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ABSTRACT

AIM: To observe polysaccharide of Spirulina platensis
(PSp! on the hematopoietic system of mouse and dogs
which were damaged by injection of cyclophosphamide
(CTX) and ® Co-v imadiation. METHODS: CTX and
*'Co-y ray were used 10 induce bone marrow damage,
and the expertmental anmimals were ig with different dose
of PSp in vive, after 12-d and 21-d administration, the
whole blood cells and nucleated cells in bone marrow
were measured, and the DNA in bone mamow were
inspected by UV-spectrophotometer. RESULTS. CTX
and ®Co-y imadiation induced hemopoietic system
damage in mice and dogs, respectively. PSp 30, 60
mg/kg increased the fevel of the white cells in blood and
nucleated cells and DNA in bone marrow in mice but had
no effects on red cells and hemoglobins. PSp 12 mg/kg
increased the level of red cells, white cells, and
hemoglobins in blood and nucleated cells in bone marrow
in dogs ( P <0.01), and the effects of PSp 60 mg/kg
were better than that of berbamine hydrochloride 60 mg/
kg. CONCLUSION: PSp has chemo-protective and
radio-protective capability, and may be a potential
adjunct to cancer therapy .

INTRODUCTION

Polysaccharide of Spinding platensis (PSp) is an
acidic polysaccharide attracted from Spiruling , containing
thamnose, fucose, xylose, glucose, and
galactose.  Its molecular weight (M) is between 3.4 x

mannose,

10° and 2.9 x 1{°. There were many researches reported
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that it had anti-oxidant and ant-fatigue effects!'’, and
increased the immune capability in body and promoted
DNA synthesis. In plant it can prevent cells from
irradiation damage,
synthesis capability'? .

Chemotherapy and radiotherapy, common methods
in tumor therapy, not only kill tumor cells, but also
make many adverse effects primarily because of damage
of the hematopoietic systemw"' . As a natural agent, PSp
has litle toxicity to human, and its usage in tumor
therapy attracts much attention.
tesearch finds indicated that it suppressd the growth of
tumor cells, promoted NK cells activity, and induced
lymphocyte in spleen to produce TNF-o'*. It is also
found that PSp can increase the rate of survive of mice
and promole hematopoietic stem cells and progenitor cells
to differentiate after lethal “Co-y ray irradiation’*.
Based on the characteristics of low toxicity and anti-tumor
activities, we want to study whether PSp has some effect
on hematopoietic system after chemical and radical
damage.

and enhance DNA repair and

In vivo and in vitro

MATERTALS AND METHODS

Materials PSp were supplied by China Pharma-
ceutical University, polysaccharide acounted for 63.5 %
(970912 ).  Berbamine hydrochloride ( BH ) was
purchased from the Wuxi Ne Six Pharmaceutical Factory
{No 960112 ).  Cyclophosphamide ( CTX ) was
produced by Shanghai No 12 Pharmaceutical Factory (No
960501 ) ; Cesium-137 radiation of ®Co-y { Subei Renmin
Hospital, 100 Gy/min).

Animals ICR mouse of cither sex (Grude 1T,
Centificate Ne 93104 ) were purchased from Central
Experimental Animal Facility of Yangzhou University.
The animals, 2-month-old, 18 — 22 g, were housed 10
per cage.  The dogs (No 9100013) weighed between
5.8 and 7.2 kg.
access to food and water during experiment.

Effect of PSp on hemopoietic system of mice

All the animals were allowed free
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induced by CTX  Sixty ICR mice were divided into 6
groups, The contro] group were ig administered distilled
water 15 mL+kg+d ™! and the positive control group were
given ig BH 60 mg-kg-d™' for 12d.  The other three
PSp-treated groups were given ig PSp 15, 30, and 60
mg-kg+d 'for 12 d. After consecutive administration
for 5 d, except for the control group. all the mice were
injected CTX ip 100 mg-kg+d ™" for 3 d,

On the 12th day. the white and red blood cell
{WBC and RBC) number were counted and hemoglobin
were measured, respectively.

For DNA determination, on d 12, the mice were
sacrificed and the femurs of both sides were obtained.
The cavity of right femur were washed with 10 mL CaCl,
using a sterile syringe and a 26-gauge needle.  The
solution was placed into an icebox at 4 C for 30 min,
then centrifuged at 2500 x g for 15 min. After the
supernatant was casted off, HCIO, 0.2 mol/L 5 mL was
added in the precipitamt and mixed thoroughly. then
heated at 90 C for 15 min, The liquid were passed
through stainless steel meshnets after cooling. The
optical density of the liquid were measured under UV-
spectrophotometer at 260 nm. (1 unit of ODgyy =
dsDNA 50 mg/L. DNA in per femur = OD value x 50
X3 ug.

The cavity of the lefi femur was washed with 10 mL
3 % acetic acid to get the bone marrow cells, Cell
counts were obtained using a hemocytometer.

Effect of PSp on hemopoietic system in dogs
induced by % Co-y irradiation in dogs Nomal dogs
{ n =20) were divided into 5 groups and fed routinely for
| week before experiment, The normal control group
and model group ('Co-y imadiation group) were fed
with pig intestines which has no drug. The PSp-treated
groups were fed with PSp, which were mixed with meat,
at the dose of 3 and 12 mg - kg d~' for 26 d,
respectively.  The positive control group were fed with
BHI12 mg-kg-d™' for 26 d. On d 3, the dogs were
irradiated by * Co-¥ ray at 100 Gy/min. White and red
hlood cells, bone marrow cells, and hemoglobin were
measured on d 7, 14, and 21, respectively.

Statistical analysis Daa were expressed as
r*s and amalyzed by paired r-test. P < 0.03 was
considered significant.

RESULTS

Effect of PSp on the decrease of peripheral
blood cells induced by CTX CTX decreased

peripheral blood cells including white blood cells, red
blood cells, and hemoglobin. PSp 30 and 60 mg-kg-
d~' for 12 d increased the white blood cells 10 15 % —
60 %, and the effect of PSp 60 mg-kg*d™' was beuer
than BH, but they had no effect on the red blood cells
and hemogiobin (Tab 1).

Tab 1. Effect of PSp on the decrease of peripheral blood
cells induced by CTX. n=10. xtxs. P<0.05, P<
0.01 s control. P <0.01 »s CTX 100 mg-ke-d™ ",

_1 -2 ; HB/

Gup 10 ;_\?IBC/ 10 L%FBC it
Cotrol 11.5£2.6 53+04 13812
CTX (M0 mgrkgx3d) 33702  4.13+0.08 1303
CTX + BH (60 mg/kg) 452095  44204" 13T=UF
CTX+PSp (15mg/kg) 392045  4.16£0.07 12625
CIX+PSp (30me/kg)  4.5+0.7° 43205 132212
CTX+PSp (60 mgkg)  5.5+1.3° 4360227 132+9

Effect of PSp on the decrease of DNA and
nucleated cells in bone marrow induced by CTX
CTX decrcased the DNA and nucleated cells in bone
marrow, which indicated a distinct suppression on bone
marrow. PSp increased levels of the DNA and nucleated
cells in the suppressive state, The effect of PSp 60 mg*
kg+d ' is better than BH (Tab 2).

Tab 2.
marrow induced by CTX.
‘P <0.01 vs control group,

Effect of PSp on the decrease of DNA in bone
n=5 x=+s. "P<0.05,
P <0.05, P<0.01 25 CTX

group.

G Contentt of DNA/ 19~% x Nucleated

Toup g per femur cells per femur
Control 270 =48 10.0x1.4
CTX (100 mg/kg) 06 + 36° 1.16 £0.16°
CTX + BH {60 mp/kg) 200 £ 72¢ 7.0 1.8
CTX+ PSp {15 mg/kg) 198 + 40 2.7£0.6"
CTX + PSp (30 mg/ke) 135 £ 247 4.9+0.44
CTX + P3p (60 mg/kg) 223 + 87 7417

Effect of PSp on decrease of peripheral
blood cells and nucleated cells in bone marrow
induced by ®Co-y irradiation in dogs ®Co-y
irradiation reduced white blood cells, red blood cells, and
hemoglobin in peripheral blood to 62.5 %, 26.4 %,
and 18.9 % respectively. PSp 12 mg/kg increased the
levels of white and red blood cells and hemogiobin ( Tab
3, 4).
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Tab 3. Effect of PSp on the decrease of white blood celis
caused by ®Co-y irradiation. n=4. zxs. "P<0.05,
P <0.01 vs control group. °P <0.05, TP <0.01 vs model
group.

10-°x WBC/L !
Group d7 dl4 a2l
Normal control 120525 10.8223 11.6225
Model(*°Ca imradiation ) 45204 4912 7115
*'Co+ BH!12 mg/kg) 6.0£0.9% 7.0£1.3"  8.0+0.4°
HCo+PSpl3 mykg) 472055 330018 7.222.2°
*Co+ PSp!{12 mgkg) 6.320.9° 712085 8609

After 7 d ® Co-y irradiatior, the grannulocyte
system and erythroid system were greatly suppressed,
PSp decreased the injury coursed by ® Co-v imadiation,
and the effect of PSp 12 mg/kg is better than that in BH
12 mg kg group {Tab 5).

DISCUSSION

Chemotherapy and radiotherapy are the most
commonly used methods in cancer treatment, but they
inevitably led to a decrease in bone marow function
which was reflected by a substantial decrease in mature
blood elements'® . In this experiment the DNA and
nucleated cells in bone marrow and the level of peripheral
blood cells and hemoglobin were all decreased markedly
afier CTX or *Co-y ray treatment indicating that
chemical or radiant injury model was established,
respectively.

Our results showed that PSp 30 and 60 mg/kg in
mice as well as 3 and 12 mg/kg in dog could increase the
level of white cells and hemoglobin in blood and
nucleated cells in granulocyte system and erythroid
system. Liou ¢r af reported that it could prevent the
bone marrow cells in mouse from injury induced by
irradiation'”.  Pang et al'®! studied the radioprotective
effect of an extract of Spirulina platensis using the
micronucleus test in polychromatic erythrocytes of bone
marrow of mice, In this system the extract caused a
marked reduction of the micronucleus frequencies induced
by pamma-radiation. The prior research in our
laboratory indicated that P.Sp protected DNA of 2BS cells
from damage induced by UV irradiation. All ahove
findings were consistan! with the presenl resnlts.  Xu e/
al found it could increase spleen weight and the number
of lymphocyte and promote spleen lymphocyte
transformation in mice exposed to gamma-ray‘:”]. Also
as a natural agenl, glycosides of cistanche (GCS) has
similar effect as PSp on hematopoietic system of ® Co-y
ray irradiated mice, and the mechanism of this effect has
relevance to its anti-oxidant capability .  The
radiation-protective effects of PSp may be related with its
anti-oxidant and anti-fatigue capability'" and immuno-
proliferative effects.

In summary, PSp had chemo-protective and radio-
protective capability and was a potential agent for the
restoration of hematopoesis in patients after radiotherapy
and chemotherapy.

Tab 4. Effect of PSp on the decrease of red blood cells and hemoglobin in peripheral blood cells caused by Co-v.
n=4. xzs. "P<0.05 P<0.01 vs control group. P < (.05, P <0.01 vs model group.

a7
Group 1072 % -
gc/L-t MBEL
Normal control 6.6+0.6 152 + lo
Model (*Co imradiation) 4.9+0.6 123+ 13
“Co+ BH( 12 mg/kg) 55+0.7 138 + 14
“Co+PSp(3 mgkg) 5.1£0.8 127 £6b
“Co+ PSp{12 mp/kg) 6.1+0.3 149 = 14¢

d14 a2
10712 x 1072
gL sl
RBC/L-) TR gpo- Bl
6.521.0 149+ 10 6.420.8 432 17
5.0+0.6 1374+ 13 62208 144413
6.2+0.4 151+ 15 6.4+0.7 146+ 18
5.6£0.0 141£5 5.6+0.7 M8
6.8+0.3  13:14 6.420.5 I58£17
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Tab 5. Effect of PSp on the suppression of hematopeietic
system caused by *Co-y, n=4. %z s. "P<0.05,
P <0.01 ps control group. ‘P <0.05, *P <0.01 vs model
group.

Nucleated cells
Graup

d7v dld dzl
In granulocyte systemy %
Nommal control 49+5 LUEYS Bl
Model( *'Co imradiation) 2207 10+ 4° 46+ 5°
“Co + BHI 12 mgke) 558309 242297 4728
80+ P3p13 mg k) 20+].1¢ 163217 4623
“Co+PSpl12 mgke) TTL 1 2.3x2097 Ao
In erythreid system/ %
Nurmal control N4 X324 31+3
Model(*“'Co imadiation) H=ab 19+6 2K +b
"Co+ BHII2 mg kg) 18.0+2.0¢ 20021 225
o+ PSp(3 mpkg) 14+4° 18.8£29° 2106
'Co+ PSp(12 mg'kg) 214 214 3xd

REFERENCES

1 Zho SY. Expermental research on the anti-oxidation and

anii-fatigue  effect of the polysaccharide from Spiruding

platensis cultivated in Yunnan,  Chin J Biochem Pharm 1995;

16; 255-8.

Pang QS. Guo BJ, Ruan JH. Effect of polysaccharide from

Spirulina platensis on the activity of cndonuclease and on DNA

repair-synthesis capability.  Acta Genet Sin 1988; 15, 371 -

8l.

3 Crearen P). Mihchi E.  The clinical toxicity of anti-cancer
drugs and its prediction.  Semin Oncol 19775 41: 479,

1 Qu XJ. Cui SX, Xie SY. Antiumor sudies on the
polysaccharides Spiruling platensis in vive.  Chin J Mar Drugs
20001 19, [0-4.

5 Wang YL. Chen WH, Xie YX. Study on the pharmucologic
functions of the polysaccharide of Spirufing maxima. Biotech
Bull 1999; 15: 26-9.

6 Hoagland HE.  Hematlogical complication of
chemotherapy.  Semin Oncol 1982: 9: 95-7.

¢ 1iou LS. Guo BJ, Ruan jH. The rescarch on the inhibitory
activity of polysaccharide from Spindina platensis on wansplant

1o

caneer

murine cells.  Ocean Sci 19915 9: 33 -5.

8 Pang QS, Guo BJ, Kolman A. Radieprotective effect of
extract from Spinding platensis in mouse bone marrow cells
studied by using the icronucleus test,  Toxicol Lett 1989;
18; 165-9.

9 Xu H, Yu ZG, Shu HQ. FEffect of polysaccharides from
Spirulina platensis on immunological function of mice exposed

10 gammu-ray.  Radiat Res Radiat Tech ] 1997: 15; 186 -

8.

10 Jiang XY. Wang XW. Protective effects of glvcosides of
cistanche on hematopoietic system of * Co-ray irradiated mice .
Chin Phacmacal Bull 20005 16 332 -5,

R SR NR A KIS IR R L F B
£ H

A, REF, W F, Kl
(M K EB BT AT, M 225001, FE)

REW e SHEL, S8 v 0 R
Al e H % AMMTHEG HATHE

Biy. TP sIE B (PSp) ) 185 B A1 Co-y
SFFEAARRMRENREME AR, HiE H
L AT SRS BERE LA R B Co-y ST £ BR 3T 75 BB & /b
RMRHEsEERG. SnamitRMaSEEEamn
iHf. HEMaRCEHRMESH DNAK S8,
HR. ARENAYCoy MR T AERDRAKF
B A S, PSp 30, 60 me/ke REFFR
s B O T 0 G ORI A AT M4 B 4L RL & DNA
By PSp 12 mp/kg fEAE KBS H BRI, WL MA)
Bmagii AR EnaESRKFELET(P<
0.01), HU7 skt T/ ERE . Hib. PSp ATEM
R EP R AHR PR A]

(Fheasd R R)



