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Abstract
Diabetes mellitus has become the most predominant disease in most of the developing and developed 
countries. Diabetes could occur at any stage of life for which a change in sedentary life style is the 
possible solution. Despite the introduction of several medications, to curtail the side effects associated 
with diabetes mellitus, there is no medication or treatment for complete cure. Existing medications 
and treatments are targeted to mitigate the intensity of the disease which abruptly could result in 
organ failure. Rather than the available types of treatments, natural medication is reported to produce 
commendable results. Extracts of many medicinal plants and seaweeds have been documented to 
possess anti-diabetic properties. A brown alga, S. tenerrimum, found on the west coast of India, is 
chosen in this study to analyse the anti-diabetic property of its methanolic extract. This extract was 
used to treat streptozotocin-induced diabetic mice. An experimental design was framed based on 
acute toxicity studies to determine the change in blood glucose level, body weight, lipid profile, liver 
enzymes (SGPT and SGOT) and the renal function markers (urea and creatinine). After 15 days of 
treatment, an increase in body weight and HDL cholesterol was observed while the total cholesterol, 
VLDL, LDL, serum triglyceride, SGOT, SGPT, creatinine and urea decreased with 250 mg/Kg.bw of 
S. tenerrimum methanolic extract in Streptozotocin-induced diabetic mice group. This difference is 
significant (p<0.05) when compared with a healthy non-diabetic mice group and a treated diabetic 
mice group. This proves that the methanolic extract of S. tenerrimum possess anti-diabetic property. 
Further research could explore the active compounds that can be used in the formulation of herbal 
medicine for diabetes mellitus. 
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iNtRODUCtiON
 Diabetes is the upcoming jeopardy of 
human health that instils owing to deficiency in 
insulin secretion or action.1 This disease is directly 
related to the impairment of eyesight, damage and 
dysfunction of kidney, liver and heart and nerves. 
The acute impact of diabetes is also reflected via 
periodontitis and impaired immune response.2 
Globally, millions of people are affected by 
diabetes mellitus. Indians are more prone to this 
disease wherein genetic inheritance of diabetes 
mellitus is also a major factor. Anticipation by WHO 
(World Health Organization) reports that the cases 
of diabetes mellitus in India would reach 74 million 
2025.3

 An estimate by WHO states that 366 
million people worldwide will be the victims of 
diabetes mellitus by 2030.4 International Diabetic 
Federation5 reported that around 642 million 
people would suffer from diabetes by 2040. 
Pandey and Sharma6 reported that India, an 
emerging diabetic hotspot might possibly contain 
69.9 million diabetic victims by 2025. It could also 
rise to 80 million by 2030. Type 1 diabetes mellitus, 
commonly known as insulin-dependent diabetes 
mellitus (IDDM), is a chronic autoimmune illness in 

which the pancreatic cells are destroyed abruptly, 
resulting in insulin shortage. Type 2 diabetes 
mellitus, also known as non-insulin-dependent 
diabetes mellitus (NIDDM), is caused by a decrease 
in insulin sensitivity in target tissues, which can 
occur alongside insulin resistance.7 Type 2 diabetes 
has more complications than type 1 diabetes and 
is also emerging as an epidemic disease in some 
countries8 owing to the the short and long term 
effect on human health. Survey documents about 
1 in 11 adults suffer from diabetes mellitus out 
of which 90% of the people suffer from type 2 
diabetes mellitus.9 The complications of diabetes 
mellitus can be dealt through lifestyle changes, 
diet and exercise. Treatment involves regular 
intake of oral medication and sometimes insulin 
injection under critical conditions.10

 Seaweed or  macroalgae are the 
floral inhabitants in marine or brackish water 
environments. Various seaweeds were reported 
to possess antidiabetic property. Seaweeds such 
as Undaria pinnatifida sporophyll (UPS), Codium 
fragile (CF), and Gracilaria verrucosa (GV) possess 
antidiabetic property. Water extract of these 
seaweeds were documented for their role in 
inhibiting excess glucose absorption as well as 
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the utilization of excess glucose in other cellular 
pathways thus diverting the excess glucose from 
entering the blood stream.11 Several other red, 
green and brown seaweeds were also reported to 
possess antidiabetic property. Brown seaweeds are 
known for their bioactive compounds especially 
phlorotannins which were found to inhibit the 
enzymes responsible for hyperglycemia.12 An 
investigation by Unnikrishnan et al.13 stated that 
the metabolic enzymes involved in hyperglycemic 
activity were inhibited by the petroleum ether, 
ethyl acetate and methanolic extracts of the brown 
seaweeds Sargassum polycystum and Sargassum 
wightii. The laminarian and fucoidan fractions 
of brown seaweeds (Sargassum duplicatum and 
Turbinaria decurens) were also reported to possess 
antidiabetic property.14 Moreover, several species 
of Sargassum such as S. wightii, S. oligocystum, 
S. hystrix and S. angustifolium were repoted to 
possess antidiabetic property.15-18 S. tenerrimum 
is a brown algae found on the west coast of India 
and it is known for its bioactive compounds. The 
extracts of this seaweed has been reported to 
possess antimicrobial activity, especially against 
pathogenic microorganisms owing to the presence 
of phenols. These phenolic compounds tend to 
increase the commercial value of seaweeds in the 
food and pharma industry.19 Upon investigation, 
the ethanolic extract of this seaweed was found 
to possess antioxidant and antitumor activity.20 
Fucoidan of S. tenerrimum also possess antiviral 
activity against herpes simplex virus.21 Due to the 
therapeutic applications of S. tenerrimum, this 
seaweed was chosen to study its antidiabetic 
property. A natural compound, Streptozotocin 
(STZ), used in this study induces diabetes mellitus 
in experimental animals owing to its toxic nature 
against the β-cells of pancreas that produce 
insulin.22 Using streptozotocin-induced diabetic 
mice, this study examines the anti-diabetic efficacy 
of methanolic extract of S. tenerrimum.

MATERIALS AND METHODS
Materials used
 All the reagents used in this study were 
analytical grade and obtained from Qualigens, 
India. Blood based functions test were done using 
Span Diagnostics, Surat, India. 
Sample Collection
 The selected alga was identified as S. 

tenerrimum which belongs to the order Fucales 
and division Phaeophyta. It was identified at 
Conservation of Coastal and Marine Resources 
Division, Anna University Campus, Chennai by 
Dr. V. Deepak Samuel. This alga is a brown alga 
collected from the littoral region of the Mandapam 
coast (9°16'32.6"N 79°07'25.0"E) of the Gulf of 
Mannar which is located on the southeast coast of 
India. After a thorough cleaning, the epiphytes and 
necrotic parts of the macro algae were removed 
to score out the impurities.
Preparation of the extract
 The soxhlet extraction protocol was 
followed to prepare the methanolic extract from 
shade dried S. tenerrimum. About 20 mg of 
the algal powder was packed and placed in the 
Soxhlet’s apparatus to which 250 ml of methanol 
was added afterwards. The extract was allowed 
to evaporate such that the solvent gets removed 
in a rotary evaporator and then the extract was 
collected and stored for further use.
Experimental Animal
 Experimental animals, ie., Albino mice 
(Pasteur Institute, Breeding section, Coonoor) each 
weighing 25 to 30 g were selected and housed in 
a suitable environmental condition with proper 
temperature monitor and control with 12 hours 
of light and dark conditions. Standard nutrition 
was provided in the form of pellets (Sai Feeds, 
Mumbai, India) along with a required quantity of 
water. These experimental animals were allowed 
to acclimatize to the laboratory conditions atleast 
24 hours before the experimental procedure. All of 
the tests were carried out in strict accordance with 
the Animal Ethics Committee of the Government 
of India's guidelines and regulations. The 
experimental animals' ethical clearance number 
is IAEC/KU/BT/14/15.
Acute Toxicity Studies
 Following the guidelines of CPCSEA OECD 
guidelines, an acute toxicity study was conducted 
in all the experimental animals.  The mice were 
divided into three groups with three animals in 
each group, each at a fixed dosage level of the 
methanolic extract of S. tenerrimum at 100, 250 
and 500mg/kg. bw respectively. These animals 
were analyzed for abrupt modifications in the 
appearance of the skin, fur density, eyesight, 
mucous membrane, behavioural changes, sleep 
cycle, coma and death.23,24 After a physical 
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examination, the group that got 250 mg/kg.bw of 
methanolic extract of S. tenerrimum was chosen 
for future research because it showed no signs of 
toxicity during the investigation.25

Experimental Design
 Streptozotocin at a concentration of 
50mg/kg was induced into the experimental 
hyperglycemic animals as mentioned in 
Vasconcelos et al.26 The experimental animals 
were divided into four groups with three animals 
in each group. Group I contained normal healthy 
mice while the second group is a diabetic group 
that was left untreated with streptozotocin 
dosage. Streptozotocin and glibenclamide (10 mg/
kg.bw) were given to the third group. Though the 
efficacy of glibenclamide is inferior to metformin, 
treatment failure was observed in metformin 
dosages. A combination of metformin and insulin 
was efficient rather than metformin alone in 
patients suffering from gestational diabetes. 
Therefore, glibenclamide was chosen for this 
study.27 As a positive control, this group was used. 
The fourth group is the diabetic group that was 
given streptozotocin and methanolic extract of S. 
tenerrimum at a dose of 250 mg/kg.bw (two more 
groups could have been added; a vehicle control 
and extract alone treated group).
Blood Samples collection
 Blood was drained out through the tail tip 
of experimental animals for every 7 days. After an 
overnight fasting, the mice in study groups were 
sacrificed with a proper dosage of anaesthetics. 
Blood was collected once the mice were subjected 
to cardiac puncture through the artery using a 
sterile syringe. Centrifugation was done to remove 
the impurities and the supernatant was stored for 
biochemical analysis at -20°C.28

Bodyweight estimation
 The bodyweight of the treatment 
groups was monitored periodically under proper 
nutritious conditions. Bodyweight of all the groups 
was noted every 7 days and the weight change 
was compared between the 0th and 15th day. This 
protocol was adapted from Draganescu et al.29

Biochemical analysis
Blood Glucose estimation
 On the 0th, 7th, and 15th days of the trial, 
blood glucose levels were measured, and body 
weight measurements were done on the 0th 
and 15th day of the study. The method followed 

by Geetha.30 was adopted to estimate glucose 
in this study. A glucose standard at a known 
concentration was used to determine the amount 
of glucose in the samples. At an absorbance of 620 
nm, the final green colour solution developed was 
read and the amount of glucose was estimated 
graphically.
Determination of the effect of S. tenerrimum 
extract on Lipid Profile
 Diabetes specifically affects the lipid 
profile. Therefore, the amount of LDL, total 
cholesterol, VLDL, HDL and serum triglyceride in 
all the groups were determined as per the method 
followed by Muneer and Rabbani.31 and Seedevi 
et al.32

Determination of the effect of S. tenerrimum 
extract on Liver Enzyme levels (SGPT & SGOT) 
Span Diagnostics
 Serum Glutamic Pyruvic Transaminase 
(SGPT) and Serum Glutamic Oxaloacetic 
Transaminase (SGOT) activity determine the 
infection of diabetes over liver enzymes. Using 
adiagnostic kit to check SGPT and SGOT activity 
(Span Diagnostics, Surat, India), the activity of 
these enzymes was measured at an absorbance 
of 505 nm. Standard sodium pyruvate (2mM) 
was used to plot the calibration curve. From this 
standard plot, the activity of SGPT and SGOT were 
calculated in IU/ml.33 This can be converted to IU/L.
Determination of the effect of S. tenerrimum 
extract on Renal Enzyme levels- estimation of 
urea and creatinine
 Kidney function is abruptly affected in 
diabetic patients which under chronic conditions 
would result in kidney failure. Monitoring of urea 
and creatinine is essential to maintain a properly 
balanced medication. Therefore, serum urea and 
creatinine levels in the determined four study 
groups were estimated by the protocol mentioned 
in Basavarajappa et al.34

Statistical Analysis
 Data are expressed in terms of mean ± 
standard deviation. Differences among treatment 
group means were assessed by analysis of variance 
with Duncan's Multiple Range Test (DMRT) and 
group means were considered to be significantly 
different at p < 0.05. 

ResUlts AND DisCUssiON
 Diabetes Mellitus comprise various 
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metabolic disorders which are characterized 
by high glucose levels with long-term effects 
that abruptly damage the functioning of many 
organs. Acute effects include blurred vision, 
excess urination, nerve weakness, excessive 
hunger and thirst, muscle cramps and weight 
loss while the chronic condition results in organ 
failure.35,36 Although several hypoglycemic agents 
are available, the side effects are still a threat.37

S. tenerrimum extract on Body Weight of STZ-
Induced Diabetic Mice
 Reduction in body weight is a significant 
symptom of diabetes mellitus. The result of 

degeneration of adipose and muscle tissue onsets 
an energy demand due to the excess conversion 
of glycogen to glucose and frequent urination. 
Therefore, bodyweight of the experimental mice 
was observed periodically. Increased bodyweight of 
the treated group (Streptozotocin and methanolic 
extract of S. tenerrimum) was observed on the 
15th day compared to the other three groups.38 
The methanolic extract of (Lamiaceae) leaves was 
used to test the anti-diabetic efficacy of alloxan-
induced diabetic mice. After inducing two dosage 
levels (250 and 500 mg/kg body weight) of the 
methanolic extract, a weight change was noticed 

Fig. 1. S. tenerrimum extract on Body Weight of STZ-Induced Diabetic Mice.
Values are mean ±S.D for 6 mice in each group. Bar is not sharing an alphabet implies significant difference at 
p<0.05 (DMRT)

Fig. 2. S. tenerrimum Extract on Fasting Blood Glucose Level of STZ-Induced Diabetic Mice.
Values are mean ±S.D for 6 mice in each group. Bar is not sharing an alphabet implies significant difference at 
p<0.05 (DMRT)
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regularly. An increase in body weight was observed 
significantly which proves that the methanolic 
extract has the antidiabetic property. Similarly, in 
this study, a decline in weight loss was observed 
on the 15th day (Fig. 1). This indicates that the 
methanolic extract of the selected seaweed has 
the potential to lessen the intensity of diabetes 
mellitus in streptozotocin-induced mice.
 Diabetes mellitus is characterized 
by many side effects and one among them is 
hyperglycemia. The treatment group's blood 
glucose level decreased as a result of the efficacy 
of the methanolic extract of S. tenerrimum. 
Hydromethanolic leaf extract of Calpurnia aurea 
was investigated for its anti-diabetic property 
by Belayneh and Birru.39 They reported that 
the treated group documented a decrease in 
blood glucose level after receiving the hydro-
methanolic extract. This result was also observed 
in the proposed study which further clarifies the 
anti-diabetic property of methanolic extract of S. 
tenerrimum (Fig. 2).
Determination of the effect of S. tenerrimum 
extract on Lipid Profile of STZ-Induced Diabetic 
Mice
 The study of lipid profile of the diabetic 
mice shows the variation in the amount of total 
cholesterol, LDL, VLDL, HDL and serum triglyceride. 
The complications in the cardiovascular system 
can be identified when a variation in lipid profile 
is observed. It could also result in cardiac arrest 
due to the deposition of excess cholesterol in 

blood vessels. In this study, the treated group saw 
a significant reduction in total cholesterol, LDL-
cholesterol, VLDL-cholesterol, and triglycerides, 
as well as an increase in HDL-cholesterol  
(Fig. 3). Administration of S. tenerrimum methanolic 
extract significantly reduced total cholesterol, LDL-
Cholesterol, VLDL-Cholesterol and triglyceride 
while the good cholesterol, ie., HDL-cholesterol 
level increased which is a positive indication of 
anti-diabetic activity. Owolabi et al.,40 reported 
the observed change in lipid profile of this study 
in Alloxan–Induced diabetic rats treated with 
the methanolic leaf extract of Napoleona vogelii 
(Lecythidaceae) hook and planch. It is known from 
this study that diabetes adversely affects lipid 
metabolism and hence the methanolic extract of 
the seaweed (S. tenerrimum) could be a better 
source to balance the lipid profile.
 The amount of serum cholesterol was 
determined to be less in the treated group than the 
amount in the untreated group. When comparing 
the untreated diabetes control group (229 mg/
dl) to the normal healthy control group (41.33 
mg/dl), the current findings revealed that the 
level of blood total cholesterol was considerably 
higher in the untreated diabetic control group 
(229 mg/dl). The change in lipid metabolism was 
demonstrated by a decrease in total cholesterol 
level (ie, 145.66 mg/dl) after supplementation 
with S. tenerrimum extract. The evaluation of 
antidiabetic and antihyperlipidemic property of 
hydroalcoholic extract from the seeds of Peganum 

Fig.3. S. tenerrimum extract on lipid profile of STZ-Induced Diabetic Mice.
Values are mean ±S.D for 6 mice in each group. Bar is not sharing an alphabet implies significant difference at 
p<0.05 (DMRT).
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harmala in STZ-induced diabetic male rats by 
Komeili et al.41 documented a decrease in total 
cholesterol level in the treated group compared 
with the untreated diabetic group. Similarly, 
Kifle and Belayneh42 found that increasing doses 
of crude hydromethanol extract of Hagenia 
abyssinica (Rosaceae) leaves (100, 200, and 400 
mg/kg) resulted in a significant reduction in 
total cholesterol levels in streptozotocin-induced 
diabetic mice. These studies prove that the total 
cholesterol level in diabetic mice/rats can be 
derailed upon treatment with alcoholic extracts 
which is also a result of this research. When 

compared to the untreated diabetic group (LDL= 
98.67±1.53 mg/dl; VLDL= 38±1 mg/dl), reduction 
in the concentration of LDL and VLDL-cholesterol 
(LDL= 39±1 mg/dl; VLDL= 23.33±1.53mg/dl) in the 
diabetic group treated with methanolic extract of 
S. tenerrimum was noticed in this study. Komeili 
et al.,41 and Kifle and Belayneh42 also reported 
a decrease in cholesterol, VLDL and LDL evels 
in alcoholic extract-treated STZ-induced treated 
group (mice/rat).
 In streptozotocin-induced diabetic rats, 
an ethanolic extract of the seaweed S. polystum 
(150mg/kg) raised HDL cholesterol levels.43 AlFaris 

Fig. 4. S. tenerrimum extract on serum GPT and GOT of STZ-Induced Diabetic Mice.
Values are mean ±S.D for 6 mice in each group. Bar is not sharing an alphabet implies significant difference at 
p<0.05 (DMRT)

Fig. 5. S. tenerrimum extract on Serum Urea level of STZ-Induced Diabetic Mice.
Values are mean ±S.D for 6 mice in each group. Bar is not sharing an alphabet implies significant difference at 
p<0.05 (DMRT).
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et al.44 found that the methanolic extract of 
Duvalia corderoyi increased HDL cholesterol levels 
in streptozotocin-induced diabetic rats. A similar 
result was observed in this study when the treated 
group (59.33±1.15 mg/dl) is compared with the 
untreated diabetic control mice (19.67±0.58 mg/
dl). The amount of serum triglycerides is the major 
determinant of diabetes mellitus. A decreased 
amount of serum triglyceride was observed 
in the treated group in this proposed study 
i.e.,129.67±2.08 mg/dl after the administration of 
methanolic extract of S. tenerrimum. Murugesan 
et al.45 observed the anti-diabetic efficacy of the 
methanolic extract of the seaweed (Spatoglossum 
asperum) in alloxan-induced Wistar albino rats. 
They observed a reduction in triglyceride levels 
in the treated group. Worthwhile, Oliyaei et 
al.,18 reported a decrease in triglyceride levels 
in streptozotocin-nicotinamide-induced type 2 
diabetic mice treated with the ethanolic extract 
of the pigment fucoxanthin (encapsulated) 
present in the brown seaweed S. angustifolium. 
It is also observed through several studies that 
the pigments present in the methanolic extract 
of seaweed or any plant source are responsible 
for the increase or decrease in the evaluated anti-
diabetic params.46

Determination of the effect of S. tenerrimum on 
Liver Enzyme Levels of Streptozotocin-Induced 
Diabetic Mice
 The liver is a primary target of diabetes 
mellitus, hence determining the level of enzymes 

present in the treated mice group is critical. The 
major indicator enzymes of liver function are 
serum glutamate-pyruvate transaminase (SGPT) 
and serum glutamate-oxaloacetate transaminase 
(SGOT). An elevation in the level of these enzymes 
is a signal of cellular leakage that occurs on account 
of cell membrane dysfunction thus leading to 
liver damage in diabetic patients. In this study, 
treatment with the methanolic extract of S. 
tenerrimum abruptly reduced the level of SGPT 
and SGOT enzymes than in the healthy control 
and untreated group (Fig. 4). This result was 
already documented by Ramachandran et al.,47 in 
an investigation of anti-diabetic property of the 
aqueous extract of Terminalia paniculata bark in 
streptozotocin-induced diabetic rats. Moreover, 
the ethanolic extract of the brown seaweed S. 
longiotom and the methanolic extract of the 
sub-littoral seagrass Halodule uninervis in alloxan-
induced diabetic rats and streptozotocin-induced 
diabetic mice reduced the level of SGPT and SGOT 
respectively.48,49 These studies are a proof that the 
hepatic damage in diabetic mice can be treated 
effectively.
Determination of the effect of S. tenerrimum 
on Serum Urea and Creatinine Levels to access 
the kidney Function of Streptozotocin-Induced 
Diabetic Mice
 Diabetic mice had elevated plasma 
urea and creatinine levels, which is a common 
symptom. In diabetic individuals, urea and 
creatinine levels are important indicators of renal 

Fig. 6. S. tenerrimum extract on Serum Creatinine level of STZ-Induced Diabetic Mice.
Values are mean ±S.D for 6 mice in each group. Bar is not sharing an alphabet implies significant difference at 
p<0.05 (DMRT)
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impairment. In this study, the methanolic extract 
of S. tenerrimum was used to treat streptozotocin-
induced diabetic mice, which resulted in a 
decrease in urea and creatinine levels.(Fig. 5 & 
6). An increase in kidney metabolism elevates 
urea and creatinine level. After the administration 
of the algal polysaccharide of Enteromorpha 
intestinalis, Moustafa et al.,50 observed a similar 
decrease in urea and creatinine levels in diabetic 
rats. Renitta et al.,25 also reported the same result 
in streptozotocin-induced diabetic mice treated 
with the methanolic extract of S. wightii.

CONClUsiON
 This research highlights the efficacy of 
the brown seaweed, S. tenerrimum utilization in 
pharmacology. Based on the results observed, it 
is inferred that methanolic extract of this seaweed 
can be administered as a potent anti-diabetic 
medication in humans. Rather than the intake 
of metformin, glibenclamide or insulin, intake of 
methanolic extract is a biological strategy to control 
diabetes mellitus. A thorough investigation on in 
vitro studies could instigate legal approval towards 
the application of this research for the treatment 
of diabetic patients. Due to the low capital 
investment, this medication affordable by all class 
of working community. Other pharmacological 
properties such as antimicrobial, antioxidant 
property of several species of Sargassum highlights 
that seaweeds possess commendable therapeutic 
effects on human health.
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