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Pltytosterols, the seconda, plant protlucts foiuntl in signilicant quonlities itt nmny.plitnts are the

prectu"sors ofpltn'"nu'':'uti'nilS' inrportant ste:roitlal protlucts' including corticoveroids' sex horrttones'

anrl oral conftaceptives. This riview elaborates lhe significancb of the biologicol actirtities oJ

phytusterols vvhiclt are of vital imp'ortangefor biotechttology based pharmacetttical industt)''
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Introduction thylidenephenol were found in leaves of

The distribution of phytosterol has been wheat' citrus species (lemon varieties)'

reported in a n,,mber of plu.,t, th" :;ffi*x;:t(i':#.i::,:#.#"H:l
distribution of sterol in bulk is in the 

I

microsomes (endoprasmic reticular [lTJI"L?"rJilEJl,Xill[lH;t1
membrane and mitochondria)t' Some of the ed non aqueously;;;il;;;;;.*-'il;i";;1; ";" ;:ff:il::#il:,':fIr,, eotus vutgaris
brassicasterol, campesterol, stigmasterol, 

leaves, Spinacia oleracea, Zea mays.
sitosterol, 24 -methylene -cholestero l,
spinasterol & fucosterol etcr,2- Phytosterols from roots and tuberS

Presence of diosgenin in rhizome,

root, stem andleaf of Cortus marlorticanus-

has been reported3'a, Jain and Agarwal5

while working with plant growth hormone

(2,4-D,IAA, NA and GA.) on Trigonella

foenumgraecum fottnd that the diosgenin

and trigogenin increased considerably with

spray of GAr. Itwas also found thatnot only

leaf, stem, root and rhizbme contaln
phytosterol but the apple squeezes contain

sitosterol, cholesterol, campesterol and

24-ethylidenephenol6. In grasses and

legumes, Puff et aI formd the contents of
stigmasterol and campesterol. Decreasing

content of carotene was found with
advanced development of the phytosterols

as investigated bY them.

Phytosterols from leaves

Phytosterols were extracted from roots of
Verbesina rupestrieslz. The dried roots of
Ginseng contain phytosterolsr3- Not only

this, sitosterol, stigmasterol, campesterol

and p - D-glucosides of sitosterol and

stigmasterol were detected in the roots of
meadow clover, i.e. Trifolium pratenseta.

Two phytosterols were also isolated as

fibrinolytic principles from the roots of
Spatholobolus suberetus on the basis of
spectral data and chemical conversionr5. Roots

of Glyqnrhiza inJlata contdn p - sitosteroll6.

The rhizomes of plants belonging to

the genus Dioscorea linn are the maih

sources of diosgeninlT'r8. In China and India,

rhizomes of D. zingiverensis, D. deltoidea

and D. panthaica, Costus speciosus are

sources of diosgenin'0.

The'mature leaves had a significant higher Phytosterols from flower and seeds

sterol content than the inimutu" leaves' Phytosterols content were reported in the

Separationintofreesterols,sterylesters,essentialoiloffreshflowerofLigustrum
steryl glycosides and acylated steryl japonicum2o. New potent sterols were also

gtycoslaesshowedthatthefreesterolsobtainedfromtheflowerofEdgeworthia
actounted for most of the sterol increase and ctysantha2t ' Isolation and characterization

stigmasterol was the principal sterol' of B - sitosterol from the flowers of Acacia

res[onsible for this increaset. The presence leucophloca is.described by Khan et aP2 ' $

of sitosterol, cholesterol, stigrnasterol 24- - sitosterol and stigmasterol were isolated
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from the flower pf Lilium devidif)' Some

18 sterols were also'isolated frorntlie aerial

parts of Kalanchoe pinnata including four

novel sterols2l.

Cardamon consists of waxes and

sterols (p - sitosterol and y - sitosterol)2s' In

order to examine fragrant components, the

essential oilof Paulownia tomentosa, was

examined and among other comPound,

$ - sitosterol, c*-ip"tt"-I, stigmasterol were

isolated from the steam distillation residue

and methanolic extract?6. The pqior sources

of the steroi mainly the F - sitosterol are

cotton seed oil, sugarcane and wax. It is a

mixhrre of s, - sitogterol, p - sitosterol andy
- sitosterol2T. From the seed ofJapanese yew

(Taxus cuspidata) phytosterols were

isolated. Several phytosterols were also

identifred as corrponents of the seed oil2t'

Also a new phytosterol4- desmethylsterols,

4-methylsterols and 14 cr-methyl - 5

cr- cholest - 9(Il)-ene 3 p - ol which has

never bqen observed in plant lipid have been

isolated from egg palnt seed oilD' Extraction

of corn oil food was found to contain
p-sitosterol, cartpesterol and stigrnasterol'

The mixture is very theap 4nd regarded as

an excellent substr:ate fordirect fermentation

of C'17 Ketosteroidintermediate of various

steroid pharmaceuticalsso. In soybean,

sunflower, raPe seed and corn oils,
campesterol, p - sitosterols, brassicasterol

and stigmasterol were analyzed3r.

Phytosterols from medicinal plants

Phytosterols are reported from a number of
medicinally importantplant- Inmany of the

medicinal plants, thrc predominant sterol was

found to be p - sitosterol32- Phyosterols were

also reported from mcdicinally impor-iant

plant like the Paulownia tomentosata irr

leaves of Pinus aronandite and Nicotiana

tobaccums.

HewY et a/ro found that sterols are

biosynthesized mainly in the leaves. And it
was also observedby Sliwowski andCapsi33

that ouly the 2-pro-hydrogen of MVA
(mevalonic acid) was retained at the 15 cr -
position of sitosterol biosynthesized by

excised petals of Calendula officinalis
flowers. The biosYnthesis of major
phytosterol, campesterol, stigmasterol and

sitosterol is inhibited by the application of
fungicide. It also retarded the growth of the

shoot, primary leaf and root of wheat and

rnaize which may be due to the interaction

of the fungicide with the sterol enzyme

system3a.

Biosynthesis of sterols (phytosterois and

cholesterols)

Acetyl - CoA is thrc source of all carbon

atoms in sterols biosynthesis. Ttie manner

of.slmthesis of this complex molecule has

been the subject of investigation by many

workersr'3s, Synthesis takes place in seYeral

stages. The frst step is the synthesis of
mevalonate, a 6-carbon compound, from

acetyl - CoA. The next major stage is the

formation of isoprenoid units from
mevalonate by loss of COr. The isoprenoid

units rnay be regarded as the building blocks

of the steroid skeleton. Six of these units

condense to form the intermediate,
squalene, which in turn give rise to the

parent steroid lanosterol. Cholesterol
(sterol) is formed from lanosterol after

several steps; with a loss of 3 methyl groups.

In addition, cholesterol is converted to

steroid hormones and bile acids and

participates in the formation of membranes

and of lipoproteins (Fig. 1 arLd 2).

Biological activities of phytosterols in plants

Sterols in plants may stabilize membranes

in the same way as sterols function in animal

cell membranes. It has been suggested that

sterols might be involved in controlling the

perme.ability of membran€36' Stigm4st-5-

en.3-B-ol(I) acts as inhibitor for inse-cf

grwoth (B ombyx mori) and development3T'

C- 28-ecdysone, rnalcisterone A, is the

predominant molting hormone in the

embryonated egg of the milkweed bug.

Dietary sGrols are apparently utilized with
little altelation durtng devlopment to the

adultstage'and egg production3s. Atthe ripe

stage of maturation of tomato, the level of
phytosterols showed its maximum and the

Sarangthem & Singh
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Fig. 1. The formation ofA3 - isopentenyl pyrophosphate (IPP) fro-m acetyl --c-oA.
- -D' -' (e : Rcetyt - Coe : acetjrl - CoA C- trinsferase, EC 2'3-'1'9; B ?nq FNZ*- -

y"t";milly:-,ltxgli,i,"fi{:f 1,"',?,'Si,1,3;iif";3'-1;xffi 8rl9lrffi ';
--;h;;pli";"vllonate i.inur.. F,C 2.7 .4.2: F : pyrophosphomevalonate

deiarboxYlase, EC 4' 1 .I .3-3 )
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content declined as tomatoes became

senescent. As the fruit matured' stigmasterol

became the dominant phytosterol with

Haseeb et alao found that the

concentration of phytosterol was higher in

healthy plant. Several phytosterols,
stigmasterol, campesterol and B - sitosterols,

were shown to have potent anti-corrplimentary

activities. Dietary phytosterol modulates

desaturase activities. Phytostgrols make the

membrane more rigid but do not induce

changes in the relative phospholipid
composition. Disappearance of free fatty
acid and increase in: the saturation degree

of phospholipids and sterol amount were

observed in root cellsar.

Sterol composition apPears to be a

useful marker in the determination of
taxonomic affinities in the order
Caryophyllalesa2. Sitosterol and stigmasterol

acts as lhe virus inhibitor agent occurring
inArtemesia annuaot. Phytotoxicity test of
the sterols revealed biological activity
against root seedling growth of radishaa. It
was found that sterols are strongly
protonated in strongly acidic media and

form carbocationsas. Steroids are precursors

of many pharmaceutically active steroids

including corticosteroids, sex hormones and

oral contraceptivesa6. YvonneaT found that
progesterone inhibits intracellular sterol

transport. Progesterone also inhibits the

entry of plasma,membrane cholesterol inJo

the cell.

Medicinal application of phytosterols and

steroidal drugs

Phytosterols produce a wide speckum ol

therapeutic effects in animals including
antitumour properties. Phytosterols have

been shown experimentally to inhibit colon

cancer development. Withregard to toxicity,

no obvious side effects ofphytosterols have

been observed in studies to date, except in
individual with phytosterolemia, an

inherited lipid disorder. Further
characterization of the influence of various

phytosterol subcomponents on lipoprotein

profiles in humans is required to maximize

the usefulnes of this non-pharmacological
appgoach to reduction ofatherosclerosis in

the populationa8. Plant sterols have been

shown to reduce dietary cholesterol
absorption and hence, total and low density

lipoprotein (LDL) & cholesterol
concentrations in humansae. Berqes el 4150

reported the effectiveness of p- sitosterols

in the treatment of benign prostatic
hyperplasia. Withaferin A(WA), a steroidal

lactone inhibited tumour.growth and

increased survivalsr.

Conclusion

Even though the role of steroidal drugs in
plants still remains uncertain, it takes a
major significant role in animals to possess

anli-infl ammatory, immuno-suppressive
and anti-allergic activities by the
corticosteroids and also setve as an oral

contraceptive, antifertility and even
employed in various gynaecological
disorders like habitual abortion, menopausal

syndrome and infertility by the sex
hormonal steroidal drugs. Thus, the
increasing demand of steroidal drugs

especially the corticosteroids and oral
contraceptives in the market for large
quantities has resulted in the depletion of
many natural resources.

Approximately three'fourth of the

raw materials for chemical synthesis of the

steroidal hormonal drugs produced has

depended on diosgenin obtained from the

plant Dioscorea speciesrT'r8. From the
middle 1950's to the early 1960's, over 507o

of all steroid manufacturers in the world are

originated from Mexican diosgeninre.
However, this diosgenin is nowusedmainly
for the production ofcorticosteroids but not
for the hormones, oral-contraceptive of
spironolactone (diuretics)'e. Hence, the

extensive search for suitable raw materials

other than diosgenin as a starting material
for the synthesis of oral contraceptive is

imperative.

ln this review, the naturally occuring
phytosterols such as campe.sterol,

Sarangthem & Singh



.1. Phvtot- Res: 15 (2) :243-250'2002 249

rol,solasodirle,l6.YangShiJinandl-iuYoug-long|998,qot.'Actostigmasterol, sitoste 
Bot. sin.30(2) t7o

hecogenin and spinasterol etc. are currently fi. i""*"i'""),','.rd" ."r,r" 
'NCTAD/GATT

aloneco.ntributes-15%oofthetotalsteroidderivatives'Geneva,|g74;684g
;;;; ;;;;ced in rhe worlds2, These 18. couisey D G yangs (Longmsns, Green & Co.

phytosterots can'be used.as an alternative ,r. k*,il:fi';]33;irii" .^teTe,Diosgenin

and plant source for the synthesls or antl other steroidal tlrug precursors, C.S.l R'

pharmaceutically active steroidal drugsil by publication, New Delhi'

the conversion of phytosterols to c-19 or 20. Kikuchi M, Hideo K and Kurihara T 1981'

l7-ketosteroids 5&ch ias androst-4-ene-3, 2t.';ktrk'r:'#:::+f]r'f" shinou Asakawa

l7-dione (AD) and androsta-I, 4-diene-3,'liill'.'piy,'r.ir**1rin<glzs27
l7-dione (ADD) and can serve as starting 22. KhanM6y,rcatinlanoit*nMHlggt,lnlitn
materials iot the preparation of aadrogens' J' Pharm' sci' 53(2)72

*ttte""t.."rbofic bteroids, le norsteroids 
' 
23 

iilirt i;,Yii,irti"Xj]:?,.}ir?|f):li'lt
(Fig' 3)' 24. Akihisa r, rott<. w c rta c, Tamura Toshitake

Hence, the review of biological andMatsumotirT l99l,Lipitls 26(8)660

activities of phytosterols will be the utmost 25' Gopala Krishnan M' Naravanan c S and Grenz

important ror the t""* #;;;;;. ;Hh; ,u ["l.i#;'t'# di!,i;r?'J-;ii[:'n:;*
pharmaceutical manufactures in the 'near Zoshi.98(4) 541

Rtor.,o meetttre sudden drastic increase 27. cooperoY,Es?broollyandRosenthal oL

demandofthes@roidal drugs inthemarket 28 
t;S"ii{,:rf$fi,?i#;ll,.,ndHisamichi

atlowcost. s o*6,Shoyohtgatuzasshi.4*4?g
29' Farines M' Seige C and Soulier I 1988' Lipitls

References
23(4) 349

1. GoodwinTWandMercerEllgS3,Introduction 30. Kim, Sang, Ho., Sang Hoo Park, Byung Ahn'

to plant Biochemistry Pergamon Press Ltd. Jeong Sang Yi;, Moosin park, Byeong, R L. an

England. kweon. K. l99{,, Arch Pharmacal Res' (Seoul)

2. Scott t and Eagleson M A 1988, Concise BG)282
Encyclopaetlia on Biochbmistry Walder do 11. Warner K and Mounts T.L J. of the Amertcan

Druyter. New York. oil Chemist. Society 67(ll) 821

3. RothrockJW,HammerPAandAleerMcWJ 32. Hooper S N and Chindler R F 1934, -/'

4. Das C B antl PandqyYB l910,Expenanfia26475- 33. Sliwowski J K and Capsi E lg16,J' Chem' Soe'

5. Jain S C and Alarwal M 1988, Plont Physiol 
Chem Commun.6 196

ontl Biochem. l5(2\ 223 34 Khalil Iqtipara and Mercer Eric I l99l,J' Agric'

6. Zambakhidze N E, Kacharava A P and 'i"ri.'iii^.lgtZloOq
' Shalashvili A G Soobshch 1990' Agad Nauk' 35. MartinDW,MayarPA,RodewellVWHarper's

Grwssrl39Q)409 Review of Biochemistry. (Lange Medical
7. PuffeD,MorgnerFandZerrWlgS4'Wirtscha Publications,Califomia)1981.

FtspigengFul/er30(3)184 36. Grunwald C1968,PlantPhysiolog43484
8. Grun-watd G ts75' Phvtochemistry r4(t)79 

. ^ ;; ;;;,;n, M; M, Yoshinori F and Nobuoi
g. Fang J M, Lang C, Chern W L and Cheng Y S 

Kekawa 197g, J. Insect. Physiol.22(3) 403
lggl,Phytochemistry30(8)2793 --- 38. Svoboda J A, Dutky S R, Robbins W E and

10. Henry H, Mohammed R and Bachir B l99l' -;;ffi; i'Ott,'t,p,art2(3) 318
Phytochemistry30(6) 1819 39. Chow Edward T S and Joseph J len 1976, J.

ll. Grunwald Cl97O,PtantPhllsiol'43663 J2' ;::.;;;;;;'r',;;
l2.BoxVGsandchanwRlgT5,PhytochemistryFootlsci'43(5)1424

14(2)58340.HaseebAkhtap,Kt-ranMAandSaxenaSK
13. Hott I P 1977 , Med. East lI/est 5(2) 123 lg81' Acta' Bot' Indica 9Q) 335

14. Popravko s e, fraisrriai r D, sokoiova S A and 41' Lygin A V' Gorden L Kh' Alekseeva V Y and

ro'*or,*rocp tsst,-iri[iirxnim.Mikrobiot. 
Hili"r'it-19e.0'Fiziot'BiokhimKrtttRast'' 19(6) 820 42' Patterson Gleen w' Sihua XV and rhomas A

15. nui.u*" Y Y, Nakano C Pei-Wu' Wang R J'

Sumito B I ara Nutu*u f r,88'. Ptant; Med' l99t ' Phytochemistry 30(2) 523

54(l)34:43'AbidAli'KhanMM'JainDC'BakuniRS'



250 Sarangthern & Singh

Zaim M;!nd Thakur R S 1991' Pto*t Sci'

tLimerickl 75(2) 161

++. b"ii. Cr*n, t'tu'irn' P M and Lucia Previtera

1991. Terrahedron 47(34) 7 129 .

45. ZurwnPetr.lggl , Microchem'J' 43(l) l0 
-

+S. fo*. P and Khanna P 1993' J' Indian' Bol

Soc.72 173

41 . i"*""" #g",,9 A, J oumal d B iocttatt y.!11^l-
+i. r-ingw uuii iones P t9e5',J Life' &,ls13) l9s

49. Denke M. A 1995,'4nr' J'. Clin' N urr' 6l (2\ 392

il. ;;.q* R R: windeler [, Trampisch H J anil

Sense R 1995, Loncet345 (8964) 1529

S r. it'rirOe C, Solomon F E, Devi n r', !iuy.a^|
and Srinivasan K K I 996, Aio' Oncol 35q) 95

52. Blunden G'Culling C and Jewas K 191 5' Trop'

Scr. 17 139

53. Fieser L P and Fieser M I 959, Sleror:rls' Reinhold
' PublishingCorporation, New York' :

P


