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Diabetes mellitus is a metabolic disorder. Synthetic antidiabetics are the commonly used treatment options associated with
complications. The objective of this study was to explore the antioxidative and antidiabetic potential of Euphorbia helioscopia
whole plant ethanolic extract using in vitro and in vivo models. For that purpose, the antioxidative potential was explored by
using 2,2-diphenyl-1-picrylhydrazyl analysis. In vitro antidiabetic potential of the extract was evaluated using amylase
inhibitory analysis. In vivo antidiabetic activity of the extract was assessed in diabetic rats using streptozotocin/nicotinamide
(60 mg/kg/120 mg/kg) as an inducing agent. Metformin was used as standard. The results indicated the presence of significant
quantities of phenolic 82.18 + 1.28 mgg™" gallic acid equivalent (GAE) and flavonoid 66.55+1.22 mgg™' quercetin equivalent
(QE) contents in the extract. Quantitation of phytoconstituents exhibited the presence of sinapic acid, myricetin, and quercetin
using HPLC analysis. The extract inhibited a-amylase by 84.71%, and an antiglycemic potential of 50.34% was assessed in the
OGTT assay. Biochemical analysis demonstrated a reduction in urea, creatinine, cholesterol, low-density lipoprotein, and
alkaline phosphatase (p <0.001) as compared to diabetic control rats at the dose of 500 mg/kg. An upregulation in the
expressions of glucokinase, glucose transporter 4, peroxisome proliferator-activated receptor y, and insulin-like growth factor
was observed in treated rats in contrast to G6P expression, which was downregulated upon treatment. In conclusion, this study
provided evidence of the antioxidative and antidiabetic potential of E. helioscopia whole plant ethanolic extract through
in vitro and in vivo analysis and emphasized its promising role as a natural alternative.
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1. Introduction

Diabetes is a chronic disease that silently causes life-altering
morbidity and exacerbates many other complications due to
its heterogeneity, and yet the reason lies in a single blood-
borne metabolite, glucose. The rate of incidences of diabetes
has been increasing since the 1980s, as statistics have shown

that there were 108 million cases of diabetes in 1980 [1],
which increased by the rate of 3% and reached 422 million
people in 2014 [1] and 529 million in 2021 globally [2],
and by 2045, it is expected to make 693 million people suffer
[3]. Diabetes is a complex multisystemic metabolic disorder
that is characterized by having higher concentrations of glu-
cose in the blood due to the inability or insensitivity of
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pancreatic f-cells, resulting in inadequate insulin levels in
the body.

There is a myriad of complications that arise due to
higher glucose levels in the body, and it affects all the organs,
including the heart, kidneys, nerves, and blood vessels. The
malfunctions in these organs are associated with abnormal-
ities in carbohydrate, fat, and protein metabolism, which
are disturbed due to imbalanced glucose and insulin levels.
The levels of insulin are important for human cells, espe-
cially skeletal muscle and adipocytes [4]. The most common
type of diabetes is Type 2 diabetes mellitus (T2DM), which is
noninsulin-dependent DM and currently affects 90% of the
patients who have been diagnosed with diabetes [5, 6].

Due to the higher rate of complications, diabetes has
become a major issue in the world. Antidiabetic drugs have
become a major part of the pharmaceutical industry, as the
global expense of antidiabetic drugs in 2021 was $966 bil-
lion. Forecasting data has shown that it is expected to go
up to $1054 billion in 2045 [7]. The major players in fighting
diabetes include sulfonylureas, meglitinides, biguanides, thi-
azolidinediones, and a-glucosidase inhibitors, and famous
antidiabetic drugs from these groups are glipizide, glimepir-
ide, repaglinide, metformin, rosiglitazone, acarbose, vogli-
bose, and many others. Due to the longer-term use of
synthetic drugs, a few complications have been reported in
different studies; that is, a few studies reported the issues of
clinical neuropathy and vitamin B12 deficiency associated
with metformin and blood cancer with rosiglitazone [8]. In
the current era, phytotherapy has become a major field. It
is being widely used across the world to find new active
sources from nature to cure heterogenic and chronic dis-
eases [9]. The reason for using medicinal plants is their
safety, quality, and effectiveness. They have been found to
have lower toxicity profiles and high patient compliance,
which makes them a suitable candidate and a good source
of innovative pharmaceuticals [10].

Many plants in nature have strong antioxidant and anti-
diabetic properties. Among these plants, the Euphorbiaceae
family has been associated with good antioxidative [11],
antidiabetic [12], anticancer [13], and anti-inflammatory
[14] properties. It has been observed that plants from the
Euphorbiaceae family have the potential to reduce hypergly-
cemia and normalize blood glucose levels [15], as well as
improve the lipid profile and control cholesterol levels in
the body [16]. Among many plants from this family,
Euphorbia helioscopia Linn (E. helioscopia) is a prominent
herbaceous plant that has been used as a medicinal plant
due to its extensive therapeutic properties. Due to the pres-
ence of strong antioxidants, it was used to fight oxidative
stress-induced diseases, that is, diabetes. In another study,
Sharma et al. [17] reported the anti-inflammatory and anti-
cancer potential of E. helioscopia. In some other studies,
antibacterial potential was also reported [18].

In many studies, antidiabetic and antioxidative poten-
tials of the Euphorbiaceae family were reported; that is, Mus-
tafa et al. prepared different extracts (methanol, ethanol, and
aqueous) and reported preliminary data to demonstrate the
antidiabetic and antioxidative potential of this family [19].
In a nutshell, the antidiabetic and antioxidant potential of
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E. helioscopia has been reported and discussed in the litera-
ture; however, a clear relationship between the antioxidative
and antidiabetic potential at the macrolevel and molecular
levels has never been studied. In this study, the antioxidative
potential of E. helioscopia was explored, and antioxidative
components were identified. Then, the antidiabetic potential
was explored by using an extensive set of experiments with
both healthy and diabetic animals. In addition, both acute
and chronic glucose levels were assessed, and their effects
on multiple biological moieties and animal tissues were
observed. In the end, the molecular basis of the effects of
E. helioscopia was evaluated on different functional and apo-
ptotic genes. In conclusion, this paper offers a comprehen-
sive study regarding the antioxidative and antidiabetic
potential of E. helioscopia extract. It provides a clear link
between treatment regimens and their effects on diabetic
animals at both tissue and molecular levels using in vitro
and in vivo models.

2. Methods and Materials

2.1. Chemicals. The fresh leaves of E. helioscopia were col-
lected in April 2018 from the city of Kasur, and taxonomic
identification and authentication were done (Voucher #
GC.Herb.Bot.3465) by Professor of Botany, Dr. Zaheer-
Uddin from Government College University, Lahore. The
materials for analysis, including ascorbic acid, acarbose, nic-
otinamide, 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent,
streptozotocin (STZ), and a-amylase, were obtained from
Sigma-Aldrich (Germany). Other chemicals, including a
TRIzol reagent, were provided by Advance Bioscience (Ger-
many). All the materials were of analytical grade. Lastly, the
kits for biological analysis were obtained from Bio-Labs
(Pakistan) and Vivantis Technologies (Malaysia). Approval
was obtained from the Institutional Research Ethics Com-
mittee (IREC-2018-45) of the University of Lahore for the
performance of animal studies.

2.2. Preparation of Plant Extract. The first step was to prepare
the ethanolic extract of the E. helioscopia plant, and for that
purpose, instructions from Mousavi et al. [20] were followed.
Briefly, 5kg of the fresh plant was taken, thoroughly washed,
and dried to eliminate the dust particles. Then, the plant was
diced into small pieces and left for air-drying for 21 days in
a protected environment. Subsequently, the plant material
was crushed to obtain fine powder, and 420 g of the dry pow-
der was obtained, which was macerated in 98% ethanol for 7
days. The resultant solution was filtered with Whatman No.
1 filter paper. The filtrate was subjected to high-pressure con-
ditions in a rotary evaporator at 40°C to obtain a concentrated
extract. Finally, the concentrated filtrate was overdried at 40°C,
and the resulting powdered extract was stored at 4°C for fur-
ther analysis. The percentage of yield for the extract was calcu-
lated using Equation (1).

Actual yield

x 100
Total amount of powdered plant

(1)

Percentage yield =
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2.3. Preliminary Phytochemical Screening. The extract of E.
helioscopia was subjected to different analyses for phytochem-
ical screening to explore its antioxidant content. For that pur-
pose, two tests were performed, that is, total phenolic content
(TPC) and total flavonoid content (TFC). The Folin-Ciocalteu
reagent was used to determine the TPC E. helioscopia extract,
and instructions from Khan et al. [21] were followed with
minor modifications. Briefly, different concentrations of E.
helioscopia extract were prepared with the help of ethanol.
Then, in 9mL of each concentration, 1 mL of Folin-Ciocal-
teu’s reagent was added and mixed for 5min, which was
termed Solution A. At the same time, 10mL of 7% sodium
carbonate solution was mixed with 4 mL water. Finally, this
mixture was added to Solution A and incubated at 37°C for
1.5h. The concentration of each sample was measured using
an ultraviolet (UV) spectrophotometer (Shimadzu UV-1700,
Suzhou Instruments Manufacturing Company Limited,
Suzhou, China) at 760 nm wavelength. The TFC was assessed
through an aluminum chloride colorimetry assay by following
the instructions from Zafar et al. [22]. To explain briefly, a
200 yuL extract dilution was prepared, and then an AICl,
(100uL) and 1M potassium acetate (100 uL) were added,
and the volume was raised to 5mL with the help of distilled
water. At the same time, a quercetin calibration curve was pre-
pared using a UV spectrophotometer (K9000 UV, Shanghai
Yoke Instrument Co. Ltd.) at 415 nm wavelength.

2.4. In Vitro Antioxidant Activity by DPPH. The objective of
this test was to determine the scavenging capability of the
extract using a DPPH scavenging assay. DPPH solution
was prepared by dissolving 12 mg of DPPH powder in meth-
anol. The solution was kept in a dark bottle to avoid the
interactions of light. After 30 min, 1 mL of extract was com-
bined with 2mL of DPPH solution and analyzed through a
UV spectrophotometer (Shimadzu UV-1700, Suzhou Instru-
ments Manufacturing Company Limited, Suzhou, China) at
517 nm wavelength. The following equation was used to cal-
culate the percentage inhibition capability of the extract.

Absorbance (control) — absorbance (sample)

Inhibition% = x 100

(2)

Absorbance (control)

Ascorbic acid was used as a positive control solution,
and methanol was used as a negative control. The analysis
was done using different concentrations of the extract to cal-
culate IC,, values [23]. The standard used was ascorbic acid.

2.5. Quantification of the Antioxidative Agents. After the
confirmation of the presence of flavonoids and phenolics
in the drug extract, high-performance liquid chromatogra-
phy (HPLC) was performed to identify components. For this
purpose, the LC-20A liquid chromatography system (Shi-
madzu, Japan) was utilized, which had an LC-10AT pump
and PDA detector SPD-10AV. For detection purposes, a
C18 column with dimensions of 25cm x 4.6 mm x 5 ym
was used. The mobile phase and other conditions were opti-
mized using the instructions from Malik, which were 280 nm

detection wavelength, flow rate 1 mL/min, and a mixture of
Solution A (H,O: acetic acid [94:6]) and Solution B (acetoni-
trile 100%) as mobile phase [24]. The chromatographs were
obtained from the inbuilt software of the HPLC system.

2.6. Antidiabetic Potential Analysis. It was hypothesized that
E. helioscopia extract has antidiabetic potential, so two tests
were performed. The details are explained in upcoming
sections.

2.6.1. a-Amylase Inhibitory Activity. To determine the hypo-
glycemic ability of E. helioscopia, a-amylase inhibitory assay
was performed. For that purpose, instructions from Khan et al.
[21] were used. Amylase solution, the starch solution (0.5%),
and phosphate buffer solutions (0.02 M) were prepared. Then,
I mL of extract was taken in a test tube, and 1 and 2mL of
amylase solution and phosphate buffer were added, respec-
tively, and incubated for 15min at room temperature. After-
ward, the starch solution was added and mixed thoroughly
for 15 min. Then, this solution was put in a heating batch at
90°C temperature, and 3,5-dinitrosalicylic acid was added. It
was incubated for 8min. Subsequently, the solution was
obtained, and UV absorbance was assessed at 540 nm using
a UV spectrophotometer (Shimadzu UV-1700, Suzhou Instru-
ments Manufacturing Company Limited, Suzhou, China).
The percentage inhibition was calculated using the following
equation. Acarbose was used as a control.

Absorbance (control) — absorbance (sample)

Inhibition% = x 100

(3)

Absorbance (control)

2.6.2. Oral Glucose Tolerance Test (OGTT). The purpose of
this test was to confirm the antidiabetic potential of E. helios-
copia extract, and for that purpose, an albino rat model was
selected [25]. To perform this test, 25 animals were recruited
and randomly divided into five groups. After recruitment,
the animals were kept under observation for 5 days to ensure
their healthy status. The details of animals are given in detail
in Table 1. On the day of the experiment, the groups were
labeled and their weights were recorded. Then, animals were
given food (carbohydrate 58%, fat 5.7%, protein 24%, ash
8%, and fiber 6%) and treatment dosages, which are explained
in Table 1. Group I was labeled as a control group and was
given 2 g/kg of glucose orally mixed with normal feed. The sec-
ond group was labeled as a positive control group and was
given metformin 100 mg/kg. The remaining groups were
experimental groups, and each was given different amounts
of E. helioscopia extract. The positive control and experimental
groups were given treatments after 5min of feeding the glu-
cose. The blood samples were obtained from the tails of the
animals at different time points (0, 30, 60, 90, and 120 min),
and glucose levels were measured using an Accu-Check gluc-
ometer (Roche, Switzerland). The hypoglycemic potential of
the plant was determined by calculating the area under the
curve (AUC) on GraphPad Prism 5.0.

From this test, not only were glucose levels measured
but also the percentage of inhibition of treatment agents
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TaBLE 1: Details of the animals during experimentation.

Groups Group labels Feed Treatment

I NC 2 g/kg of glucose+normal feed No treatment

I PC Metformin 100 mg/kg+normal feed Commercially available drug

I EH125 125 mg/kg extract+normal feed Experiment drug

v EH250 250 mg/kg extract+normal feed Experiment drug

v EH500 500 mg/kg extract+normal feed Experiment drug

was evaluated. The following equation was used for the
percentage inhibition calculation.

%Hyperglycemia inhibition factor

_ AUC (control group) — AUC (treatment group) « 100

(4)

AUC (control group)

2.7. Animal Studies. After getting the confirmation of the
antidiabetic potential of the proposed drug extract, further
analysis was done on diabetic rats to observe the effects of
the drug on diseased animals. For that purpose, different
tests were performed to analyze the antidiabetic effects of
E. helioscopia extract on diseased animals. The details of
tests are explained in successive studies.

2.7.1. Induction of Disease. Thirty healthy animals (Rattus
norvegicus) 90-day-old weighing were recruited and
observed for 5 days to find any issue, disease, or anomaly
in animals. The rats were fed with normal rat chow (carbo-
hydrates 43%, proteins 17%, and fats 40%) obtained from
Hi-Tech feeds Lahore and tap water ad libitum. Animals
were randomly divided into six groups, and each group
was comprised of five animals. For the induction of diabetes,
rats were subjected to fasting conditions for 12h. Then, the
animals were injected intraperitoneally with a single dose
of nicotinamide (120 mg/kg). After waiting for 15min, the
rats were injected with a single dose of 5% dextrose solution
and then with STZ (60 mg/kg) injection. The confirmation
of diabetes induction was confirmed by checking the blood
glucose levels. For the next 21 days, each group except for
the first group (NC) was given a specific food and drug dos-
ing, which are explained in Table 2. The dose solution was
given with the help of an oral gavage tube.

On the 21st day of the study, 12h fasted rats were anes-
thetized, blood was collected through the cardiac puncture,
and the rats were humanely euthanized for collection of
the pancreas. The antihyperglycemic potential of E. heliosco-
pia extract was analyzed in rats and compared with the
group with the commercially available antidiabetic drug
metformin. There were six groups of animals, and each
group contained five rats. The details of labeling and division
are given in Table 2. The doses were selected on the basis of
an existing study claiming E. helioscopia is safe up to the
dose of 2000 mg/kg [26].

The conditions for animals were maintained for 21 days,
and their glucose levels and weight variation were recorded

at regular intervals [22]. In addition, different tests were per-
formed by obtaining blood and tissue samples from animals.

2.7.2. Antihyperglycemic Analysis. For the antihyperglycemic
analysis, blood samples were obtained from each animal on
the last day of the experiment, and glucose levels were mon-
itored using the Accu-Chek Advantage II Clinical Glucose
meter. To explain briefly, the blood was obtained from the
tips of the tails of rats. The blood was placed on the tip of
the glucometer, and the glucose concentration value was
monitored [27].

2.7.3. Weight Variations. The objective of this test was to
analyze the effects of diabetes and our treatment regimens
on the weights of animals. For that purpose, weight was
monitored at the start and end of the study [28].

2.7.4. Biochemical Analysis. For biochemical analysis, three
types of testing were performed to observe the effects of E.
helioscopia extract on different biological entities, including
liver function tests, renal function tests, and lipid profiling
tests. For that purpose, different chemical entities including
triglyceride contents, cholesterol contents, high-density lipo-
protein level (HDL), low-density lipoprotein level (LDL),
very low-density lipoprotein level (v-LDL), alanine amino-
transferase level (ALT), alkaline phosphatase level (ALP),
aspartate aminotransferase level (AST), urea concentration,
and creatinine contents were analyzed and their concentra-
tions in the blood were measured.

Blood was obtained from animals on the 21st day to per-
form these tests. Briefly, the rats were given anesthesia, and
then cervical dislocation was performed by restraining the
heads of the animals and pushing them forward and down-
wards. The lower body of the animal was pulled backward by
holding it from the tail base. The blood was collected from
the heart and stored in small tubes. For further analysis,
blood samples were centrifuged at 1500rpm for 15min
[29]. For lipid profiling, LipidPro and CheKine Alanine
Aminotransferase (ALT/GPT) Activity Colorimetric Assay
Kit were utilized. For renal function analysis, ABL90 FLEX
PLUS (Radiometer, United States) was used. The data was
collected and analyzed for statistical significance, and graphs
were plotted.

2.7.5. Histopathological Analysis. After completion of the
study, the animals were sacrificed, and the pancreas was col-
lected for histopathological analysis. For analysis, instruc-
tions from Uyar and Abdulrahman were followed [30].
Concisely, the pancreas was collected and washed with cold
0.9% saline. Afterward, formalin (10% neutral buffered
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TaBLE 2: Details of the different types of treatment regimens.

Sr no. Group names Group labels Feed Treatment

L. Normal control NC Normal saline

2. Positive control PC Metformin 100 mg/kg

3. Diabetic control DC Normal saline by oral gavage
. Normal food

4. Experiment Group II EH125 125 mg/kg plant extract

5. Experiment Group II EH250 250 mg/kg plant extract

6. Experiment Group III EH500 500 mg/kg plant extract

solution) was used for tissue fixation. For further processing
and dehydration of tissues, ethanol was used, and samples
were fixed in paraffin wax. Finally, the tissues were cut into
5 um thick sections and stained with hematoxylin and eosin
(H&E). For microscopic analysis, a light microscope (Optika,
Ponteranica, Italy) was used, and it was equipped with an
optical camera that makes linear measurements. The results
were analyzed and prepared by a certified pathologist to min-
imize human error [29].

2.8. Analysis of Molecular Gene Expressions. Once the suit-
able candidate was selected through animal studies, the
effects of E. helioscopia extract on genetic expression were
evaluated. For that purpose, reverse transcriptase RT-PCR
was used. To perform the analysis, ribonucleic acid (RNA)
samples were isolated from pancreatic tissues with the help
of a TRIzol reagent. Then, the protocol described by the
complementary deoxyribonucleic acid (cDNA) synthesis
kit (Cat No. 4368814) was used to reverse transcribe the
RNA sample. The primers were designed and synthesized
for further analysis.

After obtaining cDNA, it was amplified in a thermal
cycler, and for that purpose, PCR (Cat No. 32161000) was
used. All the instructions provided by the manufacturer were
followed to obtain the amplified samples. In the meantime,
the preparation of agarose gel running was completed. The
samples were stained with ethidium bromide and run on
gel. Once the electrophoresis was done, the pictures and data
were collected and analyzed through different software to get
quantifiable results [31-33].

2.9. Data Analysis. The data was presented by taking the
mean + SD. GraphPad Prism 5.0 was used to determine
IC,, using a nonlinear regression model. Furthermore,
one-way analysis of variance (ANOVA) was also used to
analyze the data, followed by Bonferroni’s multiple compar-
ison test. The electrophoretic picture was quantified by Ima-
geJ software and GraphPad Prism 5.0.

3. Results and Discussion

After obtaining the extract from E. helioscopia, a percentage
yield was calculated, which was found to be 2.94%. These
results were in line with the results of Maoulainine et al.
[34]. In the literature, different solvents have been recom-
mended for E. helioscopia, that is, methanol, ethanol, and
chloroform; however, in this study, ethanol was used due

to its better extractive abilities, sample-to-solvent ratio, and
extraction conditions. After confirming the yield, a different
analysis was performed, and their details are given below.

3.1. Preliminary Phytochemical Screening. The objective of
this test was to confirm the presence of phenolic and flavo-
noid compounds in the extract. The results of TPC and
TFC are demonstrated in Table 3, which shows that the E.
helioscopia extract has 82.18 + 1.28 mgg ™" gallic acid equiva-
lent (GAE) phenolic content and 66.55 + 1.22 mgg ™" querce-
tin equivalent (QE) flavonoid content.

It has been found that higher flavonoid and phenolic
content increases the antioxidant, anti-inflammatory, and
anticancer potential of drugs and medicines [35]. Usually,
plant extracts show higher flavonoid and phenolic content;
that is, in a study, Zanthoxylum armatum fruit was reported
to have 22.8 +1.33mg/g phenolic content. In the current
study, E. helioscopia extracts demonstrated 82.18 mgg ',
which is in line with the results reported by Mustafa et al.
[19]. In the literature, different studies have compared the
phenolic content of different types of extracts of E. heliosco-
pia, and the methanolic extract was found to have the high-
est amount of phenols and flavonoids [34].

3.2. Antioxidation Analysis. The presence of phenolics and
flavonoids was confirmed, and this test was performed to
measure the overall antioxidative potential of E. helioscopia
extract. The results are exhibited in Figure 1(a), which shows
a higher percentage inhibition at 120 ug/mL (77.27%) with
IC;,-31.04 ug/mL as compared to ascorbic acid, which was
used as standard. Ascorbic acid demonstrated IC,,-
20.50 ug/mL with a percentage inhibition (96.08%).

It has been observed that reactive oxygen species in the
body promote the oxidization of different biological entities,
that is, proteins, nucleic acids, and lipids; however, the pres-
ence of antioxidants helps to reduce oxidative stress in the
body, which ultimately reduces the complications of diabetes
[36]. As E. helioscopia has demonstrated a good potential for
antioxidation, it may be beneficial for diabetic patients to
control the symptoms of their disease.

3.3. Quantification of Antioxidants. The purpose of the
HPLC analysis was to confirm the presence of antioxidants
in plant extract and quantify their concentration. The results
are presented in Table 4. There are three main components
of E. helioscopia extract that may be responsible for the
higher content of phenols and flavonoids.
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TaBLE 3: Total phenolic and flavonoid content in the extract.

Sr # Content name Extract quantity Quantitative analysis
Total phenolic content -1 82.18 + 1.28 mgg ' GAE
. 100 ug mL 1
2 Total flavonoid content 66.55+1.22mgg" QE
150 150
g 100 ;\g 100
g g
= z
= 2
g 50 507
EHPE IC50 = 31.04 pyg/mL -
Ascorbic acid IC50 = 20.50 pg/mL
0 4+——+ L L e e e | [ e i
0 50 100 150 0 50 100 150
Concentration (ug/mL) Concentration (ug/mL)
-8~ BHPEIC50 = 22.63 yg/mL
—e— Acarbose IC50 = 10.45 pug/mL
(a) (b)
FIGURE 1: (a, b) Percentage inhibition of E. helioscopia whole plant extract: (a) DPPH assay and (b) alpha-amylase assay.
TaBLE 4: Quantification of phytoconstituents in the E. helioscopia ethanolic plant extract by HPLC.
Compound Retention time (min) Width (min) Area (mAU:xs) Amount (ppm)
Myricetin 4.158 0.2361 253.49 52.531
Quercetin 5.808 0.2530 19.163 4.781
Sinapic acid 4.485 0.1383 277.387 8.4582

According to Yang et al., E. helioscopia contains more
than 170 components, including lipids, terpenoids, flavo-
noids, and phenols [37]. Quercetin is an important antioxi-
dant that is responsible for its antioxidant properties. It is
commonly found in grains, onions, grapes, and vegetable
leaves. In the literature, quercetin has demonstrated protec-
tive effects in diabetic patients due to its ability to decrease
oxidative stress and preserve the integrity of pancreatic f3-
cells [38]. Similarly, sinapic acid has been reported to pro-
mote mitochondrial biogenesis by upregulating the oxygen
consumption rate. In addition, it enhanced the expression
of peroxisome proliferator-activated receptor y coactivator-
la (PGC-1a) and UCP1 [39]. Myricetin is an important
component of plants that imparts antioxidant properties. It
belongs to polyphenolic compounds and has been reported
to have antihyperglycemic properties [40]. This compound
helps in the regulation of glucose transport through the
GLUT?2 pathway and is linked with increased insulin sensi-
tivity and inhibition of pancreatic -cell apoptosis [41]. In
conclusion, the presence of sinapic acid, myricetin, and quer-
cetin confirms the increase in glucose uptake and glycogen
synthesis in the body, which will, in return, improve the glu-
cose balance and lipid profiles. It will ultimately lead to a
decrease in complications and adverse reactions in the
body [42].

3.4. Antidiabetic Potential Analysis. This study hypothesized
that E. helioscopia extract has antidiabetic potential, so two
tests were performed. The details are explained in upcoming
sections.

3.4.1. a-Amylase Inhibitory Assay. The amylase inhibition
capability of E. helioscopia extract was evaluated using a-
amylase inhibitory assay, and results are demonstrated in
Figure 1. It was found that E. helioscopia extract had 85.9%
(IC4y-22.63 ug/mL) percentage inhibition of E. helioscopia
(Figure 1(b)). Surprisingly, the percentage inhibition was
close to the percentage inhibition of acarbose at 98% (ICs,-
10.45 pug/mL). A change in the absorption process of glucose
was confirmed by a reduction in the AUC.

Studies have shown that the presence of phenolics and
flavonoids increases the amylase inhibition action by bind-
ing themselves with proteins to inhibit glucoside hydrolases
[24]. In this study, the E. helioscopia extract demonstrated
significant inhibition of hyperglycemia in rats, and supervis-
ing, it was equivalent to the percentage inhibition of metfor-
min. The results corroborated the previous findings reported
in the literature [43].

3.4.2. OGTT. The OGTT is performed to analyze the body’s
response to glucose tolerance, and it is used as a screening
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g 400 5 %age antihyperglycemic effect
%D Groups Inhibition
= 3001 NC 0
g EH 125 40.33
o 200 4 EH 250 44.73
§ EH 500 50.34
s 100 - PC 59.99
<
o
L
M 0 4+ TT T T T T T T LI R 1
0 50 100 150

Time (h)

F1GURE 2: Blood glucose levels for different groups of animals through the glucose tolerance test.

test for diabetes detection. The results of this study are
exhibited in Figure 2, which shows that E. helioscopia has
excellent antiglycemic potential, which is 50.34% as com-
pared to the control drug (59.99%). In addition, this test
gave us excellent information about the effects of different
treatment regimens on blood glucose levels over time. All
the treatment arms showed that as soon as rats ingested
the food, the glucose levels started to elevate; however, the
concentration of glucose levels for treatment rats did not
have a sharp rising peak. Instead, it rose gradually and at a
lower rate than the rising levels of normal control rats. The
interesting thing about positive control was that it did not
rise at all and started to decline after 1h. Nevertheless, after
2h, for higher concentrations of E. helioscopia, the glucose
level was even lesser than levels at 0 min. The rate of the
decline of glucose levels was more prominent in EH250 rats.

It was observed that the higher the concentration of E.
helioscopia, the higher would be the blood glucose inhibition
capability. The Euphorbiaceae family is associated with mul-
tiple types of metabolites, which are responsible for the anti-
glycemic, antidiabetic, anti-inflammatory, and antioxidant-
related properties. Similarly, in another study, the antidia-
betic activity of Uapaca bojeri Bail (Euphorbiaceae) was
exhibited [44]. The literature complements the results of
our study, as Mustafa et al. and Widharna et al. have
reported the antidiabetic and hypoglycemic potential of E.
helioscopia extract [45, 46].

3.4.3. Animal Studies. Once the antioxidative and antidia-
betic ability of E. helioscopia extract was confirmed through
preliminary studies, further analyses were conducted in dia-
betic animals to observe the antidiabetic activity and confirm
its potential to be used as a treatment option for diabetes
mellitus.

3.4.4. Antihyperglycemic Analysis. The antidiabetic effects
of E. helioscopia extract were analyzed in rats, and the
results are demonstrated in Figure 3. The experimental
groups exhibited significant hypoglycemic potential in
streptozotocin-nicotinamide (STZ-NA)-loaded rats. On the
1st day, the glucose levels of EH500 were 285.4 + 2.07 as com-
pared to the positive control group PC 278.2 + 3.42 mg/dL.
These levels declined significantly (p < 0.05) to 111.8 +3.70
and 90.6 + 4.03 mg/dL on Day 21 (Figure 3). However, the

glucose levels of diabetic control on the 1st and 21st days were
299.4 + 3.04 and 460.4 mg/dL, respectively.

These results indicated the effectiveness of reducing the
blood glucose levels in diabetic rats. It also showed that
increasing the extract concentration reduced the blood glu-
cose more effectively.

3.4.5. Effect on Weight Alterations. The objective of this anal-
ysis was to observe the effects of diabetes and its treatments
on the weight of the animals. The results are exhibited in
Table 5, which shows that E. helioscopia extract had a posi-
tive impact on their health and helped to increase their appe-
tite, leading to weight gain. In comparison to the normal
group, the EH500 and other groups showed significantly
higher (p < 0.05) weights.

Variance in weight is a commonly observed phenome-
non in diabetic animal models, and weight is generally
decreased in diabetic rats [47]. Nevertheless, the rats treated
with E. helioscopia showed an increase in weight, which may
be due to the animals’ increased metabolic activity.

3.4.6. Biochemical Analysis. Diabetes affects not only the
blood glucose levels but also other biological entities, that
is, urea, creatinine, cholesterol, and triglycerides; therefore,
several biochemical analyses were performed. The details
of each test are given below.

3.4.6.1. Liver Function Tests. The effects of E. helioscopia
extract on treated animals were analyzed by performing dif-
ferent types of tests, including ALT, AST, and ALP, and the
effects on liver functions are shown in Figure 4. A significant
improvement in liver function was observed by the con-
sumption of E. helioscopia extract. The value of diabetes con-
trol for the ALP test was 289 +2.73mg/dL, which was
significantly decreased by E. helioscopia extract, particularly
by EH500, for which ALP values decreased to 138 +3.67
mg/dL. The other sample also significantly improved liver
functions. In the literature, Saleem et al. have studied the
effectiveness of E. helioscopia extract on liver functions in
two different studies and reported improvement in ALP
functions plant [26, 48].

Overall, EH500 was found to be more effective as com-
pared to EH250 and EF125. A similar trend was observed
in ALT and AST analysis, and all the samples were found to
be effective; all three tests demonstrated effectiveness in a
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TasLE 5: Effect of E. helioscopia ethanolic plant extract and metformin on body weight gain.

Days NC PC DC EH125 EH250 EH500

1 167.6 £1.14 169.4 £1.34 175.2 +1.92** 173.6 +1.14** 174 +1.58"* 176.4 +1.51*"
7 172 £ 1.58 1742 £1.92 154 +2.54*" 177.2 £2.58" 184.6 +3.13*" 186.2 +1.48"
14 183 +£3.16 178.2+1.92* 144.6 +2.30*" 187.8 +3.11" 190.2 +3.27** 192.2 +2.16™"
21 192 +1.78 190.6 £ 1.81 130.4 + 3.36™" 196.6 +1.67" 201.2 +£1.92** 204 +1.58*"

* represents p < 0.05, #* represents p < 0.01, and ##* represents p < 0.001 when compared to the normal control group.
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FIGURE 4: The effects of different treatment options on liver functions of diseased animals. *p < 0.05, **p <0.01, and ***p < 0.001 when

compared to the normal control group.

dose-dependent fashion, which may be attributed to the ame-
lioration of hepatic phosphatases and transaminases related to
decreased oxidation [24]. A decrease in ALT was observed by
using E. helioscopia extract, which may be related to the

improvement of insulin activity that resulted in a reduction
of transcription of ALT-associated gluconeogenesis [49].
Lastly, the elevated urea level due to diabetes was also restored
to normal after treatment with E. helioscopia.
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FIGURE 5: The effects of different treatment options on the renal function of the animals: (a) effects on the concentration of urea and (b)
effects on the concentrations of creatinine. *p < 0.05, **p < 0.01, and ***p < 0.001 when compared to the normal control group.

3.4.6.2. Renal Function Tests. Renal function testing helps to
understand the effectiveness of the body in removing toxins
from the kidneys. In this study, analysis was performed to
assess the removal of creatinine and urea from the body. The
results are exhibited in Figure 5, which shows that E. heliosco-
pia can reduce the concentration of both urea and creatinine
in the body. The concentration of urea and creatinine was
found to be 30.0 £ 1.58 and 0.26 + 0.05 U/L, respectively, in
normal rats, which increased to 50.60 + 2.07 and 0.74 + 0.05
for diabetic control; nevertheless, all the samples of the extract
were found to be effective and reduced the levels of both che-
micals in the body. It was also observed that increasing the
concentration of the drug has an inverse relationship with
both chemicals; that is, the amount of urea for all three extracts
(EH125, EH250, and EH500) was 44.60 + 2.07, 42.40 + 2.07,
and 35.60 + 1.94, respectively. A similar trend was observed
in creatinine analysis, as the amount was found to be 0.54 +
0.05, 0.48 + 0.08, and 0.40 + 0.07 U/L, respectively.

The levels of urea and creatinine are important biomark-
ers for the identification of renal failure as they affect the glo-
merular filtration rate, and their elevated levels indicate
nephrotoxicity. If the metabolism of animals is regulated,
the salt levels will be balanced [50]. All the groups treated
with E. helioscopia demonstrated lower levels of urea and
creatinine, which shows that this plant has a good impact
on the metabolism of animals and can regulate their metab-
olism. The Euphorbia genus has been reported in the litera-
ture as an important medicinal plant to improve renal
functions. Liu, Zeng, and Hou studied the effectiveness of
Euphorbia pekinensis in nephrotoxic rats and profiled its
mechanism of action [51]. This was an important study
because it provided evidence for toxic components and also
provided a new reference to study nephrotoxins in tradi-
tional Chinese medicine.

3.4.6.3. Lipid Profile Testing. Lipid profile testing helps to
measure the lipid and fatty content in the body. The results
of the serum lipid profile are exhibited in Figure 6, which
explains that the treatment group had better LDL, HDL,
and VLDL levels than the diabetic group. In addition, the
rate of reduction of LDL and VLDL was dose-dependent,
and the most effective composition was EH500, as it demon-
strated 54.6 +2.19 and 23.8 +0.83mg/dL, respectively, as
compared to diabetic control, which shows 79.2 + 3.34 and
34.6 +2.88, respectively. In addition, the concentration of
cholesterol and triglycerides was significantly decreased by
using E. helioscopia-based treatments.

It is known that diabetic patients usually possess lower
levels of HDLs and higher levels of LDLs, and we observed
this phenomenon in our study [52]. Plant sterols and other
phytochemicals have a positive impact on the body and help
to balance the cholesterol levels in the body; that is, in a
study, Almalki, Alghamdi, and Al-Attar [53] reported differ-
ent plants (Olea oleaster leaves, Juniperus procera, and
Opuntia ficus-indica) for having the ability to reduce the
cholesterol levels in rats. The results of our study indicated
that E. helioscopia can maintain the cholesterol levels of
the body and reduce the LDLs to avoid the complications
of diabetes. This conjecture was complemented by the anal-
ysis of cholesterol levels, which were significantly reduced in
diabetic rats by using E. helioscopia extract.

Effect of treatments on complete lipid profile. Data is
presented as mean + SD. The level of significance was esti-
mated by one-way ANOVA followed by Fisher’s LSD test
and is expressed as *p <0.05, **p<0.01, and ***p < 0.001
when compared to the normal control group. Abbreviations:
NC, normal control; PC, positive control; DC+saline, dia-
betic rats treated with normal saline; EH, E. helioscopia;
DC, diabetic control.
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F1GURE 6: The effects of different treatment options on the lipid profile of the animals: (a) effects on the levels of cholesterol and triglycerides
and (b) effects on the concentrations of LDL, HDL, and VLDL. *p < 0.05, **p < 0.01, and ***p < 0.001 when compared to the normal control
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Ficure 7: Histopathological analysis of different animals after receiving treatment. (a) Pancreatic tissues of normal animals (Group I). (b)
Damage caused by diabetes in diabetic control animals (Group II). (c) Effects of metformin on diabetic animals (Group III). (d) Effects of the
EH125 experimental sample on diabetic animals (Group IV). (e) Effects of the EH250 experimental sample on diabetic animals (Group V).
(f) Effects of the EH500 experimental sample on diabetic animals (Group VI). Black arrows show inflammation, yellow arrows indicate the
foci of beta-cell degeneration, and orange arrows exhibit acinar cells.

3.4.7. Histopathological Investigations. Figure 7(a) demon-
strates a histological examination of the pancreatic tissue of
a normal animal. The feature of this image revealed
normal-looking endo- and exocrine elements of the pan-
creas. The islets of Langerhans contained normal-looking
beta cell concentration, and the acinar cells appeared to have
a normal appearance. In addition, no evidence of any degen-
eration, inflammation, calcification, granuloma, or malig-
nancy was observed. In comparison, pancreatic tissue of
diabetic control (Figure 7(b)) revealed normal-looking exo-
crine elements of the pancreas; however, there was an
absence of islets of Langerhans. In addition, the foci of
beta-cell degeneration could also be observed. A similar dis-

appearance or shrinkage of islets of Langerhans due to diabe-
tes has been observed by Saad et al. and Elkotby et al. [54, 55],
which resulted in a decreased number of S-cells.
Nevertheless, metformin seemed to have a positive
impact as it exhibited the presence of islets of Langerhans,
which contained near the normal beta cell concentration
(Figure 7(c)). The histological tests for metformin were sim-
ilar to the results of a study by Balamash et al. in which met-
formin showed the absence of any degeneration and had a
more or less normal number of islets of Langerhans [56].
Figure 7(d) represents the effects of EH125 on the diabetic
rats and demonstrated recovered islets of Langerhans and
normal-looking exocrine elements. Surprisingly, EH250
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and EH500 had a good impact on recovery and showed
almost normal pancreatic tissues. This showed that at higher
concentrations, E. helioscopia extract has a better capability
to achieve the desired therapeutic effects. These results were
comparable to the previously reported studies in which dif-
ferent other plant extracts were used for antidiabetic activity
and found to have a positive impact on pancreatic tis-
sues [57].

Overall, a difference in the morphology of diabetic rats
and normal rats can be observed through these images,
and it proves that E. helioscopia extract may have the ability
to treat the diabetic rats and restore them to their original
form or bring them closer to the original morphology.

The histopathological examinations showed a dose-
dependent improvement in the pancreas of STZ-induced
diabetic rats when treated with E. helioscopia extract as com-
pared to the disease control group. The findings of the cur-
rent study corroborated the earlier investigation on herbal

drugs, suggesting their role in the amelioration of oxidative
damage in organs [22, 58].

3.4.8. Molecular Studies. After the confirmation of the posi-
tive effects of E. helioscopia extract on diseased animals,
EH500 was selected as the most effective concertation as it
showed the best results among all the experimental speci-
mens. Then, the effects of the EH500 were observed at the
molecular levels to observe its effects on the upregulation
and downregulation of different genes that are involved in
diabetes and insulin resistance.

3.4.8.1. Relative Gene Expression of Proliferative and
Apoptotic Regulators. The analysis of relative gene expression
was done using samples from the pancreas of the animals,
and the results are demonstrated in Figure 8(a). The gene
expression was analyzed for KI67 and Topoisomerase 2 alpha
(TOP2A). For both genes, a similar trend in gene expression



12

was observed, which was NC > PC > EH500 > saline — treated

> DC. The positive control showed gene expression closer to
the normal range. Although EH500 could not show results
equivalent to the normal range, it was closer to the normal
range and was better than diabetic control.

The results were further confirmed by checking the
expression of apoptotic regulators, that is, BAX and P53
genes, which are exhibited in Figure 8(b). The expression
of the gene was found to be higher in diabetic rats; however,
downregulation in expression was found in the treatment
arms. The EH500 sample was able to downregulate both
genes significantly, but the inhibition activity was less than
positive control, leading to a comparatively higher rate of
gene expression. Nevertheless, the downregulation of BAX
and P53 genes confirms the antidiabetic and antioxidative
potential of E. helioscopia extract.

The islets of Langerhans house pancreatic 3-cells, which
play an important role in controlling glucose levels by pro-
ducing insulin. The reduction in pancreatic -cells results
in diabetes [59]. This reduction in -cells is caused by apo-
ptosis in the pancreas. In a prediabetic patient, pathological
changes start to occur in [3-cells, resulting in cell death due
to exhaustion. The expression of KI67 is an important pre-
dictor of the evaluation of the proliferation of 3-cells in pan-
creatic tissues [60].

Similarly, the Topoisomerase II enzyme (TOP2E) has
been found to be associated with pancreatic cell proliferation
[61]. In this study, the treatment arms demonstrated expres-
sion of KI67 and TOP2A closer to the expression that
existed in normal animals. These results point out the nor-
malcy of the pancreatic S-cells, as the diseased rats would
have higher cell death rates and lesser proliferation rates.
In addition, mRNA expression of KI67 is associated with
the antioxidant activities of the drugs; thus, E. helioscopia
extract was able to preserve the integrity of pancreatic 5-cells
and maintain tissue homeostasis and growth [62].

To explore further, the relative gene expression of apo-
ptotic genes, that is, BAX and P53, was evaluated. BAX gene
(Bcl-2-associated X-protein) is a proapoptotic regulator that
codes for BAX-alpha protein. This protein is associated with
Bcl-2 and causes induction of intrinsic apoptosis [63]. The
results indicated that the use of E. helioscopia extract has less
expression of BAX genes; therefore, it may be suggested that
there was no cell degradation or apoptosis, and conse-
quently, expression of apoptotic genes was not required.
The situation was different in diabetic rats, as higher expres-
sion of BAX was causing the death of S-cells, which was
reducing insulin production and causing the accumulation
of the higher glucose levels in the body. P53 is responsible
for the suppression of tumor growth; however, it plays a
major role in metabolic activities, that is, glycolysis, -oxida-
tion, gluconeogenesis, and glycogen synthesis. In addition,
its expression is important for insulin production and a
reduction in glucose levels [64]. In this study, the expression
of P53 was downregulated after treatment, which advocated
a decline in oxidative stress and metabolic imbalance. The
reason for the reduction of oxidative stress is correlated with
the antioxidant properties of the drug, which have already
been proven in previous experiments.

Journal of Diabetes Research

3.4.8.2. Evaluation of Functional Genes. There are a number
of genes that are associated with glucose concentration and
insulin levels in the body and are greatly affected by the
onset of diabetes. This test was performed to analyze the
effects of the EH500 sample on the expression levels of these
genes and compare them with the expression levels of posi-
tive control and diabetic control. The results (Figure 9) show
that among the five genes, all were upregulated in the treat-
ment arm, and their expressions were similar to those of the
normal control group except for G6P, which was downregu-
lated. The downregulation of G6P is related to insulin-
mediated actions, and if it is knocked down or downregu-
lated, it indicates higher concentrations of insulin in the
blood. On the contrary, the upregulation of the other four
genes, GCK, GLUT4, IGF-1, and PPAR-y, is associated with
lower glucose levels; that is, GCK catalyzes the conversion of
glucose into glucose-6-phosphate, and lower levels of glu-
cose will indicate the higher levels of insulin in the body,
which will cause the upregulation of this gene. Similar rea-
sons are true for the other three genes. The experimental
sample EH500 demonstrated its ability to control diabetes.
Still, it had lesser antidiabetic effects as compared to the
commercially available product Metformin, which has been
termed a miracle drug for diabetic patients.

GLUT4 has an important relationship with insulin, as
the higher the amount of insulin, the higher will be the con-
centration of GLUT4 [65]. The results showed the lowest
concentration of glucose in diabetic rats because they have
the highest concentration of glucose and the lowest concen-
tration of insulin. The treatment arms (both positive control
and EH500) demonstrated higher expression of GLUT4,
which indicated the presence of higher concentrations of
insulin in the metabolic systems of the animals. In addition,
the results of our study were in line with Chen et al. [66],
which reported the antiglycemic potential of Chimonanthus
nitens leaf extract and demonstrated the upregulation of
GLUT4 and GLUT1 in the treatment arms. Contrary to
GLUT4, G6P has higher expression levels in diabetic rats.
The reason behind this elevation in expression is the
increased synthesis of the enzymes involved in glucose pro-
duction during diabetes by the liver. Therefore, elevation in
glucose levels is associated with higher rates of G6P expres-
sion [67]. In the treatment arm, E. helioscopia was able to
downregulate the expression of this gene because of decreas-
ing glucose levels in the body. A similar trend for G6P was
observed in our previous study, in which a plant extract of
the fig tree (Ficus johannis Boiss) was evaluated for its anti-
diabetic potential [68].

The gene called GCK plays a crucial role in diabetes
diagnosis as this gene codes for protein “glucokinases,”
which are known as “glucose sensors” in the body. It works
oppositely to G6PC; however, their coordination regulates
the free glucose in the body [65]. The lower levels of insulin
result in a metabolism imbalance, which decreases the
expression of GCK; nonetheless, the presence of antioxidants
and antidiabetic agents helps to restore the metabolic balance
in the body, which results in the upregulation of this gene.
This also showed that treatment arms started to control the
glucose concentration by using glycolysis, glycogenesis, and



Journal of Diabetes Research

13

400 -
;\3 300 A sk
=}
S
5 200 4
()
=}
(5]
oo
£
=
5}
& 100 A s
kol ok
0 Vi
IGF-1
NC
E&E pc
[ DC+saline

FIGURE 9: Effect of the treatments on relative mRNA expression of functional genes. *p < 0.05), **p < 0.01, and ***p < 0.001.

gluconeogenesis [69]. A similar trend was observed in the
expression of IGF-1 and PPAR-y genes. IGF-1, also known
as somatomedin C, is one of the major regulators of lipid
and glucose levels in the body. In the presence of higher glu-
cose levels, its expression is downregulated, as we observed in
our diabetic rat. However, balanced glucose and insulin levels
improve lipogenesis and insulin sensitivity, which results in
higher expression of IGF-1 [70].

Overall, the EH500 demonstrated promising results in
regulating glucose concentration and insulin levels. It was
not only able to downregulate BAX and P53 genes, which
have apoptotic potential, but also upregulate Ki67 and
TOP2A, showing the maintenance of the integrity of pancre-
atic $B-cells. In addition, all the functional genes that regulate
the blood glucose levels were effectively expressed and dem-
onstrated good control over blood glucose and insulin levels.
By looking at these results, it may be concluded that EH500
has the potential to decrease the glucose levels in the body
and may be used as an alternative for commercial products.

4. Conclusion

The medicinal effects of E. helioscopia extract were reported
in the literature, and this study provides an in-depth glimpse
of the antioxidative and antidiabetic potential of this plant
through different in vitro and in vivo studies. This can be
attributed to the improvement in pancreatic functions,
which is evident from the morphological evaluation of the
pancreas. Quercetin, myricetin, and sinapic acid were quan-
tified and may be responsible for the in vitro and in vivo
antidiabetic potential. These flavonoids and phenolic acid
may have exerted a potential role in the regulation of glucose
by modulating GLUT4, G6P, IGF-1, and GCK in T2DM
rats.

4.1. Limitations of the Study. The study can be improved by
measuring serum insulin levels and applying a homeostatic
model assessment for insulin resistance (HMOA-IR).
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