinate
trihydrate] was first synthesized in our laboratory(®4. Preclinical studies with CMNa have showed
not only enhanced DNA damage of tumor cells under hypoxic irradiation. but also inhibited DNA
repair and Potentially Lethal Damage Repair (PLDR)[®® yet. CMNa also showed a greatly
enhanced hypoxic cell radiosensitizing efficiency in vitrol”). In the present study we evaluated

the radiosensitizing efficiency of CMNa in vivo, which is currently undergoing clinical trails as a
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radiation sensitizers under the authorization of the Ministry of Public Health of PRC. In addition
the influence of CMNa on irradiated normal radiosensitizing tissue bone marrow was also studied.

1 Materials and methods

1.1 Murine tumors

C57BL/6, BALB/c, and Kunming male mice, each weighing 18~22gBW, were purchased
from Shanghai Cihli-Bisa experimental animal Center of China. The animals were housed in
institutional animal care facilities in our university. The Lewis lung cancer, B16 melanoma, EMT6
mammary carcinoma and S 180 sarcoma were obtained from donor mice maintained in Institute
of Shanghai Pharmaceutical Industry, Cancer Institute of Chinese Academy Medical Sciences and
Institute of Pharmacology Acta Sinica respectively. Lewis lung cancer, B16 melanoma, EMTG6
mammary carcinoma and S180 sarcoma taken from corresponding donor mice were immediately
sliced and implanted S. C. into the left hind limb of C57, BL/6, BALB/c and Kunming mice
respectively .When the tumors became palpable, they were measured with vernier calipers 3
times a week in 2 orthogonal diameters. Tumor volume was calculated according to Steel ’s
formula. When the tumor volume reached 200~400mm3, the mice were randomly divided into
different treatment groups, ten mice in each group.

1.2 The effect of CMNa on normal tissue

The effect of CMNa on radiosensitive bone marrow hematopoiesis of the mice was measured
with in vitro assay. Mice were injected for two weeks with CMNa (0.4 mmol/kg iv. twice a week)
and then irradiated with 0~6Gy v ray. Each dose group contained 6 mice. The mice were killed
and the bone marrow taken for CFU-GM assay 2h after irradiation.

1.3 CMNa (Sodium Glycididazole)

CMNa [Sodium N, N-Bis (2-methy1-5-nitro- imidazole- 1-ethoxy-carbonyl methyl) -glycinate
trihydrate] is a pale yellowish powder with molecular weight of 573.45Da. It was dissolved in
saline shortly before use. Drug dose was adjusted according to body weight for each mouse. The
maximum volume injected into tail vein of mice was 0.4mL. A range of drug doses was used.
1.4 4 ray irradiation

The tumors were irradiated with 4~32 Gy 7 ray of ©°Col®l. The tumor-bearing mice were
placed in a special plastic box. The tumor-bearing legs of the mice protruded in the radiation area
and were irradiated with v rays, at a dose rate 2Gy/min, and the rest of the mouse bodies were
shielded from radiation by 10cm thick lead blocks. The source-to-surface distance was 100cm.
The mice were administered by iv injection of drug with a dose of 0.1~1.8mmol/kg of CMNa
respectively for 30 minl®], and then arterial clamping tumor for 30 min prior to and during tumor
local irradiation was carried out under hypoxic condition at room temperature.

1.5 Tumor growth delay

Tumor growth delay(TGD) was used to measure the radiosensitizing efficiency of the drug.
After treatment, tumors were measured and growth delay was estimated by the time taken for
each individual tumor to increase its volume by 5 fold .The mean delay for a dose group of 10

mice was then calculated.
2 Results

CMNa alone within 0.1~1.8 mmol/kg had little effect on tumor growth. However, when
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given 30 min prior to the v radiation with a dose range from 0 to 32Gy, these doses of the drug
increased the anti-tumor effects of radiation in all 4 tumor models investigated. Fig.1 shows the
dose-response curves for tumors irradiated with, or without CMNa given prior to irradiation. It
is obvious that more delay is caused at all levels of radiation dose in all four tumor types , which
had received the CMNa. Sensitizing Enhancement Ratio (SER) can be measured from these
curves as a ratio of the radiation dose needed to provide tumor growth delay of ten days with
respect to 5X original tumor size in the absence of CMNa to the isoeffect radiation dose given
in the presence of CMNa . CMNa showed radiosensitizing activity in all tumor types with SERs
mostly greater than 1.3 by growth time assay (Tab.1).The degree of radiosensitizations differed
in different types of tumors.

In order to investigate whether CMNa in combination with radiation could lead to a ther-
apeutic benefit, bone marrow toxity due to radiation alone or in combination with the drug
was assessed (Fig.2). Survival fractions of bone marrow stem cells (CFU-GM) in Kunming mice
treated with a range of radiation doses alone was same as those with radiation plus a 1/6 LD50

CMNa given iv. 30min before radiation. The results demonstrated that this dose of CMNa did
not incease the toxicity of 4 irradiation.
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Fig.1 The radiosensitizing effect of CMNa on the tumor growth delay of Lewis lung cancer (A) EMT6
mammary carcinoma (B) B16 Melanoma (C) and S180 Sacoma (D) respectively
0.5h iv. injected prior to irradiation, n=10; (o) Radiation alone; (¢, 8, A) represents 0.1, 0.3,
0.9m mol/kg dose of CMNa iv. Injected respectively proir to v irradiation
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Tab.1 Radiosensitizing effects of 0.1~1.8mmol/kg CMNa in four models

of tumor bearing mice

5180 Lewis B16 EMT6

When Vi : V=5 TGD/days 1.7~11.9 4.4~17.4 5.7~24.9 1.0~10.1

When TGD=10days SER value 1.5~1.8 1.3~2.6 1.6~2.4 1.2~1.3
i 3 Disscussion

In the present study, we demonstrated that
the novel hypoxic cell radiosensitizer CMNa
could increase 10~25 days of TGD in tumor

bearing mice (with four tumor models). when

L
S o drug was given iv at 1/75-1/4 LD50 (2.7 g/kg)
§ CMNa prior to 4~32 Gy irradiation (Fig.1).
j_ 3 When tumors grew to 5 fold of theirF orig-
zg inal volumes, and TGD=10 days. from the
; 0ol 1soeffect we could calculate the SER values
~ ! (Tab.1), which were almost all greater than

f ! L 1 L 1 | 1.3. It showed that the non-toxic dose of

0 1 2 3 4 5 6

CMNa had radiosensitization effect among the
tested tumors (Tab.1).
Usually, in clinical tumor radiotherapy frac-

Dusre/Gy
Fig.2 Survival of bone marrow stem
cells(CFU-GM) in mice treated with various

radiation doses either alone (o) or after a

0.4mmol/kg dose of CMNa iv. injection (&)

tionated small radiation doses are used.
Whether CMNa would have radiosensitizing

effects under these conditions is not known.
In our other experiments,the radiosensitization by CMNa was observed using Lewis lung cancer-

bearing mice with fractionated dose (8 Gy per day, twice per week) of radiation and compared
with SR~2508 under identical experimental conditions. The results showed that there was a more
significantly decreased tumor growth velocity(V;/V,) with 0.1mmol/kg CMNa than that with ra-
diation alone. The radiosensitization of CMNa was also more effective than that of SR~2508!10:11),

Whether the new radiosensitizer CMNa has any effects on normal tissues was tested. There
was no obvious difference between the radiation alone group and the group given radiation comn-
bined with CMNa by a CFU-GM assay. The SER value was about 1. Previously, we have
demonstrated that the murine solid tumor had a higher concentration of CMNa due to a higher
concentration ability and slower metabolism in tumor!'2.

These findings demonstrate that the novel radiosensitizer CMNa can potentiate the in situ
anti-tumor efficacy of  radiation. At the same dosage, the sensitizing effect of CMNa was higher
than that of potent control agent (SR-2508). Nevertheless it did not enhance the sensitizing
effect on normal radiosensitive tissues bone morrow. Thus, in the pre-clinical model investigated,
CMNa did give a therapeutic benefit, for its radiosensitizing effect (SER was greater than 1.3)
was greater than that of normal tissue bone morrow {SER=1}. The Therapcutic Gain Factor
(TGF) defined as SER of tumor divided by SER of normal tissue bone marrow is greater than
1.3. 1t is hopeful that CMNa will be an effective new type radiosensitive drug for clinical cancer
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therapy.
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(BoERKRERHEEHAE  LE 200433)

WE KA 4 HARMESRKHRE/AER, WET CMNa X2 R/NRIENER. 4

KUY . SRARATAME, CMNa fERH R3REM AN ERER; ¥ E R EERE,

4 M BERYBIHEANER. XL SER EE 1.3 UL, LRLEREKHA, CMNa Xtk
IR OR A O RS E BAE A . RTTFEAE IR, LA CFU-GM JA#51%, EBTH CMNa Xt
ZRIER/DEXT v SHEABURNE MALE TN, HRWES CMNa X IEH HHAR RS 1

B, SHRARSAME, CFU-GM IA&4{k, SER=1, HiRyrHi% (TGF) 8% 1.3 Y
E.

R CMNa A F EM N R I6TT A R H Ry 2.
XA FRT SR aTesn, HENmkey, 4 FAPEEA, CFU-GM
hE4%S  RI79.19



