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ABSTRACT

The present study aimed to investigate the possible effects of kava kava (KK) (Piper methysticum) on the
hyperglycaemia induced in rats by streptozotocin (STZ; 55 mg/kg; i.p.). Blood samples, were used to determine
serum levels of glucose, insulin, total cholesterol (TC) and triglycerides (TG). Some relevant markers for oxidative
stressviz., serum lipid peroxides level (measured as malondialdehyde; MDA) and total antioxidant capacity as well
as serum nitric oxide (NO) level measured as nitrate/nitrite were determined. Hyperglycaemic animals received
orally KK (200 mg/kg) or (500 mg/kg) on daily basis for 28 consecutive days and their effects were determined 24 h
after the administration of the last dose. In addition to another group received gliclazide (5 mg/kg; p.o.) as a
reference drug. Results of the present study revealed that STZ-induced hyperglycaemia is associated with decreased
serum insulin level with increased level of TC and TG. Hyperglycaemia was also associated increased level of
plasma MDA together with decreased total antioxidant capacity and level of plasma NO. KK was able to improve
the hyperglycaemia in STZ injected rats with an increase in the serum insulin level and a decrease in the level of
TG. The higher dose of KK showed a restoration of the increased serum level of TC and MDA and of the suppressed
insulin and total antioxidant capacity as well as the decreased plasma level of NO. From our results it can be
conclude that KK has an antihyperglycaemic effect and has the ability to attenuate some of its associated
abnormalities.

Keywords. Kava kava, antihyperglycaemia, streptocotocin, elieb, rats

INTRODUCTION

Diabetes mellitus (DM) a metabolic disorder of ripl¢t aetiology characterized by chronic hyperglyn&e with
disturbances of carbohydrate, fat and protein nuditah resulting from defects in insulin secretiamsulin action,

or both [1]. DM is known to be associated with r@ogical complications in both the peripheral nerssystem
(PNS) and the central nervous system (CNS) [2]nBheugh insulin secretion is mainly regulated bgrges in
circulating concentrations of glucose and other abelic fuels, stimuli such as neurotransmitters and
gastrointestinal hormones makes an important darttan to the overall regulation of pancreatic bedd function.
Controlling blood sugar is essential for avoidingd-term complications of DM like learning and mesgndeficit.

Anxiety disorders and DM are one of the most commsychiatric and endocrine disorders in generalfadjons,
respectively [3, 4]. The incidence and prevalenfcanxiety disorders are very common in diabetidquas than in
the general population. In diabetic patients, redogn and control of anxiety symptoms are of uttriogportance
to increase compliance with treatment and to imprguality of life [5]. The progression of DM is astated with
an impaired ability of the neurons in the CNS tease neurotransmitters resulting in behaviorahgba [6].
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Kava Kava (KK) is a traditional beverage prepaneuinf the roots and rhizome of the KK plaRtper methysticum,
which has been widely used for centuries throughbetSouth Pacific, without any apparent side ¢$fexxcept
dermopathy. In the late 1990s, commercial KK praslgained immense popularity in Europe and NortheAca
as an effective treatment option for anxiety [7heTorganic-solvent extracts of the KK root are poted for
relaxation to relieve stress, anxiety, and tensitomg with relief of sleeplessness and symptommehopause.
These psychological effects are thought to be dselr of the non specific, complex and multifacegdficts of
several kavalactones produced Biper methysticum on the human CNS. These effects include alteratinrthe
activity of voltage gated ion channels and the ntetthhn of several neurotransmitter systems [7-@céhtly, it has
been advised consumers of possible liver injurgisaontinue the use of KK-containing supplemenq.[1

The present study was devoted to investigate ttheeimce of KK, an anxiolytic, on the hyperglycenimauced in
streptozotocin (STZ)-treated rats which was indumgd single intraperitoneal (i.p.) injection ofegitozotocin. The
drug was administered orally once per day for 28secutive days and their effects were evaluated a#er the
administration of the last dose. The serum levélglacose, insulin, total cholesterol (TC) and lyagerides (TG)
were determined. Moreover, the blood levels of sawlevant biomarkers for oxidative stress and NQewe
determined. Plasma lipid peroxides level (measwgdmalondialdehyde; MDA) and total antioxidant cdfya
activity were taken am vivo reliable indices for the contribution of free reali generation and in turn, oxidative
stress in STZ-induced hyperglycaemia. Plasma eitrdtite level was used as a convenient marker N@
formation. The effects produced by this treatmeatcmpared with standard drug gliclazide.

MATERIALSAND METHODS

2.1. Drugs and chemicals

Kava kava (October Pharma, Egypt) and gliclazider\er, France) was used in the present investigaflhe
drugs were freshly prepared in distilled water givén orally. The concentration of the drugs wedpisted so that
each 100 g animal body weight received 0.5 ml, @iaimg the required dose. Streptozotocin, N-(1-Nagph
ethylene-diamine dihydrochloride (NEDD) were pumsdd from Sigma-Aldrich, USA. Thiobarbituric acidBA&)
and Sulphanilamide were purchased from Fluka (ltalyd Merck (Germany), respectively. All other clieais
were of the highest commercially available grade.

2.2. Animals

Adult male albino rats, weighing 180-250 g, weredufn this study. They were obtained from the Adiiause

Colony of the National Research Center (Dokki, Giggypt), and were housed under conventional ldbora
conditions throughout the period of experimentatibhe animals were fed a standard rat pellet diet alowed

free access to water. The study was conducteddordance with ethical procedures and policies amardy the
Animal Care and Use Committee of National Rese@rehter.

2.3. Induction of hyperglycaemia

Hyperglycaemia was induced by a single i.p. inttof STZ (55 mg/kg) [11]Briefly, rats were weighed and
injected with STZ dissolved in a citrate bufferl(®4, pH 4.5). After 48 h blood samples were withvdnafrom the
retro-orbital venous plexus under light ether atieesa and the plasma was separated by centrifugédr the
determination of glucose level. Only rats with phas glucose levels more than 250 mg/dl were seleatetl
considered as hyperglycaemic animals that have $dgjected to further experimentation.

2.4. Experimental design

Hyperglycaemic rats were weighed and randomly atled into 3 groups (8-10 rats each). One groupeseas
hyperglycaemic control, while the other 2 groupsemeeated orally with KK (200 mg/kg/day) and (50@/kg/day)
[12] for 28 consecutive days, respectively. Drugsatment were started 48 h after STZ injection rafte
hyperglycaemia was confirmed. In addition, a ursaémormal group which received only the citratéfdau(8-10
rats) was used. Twenty-four hours after the laseduf either drug treatment, serum was collectedpaepared for
the further biochemical determination.

Biochemical parameters assessment
Blood sample was withdrawn from the retro-orbitahwus plexus using heparinized capillary tubes feach 18 h
food-deprived rat. The blood samples were centeitligt 3000 rpm for 10 min and the sera were oldaiA@
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aliquot of the separated serum was then used éodétermination of glucose level, TC and TG whHile test was
stored at -70°C for the subsequent determinationsodin, MDA, NO levels and the total antioxida@pacity.

2.4.1. Deter mination of serum glucose level
Glucose level was determined as quinine amine usitagt reagent kit (Stanbio, USA) according tortethod of
Tinder (1969) [13]. The absorbance was measurd@nm and the results were expressed as mg/dl.

2.4.2. Deter mination of serum insulin level

Serum insulin concentration was determined by emziinked immunosorbent assay by using a diagndstic
(Crystalchem, USA) according to the method of Judiaeh et al. (1982) [14]. The absorbance was measured at
450 nm using ELISA reader and the results wereesgaed aglU/ml.

2.4.3. Deter mination of serum triglycerideslevel

Triglycerides was estimated by enzymatic methodsidigg diagnostic kit (Biodiagnostic, Egypt) acdagito the
method of Fossati and Prencipe (1982) [15]. Thsodiance was measured at 510 nm and the results wer
expressed as mg/dl.

2.4.4. Determination of serum total cholesterol level

Total cholesterol was estimated by enzymatic methmdusing diagnostic kit (Biodiagnostic, Egyptrauing to
the method of Allairet al. (1974) [16]. The absorbance was measured at 508nmththe results were expressed as
mg/dl.

2.4.5. Determination of serum lipid peroxideslevel

Lipid peroxides level was determined as thiobarkitacid (TBA)-reactive substances according tortrethod of
Mihara and Uchiyama (1978) [17]. The absorbance maasured at 534 nm and the results were expressed
nmol/ml.

2.4.6. Determination of serum nitric oxide level

The total amount of NO was indirectly estimateddamms of its main metabolites, nitrate and nithiethe Griess
reaction using NEDD and sulphanilamide as descrilyelirandaet al. (2001) [18]. The absorbance was measured
at 540 nm and the results were expressed as nmol/ml

2.4.7. Determination of total antioxidant capacity

Total antioxidant capacity was determined by aptiit eliminate a certain amount of the providegDHusing a test
reagent kit (Biodiagnostic, Egypt) according to thethod of Koraceviet al. (2001) [19]. The absorbance was
measured at 510 nm and the results were expressati4.

Statistical analysis

Data are expressed as means + SEM. Statisticafisagte was taken as P<0.05 for all experimergsgione way
analysis of variance (ANOVA) followed by Tukey’s itiple comparisons test to judge the differencewleen
various groups for the parametric parameters.

RESULTS

3.1. Effect of KK on serum glucose level

A single i.p. injection of STZ (50 mg/kg) produced elevation of serum glucose level which was exidd 48 h
after administration. The elevation was found tgbesistent during the period of investigation amateased by an
average value reaching about 370% of the normalegalOral treatment of hyperglycaemic rats witklgtiide for
14 consecutive days decreased the elevated seugnsgl level reaching about 210% of the normal vebimilar
treatment with KK (200 mg/kg/day) and (500 mg/kg/iddecreased the elevated serum glucose levelirepabout
147% and 140% of the normal values, respectivehal ®@eatment of hyperglycaemic rats with gliclazifbr 28
consecutive days succeeded to cause a decreake &letvated serum glucose level reaching nearlynthienal
value. Similar treatment with KK (200 mg/kg/day)da(600 mg/kg/day) succeeded to cause a decreaieein
elevated serum glucose level reaching about 13394 &7i% of the normal values, respectively (Figyre 1
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3.2. Effect of KK on serum insulin level

Induction of hyperglycaemia with a single i.p. icfen of STZ (50 mg/kg) was accompanied with a dased in the
serum insulin level reaching about 6% of the normadie. Oral treatment of hyperglycaemic rats wiiblazide for

28 consecutive days caused a decrease in the sesutim level reaching about 40% of the normal esluSimilar
treatment with KK (200 mg/kg/day) and (500 mg/kg/daaused an increase in the serum insulin levethiag

about 21% and 35% of the normal values, respegtifgure 2).

3.3. Effect of KK on serum TC level

Induction of hyperglycaemia with a single i.p. itjen of STZ (50 mg/kg) was associated with anease in the
serum TC level reaching about 170%. Oral treatro&htyperglycaemic rats with gliclazide for 28 cotiséve days
succeeded to cause a decrease in the elevated $€devel reaching nearly the normal value. Simif@atment
with KK (200 mg/kg/day) did not show any changetlire serum TC level, however treatment with KK (500
mg/kg/day) succeeded to reach the normal valukeo$érum TC level (Table 1).

3.4. Effect of KK on serum TG level

Induction of hyperglycaemia with a single i.p. ictjen of STZ (50 mg/kg) was associated with anease in the
serum TG level by about 260% of the normal valueal @eatment of hyperglycaemic rats with gliclazifbr 28

consecutive days succeeded to cause a decredse étevvated serum TC level reaching nearly the abrmlue.

Similar treatment with KK (200 mg/kg/day) showedecrease in the serum TG level reaching about 1d6&te

normal value, however treatment with KK (500 mgékyy/) succeeded to reach the normal value of thevsdiG

level (Tablel).

3.5. Effect KK on serum MDA level

Induction of hyperglycaemia with a single i.p. icffen of STZ (50 mg/kg) was encountered with arvaied
plasma MDA level by about 3 fold rise of the normalue. Oral treatment of hyperglycaemic rats wvgliclazide
for 28 consecutive days succeeded to cause a dedrethe elevated serum MDA level reaching nemdynormal
value. Similar treatment with KK (200 mg/kg/dayddiot show any change in the serum MDA level, hawev
treatment with KK (500 mg/kg/day) showed a decréagbe serum MDA level reaching about 193% of loemal
value (Table 1).

3.6. Effect of KK on serum NO level

Induction of hyperglycaemia with a single i.p. ittien of STZ (50 mg/kg) was accompanied with a dased
plasma NO level reaching about 44% of the normhleveOral treatment of hyperglycaemic rats witltigizide for
28 consecutive days succeeded to cause an indreéise decreased serum NO level reaching about 8fL#e
normal value. Similar treatment with KK (200 mg/éay) and (500 mg/kg/day) showed an increase irsémam
NO level by about 70% and 80%, respectively (Tdble

3.7. Effect of KK on serum total antioxidant capacity

Induction of hyperglycaemia with a single i.p. ittien of STZ (50 mg/kg) was accompanied with a dased
plasma NO level reaching about 39% of the normhlezeOral treatment of hyperglycaemic rats witltiglzide for
28 consecutive days succeeded to cause an indre#ise elevated serum NO level reaching about 88/ilar
treatment with KK (200 mg/kg/day) did not show agtyange in the serum total antioxidant capacity, dmx,
treatment with KK (500 mg/kg/day) showed an inceemsthe serum total antioxidant capacity reaclabgut 67%
(Table 1).

DISCUSSION

Streptozotocin-induced hyperglycaemia in animalsoissidered to be a potent model for the prelinyirsgreening

of compounds active against diabetes and is widsbd [20]. Results of the present study revealetl $TZ-
induced hyperglycaemia is associated with somehieimical changes. These changes were manifestech as a
elevated serum level of glucose which is a diresisequence from the decreased serum level of inanld the
destruction of the beta cells of the pancreas. Sdl&ctively destroys the islets of Langerhans bglamt production

and producing inappropriate NO response [21]. Hiemaof the TC and TG is also one of the charasties of
hyperglycaemia together with increase in the oxidaitress [22].
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Persistent hyperglycaemia, the common charadted§DM, is the cause of the most diabetic conmgtiiens which
can be normalized by the action of insulin [23]o& glucose level is strictly controlled by insuiacretion from
pancreatic cells and insulin action on liver, masahd other target tissues [24]. Since, insulin ingzortant
regulatory effects on lipid as well as glucose reliam, and therefore it is expected that DM isoaiged with
significant abnormalities in lipid metabolism. Hyfgidemia in DM results from altered lipoproteinetabolism
due to increased production, decreased clearamckprachanges in insulin, glucose and free fattyl devels
associated with DM [25]. These abnormalities camllg be reversed with glycemic control [26].

The present study also provides a further evidehae STZ-induced hyperglycaemia in rats is accorguhiby

increased levels of MDA together with depleted Iswa NO in the serum concomitantly with suppressio the

total antioxidant capacity. It has been proven thdtiction of experimental hyperglycaemia with SAeaults in
enhanced lipid peroxidation. Hyperglycaemia is ad@®ed one of the factors responsible for the dmpmknt of
oxidative stress that results from enhanced fownatif ROS by glucose autooxidation. Oxidative stres DM

coexists with a reduction in the antioxidant capacihich can increase the deleterious effectshefftee radicals
[27].

Oral treatment of hyperglycaemic rats with KK (20@/kg and 500 mg/kg; p.o.) for 28 consecutive dayxeeded
to elevate the insulin serum level with a subsetjweduction in the serum glucose level. Moreovémilar
treatment with KK (200 mg/kg and 500 mg/kg; p.twpwed a decrease in the serum TG level and elevatithe
serum NO level.

In the current study, it has been also observettiigahigher dose of KK succeeded to reduce thenséevels of
TC and MDA i.e. attenuated the lipid peroxidatiordahe total antioxidant capacity which suggested KK have
an antioxidant property. This result was in accoogawith Singh and Devkota (2003)[12] who founcdt tthe level
of MDA in the liver was reduced upon the administna of KK suggesting the lack of its toxic effe€@n the other
hand, other studies had proposed an increase fiotmation of MDA and correlated this elevation lwihcrease in
the liver enzymes [10]. However, Singh and DevK@t203)[12] documented an absence of a direct lethvben the
kavalactones and hepatotoxicity.

Kava kava(Piper methysticum) has an anxiolytic activity. Clinical studies haskown that kavalactones are
effective in the treatment of anxiety at subclihi@ad clinical levels, anxiety associated with ngsugse and anxiety
due to various medical conditions. This effect ¢hiaved due to pharmacological properties of KK ckhare
postulated to include blockade of voltage-gatediwundion channels, enhanced ligand binding to gamma-
aminobutyric acid (GABA) type A receptors, dimingh excitatory neurotransmitter release due to walcion
channel blockade, reduced neuronal reuptake opimphrine, reversible inhibition of monoamine @agd B thus,
increasing dopamine levels [7, 28]. Dopamine | @NS is involved in the control of both motor asmotional
behaviour [29] and peripherally modulates insuéarstion in the pancreatic islets [30].

Kava kava also suppresses the synthesis of theagio@ thromboxane A(2), which antagonises GABA@Qeptor
function [7, 28] which exerts protective and regeatige effects on islet beta cells and reverses kbugh
restoration of thé-cell mass and reverses the disease. Furtherntdrasibeen suggested that GABA suppresses
insulitis and systemic inflammatory cytokine protioc. Thep-cell regenerative and immunoinhibitory effects of
GABA provide insights into the role of GABA in relgting islet cell function and glucose homeostasisich may

find clinical application [31].

CONCLUSION
From the experimental findings in this study, we ec@nclude that KK supplementation has beneficifdce in

improving hyperglycaemia in STZ-treated rats and Ieneficial effect in restoring some of its asatsd
abnormalities. These effects might be relatedstauiixiolytic activity.
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E&A after 2 weeks
B3 after 4 weeks
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Figure (1): Effect of kava kava on serum glucose level in STZ-treated rats.

Rats were rendered hyperglycaemic by a singleinjpction of streptozotocin (STZ; 50 mg/kg). Kavavi (KK;
200 mg/kg and 500 mg/kg; p.o.) was administered2®ronsecutive days. Treatment with either drug started
48 h after STZ injection. Blood samples from 18dod deprived animals were withdrawn using hepagihiz
capillary tubes and serum was used for glucosemétation 48 h after STZ injection, after 14 congee days of
treatment and twenty-four hours after the last dB®sults are expressed as means + SEM (n =6-%@nificant
difference from normal rats P < 0.05. @ Significdifterence from hyperglycaemic rats P < 0.05.

20+

Serum insulin level (UU/mI)

Figure (2): Effect of kava kava on serum insulin level in STZ-treated rats.

Rats were rendered hyperglycaemic by a singleinjpction of streptozotocin (STZ; 50 mg/kg). Kavavl (KK;
200 mg/kg and 500 mg/kg; p.0.) were administered®2®consecutive days weeks. Treatment with eitineg was
started 48 h after STZ injection. Blood samplesnfrt8 h food deprived animals were withdrawn usiagdrinized
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capillary tubes and serum was used for insulinrd@teation. Results are expressed as means + SEB-{D.
*Significant difference from normal rats P <0.05.S@ynificant difference from hyperglycaemic rats B.05.

Table (1): Effect of kava kava on serum levels of triglycerides, total cholesterol, nitric oxide, malondialdehyde and total antioxidant

capacity in STZ-treated rats

Norma Diabetic Glicazide KK 200 mg/ke | KK 500 mg/k¢
TC (mg/dl) 72.67+357| 123.49+1059* 67.21+2.904 116.93+857* | 81.42+7.87 |
TG (mg/dl) 51.16+2.40| 133.11+11.29* 49.92+1.844 58.83+3.2°P | 52.55+2.6F |
NO (M) 89.33+4.9 38.94+2.11* | 72.01+2.3%5* | 62.33+5.38* | 71.45+5.8% |
MDA (nmol/ml) 74.03+3.26 | 216.98+1.19%  86.64+2.40*| 189.74+4.53 | 143.16+5.0%
Total antioxidant capaci (mM/l) | 0.404£0.02Z | 0.157+0.00* | 0.357+0.02*® | 0.160+0.01* | 0.272+0.01*€ |

Rats were rendered hyperglycaemic by a singleiijpction of streptozotocin (STZ; 50 mg/kg). Kavavi (KK;

200 mg/kg and 500 mg/kg; p.o.) were administered®2®consecutive days weeks. Treatment with eitineg was
started 48 h after STZ injection. Blood samplesnfrt8 h food deprived animals were withdrawn usiagdrinized
capillary tubes and serum was used for determinatfor G, TC, NO, MDA and total antioxidant capaciBesults
are expressed as means + SEM (n=6-10). * Signifidéference from normal rats P < 0.65Significant difference
from hyperglycaemic rats P < 0.05.
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