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Abstract

The study was undertaken to investigate the effects of Spirulina platensis on body weight, blood glucose and lipid
profile on alloxan induced diabetic rats. Fifteen Long Evans male rats at six weeks of age were used for the
experiment. Diabetes was induced by intraperitoneal injection of alloxan@ 150 mg/kg and experiment was carried
out for a period of 6 weeks. Rats were divided into three groups of 5 rats each. The groups were i)healthy control, ii)
diabetic control with both receiving rats’ pellet as supplement, and iii) diabetic treated with oral administration of
Spirulina platensis (@ 400 mg/kg bwt. Results from the study showed that Spirulina platensis reduced blood
glucose significantly (P<0.01) and increased body weight significantly (P<0.05) in contrast to diabetic control
group after 6 weeks. Lipid profile analysis with Spirulina platensis @ 400 mg/kg showed that total cholesterol,
plasma triglycerides, and LDL were lowered significantly compared to diabetic groups in contrast to HDL levels
which were increased following the use of Spirulina platensis. Our findings showed that oral administration of
Spirulina platensis could reduce the adverse effect of alloxan induced diabetes in rats. Based on this research it can
be concluded that Spirulina platensis has antihyperglycemic and hypolipidimic effects in alloxan induced diabetic

rats.
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Introduction

Diabetes is the most common endocrine disorder in accumulation in the blood predisposing the individual

both human and pet animals described as a to various complications (Ritu and Nandi M 2016).

heterogeneous syndrome with hyperglycemia as the . . . _
g us sy W YPergly According to the American Diabetes Association

hallmark. It is a major health problem in both urban (1998), 1.6 million cases were diagnosed with diabetes

and rural areas of Bangladesh (Sumon et al., 2008). from the age of 20 and above annually. The diabetic

Elevation of blood glucose level and reproductive . D . . .

) o i ) population is rapidly increasing globally, particularly in
malfunction are common symptoms in diabetic patients
(Shukla et al., 2011). The underlying cause of diabetes

is a defect in the production or action of insulin, a

developing countries. South Asia which includes
Bangladesh is a vulnerable focus. The estimated
] ] prevalence of diabetes in Bangladesh is around 4%,
hormone that controls glucose, fat, and amino acid . .

which is similar to the average prevalence in many
other countries (Khan, 2013). Erica Roy Khetran,
country director of the Helen Keller International

Bangladesh (HKIB), said, “There are currently more

metabolism. In diabetes the body either fails to
properly respond to its own insulin, does not make
enough insulin, or both. This leads to glucose
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than 3.2 million people with diabetes in Bangladesh.
This number is expected to rise by more than 11
million by 2030 making the country the seventh largest
diabetic population in the world” (Khan, 2013).

As the prevalence of this disease increases, there is a
need to look for more efficient drugs with fewer side
effects. Currently available drugs may lead to obesity
and hyperandrogenemia even though they bring down
the glucose levels (Latha et al., 2014). Since the
discovery of insulin in 1922, it has been used
successfully in insulin-dependent diabetes mellitus
(IDMM) (Rafiq et al.,
drawbacks following the use of insulin , such as,

2011).There are several

insulin resistance, anorexia nervosa, brain atrophy, and

fatty liver in chronic treatment (Rasineni et al., 2010).

Spirulina is the world’s largest natural protein source
and an important medicinal herb (Moorhead et al.,
2001; Tietze 2004). Two species of this blue green
algae are most commonly used as nutritional
supplements, Spirulina platensis (S. Platensis) and
Spirulina maxima (S.maxima) (Sixabela et al.,2011,
Tefera et al,2016). This microscopic, filamentous
cyanobacterium has been claimed as a safe food for
human consumption by many toxicological studies and
currently belongs to the substances that are listed by
the US Food and Drug Administration under the
category of “Generally Recognized as Safe (GRAS)”

(Sixabela et al., 2011; Chen et al., 2016).

Materials and Methods

This study was conducted in the Department of
Pharmacology, Bangladesh Agricultural University,
Mymensingh to evaluate the antidiabetic effects of
Spirulina platensis in alloxan induced male Long

Evans rats (Rattus norvegicus).

Preparation of house: The experiment room was swept
and washed with tap water followed by disinfection
and air drying. All utensils required for the experiment
such as feeder, water bottle, micro tube, syringe, needle
etc. were collected and the laboratory was properly
designed with adequate ventlation.
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Experimental animals and design: Fifteen adult male
Long Evans rats were collected from International
Centre for Diarrhoeal Diseases Research, Bangladesh
(ICDDR, B) Mohakhali, Dhaka. the

commencement of the experiment, all the rats were

Prior to
acclimatized to the new environmental condition for a
period of one week. Rats were randomly divided into 3
equal groups of five in separate labeled housing. Rat
pellet food and water were provided ad-libitum during
the experimental period. Normal body weight and
normal fasting glucose level of each animal was
measured by electric balance (Camry, EK3052) and
glucometer (Omron, E-OHS-BD), respectively.

Group-A (Healthy control group): The rats were
administered with saline water orally and given feed
and water ad-libitum. Body weights and blood glucose
were recorded after one week of acclimatization and at
same intervals with other groups.

Group-B  (Diabetic  control  group): After
acclimatization, body weights and blood glucose level
were measured after 18 hours of starvation. Then
alloxan monohydrate was injected at a dose rate of 150
mg/kg intraperitoneally to each rat to induce diabetes
(Meenakshi et al., 2010). The rats were fed normal diet
and given water ad-libitum from day 1-14. On 14" day
blood glucose levels and the body weights were again
measured to ensure diabetic condition. All the rats from
this group were kept for 6 weeks without any treatment
but body weights and blood glucose levels were

recorded weekly.

Group C (Diabetict+Spirulina): Blood glucose level
and body weight were measured on 15" day of alloxan
monohydrate injection to confirm diabetes. After that
Spirulina platensis was fed at a dose rate of 400 mg/kg
body wt. for 6 weeks. During treatment with Spirulina
platensis body weights and blood glucose levels were
recorded weekly for 6 weeks.

Induction of diabetes in rats: The animals were fasted
for 16-18 hours with free access to water prior to the
induction of diabetes with alloxan monohydrate

dissolved in 0.9% v/v cold normal saline solution at a
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dose of 150 mg/kg body weight. Alloxan is capable of
producing fatal hypoglycemia as a result of massive
pancreatic insulin release. The rats were then kept for
24 hours on 5% glucose solution bottles in their cages
to prevent hypoglycemia. Established diabetes was
assessed 72 hours after alloxan injection. Spirulina
platensis was collected from Bangladesh Council of
Scientific and Industrial Research (BCSIR), Dhaka. It
was preserved at room temperature and was
administered at a dose rate of 400mg/kg bwt orally for

6 weeks to group C.

Determination of blood glucose: Blood samples were
collected from tail vein at day O (Pre-treatment) and
weeks 2 and 6 (during treatment) for estimation of
blood glucose level. Blood glucose level was estimated
by Omron advantage blood glucose system (strip
method). Body weights were taken on day 0 (pre-
treatment), 2 and 6 weeks (during treatment).

Collection of blood for lipid profile: On the 6" week of
experiment, the mice were anesthetized under sodium
pentobarbital (65 mg/kg intraperitoneally) anesthesia
and blood samples were collected by sacrificing the
mice. The abdominal cavities and thoracic cavity were
opened surgically and then blood was collected directly
from the heart with the sterile syringe and needle.
About 1mL of blood from the syringe was taken in the
test tube containing anticoagulant (3.8% Sodium citrate
solution) for hematological studies. Plasma was then
separated by centrifugation at 4500 rpm for 10 minutes
and finally stored at -20°C temperature for further

analysis.

Measurement of lipid profile: Plasma total cholesterol
(TC), high density lipoproteins (HDL), low density
(LDL) and triglycerides (TG) were
quantified spectrophotometrically by the addition of

lipoproteins

reagent (Linear Chemicals, S.L., Barcelona, Spain).
The absorbance was determined at 550nm. The value
of TC present in plasma was expressed in mg/dL.
Plasma TG level was measured by using a kit (Linear
Chemicals, S.L., Barcelona, Spain). The absorbance

was measured at 500nm. The value was expressed in
mg/dL.

Statistical analysis: The obtained data were expressed
as mean =+ standard deviation. The differences among
the groups of animals were compared by applying one-
way ANOVA followed by Bonferonni tests, DUNCUN
test and T-test. Statistical significance was set at P<
0.01 and P<0.05 and it is considered significant in
relation to control and standard. All statistical analysis
were done using SPSS software version 20 (SPSS INC.
Chicago, IL, USA).

Results

Effect of Spirulina platensis on body weight in
alloxan induced diabetic rats: The effects of Spirulina
platensis on body weights of alloxan induced diabetic
rats were shown in Figure 1.

Healthy control vs Diabetic control **
Diabetic control vs Diabetic+Spirulina *
Diabetic+Spirulina vs Healthy control

230 1 mHealthy Control
210 4 ®Diabetic Control
Diabetic + Spirulina

Body weight(g)

0 1 2 3 4 5 6
weekweekweekweekweekweekweek

Experimental weeks

Figure 1. Effect of Spirulina platensis on body weight
in alloxan induced diabetic rats.
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Weekly body weights were taken for 6 treatment
weeks. The average body weights of Group-A (Healthy
control) were 152+5.15g and 202+1.22g at 0 and 6
weeks, respectively. On the other hand, Group-B
(Diabetic control) showed 150+8.94g and 193+3.15g
respectively. Within the 6week study period Group-C
(Spirulina platensis @ 400 mg/kg bwt) showed
152+5.15g and 201+3.15g body weight respectively.
These indicated that
significantly (P<0.01) in diabetic animals compared to

body weight decreased

healthy ones. Spirulina platensis treated group
improved the body weight loss in diabetic animals. In
diabetic control group (Group-B, n=5), the percentage
of body weight loss was 4.45 %. On the contrary, the
percent increase in body weight gain over 6 weeks in
Group-C (n=5), following oral administration of
Spirulina platensis was 4.14 %. The present data
suggested that even at a dose rate of 400mg/kg,
Spirulina has significant effect on body weight of

diabetic control group compared to healthy control
group.

Effect of Spirulina platensis on blood glucose in
alloxan induced diabetic rats: The effects of Spirulina
platensis on rats blood glucose levels are presented in
Figure 2. The results indicated that, pre-treatment with
alloxan (@ 150mg/kg) induced hyperglycemia in
Group-B and C but was reduced by treatment with
Spirulina platensis @ 400 mg/kg. Average fasting
blood glucose level during the six weeks study period
showed Group-A (Healthy control) had
4.2+0.12mmol/L at week 0 to 4.68+0.11mmol/L at
week 6. On the other hand, in Group-B (Diabetic
control), the average blood glucose level at week 0 was
4.22+0.26mmol/L and by week 1 it was increased to
9.32+0.36mmol/L, this value further increased to
19.42+0.32mmol/L by week 6. The blood glucose level
of Group-C at week 0 was 4.26+0.40mmol/L and by
6th week it became 8.72.97+0.53mmol/L. This data
showed that the initial hyperglycemia following
alloxan injection in week 1 was decreased by Spirulina
platensis @ 400 mg/kg bwt.
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Figure 2. Effect of Spirulina platensis on blood
glucose level in alloxan induced diabetic
rats (n=5).

Effect of Spirulina platensis on plasma total
cholesterol (TC) in alloxan induced diabetic rats:
After 6 weeks of treatment, average total cholesterol
(TC) level of Group-A (Healthy control) was 98+0.71
mg/dL. Group B and group C were 136.4+3.4 and
115.6+£10 mg/dL, respectively (Figure 3).
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Figure 3. Effect of Spirulina platensis on plasma total
cholesterol (TC) in alloxan induced diabetic

rats.
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These findings were found statistically significant
(P<0.05). These data from the study suggested that
herbal formulation of Spirulina platensis @ 400mg/kg
have significant effect on total cholesterol level in
alloxan induced diabetic rats.

Effect of Spirulina platensis on HDL in alloxan
induced diabetic rats: Average HDL level of Group-A
was 24.6+0.51 mg/dL after the six week study period
(Figure 4). Group-B was reduced to 19.2+0.37 mg/dL.
After 6 weeks of treatment, the HDL level of Group-C
(Spirulina platensis 400 mg/kg bwt) increased the HDL
level to 21.6+1.78 mg/dL.
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Figure 4. Effect of Spirulina platensis on HDL
(mg/dL) in alloxan induced diabetic rats
(n=5).

Effect of Spirulina platensis on LDL in alloxan
induced diabetic rats: The average LDL levels of
Group-A rats were 51.4+1.0 mg/dL (Figure 5). Group-
B LDL levels were increased to 66.842.4 mg/dL after
alloxan induction.These findings were statistically
significant (P<0.05). The LDL level of Group-C
(treatment with Spirulina platensis 400 mg/kg bwt)
to 584+1.69 mg/dL

was lowered respectively

(P<0.05).

Effect of Spirulina platensis on Triglyceride (TG) in
alloxan induced diabetic rats: Average triglyceride
(TG) levels of Group-A (Healthy control) were

151.6£2.6 mg/dL (Figure 6). Group-B (diabetic
control) had elevated levels of TG significantly
(P<0.001) After 6 weeks of treatment, the triglyceride
level of Group-C (treatment with Spirulina platensis
400 mg/kg body weight) was reduced to 184.4+3.8
mg/dL. whereas significantly elevated levels were

found in group B.
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Figure 5. Effect of Spirulina platensis on LDL
(mg/dL) in alloxan induced diabetic rats
(n=5).
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Figure 6. Effect of Spirulina platensis on TG (mg/dL)
in alloxan induced diabetic rats (n=5).
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Discussion

Results of this experiment indicate that Spirulina
platensis has a significant effect on glucose level and
lipid profiles. The body weights before the treatment
were similar between the groups. Alloxan induced
diabetes showed severe loss in body weight, which has
also been reported by other researchers (Erejuwa et al.,
2010) Previous reports showed that protein synthesis is
decreased in all tissues due to decreased production of
adenosine triphosphate and absolute or relative
deficiency of insulin. Body weight was elevated by the
treatment with Spirulina platensis (@400 mg/kg bwt)
for 3 weeks. Administration of Spirulina platensis in
alloxan induced diabetic rats showed a significant
(P<0.05) improvement in body weight loss when
compared to diabetic control rats. Following diabetic
induction there was significant change in body weight
(P<0.05) between healthy control and diabetic control
rats. A similar result was calculated by Zafar and
Nagvi (2010) that significant decrease was observed in
the final values of the body weight when diabetic
control was compared with normal control
rats(P<0.001). Alloxan induced diabetic animal model
of type-1 diabetes and hyperlipidemia is a good model
to study diabetes (Soon and Tan 2002). Insulin
deficiency will lead to decreased activity of lipoprotein
lipase and increased mobilisation of free fatty acids
from peripheral fat depots.

After alloxan injection, persistent hyperglycemia was
recorded after 7 days which was also observed by
Eizirik (1994) where the
hyperglycemia as early as in 72 hours followed by
clinical of polyuria, polydipsia,
polyphagia  was found after 24 hours

investigation. Administration of Spirulina platensis in

et al. persistent

features and
in this

alloxan induced diabetic rats showed a significant
(P<0.01) improvement in blood glucose level when
compared to diabetic control rats.

The basal total cholesterol level before this treatment
was similar between the groups. Alloxan induced
diabetic rats showed elevated total cholesterol level
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(P<0.001) compared to control group, this result is in
agreement with Bopanna et al. (1997). Akcilar et al.
(2016) found that streptozocin induced diabetic rats
exhibit a high plasma cholesterol a,nd triglyceride level
(Akcilar et al., 2016). The levels of glucose,
cholesterol, triglycerides was found to be significantly
increased in alloxan-induced diabetic group when
compared to normal control group (Meenakshi et al.,
2010).

Following the administration of Spirulina platensis
(400 mg/kg) the plasma total cholesterol level was
reduced and it prevented the further increase in
cholesterol level of diabetic animals. This result is
partially supported by the findings of Park and Cha
(2010), that  total

concentrations in serum were significantly higher in the

as they found cholesterol
high fat diet group than in the Spirulina treated group.

Alloxan lowered the HDL-cholesterol levels in all
groups which was elevated by treating one group with
Spirulina platensis for 6 weeks. Sen et al., (2011)
that

significantly increased serum HDL level and decreased

found treatment with  Spirulina platensis
elevated LDL level when compare to diabetic control.
Sen et al., (2011) also exposed the LDL lowering
potential of Spirulina platensis at a level of 25.7%
compairing to diabetic control. Lakshmia et al., (2014)
studied the LDL lowering potential of Spirulina
platensis to a significant level (P<0.01) in contrast to

cholesterol treated animal.

The basal plasma TG before this treatment was similar
between the groups. Alloxan induced elevated plasma
triglyceride level which was reduced by treatment with
Spirulina platensis treatment for 6 weeks. This result
partially matches with the evaluation from Sen et al.,
(2011); describing that, elevated serum TG level was
decreased in extract and Sprulina treated group.
Hypolipidemic activity may be due to the presence of
phenolic compounds leading to increased lipoprotein
lipases in the muscles and decreased activity in the
thus that
triglycerides are utilized for energy production by the

adipose tissues, indicating plasma
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muscle and not for energy storage by the adipose tissue
(Khan et al., 2011). Nugroho et al., (2014) estimated
that Spirulina has significant lowering effect on
triglyceride levels in high fructose fed diabetic rats in
contrast to normal rats. Lakshmia et al. (2014) also
studied on lipid lowering potential of triglyceride and
found significant variation (P<0.01) comparing to
cholesterol treated animals.

Conclusion

It may be concluded that the Spirulina platensis has
hypoglycemic and hypolidemic effects on alloxan
induced diabetic rats. It may be stated that the
Spirulina platensis may provide a new therapeutic
diabetes
complications because of its availability, cheap rate

avenue  against and  diabetes-related
and effectiveness. A detailed study of the mechanism
of action, side effects, and contraindication of this

newly derived herbal medicine is recommended.
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