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Effect of polysaccharide from spirulina platensis on hematopoietic recovery
and related cytokines in mice with transplant tumor after treated by

chemotherapy
ZHANG Hong-Quan, LIU Xiao-Mei

( Medical and Pharmacological Institute of Y angzhou University, Yangzhou 225001 )

ABSTRACT AIM: To evaluate the effect of polysac-
charide from spirulina platensis (PSP) on hematopoietic
recovery and related cytokines in mice with transplant tu-
mor after treated by chemotherapy. METHODS: The tu-
mor cells were subcutaneously injected in the right forefoot
to induce transplant solid umor in mice. The mice were
ig with PSP for 10 d and injected intraperitoneally with
cyclophosphamide (CTX) for3 d. Ond 11, the count of
peripheral blood cell, nucleated cell in bone marrow and
CFU-S (Colony Foming Unit-Spleen) was observed; The
content of DNA in bone marrow was inspected by UV-
spectrophotometer; The cytokines in serums werwr inspect-
ed by double antibody sandwich ELISA. RESULTS:;
CTX could induce evident myelosuppression. But PSP
could elevate the level of peripheral blood cell, increase
nucleated cell and DNA in bone marrow, and promote
CFU-S formation. In addition, PSP could also increase
the content of IL-1, IL-3, GM-CSF, and TNF-a in
serum. CONCLUSION: It is probably that PSP acceler-
ates the hematopoietic recovery in mice with transplant tu-
mor treated by chemotherapy by promoting endogenous cy-
tokines secretion.
KEY WORDS

transplant tumor; myelosuppression; hematopoietic recov-

polysaccharide;  spirulina  platensis ;

ery; cylokines
CLC Number: R453; R976

Documentcode: A
Article ID: 1009-2501(2002) 02-0110-05

Received 2002-01-14 A ccepted 2002-02-27

1 The Project Supported by Nature Science Foundation of Jiangsu Province,
NoBJ98313.

ZHANG Hong-Quan, correspondence author, male, professor.

Tel: 86-:514-797-8877  Fax. 86-514-734-1733

E-mail; zhanghqmd@x263. net

To date, chemotherapy is still one of major methods
in wmor therapy. Bone marrow is more sensitive to
chemotherapy. Besides kills tumor cells, chemotherapy
also induces evident myelosuppression that is reflected in
a substantial decrease and apoptosis of hematopoietic
cells. The regulation of cytokines to hematopoietic system
is the heat dot of research and positive and negative
hematopoietic factors all participated in hematopoietic reg-
ulation' ! . Polysaccharide from spirulina platensis ( PSP)
is a natural material extract from spirulina platensis .. It is
reported that PSP has anti-aging, anti-irradiation, anti-
tumor and promoting synthesis of pNA'? , and can pro-
mote hematopoietic in normal and chemotherapy injured

Y. But the machanism of

. . [3,
mice in previously research
PSP in

chemotherapy is still unclear, and the wrlated research

pomoting  hemalopoietic  restoration  after
about animal bearing tumor is not reported. To further ex-
plored the mechanism, this experiment observed the effect
of PSP on hematopoietic recovery and related cytokines in
mice with transplant tumor after administrated with
chemotherapy .

1 MATERIALS AND METHODS

1.1 Materials PSP were supplied by China Pharma-
ceutical University, PS acounted for 84.3 %( No971622) .
Cyclophosphamide ( CTX) was produced by Shanghai
Hualian Medicine Co Lid ( NaOO1113). ELISA Kit for
interleukin-1 ( IL-1), IL-3,
macwophage colony stimulating factor (GM-CSF), and w-

mouse granulocyte-
mor necrosis factoro ( TNF-a) were purchased from
Shanghai Sengxiong Biotech Industry Co Lid.

1.2 Animal Either sex ICR mice( 8§week-old, 18—
20 g) were supplied by the experimental animal center of
Yangzhou University (grade II, certificate No0O3). The
animals were allowed free access to food and water during

experiment.
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1.3 Tumor line Heps hepatocarcinoma cell line, pw-
vided by Shanghai Pharmacological Institute, Chinese A-
cademy of Sciences.

1.4 Modelling and grouping 2.0 10° tumor cells
were subcutaneously injected in the right forefoot to in-
duce transplant solid tumor in mice. Then the mice were
divided into 5 goups. In addition, normal control group
was added. The control and CTX goups were ig given
distilled water. The groups of large dose, moderate dose,

small dose of PSP were ig given PSP 200, 100, and 50 mg
kg '°d ', respectively. Drugs were administrated at 24
h after plating tumor cells and all those drugs administra-
tion were kept on 10 d. Afier consecutive administration
for 3 d, except for the control groups. All the mice were
injected intraperitoreally CTX at the dose of 80 mg°kg '
°d ' for 3 d.

1.5 Peripheral blood cells count On d 11, the vein
blood was obtained from orbital cavity and @unted the
white blood cell (WBC) , the red blood cell ( RBC), the
hemoglobin ( Hb) and the blood plates cells ( BPC) .

1. 6 Marrow proliferation ability assay Marrow pwo-
liferation ability was indicated by DNA and nucleated
cells in bone marrow. After drugs ig administrated for 10
d, the mice were sacrificed and the femurs of both sides
were obtained to detemmine DNA in bone marrow and
counted the nucleated cells in bone marrow. DNA in bone
marrow determination: after got the right femur, the cavi-
ty of femur were washed with 10 ml CaCl2 with a sterile
syringe and a 26-gauge needle. Then placed it to 4 C
icebox for 30 min, centrifuged at 2 500X g for 15 min,

casted off the supernatant fraction. Added 5 ml 0.2 mol~

L "HCI4 in the precipitant and intermixed thoroughly,
heated at 90 C for 15 min. The liquid were passed
through stainless steel meshnets after cooling. And the
optical density the liquid were measured under UV-spec-
tophotometer at 260 nm (1 0D260= 50 mg°L ' dsDNA.
DNA in per femur=0D value X 50X'5 tg) . Nucleated
cells in bone marow wunt; the left femur was obtained
and used 10 ml 3%} acetic acid to wash the cavity of fe-
mur to get the bone marrow cells. Cell counts were ob-
tained using a hemocytometer.

1.7 Hematopoietic stem cells proliferation assay
Endogenous spleen colony assay was used ” . The spleens
were emoved on d 11, fixed in Boun’ s solution, and
macwoscopically visible colonies would be counted and
scored as colony forming unit in spleen (CFU-S) .

1.8 Cytokines assay The cytokines in serums was in-
spected by double antibody sandwich ELISA .

1.9 Statistical analysis Data were expressed as x £
and analyzed by f-test. P<<Q. (05 was considered as sig-

nificant difference.

2 RESULTS

2.1 Effect of PSP on the decrease of peripheral
blood cells induced by CTX CTX caused the decrease
of peripheral blood cells including WBC, RBC, Hb and
BPC. PSP could increase WBC, RBC and Hb in periph-
eral blood, and the effect of 200 mg°kg ' was better than
that of 100 mg°kg ' and 50 mg°kg '. But PSP had no
effect on the decrease of BPC. The effect of PSP on pe-
ripheral blood cells successively expressed as: WBC™>
RBC,Hb>BPC (Tab 1).

Tab 1 Effect of PSP on the decrease of peripheral blood cells induced by CTX (x *s, n= 10)

Group WBC /10°°L ' RBC /101" Hb /gL Bc /10°L !
Nomal control 9.842.9 7.9740.8 133.7413. 4 662. 4-230. 4

Tumor contiol 9.842.3 7.540.5 126.14+7.9 659.2+164. 8

CTX 80 mgkg X 3d 6.511. 8" 5.941.09 99, 2416. 0°f 392.6191. 3"
CIX+ PSP 50 mg°kg ' 10. 544 1" 6.740.6% 113. 0410, 74 466.51116. 9
CIX-+ PSP 100 mg° kg ! 11.7+4.8" 7.0+0.64 117. 6410. 3¢ 435.7+218.2"
CTX+- PSP 200 mg° kg ' 13. 142, 6 7.44£0.6 124.5+9. 4! 436.34110. 8

b P< 0. 05, °P< 0. 01 vs Nomal control group; ©P<< 0. 05, P<0.01 vs Tumor contwl group; "P< 0. 05, P<<0. 01 vs CTX group

2.2 Effect of PSP on the decrease of DNA and nu-

cleated cells in bone marrow induced by CTX CTX
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significantly decreased the DNA and nucleated cells in
bore marwow, and induced evident myelosuppression.
PSP could increase the DNA and nucleated cells in the
suppressive state. The effect of large dose group was bet-

ter than that of moderate and small dose group (Tab 2) .

Tab 2 Effect of PSP on the decrease of DNA and nudeated
cells in bone marrow induced by CTX (x=+s, n=38)

Nucleated cells DNA

Group
X 10% femur X g/ femur

Nomal control 12. 142, 1 376. 6 133. 4
Tumor contwl 12. 4+2.3 314. 4+26. 6¢
CIX 80 mgkg "X 3d 8.3%+1.2¢ 239345464
CIX+ PSP 50 mg°kg ' 9.64-1.4*  288.0430.5
CIX+ PSP 100 mg kg ' 10. 412.6 291.1+36.0"
CTX+PSP 200 mg“ kg ' 13.742.9°  329.1£76. 1"

bP<0.05, ¢P< 0. 01 vs Nomal wntrol group ¢P<< 0. 05, 'P<<0.01 s
Tumor control groups " P< 0.05, P< 0. 01 vs CTX group

2.3 Effect of PSP on CFU-S in mice bearing Heps
treated by chemotherapy CI'X could significantly in-
hibit CFU-S formation. Whereas, three doses of PSP can
all remove the inhibition induced by CTX (Tab 3).

Tab 3 Effect of PSP on CFU-S in mice bearing Heps treated
by chemotherapy (x=+s, n=10)

Group CFU-S( number)
Normal control 4.94+1.8
Tumor control 4.3+2.1

CTX 80 mg kg "X 3d 2.3+E1.0%
CTX+ PSP 50 mg° kg 4.2%1.7
CTX+ PSP 100 mg°kg ' 4.7+1.9'
CTX+ PSP 200 mg°kg ' 5.0+2.0

¢P<0. 01 vs Nommal control groups °P<_ 0. 05 vs Tumor control group; ' P
<2 0.01 vs CTX group

2.4 Effect of PSP on related cytokines in serum
CTX could induce significantly decrease of 11-1 and 11-3
in serum, and there wewr significant difference when com-
pared with cntwol goups ( P<0. 01) ; CTX also induced
slight decrease of GM-CSF and increase of TNF-a in
serum, but there were no significant difference when com-
pared with control groups ( P~> 0.05). PSP wuld evi-
dently elevate the content of IL-1, I1-3 and GM-CSF in
serum and the effect of PSP on GM-CSF in serum was
more evident. PSP 200 mg °kg ' had no effect on TNF-«
in serum, but there was an increase trend with the dose
increase (Tab 4) .

Tab 4 Effect of PSP on related cytokines in serum (ng°L ', x+s)

Group n 11 -3 GM-CSF TNF-«
Nomal control 4 170. 0= 11. 1 231.248. 2 24.5+11.6 464.2+45. 6
Tumor contol 6 166. 6-8. 8 210.8+35. 8 20.5+3.7 471.7+46.3
CrX 80 mgkg 'X 3d 6 143. 2+1.34 138.7+8. 9¢ 17.442.8 496.3+125.6
CIX+ PSP 50 mg°kg 6 157. 4+5.8! 177. 64+10. 8¢ 44,9+17. 3" 497.2485.0
CIX-+ PSP 100 mg° kg ' 6 165. 6+11. 41 184. 4411. 24 44,4+15, 3" 496.0£104. 3
CI'X+ PSP 200 mg°kg ' 6 171. 3+12. 3 190. 1£21. 7 85.3+18. 4 575.2+105.7

> P< 0. 05, °P< 0. 01 vs Nommal control group; ©P< 0. 05, T P< 0.01 vs Tumor control group; "P< 0. 05, 'P<C0. 01 vs CTX group

3 DISCUSSION

Ogawa approximately divided hematopoitic growth
factors into thee categories; (1) early acting factors, in-
cluding stem cell factor (SCF) , FLT-3 ligand (FL), IL-
1, 111, leukemia inhibitory factor (LIF), and so on,
primarily mobilized cell cycle and pomoted proliferation
and differention of primitive hematopoitic stem cells; (2)
intermediate acting lineage norspecific factors, including
I-3, GM-CSF, and so on, chiefly supported proliferation

and, differention, of .multipotential . progenitors; , ( 3) late

acling lineage-specific factors, including granulocyte
colony stimulating factor(G-CSF), erythropoietin( EPO),
thrombopoietin( TPO) , and so on, mainly supported pro-
liferation and maturation of committed progenitors @ . For-
merly, a number of inhibitory factors had been proposed
as physiologic regulators of hematopoietic and appear to be
effective at very low concentrations. They include tumor
necmwsis factor-a (TNF-a), transfoming growth factor3
(TGF), interferon ( IFN), macrophage inflanmatory
protein-la (MIP-1a) , and so on. lately, a mount of re-

search, have cnfirmed, that these factors maintained .the



Chin J Clin Phamacol Ther 2002 Apr; 7( 2) ° 113 °

stem cells in Go mainly by blocking the entrance of
hematopoietic stem cells into the cell cycle so that potect-
ed hematopoietic stem cells from the cytotoxicity of
chemotherapeutic agents and lightened the myelosuppres-
sionf 07,

This experiment confirmed that CTX can induce evi-
dent myelosuppression and PSP can accelerate the
hematopoietic recovery. In addition, CTX can induce
significant decrease of II-1 and IL-3 and slight decrease
of GM-CSF and increase of TNF-« in serum. The reason
could be that chemotherapy mobilized primitive hemato-
poitic stem cells and progenitor cells, which inhibited
early and intermediated acting factors secretion in a nega-
tive feedback manner, and promoted negative growth fac-
tors secretion lo antagonize the mobilization of primitive
hematopoitic stem cells and progenitor cells induced by
chemotherapy. PSP can evidently elevate the content of
IL-1, II-3 and GM-CSF in serum. However, PSP has no
effect on TNF-« in serum, but there is an increase trend
with an increase in the doses of PSP. These results indi-
cate that PSP promotes endogenous positive and negtive
cytokines secretion and the effect on positive cytokines are
more evident. This consists with Grzegorzewski’ hypothe-
sis that jiontly using positive and negtive cytokines can
achieve more effective chemoprotection. Namely, positive
regulators of hematopoietic, such as Il-1, IL-6, CSFs
and/or SCF could be used to stimulate the proliferation
and/or production of critical stem, progenitor, or end-
stage hematopoietic cells. This approach could result in a
laige pool of these cells before chemotherapy, thus allow-
ing a more rapid recovering. Alternatively, they may be
used posttreatment to restimulate the remains of the stem/
pogenitor compartment after myelosuppression. Alterna-
tively the number of critical stem/ progenitor cells could be
increased and then a potent negative regulator of
hematopoietic used to temporarily inhibit their proliferation
thereby rendering them more resistant to killing by
chamotherapeatic drugs'" . However, in Grzegorzewski’
hypothesis, it is difficult to master the time and dosage of
the negtive growth factors be administrated, if we use ex-
ogenous cytokines to regulate hematoposis. Ogawa ever
supposed that negative growth factors appear to be effec-

tive at very low concentrations' 9 . Recently, Batard -

ported that, TGE B; at low physiologic. concentration espe~

cially maintained human primitive hematopoitic stem cells
in Gy and did not induce apotosis[a . All these experi-
mental results suggest PSP promotes endogenous positive
and negtive cytokines secretion and this intrinsic alliance
can more completely regulate hematopoietic recovery.
Moreover, IL-1 and TNF-o also induce bone marrow cells
to express mRNA for MnSOD and overexpression of Mn-
SOD can incrase resistance to chemotherapy. In addi-
tion, IL-1 increase the synthesis of NADPH of BM cells,
However MrSOD and NADPH are important to scavenge
free radical ” .

In wnclusion, it is probably that PSP alleviates
myelosuppression and accelerates the hematopoietic recov-
ery In mice with transplant tumor administrated with
chemotherapy by promoting endogenous cylokines secre-
tion. As for the mechanisms of cytokines implementing the

chemopmtection, it is necessaty to further research.
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