Sharma Yashaswini et al, IRJP 2 (3) 2011 47-38

INTERNATIONAL RESEARCH JOURNAL OF PHARMACY ISSN 2230 - 8407

Avallable online http:/"www irponline com
Review Article

COLEUS {(PLECITRANTHUS BARBATES) - A MULTIPURPOSE MEDICINAL HERB
Sharma¥ ashaswim® and Vasundhara M
Dept. of Hortculture, University of Aericultural Sciences. GEVE, Bengalu-360065, India

Article Recerved om: 17/001/2011 Revised on: 23/02/2011 Approved for publication: 06/03/2011
*Yashaswini Sharma, 2™ Ph.D (Homticulture), Email: yashu vsiemail com

ABSTRACT

Flecmramiriius barbars Andr. (Syn. Colens fosdoldil Brag.) 4s o perewdal herb, belonging to the tindly Lamiacesa Its reberois roods are
found to be a rich source of forshohloy (eoleonal) vsed as a porentinl drug foe Bypestension, congestive heast failure, eczema colic
respizatory disorders. painful wination, insemnia and corvilsions. Climical studies of the plant furlber support these traditionnl nses.
midicazing therapentic benefit mi asthma, angina. psoriasis and prevention of camcer mesastases. Forskolin divectly activates almost all
hiormone sensitive adenylate cyclases in mtact cells, tssnes and even solubabszed preparaton of adenylate cyelase. Stimmlation of sdenylate
cyciase is thonght 1o be the nmechanisay by which Focskolin relaxes a varety of smooils museles. Foeskolin, by inensmg cAMP lovel m e,
mhibits bazophi] and mast cell degronnlateon and bisnnive release bowers blood pressuse and mtpocular pressure amd it inhibits platelet
aggregnticn. promotes vasodilation, bronchodilation, amd thyroid hormone secrefion. Coleus acts se s natuml] source of drag for many major
disenses implying that thiere is o great deosmed for production and processing of the crop. The paper deals with botany. medicimal nses,
phertochemiestry, mechonism of action and case studies on colens.
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INTRODUCTION

Plectranthns  barbans Andr.  (Syn.Colens  forskolifi
Briq.), that belongs to the family Lamoaceas. It is
comunonly known as Coleus, Pashanbbedi (Samskrit).
Patharctnnr (Hindi), Makandi bern or Mangani bern
(Kamnada) and 15 grown throughout the coumtry, Tis
tuberous roots are found 1o be a rich sowrce of forskohlin
(eoleonol) used as a potential drop for hypertension,
congesitve heart  failure, eczema, colie, respiraiory
dusorders. painfil wrnatwon, msomiia, and convulsions”,
Chinical studies of the plant and the forskoln constituent
support these traditional uses, but alio awdicate ot may
have therapeutic bepefit m asthma, angina, psoriasis, and
prevention of cancer metastases

Plectranthusy  barbatns  Andr. is  considered to  be
originated m Indian sub-comtinent. 11 ocewrs in the
subtropical Himalayas from Knimaon to Nepal, Bilar amd
Deccan penmsula of Scouth India as well as Sn Lanka.
Apparently, it has been distributed to Egvpt. Arabia,
Ethiopia, tropacal East Africa and Brazl In India, the
plant is found on div, barren hills and at an altitude of
about 2400m with moderate ranfall of 400-500mm and &
mean anoual temperature of 18-27°C. The crop is being
commnercially  grown  m Rajasthan, Maharashira,
Karnataka and Tamil Nadu i an area of about 230002,

Botanical description

C. forskollii is a perennial plant that grows to about 45 -
60 cm tall. It has four angled stems that are branched and
nodes are often hairy. Leaves age 7.5 10 12.5 em in length
and 3 to 5 cm in width. vsually pubescent, narrowed o
petioles. Inflorescence is raceme, 15 — 30 cm in length:
fowers are stout, 2 to 2.5 cin in si2e, usually perfect and
calyx heiry imside. Upper lip of calyx is broadly ovate
The blue or lilee corolla is bilabiate. Lower lobes are
elongated nivd concave so that they enclose the essential
orpans. The ovary 15 four parted and stiema is two lobed
and the fower is cross-pollinated by wind or insects”.
The root s typically golden brown, thick, fAbrous and
radially spreading. Roots are tuberous. fascaculated, 20
cin long and 0.5 1o 2.5 em in diameter. conical fusiform,
stragght, orange-red within and strongly aromafic. ©
Joeskoldfi 33 the only species of the geows to have
fasciculated tuberous roots. The entire plant 15 aromatic.
The leaves and tbers have quite differemt odours
However, the growth habat of C. forskobfil 1 strikmgly
variable bemg  ereet, procwmbent or  decumbent
Smmlarly, the root morphology in different populations is
also fascimatingly diverse, being tuberous, semd tuberous
ar filrous™

GENETIC VARIABILITY IN COLEUS

Reddy™ reported that C. forskails is diploid with n = 14.
However, Riley and Hoff’ fom ther studies on
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chromosome numbers n South African dicotyledons
reported that C jorskobli s dipload  with  basie
chromosome munber n=16. Bir and Sagpoo™ reported
that Cemtral Indian collections have basic munber of
=17, while Sowth Indian collections have n=13% and
conchided that variability o base pumber of vamous
members of the family could be due to ancuploady at
generic level which ultimately leads to morphological
varigtions,  Shal'® reported that populations fom
different eco-geographic areas vary greatly m themw
morphology.

MEIMCINAL USES

In [ndia, the major medicmal species of Calews s the
tuberons O, forskolit, © emboinices, C bluwei, C
mealabarteny and O, sewrellfarodides are other species and
are mainly used fo treal dysentery and digestive
disorders’® € forskollii & widely used i different
countries for various athnents, In Egwvpt and Africa, the
leaf 15 used as an expectorant, emmenagogue and
dinretic. In Brazil, it 15 used as a stomach aid and
treating itestinal disorders®’. It is nsed as a condiment in
Inchia and the tubers are prepared as pickle and eaten, In
traditional Ayvurvedic systems of medicine, O forskoblis
has been used for treating beart diseases, abdominal
colic, respiratory  disorder. msomnia, convulsions,
asthma, bronchitis, mtestinal disorders, bumng
sensation, constipation, epilepsy and angina’, The roots
are also used m treatment of worms and to alleviate
buming in festermg boils. When mieed with mmstard oil,
the root extract 15 applied to treat eczema and skin
mfections. The plamt 15 also uwsed for vetermary
purposes'”. Forskolm is also wsed in the preparation of
medicmes preventing hap graving and restoring grev ham
to its nommnal colour. Though grouped as a medicmal
plant, it also comtains essential oil in tubers, which has
very attractive and delicate odour with spicy note®.
Essential o1l has potemtial uwses m food flavourmg
industry and can be used as an amtimicrobial agent',
FHYTOCHEMISTRY

The tuberous toot extracts of C forskoliii contam mino:
diterpenoids vz, deactylforskolin, 9 - deoxyforskolin, 1,
9 «deoxyforskoln, 1, 9 - dideoxy - 7 - deacetylforskolin
in addition to forskolin™'* (7 B~ acetoxy - &, 13-epoxy-
la, 6 B, 9 - trilvdroxylabd-14-en-11-0ne).

Forskolin was discovered in the year 1974 and was
initially refesred 1o as coleonol. Afier the wlentificaron
af other coleonols and diterpenoids the name was later
chanped to forskoln™, Shah ef a'*" reported that
forskolin occurred exchisively m O forskolifii and could
not be detected i six other Colens species viz, O
ambatricns, C. Wumed, C. canisas, €. malabaricus, C
perrviflorns and C. spicatys and six taxonomically related
Plectoranthns  species wiz, P. coesta, P. incanns, P
melissaides, P molliz, P. regosus and P, srocksii, Studies
caried out wsmg one hundred samples belonging to
species of Colews, Ovthosiphon and Plecrranthus of the
sub family Ocimoideas at Japan also revealed the
abhsence of forskolin i all the samples.

Second generation forskohn derivatives vz, 5-6-deoxy-
T-deacety]l-T-methvl amino carbon forskolin (HIL 368). a
potential anti-glavcoma agent and 6-(3-dimethylaming
propiony])  forskelin  hydrochlonde (NKH 477), a
potential cardio-tonic agent were developed®. Newer
compounds are bemg identified from the root extracts of
C. forskohlii, Xu er o™ obtained six compounds from
the roots of €. forstefilii and 1dentified stuctures as 14-
deoxycoleon U, demethylervptojaponol. alpha-anwann,
betulic acid, alpha-cedrol and betasitosterol and the
compounds viz., alpha-anyrin and betulic acid were
1solated from C. forskofui for the first time. Two new
diterpenoids forskolin 1 (1alpha, 6 betadiacetony- 7 beta,
Salpha-dibydroxy-8, 13-epoxylabd-14- en-11-one) and T,
{ lalpha, 9alpha-dibvdroxy-6 beta. 7 beta-diacetoxy- 8.
13-epoxylabd-14-en-11-one) were isolated from O
Ffowskoliii plants collected in Yunnan Provines ™
Recently, two more new labdane diterpene glycosides,
forskoditerpenoside A, B were alzo isolated from the
ethanol extract of the whaole plant™, This was the first
report about the occmrence of ghyeoskdes derived from
labdane derpene m the nature and these compounds
showed relaxative effects on 1solated gumea pig tracheal
spirals én vireo, Later, three new minor labdane diterpene
elvoosides, forskoditerpenoside C. D and E and & novel
labdane dierpene forskoditerpene A from the ethanol
extract of the whole plant of C. forskolili were isolated" .
Forskoditerpenoside C, D and E showed relaxative
effects on isolated gumea pig tracheal spivals iy viieo and
an umisnal 8, 13-epoxvelabd- 1d-en-11-one glycoside
pattern, Forskoditerpene A is the first known labdane
denivative with a spire element, Forskelin is m grea
demand m Japan and Ewropean countries for ifs
medicmal vse and related research purposes
MECHANISM OF ACTION

Forskolin bemg the mapor chemical constiment of the
tuber, herbal preparations of o act on varous muktiple
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pharmacologic  mechanisms. The blood pressure
lowering and antispasinodic effects of extracts of C

Sforskohiil roots were reported by Dubey er al.* based on
the extensive scresning of Indian plants for hokogical
activity at the Central Drug Research Institure. Lucknow.
De Sowa™ found that the methano] extracted from the
root tuber 15 helpful in lowermg blood pressure and
posifive motropic activities in animal models. Smeh and
Tandon™ compared physico-chemical properties of
coleono], forskoln and therr derivatives and reported that
the two compounds do not have the same structure and
are sterepisomers that is. they differed only in the
configuration of the acetate (-0Ac) group at carbon-7

The pharmacological studics of forskoln and coleonol
indicated that they had identicsl properties’”

The principle mechanism by which forskolin exerts s
hvpotensive activity 15 by stimulation of adenylate

cvclase amd thereby mereasing cellular concentrations of
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Forskollm, uM

Forskolin, by increasing cAMP level in tuwm, inhibits
basophil and mast cell degramulation and histamine
release™. lowers blood pressure'’ and  intraocula
pressure . inhibits platelet egation” ", promotes
vasodilation' ' bronchodilation™ and thyroid hormone
secretion and stimulases lipolysis in fat cells’"
Anti-obesity

Henderson et al ™ sugeested that O forskollii does
appear to promote weight loss but may help mihgate
weight gam m overweight females with apparently no
climically sienificant side effects. The antiobesity effects
of C forskohfii were mvestigated in ovariectiomiized
rats"® and the administration of € forskollii extracts
reduced body weight, food nrake and fat acomnulation
m those rats suggestmg that C. fersbohfi may be usetil
i the treatment of obesity.

the second messenger cyclic AMP (cAMP) is presented
in Fig.2. Forskolm dwectly activaies ahnost all
hormonesensitive  adenvlate cyclases m mitact cells,
tissues and even solubilised preparation of adenvlate
cyelase™. The unique feature of this activation is that the
site of action for forskolin 15 the catalytic subunit of the
enzvine or a closely associated protein”. OF the 9 types
of adenylate cyvelase in humans, forskolin can activate all
except type DX, which is found in spermatozoa™
Stimmlation of adenylate cyclase 15 thought to be the
mechanism by which forskelin relaxes a vanety of
smooth muscles. This action of forskelm proved the
potential use of the molecule, not only as an mvaluable
research tool for understanding evelic - AMP dependent

phyvswological processes, but alko as a  potentwl
therapeutic agent for diseases like cardiae msufficiency,
hypertession,  glaveoma,  thrombosis,  asthma  and
metastatic condition™

Fig. ¥: Effisct of foaskolm o the activey of adaoylabe
oyl in el ceretunld costeiel mesmbvonss with ATF oy
vobaireie

Heart Disorder and Hypertension

Forskolin has a positive inotropic action on cardiac tissue
via increased cAMP levels. Detailed phanmacological
studies established that forskoln lowered normal or
elevated blood pressure in different anmal species
through a vasodilatory effect and @ had a positive
inotropic action on the heart nmscle™™! '

Coleus forskohlii has traditionally been used to treat
hypertension, cougestive heart failwe and angina
Coleus's basic cardiovascular action is to lower blood
pressure,  winle  sunnltaneously moreasme  the
contractility of the Beart. This is believed to b due 1o
forskolin's Cvelic AMP-elevating ability, which resulrs
in relaxation of the ateries, aul mereased foree of
contraction of the heart muscle. A preliminary trial found
that ¢obens reduced blood pressure and inproved heart
function in people with cardiwmyopathy, Coleus akso
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mereases cerebral blood flow, mdicatmg that it may be
beneficial in cerebral vascular insufficiency, snd in
enhancing  post-stroke  recovery,  The  platele
agpregation-inhibiting effects of coleus also add to its
value i cardiovascular dsorders.

Crlaucoma

Glavcoma 15 characterized by clevated mtraocnlar
pressuve (10P). Glawcoma is a condition m which the
pressuve in the eve 18 Wwo high, due o m imbalance
between the formation of aqueous hmnor m the eve and
its absorption n or dramage out of the eve. Eventually,
as the pressure buikds up, the blood vessels pourishing
the optic nerve are constmicted, resuliing i areversible
demage to the nerve and impaired vision culminatng in
blmdness, if left uwntreated. Several ammal and man
studies have demonstrated the ability of forskolin to
lower [OP. possibly via cAMP activation and a reduction
in aqueons flow.

The effect of forskoln on agueous hmmour dynamics and
miraocular pressuve was frst described by Capriole and
Sears' . The topical application of forskolin lowered the
mtraocular pressure im rabbits, monkeys and healthy
imman vohmteers and 1t was associated with a reduction
m agueons inflow and no change in outflow facility
indicating the potential of forskolin as a therapenti
azent m the treatment of glavcoma. However Lee ef i ™
reported that forskohn had no lasting effect oo
mtraocnlar pressure m monkeys with glascoma. It ako
showed po effect on bumens n reducing aqueous flow
when applied topically to the eve’,

Asthmia

Asthma and other allergic conditions are characterized
by decreased cAMP levels w broncheal smooth muscle,
as well as high levels of PAE In response to allergenic
stunuli, mast cells degramulate, histamine 15 releasad and
bronclual smooth mmscle contracts. Forskolin's activation
of cAMP mhibits homan basophl and mast cell
degrammlation, resulting in subsequant bronchodilation,
Forskolin was studied as bronchodilator for its potential
use m the treatment of asthma'® It blocked
bronchospasny, the chief characteristic of asthma amd
bronchitis in guinea pigs caused by histamime and
lenkotriene C-4"* Tn lunan basophils and mast cells,
forskolm blocked the release of histamme and
lentkotriene C-4°%, A study invo ving human revealed that
mhaled forskoln powder fommilations were capable of
causing broncho-dilation in asthma patients®. Forskolin
seems to be a pronusing drog if wsed m an appropriate
dosage for treatment of patients with congestive heart
failure, glavcoma and asthma'™* "

Cancer Metastases

Research has shown colens 1o be a potent inhibitor of
tumer colonization m ouce, It s theoretically possible
that coleus could be used m humans to prevent or inhibit
tumour metastases. Mamy metastasizing tumour cell lmes
mduce platelet aggregation both m vitro and m vivo.
Upon aggregation, platclets release substances  that
promote tunowr growth. Researchers have demonstrated
fnskolin's ability to block platelet aggrepation via is
stommilation of platelet pdenvlate cvelase and increase of
intracellular cAME. 82 pg of forskoln to mmee 30-60
minutes prior to imection with a lighly metastatic
melanoma cell lme (B16 F10) reduced tumour
calonization in the hings by 70 percent”

Coleus and Psoriasis

In peoriasis, cells divide about | 000 times faster than
nommal  Cobkens  helps  to alleviste  psormsis by
mymalizmg the cAMP /cGMP ratio, Like asthma,
psoniasis 15 characterzed by decreased levels of cAMP m
the skin in relation to another regulating substance,
cyclic  suanosine  monophosphate  (cGMP).  This
imbalance results i a much higher rate of cell dmision--
1.000 times greater than normal resulting m psoriatic
outbreaks. Although study detaills me ool available,
Ammon et al reported an inprovement m symptoms of
psomasis m four patients supplemented with forskoln.
The ability of forskolm to regulate cAMP levels in skm
cells has been shown to have therapeutic benefii for
sufferers of psoriasis’

Antithrombotic Effect

Forskolin inhibits platelet aggregation through adenylate
cyclase  stimulation, avgmenting  the effects  of
prostaglanding’*. Its antithrombotic properties may be
enhanced by cerebral vasodilation and it was observed in
rabbits. This wvasodilation was not potentiated by
adenosite™. The use of crude C forskoliii extract as a
rational phyto-therapentic  antithrombotic has  been
proposed

Depression

Depression 15 believed to be associated with an
imbalance of newrotransmitters in the brain, serotondn
and dopamine primarity, Where there is a shortage of
serotonin, the supplements 5-HTP or tryptophan or the
SSRI diugs like prozac or Zoloft may be beneficial. If
the catecholamme newrotransmitters [(epinephrine,
norephmephrime) are deficient the ammo acids L-
Phenvlalanme or L-Twvrosine, or monoamine oxidase
inhibitors hke GeroVital (GH3) or Deprenyl may be
helpful Recent research has also been evaluating drugs
that increase Cyvclic AMP as a means of elevating the
catecholamines. Smee forskolin elevates Cyelic AMP, it
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may Improve neurotransmmtter function amd thereby
relieve depression. Clinical trials nsing colens o reat
depnession have not been done

Increasing Lean Body Mass

The health-promotimg value of mereasing lean body mass
can be doectly appreciated due to the known benefits
dermved from physical excrcise m buillding lean body
mass and staming. Consider that lean body mass
comrelates  positively with the performance of an
mcremental  tresdimill  exercise  test and  that  the
pereentage of fat m the abdomen 15 sigmificantly less m
athletes than non-exercising controls. Becanse abdominal
[ty tissue is a significant nsk factor for cardiovascnlar
discase, exercise (as well as any other means) that results
m mereased lean body mass may have a positive impact
on long-term cardiovascular health and life span. [ has
been postulated that by stimulating cyclie AMP,
forskolin may mmcrease the coculation of anabolic
hommones and enhance themr ufilization which would
theorerically lead to increased lean body mass.

Studies  have shown  that  selective  mlubitors  of
phosphodiesterase (P} enzyvmes (group of enzyvmes
mactivating cyche AMP) and forskolin are potent
activators of the byvpothalano-pimtarv-adrenal (HPA)
axis when given orally or intrapertoneally to rodents.
The content of cychec AMP in hypothalamic tissue
mcreased m response to forskolim. At the same tume
CRH (corticotropm or ACTH releasing hormone) was
released, and sterosd hormones were synthesized The
selective  mhibtors of PD  enzvmes  worked
synergistically  with  forskolim m  increasing
steroidogenesis. Forskolin also has a stinmlatory effect
on the ovelic AMP of testicular Levdig cells. This effect
is sinmlar to that of the LH (hrteimzing hormone) which
comtrols Leyidig cell steroidogenesis by stimulation of the
androgen pathways mamly through adenviate cyvelase
and cychic AMP mediated mechanisms,

Oher Uses

In addition to its cAMP stimulsting activity, forskolin
mhibits the bindine of platelet-activating factor [PAF),
independently of cAMP formation™. Forskolin also
appears to have an effect on several membrane transport
protems and imhibits ghocose transport in ervithrocyies.
adipocytes, platelets and other cells”. Forskolin also
produces cyclic AMP independent effects through
modulation of meotinic acetvlcholine recepror chanpel,
desensitization,. modulation of wvoltage  dependent
potassmim_ channels, and reversal of multidmg
resistance”” . The safety of C. forskoliii and forskolm has
not been fully evaluated. Tt should be avokded in people

with ulcers, because it may mcrease stomach acid
levels™

CASE STUDIES

Michael et al.™ studied the effect of forskolin on body
composition. testosterone, metabolic rate, m'.u.'l1 blood
pressure i overwelght and obese (BMI 226 kg/m”) men.
Thoty subjects { forskolm. # = 15; placebo, n = 15} were
studied m o randomized, double-blind, placebo-
controlled study for 12 weeks,

Forskolin was shown to elict favourable changes m
body composition by sigmificanthy decreasing body fat
percentage (BF %) and fat mass (FM) as determined by
DXA (Dual epergy X-ray Absorptiometry) compared
with the placebo group {p $0.05). The average age, BMI,
anid 'L:nﬂ-rl}' fat percent were 24.4 #59 years, 32.5 4.1
kp/m, and 35.2 «8.3% fior the forskolin group and 28.7 &
8.6 years, 326 238 kg, and 350 #7.3% for the
placebo group, respectively (Table 1) Addiionally,
forskolin administration resulted m a change m bone
mass for the 12-week trial compared with the placebo
aroup (g S0.05). There was a trend toward a sionafican
increase for bean body mass o the forskolm group
compared with the placebo group (p = 0.097).

There was a significant difference among groups al pre—,
mid—, and post—time-pomts for total testosterons (p S
0.05). A tremd toward a sigmificant merease i total
testosterone existed withm the forskoln group from pre-
amil  post-time perinds (¢ = 0.051) The percentage
change for total testosterone for all time-pomts 18
presented i Table 2. Senum free testosterone levels were
significantly increased m the forskolm group compared
with the placebo group (p <0.05). The actual change m
serum  total festosterone conceniration  was  not
sigmficantly different among groups, bt it increased
16,77 233.77% m the forskolm group compared with a
decrease of 1 .08 +18.35% m the placebo group.

Thev observed that the oral ingestion of torskoln (250
mg of 10 forskolin extract twice a day) for a 12-week
perind was shown to favorably alter body compositon
while concurrently mereasing bone mass and serum free
testosterone levels in overweisht and obese men. The
results indicate that forskolin 15 a possible therapeutic
agenl for the mnm)%:]uml amed treatment of obesity.
Henderson et al™ investizated the effects of Colens
Forckohliy (CF) on body composition, and determmed
the safety and efficacy of supplementation. In a double
blind and randommzed manner, 23 females supplemented
their diet with ForsLean™ (250 mg of [0% CF extract,
(n = 7) or a placebo [P] (n = 12) two times per day for
12-wks. Body composition (DEXA), body weight, and
peychometne mstruments were obtained at 0, 4. 8 & 12
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weeks of supplementation. Fasting blood samples and
dietary records (4-d) were obtained at ¢ and 13-whs. Side
effects were recorded on a weekly basis. Data were
anabvzed by repeated measures ANOVA and  are
prasented as mean changas from baseline for the CF and
placebo groups, respectively.

Sgnificant differences were observed in caloric or
macromitrent miake (Table 3). CF tended to mifigate
gaitis in body mass (0.7 £ L8, 1.0 £ 2.5 ke p = 0.10)
and scanned mass (<02 + 1.3, L7 £ 2.9 kg, p = 0.08)
with significant diffcrences in fat mass (-0.2 £ 0.7, 1.1 £
23kg p=0.16), fat free mass (-0.1 =13, 06+12ke p
= (1.21), or body far (-0.2 + 1.0, 04 + 1.4%, p = 0.40)
(Table 5 and Fig.3). Subjects m the CF group tended to
report bess fatigue (p = 0.07), unger (p = 0.02), and
fitllness (p = 0.04). No clinically sipnificant inferactions
were seen o metabolic markers, blood lipuds, nmscle and
liver enzvimmes. clectrohtes. red cells, white cells,
hormmones (msulin, TSH, T3, and T4), heart rate, blood
pressure, or weekly reports of side effects (Table 4 and
Table 6) Resulis sugpest that CF appears (0 promote
weight loss and belp mitigate weight gam in overweight
females with apparently no climcally sigmficant side
effects =

Maioli ef ol*" assessed the antioxidant activity of the
aqueous extract of P barbars leaves on Fe™ -cirate-
mediated membrane lipsd peroxidation in 1solated rad
Iver mtochondna, as well m  noo-mitochondrial
systems, Male Wistar rats, weighing approximately
200 g, were used in this study, There was a significant
DPFH (2,  2-diphenyl-1-picryvlhydrazyl  radical)
reduction, OH scavenging activity. amd iron chelation by
prevenition of formation of the Fe™ -bathophenanthroline
disnltonic acid (BPS) complex.

Within all the tested concentrations (15-75 pg'mi), P
berbams  extract  presemfed significant free  radical-
scavengmg activity (IC=3538x027T pg/ml m the
DPPH" assay amd IC:=09.1+0.73 pg'ml in the “OH
aszav) and chelated iron (ICse = 304 =3 .31 painl}. Over
the same concentration range, the plant extract protected
mitochondria agaimst Fe™ /eitrate-mediated swelling and
malondialdehyde production. a property that persisted
even after simulation of its passage through the digestive
tract.

These effects could be attributed to the phenolic
compounds, nepetoidin — caffeic acid esters, present in
the extract. Therefore, P barbanes extract provents
mitochondnal membrane lipid peroxadation. probably by
chelation of iron. revealing potential applicability as a
therapeutic  sowrce of molecules agaist  diseases

mwvolving mitochondrial won overload which intern
accounts for s bepatic protective action
CONCLUSION

Colens acts as a natural source of doue for hypertension,
cardiovascular health. obesity, glaucoma and many other

diseases without any side effects. The available evidence

indicates that C forsholilii 15 the only known natural
source of the diterpenoad forskolin. The pharmacological
arul biochemical investigations established that forskolin
possesses mnhifaceted biological activities. But most of
the studics wsed concentrated extract of forskolm m a
mi-oral delovery form for treating various disorders m
animal models onky and the effect of oral forskolin n
humans has not been well established, Moreover still,
there 15 pavcity for the mechamism of other bioactive
principles present in the herb except forskolin. Further
researches o view of applicability of forskolin for
treating luman ailments without side effects and activity
of other bioactive principles other than forskolin are
needed. Still there is paucity for the mechanism of other

binactive principles present m the herb except forskolm.
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Table 5: Body coespesiiion and bone densioy values fooile CF and Fgrosps
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Tabde 6: Appetie markers for the OF and P groups
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