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In vivo experimental studies showed that 1,2-dimethylhydrazine and product of its me-
tabolism in the body azoximethane improve postradiation survival of two types of stem
cells in the adult organism: hemopoietic stem cells and intestinal epithelial stem cells.
This effect similar to the well-known radioprotective effect of E. coli lipopolysaccha-
ride was observed, when the carcinogen was administered 1 day before 7y-irradiation.
Treatment with 1,2-dimethylhydrazine prolonged the mean life-span of mice irradiated
in supralethal doses inducing death of the majority of intestinal epithelial stem cells. Non-
specific cyclooxygenase inhibitor indometacin weakened this radioprotective effect of 1,2-
dimethylhydrazine. We also found that carcinogen 1,2-dimethylhydrazine improved survival
of hemopoietic stem cells. However, in contrast to intestinal epithelial stem cells, indometacin
did not inhibit the radioprotective effect of the carcinogen. The radioprotective effect of
1,2-dimethylhydrazine and lipopolysaccharide on stem cells in the presence of indo-
metacin was a sum of individual effects of these preparations and indometacin.
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Dimethylhydrazine regioisomers 1,1-dimethylhyd-
razine (1,1-DMH) and 1,2-dimethylhydrazine (1,2-
DMH) are well-known carcinogens inducing colo-
rectal tumors. Under in vitro conditions, DMH in-
duce methylation and breaks of cell DNA and
transformation of normal cells [8]. Azoxymethane,
the most potent and specific intestinal carcinogen
for rodents, is the best studied chemical and meta-
bolic product of 1,2-DMH. Azoxymethane stimu-
lates survival of intestinal stem cells (SC) in irra-
diated mice. An important role in this protective
effect is played by cyclooxygenases (COX) [11].
These data confirm the hypothesis that blockade of

Medical Radiological Research Center, Russian Academy of Medical
Sciences, Obninsk, Russia. Address for correspondence: konopl@
mrrc.obninsk.ru. A. G. Konoplyannikov.

the programs of elimination of excess or damaged
cells or triggering of programs of cell survival is an
important stages of carcinogenesis.

Here we tested the hypothesis that 1,2-DMH
can stimulate survival of other types of SC, e.g.
hemopoietic SC, in the adult organism.

MATERIALS AND METHODS

Experiments were performed on F,(CBAXC57Bl/6)
male mice weighing 20-22 g. The animals were
maintained in cages in a soundproof room under
conditions of natural illumination at 22-24°C and
received standard ration and water ad libitum.
The animals were subjected to single y-irradiation
in doses of 6.5 and 12.9 Gy on a Luch device with
®Co as the radiation source (0.3 Gy/min dose power).
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We used 1,2-DMH, indometacin, lipopolysac-
charide (LPS; E.coli, 0111:B4) purchased from Sig-
ma-Aldrich Rus. Company. 1.1-DMH was kindly
provided by Prof. A. A. Mandrugin (Chemical Fa-
culty of M. V. Lomonosov Moscow State Univer-
sity). 1,2-DMH (0.21 mmol/kg, 20 mg/kg intra-
peritoneally) and LPS (0.5 mg/kg) were was in-
jected 1 day before irradiation, indometacin (10
mg/kg intraperitoneally) was injected 3 times: im-
mediately and 24 and 48 h after irradiation.

The animals were sacrificed 8 days after y-ir-
radiation, the spleens were removed in fixed for
counting colonies with a diameter >0.2 mm formed
by survived endogenous hemopoietic stem cells
(CFU-S-8) [3]. Each experimental group consisted
of 12 animals; the experiments were repeated 3
times. The data were processed statistically; the
mean number of splenic colonies formed by sur-
vived CFU-S-8 was calculated as described pre-
viously [2].

For evaluation of the radiomodifying effects of
preparations on survival of intestinal epithelial SC
we used a method of microcolonies in our mo-
dification [3,4]. Three days after whole-body 7-ir-
radiation in a dose of 12.9 Gy (*°Co, 0.3 Gy/min),
a fragment of the intestine located 1.5-2.0 cm dis-
tally from the duodenum was isolated and fixed in
10% neutral formalin. After standard histological
treatment, 7-y transverse section were prepared;
similar preparations were made from the intestine
of non-irradiated mice. The number of survived
crypts containing >10 viable cells, descendants of
survived SC, was determined. The total number (N)
of survived SC in all crypts on the intestinal cross-
section was calculated by the formula: N=A{-In[(A-
B)/A]}, where A is the number of crypts on in-
testinal cross-section in intact mice and B is the
number of crypts survived after irradiation.

Analysis of intestinal preparations from 5 non-
irradiated mice showed that in intact animals the
number of crypts per section is 116.7x1.4. We
examined 10 sections of the intestine from each
irradiated and non-irradiated animal, more than
1000 crypts for each control mouse and 5000 crypts
for the experimental group consisting of 5 mice
were analyzed.

The number of mice survived after irradiation in
a supralethal dose of 12.9 Gy was determined daily.
Each of 6 groups consisted of 12 animals. Reliabi-
lity of differences was evaluated using x> test [6].

The data are presented as meanzstandard
deviation. The differences between the mean
yields of SC in irradiated animals were statistical-
ly analyzed using Newman—Keuls and Dunnett
tests [1].
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RESULTS

It was found that 1,2-DMH, similarly to its meta-
bolite azoxymethane [11], considerably (by 1.6
times) increased the number of survived crypts per
intestinal section, and hence, the number of inte-
stinal epithelial SC (IESC, Table 1).

Taking into account the data that survival of
SC in critical cell systems determines postradiation
lifespan of experimental animals irradiated in supra-
lethal doses [3], we carried our experiments on
evaluation of the effect of carcinogen on animal
survival during the acute stage of radiation damage.
The mean lifespan of animals receiving 1,2-DMH
before irradiation in a dose of 12.9 Gy increased
from 4.7 to 6.7 days (Table 2), which confirms
close relationship between survival of IESC located
in crypts and serving as a natural reserve of rege-
nerative processes in damaged epithelial tissue [3]
and survival of irradiated animals.

Non-specific COX inhibitor indometacin had
no effect on animal lifespan. However, admini-
stration of indometacin to animals receiving 1,2-
DMH before irradiation reduced their lifespan to a
level observed in the control group (12.9 Gy with-
out protection). These results indirectly suggest that
COX are involved into the improvement of IESC
survival by carcinogen 1,2-DMH.

For additional control, we studied the stimula-
tory effect of LPS on IESC survival [7]. Both LPS
and carcinogen considerably improved the mean
lifespan of experimental animals to 5.4 days. Indo-
metacin inhibited the radioprotective effect of LPS
to the control level. These data indirectly confirmed
the results of evaluation of crypt survival after treat-
ment with LPS and indometacin [10].

E. coli. LPS, a component of cell wall of Gram-
negative bacteria, was also used in evaluation of the
effect of DMH on the formation of endogenous
splenic colonies formed by survived and prolifera-
ting CFU-S-8. Both SMH regioisomers (1,1-DMH
and 1,2-DMH) increased the yield of CFU-S-8 in
the spleen of irradiated animals by 2.5 and 5.3
times (Table 3). The weight of the spleen insigni-
ficantly increased. As expected, LPS produced an

TABLE 1. Radioprotective Effect of 1,2-DMH (M+m)

Number Number
Treatment of viable crypts | of survived SC
Control (12.9 Gy) 15.2+1.7 16+2
1,2-DMH+12.9 Gy 23.6%£3.3 26+5*

Note. Here and in Table 2, 3: *p<0.05 compared to the control.
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TABLE 2. Mean Lifespan of Experimental Mice
Treatment Mean lifespan, days

Control (12.9 Gy) 4704

12.9 Gy+indometacin 4.0+0.2
LPS+12.9 Gy 5.4+0.4*
DMH+12.9 Gy 6.7+0.5*
LPS+12.9 Gy+indometacin 3.7£0.2
1,2-DMH+12.9 Gy+indometacin 3.7+0.2

appreciable radioprotective effect and increased the
number splenic endogenous colonies formed by
CFU-S-8 by 6 times.

The data obtained on intestinal crypts suggest
that COX-1 is involved into the mechanism of sti-
mulation of IESC survival [11]. An attempt was
undertaken to determine the degree of the effect of
nonspecific inhibitor of COX on the radioprotective
effect of DMH for hemopoietic stem cells. Indo-
metacin considerably increased the yield of CFU-
S-8 in irradiated animals to 4 colonies per spleen
(vs. 1.5 in irradiated controls, Table 3), which ag-
rees with published data [9]. Combined treatment
with DMH and indometacin also increased the yield
of CFU-S-8, but this increase did not exceed the
sum of individual effects of each preparation (Ta-
ble 3). Similar additive effect on the yield of CFU-
S-8 was observed after combined treatment with
LPS and indometacin. Thus, in contrast to IESC,
additional treatment with indometacin did not wea-
ken the radioprotective effect of DMH or LPS on
hemopoietic stem cells.

The following conclusions can be made. 1,2-
DMH stimulate in vivo survival of hemopoietic SC
and IESC. Similarly to the effect of LPS, this effect

TABLE 3. Effect of DMH Analogs, LPS, and Indometacin
on the Yield of Splenic Endogenous Colonies Formed by
CFU-S-8 Survived after y-Irradiation in a Dose of 6.5 Gy
(M<m)

Weiaht of Mean number
Treatment Ielg 0 of endogenous
spieen, mg colonies
Control (6.5 Gy) 31.8+7.7 1.5+1.5
1,2-DMH+6.5 Gy 35.7+3.7 4.0%1.3*
1,2-DMH+6.5 Gy+
indometacin 42.8+8.6 6.9+4.7*
LPS 44.3+9.2 9.0+2.6*
LPS+6.5 Gy+
indometacin 47.1+x14.1 11.6£7.4*
Indometacin 29.9+4.9 4.0+1.3*
1,1-DMH+6.5 Gy 32.8+2.1 8.0+0.8*
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was observed when the carcinogen was admini-
stered 1 day before irradiation. Treatment with 1,2-
DMH before irradiation in supralethal doses indu-
cing death of IESC prolonged animal lifespan. Non-
specific COX inhibitor abolished this effect probably
by reducing survival of hemopoietic SC due to
inhibition of prostaglandin E, [10,11]. Carcinogen
1,2-DMH improved survival of hemopoietic SC.
Inhibition of COX with indometacin did not abolish
this effect. The radioprotective effect of 1,2-DMH
and LPS on stem cells in the presence of indo-
metacin was a sum of individual effects of these
preparations and indometacin.

Thus, 1,2-DMH, a representative of hydrazines,
well-known activators of a wide spectrum of redox-
active hemoproteins and flavoprotein enzymes
[13], can also stimulate survival of radiation-dam-
aged hemopoietic stem cells. It can be hypothesized
that this effect is determined by blockade of thana-
togenic mechanisms driving SC with damaged ge-
netic apparatus to apoptosis. At the same time, vari-
ous types of SC of adult organism differ by their
participation in processes of production of reactive
oxygen species.
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