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Abstract
Background Diabetic nephropathy (DN) is a serious consequence of diabetes mellitus (DM), and it is linked to higher 
morbidity and mortality in diabetic patients. The quest for cheap therapeutic strategy with lesser side effects remains a 
major health concern. However, Dryopteris dilatata is a commonly found flavonoid-rich plant with plethora of therapeutic 
potentials. This study investigated the effect of methanol extract of D. dilatata (MEDd) on streptozotocin-induced diabetic 
nephropathy in male Wistar rat.
Methods Animals were randomly selected into five groups (n = 5) and were treated as follows; group 1 received distilled 
water (10 mL/kg), group 2 received only STZ (60 mg/kg), groups 3 and 4 received STZ then 400 and 800 mg/kg of MEDd, 
respectively, while group 5 received STZ then pioglitazone (10 mg/kg). Following 14 days of treatment, animals were eutha-
nized, and blood as well as pancreas and kidney tissues were collected for further studies.
Results Our results revealed that MEDd significantly reduced STZ-induced hyperglycemia in diabetic rats. Markers of 
oxidative injury (MDA, nitrite, and GSH) were also significantly ameliorated in the pancreas and kidney of the diabetic rats 
following treatment with MEDd.
However, renal function markers (creatinine and urea) were significantly attenuated with marked decreased in organ weight 
in the diabetic rats after treatment with MEDd. Also, serum insulin and corticosterone levels were restored following MEDd 
treatment.
Conclusion Methanol extract of D. dilatata demonstrated anti-diabetogenic and reno-protective potential by enhancing 
in vivo reno-pancreatic antioxidant defense system.
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Introduction

Diabetic nephropathy (DN) is one of the most common and 
a serious consequence of diabetes mellitus (DM), and it is 
linked to higher morbidity and mortality in diabetic patients 
[1]. The number of diabetic individuals commencing therapy 
for end-stage renal disease (ESRD) in the USA increased 
dramatically from over 40,000 in 2000 to over 50,000 in 
2020 [2]. The incidence and prevalence of DN have also 
risen considerably in China during the last decade. China 
has 24.3 million diabetic people with chronic kidney dis-
ease (CKD) [3]. Overall, the global prevalence of diabetes 
is rapidly increasing, particularly in emerging nations [4]. 
If there is no immediate change in the clinical strategy for 
DN prevention, the prevalence of DN is expected to rise 
in tandem with the rising prevalence of diabetes [5, 6]. In 
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about one-third of diabetic patients, DN develops after a 
latency phase that can last many years. Individuals should 
be evaluated for microalbuminuria or screened to anticipate 
DN, known as the customized medicine approach, so that 
resources with more extensive therapy and early preventive 
interventions can be allocated solely to those who are most 
at risk [7]. There has been extensive glomerulopathy at the 
time of microalbuminuria [8, 9]; however, a considerable 
proportion of patients with microalbuminuria can regress 
to normal albuminuria [8–10]. The problem of diagnosing 
diabetic nephropathy independent of retinopathy which has a 
prevalence of 40%, as well as a number of patients with DN 
who do not match the conventional pattern of DN [11–13]. 
Type 2 DM patients are more likely to have non-proteinuric 
DN and DN without retinopathy. Because RAS blockade 
therapy is usually started only after chronic albuminuria, 
the absence of albuminuria can make it difficult to know 
whether to start extensive therapeutic efforts [7].

The pathophysiology of DN is extremely complex, and 
the cause is still unknown, resulting in poor therapy success. 
Standard therapy, which includes rigorous blood sugar and 
blood pressure control, has been demonstrated to be ineffec-
tive in preventing DN progression to ESRD and DN-related 
mortality [14, 15]. In order to create innovative techniques 
for treating DN, it is critical to improve our understanding 
of the pathophysiology of DN and research into the patho-
genic mechanisms of the disease. Many routes and media-
tors are implicated in the development and progression of 
DN [16], including oxidative stress, angiotensin II (Ang-II), 
and inflammatory processes, all of which are now thought to 
play a key role [17]. The fact that inhibiting oxidative stress 
improves a characteristic associated with streptozotocin-
induced DN has highlighted the involvement of oxidative 
stress in DN [18]. Traditionally, oxidative stress is defined as 
tissue oxidative damage caused by an imbalance of oxidants 
and antioxidants [19]. Many of the processes involved in 
the pathophysiology of DN including hyperglycemia itself 
produce oxidative stress [15]. The pathophysiology of DN 
is linked to an increase in reactive oxygen species (ROS) 
caused by hyperglycemia. Understanding the main char-
acteristics of the oxidative stress-induced path mechanism 
involved in the formation and progression of DN enables for 
the discovery of new potential targets and the development 
of novel antioxidant treatment methods [17].

The Dryopteris dilatata, popularly known as the “broad 
buckler fern,” is a member of the Dryopteridaceae family. 
It has dark green tripinnate fronds with brown scales on the 
ribs [20]. The Urhobo tribe in Nigeria affectionately refers 
to it as Okpomie, and it is primarily found in Nigeria’s 
tropical region [21, 22]. The roots and leaves of the plant 
have a variety of medical uses including treating dandruff 
on the scalp and removing worms from the body [20]. We 
also discovered that an ethanol extract of the plant’s leaves 

had anti-hyperlipidemic and anti-diabetic properties [22]. 
Our previous research also demonstrated that plant leaves 
contain a large number of phytochemicals and active sub-
stances [22]. The impact of a methanol extract of D. dilatata 
(MEDd) on type 1 diabetes mellitus-induced renal impair-
ment in male Wistar rats was examined in this study.

Materials and procedures

Chemicals and drugs

Santa Cruz (USA) provided the streptozotocin, while piogl-
itazone produced by LEK S.A. (U1, Podlipie 16, PL-95–010 
Strykow, Poland) was acquired at a neighborhood pharmacy 
in Port Harcourt, Nigeria. Sigma Aldrich (Germany) pro-
vided thiobarbituric acid (TBA), Griess, and Ellman rea-
gents. Burgoyne Burbidges Co. (Mumbai, India) provided 
the trichloroacetic acid (TCA), and Immunometrics Limited 
provided the insulin ELISA kit, creatinine and urea assays 
(Randox kits) (UK). The rest of the reagents and solvents 
were of analytical quality.

Animals care

Twenty-five mature male Wistar rats weighing 120–150 g 
were purchased from the central animal house, PAMO Uni-
versity of Medical Sciences, Port Harcourt, Nigeria. The 
animals were kept in regular laboratory conditions as per the 
University’s ethical guidelines (PUMS-AREC/2021/067), 
which adhere to the “Principle of Laboratory Animal Care” 
(NIH Publication No. 85–23). The rats were given free 
access to the regular rat chow (Ladokun feeds) and water.

Collection, identification, and extraction of plants

Dryopteris dilatata fresh leaves were obtained from the 
Olomoro community in Isoko South, Delta State, Nigeria. 
The leaves were authenticated for herbarium numbering, 
FHI 110,338, at the Forestry Research Institute of Nigeria 
(FRIN), Ibadan. Before extraction, the leaves were washed, 
air-dried, and macerated into powder form. Furthermore, the 
Alawode and colleagues [23] plant crude extraction methods 
were adopted and modified. A total of 70% methanol was 
used to extract the mixed powder which was then filtered 
using Whatman No. 2 filter paper, and then, rotary evapora-
tor was used to vacuum concentrate the solvent to dryness. 
Finally, to obtain the required dose of 800 mg/kg, the dried 
extract was further dissolved with distilled water. The phy-
tochemical screening of D. dilatata was previously done and 
reported by Akpotu et al. [22].
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Diabetic induction in rats

Fasted male Wistar rats were given a single intraperitoneal 
injection of streptozotocin (STZ; 60 mg/kg) in sterile citrate 
buffer (0.1 M, pH 4.5) to develop type 1 diabetes mellitus, as 
described by Asiwe et al. [24]. The rats’ diabetic status was 
determined after 72 h using a glucometer (ACCU-CHEK® 
Active) and appropriate blood glucose test strips. Animals 
with a fasting blood glucose level of more than or equal to 
200 mg/dl (≥ 200 mg/dl) were selected for the study [24].

Design of the treatment

The animals were divided into five groups (n = 5) at random. 
Non-diabetic treated rats (normal control rats) received dis-
tilled water (10 mL/kg) in group 1. Groups 2–5 were given 
STZ 60 mg/kg body weight and were diagnosed as diabetics 
72 h after STZ induction. However, group 2 served as the 
negative control rats (diabetic control rats), receiving dis-
tilled water (10 mL/kg); groups 3 and 4 received 400 mg/kg 
and 800 mg/kg of methanol extract of D. dilatata (MEDd), 
respectively. This dose was based on the findings of our pre-
vious report and preliminary investigation [25], and group 
5 served as positive control and received 10 mg/kg of piogl-
itazone (standard anti-diabetic drug). Oral gavage was used 
in all treatments throughout the period of the experiment 
(2 weeks). The animals were observed for mortality, and 
fasting blood sugar from the tail vein was evaluated from 
overnight fasted rats at 7 days interval for the duration of the 
study with a glucometer (Accu-check® Active, Roche diag-
nostic, Mannheim Germany). The change in body weight 
was monitored excluding day 0.

Biochemical study of blood samples and tissue 
homogenates

The rats were given deep ether anesthesia via inhalation 
before being euthanized via cervical dislocation at the con-
clusion of the treatment period. Blood was collected through 
cardiac puncture, and plasma was obtained using a benchtop 
centrifuge (Bosch, UK) at 3000 rpm at room temperature. 
The pancreas, spleen, liver, and kidney were removed and 
washed in ice-cold phosphate buffer saline (0.1 M, pH 7.4) 
before being blotted with adsorbent paper. In addition, the 
kidney and pancreas were homogenized in cold phosphate 
buffer saline (0.1 M, pH 7.4) and centrifuged for 10 min at 
4 °C at 10,000 rpm. The tissue supernatant (pancreas and 
liver) was collected for biochemical examination and utilized 
to calculate malondialdehyde (MDA), nitrite, and reduced 
glutathione (GSH). The serum was also used to estimate 
renal function tests.

Estimation of levels of lipid peroxidation

The level of oxidative stress in diabetic rats caused by strep-
tozotocin was calculated. The lipid peroxidation end product 
marker malondialdehyde was measured in the pancreas and 
kidney supernatants using the thiobarbituric reactive assay 
(TBARS) as previously described by Ohkawa et al. [26]. The 
amounts of TBARS in the tissues were measured in gmol 
MDA/mg protein or gmol MDA/g tissue.

Measurement of tissue nitrite

Spectrophotometric methods using Griess reagent were used 
to quantify nitrite in the pancreas and kidney. Griess reagent 
was made in a 1:1 ratio from reagents A (1% sulfanilamide 
in 5% phosphoric acid) and B (0.1% N-1-naphthyl ethyl-
enediamine dihydrochloride). Griess reagent was used to 
incubate the samples, which were then examined at 540 nm 
in a spectrophotometer. A standard curve of sodium nitrite 
(0–100 M) was used to estimate the nitrite content.

Estimation of reduced glutathione

The amount of reduced GSH in pancreas and kidney super-
natants was determined using Ellman’s reagent in a modi-
fied approach [27]. 0.1 mL cell-free exudate supernatant 
was diluted 10 times and deproteinized with 1 mL trichlo-
roacetic acid (20%) before centrifugation at 10,000 rpm for 
10 min at 4 °C. The supernatant was then combined with 
0.75 mL sodium phosphate buffer (0.1 M, pH 7.4) and 2 mL 
51, 51-dithios-nitrobenzoic acid (0.0006 M) (DTNB). In a 
UV/Vis spectrophotometer, the absorbance was measured 
at 412 nm in less than 5 min (752 N INESA, China). The 
glutathione concentration was calculated using a standard 
curve constructed using standard glutathione (0–200 M) and 
expressed as a percentage of total glutathione per milligram 
protein.

Kidney function markers estimation

The concentrations of serum creatinine and urea were deter-
mined using a Randox test kit, as described by Reitman and 
Frankel [28].

Serum insulin estimation

Insulin and corticosterone concentrations in the blood were 
measured using their ELISA kits (Elabscience, UK) accord-
ing to the manufacturer’s instructions.
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Statistical analysis

All data was analyzed using one-way and two-way analysis 
of variance (ANOVA) with Bonferroni post hoc multiple 
comparison testing. It was determined that P < 0.05 was sta-
tistically significant. GraphPad Prism software version 5.01 
(GraphPad Software, Inc. La Jolla, CA 92,037, USA) was 
used to create graphs and conduct statistical analysis.

Results

Change in body weight

There was no significant change in the body weight of ani-
mals at week 0. However, at weeks 1 and 2, diabetes con-
trol animals showed a reduced body weight, but following 
treatment with MEDd and pioglitazone at weeks 1 and 2, 
the body weight was significantly normalized [treatment: 
F(8, 75) = 9.71; p < 0.0001, interaction: F(4, 75) = 25.48; 
p < 0.0001 and interaction × treatment: F(2, 75) = 3.26; 
p = 0.0441] as presented in Fig. 1.

Relative weight of spleen, liver, and kidney

Figure 2 shows that there was no significant difference in 
the weight of the spleen across the experimental groups. 
However, the liver showed a marked increase in the diabetes 
control group. Following treatment with MEDd (400 and 
800 mg/kg) and pioglitazone (10 mg/kg), the liver weight 
was significantly reduced [treatment: F(8, 29) = 2.02; 
p = 0.0791, interaction: F(4, 29) = 14.33; p < 0.0001 and 
interaction × treatment: F(2, 29) = 1441.75; p < 0.0001]. 
Similar data was observed in the weight of the kidney though 
MEDd (400 mg/kg) did not have any significant effect on the 
weight of the kidney when compared with the control.

Fasting blood sugar

Following the induction of diabetes with STZ, the fasting 
glucose level was observed to be above 200 mg/dl after 72 h 
of induction [F (4, 10) = 83.92, p < 0.0001]. However, treat-
ment with MEDd (400 and 800 mg/kg) and pioglitazone sig-
nificantly reduced the glucose level in a duration-dependent 
manner as presented in Fig. 3.

Glucose tolerance test

Following oral administration of glucose, the glucose level 
in the diabetes control group was significantly increased in 
30, 60, 90, 120, and 150 min when compared with the nor-
mal control [treatment: F(11, 100) = 80.32; p < 0.0001, inter-
action: F(4, 100) = 161.41; p < 0.0001 and interaction × treat-
ment: F(3, 100) = 1236.39; p < 0.0001]. However, treatment 
with MEDd (400 and 800 mg/dl) and pioglitazone (10 mg/
kg) significantly reduces the glucose level in 30, 60, 90, 120, 
and 150 min when compared with diabetes control but was 

Fig. 1  Body weight (g). All values are expressed as mean ± standard 
error of mean, (n = 5), *p < 0.05 when compared with the diabetes 
control while #p < 0.05 was significant when compared with the nor-
mal control. D, streptozotocin induction; MEDd, methanol extract of 
Dryopteris dilatata; Pio, pioglitazone

Fig. 2  Organ weight of spleen, liver, and kidney. All values are 
expressed as mean ± standard error of mean, (n = 5), *p < 0.05 when 
compared with the diabetes control while #p < 0.05 was significant 
when compared with the normal control. D, streptozotocin induction; 
MEDd, methanol extract of Dryopteris dilatata; Pio, pioglitazone

Fig. 3  Fasting blood sugar (FBS). All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone
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significantly elevated when compared with normal control 
animals as shown in Fig. 4.

Serum insulin

Figure 5 represents the serum insulin concentration. The 
serum insulin concentration [F(4, 10) = 30.00, (p < 0.0001] 
was significantly reduced in diabetes control animal follow-
ing the STZ induction. However, treatment with MEDd (400 
and 800 mg/kg) and pioglitazone significantly increases the 
serum concentration of insulin.

Serum corticosterone

There was a significant increase in serum corticosterone 
[F(4, 15) = 10.39, p = 0.0003] in the diabetic control group 
when compared with the normal control group. However, 
treatment with MEDd (400 and 800 mg/kg) and pioglitazone 
significantly restored the streptozotocin-induced increase in 
corticosterone level as presented in Fig. 6.

Kidney function markers

Figures 7 and 8 represented the serum concentration of 
creatinine and urea in streptozotocin-induced nephropathy. 
Creatinine [F(4, 10) = 25.69, p < 0.0001] was significantly 
increased in the diabetic control group when compared 
with the normal control group. However, following treat-
ment with MEDd (400 and 800 mg/kg) and pioglitazone, 
the values were significantly reduced (Fig. 7). Following 
treatment with MEDd (400 and 800 mg/kg), the serum urea 
level [F(4, 10) = 9.575, p = 0.0019] was significantly reduced 
against the increase caused by streptozotocin. Though STZ-
induced increase was not significant when compared with 

the control, the pioglitazone treatment did not significantly 
alter the serum urea level in Fig. 8.

Pancreatic oxidative stress

Presented in Figs. 9, 10, and 11 is the pancreatic oxida-
tive stress marker. There was a significant increase in 
pancreatic MDA and nitrite level in diabetes control ani-
mals, while GSH level was significantly reduced in dia-
betes control animal. However, following treatment with 
MEDd (400 and 800 mg/dl) and pioglitazone (10 mg/
kg) significantly reduces the MDA [F (4, 10) = 21.01, 
p < 0.0001] as well as elevated the pancreatic GSH level 

Fig. 4  Oral glucose tolerance (OGT). All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction, MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone

Fig. 5  Serum insulin concentration. All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone

Fig. 6  Serum corticosterone. All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone
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[F(4, 10) = 8.007, p = 0.0037] when compared to diabetes 
control animal. Treatment with MEDd (400 and 800 mg/
kg) did not show any significant difference in pancreatic 
nitrite level [F (4, 10) = 10.40, p = 0.0614] when compared 
with diabetes control animal.

Kidney oxidative stress

Kidney oxidative stress markers were assayed and pre-
sented in Figs.  12, 13, and  14. They were significant 
increase in kidney MDA [F(4, 10) = 14.31, p = 0.0004] 
and nitrite [F(4, 10) = 6.041, p = 0.0097] following 

Fig. 7  Serum creatinine level. All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone

Fig. 8  Serum urea level. All values are expressed as mean ± standard 
error of mean, (n = 5), *p < 0.05 when compared with the diabetes 
control while #p < 0.05 was significant when compared with the nor-
mal control. D, streptozotocin induction; MEDd, methanol extract of 
Dryopteris dilatata; Pio, pioglitazone

Fig. 9  Pancreatic MDA level. All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone

Fig. 10  Pancreatic nitrite level. All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone
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STZ induction. However, treatment with MEDd (400 
and 800 mg/kg) and pioglitazone significantly lowered 
the MDA (Fig. 12) but had no significant effect on the 
kidney nitrite (Fig. 13). Kidney GSH [F(4, 10) = 24.20, 
p < 0.0001] was significantly reduced in the diabetic con-
trol group when compared with the normal control group. 
However, treatment with MEDd (400 and 800 mg/kg) and 
pioglitazone significantly increased the kidney GSH level 
(Fig. 14).

Discussion

The purpose of this study was to see how methanol extract 
of D. dilatata (MEDd) affected streptozotocin-induced 
diabetic nephropathy in male Wistar rats. The results 
showed that methanol extract of D. dilatata reduced the 
effects of streptozotocin-induced diabetes on renal func-
tion. Diabetic mellitus is a big worry, according to ret-
rospective research, as it causes a variety of negative 
effects in the body, particularly in the brain, liver, kidneys, 

Fig. 11  Pancreatic GSH level. All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone

Fig. 12  Kidney malondialdehyde (MDA) level. All values are 
expressed as mean ± standard error of mean, (n = 5), *p < 0.05 when 
compared with the diabetes control while #p < 0.05 was significant 
when compared with the normal control. D, streptozotocin induction; 
MEDd, methanol extract of Dryopteris dilatata; Pio, pioglitazone

Fig. 13  Kidney nitrite level. All values are expressed as 
mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone

Fig. 14  Kidney glutathione (GSH) level. All values are expressed 
as mean ± standard error of mean, (n = 5), *p < 0.05 when compared 
with the diabetes control while #p < 0.05 was significant when com-
pared with the normal control. D, streptozotocin induction; MEDd, 
methanol extract of Dryopteris dilatata; Pio, pioglitazone
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cardiovascular system, and musculoskeletal system. This 
effect could be due to uncontrollable ROS generation, 
which alters gene morphology, triggering gene mutations 
and resulting in the synthesis of undesired proteins [29]. 
Nevertheless, flavonoids and bioactive substances have 
been found to reduce metabolic dysregulation in animal 
models of diabetes and other problems in the past [23, 
30–32]. The findings of this study on the methanol extract 
of D. dilatata (MEDd) corroborated previous reports on 
its ability to treat diabetes and its associated consequences 
[21, 22].

Our research found evidence that D. dilatata medica-
tion can reduce the risk of diabetic complications such 
as reno-inflammation and hyperglycemia. D. dilatata 
includes bioactive phytochemical substances that can 
improve health by avoiding cellular inflammation as 
reported in a prior study [21, 22]. Flavonoids, a powerful 
phenolic molecule that functions as a free radical scav-
enger, can scavenge stable free radicals that are normally 
associated with high antioxidant activity [33, 34]. Several 
studies of tropical plants have discovered a strong link 
between antioxidant activity and polyphenol levels [32, 
35, 36]. Repeated oral therapy with MEDd, on the other 
hand, reduced the effects of streptozotocin-induced oxida-
tive stress and hyperglycemia, according to this study. In 
streptozotocin-induced diabetic rats, the glucose-lowering 
impact of MEDd was significant after repeated oral ther-
apy. Meanwhile, in diabetic rats, a single dose of MEDd 
had no effect on STZ-induced hyperglycemia. MEDd was 
also found to be able to correct hyperglycemia in diabetic 
rats following an oral glucose test lasting 30, 60, 90, 120, 
and 150 min. Furthermore, when compared to baseline 
and 72 h after streptozotocin injection, glucose levels in 
STZ-induced diabetic rats were favorably modified after 
weeks 1 and 2. In diabetes, normoglycemia is a critical 
objective to achieve in order to avoid organ damage and 
inflammation caused by high blood sugar levels [31, 37, 
38]. Poor blood glucose levels have also been connected to 
the uncontrollable development of diabetes complications 
such as neuropathies, cardiovascular and renal dysfunc-
tion, and cognitive and behavioral impairment, according 
to reports [31, 37–39]. Several plant items have been uti-
lized as nutraceuticals to help diabetics control their blood 
glucose levels [21, 22, 40, 41]. As a result, our findings 
suggest that D. dilatata could be utilized as a nutraceutical 
in diabetes patients to help them control their blood sugar 
levels. The etiology of diabetic vascular disease has been 
linked to hyperglycemia-induced oxidative stress [42–44]. 
However, in diabetes, the rapid production of ROS due to 
hyperglycemia causes oxidative and inflammatory stress 
in a variety of organs and tissues. The etiology of diabetic 
vascular disease is thought to be linked to hyperglycemia-
induced oxidative stress [42–44]. In diabetes, however, 

hyperglycemia causes oxidative and inflammatory stress 
in different organs and tissues. The unbalanced genera-
tion of free radicals and a reduced endogenous antioxidant 
defense system are the most common causes of oxidative 
and inflammatory stress [24, 45, 46]. Increased ROS com-
bined with a decrease in the body’s natural antioxidants 
increase cell and tissue damage, accelerating the develop-
ment of diabetic complications [44, 47]. In diabetic control 
rats, corticosterone, a glucocorticoid released in the zona 
fasciculata of the adrenal cortex, was found to consider-
ably increase, indicating inflammatory stress. However, 
streptozotocin-induced diabetes in rats resulted in consid-
erable changes in oxidative stress indicators in the pan-
creas and kidneys. Oxidative stress, on the other hand, dis-
rupts the oxidants and antioxidants delicate balance which 
is associated with cellular lipid peroxidation [43]. Organ 
toxicity is linked to an increase in ROS production that 
exceeds the cellular capacity to eliminate toxicants [47]. 
The high serum corticosterone level as well as malondi-
aldehyde and nitrite levels in the pancreas and kidney of 
streptozotocin-induced diabetic rats was considerably low-
ered by MEDd in this investigation. Notably, this effect 
could be attributed to the anti-inflammatory and anti-lipid 
peroxidative damage of the plant as previously reported by 
Akpotu et al. [22]. Glutathione is an important defensive 
marker that indicates oxidative stress when the values are 
reduced [31, 48]. The inactivation produced by excessive 
free radical production in hyperglycemic rats could explain 
the lower levels of GSH level observed in diabetic con-
trol rats [31]. Furthermore, decreased GSH level resulted 
in an increase in malondialdehyde levels in the pancreas 
and kidney, which is attributable to increased  O2

− and 
 H2O2. MEDd administration, on the other hand, boosted 
the antioxidant powers. This demonstrated that the extract 
had free radical scavenging and antioxidant capabilities. 
When these effects are added together, the results confirm 
the antioxidant potentials of D. dilatata methanol extract 
previously reported [22]. Streptozotocin-induced changes 
in metabolic activities and functions on indicators of renal 
function in rats were reversed in animals treated with 
MEDd. Oxidative stress causes increased protein break-
down, which boosts ammonia levels and as a result, serum 
urea concentrations [34, 48]. As a result of the disintegra-
tion of the brush border epithelia of renal cells caused by 
free radicals, the cells became impermeable to urea and 
creatinine [34]. Due to restricted or no tubular absorption 
of urea and creatinine by the renal tubules, the levels of 
these kidney markers in the blood rise. Treatment with 
MEDd, on the other hand, reduced kidney damage indica-
tors in the diabetic rats’ plasma. One of the most preva-
lent diabetes consequences is nephropathy, and measuring 
serum urea and creatinine concentrations for indicators 
of renal impairment is well known [49]. The free radical 
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scavenging potential of the methanol extract of D. dilatata, 
as evidenced by reduced reno-pancreatic lipid peroxida-
tion (MDA and nitrite levels) and higher reno-pancreatic 
GSH, could explain the reno-protective effect observed in 
this investigation. After streptozotocin therapy, this action 
also reduced the increased relative liver and kidney weight 
produced by hyperglycemia in diabetic rats. Furthermore, 
increasing liver and kidney weight in patients and animal 
models is widely considered as an indicator of diabetes 
[31, 50]. Nonetheless, the most effective defense mecha-
nisms demonstrated by this medicinal agent: methanol 
extract of D. dilatata would probably be proposed as scav-
enging reactive oxygen species in diabetic-induced rats. 
With all of these effects, D. dilatata can help to reduce 
hyperglycemia and renal dysfunction in diabetics.

Conclusion

Finally, this study found that administration of methanol 
extracts of D. dilatata ameliorated renal dysfunctions caused 
by diabetes mellitus by considerably lowering serum urea 
and creatinine levels in response to a streptozotocin-induced 
increase. By significantly upregulating reno-pancreatic anti-
oxidant defense systems, D. dilatata appeared to be a natural 
key to reno-pancreatic protection against oxidative damage 
as a result of our biochemical analysis. However, there was 
no significant difference between D. dilatata treatment and 
pioglitazone. Hence this study has provided a cheap and 
easily available alternative therapeutic approach to diabetic 
complications. Also, our team is currently working on eluci-
dating the possible molecular mechanism of these findings.
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