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C H A P T E R  I I  

H I S T O R I C A L

C r o t o n  o b l o n g i f ü l i u s  R oxb. is an ind igenous plant know n in Thailand as 
เปค้าใหญ่ P lao yai (C entral), เปค้าหลวง Plao luang (N orthern), ควะวู K hw a-w uu
(K aren-K anchanaburi), เซ่งเกค'ง Seng-khe-khang, สะกาวา Sa-kaa-w aa, ส่ากุวะ Saa-kuu-w a  

(K aren-M ae-H ong Son ), เปาะ Poh (K am phaeng Phet), ห้า!ย่ิง H aa-yoeng  

(S h an -M ae-H on g Son) (Sm itin an d, 1980).

1. Characteristics o f  the genus Croton
The genus C r o t o n  b elo n g s to the fam ily  Euphorbiaceae. Ir. this fam ily , 

there are 800  genera and 5 0 0 0  sp ecies. The C r o t o n  com p rises 70 0  sp ec ies  o f  
trees or shrubs (rarely herbs). L eaves usually alternate, usually 2-glandular at the 
base. F low ers m o n o ec io u s, solitary or clustered  on the rachis o f  a term inal 
racem e; bracts sm all. M ale flow ers: C alyx 5- (rarely 4 -6 -)  partite; segm en ts  
im bricate or subvalvate. P etals 5 (rarely 4 -6 -), never ex ceed in g  but som etim es  
shorter than the calyx . D isk  o f  4 -6  glands op p osite  the sepals. Stam ens m any, 
inserted on a hairy receptacle; filam ents free, in flexed  in bud, at length straight; 
anthers adnate, w ith  parallel ce lls . P istillod e 0. F em ale flow ers : sep als usually  
m ore ovate than เท the m ale, rarely accressent in fruit. Petals sm aller than the 
sep a ls or ob so lete . D isk  annular, or o f  4 -6  glands op p osite  th( sepals. O vary  
3-(rarely 2 -4 -)  ce lled ; ov u le  solitary in each cell; S ty le usually  l o ig  and slender, 
2 -4 -c left. C apsule subequally  6 -va lv ed , or o f  3 separating 2 -va lv ed  co cc i. S eed s  
sm ooth; caruncle sm all; testa crastaceous; album en cop iou s; CO y led o n s broad. 
T ropics and subtropics (B latter, C aius and M haskar, 1975).

A ccord in g  to Tern Sm ithinand (1 9 8 0 ), the sp ec ies  o f  the genus C r o t o n  

found in T hailand are as fo llo w s.
C r o t o n  a r g y r a t u s  Bl. เปค้า P lao (Prachuap K hin  Khan)
C r o t o n  b i r m a n i c u s  M u ell Arg. บะกัง B a kang (Phrae)
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C r o t o n  b u d o p e n s i s  G agnep. 
C r o t o n  c a s c a r  i l l  o  i d e s  R aeusch

C r o t o n  c a u d a t u s  G eisel

C r o t o n  c o l u m n a r  i s  A iry Shaw. 
C r o t o n  c r a s s i f o l i u s  G eisel.

C r o t o n  c u m i n g i i  M uell.A rg. 
C r o t o n  h u t c h i n s o n i a n u s  H oss.
C r o t o n  l o n g i s s i m u s  A iry Shaw . 
C r o t o n  o b l o n g i f o l i u s  Roxb.

C r o t o n  p i e r r e i  G agnep. 
C r o t o n  r o b u s t u s  Kurz.
C r o t o n  r o t t l e r i  G e i s e l .

C r o t o n  s i a m e n s i s  Craib  
C r o t o n  t i g l i u m  Linn.

= C r o t o n  a r g y r a t u s  Bl.
เปล้าเงิน P lao  n goen  (Songkhla);
ฟล้านาเงิน P lao nam ngoen

(Prachuap Khiri Khan)
กระดอหดใบขน Krado hot bai khon

(C hanthaburi)
เปล้าคำ P lao Kham (Sukhothai)
ปิงกี Pang K hee, พังคี Pang K hee  

(C h ian g M ai)
= C r o t o n  c a s c a r  i l l b i d e s  R aeusch  
เปล้าแพะ P lao phae (Northern)
เปล้าน้อย P lao noi (Lam pang)
ฟล้าใหเบู่ P lao yai (C entral), เปลาหลวง 

P lao  luang (N orthern), ควะว K hw a-w uu  

(K aren-K anchanaburi), เข่งเตคง Seng-khe- 

khang, สะกาวา Sa-kaa-w aa, ส่ากวะ Saa-kuu- 

w a  (K aren -M ae-H on g S on ), เปาะ Poh 

(K am ph aen g Phet), น้าเข่ํง H aa-yoeng
(S h an -M ae H on g  Son)
= C r o t o n  c a s c a r i l l o i d e s  R aeusch.
เปล้าเลือด P lao  h e a t  (Lam pang)
= C h r o z o p h o r a  r o t t l e r i  Ju ss.ex  
Spreng.
= C r o t o n  r o b u s t u s  Kurz.
มะข่าง M a khaang, มะคัง M a K hang,
มะตอด M a tot, หวากทาง M aak thaang,
น้สคึน H as K huen (Northern);
ลูก«ลาญศัตรู Luuk Phlaan Sattruu,
สลอด Salot, สลชดดัน Salot ton,
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หมากหลอด M aak lot (Central); หมาก 

ของ M aak-yong (Sh an-M ae H on g  

Son); Croton oil plant
C r o t o n  t o m e n t o s u s  M uell. Arg. =  C r o t o n  c r a s s i f o l i u s  G eisel.
C r o t o n  t r a c h y c a u l i s  A iry Shaw. ขอ'น K hee on (Prachuap K hiri-K han)

2 Characteristics of Croton oblongifolius  Roxb.
C r o t o n  o b l o n g i f o l i u s  Roxb. is m edium  sized  tree; yo u n g  sh oots,

branchlets, in florescen ce, calyx and ovary clothed  with m inute orbicular silvery' 
scales. Leaves 1 2 .5 - 2 5  by 5 .7 -11 .5  cm ., crow ded towards the ends o f  the 
branchlets, ob lon g-lan ceo la te , subacute, glabrous w hen fully  grow n, m ore or less  
crenate or serrate, penninerved, base usually acute with no apparent glands  
ab ove the p etio les; main nerves num erous, slender; p etio les 2 -3 .2  cm . long. 
F low ers pale y e llo w ish  green, solitary or fa sc ic led  in the ax ils  o f  m inute bracts 
on long erect often  fa sc ic led  racem es, the m ales in the upper part o f  the 
racem e, the fem ales in the low er part. M ale flow ers: p ed ice ls variable in length, 
reaching 4 m m. long, slender. C alyx m ore than 6 mm. across w h en  flattened  
out, d iv id ed  about V* the w ay dow n; segm en ts m ore than 2 .5  m m. lon g, ovate, 
obtuse. P etals 3 m m. long, e llip tic-lan ceo la te , obtuse, w oolly . S tam ens 12, in flexed  
in bud; filam ents 3 m m. long, the low er h a lf  hairy. F em ale  flow ers : P ed ice ls  
short, stout. S ep als m ore acute than in the m ale w ith  d en sely  c ilia te  m argins. 
P etals 2 m m. long, ob ovate , w ith d en sely  w o o lly  m argins. S ty les  3 , nearly 4 m m . 
long, each  again subdivided  into 2 lo n g  slender curled branches 3 m m . long. 
C ap sules le ss  than 1.3 cm . diam , su b glob ose , a little depressed, s ligh tly  3 -lo b ed , 
clo th ed  w ith sm all orbicular scales. S eed s 8 by 6 m m ., e llip so id , rounded and  
quite sm ooth  on the back (Blatter, C aiu s and M haskar, 1995).

3. Chemical constituents of the genus C r o t o n

From  p revious p h ytoch em ica l stud ies, the abundant m etab olites from  
plants o f  this genus are terpenoids. T he m ajor type o f  terpenoids found  from  
the C r o t o n  is d iterpenes, a cla ss o f  com p oun d s w ith  a w id e  range o f  structure
types.
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T he distribution o f  di- and higher terpene com pounds is sum m arized  in 
the table below .

T ab le  1 D istribution o f  di- and higher terpenoids in the gen u s C r o t o n

Plant and chem ical com pound C ategory Plant part R eferen ce

C r o t o n  a r g y r o p h y l l  a i d e s  M uell. 
Arg..

e/7/-kaur-16 -e n -15 -OXO-18- 
o ic  acid  [1]

kaurane
diterpene

bark M onte, D antas and 
Braz, 1988.

3 ,1 2 -d io x o -15 ,16 -ep o x y -4 -  
h yd roxy-c lerod a-13( 16), 14- 
d ien e [2]

clerodane
diterpene

bark M onte e t  a l ., 1988.

A a lC M  [3] kaurane
diterpene

trunk w ood M onte, Andrade  
and C raveiro, 1984.

A a7C M  [4] kaurane
diterpene

trunk w ood M onte e t  a i , 1984.

c. a r o m a t i c u s  L.

(-)-h ard w ick iic  acid  [5] clerodane
diterpene

root Bandara e t  a l . ,  

1990.

C .  c a j u c a r a  Benth.

/ram -dehydrocrotom n [6] clerodane
diterpene

bark T avares e t  a l . ,  

1996.

cA -dehydrocroton in  [7] clerodane
diterpene

bark K ubo, A sak a  and  
Shibata, 1991.

cajucarins A  [8] clerodane
diterpene

cortex Itokaw a e t  a l . ,  

1990.
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Plant and chem ical com pound C ategory Plant part R eferen ce

c. c a j u c a r a  Benth. (cont.)

cajucarins B [9] clerodane
diterpene

cortex Itokawa el a/., 
1990.

/ - croton in [10] clerod an e
diterpene

cortex Itokawa el a / . , 
1989.

(โ ’. c a l i f o r n i e n s  M uell. Arg.

12-d eoxyp h orb ol-13 ,20 -  
diester [11]

tig lian e
diterpene

entire plant C havez e t  a l ., 
1982.

(-)-hardw ick iic acid [5] clerodane
diterpene

entire plant Luzbetak el a l ., 
1979.

barbascoic acid  [12] clerodane
diterpene

le a f W ilson , Neubert 
and H uffm an, 

1976.

(-)-M e barbascoate [13] clerodane
diterpene

le a f W ilson  et a i ,  

1976.

c. c a u d a t u s  G eisel.

stigm astan -3,6-d ion e, 5 a  
[14]

steroid stem  bark Banerji, N andi and 
K undu, 1988.

taraxerone [15] triterpene stem  bark Banerji e t  a i ,  

1988. 1

taraxerol [16] triterpene stem  bark Banerji el a l . ,  

1988.

taraxeryl acetate [17] triterpene stem  bark Banerji e t  a i ,  

1988.
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Plant and chem ical com p oun d C ategory Plant part R eferen ce

c. caudatus G eisel. (con t.)

(3-sitosterol [18] steroid stem  bark Banerji et al., 
1988.

isocrotocaudin  [19] clerodane
diterpene

stem  bark Chatterjee,

B o l Z  Z
crotocaudin [20] labdane

diterpene
stem  bark C hatteijee, 

B anerjee and 
B ohlm ann, 1977.

teucvid in  [21] labdane
diterpene

stem  bark Chatterjee 
et a l.5 1977.

c .  cellidifolius B aill.

(3-sitosterol [18] steroid lea f, tw ig Am aral and 
Barnes, 1997.

c. chilensis M uell. Arg.

croton ic acid  [22] clerodane
diterpene

entire plant B orques et al., 
1995.

c .  corylifolius Lam.

crotofolin  A  [23] crotofo lan e
diterpene

entire plant Burke et al., 1976.

crotofo lin  E [24] crotofo lan e
diterpene

entire plant Burke et al., 1979.

corylifuran [25] clerodane
diterpene

lea f, tw ig Burke et al., 1976.



Plant and chem ical com pound C ategory Plant part R eferen ce

c. crassifolius G eisel.

acetyl aleuritolic acid [26] triterpene root Boonyaralhanakorn  
-kit el a i ,  1988.

chettaphanin - 1 [27] halim ane
diterpene

root Boonyaralhanakorn
-kit et a/., 1988.

(3-amyrin [28] triterpene root Boonyarathanakorn  
-kit el o /., 1988.

c. cumingii M uell. Are.

P -sitosterol [18] steroid stem T om ita , Lee and 
N akano, 1965.

c. dias . 1

diasin  [29] halim ane
diterpene

trunk w o od D e A lvarenga  
et a i ,  1978.

p -s tosterol [18] steroid trunk w o od D e A lvarenga  
et al., 1978.

c. dicnogamus Pax.

cro o x id es A  [30] crotofolane
diterpene

le a f Jogia  et al., 1989.

' cro o x id es B [31] crotofolan e
diterpene

le a f Jogia et al., 1989.
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Plant and chem ical com pound C ategory Plant part R eferen ce

c. draco  Schlecht.

draconin [32] clerodane
diterpene

bark R odriguez-H ahn, 
R odriguez and 

R om o, 1975.

p -sitosterol [18] steroid bark R odriguez-H ahn  
el a i ,  1975.

stigm asterol [33] steroid bark R odriguez-H ahn  
et a /., 1975.

c. elenteria  Benn.

cascarillin  [34] clerodane
diterpene

stem  bark B irtw istle  et a/., 
1962.

cascarillin  A [35] clerodane
diterpene

stem  bark B irtw istle  et a i ,  
1962.

c. haumanianus J. Leonard.

crotocorylifuran [36] clerodane
diterpene

stem  bark T ch issam hou  
et a i ,  1990.

crotohaum anoxide [37] crotofo lan e
diterpene

stem  bark T ch issam hou  
et al., 1990.

lupeol [38] triterpene stem  bark T ch issam h ou  
et al., 1990.

c. hovarum  Leandri.

3 ,1 2 -d io x o -1 5 ,l 6 -ep o x y -  
clerod a-13( 16), 14-d ien -9 -a l 
[39]

clerodane
diterpene

le a f K rebs and  
R am iarantsoa, 

1997.
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Plant and ch em ica l com pound Category Plant part R eferen ce

c. hovarum  Leandri. (con t.)

3oc,4P -d ihydroxy-15 ,16-  
e p o x y -19 -n o r-12-OXO- 
clerod a-5( 10), 13 (1 6 ), 14- 
triene [40]

clerodane
diterpene

le a f K rebs et a/., 1997.

3 a ,4 P -d ih y d r o x y -15 ,16- 
e p o x y -12-ox o-cIerod a- 
13(16), 14 -d ien e-1 9 -a l [41]

clerodane
diterpene

stem  bark K rebs et al., 1996.

P-amyrin [28] triterpene stem  bark K rebs et al., 1996.

c. hvtchinsonianus H oss.

<?n/-kaur-16p,17-diole [42] kaurane
diterpene

stem  bark Li et al., 1990.

e«t-kau r-16 p , 17 ,19-triole  
[43]

kaurane
diterpene

stem  bark Li et al., 1990.

P -sitosterol [18] steroid stem  bark Li et al., 1990.

P -sito stero l-D -g lu cosid e
[44]

steroid stem  bark Li et al., 1990.

c. jalrophoides  Pax.

dum sin  [45] triterpene root bark K ubo et al., 1990.

c. jou fra  R oxb.

sw assin  [46] clerodane
diterpene

stem R oen gsu m ran  
et al., 1982.
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Plant and chem ical com p ou n d C ategory Plant part R eferen ce

c. kerrii Airs' Shaw

(E,E,Z)-\ 1-hydroxym ethyl-  
3 ,7, 15 -tr im eth y l-2 ,6 ,10 ,14-  
hexad ecatetraen-l-o l [47]

a cy c lic
diterpene

le a f Sato, O g iso  and  
K uw ano, 1980.

(E, E, E)-11 -form y l-3 ,7 ,1 5 -  
tr im eth y l-2 ,6 ,10 ,14- 
hexad ecatetraen-l-o l [48]

a cy c lic
d iterpene

le a f Sato e l  a/., 1980.

c  lacciferus B lanco.

e/7/-kaur-l 5 -en -l 7 -h yd roxy- 
3p -y l-acetate  [49]

kaurane
diterpene

root Bandara and  
W im alasiri, l ‘>88.

£T7/-kaur-15-en-17-ol [50] kaurane
diterpene

root Bandara e l  ๙/., 
1988.

e« /-k au r-3a , 16 p , 17-triol
[51]

kaurane
diterpene

root Bandara e l  a i ,  
1988.

e«t-kau r-16p ,17-d io l [52] kaurane
diterpene

root Bandara e i  ๙/., 
1988. !

16 aH -e« /-k au r-1 7 -o ic  acid  
! [53]

kaurane
diterpene

root Bandara, W in a la sir i  
and M a c leo c , 1988.

ent-15 p, 16 -ep ox y  kauran- 
1 17-ol [54]

kaurane
diterpene

root Bandara e ,  a i ,  
1988.

ent-kzux-15-en -3  p, 17 -d io l 
[55]

kaurane
diterpene

root Bandara e :  a i ,  
1988.

3 p -acetoxy-D -fri ed oo lean -  
14 -en -28 -o ic  acid  [56]

triterpene root Bandara eI a i ,  
1988.

o lea n o lic  acid  [57] triterpene root Bandara el a i ,  
1988.
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Plant and chem ical com p oun d C ategory Plant part R eferen ce

c. l e c h l e n  M uell. Arg.

korberin A [58] clerodane stem  bark Cai, C hen and
diterpene P h illip son , 1993.

korberin B [59] clerodane
diterpene

stem  bark Cai e l  a l . , 1993.

crolechinol [60] clerodane
diterpene

bark Cai e l  a l . ,  1993.

: crolech in ic acid [61] clerodane
diterpene

bark Cai e l  a l . , 1993.

[3-sitosterol [18] steroid sap Cai el a l . ,  1993.

P -sitostero .-D -g lu co  
pyranosidt [62]

steroid sap Cai e t  a l . ,  1993.

c. l e v a i n  G uillaum in.

crovatin 63] clerodane
diterpene

stem  bark M ou lis el a l . ,  1992.

c  l i n e a r i s  Jacq.

insecticidal diterpene [64] a cy c lic
diterpene

leaf, tw ig A lexand er el a l . ,  

1991.

c. m a c r o s t a i  hy (น)ร H ochst.

lupeol [38] triterpene stem  bark, 
tw ig

A d d ae-M en sah  
et a l . , 1992.

betulin  [65] triterpene stem  bark, 
tw ig

A d d ae-M ensah  
el a l . ,  1992.
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Plant and chem ical com pound C ategory Plant part R eference

c. m u t o u r e n s i s  Aubl.

! m aravuic acid [66] labdane
diterpene

bark Schneider e t  a l .3 
1995.

c. m e g a l o c a r p u s  Hutch.

ep oxych irom od in e [67] clerodane
diterpene

bark A ddae-M ansah  
e t  a l . , 1992.

O -acetyl aleuritolic acid  
[26]

triterpene bark A ddae-M ansah  
e t  a l . ,  1992.

ch irom odine [68] clerodane
diterpene

bark A ddae-M ansah  
e t  a l . ,  1989. i

lupeol [38] triterpene bark A ddae-M ansah  
e t  a l . ,  1989.

betu lin  [65] triterpene bark A ddae-M ensah  
e t  a l . ,  1989.

P -sitosterol [18] steroid bark A ddae-M ansah  
e t  a l . ,  1989.

c  n e p e t a e f o l i u s  Baill.

croton casbane diterpene  
[69]

casb ane
diterpene

stem M oura e t  a l . ,  1990.

c  n i l e n s  รพ.

croton itenone [70] casb ane
diterpene

leaf, tw ig Burke e t  a i ,  1981.
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Plant and chem ical com pound C ategory Plant part R eferen ce

c. niveus Jacq.

n ivenolide [71] labdane
diterpene

lea f R ojaz and 
R odriguez-H ahn, 

1978.

c. oblongifolius Roxb.

ob lon gifo lio l [72] pim arane
diterpene

stem  bark R ao et a/., 1968.

19 -d eoxyob lon g ifo lio l [73] pim arane
diterpene

stem  bark A iyar and 
Seshadri, 1972.

3 -d eox yob lon g ifo lio l [74] pim arane
diterpene

stem  bark A iyar el a /., 1972.

ob lon g ifo lic  acid [75] pim arane
diterpene

stem  bark A iyar and 
Seshadri, 1970.

e«/-isop im ara-7 ,15-d iene  
[76]

pim arane
diterpene

stem  bark A iyar and 
Seshadri, 1971

e«/'-isopim ara-7,15 -d ie n e -19- 
aldehyde [77]

pim arane
diterpene

stem  bark A iyar et al., 1971.

19-hydroxy-e«/-isop im ara- 
7 ,1 5-d iene [78]

pim arane
diterpene

stem  bark A iyar et al., 1971.

(-)-hardw ick iic acid [5] clerod an e
diterpene

stem  bark A iyar and 
Seshadri, 1972.

1 l-d eh yd ro-(-)-h ard w ick iic  
acid  [79]

clerod an e
diterpene

stem  bark A iyar et al., 1972.

crotocem braneic acid  [80] cem brane
diterpene

stem  bark R oengsum ran  
et al., 1998a.

neocrotocem braneic acid  
[81]

cem brane
diterpene

stem  bark R oengsum ran  
et al., 1998a.
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Plant and ch em ica l com pound C ategory Plant part R eferen ce

c. oblongifolius R oxb. (con t.)

la b d a -7 ,12 (£ ),1 4 -tr ien e  [82] labdane
diterpene

stem  bark R oengsum ran  
et a l ,  1998b.

la b d a -7 ,12(E), 14-tr ien e-17-al 
[83]

labdane
diterpene

stem  bark R oengsum ran i 
et a i ,  1998b.

la b d a -7 ,12(E), 14 -tr ien e-17-ol 
[84]

labdane
diterpene

stem  bark R oengsum ran  
el a l ,  1998b.

lab d a-7 ,12(E), 14 -tr ien e-17- 
o ic  acid [85]

labdane
diterpene

stem  bark R oengsum ran  
et al., 1998b.

acetyl aleurito lic acid  [26] triterpene stem  bark A iyar and 
Seshadri, 1971.

P-sitosterol [18] triterpene stem  bark R ao et a i ,  1968.

stigm asterol [33] steroid stem  bark Surachetpan, 1996.

cam pesterol [86] steroid stem  bark Surachetpan, 1996.

c. poilanei G agnep.

p o ilan eic  acid  [87] cem brane
diterpene

le a f A iyar et a i ,  1981.

c . penduliflorus Hutch.

p en du liflaw orosin  [88] halim ane
diterpene

root bark A d eso g a n , 1981.

c . pyram idal is D on n.S m .

[89] furolactone diterpene labdane
diterpene

lea f, stem R odriguez-H anh  
et a i ,  1981.
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Plant and chemical compound Category Plant part Reference

G  s o n d e r i a n u s  Muell.Arg.

6a-hydroxyannenone [90] clerodane
diterpene

root Silveira and 
McChesney, 1994.

6a,7P-dihvdroxvannenone
[91]

clerodane
diterpene

root Silveira e t  a ! . .  

1994.

6a,7P-diacetoxvannenone
[92]

clerodane
diterpene

root Silveira e t  a i ,  

1994.

(-)-hardwickiic acid [5] clerodane
diterpene

root McChesney and 
S ilve ira ,1990.

/r<ms-annonene [93] clerodane
diterpene

root McChesney 
e t  a i ,  1990.

/nmv-casca.illone [94] clerodane
diterpene

root McChesney 
e t  a l ., 1990.

1 2 -hydroxvhardwickiic acid 
[95]

clerodane
diterpene

root McChesney and 
Silveira,! 989.

sonderianiîl [96] clerodane
diterpene

root McChesney 
e t  a l  ,  1989.

sonderianin [97] clerodane
diterpene

root Craveiro e t  a i ,  

1981.

sonderianol [98] cleistanthane
diterpene

heartwood Craveiro and 
Silveiro, 1982.

3,4-secosonderianol [99] cleistanthane
diterpene

heartwood Craveiro e t  a i ,  

1982. 1

c. s p a r s i f l o r u s  Morong.

12-O-dodecanoyl-13-0- 
acetylphorbol-20 -linolenate 
[ 100]

tigliane
diterpene

seed Upadhyay and 
Hecker, 1976.
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Plant and chemical compound Category Plant part Reference

c  s p a r s i f l o r a s  Morong. (cont.)

ursolic acid [ 1 0 1 ] triterpene leaf, stem Satish e l  a i ,  1972.

P-sitosterol [18] steroid leaf, stem Satish e t  a i ,  1972.

c. s u b l y r u t u s  Kurz.

plaunotol [ 10 2 ] acyclic
diterpene

stem Ogiso e t  a l . ,  1978.

geranylgeraniol ester A 
[103]

acyclic
diterpene

stem Kitazawa e t  a i ,  

1982.

geranylgeraniol ester B 
[104]

acyclic
diterpene

stem Kitazawa e t  a i ,  ; 
1982.

geranylgeraniol ester c 
[105]

acyclic
diterpene

stem Kitazawa e t  a l . ,  

1982.

geranylgeraniol ester D 
[106]"

acyclic
diterpene

stem Kitazawa e t  a i ,  

1982.

geranylgeraniol ester E 
[107]

acyclic
diterpene

stem Kitazawa e t  a i ,  

1982.

geranylgeraniol ester F 
[108]

acyclic
diterpene

stem Kitazawa e t  a i ,  

1982.

geranylgeraniol ester G 
[109]

acyclic
diterpene

stem Kitazawa e t  a i ,  

1982.

e«r-3a-hydroxy-13- 
epimanool [ 1 1 0 ]

labdane
diterpene

stem Kitazawa and 
Ogiso, 1981.

plaunol A  [111] clerodane
diterpene

stem Kitazawa e t  a i ,  

1979.
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Plant and chemical compound Category Plant part Reference

c. s u b l y r a t u s  Kurz. (cont.)

plaunol B [112] clerodane
diterpene

stem Kitazawa e t  a i ,  

1979.

plaunol c  [113] clerodane
diterpene

stem Kitazawa e t  a l . ,  

1980.

plaunol D [114] clerodane
diterpene

stem Kitazawa e t  a l . ,  

1980.

plaunol E [115] clerodane
diterpene

stem Kitazawa e t  a i ,  

1980.

plaunolide [116] clerodane
diterpene

stem Takahashi e t  a l . ,  

1983.

e n t - 16p, 17-dihydroxy 
kaurane [117]

kaurane
diterpene

stem Kitazawa and 
Ogiso, 1981.

C. t i g l i u m  L.

P-sitosterol [18] steroid seed Mukherjee, 1969.

crotofolin A  [23] crotofolane
diterpene

seed Burke e t  a i ,  197S.

phorbol [118] tigliane
diterpene

seed K im  e t  a i ,  1994.

croton factor A  [119] tigliane , 
diterpene

seed K im  e t  a i ,  1994.
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[2] 3,12-dioxo- 15,16-epoxy-4-hydroxy- 
[1] e«/-kaur-16-en-l 5-0X0- 18-oic acid cleroda-13(16),14-diene

R = H  [3] A a lC M  
R = Me [4] Aa7CM

[5] (-)-hardwickiic acid

[7] C/9-dehydrocrotonin

R  = CHO [8] cajucarins A 
R  = H [9] cajucarins B

[101 /-crotonin
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[ I I ]  12-deoxyphorbol-13,20-diester 
R2 = CO(CH2)8Me 
R, = CO(CH2)8Me 

= CO(CH2)ioMe 
= CO(CH2) 12Me 
= CO(CH2) 14Me

R = H [12] barbascoïc acid 
R = Me [13] (-)-M e barbascoic acid

[15] taraxerone [16] taraxerol

[17] taraxeryl acetate [18] p-sitosterol

[19] isocrotocaudm
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Me COOH

[2 2 ] crotonic acid [23] crotofolin A

[27] chettaphanin - 1
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[33] stigmasterol [34] cascarOlin

Û o

V o h V
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[36] crotocorylifiiran [35] cascarillin A

[39] 3,12-dioxo-15,16-epoxy- 
cleroda-13(16),! 4-dien-9-al

[40] 3a,4p-dihydroxy-15,16-epoxy-19-I>)r- 
1 2-oxo-cleroda-5( 10 ), 13( 16), 14-triene
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[41 ] 3a,4p-dihyclro.\y-15,16-epoxy-12-0X0- 
cleroda-13(16), 14-diene-9-al

[42] e«/-kaur-16p,17-diol

[43] e«/-kaur-16p,17,19-triol [44] p sitosterol-D-glucoside

[47] (E,E,Zy\ l-hydroxymethyl-3,7,15-trimethyl-2,6,10,14-hexadecatetraerr-l-ol

[48] (£■ ,£'1 E y i l-formyl-3,7,15-trimethyl-2,6,10,14-hexadecatetraen-l-ol
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R = OAc [49] e n i - kaur-15-en-17-hydroxy-3p-yl-acetate 
R = H [50] c/7/-kaur-15-en-17-oI

R = «OH, H [51 ] e n t - kaur-3(x, 16p, 17-triol [53] 16a H-c/7/-kaur-17-oic acid
R = H2 [52] <?A7/-kaur- 16p, 17-diol

C H ,a i

[54] e/7/-15p,16-epoxykauran-17-ol

[56] 3 P -acetoxy-D- friedolean- 
14-en-28-oic acid 

R = H, P-OAc

[57] oleanolic acid
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[64] insecticidal diterpene

[63] crovatin R = CH3 [38] lupeol 
R = OH [65] betulin

[66] maravuic acid

[67] epoxychironx)dine [68] chiromodine
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[72] oblongifbliol

HO1'"

[73] 19-deoxyobfongifolioI

[77] ew/-isopimara-7 ,15-diene-19-aldehyde [78] 19-hydroxy-ent-isopimara-7,15 - dh. ne
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[79] 1 l-dehydro-(-)-hard\viekiic acid

COQH

COOH

[83] labda-7,12(£'), 14-triene-17-al [84] labda-7,12(£), 14-triene-17-ol

[87] poüaneie acid [88] penduliflaworosin
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[93] /rara-annonene

COOMe

[96] sonderianial

[89] fiirolactone diterpene

[90] 6 a- hydroxyannonene
Ri
Me

r2
aOH

r3
H

[91] 6a,7(3-dihydroxyannonene Me aOH OH
[92] 6 a , 7 p - d iacetoxy anno ne ne Me aOAc OAc

[94] /ram -cas cari!lone [95] 12-hydro xyhardwickiic acid

[97] sonderianin [98] sonderianol
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OH

[99] 3,4-secosondenanol [ 1 0 1 ] ursolic acid

OAc

CH20 (CH 2)6(CH2CH=CH)3Et 

[100] 12-O-dodecanoyl- 13-O-acetylphorbol-20-linolenate

[102] plaunotol

[103] geranylgeraniol ester A

[104] geranylgeraniol ester B

[105] geranylgeraniol ester c

[106] geranylgeraniol ester D
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'ePalmityl [107] geranylgeraniol ester E

[108] geranylgeraniol ester F

[109] geranylgeraniol ester G
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[114] plaunol D

[116] plaunolide

[118] phorbol

OH

[117] ent- 16p,l 7-dihydroxykaurane

[119] croton làctor A l
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4. Biogenesis of labdane and kaurane diterpenes
The key precursor in the formation o f most diterpenes is geranylgeranyl 

diphosphate. Important reactions in its transformation are hydrolysis o f  
diphosphate group, reduction o f double bonds and cyclization to form different 
types o f diterpenes (Luckner, 1990).

Labdanes, bicyclic diterpenes, are one o f the largest classes o f diterpenes. 
In gymnospermae, they are found in Pinaceae (Hanson, 1994). In the
monocotyledons, they are present in Zingiberaceae (Hanson, 1988). Labdanes 
widely distribute among the dicotyledons are in the families Compositae, 
Rosaceae, Acanthaceae, Labiatae, Cistaceae, Nolanaceae, Scrophulariaceae, 
Lythraceae, Verbenaceae, Caprifoliaceae, Meliaceae, Gesneriaceae, Annonaceae and 
Euphorbiaceae (Hanson, 1984-1998). They are also found in Mollusca o f the 
animal kingdom (Hanson, 1997).

Kauranes, tetracyclic diterpenes, were found in the lower plants, liverwort 
(Hanson, 1986). The families Compositae, Labiatae, Annonaceae, Araucariaceae, 
Aristolochiaceae, Rosaceae, Leguminosae, Umbelliferae and Euphorbiaceae are 
found to be the sources o f  this type o f  diterpenes (Hanson, 1984-1998).

5. Pharmacology of diterpenes
5.1 Labdane diterpenes
The discovery o f new labdanes increased the number o f pharmacological 

activities. For example :Forskolin [120], an epoxy labdane derivative isolated 
from the roots o f the Indian herb Coleus fo rskoh ii (Labiatae), provided the 
major pharmacological effects including vasodilation, lowering o f blood pressure, 
positive inotropy in cardiac muscle and bronchodilation (Hanson, 1991). The 
hexane extract o f Sideritis javalambrensis (Labiatae) showed anti-inflammatory 
activity and ent-16-hydro xy-e«/-13-epimanoyl oxide [121] was isolated (Alcarez 
et a l., 1989). This effect has also been described for andrographolide [122], 
neoandrographolide [123], deoxyandrographolide [124] and deoxydehydro- 
andrographolide [125] from the well known medicinal herb Andrographis

X ' l ‘bQ 02<Z>6><
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paniculata (Acanthaceae) (Manez et al., 1990). More interesting, andrographolide 
[122] was found to show significant cytotoxicity against KB and P388 cell 
(Siripong et al., 1992). The cytotoxic lactone accuminolide [126] from 
Neouvaria acuminatissima (Annonaceae) showed significant activity against a 
number o f  human cancer cell lines (Hanson, 1997). Galanals A [127] from 
A lp in ia galanga (Zingiberaceae) showed antifungal activity (Morita and Itokawa, 
1988). The seeds o f A lp in ia zerumbet (Zingiberaceae) which are used in 
Chinese medicine for stomach problems, have been shown to contain zerumin A 
[128] (Hanson, 1998). Leonotinin [129] was obtained from Leonotis nepetaefolia 
(Labiatae), a plant used for treating skin infection (Hanson, 1998). For 
hepatoprotective effect, andrographolide [122] showed a significant dose 
dependent protective activity against paracetamol-induced toxicity on isolated rat 
hépatocyte (Visen et a i ,  1993).

5.2 Kaurane diterpenes
Stevioside, from Stevia rebaudiana (Compositae), is not only a sweetener 

but also a hypotensive agent. It induces diuretic, natriuresis and a fall in the 
renal reabsorption o f  glucose (Hanson, 1994). The hydroxylactone tnpterifordin 
[130], obtained from Tripterygium w illfo rd ii roots, has been shown to possess 
anti-HIV activity (Hanson, 1994). The termite antifeedant activity o f  extract o f  
Xylop ia aethiopica (Annonaceae) has been attributed to the presence o f ent- 
kaur-16-en-19-oic acid [131] (Hanson, 1997). 17-0-[3-D-glucopyranosy 1 -16^-H-ent- 
kaur-19-oic acid [132] has been isolated from Inu la  britannica (Compositae), a 
Chinese medicinal plant used in treatment o f inflammation (Hanson, 1998). 
Siegesbeckia pubescens (Compositae) is a Chinese medicinal plant used for the 
treatment o f  rheumatic arthritis, from which a number o f  hydroxylatec kaurenes, 
including [133], have been isolated (Hanson, 1994).
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[120] forskolin [121] <2/7/- 160H-<2/7/- 13-epimanoyl oxide

[122] andrographolide [123] neoandrographolide
GHjOH

[124] deoxyandrographolide

[125] deoxydehydroandrographolide [126] accuminolide

CHO

[127] galanals A [129] leonotinm
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[132] 17-0-p-D-glucopyranosyl- [133]
16P-H-ew/-kaur-19-oic acid
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