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Abstract

Painful diabetic neuropathy (PDN) is known to adversely affect psychosocial functioning by enhancing levels of anxiety and
depression. This study was designed to verify the antihypernociceptive, anxiolytic, and antidepressant-like effects of Combretin
A and Combretin B (two triterpenes cycloartane-type isolated from the leaves of Combretum fragrans) in streptozotocin-induced
diabetic neuropathy in mice. PDN was induced in mice by the administration of streptozotocin (STZ, 200 mg/kg, i.p.). The effect
of oral administration of Combretin A (25 and 50 mg/kg) and Combretin B (25 and 50 mg/kg) on nociception (mechanical
allodynia, thermal hyperalgesia, cold allodynia, and chemical hyperalgesia), anxiety (elevated plus maze, light-dark box test,
social interaction), and depressant (open field test, forced swimming test, tail suspension test) was evaluated. Combretin A (25
and 50 mg/kg) and Combretin B (25 and 50 mg/kg) caused antihypernociceptive, anxiolytic, and antidepressant-like effects in in
STZ-induced diabetic neuropathy in mice. Both compounds also caused a decrease in blood glucose and improved body weight
in treated animals. They also significantly (p < 0.001) reduced tumor necrosis factor alpha (TNF-«), interleukin-1 beta (IL-13),
malondialdehyde (MDA), and nitric oxide (NO) production in serum and sciatic nerves, and, significantly (p < 0.001) increased
superoxide dismutase (SOD) and catalase (CAT) activity in serum, sciatic nerves, and brain. Combretin A and Combretin B also
showed a great systemic effect, conserving values of evaluated parameters close to normal in treated mice. The results of this
study confirm the antihypernociceptive, antianxiety, and antidepressant activities of Combretin A and Combretin B.

Keywords Combretins A and B - Antihypernociceptive - Neuroprotective - Diabetic neuropathy

P< Marius Mbiantcha Francis Tatsinkou Desire Bomba
mbiantchamarius @yahoo.fr botafde@yahoo.fr
Rauf Khalid Rehman Ur Naeem
khalidrauf@ciit.net.pk naeemurrehman @ciit.net.pk

Amadou Dawe

amadoudawe @gmail.com Ahmad Izhar

izharahmad @ciit.net.pk
Arif Mehreen

mehreenarif@ciit.net.pk . .
Laboratory of Animal Physiology and Phytopharmacology, Faculty

Donatien Albert Atsamo of Science, University of Dschang, P.O. Box 67, Dschang, Cameroon
atsamoalbert@gmail.com
Department of Pharmaceutical Sciences, COMSATS Institute of

Gilbert Ateufack Information Technology, Abbottabad, Pakistan
ateufack2000 @yahoo.fr
Dar Hamza > Department of Chemistry, Higher Teachers Training College,

hamzadar @ciit.net.pk

William Yousseu Nana
wynnayou@ gmail.com

University of Maroua, P.O. Box 55, Maroua, Cameroon

Laboratory of Animal Physiology, Faculty of Science, University of
Yaounde I, PO Box 812, Yaoundé, Cameroon

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00210-019-01626-1&domain=pdf
http://orcid.org/0000-0001-8586-6150
mailto:mbiantchamarius@yahoo.fr

698

Naunyn-Schmiedeberg's Arch Pharmacol (2019) 392:697-713

Introduction

Pain is a subjective process, which aims to protect a living
organism against all unpleasant stimulations. Acute pain with
its unpleasant perception as well as chronic pain with its emo-
tional experience have turned the painful process into an entire
disease that requires immediate relief nowadays (Nguelefack
et al. 2015). Because chronic inflammatory pain seriously
affects people’s daily activities while deeply reducing the
quality of life, it remains the toughest challenge to solve in
medicine (Orru et al. 2014). In addition, unresolved persistent
pain results in the development of a state of anxiety, depres-
sion, loss of independence, and decreased activity in patients
while creating a prolonged vicious circle that worsens its state.
Chronic pain has a negative emotional component and is
strictly correlated to anxiety and depression (Nguelefack
et al. 2015; Dworkin and Gitlin 1991).

Serious lesion and/or disease that may affect the peripheral
nervous system may cause development of peripheral neuro-
pathic pain. This is the case of approximately 25 to 30% of
people suffering from diabetes mellitus (Treede et al. 2008;
Daousi et al. 2004; Davies et al. 2006). Complex and multidi-
mensional damage, painful diabetic neuropathy (PDN) consid-
ered as the most problematic type of chronic pain to treat,
frequent and affecting up to 50% of patients, which predis-
poses to severe functional limitations both physically and men-
tally, is characterized by hyperalgesia and allodynia (Barrett
et al. 2007; Boulton et al. 2000; Vileikyte et al. 2005; Baron
et al. 2010; Leung and Cahill 2010). Experimentally in ani-
mals, PDN is a good model of neuropathic pain with rapid and
prolonged development of mechanical and thermal hypersen-
sitivity (Decosterd and Woolf 2000). Many patients with PDN
are known to have a state of anxiety and depression, in addition
to 60 to 90% of depressed patients report pain, it can be said
that chronic pain is accompanied by a state of depression and
anxiety (Vileikyte et al. 2005; Leo 2005).

In diabetic patients, multiple behaviors (smoking, alcohol-
ism, drug abuse, poorer eating, and appetite dysregulation) are
related to the development of a state of anxiety and depression
with consequent onset of diabetic retinopathy, macrovascular
complications, neuropathy, nephropathy, and sexual dysfunc-
tion (Gonder-Frederick et al. 2002; De Groot et al. 2001).
Thus, anxiety and depression represent important comorbidity
of PDN whose severity depends on the intensity of the pain
(Lloyd et al. 1991; Dyck et al. 1997; Chan et al. 1990).
Thereby, the evaluation of pain as well as the symptoms of
anxiety and depression should be performed simultaneously
in an animal model (Hache et al. 2012).

Combretin A and Combretin B isolated from the MeOH
extract of the leaves of Combretum fragrans (Combretaceac)
are two cycloartane-type triterpenes (Dawe et al. 2016), who
have already shown antiinflammatory, antinociceptive, and
anticancer potential linked with inhibitory properties on
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reactive oxygen species (ROS), NO, and TNF«x production
(Mbiantcha et al. 2017). Triterpenoids are a very large class
of compounds that are widely distributed in the plant kingdom
(Hanson 2003) and that possess several pharmacological
properties among which analgesic, antiinflammatory,
antianxiety, and antidepressant properties (Calixto et al.
2000; Moroney et al. 1988; Bortalanza et al. 2002; Subarnas
et al. 1993; Durst et al. 2002; Herrera-Ruiza et al. 2006;
Morris et al. 2006). Given the fact that Combretin A and
Combretin B are two newly identified triterpenes (Dawe
et al. 2016), no scientific work has yet shown their
antihyperalgesic and neuropharmacological properties.
Hence, the current study was aimed to investigate the
antihyperalgesic, antidepressant, and antianxiety enhanced ef-
fects of these two compounds.

Materials and methods
Plant material

The fresh leaves of Combretum fragrans were collected from
the Far-North Region (Maroua, Cameroon). After the harvest,
the plant was identified by Mr. Victor Nana, a botanist at the
Cameroonian National Herbarium in Yaounde where a speci-
men is kept under the number 30309/H.N.C. (Dawe et al. 2016).

Extraction and isolation

After drying (in the shade) of 1.2 kg of the leaves of
Combretum fragrans, these leaves were crushed and macerat-
ed (at room temperature) in 10 1 of methanol (MeOH). One
hundred twenty-six grams of residue obtained after concentra-
tion (solvent removal) was suspended in water (H,O) and
extracted successively with hexane, AcOEt, and BuOH.
From conventional separation procedures (CC, HPLC,
Preparative TLC, etc), six (6) compounds among which
126 mg of Combretin A and 114 mg of Combretin B
(Fig. 1) were isolated from the AcOEt-soluble fraction
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Combretin B O-B_p-xylopyranoside
Fig. 1 Structure of Combretin A and Combretin B
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(48 g). The usual spectroscopic techniques (UV, IR, MS, 1D,
and 2D NMR) followed by comparison with certain physical
and spectral data described in the literature have made it pos-
sible to elucidate the structures of the different compounds
(Dawe et al. 2016).

Drugs and reagents

The following chemicals were obtained from Sigma:
Streptozoticin (STZ), pregabalin (PGB), fluoxetine, and diaz-
epam. All other elements were of analytical grade and were
obtained from the local supplier. Pregabalin, fluoxetine, and
diazepam were prepared in normal saline (0.9%). The mixture
of 2.5% DMSO and 2.5% tween 80 was used to dissolve
Combretin A and Combretin B.

Experimental animals

To demonstrate the coherent effects of our different com-
pounds, the minimum possible of animals as the intensity of
nociceptive stimuli was used. All tests were achieved using
mature male and female mice (3 months old; 25-35 g), bred in
the animal house facility (controlled temperature (22 + 1 °C);
12 h light/12 h dark cycle with standard lab chow and water ad
libitum) of the National Institute of Health (NIH), Islamabad,
Pakistan. The treatment of animals was in agreement with the
Institutional Animal Care, Use and Standards Committee
(IACUC) of National Institute of Health, and the study proto-
cols accepted by the Ethics Committee of the National
Institute of Health, Islamabad, Pakistan.

Induction of experimental diabetes by streptozotocin

To produce experimental diabetes, streptozotocin (200 mg/kg)
were intraperitoneally injected in mice (Kamei et al. 1991;
Sanchez-Ramirez et al. 2006), while 0.9% of saline solution
was injected into control animals. Three (3) days after
streptozotocin injection, diabetes was confirmed by measur-
ing blood glucose from a drop of blood obtained from the tail
vein of each animal using the Glucometer Accu-Chek
Performa (Roche Diabetes Care, Inc., Indianapolis, USA) as
ameasuring device. After selecting only mice with a glycemic
level >300 mg/dL for our study, treatment started 2 weeks
after streptozotocin injection and lasted 4 weeks during this
time; mechanical allodynia (Von Frey filament), thermal
hyperalgesia (hotplate), and cold allodynia (acetone) were per-
formed every week.

Antinociceptive activity
For this study, 36 diabetic and 6 non-diabetic mice were select-

ed, divided into 7 groups including six animals each. Group 1
(non-diabetic mice) received no treatment; group 2 (diabetic

mice) received mixture of 2.5% DMSO and 2.5% Tween 80
(per 0s); group 3 (diabetic mice) received pregabalin (30 mg/kg,
per os); groups 4 and 5 (diabetic mice) received Combretin A
(25 and 50 mg/kg, per os); and groups 6 and 7 (diabetic mice)
received Combretin B (25 and 50 mg/kg, per os).

Assessment of mechanical allodynia

A metal grid served as support for this test. Indeed, after
25 min period of acclimatization in their environment, me-
chanical allodynia was tested by stimulation of the plantar
surface of animals.

A series of eight calibrated von Frey nylon hairs (0.04,
0.07, 0.16, 0.4, 0.6, 1, 1.4, and 2 g) was used to evaluate
mechanical allodynia. The filaments were applied in ascend-
ing or descending order sequentially on the plantar surface. A
positive response made by rapid withdrawal or flinching made
it possible to switch to the lightest filament, while a negative
answer allowed using the next heaviest filament. The up-
down method previously described by Chaplan et al. (1994)
and Li et al. (2000) was used to determine the 50% withdrawal
threshold.

Assessment of thermal hyperalgesia

Stable temperature (54 +1 °C) hot-plate apparatus (Ugo-
Basile, Varese, Italy), with a cutoff time approximately 12 s,
was used to evaluate the susceptibility of mice to heat. After
placing each mouse on the hot plate, the reaction time was
recorded from the moment the animal licked its paw and made
a jump (Biella et al. 2003).

Assessment of cold allodynia

To evaluate the reaction of diabetic mice to cold stimulus,
acetone was applied five times at 5 min intervals on the plantar
surface. Cold allodynia was considered when the animal
reacted by rapid withdrawal to two out of five applications
representing 40% (Li et al. 2000).

Sample collections

On the 30th day, the animals were sacrificed under deep
chloroform vapor anesthesia, then by cardiac puncture the
blood was taken from a syringe, allowed to coagulate and
submitted to 15 min centrifugation at 3000 rpm, then the
serum was taken with a pipette and placed in a dry tube for
analysis. Whole spinal cord and brain were immediately
removed and crushed in phosphate buffer saline (PBS)
due to 0.1 g of organ per 1 ml of buffer, centrifuged at
3000 rpm during 15 min (4 °C) using an Eppendorf 5804
R, Hamburg centrifuge and the supernatants were collected
for analysis (Fatani et al. 2015).
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Serum and tissue parameters

TNF-« (tumor necrosis factor-o) and IL-1{3 concentrations
have been evaluated in serum and spinal cord supernatant by
using enzyme-linked immunosorbent assay kit provided by
Elabscience Biotechnology Inc. (China) (Fatani et al. 2015).

The MDA and NO levels, as the SOD and catalase (CAT)
activities, were measured in serum, brain supernatant, and
spinal cord supernatant by an assay kit (Elabscience
Biotechnology Inc., China), ALT, AST, and ALP activities
and protein level were measured in the serum and the liver
supernatant, while the creatinine level was measured in the
serum by an assay kit (MDT DIAGNOSTICS Srl.
Maddaloni (CE), Italy).

Neuropharmacological investigation of Combretin A
and Combretin B

In order to determine the neuropharmacological properties of
the compounds, the diabetic mice were subjected to various
tests to evaluate the anxiolytic and antidepressant activities.

Assessment for antianxiety activity

For this study, 36 diabetic and 6 non-diabetic mice were se-
lected and divided into seven (7) groups of six animals each.
Group I, normal control (non-diabetic group); group II, dia-
betic control (mixture of 2.5% DMSO and 2.5% Tween 80);
group III (diabetic group), diazepam (1 mg/kg, i.p.); groups IV
and V (diabetic group), Combretin A (25 and 50 mg/kg, p.o.);
groups VI and VII (diabetic group), Combretin B (25 and
50 mg/kg, p.o.). In 28 days, the animals were milked daily
and the parameters were evaluated weekly. The mice were
used only once in each behavioral test.

Elevated plus maze test

The plus maze apparatus is a labyrinth with a height of 25 cm,
consists of two open arms (16 x5 cm) and two firm arms
(16 x5 %12 cm) connected by a central platform of 5 x
5 cm. To carry out this test, each mouse is placed in the center
of the labyrinth (head turned towards an open arm), then the
animal was observed for a period of 5 min during which time
is noted in the arms open and close (Bhattamisra et al. 2007).
The percentage of time spent in each arm is determined by the
formula below:

. 100 x SS
Yotime = T

where SS = seconds spent and TS = total seconds (300 s
equal to 5 min).
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Light-dark box test

A box of rectangular shape (45 x 27 X 27 cm) possessing two
compartments (illuminated and unlit) separated by a wall leav-
ing an aperture of 7.5 x 7.5 cm was used for this test. After
placing each mouse in the center of the illuminated compart-
ment, the animal was observed for 5 min during which the
time spent in this compartment was noted (Crawley and
Goodwin 1980; File 1996). The formula below has been used
to determine the:
Vtime — 100 x SSLC
otime = s

where SSLC = seconds spent in light compartment and TS

= total seconds (300 s equal to 5 min).

Social interaction test

A completely open box (22 % 15 x 12 cm) was used to carry
out this test. Each animal receiving the treatment was isolated
for 1 h, then introduced into the box with another mouse that
has not received any treatment. Then the two animals were
observed for genital investigation, following, sniffing a part-
ner, grooming, biting, kicking, wrestling, neck licking and
boxing, and climbing over and under during a period of
5 min (File 1996).

Assessment of antidepressant activity

For this study, 36 diabetic and 6 non-diabetic mice were se-
lected and divided into seven (7) groups of six animals each.
The animals were treated as in the previous test with the only
difference that the positive control in this test received fluox-
etine (5 mg/kg) as a treatment. The forced swimming test
(FST), tail suspension test (TST), and open field test (OFT)
were conducted every week during 4 weeks. The mice were
used only once in each behavioral test.

Open field test

A rectangular box (40 x 60 X 50 cm) with a surface divided
into 12 equal rectangles was used to perform this test allowing
the effects of the compounds on the exploratory and locomo-
tor activities of mice. During this test for each animal, one
crossing (considered locomotor activity) was counted when
a side of a rectangle was crossed by the four legs of the animal
while one rearing (considered as exploratory activity) was
counted when the animal was standing on both hind legs dur-
ing 5 min (Felipe et al. 2007). Any olfactory sign of an animal
was eliminated by cleaning the open field with ethanol 10%.
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Forced swimming test

A cylindrical container 10 cm in diameter and 25 cm in height
containing 19 cm of water maintained at 25+ 1 °C was used
for this test. Each mouse was placed individually in the con-
tainer for 5 min and the total duration of immobility (when the
animal floats stops struggling and only moves to keep the head
out of the water) was recorded for each animal during this
period (Porsolt et al. 1977).

Tail suspension test

The method described by Steru et al. (1985) for evaluating the
immobility time of a mouse suspended by the tail at a gallows
was used for this test. Indeed at 50 cm above the ground and
with the help of a fixed adhesive tape about 1 cm from the end
of'the tail, each mouse was suspended by the tail, then the total
duration of immobility of each animal was noted during a
period of 5 min.

Statistical analysis

Mean =+ standard error of mean (SEM) have been used to
present the data. Differences between groups were evalu-
ated by analyses of variance (one-way and two ways
ANOVA) followed by the Bonferroni post-test. One-way
and two ways ANOVA followed by the Bonferroni post-
test have been used to evaluate differences between
groups. At p<0.05, the differences were significant and
were materialized by a, b, and ¢ against the normal con-
trol and «, 3, and A against negative control.

Results

Effect of Combretin A and Combretin B mechanical
allodynia, thermal hyperalgesia, and cold allodynia
in STZ-induced diabetic pain

In normal animals that received no treatment, the mean value
of maximal mechanical stimulation was approximately
13.50 g to cause a positive reaction of the animal. After injec-
tion of STZ, this mean value significantly decreased
(»<0.001) and in a time-dependent manner (Fig. 2a).
Treatment with Combretin A and Combretin B (25 and
50 mg/kg) reduced STZ-induced mechanical allodynia signif-
icantly (p <0.05, p <0.01, p <0.001) during the testing period
(up to 4 weeks). Combretin A (50 mg/kg) reduced this pain to
64.06% at the fourth week, while Combretin B at the same
dose reduced the pain to 78.26% at the sixth week. Pregabalin
(30 mg/kg) reduces the pain to 65.59% at the fourth week.
Concerning the noxious thermal stimuli induced by the
hot-plate (54 + 1 °C) in STZ-treated mice, the paw withdrawal

latency was significantly reduced (p <0.001) from 2 to
4 weeks after administration. Treatment with Combretin A
(25 and 50 mg/kg), Combretin B (25 and 50 mg/kg), and
pregabalin (30 mg/kg) significantly (p <0.05, p<0.01,
p<0.001) affects STZ-induced noxious thermal hyperalgesia
(Fig. 2b). Maximal inhibitions were observed at week 4 with
76.05%, 46.98%, and 45.68% respectively for Combretin A
(50 mg/kg), Combretin B (50 mg/kg), and pregabalin
(30 mg/kg).

Cold allodynia developed in mice 1 week after STZ injec-
tion and remained stable until the fourth week. The withdraw-
al response to cold stimuli was significantly (p <0.05,
p<0.01, p<0.001) increased in the STZ-treated mice (Fig.
2c¢). At the dose of 50 mg/kg, Combretin A and Combretin B
inhibited the pain to 78.57% and 92.86% respectively at the
fifth week, while pregabalin (30 mg/kg) at the same time
induced an inhibition of 71.43%.

Effects of Combretin A and Combretin B of blood
glucose and body weight in STZ-induced diabetic pain

After streptozotocin injection, blood glucose increased sig-
nificantly (p <0.001) and body weight decreased signifi-
cantly (p <0.001) in all animals compared to the normal
control (Tables 1 and 2). In diabetic mice treated with dif-
ferent doses of Combretin A and Combretin B, glycemia
level was significantly (p <0.001) reduced compared with
animals in the diabetic control group. However, likewise
after treatment of animals with Combretin A and
Combretin B, the body weight of the animals increased
significantly (p <0.001) compared to the mice of the dia-
betic control group.

Effects of Combretin A and Combretin B on levels
of proinflammatory cytokines in diabetic mice

Compared to animals in the normal control group, TNF-«,
and IL-1f levels significantly (» <0.001) increased in the
serum and sciatic nerve of untreated diabetic mice, while in
animals receiving treatment these pro-inflammatory medi-
ators decreased significantly compared to untreated diabet-
ic mice. Combretin A and Combretin B (25 and 50 mg/kg)
exhibited significant (p < 0.05, p<0.01, p <0.001) attenu-
ated elevated levels of IL-13 and TNF-« in the serum and
sciatic nerve when compared with the untreated diabetic
mice (Figs. 3 and 4).

Effects of Combretin A and Combretin B on oxidative
stress bio-markers in diabetic mice

MDA and NO levels significantly (p < 0.001) increased in

serum sciatic nerve and brain tissue in animals after dia-
betes induction. Furthermore, the diabetic mice exhibited
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Fig. 2 Antihyperalgesic effect of
Combretin A and Combretin B on
mechanical allodynia (a), thermal
hyperalgesia (b), and cold
allodynia (c¢) induced by von frey
filament, hot plate (54 + 1 °C),
and acetone, respectively. Data
are expressed as the mean + SEM
of six animals per experimental
group. *p < 0.05, ’p < 0.01,

°p <0.001 significantly different
from the normal control group (no
diabetic) and *p < 0.05,
Pp<0.01,p <0.001

Withdrawal threshould (g)

—e— Normal control

—=— Diabetic control

-%-- Pregabalin (30 mg/kg)
* - Combretin A (25 mg/kg)

--#- Combretin A (50 mg/kg)
~@- Combretin B (25 mg/kg)

-8- Combretin B (50 mg/kg)

significantly different from the 0 1 3
diabetic control group, as
determined by analysis of
variance followed by
Bonferroni’s test

Withdrawal latency (s)

Period (week)

b —e— Normal control

—#— Diabetic control
-4~ Pregabalin (30 mg/kg)
-¥- Combretin A (25 mg/kg)
---- Combretin A (50 mg/kg)
+@- Combretin B (25 mg/kg)
-8- Combretin B (50 mg/kg)

o

Cold withdrawal response (out of 5)
w
1

—e— Normal control
—&— Diabetic control

4 Pregabalin (30 mg/kg)
--v-- Combretin A (25 mg/kg)
--¢- Combretin A (50 mg/kg)
-®- Combretin B (25 mg/kg)
~-@- Combretin B (50 mg/kg)

lower enzymatic activity levels of SOD (p <0.001) and
CAT (p<0.001) when compared with the normal control
group. Combretin A (25 and 50 mg/kg), Combretin B (25
and 50 mg/kg), and pregabalin (30 mg/kg) group mice
exhibited significant (p <0.05, p<0.01, and p<0.001)
inhibition of the diabetes-induced elevation of MDA and
NO in the serum, sciatic nerve, and brain tissue.
Additionally, the inhibited antioxidant enzymatic activity
levels of SOD and CAT were markedly improved
(p<0.05, p<0.01, and p<0.001) in the treated group of
mice (Figs. 5, 6, and 7).
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Period (week)

Effects of Combretin A and Combretin B
on biochemical parameters in diabetic mice

Table 3 shows the effects of Combretin A and Combretin B on
some parameters of liver and kidney functions. It appears that,
there was a significant increase (p <0.001) in ALT, AST, and
ALP activities and creatinine concentration, and significant
(p<0.01) decrease of total proteins in diabetic mice
(untreated) as compared to normal control. In all animals treat-
ed at different doses of Combretin A and Combretin B, the
results show a significant improvement in all the parameters
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Table 1 Change of blood glucose level after streptozotocin treatment in mice
Treatment Dose Week
(mg/kg)
0 1 2 3 4 5 6
Normal control  — 106.67 324 10227 +2.18  109.07 £5.05  107.67 +3.62  104.67 +3.93 105.57 £2.99  106.40 + 4.01
Diabetic control — 104.06 + 2.82 380.20 + 8.50"  440.03 + 18.27" 446.50 + 17.88" 445.03 + 20.59" 44823 + 18.13" 456.50 + 14.27"
Pregabalin 30 109.67 £ 491 381.00 + 8.65" 43450 + 24.89" 35833 + 13.04™° 35433 +9.28" 357.83 + 13.19™ 352.13 + 11.73"
Combretin A 25 107.13 £2.85 37622 + 16.17" 438.19 + 16.55" 405.02 +9.07"  396.54 + 9.60"  398.11 +20.08" 388.50 + 14.05"°
50 106.43 +2.47 366.67 = 10.17" 454.17 + 18.21" 268.83 + 16.50™ 264.29 + 13.57" 257.83 + 9.67° 251.23 + 7.93"
Combretin B 25 107.11 £3.01 39639 + 11.55" 448.88 + 12.59" 378.78 + 833"  346.80 + 825" 32830 + 10.91™ 34844 + 16.56™
50 106.53 +2.18 39121 + 12.07" 444.46 + 16.76" 240.17 + 1339 22621 + 6.22°  217.37 + 474"  195.93 + 9.01"°

All values are expressed as the mean + SEM of six animals per experimental group

2 <0.05, € p <0.001 significantly different from the normal control group (no diabetic), and * p < 0.001 significantly different from the diabetic control
group, as determined by analysis of variance followed by Bonferroni’s test

evaluated, a decrease of the creatinine level and the activity of
the enzymes (ALT, AST, and ALP) followed by an increase in
total protein level.

Neuropharmacological investigation
Antianxiety activities

As shown in Fig. 8, treatment with Combretin A and
Combretin B at doses of 25 or 50 mg/kg, p.o., induced
a relaxing effect in mice when assessed by the elevated
plus maze test (EPMT). The results showed the important
(»<0.05, p<0.001) increase of the time the animals
remained in the open arms and the significant (p <0.01,
p<0.001) decrease of the time spent in the closed arms
when compared with the controls (Fig. 8a and b). This
activity was observed throughout the course of treatment.
Diazepam (1 mg/kg, i.p.), used as a positive control, pro-
duced a statistically significant (p <0.05, p<0.01) in-
crease of the time spent in the open arms starting from
the second week of treatment, and significantly (p < 0.05,

p<0.01) decreasing the time spent in the closed arms
from the third week of treatment.

The light-dark box test results shown in Fig. 9 show that
untreated diabetic mice have spent very little time in the illu-
minated area and this time is significantly (p < 0.001) reduced
compared to non-diabetic mice. The treatment of diabetic
mice by the different doses of Combretin A (25 or 50 mg/kg),
Combretin B (25 or 50 mg/kg), and diazepam (1 mg/kg) in-
creased significantly (p <0.05, p<0.01, and p <0.001) the
time passed in the illuminated area compared to treated non-
diabetic mice.

Regarding social interaction, the results show that all
diabetic animals show a significant (» < 0.001) decrease in
this parameter compared to non-diabetic animals. The
treatment of mice at the tested doses of Combretin A
and Combretin B significantly (p <0.01, p<0.001) im-
proved the social interaction in a dose-dependent manner
from the first week to the fourth week. Diazepam at the
dose of 1 mg/kg produced an improvement significantly
(p<0.01) improvement only at the second and third
weeks of treatment (Fig. 10).

Table 2 Change of body weight level after streptozotocin treatment in mice
Treatment Dose Week
(mg/kg)
0 1 2 3 4 5 6
Normal control ~ — 3200+ 088 34.00+1.57 3633+080 38.00+0.82 3850150 40.00 =093  40.77 + 0.9
Diabetic control ~ — 3550+ 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 3350+ 192 31.17+128 3050 £1.29% 2950+ 1.15" 28.67+ 143" 2783 +120" 26.00+0.73"
Combretin A 25 3400+ 1.69 3350+096 31.50+0.83% 29.33+105 2871+084" 2855+108 27.50+0.62
50 3450 +2.03 3200+ 145 31.00 + 1.48% 31.50 + 1.29%  31.17 + 0.50" 31.67 £ 0.76"  31.50 + 0.56"°
Combretin B 25 3500+ 1.37  33.00+1.07 31.33+0.61% 30.50 + 1.34*  30.83 + 0.95> 31.15+ 026" 32.00 + 0.63"
50 3233+2.17 30.17+144 2923 +1.05% 3057 +022" 31.67 034" 3250 +0.56" 33.83 +0.60™

All values are expressed as the mean = SEM of six animals per experimental group

©p < 0.001 significantly different from the normal control group (no diabetic) and *p < 0.05, ® p < 0.01, * p < 0.001 significantly different from the
diabetic control group, as determined by analysis of variance followed by Bonferroni’s test
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Fig. 3 Effects of Combretin A and Combretin B on the levels of TNF-a
(a) and IL-1{ (b) in the serum of diabetic mice. Data are expressed as the
mean + standard error of the mean (n = 6) and were analyzed using one-
way analysis of variance followed by the Bonferroni’s post hoc test.
°p < 0.001 significantly different from the normal control group and
“p <0.05, Bp <0.01, *p < 0.001 significantly different from the diabetic

Antidepressant activities

In the open-field test, all diabetic animals presented an impor-
tant decrease of the number of crossing and rearings (Fig. 11a
and b). All treatments with Combretin A (25 or 50 mg/kg),
Combretin B (25 mg/kg), and fluoxetine (5 mg/kg) did not
alter significantly the number of rearings comparatively to
control group. Moreover, mice treated with Combretin B
(50 mg/kg) exhibited significant (p <0.05, p<0.01) alter-
ations in the number of crossings during 4 weeks of treatment
when compared with the control group.

The effects of Combretin A, Combretin B, and fluoxetine
on the immobility time of mice in FST are shown in Fig. 12.
During the 4-week treatment, Combretin A (25 and 50 mg/kg)
and Combretin B (25 and 50 mg/kg) produced a significant
(p<0.001) decrease in the duration of immobility during the
4 weeks. In addition, fluoxetine (5 mg/kg) significantly
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Fig. 4 Effects of Combretin A and Combretin B on the levels of TNF-x
(a) and IL-13 (b) in the sciatic nerves of diabetic mice. Data are expressed
as the mean + standard error of the mean (n = 6) and were analyzed using
one-way analysis of variance followed by the Bonferroni post hoc test.
°p < 0.001 significantly different from the normal control group and
% <0.05, Pp <0.01, *p < 0.001 significantly different from the diabetic
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control group. NC normal control, DC diabetic control, PGB30 mice
received 30 mg/kg/day pregabalin, CA25 mice received 25 mg/kg/day
Combretin A, CA50 mice received 50 mg/kg/day Combretin A, CB25

mice received 25 mg/kg/day Combretin B, CB50 mice received
50 mg/kg/day Combretin B, TNF tumor necrosis factor, IL interleukin

(p<0.05, p<0.01) decreased the immobility time only for
the last 3 weeks.

Concerning the effects of Combretin A, Combretin B, and
fluoxetine on the immobility time of mice in tail suspension
test, Fig. 13 indicated a significant (p <0.05, p<0.01,
p<0.001) treatment effect observed on all weeks for
Combretin A (p<0.001) and Combretin B (» <0.001), and
last 3 weeks for fluoxetine (p < 0.05, p <0.01).

Discussion

The therapeutic potential of Combretin A and Combretin B,
two new cycloartane-type triterpenes isolated from
Combretum fragrans (combretaceae), were evaluated in the
treatment of streptozotocin-induced painful peripheral neu-
ropathy in rodent associated with antidepressant and
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control group. NC normal control, DC diabetic control, PGB30 mice
received 30 mg/kg/day pregabalin, CA25 mice received 25 mg/kg/day
Combretin A, CA50 mice received 50 mg/kg/day Combretin A, CB25
mice received 25 mg/kg/day Combretin B, CB50 mice received
50 mg/kg/day Combretin B, TNF tumor necrosis factor, IL interleukin
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Fig.5 Effects of Combretin A and Combretin B on the enzymatic activity
levels of SOD (a), CAT (b), and MDA (¢), and on the levels of NO (d) in
the serum of diabetic mice. Data are expressed as the mean + standard
error of the mean (» =6) and were analyzed using one-way analysis of
variance followed by the Bonferroni post hoc test. °p < 0.01, p < 0.001
significantly different from the normal control group and *p < 0.05,
Bp < 0.01, *» < 0.001 significantly different from the diabetic control

anxiolytic-like effects. In our previous studies, these two com-
pounds showed in vitro inhibitory activities on human cancer
cell lines (MCF-7 cells), TNFe, ROS, and NO production, as
well as an analgesic and acute antiinflammatory activity
in vivo (Mbiantcha et al. 2017).

Diabetes mellitus is an evolutive pathology with the most
common consequence being the appearance of neuropathic
pain that occurs in more than half of diabetic patients and is
manifested by spontaneous hyperalgesia and allodynia (Apfel
et al. 2001). Symptoms such as hyperalgesia and allodynia
materializing chronic neuropathic pain observed in patients
with diabetes mellitus also are observed in the STZ-induced
diabetic animal model (Gul et al. 2000; Kamei et al. 2001). In
the present study, in diabetic mice, mechanical allodynia, ther-
mal hyperalgesia, cold allodynia, and chemical hyperalgesia
was significantly modified than that observed in normal con-
trol animals, showing development of neuropathic pain. This
was accompanied by the development of depressant and anx-
iety symptoms as assessed by performance on EPMT, light-
dark box test (LDBT), social interaction test (SIT), OFT, FST,
and TST.

To evaluate the effects of potential analgesic substances,
STZ-induced diabetic mice are frequently used as a prototype

CAT (Activity)

NC DC PG'B30 CA25  CA50

1.5 d

group. NC normal control, DC diabetic control, PGB30 mice received
30 mg/kg/day pregabalin, CA25 mice received 25 mg/kg/day Combretin
A, CA50 mice received 50 mg/kg/day Combretin A, CB25 mice received
25 mg/kg/day Combretin B, CB50 mice received 50 mg/kg/day
Combretin B, SOD superoxide dismutase, CAT catalase, MDA
malondialdehyde, NO nitric oxide

of painful diabetic neuropathy since these animals exhibit
hyperalgesic behavior in response to harmful stimuli
(Hasanein and Soltani 2009; Hasanein et al. 2009).
Furthermore, according to a recent paper, Combretin A and
Combretin B at the same doses used in this study induced
antinociceptive affect in acetic acid and formalin-induced pain
in normal mice (Mbiantcha et al. 2017). The results of this
work clearly show, for the first time that long-term Combretin
A and Combretin B administration by the oral route produced
an important antihyperalgesic and antiallodynic properties in a
mice classic of diabetic neuropathy. In addition, the
antineuropathic effect of these compounds was equieffective
to pregabalin, known for its use in the treatment of neuropath-
ic pain (Dworkin et al. 2010; Vranken 2012).

Diabetic neuropathy presents a very complex physiopa-
thology with the development of oxidative stress, hyper-
glycemia, and inflammatory damage (Calcutt 2004). In this
study, injection of STZ into healthy mice causes a signifi-
cant increase in blood glucose in all animals and this hy-
perglycemia was maintained during the experimental peri-
od of several weeks. Interestingly, the antihyperalgesic and
antiallodynic effects of Combretin A and Combretin B in
diabetic animals are accompanied by significant decrease
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Fig.6 Effects of Combretin A and Combretin B on the enzymatic activity
levels of SOD (a), CAT (b), and MDA (c¢), and on the levels of NO (d) in
the sciatic nerve of diabetic mice. Data are expressed as the mean +
standard error of the mean (n=6) and were analyzed using one-way
analysis of variance followed by the Bonferroni post hoc test. #p < 0.05,
°p < 0.001 significantly different from the normal control group and
Pp < 0.01, *p < 0.001 significantly different from the diabetic control

in serum glucose level, as compared with the untreated
diabetic mice. Therefore, the interesting antihyperalgesic
effect of these compounds in diabetic mice may be related
to the decrease of this factor.

The hyperglycemia that develops during DN induces the
installation of oxidative stress by release of superoxide and
hydroxyl radicals following autoxidation of proteins and
monosaccharides (Bolajoko et al. 2008; Julius et al.
2009), leading to the production of hydroxyl radicals and
superoxide. In diabetic animals induced by STZ, the devel-
opment of hyperglycemia causes a non-enzymatic glyco-
sylation responsible for the decrease of the activity of an-
tioxidative enzymes; this decrease in enzymatic activity
would be more pronounced in the sciatic nerve, which jus-
tifies the fact that the nerve cells of the sciatic nerve are
more sensitive and very vulnerable to the changes resulting
from the oxidative stress caused by the installation of hy-
perglycemia (Halliwell 1991; Fatani et al. 2015). In
protecting the body against oxidative stress, several en-
zymes are involved among which SOD which converts
superoxide anions (0*7) in H,0, and CAT which degrades
H,0, to give O, and H,O. Moreover, it is known that in
diabetic animals, the development of hyperglycemia
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group. NC normal control, DC diabetic control, PGB30 mice received
30 mg/kg/day pregabalin, CA25 mice received 25 mg/kg/day Combretin
A, CA50 mice received 50 mg/kg/day Combretin A, CB25 mice received
25 mg/kg/day Combretin B, CB50 mice received 50 mg/kg/day
Combretin B, SOD superoxide dismutase, CAT catalase, MDA
malondialdehyde, NO nitric oxide

causes a decrease in the activity of SOD and CAT in the
sciatic nerve (Halliwell 1991; Al-Enazi 2013). Thus, in the
oxidative stress induced by hyperglycemia, decreased ac-
tivity of SOD and CAT enzymes would be responsible for
decreased protection against free radicals and the vulnera-
bility of sciatic nerve cells (Al-Enazi 2013). In this study,
the results show that Combretin A and Combretin B restore
the activity of SOD and CAT in the sciatic nerve and in the
serum of diabetic animals, which suggests that these two
compounds are capable of protecting the body against the
oxidative damage caused by hyperglycemia. Furthermore,
Combretin A and Combretin B exhibited antioxidative
properties, since the activity of the antioxidant enzymes
as well as the levels of the endogenous antioxidant mole-
cules have been significantly improved in the sciatic nerve
and in the serum of diabetic mice after injection of STZ.
The antioxidant properties of Combretin A and Combretin
B observed in vivo in this study and in vitro in our previous
studies (Mbiantcha et al. 2017) could justify the antidia-
betic properties of these two compounds. Given that during
the evolution of diabetic neuropathy, we observe develop-
ment of the inflammatory process, the installation of oxi-
dative stress and hypersensitivity in animals, this leads us
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Fig.7 Effects of Combretin A and Combretin B on the enzymatic activity
levels of SOD (a), CAT (b), and MDA (c¢), and on the levels of NO (d) in
the brain of diabetic mice. Data are expressed as the mean + standard error
of the mean (n = 6) and were analyzed using one-way analysis of variance
followed by the Bonferroni’s post hoc test. p < 0.05, °p < 0.01,
“p < 0.001 significantly different from the normal control group and
“p <0.05, Bp <0.01, *p < 0.001 significantly different from the diabetic

to suggest that the antihyperalgesic and antiallodynic ef-
fects of Combretin A and Combretin B obtained in this
study could be associated with their antiinflammatory and
antioxidant activity.
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control group. NC normal control, DC diabetic control, PGB30 mice
received 30 mg/kg/day pregabalin, CA25 mice received 25 mg/kg/day
Combretin A, CA50 mice received 50 mg/kg/day Combretin A, CB25
mice received 25 mg/kg/day Combretin B, CB50 mice received
50 mg/kg/day Combretin B, SOD superoxide dismutase, CAT catalase,
MDA malondialdehyde, NO nitric oxide

The development of diabetic neuropathy is accompanied
by a rise in the level of inflammatory mediators such as pro-
inflammatory cytokines (TNF-« and IL-1f3) in the serum and
in the sciatic nerve of diabetic animals, consequence of the

Table 3  Effects of Combretin A and Combretin B on some parameters of kidney and liver functions of STZ-induced diabetic mice
Treatment Doses Parameters

(mg/kg)

ALT(U/T) AST(U/T) ALP (U/) Proteins(g/dL) Creatinine (mg/dL)

Normal control - 67.77+6.78 112.77+4.85 98.10 +2.72 61.65 + 6.76 1.01 +0.15
Diabetic control - 148.33+4.24" 290.50 + 11.05" 145.50 + 4.95" 35.89 + 2.44P 1.97 + 0.20*
Pregabalin 30 104.25+6.10™ 272.50+11.07 125.83 + 5.44P 39.79 + 4.04% 1.74 + 0.19%
Combretin A 25 105.92 +4.03™ 212.50 +6.87° 120.41 + 4.54%° 4147 +2.13% 1.33 +£0.10°

50 85.27 +4.04c 180.43 £7.927¢ 102.10 + 3.61° 52.15 +2.96 1.13 £ 0.09°
Combretin B 25 96.10+4.39%¢ 199.10+7.87 107.43 + 3.53° 49.13 +2.49 1.11 = 0.08°

50 73.93+5.06¢ 125.10+2.39¢ 99.10 + 5.01° 5831 + 5.56° 0.98 = 0.02¢

All values are expressed as the mean + SEM of six animals per experimental group

2p<0.05,°p<0.01, € p<0.001 significantly different from the normal control group (no diabetic) and * p < 0.05, ® p <0.01, * p <0.001 significantly
different from the diabetic control group, as determined by analysis of variance followed by Bonferroni’s test

ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphates
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diabetes can be caused by overexpression of these inflamma-
tory biomarkers (Li et al. 2013; Djordjevic et al. 2015).
Previous studies have indicated that Combretin A and
Combretin B may exert in vivo protective effect against

= =
[ @
o @
2 =
«©
= °
o .2
= =
[
& o
ERRR R
r r T T T T 1
) T T T T 1 o o o o o o o
o o o (=3 o o wn wn o wn o wn
0 o wn o 0n N N N Ll -
N o~ - -

(s) swie paso|d ayj ujjuads awi]

(s) swae uado ay) ujjuads awi) (s) a1e jybi| ay) urjuads awi]

et al. 2015; Brownlee 2005; Navarro-Gonzalez and Mora-

Fernandez 2008). In addition, dysfunction observed at the
level of neuronal cells just as the death of patients with

installation of hyperglycemia and insulin-resistance (Fatani
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Fig. 10 Effects of Combretin A 200+
and Combretin B in the absolute
time for social interaction during
5 min. Data are expressed as the
mean + SEM of six animals per
experimental group. “p < 0.05,
p<0.01, p <0.001 significantly
different from the normal control
group (no diabetic) and

Ap < 0.001 significantly different
from the diabetic control group,
as determined by analysis of
variance followed by
Bonferroni’s test

150+

EEERERERRRERERES

o
R

1004

50+

Social interaction time (s)

R R
s "

-
AN

carrageenan-induced inflammation and in vitro cytotoxic ef-
fects against human cancer cell lines (MCF-7 cells) and sig-
nificant inhibitory property on NO and TNF-x production
(Mbiantcha et al. 2017). In the present study, serum, sciatic,
and brain tissues pro-inflammatory markers among which
NO, TNF-«, and IL-1[3 were significantly increased in STZ-
induced diabetic animal. Combretin A and Combretin B treat-
ment in diabetic mice significantly reduced such markers in

Fig. 11 Effects of Combretin A
and Combretin B on the
locomotor activity of mice in the
OFT during 5 min. Data are 100 k3
expressed as the mean = SEM of %

1204

(=]
six animals per experimental E 80-
group. *p < 0.05, °p < 0.01, 4 0
p <0.001 significantly different S i L
from the normal control group (no s 607 '..:Z E:E
diabetic) and *p < 0.05, ° 1 b
Bp <0.01, p <0.001 £ 40 [
significantly different from the 3 1 o
diabetic control group, as 20- i
determined by analysis of 4
variance followed by
Bonferroni’s test 0=
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the present study. Many physiological processes, namely, in-
flammation, immunity, pain, proliferation, and growth can be
influenced by activation of nuclear factor kKB (NF-xB) which
is a protein transcription factor (Bonizzi and Karin 2004;
Shishodia and Aggarwal 2004). After activating NF-xB by
release of the complex 1kB/NF-xB, nuclear factor NF-xB
enters nucleus and triggers transcription of cytokines
(TNF-a, IL-1(, interferon), enzymes (COX-2, iNOS), stress
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Fig. 12 Effects of Combretin A 300+

and Combretin B on the
immobility time of mice in the
FST during 5 min. Data are
expressed as the mean = SEM of
six animals per experimental
group. *p < 0.05, °p < 0.01,

°p <0.001 significantly different
from the normal control group (no
diabetic) and *p < 0.001
significantly different from the
diabetic control group, as
determined by analysis of
variance followed by b
Bonferroni’s test 0L
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proteins, and immunoreceptors (Li and Karin 1999;
Christman et al. 2000; Celec 2004). Moreover, the activity
of the nuclear factor NF-xB, also considered as a sensor of
oxidative stress, may be regulated by the levels of intracellular
oxygen reactive metabolites. Similarly, it is known that over-
expression of antioxidant enzymes and many antioxidant sub-
stances are capable of inhibiting the activation of nuclear fac-
tor NF-xB (Li and Karin 1999). In view of the foregoing, it is
clear to suggest that the effects of Combretin A and Combretin
B obtained in this study are related to a modulatory effect on
nuclear factor NF-xB activity.

The neuropathic pain associated with the nerve damage
that results from it causes many consequences among which
anxiety, depression, and anhedonia that can be reproduced in
animal models (Santos et al. 2017). In different animal
models, pain is evaluated by sensory hypersensitivity, whereas
anxiety and depression can be evaluated by EPMT, LDBT,
SIT and TST, FST, OFT, respectively (Wang et al. 2011;
Chang et al. 2015). Otherwise, it has been shown that in the

Fig. 13 Effects of Combretin A 250+
and Combretin B on the
immobility time of mice in the
TST during 5 min. Data are
expressed as the mean += SEM of
six animals per experimental
group. *p < 0.05, °p < 0.01,

°p < 0.001 significantly different
from the normal control group (no
diabetic) and “p < 0.05,
Bp<0.01,p <0.001
significantly different from the
diabetic control group, as
determined by analysis of
variance followed by
Bonferroni’s test
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animal model of diabetic neuropathy, in addition to the in-
creased sensitivity to pain, animals develop a state of anxiety
and depression. The similar results were observed by Santos
et al. (2017) and Hache et al. (2012), specifying that chronic
pain is closely related to the development of depressive and
anxious behavior. In the present study, the administration of
Combretin A and Combretin B (25 and 50 mg/kg) significant-
ly ameliorated the symptom of depression and anxiety in all
the animals treated; suggesting that these two compounds has
antidepressant and anxiolytic-like effects.

Hyperglycemia induced autoxidation of glucose which in
turn generates reactive oxygen species, attacks cells, and
compromised membrane function (Lery et al. 1999). After
administration of STZ in animals, we observe the increase
of many serum parameters such as creatinine which materi-
alizes the kidney involvement; otherwise, the increase of en-
zymes such as alkaline phosphatase and transaminases which
indicate hepatic damage is also observed in the serum (Sallie
et al. 1991). Likewise, in the case of STZ-induced diabetes,
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there is severe pancreatic cell necrosis, which results in an
increase in the serum level of AST (Recknagel 1987). Rajesh
and Latha (2004) have also shown that the complete loss of
cell membrane integrity and function would be closely related
to an increase in the activity of these enzymes in the blood. In
the current study, diabetic hyperglycemia induced by STZ
caused the increasing of the serum level of AST, ALT, and
ALP (hepatic enzymes), serum levels of creatinine and de-
creased serum level of total protein which were considered as
significant signs of liver and renal dysfunction (Almdal and
Vilstrup 1988). After the treatment of STZ-diabetic mice with
Combretin A and Combretin B, the level of creatinine was
significantly decreased in treated animals compared to the
untreated diabetic control group. Similarly, the elevation of
serum level of hepatic enzymes (AST, ALT and ALP) caused
by administration of STZ was declined after the treatment
with Combretin A and Combretin B, compared with the dia-
betic control group. It becomes evident from our results that
both compounds improve the functional state of the liver and
kidneys by maintaining the normal values of renal and hepat-
ic parameters. The improvement of protein production, en-
zyme activity (AST, ALT, and ALP), and creatinine by
Combretin A and Combretin B could be attributed to the
antioxidant activities.

Conclusion

This study reveals that Combretin A and Combretin B have
antiallodynic effect in the model of thermal and cold allodynia
and antihyperalgesic effect in the thermal hyperalgesia in
streptozotocin-induced neuropathic pain model, in a neuro-
pathic pain via its antihyperglycemic, antioxidative, and
antiinflammatory properties. These properties are associated
with antidepressive and anxiolytic-like effects. The com-
pounds improved liver and kidney functions by increasing
total protein synthesis and decreasing enzymes activities
(ALAT and ASAT) and creatinine levels of diabetic mice.
Therefore, Combretin A and Combretin B may be useful as
a new solution for the management of neuropathy in people
with chronic diabetes.
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