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ABSTRACT

Background: The prevalence of diabetes mellitus is on the inexorable rise despite the promises of a wide range of
conventional medications. Thus, there is a need to scientifically investigate plants for antidiabetic effect.
Methods: After the Rubus Erlanrige Engl (Rosaceae) leaf has been decocted, the plant extract’s antidiabetic activity
was first investigated in vitro and then in vivo. The in vitro activity was assessed using 3, 5-Dinitrosalicylic acid,
and 2,2-diphenyl-1-picrylhydrazine method for a-amylase inhibition and antioxidant effect respectively. On the
other hand, the in vivo antidiabetic activity was carried out in normoglycemic, glucose loaded (2.5 g/kg) and
single dose streptozotocin (200 mg/kg) induced diabetic mice.

Results: Acute toxicity study showed the extract is safe with >2 g/kg. The in vitro results demonstrated the extract
has an IC50 of 7.34 + 0.02 and 10.38 + 0.0.62 pg/ml for antioxidant and o-amylase inhibition activity
respectively. On the other hand, the in vivo study revealed that the extract significantly reduced blood glucose
level following glucose loading. The extract did not, however, produce a significant reduction of glucose level in
normal mice indicating low risk of hypoglycemia. The extract also significantly decreased blood glucose levels in
streptozotocin-induced diabetic mice. In the single dose study, the extract lowered blood glucose level all except
by lower dose at the 3" and 4™ h (p < 0.05). In repeated dose studies, the reduction in fasting blood glucose was
significant with all doses of the extract from the 2" week onwards. In addition, the extract produced less
reduction in body weight after diabetic induction.

Conclusion: The findings collectively indicate that the extract has an antidiabetic activity, with low risk of hy-

poglycemia, probably mediated by various secondary metabolites that act in synergy.

1. Background

Diabetes mellitus (DM) is a group of metabolic diseases characterized
by hyperglycemia resulting from defects in insulin secretion and/or in-
sulin action [1]. The chronic hyperglycemia in diabetes is associated
with long-term damage, dysfunction, and failure of different organs,
especially the eyes, kidneys, nerves, heart, and blood vessels. Failure of
these organs is frequently associated with development of macro- and
microvascular diseases [2]. Now a days, DM is becoming a disease of
major concern both globally and regionally and is a leading cause of
death in most countries [3]. It is one of the four major
non-communicable diseases comprising, cardiovascular diseases, can-
cers and chronic respiratory diseases, which jointly contributes to 63%

of non-communicable deaths worldwide [4].

The autoimmune destruction of p cells, which is a key factor for in-
sulin deficiency leading to hyperglycemia, could result from genetic,
environmental and immunologic factors [5]. Moreover, DM is caused by
other numerous mechanisms, including increased oxidative stress,
postprandial hyperglycemia, glucose autoxidation and non-enzymatic
protein glycation. Oxidative stress plays important role in the impair-
ment of insulin action and exacerbation of DM complications. Antioxi-
dants including ascorbic acid have shown to have a prospect in the
treatment of DM [6]. Postprandial hyperglycemia which invigorates
insulin resistance is associated with increased polysaccharide break-
down. a-amylase enhances this phenomenon through converting oligo-
saccharides and disaccharides to monosaccharides. Therefore, lowering
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the digestion and breakdown of starch may have beneficial effects on
insulin resistance and glycemic index control in people with diabetes
[71.

Despite the availability of many convetional prescription medica-
tions, numerous side effects, which are intolerable for many patients is
on the rise. In recent years, the search for alternative therapeutic agents
in the treatment of diabetes has been the focus of scientific research, as
medicinal plants with diverse actions have been used traditionally for
the control, management and/or treatment of DM in many parts of the
world [8].

Rubus erlangeri Engl (Rosaceae) is an endemic plant to Ethiopia and
belongs to the genus of Rubus [9]. The family is mostly found in
temperate regions and comprises more than 100 genera and about 3000
species [10]. In traditional medicine, many species of this genus are used
for the treatment of DM. For instance, R. caesius in Iran [11]; R. sanctus
in Turkey [12]; R. ulmifolius in Moroco [13]; leaves of R. fruticosu in
India [14] and infusion of leaves of R. apetalus poir in Tanzania [15] are
widely used for this purpose. In Ethiopia, the leaves of R. steudneri and
R. apetalus are used for DM as decoction [16]. The antidiabetic effects of
some of the plants in this species have also been evaluated experimen-
tally and showed a promise in reducing blood glucose level (BGL)
[17-20]. Little or no information is, however, available regarding the use
of R. erlangeri for DM in the literature, many of the species from this
genus have been claimed or shown to have antidiabetic property. From
chemotaxonomic knowledge and molecular phylogenetic data, if some
species from genera or families known to have an effect such as the
above mentioned against certain disease conditions, the others too are
believed to be associated with a certain bioactivity or therapeutic po-
tential. The reason behind this is, plants within the same phylogenetic
groups may share similar genetics, thus possess similar
chemical-producing potentials, which in turn exhibit similar therapeutic
effects. Thus selection of species from these hot taxa would lead to
higher success rates in drug discovery [21,22]. The experimental plant,
Rubus erlangeri, was selected based on this notion. Therefore the present
study attempted to evaluate antidiabetic activity of the leaves of R.
erlangeri first in vitro and then in vivo.

2. Materials and methods
2.1. Drug chemicals and materials

STZ (Streptozotocin) and 3,5-Dinitrosalicylic acid (DNSA) (Sisco
Research Laboratories Pvt. Ltd, India), a-amylase (Blulux Laboratories
Pvt. Ltd., Faridaban, India), Acarbose (Bayer, Germany), Aluminum
chloride, sodium carbonate, sodium nitrate, starch, sodium chloride,
sodium hydroxide, potassium sodium tartrate tetrahydrate, disodium
hydrogen phosphate and sodium dihydrogen phosphate (BDH Labora-
tory Supplies Ltd, England), 2,2-diphenyl-1-picrylhydrazine (DPPH),
Galic acid, qurcetin and Folin-Ciocalteu’s reagent (Sigm Chemicals Co,
St. Louis, MO, USA), glibenclamide (Sanof-Aventis, USA) and glucose
(Munchen, Germany).

2.2. Plant material

The leaves of plant were collected in March 2019 from Tocha
Wereda, Dawro Zone, Southern Nations, Nationalities, and peoples Re-
gion, which is about 500 km southwest of Addis Ababa, Ethiopia.
Identification and authentication of the plant specimen was performed
by a taxonomist Ato Melaku Wondafrash and a voucher specimen was
deposited (voucher number of AGO01) at the National Herbarium,
College of Natural and Computational Sciences, Addis Ababa University
for future reference.

2.3. Experimental Animals

Healthy Swiss albino mice (body weight, 25-35 g; age 8-10 weeks
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old) were used for the experiments. Female mice were used for acute
oral toxicity and male mice for STZ induced diabetic model. In addition,
randomly selected mice with either sex were used for normoglycemic
and oral glucose tolerance test (OGTT). All mice were obtained from the
animal house of School of Pharmacy, College of Health Sciences, Addis
Ababa University. Mice were maintained under standard conditions and
fed on standard pellet diet and water ad libitum. They were acclimatized
to the environment for one week before commencement of the experi-
ment. Animal handling procedure and killing methods were done ac-
cording to international accepted guidelines [23,24]. Moreover, each
procedure was approved by IRB of the School of Pharmacy.

2.4. Preparation of plant extract

The leaves of R. erlangeri were dried under shade and then pulverized
using a mortar and pestle to get a coarse powder. Decoction method was
used for extraction. A portion of R. erlangeri powder (150 g) was boiled
with 1.2 L of Distilled Water [25] for 15 min [26,27] and was allowed to
cool. After cooling, it was filtered through muslin cloth followed by
Whatman grade No 1 filter paper (Schleicher and Schuell Microscience
Gmbh, Germany). The filtrate was then frozen in a deep freezer and
dried in a lyophilizer (Operon, Korea). Finally, The extract was then
packed in a bottle and stored in a desiccator until use.

2.5. Preliminary phytochemical screening

Screening of secondary metabolites such as saponins, polyphenols,
flavonoids, alkaloids, tannins [28], steroids, glycosides, and terpenoids
was done following the standard procedures with some modifications
[29].

2.6. Determination of total phenol content

The total phenolic content of the R. erlangeri leaf extract was deter-
mined using Folin-Ciocalteu reagent [30]. One ml of aliquots and
standard gallic acid (6.25, 12.5, 25, 50, 100 pg/ml) was placed into the
test tubes, and shortly after adding 5 ml of distilled water and 0.5 ml of
Folin Ciocalteu’s reagent the mixture was shaken. Five minutes later,
1.5 ml of 20% sodium carbonate was added and volume made up to 10
ml with distilled water following this it was allowed to incubate for 2 h
at room temperature. The intense blue color was developed. After in-
cubation, absorbance was measured at 750 nm (Jenway, model 6500).
The extract (sample) was initially prepared with a concentration of
1mg/1 ml in distilled water. Then, the same procedure was followed
similar to the standard gallic acid mixture preparation to make a volume
of 10 ml. The blank was performed using reagent blank with solvent. The
calibration curve was plotted using standard gallic acid. The data for
total phenolic contents of the extract expressed as mg of gallic acid
equivalent weight (GAE)/g of dry mass. All the analyses were repeated
three times and the mean value of absorbance was obtained.

2.7. Determination of total flavonoids

The aluminium chloride colorimetric assay method was used for the
determination of the total flavonoid content of the sample [31]. One ml
of the standard quercetin solution (0.065, 0.125, 0.25, 0.5, and 1
mg/ml) was placed into test tubes and 0.3 ml of 5% sodium nitrite so-
lution was added into each. After 5 min, 0.3 ml of 10% aluminum
chloride was added. At 6 minute, 2 ml of 1 M sodium hydroxide was
added. Finally, volume was made up to 10 ml with distilled water and
shaken well. The absorbance of each quercetin solution was determined
at 510 nm (Jenway, model 6500) after 30 min of incubation. Similarly,
1 ml having a concentration of 1mg/1 ml of plant extracts was mixed
instead of 1 ml gallic acid with the same reagents as described above in
three different test tubes. The absorbance was measured against a re-
agent blank, which was composed of the same reagents except for test
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extract or the standard quercetin.

The total flavonoid content (TFC) in the extract was calculated using
Eq. (1). The result was expressed as mg quercetin equivalents per g of
dried weight sample (mg QE/g d.w.). All the analyses were repeated
three times and the mean value of absorbance was obtained.

TFC = CxV/M (€]

Where C is the sample concentration from the calibration curve (mg/
ml), V is the volume (ml) of the solvent used to dilute the extract, and M
represents the weight (g) of the dried extract used.

2.8. In-vitro antidiabetic activity

2.8.1. Determinations of a-amylase inhibition activity

a-amylase inhibition assay was performed using the 3,5-Dinitrosali-
cylic acid (DNSA) (Sisco Research Laboratories Pvt. Ltd. Mumbai, India)
method with a slight modification [32]. Accordingly, different concen-
trations (10-500 pg/ml) of both extract and acarbose (Bayer, Germany)
were prepared. Following this, a volume of 200 pl of a-amylase solution
(2 units/ml) was mixed with 200 pl of each concentration of the extract
and acarbose and incubated for 10 min at 30 °C. Thereafter, 200 pl of
starch solution (1% in water (w/v)) was added to each test tube. The
reaction was terminated after 3 min by adding 200 pl of DNSA (DNSA
reagent was made by mixing 12 g of sodium potassium tartrate tetra-
hydrate in 8.0 mL of 2 M NaOH with 96 mM of DNSA dissolved in 20 mL
of DW). Test tubes containing all the above added solution were then
boiled for 10 min in a water bath at 85 °C. The mixture, which has or-
ange color was then cooled to ambient temperature and diluted with 5
ml of distilled water (DW), and the absorbance was measured at 540 nm
using a UV-Visible spectrophotometer (Jenway, model 6500). The blank
with 100% enzyme activity was prepared by replacing the plant
extract/acarbose solution with 200 pl of buffer. In addition, buffer
without enzyme solution, and each concentrations of inhibitor (extract
or acarbose) without enzyme was prepared as the same procedure
mentioned above. The a-amylase inhibitory activity is expressed as
percent inhibition and was calculated using the equation given below.
Finally, the % a-amylase inhibition was plotted against the extract and
acarbose concentration and the IC50 value was obtained from the graph
for both extract and standard drug [33]. Measurement was carried out
three times and the average IC50 was taken.

Inhibition (%) = W x100,where Ac refers to the
absorbance of control (enzyme and buffer); Acb refers to the absorbance
of control blank (buffer without enzyme); As refers to the absorbance of
sample (enzyme and inhibitor); and Asb is the absorbance of sample

blank (inhibitor without enzyme).

2.8.2. Determinations of antioxidant activity

Free radical scavenging activity of R. erlangeri was examined using
2,2-diphenyl-1-picrylhydrazine (DPPH) (Sigma Chemicals Co, St. Louis,
MO, USA) assay [34]. Both the plant extract and the standard, ascorbic
acid (Vitamin C), were dissolved in methanol and different concentra-
tions (1000, 500, 250, 125 and 62.5 pg/ml) were prepared. DPPH (5 ml
of 0.004% methanol solution) was mixed with 50 pl of each extract and
ascorbic acid solution. The mixture which has purple to yellow color was
then incubated at a temperature of 37 °C for 30 min in hot oven. The
blank solution was prepared by replacing 5 ml of DPPH with 50 pl
methanol in place of extract or positive standard. Finally, the absor-
bance of each sample was measured at 517 nm using
UV-spectrophotometer (Jenway, model 6500). For each mixture,
absorbance was measured trice and the average value was taken.
Percent inhibition was calculated using the equation below and the IC50

value of each sample, was obtained from dose vs. inhibition curve.
WXNO. Where, Ao is absorbance of the negative control
(0.004% methanol solution of DPPH without test sample) and As is the

absorbance of the solution in the presence of sample extract or ascorbic
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acid.

2.9. Acute toxicity study

Acute toxicity for R. elangeri aqueous leaf extract was performed
according to Organization for Economic Co-operation and Development
guideline 425 [35]. For the study, five female mice of 6-8 weeks old
were used. All mice were fasted for 4 h before and 2 h after adminis-
tration of the extract. Test was first performed with a dose of 2000
mg/kg on a single mouse and this was followed by repeating the test on
the remaining 4 mice as per the guideline.

2.10. In-vivo antidiabetic activity

2.10.1. Grouping and dosing of animals

In both normoglycemic and OGTT, animals of either sex were
randomly divided into five groups (negative control, positive control
and three test groups), each comprising of 6 animals per group. Group I
(negative control, NOC) and Group II (positive control, GL5). Group III,
IV and V were treated with 100 mg/kg (RELE100), 200 mg/kg
(RELE200) and 400 mg/kg (RELE400) doses of R. erlangeri leaf extract,
respectively. For STZ induced diabetic model, after inductions of dia-
betes, mice were divided into 6 Groups (6 mice per group), one group
was normal control without STZ injection (Group I, NOC). The others
were: Group II (negative control, NC, dosed with DW), Group III (posi-
tive control, GL5). Group IV (RELE100), V (RELE200), and VI
(RELE400). In all three models, the negative and normal controls
received DW, whereas the positive control group was treated with 5 mg/
kg glibenclamide (GL5) (Sanofi-Aventis, USA). All administrations were
performed through oral route with a maximum volume of 10 mL/kg.

2.10.2. Measurement of blood glucose level

Blood samples were withdrawn from the tail vein of mouse by cutting
the tip of the tail using scissors in all animal models. To prevent infection
at the tip of the tail, 70% ethanol using cotton was applied during each
measurement. BGL was measured using glucometer and glucose stan-
dard strip/kits (Smart lab,Gmbh, Germany). Measurement was carried
out three times and the average value was taken. For STZ model,
particularly in studying the repeated dose effect BGL from animals
without food for 8 h was considered as FBG level [36]. During fasting
time in all in vivo models, animals were placed in a bare cage to prevent
feeding of sawdust for specified fasting time.

2.10.3. Induction of diabetes

Diabetes was induced using single high dose of STZ. The dose of this
agent required for inducing diabetes depends on the animal species,
route of administration and nutritional status [37]. Therefore, to
determine at what dose STZ would induce DM in this experiment, a pilot
study was carried out at three dose levels (150 mg/kg, 180 mg/kg and
200 mg/kg). Accordingly, 200 mg/kg was selected as it produced better
results. Prior to STZ injection, mice were fasted for 6 h. STZ was first
dissolved in freshly prepared 0.1 M citrate buffer and the pH was
adjusted to 4.5. It was then given to each mouse immediately. They were
then provided with food and 5% glucose in place of water for the next
24 h to prevent death associated with hypoglycemia. After 72 h, FBG
was assayed and animals with FBG >200 mg/dl were considered dia-
betic [38,39].

2.10.4. Assessment of hypoglycemic activity in normal mice

Hypoglycemic effect of the extract was assessed on normoglycemic
mice. Mice were fasted for 6 h with free access to water and randomly
divided into 5 groups as described in grouping and dosing section. Blood
samples were collected from animal tail veins at 0, 1, 2, 3 and 4 h after
treatment [40] for BGL determination using a one touch glucometer and
glucose standard strip/kits (Smart lab,Gmbh, Germany).
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2.10.5. Oral glucose tolerance test

An antihyperglycemic effect of extract was done on overnight fasted
mice (14 h). After fasting, mice were randomly divided into 5 groups (6
mice per group). Baseline BGL was measured (just immediately before
giving each agent based on their grouping). Thereafter DW, extract and
standard drug were administered. Thirty mins post administrations of
each agent; animals were loaded with 2.5 g/kg of glucose solution
orally. Blood glucose levels were then measured after 30, 60 and 120
min [41].

2.10.6. Streptozotocin induced diabetic mice

2.10.6.1. Single dose study. Effect of single dose of aqueous extract was
carried out on STZ induced diabetic mice. After fasting for 14 h, blood
sample was collected at 0 h (just before treatment), 1, 2, 3, and 4 h after
treatment as per the respective grouping [40].

2.10.6.2. Repeated dose studies. Anti-hyperglycemic activity of repeated
dose of the extract was carried out in STZ induced diabetic mice. Based
on their grouping, diabetic mice were given DW, standard drug or
extract for 3 weeks. The non-diabetic group (NOC) was also adminis-
tered DW for the same time. The blood glucose lowering effects of
extract was then determined by measuring FBG every seven days for
three weeks. BGL of diabetic mice were measured just before starting
treatment on the 1% day of treatment (3 days after STZ injection) as
baseline, and then on the first, second and third week following fasting
for 8 h [42].

2.10.6.3. Body weight determination. Body weight reduction effects of
STZ and improvement in body weight change by extract and standard
were determined. The body weight of all the treated and control group
of mice were recorded before treatment (on day 0) and during treatment
period i.e. at the end of first, second and third week using an electronic
balance.

2.11. Statistical analysis

All statistical analyses were performed using international business
machine of statistical package for the social Sciences, (IBM SPSS),
version 25 for windows (SPSS inc, Chicago, Illinois, USA). For in vitro
Studies, independent sample t-test was employed. And, for in vivo anti-
diabetic effect, statistical differences between groups was analyzed by
one-way analysis of variance (ANOVA) followed by Tukey post hoc test.
A two-way ANOVA followed by Tuckey’s tests was also used. Results
were expressed as mean =+ standard error mean (SEM) and P-values less
than 0.05 were considered as statistically significant.

3. Results
3.1. Percentage yield

From 150 g of dried leaves, 14 g of brown coarse powder with a
percentage yield of 9.3% was obtained.

3.2. Acute toxicity study

Physical and behavioral observations of the experimental mice
revealed that there is no visible sign of toxicity with a dose of 2 g/kg.
This indicates that Median Lethal Dose (LDsg) of the extract is greater
than 2 g/kg.

3.3. Preliminary phytochemical screening

The preliminary phytochemical screening of aqueous leaf extract of
R. erlangeri revealed the presence of saponins, polyphenols, flavonoids,
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alkaloids, tannins, and glycosides.
3.4. Determination of total phenol content

The total phenolic content was derived from the calibration curve (Y
= 0.0076x - 0.0873, R? = 0.9663) of quercetin (6.25-100 pg/ml) and
expressed in mg gallic acid equivalence (mg GAE/g) per g dry extract
weight (Fig. 1). From the calibration curve the total phenolic content of
R. erlaneri aqueous leaf extract was found to be 693 mg of GAE/g of
extract.

3.5. Determination of total flavonoids

The content of total flavonoids in R. erlangeri aqueous leaf extract
was determined from the regression equation of the calibration curve (y
= 0.5351x+ 0.1667, R2 = 0.9841) and expressed as mg of quercetin
equivalents (QE) (Fig. 2). In this study, the total flavonoid content of the
extract was found to be 77 mg QE/g.

3.6. In vitro antidiabetic effect

3.6.1. a-amylase inhibition activity

The test showed that the extract has an appreciable a-amylase
inhibitory effects when compared with acarbose. Fig. 3 depicts how IC50
was derived from the standard curve just by taking the values of first
measurment. The formula is expressed as a function of Y(AC) for acar-
bose and Y(EX) for extract. The average IC50 value for the triplicate
measurements was 7.51 + 0.96 for acarbose and 10.38 + 0.62 pg/ml for
aqueous leaf extract of R. erlangeri. Comparing the IC50 values obtained
from each triplicate measurement, there was no apparent difference
between acarbose and the extract (Fig. 3).

3.6.2. Antioxidant activity

The IC50 values of ascorbic acid and aqueous leaf extract were ob-
tained from the equations represented by a function of Y(A) and Y(EX)
for ascorbic acid and extract, respectively (Fig. 4). Once again, Fig. 4
shows how IC50 values were derived jut by taking the first measure-
ment. The IC50 value for ascorbic acid and extract were found to be
5.91 + 0.39 pg/ml and 7.34 + 0.02 pg/ml respectively. Comparison
between the two values did not produce a significant difference.

3.7. Acute toxicity study

The acute toxicity test result of this study revealed that the aqueous
leaf extract of R. erlangeri was safe by oral route at a dose of 2000 mg/kg.
After 24 h, animals were found to tolerate the administered dose and
there was no sign of toxicities displayed in any of the mice within two
weeks.

3.8. In-vivo antidiabetic activity

3.8.1. Hypoglycemic effects of the extract

The FBG level was not significantly different among groups before
giving each agent (t = 0) (Table 1). GL5 produced a significant BGL
reduction at the 3™ and 4™ h (p < 0.01) compared to the negative
control. By contrast, the extract did not cause a decline in BGL at the
doses used in all time points compared to controls. There was no
apparent difference in BGL neither between the standard and extract nor
amongst the different doses of the extract (Table 1).

3.8.2. Antihyperglycemic effect of extract in oral glucose tolerance test
Glucose loading produced hyperglycemia after 30 min of adminis-
tration in all groups, with a maximum increase achieved with the
negative control (164%) (Table 2). Unlike the standard, which signifi-
cantly reduced BGL (p < 0.05), no appreciable effect was observed with
the extract at any of the doses after 30 min of glucose loading. Effect of
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Fig. 2. Total flavonoid content for standard quercetin, R? values represented mean data set of n = 3.

the extract started to be apparent as time went by and significant decline
was noted at 60 min by all doses, which was maintained by the middle
(REL200) and higher (REL400) doses until the end of the experiment
(Table 2).

3.8.3. Antihyperglycemic effect of the extract in streptozotocin-induced
diabetic mice

Of the 120 mice used for diabetic induction (60 mice for each single
and repeated dose studies), 76 mice were found to be diabetic, pro-
ducing a success rate of 63.3%. Among the diabetic mice, 10 were
excluded from the experiment, since their FBG level was above the
detection limits of the glucometer. Although no death was observed at
the time of induction, four mice died at the end of the first week (2 from
negative control, 1 from RELE200, and 1 from RELE400). However, this
was compensated by inducing other mice as per protocol.

3.8.3.1. Single dose studies. After DM was induced, there was no sig-
nificant difference in the initial BGL among the diabetic groups
(Table 3). NC mice had significantly higher (p < 0.001) FBG levels with
mean value > 200 mg/dl at all-time points compared to NOC mice.

Group analysis revealed that once again GL5 had a rapid onset of action,
as it produced a significant decline (p < 0.05) in the ond h, which
continued till the end of the experiment. RELE200 and RELE400 reduced
FBG level significantly (p < 0.05) at the 3" and 4™ h, but this effect was
not shared by RELE100. Although there was no detectable difference
between the extract and standard at all timepoints, RELE400 and GL5
were the only regimen that brought values to NOC levels at the 4t p
(Table 3).

3.8.3.2. Repeated dose studies. Compared to NOC, NC group had
significantly higher (p < 0.001) FBG level with mean value > 200 mg/dl
at all-time points. Neither the extract nor the standard produced a sig-
nificant reduction in BGL in the first week. RELE100 (P < 0.01) and the
two other regimens (p < 0.001) in the 2" week and all doses in the third
week (p < 0.001) however, produced a significant (Table 4). Though
RELE100 was able to reduce BGL compared to NC group, it did not bring
down BGL levels to NOC values unlike the other groups.

3.8.4. Effect of aqueous leaf extract on body weight change
Body weight reduction was noted with the NC in the 2™ (p < 0.001)
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and 3™ (p < 0.001) week compared to the NOC group. Treatment with
the extract as well as the standard attenuated body weight reduction at
the 3™ week compared to the NC group (Table 5).

4. Discussion

In the present study, before proceeding to in vivo experiment, the
antidiabetic effect of the leaves of R. erlangeri was first evaluated in vitro
by determining a-amylase inhibition activity. This enzyme is found in
the brush borders of the intestine, whose function is hydrolyzing com-
plex polysaccharides with the help of a-glycosidase. The later enzyme
converts oligosaccharides and disaccharides to monosaccharides and
increases postprandial glucose levels. Thus, one therapeutic approach in
DM treatment is the prevention of carbohydrate absorption after food
intake by inhibition of these enzymes. Moreover, lowering the digestion
and breakdown of starch may have beneficial effects on insulin resis-
tance and glycemic index control in people with diabetes [32]. The

result from a amylase inhibitory effect suggested that the plant is
endowed with antidiabetic activity since there was no significant dif-
ference between IC50 values of the standard drug and extract (7.51 +
0.96 for vs 10.38 + 0.62 pg/ml). Rubus species are potential sources of
cyanidin-3-rutinoside, which is an anthocyanin polyphenolic compound
[43]. Combinations of cyanidin-3-rutinoside have been shown to reduce
the postprandial blood glucose after maltose and sucrose loading in rats
[44]. Therefore, the activity of this plant extract against a-amylase
might be due to the content of this phenolic compound. In addition, this
in vitro result demonstrated that one of the mechanisms for the antidi-
abetic activity of the extract might be through delaying carbohydrate
digestion and reducing the postprandial plasma glucose rise.

It is believed that oxidative stress plays important role in the
impairment of insulin action and exacerbation of DM complications.
Antioxidants including ascorbic acid have been shown to have a pros-
pect in the treatment of diabetes [45]. Hence, the use of antioxidants
along with antidiabetic drugs is frequently recommended to avoid such
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Table 1
Effect of aqueous leaf extract of Rubus erlangeri on blood glucose level of nor-
moglycemic mice.
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Table 3
Antihyperglycemic effects of single dose aqueous leaf extract in streptozotocin-
induced diabetic mice.

Groups Blood glucose Level (mg/dl) Groups FBG level (mg/dl)
0 min 1h 2h 3h 4h 0h 1h ond jy 3rdp 4thp
NOC 99.4 + 2.74 85.40 + 89.20 + 79.20 + 76.8 +£5.24 NC 286.00 + 284.00 + 277.80 + 274.60 + 269.00 +
5.28 7.91 6.11 12.9% 13.60%° 13.88 A¢ 13.80%¢ 14.20%¢
GL5 101.00 + 72.00 + 65.00 + 55.20 + 50.60 + NOC 91.6 + 90.00 + 87.80 + 84.80 + 83.44 +
11.58 8.67 8.05 2.20 AP 0.87 A0 1.16 0.94 1.31 0.66 0.87
RELE100 96.20 + 83.60 + 73.60 £ 66.00 + 63.40 + GL5 280.60 + 239.20 + 186.60 + 175.00 + 133.00 +
3.35 4.06 2.11 4.33 4.87 18.10%¢ 12.80%¢ 13.55AaBa 17 26 AaBb 8.56 B¢
RELE200  96.60 + 83.20 + 74.80 + 65.60 + 62.73 + RELE100  284.00 + 266.00 + 259.20 + 230.00 + 202.60 +
5.04 3.27 4.58 2.20 1.86 21.38%¢ 20.96 A¢ 18.02 A¢ 21.05 A¢ 29.80
RELE400 98.40 + 78.40 £ 76.60 £ 67.80 + 63.00 £ Ab
2.95 6.37 5.73 5.72 2.34
R RELE200 298.80 + 258.60 + 239.20 + 190.80 + 186.40 +
Each valu: represents mean + S.E.M; n = 6; Analysis was performed by one way 24.99A¢ 26.70 36.87 Ac 27.93 26.50
ANOVA; “compared to negative control; number followed by RELE and GL in- Ac AbBa AbBa
dicates dose in mg/kg; °p < 0.01. RELE400 297.80 +  252.00 + 200 + 173.20 £ 154.20 +
Abbreviations: NC, negative control; GL, glibenclamide; RELE, Rubus erlangeri 13.70%% 17.42 A¢ 13.50%P 12.99/3B2 12.06%2

leaf extract.

Table 2
The Effect of aqueous leaf extract of Rubus erlangeri on oral glucose tolerance
test.

Groups Blood glucose Level (mg/dl) % BGL
increment

0 min 30 min 60 min 120 min at 30 min

NC 94.40 + 249.80 + 209.45 + 123.20 + 164.60
3.93 34.63 34.95 15.72

GL5 96.20 + 110.60 + 72.40 + 56.80 + 15.00
6.38 18.85 42 9.24 A¢ 3.02 A¢

RELE100 90.40 + 166.8 + 119.80 + 89.80 + 84.50
8.31 12.35 8.572 5.03

RELE200 84.80 + 137.40 + 103.80 + 70.20 + 62.02
6.41 9.76 3.69 AP 3.07 AP

RELE400 90.00 + 170.00 + 109 + 81.00 + 88.80
2.30 12.41 10.392 9.76 AP

Note: Each value represents mean + S.E.M; n = 6; Analysis was performed by
one way ANOVA; Acompared to negative control; number followed by RELE and
GL indicates dose in mg/kg; ®p < 0.05; ®p < 0.01; °p < 0.001. Time refers after
glucose loading.

Abbreviations: NC, negative control; GL, glibenclamide; RELE, Rubus erlangeri
leaf extract.

problems [46]. The extract is shown to have a good antioxidant profile,
which is comparable with vitamin C. Once again, no significant differ-
ence was observed between the IC50 values of Vitamin C and the extract
(5.91 £ 0.39 vs. 7.34 + 0.02 pg/ml), suggesting that the extract is
endowed with radical scavenging activity, a beneficial effect in treating
DM. The experimental plant might also exert antidiabetic activity
through the enhancement of endogenous free radical scavenging en-
zymes. There is evidence that the administration of leaf extracts of
R. apetalus and R. steudneri, which are both in the same genus as the
experimental plant, increased levels of endogenous free radical scav-
engers such as superoxide dismutase, glutathione peroxidase, total
thiols, and catalase in diabetic mice [47].

The above findings called for the need to do the antidiabetic activity
in in vivo model. Therefore, the effect of the extract on BGL in normal
mice for hypoglycemic and in oral glucose loaded normal mice, as well
as STZ induced diabetic mice for antihyperglycemic activity, was initi-
ated. The normoglycemic studies revealed that the aqueous extract of
R. erlangeri had no hypoglycemic activity compared to normal control,
suggesting a lower risk of hypoglycemia. The slight reduction in BGL in
negative control is attributed to extended fasting time in between
measurements.

A drug that is effective in diabetes will have the ability to control the
rise in glucose level by different mechanisms and the ability of the

Each value represents mean + S.E.M; n = 6; Analysis was performed by one way
ANOVA; “compared to normal control; Bcompared to negative control; number
followed by RELE and GL indicates dose in mg/kg; ®p < 0.05; ®p < 0.01; %p <
0.001.

Abbreviations: NOC, normal control; NC, negative control; GL, glibenclamide;
RELE, Rubus erlangeri leaf extract.

Table 4
Antihyperglycemic activity of aqueous leaf extract of Rubus erlangeri on weekly
fasting blood glucose level in streptozotocin-induced diabetic mice.

Groups Weekly FBG level (mg/dl)
Initial 1% ond 3d

NOC 96.40 £ 0.67  97.80+£0.97  97.60 + 0.51 96.80 + 0.86

NC 357.00 + 374.00 + 393,60 +29.61  394.80 +26.19
23.01 Ac 27.72 Ac Ac Ac

GL5 323.60 + 223.00 + 158.20 +28.31  86.40 + 5.99 B¢
45.47 A¢ 42.09 A2 Be

RELE100  320.40 + 312.60 + 232.40 +£40.26  205.20 + 31.47
25.80AC 54.41A1 AaBb AcBc

RELE200  307.60 + 288.00 + 197.00 +21.86  188.00 + 20.40
33426AC 35.25Aa Bc Be

RELE400  315.00 + 256.60 + 197.20 £22.69  179.60 +
35.12¢ 29.49 Aa Be 15.14%

Each value represents mean + S.E.M; n = 6; Analysis was performed by one way
ANOVA; “compared to normal control; Bcompared to negative control; number
followed by RELE and GL indicates dose in mg/kg; %p < 0.05; ®p < 0.01; %p <
0.001.

Abbreviations: NOC, normal control; NC, negative control; GL, glibenclamide;
RELE, Rubus erlangeri leaf extract.

Table 5
Effect of the aqueous leaf extract of Rubus erlangeri on weekly body weight
change of diabetic mice.

Body Weight in g

G

roups Initial 1% Week 27 Week 3™ Week
NOC 30.00 +1.41 31.10+1.46  32.00 + 1.21 32.87 +1.12
NC 29.20 +1.46 2610 +1.63  22.82+1.08% 19.6 +1.28 A°
GL5 29.70 +1.47 28.60 +1.48  28.10 + 1.50 28.00 + 1.58%¢
RELE100 29.18 +1.58 27.40 +1.28 26.52+1.29%%  26.04 + 1.42 BaAa
RELE200 29.7 +0.99  28.32+0.98 27.28 + 1.31 27.2 + 1.27 BaAa
RELE400  27.80 £0.86 26.40 +0.83  26.00 £ 0.83"  25.9 4 0.71 B2

Note: Each value represents mean + S.E.M; n = 6; Analysis was performed by
one way ANOVA; ?compared to normal control; bcompared to negative control;
number followed by RELE and GL indicates dose in mg/kg; °p < 0.05; bp <
0.001.

Abbreviations: NOC, normal control; NC, negative control; GL, glibenclamide;
RELE, Rubus erlangeri leaf extract.
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extracts to prevent hyperglycemia could be determined by glucose
loaded hyperglycemic mode [48]. For the antihyperglycemic activity, in
oral glucose tolerance test, mice first fasted for 14 h before glucose
loading. This method is referred to as the physiological induction of DM
because the blood glucose level of the animal is transiently increased
with no damage to the pancreas [48]. Fasting is required before glucose
administration to provide stable baseline glucose measurements and to
eliminate fluctuations in BGL by food intake [49]. It also stimulates
glucose-induced insulin sensitivity [50]. Since there is a discrepancy
among researches regarding sex preference to the sensitivity of
glucose-induced insulin secretion, either sex was used for OGTT as well
as for hypoglycemic test in normal mice [51,52]. The effect of extract in
lowering BGL following OGTT might point that it is capable of stimu-
lating insulin release. The secreted insulin would then stimulate pe-
ripheral glucose consumption and controls the production of glucose
through different mechanisms. In animal models of OGTT, secreted in-
sulin requires > 2 h to bring back the glucose level to normal [52]. In
this study, whilst >2 h was required to bring back BGL to normal level in
NOGC, the extract and GL5 brought down BGL to baseline within or less
than 2 h. GL5 and all doses of the aqueous extract started to decrease
BGL with an onset of around 1 h and 90 min, respectively. And, the effect
lasted for > 1 h for GL5, middle and high dose of the extract, and 30 min
for RELE100. Since the extract lowered BGL following glucose loading
and glucose induces insulin release, the effect behind this anti-
hyperglycemic activity of the extract might involve an insulin-like ac-
tion, probably, through peripheral glucose consumption or enhancing
the sensitivity of B-cells to glucose. From the results of in vitro a-amylase
inhibition activity and in vivo OGTT, antidiabetic activity of the extract
might be attributed to inhibition of glucose absorption.

STZ administration causes partial destruction of the p-cell popula-
tion, leading to a transient increase in blood glucose levels. The selective
pancreatic f-cell toxicity and diabetic condition result from the struc-
tural similarity between STZ and glucose, allowing GLUT-2 mediate
transport [53]. The toxic effector mechanism of STZ starts with its
decomposed products and free radicals generated, which damage the
pancreatic p-cells by alkylating DNA, impairing mitochondrial activity
by inhibiting O-GlcNAcase [54], NAD + depletion through methylation
of DNA, and self-destruction by NO [55]. Single-dose studies showed
that the middle and larger doses of the extract are as effective as the
standard, although the onset is a bit delayed. The lower dose was devoid
of any effect, suggesting that adequate concentration was not reaching
to the site of action, as this deficiency was overcome with the repeated
dose studies.

Studies show that a single IP injection of a high dose of STZ can
produce sustained hyperglycemia in mice at least for 8 weeks [56].
Similarly, STZ induced persistent hyperglycemia in this study with no
significant change in BGL during the study period of three weeks as
observed in NC. On the contrary, daily oral administrations of
R. erlangeri leaf extract reduced FBG. Particularly, the middle and high
doses of the extract lowered BGL below 200 mg/dl at the second and
third week and there was no significant difference compared to NOC at
these time points. This suggests that repeated administration of the
extract up to 2-3 weeks could reverse BGL to a normal level. A single
dose IP administration of STZ at a dose of 200 mg/kg did not cause
complete destruction of $-cells. Studies demonstrated that an increase in
B-cell density per area of islet in diabetic rats, suggesting initiation of a
compensatory response to STZ damage by surviving pancreatic p-cell
[57]. Therefore, it is plausible to assume that the antihyperglycemic
activity of the R. erlangeri aqueous leaf extract in STZ-induced diabetic
mice might also involve potentiation of insulin effect probably by
increasing secretion of insulin from the remaining f-cells or by
increasing the peripheral glucose uptake.

In addition to persistent hyperglycemia, STZ induced diabetes is
associated with significant weight loss, possibly as a result of the cata-
bolic effects of insulin deficiency and severe hyperglycemia as well as
the volume depletion associated with osmotic diuresis [58]. Similarly,
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significant body weight loss was observed in the negative control group
starting from the second week which continued until the end of the
experiment. But, oral administration of R. erlangeri leaf extract and GL5
attenuated this loss, which could probably be attributed to the
improvement of glycemic control and structural protein synthesis [59].

Interrms of lowering BGL at the end of 3" week since DM was
induced, R. erlangeri brought maximum reduction (44%) compared to
other specieses of Rubus such as R. steudneri (23.6%) and R. apetalus
(38%) [47]. But it showed lower reduction compared to R. ellipticus
(71%) [20].

The antidiabetic effects of plants are due to the presence of secondary
metabolites such as phenols, flavonoids, tannins, alkaloids, and saponins
[60]. Polyphenols and flavonoids are known for their natural antidia-
betic effect. They interfere with the production of free radicals, reduce
oxidative stress, and inhibit a digestive enzyme, thus lowering post-
prandial glucose. They also promote the uptake of glucose in tissues, and
therefore improving insulin sensitivity [30]. From the quantitative es-
timations, R. erlangeri aqueous leaf extract contains total phenols (693
mg of GAE/g of extract) and flavonoids (77 mg QE/g of extract).

Plants in Rubus species contain resveratrol, which is a polyphenol.
Resveratrol increases pancreatic f§-cell function and has the potential of
protecting p-cell dysfunction. It also increases the glucose induced
incretin effect through inhibiting phosphodiesterases [61]. On the other
hand, tannins work through decreasing glycogen content and inducing
glucose transport via insulin mediated signaling pathway in adipocytes
[62]. The activities of saponin are linked to regulating BGL and prevent
diabetic complications due to their antioxidant activity [63]. Alkaloids
exert their effect through inhibiting protein tyrosine phosphatase-1B
and their activity is also because of their antioxidant effect [63].

5. Conclusion

The study revealed that the aqueous leaf extract of R. erlangeri have
shown a significant lowering of blood glucose level on oral glucose
loaded and STZ induced diabetic mice without permitting bodyweight
loss and risk of hypoglycemia. The results also found that inhibition of
intestinal alpha-amylase and the extracts’ free radical scavenging ac-
tivity can contribute to the antihyperglycemic activity of the plant
extract.
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