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hemorrhage and severe intra renal inflammation were seen
in DC rats (group 2; Fig. 3B) which effects were ameliorated
in the treated groups (groups 3, 4, and 5; Fig. 3C-E). The
histochemical evaluation of the effects of the treatment us-
ing Nrf2, presented in Fig. 4, showed that the 500 mg/kg P.
cornucopiae activated Nrf2 expression more than the treated
groups (i.e., groups 2, 3, and 4). The quantitative analysis is
confirmed through the use of ImageJ software (Fig. 2). The
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graph shows the percentage immunoreactivity of Nrf2 ex-
pression in male Wistar rats with alloxan induced diabetes,
and treated with glibenclamide and mushroom (P. cornuco-
piae); control (group 1) 13.4%, (group 2) alloxan treated (DC)
30%, (group 3) alloxan (diabetes)+glibenclamide 56.6%,
(group 4) alloxan (diabetes)+250 mg/kg P. cornucopiae,
54.6%, (group 5) alloxan (diabetes)+500 mg/kg P. cornuco-
piae 59.8.0%. Furthermore, all the treated groups showed

increased expression of Nrf2 compared to the control, while

the treated groups (groups 2, 3, and 4) showed non-signifi-
cant differences in the expression of NrF2 against each other,
but group 5 (the alloxan [i.e., diabetic]+500 mg/kg P. cornu-
copiae) showed significant difference against the rest treated
groups (groups 2, 3, and 4; P<0.05).

Discussion

Diabetes is a significant public health problem that is ex-

pensive to treat and leads to substantial morbidity and mor-

Fig. 2. Fruiting bodies of Plenrotus cornucopiae grown at animal tality 48] particularly in developing countries with limited

house, AE-FUNAL health care facilities and very poor accessibility. Diabetes has

— 50 m
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Fig. 3. Photomicrograph of the rat kidney treated with the kidney sections are shown in 10x magnification stained with haematoxylin and
cosin. Group (A) control with normal kidney histology with glomerulus (G), intact Bowman’s capsule, proximal convoluted tubules (PCT),
distal convoluted tubules (DCT). No capillary congestion, haemorrhage, and interstitial damage. (B) Diabetic group with necrotic glomeruli
(NG), generally distorted renal tubular arrangement, undefined proximal, distal convoluted tubules, interstitial damage, capillary congestion,
and hemorrhages (H). (C) Standard drug group with white arrowheads showing urinary space shrinkage, NG, normal proximal and distal
convoluted tubules (PCT, DCT). (D) Low dose group with several NG, distorted proximal and distal convoluted tubules, interstitial damage
(asterisk), inflammations (red bold arrows), atrophied glomerulus (AG). (E) High dose group regenerating glomeruli (black arrows) with
Bowman’s capsules, tubular regeneration with well-defined proximal, distal convoluted tubules and resolving interstitial damage, capillary
congestion, and hemorrhages, showing protection in this group. BS, Bowman’s space.
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Fig. 4. Immunohistochemistry photomicrographs (500x magnification) of Nfr2 expression in kidney tissue of male wistar rats in diabetes, and

treated with glibenclamide and mushroom (Pleurotus cornucopiae) magnification x400. (A) Control (group 1), (B) diabetic control (group 2), (C)
diabetic rats+Glibenclamide (group 3), (D) diabetic rats+250 mg/kg P. cornucopiae (group 4), (E) diabetic rats+500 mg/kg P. cornucopiae (group

5). Red arrow shows the expression of Nrf2. Appearance of brown yellow staining in cytoplasm of renal tubular cells in group 1. Positive nuclear

staining was observed in groups 3, 4, and S indicating regeneration of glomeruli (red arrows) with Bowman’s capsules, tubular regeneration with

well-defined proximal, distal convoluted tubules and resolving interstitial damage, capillary congestion and hemorrhages, showing protection

in this group. An indication regeneration of glomeruli (red arrows) with Bowman’s capsules, tubular regeneration with well-defined proximal,

distal convoluted tubules and resolving interstitial damage, capillary congestion and hemorrhages, showing protection in this group. “Statistically

(P<0.05) significant mean difference with normal control.

been reported as a disease of lifestyle [49, 50] and uncoordi-
nated lifestyle is commonplace in rural life, with predomi-
nant sedentary lifestyle and very high carbohydrate/calorie
diet. Additionally, these rural settings are plagued with very
poor quality education both formal and informal, which
has contributed to a rise in this non-communicable disease
[51-53]. While the prevalence of diabetes is high in Nigeria
[7, 54], antidiabetic drugs are unavailable, inaccessible and
expensive [55]. The efforts of the Nigerian government to
ensure the availability of antidiabetic drugs yielded no desir-
able results because of poor distribution system, poor qual-
ity control and the fundamental bureaucratic nature of the
administration. However, the results of the present study
showed that this locally available and accessible edible plant
mushroom (P. cornucopiae) possess some good antidiabetic
properties which could be useful in reducing the high preva-
lence of diabetes in the locality and beyond.

Contrary to the findings of some authors [56, 57], there
was a significant increase in body weight of rats throughout
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the period of study. Systemic manifestation of diabetes com-
plications often present as weakness, polyphagia, polydipsia
and body weight loss, which could be as a result of degenera-
tion of the adipocytes and muscle tissues [58]. Similarly, the
studies of Dawang et al. [59]; Akunna et al. [60] reported an
increase in body weight of the experimental rats, which was
attributed to active growth phase, but the significant increase
in body weight in the present study could be attributed to the
short period of treatment before the onset of weight loss.

The rats that received P. cornucopiae or glibenclamide had
reduced FBG levels at week 4 of treatment when compared
with the DC group, suggesting a gradual anti-hyperglycemic
effect of both treatments. Further, the result corroborates
with the study of Chen et al. [61] which suggested that P. cor-
nucopiae has hypoglycemic properties and could stimulate
repair of renal architecture. Although, the extract showed
optimum activity in the current study at the dose of 500 mg/
kg, the ability of both doses of P. cornucopiae to enhance
antioxidant activity was observed by the increased SOD in
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groups treated with P. cornucopiae of different doses. SOD is
an oxidative marker that plays an important role in restor-
ing multiple cellular pathways associated with damage of
important biomolecules and subcellular structures in cells
by oxidative stress. We clearly observed an improved glucose
tolerance in the rats treated with P. cornucopiae suggesting a
reversal of hyperglycemia (lowered FBG) which is similar to
the studies by Erukainure et al. [62] and Oboh et al. [63].

Diabetes speed-up activities of enzymes in the pathways
of glycogenolysis, gluconeogenesis and glycolysis [64-66],
and MDA (maker of oxidative damage) is generated by per
oxidation of membrane polyunsaturated fatty acids [67].
SOD is an enzyme that alternately catalyzes the dismuta-
tion (partitioning) of the superoxide radical into ordinary
molecular oxygen and hydrogen peroxide [68]. Thus, SOD
is an important antioxidant defense in nearly all living cells
exposed to oxygen [69, 70], the current study revealed that
glibenclamide and the 250 mg/kg bwt extract did not influ-
ence CAT and GPx activities, but appreciably increased SOD
and CAT activities more than glibenclamide and 500 mg/
kg dose in diabetes. This implies that P. cornucopiae, at ap-
propriate dose possess antidiabetic properties and contribute
significantly reduce oxidative associated with diabetes.

The result revealed the presence of saponin, flavonoid and
tannin in the extract and saponins have hemolytic properties
[71]. Tomato saponin, alpha-tomatine could induce apoptosis
and eradicate abnormal and potentially harmful cells [72]. It
is possible that the interaction of saponins and other bioac-
tive constituents of P. cornucopiae could potentiate the re-
generation of renal tissues, which could explain the observed
changes in histopathology.

The result also revealed that extract at 500 mg/kg bwt re-
duced the plasma urea and sodium concentration in rats with
diabetes. These findings were similar to the observations of
Hong et al. [73]; Dere and Polat [74]; Vuksa et al. [75]; Attia and
Nasr [76]. Kidney failure is associated with increase in plasma
creatinin and urea levels, which is due to increase in produc-
tion of free radicals that exacerbates the nephrodegenerative
process of deteriorating renal enzymes as reported by Samai et
al. [77]; Akinloye et al. [78] and Smith et al. [79]. Oral admin-
istration of the extract at 500 mg/kg body weight for 21 days
enhanced renal enzymes and reversal of the renal damage [80].

Nrf2 is an emergent regulator of cellular resistance to oxi-
dants. Numerous mouse genetic studies have demonstrated
the beneficial effects of Nrf2 activation on the prevention of
kidney disease [81]. The presence of high expression of Nrf2
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treated groups D and E, may signal antioxidant regulation
across the treated groups, when compared to the DC group.
Oxidative stress and inflammation caused by diabetes could
lead to glomerular filtration rate decline and severe inflam-
mation of the kidney [82, 83]. In addition, Nrf2 regulates
cellular defense against toxic and oxidative insults through
expression of genes involved in oxidative stress response and
drug detoxification [84, 85].

In conclusion, the drug glibenclamide and P. cornucopiae
have appreciable hypoglycemic activity and potential to re-
store the renal architecture of the rats kidney. Additionally,
the extract (at 500 mg/kg bwt) activated the activities of SOD
and Nrf2 expression more than glibenclamide in diabetic
rats suggesting better efficacy.
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