T DTSR o o O U e St e o o BTN o e T D SR W e i e Y e e St ot o ey M% o e o S O AN ek v e A TV e S e S St P s . S o e S ) D St e o e s

PART-1I
CHEMISTRY OF  GUGGULTETROL

ARSI ELS S SN SN IS T I ST SRS SRS noI NSO URNaONSSSsmestssnsossosomoolooomi



b e o e af b am m e T = m —nm A e S s o e —amim = = o Dt i ST o o TR ek Sw e b e e S St T S S T o e a0 e et e e v A o e et v e
= ] e e e e




+3

Gensral Introduction

Guggulu (Sanskrit) is the gum-resin sxudats from ths

tree Commiphora mukul, (Hook, ex stocks) Engl. (Syn

Balsamodendron mukul, Hook, ex. stock), and is an articls
1

of commerce in India. The classical Ayurvedic literature
claims guggulu to be efficacious in the treatment of
rheumatoids arthrities, -obesity and allied disorders, besides
indicating for it, ssveral ather therapeutic us‘es.2
Pharmacological studies on the crude drug as well as (in

some cases) on some of its fractions and pure constituents,

have revealed significant anti-inflammatory, anti—rheumatic3’4

. 5-8 L. .
-and hypocholesterclemic/hypolipaemic activity, thus providing

at least some sucport to the ancient claims.

Bhatig was the first to examine the gum-resin from
Csmukul and found that it gives some D.4% of an essential
0il, consisting chiefly of myrcene (1) and camphorene (2).

10

Bosa and Gupta separated the gum resin into an alcohol

soluble resin (50%) and an insoluble carbohydrate gum.
These workers have investigated the insoluble gum in some

detail 011

and have suggested a provisional sitmcture for
the purified gum. A Pakistani group23 investigated the
alcohol-soluble part by partitioning between water and sthyl

ether; the non-saponigble portion of the ethsr-soluble part
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was shown to contain maricyl alcohol (3) andp -sistosterol
(4), while the aqueous phase was demonstrated (paper
chromatography) to contain’ the following amino acids:
cystine, histidine, lysine, arginine, asmartic acid, serine,

proline, tyrosine, tryotoshane, valine, leucine and isolsucine,

Sukh Dev and co-workers in collaboration with the
pharmacological group of Swarn Nityanand, CDRI, Lucknouw,
undertook a detailed investigation of the resin part of the
gun-resin in an affort to track the claimed biological activity,
to isolate and characterizs the pharmacologically active

12-18

connounds, These investigations , Which were complets in

part only, will be summarised here,

Fig. 1 depicts the separation scheme, finally evolved
for the isolation of constituents. The sthyl acetate soluble
portion (“Suggulipid®) carries both the hypocholesterolemic and
antiinflammatory activity, whils the insoluble part which
represents the carbohydrate gum studied =arlier by Bose and
Gupta, was found to be toxic and hesnce, was not investigated

further, The ethyl acestate fractions were further sepmarated

into bases;, acids and the neutral cut. The neutral portion
carries practically all thszs hynpocholesterolemic activity,
while the acids dispnlay significant antiinflammatory activity.
The basic fraction shows nane of these two activities, The

neutral cut was further segregated into ketonic and noanketanic
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fractions with the aid of semicarbazide-on-silica gel19.

Ketonic fraction

Ketonic fraction was a highly complex mixturs,
consisting of over tuwo dozen (TLC, HPLC) compounds encom-
passing a wide range of polarity., Except for a minor
constituent, tentafiively identified,1gs popenone-1 (6),
all other ketones so far characterized are 827 and 521
steroids, The compounds identified arej; Z-guggulsterol
(7), (208)-20-hydroxy-4-pregnene-3-one (§),(?05)-20—hydroxy—
4-pregnene-3-one (9), guggulsterol-VI (10)3 Z-quggulsterone
(11), E-guggulsterone (12), guggulsterol-III (13) and
guggulsterol-1 (14). Z-and E-guggulsterones are the major
steroids of the gum-resin constituting some 50% of the
ketone fraction, These two compounds are responsible for
hypolipaemic and hypocholesteremic activities., Ancther group
of workers have reportedzo the presence of ketone (15) in
guggulu as well as that of the closely related triol

mono-acetate (16).

Hexane ohase 2 Hexane phase contains especially diterpenoids,

besides small guantity of cholesterol (17). The compounds

isolated from this phase are, cembrene-A (18) and mukulol (19)

6
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Benzene phasa: The compounds present in this phase amounts

for as much as 14% of the guggulu. This material was
again very compolex, but it has been possible to isolate
four crystalline substances, all lignans, and a waxy solid
shown to be a mixture of esters derived from leng chain

tetrols, OFf the lignans isolated, two vere identified as

knawn compounds, sesamin (gg)21 and pluviatilol (21)21.
The remaining two, which have been named guggulignan-I
and gugqulignan-I1I, have bsen tentatively assigned ths

structures (22) and (23) respectively,

Structure revision of the guggulignan-Il forms a part of

the present investigation,

The waxy solid was a mixture of esters, based on a
homologous mixture of long chain tetrols (24) and ferulic

acid (8). These long chain tetrols, in which C,, and C

0 18
14
compounds were found to be by far the major ones, were

the first reported compounds of this type in nature, though

closely related biologically important phytosphingosines
(25) are uell—knounzz- Structure of the two major esters

based on (24) have been establishsd © as (26).

Clarification of the configuration of three chiral
centres of these tetrols forms a part of the present

investigation,
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The basic fraction has not been investigated
chemically so far, while the acid part has been examined
in only a preliminary way. The acid fraction is a comnlex
blend of aromatic and non-aramatic acids, of which only
ferulic acid (5) could be identified, 8

The significant antiinflammatory activity exhibited
by the acid fraction tempted us to undertake a tharough
investigation of these fractions, In the nresent investigation
many un-successful attempts were made to isolate nure

constituents. Methyl esters of these acids were separated

into phenolic and non-nhenolic esters, each of these cuts

were separated into ketonic and nonketonic by the aid of

19 These fractions uwsre

semi-carbazide-on~-silica gel,
subjected to counter-current senaration betueen 10% aq.
methanol and pet ether. None of these fractions had tendsncy
for separation on silica gel celumn. The highly complex
nature of these acid fractions were demonstrated by High
Pressure lLigquid Chromatographic experiments. UOn an analytical
column ®Zorbax-sil™, the phenacyl esters of the acids resolved
into as many as 25-30 compounds., But on a nreparative

colunn "Spherosil® the separation was very coor, Because of
the high complex nature and their reluctance to resclve on

coglumn, the investigation of these zcid fractions was not

sursyed further,
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