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A B S T R A C T

Ethnopharmacological relevance: Paullinia pinnata L. (Sapindaceae) is an African woody vine, traditionally used
for the treatment of itch and pain-related conditions such as rheumatoid arthritis.
Aim: This work evaluates, in vitro and in vivo, the anti-inflammatory and analgesic effects of aqueous (AEPP) and
methanol (MEPP) extracts from Paullinia pinnata leaves.
Methods: AEPP and MEPP (100, 200 and 300mg/kg/day) were administered orally in monoarthritic rats in-
duced by a unilateral injection of 50 μl of Complete Freund's Adjuvant (CFA) in the ankle joint. During the 14
days of treatment, pain and inflammation were evaluated alternatively in both ankle and paw of the CFA-
injected leg. Malondialdehyde (MDA) and glutathione (GSH) levels were assessed in serum and spinal cord.
Histology of soft tissue of the ankle was also analyzed. For in vitro studies, AEPP and MEPP (10, 30 and 100 μg/
ml) were evaluated against nitric oxide (NO) production by macrophages that were either non-stimulated or
stimulated with LPS, 8-Br-AMPc and the mixture of both substances after 8 h exposure. These extracts were also
evaluated on TNF-α and IL-1β production in cells stimulated with LPS for 8 h. Finally, the ability of the extracts
to bind to neuroactive receptors was evaluated in vitro using competitive binding assays with> 45 molecular
targets.
Results: AEPP and MEPP significantly reduced by 20–98% (p < 0.001) the inflammation and pain sensation in
both the ankle and paw. AEPP significantly increased glutathione levels (p < 0.05) in serum. Both extracts
reduced MDA production in serum and spinal cord (p < 0.001), and significantly improved tissue re-
organization in treated arthritic rats. P. pinnata extracts did not affect NO production in non-stimulated mac-
rophages but significantly reduced it by 47–88% in stimulated macrophages. AEPP and MEPP also significantly
inhibited TNF-α (35–68%) and IL-1β (31–36%) production in LPS stimulated macrophages. No cytotoxic effect
of plant extracts was observed. MEPP showed concentration-dependent affinity for Sigma 2 receptors with an
IC50 of 50 μg/ml.
Conclusion: These results demonstrate the analgesic and anti-inflammatory effects of P. pinnata extracts on
monoarthritis and further support its traditional use for pain and inflammation. These activities are at least
partly due to the ability of these extracts to inhibit the production of NO, TNF-α, IL-1β and to likely modulate
Sigma 2 receptors.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease char-
acterized by warm, swollen, and painful joints that can be extended to
surrounding tissues and bone loss. It is a worldwide health problem
with a global lifetime prevalence of about 1% (Wasserman, 2018). It is
often associated with significant disability, suffering, anxiety and
emotional distress (Wong et al., 2010). In Cameroon, RA has a pre-
valence of 5.4% in the population over 60 years of age (Atabonkeng
et al., 2015). The bone loss and joint destruction in this pathology are
mediated by immunological insults, proinflammatory cytokines, and
various immune cells (Jung et al., 2014). The intense activity of im-
mune cells in RA leads to over production of reactive oxygen species
(ROS), resulting in oxidative stress; in fact, significant oxidative stress
has been observed in RA patients (Veselinovic et al., 2014; García-
González et al., 2015). The produced ROS significantly potentiate the
inflammatory processes, activate the immune system, and likely
maintain or worsen the pathology.

Therapeutic options in the treatment of RA have improved in the
last decade, moving from the use of simple non-steroidal anti-in-
flammatory drugs to strategies that target the harmful effects of up-
regulated cytokines or other inflammatory mediators and inhibit their
associated signaling events. The utility of cytokines as therapeutic tar-
gets in RA has been unequivocally demonstrated by the success of
tumor necrosis factor (TNF)-α blockade in clinical practice (Alghasham
and Rasheed, 2014). However, some patients only respond partially or
do not respond at all to TNF-α blocking agents. The availability/cost of
this new class of drug is also a serious matter of concern. Further
therapeutic strategies need to be identified. One intriguing direction is a
polypharmacological approach to target multiple signaling pathways at
once. In this manuscript, we utilize medicinal plant extracts to achieve
this aim, given their potential pleotropic effects related to the large
chemical content of the extracts.

Paullinia pinnata (P. pinnata) is an African woody vine traditionally
used in the west region of Cameroon for the treatment of pruritis
(Mozouloua et al., 2011), rheumatoid arthritis, and bacterial infection
(Lunga et al., 2014a,b). In eastern Africa, a decoction of the leaves is
used in the treatment of snake bites (Chabra et al., 1991). Phyto-
chemical studies of this plant have revealed the presence of phenols
(Zamble et al., 2006), flavonoids, triterpene, saponins and tannins
(Abourashed et al., 1999), steroids, steroidal glycosides as well as cer-
ebroside and a ceramide (Dongo et al., 2009). Compounds such as
methylinositol, β-sitosterol and friedelin have been isolated from P.
pinnata (Lunga et al., 2014a,b).

Based on the traditional use of this plant, we conducted the present
study with an aim to (1) test the efficacy of aqueous and methanol
extracts of the leaves of P. pinnata on CFA-induced monoarthritis in
Wistar rats and (2) identify the potential mechanisms of the analgesic
and anti-inflammatory effects of the extracts. The novelty of the present
work is two-fold. First, by rigorously testing the efficacy of these ex-
tracts in laboratory models of pain, we provide evidence that human
use of these plants is likely driven by real anti-inflammatory and an-
algesic action rather than placebo effects. Second, our in vitro experi-
ments have begun the process of determining the mechanism of action
of the P. pinnata plant extracts, especially the relationship to cytokines
and Sigma 2 receptor binding.

2. Material and methods

2.1. Plant material and extracts’ preparation

P. pinnata leaves were collected in Koung-khi Division (West Region,
Cameroon) in April 2016. The identification of plant specimens was
done at the Cameroon National Herbarium in Yaoundé by Mr.
Tadjouteu Fulbert in comparison with a voucher specimen under the
reference number 10701/SRF.Cam.

The plant material was shade dried and ground into a fine powder.
The aqueous extract (AEPP) was prepared as a decoction, by boiling
200 g of the powder in 1.5 L of distilled water for 15min. The mixture
was filtered on Whatman paper No 1. The residue was re-extracted and
filtered using the same procedure in 1 L of distilled water. The two
filtrates obtained were mixed and evaporated in a ventilated oven for
72 h at 40 °C to yield 12.23 g.

The methanol extract (MEPP) was prepared by macerating 200 g of
the powder in 1.5 L of methanol for 72 h. The mixture was filtered on
Whatman paper No 1. The residue was re-extracted in 1 L of methanol
for 24 h and filtered. The two filtrates were mixed and concentrated at
40 °C and at low pressure in a rotary evaporator to obtain 21.19 g of the
methanol extract.

The aqueous extract was diluted in distilled water while the me-
thanol extract was prepared in 4% DMSO. For in vitro experiments,
extract solutions were prepared and filtered using a 0.2 μM mesh.
Samples (1 ml) of the filtered solutions were completely evaporated in
an oven and the residue weighed to determine the concentration of
each solution. Thereafter, solutions were diluted in culture medium
(RPMI) prior to experiments.

2.2. Chemicals and drugs

Complete Freund's adjuvant (CFA), lipopolysaccharide, 8-Bromo-
cAMP, sodium chloride, H-89 Dihydrochloride, Roswell Park Memorial
Institute (RPMI) Fetal Bovine Serum (FBS), NG-nitro-L-Arginine methyl
ester (L-NAME), 8-Bromo-cyclic monophosphate Adenosine (8-Br-
AMPc), and (H89) were purchased from Sigma-Aldrich Chemical Co.
(Taufkirchen, Germany). 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl-tet-
razolium bromide (MTT), Dimethylsufoxide (DMSO), Penicillin and
Streptomycin were purchased from Carl-Roth (Kalshur, Germany).
Sodium Diclofenac was obtained from Denk-Pharma (Germany).
Dexamethasone was obtained from Enzo-life Science (Sweden). Ether
was purchased from a local pharmacy (Dschang, Cameroon). Griess
reagent was prepared in the laboratory with ingredients from Sigma-
Aldrich Chemical Co. (Taufkirchen, Germany). Mouse TNF-α and IL-1β
ELISA kit were purchased from R&D Systems.

2.3. Animals

For all in vivo components of this study, 60 Wistar rats (10–12 weeks
old), weighing between 150 and 200 g, were divided into 10 groups of 6
animals each (3 males and 3 females). Animals were bred on-site in the
Laboratory of Physiology and Phytopharmacology of the University of
Dschang, Cameroon. For in vitro primary macrophage analysis, Swiss
mice were utilized. Rats and mice were maintained under standard
laboratory conditions and had ad libitum access to water and chow. All
procedures used in the present study were approved by the local Ethical
Committee and conformed to the guidelines for the study of pain in
awake animals established by the International Association for the
Study of Pain (protocol number PP00032). Rats were habituated to pain
threshold recording and paw volume measurement before the experi-
ment. Rats with baseline pain threshold below 7 g were discarded to
ensure a more precise measurement of mechanical withdrawal thresh-
olds following CFA-induced arthritis.

2.4. CFA-induced painful inflammatory arthritis

The experiment was conducted following the protocol previously
described by Mannelli et al. (2013) with some modifications. Rats were
briefly anesthetized with ether, the right leg skin was sterilized with
75% ethanol and the lateral malleolus located by palpation. Then, an
insulin syringe needle was inserted vertically to penetrate the skin and
turned distally for insertion into the articular cavity at the gap between
the tibiofibular and tarsal bone until a distinct loss of resistance was
felt. Arthritis was induced by injection of 50 μl of CFA into the
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articulation (day 0). In the sham group, which served as naive controls,
an empty needle was introduced in the articulation without injection.
The CFA-injected rats (54) were subdivided in 9 groups: aqueous ex-
tract negative control treated orally with distilled water, methanol ex-
tract negative control treated orally with DMSO (4% in distilled water),
positive control treated with diclofenac (5mg/kg/day; dissolved in
distilled water) and the 6 remaining groups were treated with AEPP or
MEPP at the doses of 100, 200 and 300mg/kg/day. All CFA-injected
groups were treated daily for 14 consecutive days. During the experi-
mental period, pain threshold at the ankle and paw was recorded with
the aid of an analgesiometer (UgoBasile, type 37215) on the 1st, 5th,
9th and 13th days. Briefly, awake rats were scruffed and placed in the
meter. Two trials were completed on the CFA-injected (or sham-
treated) ankle or ipsilateral paw per rat per day and the values aver-
aged.

Paw volume was measured using an electronic caliper (Fine Science,
Heidelberg, Germany) on the 2nd, 6th, 10th and 14th days after CFA
administration. Briefly, rats were slightly restrained and the diameter of
the paw was measured at the space between all footpads from the back
(dorsal surface) to the front (plantar surface) of the paw. At the 15th
day, animals were anesthetized by intraperitoneal injection of 15%
ethyl carbamate solution (1.5 g/kg). Blood and spinal cord (lumbar
portion L3 - L5) were collected for antioxidant assays.

Blood collected in heparinized tubes was centrifuged at 3000 rpm
and the plasma was kept at −20 °C until use. The lumbar portion of
spinal cord was homogenized in 5% solution of ice-cold 0.1M Tris
buffer (pH 7.4) at 4 °C and centrifuged twice for 15min at 3000 and
10,000 rpm at 4 °C and the supernatant was collected. Both plasma sera
and spinal cord supernatant were used for Glutathione (GSH) and
malondialdehyde (MDA) estimation. The CFA-injected and sham rats’
ankle joints were collected and kept in 4% buffered formalin for his-
topathological examination.

2.5. Biochemical and histopathological examinations

2.5.1. GSH measurement
A modified method of Sehirli et al. (2008) was used. Briefly, 250 μl

of sample was added to 1ml of Na2HPO4. 2H2O (0.3M) and 0.1 ml of
dithiobisnitrobenzoate (0.4 mg/ml in 1% of trisodic acid). The optical
density was read with a spectrophotometer (Helios Epsilon) at 412 nm
1 h after mixture of reagents. The rate of GSH was calculated according
to the following formula: D.O.= ε.C.L (where D.O.= optical density,
ε=Coefficient of molar extinction of the GSH (1.36×104M−1.Cm−1),
C = Concentration in GSH, L= Length of the optical journey (1 cm)).

2.5.2. MDA measurement
The MDA assay was conducted as previously described by Chen

et al. (2008). 500 μl of orthophosphoric acid (1%) and 500 μl of thio-
barbituric acid was added to 100 μl of plasma or supernatant. The
mixture was homogenized and placed in boiling water bath for 15min.
The tubes were cooled with an ice bath and centrifuged to 3000 rpm for
10min. The supernatant was collected and the absorbance was read at
532 nm using a spectrophotometer. The concentration of MDA was
calculated based on the absorbance coefficient according to the fol-
lowing formula: D.O.= ε.C.L (where D.O.= optical density, ε=Coef-
ficient of molar extinction of the MDA (1.56×105M−1. Cm−1), C =
Concentration in MDA, L= Length of the optic journey (1 cm)).

2.5.3. Histopathological analysis of ankle joint
The fixed soft tissue of collected joint was removed and put into

graded ethanol 80%, 95%, and 100% for dehydration, follow by im-
pregnation in 2 trays of xylene (2 h per tray of ethanol and xylene).
Paraffin inclusion was done and 5 μm thick sections were cut and
stained with hematoxylen-eosin for histological examination with a
light microscope at 100× magnification. The histological pictures of all
samples were blindly analyzed by an anatomo-pathologist.

2.6. In vitro macrophage isolation and culture

Mice aged 8–10 weeks were sacrificed by cervical dislocation. Their
abdomens were sterilized with ethanol 75%. The skin was incised to
expose the peritoneal wall and 5ml of PBS-EDTA were injected into
peritoneal cavity. The abdomen was massaged, the fluid from perito-
neum collected and dispensed into a centrifuge tube on ice. After cen-
trifugation at 1500 rpm for 5min at 4 °C, the pellet was collected and
washed in PBS by second similar centrifugation. The cell pellet was
resuspended in 5ml of RPMI medium (supplemented with 10% heat-
inactivated FBS, 100U/mL penicillin and 100 μg/ml streptomycin) at
37 °C with 5% CO2 for 3 h. During this time, peritoneal macrophages
adhered to the plastic surface and the floating non-macrophages and
dead cells were washed away by adding and aspirating PBS. The ad-
herent macrophages were collected, suspended in supplemented RPMI
and incubated in a 96-well plate, 1× 105 cells/well in 200 μl RPMI
medium for 3 h. After this period, cells were exposed to plant extracts,
L-NAME, or Dexamethaxone at the concentrations of 10, 30 and
100 μg/ml for 8 h. In another set of experiments, cells were additionally
stimulated with LPS (1 μg/ml), 8-Br-cAMP (0.5 μM) or both. When sti-
mulated, cells were incubated with tested substances for an hour before
adjunction of stimulating substances. In the experiments using 8-Br-
cAMP alone or in combination with LPS, cells were plated at a density
of 1× 7.54 cells/well to avoid cytotoxicity of over produced in-
flammatory mediators. In all cases, the final volume of each well was
adjusted to 300 μl with RPMI. At the end of the experimental period, the
supernatant was collected for the assay of NO, TNF-α or IL-1β. Attached
cells were washed twice with PBS and incubated with MTT for cell
viability. NO was assayed as previously described (Nguelefack-Mbuyo
et al., 2012), while TNF-α and IL-1β were quantified using commercial
kits as indicated by the manufacturer (R&D System).

2.7. In vitro screening of extract targets

To evaluate the potential of P. pinnata extracts for lead compounds
to treat pain and inflammation, AEPP and MEPP were screened using a
radioligand competition-binding assay. Extracts were screened for their
ability to bind to a panel of 43 central nervous system targets including
G protein couple receptors (GPCRs), monoamine transporters (MATs),
and ion channels. All binding data for AEPP and MEPP extracts were
performed and generously provided by the National Institute of Mental
Health's Psychoactive Drug Screening Program (NIMH PDSP) Besnard
et al. (2012). Experimental details are available online at http://pdsp.
med.unc.edu/. In brief, extracts that passed primary binding criterion
of greater than 50% inhibition at 10mg/ml, were subjected to sec-
ondary screening to determine IC50 at the specific target of interest.

2.8. Statistical analysis

All the data were expressed as mean ± SEM. Statistical analysis
was done using Graph Pad Prism software version 5.0. One-way
ANOVA followed by the Tukey's post-test was used when analyzing one
independent variable data. Two-way ANOVA-repeated measure fol-
lowed by Bonferroni post-test was used to analyze two independent
variable data. P values less than 0.05 were considered to be statistically
significant.

3. Results

3.1. Effect of Paullinia pinnata extracts on CFA-induced inflammation

Oral administration of P. pinnata extracts significantly inhibited
ankle and paw oedema induced by CFA injection (two way ANOVA
main effects time, treatment and interaction p < 0.0001). Bonferroni
post hoc analysis demonstrated analgesic-effects of P. pinnata at all
doses (100, 200 and 300mg/kg) used (Fig. 1A–D). The methanol
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extract was the most effective with maximal inhibitory percentages of
79 and 98% at the ankle and paw, respectively. The positive control
diclofenac (5mg/kg) induced significant anti-inflammatory activity
with inhibitory percentage ranging from 46 to 91%, but was in general
less efficient than P. pinnata extracts (Fig. 1).

3.2. Effect of Paullinia pinnata extracts on CFA-induced hyperalgesia

P. pinnata extracts administered orally showed significant anti-
hyperalgesic effects (two way ANOVA effects time, treatment and in-
teraction p < 0.0001). As demonstrated by a Bonferroni post hoc test,
aqueous and methanol extracts at all the doses used significantly in-
hibited (p < 0.05 to p < 0.001) mechanical hyperalgesia induced by
CFA, both at the level of ankle and on the paw. The maximal inhibitory
effects of 89 and 80% respectively for ankle and paw were observed
with aqueous extract at the dose of 100mg/kg (Fig. 2).

3.3. Effects of Paullinia pinnata on GSH content in plasma and spinal cord
of arthritic rat

To evaluate the impact of P. pinnata extracts on oxidative stress, we
measured glutathione (GSH) production in the plasma and spinal cord
on day 15 after CFA administration (Fig. 3). As expected, CFA paw

injection led to a significant reduction of GSH both in the spinal cord
and in the plasma compared to control injected rats. AEPP and MEPP
significantly (p < 0.05) increased the GSH level in the plasma re-
spectively at the doses of 100 and 200mg/kg (Fig. 3C and D). The
positive control diclofenac-treated group (5mg/kg) also significantly
(p < 0.05) increased GSH levels in plasma as compare to untreated
CFA control. In contrast to effects in plasma, P. pinnata extracts did not
show any significant increase of GSH level in the spinal cord as com-
pared to untreated CFA control.

3.4. Effects of Paullinia pinnata on MDA content in plasma and spinal cord
of arthritic rat

To complement the data showing that P. pinnata extracts can in-
crease protective GSH, we also evaluated the impact of extracts on
malondialdehyde (MDA). MDA is the final product of lipid peroxidation
and typically increases in the context of increased oxidative stress. As
expected, we found a significant increase of MDA content in CFA paw
injected rats as compared to the sham injected group. This effect was
observed in the spinal cord (Fig. 4) but not in the plasma (data not
show). AEPP and MEPP significantly (p < 0.001) reduced the MDA
content in the spinal cord, when compared to the CFA control group.
MEPP at the dose of 200mg/kg exhibited the highest effect with an

Fig. 1. Effects of the aqueous (AEPP 100, 200, 300mg/kg/day; A, C) and methanol (MEPP 100, 200, 300mg/kg/day; B, D) extracts of Paullinia pinnata on the
primary (Ankle; A-B) and secondary (Paw; C-D) inflammatory arthritis induced by ankle injection of CFA in rat. (A) AEPP induces significant decreases in ankle
swelling compared to rats treated with CFA and vehicle (water). (B) MEPP induces significant decreases in ankle swelling compared to rats treated with CFA and
vehicle. (C) AEPP induces significant decreases in paw swelling compared to rats treated with CFA and vehicle. (D) MEPP induces significant decreases in paw
swelling compared to rats treated with CFA and vehicle. NSAID diclofenac (5 mg/kg/day) is included as a positive control for anti-inflammatory effects. Each point
represents the mean ± SEM of 6 individual rats. **p < 0.01, ***p < 0.001 significant difference compared to negative control group (CFA + Water) using 2 way
ANOVA with Bonferroni post-hoc test.
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inhibition percentage of 86% (Fig. 4B). The positive control diclofenac
was less effective (76%) than MEPP.

3.5. Histopathological analysis of ankle soft tissue

To further characterize this inflammation and potential anti-in-
flammatory effects of P. pinnata we evaluated the histopathology of CFA
injection. We found that CFA injection into the ankle induced a marked
inflammation of the soft surrounding tissue. This inflammation was
materialized by intensive infiltration of leukocytes and formation of
giant cells (Fig. 5B). Diclofenac, used as reference drug, significantly
reduced cell infiltration and inhibited the formation of giant cells
(Fig. 5C). AEPP and MEPP dose-dependently reduced the inflammatory
characteristics such as the tissue hyperplasia (Fig. 5G), giant cells
(Fig. 5D and E), and cell infiltration. MEPP at 300mg/kg exhibited the
best anti-inflammatory effect, with almost complete inhibition of cell
infiltration (Fig. 5I).

3.6. Effects of Paullinia pinnata extracts on NO production

In the inflammatory process, macrophages play a pivotal role by
producing pro-inflammatory substances such as cytokines and nitrogen
monoxide (NO). We evaluated the effects AEPP and MEPP on the NO
production to further consolidate the anti-inflammatory effects of P.
pinnata. Extracts as well as dexamethasone and L-NAME did not show
any significant effect on NO production in non-stimulated macro-
phages. However, MEPP at 100 μg/ml reduced the viability of non-

stimulated macrophages (Fig. 6). When macrophages were stimulated
with LPS, nearly all the tested substances significantly reduced the NO
production. In contrast, MEPP (10 μg/ml) induced a statistically sig-
nificant increase in NO production. After LPS stimulation, AEPP in-
creased cell viability while MEPP had no effect (Fig. 7).

Stimulation of macrophages with 8-Br-cAMP increased the NO
production by 133%. This overproduction was completely inhibited by
both extracts at the concentrations of 10 and 30 μg/ml. Surprisingly, P.
pinnata extracts at 100 μg/ml had no effect. In this set of experiment,
none of the treatments affected the cell viability (Fig. 8). As shown in
Fig. 9, the combination of LPS and 8-Br-cAMP significantly reduced the
NO production inhibitory effects of AEPP and MEPP.

3.7. Effects of Paullinia pinnata extracts on TNF-α and IL-1β production by
LPS stimulated macrophages

LPS stimulation induced a potent and significant (p < 0.001) in-
crease in cytokines production. TNF-α and IL-1β in stimulated cells
increased respectively by 225 and 195% as compared to non-stimulated
cells. AEPP and MEPP both significantly reduced the production of
these pro-inflammatory mediators. MEPP was the most efficient on IL-
1β, with a maximal inhibition of 47%, while AEPP showed the best
activity on TNF-α, completely inhibiting the LPS-induced production
(Fig. 10).

Fig. 2. Effects of the aqueous (AEPP; 100, 200, 300mg/kg/day) and methanol (MEPP; 100, 200, 300mg/kg/day) extracts of Paullinia pinnata on the primary (Ankle)
and secondary (Paw) mechanical hypersensitivity induced by ankle injection of CFA in rat. (A) AEPP induces significant decreases in mechanical hypersensitivity (i.e.
decreased change in threshold from baseline) compared to rats treated with CFA and vehicle (water). (B) MEPP induces significant decreases in mechanical hy-
persensitivity compared to rats treated with CFA and vehicle. (C) AEPP induces significant decreases in mechanical hypersensitivity compared to rats treated with
CFA and vehicle. (D) MEPP induces significant decreases in mechanical hypersensitivity compared to rats treated with CFA and vehicle. NSAID diclofenac (5 mg/kg/
day) is included as a positive control for anti-inflammatory effects. Each point represents the mean ± SEM of 6 individual rats. **p < 0.01, ***p < 0.001
significant difference compared to negative control group (CFA + Water) using 2 way ANOVA with Bonferroni post-hoc test.
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3.8. Radioligand competition-binding to identify potential molecular targets
of P. pinnata extracts

To begin the analysis of the target(s) of P. pinnata extracts, we uti-
lized in vitro competitive binding assays for over 40 GPCR and ion
channel targets. The results obtained from the National Institute of
Mental Health's Psychoactive Drug Screening Program (NIMH PDSP)
for the two extracts screened are summarized in Table 1 focusing on

opioid receptors and strong “hits.” Only MEPP showed potential
binding on Sigma2 and peripheral benzodiazepine receptors (PBR) with
respective inhibition of 68% and 77.4%. In the secondary binding as-
says, this extract displayed 30-fold selectivity for Sigma2 (IC50= 50 μg/
ml) over PBR (IC50= 1661 μg/ml).

Fig. 3. Effects of the aqueous (AEPP) and methanol (MEPP) extracts of Paullinia pinnata on the glutathione (GSH) content in the spinal cord and plasma of CFA-
injected animals. NSAID diclofenac (5 mg/kg/day) is included as a positive control for anti-inflammatory effects. (A) GSH levels in the spinal cord decreased
significantly after treatment with diclofenac. There was a trend for decreased GSH with AEPP 100 treatment that went away with increasing concentration. (B) MEPP
treatment fails to alter GSH levels in the spinal cord. (C) AEPP 100 and diclofenac significantly reverse CFA induced GSH depletion in the plasma. (D) MEPP 200 and
diclofenac MEPP significantly reverse CFA induced GSH depletion in the plasma. Each bar represents the mean ± SEM of 6 individual rats, *p < 0.05, **p < 0.01
significant difference compared to negative control group (CFA + Water) using 1-Way ANOVA with Tukey as post hoc test.

Fig. 4. Effects of the aqueous (AEPP) and methanol (MEPP) extracts of Paullinia pinnata on the malondialdehyde (MDA) content in the spinal cord of CFA injected
animals. NSAID diclofenac (5 mg/kg/day) is included as a positive control for anti-inflammatory effects. (A) AEPP treatment at 200 mg/kg and 300 mg/kg reversed
CFA-induced increases in MDA spinal cord content (1-Way ANOVA significant main effect p < 0.001). (B) MEPP treatment at 100, 200 and 300 mg/kg reversed
CFA-induced increases in MDA spinal cord content (1-Way ANOVA significant main effect p < 0.001). Each bar represents the mean ± SEM of 6 individual rats.
***p < 0.001 significant difference compared to negative control group (CFA + Water) using 1-Way ANOVA with Tukey as post hoc test.
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4. Discussion

Rheumatoid arthritis (RA) in a multifactorial disease, combining
inflammatory pain, oxidative stress and articular destruction. CFA-in-
duced RA is a well-studied, reliable and reproducible experimental
model of RA (Pan et al., 2017). More, it reflects clinical experience
(Mannelli et al., 2013). Time course of hyperalgesia and oedema de-
velopment in this model, generally run for at least a month. In the
present study, CFA-injection induced a marked inflammation and hy-
peralagesia that were sustained for more than two weeks. These ail-
ments were accompanied with a substantial oxidative stress. AEPP and
MEPP significantly and time dependently reduced inflammation and
hyperalgesia. They also exhibited significant in vivo antioxidant and in
vitro inhibitory effects on NO and cytokine production by stimulated
macrophages. In addition, MEPP showed binding affinity with Sigma2
receptors, which have recently been shown to be involved in neuro-
pathic pain (Sahn et al., 2017).

To assess the effects of P. pinnata extracts on mechanical hyper-
algesia, we performed the Randall Sellito method both on the ankle and
the paw of injected ankle. AEPP and MEPP showed a time dependent
analgesic effects at the range of the reference drug. As the model used
herein undergoes sustained inflammation, the analgesic effect of P.
pinnata extracts may result from the inhibition of inflammatory med-
iators. It was noticed that plant extracts were efficient both at the in-
jected ankle and at the paw, indicating analgesic effect both on primary
and secondary hyperalgesia. A differential modulation of the two types
of hyperalgesia are now well documented (Treede and Magerl, 2000;
Vanegas, 2004). Cumulative evidence shows that secondary hyper-
algesia especially in inflammatory arthritis, is due to central sensitiza-
tion and involves myelinated A-fibers (Walker et al., 2007; Hsieh et al.,
2015; Van den Broeke et al., 2016). The fact that P. pinnata extracts
were able to significantly reduce secondary hyperalgesia in this animal
model suggest that, in addition to probable inhibitory effects on pro-
inflammatory mediators, they may also act the central nervous system,
stimulating receptors involved in analgesic pathways and/or inhibiting
those participating in pain signalization.

In order to identify the potential targets of P. pinnata extracts and
further understand the mechanism of the analgesic effect of these ex-
tracts, a cell based competitive binding assays for over 40 central ner-
vous known GPCRs and ion channels was performed. MEPP but not

AEPP exhibited high binding affinity to PBR and Sigma 2 receptors.
Two conclusions can be drawn from these results: (1) the analgesic
effects of the two extracts likely results from different active principles;
(2) PBR and/or Sigma 2 receptors pathways may participate at least
partially in the analgesic effect of MEPP. Secondary binding assays were
further performed to better characterize the effects of MEPP on these
receptors. MEPP showed a high binding affinity to Sigma2 receptor
(IC50: 50 μg/ml). This is an exciting result, given that Sigma 2 receptor
is one of the most recently characterized non-opioid receptors with an
analgesic effect (Sahn et al., 2017) and the molecular identification of
this receptor was only discovered in 2017 (Alon et al., 2017). An overall
non-opioid mechanism of action is also suggested by the failure of P
pinnata extracts to bind to opioid receptors in competitive binding as-
says. These results give the hope for the development of a non-opioid
analgesic for the management of chronic pain.

Inflammation in a CFA-induced RA is a complex process and various
mediators such as bradykinin, serotonin, proinflammatory cytokines,
prostaglandins, ROS and nitric oxide have been reported to be involved
in its development (Kshirsagar et al., 2014). P. pinnata extracts time
dependently inhibited oedema induced by the intrarticular injection of
CFA. These findings were further supported by the histological analysis
that shows reduced inflammatory features, including formation of giant
cells and infiltration of inflammatory cells in soft tissues from the in-
jected ankle. These findings support the previous hypothesis on the
inhibition of pro-inflammatory mediators. Indeed, CFA-induced oe-
dema in rats is known to induce the sensitization of immune cells
(macrophages and T-cells) which will be attracted to the inflammatory
site, inducing swelling. These immune cells also release proin-
flammatory cytokines such as TNF, IL-1B, IL-6. The activity of these
mediators will lead to the increased level of various inducible enzymes
including inducible nitric oxide synthase (iNOS) implicated in high
production of nitric oxide (NO) (Zheng et al., 2017). To evaluate
whether P. pinnata extracts could interfered with these process, we
conducted in vitro tests using non-stimulated and stimulated mature
macrophages isolated from rat peritoneum. AEPP and MEPP did not
show any significant effect on NO production by non-stimulated mac-
rophages. These data suggest little inhibitory effect on quiescent mac-
rophages, but when macrophages were stimulated with LPS, AEPP and
MEPP significantly reduced NO production. It is well known that the
LPS activation of macrophages through Toll-like receptor (TLR)

Fig. 5. Histopathological examination of
ankle soft tissues in sham (A), arthritic
control (CFA + water) (B) and treated
(CFA + diclofenac or extract) rats (C–I).
100× magnification. A: normal deep tissue
in sham rats. B: (arthritic control;
CFA + water) granulomatous inflammation
comprising giant cells (white arrow) at the
center of a plaque of infiltrating cells, C:
(CFA + Diclofenac) deep tissue with in-
filtrating cells reduced compared to B. D:
(AEPP 100 mg/kg/day) and E: (AEPP
200 mg/kg/day) deep tissue with scattered
giant cells (white arrow) and cell infiltration
(yellow arrow). F: (AEPP 300 mg/kg/day)
moderate inflammation with low cell in-
filtration. G: (MEPP 100 mg/kg/day) dense
inflamed and infiltrated cells in deep tissue.
H: (MEPP 200 mg/kg/day) and I: (MEPP
300 mg/kg/day) dispersed infiltrated cells.
Scale bar = 10 μm. (For interpretation of
the references to colour in this figure legend,
the reader is referred to the Web version of
this article.)
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Fig. 6. Effects of Dexamethasone (A, B), L-NAME (C, D), aqueous (E, F) and methanol (G, H) extracts of Paullinia pinnata on cell viability and nitric oxide production
by non-stimulated macrophages. None of the treatments significantly affected the NO production although extracts at 30 and 100 μg/ml (E, G) tend to reduce it. The
methanol extract at 100 μg/ml significantly reduced the cell viability. Each bar represents the mean ± SEM of five repetitions. *p < 0.05 significant difference
compared to control (0 μg/ml) using 1-Way ANOVA with Tukey as post hoc test.
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induces, in macrophages, the up regulation of iNOS (An et al., 2015)
leading to increase NO release. The results obtained with P. pinnata
extracts demonstrate that these extracts modulate the NO production by
macrophages in inflammatory conditions probably by inhibiting the up

regulation of iNOS or the related pathways.
Chen et al. (1999) demonstrated that the PKA inhibitors, KT-5720

and H8, reduced LPS-induced NO release and iNOS expression. Con-
cordantly, the direct PKA activator, Bt2cAMP, caused concentration-

Fig. 7. Preventive effects of dexamethasone
(A, B), L-NAME (C, D), aqueous (E, F) and
methanol (G, H) extracts of Paullinia pinnata
on cell viability and nitric oxide production
by LPS-stimulated macrophages. Reference
substances significantly inhibited the NO
production at all the concentrations used (A,
C). AEPP concentration dependently in-
hibited the NO production (E) but showed
concentration dependent increase in cell
viability. The concentration 10 μg/ml of
MEPP significantly increased the NO pro-
duction while 100 μg/ml reduced it (G).
Each bar represents the mean ± SEM of 5
repetitions. *p < 0.05, **p < 0.01,
***p < 0.001 significant differences com-
pared to control (0 μg/ml) using 1-Way
ANOVA with Tukey as post hoc test.
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dependent NO release and iNOS expression. Similar results were ob-
tained in the present study where 8-Br-cAMP, a direct PKA activator,
increased by more than two-fold, the NO release in macrophages. We
used this to verify the effect of P. pinnata extracts on PKA. AEPP and
MEPP significantly reduced NO release in 8-Br-cAMP stimulated mac-
rophages, suggesting a potential inhibitory effect of P. pinnata extracts
on PKA. CD14, a glycoprotein that binds bacterial LPS, plays a critical
role in the inflammatory response to infection by gram negative bac-
teria. It was also demonstrated that 8-Br-cAMP significantly increase
the expression of CD14 (Liu et al., 2000). We hypothesized that com-
bining the stimulation with 8-Br-cAMP and LPS will potentiate the NO
release and help to differentiate the effect of plant extract on the
overexpression of CD14 and PKA. Surprisingly, the combination of the
two stimuli increased the NO production in the same range as 8-Br-
cAMP alone. But, this combination significantly reduced the effects of
low concentrations of AEPP and MEPP. The explanation might be
simply that the stimulation is so high that low concentration of extracts
are not able to overcome the resulting production. However, the al-
ternative explanation that the plant extracts do not have any effect on
CD14 expression cannot be ruled out from the present data. It was also
noticed that some effects of plant extracts were not concentration-de-
pendent especially in the in vitro test using 8-Br-cAMP. This may imply

interactions between stimulating constituents in the plant extracts that
expressed their activity at high concentration. In fact, the pleiotropic
effects of plant extracts is a well-known phenomenon (Lorenc-Kukuła
et al., 2005) due to the large variety of metabolite content in many
plants.

The LPS stimulation of macrophages also induced significant in-
crease in TNF-α and IL-1β release. These effects were significantly re-
duced by EAPP and MEPP, indicating that the inhibition of TNF-α and
IL-1β release counts for the anti-inflammatory effect of P. pinnata ex-
tracts. Oxidative stress, induced by free radical production, is believed
to be a primary factor in various degenerative diseases such as arthritis
(Afonso et al., 2007). The free radicals produced during the develop-
ment of arthritis in the joint cartilage leads to the reductions of enzymes
such as, superoxide dismutase (SOD), catalase (CAT) and GSH
(Djordjevic et al., 2004; Anuradha and Krishnamoorthy, 2011). GSH is
synthesized in the liver and known as the first line of defense against
peroxidation. It was also reported that the increase levels of ROS in the
arthritic joint leads to lipid peroxidation, marked by increased mal-
onaldehyde (MDA) production (Ajay et al., 2014). The results obtained
show that, both aqueous and methanol extracts of P. pinnata sig-
nificantly increased the GSH level in the plasma and decreased MDA
content in the spinal cord. These effects suggest the ability of the

Fig. 8. Preventive effects of the aqueous (AEPP 10, 30, 100 μg/mL; A, B) and methanol (MEPP 10, 30, 100 μg/ml; C, D) extracts of Paullinia pinnata on cell viability
(B, D) and nitric oxide production (A, C) by 8-Bromo-AMPc-stimulated macrophages. H-89 (15μM) is included as a positive control for pharmacologic PKA inhibition.
(A) AEPP extracts significantly decrease 8-Bromo-AMPc induced nitric oxide production. (B) Cell viability is not affected by 8-Bromo-AMPc treatment nor with AEPP
extract treatment. (C) MEPP extracts (10 and 30 μg/mL) significantly decrease 8-Bromo-AMPc induced nitric oxide production. (D) Cell viability is not affected by 8-
Bromo-AMPc treatment nor with MEPP extract treatment. Each bar represents the mean ± SEM of 5 repetitions. *p < 0.05, **p < 0.01, ***p < 0.001 significant
differences compared to untreated 8-Bromo-AMPc-stimulated macrophages. Analysis were performed using 1-Way ANOVA with Tukey as post hoc test.
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extracts to increase GSH activity, leading to the reduction of hydrogen
peroxide (H2O2) and therefore, reduction of lipid peroxidation. Besides,
Lunga et al. (2014a,b), working on the methanol extract of the leaves of
P. pinnata, isolated methyl inositol and proved its in vitro antioxidant
properties. This suggest that methyl inositol may contribute to the an-
tioxidant effects of P. pinnata extracts observed in this study.

5. Conclusion

The present study showed that aqueous and methanol extracts of P.
pinnata leaves possess anti-hyperalgesic and anti-inflammatory effects
on experimental monoarthritis. These effects may result from the in-
hibition of inflammatory processes and activation of neuronal analgesic
pathways. The anti-inflammatory effect is at least partially due to the
inhibition of inflammatory cells infiltration, the reduction of NO, TNF-α
and IL-1β release. The activation of Sigma 2 receptors may also con-
tribute to the analgesic effect of MEPP. The in vivo antioxidant activity
of these extracts is an additional beneficial effect in the anti-in-
flammatory process of P. pinnata extracts. These results support the use
of the leaves of P. pinnata extracts in Cameroonian folk medicine for the
management of arthritic pain.
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