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Abstract

This study investigated the effects of cinnamon on benzo[a]pyrene- administered rats within the
peripheral and central nerves using behavioral and molecular biological methods. As a result, the
benzo[a]pyrene-administered group (Ben—-DW) showed a significant decrease in locomotor activity at
night compared to the corn oil-administered group (Corn-DW), but this decrease was significantly
suppressed in the cinnamon-administered rat groups (Ben-3 mg CNM and Ben-10 mg CNM). In the
study of sensory threshold changes using 2000 Hz electrical stimulation, the Ben+DW group showed
increased sensory threshold compared with that in the Corn-DW group. However, the administration
of cinnamon suppressed this increase in the threshold. In addition, the Ben-DW group experienced
more oxidative stress than did the Corn-DW group, and cinnamon administration improved the
oxidative stress. To investigate the relationship between behavioral and oxidative stress level changes
in rats induced by administrating benzo[a]pyrene and cinnamon and assess changes in the peripheral
and central nerves , cytochrome P450 (P450) 1A1 (CYP1A1l), myelin-associated glycoprotein (MAG),
and myelin basic protein (MBP) proteins were analyzed on the sciatic nerve fibers and spinal cord.
Regarding the Aryl hydrocarbon receptor (AHR) target gene CYP1Al, the Ben-DW group had
significantly increased CYP1A1l protein expression in both the sciatic and spinal nerves, when
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compared with that in the Corn-DW group. However, cinnamon administration on both nerves
significantly suppressed that increase. For MAG protein, the Ben-DW group had significantly
decreased protein expression, in comparison with that in the Corn—-DW group, in the sciatic nerve
fibers, and its suppression decreased in the cinnamon-treated group. However, there was no
significant difference between the groups in the spinal cord. As for MBP protein, there was a slight
change between the groups in both sciatic and spinal nerves, but there was no significant difference.
According to these results, we can conclude that exposure to benzo[a]pyrene may cause paresthesia
due to its toxicity to both the peripheral and central nerves. However, it is hypothesized that the
peripheral nerves are more likely to be affected than the central nerves. In addition, herbs and herbal
ingredients such as cinnamon, which have antioxidant and AHR activity inhibitory effects, may be
effective in benzola]pyrene exposure. However, further studies are needed to clarify the action of
dioxins, such as benzo[a]pyrene, on the central nervous system.
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LBk G (Ben-DW) #, XYV EL V2
R 52 7 A e85 (Ben-3 mg CNM &
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W37 A e o 4 E S £ T 1 EEEIEE
ATz FORER, a— A AV 2 ARG %
K% 58 (Corn-DW, 23337.1 * 1263.3) 12
L, NyVEL G HRERKEGH (Ben-
DW, 19205.4 = 1140.2, p < 0.001) THEL®K
DOHFEHEDRTAALNT. T2, XU vE
Lyn 28BS H2Or A e 2G5 L
(Ben-3 mg CNM (21810.1+1336.4, p < 0.05)
& Ben-10 mg CNM (22080.6+1032.8, p <
0.01)) 2oV TIXHEEEE DT OHPFIAFE
oM UL, BEOHBERHREICOWTIZA
HHCTHEELRZILIEED SN o7z (Fig 1).
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NV LY Er A eoFErsy N OREH
A AT w8 %, /NEY A B %
HCCEREiClsE L 72, REH S 1, 5Hz il
12X CHiME 250Hz ORIEZ & ) Ao MHE,
2,000 Hz ORIELIZ & 0 AP HRHE 2 IR 128
FTHIEDNHRSL LHRELTWE, RIFFETIEER
O LOIEEBRT 5 AR HEDTIE AT iET
H % 2,000 Hz O IEH BRI A% FIH LA
BETCRMEZHIE L7, 2%, 2,000Hz D&
LUIER MR & B BT RIE 2 LIC BT, Corn
+DW # (475.2 £ 89.2) 2% L, Ben+ DW #
(587.7 + 98.3, p < 0.05) TREEMMOAEE %
ERAPIALN, 74 iS58 (Ben-3 mg CNM
(500.2 = 89.1, p < 0.05) & Ben-10 mg CNM
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OIH DA STz (Fig 2).
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HEEEBEOZLEFRIEA P L ZOBRE S
MCT B0, BILA b L AR 58
Et L7z, Zoks%, Corn-DW # (320 + 21.1)
(Zxf L, Ben-DW #f (374.1 = 23.4,p < 0.05) T
HALA DL AOFER EADPHALN, Z0 G
Ben-3 mg CNM (350.6 = 20.6) & Ben-10 mg
CNM 7 (340.6 = 18.6) THflEAISA Sz
OO, HEEIRD LN Lo 72 (Fig. 3A). it
M At J712B L T, Corn-DW % (3678.3 =
203.8) IZRFL, Ben-DW # (2905.2 * 196.6, p
< 0.001) THELDOFEBELIRT A A S N7A,
Ben-3mg CNM (3231.3 * 210.1) & Ben-10mg
CNM # (3401.2 = 138.5, p < 0.05) T, Ben
FEIZR L, $uefbh o FAEMUTAEE R EAD
oSNz (Fig 3B). TNb DGR SEILA
FLAEZFHE LA R2 Fig 3C TH 5.
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(10.0 = 0.6, p<0.01) #Tix Ben-DW (%)
L, AEGEALA L AREOUENR S .
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CYP1A1, MBP, MAG % > /N7 BNDZE4t
NUVEL e o528 55y FOfT
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FENOZAL O BI M % BT 3 5 720 (A B g &
B LI~L5 W0 L, AHR OFMEL HE
572012 CYP1AL ¥ » 787 8 (Fig. 4A), WK
RN OB L A 5EB =2 LO R E 5 %
72912 MAG (Fig. 4B), MBP (Fig. 4C) ¥ > /%%
HxM%E L7 AHR OEW#EME T TH 5
CYPIAL IZBI L Tlid, Ben-DW % (4 i %,
5.0 0.2, p<0.001 &HHMPEE, 4.6 0.1, p
< 0.001) T Corn-DW # (ALHfifE, 2.9 0.2
EHBIMAE, 3.2 £ 0.2) 1A LA iR, Bt
#&412 CYPLIAL & /87 B 04 B 72 BB N A
AHNTD, A kx5 L7 Ben-3 mg CNM
(A fikE, 3.9 = 0.3, p < 0.001 & HEE0H#E,
3.7 0.4, p <0.001) & Ben-10 mg CNM #
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(BB, 3.6 = 0.5 & HHEMRE, 3.3+0.3) T
1, WER ORI BT O SO A E 2
A Bz, MAG % V287 BIZBWwTlX, 4
BT Corn-DW # (0.79 = 0.02) 2%} L
Ben-DW #f (0.67 = 0.03, p < 0.001) THELR
FHE T2 A S5N, Ben-10mg CNM # (0.75 =
0.02, p<0.05) TIXZDOFIULT OIHIAA S
N7z LaL, B CIISHAEREEA
SN rolz. MBP ¥ /87 EIZOoWTiE, v
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DOD, BREEI LGP

Z 3
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B L, HEOBEESHEOFE LKL TIADL
n7zh, 74 ek GHETEFOKT 2 S .
HASY KB & A A IR TR SRR
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OIUEIL, RO TH AR MM D (mE H
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THOMREINTNBEYY, F72 KEBONY Y

YL va%5 L7725y STOBMBEORIERETD,

FeATIRSE & A ARIC 2,000Hz O 75 3T BIE O

ERABHROENIZZ LS, HOBFEB T,
FA K F T VHOBNED ABHHEOMFEIZ/EA L,

R 2R LR, BEREOREICE-
T2 RN EZE A 6N, L L, WHEOSMERIC
&, ESBER AR AEED, HE”KE
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Frloe g BEk, BE, FREOLUNEWw-72H
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FRBELTWS, fit-T, LEMiREs L1~15 ¥
TOFREIY Lo FA PN FEE HWTH
FEEE) O ERERMMED LA & AHR O
LRI ) ¥ L ORBRIZ O W TR AR &t
MREEHCTHRE Lz, 2R, Xy ELr
5T &0 KA & ke o CYPLAL ¥
YN EOFEBIEMAEA LN, O8I e
BGHTIHR SN2 LR SN, MAG ¥
YONZBEIZOWTIE, R VEL VRS EOME
MR DI MAG ¥ /827 B ORBULT 254 5,
TA 5 L) ZOFBUK TG S /208,
TR D MAG % > /327 8 & AL 15
HHFREN O MBP & X7 BHIZBWTIE, & v %7
BREBOBETOENIIALNIZD OO, FEEN
E2p o 72, PIRRMEEROMRERER DL {1, M
RO HER B DI, B EE 1T A
MR CH L. T, BERIIAE ORI L
THEMGZTIHELH2 2050, ffiL
TR B O 1E 5 MEMER | T B 2 P 2 40 ) B3
LR ENT WA, Fl 4 O PR RRER B TR EE
P B O BE 2Tt S, BBEEIR O FSRE R
EAZ L THEERBRIN TV,
o T, WHETA LN L EHBEIEK, FH, T2
DOLUONEV S ZZHRERERIE, Xy EL VI
LoTHIERI SN D ABMIRAMED BLRE & [
12, A4 FF Y VI K o TR O BB |
SRISNHETHLREELEZOND. —
FCRMMRE O BiER AL, WEEZE-> Vw53
I OB T AL, WRES DD £ {fniE
TERL D20, WO LU % &4 ok
FEIRASH BB L SNTBHBY, WFho ik
SERAHOEETH 0, K Tid, ~
YLy OEMMER% CYPIAL # X7 BT
WoE L7z4E 5, KR & iR o m i< 2 OfEH
A S, KR TIEZFOFNEIC L > THUBEA
FlEE I &N/ & THROMEEHEDRT L
REEEAY LA L 72T e DY 2 57228, Hifik
RO BRI BE 3 2 AT CIA SRS ED AR S
Zro 72 & S AR L ) b KRR DT A3
NYVEL VL AZEEEZIIRTVWEEZLN
B, SEOF YT RHGATEIERTIE, N
VYL OB L D MEEHE S EE) AT
B EGZ RN E 2 5D DS, ZFOEH
(THACRRE LD b AR DS IC & 5 R E
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Fig. 1 Effects of benzo[a]pyrene and cinnamon administration in rat
locomotor activities.
A, The changes in the locomotor activity. B, Typical actograms
of Corn-DW, Ben-DW, and 3mg - 10mg Ben-CNM groups. a, b, ¢, d
are the respective statistical data and typical actograms after 4
weeks of administration of distilled water or cinnamon. Corn,
Corn-oil. DW, Distilled water. Ben, benzo[a]pyrene. CNM, cinna-
mon. *, P < 0.05. ™, P<0.01.™, P<0.00l. Mean £ S.D. n=6.
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—&— Corn-DW

—@— Ben-Dw

—A— Ben-3mg CNM
—¥— Ben-10mg CNM

800~
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2000Hz(A)
N
S
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o
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Fig. 2 Effects of benzola|pyrene and cinnamon administration on
sensory thresholds in rats.
Corn, Corn-oil. DW, Distilled water. Ben, benzo[a]pyrene.
CNM, cinnamon. *, P < 0.05. Mean * S.D. n=6.

350 4000 NS
) - |
= 3001 I
5 250/ — 3000 T
S 200t 2
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¢ 3
= 1000]
Com-DW Ben-DW Ben- Ben- 0 Com-DW Ben-DW Ben- Ben-
3mg CNM 10mgCNM 3mgCNM 10mg CNM
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Lxx3 NS
o 120 ~—T-
5 [ i
=10
23 1
29 8
A
o T 6
>8
S 4
E —
5 7
. Com-DW Ben-DW Ben- Ben-
3mgCNM 10mg CNM
Fig. 3 Effects of benzo[alpyrene and cinnamon administration on antioxidant and oxidative stress

in rats.

The mean levels of serum d-ROMs (A), BAP (B), and Oxidant/antioxidant balance (C).
Corn, Corn-oil. DW, Distilled water. Ben, benzo[a]pyrene. CNM, cinnamon. d-ROMs,
Diacron reactive oxygen metabolites. BAP, Biological antioxidant potential. NS, no
significant. *, P < 0.05. **, P < 0.01. *** P < 0.001. Mean + SE. n=6.
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Ben Ben Ben Ben
Corn Ben 10mg [Corn Ben 10mg Corn Ben 10mg [Corn Ben 10mg
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Corn Ben- Ben-Ben- Corn Ben- Ben- Ben-
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= 5 941
3
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Com Ben- Ben- Ben- Corn Ben- Ben- Ben-
-DW DW 3mg 10mg-DW DW 3mg 10mg
CNM CNM CNM CNM
Fig. 4

expression in rat sciatic and spinal nerves.
The mean levels of CYP1A1 (A), MAG (B), and MBP (C) protein expression. Corn, Corn-oil. DW,
Distilled water. Ben, benzo[a]pyrene. CNM, cinnamon. CYP1A1, cytochrome P450 (P450) 1A1.

MBP, myelin basic protein. MAG, myelin-associated glycoprotein. NS, no significant.
0.05. *** P < 0.001. Mean = SE. n=6.

VB G 2 2R E 2z oz, 72, Kt
FETIX, RUVEL VG T Y MIxT A 3mg -
10 mg/kg 7 1 E ORI R EZRET L7z, T OREE,
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ANV AEOUWE, CYPLAL OFEHBMENG], &
SR O MAG % > 7% 27 B O S BUR T $H) 6 )
WALNTZ. TACDERKTTHLY VLT
V7t Fid AHR O #EZFTHh 5 CYPLIAL

(29)

Corn Ben- Ben-Ben- Corn Ben- Ben-Ben-
-DW DW 3mg 10mg-DW DW 3mg 10mg
CNM CNM CNM CNM

Effects of benzo[a]pyrene and cinnamon administration on CYP1Al, MBP and MAG protein
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