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Summary

The principal acid in the highiy acidic fruits of Garcinia Cambogia has been identified as {-)-
hydroxycitric acid. This acid has not been encountered in nature before. Fruifs of two other
species of Garcinia were found to contain the same acid, and the feaves of Hibiscus
cannabinus, (+)-allo-hydroxycitric acid, an isomer reported earfier in Hibiscus sabdariffa, Wide
occurrence of Hydroxyciiric acid in nature Is thus indicated.

CONCLUSION OF STUDY

The study presents evidence that (-)-Hydroxycitric Acid is the principal acid present in the fruit | »

rinds of Garcinia Cambogia. Aithough four isomers of Hydroxycitric acid are possible, this
study confirms that only the ()-isomer ccours in the fruits of Garcinia Cambogia. The
presence of (-)-Hydroxycitiic Acid had not been confirmed in nature prior 10 the publication of
this article.

HOW THIS STUDY IS RELEVANT TO OUR PRODUCT

The study describes the specific isomer of Hydroxycitric acid that is present in the fruit rind of
Garcinia Cambogia as (-}-Hydroxycitric acid. This particular ingredient is widely used in India
for culinary purposes. The (-)-Mydroxycitric acid isomer is identified in the study is the
functional ingredient in our Trim products.

We deliver this as a stable Potassium Sall of (-)-Hydroxycltric Acid. Various salis such as a
Potassium Salt, a Potassium / Calcium Salt, a Calcium Salt stc are commonly sold in the USA
as ingredients in dietary supplements and mainstream beverages.
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Abstract

The principal acid in the highly acidic fruits of Garcinia Cambogia has been identified as {(~)-
hydroxycitric acid. This acid has not been encountered in nature before. Fruits of two other
species of Garcinia were found to contain the same acid, and the leaves of Hibiscus
cannabinus, (+)-allo-hydroxycitric acid, an isomer reported sarlier in Hibiscus sabdariffa. Wide
ocourrence of Mydroxycitric acid In nature is thus indicated,

introduction

Very little information is availabie in literature about the Hydroxycitric acids four isomers are
possible, since two asymmetric C atoms are present). Lippmann reported the presence of an
acid in beet juice which he suspected to be Hydroxyditric acid; but the acid was optically
inactive. Pawolleck had synthesized a sait of the Hydroxycitric acid earlier, and more recently
Martius succeeded in preparing all the four isomers, starting from trans-aconitic acid.

Griebe isolated a Hydroxycitric acid from Hibiscus Sabdariffa Linn. calyxes and identified it as
{(+) allo-hydroxycitric acid lacione, described by Martius The dried rind of the fruit of Garcinia
Cambogia Desr., popularly known as “Malabar Tamarind, is extensively used all over the
west coast of South India for culinary purposes, and commercially for “Colombo curing” of
fish. The fruit contains about 30 per cent acid caiculated as citric acid on dry wt. basis. The
organic acids prasent have been mistakenly identified in the past as tartaric and citric acids.
The evidence which has led to the identification of the acid as (-) Hyvdroxycitric acid is

Experimental And Results

Both the dried rind of the frult, as available commercially, and fresh fruits were used for the
investigations. The fresh succudent frult is about the size of an orange, with 2 thin skin and
deep vertical furrows forming biunt iobes.

Paper Chromatography Using extracts of the fruit, two predominant acid spols were found on
chromatograms run in different solvent systems. The Rf values of unknowns were mostly so
close to tartaric and citric acids (Tabie 1) that they were apt to be mistaken for them. A spray
of 5% sodium metavanadate coloured the lower acid spot reddish orange: this reaction is
supposed to be a characteristic of optically active tartic acid. However, attempis at
guantitative determination of {astaric and citvic acids by A.0.A.C. methods failed o give any
potassium bitarirate or pentabromacetons precipitates, even when large aliquols were taken.
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Column Chromatography

Gradient elution of acids in the fruit, juice, using a Dowex formate column gave a pattern (Fig.
1) showing the largest peak in the position occupied by citric and isocitric acids (alse malonic
anc pyruvic). However, the pooled fractions analysed for citric acid by the isccitric
dehydrogenase method showed complete absence of this acid. The other acids were ruled
out by a consideration of the R, values on chromatograms.

Isolation of Acid

Attemnpts to separate the two acids by fractional precipitation of the calcium or barium salts
proved futile. Separation by quantitative paper chromatography by application of 2
concentrated band at the starting line gave two separate bands, But when these bands wers
eluled, concentrated and tested again, each gave the original two spots. Ether extraction of
the mixture of acids showed a partial concentration of the uppsr spot, giving a clue that
lactone might be involved. On saponification of the mbdure using excess alkali and passing
through a cation-exchange resin (Zeocarb 2 18) the eluate showed only the lower spot. But
on concentration over a water bath, the upper spot also appeared. On heating the
concentrate over g water bath for several hours and keeping in a desiccator for several hours
a crude crystalline material was obtained. This gave only one spot (upper) on
chromatograms. On titration of this material with alkali, two different end-points were
obtained, using phenolphthaitin. In the cold and after boiling, characteristic of lactones. it was
thus clear that the two spots on chromatograms are those of a y-hydroxy acid and its tactone.
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Isolation of the acid on a large scale was carried out by the following procedure. The dried
rind was cooked with about three volumes of water in an autociave {10 1b sq in for 15 min)
and the extract filtered first through cloth and then paper. The filtrate was concentrated to a
small volume and treated with two volumes of aloohol to remove pectin. The clear filirate was
neutralized with alkali, when a viscous, dark, heavy liguid separated (it had been found by
previous experience that this oily liquid is the highly hygroscopic alkali salt of the acid). The
clear supematant was decanted off and the olly liquid washed with 860 % alcobol several
times.
By repeated treatment with absolute alcohol, this could be dried 1o a pale yellow hygroscopic
powder, which formed the pure alkali salt. Aqueous solutions of the alkali salt were passed
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through a cation-exchange resin {Zeocarh 215) for recovery of the asid. The acid iself could
not be crystallized because evaporation resuited in formation of the lactone. The syrup
obtained on evaporation of the sluate from the jon-exchange resin was diied on a water bath
for several hours, and then in 2 vacuum oven at 100" for g-10 hr. A crude orystalline mass
was obtained afier keeping in a desiccator for several days. Alternately, the material obtained
by evaporation on a water bath could be seeded with a few crystals of the lactone. The crude
crystalline material, on extraction and re-crystallization from ether, gave clusters of small
needie-shaped crystals of the iactone Fig. 2).

Characteristics of the Acid

Some of the characteristics of the lactons and the acid are shown in Table 2. The votation for
acid was obtained by saponifying the lactone with excess alkali and adding an equivalent
amount of HCI before taking the reading. The equivalent weight of pure lactone is 69, as
determined by alkali titration or silver salt decompaosition.

By titration and measurement of conductivity the acid proved to be a 3¢_hydroxy tribasic acid.

Fin, 2. CHYSIALS D5 HVDRIRYCITRIC ACID RACTONE,
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Since more than one{QOH) group is present in the free scid molecule, & test for viscinal SO
groups was mode by measuring the ensltation of rotation produced by borms, {08 for free
aeid = 207 allervntsrion with barax - 92 L which ivclenslye indicative of ™ the tiuation

of the two hiydroxyl groups in the same plans and on the same side of the carbon stows to
which they are bound .12

Since it was now evident that the acid from Garcinia is one of the Hydroxycitric acids, (+)-allo
-Hydroxycitric lactone was prepared from the calyxes of Hibiscus Sabdariffa fruits (according
to the procedure recommendled by Griebel for purposes of comparison. That the two acids
are different is clear from the properties dsted in Table 2. The properties of “Garcinia” acid
closely resembied those of (-)-hydroxycitric acid described by Martius A sample of our lacione
was examined by Dr. C. Marks. It was found that the laclone from Garcinia Cambogia, the
lactone of synthetic (-)-Mydroxycitric acid and the mixture of both had the same melting point.
Paper chromatography also showed the identity of “Garcinia” acid and synthetic (-)-
Hydroxycitric acid.

We have also examined the acid composition of a few related plants. The frults of Garcinla
afroviridis Griff and Garcinia indica Choisy, which are widely used for culinary purposes in
India and Malaya, were found {o contain {-)-Hydroxycitric acid as the principal acid. Hibiscus
carmabinus Linn and Hibiscus fwoatus Roxb leaves were found o contain {(+)-allo -
Hydroxycitric acid as the principal acid. The mildly acidic leaves of these two plants are also
used for culinary purposes in India. The fruit calyxes in these were, however, poorin acid
content.

Discussion

Martius emphasized the importance of Hydroxyeitric acid in plant and animal metabolism at g
time when it was still not known to occur in nature. A survey of organic acids in a large
number of fruits belonging to the Garcinia genus would doubtiess reveal the presence of
Hydroxyeitric acid in many of them besides those reported hers. 1t is also quite likely that the
other iwo isomers (+}-Hydroxycitric acid and {-}-allo - Hydroxycitiic acid would be found in this
and other genera. The ocourrence of isomers of Hydroxycitric acid in nature may thus be
quite wide.
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Configuration

The exaltation of optical rotation by borate in “Garcinia” acid is clearly indicative of “vicinai"
{OH) groups. The allo-hyroxycitric acid from H. sabakiiffa does not show any such increase of
rotation. If Hudson’s lactone rule is applicable to the Hydroxycitric acids {itis shown to bs
applicable to the isocitric acids 13), then the absolute configuration of “Garcinia” acid should
be (lil). Correspondingly, those of the other isomers should be (IV), (V)
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and (V). Confirmation of this by optical rotatory dispersion and X-ray diffraction studies
wolild, of course, be necessary.
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Bute-Smith and Wesiall ' have shown that in severs) series of polyhydrony compoumds,
the addition of each (OH) group decreases the Ry, value [(By, = logi! &, — 1)} of the com-
pounds by an approximately constant amoust. Huoloe ® found this fo be true in » reisted
sevies of acids ke succinie, malic and taniaric nelds. 17 s interesting v note that this is 5o
aboeyed in the series Srivarba liviic, chirle and hydronyoitrie acis {Table 3.
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Colour Reaction with Mstavandate

Since the R;of Hydroxycitric acid is very close to tartaric acid in the common solvent systems
and it also gives a reddish orange colour with metavandate. it would not be sufficient {o
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depend on these two data for identification of optically active artaric acid in plants, as has
been done pravicusly.

Biochemistry

The mode of formation of the acid in the plant cell would be a very interesting study. Martius
found that only one of the four isomers () Mydraxycitric acid could be readily dehydrogenated
using cucumber seed or liver homogenate as source of the enzyme. The presence of large
quantities of the inactive isomers in plants may then be dus to the absence of enzymes which
could oxidize them further, as in the case of (+) - tartaric acid. This has to be verified by
experimentation. Martius makes the assumption that in the formation of hydroxy glutamic
acid, (+) - Hydroxycitric acid has an importance at least corresponding to that of citric or
isocitric acids, for the endogenous formation of glutamic acid. it may be possible o prove the

suten el Tows v ou b ok s sns

M [ -, ool BBl salygudprond o ovd fouseond Son selsuendon
biological importance of this substrate, st least in plants.
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TITLE

THE DIET AND HEALTH BENEFITS OF HCA
{Hydroxycitric Acid)
Dallas Clouatre, Ph.D. and Michael Rosenbaum, MD

Summary

(-)-Hydroxycitric Acid extracted from Garcinia Cambogia is identified as the ingredient which
prevents the body from converting carbohiydrate calories info fats.

{-)-HCA does this by inhibiting the enzyme ATP citrate lyase, the enzyme which convers
citrate into fatly acids and cholesterol in the primary pathway of fat synthesis in the body.

The action of {-}-HCA increases the production and storage of givcogen. It is thought that this
stimulates glycorecepiors in the fiver, which results in early satiety through signals sent to the
brain via the vagus nerve. (-}-HCA is close to citric acid in terms of safety results. {-)-HCA
does nof alfer taste or cause gastric distress or illness. Typical does of {-)}HCA in humans for
the purposes of losing weight is roughly the equivalent of the rind of half a fruit, which is an
insignificant amount considering its common uss.

CONCLUSIONS OF ARTICLE

{(-)»-Hydroxycitric acid is one of the most promising natural products
to appear in many years. It has been extensively researched at leading
universities and by the pharmaceutical giant Hoffmann-La Roche.
Long used in large amounts as a condiment for foods, HCA has no
toxicity, either acute or chronic, at any reasonable level of consumption.
In this regard it is virtually identical to citric acid, the acid found in
oranges, lemons and other citrus fruits. HCA works as a “partitioning
agent” with calories obtained from carbohydrates, and, to a lesser
extent, those from proteins. It diverts these calories away from the
production of fats and toward the production of glycogen.

The health benefits of HCA are many. HCA inhibits lipogenesis,
which is the production of fats from excess calories derived from
carbohydrates and proteins. As an aspect of its regulation of lipo-
genesis, HCA lowers the production of both triglycerides and cho-
lesterol. HCA increases the production and storage of glycogen in
the liver and other tissues. By doing so, it increases energy levels
while giving better control over the appetite. Finally, HCA may
increase thermogenesis, the burning of calories for heat.

HCA therefore is potentially of great benefit to dieters and to
others who are concerned with controlling their weight, including
athletes. It may help individuals with problems with elevated
blood fat levels. And in general, because of its effects upon glyco-
gen production and storage, HCA likely will improve energy lev-
els in many individuals who otherwise do not see themselves as
having weight or blood fat problems.
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HOW THIS STUDY IS RELEVANT TO OUR PRODUCT

The article’s conclusion is that (-JHCA is safe, with no loxicity, either acute or chronic based
on centuries of consumption by humans and many clinical irials.

The conclusion also goes on o explain the inhibition of lipogenesis, it's appetite suppressant
qualities and its possible uses as part of a dietary regime promoting weight loss,

Taken together, these conclusions re-enforce the safety and efficacy of our new distary
ingredient.

SHANNON MINERALS LTD.
Page 83




