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Abstract

White Kwao Krua [Pueraria candollei Grah. ex Benth. var. mirifica (A.Shaw and Suvatabandhu)
Niyomdham] isa Thai native medicinal plant with a long record of traditional medicinal consumption
among menopausal women for the purposes of reuvenation and estrogen replacement. It isattracting
great interests due to the antioxidant and estrogen-like properties of some of its natural products.
The antioxidant activities of puerarin and genistin in White Kwao Krua (WKK) that were treated
with elicitors, and their antihyper glycemic effect on rats (Rattus norvegicus) wer e investigated. Eight
combinations of chitosan, CuCl, and salicylic acid (SA) were applied over two monthsto forty eight
plantsof WKK grown in agrowth chamber. Theresultsshowed that all combinationsof additiveshad
statistically significant effects on antioxidant activities and the amount of genistein and puerarin
produced. The combination of chitosan (1000 mg/L) + CuCl, (200 mg/L) + salicylic acid (100 mg/L)
gave the highest antioxidant activities [I Cg, value = 2482 pg/ml for DPPH, FRAP value = 45.5 pmol
Fe**/g dry weight (dw)], while the combination of chitosan (1000 mg/L) + CuCl, (200 mg/L) gave the
highest amount of genistein (423 pg/g dw) and puerarin (22.6 pg/g dw). WKK crude extract could
reduce blood sugar level in streptozotocin (STZ)-diabetic rats. The results showed that the dlicitors
used can increase the amount of puerarin and genistein and their antioxidant activities in WKK.
Furthermore, WKK crude extract pronounced an antihyper glycemic effect in STZ-diabetic rats also.
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Introduction

WKK isaThai nativeplant withalongrecordof and estrogen replacement (Anusarnsunthorn,
traditional medicinal consumptionfor rejuvenation  1931). At the present, the scientific name of WKK
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isPuerariacandollel Grah. ex Benth. var. mirifica
(A.Shaw and Suvatabandhu) Niyomdham
(Niyomdham, 1992; van der Maesen, 2002).
Isoflavonoids are major ingredients of this
plant (Cherdshewasart et al., 2007). |soflavonoid
concentrations often increase in response to
biotic and abiotic elicitors including physical
and chemical damages, pathogens, plant-
microbeinteractionsand UV light (Long, 1989;
Stafford, 1997; Olsson et al., 1998). Itwasalso
found that these elicitors affected enzymes
involved in the metabolism of isoflavonoids.
In Glycine max, foliar application of chitosan
and lipo-chitooligosaccharides caused a21-84%
increase in individual and tota isoflavonoid
concentrationsin mature seeds when compared
with untreated plants (Al-Tawahaet al., 2005).
Rootsof LupinusluteusL . treated with salicylic
acid (SA) increased genistein content, because
the SA improved the synthesis and accumulation
of secondary plant metabolites (Kneer et al.,
1999). In WKK, Chalardkid (2003) found that
copper(l1) chloride (CuCl,) at aconcentration of
300 mg/L gave the highest amounts of daidzein
and genistein, 44.69 and 28.45 mg/L respectively.
Isoflavonoids are currently attracting great
interests due to their antioxidant and estrogen-
like properties (Cornwell et al., 2004). For
example, genistein preventsboneloss (Atkinson
et al., 2004) and relieves the menopause
symptoms (van de Weijer and Barentsen, 2002).
Puerarin can decrease cholesterol and reduce
blood sugar levels (antihyperglycemia) (Shen
and Xie, 1985).

The defect in insulin secretion is known
to cause hyperglycemiain noninsulin dependent
diabetes mellitus (type 2 diabetes) (Fujimoto,
2000). Estrogen has been demonstrated to
increase insulin secretion via regulation of
insulin geneexpression (Morimoto et al., 2001).
Moreover, severa studies have suggested that
estrogen has a protective effect against the risk
of type 2 diabetes (Borissova et al., 2002;
Cagnacci et al., 1992; Gelder etal., 2002). There
is little information available on the use of
dicitors to induce isoflavonoids production in
WKK such as Chalardkid (2003) and Chaowiset
(2007). Inthisstudy, weevaluated the potential
(of foliar application of three elicitors: chitosan,

CuCl, and SA) to induce the production of
isoflavonoidsin WKK. Aninvestigation of the
effect of the crude extract of WKK that were
treated with elicitors on antihyperglycemic
effectsin rats was a so conducted.

Material and M ethods

Plant Materialsand Elicitor sApplication

The experiment to determinethe effect of
eicitor application was conducted in a growth
chamber. WKK seedlingswere germinated and
grown in trays until the vegetative cotyledon
(VC) stage occurred. Uniform and healthy
seedlings were transferred to pots that
contained mixed soil. The plants were watered
regularly. A photoperiod of 12 h. wasmaintained
using supplement lighting. The temperature in
the growth chamber was maintained at 25°C
and the relative humidity was maintained at
75%. Theexperimental design wasa3?factorial
in completely randomised design (CRD) with
4 replications. The main plot factors were
elicitors, which were chitosan, CuCl, and SA.
Therewere 2 levels of each elicitor which were
0Oand1000mg/L, 0and 200 mg/L, 0and 100mg/L,
respectively. When the plantswere 6-month old,
they were foliar sprayed with the €licitors at
7-day interval for 2 months.

Extraction of WKK

In order to extract the natural products
from WKK, 0.5 g of powder from the tuberous
root of WKK was extracted with 10 ml of 80%
ethanol for 24 h. The extract was filtrated and
centrifuged at 4000 rpm for 20 min (Yu et al.,
2002). The supernatant was recovered and used
to determine the content of puerarin, genistein
and antioxidant activities. For theinvestigation
of the antihyperglycemic effect, 50 g of 7 month
old fresh tuberous roots were dried in an
oven at 40°C and then ground using an
ultracentrifuge mill. The powder was macerated
in 100 ml of 80% ethanol and was extracted
for 24 h. with occasional shaking. After
filtration, it was evaporated in a water bath.
Finally, the remaining solvent in the extract was
removed in an oven at 40°C for 24 h.
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QuantitativeAnalysisof Puerarin and Genisein

The organic solvents used for chroma
tography were HPL C grade and were purchased
from Merck, Germany. The HPLC operating
conditions were adapted from Zhang et al.
(1999). Each sample (10 ul) wasinjectedintoa
RP-C18 Agilent® column (4.6 mmx 15cm). The
mobile phase was prepared from two solutions,
A and B, whichwere 0.1% glacial aceticacidin
water and 0.1% glacia acetic acid in acetonitrile.
The separation was carried out under
concentrations of solvent B starting at 10%
and ending (after about 35 min) with 28% v/v.
The column temperature was 30°C and the
solvent flow rate was 1 ml/min. The HPLC
system was aHewlett-Packard 1050 series. The
wavelength used to detect the isoflavonoid
compounds was 254 nm. UV absorbance
spectra were recorded, and area responses
were integrated by the Chem station 3D
software (Hewl ett-Packard Company, Scientific
Instruments Division) to identify and quantify
the compounds. Purified puerarin and genistein
purchased from Sigma, USA were used as the
external standardsto calibrate the results.

1,1-diphenyl-2-picrylhydr azyl Radicals(DPPH)
Scavenging Assay

Determination of the free radical-
scavenging of WKK extracts was performed
using the DPPH method according to the
procedure of Brand-William et al. (1995). A
series of diluted plant extracts were prepared
with thefollowing ratios of extract to methanol
i.e.1:10- 1:10". Then, 0.1 ml of each diluted plant
extract was mixed with 4.9 ml of 5mM DPPH
inmethanol. The mixturesof thediluted extracts
and DPPH were placed in a darkroom at 37°C
for 30 min. The absorbances at 517 nm of each
sample of plant extract solution containing
DPPH (A smpie), and ablank solution of DPPH
(A contrar) Were recorded to determine the DPPH
radical-scavenging activity. All treatmentswere
performedintriplicate. Inhibition of freeradical
DPPH of the samples were calculated as:
[nhibition (%) = [(A control ~ A mple) IA control]
x 100. The ICs, (the concentration required to
scavenge 50% of the DPPH freeradicals) of each

treatment was cal cul ated by linear regression of
the plot of all concentrations of extracts
used against their percentage of antioxidant
activities.

Ferric Reducing-Antioxidant Power (FRAP)
Assay

The FRAP was assessed according to
Benzie and Strain (1999). The working reagent
was prepared by mixing 300 mM acetate buffer
at pH 3.6, 10 mM 2,4,6-tripyridyls-Triazine
(TPTZ) in40 mM HClI, and 20 mM FeCl; at the
ratio of 10:1:1. To perform the analysis, 3 ml of
working reagent wasmixed with 100 pl of sample.
After 4 min, the absorbance of the reaction
mixture was then recorded at 593 nm. Total
antioxidant activities were estimated from the
ability to reduce the TPTZ-Fe** complex to the
TPTZ-Fe?* complex. The standard curve was
constructed with ferrous sulphate (FeSO,)
solution in the concentration range of 100-
2000 pM, and the results were expressed as
umole equivalents of Fe?'/g dw of plant
material. All treatmentsweretaken intriplicate
and the mean values were cal cul ated.

Oral Glucose ToleranceTest (OGTT)

The OGTTs were performed in normal
and STZ-diabetic rats using the procedure of
Al-awadi (1985). Prior toan OGTT, maeWistar
rats wei ghing between 350-400 g were deprived
of food for 16 h. Distilled water (2 ml/kg as a
control), a reference drug glibenclamine (10
mg/kg), or WKK crude extract solution (100 mg/
kg) were then orally administered to groups of
6 rats each. Thirty minutes later, glucose
(3 g/kg) wasorally administered to each rat with
afeeding syringe. A drop of blood sampleswere
collected fromthetail vein at 0, 60, 120, 180, and
240 min after glucoseload, for the assay of blood
sugar level. Blood sugar level was determined
using aGlucometer (ACCU-CHEK® Advantage
I1, Roch Diagnostics, Germany).

Antihyper glycemic Activity

MaeWigtar ratsweighing 350 - 400 g were
used as the test animals. The animals were
induced into a diabetic state by intraperitoneal
injection of a freshly prepared solution of
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STZ (SigmaChemicd Co., St. Louis, MO, USA)
in20mM citrate buffer (pH 4.5) at asingledose
of 50 mg/kg (Stanely et al., 1999). Ratswitha
blood sugar level of more than 250 mg/dl were
selected for the study (Sabu and Kuttan, 2002).
Diabetic rats were divided into three groups
of 6 animals, were deprived of food for 16 h.
and blood samples were taken for blood sugar
determination. The first treatment served as
control and theratsreceived distilled water (DI)
2 ml/kg. The second treatment received
glibenclamideinasingle dose of 10 mg/kg asa
referencedrug. Thelast treatment received 100
mg/kg of the WKK crudeextract. Thetreatments
were given orally with afeeding syringe for 30
days. At 7-day interval, the rats were deprived
for 16 h, and blood was collected directly from
thetail vein. Blood sugar level was determined
using the Glucometer.

Histopathological Studies

A portion of the pancreatic tissue
was fixed in 10% neutral formalin buffered for
histological studies. After fixation, tissueswere
embedded in paraffin, and solid sections were
cut at 5 pm thicknessand stained with hematoxylin
and eosin (H& E). The sections were examined
under light microscopy and photomicrographs
weretaken (Ravi et al., 2004).

Statistical Analysis

All data obtained were subject to analysis
of variance (ANOVA) in CRD with 4 replications
using SPSSversion 14 software (L evesgue and
SPSS, Inc., 2006). Comparison between treatment
means was done using Duncan’s Multiple
Range Test (DMRT) after ANOVA indicated
F-test significance.

Results and Discussion

QuantitativeAnalysisof Puerarin and Genisein

The crude extract from the tuberousroots
of WKK from 8 treatments showed significant
differences in the amounts of puerarin and
genistein calculated from the HPLC results
(Table 1). Theresults showed ahighly significant
difference in the maximum amount of puerarin
(423 ug/g dw) and genistein (22.6 pg/g dw) in
plantsreceiving thetreatment of chitosan + CuCl,.
Theminimum amount of puerarin (132 pg/g dw)
and genistein (6.2 pug/g dw) were found in the
control group. Almost all treatments contained
higher concentrations of puerarin and genistein
than that of the control, except for the amount
of genistein in the treatment with SA. The
results obtained agree with Al-Tawaha et al.
(2005), Kneer et al. (1999) and Chalardkid
(2003). Hubert and Ragai (1997) reported that

Tablel. Theamount of puerarin and genistein in thetuberousroot of WKK after treated

Treatments Puerarin* Genistein*
(Mg/lgDW) (hg/gDW)
Water (control) 1322 6.2%
SA 292¢ 5.28
CucCl, 311 20.6%¢
CuCl,+ SA 201%® 10.3%
Chitosan 257% 10.4%®
Chitosan + SA 282 9.8%
Chitosan + CuCl, 423° 22.6¢
Chitosan + CuCl,+ SA 384¢% 15.7°¢
CV (%) 1.59 2.47

* Meanswithin a column followed by the same lettersare not significantly different at P < 0.01 according to

DMRT.
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chitosan and CuCl, could dramatically increase
the amount of an isoflavonoid, genistein, in
the root and tissues of lupin. Hydrolysis of
chitosan could release soluble oligosacharides
that could bind with beta-glucan-binding
proteins in the plasmalemma of the root cell.
Therefore, diciting of the secondary metabolite
synthesisin plants (Kneer et al., 1999).

Determination of Antioxidant Activities by
DPPH and FRAP

The treatment of chitosan + CuCl,+ SA
gave the highest antioxidant activities in both
the DPPH assay (ICspvalue = 2482 ug/ml) and
the FRAP assay (FRAP value = 45.5 pmole
Fe?*/g dw) when all treatments were compared
(Table 2). This was because this treatment
had a high amount of puerarin (Table 1).
Cherdshewasart et al. (2008) indicated that
puerarin and daidzein from WKK showed a
strong antioxidant activity like o—tocopherol
(the positive control). WKK treated with
chitosan + CuCl, + SA may aso produce the
antioxidant compound (daidzein) which did
not examine in thisinvestigation. None of the
treatments exhibited stronger antioxidant
activity than trolox (although they contained
with high amounts of puerarin). This may be
because our samples were crude extracts that
contained not only puerarin but also other

compoundsin theisoflavonoid group which are
relatively poor hydrogen donors, and thus do not
exhibit astrong antioxidant activity. Furthermore,
someisoflavonoid like genistein does not exhibit
high antioxidant activities (Cherdshewasart
etal., 2008).

Ali et al. (2007) reported that higher
phenolic compound levels could increase the
antioxidant activity, and also showed a linear
correlation between phenolics content and
antioxidant activity. When plant cells were
exposed to abiotic or biotic stress such as
dicitor treatment, GBPDH wasthefirst enzyme
of the pentose phosphate pathway (PPP) acting
to provide precursors for phenolic synthesis.
The phenylpropanoid pathway leads to
biosynthesis of flavonoids and pigmentsaswell
as lignin and phenolic compounds (Xu et al.,
2007). Khan et al. (2002) found that chitosan
oligomerscould elevate phenylalanineammonia
lyase (PAL) and tyrosineammonialyase (TAL)
activities in soybean leaves. This may lead to
the induction of other secondary metabolites
produced by the phenylpropanoid pathway.
Ali et al. (2007) reported a high a phenolic
accumulation in SA-treated roots of Panax
ginseng, resulting in an increase of the DPPH
activity.

Table 2. Antioxidant activitiesof thecrudeextract from thetuberousroot of WKK

Treatments 1Cx value FRAPvalue
(ug/mi)y* (umole Fe*/g dw)*

Water (control) 3,042" 24.7°
SA 2,563° 37.3°
CuCl, 2,900 18.5°
CuCl,+ SA 2,612¢ 20.6%
Chitosan 2,9159 28.1°
Chitosan + SA 2,596° 18.0°
Chitosan + CuCl, 2,893° 38.7°
Chitosan + CuCl,+ SA 2,482° 45.5¢
Trolox (positive control) 725 -

CV (%) 257 7.22

* Meanswithin a column followed by the same lettersare not significantly different at P < 0.01 according to

DMRT.
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Antihyper glycemic Effect

Feng et al. (2003) found that injection of
puerarin can lower plasma glucose in STZ-
diabeticratsviaanincrease of glucoseutilization
and bolus intravenous injection of puerarin
decreased the plasma glucose concentrations
in a dose-dependent manner in STZ-diabetic
rats. Thus, the crude extract from the tuberous
root of WKK that contained highest amount of
puerarin (423 pg/g dw), those that were treated
with chitosan + CuCl, will be used for this
investigation. An investigation of the effect on
100 mg/kg becauseitiseffectivedosetoincreasing
body weight in both maleand female Wistar rats.
Andit wasembryoesimplatation inhibition 100
percent, and the number of embryo implatation
were significant difference (Luangpirom and
Haniavanit, 1981).

OGTT inNormal Rat and DiabetesRat (Acute
Diabetes)

Asshown in Table 3, the means of blood
sugar level at O min for al treatments was not
different from the basal level of blood sugar. At
sixty minutes after glucoseinduction, the blood
sugar level was elevated to 105.0-112.5 mg/dl
andwasdecreasedto47.5 mg/dl inglibenclamide-
treated rats. At 180 and 240 min, there was no
significant difference (P> 0.01) obtained from
theblood sugar level inratsreceiving DI water
(76.5mg/dl) and inthosereceiving the extract of
WKK (72.5 mg/dl). However, the blood sugar
level inthese WKK-treated ratswas still higher
than in the glibenclamide-treated normal rats

(Table3). Glibenclamide hasbeen used for many
years to treat diabetes, by stimulating insulin
secretion from pancreatic B-cells (Tian et al.,
1998). In the normal rats, glibenclamide could
significantly reducethe blood sugar level at 120
min to 240 minutes. However, the WKK crude
extract could not reduce the blood sugar level
in normal rats (Table 3). In diabetic rats,
glibenclamide and WKK crude extract caused
aninggnificant differenceintheantihyperglycemic
effect in rats (Table 4). Our result agree with
Sharmaet al. (1997) who reported the effectiveness
of glibenclamide and a natural hypoglycemic
product in moderately STZ-diabetic animalsand
the ineffectiveness in severe diabetic rats.

Antihyper glycemic Effect (Chronic Diabetes)

Glibenclamide significantly reduce blood
sugar levels from day 7 to day 30 (Table 5). At
day 21, blood sugar was reduced 43.49% when
compared to the control group, (control group;
345.4 mg/dl, glibenclamide; 195.2 mg/dl) and
38.11% when compared within the group (day
0; 315.4 mg/dl, day 21; 195.2 mg/dl). Sharma
et al. (1996) found that 10 mg/kg of glibenclamide
significantly reduced the plasma glucose in
diabetic rats. Five mg/kg of glibenclamide also
caused significant hypoglycemiain the diabetic
rats (Peungvichaet al., 1996).

The WKK crude extract significantly
reduced blood sugar levels compareed to those
of the control group by 28.92% (control group;
331.4 mg/dl, WKK crude extract; 236.7 mg/dl)
at 14 days, and 26.37% (control group; 345.4

Table3. Blood sugar levelsin normal ratsdetermined by OGTT

M eans of blood sugar level (mg/dl)’

Treatments 0 60 120 180 240
............................................... (mi n)
DI water 60.0 1125 95.8° 77.0° 76.5°
Glibenclamide 63.5 105.0 62.0° 52.8° 4757
WKK crude extract 68.3 1115 86.5 77.0° 72.5°
CV (%) 10.95 9.4 20.57 20.74 24.12

* Meanswithin a column followed by the same | etter s are not significantly different at P < 0.01 according to

DMRT.
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mg/dl, WKK crude extract; 254.3 mg/dl) at 21
days.

From the results, both glibenclamide and
WKK crude extract brought about a significant
antihyperglycemic effect in rats. This may be
because the mechanism of action of WKK crude
extract is sometimes similar to glibenclamide
action. Furthermore, puerarin in the tuberous
root of WKK canimprovetheinsulin sensitivity,
increase the glucose utilization and promotethe
blood circulation (Jia et al., 2003). Puerarin is
phytoestrogen and it can decrease the concen-
tration of glucose in the plasma in a dose-
dependent manner in STZ-diabetic rats (Feng
et al., 2003). Kooptiwut et al. (2007) reported
that a direct effect of estrogen on improving
insulin secretion of mouse pancreatic islets
has been impaired by prolonged exposure to
high glucose. Severa studies have suggested
that estrogen has a protective effect against the
risk of type 2 diabetes, which occurs more
frequently in postmenopausal women (Stellato

etal.,2000; Ohetal.,2002). Non-classica plasma
membrane estrogen receptors (NCMER) have
been found on B-cells in the pancreas of any
animals (Ropero et al., 2002). A family of
glucose transporters (GLUT) mediates glucose
transport across the cell membranes, and the
subtype 4 form (GLUT4) was predominant in
skeletal muscles. It ispossible that puerarinin
the WKK can enhance the glucose uptake via
an effect on gene expression of GLUT4 (Feng
etal., 2003).

Histological Changes

When compared with the normal rats, the
pancreas of diabetic rats in DI water and
in glibenclamide-treated rats showed the
decreasinginvascular degenerative. Furthermore,
the vascular degenerative also found in the
islets of pancreas (Figure 1a-1c)) whereas the
diabeticratswhich weretreated with WKK crude
extract showed no decreased in vascular
degenerative but showed the increased in

Table4. Blood sugar levelsin diabeticratsdetermined by OGTT

Means of blood sugar level (mg/dl)’

Treatments 0 60 120 180 240
............................................... (MIN) corer
DI water 310.0™ 548.7™ 416.5™ 380.5™ 349.0™
Glibenclamide 313.8 539.8 373.0 338.0 259.0
WKK crude extract 324.3 528.0 375.0 3175 290.5
CV (%) 15.60 14.09 17.90 22.03 23.89

ns= non significantly

Table5. Blood sugar levelsin diabeticratsafter repeated daily oral administrationfor 30 days

Treatments Means of blood sugar level (mg/dl)’
dayO day 7 day 14 day 21 day 30
DI water 304.4 356.8° 331.4° 345.4° 304.4°
Glibenclamide 3154 242.02 198.8% 195.22 315.42
WKK crude extract 289.6 313.5% 236.7% 254.3% 289.7%
CV (%) 8.90 23.64 27.02 22.12 24.53

* Meanswithin a column followed by the same | etters are not significantly different at P < 0.01 according to

DMRT.
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amount of idets(Figure 1(d)). According to Duan
et al. (1991) reported that flavones or puerarin
can asoinducethedilation of cerebral vascular
supply puerarin could significantly improve
the cerebral microcirculation. In addition,
antioxidantsin WKK crude extract protected the
pancreatic islets from the toxicity induced by
STZ. And some antioxidants such as vitamins
C plus E had been shown to protect pancreatic
isetsfrom glucotoxicity (Kaneto et al., 1999).

Conclusions

The foliar applications of elicitor compounds
can increase puerarin and genistein concentra-
tionsinthetuberousroot of WKK. The Chitosan
+ CuCl, treatment was the best elicitor for
genistein and puerarin production (3.2-fold and
3.6-fold increases compared to the untreated
plants). The chitosan + CuCl, + SA treatment
had the most significant promoting effect
on antioxidant activities in WKK. Chitosan
at 1000 mg/L plus CuCl, at 200 mg/L could
increase the amount of puerarin and genistein

in WKK. The treatment which contained the
highest amount of puerarin exhibited the
highest antihyperglycemic effect. The WKK
crude extract contains anti-diabetic agents
which can reduce the blood sugar level in
STZ-diabetic rats. In addition, the WKK crude
extract administered orally daily at the dosage
of 100 mg/kg body weight to chronic diabetic
rats showed an antihyperglycemic effect
from day 14. Histopathology findings showed
no evidence of lesions related to the extract
toxicity. Further studiesusing the purified active
form from these extracts as antihyperglycemic
agents in diabetes management should be
performed. Carefully field experiments should be
carried out before using chitosan + CuCl, on a
commercia scale.
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Figurel. Histopathological studiesof pancreas (i = idetsof L angerhans, a=acinouscells)in
control and experimental groupsof rats(H& E, x10). Section of pancreastissuefrom
normal rats(A). Section of pancreatictissuefrom diabeticratstreated with DI water
(control group) (B) compared with glibenclamide (C) and WKK crude extract

(D) —treated group
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