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ABSTRACT

Background: The present study intended to evaluate the beneficial effects of the seagrass
Halophila beccarii, against induced diabetes mellitus in rat models. Halophila beccarii is a type
of Seagrass abundant in Pulicat Lake of Andhra Pradesh, India. Objective: Evaluating the
anti-hyperglycemic and anti-hyperlipidemic properties of seagrass extract in comparison with
standards. Materials and Methods: STZ induced diabetic rat models were adopted to analyze
the effect of long-term treatment with seagrass extract on blood glucose, HbA1c and serum
lipids. Results: The methanolic extract of seagrass demonstrated a significant drop of blood
glucose levels (52 %), in diabetic rats, after 6 h of supplementation. After 40 days of treatment
with 500 mg/day of seagrass extract, STZ diabetic rats exhibited tremendous decrease in fasting
blood glucose with significant improvement in glycemic control as evidenced by controlled
levels of HbA1c. Lower levels of triglycerides, total cholesterol, LDL and VLDL cholesterols
and higher levels of HDL cholesterol in STZ-induced diabetic rats provided an evidence for
significant anti hyperlipidemic property of seagrass extract. Conclusion: Phytochemicals of
seagrass like phenols, flavonoids and bioactive lipids contribute to the anti-hyperglycemic and
anti-hyperlipidemic activities and Halophila beccarii extract serves as a natural supplement in

the management of diabetes.
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INTRODUCTION

Diabetes mellitus is an endocrine disorder,
with increased levels of glucose resulting from
insulin resistance, malfunction or deficiency. The
carbohydrates, fats and proteins form the most
important part of our diet, helping as sources of
energy and body building materials. However,
the metabolism of these biomolecules is altered in
diabetes. Abnormal plasma lipid and lipoprotein
profiles with an increased risk of premature
atherosclerosis, coronary insufficiency and
myocardial infarction are reported with Diabetes.'
In diabetes, particularly in insulin deficiency states
there is an aggregation of lipids, which poses a
threat of developing different types of errors in their
metabolism manifested as hypercholesterolemia
and  hypertriglyceridemia.>  This  abnormal
accumulation of fat, particularly in liver and
muscle, provokes insulin resistance that terminate
beta cell generation in diabetes. The currently used
oral drugs like glibenclamide and metformin for
the treatment of diabetes cause adverse side effects
such as gastrointestinal disorder, renal failure
and pancreatitis. Hence, there is huge need for
alternative therapies for the effective management
of diabetes particularly in the control of glucose
levels along with lipid homeostasis to alleviate the
cardiovascular complications.

A large portion of population in the world is
completely dependent on traditional medicines
and from centuries, herbal remedies have been
used for the treatment of diabetes.** In Ayurvedic
medicine, a number of medicinal plants and their

formulations are used for treating diabetes. This
native form of medicine uses the active component
present in plants for treating diseases.” In addition
to terrestrial plants, the marine plants like seagrasses
are gaining popularity due to their adaptation to the
marine environment. Seagrass appears as meadows
and fasten to the ocean by thick root system and
rhizomes. Seagrasses are abundant in the Asia pacific
region specifically in India. More than fifteen species
of seagrass are identified from India. The majority
of the seagrass plants belonging to the family
Hydrocharitaceae are found in south east coast of
Tamil Nadu, Andaman and Nicobar islands.

The seagrass is rich in phyto-constituents like
phenols, flavonoids, vitamin E&C and bioactive
lipids. Due to the presence of high phenolic content
and unsaturated fatty acids the seagrass extract
may serve as a nutraceutical for diabetic patients.
However, so far the anti-hyperglycemic and anti
hyperlipidemic activity of this marine plant has
not been systematically determined. In the present
study, an effort has been made to analyse the anti
hyperglycemic and anti hyperlipidemic activity of
seagrass Halophila beccarii methanolic extract in
streptozotocin induced diabetic rats.

MATERIALS AND METHODS

Collection of Seagrass

The seagrass plants were collected from the sea
coast near Pulicat lake at Nellore district, AP, India.
The collected plants were brought to the laboratory
under aseptic condition and identified as Halophila
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beccarii.® The plants were washed with tap water and washed material
was shade dried and the dried samples were then ground to a fine
powder.

Preparation of methanolic extract

The seagrass methanolic extract (SME) was prepared by soaking 20 g of
dried powder of seagrass Halophila beccarii in 200 ml of methanol for
seven days at room temperature as per the standard protocol developed
in our laboratory.”

Experimental Animals

Male albino rats (180 - 200 g) were maintained on a standard pellet
diet and provided access to water and libitum. They were housed in
standard environmental conditions i.e. 12 hrs light and 12 hrs dark
cycle, as per the guidelines and approval from animal ethical committee
of Sri Padmavati Mahila Visvavidyalayam, Tirupati (1677/Po/S/2012/
CPCSEA/30).

Induction of diabetes

The diabetes was induced in the experimental Wistar rats by adopting
standard method.® In brief, a dose of streptozotocin (STZ 50mg/kg
bwt) dissolved in cold freshly prepared 0.01M citrate buffer p* 4.5,
was administered to 12 h fasted rats by intraperitoneal injection. The
animals were allowed to drink 5% glucose solution to overcome the
drug-induced hypoglycemia. After 72 hours of injection, the rats with
fasting blood glucose levels greater than 250 mg/dl/ or 15 mM/I were
marked as diabetic and utilized as in vivo diabetic model for further
experimental analysis.

Assessment of Anti-hyperglycemic activity

To assess the impact of SME on STZ- induced diabetes. The animals
were divided into five groups and each consisted of six rats.

The normal (group-I) and diabetic control (group-II) rats were fed
with distilled water alone. After an overnight fasting , the diabetic rat
groups III, IV, V were received 250, 500, 750 mg of SME dissolved in 1
ml of distilled water by gastric intubation using a force-feeding needle.
Blood samples were collected from the tail vein at 0, 1,2, 3,4,5and 6 h
after the administration of SME and standard blood glucose levels were
determined by using Accu-chek glucometer by oxidase-peroxidase
reactive strips.

Effect of long-term supplementation of SME on glycemic
control and lipid profiles in diabetic rats

The rats were divided into five groups with six rats in each group
Group 1: Normal untreated rats

Group 2: Normal rats treated with 500 mg SME/kg BW.

Group 3: Diabetic untreated rats

Group 4: Diabetic rats treated with 500 mg SME/kg BW.

Group 5: Diabetic treated rats with 20 mg glibenclamide/ kg BW

Group 1 and Group 3 rats were given distilled water alone (vehicle)
daily. The extract was administered at the selected dosage every day for
40 days dissolved in the same vehicle. At the end of the long treatment
on 40™ day after an overnight fast, blood was collected by retro-orbital
puncture from all animals, and the rats were sacrificed by anesthetizing
with chloroform and the animals were dissected by cervical dislocation.
Plasma was separated immediately and then stored at -20°C till further
biochemical investigations. Blood glucose, glycosylated hemoglobin
and lipid parameters were analyzed using standard methods. The
collected tissues were stored at -20°C for further histopathological
analysis.

Pharmacognosy Journal, Vol 12, Issue 6(Suppl), Nov-Dec, 2020

Biochemical analysis

Glucose oxidase-peroxidase method was implemented for measuring
blood glucose.” Hemoglobin and HbAlc of blood was determined by
the cyanmethemoglobin method The amount of cholesterol in the
blood sample was determined as per the standard method."” Serum
Triglycerides, High-density lipoproteins HDL, low-density lipoproteins
(LDL) and very low-density lipoproteins (VLDL) was estimated by the
method of Burstein et al'! by using the formula. LDL = TC — (HDL +
VLDL) / LDL = [(TC - HDL) — TG/5] VLDL = TG/5. Atherogenic
index was calculated by using the formula, TC-HDL-C/HDL-C."

Histopathology

After 40 days the rats were dissected, the pancreas was removed and
fixed in formalin. The pancreas was processed and sectioned at 5 m
thickness and stained with hematoxylin and eosin staining.

Statistical Analysis

All the experiments were performed in triplicates and n=6 unless
otherwise noted, and values represented as mean + SEM calculated
using Graph pad prism version 7.0. The results were subjected to One-
Way ANOVA and statistical significance is denoted by an asterisk
(*) when p values are *p<0.03 to 0.05, *p<0.001, ***p<0.0001 and
Hp<0.00001.

RESULTS
Anti-hyperglycemic activity of SME

The experimental rats induced with STZ demonstrated significantly
higher levels of fasting blood glucose compared to normal rats. During
sub-acute analysis, the STZ diabetic rats treated with SME exhibited a
dose dependent anti-hyperglycemic activity. Among the three groups,
Group-IV administered with 500mg/ml showed 52% reduction in FBG
levels compared with 32% and 37% with Group III and Group V STZ-
rats respectively. From the results, the 500 mg/kg bwt of methanolic
extract’ of Halophila beccarii was considered as an effective dosage in
controlling the blood glucose levels (Table 1).

Long-term influence of SME on blood glucose, total Hb
and glycosylated hemoglobin

After 40 days of induction with STZ, the rats showed significantly
higher levels of fasting blood glucose with drastic decrease in body
weight. A tremendous reduction in blood glucose from 384 + 5.01
mg/dl to 96 + 8.03 mg/dl and regained body weight was ascertained
with supplementation of 500 mg/kg SME (Table 2). In diabetic rats,
glycosylated hemoglobin (HbAlc) of blood reached to 12.5 mg/dl,
which is in contrast to normal control group i.e. 5.4 mg/ml. In contrast,
HbAlc levels were drastically dropped to 6.2 + 1.4 demonstrating the
impact of SME on glycemic control in STZ-induced diabetic rats and
the effect was found to be higher when compared with Glibenclamide
(7.0 + 1.5).

Anti-Hyperlipidemic activity of SME

The influence of SME on the serum lipid profile of STZ-induced
diabetic rats was analyzed. Rats in diabetic control group displayed
remarkable rise in the quantity of total cholesterol, triglycerides, LDL-C
and VLDL-C compared to normal rats. In contrast, DC group exhibited
decreased levels of HDL-C (Figure 1). Rats supplemented with SME
and glibenclamide demonstrated a rapid reduction in the quantity of
total cholesterol, triglycerides, LDL-C and VLDL- C with concurrent
increase in HDL- C content.

The rise in Atherogenic index implies the lipid abnormalities in
diabetes. In the experimental analysis, with supplementation of SME a
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Table 1: Percentage reduction in Blood glucose levels at different time points after oral administration of seagrass methanolic extract at 250 mg/ kg/

BW. 500 mg/kg/BW and 750 mg/ kg/BW in STZ- induced diabetic rats.

Groups Ohr Thr 2hr 3hr 4hr Shr 6hr
Group-1 98 + 5.03 92442 94 £ 137 89+ 11.1 99 +9.4 88 + 8.50 88.1+7.9
Normal control
Group-1II 328+ 3521 348+ 14.7 340 +7.7 359+ 12.5 373+ 1.7 332+87 395 + 16.3
Diabetic control
Group-III 25042.02"
Diabetic Treated 368+ 45.7+ 357+ 35.6 364+44.0 303+47.04 308+ 50.2 295+60.3" s
(250 mg/ml) .
Group-IV - - o
Diabetic treated 358+ 15.81 324+ 19.6 31117.8' 293+24.5" = (52;; 56 22(53:;110(/) ')2 1(750;3(;/0)5
(500 mg/kg b.w) ° ’ =
_ Group-V . . . 295+2.40°
Diabetic treated 472+ 153t 406+ 7.6 340 + 8.1 316+ 10.5 338 + 8.7 320+9.7
(37.5%)
(750 mg/kg b.w

Values are given as mean + SEM from six rats in each group, statistical significance (p < 0.05)

Table 2: Effect of SME on fasting blood glucose, total Hb, glycosylated Hb and change in body weights of normal and diabetic rats. NC (normal treated
with saline), NT (normal treated with SME), DC (diabetic control), DG (diabetic treated with Glibenclamide), DT (diabetic treated with SME).

Fasting blood glucose

Groups Treatment after 40 days Change in body
Before treatment with SME Hb(g/dl) HbA1c L
NC 98 + 8.5* 110 £ 2.10 14.5 + 1.5¢ 54 +0.5* +40
NT 90 £ 7.07* 100 £ 2.03 14.2 + 1.2¢ 45+ 1.2¢ +60
DC 384 +£5.01° 450 + 2.01* 7.5+ 1.8¢ 12.5 + 1.6¢ -35
DG 463 + 5.03¢ 140 + 5.03 12.8 £ 1.6° 7.0 + 1.5¢ +30
DT 350 + 14.01 96 + 8.03" 13.2 +£2.0¢ 6.2 +1.4° +60
Values are given as mean + SEM from six rats in each group, statistical significance (p < 0.05).
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Figure 1: Effect of SME on serum total cholesterol, triglycerides, HDL, LDL and VLDL cholesterol in normal
and experimental diabetic rats. NC (normal treated with saline), NT (normal treated with SME), DC (diabetic
control), DG (diabetic treated with Glibenclamide), DT (diabetic treated with SME). Values presented as mean

+ SEM (p=<0.05).

5-fold decrease in atherogenic index was encountered (Figure 2). There
was a reduction of atherogenic index form 4.64 in DC group to 0.88
with supplementation of SME in STZ diabetic rats. The atherogenic
index (0.88) in SME treated rats is lower in comparison to both the DC
(4.64) and DG (1.49) groups.

Effect of SME on tissue of pancreas

Pancreatic sections of normal control rats showed entire histological
features of endocrine and exocrine components (Figures 3a,b). STZ-
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induced diabetic rats showed necrotic and degenerative changes in the
islets of Langerhans and decreased number of beta cells as represented
in Figure 3c. Treatment with SME and glibenclamide prevented the
histological changes and thereby caused a significant decrease in the
damage of pancreatic tissue (Figures 3d.e).

DISCUSSION/ CONCLUSION

Streptozotocin (STZ) is renowned for its cytotoxic activity against
pancreatic islet B-cells, which results in inadequate secretion of insulin,
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LA

Atherogenic index

DC DG DT

Treatment groups

Figure 2: Effect of SME on atherogenic index in normal and experimental diabetic rats. NC
(normal treated with saline), NT (normal treated with SME), DC (diabetic control), DG (diabetic
treated with Glibenclamide), DT (diabetic treated with SME). Values are given as mean + SEM

(p<0.05).

. SME treated

E. Glitenclamid e treated

Figure 3: Effect of SME & glibenclamide on STZ-induced diabetic rat pancreas a) Normal control rat pancreas
b) Normal treated (HBME) rat pancreas c) Diabetic control rat pancreas d) HBME treated Diabetic rat pancreas.

the hallmark feature of type 2 diabetes.”® STZ is commonly used to
induce diabetes mellitus in experimental rats."* STZ enters into the
B-cells of pancreas through glucose transporters GLUT2, which
facilitates poly—-ADP ribosylation and nitric oxide release that lead to
the destruction of pancreatic -cells.”® To the best of our knowledge, the
present study is the first report that evaluates the anti-diabetic activity
of SME on STZ-diabetes induced experimental rats.

During the in vivo analysis for anti-hyperglycemic activity of seagrass,
the rats were induced with diabetes by streptozotocin at a dose level
of 500 mg/kg bwt in 0.1 M cold citrate buffer. Different doses of SME
(250 mg/kg bwt, 500 mg/kg bwt and 750 mg/kg bwt) tested for glucose
lowering capacity in a short-term study. The SME evidently showed a
hypoglycemic effect by decreasing the fasting blood glucose levels up

Pharmacognosy Journal, Vol 12, Issue 6(Suppl), Nov-Dec, 2020

to 52% in STZ induced diabetic animals within 6 h. The SME at a dose
level of 500 mg/kg bwt exhibited pronounced anti-diabetic activity.

In long-term analysis, the STZ-diabetes rats exhibited reduction
in body weight, which might be due to enhanced catabolism of
proteins to free amino acids. The amino acids stimulate the process
of gluconeogenesis due to the lack of carbohydrates for glycolysis
and oxidative phosphorylation. Our results were in tune with earlier
research with decreased body weight in STZ-diabetic rats'®. Unlike the
diabetic group, the SME administered groups demonstrated the steady
raise in the body weight. Thus, the data indicates the promising effect
of SME supplementation against the weight loss caused by STZ during
induction period.

1719



Eff, et al.: Antihypertensive, Antidiabetic, Antioxidant and Cytotoxic Activities of Indonesian Traditional Medicine

Normalization of blood glucose levels in SME administered
rats confirms the anti-hyperglycemic activity of SME instead of
hypoglycemic activity. The feasible mechanism of anti-hyperglycemic
activity of SME might be due to bioactive fatty acids and phenols of
Halophila beccarii, which play an important role in the regeneration
of pancreatic f cells. These phyto-constituents might perform insulin
like function either by uptake of glucose or inhibition of hepatic
gluconeogenesis. The decreased FBG levels in diabetic rats are due
to the regeneration of pancreatic § cells by SME. The effect of SME
on reduction of FBG initiated at 11" day of dose administration. The
insulin secretion was high with SME compared to glibenclamide,
which induces insulin secretion from beta cells by the process of
exocytosis.

In diabetic condition, the increased circulating blood glucose react
non-enzymatically with hemoglobin to form glycosylated hemoglobin
(HbAIc) as a result total hemoglobin concentration was decreased.”
It is formed progressively and irreversibly over a period and is stable
until the life of the RBC and is unaffected by diet, insulin or exercise
on the day of testing.’® The amount of glycosylated hemoglobin
(HbAlIc) is correlated with the blood glucose level that predicts the risk
for the development and/or progression of diabetic complications.
Glycosylated hemoglobin indicates the rate of glycation of protein and
it is a significant marker for the identification of stages of diabetes.
HbA1c levels were used as an objective measure of glycemic control
and its screening is useful for determining the high-risk level of
diabetes. Decreased hemoglobin levels and increased HbA1c levels in
STZ-diabetic rats was significantly restore to normal after treating the
STZ-diabetic rats with SME. Oral administration of SME decreased
the HbA1c levels in diabetic rats by its anti-hyperglycemic activity. The
normal level of glycosylated hemoglobin demonstrates the reduced
glycation of protein and it confirms the anti-hyperglycemic potential
of seagrass.

In this present analysis, induction of diabetes with STZ caused severe
pathological changes such as chronic pancreatitis, chronic inflammation
and periductal fibrosis in the pancreas tissues. On treatment with SEM
and glibenclamide, the pathological changes were totally altered and
pancreatic tissue seems to be normal. This indicates the effect of SEM
on regeneration of damaged pancreas and explains the potential of SEM
in the management of diabetes.

Diabetes is associated with elevated levels of circulating free fatty acids
particularly in VLDL with an enhanced risk of initial atherosclerosis
and myocardial infarction.”® Along with the regulation of carbohydrate
metabolism, insulin acts as anti-lipolytic agent and controls the
catabolism of fats in the body. Accumulation of lipids in diabetes is
mainly due to insulin deficiency?’ STZ-induced rats showed higher
concentration of TC (45%) and TG (50%) compared to normal groups.
Administration with SME normalized the levels of TC and TG. Further
SME drastically lowered the levels of LDL and VLDL-c and exerted
positive improvement on HDL.

Hyper-triglyceridemia is a common metabolic disorder in patients
with diabetes mellitus, which leads to vascular complications.?
Bruan and Severson®, reported that the insufficient production of
lipoprotein lipase results in the elevation of triglycerides in diabetes
mellitus. Treatment of diabetes with insulin helped to lower the plasma
triglycerides by returning lipoprotein lipase to normal levels.?* Several
reports on studies of diabetes mellitus displayed that the synthesis of
free radicals and decrease in cells antioxidant activities is due to the
existence of oxidative stress.”

In the present study, the SME significantly reduced the triglyceride,
total cholesterol, LDL and VLDL cholesterol levels with an increase
of HDL cholesterol in treated diabetic rats as compared to untreated
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diabetic rats. The significant control of the levels of serum lipids in the
SME treated diabetic rats may be directly attributed to improvement in
glycemic control upon SME therapy.

The present study concludes the anti hyperglycemic and anti
hyperlipidemic activities of methanolic extract of seagrass. Thus, searass
extract may be used as nutracuetical supplement or adjuvant for the
management of diabetes and cardiovascular complications.
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