#5455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2021, 38(1)

83

IECRIT R ERANRSBA R ESERIVH]

BRIESC?, WREEI®, fR M, DERRGE S, BIRRL, TN, FRR
BRENAFALDERR o FHEFLR b. RRFL, B BN 350004

LR
Experiment

DOl 10.13213/j.cnki.jeom.2021.20314

I

(=] BRI ECENSEZTEMRAREHELRAETY, WFSSEHRARER LD, EC
R EERGISRE T, TEHEBRERSH. ECRBERTHMATSIhEE IR ATEE
BINE, RESFRFR™,

[HEY] MRIE RIS ERARESBUEEX R SEE, U5 RITE N,

[F5%] a0 R sD KERBEN D 448, 181 DNIFERAM 3 PMNREBAH, 2HIERLRA .
4212, 12637, 37910mg-m* IECIR, BKR4h, EERS 28d. MERSEARAEENT S
BRI, MR BRALREFNT, NEMETARBRERE (AT) IXLaiRER
Eg (AsT) B97EH, UK MiERNET (Scr) MIRER (BUN) NE 2, RASERIZRHEE PCRIEK
TURFHEAR cyp1A2 BEM BT cHOP B EHY mRNA FRiXKF,

[£55] S534ER4AMLL, 37910mgm? EC A A RIAEZE T (P<0.05) , ZLRSAHRFINE
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Mechanism of liver and kidney toxicity in rats induced by subacute inhalation of n-hexane
QIU Zhengyi®, CHEN Huiting®, PAN Yimei?, HONG Qizhu?, LUO Lingfeng®, WANG Jing®, LI Yuchen?
(a.Department of Preventive Medicine b.Experimental Center, School of Public Health, Fujian
Medical University, Fuzhou, Fujian 350004, China)

Abstract:

[Background] n-Hexane has been widely studied for its neurotoxicity at home and abroad rather
than its hepatorenal toxicity. The main metabolizing organ of n-hexane is the liver, and the main
excretory organ is the kidney. Whether n-hexane exposure affects hepatic and renal functions
and what is the possible mechanism are worth interrogating.

[Objective] This experiment is designed to observe the hepatorenal toxicity in female rats
induced by subacute inhalation of n-hexane and preliminarily explores its possible mechanism.

[Methods] Forty female SD rats were randomly divided into four groups, namely one control group
and three exposure groups which were exposed to n-hexane at 0, 4212, 12637, and 37910 mg-m?
respectively by static inhalation, 4 h a day, for continuous 28 d. The rat body weight and liver
and kidney organ coefficients after exposure were determined. The pathological changes of
liver and kidney were observed. The activities of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in serum, as well as the contents of serum creatinine (Scr) and urea
nitrogen (BUN) were determined. Real-time fluorescence quantitative PCR was used to detect
the mRNA expression levels of CYP1A2 gene in liver and CHOP gene in kidney.

[Results] Compared with the control group, the body weight of rats in the 37910 mg-m™ n-hexane
group decreased (P<0.05), and the changes in the organ coefficients of liver and kidney in each
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exposure group had no significant difference (P>0.05). With increasing exposure dose, obvious pathological changes were observed in
rat liver and kidney tissues under light microscope. Compared with the control group, the serum AST level in the 37910 mg:m™ n-hexane
group increased [(93.6346.84) U-L™ vs (72.88+11.59) U-L?, P<0.05]; the Scr and BUN levels in each exposure group were not significantly
different (P>0.05). Compared with the control group (1.00+0.06 for CYP1A2, 1.00+0.04 for CHOP), the expression of CYPIA2 mRNA in
liver tissue of each exposure group was down-regulated (0.01+0.00, 0.08+0.07, and 0.14+0.09, respectively; P<0.05), and the expression
of CHOP mRNA was up-regulated (2.22+0.19, 2.05+0.02, and 2.95+0.28, respectively; P<0.05).

[Conclusion] Subacute exposure to n-hexane causes liver damage in female rats, possibly triggers endoplasmic reticulum stress in rat
kidney tissues, and changes the mRNA expressions of CYP1A2 in liver and CHOP in kidney.

Keywords: n-hexane; subacute exposure; liver toxicity; kidney toxicity; metabolic enzyme gene; endoplasmic reticulum stress

IE 28t (n-hexane) B— BT R AR EM™ 4%
NENAER, TEATHEHEER. HENER,
WENBFBFERFLE~FRELIFL, BERK
BTUHNERRE, 8RESNTASESRLERIVEE
a2, BIFCREIR RS AP L ELLFIBEES
BHE, FRWVBERHGT, [ECRETFRERNAE
W, £3FRFEAS, KX FTEZHERAILENS B
HIIE Sl E IR R GI A5 ERERZ e, BFE
FMRHBRYERERD, FFREE XS HMEIERR
PUERE, S5NMEASYRANERY, FERFEE
ERFREARASE, TERW~ N2, 5- 2. 2- 2=
f2-SREY, X—EHAETEZEHFEAN
PASOEB RSk, MR ZE PAS0 K& 1 LR A AL 5 2
(cytochrome P450 family 1 subfamily A polypeptide 2,
CYP1A2) BRFIEHFEEM cYP4s0ENWEEZ —, B E
YRR R cyPaso E L EE Y 13% 7, IFBEER AR B IR
M HEa® REAFREIEEB (C/EBP-homologous
protein, CHOP) TEIE B £ IEREB TFEARNAET, B
£ RN B M K 8 (endoplasmic reticulum stress, ERS)
RETERZXEEFAS, BERSWIIREZ— ", AHf
RIS RANRSRE, MRS T
AR THRERICLEE , FRRATRAECISES cyP1A2 B
HF S AR cHor ERMRIX, ¥IFRITIECHKE
DT HATREARHTIEE, BERBR BEEHLN ERS
RN, A#—FRRESKENTSSEREN IR
T B,

1 WREFZE
1.1 A5 K234
111 F2iE5 Eck (DEESER, RE), PBS
(AtRFPEZEIHHE AT, FE), DEPC (Invitrogen 2
3], £E) , TRIZOL REAGENT (Invitrogen AF], EEH),
PrimeScript™ RT Reagent A1 SYBR@ Premix Ex Taq™

RAE [FEEYMIRE (K% BRRQE, vE]. A
f2 %% S B8 (alanine aminotransferase, ALT) f1 XK & &
B2 %% & B8 (aspartate aminotransferase, AST). I fR
£ & (blood urea nitrogen, BUN) #1 I Al &F (serum
creatinine, SCr) F#MAF ZHMW B P E R RER
Y TR

112 FEEM sPs BN HRBEBHIR (Leicad
&), {E&) , CH8606 BF 7R (Mettler Instrumente
AGAE], Ht), 2323k BXLE LWL (Hermle X F], 1
H), £¥MAREIEN (1A EEmRENEER
RE, FE), BETIR (Leica RF], EE), BHIE
mACAER (BREMARKBFRAFLERAE,
E), uv75sBBIRIM D KK EN (BREERNBEFESR
RAE, EE), -80°CHB{K A 7KkF (SANYORE], H
Z5), 7500 BY ST IR K RE 2 PCR{Y (ABIAE], EEH),
CK40-F200 BH-2 U1 B R 3% (Olympus 7], HZA),
RCO3000TVBA CO, 3% 7= 8 (REVCO A F], &EH), 96 FL
1= # MR (Costar A B, HE), MK3 B EEHR{Y (Thermo
A~E], EE), L-RDJ/1000 BE N RBAE (T MHNAE
FIHEBRAE, FE),

1.2 B

1.2 oh)iEFRAEs  FIESRMEM Sprague-Dawley
A 403, {KE (160£10) g, HERER AFLIOEH
MHIDIR M, FIFRDESRS © SYXK () 2017-0003,
mFEEHE RE (2122) °C, HXTEE (68+10) %, B
HERIK, ENERFA1EAG, BEH D44, 1§
1PTRAMINRBA, RIBETAFHATS B
LRER, WRARMANEETS, FEHHDHNA T4
212, 12637, 37910mg-m>*[E2 k%, TR SEHEFHFR
MAGRE, §REF4h, &L 28d, SIYIRRTFTE (18
BERNAFZUMYCEZRSER) (2013),

1.2.2 YRR

1221 257 ECHEFESF AR 28dGIRE, BREE
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[ERERKRINIGATE, KB, BIFREIANELAELR,
FRIERARTFEBFRFENRE, ERFEE (9), it
BRTREAEER 22 (%) o XXM S AERE, i+ E S

FESSZ L (%) o
1.2.2.2 JREFNE ESHEKNEFREALFN—MNE

AR, KA 4% PEREARETE, BEE ((FRRD
#070%. 80%. 90%. 95%. 100%) Bi7K, — FRZKIERA,
HIELALR RLEIRAS, ESYIF, 63°CIER, BitE. /K
&, HAREZREB 15min, BRRIEARDHSs, &K
BBORTE 1 min, REIEESmIin, Bk, B, HA,
R TURHRER,

1.2.2.3 U 7E M 75 ALT FIAST & /3. BUNFISCr & =2
ABRMABF4°CEE2hE, FiE2000rmin?, Bl
20min (B0\¥RE6cm), B 200uL BRIEHENEFE
& 1.5mL = Eppendorf &, BT -20°CkFE1RF. RIE
ELISAIRAFI R WP F, 751N &8 Mm7E - ALT. AST
JE7IR BUN. SCr&&,

1.2.2.4 SBT3 A E = PCRIE ¥ | cYP1A2. CHOP
mRNA FYZRIAE)T EABEA 6 R KR AFIRAIAERE
INHERARL, HEX 30 mg A RRATAEZALR M0 1 mL TRIZOL
MR RIAE, BN 1.5mL TIZVEZERESRY Eppendorf
B, HiERS, EBE#IESmin ; BESHRESR
6 REBRMEREM SAE, tIEY 50 mg &R RX AL BN
ERT, SERAFELS, LB TRIZOLIAFZEH
REIREVE RNA,

% B8 PrimeScript™ RTIX I & 1% BB P12 1E S X
cDNA, 1% B8 SYBR@ Premix Ex Taq™ 1, 7! & 15t BA 5 4
£, F 7500 B SCBY % FE T 2 PCRAN _E #1718 [ [,
K7 B-actin fE A RS, 1R IEE ¥ 4B mRNA #E XT 2=
KE, FEFEHREINEFL. VIEEH: F—F
95°CTZ 14 305 ;56— 4 PCR/Z [, 95°C 55, 60°C 34s,
HA0NMEW, FHERNERG, S ABALHT
FIB YRR R D, REZZM  95°C 155, 60°C
1min, 95 °C 155, 3K %0 8 & 3 /X, B-actin. CYPIA2.
cHoP EE S IYFFIRETEY IR (B8 BRHER
RENZITEK, 51¥FEFINER 1.

FH 2°5E1HE mRNA FERTRIZIK T,

1.3 SRitESR

K F SPSS 21.0 it A #HITEUE Do REILEZIE
SHRREREESDHE, BLEIELIIR +imEE
KRBT RARHRRFEDMERZHBER, &HH

ETFMHENSEFE Dunnett-t EE SR SFEHSITEA
FHITELER, BEHAZEARTTNHR A Dunnet’s T3 1 TFM EL
1%, KL IK A a=0.05,

&1 ERRAEE PCR5IMIFY

Table 1 Real-time PCR primer sequences

EH 514F% (5-3)

B-actin 3|4 : GGAGATTACTGCCCTGGCTCCTA
R M54 : GACTCATCGTACTCCTGCTTGCTG

CYP1A2 3|4 : GTCACCTCAGGGAATGCIGTG
REE|%) : GTTGACAATCTTCICCTGAGG
CHOP FA3|4) : CGCACTGACCACTCTGTTTC
REE|%) : TCACAAGCACCTCCCAAAG
+
2 4

2.1 KREERFERIFPAK

EFELHARFEEZTREDS (BBUKRK P<
0.05), E#37910mgm? [EC It S RAMLES
BERITEEN (P<0.05), SREF2HNFER
BREREAHSTRALL R, EREHRITFERX (P>
0.05), Il% 2,

R2 ECRISMBRARSEAREERTEHERRK
(xxs, n=10)
Table 2 Body weight and liver/kidney organ coefficient of rats
following subacute n-hexane inhalation exposure (xts, n=10)

A5l rE/g FFREZE /% BRERLK /%
omgm® 235.80+18.56 4.15:0.29 0.74+0.10
4212mgm’* 233.55+20.87 4.09:0.33 0.69:0.06
12637mg:m” 229.58+14.91 4.01+0.30 0.70+0.06
37910mg:m” 211.91#7.05 3.910.27 0.75+0.04

[E] * : 53388 (omg:m?) 4A#ELL, P<0.05,

2.2 KEFSALRRKRIEFZMRE

MELFAR, BAZERET, WRAFHR
W N2 EEZEmERR, 2 RER, FFARRE
SIERE—H, FFRUAPRERK PO R K
5l 5 4212 mg-m? IE C KA BRI FFARBEARTRIE K. BT
o REM, BERSTEN LH, FFIH2AER
B, FRHEFIEL, SERTE, FALEHBEER
M7k AF,

SNE 2 FiR, STRRAARBHERAF B/ NELEHD
BT, FBI5, HEFIEEST ; 42120 12637mgm>*EC
KRR R EART AP ENEBERY %K ; 37910mgm?
ECRARRSHR /PO S B/NE LR
fskpp, BV EBERZE M,
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[Z£] A« B. C. DB H9 0. 4212, 12637, 37910mg:m” IE 2 XeéH,
1 FERTSMESEARFREFREFNE (HERE)
Figure 1 Pathological changes in rat liver after subacute exposure
to n-hexane (HE staining)

[E] AC B €. DABIF 0L 4212, 12637, 37910 mg:m* IEC K24,
B2 FEeRTSMRAEEARSHREFHE (HERE)
Figure 2 Pathological changes in rat kidney after subacute
exposure to n-hexane (HE staining)

2.3 KRMEBEPALTFASTESN. BUNFISCr&=
T

BRBHAMBATZNESTRALRK, EREH
HEENX (P>0.05) ; 37910 mg-m™® IE O kTR 75 AST
SENBETXTERA (P<0.05) ; FZRFLAMEBUNFISCr
SESWRBALR, ZRHYTHITEEN (P>0.05),
I 30
2.4 KEIFAECYPIAZ2 mRNA. 5 fE CHOP mRNA
BIFRIAIK T

ECE& RS CcYP1A2 mRNA BT RIE 2R
FXRA, ERERITFEN (P<0.05), SXTERA
EbiR, &35 LH CHOP mRNA BUMEXT RIAEY A, B
EFERITFERENX (P<0.05), &4,

R3 ARECKEIESMRANRSFMMFH ALT M ASTES.
BUN I SCr2E8mE (x£s, n=10)
Table 3 Changes in serum ALT, AST, BUN, and SCr of rats exposed to
subacute inhalation of n-hexane (xts, n=10)

4 ALTSEST/ ASTSES/ BUNJRE / SCrikRE/
2851 1 1 ! %)
(U™ (U™ (mmol-L™) (umol-L™)
Omg-m's 39.44+13.09 72.88+11.59 5.98+0.42 56.38+25.26
4212 mg-m'a 42.83+13.45 79.52+£11.49 6.32+0.48 56.68+4.96
12637 mg~m'3 45.82+10.81 83.14+9.05 6.73+1.27 58.92+7.19
37910 mg-m'a 49.42+9.82 93.63+6.84" 6.95+1.32 61.13+9.61

[E] * : 53388 (0mg-m?) 4A4BLL, P<0.05,

R4 KRECKHISMRNEESRFECYPIAZ I
&Rt CHOP mRNA &REKT (x+s, n=3)
Table 4 Expression levels of CYP1IA2 mRNA in liver and CHOP
mRNA in kidney of rats exposed to subacute inhalation of
n-hexane (xts, n=3)

£A51 CYP1A2 CHOP
Omgm’® 1.00£0.06 1.00£0.04
4212mgm” 0.01£0.00" 2.22+0.19"
12637mg:m” 0.08+0.07" 2.05%0.02"
37910mg-m” 0.14+0.09" 2.95+0.28"

] * : 53388 (0omg-m?) 4A4BLL, P<0.05,

3 iTig

AR RIBIEINE DIRERI B EFRRER, Biga
MAZRBEE, TRIEC KT SRS X R
BHHifh. ALNEFEEAARAEEE THEBE, Xk
TERBAE S A ERAIEN S, BXY A B ATREFN S 4R 40 5%
EFEMBELEM, ECHERSHEAIRF NS RRE,
FFREHPIZEEL, |ERESE, FFAREIAE 7 Mmok
i, SRR R HI T S/ NERREY KA LA
7K B,

[FEeEEEFREARE, EERH~HH 2, 5-
R, 2- ©EEM 2- 2ERE Y, miEALT. ASTZIEM
FFInEEIR (A IZEE R X BE3EAT 1, /NS IhEE R 4R Y
EL R BURRAY 2 BUN H SCriXRIIEAR WY ASHRFTEE R
B, SXWRBRALLE, 37910mg:m? FIELHAST KT
ESEFITFEEN (P<0.05) SREFLHRLSEARIM
B SCr & BUN B ES5XRAMBLLERERAITER
X (P>0.05), ASHARZREE, ECRIT 2 MREER 5|
ARAFIEE=ERIEME, MEDEEGRREIIAR
FUFEN EHNRT, ZERRR, BEEXG T8
FFAEXT E SIS ERNSRMES T Sk,

[FERERI RS AB R, TGRS T3
M, UBRZEREY, BRINTRRE, ECk$R
FA] M AR M B ZE M B2 (estradiol, E2) &K,
FHRARMEREFE S, FFREE 2 FERERH
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HNEESE, REME 2 RENEESR ™, cyriA2
FLIRRPEEEER. AMRERETR, SXYRA
EbER, BHREBHLHARRFFAE CYP1A2 mRNAFEXT RIAE
B (P<0.05) . ERIER, 1E CN5EnT &I FFAE A 15
B§ cyP1A2 ERERIFRIR, MM 2 FE KB ET
A PO AY A 351

HRKREA, FEINERHBIEILII MR A BRI N
BN, NS BHEREBNEZSED), CHOP 2 ERSIE
SEENATESSF, BRERSHAMBT RMNER
LR, JungE VAR A, CHOPEHEIEEA
EEERALREK, REELEATHAES cHoP
AWABERHENF, EAXRLRPIECIKEREAS
STERLALLEE, CHOP mRNA FR3iAY Eif (P<0.05) . 45
RR, AXBEMT, BEEERLIMBAERGE, B
SLRLA T EERR A T ERS RN, (B EEILBIFRECAYER
EH—T RN R

SE, BALREHSHT, ECRISMEREMS]
FC U R R AFRAEIRE, 0T 0 H AT A & 408 = A
BS CYP1A2 mRNARIR IR, BEEAREHMEZ N T,
B'% B £H 43 ERS #H X BY CHOP mRNA HIREE & £,
RPTEREGETIAMEC KSR MA AR
SLHLR ERS R, B EHBTINERMNGIHFHE—F
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