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Abstract

In this, four formulations of Neolamarckia cadamba with Butea monosperma, Citrus sinensis, Hibiscus rosa-sinensis, and Spinacia
oleracea were evaluated for synergy, on the basis of antioxidant activity by in-vitro testing using DPPH Method, Nitric oxide radical
scavenging assay method and Phosphomolybdenum method. Synergy in antioxidant activity of all four formulations was supported
by enhancement of the flavonoid and total phenolic content as compared to their values for the single plant(s) drugs. HPTLC study
revealed that there was an enhancement of area under the peak for a few Rsvalues in the formulations that exhibited synergy in their
radical scavenging activity. Combination Index values for the formulations were found to be indicative of synergism. The
formulations thus offer can desirable pharmacological action with a lower dose with the same or better therapeutic effect.

Keywords: synergy, antioxidant activity, polyherbal formulations, combination index, Neolamarckia cadamba, Butea
monosperma, Citrus sinensis, Hibiscus rosa- sinensis, Spinacia oleracea

1. Introduction

In Ayurveda, herbal medicines are usually mixtures of many
constituents, which may have unknown active principles. The
scientific evaluation of safety and efficacy of herbal products
and medicinal preparation is thus of vital importance from both
medicinal and economic perspectives !, to arrive at the benefits
and limitations of the drugs and thereby widen their scope for
future use. Depending upon the site of collection and annual
growth cycles of the source herbs, there are bound to be
chemical and natural differences in quantity of active
constituents in herbal materials. A validated method is one that
offers an acceptable analytical process for its intended purpose
for pharmaceutical testing . Thus choice of the most
appropriate analytical method to quantify the compounds most
correlated with pharmacological activity or qualitative markers
with accompanying chromatograms is desirable for validation.
The present study was aimed at composing novel formulations
of Neolamarckia cadamba (N. cadamba) (N. cad) with herbal
materials known for their antioxidant properties in combination
for studying their synergistic action. Pharmacologists have
proposed and established that individual action of one drug is
subject to modification when combined with a second drug, so
that multi-drug regimens (“combination therapy”) confer

beneficial new actions and therapeutic benefits that do not occur
when using each drug on its own B, with the occasional benefit
of fewer deleterious side effects ],

Antioxidants interact with free radicals and thus terminate their
chain reactions before vital molecules are damaged. If free
radicals overwhelm the body's ability to regulate them, a
condition known as oxidative stress ensues Bl A balance
between free radicals and antioxidants is necessary for proper
physiological function. To establish their synergy, antioxidant
activity of single plants and their combinations were studied by
three  different  methods, namely; DPPH  method,
Phosphomolybdenum method and Nitric oxide radical
scavenging assay method.

It is observed that the presence of polyphenolic components,
which are secondary plant metabolites are responsible for the
antioxidant activity exhibited by them [l The study of
synergistic action of the polyherbal formulations was reinforced
by evaluation of total flavonoid and total phenolic contents.
High Performance Thin Layer Chromatographic (HPTLC)
fingerprinting also substantiated synergistic action of the
formulations by showing enhancement in certain peak areas.

A brief overview of the four selected plants is as listed under:

Neolamarckia cadamba

Phytoconstituents known

Used as/ in treatment of

Family: Rubiaceae| part used - bark

Saponins, indole and quinoline alkaloids, secoiridoids and
triterpenes [ 8 9101,

diabetes mellitus Y wounds, debility and
antimicrobial > 131 analgesic, antipyretic, anti -
inflammatory [* hypolipidemic! *°]

Butea monosperma

Family: Fabaceae | part used - flower

Monospermoside (butein 3-e-d-glucoside) and
isomonospermoside, flavonoids (palasitrin, prunetin) and
steroids, triterpene, butein, butin, isobutrin, coreopsin,
isocoreopsin (butin 7-glucoside), sulphurein,i¢1, chalcones, 18]
aurones, lignoceric acid, amino acids, myricyl alcohol,
stearic, palmitic, arachidic acids [*7].

Leprosy, antifungal activity, anti-inflammatory
activity, skin diseases, burning sensation, diarrhea
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Citrus sinensis

Phytoconstituents known

Used as/ in treatment of

part used - fruit

Family: Rutaceae
peel

Reducing sugars, saponins, deoxysugars cardiac glycosides,
tannins and flavonoids, flavanones, flavones and flavonols,
polymethoxylated flavones.

viral and bacterial infections [% antibacterial,
Klebsiella pneumonia

Hibiscus rosa-sinensis

Family:Malvaceae part used - flower

Alkaloids, cardenolides and bufadienolides, tannins, protein
and carbohydrates, saponin glycosides, flavonoids 2,
terpenoids and steroids 24,

Antiseptic for boils and ulcers. Swellings and skin
infections 22},

Spinacia oleracea

Family:

Chenopodiaceae part used- leaves

Flavonoids: querecetin, kampeferol 23; apigenin; luteolin;
patuletin; spinacetin; jaceidin; 5,4 -dihydroxi-3,3’-dimithoxi-
6,7-methylene-dioxi- flavone
(C18 H140s.); 3, 5, 7, 37, 4’pentahydroxi-6-methoxiflavone.
Phenolic Compounds: para-coumaric acid, ferulic acid,
ortho- coumaric acid 4. Carotenoids, Vitamins: Spinacia
oleracea contains high concentration of vitamin A, E, C, and
K. and also folic acid, oxalic acid
. Minerals: magnesium, manganese, calcium, phosphorus,
iron, zinc, copper and potash. Glucoside, patuletin and
spinacetin 3-gentiobiosides 2%,

laxative, diuretic, anthelmentic, inflammation of
the lungs and the bowels, sore throat, pain in
joints, thirst, ring worm scabies, leucoderma,
scalding urine, arrest vomiting, febrile conditions
126 CNS depressant, protection against gamma
radiation, hepatoprotective properties.

2. Materials and methods

Plant collection and identification

The bark of N. cadamba was collected from the premises of K.
J. Somaiya College, Vidyavihar, Maharashtra, India. Fresh
leaves of Spinacia oleracea (S. oleracia) (S. ole) and flowers of
Hibiscus rosa-sinensis (H. rosa-sinensis) (H. Rosa) were
procured from local sources of Vashi, Navi Mumbai, India.
Voucher specimens has been submitted to the the Blatter
Herbarium, St. Xavier’s College, Mumbai. Flower samples of
Butea monosperma (B. monosperma) (B. mon) and fruit of
Citrus sinensis (C. sinensis)(C. sin) procured from Aromatic
and Medicinal Plants’ project at Rahauri, Maharashtra were
authenticated at The Botanical Survey of India, Western Region
at Pune, India. 2, 2-diphenyl-1- picrylhyrazyl radical (DPPH)
was purchased from Sigma Aldrich while other chemicals,
solvents and reagents were from Merck, India.

Preparation of the samples

The bark of N. cadamba, leaves of S. oleracea, flowers of H.
Rosa-sinensis and B. monosperma, peels from fruits of C.
sinensis were separately washed under running water
thoroughly to remove the dirt and other contaminants, shade
dried, ground to a powder and extracted with methanol using
Soxhlet extractor. The coloured solution obtained from each
plant material was concentrated on a Buchi rotatory evaporator
at 40 °C and a reduced pressure and then evaporated to dryness.
In case of the formulations, the same extraction procedure was
carried out on 1:1 (by mass) intimate mixture of the bark powder
of N. cadamba and powders of the stated plant parts of the other
four specimens.

Phytochemical testing

The five single plants and the four formulations were tested for
the presence of secondary plant metabolites such as flavonoids,
tannins, steroids, alkaloids, saponins, glycosides, phenolics etc
for qualitative screening, using standard phytochemical
methods.

Evaluation of free radical scavenging activity by DPPH
method

The determination of the radical scavenging activity of the
methanol extract was carried out using the DPPH (2, 2-
diphenyl-1- picrylhydrazyl) assay. Solutions at a concentration

of 100 pg /mL of sample extract in methanol were prepared.
DPPH in methanol was added to solution of the extracts and
standard, and allowed to stand at room temperature in a dark
chamber for 30 min. The colour changed from dark violet to
yellow. The absorbance was measured at 514 nm on a UV-VIS
spectrophotometer. The decrease in absorbance was then
converted to percentage radical scavenging antioxidant activity
(% RSA) using the formula.

Percentage radical scavenging activity,
%RSA=100 - {[(Acontrol _Asample) XlOO] /Acomrol}

Where

Acontrol = Absorbance of the control

Asample = Absorbance of the sample
Blank used was methanol and sample solution, negative control
used was DPPH solution with methanol, ascorbic acid was used
as a standard.

Evaluation of total antioxidant capacity (TAC) by
Phosphomolybdenum method

The total antioxidant capacity of the methanol extract was
evaluated by the Phosphomolybdenum method according to the
procedure described by Prieto et al. (1999). The assay is based
on the reduction of Mo (VI) to Mo (V) by the extract and
subsequent formation of green phosphate/Mo (V) complex at
acid pH. The absorbance of the reaction mixture was measured
at 695 nm using a spectrophotometer against blank at room
temperature. Methanol was used as the blank. The antioxidant
activity is expressed as the number of gram equivalent of
ascorbic acid. The calibration curve was prepared using
ascorbic acid.

Nitric oxide radical scavenging assay

An agueous solution containing sodium nitroprusside,
phosphate buffer saline, and the individual extract and
combination or the standard solution was incubated at 25° C for
2.5 h. Thereafter, 0.5mL of the reaction mixture was pipetted
out and mixed with sulfanilic acid reagent and allowed to stand
for 5 min for the completion of diazotization. Subsequently, 1-
Naphthylamine was added, mixed, and allowed to stand for 0.5
h. A pink colored chromophore was formed; the absorbance of
this solution was measured at 540 nm against the corresponding
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blank solution. Reduction in nitric oxide free radicals was
calculated using the formula:

% Inhibition = [(Acontrol — Asample) /Acontrol] x 100

Evaluation of total phenolics content using Folin-Ciocalteu
reagent

Reduction of phosphomolybdic-phosphotungstic acid (Folin)
reagent to a blue-colored complex in an alkaline solution occurs
in the presence of phenolic compounds. The absorbance is
measured at 765 nm. A mixture of water and reagents is used as
a blank. The method measures the number of potentially
oxidizable phenolic groups.

Calibration curve was prepared by mixing methanolic solution
of gallic acid. All determinations were carried out in triplicate.
The total phenolic compound in the extract in gallic acid
equivalents (GAE) was calculated.

Evaluation of total flavonoid content by AICIs colorimetric
method

The extract was added to distilled water taken in a 10 ml
volumetric flask. To this 0.30 ml of sodium nitrite was added.
After 5 min, 10% aluminium chloride was added and mixed
well. After 5 min, 1 M sodium hydroxide was added followed
by dilution up to the mark with distilled water. All five extracts
of the three individual plants and their two formulations and a
set of reference standard solutions of quercetin was prepared in
a similar manner. Absorbance of the solutions was measured at
510 nm against the reagent blank using a spectrophotometer.

HPTLC fingerprinting

Pre-coated silica gel aluminium plates 60 Fzs4 TLC plates of 0.2
mm thickness and 10x10 cm size were activated at 110° C for
five minutes and then spotted with the samples in bands of width
6.0 mm using CAMAG Linomat 5 sample applicator. The
solvent systems used were as follows:

3. Results and Discussion

Drug-drug interaction can be synergy; when the effect is totally

or partially additive; potentiation; when the effect of one drug

is increased by intake of another drug without notable effect or

antagonism; in which the effect of one drug is suppressed by

another. In Ayurveda, synergistic blends utilize herbs in the

following five ways:

1. The primary herb

2. Supporting herbs that strengthen activity of the primary herb

3. Assimilation herbs that augment the assimilation and
bioavailability

4. Detoxifying herbs that work on the body’s self -repair
mechanism so that the primary herb may be used more
efficiently

A Combination Index (CI) recognized as the standard measure

of combination effect that indicates a greater (Cl < 1), lesser

(Cl > 1) or similar (CI = 1) effect than the expected additive

effect. The Bliss Independence model [27:28.29.301 js hased on the

principle that drug effects are outcomes of probabilistic

processes According to this principle, it is proposed that drugs

act independently in such a manner that neither of them

interferes with the other, but each contributes to a common

result. The raw drugs that were combined with N, cadamba for

this study due to the following properties:

Chemical constituents present in the flowers of B. monosperma

possesses antihepatotoxic activity [, antitumorigenic activity
[33] anti-oestrogenic activity B34 antihyperglycemic activity [3% 3]
antistress activity 7 antiinflammatory and antioxidant activity
[38, 39, 40. 411 chemopreventive and anti-cancer properties 12
anticonvulsant activity (31,

The fruit peel of C. sinensis is reported to be an abundant source
of flavanones and many polymethoxylated flavones, which are
very rare in other plants 4. The citrus fruit has significance as
a natural antioxidant as it helps prevent free radicals from
damaging the DNA of cells and cause cancer.

H. rosasinensis petals were found to possess abundant phenolic
and flavonoid contents and exhibited excellent antioxidant
activities, making it a good drug candidate for antioxidant
therapy 51,

Leaves of S. oleracea are a source of the bioflavonoid quercetin
with many other flavonoids which exhibits anti-oxidant,
antiproliferative, anti-inflammatory, antihistaminic, CNS
depressant, protection  against ~gamma  radiation,
hepatoprotective properties in addition to its many other
benefits.

Loewe additivity has become the basis for the following method
used to analyze drug-drug interaction. The isobolo gram
analysis evaluates the type of interaction of two drugs, i.e., drug
A and drug B, at a given effect level B, If the concentrations
required to produce a given effect are determined for drug A
(ICx, a) and drug B (ICx, ) and indicated on the x and y axes of
a two-coordinate plot, forming the two points (ICx 4, 0) and (0,
ICx, 8) then the line connecting these two points is the line of
additivity. Then, the concentrations of A and B contained in
combination that provide the same effect, denoted as (Ca, x, Cg,
x), are placed in the same plot. In the case of the four
formulations studied, synergy is indicated as (Ca x, Cg, x) iS
located below the line of additivity.

Combination index (CI) is calculated by the equation:

Cl=[Cax/ 1Cxa] +[ Cex/ 1Cxg]

Results of the study revealed that all the polyherbal
formulations as well as the common constituent, N. cadamba
exhibited synergy in antioxidative ability and better efficacy as
compared to the single drug extracts (Table 2). The experiments
were carried out in triplicate. The results are given as mean *
standard deviation

Due to the complex nature of phytochemicals present in these
plant parts, any single method does not give complete
evaluation of the antioxidant activity.

Synergistic effect

The total phenolic content and total flavonoid content were
determined for the five tested single plant drugs and the
combinations. The combination of N. cadamba with B.
monosperma showed almost fifty percent higher total phenolic
contentand almost ten percent higher flavonoid content (Fig. 1)
with respect to the expected value for the formulation. With C.
sinensis, the flavonoid content was lower than expected while
total phenolic content was found to be nearly fifty percent
higher in its formulation of N. cadamba. The synergy in
phenolic content was over seventy five percent with H. rosa-
sinensis though the enhancement of total flavonoid content was
just over fifteen percent as compared to the values calculated
for the formulations with respect to their individual behaviour.,
Combination index analysis carried out on the DPPH radical
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scavenging activity values revealed that CI values were less
than 1 for all four formulations, indicating synergy (Table 3)

The HPTLC studies also revealed that the maximum number of
peaks were enhanced in N. cadamba + H. Rosa-sinensis
combination and to the maximum extent amongst all the studied
samples (Table5). (Fig 3) Amongst all the tested drugs, the total
antioxidant capacity was enhanced to the largest extent in the
combination of N. cadamba with H. rosa- sinensis (Table2).
The synergistic effect was lower in formulation with S. oleracea
for both total phenolics as well as flavonoid contents. Marginal
synergy was also observed in Nitric Oxide Radical Scavenging
Assay in the N. cadamba + S. oleracea combination; it was not

4. Tables and figures

significant in this test model for the N. cadamba combination
with the other three plant samples (Fig.1).The values of radical
scavenging activity as determined by DPPH method and as
determined by Nitric Oxide Radical Scavenging method
showed Pearson co-relation (positive) value 0.48754 affirming
their linear dependence.

Phenolic content from plant extracts have been found to
correlate with radical scavenging activity (Pearson correlation
coefficient = 0.46056) as polyphenolics have high redox
potentials which allow them to act as reducing agents, hydrogen
donors and singlet oxygen quenchers

Table 1: Phytochemical screening

w I w I
Q IS) . 2 ° 32 Q o g9 o 8

< 3 2 2 = = 23 S8 22

Sample » 2 3 3 it @ 38 S5 £ 8 28

3 9 =] =1 2 - 3 S 3 5 3 8 3

® 3 @ (28 ® 3+ @ + D+ o +

B n Y 7

Alkaloids + + + + + + + + +
Phenolics + + + + + + + +
Flavonoids + + + + + + + + +
Tannins + + + + + + + + +
Saponins + + + + + + + + +
Steroids + + + + + + + + +
Terpenoids + + + + - + + + +
Glycosides + + + + + + ¥ - +
Carbohydrates + + + + + + + + +

Table 2: Antioxidant and radical scavenging assay in relation with total phenolic and total flavonoid contents

% RSA by TAC by Phospho- Nitric Oxide Total flavanoid Total pher'10I|c'
Name of sample . - . content gallic acid
DPPH molybdenum method Radical content in quercetin - .
tested - L - - - equivalent in
method (equivalent to ascorbic acid) | Scavenging Assay equivalents in mg/g mglg
Neolamarckia 17.49+ 0.32 16.27+ 0.45 39.56 + 0.23 114.22 +0.0111 50.68+ 0.1373
cadamba (N. cad)

B“t‘*f"(goggf]';’erma 36.3 +0.49 12.04+0.33 49.22+0.35 369.19+0.0215 114.930.21
C'”(“g Ss'i':g”S'S 12.7540.11 15.12+0.16 39.56+0.09 23.22+0.0198 110.41+0.37
Hibiscus rosa - | q 15 1050 18.58+0.41 46.57+0.24 383.41+0.0331 137.1+0.12
sinensis(H. ros)

Sp'”aESao?égracea 29.68+0.21 38.96+0.91 37.66+0.35 77.73+0.0451 19.91+0.21

N. cad+

B mon 42.78+0.19 19.35+0.66 44.0740.17 264.93+0.0112 129.19+0.31
N. cad+

G 28.43+0.28 18.19+0.42 39.21+0.35 49.29+0.0156 125.11+0.29
N.cad+

L s 55.4+0.17 79.35+0.48 50.97+0.21 373.46+0.0018 145.7+0.25
N. cad+

S ol 36.5+0.34 47424051 38.61+0.18 98.59+0.0210 41.18+0.016
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Fig 1: Comparative values of % radical scavenging activity by all three test models method
With respect to total flavonoid and total phenolic content

Table 3: Combination index values of the formulations

Sample ICx. A ICxB (Ca.x, Cs,x) Cl
N. cadamba +B. monosperma 5.718 2.755 2.3375 0.5379
N. cadamba +C. sinensis 5.718 7.843 3.5174 0.3024
N. cadamba +H. rosa-sinensis 5.718 2.0653 1.9610 0.6591
N. cadamba +S. oleracea 5.718 3.3693 2.7397 0.4717

HPTLC studies

Table 4: Solvent systems for HPTLC studies

Name of sample(s) / combination(s) spotted

Solvent system used

(N. cadamba)+(B. monosperma )

Ethylacetate: methanol: water (100:15:5)

(N. cadamba)+(C .sinensis)

Ethylacetate: methanol: water (15:3:2)

(N. cadamba)+ (H. rosa-sinensis)

Toluene: ethyl acetate: acetic acid(9.5:8:5.2)

(N. cadamba)+ (S. oleracea)

Ethanol +n-hexane (1:1)
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Fig 2: Fingerprinting of 3D display at 366 nm in densitometry
detection of B. monosperma and its formulation. Track 1 and 2-
B.monosperma, track 4, 5 and 6 -N. cadamba, track 8 and 9: 1:1

formulation of N. cadamba and B. monosperma

Fig 3: Fingerprinting of 3D display in densitometry detection of H.
rosa-sinensis and its formulation (MWL) Tracks 1 and 2- H. rosa-
sinensis, tracks 4 and 5- N. cadamba, tracks 7 and 8 - 1:1 formulation
of H. rosa sinensis and N. cadamba
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Fig 4: Fingerprinting of 3D display at 254 nm in densitometry
detection chromatogram of C. sinensis and its formulation

Fig 5: Fingerprinting of 3D display at 366 nm in densitometry
detection of C. sinensis and its formulation, Tracks 1 and 2- C.
sinensis, tracks 4 and 5- N. cadamba, tracks 7 and 8 - 1:1 formulation
of C. sinensis and N. cadamba

Al sk @ 250 am

Fig 6: Fingerprinting of 3D display at 254 nm in densitometry detection of S. oleracea and its formulation. Tracks 1 and 2-S. oleracea, tracks 3
and 4- N. cadamba, tracks 5 and 6 - 1:1 formulation of S. oleracea and N. cadamba.

Table 5: Comparative values of areas under the peaks

Peak area enhancement for common Peak area enhancement for common Rrvalues
sample Rsvalues seen for individual and co_mbination of plant materials seen for indivi_dual and combin_ation of plant
(at 254 nm) in AU materials (at 366 nm) in AU
Weight of sample(s) extracted Weight of sample(s) extracted
1+2 1+2
N. cadamba
+B. | - 0.37 14634.6 10942 15588
monosperma
N. cadamba+ 0.43 1;:1668'29 5610.8 14499.9 071 620.4 7856.8 25467.7
C. sinensis 0.74 ' 287 2263.5 ’ ' ' '
0.03 16035.8 16591.4 23082.1
Nﬁ;ﬁ’.‘drzrsnab_a 0.64 3980.6 1950.2 4198.9 016 | 10259 511252 1501.9
sinensis 0.74 2562.1 47814 6281.5 0.87 395.4 1211.8
0.88 8866.5 10486.5 23590.9
N. cadamba 0.21 8264.5 7082.7 14366.8
+S. oleracea 0.31 3829.9 1363.4 4697.9 0.06 7088.8 12272.6 16771.2
0.44 645.1 3094.2 3888.7

Sample 1: B. monosperma/ C. sinensis/ H. rosa-sinensis/ S. oleracea Sample 2: N. cadamba

5. Conclusion

The results of antioxidant evaluation based on the two models
(DPPH &Nitric oxide radical scavenging assay) used in this
study revealed that maximum synergy in antioxidant activity of

the formulation of N. cadamba and H. rosa- sinensis as
compared to single plants. This observation was supported by
the increased quantity of total phenolics in the formulations as
compared to the single plants. The correlation analysis between

6
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the values of DPPH and Nitric oxide radical scavenging assay
indicates the viability of the two models for evaluating
antioxidants from medicinal plants. HPTLC studies revealed
that the peak area for some R tvalues validates the increase in
the corresponding active constituent in the formulations as
compared to the single plants. This finding therefore reinforces
the potentials as important source of natural antioxidants which
may provide protection against free radicals induced damage to
biomolecules. The polyherbal formulations may offer safer
alternatives for treatment of cancer, Parkinson’s, Alzheimer’s
disease and pollution induced health problems [“& 471 The
significant antioxidant activity of the formulations may render
them suitable for use as radioprotective agents [*¢1,
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