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Abstract

Continuous oral administratiu.: of the Chinese medicinal prescriptions, Hotyt-ekki-td
(HET), Sy6-saiko-t0 (SST) and Zytizen-taiho-td (ZTT) since 3 weeks before irradiation with
a dose of bone marrow death, increased the 30-day survival ratios of X-irradiated mice.
The administration enhanced the recovery of blood cell counts, especially that of throm-
bocytes as well as blood forming stem cells (CFUs) in bone marrow. In the irradiated mice,
occult blood appearance in feces which reflects hemorrhaging tendency in tissues, was
diminished by the three prescriptions.

Kew words Chinese medicinal prescriptions, oral administration, mice, X-rays, hemo-
poiesis stimulation, prevention of hemorrhage, radiation protection

Abbreviations CFUs, colony forming unit in spleen ; HET, Hotyi-ekki-td (Bu-Zhong-
Yi-Qi-Tang), i 25 % 4 ; SST, Syd-saiko-td (Xiao-Chai-Hu-Tang), /%288 ; ZTT,

ZyQzen-taiho-t6 (Shi-Quan-Da-Bu-Tang), +4& kK5

Introduction

Many substances which exert the effect of
radiation protection in mice have been report-

1,2)
ed.

gers such as WR2721 including the thiol group

Among these substances, radical scaven-

in their molecular structure provide the most
effective protection against exposure. However,
most of these chemicals have to be administered
by .injection immediately before irradiation, as
it provides little or no protection when given
orally.S)
able.

pounds were developed, but the doses used for

In addition, severe toxicity is unavoid-
Recently, some oral-type of thiol com-

radiation protection were about one third of
their LDs0/30 for mice.” Therefore it is diffi-
cult to apply these chemicals to get a large number
of people to keep vital resistance against expo-

sure. Little is known about the practical appli-
cation of non-thiol radioprotectors such as hy-
poxic agents or amins, too. Further, there are
very few reports about physiological radiopro-
tectors with very low side effects.

In order to find out physiologically efficient
substances to protect mice from radiation injury,
we examined several Chinese medicinal prescrip-
tions which have been used for patients to acceler-
ate recovery from severe diseases. In this paper,
radiation protection by continuous oral adminis-
tration of three prescriptions, Zyfizen-taiho -td
(Shi-Quan-Da-Bu-Tang), Hotyti-ekki-td (Bu-
Zhong-Yi-Qi-Tang) and Syd-saiko-t6 (Xiao-
Chai-Hu-Tang) to mice was investigated at the
main stages of thrombopoietic hematogenesis

after X-irradiation.
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Materials and Methods

Administration of Chinese medicinal prescrip-

tions .

tions of herbs were supplied from Tsumura-Jun-

tendo Co., Ltd., Japan.
solved in drinking water without elimination of
a little volume of insolubles. Suspension was
separately given to mice freely since 3 weeks
before irradiation and throughout thereafter.
The concentration was 0.4 or 1.2 g per liter, and
daily dose per body weight was estimated to be
equivalent to the human dose (about 2 g/day).

Animals and irradiation . Six week-old male
mice of ICR strain were whole-body irradiated
with X-rays (200 kV, 20 mA, 0.3 mm Cu-+ 0.5
mm Al filter, 50 R/min). Each of the ten mice
were housed in a cage at 25+ 1°C and 60+10%
of relative humidity (all fresh air) and were ad-
ministered with nutrient chow.

Determination of radioprotective activity . Sur-
vival ratios on day 30 after irradiation were sta-
tistically examined by Chi-square test applying
Yates’ correction.

Measurement of hemogram and 10-day CFUs

. Blood was collected from retroorbital plexus

of mice. The same mice were never sampled

Freeze - dried extracts of three prescrip-

The extracts were dis-
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again. The blood cells were automatically count-
ed with a thrombocyte or cell counter.

The number of blood forming stem cells (10-
day CFUs) was measured by the method of Till
and McCulloch.”

(donor) irradiated with 525 R were intravenously

Bone marrow cells of mice

injected into mice (recipient) previously irradiat-
ed with 1050 R. Five recipient mice were pre-
pared for each donor mouse. Ten days after the
the mice were sacrificed and the
Col-

onies on the surface of the spleen were counted.

injection,
spleens were fixed with Bouin’s solution.

Determination of occult blood appearance :
Hemoglobin content in feces of irradiated mice
was determined by the method of Yonezawa®
which modified that of Wahba in a quantitative
one. Daily feces of mice irradiated with 650 R
and bred separately were collected, dried at 115C,
and powdered in a mill. More than 5 mice were
used for each group. Hemoglobin content was
determined by comparing the absorbance with the
standard curve for purified hemoglobin.

Statistics . Indices are expressed as mean *

standard error.
Results

Effects of Chinese medicinal prescriptions on sur-
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Fig. 1 Effect of ZTT, HET or SST on the survival of mice irradiated with 660 or 680 R of

X-rays.

Forty animals were used for each group. The prescription was orally administered since
3 weeks before irradiation. ZTT : Zylizen-taiho-t6, HET : HotyQ-ekki-ts, SST : Syd

-saiko-to.
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vival in mice

Fig. 1 shows the time -survival relation of
mice administered with three prescriptions, and
irradiated with 660 R or 680 R. Protective effect
of the drugs appeared at 10 to 20 days after
exposure, that is, at the time of bone marrow
death. Difference in 30-day survival ratios be-
tween the experimental and the control groups
was significant (Table 1).

Table I Effect of the Chinese medicinal prescrip-
tions on the survival ratio and hemogram in mice.

Prescription ZTT HET SST
Conc. (g/1) 0.4 0.4 1.2

Survival ratio
Radiat. dose (R) 660 660 680

Significance p<0.001 p<0.4 p<0.005
Hemogram
Radiat. Dose (R) 550 550 550
Erythrocytes + + *
Leukocytes + + +
Thrombocytes + + +

ZTT : Zyfzen-taiho-td, HET : Hotyti-ekki-to,
SST : Syd-saiko-to

Prevention of occult blood appearance in feces of
irvadiated mice by Chinese medicinal prescriptions

When a positive occult blood reaction in
feces of mice irradiated at the doses that produce

(mg) (A) on day !

20t

AR R

bone marrow death, or even at a sublethal dose,
was found, hemorrhage in various organs was
also detected.” Therefore, the hemorrhaging
tendency in various organs will be detected by
the estimation of daily hemoglobin content in
feces. In this experiment, the hemoglobin con-
tent in feces was estimated on days 11 and 15
after irradiation with 620 R, because the hem-
orrhage into daily feces was observed on those
days with biphasical peaks in unadministered
group” Fig. 2 shows occult blood appearance
in feces of irradiated mice. Among three pre-
scriptions used, ZTT only diminished hemor-
rhage on day 11, and all the prescriptions did on
day 15. Prevention of hemorrhage by the pre-
scriptions is of use to avoid death in a critical
condition of bone marrow injury.
Recovery of hemogram in irvadiated wmice
Hemogram was examined in mice irradiated
with the lower doses to avoid death within 30
days after the exposure. Fig. 3 shows throm-
bocyte counts of mice irradiated with 550 R.  On
irradiation, they decreased rapidly at the 4th day,
reached minimum at the 10th day and then grad-
ually recovered at the 14th day. The rapid re-
covery in the administered groups was found to
begin at the 18th day, but recovery in the control
group delayed. Among the prescriptions em-
ployed, the effect of ZTT was somewhat better

(8) on day 15

@HET
V/A SST

Fig. 2 Hemoglobin content in daily feces of mice irradiated with 620 R.

Administered dose was 1.2 g/1.
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Fig. 3 Thrombocyte counts of mice administered with the prescriptions (1.2 g/1) and irradi-

ated with 550 R. Five mice for each point.
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Fig. 4 Blood forming stem cells in mice irradiated with 525 R on day 10.

Administered dose was 1.2 g/1.

than others. In the administered groups, the re-
covery of thrombocyte counts observed after
the 14th day may be concerned in the prevention
of hemorrhage on day 15 as in Fig.2.

Effects of each prescription on both erythro-
cyte and leucocyte counts in mice irradiated
with 550 R are shown in Table 1.

Stimulated recovery of pluripotent blood forming

- stem cells (CFUs) by Chinese medicinal prescrip-

tions
10-day CFUs in mice irradiated with 525 R of
X - rays were rarely found until the 3rd day
after exposure, regardless of administration or
non-administration of the prescriptions. An ex-
. . 6) .
periment carried out by Yonezawa ef al.” in-

troduced the result that the stimulated recovery
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of CFUs by ginseng was marked on and after
the 6th day. According to the procedure, we
compared stimulating effect of CFUs by the pre-
scriptions on the 10th day after irradiation with
525 R. As shown in Fig. 4, the three prescrip-
tions stimulated recovery of blood forming stem
cells (CFUs).
ery of thrombocyte counts is not only due to the

The result means that the recov-

stimulation of a cell differentiation promoting
factor, but the activation of all over the reticulo-
endothelial system.

Discussion

It is well known that exposure with a suble-
thal or midlethal dose of ionizing radiation pro-
duces bone marrow death at 10 to 20 days post-
irradiation. Nakamura ef al. reported after de-
termining occult blood appearance in feces and
observing tissue hemorrhage that radiation -
induced hematopoietic death in mice was closely
related to thrombopenia and was caused by the
cerebello ~ medulla oblongata hemorrhage e
Since the hemorrhage in various organs was re-
flected on hemoglobin content in feces, we also
examined it. As in Fig. 2, hemorrhage into
feces was significantly prevented in the drug-
administered mice. This result would be rela-
ted to the prevention of hemorrhage in tissues,
and to the increase in survival ratio after ex-
posure on the administered mice (Fig. 1). The
prevention of hemorrhage is supported by the
enhancement in recovery of thrombocyte counts
(Fig.3).
covery of thrombocyte counts is essential for

These results would show that the re-

the maintenance of life.

We found that oral administration of the pre-
scriptions, ZTT, SST, and HET, enhanced re-
covery of CFUs in mice after exposure (Fig. 4).
Ito and Shimura reported that oral administra-
tion of the prescription such as ZTT or SST en-
hanced the function of the reticuloendothelial
system (RES) in tumor-bearing mice, though the
activity with administration of HET appeared
only when it was injected.g) Mori et al. showed
that blockade of RES by injection of carbon
particles promoted the recovery of pluripotent

1986)

blood forming stem cells, and they pointed out
that radiation-resistant stromal cells might con-
trol the multiplication of CFUs after exposure!®*"
In considering these results, the radioprotective
effect would appear through the stimulation of
the RES in mice.

The prescriptions are not radioscavengers,
so that the protective effect on radiation is ob-
served below the dose of bone marrow death.

The three prescriptions commonly contain gin-
seng and licorice. Yonezawa e/ al. reported
that a single injection of the partially purified
extract of ginseng before or after whole-body X-
irradiation protected mice from bone marrow
death, and pointed out that the accelerating recov-
ery of thrombocyte counts was one of the most

12) . .
Likewise,

important factors for restoration.”
licorice has been found to have protectivity
against radiation injury, though acceleration of
recovery of thrombocyte counts was not ob-
served .’ Shiki et al. suggested that glycyr-
rhizin, one of the components of licorice, may
stabilize lisosome by inhibiting phospholipase A,
activity, which was involved in the lipid metab-
olism of rat arterial wall.'” These results show
that the radioprotective effect observed with-
in the 14 days after the irradiation may be
caused by factors other than stimulated recov-

ery of thrombocyte counts.
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