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ABSTRACT

The aim of the study. To evaluate the anti-nociceptive and reparative effects
of adipose-derived mesenchymal stem cells (ADMSCs) under the pharmacological
blockade of cannabinoid CB, receptors in a model of peripheral neuropathic pain.
Material and methods. In 40 male Wistar rats, modeling of peripheral neuropa-
thy (NP) was performed by excising a sciatic nerve. On day 7 of the study, ADMSCs
(1 x 106 cells/kg) were transplanted into the area of sciatic nerve injury without ad-
ditional influences or after administration of the CB, receptor antagonist AM630,
as well as after incubation with AM630. Within 90 days, nociceptive sensitivity
was studied, as well as a detailed analysis of gait using CatWalk XT (Noldus, Nether-
lands). Onday 21 and day 90, histostructure of the distal segment of the sciatic nerve
was assessed.

Results. Pharmacological blockade of CB, receptors both on the ADMSCs
and in the soft tissues surrounding the site of sciatic nerve injury led to a decrease
in withdrawal threshold and withdrawal latency from day 28 of the study compared
with the group of rats with NP and transplantation of ADMSCs only. Local injec-
tion of AM630 before transplantation of ADMSCs contributed to the development
of NP-induced gait disturbances and increase of the number of damaged nerve
fibers in the distal segment of sciatic nerve. Transplantation of ADMSCs pretreated
with AM630 did not significantly affect the rate of recovery of gait parameters,
and decreased the number of damaged nerve fibers by day 90 of study.
Conclusion. Blockade of CB, receptors, both on the membranes of MSCs
and in the area of damage to the peripheral nerve, has a negative effect on the de-
velopment of the anti-nociceptive and reparative effects of MSCs.
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PE3IOME

Leno uccneooeanusa. OyeHUmMb dHMUHOUUUEeNMuUBHbIl U penapamusHbil
3hhekmbl Me3eHXUMATbHbIX CMB0JI08bIX KIemokK Xuposol mkaHu (MCK XT)
Ha (oHe papmakosiozuyeckoli 610kadbl KAHHABUHOUOHbIX peyenmopos CB,
8 MoOesiu nepugepuydeckoli Heliponamudyeckol 60/1u.

Mamepuan umemodsl. Y40 kpoic-camyos Wistar ocywecmsunu modenuposarue
nepugepuydeckot Hetiponamuu (HI1) nymém uccedeHus y4acmka cedanuujHo2o
Hepsa. Ha 7-e cymku uccnedosaHusa nposedeHa mpaHcnaaHmayua MCK XT
(1 x 10° knemok/k2) 8 0671acMb NOBPexOeHUs cedanuuHo20 Hepea 6e3 doNosIHU-
mesibHbIX 8030elicmaud, a makxe Nocsie IOKaabHO20 88e0eHUs aHMazoHuCcMa
CB,-peyenmopa AM630 u npedsapumesibHoU uHkybayuu ¢ AM630. B meyerue
90 cymok pe2ucmpupo8asu HoyuyenmusHyto 4y8cmeaumesibHOCMb U aHA1u3u-
posasiu noxooKy Kpwic ¢ nomowbto CatWalk XT (Noldus, HudepnaHoel). Ha 21-e
u 90-e cymku nposedeHa oyeHKa 2ucmocmpykmypbl OUCMAabHO20 cezMeHma
ce0asIuWHO20 Hep8a Nnocsie aKCoMomuu.

Pesynemamoi. Qapmakonoaudeckas 6sokada CB,-peyenmopoe Kak Ha mem-
6paHax MCK XKT, mak u 8 MAaz2KUX MKAHsAX, OKPYXarouux Mecmo nogpexoeHus
CedauWHo20 Hepsa, Npusoousid K CHUXeHUI0 nopoad U JIAmeHMHOo20 hepuodd
HoyuyenmusHoU peakyuu ¢ 28-x Cymok ucc1e008aHuUs NO CpasHeHUto ¢ 2pynnoli
Kpeic ¢ HIMu 2pynnoti xxusomHsix nocine mparHcnaaHmayuu mosnasko MCK XKT. [Tocne
J10KanbHozo 8sedeHuUss AM630 neped mparcnnanmayueti MCK KT ommeyeHebl yxyo-
weHue napamempos Noxo0Ku, 8bi38aHHsele HI, u ysenudeHue 00/1u NOBPeXOEHHbIX
HepBHbIX 80/IOKOH 8 0UCMAJIbHOM cezMeHme ce0auLyHo20 Hepad. TpaHcnaaHma-
yusa MCK, npeurHkybuposaHHbix c AM630, He 0Ka3bl8a1a cywecmaeHHo20 8/1UAHUA
Ha CKopoCMb 8OCCMAHOBJIEHUSA NApaMmempos NoxooKU, K 90-mM Cymkam ucciedo-
8aHUS CONPOBOXOAIACH CHUXEHUEM YUC/Ia NOBPEXOEHHbIX HEPBHbIX B0JIOKOH.
3akmoyenue. brokada CB,-peyenmopos kak Ha membparax MCK, mak e 30He
nospexoeHus nepughepuyeckozo Hepaa conpo8oXOAemcA CHUXeHUeM AHMUHOYU-
yenmusHo20 a¢hpekma MCK npu ux 1okabHoU mpaHcnaaHmayuu u nooasssem
penapamugHoe deticmaue MCK.

Knioueesle crioea: mveseHxuMdsibHble CMB0JI08ble Kiemku, Heliponamuy4eckas
60716, ce0anuUUHbIl Hep8, KAHHAOGUHOUOHbIE peyenmopel, (hapmMako102u4ecKas
6nokada CB,-peyenmopos

OnauuntnpoBanus: Epodeesa A.-M.B., MnHuyk C.B., Psabuesa C.H., MonuaHosa A.t0. ®ap-
Makosiornyeckas 6510kaga KaHHabrHOMAHbIX peuenTopos |l TMNa Npu TpaHcnaHTaumm
Me3eHXMMaJslbHbIX CTBOJIOBbIX KNETOK B MOZENV nepudepriyeckoin HeiponaTrnieckon
6onu. Acta biomedica scientifica. 2023; 8(6): 141-152. doi: 10.29413/ABS.2023-8.6.13
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INTRODUCTION

Chronic pain syndromes of neurogenic origin, associat-
ed with damage or dysfunction of peripheral parts of the so-
matosensory nervous system [1], occurin 7-20 % of the Eu-
ropean population [2] and in 30-50 % of the world popula-
tion [3]. Cell therapy using adipose-derived mesenchymal
stem cells (ADMSC) appears promising for peripheral nerve
injuries and related pain syndromes [4, 5]; their antinocice-
ptive effect with local transplantation has been evidenced
in models of peripheral neuropathy of various etiologies [6—
11]. The ability of MSC to alleviate neuropathic pain is cur-
rently associated mainly with the suppression of local in-
flammatory response by secretion of a number of paracrine
factors [5], but the mechanisms of activation of these pro-
cesses are not fully disclosed.

Cannabinoid CB, receptors are involved in modu-
lating the transduction, transmission and processing
of nociceptive signals at both the peripheral and cen-
tral levels of the somatosensory nervous system [12]
and serve as a target for pain management. MSCs are able
to produce CB, receptor ligands [13], which may be one
of the mechanisms of their analgesic action. Conversely,
CB, receptors are presentin MSCs and are involved in sus-
taining their viability and metabolic activity [13-16], indi-
cating a possible interaction between MSCs and endoge-
nous cannabinoids in the transplantation area. It is essen-
tial to study the changes of MSC effects under the con-
ditions of blockade of these receptors in order to under-
stand the role of CB,-receptors in analgesic and reparative
action of MSC at local injection into the area of peripheral
nerve injury.

THE AIM

Assessment of antinociceptive and reparative ef-
fects of adipose-derived mesenchymal stem cells against
pharmacological blockade of cannabinoid CB, receptors
in a model of peripheral neuropathic pain.

MATERIALS AND METHODS

The study was conducted on 40 male Wistar rats weigh-
ing 180-200 g. The animals were kept in the vivarium
of the Institute of Physiology, National Academy of Scienc-
es of Belarus with free access to water and food and 12/12 h
day/night cycle. Animals were divided into 4 groups by sim-
ple randomization method (using random number table),
in each groupn=10:

1) rats with peripheral neuropathy (NP) model without
treatment (NP group);

2) rats with NP model and transplantation of al-
logeneic ADMSC to the area of sciatic nerve injury
(NP + ADMSC group);

3) rats with NP model and ADMSC transplanta-
tion under pharmacological blockade of CB, recep-
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tors in soft tissues of the sciatic nerve injury area
(NP + AM630 + ADMSC group);

4) rats with NP model and ADMSC transplantation,
which underwent pharmacological blockade of CB, re-
ceptors when pre-incubated with selective antagonist
(NP + pre-AM630-ADMSC group).

All manipulations involving experimental animals
were undertaken in compliance with the principles of bio-
ethics as set out in the European Convention for the Protec-
tion of Vertebrates Animals used for Experimental and oth-
er Scientific Purposes. The study minutes were approved
by the Bioethics Commission of the Institute of Physiolo-
gy, National Academy of Sciences of Belarus (Minutes No. 1
dated February 02, 2023).

Surgical manipulations. NP was modelled on the left
hind limb of rats by axotomy of a 0.5 cm section of the sci-
atic nerve according to the previously described method
[8]. The surgery was performed under general anaesthe-
sia induced by intravenous injection of sodium thiopen-
tal (JSC ‘Sintez’, Russia) at a dose of 20 mg/kg with local
anaesthesia (lidocaine hydrochloride (JSC ‘Borisov Medi-
cal Preparations Plant’, Republic of Belarus), 0.1 ml intra-
muscularly).

ADMSC transplantation. On day 7 after NP mo-
delling, experimental groups were injected with ADMSCs
in the amount of 1 x 10° cells/kg. ADMSCs isolated from
visceral fat of intact rats were cultured in a CO, incubator
(37°C; 5% CO,) until the 3rd passage according to the pre-
viously described method [17]. Using flow cytofluorime-
ter FACSCanto Il (Becton Dickinson, USA) the phenotype
of ADMSC was analysed by the presence of character-
istic markers CD29, CD44 and CD90 and absence of he-
matopoietic marker CD45. Cell suspension in phosphate-
buffered saline (PBS, phosphate-buffered saline) buffer
(pH = 7.2; Sigma-Aldrich, Germany) was injected intramus-
cularly with an insulin syringe with an integrated 30 G nee-
dle in four injections around the area of surgical excision
of the nerve site according to an imaginary dial pattern at 3,
6,9,and 12 hours.

CB, receptor pharmacological blockade. Toachieve
blockade of CB, receptors on ADMSC's membranes, cells
were incubated with the selective antagonist AM630
(Sigma-Aldrich, Germany) for 24 h (2 uM). Pharmacologi-
cal blockade of CB,-receptors in soft tissues of the sciatic
nerve injury area was performed by intramuscular injec-
tion of AM630 (100 pg/kg) 15 min before ADMSC trans-
plantation. The AM630 antagonist was diluted in a sol-
vent consisting of sterile PBS buffer (pH = 7.4; Sigma-Al-
drich, Germany) and 0.2 % dimethyl sulfoxide (NeoFroxx
GmbH, Germany).

An assessment of nociceptive sensitivity. The Ran-
dall - Selitto algesimeter (Panlab, Spain) was used to de-
termine nociceptive sensitivity to a mechanical stimu-
lus (mechanical withdrawal threshold (MWT)), and Hot
Plate’ algesimeter (Panlab, Spain) was used to deter-
mine nociceptive sensitivity to a thermal stimulus (ther-
mal withdrawal latency (TWL)) [18]. Measurements were
performed three times with an interval of 5-7 min. Noci-



ceptive sensitivity was assessed on days 0, 7, 14, 21, 28,
60 and 90 of the study.

Analysis of gait parameters. Detailed analysis of gait
was performed using the software and hardware complex
CatWalk XT 10.6 (Noldus, Netherlands). The system ena-
bles qualitative and quantitative assessment of gait pa-
rameters during the animal’s free movement on a glass
platform. The intensity of green light at the point of con-
tact between the paws and the surface of the glass po-
dium illuminated with green LED lighting was record-
ed with a high-speed video camera with a wide-angle
lens Gevicam GP-3360 (GEViCAM Inc., USA) located un-
der the corridor. Paw prints were analysed and gait pa-
rameters were calculated using the software of this hard-
ware-software complex. Prior to the study, the animals
were adapted to the device and run recording condi-
tions. Runs of each animal were recorded in a dark, venti-
lated room 3 times each with a maximum step variability
of 60 % and a run time of no more than 5.00 s. The analy-
sisincluded static and dynamic parameters, which reflect
the degree of tonic pain sensations in this model and also
indirectly demonstrate the functional state of the sciatic
nerve. Dynamic parameters included:

Stand Time - duration of the paw stand phase
on the ground;

Swing Time —duration of the paw swing phase in the air;

Duty Cycle — working cycle of the paw, the ratio
of the duration of the paw stand phase to the duration
of the full step cycle.

Static gait parameters:

Print Length — the length of the print;

Print Width - the width of the print;

Print Area — the area of the print;

Max contact area - the area of the print at the most in-
tensive contact of the paw with the platform;

Max intensity — the maximum intensity of the paw
print;

Mean intensity - the average intensity of the paw
print;

Sciatic functional index (SFI).

These parameters were selected based on previ-
ous studies [6-7, 19]. To exclude the effects of run speed
and body weight of animals influencing gait parameters,
data were calculated as a percentage of the contralateral
hind paw, except for SFI.

Assessment of the sciatic nerve histostructure.
Ondays 21 and 90 of the study, a distal segment of the sci-
atic nerve was sampled for histological examination.
The samples were fixed in 10 % neutral buffered forma-
lin. Sections 5 um thick were stained with hematoxy-
lin and eosin according to standard techniques. The ob-
tained preparations were viewed and digitized using
an Optec BK 5000 light microscope with a digital cam-
era (Optec, China) at a magnification of x 400. The per-
centage of normal and damaged nerve fibres was count-
ed on transverse sections of the sciatic nerve [20]. Mor-
phometric parameters were assessed in the field of view
of a microscope at x 400 magnification (area 67072.0 um?)
in at least five fields of view.

Statistics. Statistical processing of data was per-
formed using Statistica 10 software (StatSoft Inc.,
USA). Data were checked for normality of distribution
by the Shapiro — Wilk test. In normal characteristic dis-
tribution, results are presented as mean * standard de-
viation (M + SD); in an abnormal distribution, results
are presented as median and quartiles (Me (Q25; Q75)).
Differences in nociceptive sensitivity and gait param-
eters were assessed by repeated measures analysis
of variance with posterior comparisons using the least
significant difference method. Morphometric data
were compared by the Kruskal - Wallis criterion fol-
lowed by a posteriori comparisons. The conclusion
about statistical significance of differences was made
at p < 0.05.

RESULTS

Alterations in nociceptive sensitivity. On day 7
after NP modelling, the development of mechanical
and thermal hyperalgesia was observed. This was ev-
idenced by a 35.5 % decrease in ipsilateral limb MWT
(from 136.0 = 1.9 to 87.7 + 2.0 g) and 34.3 % decrease
in TWL (from 18.1 £ 0.6 to 11.9 + 0.4 s) relative to baseline
values (p < 0.001) (Fig. 1a, b). There was no tendency for
MWT and TWL to recover to their original values over
the course of the study. The MWT of the contralater-
al healthy limb did not change statistically significant-
ly throughout the study (p > 0.05 compared to day 0;
Fig. 1a).

A single intramuscular injection of ADMSC into
the area of sciatic nerve injury resulted in a 32.3 % in-
crease in the MWT of the ipsilateral extremity by day 14
(from85.4+2.0t0113.0+1.9g; p <0.001 by day 7; Fig. 1a),
TWL by 17.1 % (from 11.7 £ 0.5t0 13.7 £ 0.5 5; p < 0.001
by day 7; Fig. 1b). By day 21 of the study, the MWT of the ip-
silateral limb had already increased to 129.4 + 2.0 g
(p <0.001 by day 7; p > 0.05 by day 0; Fig. 1a) and the TWL
t0 16.2 £ 0.5 s (38.5 % higher; p < 0.001 by day 7; p > 0.05
by day 0; Fig. 1b). Further up to and including day 90,
MWT and TWL were not statistically significantly differ-
ent from baseline values (p > 0.05; Fig. 1a, b). Administra-
tion of ADMSC to rats with NP also statistically significant-
ly increased their MWT and MWT when compared to un-
treated animals already on day 14 day of the study: MWT
was higher by 26.2 % (p < 0.001), and TWL - by 20.2 %
(p < 0.001). From day 21 onwards, the increase in MWT
relative to the untreated NP group was 53.5 % (p < 0.001),
TWL was 54.3 % (p < 0.001).

Antagonist AM630 administration at a dose
of 100 pg/kg to the area of nerve injury in rats with NP
onday 7 of the study did not lead to statistically significant
changes in MWT of the ipsilateral extremity, as well as TWL
after 15 min (Table 1).

ADMSC injection 15 min after pharmacological
blockade of CB, receptors in the area of sciatic nerve
injury resulted in a 21.9 % increase in MWT on day 14
of the experiment relative to the values on day 7
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(from 94.5 + 2.1 to 115.2 £ 2.6 g; p < 0.001). And these
values were not statistically significantly different from
the NP + ADMSC group (p > 0.05), but were 18.7 %
higher than in the NP group without treatment
(p < 0.001). By day 21, MWT tended to decrease com-
pared to the NP + ADMSC group and tended to in-
crease by 33.3 % compared to the NP group with-
out treatment (p < 0.001). On day 28, MWT increased
to 120.4 £ 4.1 g, which was 9.3 % lower than the values
of the NP + ADMSC group (p < 0.001) and 33.2 % higher
than those of untreated rats (p < 0.001; Fig. 1a). Thereaf-
ter, a decreasing trend in MWT was observed (Fig. 1a). An
increase in TWL by day 14 of the study by 21.5 % was ob-
served in relation to the values obtained on day 7:
from 10.7 £ 0.3t0 13.0 £ 0.3 s (p < 0.001; no statistical-
ly significant differences with the NP + ADMSC group

0 5 10

15 20 25 30

Days
—eo— NP without treatment, n = 10
—o— Contrlateral paw, n =10
—a—NP + ADMSC, n=10

a

60 70 80 90

FIG. 1.

(p > 0.05); 14.0 % higher in comparison with the PN
group without treatment (p < 0.05) (Fig. 1b). By day 28,
TWL increased to 13.1 £ 0.2 s, and the index was 22.0 %
lower than in the NP + ADMSC group (p < 0.001).
By day 90 of the study, we observed a marked decrease
in TWLto 11.5 + 0.3 s (p > 0.05 compared to NP with-
out treatment; p < 0.001 compared to NP + WL MSCs;
Fig. 1b).

ADMSC injection preincubated with AM630 increased
the MWT of the ipsilateral extremity on day 14 of the study
by 18.3 % relative to the values obtained on day 7 (from
959+ 1.41t0 113.4 £ 2.0 g; p < 0.001; Fig. 1a) and TWL
by 13.3 % relative to the values obtained on day 7 (from
10.5+£0.4t011.9+0.35;p <0.001). Meanwhile, MWT was not
significantly different from the values in the NP + ADMSC
group (p > 0.05) and in the NP + AM630 + ADMSC group
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b

Dynamics of nociceptive sensitivity to mechanical (a) and thermal (b) stimuli in rats with NP, ADMSC transplantation on the background
of pharmacological blockade of CB,-receptors by AM630 antagonist: arrow indicates the time of ADMSC transplantation; * - p < 0.05
compared to day 0; + - p < 0.05 compared to NP without treatment; # — p < 0.05 compared to NP + ADMSC; ! - p < 0.05 compared

to NP + AM630 + ADMSC

TABLE 1

NOCICEPTIVE SENSITIVITY PARAMETERS IN RATS WITH PN AFTER ADMINISTRATION OF AM630 ANTAGONIST

TO THE SITE OF SCIATIC NERVE INJURY

Parameters MWT (left paw), g
Day 0 133.2+13
Day 7 91.2 +1.8*%
15 min after AM630 injection 94,5+ 2.1*%

Note. *—p <0.05 compared to day 0.

MWT (right paw), g TWL, s
1325+1.0 19.1£0.6
133.9+0.9 10.6 £ 0.3*
131.6+1.3 10.7 £0.3*



(p > 0.05), whilst TWL was 13.1 % lower than the values
of the NP + ADMSC group and was not statistically sig-
nificantly different from the group with NP without treat-
ment (p > 0.05). By day 21, both parameters in this group
were lower than those in the rats that had only received
ADMSC by 8.3% (p <0.05) and 18.5 % (p < 0.001), respective-
ly, but higher than those in the NP + AM630 + ADMSC group
by 5.6 % and 13.8 %, respectively (p < 0.05). By day 90, a de-
creasein MWTto 117.0+ 1.5 g (p < 0.001 to NP group with-
out treatment; p < 0.001 to NP + ADMSC group) and TWL
to 11.3£0.2 s (p > 0.05 to NP without treatment; p < 0.001
to PN + ADMSC) were observed.

By comparing both methods of pharmacologi-
cal blockade of CB,-receptors it was revealed that af-
ter transplantation of ADMSC preincubated with
AM®630 there was observed an increase of MWT relative
to NP + AM630 + ADMSC group on day 21 of the study
by 5,6 % (p < 0.05), and also a decrease of TWL on day 14

Stand Duration

1101
105 -
L
100 1% -
< Y
95 1
90 1
5 T l* T T T T T // T T T T
0 5 10 15 20 2530 60 70 80 90
Days
a
120- Swing Duration
1151
1101
1051
2
1001
b
951
901
- N S S —
0 5 10 15 20 2530 60 70 80 90
Days
C
—=— NP without treatment, n = 10
—4— NP + AM630 + ADMSC, n =10
FIG. 2.

by 8.5 % (p < 0.05) with the subsequent increase on day 21
of the study by 13.8 % (p < 0.02). At later terms of the study
no statistically significant differences in the studied in-
dices between these groups were revealed. Overall,
ADMSC transplantation following local injection of AM630
resulted in a more pronounced reduction in the antinoci-
ceptive action of ADMSC.

Dynamic gait parameters. Inthe untreated NP group,
a reduction in the duration of the ipsilateral paw stand du-
ration t0 91.0 % (p < 0.001) and of the duty cycle to 95.4 %
(p <0.001) was observed from day 7 of the experiment, with
no statistically significant differences in the swing duration
(p>0.05;Fig. 2c). By day 21 of the study, there was an adap-
tive recovery of the above parameters (Fig. 2a, b).

After ADMSC injection at a dose of 1 x 10° cells/kg
into the area of sciatic nerve transection, the recov-
ery of the stand duration (up to 98.4 %) and duty cy-
cle (up to 101.9 %) was observed by day 14 (Fig. 2a, b),

110 - Duty Cycle
105 "
. T.——gé\ i A
100-%f¥/ e~
X - ki
*% * ’:_
90
L A S S—
0 5 10 15 20 2530 60 70 80 90
Days
b
Days

SFI

—&— NP + ADMSC, n=10
NP + pre-AM630-ADMSC, n = 10

Gait dynamic parameters (a-c) and functional sciatic index (d) changes in rats after NP modelling, ADMSC transplantation
on the background of pharmacological blockade of CB, receptors by AM630 antagonist: arrow indicates the time of transplanta-
tion; * — p < 0.05 to the values before NP modelling; # — p < 0.05 to the NP group without treatment; + — p < 0.05 to NP + ADMSC;

/- p <0.05 to the NP + AM630 + ADMSC group
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and no further changes were revealed. After ADMSC in-
jection against the background of pharmacological block-
ade of CB,-receptors in the area of sciatic nerve transec-
tion, the recovery of the stand duration was fixed by day 60
of the study (Fig. 2a), and of the duty cycle - by day 90
of the study (Fig. 2b). On day 28 of the experiment, there
was a decrease in the stand duration of the ispilateral paw
compared to the NP group without treatment (by 8.1 %;
p < 0.005) and duty cycle (by 5.1 %; p < 0.01). Compared
to the NP + ADMSC group, the stand duration of the ipsilat-
eral paw was shorter on day 21 (7.1 %; p < 0.05) and day 28
(8.8 %; p < 0.002) of the study; the duty cycle was short-
er on day 14 (6.8 %; p < 0.005) and day 60 (4.9 %; p < 0.02)
of the study. Pre-AM630-MSC injection of ADMSCs result-
ed in restoration of the stand duration to 99.2 % by day 14
(p > 0.05 by day 0; p < 0.05 for the NP group without treat-
ment) and of the duty cycle to 100.5 % (p > 0.05 by day 0;
p < 0.05 for the NP group without treatment). No statisti-
cally significant differences in dynamic parameters from
the NP + ADMSC group were revealed, and the pattern
of changes in these gait parameters in these two groups
was similar.

Sciatic functional index. This index in the un-
treated NP group decreased 2.3-fold, by 229.9 % (from
-7.65 £ 0.30 to -24.99 = 2.45; p < 0.001 compared
to the data on day 0) by day 7 of the study (Fig. 2d).
The tendency to recovery of this index was observed only
from the day 60 of the study, but by day 90 of the study
no recovery of SFI to the baseline level was observed
(p<0.01) (Fig. 2d). After ADMSC transplantation, recovery
of SFIto-7.75 + 1.57 was observed by day 14 of the study.
Further, no statistically significant changes in SFI were
observed throughout the study compared to the val-
ues on day 0. If AM630 was administered 15 min before
ADMSC transplantation, a partial recovery of SFl was ob-
served by day 14 of the study (to -16.75 + 1.74; p < 0.002
by day 0; p < 0.05 to the untreated NP group). From
day 21 of the study, the index decreased again to the lev-
el of the NP group without treatment (to -26.69 + 3.05;
p < 0.001 by day 0; p > 0.05 to the NP group without
treatment). SFI in this group returned to baseline only
by day 90 of the study (to 12.10 £ 1.85), but was not sta-
tistically significantly different from NP without treat-
ment. Compared to the NP + ADMSC group, SFl in this
group was statistically significantly decreased on day 14
(p < 0.001), day 21 (p < 0.001) and day 28 (p < 0.001)
of the experiment. After transplantation of ADMSC pre-
incubated with AM630, SFl was fully recovered by day 21
(to -9.16 = 1.12; p > 0.05 by day 0; p < 0.001 to the NP
group without treatment). Compared to the NP + ADMSC
group, SFlin this group was lower on day 14 of the study
(by 76.4 %; p < 0.005).

Static gait parameters. From day 28 onwards,
the untreated NP group observed a decrease in the print
length of the injured paw compared to day 0 to 93.6 %
(p < 0.02; Fig. 3a), and in the print width to 96.1 %
(p < 0.001; Fig. 3b). The print area of the ipsilateral ex-
tremity decreased to 84.5 % of the contralateral paw
(p < 0.001; Fig. 3c), the max contact area decreased
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to0 84.7 %, (p < 0.005; Fig. 3f), the max intensity decreased
t091.5% (p < 0.001; Fig. 3d), and the mean intensity de-
creased to 98.3 % (p < 0.01; Fig. 3e). No tendency to re-
covery of static gait parameters in animals of this group
was revealed up to day 90 of observation inclusive.

No statistically significant changes in static parame-
ters were observed after ADMSC transplantation through-
out the study. Relative to the NP group without treatment,
an increase in print area and max contact area, as well as
intensity parameters were observed on day 28 (p < 0.005)
and day 60 (p < 0.02) day of the experiment. When ADM-
SCs were transplanted 15 min after AM630 injection from
day 21 of the experiment, we observed a decrease in print
area to 90.2 % of the contralateral paw (p < 0.002 by day 0;
Fig. 3c). Compared to the NP group without treatment,
there was a reduction in print width to 93.8 % (p < 0.001),
max intensity to 102.5 % (p < 0.001), and mean intensity
to 100.3 % (p < 0.005; Fig. 3b, d, e) on day 21 of the study.
Relative to the NP + ADMSC group, print area was low-
er on day 21 (p < 0.05), day 28 (p < 0.05) and day 60
(p < 0.005) of the experiment; max contact area was low-
eron days 28 and 60 of the experiment (p < 0.05). No oth-
er gait parameters were different when compared with
the NP + ADMSC group. No statistically significant changes
in static gait parameters were observed after transplanta-
tion of pre-AM630-ADMSCs against the values before NP
modelling, as well as against the group of NP + ADMSCs.

Changes in the histologic structure of the sciat-
ic nerve. The content of normal and damaged nerve fi-
bres of the distal segment of the sciatic nerve of the ex-
perimental groups was assessed by the state of the mye-
lin sheath and the location of the axial cylinder in the nerve
fibre. Normal nerve fibres were clearly differentiated axial
cylinders around which a uniformly stained myelin sheath
with clear boundaries was observed. Damaged nerve fibres
were characterized by swelling, vacuolated degeneration
of myelin sheath, blurring of nerve fibre boundaries, with
the axial cylinder displaced to the periphery or undetect-
able on histological sections (Fig. 4).

The contents of normal and damaged nerve fibres
in the distal segment of the sciatic nerve in the NP group
without treatment on day 21 of the experiment were
13 [11.75; 14] % and 87 [86; 87.5] %, respectively (Table 2;
Fig. 4c).

After ADMSC transplantation, the proportion of pre-
served nerve fibres was statistically significantly high-
er in the distal segment of the sciatic nerve on day 21
of the study compared to the NP group without treatment
(p =0.002; Fig. 4a).

After ADMSC injection against the background of phar-
macological blockade of CB,-receptors in the soft tissues
of the sciatic nerve transection area on day 21 no statisti-
cally significant changes in the content of normal and dam-
aged nerve fibres were observed in comparison with the NP
group without treatment (p = 0.326), but their number was
significantly lower in comparison with the NP + ADMSC
group (p = 0.004).

By day 90 of the study, 74 [72; 74] % damaged nerve fi-
bres and 13 [11; 14] % undamaged nerve fibres were ob-
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FIG. 3.

Changes in static gait parameters: print length and print width (a, b), print area (c, f), as well as intensity parameters (d, e) - in rats af-
ter NP modelling, ADMSC transplantation on the background of pharmacological blockade of CB,-receptors by AM630 antagonist. Ar-
row indicates transplantation time; * - p < 0.05 to values before NP modelling; # — p < 0.05 to NP group without treatment; + — p < 0.05
to NP+ ADMSC; ! - p < 0.05 to the group of NP + AM630 + ADMSC
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served in NP without treatment (Table 2). After ADMSC After ADMSC injection against the background of lo-
transplantation, on day 90 of the study, the number of dam-  cal administration of AM630 antagonist on day 90 a de-
aged nerve fibres was statistically significantly lower than  crease in the proportion of damaged nerve fibres was ob-
that in NP without treatment (p = 0.001). served in comparison with the NP group without treat-

FIG. 4.

Myelin nerve fibres of rat sciatic nerve: a — preserved nerve fibres of the distal sciatic nerve fragment of an animal from the group after in-
jection of ADMSCs, day 21; b — presence of dystrophically altered nerve fibres (arrows) in the distal sciatic nerve fragment of an animal from
the group of NP + preAM630-ADMSCs, day 21; ¢ — presence of dystrophically altered nerve fibres (arrows) in the distal sciatic nerve fragment
of the group of NP animals without treatment. Hematoxylin and eosin staining, magnification x400

TABLE 2

STRUCTURE OF NORMAL AND DAMAGED NERVE FIBRES OF THE DISTAL SEGMENT OF THE SCIATIC NERVE
OF THE EXPERIMENTAL GROUPS ON DAYS 21 AND 90 OF THE STUDY

Group % of normal nerve fibers % of damaged nerve fibers

Day 21 of the study

Untreated NPs 13 [11.75; 14] 87 [86; 87.5]
NP + ADMSCs 86 [84; 86]* 14[13;16]
NP + AM630 + ADMSCs 48 [48; 48]* 52[51;52]*
NP + pre-AM630-ADMSCs 55 [49; 55] 45[38;51]
Day 90 of the study

Untreated NPs 26 [25; 28] 74[72; 741
NP + ADMSCs 61[61;63]* 37[37;39]*
NP + AM630 + ADMSCs 37 [26; 37]* 63 [60; 741*
NP + pre-AM630-ADMSCs 65 [56.5; 65]% 35 [32; 43.5]*

Note. *—p < 0.05 to NP without treatment; * — p < 0.05 to NP + MSC;' - p < 0.05 between preincubation and local injection (Kruskal — Walls criterion).
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ment (p = 0.008) and an increase in comparison with
the NP + ADMSC group (p = 0.036). Pre-AM630-MSC trans-
plantation resulted in a decrease in the number of dam-
aged nerve fibres and an increase in the number of nor-
mal nerve fibres by day 90 of the study compared to NP
without treatment (p = 0.042) and was comparable
to the NP + ADMSC group.

DISCUSSION

ADMSC transplantation is currently positioned as
an effective method to reduce the progression of pain
syndrome of inflammatory [21] and neurogenic origin
[6-11]. ADMSC effectiveness in suppressing nocicetp-
tive sensitivity disorders, such as mechanical and ther-
mal hyperlagia and allodynia has been demonstrated
in experimental models of chronic ligation of the sciat-
ic nerve [8] and infraorbital nerve [9] in rodents, as well
as in models of partial [8, 10] and complete traumatic
nerve injury [6, 7], a model of streptozotocin-induced di-
abetic polyneuropathy [11]. However, the mechanisms
of ADMSC realised effects are still being studied. The en-
docannabinoid system is known to be involved in the in-
hibition of nociceptive signal transduction and trans-
mission in both peripheral tissues and the central nerv-
ous system, and modulation of its components serves
as one of the targets of pain relief in neuropathic pain.
Conversely, ADMSCs express components of the endo-
cannabinoid system, in particular, CB, and CB, recep-
tors [14-16], the activation of which increases their se-
cretion of such factors as vascular endothelial growth
factor, transforming growth factor-beta and hepatocyte
growth factor [16]. Moreover, activation of the CB, re-
ceptor on MSC leads to decreased production of inter-
leukin (IL) 6, IL-8 and tumour necrosis factor a, as well
as increased IL-10 [13, 15, 22]. From the evidence avail-
ablein the literature, the authors suggested that CB, re-
ceptors mediate immunomodulatory and antinocicep-
tive effects of ADMSCs.

The data obtained in this study indicate that pharma-
cological blockade of CB,-receptors both on the mem-
branes of MSCs and in the soft tissues surrounding the site
of sciatic nerve injury, reduces the antinociceptive effect
of ADMSCs at their transplantation into the site of sciatic
nerve transection in rats, which was revealed by the lack
of MWT and TWL recovery in the respective groups of an-
imals, as well as worsening of mechanical and thermal hy-
peralgesia at the later stages of the study (Fig. 1a, b). Block-
ade of CB,-receptors on MSCs significantly slowed down
SFI recovery (Fig. 2d), and their deactivation in tissues
in the area of sciatic nerve transection completely abol-
ished the SFl restoring effect of MSCs (Fig. 2d). The above-
mentioned facts in aggregate allow to assume at least
weakening of antinociceptive properties of ADMSC in re-
sponse to blockade of the indicated receptor.

The histological study of the sciatic nerve distal
segment revealed the protective effect of MSC, which
was manifested in weakening of degenerative changes

of nerve fibres. Both methods of CB, receptor blockade
abolished the mentioned protective effect of ADMSC
against the injured nerve fibres. The content of the lat-
ter on day 21 of the experiment did not differ in these
groups from that in untreated animals (Table 2). In addi-
tion, at late study periods (90 days), CB,-receptor block-
ade inipsilateral soft tissues was accompanied by a high-
er proportion of injured nerve fibres than in the NP + pre-
AM630-MSC group (Table 2). In summary, the results
of this study indicate the involvement of CB, receptors
in the mechanisms of the ADMSCs protective effects.
In this case CB,-receptor blockade applied to peripheral
nerve fibres has a greater effect on the MSC reparative
potential, and pharmacological inactivation of these re-
ceptors on stem cells themselves - to their antinocice-
ptive action.

CONCLUSION

It has been experimentally confirmed that pharmaco-
logical blockade of CB,-receptors both on ADMSC mem-
branes and in the peripheral nerve injury area decreases
antinociceptive and reparative effect of ADMSC at their
local transplantation. This indicates the direct participa-
tion of these receptors in the protective effects realised
by MSCs. Further study of the CB,-receptor stimulation ef-
fect will allow to estimate the degree to which the antino-
ciceptive and reparative effects of ADMSCs are enhanced
when they have been transplanted into the site of periph-
eral nerve injury.
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