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Evaluation of free radical scavenging and anti-lipoxygenase activity in various
fractions of ayurvedic polyherbal decoction, Punarnavadi kashayam
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Punarnavadi kashayam (PK), a classical ayurvedic polyherbal decoction prescribed for abating various inflammatory
conditions, was analysed for its total phytochemical content, free radical scavenging, and anti-inflammatory activity in order to
validate its traditional usage. PK was sequentially fractionated using solvents of different polarity and the preliminary
phytochemical screenings were performed. Free radical scavenging activity was determined using various biochemical assays while
the anti-inflammatory potential was evaluated by determining the anti-lipoxygenase activity using FOX assay. Ethyl acetate
fraction showed better free radical scavenging activity as compared to the corresponding positive controls. The same fraction
exhibited the better ICs, for 5- and 12-lipoxygenase inhibition assay than the positive control, showing its anti-inflammatory
property. The phytochemical analysis revealed a higher content of phytochemicals in ethyl acetate, dichloromethane and methanol
fractions which displayed the correlation between phenolic content and the bioactivity. Overall, PK can effectively scavenge free
radicals and inhibit lipoxygenase enzymes, thereby decreasing the production of free radicals and pro-inflammatory leukotrienes.
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Free radicals are highly unstable atoms or group of
atoms which tend to search for electrons from other
lead molecules/atoms to become stable and make
other molecules unstable which lead to a chain
reaction in the body'. Different kinds of free radicals
including reactive oxygen species (ROS) and reactive
nitrogen species (RNS) thus generated are the
products of normal cellular metabolism®. However,
the uncontrolled exposure of biological system to
chemicals and other contaminants paves a way to
an unbalanced production of free radicals which
contributes to irreversible oxidative damage to
biomolecules like lipids, nucleic acids, proteins
and carbohydrates, which leads to the onset of
ageing process and numerous chronic diseases
like inflammatory arthropathies, cancer, Parkinson’s
disease, cardiovascular disease, etc., in humans.

Antioxidants are compounds which inhibit or trap free
radicals generated in the body, thereby reducing the
oxidative stress-related disorders’. Various synthetic
antioxidants like propyl gallate, butylated hydroxyl
toluene, butylated hydroxy anisole, etc., are available
in the market, which are associated with adverse health
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effects™. Thus, there is a necessity for exploring the
least toxic herbal alternatives against inflammatory
diseases which are the rich source of natural
antioxidants. Various studies emphasize the correlation
of phytocompounds like phenolics-flavonoids present
in the herbal plants with the antioxidant potential which
helps in the free radical scavenging and thereby
reduces degenerative diseases’. Oxidative stress and
inflammation are closely related pathophysiological
processes, one of which one can easily induce the
other. Most of the phases of chronic inflammatory
disorders are associated with free radical production
and associated inflammation. Hence antioxidant therapy
alone is unlikely to prevent inflammatory disorders".
Lipoxygenases are rate-limiting enzymes which
catalyse the biosynthesis of leukotrienes from
arachidonic acid released from the membrane
phospholipids during inflammatory conditions and
thus have an important role in the pathophysiology of
inflammation. Therefore, inhibition of lipoxygenase
enzymes attributes to the blockade of inflammatory
complications. Mainly three types of LOX
isoenzymes namely, 5-, 12- and 15-LOXs are
associated with inflammatory disease conditions like
asthma, cardiovascular diseases, atherosclerosis and



652 INDIAN J TRADIT KNOW, JULY 2021

even cancers’. Consequently, potential lead molecules
with inhibitory effect on LOX enzymes could have
a potential therapeutic role in reducing inflammation-
related disorders'’. Chemical compounds like zileuton,
montelukast, pranlukast, etc., used as 5-LOX inhibitors
for the treatment of inflammatory diseases, are
associated with hepatic and gastrointestinal disorders''.
In Ayurveda, the traditional system of Indian medicine,
herbal formulations or combined plant extracts are
used in the treatment of a wide variety of ailments and
clinical application of this approach is found to be
successful as conventional treatment'’. Punarnavadi
kashayam is a classical ayurvedic polyherbal decoction,
mentioned in ayurvedic literature Sahasrayoga used
to mitigate various proinflammatory disorders" ™.
According to Sarangdhar Samhita, the decoctions with
multiple herbs in a particular ratio contribute better
therapeutic effects with less toxicity'®. However,
proper scientific confirmation is necessary for this
combined herbal extract for validating its therapeutic
effects. The present study focuses on the preliminary
phytochemical screening and the antioxidant-anti-
lipoxygenase activity of the Punarnavadi kashayam
(PK) which comprises of eight herbs.

Materials and Methods

Punarnavadi  kashayam prepared according to
Sahasrayoga was  purchased from  Kottakkal
Arya Vaidya Sala, Kottayam, Kerala. Gallic acid
monohydrate, caffeic acid, rutin trihydrate, butylated
hydroxyl toluene, 2,2-diphenyl-1-picrylhydrazyl, 2,2’-
azino-bis-(3 ethyl) benzothiazoline)-6-sufonic acid)
diammonium salt, potassium persulfate sulphanilamide,
aluminium chloride, montelukast, EDTA, and xylenol
orange were purchased from Himedia Laboratories,
Mumbai. Sodium bicarbonate, sodium molybdate
dihydrate, sodium nitrite, sodium hydroxide, ammonium
iron II sulfate hexahydrate, potassium ferricyanide,
2,4,6-tri[2-pyridyl]-S-triazine (TPTZ), iron II sulfate
heptahydrate, hydrogen peroxide solution 30% purified,
ferrous sulfate, and triton X-100 were obtained from
Merck Specialities Pvt. Ltd, India. 15-LOX pure enzyme
was purchased from Cayman Chemicals, USA. Folin-
Ciocalteu’s phenol reagent and solvents like hexane,
dichloromethane, ethyl acetate, methanol used for
fractionation studies were of HPLC grade purchased
from Himedia Laboratories, Mumbai.

Fractionation of Punarnavadi kashayam
Sequential fractionation of Punarnavadi kashayam
(PK) was carried out using five different solvents,

viz., hexane, dichloromethane, ethyl acetate,
methanol, and deionized water, based on their
polarity. The fractions collected were evaporated to
dryness using rotary evaporator and lyophilized. The
percentage yield of each fraction was calculated and
the fractions were named, PK I, PK II, PK III, PK IV
and PK V, respectively. The dried extracts were
stored at 4°C until further analysis.

Qualitative phytochemical analysis

Qualitative phytochemical screening was done for
the preliminary identification of various secondary
metabolites such as flavonoids (Alkaline reagent test),
phenols (Ferric chloride test), tannins (Braymer’s
test), saponins (Foam test), terpenoids (Salkowski’s
test), quinones, fatty acids, alkaloids (Wagner’s test),
carbohydrates (Molisch’s test), cardiac glycosides
(Keller Kelliani’s test), amino acids and proteins,
anthocyanins and coumarins present in Punarnavadi
kashayam fractions according to standard protocols' "',
The stock solution was prepared for each fraction with
methanol except for water fraction at concentration of
5 mg/ mL and was subjected to analysis. A control
was maintained for all assays with corresponding
reagent without sample.

Quantitative phytochemical analysis

Total phenolic content

Total phenolic content in PK fractions was
determined using Folin-Ciocalteu’s method'. Briefly,
the reaction mixture was prepared by mixing 0.1 mL
of samples at concentration 1 mg/mL with 0.2 mL
Folin-Ciocalteu’s reagent and incubated for 4 min.
After incubation, 1 mL of sodium carbonate solution
(15%) was added to it. The mixture was incubated for
2 h under dark conditions and the absorbance
was taken at 765 nm using UV spectrophotometer
(Shimadzu, Japan). Total phenolics were calculated
from the gallic acid (standard) calibration curve and
was expressed as the gallic acid equivalent per gram
(mg GAE/g) of extract.

Total phenolic acid content

The total phenolic acid content was quantified
using a spectrophotometric method with Arnov’s
reagent’’. The reaction mixture was prepared out of
0.1 mL of each fraction at a concentration of 1 mg/mL
mixed with 0.6 mL deionized water, 0.1 mL 0.5%
hydrochloric acid, 0.1 mL Arnov’s reagent (10.0 g
sodium molybdate and 10.0 g sodium nitrite) and 0.1
mL sodium hydroxide (4%). The pink colour chromophore
obtained was spectrophotometrically measured at 490
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nm and the concentration expressed as caffeic acid
equivalent (mg CAE/g) on dry weight which was
calculated from the caffeic acid calibration curve.

Total flavonoid content

The quantification of flavonoids was estimated by
aluminium chloride colorimetric method*'. Briefly, 0.5
mL of each sample / rutin standard solution was mixed
with 1 mL deionized water, 0.3 mL sodium nitrite (5%)
and kept for 5 min. After incubation, 0.3 mL aluminium
chloride (10%) was added and incubated for 6 min at
room temperature before 1 mL of 1M NaOH was added.
The absorbance was recorded immediately at 510 nm
against a blank using a UV spectrophotometer. Total
flavonoid content was calculated from the rutin
calibration curve as milligrams of rutin equivalent per
gram of dry extract (mg RE/ g).

Free radical scavenging and reducing antioxidant activity

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity

DPPH, a stable free radical scavenging activity,
was assessed using the method described by
Sundarraju et al.,”*. For the assay, 0.1 mL of 0.5 mM
DPPH solution was mixed with 0.1 mL of PK
fractions/BHT  (positive control) at different
concentrations (50 pg-1000 pg/mL). Then the reaction
mixture was incubated for 30 min in dark at room
temperature and the decrease in absorbance was
recorded at 517 nm using the Thermo Scientific
Varioskan multimode reader. The radical scavenging
activity of each sample / positive control was
calculated using the following equation. Percentage
radical scavenging activity= [(AbScontro—AbStes)/
AbSconwol] X100, where Absconiro 18 the absorbance of

the control and Abs is the absorbance of the sample.

Azino-bis-(3 ethyl) benzothiazoline)-6-sulfonic acid) (ABTS*)
cation scavenging activity

In ABTS radical scavenging assay, the blue-green
colour of ABTS" cation gets decolorised according to
the extent of the antioxidant capability of the sample.
ABTS cation radicals (ABTS") were prepared by
mixing an equal volume of 7 mM aqueous solution of
ABTS with 2.45 mM potassium persulfate (K,S,0g)
and the mixture was kept at room temperature in the
dark for 16 h until the reaction was complete. After
incubation, the mixture, blue/green chromophore was
diluted with methanol to obtain an absorbance of
0.700+0.005 at 734 nm*>**. Then 0.9 mL ABTS’
solution was added to 0.1 mL sample / positive
control at different concentrations (10 ug-500 pg/mL)

and mixed for 15 s. The decrease in absorbance taken
immediately in Shimadzu UV 1800 spectrophotometer
at 734 nm. The percentage of ABTS" scavenging by
the fractions/positive control was calculated using the
following equation: percentage cation radical scavenging=
[(Abscomrol_AbSlest)/ Abscontrol] XIOO, where Absconlrol is
the absorbance of the control and Abs.y 1S the
absorbance of the sample.

Ferric reducing antioxidant power (FRAP) assay

FRAP assay was used to analyse the ability of PK
fractions to reduce the ferric complex to ferrous
form®. The FRAP reagent was prepared by mixing
300 mM acetate buffer (pH 3.6) with 10 mM TPTZ
(2, 4, 6-tripyridyl-s-triazine) in 40 mM HCI and 20
mM ferric chloride hexahydrate (10:1:1) and warmed
at 37°C immediately prior to the assay. In this assay,
140 pL of freshly prepared FRAP solution was added
to 30 uL of each fraction / positive control, Butylated
hydroxyl toluene (BHT) at concentration 1 mg/mL
and incubated for 30 min at 37°C in dark. The
absorbance of the coloured reactant was measured at
593 nm by the varioskan multimode plate reader. The
net absorbance was interpolated on the calibration
plot prepared using ferrous sulphate and the results
were expressed in terms of mg ferrous / mg of extract.

Hydrogen peroxide scavenging activity

The hydrogen peroxide scavenging capability of
PK fractions was measured by the standard method of
Ruch et al.,”**. Hydrogen peroxide solution (4 mM)
were prepared in phosphate buffered saline at pH 7.4
and the reaction was initiated by adding 0.6 mL
hydrogen peroxide to 0.1 mL samples / positive
control at various concentrations (50-1000 pg/mL).
The control was maintained with hydrogen peroxide
and PBS without samples. The absorbance of the
reaction mixture was read at 230 nm after 10 min
incubation against the blank, PBS. BHT was used as
the reference compound for the assay. The percentage
of hydrogen peroxide scavenging by the fractions/
standard was calculated using the following equation:
percentage cation radical scavenging= [(Abscontor—
Abses)/ AbSconmor] %100, where Absconwor 1S the
absorbance of the control and Abs,. is the absorbance
of the sample.

Anti-inflammatory activity

Inhibition of 5-, 12- and 15- Lipoxygenases

An enzyme-based 5-, 12- and 15-lipoxygenase
assay was performed to evaluate the anti-inflammatory
effect of PK fractions.
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5-LOX extraction from red potato tubers

5-LOX was isolated from red potato tubers
purchased from the local vendors. The extraction of
5-LOX was done as per the protocol described by
Redanna et al.”®. Cleaned red potatoes were
homogenised with 2 volumes of potassium phosphate
buffer (100 mM) containing sodium bisulfite, ascorbic
acid (2 mM), and EDTA (1 mM) at pH 6.3. The
homogenate thus produced was filtered and the filtrate
was subjected to centrifugation at 10,000 g for
20 min. The supernatant was 15% saturated with
ammonium sulphate (NH4),SO; with continuous
stirring for 1 h for protein precipitation and the
precipitate was removed by centrifugation at 15,000 g
for 15 min followed by 45% (NH4),SO,4 saturation.
Centrifuge at 15,000 g for another 15 min to remove
remaining proteins. The pellet was resuspended in
200 mL of 40 mM Potassium phosphate buffer (pH
6.3) and underwent dialysis against 2 L of the same
buffer for 24 h. The resulting dialyzed solution was
subjected to centrifugation and the supernatant was
applied to DE 52-column chromatography (previously
degassed and equilibrated with 40 mM potassium
phosphate buffer). The column was washed with the
same buffer at a flow rate of 1.5 mL / min until the
absorbance of the eluent reached below 0.2 at
wavelength 280 nm. Then the eluent was replaced
with a linear KCl gradient by preparing 1 L buffer and
1 L buffer containing 0.25 M KCIl following the
fractions were collected and the protein level was
measured. The fractions exhibiting 5-LOX activity
were pooled and dialysed against the buffer overnight
for further purification, which served as the enzyme
source.

12-LOX isolation from PRP

Platelet 12-LOX was isolated from human platelets
(Institutional human ethical clearance number:
IEC/IRB No: 4/IHEC20082015) as described by
Waslidge et al., with slight modifications”. Platelets
were isolated from platelet-rich plasma (PRP)
obtained from blood bank by centrifuging at 230 g for
5 min. Then the supernatant was collected and
centrifuged at 500 g for 20 min and the pellets were
resuspended in PBS (pH 7.2, 2 mM EDTA) and
centrifuged for 5 min at 230 g to remove RBCs. The
final pellet was resuspended in calcium-free Tyrodes
(pH 7.4) and kept at room temperature for 30 min.
The pellets (platelets) were lysed using 0.1% (v/v)
Triton X-100 followed by freeze-thawing and the cell
debris was removed by centrifugation. The total

protein content was estimated using Bradford assay
and the enzyme was stored at -80°C until use.

Ferrous oxidation-xylenol orange assay

FOX assay was performed as per the protocols
described by John ef al’™*'. The assay was initiated by
mixing 20 pL of the 5-, 12- and 15-LOX enzymes
separately with different concentrations (0.01-100 pg
/ mL) of PK fractions / positive control (montelukast)
and incubated for 20 min at dark condition followed
by the addition of 50 pL linoleic acid substrate (140
uM). Incubated for 20 min in dark and finally the
reaction was terminated by adding 130 pul. FOX
reagent. Then incubated the mixture for 20 min in
dark and read the absorbance of the coloured complex
at 560 nm in Varioskan multimode reader. A blank
with methanol and a negative control containing the
reaction system without sample were maintained for
all experiments. Percentage of inhibition of 5/12/15-
LOXs was calculated using the formula, [(AbScontro-
ADbSiest)/AbScontro1] %100,  where  Absconror 1S the
absorbance of the control, i.e., uninhibited reaction
system and Abs.y is the absorbance of enzyme
activity in the presence of PK fractions/positive
control. ICsy values were calculated from percentage
inhibition using Graph Pad Prism 5 and compared to
that of positive control.

Statistical analysis

Statistical analysis was performed by one-way
analysis of variance using GraphPad Prism® version
5.03 and the significance of the test samples
compared with the positive samples was determined
by Dunnett’s multiple comparison test at (p<0.05). All
analyses were done in triplicates and the results were
expressed in mean + standard deviation.

Results

Yield of the fractions
The percentage yield of each fraction is shown in
Table 1.

Phytochemical screening
The preliminary phytochemical screening revealed
the presence of a wide range of chemical entities in

Table 1 — Percentage yield of PK fractions

Sample id Yield Yield % (w/w)
PK T 4.076 1.1004
PK II 19.874 5.3656
PK 111 40.800 11.0151
PKIV 111.146 30.0070
PKV 95.2000 25.7019
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PK fractions, which were shown in Table 2. PK II
and PK III exhibited the presence of secondary
metabolites, flavonoids, phenols, tannins, terpenoids,
quinones, alkaloids, carbohydrates, etc, where PK 1|
found to have the least.

Quantitative phytochemical estimation

Determination of total phenolics, phenolic acids and flavonoids
content

Total phenolics, phenolic acids and flavonoids
content in PK fractions expressed in terms of gallic
acid equivalence, caffeic acid equivalence and rutin
equivalence respectively are as shown in Table 3.

Antioxidant potential of PK fractions

PK fractions were assessed for the antioxidant
potential and ferric reducing ability using four
different assays and compared with positive controls.

DPPH and ABTS radical scavenging activity

All fractions of Punarnavadi kashayam exhibited a
concentration-dependent DPPH and ABTS radical
scavenging activity compared to the positive control,
BHT. Furthermore, fraction PK III showed the highest
scavenging activity (Table 4).

FRAP assay

The antioxidants/reductants present in the fractions
lead to the reduction of Felll-TPTZ complex to
Fell-TPTZ complex in the system to form purple
colour depending wupon the reducing power.
Therefore, the reducing ability can be monitored by
measuring the formation of a purple complex. The
absorbance from the assay was compared with the
ferrous sulphate calibration curve and the reducing
capacity values were expressed as mg Fe*'/mg
extract, given was in Table 4. PK III (0.1162+0.0031
mg Fe*’/mg extract) was found to exhibit a higher
reducing capacity compared with standard BHT
(0.1053 +0.0092 mg Fe*/mg extract) and other
fractions.
Hydrogen peroxide scavenging assay

A concentration-dependent hydrogen peroxide
scavenging activity was exhibited by PK fractions and
standard BHT. Results showed that the fraction PK III
exhibited the lower ICsy (10034£0.04104 npg/mL),
when compared with other fractions and less
compared to the positive control BHT
(456.6+0.01384 pg/mL) which showed much lower
1Cso than PK fractions.

Table 2 — Preliminary phytochemical analysis of PK fractions

Phytochemicals

Flavonoids -
Phenols +
Tannins -
Saponins -

Terpenoids -
Quinones +

Fatty acids -

Alkaloids +

Carbohydrates ++

Cardiac glycosides ++
Amino acids and proteins -
Anthocyanins -
Coumarins -

Punarnavadi kashayam

PKII PK 111 PK 1V PKV
+ ++ + ++
+ ++ ++ +
+ + ++ -
+ ++ ++ ++
+ ++ ++ +
+ + + +

++ + + +
+ + + -
- - + +
+ + + -
+ + + +

‘+’ represents the slight positive reaction and ‘“++” indicated for a strong positive reaction, whereas ‘- indicates the absence as compared
to the corresponding negative controls which contained all reagents excluding the fractions.

Table 3 — Total phenolic, phenolic acid, flavonoid content in PK fractions

Sample ID Total phenolic content (mg
GAE/g residue)
PKI 1.8167+0.764
PKIT 85.8167+1.893
PK 1T 348.8167+4.646
PK 1V 185.3167+9.802
PKV 105.9833+2.887

All values in the table were represented as mean = SD (n=3)

Total phenolic acid content Total flavonoid content (mg

(mg CAE/g residue) RAE/g residue)
0.513+0.444 1.2137+0.534
2.333+0.444 7.6239+2.437

109.205+7.895 36.000+0.678
1.026+0.444 2.9231+£1.118
2.538+0.769 26.5128+3.562
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Table 4 — ECsq values of PK fractions to antioxidant assays compared with that of BHT

Sample ECsy (ug/mL)£SE FRAP value (mg Fe*'/mg of
DPPH ABTS" Hydrogen peroxide residue)

PK1 1771£0.009 5774+0.0262 2324+0.05677 0.0201£0.0004

PK Il 84.70+0.010 40.85+0.1676""" 1015+0.05684 0.0909:£0.0034

PK 11T 10.06+0.016™ 9.216+0.0105™"" 10030.04104 0.1162+0.0031"
PKIV 250.10.009 50.46+0.0136™" 2774+0.04417 0.115120.0013

PKV 133.2+0.028 700.7+0.0105 2095+0.1598 0.1079£0.0025

BHT 29.73 +0.008 81.06+0.0172 456.6+0.01384 0.1053+0.0092

***p-value <0.001 as compared to positive control BHT. All values in the table were represented as mean + SE (n=3).

Table 5 — ICs, values of PK fractions and standard montelukast against 5-, 12- and 15-LOX

Sample 1Csy (ug/mL)£SE
5-LOX 12-LOX 15-LOX

PK I 218.9+0.078 223264+0.3129 1810£0.2275
PK II 42.00+0.078 99.48+0.009312"" 4313+0.2067
PK IIT 30.80+0.130"" 88.18+0.05123™"" 266.4+0.0637
PKIV 99.10+0.078 99.35+0.01436"" 3024+0.1723
PKV 39.30+0.230" 153.3+0.1533 1896+0.1944
Montelukast 42.00+0.048 141.8+0.08394 86.99+0.0515

***p-value <0.001 as compared to positive control montelukast. All values in the table were represented as mean+SE (n=3).

Anti-inflammatory activity

5-,12- and 15-Lipoxygenase inhibition assay

The effect of PK fractions in the production of
leukotrienes by 5-, 12- and 15-lipoxygenase was
assayed using FOX reagent. ICs, of all fractions were
calculated using statistical software GraphPad Prism®
version 5.03 and compared with the positive control,
montelukast (Table 5). Ethyl acetate fraction of PK
(PK III) exhibited the lower ICsy when compared with
the positive control montelukast for both 5- and 12-
LOXs. The same fraction showed the least ICsq
against 15-LOX compared with other fractions but
higher than that of the positive control.

Discussion

Polyherbalism has been one of the main principles
used in Ayurveda for curing various pathologic state
and is little bit complex to explain in modern medical
parameters®>. Punarnavadi kashayam, an ayurvedic
polyherbal decoction according to ancient Ayurvedic
classical text Sahasrayoga, comprises of various parts
of medicinal herbs viz., Boerhavia diffusa L. (Rt),
Azadirachta indica A.Juss. (St Bk), Trichosanthes
lobata Wall. (Pl), Zingiber officinale Roscoe (Rz),
Swertia chirayita (Roxb.) Buch.-Ham. ex C.B.Clarke
(Pl), Tinospora cordifolia (Willd.) Miers (St),
Berberis aristata DC. (Rt), and Terminalia chebula
Retz. (Fr.R) has been used in the treatment of chronic
inflammatory diseases®"”. In order to evaluate the
efficacy of kashayam as an anti-inflammatory

medicine, its effect on leukotriene production by
5-, 12-and 15-lipoxygenase inhibition and antioxidant
potential were given emphasis in this study. The
phytochemical screening was carried out for the
analysis of phytocompounds present in the decoction.

In this study, the kashayam was fractionated with
solvents of increasing polarity in order to separate
compounds present in the decoction and the results of
phytochemical screening of PK fractions showed the
presence of various phytocompounds like phenols,
carbohydrates and quinones in all fractions, where PK 11,
PK III and PK IV exhibited the presence of almost all
phytochemicals tested like flavonoids, phenols, tannins,
terpenoids, quinones, alkaloids, carbohydrates, cardiac
glycosides, anthocyanins and coumarins except fatty
acids, saponins, amino acids, and proteins.

Prachee et al., mentioned that the phytochemicals
are secondary metabolites of plants which are
biologically active in nature. The phytochemicals like
phenolics, flavonoids, terpenoids, etc., act as
antioxidants which prevent oxidative cell damage
caused by free radicals®***. According to Hussain et
al., 2016, the polyphenols including phenolics and
flavonoids can directly interact with free radicals and
terminate the chain reaction before causing serious
damage to cells®. Since phenolics and flavonoids act
as free radical scavengers, they prevent oxidative cell
damage and help in reducing oxidative stress-related
disorders. Hence the quantification of total phenolics,
phenolic acids, and flavonoids considered to be
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essential and evaluated. The result of quantitative
estimation of total phenolics, phenolic acids and
flavonoids are depicted in Table 3. PK III exhibited
the highest content and PK I showed the least for all
three phytochemicals quantified.

Free radicals generated by pro-inflammatory cells
generally induce an alteration in cell membrane
integrity which results in the release of arachidonic
acid (AA) from membrane-bound phospholipids. AA
so released is then metabolised via lipoxygenase
pathway to produce leukotrienes which are potent pro-
inflammatory molecules®’>*. It is quite possible that the
synergistic mechanism involving free radical
scavenging activity and inhibition of lipoxygenase
enzymes would probably exert its function as an anti-
inflammatory agent. Free radical scavenging potential
of kashayam fractions was evaluated using various
assays like DPPH radical, ABTS" cation, FRAP and
hydrogen peroxide scavenging assays. In all applied
tests, PK fractions showed a better scavenging activity
in a concentration-dependent pattern, where, ethyl
acetate fraction of PK (PK III) presented the lower
ECsy compared with their positive control (BHT)
except in hydrogen peroxide scavenging activity (Table
4). These results are in corroboration with the findings
of Michel et al., that the antioxidant activity is directly
proportional to the abundance of phytochemicals like
phenolics and flavonoids’. The hexane fraction PK I
presented the least ECsy compared with standards and
other fractions which may be due to the least presence
of phytochemicals analysed.

S-lipoxygenase is the primary enzyme involved in
the leukotriene synthesis, there emerge the requisite
for developing 5-LOX inhibitors with least toxicity.
Likewise, the inhibition of 12- and 15-LOX are
equally important due to the role of them in the
synthesis of leukotrienes which ameliorate the
monocyte-endothelial interactions during inflammatory
conditions and are therefore considered as one of the
therapeutic ~ strategies in the mitigation of
inflammatory disorders®”'%. In the present study, the
ethyl acetate fraction showed a better inhibitory
pattern against 5- and 12-LOX with lower ICs
compared with the positive control montelukast,
which is a synthetic LOX inhibitor. In the case of 15-
LOX also, PK III showed the least ICsy compared to
the other fractions, but least comparable to the
positive control (Table 5). All other fractions
exhibited concentration-dependent inhibition of
lipoxygenases. These results underpinned the findings
of Mittal et al., that the secondary metabolites present

in the herbs with high phenolic profile contribute to
the inhibition of inflammatory disorders via molecular
targets such as lipoxygenases and ROS pathways™.
The results demonstrating the direct inhibition
of lipoxygenases complemented with antioxidant
activity can be considered as the preliminary steps
underlying the popular use of Punarnavadi kashayam
as an anti-inflammatory therapeutic.

Conclusions

In conclusion, Punarnavadi kashayam exhibited
better antioxidant and anti-inflammatory properties.
This could be due to the presence of various bioactive
phytochemicals present in the kashayam. The 5-, 12-
and 15-LOX inhibitory activity of the fractions gives
an insight into the anti-inflammatory potential of
kashayam and provides a scientific backup for the use
of Punarnavadi kashayam as an anti-inflammatory
medication. Further work on identifying the active
principles in the decoction that is responsible for the
free radical scavenging and anti-inflammatory
activities would help to develop lead compounds
against inflammatory ailments.
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