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Purified Methanolic Extract of Salacia reticulata Wight. Ameliorates Insulin Resistance and

Metabolic Alterations m Rats Fed High Fructose Diet
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Abstract: The present study was carried-out to investigate the insulin sensitizing activity of purified methanolic
extract of salacia reticulata roots in fructose-fed rats, a well-known model of insulin resistance and
hyperinsulinemia. Feeding fructose enriched diet caused a hyperinsulinemic state and increased insulin
resistance index with statistically significant increase in fasting triglyceride and very low density
lipoprotein-cholesterol levels. Fructose fed rats also exhubited glucose mtolerance when tested by oral glucose
tolerance test as mdicated by mcrease m total area under curve of blood glucose. Dietary supplementation of
purified methanolic extract of Salacia reticulata (0.4 g/100 g of feed) significantly reversed the fructose diet-
induced metabolic alterations in rats and also improved glucose intolerance. The effect of purified methanolic
extract of Salacia reticulata was comparable to that of rosightazone, a known insulin sensitizer. Acarbose, a
marketed e-glucosidase inhibitor failed to reverse the metabolic alterations caused by fiuctose enriched diet
in rats. The finding proves probable mechamsm of action of Salacia reticulata and further validates scientific

basis of its usage in the management of various metabolic disorders including diabetes.
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INTRODUCTION

Type 2 diabetes 1s a polygemc metabolic disorder,
which occurs because of the inability of body to use
msulm effectively. It 1s also a disease characterized by
mmpaired msulin stimulated glucose uptake in skeletal
muscle and adipose tissue, increased hepatic glucose
production and madequate compensation of insulin
secretion from pancreatic PB-cells, ultimately leading to
fasting hyperglycemia, hyperinsulinemia and a state of
insulin resistance (Tiwari and Rao, 2002; JTarvis and Kahn,
2000). Insulin resistance is a state in which target cells fail
to respond to ordinary levels of circulating insulin. At the
molecular level, it occurs due to impaired msulin-signaling
results from mutations or post-translation modifications
of the insulin receptor itself or any of its downstream
effector molecules (Keren et al.,, 1997). It 13 a complex
metabolic abnormality that affects the ability of peripheral
tissues to respond to insulin, it is also a prominent feature
of metabolic syndrome and constitutes a major risk factor
for cardiovascular disease (Chen et al., 2006). The
antidiabetic agents require the characteristics of insulin
sensitization in peripheral tissues and/or msulimotropic
action from  pancreatic P-cells. Additionally, an
¢-glucosidase inhibitory property is another feature
attributed to  hypoglycemic  agents to decrease
post-prandial hyperglycemia (Choi et al., 2006). Many
traditional plant treatments for diabetes are used

throughout the world and plant drugs are frequently
considered to be less toxic and free from side effects than
synthetic one and WHO recommendations underline their
importance in the management of diabetes (Pari and
Ramalingam, 2006).

Thiazolidinedione class of drugs are known to reduce
the insulin resistance in peripheral tissues such as skeletal
muscles by either mimicking or enhancing msulin action
without any effects on P-cell insulin secretion
(Choi et al., 2006). They act by binding with nuclear
receptor PPAR-y and their major site of action includes
liver, skeletal muscle and adipose tissues. They also
improve various lipid parameters such as High Density
Lipoprotein-cholesterol (HDL-c), triglycerides (TG) and
free fatty acids and thereby reduce the progression of
atherosclerosis (Moller, 2001 ).

The plant Salacia reticulata (Celastraceae) 1s
distributed widely in Southern India and mn Srilankan
forest. Traditionally, the roots are used as acrid, bitter,
thermogenic, urinary antiseptic, astringent, anodyne and
antiinflammatory. They are also useful in wvitated
conditions of vata, diabetes, haemorrhoids, rheumatism,
gonorthoea and skin diseases (Warrier et af., 1996;
Husain and Virmani, 1992; Nadkarni, 1993).

The roots of Salacia reticulata are been reported to
have lipolytic and antiobesity effects through inhubition
of fat metabolizing enzymes (Yoshikawa et af., 2002a, b).
Salacinol, a unique thiosugar sulfonium sulfate is reported
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to have potent «-glucosidase inhibitory activity
(Yoshikawa et al., 1997). The roots of Salacia reticulata
are reported to contain mangiferin, salacinol and
kotalanol, which has potent «-glucosidase mhibitory
properties (Yoshikawa et al, 2001; Yoshikawa et al.,
1998). Salacia extract has also reported to prevent obesity
and associated metabolic disorders including the
development of metabolic syndrome mn TSOD (Tsumura,
Suzuki, Obese, Diabetes) mice and non-obese TSNO
(Tsumura Suzuki Non-Obese) mice (Akase et al., 2009).

Owr previous studies with purified fraction of
methanolic extract of the roots of Salacia reticulata
(SRM-methanolic) showed inhibitory activity on different
enzymes involved in carbohydrate digestion such as
c-amylase, sucrase and maltases to a varying extent and
the potency was comparable to acarbose, a standard
t-glucosidase inhibitor (Rafig and Mitra, 2009).

Study to Prevent Non-Insulin Dependent Diabetes
Mellitus (STOP-NIDDM) trial (a large multicentric trial)
revealed that, acarbose, a prototype of a-glucosidase
inhibitor, reduced the incidence of cardiovascular
accidents and alseo brings about the reduction of
hypertension in Impaired Glucose Tolerant (IGT) patients
(Chiassen et af., 2003). Further more, a meta analysis of
seven long-term studies has also shown that acarbose
prevented myocardial infarction and Cardiovascular
Diseases (CVD) in  patients with type 2 diabetes
(Nakamura et ai., 2005).

Keeping these things
mnformation in the hiterature, present study was designed
and carried out to investigate whether administration of
purified methanolic extract of Salacia reticulata has any
beneficial effect like improvement in insulin sensitivity
and other metabolic parameters in fructose-fed rats, a
well-known  model of msulin-resistance  and
hyperinsulinemia (Hwang et al., 1983).

in mind and available

MATERIALS AND METHODS

Collection of plant material: Plant samples were collected
from Attappadi Estates, Mannarghat, Palakkad district of
Kerala, India, during January 2004 and the collected plants
were identified with the local floras (Gamble, 1997). Root
pleces were dried and stored as authentic source for the
comparison and authentication of market sample. The
specimen of same was deposited in the herbarium of
Research and Development Center, The Himalaya Drug
Compeany, Bangalore, India.

Chemicals: All the reagents and chemicals used m the
present experiment are from reputed brands (analytical
and laboratory grades) and supplied by approved
vendors.
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Fig. 1: Extraction chart

Extraction procedure: The shade-dried raw materials were
coarsely powdered with the help of pulverizer. The
powdered materials were packed in 5 L capacity soxhlet
(continuous extraction) apparatus and the extraction was
carried out as per the Fig. 1. The temperature for solvent
(n-Hexane and methanol) extraction was set at 60 and
70°C, respectively. The extraction was momtored
continuously and the completion of extraction at each
stage was confirmed by color, optical density and thin
layer chromatography. The extracts were then filtered
through Whatman filter paper No.l and concentrated to
dryness on rotary evaporator. The residual material was
subjected for percolation with double distilled water for
48 h. The extract was filtered through filter pads and
concentrated to dryness on water bath at 100°C. The
methanolic extract of Salacia reticulata obtained was
weighed to calculate the yield.

The methanolic extract obtained was further
subjected for sequential solvent fractionation using
solvents of increased polarity like chloroform and ethyl
acetate to obtamn a SRM-methanolic. The SRM-methanolic
was used in the present experiment.

Phytochemical investigation of SRM-methanolic: The
selected methanolic fractions of SRM-methanolic was
subjected to thin layer chromatography over precoated
Thin Layer Chromatography (TLC) plates (e-Merck) by
the method of Wagner and Bladt (1995). The sample was
dissolved 1n respective solvent at the concentration of
100 mg mL.~" and filtered through Whatman No. 1 filter
paper. Approximately, 50 pL. of sample was spotted on
plates. The TLC plates were run in the above mobile
phase(s) and air-dried for 30 min. Each plate was sprayed
with the following chemical reagents to identify the nature
of phytochemical constituents present in the extracts and
factions.

Animals: The rats were housed under standard laboratory
conditions, air-conditioned with adequate fresh air supply
{12-15 air changes h™"), temperature 19-25°C, relative
humidity 30-70%, with a 12 h light and 12 h dark cycle.
They were housed in groups of 4 cage™ in standard
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polypropylene  hanging cages (size approximately:
I. 410xB 220xH140 mm), with stainless steel top grill
having facilities for food and drinking water in bottle, the
water was provided ad libitum. The study was approved
by local Institutional Animal Ethics Committee (TAEA) of
Committee for the Purpose of Supervision and Control of
Expenments on Animals (CPCSEA), Government of India.

Fructose enriched diet (FRU): A special diet was
prepared in such that, the fructose content provided 60%
of total calories in the diet (Hwang et al, 1983
Nandhini et al., 2005). The diet was prepared m laboratory
with the following composition (g kg™ Casein, high
protein 207.0; DL-methicnine 3.0; fructose 600.0; animal
fat (bovine) 50.0; cellulose 79.81; mineral mix 50.0; zinc
carbonate 0.04 and vitamin mixture 10.

Composition of salt mixture (g): Calcium carbonate 16.67,
Calcium phosphate 47.3, Copper sulphate 0.017, Ferric
citrate 0.333, Magnesium sulphate 5.0, Manganese
sulphate 0.417, Potassium chloride 11.67, Potassium iodide
0.017, Sodium chloride 6.67, Sodium phosphate (dibasic)
11.67 and Zinc carbonate 0.217.

The vitamin mixture has following composition (g):
Vitamin A acetate 1.8, Vitamin D, 0.125, DL-a-tocopherol
22. Ascorbic acid 45; Inositol 5.0, Choline chloride 75,
Menadione 2.25; Niacin 4.25;, Pyridoxine HCI 1.00;
Thiamine 1.00; Calcium pantothenate 3.00; Biotin 0.02 and
Glucose g.s. to 1 kg,

Experimental design: The male Wistar rats (40 in number)
of 240 to 280 g in body weight were randomized into five
groups of eight each. The ammals were coded and each
animal was identified by their unique accession number
and by picric acid body marking.

Group I (Normal control): The ammals were
provided with standard laboratory feed Tetragon
Chemie, Vetcare)

Group II (Positive control): The ammals were fed
with high fructose diet (FRU) and maintained as
untreated control

Group IIT: The ammals were fed with fructose
enriched diet, containing 0.4 g of drug SRM-
methanolic 100" g of feed. The drmug concentration
was fixed in such that each animal received
approximately around 100 mg of drug day™

Group IV: The ammals were fed with fructose
enriched diet containing 5 mg of rosiglitazone
1007 g of feed, which approximately correspends to
5mg kg™, body weight day ™' of rosiglitazone
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Group V: The animals were fed with fructose-
enriched diet contaming 40 mg of acarbose 100 g of
feed (10 mg of acarbose/day/animal)

Group-1I to group-V ammals were fed with fructose
enriched diet, supplemented with respective drugs in a
suitable concentration as mentioned above. The
concentration of purified SRM-methanolic in feed was
adjusted based on the daily individual feed consumption
of rats. The previous experimental studies with
SEM-methanolic showed optimum blood glucose
lowering activity in selected concentration. The dose of
standard drugs were fixed based on the available
information in the literature, the dose of rosiglitazone
(a standard insulin sensitizer) and acarbose (a standard
a-glucosidase inhibitor) was approximately around
5 mg kg, body weight day™" and 10 mg animal ™ day ',
respectively (Seda et al,, 2002; Nakaniura et al., 2005).

Animals were maintained on these dietary regimens
for 4 weeks and body weight measurements were carried
out weekly. At the end of the 4-weeks of dietary
intervention, the rats were fasted overnight and blood of
around 2-3 mL was collected under light ether anesthesia
from retro-orbital plexus of animals belonging to all the
groups. Blood samples were immediately centrifuged
(3000 g for 20 min) and serum separated and analysed
using HITACHI 704 (Boehringer Mannheim, Mannheim,
Germany) Automatic Clinical Analyser for the following
parammeters except for sodium and potassium, which were
analysed by Ilyte (Instrumentation Laboratory, Italy)
electrolyte analyser (Monika et al., 2006).

All clinical chemistry parameters were analyzed using
Diasys Diagnostic system kits mamufactured by GmbH
Germarny, except for glucose (Spinreact, Spain) and
sodium and potassium (Instrumentation TLaboratory,
Ttaly).

Oral Glucose Tolerance Test (OGTT): At the end of
3-week period, the animals were fasted overnight and all
the groups of animals were subjected for oral glucose
tolerance test as per the standard procedure. In short, the
fasted animals were orally challenged with 2 g kg™ of
glucose and around 0.3 ml. of the blood was collected
from the retro-orbital plexus at different time mtervals
(0, 30, 60 and 120 min) and the serum separated and
subjected for glucose estimation (Mitra et al, 1996). By
using the blood glucose values (mg dL.™') at different time
intervals, the total area under curve of blood glucose
(AUC,,,..) were calculated.

Estimation of serum biochemical parameters: The
various serum biochemical parameters estimated include
glucose, lipid profiles such as cholesterol, triglycerides
(TG), Low Density Lipoprotein-cholesterol (ILDL-c),
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Very Low Density Lipoprotein-cholesterol (VL.DL-c), High
Density Lipoprotein-cholesterol ( HDL-c¢), creatinine, uric
acid, albumin and total proteins. The enzymatic markers
suchas Serum Glutamic Oxaloacetic Transaminase (SGOT)
and Serum Glutamic Pyruvie Transaminase (SGPT), the
electrolytes, sodium and potassium were also estimated.
The serum insulin was estimated by standard
radioimmunoassay technique using kit (RIAK-1, supplied
by Boeard of Radiation and Tsotope Technology, Bhabha
Atomic Research Centre, Mumbai, India).

The degree of msulin resistance was estimated by
using Homeostasis Model Assessment (HOMA) as an
index of insulin resistance (Mlinar et ai., 2007):

_ Insulin (UL ™)< Glucose (mmol L")
22.5

HOMA Index

Estimation of urinary biochemical parameters: The urine
collection for all animals were carried out in the last week
of treatment and subjected for measurement of parameters
such as pH, sodium, creatinine, uric acid etc.

Statistical analysis: All the values were expressed as
Mean+SEM. The results were analyzed statistically using
One-Way ANOVA to find out the level of significance
followed by Dunnet’s post comparison test. The mimmum
level of significance was fixed at p<0.05. The analysis was
carried out using GraphPad Prism, Version 4.01.

RESULTS

At the end of the study period the serum samples
obtained were subjected for analysis of various
biochemical parameters (Table 1). Serum insulin levels
were significantly elevated in animals fed with
fructose-enriched diet, ndicating hyperinsulinemic state.
The msulin resistance index (HOMA) was also found to
be significantly increased. Triglycerides and VL.DL levels
were also significantly elevated in fructose fed rats
compared to ammals, which received normal feed. The
above elevation of msulin, insulin resistance index, TG
and VLDL were significantly reversed in amimals which
received SRM-methanolic and rosiglitazone along with
fructose enriched diet. But notably, there was no
statistically significant differences in values were
observed in case of acarbose treated group, when
compared to rats fed with only fructose-enriched diet.
During the entire study period, there was no statistically
significant change in body weight was observed m any of
the groups.

The wrine collected during the last week (26th day) of
the study from all the groups were subjected for
estimation various biochemical parameters such as pH,
uric acid, creatimne sodium and potassium etc. The
results (Table 2) indicate, there was no statistically
sigmificant difference between any of the groups.

Table 1: Body weight and serum biochemical parameters of the rats in different experimental groups

G II (Positive untreated G III (FRU+

Parameter GT (Nommal control)  control-FRTT) SRM-methanolic) G IV (FRU+ Rosigli-tazone) GV (FRU+Acarbose)
Body weight gain (g) 10.800+7.01 21.57+3.90 5.400+6.03 15.000+4.78 17.400+7.30
Glucose (mg dL.™") 98.700+£6.34 113.0047.63 122.50049.68 104.10044. 64 110.900+5.27
Trigly ceride {mg dL.=!) 33.140+3.20 105.70£12.2 60.080+4.73% 41.110+2.00¢ 121.900420.50
Cholesterol {mg dL.™") 68.910+3.54 56.34+7.96 57.470+4.57 48.050+4.31 46.1204+3.70
Insulin (UU mL™") 21.140£1.11 61.33+12.007 32.75048.57* 23.200+1.49 54.800+19.37
HOMA 5.050+0.52 17.10+4.23" 8.5804]. 52+ 5.74020.463% 15.5204+5.88
HDL-c (mg dL. ™Y 38.500£2.26 40.70+1.87 33.600+2.21 32.080+2.93 32.640+2.92
VLDL-c (mg dL. ™) 7.120+0.71 20.80+2. 10 13.10041.40% 9.120+1.04% 24.400+4.07
Uric acid (mg dL.™") 0.600+0.04 1.05+0.05 0.680+0.17 1.000+0.10 1.100+0.17
Urea (mg dL™") 30.560+1.82 34.16£1.55 31.170+1.84 30.400+2.40 26.400+1.33
Creatinine (mg dL.™") 0.590+0.04 0.55+0.02 0.610+0.07 0.560+0.03 0.530+0.01
SGOT (UL™) 175.500+7.33 166.7048.95 148.10049.03 179.00049.48 187.9004£27.46
SGPT (UL™ 43.530+1.15 41.9943.36 40.20043.16 41.010+1.87 55.420+8.75
Sodium (mmol L) 125.700+3.17 124.2043.64 121.50043.23 136.000+6.62 136.10044.03
Potassium {mmol L") 5.085+0.17 5.094+0.23 4.582+0.15 5.228+0.09 5.738+0.34
Protein (g dL. ™Y 6.800+0.105 7.24+0.089 7.410+0.137 6.730+0.212 6.750+0.246
Albumin {g dL.”)) 2.060+0.02 2.26+0.04 2.170+0.05 2.050+0.09 2.050+0.13

The values indicate MeantSEM, n= 6-8 rats group™ ", 'p<0.01 significantly different from normal control., #p<.0.05 significantly different from positive control
(fructose fed rats), # p<0.01 significantly different from positive control (fructose fed rats)

Table 2: Urinary biochemical profile of the rats in different experimental groups

G 11 positive GTI GIV
Parameter G I (Nomnal control)  untreated control (FRU) (FRU+SRM-methanolic)  (FRU+Rosiglitazone) G V (FRU+Acarbose)
Urinary pH 8.06+0.11 8.25+0.09 8.25+0.11 8.00+0.09 8.20+0.12
Uric acid (mg dL™") 1.81+£0.54 2.8541.05 2.88+0.58 1.96£0.40 2.76+£0.55
Creatinine (mg dL™!) 8.48+2.24 13.35+2.12 14.26+2.41 8.88+2.03 10.74+2.28
Sodium (mmol L) 116.10£32.90 111.70£29.58 O8.48£17.50 84.014+15.90 107.504£20.60
Potassium {(mmol L") 102.00+£42.70 90.86+19.60 81.87+15.50 89.28+22.50 90.62+12.60

The values indicate Mean+SFEM; n = 6-8 rats per group
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Fig. 2: Effect of supplementation of SRM-methanolic on
OGTT of fructose fed rats. #p<0.05 compared to
normal fed control; *p<t0.05 compared to positive
(Fru fed) control; **p<t0.01 compared to positive
(Fru fed) control

Oral Glucose Tolerance Test (OGTT) was conducted
for animals of all the groups during the third week of the
study. The results obtained (Fig. 2) showed the animals
which received fructose enriched diet was significantly
glucose mtolerant when compared to normal control.
Supplementation of SRM-methanolic and rosiglitazone
with fructose feed significantly decreased AUC, .. The
AUC,,. values of the acarbose supplemented groups
did not statistically differ from ammals treated only with
fructose.

DISCUSSION

Insulin resistance, a complex metabolic abnormality
that affects the ability of peripheral tissues to respond to
insulin, is a prominent feature of metabolic syndrome and
type-2 diabetes and also constitutes a major risk factor for
cardiovascular disease (Chen et «l., 2006). The insulin
resistant state is commonly associated with lipoprotein
abnormalities that are risk factors for atherosclerosis
especially hypertriglyceridemia, ugh VLDL cholesterol
and low levels of HDL cholesterol (Harati et al., 2003).
Recently, the STOP-NIDDM trial (a large multicentric trial)
revealed that, acarbose, a prototype of a-glucosidase
mhibitor reduced the incidence of cardiovascular
accidents and also brings about the reduction of
hypertension in IGT patients (Chiassen et al, 2003).
Further more, a meta analysis of seven long-term studies
has also shown that acarbose prevents myocardial
infarction and CVD in patients with type-2 diabetes
(Nakanwra et al., 2005). Rats fed with a high-fructose diet
(»60% of total calories) provide a useful ammal model of
msulin resistance and hyperinsulinemia. The sites of
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fructose-induced insulin resistance are documented to be
the liver, skeletal muscle and adipose tissue. These rats
also develop a cluster of abnormalities, which include
hypertension, hypertriglyceridaemia, oxidative stress and
glucose intolerance in addition to hyperinsulinaemia and
insulin resistance etc. (Hwang et al., 1983; Nandhini et al.,
2005). Abnormalities in lipid profile are one of the major
common complications in diabetes mellitus. High levels of
total cholesterol and more importantly 1.DT.-cholesterol in
blood are major coronary risk factors. Insulin deficiency
and resistance causes an increase in free fatty acid
mobilization from adipose tissue, which results in increase
in increased production of cholesterol rich LDL-C particle
and dyslipidemia (Latha and Daisy, 2010).

Our findings revealed that supplementation of
SRM-methanolic with fructose feed to rat sigmficantly
reversed the hyperinsulinemia and insulin resistance index
as measured by HOMA, TG and VL.DL-cholesterol levels.
In other words, SRM-methanolic and rosiglitazone
ameliorated the msulin resistance and caused marked
improvement of the insulin sensitivity in fiuctose fed rats.
The spectrum of activity observed was similar to
rosiglitazone.

But notably, there was no statistically sigmificant
differences in values observed in case of acarbose treated
group, when compared to rats fed with only fiuctose-
enriched diet. Our findings were in contrary to the earlier
findings (Nakamura et @f., 2005), where it was reported
that acarbose significantly improves insulin sensitivity in
fructose fed rats at the same dose level that we have
selected. This could be because of the fact that acarbose
13 pure ¢-glucosidase inhibitor (Relph, 1999). «-
glucosidases are specific intestinal brush border enzymes,
which catalyzes the final step m the digestion of
carbohydrates,  these  enzymes  hydrolyze  the
disaccharides (derived from starch digestion and mgested
disaccharides) to absorbable monosaccharides (Sou et o,
2001). being readily  absorbable
monosaccharide, acarbose may have very little effect on
its absorption, which may lead to development of
abnormalities like hyperinsulinemia observed in acarbsoe
supplemented groups. Tt is also important to note that,
oral bioavailability of acarbose 13 very poor and its
therapeutic benefit 13 mainly due its local effect on
a-glucosidases of gastrointestinal tract (Clissold and
Edwards, 1988). There are also reports available indicating
that acarbose lacks direct stimulatory action on insulin
secretion (Breuer, 2003).

In case of Oral Glucose Tolerance Test (OGTT), the
changes in blood glucose concentration, which result
from an oral carbohydrate load 1s theoretically dependent
on the rate at which carbohydrate enters the small

Fructose a



Int. J. Pharmacol., 6 (4): 386-392, 2010

intestine, the rate of digestion and intestinal absorption of
glucose and the rate of msulin-driven metabolism. The
relationship between plasma levels of glucose and insulin
after an external load of glucose can be studied using
OGTT (Srimvasan and Karundevi, 2005). The OGTT
conducted for animals of all the groups during the third
week of the study, indicate that animals which received
fructose-enriched diet were sigmificantly glucose
intolerant, when compared to normal control and our
findings are in consistent with reports of other
mvestigators (Nandhini et af., 2005). We found that
supplementation of drugs SRM-methanolic significantly
decreased the AUC,,. values indicating the better
glucose disposal rate. The effect observed could
directly be related to insulin sensitizing activity of
SRM-methanolic as described above and the activity was
comparable to that of rosiglitazone.

The detail phytochemical investigation revealed
presence of steroidal compounds, terpencids, glycosides,
phenolic compounds and aminoe acids in SRM-methanolic
but, the absence of alkaloids. The present study indicate
that the antidiabetic effect of Salacia reticulata goes
beyond the ¢-glucosidase intubition and could be due to
combination of several mechanisms such as insulin
sensitization, effect on fat metabolism etc. Further studies
are I progress in our laboratory to elucidate the
mechanisms by which Salacia reticulata exhibits its
beneficial effect on various parameters associated with
metabolic disorders and complications associated with
diabetes.

ACKNOWLEDGMENT

The authors acknowledge the help rendered by
Dr. UV. Babu Phytochemistry Department and
Krishnamwthy, N.K., Documentation Section, Research
and Development Center, The Himalaya Drug Company,
Bangalore, India.

REFERENCES

Akase, T., T. Shimada, Y. Harasawa, T. Akase and
Y. Tkeya et al., 2009. Preventive effects of Salacia
reticulata on obesity and metabolic disorders n
TSOD Mice. Evid Based Compl. Alternat Med,
10.1093/ecam/nep052

Breuer, HW.H., 2003. Reviews of acarbose therapeutic
strategies in the long-term treatment and in
prevention of type-2 diabetes. Int. J. Clin. Pharm.
Ther., 41: 421-440.

Chen, C.C.,I.M. Liuand J.T. Cheng, 2006. Tmprovement of
Insulin resistance by miracle fiuit (Synsepalum
dulcificum) n fructose-rich chow-fed rats. Phytother.
Res., 20: 987-992.

391

Chiassen, I.L.., G.J. Robert, R. Gomes, M. Hanefeld and
A Karosik et al., 2003. Acarbose treatment and rest
of cardiovascular disease and hypertension in
patients with impawred glucose tolerance, the
STOP-NIDDM trial. JAMA, 290: 486-494.

Chot, 5.B., B.S. Ko, SK. Park, J.S. Jang and 5. Park, 2006.
Insulin sensitizing and o-glucoamylase inhibitory
action of semmosides rheins and rhaponticin i Rhei
Rhizoma. Life Sci., 78: 934-942.

Clissold, S.P. and C. Edwards, 1988. Acarbose: A
preliminary review of its pharmacodynamic and
pharmacokinetic properties and theraeutic potential.
Drugs, 35: 214-243.

Gamble, 1.S., 1997. Flora of the Presidency of Madras
(reprinted). Bishen Singh Mahendra Pal Singh,
Dehradun, India.

Harati, M., M. Ali and M. Messripour, 2003. Effect of
vanadyl sulfate on fructose-induced insulin
resistance rat. Iran. Biomed. T., 7: 179-182.

Husain, A. and O.P. Virmani, 1992. Dictionary of Indian
Medicinal Plants. CIMAP, Lucknow, pp: 400.

Hwang, 1.5, B. Hoffman, H. Ho and Reaven, 1983.
Fructose  induced insulin  resistance  and
hypertension n rats. Hypertension, 5: 881-886.

Tarvis, M.F. and R.C. Kahn, 2000. Understanding the
pathogenesis and treatment of insulin resistance and
type 2 Diabetes mellitus: What can we learn from
Transgenic and knockout mice? Diabetes Metab.,
26: 433-448.

Keren, P, R. Hemi, D. Le Roith, A. Karasik and
E. Elhananyi, 1997. A molecular basis for insulin
resistance. J. Biol. Chem., 272: 29911-29918.

Latha, R.C.R. and P. Daisy, 2010. Influence of Terminalia
bellerica Roxb. fruit extracts on biochemical
parameters in streptozotocin diabetic rats. Int. T.
Pharmacol., 6: 89-96.

Mitra, SK., 8. Gopumadhavan, T.S. Muralidhar,
S.D. Anturlikar and M.B. Sujatha, 1996. Effect of
herbommeral preparation D-400 in streptozotocin
mduced diabetic rats. J. Ethanopharmacol., 54: 41-46.

Mlinar, B., I. Mare, A. Janez and M. Pfeifer, 2007.
Molecular mechanisms of insulin resistance and
associated disesases. Chin. Chimica Acta, 375; 20-35.

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

Monika, C.7., M. Pete, S. Kristina, C. Vojteh and
F. Robert, 2006. Toxic and lethal effects of
ostreolysin, a cytolytic protein fromedible oyster
mushroom (Pleurotus ostreatus), in rodents.
Toxicon, 48: 264-271.

Nadkarmi, KM., 1993, The Indian Materia Medica.
1st Edn., Popular Prakashan Pvt. Ltd, Bombay,
pp: 1089.



Int. J. Pharmacol., 6 (4): 386-392, 2010

Nakamura, K., 8. Yamagishi, T. Matsui and H. Tnoue, 2005.

inhibitor, improves
msulin resistance m fructose-fed rats. Drugs Exp.
Clin. Res., 31: 155-159.

Nandhini, ATA., V. Thirunavukkarasu,
MK. Ravichandran and C.V. Anuradha, 2005.
Effect of taurine on biomarkers of oxidative stress in
tissues of fructose-fed msulin-resistant
Singapore Med. T., 46: 82-87.

Pari, .. and 5. Ramalingam, 2006. Role of diasulin,
an herbal formulation on antioxidant status in

induced diabetes. Int. J. Pharmacol.,

Acarbose an ¢-glucosidase

rats.

chemical
2:110-115.

Rafig, M. and S.K. Mitra, 2009. ¢-Glucoesidase inhibitory
activity of purified methanolic extract of Salacia
reticulata and 1its effect on blood glucose level n
rats. Antiseptic, 106: 606-610.

Relph, AD., 1999. Pharmacological therapy for Type 2
diabetes mellitus. Ann. Intern. Med., 131: 281-303.

Seda, O., L. Kazdova, D. Krenova and V. Kren, 2002.
Rosiglitazone improves insulin resistance, lipid
profile and promotes adiposity in genetic model of
metabolic syndrome X. Folia. Biologica, 48: 237-241.

Sou, S., H. Takahashi, R. Yamasaki, H. Yuki and K. Chika
et al., 2001. a-glucosidase inhibitors with a 4,5,6,7-
Tetrachlorophthamide skeleton pendanted with
cycloalkyl Dicarba-closo-dodecaborane  group.
Chem. Pharm. Bull., 49: 791-793.

Srinivasan, 5. and B. Karundevi, 2005. Comparative
evaluation of hypoglycaemic activity of two
medicinal plants in alloxan diabetic rats. Int T
Pharmacol., 1: 267-276.

Tiwari, A.K. and J. Madhusudana-Rao, 2002. Diabetes
mellitus and multiple therapeutic approaches of
phytochemicals: Present status and future prospects.
Curr. Sci., 83: 30-38.

392

Wagner, H. and S. Bladt, 1995. Screening of Unknown
Commercial Drugs. Springer Publications, New York,
ISBN: 3-540-88676-8, pp: 349-354.

Warrier, PK., VP.K. Nambiar, C. Ramankutty and
R. Vasudevan, 1996. Indian Medicinal Plants: A
Compendium of 500 Species. 5th Vol, Orient
Longmean Ltd., Hyderabad, ISBN: 10-8125003010,

pp: 47.
Yoshikawa, M., T. Murakami, H. Shimada and
H. Matsuda, 1997, Salicinol, potent

antidiabeticprinciple with wmque thiosugar sulformum
sulfate structure from the ayurvedic traditional
medicine Salacia reticulata in Sri Lanka and India.
Tetrahedron Lett., 38: 8367-8370.

Yoshikawa, M., T. Murakami, K. Yashiro and H. Matsuda,
1998. Kotalanol, a potent ¢-glucosidase inhibitor
with thiosugar sulfonium sulfate structure, from
antidiabetic aywvedic medicine Salacia reticulata.
Chem. Pharm. Bull,, 46: 1339-1340.

Yoshikawa, M., N. Nislnda, H. Shimoda, M. Takada,
Y. Kawahara and H. Matsuda, 2001. Polyphenol
constituents from Salacia species: Quantitative
analysis of mangiferin with ¢-glycosidase and aldose
reductase inhibitory activities. J. Pharma. Soc. Jap.,
121: 371-378.

Yoshikawa, M., H. Shimoda, N. Nishida, M. Takada and
H Matsuda, 2002a. Salacia reticulata and 1its
polyphenolic constituents with lipase inhibitory and
lipolytic activities have mild antiobesity effects in
rats. T. Nutr., 132: 1819-1824.

Yoshikawa, M., T. Morikawa, H. Matsuda, G. Tanabe and
O. Muraoka, 2002b. Absolute stereostructure of
potent alpha-glucosidase inhibitor, Salacinol, with
unique thiosugar sulformum  sulfate mner salt
structure from Salacia reticulata. Bioorg. Med.
Chem., 10: 1547-1554.



	IJP.pdf
	IJP.pdf
	Page 1



