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Abstract:

Objectives. The chloroform extract oPisonia grandis leaves has been scientifically proved for its -anti
inflammatory activity and the present study wasdumted to develop a novel herbal formulation in the
management of inflammation.

Methods: Topical formulations (cream) have been developedtaining the chloroform extract &isonia
grandis leaves (PG | to IV) at different concentrations, 2%, 4% and 5% w/w. These topical formulations
were tested for pH, homogeneity, appearance, sgeity, viscosity, after feel, type of smear, @ral. All

the formulations were evaluated for its acute gkitancy activity and stability. The formulationas evaluated
for anti-inflammatory activity using Carrageenaduced paw edema models in rats.

Results: The formulations showed good spreadability, nml@&we of phase separation and good consistency
during this study period. It was found that thecosty of the formulation increases when decreaiirgate of
shear so that the viscosity of the cream is invns®@portional to rate of shear (rpm). These folations did
not produce any skin irritation for about a weelewlapplied over the skin. The creams were fourmktstable
during stability study according to ICH guidelini@s 2 months. In anti-inflammatory activity, the R@nd |
showed slight inhibition and PG Il and IV have sl significant inhibition of carrageenan inducat paw
edema compared to control group in which only créase was used.

Conclusion: The anti-inflammatory activity of PG IV was comphle with reference standard 1%
hydrocortisone. Therefore the developed cream wpossibly for an alternative treatment for inflantioa.
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I ntroduction

Inflammation is a pathophysiological reaction tbeturs in tissues when they are exposed to igndy
this reaction leads to accumulation of plasmati@flind blood cells in injured tissues. At the sdime these
processes help the body in the protection agairfisttion, burns, toxic chemicals, allergens or pthaxious
stimuli.! Inflammation is triggered by the release of chexhinediators from the injured tissues and migrating
cells. The specific chemical mediators vary with tipe of inflammatory process and include amingh sas
histamine, serotonin, lipids such as prostaglanaitssmall peptides such as kinfns.

Conventional anti-inflammatory drugs such as stoiand nonsteroidal anti-inflammatory drugs
(NSAID) are used in the treatment of most of theta@nd chronic pain and inflammatory disordersuidiag
rheumatoid arthritis. However, long-term use ofstha@agents may produce serious adverse effects, Ehsis
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worth developing new plant-derived anti-inflammatagents with fewer adverse effed®sonia grandis R.Br
(Nyctaginaceae) commonly known as Leechai kottar&ein Tamil is a wide spread evergreen treeitisied
throughout Indig. The folklore claims include analgesic, anti-inflmatory, diuretic, anti-rheumatic and
hypoglycemic activity’. This plant is pharmacologically studied for itsifamgal, antioxidant, antimicrobial,
anti-inflammatory, antidiabetic, diuretic, analgesaind wound healing properti¥3.The plant contains
octacosanolp-sitosterol,a-spinaterol glucoside, dulcitol, quercitrin, allaint, pinitol***! Earlier work on the
plant reported that the chloroform extract of tHanp showed significant anti-inflammatory activityhen
compared with alcoholic extrattHence the present study was aimed to formulatecaatliate topical cream
containing chloroform extract dPisonia grandis leaves for its anti-inflammatory activity on Casagan
induced rat paw edema model.

Materials and Methods
Plant material

The plant material proposed for the stuBisonia grandis leaves were collected from SRM University
campus, Potheri, and authentified by Prof. P. dagan, Taxonomist, Plant Anatomy Research CenteR(PA
Tambaram and a voucher specimen No. PARC/2012/%&G9 kept in the department museum for future
reference.

Extraction

The air dried, powdered leaves were extracted bgenagion with chloroform for 72 hrs. Then the
extract was vacuum dried using rotary vacuum deeaporator to yield solid residue of chloroformraxt.
The percentage yield of the chloroform extract feamd to be 7.5% wi/w.

Preliminary phytochemical screening

The chloroform extract was subjected to preliminghytochemical screening using standard
proceduré?

High performancethin layer chromatography™

It is mandatory to investigate the quality Bfsonia grandis chloroform extract by densitometric
analysis. In order to study the possible compasitil.C plate (4 x 8cm), precoated with silica gél B254
(E.Merck) with aluminum sheet support were used $potting device was a CAMAG Linomat V Automatic
Sample Applicator. The developing chamber was a @@&Vglass twin trough chamber (20 x 10cm) the
densitometer consisted of a CAMAG TLC scanner Bdthto WINCATS software for interpretation of data.
Chromatogram was developed using Toluene: Ethytate&e Formic acid (5:4:1) as mobile phase. The
developed chromatogram was inspected under UV &gi254 nm. The developed plate was then scanned to
record the peak areas.

Development of formulation *°

Four batches of cream PG | to IV were preparedaioimg varying concentration of chloroform extract
(2%, 3%, 4% and 5% w/w respectively). The oily phasé tioasisted of stearic acid (15 g), Isopropy! nptes
(3 g) and cetyl alcohol were mixed, blended andnveal to melt to 70°C. The aqueous phase consisted of
chloroform extract, glycerin (6g), water (74.7 gntaining methyl paraben (0.15g) as preservativklerated
to 70°C. Aqueous phase was added to oily phaseraxedd with a blender for approximately 20 min. (300
rev/min). The mixture was neutralized using KOH(f).and NaOH (0.159).

Evaluation of Herbal Formulation %%’

Physical evaluations
Preliminary evaluation of formulations was carrad as follows:-
pH

The pH of various formulations was determined byngDigital pH meter (Digital pHmeter 335,
Systronics, Noroda, Ahmedabad). One gram of creamdissolved in 100 ml of distilled water and stiofi@r
two hours. The measurement of pH of each formulatias done in triplicate.
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Viscosity

The measurement of viscosity of prepared creamscamged out with Brookfield Viscometer (model
LV-DV-II, Helipath-spindle type S-96).

Spreadability

Spreadability denotes the extent of area to whehgel readily spreads on application to skin er th
affected part. The bioavailability efficiency ofceeam also depends on its spreading value. Thadxgoéity
was expressed in terms of time in seconds takdwdglides to slip off from the cream, placed imvieen the
slides, under certain load. Lesser the time takerséparation of the two slides, better the spit@itja Two
sets of glass slides of standard dimensions wkentd he cream formulation was placed over onb@ftides.
The other slide was placed on the top of the creaieh that the cream was sandwiched between thelines
in an area occupied by a distance of 6.0 cm albaglide. 100 gm weight was placed upon the ugjol so
that the cream between the two slides was presséatmaly to form a thin layer. The weight was remredvand
the excess of cream adhering to the slides wapedaoff. The two slides in position were fixedastand
without slightest disturbance and in such a way dndy the upper slide to slip off freely by thede of weight
tied to it. A 20 gm weight was tied to the uppedesicarefully. The time taken for the upper sliddravel the
distance of 6.0 cm and separated away from therlelide under the influence of the weight was nof&te
experiment was repeated by three times and the tireantaken for calculation. Spreadability was oidted
by using the following formula:

S=mxl
t
Where,

S - Spreadability

m - Weight tied to the upper slide (20gm)
| - Length of the glass (6 cm)

t - Time taken in seconds.

Appearance

The appearance of the cream was judged by its Gglearlscence and roughness and graded.
After fed

Emolliency, slipperiness and amount of residuedéftr the application of fixed amount of cream was
checked.

Type of smear

After application of cream, the type of film or sanéormed on the skin were checked.
Removal

The ease of removal of the cream applied was exadrby washing the applied part with tap water.
Acute skin irritation study™

The primary skin irritation test was performed dhirso rats and weighing about 150-200 gm. The
animals were maintained on standard animal feedhaddfree access to waiad libitum. The animals were
kept under standard laboratory condition. The totaks was divided into four batches, each batchagong
seven animals. Two batches of each were used faratand test. Dorsal hairs at the back of the veg¢re
clipped off one day prior to the commencement efdtudy. Animals showing normal skin texture wesaded
individually in cages with copography meshes toidwveontact with the bedding. 50 mg of the each
formulation of different concentrations were apgl/er one square centimeter area of intact aratdaldrskin
to different animals. Aqueous solution of 0.8% fafim was applied as standard irritant. The animatse
observed for seven days for any signs of oedemaidema.
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Stability studies*®

The stability studies were carried oulhformulations at different temperature condito(4’, 25°,
and 37°C) for 60 days. All the evaluation paranset&r. pH, viscosity, spreadability, consistencitruedability,
appearance, after feel, type of smear, removal weerdied at different time intervals viz.,"1R30" and 6¢'
days.

Phar macological activity

In the present study, the topical preparation dbrafiorm extract ofPisonia grandis leaves was
examined for anti-inflammatory activity by carragaa induced rat paw edema model.

Carrageenan induced rat paw edema
Animals

All experiments were carried out on Wistar rats-280 g, under a 12 h light/dark cycle in a roomhwit
controlled temperature (22+1°C). Rats were divided six experimental groups, each comprising Grahs.
All experiments followed the guidelines on ethisindard for investigation of experimental paiammals.

Method

Animals were allowed to free access to feed an@mzfore experiment. Approxiamtely 50ul of a 1%
suspension of carrageenan in saline was prepar&éefbhe each experiment and was injected into laetgar
side of the right hind paw of rat. 0.3g of creamtaemning 2-5% of Herbal cream PG I-IV were appliedhe
plantar surface of the hind paw by gently rubbifigtiines with the index finger. Rats of the contgobups
received only the cream base and standard grougéveel 1% Hydrocortisone. Paw volume was measured
immediately after carrageenan injection and at, B @nd 4 h intervals after the administrationte hoxious
agent using a plethysmometer. The percentage tithibh paw volume is calculated using the formula,

Percentage inhibition = Control paw volume — Tesiwolumex 100

Control paw volume
Statistical analysis

Level of significance of all the parameters wasregped as the arithmetic mean + SEM and was
analyzed by one-way analysis of variance (ANOVA)ldwed by Dunnett’'s “t” testP value less than 0.0%(
< 0.05) was the critical criterion for statisticigjnificance.

Results and discussion

The chloroform extract ofPisonia grandis leaves has been scientifically proved for its -anti
inflammatory activity and the present study was ertaken to develop a novel herbal formulation ia th
management of inflammation. Preliminary phytochehgcreening of chloroform extract showed presarice
sterols, alkaloids and saponins. The cholorofortnaek was further subjected to HPTLC. Chromatogyaigh
essentially a group of techniques used for separati the constituents of mixture by continuougriistion or
adsorption of analyte between two phases. Amonigwsichromatographic analytical techniques HPTLE dna
firm place as a reliable method for analysing saiveamples of divergent nature and compositiomeatsame
time* HPTLC analysis of the extract revealed the preserfi® components in the chosen solvent system and
corresponding ascending order of Rf value startanfr0.06-0.75 in which highest concentration of
phytoconstituents was found to be 41.45 % and atsesponding Rf value was found to be 0.57 and was
recorded in Table. 1. The corresponding HPTLC clatogram was presented in Figure 1.
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Table 1: HPTLC profile of the chloroform extract of Pisonia grandis|eaves

Start Start | Max Max Max End End Area | Area
Peak| position | height| position| height % position | height AU) | %

(Rf) (AU) | (Rf) (AV) (Rf) (AV)
1 0.01 144 | 0.01 105.120.99 | 0.06 1.6 2322618.46
2 0.06 0.4 0.05 17.3] 345 0.09 1.9 209.166 1.
3 0.14 104 | 0.17 329 6.57 0.18 27.4 930.3.39
4 0.18 27.7 | 0.20 40.9| 8.18§ 0.23 0.0 13600.81
5 0.23 0.7 0.26 19.1] 381 0.27 18.2 423.937 3.
6 0.30 241 | 0.30 304 6.07 0.34 16.0 100801
7 0.52 3.1 0.57 207.541.45| 0.58 0.3 5064.240.24
8 0.65 13.7 | 0.67 25.00 5.00 0.68 22.5 754.6.00 6
9 0.71 20.7 | 0.71 224 447 0.75 6.1 512.2 4,07

AU

0.00 0A0 0.20 030 040 050 050 R 0B

Figure 1. HPTL C Peak densitogram of the chloroform extract of Pisonia grandisleaves

Herbal creams have been developed containing dblonoextract ofPisonia grandis leaves (2%-5%
w/w). The developed cream evaluated using varidugsipochemical parameters shown in Table. 2. The
viscosity of the formulation ranges from 7000 td@&ps. The pH of the formulations ranges from @86
6.56, which lie in the normal pH range of the huns&m. All the developed formulations showed examtl
homogeneity and there were no lumps in the formarlatSpreadability values showed that formulatispead
with an ease and the type of smear is non gre8kin irritation study revealed that all developedamms were
safe for topical application and did not induce akin reaction. The rheological behaviours of tlifeedent
formulation of the creams were studied using Roteti Brookefield Viscometer. The results indicatieat the
torque and shear stress increases whereas visdestgases. From the stability studies, creams -RG |
showed no changes in viscosity, pH, spreadabitiggrudability, viscosity, consistency and phaseassion
after keeping at different temperatures for 60 daye pH and viscosity of the formulation foundiecrease at
higher temperature. There was no rancid smell whibbwed the effectiveness of the antioxidants in
formulation.
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Table 2: Physiochemical evaluation of developed cream

, . o Type
ormulation| P" EQSSJ city Homogeneity S’r?lri?ndlggglty Irritation | Appearance gé?r of Removal
) smear
PG-1 (2%) | 6.36 7000 i 10.58 No Green E NG ES
PG-1l (3%) | 6.39] 7400 i 10.52 No Green E NG ES
PG-IIl (4%) | 6.48] 7600 el 9.52 No Green E NG ES
PG-IV (5%) | 6.56| 7800 e 9.69 No Green E NG ES

***: Excellent **: Good,*: Satisfactory,E: Emollient,NG: Non greasyES: Easy

The results of anti-inflammatory activity revealddt the formulation PG I-IV containing chloroform
extracts (2% - 5% wi/w) exhibited significant intibn of carrageenan induced rat paw edema when a@dp
to control group and the activity is dose dependé&ntong the developed cream, the cream PG 1l (804)
and PG IV (***p<0.001) have shown significant adtiyvat 4" hr after carageenan induction. The herbal cream
PG IV (5%) showed maximum inhibition of 85.99% afte hours of treatment which is comparable to the
standard drug hydrocortisone effect (90.84%) Tesults were shown in Table. 3. Carragennan indpeed
edema method is a standard and most commonly eskditjue to screen the acute inflammatory actfithe
development of Carrageenan induced inflammatioa sphasic event. First phase occurs within an tdur
injection of phlogistic agent and is mediated tlylowelease of histamine, serotonin and kinins wihigesecond
phase which can be measured around 3 to 4 hotetaisd to release of prostaglandins.

Table 3: Effect of cream on carrageenan-induced paw edemain rats

Paw volumes (miattime after carrageenan injection
Treatment __

Initial 1h 2h 3h 4h
Base 1.582+0.064 1.527+0.012 1.670+0.005 1.75+0.009 | 1.69+0.003
Standard 1.015+0.022 1.038+0.006** 1.107+0.014*1*1.106+0.020*** | 1.118+0.022***
PG-1 (2%) 1.012+0.009 1.308+0.011* 1.405+0.007* 2B#0.018* 1.395+0.004*
PG-Il (3%) | 1.065+0.048 1.275+0.018* 1.343+0.009* | 405+0.006* 1.368+0.016*
PG-Ill (4%) | 1.267+0.088] 1.215+0.017* 1.265+0.007* 1.322+0.006** 1.287+0.012**
PG-IV (5%) | 1.062+0.009] 1.05+0.003** 1.19340.012**F 1.217+0.012** | 1.12+0.021***

Each value is represented in mean +

S.E.M, sigmtficvalues are represented as *p<0.05,**p<0.01 &

***n<0.001 compared with control (ANOVA followedybDunnets ‘t’ test)

In the present study herbal cream showed slighiitndm of inflammation in first phase and maximum
inhibition is observed in second phase, which isnigadue to release of prostaglandins. The possilnié-
inflammatory effect may be due to inhibition of yaxygenase enzyme which catalyzes the biosyntluésis
prostaglandins and thromboxane from arachidoni. ddie anti-inflammatory activity of plant sterdlas been
already established® Alkaloids are known by their anti-cholinergic, minflammatory and anti-histamine
activities and inhibiting pro-inflammatory cytokim@oduction and their receptois addition, alkaloids have
been shown to affect many enzyme systems involvealérgic and inflammatory responses such as ityeos
and serine-threonine protein kinases, phospholipa&g, phospholipase C, and lipoxygen&selhe
Phytochemical investigations revealed the preseficgerols and alkaloids in chloroform extractRitonia
grandis leaves. The present activity may be due to presehsterols and alkaloids.

Conclusion

From these overall results, we can conclude thattoipical formulation containing 5% chloroform
extract of Pisonia grandis possess significant anti-inflammatory activity, igéh can be used as an herbal
remedy for the treatment of acute pain and lodénmmation. The preliminary phytochemical investiga of
chloroform extract showed the presence of alkalogkgponin and phytosterols, which might be in part
responsible for anti-inflammatory effect. The assesnt of observed pharmacological effects withaisal
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individual chemical constituent merit further intigation for better understanding of the molecular
mechanisms underlying anti-inflammatory activitytioé developed formulation.
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