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ABSTRACT

In the present study the interaction of cannabinoid,
PhAR-DBH-Me [(R,Z)-18-((15,4S5)-5-methyl-2,5-diazabi-
cyclo[2.2.1]heptan-2-yl)-18-oxooctadec-9-en-7-ylphenyl-
acetate] and tramadol in two neuropathy models, as well
as their possible toxic effects, was analyzed. The anti-
allodynic effect of PhAR-DBH-Me, tramadol, or their
combination, were evaluated in neuropathic rats. Further-
more, the effective dose 35 (as the 35 % of the antiallo-
dynic effect) was calculated from the maximum effect of
each drug. Moreover, the isobolographic analysis was
performed to determine the type of interaction between
the drugs. A plasma acute toxicity study was carried out
to assess the hepatic, renal, and heart functions after an
individual or combined administration of the drugs, as
well as histology using the hematoxylin-eosin or Masson-
-trichome method. PhAR-DBH-Me, tramadol, and their
combination produced an antiallodynic effect on spinal
nerve ligation (SNL) and cisplatin-induced neuropathic
pain in rats. Moreover, PhAR-DBH-Me and tramadol
combination showed a synergistic interaction in neuro-
pathic pain rats induced by SNL but not for cisplatin-
-induced neuropathy. On the other hand, changes in renal
and hepatic functions were not observed. Likewise,
analysis of liver, kidney and heart histology showed no
alterations compared with controls. Results show that the
combination of PhAR-DBH-Me and tramadol attenuates
the allodynia in SNL rats; the acute toxicology analysis
suggests that this combination could be considered safe
in administered doses.

Keywords: cannabinoid receptors, PhAR-DBH-Me, trama-
dol, synergism, antiallodynic effect

INTRODUCTION

Recent reports indicate that cannabinoid-based therapy of pain can be used to reduce
the global problem of opioid use (1). Opioid and cannabinoid endogenous systems have a
role in modulating several presynaptic and postsynaptic pathways related to pain control.
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Reports have also suggested the interaction between both systems at peripheral, spinal
and supraspinal levels (2-4). Cannabinoid and opioid receptors are coupled to Gi protein
receptors. After their activation, Gi signaling pathway decreases intracellular cAMP levels,
producing activation of voltage-gated potassium channels and closure of calcium channels.
These mechanisms reduce the pro-nociceptive-type neurotransmitters released from
presynaptic nerve terminals to induce antinociception (5). Moreover, reports indicate a
bidirectional interaction between cannabinoid and opioid system, heteromeric conforma-
tions by cannabinoid and opioid receptors (CB1-u opioid receptor, heteromeric complex),
as well as a beta-endorphin release after CB2 receptor activation (6-8). On the other hand,
studies demonstrated that concomitant use of opioid and cannabinoid drugs induces
synergic interaction to relieve the pain (9-12). It was previously shown that (R,Z)-18-((1545)-
-5-methyl-2,5-diazabicyclo[2.2.1]Theptan-2-yl)-18-oxooctadec-9-en-7-ylphenylacetate
(PhAR-DBH-Me), a synthetic cannabinergic compound, produced an antiallodynic effect
in neuropathic rats (13) through the partial activation of CB1/CB2 receptors, and full activa-
tion of TRPV1 channels. Considering that synergistic interactions are produced from
different antinociceptive pathways, it has been hypothesized that interaction between a
novel cannabinergic compound, PhAR-DBH-Me, and tramadol, an opioid agonist with an
effect on serotonergic and noradrenergic transmission, may provide a valuable opportunity
to treat allodynia-like behavior in neuropathic rats.

As far as we know there is no previous report about the synergistic antiallodynic
action of combined PhAR-DBH-Me and tramadol. Hence, the aim of this study was to
evaluate the interaction between PhAR-DBH-Me and tramadol on allodynic rats (SNL and
cisplatin models), as well as to determine if the systemic administration of this combina-
tion produces alterations in the liver, kidneys, and heart in the treated animals.

EXPERIMENTAL

Animals and experimental design

Eight weeks old female Wistar rats weighing 160-180 g were acquired from Centro
UNAM-Envigo (Envigo México, S.A. de CV,, Mexico) and maintained in a temperature-
-controlled room on a 12-h light/dark cycle with food (Lab diet, 5012, Purina, Mexico) and
water ad libitum throughout the study. All procedures were performed in accordance with
National and International Guidelines for Care and Use of Laboratory Animals, NOM-062-
-Z00-1999, and National Research Council, resp., and were approved by the Ethics Committee
for the Use of Animals in Pharmacological and Toxicological Testing (Faculty of Chemistry,
UNAM Ciudad de México, México). The experimental design included a total of 216 rats
distributed in thirty-six independent groups (Table I).

Drugs

(R,Z)-18-((15,4S)-5-methyl-2,5-diazabicyclo[2.2.1]heptan-2-yl)-18-oxooctadec-9-en-7-yl-
phenylacetate was synthesized by Lopez-Ortiz (14). Commercial solution for injection of
tramadol hydrochloride (100 mg in 2 mL, AMSA Laboratories, Mexico) was used and doses
of 1, 3.2, 10, 32, and 56 mg were taken directly from that solution. Both drugs were admini-
stered intraperitoneally.
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Table I. Experimental design and groups

Group (1 =6) Treatment (mg kg™, . p.) Group (1 =6) Treatment (mg kg™, i. p.)
Logarithmic dose-response curve of antiallodynic effect
SNL PhAR-DBH-Me: 3.2 Cis PhAR-DBH-Me: 3.2
SNL PhAR-DBH-Me: 10 Cis PhAR-DBH-Me: 10
SNL PhAR-DBH-Me: 32 Cis PhAR-DBH-Me: 32
SNL PhAR-DBH-Me: 100 Cis PhAR-DBH-Me: 100
SNL Tramadol: 3.2 Cis Tramadol: 1
SNL Tramadol: 10 Cis Tramadol: 3.2
SNL Tramadol: 32 Cis Tramadol: 10
SNL Tramadol: 56 Cis Tramadol: 32
MEP (%) of combinations
Sham Veh Veh Veh
SNL Veh Cis Veh
Combination 1 Combination 1
SNL-C1 [PhAR-DBH-Me:tramadol]: ~ Cis-C1 [PhAR-DBH-Me:tramadol]:
24.88:12.42 18.57:2.27
Combination 2 Combination 2
SNL-C2 [PhAR-DBH-Me:tramadol]: ~ Cis-C2 [PhAR-DBH-Me:tramadol]:
12.44:6.21 9.285:1.135
Combination 3 Combination 3
SNL-C3 [PhAR-DBH-Me:tramadol]:  Cis-C3 [PhAR-DBH-Me:tramadol]:
6.22:3.10 4.64:0.567
Combination 4 Combination 4
SNL-C4 [PhAR-DBH-Me:tramadol]: ~ Cis-C4 [PhAR-DBH-Me:tramadol]:
3.11:1.55 2.32:0.83
Toxicology assay groups
SNL Veh Cis Veh
SNL ED,; PhAR-DBH-Me: 49.79  Cis ED,;PhAR-DBH-Me: 37.13
SNL ED,; tramadol: 24.85 Cis ED,; Tramadol: 4.54
SNL-C1 Combination 1: 24.88:12.42  Cis-C1 Combination 1: 18.57/2.27

Veh - vehicle, saline

Cisplatin (Cis), solution for injection (50 mg in 50 mL, Pisa Laboratories, Mexico) was

used for inducing neuropathy at a dose of 0.1 mg kg, i.p.

Doses of PhAR-DBH-Me and tramadol for constructing dose-response curves, as well
as doses of cisplatin used to induce neuropathy, were established in accordance with our
previous study (13).
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Induction of neuropathy and allodynia assessment

Two well-known models to produce allodynia were used: spinal nerve ligation (SNL)
(15) and the chemotherapy model, based on repeated injections of cisplatin (0.1 mg kg™)
every third day for 15 days (16). SNL rats were submitted to surgical procedure, L5 and L6
spinal nerves were exposed and tightly ligated with a 6-0 silk structure distal to the dorsal
root ganglion, whereas for sham rats the nerves were exposed but not ligated.

Tactile allodynia was evaluated by the Chaplan method (17) using a recently deve-
loped rat surgical neuropathy model wherein nocifensive behaviors are evoked by light
touch to the paw. Employing von Frey hairs from 0.41 to 15.1 g, we first characterized the
percent response at each stimulus intensity. A smooth log-linear relationship was ob-
served, with a median 50 % threshold at 1.97 g (95 % confidence limits, 1.12-3.57 g which
consists in using calibrated von Frey filaments (Stoelting Co., USA), in a range of 0.4 to
15 g, to produce six different positive or negative tactile responses in the plantar paw of
the rat. The rats with values less than 4 g were considered allodynic. Allodynia was
measured for 8 hours and then the area under the curve was calculated to obtain the
percentage of maximum possible effect (MPE, %) as previously described (13):

AUCcom d AUCsham
P x100 Eq. 1
AUC,,.. —AUC,,

MPE (%) =

sham

Isobolographic analysis

Initially, both SNL and Cis rats were given increased doses of PhAR-DBH-Me (3.2, 10,
32, and 100 mg kg™), and tramadol for SNL (3.2, 10, 32, and 56 mg kg™) and Cis rats (1, 3.2,
10, 32 mg kg™).

The type of interaction between PhAR-DBH-Me and tramadol was evaluated by the
isobolographic analysis (18, 19). In order to complete the objective, the effective dose (ED;5)-
response for PhAR-DBH-Me and tramadol was determined using the Hill equation (20).

The theoretical additive doses (Z,4) with their standard error (SEM) for the combina-
tion of drugs 1:1 was computed from the effective doses 35 (ED35) of the single drugs,
according to the procedure described by Tallarida (18, 19):

Zyy=fxA+1-f)xB Eq.2

where A is ED4; of PAAR-DBH-Me and B was EDg; of tramadol, whereas that, f = 0.5
(according to proportion 1:1).

Moreover, a proportion of drugs [0.5 ED; of PhAR-DBH-Me : 0.5 ED5; of tramadol
(theoretical additive dose, Z,,)] was fixed to construct four different combinations as fol-
lows: (0.5 ED,; PAAR-DBH-Me + 0.5 ED;; tramadol)/2, (0.5 ED;; PAAR-DBH-Me + 0.5 ED;
tramadol)/4, (0.5 ED,; PAAR-DBH-Me + 0.5 ED,, tramadol)/8 and (0.5 ED,; PnAR-DBH-Me
+ 0.5 ED,; tramadol)/16. A dose-response curve was then constructed and EDj;,,,, of the
combination was determined. In addition, the interaction index (y) was calculated:

y = ED,

5exp /ED35theor Eq' 3
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value close to 1 indicates no interaction (EDzsey, ® EDj5ype,), Whereas values higher than 1
(ED35exp > ED354hc0r) Tepresent antagonism and lower than 1 (EDjs.,;, < ED35ype,) TEpresent a
synergistic interaction. -Student test-based statistical analysis which incorporates some
adaptations for the isobolographic analysis was applied, where ¢’ value was determined
from:
, M
t'= Eq. 4
2 2
\/[(SE(log Z,4))" +(SE(QogZ,,)) ]

where, Z_, is the theoretical additive dose, and Z,, is the experimental dose, M =log Z 4 -
log Z,, with respective standard errors on the log scale, because Z_; and Z,, are log-nor-
mally distributed (18). Then, the value of " was compared with the T value:

t,a (SE(og Z,))* +1.. (SE(log Z, ))*
SE(log Z,)* + SE(log Z, )*

T = Eq.5

t,q value was obtained from the f-Student distribution table with degrees of freedom,
where n; and n, represent the number of data used in the regression analysis for drug 1,
PhAR-DBH-Me, and drug 2, tramadol. {,, was obtained from the same table with 1,2
degrees of freedom, where n,, is the number of data used in the regression analysis to
calculate the Z, of the combination. If |t'|> T, there is a significant difference between theo-
retical (Z,4) and experimental (Z,,) data (19).

Toxicology assays: hepatic, renal and cardiac damage profile

Animals were administered with an overdose of sodium pentobarbital (150 mg kg™,
i.p.) and a blood sample was obtained by cardiac punction and deposited in microtubes
with heparin. Samples were immediately centrifuged at 5000 rpm for 5 min, at 4 °C. Once
centrifuged, 200 pL of the supernatant (plasma) were taken and deposited in a disk of
diagnosis plus panel (Skyla Corp. H.S.P.B, Taiwan), and the disk was placed into HB1
Clinical Chemistry Analyzer (Skyla V Bl) for the analysis of albumin/globulin ratio, blood
ureic nitrogen/creatinine ratio, #C-Ca (creatinine-calcium), globulin, Na/K, urea, albumin,
alkaline phosphatase, alanine transaminase, amylase, blood ureic nitrogen (BUN), creatinine,
Ca, glucose, K, Na, phosphate, bilirubin and total protein.

Histology

Liver, kidney, and heart were collected 24 h after rats were treated and then washed
with saline solution, 0.9 %, to remove the excess blood. Immediately, tissues were placed
in 50-mL Falcon tubes containing 10 % formalin (J. T. Baker, USA), 0.4 % NaH,PO, (Vetec,
USA), and 0.65 % Na,HPO, (Fermont, Mexico); then, the solution was adjusted to pH 7.4.
The tissue was slit into 0.5 x 2.0 cm pieces and embedded in paraffin (Leica Paraplast, USA).
Subsequently, the samples were cut using a microtome (Leica RM2125 RTS, Leica Biosystems,
USA) with a thickness of 5-7 um, placed on 2 slides per sample and stained with hematoxylin
and eosin (H&E) for cellular analysis, or Masson trichrome (MT) for the evaluation of the
distribution and structure of collagen (21, 22).
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Statistical analysis

Data are presented as a mean + standard error of the mean (SEM) for 6 animals. The
dose-response curve was constructed using the area under the curve obtained through the
trapezoidal method. Data were expressed as the percentage of maximum possible effect
(MPE, %).

Differences were tested by one-way analysis of variance (ANOVA), followed by
Tukey’s test with p < 0.05 indicating statistical significance. To determine the interaction
type between drugs, ' > T, was considered a synergistic interaction. The results were ana-
lyzed using the statistical software Sigma plot (version 12.0). Tables and figures were de-
signed using Graph-Pad Prism (version 6.0).

RESULTS AND DISCUSSION

Interaction between PhAR-DBH-Me and tramadol

Interaction type between PhAR-DBH-Me and tramadol in two different models: spinal
nerve ligated rats and Cis-induced neuropathic rats was examined in the present study.

Spinal nerve ligated rats. — All intraperitoneal treatments, PhAR-DBH-Me, at doses of
3.2,10, 32, and 100 mg kg, or tramadol, at doses of 3.2, 10, 32, and 56 mg kg™ produced an
antiallodynic effect in SNL rats (Fig. 1a). ED; of antiallodynic effect was 49.77 + 0.06 and
24.85 +0.05 mg kg! for PhAR-DBH-Me and tramadol, resp., when administered separately.
Intraperitoneal administration of a series of combinations of PhAR-DBH-Me and trama-
dol (in mg kg, for the groups see Table I) of 24.88:12.42 (SNL-C1), 12.44:6.21 (SNL-C2),
6.22:3.10 (SNL-CB3), and 3.11:1.55 (SNL-C4), produced significant (p < 0.05) antiallodynic
effect in neuropathic rats (Fig. 1b). Results demonstrated that the combination in group
SNL-C1 was the most effective to reach an antiallodynic effect (46.2 %) in SNL rats. Once
evaluated the four combinations, the isobologram was constructed. An oblique line, a
theoretical line, was plotted to join the ED55 of PANAR-DBH-Me (dark point on the X-axis)
and ED;; of tramadol (dark point on the Y-axis) (Fig. 1c). Afterwards, the theoretical point
(24.88 +£0.05: 12.43 + 0.23, PhAR-DBH-Me:tramadol, mg kg™) was fixed in the middle of the
oblique line of the isobologram (white circle), whereas the experimental point (5.72 + 0.51
:2.86 + 0.25 mg kg™!, PhAR-DBH-Me:tramadol) was localized under the oblique line (grey
point), near to the intersection of axes (Fig. 1c). Isobologram showed that the experimental
dose of the combination was lower than the theoretical dose. Moreover, the isobolograph-
ic analysis indicated an interaction index value (y) of 0.23020 for the PhAR-DBH-Me and
tramadol combination. Additionally, the interaction type between both drugs corrobo-
rated with the differences between " and T (+' = 9.4582 > T = 3.4422) (Fig. 1c), indicating a
synergistic type of interaction (18, 19).

To the best of our knowledge, this is the first report about the synergistic antinocicep-
tive action of the PhAR-DBH-Me and tramadol combination. However, previous studies
suggested that morphine and CB2 agonist, WIN55212, when combined produced a syner-
gistic interaction in a chronic constriction injury lesion in mice (23). To support our results,
N-palmitoylethanolamide (PEA), an endogenous cannabinoid analog of anandamide, and
tramadol combination demonstrated a synergistic anti-nociceptive effect in a formalin
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~®= Tramadol (ED35 = 24.85 + 0.05027 mg kg'1, ip.)
a) -0 PhAR-DBH-Me (ED35 = 49.77 + 0.05947 mg kg™, ip.)

100+
8
L 804
[}
2 604
>
3
T 407
=
< 204
xX
04 . T . .
0 1 2 3 4
[log Dose]
Em Sham
b) I SNL
o E= SNL-C1(24.88:12. 42 mg kg™, i.p.)
B SNL-C2(12.44:6.21 mg kg™, ip.)
100 B SNL-C3 (6.22:3.10 mg kg™, i.p.)
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TQ 20 t'=9.458233659 T = 3.442264596
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PhAR-DBH-Me (mg kg™, i.p.)

Fig. 1. Synergistic interaction between PhAR-DBH-Me and tramadol in spinal nerve ligation-induced
allodynia in rats. a) Logarithmic dose-response curve of antiallodynic effect induced by PhAR-DBH-
Me (3.2,10, 32 and 100 mg kg™, i.p.) and tramadol (3.2, 10, 32 and 56 mg kg™, i.p.). b) Maximum possible
effect (MPE, %) of antiallodynia reached by administration combinations (24.88:12.42, 12.44:6.21,
6.22:3.10, 3.11:1.55 mg kg™, i.p.) of PhAR-DBH-Me and tramadol in groups of SNL-C1 to SNL-C4.
0) ED;5 for PhnAR-DBH-Me (49.79 + 0.05 mg kg, i.p., X-axis) vs. ED5stramadol (24.85 +0.05 mg kg™, i.p.,
Y-axis); black points, bars indicate SEM, 1 = 6. White and grey circle indicate the theoretical (24.88 +
0.05:12.43 +0.23 mg kg, i.p.,, PhAR-DBH-Me:tramadol) and experimental point (5.72 + 0.51: 2.86 + 0.25
mg kg™ i.p.,, PhAR-DBH-Me:tramadol).
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mice model (24). A synergistic effect occurs when substances combine two or more spe-
cific mechanisms of anti-nociceptive pathways, relevant for pain processing. Previous
studies reported that PhAR-DBH-Me activated CB1, CB2, and TRPV1 receptors (13). More-
over, tramadol activates mu-opioid and serotonergic receptors, with an inhibitory effect on
ascending and descending inhibitory pain pathways (13, 25). Therefore, opioid and can-
nabinoid combination could be a new therapeutic approach to minimize the undesirable
side-effects and limitations of each drug treatment used in a separate scheme. On the
other hand, pharmacokinetic interactions are important in drug-drug interactions. Since
PhAR-DBH-Me is a synthetic compound that mimics anandamide and the hepatic meta-
bolism of anandamide involves CYP3A4, 2D6 and 4F2C (26-28), whereas tramadol is mainly
metabolized by CYP2D6, CYP2B6 and CYP3A4 (29), a study of the pharmacokinetic interac-
tion between PhAR-DBH-Me and tramadol might be considered in the future.

Cisplatin-induced neuropathic rats. — After a repeated dose of cisplatin (0.1 mg kg™, i.p.)
the rats developed tactile allodynia, which was reversed by the acute treatment with in-
creased doses of PhnAR-DBH-Me (3.2, 10, 32 and 100 mg kg™) and tramadol (1, 3.2, 10, 32 mg
kg™). ED,; of the antiallodynic effect of each drug was 37.14 + 0.06 and 4.54 + 0.06 mg kg™
for PhRAR-DtBH-Me and tramadol, resp. (Fig. 2a). The differences between the ED5;s of
PhAR-DBH-Me and tramadol, calculated for SNL- and cisplatin-induced models, could be
due to the characteristics of each neuropathic model of pain. Once calculated, ED;;of each
drug was fixed and a series of combinations for PhAR-DBH-Me:tramadol (in mg kg™; for
experimental groups see Table I) of 18.57:2.27 (Cis-C1), 9.285:1.135 (Cis-C2), 4.64:0.567 (Cis-
C3), 2.32:0.83 (Cis-C4) were prepared (Fig. 2b). All combinations produced an antiallodynic
effect. However, only Cis-Cl and Cis-C2 groups were significantly different (p < 0.05).
Then, an isobologram was constructed from ED;; of tramadol (dark point on the Y-axis)
and ED;; of PhAR-DBH-Me (dark point on the X-axis), and both points were joined by an
oblique line or theoretical line. Then, were fixed the theoretical additive point, a white
circle, (18.58 + 2.82 : 2.27 + 0.34 mg kg™, PhAR-DBH-Me:tramadol), in the middle of an
oblique line, and the experimental point, a grey circle (13.17 + 0.55 : 1.61 + 0.06 mg kg,
PhAR-DBH-Me:tramadol), under the additive line (Fig. 2c). Moreover, from the relation
between the theoretical dose and experimental dose of combinations, the interaction index
was calculated, y = 0.7095; the values near 1 indicate a probable simple additive relation-
ship, as this index is calculated from the relation: experimental dose/theoretical dose.
Besides, a comparison between ' and T (¢" = 0.0058 and T = 3.479) confirmed that PhAR-
-DBH-Me and tramadol had an antiallodynic additive effect in cisplatin-induced neuropathy
in rats (Fig. 2c). In contrast with the SNL model, data suggest that combination PhAR-DBH-
-Me:tramadol, causes no synergistic effect in cisplatin-induced neuropathy rats.

Cannabinoid therapy has been already reported for its effectivity in cisplatin models
(30), and some reports indicated that co-expression of cannabinoid and opioid receptors are
necessary for analgesic effects (31). Several studies suggested the presence of cannabinoid-
-opioid heteromers, as well as $-endorphin release exerted by CB2 activation (6-8). Then,
CB1 antagonism reversed the p-opioid-induced analgesia in an inflammatory pain model
(32). Hence, there is a bi-directional relationship in the regulation of both antiallodynic
systems. Modulatory effects between cannabinoids and p-opioid receptors have been
observed in clinical studies as well in which opioid and cannabinoid combination produced
a synergistic analgesic effect and attenuated the development of opioid tolerance (33).
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~®= Tramadol (ED35 = 4.54 + 0.06009 mg kg_1, ip.)

a)
-0~ PhAR-DBH-Me (ED35 = 37.13 + 0.06197 mg kg™, i.p.)
100+
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©
= 0
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Fig. 2. Synergistic interaction between PhAR-DBH-Me and tramadol combination in cisplatin-in-
duced allodynia in rats. a) Logarithmic dose-response curve of antiallodynic effect induced by PhAR-
-DBH-Me (3.2, 10, 32 and 100 mg kg™, i.p.) and tramadol (1, 3.2, 10 and 32 mg kg™, i.p.). b) Maximum
possible effect (MPE, %) of antiallodynia reached by administration of combinations (18.57:2.27,
9.285:1.135, 4.64:0.567, 2.32:0.83 mg kg, i.p.) of PhAR-DBH-Me and tramadol in groups Cis-C1 to Cis-C4.
¢) ED,; for PhAR-DBH-Me (3713 + 0.06 mg kg™, i.p., X-axis) and ED,;tramadol (4.54 + 0.6 mg kg™, i.p.,
Y-axis), bars indicate SEM, n = 6. White and grey circles indicate the theoretical (18.58 +2.82:2.27 + 0.34
mg kg™, i.p,, PhAR-DBH-Me:tramadol) and experimental point (13.17 + 0.55: 1.61 + 0.06 mg kg™, i.p.,
PhAR-DBH-Me:tramadol).
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Hepatic, renal and cardiac damage

Effect of systemic administration of PhAR-DBH-Me, tramadol and their combination. — After
24 hours of a single administration of ED; of PhAR-DBH-Me or tramadol or their combina-
tion in SNL-C1, blood biomarkers did not exert significant changes (Table II), when com-
pared with the control group. This suggested that ED; after acute administration of
PhAR-DBH-Me and tramadol or their combination in SNL-C1 did not produce hepatic,
renal and cardiac damage in the SNL neuropathy model. Amylase values were signifi-
cantly higher (p < 0.05) for ED,; PhAR-DBH-Me (180.28 + 6.16 U per 100 mL) and SNL-C1
(184.28 +9.92 U per 100 mL) treated rats compared with vehicle (133 +5.18 U per 100 mL) or
ED;; tramadol (132 +6.20 U per 100 mL) groups (Table II). Such releasing of amylase could
be suggesting the damage in the pancreas as well as impaired hepatic or renal microcircu-
lation (34), however, there was no evidence of histopathological damage.

Likewise, the changes in albumin and globulin proteins are indicators of early diag-
nosis or prognostic information for some diseases (35). In our study, we observed signifi-
cantly (p < 0.05) increased levels of proteins in cisplatin-induced neuropathic rats; albu-
min/globulin ratio for tramadol (2.17 + 0.08), PhAR-DBH-Me (2.12 + 0.64) and Cis-C1 (2.09
+0.13) in treated animals was higher compared with the vehicle group (1.54 + 0.04). More-
over, globulin levels (g per 100 mL) were significant lower (p < 0.05) for tramadol, PhAR-
DBH-Me and Cis-C1 group (1.98 + 0.05, 2.07 + 0.05, 2.05 * 0.09, resp.), compared with the
vehicle group (2.6 + 0.03).

The observation of impaired liver function in chronic users of cannabis was published
50 years ago (36). In this regard, acute toxicity of cannabidiol (CBD) was observed in mice
treated with CBD-enriched cannabis extract, which then showed increased levels of ala-
nine transferase, aspartate transferase, total bilirubin and glutathione (37)246, 738, or 2460
mg/kg of CBD (acute toxicity, 24 h. However, we did not observe changes in the mentioned
hepatic biomarkers in our study. Furthermore, proteinuria, an important sign of kidney
damage, as well an increased weight of kidneys, was observed in rats treated with CB1
agonist (38). In our study, biochemical blood biomarkers followed by histological observa-
tions indicated no relevant changes to be induced by the treatments.

There is consistent evidence about electrolytes being a measure for the diagnosis of
renal or hepatic damage/disease (39). Na/K ratio values for tramadol (6.57 + 1.64), PhAR-
-DBH-Me (25.70 + 0.68) and Cis-C1 group (24.13 + 1.87) (Table III) were significantly lower
compared to the vehicle-treated animals (33.09 + 0.65). Finally, a significant increase in K
(mmol per 100 mL) (p < 0.05) was observed in PhAR-DBH-Me- (5.66 + 0.16) and Cis-C1-
(6.06 + 0.48) treated rats. Electrolytic disorders could lead to impairment in renal excretion
and result in cardiovascular complications (40). In this regard, reports indicated that
anandamide modulated renal hemodynamics and produced a decreased glomerular
filtration (41). Due to our results, the decreased Na/K ratio might be indicating sodium
reduction and/or potassium increase (hyperkalemia).

A single effective dose of tramadol, PhAR-DBH-Me and their combination. — The morpho-
logical analysis of parenchyma, portal structure and central vein showed normal architec-
ture without the presence of inflammatory infiltrate, hemorrhage, apoptotic or necrotic cells.
These results were observed in liver samples of tramadol, PhAR-DBH-Me, or their combina-
tion-treated rats in both SNL (Figs. 3a—d) and cisplatin-induced models (Figs. 3e-h).
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Liver Kidney Heart

SNL-Veh

SNL-ED55
PhAR-DBH-Me

SNL-ED;s
tramadol

SNL-C1 (PhAR-
DBH-Me:tramadol)

Cis-Veh

Cis-EDs5
PhAR-DBH-Me .

Cis-ED3s
tramadol

Cis-C1 (PhAR-DBH-
Me:tramadol)

Fig. 3. Representative histological cuts of the liver, kidney, and heart from rats administered with a
single effective dose (ED55) of PhAR-DBH-Me (49.79 + 0.05 mg kg™ and 37.13 + 0.06 mg kg™, for SNL
and cisplatin model, resp.) or tramadol (24.85 + 0.05 mg kg™ and 4.54 + 0.6 mg kg™, for SNL and cis-
platin model, resp.) and their combination (24.88:12.42, SNL-C1, and 18.57:2.27, Cis-C1, mg kg™, PhAR-
DBH-Me:tramadol). Illustrative photomicrographs of the liver (a, b, ¢, d for spinal nerve ligated rats
and e, f, g, h for cisplatin-induced rats), kidney (i, j, k, I for spinal nerve ligated rats and m, n, o, p for
cisplatin-induced rats) and heart (q, 1, s, t for spinal nerve ligated rats and u, v, w, x for cisplatin-in-
duced rats). Tissues stained with hematoxylin and eosin, magnification 10x, scale bar =200 um. Im-
ages captured by Primo Star Zeiss video camera and analyzed by Zen2 Blue Edition Zeiss program
(rectangle — immune cells infiltrate, arrowhead — hemorrhage).

Bv —blood vessel, Cis — cisplatin, CV — central vein, Gl - glomeruli, Glt — glomeruli with thickening
of Bowman'’s capsular basement membrane, My (lc) - myocardium (longitudinal cut), My (oc) — myo-
cardium (oblique cut), PE — portal structure
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Liver Kidney Heart

SNL-Veh

SNL-EDy
PhAR-DBH-Me

SNL-ED;5
tramadol

SNL-C1 (PhAR-
DBH-Me:tramadol)

Cis-Veh

Cis-EDs5 PhAR-
DBH-Me

Cis-ED3s
tramadol

Cis-C1 (PhAR-DBH-
Me:tramadol)

Fig. 4. Collagen structures and their distribution in the liver, kidney and heart from rats administered
with a single effective dose (ED55) of PhAR-DBH-Me (49.79 + 0.05 mg kg™ and 37.13 + 0.06 mg kg™, for
SNL and Cis model, resp.) or tramadol (24.85 + 0.05 mg kg™ and 4.54 + 0.6 mg kg, for SNL and Cis
model, resp.) and their combination (24.88:12.42, SNL-C1, and 18.57:2.27, Cis-C1, mg kg™, PhAR-DBH-
Me:tramadol). Illustrative photomicrographs of the liver (a, b, ¢, d for spinal nerve ligated rats and e,
f, g, h for Cis-induced rats), kidney (i, j, k, 1 for spinal nerve ligated rats and m, n, o, p for Cis-induced
rats) and heart (q, 1, s, t for spinal nerve ligated rats and u, v, w, x for Cis-induced rats). Tissues were
stained with Masson trichrome, magnification 10x, scale bar = 200 um; images were taken by Primo
Star Zeiss video camera and analyzed by Zen2 Blue Edition Zeiss program.

Cis — cisplatin, CV - central vein, Gl — glomeruli, My (lc) - myocardium (longitudinal cut), My (oc) -
myocardium (oblique cut), Bv —blood vessel, PE — portal structure
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In this regard, it is noteworthy that cisplatin was reported to induce hepatic (42) damage.
Nevertheless, those doses were 20 to 50-fold higher than the dose used in cisplatin-
-induced neuropathy. Notwithstanding, the rats treated with PhnAR-DBH-Me displayed a
scarce presence of infiltrates of immunological cells around the central vein (Fig. 3f), which
did not change the normal structure of the tissue. However, the presence of infiltrates can
be related to the metabolism of cannabinoids through CYP450 enzymes (43). PhAR-DBH-Me
and Cis-Cl1 treatments activated CB2 receptors, mainly distributed in immune cells (13, 44).
On the contrary, some reports suggest that the pre-treatment with a synthetic agonist of
CB2 receptors, in animals with hepatic ischemia, produced a decrease in inflammatory cell
infiltration and plasma levels of pro-inflammatory markers (45). On the other hand, the
present study showed defined glomeruli with adequate Bowman's space. In addition,
kidney samples from SNL (Figs. 3i-l) or cisplatin (Figs. 3m—p) neuropathy rats did not
show the presence of hemorrhage, inflammatory infiltrate, and apoptotic or necrotic cells.
However, in SNL rats treated with PhAR-DBH-Me (Fig. 3j) or SNL-C1 (Fig. 31) a decreased
Bowman’s space in some glomeruli (2-3 per field) was observed, but the normal structure
of glomeruli was not affected by this condition. On the other hand, in cisplatin-induced
rats, all experimental groups showed the presence of small infiltrates of immunological
cells (1-3 per field), without affecting the structure of the renal tissue (Figs. 3n—p).

The toxicological acute assay was extended to the influence on cardiac tissue as well.
The absence of lesions (hemorrhage, inflammation, necrosis or apoptotic areas) was observed
in the histological analysis of cardiac tissue from tramadol-treated rats, in both SNL
(Fig. 3s) and cisplatin (Fig. 3w) groups. However, the rats treated with PhAR-DBH-Me or
Cis-C1 presented hemorrhagic areas in the myocardium (oblique cut), which were more
widespread and numerous in Cis (Figs. 3v,x) than in PhAR-DBH-Me and SNL-C1 groups
(Figs. 3r,t). These findings could be related to vascular damage or vasoconstriction (46),
which should be considered in future studies, especially, due to cardiotoxicity reported by
some synthetic cannabinoids (47). In this regard, anandamide and synthetic cannabinoids
activating CB1 receptors are linked to hemorrhagic shock (47, 48).

Histopathological examination in the liver (Figs. 4a—c in SNL, and Figs. 4e-h in Cis),
kidney (Figs. 4i-1in SNL, and Figs. 4m—p in Cis) and heart (Figs 4q-t in SNL, and Figs. 4u—x
in Cis) from rats that received the vehicle, tramadol, PhAR-DBH-Me, Cis-C1 or SNL-C1
treatment, did not show alterations for both SNL and Cis animals.

Altogether, biochemical, and histological observations suggested that none of the
treatments used in monotherapy or co-administered, in a single dose, produced potential
hepatotoxicity, nephrotoxicity or cardiotoxicity. Further, sub- and chronic toxicity assays
should be performed to evaluate the effect of PhAR-DBH-Me, tramadol, or their combina-
tion on a long-term scale, as well as the pharmacokinetic interaction between both drugs,
should be evaluated in a future study.

CONCLUSIONS

PhAR-DBH-Me and tramadol combination has a synergistic antiallodynic effect in
spinal nerve ligated rats and an additive antiallodynic effect in Cis-induced neuropathy
rats. This synergistic interaction could be due to the activation of CB1, CB2, TRPV1, and
opioid receptors, as well as pharmacokinetic interactions. Hence, PhAR-DBH-Me and
tramadol combination might be a candidate for a new therapeutic approach in the treatment
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of pain. Moreover, acute toxicological assays did not show relevant changes in hepatic,
renal or cardiac function. However, the safety profile of this combination on a long-term
administration basis needs to be a future scientific task.
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