CHAPTER IXI

HISTORICAL

1.

Curcumay " r—it_is in the family
of Zingiberacgaﬁi""f ' '::\H‘hﬂah Curcuma domestica
val. Its.: o s /in ious. tries are Turmeric,

Indian Saffron
1989)3 Kunyit
Hsanwen (Burma); : fang 1 Yu Chin (Chinese);  Wat
Kam (Malaya); Ukon (Japanese) and

Khaminchan (Thai) Ministry, 1990).

Curcu vated in India,China,

ey

| - P>
Indonesia an; other tropical countries including

Thailand.ﬂ ﬂﬁfjl?i]ﬂ ﬁ?ﬁﬁﬂiﬂﬁerb with freshy

rhizomes and tuberous roots. The rhizomes contain a main
¢ o o/
R RARIT? ERIINBIRY  orn,
19353%Claus, 19563 Parry, 1969; Sastri, 19503 Trease
and Evans, 19833 Youngken, 1950). The height of this
plant is up to one metre. Its leaves are lanceolate up to
40 cm long and 7-8 cm wide. Petiole is thin, with the
small ligule and ciliate sheath at the edge. Inflorescence

apical is on the leafy shoot, 10-15 cm long and 5-7 cm
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Fig 1. Curcuma longa 1. (Zingiberaceae)



wide. The bracts are white or greenish-white about
5-6 cm long, calyx is tubular, wunequally toothed. The
~corolla is tube funnel-shaped and split down one side,
its color is pale yellow with a yellow bar down the lip.

Stamen is petaloid, ovary is 3-locule. The fruits are

globose capsule with ved, arillate seed inside

(Faculty of Mahi 19863 Public Health,

. . . . J‘ 5
Ministry, 1990;/ ‘ % 1950).
Curcuma ' gTroV »i t places, ranging
from sea leve 1 "';'?\\ lant prefers sandy and
1’@ ﬂ’ " %\ \

clayey 1loam co \l deposit silt with

facility for \\ dequate water (Public

Health, Ministry, 50 :73 Eigl 1950). This crop is

usually ready for ha;px :; 9 months after planting.

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂ’]ﬂ‘i
QW’W&NﬂiﬂJ UAINYA Y



2. Microscopy of Curcuma longa Rhizome

2.1 Intact Rhizome

Figure?2 ( Faculty of Pharmacy Mahidol

University, 1986) shows transverse sections of turmeric

walled, rectangula

of a broad zone of

spaces, these cells

or yellow of thin-walled,

rectangular divides the cortical

zones into the parts, the latter about

twice as bundles are found

scattered p¢Ccur more numerously

AULINENTNEINS
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Fig 2. Transverse section of“Curcuma longa L. rhizome
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2.2 Powdered Turmeric

Powdered turmeric is bright orange-yellow
with an aromatic odor and a pungent taste. The diagnostic
characters (Fig 3.) (Faculty of Pharmacy Mahidol University,

1986) are as follows :
Q%‘P} oups of thin-walled, round
to oval paren&x}@ % filled with gelatinised

| d

_——
starch, oil W
"curcumin” w}jgﬂ"’ff :

isolated par

ellow coloring matter

aqueous mount. Some

th gelatinised starch

are also prese

epidermis, in surface

view, compos ?OIygonal to elongated

cells with some cicatrices.

ﬂ g a‘ﬂ %i%{w §640cR) Ganules which are

simple, “flattened, oblong to oval or 1rregu1ar in out-
R RINEA ?EH“N% f?‘ﬁ‘WEl“‘fﬂSE‘lmed 1 Fe
narrow end, 15-30 um long and 10-17 um wide.

6. The covering trichomes, which are
unicellular, elongated with slightly thick-ﬁalled and

faintly striated.
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4. cork: a. In surface view, b. In sectional view

5. fragments of vessels; splrally, reticulately and scalariformly thickened

6. cork In surface view with underlying epidermis

7. epidermis In surface view showing a clcatrix (cic)

8. parénchymatous cells in longitudinal view, assoclated with vessels and fibers
9. lIsolated parenchymatous cells fllled with gelatinized starch

12
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3. Specification of High Quality Turmeric Powder

Commercially, turmeric powder should comply with

requirements given in the table 1.

Table 1. Specification of high quality turmeric powder

Characteristic Cﬁkgyirement Method of test
2
Moisture content (%#w/w) <10 TP appendix 4.12
- X -150™* 939
Foreign mattenff;f:;) ) % 2 -BP* ™" 1988
!/K,’;; . ij Appendix XID
Total ash (xﬁ/j}/X}f;r BV AN -1S0 928
;//;i*”: ﬁ;_; -BP 1988 App. XII
Acid insoluble "as}f (%¥ ) ':{,_L 3> 1.5 |-IS0 930
(e v -BP 1988 App. XIK
Volatile oil contedb t¥w/jeile, 7 -BP 1988 App.XIE
Curcuminoidhéontent AW/ W) — g“ -IS0O 5566
A > 4 &) | _ASTA**** method 18
o > T -Public Health of
Thailand,Ministry,
1990

¥ ¥

¥ %k
Fkk ok

Thai,Pharmacopoeia. (Public Health of| Thailand,Ministry,
1987)

International Organization for Standardization
(International Organization for Standardization, 1983)
British Pharmacopoeia (The medicine commission, 1973)
American Spice Trade Association (American Spice

Trade Association, 1958)
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There

constituents in turmeric rhizome.

commonly found in turmeric are curcuminoids,

are a number

14

Chemical Constituents of Curcuma longa L.

of reports on the chemical

The group of compounds

volatile oil,

oleoresins, carbohydrates, 9$e1ns and minerals. List of
. r
the compounds found in C. Iﬁ;ga rhizome 1is shown in
-
Table 2. .
Table 2. Chemlcjiféjj;tltuents of €. Jonga rhizome
Chemical group i i Reference

Curcuminoids

J‘

Volatile oil

-monoterpenes

— - :{
. b’
curcumin,

#

denethoxycurcumln -----
i

}oughley and Whiting, 1973
Roughley and Whiting, 1973

r-.

plsdenethoxycurcunln Rough}eg{epd ¥Whiting, 1973
_ﬂ;hydrocurcunln ”Ravindréiith and Satyanarayana,
: 1980 _,

p-cymene Guenther, 19523 Parry, 1969
p-cymenene Guenther, 19523 ,Parry, 1969
®-pineng Guenther; 1952: Parry, 1969
«~-phellandrene Guenther, 1952; Parry, 1969
1,8-cineol Guenther, 1952; Parry, 1969
terpinolene Guenther, 19525 Parry, 1969
terpineol Guenther, 19525 Parry, 1969
camphene Guenther, 19523 Parry, 1969
sabinene Guenther, 19525 Parry, 1969




Table 2.

(Continued)
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Chemical group

Chemical Constituent

Reference

-sesquiterpenes

-sesquiterpene

ketones

Carbohydrates

Oleoresin

Mineral

ﬂ}JEJ’]‘VIEJ‘ﬂ P

g-caryophyllene Guenther, 19523

%\ V

a-zingiberen Guenther, 19523

x- curcu 19523

19523

‘ 1952

¢ o

arr 19693

e

Parry,
Parry,
Parry,
Parry,
Parry,
Parry,

Parry,

Evans, 19833

Youngken, 1950

1 @Eoungken, 1950

1969
1969
1969
1969
1969
1969
1969
Parry, 1969
Parry, 1969
Parry, 1969

Q‘W']a\‘iﬂ‘ﬁmﬁmﬂ'ﬂil'lﬂﬂ



16

5. The Uses of C.longa

C. longa rhizome has long been used for thousand
years as a spice, coloring agent in food, household
medicine, insect repellent and cosmetics. It is not a
true spice, but rather a éiydiment that has been used in
the preparation of weurries, ﬁ k s and many spicy foods.

It is also one ‘gzrthe cHJef 1ngreJlent of curry powder.

i

Turmeric paperv;sfif

Pharmacopoeia To

o'an official reagent in the British

;}ng ron, boric acid and alkalinity.

4

i

e
In China épah btdrmeric rhizome has been used

as stomachic, stinm ant, ca;ﬁrhatlve, hematic or styptic

,u.l'- * il

in all kinds off hgmorrhagggqpnd a remedy for a certain

e _,

type of jaundice and other lgver trouble. Externally, it

.s -~

is applied tq;ﬁ;ng;wwgunés andzgent§;n£skin eruptions as a

: oA : N ;
maturative. A decoction affords réTlef for a burning
f 1
sensation in €§e diseases. It is considered to be very
good fof, frregular/| mefstruation. It~ promotes blood

circulation, dissolves blood clots and also prescribed as

remedy ‘£of |ahdon inal, fchleSt ‘and |Back/Pains APérry, 1980).

In Indonesia, C.longa is a part of numerous native
compound medicines. It dispels itching and is gargled as
a mouthwash for inflammed gunms. A decoction used as
antidysentery and anticholeretic. It applied topically

for relief pain of insect bites (Perry, 1980).
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In Philippines, the tincture or the Jjuice of
turmeric may be given to treat bronchial disease and wused
as antiseptic by applied crushed rhizomes to the affected
area. A decoction as tea used as carminative or
antiflatulent (Perry, 1980).

i/

In India,. turmeric f;&:used as stomachic, tonic

and blood puTeTET= ft is-rglso prescribed as an

antiperiodic glhéf

beneficial in c¢

ive.x Mixed with warm milk is

"o}d.. The juice of the fresh rhizome
4 474
iparasitie for many skin diseases.

is used as a

Iled ép indolent ulcers and a paste

ad

Externally, it i

made from the owdéred er&bme along with lime forms a

#

remedy for inflammed Jelntsh{;afdeeoctlon of the rhizome is

.1’ o g

-

said to relieve the palp of pprulent opthalmia. Turmeric
TSl

oil dlstllledl from the drled rhlzége has antiseptic

properties. T{ is an antacid and in small doses acts as
carminative, Etomachic, appetizer "ﬁnd tonic. 1In large
dose, howeévery | it gappearss ¢ ey o antispasmodic
inhibiting excessive peristaltic mo?ements of the
inteSt DF6C) Murhenie; £0il] |is) “also)/|used) 48 Ofilavoring of
spicy’ food prodﬁcts and to a smaller'éifenﬁHih.perfumes of
heavy oriental character. In India and Pakistan, rice and
wheat are stored by mixing with 2% of powdered turmeric
(Jilani and Su, 1983; Sastri et al., 1950). Turmeric is
also used for dyeing wool, silk and unmordanted cotton to

which it imparts a yellow shade in an acid bath.
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Sometimes, it 1is wused in combination with other natural
dyes like indigo and safflower to impart different shades

(Sastri et al., 1950).

In Thailand, turmeric rhizome has long been used
in household remedy sléﬁk'f)ﬁp nt times. For example, it
was rubbed or a.ppi,.'hlh éaffected area for relief

iching, swelllfg::b;.rlns ct tc. For dyspepsia,

ugﬁétuggd in form of capsule

powdered turmer
(Public Health
\.“i\' 4

6. Chemistry,D éﬁ?on of Diarylheptanoids

6.1 ibution of Diarylheptanoids
A f diarylheptanoids (Fig 4.)
» i
are mostly found in nature as ——;&g!ents. Most of them

are crystalllt a 'I;j'@” ag — fronm vellow to red
| - ey

color. They are soluble ea311y in methanol and acetic

acid. ’[ﬁ”ﬁn(ﬁ ﬂxﬁj&ﬁﬁﬂxﬁﬂdﬂﬁlheptan01ds have

been wused! as drugs, food and coloring agents These

IR ) 1) 34§ B o

z1ng1 eraceous plants and some other plants.

Diarylheptanoids are two cinnamate units
condensed with one malonate unit. They are derived from
phenylpropanoid pathway which 1leads to the formation of

compounds with Ce-C,-(C,) _ unit. These include bisferuloyl-
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methane (1), 4-hydroxycinnamoylferuloylmethane (2) and
bis-4(hydroxycinnamoyl)methane(3) which are commonly known
as curcumin, demethoxycurcumin and bisdemethoxycurcumin
respectively. These curcuminoids were 1isolated fronm
Curcuma longa in 1815 by Vogel and Pelletier (Vogel and
Pelletier, 1815). Dlhydrocﬁ?cumln (4) which is the minor

component was also isolated fﬁf, ,he rhizome of €. longa

(Ravindranath and Satyaﬂﬁrayana "1980) .
— - .

Renewed gin gest h s | been "evoked by the recent

/ 3 &

s contalnlng the 1,9 -diarylskeleton

'6molo&s of curcumin derivatives, and

i —HIxS) ‘bntcumlq—Z(G) and curcumin-3(7)

J -ii
e

In ggher Curcuma spe 1es£ f:purcum1n01ds have

also Dbeen foﬂgd in the rhizomes. Eﬁ# example, two new
curcuminoids h%ve been isolated P?om the rhizome of
C.xautbarrﬁjza Roxb &/ Botdhy compounds™ arecoctahydrocurcumin
(1,7—bis(4~hydroxy—3-mephoxypheny15-heptane—3,5-diol) (8)
and “1-bhydroxy- 1,7 bis (44hydrOXy-3+mgthOXyp§eny1—1—heptene
-3,5=-dione) (9) (Shinichi‘ et a]l;‘ 1987). dOnernew similar
diarylheptanoid, 1-(4-hydroxyphenyl)-7 phenyl heptane 3,5-
diol) has been isolated from the rhizomes of Alpinia
officinarum Hance. (Shinichi et al., 1987 Y. Some of

zingiberaceous plants have also been reported to yield

curcuminoids in their rhizomes, for example, the species
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of ¢. zedoaria, Roscoe., Zingiber cassumunar Roxb. and

Z.zerumbet Smith. (Huniu gmﬂsﬂ1sﬁﬁ1, 25303 Youngken, 1950).

For other families,a group of diarylheptanoids

has been found in the extracts of male flower (catkins)

Ji ehe  (Bireh family). These
J“-'alled "Yashabushi-ketol

of Alnus species from.

diarylheptanoids

—
compounds" (10W '3) %& et al, 1969). 1In
addition, ), centrolobin (15) and de-0-
methylcentrolob lated from Centrolobium
species of Legufinosa "if fxii and Prado, 1970) and the

m,m-bridge and myricanone (18)

from Myrica nags (Roughley and

Whiting, 1973). its derivatives fronm

Ostrya Japonica related in structure

as the 9-phe;> renalen-1 13 1#1{ n(20), lachnanthoxide
(21), lachnanth ocarpone (Weiss and

Edwards, 1969)"

ﬂumwﬂmwmm
ammmm UAAINYIA Y



HOARANAN Aot inunims

02 a %
YWIAINIAUMIING G

21

quﬂﬁ,ﬂimﬂ‘lm?ﬂﬂ’]ﬂ El,
HO O H HOCHg ‘ HOH©

(16)

(15)

Fig.4 Some diarylheptanoids found in higher plants
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H,CO

l Flg-' contlnued)

ﬂ‘IJEI’J'VIEWIﬁWEI’]ﬂ‘i
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6.2 Detection, Separation and Identification of

Diarylheptanoids

6.2.1 Detection

Detection of diarylheptanoids,especially

curcuminoids, can be peni

L’ d by a color reaction method

test is the official

called boric acid , S
identification ;——__é-m!} Qric suggested by WHO

T,

and FAO (Foo e Organization, 19713

World Health ).. The red coloration
when turmeric principle curcumin
react with bori Vi;?:f'f s of the most sensitive
\ Strickland, 1952).
' formed when curcumin

reacts with boric _&e - presence of a mineral

acid. It conbad . two curcumir ecules co-ordinated

around a - one equivalent of

AUEINENINYINT
OV RERE RITUE QLT TGy (TN

H,CO, OCH,

ot
|
HO =HC— —
] HC=HC C\C _C=CHCH H*
'H

Fig.5 The chemical structure of Rosocyanin
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For other diarylheptanoids such as
Yashabushi-ketol which was isolated from Alnus species,
it gives colorless needles when crystallize with n-hexane.
The compound also has color reaction with 2,4-dinitrophenyl

hydrazine which is the characteristic of ketone and alcohol

(Asakawa et al., §"%

ard,iop—-—r

»:fh“aqaﬁfdure for separation

yer chromatography on silica

of diarylheptﬁ

gel. There : systems of TLC which

have been used ‘iarylheptanoids. For

examnple, n-propa + ethylbacet . water - ( 40:30430 )

(Wagner, 1984), ‘ l 95% ethanol (45:45:10)

(Stahl,1973) D ‘::qi = 1 hanol (9:1)(Sasri, 1981)
- 7

have been §§1aration; benzene :

R, 1969) for

|, m—
Yashabushi—keéjl separations n-propanol : water (8:2)

g
(Thomas, ﬁsu)gjﬁ ﬁﬁﬂﬁ:ﬂﬁﬁﬂ?thy lacetate 100%
id ration (Weiss and Edwards, 1969); and

for lananthoside sepa ; i '
P R AT AT T Y TR B o

et al.,1970).

6.2.3 Identification
Since most diarylheptanoids,especially

curcuminoids are pigments and each type has a characteristic
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absorption spectrum, they can simply identified by
uv-visible spectrophotometry or fluorometry. Illustrate

spectra for some natural diarylheptanoids are given in

Table 3.

by their mass

/}is can also be identified
Q)i j‘y’was found that MS m/z:
-J ;

: q, 177 are - curcuming

223, 177, 124 are demethoxy-

368(M*), 350, 34%

MS m/z : 338(M%)

curcumin MS #/z \, ;\\:. 290, 282, 225 are
bisdemethoxycurgiimi Kostke et ﬁx\\985 ). It has been

reported that the fras ‘ ‘| v'v§N{ 177 shows cytotoxic

activity (Matthes e

At nednens
IR TARMINYINY

Fig.6 Fragment ion of curcumin by mass spectrometry.
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Table 3  Ultraviolet-visible and fluorescence absorption of some naturally
occuring diarylheptanoids
U¥-vis Fluorescence
Plant part t0H) (log €) Reference
/é l ex ) om
-# .
—'—'._ (nm) |(nm)
,._\.,&_ _
rhizome 433 | 511 |Rouseff, 1988
rhizone 428 | 505 |Rouseff, 1988
rhizome 425 | 501 |Rouseff, 1988
rhizone - - |Ravindranath and
Satyanarayana, 1980
sten bark 4.49) - - |Campbell, Tuck and-
stem bark - - |whiting, 1970
bud —_— - |Asakawa et al, 1969
) | i
trunk wood rolobin’ 218 (4.40) - - |Craveiro et 31,'1970
| e o/

_) ) |

an

b
Bl

INIUNRIINYINY




2

7. Structure and Chemical Properties of Curcuminoids

7.1 Curcumin
Curcumin [1,7-bis(4-hydroxy-3-methoxyphenyl)

1,6 heptadiene 3,5 dionels; C,,H,,O,5 MW 368.37 (Fig 7).

isolated from Curcuma

in other 21ng1beraceous plants such as C. zedoaria

Roscoe, ﬁﬂﬁrﬁ%%ﬂ?ﬂﬂﬂdﬂﬁ cassumunar Roxb.

Curcumin ‘Belongs to the chemlcal group of 1,6 heptadiene
- Y AT ST SR b v
attathed to C-1 and C-7 of the molecule. It is relatively
nonpolar and soluble in alcohol and glacial acetic acid.
It is insoluble in water and ether (Windholz, 1983). It
gives a brown color with alkali and a red color with
boric acid. It has been reported that curcuminoids are

photooxidative, they are more stable in dry powder than
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in alcoholic extract. Vanillin, p-hydroxybenzaldehyde,
ferulic aldehyde; p-hydroxybeﬂzoic acid, vanillic acid
and ferulic acid were identified as its oxidative products
(Khurana, 1988). Curcumin in crystal form has an

orange-yellow color with the melting point of 184-186°C

(Roughley, 1973). Its ‘V pectrum shows A ___ (EtOH)
Q{v
at 428 nm(logé€ =4.Z§z:$;"‘~ luerescence spectrum shows
— o ——
A __ (EtOH) atym b 4 m (EtOH) at 522 nm
(Rouseff,1988);‘§pf,‘#f :hﬁhﬁqcexmin shows J ey CKBT)
3550-1760, 1615 120

, 1135, 1110, 1020,

H-1, 6.47 (d,J=15.3 Hz)

for H-2, 5.80(s) 6.47(d,J=15.3 Hz) for

/

H-6,7.59 (d,J= (d,J=1.9 Hz) for H-2

’

e ETINaIng

Demethoxycurcumin [44h;1roxycinnamoyl (feruloyl)

AR TR TIENTIN A Y
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Fig.8 The structure of demethoxycurcumin

Demethoxy

,““

vk
¢. longa L. and ha&;

in the rhizomesﬁr
and Whiting, V

chemical group

was also first isolated from

/together with curcumin
__#

ing:t::::zous plants (Roughley

'7\§ ethoxyphenyl and a

-iﬁ3§§l to C-1 and C-7 of

polar than curcumin.

4-hydroxyphenyl
the molecule.
It 1is soluble i cial acetic acid like

curcumin.

rcumin has an orange-

thgth¢:¥A  168-169°C (Roughley

|
specaum shows A max (EtOH)

[
at 424 n lﬁi]dfjiﬂ gmk‘giwz‘rafﬂﬁce spectrum shows
Rl (Em at 428 nm and A _ OH) at 505 nm (Rouseff,

=

109 ARPOFEIRY PR | ey Erpgme g phose ) ..

(KBr)at 3550-1740, 1620, 1580, 1560, 1515, 1260, 1135, 970,

k| ; -
and Whiting, ;373). Its uv-vis

960, 815 (Kosuge et al, 1985). *H NMR spectrum ( in CDCl))
S : 7.61 (d,J=15.9 Hz) for H-1 or H-7, 7.59 (d, J=15.9 Hz)
for H-1 or H-7, 7.45 (d, J=8.1 Hz) for H-2" and H-8", 7.12

(dd, J=1.8 Hz) for H—6', 7.06. (d, J=1.8 Hz) for H—Zl, 6.93
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(d, J=15.9 Hz) for H-2 or H-8, 6.47 (d, J=15.9 Hz) for H-2
or H-<6,-8.88 (br, s) for OH, 5,80 (s) for.H-4,-3.95 (3) for

OMe-3" ( Musuda et al, 1992).

7.3 Bisdemethoxycurcumin

Fig.9 The s ruc e of bisdemethoxycurcumin

A

first isolated

together with :Urcumin-and demethoxy rcumin from C. Ilonga

ol \'):kc Z"l;ﬂ;m JU1 e S
QU T e e

than? curcumin and demethoxycurcumin and also soluble

in alcohol and glacial acetic acid.

The crystal of bisdemethoxycurcumin has the

yvellow color with the melting point of 224-226°C (Roughley
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and Whiting, 1973). Its uv-vis spectrum shows?\max (EtOH)
at 418 nm (logé =4.57) and fluorescence spectrum shows
A.,. (EtOH) at 425 nm and A__ (EtOH) at 501 nm (Rouseff,
1988). For IR spectrum, bisdemethoxycurcumin shows J il

(KBr) at 3500-1700, 1625, 1595, 1560, 1510, 1425, 1235,

1135, 835 (Kosuge et a(&trf . 'H NMR (in d_ -acetone) S :
7Bl s J=15. 9N P&Eﬁ;» - {gsﬁf F#,.7.55 ( dyJ=8,6.HZ)

? ’ ] "_.JI /
for H-2 , H-6 ,/\‘l-r'—u:'ad Hle";6w89%(d,J=8.6 Hz) for H-3 ,

5?““.-
.{?‘hhhghéyusuda et al, 1992).

H-5", H-3"and H-

8. Biological ‘é%noids
'
8.1 - f Curcumin
Tr’ ied for its pharmacolo-
gical activities '{. and in vitro. It has been
shown to hamé&gnpiig{}aﬁmgioﬁé‘ £y as well as sodium

amon and Wahl, 1990;

—

Ghatak and Basu,19723; Mukhopadhyay e%hal.,1982). Curcumin

was fouﬂ Iﬂ%:ﬂﬂ%"w pfﬂvﬁae free radical

(Kunchan&m a Rao, 1989; Runchandy and Rao, 1990) and
. ¢ o T .

PR TN T AN T TN/ ™ =™
peritioneal polymorphonuclear neutrophils which cause
inflammation (Ammon et al.,1991;3; and Flynn ef al., 1986).
The compound has also been shown to inhibit gas formation
of Clostridium perfringens which causes food flatulent

(Bhavanishankar and Murthy, 1985). Kiso et al. (1983)
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has found that curcumin (1 mg/ml) diminishs CCl,-induced-
GOT to ©53% and GPT to 20% of the control and suggested
that, curcumin posses antihepatotoxic activities (Kiso
et al., 1983). For biliary secretion, it has been found
that sodium curcuminate has an effect on bile secretion
from the cannulated bile du@% in anesthetized dogs (Ammon
and Wahl, 1990; Ramprasad andﬁ%éi;si, 1956, Ramprasad and
Sirsi, 1957). I& has alsod beéh >feported that curcumin

g—

at doses betweegﬂ;&”‘“d 100 mg/kg ilp. inhibits collagen

and adrenaline-induged aggregation of platelets(Srivastava

et al., 1985; Srdvaé
i‘ —
Yamazaki, 1985). &ggn—ﬁp&uced platelets aggregation
il i
is known to be/ sociated 4with. an increase in the

¥ o

4JPEST ;
taya et al., 1986; Kosuge, Ishida and

& A

thromboxane-A, (TXA)) Tévelsg&élt is therefore conceivable
‘ Pt sy

that curcumin may have amn  anti-TXA, activity. For

i _‘.'!v.:.;u.;_

antimicrobialactivities, it has beén found that alcoholic

extract from*ééllonga inhibits growt;!JI of most organisms
occuring in cheﬂecystis including Sarecinia, Corynebacterium,
Streptocoecus aﬁd“Bacjllus strains ; (Lubomski et al., 1974;
Shankar and Murthy,1978; Shankar and Murthy, 19793 Tang
and /Eisenbrand gy 4992944 | Sodivum~curcuminate ~has also been
reported to have antibacterial activities, it specifically
inhibits Micrococcus pyogenes (Ammon and Wahl, 19903
Tang and Eisenbrand, 1992). In addition, the ethanolic
extract of €. longa has been reported to have anti-amoebic
activity against Entamoeba histolytica and fungistatic

effect against Aspergillus flavus, Microsporum gypseum,
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Penicillium corymbiforum, P.javanicum, Trichoderma viride
and Trychophytum mentagrophytes (#uniu qmﬂsﬂ1=ﬁﬁ1, 25303
Ramprasad and Sirsi, 19563 Shankar and Murthy, 1978;
Shankar and Murthy, 1979). Recently, ethanol extract of
C. longa has been reported to have antitumor activity.
This was shown by its inhibi}ipn of cell growth of chinese
hamster ovary cell at a coﬂiagtratlon of 0.4 mg/ml and

increase survival”yate offmice inJected Dalton’s lymphoma

gu——

cells (Kuttaq}g#”

1989). It has

” |
T 1935; Kuttan et al. 1987; Kuttan,

und that curcumln has an efficacy

,'beep 3
in reducing y 1§§uce tumors in mice and causes

the reduction éx' eésion of papillomas in mouse

1 J

skin (Soudamini 4 Kuttan’“1§87).

8.2 Tox1c1ty of Curpunln

-

in case of acute tox;gﬂay, it has been found

———

that curcumln{has no - toxic effects:to rats after doses

up to 5 g/kg‘curcumln given orally (Sankaranarayanan and
Murthy, i 9os Vijayalaxmi, 1980; Wahlstrom and Blennow,
1978). Fpr whole turmeric or curcumin, it has been shown
thaty gaf terliit) sisfed | £9 0 the rats at . ldeses normally
consimed by humans or at much hlgher doses (1.25-125 fold),
the rats do not show any adverse effects on growth,
feeding efficacy ratio, erythrocytes, 1leucocytes or on
the 1level of blood constituents (Hb, albumin, globulin
etc.) (Sambaith et al., 1982). It has also been shown

to have no teratogenic effect in bone-marrow cells of
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mice in either chromosomal aberrations or the micronucleus

test (vVvijayalaxmi, 1980).

8.3 Pharmacokinetics of Curcumin
Curcumin administered orally to rats has been
found to be excreted inffthe feces about T75%, while
negligible amounts appeareéﬂﬁéigurine (Ravindranath and
Chandrasekhara, 198713 Wahlstrbm-" and Blennow, 1978).
Measurements of}§i;bd-plasha levels and‘biliary excretion

showed that cuzmcu ip wag poorly absorbed from the gut

(Holder, Plumme ﬂf?RyéhE 19783 Khanna, Signh and
Sarin, 19813 RaVi ianalth\s ‘and €handrasekhara, 1982).
o .

Y "‘\f.‘

Curcumin injected ?intrayqngously or added to the

. pra I i
perfusate of the isoldtediﬁ@yer was actively transported
e el
into the bile. It has alse been found that the major
o j ‘.l -

PP
gy =

biliary met&kolites#'df ‘curcumin ape glucuronides of
- F

L

tetrahydro—cﬁiﬁumin, hexahydrocurcunii)dihydroferu1ic acid

and traces of ferulic acid (Holder, Plummer and Ryan, 1978).

8.4 ""Biological” Activities of 'Demethoxycurcumin
Demethoxycurcumin has . been shown to have
antihepatotoxic ' (Kiso et "al., " 19837, antiinf lammatory
(Rao, Basu and Siddiqui, 1982), anticancer (Kuttan et al.,
1985; Kuttan, 1987), antibacterial, antifungal (Ammomn
and Wahl, 1990, Lutomski et al., 1974) and antiplahelet
activities (Kosuge et al., 19853 Takuo and Ishida, 1985).

It has been reported that biological activities of
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demethoxycurcumin are less than curcumin and its
mechanism of actions are similar to that of curcumin which

is described in biological activities of curcumin in 8.1.

8.5 Biological Activities of Bisdemethoxycurcumin
’

Bisdemethox&c&iyumin has biological activities

similar to that of demethoxfo@iznmin and it has been found

that both biological actf@ities"GTf demethoxycurcumin and

—

bisdemethoxycg;ndﬁ{

ave iess active than curcumin (Ammon

and Wahl, 19904" Tang and Eisenbrand, 1992).

Fhi-a8
; : 2= _‘
9. The Propos 1 s&nthé%ié Pathway of Curcuminoids

: g
hor da FAEAR &

+ # i
Ny W e N . : v :
The biosy tﬂég;s qgﬁ%HrGUmln was first studied in

s

1910 by Lampe agd:f;owofﬁégﬁ; (Lampe, 1913) using the

rhizomes ogé C. longa as plant.,né£sria1. Since then,

informationtjiobtained from subsgﬁuently studies has
suggested thdflcurcuminoids in planf@ are derived from the
phenylprGpénbid “pathwayl Roughley “and Whiting (1973)
proposed that the biosynthesis of curcuminoids would have
beén relatéd to-thathof lignans which invblve the union of
two"cinnaméte units with a ceﬁﬁral methylene supplied by
malonate (Roughley and Whiting, 1973). As shown in Fig.
10, the biosynthesis of curcumin starts from feruloyl CoA
reacting with malonyl CoA to form Cgo-C,-C, intermediate

(Chi-Kit Wat and Towers,1979; Roughley and Whiting, 19713

Roughley and Wwhiting, 1973). This intermediate then

11%09%204
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further reacts with the second molecule of feruloyl CoA to

form curcumin.

COH
CH,COS.CoA

Malonyl CoA

Aut Ingnihends

o, - I

loyl CoA

o/

Curcumin

Fig.10 Biosynthetié pathway of curcumin
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On the other hand, the biosynthesis of curcumin
may be explained by another alternative scheme (Fig 11.)
which involves polyketide exteﬁsion of a cinnamate group
with five malonate wunits. The resulting chain is then

reduced and cyclised to give second aromatic ring. The

biosynthesis would be ¢ mpleted by hydroxylation and

’

methylation at C-3 2 [‘ = 3 Whiting, 1973).

AULINENINYINT
ARIANTAUNNING A Y
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2o oA 5 x (OH

. CH,COS.CoA
HO

Malonyl CoA

Feruloyl CoA

2. methylation

H;CO N N A3 OCH,
D 4'
£y oH

Curcumin

amaqnimmimm’iaﬂ

Fig.11 Alternative biosynthetic pathway of curcumin

38



39

10. Chemistry and Biological Activities of Turmeric 0il

10.1 Chemical Properties of Turmeric Oil
Turmeric o0il which is obtained from the

rhizome of ¢. longa is volatile o0il with an orange-yellow

color and a characteris B (Guenther, 19523 Youngken,

1950) . It is derived steam distillation, water

Specifi Aty + gf’ai“v 0.938 to 0.967
Optica b = \ l@ ' BN DR e

| or dextrorotatory
up to + 28°
Refractivel index at 207 | 1.512 to 1.517

Acid Number e ] 0.6 to 3.1

Est:iinnnher ;»~7 = L2 6.5 to 16
Este 7 28 to 53

Solub 1i

Soluble in 0.5 to

ﬂUEJ’WlEJ‘ﬂ‘ﬁWmﬂ? 0 vol. of sox
QW’WMH?@MNWWVIU’]@B

The chemical components of turmeric oil have
been subjected to numerous chemical investigations. In
general, turmeric 0il consists of monoterpenes 10%,
sesquiterpenes 25% and sesquiterpene ketones 65% (UART
L?ﬂﬂ?qﬁ, 2534). It contains «-pinene, p-pinene, camphene,

p-cymene, p-cymenene, terpinolene, a-phellandrene,
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caryophyllene, «-zingiberene, «-curcumene, bisabolene, B-
sesquiphellandrene, af-turmerone, a;turmerone, g-turmerone
and curlone (Guenther, 1952; Helen, 1982; Tang and
Eisenbrand, 1992). Among these components, ar-turmerone

(C,sH,,0) are the najor one. The structures of some

turmeric oil components

in Fig.12.

Monoterpanes

U A
RAPIUNRINGTH

of - eweumens blsabolene B - sasquiphyllandrens

Sesquiterpene ketones

o
) i I

o _“,;M,“' & - turmerone P -tumerone

Fig.12 Votatile oil components in turmeric rhizone
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10.2 Biological Activities of Turmeric 0il
Turmeric o0il has been shown to exhibit many
biological activities. For example, it was reported to have
antimicrobial activities against &. coli, Staphylococcus

aureus, Bacillus subtilis and Candida albicans (TIdam

ound to suppress acute edenma

Gupta, 19723 Chawla and
J

hmshown to increase bile

”Eﬁ:‘,‘ ulated bile duect in

L39&176, 2531) . It has

Gupta, 1972).

T " = 4
secretion agg"bif"#

anesthetized » 1988). Recently,

Itokawa et al. hat «-curcumene, ar-

turmerone and anticancer activity

(Itokawa et al.
has been report - li'h rone and ar-turmerone give
strong repellency 0 tium condusum and Rhyzopertha

dominica (Helen,

AUEINENTNYINT
AMIAN TN INYIAE
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