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Abstract: [ Objective ]

(NSE ), nerve growth factor ( NGF ), and neurofilament ( NF ) in serum as early effect biomarkers of peripheral nervous system

To determine the valuable significance of myelin basic protein ( MBP ), neuron-specific enolase

damage induced by n-hexane. [ Methods ] n-Hexane was administered by gavage to rats sub-chronically. Peripheral nerve
damage was verified by specific symptoms and pathological examination. Simultaneously MBP, NSE, NGF, and NF levels in serum
of rats were detected. [ Results | Typical symptoms of multiple peripheral neuropathy appeared in rats exposed to n-hexane, nerve
damage was confirmed by pathological examination. Serum NSE and NF levels significantly increased starting from 1% or 2™ week
after intoxicated in different dose groups, respectively ( P<0.05 ), the maximum raise were 122.94 % and 193.35 % respectively.
Serum NGF and MBP levels changed only in very few time points. Pearson correlation coefficient between gait score and serum
NSE, NF, NGF, MBP were 0.608( P<0.05 ), 0.595( P<0.05 ), -0.284( P>0.05 ), and 0.179( P>0.05 )respectively. Bench mark
dose ( BMD ) and bench mark dose lower confidence limit( BMDL, ) calculated according to NSE and NF were about 150 mg/( kg-d )
and 105 mg/(kg-d). [ Conclusion | Serum NSE, NF were the most sensitive indicators of peripheral nervous system damage,
whose increase preceded the symptom manifested in the animals intoxicated and changed substantially, so they could be used as
good biomarkers of toxic effect induced by n-hexane. NGF had poor sensitivity in this study. Significance of MBP remained to be
verified if used as a biomarker of toxic effect induced by n-hexane.
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Figure 1 Rats after 18 weeks exposure( A shows high dose group,

B shows control group )
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Table 1 Influence of n-hexane on rats” body weight
Yerghi) (8 xfHege SRl rhl 2
Exposure time  Control group Low dose group Medium dose group High dose group

(Weeks ) (n=8) (n=16) (n=16) (n=16)

0 2383+ 182 241.4+248 233.6 £27.6 237.6 +28.1

3 3759 +204 337.4+299 3723 +329 337.7+29.3"

6 428.6+32.2 411.3+38.7 4224 £43.1 385.2 +44.4"
12 535.1+£65.9 481.7+49.7 466.8 £ 65.0" 402.6 + 74.8"
18 580.7+70.0 524.8+68.5 519.7 + 74.0° 355.8 +36.3"

[ J*: 5t 8 4 b % ( Compared with the control group ), P<0.05,
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Figure 2 Changes in body weight of rats exposed to n-hexane
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Figure 3 Gait score changes in rats exposed to n-hexane
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[ Note ]Dyeing with solochrome cyanin, x200. A shows control, axons
are stained in full uniform; B shows high dose group, axonal
arrangement is uneven and scatterd.
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Figure 4 Cross-section of rats’ sciatic nerve under light microscope
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[ Note ] Dyeing with solochrome cyanin, X200. A shows control; B shows

high dose group, thin axons and demyelination are shown, there is

also small amount of foam cell proliferation.
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Figure 5 Longitudinal section of rats’ sciatic nerve under light microscope
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Figure 6 Changes of serum NSE in dose groups compared with control group
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Figure 7 Changes of serum MBP in dose groups compared with control group
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Figure 8 Changes of serum NF in dose groups compared with control group
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Figure 9 Changes of serum NGF in dose groups compared with control group
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Figure 10 Time-course changes of neurobehavioral score and serum markers
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Figure 11 BMD curve using NF as toxic effect indicator
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Figure 12 BMD curve using gait score as toxic effect indicator



PR BOBE 2011 48 7 J1 55 28 #5457 #1 ) Environ Oceup Med, Jul. 2011 Vol.28 No.7 - 391 -

®2 RFARMEEETEFHE BMDE[ mg/(kg-d)]
Table 2 BMD calculated according to various effect variables

i - HOVARC R B (PME)
Dose-response relationship BMD BMDL

coefficient ( P value )

Effect variables

R

Selected model

NSE 0.753(0.000 ) 15235 107.47 Linear
NGF -0.013(0.949) 53200.00 2086.93 Linear
MBP 0.039(0.846 ) 17502.00 1931.76 Linear
NF 0.759(0.000 ) 149.49  105.79 Linear
i,,/‘:\ﬂiﬁ 0.943(0.000 ) 23032 193.67 Linear

MR 2 A DL, DANF, NSEAE RN 4 S 5345 3 BMD
BMDL #5fI%, &5 40 NF | NSE J2&: Wi 1F O e ph 2 s P00 4
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REMS fo K RS AR PP B LA e

3 itig

LT X B WA T YT B ) L AR B S I B S
AT 5230 1 it o JLH OB TR SRR I o 4% . AT
HREE AR RN, SRR T M | AT A T S
T R IE O Hp 8 R SR GE A, I e a S
WA YRR, (AP IE Y R4 2 2%, Yeagit G, TR 2K
RZhA Y B A, YRl m e LIRS, A5 05 bt Bl
i A WLAE O Be R A Y 75 S BOK BV HORESE i SRS RE AR A8 . [R)
MIE CBEM AFIZE 11 e B fo A5 AH R IR AR R 72, B X
S Bl ) S e T IR SR B g 1k, WOAR SR AT E C ke 4
FIYSEER s i s ) S R B P o AR SE86 LA Y i 2l 6
FET 104, 417, 1667mg/ (kg d) BIFIE, 43 HIFH 24T 1710 LDsy
1/40 LDso. 1/160 LDso 1 31] 42 ( K FLZE 17 LDso 2924 16200 mg/kg ),
H F7EFRRIE CBEHE HP 2298 IR (3~5 1A, i
F 20 2 5 sh Y s BoREe e g 2 3~5 A H I B % TR RERS
G 79 AN [ o8 2 WA S 1 b A XA [ 3 B0k 2
F S AS R T O

IECSE MR BT, LR F 2 TS e
BN, IS E80 B E M E R hifi. i
T RGN, BB 2 A 20k TR AR ED A
ASOHERE K, it AR AT SRR 75 ARG 8o 241
L EEF DI Re B I R, BELedE b ] 2R P AN Y A5 4k
I, T 5 TR A RGN (4 S NR L S UR B 21 4, e
P2 RGNS DI RE LA, LABCAE N 2 P bl 2 34 R 0007 1)
FERY o AR T 2 RN AN AR AR B (surrogate
marker ) {74 5 R SRS

JHTEAL T ( enolase ) /&2 5 A AR ZH 240 [ 9% 7 RO 15, 76
o BRI IR 705 Ay T A A T 1 ) 2 P 2o R o A 5 AT B BN
HALRE S BN o M ALIG ST o By 3FN IR T, Horby BUPRIAF
FE T #2802 AR 4 2 AN R T R b b 2 e S R 0
FEAL G (NSE ), 7644 28 40 Hi fig det A QI b e SCREAE ), Wl SRy b
2 FRGANFE R BUR R AR Y R BE O
JoE 22 fsl TN H 9 I3 NSE K SF- i 1 0E 6 BEHE, ) 25 HE e
TE O GE 42 il 5T I3 NSE AKSF-A — @ s, AR 45 1 5 A

—3

MBP J2 H X 202 21 e ] Ll 2855 B 40 5 B — bk
BRPERE AR 11, S 2R R . MBP v T R4S S AT, AN
BETE NG T2 & AE R BRI S5 M N D RR A ASAE , 1T HLZE BRI Bt
R HA R ER . BRif 240, MBP fEH A1 20 &
ARG, MELLI Y, AR AR S MA st 2 B YA F 5 | i bh 1 2140
JURBE SR B AT A IR, PRI FT B AR hy B bl 28 2R G R 11
BhR10 G ARG P OE O be e 8 K UG ER YD 5 T D b 4 21
BEBE RIS, (I 7E MBP #E 384 1L i v oK UL 31 B (g e s
SRS RA 3, s8R AR5 MBP 25 5 ki HL
Gy AR SR R RIS A G

NGF BB FRHTFRIGE— 5L, EMAE ARG L BBl
Fi AR ICAAE | b AR PR o B A2
RGTTE NCGE BB, — gy 12 e B s 22 0%5
AR BB LI NGF 7KK T 1E 5 AHE, A bR v Jo Bl 25055
M4 A0 . BRI AE , I Py I8P NGF i/ m] e 2 2 35UR
Bl Ao 2 400005 B0 D PR AR SI2 36 % BLE 2 e e 75 K BUR AL NGF
BIRE TR, HESDEGIFE X,

NF 2 28 o 55 28 RN B 2R 0 = 22 4y, Ja v a) 22
() —Fh, FBAFAE T LT 58 S 8 B b o NF e ZE RG22
AT SN D AE | R4l 2% ) 2 (R AA M B L OE M
el B R R A IE W A A S B E
FEAEA B B B B SRR 1 0 SR A SR L At 1) s 25 -
TERR S I O BE R BEVE ARG FTRE A T30 Tl 4
R EHREANEY SR BE R B R, kR
FEEEIRINF 2, 50 2 (OF S bR 2R ) Ye i i K R
HXFISNE PR ) NF & ST TR, R BAF NF 7B
PLAES R 2 ZA P ) LRI . AR S0 & B IE O b e 75 1 R B
I NF 7 B T, HEAR AT RE S A M E M2 v NF 2 1 30
BPARRASBEIJE B LTS

FEER B AR5 I —18 AR B B 3 7 o
5] 2Z R A4 R DA A T ) ( NOAEL ) i 8 U 2540,
K FH 2 AU SR FR A T 50 0 IO [RIFE A S Y 300 1)
BV SEMER R, b BMD (i fe /N U A I F R A e UK

ARSI R 28 P28 T K BUE O e UM 45143
FEAE YL L 22 B (] S A W TR B v R mT RE Y LI
N A MIRR S MR KE, S5 R & BUAE 4 Rl REROAR B, I
T8 NSE MR8 e, W TR ahppieki B, Bt
L H MU IR R, AR A I IE OBV bR, nlE L
PE—WFSEIESE s ML NFRZ, AT TR A &4, ik
AREE R BT M3 NGF . L5 MBP MU A TS24 22
5, BRI TCH ARG, 1N IE C e o s w0
BB ATy — SRS .

S Ak

[ 1 1TBSpA, SEUbR, XUBOS, % L IE O e i3 102 611 R 43 Hr
[J]. el Zeas, 2001, 40(5): 329-331.

[ 2 ] 50N, et 75 B O e s Ja TR 2 I AC ST [0 ). 1
RPN 22724k, 2002, 15(3): 179-180.



+ 392 -

REE ST BE2: 2011 4F 7 H 55 28 %55 7 J Environ Occup Med, Jul. 2011 Vol.28 No.7

[ 3]0k, XURTEE, TIEF5, 55 . 1E C ek flon i #i 2o e ek
975 AT B BE S B e AR (A [ ] b 0L B2 2%, 2006, 33
(1): 22-24.

[ 4 ] X058, sRHaIR, XNEH, 4 IECbe i3k A B0 2o 22 i i i
SA RN TR LT ] AP Aesi) TA LG 2475, 2005, 23
(3): 220-221.

[ 5] CHIU FC, OPANASHUK LA, HE DK, et al. gamma-diketone
peripheral neuropathy. II. Neurofilament subunit content[ J ]. Toxicol
Appl Pharmacol, 2000, 165(2): 141-147.

[ 6 ] LOPACHIN RM, ROSS JF, REID ML, et al. Neurological evaluation
of toxic axonopathies in rats: acrylamide and 2, 5-hexanedione [1].
Neurotoxicology, 2002, 23(1): 95-110.

[ 7 ] MANZO L, ARTIGAS F, MARTINEZ E, et al. Biochemical markers
of neurotoxicity. A review of mechanistic studies and applications[ J .
Hum Exp Toxicol, 1996, 15( Suppll): S20-35.

[ 8 ] RENWICK AG, WALTON K. The use of surrogate endpoints to assess

ROOOBOBDOBOOBOOOOGIOGOOPOOIOGOOIOOGOOI OISO OISO OISO OOIOGOOIOOGOOI OGO OOIOOOOPOOOOIOOIOOIOGPOOGOOGPOOIOBOOBOOBOOBOOD
o

EEH R A FARFTIS
— . SWEE KE - B -
L EXRBE

B 9. IR K U BT BR IR I K HE R v
= EXER

s

2. fECEIERTEZEE 201148 A 15 H .

62084529

OOBOOOOOBOOIOOOOPOOBOOBOOIOOOOIOOBOOOOOOBOOIOOIOOOBOOPOOIOOIOBOOOOOOOIOOOOIOOBOOOIOOOOIOOIOOOOOOBOOPOOIOBOOBOOOOIOOOOBPOOBOOOOIOOO0

E+EEERMESREFHREFATHTS AR
(%—%)

2002 F UK, MCHFEERYEF)REREZLHFRERARTEFRKE AN “2ETELE R EFAR
EFRFRR" CEERABEFTIE, WEFRARELERT ML AR, FEEHERINTFE, BHET RFHW
FARATBFAAE, £ERFARR FEARUE . &MAFER, HHAKGTEESTE, BET RFOE LM,
(FRFEERYEF)REFZE 2T RMHEFRAF T EFREET2011FI10A 202 0K E4“F+EL2ETELS R

LAETAHE AT ABRRESTTRERERNG LAt 2. FFEERRESERLNAHH; 3.
HFERRRBICRETIAR; 4. 57 LR BERERBN T 5. B E 6Lk, 8. EEEMS; 6. Bk A
BAEFYE o E BRI T A P RN s 7. BRI R R R RHLA R 8. AR ZAe KA ARM* T AR
10. Fo At IR 5 BR b [E 22 A0 % AT Y &2 X R
EX AWM AEE WA ERBA LR RIS X, X3 E . b XEMIRK CPCI-S( £ E LW ik
5l X R 5 - A HAEE, R ISTP) MK, 0k XiF A A # X XE S, F 3 A& 4000~10000 F .

LmGEN FACHESRIVYEF )R, IEXNGHE: T8, Ex (FFE4 . B4, #F 4% . E-mail ZB & #3E ).
SEMRFE, BT (3~8/1 ). EXKSEH Xiliko XA Word XA, KA, AEF, 1.5FTHE, £ T425cm, £4 4% 3.0cm
Tk B, &R X — R FIR, YR K #E E jeom@scde.sh.en 548, i AR AL E L A : “2 T BAEX,

M, BFREAX BAA: TiF, #3#,; FE-mail: jeom@scdesh.cn; B iE: 021-61957518, 61957515; £ ¥ . 021-

potential toxicity in humans [J]. Toxicol Lett, 2001, 120( 1-3):
97-110.

[ 9 ]SANKAR R, SHIN DH, WASTERLAIN CG, et al. Serum neuron-
specific enolase is a marker for neuronal damage following status
epilepticus in the rat[ J |. Epilepsy Res, 1997, 28(2): 129-136.

[10]) BEH, ZOBIE, B0, 25 BEEOME R B A Bk () ). )™
PG B BE AR, 2004, 7(2): 75-79.

[1n ] et o SR M) bt JESTE R R bk, 1999
1020-1023.

[12] FARADJI V, SOTELO J. Low serum levels of nerve growth factor in
diabetic neuropathy[ J |. Acta Neurol Scand, 1990, 81: 402-406.

[13]skRs, BFH2, W, 5.2, 5-C Z X KRB 4140 &
225 ) ] A2, 2005, 19(3): 187-189.

(YimE#: 2011-02-21)
CHESCHi . WHERG Sudi: UEE; Rour: TTEENR)

(I STAREF ) R s (KF)
F+BARIEE IR EZHRT A RIS FEH
201147 A 12 H

BEOOOOOOOBOOOOOOODOOOOOBOODIOOODOOOOOBOODOOOOODOOOOOBOODIDOOOOOOOODOODODOOOOOBOODOOOOOBOOOOOBOODOOOOOBOOOOOBOOOODOODIOOOOOIOOOBOOBOOOOOOOOOOVT

L o
BOOBOOOOOOOOOOBOOOOOOOOOOOOOOOOOOOOIOOBOOOOOOOIOOIOOOOOOOOOOIOOIOOOOIOOOOOIOOIOOOIOOIOOOOOOOIOOIOOIOOOOOOOIOOIOOBOOOOOOBOIOOBOIOOOOOOOIOOOOIOOOOOOOOOOIOOOOOOT



