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The greatest common and devastating complication of diabetes is painful neuropathy that can cause hyperalgesia and allodynia. It
can disturb psychosocial functioning by increasing levels of anxiety and depression. This work was designed to evaluate the
antihyperalgesic, antidepressant, and anxiolytic-like effects of the aqueous and methanol extracts of Nauclea pobeguinii stem-bark
in diabetic neuropathy induced by streptozotocin in mice. Diabetic neuropathy was induced in mice by the intraperitoneal
administration of 200 mg/kg streptozotocin (STZ) to provoke hyperglycemia. Nauclea pobeguinii aqueous and methanol extracts
at the doses of 150 and 300 mg/kg were administered by oral route, and their effects were evaluated on antihyperalgesic activity
(Von Frey filaments, hot plate, acetone, and formalin tests), blood glucose levels, body weight, serum, sciatic nerve proin-
flammatory cytokines (TNF-a, IL-1f3, and IL-6) and sciatic nerve growth factor (IGF and NGF) rates, depression (open field test,
forced swimming test, tail suspension test), and anxiety (elevated plus maze, light-dark box test, social interaction). Oral ad-
ministration of Nauclea pobeguinii stem-bark aqueous and methanol extracts (150 and 300 mg/kg) produced antihyperalgesic,
antidepressant, and anxiolytic-like effects in STZ-induced diabetic neuropathic mice. Extracts also triggered a decrease in
glycaemia and increased body weight in treated animals. They also significantly (p <0.001) reduced tumour necrosis factor alpha
(TNF-a), interleukin-1 beta (IL-1f3), and IL-6 and significantly (p <0.001) increased nerve growth factor (NGF) and insulin-like
growth factor (IGF) in sciatic nerves. The results of this study confirmed that Nauclea pobeguinii aqueous and methanol extracts
possess antihyperalgesic, antidepressant, and anxiolytic activities and could be beneficial therapeutic agents.

1. Introduction

Diabetes that affects about 415 million of adults in the world is a
main public health problem that is related to development of
pain complications in many tissues of the body, and approx-
imately 16 to 26% of diabetic patients have chronic pain [1]. The
greatest common complication among diabetic patients is di-
abetic neuropathy (DN), but its pathophysiological mechanism

is difficult and yet unknown [2]. Diabetic neuropathy is
characterized by progressive peripheral neuropathy and causes
chronic neuropathic pain and sensory or motor damage in the
limits [3]. The mechanism by which hyperglycemia causes
painful diabetic neuropathy is still unknown, but elevated blood
glucose is at the origin of an increase in advanced glycation end
products, protein kinase C isoform activation, mitochondrial
dysfunction, and activation of nuclear factor-«B (NF-xB) [4, 5]
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with important release of proinflammatory cytokines (ITNF-«,
IL-1f3, and IL-6) [6]. Moreover, DN is characterized by neuronal
deterioration and alterations of nerve growth factor (NGF) and
insulin-like growth factor (IGF) activity [7]. All these pathways
are at the origin of spontaneous pain, irregular sensations such
as paresthesia, allodynia, and hyperalgesia [1]. Chronic pain due
to diabetic neuropathy is carefully associated with anxiety and
depression [8], and the mechanism involves central sensitiza-
tion and structural variations in the brain [9].

It has been estimated that over 50% of patients who
suffer from chronic pain also express clinically diagnosable
symptoms of depression and anxiety [8]. Recent treatment of
diabetic neuropathy (DN) includes the use of tricyclic an-
tidepressants, selective serotonin reuptake inhibitors, anti-
convulsants, opioids and antioxidant protein kinase C
inhibitors, COX-2 inhibitors [10, 11], nonsteroidal anti-
inflammatory drugs as slight analgesics, and calcium
channel ligands such as gabapentin and pregabalin [12].
However, these treatments remain limited due to their
partial efficiency and numerous adverse effects [13]. Due to
the problems associated with the use of these treatments, the
search for natural particles and new therapeutic targets
constitutes an orientation in the treatment of diabetic
neuropathy, which needs to be focused on. Therefore, there
is a necessity to find a new alternative intervention targeting
main mechanisms causing nerve injury in DN. Some plants
have shown antihyperalgesic properties on streptozotocin-
induced diabetic neuropathy in rats.

Nauclea pobeguinii (N. pobeguinii), plant of the Rubia-
ceae family, contains tannins, flavonoids, terpenoids, ste-
roids, and alkaloids as constituents [14]. It is used usually to
treat stomach and articular pain, fever, and inflammation
and to reduce hyperglycemia in Cameroon. Previous studies
showed antidiabetic actions of N. pobeguinii [15]. The stem-
bark water decoctions of N. pobeguinii have been described
as traditional antihelminthic remedies in Congo [16-18] and
for lumbago in Cameroon [19]. Previous work established
that aqueous and methanolic stem-bark extracts from
Nauclea pobeguinii showed analgesic, anti-inflammatory,
and antiarthritic (monoarthritis) activity [20]. Tsafack et al.
[21] showed that the extracts of this plant are very rich in
secondary metabolites, including tannins, flavonoids, ste-
roids, saponins, alkaloids, and terpenoids; the same work
showed that aqueous and methanolic extracts of Nauclea
pobeguinii have immunomodulatory effect (reducing the
production of intra- and extracellular reactive oxygen spe-
cies and decreasing T cell proliferation), anti-inflammatory
effect (inhibitory effect on cyclooxygenase, lipoxygenase,
and protein denaturation), antioxidant effect (antioxidant
capacity on DPPH, ABTS, and NO), and curative effect on
polyarthritis model induced by complete Freund’s adjuvant
injection. In addition, some N. pobeguinii constituents
(cadambine, 3a-dihydro cadambine, and 3a,5a-tetrahy-
drodesoxycordifoline) displayed neuroprotective effects on
glutamate-induced HT22 cell death [22] and reduced the
effects of morphine withdrawal in guinea pigs [23]. Diabetic
neuropathy pathogenesis is characterized by an associated
hyperalgesia, allodynia, and inflammatory response; we
suspect that, due to its analgesic and anti-inflammatory
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properties, N. pobeguinii could ameliorate nerve tissue
damage. Additionally, the activity of this plant on depression
and anxiety is yet unknown. Thus, in the current study, the
antihyperalgesia, antiallodynic, antidepressive, and anxio-
Iytic properties of N. pobeguinii aqueous and methanol stem-
bark extracts were explored in a model of DN induced by
streptozotocin (STZ) in mice.

2. Material and Methods

2.1. Plant Material and Extraction. Fresh trunk bark of
N. pobeguinii was collected in Mbalmayo, Nyong-et-So’o
Division, in the Central Region of Cameroon in August 2016.
After collection, it was authenticated by simple comparison
with an existing sample [R. Letouzey sample No. 11,367
(28,335/SRFcam)] at the National Herbarium of Yaounde
(Cameroon). Then, the bark was dehydrated in the shade
(shelter from the sun) and ground to give a fine powder. Five
hundred grams (500 g) of this powder wad soaked in 5L of
distilled water, and the mixture was cooked for 30 minutes,
then filtered through filter paper, and evaporated in an oven at
40°C to give 22 g of aqueous extract (4.4% yield). The other
part (500g) was soaked in methanol (2.5L), and then the
mixture was macerated for 72h and filtered through filter
paper. The methanol filtration was concentrated by a rotary
evaporator at 65°C under reduced pressure. This process
produced 42 g of methanol extract (8.4% yield).

2.2. Experimental Animals. In this study, both female and
male mice (Mus musculus, Swiss) were used. These animals
were aged between 12 and 16 weeks and weighed about 27 g.
They were reared in the Animal House of the Research Unit
of Animal Physiology and Phytopharmacology (URPAP) of
the Department of Animal Biology of the Faculty of Science
of the University of Dschang (Cameroon). The animals were
placed in cages at the rate of 5 animals per cage, under
natural conditions of temperature (22 + 1°C) and humidity
(50-80%). The animals received a composed feed and
drinking water ad libitum. With reference to the work of
Adjouzem et al. [24], the experimental procedures have been
approved by the local ethics committee and are in accor-
dance with the guidelines for the study of pain in awake
animals, published by the NIH Publication No. 85-23
“Principles of Animal Protection,” Laboratory Study of Pain,
Ministry of Scientific Research and Technology, which
adopted the European Union Guidelines on Animal Care
and Experimentation (EWC 86/609).

2.3. Drugs and Reagents. The following substances were got
from Sigma: streptozotocin (STZ), pregabalin (PGB), fluoxe-
tine, and diazepam. All other elements were of analytical grade
and were obtained from the local supplier. Pregabalin, flu-
oxetine, and diazepam were prepared in normal saline (0.9%).

2.4. Induction of Experimental Diabetes by Streptozotocin.
In this test, the protocol described previously by Mbiantcha
et al. [25] was used. Streptozotocin (200 mg/kg, i.p.) was
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injected into mice to induce experimental diabetes, while
control animals received an injection of saline solution
(0.9%). Diabetes was confirmed by evaluating glycaemia
from a drop of blood got from the tail vein of each animal by
using the Accu-Chek Performa Glucometer (Roche Diabetes
Care, Inc., Indianapolis, USA) three (3) days after strepto-
zotocin injection. Then, for this study, only mice with a
blood glucose level >300 mg/dL were used. Two weeks after
injection of streptozotocin, treatment was started and
continued for 4 weeks, during which mechanical allodynia
(Von Frey filaments), thermal hyperalgesia (hot plate), and
cold allodynia (acetone) were performed each week.

2.5. Antihypernociceptive Activity. To assay the anti-
hypernociceptive activity, 42 mice (36 diabetic and 6 non-
diabetic) were carefully chosen and separated into 7 groups
with six animals each. Group 1 consisted of nondiabetic
mice and received no treatment; group 2 with diabetic mice
received normal saline (0.9% per os) and was considered as
negative control; group 3 with diabetic mice received pre-
gabalin (30 mg/kg, per os); groups 4 and 5 (diabetic mice)
received per os the aqueous extract of N. pobeguinii at the
doses of 150 and 300 mg/kg, respectively; and groups 6 and 7
(diabetic mice) received orally the methanol extract of
N. pobeguinii at the doses of 150 and 300 mg/kg, respectively.

2.6. Evaluation of the Mechanical Allodynia. In this test, a
metallic grid helped as support. Mice were acclimated for
25min in their environment. To test mechanical allodynia,
the plantar surface of each mouse was stimulated by Von
Frey filaments (0.04 g) applied in ascending order sequen-
tially on the plantar surface. A positive response was made
by rapid withdrawal or flinching. Each mouse received 10
applications, and one application was counted for 10%. The
number of applications when an animal reacted was
expressed in percentage.

2.7. Evaluation of the Thermal Hyperalgesia. To test thermal
hyperalgesia, each mouse was placed on the hot plate ap-
paratus (Ugo Basile, Varese, Italy) in constant temperature
(54 £1°C) during 12 sec approximately with a time limit. The
reaction time was recorded from the moment the animal
licked its paw and made a jump after placing each mouse on
the hot plate [26].

2.8. Assessment of Cold Allodynia. To assess cold allodynia,
the method described by Mbiantcha et al. [27] was used. The
response of diabetic mice to cold stimulus was assessed when
acetone was applied five times at 5min intervals to the
plantar surface. Cold allodynia was considered when the
animal reacted by rapid withdrawal to two out of five ap-
plications representing 40%.

2.9. Assessment of Chemical Hyperalgesia. At the end of the
treatment, on the 29th day, the mice received the last
treatment. One hour (1 h) after treatment, each animal was

individually located in a PLEXIGLAS box (20 x 30 x 20 cm)
with a 45° angle mirror, and 0.2 ml of formalin (2.5%) was
injected under the hind leg paw. Then the licking time of the
inoculated paw (translating the nociceptive behavior) was
determined constantly until the 60th minute [28].

2.10. Sample Collections and Assessment of Proinflammatory
Cytokines and Growth Factors Levels. Animals were anes-
thetized with chloroform individually; the method of cardiac
puncture was used to take the blood, following which the
blood was introduced into tubes without anticoagulants and
then centrifuged at 3000 rpm for 15 min, and the serum was
then collected to analyze proinflammatory cytokines (IL-1p,
TNFa, and IL-6). After blood collection, the sciatic nerve of
each animal was removed, crushed in PBS-mixed salt at the
rate of 0.1 g of organ per 1 ml of buffer, and then centrifuged
at room temperature (3000 rpm, 15 min, 4°C) with a cen-
trifuge (Eppendorf 5804 R, Hamburg). Then, the superna-
tant was taken away to analyze proinflammatory cytokines
and growth factors (NGF, IGF) [29].

2.11. Evaluation of Antidepressant and Anxiolytic Effects.
To determine the antidepressive and anxiolytic properties of
the different extracts, the diabetic mice were submitted to
various tests.

2.11.1. Assessment of Antidepressive Activity. To evaluate
antidepressive activity, diabetic mice (36) and nondiabetic
mice (6) were selected for this survey and divided into seven
groups of six animals each. Group 1 was used as normal
control (nondiabetic group); group 2, diabetic control, re-
ceived the NaCl (0.9%) as treatment; group 3 was considered
positive control and received the fluoxetine (5mg/kg, i.p.);
groups 4 and 5 received the aqueous extract, respectively, at
the doses of 150 and 300 mg/kg; groups 6 and 7 received the
methanol extract at the respective doses of 150 and 300 mg/
kg. The animals were treated daily during four weeks, and
the following tests were evaluated every week: the open field,
tail suspension, and forced swimming tests.

2.11.2. The Open Field Test. For this test, the protocol de-
scribed by Yi et al. [30] with some modifications was used.
The animals were placed in a limp quadrilateral
(40 x 60 x 50 cm), and the floor was divided into 12 equal
squares. Every mouse was placed in a central region of soil,
and the movements were recorded by a video device during
6 minutes.

2.11.3. Tail Suspension Test. The protocol described by
Mbiantcha et al. [25] was used to achieve this experimen-
tation. Every mouse was suspended by its tail on the side of a
shelf with its head at 5cm above the floor. The length of
immobility was counted when the animals were hung
passively and were completely immobile and then recorded
during 5min with the help of a video camera.



2.11.4. Forced Swimming Test. Every mouse was placed in a
cylindrical container of 10cm of diameter and 25cm of
height filled with water (25 + 1°C) up to the 19 cm mark [25]
for 6 minutes, and the time of immobility was recorded by a
camcorder during the last 4 minutes. The time of immobility
was taken into account when the animals let themselves float
in water without movement and kept their head above the
water.

2.11.5. Evaluation of Anxiolytic Activity. To evaluate anxi-
olytic properties, the animals were partitioned and treated as
in the previous test (antidepressive test) with the only dif-
ference that the positive control in that test received the
diazepam (1 mg/kg, i.p.) as treatment. These animals were
used to conduct the elevated plus maze test, the light-ob-
scurity box test, and the social interaction test.

2.11.6. Elevated Plus Maze Test. The device of labyrinth was
composed of two open arms measuring 16 x 5cm and two
closed arms measuring 16 x 5 x 12 cm and joined to a central
platform (5 x5 cm). The labyrinth was raised to a height of
25 cm above the floor. Every mouse was placed individually
in the center of the labyrinth with its head turned towards an
open arm and then observed during 5min, and the time
spent in the open arms and closed arms was recorded [31].

2.11.7. Light-Dark Box Test. The apparatus here was a
quadrilateral limp (45x27x27cm) divided into 2 com-
partments (clear and dark) bounded by a space (7.5 x 7.5 cm)
that opens up between the 2 compartments. Every mouse
was placed in the center of the clear compartment and the
time spent in this compartment, 5 minutes, has been ob-
served and recorded [32].

2.11.8. Social Interaction Test. To carry out this test, a
completely open box (22x15x12cm) was used. Every
mouse having received the treatment was isolated for 1 h
and then introduced into its limp with another mouse
having received no treatment. After introduction in limps,
the time used to fight, to bite, and to lick the neck was
counted within 5 minutes [32].

2.12. Statistical Analysis. Mean * standard error of the mean
(SEM) was used to present the data. Differences between
groups were evaluated by one-way analysis of variance
followed by the Tukey posttest, and two-way analysis of
variance followed by the Bonferroni posttest. At p <0.05, the
differences were significant and were materialized by a, b,
and ¢ against the normal control and «, 5, and A against the
negative control.

3. Results
3.1. Antihyperalgesic Activities

3.1.1. Effects of the Extracts of N. pobeguinii on the Me-
chanical Allodynia. The effects of the aqueous and methanol
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extracts of N. pobeguinii on the mechanical allodynia are
represented in Figure 1. STZ injection produced a significant
(p <0.001) increase in mechanical response to Von Frey
filaments in all groups compared to normal control group,
two weeks after STZ injection. However, the administration
of the different extracts as well as pregabalin significantly (p
<0.05; p <0.01; p <0.001) reduced the mechanical allodynia
during the whole period of treatment. A maximal inhibition
of 66.4% was observed with the dose of 300 mg/kg of the
aqueous extract on the fourth week.

3.1.2. Effects of the Extracts of N. pobeguinii on Thermal
Hyperalgesia. The results got on the thermal hyperalgesia
induced by the hot plate of the aqueous and methanol ex-
tracts of N. pobeguinii are shown in Figure 2. It is observed in
this figure that streptozotocin administration significantly (p
<0.001) decreased the time of latency of the paw among all
mice compared to normal animals two weeks after injection
of streptozotocin. Aqueous and methanol extracts as well as
the pregabalin administration (30 mg/kg) significantly (p
<0.05; p <0.01; p <0.001) reduced hot thermal hyperalgesia
compared to negative control group animals. This effect
began in the first week after treatment and was maintained
during the whole period of treatment. However, a maximal
reduction was observed in the fourth week with the aqueous
extract (300 mg/kg).

3.1.3. Effects of the Extracts of N. pobeguinii on Cold
Allodynia. Figure 3 presents the results obtained for the
assessment of the antihyperalgesia effect of aqueous and
methanol extracts of N. pobeguinii on the response to the
cold stimulus caused by acetone. It ensures that animals that
received streptozotocin injection developed significantly (p
<0.001) allodynia characterized by the withdrawal of the paw
following the administration of the acetone two weeks after
injections of streptozotocin in comparison to normal animal
groups. However, extract administration significantly (p
<0.05; p <0.01; p <0.001) reduced the cold allodynia from
the third to the sixth week compared to negative control
animals. A maximal reduction was obtained with the
aqueous extract (300 mg/kg) during the fifth week.

3.1.4. Effects of the Extracts of N. pobeguinii on Chemical
Hyperalgesia. Figure 4 shows a double-phase response
observed in diabetic and nondiabetic mice after formalin
injections. In the first phase, aqueous extract (300 mg/kg) as
well as pregabalin (5 mg/kg) showed significant (p <0.001)
inhibitory effects on nondiabetic and diabetic mice com-
pared, respectively, to negative control nondiabetic mice and
negative control diabetic mice. Thus, a maximal inhibitory
effect of aqueous extract was 30.76% in nondiabetic mice. In
diabetic mice, the aqueous extract (300 mg/kg) showed a
maximal inhibitory effect of 54.82%, while the methanol
extract at the same dose showed a maximal inhibitory effect
of 44.18%.

However, the aqueous and methanol extracts at all doses
tested as well as pregabalin showed significant (p <0.001)
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F1GURE 1: Antihyperalgesic effects of the aqueous and methanol
extracts of N. pobeguinii on mechanical allodynia induced by Von
Frey filaments. Data are expressed as the mean + SEM of six ani-
mals per experimental group, compared by two-way analysis of
variance followed by Bonferroni’s test; “p <0.05, #p <0.01, and *p
<0.001 mean significantly different from the normal control group
(nondiabetic); and “p <0.05, ’p <0.01, and “p <0.001 mean sig-
nificantly different from the diabetic control group.

inhibitory effects on nondiabetic and diabetic mice com-
pared to negative control nondiabetic mice and negative
control diabetic mice, respectively, in the second phase
(Figure 4). Inhibitory effects of 50.28% and 44.12% were
obtained with the aqueous and methanol extracts in non-
diabetic mice, respectively. Thus, in diabetic mice, the
aqueous extract (300 mg/kg) showed an inhibitory effect of
55.58%, while the methanol extract (300 mg/kg) showed
45.08% in diabetic mice.

3.1.5. Effects of the Extracts of N. pobeguinii on the Blood
Glucose Level. Table 1 presents the effects of aqueous and
methanol extracts of N. pobeguinii on the blood glucose
levels of the animals after treatment with the streptozotocin.
It is observed from this table that, after administration of
streptozotocin, the sugar in the blood significantly (p
<0.001) increased for all animals in comparison to the an-
imals not having received the streptozotocin. However, the
administration of the different extracts at all doses as well as
pregabalin decreased significantly (p <0.001) the blood sugar
compared to diabetic control animals. This effect began one
week after the beginning of the treatment and was main-
tained during the whole period of treatment.

3.1.6. Effects of the Extracts of N. pobeguinii on the Body
Weight. Table 2 shows the effect of the extract of
N. pobeguinii on body weight variation after injections of the
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FIGURE 2: Antihyperalgesic effects of the aqueous and methanol
extracts of N. pobeguinii on thermal hyperalgesia induced by hot
plate (54+1°C). 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 and *p <0.001
mean significantly different from the normal control group
(nondiabetic); and “p <0.05, ’p <0.01, and “p <0.001 mean sig-
nificantly different from the diabetic control group; s: seconds.

STZ. It can be noticed again that the injection of STZ
entailed a significant reduction (p <0.05; p <0.01; p <0.001)
of the body weight in all animals from the second week
compared to nondiabetic animals. After treatment with
aqueous and methanol extracts of N. pobeguinii, the body
weight of animals increased meaningfully (p <0.01; p
<0.001) compared to diabetic control animals.

3.1.7. Effects of the Extracts of N. pobeguinii on the Proin-
flammatory Cytokine Level. In Figures 5 and 6, it is ob-
served that injection of streptozotocin showed a
significant (p <0.001) increase in proinflammatory cy-
tokines (IL-1f, TNF-a, and IL-6) on serum and sciatic
nerve in nontreated diabetic mice compared to nondia-
betic mice. However, administration of aqueous and
methanol extracts of N. pobeguinii at all doses as well as
pregabalin reduced significantly (p <0.05; p <0.001)
proinflammatory cytokines compared to the diabetic
untreated control group. The maximum reductions of
58.88%, 46.15%, and 55.88% were obtained with aqueous
extract (300 mg/kg) on TNF-«, IL-1p, and IL-6, respec-
tively, in serum (Figure 5). Concerning the sciatic nerve,
the maximum inhibitions of 70.62% (TNF-«), 42.85%
(IL1-f), and 58.88% (IL-6) were obtained with the dose of
300 mg/kg of the aqueous extract (Figure 6).
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FIGURE 3: Antihyperalgesic effects of the aqueous and methanol
extracts of N. pobeguinii on cold allodynia induced by acetone. 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, Fp <0.01, and *p <0.001 mean sig-
nificantly different from the normal control group (nondiabetic);
and ’p <0:01 and “p <0.001 mean significantly different from the
diabetic control group.

3.1.8. Effects of the Extracts of N. pobeguinii on the Growth
Factors Levels. Figure 7 shows the effects of the aqueous and
methanol extracts of N. pobeguinii on growth factors (NGF
and IGF) levels in sciatic nerve. It has been observed that the
level of growth factors in the sciatic nerve was increased
significantly (p <0.001) in nontreated diabetic mice com-
pared to nondiabetic mice. Thus, treatment of animal with
the aqueous and methanol extract of N. pobeguinii signifi-
cantly (p <0.01; p <0.001) decreased NGF and IGF levels,
compared to nontreated diabetic mice. Maximum decreases
of 48.27% and 80.64% were obtained with the aqueous
extract (300mg/kg) on the level of IGF and NGF,
respectively.

3.2. Diabetic Painful and Neuropharmacological Activity
3.2.1. Antianxiety Activities

(1) Elevated plus Maze Test. Figure 8 shows the effects of the
aqueous and methanol extracts of N. pobeguinii on the time
spent in the open arm (A) and closed arm (B) during 6
minutes for elevated plus maze tests in diabetic mice. It is
observed that the animals that received the two extracts at
all doses tested as well as diazepam significantly increased
(p <0.01; p <0.001) the time spent in the open arms and
significantly reduced (p <0.01; p <0.001) the time spent in
the closed arms, compared to the untreated diabetic

Evidence-Based Complementary and Alternative Medicine

animals. These activities were observed during the whole
period of treatment, and the dose of 300 mg/kg of the
aqueous extract caused the most important effect.

(2) Light-Dark Box Test. The time spent in the illuminated
area during 6 minutes of exhibition in illuminated and
nonilluminated limps of the diabetic animals that received
the aqueous and methanol extracts of N. pobeguinii is il-
lustrated in Figure 9. It is shown in this figure that the time
spent by the diabetic animals in the illuminated area sig-
nificantly (p <0.001) reduced compared to the nondiabetic
animals. The treatment of the mice with the aqueous and
methanol extracts of N. pobeguinii and diazepam (1 mg/kg)
provoked a meaningful (p <0.05; p <0.01; p <0.001) increase
in the time spent in the illuminated area from the beginning
to the end of the treatment in comparison to the nontreated
diabetic mice.

(3) Social Interaction Test. Figure 10 presents the effect of the
aqueous and methanol extracts of N. pobeguinii on the
length of social interaction of the diabetic mice during 6
minutes. The figure indicates a significant (p <0.001) re-
duction of the social interaction length among diabetic mice
in comparison to normal mice. However, the treatment of
the mice at all doses tested of the aqueous and methanol
extracts as well as diazepam significantly (p <0.001) in-
creased this parameter, compared to the nontreated diabetic
mice.

3.2.2. Antidepressive Activities

(1) Forced Swimming Test. Figure 11 shows the effects of the
aqueous and methanol extracts of N. pobeguinii on the
immobility time of the diabetic mice in the swimming forced
test during 6 minutes. It is observed in this phase that the
mice that received either extract of N. pobeguinii at all tested
doses as well as the fluoxetine at the dose of 5 mg/kg reduced
significantly (p <0.05; p <0.001) the time of immobility in
comparison to the animals of the negative control group.

(2) Tail Suspension Test. The immobility time of the mice
submitted to the tail suspension test of the diabetic mice treated
with either extract of N. pobeguinii is presented in Figure 12. In
this phase, there is a significant reduction (p <0.01; p <0.001) of
immobility time of the animals that received the different doses
of the aqueous and methanol extracts of N. pobeguinii during
the whole time of treatment in comparison to the nontreated
diabetic animal. The mice treated with fluoxetine significantly
(p <0.05; p <0.01) reduced immobility time compared to the
negative control animals from the third week of treatment,
whereas a nonsignificant reduction was observed during the
first two weeks of treatment.

(3) Open Field Test. The effects of the aqueous and methanol
extracts of N. pobeguinii on the number of passages of the
mice on open land are presented in Figure 13. In this phase,
it is observed that there was a significant reduction (p <0.05;
p <0.01; p <0.001) in the number of passages of mice on
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FiGure 4: Effects of the aqueous and methanol extracts of N. pobeguinii on the two phases of the pain induced by formalin. 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 means significantly different from the normal control group (nondiabetic); and “p <0.001 means significantly different from the
diabetic control group.

TaBLE 1: Effects of the aqueous and methanol extracts of the N. pobeguinii on blood glucose level during 6 weeks after injection of
streptozotocin in mice.

Dose Period (week)
Treatment  (mg/ 0 ) 5 ;3 4 5 p
kg)
Normal
control — 106.67 £3.24 104.27 +2.18 109.07 £5.05 107.67 £3.62 104.67 £3.93 105.57 £2.99 106.40 +£4.01
Diabetic 1 A A A A A
control — 104.06 £2.82 380.20 +8.50" 440.03 +18.27" 446.50+17.88" 445.03 £20.59" 448.23 +18.13" 456.50 + 14.27

Pregabalin 30  109.67+4.91 381.00+8.65" 434.50+24.89" 358.33+13.04" 354.33+9.28" 357.83+13.19" 352.13+11.73"
Aqueous 150  107.67+0.95 376.00+16.17" 438.50+16.55" 258.31+16.70" 168.00+8.75° 161.67+525  136.67+6.07°

extract 300 104.83+1.49 366.67 +10.18" 454.34+18.21" 224.88+6.88" 133.33+£5.50° 124.50+4.28° 117.50+5.06°
Methanol 150 10533+ 1.61 396.00+11.55" 448.04+12.59" 285.17+4.07° 190.02+19.18° 176.83+11.03° 14017 +6.47°
extract 300 106.83+1.47 391.21+12.57" 444.18+16.76" 24519 +13.78" 16127 +14.06° 152.18 +14.46° 130.22 +8.94°

All values 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 means significantly different from the normal control group (nondiabetic); and €p <0.001 means significantly different from the diabetic control
group.
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TaBLE 2: Effects of the aqueous and methanol extracts of the N. pobeguinii on body weight during 6 weeks after injection of streptozotocin in
mice.

Period (week)

Treatment Dose (mg/k
(mg/ke) 0 1 2 3 4 5 6
Normal control — 32.00+0.88 34.00+1.57 36.33+0.80 38.00+0.82 3850+1.50 40.00+0.93  40.77 +0.99
Diabetic control — 35.67+1.52 33.50+0.81 31.17+0.60° 30.17+0.89" 29.67+0.92% 28.17+0.79" 27.00+0.52*
Pregabalin 30 33.50+1.92 31.17+1.28 30.50+129% 29.50+1.15% 28.41+1.43" 27.83+1.20" 26.09+0.73"
150 3412+ 1.69 33.50+0.96 31.17+0.46° 32.00+0.37" 3422+028 34.50+0.22% 3500+ 0.58"
Aqueous extract 1 c Be
300 3451+2.03 33.67+0.81 31.83+0.52 32.17+0.48" 3433+025 36.00+0.32° 36.67+0.42
150 35.18+1.37 34.17+1.49 30.67+0.60° 31.67+0.42" 33.00+0.68% 33.67+0.68"" 34.08+0.58"
Methanol extract 2 2 2 A Ac
300 32.33+217 30.19+1.85 29.40+1.74% 29.18+1.50" 30.67+1.43" 31.33+1.33" 32.39+1.15

All values are expressed as the mean + SEM of six animals per experimental group, compared by one-way analysis of variance followed by Tukey test; “p <0.05,
Fp <0.01, *p <0.001 mean significantly different from the normal control group (nondiabetic); and *p <0.01, “p <0.001 mean significantly different from the
diabetic control group.
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FiGure 5: Effects of the aqueous and methanol extracts of N. pobeguinii on the levels of TNF-« (a), IL-1f3 (b), and IL-6 (c) in the serum of
diabetic mice. 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 group (nondiabetic); and “p <0.05, *p
<0.01, and “p <0.001 mean significantly different from the diabetic control group. NC: normal control, DC: diabetic control, PGB30: mice
that received 30 mg/kg/day pregabalin, AE150: mice that received 150 mg/kg/day of aqueous extract, AE300: mice that received 300 mg/kg/
day of aqueous extract, ME150: mice that received 150 mg/kg/day of methanol extract, ME300: mice that received 300 mg/kg/day methanol
extract, TNF: tumour necrosis factor, IL: interleukin.
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F1Gure 6: Effects of the aqueous and methanol extracts of N. pobeguinii on the levels of TNF-« (a), IL-18 (b), and IL-6 (c) in the sciatic nerves
of diabetic mice. 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 <0.05, #p <0.01, and *p <0.001 mean significantly different from the normal control group (no diabetic); and
“p <0.05, °p <0.01, and “p <0.001 mean significantly different from the diabetic control group. NC: normal control, DC: diabetic control,
PGB30: mice that received 30 mg/kg/day pregabalin, AE150: mice that received 150 mg/kg/day of aqueous extract, AE300: mice that received
300 mg/kg/day of aqueous extract, ME150: mice that received 150 mg/kg/day of methanol extract, ME300: mice that received 300 mg/kg/day

methanol extract, TNF: tumour necrosis factor, IL: interleukin.

open land among all diabetic animals compared to the
nondiabetic animals. However, when the animals received
different doses of the extract, as well as the reference
medicine, a nonsignificant increase in the number of pas-
sages of the mice was recorded compared to the nontreated
diabetic mice.

4. Discussion

The main objective of this study was to evaluate the anti-
hyperalgesia and neuropharmacological properties of the
aqueous and methanol extracts of N. pobeguinii stem on
streptozotocin-induced painful diabetic neuropathy in mice.
The previous studies on N. pobeguinii showed that this plant
possesses some in vitro anti-inflammatory properties on

protein denaturation, cyclooxygenase, and 5-lipoxygenase
inhibition; ROS production; and cell proliferation and an-
tioxidant properties against the radical DPPH and ABTS
[21]. In vivo, this plant showed analgesic properties on the
two phases of pain caused by formalin [20] and poly arthritis
caused by CFA in rats [21].

In fact, the greatest common difficulty related to diabetes
mellitus is neuropathy, and the recurrent and devastating
consequence of diabetic neuropathy is pain [33]. It has been
demonstrated that hyperalgesia (changes in pain perception,
improved sensitivity to noxious stimuli), allodynia (irregular
pain sensitivity before nonpainful stimuli), and inflamma-
tory mediators (cytokines) characterize a chronic or per-
sistent neuropathic pain perceived in diabetic rats [12]. To
evaluate the effectiveness of probable analgesic agents, a
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F1GURE 7: Effects of the aqueous and methanol extracts of N. pobeguinii on the levels of IGF (a) and NGF (b) in the sciatic nerves of diabetic
mice. 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 <0.05, “p <0.01, and *p <0.001 mean significantly different from the normal control group (nondiabetic); and ’p <0.01 and
“p <0.001 mean significantly different from the diabetic control group. NC: normal control, DC: diabetic control, PGB30: mice that received
30 mg/kg/day pregabalin, AE150: mice that received 150 mg/kg/day of aqueous extract, AE300: mice that received 300 mg/kg/day of aqueous
extract, ME150: mice that received 150 mg/kg/day of methanol extract, ME300: mice that received 300 mg/kg/day methanol extract, IGF:

insulin-like growth factor, NGF: nerve growth factor.
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FiGure 8: Effects of the aqueous and methanol extracts of N. pobeguinii on the absolute time spent in the open arms (a) and closed arms (b)
during 6 min of exposure to the elevated plus maze. 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 <0.001 means significantly different from the normal control group
(nondiabetic); and “p <0.05, ’p <0:01, and “p <0.001 mean significantly different from the diabetic control group; s: seconds.

painful diabetic model induced by STZ on mice has been
progressively used for this motive, as a model of neuropathy
[27, 29]. The Von Frey filament test, the hot plate test, the
acetone test, and the formalin test that characterize, re-
spectively, mechanical allodynia, thermal hyperalgesia, cold
allodynia, and chemical hyperalgesia were selected to
evaluate the antihyperalgesic properties of aqueous and
methanol extracts of N. pobeguinii stem-bark in the present
study. The findings evidently show that, by the oral route,
prolonged administration of aqueous and methanol extracts

created in all models of pain tests in diabetic rats important
antihyperalgesic and antiallodynic activities. Since it has the
improvement of showing a persistent response period that
eases experimental studies and involvement, the formalin
test is one of the finest assessments to evaluate allodynia and/
or hyperalgesia in diabetic mice [27]. After STZ induced
diabetes in mice, once formalin is inoculated into the paw,
these animals develop a double-phase nociceptive overstated
behavior [34]. In this study, through the two stages of the
formalin test, both extracts of Nauclea pobeguinii had an
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antihyperalgesic response. Furthermore, in the nondiabetic
rats, a significant activity was also acquired by the aqueous
extract (300 mg/kg) in the first phase and both extracts at all
tested doses in the early phase of the formalin test. That effect
suggests that this plant extract could be disturbing the
central and peripheral mechanisms related to the diverse
phases of the formalin test [27]. Lastly, the study shows that,
at the same doses used in this study, these extracts possess
analgesic activities on the two phases of the formalin painful
model and anti-inflammatory properties on acute and
chronic inflammation induced by formalin in rats [20]. On
the other hand, a previous study also shows that
N. pobeguinii stem-bark extract possesses inhibitory activ-
ities on COX-2, LIPOX-5, proteins denaturation, and ROS
production [21]. It is possible that the antihyperalgesic and
antiallodynic effects of aqueous and methanol extracts of
N. pobeguinii could be linked to the capacity of these extracts
to inhibit these different pathways by inhibiting several
nociceptive and proinflammatory mediators (PGE2, cyto-
kines, bradykinin, P substance and glutamate, nitric oxide)
[35]. However, in the pathophysiology of diabetic neurop-
athy such as STZ-induced neuropathic pain in mice, hy-
perglycemia plays a vital part in the release of these
mediators [4]. To confirm if the antihyperalgesic and
antiallodynic effects of N. pobeguinii extracts used in this
study can be linked to their antihyperglycemic properties,
the serum glucose level of mice was evaluated.

In the present work, hyperglycemia was maintained
during the experimental period of several weeks after STZ

injection into healthy mice in all animals. Remarkably, as
compared with the untreated diabetic mice, the anti-
hyperalgesic and antiallodynic effects of N. pobeguinii ex-
tracts in diabetic animals were supplemented by an
important decrease in serum glucose levels. Then, the in-
teresting antihyperalgesic effects of these compounds in
diabetic mice may be linked to the diminution of hyper-
glycemia [25, 27]. Hyperglycemia observed among the
control negative animals has been accompanied by a sig-
nificant loss of weight. Indeed, it has been shown that STZ
injection on mice is at the origin of beta pancreatic cells
destruction and therefore the reduction of the secretion of
insulin [36]. This deficiency in insulin involves a decrease of
glucose capture by the cells and an increase of the protein’s
catabolism leading to a loss of weight [37, 38]. N. pobeguinii
aqueous and methanol extract administration during the last
two weeks provoked a decrease in loss of weight, compared
to the diabetic control group. This capacity of the extract to
slow down the loss of weight would be probably due to its
antihyperalgesic and antiallodynic effects.

To many forms of neuropathic pain, inflammatory
intermediaries such as cytokines have been linked [39]. In
fact, in the process of neuropathic pain, immune cells play a
vital role [40]. These cells are stimulated under hypergly-
cemic conditions in the spinal cord [41, 42]. Several studies
have revealed that, in the spinal cord, activated microglia
(resident macrophages of the central nervous system) play a
crucial role in neuropathic pain through the release of
proinflammatory cytokines, which are common mediators
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of allodynia and hyperalgesia [43]. Additionally, in rats,
recent statement shows that painful neuropathy that results
from STZ-induced type 1 diabetes is related to the release of
proinflammatory cytokines such as IL-1f, IL-6, and TNF-«
in serum and sciatic nerve [25] associated with allodynia and
hyperalgesia [38] as a consequence of hyperglycemia and
insulin resistance installation [26]. Zuo et al. [44] and
Sweitzer et al. [45] showed that, in people suffering from
diabetic neuropathy, the levels of NGF, lipoxygenase,
cyclooxygenase, and prostaglandins are very high. In ad-
dition, in clinical conditions in patients with chronic pain
such as rheumatoid arthritis, cancer pain, or neuropathic
pain, the growth factor (NGF and IGF) levels are very high,
which results in significant activation of nociceptors, thus
enabling the maintenance of chronic neuropathic pain
[46-48]. In the present study, the capability of aqueous and
methanol extracts of N. pobeguinii to reduce proin-
flammatory cytokines (IL-1f, IL-6, and TNF-«) and growth
factors (NGF and IGF) was assessed in serum and sciatic
nerve, and the findings showed that these extracts decreased
these proinflammatory cytokines and nerve growth factor
following STZ injection compared to negative control mice.
These results could suggest that these extracts can interfere
with the immune system cells, particularly microglia cells.
These results are similar to those of our recent work which
showed that the extracts of N. pobeguinii possessed im-
munomodulatory activities on intracellular and extracellular
ROS production, T cells proliferation capacity, antioxidant
capacity, and anti-inflammatory capacity through the in-
hibition of protein denaturation, COX, and 5-LOX activity
[21]; these extracts are rich in flavonoids, saponins, and
terpenoids. Among the compounds already isolated, we have
p-coumaric acid and resveratrol [15, 49]. The presence of
these compounds may justify the activities of this plant, since
p-coumaric acid and resveratrol reduced TNFa, IL-1f, and
IL-6 levels in collagen-induced arthritis [50-52] and sig-
nificantly inhibited iNOS, COX-2, IL-18, and TNF-a ex-
pression through blocking NF-kB and MAPKs signaling
pathways [53, 54]. Moreover, nuclear factor kB (NF-xB),
which is a protein transcription factor of a number of diverse
inflammatory and immune intermediaries, has various
useful paths, precisely, inflammation, immunity, pain,
proliferation, and hyperglycemia [29]. Stimulation of this
transcription factor by release of the complex IxB/NF-xB
activates the transcription of cytokines (TNF-q, IL-1p3, IL-6),
and nerve growth factor can be used as an indicator of the
state of inflammation [39]. In estimation of the previous
findings, it is clear that aqueous and methanol extracts of
N. pobeguinii activity on cytokines levels obtained in this
work is correlated to a modulatory effect on nuclear factor
NF-«B activity [25].

Animals develop a state of anxiety and depression added
to the augmented sensitivity to pain in the characteristics of
diabetic neuropathy [25, 55]. In fact, neuropathic chronic
pain is commonly associated with the depressive and anx-
ious syndrome [56] that can increase in animal models [55],
and the mechanism implies a central sensitization and
structural modification of the brain [55, 57]. Depression can
be evaluated by TST, FST, and OFT, and anxiety can be
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evaluated by EPMT, LDBT, and SIT [58, 59]. The greatest,
usually pharmacological, approach used to evaluate anti-
depressant activity depends on its easiness to use, consis-
tency, crossways, laboratories, and its ability to identify; a
broad range of clinically antidepressants are TST and FST
[60]. To assess depression and antidepressant compounds,
these tests are still the most widely standard [61]. It is
supposed that using these two models can provide paired
and joining information on the activities of potential anti-
depressants according to Cryan et al. [60]. A behavioral
depression that produces a depressive state explains the
immovability displayed by test animals in these models [62].
In the present work, N. pobeguinii aqueous and methanol
extracts were used to assess the immobility time of STZ-
induced neuropathy diabetic mice in TST and FST. The
results obtained showed that these extracts decreased the
immobility time in all these tests compared to the negative
control group. It has been shown by Cryan et al. [60] that
some central excitatory medicines can stimulate the activity
and produce an incorrect positive effect. To avoid the
possibility of false positive results, the effect of N. pobeguinii
extracts on the locomotor activity was observed in the OFT.
Our findings showed that aqueous and methanol extracts of
N. pobeguinii did not evoke any important changes in the
number of passages and rising, which proposed that the
reduced immobility time of mice in both FST and TST
induced by both extracts of N. pobeguinii had nothing to do
with psychostimulant effects [63]. Presently, increase in
serotonin and/or noradrenaline neurotransmission is in-
volved in the most current treatment for main depression
[64]. Current studies have discovered new visions for the
therapeutic role of 5-HT1A receptors in the treatment of
numerous CNS illnesses, including depressive disorders
[65]. It is also well known that, in the pathophysiology of
depression, the dysfunction of the hypothalamic pituitary-
adrenal (HPA) axis plays a major role [66]. In fact, a constant
activation of the HPA axis can lead to amplified levels of
glucocorticoids [67]. Surplus glucocorticoids damage hip-
pocampal neurogenesis function [68], which further causes
depression-related illnesses. These findings suggested that
the antidepressant effects of N. pobeguinii extracts can be
partly facilitated through regulation of neuroendocrine
structure or prevention of serotonin reuptake and applied by
interrelating through 5-HT1A [60].

Other cognitive dysfunctions associated with neuro-
pathic pain are anxiety disorders. Since it uses visual stimuli,
the elevated plus maze is thought to be an etiologically
effective animal model of anxiety [69]. It is a well-accepted
animal model trial naturally used to test the efficiency of
anxiolytic drugs [70]. A precise effect on anxiety is reflected
by the percentage of opened/closed areas passed and the
time spent [69]. In the present study, oral administration of
aqueous and methanol extracts of N. pobeguinii (150 and
300 mg/kg) showed an anxiolytic-like effect in STZ-induced
diabetic neuropathic mice, since it increased the number of
entries and the time spent on open arms and decreased the
time spent in closed arms in the EPM test. The social in-
teraction test and light/dark box of anxiety were established
to offer an ethologically based test which is sensitive to both
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anxiolytic and anxiogenic effects [69, 70]. An increase in
social interaction is revealing of an anxiolytic consequence,
whereas a specific decrease in social interaction specifies an
anxiogenic effect. This experiment provides a novel method
to estimate the neurobiological mechanisms causing anxiety
illnesses [71]. The light/dark box test is founded on the
essential dislike of rats for brightly illuminated areas and on
the impulsive investigative behavior of rats in response to
mild stressors (i.e., a novel environment and light). It has
been reported that simple measurement of the time spent in
the light area, but not the number of transfers, is the most
reliable and useful parameter for assessing an anxiolytic
action [72]. Mice treated with aqueous and methanol ex-
tracts of N. pobeguinii showed increase in the time of social
interaction and in the time spent in the light compartment,
confirming the effect on the main anxiolytic parameter. The
observed anxiolytic effect of N. pobeguinii aqueous and
methanol extracts may be due to an agonistic effect on
GABA/benzodiazepine receptor complex, an antagonistic
effect on 5-HT1B receptors, or an agonistic activity on 5-
HT1A receptors [73]. N. pobeguinii possesses anxiolytic
activity similar to diazepam that acts via the GABA receptor
complex.

5. Conclusion

This study aimed to determine antihyperalgesic, antidepressive,
and antianxiety-like effects of aqueous and methanol extracts of
N. pobeguinii stem-bark in streptozotocin-induced painful
neuropathic diabetic mice. The results obtained reveal that
these extracts possess antihypernociceptive activities on models
of thermal (hot plate) and cold (acetone) allodynia and on
models of mechanical (Von Frey) and chemical (formalin)
hyperalgesia in a streptozotocin-induced neuropathic pain
model. Additionally, these activities have been related to
antihyperglycemic, anti-inflammatory, antidepressive, and
anxiolytic-like effects. Therefore, for the controlling of neu-
ropathic pain in persons with long-lasting diabetes, aqueous
and methanol extracts of N. pobeguinii stem-bark may be
beneficial as a novel solution.
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