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Abstract: Objective: To evaluate the immunomodulatory function and safety of compound preparation containing
Ganoderma lucidum polysaccharides. Methods: According to the Technical Standards for Testing and Assessment of

Health Food (2003 Edition), the immunomodulatory function of compound preparation containing Ganoderma lucidum
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polysaccharides was evaluated comprehensively from cellular immunity, humoral immunity and non-specific immunity by
measuring the ability of lymphocyte proliferation, degree of ear swelling, number of hemolytic plaques, phagocytic
percentage, phagocytic index and natural killer (NK) cells activity in normal mice. Its safety was evaluated
comprehensively by acute oral toxicity test in mice, Ames test and 30 d feeding test in rats. Results: In cellular immunity
test, the tested substance had no significant effect on lymphocyte proliferation induced by concanavalin A and degree of ear
swelling (P>0.05). In the humoral immunity test, the low dose group (0.17 g/kg), the middle dose group (0.33 g/kg) and the
high dose group (1.00 g/kg) could increase the level of antibody-producing cells by 10.98%, 12.08%, 17.63% (P<0.05). In
the non-specific immunity test, the middle dose group and the high dose group could significantly increase the phagocytosis
ability of mononuclear macrophages (P<0.05) and the activity of NK cells (£<0.01). The maximum tolerance dose (MTD)
of the tested substance to the acute oral dose of both male and female mice was more than 42.56 g/kg, which belonged to
non-toxic substances. The results of Ames test were negative and no mutagenicity was found. In the 30 d feeding test, each
dose group had no significant effect on body weight, weekly food utilization rate, blood routine index, blood biochemical
index and main organ coefficient (P>0.05), and no obvious pathological changes were found by histological examination.
Conclusion: Compound preparation containing Ganoderma lucidum polysaccharides had a positive effect on
immunomodulatory function in mice, and it had a good safety as a health food.

Key words: Ganoderma lucidum polysaccharides; ganoderic acid A; compound preparation; safety; immunomodulatory
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M7 S22 25 = 14.00 mg/g, KRBT BTis 4
Br(LC-MS/MS)BI TS R 2R A ¥r&=0.25 mg/g.
1.2.2 2L O #8ErERSS (R 52 /a5 FRE
24 28.37 g, FHZER/KIE % 2 40.00 mL, 153 &
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Table 1  Acute oral toxicity test results of compound preparation
containing Ganoderma lucidum polysaccharides in mice (n=10)
PRI Pk E (g) —JHRE (g) KikdF(g) FET-%(H) MTD(gkg)
B 20.96+0.80 30.71+2.96 35.85+4.98 0
ME  22.0640.97 29.06+1.15 33.14+2.45 0

>42.56
>42.56
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A 3 S5 E R, R A TCAH Z R s AT Lok
EANREA K . VFZANETEY) O RS AR, TR B
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SO Witk RGIRELER— ., F 3 WEEIRELERS
2% 2 pIRIe A R —a . Ik, ARYE Ames EELE R
Wi, & R 2 W E 7 HIFITE A 32 E o

2.3 30 d MEFFIKIE

2.3.1 —BRRBLIMEE  7E 30 d MEFEIA], 55 Bgl
SRR L R A, AR HEE IR R, AR 2 BEiE
MR, TEHFET= . WIE 1~E 2 FrR, 245540 R
HEEMAR TR SRR RELE AR L, 25 330424 L
(P>0.05) . JEIEWIRIFREEH I 4, 2475

#*=2
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300 EIPATEXSARAL B kAl
Brhita O st
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fTa] ()
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Effect of compound preparation containing Ganoderma
lucidum polysaccharides on body mass of female rats (n=11)

A1

Fig.1

21 P A R it R R B R 5 55 B T BE ZH X
RS B S &R HRAH L, 22 RN TE8 T
X (P>0.05), iRgEIRFEH AR 2 202 J7 il
YR B | S AR FH 5 R — R T T
nE S A

2.3.2  MUCHEEEFERR  EGAI, SRATHEE MUK P A i
THEI(WBC) B P14 95328 (v 40 i . bk B 2 A

o R Z M DT R — U Ames 158 M1 T 74 (n=3 )

Table 2 Number of revertant colonies in the first Ames test of compound preparation containing Ganoderma lucidum

polysaccharides (n=3)

a5 I TA97(CFU/IIL) TA98(CFU/IIL) TA100(CFU/IIL) TA102(CFU/IIL.)
B (pg/m) -S9 +S9 -S9 +S9 -S9 +S9 -S9 +S9
5000 154+6 150+13 41+11 4345 15545 145+7 258+14 271%16
1000 15547 161+4 4247 46+3 143+7 142+10 273+16 266+7
T R W i 200 161+7 145+16 4242 46+1 1402 149+5 258+17 265+15
40 160+7 165416 43+3 46+2 146+6 144+6 263+5 263+13
8 14646 14545 4246 44+1 148+8 15149 261419 264+5
A & Il AE 157+8 150422 4249 4245 149+12 142+10 263+13 264+9
PSP Ol 142+12 148+19 4243 4246 15248 15448 266+13 27611
A 25 2469+63
25 I 10 1600+51 1140+46 2310+84
[AETRIN 50 1620433 1160495 885428
1-8 FRHL HR 50 1150+90
F 3 TRZZHENE TS IR Ames K50 AR F £ (n=3)

Table 3 Number of revertant colonies in the second Ames test of compound preparation containing Ganoderma lucidum
polysaccharides (n=3)

.- I TA97(CFU/IIIL) TA98(CFU/IIL) TA100(CFU/IIL) TA102(CFU/IIL)
(pg/Mm.) -9 +S9 -S9 +S9 -S9 +S9 -9 +S9
5000 146+16 169+12 3747 3843 135+8 140+12 239+11 250+27
1000 161+8 15545 4144 37+4 155+4 142+14 255428 263433
R 2N E IR 200 155+12 152+18 3748 40+10 139+10 137410 254+6 26545
40 154+11 16113 4344 3946 14311 152415 263+7 25143
8 161+8 15549 3744 43+6 1412 141+5 263+10 253+16
Ep ATk 15015 1638 4146 38+2 1468 142413 27210 246+8
sl pai 1535 1579 3649 37+5 1549 145+13 264+14 269+19
BRI 2.5 242680
2-F Yy 10 1569+53 105590 2463+36
HUE 50 1622469 1063459 843456
1-8 R SE AR 50 98986
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Fig.2 Effect of compound preparation containing Ganoderma

lucidum polysaccharides on body mass of male rats (n=11)
F 4 G RZZHERE TR U A AR B
(n=11, %)
Table 4 Effect of compound preparation containing Ganoderma

lucidum polysaccharides on weekly food utilization
rate in rats (n=11, %)

81 VR ¥4 50545 O e R £ N 1971
U 34004210 37.304630  35.3043.30  37.50+5.70
2] 27.9048.10  30.7049.40  25.8048.20 27.00+10.40

e
3 215041230 21.20£10.10 25.3048.70  25.60+14.70

%4 17.00£6.40  16.60£7.00  18.60+4.00  13.30+3.60
S 52004420 50.80+3.10  49.90+1.90  50.70+3.50
Jran 2R 37406530 39.4042.60  36.90+4.40  38.80+6.70
%3/ 36.10£1020  37.90£6.40  34.70+7.80  36.40+4.00
Hi4E 25004330  25.3048.60 23.40+4.10  25.60+6.10

PR AN . RETRHRL AN . rEaR R AN ) | £T 40
TEC(RBC) | LT8R FH ¥ (Hb) S8 1LH L Fs PR H
TR BRI 2 QL BRI A ) F8 R 32 2 3h i i
FR AR L SRR RIFRIREE | BT L RO . K
AT 57715 . BRI FH AT AR 22 DR 35, ASTR] 5L

10°/L, A7) 2 M R BR SR AZ A LU 1R 3.87%, =1
o) 2H PR B Hb SR 128.50 /L, FAR 5 T IR
ZH e PR R BRUXT . B9 FE AR A L B R SRt s 22 R
(P<0.05), {HiX 222 T I FIE RN & R A i, HEL
{EA3ET SD K RUEH 2% X [a] Py (i WBC: 0.80x
10°/L~10.60x10%/L; BAAZ 40 il Lk 5] : 0.90%~18.00%;
Hb: 110.00~165.00 g/L)M, AT AT KX FhGei 2422
eSSl ) S A PSS W e AT S VA NS M
IS X W], HEs RIPHR LS . Hdeinn 2
ST X (P>0.05),
2.3.3 M fbzAFeds LSCHRE], AFESLEE 2 E]
P4 I A A 2R R At 32 25 P R 52 I T A T 25 56
22 6 U, 32 iE A5 IR A 5 T RRZE AR LY, e
KEEFIEATFELE ALT 235 FFE 5.53. 4.70 U/
L, &5, L AR=A50EE AST 438 % 27.97., 20.85,
24.25 U/L, &5 40 ALB T [ 1.40 g/L, &5 5050 R0
drsslE 4 TP 23 5 TR 3.77. 3.61 g/L; Mtk R Bl .
fEFIHE4H BUN 43510 7t 0.83. 1.11 mmol/L. 5K
55 B X BB 2H S BRSO FE AR AH Lh I Stk 2=
5(P<0.05), {HIX 825 S (K I s8UN O SR AN i, FL
B A4 T SD K FUIE & =25 X [a] )Y (MEPE ALT:
6.00~114.00 U/L; AST: 37.00~205.00 U/L; ALB:
29.00~48.00 g/L; TP: 54.00~85.00 g/L. MEE BUN:
4.63~10.32 mmol/L)¥, BT LA KX Pl 2422 i
HiImRE X . A ERYESEITT¥E X
(P>0.05).
2.3.4 SRS AR AR ELE R 7 WIS, 2 A
FlEZH R BUFFAE . BEE . MGUIE . DPEE OEME) | SAL Ol
) BB AL X Jo AR R R (AR FU(ED) S5

KSR ZZHERIETT R SR LRSS R (n=11)

Table 5 Effect of compound preparation containing Ganoderma lucidum polysaccharides on hematological indexes in rats (n=11)

531 I e AR BA M X R4 L 2 G
WBC(10°/L) 3.06+0.88 2.61+0.68 2.04+0.64" 3.41+1.19
FRPERIAIAE (%) 22.18+9.59 21.90+5.57 22.03+7.80 21.16+7.92
WRELAH A (%) 73.3149.53 72.92+4.24 71.29+7.14 73.61+8.48
from AL (%) 2.44+1.02 2.94+1.15 3.87+2.03" 2.95+1.09
FE TR PR AT (%) 2.07+0.82 2.25+1.19 2.51£1.20 2.28+0.68
WET LA (% ) 0.00+0.00 0.00:0.00 3.13+10.24 0.00+£0.00
RBC(10'%/L) 6.98+0.22 6.73£0.36 7.02+0.38 6.95+0.37
Hb(g/L) 133.50+2.90 128.50+4.10" 131.50+6.40 133.10+4.00
WBC(10°/L) 436+1.18 4.77+1.52 4.29+1.15 4.89+1.57
LA (% ) 19.26+5.10 20.05+7.37 19.43+6.17 18.02:6.04
IREL AL (%) 76.26+5.35 74.74£7.28 75.43+5.48 76.92+5.67
e FAZ AN (%) 2.68+1.01 3.38+1.37 3.60+1.31 3.50+1.40
RETR P AT (% ) 1.79£0.60 1.84+0.89 1.55+0.49 1.56+0.43
&R MR L (%) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
RBC(10'%/L) 7.10+0.35 7.06+0.29 7.12+0.42 7.21+0.29
Hb(g/L) 135.40+4.70 136.30+5.00 134.90+5.50 136.80+5.10

TE: S HMEXT IRZH L4, *P<0.05, **P<0.01; #6[d] .



- 344 -

B Tl B

2024 4F 11 A

o O RZZHERE TR K B AE AR AR RN (n=11)

Table 6 Effect of compound preparation containing Ganoderma lucidum polysaccharides on blood biochemical indexes in rats (n=11)

531 HARAESE R BMExT iR 2 [i=plkei a2 sl
ALT(U/L) 31.93+4.62 26.40+2.45™ 27.23+4.81° 31.09+5.72
AST(U/L) 143.12+21.55 115.15+11.92™ 122.27+28.62° 118.87+11.58"

ALB(g/L) 31.47+1.66 30.07+1.29° 30.18+1.60 30.88+1.77

TP(g/L) 58.24+3.93 54.47+1.79" 54.63+2.25° 57.33+3.94

frem BUN(mmol/L) 5.98+0.79 6.58+1.18 6.27+1.07 5.89+0.37
Cr(pumol/L) 29.89+3.01 29.02+3.01 28.33+2.35 29.00+3.07

TG(mmol/L) 0.54+0.33 0.71+0.45 0.50+0.18 0.80+0.28

TCHO(mmol/L) 2.04+0.54 2.01£0.20 1.90:+0.28 2.10£0.36

GLU(mmol/L) 5.52+0.79 5.860.60 5.55+0.67 6.81+1.53

ALB/GIO 1.18+0.07 1.2340.05 1.24+0.07 1.17+0.08

ALT(U/L) 31.35+4.21 32.82+6.83 32.10+3.61 32.04+4.80
AST(U/L) 119.19+22.90 124.36+24.51 114.66+18.91 125.144+22.51

ALB(g/L) 30.07+1.46 30.77+1.94 30.40+2.07 30.39+2.03

TP(g/L) 58.95+3.03 61.09+5.72 60.08+5.52 59.78+4.82

o~ BUN(mmol/L) 5.22+0.80 5.34+0.98 6.05+0.97° 6.33+0.91"
Cr(umol/L) 25.89+2.91 26.24+2.67 25.64+2.87 26.98+2.93

TG(mmol/L) 0.8240.37 0.90+0.33 0.77+0.26 0.80+0.36

TCHO(mmol/L) 2.20+0.29 2.11£0.32 1.95+0.42 2.07£0.37

GLU(mmol/L) 5.59+0.94 4.84+0.77 5.46+0.63 5.13+0.82

ALB/GIO 1.05+0.06 1.02:0.07 1.03+0.06 1.04+0.05

FT BRZZHENE T HIFIN K RINEES TR A LA 19520 (n=11)

Table 7 Effect of compound preparation containing Ganoderma lucidum polysaccharides on organ mass and organ-body

ratio in rats (n=11)

P NEEHEIR R %o HE 21 w2 R szl
W Fikt(g) 7.79+0.79 7.82+0.74 7.79+1.02 9.08+2.28

JEAR HEAEL (%) 3.2740.22 3.20+0.18 3.27+0.55 3.68+1.04

i Brht(g) 1.85+0.13 1.8040.17 1.80+0.15 1.87+0.20

HEd: JIEA L (%) 0.78+0.04 0.740.03 0.75+0.08 0.76+0.13
e Fikt(g) 0.65+0.07 0.68+0.13 0.61£0.07 0.72+0.14

JEAR EEAEL (%) 0.27+0.03 0.28+0.05 0.26+0.03 0.300.07

L Btk (g) 0.15+0.02 0.15+0.02 0.15+0.02 0.14+0.02

WEAR HEAEL (%) 0.06+0.01 0.06+0.01 0.06+0.01 0.06+0.01

. Fitk(g) 12.38+2.05 11.93+1.48 12.21+1.42 11.69+1.48

WER LEAE (%) 3.47+0.42 3.32+0.27 3.53+0.21 3.34+0.24

it Jiitt(g) 2.78+0.38 2.66+0.32 2.56+0.32 2.67+0.31

- JEfA HEAE (%) 0.78+0.07 0.74+0.05 0.74+0.06 0.7620.05
o Fitt(g) 1.04+0.14 1.00£0.10 0.97+0.16 0.93+0.14

JER LEAE (%) 0.29+0.04 0.28+0.03 0.28+0.05 0.27+0.04

. Fitk(g) 3.39+0.34 3.35+0.23 3.23+0.18 3.17+0.21

AR FUAE (%) 0.96+0.08 0.94+0.06 0.94+0.05 0.91+0.06

XPIRZH PEAS, 2553 ICGei i L (P>0.05) .

2.3.5 RAKRMRE S AHLURE ARG A A RAR
P COJIE | FTIIE | LA R L AR A A
A DL PRV T UL i B, R &7 LI 2 R R /)N TE
W, BRI LI B L WA K ZEAR IR AL
T8 S X 5 20 S E RS 2H AU B ARG A A R, BAPEXS
PR ZH A — SR O B G I = R A R K
(& 3A), AR WL ARA A IR, HAMAERS A DL S 1
AR 321 e 0 e 2H — U BRI R sk 2
2 R A= (18] 3B) 5 wA i 2H P MR DR R /)

Bz (151 3C), 'B/NVE WA RIS Z (18] 3D), B4kt
IEH, B/NE B NER AR B oA DL SR i o B Ak
HATR A EAR A WL S Ho g B A

A5 L B T AR A 91 R BRHH ERE JEE g BE A A
HIRAS ISR TG W 22 53, T A i AR SR E R R
Hh oA WL 1 R B AR, TCI AR )i

2 b, R 30 d MRS A ) Ok BRI o
B AR U AR AR . R AR A e AR
RS AL HLBUYRIRAAG A | —BOIROL SR PRY
SN, IR e B 5 R 2 2200 52 07 R R A I
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Fig.3 Histopathological changes of rats in different dose groups
of compound preparation containing Ganoderma lucidum
polysaccharides
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2.4.1 MM FL i g R5 R B 40 i =7 5
ConA P, o] H BRAN OB G . ARG . 2R
BT SAZ IR G S INEE A= )= AR, 343/ INAR L 4t A
AT FAR AR L B AM I A 7 225024, kB BR4m L
FRIZRREAAR K R TDBE MTT S b S5 (.48 5, Hobss
JE ZEAH RE S BRAT AR 0 M S 2 K- o aniEl 4 P, 52
P b AR =R 4] ConA FLI G EE 22 {H 5y
51 0.81. 0.81. 0.80, 55 [ 44: X H& FL f1%) 2 ' B 25 (1
(0.8 AHEL, 2Z 7G4 X (P>0.05) . KIS
RZ WM J7HIFIASBROE IRk B 40 5L £ A ipk
UL BRZHIAf, ANBER T4 S DhE o

FAVEXTIE A5
kil

P4 R 20 S5 R 0T Tk L2 200 P B ) 2 )
(n=10)
Fig.4 Effect of compound preparation containing Ganoderma
lucidum polysaccharides on the proliferation of spleen
lymphocytes (n=10)

2.42 RERIARIZNY T IHREGIELPE DNFB
WS T SR LU 4B A, SRR AT, R
1 B A TR Ve A2 A AR PR IR AU A AR 1 SRy AR
BN PERAE, BARZR I A Ry 3R &2 A i ik, 38 i A

) B B 22 (E T DA BRGR A AR S R YRR R . N
5 B, SZ2iW e . L AR AR R A A R
ZE{H ST A R 14.37, 14.96. 16.19 mg, 5 BHM: X FEZH
22 H (17.09 mg) AH L, 22 W LG I L (P>
0.05) . FHAF RZ Z2HEE Il FIASRERG SRR & 7Y
ARSIV, ASREHET AN G REDIRE
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Fig.5 Effect of compound preparation containing Ganoderma
lucidum polysaccharides on delayed type
hypersensitivity (n=10)

2.4.3 P RANMEASIN 5 B A it R Ak 4 o
LI (PR I, HIT B 40 Ab 53 iR S e AR,
YURHUARE S ITEAMAN S 5 TR LT 40, 7EE
RERRBE T A — 1~ POHR AT DL A48 1 25 BXE, — 25 BERp
ARFBE— P Ad A e R4, BRIES L 2s Begon]
S AR S s 55 R0 aniE 6 BT, 2k,
=R A I IS BEE53 52l 453.80. 458.30., 481.00,
55 83 Pk X BR 2H ( 408.90) AH 43 B 7 10.98%.
12.08%. 17.63%, 2= 5 ¥ EHA G IT24E X (P<0.05),
FBH & R 2 20 J7 IR InpTiA A= e Am A%,
HA BB v i .
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Fig.6  Effect of compound preparation containing Ganoderma
lucidum polysaccharides on antibody-producing cells (n=10)
TE: S5 HIH AL H#, *P<0.05, **P<0.01; 5] 7~&1 9 [,
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7.17%. 6.70%, 2553 BLA G124 X (P<0.05) . 4
8 s, sz b | Rl A e 4, 0.41,
5 EHEXT B (0.27) AH L 342 = 0.14, 22 R HLE 52
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Fig.7 Effect of compound preparation containing Ganoderma
lucidum polysaccharides on phagocytosis percentage

of macrophages (n=10)

FPEXTRE ARG il e
4131
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Fig.8 Effect of compound preparation containing Ganoderma
lucidum polysaccharides on phagocytosis index
of macrophages (n=10)
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2.4.5 NK 4G M2 IEW SO T, H0 40 jg
YAC-1 3% PN ZL 1R It U (LDH) A B 2 1o 41 it
5%, 220 sZ 2] NK 4255455 /5 , LDH Bl 2 sk,
2ot — RN 5 A R LT (0 R I &, HOG
{ER] R NK IR0 ER . anlEl 9 iR, 2189
Hr | R NK i35 54.01%. 52.57%,
55 BH P X B8 20 (36.57%) A Lk 43 51 i = 17.44%.
16.00%, 22 5 B A G122 X (P<0.01), FRUEHR
2 2MEE T RIFIRETE = NK UG M, HA 5
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NKANEIEHE (%)
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Fig.9 Effect of compound preparation containing Ganoderma
lucidum polysaccharides on the activity of NK cells (n=10)
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755 B kL 4IRS I T A e i An i, 2 5 G )i
PEWVER . AR & R 2 2H00 5= Jr il k.
Hh L R R 2 Ay R N R BT AR B A A B B
10.98%. 12.08%. 17.63%, FAT IE [a] AT AR G Ze v
BN T -

e FPE R AR S R B e Thfe, &
RSN St . X R AR RS A e
AR B 2R AR, AT R TR R R R e
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AR RS R R I RE AR R 22—, 2R A 4%
buls it AWMU, Ham ok 75ms . R KE
TGHETE S, PRI L A i A XS £ T A0 i g A 7 s
FE BRI W B 433K, W Sz B W D B A 3R 55147
AT FEIH T R 2 W D7 il L sl g e
Sy SRS R 7.17%. 6.70%, F TS EL 4
=5 0.14, IR A MEATM YA RE T o NK AN
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FF T.B SR A, ©da EEHALHEE &
A (MHC) BR i, AR & MAS FIET A4 s R A% A2 F42 0811
e N FLHE AT A VR, J2 AU R S b
FYEEZEZH RS NK 4iiG b/, I8 B S- 2 AR A A
T RERIEVITAEAPY, 4 YAC-1 52 5]
NK MM A5, M P L 1R e S 4 R8T 381) 4 L 4%,
E—H 3 i A U B AR R L FR IR A4,
A e S B AT Sz ke NK 4G 1R, Ao 3
BH & R Z 2800 2 J7 1550 L mlaE Re /N B
NK 4 7E A a3 m 17.44%. 16.00%., PYIRIRE:
LEIRPFRHA S R 2 20 S T dil L BAT BRI
PEGIZEIIIE T o

WeAh, F LT R 2 2R E TR B %
APk, ARWFGER A T /R A S 10 HE IS . Ames
RIS FIICEL 30 d MEFRIREY . 25 R W] 3214 o i fiz
/NIRRT 32 50 (MTD) RS 42.56 g/kg, HFIEAH
MM R 1290 1%, 2 rEFErEr 288 T8
BRI ; Z iR Ames IR LE R BAME, R BN HEEE
AAVEF; 30 d SRS, 23 KBS . E]
BEYRIESE., ME IR, MRAbFrabn &2 20k
IR ERBIY AR R (P>0.05), HEUAAG A R A
BB R HEAR b

£E LR, A5 AN G2 | AR faie SRR
SRS, BN RS TEHLTEN T & R2 2l
B T R SR VR TRE, 4558 T & R 2
52 77 IR 230 i B R AAVR S D R AN A R AR S S
igesk AR TVEN . AERERIEEMT R PR R
AR RO e BERIVER . BRI, & R 2 2=
FJE—Fha] LA LA SR Dfe H 22 4k R A m AR
A
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