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Abstract 

A growing body of evidence demonstratesthe efficacy of Garcinia ca~bo~i#-de~v~dna~m~ (-)-bydroxycitric acid (HCA) in 
weight management by curbing appetite a~d,~nhibit~~ body fat biosynthesis. However, theexact mechanism of action of this 
novel phytopharmaceutical has yet to be fully understood. In a previous study, we &owed that iti the rat brain cortex a novel 
HCA extract (HCASX, Super CitriMaxTF) increases the release/availability of mdioiabejed 5-hydroxytryptamine orserotonin 
([3H]-5-HT), aneurotransmitter implicatedinthe reguI&on ofeating behaviorandappetite contiolYThe aim ofthe present study 
was 2-fold: (a) to determine the effect of FICA-SXbn 5-HT uptake in rat bramcortex in vi?@; and(b) to evaluate the safety of 
HCA-SX in viva Isolated mt brain cortex s&es were incubated in oxygen&ted Krebssolution for 2Pmin and transferred to buffer 
solutions containing [3H]-5-HT for different time intcfvals. In some exneriments, ti~&s were exposed to HCA-SX (10 yM-- 1 
mM) and the serotonin receptor reuptake inhibitors (SW) ftuoxetine (100 PM) plus domipramine (IQ ~JM), Uptake of [3H]-5-HT 
was expressed as d.p.m./mg wet weight. A time-dependent uptake of fH]J-HT occurred in cor$c$ shces reaching a maximum at 
60 min. HCA-SX, and fluoxetine plus c~om~l;iamini.i~~~bite;d the time-dopendenrupr~e’ofr~~~-S-~T..At 90 min, HCA-SX (300 
FM) caused a 20% decrease, whereas Auoxetine ~l~s~~orn~p~~ne inhibited:[3H]-5-HT uptake by 30%. In safety studies, acute 
oral toxicity, acute dermal toxicity, primary dermal irritation and primary eye irritation, were conducted in animals using various 
doses of HCA-SX. Results indicate that the LD,, of HCA-SX is greater than 5,OOd mg/kg,when tidministered once orally y& 
gastric intubation to: fasted male and female Aibino.rats; No gross toxicological findings were observed under the experimental 
conditions. Taken together, these in viva toxicological studies demonstratemat FICA-SX is a safe, t@uraI supplement under the 
conditions it was tested. Furthermore, HC+SX can inhibit [-‘II]-5HT uptake (and also increase 5-HT availability) in isolated rat 
brain cortical slices in a manner similar to &at of SRI&, and thus may prove beneficial in co~tml~~nga~pet~te, as we11 as treat- 
ment of depression, insomnia,, migraine headaches and other serotonin~d~ficie~~cond~t~ons- (h&l Cell Biochem 238: 89- 
103, 2002) 

Key words: Garcinia cambugia, (-)-Hydroxycitric acid, fluoxetine, ctomipramine, rat brain cortex, serotonin release, appe- 
tite, acute oral toxioity, acute derma! toxicity, primary dermal irritation, primary eye irritation , 

Introduction ’ bar lamasind, whichis cxtensivety,used in southern India for 
culinary purposes. [If. The fruit:exhibits a distinctive sweet 

(-)-Hydroxycitric acid (HCA), a popular dietary supplement and sour taste, and has been used for centuries with no harm- 
for weigh& loss, is a natural extract from tbe@ried fruit rind of ful effects in Asian count&s forpreparing culinary dishes. It 
Car&in camb@a (family Gut@&re), a tree that is -native has been observedthat when the dried fruit rind is sprinkled 
to southeast Asia. The dried fruit rind is also known as Mula- on curries it makes the food more tWing and satisfying [?, 21. 

Add%w jar offprints: S.E. Ohia, Crclghtctn Uni@rsity Scironl of Pharmacy and Allied Health Probssions, 2500 California Plaza, Omaha, NB 
68 178, USA (E-mail: seobia~creighton.cdu) 
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HCA has been shown tsbe a competitiv@ inhibitor ofATP- 
citrate lyase, the enzyme catalyzing the ~t~arn~tocho~dri~i 
cleavage of citrate to oxaroacetate and ac@yl-CoA. This en- 
zyme is important in maintaining the acetyl$~Apool forfatty 
acid and cholesterol biosynthesis, partiaularly duripg the 
hyperlipogenic nutritiond state produce by high cixrbohy- 
drate feeding. One study hds shown that hKA administered 
before meals causes weight loss in obese subjects [2] atid 
improves energy m&tbolism. HCA teduces’food consump- 
tion in humans by possibly diverting crirbqhydrates aiid fatty 
acids that would have become fat in the liver into hepatic gly- 
cogen. This metabolic change may send a signal 1~ the brain 
that results in reduced food intake, curbs, the appetiie, and 
the desire for sweets is also eliminated [3; 41. Reseatbch has 
shown that HCA-SX inhibits fat production and decreases 
body weight in animals and humans [S]. No toxicity; either 
acute or chronic at any reasonable level ofconsugptioil hlis 
been observed. 

Recent studies have demonstrated that &al HCA supple- 
mentation (as Super CitriMax”, a calciun$potass&nsalt of 
60% HCA, which is tasteless, odorlessand&hly watersolu- 
ble, HCA-SX) is highly bioavailable in human plasma as 
demonstrated by a ,gas chromat@raphy-mass spectromet- 
ric method [6]. HCA-SX remained in the blood for more than 
4-9 h after oral ingestion. These investigators also demon- 
strated that eating a meal shortly after takingHCA-SX reduced 
food absorption by &bout 60% [6]. 

HCA-SX has been shown to increase the ~eleaselavailability 
of [3H]-5-hydroxytryptamjne (serotonin; FIT) from rat brain 
cortical slices in vitro 171. Since 5-HT has been implic$ed in 
the regulation of eating behavior and bodyweight regulation 
[S-l 01, it is reasonable to’suggest that a m&$&nism ofappe- 
tite suppression induced by HCA-SX could be mediated by 
this neurotransmitter. Indeed, stimulants df this monoamine 
reduced food intake and weight gain an&increased energy 
expenditure in both experimental animals&d humans [S]. 

The objective of the present study was :&fold, (a) to fur- 
ther investigate the effectsof HCA-SX on S-FIT metabolism 
by examining the action qf this novel appetite suppressant 
on the uptake of this monoamine in isolatedmt brain cortex 
in vitro, and (b) to determine the safety profile of HC&SX. 
For the latter, we coiducted acute oral toxi$ty, acute clermal 
toxicity, primary dermal irritation and primary eye irritation 
studies in in viva models. 

InterHealtl~ieu~cals, Benicia, CA, USA. r3H]-5-HT was 
purchased from NEN Life Sciekcess, Boston, MA, USA. Flu- 
oxetine ~d,cl~~p~rnine &ere:Eibtained from Sigma-Aldrich, 
Natick, MA, USA. At1 other dhgmnlicals and reagents were ob- 
tained fiarn Sigma Chemicals (St. Louis, MO, USA) and were 
of analytical grade or the high&t grade available. 

Animals and ttwtmetzt~fbr S-NT uptake study 

Male Sprague-Hawley rats (w&ghing 150-200 g) were ob- 
tained from Charles River Breeding Laboratories (Portage, MI, 
USA). Animals w~~emai~~~ne~ and used in accordance with 
the current Fational Ins&tute $ Health Guidelines and the 
ARVO Resolution on the Us$ ofAnimals in Research.. 

The effect of ‘HC&Sic on radiolabeled 5-HT (serotonin) 
uptake was measure&s descrii$ by Kirksey and Slotkin [ II] 
and Goodlet et al, f 121 witb,som modifications. Briefly, Male 
Sprague-Dawfey rats were sac&&d by asphyxiation and the 
whote brain was quickly dissected and placed in ice-cold sa- 
line,sofution (0.9% w/v Nacl).~Ttie cortex was carefully re- 
moved ‘from ice-cold daline soI,&on and cut into thin slices 
ofabout 15-30 mg weight using surgical blades and scissors. 
Although tissues obtained differed slightly in size, the results 
are present&as d:p.in./mg wet’weight in order to normalize 
the data, Cortex slices were equilibrated in 2 ml of Krebs buffer 
solution at 37% under an atmosphere of 95% 0, and 5% CO, 
for 20 min. The Krebs btiffer solution was composed ofthe 
fonowiing {miliirnol~); sodium tihldride; 118; potassium chto- 
ride, 4’.8; calcium-chloride, 1.3; potassium dihydrogen phos- 
phate, 1.2; sod&& b&rbonate, 25; magnesium sulfate, 2.0; 
and dextrose,,10 CpH 7.4). A;fEm: e&lib&ion, cortex slices were 
incubated in KrebS buffer solution (gassed with 95% 0, and 
5% CO,) at 37”C, containing 80 nM o~[~H]-S-HT and pargyline 
(1 Q-5 M), During incuba,$n, tw@ices were removed at times 
0,5, IQ, ZO,I$5,30, @and 90 mi? afid rinsed in 10 ml ice-cold 
Krebs buRer solution to &op upta$e of k3H]-5-HT into neurons. 
Each slice was blptted d$ with Whatman paper #I, weighed 
and digested in.1 ml NaOH (1 ‘NY, a$ 60°C for 20 min. Each sample 
was combined wi& 12 ml ofaqueous scintillation cocktail (Eco- 
lume; ICN Rad~ochemicals,CA, USA), and analyzed for radio- 
activity by liquid scititillation spectrometry. The amount of 
[“HI-5-HT present in sampks wasexpressed as d.p.m./mg wet 
weight. Test drugs-were present in the Krebs buffer solution 
during the pre-intibation and incubation periods. 

Materials and methods : 
Chemicals 

A natural, highly water soluble, calciumipot~ssium salt qf 60% 
HCA extract from Gnvcinin ca&og~c~ comn;lercially k$?wn as 
Super CitriMax TM HCA-SXS (HCA-SX) was obtained from 

The objective was to determinethe acute oral median lethal 
dose and eviiluate the potential systemic toxicity of HCA-SX 
when administered as a single &se to Albino rats. The pro- 
tocol was designed and the study was conducted in compli- 
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Male and fmx& New Zealand white Albino rabbits (weigh- 
ing 2227-2466 g at s&dy ini tiatmn) were obtained from Hazle- 
ton Research Products (Denver, PA, USA) and allowed free 
access to lab chow {Purina Cetified Rodent Chow, No. 5322, 
St. Louis, MO, USA) and municipalwaterad I&ittlm. Animals 
were acclimated to laboratory conditions for a minimum of 6 
days prior to initiation of doosn@. The animal room was kept 
at acontroiled teqerature (&-7pF), humidity (SO-&%), and 
light (12 h light0 2 h-dark)* 

Individual doses of t&WC&SX were cafculated based on 
body weight obtainedjust priorto dosing with a dose of2000 
m~gbod~eig~t~ WCA-SX was applied directly to clipped, 
unabraded skin. Qn the day priilr to dosing, the hair was re- 
moved:from the backs of the rabbits using an Gster@ small 
animal clipper.~Indivi.dua! dosesofWCA-SX moistened with 
approximately 4.5 ml of deion@d water, were applied to the 
dorsal skin and covered approximately 15% of the total body 
surface. Plastic restraint co@rs yere applied and remained on 
the rabbits for the durationof’the exposure (24 h). Upon com- 
pletion ofthe exposure periad, the collars and bandages were 
removed and the application sites were wiped with dispos- 
able paper towels ~oisten~d~~th tepid water. There was one 
group af five male Afbmo:mbbits and one group of five fe- 
male Albino rabbits that was~dermally administered single 
doses (24 h, Semi-occluded exposure) of WA-SX at a dose 
level of2OWmg&g. 

The rabbits were observed for mortality at approximately 
1,3 and4 h po~~~e~~en~~~day~and~ice daily (morning 
and evening) thereafter for 14 days. For clinical observations, 
the rabbits were observed at approximately 1,3 and 4 h post- 
treatment on day 0 and once daily thereafter for 14 days. For 
dermal observations, the application sites were examined for 
erythema, edema (Table i) and other dennal findings begin- 
ning ap~oxil~~e~~ 30-60min after bandage removal and daily 
thereafter for 13‘days. The rabbits were shaved to facilitate 
dermai ~b~~at~~~s”an,st~dy days 3,7, IO and 14, The body 
weights were obtained andrecorded on days 0 (initiation), 7 
and 14 (study termination): The>rabbits were euthanized by 
intravenous injection of sodium pentobarbital solution (150 
mg/kg, i.v.) upon termination of the study. The major organ 
systems.ofthe cranial, thor~c~~~~d.abdominal cavities were 
examined for all aaimafs. 

ante with the Environmental Protection Age;ncy Guidel&ies for 
Registering Industrial Chemicals in the US(PesticideAssess- _ 
ment Guidelines, Subdivision F, Hazard Eyaluation:.l%man 
and Domestic Animals Section 81-l), theToxic Substances 
Control Act (TSCA) Health Effects Test Guidelines, 40 CFR 
798.1175. 

Male and female Aibina rats (weighing 208-2 I6 g at study 
initiation) were obtained from Charles River Breeding~Labo- 
ratories (Portage, MI, USA) and were alloyed free access to 
lab chow (Purina CertifiedRodent Chow, N;o:5002, St,‘Louis, 
MO, USA) and municipal water adIibitum:Animals were ac- 
climated to laboratory conditions for a mini&m of7 days prior 
to initiation of dosing. The animal room was kept ata qontrol- 
ledtemperature (69-76’F), humidity (30-K%), and Eght(I2 h 
light02 hdark). 

The amount of HCA-SX administration kas based onbody 
weights taken just prior to.dosing using a,dob volume of 10 
ml/kg. HCA-SX was administered orally via gastric inmbation 
with a French rubber feeding tube (14-gauge), which was af- 
fixed to a3-ml syringe. The,rats were fasted ~pro~ima~l~ l&- 
20 hpriorto dosing and returned to feeding 3-4 h after dosing. 
One group of five male and one group of five female rats were 
administered a single dose at a level of SO@.l mg/kg. Control 
animals received the vehicle. 

The rats were observed for mortality at approximately 1,3 
and 4 h post-treatment on day 0 and twi+ daily (morning 
and afternoon) thereafter for 14 days. Fordinical ob$erva- 
tions, the rats were observed at approximately 1,3 and 4 h 
post-treatment on day 0 and once daily thereafter for 14 
days. Body weights were obtained and recorded on study 
days -1,O (initiation), 7 and 14 (study termination). Upon 
study termination, all ratswere euthanized by carbon diox- 
ide asphyxiation. At the terminal necropsy,the majororgan 
systems ofthe cranial, thdracic and abdominal cavities were 
examined for all animals. 

Animals and treatment.fir acute dwmnl @xi&y stlady 

The objectives ofthis study was to determine the mediaa le- 
thal dose, evaluate the potential systemic toxicity and evalu- 
ate the local irritative potential of HCA-SX Then applied once 
to the skin ofAlbino rabbits. The protocol “as designed and 
the study was conducted in compliance with the Environmen- 
tal Protection Agency Guidelines for Reg?stering Industrial 
Chemicals in the US (Pesticide Assessment Guidelines, Sub- 
division F, Hazard Evaluation: F&man and Domestic Animals 
Section 81-2), the Toxic Substances Control Act {TSCA)Health 
Effects Test Guidelines 40 CFR 798.1100,:&d the Japanese 
Agricultural Chemicals Laws and Regulatio$sTesting Guide- 
lines for Toxicology Studies published tiy the Society of 
Agricultural Chemical Industry under the a$spices afMAFF 
(Ministry OfAgriculture, Forestry and Fisficries). 

Animals arzd treatmen-t.fiw primaq dcrmal irritation study 

The objective was to determine the irritative potential of HCA- 
SX following a siugIe,expost& to the skin ofAlbino rabbits. 
The protocol was de&g& and the study was conducted in 
general oomp&r~ce with&e Environmental Protection Agency 
Guidelines forRegistering htdustriat Chemicals in the US (Pes- 
ticide Assessinent Gddelirles, Sqbdivision F, Hazard Evalua- 
tion: Human and Domestic Animals Section 81-5); the Toxic 
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Table I hcule dcrmal toxicity study of HCA-5$X in Albino rabbits: Scoring criteria for dermal reackms 

EvalWion of dcrmal reactions* 
Value Erythema and eschar formation : $omputer dwgnation Value Edema foormati~n Computer designatron 

0 No erythema ’ No erylhema 0 I& edema No edema 
I Very slight orythema (barely perceptible, Very. slight crythema I Very slight edema (barel$ perceptible, Very slight edema 

edges of arca not well defined) cdgm of area not WCR defined) 
2 Slight crythcma (pale red in color and Sljght erythema 2 SIigbt edema (kdges of area well Slight edema 

edges deflnablc) d&nod by de@ite raising) 
3 Modcrate to severe erytbema (definite ; Mbdcrate ,crytbema 3 Moderate edema (raiwd Moderate edema 

red in color and arca well defined) approx&ateiy i mm) 
4 Sevcrc erythema (beet OF crimson red) Sevcrc erythema 4 Severe edema (raised more than Severe edema 

to shgbt eschar fonn$+tion (injuries I mm and oxtsnding beyond aroa 
m depth) of exposure) 

*Source: Drake et al. [ 131. 

Substances Control Act (TSCA) Health Bffects Test Guide- 
lines, 40 CFR 798.4470, the Organization fdr Economic Coop- 
eration and Development (OECD) GuideJine far Testing of 
Chemicals, Section 404; afld the JapaneseA,g&ultural Chemi- 
cals Laws and RegulationsTesting Guidelines for Tox@al~gy 
Studies published by the Society of Agr&&ltural Chemical 
Industry, under the auspices of MAFF (M@&ry of&ricul- 
ture, Forestry and Fisheries). 

Two male and four female Albino New Zealand Whjterab- 
bits (weighing 347773958 g at study initiation) were.+tained 
from Hazleton Research Products (Denver, PA, USA} and.were 
allowed ffee access to lab chow (Purina Cer&fied Rabbit Chow, 
No. 5322, St. Louis, MO, USA) and muni&al water.dZibi- 
tzim. Animals were acclimated to laborato$conditioqs for a 
minimum of six days prior to initiation of &sing. The animal 
room was kept at a d&ant temperature (7&-72”F), humidity 
(4248%), and light (12 h light/l 2 h dark). ; 

The route of HCA-SX administration was direct applica- 
tion to shaved intact ski?. This route ofadministration is 
standard for assessment of local dermal initative potentiai. 
HCA-SX was assessed on two male and f&r female rabbits. 
On the day prior tb dosing, the hair was yemoved,fr@n the 
backs of the rabbitsusing as Ostef small &i&al clip@r. The 
HCA-SX was moistened with approximately.O.5 ml deionized 
water and applied tb an area of skin appro&ateIy 2.5 x 2.5 
cm under a secured Z-ply gauze patch, that: was overwrapped 
with a gauze binder and secured with Dermiform@ tape. Plas- 
tic restraint collars were applied and remained on the animals 
for the duration of the exposure period. One intact site per 
rabbit was used and the dosage level was &B mglsite. Each 
animal received a single, 4h, semi-occluded exposure. At the 
end of 4 h, Ihe collars an< bandages were removed ind the 
sites wiped with disposable towelsmoistened with dei+zed 
water. 

The rabbits were observed twice daily {&rning and after- 
noon) for mortality for the duration of the study. For dermal 

observations, the application sit& were observed for erythema, 
edemaatid other ~~~a~~nd~~~s at approximately 30-60 min 
and 24,48 and 7% b &er patch r~rn&al. Dermal irritation was 
graded in accordance with the eethod of Draize [ 13 J. In order 
fo facilit&e dermal obaervatio% the rabbits were shaved ap- 
proximately’ I h prior Xo colle~tiny the 72 h dermal scores. 
The Prim&y De-1 Index was calculated from the scores re- 
corded at 30-60 min, 24,48 and72 h after patch removal. The 
mean scores’ for erytbema and edqma were calculatedseparateIy 
to the nearest tenth and added together. Based on this value, 
the Daize grading system (Table 2) was wed to arrive at the 
primary dermai. irritation descrip&e rating. 

Body weights weal obtained an! recorded on study day 0 
(initiation) and at each rabbit’s termination from the study. 
Upon termination of the shtdy, the rabbits were euthanized 
by intravenous injection of sodium pentobarbital solution and 
discarded. 

The objective was to determine the irritative potential of HCA- 
SX follOwing a single exposure, to one eye ofAlbino rabbits. 
The protocol was designed and the study was conducted in 
compliance with the Environmet& Protection Agency Guide- 
lines for Registering Industrial Chemicals in the US (Pesticide 
Assessment Guide1Enes, SubdidiLision F, Hazard Evaluation: 
Human and Domestic Animals Section 8X-4); the Toxic Sub- 
stances Control Act (TSCA) Health Effects Test Guidelines, 
40 CFR 798.4500; thhe Org&il;alion for Economic Cooperation 
and Development (QECD) Gui&line for Testing of Chemicals, 
Section,4@; and the Japanese A&cultural Chemicals Laws 
and Regulations Testing &id&es for Toxicology Studies 
published by the Society of Agricultural Chemical Industry, 
under the auspices of MAFF: (Ministry of Agriculture, For- 
estry aad Fisheries). 
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Table 2. Primary dermal witation study of HC+SX Albino rabbits: Scoring criteria for dermal rcaetions 

Value Eryihema and eschar formation 
Eva&+tion of dermal re@xion$* 

Vaiuc Edema formation 

0 No erytbema 0 Nu edema 
I Very slight erytkema (barely perceptible, edges of area not I Very slight edema @a&y porkeptiblc, edges of area not 

well defined) well d&cd) 
2 Slight erythema ~(pale rid in color and edges definable) 2 Sbght edema (edges of area vefl defined by definite nlsmg) 
3 Moderate to severe erythema (defined in color and arka 3 Moderate e&ma (r$scd approximately 1 mm) 

well defined) 
4 Severe erythema (beet or crimson red) to slight eschar 4 Severe edema (raised more than 1 mm and &ending beyond 

formation (injuries in depth) area oF exposure) 
4 Total powble crythema score 4 Total posslbb cdmna score 

8 Total possible prunary irritation gcore 

Descriptive tatmgs 
Mean primary dermal irritation index 

Range of values Descriptive ratmgs 
0 Non-irrltarmg 
0.1-2.0 Slightly irritatmg 
2.1-5.0 Moderately irrl!ating 
5.1-8.0 Scvercly irritating 

+Source: Baize 1965 [13]~ 

Three male and three female New Zealand white Albino 
rabbits (weighing 2172-2974 g at study in&idion), obtained 
from Hazleton Research Products (Denver, E$, USA), yore al- 
lowed free access to lab chow (Purina Certified Rodent Chow, 
No, 5322, St. Louis, MO, USA) and municipal water &libi- 
turn. Animals were acclimated to laboratory conditioqfor a 
minimum,of six days prior to initiation ofdbaing. Theanimal 
room was kept at a constant temperature (68-71 “I?), humidity 
(46-860/o), and light (12 h light/l 2 h dark). 
%@he route of HCA-SX administration wq direct canjuncti- 
val instillation. This route of administratiqn is standard for 
assessment of local ocular irritative potential. HCA&X was 
placed directly into the cupped lower conj&ctival sac of the 
right (test) eye at a dose of 54 mg/right eyp‘ The eyelid was 
held closed for approximately 1 set after igstillation~ Theleft 
eye was manipulated in an’identical manner to simul$te the 
dosing of the right eye. There was one grout of six rabbits 
that received a single, unwashed exposure: 

The rabbits were observed twice daily (t$oming and:after- 
noon) for mortality for the duration of the sau$y. For ocular 
observations, both eyes of the rabbits were examined for ocu- 
lar abnormalities prior to study initiation, The pre-initiation 
examination included the use of sodium fluorescein and ultra- 
violet light for detection of cornea\ abnor@alities. R&bits 
assigned to the study hati no pre-existing a@ormaWies. Fol- 
lowing treatment, both eyes of the rabbits were examined 
macroscopically for ocular irritationusing a fiandheld pen light 
in accordance with the method of Draize (‘&ble 3) at approxi- 

mately f ,24,48 r;lnd 72 h after dosing and on days 4,7, t 4, 
and 21 if irritation pa+at+zd. In addition, both eyes were fur- 
ther examined at 72 $ and on d@s 7,14 and 2 1 with sodium 
fluores++ and ultraviolet light. 

Body weights wkre obtain&d and recorded on study day 
0 (initiation) and at each iqnim&l’s termination from study. 
Upon termination, the rabbits were euthanized by intrave- 
nous-injection >of sodi~mpc~~barbita~ solution and dis- 
carded. 

Statistics 

Data from different.experimenti (&x&r01 and test) were pooled 
and subjected to statistical an&&s. Except where indicated 
otherwise, values given are arithmetic means f S.E.M. Sig- 
nificance of diffemnces between con$rol and.test values were 
evaluated using analysis df variance (ANOVA) followed by 
Dunnett’s”test (GraphPad Softiqrre, San Diego, CA, USA). 
Differences with p value’s G 0.05 were accepted as statistically 
significant. 

The objectives of this study were to determine the effects of 
HCA-SX on 5-NT uptake in rat brain cortex in vitro, and to 
determine the safety profile af FICA-SX in in viva models. 
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Table 3. Primary eye irrrtatlon study of RCA-SK in Albino rabbits: Scale for ,scormg ucutirr irritation’ 
- 

I. Cornea 
(A) Opacity-degree of dcnslty (arca most .d?se taken f% reading) 

No ulceration or opacity 
Dulhng of riormal luster, details of iris clearly visible 
Easily discernible translucent areas, dttails of iris:slightly obseurcd 
Nacreous a&as, no details of iris visible;size of pupif barely discernible 
Opaque cornea, iris not discernible &rough the opacity 

(IS) Area of cornea involved 
No ulceration or opacity 
One quarter ,or less but not zero 
Greater than one quarter, but less lhan half 
Greater than half, but less than three ‘qua&m 
Greater than three quarters, up to whole area 
Score equals A x B x 5 

0 
1' 
2* 
3* 
4* 

0 
I* 
2* 
3* 
4* 

Total maximum = 80 

II. Iris 
(A) Values 

Normal 
Markedly docpened rugao, congestion,! swelling, circumcomeal mjectton (any or all of these 
or combination of any tliereof), tris still reacting ‘i+ ligl$ (sluggish reaction is positive) 
No reaction to light. hemorrhage, gross destruclion (any or all of thcsc) 
Score equals A x 5 

0 
I* 

2* 
Total maxnnum = 10 

III. Conjunctivae 
(A) Redness (refers to paipcbral and bulbar conjuctivae excluding cornea and iris) 

Blood vessels normal 0 
Some blood vessels definitely hypercmic (injected above) normal 
Diffuse, deeper crimson color, individitat vessels I%$ easily dlscemiblc 
Diffuse beefy red 

2’ 
3* 

(B) Chcmosis: lids and/or nictitatmg membranes 
No swelling 
Any swelling above~ normal (includes ‘nictitatmg membrane) 
Obvious swelling with partial cvcrsion of lids 
SwelIing with lids about half closed 1 
Swelling witb lids more than half oloscd 

(C) Discharge 
No discharge 
Any amount, different from normal (dots not include small amounts observed in inner cantbus 
of normal animals) 

0 
1 
2* 
3* 
4* 

0 

Discharge with moistening of the lids Bndhairs jWadjacent to the Iids 2 
Discharge with moistening of the lids and hair, and oons~dcrable area around [be eye 3 
Score equals (A + 3 + C) x 2 rotal maximum = 20 

Total maximum Score ~Possible = II0 

“Dralze scale for scoring ocular lessons, as published in the guid&ses in Subsection F. Hazard Evatuation: Human and DomestIc Xnimals &stributed 
in 1982 and the OECD Guidelrncs for Tcstiug of Chcm~cal~ $stributcd by 1987. 
*Starred figures indicate positive effect. 

Effect Of’HGA-SX 06 [3Hj-5-HT uptuke 

This study was conducted to determine the,effeets of HCA-SX 
on N-IT uptake in rat brain cortex in vitro. As shown in,&g. 1, 
PHI-5-HT was taken,up into neuronal stores in rat cortical slices 
in a time-dependent man&r reaching a maximum at apbkxi- 
mately 90 min. After 40 min, HCA-SX (3OTtand 1 n&j, and 
the 5-HT uptake inhibitors fluoxetine (1 OB $4) plus clomi- 
pram&e (10 PM) decreased the time-depend&t uptake of rH]- 
5-HT. At 90 m.in, HCA-SX (300 pM) causeda20% decr@se in 

[“HI-S-NT uptake, where? fluoxetine plus cIomipramine sig- 
nificantly ~nl~~b~~~~ y O.Oal) [%J-5-HT uptake by 30% (Fig. 
2). At 90 min, significant inhibit&m of 5-HT uptake was pro- 
duced by 300 NM RCA-% @ ( WI); however, no signifi- 
cant inhibition was observed foitowing incubation with I mM 
HCA-SX (Fig. 2). Thus, kinetics studies were p&?mned on 
HCA and fluoxetine plus cl~mi~~m~ne in order to determine 
optimal uptake at equilibrium. Uptake at equilibrium is a re- 
flection of total utjtake under out&erimentaI conditions. Re- 
gardless of i&al. differences observed for the agents before 
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Fig. I Time-dcpondent uptake of [3H]-5-HT in :isolated rat brain cortex: control and in the prcscnce of (-)=hydroxycitric acid (HCA-SX, 300 
pM and 1 mM)  and fluoxctinc (100 PM) plus elomipramine (JO PM). Each data point is the mcan.a S.E.M. of s-6 replicates. *p c 0.01; **p < 
0.001 significantly different from untrcatcd cotitrol. 

Fig. 2. IJHJ-5-HT uptake in isolated rat brain co&x slices at Wmin canbol and,m the presence of (~-)-hydroxycitric acid (HCA-SX, JO0 pM and 
I mM)  and fluoxetine (100 BUM) plus clomipram&e (10 piV). Ycrtmal bars rcprcsent mean * S.E.M. Number pf observations was 4 in each case. 
‘p < 0.01; **p < 0.00’1 significantly different from untreated control. 

90 min, only data obtained at or after 90 min is reflective of i%& 4. Acute oral toxicity study of.HCA-SX in Albrno rats foiiow- 
uptake at equilibrium. ing a sin& or& d<xe bf SQO@mgik~:  Sfimmary &f clinical tindings: 

Total oceurrcnceinumbcr of animals 

Group Male 
Days o-14 

Female 
Days 0-1~4 

In this paper, we have conducted a number!of-iti viva studies 
to demonstrate the safety of HCA-SX. Acute oral toxicity, 
acute dermal toxicity, primary dermat irritation and primary 
eye irritation studieswere conducted in animals to determine 
the safety profile of HCA-SX. 

Acute 
7315 Appeared normal 

Scabbtng doi sal head 1211 
Rates, - 
soft stool ^. _ 

See Materials and methods for dctaiis. 



Table 5. Acute oral toxicity study of HCA-SX +tr Albino rats. following a single oral dose of 5,000 q/kg: Individual clmical obscrvatrons 

Observation Sex Hour post-dose Ray post-dose 
I 3 4 f 2 3 4 5 6 7 8 9 IO 11 12 13 14 

Appeared normal Male P P P 
Malt P P P’ 

P P P P .P P P P P P P P P P 
1) P P P P P P P P P P P P P 

Male P P P P P P P P P P ‘P P ,P P P 
Male P P P pp---------P-P 
Male P P P 
Female - .- i 

P P P P P PP P P P P P PP 
P P P I’ .P P P P P F. P I’ P P 

Female - I- P, P P P P P PP P P P P P PP 
Female P P I’ P P P P P PP P P P P P PP 
Female P P - P P P P P P P P P P P P P P 
Female P P P PPPPPPPPPPPPPP 

_’ 
RaIcs Fern& P P P -. - I, - - - -. - - - - - _ _ 

Female P P - - -. I - -. - - - - - - - - _ 

soft stool Female - - P: - - - - - - - ^. I - .- - - - 

Scabbing dorsaI head Male - - - - -PPPPPPPPPPPP 

Grade code: P = present; S = slight; M  = moderate; V = severe; - = not seen at that. interval. See Mat&& and methods for details. 

Exble 6. Acute oral toxicity study of HCA-SX in Albino rats fcrlluwing a single oral dose of 5000 mg/kg: fndjviduaf and mean i S.D. of body weights 
(g) on days post-treatment 

Sex -1 day 0 days 

Male 239 210 
Male 244 216 
Male 239 210 
Male 244 215 
Male 238 213 

7 days 

292 
303 ; 
288 
296 
294 

14 days Sex -I day 0 days 7 days 14 days 

346 Female 232 211 240 260 
349 Female 232 208 237 240 
323 Fomalc 245 215 245 258 
339 Female 234 213 244 261 
337 / Female 230 2,l t 249 2.56 

Mean f SD. 241 f 2.9 213 f 2.X 295 + 5.5 339 f fO.i 235 f 6.0 212 5 2.6 243 t 4.6 2.55 f X.6 

See Materials and methods fbr dctatls. 

Acute oral toxic@ study 

Mrtality 
No deaths were observed during the study afrom any of the 
doses of HCA-SX which were used. 

Clinical observations (Tables 4 and 5) 
AlI clinical findings were noted on the day of dosingi with 
the exception ofscabbing of the dorsal head that was present 
for one male on day 3 and throughout the remainder of the 
study. Soft stool and rales were observed for one and two 
rats, respectively. There were no other clinical findings, 

Body weights (Table 6) 
There were no remarkable changes ur dif&renc& observed 
in body weights under any ofthe experimental conditions. 

Necropsy (Table 7) 
There were no significant changes for all examined tissues at 

terminal necropsy for any ofthe doses ofHCA-SX which were 
used. 

There were no toxicologi,caf gross findings for any exam- 
ined tissues at the scheduled necropsy. The data indicates 
that the LD,, of HCA-SXis greater than 5000 mgikg when 
administered o&orally via gastric intubation to fasted male 
and female Albino rats. 

liable 7. Acute oral toxicity study df FICA-SX in Albmo rats follow- 
ing a single orat dose of 5000 m&g: Gross necropsy observations 
incidence summary 

Scheduled necropsy Marc Fomalc 

Number af animals in dose group 5 5 
Number of animals terminally cuthamzcd 5 5 
No signinificant changes observed 5 5 

.- all examined tissues 

See Materials. and methods for details. 



Acute dermal toxicity study 

Mwtality 
There were no deaths during the study under the experimen-, 
tal conditions which were employed. 

Table R Acute dermal toxicity study of’ HCA-SX in Albino rabbits 
following a single dose of 2000 mg/kg: Summat$ of cfinical findings: 
Total occurrence/number of animals 

Acute 

Appeared normal 
Mucoid feces 

Male Female 
Days O-14 Days WA 

A 
82/S 8515 
3/l :- 

See Matcrtals and methods for details. 1 
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Chical obswwtions ~(Tuh&& qnd 9) 
All animals appearcd~normal throughout the study with the 
exception ofone mafe rabbit, which had mucoid feces on days 
f3-2. No oiher clinical findings were observed for animals re- 
ceiving a dermal application of2000 mg HCA-S/kg. 

Dermal obsenrati’dm (Thee 1~0) 
HCA-SX inducedvery slight to slight erythema on all rab- 
bits. No edema was observed. Desquamation was noted on 
eight sites out of 10 animafsby day 7. All treatment sites were 
stained yellow, Ail dermal irr@tion completely subsided by 
day 12 or ear%+, and no other &-ma1 findings were observed. 

Body &+gf& ‘(Table II) 
No retiarkable obanges or diffWences in body weight oc- 
curred. 

Table Y. Acute dcrmal toxicity study of HCA-SX in A&no rabbtts following a single dose of 2000 mg/kg: Individual clinical observations 

Observation SDX Hour post-dose Q@y post-dose’ 
I 3 4 12 34s 67 8 9 10 11 t2 13 14 

Appeared normal Malt P P P P2 P P P P P P .P P ‘P P P P P 
Male P P P PPPPPPPPPPPPPP 
Male P P P: P P P P P P.P.P P ‘P P P P P 
Male-PP, --PPPPPPPPPPPP 
Male P P P P P P P P p‘ P P P P P P P ,P 
Female P P Pi PPPPPPPPPPPPPP 
Female P P P; P P P P P P P. P P P P P P P 
Femalc P P P, P P P P P P P P P ‘P P P P P 
Femalc P P P’ PPPPPPPPPPPPPP 
Female P 1’ P P-P P P P P P P P P P P P P 

Mucotd fcccs Malo p .__.’ ----I---_-_-_-- 

Grade code: P = present; S = slight; M  = moderetc; V = severe; - = not seen at that interval. See Matertals anMtd:mcthods section for details. 

Tub/e ZO. Acute dcrmal toxicity study of HCA-SX in Albino ,rabbits following a single*dose of 2000 mgrkg: tndividual dcrmai observations 

Erythema+f~~ema+/other findings 
Studv dav Male Mate Male Mate Male Femaie Female Female Fcmaio Fcmalc 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

2/O/h I /O/h 
210/h l/O/h 
2/O l/O 
210 110 
2/O l/O 
2/O/d If0 
Z/Old l/Old 
I IOld l/O/B 
l/O/d SNR 
I/O SNR 
If0 SNR 
SNR SNR 
SNR SNR 
SNR SNR 

t/O/h I/O/h 
l/O/h t/Oh 
I/O 110 
l/O l/O 
If0 110 
I/Old I/O 
110/d l/O/d 
l/O If0 
l/O SNR 
110 sm 
SNR .%NR 
SNR SNR 
SNR SNR 
SNR SNR 

2/O/h 
2/Wl 
2/O 
21’0 
210 
2/O/d 
I/O/d 
l/Old 
l/O/d 

SNR 
O/O/d 
SNR 
SNR 

2iOlh 
210th 
210 
2/o 
2/O 
I /Old 
l/Old 
SNR 
SNR 
SNR 
SNR 
SNR 
SNR 
SNR 

‘L/WI 3/0/h 2/0/h 
1lQlh 2/0/h 1 /O/h 
110 If0 If0 
110 110 110 
110 l/O 1/O 
l/Q l/O/d l/O 
SNR SNR SNR 
SNR SNK SNR 
SNR SNR SNR 
SNU SNR SNR 
SNR SNR SNR 
SNR SNR SVR 
SNR SNR SNR 
SNR SNR SNR 

3 = Refer to Drarzc scale for dermal scoring criteria; d = desqquamattoa: SNR = scored, hot rcmarkablc: h ^- application site stained yellow. See 
Materials and methods section for details. 
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Table 11. Acute dcrmal toxicity study of HCA-SX in Albino rabbttn: Indtvidual and mean + SD. body weights {g) 

S&X Day 0 Day7 Day14 sex Day 0 J??Y 7 Day 14 

Male 2323 2835 2851 Female 2227 2322 2529 
Male 2266 2622 .2751 Female 2295 2557 2777 
Male 2330 2656 2769 Fcmalc 2372 2742 2854 
Male 2466 2953 3004 Femafe 2236 2655 2 69’7 
Male 2259 2623 ’ 2721 Female 2351 2674 2826 
Mean rt SD. 2329 f 83.2 2738 f 149.2 2819 zk 114.0 2296 f 65.5 2590 f 163.X 2737 i 130.5 

-Icy 
See Materials and methods for details. 

Tcrble 12. Acute dermal toxmity study of KG-SX in Albino rabbits 
following a single dose of 2000 mgkg: Summary of gross necropsy 
observatrons incidence 

The Primary Irritation Index wascalculated to be 0.0. HCA- 
SX received a descriptive rating classif;ication (Table 2) of non- 
irritating. 

: Male Female 

Number of animals in dose group 5 5 
Number of animals terminally cuthanized 5 5 
Application site - rcddcned 1 1 
Kidneys - pale 0 1 
Spleen - accessory c I 1 
External surface - hair loss ’ I 0 
All exammcd tissues - no significant changes 2 a 

observed 

Primary eye ir$ation st~fdy 

Mortality 
There were no deaths. 

Oculur irritation (7ables .16 atid I I) 

SW Materials and methods for details. Number with positive effect/Number treated 

Necropsy (Tables 12 and 13) 
Reddened application sites were noted forttwo rabbits at the 
terminal necropsy. Single occurrences of pale kidneys, mot- 
tled lungs and hair loss were noted for one rabbit each, Two 
rabbits had accessory spleens, a common congenital ahnor- 
mality. There were no other gross necropsy findings for al1 
examined tissues at the terminal necropsy.. 

Group Cornea Iris ConJunctiva Total Maximum 
average score 

I (M.A.S.) 

0.1 ml/ 016 616 616‘ 616 15.0 at 1 h 
right eye, 
unwashed 

The data indicated that the LD,, of HCASX is greater than 
2.$QO mg/kg when it is applied once for 24 h to the shaved, 
Intact skin of male and female Albino rabt$ts. There was no 
evidence of acute systemic toxicity among rabbits when2000 
mg/kg HCA-SX is dermally administered. 

Primary dermal irritation study 

Mortality 
No deaths occurred. during this study. 

None of the rabbits vocalized upon instillation of the test 
material (HCA-SX). The teft (control) eyes were free of evi- 
dence of ocular irritation and other findings for the duration 
of the study. Individua! ‘and average ocular irritation scores 
for the treatedeyes are presented in Table 16. Individual ani- 
mal results (other findings), inchrding sodium fluorescein ex- 
amination results, ire present+ in Table i 7: The scale for 
scaring Ocular irritation an$ method of score calculation are pre- 
sented in Table 3 wif$ a total maximum possible score of t IO. 

Dermul observations (Table i4) 
HCA-SX induced very slrght erythema on one animal and 
stained a11 treatment sites yellow. All erythema completely 
subsided by the end of day 1, No edema or other dermal find- 
ings were observed. 

Rody weights (Table 15) 
No significant body weight changes occurredduring thestudy 
period. 

A small area ofin~a~at~~~x~d~e with enlarged blood 
vessels waspresent al the apex ‘of the lower conjuctival sac 
for three rabbits on day 7. This?nflammatory exudate com- 
pletely subsided by.study termination (day 21) for two animals. 
One ofthe three rabbits also had inff ammatory exudate on the 
nictitatmg membrane that was present on day 7 through study 
termination (day 21). TheMaximum Average Score (M.A.S.) 
for HCA-SX was 15.0 at 1 h. The test material induced posi- 
tive iridal and conjunctivai reactions for ali rabbits. There 
were no corneai m&ions noted, lridal irritation subsided by 
48 h or earlier. With the exception of inflammatory exudate, 
conjunctival irritation completely subsided by study termi- 
nation (day 24) or earlier’for all animals. 
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Table 13. Acute dermal toxuzity study of FICA-SX in Albino rabbits: Individual gross description of organs 
- 

sex Organ findings Grade Organ -- no significant findings sex Organ findings &de Organ - no significant findings 

Malt 

Male 

Male 

Male 

Male 

None 

Lungs gross: 
mottled all 
lobes 

Application 
sit0 gross: 
reddened 

Spleen gross: 
acccssoly two, 
1 and2mm 
diameter 

None 

External 
surface gross: 
hair loss 
ventral 
abdominal 

NA 

P  

P  

P  

NA 

P  

adrenal gland?, application site, brain, 
intcstme, ep&dymides, esophagus, 
eyes, gall bfa$der, heart, kidticys, 
liver, lymph node, mesent$c, lungs, 
mammary gland, pancreas, pituitary, 
prostate, saiivmy gtan&~ s+nal 
vcs~cles, skin,; spleen, stomach, 
testes, thymus gland, thyroid glands, 
trachea, u&&y bladder 

adrenal glands, application &xc, 
brain, intestine, epididymides, 
esophagus, e#s, gall bladdo,r- heart, 
kidneys, liver; @mph node?, 
mesentcric, mammary gland, 
pancreas, pit$tary, pros&c, 
salivary gIaad$, seminal’ G@cics, 
skin, spleen, $tomach, testes, 
thymus gland,: thyroid glands, 
trachea, urinary bladder 

adrenal glands, brain, intestme, 
epididymide8, esophagus, eyes, 
gall bladder, &art, kidney& liver, 
lymph node, PFsenteric, lungs, 
mammary gtand, pancreas, 
pituitary, prn$atc, salivary 
glands, semin$ vcstcles, skin, 
stomach, testes, thymus piand, 
thyroid gland;, trachea, nrinary 
bladder 

adrenal gland?, application site, 
brain, intestine, epididymidcs, 
esophagus, cy$s, ~gall’ bladder, 
heart, kidneys5 liver, lymph node, 
mesentericseo&ric, tungs, 
mammary gland, pancreas, 
pituitary, prosla‘rc, salivary glands, 
seminal vesic$s, skin, spfeen, 
stomach,‘ testes, thymus gland, 
thyroid gland& trachea, r&ary 
bladder ., 

adrenal gland& application stte, 
brain, mrestine, epididymides, 
esophagus, eyes, gatl bladdkr, heart, 
kidneys, liver,: lymph node, 
mesenteric, lungs, mamma* gland, 
pancreas, pituitary, .prostetc, 
sahvary gland& seminal vcsiclcs. 
skin, sptoen, itomacb, testes, 
thymus gland,: thyroid glands, 
trachea, urina<y bladder 

Female Kidneys gross 
pale bilateral 

Female None 

Female None 

P  

NA 

NA 

Female Applicatiq silt P  
gross: reddened 

Female Sptcca gross: P  
acccssoq two, 
2 m m  in 
diameter 

adrenal glaqds, application site, 
brain, m&s&c,  esophagus, eyes, 
grdt bladder, heart, liver, lymph 
node, meserlteric, lungs, 
&mmary glahd, ovaries, 
pancreas, pituitary, salivary 
@rids, skm, spleen, stomach, 
tbymus gland, thyroid glands, 
trachea, urinary bladder, uterus 

adrenal glands, apphcatlon site, 
biaEn, mtestine, esophagus, eyes, 
gafi bladder, heart, kidneys, liver, 
lymph node, mcsenteric, lungs, 
mammary gland, ovaries, 
ptincrcas, pituitary, salivary 
Cnds, skin, spleen, stomach, 
tbymus &and, thyroid glands, 
trachea, urmary bladder, uterus 

adrenal glands, applicarion site, 
bram, intestine, esofihagus, eyes, 
gdl bladder?’ heart, kidneys, hvcr, 
lymph node, mescntcrlc, lungs, 
mammary gland, ovaries, 
pa?crcas, pituitary, salivary 
giand~, skin, spleen, stomach, 
rhymus gland, thyroid glands. 
trachea, urinary bladder, uterus 

adrenal glands, bram, intcstme, 
esophagus, eyes, gall bladder, 
heart, ktdneys, liver, lymph node, 
niescntcric., lungs, mammary 
gkmd, ovaries, pancreas, 
piturtary, salivary glands, skm, 
spleen, stomach, thhymus gland, 
thyroid glands, trachea, urinary 
bladder, .utcrus 

a&enal glands, application site, 
brain, in&tine, csophagns, eyes, 
gall btadder, heart, kidneys, liver, 
lymph node, mesenteric, lungs, 
mmmnary gland, ovaries, 
p&croas, pituitary, sahvary 
@ads, skm, stomach, thymus 
gland, thyraid glands, trachea, 
urinary bladder. uterus 

P  = present; NA = nonB appeared. See Matcnal$ and methods for details. 
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lhble 14. Primary dermal irritatmn study of FICA-SX IO ANno rabbits: Individual dermal scores 

Sex Site Erythoma Edema 
_I_- 

lh 24 11 $8 h 72 h Ih 24 h 48 il 12 h 

Male A 0 0 a 0 0 0 0 0 
Male A 0 0 0 0 0 0 a 0 
Female A a 0 0 0 0 0 0 0 
Female A 1 0 0 0 0 0 5 0 
Female A 0 0 a 0 0 0 0 0 
Female A 0 0 0 0 0 a 0 0 
Total 1 0 0 0 0 a o- 0 

The dosage level was 0.5 g FICA-SXkite. *Dose’sire stained $&ow. Set Materials and methods for &tails. 
-- 

PI1 calculated using lest periods: I, 24, 48, 72 
Primary irritation 

5. 
index: (PIE) = (1 + 0 + 0 f 0)124 + (0 + 0 * 0 + Q/24 

PI1 = (1124) + (0124) ,= 0.0 f 0.0 
PI1 = 0.0 = non-irritating. 

Table IS. Primary dermal trritation study of HC&-SX in Alb$o cab- 
bits: Individual body weights (g) ! 

St% Initiation Day 0 

Male 3952 
Malc 3550 
Female 3738 
Female 3358 
Female 3471 
Female 3691 

See Materials and methods for details. 

: Tkminal I& 3 

,3937 
'3465 

3690 
: 3754 

3531 
,3629 

There acre no .significacant chmges or differences observed 
in body weigh@ during the study period. 

(-)-~y~oxyc~~cac~d(H~A) is the natural primary organic acid 
foundia the fntihapd ~~~:cf~~~~~~~~bo~~. WC4 works 
by inhibiting lipogeqesis, tkproceas by which the body con- 
verts carbohydratas into fat bytemporarily inhibiting ATP 

Table 16. Primary eye irritation study of HCA-$X in Albino tabbits: Individual ocular irritation Scores 

Examinatioti intervals 

Sex Tissue I II * 241~ 48 h 72 h 4 days 7 days 14 davs 21 davs 

Male 

Male 

Cornea (O-A) 
Iris 
Conjunctiva (R-C-D) 
Cornea (O-A) 
Iris 

Male 
Coqunctiva (R-C-D) 
Cornea (O-A) 
Iris 
Corgunctiva (R-C-D) 

Female Cornea (O-A) 
Iris 
Conjunctlva (R-C-D) 

Female Cornea (O-A) 
Iris 
Corquncttva (R-C-D) 

Female Cornea (O-A) 
Iris 
Conjunctiva (R-C-D) 

000 
00 
0 

00 00 00 00 00 00 
1 1 0 0 0 0 
222 IQ0 100 100 100 000 

00 OQ 00 00 DO 00 00 00 
I 1 0 0 0 0 0 0 

122 I-00 200 200 200 200: LOO 
00 00 00 00 00 50 00 
1 1 ‘0 0 ‘0 0 0 
121 too 200 200 200 IQ0 oao 
00 00 00 00 00 a0 00 
1 d 0 0 0 5 0 
212 I too LOO 100 100 100 000 
00 :uo 00 00 00 00 
I : 1 0 0 a 0 
122 I IO 210 IO0 100 OdQ 

00 00 00 00 00 00 00 00 
I 0 0 0 a . 0 0 0 
122 I IO 200 200 200 200 000 000 

000 

Group: 54 mg/rlght eye, unwashed. *Fluoresoein sointion appli?d; 0 = opacity; A - area; R = redness; C = chcmosis; D = discharge 
See Materials and m&hods for details. 
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Table 17. Primary eye irrttation study of HCA-TX in Albino rabbits: Individual n&al results - athcr findings 

sex Initial body Terminal body Examihation Other SCX Initial body 
intorv;li 

Tcrmmal body Examination O;har 
wt. (6) wt. (g) lindings wt. (6)’ wt. (g) interval findings 
Day 0 Day 5 Day 0 Day 0 

2214 

Male 2239 

2449 (day 7) 1 h 
24 h 
48 b 
72h 
4 diiys 
i’ days 

2934 (day 21) 1 h 
24 h 
48h t 
72h : 
4 days 
I days 

14 day; 
21 days 

2884 (day 21) I h 
24 h 
48h 
72 h 
4 days 
7 days 

14 days 
21 days 

Male 2172 

b,s 

4s 

r(O%) 
- 
O&O%) 
f&I%) 
s(Q%) 

b 

r(O%f 

Fomaic 2974 3423 (ddky 14) 1 h 
24 h 
48 h 
72 h 
4 days 
I days 

14 days 
Female 2346 2700 (day 7) 1 h 

24 h 
48 h 
72 h 
4 days 
I days 

Fcmate 2334 2755 (a“ 21) 1 h 
24 h 
48 h, 
72 h 
4 says 
7 days 

14 days 
21 days 

ba 

r(O%) 
- 
r(O%) 
i-(0%) 

b,s 

- 
r(O%) 

r(O%) 

b 

r(O%) 
- 
e,f,r(O%) 
e,f,r(O%) 
f,r(O%) 

Group: 54 mgkight eye; unwashed; b = clear discharge; T = sodi,um fluorescein stain rctontion (O%‘of area); s 7 smafl‘amonm of rcsiilual test material 
present in the cyc; e = inflammatory exudate co@ing an araa of approximately 4 x 2 mm containing enlarged blapd vessels present at apex of 
lower conjuctival sac; f = inflammatory exudate kovoriog an ama of approximately I x 1 mm conmining cnlargcd blood vessels present at apex 
of lov~er conjunctival sac; g = inflammatory exudate covering irn area of approximately 5 x 3 mm containing eniargcd btood vessels present at 
apex of lower conjunctival sac. 

citrate lyase, the enzyme that converts excess glucose into 
fat. Furthermore, by inhibiting ATP citrate t$se, WCAr$uces 
the availability ofacetyl-CoA, the building:block for fat syn- 
thesis. Earlier studies in humans have shown that HCA ean- 
sumption (500 mg, t.i.d.) before meals for &weeks resufted in 
2 15% greater weight loss than those taking a placebo+with- 
out any adverse side effects [5]. Mattes and Bormann [Z] 
conducted a placebo-cantrolled, double-bland study invotv- 
ing 89 moderately overweight .female human subjecta who 
ingested HCA (1200 mg/day) or placebo for-12 weeks and 
received a daily diet of SOjO.kJ. A sigui@aut loss, of body 
weight was observed as compared to the placebo grou$ (3.7 
f 3.1 kg vs. 2.4 rtt 2.9 kg) for subjects ingesting MCA. 

We have recently shown that HCA {as Super Cit&axTM, 
HCA-SX) can increase the release of 5-RT #om rat brain cor- 
tex slices, in vitro, provided the first scientiqe evidenc&Yer- 
ing an explanation for the ability ofHCA to;suppress appetite 
[7]. In the present study, we now report that NC&SX &rib- 
ited the time-dependent uptake of [3H]-5-l$T, anatition‘that 
was mimicked by the well-known serotonin~eceptorreuptake 
inhibitors (SRRIs), fluoxetine and ckanipramiu~. Fluoxetiue and 
ctomipramine are potent selective inhibitors of[‘H]d-HT up- 

take in neuronal tissue both iti v&o and iti vitro [14, IS]. For 
instance, Stauder~n and Jo& [t 61, demonstrated that flu- 
oxetine inhibited aeeumr&tion Q% rH]-HIT into rat spinal 
serotonergic nerve termmals in a sodium-dependent manner. 
Taken together, these’results sufiport the view that HCA-SX 
increases the ~e~aase~~va~~b~~~~. off3H]-5-BT from neuronal 
serotonergic nerve termin& presumably via.an effect on neu- 
ran al uptake of-this monoamine.. 

Since increased bminfevets o’f5+YI‘are involved in regu- 
lation of sleep, mood changes ahd appetite suppression, the 
results strongly suggest thatan t-&&t on this monoamine could 
underlie the mechanism ofap$%te suppression and food in- 
take induced by HCA&X. Furthermore, HCA-SX may provide 
a therapeutic advantage by, afleviating emotional issues of 
overweight people, Muding binge.eating and depression, 

It has been demo~st~t~d by CK-%JS that WC&SX is bio- 
avaitablo in human piasma [4]. However, a major question 
remains wbetherHGA-SX can cross the blood-brain barrier. 
Recently, we have completed a human clinical study on HCA- 
SX, which demonstrated that WC&SX supplementation over 
& weeks increases serum scrotouin leveis significantly in hu- 
man voh+teers {~npubii~~ed se&&s). The other advantage 
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of HCA-SX is that many of the ‘natural’ d!at.productson the 
market, including Ma Huang (a natural source of eph#rinef, 
or Kola Nut (a natural source of caffeine) and Guarana e&tract 
(a natural source of caffeine) are central nervous systemstimu- 
iants known to cause serious adverse side&ffects, including 
increased heart rate; high blood pressure, upset s&m&h, se- 
vere headaches/migraines; vomiting, and o&em. HCA-SX has 
been in the market for more than 8 years with no such ,a$lverse 
side effects reported so far. In addition, h&b concentrations 
(2O-30%) ofHCA in the dried fruit rind of C&r&&z cambogia 
have been consumed for centuries in the diets of South Asian 
people as a food condiment to make meats bore Vi&g’, [I]. 

A number of safety studies have been conducted on HCA- 
SX. In the acute oral toxicity study, no deaths, remarkabb body 
weight changes or gross necropsy findings were observed. 
Clinical findings were limited to soft stoat and rales for one 
and two rats, respectively, A male rat with scabbing on the 
dorsal head was noted on days 3-14. All &her animafs ap- 
peared normal on day 1 and throughout th& remainder of the 
study. There were no other clinical findings. Thcse”resuIts 
demonstrate thatthe LD, ofHCA-SX is greater than 5000 rn@ 
kg when administered. once orally via gastric intubation to 
fasted male and female albino rats. 

In the dermai toxicity study, there were nodenths,.HCA-SX- 
re!ated clinical findings or remarkable body weightchanges. 
The HCA-SX induced very slight to slight eerythema with na 
edema. Desquamation was noted on eight sites. All dermal 
irritation completely subsi&d by day 12 or earlier. Therewere 
no other dermal findings. Peddened application sites were 
noted for two rabbits at the terminal necrophy: There were no 
other gross necropsy findings related to H$k-SX for all ex- 
amined tissues at the terminal necropsy. The LDSo of HCA- 
SX was found to be greater than 2,000 mg/kg when applied 
once for 24 h to the shaved, intact skin afimaleand female 
albino rabbits. There was no evidence of acute systemic tox- 
icity among rabbits that were dermally admi&.tered HCA-SX 
at 2,000 @kg. 

In the derma1 irritation study, no deaths or significanthody 
weight changes were observed during the study period:&l=A- 
SX induced very slighterythema on one animal. No edemaor 
other dermal findings were noted, and a21 irritation wasrevkrs- 
ible and completely subsided by the end &day 1. The Pri- 
mary Irritation Indeliwas calculated to be 0.b. Basedon these 
observations, RCA-SX received a descriptiye.ratingcla~ifi- 
cation (Table 2) of non-irritating. 

In the eye irritation study, no deaths or remarkable changes 
in body weights occurred during the study period. The re- 
sults indicate that HCA-SX causes ocular i&t&ion with pro- 
duction of inflammatory eitudate in some animals. Pcsjtive 
iridal and conjuctival reactions were present in al1 animals, 
whrch subsided within 48 h. A total maximumscore of 1 IO is 
possible. A score of 15 was obtained in the’study, indicatmg 
mild irritation. 

Taken together, this&tdy had two major objectives (a) to 
determine the effect of WA-$X on 5-W’ uptake in the rat 
brain cortex in vim, aad (b) to, assess the safety profile of 
HCA-SX. The tk vitro, serotosin release and reuptake stud- 
ies demonstrate that.HCA-SX ban inhibit C3HJ-5-HT uptake 
(and increase S&HT nvail~~i~i~~in a manlier similar to that of 
serotonin receptor reuptake inhibitors [SRRIS), and thus may 
prove beneficial in co~~o~~ingappetite, as well as, in the treat- 
ment ofdepression, insomnia, m&mine headaches, and other 
serotonin de~c~en~c~~di~ions. Hpwever, fluoxetine plus clomi- 
pram& exhibited s~~~~~,~~nt~~ higher potency as compared 
to HCA-SX.Aeute oral toxici@,,acute de& toxicity, primary 
dermal irritation and primary eye irritation studies indicate that 
HCA-SX is a safe, natural supptkmcnt under the conditions it 
was tested. 

The aumors acknowIedge,.WIL Research Laboratories, Ash- 
Iand, QH, USA, fo~p~~rrn~~g me acute toxicity studies. The 
authors thank Ms, Krhztine Strong for technical assistance. 
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