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ABSTRACT

Saponin rich fraction of Chlorophytum borivilianwwvas investigated for transdermal enhancer actibyyusing
human cadaver skin in vitro with pramipexol as thedel drug. Moreover, FT-IR studies were condudted
understand to possible enhancement mechanism.tRebolws significantly increased flux of the drognpared to
control (p<0.05). Similarly permeability coefficie(Kp), cumulative amount release(and enhancement ratio
(ER) shown significant increase over control samplE-IR studies reveal that Chlorophytum boriviliem reduces
peak area by 89.00 % for symmetric and asymmetiiétching peaks. In addition significantly redugesrcentage
of secondary structures of keratin at amide | bafuese results indicate that C. borivilianum entemgansdermal
permeation of pramipexol by biphasic mechanismliring partial extraction of stratum corneum (SQ)idi and
interaction with SC keratin.

Keywords: Permeation enhancer; Stratum corne@mprophytum borivilianumPramipexol.

INTRODUCTION

Pramipexole is prescribed for parkinsons but #l# indicated for aphrodisiac value. The genaslés observed
with this drug are nausea, vomiting and burningnstch. Attempt has made to prepare an alternate oiwtelivery
but due to its bioavailability issue all went invl]

In Indian system of ayurveda tubers Ghlorophytum borivilianumfamily liliaceae are very famous for its
adaptogenic and aphrodisiac properties. About p&@iss of this plant are found in world and all eoenes under
the name of safed musli. Among ti@&lorophytum borivilianunhas very great market demand. Tuberous roots of
C. borivilianumalso possess immunomodulatory properties and sgd to cure impotency, sterility and enhance
male potency. The main active principles of rostgonins are stimulants and metabolic enhancersiavel been
shown to possess anti-tumour activity [2, 3]. Thdraet of dried root tubers o€. borivilianum acts as
psychostimulant and has a beneficial effect onkiteén and human body by increasing alertness, rhabikty,
intelligence and sexual characters. Due to itsafheutic activity and diversified uses, demand fob@ivilianum is
increasing in Indian and the international markét.|

The plant is also used for dysuria [5]. Leaves @a&en by the tribal people of Western Ghats ofdras an
expectorant [6]. Root is used as aphrodisiac, diyrastringent useful in dysentery, as an antieli@band as
appetizing agent [7]. Tubers are used as lactogf@u&he plant is rich in many pharmaceutical eettonstituents,
mainly glycoside which has been isolated from leg@§ and roots [10].

Pramipexole being a good aphrodisiac, its usafimied due to its poor permeability across biotadimembranes.
In an attempt to overcome the problems arising fstim impermeability and biological variability s to raise the
drug candidate for trasderma drug delivery syst@BDOS), various approaches to reversibly removebgier
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resistance have been investigated. Among theseagipes, co-administration of drug with chemical axder is
widespread accepted and is explored for severg nmlecules [11]. Among natural products, one deesgively
studied class is essential oils and terpenes. Mamgo and sesquiterpenoids have been reported awegion
enhancers. Being natural in origin, terpenes agarded as relatively safe and clinically acceptalé have been
explored as permeation accelerants for many ligimphs well as hydrophilic drugs [12-16]. Howevexcept
terpenes, other phytochemicals are rarely invetib&or their permeation enhancement/retardant gutigs. In
attempt to investigate the phytoconstituents suchagonins for transdermal permeation enhancenfiatinally
used drugs, investigation d borivilianumfraction as a permeation enhancer for pramipeaslenodel drug is
reported here. We expect synergistic aphrodidi@cts of dual drug approach wherein we deal with Ayurvedic
and allopathic medicine simultaneously.

MATERIALS AND METHODS

2.1. Materials
Pramipexole was procured as from Rovathin (ID nB8Y), China. All other chemicals used were puretfesm
Sigma, Mumbai and were of analytical grade.

2.2. Collection of Plant Material

The leaves and roots @f. borivilianumfamily liliaceae was collected from Western Ghedion of Maharashtra in
May. Herbarium specimens of both the plants weepared and both plants were authenticated by tamishoDr.
Kapil Shah, Department of Pharmacognosy, Gangamiéedge of Pharmacy, Dhule, Maharashtra.

2.3. Preparation of Extracts

The plant parts (Leaves and Roots) were washedlestiaed and extracted with methanol for 36 h. oyhéet

extraction. The MeOH solution was concentrated umdduced pressure, below 45 °C, to dryness. Tégltheg

crude MeOH extracts (ME) was further fractionatedjive purified saponin fraction (PSF) and labeldesdGPSF
(leaves) and CPSF (roots). The extracts were sigui¢o preliminary phytochemical screening [17] evhindicated
the presence of mainly saponins.

Estimation of Total Saponins [18]

In brief, 5 gm of drug powder (leaves & roots),raxted with 90 % v/v methanol (25 ml) by refluxifay half an
hour. The residue obtained was, again refluxed ®Bhml methanol. The soft extract, left after dition of
alcohol, was treated with petroleum ether (60-808C)efluxing for half hour. At the end saponing geecipitated
in it and were settled down in beaker.

Determination of Foaming Index.[18]

The aqueous decoction was shaken to observe patsisam. In brief, 1 gm of drug was taken and @dgkrough
sieve no. 1250, transfer it to 500 ml conical flasktaining 100 ml of boiling water, boiled for &fin, then cooled,
filtered and transferred to 100 ml volumetric flagufficient water was added to make up the voluifiee

decoction was then poured in to the 10 Stoppatetubes (height 16 cm, diameter 16 mm). The heiflibam was
measured after 15 min.

Haemolytic Activity [19]

Sheep Blood was taken for the procedure, activigyfggmed with aqueous, methanolic extracts. Extract
concentration was 5, 10, 25, 50, 100, 250, 500 80LMg/lit respectively. Normal Saline and Distille@ter were
taken as 0% and 100% activity respectively.

2.4, Preparation of Epidermis and Stratum Corne20r22]

Full thickness human abdominal skin samples (fenze 27 years) were obtained post-mortem from Rural
Hospital, Amalner (Maharashtra) India and stored2& °C in doubled-sealed evacuated polyethylergs.b@n
removal of subcutaneous fat from skin, it was insedrin water at 60 °C for 2 min followed by remowdl
epidermis.

The stratum corneum (SC) sheet was obtained btirfip&reshly prepared epidermal membranes (SCgiden an
aqueous solution of trypsin (0.001% w/v) and sodhicarbonate (0.5% w/v), at room temperature far.3The SC
was removed, thoroughly washed and dried in vacdesiccators. The Study was duly approved by IAEC.

2.5. In Vitro Permeation Study [23,24]
The diffusion cells, similar to vertical Franz difion cells, with 10 ml and 4 ml capacity of recepiand donor
compartments respectively with 2.5 cm2 diamete? @n2 effective diffusion area) were used for peatiom
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studies. The epidermal skin layer was mounted alyebn the lower half of the cell with the epidasnfacing
upwards. The receptor compartments were filled @iftM phosphate buffer (pH 6.8). The prepared diffa cells,
containing the buffer, were equilibrated for 1 Ir a water bath at 37°C, prior to the addition ofussed
pramipexole solution to the donor compartment. Témeptor compartment was kept at 37°C and stirrigd s
magnetic stirrer at 400 rpm. After an hour, 3 mlfadshly prepared saturated solution of the prarofeein
phosphate buffer (pH 6.8) was added to each damopartment, which was immediately covered with filmnato
avoid the loss due to evaporation. To determineeffect of theC. borivilianum the epidermal membranes were
immersed in 1 % w/iL. borivilianumsolution prepared in phosphate buffer (pH 6.8)2%r, rinsed and mounted
in the diffusion cells. Aliquots of 1 ml were witlavn periodically and replaced with the same voluhesceptor
fluid for 24 hr. and analyzed on Shimadzu-1610 péetrophotometer for pramipexole content accordinthe
method reported. After 24 hr, the skins were rerdeaed analyzed for drug content using a modifietho

2.6. FTIR Study [25]

The circular disc of SC of approximate 1.5 cm ditanavas prepared and hydrated in sodium chlorid@ %0 w/v)
solution containing antimicrobial agents for 3 dagsfore hydration of the SC discs for 3 days, RTEhimadzu-
8400S, Japan) were recorded in the frequency rd6gdo 4000 cm-1 with 2 cm-1 resolution. Each spmetwas
an average 10 scans. After 3 days of hydratiorsetligscs were thoroughly blotted over filter paged IR spectra
were recorded. Then SC discs were kept in 5 n€.oborivilianumboth (CPSF & GPSF) (1 % w/v) prepared in
phosphate buffer solution (pH 6.8) at room tempeeafor 24 hr. Then after 24 hr the SC discs whordughly
washed, blotted dry and FT-IR spectra were takanhEBample served as its own control.

2.7. Data Analysis [26]
The skin flux was determined from Fick’s law offddion.

Jss = dQr / Adt

Where Jss is steady-state flux in pg/cm2 per hr, idQhe change in quantity of material passinguligh the
membrane into receptor compartment in pg, A isaittve diffusion area in chand dis the change in time.

The cumulative amount of pramipexole permeatedupérskin surface area was plotted against timethadslope
of linear portion of plot was estimated as steadjesflux (Jss). The lag time was determined byagxtlating the
linear portion of the abscissa.

The permeability coefficient (Kp) was calculated as

Kp =Jss/Cv

Where Cv is total donor concentration of pramipexol

Enhancement ratio (ER) was calculated by dividimgmeeability coefficient of pramipexole through egichis
treated withC. borivilianumby permeability coefficient of pramipexole throutlie untreated epidermis.

2.8. Statistical Analysis

Results are expressed as mean + SD of at leaspériments. The permeation study data and FT-IR dat®
analyzed by analysis of variance (ANOVA) followeg Dunnet test and paired t-test respectively ugngphPad
Prism software (version 5.0). The level of sigrdfice was selected as (p< 0.05).

Table No.1: Effect of CPSF & GPSF along with theicombination (CPSF + GPSF) on transdermal
permeation of pramipexole in vitro human cadaver sk model

o Flux Lag time Q24 Kp SC
Enhancer | (% W) | (ugremz.h) (h) (ugfem?) | @oemn?) | ER (ug/g)
Control NIL 22.56+1.44 0.50+0.11 492 .4+57.22 1.01m80 1.00 202.75+12.40
CPSF 1% 43.07+3.14* 1.55+0.32*F 944+73.92*4 2.1118** 1.91 178.20+10.12
Control NIL 22.56+1.44 0.50+0.11 492 .4+57.22 1.01m80 1.00 202.75+12.40
GPSF 1% 40.23+2.30* 2.51+0.48*F 913.3+45.181* 14.11* | 1.78 136+9.54**
Control NIL 22.56+1.44 0.50+0.11 492.4+57.22 1.0080 1.00 202.75+12.40
CPSF + GPSH 1% 48.75+4.01%* 0.35+0.16 1079+129.9*2.31+0.16** | 2.17| 108.30+20.2*4

All above values expressed as the mean +S.D oféaulings (n=6).
*P < 0.05 (one way ANOVA follwed by Dunnet test).
** P< 0.01 (one way ANOVA follwed by Dunnet test)
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RESULTS AND DISCUSSION

3.1. Permeation Studies
Pramipexole flux, lag-time, enhancement ratio, pation coefficient and skin content of drug of eated ancC.
borivilianumtreated epidermis were summarized in (Fig.1, Tahle

Fig. No.1: In-vitro transport of Pramipexole through human skin. Each data point is the Mean + S.D dbur
readings (n = 6). Key: @) Control, (A) GPSF 1%, @) CPSF 1 %,(®) Combination (CPSF + GPSF) 1%.
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It is evident from results that in vitro permeatiminpramipexole through treated epidermis givesifitant increase
in permeability coefficient (Kp) of drug at (1 % wy/concentrations compared to control (p<0.01gnhanced Kp
by 2.14 & 1.91 corresponding increase in enhancémaio (ER) 1.91 & 1.78 folds at 1 % w/v respeetix The
flux of pramipexole was 43.07 & 40.23 respectivehown significant increases in flux. The skin contef drug
was significantly low (p<0.01) compared to contrbhus, lag-time data and data of skin content ssigtjeat, at
concentration at 1 % lipid extraction occurs, whishalso reflected in reduction of skin contentdofig and also
proportionate decrease in lag-time. Thus, increflsedKp and reduced lag-time and skin contendiafg are better
correlated withC. borivilianumtreated induced lipid extraction and due to irdBom with keratin (Fig.2, Table 2).
However, their combination (CPSF + GPSF) showrptioenising synergistic effect as compare to indiaideffect
which were summarized in Table 1. It is evidentfreesults that in vitro permeation of pramipexdlmtigh treated
epidermis (CPSF + GPSF) gives significant inceels permeability coefficient (Kp) of drug at (1 %/v)
concentrations compared to control (p<0.01). Itaerded Kp by 2.31 corresponding increase in enhagceratio
(ER) 2.17 folds at 1 % w/v. The flux of pramipexalas 48.75 shown significant increases in flux. $kie content
of drug was significantly low (p<0.01) comparedcmntrol. Thus, lag-time data and data of skin conseggest
that, at concentration at 1 % lipid extraction asguvhich is also reflected in reduction of skimtat of drug and
also proportionate decrease in lag-time. Thuseesed flux, Kp and reduced lag-time and skin cdrdédrug are
better correlated with combination 6f borivilianum(CPSF + GPSF) treated induced lipid extractiod due to
interaction with keratin (Fig.2, Table 2).

Table 2: The peak height and area of symmetric andsymmetric CH2 before and after treatment of SC wit
CPSF & GPSF along with their combination (CPSF + GBF) 24 h and their % decrease

Symmetric C-H stretching Asymmetric C-H stretchirg
Peak Height| % decrease Peak Area % decrease Pk Hed decrease Peak Areg % decrepse
Control 1.38+0.15 156.6+18.7 1.39+0.16 --- | 72.82+10.26
GPSF 0.66+0.10 52.17* 86.09+10{8 45.02%] 0.67+0.12 51.80 46.88+11.75 35.62*
CPSF 0.75+0.14 45.65* 47.5+7.44 69.98") 0.50+0.11 4.08* 38.22+10.44] 47.51*
GPSF + CPSH  0.45+0.10 67.39** 17.22+1.28 89** 0278 66.19* 17.65+1.53 75.76**

% decrease or increase in peak hight or area =afparea or height of enhancer treated
SC - peak height or area of untreated SC) / (pexddsht or area of untreated SC) x 100.
All above values expressed as the meantS.D ofréadings (n=3).
*P < 0.05 (one way ANOVA follwed by Dunnet test).

** P< 0.01 (one way ANOVA follwed by Dunnet test).
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Fig 2: FT-IR spectra of SC showing reduction in asyymetric and symmetric CH, stretching absorbance after
CPSF, GPSF & their combination (CPSF + GPSF) treatmnt
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3.2. FT-IR

To know the underlying mechanism of enhancememt, tfophysical study using FT-IR was undertaken. The
molecular vibration of lipids and proteins are tethto various peaks of FT-IR spectrum of SC. Taedbat 2918
cm® and 2850 cm are due to the asymmetric and symmetric, @irations of long-chain hydrocarbons of lipids
[27]. Since, the height and area of these two baardsproportional to the amount of the lipids preésany
extraction of lipids from SC results in decreas@efk height and area [28]. Further, fluidizatidr8€ lipids also
enhances the permeation of drug. The shifts of €fretching peaks to higher wave number (transatckye
conformation) and increase in their peak widthsdat® fludization of the SC lipids [29, 30]. The ZHtretching
peaks in the spectra of untreated and treated SGmalyzed for change in peak heights and areatharshift in of
peak frequency after making baseline correctionvds evident from results (Fig.2, Table 2) thaatimeent ofC.
borivilianum (1 % wi/v solution) reduces both peak height anakperea by 45.65 %, 52.17% & 69.98 %, 45.02%
respectively for symmetric C-H stretching ( at 2&50"). Similar, reduction in peak height and area fyrametric
C-H stretching (at 2917 ¢ by and 64.03 %, 51.80 % & 47.51, 35.62 % respebtirecorded. Thus, it is clearly
indicated that lipid extraction do occur along witie shift to lower wave number in GHtretching peak was
observed (at 2917 cth

The bands at 1650 ¢hand 1550 ci are due to the amide | and amide Il stretchingatibn of SC proteins. The
amide | band arises from C=0 stretching vibratiand the amide Il bands from C-N stretching and Kdiding
vibrations. The frequencies of these two bandse@alty amide | band are sensitive and shift tohkigor lower
frequencies according to the change in protein aomdtion [31]. InC. borivilianum treated SC, shifts were
observed only in CSPF since amide | band congisbihhcomponent bands that represents various sacpnd
structures of keratin and determination of peragmtaf these secondary structures will be usefudmpater to know
the interaction with keratin. The percentage ofosdary structure was determined by deconvolutiomrafde |
band and curve-fitting analysis of deconvolutedcte(refer Table 3 and Fig.3).

Table No. 3: The percentage secondary structures &ératin before and after treatment of SC with contol or
enhancer CPSF & GPSF along with their combinationCPSF + GPSF) solution for 24 h

% a-Helix % Anti-parallel B-sheet % Random coil % pB-sheet

(1650-1660) and B-turns (1660-1695) (1640-1650) (1620-1640)
Control Enhancer Control Enhancel Contro| Enhancer Control Enhancer
CPSF 12.69+1.55| 41.11+1.93| 60.58+2.46| 90.62+2.72| 25.40+1.08| 20.41+1.47| 31.96+1.70| 58.57+1%
GPSF 12.95+1.99| 35.68+1.f1] 61.29+3.62| 93.06+1.98| 26.37+2.58| 15.57+1.35| 32.56+2.56| 12.62+1.51
CPSF + GPSF| 13.30+1.67| 7.66x0.93| 61.81+3.06] 18.34+1.86| 25.62+3.14] 3.05+0.42 | 31.66+3.08] 8.05+0.82

All above values expressed as the mean +S.D oféaulings (n=6).
a*p<0.05, b**p<0.005, c***p<0.0001
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Fig.3. Protein deconvolution and curve-fitting spectra of amide | and amide Il bands of urireated SC (A)
and SC treated with GPSF (B), SC treated with GPSEC), SC treated with combination (CPSF + PSFG) (D
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It is evident from results that percentage of sdeoy structure off-sheets, antparallel B-sheets an@-turns were
shown significant reduction (paire-test, p< 0.0001). Siitar reduction of percentage of secondary strusturfe:-

helix and random coils were also recorded (p< 0.00hus, it is obvious that reduction of the petege of
secondary structure compared with the untreatedv&€ due to interaction (C. borivilianumwith keratin. The
resultsare more promising in their combinati(CPSF + GPSF)reduces both peak height and peak area by ¢
% & 89.00% respectivelfor symmetric (-H stretching (at 2850 cf. Similar, reduction in peak height and a
for asymmetric GH stretching (at 2917 ¢*) by 66.19 % & 75.76 % respectively recorded. Thtiss clearly
indicated that lipid extraction do occur along witte shift to lower wave number in CH2 stretchirgplp was
observed (at 2916 ¢t

Taken togetherresults presented here suggest that an increaseeimodynamic activity and or decrease
diffusion path lengthC. borivilianun (CPSF + GPSF)can be attributed by extraction of SC lipids andssantial
interaction with SC keratin. The study, therre, confirms thaC. borivilianum(CPSF + GPSF induces alteration
in membrane dynamics and permeation characteas®C and thereby increased permeatiopramipexole across
human epidermal membrane by lipid extraction ameraction of keratit

3.3. Estimation of Total Saponins, Foaming Inded Haemolytic Activity

The result suggested in Table No. 4 indicatesdtad saponin % is reasonable in extracts, alsBFEshows lesst
Haemolytic activity as compared to CSPF so in GBRElativelysafe and for CSPF one has to look after othe
safety parameters as both showing promising enhafieets & the foaming index is norme

Table No: 4: Total saponin percentage

Observation CSPF (%) | GSPF (%)

Total Saponins (% 24.34 +1.22| 29.33+1.5p
Haemolytic (%) (500ug/m | 83.22 + 2.56 21.77 +0.7|7
Foaming Inde 321 +1.88 433.2+1.22

Thus, economically chief, relatively safe, effeetiat lower concentration and biphasic mode of patioe
enhancement of CSPF &SPF (saponin rich extracts) make it attractiveiratextracts for further investigation f
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various polar and non-polar drugs. Alternativelycan be exploited as template or scaffold for tgwment of
various analogues and semi-synthetic derivativeh wnproved efficacy and safety as transdermal pation
enhancer.

CONCLUSION

We herewith report successful synergistic combamatf two drugs from different medical backgroutits called
synergistic because, the aphrodisiac effect of jpexole was enhanced with the Ayurvedic “safed rilsdaich is
a strong aphrodisiac as per the Ayurveda. We evensaccessful in overcoming the permeability issfie
pramipexole by combining with the safed musali. pharmacological effect on rabbits and mice i$ stiland will
be communicated as we approach the final output.
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