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Abstract — We have examined in vitro and in vivo radioprotective effect of a Chin-
ese medicinal plants prescription, Lifukang. Micronucleus assay was employed to
evaluate in vitro radioprotective effect of Lifukang. In the presence of Lifukang, the
frequencies of miconuclei were greatly reduced from 7.2 to 2.9, 1.6 and 1.6% at the
concentrations of Lifukang from 0 to 2, 10 and 50 ug/ml, respectively. For in vivo as-
say, we monitered the incidences of apoptotic cells in mouse small intestine crypts
and endogeneous spleen colonies. When Lifukang was administered to mice P.O. or
LP. at doses of 1 mg/ml in drinking water for 7 days or 0.3 mg/mouse 24 hrs prior
to irradiations, respectively, the average numbers of apoptotic cells were reduced to
3.1 or 2.3, respectively, as compared to 4.4 acquired from untreated control experi-
ments. In addition, in spleen colony assay, Lifukang increased the number of hema-
topoietic spleen colonies. When samples were administered after irradiation, better
results were obtained. The numbers of spleen colonies were increased from 14 colo-
nies to 18.3 or 19.6 colonies when Lifukang was given through P.O. (I mg/ml in
drinking water for 11 days) or LP. (0.3 mg/mouse) after irradiation, respectively.
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Introduction

The possibilities of human beings being ex-
posured to various radiations become incre-
ased because of the increase in use of nu-
clear power as a major energy source, and
use of radioactive compounds in medical ap-
plications, industries, and research laborato-
ries. However, studies on the effect of radi-
ations on the living organisms, and research
and develpoment of radioprotectors still need

more attention and progress. Since the ra-
dioprotective effect of thiols were demonstr-
ated by Patt et al. (1949), many chemical com-
pound have been tested for possible radio-
protectors. Among them a synthetic amino-
thiol, WR-2721 [S-2-(3-aminopropylamino) ethyl-
phosphorothioic acid], and its derivative, WR-
1065 (the dephosphorylated form of WR-2721),
have been shown to decrease radiation-in-
duced damages most effectively (Grdina et al.,
1985; Grdina and Nagy, 1986; Meyn and
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Jenkins, 1983). In addition, some of non-
thiol containing compound, such as 16,16-di-
methyl prostaglandin E, (dm PGE,) were re-
ported to have radioprotective ability (Hans
and Thomas, 1983; Berk et al., 1990). Com-
bined use of radioprotective agents showed
synergistic effect. When WR-2721 and dmPGE,
were used together, increased cell survival was
observed compared to the effect on cell survival
of each agent alone (Hanson, 1987). These
results implies that either the radioprotection
mechanisms of these two agents are differ-
ent or they act on different subcellular tar-
gets. However, most of radioprotective com-
pound developed so far are restricted in
their use because of their toxic side effects.

Natural products have relatively recently
begun to be evaluated as a possible ra-
dioprotector. Because natural products have
been used for centuries in Asian counturies,
it is widely accepted that they have rela-
tively low toxicity. Ginseng extracts and oth-
er fractions of ginseng extracts are reported
to have radioprotective effects (Takeda et al.,
1981; Yonezawa et al., 1981; Takeda et al.,
1982; Zang et al., 1987; Kim et al., 1993;
Cho et al., 1995). Our laboratories have fo-
cused on the response of cells to radiation
damages and the mechanism of radioprotec-
tion (Kim et al., 1995a; Kim et al., 1995b;
Kim ef al., 1996a; Kim et al., 1996b; Hyun et
al., 1997, Kim et al., 1997a; Kim et al.,
1997b; Nam et al., 1997). Also, we are trying
to find radioprotective agents and to under-
stand their mechanisms of radioprotection.
Recently, We showed that the radioprotec-
tive effects of ginseng extracts (Kim et al.,
1993; Cho et al., 1995). In this study, we
evaluated in vitro and in vivo radioprotec-
tive effect of a Chinese medicinal plants
prescription, Lifukang.

Experimental

Cell culture and irradiation — Chinese
hamster lung (V79-4, ATCC CCL-93) cells
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were cultured in DMEM medium containing
5% fetal bovine serum, 2mM  -glutamine,
and antibiotics in a humidified 5% CO,/95%
air incubator at 37C. Log phase cells were
used for micronucleus assay. Cells were irra-
diated with 0, 1.5, 3, 6, or 8 Gy of *Co y-rays
(Theratron-780 teletherapy unit) at a dose rate
of 1.395 Gy/min at room temperature.

Drug — Lifukang, a Chinese medicinal plants
prescription, was prepared by Academy of
Traditional Chinese Medicine, Beijing, China.

Animals and irradiation - N:GP(s) mice
of either sex were caged and allowed free ac-
cess of pellets of standard food and water.
All experiments were performed with 7-8 weeks
old mice. Animals were irradiated with 2 Gy
for radiation-induced apoptotic cell assay, or
with 6.5 Gy for speen colony assay of *Co -
rays (Gammacell 3000 Elan, Nordion inter-
national Co., Canada) at a dose rate of 1.09
Gy/min.

Drug treatment — Lifukang was dissolved
in DMSO to a final concentration of 100 png/ul
and stored at -207C as a stock solution. Be-
fore use, stock solution was routinely diluted
to 1,000 times concentrated solutions of de-
sired final concentrations in media and 0.001
vol. of cell culture media was added to me-
dia. DMSO concentrations were kept below
0.1% in media. Dithiotreitol (DTT) was pre-
pared in PBS as 100 mM stock solution and
aliquarts were stored at -20°C. Diluted Li-
fukang or DTT stock solution were added to
media about 30-60 min prior to irradiation.

For in vivo assays, drugs were administer-
ated as the followings: For oral administera-
tion, Lifukang was dissolved in drinking wat-
er to a concentration of 1 mg/ml and was ad-
ministered to mice for 7 days before irra-
diation or for 11 days after irradiation. For
intraperitoneal injection, Lifukang was dis-
solved in PBS and 0.3 mg/head were inje-
cted 24 hrs prior to irradiation or 30 min aft-
er irradiation. DTT were dissolved in PBS
and 1.5 mg/head were injected intraperitone-
ally 30 min before or after irradiations.
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Micronucleus assay - Cytochalasin-B
(Aldrich Chemical Co.) was added to media
at a final concentration of 3 ug/ml immedia-
tely after irradiation. After 20 hr incubation
in the presence of cytochalasin-B, cells were
trypsinized and fixed in methanol:acetic acid
(3:1) solution. Fixed cells were spread onto
slide glasses, air-dried and stained with Gie-
msa. We used Almaéssy's method (Alméassy et
al., 1987) to identify the micronucleus in cy-
tokinesis-blocked binucleated cells and the
frequencies of micronuclei were scored in 500
binucleated cells at 400X magnification.

Radiation-induced apoptosis in small
intestine — Six hours after irradiation, small
intestines were removed and fixed in Carnoy's
solution for at least 30 min. Histological tran-
sverse sections (4 um thick) were prepared
and stained with hematoxylin and eosin.
Good longitudinal sections of crypts were
selected. With these crypt sections, apoptotic
cells were counted as follows. When several
apoptotic fragments were, from their size and
clustering, thought to represent the remains
of a single cell, they were recorded as a single
event. Fifty crypts sections were scored for
each mouse.

Endogenous spleen colony assay —Ten
days after irradiation, mice were sacrificed
and spleens were removed surgically and
weighed. Spleens were fixed in Bouin's solu-
tion and hematopoietic colonies on the sur-
face were counted with naked eyes.

Results and Discussion

In vitro radioprotective effect of Li-
fukang — We used Chinese hamster cells (V
79-4) in this study. This cell line is a normal-
drived cell line and this cell line and its deri-
vatives have been used for many studies in
radiobiology (Smoluk et al., 1988; Stap and
Aten, 1990; Sélen et al., 1990; Hahn et al.,
1992). V794 cells in log phase were ir-
radiated with 0, 1.5, 3, 6, and 8 Gy of y-rays
and the frequencies of micronucli were scor-
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Table 1. Frequencies of micronucli in Chinese hams-
ter (V79-4) cells irradiated with yrays

Micronucleus
Dose Micronuclei distribution %
(Gy) in 500 cells
2 3

0 0 0 0
1.5 36 36 7.2
3 48 48 9.6
6 69 65 2 13.8
8 117 98 8 1 24.0

ed. Table 1 shows the distribution and the
frequency of micronuclei in irradiated V79-4
cells. Fig. 1 shows best linear fitting of the
data shown in Table 1. The dose response re-
lationship have been described as linear or
linear-quadratic expressions (Almassy et al.,
1987). We tried to fit both linear and linear-
quadratic models and the linear fitting gave
us better results. There was a significant re-
lationship between the micronucleus fre-
quency and the irradiated y-ray doses (Fig.
1.

In order to investigate the radioprotective
effect of Lifukang, we added various concen-
trations of Lifukang (0, 2, 10, and 50 pg/ml
to culture media at least 30 min before irra-
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Fig. 1. Dose-response curve for y-ray induced micro
nuclei in Chinese hamster (V79-4) cells. CB
cytokinesis-blocked.
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Table 2. Frequencies of micronuclei in 1.5 Gy of v
ray-irradiated Chinese hamster (V79-4) cells
in the presence of Lifukang or DTT

Treatment ' Micronuclei
in 500 binucleated cells
Unirradiated 15 3.4
control

Lifukang, 0 ug/ml 36 7.2
2 ug/ml 14 2.9

10 pug/ml 8 1.6

50 ug/ml 8 1.6

DTT, 1 mM 15 34

diation. Then, cells were irradiated with 1.5
Gy of y-ray in the presence or absence of Li-
fukang. Frequencies of micronucleus were
scored as shown in Table 2. When there was
no treatment, we observed 36 micronuclei (7.2
%) in 500 cytokinesis-blocked (CB) cells. At
concentrations of 2pug/ml of Lifukang, the
numbers of micronuclei in 500 CB cells was
reduced to 14 (2.9%). At higher concentra-
tions of Lifukang (10 and 50 pg/ml), the
numbers of micronuclei in 500 CB cells was
even lower, only 8 micronuclei (1.6%) were
observed in both cases. These reduction in
frequencies of micronuclei was even lower
than that of the positive control dithiotreitol
(DTT), which is 15 micronuclei in 500 CB
cells (3.4%). These data suggest that Lifu-
kang shows radioprotective effect in vitro,
and the effect is comparable to or even high-
er than that of DTT. Therefore, we conti-
nued to investigate in vivo radioprotective ef-
fect of Lifukang.

In vivo radioprotective effect of Lifu-
kang - We measured the frequencies of ap-
optotic cells in small intestinal crypts of 2
Gy of y-ray irradiated mice as biological end-
point of radiation damage (Fig. 2) and the
results are shown in Table 3. When there
was no treatment, average 4.4 apoptotic cells
were observed in each crypt of irradiated
mice. When Lifukang preparation was admi-
nistered P.0O., the average number of apop-
totic cells was reduced to 3.1. When Lifu-
kang preparation was administered LP., the
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Fig. 2. Apoptotic cells in mouse small intestine 6 hrs
after 2 Gy of y-ray irradiation. Three apopto
tic cells (4) and a mitotic cell ({}) lain in
crypt epithelium are indicated.

Table 3. Effect of Lifukang on radiation-induced ap-
optosis in small intestinal crypt of y-ray-
irradiated mice

Treatment Numbers of apoptotic cells
Unirradiated control 0.094 + 0.02
Irradiated 44 +05
Lifukang (P.O.) 31 =+£0.3*
Lifukang (I.P.) 2.8 +0.5*%

DTT (I.P) 21 +04

Lifukang was administered at doses of 1 mg/ml in
drinking water for 7 days (P.O.) or 0.3 mg/mouse 24
hr prior to 2 Gy of y-ray irradiations. Two hundred
crypts were scored in 4 mice. Mean+ 8.D., (*, P<
0.05), ¥, P<0.01.

reduction in the average numbers of apop-
totic cell were even lower, 2.3 apoptotic cells
in each crypt were scored. These results are
comparable with the effects of positive con-
trol, DTT which showed 2.1 apoptotic cells
in each crypt.

In addition, we used the formation of en-
dogenous spleen colonies to analyze in vivo
radioprotective effect of Lifukang (Table 4).
Irradiation control group showed average 14
endogenous spleen colonies. Administration
of Lifukang through P.O. either before or aft-
er irradiation increased the formation of en-
dogeneous spleen colonies to 15.3 or 18.3,
respectively. In the case of I.P. injection eith-
er before or after irradiation, the numbers of
the endogenous spleen colony were incre-
ased to 14.7 or 19.6, respectively. Our data
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Table 4. Effect of Lifukang on the formation of spleen
colonies in y-ray-irradiated mice

Treatment Numbers of endogenous
(n="7) spleen colonies

Unirradiated control 0

Irradiated 14.0+2.7
Lifukang before IR (P.0.) 15.3+2.5
Lifukang before IR (L.P.) 14.7+45
Lifukang after IR (P.O.) 18.3+5.2
Lifukang after IR (I.P.) 19.6+3.4*

For P.O., Lifukang was administered at doses of 1
mg/ml in drinking water for 7 days before irradia-
tion or for 11 days after irradiation. For L.P., 0.3 mg/
mouse of Lifukang was administered 24 hr before or
30 min after irradiations. IR; irradiation of 6.5 Gy of
v-ray. Mean + S.D., (¥, P<0.01).

showed that there are better endogenous
spleen colony formation effect when Li-
fukang was administered after irradiation.
These data suggest that Lifukang may be in-
volved in protection of the cells from the
damage and also in recovery from radiation-
induced damages of the cell.
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