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ABSTRACT : Roselle (Hibiscus sabdariffa Linn.) contains phenolic compounds, especially anthocyanins
which act as antioxidants. The purposes of this study were to examine the antioxidant capacity and capability of
purple roselle extract as an antidiabetics in diabetic rats induced by streptozotocin(STZ). A total of 24 male
rats was used in this study. The rats were divided into six groups including group of normal rats as standard
group (SG), diabetic rats given distilled water (DiW), diabetic rats given roselle extract 72 mg/day/200 g bw
(DiR1), diabetic rats given roselle extract 288 mg/day/200 g bw (DiR2), preventive rats (PR1) which were rats
given roselle extract 72 mg/day/200 g bw for 11 days then injected with STZ and continued with roselle extract
72 mg/day/200 g bw until the 21th day, and the last group was glibenclamide rats (DiG), were diabetic rats
given glibenclamide 0.09 mg/day/200g bw. Roselle extract was given orally administered 2ml/day/rat for 21
days. Results showed that blood sugar of DiR2, DiG and PR1 rat groups tended to decrease. Total antioxidant
capacity ( TAC ) in DiR1 (0.2655 ± 0.0016 mM) was same with others group (DiR2, PR1, DiG). Negative
control rats (DiW) had the lowest total antioxidant capacity (0.0893 ± 0.0134 mM). The content of
malonaldehyde (MDA) of liver not significant (P>0.05) but MDA of kidney was significant (P<0.05), that DiR1,
PR1, DiG, DiR2 was lower than in DiW. Insulin content analysis showed that DiR1 had the highest insulin
levels (0.4433±0.1802 ng/ml) and differ significantly with DiW. Meanwhile groups of negative control rats
(DiW) had the lowest insulin levels (0.1286 ± 0.0337ng/ml). It was concluded that roselle extract had the ability
to lower blood sugar (both curative and preventive), increase of antioxidant capacity, and improve insulin
production.
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I.
INTRODUCTION
Diabetes Melitus (DM) is a metabolic disorder characterized by hyperglycemia associated with
abnormalities in the metabolism of carbohydrates, fats and proteins and caused by a decrease in insulin secretion
or insulin sensitivity, or both. The diseases may cause microvascular and macrovascular complications ([1]; [2]).
Diabetes melitus is classified into two types, insulin dependent diabetes melitus (IDDM, Type 1) and noninsulin-dependent diabetes melitus (NIDDM, Type 2). Type I diabetes is an autoimmune disease characterized
by a local inflammatory reaction in and around islets that is followed by selective destruction of insulinsecreting β cells. Type II diabetes is characterized by peripheral insulin resistance and impaired insulin secretion
[3].
Hyperglycemic conditions can result inthe formation of reactive oxygen species (ROS). Excessive
ROS can cause oxidative stres and exacerbate damage to the β cells ([4];[5]). ROS can also decrease the
intracellular antioxidant [6]. Hyperglycemia can lead to increased lipid peroxidation, superoxide production,
lipoprotein glycation, oxidative DNA damage, platelet aggregation and activation, and a decreased production
of prostacyclin [7]. Lipid peroxidation results in malonaldehyde (MDA), acrolein, and 4hydroxynonenal (4
HNE) commonly used as biomarkers to assess lipid peroxidation of biological oxidative stres. MDA is formed
after radical compounds attack membrane lipids containing polyunsaturated fatty acids (PUFAs) ([8];[9];[10]).
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Roselle (Hibiscus sabdariffa Linn.) has been believed for many years to be able to reduce the risk of
degenerative diseases. Several studies have shown that roselle was effective in lowering blood pressure
([11];[12];[13];[14];[15]), had an antioxidant function protecting the liver from a damage ([16];[17];[18];[19]),
increased the antioxidant enzymes in the liver [20], was anti-inflammatory and analgesic [21], and was found to
lower uric acid ([22];[23]). Roselle has high antioxidant content. The highest components in roselle are
anthocyanins, a flavonoid group. Anthocyaninsfound in roselle are delphinidin-3-sambubioside, cyanidin-3
sambubioside, and delphinidin-3- glucose [24]. Beside anthocyanins, it also contains alkaloids, L- ascorbic acid
, anisaldehid, β-carotene,β-sitosterol, citric acid, galactose, gossypetin, hibiscetin, and mucopolysaccharides
[25].
ROS or free radicals can be neutralized and destroyed by antioxidants present in the body so that the
biological damage by these compounds can be avoided [6]. The purpose of the research was to evaluate whether
roselle would increase the antioxidants in the body, reduce oxidative stresand improve insulin production in
diabetic rats induced by streptozotosin.

II.

MATERIALS AND METHODS

2.1 Roselle Extraction
Petals of purple roselle (Hibiscus sabdariffa Linn.) were obtained from Leuwiliang plantation, Bogor,
West Java. Fresh roselle was dried using oven with a temperature of 60oC for 6 hours. Dried roselle were then
boiled with water for 10 minutes at a concentration of 2g/200 ml. Roselle extract was concentrated 10 ml by
vacuum evaporator and stored at 4°C.
2.2 Experimental Animals
All animal experimental protocol used in this study was approved by Health Development and
Research
Committee,
Health
Ministry,
Republic
of
Indonesia
with
ethical
clearance
No.LB.02.01/5.2/KE.446/2013. Male Sprague Dawley (SD) rats (200 ±30 g), 8 weeks old, used in the studies
were purchased from BPPOM (National agency for drug and food control), Jakarta. All animals were housed
in laboratory conditions for one week before experiments began. Rats were allowed free access to drinking
water (ad libitum) and were maintained at a constant temperature of 24-26oC and 50–60% relative humidity
conditions. Before the experiment, rats were adapted to the laboratory diet [26] for 7 days.
2.3 Diabetes Induction
Diabetic condition of rats was induced experimentally by intraperitoneal injection of freshly prepared
streptozotocin (STZ)(Sigma,USA) solution at a dose of 30-35 mg/kg body weight in 0.1M cold citrate buffer,
pH 4.5 [27]. Blood was collected from the tail vein after 72 h and glucose levels were determined using
glucometer test kit. Animals were considered diabetic if the testing blood glucose values were always above
200 mg/dl. If blood glucose levels did not reach>200mg/dl, then rats were re-injected with the same dose of
streptozotosin. Control rats received citrate buffer (pH 4.5) alone.
2.4 Experimental Design
Rats were randomly divided into six groups, (four rats per group). In group one (SG): the rats were not
induced by STZ, and were given drinking water only. In group two (DiG) diabetic rats were given
glibenklamide 0.09 mg/day/200 g bw; In group three (DiW) diabetic rats were given drink water only. In group
four (PR1) rats were treated with roselle extract 2 ml/day (for 2 ml contains 72 mg/day/200 g bw) for 10 days
prior to injectioned with STZ, and then treated with roselle extract until 21th day. In group five (DiR1), diabetic
rats were treated with roselle extract (72 mg/day/200g bw). In group six (DiR2) diabetic rats were treated with
roselle extract 2 ml/day (for 2 ml contains 288 mg/day/200g bw). The roselle extract was administered 2
ml/day by orally. Feed was given approximately 25 g/rat/day. During treatment period glucose levels were
measured 2 to 3 times in all groups of treated rats.
At the end of the treatment period, all rats were anaesthetized with ether and the body was cleaned by
alcohol. Further, the peritoneal was opened, and blood sampling by using the syrinx. Blood of rats from each
group was collected and centrifuged at 1870 g for 15 min at 4°C. Rat body organs were washed in a PBS
(phosphate buffered saline) solution, drained, and weighed. The organs were then wrapped in aluminum foil and
stored in a freezer at -20ºC [28].
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2.5 Analysis of Samples
Analysis of blood glucose was done by using an Accucheck glucometer (Roche,Germany).
Troloxequivalent antioxidant capacity (TEAC) method (Antioxidant assay kit CSO790, Sigma Aldrich, USA)
was applied. The method is based on the formation of the ABTS•+ cation [2,2’- azinobis (3ethylbenzothiazoline-6-sulfonic acid)] and its scavenging by antioxidant sample constituents (plasma) measured
by spectrophotometry. Decay of green/blue chromophore absorbance is inversely associated with antioxidant
content and the control antioxidant is Trolox, a hydrophilic vitamin E analog.
Insulin assay was transformed in a commercial kit (Biorbyt ORB54820, USA) using sample of rat
blood plasma. This assay is a two site ELISA. The microplate is precoated with a monoclonal antibody against
insulin. Standard and samples are added into the wells and co-incubated with a monoclonal antibody conjugated
to horseradish peroxidase (HRP) enzyme. After washing step to remove any unbound substances, TMB
substrate is added and colour develops in proportion to the amount of insulin bound initially.
Analysis of malonaldehyde (MDA) was done on rat liver and rat kidney. MDA measurements was
carried out following the procedures [29]. A total of 0.5 ml of liver supernatant plus 2.0 ml of cold HCl (0.25 N)
containing 15% TCA, TBA 0:38% and 0.5% BHT. The mixture was heated at 80°C for 1 hour. Once cool, the
mixture was centrifuged at 822g (3500 rpm) for 10 minutes. The absorbance of the supernatant was measured at
532 nm. As the standard solution, a TEP (tetraetoksipropana) was used.
2.6 Statistical Analysis
Statistical analysis was performed in Mean ± STD. Analyses of data using ANOVA.

III.

RESULTS

Diabetes was characterized by increased levels of blood glucose. The blood glucose data derived from
the calculation of average blood sugar level on 4 rats during the treatment period were shown in Fig. 1. In Fig.
1, day 7th was the induction day with STZ and after 2-3 days rats were hyperglycemic indicated by an increase
of blood glucose >200 mg/dl. Treatments with roselle were given after the rats showed some hyperglycemia
symptoms including high diuretic, skin turgor, high feed intake, lost body weight. Fig. 1 also showed that rats
given roselle extract 72 mg/day/200g bw (DiR1) had a decrease of blood glucose level on day 14th, but increased
again until the end of the treatment period. Meanwhile rats given roselle extract 288 mg/day/200g bw (DiR2)
had a decrease of blood glucose level from day 14thuntil the end of the treatment period. Negative control rats
(DiW) had decreased of blood glucose level on days 7th and 14th, but the blood glucose level increased again
until the end of the treatment period. Rats fed glibenclamide drug (DiG) had a decreased of blood glucose level
on days 14th. However this blood glucose level was found to increase on day 21th and decrease again in the
end of the treatment period.

Fig. 1. Average of blood glucose of treated rats (day 1 first level of blood glucose ; day 7, STZ induction, the 9th21th day treatment time with roselle (DiR1,DiR2); with glibenclamide (DiG); control (SG) and negative
(DiW).
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Fig. 2 showed blood glucose of PR1 rats that were induced with STZ after the rats were given roselle
extract 72 mg/day/200g bw for 10 days. The rats had hyperglycemia 2 to 3 days after. Once the conditions of
hyperglycemia (blood glucose>200 mg/dl) were obtained, the rats were given roselle again until days 21st.
These rats were found to suffer from hyperglycemia from day 13th until day 18th and after that blood glucose
decrease until the end of the experiment.
Symptoms of diabetes among other things are a lot of eating, lots of drinking accompanied by loss of
weight. These symptoms are seen in Fig. 3 and Fig. 4. It was shown in Fig. 3 that the average feed
comsumption of diabetic-induced rats in DiW, DiG, DiR1, DiR2 were higher than that of normal rats (SG). In
preventive rats (PR1), the average feed consumption before the rats became diabetic was lower than that of
normal rats (SG). However after having diabetes their average feed consumption increased to a level above that
of normal rats (SG).
Fig. 4 describes the changes in body weight, where the negative control rats (DiW) lost weight during
the treatment period. Rats in normal group (SG) tended to gain weight. Preventive rats (PR1) initially gained
weight, but after being induced with STZ they lost weight showing a diabetes condition. Meanwhile body
weight of rats in the other groups (DiR1, DiR2, DiG) was relatively constant.

Fig. 2. Average blood glucose of rats (PR1), given roselle extract 72 mg/day/200g bw for 10 days,. Day 11th was
the induction time with STZ. After 3 days rats had hyperglycemia and were continued to receive roselle
until day 21.

Fig. 3. Feed consumption of treatment rats (control (SG); glibenclamide (DiG) roselle extract 72 mg/day/200g bw
(DiR1); roselle extract 288 mg/day/200g bw (DiR2); preventive (PR1); negative (DiW)
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The effect roselle extract on total antioxidant capacity (TAC), insulin and malonaldehyde (kidney) had
expressed on Table 1 significant difference (p <0.05) was found in different groups, except malonaldehyde in
liver. Table 1 showed that rats treated roselle extract 72 mg/day/200g bw (DiR1), DiR2, PR1 and DiG were not
differ significantly but differ significantly with DiW. Rats in the negative group (DiW) had the lowest total
antioxidant capacity.

Fig. 4. Changes of rat body weight (control (SG); glibenclamide (DiG); roselle extract 72 mg/day/200g bw
(DiR1); roselle extract 288mg/day/200g bw (DiR2); preventive (PR1); negative (DiW).

MDA which is a marker of oxidative stres was found to be markedly different (Table 1). Data showed
that rats in the negative control (DiW) had MDA levels (kidney) higher than those others group (PR1, DiG,
DiR1, DiR2). Meanwhile in MDA of liver showed data were not differ significantly (P>0.05). Results of
insulin analysis showed that the group of rats treated with roselle extract 72 mg/day/200g bw (DiR1) had the
highest blood insulin content. Rats in DiR2, PR1 and DiG groups were found to have relatively similar insulin
content. Meanwhile rats in negative (DiW) group had the lowest insulin levels.
Table 1. Average content of insulin and total antioxidant capacity in blood plasma and malonaldehyde in rat
liver and rat kidney
Treatment***

Insulin (ng/ml)

MDA (nmol/g)*
Liver

TAC (mM)**

Kidney

SG

0.1968 ± 0.0486ab

1.0966 ± 0.2351 a

4.6611 ± 0.4151b

0.1659 ± 0.0192ab

DiW

0.1286 ± 0.0337 a

1.3666 ± 0.1978 a

5.1952 ±0.3789 b

0.0893 ± 0.0134a

PR1

0.3516 ± 0.1528 ab

1.2907 ± 0.1698 a

3.8166 ± 0.5866a

0.2318 ±0.0038 bc

DiR1

0.4433 ± 0.1802b

1.0954 ± 0.4282 a

3.5558± 0.1190 a

0.2655 ± 0.0016c

DiR2

0.2918 ± 0.1083 ab

1.1865 ± 0.4728 a

3.6188 ±0.1936 a

0.1868 ± 0.0962bc

DiG

0.3504 ± 0.1853 ab

1.1444 ± 0.3718 a

3.8348 ±0.1146 a

0.2109± 0.0055 bc

Values (Mean± SE) with different superscripts in a row differ significantly (P<0.05)
*MDA (malonaldehyde)
**TAC (Total Antioxidant Capacity)
***control normal (SG); negative (DiW);;roselle 72 mg/day/200g bw (DiR1); roselle 288 mg/day/200g bw (DiR2);
preventive rats (PR1);glibenclamide (DiG).
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IV. DISCUSSION
Streptozotocin (STZ) is a chemical used to induce diabetes in experimental animals. This compound
provides acute cytotoxic effects on cells and molecules, especially against pancreatic β cell. Damaged
pancreatic β cells lead to reduced insulin and causes hyperglycemia ([29];[30];[31]). STZ generates free
radicals such as superoxide radical O2-, H2O2 and OH- including nitric oxide which causes DNA damage [31].
Hydroxyl group (OH-) is a very strong oxidizing compounds that can react with DNA, proteins, lipids, amino
acidsand glucose [8]. DNA damage causes the β cells of the pancreas unable to produce insulin so that blood
glucose increases (hyperglycemia). According to [4] hyperglycemic conditions may result in the formation of
ROS
(reactive oxygen species ) such as O2- and peroxide [6]. The formation of free radicals is stimulated by
H2O2 in pancreatic β cells [27]. Excessive ROS can cause oxidative stres and can exacerbate damage to
pancreatic β cells. Oxidative stres can decrease the number of insulin-producing β cells in the pancreas [31]. In
STZ-induced diabetic rats, diabetes develops as a result of irreversible pancreatic β-cell destruction leading to
degranulation and reduced insulin secretion. In Figure 1 and Figure 2 all rats injected with streptozotocin (PR1,
DiG, DiW, DiR1, DiR2) experienced hyperglycemia characterized by increased levels of blood sugar (> 200
mg/dl).
Fig.1 showed that negative control rats (DiW) had a lost body weight and a decrease blood glucose
level after being induced with streptozotocin 30-35 mg / kg body weight. This might due to the notion that
pancreas cells could still produce insulin before they were damaged. According to [32] admininistration of STZ
in low concentration had the tendency to make insulin secreted fom pancreas cells and the remaining cells
escaping from the attack of STZ might cause an over secretion of insulin to maintain normoglycemia. Similar
notion was expressed by [33] stating that administration of low doses of STZ would still allow pancreatic cells
to produce insulin.
Fig. 1 showed that the levels of blood glucose in rats of DiR2 group decreased indicating that roselle
was capable of lowering blood glucose level in diabetic rats induced by STZ. Decreased levels of glucose
showed an improvement in the number of β cells producing insulin in pancreatic cells. Rats treated with
glibenclamide drug as a positive control in this study also showed a decrease in blood sugar levels. According to
[34] glibenclamide has the same mechanism in lowering blood sugar through the mechanism of stimulation of
insulin secretion. In addition, glibenclamide prevents glucagon secretion. It was shown in Fig. 2, that in
preventive (PR1) group had high blood glucose levels after being induced with streptozotocin. However, the
pancreatic β cells of these rats seemed to get repaired so that they were capable of producing insulin, as
indicated by decreased blood glucose levels at the end of the treatment period. The presence of insulin (Table 1)
showed the restoration of pancreatic cells after being damaged by streptozotocin. In rats with restored cell
function, the proportion of insulin-positive cells in the islets was increased [35]. Rats given roselle extract 72
mg/day/200g bw (DiR1) had the highest insulin levels among rats of the other groups. However, as can be
seen in Fig.1, there was no correlation between the amount of serum insulin and the lowering blood glucose
levels. This indicates that there is a occurrence of a symptom of insulin resistance in type 2 diabetes mellitus in
rats of that group. According to [32], in rats administered with STZ, non-fasting serum glucose level
continued to increase gradually after STZ administration without affecting the non-fasting serum insulin levels.
In addition, they were shown to produce type 2 or non-diabetes insulin dependent diabetes mellitus. It was stated
further that ([36];[37]) insulin resistance occurred as a result of damages in insulin receptors which was related
to the existence of free radicals.
The hallmark of diabetes mellitus is polyuria-excessive urine production, polydipsia-excessive thirst
and polyphagia-excessive eating, dehydration, lost of weight, no balancing of electrolyte, and ketoacidosis ([6];
[38]; [33]). The measurement of skin turgor and observation of cage bedding for urine output acted as a
surrogate marker of thirst [33]. In Fig. 4 body weight of rats in negative control groups (DiW) decreased quite a
lot while that body weight of the rats in the normal group (SG) tended to increased. In their studies [39] and
[40] obtained similar results in that STZ induced rats had body weight loss while normal rats had increased body
weight during the treatment period. In diabetic condition, the body will take energy from the adipose cells
because body cells have trouble getting energy from sugar due to insulin resistance [41]. This leads to
decreased body weight due to the degradation of fat cells (lipolysis). The decrease in body weight in diabetic
rats may indicate loss or degradation of structural proteins,which have been reported to contribute to body
weight [42]. Results of a study by Yin et al. (2006) indicated that compared to those in normal control, rats
administered with streptozotocin experienced a reduction in the proportion of insulin positive cells and an
increase in glucagon positive cells. Glucagon induce lipolysis and glukoneogenesis.
The average body weight of rats in DiG group was relatively constant. Similar results in rats treated
with glibenclamide group were also expressed by [42] who found that glibenclamide did not give any change in
body weight of STZ diabetic induced rats. Polyphagia conditions can be seen in Fig. 3 where rats in the negative
control group (DiW) consumed feed most but had decreased body weights (Fig. 4).
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In diabetic condition oxidative stres may occur as indicated by higher amount of prooxidants than
antioxidants. MDA is a highly reactive compound that is the end product of lipid peroxidation, and is usually
used as a biomarker to assess lipid peroxidation of biological oxidative stres. The level of lipid peroxidation can
be suppressed by the presence of antioxidants. In diabetes, protein oxidation (protein carbonylation) and lipid
peroxidation (MDA) also increase ([5]; [7]; [27]; [40]). In this study,malonaldehyde of negative control (DiW)
rats had higher MDA kidney than did rats of the other groups. Malonaldehyde kidney from DiR1, DiR2, PR1
and DiG was lower than that from DiW. It was indicated that roselle was able to reduce the amount of lipid
peroxidation by free radicals in asshown by the the results which were almost the same as the one ofthe positive
control group (SG). Tseng et al. [16] found that roselle contained hibiscus protocatechuic acid (PCA),a simple
phenolic compound capable of functioning as an antioxidant at a concentration of 0.05 mg/ml and 0.10 mg/ml.
PCA is able to decrease lactate dehydrogenase and alanine transaminase and decrease the formation of
malonaldehyde. Reducing lipid peroxidation is particularly important to indicates lower levels of oxidative stres
[5].
Total antioxidant capacity shows overall amount of antioxidants in the body. The advantage of this test
is that it measures all antioxidant, not just in a bioactive component [43]. In this study, it was shown that total
antioxidant capacity (TAC) in DiR1, DiR2, DiG, PR1 was higher than that in DiW group. This showed that rats
fed roselle could increase total antioxidant capacity. According to [6] hyperglycemic conditions can lower total
plasma antioxidant capacity in patients with and without diabetes. STZ induced diabetic rats have decreased
antioxidant enzymes such as superoxide dismustase, catalase and glutathione peroxidase which would lower the
total antioxidant in the body ([44];[40]). Anthocyanin pigments contained in the roselle drink can reduce
oxidative stres due to an increased number of free radicals in the body of diabetic rats. Anthocyanins can
provide electrons or H atoms to free radicals so that these compounds can be stable and free-radical chain
reactions can be stopped [45]. In addition, roselle has other compounds such as quercetin, ascorbic acid, and
protocatheuic acid (PCA) that function as antioxidants [25]. Vitamin C plays a role as scavenger, and has an
ability to donate electrons to ROS to make it stable [8]. According [46] states that phytochemical contents in
roselle extract in water are flavonoids (1.08%), saponins (1.13%), alkaloids (12.09%), tannins (12.07%), total
phenols (0.05%), and glycosides (0.05%). Roselle is able to increase glutathione peroxidase and catalase in
liver of treated rats compared with that in control mice [20]. These enzymes are able to play a role in
improving pancreas cells in diabetic rats ([42]; [47]) as well as in rats suffering from complications such as
neuropathy due to diabetes [6]. According [5] found that in diabetic rats, treatment with antioxidants reduces
signs of oxidative damage in the pancreas. Mechanisms which can be described in this study is that roselle has
some amount of antioxidant that can donate H+ions and function as a metal chelator (containing polyphenols)
that can bind Fe2+. Through these functions, antioxidant can indirectly lower the Fenton reaction and prevents
oxidation caused by increased hydroxyl radicals. Polyphenols can also induce the body's antioxidant enzymes
(SOD,catalase) which is able to decompose hydroperoxide, H2O2 and superoxide anion and inhibits the
expression of the enzyme xanthinoxidase [45]. In this study treatment with roselle extract increased total
antioxidant capacity, reduced MDA as a marker of oxidative stres and increased insulin as an evident of damage
repair in pancreas.

V. CONCLUSION
Hyperglycemia causes a condition in which the body produces free radicals that can damage cells and
cause a reduction in pancreatic insulin. The role of antioxidants in roselle could reduce the amount of free
radicals formed. This was indicated by the finding that pancreatic β cells were able to repair and produce insulin
in amount which was higher than in negative control rats. Roselle extract could increase the antioxidant capacity
of the body to protect the body from damages caused by hyperglycemia. Roselle extract could decrease
malonaldehyde in kidney as marker oxidative stres. The results of this study showed that rats induced with STZ
of 30-35 mg / kg had damaged pancreatic cells, but these cells could still be repaired as indicated by the ability
of the cells to produce insulin.
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