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ABSTRACT

A five-herb containing traditional homemade medicine is extensively used to treat gout but the literature is devoid of
scientific evidence. Therefore, the present study aimed to investigate anti-gout and anti-inflammatory activities of a
standardized traditional medicine. Reversed phase HPLC method was developed for the simultaneous determination of
chlorogenic acid, caffeic acid, vanillin and ferulic acid, and applied to standardize the traditional medicine. Completely
randomized design (CRD) was followed in the current study. /n vivo anti-gout activity was evaluated using potassium
oxonate induced hyperuricemia model and the study was divided into two parts, protective and curative study. In former,
male Wistar rats were randomly segregated into 4 groups (n=6) and treated for 21 days while in later, rats from toxic
group were randomly segregated into 3 groups (n=3), two treated and one control, and treatment was continued for 7
days. Serum uric acid level, xanthine oxidase activity of rat-liver homogenate and renal histopathology were used to
assess anti-gout activity. The medicine was also evaluated for anti-inflammatory activity using carrageenan induced hind
paw edema model. Data were analyzed by one-way ANOVA, and a p value < 0.05 was regarded as significantly
different. The medicine contained 0.2967 mg/g chlorogenic acid, 0.2698 mg/g caffeic acid, 0.2122 mg/g vanillin and
0.2160 mg/g ferulic acid. The medicine significantly reduced uric acid level in medicine-treated groups in both
protective and curative studies (p<0.05). The medicine also exhibited significant xanthine oxidase inhibition in rat-liver
homogenate in protective and curative study (p<0.05). Kidney histopathological examination indicated mild interstitial
cells infiltration in treatment groups as compared to toxic group. The medicine also exhibited significant anti-
inflammatory activity indicated by 49.8% reduction of paw edema volume (p<0.05). The findings of this study support
the traditional use of the herbal medicine, and the developed HPLC method may be useful to produce standardized anti-
gout medicine.
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INTRODUCTION et al., 1989). These microcrystals can also specifically
induce COX-2 expression in monocytes; a new factor
Gout is an inflammatory disorder which is involved in monosodium urate crystals induced
characterized by swelling and inflammation of synovial inflammation (Pouliot ez al., 1998). Mononucleated and
joints, raised uric acid level in plasma and sodium urate multinucleated macrophages are also involved in the
crystals deposition in joints and kidneys. It may occur development of gout tophi resulting in the production of
due to some pathological condition or as a comorbidity of proinflammatory cytokines and gout flares (Schweyer et
heart and kidney diseases or intake of certain medicines al., 2000). ) )
(Kramer and Curhan, 2002). Serum uric acid level is an The risk of gout can be reduced either by
independent predictor of mortality in populations at high reducing biosynthesis or increasing excretion of uric acid
risk of coronary artery disease (Grassi et al., 2013). from the body (Umamaheswari ez al., 2007). The
Higher serum uric acid level may result in deposition of treatment of gout was suggested by using combination of
sodium urate crystals in joints (Schumacher, 1996). relevant treatment, such as uric acid lowering by using
Monosodium urate crystals induced release of lysosomal .sele‘ct.i\./e enzyme inhibitors in uric acid bios'ynthesi.s,
enzymes from leucocytes in the absence of phagocytosis inhibition of inflammatory responses by using anti-
(Sabina et al., 2011). The deposition of these crystals inflammatory agents and modification of dietary life style
results in the release of microcrystals from preformed (Cannella and Mikuls, 2005). Allopurinol is one of the
crystals which interact with monocytes, neutrophils, most widely used xanthine oxidase inhibitor (Fields et al.,
fibroblasts and macrophages. These inflammatory 1996; .Pacher et al., 20006); howe\./e.:r,. superogide
microcrystals also stimulate secretion and synthesis of generation .1ead.1ng severe hypers.er.ls1t1V1ty reaction,
proinflammatory cytokines and interleukins, responsible gastrointestinal irritation, renal toxicity, bone marrow
of acute inflammatory response and gout attack (Guerne suppression and severe liver function abnormalities are

1836



Shaukat et al.,

reported due to use of XOI (Umpierrez et al., 1998; Kong
et al., 2000). Hence, due to high cost and serious adverse
effects on utilization of synthetic medicines (Strazzullo
and Puig, 2007), different attempts have been made to
search safe alternative therapy from natural source for
curing gout (Kong et al., 2004; Zhu et al., 2004).

A folklore polyherbal medicine comprising five
ingredients (seeds of Tribulus terrestris, Carthamus
tinctorius, Cucumis melo and Punica granatum, and
seed-less dried fruit of Vitis vinifera) is being extensively
used and promoted through social media in Pakistan and
India for curing gout. Though, the literature supports the
use of such herbs in treating hyperuricemia,
nephrolithiasis, osteoarthritis and inflammation (Wang et
al., 2004; Joshi et al., 2005; Arasaratnam et al., 2010;
Arora et al., 2011; Ravishankar and Priya, 2012; Singh
and Kaushik, 2017). However, we could not find any
scientific evidence for effectiveness of this polyherbal
remedy, which necessitates to investigate its anti-gout
and anti-inflammatory potential using appropriate
experimental models.

Herbal formulations are inconsistent in terms of
chemical constituents due to various genetic, growing,
harvesting and environmental factors. Hence, for
reproducible claim, a herbal product needs to be
standardized prior to pharmacological or clinical
evaluation. Herbal standardization can be achieved using
a set of diverse analytical activities including the use of
markers. Eight different types of analytical markers were
reported for standardization of herbal products (Li ef al.,
2008). Hence caffeic acid, chlorogenic acid, vanillin and
ferulic acid were selected as markers because of their
presence in different ingredients of the selected remedy
(Wang et al., 2010; Chhatre et al., 2014; Ben et al., 2015;
Shao et al., 2016; Mallek et al., 2018). These compounds
possess  xanthine oxidase inhibitory and anti-
inflammatory potential hence can be wused as
pharmacologically active markers to be used as analytical
standards in HPLC method development and validation
(Murakami et al., 2007; Wang et al., 2007; Compaore et
al., 2012). The literature contained several types of in
vivo models for evaluation of anti-gout and anti-
inflammatory potential (Schiltz et al., 2002; Sabina and
Rasool, 2008; Singh et al., 2009; Martin et al., 2009;
Meng et al., 2014; Chen et al., 2016). In the present
study, hyperuricemia induction by oxonic acid salt of
potassium in rat models were utilized to investigate the
herbal remedy for anti-gout activity and evaluated
nephroprotective effect of remedy on experimental rats.
Postassium oxonate inhibits uricase which converts uric
acid to allantoin, hence used to induce hyperuricemia in
experimental animals. Thus, in the current study, we
developed a rat model with potassium oxonate induced
hyperuricemia. Inflammation is relieved through various
mechanisms, hence, hind paw oedema model
(carrageenan induced) in albino rats was selected as in
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vivo model to investigate remedy in the current study.
Keeping this in view, we have selected the described
models to evaluate pharmacological activity of the
polyherbal remedy. The results of the current study may
give scientific evidence to traditional use of the
standardized polyherbal remedy.

MATERIALS AND METHODS

Herbs: Seed of Tribulus terrestris, Carthamus tinctorius,
Cucumis melo and Punica granatum, and dried-fruit of
Vitis vinifera were obtained from the local herbal
medicine market (Papar Mandi, Lahore, Pakistan). All the
ingredients were cleaned from dirt, if any, and seeds were
removed from Vitis vinifera fruit.

Chemicals: The materials utilized in the current study
were caffeic acid, chlorogenic acid, ferulic acid, vanillin,
xanthine oxidase (Sigma Aldrich), xanthine (Bioworld,
Biofine Plus Research Chemicals), allopurinol (Toshima,
Tokyo, Japan), potassium oxonate (Alfa Aesar),
diclofenac sodium, carrageenan, methanol, acetonitrile,
tetrahydrofuran, potassium dihydrogen phosphate, acetic
acid, sodium acetate, sodium chloride and sodium
hydroxide (Merck, Germany).

Instruments:  Beckman  Coulter = AU480(USA),
Electronic centrifuge, refrigerator centrifuge machine
(Sigma 2-16 Kec, Germany), homogenizer (Wisestir
Homogenizer Stirrer-HS-30E, Korea), double beam UV-
Vis spectrophotometer(Shimadzu), liquid
chromatographic system (Agilent Technologies, 1200
series, Germany) having an isocratic pump (G1310A), an
auto-sampler (G1329A), thermostatically controlled
column (G1316A) and diode array detector (G1315B),
were used in the current study.

Preparation of anti-gout remedy: Anti-gout remedy
was prepared by scaling-up the traditional method. All
the experimentation was carried out from March-June,
2019, at Pharmaceutical Chemistry Research Laboratory,
Punjab University College of Pharmacy, University of the
Punjab, Lahore. Briefly, one hundred grams of Tribulus
terrestris seeds, 50 g seeds of each of Carthamus
tinctorius, Cucumis melo and Punica granatum, and 50 g
dried seedless-fruit of Vitis vinifera were mixed and
crushed gently. The resulting mixture was divided into 7
equal parts. One part was soaked in 300 mL water for 12
h and boiled for 20 min. The decoction was strained and
concentrated by heating to 150 mL (Shaukat et al., 2020).

Standard solutions preparation: The standard stock
solutions (1 mg/mL) of markers (chlorogenic acid, caffeic
acid, vanillin, ferulic acid) were prepared in methanol.
Chlorogenic acid (14 pL), caffeic acid (12 uL), vanillin
(33 pL) and ferulic acid (11 pL), from stock solutions
were mixed, making the volume 1 mL with mobile phase
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to give mixed standard stock solution. A range of mixed
working solutions were obtained by dilution of mixed
standard solution with mobile phase. These solution
contained 0.14, 0.28, 0.56, 1.12, 2.24, 3.36, 6.72 and
12.04 pg/mL chlorogenic acid, 0.12, 0.24, 0.48, 0.96,
1.92, 2.88 and 5.76 pg/mL caffeic acid, 0.33, 0.66, 1.32,
2.64,5.28,7.92 and 15.84 pg/mL vanillin and 0.11, 0.22,
0.44, 0.88, 1.76, 2.64, 5.28 pg/mL ferulic acid (ICH,
2005).

Sample preparation: Herbal medicine (1 g) was
dissolved in 2N HCI (10 mL) and kept at 100°C for 1 h to
hydrolyze glycosidic bonds. Then, aglycone part was
extracted by partitioning with equal volume of ethyl
acetate (Ewais et al., 2016). The solvent layer was
collected and evaporated in vacuo at 40°C and
concentration of 20 mg/mL was prepared for HPLC
analysis.

Development of method: Mixed working standard
solution containing 14 pg/mL chlorogenic acid, 12
pg/mL caffeic acid, 33 pg/mL vanillin and 11 pg/mL
ferulic acid were analysed in triplicate. Sample(20 pL)
elution was done by mobile phase (isocratic) comprising
aqueous acetate buffer having pH 3.6: methanol:
acetonitrile: tetrahydrofuran (65:20:10:5) at 0.8 mL/min
flow rate through HPLC column (Agilent TC-Cjg; 250 x
4.6 mm), maintained at 35°C with photodiode array
detector operating at detection beam of 330 nm and
reference beam of 360 nm. The peaks of the standards
were identified in the sample by comparison of retention
time. System suitability parameters (peak asymmetry,
tailing factor, theoretical plates number (N), capacity
factor (k"), height equivalent to theoretical plate (HETP),
and resolution) were assessed using the mixed standard
solution chromatogram (ICH, 2005).

Method validation: Linearity of the method was
assessed analyzing the mixed standard solutions in
triplicate. The mixed working standard solution contained
chlorogenic acid (0.14-12.04 pg/mL), caffeic acid (0.12-
5.76 pg/mL), vanillin (0.33-15.84 pg/mL) and ferulic
acid (0.11-5.28 pg/mL). The plot between concentration
and peak area of each standard was constructed and
linearity was evaluated visually and applying the linear
regression. The data points correlation was evaluated by
coefficient of determination (r*= 0.9999-1.0000). Beer’s
range was determined from linear portion of the
concentration versus peak area. The recovery was
determined spiking 20 mg of ethyl acetate extract of the
medicine obtained with 1 mL of each of the three mixed
working standard solutions containing caffeic acid (0.24,
0.48 and 0.96 pg/mL), chlorogenic acid (0.28, 0.56 and
1.12 pg/mL), ferulic acid (0.22, 0.44 and 0.88 pg/mL)
and vanillin (0.66, 1.32 and 2.64 pg/mL). The analysis of
spiked and un-spiked samples was done in triplicate and
standards were quantified using the respective calibration
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curves. The calculated amount was then compared with
the spiked amount to assess recovery (ICH, 2005).

For intraday precision and accuracy, each of the
three mixed working standard solution used for recovery
was analyzed six times within a day, while for interday
precision and accuracy, each of three mixed working
standard solution was analyzed once daily for six
successive days. Accuracy was determined by
quantification of each standard from respective standard
curve constructed on each day, whereas the RSD of the
six readings was taken as precision. LOD and LOQ were
determined statistically analyzing five mixed working
standard solutions containing 0.24-2.88 pg/mL caffeic
acid, 0.28-3.36 pg/mL chlorogenic acid, 0.22-2.64 png/mL
ferulic acid and 0.66-7.92 pg/mL vanillin in
quintuplicate. Standard curves of each standard were
constructed to determine mean slope and standard
deviation of intercepts. Robustness of method was
determined by altering column temperature (£2°C), pH
(£0.1) and detection wavelength (£2 nm) (ICH, 2005).

Pharmacological studies

Animals and grouping: Forty eight male Wistar rats,
weight 190 £+ 10 g, aged 15 weeks, acquired from Animal
House, Punjab University College of Pharmacy, Lahore,
Pakistan, were housed to acclimatize at room temperature
with constant humidity for one week period. Rodent
pellet-diet was provided and water was supplied ad
libitum to experimental animals. These animals were kept
in separate cages at the Animal House, following the
regulations and guidelines of the Bioethics Committee,
University of the Punjab, Lahore. The experimental
procedures utilized in the current study were authorized
and approved by the Bioethics Committee, Vide
reference No. D/1304/02, Punjab University, Lahore,
Pakistan.

The experiments were laid-down following
completely randomized design. The in vivo anti-gout
activity was determined by method described by Nguyen
et al. (2017) with some modifications. Anti-gout activity
protocol was designed into two parts, protective and
curative. For the former (protective study), thirty male
Wistar rats were segregated into four groups, each having
six rats, except group-II which had twelve rats. The
group-I served as control (uncompromised and
untreated), group-II as toxic (Potassium oxonate treated),
group-III as herbal medicine treated and group-IV as
allopurinol treated, respectively. In curative study, nine
rats separated from group-II (toxic group) after protective
study period were segregated into three groups (n=3) as
group-I served as vehicle control, group-II served as
herbal medicine treated and group-IIl served as
allopurinol treated.

The in vivo anti-inflammatory activity of herbal
medicine was determined following the method reported
in literature (Muhammad et al., 2012). Eighteen, male,
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Wistar rats, (independent samples) were segregated into
three groups (each n=6), termed as group-I (vehicle
control group), group-II (herbal medicine) and group-III
(diclofenac sodium).

Preparation and administration of dose: A dose of 792
mg/kg was selected for in vivo anti-gout and anti-
inflammatory studies of herbal medicine and it was
determined on basis of following formula i.e. Animal
equivalent dose (mg/kg)=(human equivalent in
mg/kg)(Kn of human/ Ky, of rat) (Nair and Jacob, 2016).
Doses of herbal medicine, potassium oxonate, allopurinol
and diclofenac sodium were prepared in a mixture of
water and tween 80(95:5 V/V). For anti-gout activity,
treatments given to each group were described as follows;
group-I was administered vehicle, group-II was given
potassium oxonate (250 mg/kg), group-III was given
herbal medicine (792 mg/kg) and group-IV received
allopurinol (10 mg/kg). To induce hyperuricemia, uricase
inhibitor (potassium oxonate) was administered by oral
gavage one hour prior to administration of test samples,
in all treatment groups (II, IIT and IV) with the exception
of control group (group-I) and the study was continued
for 21 days for protective study design.

For curative study design, treatments given to
each group were explained as follows; group-I was
administered vehicle, group-II was given herbal medicine
(792 mg/kg) and group-III was given allopurinol (10
mg/kg) by oral gavage for a period of 7 days.

For in vivo anti-inflammatory activity, group-
wise treatments were as follows; group-I received
vehicle, group-II received herbal medicine (792 mg/kg)
and group-III received diclofenac sodium (10 mg/kg).
There is oedema induction in hind paw of Wistar rats by
subplantar injection of 1.0 % carrageenan (0.1 mL)
immediately 1 h after the administration of test drug.
Swelling in  hind-paw  was measured using
Plethysmometer immediately before drug administration
and later at 1, 2, 3, 4 and 24 h. Percent oedema inhibition
was calculated in comparison with control group using
following formula:

Percent inhibition =

A-Z %100
A

Where A represents oedema volume of control group and
B as oedema volume of treatment group.

Collection of blood and tissues: One hour after last dose
administration of the treatment in protective and curative
study, the blood samples were withdrawn in plain tubes
by cardiac puncture of experimental rats under diethyl
ether anesthesia. Then euthanization of animals was done
under diethyl ether anesthesia to harvest liver tissue
which was washed with 0.9% normal saline. Liver
homogenate was prepared by mincing liver tissue (150
mg) in a sterile petridish, kept on ice pack. Then the
minced tissue was suspended in 50 millimolar phosphate
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buffer (3 mL; pH 7.4) and then homogenized for 5 min
followed by centrifugation (3000 g for 10 min) to collect
supernatant. Kidney sample of each experimental animal
was preserved in buffered neutral formalin (10% V/V).

Biochemical analysis and histology: To collect serum,
centrifugation of blood sample was done for 10 min at
2700 rpm and resulting samples were quantified for uric
acid by Beckman Coulter AU480. For histopathology,
kidney samples were treated by routine techniques of
dehydration in alcohol and paraffin embedding method.
Kidney tissue sections (4-5 um thickness) were made and
stained with the hematoxylin and eosin stains followed by
histopathological examination of slides under light
microscope.

Xanthine oxidase activity of liver homogenate: A
reaction mixture containing 0.5 mL supernatant,
phosphate buffer solution (3.5 mL) having pH 7.5 and 1
mM potassium oxonate(1 mL), was incubated at 37°C for
15 min and then 0.250 mM xanthine(1 mL) was added
and contents were further incubated(37°C) for 30 min.
The reaction was arrested by 0.5 M HCl (0.5 mL)
followed by determination of absorbance at 290 nm. The
xanthine oxidase activity was shown as nanomoles of uric
acid produced per min/mg of protein content (Mo et al.,
2007).

Statistical analysis: The results were mentioned as mean
+ SD for validation studies and mean £+ SE for in vivo
studies. Data were analyzed by ANOVA (one-way) with
PostHoc multiple comparisons with Bonferoni utilizing
SPSS 22.0 (IBM SPSS statistics). A p value < 0.05 was
regarded as significantly different (Field, 2013).

RESULTS

Development of method: Mixed working standard
solution containing 14 pg/mL chlorogenic acid, 12
pg/mL caffeic acid, 33 pg/mL vanillin and 11 pg/mL
ferulic acid were analysed in triplicate. Sample(20 pL)
was eluted by an isocratic mobile phase consisting of
aqueous acetate buffer having pH 3.6: methanol:
acetonitrile: tetrahydrofuran (65:20:10:5) at 0.8 mL/min
flow rate through HPLC column (Agilent TC-Cis),
maintained at 35°C with photodiode array detector
operated at detection beam of 330 nm and reference beam
of 360 nm. The peaks of the standards were identified in
the sample by comparison of retention time. The HPLC
chromatogram of mixed standard is given in Figure 1.
System suitability parameters (peak asymmetry, tailing
factor, theoretical plates number (N), capacity factor (k"),
height equivalent to theoretical plate (HETP), and
resolution) were assessed using the mixed standard
solution chromatogram. These parameters are given in
Table 1.
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Figure 1. HPLC chromatogram of the markers (1) chlorogenic acid (2) caffeic acid (3) vanillin (4) ferulic acid.

Table 1. System suitability parameters calculated from chromatogram of mixed standards.

Parameters Chlorogenic Caffei Vanillin  Ferulic Acceptable limit
acid c acid acid
k’ 3.32 6.04 7.39 8.43 K>2
As 1.0 1.0 1.0 1.0 T<2
N 4779.7 12709. 180289  22808.2 N > 2000
4
HETP (um) 523 19.6 13.8 10.9 The smaller the value, the higher the column
efficiency
Rs Chlorogenic acid and caffeic acid 13.62 Rs>1.5
Rs Chlorogenic acid and vanillin 20.35 Rs>1.5
Rs Chlorogenic acid and ferulic acid 25.59 Rs>1.5

k’ is capacity factor, As is peak asymmetry, N is number of theoretical plates, HETP is height equivalent to theoretical plate and Rs is
resolution

Method validation: The developed analytical method comparing retention time and their area was used to
was linear in the range investigated as chlorogenic acid quantify these compounds in the herbal medicine. The
(0.14-12.04 pg/mL), caffeic acid (0.12- 5.76 pg/mL), amount of marker compounds (chlorogenic acid, caffeic
vanillin (0.33- 15.84 pg/mL) and ferulic acid (0.11- 5.28 acid, vanillin and ferulic acid) quantified in herbal
pg/mL). The results of recovery, precision and accuracy medicine were found to be 0.2967 mg/g, 0.2698 mg/g,
of all the four standards are given in Table 2. These 0.2122 mg/g and 0.2160 mg/g, respectively (Figure 2).
results depicted that the method exhibited good recovery,
hence method was reliable. Intra-day and inter-day
accuracy values of analytical markers were 90.4% to
114.94% and 91.5% to 114.9% with RSD less than 5%,
which showed that the method was reproducible and
repeatable. LOD of caffeic acid, chlorogenic acid,
vanillin and ferulic acid were 0.10, 0.31, 0.082 and 0.073
pg/mL, respectively, while LOQ were found to be 0.32,
0.95, 0.25 and 0.22 pg/mL, respectively. These values
determined in the present study were lesser than those
reported previously which indicated the higher sensitivity
of the method (Li ef al., 2004). Hence, the method can be
used to quantify these markers even at sub-microgram
level. Furthermore, the method was robust as slight
variation in mobile phase, detection wavelength and
column temperature did not affect the accuracy.

Pharmacological studies: The results of protective anti-
gout activity of herbal medicine assessed by level of
serum uric acid and enzyme activity of liver homogenate
are given in Figure 3. Administration of potassium
oxonate by oral gavage resulted in significant (P<0.05)
hyperuricemia as indicated by raised serum uric acid
level (4.8 mg/dL) in toxic group as compared to control
group (0.6 mg/dL). The treatment with the herbal
medicine (792 mg/kg) for 21 days duration significantly
reduced serum uric acid level (1.46 mg/dL) and xanthine
oxidase activity (0.1 nM/min/mg protein) of the liver
homogenate. Allopurinol (10 mg/kg) showed significant
(P<0.05) reduction in serum uric acid level (0.93 mg/dL)
and xanthine oxidase activity (0.06 nM/min/mg protein).
The results indicated that herbal medicine (792 mg/kg)
inhibited xanthine oxidase activity by 75.79% as
Determination of markers in herbal medicine: The compared to control group. Similarly, allopurinol (10
peaks of marker compounds were identified by mg/kg) inhibited xanthine oxidase activity by 85.07%,
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exhibiting slightly more potent activity as compared to
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herbal medicine.

Table 2. Recovery, Intra-day, inter-day accuracy and precision of the HPLC method for determination of
chlorogenic acid, caffeic acid, vanillin and ferulic acid (n = 6).

Concentration Recovery (%) = SD Intraday Interday
(pg/ml) Accuracy Precision Accuracy Precision
Chlorogenic acid
0.28 95.0+0.0073 102.39 2.52 114.67 4.13
0.56 98.4+0.0042 110.49 0.46 113.62 1.55
1.12 99.3+0.0036 91.42 1.97 114.54 1.62
Caffeic acid
0.24 106.0+0.0041 114.90 1.24 113.76 223
0.48 98.90+0.0015 101.5 0.32 104.11 1.47
0.96 101.1+0.0027 114.94 1.95 114.94 0.55
Vanillin
0.66 96.8+0.0040 114.4 2.89 114.48 2.38
1.32 97.3+0.0040 90.47 1.38 91.55 2.78
2.64 100.9+0.004 114.92 0.15 114.92 1.04
Ferulic acid
0.22 100.08+0.002 114.73 0.72 114.7 0.67
0.44 102.5+£0.0012 92.38 3.18 93.91 3.66
0.88 99.4+0.0012 112.83 0.24 114.71 0.94
“’:CI L8 i B, 0 A b )

Pmea

-

Figure 2. HPLC chromatogram of herbal medicine (1) chlorogenic acid (2) caffeic acid (3) vanillin (4) ferulic acid

The results of curative role of herbal medicine
assessed by level of serum uric acid and enzyme activity
of liver homogenate are given in Figure 4. Group-II
treated with the herbal medicine (792 mg/kg) for 7 days
duration exhibited significant lowering of serum uric acid
level (0.53 mg/dL) and xanthine oxidase activity (0.045
nM/min/mg protein) of liver homogenate. These results
showed that administration of herbal medicine cured
hyperuricemia in toxic group rats. Allopurinol (10 mg/kg)
showed significant reduction of serum uric acid level
(0.42 mg/dL) and xanthine oxidase activity (0.043
nM/min/mg protein) of liver homogenate.

The histopathological examination of kidney-
slides in different treatment groups indicated histological
changes in the renal cells of toxic group due to renal
damage caused by hyperuricemia resulting in cellular
infiltration, glomerular damage and tubulointestinal
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nephritis. Mild cellular infiltration with improvement in
renal histomorphological structure was observed in herbal
medicine treatment group (Figure 5).

The anti-inflammatory potential of herbal
medicine was assessed employing carrageenan-induced
rat hind paw oedema model. On subplantar injection of
carrageenan (1% w/v; 0.1 mL), there is marked increase
in hind paw volume with maximal effect after 3 h.
Group-II and group-III experimental animals treated with
herbal medicine and diclofenac sodium caused significant
reduction (p<0.05) in oedema volume as compared to
control group(Figure 6). Percent oedema inhibition by
herbal medicine (792 mg/kg) and diclofenac sodium (10
mg/kg) was 26.45% and 20% in first hour and was
maximum (49.8% and 46.78%) in the fourth hour of
study.
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Figure 3. Protective study for determination of serum uric acid and nM uric acid/min/mg protein in rat liver in
control, PO (Potassium oxonate 250 mg/kg) group, and treated groups with HM (herbal medicine 792
mg/kg); A (allopurinol 10 mg/kg). Each bar represents mean of sixtSE, * significantly different than the
toxic group, p<0.05 from potassium oxonate, control, herbal medicine 792 mg/kg and allopurinol 10
mg/kg groups, respectively.
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Figure 4. Curative study for determination of serum uric acid and nM uric acid/min/mg protein in rat liver in
control, and treated groups with HM (herbal medicine); A (allopurinol). Each bar represents mean of
sixxSE, * significantly different than the control group, p<0.05 from control, herbal medicine 792 mg/kg
and allopurinol 10 mg/kg groups, respectively.
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Figure 5. Microscopic images by light microscopy of kidney sections after Haematoxylin and Eosin staining (A)
Vehicle control group; (B) Potassium oxonate 250mg/kg (toxic group); (C) HM (herbal medicine 792

mg/kg) treated; (D) Allopurinol (10 mg/kg) treated (positive control)
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Figure 6. Effect of herbal medicine (HM 792 mg/kg) and diclofenac sodium (DS 10 mg/kg) on carrageenan
induced paw oedema volume in rats, asterick’s indicated values are statistically significant at p<0.05 over

control.

DISCUSSION

In the current study, a traditionally used
polyherbal anti-gout remedy was standardized by a
reversed-phase  HPLC method using four phenolic
compounds (chlorogenic acid, caffeic acid, vanillin and
ferulic acid) as pharmacologically active analytical
standards. The methods reported in the literature for
quantification of different phenolic compounds required
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expensive reagents, instruments, techniques and could not
be utilized for routine quality control (Aramendia et al.,
2000; Alpar et al., 2018; Cittan and Celik, 2018;
Paniagua et al., 2019). Moreover, there was no study
regarding simultaneous quantification of these four
markers using isocratic mobile phase. Hence, a simple
and sensitive analytical method was developed and
validated to standardize polyherbal anti-gout remedy.
Optimum chromatographic conditions were obtained
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after running different mobile phases using reversed
phase Cj;s column to achieve the best resolution.
Detection wavelength of 330 nm resulted in an acceptable
response and enabled the detection of these four phenolic
compounds used in this study.

Pharmacological evaluation demonstrated that at
dose of 792 mg/kg, polyherbal remedy exhibited
significant reduction of serum uric acid level in oxonate
induced hyperuricemia rats in both protective and
curative study design. At dose (792 mg/kg) the remedy
also notably inhibited hepatic xanthine oxidase activity in
both study group rats. Hence, the hypouricemic effect of
polyherbal remedy is caused by its inhibitory potential on
xanthine oxidase (a key enzyme in the biosynthetic
pathway of uric acid). Literature reported significant
xanthine oxidase inhibitory potential of chlorogenic acid
(Ozyurek et al., 2009; Meng et al., 2014), caffeic acid
(Sud’Ina et al., 1993; Masuda et al., 2014) and ferulic
acid (Wang et al., 2007; Nile et al., 2016), hence the
marker compounds quantified in the polyherbal remedy
contributed to significant pharmacological activity.

The anti-hyperuricemic property of polyherbal
remedy observed in the study could also be explained by
enzyme inhibitory effect of different flavonoids (Beiler
and Martin, 1951; lio et al., 1985; Nagao et al., 1999;
Van et al., 2002; Lin et al., 2015), found in the
ingredients of the remedy (Saleh ef al., 1982; Schubert et
al., 1999; Kim et al., 2007; Gill et al., 2011; Waghulde et
al., 2011; Liu et al., 2012). Therefore, phenolic
compounds and flavonoids found in the ingredients of the
remedy contributed to significant anti-gout activity of the
herbal remedy.

The herbal remedy also displayed notable anti-
inflammatory activity in carrageenan-induced rat hind-
paw oedema in vivo model. The phenolic compounds
quantified in the remedy also exhibited significant anti-
inflammatory potential by inhibiting release of cytokines,
leukotrienes and pro-inflammatory mediators
(interleukin-1B, TNF-a and interleukin-6) responsible for
inflammation (Ozaki, 1992; Lim et al., 2008; Chao et al.,
2009; Makni et al., 2011; Srikanth et al., 2013; Cunha et
al., 2016; Gawlik et al., 2017). Hence, significant anti-
inflammatory potential of herbal medicine was due to
inhibition on release of these inflammatory mediators by
phenolic compounds found in the herbal remedy.

Conclusion: The HPLC method developed and validated
for simultaneous quantification of four standards is
simple, sensitive and reliable, hence may be used to
standardize anti-gout remedy. This study experimentally
demonstrates that herbal medicine exhibits anti-
hyperuricemic and anti-inflammatory activities. Hence,
our findings gave scientific evidence for the traditional
use of herbal remedy for treating gout.
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