Part 1

INTRODUCT ICN

Steroid drugs, a group of important therapéutic agents used in
modern therapy,are composed of the three major classes of drugs namely;
~ corticostercids, sex hormones and oral contraceptive drugs. Cortico-
steroids, originated from adrenal cortex hormones are widely used as
antiinflanmatory agents to relief the symptom of arthritis, rheumatism,
and asthma. Sex hormones, either male or female are used in replace-
ment therapy for deficiency in natural hormones. Testosterone, the
most potent of male séx hormones and its derivatives can also be used
as anaboiic agents. Female sex hormones are ﬁidely utilized as oral
contraceptive dfugs because of their antifertility actions, Further
ﬂnore,lthe steroid drugs may be used as anticancer agents in certain
cases of malignancy,.

From the analysis done by Farnsworth and his colleague of the
National Prescription Audit data which included 1.532 billion prescrip-
tions in the United State in 1973, steroids were the most extensively
used drugs among the twelve cammonly-encountered pure compounds derived
from higher plants e.g., codeine, atropine, reserpine (Beal and
Reinhard, 1981), The cost of steroid drugs imported to Thailand in
1984 was 68, 782, 276 baht*.

The commercial production of stercid drugs .usually employed the
three main processes depending on the starting materials; (i) natural

source extraction, (ii} total synthesis, and (iii) partial synthesis.

* Trade statistics of Thailand, Départment of Custom, 1984,
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The natural source extraction, suitable for the preparation of conju-
gated estrogens from urine of pregnant mare, is not frequently used
because it is expensive and inefficient method. It requires a large
amount of the animal products such as, ovaries, adrenals and urine.
The total synthesis method which starts from petroleum, provided about
13% of the world supply (Blundent et af, 1975). Because of the high
cost of synthetic hormones due to multiple chemical steps and the dif-
ficulty in obtaining the active isomers, this method is limited.to the
production of definite compounds of aromatic and 19-nor steroid com-
poundsrlike norethisterone, and norgestrol. These led to the use of
partial synfhesis method from the cheéper sources.

Cholesterol from sheep wool grease, cattle spinal cord and brain
are the first materials to be used for the synfhesis of steroid hormones
by chemical reaction. Deoxycholic and cholic acid,which are bile acids
are other starting materials of partial synthesis from animal sources.
These animal sources provide about 10% of tﬁése used by the steroid
indu5t£y (Blunden ¢t af, 1975).

Phytosterols like stigmasterol, sitOSteroi or ergosterol become
the prominent steroid drug precursors because of the abundant and wide
distribution in plant kingdom, The princfpleAsources of stigmasterol
are calabar bean (Physostigma venenosum Staff) and soybean oil (Gly-
cine max, Meril,). Upjohn company in the U.S.A.;uses stigmasterol as
a starting material for conversion into progesterone. It is estimated
that stigmasterol represent about 10% of the total stercid precursors
used. Sitosterol, a complex mixture of @, B and Y - sitosterols are

easily converted to the intermediate compounds by microbial transforma-




tion., It is used by Searle of the U.S.A. to prdduce androstenedione
and spironolactone, If is also used as precursors for estrogen and
progesterone production., Solasodine, a steroidal alkaloid present as
basic glycosides in Sofanaceq is introduced as a new and more conve-
nient source ‘of steroid precursors in India, but the amount of solaso-
dine produced commercially is propably small. |

Steroidal sapogenins especially diosgenin, are of an economical
and versatile precursor of many pharmacological active steroid. The
discovery of the dégradation method of diosgenin. to a number of sex
hormones by Marker in 1940 and have led to a marked increase in steroid
production from this source it:accounts for about 50% of the total
steroid drugs output in the world (Asolkar, 1979). Hardman (1969} esti-
mated that over 1,000 tons per annum of diosgenin would be required
throughout the world by ;973. Cn the otherhand, Bammi (1972) estimated
that world consumption was somewhere between 250-350 tons, Besides
diosgenin, hecogenin, a ketonic steroid sapogenin is also used for the
manufacture of corticosteroids and accounts for about 6% of the steroid
precursors presently being used by the world phannaqeutical industry
(Blunden ef af,, 197_5). Hecogenin is commercially obtained from sisal
juice, a by-product of sisal fiber (Agave sisalana Perrinc.). The
carbonyl group at C12 in hecogenin makes it unsuitable for the manufac-
ture of oral contraceptives, however, it presents no problems for cor-
ticosteroid synthesis. Smilagenin and its 25 S epimer, steroid sapoge-
nins found in Smifax, Yucca and Agave make a small contribution to
the steroid industry. Recently cordylagenin isolated from the leaves

of Condyline cannifolia R.Br. and C. 4tricta Endl.; cannigenin, the




250 ~epimer of cordylagenin, and brisbagenin, the 3 B -hydroxy epimer
of cannigenin from the leaves of C. cannifolia R.,Br., are found to be
easily converted in high yields to desired pregananes and androstanes.
Both C. cannifolia R.Br. and C.stricta Endl., are easi ly cultivated and
are possible economic sources of sterocid (Blundent et al.,1975),

The tubers of Dioscorea species are the major source of dios-
genin which was firstly isolated from D.tohkoro Makino in 1936 by Ueno
and Tsukamoto. A diosgenin coﬁtent of about 3% and moisture free basis,
is hormally the accepted minimum level for commercial ultilization of
the rhizomes. Notably, some species such as D. {riedrichsthalii R.
Knuth from Costa Rica vield up to 6% of diosgenin (Maréin et af.,1963),
However, certain other diosgenin-containing plants may provide small
economic quantity of the steroids. Fenugreek, the seeds of Taigonel-
La éoenumg&aeéum L. which yield from 0.6 to 1.1% of diosgenin and yamo-
genin on moisture free basis (Fazli énd Hardman, 1968} was also suggested
as economic source of diosgenin because of the ease of its cultivation.
Kallstrgemia pubescens Dandy, a tropical American plant which was intro-
‘duced to India as a weed, contains 0.96 to 1.71% of diosgenin in whole
plant and 1.78-1.92% from the leaves (Chakravarti Q.t al., 1976).. It |
is an attractive source for numercus reasons such as very pure diosgenin
obtained, short cycle and easy cultivation, and easy collection. Bafa-
nites aegypliaca Delile fruit from Egyptian origin has also been found
to contain as much as 4.08% of diosgenin and yamogenjn on dry weight
basis (Hardman and Sofowora, 1972) which makes it another promissing
source and it is under intense investigation.

Costus speciosus Sm,, common herb widely distributed throughout




Asia from Philippines, India to New Guinea is also an alternative source
of diosgenin.in India after Das Gupta and Pandy (1970) who reported
that the dried rhizomes of C,'¢pec{04u4 Sm, vield 2.1%—of pure diosge-
nin. Nevertheless, chemical analysis of a large number of rh;zane sam-~
ples obtained from various parts of India indicated a wide range in
diosgenin content from 0.0-1.8% (Charkravarti et «f,, 1976) and 0.38
to i.96% (average pure diosgenin) but some strains, produced as high
as 6.10% crude and 4.92% pure diosgenin (Gupta et al., 1979). Po Kya
Ban Yi (1980) also reported the diosgenin content of this herb in Burma
which ranged from 0.54 to 2.30% (mfb).

The diosgenin content in (, Apecd osus rhizdngs was .said to be
related with altitude, age, and development stage of the plant, In
India, the highest yield of diosgenin in rhizomes is in July when the
plant is in active stage of growth and flowering has just started.
Diosgenin content declines sharply in September when the plant is in
full bloom and fruit formation started in the lowest part of the floral
heads. There is further decline during September, after which the con-
tent again gradually increases up to April or May. As the diosgenin
content in rhizomes decrease, its content in seeds increase with the
development of the seeds, but when the seeds attain full maturity, there
is a gradual decrease in the diosgenin content in rhizomes. (Gupta,
et al,.,1981). The diosgenin content inC. specicsus seeds was 2.8% by
initial defatting before hydrolysis method and 2.4% by direct hydroly-
sis method (Singh ¢t @f,, 1980). Therefore, (, Apecd osis seeds may
be an additional source of diosgenin. Prospects for commercial culti-

vation of C,speciosus Sm. as an alternative source of diosgenin in India
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has been reported to be good because of many advantages of C.Apeciosus
over Diosconrea e.g.,short-growing cycle of 6-15 months as conpared to
about 2-3 vears in Digsconrea cultivation, ease of cultivation, simple

staking, enormous biomass. (rhizomes) obtained (Asolkar and Chadha, 1979).
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BOTANICAL CHARACTERISTIC OF GENUS COSTUS

The plants in genus Costus was previously classified as monoco-
tyledon in the family Zingiberaceae, order Scitaminae, Until 1959,
Takhtajan classified these plants into the family Costaceae, order Zin-
giberales, super order Lilianae, subclass Lirlidae. After that in the
year 1968, Cronquist classified Costus in the fami‘ly Costaceae, order
Zingiberales same as before but in -different subclass, Commelinidae.
In 1974, Stebbins modified Cronquist's classification of Costus by re-
organizing Cronguist's subclass Com;nelinidae as super order Commelini-
dae. A year later, Dahlgren renamed super order of Cosfus to be Zingi-
beranae. At present, Costus are classified in the family Costaceae,
order Zingiberales, super order Zingiberiflorae (Dahlgren and Clifford,
.1982).

The Timpo_rtant different characteristic of the plant in the fami-
ly Costaceae is the arrangement of leaves, which are non-distichous
instead of distichous as in-the family Zingiberaceae. The arrangement -
is spirally inserted leaves which give the plants their common name
Spiral flag. Another characteristic is that the plants in this family
contain no oil cells as are found in the family Zingiberaceae (Radford
et al,,1974).

The Costaceae family contains 4 genera : CQstus, Dimerocostus,
Monocostus and Tapeinochalos (Dahlgren and Clifford, 1982). The plants
in genus Costus consists of about 100-175 species distributed in all
tropical areas, Approximatelf 60 species are in Neotropic of South
America, 25 species in Tropical Africa and 5 spel.cies in Asia. These
plants are mostly bird-pollinated and some of them are grown as the

garden plants (Maas, 1979},




Table 1.1

The species of some plants in Costus genus and their origins

Species of Costus genus

Origins

CO

CO

C.
C.

C.

-C.

C.

C.

ahen

cylindrdicus

cuspidatus (Nces & Mart.) Maas
déscolon

dubius (Af3) K.Sch.

englenianus (C. unifolinus)

fnidnichsenii, Petersen.

globusus Bl. complex (included)

C. acanthocephalus K.Sch.

C. chaysocephalus K,Sch,

C. clemensae Ridley

C. dhanivalti K. Larsen
C. globosus Bl.

C

. hkingid Baker
(C. globosus Holttum,var.kingii)

C. microcephalus  K,Sch,
C. oligophyllus K.Sch,

(C. kunstlend Ridle)
C. nidluj4 K.Sch.

(C. gflobosus Holttum,var.ridluji)

C. Aufpureus K.Sch.
C. fonkinensis Gagnep.
C. velutinus Ridl.

(C. globosus Holtum.var.veluti-
nus)

C. igneus, N.E. Brown

C.

CO

Lacenus Gagnep.

Laevis R. & P,

West Africa

, 1
West Indies, Central and South
America

Tropical South-~East Amerijica
Brazil
Tropical West Africa

West Africa,
Gabon

Equatorial Africa,

Central America

Sumatra

New Ginea
Philippines
Thailand

Java
Malay-Peninsula

Boneo
Malay-Peninsula

Malay-Peninsula and Thailand

Celeles

Tonkin
Malay-Peninsula

Brazil

China, Thajiland, Tibet, Sikkhim,
India

Tropical America




Table I.1 continued
Species of Costus genus Origins

C. maforticanus Wendl. Costa Rica

C. micranthus - Gagnep. Martinique

C. musadnusd Hort. Congo, West Africa

C. paradoxus - K.Sch. Borneo

C. pictus Mexico

C. pisonis = C., spinalis {Jacq) Roscoe var.
spiralis

C. sanguineus Central America

C. speciosus (Keenig) J.E. Smith. Asia, India, Phillippines, Thailand

C. spicatus West Indies

C. spinalis {Jacq} Roscoe Equador

C. stenophyllus Costa Rica

C. zebrinus West Africa
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In Thailand there are 3 species of the Costus genus {Smittinun,
1980 and Maas, 1979) :

1. Costus globosus Bl.

2. C. speciosus Smith,

3. C. fLacerus Gagnep.

It has been reported that rhizome of C. speciosus Smith contains
high content of sapogenins especially diosgenin, which is the important
precursor for the semisynthesis of the steroid hofmones. Since C§Eace—
us Gagn. is very similar to and misidentified as C. speciodus Smith.
It is suspected to contain the same chemical constituents as C. Apecd o~
Aub.,

At present there are still no scientific reports about the type
and quantity of sapogenins in C. facerus Gagn. The main objeétive of
this research work is to inveétigate the sapogenins present in the rhi-
zomes of this plant and whether its content is in reasonable amount
to be commercial values aé precursor for the semisynthesis of steroid
hormones.

In order to be sure that the plant used in this study is npt
misi@entified, the details of its botanical characteristics are examined
very carefully. The voucher specimen was sent to be identified by the
Forest Herbarium (BKF), Royal Forest Department and it has been given

collection number of BKF NO (084435.
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TAXONOMY

(Essential-field Information)

Famij ly : Costaccae
Genus ‘ : Costus
Species : lacerus

Intraspecific taxon : -

Author(s) . Gagnepain

Citation . The Forest Herbarium (BKF), Royal Forest
Depar tment

Collector . Miss Supranee Seangsai

Collection no. , BKF No. 084435
Collection Date , September 10, 1986

Locality .

Country Thailand

Province : Chiang Mai

-

County
Town or Locél Reference : Ampor Muang
Remarks : Originally came from Ampor Doi Saket by .
* Dr. V. Ratanapanondh.

Local name : Ueang maai naa
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MUNUSCRIPT ORDER OF COSTUS. LACERUS GAGN.

General modifier : tall leafy ornamental herb. {(Fig.I1.1)

Sex of plant : hermaphrodite or monociinous

Plant duration : perennial.

Habit : herb.

Stem : 1.3 m tall, leafy_stanlsometimes branched.

Roots : horizontal rhizomes with 2-5 cm thick (Fig. 1.2).

Leaves : see Fig. I.3.

a. duration : annotinal

b. structure : simple

Cc. arrangement, position : spirally arranged, cauline or ramous
d. blade : (uppermost leaves excluded) narrowly elliptic to nar-

rowly obovate, 20-40 cm long, 6.5-15 cm wide, round to cordate at

the base, acutely to shortly acmninafe at the apex, upperside dark

- brown in herbarium, material, glabrous or nearly so, lower side

sparsely to densely puberous to villose.

sheath : broad, sparsely to densely puberulous to villose, 15-
30 mm in diameter.

Ligule : 1-3 mmn long, obligquely rounded, margins strongly de-
caying into arachnoid fibre. |
e. petiole : up to 10 mm long, densely puberous to villous.
Inflorescence : see Fig. I.3 and I.5,
a. type : spike very dense, cone-like ovoid to broadly ovoid, 4.5-
8 cm long (to 15 am infruit), 4-7 cnlwide (to 10 e¢m in fruit)
b. position': terminal

c. peduncle : thick, short connecting to the stem.
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d. bract : red, coriaceous to chartaceous, ovate, 20-55 mm long
10-20 (-40) mm wide, glabrous to densely puberulous or villose,
often decaying into long, white, arachnoid fibre often glabrescent;
apical portion of bract soon disintegfating into fibres,

bracteole : 8-17 mm long, glabrous to densely villose, margin
strongly decaying into arachnoid bifres.
e. pedicel : very short.
Flowers :‘see Fig I.4, 1.5 and I.6
a. sex : perfect
5. swﬁnetry : equilateral or bilateral (zygomorphic) : epigny
c. calyx or sepal : tubular, red, 20-29 mm long, glabrous to dense
-ly villose, mostly bicarinate on the adaxial side, lobes irregular
obovate, 9-15 mm long, 5-10 mm wide, apex obtuse, sometimes shortly
acuminate, the apical portion (like the bracts) often disintegra-
ting into fibres.
d. corollay petals : white, 50-70 mm long, glabrous or nearly so,
tube 50;201nn long, lobes 35-50 mm long, 10-25 mm wide, labellum;
white, bell-shaped tinged with yellow in the middly and toward the
apex, broadly obovate when spread out (40-) 60-70 mm long, (50-)
60-90 mm wide.
e. ©Stamens, anther, filaments : stamen 1 perfect, white, narrowly
eliptic, 30-35 nm long, 60—:nn‘widé, anther, 7—18:ﬁn long, filmneﬁt
forming with the connective and oblong petaloid process with the
contiguous linear anther cells situated in its middle, laleral
stamincodes minute or obsolate. '

f. carpels, stigma, style, ovary, ovule : carpel stylocarpellous,
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12,

13.

14,

15,

16,
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stigma; terete with a semiluna foveoli-ciliated round the margin,
densely puberulous to villose, style; filifomm, ovary; 3 locules,
ovules many superposed,

g. receptaple {hypanthiun) : partly adnate.

h. pedicel : short,

Fruits : loculicidal capsules, 3 celled eliipsoid, woody, 15-30
x 10-16 mm longitudinal dehiscing. |

Seeds.: endospermous, oboveoid or subglobose, verf numerbus, black,
angled, aril short with axile placentation.

Habitat : forests (open forest, evergreen fdreét, pine forest) or
in marshes (500-) 800-1700 (-2000) m altitude.

Distribution : China (Yunnan), Thailand, Tibet, Sikkim, and India.
Synonyms : Local name; Ueang maainaa,

Remarks : This species has always been misidentified as C.apeciosus
Sn. because of its almost woody fruit, but it differs by the follow-
ing characters :

1. upper side of lamina dark brown;

2. ma?gins of bracts, bracteole, and ligule decaying into arachnoid

fibers.

3. apical portion of bracts and calyx very soon decaying and dis-

integrating in more or less loss fibres (hence the specific epithet
"Lacerus™)

4., calyx-lcbes obtuse

5. corolla glabrpus

References : Maas (1979), Ridley (1967), Merill (1968), Hooker

(1954), Kirtilcar (1975).




Fig. I.1. Costus Lacerus Gagn.
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Fig. 1.2. The rhizomes of C. facerus Gagn.
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Fig I.3. The leaves and inflorescence of C. facerus Gagn.
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Fig I1.4. The flowers of C. facerus Gagn.
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Fig. I.5. Costus lacerus Gagn. 1. inflorescence x 3; 2. flower % I;

3. bracteoie, ovary, calyx and corolla bud x %; 4, leaf-base with petiole,

ligule, and sheath x ¥; 5. leaf base x 1. (Maas, 1979),
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i
3 A
Fig.1.6. Costus Lacerus Gagn. flower. . 1. calyx,corolla x §;

2. corolla x 3; 3, labellum x }, 4. stamen and ovary x 1%.
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QUANTITATIVE ANALYSIS OF STEROID SAPOGENINS

The quantitative analysis of sterbid sapogenins in

'
plant material is carried out into 2 steps which are, firstly, extrac-
tion of sapogenins from plant material and, secondly, determination
of sapogenin content in the extract by chehical or physical method.

As sapogenins occur mainly in nature as saponin glvcosides of
which sugar molecule (glycone part) is bound to hydroxyl group (-OH}
at 3-positon in the aglycone part. It.is necessary therefore, to ini-
tially hydrolyse the glycosidiﬁ linkage in order to liberate sapogenin
from saponin glycoside. Sapogenin extraction can be carried out by
2 different methods :

1) Extract saponin from plant material with polar solvent and
follow by hydrolysis, Wall et af,(1952) extracted saponin from plant
material with ethanol and purified the alcoholic extract by extraction
with benzene to remove fats and pigments, then hydrolysed saponin ex-
extract with 4N HC}.

2} Hydrolyse saponin in plant material by reflux with acid
and follow by extraction with non-polar solvent. This extraction method
is more favored than the first one, Hydrochlori; acid is more commonly
used in hydrolysis process.than sulphuric acid as it has an advantage
over the latter by causing less decomposition of saponin due to oxida-
tion reaction. Various concentration of acid are used such as 2N
(Morris et «f, 1958), 2.5N (Rothro;k et d3,1957), Selvaraj, 1971}, 3N
(Rozanski, 1972) and 4N (Wall ef af, 1952). Ratios of sample weight
to volunme of acid used vary from 1:5 to 1:30,

Reflux temperature is carried out between 70° to boiling point
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of the solvent used and reflux time is generally about 2-4 hours with
some exceptional cases such as Fenugreek seeds require 24 hours (Sau-
vaire and Baccou, 1978).

Acid hydrolysis may cauée artefact that is spirosta-3,5-diene
which can be 25R or 258 depending on types of saponin as shown in the

reaction below (Wall et «f,1955).

Blunden et af.(1967) estimated that hydrolysis with 2-3N HCl by reflux
for 2-4 hours yields no more than 6% of 3,5-diene. ‘Thus the extraction
method of sapogenin from plant material to obtain the highest yeild
depends on acid concentration and hydrolysis condition. Stahdardizéd
hydrolysis methods have been proposed and tried to obtain the highest
yeild of sapogenin for some plant material. Chaudhuri (1977) studied
the optimum condition for quantitative analysis of diosgenin in rhizome
of Dioscorea composita and D, {loribunda and found that boiling fresh
or dried plant material in 2N HCl in the ratio of 18:1 forr 2 hours
maximizes the yield of diosgenin, Gandotra ef af(1977) had also deter-

mined the standard method for quantitative analyéis of diosgenin from
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rhizome of Costus speciosus

When the hydrolysis process has completed, .the plant material
can be neutralized with 5% (Brain et af, 1968) or 10% ammonia solution
or by washing with water until it is free from acid. The latter method
usually takes longer time. Then the neutralized plant material is ex~
tracted With non-polar solvent to give sapogenin. Co’mnoniy used Solvents
for monohydroxysapogenin are petroleum ether 3_0—600, 40—600, 60-80°
(Rothrock et af, 1957), n-hexane (Gupta et'aﬂ, 1979). The less common
solvents are benzene, xylene and chloroform (Sanchez ef al, 1972, Dawidar
1973, Sauvaire and Baccou, 1978). Time required_f‘or ez;ctraction depends
on plant material such as Dioscorea rhizome needs only 3-8 hours.while
fenugreek seeds take longer time, i.e, 24 hours-7 days (Brain ¢t al,
1968). Thus the selection of suitable solvent and period of reflux
time'aff.ected sapogenin content obtalned. Some plant material, such
as seeds which is rich in oil, should be defatted before hydrolysis.

Determination of sapogenin content in the extract previously
prepared as above can be carried out by various methods:gravimetric
method, colorimetry, densitometric thin layer chromatography, infra-
red spectrophotonetry, preperative thin layer chromatograph-infra-red
spectrophotometry, column chromatography infra—fed spectrophotometer,
gas liquid chromatography and high performance liquid_ chromatography.
Choice of the suitable method depends on the quantity of sample avail-
able and the complexity of mixture in the extract.

1. Gravimetric method

Morris ef af. (1958) used the gravimetric method to determine

diosgenin content of Digsegreqrhizome, It is simple, uncomplicated and
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is also a quantitative isolation method. Its disadvantage is that large

sample size (up fo 50 g) is required. The sapogenin content assayed

by this method is higher than those obtained by the others as some other
conpounds are also included. Thus this method is suitable for plant

materials containing only single sapogenin with high purity such as

rhizomes of Digscoreaand of Costus.

This method can be done as follow : concentrate the extract,
refrigerate at a very low temperature and filter the residue. These
steps may be repeated until no more residue obtained, dry and weigh
the combined residues. The first crop sapogenin is usually more puri-
fied than the later crops.

2. Colorimetric methed

Many reagents are used to form color camplexes with sapogenin,
Walens ¢f gf (1954) used 94% sulphuric acid to produce the color com-
plexes and measured the absorbance at the wavelength range from 220-
400 nm deﬁending on the type of sapogenins; For the sapogenin mixture,
each sapogenin should be previously separated by column chromatography.
Yamakishi and Nakamura (1958), Sofowora and Hardﬁap (1974) and Rishi
et qf(1976) used antimony trichloride in acid solution or in sulfuric
acid and formaldehyde, Hiai ¢t gf (1974) used wvanillin and sulphuric
acid to form color camplexes with sapogenin including other compounds
like bile acid, sterol and triterpencids. Bacqou et af(1977) determined
the total sapogenin content in the extract by using the chemical reac-
tion between anisaldehyde, sulphuric acid and ethyl acetate.

Okahishi and Togami (1969) had modified and improved the method

by separating only sapogenin on kiesel gel layer. The sapogenin spot
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was scraped out and warmed with ani saldehyde and phosphoric acid then .
followed by centrifugation. A clear solution thus obtained, was mea-
sured the absorbance at the wave length of 540 nm. This colorimetric
method can be used in sample containing sapogenin aé low as 0-40 ypg.

3. Densitometric Thin Laver Chromatographic Method.

’I_'his method can be used to separate 25R:.and 2558 epimers from
sterol and dienes. Blunden ¢t a«f (1967) and Blunden ‘and Hardmen (1968)
isoclated monohydroxy, saturated sapogenin from A5parag‘;é, Similax and
Yucca by thin layer chromatography (TLC) ﬁsing silica gel G as the ab-
sorbent and ﬁ-hexane : ethyl acetate (12:1,V/V) as the developing
solvent. The 6-folded development was performed and then sprayed with
antimony trichloride solution in sulphuric acid,3:1 W/W. The ;bsorbance
of the spot was measured by means of ‘densitcmete'r.

Brain and Hardman (1968) improved the spotting method for sam-
ple, this method was later modified by Lockwood et af (1974) using lano-
sterol as internal standard, in order to reduce the error due to sample

spotting, and the sterol content can be determined simultaneously,

4, Infra-red spectrophotometry.

The Infra-red (IR) spectrophotometry is one of the_ most rapid
method for routine determination of sapogenin content in the plant
materials. It was firstly introduced by Wall et «f (1952). The sample
was acetylated and then measured its absorbance by scanning at wave
nunber 800—1050_(:111—1. Sapogenin has 4 absorption bands at 852, g00,
922 and 987 (:'rn_1 which are the characteristic of spirotan structure.
Steroid sapogenin which ;shcwing more intense absorption band at 900:::m_1

than that of 922 c:m-1 indicates the majority of the 25R epimer presented,
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On the other hand, if the 900 cm > band in less .intense than 922 cm )

band, the 255 epimer is the major component. However, if the intensity
of those bands is nearly the same , kthe quantity of two epimers is also
equally presented. Absorption band at 982-987 cm_1 can be used to ap-
proximate the sapogenin content, but some errors may occur owing to
sterol and triterpenoid sapogenin which also exhibit absorption band
near 982 cm .

Brain et af (1968) improved this melthod.by measufing the absorp-
tion band at 915 cm—l and 900 cm—l. By this method the 25S and 25R
“eplmers can be separately determined and the ratio of these two epimers
content can be calculated. It is very useful for studying the C 25
epimers ratio which vary in different parts of plant materials and in
different seasons.

~Jeffereis and Hardman (1972) separated the two epimers which
are diosgenin and yamogenin, by using preparative‘ thin-layer chromato-
graphy on silica gel G and then analyzed with IR spectrophotometry.
The spirosta-3,5-diene, which has the same IR spectrun as sapogenin,
is separated by colunn chromatography before analyzing with IR-spectro-

photometry.

5. Gas liquid chromatography (GLC)

Many authorities use this method for the determination of sa-
pogenin content (Cooke, 1970; Dixit and érivastava, 1977; Fazli and
Hardman, 1971; énd Rozanski, 1972). This method is more rapid and re-
qQuires smaller sample size than other methods such as column chromato-
graphy and TLC. Various adsorbents can be used such as 2.5% and 2%

SE 30 coated on acid-washed DMCS-treated chromosorb G (80-100 mesh)
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(Cooke, 1970) or chromosorb (80-100 mesh) coated with 3% SE 30 (Dixit .

et al., 1977).

6. High Performance Liquid Chromatography (HPLC)

Higgins (1976) introduced the HPLC method for the analysis of
the sapogenin content of Agave. plants in the form of benzoate ester,
using Lichrosorb RP-8 column, and acetonitrile as mobile phase, Mahato
et al (1981) used HPLC for the determination of diosgenin content in
Kallstroemia pubescens, D. prazend, D. {loribunda, D. detoidec and C.
Apeciosus by using .nonnal phase system, Tal and Goldberg (1981) used
this method for the analysis of diosgenin in the lyophilized plant cell
sample from D. defioidea by rever sed pﬂase' system. These methods uti-
lized the refractive .index detector since sapogenins do not exhibit
any UV absorption characteristics.

The method of Tal and Goldberg (1981) can be used to seperate,
hecogenin, tigogenin and diosgenin by decreasing_ the polarity of sol-
vents. When the ratio of acetonitrile is increased, diosgenin and figo-
genin .are better separated but the retention time ‘of sterol is also
increased. Stigmasterol and cholesterol can also be separated as the
retention time of cholesterol is Iéﬁger than stigmasteroi. Quantitative
determination of sterol can be dome by increasing the flow rate o.f mo~
bile phase, 15 minutes after the injection of sample from 1 ml/min to
3 ml/min. In addition, Hunter ef «f,{(1981) studied the method to iso-
late sapogenin in the form of acetate {,salt both in normal and reversed
phase systems. Simultaneous guanlitative and quantitative analyses
of sapogenin may be done by this method,

The HPLC is a rapid and a simple method, accurate results can
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be obtained owing to its high sensitivity. The HPLC is also very vers-—

atile since it can be used for isolation, identification, and quantita-

tive analysis simultaneously,
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Table 1.3 THE RELATIVE MERITS AND DEMERITS OF VARIOUS ASSAY PROCEDURES

FOR SAPOGENIN,

Merits Demeri ts . Remarks
1. GRAVIMETRIC

Easy;no sophisticated Approximate estimation; Suitable for the
instrument necessary, requires at least estimation of dios-
except the Meltars 50g of plant material; genin from Dios- -
balance the whole of the ex- coreda, Caosatus,
tract or at least Kallstroemia, etc.;

most of 1t should used. by comner-

be sapogenin cial extractors,

2, COLORIMETRIC
Only 50mg of the dried Interference from other Suitable for the

plant material re- sapogenins such as estimation of dios-
quired; rapid and pennogenin; 25R-%25S- genin from Digsco~
accurate, 8 to 10 epimers not estimated Aea or samples
samples per day can separately : from plant survey
be assayed; no signi- or breeding pro-
ficant interference gramme

from phytosterol and
limited amounts of
fixed oil

3. GLC
About 5g of wundried 25R- and 25S— epimers Suitable for  the
plant material ad- not separated estimation of dios-
eguate; dienes, ste- genin from Di{osco-
rols can be separated A2¢ in a breeding
programme or in
tissue culture

4, DENSITOMETRIC TLC
Snall amount of plant The pair of 25R- & 25S- Suitable for the

material adequate; sapogenins not easily estimation of dios-
rapid and accurate; separable; prepara- genin from Diosco-
can separate diosgenin tive TLC necessary ALa4 in a breeding
from dienes and ste- to separate the epi- programme or in

rols mers tissue culture

5




Merits

5. IR SPECTROPHOTOMETRY

1l to 10 g of undried
material sufficient;
rapid, 100 to 150
samples per week (40
hours); 25R- and 255-
epimers estimated

Cannot
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Demerits

estimate - 3.5
dienes (of both 25R-
& 25S5-); interference
due to absorption
by sterols and fixed
oil;yamogenin content

highly exaggerated;
sample  must vield
minimmm of 50mg of
sapogenin

Remarks

Appropriate for +the
study of the varia-
tion in C-25 epi-
mers in morpholo-
gical parts and
with season for
routine screening
of steroid sapoge-
nins

6. P-TLC - IR SPECTROPHOTOMETRY

2.5g of sample suf-
ficient; can estimate
D&Y separately and
together in almost
all proportions; eli-
minates most of the
impurities

1f

the minor epimer,
{generally Y} is only
10% of the sapogenin
mixture the amount
is too low to be esti-
mated accurately

Suitable for the
estimation of dios-
genin yamogenin
individually and
totally with accu-
racy from fenugreek
and Bafanites seeds

7. COLUMN CHROMATOGRAPHY-IR SPECTROPHOTOMETRY

Same as P-TLC - IR ana-
lysis. Simul taneous
isolation of sterols
and gitogenin., Colunn
can be used at least
5 times

Does not

permit the
separation of dios-
genin from tigogenin,
and vyamogenin from
neotigogenin; D+Y
content also includes
the said 5 a &R sapo-
genins

The only

suitable

method for the

estimation of D/Y

individually and

totally with near

accuracy from fenu-
greek seed in a

breeding programnre,
The me thod can

be applied to Bafa-
nites seeds as

well
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Table 1.4 The HPLC System for Quantitative Analysis of Sapogenin in

Plants.

Normal phase system

Reverse phase system

Column
Mobile phase

. flow rate

" Detector
recorder speed

‘ Sensitivity

Retention time
of diosgenin

Sample

U Porasil (varian)

(30 cm % 3.9 mm, ID)

light petroleun (60-80°):
isopropanol (12:1)

0.8 ml/min (P~125 Psi)

RI detector {attenuation 8)
1 cm/min-

2,26-0.226 mg/ml

{c 20 pl injection)

347 * § sec.

Kallstroemia pubescens

D. ¢lonibunda, D, deftoidea

D. prazeri and C. speciosus
plant material

Micropak MCH-10 (Water
Assoc.,) (30cm x 4 mm ID)
acetonitrile:methanOI:CHCI3
(83:10:7)

1 ml/min .

RI detector (attenuation 2)
0.25 cm/min

0-40 g

~ 12 min.

lyophilized plant cell from
. detoidea
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Table I.5 The HPLC System for Separation of Sapogenin Acetate (Hunter

et al,1981)

Normal phase system

Reverse phase system

Column
Mobile phase
flowrali

Detector

Recorder Speed

Separation

Zorbax SIL (Dupont)
(4x250x4.6 mm. ID)
n-hexane:acetone (99:1)

2,0 ml/min (P,3200 Psi)

UV detiector (210 nm,
range 0.1}

10 min/cm.

C 5 and C 25 epimers,

Zorbax DDS (Dupont)
(4x250x4,.6 mm. ID)
Acetonitrile:n-hexane:
tetrahydrofuran (17:2:1)
1.0 ml/min (P~1100 Psi)

v détector 210'mn,
range 0.2)

10 min/cm.

5
50 and A  sapogenins.

-




