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Moringa oleifera attenuates biochemical and histological changes
associated with the pancreas in nicotine-treated rats
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Abstract
Objective: The study was undertaken in order to evaluate the beneficial potential of Moringa oleifera, in
nicotine-induced pancreatic injury.
Method: Forty-five adult female albino rats were divided into 5 groups A-E, each group having nine rats.
Group A received normal saline; group B received 6.88 mg/kg of nicotine intraperitoneally (i.p); group C
received 6.88 mg/kg of nicotine i.p. and 200 mg/kg of Moringa oleifera leaf powder dissolved in 2 ml of
normal saline (orally); group D received 13.76 mg/kg of nicotine i.p., while group E received 13.76 mg/kg
of nicotine i.p. and 200 mg/kg of Moringa oleifera leaf powder dissolved in 2 ml of normal saline (orally).
Treatment was for 8 days and the rats were sacrificed after 24 hours of termination of study. Intracardial
blood specimens were obtained to analyse blood glucose, while the pancreas was excised and either fixed
in 4% paraformaldehyde for histology or sucrose solution and homogenised for biochemical analysis of
lactate dehydrogenase (LDH) and glucose-6-phosphate dehydrogenase (G-6-PDH) enzymes.
Results: In comparison with the Control, animals treated with low dose of nicotine with or without
Moringa oleifera and those treated with high dose of nicotine plus Moringa oleifera had reduction in body
weights (p>0.05), while marked reduction in pancreatic weights was noted in low dose nicotine (p<0.05)
and both nicotine groups co-treated with Moringa oleifera (p<0.05). There were no significant changes in
the levels of blood glucose and pancreatic G-6-PDH levels, while significant reduction occurred in
pancreatic LDH levels in nicotine-treated rats (p<0.05). However, LDH improved following coadministration with Moringa oleifera. Observation of the histology of the pancreas revealed atrophy of
intercalated ducts, poorly delineated and disintegrating islet of Langerhans in animals treated with the
higher dose of nicotine, while changes in pancreatic tissue in animals co-treated with Moringa oleifera
were not as severe as the nicotine-treated animals.
Conclusion: Moringa oleifera leaf decoction minimally ameliorates morphological and biochemical
changes associated with nicotine-induced pancreatic damage.
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Moringa oleifera atténue les modifications biochimiques et histologiques
associées au pancréas chez les rats traités à la nicotine
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Abstrait
Objectif: L'étude visait à évaluer le potentiel bénéfique de Moringa oleifera, dans le traitement des lésions
pancréatiques induites par la nicotine.
Méthode: Quarante-cinq rats albinos femelles adultes ont été divisés en 5 groupes A à E, chaque groupe comportant
neuf rats. Le groupe A a reçu une solution saline normale; le groupe B a reçu 6,88 mg / kg de nicotine par voie
intraperitoneale (i.p); le groupe C a reçu 6,88 mg / kg de nicotine i.p. et 200 mg / kg de poudre de feuilles de Moringa
oleifera en solution dans 2 ml de solution saline normale (par voie orale); le groupe D a reçu 13,76 mg / kg de nicotine
par voie intraveineuse, tandis que le groupe E a reçu 13,76 mg / kg de nicotine par voie intraveineuse. et 200 mg / kg
de poudre de feuilles de Moringa oleifera en solution dans 2 ml de solution saline normale (par voie orale). Le
traitement a duré 8 jours et les rats ont été sacrifiés 24 heures après la fin de l’étude. Des échantillons de sang
intracardiques ont été obtenus pour analyser la glycémie, tandis que le pancréas était excisé et fixé dans du
paraformaldéhyde à 4% pour l'histologie ou dans une solution de saccharose et homogénéisé pour l'analyse
biochimique de la lactate déshydrogénase (LDH) et de la glucose-6-phosphate déshydrogénase (G-6- PDH)
enzymes.
Résultats: Comparativement au témoin, les animaux traités avec une faible dose de nicotine avec ou sans Moringa
oleifera et ceux traités avec une forte dose de nicotine plus Moringa oleifera présentaient une réduction du poids
corporel (p> 0,05), tandis qu'une réduction marquée du poids pancréatique était notée. nicotine à faible dose (p
<0,05) et les deux groupes de nicotine co-traités avec Moringa oleifera (p <0,05). Il n'y a pas eu de changements
significatifs dans les taux de glucose sanguin et les taux de G-6-PDH dans le pancréas, tandis qu'une réduction
significative est survenue dans les taux de LDH dans le pancréas chez les rats traités à la nicotine (p <0,05).
Cependant, la LDH s'est améliorée après la co-administration de Moringa oleifera. L’observation de l’histologie du
pancréas a révélé une atrophie des canaux intercalés, des îlots de Langerhans mal délimités et désagrégés chez les
animaux traités avec la plus forte dose de nicotine, tandis que les modifications du tissu pancréatique chez les
animaux co-traités avec Moringa oleifera n’étaient pas aussi sévères que la nicotine. animaux traités.
Conclusion: La décoction de feuilles de Moringa oleifera atténue peu les modifications morphologiques et
biochimiques associées aux dommages pancréatiques induits par la nicotine.
Mots-clés: Nicotine, dommage pancréatique, Moringa oleifera
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INTRODUCTION
Despite public enlightenment and
various health initiatives, tobacco addiction is
still a major health challenge in both developed
and developing countries (1). Among females,
the rate of tobacco smoking is actually high, and
in the female subgroup, the number of smoking
mothers is steadily increasing (2). Nicotine is the
major additive component of tobacco cigarette
and although tobacco use has severe health
implications, one third of the world's population
still use tobacco products (3). Nicotine is an
alkaloid tertiary amine composed of a pyridine
and pyrolidine ring (4), consisting of two stereo
isomeric isomers (S)-nicotine and (R)-nicotine.
Out of these two, (S)-nicotine is more active,
contributing 90% of the pharmacologically
active nicotine found in tobacco (5).
Nicotine contributes to the development
of many clinical conditions including pancreatic
pathologies (6-8). A study by Chowdhury et al (9)
showed that administration of nicotine to rodents
induced morphologic pancreatic alterations, and
the mechanism by which nicotine relays its
effects was suggested to be mediated by nicotinic
acetylcholine receptors (10). Juvenile Wistar rats
exposed to nicotine during gestation showed
apoptosis of pancreatic beta cells and abnormal
glucose tolerance (11), with reduced beta cells
mass from birth up to adulthood (12). Invariably,
this portends complete loss of beta cell
composition, thus resulting in increased glucose
level which poses a considerable risk on
structural and functional development. All these
point to reduced functionality of the pancreas and
dysfunctional carbohydrate metabolism.
Exposure to nicotine alters pancreatic islets gene
expression of different transcription factors
specific for endocrine cells (Pdx-1, Pax-6, and
Nkx6.1) and hormones, such as insulin and
glucagon (12). Because of these altered
physiological parameters, the normal
physiological control of glucose homeostasis is
also altered considerably (13).
The medicinal and therapeutic
significance of Moringa oleifera has been lauded
over the last few decades. It is the most widely
cultivated species of Moringaceae (14). There
has been much discourse on the health and
nutritional benefits of Moringa oleifera,
including the leaves, flowers, seeds, seed oil,
stem bark and roots of the plant (15, 16). Its
usefulness ranges from its consumption as a
nutritional supplement to its use in the
management of many clinical conditions as a
result of its reported antimicrobial, antioxidative,
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antiulcer, cytoprotective, cardiovascular,
antidiabetic, anticancer and neuroprotective
properties (14, 17-22). Phytochemical
components of Moringa include compounds such
as 4-(4'-O-acetyl-á-L-rhamnopyranosyloxy)
benzyl isothiocyanate, 4-benzyl isothiocyanate,
pterygospermin, benzyl isothiocyanate, and 4benzyl glucosinolate (23, 24). In addition, the
Moringa oleifera leaves also contain tannins,
steroids, triterpenoids, flavonoids,
saponins,anthraquinones, alkaloids, niazimicin
and moringin (25). Some of these constituents
have clinical relevance.
This research work was aimed at
determining if administration of Moringa
oleifera leaf powder has protective effect on the
pancreas and carbohydrate metabolism of Wistar
rats following nicotine exposure.
MATERIALS AND METHODS
Ethical Approval
Approval was obtained from the Ethical
Review Committee of the Faculty of Basic
Medical Sciences, University of Ilorin and the
study was carried out in line with the rules and
guidelines set by the committee.
Experimental Animals
Forty five (45) female albino rats (5-6
weeks old) were used and the study was
conducted in the Animal Facility of the Faculty of
Basic Medical Sciences, University of Ilorin.
They had free access to pelletised growers' feed
containing 15% crude protein, 7% Fat, 10% crude
fibre, 1% calcium, 0.35% phosphorus, 2,550
kcal/kg of metabolised energy and clean water
within a hygienic environment. The weights of
the animals were recorded on the first day of
acclimatization and on specific days during the
course of the experiment.
Procurement of Nicotine and Preparation of
Moringa oleifera
Nicotine (95%; British Drug House®,
Poole, England) was titrated to arrive at a dose of
13.76 mg/kg in 0.1 ml vehicle, which was the
maximum tolerable dose by the rats, though less
than the LD50 of intraperitoneal nicotine (14.6
mg/kg) (26). Two doses of nicotine were
prepared: one, half of the titrated dose (6.88
mg/kg) and two, the titrated dose (13.76 mg/kg).
Commercially produced Moringa oleifera leaf
powder was procured from a herbal store near the
University mini campus, Ilorin. A dose of 200
mg/kg (24) was prepared and dissolved in 2 ml of
normal saline.
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Study Design and Drug Administration
The animals were randomly grouped into
five classes, with each class having nine rats as
follows:
·
Group A (control): received 0.1 ml of
normal saline intraperitoneally (i.p.);
·
Group B: were given 6.88 mg/kg
nicotine (i.p.);
·
Group C: received 6.88 mg/kg nicotine
(i.p.) and 200 mg/kg of Moringa oleifera
(oral);
·
Group D: received 13.76 mg/kg nicotine
(i.p.);
·
Group E: received 13.76 mg/kg nicotine
(i.p.) and 200 mg/kg of Moringa oleifera
(oral).
Moringa oleifera was administered about 15
minutes prior to the administration of nicotine
and treatments lasted for 8 consecutive days.
Animal Sacrifice and Specimen Collection
After the last day of administration, the
animals were fasted overnight and their weights
were recorded. Animals for histological studies
were administered with intramuscular ketamine
(0.1 ml) prior to sacrifice, and abdominal incision
was made to expose and excise the pancreas. The
pancreatic tissue was thereafter weighed and
placed in 4% buffered paraformaldehyde (PFA)
as fixative for histology. Other animals were
sacrificed by cervical dislocation to avoid
interference of the anaesthetic agent (ketamine)
with the biochemical parameters to be
investigated. The thorax was accessed to identify
the heart for intracardial withdrawal of blood
sample from the left ventricle and dispensed into
appropriate sample bottles. The pancreas of the
rats sacrificed by cervical dislocation was placed
in separate sample bottles for biochemical
studies.
Biochemical Studies
The blood sample obtained was
centrifuged and the supernatant scooped into a
separate bottle for determination of plasma
glucose level. Glucose levels in plasma were
determined using the technique described by
Trinder (27) and Cheesebrough (28). Part of the
pancreas was homogenized in 1 ml 0.25 M
sucrose solution using a homogenizer. The
homogenates were centrifuged and the
supernatants were used for enzymatic assessment
of lactate dehydrogenase (LDH) and glucose-6phosphate dehydrogenase (G-6-PDH) as
previously described (29, 30).
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Tissue Processing for Light Microscopy
The PFA-fixed pancreas was processed
by subjecting it to the processes of clearing,
dehydration and embedding. The resulting
paraffin blocks were sectioned using a microtome
and stained using Haematoxylin and Eosin stains
(31).
Statistical Analysis
Data were analysed using ANOVA,
followed by Tukey's multiple comparison tests
with the aid of SPSS version 20 and presented as
mean and standard error of mean. P values less
than 0.05 were considered statistically
significant.
RESULTS
Morphological Observation
The body weights varied across the
groups. There was weight increase in rats in the
control, while the other treated animals had
reduction in their body weights at termination of
study (p>0.05). Animals treated with low dose of
nicotine had a minimal weight reduction (Group
B), while those treated with high dose of nicotine
(Group D) had negligible weight change
(p>0.05). Meanwhile, the rats co-administered
with nicotine and Moringa oleifera (Groups C
and E) had more marked weight difference;
however, these changes were not statistically
significant (p>0.05) (Figure 1).
There were highly statistically significant
differences in the weights of the pancreas in the
treated Wistar rats (p<0.05). Animals coadministered with nicotine (irrespective of dose)
and Moringa oleifera (Groups C and E) had
markedly reduced organ weight, as well as
animals treated with low dose of nicotine only
(Group B) (p<0.05) (Figure 2).
Biochemical Observations
i. Blood Glucose Level
Minimal reduction in plasma glucose levels were
noticed across the groups when compared with
the Control. Animals treated with the low dose of
nicotine (Group B) had a lower glucose level
compared with the Control and the high dose
nicotine group (Group D), while animals coadministered with Moringa oleifera and high
dose of nicotine (Group E) had the least glucose
level, when compared with all the other groups.
These changes however were not statistically
significant (p>0.05) (Table 1).
ii. Lactate Dehydrogenase (LDH)
Nicotine treatment led to significant reduction in
the lactate dehydrogenase levels in pancreatic
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tissue, with animals exposed to the low dose of
nicotine (Group B) having the lowest level
compared to other groups. The difference in LDH
levels between the high dose nicotine group (D)
and the low dose nicotine group (B) was
statistically significant (p<0.05), while the
elevated LDH levels observed in rats
administered with Moringa oleifera alongside
nicotine (Groups C and E) were not significant
when compared with the Control (p>0.05), but
significant when compared with the low dose
group (B) (p<0.05) (Table 1).
iii. Glucose-6-phosphate Dehydrogenase
(G-6-PDH)
The levels of G-6-PDH were reduced in all the
treated groups when compared with the Control
(p>0.05). Nicotine-treated rats had no significant
change in G-6-PDH levels irrespective of the
dose administered; however, rats exposed to the
high dose of nicotine and Moringa oleifera had
the lowest level of G-6-PDH, although this
difference was not statistically significant
(p>0.05) (Table 1).
Histological Observations
Observation of the pancreas of the
control animals showed pancreatic architecture
with well delineated pancreatic islet of
Langerhans. There were marked differences in
the cellular architecture of the pancreas from
nicotine-treated groups compared with the
Control. In nicotine treatment groups, there was
marked atrophy of pancreatic intercalated ducts,
as well as few exocrine glands. Pancreatic islets
of Langerhans revealed little or no histological
changes in animals that received the low dose of
nicotine, while those that received a higher dose
showed degenerative changes when compared to
the control (Figure 3).
DISCUSSION
Exposure to nicotine, either through
direct cigarette smoking or second-hand smoke
has negative effects on body structures and
functions. Earlier studies have revealed that
nicotine consumption is usually associated with
reduction in body weight, as it increases energy
expenditure and reduces appetite (32, 33). From
the current study, the effect of nicotine on body
weight was such that the lower dose caused slight
weight loss but a higher dose showed no apparent
negative weight change. The reason for the mild
weight changes might be due to the short duration
of nicotine administration (eight days).
The observation of the absence of weight
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loss in animals given high dose nicotine appears
to be in line with a study by Bamia et al (34)
which revealed that among smokers, heavy
smokers tend to have increase in body weights
compared to light smokers. Although we did not
report an increase in body weight in this group of
animals, it might just be a process that is ongoing, considering the short period of nicotine
treatment.
Nicotine consumption impairs glucose
tolerance and insulin sensitivity and is a risk
factor for many cardiovascular and metabolic
clinical conditions (35, 36). In human,
epidemiological studies have demonstrated a
relationship between high serum glucose and
increased prevalence of diabetes in individuals
exposed to varying concentrations of nicotine
(37). Hyperglycaemia occurring after nicotine
treatment or cigarette smoking has been
suggested to be partly hormonal, as this involves
mobilization of catecholamines and cortisol
production (38). Bruin et al (39) showed that
Wistar rats exposed to nicotine during foetal and
neonatal life presented with increased beta-cell
apoptosis at birth. This could be responsible for
the reduced pancreatic weight and altered
architecture of the pancreas observed in this
study.
Nicotine is an oily liquid and watersoluble substance that is easily absorbed into the
bloodstream and it penetrates readily the body
tissues. There is conclusive evidence of its
cytotoxic and deleterious effects on cell growth
(40); however parallel studies have also shown
that nicotine could prolong survival of certain
cells, such as neutrophils and smooth muscle
cells (41).
Numerous studies have examined and
explored the hypoglycaemic properties of
Moringa oleifera (42-45). In the current study,
administration of nicotine with or without
Moringa oleifera led to slight reduction in blood
glucose levels. The reason for the non-significant
reduction in glucose levels might be as a result of
the short-term exposure to nicotine as designed
by this study. Furthermore, nicotine
administration caused a dose-dependent effect on
sugar level, with animals treated with a lower
dose having the lower glucose level. However,
the high dose nicotine group co-administered
with Moringa recorded the least sugar level.
Notwithstanding these findings, the occurrence
of a lower blood glucose level in animals exposed
simultaneously to a high dose of nicotine and
Moringa compared to others given a high dose of
nicotine only is more representative of the effect
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of Moringa in nicotine-associated
hyperglycaemia.
Assessment of pancreatic tissue lactate
dehydrogenase (LDH) showed that nicotine
administration caused a reduced enzyme activity,
as significant reduction occurred in LDH level of
animals exposed to the lower dose of nicotine.
Co-administration with Moringa oleifera,
irrespective of nicotine dose, led to elevated
levels of pancreatic LDH, even higher than the
Control level. Hence, there is the likelihood of
Moringa oleifera acting to enhance the normal
activity of lactate dehydrogenase in the pancreas.
The reduced level of pancreatic LDH activity in
rats exposed to nicotine suggests LDH enzyme
leakage into the circulation due to possible
pancreatic necrosis caused by nicotine, resulting
in possible elevated serum LDH level, although
serum LDH was not assessed in this study.
However, this process is similar to what obtains
in other forms of cytotoxicity (46).
Glucose-6-phosphate dehydrogenase
(G-6-PDH) is a cytosolic enzyme that plays a
critical role in protection against reactive oxygen
species (47). As noted by Gumustekin et al. (48),
nicotine adversely affects the activity of G-6PDH in rat tissues and organs, similar to current
findings, where nicotine administration at both
low and high doses resulted in decrease in the
levels of G-6-PDH with no substantial difference
between the two nicotine groups. Concurrent
administration of Moringa oleifera with nicotine
only minimally increased G-6-PDH level in the
low dose group, while it reduced G-6-PDH level
at high dose of nicotine. This partly suggests that
where there is nicotine-induced depletion or
inactivity of G-6-PDH at a low dose,
administration of Moringa oleifera could
improve the activity of the enzyme.
Microscopic observations of nicotinetreated rats showed disruptions in pancreatic
cytoarchitecture. This is reminiscent of the fact
that nicotine administered in both low and high
doses negatively affects pancreatic
microarchitecture, and possibly the expected
functions of various cells could be impaired. On
the effect on pancreatic islets of Langerhans,
exposure to a high dose of nicotine would more
likely cause severe architectural damage and this
could affect the endocrine function of the gland.
Due to the reported therapeutic potential of
Moringa oleifera against pancreatic pathology,
the leaf component of the plant was administered
to assess its role in ameliorating nicotine-induced
pancreatic damage. The current work observed
only minimal effect in restoring the architectural
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alterations that characterized nicotine-associated
injury to the pancreas. Meanwhile, the anticancer properties of Moringa have been reported
(49), and according to Berkovich et al. (50), the
growth of cancer cells in the pancreas are
inhibited by the leaf extract of the plant.
However, the minimal effects seen in our study
could be as a result of the shortness of the
duration of Moringa administration.
CONCLUSION
Nicotine exposure is toxic to the
pancreatic structure and functions, and these
could be minimized by the use of Moringa leaf.
Meanwhile, when used over a longer duration,
Moringa leaf could probably play a more
beneficial role in addressing nicotine-induced
pancreatic pathology.
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Table 1: Table showing blood glucose levels, and pancreatic lactate
dehydrogenase (LDH) and glucose-6-phosphate dehydrogenase
(G-6-PDH) activities
Groups

LDH (IU/L)

G-6-PDH
(IU/L)

A: Control
B: LDN
C: LDN + M

Blood
Glucose
(mmol/L)
4.40±0.17
3.70±0.25
4.17±0.59

1743±41.81
1419±28.42*
1859±40.43†

1293±15.72
1250±33.59
1253±34.84

D: HDN

4.17±0.26

1646±36.67†

1249±32.44

E: HDN + M

3.60±0.70

1881±22.39 †

1225±2.91

* (p<0.05) statistical significant difference compared to control group;
† (p<0.05) statistical significant difference compared to animals exposed
to low dose nicotine (Group B).
LDN: low dose nicotine,
HDN: high dose nicotine,
M: Moringa.

Figure 1: Weight changes in Experimental Animals.
N: nicotine,
LD: low dose nicotine,
HD: high dose nicotine,
M: Moringa.
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Figure 2: Weights of Pancreas in Experimental Animals. Reduction in
pancreatic weight was significant in Groups B, C and E (P<0.05).
N: nicotine,
LD: low dose nicotine,
HD: high dose nicotine,
M: Moringa.

Figure 3: Pancreas of female Wistar rats given normal saline (A: Control), low dose nicotine (B), with low dose
nicotine and Moringa extract (C), high dose nicotine (D), and high dose nicotine and Moringa extract (E). The
Control group showed apparently normal pancreatic architecture, with well-defined interlobular ducts (arrows)
and adequately delineated pancreatic islets of Langerhans (I), while the pancreas of treated rats showed reduced
staining intensity. The outline of the pancreatic islets was fairly preserved in figure B; however, distorted outline,
cellular degeneration, poorly defined and degenerating islets of Langerhans were observed in other treated groups,
especially in groups D and E. H&E x100.
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