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Increased serum uric acid is known to be a major risk related to the
development of several oxidative stress diseases. The aim of this study was
to investigate the effect of crude flavonoids of Ginger (Zingiber officinale )
extract on serum uric acid levels, xanthine oxidase (XO) activity and
oxidative stress biomarkers in normal and oxonate-induced hyperuricemic
rats. A total of 60 male Wistar rats were randomly divided into ten equal
groups; including 5 normal groups (vehicle, flavonoids low dose, flavonoids
medium dose, flavonoids high dose and allopurinol) and 5 hyperuricemic
groups (vehicle, flavonoids low dose, flavonoids medium dose, flavonoids
high dose and allopurinol). Flavonoids fraction at three different
concentration (50.100 and 250pg/kg.b.w) and allopurinol (5mg/kg.b.w)
administrated to the corresponding groups by oral gavages once a day for 4

weeks. The results showed that Ginger' s flavonoids constituents did not
cause any significant reduction in the serum uric acid levels and xanthine
oxidas activity in normal rats, but significantly reduced the serum uric acid
levels and the enzyme activity of hyperuricemic rats in a time-dependent
manner. Flavonoids treatment led also to a significant increase in total
antioxidant capacity and decrease in malondialdehyde concentration in
hyperuricemic rats. Although the hypouricemic effect of allopurinol was
much higher than that of flavonoids as a possible alternative for allopurinol,
or at least in combination therapy, it could not significantly change oxidative
stress biomarkers more than Ginger' s flavonoids. These features of
flavonoids make them to minimize the side effects of allopurinol to treat
hyperuricaemia and oxidative stress diseases.
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INTRODUCTION

Gout is a chronic metabolic disease with symptoms such as increased uric acid and tissue inflammation (1).
Xanthine oxidase generating uric acid and oxidant is a key enzyme in tissue damage. This enzyme converts
hypoxanthine and xanthine to uric acid (2). Xanthine oxidase using oxygen generates a high mount of free radicals
and super oxide and so is a main source of generating super oxide ion and free radicals in body (3). Allopurinol is
the only clinically used Xanthine oxidase inhibitor also having many side effects such as Hypersensitivity syndrome,
Stevens Johnson syndrome and renal toxicity (5,6). It is necessary to develop compounds with Xanthine oxidase
inhibitory activities which are devoid of the undesirable side effects of Allopurinol. A potential source of such
compounds can be obtained from medicinal plants (4,6). Flavonoids and polyphenolic crude extracts have been
reported to possess Xanthine oxidase inhibitory activity (7, 8) .
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Ginger (Zingiber officinale) is one of the most widely spices worldwide. Besides its extensive use as a spice, the
rhizome of ginger has also been used in traditional herbal medicine. The health-promoting perspective of ginger is
often attributed to its rich photochemistry (9). Jolad et al. (2004) identified more than 60 compounds in fresh ginger
grouped into two broader categories; volatiles and non-volatiles. Volatile compounds including sesquiterpene and
mono terpenoids hydrocarbons providing the distinct aroma and taste of ginger and non-volatile compounds include
gingerols, shogaols, paradols and zingerone (10).

Ginger, as an antioxidant, improves diabetes induced oxidative stress and its complications through prevention of
lipid peroxidation and protein oxidation (11). The rich phytochemistry of ginger includes components that scavenge
free radicals produced in food chains or biological systems . Increased production of free radicals and reduction in
cellular homeostasis results in oxidative stress that can lead to DNA damage (12).

Ginger is one of the richest sources of antioxidants that paved the way for its utilization to scavenge free radicals
and allied health discrepancies, the active ingredients of ginger include gingerols, which exhibit antioxidant activity,
and inhibit xanthine oxidase enzyme, that involved in the generation of reactive species (13, 14).

The aim of the present research is finding out functional plant components of anti-gout activity. This is
accomplished through testing different plant extracts as uric acid lowering, antioxidant and anti-inflammatory in
experimental gout model in rats. Specific phytochemicals constituents of the studied plants have been assessed as
well.

Materials and methods:
Extraction of flavonoids from ginger

For preparation of crude flavonoids extract from Z. officinale, 1Kg of rhizome dried powder was extracted by
cold maceration with 3 L of 70% Ethanol for 72 h at room temperature then the mixture filtered with Buchner funnel
. The extraction was repeated twice to ensure all flavonoids were extracted. The combined filtrates were
concentrated in a vacuum evaporator to afford a syrupy brown residue. This residue was suspended in 250 ml hot
water (60°C), filtered, the filtrate placed in separation funnel and treated with petroleum ether (250 ml x 3) to
remove fats. The aqueous portion was then separated, collected, and fractionated with N-butanol saturated water
(250 ml x 3). The aqueous portion was discarded and the N-butanol portion was then separated, collected before
being fractionated with 1% KOH. The KOH portion was then fractionated with dilute HCI (2%) and N-butanol
saturated water. The dilute HCI portion was discarded. The N-butanol portion was then separated, collected, and
dried to obtain a crude extract of flavonoids. Before use, the stock was further diluted in DMSO to give the final
indicated concentrations (Elkady et al.,2014; Ibrahim et al.,2008).
Animal model of hyperuricemia in rats

Experimentally-induced hyperuricemia in rats (due to inhibition of uricase with potassium oxonate) was used to
study antihyperuricemic and antioxidant effects of test plant extracts .Briefly,250 mg/kg, uricase inhibitor,
potassium oxonate (PO), dissolved in 0.9% saline solution was administrated intraperitoneally to each animal 1 h
before oral administration of test compounds
Experimental design

The animals were randomly divided into ten equal groups (n = 6). group 1: untreated, nonhyperuricemic animals;
group 2: normal animals given 50 pg/kg flavonoids; group 3: normal animals given 100 pg/kg flavonoids; group 4:
normal animals given 250 pg/kg flavonoids; group 5: normal animals given 5mg/kg allopurinol; group 6:
hyperuricemic animals; group 7: hyperuricemic animals given 50 pg/kg flavonoids; group 8: hyperuricemic animals
given 100 pg/kg flavonoids; group 9: hyperuricemic animals given 250 pg/kg flavonoids;; group 10: hyperuricemic
animals given 5 mg/kg allopurinol.
Serum uric acid and xanthine oxidase activity was determined after 14and 28 days.At the end of the experiment,
rats were sacrificed and the blood collected by transcardiac puncture 1 hour after administration of the test
compound. Serum was obtained by centrifuging blood sample at 6000 rpm for 10 minutes, the serum stored at -20
°C until used.
Measurement of Malondialdehyde (MDA):
The level of malondialdehyde was determined by a modified procedure described by Guidet B. and Shah
S.V.,(1989)(15). The principle of the test was based on the reaction of MDA with thiobarbituric acid (TBA);
forming an MDA-TBA,; product that absorbs strongly at 532 nm .
Measurement of Serum Glutathione Peroxidase (GPx,):
The ELISA kit is a sandwich enzyme immunoassay for the in vitro quantitative measurement of human GPyx in
serum, plasma and other biological fluids. The microtiter plate provided in this kit has been pre-coated with an
antibody specific to GPy;. Standards or samples are then added to the appropriate microtiter plate wells with a
biotin-conjugated polyclonal antibody preparation specific for GPyx;. Next, Avidin conjugated to Horseradish
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Peroxidase (HRP) is added to each microplate well and incubated. Then a TMB substrate solution is added to each
well. Only those wells that contain GPy;, biotin-conjugated antibody and enzyme-conjugated Avidin will exhibit a
change in color. The enzyme-substrate reaction is terminated by the addition of a sulphuric acid solution and the
color change is measured spectrophotometrically at a wavelength of 450 nm. The concentration of GPy; in the
samples is then determined by comparing the O.D. of the samples to the standard curve.

Measurement of Catalase Activity (CAT):Bioassay Systems’ improved assay directly measures catalase
degradation of H,O, using a redox dye. The change in color intensity at 570nm or fluorescence intensity (A em/ex =
585/530nm) was directly proportional to the catalase activity in the sample.

Statistical analysis

Experimental data were analyzed using Graph Pad Prism 5.1 Software and results were presented as mean values
mean +SEM. The statistical evaluation of results were analyzed utilizing One-way variance analysis (ANOVA),
followed by Tukey’s test P value< 0.05 were considered statistically significant

Results:
Effects of flavonoids on serum uric acid level and XO activity In vivo

A time dependent study on Flavonoids were conducted to evaluate the effect of flavonoids on urate level during 28
day of the oral administration of flavonoids and allopurinol in hyperuricemia model and normal healthy rats.
Results in Table 1 show that administration of crud flavonoids failed to score a significant effect in serum uric acid
in normal rats after 14 and 28 days, but allopurinol, as a putative inhibitor of XO, significantly reduced (P<0.05) the
levels of serum uric acid in the normal rats from the first day. In the hyperuricemic groups The administration of
potassium oxonate significantly increase serum uric acid level in rats after 1 day. The administration flavonoids (250
and100 pg/ kg.b.w ) significantly suppressed the elevation serum uric acid levels after 14 day, the reduction ratios
after 28 day were 58.38 , 22.68 respectively. The high dose lower the uric acid by 1.898 + 0.35 mg and the medium
dose lower it by 0.737 £ 0.17 . The stander drug allopurinol lower the urate level down by 2.085+0.19 mg with
reduction ratio 65.55 %. The low dose of flavonoids administrated to rats had the lowest significant reduction ratio
of uric acid production 7.17% after 28 day .

Table 1: Effect of the orally intake of flavonoids on serum uric acid levels (Mean + SE mg/dl) in normal and
hyperuricemia rats induced by potassium oxonate (a time dependent study).

Group Dayl Day14 Day 28
Normal (vehicle) 1.99+0.33 2.00+0.24 2.1+0.23
Normal + Flavonoids 25pg/kg 1.98+0.30 2.10+0.26 2.02+0.31
Normal + Flavonoids 50pg/kg 2.05+0.28 2.03+0.25 2.060.27
Normal + Flavonoids 100pg/kg 2.10+0.27 2.05+0.29 2.01+0.32
Normal +Allopurinol 1.45+0.29" 1.33+0.36™ 0.94+0.37"
Hyperuricemia 3.26+0.48"" 3.2240.47 3.24+0.43"
Hyper. + Flavonoids 25ug/kg 3.25+0.45 3.07+0.36 2.99+0.37*
Hyper. + Flavonoids 50ug/kg 3.24+0.43 2.56+0.32** 2.51+0.28***
Hyper.+ Flavonoids 100ug/kg 3.23+0.38 2.22+0.29*** 1.35+0.45***
Hyperuricemic +Allopurinol 2.12+0.28*** 1.46+0.38*** 1.16+0.30***

* P < 0.05 when compared with hyperuricemia control group, ** P < 0.01 when compared with hyperuricemia
control group, *** P < 0.001 when compared with hyperuricemia control group, *P < 0.05 when compared with
vehicle control group, " P < 0.001 when compared with vehicle control group.

In a dose dependent study that conducted to evaluate the effect of flavonoids on serum xanthine oxidase activity ,
results (Table 2) show that in normal groups administration of flavonoids did not make a significant effect on XO
activity , but Allopurinol did. In hyperuricemia groups treated with flavonoids (250 ,100 and 50ug/ kg.b.w ) there
were a significant reduction in serum XO activity by 62.30, 59.16 and 28.07% respectively.
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Table 2: Results of orally intake of three different concentration of flavonoids on serum XO activity in normal and
hyperuricemia rats induced by potassium oxonate (a dose dependent study)

Group XO activity U/ml XO inhibition %
Normal (vehicle) 1.32+£0.24 -
Normal + Flavonoids (50 pg/kg) 1.31+0.68 0.75
Normal + Flavonoids (100 pg/kg) 1.29 £ 0.45 2.27
Normal + Flavonoids (250 pg/kg) 1.24+£0.33 6.06
Normal + Allopurinol 1.02 £ 0.52 22.72
Hyperuricemiaa 3.42+0.12 -
Hyperuricemia + Flavonoids (50 pg/kg ) 2.46 + 0.07 28.07
Hyperuricemia + Flavonoids (100 pg/kg) 156 £0.11 59.16
Hyperuricemia + Flavonoids (250 pg/kg) 1.44 +£0.33 62.30
Hyperuricemia +Allopurinol 1.2 £0.15 68.58

Effect of flavonoids on MDA and some anti oxidants activity .

Results in Table 3 showed the effect of flavonoids fraction isolated from ginger extract on serum MDA level and
some antioxidant enzymes activity SOD, CAT in potassium oxonate hyperuricemia male rats. In hyperuricemia
group there is highly significant (p < 0.001)increasing in MDA levels and reduction in SOD, GPx and CAT enzymes
activity as compared with normal group .

Table 3: Serum Malondialdehyde and Antioxidant enzymes activities in control and hyperuricaemia rats treated

with, flavoinod fraction from ginger extract after 4 weeks of treatment

Group MDA(uM) SOD(U/ml) GPx(U/ml) Cat (uUM)

Normal( vehicle) 0.77+0.13 6.67+0.24 5.87+0.23 32.77+1.88

N. + F. ( 50pg/kg) 0.77+0.17 6.65+0.57 5.87+0.33 33.01+1.07

N. + F. ( 100ug/kg) 0.75+0.63 6.69+0.42 5.89+0.43 33.65+1.35

N. + F. (250pg/kg) 0.72+0.59 6.71+0.53 5.90:0.60 33.68+0.97

N. +Allopurinol 0.76+0.73 6.68+0.55 5.87+0.71 32.83+£1.22
Hyperuricemia 3.66+0.48" 3.56+0.47" 3.61+0.43" 12.45+2.34"*
H.+F. (50ug/kg) 2.24+0.45%** 4.12+0.36*** 4.11+0.37*** 16.56+3.45***
H.+ F. (100pg/kg ) 1.56+0.43*** 4.6520.32%** 4.630.28*** 23.78+2.90***
H.+F. (250ug/kg ) 0.93+0.38*** 5.56+0.29*** 5.34+0.45*** 29.97+2.18***
H. + Allopurinol 1.35+0.28*** 4.99+0.38*** 4.26+0.30*** 27.35%£3.16***

*** P < 0,001 when compared with hyperuricemia control group, ** P < 0.001 when compared with vehicle control
group.

All hyperuricemia groups that treated with different concentrations flavonoids fraction isolated from ginger
extract showed significant (p < 0.001) improvement in MDA level, SOD, CAT and GPx enzymes activity when
compared with hyperuricemia untreated group, but there values showed differences according to the dose of
flavonoids intake which consider that the effect of alteration of oxidative stress was dose dependent effect. The
highest improvement for MDA level , SOD, GPx and CAT enzyme activities as compare with hyperuricemia
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untreated group when rats intake 250 pg/kg of flavoinod fraction isolated from ginger extract. Flavonoids were very
highly significant (p< 0.001) reduction in MDA levels (74.59%) accompanied with very highly significant (p
<0.001) increasing in SOD, GPx and CAT enzymes activity percent (56.18%, 47.92% and 92.28%) respectively as
compared with control hyperuricemia group. Administration of flavonoids fraction from ginger extract to
hyperuricemia rats after 4 weeks showed remarkably amelioration the elevation of MDA level and the reduction in
SOD, GPx and CAT enzymes activity.

Discussion

Based on the results, the oral administration of flavonoids of ginger exerts notable hypouricemic effects in
hyperuricemic but not in normal rats. In contrast, allopurinol reduced serum uric acid levels of both normal and
hyperuricemic rats and the levels even reached to the level lower than that of normal values. These results indicate
that flavoinod constituents from ginger might bring fewer side effects than allopurinol in treatment of
hyperuricemia. On the other hand, this property of flavoinod constituents could be considered as an advantage for
this medicinal plant. Although the elevated levels of uric acid in the circulation could give rise to gout and possibly
other pathological conditions, the antioxidant action of uric acid, particularly its ability to inhibit DNA damage, is
also well documented (16). Thus, excessive lowering of the uric acid level in the circulation beyond that of the
normal range might even be counterproductive (16, 17 ). Kong et al. have also shown that the water extract of
Ermiao wan (a Chinese herbal medicine used in the treatment of acute gout have less inhibitory effects on serum
uric acid levels in normal mice compared with those animals pretreated with potassium oxonate (18).Taking into
account that GF as a dietary vegetable can be used safely long-term; this feature of GF makes it a possible
alternative for allopurinol, or at least in combination therapy to minimize the side-effects of allopurinol.

The results were observed flavonoids fraction of GE treated hyperuricemic rats after 14 and 28 days of
intervention, serum uric acid levels reduced significantly (p < 0.001) compared to hyperuricemic control rats.Unlike
these above data, the hypouricemic effect of allopurinol was statistically significant (p < 0.01) even after 1 day of
the drug administration indicating the quicker onset of allopurinol action compared to that of GE, and flavonoids
fraction .The inhibitory effect of GE and its major flavoinod Gingerols on serum XO activity was also confirmed in
this study. XO is the key enzyme in the catabolism of purines and has a critical role in the endogenous production of
uric acid (5). Several in-vitro studies confirmed the XO inhibitory activity of some flavonoids. These compounds are
structurally similar to XO substrate and so can inhibit the enzyme activity (7). Therefore the hyperuricemic property
of GE extract, observed in this study, could be explained at least in part by the inhibitory effects of them on XO
activity. The extent of reduction in XO activity elicited by allopurinol was much higher than that observed when the
GE administration in both normal and hyperuricemic groups.

According to these studies, the involvement of other possible mechanisms such as enhanced uric acid clearance or

actions on other purine metabolizing enzymes cannot be ruled out (18, 19). This could be further supported by the
existence of some hypouricemic compounds including natural products that are devoid of XO inhibitory activity (17,
18, 20). It seems that the inhibitory effects of GF, on XO activity in hyperuricemic rats are more dominant than their
effects on the normal activity of either two forms of the enzyme .Similar results have been reported by Zhao et al.
(19).
In addition, in this investigation we observed a significant increase in serum total antioxidant capacity and decrease
in MDA concentration, following treatment of the hyperuricemic rats with GF. It is worth to note that GF exerts
mostly their antioxidant effects in hyperuricemic groups rather than in normal groups. These phytochemicals
improve total antioxidant capacity, suppress destructive oxygen free radicals and prevents oxidative stress damage
(22, 23). In this study, allopurinol treatment could not significantly compensate the a based total antioxidant capacity
or the elevated level of MDA concentration in hyperuricemic rats. However, the inhibition of XO by allopurinol was
previously reported to decrease the level of ROS production and reduce the hepatic injury associated with liver
transplantation (24 ).

Conclusion

Ginger flavonoids are able to reduce uric acid levels in hyperuricemic rats with no effects on the level of this
biological metabolite in normal animals and prevent oxidative stress. Such hypouricemic effects may be attributed,
at least in part, to XO inhibitory action of them. Therefore, the use of suboptimal dosages of allopurinol in
combination with Ginger extract intake may provide a safer approach for prevention and treatment of
hyperuricemia. Further investigations to explore the effect of other components of Ginger and define their clinical
efficacy would be highly desirable.
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