
C H A P TE R  I I  
H IS T O R IC A L

2.1 Artemisia vulgaris L. var. indlca Maxim.
Artemisia vulgaris L. var. indica M axim  (syn. Artemisia dubia W all, ex  B ess .)  

(F ig . 7 ), b e lo n g s to the fam ily  A steraceae. It is com m on ly  kn ow n  as A kajedaw , 
F leabane, Indian w orm w ood , M ugw ort, M ug-w ort and T itepati. It has b een  ca lled  
K ot ch u la  lum pha, Phak hia, C hing hia, and K ot chula lum pha ch in  in  Thai, and 
C h ing-chu-chai in C hinese (Sm itinand, 2 0 0 1 ). It is native to Europe and continental 
A sia.

T he descrip tion  o f  th is plant is; Perennial herb, Stem  erect, a scen d in g , branched, 
furrow ed, and d en se ly  w h itish  hairy, L eaves alternate, short-stalked to se ss ile , 
pinnatipartile to  bipinnate, d en sely  w hite-lanate-arachnoid  beneath, and th in ly  hairy  
ab ove, In florescen ces term inal and axillaries p an icles, heads se ss ile , coro lla  light 
green, C om m on  w eed  in open  loca lities , fa llo w  fie ld s, w aste p laces, roadsides, rare in  
regularly cu ltivated  fie ld s, Propagated m ain ly  by underground sto lon s, B lo o m in g  
period: N ovem b er-A p ril (Harada et a l,  1987).

T his p lant has been  used in various w ays such as anthelm intic, asthm a, scab ies, 
skin  rashes, headache, stom achache, h om eostatic  for n ose b leed in g  and b leed in g  
w ou n d , antiseptic  and antipyretic.
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A erial part

L eaves

F low ers
Figure 7 Artemisia vulgaris L. var. indica M axim  

(syn. Artemisia dubia W all, ex  B ess.)
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T he essen tia l o il obtained from  leaves hydrodistillation  has b een  sh ow n  the 
characteristic sw eet scent o f  (+ )-d avan on e, w h ich  has been  the m ajor constituent.

(+ )-D a v a n o n e  (C 15H 24O 2) (F ig . 8 ), a sesquiterpene k eton e, w as first 
characterised b y  S ipm a and van  der W al in 1968. It and related com p ou n d s have been  
sy n th esised  b y  several groups and in recently, the total syn th esis o f  (± )-d avan on e has 
b een  su cceed ed  and described in 1999 by M olander and H ass (M olander and H ass, 
1999). It sh o w ed  a strong d ose-d ep en d en t antispasm odic action  (Perfum i et a l,  1995).

B io sy n th esis  o f  davanone has been described in 1986 by A k h ila  et al. as show n  
in F ig. 9. Isopenthenylpyrrophosphate, IPP (I) con d en ses w ith  d im eth y la lly l 
pyrrophosphate, D M A P P  (II) to g iv e  geranylpyrrophosphate, G PP (III), w h ich  further 
con d en ses w ith  another m o lecu le  o f  IPP to produce farnesylpyrrophosphate, FPP (IV ), 
the traditional precursor o f  sesquiterpenes. It is w e ll estab lished  n o w  that FPP  
isom erises to nerolidylpyrrophosphate (V ), and m etab olises to m any a cy c lic  and  
c y c lic  sesqu iterpenes. In this case, -O PP from  C-5 o f  FPP w ou ld  shift to C-3 to g ive  
nerolidylpyrrophosphate (analogy to geraniol-linalool interconversion). N ero lid y l
pyrrophosphate is  exp ected  to undergo cy c lisa tio n  and ox id ation  at C -2  to  m etab olise  
davanone (V I) (A k h ila  et a l,  1986).

T he essen tia l o il production o f  Artemisia spp. ce ll and tissu e  cultures has been  
studied sin ce  1990. H ow ever, there is  no report about Artemisia vulgaris var. indica 
ce ll culture.

T he se lec ted  exam p les o f  Artemisia spp. have b een  studied in essen tia l o il 
production  from  ce ll and tissu e  culture are revealed  in  T able 12

Figure 8 C h em ical structure o f  (+ )-d avan on e
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Figure 9 P o ssib le  b iosyn th esis pathw ay o f  davanone; I =  Isopenthenylpyrrophosphate  
(IP P ), II =  D im ethylally lpyrrophosph ate (D M A P P ), III =  G eranylpyrrophosphate  

(G P P ), IV  =  Farnesylpyrrophosphate (FPP), V  =  N erolidylpyrrophate, 
and V I =  D avan on e (A k h ila  e t  a l ,  1986)

T able 12 S e lected  exam p les o f  A r te m is ia  spp. had been studied in essen tia l o il 
production from  ce ll and tissu e cultures

Plant species References

A r te m is ia  a b s in th iu m  L.
K ennedy e t  a l ,  1993 , N in  e t  a l ,  1996, 
a n d N in  e t  a l ,  1997

A r te m is ia  a n n u a  L. B row n, 1994, and F u lze le  e t  a l . , 1995
A r te m is ia  b a lc h a n o r u m  L. B avrina e t  a l . , 1994
A r te m is ia  d r a c u n c u lu s  L. C otton e t  a l . , 1991
A r te m is ia  p a l l e n  W all.ex  B ess. B enjam in  e t  a l . , 1990



70

2.2 C u m in u m  c y m in u m  L.
Cuminum cyminum L. (F ig . 10) b e lo n g s to the fam ily  A p iaceae. It is  com m o n ly  

k n ow n  as C um in. It is  orig inally  from  the M editerranean, and w ild ly  distributed in  
N orth  A frica, Iran, Turkey, Pakistan, A rgentina, India, Indonesia , C hina and other 
countries in  the w arm  region  o f  the w orld  (T aw fik  and N o g a , 2 0 0 1 , T aw fik  and N o g a ,  
2 0 0 2 , Ish ikaw a et al., 2 0 0 2 , and D e et al, 2 0 0 3 ). In Thailand, it has b een  ca lled  Thian  
K hao or Y ira (Sm itinand , 2 0 0 1 ).

T he d escrip tion  o f  this plant is; an sm all annual herb about 50  cm  (2 0  in ch es) 
high  w ith  d eep  green, narrow feather leaves and tiny  w h ite  or p ink  flo w ers, fo llo w ed  
by sm all o b lo n g  seeds.

Fruits
Figure 10 Cuminum cyminum L.
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K n ow n  sin ce  B ib le  tim es, it is  m ain ly  u sed  for its d ig estiv e  properties. T he  
E gyptians u sed  it for headaches. It is a m edicinal sp ec ies  and on e o f  the o ld est and 
eco n o m ica lly  m ost im portant sp ices (Jain et a l,  1992 and L aw rence, 1995), w h ich  has 
b een  used  for a very  lon g  tim e in traditional m ed ic in e  in the treatm ent o f  diarrhoea, 
d ysp ep sia  and gastric disorder, and as an antiseptic agent (D e  et al., 2 0 0 3 ). T he fruit 
has b een  u sed  for m edicinal purposed as a rem edy for diarrhoea, fla tu len ce, and 
in d igestion  (N orm an, 1990). Its fruit has a lso  b een  used as a popular arom atic herb 
and sp ices, such  as a m ain  constituent o f  curry pow der, and traditional flavouring in  a 
num ber o f  ethn ic cu isin es and food  industries.

T he essen tia l o il obtained from  fruits hydrodistillation  has b een  ca lled  “cum in  
o il” w h ich  has b een  rich in cum inaldéhyd e (35-60% ) and the other com p ou n d s such  
as a -  and p -p in en e, ô -3-carene, 1 ,8 -c in eo le , a -  and p-phellandrene, p -cym en e, 
lim on en e, a -  and y-terpinene, a -terp in eo l, terp in en e-4-o l, cu m in yl a lco h o l, trans- 
dihydrocarvone (m enthane type m onoterpenoids), m yrcene, lin a loo l (acyc lic  
m on oterp en oid s), P -caryophyllene, P -fam esen e, P -elem en e (sesq u iterp en oid s) (B aser  
et al., 1992). C um in o il sh ow s a h igh  antifungal activ ity  against various pathogen ic  
fungi (A fif i et a l ,  1994  H am m ad et al., 1995, and Rahm an et al., 2 0 0 0 ) , and h igh  
antibacterial activ ity  (Y o u sse f  and H am m ad, 1995 , F lorist et a l,  1996 , and D e  et a l, 
2 0 0 3 ). T herefore, it is  a lso  u sed  as a fum igant or additive in  the storage o f  food stu ffs. 
C um in o il has an overpow ering  sm ell and should  be used  very  sparingly  yet it is  
con sid ered  n o n -to x ic , non-irritant and n on -sen sitisin g  but d oes have p h oto -tox ic  
q u alities, so  sh ou ld  not be used  w h en  the skin  w ill be exp osed  to sunlight. It should  
be a lso  a vo id ed  during pregnancy and persons w ith  a sen sitive  skin.

The b io lo g ica lly  active  com pound o f  cum in  o il has b een  characterised as 
cum inaldéhyd e; cum inal; p -isopropylb en zaldehyde; 4 -isop rop ylb en za ld eh yd e  
( C ioH , 20 )  (F ig . 11).

F igure 11 C hem ical structure o f  cum inaldéhyd e
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It has b een  id en tified  as a potent m ushroom  tyrosinase inhibitor by inh ib ition  o f  
the ox id a tion  o f  L -3 ,4-d ih yd roxyp h en yla lan in e (L -D O P A ) b y  m ushroom  tyrosinase  
w ith  an ID 50 o f  7 .7  p g /m l (0 .05  m M ) (K ubo and K inst-H ori, 1998). It has b een  also  
sh o w n  the a ld ose  reductase inhibitor and a -g lu co s id a se  inhibitor e ffec ts  w ith  the IC 50 

o f  0 .0 0 0 8 5  m g/m l and 0.5 m g/m l, resp ectively . C um inaldéhyde w as about 1.8 and
1 . 6  tim es le ss  in inhibitory activ ity  than acarbose and quercitrin, resp ectively . 
N o n eth e less , cum inaldéhyd e m ay be u sefu l as a lead com pound and a n ew  agent for 
antidiabetic therapeutics (L ee, 2 0 0 5 ).

W h ile  there has b een  an increasing dem and on  cum in  in the recent years, its 
production  is  lim ited  b y  several stress factors and has b een  decreased  (T aw fik  and  
N o g a , 2001an d  T aw fik  and N o g a , 2 0 0 2 ). The recent advances in  cellu lar  
m anipulation s, D N A  tech n o lo g y  and gen etic  transform ation cou ld  o ffer  a potential 
approach for im provem ent o f  cum in  resistance to these lim itin g  stress factors. 
T herefore, interest in regeneration o f  cum in  in vitro in presently is  increasing  (D a v e  et 
a l,  1996 , Shukla et a l ,  1997, H u ssein  et a l,  1998, T aw fik , 1998 , T aw fik  and N o g a , 
2 0 0 1 , and T aw fik  and N o g a , 2 0 0 2 ). H ow ever, there had b een  any reported related  
w ith  production  o f  cum in  o il, particularly in  cum inaldéhyd e. In an attem pt to produce  
th is essen tia l o il, the ce ll cultures o f  Cuminum cyminum have b een  estab lish ed  and 
m any strategies have b een  applied  to im prove y ie ld  o f  cum inaldéhyde.
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2.3 F o r tu n e l la  j a p o n i c a  (Thunb.) Swingle
F o r tu n e l la  j a p o n i c a  (Thunb.) S w in g le  (S yn . C itr u s  j a p o n i c a  Thunb.) (F ig . 12) 

b elo n g s to the fam ily  R utaceae. It has m any com m on  n am es such  as K um quat, 
R ound kum quat, or M arum i kum quat, and in C hina it has b een  ca lled  K im  kit. It is a 
n o v e lty  that is  not cu ltivated  ex ten siv e ly . It is  native o f  C hina, cu ltivated  throughout 
subtropical reg ion s o f  the w orld. It is grow n in India as ornam entals and for their fruit 
w h ich  are rich in pectin  and ex ce llen t for m arm alades and je ll ie s  (Talapatra e t  a l ,  
1974).

F igure 8 F o r tu n e l la  j a p o n i c a  (Thunb.) S w in g le  (S yn . C itr u s  j a p o n i c a  T hunb.)
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F o r tu n e lla  j a p o n i c a  is an evergreen  shrub or sm all trees, grow in g  about 2 -2 .5  m  
in height. It has fin e stem s, few  thorns, and dark green pointed  leaves. The fruit 
varies in  shape from  round to sligh tly  ova l (around 2  cm  diam eter), averaging  around  
10-12  g. Its fruit is  quite sour, but p eel is ed ib le, h ow ever, its s ize  w ou ld  m ake 
p rocessin g  d ifficu lt (U m ano, K ., e t  a l ,  1994).

T he gen u s F o r tu n e lla  is  taxon om ica lly  c lo se  to the genus C itr u s , h ow ever, 
fla v o n o id  co m p o sitio n s o f  F o r tu n e lla  spp. d iffer from  th ose o f  C itr u s  spp. The  
principal flavon o id s o f  the genus C itr u s  are flavon e g ly co sid es  such  as narirutin, 
naringin, hesperid in , and neohesperid in , and flavon e a g lycon s such as n ob iletin  and 
tangeretin  (M izu n o  e t  a l ,  1991, K anes e t  a l ,  1993, T suchida e t  a l ,  1997, and K aw aii 
e t  a l ,  1999), w h ile  a flavon e g ly co sid e , poncirin , has b een  reported, flavon e  
g ly co s id es  are thought to be m inor constituents in plants o f  the F o r tu n e lla  genus. A  
num ber o f  C -g ly co sy la ted  flavon es have a lso  b een  id en tified  in  F o r tu n e l la  j a p o n i c a  
and F o r tu n e l la  c r a s s i f o l ia  (K um am oto e t  a l ,  1985 and T suchida e t  a l ,  1997), but 
quantities o f  flavon o id s in F o r tu n e lla  plants have been  found to be rather lo w  
com pared w ith  plants o f  the C itr u s  genus (K anes e t  a l ,  1993 and T su ch id a  e t  a l ,  

1997). M oreover, 3 ’,5 ’-d i-C -P -g lucopyranosylph loretin , a d ihydrochalcon e  
d erivative, has b een  found to be a flavon oid  characteristic o f  the gen u s F o r tu n e lla . It 
has b een  accum ulated  in  a large quantity in plants o f  the genus F o r tu n e lla  but can not 
be found  in  any C itr u s  spp. excep t C itr u s  m a d u r e n s is  and C itr u s  h a l im ii  w h ich  have  
b een  thought to originate from  natural hybrids b etw een  the genera C itr u s  and  
F o r tu n e l la  (O gaw a e t  a l ,  2 0 0 1 ).

A s  w e ll as bein g  an ornam ental plant, kum quat fruit is  used  for preserves, candy, 
syrup and fresh consum ption , because o f  its sp ecia l flavour and th ick  ed ib le  rind 
(H o d g so n , 1967). T he w h o le  fruit in clu d in g  the p eel can be eaten; the fruit is  acid  
w h ilst the p ee l is sw eet. Its fruit is  u sually  cook ed  and used in  je ll ie s ,  preserved , or 
u sed  as flavou rin g  but it can also  be eaten raw. Its fruit is  a lso  contained  v itam in  c  up 
to 0 .2 4  m g /m l (C hooper e t  a l . , 1986). It has b een  used as m ed icin a l plant in  China; 
an tip h olog istic , antiv inous, arm inative, deodorant, and stim ulant (D u k e and A yen su , 
1985).

Its essen tia l o il ca lled  “K um quat o il” has a typical citrus o il character (K oyasak o  
and Bernhard, 1983), but it g iv e s  a som ew h at bitter arom a rather than the fruity arom a  
o f  orange or lem on  (S h aw , 1979). T he vo la tile  constituents obtained from  its p eel by
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steam  d istilla tion  had b een  reported, and the m ost abundant com pound w as d- 
lim on en e (87 -97% ), and the other com pound s are lin a loo l, m yrcene, geranyl acetate, 
a -p in en e , and germ acrene D .

d -L im on en e or (+ )-lim o n en e  (C ioH iô) (F ig. 13), a m o n o cy c lic  m on oterp en es, is  
the m ain  constituent o f  orange and lem on  p ee l o il (92-96% ). It has b een  an attractive 
starting com p ou n d  for industrially relevant fin e ch em ica ls and flavour com pound s  
w ith  identica l carbon sk eleton s, such as c a r v e d , carvone, and p erilly l a lcoh o l (D u etz  
et a l ,  2 0 0 1 ). It has b een  sh ow n  to b e capable o f  preventing the d evelop m en t and 
cau sin g  the regression  o f  ch em ica lly  induced  m am m ary carcinom a, and its d o se  for 
clin ica l activ ity  is  w e ll tolerated in patient (C row ell et a l,  1994).

- o (
Figure 13 C hem ical structure o f  d -lim on en e

T he p ath w ay  o f  d -lim o n en e  b io sy n th esis  has b een  sh o w n  in  F ig . 14. 
Isop en th en ylp yrop h osp h ate , IPP (I) con d en ses w ith  d im ethylally lpyroph osphate, 
D M A P P  (II) to g iv e  geranylpyrophosphate, G PP (III). G PP, the ubiquitous precursor  
o f  the m onoterpenes, is  cy c lised  by a m onoterpene (d -lim on en e) synthase to  d- 
lim on en e (IV ) (B ou w m eester  et a l,  1995).

I I  I I I  IV

Figure 14 B io sy n th esis  pathw ay o f  d -lim on en e v ia  geranylpyrophosphate form ation
(B ou w m eester  et a l,  1995)

P eel and le a f  o ils  o f  som e Citrus had been  analysed  b y  gas-liq u id  
chrom atography at b iw eek ly  intervals from  spring until harvest. The greatest changes  
w ere found  in  the p ee l o il w here oxygen ated  constituents, particularly lin a loo l, 
decreased  m arkedly in  relative concentration as the fruit m atured, w h ile  d -lim on en e  
concentration  exh ib ited  a corresponding increase. The relationship  b etw een  d-
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lim on en e concentration  and lin a loo l concentration  lead to su g g est another p o ssib le  
b io sy n th esis  pathw ay o f  d -lim on en e (A ttaw ay et a l,  1967). Instead o f  a lkylation  and 
lo ss  o f  pyrophosphate as sh ow n  in F ig. 14, assum e that D M A P P  adds across the 
double bond fo llo w ed  by concerted elim in ation  o f  pyrophosphate from  the 
isop en ten y l group. T his w ou ld  g iv e  linalylpyrophosphate (L PP) as the product (F ig . 
15), and then it further transform ed to lin a loo l and d-lim onene.

F igure 15 B io sy n th esis  pathw ay o f  linalylpyrophosphate (A ttaw ay et a l,  1967)

There have b een  som e reports o f  ce ll cultures derived from  other sp ec ie s  o f  
Citrus (B erger et a l,  1990 , N ie d z  et a l,  1997 , and G erm ana and C hiancone, 2 0 0 3 ), 
h ow ever , to m y  k n ow led ge , th is is  the first report on  the cu ltivation  o f  
undifferentiated  Fortunella japonica. M any strategies have b een  u se  in  this 
experim ent such  as e lic ita tion  w ith  ch itosan  and precursor feed in g  and  
biotransform ation in  attem pt to im prove d -lim on en e lev e l, a b io lo g ica l active  
constituent in  th is essen tia l o il.

H,c 0P>H104 h»Cn y OP}H,Ot
+  H O — P jH jO»

D M A P Linüyl
pyropho«ph*te
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2.4 P o g o s te m o n  c a b l in  (Blanco) Benth.
P o g o s te m o n  c a b lin  (B lan co) Benth. (Syn . P o g o s te m o n  p a tc h o u l i  H ook .) (F ig. 16) 

b elon gs to  the fam ily  L am iaceae. It has com m o n ly  kn ow n  as P atchouli, P atchouly, 
G ou n g-H u o -X ian g , K w an g ho hsiang, and K ablin. It a lso  has A yu rved ic  n am es as 
Sanskrit-Patchpan, and H indi-P atchouli. In Thai, it has b een  ca lled  P h im  sen  
(Sm itinand , 2 0 0 1 ). “P atchouli” co m es from  the H industan w ord ‘p atch ’ m eaning  
green and ‘ila i’ m eaning  leaf.

It is n ative to subtropical H im alayas, Southeast A sia  and Far E ast and has been  
cu ltivated  e x ten s iv e ly  in  Indonesia , M alaysia , C hina, and Brazil.

P atchouli is  a perennial bushy plant that grow s up to  1 m  (3 feet) w ith  a sturdy, 
hairy stem  and large, fragrant, furry lea v es, about four in ch es lon g  and fiv e  inches  
across. It has w h itish  flow ers tinged  w ith  purple (Y alkenburg and Bunyapraphatsara, 
2001)

A erial part

L eaves F low ers
Figure 16 P o g o s te m o n  c a b lin  (B lan co) B enth. (syn . P o g o s te m o n  p a tc h o u l i  H ook .)
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P atchouli is  an arom atic crop w h ich  y ie ld s an essen tia l o il contain ing  
sesqu iterpenes (L aw rence, 1981). It has b een  grow n ex ten siv e ly  for essen tia l o il 
n am ely  “patchouli o il” w h ich  has been  u sed  as fixa tive  in perfum ery raw  m aterial.

P atchouli o il is an im portant natural m aterial in perfum ery and food  industry, 
and has b een  u sed  in A sia  h istorica lly  to repel c lo th s m oths and as a co ld  treatm ent 
(A k h ila  and T ew ari, 1984). T his o il a lso  p rocesses in secticid al activ ities, antifungal 
and bacteriostatic properties. The therapeutic properties o f  patchouli o il are 
antidepressant, anti-inflam m atory, antiseptic, aphrodisiac, astringent, carm inative, 
diuretic, feb rifu ge, fu n g icid e, in sectic id e, sedative and tonic.

P atchouli o il is  usefu l for fungal and bacterial in fection; it h elp s for in sect b ites  
and cou ld  be u sed  as an insect repellent. It has diuretic properties, therefore h elp fu l 
for w ater retention, ce llu lite , and overw eigh t. It has d eod orizin g  action , and h elp s  
w h en  fee lin g  hot. It helps to co o l d ow n  inflam m ation  and assist w ith  w ou n d  healing , 
scars and sores; it g iv es  r e lie f  from  acne, eczem a  and scalp  disorders. It can be 
h elp fu l w ith  re-grow th  o f  skin  ce lls  and scar tissue. It can assist w ith  stress related  
con d ition s and anxiety; and helpfu l in  cases o f  substance.

In sum m ary, patchouli o il has a b en efic ia l e ffec t on  the skin, h e lp s for in fection s  
and in sect b ites, w ater retention and can help  w ith  stress related problem  and  
addictions.

P atchouli o il is n on -tox ic , non  irritant and n on -sen sitiz in g  but the sm ell o f  th is 
o il m ay b e a little  persistent for som e p eop le  and it m ay cau se lo ss  o f  appetite in som e  
ind ivid uals.

Patchouli o il is extracted from the you n g leaves w hich  are dried and ferm ented  
prior to  stream  distillation. Furthermore, patchouli oil has b een  also obtained from  
leaves hydrodistillation. Its y ie ld  varies from  1.8-3 .0  % dependin g upon the quality  
and m aturity o f  leaves. Patchouli o il im proves w ith  age and g iv e s  a  fu ller odor. The  
ch em ica l constituents o f  patchouli o il are a lm ost entirely com p osed  o f  sesqu iterpenes  
w ith  patchouli a lcoh o l bein g  the m ost abundant, fo llo w ed  by a -p a tch o u len e , P- 
p atchoulene, y -patchoulene, ô -patchoulene, p o g o sto l, sey ch e llen ce , a -b u ln esen e , p* 
b u ln esen e caryop h yllen e, a -g u a ien e , norpatchoulenol, and trace am ounts o f  other 
ep oxy  and k eton ic  com pound s (H enderson, พ  el a i ,  1970 and A k h ila  and T ew ari, 
1984).
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T he b io sy n th esis  pathw ay o f  som e sesqu iterpenes in patchouli o il has been  has 
b een  sh ow n  in  F ig . 17 (A khila , 1988). Patchouli a lcoh o l (1 ), sey ch e llen e  (2 ), and  
cy c lo se y c h e lle n e  (3 ) are derived  by cy c lisa tio n  o f  c is-farn esy l pyrophosphate (4 ) v ia  4  
interm ediates. Furtherm ore, as sh ow n  in F ig. 18, a -p a tch ou len e  (1 ), P -patchoulene (2), 
y-patchoulene (3 ), and ô -patchoulene (4 ) are derived v ia  cy c lisa tio n  o f  c is-farn esy l 
pyrophosphate (5 ) v ia  the other 2  in term ediates (A khila , 1987). In addition, total 
syn th esis o f  (± )-p atch ou li a lcoh o l and (± )-sey ch e llen e  has b een  described  in  1979  
(Y am ada et a l,  1979).

F igure 17 B io sy n th esis  pathw ay o f  patchouli a lcoh o l (1 ), sey ch e llen e  (2 ), and  
cy c lo sey ch e llen e  (3 ) in Pogostemon cablin (A khila , 1988)
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Figure 18 Biosynthesis pathway of a-patchoulene(l), p-patchoulene (2), 
y-patchoulene (3), and 8-patchoulene (4) in P o g o stem o n  ca b lin  (Akhila, 1987)

The accumulation sites of sesquiterpenes in P o g o stem o n  ca b lin  had been studied 
under light and electron microscopic methods in 1970 (Henderson, 1970). This oil is 
secreted in a variety of specialised glandular cells, both on the leaf surface, and within 
the leaf. The accumulation sites of sesquiterpenes are not only in the external 
glandular trichomes, but also in specialized internal accumulatory cells, which appear 
to be a unique feature of the plant. In both cases the glandular cells are closely 
associated with the photosynthetic cells of the leaf, although some internal glands also 
occur in stem and even root tissue. In these cases glands are located in the phloem. It 
has been shown that, while the apical dome of the stem neither shows any specialise 
accumulatory structures nor contains any detectable sesquiterpenes, the second pair of 
primordial leaves has glandular trichomes and a sesquiterpene accumulation 
approximately twelve times higher than that in any other part of the plant.
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Owning to the value of patchouli oil, particularly patchouli alcohol, many 
researchers have tried to produce it by biotechnological methods via P o g o stem o n  
ca b lin  cell cultures (Jones and Krishnadethan, 1973, Kageyama e t  a l ,  1995, and 
Misra, 1996). To my knowledge, there had been no research publication paper related 
to patchouli alcohol production. This plant cell cultures have been established in 
attempt to improved yield of patchouli oil, especially patchouli alcohol, and study 
biotransformation of terpenoids in this plant cell cultures.
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