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ABSTRACT

Background: Studies suggest that herbal remedies may serve as functional anti-diabetic
agents. This study investigated the therapeutic role of Calotropis procera aqueous-
methanol root extract in hyperglycaemic and hepatopathy disorders in Wistar rats after
exposure to alloxan. This compound destroys pancreatic -cells and produce diabetes in
experimental animals.

Methods: Spectrophotometric methods were used to assay the antioxidants and
biochemical parameters while histological examinations were employed to assess the
structural changes in the harvested tissue under light microscopy.

Results: The secondary metabolites were quantified by spectrochemistry methods. The
extract was rich in flavonoids and low in terpenoids, and contained ursolic acid, lupeol
and oleanolic acid. The extract’s strong anti-radical activity was due to its low IC,,
values. The extract suppressed o-amylase more than a-glucosidase activity by 3.99%,
and the blood glucose declined in the diabetic group by 64.25%. The malondialdehyde
level was low in the treated group while it declined significantly in the normal group.
The superoxide dismutase, catalase and glutathione levels were also low in the untreated
versus the treated group. There were reduced activities of aspartate and alanine
aminotransferases and alkaline phosphatase; however, the albumin and total protein
levels increased mildly in the treated compared to the untreated group. The liver and
pancreas histology revealed normal hepatocyte and B-islet architecture in the treated
group as opposed to blood vessels congestion and [ cells necrosis in the untreated group.

Conclusion: The extract's anticytotoxic effects may be linked to the antioxidant role of
its phytochemical constituents.

Keywords: Calotropis procera, Hepatopathy, Hyperglycaemia, Oxidative stress, Phytochemicals

Introduction

iabetes mellitus is a typical non-commu-
nicable disease that has sprouted strong
research interest globally. It occurs due
to defective macromolecule metabolism
or pancreatic B-cells toxicity, leading to

low insulin release, resistance or insensitivity, resulting
in hyperglycaemia characterised by significant eleva-
tion of blood glucose above the clinically acceptable
level [1, 2]. A major chemical model that has shown
profound positive result as pancreatic B-cytotoxic agent
is Alloxan; however, streptozotocin can also serve as a
toxic alternative. Alloxan’s hyperglycaemic property is
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achieved by either the inhibition of glucokinase ac-
tivity via abolishing insulin secretion or through su-
peroxide, hydroxyl radicals and hydrogen peroxide
formation via autoxidation of dialuric acid, leading to
B-cells toxicity and necrosis [3]. The resultant effects
of this chronic hyperglycaemia are followed by such
pathologies as cardiopathy, nephropathy, hepatopathy,
retinopathy, neuropathy and importantly low life ex-
pectancy of the patients [4, 5]. Subsequently, painful
inflammation, organ transplantation, and losses of hu-
mans and capital to the nation are inevitable [6, 7].

Many anti-diabetic therapies have been developed and
are currently in use, such as intraperitoneal insulin ad-
ministration, sulfonylureas and pancreas transplanta-
tion [8, 9]. Others pharmacological treatments include
dipeptidyl peptidase inhibitors (DPPIs), adenosine mo-
nophosphate dependent protein kinase (AMPK) stimu-
lations, glucagon-like peptide-1 (GLP-1) modulation,
and ATP gated K* channel blockage. These therapeutic
models function by improving insulin secretion and
sensitivity, or inhibiting glycolytic pathways [10].
However, they have their adverse side effects, rang-
ing from mild to severe B-cell apoptosis, pancreatitis,
and thyroid and pancreatic cancers [11-13]. In spite
of successes recorded in the management of diabetes,
scientists are still concerned about the its increased
mortality rate. Therefore, it is necessity to search for
newer treatment models with little or no side effects.
One such effective approach is the use of medicinal or
traditional plants, containing phytochemicals with tis-
sue regenerative and antioxidant properties [14].

Several African plants have shown potentials as medic-
inal agents in addition to Calotropis procera (C. proc-
era). The plant, Aiton. This plant is a xerophytic shrub,
growing wildly in both tropical and semitropical areas,
and belongs to the Asclepiadaceae family. The English
nomenclatures for this plant include: Giant milkweed,
Dead Sea apple, Sodom apple, Swallow-wort, auricu-
lar tree, Sodom’s milkweed, rooster tree, rubber-bush
and small crown flower [15, 16]. Despite the differ-
ent titles for this plant in other countries; however, in
Nigeria, the Igbos, Yorubas and Hausas tribes refer to
it as Otosi, Bom-Ubomu and Tumfafiya, respectively
[17-19]. Scientific reports have documented various
ethno-medicinal activities of the plant’s latex, leaf and
flower extracts. The known activities include anti-
hyperglycaemic, gastroprotective, antibacterial, anti-
cancer, anti-inflammatory, anti-anglogenic, nephro-
protective, anti-tumor, anticonvulsant, anti-fertility,
analgesic/antipyretic effects [20, 21]. However, our
literature search provided few research articles on the

=
< e
»/L@I‘J\; e

ap Iranian Journal of Toxicology
W) ARAK UNIVERSITY OF MEDICAL SCIENCES

medicinal properties of the extract of this plant’s roots,
such as anti-hyperglycaemic, anti-hyperlipidemic, and
in vitro antioxidant activity. Also, it is used as a flatus
reliever in dyspepsia and jaundice treatment, and as an
antibacterial agent [16, 22, 23]. Nevertheless, the hep-
atoprotective effect of the extract in cases of alloxan
toxicity is not available in the published literature.

Aim of the study: Considering the above facts, this
study was undertaken to evaluate the anti-diabetic ac-
tivity and hepatoprotective potential of the aqueous-
methanol extract of the C. procera roots in Wistar rats
with respect to pancreas toxicity induced by alloxan.
The findings of this study are likely to offer experi-
mental or clinical benefits to toxicology.

Materials and Methods

Plant material authentication: The plant samples
(C. procera roots) were obtained from Nigeria Police
Academy (NPA), and authenticated by Dr Aminu Jabbi
- a taxonomist with the Department of Biological Sci-
ence. The authentication was further documented by
the university’s herbarium (Registered: NPAH 111).

Plant material preparation: After air-drying the
fresh roots of C. procera for 14 days, they were ground
into powder. A cold maceration method was used to
extract 372.76 grams of the powdered root in 1500 ml
of water-methanol solution, and left at room tempera-
ture for 48 hours. The obtained filtrate (800 ml) was
then concentrated by evaporation at a normal ambient
temperature of 28°C, and the solid root extract was re-
covered (6.56 g).

Animal Treatment: Twenty male Wistar rats weigh-
ing 100-105 g and aged 3-4 months were acquired from
Department of Pharmacology, University of Lagos, Ni-
geria. They were kept in the laboratory to acclimatize
for 14 days under typical conditions (photo cycle: 12-
hour dark/light cycle, temperature of 22°C and humidity,
55%). Also, they were fed commercially formulated rat
food and potable water. The animal treatment procedure
was based on a previously described method [24].

Induction of Diabetes in Animals: For the purpose of
inducing diabetes in the animals, an established method
was employed [25]. Alloxan monohydrate was pur-
chased from the Sigma-Aldrich (Catalogue #: 45-A7413-
10G; Germany), was dissolved in physiological saline,
and a dose of 150 mg/kg body weight was given once
to the animals after 12hours of overnight fasting. After
72 hours of post administration, type-1 diabetes mellitus
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was induced in the experimental animals. In compari-
son with the normal group (85 mg/dl), the diabetic rats
showed a substantially elevated blood glucose levels
(>250 mg/dl) as monitored by a glucometer (ACCU-
CHEK model; Roche, UK). Some abnormal signs, such
as excessive urination, polydipsia, weight loss and tired-
ness were observed in the experimental animals.

Experimental design: The rats were divided into
the following groups:

e Group 1: Six rats received only rat food and drink-
ing water (normal group).

e Group 2: Seven rats received 150 mg/kg alloxan
monohydrate once intraperitoneally (Diabetic untreated

group).

e Group 3: Seven rats received 150 mg/kg alloxan
monohydrate once intraperitoneally and then given 200
mg/kg aqueous-methanol C. procera roots extract daily
for 12 consecutive days (Diabetic treated group).

Quantitative Analyses of the Plant Extract (AM-
RECP): An established protocol, as described by an
earlier study [26], was used for the determination of al-
kaloid content of the extract. The flavonoid content was
quantified based on another published method [27]. Fur-
ther, the saponin and terpenoid contents of the extract
were determined by separate methods [10, 28]. Finally,
the plant extract’s cardiac glycoside content was mea-
sured based on an earlier technique [29] while the re-
ducing sugars were quantified according to a previously
described method [30].

DPPH (2,2-diphenyl,1-picrylhydrazine) Assay: To
conduct this assay, the method of a former study [10]
was applied. Concentrations ranging from 25 to 100
mg/ml of the plant extract were prepared for this assay.
Then 5 ml DPPH-methanol solution (0.004%, w/v) was
added and vortexed. The solution was left in the dark
for 30 minutes and the absorbance was read at 517 nm.
The blank contained methanol, 80% (v/v). The com-
parison was made with ascorbic acid as the control, and
the percentage of scavenging activity in each test tube
was determined based on Equation 1:

1. %Scavenging Activity=Blank absorbance—Extract
absorbance x100/Blank absorbance
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Nitric Oxide Antioxidant (NOA) Assay: For the pur-
pose of this assay, a previously described method [31]
was followed. A test tube was set up containing 5 ml so-
dium nitroprusside (SNP; 5SmM) dissolved in phosphate
buffer at pH 7.3 and incubated at 25°C for 3 hours and
then exposed to oxygen interaction. Equal volumes of
the resultant solution and Griess reagent (1.0 ml each)
were mixed thoroughly. The Griess reagent consisted
of a mixture of 0.1% naphthylethylene diamine dihy-
drochloride and 1% sulphanilamide in 5% phosphoric
acid. The absorbance of the purple-coloured (azo dye)
solution was read at 546 nm. The inhibition percentage
was evaluated based on Equation 2:

2. %Inhibition=Blank absorbance — Extract absor-
bance x 100/Blank absorbance

Ferric Reducing Antioxidant Power Assay: The
ferric reducing antioxidant power (FRAP) assay was
performed as described by an earlier study [32] and
varying concentrations between 25 and 100 mg/ml were
prepared. A 2 ml aliquot of the extract was then mixed
with a 2 ml of 0.2 M phosphate buffer, a 2 ml potas-
sium ferricyanide (10 mg/ml) was added, and incubated
at 50°C for 20 minutes. The mixture was centrifuged at
3000 rpm followed by adding 2 ml trichloroacetic acid
(100 mg/1) and stayed for 10 minutes. A 2 ml aliquot of
distilled water was added to the supernatant (2 ml), fol-
lowed by adding 0.8 ml of 0.1% (w/v) newly prepared
ferric chloride. The resultant mixture was incubated for
10 minutes, and the absorbance was read at 700 nm. A
calibrated curve showing the different concentrations of
ferric sulphate was plotted, from which the FRAP values
were determined.

Alpha amylase assay: The alpha amylase assay (o-
AM) was performed based on a previously described
method [33]. A series of 250 ml aliquots of different
concentrations of the extract and acarbose (25-100
pg/ml) plus 2 U/ml a-AM (500 ml) in 100 mM phos-
phate buffer were incubated for 20 minutes at 37°C.
To the above mixtures, we added 1% soluble starch in
100 mM phosphate buffer (250 ml) and incubated the
tubes at 37°C for 60 minutes. The samples were then
boiled for 10 minutes after the addition of 500 ml of
dinitrosalicylic acid (DNSA). Finally, the dilution was
achieved by adding 5 ml distilled water. The controls
were prepared in a similar manner, except the extract
was replaced with distilled water. The samples’ absor-
bances were read at 540 nm, and the inhibitory activity
of a-AM was determined as follows (Equation 3):

—
287
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3. %lnhibition=Control absorbance—Extract absor-
bance x100/ Control absorbance

Alpha glucosidase assay: The alpha glucosidase as-
say (a-GLU) was performed based on an earlier method
[33]. Briefly, 250 ml aliquots of different concentrations
of the extract and acarbose (25-100 mg/ml) were added
to 1.0 U/ml o~GLU in 100 mM phosphate buffer (500
ml) and incubated at 37°C for 15 minutes. Further, we
added 5 ml pNPG (3 mM; 4-nitrophenyl-d-glucopyro-
noside) dissolved in 100 mM phosphate buffer (5 ml).
After incubation at 37°C for 25 minutes, we added 5%
(w/v) Na,CO, to the test tubes. Five minutes later, the
entire content was diluted with 5 ml water and vortexed
for 10 minutes. The same procedure was repeated for
the controls, except that the extract was absent. The ab-
sorbance of the product (p-nitrophenol) was read at 405
nm and the percent inhibition of a-GLU was determined
based on Equation 4:

4. %lnhibition=Blank absorbance—Extract absor-
bance x 100/ Blank absorbance

Evaluation of the oxidative stress markers: The
evaluation of the oxidative stress markers of the super-
natants from the liver homogenates after centrifugation
at 3000 rpm was achieved based on a method described
previously [32]. This test evaluated the catalase (CAT),
reduced glutathione (GSH), and superoxide dismutase
(SOD) activities of the samples. The malondialdehyde
(MDA) level was then evaluated by the protocol estab-
lished by an earlier study [10].

Evaluation of hepatic function indices: After 12 days
of the oral administration of the extract, the animals were
anaesthetized by chloroform and the blood samples col-
lected, and were subsequently sacrificed. The blood
samples were centrifuged at 3000 rpm for 5 minutes,
and the supernatants were used for the evaluation of the
liver enzymes’ activities of alkaline phosphatase (ALP),
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), serum total protein (STP), and albumin
(ALB) levels. The standard assay kits were obtained
from Randox Laboratories Limited (London, UK).

Table 1. Triterpenoid components of the C. procera roots’ extract
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Histological examinations of the organs’ samples:
The histopathological examinations of liver and pan-
creas tissue samples were performed based on a previ-
ously described method [34]. Before the microscopic
examinations, the excised liver and pancreas tissue
samples were preserved in 10% formalin for three days.
The samples were further dehydrated in different alco-
hol gradients (50, 70, 90, or 100%), cleared in xylene I
and II solutions, and embedded in paraffin wax. Finally,
4-5um sections of each organ samples were made by a
microtome (Leica RM2125RTS, China), and stained in
haematoxylin and eosin (H&E) solution.

Statistical analyses: To perform the statistical analy-
ses, we used an SPSS software, and determined the
means and standard deviations. This was followed by
performing ANOVA and Tukey’s post hoc tests at a con-
fidence level of P<0.05.

Results

AMRECP’s phytochemical constituents: According
to Figure 1, the result showed that the plant extract’s fla-
vonoids content (38.057+0.28 mg/100 g) was the highest
while the terpenoids content was the lowest (17.177+0.20
mg/100 g) compared to other phytochemical compounds
quantified. The results demonstrated that the plant extract
was rich in flavonoids. Also, the extract consisted of triter-
penoids, the details of which are outlined in Table 1 below.

Plant extract’s antioxidant activity: The antioxidant
characteristics of the extract in terms of median inhibition
concentration (ICy)) is shown in Figure 2. The extract’s
IC,, from 2,2 diphenyl-1-picrylhydrazine (DPPH) as-
say (36.65+0.30 pg/ml) was lower compared to those of
nitric oxide (NO) (69.40+0.35 pg/ml) and 106.99+0.16
pg/ml for ferric reducing antioxidant power (FRAP),
respectively. The results indicate that the plant extract
inhibited the activity of DPP* (2,2 diphenyl-1-picrylhy-
drazyl free radicals) more than nitric oxide free radicals
(NO*) activity and Fe** to Fe*" redox reaction. Again,
a significant difference existed between ascorbic acid
(control) and plant extract in the various antioxidant as-
says used (P<0.05).

Components Alternate Title Formula Retention Time (m/z)
Ursolic acid 3B-hydroxy-urs-12-en-28-oic acid C,H,50, 22.2 min (455.653211)
Lupeol Lup-20(29)-en-3B-ol C,H,,0 18.4 min (425.663201
Saponin oleanolic acid 3B-hydroxy-olean-12-en-28-oic acid C,H,:0, 20.7 min (455.65321)
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Figure 5. Effect of AMRECP on markers of oxidative stress in alloxan-induced Wistar rats
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In vitro Anti-diabetic activity of AMRECP: The re-
sults, as presented in Figure 3, illustrate the plant extract’s
inhibitory effect on alpha amylase (0-AM) and alpha glu-
cosidase (0-GLU) activities in relation to the IC,; value. As
shown in Figure 3, the plant extract inhibited the a-AM and
a-GLU activities. However, the inhibition of a-AM com-
pared to that of a-GLU was 3.99%. As a result, the plant
extract was a strong inhibitor of a-AM activity compared
to that on a-GLU. However, compared to the standard drug
(acarbose), the latter inhibited these carbohydrate metabo-
lising enzymes (0-AM and a-GLU) stronger than the plant
extract. Finally, the results indicate a significant interaction
existed between acarbose and AMRECP (P<0.05).

Anti-diabetic activity of AMRECP: The blood glucose
lowering effect in Wistar rats, as induced by alloxan, is pre-
sented in Figure 4. After 72 hours of treatment with alloxan,
the animals’ blood glucose levels significantly increased
compared to those in the normal group. But after 12 days of
consistent oral administration with 200 mg/kg of the plant
extract, the animals’ blood glucose levels dropped drastical-
ly by 64.25%. Furthermore, the results showed a significant
difference (P<0.05) between diabetic untreated (DUT) and
diabetic treated (DT) groups; however, a substantial differ-
ence did not exist between the DT and normal groups.

100 um

Normal hepatocyte distribution
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Anti-oxidative stress effect of AMRECP: Figure 5
shows the effects of the plant extract on the markers of
oxidative stress. In comparison with the DUT groups, a
rise in the glutathione (GSH) levels was observed in both
DT and normal groups. Moreover, there was significant
differences (P<0.05) among the normal, DUT and DT
groups. However, no significant differences existed be-
tween the DT and DUT groups. The result also showed
a significant reduction in the malondialdehyde (MDA)
levels between the DT and DUT groups. The MDA levels
significantly declined in the normal control group. The
result further indicated that a statistically significant dif-
ference (P<0.05) existed among the three groups. How-
ever, no considerable difference existed between the DT
and DUT groups. With respect to superoxide dismutase
(SOD) activity, there was a minimal biological effect ob-
served in the DT and normal groups, as compared to the
DUT group. However, substantial differences were not
observed among the groups. Finally, the results showed
that the catalase (CAT) activity increased insignificantly
(0.23 pmol) per ml/min/mg in both the DT and normal
groups compared to the DUT group.

100 pm

Normal hepatocyte distribution

Figure 7. AMRECP effect on liver histology in animals induced with alloxan

a: Normal group; b: Diabetic untreated group; c: Diabetic treated group
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Anti-hepatotoxic persistence of AMRECP: As
shown in Figure 6, alloxan significantly increased the
AST activity in DUT group; however, it declined in
the DT group (P<0.05). Despite the fact that the AST
level was lower in the normal control group compared
to DUT, no statistical difference existed between the
DUT and normal groups. The ALT activity in the nor-
mal and DUT group was significantly lower, while the
ALT level declined minimally in the DT group com-
pared to that in the DUT group. In addition, statistical-
ly significant differences existed between DUT, nor-
mal and DT groups. By comparison, the ALP activity
in the DT and normal groups dropped remarkably after
oral treatment compared to that of the DUT group.
However, no statistical significances were observed
between the DUT and DT groups. Furthermore, the se-
rum albumin (ALB) level increased insignificantly in
both DT and normal groups compared that in the DUT
group. Finally, the normal group’s serum total protein
(STP) level increased significantly (P<0.05) compared
to that in the DUT group. Also, the STP level in the DT
group showed a slight increase.

Effect of AMRECP on the liver and pancreas tis-
sues: As seen in Figure 7 photomicrographs, there was
normal hepatocyte distribution in both the DT and normal
groups, while blood vessel congestion was observed in

100 um

Normal B-cell seen

100 um
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the DUT group. Furthermore, normal pancreatic p-islet
cells covered with exocrine acini were noticed in the DT
and normal groups. However, necrotic pancreatic p-cells
were observed in the DUT group (Figure 8).

Discussion

This study investigated the anti-diabetic and hepato-
protective effects of the aqueous-methanol root extract
of C. procera in Wistar rats, intoxicated with alloxan.
Lipid peroxidation is one of the many biological reac-
tions that occurs in the body, and generates free radicals
with considerable side effects. However, the side effects
could be minimized or prevented through the use of anti-
oxidants. Evidence-based theories and experimental re-
sults have established a positive correlation between re-
ducing power and anti-radical scavenging effects, based
on low IC, values and antioxidant activity of various
compounds. In this study, the extract from C. procera
roots was found with strong antioxidant property, which
might be due to its significantly low IC,  values. This
finding suggests that the plant extract has strong scav-
enging capacity against free radicals [35, 36].

100 um

Necrotic B-cell observed

Normal B-cell observed

Figure 8. Effect of AMRECP on the histology of the pancreas in alloxan-induced Wistar rats

d: Normal group; e: Diabetic untreated group; f: Diabetic treated group.
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Hyperglycaemia is linked to a rapid rise in the blood
glucose level due to either excessive starch degradation
or low glucose absorption rate into cells. These in turn
may occur secondary to the defective activity of carbo-
hydrate metabolising enzymes, such as alpha amylase
(0-AM) and alpha glucosidase (0-GLU). Scientific re-
ports have demonstrated that hyperglycaemia’s harm-
ful effect occurs when the fasting blood glucose level is
higher than postprandial plasma glucose concentration
[37]. To overcome this problem, a therapeutic method
was developed via the inhibition of a-AM and a-GLU in
the gastrointestinal tract, thereby significantly decreasing
glucose digestion [38, 39]. However, sometimes a-AM
and a-GLU inhibition results in certain side effects,
such as abdominal discomfort, flatulence and diarrhoea,
which are the typical symptoms of using acarbose and
other hypoglycaemic synthetic drugs [33, 40]. Studies
have suggested that some plant extracts are inhibitors of
o-GLU and a-AM [33, 41]. Conversely, the findings of
the current study demonstrated that AMRECP inhibited
the activity of a-AM better than that of a-GLU, which
is consistent with the results of a previous research [10].
The extract’s strong inhibition of a-AM is likely due to its
strong antioxidant property or its low IC,  values. Further,
a comparative study of past research on C. procera roots
extract has shown that AMRECP preferably lowers blood
glucose significantly [42]. The remarkable anti-hypergly-
caemic effects of this plant extract as documented in this
study may be supported by the following reasons: (1) the
extract’s rich content of flavonoids; (2) it’s strong inhi-
bition of a-AM and a-GLU activities (3); its promotion
of B-cells regeneration in the pancreas, thereby improv-
ing insulin secretion, as evident by the data presented in
Figure 8; and Figure 4, the extract’s antioxidant power is
derived from its ursolic and saponin oleanolic acids con-
tents [39, 43-46].

A significant product of lipid peroxidation in biological
membrane is the formation of malondialdehyde (MDA),
an indicator of chronic hyperglycaemic condition that
contributes to the depletion of antioxidant enzymes,
such as SOD, CAT and GSH. However, after oral treat-
ment with the plant extract, a reduction in MDA level
was recorded with the corresponding increases in the
GSH, SOD, and CAT activities. These findings further
affirm the strong antioxidant property of AMRECP [43].
A former study has reported that pre-treatment with al-
loxan causes hepatotoxicity due to increasing free radi-
cal formation, which results in hepatocellular membrane
disruption and significant rises in serum AST, ALP and
ALT levels. These events occur prior to reductions in
the serum levels of ALB and STP [47]. In this study, the
hepatocellular disruptions are likely attributed to the ex-
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tract’s ability to reduce hepatocyte membrane permeabil-
ity while stimulating regenerative effects in the liver in-
duced by ursolic acid. Based on the findings of this study
it may be concluded that the C. procera roots extract can
ameliorate the pathological lesions associated with hepa-
tocellular damages caused by diabetes mellitus [44].

Conclusions

To bring about a blood glucose reduction, various
synthetic drugs are available; however, they may not
necessarily address the complications associated with
diabetes mellitus. The present study not only produced a
phenomenal anti-hyperglycaemic effect, it also reversed
the hepatocellular abnormalities in response to alloxan
treatment. These positive therapeutic outcomes could be
linked to the plant’s strong antioxidant activities, which
were contributed by some of its phytochemical constitu-
ents, such as flavonoids, ursolic acid, lupeol, and oleano-
lic acid. In the final analysis, the C. procera root’s extract
is highly likely to possess the ability to protect against
B-cells toxicity and damages in the pancreas and liver in
cases of diabetes mellitus.

Limitations of the study: For future investigation, the
number of animals and funding support should be im-
proved, as these factors limited the present study.

Recommendation for future studies: Given the pres-
ent results, in-depth evaluation of the molecular indica-
tors of hyperglycaemia and liver pathologies are recom-
mended for future studies.
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