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Involvement of vanilloid receptor on capsaicin-induced ROS production in PC12

Shanlou Q1a0, Weihua L1, Ryoko Tsuouchr, Keiko Murakamr, and Masataka YOSHINO
Department of Biochemistry, Aichi Medical University School of Medicine
Nagakute, Aichi, 480-1195, Japan

Summary

Capsaicin (CPS) is a major pungent principle present in hot peppers and is widely consumed as a food additive in
the world. Capsaicin actions have traditionally been divided into specific (vanilloid receptor-mediated) and nonspecif-
ic effects. The vanilloid receptor 1 (VR1) is a nonselective cation channel that is activated by pungent vanilloid com-
pound, extracellular protons or noxious heat. mRNA of VR1 and VRL1 were expressed in PC12 cells, and only VR1
mRNA was detected in glioma and A10 cell lines. VR1 protein was demonstrated in PC12 cells by immunocytochem-
istry and Western blotting. Capsaicin, the VRI1 receptor agonist, led to an increase in intracellular calcium ion and .
this effect was blocked by pretreatment with VR1 receptor antagonist capsazepine (CPZ). Treatment of PC12 cells
with low concentration of capsaicin (5 - 50 uM) increased reactive oxygen species production which was inhibited by
capsazepine; by contrast, capsaicin inhibits the production of ROS at high dose, and capsazepine did not inhibit this
effect. These findings suggest that PC12 cells can be used as a new model system for elucidating a molecular mech-
anism of the VRI1-mediated signal pathway in neuron system, and differential effects of vanilloid receptor on cap-

saicin-induced ROS production in PC12.
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AR U3ELLE) RMEAEOBEL (Tuby) KXo THEMLINALTHEIERTHL I LD 7,
B TIZ VR1 (TRPV1) O, ZDkE T ¥ Tdh A Vanilloid receptot proteinlike 1 (VRL-1/TRPV2), TRPV4,
TRPV5, TRPV6, TRPVx & & & IZ transient receptor potential (TRP) 4 4+ > F ¥ A VDO% 77 731 —TRPV %
BT %0

B THA Y Y QBB IS B E DD A5, AT Ly EHRPEERE L NV L OBEIZOW
THL LTIV EAE V. SEFR 41T PCI2HIMATIC VRIZEEH T RO L, MBBANOHEHEREL XVIZT L7
FHA L 2L B VRIOBEE RS LR, RIBED Y4 vy cldEICN =S FEREBEEN LI EP D07
EREBEOMMICT LT, SiRETENN=T 4 FEEERITKEE T2 coenzyme Q@antagonistr‘: L CNADH : coen-
zyme Q oxidoreductase DIGHEEIHIT A Z L ik o T, MBAOBEEEEZ T Ao TIHET b,

Bt - Tk

MRk R OSSR ¢ HIH3T3, PC12, Neuro2A, glioma cell line # DMEM+10% 45 BNy TSR ®REZ L, < v X
HIMEMEML RO~ 2 07 7 — VRl Mml GRIL#IIZERT#ii N > 7 K ) AF) 2RSSR L

RT - PCR : QIAGEN Rneasy Mini Kit (lot No : 74104, Qiagen Hilden, Germany) B\ CTRNA#% 778 L,
Cytoplasmic RNA DR % D EHEST2HOTHE LR, £V T dT) 794 v—2HWwT, $EERKRIZLY
¢DNA % &K L7 R L7 cDNAZ$MDNA & LT, PCR%1o7ke ZU BN T AT b—=3-1) VY EEFKERSE
(G3PDH) # W #EZE#YH ¢ L CVRImMRNA%2 €& L7 A L/ZPCRY 7 4 < — ! VRl 5-CAAGGCT-
GTCTTCATCATCC-3’ and 5-ATTCCCACACACCTCCCAGTTC-3; VRL1: 5-GATGAAGAGGGCAATGC-3’ and 5-
CCATTCAGTCTCCATGAAGC-3; GAPDH(F): 5-AAGGCTGAGAACGGGAAGCTTGTCATCAAT-3; GAPDH(R):
5-TTCCCGTCTAGCTCAGGGATGACCTTGCCC-3'c PCROG&MIZMEEALEM % O5E T105, ROBEME 4B T
08, 7T—=U Y RBETION, FERKIEZT2ETIH. SNOE 1T 27 VELT30V A 7 ViR, REIC
TET2HOEREIG %A 7 PCREWZ 15% 7 A0 —AX VTEZRILA®R, =FYVva70<( FfE-%
HIRIESHIC X ) PCR IR N > F ek L7z,

A DIV T LA 2 BRERE © MBAAVS Y A4 F VIREOETE AV 7 AHEERAE Fura- 2 2 v
2o Tibb, e L22MIMICRIEE 10 uM @ Fura- 2% 37BICC45 AN RE, 2N o 2 MEHRERICEE L
T, 340 mm & 380 mm B2 & % 490 mm BOGHRE &l L7z,

HRPAEMEBREORTE | #8770 — 7 DCFH-DAZHWTH 7 A4 ¥ Vi X B MBNIERER L XV O 2 RIE
L7 DCFH-DARHMIBEZFHIEEL, MBEATAT 5 —CIZ LMK HEZTC, J|ELODCFHIZZR D,
KRGTHERBEIC L > TBIL SRV EEE BT DCF 2 £K T 5. DCFHOGME ISR ANTEERRFE L XV EFTLT
WAHZEIFTTISHEHENRTWS 7, N HTHA v LIIHAIN % 4%, Hank’sWC2EIZEYy, MFL%%E 4 x 1012 L,
DCFH-DA (RAIREE10 uM) % 37 1FERIKER, #GE2HET %0

Western blotting analysis : #If2EME (20 mM Tris - HCl, pH7.5, 150 mM NaCl, 2 mM EDTA, 1% Triton
X -100, 1 mM phenylmethylsulfony! fluoride, 1 mM sodium orthovanadate) % T, 53EHIFRO total lysates & #
WL/, BEEHE%BCAICTERLMH%, SDS sample buffer (2 L 1005, 57#&EL, ZheBXRKEHY TV
EL7zo ZD20 ug #5-15%SDS-PAGE & iV CESKE) L /21, PVDFRICEEE L C3%7 V7 I ¥ TH 1IFHE
B2 TT s 7 %4Fo72%, Cu/Zn SOD, Mn SOD, VR1¥ifks —BEIG & &72. 005%D Tween 205 A7ZPBS
T SEIZRE BNV F 25— BHA L2 RIUE (10 100075 & SR 1RRM S S, PEEHECLEICTHE
37,

HREER
BE3, Vanilloid receptor BEfERFZE DM HL & L Cld, BRAREHHBOMREED 5 Wi VRIGRHIZEHE L Mgz 8
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SONMIEAETH B, SHmRNAROEE L~V TPCI2HNEO VRL & VRLIFH 2B S L7 (Fig Do &5
I glioma cells, A10IZDWTH VRIDOEHPRD bz, FIZPCI2ICH LTRIRED A TH A L VIZX b Hh VDA
OB~ DFA, F 7 capsazepinell £ B VT A OHIBB~OFHAOHHIAERD bz (Fig 2). PC12#iaIX VR
SHEEEFEOMBE Bbh, VRIOEEREMITOY -V e LT, MRROEHEEVFRRBROBHICEREEZ 5.

H T ATy OWE BT O REERNIZEE & I s ST b, De & Ghosh i 794 ¥ VTR CILaE 77
A DR X D HRED 5 VI EFWE IS SR Shom, FREGTOREERILEHCILEZRLTYS
010 In vivo Th # 7H 4 ¥ VT L BRMEKOBEOIEEBRALO M2 HE SKTWE D, # T4 itk bTy
Mg~ 2 17 7 — Y OROSKIE OB, KU glioma cell % W ZM/MEIEER T2 & A IS HRFIIH b HE X h
Twp % Ji4E, 7794 ¥ vidmelatonin & ) HH R EEALIEA b HE SN LarL—KH, 2794 vtk

~ Anti-VR1

Fig. 1 A. Expression of vanilloid receptor and vanilloiod-like receptor in cultured cells. Total RNA
isolated from the indicated cell lines was reverse transcribed and PCR products with VRI1
and VRL-1 primers after 35 amplification cycles in an ethidium bromide-stained agarose gel.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primers were used as normalization
control. B. VR1 Westernblot of PC12 cells. Anti-VR1 serum specifically detected a 93 kDa
band. C. Immunocytochemical detection of VR1 peptides in cultured PC12 cells.
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Fig. 2 Effect of capsaicin on the calcium concentrations in PC12 cells. PC12 cells were
treated with 5, 10, 100 uM capsaicin in the absence and presence of 10 uM cap-
sazepine. capsazepine was added to the medium 30 min before the addition of cap-
saicin. Intracellular calcium concentration was determined by Fura-2 fluorescence
technique. Data are the mean of three independent samples at 10 min after the
addition of capsaicin.
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HROSOHEMET RN =Y AL OHENRL L DMEZEICL > THREINTWS, 77V 4 ¥ Y325 D transformed
cells DIEREF O BEAE O MREERA A HE S TS0 g o1 5 00k e AR O G B EL R 287K
shTwa®, AWigcd, FLUPCI2MIE T IIRE (<10 uM) % 744 ¥ VB AR % OB, HHBEEOR
I LT, ERE ClEEBREOMH RS 5N/ (Fig 3, Fig 4.

BT A Y OEHEREOREER 1L vanilloid receptor BHBVIIIERH O Z2125F b b, B T4 ¥ Uaf
vanilloid receptor DHUIEZA D F X 4 ¥ E#ET 2561, MRS H VY7 ZOMBHA~NORAZL > T, HMEEND A
Wy NBER —EIREDD, IPIVFITAOKRBOANY Y A0ERE, I Far ) 7Epotential (A¥m)
OEALENLT, HUBZEORAZRAS T4, R CHEKERE (5-10uM) OBAXIEEBREO LRI EML,
capsazepine (2 L BZIPHFHEH D BO SN, Lzdo T, KBED 744 ¥ YI2 X 5D ROS B Z vanilloid receptor #H
LEZOND,
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Fig. 3 Dose and time-dependent ROS production in PC12 cells treated with capsaicin.
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Fig. 4 Effects of capsaicin on the production of reactive oxygen species in PC12 cells.
PC12 cells were pre-incubated for 1 h without or with 10 #M capsazepine, washed
to remove agents, and then stimulated with different concentrations of capsaicin.
DCF fluorescence intensity was measured at the indicated time.

—Ji, B 7TH¥ A4 ¥ YYEM O vanilloid receptor Z FEH L 2 WHE XL B 5N 5, PMOR (plasma membrane
NADH - oxidoreductase electron transport chain) & NADH - oxidase{&#: % 30, BT % coenzyme QIZ X A HlIE
ONADHP LMD BETF LTS5 — (BFR) ~BHSESE, 7 7% 4 ¥ ¥idquinone analogue TddH Y, coenzyme
Q@ antagosist & L'C PMOR % ¥, iMmEoRm'™ 519 gov )W #5153, #7943 bavy
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7 EFZERDONADH | coenzyme Q oxidoreductase (ie, EC 1.699.3, complex I) (ZHMEL, EWEEZEEHEMNT
%2, BEES T A Y Y (>100 uM) ERMITIXROSOWM % o, 248 # ROSO MBI R S, cap-
sazepine i2 & AIPHIMER IO SN ah o7 (Fig 5)o T2, BIBEEDON THA ¥ VL BMBHR~NOA VT AN
BRONZWT L0 6 (Fig 2), BIBESD 7H A4 ¥ v O¥4Eid vanilloid receptor ZRH L 2w EZ S5Nh 5,

YRR R A L RIS, MG ELBRET 2RO BE L 2T 5, A4 F Y FV XL ¥ —¥ (SOD)
BA=8—F %Y FEBRBLKREMESTIC, 757 BIRBBILKEEKICEILT 2METH L, $72, VI F
FrRNVAFYF—¥ (GPx) ZIEEBRELZT TR, BBRILEESBICL TERILT S, Z0lEp, E¥3I2C, ¥
YIVE, p-HhuFy, yvyF+> (GSH) 2 ORI TFAEMIEEL2FHEZRLLTVE, ZOFTRLESN
LHERILERODH B L DIESODTH b, KR TIEH 7V 4 2 2L 5 Cu/ZnSOD OIF RO bz S HITH
TH 4 3 v @ antagonist T 5 ruthenium redid Cu/ZnSOD O # BRILT& b o /22 &£ 405, vanilloid receptor
ERELZWI EPERO BN (Fig 6)o Cu/ZnSODHHIOFEIZA S M TR BV, 774 ¥ I X HHENIG
MREEOEAIZE BRI EHES D T4 Y P OBEBERICL 5 L0 LT 5,
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Fig. 5 The production of ROS. ROS levels were determined by analysis of CM-
H2DCFH fluorescence in control cells treated with DMSO, in cells treat-
ed with 100 uM Capsaicin, and in cells treated with 25 uM capsazepine
and 100 4M capsaicin for 4 h (left) and 24 h (right).
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Fig. 6 Western blot analysis of Cu/Zn SOD and MnSOD in control cells treat-
ed with DMSO, in cells treated with 104 M, 100 uM capsaicin, and in
cells treated with 25 yuM ruthenium red and 10 uM and 100 uM cap-
saicin. Graphic representation of Cu/Zn SOD and MnSOD. Bar and
error bar correspond to mean +-SE.

— 129 —


labo
長方形


[(MEFRERME 5205 2003]

HHEROMBE~ORE MR OESE, FHERFOELE, RERH, WRONBLERNICL > TEARENS. & -
THA Y VLB REDOROSIIMIEZ R S, PABBICAENTHL, —F, HEOEEBREIEER T (NF-
kB) ZEMALL, MIBHAIIRTRTHE2, #7442 Ik 5 ROSEEDEF IFEFICHETH D, S5IHRE
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