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Abstract

Abstract
In the treatment of cancer, patients that receive anti-cancer drugs such as Vincristine develop peripheral
neuropathic pain. Scyphocephalione A is a new bioactive compound isolated from Scyphocephalium
ochocoa (Myristicaceae), a medicinal plant traditionally used in African countries. Recently, an in vitro
study has shown its anti-in�ammatory and cytotoxic activities on MCF-7 cell line of mammary
carcinoma. The purpose of the present study was to assess the in vitro anti-in�ammatory and in vivo
anti-nociceptive activities of Scyphocephalione A. In vitro tests were carried out on cyclooxygenase and 5-
lipoxygenase activities, and on protein denaturation; while in vivo tests were performed on acute and
chronic pain models. It was noticed that, Scyphocephalione A (1000 µg/ml), inhibits proteins
denaturation, cyclooxygenase and 5-lipoxygenase activities respectively by 74.21%, 75.80% and 64.43%.
The dose 50 mg/kg of Scyphocephalione A, inhibits acetic acid (63.43%, p<0.001) and formalin (42.12%
(p<0.001) within �rst phase and 67.53% (p<0.001) within second phase)-induced pains. At the same
dose, Scyphocephalione A signi�cantly inhibited mechanical and heat hyperalgesia, as well as cold
allodynia induced by vincristine. In addition, the compound restored haematological, biochemical and
oxidative stress parameters which were altered following Vincristine administration. These results
suggest that Scyphocephalione A is endowed with anti-in�ammatory potential and antinociceptive
properties. Therefore, Scyphocephalione A can be classi�ed as a promising molecule for the
management of peripheral neuropathic pain triggered by anti-cancer drug.

Introduction
Acute pain is a red �ag that alerts the body to some dysfunction or condition, while chronic pain is a
disease which usually occurs following nerves damage. Pain affects more than 72.4% of the world's
population (Besson 1999; Thomas et al. 2004). Neuropathic pain is one of the most common chronic
pain which is typically observed in patients with multiple sclerosis (Mori et al. 2010), viral infection
(Hewitt et al. 1997), diabetes mellitus (Davis et al. 1977), stroke (Kumar and Soni 2009), cancer
chemotherapy (Han and Smith 2013) and also persistent post-surgical pain (Kehlet et al. 2006). In
addition, patients under treatments with anti-cancer drugs such as Paclitaxel, Vincristine and/or Cisplatin
develop peripheral neuropathic pain (Scripture et al. 2006; Joseph and Levine 2009; Gomber et al. 2010).

Although considered to be very neurotoxic, Vincristine is widely used as an antineoplastic agent against
blood cancers and against solid tumours (Airiau 1999; Windebank 1999). It is well known that
administration of Vincristine in rats induces peripheral neuropathy (Authier et al. 2003; Kahng et al.
2015). This substance has a great a�nity with the tubulin of the microbubbles and induces functional
and structural alterations of peripheral nerve �bre (Authier et al. 2003). Clinically, apart from stopping all
ongoing anti-cancer treatments, there is no truly established treatment for peripheral neuropathy (Boyle et
al. 1996). More than 50% of patients treated with Vincristine, developed sensorimotor neuropathy and the
variation in sensitivity varies with the doses used (Authier et al. 2003). The current clinical strategy in the
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management of peripheral neuropathy is the use of anticonvulsants (gabapentin), analgesics (tramadol)
and/or antidepressants (amitriptyline) (Van den Bent 2005; Dworkin et al. 2010), though these treatments
have low e�cacy and severe side effects ((Van den Bent 2005). An alternative could be to have a
compound which can express anti-cancer effects and prevent or do not induce peripheral neuropathy.

Several studies have shown the great capacity of plants used in traditional African medicine to provide
many biologically active compounds that �ght against several diseases. This is the case of Tabebuia
pallida which has shown apoptotic and antioxidant properties (Rahman et al. 2021), Ophiorrhiza rugosa
which developed peripheral and central analgesic effects (Uddin Chy et al. 2021), Spirulina platensis
which has antinociceptive effects through acting on the opiod system and TRPM8/TRPA1 channels
(Freitas et al. 2021), extracts of Aglaonema hookerianum which have antidepressant, anxiolytic and
aphrodisiac potential (Goni et al. 2021) and Amburana cearensis which has pharmacological and
neuroprotective properties (Silva et al. 2020). Similarly, many compounds derived from plants have
proven their effectiveness, such as Cannabis (Gonçalves et al. 2020), Coumarins (Küpeli Akkol et al.
2020), Terpineol (Vieira et al. 2020) or Cannabidiol (Martínez et al. 2020). Our interest focused on
Scyphocephalium ochocoa (S. ochocoa), a plant of the Myristicaceae family, found in West Africa
(tropical region) (Doyle et al. 2008). S. ochocoa is a well-known traditional medicinal plant, widely used in
the central Africa folk medicine for the treatment of many diseases including respiratory tract infections,
general fatigue, abscesses, tuberculosis, anaemia, kidney and breast cancer (Feuya Tchouya et al. 2015;
Ngoua-Meye-Misso et al. 2019). Pharmacological studies showed that S. ochocoa possessed antiradical,
antimicrobial, anti-in�ammatory, anti-angiogenic and antioxidant properties (Feuya Tchouya et al. 2015;
Ngoua-Meye-Misso et al. 2019; Feuya Tchouya et al. 2021).

Furthermore, Foundikou et al. (2018), isolated from leaves of S. ochocoa three alkyl resorcynols and two
pentacyclic triterpenes. Previous work carried out on the stem-bark of S. ochocoa resulted in the isolation
and characterization of a new dibenzofuran derivative called Scyphocephalione A. Biological evaluation
showed that this compound possessed immunomodulatory, anti-in�ammatory and cytotoxic properties
against the MCF-7 cell line of mammary carcinoma (Feuya Tchouya et al. 2021). Thus, the present study
aims to evaluate in vitro anti-in�ammatory and in vivo anti-nociceptive activities of Scyphocephalione A.

Methods
Reagents, Chemicals and Equipment. 

Different reagents and chemicals used in this study were procured from various sources: Morphine was
purchased from Sigma Aldrich (St. Louis, MO, USA); Sodium nitroprusside from Merck Ltd (Mumbai,
India); Trypsin and Casein from Hi-Media Lab. Ltd. (Mumbai, India). Sulfanilamide, Sodium hydroxide,
Linoleic acid, Phosphoric acid, Ascorbic acid, Sulfuric acid, Arachidonic acid and Sodium linoleate were
purchased from SD Fine Chem. Ltd, (Mumbai, India); Hemoglobin, Thiobarbituric acid,
Ethylenediaminetetra acetic acid, Bovine albumin and Lipopolysaccharide were from Central Drug House
Pvt. Ltd., (New Delhi, India); Dimethyl sulfoxide (DMSO) and Sodium chloride from Geochim Sarl.
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(Western region, Cameroon); Diclofenac sodium, Ibuprofen, Vitamin C, Indomethacin and other reagents
were provided from local suppliers in Pakistan. 

To assess neuropathic pain, mechanical hyperalgesia (analgesimeter, UGO Basil, Italy), thermal
hyperalgesia (Hotplate, Ugo Basile, Monvalle VA, Italy) and cold allodynia (cold water (4 °C)) equipment
were used.

Plant Material, Extraction and Isolation. 

The whole plant of Scyphocephalium. ochocoa, was collected in Franceville, Upper Haut Ogooue
Province, South-East of Gabon, then identi�ed by a botanist from the National Herbarium of Gabon (M.
Yves Issembe) by comparing it with a preserved specimen under the number So 083/UM. The bark was
removed, sliced up, shade dried and crushed (Feuya Tchouya et al. 2021). Thus, 3.5 kg of powder was
macerated in 7 L of a mixture of dichloromethane (DCM)/methanol (MeOH) (1:1) and kept at room
temperature during 72 h. After �ltration and concentration in a rotary evaporator, a new extraction of the
residual powder was carried out and the various crude extracts were mixed. The �nal concentrate was
dried (under vacuum) to give 250 g (7.14 % yield) of crude extract. It was dissolved in a MeOH/H2O
mixture (1:1), then successively extracted with n-hexane and with ethyl acetate. Extraction of each
mixture was carried out in vacuum to give 41.5 g of n-hexane extract (16.6 % yield), 45 g of ethyl acetate
extract (18 % yield) and 95 g of aqueous residue (38 % yield). The hexane extract (30 g) was subjected to
column chromatography (silica gel, n-hexane/ethyl acetate of increasing polarity), which gave 0.875 g of
Scyphocephalione A (2.92 % yield) at an n-hexane/ethyl acetate polarity of 90:10 (Feuya Tchouya et al.
2021).

In vitro assays. 

Anti-in�ammatory Activity

The evaluation of the anti-in�ammatory properties of Scyphocephalione A was done following the in vitro
cyclooxygenase activity and 5-Lipoxygenase activity inhibition tests as well as the in vitro protein
denaturation technic. The methods described by Djuichou Nguemnang et al. (2019) and Mbiantcha et al.
(2020) were used. 

Preparation of lymphocyte culture.

A culture (human peripheral lymphocytes, RPMI 1640 (HIMEDIA), streptomycin, penicillin, fetal calf serum,
phytohemagglutinin (HIMEDIA)), was �ltered using cellulose acetate 0.2 µm pore brand Sartorios. After
addition of 1 x 106 cells/ml of plasma, the culture was incubated for 72 h. After another addition of 1 μl
of lipopolysaccharide and a 24 h incubation period, the culture received different concentrations (100,
200, 500 and 1000 μg/mL) of Scyphocephalione A, Diclofenac and Ibuprofen, then incubated again for
24 h. The culture was next centrifuged for 10 min at 6000 rpm, followed by removal of the supernatant
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and addition of 50 µl of lysis buffer. Finally, the culture was centrifuged again as previously described
(Viji, and Helen 2008).

Assay of Cyclooxygenase, 5-Lipoxygenase and Protein Denaturation Inhibition.

A mixture of Tris-HCl buffer, cyclooxygenase, hemoglobin, glutathione, arachidonic acid and TCA (10 % in
HCl 1N, 0.2 ml), was incubated at 37 °C for 20 min. Then after addition of TBA (0.2 ml), it was heated
with boiling water for 20 minutes, cooled and then centrifuged for 3 minutes at 1000 rpm.   The
supernatant was used to assess cyclooxygenase activity at 632 nm (Viji, and Helen 2008).

To assess 5-lipoxygenase activity, the starting mixture (25 ml) consisting of linoleic acid (70 mg), Tween
20 (4 ml of non-oxygenated water), sodium hydroxide (0.5 N) and non-oxygenated water was divided into
portions (0.5 ml each). Each portion was rinsed with nitrogen, frozen and passed into a quartz cuvette at
25 °C.  A control solution, prepared from 0.2 ml of sodium linoleate, 2.75 ml of Tris buffer (pH 7.4) and 50
ml of enzyme was used.  The optical density (OD) was measured at 234 nm (Viji, and Helen 2008) and
the percentage (%) of inhibition was calculated as follow:

 

In a solution (1 ml) containing distilled water (control tube), Diclofenac or Scyphocephalione A at
different concentrations (100, 200, 500 and 1000 μg/ml), the bovine serum solution (1 ml, 5%) was
added. The mixture was incubated (15 min, 27 °C) and placed at 70 °C (10 min). After cooling (room
temperature), the OD was measured at 660 nm (Padmanabhan and Jangle 2012) and the percentage of
inhibition was calculated using the same formula presented above.

In vivo assays

Experimental animals 

To performed all tests, adult male and female mice (Mus musculus, BALB/c) and rats (Wistar) of 3
months old and, weighing on average 27 ± 1 (mice for acute pain assay) and 170 ± 2 g (rat for
neuropathic pain assay) were used. They were raised in the International Centre for Chemical and
Biological Sciences (ICCBS), University of Karachi, Pakistan under natural conditions (21 ± 2 °C
temperature, 12 h/12 h cycle) with access to food and water. The experiments were conducted in
agreement with the Institutional Committee for the Use, Care and Standards of Animals (IACUC) of ICCBS
following protocol n° 1209004, accepted by the committee of ethics of ICCBS (Mbiantcha et al. 2017).

Experimental design
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In the acute pain assays, 18 adults’ mice were used for each method. They were partitioned into 3 groups
of 6 animals each and treated as follows:

A negative control group (Vehicle), receiving DMSO 2.5%, p.o.; 

A positive control group (Indo), receiving Indomethacin (10 mg/kg, p.o.);

A test group (Scyp A), receiving Scyphocephalione A, 50 mg/kg, p.o.). 

For the neuropathic pain assays, 24 adult rats were used. There were distributed in 4 groups of 6 animals
each and processed as follows: 

A neutral control group (Normal control), without Vincristine sulphate administration; 

A negative control group (Vincristine), receiving Vincristine sulphate (100 μg/kg, i.p.) + vehicle (2.5%
DMSO, p.o.);

A positive control group (Morphine), receiving Morphine (10 mg/kg, p.o.) + Vincristine sulphate (100
μg/kg, i.p.); 

A test group (Scyp A), receiving Scyphocephalione A (50 mg/kg, p.o.) + Vincristine sulphate (100
μg/kg, i.p.). 

For both in vivo assays the volume of administration was 10 ml/kg. The experiment was carried out for
15 days. On the 15th day after the last test, all the animals were anesthetized by injection of thiopental
(50 mg/kg, i.p.), then the rib cage of each rat was carefully opened and the blood was drawn by
catheterization of the abdominal artery and introduced into a 1st tube containing EDTA for the
determination of the haematological parameters, then into a second tube without EDTA for the
determination of biochemical parameters.

Acute pain

Acetic acid-induced acute pain assay

The test was performed by administrating to each mouse 10 ml/kg (i.p) of acetic acid, 1 h after the
different treatments. Then, mice were placed in sets of two in a glass cage. Five minutes after, the
number of writhing (stretching) was recorded for a period of 30 min (Vogel, and Vogel 1997). The
percentage of inhibition (% I) was determined according to the formula below:

Formalin-induced acute pain assay

The test was conducted as follow: 1 h after administration of the different substances, each mouse
received an intra-plantar injection of 2.5 % formalin (100 µl), then each animal was individually placed in
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a glass cage. The paw licking time (pain materialization) was determined using a chronometer between 0
and 5 min (neurogenic pain), then between 15 and 30 min (in�ammatory pain) (Gaertner et al. 1999). The
percentage of inhibition (% I) was determined according to the formula below:

Neuropathic pain

Vincristine-induced neuropathic pain assay

 The experiment was conducted following the method described by Chiba et al. (2017). Brie�y, apart from
the animals of the normal control group, all the other rats received Vincristine sulphate (100 μg/kg, i.p.) in
two series to induce neuropathic pain: from the 1st to the 5th day, then from the 8th to the 12th day.  The
treatments with Scyphocephalione A and Morphine were performed one day before induction and
continued daily until day 15.

Behavioral assessment of neuropathic pain

To assess the effect of Scyphocephalione A on neuropathic pain, mechanical hyperalgesia thermal
hyperalgesia and cold allodynia trials were used.

For the mechanical hyperalgesia trial, the hind paw of the rat, placed in a pressure applicator, was
stimulated by increasing pressure (cut-off of 250 g) until paw withdrawal. The nociceptive threshold
value was considered as the force (g) obtained (Hajimashhadi et al. 2017) and was evaluated on days 0,
1, 3, 5, 7, 9, 11, 13 and 15. The percentage (%) of pain sensitivity latency was determined. 

In the thermal hyperalgesia trial, animals were gently placed over the heating plate (50 ± 0.5 °C), the paw
withdrawal latency was recorded in seconds and a cut-off latency of 20 seconds has also been observed
(Bhardwaj et al. 2016). The paw withdrawal latency was evaluated on days 0, 1, 3, 5, 7, 9, 11, 13 and 15.
The percentage (%) of paw withdrawal latency was determined.

Regarding the cold allodynia trial, the tail of each animal was soaked in cold water (4 °C), the time of
inactivity of an animal to withdraw its tail was determined with a cut-off of 20 seconds in case of lack of
reaction (Mbiantcha et al. 2017). The tail withdrawal latency was evaluated on days 0, 2, 4, 6, 8, 10, 12, 14
and 15. The percentage (%) of tail withdrawal latency was determined.

Haematological and Biochemical estimates

Blood collected into tube containing EDTA was used to evaluate haematological parameter such as
haemoglobin, red blood cell (RBC), white blood cell (WBC) and Platelet count. Blood collected into tubes
without EDTA was centrifuged at 4900 rpm (5 min), then the serum was taken for the assay of alanine
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aminotransferase (ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST), creatinine
(Bhardwaj et al. 2016; Mbiantcha et al. 2017), glutathione (GSH) (Ellman 1959), catalase (Sinha 1972),
superoxide dismutase (SOD) (Misra, and Fridovich 1972), NO and malondialdehyde (MDA) (Wilbur et al.
1949).

Statistical analysis

For in vitro assays, samples were ran out in triplicate and the results were presented as percentage
inhibition; while for the in vivo assays, the results were analyzed by one-way ANOVA followed by Tukey or
Bonferroni post-tests. Data were expressed as mean ± SEM. A p-value < 0.05 was considered signi�cant
(GraphPad Prism, version 5.03).

Results
In vitro anti-in�ammatory activities of Scyphocephalione A

Table 1 shows the effects of Scyphocephalione A on proteins denaturation, cyclooxygenase and 5-
lipoxygenase activities. It emerges from this table that Scyphocephalione A inhibits proteins denaturation
as well as cyclooxygenase and 5-lipoxygenase activities. This inhibition is concentration-dependent as
well as Diclofenac and Ibuprofen. At a concentration of 1000 µg/ml, Scyphocephalione A inhibits protein
denaturation, cyclooxygenase and 5-lipoxygenase activities with percentages of 74.21%, 75.80% and
64.43% respectively. Furthermore, at the same concentration diclofenac inhibited proteins denaturation by
85.10%, while ibuprofen inhibits cyclooxygenase and 5-lipoxygenase activities by 95.24% and 96.19%
respectively.
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Table 1
Effect of Scyphocephalione A on proteins denaturation, cyclooxygenase and 5-lipoxygenase inhibitions
Compounds Dose (µg/ml) Inhibition (%)

Proteins denaturation Cyclooxygénase 5-lipoxygénase

Diclofenac 100 63.33 - -

200 71.25 - -

500 80.21 - -

1000 85.10 - -

Ibuprofen 100 - 80.44 77.02

200 - 83.09 82.30

500 - 89.11 90.43

1000 - 95.24 96.19

Scyphocephalione A 100 55.32 45.10 40.21

200 60.66 49.55 44.50

500 67.43 62.32 55.50

1000 74.21 75.80 64.43

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

In vivo antinociceptive activities of Scyphocephalione A

Figures 2 and 3 show the analgesic effects of Scyphocephalione A on acute pain models induced by
acetic acid and formalin respectively. It was found that the injection of acetic acid induced 103.00 ± 3.99
writhing (abdominal contortions) in animals of the negative control group. This number of writhing was
signi�cantly (p<0.001) reduced by 35.76% (66.17 ± 1.76 writhing) in animals treated with indomethacin
and by 63.43% (37.67 ± 2.87 writhing) in animals treated with Scyphocephalione A (Figure 2). Regarding
the two phases of formalin-induced pain, compared to Vehicle, Scyphocephalione A induced a signi�cant
(p<0.001) decrease of linking time. The inhibition of linking time was observed in the �rst and second
phase (42.12% and 67.53% inhibition respectively). Indomethacin inhibited the linking time in the �rst
(8.61%) and second phase (28.32%, p<0.001) in comparison to the Vehicle (Figure 3).

Effects of Scyphocephalione A on some behavioral parameters of rat submitted to Vincristine-induced
neuropathic pain
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Figure 4 shows the effects of Scyphocephalione A on mechanical hyperalgesia (Figure 4A), thermal
hyperalgesia (Figure 4B) and cold allodynia (Figure 4C) induced by analgesimeter, hotplate and cold
water respectively. It emerges from these results that, compared to Normal control group, after injection of
Vincristine, the animals of Vehicle group progressively develop an increase in sensitivity to pain re�ecting
the installation of peripheral neuropathy. This hypersensitivity, marked by a decrease in percentage (%) of
pain sensitivity latency (Figure 4A), percentage (%) of paw withdrawal latency (Figure 4B) and percentage
(%) of tail withdrawal latency (Figure 4C), was signi�cant (p<0.001) from the third to the �fteenth day
post induction. Oral administration of Scyphocephalione A, as well as Morphine, protected animals
against hypersensitivity by increasing the percentage (%) of pain sensitivity latency (Figure 4A),
percentage (%) of paw withdrawal latency (Figure 4B) and percentage (%) tail withdrawal latency (Figure
4C). For all behavioural parameters studied, the effect of Scyphocephalione A was signi�cant (p<0.05;
p<0.01; p<0.001) from day 3 until day 15, compared to the Vehicle group.

Effects of Scyphocephalione A on some haematological and biochemical parameters of rat submitted to
Vincristine-induced neuropathic pain

As shown in Table 2, compared to animals of the Normal control group, those in the Vehicle group which
received only Vincristine showed a signi�cant decrease (p<0.01; p<0.001) in all the evaluated
haematological parameters (haemoglobin, RBC, WBC levels; haematocrit percentage and platelet count).
The treatment with Scyphocephalione A, as well as Morphine, prevented the effects induced by
Vincristine. All the haematological parameters of Scyphocephalione A group were similar to the values of
the animals of the Normal control group (Table 2).

Table 2: Effects of Scyphocephalione A on blood parameters of rat submitted to Vincristine-induced
neuropathic pain 
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  Dose
(mg/kg)

Haemoglobin
(g/dl)

RBC
(million/µl)

Hematocrit 

(%)

WBC 

(109/L)

Platelet
count 

(109/L)

Normal control - 12.45 ± 

0.25

7.06 ± 

0.19

40.38 ±
1.11

7.58 ± 

0.28

831.75
± 

34.48

Vehicle  - 7.15 ± 

0.39γ

3.90 ±
0.19γ

25.93 ±
1.03γ

1.68 ± 

0.14β

481.25
± 

26.80β

Morphine  5 11.60 ± 

0.35c

6.05 ±
0.52αc

35.10 ±
1.27b

9.00 ± 

0.52c

1074.00
±
15.01βc

Scyphocephalione
A

50 12.15 ± 

0.28c

6.68 ±
0.10c

38.63 ±
0.74c

6.48 ± 

1.13b

1137.00
±
54.60βc

Each value represents the mean ± E.S.M., n = 6. βp<0.01, γp<0.001 vs. Normal control; bp<0.01; cp<0.001
vs. Vehicle (one-way ANOVA followed by Tukey's post-test). RBC: red blood cell; WBC: white blood cell. 

The Table 3 summarizes the values of some serum parameters of oxidative stress biomarkers evaluated
at the end of treatment. According to the Table, the injection of vincristine in animals (Vehicle group)
caused a signi�cant increase (p<0.001) of NO and MDA levels; and a signi�cant decrease (p<0.001) of
catalase, glutathione levels and superoxide dismutase activity, compared to the Normal control group.
The treatment of animals with Scyphocephalione A induced a signi�cant decrease in NO (p<0.001) and
MDA (p<0.01) levels; and a signi�cant (p<0.001) increase in glutathione levels as well as catalase and
superoxide dismutase activities (Table 3).  
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Table 3
Effect of Scyphocephalione A on some parameters of oxidative stress of rat submitted to Vincristine-

induced neuropathic pain.
Treatment Dose (mg∕kg) NO

(µmol)

MDA

(x 106 µmol/l)

CAT

(IU)

GSH

(x 105 IU)

SOD

(IU)

Normal control / 0.067 ±

0.002

5.30 ±

0.94

71.22 ±

1.41

5.44 ±

0.13

2.30 ±

0.10

Vehicle / 0.099 ±

0.003γ

11.00 ±

1.03γ

31.39 ±

1.03γ

2.29 ±

0.21γ

1.30 ±

0.02γ

Morphine 5 0.076 ±

0.001αc

8.30 ±

0.17α

57.99 ±

1.10γc

4.53 ±

0.11βc

1.91 ±

0.05b

Scyphocephalione A 50 0.061 ±

0.002c

6.52 ±

0.16b

69.06 ±

1.60c

5.30 ±

0.22c

2.20 ±

0.19c

Each value represents the mean ± E.S.M., n = 6. αp<0.05, βp<0.01, p<0.001 vs. Normal control;
bp<0.01, cp<0.001 vs. Vehicle (one-way ANOVA followed by Tukey's post-test). NO: nitric oxide; MDA:
Malondialdehyde; CAT: Catalase; GSH: Glutathione; SOD: Superoxide dismutase.

As shown in Table 4, the injection of Vincristine (Vehicle group) caused signi�cant (p<0.001) increases in
ALT, AST, ALP and creatinine levels, compared to the Normal control group. Also, compared to the Vehicle
group, the treatment with Scyphocephalione A, as well as Morphine, induced a signi�cant (p<0,001)
decrease in all the serum parameters evaluated in this study (Table 4).  
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Table 4
Effect of Scyphocephalione A on serum parameters of rat submitted to Vincristine-induced neuropathic

pain.

  Dose
(mg/kg)

ALP

(U/l)

AST

(U/l)

ALT

(U/l)

Creatinine

(mg/dl)

Normal control - 72.80 ± 1.83 41.20 ± 2.56 44.00 ± 2.03 0.41 ± 0.03

Vehicle - 481.00 ± 9.68γ 182.00 ±
7.23γ

136.00 ±
3.03γ

0.87 ±
0.01γ

Morphine 5 186.00 ±
27.70γc

85.00 ±
4.18γc

97.00 ±
3.03γc

0.58 ±
0.03αc

Scyphocephalione
A

50 110.40 ± 3.19c 53.40 ±
4.77c

105.80 ±
1.88γc

0.43 ±
0.04c

ALP: alkaline phosphatase; AST: aspartate aminotransferase; ALT: alanine aminotransferase. Each
value represents the mean ± ESM for six animals and analysed by two-way ANOVA followed by Tukey
post-hoc test, αp<0.05; γP<0.001when compared to normal control, cP<0.001 when compared to
vincristine and vehicle.

Discussion
The purpose of this study was to evaluate in vitro and in vivo the possible anti-in�ammatory activities (by
inhibiting the proteins denaturation, cyclooxygenase and 5-lipoxygenase activities), analgesic (by
inhibiting acute pain induced by acetic acid and formalin) and antihyperalgesic (by inhibiting neuropathic
pain induced by Vincristine) effects of Scyphocephalione A, a dibenzofuran derivative isolated from
Scyphocephalium ochocoa (Myristicaceae). The results obtained in this study clearly show that this
compound has anti-in�ammatory, antioxidant, analgesic and antihyperalgesia properties.

In the evaluation of acute pains, acetic acid and formalin are two solutions commonly used to assess the
analgesic properties of new drugs. In fact, it is well known that intraperitoneal injection of acetic acid
causes abdominal writhing after activation of mast cells and macrophages, and production of
eicosanoids, TNFα, sympathomimetic amines and IL-1β (Ribeiro et al. 2000); while the intra-plantar
injection of formalin induces a sensation of pain materialized by the licking of the paw which develops in
two phases, a �rst which is characterized by neurogenic pain and a second phase characterized by
in�ammatory pain. Our results have shown that compared to the vehicle group, Scyphocephalione A, at a
dose of 50 mg/kg, induced a signi�cant reduction in the number of abdominal writhing caused by acetic
acid. The compound at the same dose, also induced a signi�cant reduction of the paw licking time during
both phases of pain induced by formalin. The effects produced by Scyphocephalione A are much greater
than those produced by indomethacin used as a reference drug in this study. The presence of acetic acid
in the peritoneal cavity causes irritation of the cavity, signi�cant stimulation of nociceptors and then
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production of serotonin, prostaglandins, histamine, substance P and bradykinin (Konaté et al. 2012).
Otherwise, the presence of formalin in the plant of the animal’s paw causes initially (from 0 to 10 min) a
production of serotonin and bradykinin, then secondly (from 10 to 30 min) a production of
prostaglandins, TNF-α, IL-6 and IL-1β (Magro et al. 2013). The effects of Scyphocephalione A on the
model of acetic acid-induced pain and on both phases of formalin-induced pain suggests that this
compound has the ability to inhibit the production and/or activity of numerous in�ammatory mediators
and/or endogenous substances responsible for producing the painful sensation. These results also
suggest that Scyphocephalione A may have both central and peripheral analgesic activities.

Vincristine is an anti-cancers drug, widely used in oncology. Its clinical use remains limited due to its
great a�nity with β-tubulin in the microtubules of the nervous system, resulting in the development of
painful neuropathy (Schwartz 2009). As shown by some authors, its injection in rodents for a period of 10
days induce a partial degeneration of the sensory nerves in the form of loss of Aδ and C �bres followed
by a signi�cant increase in mechanical, thermal and cold sensitivity, a consequence of the peripheral
neuropathy development (Ochoa and Yarnitsky 1994; Latters and Bennett 2004; Siau et al. 2006). Most of
the patients suffering from neuropathic pain present numerous clinical signs such as allodynia and
hyperalgesia, although the mechanisms underlying their occurrence are not clearly de�ned. In this study,
compared to the Normal control group, injection of vincristine (Vehicle group) resulted in hypersensitivity
in all animals characterized by mechanical, thermal and cold hyperalgesia. Compared to Vehicle group,
administration of Scyphocephalione A at a dose of 50 mg/kg signi�cantly reduced this hypersensitivity.
In addition, the effect of this compound on behavioural parameters was greater than that of Morphine (5
mg/kg) used as a reference drug. It has been shown that in rodents which develop neuropathic pain,
several mononuclear cells are released and they will produce numerous pro-in�ammatory molecules such
as PGE2 and TNFα. At the level of different cell types, these molecules are able to induce a pro-apoptotic
effect, thus maintaining and/or extending the state of hypersensitivity (Mantuano et al. 2011).

It is well known that leukotriene receptor antagonists and/or 5-lipoxygenase inhibitors have signi�cant
therapeutic value in the management of neuropathic pain, a fact that is notable in many cases of
neuropathic pain. Administration of leukotriene receptor antagonist (Montelukast), active 5-lipoxygenase
inhibitor (Zileuton) and/or non-steroidal anti-in�ammatory drug (Indomethacin) signi�cantly alleviated
clinical symptoms (Singh et al. 2005; Cortes-Burgos et al. 2009). Thus, the combined inhibitors of
leukotriene, prostaglandins, and the production of TNFα as well as NO would have advantages in the
management of neuropathic pain compared to existing drugs. In this study, in vitro tests showed that
Scyphocephalione A, as well as Diclofenac an Ibuprofen, inhibited in a concentration dependent manner
proteins denaturation of and the activities of cyclooxygenase and 5-lipoxygenase. Previous work
performs by Feuya Tchouya et al. (2021) have shown that Scyphocephalione A has inhibitory properties
on the production of TNFα and NO. All these results suggest that the analgesic and antihyperalgesic
effects of Scyphocephalione A are linked to its ability to inhibit the production of PGE2 (marked by
inhibition of cyclooxygenase), leukotrienes (marked by inhibition of 5-lipoxygenase), TNFα and NO.
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Painful neuropathy accompanying tissue damage can be maintained by an increase in the production of
free radicals (Muthuraman et al. 2008; Park et al. 2010). It is well known that in many models of
neuropathic pain induced by anticancer drugs, the high production of free radicals leads the induction of
neuronal cytotoxicity, thus causing the development of painful neuropathy (Wang et al. 2000; Joseph et
al. 2008; Muthuraman et al. 2011). In this study, compared to the Normal control group, animals having
received only Vincristine showed a signi�cant increase in pro-oxidant substances (MDA, NO) and a
signi�cant decrease in anti-oxidants (catalase, glutathione, superoxide dismutase). These effects induce
by Vincristine re�ect a signi�cant state of oxidative stress in these animals. However, animals which
received Scyphocephalione A showed a signi�cant reduction of this state of stress, compared to the
vehicle-treated group. This was marked by a signi�cant decrease in the levels of MDA and NO, and a
signi�cant increasing in the glutathione level as well as catalase and superoxide dismutase activities.

Many anticancer treatments seriously affect liver function and haematological function by inducing a
signi�cant increase in the activities of ALT, ALP, AST as well as a signi�cant decrease in the blood
components (white blood cells, red blood cells, haematocrit percentage and platelets) (Harrison Jr 1983;
Siau et al. 2006). The results obtained in this study showed that compared to the Normal control group,
injection of vincristine (Vehicle group) induced a signi�cant decrease in serum levels of white blood cells,
red blood cells, haematocrit and platelets, followed by an increase in serum activities of ALT, ALP and
AST. These �ndings are in agreement with the results obtained in our previous work (Mbiantcha et al.
2017; Mbiantcha et al. 2018), as well as those obtained by Lahouel et al. (1987) and Raguenez-Viotte et
al. (1988). These results are justi�ed by the fact that the injection of Vincristine in animals causes severe
liver damage and seriously affects haematopoiesis through its action on the bone marrow (Hansen et al.
1982; Nag and Katherine 1984). Compared to the Vehicle group, treatment of animals with
Scyphocephalione A signi�cantly improved parameters of hepatic and hematologic parameters that were
altered following Vincristine administration. This was marked by a decrease in liver enzymes (ALT, ALP
and AST) activities and an increase in blood components (white blood cells, red blood cells, haematocrit
and platelets) levels. The hepatoprotective and/or immune function regulatory effects of
Scyphocephalione A could be associated with its antioxidant and/or anti-in�ammatory properties.

Conclusion
The anti-in�ammatory properties in vitro, followed by the in vivo analgesic and antihyperalgesic
properties of Scyphocephalione A, were demonstrated in this study. Scyphocephalione A also induced a
signi�cant reduction of the observed side effects after Vincristine injection. The results of this study
suggest that Scyphocephalione A is able to prevent the development of painful neuropathy and to reduce
the hepatic and haematological adverse effects associated with vincristine administration in the
treatment of cancers. This demonstrates that Scyphocephalione A is a promising molecule for the
management of peripheral neuropathic pain induced by anti-cancer drugs.
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Figures

Figure 1

Structure of new dibenzofuran derivative: Scyphocephalione A
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Figure 2

Effects of Scyphocephalione A (Scyp A) on acetic acid-induced pain in mice. Each bar represents the
mean ± S.E.M., n = 6. cp<0.001 vs. Vehicle (one-way ANOVA followed by Tukey's post-test). Indo:
Indomethacin.
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Figure 3

Effects of Scyphocephalione A on formalin-induced pain in mice. Each bar represents the mean ± S.E.M.,
n = 6. cp<0.001 vs. Vehicle (one-way ANOVA followed by Tukey's post-test).
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Figure 4

Effect of Scyphocephalione A on mechanical hyperalgesia (A), thermal hyperalgesia (B) and cold
allodynia (C) in vincristine-induced neuropathic pain. Data were expressed as mean ± S.E.M., n = 6.
αp<0.05; βp<0.01; γp<0.001 vs. Normal control; bp<0.01; cp<0.001 vs. Vehicle (one-way ANOVA followed by
Bonferroni post-test).


