Available online at www.scholar sresear chlibrary.com

axMac,
: Q™ <
Scholars Research Library d.’;@‘"b‘%
Scholars Research . * t@# r‘\z
Der Pharmacia Lettre, 2016, 8 (9):161-167 L Vﬂ <4 &
: (http://scholarsresearchlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Application of Herbal extract and its medicinal value

Zarith Asyikinbinti Abdul Aziz*®, Siti Aishah Mohd Ali®®, Akil Ahmad®®
and Siti Hamidah M ohd-Setapar ®"*

Centre of Lipids Engineering & Applied Research EBIR), Ibnu Sina Institute for Scientific and Indizdt
research, Universiti Teknologi Malaysia, 81310 UTbhor Bahru, Johor
PFaculty of Chemical and Energy Engineering, Uniitef&eknologi Malaysia, 81310 UTM Johor Bahru, Joho

ABSTRACT

Herbal medicines have been broadly consumed sincimt times and the clinically proven by some aesges
regarding their advantageous have been realizegdiients for their better therapeutic values wigiss toxic and
adverse effects compared to contemporary or syiotmeedicines. The active components inside thesharb

highly water soluble, but low absorption due to diaess to cross lipid membrane, huge molecular snes

resulting into low bioavailability and efficacy. fiotherapeutics need high scientific approach tlivee the active
constituents in a sustained manner to achieve pticompliance and cure diseases more safe anciesitly.

Combining herbal medicine with nanotechnology s liest approach due to the nanostructuted systeghtrhe
able to increase efficacy of plant extracts, redgailose, toxicity, and side effects. Herbal drugsapsulated with
nanocarriers might be used at a sufficient concidn during the whole treatment process, and dingcinto the
target site to give effective therapeutic effettsus, the aim of this study is to review nanocasrigsed in herbal
drugs delivery system.
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INTRODUCTION

The application of plants as herbal medicine hanhgsed by various populations throughout humarnugea,
whereas people started to learn in selecting plamtéood, to cure and prevent ailments and dissa&#opathic
medicines are currently used as replacement oftiadl medicines, especially in Western develogedntries.
However, developing countries consume more in ticathl medicines due to the increment price of lsgtit
medicines [1-6]. Quinine, digitalis, opium, and iaispextracted from plants have long history toused as herbal
remedies, and have been developed by various phattieal industries [7]. According to World Health
Organization, about 80% of residents in Asian affricAn countries consume herbal medicine as thaly dietary
supplements[8]. Unfortunately, the therapeutic ofeatural resources which mainly consumed by wiuamnot
afford different treatment has greatly diminisheg do the aspects of economic, political and satiahges.

Several researches are struggling in developingviaive herbal based products with fewer side &ffeéban
existing products since medicinal plants chemicaingosition has become research focus among satentif
communities. Plus, the unigqueness of plants’ stirgctbiological and phytochemical properties, hapressed
scientists [1]. Scientists from all places studigological activity of herbal medicine which basewl the different
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application of different species and scientific aenedicinal plant. Besides, the research alsceatnate on how
far herbal medicine able to give benefits into pieaceutical industries. In between 1981 to 2006rethare
approximately 50% of drugs derived from naturahpkare approved [9] .

Other than that, biological active inside each miedi plants are established by phytochemical and
phytopharmacological sciences where among the diicdb active constituents are consist of tannites/dnoids,
and terpenoids. These active constituents areyhighter soluble, but low absorption due to hardriessoss lipid
membrane, huge molecular size, thus resulting liodo bioavailability and efficacy [1]. Therefore, veles are
needed to be encapsulated with herbal drugs s@ asgrove drugs solubility, reducing degradatiorgass,
minimize toxicity, and level up drugs active abganp resulting into high bioavailability of herbiadedicine.

Nanotechnology is a technology approached as hdrbgk delivery system which not only able to lewelherbs’
bioavailability and effectiveness, but also reidtfoe other components that were discarded due tor po
characteristics [1]. Plus, incorporation of hertigigs with nanoparticles possess to formulatedwndrug dosage,
low toxicity, and increase patience compliance T1RPolymeric nanoparticles, solid lipid nanopdetsc (SLN),
liposomes, liquid crystal system (LC), microemufsicand nanoemulsion are the family of nanotechrictbg
strategies, nanocarriers with extremely small sizle to allow drugs easily targeted into cells &ssues so as to
capable of circulating drugs in blood stream [1, Bsides, they also allow different characteristibstances to be
mixed in one formulation, and even able to chandestance’s properties when react with biologicalimmment.
In addition, pharmacological activity, stabilityystained delivery, and protection of herbal drug whysical and
chemical degradation can be enhanced and improyeenbapsulating herbal medicine with these nanmsarr
Hence, nanocarrier integration in novel drug deingystem (NDDS) in herbal remedies is importard assential
in order to cure efficiently, various ailments afideases like cancer, diabetes, asthma, arthnidiothers [12].

History of Applying Nanotechnology to Plant Extracts

Nanotechnology has been widely used in pharmaegutidustry. The used of nanotechnology applicatias been
reported as success drug delivery system for varfmrbal drug or plant extract[13]. Drug delivegstem like
nanostructured materials can enhance the stakilityprption, and therapeutic concentration of tug avithin the
target tissue which is very effective to long-teretease of the drug at the target site [14]. Theesfthe active
compound in the plant extract can be transferrémtibely to the target site and also increaseckffieacy.

There are some previous studies that used nanatiegynto optimize the properties of plant extra@éenet al.

had been using solid lipid nanopatrticles drug earfor epidermal targeting of podophyllotoxin am tobserved
results had showed a good epidermal targeting teffalid lipid nanoparticles are a suitable carfi@r topical
delivery of podophyllotoxin[15]. Rajendraet al. used the methanol extract @cimum sanctumloaded
nanoparticles on cotton fabrics to study about dh&microbial activity and the results showed arcedtent
antimicrobial activity with good wash durabilityh& herbs encapsulated nanoparticle also can agsioesntrol
agent against bacteria in fabrics [16]. Aimeteal developed curcumin-encapsulated nanoparticlaarassative
antimicrobial and wound healing agent. Nanopart@heapsulation had overcome the curcumin’s pooe@uag
solubility and rapid degradation profile hinder gsdy extended topical delivery of curcumin[17].

Therefore, the effectiveness of the medicinal piantontrolled by the active compound in the plaftie drug
delivery system such as nanotechnology is needeeliger the active constituent more effectivelythe targeted
area.

Recent Advancesin Nano CarriersasHerbal Drugs Delivery

Polymeric Nanoparticles

Polymeric nanopatrticle is one of nanotechnologitatesses, used to incorporate with herbal drugs dained the
focus of researches and developed various innavatlivery system [1]. Besides, these nanopartiss broadly
applied in nanoencapsulation of various types oadiive molecules and synthetic drugs. Biodegradpblymeric
nanoparticles are the most suitable polymer to $edun drug delivery system since they show proniise
enhancing poor water soluble drugs’ efficacy. Afaotn this, these nanocarrier are nontoxic, noaimfinatory,
nonimmunogenic, and achieve high stability in blga8]. Other than that, polymeric nanoparticles eooidal
system which acts as drugs’ reservoir to contreldiug release, so that drugs are able to be exiflgi delivered
into target and specific locations. They're abléntrease the bioavailability of active constitiseat low therapeutic
dosage, and enhance absorption of active compotddhermore, when drugs delivered to target sik laaded
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by these nanopatrticles, the drugs will able to ftager and stable in blood circulation without a®yious adverse
effect since polymeric nanoparticles are non-torimpimmunogenic, noninflammatory, inactivate nepitits and
avoiding reticuloendothelial system[1,18].

Nanocapsules (NCs) and nanospheres (NSs) are figoedi structures of polymeric nanoparticles wigtetecting
the drugs. They also appear in different compasiamd structural organization. The core of the itgsein
nanocapsules structure is oil-based core whichognded with polymeric membrane. Active components/ m
adsorb to the polymeric membrane or dissolved linaare. Besides for nanospheres, they're made fsolymeric
structure, where active components are retainecadsorbed [15,16]. Numbers of herbal drugs are being
encapsulated with polymeric nanoparticles whetbegrthance their solubility or as alternative tdaep synthetic
chemotherapeutic agents. Some of chemotherapy @meg®w in bioavailability and efficacy which migtue to
significant difficulties such as incapability tolider components into targeted sites, and needemhsumed with
inappropriate doses. Presently, several naturéemtr therapeutics from plants extract have beemiilated in
polymeric nanoparticle formulations, and examinecieclinical and clinical studies. These nanoegsriable to
solve problems in anticancer field by reducing ¢ityi due to protective of active constituents fromteraction with
healthy cell [1, 19-21].

Application of polymeric nanoparticle in enhancieificacy of herbal drugs as anticancer agent has leealuated
by several researches. Curcumin has been proveotémtial to be functioned as antitumor agentgevesal studies
involving human tumor cells and animal models ofco@genesis. In studies by Mukerjee’'s researcimiea
Poly(lactic-co-glycolic acid) (PLGA) was used asriza for curcumin by using solid/oil/water emulsitechnique,
and was examined to study the ability of curcumetivity against prostate cancer. According to tésults, the
encapsulation efficiency of curcumin with PLGA napbere was found to be 90.88+0.14%, while the gartize
average for the nanospheres was 45 nm. Various gpperostate cancer cells, LNCaP, PC3, and DUM45, used
to evaluate the efficacy of curcumin-loaded PLGAaspheres in arresting cell growth. The result fitbe MTT
cell viability assay found IC50 of curcuminnanosgsereduced to 20 — 22.5uM, while the range of éiaeumin
was 32 - 34M. Thus, it can be seen that the curcumin-PLGA sphere able to arrest cell growth by 35%
reduction [22].

Honokiol (HK), a Chinese medicinal plants with putel to treat cancer and several activities likéiraeumatic,
anti-inflammatory, antioxidant, and anxiolytic halveen incorporated with polymeric nanoparticlesnamethoxy
poly(ethylene glycol)-poly(lactic acid) (MPEG-PLA) as to improve hydrophobic characteristic ofibeb. The
formulation of HN-loaded- MPEG-PLA nanoparticlessa@onducted, by using solvent extract method tduata
nanoparticles anticancer activity. Based on theltefee honokiol and honokiol-loaded-polymericnoparticles
significantly decreased the cancer activity of AQ#&&lls (human ovary cancer cells) as the concémtraf the
herb was increase. Plus, cytotoxicity of HK loadd®EG-PLA was comparable with free HK at IC50 was
8.45ug/mL. Thus, the result indicates that HK loadedhwgiolymeric nanoparticles able to inhibit activiby
cisplatin-sensitive (A2780s) human ovarian canedls §23].

Other than that, the studies of medicinal plant&mkpolymeric nanoparticles not only limited fortiaancer
activity, but they also available to apply on thypds of herbs with different activities. Quercetsna natural
flavonoid which can find in fruits, vegetables, arettain herbs likésinkoBiloba.This herb has pharmacological
properties, such as anti-inflammatory, antiviraitimmor, antioxidant, and hepatoprotective effetiar and his
team made formulation of quercetin (QU) loaded wigimoparticles, poly vinyl alcohol (PVA) and Eudtdg (EE)
named (QUEN), by using nanoprecipitation technidurgioxidant activities assay results were shownEQLfound
to be more effective than QU in analyses of di(ptef®,4,6-trinitrophenyl)iminoazanium (DPPH) scaging,
superoxide anion scavenging, anti-superoxide fdomaand anti-lipid peroxidation activities [24].

Rajendran et al. evaluated antimicrobial of mediciplant, Ocimum sanctum (OS) which extracted bygbeum
ether, methanolic, and aqueous extraction. The mini inhibitory concentration (MIC) against bactelilke
B.subtilis, E.coli, S.aureus, P.aeruginosa, andi€iliumwas determined by using agar diffusion and micraidih
method. Methanolic extract found to be the bestlted OS antimicrobial activity. Then, the OS exdted from
methanolic extract was formulated with sodium aggnchitosan nanoparticles (OSN), through catiauded,
controlled gelation method. The particles were d@pd on cotton fabric, using pad dry cure mettgmked on the
result, OSN shown better and longer antimicrobidivity than the free OS, producingcotton fabridshvexcellent
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antimicrobial activity [25]. Table 1 below shows oéimer herbs being encapsulated with various poligmer
nanoparticles aimed to enhance herbs solubilipg\ailability, and efficacy.

Table 1 Polymeric Nanoparticles Herbal Formulation

Herbal Medicine Phar macological Activity Polymer Nanoparticle Used References
. Treatment of gastric rectum bladder, colon lunglydrophobically modified glycol
Camptothecin breast, and ovarian cancer chitosan (HGC) [26]
Ejr;cr)\ig?anamadagascar|en5|s I‘amAntibacteriaI, antifungal, and antiviral Poly(D,kdtide-co-glycolide) [27]
Catechins Antlwral, antloxmljatlve,' anticarcinogenic, anti- Chitosan nanoparticles 28]
inflammatory, antibacterial
Liposomes

Liposomes are one of nanocarrier family, functioasdirug delivery systems which have been develspag 40
years ago [11]. It contains composed of one or mbaspholipids which are molecules with head aildytaup. In

aqueous medium, the lipids are separated whereasytirophilic drugs are encapsulated in agueougpadment,

while the membranes are incorporated with hydrofghebbstances. Size, number of lamellae, and sicharge
are three factors involve to characterize liposomesto surface charge, liposomes can be classiftesanionic,

cationic, and neutral. Regarding to their size, anthber of lamellae, they can be classified asogligni-, or

multilamellar, and small, large or giant [1]. Limwees in unilamellar pattern only contain of singi&ayer and

consist of various size ranges which are smallanmdllar (25-100)nm, large unilamellar (100nm - 1pamd giant
unilamellar with diameters more thapm. Other than that, multilamellar liposomes contséveral concentric
lamellae which usually found in more concentratgstesm.

Bioavailability and solubility of herbal drugs cdme enhanced by incorporating with liposomes siruesd
nanocarrier are biocompatible and biodegradablehvhuitable to be used as herbal drug deliverys,Rhey are
also able to improve therapeutic efficacy, and @nsd herbal drug release [29]. Applications obsipmes as
herbal drug delivery have been widely cited by saviteratures due to some advantageous of thaseparticles.
Silymarin, a herb extract from seeds of Silybumiarauim (Compositae) has been encapsulated with lipesdor
buccal administration. This is due to low oral biaitability and poor absorption of this herb in famtestinal
tract. Silymarin loaded with liposomes were predausing reverse evaporation technique in the coetpad
lecithin (LC), cholesterol (Ch), sterylamine (AS)hd Tween 20 (T20) with molar ratio of 9:1:1:0.5heTmale
albino rats received 0.25 mL of carbon tetrachlrnd liquid paraffin, to induce liver damage. Sergtatamic
oxaloacetate transaminase and serum glutamic pgutr@nsaminase are the biochemical parameters for
measurement of hepatoprotective degree of Silymakim the result, there was significant reduced othb
transaminase level, which prove that hybridizatérsilymarin with liposomes able to cure liver dagean buccal
administration [29].

A study from Sinico’s research team investigateridfficacy of Artemisia arborescence L. essenildbaded with
liposomes in treating Herpes simplex virus, a commipal diseases which not being able to be treatedther
synthetic drugs due to toxicity effect towards gats. The liposomes used from the experiment wesdipely
charged multilamellar vesicles (MLVs) and smalllamielar liposomes (SUVs), prepared using sonicatilom
method and obtained by soy phosphatidylcholine ¢ryelnated and non-hydrogenated processes. The alesear
examined antiviral activity of free A. arborescerarel liposomal of the herb against HSV-1 virus. drsulation
efficiency of MLVs and SUVs with the essential wihs 60% and 74% respectively, showed good capabitiff the
liposomes to entrap the herb’s oil. Plus, withire timcorporation of MLVs with the essential oil, thewas
significant increment in the level of antiviral sty of A. arborescence compared with the free[80]. Besides
these two herbs experienced in encapsulating wittsbmes, there are various types of other herbgyheaded
with these nanoparticles. The herbs lists is shiomtable 2 below:
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Table 2. Liposomes Her bal Formulations

Herbal Medicine Pharmacological Activity Liposomes Used Refer ences
Cratylliamollis Antitumor activity Soybean-phosphiicholine, cholesterol, and stearylamine  [31]
Quercetin Anxiolytic and cognitive activity = Egg mphatidylcholine and cholestrol [32]
Erigeron breviscapus  Protecting brain damage Mesgfoular liposomes [33]

Microemulsion

Hoar and Schulman, the guys who introduced micrdgioru (MES) term in 1943, claimed these nanocasries
fluid system obtained by titration which contaimanposed of a simple emulsion with medium chaiolait like

hexanol or pentanol, initially appear as semi tpanent, and titrated until clear. MEs consideredasd alternative
to enhance solubility of poorly water soluble foalcadministration drug.

Microemulsions solution appear as transparent, lwhie oil phase dispersed in aqueous medium (déwa
emulsion) or water phase dispersed in oil mediunatéwoil emulsion). Besides, surfactants with othwiit
cosurfactants are compulsory to be considered shmgre needed as emulsifier to stabilize dispbrsgase of the
solution [1]. These nanocarriers functioned towdzlinerbal drugs into target site by solubilized til or aqueous
phase with active components. The droplet sizethede nanoparticles are in submicron range, aral rasdern
drug carrier, they are defined as single opticalbgropic and thermodynamically stable. Besidesrawe solubility
of poor water soluble drugs, microemulsions algmabée to enhance drugs bioavailability, drugs potiwe against
biological environment, ease of manufacturing, lExmgier shelf life [34].

Pharmaceutical researches have been evaluatedfitecye of microemulsions as nanocarrier for mappets of
plants extracted. A previous study about triploti{d®), a purified compound from traditional Chindserbal
medicine has been encapsulated with microemulsiorss to enhance the herbs’ anti-inflammatory #gtand in
vitro drugs permeation. The formulation was pregafim water (ageous phase), isopropyl myristate (GiP
phase), Tween 80, and 1,2-propylene glycol as stanfida and co-surfactant respectively. In vitro drpgrmeation
result showed highest permeation profile for foratioin contained 0.025% TP, 40% isopropyl myrisfBie and
50% Tween 80:1,2-propylene glycol (5:1v/v). Pluscapsulation of triplotide with microemulsion alsappresses
the carrageenan-induced rat paw edema and shoeduigthest anti-inflammatory effects [35].

Ampelopsin, one of the ordinary flavonoid, reportedgive various pharmacological activities liketiaridation,
anti-inflammatory, relieving cough, antimicrobiattaity, antihypertension activity and hepatopraiex effect
[36]. Poor water solubility characteristic of thiglrug possess several researches to formulate
ampelopsinmicroemulsions in order to study the fdation’s efficacy towards enhancement of ampelopsi
orally drug administration. The formulation namedp&iul MCM-based ME contained Cremophor EL and
Transcutol as surfactant and co-surfactant respdygtiThe formulations was optimized based on #waiits of their
transparency, viscosity, and etc. Optimized fortiolawas contain ampelopsin, Capmul MCM (5.5%),rBcutol

P (8.5%), Cremophor EL (25%), and distilled watesulted the highest in vitro drug release, whicbved the
potential use of microemulsion as ampelopsinnam@eain enhancing bioavailability and solubility tfie herb.
Numbers of other plants are being encapsulatedmithoemulsions and the lists of the herbs aréséed in table 3
below:

Microemulsions Herbal Formulations

Herbal Medicine Phar macological Activity Microemulsion ComponentsUsed  References
Curcumin Antitumor, antioxidant activity.  Phosphdis-based microemulsions  [37]

Solid Lipid Nanoparticles

Solid lipid nanoparticles are ranged in size betwg@ — 1000 nm which made from lipids and remaisasl state
in a room and body temperature. These nanocaaiersolloidal carrier, as the alternative for ernssliposomes,
and polymeric nanoparticles in drug delivery systdiney are new invention of lipid emulsion where tiquid

lipid (oil) has been replaced by solid lipid. Thesgnoparticles may use in pharmaceutical industdeseveral
administration like parenteral, oral, and percutausedue to their small range and biocompatibilggsides, solid
lipid nanoparticles also offer the other advantagesuch as large surface area, and high drug lpadinch able to
improve the efficacy of pharmaceuticals, neutradcalg and other components [38].
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A research about encapsulation of Quercetin (QUh Wpid carriers has been conducted by Li resedeam.
Quercetin is a natural flavonoid with poorly soleibtharacteristic was being incorporated with SLN&a
emulsification-solidification method at low temptna. The SLNs used were glycerylmonostearate apdegithin
and at the result of in vitro analysis, quercetinded solid lipid nanoparticles exhibited contmblleelease.
Elsewhere in the in vivo experiment, QU-SLN biodakility resulted to be more than five times greaed
enhanced absorption in intestine compared to foeecgtin[39].

Other than that, oral bioavailability of curcummbeing enhanced by incorporating it into SLNs cosggl of soy
lecithin. Microemulsification was applied in orderprepare this nanocerrier formulation. The studg evaluated
the encapsulation stability of curcumin-loaded SLatwd in vitro drug release analysis. The reswivgd only 9%
incorporation efficiency of SLNs loaded curcumircimsed after being stored ifC3:3°C for 12 month, indicating
the formulation was stable. Besides, the formutatitso indicates to be exhibited prolonged drugas in vitro.
Elsewhere, triplotide (TP) was encapsulated witiNSkhich consist of tristearingluyceride and steadid, aimed
to improve TP solubility and increase the rate & a@bsorption into skin. Studies have shown thataotide
extracted from vine are effective in curing certaiiseases, including inflammatory diseases likeumtethoid
arthritis. The result shown that anti-inflammatawtivity of TP was increased after being incorpedatvith SLNs
due to the easiness of TP to be penetrated omio3%]. Other than that, another plants extractadhtilated with
solid lipid nanopatrticles are listed as table bhel

Table 4 Solid Lipid Nanoparticles Herbal Formulations

Herbal Medicine Phar macological Activity SLNs Used References
Camptothecin Treatment of gastric rectum bladddorclung breast, and ovarian cancer CetylPalmitate [40]
Podophyllotoxin  Antivirus for warts treatment through topical applion, and antivirus actyivity Soy Lecithin [41]

FUTURE PROSPECTIVE AN CONCLUSION

Nanocarriers drug delivery system for herbal medisiare proved to have potential in enhancing bicéd activity

and overcome problems associated with plants nmreditiowever, toxicity effects may happen to consudue to

the small size of the nanomaterials could be iatsravith other materials which could lead to towiciA better

delivery system is needed to deliver the drugs engpo the target sites in the whole body at attroosage which
will not same technique with existing treatment fnove a bit with the system). Patients will fullstisfy if they

consume medicines without any side effects likécibxand hypersensitive reactions.

Thus, the application of nanocarrier in herbal réime may give bright future of nanotechnology iweal in the
treatment of more chronic diseases and wellnessfit®nThe nanocarriers application is not limifed diseases
treatment, but they're also relevance to be usetbda technology since various study have been gaahe
efficacy of nanocarrier in holding some constitsamed in food like curcumin against cytotoxic effe
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