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Abstract

This study aimed to investigate the hypoglycemic effect of Elaeocarpus grandiflorus water extract in
alloxan-induced diabetic rats. Chronic effects of the extract on plasmaglucose, lipids, blood biochemistry, some
drug-metabolizing enzymes and internal organ weights were also studied. Diabetes was induced in Wistar rats
by subcutaneous injection of alloxan. After being confirmed as diabetic, the animals were orally administered
with distilled water or the extract at 0.0001, 0.001 or 0.01 g/kg body weight (BW) daily for 30 days. The results
showed that hypoglycemic effect of the extract was dose-dependently observed on day 7. The glucose lowering
effect was also continuously observed at the highest dose until the second week. The diabetic rats treated with
the extract at 0.0001 and 0.001 g/kg BW possessed greater alanine aminotransferase (ALT) activity than the
diabetic control rats. The diabetic rats treated with the extract at 0.001 g/kg BW possessed increased plasma
triglyceride compared with the diabetic control rats. The diabetic control rats tended to possess decreased
aminopyrine-N-demethylase (APD) activity. Insulin or the extract could not reverse the enzyme activity to
the baseline value. However, the aniline hydroxylase (AH) activities were unchanged in all groups. The
diabetic-induced BW lost was minimized by the extract. Studies for long-term effects of the extract on internal
organ weights reveal ed that the normal rats treated with extract at 0.01 g/kg BW possessed increased weights of
heart and pancreas. Theextract at 0.001 g/kg BW significantly reduced the diabetic effect on the kidney and liver
weights but failed to return them to the baseline values. The extract at 0.01 g/kg BW significantly reversed the
heart and lung weights to the normal values. It is concluded that E. grandiflorus water extract possesses a
hypoglycemic effect. The use of the extract should not be longer than two consecutive weeks. A close follow-up
for any possible toxicity should be performed during the chronic use of E. grandiflorus.
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Introduction

Elaeocarpusgrandiflorus bel ongsto the family Elaeocarpaceae. Previous studies show
that E. grandiflorus possessesantibacterial (Rahman et al., 1998), anti-diuretic (Van Der Woerd,
1950) and antiviral (Kurokawa et al., 1993; Nawawi et a., 1999; Xu et al., 1996) activities.
Water extract of leaves, fruit and twigs of E. grandiflorus has been traditionally used to treat
diabetic patientswhile none of scientific dataisavailable. Tannin, geraniinand 3, 4, 5-trimethoxy
geraniin have beenisolated from E. grandiflorusleaves (Rahman et a ., 1998).

Cytochrome P450 is composed of anumber of CY P enzyme families that metabolize
alarge number of compounds such assteroids, chemical carcinogensand drugs (Gibson & Skett,
1994). The CY Penzymesmay beinduced or suppressed in many pathophysiological conditions,
such asdiabetes, cancer and inflammation (Po-Yung & Edward, 2001). It wasreported that the
activitiesof some drug metabolizing enzymeswereatered in chemical-induced diabetesanimals
(Po-Yung & Edward, 2001). Therefore, this study aimed to determine the chronic effect of
E. grandifloruson plasmaglucoselevel s, on some hepatic enzymefunctionsand on plasmalipidin
alloxan-induced diabetesrats. In addition, long-term effectsof E. grandiflorus extract on rat
interna organswere a so studied by measuring the organ weights.
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Materials and M ethods

Animas

Adult male Wistar rats (190-260 g) were obtained from the National Laboratory Animal
Centreof Mahidol University, Thailand. They werehoused inaroom with controlled temperature
(23+2 °C) and a 12-hr light/ 12-hr dark cycle. The animals had free access to food and water
except on the day of plasma glucose measurement. The study protocol was approved by the
Naresuan Universty Ethical Committee.

Plant materids

E. grandifloruswas collected from Poi Waterfall area, Wangthong District, Phitsanul ok,
Thailand. A voucher specimen (NO.6863) wasdeposited at Royal Forest Department, Ministry of
Agricultureand Cooperatives.

Extract preparation

Water extract of E. grandiflorus was prepared according to the traditional use. Dried
E. grandiflorusleaves, twigsand fruitswereweighed intheratio of 3:4:1 by weight and then boiled
with 3liter of distilled water for 3 hr. The aqueous extract wasfiltered and freeze-dried.

[nduction of diabetes

A freshly prepared solution of alloxan (120 mg/kg body weight (BW), Sigma-Aldrich, USA)
in 0.9% NaCl was subcutaneously injected to 24-hr fasted rats (Poopat, 1993). After 24 hr of the
treatment, blood glucosewas measured using Glucostrip read on aGlucometer. Theanimashaving
blood glucose exceeded 200 mg/dl werejudged to be diabetic and then chosen for the subsequent
experiments.

Treatment protocol

Theanima sweredividedinto seven groups(fiveratsin each group). Thefirst threegroups
were: normal control ratsorally receiving distilled water (DW); normal control ratsorally receiving
the extract (0.01 g/lkg BW); and diabetic rats orally receiving DW. The other four groups were
diabeticratsintraperitonedly injected with insulin (6 U/kg BW) and diabeticratsoraly receivingthe
extract at the doses of 0.0001, 0.001 or 0.01 g/lkg BW. The treatment was performed daily for
30 days.

Collection of blood samples

Theratswerefasted for 15 hr before blood collection. Blood was collected from thetail
vein and the extract was administered immediately. After 30 min, equal volume of blood was
collected again and glucose (1.25 g/kg) wasora ly administered. Then blood wasfurther collected
for fivetimesat every 30 min.

Plasmaglucosedetermination

Plasma glucose was determined by glucose oxidase method (Peungvichaet al., 1998).
Regarding long-term treatment, plasmaglucose was determined ondays 7, 14, 21 and 30 after the
alloxaninjection (Nagappaet a ., 2003 with some modification).

Enzymeactivity assay
At the end of the treatment, the animals were sacrificed and liver microsomes were
prepared by CaCl,, precipitation (L ake, 1987). Protein concentration was measured by the method
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of Lowry etd (1951). Anilinehydroxylase (AH, CY P2E1) activity wasmeasured by the method of
Schenkman et d (1967). Aminopyrine-N-demethylase (APD, CY P2C11) and p-Nitroanisole-O-
demethylase (p-NAOD, CY P1A1/2) activities were measured by the method of Nash (1953)
and Bidlack & Lowery (1982), respectively.

Long-term effectsof E. grandifloruson blood biochemistry and organ weight

Blood samples were collected at the beginning and the end of the study. They were
centrifuged at 5000 rpm for 5 min. Plasma was obtained and stored at room temperature for
biochemical andysis. Plasmaaspartate aminotransferase (AST), alanineaminotransferase (ALT),
triglyceride, cholesterol and creetinine were determined by an automatic chemistry analyzer (Roche
Diagnostics, Switzerland).

Thisstudy investigated long-term effects of the extract oninternal organsby determining
organweights. At theend of the study, all theratswere sacrificed. Theliver, kidney, heart, lung,
spleen, urinary and pancreaswereweighed. Theorgan welghtsare expressed aspercentagesof the

body weights.

Satidtica analyss

Thedatistica andysswas performed by one-way anaysisof variance (ANOVA) followed
by theleast significant different (L SD) test. When the number of groupswas 2, Student'st-test was
used for comparison. Data are expressed as mean+standard error of mean (SEM). A P-value of
lessthan 0.05wasconsidered asStatistically significant.

Results

Effect of E. grandifloruson plasmaglucosein normal rats

Plasma glucose reached the maximum level at 30 min after the glucose administration
(Table 1). The same phenomena were observed with the extract-treated normal rats and
DW-treated diabetic rats. Therefore, this time point was employed for blood collection in the
subsequent long-term study. The diabetic control ratspossessed significant increased glucoselevels
compared withthenormal control rats.

Hypoglycemic effect of E. grandiflorusin diabeticrats

The subcutaneousinjection of aloxan induced diabetesin all rats. The plasmaglucose
levelsof thediabetic ratsat 30 min after glucoseadministration areshownin Table 2. Inthediabetic
ratstreated with DW, hyperglycemiaexisted for thewhole period of the study. Insulininjection
significantly reduced plasma glucose levels compared with the DW-treated diabetic rats.
Hypoglycemic effect of the E. grandifl or us extract was dose-dependently observed onday 7. The
glucoselowering effect wasa so continuoudly observed at the highest dose until the second week.

Effect of E. grandifloruson plasmalipid and blood biochemistry

Effect of the E. grandiflorus extract on plasma cholesterol and triglyceride were
investigated. The plasmalipidsand biochemisiry weremeasured at the beginning and theend of the
treastment. Long-term treatment of the normal control rats with DW or the extract revealed
unchanged plasmalipidsand biochemistry parameters(Table 3). Although they werenot statistically
significant, thediabetic control ratstended to possessgreater plasmacholesterol and triglyceride
levelscompared withtheinitial values.

Treatment of the diabetic ratswith the extract had no effect on the plasmacholesterol and
triglyceride. However, the diabetic ratstreated with 0.001 g/kg BW extract exhibited higher plasma
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triglyceridethan that of theinitial value. The diabetic control ratstended to possessgreater ALT
activity compared with that of the normal control ratsalthough it wasnot statistically significant.
The diabetic rats treated with the extract at the doses of 0.0001 and 0.001 g/kg BW possessed
greater ALT activity than those of thenormal and the diabetic control rats. TheAST activitiesof the
diabetic rats treated with the extract at the dose 0.001 g/kg BW was significantly increased
compared with the normal and the diabetic control rats.

The DW-treated diabetic control rats possessed lower creatininelevel compared with the
normal control rats. Treatment of the diabetic ratswith the extract had no effect on the creatinine
leve.

Effect of E. grandifloruson hepatic enzymefunction

Activities of AH, APD and p-NAOD were investigated at the end of the treatment.
Theresultsshow that the AH activity of al thetreatment groupswere not significantly different
(Table 4). The diabetic control rats tended to possess decreased APD activity compared to the
normal control group athough thiswas not statistically significant. Decreased APD activities
were observed in the diabetic rats treated with insulin and the extract at the dose of 0.0001
and 0.001 g/kg BW. Regarding the p-NAQOD activity, the normal rats treated with the extract
tended to possessanincreasein thep-NAOD activity athough thiswasnot satistically significant.

Effect of E. grandifloruson rat organ weights

After being sacrificed, the organ weightswererecorded and the dataare shownin Table5.
Treatment of thenorma control ratswith theextract 0.01 g/kg BW significantly increased weights of
heart, kidney and pancreas. The diabetic control rats possessed increased all the organ weights,
except spleen weight, compared with the normal control group. Insulin treatment of the diabetic
ratsrestored the heart, lung and urinary bladder weightsto the baselinevalues. The extract at the
doseof 0.001 g/kg BW significantly reduced the diabetic effect on thekidney and liver weights but
failed to return them to the baseline values. The extract at the dose of 0.01 g/kg BW significantly
reversed the heart and lung weightsto thenormal values.

Effect of E. grandifloruson body weight

The normal control rats progressively gained weight whilethe diabetic rats|ost weight
during thestudy (Table6). Thenormal ratstreated with theextract tended to have higher weight gain
compared with the water-treated normal rats although this was not statistically significant.
Insulin treatment reduced the diabeti c effect on body weight lost. Effectsof the extract on the body
welght gain were significantly observed onthethird week. The diabetes-induced body weight lost
was minimized by the extract treatment.

Discussion

The water extract of E. grandiflorus was investigated for its antidiabetic activity and
long-term effectson the organ weights. The diabetic state wasinduced by intraperitoneal injection
of aloxan, one of thetwo most commonly used diabetogenic chemicals(Szkudelski et al., 1998;
Szkudelski, 2001). In this study alloxan effectively induced diabetes in all animals studied.
The plasma glucose level s observed were above the standard range for diabetes. The previous
studiesreported that someanimal sdied upon aloxan injection duetoits potent effect on pancrestic
cellsand someother organs (Alarcon et d., 2005; Guptaet a., 2005). However, our resultsdid not
correspond to the previous studiessincenoneof animalsdied during thestudy. Thismay bearesult
of thedifferencesintheanimal strainsand sources. Theratsused inthisstudy may withstandto the
aloxan damaging effect morethan the others.



Table 1. Effect of E. grandifloruswater extract on glucose tolerance in fasted and glucose loaded normal rats

Mean plasma glucose (mg/dl)

Animal Treatment Time after glucose administration (min)
(number of animal) Fasting 0 30 90 120 150
Normal DW (5) 113.8+ 9.7 111.0+ 10.3 170.6 £16.9 1252+ 133 104.8 + 12.2 94.0+ 9.8 96.2+ 12.0
rats Extract at 0.01g/kg BW (5) 91.5+ 23 1141+ 3.0 251.0+ 10.2* 189.0+ 14.6* 163.7+ 17.9* 150.5+ 16.0* 1132+ 1.9
D‘?:tzm DW (7) 297.9+413 2742+41.6  351.8+36.9  336.7+54.6  3264+53.1  346.8+46.1  329.4+ 643
* P<0.05 compared to the control. Datarepresent means + S.E.M.
Table 2. Long-term effects of E. grandiflorus water extract on plasmaglucosein normal and diabetic rats
Animal Treatment Mean plasma glucose (mg/dl)
(number of animal) Day 7 Day 14 Day 21 Day 30
Normal rats DW (5) 142.7+25.2 232.3+25.0 189.9 +30.2 2144 +8.8
Extract at 0.01 g/kg” (5) 166.1 £9.8 206.3 = 8.1 2948 +£6.8 204.1+84
DW? (6) 443.5 £ 41.2%* 558.9 £ 13.2%* 439.4 £ 43.3** 388.9 £ 2.8%*
Insulin® 4) 216.7 £ 28.9** 237.0 £ 77.6** 250.7 + 54.0** 191.1 £ 56.9**
Diabetic rats Extract at 0.0001 g/kgb (7 349.9 + 29 .4* 475.6 +26.0 451.7+29.5 410.0 + 12.7
Extract at 0.001 g/kg® (5) 285.3 + 24.5%* 460.5 + 28.3 4313+ 13.6 376.5+11.2
Extract at 0.01 g/kg® (6) 271.1 + 48.9%* 424.6 + 39.4% 3593+ 62.8 376.3 + 34.0

Datarepresent means + S.E.M.

acompared with the normal rats treated with DW
compared with the diabetic rats treated with DW

** P<0.005.

* P<0.05.

(T)ST ‘2002 [euinor ASIOAIUN Uensa. e
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Table 3. Effect of chronic exposureto E. grandiflorus water extract on plasmalipid and biochemistry

ac

Animal (nurnggrf‘?;imal) Day  Cholesterol (mg/dl)  Triglyceride (mg/dl) ALT (U/L) AST (U/L) Creatinine (mg/dl)
- DW (40) initial 82.5+2.3 167.6 +22.3 50.842.5 204.7 £10.4 0.59 +0.05
EE DW( final 87.80 + 8.35 136.20 + 22.25 48.80 +2.80 194.40 + 45.75 0.64 + 0.02
Z Extract at 0.01 g/lkg BW (5) final 84.00 + 4.28 113.20 = 19.70 71.60 + 15.84 47740+ 15454  0.68+0.04
DW (5) final 136.60 = 17.64 254.80 £ 65.38 67.60 + 8.85 181.00 +22.43 0.42 +0.10%
g Insulin (5) final 116.60 + 10.25 210.00 + 13.15 48.60 + 7.4 190.00 = 28.04 0.50 +0.03
2 Extract at 0.0001 g/kg BW (6) final 128.00 + 35.65 239.17 +99.50 14033 £50.6177  259.80+34.99  0.58+0.12
g Extract at 0.001 g/kg BW (5)  final 134.40 + 18.78 33540+ 74.65%  144.80£27.92°"  1057.00 +490.61" 0.56+ 0.02
= Extract at 0.01 g/kg BW (6) final 102.83 +11.98 190.67 = 33.00 65.33 £9.00 1781742238  0.58+0.03

Datarepresent means + S.E.M.
* significant difference from the normal rats treated with DW on the final day.
# significant difference from the diabetic rats treated with DW on the final day.

(T)ST ‘2002 FuInor A1SIBAIUN Uensa.eN



Table 4. Effect of chronic exposureto E. grandiflorus water extract on hepatic enzymes

Animal Treatment Protein AH APD p-NAOD
(number of animal) (mg liver/g BW) (nmol/min/mg protein)  (nmol/min/mg protein)  (nmol/min/mg protein)
Té ,,  Distilled water (5) 3244 +142 0.039 £ 0.004 1.24 £0.20 0.427 £ 0.068
=

2 " Extract at 0.01 g/kg BW (5) 18.49 £ 5.25* 0.067 £0.016 1.09+£0.19 0.732+0.163
Distilled water (5) 42.80 + 3.64 0.047 £0.016 0.73+£0.22 0.487 £ 0.065

g Insulin (5) 28.40 £3.70 0.051+£0.010 047 +£0.11%* 0.711 £ 0.083

8

E Extract at 0.0001 g/kg BW (6) 31.05+3.03 0.053 £ 0.007 0.49 £0.13* 0.800 £ 0.252

<

A Extract at 0.001 g/kg BW (5) 36.50 +7.34 0.038+0.013 0.57£0.41%* 0.643+0.114
Extract at 0.01 g/kg BW (6) 30.24 £ 4.61 0.045 £ 0.008 0.91+£0.13 0.644 £ 0.155

Datarepresent means+ S.E.M.

*p<0.05 compared with the normal ratstreated with DW.

AH=Anilinehydroxylase
APD=Aminopyrine-N-demethylase
p-NAOD=p-nitroani sole-O-demethylase

(T)ST ‘2002 [euinor ASIOAIUN Uensa. e
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Table 5. Organ weights of normal and diabetic rats treated with distilled water, insulin or E. grandiflorus extract

Organ weights (g)

Animal (numgre:era:)r?zgzmal) Heart Kidney Liver Lung 51:33?; Spleen Pancreas
?é . DWO) 0.29+0.01  0.54+0.02 2.71+0.06 0.38 +0.03 0.03+0.01 0.18+0.01 0.08+0.03
Z g Extract at 0.01 g/kg BW (5) 0.35+0.02* 0.58+0.01*  2.95+0.03 0.41 +0.02 0.05+0.01 020+0.02 0.19+0.01*

DW (5) 0.40+0.03* 1.47+0.12%  539+0.18%  0.56+0.02*  0.14+0.03* 021+0.03 0.21+0.01*
g Insulin (5) 036+0.04  091+0.05"" 442+030""  044+0.04"  007+0.00 023+0.03 0.19+0.03*
2 Extract at 0.0001 g/kg BW (6)  0.35+0.02  1.21+0.07%*  4.68+021*  0.49+0.03*  0.09+0.01 0.19+£0.01 0.24+0.04*
§ Extract at 0.001 g/kg BW (5)  0.35+0.01 1.12+£0.14™  441+048""  044+0.03"  020+0.10+ 021+0.01 0.14=0.01

Extract at 0.01 g/kg BW (6) 0.34+0.02° 1.01£0.17" 411+£046™  043+£0.05"  0.08+0.02 0.19+£0.01 0.16+0.05

Ve

Datarepresent means + S.E.M.
* p<0.05 compared to the normal rats treated with DW.
#p<0.05 compared to the diabetic rats treated with DW.

(T)ST ‘2002 FuInor A1SIBAIUN Uensa.eN



Table 6. Effect of E. grandiflorus on the % body weight changein diabetic ratsin 30 days

Animal (numifra;r?ZEEmal) Bl e
Day 7 Day 14 Day 21 Day 30
Té _ DW(5) 49+08 229+9.1 35.6+2.0 53.1+10.2
£ = Extract at 0.01 g/kg® (5) 9.8+ 1.1 31.0+£2.3 482+1.6 72.1+£2.1
DW (5) 8.2 +3.5% 5.9 +4.0% 7.1 +£7.2% -13.1 +7.2%
2 Insulin® (5) 12452 15.4+3.7 26.0 + 6.3% 420+11.7*
E Extract at 0.0001 g/kg®(6) -3.7+3.4 48+59 42 +7.8* 9.5+10.1*
A Extract at 0.001 g/kg"(5)  -0.1+4.7 12.6 + 7.4 17.2+12.4" 25.5+16.7"
Extract at 0.01 g/kg” (6) -1.1+4.1 12.2+12.6 149 +7.6" 222+19.8

Datarepresent means + S.E.M.

dcompared with the normal rats treated with DW.
bcompared with the diabetic rats treated with DW.
*p<0.05 compared to the normal rats treated with DW.
#p<0.05 compared to the diabetic rats treated with DW.

(T)ST ‘2002 [euinor ASIOAIUN Uensa. e
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Alloxan-induced diabetic ratswere used asamodel for studying hypoglycemic effects of
the E.grandiflorus water extract. The results demonstrate that the water extract possessed
an antidiabetic activity in the diabetic rats. The hypoglycemic activitieswere dose-dependently
observed on thefirst week of the treatment with alonger effect when the highest dose was used.
The hypoglycemic activity was unobserved during therest of the study. However, the extract was
not ableto restore the plasmaglucoseto the baselinevalue. Thisindicatesthat if the E. grandiflorus
extract isgoing to be used to treat diabetic patients, it should be used with other meansfor diabetic
control such asfood restriction and hypoglycemic drugs.

Regarding the effective period of the hypoglycemic activity, long-term use of the extract
doesnot provide better control of the plasmaglucose. Itseffect isobserved only during thefirst two
weeks. Therefore, itisrecommended that the use of the E. grandiflorus should not belonger than
two consecutive weeks. Thisrecommendation would al so prevent the patientsfrom the adverse
effects seen from the chronic use. However, more studies are required before any conclusion on
human use of E. grandiflorusas an antidiabetic can be made.

Generdlly, body weightsarereduced inthediabeticratsaswell asintypel diabetic patients
(Bwititi et al., 2001; McDermott et a., 2003; Musabayane et al., 2005). In this study, the
decreaseof body weightswerediminished by the extract trestment, thusthiseffect may be useful
for the diabetic patients. Chronic diabetesusually resultsin disturbance of the plasmalipid profile
including increased plasmacholesterol andtriglyceride (Safak et d., 2002). Thisstudy confirmsthe
previousfinding that the plasmalipidswereincreased in the diabetic rats. However, long-term
exposurewith E. grandifloruswater extract or insulin could not improvethe plasmalipids of the
diabeticrats.

A number of herbal medicines are hepatotoxic and nephrotoxic (Nyarko et al., 2005).
Damagestotheliver and kidney oftenresult in elevationsin the serum biochemistry parameterssuch
as plasma AST and ALT and creatinine (Handerson, 2001). Increases in the plasma ALT are
observed in the condition in which pancress, liver, kidney and heart are destroyed by alloxan
(Szkudelski et d., 1998; Szkudelski, 2001). Thisstudy observed anincreaseinthe plasmaALT and
adecreasein the creatininelevel which correspond with the previous study (Hwang et d., 2005).
Treatment with the extract tended to increase plasmaAST and ALT levelsin both normal and
diabetic ratsindicating poss ble unwanted effects of the extract ontheinternal organ.

Thehepatic microsomal CY Penzymesareinvolved in the metabolism of variousdrugsand
xenobiotics (Gibson & Skett, 1994). Chronic diabetesresultsintheincreased activitiesof AH and
p-NAOD and the decrease in APD activity (Poopat, 1993; Po-Yung & Edward, 2001).
Thisstudy found that theactivity of AH indiabeticratstrested withwater, insulin and extract did not
differ fromthenormal control rats. A previousstudy found that the activity of AH began to decline
during weeks4 and 8 after thediabeticinduction (Barnett et al., 1994). Therefore, the appearance
of theAH activity may betheresult of thedisease patternitself. Regarding the p-NAQOD activity, this
study failed to detect any changesin the enzymeactivity. However, theAPD activity tended to be
decreased which corresponds with the previous report. In addition, long-term treatment of the
diabeticratswithinsulin or the extract had noimproving effect ontheenzymeactivity.

Analterationintheinternal organ weightsmay primarily indicate toxicity or pathology
occurring to those organs. This study investigated long-term effects of E.grandiflorusthrough
recording the organ weightsat the end of thetrestment in addition to the hepatic enzymeactivity and
plasmalbiochemistry measurement. It wasfound that most of the organ wel ghts studied, except the
spleenweight, wereincreased by thediabetic state. Theinsulintrestment could prevent or minimize
theincreasesin theweight of some organs. Chronic exposuredid not correct theincreased organ
weightsin the diabetics. Regarding the renal system, extract treatment reduced weights of the
kidney and urinary bladder. This may be the result of antidiuretic effect of E.grandiflorus as
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reported previoudly. Inthe normal control ratstreated with the extract, increased organ weights
wereidentified intheheart and pancreas. Regarding theplasmaALT levels, thediabeticratstreated
with the extract tended to have agreater amount of ALT compared to that of the diabetic control
rats. Theseresultstogether may suggest some possibletoxic effectsontheliver. Thisshould beaso
taken into consideration when E. grandiflorusisgoing to beusedinlong periods.

Conclusion

E. grandifloruswater extract possesses an antidiabetic activity. It should not be used for
longer than 14 consecutive days. A closefollow-up for any possibletoxicity should be performed
during the chronic use. Further studies are required to identify the active fractions that are
respons blefor hypoglycemic activity and to clarify mechanismsof their actions.
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