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Abstract: The safety of total flavonoids of Penthorum chinense Pursh (TFPCP) was evaluated. An acute oral toxicity
test, three genotoxicity tests, and a 28-day feeding study in rats were conducted to investigate the toxicological safety
of TFPCP according to GB 15193-2014 Procedures for Toxicological Assessment of Food and Technical Guidelines for
Toxicological Examination and Evaluation of Health Food and its Raw Materials (2020 Edition). These oral acute toxicity
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studies in mice revealed that the median lethal dose (LDs,) of TFPCP was greater than 10 g/(kg-BW), suggesting that
TFPCP is non-toxic. In the bacterial reverse mutation (Ames) test, all dose groups produced negative results. Additionally,
for all dose groups, the colony counts did not exceed twice those of the solvent controls for TA97A, TA98, and TA100 or
three times that for TA1535 (P>0.05). Gavage administration of TFPCP in mice at doses of 2.4, 1.2, and 0.6 g/(kg-BW)
revealed no significant differences in mammalian erythrocyte micronucleus and chromosomal aberration test results in mouse
spermatocytes compared with the negative control (P>0.05). Three different doses of TFPCP (2.4, 1.2, and 0.6 g/(kg'BW))
were administered to rats by gavage once daily for 28 consecutive days. No significant differences were observed between
treated and control groups in terms of body weight, routine urinary and blood parameters, blood biochemical indices, and
major organ coefficients (P>0.05). Similarly, histopathological examination of liver and kidney tissues revealed no significant
pathological changes. Thus, TFPCP exhibited no acute toxicity, genotoxicity, or subacute toxicity under the conditions
examined in this research and demonstrated excellent safety. These findings provide a scientific basis for development of
TFPCP as a functional health food.

Key words: total flavonoids of Penthorum chinense Pursh; acute oral toxicity; genotoxicity; 28-day oral toxicity
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ARG 2 ] GB 15193-2014 (£ i % 4 d # %
TEMAR ) A CORME £ il B L R Rk 22 4 M 7 B 22 A
5 IEN HRYE T RN (2020 4ERRD ), X LB
MEEABAT N RSSO ERG. =0EHE St
RIS KR 28 d MEFRIAIG I 2 e R B 0P, B

TE R EE 8 B PR DR A B S Th e 1 B I R 4
BER AR .
1 NS
L1 # 5%
L1 %X

FEE B EH U N B 25 A PR A m R,
It 5 : 220215-3. 3 FR I BOE ¥y, 3L 6 000 g,
FARFA 70 55% LB R SE L, FRRFEE 1.5 h,
LRI 3 Ik, S IR T8 R 3TIRE 1302.21 g,
FEELE N 21.70%. FRETIRE 1300 g, 16 %
feib AT kR 2T 4lifh, LA K ZEEREAT e, A
RO T5% CEEBER, T, A5 B A R
b 287.45 g, ZALEN 22.11%. EE 3 B R 22
o B R N 50.12%MY, 1 g HE B R R
2T 20.84 g REBE A 2. HE B HR T DL
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I -
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KSR BN O, S =V ol iE 5 A SYXK
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1) 2023-0065, 74 Fg =R K 52 5256 sh W) 4 A A 2
AL S : 20221005-005. BEREIAEEE IE, 16 FE IR
fE 4 23~26 °C, HFHXIE LA 45%~65%, FKH N T
FEHA, 12 h BIRES .
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RHEE, FiEEEDREAERAR; HAR
P, FEHIREMRPHIAF AR, HEAY
B AH .

1.14 ZEKE

ME204E/02. ME155DU/02 1K, H4sih -
FER Z 408 EilA R A Al s TU-1810SPC %% 4k — 7]
WA G, bt bl A SR A BR ST AR A A
KDC-2046 I8 A VR B O ML, 22 80 B R 54
P45 R 22 7] ; MindrayBC-6800 4 [ 3 L2 il 70 44,
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118 GB 15193.3-2014, KRR EES, A 24557)
410 g/(kg BW)o HUKM /N EERES 10 2, 18~22 g,
AAEONEEIK 12 h G, 1 d VB R EEELE B 2 0K,
2 RIERREFE] 6 h, VEE ARF Y 40 mL/(kg- BW), #
B R EWRE N 125 mg/mL, BRI/ R PEERI
FMACT NG, ESMEE 14 d, BEJEAIEDNR, S
HAMRMEE FERERBE, IR RR 7.
122 =ZFEfE MRk
1.2.2.1 Ames {56

1% & GB 15193.4-2014, X i °F k& A\,
FRER, H—Uil Wit s AR, 2N E
IM 5 000. 1580, 500. 158. 50 pg, &Kk
GEECNMIME, WHEAT S RIIE R, 2R 5 A
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PR U B0 35 B A PE e R B R A A
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R I IR (J5t 543 45 0.6% CMC-Na). FHM:
SR [ AR WE ML A - 40 mg/(kg BW) 1. BU KM /)N i
MRS 25 R, 25~35 g, BidLo A S 4. IR 2 1K,
VEH KA Y 20 mL/(kg BW), P9 RE 15 AT 1 B R B
Pl I (] [R] 5% 24 h, 28 2 IR B G %647 6 h, AIE3NY),
b G BB, b RE, SN ISR A S
WA [ E S5 Giemsa defh. & RIIWIH &6
FEARBEAT iy, B RS %2 2 000 N0 2 GLar
4iJfs (Polychromatic Erythrocytes, PCE), 115 & ii%
M % (%) ;5 ML 200 ML (Red Blood Cell,
RBC), THHEILHIEZ L 4iurItbs] (PCE/RBC).
1.2.2.3 /NSRS BEZH Y 2 4k i A5 156

18 GB 15193.8-2014"Y, #% 2.4, 1.2,
0.6 gkg-BW) 3 MF &4, BAXEA (i
5 #00.6% CMC-Na). PH M xF 841 [ 36 i ik
fz 40 mg/(kg-BW), HFUAEIEER J. B KM M
PEANEL 25 K, fRF R 25~30 g, BENLOY 4L, B4
SH. R 1IIK, ESS5dENEOEE 2R Y.
HIREB G 13 K, FrA /N RS 5 R OKAL
% 6 mg/(kgBW), %f5 4 h 40/, B R,
B AR, WITERE, WREMEDE 2 K L, T
b, HIRTHE, Giemsa Jett. M5 24000,
HMEE S Ry, & RNME 100 . Giit i
RIS R AR (%),
123 XKR28d4 v HHiRE

¥[8 GB 15193.22-2014%, AR ¥ 2.4, 1.2,
0.6 g/(kgBW) 3 M7l & 4H, ¥ AN B4 (it & 45
41 0.6% CMC-Na). % # SD K B M M % 20 H,
80~100 g, RNl 44, % 5 RiFE. FRFA
— AT, Eek28d, — A2 WAER
&=, ERE—IREBEEERK, WE 12 h R,
K PR B L, FE bR ELHE : & M (Glucose, GLU).
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W AT R E TR EL, R B 4% 2
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(Hemoglobin, HGB). 4L 4f ffi [t % (Hematocrit,
HCT). ZL40f (RBC). H K4/l (Neutrophils,
NEU). #kEL40# (Lymphocyte, LYM). F.1% 41 ity
(Monocyte, MONO). & I 4 ¥ 41 4 (Eosinophil,
EOS). W& I % 41 g (Basophils, BASO). IfiL /)5
B (Platelet, PLT) HJTHEC: MG A IR ESS: &
N ¥ ‘& B¥ (Alanine Aminotransferase, ALT). %4
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% (Urea, UREA). JR R (Uric Acid, UA). JJL it
(Creatinine, CREA). L (GLU). S H[E ¥ (Total
Cholesterol, TC) FHIH i =& (Triglyceride, TG)-
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#r, 2:EISRH Origin 2019b 4078, HEVRI % £
FRifEZE, TR IEASYER T 25510, RS R T %
M, G2 EHE T LSD A, AN £
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TA100. TA1535 % B PR IN SO 11 BA 4 % et [m] A8 B v
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N 109, 40, 125, 14 Ao 5% BH o FE 4 28 o B
P S 2 [ AR R YR B 2 5 DL L, HARERE
Z5 (P<<0.01), BEEILEARL 4 Tl A &t
SE, SERATAE . L N T A S R AL 88 [
A5 I HU R ITE TA97A. TA98. TA100 1A 7%
FRZL 2 %, KT TA1535 %57 6 R A1 3 1%
(P>0.05). A0 S9 13214 [FIFE A 5 =] 22 1R
TR H . IR Ames 1560 EF 35 58 2 I 2% 71 40
SERYINBAME, HEME - RNMXR. REAR
RIS T, B 5 R R W] B i B s AR
222 "HILSHM A e ALK

B B 20 P AR R 3 3 8 A2 R kN R
YT B PR A% T SR DAl X 4E B se e, W AE R
AR G o A Bl A 22 4y 54 3 45407 1 — P A LR B,
AW A B e BEURE 1 T R 2 5 BUMU R A
e EARL T, EFEAEE 2.4 gkeBW) I
T T R B M A N BB O A P R S [ A o
RAMZ R LR E®ZEZR (P>0.05) ; M
5 2H 11 BH M T HEZH B 0% 40 i R I 2 v T B R
HRZH (P <<0.01), $2 7 jEF 28 B 3 i % 771 & 41 %
/N GRCE BE AN M O R R ABE . F AR
x4,

F1 2JMBFUTHRER
Table 1 Results of the acute toxicity test

. wRE/g .
WH H=/[g/(kg'BW)] h#E/ A - T/ A LD/ [2/(kg:BW)]
EET) K4
A 10 10 21.96 +0.63 39.95+0.87 0 >10
M 10 10 21.72+0.51 37.13+0.76 0 >10
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x4 BERZABIRIEER
Table 4 Results of micronucleus rate in bone marrow
PR 8/ [me/ke BW)] %%ifﬁﬁﬁ BN BOEE % PCE/RBC/%
0 10 000 12 1.80 £ 0.45 50.06 £2.06
40 (AHEBLIE ) 10 000 158 1580 £2.17" 4429 +2.57
Wt 2400 10 000 15 1.74 +0.89 50.19£2.58
1200 10 000 13 1.80+£0.27 49.70 £ 1.76
600 10 000 13 1.80£0.57 49.96 £2.44
-------- 0 10 000 21 2.10+0.22 50.53 £1.95
40 ( IRRELIE ) 10 000 177 17.70 +2.3%* 4521 +2.81
Mk 2 400 10 000 20 2.00+0.35 50.20+1.33
1200 10 000 21 2.10£0.22 50.60 £ 1.80
60 10 000 20 2.10+0.42 50.48 +0.91

x5 NBREFARLEERTNEER

Table 5 Results of chromosome aberration test in mouse spermatocyte

7 & /[mg/(kg:BW)] fmfied / A e W ARAL A S R /%
Bk BA R MR
0 500 12 6 0 0 6 1.20
2400 500 14 8 0 0 8 1.60
1200 500 10 7 0 0 7 1.40
600 500 14 6 0 0 6 1.20
40 ( RHEBLEE ) 500 64 32 2 0 32 6.40"

N RAFE e g &R KRR

B L R 5 551 2 4 0k R /N BRORS BE4T B
Yo R AS R LR 5, 4 A AT, PHAPEXT R
IR AR A N 6.4%, U B LGRS REAT i S B I
FIFEARVER (P<<0.01). 3R A B E 7 BT %77 2
T P TR A R B KR 1.6%, 55 BH I 4L A e
0 4 W AR A0 i R P A 22 S B B 3 I (P >0.05),
XF /IS BRUORG BR 40 Mo e o p i A 00 45 R R M, $2
N 2.4 g/(kg-BW) 7l 5 T IR EE 3 58 TR A mg /s
BRURE BR 2 P S (2 R 7 A W AR

23 KE28dZ0EMRKK
A EEEFIF KR A RKAFIKRE Y

223

2.3.1
AL

FERFEL A VRl A, KRR o B R AR A2 1 I 3

o 15 H I B R R R AR 2 — o X HR2H 5 B
S o TR B NN R YR ~ ST E I NI S
TR T I R B B, U8 W A], KRR 0 44 i & 35 B
JE S BT N, S AR R R B B 1 R
3 RS BB E 2,40 1.2, 0.6 g/(kg: BW) FI & F
TEAVE R KR 28 d, KRR AR 42 o 2 R B e et T4
TREEZER (P>0.05),
232 AFFEEIKFAAIRITN T A

WIER 6 Fian, 50 R B EE B 55 A 2 i 4 34 1)
F R ME . HEVE R RS P A AR L, PR
BRE. REA. R, SR pHE. R ES K
PRI TLEFEZER (P>0.05), FWHTHELE
M 7 2.4 g/(kg:BW) M| =G HI N, %428 d%4
FIE 15 56 K B PR VRHE 7 TG B Sk 2
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1 HEEREHNKRERENZ0

Fig.1 Effects of TFPCP on body weight change in rats
233 AFFEEFEN KRR F IR0

(M= =R vy /A D R = 1 R (1A =g = A W
IR, B R T IR A BRSO 2 R AR R
IRRIBEIR, b S HR AR R B R S
XF R SR MR AR BRI 52 W% 7. ELEREE 28 d T
ORI JE, 2570 B 45 B ek R 2 o A
Tebr L E B HEEZER (P>0.05), MEEF5EL
KB NEU 2B 90 R 2H 5, (HPE & b o e 25 %2
5 (P>0.05), W] fE A M A7) 5 20 K SRS IS4
ZERIE NI A R B B Y R e
S ERTRTN = T Tt i DR P E s A S i O]
(WBC) J oy KFabrdy B, HER 7Ll 58 14
SN R R, RN RS 2.4 g/(kg BW) 7l
IO R BR 32 MLV A R bR o B 2 5
234 AEFEIZFLEN KR AT R

AEE 3R R TR R 6 KR I AR A 48 bR B 52 e DL
F 8. ELER 28 d I E LTS, MEMENES
) 8 2 1 I AR Ak A B 5 B o 2L AR B TG 3 M 22
7 (P>0.05). MRS EZESIE, ALT 5
AST AR 0 Rr i, A2 008 2 15 5 i =
FHE AR, MEVE %57 B 41 ALT. AST ¥48 3% B
PR 2 IS, B 2% R &2 40 ALT. AST ¥J{H

304

BB IR 2 sy EL S X R A B A TE 2
2R (P>0.05), XAJHES A FVE R BRI
AR RE ) 22 76 K. CREA 1R J B2 B /N BR IR
HRIEH 55 M EZ AR, RIS
B IOIRENE Ol MR 8 W AN, MEMER) CREA ¥J{EH 1Y
KT BITEXT IR, e 4 70) & 41 ) CREA ¥J{E )
ANTIHERT A, AT e B 5 R R B I
SUMAAT 22 ¢, LR B 2 B I % ) 2L ) IR A AL
7R P O 4% M3 5 B (UREA. CREA. UA,
TC. TG. GLU) 5FitExt B4 bk, To k35 k%
5t (P>0.05), $&/n B SEME 2.4 g/(kgBW)
AR RO R AR i AR A FR ARG B RS
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Table 6 Effects of TFPCP on urinary parameters in rats

MG & AR &

st AR /[mg/(kgBW)] /Img/(kg:BW)]

0 600 1200 2400 0 600 1200 2400

- 4 4 4 4 4 4 4 4

+- 0 0 o0 0 0 0 0 O

GLU
+ 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0
- 4 4 4 4 3 4 4 4
4= 0 0 0 0 1 0 0 0

PRO
+ 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0
- 4 4 4 4 4 4 4 4
4= 0 0 0 0 0 0 0 0

BLD

SG  1.010 0 0 1 0 0 0 0 0
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® 9 KRR/ RELE (%)
Table 9 Organ/body weight of the mice

2025, Vol.41, No.6

M3 #&/[mg/(kg: BW)] /K AR JiEEeS /4K
0 039+0.05 3.40+0.11 028%0.02 0.82+0.04
- 2400 0.39+0.01 3.40+0.10 027+0.01 0.82+0.02
1200 0.38+0.04 3.38+0.07 028+0.02 0.84+0.02
600 040+0.05 3.44+0.11 027%0.02 0.83%0.04
0 041%+0.02 3.50%+0.17 025+0.02 0.85%0.07
o 2400 041%+0.03 3.52+0.14 025+0.01 0.84%0.05
1200 043+0.02 349+0.12 025+0.01 0.87+0.07
600 042+0.03 3.52+022 026%0.02 0.86%0.06

FIAE, PRXTAT. B HEAT AL SR ) AR . 4

WE B LT UL B 2 Rk s e VRIS R BOR, 245 1.2, 06 gk BW)
REh R &R 2Rt AT B2 TR A TR BT 3 B I S S OK R, 28 d JE A
BTG AE LG FERE LG, BT b 5T Bb o B i A GUEERYIEH, /N2 50 TE Mm%, AT 4 HES
F9, MR, HEELERSARAS Y BT HIURRYIR AR KT A N B

235 AHFFEFHEXT KRB A5 ARG # ot

MRAMILE, TRFEEZER (P>0.05), il
Ja B AR OR L A A o s R TR B
5228 d 28 1 B 0K B A 4% 1 2 A A T g

ERREAR, IREEARTE R 53R 5E, T1E X OFHE 1D
FRO/NETRI B /IS W T i Jk 235 1 R AR TR A, /0 1 ]
EE I b R iR AR YE, Rk COTRE 2) R
L P B 2 L Bt 7 BRI SE o

TS AP

23.6 AHFHELHIAR KA E AL REF T
a ST b

R AL\ AR T3, /BRI D)
S R, R LB R, o L
FOZHIIRAE, 3o N R e i N R Y,
QIIELARE NG 2D TR E, RURGR B, &
R | TLANMAS e SRAEAE L BTN EL 2 P A O

VR 2 P LI 3, 5 S T 4 2 L e L ] 4
TEPE L 5.

S b C7

2 etk REFAERIEYTA B (HE 6, x200) ¢ d
Fig.2 Pathological section of female mouse liver ;
JE: a- WA R84 b-TFPCP &7 &4 ; c-TFPCP ¥ A
¥40; d-TFPCP kAl 228, TF.

PN PR AR NN VN N N S
IEES, PUBRWLSEAR DB 2 i . RN B 2 30 )
WA E AT, W2l R e 5 2

B 3 X RATAERET B (HE 8, x200)

Fig.3 Pathological section of male mouse liver
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: Jo a2 WSS R
B 4 Btk RIBRERIZUAE (HE 3@, x400)

Fig.4 Pathological section of female mouse kidney

; ‘ g i ,“‘ IR ‘
B 5 #ERRERRFEYFE (HE $f, x400)

Fig.5 Pathological section of male mouse kidney
3 #Hig

A R FE VT AN I B S BGER A
Bk, RRMEE . ThREME S S AL RR I K )
BB AR T A AR A 2 4 [ 5 bR
RS TR 7 ¥ 5K EE 3 R T 119 2 4 A Al
17 7o e AR SRR, KA O/
LDs,>10 g/(kg' BW), JEILEEZ s Ames ik, /)R
HREAN AR AZARES, LA K /IS BRURE B4 A Gt Ak i A
RIS, S5 RIEIRNBAME, PRoR i A R
HBERSAER s KR 28 d &0 # ML, &
B B I % R 2R DL R R SO, R
FHR SRR AR E ., R Fabs. A br 5 B
PEXTHRAA L T B e 22 5, PR R R, B
A3 S S BEARAL R B AR, R S
R T S .

ARG e ) TR R S S A%
BUE B VERE, R TR SR B AT 1 A
P, AL 1 L JFURHE 33 54RO 245 1 R P AR )
2 A, RO AL S R BRI Ry TR AE £ i A Th
REPE R AT AL 1 SR IRk .
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