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Abstract

Cissus quadrangularis Linn. (Vitaceae) is a plant used to treat injured tendons, broken bones, asthma,
stomach ache, scurvy and digestive disorders. The present study purposed to evaluate the
antihyperalgesic effects (in vivo) and the immunomodulatory, antioxidant and anti-inflammatory
properties (in vitro) of aqueous and ethanolic extracts of Cissus quadrangularis (C. quadrangularis).
Immunomodulatory (chemiluminescence, cytokines and cell proliferation), anti-inflammatory (protein
denaturation, 5-lipoxygenase, cyclooxygenase 1 and 2) and antioxidant (DPPH, ABTS and NO) tests were
performed in vitro, while the anti- hyperalgesic (vincristine) investigations were conducted in vivo on
Wistar rats. The results revealed that extracts developed immunomodulatory activity by inhibiting the
production of ROS (intracellular/extracellular), of TNFaq, IL-1B, IL-6 as well as inhibiting cell proliferation,
and by stimulating the production of IL-10. The anti-inflammatory activity of the extracts was
demonstrated by an inhibition of 5-LOX, protein denaturation and cyclooxygenases 1 and 2. In addition,
extracts showed interesting scavenging effects, attesting their antioxidant potential. The extracts
administered to the animals (180 and 360 mg/kg) inhibited (p < 0.001) hyperalgesia and allodynia in
animals. These extracts also led to the reduction in serum and sciatic nerve levels of TNFaq, IL-18 and IL-6,
as well as to an increase in cell growth factors (NGF and IGF) production of treated animals. These
results suggest that extracts of C. quadrangularis use immunomodulatory, anti-infammatory and
antioxidant capacity to prevent and/cure painful neuropathy after vincristine administration. C.
quadrangularis is therefore a promising natural substance for the management of neuropathic pain.

Introduction

Pain, known as the most common manifestation of anyone undergoing primary care, also known as one
of the worlds’ most debilitating problems causes a feeling that ranges from mild discomfort to extreme
pain, and can be in a well-localized wound and/or be diffuse (Nunes et al. 2020; Karrat et al. 2022).
Known as a sensory experience associated with an unpleasant emotion, pain is subdivided into
nociceptive pain and neuropathic pain. When nociceptive or acute pain is poorly controlled, many
peripheral and central pathophysiological changes can 1 transform it into persistent pain or a state of
chronic pain (Glare et al. 2019). Neuropathic pain has an extremely complicated mechanism that can be
caused by ischemia, immune disorders, metabolic disorders, infections, toxins, hereditary and traumatic
disorders (Woolf and Mannion 1999; Nishikawa and Nomoto 2017). Chronic pain in general affects
nearly 10% of the world's population (Bergman et al. 2001; Mourao et al. 2010); while chronic neuropathic
pain affects 19% of the population in European countries (Royds and McCrory 2018). In addition, in 61%
of adults affected by this pain, there is a cessation of activities, absenteeism, early retirement, a drop in
productivity, an increase in health care accompanied by very negative social and economic impacts
(Breivik et al. 2006). Although acute pain plays a protective role, chronic pain is of no physiological
interest since its chronicity causes depression, sleep disturbances, lethargy and hyperalgesia (Konsman
et al. 2002). Many neuropeptides and inflammatory cells (macrophages, astrocytes, microglia, T cells)
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provide bidirectional communication between the inflammatory system and the nervous system in the
modulation of pain (Grace et al. 2014).

One of the most common neuropathic pains is peripheral neuropathy, which is usually caused by taking
anticancer drugs (cisplatin, paclitaxel, vincristine) (Hershman et al. 2014; Cavaletti et al. 2000). Vincristine
is a widely used cancer treatment to relieve people with cancer of the cervix, breasts, head, uterus and
neck (Rowinsky et al. 1988; Scripture et al. 2006). However, prolonged use of this drug causes neuropathy
with numbness, tingling and burning pain (Lipton et al. 1989; Wasserheit et al. 1996). During the
development of neuropathic pain, nerve damage causes the release of neurotransmitters (glutamate and
substance P) and adenosine triphosphate, which activates microglia and other immune cells resulting in
the production of numerous cytokines and the derived neurotrophic factor of the brain (Royds and
McCrory 2018). Moreover, many other proteins such as nerve growth factor (NGF), fatty acid binding
protein and creatine kinase are also associated with nociceptor sensitivity and also in inflammatory
response (Mendell et al. 1999; Seidel et al. 2010; Olausson et al. 2012). After painful trauma,
phospholipase A2 transforms membrane phospholipids into arachidonic acid, which in turn is
transformed into inflammatory prostaglandins by the enzyme COX (Pertusi 2004) and into leukotriene by
the enzyme 5- lipoxygenase (5-LOX) (Oliviera et al. 2016). Furthermore, the production of cytokines in the
inflammatory site or in the wound can cause the activation of COX-2 and increase the production of
prostaglandins (Samad et al. 2001). Furthermore, it is known that leukotrienes and prostaglandins have a
synergistic effect on the development and maintenance of painful symptoms; in addition, treatment with
inhibitors of the 5-LOX enzyme and the COX enzyme is very beneficial for patients suffering from
neuropathic pain (Cortes-Burgos et al. 2009).

Generally, the treatment of neuropathic pain is based on a combination of analgesics and many classes
of other drugs, which unfortunately cause kidney failure, gastric ulceration, coronary heart disease,
gastrointestinal bleeding and thrombotic cardiovascular events (Vonkeman and van de Laar 2010;
Rezabakhsh et al. 2021). Scientific progress has allowed the understanding of the characteristics of
chronic neuropathic pain, as well as the knowledge and understanding of their molecular and cellular
mechanisms; which has allowed the development of new therapies for the management of this type of
pain (Edinoff et al. 2021). Thus, the use of plants has become an essential alternative medicine for
diseases resistant to modern drugs. Moreover, many plants and isolated compounds tested against
vincristine- induced neuropathic pain have been shown to be useful (Mbiantcha et al. 2017;2018).

Cissus quadrangularis Linn., a creeping shrub with a quadrangular thick stem, fleshy, fibrous and smooth,
with four winged internodes (Brahmkshatriya et al. 2015), belonging to the Vitaceae family, is an edible
plant found in the hottest regions of India, Sri Lanka, Asia and Africa (Thakur et al. 2009). In traditional
medicine, this plant is used to heal injured tendons, broken bones and injured ligaments (Suzu et al.
2013). The stem and roots of this plant are known for their antimicrobial and antioxidant activities. they
are also used to treat asthma, insect stings and dog bites, stomach ache, scurvy and digestive disorders
(Mukhopadhyay et al. 2003; Mohammed and AlBayati 2009; Daniet et al. 2011; Nan et al. 2004). The
stem of this plant is also used as an anthelmintic, digestive, analgesic for ear and eye aches, or against
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spinal and back complaints (Eswaran et al. 2012). In Africa, this plant is used against gout, venereal
diseases, leucorrhoea, syphilis, haemorrhoids, diarrhoea, dysentery and as an aphrodisiac (Shirwaikar et
al., 2003). Work carried out on C. quadrangularis has shown its analgesic (Dora et al. 2017), anti-
inflammatory (Banu et al. 2012; Nie et al. 2015), anti- osteoporotic (Potu et al. 2009) and antioxidant
(Lekshmi et al. 2015) properties, its effects on the skeletal system (Bhagat et al. 2009), antibacterial,
antifungal, deworming, antihemorrhoidal and analgesic (Mishra et al. 2010) effects. In addition, extracts
of this plant have demonstrated antiviral properties and free radical scavengers (Chidambara et al. 2003;
Panthong et al. 2007; Balasubramanian et al. 2010). On the other hand, ethyl ethanoate extracts from C.
quadrangularis suppress NF-Kb activation and heme oxygenase-1 stimulation (Srisook et al. 2011). This
plant is rich in triterpenoids, carotenoids, ascorbic acid, B-sitosterols (Prabhavathi et al. 2016), steroids,
flavonoids and iridoids (Bhutani et al. 1984; Singh et al. 2007). Moreover, many biologically active
compounds have already been isolated from C. quadrangularis, these include hexadecanoic acid, stilbene
glucoside trans-resveratrol-3-O- glucoside (Thakur et al. 2009), B -sitosterol, -amyrone, d-amyrin
(Prabhavathi et al. 2016), 3 resveratrol, B-sitosterol (Shirley et al. 1996; Jainu et al. 2004). In addition, the
aerial parts of this plant contain 7-OxoOnocer-8-ene-3 3 21 a diol (Pluemjai et al. 1986; Gupta et al. 1991),
4-hydroxy 2 methyltricos-2 ene- 22-one, 9-methyloctadec-9-ene, heptadecyl-octadeca-noate, icosanilico-
sanoate, 31-methyl tritiacontan-1-ol, 7-hydroxy-20-oxodocosanyl cyclohexane, | 31-methyl tritiacontanoic
acid, taraxerol, isopentacosanoic acid, friedelan-3-one and 3,3',4,4'- tetrahydroxybiphenyl (Dora et al.
2017). By the fact that C. quadrangularis is traditionally used to relieve many painful disorders of the
body, and starting from the fact that in vitro studies of the extracts of this carried out in this study have
shown that they have anti-inflammatory properties (inhibition of denaturation of proteins, activities of
COX-1, COX-2 and 5-LOX), antioxidant properties (DPPH, ABTS and NO), and immunomodulatory
(inhibition of the production of proinflammatory cytokines (TNFa, IL-1B, IL6), the production of ROS, cell
proliferation, and stimulation of the production of anti-inflammatory cytokines (IL-10), and moreover,
these extracts are rich in phenolic compounds, flavonoids and tannins, we can conclude that this plant
could have antihyperalgesic properties. The objective of this work was to evaluate the ability of extracts
of C. quadrangularis Linn. (Vitaceae) to reduce chronic pain by derived from its immunomodulatory,
antioxidant and anti-inflammatory properties.

Material And Methods

Plant material and extraction

The plant material consisted of the aerial part of C. quadrangularis which was harvested in June in the
Cameroon coastal region, more precisely in the Department of Mougo (Nkongsamba). The botanical
authentication of this specimen was carried out at the national herbarium of Yaoundé in Cameroon by
comparison with a sample kept under number 36966 HNC/Cam. After the harvest, the plant was dried in
the shade, then it was crushed with a grinder to was obtained by decoction of 300 g of C. quadrangularis
powder in 3.25 | of distilled water for 20 min then filtered using filter give a fine powder which was used to
prepare the various extracts. The aqueous extract paper. The filtrate obtained was evaporated in an oven

at a temperature of 40 °C and the powder obtained (17 % yield) representing the aqueous extract was
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transferred to a dry bottle, then kept for the various pharmacological tests. The ethanolic extract was
obtained by maceration of 300 g of C. quadrangularis powder in 3.25 | of 99% ethanol for 48 h and then
filtered using filter paper. The filtrate was concentrated using a rotary evaporator at 70 °C. The extract
which was obtained (3 % yield) was placed in the open air for complete evaporation of the ethanol, then
placed in an oven for evaporation of the water. The powder obtained was transferred to a dry vial and
then stored for the pharmacological tests.

Quantitative phytochemistry
Dosage of total phenols

The oxidation of phenols, the mixture of phosphomolybdic acid (H3PMo12040) and phosphotungstic
acid (H3PW12040) is reduced to a solution consisting of molybdenum and tungsten blues therefore the
absorption varies according to the quantitative/qualitative composition of the pH and phenolic mixtures
obtained by adding sodium carbonate (Luis et al. 2009). For this test, a solution of extract (20 L, 2
mg/ml) or distilled water (white tube), Folin-Ciocalteu reagent (100 pL, diluted 10 times), sodium
carbonate (80 pL, 20%) was stirred, incubated (water bath, 20°C, 30 minutes), and the absorbance was
read (spectrophotometer, 765 nm). Gallic acid (0.015 to 2 mg/ml) was used to draw the standard curve
which made it possible to obtain the results in milligram equivalent of gallic acid per gram of powder
(Ramde-Tiendrebeogo et al. 2012).

Assay of total flavonoids

A solution of extract (100 pL, 2 mg/ml), aluminum chloride (50 pL, 1.2%) and potassium acetate (50 pL,
120 mM) was incubated (30 minutes, temperature ambient) and the optical density was read (415 nm).
Quercetin (0.015 to 2 mg/ml) was used to draw the standard curve which made it possible to obtain the
results in milligram equivalent of quercetin per gram of powder (Chang et al. 2002).

Quantification of total tannins

A solution of extract (100 pL, 2 mg/ml) or distilled water (white tube), Folin-Ciocalteu reagent (500 pL,
diluted 10 times), sodium carbonate (1000 pL, 35%) and distilled water (8.4 mL) was stirred, incubated
(30 minutes, room temperature), then the optical density read at 700 nm. Tannic acid (100, 200, 300, 400
and 500 pg/mL) was used to draw the standard curve which made it possible to obtain the results in
milligram equivalent of tannic acid per gram of powder (Govindappa et al. 2011).

In vitro assays
Immunomodulatory activity

The production of ROS (intracellular/extracellular) through the chemiluminescence test, the production of
cytokines through the ELISA test and cell proliferation were used to determine in vitro the
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immunomodulatory properties of the extracts of C. quadrangularis according to the protocols described
by Mbiantcha et al. (2017) and Matah Marte et al. (2020).

Isolation of human polymorpho neutrophils (PMNs)

The method described by Zimmerman (1983) was used to isolate neutrophils. In a 30- year-old voluntary
donor (having given his consent for the purposes of this study), 10 ml of blood was taken from the bend
of the elbow and introduced into a tube (with heparin). At equal volume, this blood was combined with
Hanks Balance Salts Solution (HBSS) (MP Biomedicals Inc., Sigma and Research Organics) and
lymphocyte separation medium (LSM) (MP Biomedicals Inc., Sigma and Research Organics) and left to
stand (30 minutes). The supernatant was removed, mixed with LSM (5 ml) and centrifuged (400 g, 20
minutes, room temperature). The pellet collected was mixed with distilled water (1 ml, 1 minute, lysis of
the red blood cells), then 1 ml of HBSS™ (2x) (stopping of the lysis). HBSS was added again and the tube
centrifuged (10 minutes, 4 °C, 300g) and the supernatant discarded. Then 1 ml of HBSS™ was then
introduced into the tube and kept cold. Trypan blue exclusion (viability test), hemocytometer (cell count)
were used and for each test, 1 x 10° cells/ml was the cell concentration used.

Peritoneal macrophages isolation from mice

Mice (Roswell Park Memorial Institute medium (NMRI)) weighing 22 to 24 g, having received Fetal bovine
serum (FBS) (1 ml, i.p.), after 72 hours and sacrifice of the animals, the RPMI (Roswell Park Memorial
Institute medium, MP Biomedicals Inc., Sigma) 10% (10 ml), was introduced into the peritoneal cavity
which was massaged for 2 minutes. Using a syringe, the macrophage-rich RPMI was extracted from the
peritoneum and centrifuged at 400g at 4 °C for 20 minutes. In the pellet, the incomplete RPMI was
introduced and centrifuged again at 4 °C (10 minutes, 300 g), then addition of incomplete RPMI/HBSS (1
ml). The same methods of viability, counting and the same number of cells per ml for each test were used
(Mesaik et al. 2006; Mahomoodally et al. 2007).

Chemiluminescence assay

The chemiluminescence method in 96-well plates described by Mesaik et al. (2006) and Mahomoodally
et al. (2007) was used. C. quadrangularis extracts (25 pl, 3.125 to 100 pl/ml), ibuprofen (25 pl, 3.125 to
100 pl/ml), whole blood (25 pl) or neutrophils (25 pl, 1 x 10° cells/ml) or macrophages (25 pl, 1 x 10°
cells/ml) were mixed in the test wells. The control wells did not receive the plant extracts. Plates were
introduced into a thermostatically controlled chamber of the luminometer (20 minutes, 37 °C), then the
Zymosan/Phorbol 12-myristate 13- acetate (PMA) (Fluka, European Cell Culture Collection) mixture (25
ul) and/or the luminol/lucigenine mixture (25 pl, 7 x 10° M) were added to each well and the plate was
read in RLU (relative light units) and the percent inhibition was calculated:

(RLU control — RLUsample)
Inhibition (%) = X 100
RLUcontral
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Cytokines, T-Cell proliferation and MTT assay
Cell Culture

The human monocytic cell line THP-1 (ATCC® TIB-202) (American Type Culture Collection (Manassas,
VA, USA)), grown in the Roswell Park Memorial Institute (RPMI-1640) containing glucose (4.5 g/I),
inactivated fetal calf serum (10%), L-glutamine (1%), nonessential amino acids (1%), streptomycin (10
pg/ml) and 100 U/ml penicillin.

Immunoassay for Cytokines

THP-1 cells (2.5 x 10° cells/ml) (American Type Culture Collection (Manassas, VA, USA)) were mixed with
vitamin D3 (0.1 pM) and PMA (100 ng/ml) to be differentiated into macrophages for 24 hours. Each well
containing the cells received the extracts (2, 10 and 50 pg/ml) and Lipopolysaccharide (LPS, 2 ug/ml).
TNF-q, IL-6, IL-1B and IL-10 were quantified using commercial kits (R&D Systems, Minneapolis, USA) to
the ELISA test (Enzyme- linked immunosorbent assay). After 4 hours, optical density (450 nm) was read
by a microplate reader (Model 680; BioRad Laboratories, Mississauga, ON, Canada), then TNF-q, IL-6, IL-
1B and IL-10 quantity was calculated using a standard curve constructed (serial dilutions of cytokine
standards) supplied with the kit (Mahajna et al. 2015).

T-Cell proliferation assay

The cell proliferation test in 96-well white plates (Rita et al., 2014). C. quadrangularis extracts (50 pl; 1, 10
and 100 pg/ml), prednisolone (50 pl; 1, 10 and 100 pg/ml), T lymphocytes (50 pl, 2 x 10° cells/ml) and
phytohaemagglutinin-L (PHAL) (50 pl, 7.5 ug/ml) were mixed. Negative (T lymphocytes and RPMI (150
ul)) and positive (T lymphocytes, PHAL and RPMI (100 pl)) controls were also prepared. The plate was
incubated (5% C02, 37 °C, 72 hours), then addition of 0.5 pCi/well (methyl 7 3H) of thymidine (25 pl),
further incubation for 18 hours and cell harvesting (filter in fiberglass). The counts per minute (CPM) were
use to determined the percent inhibition (%):

(CPM.ontrol — CPMaample)
Inhibition (%) = X 100
CPMeontral

MTT Assay

For this test carried out in 96-well plates, seeded THP-1 (20,000 cells), differentiated into macrophages
(0.1 uM of vitamin D3 and 100 ng/ml of PMA) for 24 hours, then addition of extracts of C.
quadrangularis (1 — 100 pg/ml) and incubated (24 hours, 37 °C). The culture medium was then removed,
the cells washed (PBS), addition of 100 pl (500 pg/ml) of 3-(4,5- Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) and RPMI, incubated (4 hours, 37°C), removal of the medium,
addition of isopropanol (100 pl, 0.08N) and further incubation (15 minutes, 37 °C). An ELISA plate reader
set to 570 nanometers was used to read the absorbance (Mahajna et al. 2015).
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Anti-infammatory activity

The in vitro evaluation of the anti-inflammatory properties of the aqueous and ethanolic extracts of C.
quadrangularis in this study was made on the enzymes cyclooxygenase (COX1 and COX2), 5-
lipoxygenase (5-LOX) and on the denaturation of proteins according to the protocols described by
Mbiantcha et al. (2020; 2022) were used.

Lymphocyte isolation

A mixture of 3 ml of Ficoll solution and 3 ml of human blood was centrifuged (400 g, 30 minutes) at
room temperature, then the lymphocytes were removed by aspiration and the trypan blue method made it
possible to check cell viability, then by microscopic observation the lymphocytes were confirmed by their
reduced cytoplasm and large nucleus. A suspension of 1 x 106 cells/ml was cultured in tubes containing
filled with 1 ml of fetal bovine serum, 1 ml of RPMI medium, 1 ml (100 pg/ml) of antibiotic (streptomycin
and penicillin), T ml phytohemaglutinin, filtered (cellulose acetate filter, 0.2 pm) and incubated (37 °C, 72
hours); then addition of lipopolysaccharides (1 pl, 1 ug/ml) to each new incubation tube (24 h, 37 °C) (Viji
and Helen, 2008). The cyclooxygenase inhibition test was performed following the protocol described by
Viji and Helen (2008).

The tubes containing 1 ml of the different extracts (62.5, 125, 250 and 500 pg/ml) or ibuprofen (62.5,
125, 250 and 500 pg/ml) or 0.9% NaCl were incubated (24 hours at 37 °C), centrifuged (400 g, 10
minutes), then cell lysis buffer (50 pL) was introduced into each tube after removal of the supernatant
and further centrifugation (400 g, 10 minutes). Subsequently, Tris-HCI buffer (2.75 ml, 100 mM, pH=7.4),
human hemoglobin (5 mM), glutathione (5 mM), cyclooxygenase (10 pl) and arachidonic acid (200 pM)
were added, the tubes were incubated (37 °C, 20 minutes), 0.2 ml of thiobarbituric acid (TBA) and 0.2 ml
of trichloroacetic acid (TCA, 10% in HCI) were also added, then the tubes were heated (boiling water bath,
70°C, 20 minutes), cooled and centrifuged (1000 rpm, 3 minutes). The optical density of the supernatant
(variation of arachidonic acid) was read at 632 nm.

As for the 5-lipoxygenase activity inhibition test, the tubes were again prepared as before
(cyclooxygenase test), then a solution (2 ml) containing phosphate buffer (2.75 ml; pH 7.4 ; 50 mM), 5-
lipoxygenase (50 pl) and sodium linoleate (0.2 ml) were added and incubated (25 °C, 30 minutes). The
increase in absorbance (234 nm) characteristic of the formation of hydroperoxy-linoleic acid materialized
the activity of 5-lipoxygenase (Viji and Helen 2008).

Absorbanceiimein) — Absorbance e
Pourcentage d’inhibition (%) = x 100
Absorbanceimoin)

For protein denaturation, 1 ml of distilled water or Diclofenac (62.5, 125, 250 and 500 ug/ml) or different
extracts (62.5, 125, 250 and 500 pg/ml) was added 1 ml of bovine serum (5 %), incubated (15 minutes,
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27 °C), placed for 10 minutes at 70 °C; then the optical density (OD) at 660 nm was read and the
percentage inhibition was determined (Padmanabhan and Jangle 2012).

ODcontral — ODest
2% Inhibition = X 100
OD contral

Antioxidant activity

The in vitro evaluation of the antioxidant properties of extracts of C. quadrangularis in this study was
made on the DPPH radical scavenging tests, the ABTS™ discoloration test and the nitric oxide scavenging
test according to the protocols described by Mbiantcha et al. (2020) were used.

DPPH radical scavenging activity: Three (3) ml of a working solution was obtained by diluting DPPH (24
mg/100 ml methanol) (MP Biomedicals Inc., Sigma and Research Organics) with methanol for an
absorbance of 0.98 + 0.02 at 517 nm, was mixed with each extract (100 pl, T mg/ml) or standard or
methanol (100 pl). Absorbance (OD) (517 nm) was measured for 30 min (Brand Williams et al. 1995).
The following formula was used to calculate antioxidant activity:

ODcontrol — ODhest
%o Antioxidant activity = X 100
ODcontrol

ABTS™* Discoloration Test: Ten (10) ml of a solution of ABTS (7 mmol/I, 9.5 ml), potassium persulfate
(100 mmol/Il, 245 pl) and distilled water was diluted with 0 .1 mol/Il potassium phosphate buffer (pH 7.4)
to an absorbance of 0.70 * 0.02 (734 nm, dark, room temperature, 18 hours). The absorbance of the
mixture of 10 yL of each extract (62.5, 125, 250 and 500 pg/ml) and 2.99 ml of the ABTS solution was
read at 734 nm (Re et al. 1999) and allowed the percentage of antioxidant activity to be calculated using
the formula previously described.

Nitric oxide (NO) scavenging test: a mixture of 0.5 ml of sodium nitroprusside (pH7.4, 5 mmol/l) and each
extract (62.5, 125, 250 and 500 pg/ml ) or ascorbic acid or methanol was incubated (25 °C, 180 minutes),
then 1.5 mL of Griess' reagent (phosphoric acid (2%), sulfanilamide (1 %), N-(1 %) dihydrochloride-
naphthyl) ethylenediamine (0.1 %)) was added, then a new incubation (30 minutes) was made. The
percentage of activity was determined from the absorbance (Abs) read at 546 nm (Benzie and Strain
1999).

Abscontrol - AbSgex
% NO scavenging = X 100
Ahsmutm]
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In vivo assays
Neuropathic Pain, Animal Treatment, Induction and Behavioral Assessment

Fifty-four (54) Wistar rats (male and female, 160 - 200 g, 3-4 months) and reared under 19-23 °C, 12 hours
light at the Research Unit of Animal Physiology and Phytopharmacology (Department of Animal Biology,
Faculty of Science, University of Dschang). These animals were treated as follows : group 1 (n=6, normal
control) received orally distilled water, group 2 (n = 6, negative control) received orally distilled water,
group 3 (n = 6, positive control) received orally pregabalin (50 mg/kg), groups 4, 5 and 6 (n = 6, tests)
treated orally with the aqueous extract of C. quadrangularis at respective doses of 90, 180 and 360
mg/kg, groups 7, 8 and 9 (n = 6, tests) treated orally with the ethanolic extract of C. quadrangularis at
respective doses of 90, 180 and 360 mg/kg. All treatments were administered on the first day before the
start of induction. After treatments, an intraperitoneal injection of vincristine sulphate (100 ug/kg) was
administered to the rats (except the animals in group 1) for two series of five days (15, 2"d, 31 4th 5th
day, then 81, 9t 10t 11t 12t day) of successive work with 2 days off. After the start of induction, the
different treatments were administered daily until the 15 day (Chiba et al. 2017; Mbiantcha et al. 2018).

For behavioral tests, mechanical hyperalgesia was induced by placing the left hind paw of each rat on an
analgesimeter (UGO BASILE) ondays 0,1, 3,5,7,9, 11, 13 and 15. The pain was caused by increasing the
pressure (cut-of 250 g) until the paw was withdrawn. The value of the nociceptive threshold was
considered as the force (g) obtained (Mbiantcha et al. 2018). While mechanical allodynia was performed
using Von Frey filaments. The animals were first placed individually in cages for acclimatization over a
period of 30 minutes before taking the values. Subsequently, these animals gradually received the Von
Frey filaments in order of masses perpendicular to their right plantar arches. Pressure was exerted for 5
seconds until the filament bent. One test consisted of applying the same filament three times in a row for
a period of 1 minute. The animals’ response was considered a painful reaction if it lifted its paw or leg
and/or moved its body; licked the stimulated paw or spread the toes. The mass of the filament to which
the animal responded was considered as the threshold intensity.

Sample collections and assessment of proinflammatory cytokines and Growth Factors levels

On day 15, the animals are anesthetized (thiopental, 50 mg/kg, i.p.), rib cage opened, then the blood
collected (catheterization of the abdominal artery) is introduced into a dry tube and centrifuged (3000
rpm, 15 minutes), the serum collected was used to determine the amounts of IL-1B, TNFaq, IL-6 and IL10.
Then, the sciatic nerve of the animals is also removed, crushed, centrifuged (room temperature, 3000 rpm,
15 min, 4°C, Eppendorf 5804 R, Hamburg), the supernatant allowed the analysis of IL-1B, TNFa, IL-6, NGF
and IGF) (Fatani et al. 2015).

Statistical analysis.

The individual values of each test were used to calculate the Mean and it was used to present the results
of this study. Some results are expressed with standard deviation (SD) or standard error of the mean
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(SEM). One-way analysis of variance (Tukey's test, biochemical assays and in vitro tests) and two-way
analysis of variance (Bonferroni's test, behavioral tests) were used to compare group tests with controls
(normal and/or negative). At p<0.05, the differences were considered significant.

Results

Quantitative analysis of extracts

The quantitative phytochemistry carried out on the aqueous and ethanolic extracts of C. quadrangularis
shows that the two extracts contain flavonoids, phenols and tannins. As for the aqueous extract, the
phenolic compounds, the flavonoids and the tannins represent respectively 15.57 mg equivalent gallic
acid/g, 2.07 mg equivalent quercetin/g and 1.48 mg equivalent tannic acid /g. In addition, 15.53 mg
equivalent gallic acid/g of phenolic compounds, 2.55 mg equivalent of quercetin/g of flavonoids and
8.02 mg equivalent of tannic acid/g of tanning.

In vitro test results
Immunomodulatory effects extracts of C. quadrangularis

Extracts of C. quadrangularis inhibited their production of intracellular ROS, in whole blood (19.00 and
12.31 pg/ml for aqueous and ethanolic extracts, respectively), polynuclear neutrophils (12.20 and 7.22
pg/ml (IC5q) for agqueous and ethanolic extracts, respectively) and macrophages (15.05 and 6.66 pg/ml
for aqueous and ethanolic extracts, respectively). For extracellular ROS, extracts reduced their production
with 22.34, 16.23 and 13.45 pg/ml ((IC5, aqueous extract) in mouse whole blood, polymorphonuclear
neutrophils and peritoneal macrophages respectively; while the ethanolic extract with 16.45; 11.03 and
7.77 ug/ml (IC5;) respectively in whole blood, polymorphonuclear neutrophils and mouse peritoneal
macrophages (Table 2). Ibuprofen inhibits intracellular ROS with 13.09 pg/ml (ICsg) in whole blood and
extracellular ROS with 15.39 pg/ml (ICsp) in polymorphonuclear neutrophils.

The effect of the extracts on the release of cytokines by THP-1 cells is shown in Figures 1 and 2. It
emerges from these figures that the concentrations of IL-1B, TNF-q, IL-6 increase, while the concentration
of IL-10 decreases in the tubes having received only LPS (2 ug/ml). In the tubes containing the extracts of
C. quadrangularis, at all the concentrations tested, a significant decrease (p<0.001) in the production of
IL-1B, TNF-q, IL-6) (Figure 1) and a significant (p<0.001) increase IL-10 (Figure 2).

Regarding the proliferation of T lymphocytes, the ethanolic extract (4.27 pg/ml), aqueous extract (22.39
pg/ml) and prednisolone (2.39 pug/ml) showed antiproliferative activity (Table 3). In addition, the aqueous
(IC50 = 89.98 pg/ml) and ethanolic (IC5y = 19.33 pg/ml) extracts of C. quadrangularis showed no toxic

effect on the cells compared to cyclohexamid (IC50 = 0. 1 ug/ml) (Table 3).

Anti-inflammatory effects of extracts of C. quadrangularis
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Table 4 shows the effect of extracts of C. quadrangularis on protein denaturation, cyclooxygenase and 5-
lipoxygenase inhibition. Diclofenac, extracts (aqueous and ethanolic) at 500 pg/mL had maximum
inhibition of 76.03%, 50.11% and 63.22%, respectively. In addition, the aqueous (54.11 and 46.33%) and
ethanolic (68.55 and 80.33%) extracts as well as ibuprofen (70.11 and 79.02%) at 500 pg/mL
respectively exhibited maximum percent inhibition on COX1 and COX2 activities. Regarding 5-
lipoxygenase, aqueous and ethanolic extracts of C. quadrangularis and ibuprofen inhibited with 65.67%,
72.33% and 78.11%, respectively.

Antioxidant effects of extracts of C. quadrangularis

Table 5 shows that the extracts of C. quadrangularis have remarkable antioxidant properties. The result
of the DPPH test revealed that the aqueous and ethanolic extracts (500 ug/ml) had a percentages activity
of 67.41% and 77.41%, respectively. Regarding the ABTS decolorization test, the aqueous extract at 500
Mg/mL had a percentage activity of 62.43%, while the ethanol extract showed a maximum percentage
inhibition of 69.58%. For the NO inhibition test, the maximum inhibition percentages of 58.97% (aqueous
extract) and 72.81% (ethanolic extract) were obtained at a concentration of 500 pg/ml.

In vivo test results

Efects of extracts on some behavioral parameters of rat submitted to Vincristine-induced neuropathic
pain

Figures 3 and 4 show the effects of C. quadrangularis extracts on mechanical hyperalgesia and
mechanical allodynia induced by the analgesimeter and the Von Frey filament, respectively. Compared to
the neutral control group, the animals having received vincristine, developed a hypersensitivity marked by
a decrease in the latency of sensitivity to pain (P<0.001) from the 5th day for hyperalgesia and from the
4™ day for allodynia in animals of the negative control group. Oral administration of aqueous and
ethanolic extracts of C. quadrangularis, combined with pregabalin, protected the animals against
hypersensitivity and allodynia by increasing the latent time. For all the behavioral parameters studied, the
effect of the aqueous and ethanolic extracts of C. quadratilarus (180 and 360 mg/kg) was significant
(p<0.01; p<0.001) from day 6 to day 15, compared to to the negative control group.-

Efects of extracts on production of cytokines of rat submitted to Vincristine-induced neuropathic pain

In figures 5 and 6, we observe that the injection of vincristine in rats led to a significant increase (p<0.001)
of pro-inflammatory cytokines (IL-1B, TNF-q, IL-6) in the sciatic nerve and in serum in non treated group
compared to animals in the normal control group. Administration of C. quadrangularis (180 and 360
mg/kg) and pregabalin (50 mg/kg) significantly reduced (p<0.001) pro- inflammatory cytokines
compared to the negative control group in both serum (Figure 5) and sciatic nerve (Figure 6).

Effects of the extracts of C. quadrangularis on the Growth Factors Levels
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Figure 7 shows the effects of C. quadrangularis on growth factor (NGF, IGF) levels in the sciatic nerve. It
was observed that the level of growth factors (sciatic nerve) was significantly increased (p<0.001) in the
animals of the non treated group compared to the animals of the normal control group. The treatment of
the animals with the aqueous extract of C. quadratilarus (360 mg/kg) significantly reduced (p<0.05) the
level of NGF compared to the negative control ; while the treatment with the ethanolic extract (360 mg/kg)
significantly inhibits (p<0.001) the levels of NGF and IGF.

Discussion

This study was carried out with the aim of evaluating in vitro the immunomodulatory properties
(chemoliminescence tests, pro- and anti-inflammatory cytokines, cell proliferation and cytotoxicity), anti-
inflammatory properties (protein denaturation tests, cyclooxygenase inhibition (COX 1 and COX 2) and 5-
lipoxygenase), antioxidants (DPPH, ABTS and NO tests), then in vivo the antihypernociceptive properties
(hyperalgesia and allodynia) of aqueous and ethanolic extracts of C. quadrangularis.

Neuropathic pain, which is a consequence of damage to the nervous system that can induce
hypersensitivity (hyperalgesia and/or allodynia), remains a very difficult pathology to treat today
(Dowdall et al. 2005; Colloca et al. 2017); thus, a simple sensation of touching or accidentally rubbing
door frames or furniture (allodynia) or a pat on the back (hyperalgesia) becomes very painful (Jeffrey
2009). After nerve damage, there is activation and proliferation of microglia in the spinal cord, there is
release of pro-inflammatory factors (IL-1B, TNFaq, IL-6) with development of peripheral nerve inflammation
; subsequently, there is a decrease in the activity of intermediate neurons (which are inhibitory) and an
increase in the activity of excitatory neurons leading to central hypersensitization with the consequence
of the development of allodynia and mechanical hyperalgesia (Fu et al. 1999; Jin et al. 2003; Zhao et al.
2017). During the process of development of neuropathic pain, an accumulation of ROS is observed in
the nervous system, these ROS will lead to the phosphorylation of sensory receptors (peripheral and
central), leading to a structural disturbance of the nerve and hypersensitivity (Zhang and al. 2014;
Duggett et al. 2016). It is also known that ROS cause hyperalgesia by activating transient vanilloid
receptors with release of many chemical pain mediators (Hassler et al. 2014; Goel and Tyagi 2016). In
addition, nerve damage accompanied by the activation of microglial cells and infiltrating macrophages
will also lead to the expression of cyclooxygenase 1 and 2 in the spinal cord resulting in the release of
prostaglandins which will stimulate sleeping nociceptors thus causing hyperalgesia and allodynia
(Tegeder et al. 2001; Kang et al. 2004; Zanjani et al. 2014).

The results of this study showed that the aqueous and ethanolic extracts of C. quadrangularis inhibited
the production of intracellular and extracellular ROS stimulated by zymosan and PMA respectively.
Indeed the aqueous and ethanolic extracts produced maximum IC5y of 12.20 pg/ml (PMNs) and 6.66
pg/ml (macrophages) for intracellular ROS, then ICs, of 13.45 pg/ml (macrophages) and 7.77 pg/ml
(macrophages) for extracellular ROS. Moreover, the two extracts also inhibited the production of
proinflammatory cytokines (TNFaq, IL-6 and IL-1B) and stimulated the production of IL-10 (anti-
inflammatory cytokine). The immunomodulatory activity of the extracts was also confirmed by the T cell
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proliferation test where the two extracts showed interesting activities very close to that of prednisolone
used as reference substance. The anti-inflammatory properties of C. quadrangularis extracts have been
verified on protein denaturation, 5-lipoxygenase and cyclooxygenase inhibition tests. The aqueous extract
of C. quadratilarus inhibited protein denaturation, COX1, COX2 and 5-LOX activities by 50.11%, 54.11%,
46.33% and 65.67% respectively, while the ethanolic extract inhibits them by 63.22%, 68.55%, 80.33% and
72.33% respectively. The antioxidant properties evaluated showed activities of 67.41% (DPPH), 62.43%
(ABTS) and 58.97% (NO) for the aqueous extract, then 77.41% (DPPH), of 69.58% (ABTS) and 72.81%
(NO) for the ethanolic extract. These results show that C. quadrangularis is rich in compounds capables
of modulating the immune system, regulating the inflammatory process and boosting the antioxidant
activity of the organism. Indeed, certain phenolic, flavonoid and tannin compounds whose presence has
been demonstrated in these extracts have already shown theirimmunomodulatory, antiinflammatory and
antioxidant capacity (Carla de Agostino et al. 2008; Musfizur et al. 2012; Liu et al. 2014; Devasena et al.
2014; Abood et al. 2014; Adedapo et al. 2015; Hosseinzade et al. 2019; Dejani et al. 2021).

In this study, Wistar rats given an intraperitoneal injection of vincristine developed mechanical
hyperalgesia and allodynia that are familiar symptoms of neuropathic pain (Moini Zanjani et al. 2014),
and analgesimeter use (hyperalgesia) and Von Frey filaments (allodynia) for the evaluation of
antinociceptive substances is widely adopted (Ishola et al. 2014; Owoyele and Bakare 2018). In 38-100%
of people with cancer receiving chemotherapy treatment with herbal cancer drugs (paclitaxel, vincristine,
docetaxel), there is development of peripheral neuropathy with allodynia and hyperalgesia as the main
symptoms (Han and Smith 2013; Kerckhove et al. 2017; Carrasco et al. 2018); which in most cases resist
analgesics that are effective on other pain models (Griffiths and Flatters 2015) which affects the survival
and quality of life of cancer patients (Kerckhove et al. 2017). This study showed that extracts of C.
quadrangularis are effective in reversing hyperalgesic and allodynic symptoms induced by vincristine
injection. Interestingly, pretreatment with the C. quadrangularis extracts prevented Wistar rats from
developing hyperalgesia and allodynia, indicating that pretreatment with the extracts attenuates neuronal
plasticity that could have resulted in hyperalgesia and allodynia. The results of this study suggest that
the extracts possess 16 an antihyperalgesic effect similar to that of pregabalin, an anticonvulsant drug.
These anticancer drugs can cause nerve damage by damaging nuclear and/or mitochondrial DNA,
altering axonal transport, disrupting ion channels, causing loss of antioxidant enzymes, altering the
inflammatory process, increasing oxidative stress (Han and Smith 2013; Massicot et al. 2013; Kerckhove
et al. 2017). The overproduction of ROS during neuropathic pain, materialized by an increase in oxidative
stress markers (DNA oxidation and lipid peroxidation) justifies the decrease in antioxidant defense (Han
and Smith 2013); this incipient oxidative stress causes on the one hand the damage of non-neuronal and
neuronal cells and on the other hand the activation of macrophages with overproduction of TNFa and IL-
1B (Kerckhove et al. 2017). At the level of the immune system, the treatment of neurons by anticancer
drugs is characterized by a significant production of TNFq, IL-1B, IL-6 and prostaglandin E2 which are
capable of generating and rendering chronic the painful process. (Carrasco et al., 2018). The antioxidant
(DPPH, ABTS and NO), anti-inflammatory (protein denaturation, COX1, COX2 and 5-LOX) and
immunomodulatory (ROS, pro- and anti-inflammatory cytokines, cell proliferation) effects demonstrated
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in vitro in this study are evidence that shows the neuroprotective effect of extracts of C. quadrangularis.
Furthermore, in vivo studies, extracts of C. C. quadrangularis also significantly inhibited the production of
pro-inflammatory cytokines (TNFaq, IL-1B, IL-6) in the serum and in the sciatic nerve of treated animals
compared to to untreated animals. In addition, the levels of growth factors (IGF, NGF), which play an
important role in the growth of nerve cells (Fatani et al. 2015), were significantly increased in animals
treated with the different extracts. In this study, the extracts significantly inhibited the activities of
cyclooxygenases (COX1 and COX2) as well as that of 5-LOX. The immunomodulatory and anti-
inflammatory activities of the extracts of C. quadrangularis are mainly due to the inhibition of the
metabolism of cyclooxygenase, arachidonic acid, lipooxygenase, cytokines (TNFaq, IL-1B, IL-6), protein
denaturation and cell proliferation most likely through downregulation of NF-kB activation, which is
involved in the regulation of cyclooxygenase 2 expression (Shishodia et al. 2005 ; Kohli et al. 2005;
Orlando et al. 2010). These results suggest that treatment with extracts of this plant may play an
important role in the regulation of pain at central and peripheral levels.

The immunomodulatory, anti-infammatory and antioxidant properties in vitro, followed by the in vivo
antihyperalgesic properties of aqueous and ethanolic extracts of C. quadrangularis, were demonstrated in
this study. Extracts of C. quadrangularis also induced a signifcant reduction of hyperalgesia and
allodynia observed after Vincristine injection. The results of this study suggest that extracts of C.
quadrangularis use immunomodulatory, anti-infammatory and antioxidant capacity to prevent the
development of painful neuropathy after vincristine administration. This shows that C. quadrangularisis
a promising of new molecule for the management of anti-cancer drugs induced peripheral neuropathic
pain.
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Tables

Table 1: Total phenol, flavonoid and tannins content of aqueous and methanolic extracts of Cissus
quadrancularis.

Total Phenols Total Flavonoids Total Tannins (mg equivalent of
tannic acide/g extract)
(mg Gallic acid (mg equivalent of
eq/mg extract) quercetin/mg extract)
Agueous 15.57 £0.16 2.07 £ 0.33 1.48 £ 0.62
extract
Ethanolic 15.53+0.34 2551012 8.02+0.13
extract

Table 2 : IC;, value of aqueous and ethanol extracts of Cissus quadratilarus on human whole blood
evaluated by luminol and/or lucigenin amplified chemiluminescence
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Treatment

Aqueous
extract

Ethanolic
extract

Ibuprofen

Concentration

(ug/ml)

3.125
6.25
12.5
25

50
100
3.125
6.25
12.5
25

50
100
12.5
25

50
100

Oxidative burst (IC5q pg/ml)

Luminol and Zymosan

WB PMNs MQ
19.00 12.20 + 15.05
0.22 0.27 1.11
12.31 % 7.22 + 6.66
0.21 0.19 0.22

13.09 = 14.53 + 17.03 =
0.26 1.78 1.22

Lucigenin and PMA

WB

22.34
1.18

16.45 +
1.15

PMNs

16.23
0.09

11.03
0.04

The IC5 values are presented as mean * SD of triplicates. Where WB whole blood, PMNs

polymorphonuclear leukocytes, MQ mice peritoneal macrophages

MQ

13.45 +
0.29

o~

N~
[N
I+

16.21
0.22

Table 3 : IC5, value of aqueous and ethanol extracts of Cissus quadratilarus on cell proliferation and

cytotoxicity
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Treatment

Aqgueous extract

Ethanolic extract

Prednisolone

Cyclohexamide

Concentration
(g/ml)

1

10

100

10
100

T-cells proliferation
(IC50 pg/ml)

22.39+0.19

4.27 +0.04

2.39+0.08

Cytotoxicity on MTT Cells (IC5¢ pg/ml)

89.98 + 2.45

19.33+1.12

0.13+0.05

The IC5q values are presented as mean + SD of triplicates.

Table 4 : /n vitro antiinflammatory property of aqueous and ethanolic extracts of Cissus quadratilarus.
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Treatment Dose Inhibition (%)
(ug/ml)
Protein COX1 COX2 5-
denaturation lipoxygenase
Diclofenac 62.5 44.01 £ 1.09 - - -
125 51.22 £ 1.11 - - -
250 62.23 + 0.99 - - -
500 76.03 £ 2.01 - - -
Ibuprofen 62.5 - 4416 + 47.67 £ 49.09+1.24
0.89 1.59
125 - 52.00 + 61.87 + 55.89 + 1.35
1.22 1.29
250 - 63.03 + 70.21 63.21 £ 0.99
1.01 1.12
500 - 70.11 % 79.02 + 78.11+0.77
1.05 1.54
Aqueous 62.5 18.22 £+ 1.11 2112 24.32 + 35.04 +0.93
extract 2.01 0.93
125 29.01+1.23 33.14 % 29.44 + 45.22 +1.09
1.32 1.39
250 38.32+1.21 49.23 + 40.31 % 52.43 +1.23
1.19 1.17
500 50.11 £ 0.92 5411 + 46.33 + 65.67 + 0.87
1.21 1.09
Ethanolic 62.5 27.87 +0.88 28.04 £ 24.60 + 41.93+1.13
extract 0.95 1.11
125 35.07+1.14 36.12 % 3321+ 50.90 £ 1.06
0.83 1.22
250 40.04 + 0.91 53.21+ 40.42 + 65.45 1 2.01
0.92 1.33
500 63.22 + 0.81 68.55 + 80.33 £ 72.33+1.37
1.16 1.27

The percentage values were obtained using various concentrations of test compounds and readings are
presented as mean * SD of triplicates.

Table 5 : /n vitro antioxidant property of aqueous and methanolic extracts of Cissus quadratilarus
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The percentage values were obtained using various concentrations of test compounds and readings are

Compounds

Vitamine C

Aqueous extract

Ethanolic extract

Dose (ug/ml)

62.5
125
250
500
62.5
125
250
500
62.5
125
250
500

Inhibition (%)
DPPH
39.91+2.44
51.94+1.24
66.44 + 0.61
75.75+1.18
16.57 +2.72
36.80 £ 4.32
57.42 +1.54
67.41 £ 0.45
30.37+£2.25
53.94+0.83
71.23 £ 1.08
77.41 £ 1.32

ABTS

13.75+0.11
27.72 +3.35
29.81 £ 0.45
55.12+0.33
15.02 + 0.59
24.86 +1.39
50.44 + 0.69
62.43 +1.15
18.59 + 0.31
31.52 +£0.50
56.99 + 1.96
69.58 + 0.83

NO

16.37 +2.21
37.18 £ 4.60
52.59 +2.43
71.16 £ 0.39
15.68 + 0.64
39.59 + 3.93
49.20 + 1.84
58.97 +1.90
25.23 +2.35
46.95 + 3.77
63.03 + 2.68
72.81 £ 2.41

presented as mean + SD of triplicates.

Figures
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Figure 1

Effect of aqueous (A) and ethanol (B) extracts of Cissus quadratilarus on TNF-q, IL-1B and IL-6 secretion

levels by THP-1 activated by LPS. Data represent mean + SD of triplicates. 2p < 0.05, °p < 0.01 and %p <
0.001 when compared with that of the control: PMA + LPS
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Figure 2

Effect of aqueous (A) and ethanol (B) extracts of Cissus quadratilarus on IL-10 secretion levels by THP-1
activated by LPS. Data represent mean + SD of triplicates. 2p < 0.05 and °p < 0.001 when compared with
that of the control: PMA + LPS.
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Figure 3

Effect of aqueous (A) and ethanolic (B) extract of Cissus quadratilarus on paw hyperalgesia in vincristine-
induced neuropathic pain. N = 6 rats per group. Data are expressed as the mean + SEM of six animals per
experimental group, compared by two-way analysis of variance followed by Bonferroni’s test; °P < 0.01 ;

AP < 0.001 significantly different compared to normal control ; 2P < 0.05 ; PP < 0.01 ; °P < 0.001
significantly different compared to distilled water.
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Figure 4

Effect of aqueous (A) and ethanolic (B) extract of Cissus quadratilarus on paw allodynia in vincristine-
induced neuropathic pain. N = 6 rats per group. Data are expressed as the mean + SEM of six animals per
experimental group, compared by two-way analysis of variance followed by Bonferroni’s test; “P < 0.05;
BP < 0.01; P < 0.001 significantly different compared to normal control ; 2P < 0.05 ; °P < 0.01 ; °P < 0.001
significantly different compared to distilled water.
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Figure 5

Effects of the aqueous (AE) and methanol (EE) extracts of Cissus quadratilarus on the levels of TNF-a (a),
IL-B (b), and IL-6 (c) in the serum in vincristine-induced neuropathic pain. Data are expressed as the mean
+ SEM of six animals per experimental group, compared by one-way analysis of variance followed by
Tukey test; #p<0.01 and #p<0.001 mean significantly different from the normal control (NC); and ?p <0.05,
bp<0.01, and °p <0.001 mean significantly different from the distilled water (DW) group. PGB50: rat that
received 50 mg/kg/day pregabalin, AE180: rat that received 180 mg/kg/day of aqueous extract, AE360:
rat that received 360 mg/kg/day of aqueous extract, EE180: rat that received 180 mg/kg/day of ethanol
extract, EE360: rat that received 360 mg/kg/day ethanol extract, TNF: tumour necrosis factor, IL:
interleukin.
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Figure 6

Effects of the aqueous (AE) and methanol (EE) extracts of Cissus quadratilarus on the levels of TNF-a (a),
IL-B (b), and IL-6 (c) on sciatic nerves in vincristine-induced neuropathic pain. Data are expressed as the
mean * SEM of six animals per experimental group, compared by one-way analysis of variance followed
by Tukey test; 9p < 0.05 ; #p<0.01 and *p <0.001 mean significantly different from the normal control
(NC); and ?p <0.05, p <0.01, and °p <0.001 mean significantly different from the distilled water (DW)
group. PGBS50: rat that received 50 mg/kg/day pregabalin, AE180: rat that received 180 mg/kg/day of
aqueous extract, AE360: rat that received 360 mg/kg/day of aqueous extract, EE180: rat that received 180
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mg/kg/day of ethanol extract, EE360: rat that received 360 mg/kg/day ethanol extract, TNF: tumour
necrosis factor, IL: interleukin.
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Figure 7

Effects of the aqueous (AE) and methanol (EE) extracts of Cissus quadratilarus on the levels of insulin-
like growth factor (IGF) and nerve growth factor (NGF) on sciatic nerves in vincristine-induced
neuropathic pain. Data are expressed as the mean + SEM of six animals per experimental group,
compared by one-way analysis of variance followed by Tukey test; #p <0.001 mean significantly different
from the normal control (NC); and ?p <0.05 and °p <0.001 mean significantly different from the distilled
water (DW) group. PGB50: rat that received 50 mg/kg/day pregabalin, AE180: rat that received 180
mg/kg/day of aqueous extract, AE360: rat that received 360 mg/kg/day of aqueous extract, EE180: rat

that received 180 mg/kg/day of ethanol extract, EE360: rat that received 360 mg/kg/day ethanol extract,
TNF: tumour necrosis factor, IL: interleukin.
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