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Purpose: This study was conducted to assess the antidepressant effects of capsaicin in chronic depres- Revised: January 17, 2023

sive rats and elucidate the mechanism underlying its effects. Accepted: February 10, 2023
Methods: Male Wistar rats (280~320 g, 8 weeks of age) were subjected to depression induced by

chronic unpredictable mild stresses. The rats were exposed to 8 kinds of stresses for 8 weeks. In the last Corresponding author:

2 weeks, fluoxetine or capsaicin was injected subcutaneously. The dose of fluoxetine was 10 mg/kg Youn Jung Kim

(body weight), while the doses of capsaicin consisted of low (1 mg/kg), middle (5 mg/kg), and high College of Nursing Science, East
(10 mg/kg). The forced swim test (FST) was conducted to evaluate the immobility time of rats. The im- West Nursing Institute, Kyung
mobility time indicates despair, one of symptoms of depression. The change of tryptophan hydroxylase Hee University, 26 Kyungheedae-
(TPH) in the dorsal raphe was investigated using immunohistochemistry. In the hippocampus cornu am- ro, Dongdaemun-gu, Seoul 130-
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monis (CA) 1 and 3, glucocorticoid receptor (GR) expression was measured.

Results: The immobility time in the FST was significantly lower (p < .05) in the low-dose (M = 32.40 +
13.41 seconds) and middle-dose (M = 28.48 + 19.57 seconds) groups than in the non-treated depres-
sive rats (M = 90.19 + 45.34 seconds). The amount of TPH in the dorsal raphe was significantly higher (p
< .05) in the middle-dose (M = 249.17 + 35.02) and high-dose (M = 251.0 + 56.85) groups than in the
non-treated depressive rats (M = 159.78 + 41.16). However, GR expression in the hippocampus CA1 and
CA3 did not show significant differences between the non-treated depressive rats and the capsaicin-in-
jected rats.

Conclusion: This study suggests that capsaicin produces an antidepressant-like effect on chronic un-
predictable mild stress-induced depression in rats via the serotonin biosynthesis pathway.
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Sy 7](12*]7]' light/ 12417} dark, light turn on 8
am)7} 2EE = @0l &3t LPAESE =2 AREA A
AL & =T AT AgsE2 7Y FAe R A
A t 2 (control, CON), ?-&7Foll-(depression, DEP), $-&7gf
+3-9-2A|(depression+fluoxetine, DEP+Flx), 27} ofl+7]Alo]
Al A& (depression+capsaicin low dose, DEP+Cap L), 927
of+7AFo] 4l F5 = (depression+capsaicin middle dose,
DEP+Cap M), -7 olj+7§At0] 4]l 115 =t (depression+capsaicin
high dose, DEP+Cap H)2] 67}4] {22 F-&-513]Tt.

3. Algidr
1) 225 24 HZH(chronic unpredictable mild stress, CUMS)
169719 28 717k 3o CONT-S 425 DEP, DEP+Flx,
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17~59, Day 452 A 2]) 71& APAF-5 HF5194(26,27], chronic

Day 1 16 17
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unpredictable mild stress (CUMS)E Aottt &2 65+ 5

T2 A vt ASH, g H AEH A Q15 WA

0 Z ZFHAt FASH Q0159 EEL o237} 7}
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& Yo Wil 447 51 F20]X] ot 11T

- cold forced swim (8+2°C9] AlASE A7 Eo|A SEZF Z3A
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- tail pinch (Z¥-S 2] YREO] 1cm EolXl 3of Fot Ho &
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|47

ofl

mepe]

Z=Hoj| A 405 7|20l & 24A]|7F ZoF &

"}‘*— AEXTHTable 1).
2 2=

g Foi+= 15} FAKsubcutaneous injection)s}. 2™, &35
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DEP+Cap L, DEP+Cap M, DEP+Cap H-ollAl= & 9Y 59
15% o&-&ol, g2 59 %2 50% DMSO 8] 5]45t0] 7}
7t 1 mg/kg, S mg/kg, 10 mg/kg -87F2] capsaicin 0.1 mE Fo{5}
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Figure 1. Experimental design. The intervention was the administration of fluoxetine or capsaicin. CUMS=chronic unpredictable mild

stress; FST=forced swim test; IHC=immunohistochemistry.
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Table 1. Experimental Schedule
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Day 1~16 Day 17
Adaptation Food restriction
(24 h)
Day 23 Day 24
Increase housing density Water restriction
(24 ) (24 h)
Day 30 Day 31

Food restriction (24 h)

Day 37
Tail pinch (5 min)

Day 44
Restraint (4 h)

Day 51
Tail pinch (5 min)

Day 58
Tail pinch (5 min)

Day 65

Tail pinch (5 min)

Day 38

Increase housing
density (24 h)

Day 45

Day 52
Restraint (4 h)

Day 59
Restraint (4 h)

Day 66

Increase housing density Cold forced swim

(24 )

(5 min)

Day 18

Water restriction
(24 h)

Day 25
Tail pinch (5 min)

Day 32

Cold forced swim
(5 min)

Day 39
Restraint (4 h)

Day 46

Food restriction
(24 h)

Day 53

Increase housing
density (24 h)

Day 60
1st FST

Drug administration

Food restriction
(24 h)

Day 67

Water restriction
(24 h)

Day 19
Wet cage (24 h)

Day 26
Wet cage (24 h)

Day 33
Wet cage (24 h)

Day 40
Wet cage (24 h)

Day 47
Tail pinch (5 min)

Day 54
Restraint (4 h)

Day 61
Tilted cage (24 h)

Drug administration

Day 68
Tilted cage (24 h)

Day 20
Restraint (4 h)

Day 27

Food restriction
(24 1)

Day 34

Food restriction
(24 h)

Day 41
Tilted cage (24 h)

Day 48

Increase housing
density (24 h)

Day 55

Cold forced swim
(5 min)

Day 62

Water restriction
(24 h)

Drug administration

Day 69

Food restriction
(24 h)

Day 21

Cold forced swim
(5 min)

Day 28

Increase housing
density (24 h)

Day 35

Water restriction
(24 h)

Day 42
Tail pinch (5 min)

Day 49
Restraint (4 h)

Day 56
Restraint (4 h)

Day 63
Tail pinch (5 min)

Drug administration

Day 70
Restraint (4 h)

Day 22
Tail pinch (5 min)

Day 29
Tilted cage (24 h)

Day 36

Cold forced swim
(5 min)

Day 43

Cold forced swim
(5 min)

Day 50

Cold forced swim
(5 min)

Day 57

Cold forced swim
(5 min)

Day 64

Water restriction
(24 h)

Drug administration

Day 71
Cold forced

Drug administration Drug administratin

Day 72
Food restriction (24 h)
Drug administration

Day 73
Tail pinch (5 min)

Day 74

Drug administration

Day 75
2nd FST

Drug administration Drug administration Drug administration Drug administration Swim (5 min)

Drug administration
Day 76 Day 77

Sacrifice

FST=forced swim test; h=hours; min=minutes.

B ARE 4 qlomg], T AEFAR QT 925 5ERY
oA titol HsiA AA8] W2 AlFS UERTH29]. CON
T3 CUMS A +5(DEP, DEP+Flx, DEP+Cap L, DEP+Cap
M, DEP+Cap H) Ato]9] A5-S vlwaly] Yo -5 e Azt
15 ARE AReiA 25 Al obA e 29 175714 vl 28

Urit BRAS 245t

4) ZHl =94 EiI*E(forced swim test, FST)
EST+ ¥5-& 75 H7kol] 93t 58 35 AF 3 oftol
o H7t 2 110111 Ok= A(immobility)> FF2Q1 7|3 A0

A7t = FEor =Y, HodAs &5 HE ST T st
Al A-E ofugitt. 988 9 WA(NE 20 em, #°] 90 cm)
of Fef eyt sido] BI.9] g 2] FZ WEe| wol=2

46

26°C $EES ARt oldf A 5
2 12 AL}l £7]E HE Hslih30l. FE A 24417F
Aol 232 {13l 15%
EO]— Bi]-uig‘il:]- /Uo-] _‘6"_ l:é_Oﬂ/k O H A3 o:]
SE Sw26], 22 Aol W o] 152 A|9fst
*] ZHimmobility time)°| IRt A SF=A1E AFA
E5FTH31]
ESTE= AY 5 28 AIYEM, 134= 6572 HDay 60)° ¢-&5 &
g 1 fAsAl, 224 27319 oFF Foi7t 1 F Day 750
FE 85 5] 9Joh A=Ak

—

Ado] T7E 1l 2Y 5o 34 (sacrifice) A F
ou %ﬂﬂ & dol A9 Aol vhes A5kl 50 mM
QA 45 4] H<=(phosphate buffered saline, PBS)E IHFA1#
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hyde, PFA)7} 831 20 mM 14HY &% H(phosphate buffer, PB)
2 Y& 759t HE AW 4% PFA 21 o]l Fof 43A17H~52
A7t =9t 151, A Y] ZZAL 30% sucrose BN O Z 24
497 JAAA Y522 EH7](LeicaCM3050S, Leica, Berlin,
Germany)E ©]-&5t9] ¥ £4Z 40 ym FAR A% W 2H
(coronal section)3}9] 4°C YA K5}t

6) HEZXXISISIHM(immunohistochemistry, IHC)

A2EY a4l TPHO| TdS E21st7| fisiAl 2 &
A FE718 79 23S AW, GRY) HHE s Y=
Sfuh 59 x2S AW ZH2F PBSE SEH 33] AlHT & 3%
H2027} &% PBSOIA 3087t BHSAI7] L 7127} Abhd w7t
A 5] A&ttt blocking 8ol 90%-7F §H-&-A]%1 & PBSZ
SEH 33 AlAstal wA FE7132 14 Al TPH (AB1541,
1:1000, Millipore, Darmstadt, Hessen, Germany)Q]' 3= GR
(SCs6851, 1:500, Santa Cruz, Dallas, Texas, USA)2} 4°Cll 4] 5f
S 5 WA thae o] 22 E WS thA| PBS 0 R
SEA 33] AHTE & 22t FAE A-200A 2417 2t §EEA7] 1L
PBSZ A|&5}11, avidin-biotin complex (Vectastain-Elite ABC kit,
Vector Laboratories, Newark, California, USA)2} 24|17 591 k-
Al7]3L PBSE M| A3}t o] & A9l diaminobenzidine (Im-
mPACT DAB Substrate Kit, Vector Laboratories, Newark, Califor-
nia, USA)E AH&-5to] 104 5 ¥H-3-AI1Z] & PBSE Al 4stof &
A& gTtolt FehAo] 2o A AXsHT AX o= 70%,
80%, 90%, 95%, 100% Olet22 ol-&sto] Z42t SwoflA 10&3t
SAHOR YrIHE AT T E Wl AR 15 2K
F53HE 919l xylene A& SEZt 23] 3 Fo] permount (SP15-
500, Fisher Scientific, Pittsburgh, Pennsylvania, USA)E A}-8-519]
A SHAE HAth BE B F 3R A (BXS1, Olympus,
Tokyo, Japan) 108°4 P53, 379 A7 F&7130
A9 TPHY| 42} 3ut9] cornu ammonis (CA) 13} CA3°)A4]9]
GRO] & &%to = ST & FFsto] gk okt

4. Xtz 24

TE A9 Ak PSS 26 TR IS o]-gato] B, EHAL,
HFEQAE AFESH L, independent t-test2} one-way ANOVAER
E3 T Tukey HSD testZ AR AYS 5L, BAA Foes
2 p < 05914 &SI

e
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Laboratory Animals®]l 942511 H32].

o1 2}

FeE2 235 2Y A 15 ARH A4 225
A& wpRjer 291 175704 wWiF Fe dutct S-S Skt
1750 apAeto 2 SRS o, |52 Wsh= CUMS 34 <5
(408.86 + 22.29 g> CONH(463.14 + 33.92 9} H| W3 A A
& 5719 Fol A FUh. $=F = F CUMS 34 52
CON<} Bl ojA] BAHCRE [ooHA AFo] FrA = ATHt
=5.38,p < .001)(Figure 2-A).

2) ZH 4= HAE(forced swim test, FST)

25 S gRIsh] Y35t 12 FSTE Al¥ek A= Figure
2-B2 2t} CUMS 34 ©5(49.96 + 38.87%)2> CON(11.03
* S.12%)37} H| WA BsAlgto] BAHCE [-osHA S5
THt = -5.6S, p < .001)(Figure 2-B). $-&5-Z 39t HESolA
FEAIZko] $71ok= 20 & UehA 5 sERdol 454
© 2 AAE Y= FRlsint.

2. 4=l =gt &2l
1) ZH £=¥ HAE(forced swim test, FST)

AARIAE Bt & 925 S5 =5 22 FSTE &3 &4
St A¥}= Figure 3-A9 Zth CONT(20.29 + 7.11%), DEP
(90.19 + 45.34%), DEP+FIx7*(19.05 + 7.14%), DEP+Cap Lt
(32.40 + 13.41%), DEP+Cap M+(28.48 £ 19.57%), DEP+Cap
H(47.72 + 51.75%) Atol9] RFAHE SAH & FoJsHA
Afo]7F UEHATHE = 5.60, p = .001). F7F2 ARS- 2415 A3,
DEP CON<#} HI W34 §-oJstA F-EAIto] 71t ithp
= .001). 3}A|9k, DEP+Flxwat(p = .001), DEP+Cap L(p =
.011), DEP+Cap MiHp = .006)> DEP3} H| W5 A f-2J517|
HEA|7to] 45t} WHH, DEP+Cap Hi-2 DEP-Y} H] 15
A froI5t Ao| & HolA] QttHp = .111)(Figure 3-A). FSTE &
3 S-&5 7 LA PAP]A Aot FEEE AR’ T4

282 a0 BTV} Y-S FlsHAT

FE7 (3 22{0A TPH L 2401

&5 RN E F&E7HA AREY a4
TPHO| #47t Yehuw, |z 23t M3 o]-g-sto] TPHO]
e g ER1%H ATM= Figure 3-B2F 2TH CONT(297.60 +
9.237}), DEP(159.78 + 41.167}), DEP+FIx7-(218.83 + 49.74
7}), DEP+Cap Lt+208.39 + 62.247}), DEP+Cap M+%(249.17
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Figure 2. Confirmation of the depressive animal model. (2-A) Weekly changes in body weight. (2-B) Results of immobility time in
the FST. Data are presented as the mean + standard deviation of the mean *p < .001, significantly different from CON. CON=control;
CUMS=chronic unpredictable mild stress; FST=forced swim test.

200 -

150 - H

100 ~

Immorbility time (sec)

400 - ,_—\

300 4 &
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Number of TPH in the
dorsal raphe
o
o
o [ele}
o P—po
%, | — -

Figure 3. The antidepressant effects of capsaicin. (3-A) Effect on immobility time in the FST. (3-B) Immunohistochemical staining of TPH.
(® CON, ® DEP, (© DEP+FIx (© DEP+Cap L, (® DEP+Cap M, (®) DEP+Cap H. The tissue was measured by microscopy at a magnification
of x10. Data are presented as the mean + standard deviation of the mean *p < .05, significantly different from CON. *p < .05, significantly
different from DEP. CON=control; DEP=depression; DEP+FIx=depression+fluoxetine; DEP+Cap L=depression+capsaicin low dose;
DEP+Cap M=depression+capsaicin middle dose; DEP+Cap H=depression+capsaicin high dose; FST=forced swim test; TPH=tryptophan
hydroxylase.
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+ 35.027), DEP+Cap H%(251.00 + 56.857H) Atele] TPH & 3) ai0r CA12t CA3 E2{0f|Al GR L& &fol

0o

FFS AR [FosHA ZFol7F YEFHTHE = 5.66, p = &5 TERLYY sfuts WS, AEH AR QI8 glucocor-
.001). F7F2 A% 43 A3t DEP#2 CONw-I H| 5] 4] ticoid”} ZohslA BH|=1 10 wet 1 48491 GRE Z715)
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https://doi.org/10.7586/jkbns.23.345 49


https://doi.org/10.7586/jkbns.23.345

Zol fofstA S7IsHATHp = .015). 124 DEP+Flxt DEP
w3 BlisiA GR E@Fo] FofsHA Aaskithp = .002). Wt
H, DEP+Cap L(p = .947), DEP+Cap Mi-(p = .925), DEP+-
Cap Hi(p = .679)> DEPw Bl sA 723 Zpo]7} Qldtk
(Figure 4-A). FALRAl A, F, 15=2] Fol= GR F7HE Al
St dlof HofshAl= o= Ao E YET

E3H Sute] CA3 P GolA GR EE xS 91gt Aak= Fig-
ure 4-B9} . CON+-(148.00 + 78.517), DEP#(247.06 +
40.8671)), DEP+Flxi#(143.44 + 48.547l), DEP+Cap L+%(223.31
+ 42.787Y), DEP+Cap M+(237.63 + 49.057})), DEP+Cap H*
(205.25 + 51.287) Ate]oll 3w} CA3 Foll419] GR THFS
EAXLCE Rt Aol 7} HYTKF = 5.65, p < .001). F7t= A
T 243t A3l DEPS CONTF B34 GR Hd o] 57
Ao g FolstA F7IsAtHp = .009). L&Y DEP+Flxw
DEPT-} B3| A -ol5HA ZastitHp = .004). HFH, DEP+-
Cap Li(p = .943), DEP+Cap Mx-(p = .999), DEP+Cap H-(p
= .609)2 DEPZ Bl E|A F-2oJgt Fo]7} QA THFigure 4-B).
CA3 YoM = FAAolAl Folz QIRt GRE Hd= UEUAl=

okt

=0|
==
2 7= CUMSE QIR 9235 s=2d2 53 fAtol4l]
F-& aE ASs] A8 A=A CUMSE 925 52
RS AT HH08 ARgHA o, AT 4= §lof 4335
US=S IRl 2EHAE PR AEste] FAGo A
A3 FEoA 25T L2 fAF B B F=sH3ltH2e]
&5 FERANA &35 399 StUR AT a7t e

W, &5 A T I FAT Al 447t UedHB3] &

% ohel Aol A=g 9ulshs F-5AIHE 575k FSTOl
A= CUMS 34 #+5°] 223 vlusiy o e ReAAE
FAFATE. 18 fluoxetine A X|¢t HRI7IA| &2 A5kl Fuk
Aol Al AR & S7HHE F-gAlto] A4Skt wheba] FAko]
Alo] & Y5 iAol Bt Qe A0 AleET
ARZEYY] Fae 255 4271M6,7], SSRIE 2T
=4 T3 o] & A4St kR RIS YERATHI) AIREY 4
9] 194191 EYERY S-hydroxytryptophan 2 29| H3HS
Zvfsk= TPHY ¥d FEe WY AREY Hd =5 AT
4 9lom34], AA R W2 TPHY 52 252 A H7} 57|
2ol[13], S=E QIS TPH 7+ B3l ofid 3419 92 &
T =38 £ QIH35). CUMS =& & 18] 9-&Fo] ihid 55
2 F&7|8o|A TPHE| & o] ZAsk=t[14], ol AoA=

ool
T

=

O:

b

50

JKBNS

HIFE 215kt fluoxetine AX|= AZEUY] S7Hs F=
T} B 1 ETH36]. A fluoxetineS A X9t R T} F§AL0] Al
S AA§ FEIA TPHY] Hdo] 5k &0 4L F7lst
At AsEoA 9] #Mok= FootA] AUATE s =4FE
Folg7] 7o) L] A7} TPHE S7H17# 235 &9
t] 7]ofoh= A o2 Heltt,

TPH ©doA 15T/t SsrHEtt 985 J20| ¢ & av}
£ UEhd AE B AAelAlY] 5= -2 Bt vk
& &= Ql9ith. o]#fgt A= 0.001~0.25 mg/kgZtHA] TSt 5
2 AALo]A1E FolPS W 0.05 mg/kgollAl Ay HolHA
I 5237 sk 9EF0|AE Reyes 52 2219} FARHA,
0.01~0.15 mg/kg7tA] EEF THE2A] sto] B Fol5lS wjet
SSRI A|¥ k=2 citalopram} B8 FoiolHA] =0 T2 &3}
£ YotE St Aguilar 52 AT[3719HE FAIGE A2 ZEot3

o g M

2 2EHAE 985S UG oY sfulifMs AE
20t TAHE S2HEQI glucocorticoid (cortiso)2] 84121 GR
9] Frgo] Z715tt}h. GRS AEH A THE T 29I cortisol ]
TEAE, 2 GRY BHT= w2 AEAA A4S ueit
(38]. ol= &3], siutollA 753 &3 ddEo] A7 2 d4a
AR 7 S 2P T30l wEkA AEFHA ©
229 &8-S JAIShs AL sfute] &L dobril 5= ¢

it ol A3 e] Aujol A= DEPZE ti3} H] s
A 3ute] CA17}F CA3 FolA GRE| &40l F7Fstoirt 9-&
A1 fluoxetine A 2|3t - DEP2} H| W ol A] -2J5HA] GRO] 2
S AR SHARE, FAPolAl S A AR EEolA= GR T E
= FolsHAl FasiAlE AR, T A2 e
FHALO] A1 transient receptor potential vanilloid type 1 (TRPV1)
o] ZZAZA, TRPV1 A& SSMAZItt. TRPVIZ 2 7
T ol Ade] AQel &ohe w8A=M0l, FFAEARLt T
ZA73A B0l B0l Att41]. TRAFACNME 55 Hi7A
AzAo] gt 25, pH VA BHE 47 Hg 7oz
o] 285 she Adso] F2 AP o] frh42,43]. TRPVI
o] FFAA N vlA= Yol HsiH = TRt A7t o FoA]
I Sl=tl, 925 WA 71T -] 28 FE7|9 3 sutofA
I TRPVIO] HAE WA [44,45] S5 =4l VA= 544
Al FFoll digt AF== S718kaL ATH46]. FHAfo]4lol ofgt
TRPV19| B/ok= AL 5 719 tiabyd SFE o] E 484
13} S(metabotropic glutamate receptor 1 & S, mGlul & mGluS),
23 o]/ SFEH0|E 484 & shutel N-#2-D-ofAut
2 EAF -84 (n-methyl-m-aspartate receptor, NMDAR)E &4
SPAe =N 2o AZ W f9& 771, ole w9 &
7173548 (long term potentiation, LTP)& YOA AlH A 7HAAg
(synaptic plasticity)e fdRcH47]. L] A5 oA TRPV1S]

https://doi.org/10.7586/jkbns.23.345


https://doi.org/10.7586/jkbns.23.345

S=2Z0M HAo[MO] e Bt

= I Aol A TRPVIC] F&7| 3ol ARt St
Z(periaqueductal gray, PAG)°ll #1Aot= 2 & wjl48] F&
71| A sig o] Lol AlzEdA w2 84e 7=
o 2H 7P dutd o A A9 715U AZET A
W U sk o] dojuhs Aer Holw, JEjste] & A
HollA ZhAfol4l Foi7k TPHO| Bd S715 7HAet 492 a3t
= Uehgd 02 AmED, olsh S48 TRPVIS] S5}
A2Ed 9 =urlo] s =8 ASAHY SA F=¢ a3E Y
Etilith= Abdo] A Aol A 2ld vt AUTH49]. T 2
2l o3 fIsiAM = & Aol FRlsfEA] 31t Aol Aol
T2 aiE HeRd o F<&7183 sjute] TRPVICA ofd ®
Sp7F doluh=A] AAIR g]lsiEe F7F A7 ]St
A} 22 Ao|A s=o
£ AL A Rt B @. Oﬂ 1b Aot FEr
_]Z_ Al

T H%EW %’MOI 1o} lnE"ﬂ He
A uigog 1 Bwet 92 a8o] A S Ik &

o] AfolIo] ol Az 2 #0}E311‘*E'4 2ul7} 2105
WA AEAV} HATEY, Y T2 EE O 5849 B4

ong 53 aﬂ_;% 5o} 3712 z%ca@m?ﬂ, ol 8ol 22L

IHo= XPQE}%%ET[B] % ], #50sl 5 1 % g

>
i

AEUAE A5 A 850 40 SRS ALLE 1A
oj4lo] 99-g AT} LEE YEFTHE Aol 2Jol7t gt 7]
g7} Aol Ale] §9-2 A7} F&7|8o]Ae] TPH 2E S71e}
AT S WO A FAfol A Fto R T YHHSl 92

S A o SA TRl dxskaitt

= 05_ 9 HE dHeR 6 &
1S ATAoZ HHE9l o Ato|A19] B of = g}
& 35 Brlel] ol A, F, ek E Wro] 5 AT
BAPETY B4 AP CUMSE 53] A% a2
FAZE) 5718 FEslel 925 mulo] & WHEolXE AL

ST, AAol4l Foi7t BEt e 92 wHdlo] PF 54
S, FLAE FoIFt IET fARE EIE Yehs A
lstgirt. E FAlol4lo] AEH A g8} ohd A2 e &
549 TPHE] 48 Mo 2H £-85 F2o 537} 8L
A5 £ AFATHE vete] 99191 Pl Alo] Br1zke] A
Eds Fd 9 7R A $22 o] BH 9859 B4 @

Spolls 37} 8-S AN $&5 A Azl Yol Az

ol CUMSE 4AJsto] 9-&

i

https://doi.org/10.7586/jkbns.23.345

JKBNS

o gave xﬂ% A7V 4 Slos, 380 He P-4
2 oz

ORCID

Jae Ock Lim, https://orcid.org/0000-0003-2246-7333

Min Ji Kim, https://orcid.org/0000-0002-9371-8403

Jun Beom Bae, https://orcid.org/0000-0002-5442-9131
Chan Hyeok Jeon, https://orcid.org/0000-0002-2097-6794
Jae Hyeon Han, https://orcid.org/0000-0003-0839-4510
Tae Hyeok Sim, https://orcid.org/0000-0003-1150-504X
Youn Jung Kim, https://orcid.org/0000-0003-4991-0825

CONFLICT OF INTEREST

The authors declared no conflict of interest.

AUTHORSHIP

All authors contributed to the conception and design of this
study; JOL, MJK, JBB, CHJ, JHH, and THS collected data; JOL
performed the statistical analysis and interpretation; JOL, MJK
and JBB drafted the manuscript; JOL and YJK critically revised
the manuscript; YJK supervised the whole study process. All
authors read and approved the final manuscript.

FUNDING

None.

REFERENCES

1. Truax P, Selthon L. Mood disorders. In: Hersen, Michel,
Turner, Samuel M, editors. Diagnostic interviewing. 3rd ed.
Boston, MA: Springer; 2003. p. 111-147.

2. Hunt IM, Kapur N, Robinson J, Shaw J, Flynn S, Bailey H, et
al. Suicide within 12 months of mental health service contact
in different age and diagnostic groups. British Journal of Psy-
chiatry. 2006;188(2):135-142. https://doi.org/10.1192/bjp.
188.2.135

3. Department of Mental Health Care. Announcement of the
COVID-19 national mental health survey results in the sec-
ond quarter of 2022 [Internet]. Sejong: Ministry of Health
and Welfare; 2022 Aug 11 [cited 2022 Aug 20]. Available

51


https://doi.org/10.7586/jkbns.23.345
https://doi.org/10.1192/bjp.188.2.135
https://doi.org/10.1192/bjp.188.2.135
https://doi.org/10.1192/bjp.188.2.135
https://doi.org/10.1192/bjp.188.2.135
https://doi.org/10.1192/bjp.188.2.135
https://doi.org/10.4093/dmj.2020.0254

=N

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

52

S, 2K 9+ 2 285 SERUOIN TAOIS BPE BT

from: http://www.mohw.go kr/react/al/sal0301vw.jsp?PAR_
MENU_ID =04&MENU_ID =0403&page = 1&CONT_
SEQ=372545

Benefits Information Analysis Department. Analysis of the
current status of the treatment of depression and anxiety dis-
orders in the last 5 years (2017-2021) [Internet]. Wonju:
Health Insurance Review & Assessment Service; 2022 Jun 24
[cited 2022 Aug 20]. Available from: https://www:hira.or.kr/
bbsDummy.do?pgmid = HIRAA020041000100&brdScnBlt-
No =4&brdBltNo = 10627&pagelndex = 1#a

Beck AT. Depression: causes and treatment. Philadelphia, PA:
University of Pennsylvania Press; 1972. p. 370.

Stahl SM. Molecular neurobiology for practicing psychia-
trists, part 5: how a leucine zipper can turn on genes: imme-
diate-early genes activate late-gene expression in the brain.
Journal of Clinical Psychiatry. 2000;61(1):7-8. https://doi.
org/10.4088/jcp.v61n0103

Liu Y, Zhao J, Guo W. Emotional roles of mono-aminergic
neurotransmitters in major depressive disorder and anxiety
disorders. Frontiers in Psychology. 2018:9:2201. https://doi.
org/10.3389/fpsyg,2018.02201

Cowen PJ, Browning M. What has serotonin to do with de-
pression? World Psychiatry. 2015;14(2):158-160. https://doi.
org/10.1002/wps.20229

Taylor C, Fricker AD, Devi LA, Gomes I. Mechanisms of ac-
tion of antidepressants: from neurotransmitter systems to
signaling pathways. Cellular Signalling. 2005;17(5):549-557.
https://doi.org/10.1016/j.cellsig.2004.12.007

Ferguson JM. SSRI antidepressant medications: adverse ef-
fects and tolerability. Primary Care Companion to The Jour-
nal of Clinical Psychiatry. 2001;3(1):22-27. http://doi.org/10.
4088/pcc.v03n0105

Rosenbaum JE Fava M, Hoog SL, Ascroft RC, Krebs WB. Se-
lective serotonin reuptake inhibitor discontinuation syn-
drome: a randomized clinical trial. Biological Psychiatry.
1998;44(2):77-87. https://doi.org/10.1016/S0006-3223(98)
00126-7

Berger M, Gray JA, Roth BL. The expanded biology of sero-
tonin. Annual Review of Medicine. 2009;60:355-366. https://
doi.org/10.1146/annurev.med.60.042307.110802

Hornung JP. The neuroanatomy of the serotonergic system.
In: Christian PM, Barry L], editors. Handbook of the behav-
ioral neurobiology of serotonin. 1st ed. London: Academic
Press; 2010. p. 51-64.

JKBNS

14. Chen Y, Xu H, Zhu M, Liu K, Lin B, Luo R, et al. Stress inhib-

15.

its tryptophan hydroxylase expression in a rat model of de-
pression. Oncotarget. 2017;8(38):63247-63257. https://doi.
org/10.18632/oncotarget.18780

Sapolsky RM. The possibility of neurotoxicity in the hippo-
campus in major depression: a primer on neuron death. Bio-
logical Psychiatry. 2000;48(8):755-765. https://doi.org/10.
1016/50006-3223(00)00971-9

16. Wingenfeld K, Wolf OT. Stress, memory, and the hippocam-

17.

pus. The Hippocampus in Clinical Neuroscience. 2014;34:
109-120. https://doi.org/10.1159/000356423

Lucassen PJ, Miiller MB, Holsboer E, Bauer ], Holtrop A,
Wouda J, et al. Hippocampal apoptosis in major depression is
a minor event and absent from subareas at risk for glucocor-
ticoid overexposure. The American Journal of Pathology.
2001;158(2):453-468. https://doi.org/10.1016/S0002-9440
(10)63988-0

18. Chourbaji S, Gass P. Glucocorticoid receptor transgenic mice

19.

as models for depression. Brain Research Reviews.
2008;57(2):554-560. https://doi.org/10.1016/j.brainresrev.20
07.04.008

Srinivasan K. Biological activities of red pepper (Capsicum
annuum) and its pungent principle capsaicin: a review. Criti-
cal Reviews in Food Science and Nutrition. 2015;56(9):1488-
1500. https://doi.org/10.1080/10408398.2013.772090

20. Winter ], Bevan S, Campbell EA. Capsaicin and pain mecha-

nisms. British Journal of Anaesthesia. 1995;75(2):157-168.
http://dx.doi.org/10.1093/bja/75.2.157

21.Jain A, Mishra A, Shakkarpude J, Lakhani P. Beta endorphins:

22.

the natural opioids. International Journal of Chemical Stud-
ies. 2019;7(3):323-332.

Reyes-Mendez ME, Castro-Sanchez LA, Dagnino-Acosta A,
Aguilar-Martinez I, Pérez- Burgos A, Vazquez-Jiménez C, et
al. Capsaicin produces antidepressant-like effects in the
forced swimming test and enhances the response of a sub-ef-
fective dose of amitriptyline in rats. Physiology & Behavior.
2018;195:158-166. https://doi.org/10.1016/j.physbeh.2018.
08.006

23.Xia ], Gu L, Guo Y, Feng H, Chen §, Jurat J, et al. Gut micro-

biota mediates the preventive effects of dietary capsaicin
against depression-like behavior induced by lipopolysaccha-
ride in mice. Frontiers in Cellular and Infection Microbiolo-
gy. 2021;11:627608. https://doi.org/10.3389/fcimb.2021.
627608

https://doi.org/10.7586/jkbns.23.345


https://doi.org/10.7586/jkbns.23.345
https://doi.org/10.7475/kjan.2022.34.1.39
https://doi.org/10.1016/j.pcd.2018.07.002
https://doi.org/10.4088/jcp.v61n0103
https://doi.org/10.4088/jcp.v61n0103
https://doi.org/10.4088/jcp.v61n0103
https://doi.org/10.4088/jcp.v61n0103
https://doi.org/10.4088/jcp.v61n0103
https://doi.org/10.1016/j.numecd.2021.03.003
https://doi.org/10.3389/fpsyg.2018.02201
https://doi.org/10.3389/fpsyg.2018.02201
https://doi.org/10.3389/fpsyg.2018.02201
https://doi.org/10.3389/fpsyg.2018.02201
https://doi.org/10.1002/wps.20229
https://doi.org/10.1002/wps.20229
https://doi.org/10.1002/wps.20229
https://doi.org/10.1016/j.jand.2017.03.022
https://doi.org/10.1016/j.cellsig.2004.12.007
https://doi.org/10.1016/j.cellsig.2004.12.007
https://doi.org/10.1016/j.cellsig.2004.12.007
https://doi.org/10.1016/j.cellsig.2004.12.007
https://doi.org/10.4093/dmj.2021.0156
http://doi.org/10.4088/pcc.v03n0105
http://doi.org/10.4088/pcc.v03n0105
http://doi.org/10.4088/pcc.v03n0105
http://doi.org/10.4088/pcc.v03n0105
https://doi.org/10.1371/journal.pmed.1003053
https://doi.org/10.1016/S0006-3223(98)00126-7
https://doi.org/10.1016/S0006-3223(98)00126-7
https://doi.org/10.1016/S0006-3223(98)00126-7
https://doi.org/10.1016/S0006-3223(98)00126-7
https://doi.org/10.1016/S0006-3223(98)00126-7
https://doi.org/10.1146/annurev.med.60.042307.110802
https://doi.org/10.1146/annurev.med.60.042307.110802
https://doi.org/10.1146/annurev.med.60.042307.110802
https://doi.org/10.18632/oncotarget.18780
https://doi.org/10.18632/oncotarget.18780
https://doi.org/10.18632/oncotarget.18780
https://doi.org/10.18632/oncotarget.18780
https://doi.org/10.1111/j.1447-0594.2011.00812.x
https://doi.org/10.1016/S0006-3223(00)00971-9
https://doi.org/10.1016/S0006-3223(00)00971-9
https://doi.org/10.1016/S0006-3223(00)00971-9
https://doi.org/10.1016/S0006-3223(00)00971-9
https://doi.org/10.3390/nu11092237
https://doi.org/10.1159/000356423
https://doi.org/10.1159/000356423
https://doi.org/10.1159/000356423
https://doi.org/10.1016/S0002-9440(10)63988-0
https://doi.org/10.1016/S0002-9440(10)63988-0
https://doi.org/10.1016/S0002-9440(10)63988-0
https://doi.org/10.1016/S0002-9440(10)63988-0
https://doi.org/10.1016/S0002-9440(10)63988-0
https://doi.org/10.1016/S0002-9440(10)63988-0
https://doi.org/10.1016/j.brainresrev.2007.04.008
https://doi.org/10.1016/j.brainresrev.2007.04.008
https://doi.org/10.1016/j.brainresrev.2007.04.008
https://doi.org/10.1016/j.brainresrev.2007.04.008
https://doi.org/10.1093/ajcn/nqx002
https://doi.org/10.1080/10408398.2013.772090
https://doi.org/10.1080/10408398.2013.772090
https://doi.org/10.1080/10408398.2013.772090
https://doi.org/10.1080/10408398.2013.772090
https://doi.org/10.3305/nh.2015.31.sup3.8750
http://dx.doi.org/10.1093/bja/75.2.157
http://dx.doi.org/10.1093/bja/75.2.157
http://dx.doi.org/10.1093/bja/75.2.157
https://doi.org/10.3390/nu14091960
https://doi.org/10.1016/j.physbeh.2018.08.006
https://doi.org/10.1016/j.physbeh.2018.08.006
https://doi.org/10.1016/j.physbeh.2018.08.006
https://doi.org/10.1016/j.physbeh.2018.08.006
https://doi.org/10.1016/j.physbeh.2018.08.006
https://doi.org/10.1016/j.physbeh.2018.08.006
https://doi.org/10.1016/j.physbeh.2018.08.006
https://doi.org/10.3389/fcimb.2021.627608
https://doi.org/10.3389/fcimb.2021.627608
https://doi.org/10.3389/fcimb.2021.627608
https://doi.org/10.3389/fcimb.2021.627608
https://doi.org/10.3389/fcimb.2021.627608
https://doi.org/10.3389/fcimb.2021.627608

Y, LUK 9« THY 225 SSEH0IM BA0[MS| o= gt

24. Amiri S, Alijanpour S, Tirgar F, Haj Mirzaian A, Amini Khoei
H, Rahimi Balaei M, et al. NMDA receptors are involved in
the antidepressant like effects of capsaicin following amphet-
amine withdrawal in male mice. Neuroscience. 2016;329:
122-133. https://doi.org/10.1016/j.neuroscience.2016.05.003

25. Hayase T. Differential effects of TRPV1 receptor ligands
against nicotine-induced depression-like behaviors. BMC
Pharmacology. 2011;11(1):1-11. https://doi.org/10.1186/
1471-2210-11-6

26. Seong HH, Park JM, Kim YJ. Antidepressive effects of envi-
ronmental enrichment in chronic stress-induced depression
in rats. Biological Research For Nursing. 2017;20(1):40-48.
https://doi.org/10.1177/1099800417730400

27. Willner P, Towell A, Sampson D, Sophokleous S, Muscat R.
Reduction of sucrose preference by chronic unpredictable
mild stress, and its restoration by a tricyclic antidepressant.
Psychopharmacology. 1987;93(3):358-364. https://doi.
org/10.1007/b£00187257

28. Nestler EJ, Barrot M, DiLeone R], Eisch AJ, Gold SJ, Monteg-
gia LM. Neurobiology of depression. Neuron. 2002;34(1):13-
25. https://doi.org/10.1016/s0896-6273(02)00653-0

29. Tang M, Jiang P, Li H, Liu Y, Cai H, Dang R, et al. Fish oil
supplementation alleviates depressant-like behaviors and
modulates lipid profiles in rats exposed to chronic unpredict-
able mild stress. BMC Complementary and Alternative Med-
icine. 2015;15(1):239-239. https://doi.org/10.1186/s12906-
015-0778-1

30. Yankelevitch-Yahav R, Franko M, Huly A, Doron R. The
forced swim test as a model of depressive-like behavior. Jour-
nal of Visualized Experiments. 2015;97. https://doi.org/10.
3791/52587

31. Shaleh LA, Almutairi FM, Alorabi WK, Alkuhayli BA, Alz-
aidi SS, Alzahrani SB, et al. Short and long term effects of vi-
tamin D treatment on Bacillus Calmette-Guerin induced de-
pressive like behavior in mice. Neuropsychiatric Disease and
Treatment. 2021;17:711-720. https://doi.org/10.2147/ndt.
$291793

32. National Research Council. Guide for the care and use of lab-
oratory animals [Internet]. Washington DC: The National
Academies Press; 2010 [cited 2023 Feb 7]. Available from:
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-
use-of-laboratory-animals_prepub.pdf

33. Willner P. Animal models as simulations of depression.
Trends in Pharmacological Sciences. 1991;12:131-136.

https://doi.org/10.7586/jkbns.23.345

JKBNS

https://doi.org/10.1016/0165-6147(91)90529-2

34. Haycock JW, Kumer SC, Lewis DA, Vrana KE, Stockmeier
CA. A monoclonal antibody to tryptophan hydroxylase: ap-
plications and identification of the epitope. Journal of Neuro-
science Methods. 2002;114(2):205-212. https://doi.org/10.10
16/S0165-0270(01)00530-1

35. Seoung HH, Jung SM, Kim SW, Kim Y]J. Effects of physical
activity and melatonin in a rat model of depression induced
by chronic stress. Journal of Korean Biological Nursing Sci-
ence. 2015;17(1):37-43. https://doi.org/10.7586/jkbns.2015.
17.1.37

36. Cheer SM, Goa KL. Fluoxetine. Drugs. 2001;61:81-110.
http://dx.doi.org/10.2165/00003495-200161010-00010

37. Aguilar-Martinez IS, Reyes-Mendes ME, Herrera-Zamora
JM, Osuna-Lopez E Virgen-Ortiz A, Mendoza-Munoz N.
Synergistic antidepressant like effect of capsaicin and citalo-
pram reduces the side effects of citalopram on anxiety and
working memory in rats. Psychopharmacology.
2020;237(7):2173-2185. https://doi.org/10.1007/s00213-020-
05528-6

38. Baes C, von W, Martins CMS, Tofoli SM de C, Juruena ME.
Early life stress in depressive patients: HPA axis response to
GR and MR agonist. Frontiers in Psychiatry. 2014;5.2-2.
http://dx.doi.org/10.3389/fpsyt.2014.00002

39. Sousa N, Cerqueira JJ, Almeida OFX. Corticosteroid recep-
tors and neuroplasticity. Brain Research Reviews. 2008;
57(2):561-570. http://dx.doi.org/10.1016/j.brainresrev.2007.
06.007

40. Caterina MJ, Schumacher MA, Tominaga M, Rosen TA,
Levine JD, Julius D. The capsaicin receptor: a heat-activated
ion channel in the pain pathway. Nature. 1997;389:816-824.
http://dx.doi.org/10.1038/39807

41. Szallasi A, Nilsson S, Farkas-Szallasi T, Blumberg PM, Hokfelt
T, Lundberg JM. Vanilloid (capsaicin) receptors in the rat:
distribution in the brain, regional differences in the spinal
cord, axonal transport to the periphery, and depletion by sys-
temic vanilloid treatment. Brain Research. 1995;703(1-
2):175-183. http://dx.doi.org/10.1016/0006-8993(95)01094-7

42. Chavez AE, Chiu CQ, Castillo PE. TRPV1 activation by en-
dogenous anandamide triggers postsynaptic long-term de-
pression in dentate gyrus. Nature Neuroscience. 2010;13:
1511-1518. http://dx.doi.org/10.1038/nn.2684

43. Szallasi A, Cruz E, Geppetti P. TRPV1: a therapeutic target for

novel analgesic drugs? Trends in Molecular Medicine.

53


https://doi.org/10.7586/jkbns.23.345
https://doi.org/10.1016/j.neuroscience.2016.05.003
https://doi.org/10.1016/j.neuroscience.2016.05.003
https://doi.org/10.1016/j.neuroscience.2016.05.003
https://doi.org/10.1016/j.neuroscience.2016.05.003
https://doi.org/10.1016/j.neuroscience.2016.05.003
https://doi.org/10.1186/1471-2210-11-6
https://doi.org/10.1186/1471-2210-11-6
https://doi.org/10.1186/1471-2210-11-6
https://doi.org/10.1186/1471-2210-11-6
https://doi.org/10.5720/kjcn.2022.27.5.406
https://doi.org/10.1177/1099800417730400
https://doi.org/10.1177/1099800417730400
https://doi.org/10.1177/1099800417730400
https://doi.org/10.1177/1099800417730400
https://doi.org/10.1007/bf00187257
https://doi.org/10.1007/bf00187257
https://doi.org/10.1007/bf00187257
https://doi.org/10.1007/bf00187257
https://doi.org/10.1007/bf00187257
https://doi.org/10.1097/NT.0000000000000512
https://doi.org/10.1016/s0896-6273(02)00653-0
https://doi.org/10.1016/s0896-6273(02)00653-0
https://doi.org/10.1016/s0896-6273(02)00653-0
https://doi.org/10.2337/ds16-0080
https://doi.org/10.1186/s12906-015-0778-1
https://doi.org/10.1186/s12906-015-0778-1
https://doi.org/10.1186/s12906-015-0778-1
https://doi.org/10.1186/s12906-015-0778-1
https://doi.org/10.1186/s12906-015-0778-1
https://doi.org/10.1186/s12906-015-0778-1
https://doi.org/10.7762/cnr.2022.11.3.171
https://doi.org/10.3791/52587
https://doi.org/10.3791/52587
https://doi.org/10.3791/52587
https://doi.org/10.3791/52587
https://doi.org/10.2147/ndt.s291793
https://doi.org/10.2147/ndt.s291793
https://doi.org/10.2147/ndt.s291793
https://doi.org/10.2147/ndt.s291793
https://doi.org/10.2147/ndt.s291793
https://doi.org/10.2147/ndt.s291793
https://doi.org/10.1213/ANE.0000000000003511
https://doi.org/10.1016/0165-6147(91)90529-2
https://doi.org/10.1016/0165-6147(91)90529-2
https://doi.org/10.1016/0165-6147(91)90529-2
https://doi.org/10.1016/S0165-0270(01)00530-1
https://doi.org/10.1016/S0165-0270(01)00530-1
https://doi.org/10.1016/S0165-0270(01)00530-1
https://doi.org/10.1016/S0165-0270(01)00530-1
https://doi.org/10.1016/S0165-0270(01)00530-1
https://doi.org/10.7586/jkbns.2015.17.1.37
https://doi.org/10.7586/jkbns.2015.17.1.37
https://doi.org/10.7586/jkbns.2015.17.1.37
https://doi.org/10.7586/jkbns.2015.17.1.37
https://doi.org/10.7586/jkbns.2015.17.1.37
https://doi.org/10.1186/s12966-016-0436-0
http://dx.doi.org/10.2165/00003495-200161010-00010
http://dx.doi.org/10.2165/00003495-200161010-00010
https://doi.org/10.3390/app12052728
https://doi.org/10.1007/s00213-020-05528-6
https://doi.org/10.1007/s00213-020-05528-6
https://doi.org/10.1007/s00213-020-05528-6
https://doi.org/10.1007/s00213-020-05528-6
https://doi.org/10.1007/s00213-020-05528-6
https://doi.org/10.1007/s00213-020-05528-6
https://doi.org/10.1371/journal.pmed.1003053
http://dx.doi.org/10.3389/fpsyt.2014.00002
http://dx.doi.org/10.3389/fpsyt.2014.00002
http://dx.doi.org/10.3389/fpsyt.2014.00002
http://dx.doi.org/10.3389/fpsyt.2014.00002
https://doi.org/10.3164/jcbn.13-67
http://dx.doi.org/10.1016/j.brainresrev.2007.06.007
http://dx.doi.org/10.1016/j.brainresrev.2007.06.007
http://dx.doi.org/10.1016/j.brainresrev.2007.06.007
http://dx.doi.org/10.1016/j.brainresrev.2007.06.007
https://www.ncbi.nlm.nih.gov/pubmed/25905057
http://dx.doi.org/10.1038/39807
http://dx.doi.org/10.1038/39807
http://dx.doi.org/10.1038/39807
http://dx.doi.org/10.1038/39807
http://dx.doi.org/10.1016/0006-8993(95)01094-7

http://dx.doi.org/10.1016/0006-8993(95)01094-7

http://dx.doi.org/10.1016/0006-8993(95)01094-7

http://dx.doi.org/10.1016/0006-8993(95)01094-7

http://dx.doi.org/10.1016/0006-8993(95)01094-7

http://dx.doi.org/10.1016/0006-8993(95)01094-7

http://dx.doi.org/10.1038/nn.2684
http://dx.doi.org/10.1038/nn.2684
http://dx.doi.org/10.1038/nn.2684
http://dx.doi.org/10.1038/nn.2684
http://dx.doi.org/10.1016/j.molmed.2006.09.001
http://dx.doi.org/10.1016/j.molmed.2006.09.001

Y=, LUK 9 « Tty 22T SSEH0IM BA0[MS| o= gt

2006;12(11):545-554. http://dx.doi.org/10.1016/j.molmed.
2006.09.001

44. Kauer JA, Gibson HE. Hot flash: TRPV channels in the brain.
Trends in Neurosciences. 2009;32(4):215-224. http://dx.doi.
org/10.1016/j.tins.2008.12.006

45. Marinelli S, Pascucci T, Bernardi G, Puglisi-Allegra S, Mercu-
ri NB. Activation of TRPV1 in the VTA excites dopaminergic
neurons and increases chemical-and noxious-induced dopa-
mine release in the nucleus accumbens. Neuropsychophar-
macology. 2005;30:864-870. http://dx.doi.org/10.1038/
sj.npp.1300615

46. Madasu MK, Roche M, Finn DP. Supraspinal transient recep-
tor potential subfamily V member 1 (TRPV1) in pain and
psychiatric disorders. Pain in Psychiatric Disorders. 2015;
30:80-93. http://dx.doi.org/10.1159/000435934

54

JKBNS

47. Fattori V, Hohmann MS, Rossaneis AC, Pinho-Ribeiro FA,
Verri Jr WA. Capsaicin: current understanding of its mecha-
nisms and therapy of pain and other pre-clinical and clinical
uses. Molecules. 2016;21(7):844. https://doi.org/10.3390/
molecules21070844

48. Cavanaugh DJ, Chesler AT, Jackson AC, Sigal YM, Yamanaka
H, Grant R, et al. TRPV1 reporter mice reveal highly re-
striced brain distribution and functional expression in arteri-
or smooth mucle cells. Jouranl of Neuroscience. 2011;31(13):
5067-5077. https://doi.org/10.1523/INEUROSCL.6451-10.2011

49. Guler AD, Rainwater A, Parker ]G, Jones GL, Argilli E, Aren-
kiel BR, et al. Transient activation of specific neurons in mice
by selective expression of the capsaicin receptor. Nature
Communications. 2012;3(1):1-10. https://doi.org/10.1038/

ncomms1749

https://doi.org/10.7586/jkbns.23.345


https://doi.org/10.7586/jkbns.23.345
http://dx.doi.org/10.1016/j.molmed.2006.09.001
http://dx.doi.org/10.1016/j.molmed.2006.09.001
http://dx.doi.org/10.1016/j.tins.2008.12.006
http://dx.doi.org/10.1016/j.tins.2008.12.006
http://dx.doi.org/10.1016/j.tins.2008.12.006
http://dx.doi.org/10.1038/sj.npp.1300615
http://dx.doi.org/10.1038/sj.npp.1300615
http://dx.doi.org/10.1038/sj.npp.1300615
http://dx.doi.org/10.1038/sj.npp.1300615
http://dx.doi.org/10.1038/sj.npp.1300615
http://dx.doi.org/10.1038/sj.npp.1300615
http://dx.doi.org/10.1159/000435934
http://dx.doi.org/10.1159/000435934
http://dx.doi.org/10.1159/000435934
http://dx.doi.org/10.1159/000435934
https://doi.org/10.3390/molecules21070844
https://doi.org/10.3390/molecules21070844
https://doi.org/10.3390/molecules21070844
https://doi.org/10.3390/molecules21070844
https://doi.org/10.3390/molecules21070844
https://doi.org/10.1523/JNEUROSCI.6451-10.2011
https://doi.org/10.1523/JNEUROSCI.6451-10.2011
https://doi.org/10.1523/JNEUROSCI.6451-10.2011
https://doi.org/10.1523/JNEUROSCI.6451-10.2011
https://doi.org/10.1523/JNEUROSCI.6451-10.2011
https://doi.org/10.1038/ncomms1749
https://doi.org/10.1038/ncomms1749
https://doi.org/10.1038/ncomms1749
https://doi.org/10.1038/ncomms1749
https://doi.org/10.1038/ncomms1749

