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Abstract
Background: A perusal of the literature suggested that Manilkara zapota (L.) P. Royen stem bark (MZSB) is enriched
with several bioactive phytoconstituents but had not been yet screened for its in vitro and in vivo antidiabetic potentials. Thus, the present study aimed to investigate the effects of 70% ethanolic extract of Manilkara zapota (L) P. Royen
stem bark (EMZSB) in DPPH- and H2O2-scavenging assay, in vitro α-glucosidase inhibition assay, ameliorating diabetes
and its complications in alloxan-induced diabetes in Wistar rats.
Results: With a maximum extractive yield of 9.16% w/w, EMZSB has shown the presence of various phytochemicals like flavonoids, phenolic compounds, tannins, anthraquinone glycosides, steroids, terpenoids, and alkaloids.
EMZSB has elucidated a considerable in vitro free radical scavenging potential by DPPH and H
 2O2 assays when
compared with absolute ethanolic extract of Manilkara zapota (L) P. Royen stem bark (AEMZSB), while ascorbic acid
was taken as the standard. Further, EMZSB demonstrated high in vitro α-glucosidase enzyme inhibition potential
(IC50 = 119.79 ± 1.52 µg/mL) than AEMZSB (IC50 = 129.92 ± 2.29 µg/mL) with a significant difference (p < 0.01), when
acarbose was taken as reference inhibitor (IC50 = 86.43 ± 1.26 µg/mL). During acute toxicity studies EMZSB was safe
up to 2000 mg kg−1 doses while, found causing moribund status followed by mortality in mice at 3000 mg kg−1 and
above doses. A preliminary antidiabetic study with EMZSB-250 mg kg−1 in normal rats showed no sign of hypoglycemia; however, a dose-dependent antihyperglycemic effects were observed in oral glucose tolerance test in glucoseloaded rats. In vivo assessment with EMZSB-250 mg kg−1 in alloxan-induced rats demonstrated significant blood
glucose-lowering effects with perfection in serum lipid profile, body weight enhancement, cardiovascular risk indices,
nephroprotective effects, augmentation in liver glycogen content, and histopathological evidence of normal architecture of kidneys with no marks for nephritis.
Conclusions: EMZSB-250 showed significant antidiabetic effects and ameliorated diabetic complications by improving glycemic control and accompanying biochemical alteration.
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Background
Type 2 diabetes (T2D) is more prevalent than type 1
diabetes, with over 90% of total diabetes cases. T2D is a
disease characterized by advances in insulin resistance
and β-cell dysfunction leading to hyperglycemia (Kishore
et al. 2017). International Diabetes Federation (IDF) predicted that by the year 2030 about 552 million people in
the world may be manifested as diabetic (IDF 2011). Controlling hyperglycemia is the first line of treatment in the
management of diabetes mellitus (DM) in order to control the progression of further diabetic-related complications. The main line of therapy in diabetes emphasizes
drugs that promotes insulin secretions and sensitizations. Noninvasive management of hyperglycemia is also
done by carbohydrate hydrolyzing enzyme inhibitors like
α-glucosidase inhibitors—acarbose and miglitol which
help to control postprandial hyperglycemia (Ibrahim and
Islam 2014). Postprandial metabolic overload induces
oxidative stress, which could disturb normal cellular and
metabolic functions by damaging biomolecules. Such
long-term disturbances further evolve toward the development of multifaceted chronic disease like DM (Kumar
et al. 2015). The prolonged and uncontrolled DM may
accomplish fatal complications like nephropathy, cardiomyopathy, and retinopathy (Musabayane 2012).
At present, DM is managed by three groups of drug
interventions (Chinsembu 2019). Group one drugs that
enhance the availability of insulin are sulfonylureas,
while sulfonylureas often fail in the perfection of glycemic index and have some side effects like osteoporosis,
obesity, and inhibition of hepatic regeneration (Iwaki
et al. 2003; Meier et al. 2016). The second group of drugs
enhances the sensitivity of insulin–thiazolidinedione and
biguanide. Pioglitazone like thiazolidinedione though
has the capability to reduce the risk of IGT conversion
to T2D, its prolonged use is associated with edema and
conspicuous weight gain, which further may increase cardiovascular threats (Kole et al. 2016). The third group of
drugs is carbohydrate hydrolyzing enzyme inhibitors like
α-glucosidase and α-amylase inhibitors. However, the
carbohydrate hydrolyzing enzyme inhibitors are reported
to have some gastrointestinal-related side effects like
abdominal cramps, flatulence, bloating, intestinal disturbances, and diarrhea (Fujisawa et al. 2005). Due to such
curbing of these existing drug interventions, the prospects of ascertaining new antidiabetic principles from the
herbal origin are courtesy of diabetes management and/
or prevention of its complications.

Manilkara zapota (L.) P. Royen (family: Sapotaceae) is
an evergreen tree in all parts of the Indian subcontinent.
The several plant parts of Manilkara zapota (L.) are being
used conventionally for various diseases and alignments;
leaves are used to treat oral inflammatory diseases, a
decoction of leaves is used as a gargle in cough, cold, and
diarrhea; gummy latex of tree is used for making chewing gum; fruit is consumed for relief in pulmonary diseases; stem bark was being used for making chewing gum
in the eighteenth century, in treatment of gastrointestinal disorders and pain, while for treating fever, dysentery,
paludism, and diarrhea the decoction of the bark has
been used, also as an astringent and febrifuge (Mohiddin
et al. 1992; Ma et al. 2003; Kaneria et al. 2009), ethanolic
extract of brown bark was proven to possesses an antibacterial effect against S. epidermidis and K. pneumonia
(Hilma et al. 2018); seeds as a diuretic, aperients, and febrifuge (Ghani 1998). MZSB is enriched with several flavonoids and phenolic compounds which plays a significant
role in free radical scavenging (Kumar and Sahoo 2020).
Thus, the utilization of Manilkara zapota (L.) plant parts
being as an alternative herbal treatment in the management of various diseases is accounted for by the community. A perusal of the literature suggested that MZSB had
not been yet screened for its in vitro and in vivo antidiabetic potentials. Thus, the present investigation was done
to evaluate and substantiate the antidiabetic potentials of
EMZSB.

Methods
Chemicals

Analytical grade chemicals were used in this investigation. Ethanol, methanol, pet ether, formalin, and xylene
were obtained from Merck Life. Sci. Pvt. Ltd., India. Baker’s yeast α-glucosidase enzyme extract, p-Nitrophenylα-d-glucopyranoside, and acarbose were obtained from
Sigma-Aldrich Pvt. Ltd., India. Glucose GOD/POD kit
was obtained from Reckon diagnostic, Pvt. Ltd., India,
and alloxan monohydrate was obtained from Fine chem.,
Pvt. Ltd., Mumbai, India. Hematoxylin and eosin stains,
urethane, trichloroacetic acid, and anthrone reagent were
obtained from Sigma-Aldrich Pvt. Ltd., India.
Collection and authentication of plant sample

MZSB was collected from the local farm area of Nanded,
India (latitude 19.130 N and longitude 77.320 E). For
taxonomic identity, authentication (BSI/WRC/100-1/
TECH./2019/68), a voucher specimen of bark sample was
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deposited at the herbarium of the Botanical Survey of
India, Pune, India.
Sample preparation and extraction

The collected MZSB sample was thoroughly cleaned and
shed dried, powdered in a pulverizer at room temperature, and stored in an airtight container with wrapping
in aluminum foil. 1000 ml of absolute ethanol was added
to 100 g of dried pet ether defatted MZSB powder and
shaken on an orbital incubator shaker (Remi RIS 24+)
at 150 rpm, at 28 °C for 05 h. Cooled to room temperature keeping in an ice bath and centrifuged (Remi Centrifuge, Mumbai, India) for 15 min at 2500 rpm. Filtered
by Whatman filter paper No 1, the filtrate was evaporated for the next 3 days and kept at 04 °C in airtight dark
amber color bottles before further analysis (Osman et al.
2011; Karle et al. 2021). The same procedure was followed
for extraction with 70% ethanolic solvent. The extractive
yield was calculated as;
% Extractive Yield


= dry extract obtained/weight of the extraction sample × 100.

Preliminary phytochemical evaluation

EMZSB was evaluated for the preliminary phytochemicals with the standard procedures described (Khandelwal
2008).
Evaluation of in vitro antioxidant activity
DPPH assay

DPPH assay was performed to evaluate the antioxidant
potentials of AEMZSB and EMZSB extract. Equal volumes of DPPH in methanol were kept as controls, 5 ml
methanol as blank and ascorbic acid as a reference standard. The extract samples were dissolved in methanol
and test samples were prepared in concentrations of 0.1
to 1 mg ml−1. Every 1 ml of prepared concentrations of
test extracts was mixed with each 3 ml DPPH solution
prepared in methanol (0.2 mM). These properly mixed
samples were then incubated in dark for 40 min at room
temperature, and absorbance was measured at 517 nm
(Brand-Williams et al. 1995; Alam et al. 2013; Jing et al.
2015). The mean values ± SEM of the assay carried out in
triplicate were presented. The percentage inhibition was
estimated as;


% inhibition = (Acontrol −Asample )/Acontrol 100
where Acontrol is an absorbance by DPPH solution; Asample
absorbance by DPPH solution with the sample extracts.
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H2O2‑scavenging assay

To every 0.6 ml of H2O2 solutions (43 mM), AEMZSB
and EMZSB extract samples were added by preparing its
various concentrations (10–50 µg ml−1) dissolved in 4 ml
of 0.1 M phosphate buffer pH 7.4. Further kept for 30 min
to react, afterward, absorbance was recorded at 230 nm,
and then followed at every 10 min. For blank, phosphate
buffer (pH 7.4) and as a reference standard, ascorbic acid
was used (Ruch et al. 1989; Boligon et al. 2014). The %
scavenging activity was calculated as;


% Radical scavenging = (Acontrol −Asample )/Acontrol 100

where Acontrol is an absorbance by H
 2O2 solution; Asample
absorbance by H2O2 solution with the sample extracts.
Evaluation of in vitro antidiabetic activity
In vitro α‑glucosidase enzyme inhibition assay

In vitro α-glucosidase enzyme inhibition assay was performed to assess the antidiabetic potentials of AEMZSB
and EMZSB extracts. Initially, 0.1 M phosphate buffer
(pH 6.8), substrate p-Nitrophenyl-α-D-glucopyranoside
15 mg/10 ml, and extracts samples ranging from 25 to
150 μg ml−1 concentrations were prepared. The mixture of each of 200 μl phosphate buffer, baker’s yeast
α-glucosidase enzyme extract (0.5 U m
 l−1), and MZSB
extract samples was formed and pre-incubated at 40 °C
for 3 min. The reaction was started with the addition
of 200 μl of a substrate to the mixture and for the next
25 min incubated at 40 °C. To this was added 800 μl
of 0.2 M sodium hydroxide to terminate the reaction. α-glucosidase enzyme inhibition activity of sample extracts was assessed by recording absorbance at
405 nm by released p-nitrophenol from p-nitrophenylα-d-glucopyranoside. The reference standard used was
acarbose (Wan et al. 2013; Savikin et al. 2018). The %
inhibition was estimated by the formula;

% Inhibition =Abs405 (control)−Abs405 (extract)
/Abs405 (control) × 100.

Acute oral toxicity study

The OECD guidelines 423 were followed to estimate
any acute oral toxicity in mice by EMZSB. Female mice
were treated in two individual stages; for the first stage,
three groups (n = 03) of mice were selected and administered orally at doses of 05, 50, 300 and, 2000 mg kg−1 of
EMZSB. Then, the mice were observed for the next 03 h
and 24 h for any toxicity signs, moribund status, and/or
mortality. The results from the first stage suggested the
doses for the second stage, where 3000 and 5000 mg kg−1
doses of test extracts were orally administered to another
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three groups (n = 03) of mice and any signs of toxicity
moribund status and/or mortality were noted in next
72 h. The mice were observed initially after dosing at
least once during the first 30 min, after 03 h, and periodically during the first 24 h and, 72 h in the second stage.

the next 48 h (Rees and Alcolado 2005; Ramya et al. 2020;
Ighodaro et al. 2017). Fasting blood glucose levels were
recorded after 72 h in all the alloxan monohydrate inoculated rats and rats with blood glucose levels ≥ 200 mg/dl
were well-thought-out as diabetic (Chika and Bell 2010).

Experimental animals

Experimental design

Adult Wistar albino rats of either sex, weighing 180–
200 g, were selected for this study and kept on a standard pellet diet and water ad libitum throughout the study
period. For the collection of blood samples, the lateral tail
vein method was followed after restraining the rats (Lee
and Goosens 2015). Rats were anesthetized by inhaling
vapors of light ether in a closed glass chamber (Shah and
Jhade 2018). All the carcasses of rats were burned inside
a fired incinerator, and ash was encapsulated in a highdensity polyethylene and sent to a landfill (Smith 2013).
Preliminary antidiabetic study
Experimental design

The overnight fasted Wistar rats were divided into five
groups (n = 6). Group I (control) received 1% gum acacia (1 ml kg−1, p.o.). Group II (Glimepiride) received
(0.09 mg kg−1, p.o.). Group III to V were received EMZSB
150, 200, and 250 mg kg−1, p.o. (Bhat et al. 2005).
Hypoglycemic study in non‑diabetic rats

Non-diabetic rats were treated with EMZSB to find out
any hypoglycemic effect. The effects of administered
extracts were compared with the effects of standard drug
glimepiride. To estimate the blood glucose level, blood
samples were collected at 0th, 60th, 120th, and 180th min
after administration of extracts/drug. Reckon diagnostic’s
GOD/POD kit was used for the estimation of blood glucose levels (Maniyar and Bhixavatimath 2012).
(1) Antihyperglycemic study in non-diabetic rats
Oral glucose tolerance test was performed in normoglycemic Wistar albino rats were used to evaluate
the antihyperglycemic effects of EMZSB. All the animals were administered with the above-selected dose of
extract/drug. After 30 min, rats were received 2 g kg−1,
p.o. glucose solution and post-glucose load blood samples were collected at 0th, 30th, 90th, and 150th min
(Shirwaikar et al. 2006).
Evaluation of in vivo antidiabetic potential of EMZSB
extract
Experimental induction of diabetes in Wistar rats

To the overnight fasted rats, a single i.p. dose (1 ml kg−1)
of freshly prepared alloxan monohydrate (150 mg kg−1)
dissolved in 0.9% saline was inoculated after light ether
anesthesia. To avoid severe acute hypoglycemia, normal
water fed was substituted with 5% glucose water for up to

Alloxan-induced diabetic rats of either sex were divided
into various groups (n = 6). Extracts/standard reference
drugs were administered p.o. in 1 ml kg−1 b.w. suspension
of 1% gum acacia. Normal control group and diabetic
control group (diabetic untreated rats) received vehicle
only, glimepiride-treated diabetic rat’s group received
glimepiride 0.09 mg kg−1 b.w., EMZSB 150-treated diabetic rat’s group received EMZSB 150 mg kg−1 b.w.,
EMZSB 200-treated diabetic rat’s group received EMZSB
200 mg kg−1 b.w., and EMZSB 250-treated diabetic rat’s
group received EMZSB 250 mg 
kg−1 b.w. (Nagarajan
et al. 2005; Dinesh Kumar et al. 2011; Muhtadi Primarianti and Sujono 2015).
Antihyperglycemic effect of EMZSB extract

On the days 1st, 7th, 14th, and 21st, blood glucose levels
in all the grouped rats were estimated by using standard
GOD/POD kits from Reckon diagnostics, Pvt., ltd., India
(Maniyar and Bhixavatimath 2012).
Body weight

During treatment on the day 7th, 14th, and 21st, diabetic rats were assessed for any changes in body weight
(Akhtar et al. 2018).
Estimation of serum levels of HDL, LDL, total cholesterol,
and triglyceride

Post-treatment on the day 21st, serum levels of HDL,
LDL, total cholesterol, and triglyceride were assessed
using standard diagnostic kits from Reckon diagnostics,
Pvt., ltd., India (Ajiboye et al. 2018).
Assessment of the nephroprotective effect
Kidney parameters

Post-treatment on the day 21st, any possible nephroprotective effects of EMZSB on diabetic renal conditions in
all the treated rats were estimated by assessing serum levels of creatinine, albumin, and total protein using standard diagnostic kits from Reckon diagnostics, Pvt., ltd.,
India (Elshemy 2018).
Histological study

Post-treatment, on the day 21st kidneys were isolated
from rats killed by urethane-overdose and preserved in
10% formalin solution until further histological finding
procedures. Paraffin wax embedded kidneys were sliced
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into 5 μm thickness using a rotary microtome. Deparaffinization was done with xylene and ethanol. Further,
hematoxylin and eosin-stained sections were microscopically examined for appraisal of histoarchitecture, glomerulosclerosis, and hyalinization (Soussi et al. 2018).
Evaluation of liver glycogen content

Post-treatment on the 21st day, livers were isolated
from killed rats, cleaned, and kept in a homogenizer
vessel with 40 ml of 5% trichloroacetic acid for 5 min.
Homogenate was centrifuged at 3500 rpm (10 min), and
the supernatant collected was filtered by filter paper. The
same procedure was repeated with the residue to extract
98% of liver glycogen. The filtrate was precipitated overnight at 1:5 ratios with 95% ethanol in a test tube, precipitated content was centrifuged for 15 min at 3000 rpm,
and supernatant clear content was decanted. The dry
pellet was collected by inverting the test tube for 15 min,
and to it 10 ml of anthrone reagent and 2 ml of distilled
water were added and shaken vigorously for 5 min. This
tube was then kept in boiling water for 15 min later on
and cooled to room temperature, and optical density was
colorimetrically determined at 620 nm. For standard, a
solution of 2 ml standard glucose (0.1 mg) solution and
anthrone reagent (10 mL) was used, while 2 ml water
with 10 ml anthrone reagent was used as a blank solution
(Carroll et al. 1956; Ajiboye et al. 2018). Liver glycogen
content was estimated by the formula;

mg of glycogen in 100 g of tissue = DU/DS × 0.1
× Volume of extract/weight oftissue × 100 × 0.9
where DU is the optical density of unknown; DS is the
optical density of standard.
Assessment of cardiovascular risk indices (Kang et al. 2004)

Various cardiovascular risk indices were calculated as;
Coronary artery index = LDL cholesterol/HDL cholesterol

Cardiac index = Total cholesterol/HDL cholesterol
Atherogenic index = (Total cholesterol/HDL cholesterol)
−HDL cholesterol.
Assessment of neuropathic pain

The hot plate apparatus method (Boyce-Rustay and Jarvis
2009) was used to assess the neuropathic pain sensation
ability of EMZSB treated diabetic rats. On the 21st day,
paw-licking responses by the diabetic rats were noted
down with a 10 s of cutoff time to prevent any tissue
damage. Response latency for ipsilateral (uninjured) paw
licking was measured from two repetitions, with 15 min
of time intervals.
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Table 1 Preliminary phytochemical evaluation of EMZSB
Preliminary test

Inferences

Tannins and phenolic compounds

++

Saponin
Carbohydrates
Fats and oils
Proteins
Amino acids
Volatile oils
Steroid

+
−
−
+
+
−
+

Glycosides
(a) Anthraquinone glycosides
(b) Cardiac glycosides
(c) Cyanogenetic glycoside
(d) Saponin glycosides
(e) Coumarin glycosides
Flavonoids
Alkaloids
Terpenoids

++
+
−
+
−

+++
+
+

+: Present, −: Absent

Statistical analysis

Linear regression analysis in program Excel 2010 was
done to interpret 
IC50 values for in vitro antioxidant
assays with mean ± SEM of three replicates. For assessing in vitro α-glucosidase enzyme inhibition potentials,
mean ± SD values were calculated from three replicates
and IC50 values were estimated by linear regression analysis from the mean inhibitory values of plots of percent
inhibition versus log inhibitor. The difference among
inhibition by acarbose, AEMZSB, and EMZSB was considered statistically significant using one-way ANOVA
followed by Tukey’s multiple comparisons test at 95%
confidence interval (p < 0.05) by GraphPad Prism software, version 9.2.0 (Table 1).

Results
Preliminary phytochemical evaluation
Evaluation of antioxidant activity

DPPH radical‑scavenging activity Figure 1 depicts the
DPPH-scavenging activity of AEMZSB and EMZSB at 0.1
to 1 mg ml−1. Reference standard ascorbic acid exhibited
96.82% inhibition; however, AEMZSB and EMZSB elucidated 78.27% and 82.72% inhibition at 1 mg ml−1, respectively, whereas IC50 values for AEMZSB, EMZSB, and
ascorbic acid were 0.48, 0.40, and 0.24 mg ml−1, respectively (Table 2).
H2O2‑scavenging assay Figure 2 depicts the
H2O2-scavenging capacity of AEMZSB and EMZSB
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H2O2-Scavenging activity by MZSB extracts

DPPH Scavenging activity by MZSB extracts

90
80
70
60
50
% Inhibition
40
30
20
10
0

120
100
80

% inhibition

60
40
20
0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1

Concentration (mg/ml)

H2O2 (µg m
 l−1)

EMZSB

0.40

37.54

AEMZSB

0.48

42.12

Ascorbic acid

0.24

26.65

30

40

50

Fig. 2 H2O2-Scavenging activity by MZSB extracts. Values were
presented as mean ± SEM of three determinations. EMZSB showed
a lower IC50 value of 37.54 µg ml−1 than AEMZSB. However, ascorbic
acid was used as reference standard. Blue line EMZSB, orange line
AEMZSB, gray line ascorbic acid

Table 2 IC50 values of MZSB extracts by in vitro radical
scavenging assays
DPPH (mg m
 l−1)

20

Concentration (µg/ml

Fig. 1 DPPH-scavenging activity by MZSB extracts. Values were
presented as mean ± SEM of three determinations. EMZSB elucidated
a lower IC50 value of 0.40 mg ml−1 than AEMZSB. However, ascorbic
acid was used as reference standard. Blue line EMZSB, orange line
AEMZSB, gray line ascorbic acid

Crude extract

10

In-vitro evaluation for -glucosidase enzyme inhibition by MZSB
extracts
120
100
80

% inhibition 60
40
20
0

at 10 to 50 µg ml−1. The reference standard ascorbic
acid revealed 75.98% inhibition, whereas AEMZSB and
EMZSB interpreted 54.82 and 59.54% at 50 µg ml−1.
However, IC50 values of AEMZSB, EMZSB, and ascorbic
acid were 42.12, 37.54, and 26.65 µg ml−1, respectively
(Table 2).
Evaluation of in vitro antidiabetic activity
In vitro α‑glucosidase enzyme inhibition assay

Results (Fig. 3) depicted the percent inhibition and
IC50 values for in vitro α-glucosidase enzyme inhibition
activity by AEMZSB and EMZSB extracts at varying

25

50

75

100

125

150

Concentration (µg/ml)

Fig. 3 In vitro evaluation for α-glucosidase enzyme inhibition
by MZSB extracts. Values were presented as mean ± SD of three
replicates. EMZSB showed a lower IC50 value of 119.79 ± 1.52 µg ml−1
than AEMZSB. However, acarbose was used as reference standard.
Blue line acarbose, orange line EMZSB, gray line AEMZSB

concentrations. Reference standard acarbose inhibited 95.24%, whereas AEMZSB and EMZSB inhibited
59.67% and 63.58% of α-glucosidase at 150 μg mL−1,
respectively. Acarbose showed the lowest I C50 value of
86.43 ± 1.26 µg mL−1; however, AEMZSB and EMZSB

Table 3 α-glucosidase enzyme inhibition (%) by MZSB extracts
Concentration
(µg/mL)
25
50
75
100
125
150

Acarbose
% Inhibition
9.82 ± 0.82

22.76 ± 1.12

EMZSB
IC50
86.43 ± 1.26 µg mL−1

42.68 ± 0.92

57.48 ± 1.23

78.83 ± 1.67

95.24 ± 1.35

Values presented were mean ± SD of three replicate values

% Inhibition
6.14 ± 0.79

14.53 ± 0.93

28.41 ± 0.87

39.43 ± 0.88

52.61 ± 0.9

63.58 ± 1.05

AEMZSB
IC50
119.79 ± 1.52 µg mL−1

% Inhibition
4.43 ± 0.12

12.94 ± 0.28

25.72 ± 0.76

33.95 ± 1.18

48.59 ± 0.92

59.67 ± 0.85

IC50
129.92 ± 2.29 µg mL−1
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Fig. 4 Comparison of IC50 values of in vitro evaluation for
α-glucosidase enzyme inhibition by MZSB extracts. IC50 values were
presented as mean ± SD, p < 0.05. EMZSB showed a lower IC50 value
of 119.79 ± 1.52 µg/ml than AEMZSB (129.92 ± 2.29 µg/m). However,
acarbose (86.43 ± 1.26 µg/mL) was used as a reference standard.
Green bar EMZSB, yellow bar AEMZSB, gray bar Acarbose

elucidated 129.92 ± 2.29 and 119.79 ± 1.52 µg mL−1 of
IC50 values (Table 3). Though the acarbose was more
potent in α-glucosidase enzyme inhibition, the EMZSB
exhibited a more significant inhibition activity when
statistically compared with inhibition by AEMZSB.
(Fig. 4).
Acute oral toxicity study

During acute toxicity studies, in all the cases, mice when
treated up to 2000 mg kg−1 doses of EMZSB behaved
normally and no death was observed up to this dose.
Thus, the therapeutic dose preferred was the 1/10th
(200 mg kg−1) of the safe dose (2000 mg kg−1). While, in
the second stage, when mice were treated with 3000, and
5000 mg kg−1 extracts, caused moribund status followed
by mortality in mice.
Preliminary antidiabetic study
Hypoglycemic effect of EMZSB extract

Glimepiride-treated group and groups administered with
extracts did not elucidate any notable variance in blood
glucose levels when compared with the normal control
group (Fig. 5). However, at 120 min a slight reduction in
plasma glucose level was noted with a dose of EMZSB
250 mg kg−1, p.o., which was disappeared at 180 min.
Except for this, no sign of hypoglycemia was observed
with other treated groups (Table 4).
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Fig. 5 Preliminary hypoglycemic effects of EMZSB extract in
non-diabetic rats. Values were presented as mean ± SEM (n = 6),
two-way ANOVA followed by Tukey’s test. Insignificant hypoglycemia
was elucidated by rats treated with EMZSB 200 and 250 mg kg−1,
when compared with normal control rats. Black bar normal control,
green bar glimepiride, yellow bar EMZSB 150, gray bar EMZSB 200,
blue bar EMZSB 250

Antihyperglycemic effect of EMZSB extract

EMZSB extract-treated rats elucidated a noteworthy
dose-dependent decrease in blood glucose level (Fig. 6).
The rats treated with EMZSB 250 mg kg−1 revealed a
significant (p < 0.05) blood-glucose-lowering effect at
150 min (Table 5).
Evaluation of in vivo antidiabetic potential of EMZSB
extract
Effect of EMZSB on blood glucose

As predicted, alloxan-induced diabetes in untreated
diabetic control group rats was in its progression with
continued hyperglycemia throughout the 21 days of
study, whereas, during 21 days of treatment, EMZSB
250 mg kg−1 elucidated a significant (p < 0.01) bloodglucose-lowering effect on the day 21st, while with
EMZSB 200 mg kg−1 it was significant at p < 0.05.

Table 4 Preliminary hypoglycemic effect of EMZSB extract in
non-diabetic rats
Groups

Blood glucose (mg dl−1) at
0th min

60th min

120th min

180th min

Normal control 76.21 ± 2.14 76.14 ± 3.03 77.82 ± 3.08

77.51 ± 2.46

EMZSB-150

74.87 ± 2.62

Glimepiride
EMZSB-200
EMZSB-250

75.48 ± 3.80 74.28 ± 1.90 73.35 ± 3.87

74.09 ± 1.45 74.34 ± 2.58 75.52 ± 2.14

77.46 ± 1.22 76.56 ± 2.11 75.67 ± 2.59

75.24 ± 1.51 73.63 ± 2.35 69.62 ± 1.87

72.36 ± 1.48

75.24 ± 1.95

75.04 ± 1.50

Values were presented as mean ± SEM (n = 6), two-way ANOVA followed by
Tukey’s test. Insignificant hypoglycemia was observed when compared with
normal control rats
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rats when treated with EMZSB 250 mg kg−1 for 21 days
exhibited a significant (p < 0.05) reduction in serum LDL,
cholesterol, and triglyceride, while an appreciable rise in
serum HDL (p < 0.05), when compared with the diabetic
control group rats (Table 8).
Assessment of the nephroprotective effect
Kidney parameters

Fig. 6 Evaluation of oral glucose tolerance test in glucose-loaded
rats when treated with EMZSB extract. Values were presented as
mean ± SEM (n = 6), two-way ANOVA followed by Tukey’s test. A
significant antihyperglycemic effect was elucidated by rats treated
with EMZSB 250 mg kg−1, when compared with normal control rats.
Black bar normal control, gray bar glimepiride, blue bar EMZSB 150,
yellow bar EMZSB 200, green bar EMZSB 250

As expected, diabetic control rats showed a noticeable
rise in serum creatinine and a fall in serum albumin, and
total protein. However, diabetic rats when treated with
EMZSB 250 mg kg−1 elucidated a significant (p < 0.05)
increase in serum albumin, and total protein, but showed
a significant (p < 0.05) protective effect in kidney function
by perfection in serum creatinine (Table 9).
Histopathological findings from kidneys

However, rats when treated with the standard drug
glimepiride exhibited a reduction in blood glucose levels from the day 14th to 21st day (p < 0.01 to p < 0.001,
respectively) (Table 6).

Persistent DM may promote sever pathological changes
in kidney leading to glomerulosclerosis, hyalinization,
and alterations in tubule segment and mesangial matrix.
In case of untreated diabetic rats, significant interferences were observed in tubule segments along with dilation of bowman capsular space with tubular necrosis.
However, diabetic rats treated with EMZSB 250 depicted
the normal architecture of kidneys with no histopathological marks for nephritis (Fig. 7).

Body weight changes

Evaluation of liver glycogen content

As expected, during 21 days of study, persistent bodyweight loss was observed in untreated diabetic rats.
However, treatment with EMZSB 200 and 250 mg kg−1
elucidated slowly but progressive weight gain during the
study (Table 7). On day 21st, the weight of rats from the
group treated with EMZSB 250 mg kg−1 exhibited a significant (p < 0.01) body weight (6.93 ± 4.83) gain.
Estimation of serum levels of HDL, LDL, total cholesterol,
and triglyceride

Treatment of diabetic rats with EMZSB elucidated
slight protective effects on serum lipid profile. Diabetic

As expected, liver glycogen content was lower down
(p < 0.01) in untreated diabetic rats when compared
to normal control rats. However, in rats treated with
EMZSB 250, the liver glycogen content was significantly
(p < 0.05) increased as compared to diabetic control rats
(Table 10).
Assessment of cardiovascular risk indices

Noteworthy cardiovascular protective effects were
exhibited by the diabetic rats when treated for 21 days
with EMZSB. A significant (p < 0.05) decrease in

Table 5 Evaluation of oral glucose tolerance test in glucose-loaded rats when treated with EMZSB extract
Groups

Normal control
Glimepiride
EMZSB-150
EMZSB-200
EMZSB-250

Blood glucose (mg dl−1) at
0th min

30th min

76.25 ± 2.27

149.43 ± 3.47

76.36 ± 3.14

149.58 ± 3.45

78.47 ± 3.91

139.57 ± 3.47

78.82 ± 3.56

77.21 ± 2.22

90th min

150th min

141.68 ± 5.85

138.24 ± 2.62

139.57 ± 2.53

126.72 ± 5.42

130.42 ± 5.58

115.68 ± 4.05*

128.62 ± 3.64*

117.11 ± 3.26**

143.53 ± 5.18

136.57 ± 3.48

96.04 ± 3.06***

122.98 ± 5.61

Values were presented as mean ± SEM (n = 6), two-way ANOVA followed by Tukey’s test. A significant antihyperglycemic effect was elucidated by rats treated with
EMZSB 250 mg kg−1
When compared with normal control; *p < 0.05, **p < 0.01, and ***p < 0.001
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Table 6 Effect of EMZSB on blood glucose level in alloxan-induced diabetic rats
Groups

Blood glucose level (mg dl−1) at
1st day

Normal control

7th day

70.36 ± 3.46

72.57 ± 4.55

245.58 ± 9.58$

Diabetic control
Diabetic + Glimepiride
Diabetic + EMZSB 150

258.85 ± 10.59$

Diabetic + EMZSB 250

74.81 ± 3.58

234.28 ± 8.75

205.58 ± 11.65**

258.64 ± 11.47

245.75 ± 10.48

239.67 ± 10.53

249.74 ± 12.58

255.52 ± 12.53

242.68 ± 10.31

21st day
72.67 ± 4.29

265.98 ± 12.58$

265.85 ± 10.98
259.58 ± 7.64

Diabetic + EMZSB 200

14th day

270.29 ± 10.67$

186.68 ± 12.34***

243.98 ± 7.38

233.87 ± 8.74

214.52 ± 8.75*

198.68 ± 9.52**

219.42 ± 8.78

Values were presented as mean ± SEM (n = 6); statistics employed was two-way ANOVA followed by Tukey’s multiple comparison test. Diabetic animals when treated
with EMZSB 250 showed a significant (p < 0.01) reduction in the blood glucose levels on 21st day. $p < 0.001
When compared with diabetic control; *p < 0.05, **p < 0.01, and ***p < 0.001

Table 7 Body weights changes in alloxan-induced diabetic rats
when treated with EMZSB during 21 days treatment
Groups

Body weight changes (g)
7th day

Normal control

14th day

21st day

04.58 ± 2.15

6.47 ± 1.58

5.28 ± 2.78

2.28 ± 2.05

5.58 ± 2.68*

7.95 ± 2.45**

Diabetic + EMZSB
150

− 6.67 ± 2.08

− 4.72 ± 3.68

− 4.23 ± 1.61

Diabetic + EMZSB
200

− 5.88 ± 2.29

− 1.73 ± 2.86

3.55 ± 4.77*

Diabetic + EMZSB
250

− 2.54 ± 1.19

5.27 ± 3.89*

6.93 ± 4.83**

Diabetic control
Diabetic + Glimepiride

− 11.98 ± 4.84$ − 11.28 ± 3.64$ − 12.72 ± 4.38$

Values were presented as mean ± SEM (n = 6), statistics employed was two-way
ANOVA followed by Tukey’s multiple comparison test. $p < 0.05 when compared
with normal control; *p < 0.05, **p < 0.01 when compared with diabetic control.
Diabetic rats treated with EMZSB 250 mg kg−1 showed a significant bodyweight
gain at the end of study

cardiovascular risk indices, viz. coronary artery, cardiac
and atherogenic indices, was revealed by EMZSB 250 and
standard reference glimepiride when matched with diabetic control rats. However, the effects of EMZSB were
lower than that of glimepiride (Table 11).

Assessment of EMZSB on hot plate‑induced neuropathic
pain in diabetic rats

As expected, untreated diabetic rats were observed with
decreased thermal stimuli sensitivity by the reduction in
latency to foot licking when compared with normal rats,
whereas rats treated with reference standard glimepiride
were shown improvement (p < 0.05) in pain sensitivity by
licking the foot at an average time of 6.9 s, while EMZSBtreated rats do not show any significant improvement in
the same when compared with the diabetic control group
rats (Table 12).

Discussion
Available data from the literature revealed that materials
from plant sources are being widely used in the treatment
and management of diabetes. Therefore, plant source materials are considered for new leads for antidiabetic agents. A
perusal of the literature put forward the presence of various
phytoconstituents in the MZSB like spinasterol, 6-hydroxyflavanone, (+)-dihydrokaempferol, 3, 4-dihydroxybenzoic acid, taraxerol, taraxerone, while lupeol acetate was
reported to have antityrosinase activity (Chunhakant and
Chaicharoenpong 2019). Flavonoids, terpenoids, glycosides, and phenolic compounds identified in MZSB proved

Table 8 Serum lipid profile in alloxan-induced diabetic rats when treated with EMZSB for 21 days
Groups

Serum HDL (mg dL−1)

Normal control

78.18 ± 4.08

Diabetic control

88.56 ± 4.28

Serum
triglyceride
(mg dL−1)
111.73 ± 8.27

77.75 ± 3.69$

170.92 ± 6.38#

68.59 ± 1.88

60.54 ± 2.47

176.14 ± 4.28

163.49 ± 7.51

53.24 ± 2.08*

146.67 ± 4.29*

140.68 ± 5.46*

**

75.94 ± 1.82

Diabetic + EMZSB 200

69.98 ± 1.46

Diabetic + EMZSB 250

49.66 ± 2.09

Serum cholesterol (mg
dL−1)

46.77 ± 3.48$

Diabetic + Glimepiride
Diabetic + EMZSB 150

Serum LDL (mg d
 L−1)

71.63 ± 2.84*

**

50.07 ± 1.18

55.32 ± 3.59

**

141.64 ± 6.91

152.38 ± 3.05

165.92 ± 7.67#

130.23 ± 6.84***

144.27 ± 3.34

Values were presented as mean ± SEM (n = 6); statistics employed was two-way ANOVA followed by Tukey’s multiple comparison test. $p < 0.01, and #p < 0.001 when
compared with normal control; *p < 0.05, **p < 0.01, and ***p < 0.001 when compared with diabetic control
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Table 9 Assessment of kidney parameters in alloxan-induced
diabetic rats after 21 days treatment of EMZSB
Groups

Normal control
Diabetic control
Diabetic + Glimepiride
Diabetic + EMZSB 150

Diabetic + EMZSB 200

Diabetic + EMZSB 250

Serum
creatinine
(mg dl−1)
0.90 ± 0.67

4.31 ± 0.42$
*

1.00 ± 0.24
3.58 ± 0.46

2.11 ± 0.67

1.20 ± 0.75*

Serum
albumin (g
dl−1)

Serum total
protein (g
dl−1)

5.67 ± 0.82

6.56 ± 0.38

2.36 ± 0.42$
*

5.60 ± 0.64

2.87 ± 0.28

4.68 ± 0.63

5.48 ± 0.75*

2.68 ± 0.68#
5.93 ± 0.82*

3.14 ± 0.68

4.57 ± 0.92

5.85 ± 0.37*

Values were presented as mean ± SEM. (n = 6); statistics employed was two-way
ANOVA followed by Tukey’s multiple comparison test. $p < 0.05, #p < 0.01 when
compared with normal control; *p < 0.05 when compared with diabetic control

to play a significant role in the healing of ulcerative colitis
probably by their antioxidant and free radical scavenging
property (Kumar and Sahoo 2020). Chondrillasterol, stigmasterol, β-sitosterol, lupeol, lupenone, glut-5(6)-en-3βacetate, and olean-12-en-3β-acetyl-11-one were isolated
from MZSB and studied for antimicrobial, thrombolytic,
and cytotoxic activities (Noor et al. 2014). Duong et al. isolated manilkzapotane, lupeol acetate, lupeol, arjunolic acid,
ergosterol peroxide, taraxerol, hederagonic acid, and glochidiol from MZSB (Duong et al. 2020), while Toze et al.
isolated two new pentacyclic triterpenoids, 3acetyltaraxer14-en-12-one and 3-hydroxy-7oxolup-20(29)-en-28-oic
acid from methanolic extract of MZSB (Toze et al. 2015).
In the present study, the extract of Manilkara zapota (L)
P. Royen stem bark was subjected to evaluate its in
vitro and in vivo antidiabetic potentials. After extraction,
the extractive yield obtained with AEMZSB and EMZSB
was 8.68% and 9.16% w/w, respectively. Preliminary phytochemical investigation of EMZSB revealed the presence
of various phytochemicals like flavonoids, phenolic compounds, tannins, anthraquinone glycosides, steroids, terpenoids, and alkaloids (Table 1).
Interaction of DPPH with proton donor phytoconstituents (antioxidants) in extract causes a color change in the
product diphenylpicryl hydrazine from purple to yellow.
The amount of DPPH radical scavenged is indicated by
the decrease in intensity of the purple color, measured by
a decrease in absorbance at 517 nm and determined in
the form of IC50 values (Gomathy et al. 2013). Though the
DPPH-scavenging effect of test extracts was lower than the
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reference standard ascorbic acid (0.24 mg ml−1), EMZSB
exhibited a least IC50 value of 0.40 mg ml−1 than the IC50
value from AEMZSB (0.48 mg ml−1), showing its potential
to scavenge DPPH radicals. Enriched flavonoids and phenolic compounds have a linear correlation with free radical
scavenging potentials and metal-ion chelation (Withouck
et al. 2019). Bioactive phenolics exert their antioxidant
effects by directly countering the free radicals and thus
generating a less reactive radical species or dismissing the
free radical chain reaction (Venkatesan et al. 2019).
Electron transport chain reaction in human cellular mitochondrion produces hydrogen peroxide subsequently from superoxide anion radicals. In the cellular
environment, the decomposition product of hydrogen
peroxide—a highly reactive hydroxyl radical, on interaction with the transition metal iron ions or on exposure to
UV becomes hazardous to and damages tissues. Thus,
cellular prerequisite is to scavenge residing hydrogen
peroxide (Halliwell et al. 2000). During the H
 2O2 assay,
EMZSB exhibited a lower IC50 value of 37.54 µg 
ml−1
−1
than AEMZSB (IC50 = 42.12 µg ml ), when ascorbic acid
was used as a reference standard (IC50 = 26.65 µg ml−1).
The DPPH- and H
 2O2-scavenging potentials (Figs. 1, 2) of
EMZSB are most likely due to varied amount of bioactive
phytoconstituents like β-sitosterol which was reported to
decrease ROS and increases natural antioxidant synthesis
(Babu and Jayaraman 2020), and arjunolic acid can exhibit
antioxidant properties through the scavenging of oxygenderived free radicals, the action of hydrogen donation, the
resonance stabilization of carboxyl radical and metal-ion
chelation (Ghosh and Sil 2013), (+)-dihydrokaempferol
(Lee et al. 2011), 3, 4-dihydroxybenzoic acid (Dra et al.
2019), and lupeol acetate (Gurupriya et al. 2018).
Modulation of postprandial hyperglycemia in T2DM
is therapeutically achieved by targeting intestinal
α-glucosidase enzyme. Inhibition of this enzyme aids to
reduce the rate of breakdown of carbohydrates into simple sugars, which can be assimilated at the intestine and a
consequential delay in postprandial hyperglycemia with
fortunate influence on insulin conflict and glycemic index
regulation (Arun et al. 2017). Unfortunately, clinically used
synthetic α-glucosidase inhibitors such as acarbose and
miglitol have certain adverse side effects like diarrhea, hepatotoxicity, and flatulence (Nathan et al. 2009). Investigation
for the α-glucosidase inhibitory activity by MZSB extracts

(See figure on next page.)
Fig. 7 Photomicrographs (100 ×) presenting 21 days post-treatment effects on kidneys of alloxan-induced diabetic rats when treated with
EMZSB. A Control group: depicted normal histoarchitecture of the kidney. B Diabetic control group: abnormal kidney histoarchitecture. C
Diabetic + glimepiride group: no signs of glomerulosclerosis and hyalinization. D Diabetic + EMZSB-150 and E Diabetic + EMZSB-200 group
showed few signs of tubular necrosis and glomerulosclerosis, respectively. F Diabetic + EMZSB-250 group appears to be normal histoarchitecture of
kidney with no scripts of glomerulosclerosis
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A) Normal control
(Normal histoarchitecture)
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B) Diabetic control
(Dilation of bowman’s capsular space with
tubular necrosis)

C) Diabetic + Glimepiride
(Normal histoarchitecture)

E) Diabetic + EMZSB 200
(Sclerotic)
Fig. 7 (See legend on previous page.)

D) Diabetic + EMZSB 150
(Tubular necrosis)

F) Diabetic + EMZSB 250
(Histoarchitecture appears to be normal)
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Table 10 Assessment of liver glycogen content in alloxaninduced diabetic rats when treated with EMZSB
Groups

Normal control
Diabetic control
Diabetic + Glimepiride
Diabetic + EMZSB 150

Diabetic + EMZSB 200

Diabetic + EMZSB 250

Liver
glycogen
(mg/100 g)
18.45 ± 1.06

11.28 ± 1.15$

17.58 ± 0.68**
13.94 ± 1.36
14.34 ± 1.58

16. 15 ± 0.84*

Values were presented as mean ± SEM (n = 6); statistics employed was one-way
ANOVA followed by Tukey’s multiple comparison test. $p < 0.01 when compared
with normal control; *p < 0.05, **p < 0.01 when compared with diabetic control

showed that α-glucosidase inhibition followed a linear
relationship with the extract concentration (Fig. 3). The
EMZSB has exhibited significant (p < 0.01) α-glucosidase
inhibition with an IC50 value of 119.79 ± 1.52 µg mL−1
as compared to AEMZSB, when acarbose was the reference standard. These findings of moderate α-glucosidase
inhibitory effects by EMZSB inclined us to rely on the
provenance of a profusion of the varied amount of phytochemicals in this bark like spinasterol (Nkobole et al. 2021),
(+)-dihydrokaempferol (Saltos et al. 2015), lupeol acetate
(Srisurichan and Pornpakakul 2015), stigmasterol (Kumar
et al. 2013), ergosterol peroxide (Eawsakul et al. 2021), and
hederagonic acid (Xiao-An et al. 2010) which were earlier
reported for their α-glucosidase inhibition capabilities.
Fasting blood glucose level is a vital indicator of diabetes status. The outcome of this investigation showed
a dose-dependent reduction in blood glucose levels
in rats treated with EMZSB for 21 days. A significant
(p < 0.01) reduction in blood glucose was observed on
the 21st day in rats treated with EMZSB 250 mg kg−1
(Fig. 8). These antihyperglycemic effects were likely to
be the contribution of MZSB phytochemicals such as
β-sitosterol which was reported to cause a decrease in
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fasting blood glucose by decreasing insulin resistance
and regulating insulin signaling (Babu and Jayaraman
2020). However, β-sitosterol with stigmasterol was also
reported to decrease glycogen phosphorylase activity in
diabetic rats by increasing levels of glycogen synthase
and hepatic glycogen, further by hepatic glucose utilization through remnant β-cells and enhanced glycolytic
activity (Ramu et al. 2016). Previous study findings with
phytoconstituents like lupenone, lupeol, arjunolic acid,
and (+)-dihydrokaempferol were reported to have blood
glucose-lowering effects (Ghosh and Sil 2013; Xu et al.
2014; Gupta et al. 2012; Wang et al. 2013). Taraxerol
conveyed with alleviated fasting blood glucose level by
insulin sensitization mediated by stimulation of signaling
pathways like AKT/GSK3b/PI3K/AMPK/IRS1/GLUT4
(Khanra et al. 2017). For a long time, hederagonic acid, a
natural pentacyclic triterpenes and a moderate inhibitor
of glycogen phosphorylase, is known for its hypoglycemic
effects by inhibiting α-glucosidase, PTP1B, and ACAT-1/
ACAT-2 (Xiao-An et al. 2010). Hence, antihyperglycemic effects by EMZSB could be anticipated for these
phytoconstituents.

Table 12 Assessment of EMZSB
neuropathic pain in diabetic rats

on

Groups

hot

plate-induced
Foot licking
response(s)

Normal control

5.1 ± 0.7

9.2 ± 0.4$

Diabetic control

6.9 ± 0.3*

Diabetic + Glimepiride

9.1 ± 0.4ns

Diabetic + EMZSB 150

8.8 ± 0.4ns

Diabetic + EMZSB 200

8.2 ± 0.3ns

Diabetic + EMZSB 250

Values were presented as mean ± SEM of two readings (n = 6); statistics
employed was one-way ANOVA followed by Tukey’s test. $p < 0.001 when
compared with normal control; *p < 0.05, ns (non-significant) when compared
with diabetic control

Table 11 Assessment of cardiovascular risk indices in alloxan-induced diabetic rats when treated with EMZSB
Groups

Normal control
Diabetic control
Diabetic + Glimepiride
Diabetic + EMZSB 150

Diabetic + EMZSB 200

Diabetic + EMZSB 250

Cardiovascular risk indices (mg dl−1)
Coronary artery index

Cardiac index

Atherogenic index

0.635 ± 0.10

1.132 ± 0.24

0.770 ± 0.08

1.662 ± 0.18$
0.659 ± 0.10

*

0.882 ± 0.14

0.790 ± 0.13

0.743 ± 0.12*

3.654 ± 1.16$
*

1.865 ± 0.94

2.568 ± 0.72

2.177 ± 0.38

2.047 ± 0.67*

4.311 ± 0.58#

0.740 ± 0.38**

4.268 ± 0.82

3.867 ± 0.48

1.543 ± 0.56*

Values were presented as mean ± SEM (n = 6); statistics employed was two-way ANOVA followed by Tukey’s multiple comparison test. $p < 0.05, #p < 0.01 when
compared with normal control; *p < 0.05, **p < 0.01 when compared with diabetic control
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Fig. 8 Effect of EMZSB on blood glucose level in alloxan-induced
diabetic rats. Values were presented as mean ± SEM (n = 6); statistics
employed was two-way ANOVA followed by Tukey’s multiple
comparison test. Diabetic animals when treated with EMZSB 250
showed a significant (p < 0.01) reduction in the blood glucose
levels on 21st day. $p < 0.001 when compared with normal control;
*p < 0.05, and **p < 0.01 when compared with diabetic control.
Gray bar normal control, red bar diabetic control, brown bar
diabetic + glimepiride, blue bar diabetic + EMZSB 150, yellow bar
diabetic + EMZSB 200, green bar diabetic + EMZSB 250

Fig. 9 Body weights changes in alloxan-induced diabetic rats
when treated with EMZSB during 21 days of treatment. Values were
presented as mean ± SEM (n = 6); statistics employed was two-way
ANOVA followed by Tukey’s multiple comparison test. $p < 0.05
when compared with normal control; *p < 0.05, **p < 0.01 when
compared with diabetic control. Diabetic rats treated with EMZSB
250 mg kg−1 showed a significant bodyweight gain on the day
21st. Gray bar normal control, red bar diabetic control, black bar
diabetic + glimepiride, blue bar diabetic + EMZSB 150, yellow bar
diabetic + EMZSB 200, green bar diabetic + EMZSB 250
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Fig. 10 Serum lipid profile in alloxan-induced diabetic rats
when treated with EMZSB for 21 days. Values were presented as
mean ± SEM (n = 6), statistics employed was two-way ANOVA
followed by Tukey’s multiple comparison test. $p < 0.01, and
#p < 0.001 when compared with normal control; *p < 0.05, **p < 0.01,
and ***p < 0.001 when compared with diabetic control. Diabetic rats
treated with EMZSB 250 mg kg−1 exhibited a significant reduction in
serum LDL, cholesterol, and triglyceride, while there is a substantial
rise in serum HDL. Gray bar normal control, red bar diabetic control,
brown bar diabetic + glimepiride, blue bar diabetic + EMZSB 150,
yellow bar diabetic + EMZSB 200, green bar diabetic + EMZSB 250

As the study went on, the effects of extracts on body
weight and gain in the weight have started to appear
(Fig. 9). The body weights of rats in EMZSB 250-treated
groups and the glimepiride-treated group were progressively increased in the following weeks. After 3 weeks
of treatment, EMZSB 250 mg kg−1 treated group rats
revealed a significant body weight gain compared to
those of the diabetic control group, which was probably
due to perfection in the synthesis of a structural protein
and glycemic control (Eliza et al. 2009).
In DM, the rise in lipid peroxidation is an outcome of a
raised level of free radicals (Quine and Raghu 2005). The
observed perfection in serum lipid profile (Fig. 10) and
general improved antioxidant prominence by EMZSB
250 mg kg−1 treated diabetic rats highlights its healthy
perspective against oxidative stress and lipid peroxidation. Hypolipidemic effects of EMZSB extract might
be attribution of previously reported effects by phytoconstituents; for example, Stigmasterol has antihyperglycemic effects and improving blood lipid indexes like
triglyceride and cholesterol with the possible mechanism
of targeting GLUT4 glucose transporter encompassing
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Fig. 11 Assessment of kidney parameters in alloxan-induced
diabetic rats after 21 days treatment of EMZSB. Values were presented
as mean ± SEM (n = 6), statistics employed was two-way ANOVA
followed by Tukey’s multiple comparison test. $p < 0.05, #p < 0.01
when compared with normal control; *p < 0.05 when compared
with diabetic control. Treatment of diabetic rats with EMZSB
250 mg kg−1 showed a significant increase in serum albumin, total
protein, and perfection in serum creatinine. Gray bar normal control,
red bar diabetic control, brown bar diabetic + glimepiride, blue bar
diabetic + EMZSB 150, yellow bar diabetic + EMZSB 200, green bar
diabetic + EMZSB 250

increase in GLUT4 expression and translocation (Wang
et al. 2017). β-sitosterol has a positive impact on serum
triglyceride, LDL, cholesterol, and an increase in HDL by
its antihyperglycemic effects through decreasing insulin resistance and regulating insulin signaling (Babu and
Jayaraman 2020). Arjunolic acid proved in preventing the
modification in serum lipid profile by preventing intracellular reactive intermediates accountable for finding
hyperglycemia, variation in the level of oxidative stressrelated biomarkers, and thus signifying its efficacy in
perfecting the lipid profile (Ghosh and Sil 2013). A natural pentacyclic triterpenes hederagonic acid is a moderate inhibitor of glycogen phosphorylase quoted to have
inhibitory effects on PTP1B, α-glucosidase, ACAT-1/
ACAT-2 thereby exerting its hypoglycemic and hypolipidemic effects (Xiao-An et al. 2010). Along with the above
effects from various phytoconstituents of MZSB, the
overall hypolipidemic effects might be a contribution
of hydroxyl radical scavenging action leading to antiperoxidative and antioxidant effects may accompany an
enriched variety of phytoconstituents in it.
In diabetic nephropathy, progression in renal dysfunction with glomerulosclerosis is an outcome of progressive
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Fig. 12 Assessment of liver glycogen content in alloxan-induced
diabetic rats when treated with EMZSB. Values were presented
as mean ± SEM (n = 6), statistics employed was one-way ANOVA
followed by Tukey’s multiple comparison test. $p < 0.01 when
compared with normal control; *p < 0.05, **p < 0.01 when compared
with diabetic control. Treatment of diabetic rats with EMZSB
250 mg kg−1 elucidated a significant increment in liver glycogen
content as compared to diabetic control rats. Gray bar normal control,
red diabetic control, brown bar diabetic + glimepiride, blue bar
diabetic + EMZSB 150, yellow bar diabetic + EMZSB 200, green bar
diabetic + EMZSB 250

proteinuria, an increment in uric acid, and accumulation
of urea nitrogen (Latha and Daisy 2011). However, treatment of diabetic rats with EMZSB 250 mg kg−1 could
significantly escalate serum albumin, total protein, and
arrest in creatinine (Fig. 11), whereas the histological
assessment showed evidence of a significant improvement toward normal histoarchitecture with visualized no
marks for nephritis. This significant reinstate in nephritic
parameters might have a prophylactic effect by varying
amounts of phytoconstituents of MZSB like flavonoids,
polyphenols, and taraxerol (Khanra et al. 2017).
In a diabetic state, depletion in overall glycogen content
is followed by imperfections in the activation of enzymes
like synthase and phosphatase (Grover et al. 2002). Posttreatment a marked increase (Fig. 12) in liver glycogen
content by EMZSB 250 mg kg−1 might be the provenance
of augmentation in insulin response encouraging glycogenesis and/or decline in hepatic glycogenolysis with further accomplishment toward the activation of enzymes
like synthase and phosphatase (Ramkumar et al. 2011).
Persistent hyperglycemia with a negative shift in
the level of lipid profile is one of the etiologies for
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Fig. 13 Assessment of cardio-vascular risk indices in alloxan-induced
diabetic rats when treated with EMZSB. Values were presented
as mean ± SEM (n = 6), statistics employed was two-way ANOVA
followed by Tukey’s multiple comparison test. $p < 0.05, #p < 0.01
when compared with normal control; *p < 0.05, **p < 0.01 when
compared with diabetic control. Diabetic rats treated with EMZSB
250 mg kg−1 showed a significant decrease in cardiovascular risk
indices. Gray bar normal control, red bar diabetic control, brown bar
diabetic + glimepiride, blue bar diabetic + EMZSB 150, yellow bar
diabetic + EMZSB 200, green bar diabetic + EMZSB 250

cardiovascular disease in DM. Hyperglycemia-induced
cardiovascular complications underlie multifactorial mechanisms. Oxidative stress plays one of the
foremost roles in the development and progression
of cardiovascular complications in DM (Crespo et al.
2008). Although the clear-cut causes of reactive oxygen species in the DM pathophysiology have not been
well understood until now, auto-oxidation of glucose,
advanced glycation end products generating processes, mitochondrial dysfunction, and several others have been stated as the conceivable causes (Manna
and Sil 2012). Notable cardiovascular protective effects
(Fig. 13) by EMZSB were possibly due to perfection of
hyperglycemia and hyperlipidemia by an enriched variety of phytocontents in MZSB like; Lupeol, (+)-dihydrokaempferol, stigmasterol, β-sitosterol, arjunolic
acid, hederagonic acid which reported to have antihyperglycemic and antihyperlipidemic effects by attenuating insulin resistance, signaling, and/or regeneration of
the β-cells (Munhoz and Frode 2018).
Diabetic neuropathic complications like numbness and
tingling, pain insensitivity or sharp pains, loss of sense
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Fig. 14 Assessment of EMZSB on hot plate-induced neuropathic
pain in diabetic rats. Values were presented as mean ± SEM of
two readings (n = 6), statistics employed was one-way ANOVA
followed by Tukey’s test. $p < 0.001 when compared with normal
control; *p < 0.05, ns (non-significant) when compared with
diabetic control. Diabetic rats treated with EMZSB do not exhibit
any significant improvement in the pain sensitivity by licking the
foot. Gray bar normal control, red bar diabetic control, brown bar
diabetic + glimepiride, blue bar diabetic + EMZSB 150, yellow bar
diabetic + EMZSB 200, green bar diabetic + EMZSB 250

of vibration, motor incoordination, etc., are responsible
for morbidity in the diabetic population. Pathophysiologically manifested by degeneration of demyelinated
and myelinated sensory nerve fibers. While concerning mechanisms in its pathogenesis are decreased antioxidant defense, glucose oxidation convinced oxidative
stress followed by the formation of advanced glycation
end (AGE) products, altered glucose metabolism, and
polyol pathway disruption (Tawakoli et al. 2012). At present, not any conclusive treatment for diabetic neuropathy is available except that it is managed by opioids and
topical capsaicin, SNRIs, tricyclic antidepressants, and
anticonvulsants despite its cost and side effects (Nadig
et al. 2012). Though the assessment of EMZSB had not
shown any significant improvement in pain sensitivity
(Fig. 14), further investigations with isolated compounds
encompassing nerve conduction studies would be more
confirmatory.
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Conclusions
Data of our study exhibited that EMZSB exerts in
vitro antioxidant, α-glucosidase enzyme inhibition,
and in vivo antidiabetic properties with amelioration of
diabetes-associated complications. Significant blood
glucose-lowering effects with perfection in serum lipids,
liver glycogen content, cardiovascular risk indices, and
improvement in body weight and nephroprotective
effects were observed, while a supportive histopathological mark of the normal architecture of kidneys was
also documented. It can be concluded from these study
results that bioactive phytocontents of MZSB, including
flavonoids, terpenoids, glycosides, phenolic compounds,
and β-sitosterol, stigmasterol, arjunolic acid, (+)-dihydrokaempferol, 3,4-dihydroxybenzoic acid, lupeol acetate, spinasterol, ergosterol peroxide, hederagonic acid,
lupenone, and lupeol that are recognized to have several
pharmacological benefits, might be actively and or synergistically responsible for these observed effects.
These preliminary study results suggest that Manilkara
zapota stem bark extract could serve as a potential herbal
alternative for the management of DM and likely prevention of its complications. Thus, ascribing a definite
mechanism of action for antidiabetic effects could be
more fruitful when further investigations with isolated
compounds from this bark support these results. Studies are in progress in our laboratory to isolate its active
phytoconstituents and explicate the likely mechanisms of
action through which this bark seems to act.
Highlights from study
(a) This is the first study exploring the antidiabetic
effects of Manilkara Zapota (L.) P. Royen stem bark
70% ethanolic extract.
(b) EMZSB-250 exerts potential antihyperglycemic and
hypolipidemic effects with significant improvement
in nephroprotective parameters, cardiovascular risk
indices, and evidence of reversal of normal histoarchitecture of the kidneys.
(c) Studied EMZSB has a strong future prospective for
isolation of active antidiabetic principles and elucidation of its mechanism of action through which it
seems to act.
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