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AIM: To study if Coriolus versicolor polysaccha-
rides ( CVP} influence the superoxide dismutase
{SOD) activities in mire. METHODS: Normal,
turnor-bearing, and radiated ICR mice were injected
ip with CVP daily for 3— 15 d. The SOD activity
was assaved by epinephrine autoxidation test. RE-
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Received 1994-04-26 Accepred 1995-05-29

SULTS: The SOD activities in lymphocytes and
thymus were increased by CVP in both the normal
mice with aor without delayed hypersensitivity

(DDH ).

only inhibitory effects on tumor, growth and SOD

In tumor-bearing mice, CVP exerted not

activity in tumor tissue but also complete or partial
restorative effects on the suppressed DH and on the
declined SOD activities in lymphocytes, spleen, and
thymus. The total SOD and manganese-containing
SOD ( MnSOD) activities in lymphaocytes and thy-
mus were dose-dependently enhanced by CVP (5 ~
20 mg+ kg ') on d 3 after the tumor transplanta-
In the mice exposed to ®Co (3 or 6 Gy},

tion.
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DH and SOD activities were dose-dependently de-
creased. These changes were completely or partly
prevented by CVP. CONCLUSION: CVP exerted

the favorable effects on SOD activities in mice.

Coriolus versicofor polysaccharides (CVP) ex-
ert inhibitory effects on experimental and elinical tu-
mors. Lhese effects are presumed to be mediated
mainly by host-defence mechanism, especially im-

munological responeses. Superoxide dismutase
(S0I}) plays an important role in protecting cells
against superoxide radical () ) damages and over-
production of (7 or SOD abnormities exist in many

-4

diseases The present study was to investigate

if the CVP could exert some favarable effects on
S0D activities in vito.

MATERIALS AND METHODS

ICR mice, § & F (22.5% 5 2.3 g) were purchased
{rom the Experimental Animal Center of Second Military
Medical University (SMMU)Y. CVP was isolated and ana-
lyzed by the Department of Photochemistry of SMMU™!
CVFP was dissolved in normial saline { NS} just before use.
The stock solution of {-epinephrine { Fluka} 50 mmol-L™!?
was made in HC1 0.1 mol- L™, which was diluted each time
with redistilled water to make fresh 1 mmol+ L ™! solution for
assay. The buffers and solutions were prepared with deion-
ized glass-redistilled water and all the reagents were of AR.

Experimental protocol
normal, tumor-bearing, and radiated 1CR mice. Solid tumor

The experiment was made on

was transplanted by s¢ implantation of 5 < 10% Ehrlich ascites
DH was mduced by

diitrofluorobenzen'®™ in some mice 9 d after implantation or 1

carcinoma cells ( EAC) into mice®',

d after radiation. Briefly, CVP was injected ip at 1 h after
mmplantation in tumor-bearing mice for 3 - 15 d and on d 3
before DH induced {eg, 2 d before radiation) in radiated mice
for 8 d. Funally, the mice were decapitated and blood sam-

ples were collected for separating lymphocytes. Organs and
tumors were excised. rinsed, and frozen at — 40 T until
assay.

Preparation of SOD crude extracts'”*  The |lympho-

cytes separated from 1 mL of blood or 0.1 g of the samples
{spleen, thymus or tumor tissue} were homogenized in 2 mlL
of ice-cold potassium phosphate buffer 50 mmol * L7 (pH
7.4% for 2 min. After extraction at 4 'C for 30 min, the ho-
mogenates were centrifuged at 17 000 % g for 40 min {4 C ),
The supematants were the SOD crude extracts.

Measorement of S0D activity The SOD activity was
assayed by the epinephrine autoxidation test of Sun and Zig-
One unit¢ (1} of SOD was defined as the amount of

]
man .

enzyme that induced a 50 % of inhibition of the epinephtine
autoxidation in 1 mL of the assay system. The protein con-
tent of the SOD crude extracts was measured using Coomassie
brilliant blue G-250 {Fluka)®  To assay total SOD activi-
ty. 25 pl of the SOD crude extract of potassium phosphate
buffer [as matched blank control) and epinephrine {1 mmol
L 71 0.3 mL were added to £.675 mL of sodium carbonate
After shak-
en. the final total 3 mL of reaction mixwures were incubated in

buffer (50 mmol-1."*, pH 9.9), respectively.

water at 30 'C for 3 min, and then the A value of the mix-
The MnSOD
activity was assayed by the same procedure at 20 min afier
adding NaC™ to the crude extraces at 2 mmol*L ™', CuZn-
SCOD activity was obtained by subtraction of the MnSOD from
the total SOD and the errors were calculated by propagation-

tures was measured immediately at 320 nm.

of-error theory.
Statistical analysis
Significance of the differences was determined by ¢-test { be-

All data are expressed as © * 5

tween twa groups ] or ANOVA and Newman-Keuls' test
{ multiple comparisons) at the ¢= (.05 level.

RESULTS

CVP inhibited the growth of the tumor and
suppressed the SOD activity in the tumor. The de-
pressed DH was enhanced by CVP on d 15 after sc
EAC (Tab 1}.

Tab 1. Effects of ip CVP (10 mg-kg~'-d™ ') on DH,
Ehrlich solid tumor, and SOD activity of tumor In mice after
sc 5 X 10° Ehrlich cells. “P<0.01 vs NS (9 4.

'P<0.01 vs NS (15 d).

Days - Wet wt S.O.D
n after DH/ mg of ﬂ:}}vny.
sc EAC tumor/ mg me
protein
NS 7 *] - 320+ 34 4815
CVF 7 5 - 235127 27+ 7°
NS 6 15 3.4+2.5 558 + 29 39 +13
CvP 7 15 12=5 287 = 23! 14 = 4

MnSOD activity was increased in lymphocytes
(P <0.05) and thymus { P < 0.017 after mouse
DH was induced, and total SOD and copper- and
zinc-containing SOD ( CuZnSOD ) in lymphocytes
and MnSOD activity in lymphocytes and thymus
were increased by CVP in both normal mice with or
without DH (Tab 2}.

SOD activities were decreased except total SOD
[ remained unchanged} and CuZnS0OD [ increased)
in lymphocytes on d 3 after implantation of EAC in
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Tab 2. Effect of ip CVP on SOD activities in [ymphocytes, 200 —_—
spleen, and thymus of normal mice. A) Control, n =10. //_’,?
B) +DH, #=8. C) +CVP, n=7. D) +DH+ CVP, gleop Pé,/érw,ym W
=7. "P<0.05, ‘P<0.01 vs A. g 120
*P<0.05. TP<0.01 vs B. ES ¥ ¥ 1
Ef' Ko * b = U"ll‘ﬂvP/UU]
. SN0 activity, U/mg proten 40 ¢ ] o
Group MnS0D CuZnS0D  Total SOD 0 ?"’A .. o T Pl
Lymphocytes = Veor -
A 50+4 g4-14 134 = 22 E [
i 6l 89+ 12 151~ 14 N ? i
C 63+11" 101+9° 164 +19° ¥ oz
0] 75+£15° 977" 172 £ 18 5 2 4l
- E
Spleen = . * 4
A 67 +14 66 = 23 133 £20 z 40} 1
B 76+ 14 T4 =24 150 + 21 5 3 4
C 80 = 10 65=20 145+ 28 g ok ]
D 91+13 75 + 20 167+ 16 -
Thymas 1201 i 1
A 23-6 67+14  BI£16 ! o 3
B 32+48 65+ 23 Q7 + 23 ¢ aok / -
C 4D+11° 62+12  1ulx18 g * L/&
I 41+4° 60+ 19 110+ 21 =

tumor-bearing mice. CVP (once daily for 3 d) en-
hanced the total SOD and MnSOD activities in a
dose-dependent manner, while the increase in
CuZnSOD actuwvity was not much (P > 0.05)
{Fig 11.

The SOD activities in Jymphocytes, spleen,
and thvmus, especially the MnSOD were declined
3, 9, and 15 d after implantation of EAC. These
changes were completely or partially restored by
CVP (Fig 2).

In mice exposed 1o *Co-¥ rays (1.0522 Gy/
min). DH and SOD activities were decreased in a
radiation dose-dependent way. The changes were
completely or partially prevented by CVP (Tab 3).

DISCUSSION

The effects of CVP on tumer and DH are con-
sistent with those reports by most of other investiga-
tors up to now. Our present study showed that tu-
mor burden or radiation depressed the SOD activities
in lymphocytes, spleen, and thymus and that these
changes were completely or partially restored by
CVP. S0D may be a major intracellular enzyme
against O~ toxicity through catalysis of the removal

of OF 1.

account for the antitumoer and immunomodulator

Therefore, our present study may partly
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Fig 1. Effects of C¥P on SOD activities in tumov-bearing
mice 3 d after se EAC. *P>0.05, "P<0.05, “P<0.01
vs controi. (! = Total SOD. @ = MoSOD. X = CuZn-
SOD. Control, n = 1G5 the other, n =7,

properties of CVP.

Oxy-radicals such as Oy are hy-products of

many biological oxidation and their formation ap-
pears to he greatly increased during stress condi-

‘y]

tion- Radiation also has sufficient intrinsic ener-

gy to produce O, . Although O at physiclogical
concentrations seems particularly harmless, its toxi-
city 1n vitw arises by a metal ion-dependent conver-
sion into hydroxyl radicals (the Haber-Weiss reac-
tion) which can rause damage to the body.  SOD
serves a protective role in all aerohic organisms by
converting (o to HyO,, so, the abnormal pattern of
SOD activities occured in tumor-bearing and radiat-
ed mice might result in a variety of OF -mediated
damages to the immune system. Of particular im-
portance is that the decrease in S0OD activities can
lead t» Oy -mediated lipid peroxidation and cellular
imury. Under these conditions, increase in SOD

activities by CVP may prevent immune system from
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Flg 2. Effect of CVP {10 mg-kg™ !, Ip) on SOD sctivities
In mice after tomor Inoceiation. n =7 except control {# =
10) and 1S A NS (r=6). O =Toa! SOD. @& = MnSOD.
X = CaZuSOD. CVP (——). NS {--).

P <0,08, P<0.01 w NS.

Oy -mediated toxicity and restore the immune funec-
tion, which can partly explain why CVP could en-
hance the DH. As the SOD activities in both nor-
mal and tumor-bearing mice were increased by
CVP, it is proposed that CVP enhanced induction of
SOD.

In eukaryotic cells, 2 formms of SOD,
CuZnS0D, and MnSOD, are present. S0D, espe-
cially MnSOD activity was lower in tumor cells than
in their normal cell counterparts®* .
no MnSOD activity was measured and the
CuZnSOD activity was very lowered in the tumor.
The tumor-bearing mice treated with CVP had low-

In this study

er SOD activity in tumor tissue than with NS. The
mechanism for such change is unknown at present.
The cytotoxicity of tumor necrosis factor [ TINF)
might be partly mediated through induction of toxic
Oy, and cellular sensitivity to TINF might be corre-
lated with antioxidant enzymes such as SOD!?',
Apparently, a decrease in SOD activity in tumor tis-
sue may present with an increase in tumor cellular
It is possible that cytoridal ac—
tivity of TINF against tumor may be potentiated by
CVP.

In conclusion,

sensitivity 1o TNF.

the antitumor and immunc-
restorative properties of CVP were partially related
to its effects on SOD activities.
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Tab 3. Effecis of CVP (10 mg-kg *-d" ' ip for 9 d) on DH and 50D} activities in rodiated mice.
r =8 excepl the group of 6 Gy+ NS (n=7). "P<0.05, “P<0.0] vs 3 Gyv+ N§. “P<0.05, '"P<0.01 vs 6 Gy +NS.

Group DH/mg Tissue S0D activity, U/mg protein

Total SOD MnSOD CuZn30D
MNormal 13+3 Lymphocytes 151 + 14 61+8 B9 t12
ruice + NS Spleen 150 + 21 TEE 14 7424
Thymus 97 + 22 32+6 66+ 23
Radiated mice
I Gy+ NS 7.422.5 Lymphocytes 11918 42=9 77 =17
Spleen 11011 54+ 6 5615
Thymus 7R +4 2117 57 +7
3Gy +CVP 13=3° Lymphacytes 146 £ 20" 54 1+ 10" g2 +21
Spleen 128+ 19 67 +12 58+ 18
Thymus 9z + 10* 26+9 66 £ 14
6 Gy + N3 3.7+1.4" Lymphocytes 92 +11° 39+6 52+13°
Spleen g8 ~ 10* 43+£10 45+ 13
Thymus 59 + 19 156 4317
6 Gy + CVP 10.8 £ 2.4 Lymphocytes 127 + 210 49 = g8° 79+17
Spleen 116 + 20° 62+ 10 54 £17
Thymus g7 + 17 25+ §° 62 +t14
and its TNF-resistant varian. ML LB (SOD) iE A HER. ik £
Biochem Biophys Res Commun 1989; 1627 794 — 801, )
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ET S WD B AR LW LBEH R f7. SODEAMERAE LRRERLE &

R CVP BRREA R 12 B i 38 38 0F ¥ /) BT E R
M‘, B oz R AU RO A (DHD /) B E 41, R B R R
(B REASHEMGE, P KWERAES, aay S0P AIET, BTSSR SR 8 A
WE, ‘EA, ¥ 200433, PE) SE DH IR E 400, R 2 BER R SOD #H &

B Bi. CVP M@ £ KA EER+ SOD 151
XA DT ZEE ARLMEUR: RN AVRMBMEA. R CVP /MR, SOD iEHE
@R Ehvlich B B8 SUAE DT gmatem, cvb ssm R A SR R S 3L

A
B8 HRZTEH(CVP, ip) W/ARALARAS M SOD WIFMA —EMBE.

v
L H, AR, BN, FEA LR

(

Information for authors

Acta Pharmacologica Sinica 1996 Jen: 17 (1) 89 - 96
Br Med J 1991 Feb 5; 301 (6772): 338 - 41
N Engl ] Med 1991 Feb ¥ 324 (6): 424~ 8

Reprints of any article published in Acta Pharmacclogica Sinica may be purchased from the Institute for Scientific Informa-
tien, 3501 Marker Street, Philadelphia PA 12104, USA.
Fex: 1-215-386-6362. Phone: 1-215-386-0100.


http://www.cqvip.com

