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[Abstract] Objective: To explore the differences in response to bakuchiol-induced hepatotoxicity

between Institute of Cancer Research (ICR) mice and Kunming (KM) mice. Method: The objective
manifestations of bakuchiol-induced hepatotoxicity in mice were confirmed by acute and subacute toxicity animal
experiments, and enrichment pathways of differential genes between normal ICR mice and KM mice were
compared by transcriptomics. The real-time quantitative polymerase chain reaction (real-time qPCR) assay was
used to verify the mRNA expression of key genes in the related pathways to confirm the species differences of
bakuchiol-induced liver injury. Result: In the subacute toxicity experiment, compared with the normal mice,
the ICR mice showed increased serum content of alkaline phosphatase (ALP), and 5'-nucleotidase (5'-NT),
without significant difference, and no manifest change was observed in KM mice. Pathological results showed
that hepatocyte hypertrophy was the main pathological feature in ICR mice and hepatocyte steatosis in KM mice.
In the acute toxicity experiment, KM mice showed erect hair, mental malaise, and near-death 3 days after
administration. The levels of serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in
KM mice (400 mg-kg') significantly increased (P<0.01) , and the activity of total reactive oxygen species
(SOD) in liver significantly decreased( P<0.01)compared with those in normal mice, while the serum content of
5'-NT and cholinesterase (CHE) in ICR mice (400 mg-kg"') were significantly elevated (P<0.01). The liver/
brain ratio in ICR mice increased by 20.34% and that in KM mice increased by 29.14% (P<0.01). The main
pathological manifestation of the liver in ICR mice was hepatocyte hypertrophy, while those in KM mice were
focal inflammation, hepatocyte hypertrophy, and hepatocyte steatosis. Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Reactome pathway enrichment analyses showed that the differential gene expression
between ICR mice and KM mice was mainly involved in oxidative phosphorylation, bile secretion, bile acid and
bile salts synthesis, and metabolism pathway. CYP7A1 was up-regulated in all groups with drug intervention ( P<
0.01) and MRP2 was reduced in all groups with drug intervention of KM mice (P<0.01) and elevated in all
groups with drug intervention of ICR mice (P<0.01) compared with those in the normal group. The expression of
BSEP was lowered in ICR mice with acute liver injury (400 mg-kg"') (P<0.05). SHP1 was highly expressed in
KM mice with acute liver injury (400 mg-kg'). The expression of FXR was diminished in ICR mice with
subacute liver injury (200 mg-kg") (P<0.01). SOD1, CAT, and NFR2 significantly decreased in KM mice with
acute liver injury (400 mg-kg"'), and CAT dwindled in KM mice with subacute liver injury (200 mg-kg") (P<
0.01). GSTA1 and GPXI1 significantly increased in KM mice with acute liver injury (400 mg-kg") (P<0.01)
and SOD1, CAT, NRF2, and GSTA1 significantly increased in ICR mice with subacute liver injury (200 mg-*
kg"') (P<0.01). CAT and NRF?2 significantly increased in ICR mice with acute liver injury (400 mg-kg"') (P<
0.01). Conclusion: With the increase in the dosage of bakuchiol, the liver injury induced by oxidative stress in
KM mice was gradually aggravated, and ICR mice showed stronger antioxidant capacity. The comparison of
responses to bakuchiol-induced hepatotoxicity between ICR mice and KM mice reveals that ICR mice are more
suitable for the investigation of the mechanisms related to bile secretion and bile acid metabolism in the research
on bakuchiol-induced hepatotoxicity in mice. KM mice are more prone to liver injury caused by oxidative stress.
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SOD 1 /) i EFEAR(P<0.01). WLk 2,
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.80.

Src [A] 8 1%
54 ol R Tt 1
(SHP1)

JIR 7 b A
i1 %% (BSEP)

Z il 25 1 %
H 1 (MRP2)
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I3 AACCAGTTGTGTTGTCAGGAC
Fiif CCACCATGTTTCTTAGAGTGAGG
3 GGAGGCGGGAACCCAATAG

T iif GTGTGCCATCTCGTCAGTGAA
i AGTCCACCGTGTATGCCTTCT

T GAGACGCGACATTCTCAATGA
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B0 K (P<0.01) ; KM /D ELUFTICR /N BURN i
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x2 HEEBXAEMHERNREFINEIERPZM Gts,n=5)

Table 2 Effect of bakuchiol on liver function indexes of two strains of mice (x+s,n=5)

IS 21 5 FlHE/mg- kg ALP/U-L" ALT/U-L" AST/U-L"! CHE/U-L"! SOD/unit 5'-NT/U-L"
ICR  IE# 94.72+19.74 31.20+8.23 115.34+20.74 4.03+0.76 2.45+0.32 14.37+3.76
Kb i 200 138.92+66.61 54.00+55.58 131.12+34.38 6.57+1.29" 2.49+0.22 24.79+9.97

400 124.22+20.27 28.20+6.65 112.34+22.29 7.25+2.11% 2.17+0.20 31.53+8.65%
KM  IE# 124.78+29.83 29.00+7.58 89.30+24.64 6.82+0.59 2.76+0.27 12.47+6.46
Kb i 200 123.72429.91 25.60+4.62 96.30+7.658 6.42+0.86 2.67+0.30 18.04+4.39

400 68.32+13.49% 83.80+38.96% 158.12+59.42% 6.09+0.09 1.77£0.427 17.42+15.94

1 HIEH 4 eV P<0.05,2 P<0.01(FK 3~6[7])

x3 HEEBXNRFRGEREHE (£5,1=5)
Table 3 Effect of body weight of liver injury induced by bakuchiol in mice (x+s,n=5)

ES 459 HlH/mg- kg DO0/g D3/g D7/g D10/g Dl14/g
ICR iEH 35.68+0.88 35.74+1.30 37.48+1.19 38.64+1.37 38.40+1.69
Kb i 200 36.56+1.72 36.82+1.39 38.60+1.98 38.04+2.32 36.80+2.08
400 35.46+1.72 34.80+1.42 34.42+1.69% - -
KM EH 41.58+0.63 41.66+0.88 45.02+1.14 46.26+1.32 47.84+1.60
Kb i 200 40.28+1.07 40.88+1.42 43.06+1.42 44.38+1.79 45.34+1.68
400 40.40+1.34 38.12+1.53% - - -

x4 HEEBXAMHRERNDRERREHORME (Ts,0=5)

Table 4 Effect of bakuchiol on organ coefficient of two strains of mice (x+s,n=5)

S 4151 At /mg kg T /g JHFIE /g JEREAE A /g (100 ) FFRERENG t/g- g
ICR EH 38.40+1.693 1.608+0.070 4.1910.194 3.248+0.152
MR IR B 200 36.80+2.080 1.702+0.221 4.620+0.482 3.638+0.301
400 34.42+1.688” 1.862+0.135" 5.409+0.291% 3.909+0.206”
KM EH 47.84%1.595 1.654+0.127 3.458+0.254 3.512+0.344
N A IR 200 45.34+1.680 1.759+0.141 3.876=0.199 3.941+0.332
400 38.12+1.534” 2.058+0.238% 5.396+0.541% 4.535+0.494%

B b BE T A0 B RE R, 1/5 B AR BE /AR R L KM/ B
AN B B (200 mg-kg') 4 3/5 b BE T 40 Bl A I A
P DL/N RV g 35, 1/5 H RS /N kR 2 TCR /)N
RN BE 3 (400 mg-kg') 2 4/5 H B o 5 A 440 A A
K978 3R K 2 JTF /N ik e () A0 s KM /DS BRURR A B €
g T (400 mg-kg™) 41 LA T 240 M g 7 745 E £ 1T 40 SR Sl
RER S FE A, WKL,
3.6 =R ARINFEST AR R /DN B R IA R K
AEAL, A [ il R (B R AR R X 3 B B o 24l R/ B
FE A I 22 S TR 2R 2 AR [T L 398 3 RROAH OC AR
ICR/N S KM GG 22 AL 104754, g A JOR P03 CACR b U AR 1 (200, 400 me ) A
Bl 2. il T L 5 e ] ) 2% 5 3 D.KMLT:”%"?E;E,F.KM/JLEE%I"%"EE%(ZOOA,OOmg-kg")ﬁﬂ

E1 #EREBE/NRAFRGHAERENZID (HE, x400)
Sr A O, IE R ICR /DS KM/ R LR 5 7724 Fig. 1 Pathological picture of liver injury induced by bakuchiol
SEPA BT 25 5 o 1 409 AN JE P 3 [, 4 363 in mice (HE, x400)
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400 mg-kg") 21 MRP2 mRNA % ik ¥ i 3 [ % (P<
0.01) , ICR /)N B %k & 5 B (200, 400 mg-kg') 41
MRP2 mRNA & ik i 3 J+ = (P<0.01) , ICR /)y FUER
‘B NE Y (400 mg-kg' )41 BSEP mRNA % ik W i A%
(P<0.05) ; KM /N B KM B il 3 (400 mg-kg') 4 SHP1
mRNA & & fil ICR /] B b & B8 B (200 mg-keg') 41
FXR mRNA %3k B &A1 (P<0.01). W5,

3.9 XFAN[A] b FR /IS B 4 I 4R Ak i 1R Ak AH G
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JIE M (400 mg-kg') 4 M JIE b $t %A 1k I ¥ SOD1,
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/N BURD B IS B (200 mg-kg') 4 CAT mRNA % ik i
F AR (P<0.01) ; KM /Iy B #h B B8 7 (400 mg-kg')
2 4 fL ] F GSTA1, GPX1 mRNA ik ) i 2 7} 55
(P<0.01). ICR/INEUENE G ) (200 mg-kg™) 21 HF I
SOD1,CAT,NRF2,GSTAl mRNA ik #  # 7H 5
(P<0.01), ICR /> BRUAR B A B} (400 mg-kg™) 41
CAT,NRF2 mRNA KL (P<0.01). W6,
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F&5 *NBEBEERXT /N R AT 5 5 BE AR AE i 43 i 48 55 mRNA RIZMZM (v+s,n=5)
Table 5 Effect of liver bile secretion related mRNA in mice with liver injury induced by bakuchiol (x+s,n=5)
IES A9 A /mg-kg! CYP7A1 MRP2 BSEP NTCP SHP1 FXR
ICR  fhF AR 200 1.642+0.324% 1.701£0.671% 1.107+0.487 1.215+0.306 1.168+0.376 1.533+0.402%
400 1.797+0.496% 1.860+0.335% 0.669+0.204" 1.243+0.239 1.275+0.225 1.235+0.317
KM fhig AR 200 2.007+0.805% 0.774+0.113% 0.790+0.236 1.197+0.129% 0.816+0.133 0.932+0.291
400 2.970+1.950% 0.540+0.248% 0.992+0.616 0.410+0.179% 1.756+0.827% 1.158+0.796
T B IE B 4 AH & mRNA F3A 0 1(FK6[F) .
F6 FBEBEERIT/NFR AT BT R AL BEES L AH X mRNA RIZH M (x+s,n=5)
Table 6 Effect of liver oxidative phosphorylation related mRNA in mice with liver injury induced by bakuchiol (x+s,n=5)
ES 21 5 4 /mg - kg SOD1 NRF2 GSTAI GPX1
ICR b e 200 1.436£0.359% 1.696+0.677% 1.996+0.717% 3.201+1.383% 1.453+0.447
400 1.147+0.204 1.736+0.419” 1.791+0.377% 1.967+0.867 1.208+0.312
KM Kb i 200 1.056+0.357 0.659+0.144% 0.742+0.138 1.095+0.549 0.750+0.115
400 0.513=0.176% 0.520+0.349% 0.624+0.298% 2.893+0.833% 1.813+0.525%
4 g S, B I6) —Ff & sl P 78 WO 8] & i i 250 s L
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A — o A o 52 15X B 4 T S8 R TN o 2 B
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P58 B 32 B R RL LA SR X i PR AT 5 AT
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75 3 0 0 BF 72 DR, O A i i )
TUHRIE T BT A 25 1) 09 5 e MEE TS . AR DRI Ai
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ARABL, e rb /0N BB 3 5 T S A I AR O 45 3 114
FE, R BCH O A 0 50 N 2 I IR R s 2 M AR G
Jog 2o G AN R A A R R AN i O R 3 Y 2 A
Hh IS SRR B R B 3R B

i 3 ok 1 1 58 26 M R ) Bl 4 2 KB, H %
ANBIE 5T AT A (A 335 A TR 2 ) & F 52 45 0 % LA
14 vp 25 0B i 09 2R Oy 2 — A B IR AR
B2 o AT K B IR] 45 25 25 0F T, #h B IR
JF 45 05 6 ICR /D L5 KM/ B 6 B HLA 1 3% 2%

PG ISR 2 e U

A0 B RE B Sk M S 58 P ICR /N R ALP,
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B8 Ak o BE 45 R % TCR /DN BRU LT 48 it IR K 3
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PE o AR AL FE bR R B 45 S 3 WA 7E W Sk B R S G
ZAF T ICR /IS B 453 45 1 1) 7 JEL T 9 R KM/
B 45 47 00 1) T i A A 1
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FRLRD D B ] W R SRAE (R RS R R BE WAL ),
ICR /N FUAE 7 d 9 45 24 20 A v 187 54 s 300 Bt 19 JH
BiFE W . KM /MR ALT, AST 3 Th &, IFHE
SOD [iff i J1 4 & P B A, ICR /N BRI 7S ALP,5°-NT,
JIFURK il it 75 et PR TR o TCR /AN RO JUE g L AR
BT TR 3 TF H 2 B0 20.34% , KM /)N BT JE I i 1
B9 29.14% . ICR /)N BRI g B 3 22 3% 900y I 4
JiLAE K, KM /N BRDA Sy v 6 0E Ry 3, £ 40 i e
K HFAH ARG AR PE . KM /NERTE 3 d PN TV HY B 2
PE 45 05, 4 00 5 44k I 38035 AR G , AT g A I
TR ICR /N BR 2 Bk 18 P S 461 3, 45 473 S04 iz
PORBR S, DU IR Ul 3

by itk — A B E B R 22 5 b 2 A PR B
M O B S 4 2 AL BRI K P IE SE T IE # ICR
/N BRI IE 8 KM /s B A7 7 22 5 5 D 3R 56 L ICR /)
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2508 1Y 56 B 5L ) mRNA B F kM. IR &
S Ik JIE R IR R R A T R R E IR [ A
JUE oA, T A P R Y CYPTATL S BT R A
AR 3 L FR O IE ER FR IR R RN A B R 45 G
B o AT A 43 30 R0 HE S T AR R T 20 At R Fn A
JEE b B A2 R sy A M I B B NTCP, i T B
A4S b BSEP, MRP2 %242 | FXR 4t 43 IH 11§
A ,FXR 5 SHPZ &5, v LAl CYP7AL A #% 5%,
AE JFF 240 1B 3 R 670 4 35 0 A9 4% A0 I R 3 i B
1% FXR M 3E i BSEP 14 22 35 5k B L 3 5 ] IR 7
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H 3 67 for 38 0, CYP7AT il 6 P 48 58, TG FXR,
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BRI BRORE AT B 24 DB I B 04 B M B RN,
AL LA S T B R 1 T SO 451 09 ALk U
ICR /N BRUXH JIE 3 43 0 3 25 A28 £k B8 508k, KM/ BT
AL BE 1 B ICR /N BL58 , B 52 S Ak IO K52 o JH U
Jise .
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