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THE ALTERATIONS OF PLASMA GLUCOSE LEVEL IN DIABETIC RATS
FED WITH AQUEOUS EXTRACT OF Stevia rebaudiana
'Suanarunsawat, T., 1Klongpa.nichapa.l-c, S.,]S, Rungseesantivanon., and 2Chaiyabutr, N

! Physiology Unit, Department of Medical Science, Faculty of Science, Rangsit
University, Muang Ake, Paholyotin Rd., Patumthani, Thailand 12000. ,
thamolwa(@rangsit.rsu.ac.th.

Fax 662 9972222 ext 1417, Tel 662 9972222 ext 1470
2Departmen! of Physiology, Faculty of Veterinary Science, Chulalongkorn University,
Henri Dunant Rd., Patumwan, Bangkok Thailand 10330. Tel 662 2189780, Fax 662
2553910

ABSTRACT : Srevia rebaudiana (Stevia) is a sweet herb which has been shown to
decrease the plasma glucose level in normal rats. However, there is no experimental
evidence to clarify whether it can reduce the plasma glucose level in diabetes mellitus.
Therefore, the present experiment was conducted to clarify this suspicious. Male Wistar
rat weighing between 150-180 g were used. Both acute and chronic effect of Strevia
were undertaken. In acute effect study, four groups of rats were established including of
two groups of normal control and diabetic rats fed with water and Stevia at the dose of
4.66 g.kg' body weight, and two groups of normal control and diabetic rats fed with the
same manner as the first two groups. Seven hours after water or Stevia feeding, blood
was collected to determine the plasma glucose level. In chronic study, four groups of rats
were performed. The first two groups of normal rats were daily fed with water or Stevia
at the dose of 4.66 g.kg' body weight for 8 weeks. The other two groups of diabetic rats
were manifested in the same manner as normal groups. The plasma glucose level and
urinary glucose excretion were determined once a week. At the end of experiment,
serum insulin and plasma glucagon concentrations were determined. The results show
that there was no significant change of the plasma glucose level in normal rats with acute
or chronic feeding of Stevia. In diabetic rats, Stevia feeding for 7 hours or 8 weeks
tended to reduce plasma glucose level but the level was not significantly different from
the normal diabetic rats. There was no significant difference of urinary glucose
excretion in diabetic rats fed either with or without Stevia. The same result was obtained
in normal rats. Stevia had no influence on serum insulin and plasma glucagon levels in
normal rats whereas it potentiated insulin release from 2.70£0.19 to 3.86+0.39 uIU/ml (P
<0.05) and normalized glucagon level (from 75.2143.12 to 49.43+3.44 |, P<0.01) in
diabetic rats. It can be concluded that both acute and chronic feeding of Strevia for 8
weeks had no effect on the plasma glucose level in normal rats whereas it tended to
reduce the plasma glucose level in diabetic rats. Urinary glucose excretion was not
participated in the action of Stevia on the plasma glucose level in diabetic rats. Though
there was an improvement of insulin release and normalization of the glucagon
concentration in diabetic rats fed with Stevia, no significant change of plasma glucose
level was apparent. Other mechanism should be further clarified.

Key words : Stevia rebaudiana, stevioside, diabetes mellitus
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Glycemic Effect of Stevioside and Aqueous Extract of Stevia Rebaudiana on
Blood Glucose Level in Diabetic Rat

Thamolwan SUANARUNSAWAT', Sirirat KLONGPANICHAPAK', Sirada
RUNGSEESANTIVANON' and Narongsak CHAIYABUTR’

'Physiolog_\' Unit, Departmentof Medical Science, Faculty of Science, Rangsit University,
Muang Ake, Pratumtanee, Thailand 12000

’Dcpartmcnt of Physiology , Faculty of Veterinary Science,Chulalongkoern University, Henri Dunant Bd., Patumwun,

Bangkok, Thailand 10330
ABSTRACT: The present experiment was conducted 1o clarify whether stevioside (SVS) and crude extract
of Stevia rebaudiana (Stevia) reduce plasma glucose (P_ ) in DM, Male Wistar rats weighing between 150 -
180 g. were used. In acute effect study, seven groups of normal rats fed with distilled water (DW), or SVS
(0.25,0.5,0.75 g/KgBW) or crude extract of Stevig at the dose containing of SVS sumilar to that of rats fed with
SVS (4.658, 9316, 13.974 g/KgBW). Seven groups of diabetic rats were performed with the same manner as
normal rats. 7 hrs later, P; was determined. In chronic effect study, six groups of rats including of three
normal and three diabetic rats were daily fed with DW or SVS (0.25 g/KgBW/day) or crude extract of Steviu
(4.65 g/KgBW/day) for 8 weeks. P_ and urine glucose excretion (U_) were determined once a week. Scrum
BUN and creatinine concentration were determined to evaluate renal toxic effect of SVS and crude extract of
Stevia. The results show that there was no significant change of P afier 7 hrs of either SVS or Srevia feeding
in both normal and diabetic rats. SVS slightly raised P during 3-6 weeks in normal rats whereas no significant
effect was apparent in diabetic rats. Although there was an elevation of U_ during 2-4 weeks of SVS feeding
in diabetic rats, hyperglycemia could not be attenuated. P_ was not changed in normal rats fed with crude
extract of Stevia whereas it decreased in diabetic rats fed with Stevia. Hypoglycemic effect of crude extract of
Stevia is not due to the action of SVS containing in Stevia, and not the result from U_.  Both SVS and crude
extract of Stevia feeding in the present experiment had no toxic effect on renal function in both normal and
diabetic rats.

KEY WORDS: Stevioside, Stevia Rebaudiana, Diabetes Mellitus.
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ABSTRACT : The present experiment was conducted to clarify whether stevioside (SVS) and
crude extract of Stevia rebaudiana (Stevia) reduce plasma glucose (Pg ) in DM. Male Wistar
rats weighing between 150 —180 g. were used. In acute effect study, seven groups of normal

| . rats fed with distilled water (DW), or SVS (0.25, 0.5, 0.75 g/KgBW} or crude extract of Stevia at

the dose containing of SVS similar to that of rats fed with SVS (4.658, 9.316, 13.974 g/KgBW).
Seven groups of diabetic rats were performed with the same manner as normal rats. 7 hrs
later, Pg was determined. In chronic effect study, six groups of rats including of three normal
and three diabetic rats were daily fed with DW or SVS (0.25 g/KgBW/day) or crude extract of
Stevia (4.65 g/KgBW/day) for 8 weeks. Pg and urine glucose excretion (Ug) were determined
once a week. Serum BUN and creatinine concentration were determined to evaluate renal toxic
effect of SVS and crude extract of Stevia. The results show that there was no significant change
of Pg after 7 hrs of either SVS or Stevia feeding in both normal and diabetic rats. SVS slightly
raised Pg during 3-6 weeks in normal rats whereas no significant effect was apparent in diabetic
rats. Although there was an elevation of Ug during 2-4 weeks of SVS feeding in diabetic rats,
hyperglycemia could not be attenuated. Pg was not changed in normal rats fed with crude
extract of Stevia whereas it decreased in diabetic rats fed with Stevia. Hypoglycemic effect of
crude extract of Stevia is not due to the action of SVS containing in Stevia, and not the result
from Ug. Both SVS and crude extract of Stevia feeding in the present experiment had no
toxic effect on renal function in both normal and diabetic rats.

KEY WORD : stevioside, Stevia rebaudiana, diabetes mellitus.

INTRODUCTION

Stevioside (SVS) is the sweetening agent which is the major component of the sweet herb
Stevia rebaudiana (Stevia). Stevia is the native herb of Brazil and Paraguay. Both SVS and
Stevia have been used to be sugar substitute in several countries. Stevia has been taken to
cultivate in Thailand for several years. It has been reported that crude extract of Stevia reduced
plasma glucose level (Pg) in both normal human and rats [1,2]. Furthermore, SVS has been
shown to increase glucose-induced insulin release from isolated rats pancreatic islets [3]. [t is
possible that crude extract of Stevia and/or SVS alleviates hyperglycemia in diabetes mellitus.
Therefore, the present experiment was conducted to clarify whether crude extract of Stevia and
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SVS reduce Pg in diabetic rats. The possible mechanism of its hypoglycemic action was also
elucidated

AN

MATERIAL AND METHODS

Male Wistar rats weighing between 150-180 g were used. Both acute and chronic effect
of SVS and crude extract of Stevia were studied

1) Acute effect of SVS and crude extract of Stevia on plasma glucose level.

Fourteen group of rats including seven groups of normal and seven groups of diabetic
rats were established. Seven groups of normal rats was divided inlo one group of normal
control rats fed with distilled water (DW), three groups of normal rats fed with SVS (0.25, 0.5,
0.75 g/Kg BW) and three groups of normal rats fed with crude extract of Stevia at the dose
containing of SVS similar to that of rats fed with SVS (4.658, 9.316, 13.974 g/Kg BW). Seven
groups of diabetic rats were performed in the same manner as seven groups of normal rats.
. Seven hours after DW, SVS of crude extract of Stevia feeding, blood was collected from tail

vain to determined Pg . '
' 2) Chronic effect of SVS and crude extract of Stevia on plasma glucose level.

Six groups of rats including of three groups of normal rats and three groups of diabetic
rats. The first three groups of normal rats were daily fed with DW (normal control) or SVS (0.25
g/Kg BW/day) or crude extract of Stevia (4.658 g/Kg BW/day) for 8 weeks. Another three
groups of diabetic rats were treated in the same procedures as the normal rats. In each week,
rats were overnight fasted and then the experiment was carried out in the morning. Blood was
collected from tail vein to determine fasting Pg. Furthermore, urine were collected to clarify
whether the glycemic action of SVS and crude extract of Stevia was the result from the
-alteration of urinary glucose excretion (Ug). Renal toxic effect of both SVS and crude extract of
Stevia was also evaluated by determination of serum BUN and creatinine concentration at the
end of experiment .

RESULTS .

Seven hours after feeding of SVS or crude extract of Stevia had no significant effect on
Pg in both normal and diabetic rats (Fig 1). SVS feeding for 8 weeks had no significant effect
on Pg in diabetic rats whereas it raised P¢ (Fig 2) during the 3-6 weeks in normal rats. Crude
extract of Stevia had no significant effect on Pg in normal rats whereas it reduced Pg in diabetic
rats. Though crude extract of Stevia reduced Pg in diabetic rats but the level was not statistically
significant difference from normal diabetic rats (Fig 2) because fasting Pg of 3 from 9 diabetic
rats was quite high throughout experiment (>320 mg/dl). Ugs was determined to clarify the
possible mechanism of SVS and crude extract of Stevia on Pg. Ug was not changed in normal
rats fed either with SVS or crude extract of Stevia. In contrast, SVS significantly increased Ug
during the 2-4 weeks in diabetic rats (Fig 3). Ug in diabetic rats fed with crude extract of Stevia
was not different from that of normal diabetic rats throughout experiment (Fig 3). There was no
significant difference of serum creatinine and BUN in normal rats fed with either SVS or crude
extract of Stevia, resulting no change of ratio of serum BUN/creatinine (Fig 3). Serum
creatinine was not changed whereas serum BUN was significantly raised in all groups of
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diabetic rats fed with or without SVS and crude extract of Stevia, resulting the higher ratio of
serum BUN/creatinine (Fig 3).

DISCUSSION

i From the experimental results indicates that after 7 hrs of either SVS or crude extract of
Stevia feeding had no significant effect on Pg in both normal and diabetic rats. Daily feeding of

SVS for 8 weeks had no effect on P¢ in diabetic rats but it raised Pg in normal rats. Glucose

I

]
I

contamination in SVS was not the cause of high Pg in normal rats since the amount of glucose
is very low (2-3 g/100 g SVS). Although some part of SVS feeding was degraded to glucose
and then absorbed through intestine, the absorbed glucose was continuously metabolized.
Moreover, the Pg determination was performed after fasted overnight. Therefore, an increase of
Pg in normal rats fed with SVS should be the action of SVS itself. It is interesting to note that
SVS which is the major component in crude extract of Stevia raised Pg whereas crude extract
had no effect on Pg in normal rats. It is possible that some components in crude extract of
Stevia may antagonize hyperglycemic action of SVS. However, no experimental evidences
have supportéd the glycemic effect of other components in crude extract of Stevia. SVS had no
effect on Pg in diabetic rats but crude extract of Stevia reduced Pg in diabetic rats. This implies
that the reduction of Pg in diabetic rats fed with crude of extract of Stevia is not due to the
action of SVS containing in crude extract of Stevia. However, the hypoglycemic action of crude
extract of Stevia was appeared if fasting Pg was not so high (<320 mg/dl). The present
experiments show that the glycemic effect of SVS and crude extract of Stevia was not due to
the urinary glucose excretion. There may be other mechanisms responsible to their glycemic
action such as the alteration of glucose regulating hormone or the change of cellular glucose
uptake. Cur previorus experiment showed that there was a reduction of glucose clearance in
normal rats treated with SVS, indicating that there was a decrease of cellular glucose uptake in
normal rats treated with SVS[4]. However, the change of glucose regulation hormones
especially insﬁlin and glucagon should be further elucidated . Unchanges of serum creatinine
and BUN in normal rats fed with either SVS or crude extract of Stevia, implies that no renal
toxic effect of both SVS and crude extract of Stevia was apparent. The elevation of BUN but no
change of creatinine in all groups of diabetic rats resulted an increase of ratio of BUN/creatinine
(>2011)_. Kidneys are an important organ to excrete both creatinine and urea (BUN). If there is
an impairment of renal function, both creatinine and BUN are increased in proportionally,
resulting no change of ratio of BUN/creatinine. Therefore an increase of ratio of BUN/creatinine
in all groups of diabetic rats was not the resuilt of renal impairment. It can not be explained by

the present experiment why there was an elevation of BUN in all groups of diabetic rats.
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Abstract : stevioside (SVS) is the major component of the sweet herb Stevia reboudiana which can be well grown in
Thailand. Stevia extract has been shown to reduce plasma glucose level (Pg) in normal rats(t). It is possible that SVS is
responsible to this effect. Therefore, the present experiment was conducted 1o clarify the effect and mechanisms of SVS
on Pg in rats. Male Wistar rats weighing between 150-180 g were used. Normal and diabetic.rats were fed by intragastric
intubation of either distilled water or SVS (0.25 g/KgBW/day) for 8 weeks. Pg and urinary glucose excretion (Ug) were
determined once a week. Following 8 weeks of either SVS or water feeding, serum insulin. plasma glucagon level and
glucose uptake to isolated diaphragm were studied. The results show that Pg was slightly raised in normal rats fed with
SVS. Pg in both normal diabetic rats and diabetic rat fed with SVS was not significanily ditTerent throughout experimental
periods. Ug markedly increased during 2-4 weecks of SVS feeding in diabetic rats. Serum insulin and glucagon level were
unchanged in normal rats fed with SVS whereas serum insulin was higher in diabetic rats fed with SV5. Basal glucose
uptake to isolated diaphragm of diabetic rats fed with SVS was increased. tHowever. muscle responsc to insulin was
decreased in both normal and diabetic rats fed with SYS. It can be concluded that SVS feeding for 8 weeks could not
reduce Pg in both normal and diabetic rats. Although SVS feeding raised insulin release, urinary glucose excretion and
basal glucose uptake 10 isolated diaphragm of diabetic rats, hyperglycemia could not be aticnuated. The reduction of
insulin-induced glucose uptake seems to be the primary cause of an inability of SVS 10 reduce Pg

Metheodology @ Male Wistar rats weighing between 150-180 g were used. Four groups of rats were used in this
experiment. The first two groups were normal control and diabetic rats fed by intragastric intubation of distilled water for
8 weeks. The other two groups were normal and diabetic rats fed with SVS (0.25 g/KeBW/day) for 8 weehs. In each
week, rats were fasted overnight and then blood was collecied from tail vein to determine Pg. Also, urine volume was
collected to measure urine glucose excretion. After 8 weeks of either SVS or water feeding. rats were overnight fasted,
and then blood was collected from abdominal aorta 10 determine serum insulin and glucagon level by radioimmunoassay.
Glucose uptake to isolated diaphragm was also determined using 2-Deoxy-D-{'H]-glucose and D-{1''C)-manitol.

Results, Discussion and Conclusion : The result show that Pg was slightly increased in normal rats fed with SV5. No
significant different of Pg in both groups of diabetic rats throughout experimental periods. The glyeemrc efTect of 5Vs
may be due 1o the alteration of Ug. glucose regulating hormone (2), or cellular glucose uptake. SVS extremely mised Ug
during 2-4 weeks of SVS feeding in diabetic rats. Serym insulin and plasma glucagon level were unchanged in normal rats
fed with SVS whereas serum insulin was higher in diabetic rats fed with SVS. Despite an increase of Ug and improvement
of insulin release, hyperglycemia was not attenuated in diabetic rats fed with SVS. It is possible that there is the
impairment of lissue response to insulin which is the main glucose-lowering hormone. Without insufin in incubation
medium, 2-DG-['H] uptake to isolated diaphragm of diabetic rats fed with SVS was markedly increased whereas no
significant change in normal rats fed with SVS was apparent However,muscle response 10 insulin was depressed in both
normal and diabetic rats fed with SVS. The mechanisms that SVS improved basal glucose uplake but depressed insulin-
induced glucose uptake was not known and should be further clarified. It can be concluded that SVS feading for 8 weeks
could not reduce Pg in both normal and diabetic rats. Though there were an elevation of scrum insulin level. uninary
glucose excretion and basal glucose uptake to muscle in diabetic rats fed with SVS. P could not be alleviated The
reduction of insulin-induced glucose uptake seems to be the primary cause of an inability of SVS to reduce Pe.

references: (1) Oviédo CA. Fronciani G, Moreno R, Maas LC_(1970) Exp Med 208 .92
(2) Jappcnsen PB, Gregersen S, Poulsen CR, Hermansen K {2000) Metabolism 49 .208-214

Keyword : stevioside, Srevia rebentiuna. muscle glucose uptake, glucose regulation
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Abstract : stevioside {(SVS) is the major component of the sweet herb Srevig rebaudiana which can be well grown in
Thailand. Stevia extract has been shown to reduce plasma glucose level (Pg) in normal rais{1). It i5 possible that SVS is
responsible to this effect. Therefore, the present experiment was conducted to clarify the ¢ffect and mechanisms of SVS
on Pg in rats. Male Wistar rats weighing between 150-180 g were uscd. Normal and diabetic rats were fed by intragastnic
intubation of either distilled water or SVS (0.25 g/KgBW/day) for 8 weeks. Pg and urinary glucose excretion (Ug) were
determined once a week, Following 8 weeks of either SVS or water feeding, serum insulin, plasma glucagon level and
glucose uptake 1o isolated diaphragm were studied. The results show that Pg was slightly raised in normal rats fed with
SVS. Pg in both normal diabetic rats and diabetic rat fed with SVS was not significantly different throughout expenimental
periods. Ug markedly increased during 2-4 weeks of SVS feeding in diabetic rats. Serum insulin and glucagon level were
unchanged in normal rats fed with SVS whereas serum insulin was higher in diabetic rats fed with SVS. Basal glucose
uptake 10 isolated diaphragm of diabetic rats fed with SVS was increased. However, muscle response to insulin was
decreased in both normal and diabetic rats fed with SVS. |t can be concluded that SYS feeding for 8 weeks could not
reduce Pg in both normal and diabetic rats. Although SVS feeding raised insulin release, urinary glucose excretion and
basal glucose uptake to isolated diaphragm of diabetic rats, hyperglycemia could not be attcnuated. The reduction of
insulin-induced glucose uptake seems to be the primary cause of an inability of SVS 1o reduce Pg

Methodology : Male Wistar rats weighing between 150-180 g were used. Four groups of rats were used in this
experiment. The first two groups were normal control and diabetic rats fed by intragastric intubation of distilled water for
8 weeks. The other two groups were normal and diabetic rats fed with SVS (0.25 g/KeBW/day) for B wechs. In cach
week, rats were fasted ovemnight and then blood was collecied from 1ail vein 10 determine Pg. Also, unne volume was
collected to measure urine glucose excretion. After 8 weeks of cither SVS or waier feeding. rats were overnight fasted,
and then blood was collected from abdominal aorta 10 determine serum insulin and glucagon level by radioimmunoassay.
Glucose uptake 1o isolated diaphragm was also determined using 2-Deoxy-D-['H]-glucose and D-[1''C]-manitol.

Results, Discussion and Conclusion : The resull show that Pg was slightly increased in normal rats fed with SVS. No
sipnificant different of Pg in both groups of diabetic rats throughout experimental periods. The glycemic effect of SV¥S
may be due to the alteration of Ug. glucose regulating hormone (2). or cellular glucose uptake. SVS extremely ratsed Ue
during 24 weeks of SVS feeding in diabetic rats. Serpm insulin and plasma glucagon level were unchanged in normal rats
fed with SVS whereas serum insulin was higher in diabetic rats fed with SVS. Despite an increase of Ug and improvement
of insulin release, hyperglycemia was not aticnuated in diabetic rats fed with SVS. It is possible that there is the
impairment of tissue response to insulin which is the main glucose-lowering hormone. Without insulin in incubation
medium, 2-DG-['H] uptake to isolated diaphragm of diabetic rats fed with SVS was markedly increased whereas no
significant change in normal rats fed with SVS was apparent However.muscle response 10 insulin was depressed in both
normal and diabetic rats fed with SVS. The mechanisms that SVS improved basal glucose uptake but depressed insulin-
induced glucose uptake was not known and should be further clarified. It can be concluded that SVS feeding for 8 weeks
could not reduce Pg in both normal and diabetic rats. Though there were an elevation of serum insulin level, uninary
glucose excretion and basal glucose uptake 10 muscle in diabetic rats fed with SVS. P could not be alleviated The
reduction of insulin-induced glucose uptake seems to be the primary cause of an inabiliry of SVS 1o reduce Pg

references: (1) Oviédo CA, Fronciani G, Moreno R, Maas LC. (1970) Exp Med 208 . 92.
(2) Jappensen PD, Gregersen S, Poulsen CR. Hermansen K.(2000) Metabolism 19 . 208.214.

Keyword : stevioside, Srevia rebunnliana, musele glucose uptake, glucose regutation
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Objective : Stevia rebaudiana has been proposed to lower plasma glucose level (Pg ) (1).
Stevioside (SVS) which is the major component of Stevia rebaudiana, has been found to
induce insulin release.(2). Therefore, 1t 1s possible that SVS is responsible to decrease Pg.
The present experiment was conducted to clarify whether SVS reduced Pg in both normal and
diabetic rats. The mechanisms of its glycemic action was also investigated.

Methods : Male Wistar rats weighing between 150-180 g were used in the experiment.
Diabetic and normal rats were fed by intragastric intubation of SVS (0.25 g/KgBW/day) for 8
weeks. Normal control and diabetic rats were fed with distilled water. Pg, body weight and
urinary glucose excretion (Ug) were measured once a week. Following 8 weeks of either SVS
or water feeding, blood was collected to determine serum insulin and plasma glucagon level.
Glucose uptake to isolated diaphragm was also studied after 8 weeks of either SVS or water
feeding using 2-deoxy-D-[*H]-glucose and U-['*C]-manitol.

Results : The results show that there was no significant change of Pg in both normal and
diabetic rats throughout experimental period. Pg was slightly raised in normal rats fed with
SVS. Pg in diabetic rats was slightly increased after 3 weeks of SVS feeding. However, the
level of Pg in both normal diabetic rats and diabetic rats fed with SVS was not significantly
different during the same period. Ug markedly increased during 2-4 weeks of SVS feeding in
diabetic rats. Serum insulin and plasma glucagon level were unchanged in normal rats fed
with SVS whereas serum insulin was higher in diabetic rats fed with SVS. Without insulin in
incubation medium, 2-deoxy-[°H]-D-glucose uptake to isolated diaphragm of diabetic rats fed
with SVS was increased whereas no ¢hange was apparent in normal rats. There was a
reduction of insulin-induced glucose uptake in both normal and diabetic rats fed with SVS.

Conclusion : SVS feeding for 8 weeks could not reduce Pg in both normal and diabetic rats.
Though there were an elevation of serum insulin level, urinary glucose excretion and glucose
uptake to isolated diaphragm of diabetic rats fed with SVS, Pg could not be alleviated. The
reduction of insulin-induced glucose uptake to muscle was likely to be the primary cause of
an inability of SVS to reduce Pg in both normal and diabetic rats.
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