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[ Abstract]  Objective To explore the effects and toxicity of repeated administration of wall-removed Ganoderma
lucidum spore powder for 6 weeks on the development of various systems in juvenile rats. Methods One hundred twenty-
eight juvenile SD rats aged 24 days (postnatal day, PND24) were divided into vehicle control, low-dose, medium-dose and
high-dose groups by the weight balance method . Each group was composed of 32 rats (half male and half female), and
received pure water or wall-removed Ganoderma lucidum spore powder 0.8, 1.8 and 4.0 g/kg doses by gavage,
respectively, each in a volume of 10 mI./kg, once a day for 6 consecutive weeks (42 d). The day after drug withdrawal and

4 weeks after drug withdrawal, 10/16 and 6/16 rats in each group were necropsied, and routine toxicity indicators and
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indicators of growth and development, bone development, behavior, sex hormones, immune system development, and other
indicators were detected. Results Each dose of wall-removed Ganoderma lucidum spore powder had no significant toxic
effects on the clinical symptoms, weight, food intake, sexual development, behavior, hematology, serum biochemistry,
ophthalmology, growth hormones, sex hormones, skeletal system development, immunology, histopathology, or other
indicators of juvenile SD rats. However, the rats in the high-dose group had reversible abnormalities in some urine
indicators (all returned to normal after 4 weeks of drug withdrawal ) , which was considered to be related to the urine
excretion of the test product components or their metabolites. In the water maze test of each dose group, the incubation

period decreased, and the percentage of time in the target quadrant, as measured by space exploration, increased,

suggesting that the learning and memory ability was enhanced, which may be related to its pharmacological effects.

Conclusions
NOAEL was 4.0 g/kg.
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Figure 1

Effect of wall-removed Ganoderma lucidum

spore powder on body weight of juvenile SD rats
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Figure 2 Effect of wall-removed Ganoderma lucidum spore

powder on food intake of juvenile SD rats
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Table 1 Effects of wall-removed Ganoderma lucidum spore powder on hematology in juvenile rats

Lioallll e LioallE =g R RS R R k2 R R e 71 e 4
Detection phase Test items Sex Control group Low-dose group Medium-dose group  High-dose group
R BENE ) (s) 2 15.7£1.2 15.320.5 15.5£0.9 16. 1£1. 1
(Ca APTT Q 17.6+0.7 17.30.8 16.2+0.9™ 16.9+0. 8
Drug withdrawal period 2T A0 AR TR 4345 S (%) ? 12.1+0.5 11.7+£0. 4 11.6+0.5 11.3+0.4™
RDW Q 11.2+0. 1 11.0£0. 1 11.2+0.3 11.1+0.2
SER I/ MRARFR (L) ) 9.5+0.7 9.5+0.4 9.0+0.6 9.6x0.2
MPV Q 9.0+0.6 9.4+0.3 8.9+0.3 9.7£0.4"
T8 I T S5 1] (s 1 10. 8+0. 5 11.7£0.9" 11.1+0.5 10. 6+0. 4
P LA )
. . pT Q 9.1+0.6 9.5+0.4 9.9+0.7 9.1x0.3
End of recovery period
FHEERAR (/L) ) 2.1+0.1 2.1+0.1 2.2+0. 1 2.0+0. 1
Fbg ? 1.9+0.0 1.6£0.1" 1.7£0. 1 1.8+0. 1

=10 (), n=6 (IKEMEH) . SHEOFIRALLL, "P<0.05, "P<0.01,
Note. n=10 ( Drug withdrawal period) , n=6 (End of recovery period). Compared with the control group, *P<0.05, **P<0.01.

F2  REERZAIT IR AR K LS AR LB R (35,0 =10)

Table 2 Effects of wall-removed Ganoderma lucidum spore powder on serum biochemistry in juvenile rats

Fer b B LRI o 51| I 123 V9 gL iR 2 rhf a4 o e 2
Detection phase Test items Sex Control group Low-dose group  Medium-dose group ~ High-dose group
WLEF ( mol /L) ) 41.8+2.4 39.7+2.5 38.6+3.3 38.1+6.0
Crea Q 43.5+3.2 42.7+5.2 38.9£3.17 39.3+3.57
WLFR B R S (TU/ L) t 817.6+125.4  772.8+240.3 694. 8+201. 8 614.7+183.3
=Y o CK Q 605. 0+210. 5 526. 1+154.5 520.5+102. 6 385.7+111.6™
1?4751; - . £ (mmol/L) .
Drug withdrawal period Na* ) 145.8+1.5 147.0+0.9 147.3+0. 8 148.2+1.0™
a
Q 146.4+1.2 147.3+0.7 147.4+1.3 147.8+1.2
FHETF (mmol/L) * * * *
a- ) 107. 8+1.9 108.2+1.2 108. 6+1.2 109. 1+1. 4
Q 108.2+1.0 109. 1+1.1 109.3+1.5" 109.8+1.0™
T SRR BRI, "P<0. 05, "P<0.01, F3E[,

Note. Compared with the control group, “P<0.05, **P<0.01. The same as below.
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Table 3 Effects of wall-removed Ganoderma lucidum spore powder on urine indexes of juvenile rats ( Drug withdrawal period)

HERLHI(%)

Ratio of each grade

R HEAR BURAER

; o B 2] iSnlkre| rhofl e 2H [l
Test items Results classification ) .
Control group Low-dose group Medium-dose group High-dose group
1 ? ) Q ) ? () ?
FRAAJEE ( pmol/L) Normal 100 100 100 100 80 100 40 100
URO 1+ 0 0 0 0 20 0 60 0
JHLT 2 (pmol/L) Neg 100 100 100 100 90 100 40 100
BIL 1+ 0 0 0 0 10 0 60 0
Neg 90 100 30 80 30 80 0** 40"
BHF(e/L) Trace 10 0 40 20 20 20 20 60
Protein 1+ 0 0 20 0 50 0 70 0
2+ 0 0 10 0 0 0 10 0
i Neg 20 100 10 80 10 70 0 30"
Fil A (mmol/1.) - 80 0 60 20 60 30 80 70
KET 1+ 0 0 30 0 30 0 20 0
Neg 0 70 0 30 0 10" 0 20
AT Leuko/ L) - 60 30 20 60 30 70 20 80
LEU 1+ 40 0 40 10 50 20 70 0
2+ 0 0 40 0 20 0 10 0
<=1.005 20 80 0 10 20 50 0" 0"
1.01 50 0 20 0 0 10 0 10
W 1.015 20 20 20 40 10 10 10 0
SCA 1.02 10 0 30 40 10 20 0 10
1. 025 0 0 30 10 40 0 20 50
>=1.030 0 0 0 0 20 10 70 30
5.5 0 0 0 20" 10" 0 20" 30
6 10 0 20 60 60 20 70 60
6.5 10 20 20 0 20 10 0 10
pH 7 40 40 30 10 0 30 0 0
7.5 40 30 30 10 10 40 0 0
8 0 10 0 0 0 0 10 0
0 100 100 70 40 80 70 10™ 20"
Yt E C(mmol/L) 0.6 0 0 30 50 10 20 70 60
VG 1.4 0 0 0 10 10 0 10 0
2.8 0 0 0 0 0 10 10 20
%ﬁEEE(g/L) Neg 0 70 0 10 0 20 0 0
MALB 0.15 90 30 30 70 30 60 0 40
>0. 15 10 0 70 20 70 20 100 60
2.5 EREXBE HERBRRASZLE X IRE I TE R E 22 5 (P>0.05) o B35 5 b
2 N = y = 3 e
FIRE R I 45 0] B 2H T A e B B o BB REE RN, H— et 00T i %% B /NE T v AR 3
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Table 4 Effects of wall-removed Ganoderma lucidum

spore powder on sexual development of juvenile rats

IR AL R AL b moREA

LRI o

O Control Low-dose Medium-dose High-dose
Test items
group group group group
338 5k T
Vaginal opening  32.7x1.4 31.9x1.7 32.3:x1.0 31.6=x1.8
(PND)
£ B2 43S
Foreskin separation 41.3+1.8 41.6+1.9 41.3+1.3 41.9x1.8
(PND)

RS OREERZ AT RN LR BUPE
MEMF R (EZKA) (x5, n=10)
Table 5 Effects of wall-removed Ganoderma lucidum
spore powder on the sex hormones of juvenile rats
( Drug withdrawal period)

A Y A 4] X -4 x| 4] =3 | =N

WSk RN IR ﬁblfjﬁfﬂ ""‘{l'l%ﬂ Iﬁl.%ugéfﬂ

. Control Low-dose ~ Medium-dose High-dose
Test items Sex

group group group group

W — ? 4.06+0.93 5.22+0.39™ 5.00+0.22" 4.53+0.33

k2 Q  5.47£1.28 5.00£0.43 5.22:0.52 4.81:0.35

R ? 2.63+1.84 3.00x1.67 2.41+0.89 3.53+1.58

T Q 0.90+0. 16 0.94+0.07 0.99+0. 15 0.83+0.10

R6  FHERZ AT HIXF LI SR Trwin” s A7 038 BN (R A B BB (x4s, n=32)

Table 6 Effect of wall-removed Ganoderma lucidum spore powder on the modified Trwin’ s behavior index in juvenile rats

(Number of occurrences/total number)

LoRUE o e VX A 5 e 2 R R 1o 7 e 44
Test items Classification Control group Low-dose group Medium-dose group High-dose group
-
REA 25/32 12/32* 21/32 13/32™
K Not found
Vocalisation M
) g ﬁZiF' 7/32 20/32 11/32 19/32
Stress vocalization
Lo
N REA 32/32 30/32 32/32 31/32
NEATH Hebr Not found
Stress behavzior Urination b-ig
@(ﬁﬁﬁkﬁi 0/32 2/32 0/32 1/32
Stress urination
AR
2/32 29/32 2 1/32
He Not found 32/3 9/3 3073 31/3
Defecation b
BLSHESHE 0/32 3/32 2/32 1/32

Stress defecation
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Table 7 Effect of wall-removed Ganoderma lucidum spore powder on water maze test in juvenile rats (End of recovery period)

K P a3 UG BilEEA IR 21 R A o5 7 e 24
Test items Sex Control group Low-dose group Medium-dose group ~ High dose group
YNGR 1 RIEHRWI(s) () 30.23+33. 38 22.49+20. 49 35.06+35. 96 25.89+18.92
Training day 1 Q 27.90+24. 89 27.34+27.28 12.44+11. 68 24.30+21. 69
IR YILRES 2 RIGHRM (s) 1 30. 82+31. 12 15.25+15.39 9.51+9.06 " 11.66+13.11*
Incubation period Training day 2 ? 24.22+26. 56 19.54+19. 68 15.36+19.73 21. 11+20. 08
YIZRAE 3 TSR (s) 1 21.20+28. 81 20. 99+24. 72 15. 49+14. 42 15.71£15.59
Training day 3 Q 24.12+24. 68 17.49+18. 17 11.98+18. 51 19.51+18.97
2 VB Uk 1 2.00x1.41 3.33:2.42 4.83£2. 86 4.83£1.72
Number of platform passes ? 5.17+2.32 4.67x1.21 3.67+2. 66 3.33£1.75
ZEERER R AT WIRTE (s) ) 42.19+39. 17 18.36+22. 24 12.24+10. 67 20. 70+25. 02
Space exploration  Time to first pass the platform Q 22.82+20.95 19.43+16. 15 41.48+37.35 21.94+9. 13
AR SRR AR E 43 B (%) 1 26.40+7. 01 40.17+14.69 " 42.67+6.86 " 45.93+12.63
Percentage of time in target quadrant Q 30.32+9. 67 48.33+11.27 49.88+12.43 41.63+14. 59

R 8 REER TR AR E AR AR (245, n=10)

Table 8 Effects of wall-removed Ganoderma lucidum spore powder on organ weight and coefficient of juvenile rats

il B B iRl =g AN FERI Sex TN I 2H A L abnli=eZ) e 2
Detection phase Test items Control group Low-dose group Medium-dose group High-dose group
DHEER(g) 1 1.305+0. 084 1.319+0. 097 1.295+0. 107 1.294+0. 123
Heart weight Q 0. 890+0. 077 0.915+0. 093 0.915+0. 067 0. 998+0. 086 ™"
DIEZR B (%) 0 0.376+0. 021 0.368+0. 029 0.364+0. 031 0.371+0. 021
Heart coefficient Q 0.391+0. 025 0.412+0. 028 0.397+0. 025 0.418+0. 036
JFHE R (g) 1 11.034+1. 491 11.642+1.910 11.989+1. 802 11.535+1. 275
Liver weight Q 7.519+0. 712 7.218+0. 476 7.330+0. 672 8.241+0. 601"
HFEB(%) 1 3.161+0. 235 3.218+0.234 3.357+0. 308 3.306=+0. 140
(B2 K Ay Liver coefficient Q 3.298+0. 198 3.258+0.173 3.179+0. 219 3.446+0. 181
Drug withdrawal period JREE(g) 1 0.766+0. 109 0.794+0. 081 0. 800+0. 095 0.779+0. 073
Spleen weight ? 0.611+0. 111 0. 563+0. 058 0. 609+0. 066 0.617+0. 052
R %) 1 0.220+0. 025 0.221+0. 020 0.225+0. 020 0.225+0. 025
Spleen coefficient ? 0.267+0. 040 0.253+0.017 0.264+0. 024 0.258+0. 025
() ) 2.872+0. 227 3.073+0. 404 3.073+0. 307 3. 058+0. 261
Kidney weight ? 1.939+0. 212 1.977+0. 132 2.082+0. 149 2.128+0. 192
B EE(%) 1 0. 826+0. 046 0. 853+0. 066 0. 863+0. 041 0. 879+0. 063
Kidney coefficient ? 0. 849+0. 047 0.892+0. 043 0.904+0. 066 0. 889+0. 062
LMEE R (g) 1 1.151+0. 093 1. 627+0. 240 1. 500+0. 077 1.555+0. 180
Heart weight Q 0.975+0. 056 1. 159+0. 236 0.971+0. 064 1.102+0. 120
DERE(%) 1 0.356+0.018 0. 350+0. 046 0. 352+0. 050 0.352+0.018
Heart coefficient Q 0.368+0. 027 0.449+0. 110 0.366+0. 019 0.399+0. 031
HER(g) 1 11.665+1. 460 12.982+2. 520 11.596+1. 648 12.701+1. 879
Liver weight ? 7.905+1.123 7. 842+0. 705 7. 847+0. 662 8.519+0. 624
FEB(%) 1 2.727+0. 142 2.772+0. 349 2.687+0. 144 2.865+0. 104
Liver coefficient ? 2.961+0. 217 3.019+0. 262 2.957+0. 147 3.083+0. 134
e - fiE R (g) ) 0.790+0. 115 0. 876+0. 135 0.795+0. 072 0.784+0. 117
En??iqcii?j;%iud Spleen weight ? 0. 622+0. 049 0. 629+0. 067 0.625+0. 111 0. 663+0. 104
i M ZE(%) 1 0.185+0.016 0. 188+0. 022 0. 188+0. 035 0.177+0.017
Spleen coefficient Q 0.236+0. 032 0.242+0. 021 0.236+0. 038 0.239+0. 026
B HEE(g) ) 3.143+0. 353 3.407+0. 593 3.183+0.299 3.252+0. 401
Kidney weight Q 2.017+0. 269 2.024+0. 181 2.109+0. 158 2.180+0. 154
B EB(%) 1 0.735+0. 033 0.731+0. 118 0. 742+0. 066 0.735+0. 025
Kidney coefficient Q 0.755+0. 027 0.778+0. 033 0. 796+0. 050 0.790+0. 053
Hio AR BB (g) 1 0. 350+0. 052 0. 529+0. 066 ™" 0.503+0. 099 ™ 0. 434+0. 067
Thymus weight Q 0.394+0.077 0. 406+0. 069 0.394+0. 105 0. 420+0. 089
WRR 2 E (%) 1 0.082+0. 015 0. 115+0. 025" 0. 118+0. 028 * 0. 100+0. 022
Thymus coefficient Q 0. 149+0. 030 0. 156+0. 021 0. 148+0. 037 0. 152+0. 028
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Control group

High dose group

B3 {2 iAot i A
v 711 ek 2 40 % A B A M e B 1 R (HE e )
Figure 3 Histopathological images of important organs of
juvenile SD rats in control group and high-dose group at the
time of drug withdrawal ( HE staining)
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