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Fentanyl attenuates air-puff stimulus-evoked field potential response in the cere-

bellar molecular layer via inhibiting interneuron activity in mice

ZHAN Li-Jie", YANG Yi’, YANG He-Min, CHU Chun-Ping, QIU De-Lai, LAN Yan"
Department of Physiology and Pathophysiology, College of Medicine, Yanbian University, Yanji 133002, China

Abstract: Fentanyl as a synthetic opioid works by binding to the mu-opioid receptor (MOR) in brain areas to generate analgesia, sedation
and reward related behaviors. As we know, cerebellum is not only involved in sensory perception, motor coordination, motor learning and
precise control of autonomous movement, but also important for the mood regulation, cognition, learning and memory. Previous studies
have shown that functional MORs are widely distributed in the cerebellum, and the role of MOR activation in cerebellum has not been
reported. The aim of the present study was to investigate the effects of fentanyl on air-puff stimulus-evoked field potential response in the
cerebellar molecular layer using in vivo electrophysiology in mice. The results showed that perfusion of 5 pmol/L fentanyl on the cerebellar
surface significantly inhibited the amplitude, half width and area under the curve (AUC) of sensory stimulation-evoked inhibitory response
P1 in the molecular layer. The half-inhibitory concentration (ICs) of the fentanyl-induced suppression of P1 amplitude was 4.21 umol/L.
The selective MOR antagonist CTOP abolished fentanyl-induced inhibitory responses in the molecular layer. However, application of CTOP
alone increased the amplitude and AUC of P1. Notably, fentanyl significantly inhibited the tactile stimulation-evoked response of molecular
layer interneurons (MLIs) and the spontaneous firing of MLIs. The results suggest that fentanyl attenuates air-puft stimulus-evoked field
potential response in the cerebellar molecular layer via binding to MOR to restrain the spontaneous and evoked firing of MLIs.
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Fig. 1. Schematic diagram showing the recording of field potential in the cerebellar molecular layer. 4: The recording electrodes were

placed on the molecular layer of Crus II in cerebellum. B: The enlarge schematic of the cerebellar cortex structure and the position of

recording electrodes in the cerebellar molecular layer. BC: basket cell; SC: stellate cell; PF: parallel fiber; GC: granule cell; GoC: Gol-

gi cell; PC: Purkinje cell.
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Fig. 2. Effect of fentanyl on air-puff stimulus-evoked field potential responses in the cerebellar molecular layer. 4: Representative field
potential recording traces showing the air-puff stimulus-evoked responses in artificial cerebrospinal fluid (ACSF), fentanyl (5 pmol/
L) and washout. B, C, D: Summary of data showing the normalized (Norm) amplitude (Amp, B), half-width (C) and area under curve
(AUC, D) of P1 in ACSF, fentanyl (5 pmol/L) and washout (n = 6). Mean = SEM.
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Fig. 3. Concentration-response curve showing the fentanyl-
induced decrease in amplitude of P1 (IC5, = 4.21 umol/L). The
number of field potential examined at each concentration is indi-
cated near the respective bars.
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Fig. 4. The MOR antagonist CTOP abolishes fentanyl-mediated inhibition of facial stimulus-evoked response in the cerebellar molec-
ular layer. 4: Example responses in the molecular layer to air-puff stimulus (60 ms, 60 psi) in ACSF, fentanyl (5 pmol/L), and fentanyl (5
umol/L) + CTOP (5 umol/L) (a). b, ¢, d: Bar graph showing the normalized amplitude (b), half-width (¢) and area under curve (AUC, d)
of P1 in ACSF, fentanyl and fentanyl + CTOP (n = 6). B: Example responses in the molecular layer to air-puff stimulus (60 ms, 60 psi)
in ACSF, CTOP (5 pmol/L), and CTOP (5 pmol/L) + fentanyl (5 pmol/L) (a). b, c, d: Bar graph showing the normalized amplitude (b),
half-width (¢) and AUC (d) of P1 in ACSF, CTOP and CTOP + fentanyl (n = 6). Mean + SEM. n.s.: not significant.
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Fig. 5. Fentanyl depresses air-puff stimulus-evoked responses in cerebellar MLIs. 4: a: Upper, example of cell-attached recordings
from an MLI showing responses to air-puff stimulus (60 ms, 60 psi) in ACSF and fentanyl (5 pmol/L); lower, the master plot of spike
events originate from traces of the upper panel. b: Summarized results showing the normalized number of spontaneous firings in
ACSF and fentanyl (5 umol/L, n = 6). ¢: Summarized results showing the normalized number of the tactile-evoked firings in ACSF
and fentanyl (5 pmol/L, n = 6). B: a: Upper, example of cell-attached recordings from an MLI showing responses to air-puff stimulus
(60 ms, 60 psi) in CTOP (5 umol/L) and fentanyl (5 pmol/L) + CTOP (5 umol/L); lower, the master plot of spike events originate
from traces of the upper panel. b: Summarized results showing the normalized number of spontaneous firings in CTOP (5 umol/L) and
CTOP (5 umol/L) + fentanyl (5 umol/L, n = 6). ¢: Summarized results showing the normalized number of the tactile-evoked firings in
CTOP (5 pmol/L) and CTOP (5 pmol/L) + fentanyl (5 umol/L, n = 6). Mean = SEM. n.s.: not significant.



40

3 ¥Hig

FEARIE, MOR [z A T ikt s R4, H
RN A RIE Y BARDMEAE ISR, W
i ZRBN /N i MOR 1) 73 A1 45/ Bk 2k, (B I A
kAT T G g 4 2k 2 U 3 MOR mRNA 141
ZURE I AT T T, LEME DA 2R304 /NI B o 11 o
[l #2270 & PC #4151 MOR H) mRNA, £
A= (P6) KB FRIA Bl N A A2 A =, MOR )
it +oFEE. mKE, MRS KBIERN—F
MOR a4z B Tl AR SRR, H A7 1 B
T A FH B KU . 22 [ K A G it Ry 2017 4R 11
gt 45 B R (https://www.drugabuse.gov/related-topics/
trends-statistics/overdose-death-rates, accessed on 4
January 2019), 7E3EEH, Hi#d =702 ZHZ49id
BAET AR R 5EER, HrhAREA 12K
Je (BRIATAD ) @Rt itk %2, it 50%,
HI R B, DRI, RN B 25 K JB AE X i
SRGPIMER, XTI TR H 5 o R FH R E
AR S X T/ANEE LA, 25
BHMIE S I E RS, BB B0 T R EAL
IAFERR Z BT R, NS B AT T 1 4
WA ThEE, IF AR S 55 AT AT . R,
PRI /Mg H MOR 80 H D RE RS2 A7 56 + 0 B
B R L

AW E ML T 25 KIEFEE MOR 5/ i/
W73 1 R i 5 BAR B Al . SRS RN, /)
IV 2 THT 5 -7 MOR 3l 711 5 K e 7] 5 AR R 1 b 4100 o
& o T RN > T = S B AL PO IR R
MOR ¥ 5 4 [ Wr 7] CTOP w] BH Wy 25 K J& 11 .
A ERT A TAEC A, £0 12T iiiE
9% Pl E B e 2208 )5t GABA i /b 8, %
Wt MLIs-PCs 1) 5 filte i ik 72 1. R, st g
B MOR 7EI 5 /N /MiB 707 )2 o GABA BERTR
fl A i A . X — g SRt e A e A B
FINERAE T MOR f24E T /N B/l B2 JZ MLIs-PCs
PR fkrb . /N4> JZH, BC A SC 22 MLIs
PR, — F #%t PCs = £, BC %} PCs
AR = AR 4], T SC XS PC AR 7™ A= i,
SNt PF IR 2645 1 A N R Szt il pAc ) 1 GaiE
MWLM AW TR, P Z RS0 ) GABA B
T2 C AR AR S KB MOR, [ 28 245 3 i 41
il GABA BEFI 2 JC I RARAT R, T B 42 0%
BEVERRAG, X OE ARG X G BRSSP SHIEIE

HE PR Acta Physiologica Sinica, February 25, 2021, 73(1): 35-41

I8 K JE kX 05 & GABA RE4L 7 P1 AR 40
HIE 2 75 % i1 T MOR 03 % MLIs 7 A #0161,
M 58 MLIs 75 GABA /b B8l e, A1 E
ik MLIs Wi b Xad 5%, W& T 25 K Jexf MLIs H &
S RSO B FIREI . 45 B EoR, NIRRT
JERJERE, MLIs [ 5 A & B0 5 H 200
X4 RN, F5 e X XU A 1) MLIs-PCs
IR I AT e I8 A MLIs (978 FE 3,
F5 GABA B0 /D 51 #E 1) . Miura 25478, MOR
77 DAMGO T B 55 41 1] H 30 80355 R 1 SR R
F &5 R /N 20 i FR 00 ) 44 2R ik 5 FELAZ (inhibitory post-
synaptic potential, IPSP), H 5 117 5 fi 7 GABA fig
L TCIEYEA O M, Griffioen S5 AR, MR
SERJBATER T Ok EME i MOR, J&E />
GABA R 128 £ 33 7 18 0 1] 22l 28 (e 1

AW AL S AR TR, 2 SR T B O
MOR %5 5 1% 4% 1 7 CTOP I, A A Wi XU 38075
(115 F )2 S L P1 4RI 5 #E i ACSF I AH bE B 2
B, X—45 R IR, MLIs-PCs 1) 5 fil vp ] fig 77
78 YRR IR Y, EAEFRA R, B4 MOR
g5 G DT R 4T 4 4208 I ) BE T 7E CTOP AR T,
BELWT 1 P YIS PERAT A Jik 55 MOR 45 &, i 22 8 I
PR HIAE P55, R B W RGRLEE P11 4%
M4 5. Venkatesan &5 tHHRIE, P51 (19 9 S5OK AN
P HE B 30 T /R T S A BT GABA B JG,  #IH
R R B,

B MOR #011] GABA 6 28 il 326 I AL 1 B TE
B ANiE# . MOR & GPCR, Hili % i iT Gi/o-o I
FLEE R S 5 DU R R A GBS 1, AT
WD cAMP (7R P A RIETE ., FRKES
MOR 454 Al i Gilo /S5 5 i, H0H] IR
T TS A T P S8 AN 1 S IR LI (1095 4k, BRI cAMP
FIP3 4 &, Mt — 0 R4 A Ca™ 55,
ifi 2. MOR i /] LAFIH IR A% o Ca® JliE Y. [K i,
B MOR b, AT A8 L 4] Ca® 38838 [0 3% 14 AT £
GABA fe i 22346 0 IR TS0 b o B0 MOR 1] i
To H P BB B T DG P B R A S T A S B
WAk i 51 A2 33 o R sk /b e A5 SIS MOR 72411
B B 2 16 MLIs-PCs 5 fil 4% 13 1 F2 ML,
AR TP A

g5 L RTiR, ZFOKJE i /N i MOR 41 MLIs
(1) B R ANTS AR BCRIE B, RS WX B /N B
NG T R B, YR PER R R 45



=

)

TJ& MLIs-PCs {15 B A3k, ARWFFLas RO/ MKS
SR 2 R B SR T 25K .

10

11

12

13

SE

El Aish KA, Tafish R, Zourob H. Morphine versus fentanyl
for spinal post-caesarean analgesia: a randomised controlled
trial. Lancet 2018; 391(Suppl) 2: S20.

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

Gavériauxruff C, Kieffer BL. Opioid receptor genes inacti-
vated in mice: the highlights. Neuropeptides 2002; 36(2-3):
62-71.

Pasternak GW, Pan YX. Mu opioids and their receptors: evo-
lution of a concept. Pharmacol Rev 2013; 65(4): 1257-1317.
Trescot AM, Datta S, Lee M, Hansen H. Opioid pharmacolo-
gy. Pain Physician 2008; 11(2): 133-53.

Yeganeh-Doost P, Gruber O, Falkai P, Schmitt A. The role of
the cerebellum in schizophrenia: From cognition to molecu-
lar pathways. Clinics (Sao Paulo) 2011; 66(1): 71-77.

Han JS (835 4F). Neuroscience. 3rd ed. Beijing: Peking
University Medical Press, 2009, 120—125 (in Chinese).

Chu CP, Bing YH, Liu H, Qiu DL. Roles of molecular layer
interneurons in sensory information processing in mouse
cerebellar cortex Crus II in vivo. PLoS One 2012; 7(5):
e37031.

Mrkusich EM, Kivell BM, Miller JH, Day DJ. Abundant
expression of mu and delta opioid receptor mRNA and pro-
tein in the cerebellum of the fetal, neonatal, and adult rat.
Brain Res Dev Brain Res 2004; 148(2): 213-222.

Griffioen KJ, Venkatesan P, Huang ZG, Wang X, Bouairi
E, Evans C, Gold A, Mendelowitz D. Fentanyl inhibits GAB-
Aergic neurotransmission to cardiac vagal neurons in the
nucleus ambiguous. Brain Res 2004; 1007(1-2): 109-115.
Miura M, Masuda M, Aosaki T. Roles of micro-opioid
receptors in GABAergic synaptic transmission in the strio-
some and matrix compartments of the striatum. Mol Neuro-
biol 2008; 37(2-3): 104-115.

Paxinos G, Franklin KBJ. The Mouse Brain in Stereotaxic
Coordinates. 2nd ed. San Diego, CA: Academic, 2001.

Chu CP, Bing YH, Qiu DL. Sensory stimulus evokes inhibi-

14

15

17

18

19

20

21

22

23

24

AANAR: 25K JE 28 rh (A 22 70 I 55 WO XGRS SR PR /N RIS 2123 FRL R B 41

tion rather than excitation in cerebellar Purkinje cells in vivo
in mice. Neurosci Lett 2011; 487(2): 182—186.

Chu CP, Bing YH, Liu QR, Qiu DL. Synaptic responses
evoked by tactile stimuli in Purkinje cells in mouse cerebel-
lar cortex Crus II in vivo. PLoS One 2011; 6(7): €22752.
Mansour A. Opioid-receptor mRNA expression in the rat
CNS: Anatomical and functional implications. Trends Neu-
rosci 1995; 18(1): 22-29.

Mansour A, Khachaturian H, Lewis ME, Akil H, Watson SJ.
Anatomy of CNS opioid receptors. Trend Neurosci 1988;
11(7): 308-314.

Carta I, Chen CH, Schott AL, Dorizan S, Khodakhah K.
Cerebellar modulation of the reward circuitry and social
behavior. Science 2019; 363(6424): 1-10.

Bajo M, Madamba SG, Roberto M, Siggins GR. Acute mor-
phine alters GABAergic transmission in the central amygda-
la during naloxone-precipitated morphine withdrawal: role
of cyclic AMP. Front Integr Neurosci 2014; 8(45): 1-10.
Margolis EB, Fields HL. Mu opioid receptor actions in the
lateral habenula. PLoS One 2016; 11(7): ¢0159097.

Zhang Y (5K#&), Wang HB, Fan HG. Effect of tiletamine on
the endogenous opioid peptides content in different
encephalic regions of rats. Chin J Anim Vet Sci (& & &
2ZE4R) 2010; 82(9): 515-519 (in Chinese with English ab-
stract).

Venkatesan P, Wang J, Evans C, Irnaten M, Mendelowitz D.
Endomorphin-2 inhibits GABAergic inputs to cardiac para-
sympathetic neurons in the nucleus ambiguus. Neuroscience
2002; 113(4): 975-983.

Venkatesan P, Wang J, Evans C, Irnaten M, Mendelowitz D.
Nociceptin inhibits gamma-aminobutyric acidergic inputs to
cardiac parasympathetic neurons in the nucleus ambiguus. J
Pharmacol Exp Ther 2002; 300(1): 78-82.

Koehl A, Hu H, Maeda S, Zhang Y, Qu Q, Paggi JM, Lator-
raca NR, Hilger D, Dawson R, Matile H, Schertler
GFX, Granier S, Weis WI, Dror RO, Manglik A, Skiniotis
G, Kobilka BK. Structure of the p opioid receptor-Gi protein
complex. Nature 2018; 558(7711): 547-552.

Rhim H, Miller RJ. Opioid receptors modulate diverse types
of calcium channels in the nucleus tractus solitarius of the
rat. J Neurosci 1994; 14(12): 7608-7615.



