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Abstract

The hypouricemic actions diota orientalis (BO) extract and its flavonoid constituents quercetin and rutin, were in vivo examined using
oxonate-induced hyperuricemic mice. Quercetin and rutin, when administered three times orally to the oxonate-induced hyperuricemic mice,
were able to elicit dose-dependent hypouricemic effects. The effects of quercetin and rutin were more potent tiiotthatieftalis extract
at the same dose of 100 mg/kg. At doses of 50 mg/kg of quercetin or above, or at doses of 100 mg/kg of rutin or above, the serum urate levels of
the oxonate-pretreated mice were not different from normal mice. In addsiota orientalis extract, quercetin and rutin, when tested in vivo
on mouse liver homogenates, elicited significant inhibitory actions on the xanthine dehydrogenase/xanthine oxidase (XDH/XO) activities.
The effects of quercetin and rutin resulted less potent than that of allopurinol. However, intraperitoneal administration at the same scheme did
not produce any observable hypouricemic effect. These hypouricemic effects are partly due to the inhibition of XDH/XO activities in mouse
liver. The pharmacological profile of the flavonoids is partly different from that of allopurinol. Such hypouricemic action and inhibition of the
enzyme activity of quercetin and rutin may be responsible for a part of the beneficial eff@itseodrientalis extract on hyperuricemia and
gout. The effects of quercetin and rutin on serum urate levels in hyperuricemic mice induced by oxonate and the inhibition of enzyme activities
in mouse liver are discussed in relation to their absorption and metabolism, and their potential application to treat gout and hyperuricemia.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction It catalyzes oxypurines (hypoxanthine and xanthine) to uric
acid in the purine catabolic pathway. Inhibition of XDH/XO
Gout is a common disease with a worldwide distribution activities decreases the uric acid levels, and results in an
and continues to be a health probleigmp et al., 1997; anti-hyperuricemic effect. Allopurinol remains to be a dom-
Arromdee et al., 2002; Liote, 2003; Zeng et al., 2p@3Ain- inant urate-lowering agent, however, adverse effects limit its
ically reported, the key factor uric acid is related not only to therapy Wallach, 1998.
an increased risk of gout, but also to an increased risk of car-  Although the use of medicinal plants in the prevention
diovascular disorder, nephrolithiasis and diabdkekénishi and treatment of hyperuricemia and gout is based on the ex-
etal., 1999; Chen et al., 2001; Kuzuya et al., 2002; Shekarriz perience of traditional medicine systenfhéoduloz et al.,
and Stoller, 2002; Spieker et al., 2Q0Rlowadays, it seems  1988; Chiang et al., 1994; Guerrero and Guzman, 1998;
to be widely accepted that the control of the key factor may Owen and Johns, 1999; Kong et al., 2pQBeir uses in mod-
also be considered in the prevention and treatment of theseern medicine suffer from the lack of scientific evidences.
diseasesl(ote, 2003. Xanthine dehydrogenase and xan- Attention has been focused on identifying their phytochemi-
thine oxidase (XDH/XO) is a complex metallo-flavoprotein. cals, which possess ability to inhibit XDH/XO activities and
thereby reduce the urate levels.
* Corresponding author. Tek:86-25-83594691: The leaves oBioFa orieptalis (L)) E.n.dl. (Cupressaceae)
fax: +86-25-83594691. have been used in Chinese medicine for treatments of
E-mail address: kongld@nju.edu.cn (L.D. Kong). gout, rheumatism, diarrhoea and chronic trachedisngsu
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OH OH Aldrich Chemical Company, Inc. All other chemicals were
OH the highest analytic grade available.

2.2. Animals

O—rutinose

\ Male ICR mice (26—-30g) were purchased from the Lab-

ot o ot o oratory Animal Center (Nanjing, Jiangsu Province, China)
Quercetin Rutin and were housed in plastic cages. They were allowed one
week to adapt to their environment before used for experi-

Fig. 1. Structures of quercetin and rutin. ments. All the animals were maintained on a 12-h light/12-h

dark cycle, at a constant temperature of°€5 They are
College of New Medicine, 19%70Our unpublished prelim-  given standard chow and water ad libitum for the duration of
inary test for XO inhibition showed that EtOH extract of the study. All the procedures were in strict accordance with
the species possessed in vitro inhibitory effects against XO the PR China legislation on the use and care of laboratory
in mouse liver. This is an important indication that it might animals and with the guidelines established by Institute for
reduce serum uric acid levels by acting as the enzyme in- Experimental Animals of Nanjing University and were ap-
hibitor. Biota orientalis (BO) consists of many chemical proved by the university committee for animal experiments.
constituents such as flavonoiddighgsu College of New
Medicine, 1977; Koo et al., 2002; Natarajan et al., 1970; 2.3. Animal model of hyperuricemia in mice
Pelter etal., 1970; Xue et al., 1998nd one or more of these
constituents may be effective agents as enzyme inhibitors. Experimental animal model of hyperuricemia induced by
Flavonoids have been shown to be inhibitors of the activity uricase inhibitor potassium oxonate has been used to study
of XO in in vitro study (Nagao et al., 1999 In this study, drug action Stavric et al., 1975; Hall et al., 199@Briefly,
therefore, we have examined the efficacyBadta orientalis mice were injected intraperitoneally with potassium oxonate
extract, and its main flavonoid constituents quercetin and (280 mg/kg) 1 h before the final drug administration to in-
rutin (Fig. 1) in reducing serum urate levels in a mouse model crease the serum urate level. Whole blood samples were
of hyperuricemia induced by the uricase inhibitor potassium collected from mice by tail vein bleeding or cardiac punc-
oxonate and in vivo inhibiting XDH/XO activities in mouse ture. The blood was allowed to clot for approximately 1 h
liver. at room temperature and then centrifuged at 2509 for

10 min to obtain the serum. The serum was stored241°C

until assayed. Serum uric acid was determined by the phos-

2. Materials and methods photungstic acid methodCarroll et al., 197}
2.1. Materials 2.4. Drug administration
The leaves oBiota orientalis (L.) Endl. (Cupressaceae), Food, but not water, was withdrawn from the animals

harvested in April 1998 in Sichuan, China, were purchased 1.5h prior to drug administratiorBiota orientalis extract,
from the Jiangsu Herbal Drug Company, Nanjing, China. quercetin, rutin and allopurinol at various concentrations
The material was sorted and identified by Ass. Prof. L.X. were dissolved in propyleneglycol/water (50/50). The vol-
Zhang. A voucher specimen was deposited under the numbemume of the suspension administered was based on body
NU-355333 in the herbarium of Nanjing University, Nan- weight measured immediately prior to each dose, respec-
jing, China. tively. All drugs were given orally or intraperitoneally once
Biota orientalis (5009) were twice refluxed with 60%  daily at 14:00-15:00 h.
EtOH for 1 h. The EtOH extract was filtered and concen-  As showed inFig. 2, the six groups (vehicle control and
trated to remove EtOH at 5@ under vacuum. The EtOH  hyperuricemic control) were orally administered with 0.9%
extract was partitioned with petroleum to delete lipid-soluble saline solution for 1, 3 and 7 days, respectively. The other 12
substances, and then lypophilized into powder (yield 34.10 g, groups were orally treated witBiota orientalis, quercetin
6.82%). The main flavonoid constituentsRibta orientalis and rutin at 100 mg/kg and allopurinol at 10 mg/kg for 1,
used in this study were identified as quercetin and rutin by 3 and 7 days, respectively. As showedHiy. 3 the two
comparing theirRs values of TLC and RT of HPLC with  groups (vehicle control and hyperuricemic control) were in-
those of the authentic samples. The contents of quercetintraperitoneally administered with 0.9% saline solution for
and rutin inBiota orientalis extract were 1.76 and 3.08% 3 days, respectively. The other four groups were intraperi
by HPLC (Lopez et al., 2001l Quercetin, rutin, allopuri-  toneally receivedBiota orientalis extract, quercetin and rutin
nol, xanthine, nicotinamide adenine dinucleotide (NAD  at 100 mg/kg and allopurinol at 10 mg/kg for 3 days, re-
and uric acid were purchased from Sigma Chemicals (St. spectively. As showed iffable 1 the two groups (vehicle
Louis, MO, USA). Potassium oxonate was purchased from control and hyperuricemic control) were orally administered
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Fig. 2. Comparison of the effects 8iota orientalis extract, quercetin, rutin and allopurinol on serum urate levels in hyperuricemic mice pretreated with
the potassium oxonate: a time-course study. The hyperuricemic mice were produced by potassium oxonate pretreatment as ®estidre@ FThey

were then orally administered witBiota orientalis extract, quercetin, rutin or allopurinol at the different doses indicated, for 1, 3 or 7 days, respectively.
The two control groups were dosed with vehicle instead. Data represent mean vafi€sM.) of serum urate levels (mg/dl) in the groups of animals

(n = 10). *P < 0.05, ** P < 0.01, *** P < 0.001 vs. hyperuricemic control grouppP < 0.05, #P < 0.01, ##P < 0.001 vs. control group.

with 0.9% saline solution for 3 days. The other 12 groups for 60 min at £C. The supernatant was used for enzyme
were orally received quercetin and rutin at 25, 50, 100 and assays.

150 mg/kg, allopurinol at 5, 10, 15 and 20 mg/kg for 3 days, The activities of XDH/XO were assayed by monitoring
respectively. As showed ifable 2 the one group (vehicle uric acid formation using a spectrophotometric method de-
control) was orally administered with 0.9% saline solution scribed in the previous papetddll et al., 1990; Kong et al.,
for 3 days. The other eight groups were orally receBada 2002. The reaction mixtures contained p® phosphate
orientalis extract at 100 and 200 mg/kg, quercetin and rutin buffer (pH 7.5), 10Qul liver homogenate, and 1 mM potas-
at 50 and 100 mg/kg, allopurinol at 5 and 10 mg/kg for 3 sium allantoxanate, to avoid oxidation of uric acid to allan-

days, respectively. toin, in a final volume of 5.5 ml. For the assay of XDH activ-
ity, but not of XO activity, 20QuM NAD * was also present.
2.5. Assays of XDH/XO activities After preincubation for 15min at 37C, the reaction was

initiated by the addition of 1.2 ml of 250M xanthine. After
The enzyme activity assay started 1 h after final adminis- 10 min, the reaction was stopped by the addition of 0.5 ml of
tration. Mouse liver was excised and homogenized in 5 vol- 9.58 M HCI. The solution was then centrifuged at 3009
umes of 80 mM sodium pyrophosphate buffer (pH 7.4). The for 5 min, the supernatant were measured at 295 nm UV ab-
homogenate was then centrifuged at 360@ for 10 min, sorbance. XDH/XO activities were expressed as nanomole
the lipid layer was carefully removed, and resulting su- per minute per milligram protein. Each assay was performed

pernatant fraction was further centrifuged at 10,00@ in triplicate.
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Fig. 3. Effect of intraperitoneal administration Bfota orientalis extract, quercetin, rutin and allopurinol on serum urate levels in hyperuricemic mice
pretreated with the potassium oxonate. The hyperuricemic mice were produced by potassium oxonate pretreatment as d8ectibed2ifihey were
intraperitoneal administered witBiota orientalis extract, quercetin, rutin or allopurinol at the different doses indicated, for 3 days, respectively. The two
control groups were dosed with vehicle instead. Data represent mean valBds.l.) of serum urate levels (mg/dl) in the groups of animals=(10).

*P < 0.05, ** P < 0.01, ** P < 0.001 vs. hyperuricemic control groupp < 0.05, # P < 0.01, ##P < 0.001 vs. control group.
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Table 1 serum uric acid levels. As shown Fig. 2, after oral 1 day
Dose-dependent hypouricemic effects of quercetin and rutin on serum administrationBiota orientalis extract significantly reduced
levels i . ith uri inhibi . : §
urate levels in mice pretr'egted ywt uricase inhibitor potassium oxonate the urate levels and at the same time, quercetin, but not
after oral three-time administration . .
rutin, significantly reduced the urate levels, when compared

Treatment Animals (rT?gO/T(Z) (Snfg;g;) urate levels —\\ith hyperuricemic control group. The action of quercetin
Vehicle o 314t 012 on the urate levels was more potent than thaBioka ori-

' ' entalis extract. At the same dose pretreatment for three and
Hyperuricemia 12 - 5.0% 0.19%#

seven times, quercetin and rutin showed to markedly reduce
Quercetin 12 25 4.3% 0.18% the urate levels in comparison to the hyperuricemic control

g 1?)?) z;g g'égi* group. The effects of quercetin and rutin were more po-
12 150 3214 0174 tent than that oBiota orientalis extract. Furthermore, the

Rutin 1 - 4,974 023 serum urate Ievel_s of oxonate-pretreated mice dose_d \(v_lth
12 50 4.07+ 014 guercetin and rutin for 3 days or 7 days were not signifi-
12 100 3.83+ 0.17°* cantly different from each other as well as from the control
12 150 3.414 0.13* normal mice. These data indicated that three-time pretreat-

Allopurinol 10 5 4.71+ 0.14-% ments of quercetin and rutin were needed for a complete
10 10 3.87+ 0.16 recovery. The oral pretreatment of allopurinol at 10 mg/kg,
10 15 3.43+ 0.08™ elicited significant reduction of serum urate levels in the hy-
10 20 2.954 0.14**

peruricemic mice to the normal value. Comparison showed
Data represent meah SE.M. of 10 or 12 animals. For statistical sig-  that the difference in potency between quercetin, rutin and
nificance, Student'd-test was used between control and drug groups. allopurinol appeared to be not significant in this case for

*P < 0.05, P < 0.01, ** P < 0.001, vs. hyperuricemia control group. three or seven-time pretreatment. respectivel
#pP < 0.05, P < 0.01, P < 0.001, versus control group. P ’ P y-

3.2. Dose-dependent effects of quercetin and rutin on

2.6. Statistical analysis serum urate levels in hyperuricemic mice

Results shown represent the mearstandard error of Quercetin and rutin were more potent in decreasing serum
the mean (S.E.M.). The statistical evaluation of the results urate levels in hyperuricemic mice thaiota orientalis
was carried out utilizing two-tailed, paired Studertttests. extract for three-time pretreatment. Therefore, in further
Statistical significance was set At< 0.05. experiments, the dose-dependence of quercetin and rutin on

the urate levels was examined. As showrTable 1, orally
treating hyperuricemic mice with quercetin at a daily dose

3. Results of 25-150 mg/kg for three times, produced dose-dependent
decreases in the levels. At doses of 50 mg/kg of quercetin

3.1. Effects of Biota orientalis extract, quercetin and rutin or above, the levels of the oxonate-pretreated mice were

on serum urate levels in hyperuricemic mice not different from the normal value. Pretreatments with

rutin (25-150 mg/kg) also caused dose-dependent reduction
Uricase inhibitor potassium oxonate treatment caused hy-in serum urate levels in hyperuricemic mice. At doses of
peruricemia in mice, as indicated by drastic increases in 100 mg/kg of rutin or above, the levels in hyperuricemic

Table 2
Effects of Biota orientalis extract, quercetin and rutin on xanthine dehydrogenase (XDH) and xanthine oxidase (XO) activities in mouse liver after oral
three-time administration

Treatment Dose (mg/kg) XDH (nanomole uric XO (nanomole uric % Inhibition
acid per minute per acid per minute per XOH >
milligram protein) milligram protein) o
Vehicle - 7.63+ 0.45 4.48+ 0.20 - -
Biota orientalis 100 4.32+ 0.47* 426+ 0.31 43.38 4.90
200 4.08+ 0.78* 3.87+ 0.35 46.52 13.62
Quercetin 50 4.04t 0.71 4.00+ 0.45 47.05 10.71
100 3.51+ 0.36* 3.69+ 0.31* 54.00 17.63
Rutin 50 4.40+ 0.83* 4.04+ 041 42.33 9.82
100 3.59+ 0.35% 3.81+ 0.3% 52.94 14.96
Allopurinol 5 3.97+ 0.34* 295+ 0.17* 47.96 34.15
10 2.18+ 0.34** 2.74 + 0.55** 71.42 38.83

Data represent meah S.E.M. of 10 animals. For statistical significance, Studemtfest was used between vehicle control and drug grotips< 0.05,
P < 0.01, **P < 0.001, vs. vehicle.
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mice were not different from the normal value. Allopurinol and uric acid nephrolithiasidk¢(amer and Curhan, 2002

at a daily dose of 5—-20 mg/kg significantly reduced the urate The increased risk of hyperuricemia has been also linked

levels in hyperuricemic mice at dose-dependent manner. with the development of hypertension and hyperlipidemia
(two cardiovascular risk factorsfE(mmerson, 1998 can-

3.3. Effects of Biota orientalis extract, quercetin and rutin cer Garcia-Porrua et al., 199diabetes, hypertension and
on XDH/XO activities in mouse liver obesity Chen et al., 2001 Uric acid level is the key factor
for prevention of gout and other disordetsr( et al., 2000.
As shown inTable 2 treating mice withBiota orien- In previous years many authors have shown a growing

talis extract at a daily dose of 100 and 200 mg/kg for 3 interest for the protective role of XO inhibitor allopuri-
days caused inhibition by 43.38 and 46.52% towards XDH, nol on urate levels of hyperuricemia and gout. However,
4.90 and 13.62% towards XO, when compared with the it has been observed that allopurinol induce side effects
vehicle group, respectively. Quercetin, at the doses of 50 such as hypersensitivity syndromdagmmer et al., 2001

and 100 mg/kg, showed inhibition by 47.05 and 54.00% to- Stevens—Johnson syndromEri{sch and Sidoroff, 2000
wards XDH, 10.71 and 17.63% towards XO. Rutin pre- and renal toxicity Koriuchi et al., 200R An alternative
treatments at 50 and 100 mg/kg inhibited enzyme activities to allopurinol is represented by some phytochemicals like
in mouse liver, with inhibition by 42.33 and 52.94% to- flavonoids. Flavonoids are naturally occurring plant com-
wards XDH, 9.82 and 14.96% towards XO. The inhibitions pounds with XO inhibitory propertiedNagao et al., 1999

of the XDH/XO activities of rutin resulted similar to that Furthermore, their consumption has been associated with
of quercetin. On the other hand, the actions of quercetin the protective effects of certain diets and herbs against
and rutin on the inhibitions of XDH/OX activities were some of the complications of hyperuricemia and gout,
more potent than that diota orientalis extract at the same  such as cardiovascular disease and diabdtesil@ et al.,
dose of 100 mg/kg. Allopurinol inhibited both XDH (47.96 1998; Sampson et al., 2002n fact, quercetin and rutin
and 71.42% inhibition) and XO (34.15 and 38.83% inhibi- have been reported to possess a wide range of biological
tion) activities at the doses of 5 and 10 mg/kg, respectively, activities @utore et al., 2001; da Silva et al., 2002; Shen
exhibiting to be more potent than flavonoids in the XO et al., 2002; Gerhauser et al., 2003; Moon et al., 2003s

inhibition. therefore generally recognized that they appear to be cost
effective in hyperuricemic and gouty patients with these

3.4. Effects of intraperitoneal administration of Biota disorders.

orientalis extract, quercetin and rutin on serum urate levels The extract ofBiota orientalis is being frequently used

in hyperuricemic mice for the treatment of gout, and rheumatisafigsu College of

New Medicine, 197Y. Previously, this species was disclosed
As shown inFig. 3, after the three-time pretreatment via to be the rich source of flavonoids such as quercetin and rutin
the peritoneal routeBiota orientalis extract and quercetin,  (Jiangsu College of New Medicine, 1977; Natarajan et al.,
but not rutin at the same dose of 100 mg/kg produced a 1970; Pelter et al., 1970We have previously shown that
slight, but not significant decrease in serum urate level in Biota orientalis extract exhibited in vitro pronounced inhi-
oxonate-treated mice. In contrast, allopurinol at 10 mg/kg bitions against XO from mouse liver and decreased the urate

was active in this experiment. level in hyperuricemic mice. Pretreatment with the flavonoid
constituents ofBiota orientalis extract also decreased the
3.5. Effects of Biota orientalis extract, quercetin and rutin urate levels in the animal model. Among the flavonoid con-
on serum urate levels in normal mice stituents examined, quercetin seemed to be more effective
in reducing the urate levels than diiiota orientalis extract
The same pretreatment schemditdta orientalis extract, after oral administration. Furthermore, both flavonoid con-

guercetin and rutin via the peritoneal and oral route did not stituents were very significantly effective in decreasing the
produce any remark change in serum urate levels in normalurate levels after three or seven-time oral administration.
mice (data not shown). Allopurinol significantly reduced the These results suggested that quercetin and rutin were capa-
levels in normal mice treated with the same administration ble of reducing the accumulation of purine metabolites in
(data not shown). blood following oxonate-induction.
It seems likely that these flavonoids reduce serum urate
levels by inhibiting XDH/XO activities. In fact, it has been
4. Discussion shown that flavonoids could inhibit the formation of uric acid
from xanthine by XO in vitro Nagao et al., 1999; Selloum
Gout is one of the most common metabolic disorders in et al., 200). Thus, there is a possibility that the flavonoids
humans, reportedly afflicts more than two million men and at the same dose scheme may in vivo inhibit the XDH/XO
women in the United States. It is characterized by marked activities in mouse liver. In our present study, we observed
hyperuricemia, caused the deposition of urate monohydratethat Biota orientalis extract, quercetin and rutin in vivo ex-
crystals in joint and kidney, resulting in gouty arthritis hibit inhibitory actions on enzyme activities in mouse liver,
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preferentially inhibiting XDH activity over XO activity. Al- to be different from rutin Graefe et al., 2001 These results
though the potency of the flavonoids at 100 mg/kg on the are in agreement with the earlier reported studidglofand
inhibition of the XDH/XO activities was less than that of al- et al. (2000)who showed that the nature of the glycosylation
lopurinol at the dose of 10 mg/kg, the action of the flavonoids markedly influences the efficiency of quercetin absorption
on the reduction of the urate levels in hyperuricemic mice in rats. The binding of a rhamnose or of a glucose-rhamnose
was similar to that of allopurinol, after oral three-time ad- moiety to the aglycone markedly depressed its absorption.

ministration. We treated normal mice wiBiota orientalis

Quercetin inhibited the formation of uric acid from xan-

extract and the flavonoids with the aim to evaluate possible thine by XO, while rutin was ineffective in vitroSelloum

allopurinol-like effect. While allopurinol caused a decrease
in the urate levels, treatment witBiota orientalis extract,

et al.,, 200). Thus, it might be possible that the high cir-
culating levels of the active forms of rutin such as glu-

guercetin and rutin, did not cause any significant change in curonidated, sulphated and methylated derivatives reaching

the levels, indicating thaBiota orientalis extract, and these
flavonoids did not have allopurinol-like hypouricemic effects
influencing uric acid levels in the normal purine metabolic
system. The in vivo hypouricemic effects produceBigta
orientalis extract, quercetin and rutin seem to be partly me-
diated by the inhibition of XDH/XO activity. They could
be used alternatively to allopurinol in prevention of hyper-

the systemic circulation lead to the decrease in serum uric
acid levels and the inhibition in enzyme activitieBofle
et al., 2000; Kessler et al., 2003Further investigation is
warranted.

It was reported that intraperitoneal administration of some
flavonoids such as rutin significantly reduced small and large
intestinal transit in miceli Carlo et al., 1998 The com-

uricemic disorders. We have also examined the presence ofpounds via oral route have both intestinal absorption and

guercetin and rutin imBiota orientalis extract by TLC and
HPLC. However, the levels of quercetin and rutin were low
in the extract, there is a possibility that quercetin and rutin
may partly contribute to the beneficial effectBdbta orien-
talis extract on the reductions of the urate levels and the in-
hibition of enzyme activities. Further investigations are war-
ranted to identify the other active principle(s) of tBita
orientalisextract, responsible for the observed hypouricemic
effects.

Generally, the drug bioactivity in vivo is dependent on ab-
sorption and metabolism. Quercetin is an aglycon flavonol.
It mainly occurs in plants in the form of glycosides, such
as rutin (quercetin-8-beta-rutinoside). Several experimen-
tal and clinical studies have suggested that overall kinetic
behaviour of quercetin differed remarkably after the inges-
tion of rutin. Interestingly, in the present study, it was found

that after one-, but not three-time oral pretreatment at the

dose of 100 mg/kg, quercetin showed hypouricemic effect,

first pass effect through the liver, and the amounts of ac-
tive constituents in the intestine and liver via oral route
may be higher than that via intraperitoneal route because
of their different absorption. Furthermore, it is well-known
that xanthine oxidase in the small intestine and liver is at
high levels in many mammal&(enitsky et al., 1985 In the
present study, at the same doses, wBgta orientalis ex-
tract, quercetin and rutin were intraperitoneally administered
to the hyperuricemic mice, they did not elicit any significant
hypouricemic effect. This lack of effect via the peritoneal
route might be due to small and large intestinal transit re-
duction and low concentrations of active constituents in the
intestine and liver. Future studies will still be continued to
elucidate on the exact mechanism of the action of the bioac-
tive forms ofBiota orientalis extract, quercetin and rutin in
Vivo.

In conclusion, the data reported in the present study
indicate that orally administereBiota orientalis extract,

whereas rutin did not have the action. The result suggestedquercetin and rutin reduce serum urate levels of hyper-
that quercetin was absorbed more quickly than rutin. It is uricemic mice caused by oxonate. These hypouricemic
consistent with the finding that quercetin was rapidly ab- effects are partly due to inhibition of XDH/XO activities in
sorbed by the stomach. In contrast, its glycosidic form rutin mouse liver. The pharmacological profile of quercetin and
was not hydrolyzed and not absorbed by this tissue in the ratsrutin is partly different from that of allopurinol. Quercetin
(Crespy et al., 2002 Furthermore, pharmacokinetic stud- and rutin may be partly responsible for the hypouricemic
ies have shown that the small intestine is the major site actions of Biota orientalis extract. It is therefore sug-
of absorption for many flavonoid glucosides. Quercetin and gested thatBiota orientalis extract and the flavonoids
rutin could be absorbed at different segments of intestine, may represent a new type of hypouricemic agents and
but the absorption of rutin was significantly lower than that they may have a potent hypouricemic effect in clinical
of quercetin Su et al., 2002 Time to reachCmax (tmax) use.

was significantly shorter after the quercetin aglycone treat-

ment than after the rutin treatmeir{und et al., 200D Re-

cently, there is an increasing evidence that the absorption ofAcknowledgements

flavonoid glycosides in humans involves a critical deglyco-
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