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Abstract

Background: The current public health crisis resulting from opioid use disorder has been exacerbated by the
increasing prevalence of synthetic opioids, particularly fentanyl, leading to a rise in overdose cases. To
mitigate the harmful effects of fentanyl abuse, the identification of new biological markers and therapeutic
strategies is essential.

Materials and methods: The present study investigated the effect of fecal bacteria on controlling the
consequences of fentanyl abuse in the composition of the gastrointestinal microbiota and related
inflammatory responses in a rat model using absolute and relative Real-time PCR techniques.

Results: In the fentanyl-treated group, the frequency of Clostridium (P=0.69) and Bacteroides (P=0.04)
increased, while the frequency of Faecalibacterium (P=0.149) and Lactobacillus (P=0.44) decreased.
Faecalibacterium gavage significantly increased the frequency of Faecalibacterium (P=0.0074) and
Lactobacillus (P=0.165), while reducing the frequency of Clostridium (P=0.166) and Bacteroides (P=0.013).
Elevated levels of gastrointestinal inflammatory cytokines, such as IL-1f (P=0.01), TNF-a (P=0.083), and
IL-6 (P=0.17) in the fentanyl-dependent group, confirm the presence of gastrointestinal inflammation in
response to opioid exposure. Control of gastrointestinal inflammation was observed as a result of
Faecalibacterium gavage (P=0.0004).

Conclusion: This study demonstrated the relationship between fentanyl abuse, gut bacteria, and
inflammation. Changes in specific bacterial species may lead to increased gastrointestinal inflammation, and
modifying the gut microbiota population may offer operative strategies to more effectively control the
fentanyl abuse, as well as other opioids.

Keywords: Faecalibacterium, Synthetic opioid, Fentanyl, Microbiota, Inflammation.

Cited as: Ferdosnejad K, Maghami P, Zarrindast MR, Siadat SD. The effect of Faecalibacterium on the gastrointestinal microbiota
pattern and inflammatory responses in a fentanyl-dependent rat model. Medical Science Journal of Islamic Azad University, Tehran
Medical Branch 2025; 35(2): 119-128.

Correspondence to: Seyed Davar Siadat

Tel: +982164112823

E-mail: d.siadat@gmail.com

ORCID ID: 0000-0002-6892-5603

Received: 30 Dec 2024; Accepted: 10 Mar 2025



Jbod & aianly Shg0 SUgmg S 2 po2 pSL JISS 130 soDwlol 5T olRiils (S pale aloxo 1Y+

ol o131 oLl (S 33 pole aloo Original
WAL Olxas A FF sl oF o)lod 0 650 Article

P! gl 9 Go)lgS olws SUigmg S 93l 2 pg2 L IS iU
ol & dly (B LT Sy Ghge Jumo 50

f‘rg"aélﬁ.w )3|.> KWW AT P0) Lé)..\.o.’&o )‘solin 43‘3).; ).b“}’.; u«agé)é wyw

Ol el ool bl olSails cliizn g pgle woly (oilid Canny 09,5
Olrl ol (S pole olSasls (55905 Loyls olos o T

Ol ol Hely gl (MRC) (s59009 Sn Sl 8 50"
Ol ol ol iy shtadl (ssny Dlidos 5 Ghslg 2 Lol s |
oo

ohs 4 Tttt slodianl e £3b GBI b ddas] o P 1 L3 opes Cesdles S S 1 30b 5 Al
cololid o foliid Gpaocgu yio Olil Lials ol 058 0 535,50 Slpe Linlidl 4 pzio 45 el ol Wi o fuiliis
Lol 5558 oy syl 5 bz Sslan (slo, Sl

olfiws (sligug o Comaz oo, )0 i Syaosges I f3U e S g o0 LIS ST gt p Sl dellio oy 1 (09
Sy i 3 lo Real-time PCR (cla S jloslizal b ol Jige Jito 55 0 Lo gl (slogiesls 5 52)55

P SUMG b 5 S =/ ) kISl 5 P= /) e 2udS” Bl ol b ot ot 0g,F o baidly
5 B=/"VE) oo SEIS ol o sine il Sl gy SY G BB sl olS P=/FF) uslislsSY 5 P=+/1FD)
A a5 Tgs (Y sl ks (P= /11D ki 55T 5 (P=+/198) vt iedS” 15 alS 5 (P=+/190) puslolySY
Ly kS olSes gl 9y o foliis 4y diesly 09,5 10 P=+/1V)IL-6 g5 (P=+/*AV) INF-0. (P=+/» |)IL-1 iilo 1y, /5" oo
(P=/+ 2+ F) i odoliio pgy ST NS 515l i yo 5,65 ol UW/JJJJ;MZM}U/‘J&)&OJJ S8 4 gl o
ol SO 5 Sl ol LS |y M 5 5 ol Sl I i Spronges oy by el Syl 6 e A
SlasBia] Sl S5 ol (lness o Conae Ol b 5 95 et b5 ol Mt ] 4y el oo 5,551
5 Sty |y boSasl b Geizmas 5 S Gponges 36 N1 g0 S sl ol

A B oo ¢ Jolizh 1 i iy o 25U NS 5kl 5Ty

e S Yl sbgnl S g 4 Jobid alowy doddio

s T Sl e Sl i ol L a6 el e e gl Sl
Jlw slasls sgzg 3 K0 St adgnl (pais 4

a Oz el 30 j0 B dlsn B pansgu b o e az g

o S Seml Cnl L S92y b () Canl 039y Lilis S Bl ly ) (5, n33l53 DS (S pmiair UL D8 20 it oy § 3]

(email: : d.siadat@gmail.com) cstew 5l

aoye ;5 BoSian (33 )5 0 5 (Ko e S (seus] ORCID ID: 0000-0002-6892-5603
928 Qad sleo 0 Ly pae (sl Vgane 5 el (S T e o g8

VETAY/Y s bk g6



W/ o508 g 0155 (w99 8 Sogilss

1FoF Glawl @ Yoo lols ® YA 0,90

S coulryl Al (VF NF) 0 o Ll sogie slo s
5 o155 cLiguss Seom (pams 45 alosls s lalllas
Ly a5 55 o9y hlite Lelss S laigm! 05 paosgus

() 958 00 65 (le (ol s Jilge
gbge a8 F ;L 0 adenl SO lyie 4y a8 Jlus
S 25 |y (ilisie (SIglio g (ol s (51 e
LS o o bl lié culis o ol (Kon 5 05 o
(V0) 9,135 r"—‘ Juds! glasbw (S ,LSS g sledg,
)P OIS (B 5wl B ancge o LLS)
OV ) sl 00 oyl liiog anlllas yiiz Loy
° Olmts dy pomie b8 B e Sl (S nlpl
Jlo ol b agd (5155 olRiws (Ligmg See Canox
s (s g5, 4 Sl s Cponl 5 380 Cmle
S ansg L Lo e (5)leS OW S A j0 8)lsS
(G ml hol Ban gl ) 0, Se0e LS
SLism2s Sm o 3ol 1 3 2L IS 5L s )
9 Jlid B mdnegus 5l (BU SIS J 7S ()18 oBes
izl S0 Ll ()15 oliws o (ool (sla e

RYRAPL I RIS R T YRRV

Ly 9 9lge

675 s 3Lwolel

5 o i 3 (A2-165) (g5t po S JISE 5
2 6L s ey Ol el s gy Cliiios
oo 58 aalllan gl b b ool cetS o ool Lyl
Goe 4 BHI agar Lasce ;o pg iSL JISE S 050 oolal
Luld g o5 (Bl 4z 13 YV 53 (yaaligSSl L g, B2V
(CO2 soyoVe g H2 uoj0 Ve (N2 s 0A0) s3lsa o
P Lo mla (5 abgye (Lo IS U wé S o500
pas L silan o slacesS Jigte & )j90 4 Ged 5 0008
Sl a3 8 b 0 )9 o sjlee Lulpd 0wl
3235 plul PCR s 5 05 (5500155, b cesS ogls-
S8 0 b ol eols cisS Jlgie O jgo 4y 1553 (655 L calo]
clile g5luoolol (glyy ()~ il OD600) wdsy ooy S
Sl wd )l S o9,y el 2 (CFUN - R) (6351 55 950
20,5 as adllas Sl 518 y0 5lelE

2Bialojl il

i L o o5 5l Al 5 (pRalesl S5 Gage o ez
948 Ol poial dnnnigo o, SYO LYY s

(F) alosgs ALST o ySs ylas 45 e o35 4 e85 oo
L Lo slo e S e 0ty 4 5, g, 2 0SB 5 4258
STz ] (s Cept] o o] €yl B pmorgun
Sl oais )55 Jlisd G pane 5l 256 bowe 31 2ol
b 5T L b ye bl sy il 0l 53 (F)
I392 0 @V Sl 5l Jilind @ sl 5 B pang |
o s 45 seols ol liios (glaazily (0) caul
Ly Sy 9 oo (Siamly a5 el jgloliel o 4 eole
4 S 6yl (51 0l (F) 0S o Ll m
ol (Sioly oy ams o iali3l 1) () B mane g
S il (B0 (Soiedn b 5 )L, (St slaalas
gyl By ay sgocd oled Ly Ygmame 45 o olge ;S
w3lse 3929 b polae esliiul g ()] By pulais 3 (5)leb0
SLp,Sg) i pui (V) 09D o0 Lo 0B g (e
F A5 g dmazr OMSle 4 (5,98 5L 092y b woliel oo
stz B sla il Lo Jlisd o slel b o )le 62

N) canl axlso
45 oodam| it o 1S L Jols &b 5l ol (o
St i ol (5)le olies (cnae pias 50 oRg
005 15 ol Wouss 18 ol Q) 5,5 o 13 aadsn! 3G
{(NOP) (53 yoll it oS 55 095 25 (DOP) Lids s
(MOP) 50 ssns] 005 o (KOP) LIS obg] 00ss oS
vy aily oo (gadgm] alie slrows S () r) wiis
Ngd S 28 (2B adsnl WSS S g Sl
Loz 5 b sl Lo gls il s bhoos S oyl (V)
slaslo 5 (ENS) (5)]s5 oloiws (oras s slaJolos
Slapi (bl (V) Wigd oo gl (ol s
Sg 5 Jlid B panegu 135 cod (el 5 (8165
o= odle g B oo 0 Sles p3 P Las ool
owd L g S a0 oo i a5 5> 395 (guleds
o o Glojae sloanlb jo Jlad jo b ay (b)ls S
5k an e Jlo 3 o ls i (gl s 5 U185
O)lgS olBCws (SUsng e oS Conlond 4y (glos S
) Lags Lo 5l (6 pitiy 9 (Gl > o Sl (28
L Uy ySee Cmnor Jloy a5 5 50 PSS 50k
o Sl S ol oS 5 50 Sl 1 (8L g
OY) 09yt ilizen gl lams by 5 VDL
(=185 S (S LSe ki b 5155 oliws (sligeg e
Logiol Gonalidisls 5l S ol (2t Slgs padlie
! i Slogly (Sialos 5 e glio Lo



Jilid 4 dily g0 SUgug Sao y p gy ySL JUBS 55U

eOlsl3T oliils Sy pale alowo YY

958 2 lwlil gl y— 3—lao Real-time PCR ol

Cgmg 5o
soaiss Slol 8 g5l soS (slm (3-llae Real-time PCR
SlBsl ach ssliiwl g580s slddigai jo At b ST
9 938955k g S LIS aglensligSY oo lags ST
0ols sl2oll jo vgm g0 Dledbl Wl 1o pgay S
Microbiomology i\ Sle L 5 9039 5o

Disbiome ¢ (http://db.microbiomology.org/browse)
k3 Sllas (o —oxen 4 (https:/disbiome.ugent.be/)

Sl Sl o sla el Slogas 0 plodl
S Sl ais jasie ) Jga> ;0 16 SIRNA 3
Roche  ol&imws I oolasimw! s Glkao Real-time PCR
= .05 alodl (Roche, Switzerland) LightCycler® 96
A3 St iy S ¥ ol e Sl STy
OS5 b oS e yids oo Ve laie O s See
Vg oo 9219098 layeln g See <0 (0l BST)
b B Jals 2S5 4l oy 5 SIDNA 2y Sen
2 Oselylis ado e 09y 1enST 5 KLl gl b0
Sl ol Jlosay b V0 o 4 ol § il ax 50 40
VY o SiienST g adb Ve Sae 45 0§ il ax 0 OA (o
=gl o ploeil a U Ve ae ay ol 3 il a0
sboghziwl J s ln Ve s, as &b 5l bt

d—wlxe g Escherichia coli o,lubw! glaassw JIDNA
L ggdos slaasipes 5l s 2L 2 sl= DNA slacdile
YY) a0 lslin] covie 31 oolas!

oo oolaiwl b-.aLa.o‘ 16S rRNA Lgl&ﬂ‘)" utﬁow Al J’»
Real-time &5-:.&54 )‘ solaul L: ‘_:5.‘;5)&:@ Cxo> ‘stl_u:Lw L§|)"

&tks PCR
&S roln Gl OSelal ol
bp)
St s F-GGAGGAAGAAGGTCTTCGG YA
R- AATTCCGCCTACCTCTGCACT
oslanilgisY F- AGCAGTAGGGAATCTTCCA )
R- CACCGCTACACATGGAG
St F- AGAGTTTGATCCTGGCTCAG Ny
R- GTCATCGTGCACACAGAATTGCTG
ppdinds  F- TTGAGCGATTTACTTCGGTAAAGA AIN%

R- CCATCCTGTACTGGCTCACCT

Real- Joudoxi' g 4y 520 b 2leedl (sbd (S g (2 Lol
itime PCR

IL- TNF-0) ool sloyS g b s (bl sl
e 09D ot Sl Ghge ¢ 15)leS ows o (IL-6 5 1B

o o bl sSTas el eols B (oIS oSl gla juid
Sgomdls o yiasd 132 g Ol 4 Lagbge 05 Ghge jw oz
WS g bty a2 b ol 5 o b i 9wl
AOED cygb, gl F ilwa s ¥V EY closgaclu
Lwg Golaesl plsel sla b, (VA) 340 00 mulass sy
Sy pode o8 iily Sig caSiils I g Budod S
L @llas s o ol (IR TUMS.AEC.1402.115) o 45
Slilgus 5l oslaiwl g bl o slosal) 10 39250 (sl el jgiws
A el Cloge (o Sluwie (2Kl

i & aunly (AL Lo3T Sy Soge Jute Sl
i 9 Sl O 5 sl e ey Jold L bl
S 095 S 3l ey ol Gl s 50 90 Bde
S ol 0,5 g ar ol shony L igo wsiiin 5,
05,5 S ep SIS SIS L Jlid L leys i 0g)F
o575 S SIS P iy s Uy ey o
Ogi S8 Clgisan 7505 095 9 pe SSLISE Sl L J S
e Ve 3 JSie 09,5 8 i el g 1S JISE 5l5lS
5 PSS 3B bl jelaie 4 bl (b 92 s
el lagaly 5 BgngSon Comozr o5 5 Jolid 2925
I el ol s o Jlish 285 ol U igo o
o dinly sloog)S an (Slio J 2 G5 3k g ead
aalp e S adllogs, Vo (Jla—ie 0,90 S (gl m Jiliid
oS5 Ko YO 5 Vo 0B )+ B 5 Gl ol sy
loog,S 9 g 2 o s p 5 5kS 2 il 4 g, 0
s Blao 510 32,5 G 1 ol Joln ol oo 5
) oS il o wae Gled (o ailyg, & yeo

DNA gl il 3 g3 slodiges ()9l gazr

12 IS 5 i 4y ey slmog 5§ pdae sloiisel
il 0S5l ez DNA gld (gl (olosis S
Av o (Glod [0 s 5 00D Jeznio Fu (G5, Aol ladigas
Sed ploml (gam sl il b wials 0,53 ol 5 il ax o
(QlAamp 5L oS 5l eolaiwl s g980 51 DNAZI el
=% ple<dDNA Mini Kit; Qiagen, Valencia, CA, USA)
Soigni 5 ¥ o2l 05, Janlgi s 5 b
ol o 4y J5 5,939,581 as ooliil DNA #l 5eiul (gl 9300
(ND-1000; Nanodrop olpegl sl cclale il =
oozl Ziwl DNA clalé g coaS o)l sl Technologies)
sles 0 ool cwsas DNA  (gladiges plos o8, LS o

(Y +) Bads 0,33 ol )T il a0 Ae e



WY/ o) g 315 (w908 (pgils

VFef Glawsl @ Y oo,las ® YO 0,90

sl

o ligmgySn Sy » e SIS 53U
Jlid O paosgun 53 (0)lg5

oRiwd SLgeg,S0e 91 Dl i oy LS ) (el 52
P2 S Lo IS GoshaligiSY) o o p3 (2)]95
S5l e slind B pansges L (pgy S g ooty ST
oS gl g ol oolaiwl 3-Mlas Real-time PCR
g ole) J,S g Jslind @ il (glaog 5750 oud aslie
ol Al ) SS9 Y sz 55 (pa yS LIS SIS g0
5 (P=152) pasy ndS _lghys 45 w0l s gmlis oo
Jld iy J S 09,5 0 (P= /0 F) (uadg 25U
oS LIS (Hlgld pals (Jolie jo conl asdl Al
iy U tS 05,5 33 P=+IFF) LoskoaligzSY 5 P=+/1F4)
hge Jome 50 por S L JISE LS Lk svalis s &
P2 S Lo IS los iz (gl o Jilind ey a il
g4l Lialy 8l (P=+ VD) gk wligiSY 5 (P=+/- -V¥)
o958l g B=21N77) pguy IS (o lgl 8 Sl S
A odolie P=+/41Y)

s lll o STy 2 Jilid B paocgur 13U
oles

IL- slagy ole gl (o2 sl i bge (515 oliws
Real-time PCR S5 5l oolaw!l L IL-6 g TNF-a (1f
INF-0 slag ol ©olds 28,5 18 (o) n 3550 (s
09,5 b anglie ;o Joilid 4y aiyly 09,5 o IL-6 o IL-1B
P rS LIS 5l b Jobud ey aiasly 09,5 5 plle 508
3L 9o Jlisd 4 a iy 09, 5 Lo alie o
15 ol o w38 igles 4 ¥ S o pgy Sl JISE
Jlisd an aly sla g ol 508 09,8 b aunlie
L-1B ol i laonS s ol 5l 5V sl
ol |y, P=+1\Y) IL-6 g (P=+/-AY) TNF-0 (P=-+/-1)
Jlid am aily slatge ;0 g iSL IS 5l sl
Sl ol J S 09,5 )0 65k cnl S50 L analie o
IL-1B bl slacmsS s Ol 12 )l e 208
Al (P=+/-Y)IL-6 g (P=+/-¥Y) TNF-a «(P=+/-))

R 0)9—"’“ 039, u_sl.a JLA)J ‘J,:Jl_w ubsj_ﬂ l) 9 o0l e.»):
0B )i sladges 5l o, S Lo O+ B Y+ IRNA gzl el
(Thermo Fisher  Jg3—ly oolani —wl Loy (j3,lg 5 ol
J—Se DNA o)y (6l (s .03 plsl Scientific, Inc.)
S e C‘Jz‘—"" RNA LQL‘M—'S'“ )‘ oolaz_wl L:(CDNA)
o a5 o ol (RT) oS s Sl 25Ty
TNF-0 IL-1B L gdaws b5l !y (soiReal-time PCR
cDNA )l oala ol l_; L_Jbu.:yo d")‘ﬂj oo Bo) IL-6 9
5l ooliwl L PCR (sla youlps (YY) s ploil coselmday
(Molecular Biology V.2« as s 454l peoly 5JUT 5800 5
5 g ooy =I,b Insights, Inc., Colorado Springs, CO)

RO PR 43|)‘ Y J9A>

Real-time  S_uSS 5l oolaiwl Ly olgadl gl je518 oluliss (ol

s PCR

5 il Gy oSkl o3ladl

bp)

TNF- F- AAATGGGCTCCCTCTCATCAGTTC YV
a R- TCTGCTTGGTGGTTTGCTACGAC

IL-1B F- CACCTCTCAAGCAGAGCACAG YV
R- GGGTTCCATGGTGAAGTCAAC

IL-6 F- TCCTACCCCAACTTCCAATGCTC \SA
R- TTGGATGGTCTTGGTCCTTAGCC

gapdh  F- TGGTATCGTGGAAGGACTCATGAC fOv
R- ATGCCAGTGAGCTTCCCGTTCAGC

Srbol ()

Gloatised )0 Ligng,See Cmax Slgl (g5l a8 &l
aged S 5l o lalil (5lw S, 6w S gsdae
ke Real-time PCR Sl L, o ol o laili!
S5l aged el gld ] )0 48 (slas 2 0sr (6500
Cq  plprean 0,5 j5e 0o Bipsd oy jl &bl
Al aseie o laliwl  Sove lgiedy 5 b (6,08 cldle
g dad sy LaSal> ;o ologe [, S0 L ba gl
&l i solawl Laosls Jdow gl Loyl (Sl
Sloolawl U (g,Lel sl Judos daosls gl (g5lu o guai
plou! Y ax i SPSS g GraphPad Prism v.6 ,l38ls 3
ol Median £ Interquartile Rang & ,g-0d; 7S .0l
s 1005l xS P-value U s lal ()ls sae g o



Jld 4 asly g0 sUigwmg Sy pgs SL JBO 506 okl 3T oLty Sy pole alxo NYF

5135 ey g olper) J S g Julid 4 atsls (sloog )5 0 ool awslie slas,iSL (Mediantinterquartile Rang) ,olae .Y 9o
(poe 7S JSS
Pvalue 508 o0y J5iS 038 Jolb g aialyos S LS eS LSl g klyegS st
poASL IS AL JS 3o g po L JISS o rSh IS 558
JYAYETY YAOQNAENYOAAYD YOYA/OAY+EYA4/0YFY YYYAQAYY£PY/-A0VY VYOFAF/FLYAANV/YY P ySL JSE
CFU**
(x10°)
SIYOCAYA YYAT/VAYED - VVAYY YAPV/EevE Ve VAAY/A0R£YAA/Y - VY YVOVY/#PEYAfYIYAY oosbeligSY
CFU**
(x10%)
LAY NAYA SRR TARVA'S RIAESR R VATA w2 YAPYIYVOE V- VYOAV/EYE £Y+/A0YY 1A9/F. - Y+ 19/20YFY Py uls
CFU**
(x10°)
SYAYOAR  YAV/AMYE VOAFAAY  YAOVY/FPE 0V VAVY O VNYEFEYA/A0YPY YAQYV/EYE YOV /AAS ooy Sl

CFU**
(x10%)

** Colony-forming unit

G-
4=
=
8 a g E3 Fentanyl treatment
g 24 =3 Control
g Faecalibacterium-Fentanyl
=
L treated
‘c_ L EEREESEERTRTETEPTPIRPRTERPTRTY EEPFRRRFRRRTRSRSRTRRRL, A0 P, IERTRTRTPRRTOTE, L TPRPTN = Faecalibacterium-Control
g
-
.2
4
T I 1 1 1
o s o e?
c‘.@t\ﬁ a"\\\ ‘(\5\\* ‘0\6
o o° o g
G,b\\‘o \:oc,\, o P
€°

ol 4wy sloog 5750 (Lads S 5 pords fedlS «ughelignSY g SSLJIE) (o) 3550 Sl 2SL Slol 3 Y S
e SLISE 5Is L J S g por mSL IS 5155 gas J 58 pg 5L JIE 515 L Jlind o anly o xS JISGE 5155 (90,

£
]

L&)
1

mm Fentanyl treated

Faecalibacterium
-Fentanyl treated

&=k

Expression Level Fold Change
(Log2)
- ha
1 1

=]

TNF-a IL-1R IL-6
Jslid a atily 09,5 5 Wl J S 09,5 b sl jo JSLid @y iy 0,5 0 IL-6 5 IL-1B INF-o slalys oyl &glas ¥ ST
H= P< oo\ tpg ST JISE 51618 gy Juslind @y ails 09,5 b alie jo pg ,aSL JISS 5155 L



WO/ ol 500 g 3135 (99,8 gilS

1FoF Glawl @ Y oo,lals ® YO 0,90

aaSadg 6L Kol a4 wgmgiel) GuokenligSY
Sy wligr (T0) 05 lotll Glall J oge Ui Bl pisy
plp o bl SISl as ol oligS 0,y oy al
Gl s cdle sl s 9yl el sla ST
Tobe LaSsnl O passgu 4 i o3 (V) Cosl (55,0
oBws Sbsmg, S S 5 50 1) e SIS 5l s 5ol
ool ladpe oy )0 Sldl Rl L ash wyls g5 5 )leS
OSoe )lsS oliws oS yo Jobsd pae cnl (YY)
Jolicd B pansgm ;o oads cdlive poje Sl 4 cul
Slllas 00,8 ol albe b lse 4y i g AT SLS
Lol B yassgw ;5 1) GuskwlisSY laaiss falS 5
0o olss b 4 buslaslisSY () wlesls ol
ol aiSbid ool pian slagaly was Uy 5 o)
Sl 30 LusheslisiSY gl Ll lply (FF) o
bl SRl A e sl (e Jlid 8 pansse
ST L g S g ol welas @b 5l Sl
Ploe el (Son Jamans ol gl 518 oKiws ww
g WS s 1y g Jelsd Graesg I 36 i
b ()15 oliws (SUgmg Sen Comex S k> Coenl
L 5ls oS oS olge Bpaecsw aile L sl o )
ows 3l 1) weie slas S ol Lot pg xS JISS
Spdsr Bl Cumez (I 4 oie & WS e B)lsS
Gy Je 50 wakeuligSY (Jlgls alie b 4 (V)
by Al pon pSL IS Sl JLis 4y Jbud 4wy
oSy 09l Cote SIS s 4 Sl Gl ool
oS Zewl (195 oliws SUismg See 2 po LIS wile
N O I NS I ST We SYC R PR N P O
1 GlsS olSius cdles g 05,8 Culam LuskealigSY

Sy Sga (S9adl Slge 4 (Sinly Jobo
OB AS G panegu )0 poady yLuldS iy Jlgld (Jlie o
Sl Ab sl malBl Sl sla xSy 4 sadem] Slse
Wl ool (YO sl sad b Sy g
sl rae Sl St ple 2S5 Gl Uls paia yds
(FF) a8 oo i 1) ledl glaguly axcs o as o)l
5 Jobiel ol ps S @ Wlgi oo W) cnl nlnle
U i ()lge (sl (See a5 090 e jll Sledd!
(Gl S wass ) o p Sl Grasge |
o3l 0 waidg mSL gl 3 as wilesls lud LS wliass
ool V) el 4Bl il aien) Gpaerges b 5,0
b wlgs oo oS Conl oS 5 adgs 4 3B o> 655k

SUsmgSn S5 0 Slis pol> adlllas slaasily
o edy, o Gl GlaiSls 5 8IS ol
sy pRlesl S Gise S 5o Jblsd Byanss
AV Gl ol plas )y Sy 09 5 b alie jo Jilid &
SR g B=2/-F) LoadgiSh g B=+/73) poroy s
P=+/FF) LoslalisiSy 5 (P=+/1F3) pgy S JISG 2aS
598 «cnl 2 odle wd samlin JSlud 4 aidly 098 5o
P ASLISE Slglp Gl b bl e s 5L JISE
4 aily 03,5 30 (P=/150) LoskeulisiSY 5 (P=+/- - VF)
@ Gl slacnl g le Gl ( Bk ol Jotu
IL-6 5 (P=-/-AY) TNF-u «P=+/-\) IL-1B o},
3Gt dalsd (JOlid 4 anily 098 0 (P=2/VY)
) basdenl b aezlee @ al o (2155 ol Sl
Ol G e b 4 ps SIS SIS 0 sl e ol
TNF-a (P=+/-V) IL-1P) sl loslsims ol
Uil & ateoly 05,5 o |, (P=+/-Y) IL-6 o (P=+/-£Y)
Sl g Flo LB Dldlas b mlis ol el ools ialS
5 OlsS oliws (SUseg Son S 5 5o (shelie Slpis &5
wlosls s 1, Waaden! Gpme §l o et sla STy
oS Py 0dd cdalin Slpss (YO-YY) cl Lislyen
5 pordeyedS SRl ohga ()l ol (SUigng,Se
N5 oo (obeligiSY 5 o ST IS 2alS g s ST
2 Sl slaan g (ol g slagealy o Pl e
oy s 4 blie o (VF) wS S8 5,168 oK
@ dily hge Joo 50 UgmgSoe Comex oS5 el
s 385 b ) e SIS g a e s
Ol 090 50 Dldlas jl satin mls a5 Jb 0 a8
a5 el 00 0ays Jg el 00l S8 eadi 4 gao90
OIS ows ol it SIS g SIS Syl 3
2 g5 s bsmg e frand b el (oo 5 310
ol (YY) 0,35 ,u3b saiams) ole 4 Kiuly s
S a5 Sl Jg3 BB (Jobid 4 ataly (oBge Joe o
el Gl Gl 2 Gl e Wl oe pg 2L IS
(Sly b Lai o (hre SIS 51 (S 0gilly jobo 4y o5 09

a3 oo a5 ) (saSsmsl Slge &
Olyeds o uakenligSY g e iSLISE sladisS
s =5 T sldsle mhe  gleosiSiogsds
Y YA aileas asls oldl slhosas uals



Jilid 4 dily g0 SUgug Sao y p gy ySL JUBS 55U

eOlsl3T oliils (K pale alowo /1YS

Slo STy o T olfims Cuadls oSyl B yme 5l
OSas ojg> cpl o WS 15 S e 05Tt
Ldgml 4 dily o3l e Seatcs Ol ST 4 ol
Ol pyp 4 ST Olidss cwl a)Y a8 S8
oS oSt ol glacurer p Ul peiies
oeized g iS5 3Sye8 bl o g )l
G5 s SUgmgSe melas sl 058l slacs3l
b leadgnl @ olael aie) 5o (ol plass laguly
S FElon; Slapadlle (95 (phg) b S (ow)
i |y ool 5l b 51sS olKtus cedles o Sy
G L (6 Ky (sl (omlite slos S0 OlFor O ps0
Srae b bl (B)lS (Bl a0 9 Sl
ol lil il 55 b |y bagss! o SYsb
J 5o s Sl mls 5 (IS el s Jeiliy
A0l Al Wl oo 1) adgnl 4 olel b ol

Spae G odezn Jold o)bys olajiin pol> adllas
S JPS Grascsw 0 SSLJIS Ssngn
Al yenis ams o @) |, Oletll 5 b lsS olSims ligms Sene
Tl 55 ohagt ()55 olfiws (SUigig S 5> 00l onmline
(oSS L s payedS wile 2L SL P slae
el sl Sty b See LS S eaamslas
Sgo by claia Ui lsS olSias Lo atml il
Wil bS5 ool el sadsns
olwd Sl ,Se Comozr ;o Jola sbml L pg 2L JISS
5 Gl elSiws bl a5 job 4 wlgs e 5,15
Gl 1y sadsmsl Slge Branssn | LIU B)lse azelye
ol Gl mal> SHo 6l gt Dlibsd oo
Gan b oogily loys glagplinl wyy 5 lbls)
iy 3131 50 (5168 oliws Sbsmg Soe Jolas uils S5k
Sl Soe i (9,5 ateion b Sl (65,58 Loodian] &
lolis Sl deagsnl 5 56 Sl o L3S olKias
1550 45 ol 3l sl ol Semg 5 ooy (gl e Cilanl
s (S jeb a0 ls gy e wdsnl B yas Dl
Cdw Coonl 31 5 lS 0 seled 4 asdllae
g ool 0393 daadenl 4 olel aiey o leS olKiws
OMie 4y (S slp ol 3509, S dbml &g,
S e ST 1 09,8 ol o LS oo

WS LT 1, Sl sla STy NF-kB s (g3l Jlas
Slo STy weiS 3 ege LiE NFKB eee (VA)
SR o Bl alple o)l il s (el s
JBtd Spaccgn 3 LAl oSy g eade S
Slp yae Bl Ser @ 2 JB b 4 s
Slas canls sl lg e o Bk ) oed e oDl
3 ooads Sl g pop S SlolE p por iU IS SIS
ol Somexr el a4 e Sl 4 anly (Age Jo
olBews SUgmg,See St geVode s 4 bl
2 Sl (e 08 slagaly (Jl onl b oosd ()lsS
5L Dglite BgmgySon (IS S5 g (chalojl Lulpd (ol
Sy Felr Syosley siie clids (TR
5 Wil | Sl (pl cSlon; & obpesle
Slge yo Sl pudas gly 0gally Sloys Ol b3
O bliyl (IS jsb 4wl (55,0 Sl S pansge
Seeal ol oSy 5 Loy Koo Comer oS 5
Sl AP olws (bsmgySan Cunax pllo Jobss L
OlsS s 3 el e 9Sdes 5 (IS Cdle
eSS0 e Gk )l E8 el S0
oBows el 4 e oS (Bl olRiws bismg S
Wl oo Wwedos GaSgml Slge Bpae I BN
b Ly o358 OS] 55l o e slagiin
ol il @l Jeis! o l5al, 5 ano 4l | laagss]
(F) asb aden! a4 sliel Copoe ly alygly Gleyo
S5 S ol GlapeilSe aslllas (sl (5,500 Clidos
e o zSTly r (0)lsS olfows SUgnsSee Conox
kol Baa b )l o 5h el Gpae i) o
b b)lsF Sl malS (gl aiadan Sleladl b
eSS b Gl plxl el (55,0 bagsal
Fidn S5 (omyp 9 Spgel 5 (Jsse slahs,
Slly> 55,50 sleegS )3 UgmgySen locures
@ w3l JaellS mls anl cuz 5o Wlg e S
Jolss g 00938l (xS il a4 ol aslllas (IS b
Olyeetd (Jlod Sransgm «Sigmgn Sras m odezy
oBws Sl g ls5 olws Uigms,Soe S5 50
@ azy Sgpo 4 bail cpl WS e w165



WY | oo g o155 o8 Lbeilss VEoF (bl @ ¥ oyl © Y0 0)90

REFERENCES
1. Stanley TH. The fentanyl story. J Pain 2014;15:1215-26.

2.Comer SD, Cahill CM. Fentanyl: Receptor pharmacology, abuse potential, and implications for treatment. Neurosci
Biobehav Rev 2019;106:49-57.

3. Karunarathna I. Fentanyl: clinical applications and pharmacological considerations. Uva Clinical Lab. Retrieved from

Fentanyl: clinical applications and pharmacological considerations, 2024. Available from: https:/www.researchga
te.net/profle/Indunil-Karunarathna/publication/380270478 Fentanyl Clinical Applications and Pharmacological Considerations/links/66338
08d7091b94e93ea9108/Fentanyl-Clinical-Applications-and-Pharmacolo gical-Considerations.pdf.

4.Substance Abuse and Mental Health Services Administration (SAMHSA). Key substance use and mental health
indicators in the United States :results from the 2019 National Survey on Drug Use and Health. 2020. Available from:
https://www.samhsa.gov/data/sites/default/files/reports/rpt29393/201ONSDUHFFRPDFWHTML/2019NSDUHFFR 1
PDFWO090120.pdf

5.Han 'Y, Cao L, Yuan K, Shi J, Yan W, Lu L. Unique pharmacology, brain dysfunction, and therapeutic advancements
for fentanyl misuse and abuse. Neurosci Bull 2022;38:1365-8.

6.Gold MS, Melker RJ, Dennis DM, Morey TE, Bajpai LK, Pomm R, et al. Fentanyl abuse and dependence: further
evidence for second hand exposure hypothesis. J Addict Dis 2006;25:15-21

7. Towers EB, Setaro B, Lynch WJ. Sex-and dose-dependent differences in the development of an addiction-like
phenotype following extended-access fentanyl self-administration. Front Pharmacol 2022;13:841873.

8. Kuczynska K, Grzonkowski P, Kacprzak ., Zawilska JB. Abuse of fentanyl: An emerging problem to face. Forensic
Sci Int 2018;289:207-14.

9. Rueda-Ruzafa L, Cruz F, Cardona D, Hone AJ, Molina-Torres G, Sanchez-Labraca N, et al. Opioid system influences
gut-brain axis: dysbiosis and related alterations. Pharmacol Res 2020;159:104928.

10. Che T, Roth BL. Molecular basis of opioid receptor signaling. Cell 2023;186:5203-19.

11. Garcia-Dominguez M. Enkephalins and pain modulation: mechanisms of action and therapeutic perspectives.
Biomolecules 2024;14:926.

12. Jalodia R, Abu YF, Oppenheimer MR, Herlihy B, Meng J, Chupikova I, et al. Opioid use, gut dysbiosis,
inflammation, and the nervous system. J Neuroimmune Pharmacol 2022:1-18.

13. Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H, Sasikala M, Reddy DN. Role of the normal gut
microbiota. World journal of gastroenterology: World J Gastroenterol 2015;21:8787-803.

14. McCallum G, Tropini C. The gut microbiota and its biogeography. Nat Rev Microbiol 2024;22:105-18.

15. Muchhala KH, Kallurkar PS, Kang M, Koseli E, Poklis JL, Xu Q, et al. The role of morphine-and fentanyl-induced
impairment of intestinal epithelial antibacterial activity in dysbiosis and its impact on the microbiota-gut-brain axis.
FASEB J 2024;38:¢23603.

16. Wang F, Meng J, Zhang L, Johnson T, Chen C, Roy S. Morphine induces changes in the gut microbiome and
metabolome in a morphine dependence model. Sci Rep 2018;8:3596.

17. Szigethy E, Knisely M, Drossman D. Opioid misuse in gastroenterology and non-opioid management of abdominal
pain. Nat Rev Gastroenterol Hepatol 2018;15:168-80.

18. Tavares ALdF, Reginato A, Neves M, Pradal LdA, Leal TSdS, Ribeiro LdFC, et al. Analysis of wistar rats
submitted to a gout model, treated with double cryotherapy protocol. Ther Hypothermia Temp Manag 2022;12:30-
7.

19. Régo DASB, Silva CS, Mello LEA, Leslie ATFS. Early life nociceptive stimulus and fentanyl exposure increase
hippocampal neurogenesis and anxiety but do not affect spatial learning and memory. Front Neurosci
2022;16:988096.

20. Jones J, Reinke SN, Ali A, Palmer DJ, Christophersen CT. Fecal sample collection methods and time of day impact
microbiome composition and short chain fatty acid concentrations. Sci Rep 2021;11:13964.

21. Karakas EU, Pektas AN, Seyda B. Selection and Validation of Potential Reference Genes for Quantitative Real-
Time PCR Analysis in Blaptica Dubia (Serville, 1838)(Blattidae, Blaberidae). Cumhuriyet Science Journal 2022;
43: 176-82.

22. Sayed IM, Inouye K, Das S, Alexander LC. Isolation of RNA from the Murine Colonic Tissue and qRT-PCR for
Inflammatory Cytokines. Bio Protoc 2023;13:e4634.



Jolid a1 il Shg0 SUigwg Sao 2 por B JIS 50 oMl O3T oLl (S3y pole aleo VYA

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Xie B, Wang Y, Lu Y, Wang M, Hui R, Yu H, et al. A novel intervention of molecular hydrogen on the unbalance
of the gut microbiome in opioid addiction: Experimental and human studies. Biomed Pharmacother
2024;178:117273.

He Q, Zhang Y, Ma Y, Deng X, Zhang H, Zhang Y, et al. Lactobacillus Rhamnosus Reshapes Gut Microbes and
Modulates L-kynurenine Metabolism to Decrease Susceptibility to Heroin Addiction in Mice. Research Square
[Preprint] 2024.

Wang H, Luo J, Chen X, Hu H, Li S, Zhang Y, et al. Clinical observation of the effects of oral opioid on
inflammatory cytokines and gut microbiota in patients with moderate to severe cancer pain: a Retrospective Cohort
Study. Pain Ther 2022;11:667-81.

Al Bander Z, Nitert MD, Mousa A, Naderpoor N. The gut microbiota and inflammation: an overview. Int J Environ
Res Public Health 2020;17:7618.

Thomas KR, Watt J, Wu CMIJ, Akinrinoye A, Amjad S, Colvin L, et al. Pain and opioid-induced gut microbial
dysbiosis. Biomedicines 2022;10:1815.

Mohebali N, Weigel M, Hain T, Siitel M, Bull J, Kreikemeyer B, et al. Faecalibacterium prausnitzii, Bacteroides
faecis and Roseburia intestinalis attenuate clinical symptoms of experimental colitis by regulating Treg/Th17 cell
balance and intestinal barrier integrity. Biomed Pharmacother 2023;167:115568.

Cervantes-Barragan L, Chai JN, Tianero MD, Di Luccia B, Ahern PP, Merriman J, et al. Lactobacillus reuteri
induces gut intraepithelial CD4+ CD8aat+ T cells. Science 2017;357:806-10.

Jhun J, Cho K-H, Lee D-H, Kwon JY, Woo JS, Kim J ,et al. Oral administration of Lactobacillus rhamnosus
ameliorates the progression of osteoarthritis by inhibiting joint pain and inflammation. Cells 2021;10:1057.

Liu H, Wang J, He T, Becker S, Zhang G, Li D, et al. Butyrate: a double-edged sword for health? Adv Nutr
2018;9:21-9.

Leylabadlo HE, Ghotaslou R, Feizabadi MM, Farajnia S, Moaddab SY, Ganbarov K, et al. The critical role of
Faecalibacterium prausnitzii in human health: An overview. Microb Pathog 2020;149:104344.

Oh NS, Joung JY, Lee JY, Kim Y. Probiotic and anti-inflammatory potential of Lactobacillus rhamnosus 4B15 and
Lactobacillus gasseri 4M13 isolated from infant feces. PloS One 2018;13:¢0192021.

Hu W, Gao W, Liu Z, Fang Z, Wang H, Zhao J ,et al. Specific strains of faecalibacterium prausnitzii ameliorate
nonalcoholic fatty liver disease in mice in association with gut microbiota regulation. Nutrients 2022;14:2945.

Ma Y, Sannino D, Linden JR, Haigh S, Zhao B, Grigg JB, et al. Epsilon toxin—producing Clostridium perfringens
colonize the multiple sclerosis gut microbiome overcoming CNS immune privilege. J Clin Invest 2023;133:
€163239.

Cao W, Zheng C, Xu X, Jin R, Huang F, Shi M, et al. Clostridium butyricum potentially improves inflammation
and immunity through alteration of the microbiota and metabolism of gastric cancer patients after gastrectomy.
Front Immunol 2022;13:1076245.

Zadori ZS, Kiraly K, Al-Khrasani M, Gyires K. Interactions between NSAIDs, opioids and the gut microbiota-
future perspectives in the management of inflammation and pain. Pharmacol Ther 2023;241:108327.

Lee C-G, Hwang S, Gwon S-Y, Park C, Jo M, Hong J-E, et al. Bacteroides fragilis toxin induces intestinal
epithelial cell secretion of interleukin-8 by the e-Cadherin/B-Catenin/NF-kB dependent pathway. Biomedicines
2022;10:827.

Boyko N, Costigliola V, Golubnitschaja O. Microbiome in the Framework of Predictive, Preventive and
Personalised Medicine. In: Boyko N, Golubnitschaja O, eds. Microbiome in 3P Medicine Strategies. Advances in
Predictive, Preventive and Personalised Medicine. Berline: Springer; 2023. p.1-8.

Ren M, Lotfipour S. The role of the gut microbiome in opioid use. Behav Pharmacol 2020;31:113-21.



