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Differential mechanism of toxicity in normal and blood-stasis
mice following Rhizoma Curcumae exposure based
on "YOU-GU-WU-YUN" theory

YU Chun-lei, XU Tian-jiao, ZHANG Xiao-jie, DONG Miao-xian, NIU Ying-cai”

(Institute of Medicine, Qigihar Medical College, Qigihar 161006, China)

Abstract: We were interested in ascertaining differences in developmental neurotoxicity in normal and blood-
stasis pregnant mice administered orally Rhizoma Curcumae and the underlying molecular biology mechanisms of
any differences. To answer these questions, a blood stasis model was induced by being immersion in ice water.
C57BL/6 mice with blood stasis, normal C57BL/6 mice, Nrf2 knock out (KO) mice with blood stasis were
randomized into control groups and Rhizoma Curcumae exposure groups. The pregnant mice were administered
Rhizoma Curcumae during pregnant day 5 to day 18. The neurodevelopment reflex was examined by the positive
occurring time of avoidance precipice reflex tests. Measurement of glutathione (GSH) in brain of the offspring was
performed by colorimetric assays. Transcription factor NF-E2-related factor 2 (Nrf2), glutamate cysteine ligase
catalytic subunit (GCLc), and glutamate cysteine ligase modifier subunit (GCLm) mRNA and protein expression
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in brain of the offspring were examined by real-time RT-PCR and Western blot, respectively. All animal care and
experiments procedures were reviewed and approved by the Animal Care and Use Committee of Qigihar Medical
College. Our results demonstrated for the first time evidence that C57BL/6 mice treated with Rhizoma Curcumae
(10.0 g - kg™) extended the positive occurring time of avoidance precipice reflex tests of offspring mice compared
with the normal control group (P<0.05). We could not find any significant change in that of blood-stasis pregnant
mice offspring compared with the normal control group (P>0.05). Compared with the normal control group, level
of glutathione, mMRNA and protein expression of Nrf2, GCLc, and GCLm significantly increased in brain of the
offspring of blood-stasis pregnant mice (all P<0.05). However, mice treated with Rhizoma Curcumae (10.0 g- kg?)
did not change those of offspring (all P>0.05). Knock out Nrf2 using CRISPR/Cas9 extended the positive
occurring time of avoidance precipice reflex tests of offspring of blood-stasis pregnant mice (P<0.05). To
conclude, developmental neurotoxicity of the blood-stasis pregnant mice to Rhizoma Curcumae was weaker
than that of the normal pregnant mice. Cold-induced Nrf2 activation has important roles in "YOU-GU-WU-YUN"
phenomenon of Rhizoma Curcumae.
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Table 1  Primers used for real-time PCR detection of gene expres-

sion

Group  Direction
Nrf2 Forward

Sequence
GAT CCG CCAGCTACT CCCAGG TTG

Reverse  CAG GGC AAG CGACTCATG GTCATC
GCLc Forward ATG TGG ACA CCC GAT GCAGTATT

Reverse  TGT CTT GCT TGT AGT CAG GAT GGTTT
GCLm  Forward GCCACCAGATTTGACTGCCTTT

Reverse CAG GGATGCTTT CTT GAAGAGCTT
p-actin  Forward AGC CAT GTACGT AGC CAT CC

Reverse CTC TCAGCT GTG GTG GTG AA

EHRENE R4 M Nrf2. GCLc 1 GCLm & H
Rk dIMIR AR A 5% R A BT SR HOR & A A
HEH . 100 °C /K H hn #8842 P, 10% SDA-
PAGE HLJk, JKH B H B E 75 VIHERZES T 2 h ik %
P 2 IR 41 4 2 JBL, Tt I 9ok 4 041, in— it (111 000)
% &, n Pt (1:4 000) W% &, Jin Super Signal West
Pico Chemiluminescent Substrate & 5 . #1 18, F Alpha-

EaseFC %t iz B 45 4k B & 42 73 Hr H 1 2% 48 AL 20 O

Gt 5E KM SPSS 19.0 347 G it by, %t
CASS H e hm i 22 (X £ s) IR o ¥ IR] b 3R A H A
75T, P EE R F SNK-q £ 56 55 LSD fa 58,
K96 7K HE o = 0.05, XK 56

#HR
1 FEAMESMMAENZ R FRRFITAINEERN
=AU

5E 4L (wild type, WT) /N R IE 5 0 BRZE LB 45, 1
H/NEL (WT) +10.0 g- kg™ SRR 1A 2 [0 36 1) 35 b
H % & 2 %€ K (P<0.05), 1M ML ¢ i /)y B (WT) +10.0
g - kgt FRA L 7 AT EE [0 38E (18 Ar H i 35 2= R (P>
0.05). 5 Nrf2-KO /J» B I 7% UF % B4 B 4, if 8 ik
Nrf2-KO /)N 1 +10.0 g - kg 3 AL 7K W7 =22 =18 A bx H
14 5 # IE K (P<0.05). 5 B AR /)N BROE O B2 LA,
EH# /N (WT) +10.0 g- kgt 3k A+ tBHQ 4 14X Ihr 2
[l 3 Py i b H 8 TG 2 3 72 7 (P>0.05). Z5R WK 2.
Table 2 Effect of Rhizoma Curcumae (RC) on the positive occur-
ring time of avoidance precipice reflex tests of the offspring mice
(n = 40, X + s). 'P<0.05 vs WT mice + NS group; “P<0.05 vs
model Nrf2-KO mice + NS group. NS: Normal saline; WT: Wild
type; KO: Knockout

Group Dose/g-kg* Time/d

WT mice + NS 0 5.85 £ 0.42
Model WT mice + NS 0 6.02 +0.47"
WT mice + RC 2.5 5.95 +0.50
5.0 5.97 £ 0.47

10.0 6.25+0.43"

Model WT mice + RC 2.5 6.00 £ 0.39
5.0 6.02 £ 0.53

10.0 6.00 £ 0.45

Model Nrf2-KO mice + NS 0 6.00 £ 0.39
Model Nrf2-KO mice +RC 10.0 6.32 + 0.47%
WT mice + tBHQ 0 6.05+0.63
WT mice + RC + tBHQ 10.0 5.87 + 0.56

2 BAMNEEMMAENZRFRMALGSHEE
A

5 AR N BRIE B 6 IR B, IS AIE /N B (WT)
Xof A AR 2 24 GSH £ & I 2 15 (P<0.05), 1E
/INER(WT) +10.0 g - kg AR H AU 2H 2 GSH & &
i Jd /b (P<0.05), T i f%E /) B (WT) +10.0 g - kg*
AR TR GSH & &2 L & & % 7 (P>0.05),
55 1 % 0E Nrf2-KO /N B BB 20 8, s HiE Nrf2-KO
/N +10.0 g - kgt IR T AU 23 GSH & & W 2 ik
/b (P<0.05). HIEH /N (WT) +10.0 g-kgt AL L
B, W /N (WT) +10.0 g- kgt 3 A+ tBHQ 2H 14X



- 332 - 2422224 Acta Pharmaceutica Sinica 2019, 54(2): 329 -334

ZHZ GSH & & W 21 (P<0.05). 453 L5 3.

Table 3 Effect of RC on glutathione (GSH) levels in brain of
offspring mice (n = 6, X + s). "P<0.05 vs WT mice + NS group;
#P<0.05 vs model Nrf2-KO mice + NS; *P<0.05 vs WT mice +
RC (10 g-kg?)

Group Dose/g- kg™ GSH/anI; L
(mg prot™)
WT mice+ NS 0 7.98 £0.73
Model WT mice+ NS 0 9.58 +0.98"
WT mice + RC 2.5 7.58 £0.76
5.0 7.31+£0.90
10.0 6.03 £ 0.58"
Model WT mice + RC 25 8.88 £ 1.07
5.0 8.25+1.01
10.0 7.90 £ 0.67
Model Nrf2-KO mice + NS 0 5.98+0.78
Model Nrf2-KO mice + RC 10.0 4.46 + 0.65
WT mice + tBHQ 0 12.00 £ 1.15
WT mice + RC + tBHQ 10.0 10.05 +£1.01*

3 FHAXIE R A MAUER 2 R F KR ZE 4R GCLc.
GCLmM mRNA #1&E B &RiAHI S0

GCLc K] Western blot il PCR 45 . &, 5 ¥4/
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N (P<0.05), 1 1E % /N B (WT) +38AR 4L A i 41
Z1GCLc HE H M mRNA KA L i % % 5 (P>0.05). 5
Nrf2-KO IfiL 55 3IE /) 5 6T HE2H EE 852, Nrf2-KO I i 3iF /)
fl+10.0 g- kgt FAR TR 2 GCLc & 1 A1 mRNA %
BT EZR (P>0.05), HIEH /MR (WT) X4t
B, IEHE /AN (WT) +FE AR+ tBHQ 41 F RN 4141 GCLm
HH M mRNA &k & 1 N (P<0.05). 5 Nrf2-KO ifil
FEAIE /N SRR R 20 HL 2, NIrf2-K O IILBIE /) B+ 3R A TR
Jiki 41 23 GCLm & (1 F1 mRNA £ ik & & # 2 7 (P>
0.05). 4R WEI1FIE4,
4 FHARXFIE IR E A 2 R F K BX 4E 4R Nrf2
mMRNA FE B FRILHIF 00

Nrf2 [£) Western blot A1 PCR 45 5 &R, 5 B4 /N

e PSR G o o ~= G W | <73KDa
SFJEY = T T ¥ v pnie
GAPDH "= &5 &5 &5 8 & & ® | <37 KDa
cold + RC +
NS cold RC RCc NS RC tBHQgHqg
WT Nrf2-KO WT

Figure 1 Western blot analysis of GCLc and GCLm proteins

expression in brain of offspring mice

TE 6 HEZH B, I e /) B (W) f HE 4R IfL 9% IF
ANER(WT) + 3R AL 71U 41 21 Nrf2 25 (1 fil mRNA %
ik R 2 N (P<0.05); 5 I 6 /N B (WT) S BE 4 E
B, MPEIE /N B (WT) 3R A 7 2H 24 Nrf2 2 1 Al
MRNA %55 3% 7% 5% (P>0.05). 4R WE2MES,

Nr2 [ S wi 30| < 57 KDa
Lamin B W6 wwe o @B | <67 KDa

cold +
NS cold RC RC

Figure 2 Western blot analysis of Nrf2 proteins expression in
brain of offspring mice

Table 5 Effect of RC on Nrf2 mRNA and protein expression in
brain of offspring mice (n = 5, X £ s). "P<0.05 vs WT mice + NS
group

Group Nrf2 protein Nrf2 mRNA
WT mice + NS 100.00 + 0.00 1.00+0.10
Model WT mice + NS 144.50 + 13.55" 1.40 £ 0.10"
WT mice + RC 95.27 £ 12.85 0.94+0.13
Model WT mice + RC 147.23 +17.81" 1.41+0.14"

g

T2 B RIS AL — AN [, N AR S AT g
FE 50 TR 24 R Ik 1 B R 2 P SRR EUDIRAS R,
I TR AN R, HLAA (1 265 40 A BE 0 Al 2% 42 U7 A2
ZE 5o PRIk, X 245 ) URR L R 32 0 S5 A 22 L
7 AEAH 2 e 25 B IG ITAE S, J5 AN HE A AT g
HUREVE SCRE o (B 77 A 22« 3R I ) 30777 1) 2 3 N
B A e AT HUOIIR, AR TEIRA” . AR NN,
PRI 0T T e 24 B P 2R G RS R e MR AR F AR S [ 1R IE

Table 4 Effect of RC on GCLc and GCLm proteins and mRNA expression in brain of offspring mice (n =5, X +'s). "P<0.05 vs WT mice +

NS group
Group GCLc protein GCLc mRNA GCLm protein GCLm mRNA
WT mice+ NS 100.00 + 0.00 1.00 + 0.08 100.00 + 0.00 1.00+0.17
Model WT mice+ NS 130.17 + 10.06" 1.38+0.13" 110.42 + 23.27 1.13+0.14
WT mice +RC 99.66 + 12.23 0.97 £0.16 92.93+13.54 0.93+0.11
Model WT mice +RC 131.66 + 14.62" 1.30 £ 0.15" 113.81 £22.45 1.10+0.11
Model Nrf2-KO mice + NS 60.52 + 6.60 0.50 +0.06 84.91 +10.01 0.82+0.06
Model Nrf2-KO mice +RC 63.74+7.03 0.50 + 0.06 83.68 +7.08 0.81+0.12
WT mice + tBHQ 172.75 + 21.60 2.34+£0.31 154.55 + 22.95" 1.45+0.20"
WT mice + RC + tBHQ 176.19 + 23.12" 2.25+0.32" 157.36 + 19.80" 1.42 +0.09"
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FEA T 55 7K Wt 2 [B] 38k (134 A% H %, s> T GCLe %
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