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Study on semicarbazide-induced oxidative stress and hepatic metabolic
damage in SD rats
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ABSTRACT: Objective To investigate the oxidative stress and liver metabolic damage in SD rats under
semicarbazide (SEM) induction. Methods 44 SD male rats were randomly divided into 4 groups: Control (C) group
and SEM low (L), medium (M) and high (H) dose groups with SEM doses of 0.0, 7.5, 15.0 and 30.0 mg/(kg-bw),
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respectively, then intragastrically administrated for 28 d. Enzyme-linked immuno sorbent assay method was used to
measure the content of serum SEM, the content of reactive oxygen species (ROS) and 8-isoprostaglandin F2a
(8-1s0-PGF2a) in rat serum and liver respectively, liver metabolic enzymes index such as cytochrome P450 (CYP450),
uridine diphospho-glucuronosyl! transferases (UGT), glutathione S-transferase (GST) and glutathione S-transferase pi
(GSTpi), and the content of urinary SEM. Results Compared with group C, serum SEM content was highly
significantly increased in all groups (P<0.01), and there was an increasing statistical significant trend in serum ROS
levels in groups M and H as well as liver homogenate 8-iso-PGF2a levels in group H (P<0.01). Liver CYP450 activity
decreased significantly in groups L (P<0.05) and groups M and H (P<0.01). In addition, the activity of UGT and GSTpi
content dropped significantly in M and H groups (P<0.05), and the activity of GST showed no significant change. SEM

urinary excretion fluctuated with time, and reached the peak on the 10™ day. Conclusion  Short-term repeated exposure

to SEM causes its accumulation in rats and affected oxidative stress and hepatic metabolic enzyme activity in the body.

12

In addition, oxidative stress might have different inhibitory effects on different metabolic enzymes.

KEY WORDS: semicarbazide; oxidative stress; hepatic metabolizing enzymes; toxic effects
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iz [l SPSS 18.0 # Mk AT 4t 24404, IR EiE F
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M7 (one-way ANOVA), it — it T4 A1 5 EL 8, 24707
22570F, SR LSD fulky; 4 22R5%, KA Tamhane’s £
By, P<0.05 FR %5 W3, P<0.01 F5 i Eh i,

2 HERE5HH

21 KEBYMFAE

SEM Y2 11 45 21 K SR & A R LR 1. A it
FE AT, 25 2H K LR 1 R T S5 i o T 34 4 349 . e e 4
TG (P > 0.05); I %F LRI A1, L, M AR R R
BYHRFARS C 4 H G B35 22 7:(P>0.05), H 41 K FUE
PR B ERT C 41(P<0.05), iZI 4 £ E & SEM L
B EREMET SD KM YA,

®1 SEM REX KR SYFAELFNE(%, n=11)

Table 1 Effects of SEM staining on food utilization in rats

(%, n=11)
415 c4 L4 M4 H 4

WEEWI T 36.07+1.97 34.99+3.59 34.04+£5.29 31.11+5.06*
HEEW 2 31.7842.23 30.4743.18 31.69+6.66 29.86+3.61
WEEM 3 33.14£3.46 33.04£3.48 28.48+9.03 31.09+5.30
HEEM 4 24484335 23.5442.52 25.58+5.19 23.15+2.96
HEEW S 21524322 21.66+1.82 21.62+3.18 21.02+3.22
WEEM 6 2031£3.28 19.95+4.39 18.08+6.73 18.78+5.63
WEEW 7 23.6843.30 22.61£1.77 22.12+4.52  21.49+5.30
BAFHE  27.07+1.56 26.39+1.96 25.94+4.31 23.50+3.52%

T *P<0.05 £ 5 RIS I L, BB EZES, TR,

22 KRERERM

SEM YL 25 o5 45 4R U 28 2R BRI . B
AW 20 — B, R RECT RN SRR E B, 17
R L, EFRTFRoRFTM . AR, A R KR A
U BE R, AR BRI R B LB E AR
(P>0.05); M. H AIRRMWEEREMEEST C AR
(P<0.01); HZH K BLAY S AL R B 2 T CH K E(P<0.05),
LSRR R BRI S ALER S SEM TESh iR N = A= R
BOEREE T, ELSFHERT SEM Mk pBUs s

# 2 SEM FEX KRR REAIFIE (n=11)
Table 2 Effects of SEM staining on rat organ coefficients (n=11)

AR EERE% P E 2 250/ % SIFRBU%
C 3.04+0.23 0.620.03 0.79+0.05
L 3.02+0.24 0.64+0.04 0.83+0.07
M 3.08+0.43 0.69+0.07** 0.83+0.14
H 3.05+0.28 0.7040.09%* 0.910.10*

TH: **P<0.01 FoRx X IR, AR LR, TR,
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Fig.1 SEM content in rat serum at the end of contamination (n=11)
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B2 SEM X RUMGE FAT A3 ROS &k i3I (n=11)
Fig.2 Effects of SEM on ROS content in serum and liver
homogenates of rats (n=11)

2.5 SEM Xt KR IMEFAFSIHK 8-iso-PGF2a BIFN

SEM X < BRI i A1) 3 Hh 8-iso-PGF2a 1% & (15 i
W 3. 8-is0-PGF20 15 A 4N W IR A6 25 DU IR A )5 7=
AR AT IIRR R, HAR RO b2 A . it
R . RZRESINRHE RN sh, HaEUAE L
T KA T R I R A, DR TR SR A LR S AR
A bs B AU R R, T C 4, U H
AR FITFAIE ) 8-iso-PGF2a &4l B 3 T+ (P<0.01),

LR AU Bl Y T R e s TR, (R
ZF(P>0.05), HILAT I, 8-iso-PGF2a —ERRLEE Al AR
KB SR AR B KA

40
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k%

L iiRaE:d

8-is0-PGF2a % #/(pg/mL)

CH LA M4 H4A

3 SEM X K RUMLHE A1 3% h 8-iso-PGF2a 5 1t (I SE A (n=11)
Fig.3 Effects of SEM on 8-iso-PGF2a content in serum and liver
homogenates of rats (n=11)

2.6 SEM Xt ARAFEE CYP450 25E S9SN

B K RAEG B L5 UG TR CYP450 B i F7 anf&l
4, mERH, 5 C HALE, SEM Jedfli L 4(P<0.05). M
20 H 4L(P<0.01) K BUFAE A CYP450 B3k Jitl .25 T %
CYP450 Ja@ T —4 M 21 85 (1, WA Ak N TR ) 5 i & i
R A LA B S8 S A A R, TR I SEM X CY P450 F il
A BT A S i 5 B T S S ARAIR

4.0

o 35t
e .
g 3.0 *
B 25 E3 %
E 20 f
2 g5t
A
% 1.0

05

c4l L4 M4 HZH
T *P<0.05 a5 ML, A BEEER, TH.

&l 4  SEM Xtk EUAFIEF CYP450 i S1 8520 (n=11)
Fig.4 Effects of SEM on the total activity of CYP450 in rat liver (n=11)

2.7 SEM X ARATHE UGT B5EHBIS N
HARBRAERELE ARG IS UGT IEPEEl 5. M

BRI, 5 C HAHM, M. H AAFIE UGT &2 T

(P<0.05). UGT wfifb b b i . [R#¢, SEM #f

B R AR A B2 RE o

2.8 SEM X} ARBFEE GST jE 15 GSTpi 221

=AU

AR BRIERE RS A FE GST i 71 & GSTpi &4t
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IRZMANE] 6 s o BT 6 FIAT, SEM i X K EUIFIIE GST
EATLEERmW, HM A, HAHARBIFIES GSTpi &5
X RE LA HE B2 (P<0.05) o GST W] iE i AL MR AR
PR BE ) 11 5 HL T B 1A 5 0 D R 2 I B 174 5 B B, AT
il BRI ME ISR S 5 T HE, 8 3R AR i i
FLhY) GSTpi i i A7 7 HFRB i F 5 1) GST, 7EIIHH)Z
;PR T B O, %45 R W] SEM YL Xt K RUHAE GST
6115 GSTpi =M mA —E 2541k .

2.9 KREKi&+H SEM &2 E2HEEFR

AR BRAE T 28 d IR P A ULEF SEM 75 5t Al
SEM i WLIEL 7. FIUBFAE SR — i i B DR VA v 206 3 AR 155 1
Xit BRIV R 7 A R (A A T, BB T R RV 4
WENKIES . WK LE, BRE3 dL4d. M4,
5528 d B9 M 412 LB SEM i, M 41HT 3 d DL R &t
15 28 d 1Y SEM B DIAN, £ ge sl 4] K UK
AT ALEF SEM & HAI SEM B B e E ST c4
(P<0.05 8 P<0.01). MITEEHAFTLIF th, KEJKE SEM
HEM B ICRAESS 1 d P /N, 265 2.3 d HBUMIRIE; B
H 414k, &K 27 ULEF SEM S EHESS 10 d k5,
H R e H eSS 1d,

FARBAEYEENT 3 d JRIEP SEM HEH B AR

6 -

T + u I

4

GSTi& J1/(U/gprot)

C4 L& M4 H4AH

% 30 PerpdU K RUERT 3 d @it JRIEHED 19 SEM R i
Fm TAIRZ R R(P<0.05), H L 205 H 4R BRHE B
BEST M HKRE(P<0.05). SEM 7E& YA RT3 d
W PRIGHEH Y SEM /b, L 4K RHRIER 25 T M
41 H4(P<0.05). FRBAENACHL12E R AR EIREAR, Rl
ELUH AR BT 32 AR o B S HERERE 1 D, 128 R
T B FHIWT SEM AR FER BRI B, FELL AT K ERIA
SEM MEBURE S KRR . 2R EH, KEEHRT
SEM B, HUA A &R SEM RE 1455, BEFERERTE .

1.2

I o 1 S

(=) ot
e d] (=]
T T

UGT &1 J1(U/gprot)
s o
E-N (o)

S
[\e)
T

[=

C#H LA M4 HA

E: *Fon xR LE, P<0.05.
&5 SEM XJ K FIHFHEH UGT &7E J1 i3 m (n=11)
Fig.5 Effects of SEM on the total activity of UGT in rat liver
(n=11)
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GSTpifi & /(ng/gprot)
E>N N o]
T T T

[\
T

0

CH L& MZH H4

T * R 5 AL, P<0.05,
Bl 6 SEM X KEJFNEF GST i Jifil GSTpi & =M (n=11)
Fig.6  Effects of SEM on GST activity and GSTpi content in rat liver (n=11)
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P RBUd

7 AR BAEYEE 28 d N PRI B UUF SEM % &l SEM B & 8 fE (n=11)
Fig.7 Variation of SEM content per unit creatinine and total SEM content in the excreted urine of rats from each group during the
28 d of poisoning (n=11)
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#3 HHEHAREFE 3 XKD SEM HHER(=11)
Table 3 Excretion of SEM in the urine of rats in each group 3
days before poisoning (n=11)

51 AT 3 d flEH S ng Bl 3 d SHEHER/%
C 92.87+39.45° /
L 632.91£349.07° 0.0124+0.0068"
M 368.96+154.56" 0.002240.0018"
H 679.38+143.84° 0.0044:£0.0006"

e AEVNG TR R A A B E M 2ER, P<0.05, NEKEF
BESE /R 4 IR A7 e i 5 P 25 5%, P<0.01,

3 Fi5iie

TP X A W AR A — g T M B ) 5 T A B R AR IR
F o ERS R EORT T S WA N B 0 ST AR 8 1) KB
A PN S RS B IR, B TR T8 1E
FRHRRREEY, A, 2545041 K BULHE SEM ik
PRI ZE 5 5 PR SEM HEH A5 0L, &3 SEM £ LI PY BH i
FRE, PREHE 2R, AT SEM 75 SD K BUA N ETE B TR,
HRFRESEANTIEES RS C dFAEREEER, F
I SORMUAR I HEMES B, ULRHZA B AT REAE SEM Rt R2 i
TreATifesEAR L, A SEM HEMEAZEH, $2F+ T SEM EHL
i, IR SEM XPHUR R E . 2 SR SEM 78
/NI P B8, AR B BB i) T (AR S G K Y
BRItz Ah, Yergdl AL R BCE IR SEM /776 Bl
FEPE, T MARANGHI 25220356 % 3 SEM RESEIA K LY
LAEER, R RE ST

J—J7Th, SEM 285 YRR UK KNS
JIEAR I BTG A B VI G 2R o SEM e 2514 T, MRS AN 3
IR R AR, ARASTR] Gt T35 4 225 i P R N — A
AT A4 CYPASO TG 152 B, i S A 10
CYP450 FAMEZE N R ME L RHOKFE 1T, CYP450
I FERFITE VRS FARY, IR VA UGT MEvEZEAR
[ AL R A EAR— B S 5, nTRR S HLIA A TR B
PEE S AN RERE A, GST 2 5B AN B
JEE, HATHEHT ROS Ar SEN ARSI, A HHOCHL R Bk
W P EAN AL AE S IR /NS, GSTpi /8 GST 1)
— PRI R, AT 4 SEM YLRE4 ROS & bfE M
1. HAmEHHHBEET S, TTiEERE CYP450, UGT
I GSTpi FREEYIE  [RlF, SEM 4> T4 M fEfE A FE X —
SEAMAEFER, SIS N A REAFE 8 20t . 456441
SR SEM B JIUETHEMRE T 10 d AbiA B/ INEAE ) T Ry 25
R, SEM X JHMEAC I A 5 S04 i £ T Rl R A= 4 10 d
ARG, BEATHLAARIE B A w2z
FH. = ROS /K V515 8-iso-PGF20 /K F-#RBERNHLIALLF
RSN BOIRES, PREAUAZ BB, N 1L B 2 WL

#2424 ROS 7K -5 8-is0-PGF20 /K -1 F R, &I 2 Wik hr
VR EEAFREAREEX G 78 SEM RER&AMT,
M5 R ROS Fe 4R L EBA B, T fIF512K H 8-iso-PGF2a $84%
MR XSS R AR A AU B IRl — A
R R T AP AE G 25 5. ARV % B X HE 4 i 37
8-iso-PGF2a % & 20 WM W 2.3 A%, R 50 41 il v
8-is0-PGF2a T 2 AR 5 A% X PTREZ i T Myl &=
BT RS AR, MTE I ROS B b £ BT R,
8-is0-PGF2a TR Tt EALHI L WIbs ™, it s fe
DU SCPT A AR P A 05 . IR BRI SR 5 ARTEAS T
O 6 A 22 B2 U 40 (A i B, il A5 1
IR NN 8-is0-PGF20 FUHACR BT . IS AIR, Rl
AL IR R R AT AR YA A [ 2 S B X R TR A 1) g e
BEVCT A A MR A . B T4, SEM 78K B
AP AR, ATRES R YA R S A R A A,
RS SHRI S R R B RE; SEM A A Y Y
WAL SR AR 355 T A S 2, SRR B9 ROS
L5 8-is0-PGF2a /K-EAENR[RIZHEAY | 28 B Rk KA AE 22 57,
MRS A IV AT REXTAS [ A A AN R R B e A

S 3Lk
[1] 255, ERRIFIE =P RS I2E TR [D]. KR Ml K
2#,2008.

LI J. Toxicology study on semicarbazide of food additive by-production
[D]. Changchun: Jilin Agricultural University, 2008.

[2] SRAREC zEdE, TR, 45 UL ST EURIRBUR b N A AT
FEPEI]. SCHTIRGEE2, 2012, 19(2): 165-168.

ZHU LM, YUAN P, ZHANG BB, et al. Antagonism of procyanidins on
semicarbazide-induced reproductive toxicity in male mice [J]. Pract Clin
Med, 2012, 19(2): 165-168.

[3] European Food Safety Authority. Opinion of the scientific panel on food
additives, flavourings, processing aids and materials in contact with food
(AFC) related to semicarbazide in food [J]. EFSA J, 2005, 3(6): 1-36.

[4] BRBEAR, EE%. SRR AL E A ST Wi 25 it e
HEEH—I. PEKE, 2012, (6): 58-61.

CHEN CF, WANG YT. Drug screening report for alternative nitrofurans
and peacock green banned drugs (serial one) [J]. China Fish, 2012, (6):
58-61.

[5] GAO S, WANG W, TIAN H, et al. An emerging water contaminant,
semicarbazide, exerts an anti-estrogenic effect in zebrafish (Daniorerio)
[J]. Bull Environ Contam Toxicol, 2014, 93: 280-288.

[6] WEFe, AAEE, MRIGUK, SF. ST ke P AR K A S
HRBFFEHERET). HHIE S, 2019, 36(6): 62-67.

CAO AL, YU ZF, CHEN YL, et al. Research progress on nitrofurazone
and its metabolite of semicarbazide in animal-derived food [J]. China
Anim Health Inspect, 2019, 36(6): 62-67.

(7] T, Bait, B, 4. kb Itk i eh E IR R s R il

[J]. 9T 51 %, 2015, 36(17): 183-185.
MA H, WEI YJ, GU BB, ef al. Analysis of origin and control of
semicarbazide in animal products [J]. Food Res Dev, 2015, 36(17):
183-185.

[8] AR, XU/NFY, FHE, S5, VLI 1A o b 2R T 4 ol 434 7. +h



5518 1 Fr,

S RIENEF T SD KRR AL RS A RS A 95

7363

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[ AR 24, 2018, 28(3): 340-342.

HU H, LIU XL, YU H, ef al. Monitoring and analysis of semicarbazide

contamination in flour products in Jiangxi [J]. Chin J Health Lab Technol,

2018, 28(3): 340-342.

FELR, TS AEEAEM]. dbat, PERL RS AL, 2009.

YAN WX, DING XW. Food toxicology [M]. Beijing: China Agricultural

University Press, 2009.

’”EH, Fask, X sEe. JFAERE I8 ARG LA A TR P A 1
1. ZRWIENBIFSE, 2017, 40(9): 1203-1209.

NING CQ, MENG Q, LIU KX. Role of hepatic transporters and metabolic

enzymes in chemical substances induced liver injury [J]. Drug Eval Res,

2017, 40(9): 1203-1209.

P, BBl T AR R AT S B ).

2R 2020, 34(1): 1-10.

YANG F, JIN RM. Research and considerations on hepatotoxicity based

RIEUEIPN

on characteristics of Chinese material medica [J]. Acta Univ Tradit Med
Sin Pharmacol Shanghai, 2020, 34(1): 1-10.

RAEH, A%, SN o AL KT o 245 e kg 288 i 43 ST
VIR RE R, AR, 2020, 27(2): 160-164.

WU ZT, LI HJ. The discovery of reactive intermediates and its
enlightenments on hepatotoxicity induced by furan-containing compounds
in Chinese herbal medicine [J]. Pharm Biotechnol, 2020, 27(2): 160-164.
FEH. KBTS SPSS M. dbat: fh2E Tl iRk, 2007.
WANG X. Experimental Design and Application of SPSS [M]. Beijing:
Chemical Industry Press, 2007.

INEERT, 2R, . AT S YN A T i R UERS R BRI R AT ]
RIS IR, 2009, 26(1): 49-51.

SUN JX, AN J, LIAN J. Analysis of the factors affecting the weight and
coefficient of viscera in experimental animals [J]. Lab Anim Sci, 2009,
26(1): 49-51.

AT, B T AR A /N e R S b A D). TR
ebea A= A YT 2k, 2020, 27(11): 1295-1298.

LI XC, ZHAO JY. Role of reactive oxygen species in tumor immunity of
non-small cell lung cancer [J]. Chin J Cancer, 2020, 27(11): 1295-1298.
VAN'TERVE TJ, LIH FB, JELSEMA C, et al. Reinterpreting the best
biomarker of oxidative stress: The 8-iso-prostaglandin F2a/prostaglandin
F2a ratio shows complex origins of lipid peroxidation biomarkers in
animal models [J]. Free Radical Biol Med, 2016, 95: 65-73.

ZIMET Z, BILBAN M, MARC MM, ef al. 8-isoprostane as oxidative
stress marker incoal mine workers [J]. Biomed Environ Sci, 2016, 29(8):
589-593

LIU XN, LIANG P, GAO XW, et al. Induction of the cytochrome
P450activity by plant allele chemicals in the cotton bollworm,
Helicoverpaarmigera, (Hiibner) [J]. Pestic Biochem Phys, 2006, 84(2):
127-134.

WiER, FEn, KEDE, . RN R R R S DI REDT Y kR
[J]. BUERKE2=4R(FSRBL4A), 2006, 25(1): 19-24.

YANG HL, NIE LJ, ZHU SG, et al. Structure and catalytic mechanism of
the glutathione transferases [J]. J Chengdu Univ Sci Technol Ed, 2006,
25(1): 19-24.

HOLLEY SL, FRYER AA, HAYCOCK JW, et al. Differential effects of
glutathione S-transferase pi (GSTP1) haplotypes on cell proliferation and
apoptosis [J]. Carcinog, 2007, 28: 2268-2273.

B, ARG, MA:, 4. SPF /IR BN g T UL 2% 2 B
FE[I]. W E L EE R AR, 2001, 11(4): 215-217.

[22]

[23]

[24]

[25]

[26]

[27]

[29]

[30]

ZHAN CL, LI QC, XU BF, et al. The measurement of weight of main
organs and organ coefficient in SPF miniature pig [J]. Chin J Comp Med,
2001, 11(4): 215-217.

MARANGHI F, TASSINARI R, LAGATTA V, et al. Effects of the food
contaminant semicarbazide following oral administration in juvenile
Sprague-Dawley rats [J]. Food Chem Toxicol, 2009, 47(2): 472-479.

XIE Y, HAO H, WANG H, et al. Reversing effects of lignans on
CCl4-induced hepatic CYP450 down regulation by attenuating oxidative
stress [J]. J Ethnopharmacol, 2014, 155(1): 213-21.

XU M, TANG H, ZHOU XR, et al. Effects and mechanisms of
sub-chronic exposure to copper nanoparticles on renal cytochrome P450
enzymes in rats [J]. Environ Toxicol Pharmacol, 2018, 63: 135-146.
YANG N, SUN R, LIAO X, ef al. UDP-glucuronosyltransferases (UGTs)
and their related metabolic cross-talk with internal homeostasis: A
systematic review of UGT isoforms for precision medicine [J]. Pharmacol
Res, 2017, 121: 169-183.

QR B, BT, 45 TIVEATHERE GST IR Z AN 5K
TR AR AR T RARSCPEDE T[], R BRI, 2018,
24(6): 719-722, 726.

LIANG JY, ZHENG YC, LI ZT, et al. The correlation of GST gene
polymorphism with sperm quality, oxidative stress and apoptosis in
patients with male infertility [J]. J Hainan Med Univ, 2018, 24(6):
719-722, 726.

SINGH S. Cytoprotective and regulatory functions of glutathione
S-transferases in cancer cell proliferation and cell death [J]. Cancer
Chemother Pharmacol, 2015, 75(1): 1-15.

PG, SR TR A B SR OLAE OF N A AR I . P
8-is0-PGF2a . GSH-PX Ky Ik [J]. #F [ {40 4 fik, 2010, 25(27):
3936-3938.

SUN B, SHEN AR. Signification of 8-iso-PGF2a and GSH-Px in blood
serum and peritoneal fluid of patients with endometriosis and infertility [J].
Matern Child Health Care China, 2010, 25(27): 3936-3938.

COCATE PG, NATALI AJ, OLIVEIRA AD, et al. Fruit and vegetable
intake and related nutrients are associated with oxidative stress markers in
middle-aged men [J]. Nutrition, 2014, 30(6): 660-665

BANE, Sk, ARENE, SF. MR BUALEAEAT IR AR
[ 2525 i, 2021, 37(1): 6-12.

HU C, WU LJ, XIONG YH, et al. Research progress of lipomics in liver
diseases [J]. Chin Pharmacol Bull, 2021, 37(1): 6-12.

(T1ERE: R

JE[].H

m TEW)

{EZ T

BHAH, L, TERRFEAAESR
56mR%2.
E-mail: nightingale _caged@qq.com

&L, L, B8R, TERARFTEA
ERSEMRE.

E-mail: liuch@scau.edu.cn



