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Buprenorphine; Methods: This experimental study involved eight groups of seven male rats each. It examined
Histamine Gene; the effects of a 5-day intraperitoneal injection of methamphetamine, buprenorphine, their
Spinal Cord interactions, and methamphetamine withdrawal on the expression of histamine and histamine N-

methyltransferase genes in the lumbar spinal cord. The collected data were analyzed using One-

© 2024 Arak University of Medical =~ way ANOVA.

Sciences Results: The intraperitoneal administration of 10 mg/kg of methamphetamine and 6 or 10 mg/kg
of buprenorphine over five days did not change the expression levels of histamine or histamine
N-methyltransferase genes in of male rats lumbar spinal cord. However, discontinuing
methamphetamine led to an increase in the expression of both genes in this area (P < 0.01).
Furthermore, when examining the interaction between the two drugs, it was found that the
expression of histamine N-methyltransferase gene was significantly higher in the group receiving
methamphetamine plus 10 mg/kg buprenorphine compared to the methamphetamine-only group
(P < 0.01).
Conclusions: Based on the results of this study and the mechanisms proposed in previous studies,
it seems that methamphetamine withdrawal and/or the use of buprenorphine as a possible
therapeutic modality can lead to stabilization of physiological balance in central nervous system
by temporarily increasing brain histamine, thus reducing the complications of methamphetamine
abuse.

Copyright © 2024 The Author(s); Published by Journal of Arak University of Medical Sciences. This is an open access article, distributed under the terms of
the Creative Commons Attribution-NonCommercial 4.0 International License (http”//creativecommons.org/licenses/by-nc/4.0/) witch permits others to
copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://orcid.org/0009-0007-0612-9568
https://orcid.org/0000-0003-2730-1009
https://orcid.org/0000-0001-5435-1920
https://orcid.org/0000-0002-8845-8045

gy dlo

SOy LR (5 505 axtad 10 1 pduwil 3 Juio —N (snolinnsd g molind S5 Yl S gk (o 3 99
o939 03990 b slo 38 g pmolideTiuo B pao sgw (b 5

Y . FER . Y . N “ \ o .
LgLSl?dJ)s ng‘r""l}‘ u’.a.o.u‘soab‘)m&s ‘3.’[.&‘).@)
U‘f‘ ‘]1),».) ‘]1),».) olEislo « >_x~.]o fslc- IRASREY ‘Lg)}xb ‘SMJLMWMJ) 05; M)l ‘SM:L..M:)LT !
Ol e s oBils ¢ gxnds pole 0uSCiils (59l pwlidicans j 0g )5 ¢ Liisls Y

Q‘)‘.‘.l ‘Q‘)-QJ VFPPO-AAR (e (Bgdio ‘ubi,.m)s olKisls ‘4.3.1.3' Hl.c 05; ‘)l.g.ot;...:l ¥

Ol g VEFFO-AAN iy gae (LK ,8 olBiils ks pole 05,5 Lobiul (sl w3l 1 Jgius odiny s
hahmadi@cfu.ac.ir: j.o!

DOI: 10.61882/jams.29.1.0005

oS VECFYYY sl e du b
- PPy . e . . . s VEO N - by g
b9 0 pgr ol 428,515 5 me g 390 00,58 b 4 3 (UL 50 &S el 8 g, S e 59,k meliislic Aoddio AR T
1 gouls 551
ol e laddgms gl 4 (Siasly oy 58 (b )y5e audgllSI] lizie Hlsica, SO 0P
¢ ymolianl
P N o - . o 2 .1 e o . 3 Cant e
039, 0 Blao 19)3 G5 HdS Oigo 5 alme laghss S LBV (c2alesl 0,5 A 595 p oS (2 adllle cnl )3 3 R, g o
3l Jete -N sl 5 (ralins (Slo)) Ot Dyt aliioliine 8o 5 5 g lag I (A0S 002 (8 y500 52 aliioliins el )
8 F g0 b b S Guills 5IUT aesl SaS 4 lnoosls kot ol sy §L55 (5508 Ankad jo b

0 0599 b ) (redygions e TshS pp S ke Vo 5 Sloje0 5 eliislins p SlS S oo Ve o0 Blao (9,0 35 ilbasdly
Sy 2S5 ol i gl o slabge £ 5505 askad 5 Sl e SN el 5 ol (slags ol 55 oS 0395
59 5 QS sy Gl rimer (P <)o) sl 4l (a5 05 99 5 Ol I e eliielie pglaliel (55l
095 4 Comd (b y5i 000 p)T5hS S sl V590 Gelihalus 05,55 Skl e N sl 05 ey a5 0ls (i g0
P <o) il gl cme il eliaslcn

5 54 Uy pelihal s B pa 5 5 sy g0 55 4y ey Slallas ;3 00 s (SlapecilSlo 5 aslllas (nl gl Al 2 1 S ATl
S35 o s ol Syfals 8 Jolad ot 4 Wi e (S Gmalbland SBge (M1 L iy Sl (Sleys 0 Sug, e (b yging:
S S paaliin] s G panegus (2)lge (1alS 4 Al 40 g 95 ie

;_é)_a.e £ gt ‘_,’Ja » GL‘Z’Q) &l:u 6)45 dalad » )L.n_...;l); J....Q—N ‘J..A_.um 9 ‘J..A_.um 6L°Qj QLJ u‘r_._u 3y 4_.3) 6LSL> i[v-"'l> v ‘l)-:& (s «5“"l> J)m} ‘9_}[3 eb)‘
AY S0 () YA N FD T/ 5 psle olSils dlreo b5 0,93 b oy 5 pmabiialcen

oSl (sl i i sabes
ol Logima STl (S35 pole

$lg5 o az ST () 858 o B yune 00,505 j9bas a5 el @MINe Aoddo

Wil aae Jbd o b asgi el Pl asle oYM Sy e
oA i e ,ld, (S > Lngoﬁ)}J%)édd.gQTd)_msH
W IR G Jt-| R R PP S SO VR W ] J1 S-S B
s90 Stla gylo ol eie By an (O (F) oS olen) o g,
Ol aS 0y & o Siwsly byl 5 glaidS sla,lis) 5 lacs >
g BT 1W3e 51 5 aisS oo il o)L, Colws sla Joo
&l oxbd Loy 5SE (Y ) el jaloliel gg,l0 cpl By e

el 18,95 5 YL Coenl 51 Sle o

Sy Sily b a5 cl GloatsSage eje SO a5te olge 4 sliel
) Sae Glp g7 ol Condy (nl stioe olren sl AL Slse o
aiile ciie Slulinnl b g 0iS o Sg0ome |y G yme 505 g 03,5 syoits
Slga 5l (St ooliiwl pogdle (V) Cl ol o Ol a1 g ol o
T05 9 Smmgm (SOl (D95 s (97 (=250 Slge (nl (o]
O ey Slp SIS lF e S e 5 (T) WIS el
2l adlllas ol )3 (el slagy)
(N-methyl-1-phenylpropan-2-amine) :.sluislcs
1-phenylpropan-2-) -sbiasl s ksle b 98 S e 55,0


https://orcid.org/0009-0007-0612-9568
https://orcid.org/0000-0003-2730-1009
https://orcid.org/0000-0001-5435-1920
https://orcid.org/0000-0002-8845-8045

WSl s s,z b (VE o5 (il az )0 YY) ol sles o
5 ol wlidss Jgb )0 o 6l (meo ¥ cels 51 ,g) aelu
S G )3 888 18 s )3 e (Age sl Cadguze (e 138
Aus,8 Cule, e ale)] Sllgs LIS BUS] Jyol e ige b
9 Dlidiog Sogle )3 Cg—an SlES ik 5l (i ey O
O L g AFVAVTYYY o)Lt b ploen (Siip pole olfiiils (5,5l
pole usisls ,o IR TABRIZU.REC.1401.002 Csne M
9 g)lo b iz slaygeen

]S sl weg &le gl ol Ho coliiwl 5,50 sl _wo
Seis ) plem (L) o8 -0) (3lwcses bl b 5508 L0
s 5y (Nano drop) olesl (L& o5, ) (Dry Bath)
30 oslaiul 3,90 slge (Thermal cycler) Il g5 4 (TErmo
JPU Jlagnanl w890 snl 5 Jokone 5l 09 Sl 3 g
Jbs Sl Loyl 5wz LST) oo V58T J5 cao)o V-V0
(Ol =0 LB o5 12) (dy58 s (o3 &5 5-5) (eliielics
e J 3y el 5o By 5 5l S R slegl

a4 ds S bog iy, O Dos aole go,90 SG o g ls eles
9 o 593! .o G, 5 IP (Intraperitoneal) slis 9,0 <90
AV WY) casl osg L8 laass yulul p 3,5 loy o

i lofT ST

09,5 Sui &y (Bolal job 4 (aiie (s L L 5 e latee
Sl (6 ke W55 g 45 U8 09,5 o e 2BV —2ules]
09,5 20,5 b, b yidg See ) a5 (ShAM ) salis 09,5 .00 S5
PRS2 p Sk Vo L lajes a5 (ndysi ong 05,5 99 s S
Oedigonst 5 Geeliheli (oS5 05,8 90 is)S Sl |y (e ygie s
L39S s 3 (eeliielin (5515 5 5LS o T Shoe Ve g0 izl a8
09,5 5 9sS S0l |y oebgiens pTIkS » pS ke Ve L P
y eeliiolos p)55lS oS koo Vo 90 lamil a8 510 5l oy e
YE-YY o pg,oee QT Brae )l e, ke Dol 4 e g 3L,
2,68 5 azg8 s Yol s (el (Sl g e ot
5 FIYING) (105 5 a5 > 5 (WIIhING) a2y 055 4 ol
el A Sae 5o pdle ol 055 o ssaline QUMPING) |, S 35
(V)) sl oo ial3dl G pas op ST 51 e

o5 gl cb jIRNA gl s/

Sl JUIS 0 55LS 5 S koo Fr b laige ss)lo 30,5 3l o
oz ol 9 Yl o o A=F (5,05 anli 5l glow wlalad g 093 loy
(Diethylpyrocarbonate) wls s Juslss jo lshad opl oz
ax 0 A it slos 40 g oo ools )8 lacsgudy e yo s el DEPC
(YY) s 3,8 00,8 ole

VP8 Cligm oyl 9 (12959,9 o) 0,lolh (YA 0,90 (STl (S 3 pole oSS alxo

Olejpd 4T Sl (0850 DU iis 5l g Sud s 95 ()50
Olos® 39 5 Sl L (558 cnsSLIT 5 50 0005 (comd CmniisS |
bs (2UsS Sae )3 Bran 5l (M) Sl Fhe Laadsnol a4 (Sl
4S 5 bge 0dud AL _iylej] Gl 0 T3 e (o Jlade
() ol 51 ol i slel saias L

e Slge ayolel slaly slo iagsy ST sl ans a0
Ol () ) Wlails 55 505 Seadgie religs GB0L sl
SPLS Sela b oo Shos oas ouS ol JU olyeas
ot OB g S (oo eeba 1) Glme (550l 5 idl iolgs asile
Y V) o)l jelalzel slag)ls o8, - Sy, I3 Joawss (o
ool (goaiiS sl S5 el (S5 el 99 i S
Slga By—an jl 10 (G0 a6 ndded Pl Ly OF)
3 Baee 05 aeliacs slagys,s () F) Sl LLS I s soudms!
3ol g )l 18 (Al g VBgnd (6 Mioleg pgi (San
oot 55 Sain 4 bagye (ul Wl (B S sk Bble
N Goli @531 00) aiiS o S 550 S8 ar g g, 00
HNMT Histamine N-methyltransferase) ;! il Joxe
el e G (Goaimd Lt S (o0 05l i | el oS
YL s a5 5,1 S5z csloniyl3h wlss () +) Cnsl ppslin
S Bb laands sba)ld; g (9055 ol ped Wil oo Gralinn
Li> o opali n 25 oS a5 s (2alS 1) eeliaelon
OV O8) cool S e plp 4o (omas jlinges

Cdeas 55 gl ol 3 0o jae p lél sliel wlalllae 4z 51
e (VA) 395 sl Sl Wlsi o i b 90 Shos 5 (5,5l LL3)|
SIS A 3,5 S ) glis g Al 4y i 5l St s Jo3
oot Jlobyed w5l 55 ol 3l @Yl s Sl e 50 (00)
ouds ()55 e o il Jite Nipasbinnn lsie cov (ot
9 S350 prabins o a5 50 0 cnl el 4 295 1 .OVY) ol
05 x5 aml (eiz UlFer S Sl slag—uly s
— L slocS e L agarlse o il glss o (5 cal Ol (il &S
Oy, S oSS 50 5 gned adlllas (ol 358 o0 onmlive (5 el
s BDNF (GSK3B AKT (clas oler ks )l olSoi s
Lol oY *) ol o550 pan b (4l s g (psliielce @ olizel .o CREB
Ol 5 ol glagys Glo i 4 5 lagise 05 gl o
G o)L, SO asl)l wam 5 azs sy 5ha ity LioN-
el 655y s oK o il g Cpeliiali

Py TY)
wllo 0,50 £ b 5 SUlga>
Gl g ol5 5 plmo Ghge s OF (0,2 asdllae (ol 5o

5330 5 Y00 BY e i 55 L el sl il e
39 hge e O s sEils 5o 6,5l (5ede b oK il
Lhp 90 Do 4 Sdeo 5 (6 @ b Blas sl Ll ole el



ol 9 195/ crad 195 05493 b oy 9 crnoliol s b s 29w

real time PCR s sslitul 8,50 slo ool Y Jguo

o3 et axls Job roiln JIy

Forward primer AGTTGTAGAGCCAAATGCCG
Reverse primer AGGGTGGCTGGGATATCCTTT
Forward primer CTCAACCTGCTGGTGCTGTAC

histamine N- methyltransferase 210bp

Histamine 115bp Reverse primer GCATGACAACTGCCCCTACAA
VErsion ) Yy as_.; SPSS S58le 5l oS os b b Judow ol o Voo yoglam RNA zlseul lp o008 s cdl p,5 Lo 00 -

4 bosls .28 5 & ,50 (22, IBM Corporation, Armonk, NY
O yg—o o C.:Lu u_e)f )‘)3 SHe Sy90 P < -[+D )L)LSLM )‘A_E.A
D e EXCEL YoV e 15810 5 51 oolisl b solo loges

A 99,8 e See Vool o5isen Jonls ol ity S
5o bolwe o b az il a5 &y (g5, 4885 VOV 5 adl 5l Lol

3O ) VYoo ey g b‘)fs._;L.g A?)Qf)o )9"'“’)""L“‘ ‘—’9—*—’3)&“’
Sis plom 50 RNA Gos) o 5oty 6l 4ido 10 o 4 aido

Jo ol oo s )oK o S il az jof+ ;0 4835 10 Soow 4
ual-‘- (Vo) ad ol Clys ol oLf;;...:_»lgl)RNA;;Ja'l.éW.os&
Corog pmo g olidol oo JHliso S50 oy 5 05y & jil oy 0
29 il sl o N o lisuend 9 pmolisunssd (o § Lo 0 T 1

2o pige s 05 ELY
Vo5 (Blao (99 B3 a8 ol Gl 4y Gully SIUT Gges]
S osine ysb 4x Jlgie 59, O Dis s eliiel s oSS 5 oS Lo
O S P> 1 0) Sl s J 7S 095 S |y (ol 0 0l
N el (35 Ol 2 e D 50 910 325 eizeed (o S
(o oo ¥ S P> 1 100) il (s cime 51 55 5yl Lo
oS ol i TUKRY s (901 5 a8,y uillly 50T (305

9l B oA 3 om ey S S ag eeliielis I Cag e

oo g 0l oy oly0gil b ozl Sl RNA clile § s s
4 RNA v s W a0 V3BT 5 50 5,999 5801 b LT
CSbels S 5 05 @ el gl L (Juas CDNA
A, dalisee bls an ols sk o yasl opl .o pleul (BiOTaCH)
Bl 5l ealimal b5 550 (slayosly (>ib s oo Joate RNA
Jaz o Lol Jlgi 5 o yaslyy Cem g (TF) 28,5 ol (OligO) 551
ol 00 03,91 )

Real-time PCR o

Ol ol (slo) Ol gl (g2 selate 4 ST 00l o
B b by cnl ol s (o alaly izen 5 il e -N
Light ol s jf esli ol b 8l slodigel o opudygio g 9 cpmaliiolus
(YH) s )3 bl 8,90 Syber green | s,  Cycler 96

sloeg,S 5o asnlllas 3,50 slag) olar oliee Sl 5JUT (6l
oolitl TUIKEY  LoS5 yg03T 5 48,108y il g 50Ul (yg05T 51 calises

S paliaeliins 09,5 ) S ol 05 0l 3 e Sl e
25530 9.l 3l Sy e (izmed (Cemnly oo ) B P <)
oSl 095 &y S | il e N ool 05 0l

() s Y JS P < e/o 1) 0l 2ol paaliie] s

-

(=Y
»

HH
=

HH

%
7

Y

2 el 5l Cong e 5 (Jlste 5, 0 Ske a9yl 55 S w0 dygio s 0SS wp S shee £ ) e Sl lle (palitalii p)THLS 0T oo Ve Cale (Blio (9,0 536 Y loged
(Sl aliial s 09,5 4 s 5,10 51 Cong e 09,5 P <o /o) Sl s cadle) ilons oyl o lailin] (gl F (1. Sile & jg0ds boosld 1565 (5,08 dxkad ;o yaalinnn )5 oo



1.6
1.4

1.2 i

| e ol
I el oo =N sl )y (o

%
\q

VP8 Cdutas 1 5 (519958 o) 0 ks TR 0555 (STl Sy pole olEiils aloo

2 Oreltialiun Sl Coag e 5 Jsto 53, 0 Do 4y 515 53 S0 e ygio st )T oS oS e P g Ve SlCle ppalitialiun 0 S5LS o8 e Ve Sl Blio (150 3B Y ylogad

Codle g (maliiales 03,5 4y Canad g0 5l Comgyme 09,5 > P/ ) Sl s ailoas Lo o aibisl gllas . Sile &0 laools g5 (5 08 ankd ;o el Jute Npaliacn o5 olo

(el Gl 09, &y Cod (b y930 090 5 5LS 2 0 S shoo Vo S0t pmalibalins 09,8 > Pefe Sy #HH

3555 slom pslitialies 09,8 4 o Shiwils Jete N sl
909 Vb Cale 4 g 50 (Canl) Ceon ¥ JS P > 4/00)
s il Cn (535 455, 5 L (0, 55hS 5 5 en 1)
Oeelidolie 0028l )3 09,5 4y S j5S 00 5 (e o ge Rl

(Cesly Cooms ¥ S5 P < /o) ws

-y
Vo 590 (Blaws sy 5,5 a8 ol lis aslllas ol 5l el ey gl
P Ve 57 slojes 5 g meliisli (55l 0 F5kS oS e
slos ol o b sre Gt Jlgie 59, 0,0 udysions pSskS »
Slagbse g5 (5 5o8 4l Shaily Jute -N (el 5 (ralicn
o 09,5 530 el 05 Ol 5o Grizred WIS (0l o] o
Sl Geygiong p SIS e S e Vo L F slojes + cpmaliial
05 Ol Hlade 45,9053 s Sl (5)lo e et el Cuo 095
2 S ke Vo 5en+ eeliaelics 09,850 hanily e N aslivn
Soldsire Galidl peliiol s 09,5 4y co i b pgions p,TkS
dete N ettt 5 ettt o5 (o e o 2l
Cen 09,5 4 Cod el Cuo (5915 3l ooy 09,5 4 Al
—ae gleai b, i aSl 4 azg b cdl Gl paeliial
23 Olgia il e N ey oo 18 o So5 yaslinn
Srhe cilize (g 4o slalixde JB ok 4 paslived 0aiiS o5 gl

S oy u‘f‘ 390 4O 00 uu)l)f C"L“' s (VO ) ) ol QjLL.o

Crsiosy s SUABLE Slho JBI0 51555 059y O 5 iy 50
EGY 59 Il oo N ol g (eolivcd sl ol
e pige 505

@lojeo Blio (49,0 19785 olo (Lt a8,y uilyly 5T (a5
Obe g (I 59, 8 50 b ygiong oSS S dee Ve 97
Sl st gl g sk a4 S 09,8 4 Cod | el 5
Pk Vs slegsd By Geimes (s ) S8 P> 1)-0)
05 Ol Gbie ek an (sie 55, 0 50 ) Gl pTeleS
o) ol s S 09,8 & i 1) il e N pslbinncen
(g ¥ S P>

3 oolidolicn (i S0 1,57 Sty 5l oy o
crolisd slayj lo y 0jg) 8 Ol (5o (50,99 40 (2590 5090
e ise (5505 ELY 4 jl i Jiio N aolivs 5

2P ske V390 By o5 ol plts @by uilyly 5T gasl
Vs P sleges b pleys 5 It 55, 0 Do an aliielons o S5lS
Joisne 55505 039, B (50,93 oo 5 b ygongr p SIS 2 )5 Sl
Omeliielioe 0ariS el 1 09,8 4 Cod el () Gl Glie 2
ey Oigred (Gl Cow ) S P>/ 0,55 sl
2 oeliial o 428 IS5 590 s b ygie g 428 ISy gloje0 (LS en
)by il ly 5T 51 oolial b 5lhanils Jee N sl 05 ol
£) oedsgons el 395 S 5 45 ols L TUKRY s (5050 5
05 Ol 2 e Gt pelibelocs Ly (o 55kS 05 Sl




O)%o 91556 | a5 0 92 b (3o 0 g moliitelun B yucno 5.9

Opolimgd (Gl 53 (V) il (35,5 Colled )0 5ot poe 5
o 55 el 3 ole a5 Sl o315 il Jne -N
s Wil oo il Jite N sl gloonisS oo 5
0f ol oRlBl pae Lixeo (V) s (alj8l 1) She (maline
allae ol ) Cmelibelins (825 4z )3 gl (6508 4l (sl
a3l JLssy o8 1) el 004525 w5l ke 15 i pas
Ol 50 o gime ialdl izen o o)Ll ] 4 s yo 4 el
3 g o 09,5 5o il Jite “N sl 5 aalisn sl
il bl (S yroliel o 09,5 4 o palitnlc (gg,l0
5 S Sdld Gl (o s 5 Sufraeligs e RS2
sl sglolizel a1 ol 5l Comog e Lag i aaseios o5 05l ol 5 e

Vo7 slaes (Slae (9,0 Gy 99 50 adllae nl s S
09,5 93 0 2lm—o slajtys an (dygions p5slSn 05 L
975 S0 ) 45500 (5,0 ol Lt s oS oy abgyye oo
Jete N sl 5 i (slags ols 2 lssine 6550 o0
e ygieng W3S (oo bl alime Glaghse 156 (5 o8 42l 5l ihudl s
b asolio )3 (il 2)le oS jop 9 nlete 29yl Sl Jds 4
Dydise 8,5 I 55 0,0 (leys slp Sl o sl Ssdl Blge plus
15 soS Sl g ls ol 51 il 03 5 osliil péyole ol ol b
(V) ols 5929 J USRI CUURIGA | YV

5% 5 Sats (59,5 53 ke Sl ol (s5Lusls] 4z 51
Ll 5 Ggedl Slga sy Sl eslizligs il (28 5| o Sy
a5 ools l—is olallas Lol (Y) c—ul iN VIVO 4N VIIO 5450
b 5 5 (1) 980 ol e | oralivess (Tuvsy b (b5 03
ol dalllas @ls b e 457 (V) 0005 55 (95 (el oo
@l Glaise 58 4l o el 15 Olo i poe 9590 )
2 Oedogong ;U poe Sl 5 5o ng 413, slajed gz I 5
5 4>l bl e N i 5 ol sla0)s Ol
Clile g s LIS e ols s & conl (S asllae ol o glis
S8 S s 4 5 5 (M) b ygiong ad L6 slajes SLSU
Jsb 5o 550 (nl 48,50 lajes lasi (S8l olge B Slaons oS
rol dlie (Botung by (L5 aalllas o (V+) a2l o), iy 12925
b Gbigonst 5 Geelihelous (55l 53 (RTemy 45wl ol L
035 53,9305 S gl ls oo o hge o (Slho (90 s 59, 0
ools Lzs (Tail Flick Latency) oo ailss 56 ol ial3dl b as
Gloys g, 90l LS e Sl b ee 0 (V) Gl 00l
lise g6 5 ,a8 4umli o CREB 5 BDNF (GSK3b. AKT
(V) canlonds o5 (LB opiiie Sllllas jo a5 ol

5 Oedrgions ne GRSy a3 6,53 Slllhe (res
sl Glagise 0 25 clld s sl gla s, eliaabie
T eolidolio g (8500 2 039 Cad 32925 (TT) Sl 4385 5590
Omelidalin 5 ()50 p 0 925 AN (S5 > g (IS Cled (630
ol Oleyes 925 &5 b 0 w0 Ohlhdlad b fge )3 Qe @
L aS sleise ,5 o5, codled (1) 551 ol el oo L Lag s

‘0

5 ol oS osdnlie muil 05 5 (el 05 Ol 2 500 9 0
ol otz E56 (6 05 4l

Pk Ve 9o (Sliwo (90 G5 o oo Lt yolo aalllas b
Posne G Jlgie 9,0 0 pealiboloe jglobiel o)l o S5kS
65 42l il Jee -N sl 5 sl Glop)j ol 50
b Ggh ol 50 odel Candy gl oS sod oyl ol orie sla ige gbu
Sy gnetl 505 (Fp @l by alie (S (piine (S p Slalllae @l

GuF A —in sobie 4y 4S —aagh 3 ol )LSea 4 [tOh
05,5 155 ol bl g5he sl oo Sl sy ppsliie] s
JMadie (55) p sAlise SRl s aslibelis (rege g Sl )5 45
Oere 90l e a8t sk il e i (g el
Lol s jie ;28 5 il ol (sl mhas (l33) Sl (aslibal e
Omelinsd e gilie J5)50 Ll ols (2alS' ], (gllanils sl o
(V) 098 g0 sl o cixe (6t 30

a5 8,5 3,155,500 s yo o Kes o Kitanaka ;pooces
2575 5 o (O] 3o Sudslin 6 L) GusaVlisen (el slyims
5 b iz 5 i 55 Jy e Gl aebiael
GRSy (57 i g 4295 (T0) S8b 2l iragST ain
S 5% g 039 oduzny RaS b el 5 (palitisl s ol
Kian) > ool ke 5 (35 Callsd 3 s & ity el
Cao 550 978 el 00s o)L (v b asliieline S en
O 4 a5 05 oo glasdS L) g oS > o a8 li8l el pelianl
(V) S «5,8, Colur

2 Sk T T ) slajes a5 alahge cul oab 51
FO U SRS T FEPRCANE SO TWET SV NI
el usliielw ol By ae 4 (VF) i oo oLis Open field
Of reye Byman &5 (Jlor po 05 (o aslygd 0058 Codlad 38l
15 Omeliialine (YY) 355 o Calyss slaoni o8 colles zals csly
orelesd a5 st 5 iz oo b ol tales] g
Jb e 50 (F) 29t o slails 13, 5 (55 o Sl il el
3l slaadS i, s a5 W0 S 5,158 ol 5 o Kitanaka
odalin (ralibeliue b (jleys Cod slahge )o (530 el (58]
Oyeliasliin b pleys ot slabge j0 Cyaaliva iol3dl aS (YO) o
SNS vy yol adlllas s b gured ol Sen g Kitanaka adlas o
Sl 3 0uiS 098 o (2B SIS sl (9598 pmps 4 00D
H2 5 HL cloowi 18 G2,k 5l uoliioline B ymargos o3l (5,13,
wla)ld) b (bt o g Glie 5 Sl (655 0 (i ol 5o
Sosys (TA) 93 (oo 058 o | ealiialons 5| o3l glazls
WSl |y SO elgd slagygyg o Shee Cl (Soe SO pislinsn
albl ;o (raligs Cdzib 2ol b b el e S 5925 4S5 b
el S5 Sy @ilwdled «SG5reliss slags,s S
S s s pas Gl (S [V Y) alS oo Cos 1) pelianlcn
S e 5l (Bl o logise gl sl ana 1) Olo 50
solgd loon S Colad (2l b ol e (g cnl 5o Greliieline



el @il B 5l 5 Jetem N pabiass 5 sl 05 99,2
Sleolawl by cmalibolies 51 Ccog e 45 amd o i loaily ()]

Ol az ST ol ol e (g0 (ymalimcns D155 b Wl o0 (5850
B sl glasads” ola b, b OS> 4 bgy e (5,18 Ol sd aslllae

Ll 05,55 (5 1S osll

Oprobid So3gls 528 Dl pasS (v 2 aslllane [l Codgazms alo
@ 6l (e 2l 4 alige 45 el T L b e slog) 5
b8 oLy lgie 4 WL“-"“’L‘-" S Camgyme b dygio e b
Sl o)L sl —isu il e)bys 6 pSam W g g e
2l g logmebinn 5T plojen w3l (s 5 553, slals) wiesls
odiy] Slalllas ;o a5 39 g0 slosdion Lty cplyo g Conl Sysgle 5 Jalse
5 el T Jalse 3B (oatig 5 05 Ol e SVsbo 5 Soslul
NS IR ey 9590 Sl (S5 —(5)18) b))

SS9 g JSd
G9kd 5 Dlinhod Ciglas ;5 wgan Glikhod b 5l pis egh ol
pole 0aSiiils ;3 AF-VVIVYY 0yl oS b ploes (S psle olSils
S sld g Dlinass Ciglae .ol a8 )8 &y o 5 5 il b

e oBlily gy pyiore Ciglae T g laes SCin ple ol
3,5 oa G1o08 i 3¥ JLel ol el

OB W 9 g
J}.\Ln. l)tb) 0595 ASLAL r:L?u‘ ‘QS‘M g5NL> |J.~o.‘> 0595 @LM‘) 9 Capdo
o] @il rallan iolyg g (5,5 (LS 4B ool o)y g Julos

29l ol
W gdlie 55 gT gd Sty

References

1. Volkow ND, Michaelides M, Baler R. The neuroscience of drug
reward and addiction. Physiol Rev 2019;99(4):2115-40.
pmid: 31507244 doi:10.1152/physrev 00014.2018.

2. Clark TP. The history and pharmacology of buprenorphine:
New advances in cats. ] Vet Pharmacol Ther. 2022;45:1-30.
doi: 10.1111/jvp.13073.

3. Hamamoto DT, Rhodus NL. Methamphetamine abuse and
dentistry. Oral Dis. 2008;15(1):27-37. pmid: 18992021
doi:10.1111/j.1601-0825.2008. 01459.x

4. Stitt D. Substance use and the nervous system. Neurol System
Dis. 2023;29(3): 923-45. doi:
10.1212/CON.0000000000001234

5. Pierce R. C, Kalivas P. W. A circuitry model of the expression
of  behavioral sensitization to amphetamine-like
psychostimulants. Brain Res Brain Res Rev. 1997;25(2):192-
216. pmid: 9403138 doi: 10.1016/s0165-0173(97)00021-0

6. Jones S.R, Gainetdinov R.R, Wightman R.M, Caron M.G.
Mechanisms of amphetamine action revealed in mice lacking
the dopamine transporter. ] Neurosci. 1998;18(6):1979-86.
pmid: 9482784 doi: 10.1523/JNEUROSCI.18-06-01979.1998

7. Hamel C, Corace K, Hersi M, Rice D, Willows M, Macpherson P,
et al. Psychosocial and pharmacologic interventions for
methamphetamine addiction: protocol for a scoping review of

N

VP8 Sl oyl 9 (1295959 o) 0 lolh (YA 0,90 (STl (Sl 3 pale oGS dlxo

3y ol ot Sl Jod glagabivn 5l 5 eabiiel o oS 5
OV was loyo pebianlow b lgs a5 09 o ise
ol cn Glytoe a5 wilesls i o, Sen 5 Kitanaka
Ol peeliialos b (s 9 5 Gy LoGise she use¥liseen
Ol 5luslil (2ol L sl (l8l Gl s2s (al b aib o
el icesl ol pad uinegST aiws 5 Lalases g gl lbls | o
Slde 2 91 93 ol (RS e 335 i )0 (Rl saimaplis aidly
(1) el yitin Slaom) 2 diojls a5 Cosl (S350 (olygo 5 ol
Oeliialien g o pgie OIS o Sglas 5 ol o oo &8l sla Lo
3ol (s (p pgte Braae 5l el G110 0 (10, 1,
g s el al 5 923 2 jlieil Jiio N- (sl Jloo 3150
)15 53 0 4T glais 4y sl ails Sslis peliialie il penslSe b
a5 (1) ST S 53 S5 paligs s allflazr 5k o
s Wlg oo piee LoaS 010 092y galsds oppalivs Sl
& Gl a Yol Gl ol 5 ams Gl pie el cn
Aol dl glbasioe e rabibaline B pae 5l 230 a3,
9 ol s sanple) g Wjed civlesl Ll 4 (S Conl (Sas
Dolite Glap—ilSlo b b Ssliwgon (2uSly S 5l i Glgie 4
Oeebianlin a5 aas oo lis baudly S ax ST (FF) 00,8 s
aS s oo lid bosls plw cwams oo iali8l ) 1ae pelivwoe o

Byan )l 30 sla,lis ) wilgs oo ol sleslwiin b cpoliaan iol58l
e el gl pl

S5 A
SHleodrgo g 9 eliislics sl 90 0 AilSlaz g 0yt &5
LB iS55 3l (5 5 el (5 Ol SlaEe Sl e
YL 590 9 wL.n.JQ.a Gl 0aiiS Bl o oS 5 09,5 50 (Jg ol
Ceragyme 09,5 50 g iyl Jeitem Npsbicn (5 ol 850 292

the literature. Syst Rev. 2020;9(1):245. pmid: 33099314 doi:
10.1186/s13643-020-01499-z

8. Gowing L, Ali R, White JM, Mbewe D. Buprenorphine for
managing opioid withdrawal. Cochrane Database Syst Rev.
2017;(2):CD002025. pmid: 28220474 doi:
10.1002/14651858.CD002025.pub5

9. Kletter GB, PadmanabhanV, Beitins IZ, Marshall]JC, et al. Acute
effects of estradiol infusion and naloxone on luteinizing
hormone secretion in pubertal boys. ] Clin Endocrinol Metab.
1997;82(12):4010-14. pmid: 9398704 doi:
10.1210/jcem.82.12.4458

10. Brabant C, Alleva L, Quertemont E, Tirelli E. Involvement of
the brain histaminergic system in addiction and addiction-
related behaviors: A comprehensive review with emphasis on
the potential therapeutic use of histaminergic compounds in
drug dependence. Prog Neurobiol. 2010;92(3):421-41. pmid:
20638439 doi: 10.1016/j.pneurobio.2010.07.002

11. Brown RE, Stevens DR, Haas HL. The physiology of brain
histamine. Prog Neurobiol. 2001;63(6):637-72. pmid:
11164999 doi: 10.1016/s0301-0082(00)00039-3

12. Lin ], Dauvilliers Y, Arnulf I, Bastuji H, Anaclet C, Parmentier
R, et al. An inverse agonist of the histamine H3 receptor
improves wakefulness in narcolepsy: studies in orexin-/-


https://pubmed.ncbi.nlm.nih.gov/35790013/
https://pubmed.ncbi.nlm.nih.gov/35790013/
https://onlinelibrary.wiley.com/authored-by/Hamamoto/DT
https://onlinelibrary.wiley.com/authored-by/Rhodus/NL
https://doi.org/10.1111/j.1601-0825.2008.01459.x
https://journals.lww.com/continuum/fulltext/2023/06000/substance_use_and_the_nervous_system.13.aspx?context=latestarticles
https://pubmed.ncbi.nlm.nih.gov/9482784/
https://doi.org/10.1523/JNEUROSCI.18-06-01979.1998
https://www.cochranelibrary.com/
https://pubmed.ncbi.nlm.nih.gov/28220474/
https://doi.org/10.1002/14651858.CD002025.pub5
https://www.ncbi.nlm.nih.gov/pmc/?term=%22J%20Clin%20Endocrinol%20Metab%22%5Bjournal%5D

O)%o 91556 | a5 0 92 b (3o 0 g moliitelun B yucno 5.9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

mice and patients. Neurobiol Dis. 2008;30(1):74-83. pmid:
18295497 doi: 10.1016/j.nbd.2007.12.003

Horton JR, Sawada K, Nishibori M, Cheng X. Structural Basis
for Inhibition of Histamine N-Methyltransferase by Diverse
Drugs. ] Mol Biol. 2005;353(2):334-44. pmid: 16168438
d0i:10.1016/j.jmb.2005.08.040.

Oishi R, Baba M, Nishibori M, Itoh Y, Saeki K. Involvement of

central histaminergic and cholinergic systems in the
morphine-induced increase in blood-brain barrier
permeability to sodium fluorescein in mice. Naunyn

Schmiedebergs Arch Pharmacol. 1989;339(1-2):159-65.
pmid: 2566923 doi: 10.1007/BF00165138.

Sanna MD, Borgonetti V, Masini E, Galeotti N. Histamine H4
receptor stimulation in the locus coeruleus attenuates

neuropathic pain by promoting the coeruleospinal
noradrenergic inhibitory pathway. Eur ] Pharmac.
2020;868(5):172859. pmid: 31843515 doi:

10.1016/j.ejphar.2019.172859
Itoh Y, Nishibori M, Oishi R, Saeki K. Neuronal histamine
inhibits methamphetamine-induced locomotor hyperactivity
in mice. Neurosci Lett. 1984;48(3):305-9. pmid: 6541326
doi: 10.1016/0304-3940(84)90055-7

Watanabe T, Yanai K. Studies on functional roles of the
histaminergic neuron system by using pharmacological
agents, knockout mice and positron emission tomography.
Tohoku ] Exp Med. 2001;195:197-217. pmid: 11908822 doi:
10.1620/tjem.195.197

Asser A, Taba P. Psychostimulants and movement disorders.
Front Neurol 2015;6:75. pmid: 25941511 doi:
10.3389/fneur. 2015.00075.

Schwelberger H.G. Histamine N-methyltransferase (HNMT)
enzyme and gene. In Histamine N-methyltransferase[19-May-
2026]. Available from:
https://www.ncbi.nlm.nih.gov/gene/3176

Shahbazi R, Hatami Nemati H, Ahmadi H, Zogoulipour F.
Nociceptive threshold response and alterations of special
genes expression during methamphetamine administration
and treatment with buprenorphine. ] Basic Res Med Sci.
2022;9(2):25-34.

Tracy L, Hellem TL. A review of methamphetamine
dependence and withdrawal treatment: a focus on anxiety
outcomes. Journal of Subst Abuse Treat. 2016;71:16-22.
pmid: 27776672 doi: 10.1016/j.jsat.2016.08.011

Ferrucci M, Pasquali L, Paparelli A, Ruggieri S, Fornai F.
Pathways of Methamphetamine Toxicity. Ann N Y Acad Sci.
2008;1139:177-85. pmid: 18991862 doi:
10.1196/annals.1432.013

Nolan T, Hands R.E, Bustin S.A. Quantification of mRNA using
real-time RT-PCR. Nat Protoc. 2006;1(3):1559-82. pmid:
17406449 doi: 10.1038/nprot.2006.236

Safdar M, Junejo Y. Development and validation of fast duplex
real-time PCR assays based on SYBER Green florescence for

Y

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

detection of bovine and poultry origins in feedstuffs. Food
Chem. 2015;173:660-4. pmid: 25466073 doi:
10.1016/j.foodchem.2014.10.088

Kitanaka N, Hall FS, Kobori S, Kushihara S.0yama H, Sasaoka
Y, etal. Metoprine, a histamine N-methyltransferase inhibitor,
attenuates methamphetamine-induced hyperlocomotion via
activation of histaminergic neurotransmission in mice.
Pharmacol Biochem Behav. 2021;209:173257. pmid:
34418452 doi: 10.1016/j.pbb.2021.173257

Milesi-Hallé A, McMillan DE, Laurenzana EM, Byrnes-Blake
KA, Owens SM. Sex differences in (+)-amphetamine- and (+)-
methamphetamine-induced behavioral response in male and
female Sprague-Dawley rats. Pharmacol Biochem Behav.
2007;86(1):140-9. pmid: 17275894 doi:
10.1016/j.pbb.2006.12.018

Thrash B, Karuppagounder SS, Uthayathas S, Suppiramaniam
V, Dhanasekaran M. Neurotoxic effects of methamphetamine.
Neuroch Res. 2010;35:171-9. pmid: 34186102 doi:
10.1016/j.expneurol.2021.113795

Ogawa S, Yanai K, Watanabe T, Wang ZM, Akaike H, Ito Y, et al.
Histamine responses of large neostriatal interneurons
in histamine H1 and H2 receptor knock-out mice. Brain Res
Bull. 2009;16;78(4-5):189-94. pmid: 19063949 doi:
10.1016/j.brainresbull.2008.10.016.

Yoshikawa T,Nakamura T, YanaiK. Histamine N-
Methyltransferase in the Brain. Int ] Mol Sci.2019; 20(3):737.
pmid: 30744146 doi: 10.3390/ijms20030737.

Blaney A, Jampachaisri K, Huss MK, Pacharinsak C. Sustained
release buprenorphine effectively attenuates postoperative
hypersensitivity in an incisional pain model in neonatal rats
(Rattus norvegicus). PLoS One .2021;16(2):e0246213. pmid:
33534864 doi: 10.1371/journal. pone.0246213

Girotra S, Atray R, Mittal M. No cutaneous histamine release
with buprenorphine? Acta Anaesthesiol Scand.
1990;34(4):301-3. pmid: 1693031 doi: 10.1111/j.1399-
6576.1990.tb03090. x.

Shintani S, Umezato M, Toba Y, Yamaji Y, Kitaura K, Tani T, et
al. [Pharmacological properties of buprenorphine, a new
analgesic agent. Part II. (author's transl)]. [in Japanese] Nihon
Yakubutsugaku Zasshi. 1982;79(3):173-91. pmid: 6123475
doi: 10.1254/fpj.79.173.

Etaee F, Asadbegi M, Taslimi Z, Shahidi S, Sarihi A. The
effects of methamphetamine and buprenorphine, and their
interaction on anxiety-like behavior and locomotion in male
rats. Neurosci Lett. 2017;655:172-8. pmid: 28698151 doi:
10.1016/j.neulet.2017.04.043

Kitanaka N, Kitanaka ], Tatsuta T, Tanaka K, Watabe K,
Nishiyama N, et al. Withdrawal from fixed-dose injection of
methamphetamine decreases cerebral levels of 3-methoxy-4-
hydroxyphenylglycol and induces the expression of anxiety-
related behavior in mice. Neurochem Res. 2010;35(5):749-
60. pmid: 20148307 doi: 10.1007/s11064-010-0132-4


https://scholar.google.com/citations?user=V63VT_sAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=0xpC0q8AAAAJ&hl=fa&oi=sra
https://www.sciencedirect.com/journal/journal-of-molecular-biology/vol/353/issue/2
https://doi.org/10.1016/j.jmb.2005.08.040
https://scholar.google.com/citations?user=duU-hAMAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=YtIZLWgAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=rDwOvSEAAAAJ&hl=fa&oi=sra
https://www.sciencedirect.com/journal/european-journal-of-pharmacology
https://www.sciencedirect.com/journal/european-journal-of-pharmacology/vol/868/suppl/C
https://pubmed.ncbi.nlm.nih.gov/25941511/
https://scholar.google.com/citations?view_op=view_citation&hl=fa&user=iwMgGvwAAAAJ&citation_for_view=iwMgGvwAAAAJ:roLk4NBRz8UC
https://scholar.google.com/citations?view_op=view_citation&hl=fa&user=iwMgGvwAAAAJ&citation_for_view=iwMgGvwAAAAJ:roLk4NBRz8UC
https://pubmed.ncbi.nlm.nih.gov/?term=Hellem+TL&cauthor_id=27776672
https://www.ncbi.nlm.nih.gov/pubmed/25466073
https://www.ncbi.nlm.nih.gov/pubmed/25466073
https://www.ncbi.nlm.nih.gov/pubmed/25466073
https://scholar.google.com/citations?user=6eP_l8cAAAAJ&hl=fa&oi=sra
https://www.sciencedirect.com/journal/pharmacology-biochemistry-and-behavior
https://www.sciencedirect.com/journal/pharmacology-biochemistry-and-behavior/vol/209/suppl/C
https://pubmed.ncbi.nlm.nih.gov/17275894/
https://doi.org/10.1016/j.pbb.2006.12.018
https://pubmed.ncbi.nlm.nih.gov/34186102/
https://doi.org/10.1016/j.expneurol.2021.113795
https://pubmed.ncbi.nlm.nih.gov/19063949/
https://scholar.google.com/citations?user=K6uNfugAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=dq-F_gsAAAAJ&hl=fa&oi=sra
https://pubmed.ncbi.nlm.nih.gov/30744146/
https://pubmed.ncbi.nlm.nih.gov/30744146/
https://doi.org/10.1371/journal
https://pubmed.ncbi.nlm.nih.gov/1693031/
https://pubmed.ncbi.nlm.nih.gov/1693031/
https://scholar.google.com/citations?user=LiiU43oAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=w4XbvbwAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=umz6W5cAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=zbg8peAAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=gt-9W1oAAAAJ&hl=fa&oi=sra
https://www.sciencedirect.com/journal/neuroscience-letters/vol/655/suppl/C

