
CHAPTER II

HISTORICAL

1. Botanical aspect of Labiatae
The Labiatae (Lamiaceae) contains 200 genera and about 3,000 species 

(Heywood, 1978), which are distributed chiefly in North temperate regions.

The Labiatae is a family of herbs, rarely shrubs, usually loaded with oil-glands. 
S tem  usually 4-gonous. L eaves  opposite or whorled, stipules 0. F lo w e rs  irregular, 
solitary 2-nate or fascicled and axillary, or in centrifugal spicate cymes which by their 
union in pairs form false whorls. C a lyx  persistent irregular, 4-5-cleft or 2-lipped. 
C o ro lla  sympetalous, hypogynous; limb 4-5-lobed or 2-lipped, lobes imbricate in bud. 
S tam en s inserted in the corolla-tube, 4 didynamous, or the 2 upper imperfect. Anther- 
cells connate or separate or confluent. Disc prominent. O va ry  free, 2 of 2-celled 
carpels; style simple, inserted between the lobes, stigma usually bifid; ovules one in 
each cell, erect, anatropous. F ru it of 4 dry or rarely fleshy 1-seeded lobes (nutlets) at 
the base of the calyx. S eed s  small, erect, albumen sparing or 5radicle inferior. (Hooker, 
1953)

The genus C o leu s  belongs to subfamily Ocimoideae and subtribe Euocimeae 
of this family (Hooker, 1953). According to Smitinand (1980), there are 5 species of 
C o leu s  in Thailand. These are as follows:
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1. C o leu s am boin icu s Lour, 
c. a ro m a ticu s  Benth.
c. carn osu s , Hassk.
[Huu suea (หูเสือ), Niam huu suea (เนียมหูเสือ) (Central) ; Horn duan luang 
(หอมด่วนหลวง), Horn duan huu suea (หอมด่วนหูเสือ) (Northern) ; Indian 
borage ; Country borage ; Oregano]

2. C o leu s a tropu rpu reu s  Benth.
[Ruesee phasom laeo (ฤาษีผสมแล้ว) (Central)]

3. C o leu s b lum ei Benth.
[Waan lueat haeng (ว่านเลือดแห้ง) (Chiang Mai)]
C o leu s b lum ei var. v e r sc h a ffe lt i i , Lem.
[Ruesee phasom laeo (ฤาษีผสมแล้ว) (Central) ]

4. C oleu s p a rv ifo liu s  Benth. 
c. tu berosu s Benth.
[Man khee ทนน (มันขีหนู), Man ทนน (มันหนู) (Peninsular) ; บ--bee ka-ling 
(อุบีกะลิง) (Malay-Narathiwat)]
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2. Classification of C oleu s  terpenoids
A number of terpenoids with great potential in drug development were 

reported as constituents of C o leu s fo rsk o h lii Brig. (syn. c. b a rb a tu s). A preliminary 
biological screening of root extract of this plant indicated hypotensive and 
spasmolytic activities (Dubey e t a l ., 1981). The steam distillate of its roots has been 
reported to contain mono and sesquiterpenes (Mathela, Kharkwal and Mathela, 1986). 
Benzene extract of its roots also afforded labdane diterpenoids including coleonol 
(forskolin) (Tandon e t a l., 1977), a major component which is a potential drug for 
treatment of glaucoma, cardiomyopathy and asthma (Valdes, Mislankar and Paul, 
1987; Bhat, 1993) because of its unique adenylate cyclase stimulant activity (Seamon, 
1983; de Souza, 1993). Several species of C oleu s  are used in traditional Ayurvedic 
healing. Chemical studies of plants in the genus C oleu s  led to isolation of a large 
number of terpenoids. Currently, there are about 116 terpenoids of 16 structural types 
reported from 11 species of C oleus. These terpenoids can be classified into 4 major 
groups as shown in Table 2.



T a b le  2 T e rp e n o id s  f ro m  C o leu s  sp ec ie s

Compound type Compounds Sources References
1. Monoterpenes

1.1 Acyclic Myrcene (1) C o leu s  a m b o in icu s Malik e t a l., 1985
C o leu s  b a rb a tu s Mathela e t  a l., 1986; Maia e t  a l., 1988

1.2 /7-Menthanes />-Cymene (2) C o leu s  a m b o in icu s Bos, Hendriks and van Os, 1983; 
Malik e t a l., 1985; Haque, 1988

C o leu s  b a rb a tu s Mathela e t a l ,  1986; Maia e t  a l., 1988
Thymol (3) C o leu s a m b o in icu s Baslas and Kumar, 1981; Bos e t  a l., 1983; 

Malik e t a l., 1985; Haque, 1988
Carvacrol (4) C o leu s  am b o in icu s Baslas and Kumar, 1981; Bos e t a l., 1983; 

Malik e t a l., 1985; Morton, 1992
C o leu s b a rb a tu s Maia e t a l., 1988

Limonene (5) C o leu s am b o in icu s Malik e t a l., 1985; Morton, 1992
a-Terpinene (6) C o leu s b a rb a tu s Maia e t a l., 1988



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u e d )

Compound type Compounds Sources References
a-Terpinolene (7) C o leu s a m b o in icu s Baslas and Kumar, 1981

C o leu s b a rb a tu s Maia e t a l., 1988
y-Terpinene (8) C o leu s a m b o in icu s Malik e t  a l., 1985

C o leu s b a rb a tu s Maia e t a l., 1988
a-Phellandrene (9) C o leu s b a rb a tu s Maia e t a l., 1988
(3-Phellandrene (10) C o leu s a m b o in icu s Baslas and Kumar, 1981

C o leu s b a rb a tu s Mathela é ta l . ,  1986
Terpinen-4-ol (11) C o leu s a m b o in icu s Haque, 1988

C o leu s b a rb a tu s Maia e t  a l., 1988
a-Terpineol (12) C o leu s b a rb a tu s Maia e t a l., 1988
Piperitone (13) C o leu s b a rb a tu s Maia e t a l., 1988

1.3 Bicyclic
- Camphanes Bomeol (14) C oleu s b a rb a tu s Maia e t a l., 1988



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp ec ies  (C o n tin u e d )

Compound type Compounds Sources References
Camphor (15) C o leu s am b o in icu s Morton, 1992

C o leu s b a rb a tu s Maia e t a l., 1988
- Pinanes a-Pinene (16) C o leu s am b o in icu s Baslas and Kumar, 1981; Malik e t a l., 1985

C o leu s b a rb a tu s Mathela e t a l., 1986; Maia e t a l., 1988
P-Pinene (17) C o leu s am b o in icu s Baslas and Kumar, 1981; Malik e t a l., 1985

C o leu s b a rb a tu s Mathela e t a l., 1986; Maia e t a l., 1988
Verbenone (18) C o leu s  am b o in icu s Haque, 1988

- Carane 3- Carene (19) C o leu s  b a rb a tu s Maia e t a l., 1988
- Thujane a-Thujene (20) C o leu s b a rb a tu s Mathela e t a l., 1986

2. Sesquiterpenoids
2.1 Bisabolanes a-Curcumene (21) C o leu s b a rb a tu s Mathela e t a l., 1986

P-Bisabolene (22) C o leu s b a rb a tu s Mathela e t a l., 1986
2.2 Elemane p-Elemene (23) C o leu s b a rb a tu s Mathela e t a l., 1986



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u ed )

Compound type Compounds Sources References
2.3 Humulane a-Humulene (24) C o leu s b a rb a tu s Maia e t a l., 1988
2.4 Caryophyllanes P-Caryophyllene (25) C o leu s  a m b o in icu s Baslas and Kumar, 1981; Bos e t a l., 1983

C o leu s b a rb a tu s Maia e t a l., 1988
2.5 Cuparane Cuparene (26) C o leu s b a rb a tu s Mathela e t a l., 1986
2.6 Eudesmane P-Selinene (27) C o leu s a m b o in icu s Malik e t a l., 1985
2.7 Cadinane 8-Cadinene (28) C o leu s b a rb a tu s Maia e t a l., 1988
2.8 Copaane a-Copaene (29) C o leu s b a rb a tu s Mathela e t a l., 1986; Maia e t a l., 1988

3. Diterpines
3.1 Labdanes Coleonol E (30) C o leu s  b a rb a tu s Painuly, Katti and Tandon, 1979

Coleonol D (31) C o leu s b a rb a tu s Katti, Jauhari and Tandon, 1979
Coleonol F (32) C o leu s b a rb a tu s Painuly e t a l . , \9 1 9

la , 6p, 7a-Triacetylcoleonol B C o leu s b a rb a tu s Jin, Xie and Mu, 1990; Gan, Zheng and
(33) Shen, 1993



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u e d )

Compound type Compounds Sources References
8,13 -Epoxy-labd-14-en-11 - 
one (34)

C o leu s b a rb a tu s Gabetta, Zini and Daneli, 1989

6(3, 7a-Diacetoxy-8, 13- 
epoxy- labd-14-en-l 1-one (35)

C o leu s b a rb a tu s Gabetta e t a l., 1989

Coleol (36) C o leu s b a rb a tu s Katti e t a l, 1979
6p-Hydroxy-8, 13-epoxy-labd- 
14-en-11-one (37)

C o leu s b a rb a tu s Gabetta e t a l., 1989

Coleosol (38) C o leu s b a rb a tu s Jauhari e t a l., 1978
1-Acetoxycoleosol (39) C o leu s b a rb a tu s Roy e t a l., 1993
6p, 7p-Dihydroxy-8, 13- 
epoxy- labd-14-en-11-one (40)

C o leu s b a rb a tu s Gabetta e t a l., 1989

6p, 7p, 9a-Trihydroxy-8, 13- 
epoxy-labd-14-en-11 -one (41)

C o leu s  b a rb a tu s Gabetta e t a l., 1989



T a b le  2 T e rp en o id s  fro m  C o leu s  sp ec ie s  (C o n tin u e d )

Compound type Compounds Sources References
la , 6p, 7(3, 9a-Tetrahydroxy- 
8, 13-epoxy-labd-14-en-l 1- 
one (42)

C o leu s  b a rb a tu s Tandon e t a l., 1977

1,9-Dideoxyforskolin (43) C o leu s b a rb a tu s Gabetta e t a l., 1989; Khandelwal e t a l., 
1989; Roy e t a l., 1993

9-Dideoxyforskolin (44) C o leu s  b a rb a tu s Gabetta e t a l., 1989; Tandon e t a l., 1992
1-Dideoxyforskolin (45) C o leu s  b a rb a tu s Khandelwal e t a l., 1989
Forskolin (Coleonol, 
Colforsin, US AN) (46)

C o leu s  b a rb a tu s Tandon e t a l., 1977, 1984, 1992; Singh and 
Tandon, 1982; Viswanathan and Gawad, 
1985; Valdes e t a l., 1987; Gabetta e t a l., 
1989

6p- Acetoxy -7p- hydroxy- 
8, 13-epoxy labd-14 en-11- 
one (47)

C o leu s  b a rb a tu s Painuly e t  a l., 1979

Coleonol B (48) C o leu s  b a rb a tu s Tandon e t a l., 1978, 1984; Jin e t a l., 1990; 
Gan e t a l., 1993



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u e d )

Compound type Compounds Sources References
Coleonol c  (49) C o leu s b a rb a tu s Tandon e t a l., 1978
Coleonone (50) C oleu s b a rb a tu s Katti e t a l., 1979

3.2 Abietanes
- Abietanes 20-Deoxocamosol (51) C oleu s b a rb a tu s Kelecom, 1984

6a-Hydroxycamosol (52) C oleu s b a rb a tu s Kelecom and Medeiros, 1987
Esquirolin D (53) C oleu s e sq u iro lii Li é ta l . ,  1991b, 1992
6p-Hydroxycamosol (54) C o leu s b a rb a tu s Kelecom, 1983a
Camosolone (55) C o leu s a m b o in icu s Yoshizaki, Ruedi and Eugster, 1979
Royleanone (56) C o leu s a m b o in icu s Yoshizaki, e t a l ., 1979
7 a-Hydroxyroyleanone 
(Horminone) (57)

C oleu s a m b o in icu s Yoshizaki, e t a l., 1979

7a-Acetoxyroyleanone (58) C o leu s a m b o in icu s Yoshizaki, e t a l., 1979
6(3-Hydroxyroyleanone (59) C o leu s a m b o in icu s Yoshizaki, e t a l., 1979



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp ec ie s  (C o n tin u e d )

Compound type Compounds Sources References
6p, 7a-Dihydroxyroyleanone 
(60)

C o leu s  a m b o in icu s Yoshizaki, e t a l., 1979

7a-Acetoxy-6p- 
hydroxyroyleanone (61)

C o leu s  am b o in icu s Yoshizaki, e t a l., 1979

C o leu s zey la n icu s Mehrotra e t a l., 1989
7 a-Acetoxy-6 p-20- 
dihydroxyroyleanone (62)

C o leu s am b o in icu s Yoshizaki, e t a l., 1979

6p, 7p-Dihydroxyroyleanone 
(63)

C o leu s  zey la n icu s Mehrotra e t a l., 1989

7p-Acetoxy-6 p- 
hydroxyroyleanone (64)

C o leu s  zey la n icu s Mehrotra e t a l., 1989

6, 7-Dehydroroyleanone (65) C o leu s a m b o in icu s Yoshizaki, e t a l., 1979
ColeonU (66) C o leu s  a m b o in icu s Yoshizaki, e t a l., 1979

C o leu s xan th an th u s Li é t a l . ,  1991a, 1991b



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u e d )

Compound type Compounds Sources References
Coleon c (67) C o leu s  b a rb a tu s Yoshizaki, e t a l., 1979
ColeonH (68) C o leu s  so m a lien s is Matloubi-Moghadam, Ruedi and Eugster, 

1984
Coleon L (69) C o leu s  so m a lien s is Ruedi and Eugster, 1977; Matloubi- 

Moghadam e t a l., 1984
Sugiol (70) C o leu s  xan th an th u s Li e t  a l., 1991a, 1991b
Coleon V (71) C o leu s  a m b o in icu s Yoshizaki, e t a l., 1979
Coleon D (72) C o leu s b a rb a tu s Yoshizaki, e t a l., 1979
Coleon I (73) C o leu s  so m a lien s is Matloubi-Moghadam é t a l ;  1984
Coleon K (74) C o leu s  so m a lien s is Matloubi-Moghadam é t a l ;  1984
6,11 -Epoxy-6,12-dihydroxy- 
6,7-seco-8,l 1,13-abietatrien- 
7-al (75)

C o leu s  b a rb a tu s Kelecom, 1983b

Cariocal (76) C o leu s  b a rb a tu s Kelecom and Dos Santos, 1985



T ab le  2 T e rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u e d )

Compound type Compounds Sources References
Coleon A (77) C o leu s ig n ia riu s Eugster e t a l, 1963
Edulone A (78) C o leu s ed u lis Kunzle e t a l., 1986
Coleon B (79) C o leu s ig n ia riu s Eugster e t a l, 1963

- 13, 16-Cycloabietanes Barbatusin (80) C o leu s b a rb a tu s Wang e t a l., 1973; Zelnik e t a l., 1977
3p-Hydroxy-3- C o leu s b a rb a tu s Zelnik e t a l., 1977
deoxybarbatusin (81)
Coleon J (82) C o leu s so m a lien s is Ruedi and Eugster, 1973
Coleon G (83) C o leu s so m a lien s is Matloubi-Moghadam e t a l., 1984
Coleon 0  (84) C o leu s b a rb a tu s Devriese, Buffel and Geuns, 1988

C o leu s b lu m ei Devriesee e t a l., 1988
C o leu s co eru le scen s Grob e t a l., 1978
C o leu s so m a lien s is Arihara, Ruedi and Eugster, 1975;

Matloubi-Moghadam e t a l., 1984



T ab le  2 T e rp e n o id s  fro m  C o leu s  sp ec ies  (C o n tin u e d )

Compound type Compounds Sources References
12-0-Deacetyl-18- 
acetoxycoleon Q (85)

C o leu s  so m a lien sis Matloubi-Moghadam e t a l., 1984

12-0-Deacetyl-7- o-acetyl-19- 
hydroxycoleon Q (86)

C o leu s so m a lien sis Matloubi-Moghadam e t  a l., 1984

12-o-Deacetylcoleon R (87) C o leu s  co eru lescen s Grob e t a l., 1978
6,12-o-bis-Deacetylcoleon R 
(88)

C o leu s co eru lescen s Grob e t a l., 1978

ColeonY (89) C o leu s co eru lescen s Grob e t a l., 1978
C o leu s  so m a lien sis Matloubi-Moghadam e t a l., 1984

3 -o-Deacetyl-3 -0- C o leu s co eru lescen s Grob e t a l., 1978
formylcoleon Y (90)

C o leu s  so m a lien sis Matloubi-Moghadam e t a l., 1984
Cyclobutatusin (91) C o leu s  b a rb a tu s Zelnik e t a l., 1977
Fredericone A (92) C o leu s  f r e d e r ic ii Zhu e t a l., 1988



T a b le  2 T e rp e n o id s  f ro m  C o leu s  sp ec ie s  (C o n tin u e d )

Compound type Compounds Sources References
- 19(4->3 )-a£>eo-abietanes 19(4p~>3 P)-abeo-6,11 -Epoxy- 

6, 12-dihydroxy-6,7-5,eco-4 
(18),8,1 l,13-abietatetraen-7-al 
(93)

C o leu s  b a rb a tu s Kelecom, 1983b

ColeonE (94) C o leu s  b a rb a tu s Ruedi and Eugster, 1973; Ruedi, 1986
ColeonE (94) C o leu s  k ilim a n d sch a ri Ruedi and Eugster, 1973
ColeonF (95) C o leu s  b a rb a tu s Ruedi, 1986
ColeonF (95) C o leu s  k ilim a n d sch a ri Ruedi and Eugster, 1973
Fredericone c (106) C o leu s  f r e d e r ic i i Zhu e t a l., 1988
Fredericone D (107) C o leu s f r e d e r ic i i Zhu e t a l., 1988

- 9(10->20)-aZ>eo-abietanes Barbatusol (96) C o leu s b a rb a tu s Kelecom, 1983b
11-Hydroxypisifcranol (97) C o leu s b a rb a tu s Kelecom, 1983b

- 17(15->16)-£zèeo-abietanes Xanthathusin A (98) C o leu s xan th an th u s Li e t a l., 1991b

to

R
U

U
2U

I o
u

tt
u

rn
 C

IM
4 

uu
in

nu
tn

ru
uu

 u
cu

ar
tf

ltu



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u e d )

C om pound type C om pounds Sources R eferences

17(15-> 16)-ateo-3a,18- 
D iacetoxy-6p ,7a , 16- 
trihydroxyroyleanone (99)

C o leu s c o eru le scen s G rob e t a l., 1978

Fredericone B (102) C o leu s f r e d e r ic i i Zhu e t a l., 1988
E sq u iro lin A  (103) C o leu s e sq u iro lii Li e t a l., 1991a
E squiro lin  B (104) C o leu s e sq u iro lii Li é ta l . ,  1991b, 1992
E squiro lin  c (105) C o leu s e sq u iro lii Li é t a l ,  1991b, 1992

- 17(15-*16),19(4->3)-Bis- 
aheo-abietanes

17(15->16),19(4-»3)-Bis 
(ah eo )-6 p ,7 a ,1 6  - 
trihydroxyroyleanone

(3 a)-fo rm  (100)

C o leu s c o eru le scen s G rob e t a l., 1978

17( 15-> 16), 19(4->3)-Bis 
(aèeo )-6 p ,7 a ,1 6  - 
trihydroxyroyleanone 
(3p)-fo rm  (101)

C o leu s c o eru le scen s G rob e t a l., 1978



T a b le  2 T e rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u e d )

C om pound type C om pounds Sources R eferences

4. Triterpenes
4.1 O leananes M aslinic acid  (108) C o leu s  a m b o in icu s B rieskom  and R iedel, 1977b

O leanolic acid  (109) C o leu s  a m b o in icu s B rieskom  and R iedel, 1977b

C o leu s  e sq u iro lii Li e t a l., 1991b

4.2 Taraxerane T araxerol (110) C o leu s  e sq u iro lii Li e t a l., 1991b, 1992

4.3 U rsanes U rsolic  acid  (111) C o leu s  a m b o in icu s B rieskom  and R iedel, 1977b

M irianthic acid  (112) C o leu s  a m b o in icu s H iguchi e t a i ,  1982
E uscaphic acid  (113) C o leu s  a m b o in icu s B rieskom  and R iedel, 1977b

T orm entic acid  (114) C o le u s  a m b o in icu s B rieskom  and R iedel, 1977b
C o leu s  sp ic a tu s P ainuly  and Tandon, 1983

a -A m y rin  (115) C o leu s  sp ic a tu s P ainuly  and T andon, 1983

H yptadienic acid 
(C oleonolic  acid) (116)

C o leu s  b a rb a tu s R oy e t a i ,  1990
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(1) M yrcene

(2) p-Cym ene

A A

(3) Thymol

(4) Carvacrol
(R)-form

A

A
A A

(6) a  - T erpinene

(7) a  - Terpinolene

(8) y - Terpinene
(R)-form

(9) a  - Phellandrene
(R)-form

(5) L im onene (10) (3 - Phellandrene

F ig u re  2. M o n o te rp e n o id s  fro m  C oleu s  sp ec ie s
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(11) Terpinen-4-ol
(R)-form

(12) a - T e rp in e o l
(ร)-form

(13) Piperitone

(1R,2R)-form

(16) a  - P inene

(17) p - Pinene

(+)-form

(18) V erbenone
(+)-form

(19) 3 - Carene

(14) B om eol

F ig u re  2. M o n o te rp e n o id s  fro m  C oleu s  sp ec ies  (C o n tin u ed )
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(R)-form

(21) a  - C urcum ene
(R)-form

(22) (3 - B isabolene

(23) p - E lem ene

(24) a  - H um ulene
(E)-form

(R)-form

(27) p - Selinene

(28) 8 - C adinene

(29) a  - C opaene

F ig u re  3. S e sq u ite rp en o id s  fro m  C o leu s  sp ec ies
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Ri r 2 R 3 R4
(30) OH O A c H H
(31) OH O A c OH H
(32) OAc O H O H H
(33) OAc O A c O H OAc
(34) OAc O A c O H H

Ri r 2 r 3 R4
(35) H H H H
(36) H H O H H
(37) OH H H H
(38) OH H O H H
(39) OH H O H O A c
(40) OH OH H H
(41) OH O H O H H
(42) OH O H O H OH
(43) O H O A c H H
(44) OH O A c H OH
(45) OH O A c O H H
(46) OH O A c OH OH
(47) OAc OH H H
(48) O A c OH O H OH

(50) C oleonone

F ig u re  4. D ite rp en o id s  from  C o leu s  sp ec ies



(51) R  = H
(52) R  = O H

(53) Esquiro lin  D

(55) C am osolone

Ri r 2 r 3
(56) H H H
(57) H OH H
(58) H OAc H
(59) OH H H
(60) OH OH H
(61) O H OAc H
(62) O H OAc OH

(64) O H  O A c H

F ig u re  4. D ite rp e n o id s  fro m  C oleu s  sp ec ie s  (C o n tin u ed )
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R Ri
(67) C oleon c H H
(68) C oleon H H OAc
(69) C oleon L OAc OAc

R  Ri
(72) C o le o n D  H  H
(73) C oleon I H OAc
(74) C oleon K  OAc OAc

OH

(75)

F ig u re  4. D ite rp e n o id s  fro m  C oleu s  sp ec ies  (C o n tin u ed )
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(76) C ariocal

(77) C oleon A

AcO

(80) B arbatusin

(78) E dulone A

F ig u re  4. D ite rp e n o id s  fro m  C o leu s  sp e c ie s  (C o n tin u ed )
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Ri R2
(82) C o le o n J  OH ÔH
(83) C oleon G OAc OH

OH

(84) C oleon O

(87) R  =  OH
(88) R  = Oac

HO

(89) C oleon Y R - O A c
(90) R  =  form yl

F ig u re  4. D ite rp e n o id s  fro m  C oleu s  sp ec ie s  (C o n tin u ed )
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(92) Fredericone A

(94) C o le o n E  (98) X anthanthusin  A

F ig u re  4 . D ite rp en o id s  fro m  C oleu s  sp ec ies  (C o n tin u ed )
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( 100)

( 101)

OMe

O

F ig u re  4. D ite rp en o id s  fro m  C oleu s  sp e c ie s  (C o n tin u e d )
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(108) M aslinic acid (111) U rsolic acid

(109) O leanolic acid (112) M irianthic acid

(110) Taraxerol (113) Euscaphic acid

F ig u re  5. T rite rp en o id s  fro m  C o leu s  sp ec ies



(114) Torm entic acid

(115) a -A m y rin

hoh2c

(116) H yptadienic acid

F ig u re  5. T rite rp e n o id s  fro m  C o leu s  sp ec ies  (C o n tin u ed )
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3. Ç-M enthane m onoterpene glycosides in plants
M onoterpene glycosides are w idely distributed in nature and com prise  a great 

variety o f  d ifferent structures due to the individual aglycones or carbohydrates. A n 
im m ense num ber o f  papers have been published in the last few  years describ ing the 
isolation and characterization o f  m onoterpene glycosides. This report covers p -  

m enthane m onoterpene glycosides found in plants during the period 1976-1996.

C arvacrol-p-D -glucopyranoside (117) and thym ol-p-D -glucopyranoside (118) 
have been  iso lated  from  Thym us vu lg a ris  (Skopp and H orster, 1976), and the latter 

w as also found in the aerial parts o f  J a so n ia  m ont ana  (A hm ed and Jakupovic, 1990). 
Their structures w ere elucidated by N M R  techniques. T hym oquinol-P -D -glucopyra 
noside (l,4-dihydroxy-2-w o-propyl-5-m ethylphenyl-l-0-P -D -glucopyranoside) (119), 
identified  as 2-isopropyl-5-m ethylhydroquinone, has been isolated from  G eum  

ja p o n ic u m  w hich  are used in Japan as a diuretic (Shigenaga, K ouno and K aw ano, 

1985) and later w as first isolated as a natural product from  P terid iu m  aqu ilin u m  var. 
cau d a tu m  (L. K uhn), one o f  the five m ost w idely distributed organism s o f  the p lan t 
k ingdom  (C astillo  e t a l., 1995).

C o leu s  fo rsk o h lii (C. b a rb a tu s ) has yielded a num ber o f  in teresting  terpenoids, 
som e w ith  therapeutic  potential. Further exam ination o f  the po lar fraction  o f  the root 
extract o f  th is plant has furnished a new  m onoterpene glycoside nam ed  coleoside 
(120) and characterized as cum inyl-0-P -D -g lucopyranosy l(l-»2)-P -D -galactopyra  
noside (A hm ed and V ishw akarm a, 1988).
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Phenol glucoside gallates, querglanin (121) and isoquerglanin  (122), w ere 
isolated from  the leaves o f  Q uercus g lauca  (Sheu, H su and  Lin, 1992). 
Finally, a  non-arom atic  p -m enthane derivative, 6-0-P -D -glucopyranosyloxy-3- 
hydroxy-p-m enth-1 -ene (123), was reported from  the butanolic ex tract o f  E upatorium  
tin ifolium  H .B .K . (D ’A gostino et a l. , 1990) grow ing in the h ighlands o f  C olom bia.

(117) 118

(118)

F ig u re  6. p -M e n th a n e  m o n o te rp e n e  g ly co sid es  in  p la n ts
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(119)

( 120)

F ig u re  6. / 7 -M enthane  m o n o te rp en e  g ly co sid es  in  p la n ts  (C o n tin u e d )
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(121) galloyl H
(122) H  galloyl

(123)

F ig u re  6. ;? -M en th an e  m o n o te rp e n e  g ly co sid es  in  p la n ts  (C o n tin u ed )
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4. B iosynthesis o f  M onoterpenoids
The enzym ic transform ation o f  geranyl diphosphate (G PP) into sim ple cyclic 

m onoterpenes, e.g. (-)-(4S)-lim onene (5) is now  firm ly established. Initial 
isom erization  o f  GPP (124) to (+)-(3 ร)-lin alyl d iphosphate (LPP) (125) allow s 
cyclization to  the (4S)-a-terp inyl cation (126), w hich loses a proton to give lim onene 
(Schem e 1). (4S)-L im onene synthase enzym es have been iso lated  from  glandular 

trichom es o f  bo th  pepperm int (.M entha X p ip erita ) and spearm int (M. sp ica ta ) and the 

enzym es have been purified and characterized (A lonso et al., 1992). B oth  enzym es 

w ere m onom eric, had alm ost identical properties, and transform ed G PP principally  
into lim onene (exclusively w ith the 4S configuration) p lus trace am ounts o f  the other 
cyclic m onoterpenes m yrcene (1), a -p in en e  (16), and (3-pinene (17). G eneral 
properties o f  the enzym e resem bled those o f  o ther terpene cyclases in that a divalent 

m etal ion w as required, M n2+ being preferred over M g2+ ,and that a single enzym e 

catalyzed both  the isom erization o f  G PP and the subsequent cyclization step. N eryl 
d iphosphate (N PP) was a less acceptable substrate than  G PP, w ith  both enantiom ers 
o f  LPP being better than GPP. Inhibitor o f  the enzym e provided evidence for 
carbocationic interm ediates. The substrate G PP in the presence o f  M n2+ afforded 

protection against inhibition, as did the sulfonium  analogue o f  the linalyl cation  in the 

presence o f  d iphosphate and M n2+.
A  m ono terpene cyclase from  the leaves o f  thym e ( Thym us valgaris) that 

converts G PP  into y-terpinene (8) has also been purified  and studied (A lonso and 
C roteau, 1991). This enzym e was a  very hydrophobic hom odim er w ith  a m arked 
preference for M g2+ over M n2+ as cofactor. It also possessed the ability to cyclize GPP 
to sm all am ounts o f  a-th u jen e  (20), m yrcene (1), a -te rp in en e  (6), lim onene (5), 
linalool (127), terpinen-4-ol (11), and a-terp ineo l (12), all derivable from 
interm ediates in the reaction sequence (Schem e 1).
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S c h e m e  1. B io sy n th e s is  o f  m o n o te rp e n o id s  I
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The biosynthesis o f lim onene, along w ith  D M A PP, G PP, and FPP, could  be 
dem onstrated w hen  isolated chrom oplasts from  C itru s s in en sis  fruits w ere incubated 
w ith  IPP (Perez e t a l . , 1990). M onoterpene b iosynthesis required  M g2+ or M n2+ , but 
w as not dependent on an allylic diphosphate . The role o f  the m etal cofactor in 

m onoterpene b iosynthesis is to facilitate elim ination  o f  the d iphosphate group by 

chelation, thus leading to cyclization. L im onene w as the only hydrocarbon product 
form ed from  exogenous GPP, N PP, LPP, and terpinyl p p , suggesting the presence o f  a 
single cyclase activity that could use all four precursors, probably  via the terpinyl 

carbocation interm ediate.
The allylic hydroxylation o f  (-)-lim onene (5) m ay occur at positions 3, 6 or 7 

according to the  specificity o f  the cytochrom e P -450-dependent m onooxygenases 
produced by individual plant species (K arp e t a l., 1990). Thus, m icrosom al 
preparations from  epiderm al oil glands o f  pepperm int {M en th a  p ip e r ita )  hydroxylate 
(-)-lim onene at C-3 to produce (-)-PYW s-isopiperitenol (128), those from  spearm int 

{M entha sp ic a ta )  hydroxylate at C-6 to give (-)-/ram --carveol (130), and enzym e 

preparations from  perilla {P erilla  fru te sc e n s)  hydroxylate the side-chain to produce 
(-)-perilly lalcohol (129) (Schem e 2). The reactions required  N A D PH  and O 2 , w ere 
com pletely regiospecific, and w ere highly specific for lim onene as substrate.

R esults from  a study o f  the oil produced by a rad iation  induced m utant o f  

Scotch spearm int {M entha X g ra c ilis ) , containing m ostly  3-oxygenated p -m enthane 
derivatives, and the in v itro  m easurem ent o f  enzym e activ ities present have allow ed a 
detailed b iosynthetic  pathw ay (Schem e 2) in ter-relating  the M en th a  m onoterpenes to 
be proposed (C ro teau  e t a l ,  1991). Enzym e assays show ed that all o f  the enzym es 
responsible for the production o f  both the 3- and 6-oxygenated fam ilies from  the 
com m on p recursor (-)-lim onene w ere present in the w ild-type plant and also in the 
m utant strain, except for the m icrosom al cytochrom e P-450-dependent (-)-lim onene
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(-)-c/s-lsopiperitenone (+)-c/s-lsopulegone (+)-Pulegone (-)-Menthone (-)-Menthol

I

S ch em e  2. B io sy n th e s is  o f  m o n o te rp e n o id s  II
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hydroxylase. The 6-hydroxylase w hich transform s (-)-lim onene into (-)-trans-carvQo\ 
(130) in  th e  w ild-type plant was absent but a new  3-hydroxylase activity w hich 
transform ed (-)-lim onene into (-fynm s’-isopiperitenol (128) w as detectable in  the 
m utant. T herefore, m utation had disabled the 6-hydroxylation  system  and som ehow  
replaced it w ith  a 3-hydroxylation system . A lthough  other enzym e activities 
functioning the  3-oxygenated pathw ay (w hich typically  leads to m enthol isom ers) 

w ere show n to  be present in the w ild-type plant, the lack  o f  the key 3-oxygenated 

interm ediate  (-)-/nm s'-isopiperitenol (128) m eans such p roducts are no t elaborated. A 
further observation  w as that the m utant strain, but no t the w ild-type, w as able to carry 
out a cy tochrom e P-450-dependent epoxidation  o f  the a , (3-unsaturated  bond o f  3- 
ketones form ed by the new  3-hydroxylation route. T hese epoxidase and 3-hydroxylase 
activ ities appeared to have som e properties in com m on, and it is possible that a single 
m odified  oxygenase is actually responsible for bo th  reactions. The results clarify  the 
origins o f  the 3- and 6-hydroxylation patterns, and also a llow  the correction  o f  a 
num ber o f  earlier biogenetic proposals for m onoterpene b iosynthesis.

5. B iological activities o f  extracts o f  Coleus species

The b io logical activities o f  extracts o f  Coleus species are listed  in  Table 3.



T a b le  3. B io lo g ic a l a c tiv itie s  o f  ex trac ts  o f  C o leu s  sp ec ie s

Plant N am es P art uses A ctivities R eferences
C oleu s b a rb a tu s A erial Parts A ntispasm odic B hakuni e t  a l., 1971

E ntire  P lant A ntihypertensive D ubey e t a l., 1981
Flow er M olluscicidal K loos e t a l., 1987
L eaf A ntitum or Z elnik  é t a l ;  1977
R oot H ypotensive T andon e t a l., 1977; de Souza, 

D ohadw alla  and R eden, 1983
A ntiam ebic V arm a e t a l., 1990
Passive C utaneous A naphylaxis Inhibition G upta, Srim al and Tandon, 1993

C oleu s b lum ei E ntire  P lant G lutam ate-Pyruvate- T ransam inase 
Inhibition

Y anfg e t a l., 1987

L eaf A ntibacterial G arcia e t a l., 1973
A ntim yco bacterial G arcia e t a l., 1973
C ytotoxic G arcia e t a l., 1973

C oleu s caninus E ntire  P lant A ntitum or A sw al e t a l., 1984
D iuretic A sw al e t a l., 1984



T ab le  3. B io lo g ic a l a c tiv itie s  o f  e x tra c ts  o f  C o leu s  sp ec ie s  (C o n tin u e d )

Plant N am es Part uses A ctiv ities R eferences
C oleus kilim andschari R oot and Stem A ntibacterial B ody  and  V an Puyvelde, 1986

A ntim ycobacterial B ody  and V an Puyvelde, 1986
A ntiyeast B ody  and V an Puyvelde, 1986

C oleus spicatus A erial Parts A ntitum or P ainuly  and Tandon, 1983
C ytotoxic P ainuly  and T andon, 1983
D iuretic P ainuly  and T andon, 1983


	CHAPTER II HISTORICAL
	1. Botanical aspect of Labiatae
	2. Classification of Coleus terpenoids
	3. Ç-Menthane monoterpene glycosides in plants
	4. Biosynthesis of Monoterpenoids
	5. Biological activities of extracts of Coleus species


