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Effect of Morus alba (white mulberry) leaf on HbAlc of
patients with type II diabetes mellitus
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ABSTRACT

Introduction: Diabetes mellitus is a wide spread metabolic disorder characterized
by hyperglycemia. In Pakistan, many traditional or medicinal plants are being used
to treat ailments or disorders, both in children and adults. To date, there has been
no research study done to investigate the effect of Morus alba (white mulberry) leaves
on blood glucose levels of individuals with type II diabetes mellitus in Pakistan. The
present study was conducted to determine the effect of Morus alba (white mulberry)
leaf powder on glycated haemoglobin (HbAlc) of patients with type II diabetes
mellitus. Methods: The study design of this study was a randomised controlled
trial. Eighty patients with type II diabetes mellitus were randomly selected from
the Fatima Memorial Hospital and were equally divided into two groups - control
group and experimental group. Patients in the control group were asked to follow
their regular hypoglycaemic medications, while patients in the experimental group
were administered with 500mg of Morus alba leaf tablet twice a day, 15 minutes
before breakfast and dinner, along with their regular hypoglycaemic medications.
HbAlc of patients in both groups were assessed on day zero before the study and
on the ninetieth day at study completion. Results: HbAlc of patients in the control
group at baseline was 8.92% and 8.91% at final, whereas HbAlc of patients in the
experimental group at baseline was 9.13% and 8.59% at final. Conclusion: The
results of this study concluded that Morus alba leaves had a significant effect in

lowering high blood sugar levels.
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INTRODUCTION

Diabetes mellitus is a set of
metabolic diseases characterised by
hyperglycaemia. It is resultant of flaws
in insulin secretion, insulin action, or
both. Major clinical signs and symptoms
of this disease are polyuria, polydipsia,
weight loss, delayed wound healing and
numbness in extremities. Subjects with
glycated haemoglobin (haemoglobin
Alc, HbAlc) of <5.7% have normal
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blood glucose levels, while pre-diabetics
have HbAlc of between 5.7% - 6.4%
and diabetics have HbAlc >6.5% (ADA,
2018).

Many factors are responsible for the
increase in the prevalence of diabetes
mellitus among different regions of the
world. Some factors are urbanisation,
harmful eating practices and sedentary
lifestyle. A study was conducted in
the different provinces of Pakistan to
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investigate the prevalence of diabetes
mellitus. The duration of the study
was from April 2017 to November
2017. Subjects with factors that would
affect HbAlc readings were excluded
from the study. These factors included
subjects with low haemoglobin (Hb)
levels, with renal and liver disorders,
had recently done blood transfusion,
used erythropoietin and aged above
20 years. Investigators in the said
study had used the American Diabetic
Association’s criteria for HbAlc. Their
results concluded that in Pakistan,
16.98% were diabetics and 10.91% were
pre-diabetics (Aamir et al., 2019).

A metabolic disorder like diabetes
mellitus is a worldwide, global and
epidemic disease. It is caused by the
decrease in insulin production or
decreased wuptake due to increased
resistance of the cells. Rather than
managing this disorder via allopathic
medicines, other variables or mediums
have been investigated or identified
for its management. About 80% of the
people residing in developing countries
use medicinal plants for their prime
health care and have more trust towards
traditional or herbal medications. As
western medications or allopathic
medications are too costly, therefore
traditional medical therapies are often
more preferred. Many medicinal plants
and traditional medical therapies are
undeniably effective (Sarangzai, Ahmed
& Laghari, 2013).

Chae et al. (2003) reported that in
Pakistan, a number of medicinal plants
are being used for curing and treating
diseases. In the plant kingdom, there
are many varieties and species of plants
available in different regions that are
testified for managing high blood glucose
values. A research article reported that in
India, about sixty five plants are present
that work against diabetes mellitus.
Among these, Morus alba is a plant that
works for the prevention of this disorder

(Mukherjee et al., 2006). Morus alba, also
known as Morus Indica, a white mulberry
tree is being used for its medicinal
properties to cure diabetes mellitus
as it possesses an anti-diabetic effect.
Functional compounds that are present
in its leaves are 1-deoxynojirimycin
(DNJ), gamma-aminobutyric acid (GABA)
and flavonoids.

Other than Morus alba leaves, many
anti-diabetic  extracts, anti-diabetic
leaves and anti-diabetic seeds have
been investigated to lower high blood
sugar levels. The extracts of Psidium
guajava L., Ficus bengalensis L., Aloe
vera Nill, Momordica charantia L., Allium
cepa L. and Cagjanus cajan have also
been found to be helpful for diabetics.
The leaves of Zizyphus juwjuba Mill
and Dodonaea viscosa L. have been
suggested for people with diabetes. The
seeds of Trigonella foenum-graecum L.
and Withania coagulens L. have also
been recommended to be consumed by
diabetics (Ahmad et al., 2009).

Morus alba leaves had been used
traditionally as anti-inflammatory and
anti-hyperglycaemic agents (Yatsunami
et al., 2003). Human-based studies
showed that oral intakes of 0.8g and
1.2g Morus alba leaf powder significantly
reduced elevated blood glucose levels
(Kimura et al., 2007). The content of DNJ
present in Morus albaleafis 1.622 mg/g
(Liu & Zhu, 2006). A review study was
conducted to explore the plants or herbs
with medicinal potentials, especially the
ones which would have anti glycated
properties. Among the many plants
reviewed in this study, Morus alba leaves
were jotted for its medicinal properties
against hyperglycaemia. Leaves of this
plant works against hyperglycaemia
in such a way that they impede the
formation of advanced glycation end
products (AGEs). Untreated diabetes
for long periods of time will ultimately
enhance the production of AGEs in the
body, which will further enhance the
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formation of reactive oxygen species
(ROS). ROS has a leading role in causing
mutations among genetic structures.
Therefore, the combined effects of AGEs
and ROS among diabetics can cause a
devastating impact. Morus alba leaves
have a potential to stop the production
of AGEs and along with this, they
have antioxidants which stops ROS
from being effective (Dil, Ranjkesh &
Goodarzi, 2019).

Among all these compounds, the most
significant components of Morus alba
leaves are DNJ and polyhydroxylated
alkaloids, which possess inhibitory power
against the working of the carbohydrate
metabolising enzyme, alpha glucosidase.
This enzyme resides in the small
intestine and is firstly concerned with
the hydrolysis of disaccharides in the
small intestine, and secondly with
the absorption of glucose in the blood
vessels, which progresses onwards to
the increase in blood glucose levels. DNJ
present in Morus alba leaf is a strong
natural alpha glucosidase inhibitor that
works as an opponent of this enzyme
in the small intestine, whereby it slows
down the action of alpha glucosidase
and ultimately decreases the abrupt
spike in blood glucose levels; a positive
point for type II diabetics (Yatsunami et
al.,, 2003). Therefore, this is predicted
to bring a favourable effect on the
suppression of abnormally high blood
glucose levels (Nakagawa et al., 2007).
Literature showed that DNJ content is
higher in young Morus alba leaves that
are present in the upper branches of the
tree, compared to mature leaves. The
content of DNJ among Morus alba leaf
varies on the basis of region, position of
the branch on the tree, soil situation,
24-hourly cycle and climate of the year
(Thakur et al., 2019).

The basic objective behind this study
is that in Pakistan, there is no research
study that has been conducted to
describe the effect of Morus alba. Studies

had been conducted to investigate the
functions of its fruits, but no focus had
been laid on the consumption of its
leaves. This plant is available worldwide,
including in Pakistan, to serve humanity.
Natural alpha glucosidase inhibitors
present in its leaves is a miracle against
elevated HbAlc levels. So this study
helped to estimate the quantity of Morus
alba that is required to manage elevated
HbA1lc levels.

MATERIALS AND METHODS

Study design and sampling

The study design of this study was an
open label randomised controlled trial.
An ethical review letter numbered FMH-
06-2018-IRB-475-A was signed from
the Institutional Review Board (IRB) of
Fatima Memorial Hospital (FMH), Lahore
to carry out the study. After getting the
IRB letter from FMH, 105 subjects were
selected for the study. Among them,
80 met the selection criteria i.e. type
II diabetic male and female patients,
aged up to 60 years, and taking oral
hypoglycaemic medications were
included in the study. The patients
were then equally allocated to treatment
groups using GraphPad.

Patients with type I diabetes, type II
diabetes on insulin treatment, diabetic
patients with chronic disorders and
pregnant or lactating mothers were
excluded from the study. CONSORT
diagram is shown in Figure 1.

Informed written consent was taken
from the subjects. After explaining to
patients about the aims and objectives
of the study, they were ensured of the
confidentially of information. After
taking consent, randomisation was done
using a systematic sampling technique.
One group was allocated conventional
treatment and the other group was
considered as experimental group. They
were then further channeled to the three
phases of the study:
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Assessed for eligibility (n=105)

Excluded (n=25)
* Not meeting inclusion criteria (n=20)

¢ Declined to participate (n=>5)
¢ Other reasons (n=0)

Randomized (n=80)

Allocated to intervention (n= 40)

¢ Received allocated intervention (n=40)

¢ Did not receive allocated intervention (give
reasons) (n=0)

Follow-Up
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
Figure 1. Analysis CONSORT
A A

Analysed (n=40)
¢ Excluded from analysis (give reasons) (n=0)

A Allocation v

Allocated to intervention (n=40)

*  Received allocated intervention (n=40)

* Did not receive allocated intervention (give
reasons) (n=0)

Analysed (n=40)
¢ Excluded from analysis (give reasons) (n=0)

Figure 1. CONSORT diagram for enrollment of subjects

Phase I: Baseline assessment

At baseline, HbAlc levels of patients
were assessed according to Bishop, Fody
& Schoeff (2010).

Phase II: Intervention

The total targeted population was 80
adults with known type II diabetes
mellitus taking oral hypoglycaemic
drugs. The patients were randomly

allocated to treatment groups using
GraphPad.

The hypoglycaemic medications of
patients in both groups were not altered.
Patients in the control group were
asked to follow their regular regimens,
whereas patients in the experimental
group were asked to take 500mg of

Morus alba leaf tablets twice a day with
water, 15 minutes before breakfast and
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dinner, for a total period of ninety days
along with their regular medication.
The formulation of the Morus alba
leaf tablets was done according to
the wet granulation method (Muazu,
Abdulwoliyn & Mohammed, 2013).
Substances used during the formulation
of Morus alba leaf tablets were lactose
monohydrate, corn starch, Avicel-200
and Kollidone K-30. Magnesium stearate
was used for coating.

Phase III: Follow-up

After the interventional phase of ninety
days, patients’ HbAlc readings were
measured.

Statistical analysis

Normality of data regarding HbAlc was
checked using the Shapiro Wilk test
for baseline (p=0.056) and for follow-
up (p=0.068). As the data was normally
distributed, independent sample t-test
was applied for testing the difference
between groups, while paired sample
t-test was used to test for baseline
and follow-up differences. A p-value of
<0.05 was considered as statistically
significant.

RESULTS

A total of 80 patients were included
in the study and they were equally
allocated to the experimental and control
groups. The duration of diabetes in the
experimental group was 5.90+£5.01 years
and in the control group was 8.88+5.26
years. The difference between these
two groups was statistically significant
(p=0.011), as shown in Table 1. Morus
alba leaf tablets were uniformed for
all the patients to prevent any sort of
variation in results. Figure 2 shows the
differences among HbAlc of patients
in the control group and experimental
group. Baseline measurement of HbAlc
was taken at the start of the study
and a final reading was taken on the
ninetieth day.

Figure 2 shows that patients in the
control group at baseline i.e. visit 1 had
HbAlc of 8.92% and at final visit i.e.
visit 2 had HbAlc of 8.91%. Results
of patients in the experimental group
treated with Morus alba leaf showed that
at visit 1, their HbAlc reading before
intervention was 9.13% and at visit
2 after intervention, HbAlc reading
was 8.59%.

Table 1. Mean, standard deviation and p-value of age and duration of disease

Experimental Control p-valuet
Mean age of the patients (years) 53.70+9.76 53.25£8.79 0.829
Duration of disease (years) 5.90+5.01 8.88+5.26 0.011*
Independent sample t-test
*p-value significant at 0.05
9.12%
o 92 8.92% 0 8.91%
- 9.0
< 8.8 8.59%
o)
T 8.6
o 8.4
< 8.2
Baseline Final
EControl " Experimental

Figure 2. HbAlc of experimental and control group
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Table 2. Hbalc of diabetic patients in control and experimental group

Group of patients M=SD p-value
Control group 0.559
Baseline 8.92+1.36
Final 8.91+£1.26
Experimental group 0.001*
Baseline 9.13+1.33
Final 8.59+1.31

*p-value significant at 0.05

Table 2 shows the baseline values
taken at the beginning of the study
and final values taken at the end of the
intervention. The results showed that
at baseline, mean (M) and standard
deviation (SD) for HbA1lc value of patients
in the control group was 8.92+1.36, and
the final value was 8.91%1.26, where
they were not statistically significant
(p=0.559). M and SD at baseline for
patients in the experimental group
was 9.13+1.33, whereas the final value
was 8.59+1.3 which was statistically
significant (p=0.001).

DISCUSSION

The communal methods used for
managing hyperglycaemia  include
inducing insulin or by ingesting
hypoglycaemic = medications. Many
biochemical pathways have been

studied to determine the effect of various
compounds on hyperglycaemia. Among
the investigated compounds, alpha
glucosidase inhibitor is a very crucial one
in regulating carbohydrate metabolism.
This substance is available in the form of
medicines and it is naturally available in
white mulberry leaves (Ju & Kim, 2018).
Other than this enzyme, white mulberry
leaves are composed of proteins, dietary
fibre and micro minerals. They provide
anti-diabetic, anti-hypertensive, anti-
pyretic and anti-inflammatory properties
(Andallu & Vardacharyulu, 2001).
Insulin therapy provides
insulin and medical therapy

only
only

provides specific compound, but white
mulberry leaves provide a number of
health protecting and health promoting
compounds. Its leaves are known
to provide anti-oxidative and anti-
inflammatory properties to serve as
free radical scavengers. So, on the
basis of all these health benefits, white
mulberry leaves can be used to manage
hyperglycaemia. Because its constituent
compounds will not only cope with high
blood sugar level, but also protect an
individual from any chronic disorders
(Nazari et al., 2013).

Alpha glucosidase is an enzyme
accountable for carbohydrate
metabolism. When any carbohydrate-
containing source is ingested, its activity
starts and blood sugar level will begin to
rise. Among diabetics, the control of this
enzyme’s activity is very worthy because
the gradual increase in blood sugar level
is a more stable condition. Hence, alpha
glucosidase inhibitor is a compound that
will slow down carbohydrate metabolism
and therefore prevent the abrupt rise in
blood sugar level (Ju & Kim, 2018).

A study was conducted on rats
induced with diabetes to determine the
effect of white mulberry leaf powder
on blood glucose levels. The rats were
divided into five groups; each group
with six rats, and the total time period
of this study was 60 days. Group one
had normal control rats, group two had
normal experimental rats treated with
white mulberry leaf powder, group three
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had diabetic controls, group four had
diabetic experimental rats to be treated
with white mulberry leaf powder and
group five had diabetic experimental rats
treated with hypoglycaemic medicines.
Among these five groups; group one
and group three were administered with
the standard diet, while group two and
group four were administered with an
experimental diet incorporated with 25%
level white mulberry leaf powder, and
rats in group five received a normal diet
along with hypoglycaemic medications.
To produce mulberry leaf powder, its
leaves were first collected and washed.
They were then shade dried for a period of
three days and lastly they were ground in
an electric mixer to form a powder. Rats
were tested for glycosylated haemoglobin
and fasting blood glucose levels at first
day and at sixtieth day. Results of this
study concluded that fasting blood
sugar levels among rats treated with
mulberry leaf powder were significantly
reduced by 50% when compared with
diabetic rats in the control group,
whereas there was only 28% reduction
in blood glucose levels in rats treated
with hypoglycaemic medications. HbAlc
levels were significantly reduced by
30% (p<0.01) among the rats treated
with mulberry leaves, whereas HbAlc
levels were decreased by 6% among rats
treated with hypoglycaemic medications
(Andallu & Vardacharyulu, 2001).
Another study was directed to
determine the effect of mulberry leaves
on diabetic rats. In this study, rats were
given 10% mulberry leaves for a total time
period of six weeks. At baseline, the rats
were assessed for HbAlc and the final
results showed that HbAlc values were
significantly improved (p<0.05) (Park et
al.,2012). Moran 20K and DNJ present in
Morus alba leaves have a very affirmative
influence on blood sugar levels of people
with hyperglycaemia. Other than curing
and maintaining blood sugar levels

among diabetics, Morus alba leaves,
due to its neuroprotective properties,
play an impactful role in preventing
microvascular and macrovascular
complications caused by hyperglycaemia
(Butt et al, 2008). During the study,
the duration of diabetes seemed to be a
contributing factor. In the experimental
group, the M and SD for duration of
disease was 5.90+5.01 and in the
control group, the M and SD for duration
of disease was 8.88+5.26. Therefore, it
is suggested that in future studies, the
duration of diabetes should be controlled
for to reduce cause and effect bias.

CONCLUSION

The study concluded that Morus alba
leaves have a significant effect on
hyperglycaemia. End results of the
study showed that HbAlc levels of
patients in the experimental group
were statistically improved (p=0.001),
whereas the results of the control group
were not significant (p=0.559). Thus, by
consuming Morus alba leaf tablets, high
blood sugar levels can be normalised.
However, the time and duration of
consumption is very important. An
ideal time for its consumption is 10-15
minutes before main meals. This study
suggested that consumption of 500mg
of Morus alba leaf tablets twice a day
could help in the control of blood glucose
levels among diabetic patients. It is also
recommended that future studies be
conducted to investigate the functions of
all of its constituents and that studies
must be conducted to focus on its form
of administration i.e. tablet, powder or
extract form.
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