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ABSTRACT: The objective of this research was to determine the potential effects of Sargassum hystrix extracts (SHE) on the 
glucose levels, lipid profile, and pancreas of streptozotocin (STZ)-induced diabetic rats. SHE at 200, 300, and 400 mg/kg 
was administered orally to STZ-induced diabetic rats once daily for 15 days. Glucose levels, lipid profile, and weight of rats 
were measured in the normal state and on the 15th day. The histology of the pancreas was observed on the 15th day. The 
results showed that the preprandial and postprandial glucose levels in the group treated with SHE at 300 mg/kg were sig-
nificantly reduced compared with those of the diabetes group. Additionally, the levels of triglycerides and cholesterol in 
the 300 mg/kg SHE group were significantly different from those in the diabetes group. However, the levels of high-den-
sity lipoprotein cholesterol and low-density lipoprotein cholesterol across the treatment groups did not have significant 
differences. Necrosis was found in all STZ-induced rats. SHE at a dose of 300 mg/kg had the best capability to lower the 
levels of preprandial and postprandial glucose and to prevent necrosis in diabetic rats.
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INTRODUCTION

Diabetes mellitus describes a metabolic disorder of mul-
tiple etiology that is characterized by chronic hyperglyce-
mia with disturbances in carbohydrate, fat, and protein 
metabolism resulting from a defect in insulin secretion, 
insulin action, or both (1). Diabetes is a leading cause of 
morbidity and mortality for the world’s growing popula-
tion. The International Diabetes Federation has predicted 
a worldwide increase from 8.3% to 9.9% by the year 
2030 (2). Diabetes is associated with major abnormal-
ities in fatty acid metabolism (3). The most common lip-
id pattern in type 2 diabetes consists of hypertriglyceride-
mia, high-density lipoprotein cholesterol (HDL-c), and 
normal plasma concentrations of low-density lipoprotein 
cholesterol (LDL-c) (4). It is one of the primary threats 
to human health due to its increased prevalence and as-
sociated disabling complications. Additionally, its treat-
ment mainly involves obtaining a sustained reduction in 
hyperglycemia using oral hypoglycemic agents in addi-
tion to injectable insulin. However, the prominent side- 
effects of such drugs are the main reason for an increas-
ing number of people seeking alternative therapies that 
may have less severe or no side effects (5).

Some plants from different parts of the world that pos-

sess antidiabetic and related beneficial effects have been 
documented (6). The brown marine alga Sargassum cras-
sifolium is an abundant species that is commonly found 
around the world and is rich in polysaccharides, proteins, 
peptides, amino acids, lipids, minerals, and some vita-
mins. Marine algae also have a high content of antioxi-
dants that can be used to ward off the free radicals that 
increase due to hyperglycemic conditions in patients with 
diabetes mellitus (7). Several marine algae, such as Peta-
lonia binghamiae, Padina gymnospora, Sargassum cystoseria, 
and Spyridia fusiformis, have hypoglycemic effects in dia-
betic mammals (8). Marine algae and algal polysaccha-
rides also have hypocholesterolemic effects in mammals 
(9). Until now, research on the antidiabetic activity of the 
seaweed Sargassum hystrix has not been conducted. The 
purpose of this study was to evaluate the effects of S. hy-
strix extracts (SHE) on the glucose levels, lipid profile, 
and pancreas of streptozotocin (STZ)-induced diabetic 
rats.

MATERIALS AND METHODS

Materials
The main material used in this study was the brown sea-



190  Gotama et al.

weed S. hystrix obtained from coastal Sepanjang, Gunung-
kidul, Yogyakarta, Indonesia, in April 2016. The chemical 
used for extraction of polyphenols was methanol (Merck 
KGaA, Darmstadt, Germany). All other chemicals used 
in this study were of analytical grade.

Extractions of seaweed
Before extraction, seaweed was dried indoors for 4∼7 
days, then cut into small pieces and powdered using a 
blender. The ethanolic extract was obtained by extract-
ing the seaweed using the modified method of Zhang et 
al. (10). Two hundred grams of powdered Sargassum pol-
ycystum samples were extracted using ethanol 96% 
(1.875 mL) that had been adjusted to pH 4 using 1 N 
HCl (±7 mL) at room temperature and stirred for ±4 h. 
Maceration was then performed for 2×24 h, and the mix-
ture was filtered with Whatman paper No. 1. Then, the 
filtrate was evaporated in a rotary evaporator (RV 10 ba-
sic; IKA-Werke GmbH & Co., Breisgau, Germany; 40∼ 

60oC, 135∼150 rpm, ±2 h) and freeze-dried. The freeze- 
dried sample was weighed for yield calculations and 
stored at a temperature of −20oC.

Experimental method
Male albino Wistar rats, weighing 106.1∼148.6 g were 
obtained from the Integrated Research and Testing Lab-
oratory at Universitas Gadjah Mada, Yogyakarta, Indone-
sia. Rats were maintained under the standard condition 
of 24±2oC at a relative humidity of 40±5% with a 12-h 
light and 12-h dark cycle and were fed a standard pellet 
diet with water available ad libitum. All animal studies 
conducted were approved by the Institutional Animal 
Ethics Committee (IAEC) of the Integrated Research 
and Testing Laboratory at Universitas Gadjah Mada (Ap-
proval No. 305/KEC-LPPT/VIII/2015), Yogyakarta, In-
donesia.

Rats were fasted overnight before being injected with 
STZ. Diabetes mellitus was induced by a single intra-
peritoneal injection of a freshly prepared solution of STZ 
[50 mg/kg body weight (b.w.)] in 0.1 M citrate buffer at 
pH 4.5. Rats were treated with 5% glucose solution oral-
ly to combat the early phase of drug-induced hypoglyce-
mia. The blood glucose levels of the rats were measured 
48 h after STZ administration (11). 

A total of 30 rats were divided into 6 groups as fol-
lows: Group 1, normal rats treated with normal saline; 
Group 2, diabetic rats treated with 0.5% carboxymethyl 
cellulose-Na; Group 3, diabetic rats treated with 5 mg 
glibenclamide/kg b.w.; Group 4, diabetic rats treated with 
SHE 200 mg/kg b.w.; Group 5, diabetic rats treated with 
SHE 300 mg/kg b.w.; and Group 6, diabetic rats treated 
with SHE 400 mg/kg b.w. The concentration of SHE was 
based on the results of a brine shrimp lethality test (data 
not shown). The rats’ body weights were measured eve-

ry day. On day 15, the rats were anesthetized with anes-
thetic ether and dissected immediately, and blood was 
collected in microtubes. Blood was centrifuged at 1,610 
g for 20 min at 4oC to obtain serum that was collected 
and stored at −20oC before testing. The blood serum 
levels were measured to determine the profile of bio-
chemical parameters, including glucose, triglycerides, 
cholesterol, HDL-c, and LDL-c. The stomach of each ani-
mal was opened along the greater curvature and qualita-
tively examined macroscopically for gastric ulcers. Gas-
tric tissue was stored in a 10% formalin solution before 
testing for gastric ulceration. Ulceration was analyzed 
using the method described by Gregory et al. (12).

Statistical analysis
All data were expressed as the mean±standard deviation 
(SD) of three determinations. Statistical comparison was 
performed via one-way analysis of variance (ANOVA) 
followed by Duncan’s multiple range test (DMRT) using 
SPSS version 8 software (SPSS Inc., Chicago, IL, USA). 
The values were considered significant when P<0.05.

RESULTS AND DISCUSSION 

S. hystrix supplementation has no effect on body weight 
of STZ-induced diabetic rats 
Body weight changes during the whole experiment are 
shown in Fig. 1. Five groups of diabetic rats had de-
creased in body weight during the 15 days treatment, but 
there were no significant (P≥0.05) differences between 
the groups of rats. Weight loss in the DM rats from 
baseline to day 15 for the diabetes, glibenclamide, poly-
phenol 200, 300, and 400 mg/kg groups was 16.2, 10.9, 
21.2 16.1, and 14.5 g, respectively. However, in contrast, 
the control group that did not get the induction of DM 
by STZ gained weight. Weight gain in the control group 
continued to increase from day 0 to day 15 by 31.1 g.

Weight loss in the STZ-induced DM rats was due to 
excess protein tissue destruction, dehydration, and ca-
tabolism of fat and protein (13). Additionally, the weight 
loss of the rats was due to decreased insulin production 
and was followed by energy reduction (14). The study by 
Moree et al. (11) showed that weight loss in STZ-induced 
rats was due to the degradation of protein structures. 
These protein structures are related to body weight, so 
their degradation can reduce weight. During relative or 
absolute insulin deficiency, adenosine triphosphate pro-
duction, and decreased protein synthesis in all tissues al-
so become factors that cause weight loss. The loss and 
ineffective utilization of glucose lead to the breakdown of 
protein and fat. Structural proteins are known to contrib-
ute to body weight, and the degradation of these struc-
tural proteins reflects the reduction in body weight (15).
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Table 1. Effects of Sargassum hystrix extracts (SHE) and glibenclamide on streptozotocin-induced biochemical changes in Wistar 
rats (unit: mg/dL)

Treatment groups Preprandial 
glucose

Postprandial 
glucose Triglycerides Cholesterol HDL-c LDL-c

Control 89.6±11.0a 75.3±8.1a 65.3±11.2abc 83.1±11.3b 28.8±7.9ns 30.0±9.9ns

Diabetic 347.8±20.9c 315.6±19.9c 45.9±2.6a 50.2±5.8a 21.5±2.7 21.5±5.1
Glibenclamide 5 mg/kg 195.6±184.4b 104.8±25.6a 46.0±9.5ab 72.7±17.2ab 27.1±5.1 25.8±4.6
SHE 200 mg/kg 238.7±174.5bc 344.9±99.6c 76.3±34.2bc 67.8±21.3ab 25.3±2.7 25.9±5.3
SHE 300 mg/kg 186.4±124.3b 186.9±84.4b 91.2±26.6c 80.4±17.6b 26.3±8.7 32.2±6.8
SHE 400 mg/kg 215.3±205.4b 333.8±12.5c 49.9±8.2ab 72.3±4.3ab 28.9±2.7 34.1±7.1

Different letters (a-c) in the same column indicate significant differences (P<0.05).
HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.
nsNot significant.

Fig. 1. Effects of Sargassum hystrix extracts (SHE) and glibenclamide on streptozotocin-induced body weight changes in Wistar 
rats.

S. hystrix supplementation decreases blood glucose levels 
in STZ-induced diabetic rats
Rat blood glucose levels are shown in Table 1. Rats given 
SHE at a dose of 300 mg/kg showed a significant (P< 
0.05) decrease in blood glucose levels to near levels of 
the control and glibenclamide-treated rats. Firdaus et al. 
(7) reported that methanol extracts of the brown algae 
Sargassum echinocarpum at a dose of 450 mg/kg b.w. low-
ered blood glucose levels of diabetes mellitus rats to be-
low 200 mg/dL. S. echinocarpum extracts inhibited -glu-
cosidase activity and showed insulin-mimetic activities. 
Lamela et al. (16) also reported that Sargassum sp. ex-
tracts exerted hypoglycemic properties in normal and di-
abetic rabbits. Borriello et al. (17) suggested that activa-
tion of adenosine monophosphate-activated protein kin-
ase by polyphenols can increase Akt activity, causing glu-
cose transporter 4 to translocate to the cell membrane 
immediately. The glucose transporter is useful for uptake 
of glucose in the blood and muscles.

S. hystrix supplementation has no effect on triglyceride 
levels of STZ-induced diabetic rats
Rats had triglyceride levels in the normal range (45.9∼ 

91.2 mg/dL) until day 15 (Table 1). Elevated triglyceride 
levels occurred in the control, glibenclamide, and SHE 

400 mg/kg groups. However, when the triglyceride lev-
els at baseline were compared to those at day 15, there 
was a decrease across all treatments, but the levels were 
still within the normal range. Damron (18) stated that 
the levels of triglycerides in the blood are affected by the 
digested fat levels from a meal or the amount of fat that 
enters the body. The feed given to the rats would not 
have this effect because the feed used was not a high-fat 
diet, in contrast to Motshakeri et al. (19), who added di-
etary fat and sugar to the rat feed, which could have 
caused dyslipidemia.

The STZ-induced rats in this study had triglyceride 
levels within the normal range. Husni et al. (20) also re-
ported a normal range of triglycerides between 69.6∼ 

77.4 mg/dL. However, the administration of Na-alginate 
from Turbinaria ornata was able to lower triglyceride lev-
els on day 15. The administration of SHE in this study 
can also decrease triglyceride levels at day 15. Moreover, 
sodium alginate from S. crassifolium and S. polycystum can 
decrease triglyceride levels in STZ-induced hyperglyce-
ride rats (21,22).

S. hystrix supplementation has no effect on total choles-
terol of STZ-induced diabetic rats 
Blood serum total cholesterol levels of rats showed no 
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Fig. 2. Effects of Sargassum hystrix
extracts (SHE) and glibenclamide 
on streptozotocin-induced gastric 
ulcers in Wistar rats.

significant (P≥0.05) differences between the diabetic rats 
and rats that received SHE at 200 and 400 mg/kg and 
glibenclamide at 5 mg/kg (Table 1). Cholesterol levels 
in the SHE 300 mg/kg group were significantly different 
compared to those in the diabetes group. Motshakeri et 
al. (19) stated that S. polycystum ethanol extract could re-
duce dyslipidemia in type 2 diabetic rats. A decrease in 
cholesterol levels by Sargassum wightii extract was also 
shown by Mohapatra et al. (23) in type 2 diabetic mice 
with a high-fat diet and STZ induction. Husni et al. (21) 
stated that sodium alginate from S. crassifolium at a dose 
of 600 mg/kg could lower cholesterol levels equally well 
with glibenclamide drugs in STZ-induced rats. The abil-
ity of Na-alginate as a reducer of cholesterol in diabetic 
rats was also obtained from T. ornata (20), in contrast to 
Husni et al. (22), who stated that S. polycystum extract had 
no effect on the cholesterol levels of diabetic rats induced 
by STZ.

S. hystrix supplementation has no effect on HDL-c of STZ- 
induced diabetic rats
Blood serum levels of HDL-c in Wistar rats showed no 
significant (P≥0.05) differences between rats in the con-
trol, diabetes, and SHE groups (Table 1). Husni et al. 
(21) reported that 400 and 600 mg/kg of sodium algi-
nate did not affect HDL-c levels in the STZ-induced rat. 
However, a dose of 200 mg/kg of sodium alginate could 
increase HDL-c levels in the rats. S. polycystum extracts 
also increased HDL-c levels to >100 mg/dL (22). The 
HDL-c levels in alloxan-induced diabetic rats may also 
increase with alginate administration from T. ornata (20).

S. hystrix supplementation has no effect on LDL-c of STZ- 
induced diabetic rats
Blood serum levels of LDL-c in Wistar rats showed no 
significant (P≥0.05) differences between the rats in the 
control, diabetes, and SHE groups (Table 1). Decreased 
levels of LDL-c on day 15 in the treatment group given 
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Fig. 3. Effects of Sargassum hystrix extracts (SHE) and glibenclamide on the number of normal pancreatic cells of streptozotocin-in-
duced Wistar rats.

S. hystrix polyphenols showed that administration of S. 
hystrix polyphenols could lower LDL-c levels as well as 
glibenclamide. Husni et al. (20,21) also reported that ad-
ministration of sodium alginate from S. crassifolium and 
T. ornata were able to lower LDL-c levels in diabetic rats. 
The activity of phloroglucinol was also reported to have 
potential as an antihyperlipidemic agent (24). Phloroglu-
cinol can reduce serum concentrations of fatty acids that 
lead to decreased LDL concentrations. However, Husni 
et al. (22) reported an increase in LDL-c levels in the 
presence of S. polycystum extract.

S. hystrix supplementation was able to prevent cell dam-
age in pancreas of STZ-induced diabetic rats 
The histologic analysis of the diabetic rat pancreas in 
Fig. 2 shows that STZ induction treated rats have ne-
crosis/cell damage. Motshakeri et al. (25) explained that 
the STZ-induced rats exhibited small islets of Langerhans 
including cell degeneration and cell beta reduction. Arya 
et al. (26) also reported that pancreatic tissue in diabetic 
rats showed a decrease in the number of Langerhans is-
lands,  cell degeneration, hydropic degeneration,  cell 
clumping, pyknosis, necrosis, and STZ-induced cell mor-
phology due to some damaged  cells. Based on the re-
sults of the histologic analysis, the diabetic group rats 
had more cellular damage than the glibenclamide group. 
The increase in the amount of cell damage in the diabetic 
group was caused by the absence of drug administration, 
while the group given glibenclamide may have been able 
to repair cells. The normal control rats had normal cell 
conditions because they did not receive STZ induction 
(nondiabetic). 

Fig. 3 shows the effect of SHE on the number of nor-
mal pancreatic cells of STZ-induced Wistar rats. Pancre-
atic cells of rats that were not induced by STZ (control) 
under normal conditions, as well as rats that had been 
given glibenclamide and SHE 400 mg/kg. The number of 
normal cells in rats induced by STZ without treatment 
was 62.50±17.68%, while in the treated rats with SHE 

200 and 300 mg/kg the number of normal cells were 
75.00±35.36 and 87.50±17.68%, respectively. This sug-
gests that administration of SHE up to 400 mg/kg and 
glibenclamide at 5 mg/kg may decrease the number of 
necrotic cells in the pancreas. The result indicated that 
the cell repair ability of SHE at 400 mg/kg was better 
than that of SHE at 200 and 300 mg/kg. Motshakeri et 
al. (25) also reported that S. polycystum extracts affected 
the prevention and repair of pancreatic cell damage. Ad-
ministration of sodium alginate from S. crassifolium (21) 
and S. polycystum extract at 450 mg/kg (22) can also af-
fect the ability to repair necrotic cells.

Diabetic complications can be due to unmanaged dia-
betes in the long term. Diabetic complications are divided 
into two types, namely, acute and chronic. Acute com-
plications are triggered by abnormally elevated blood 
sugar levels, resulting in diabetic ketoacidosis conditions 
in type 1 and 2 diabetes and hyperosmolar coma in type 
2 (27). Hyperglycemic conditions can also cause chronic 
complications in blood vessels, which usually attack 
small blood vessels (microvascular) and large blood ves-
sels (macrovascular) (28). Retinopathy, neuropathy, and 
nephropathy are complications of microvascular diabetes 
induced by chronic hyperglycemia via several mecha-
nisms, which include the production of end-product ad-
vanced glycation processes and the induction of oxidative 
stress (29). A common complication of macrovascular 
diabetes is atherosclerosis, where arterial wall narrowing 
occurs throughout the body as a result of chronic inflam-
mation, and there are arterial wall lesions in the periph-
eral vascular or coronary system (28).

Diabetic complications can also be caused by damage to 
the body’s defense system, such as oxidative stress, cell 
membrane damage, DNA damage, and cell death. This 
study showed that the SHE at 300 mg/kg was able to 
prevent cell death by repairing pancreatic cell damage in 
STZ-induced rats; thus, this extract also plays a role in 
overcoming diabetic complications. Lailatussifa et al. (30) 
reported that the S. polycystum ethanol extract acts as an 



194  Gotama et al.

inhibitor of oxidative stress due to complications of dia-
betes through the maintenance of gastric mucosal lining. 
Kidneys in type 2 diabetes in the study by Motshakeri et 
al. (25) have acute cell swelling, glomerular atrophy, and 
tubular necrosis, which are characteristics of nephrop-
athy, and may show decreased symptoms of necrosis 
when administered with S. polycystum extract treatment. 
This shows that the extract of Sargassum sp. also plays a 
role in overcoming the complications of diabetes.

In conclusion, the administration of SHE at a dose of 
300 mg/kg was able to decrease the preprandial and post-
prandial blood glucose levels but did not affect the fat 
profile of diabetic rats. STZ induction leads to necrosis of 
pancreatic  cells, and the administration of SHE at 300 
∼400 mg/kg could improve necrosis.

ACKNOWLEDGEMENTS

The authors would like to thank the Directorate General 
of Higher Education of the Republic of Indonesia. This 
research was supported by Research Grants Flagship 
Universitas Gadjah Mada through DIPA UGM 2017, 
number 2294/UN1.P.III/DIT-LIT/LT/2017.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

REFERENCES

1. WHO. 1999. Definition, diagnosis and classification of dia-
betes mellitus and its complications: report of a WHO con-
sultation. Part 1: diagnosis and classification of diabetes mel-
litus. Department of Noncommunicable Disease Surveillance, 
World Health Organization, Geneva, Switzerland. http:// 
apps.who.int/iris/handle/10665/66040 (accessed Jan 2018).

2. IDF. 2015. IDF diabetes atlas. 7th ed. International Diabetes 
Federation, Brussels, Belgium. http://www.diabetesatlas. 
org/resources/2015-atlas.html (accessed Aug 2016).

3. Tomkin GH. 2008. Targets for intervention in dyslipidemia 
in diabetes. Diabetes Care 31: S241-S248.

4. Leiter LA, Genest J, Harris SB, Lewis G, McPherson R, 
Steiner G, Woo V, Lank CN; Canadian Diabetes Association 
Clinical Practice Guidelines Expert Committee. 2006. Dys-
lipidemia in adults with diabetes. Can J Diabetes 30: 230-240.

5. Moller DE. 2001. New drug targets for type 2 diabetes and 
the metabolic syndrome. Nature 414: 821-827.

6. Kavishankar GB, Lakshmidevi N, Mahadeva Murthy S, 
Prakash HS, Niranjana SR. 2011. Diabetes and medicinal 
plants－a review. Int J Pharm Biomed Sci 2: 65-80.

7. Firdaus M, Astawan M, Muchtadi D, Wresdiyati T, Waspadji 
S, Setyawati SK. 2010. Effects of brown algae extract to func-
tion of aorta endothelium cell in diabetic rats. Indones J Pharm 
21: 151-157.

8. Mohamed S, Hashim SN, Abdul Rahman H. 2012. Seaweeds: 
a sustainable functional food for complementary and alterna-

tive therapy. Trends Food Sci Technol 23: 83-96.
9. Matanjun P, Mohamed S, Muhammad K, Mustapha NM. 

2010. Comparison of cardiovascular protective effects of trop-
ical seaweeds, Kappaphycus alvarezii, Caulerpa lentillifera, and 
Sargassum polycystum, on high-cholesterol/high-fat diet in rats. 
J Med Food 13: 792-800.

10. Zhang J, Tiller C, Shen J, Wang C, Girouard GS, Dennis D, 
Barrow CJ, Miao M, Ewart HS. 2007. Antidiabetic properties 
of polysaccharide- and polyphenolic-enriched fractions from 
the brown seaweed Ascophyllum nodosum. Can J Physiol Pharmacol 
85: 1116-1123.

11. Moree SS, Kavishankar GB, Rajesha J. 2013. Antidiabetic ef-
fect of secoisolariciresinol diglucoside in streptozotocin-in-
duced diabetic rats. Phytomedicine 20: 237-245.

12. Gregory M, Divya B, Mary RA, Viji MM, Kalaichelvan VK, 
Palanivel V. 2013. Anti-ulcer activity of Ficus religiosa leaf eth-
anolic extract. Asian Pac J Trop Biomed 3: 554-556.

13. Arunachalam K, Parimelazhagan T. 2014. Antidiabetic and 
enzymatic antioxidant properties from methanol extract of 
Ficus talboti bark on diabetic rats induced by streptozotocin. 
Asian Pac J Reprod 3: 97-105.

14. Krishna Kumar IM, Issac A, Ninan E, Kuttan R, Maliakel B. 
2014. Enhanced anti-diabetic activity of polyphenol-rich de- 
coumarinated extracts of Cinnamomum cassia. J Funct Foods 10: 
54-64.

15. Kavishankar GB, Lakshmidevi N. 2014. Anti-diabetic effect 
of a novel N-trisaccharide isolated from Cucumis prophetarum 
on streptozotocin-nicotinamide induced type 2 diabetic rats. 
Phytomedicine 21: 624-630.

16. Lamela M, Anca J, Villar R, Otero J, Calleja JM. 1989. Hypo-
glycemic activity of several seaweed extracts. J Ethnopharmacol 
27: 35-43.

17. Borriello A, Cucciolla V, Della Ragione F, Galletti P. 2010. 
Dietary polyphenols: focus on resveratrol, a promising agent 
in the prevention of cardiovascular diseases and control of 
glucose homeostasis. Nutr Metab Cardiovasc Dis 20: 618-625.

18. Damron WS. 2003. Introduction to animal science: global biologi-
cal, social and industry perspectives. 2nd ed. Prentice Hall, Upper 
Saddle River, NJ, USA. p 848.

19. Motshakeri M, Ebrahimi M, Goh YM, Matanjun P, Mohamed 
S. 2012. Sargassum polycystum reduces hyperglycaemia, dysli-
pidaemia and oxidative stress via increasing insulin sensitiv-
ity in a rat model of type 2 diabetes. J Sci Food Agric 93: 1772- 
1778.

20. Husni A, Pawestri S, Isnansetyo A. 2016. Blood glucose level 
and lipid profile of alloxan-induced diabetic rats treated with 
Na-alginate from seaweed Turbinaria ornata (Turner) J. 
Agardh. J Teknol 78: 7-14.

21. Husni A, Purwanti D, Ustadi. 2016. Blood glucose level and 
lipid profile of streptozotocin-induced diabetes rats treated 
with sodium alginate from Sargassum crassifolium. J Biol Sci 16: 
58-64.

22. Husni A, Anggara FP, Isnansetyo A, Nugroho AE. 2016. Blood 
glucose level and lipid profile of streptozotozin-induced dia-
betic rats treated with Sargassum polystum extract. Int J Pharm 
Clin Res 8: 445-450.

23. Mohapatra L, Bhattamishra SK, Panigrahy R, Parida S, Pati P. 
2016. Antidiabetic effect of Sargassum wightii and Ulva fasciata 
in high fat diet and multi low dose streptozotocin induced 
type 2 diabetic mice. UK J Pharm Biosci 4: 13-23.

24. Bhadri N, Razdan R. 2016. Beneficial effect of phloroglucinol 
against adverse metabolic and electrophysiological alterations 
in streptozotocin induced diabetic rats: a possible target for 
the prevention of diabetic peripheral neuropathy. Austin 
Endocrinol Diabetes Case Rep 1: 1001.

25. Motshakeri M, Ebrahimi M, Goh YM, Othman HH, Hair- 
Bejo M, Mohamed S. 2014. Effects of brown seaweed (Sargas-



Antidiabetic Activity of Sargassum hystrix Extracts 195

sum polycystum) extracts on kidney, liver, and pancreas of type 
2 diabetic rat model. Evid Based Complement Alternat Med 
2014: 379407.

26. Arya A, Al-Obaidi MM, Shahid N, Bin Noordin MI, Looi CY, 
Wong WF, Khaing SL, Mustafa MR. 2014. Synergistic effect 
of quercetin and quinic acid by alleviating structural degen-
eration in the liver, kidney and pancreas tissues of STZ-in-
duced diabetic rats: a mechanistic study. Food Chem Toxicol 
71: 183-196.

27. WHO. 2016. Global report on diabetes. World Health Or-
ganization, Geneva, Switzerland. http://apps.who.int/iris/ 

bitstream/handle/10665/204871/9789241565257_eng.pd
f?sequence=1 (accessed Apr 2018).

28. Fowler MJ. 2011. Microvascular and macrovascular compli-
cations of diabetes. Clin Diabetes 29: 116-122.

29. Papatheodorou K, Papanas N, Banach M, Papazoglou D, 
Edmonds M. 2016. Complications of diabetes. J Diabetes Res 
2016: 6989453.

30. Lailatussifa R, Husni A, Nugroho AE. 2016. Anti-stress activ-
ity of Sargassum polycystum extracts using a cold restraint stress 
model. Food Sci Biotechnol 25: 589-594.


