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Abstract

Plai or Zingiber cassumunar Roxb. is a well-known and widely used herb in Thailand
especially in Thai traditional medicine. Z. cassumunar is included in the Thai traditional common
house hold drug list. Z. cassumunar has also been mixed in various traditional formulations
especially in the anti-inflammatory of muscle and bone formulations. This herb is also used for
dysmenorrheal in Prasaplai formulation. Z. cassumunar has been widely studied in the chemical
compositions and pharmacological activities. However, there are various varieties of Z. cassumunar
found in many parts of Thailand which have some degree of diversity in leave, flower and rhisome.
Assoc.Prof.Vichien Keeratinijakal who works at Department of Agronomy, Faculty of Agriculture,
Kasetsart University reports the genetic relationship among Z. cassumunar in Thailand. This report
shows that there are more than 30 varieties of Z. cassumunar and they can be divided into 4 groups.
We are interesting in determination of the major active compounds in each group. The active
compounds compose of (E)-4-(3",4’-dimethoxyphenyl)but-3-en-1-ol (compound D), (E)-1-(3",4'-
dimethoxy-phenyl)butadiene (DMPBD) and curcumin. For the group 1, the average amount of
compound D, DMPBD and curcumin were 0.64 £ 0.23, 0.21 = 0.11 and 0.12 £ 0.03 %W/W,
respectively. For the group 2, the average amount of compound D, DMPBD and curcumin were 0.81
+0.22,0.33 £0.17 uag 0.09 £ 0.02 %W/W, respectively.  For the group 3, the average amount of
compound D, DMPBD and curcumin were 0.25 + 0.06, 0.31 + 0.12 ag 0.20 = 0.10 %W/W,
respectively.  For the group 4, the average amount of compound D, DMPBD and curcumin were
0.92 £ 0.14, 0.34 £ 0.12 uag 0.20 £ 0.03 %W/W, respectively. For the TLC fingerprint results,
there were not much different in chromatogram pattern among the groups of Z. cassumunar. The
major different was the amount of each active compound in some groups. After evaluation the
analysis results, we found that sample number 90 and 110 from group 1 showed the high amount of

compound D and DMPBD. In group 2, sample number 43 and 48 showed the high amount of



v

compound D, DMPBD and curcumin. For group 3, all sample had low amount of compound D when
compared to other groups but the amount of compound D were closed to group 1 and 2, except
sample number 39 and 111. Group 4, all sample showed the high amount of compound D, DMPBD
and curcumin especially number 115. When the amounts of active compounds among the groups
were compared, group 2 and 4 showed the higher amount of active compounds than other groups
especially compound D. In conclusion, sample number 20, 27, 36, 40, 43, 48, 90, 103,110 and 115

are the interesting varieties which have a high amount of active ingredients.
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luilegiiu - doyanwdruateiuiadue (DNA fingerprinting) 183uMIduiuNs lag

5A.A3.3%05 Asadama lasldmatia amplified fragment length polymorphism (AFLP) 1l
9 . a o Y 9}&9’ 1 3 Qy = A

M351% AFLP primer 12 wila Mld la%uauiavua 309 Su Taell 242 bands Niilu

polymorphic A8ALNAY 20.2 bands A0 primer %’ﬂyaﬁ'm genetic similarities Uszunana

A28 Jaccard similarity coefficient {11 phylogenetic tree 1521704283F UPGMA clustering
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Y kY = 1 1 o 1 9 Y o [ =1 =<
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dimethoxyphenyl)but-3-en-1-ol (compound D), (E)-1-(3",4"-dimethoxyphenyl)butadiene
(DMPBD), cis-3-(2",4",5 -trimethoxyphenyl)-4-[(E)-2"",4"",5 " -trimethoxystyryl]-cyclohex-

Y 4

l-ene, WA curcumin WUSwgs  asmaliNe VeI UGNEAIUMIONAD  (anti-
inflammation) ¥04'lwa 1ieeninInaldsumsndndu vazaivayunniatemiiesny
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1. fnynlSunaansd willu Ao (E)-4-(3",4’-dimethoxyphenyl)but-3-en-1-ol
(compound D), (F)-1-(3",4’-dimethoxy-phenyl)butadiene (DMPBD), Li8& curcumin
Tua15ena methanol mm"l‘waﬁyq 30 ﬁwﬁuﬁliﬂﬁlmﬂﬁﬂ High Performance Thin Layer
Chromatography (HPTLC)
2.1f5euney chromatographic fingerprint voeEsana lnauaagwsiia Lﬁﬁ]@ﬁ’ﬁ‘ﬁ
uansanin nadiuiiies i}mf?uﬁ1ﬂmmﬂﬁﬁ’ﬂmiﬁeﬂénuaw1qmiﬂﬂﬁ%’1ﬂﬂa

nalalasalall
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Y] w d
1. feenalwa 30 mediug
Yo aa A Aan 1 a A 1 J
1asunn  seasdFes  Asadema  udamedmels  Auznyasmdas
a @ J ;g o ] v Jd T o
VHINOFENEATANAAT  FUNVAI0E1 TWad W UFAINe 1NN InMInvestszima
Y o ﬁJd' 1 @ o =\ 9 = o ] 1 ogj
Ine udaniwnlgnB3nlsgassa dwmdauasswdunluanwnedenderny Tasdiedianaug
Y 1 [ 1 '
gniausesniilu 4 nqu 1dun
avgranqui 1 Tdundedanmeay 23, 29, 32, 42, 87, 90, 110
aogengui 2 ldundedananemy 8, 10, 27, 43, 48, 89

Freg1angui 3 18undedamneay 9, 21, 24, 26, 39, 44, 45, 84, 98, 99,
111
areg1angud 4 ldundediavaneay 20, 31, 36, 40, 103, 115

o 1 Y o v v o & 2 v Y 9 A a
@l?’e‘)&lN“l/N‘ViiJﬂhlﬂgﬂmmmﬂwﬁxmﬂ WUHJU"“UU'NG'] Llajauﬁlﬁllﬁﬂﬂqmﬁﬂuu

@ z ) [~ = o 1 J {1 [
60°C wasnmivazinualdifunsazifon udwswuuTuUes 60 WINRIUNITIIIIZYN

vsryldvaa waziu I3 lufdsaanues

2. msanamsanavienUeEIenuava (exhaust extraction) arefaihazaie methanol 1ag3s
sonication
Hams Inausazdiedna 1.5 nsu ldaslu volumetric flask vua 100 wa. 1dd

a o 09/’ o Y an - - 3| ~ o
i methanol $1uau 50 wa. miusiimsanalaeds sonication Hunat 15 wii udwhms
meahazateeonldalu Erlenmeyer flask w119 500 wa. i@y methanol $1u2u 50 wa.aqlu

. a Y o - - 3 = [ 1 dy [ 9
volumetric flask luidy 1d231a15 sonication 1una1 15 i adautuadaas lavuaia
Tagarsananisgaieliny spot veseslan lenadeudis TLC (silica gel GF 54 ,

hexane:ethyl acetate (60:40)) hasanahlaveslnaudazdiedns szmeniedie rotary

v Y v
evaporator Fathitinuesasanainla Audai % yield

J

3. Chromatographic fingerprints mmmmﬁ’mwiazmﬂﬁ’uﬁq
wisuasanaves lnaudazdedelunaaznguldiianududu 12,5 dadniu/
liadans 1ad spot vuHu TLC (Silica gel 60 Fass, Merck) yu1a 10 x 20 . foiAToq

Linomat 5 (Camag, Switzerland)Tasfitouanueived band iy 8 daamas lasias



- I 1 o -
curcumin tiaz DMPBD iJu marker usy TLC azgniiwn develop Tu twin trough glass
. ) [
chamber (Camag Switzerland) Tae 145z nudiazars (solvent system) 1flu hexane : ethyl
acetate ( 60 : 40 ) Taaiiszezuos solvent front 14117U 8 Fu. HAIINAINALAYIZHEDONIN
] Y o 3’ = qs// £ A Y dtg (Y v o
uHY TLC nuaudd $iims develop $19nasesntans Iimstenaiy vaannaniazaioszive
ponALEY TLC udd uru TLC %zgﬂmmﬁuﬁﬂmw chromatographic fingerprints n1e1d
[l 9 ]
uae UV 0 254 winTuwas  vaanntiueziims scan usazdiediedieomies densitometer

(Camag TLC scanner 3, Switzerland) i 254 1 Tung

4. m‘sm’%mumﬁmmgmﬁm%’ummﬁzmwﬁ?ﬁa HPTLC

4.1 mﬁm%umm%qﬂé curcumin

wsvealwa (Zingiber cassumunar) wiin 500 nSuwmdniy hexane 2 a3
Funa 2 Sy nmfunsewasivmsada’ld  shmnfivasnnnisnseaniingy hexane
S 2 a3 Hunm 2 Sundanses thasafemnswiuasasansusn dihazaeeonla
rotary evaporator ldmisafaney  asanasinan ldgninnendedemaiia column
chromatography (silica gel 60, 0.063-0.200) Taefiiiazaeily hexane-ethyl acetate

i fractions @199 214 pure curcumin el identify 1ae33 spectroscopy

4.2 mam3anansnnsg1y DMPBD (Dimethoxyphenylbutadiene)
MIW3eNTTINATTIN DMPBD w1fisimiidunszyiiaiua 3 Yuaou lag
Fuaoud 1 waz 2 sufumswionars (E)-4-(3",4"-dimethoxyphenyl)butane-2-ol (3)

09/' o aaa [Y . . . - [ (% Aaa
nmiuinnsenisvda (elimination reaction) 1a1luens DMPBD (4) AUINUYIN 1



o}

H3CO]©/CHO acetone H3C0<j/\/u\ NaBHa4

> =
H3CO NaOH H3CO MeOH

1 2
OH
H5CO X TsOH H5CO .
o @/\/\
HsCO Benzene HsCO
reflux
3 DMPBD (4)

uHUQIN 1 Mswseuansuasgiy DMPBD

4.3 mam3ena1sAsg1 compound D

(%

1densazarevos DMPBD iiaansy shilinsen hydroboration-oxidation ‘1a

@13 compound D 147 §adnsy @aumunin 2

H4CO S HsCO S OH
>
H3CO H3CO

2. H202, NaOH

ad =
UAUOUN 2 MITATINTITNINTIIU Compound D

5. m3 validate 383n51zvilas HPTLC
5.1 ms validate 383n51vians DMPBD
5.1.1 MesaNasazalenInsgIu (preparation of standard
solution) : %sa1s DMPBD 3.6 fiadansuldaslu volumetric flask vina 25 fadaas azate
wazl31/51asdas methanol 9Inifusiaan spot vuuwy TLC TualFunae 1, 2, 3, 4, uaz 5 pL

o1 1 &anududuniiy 144, 288, 432, 576, uaz 720 ng/spot AT
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5.1.2 mswssuasazaiedlesndlna  (preparation of sample
solution) : Famaenlna 1.5 nsuldaslu volumetric flask vina 100 dadans 1@y methanol 50
A aa Y o o ax . - . ) . I
Hadans udniwnanalaeds sonication lu ultrasonic bath tagvinis sonicate 1Wual 15
us/‘ a <3 a a Aaa { (]
Wil nintusuasazaneny 13 uazi@u methanol 8n 50 laaansaslu flask Nk uniong
Y o o (] Aa a <3 o Y o 1 A o F) £
udrninnanauay Suasazaenusunu 1l daeileslluanams lavuaaa Feaznaaou
18Taeld TLC  shansazanei ldunszivaedinazaisesnlasldinies rotary evaporator
[ v Y
arsanan Idezindaimin udiazatedle methanol ladaslu volumetric flask vuia 25
Y
HadaesuazlSudsnes  amivtaladisarenn 1.0 4addns ldaslu volumetric flask 10

HaaansuazdlSulsuasdae methanol

- - v o da J g { o
5.1.3 Linearity ANuFNITUEIFuduaTITEnIanunld peak NUAIY
[WuTUYeIEINAsgIU laens spot @1saasgIuuuku TLC 1, 2, 3, 4, uag 5 pL 1414
Y
ANMTNTUIAY 144, 288, 432, 576, waz 720 ng/spot 91n1iuiin liuyly TLC twin-trough
{ . < .
glass chamber #1% n-hexane : dichloromethane (60 : 40) Ju mobile phase 1¥szezns
A ~ V) 1 o a d::z} o A Y
inaouNvoIAIIazaenY 8 ruamas Iaslunsaiiiaziii double development twolvins
v k4
uenvesdsanga mniuiwdy TLC wuthliuds uaziiwnasaedae TLC scanner 3 udawn

o v Ida 1 4 { Y]
ANuFURUTIFUFUATITEHIenun1d  peak  AuanwdutuvesasasgiuTasly ldsunsy

winCATS lu reflectance-absorbance mode ‘ﬁ 289 1 Tuns

5.1.4 Precision a1 repeatability uag intermediate precision ¥993%
a 4 1 - - - g { J -
IRTITHIZLAAIRIeA relative standard deviation (RSD) weswunld peak 1 intraday
. . o a 4 { o
precision %ﬂﬂﬂ&lm‘i’uﬂi1$1’T€T133JWI‘iﬁWHﬁﬁHJﬂ’JHJL%Wﬁju (178, 356, 534 ng/spot) Tuiu
A o 1 . .. ° a s = Yy 9 a I
@ dau intraday precision 921 lagMINATIEHAITIATTIUNT WAV NVUAUTT U

NAEINIUY

1 9 a I'd o
5.1.5 Accuracy mmmgﬂﬁawmﬂ1mmiwzmzwﬂﬂamimmﬁm
A1 recovery TagmsanansasgiunUsunamniveuamanududu (156, 288, 361 ng/spot)

asluasdedne 1dains spot vuuru TLC Taeld condition mude 5.1.3
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5.1.6 Limit of Detection (LOD) wag Limit of Quantitation
(LOQ) vi1lasn1s scan A1 noise ¥e4 blank methanol spot 9101 UMM spot a15uIATFIU
DMPBD 1uiFunas 10 — 100 ng/spot vuuru TLC Tasld condition aude 5.1.3 Tagm

signal to noise ratio 111U 3: 1 AeA1LOD waza1 signal to noise ratio 1y 10 : 1 Aea1
LOQ

5.1.7 Robustness nmsnaaay robustness ¥8333 a5 hlasms

d' . ti! 9 1 o ) oy
nlasuas chromatographic parameters #4'laun 9eR1senouveedliiazals composition
of mobile phase) 1/5uavaa mobile phase guwii temperature) LagILE2IAVBINTONAD
¥oe chamber (chamber saturation time) Tasaziasulas +5% uaziiudeyarioninn

1szurama

5.2 m3 validate 353n512%ia13 compound D
5.2.1  MINENEITazaENINg I (preparation of standard
solution) : Fsa1s compound D 21.0 Faan$uldaslu volumetric flask vua 25 Hadans
azanouazlin3inaséa methanol ntiuTlalan 1.0 fiaaansldaslu volumetric flask
10 diadans U5u1suasale methanol v spot vuuru TLC 1, 2, 3, 4, uag 5 pL 17 ld

y 9 '

ANUUNVUNINY 84, 168, 252, 336, taz 420 ng/spot A a1l

5.2.2  msmssuasazaieiesndlna  (preparation of sample

solution) : w3 BuHileude 5.1.2

5.2.3 Linearity anuduiusizaduasesenieiiuinld peak fuanu
g%’u%’ummmimmgm mlaens spot mimmgm‘uuuw'u TLC 1, 2, 3, 4, uaz 5 pL 11
ANnudutwiy 84, 168, 252, 336, uaz 420 ng/spot 31ntiutirliuslu TLC twin-trough

A . <3| - ~
glass chamber #ij dichloromethane : methanol (98 : 2) 1flu mobile phase Iviliszaznig
A A ) [ a 3 o ] 1 Yy 9 o Y
naeunvesdIiazaemny 8 wuamas Mnduthudy TLC uuthlduds tagiihunasindae
v o dAa J { A @
TLC scanner 3 udmanuduiusisadunseserinenuinld peak suanududuvesans

wasg 1 Tao19T/sunsy winCATS Tu reflectance-absorbance mode # 254 1 Twins
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5.2.4 Precision a1 repeatability uag intermediate precision ¥993%
Y [
InTzazuanidlen relative standard deviation (RSD) vesiiuild peak a1 intraday
.. o a J { o
precision fnz‘vniﬂﬂmi3miwzwmimmgmﬁﬁmmmvﬁ’u%’u (168, 252, 336 ng/spot) luiu
= ) ' . .. ° a 7 A Yy Y a d
@eInU @y intraday precision 21 1agnsAATIEHATNIATTIUNINANVLI AT

NAEINIU

1 9 a 4 o
5.2.5 Accuracy mmmgﬂmewmmsmmwmwﬂmmﬁmmim
A1 recovery Tasmsianasnasgunidsmatiueusunanudndu (84, 168, 210 ng/spot)

asluansdedne 1d%ins spot vuuku TLC Tasld condition mude 5.2.3

5.2.6 Limit of Detection (LOD) wuag Limit of Quantitation
(LOQ) 7i1lasn1s scan A1 noise ¥e4 blank methanol spot 9101 UMINT spot a1TuIAIFIU
compound D ut/5u1au 10 — 100 ng/spot vuwsiv TLC Taald condition mude 5.2.3 Tagan

signal to noise ratio 11U 3: 1 fieA1 LOD uaga1 signal to noise ratio iy 10 : 1 Ao
LOQ

ada d o
5.2.7 Robustness m3snadeu robustness ¥9935AT1ZH 111 1A8N13
~ . £ 9y 1 o v o .y .
nlasuuilas chromatographic parameters sa'laun eenilsznevvesddiiazals composition
of mobile phase) 1/5uaves mobile phase gavinil temperature) 1azIE21IA1VOINTOUAD
. . { a3 4 )
voa chamber (chamber saturation time) lasaziasunas +5% uazmu%’auﬁmﬁamm

1lszunama.

5.3 ms validate 383n51zvians curcumin
5.3.1  MesENaIsazalgnInsgIu (preparation of standard
solution) : Faes curcumin 8.1 fadnsuldaslu volumetric flask 25 fadans azatouazaliy
U51nasdae methanol  vnifuiladaan 1.0 Haaaasldasly volumetric flask 10 fiaaans
azmonazlful5unsdre methanol 19w spot uuiAn TLC 1, 2, 3, 4, 5 uaz 6 ul o194

ANuINYIIAY 32, 64, 96, 128, 160 1taz 192 ng/spot

5.3.2 mam3sumsazaleiiesnslwa  (preparation of sample

solution) : w3eumileute 5.1.2
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Y v
5.3.3 Linearity anuduiiusidadunsaszninaivinld peak fuaiy
[WUTUYDIEINATTIY 1B spot esuIasgIuUULAY TLC 3, 4, 5, 6 waz 7 puL 1414
F4
ANMTNTUIAY 96, 128, 160, 192 uaz 224 ng/spot 91n1iuiin l1uyly TLC twin-trough
A 33| - =
glass chamber #ii dichloromethane : methanol (98 : 2) 1ilu mobile phase 1#Hszeznis
A ~ ) Y a 3 ) v ' Yy 9 ) Y
naoUNVRIA Az aeIIINY 8 uawas Mnduy TLC uuthlvduie uazihunasianie
9 v
TLC scanner 3 udwnanuduiuiiaduasesenineiunld peak Auanududuvesas

wasguTaslFTusunsy winCATS Tu reflectance-absorbance mode i 420 w1 Tuias

5.3.4 Precision a1 repeatability uag intermediate precision ¥993%
Y [
InTzazuanidlen relative standard deviation (RSD) vesiiufld peak a1 intraday
precision fnzﬁﬂﬂamﬁmswﬁmimmgmﬁﬁmmmL%’M%’u (96, 128, 160 ng/spot) luiu
= o ' . .. ° a o A Yy 9 a d
@ dau intraday precision 921 IagMIAATIZHATINTTIUNT WAV NV UAITTU

NAEINIY

1 9 a o o
5.3.5 Accuracy mmmgﬂﬁawmﬂ1mmiwzmzwﬂﬂamimmﬁm
A1 recovery Tagmsanasunasgunilsuanniveuauanududu (34, 85, 102 ng/spot) as

Tuamsdleds udriims spot vuuny TLC Taeld condition audie 5.3.3

5.3.6 Limit of Detection (LOD) wuag Limit of Quantitation
(LOQ) #i1lasnis scan a1 noise we4 blank methanol spot 911 URINT Spot @151IATFIU
curcumin Tua/3us 10 — 100 ng/spot vuury TLC Tasld condition audie 5.3.3 Taoan

signal to noise ratio 11U 3: 1 fieA1 LOD uaza1 signal to noise ratio iy 10 : 1 Ao
LOQ

ada d o
5.3.7 Robustness m3Inadou robustness ¥9935UATIZH 111 1AN13
~ . £ 9y 1 o ) .y .
nlasuuilas chromatographic parameters sa'laun eenisznevuvesditiiazals composition
of mobile phase) 1/5uaves mobile phase gavinil temperature) 1aIE21IA1VOINITONAD
. . { < §
wo4 chamber (chamber saturation time) lasazilasunias +5% uaxmu%’aymﬁ@mm

szurama
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6. msanz¥ia1s DMPBD lusheehslwanguii 1, 2, 3 uaz nguil 4
6.1 MamseNmsazaeIIAIg 1M (preparation of standard solution) :

#3215 DMPBD 3.6 daansuldaaslu volumetric flask 25 siaaans azarsuazilsuilSuinsdae
methanol

6.2 MmImlsuEIsazaIwiIeddIna (preparation of sample
solution) : eweenlna 1.5 asuldaslu volumetric flask 100 fadaas w@n methanol 50

Y o

a aa @ - o - < QaJJ a
Hadans udninnanadle ultrasonic bath waziiinig sonicate Wunar 15 Wil mniusy
< a Aa aa { 1 o [
asazaeny 13 uwazidy methanol 8n 50 Naaansaslu flask Niinseundeny udniwnanaly
. 0 . 5 a ] Y o v A
ultrasonic bath taz¥iinis sonicate Huna1 15 Wi Suasazaenuswniu’ld deriiesl
wanads ldruae Fazasmuramsanalagld TLC  ihansazaneh ldnszmeaodah
v A v dyy o 4 ] w ) v
azawoen lagldinToa rotary evaporator ensanai ldvzinngamingin udrazaedie
Y
methanol laaalu volumetric flask 25 ladaasuazalsvilsnes amivilulamsazaisun 1.0

faaans ldaslu volumetric flask 10 Haaansuazlsuilsunsdis methanol

6.3 msInszrivimfBna DMPBD denn3es HPTLC  ¥hlaenis
spot ensumsgIMUULAY TLC 1, 2, 3, 4, waz 5 uL W ldanududumiiy 144, 288, 432,
576, wae 720 ng/spot AORIUMS spot mmxmaﬁmdn‘lwaﬂémﬁ 1,2, 3 uazg 4 uIu2 L
v lusly TLC twin-trough glass chamber #i% n-hexane : dichloromethane (60 :

(%

i H 4 { o 1 o a ¥
40) 1ilu mobile phase 1¥liszozmanasuivesditiazaeminiy 8 wudwes Taslunsaitiey

] [ 4
w1 double development o lvinmsuenvesasanga antiwiwey TLC uuihldude uag
o v o Jda J g { @
1W11A529928 TLC scanner 3 udvnanuduiutiduduassserineiuinld peak duanu
Wutuvesasuasgu Iaeld ldsunsy winCATS lu reflectance-absorbance mode #1 289

w Tuyas

a d o 3 Y
7. m3ansz#ians compound D lughedialwa nguii 1, 2, 3 naz nguii 4
7.1 msmssnasazaensg I (preparation of standard solution) : a3
compound D 21.0 #aaniulaaslu volumetric flask 25 iiadans azaenazdlsuilSinsaae
methanol aniuthilain 1.0 daaaasldaslu volumetric flask 10 Jaaans azaisuaziiy

1511935878 methanol
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7.2 mamsgNasazaadiaggIna (preparation of sample solution) : %am4
g1lwa 1.5 nsuldaslu volumetric flask 100 iaaans 1@y methanol 50 Uadaas 1A
(% A, . . . o . I~ oa.l‘ a
anad1835 sonication lu ultrasonic bath uazyiims sonicate Hunar 15 wn TSy

<3 a A Aaa 1 1 o [
asazareny 13 uaziAy methanol 8n 50 dadansaslu flask Nimeunaosg udniunanalu
. o - I a < % o [ 4
ultrasonic bath 1azyiims sonicate 1Wuar 15 1 Sumsazaramnusadu’ld iaeriios]
awanamsldvuan Fanaaeunamsanalasld TLC  ihensazaien ldunszmianidam
Yy A o Ay Y ) o oy @ Y Y
azangeonlaeldinTes rotary evaporator aisanaf lasihmnvavimiin udlazaieade

methanol laaslu volumetric flask 25 Naaaasuazlsvisuias

, .
7.3 msamnzvirid3nascompound D Men3ea HPTLC

spot MsATTIUUULRL TLC 1, 2, 3, 4, uaz 5 pL 1 Idanududumii 84, 168, 252, 336,
H A

uag 420 ng/spot wag spot miazmaﬁ’mmﬂwaﬂquﬁ 1, 2, 3 uaz 4 U 2 pb 9Ny

o ] - { - I

11 11usly TLC twin-trough glass chamber #i3i dichloromethane : methanol (98 : 2) 1Tu

. Y A A v o [ a :JI ) ]

mobile phase 1vlszezmaunapuNYIAIIAzMUMINY 8 1ruAuaAT nHuIEY TLC in

QY Y o P v @ o Jda g A dgqy

thlvuie uazihnesianie TLC scanner 3 udivianuduius3uduas1senINgnunla

peak AuANMANIUVRITsHIATTIUIAelFIsunsy winCATS u reflectance-absorbance

mode 7 254 1 Tumas

a d - Y Y 4
8. myIAnzHias curcumin ludzeenalwanguii 1, 2, 3 naznquii 4

8.1 msmIsmsazaainIg M (preparation of standard solution) : a3
curcumin 8.1 diaansulaaslu volumetric flask vua 25 fiadans avaneuazlSulsuinsale

methanol a1n1iuinlau 1.0 Jadaaslaaslu volumetric flask 10 iaaans Jsulsunsde
methanol

8.2 msmssuaIsazaedieedlna (preparation of sample solution) : Famg
o'lwa 1.5 niulaaalu volumetric flask 100 Tadans 1@n methanol 50 Hadans wdrimn
afiadae ultrasonic bath uaziins sonicate 1wnar 15 w1 mmfu?umiazmmﬁu‘l%’ nay
{7 methanol 8n 50 fadansaslu flask fidnseuvdong udniunadadae ultrasonic bath tas

o - | a I [ o 1 4 Y
N1N15 sonicate lﬂu!’)a’] 15 Lﬂﬁ ﬁuﬁ'liaga’lﬂlﬂﬂijuﬂuhl% ﬂ1§]alﬁ@qllﬂﬂuﬁﬂﬂa’ljhléfwuﬂ%@
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Farzaamuramsanalasld TLC  hansazaien ldunszmemidiinazaisesn lasldinioq
v v Y
rotary evaporator ensefan laeziindarnimin  udlazaredls  methanol  laaslu

volumetric flask 25 Jaaansuazilsuilsues

8.3 myimmzrvSanas curcumin depses HPTLC spot a1INIATFIU

YULHYU TLC 3, 4, 5, 6 uaz 7 pL 1 ldanududumndy 96, 128, 160, 192 uaz 224 ng/spot
] 9
g spot @T’Jamq“lwaﬂqw 1,2, 3 uaz 4 9117 3 uL nniwi lduslu TLC twin-trough
glass chamber #i3 dichloromethane : methanol (98 : 2) I mobile phase 1#iszeynig
A ~ ) Y a 3 ) v ' Yy 9 ) Y

naoUNVRIA Az BNy 8 ruawas Mnduy TLC uuthlvduie uazihuasianie
TLC scanner 3 udawnanudusiusiFadunssserinaiuild peak fuanududuvesans

sy TneldTsunsu winCATS Tu reflectance-absorbance mode #1 420 w1 Tuias
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Han1Inaaoy

o o Y o o .
1. sudeedlna 30 meviug Minnilduds vezuailunsazidea (Sieve no 60)

i 1 feeawenIwangui 1

=

q1ii 2 feeawaen Twanguii 2



it 3 dreenamsenlwanguii 3

31 4 fedhawsenwanguii 4
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2. Chromatographic fingerprints vesmsanamsanavienveg1avinaan (exhaust

extraction) aiefahazais methanol 1aa3% Sonication

Track 1 ,10: 22

Al

1 5 TLC fingerprint mmﬁmdnnéuﬁ 1 wanerav 23 7 254 nm

Track 2 ,1D: 28

Al

514 6 TLC fingerprint mmﬁ’mdwnajw?'l 1 wanenav 29 7 254 nm
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Track 2 ,I10: 32

FOo —

GO0

00

400

00

200 4

100

0.0z 0.2z 043 0.63 083 1.03
R

q# 7 TLC fingerprint mmé’fmﬂ'nmjuﬁ 1 wanenaw 32 7 254 nm

AL

s

Track 4,10 42

Foo !

GO0

500

400

300

200 o

100

0.03 023 0.43 0.63 053 1.03

R

8 TLC fingerprint mmé'fmthemju?'l 1 wanenan 42 7 254 nm
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Track &5 ,10: 87

o0
Al

DMPED

GO0

500

200 —

100

0.03 023 0.43 0.632 0.83 1.03

Rf

14 9 TLC fingerprint mmé'fmthemju?'l 1 wanenav 87 # 254 nm

Track 6 ,1D0:90

Al

714 10 TLC fingerprint mmé‘hadnnduﬁ 1 wanerav 90 7 254 nm



22

Track 7 .10: 110

OO
Al

0.03 0.23 0.43 0.83 0.23 1.03
R

i 11 TLC fingerprint mmﬁmdnmjuﬁ 1 waneav 110 # 254 nm
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51t 12 TLC fingerprint mmﬁ’mdnmjuﬁ 2 vaneraw 8 254 nm

71 13 TLC fingerprint mméﬁadnmjuﬁ 2 vianenaw 10 7 254 nm
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51t 14 TLC fingerprint mmﬁ’mdnmjuﬁ 2 aneraw 27 1 254 nm

51 15 TLC fingerprint mméﬁadnntjuﬁ 2 vianenaw 43 254 nm



25

51t 16 TLC fingerprint meaﬁ’mdnntjuﬁ 2 vianeraw 48 i 254 nm

51t 17 TLC fingerprint meaﬁ’mdnntjuﬁ 2 vianeraw 89 i 254 nm
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71/ 18 TLC fingerprint mméﬁadnmjuﬁ 3 vanenaw 9 7 254 nm

21/ 19 TLC fingerprint mméﬁadnmjuﬁ 3 vanenaw 219 254 nm
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307 20 TLC fingerprint vesiechanguii 3 mneav 24 fi 254 nm

q1# 21 TLC fingerprint mméﬁadnntjuﬁ 3 vianenaw 26 7 254 Nm
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51t 22 TLC fingerprint mméﬁadnntjuﬁ 3 vianenav 39 7 254 Nm

71/ 23 TLC fingerprint mméﬁadnmjuﬁ 3 vanenaw 44 i 254 nm
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51t 24 TLC fingerprint mméﬁadnntjuﬁ 3 vianenaw 45 i 254 Nm

51t 25 TLC fingerprint mmﬁ’mdnmjuﬁ 3 vaneraw 84 fi 254 nm
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51 26 TLC fingerprint mméﬁadnntjuﬁ 3 vianenav 98 i 254 Nm

1/t 27 TLC fingerprint mméﬁadnmjuﬁ 3 vanenav 99 7 254 Nm
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51/ 28 TLC fingerprint mméﬁadnntjuﬁ 3 vianenaw 1114 254 nm

51 29 TLC fingerprint mméﬁadnntjuﬁ 4 vanera 20 7 254 nm
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514 30 TLC fingerprint meaﬁ’mdnntjuﬁ 4 vangrav 31 254 nm

51t 31 TLC fingerprint meaﬁ’mdnntjuﬁ 4 vangrav 36 A 254 nm



33

51t 32 TLC fingerprint mmﬁ’mdnmjuﬁ 4 vangray 40 A 254 nm

71/ 33 TLC fingerprint mméﬁadnmjuﬁ 4 vanenaw 103 254 nm
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q1lii 34 TLC fingerprint vesfethangui 4 vaneray 115 1 254 nm
3. mﬂﬂ%ﬂumsmmgmﬁm%’ummﬁm‘mﬁﬁ’w HPTLC

3.1 MSA3ENAITNINTG IV cUrcumin
nnmsiwsvedlwa (Zingiber cassumunar) wiin 500 SRR
a I [ ng <3 [ Y o A A v
hexane 2 aastfunar 2 u Mndunsewazinuasana 1l 1hnniiaennsnsesnmunn

o a I @ ) [ @ @ q’j )
hexane §119u 2 aas Wuna1 2 Juudinses thasanaunswduasanaasusn v llszme
11dhazaneeen lae rotary evaporator ldensenaveny (crude hexane extract) 21.1 n5u
miﬁﬁﬂﬁqﬂa'n”lﬁ’gﬂﬁmmsm@iaﬁ'wmﬂﬁﬂ column chromatography (silica gel 60, 0.063-
A v o 3| =

0.200) Tasfidiazaneitlu hexane-ethyl acetate (60:40) eunsouenarsady la 151

Hadnsy  Hyaraouanminy 186-188 °C uazldulSeniiendeya NMR ansens wuh

A5INVATIT curcumin

3.2 mam3anasinnsgiy DMPBD (Dimethoxyphenylbutadiene)
9 9
midunsgnezld 3 dueeudsdl  UfnsewsnAemsiilgnsen  aldol

condensation 5211214 3,4-dimethoxybenzaldehyde U acetone luang 18 uans enone (2)
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éf;wy:ﬁi@uﬂzgmﬂﬁauiﬂgﬂuﬂyjmaﬂ@aaﬁ 18duans  (E)-4-(3,4 -dimethoxyphenyl)
butane-2-ol (3) 1011 alcohol (3) %zgmﬂﬁau”lﬂﬂu diene (4) w3ea1s DMPBD lagly

UgAsemsvda (elimination) 1&ifluans DMPBD (4) $1uau 300 fiaaniu ﬁmwugﬁ*ﬁ 3

]i)/ acetone w NaBH4
> >
NaOH MeOH
1 2
:@/\)\ TsOH W
>
Benzene
reflux
3 DMPBD (4)

UHUNNN 3 MIw3suaIsNINggI DMPBD

3.3 mam3gNaIsNNIg I compound D
£

k4
Tupeumsdunszinemsiduny laasondasnstlatevewiuszg dedoeido

U

17501 hydroboration Tasld 9-BBN nazeend ladare H0, Tua1s agiinliIda1s D wle

[

compound D lumswienldmsazateves DMPBD 220 daanSuy  sinlgnsen

hydroboration-oxidation ‘laa1s compound D 147 fiaan35u AULHU iR 4

H,CO
HSCOW 1. 9BBN chojij/\/\/OH
H;CO > H;CO

2. H202, NaOH

H,CO

ad =)
UNUAUN 4 MIaTeNE1TNIATIIN compound D
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4. ms validate 3535124

4.1 ms validate 553n512#ia1s DMPBD
4.1.1 Linearity

Wuas DMPBD  fanuduiusidhuduasessnineanududy fu
Y v
Hunldfialuge 144 - 576 ng/spot uaziiaumaduasadly y = 7.729x + 677.5 Taeiim

Correlation coefficient (r%) 11y 0.9978
4.1.2 Precision

INMINAABINUN A1 intraday precission fiarndud 178, 356,
534 ng/spot fisuiiu 1.78, 0.87 uaz 0.37% awédy 1 interday precission sy
178, 356, 534 ng/spot Aannnu 1.72, 0.30 uaz 0.39% amudiau

4.1.3 Accuracy

NMINABOINUI % recovery lasn1sii standard addition #1 3

seduaus L Tie % recovery maeiii 103.1%
4.1.4 Limit of detection and Limit of quantitation

1NMINAaeInu  Limit of detection (LOD) wag Limit of

quantitation (LOQ) fiswiniy 10 az 40 ng

4.1.5 Robustness nmMinaasanun msdsunilasessilsznou
YA Iaza1e composition of mobile phase) a1 1.34 %RSD msulasulasilsunawes
mobile phase a1 0.94 %RSD msulagumlasgauvigil temperature) 3A1 0.89 %RSD uaz

malasunlasszeznarvesmsoudives  chamber (chamber saturation time)  Tif1
0.67 %RSD
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517 35. Densitograms v99 DMPBD standard (A) ttag Z. cassumunar extracts (B)

U
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maef 1 ayulwaves method validation parameters wes DMPBD JYag3s TLC-

densitometric method

Parameter

Result

Linear range
Linear regression equation

144-576 ng/spot
y =7.729x + 677.5°%

Correlation coefficient (r?) 0.9978
Limit of quantitation, ng 40
Limit of detection, ng 10
Specificity specific

2 x fip1lSuraves DMPBD luwiiae ng, y Ao peak area fi 289 nm

@519 2 Intraday wag interday precision ¥e9 DMPBD?

Concentration Intraday

Interday

ng/spot precision, % precision, %
178 1.78 1.72
356 0.87 0.30
534 0.37 0.39

*RSD, % (n=3)

miwﬁ 3 Recovery study v8a DMPBD

Serial  Amount present

No inthe extract, ng Amount added, ng

Amount found®, ng  Recovery®®, %

1 142.66 156.3
2 210.85 288.0
3 210.85 361.0

160.75+2.30 102.8 + 1.45
300.51+0.96 104.3 +0.34
369.29 + 8.63 102.3 +£2.42

% Expressed as mean standard deviation (SD, n = 3)

® Average recovery = 103.1%
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mﬁwﬁ 4 Robustness ¥8a3s DMPBD

Parameter RSD % in peak area
DMPBD
Mobile phase composition 1.34
Amount of mobile phase 0.94
Temperature 0.86

Chamber saturation time 0.67
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4.2 m3 validate 383ns1z¥ieans compound D
4.2.1 Linearity

1 = v v d g Y ' Yy 9
WuNE1s compound D HanuduiusiluauasasenInNauandu
At 1dfinluyie 84-420 ng/spot waziiaumaduasuily y = 7.798x + 2530.968 Taeiian

Correlation coefficient (r%) i1y 0.9958
4.2.2 Precision

MINMINAaeanyT1 A intraday precission Annuidudy 168, 252,
336 ng/spot fimuiiy 0.4, 0.21 waz 0.65% muddy ainterday precission finusudu
168, 252, 336 ng/spot Haumny 1.45, 2.07 uaz 0.79% audau

4.2.3 Accuracy

NNMINAADINUI % recovery laen1sii standard addition 9 3

sedunusud inunaeniiy 98.31%
4.2.4 Limit of detection and Limit of quantitation

1INMINAaeINUN  Limit of detection (LOD) wuag Limit of

quantitation (LOQ) Uaumnu 10 waz 40 ng

4.2.5 Robustness mnmsnaassny milasuuilasesndseney
w9AIaza1e composition of mobile phase) fifn 1.46 %RSD mistlasunilasiFinmves
mobile phase 41 1.69 %RSD msnlasuuiasgumgil temperature) A1 1.34 %RSD uaz

m3lasuuilasszeznarvesmsouaiues chamber (chamber saturation time) Ua1 0.56 %
RSD
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Track 5,10:

AU

Track 10,10:

AU

;ﬂﬁ 36. Densitograms ¥84 compound D standard (A) tag Z. cassumunar extracts (B)
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m3197 4 agilwaves method validation parameters was compound D Yae3s TLC-
densitometric method

Parameter Result

Linear range 84-420 ng/spot

Linear regression equation y = 7.798x + 2530.968°
Correlation coefficient (r?) 0.9958

Limit of quantitation, ng 40

Limit of detection, ng 10

Specificity specific

2 x fiolSuraves compound D luniine ng, y Ae peak area i 254 nm

@519 5 Intraday wag interday precision ¥es compound D?

Concentration Intraday Interday
ng/spot precision, % precision, %
168 0.44 1.45
252 0.21 2.07
336 0.65 0.79

*RSD, % (n=3)

a1513% 6 Recovery study wes compound D

Serial  Amount present
No intheextract, ng Amountadded, ng Amount found® ng Recovery*® %

1 142.3 84.0 83.05 + 0.86 98.85 + 1.04
2 142.3 168.0 164.31 + 0.96 97.89 +1.64
3 137.0 210.0 206.22 + 0.41 98.19+£0.20

% Expressed as mean standard deviation (SD, n = 3)
® Average recovery = 98.31%
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m1519# 7 Robustness was compound D

Parameter RSD % in peak area
DMPBD
Mobile phase composition 1.46
Amount of mobile phase 1.69
Temperature 1.34

Chamber saturation time 0.56
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. ada d .
4.3 ms validate 'J%’Jlﬂ‘ﬂ%‘ﬁﬁ]i curcumin

4.3.1 Linearity

[

' . = [ 1< 1 @

wunms curcumin anuduiusidudunsisenianuduiu M

§ A ~ 1 = o A
wunlafinlugie 96-224 ng/spot uaziigumaduasuily y = -55.47 + 143.53x laslin

Correlation coefficient (r%) 11y 0.9926
4.3.2 Precision

1NNINAROINUN A1 intraday precission farndudu 96, 128, 160
ng/spot Uaumny 0.49, 1.51 uae 1.43% mua@u a1 interday precission farndudy 96,
128, 160 ng/spot Ha iy 0.44, 2.29 1az 0.78% Mud1ay

4.3.3 Accuracy

INMINAABINUN % recovery lasnsii standard addition 71 3

seduanusu finunaeniiy 101.2%
4.3.4 Limit of detection and Limit of quantitation

210MINAaeINUM  Limit of detection (LOD) wuag Limit of

quantitation (LOQ) fiawiy 20 az 70 ng

4.35 Robustness amsnaaeanu mynlasuntlasesddseney
YeATIIazale composition of mobile phase) iA1 0.68 %RSD msulasunaslsuaues
mobile phase a1 1.68 %RSD manlasunilasgaivigil temperature) s 0.79 %RSD uaz

msasundasszeznavesnsoudives  chamber (chamber saturation time) i
1.48 %RSD
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Track 5 ,1D: Standards

400 —
Al

350
Curcumin %
200 <
250
200
150 4

100 o

0.03 02z ELE] [ 05z 103
Rf

Track 10,ID:

400 —
AU

350 +

CUrCUInity

300

2560

200

150

100

a0

o

Rt

gﬂﬁ 37. Densitograms w®4 curcumin standard (A) tag Z. cassumunar extracts (B)
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ma1ef 8 agiwaves method validation parameters wes curcumin lagds TLC-
densitometric method

Parameter Result

Linear range 96-224 ng/spot
Linear regression equation y = -55.47 + 143.53x*
Correlation coefficient (r?) 0.9926

Limit of quantitation, ng 70

Limit of detection, ng 20

Specificity specific

2 x fiolSuraves curcumin luwiiae ng, y e peak area i 420 nm

@519 9 Intraday wag interday precision ¥e4 curcumin®

Concentration Intraday Interday
ng/spot precision, % precision, %
96 0.49 0.44
128 1.51 2.29
160 1.43 0.78

*RSD, % (n=3)

@15190 10 Recovery study wes curcumin

Serial  Amount present
No intheextract, ng Amountadded, ng Amount found® ng Recovery*® %

1 185.67 34.0 34.88 + 0.95 102.6 + 2.76
2 185.67 85.0 85.79+1.19 101.0 +1.42
3 148.39 102.0 102.16 + 5.2 100.1 + 5.06

% Expressed as mean standard deviation (SD, n = 3)
® Average recovery = 101.2%
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m3190 11 Robustness ¥ad curcumin

Parameter RSD % in peak area
DMPBD
Mobile phase composition 0.68
Amount of mobile phase 1.68
Temperature 0.79

Chamber saturation time 1.48
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, 5 . .
5.1.1 wamsansizsinf3ana DMPBD ludedidlnanguil 1 daenses

HPTLC
#0819 UTnuasana 151 DMPBD (%W/W 151a DMPBD
ﬂfgjnﬁ' 1 (%W/W)* in dried powder)* (%W/W in dried
powder)
nugav ,
Aunay™>
23 10.82 +£0.11 0.20+0.01
29 5.17 £0.03 0.13+0.01
32 10.88 £ 0.24 0.20+£0.00
42 11.10+0.18 0.14 + 0.01 0.21+0.11
87 11.86 + 1.67 0.07 £0.00
90 12.11 £ 0.36 0.29+0.01
110 11.02 £ 0.32 0.43x0.01
* ariuaaaiiual mean + SD (n = 3)
U3u1a1s1s DMPBD group 1 (%W/W)
0.5
0.45 - -
0.4 -
0.35 -
= 03 - -
2 0.25 |
X 024 =
0.15 - _ -
0.1 =
0.05 | -
0
23 29 32 42 87 90 110
UNIELAARIDLINY

nsgUn 1 nsmluaasilSinavesars DMPBD ludiedia lwangui 1
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a d a o y 4
5.1.2 wamsnsizsimf3na DMPBD ludieealwanguii 2 dsensoes

HPTLC
#0819 YTinmasana 151 DMPBD (%W/W 151a DMPBD
n’cjm?i 2 (%W/IW)* in dried powder)* (%W/W in dried
powder)
Aunae*
8 8.65+0.19 0.19+0.01
10 7.84+0.23 0.14+0.01
27 8.32£0.22 0.39£0.00
43 8.98 + 0.16 0.57 +0.01 0.33+0.17
48 9.20+0.11 0.51+0.00
89 8.95 £ 0.07 0.18+0.01
* ariuaaaiiuai mean + SD (n = 3)
U5urausins DMPBD group 2 (% W/W)
0.7
0.6 _
0.5
2 04 =
=
s 03
0.2 = ==
0.1 = -
0
8 10 27 43 48 89
WAKNILEHEIN

n3 37 2 nsmluaasilSuavesas DMPBD ludiedia lwangui 2
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d A (Y Y 4
5.1.3 wamsianzrmif3ana DMPBD ludrednalwanguii 3 daen3es

HPTLC
f10619 UTinmmsana 51a DMPBD (%W/W 151a DMPBD
mjuﬁ 2 (%WIW)* in dried powder)* (%W/W in dried
powder)
Aunde*

9 6.68 £ 0.31 0.37 £0.01

21 4.49 +0.28 0.38+0.01

24 541+0.24 0.47 £0.01

26 413£0.07 0.45 0.00 0.31+0.12

39 3.81+0.16 0.12+0.01

44 3.17+£0.15 0.27£0.01

45 5.60+£0.15 0.34+£0.00

84 438 +0.14 0.31+£0.01

98 6.26 £ 0.14 0.28 +0.01

99 414 +0.12 0.37+£0.01

111 3.18 £ 0.08 0.07£0.00

* Ariuaaaiiual mean + SD (n = 3)
: (4177 DMPBD (1T 3
0.6
0.5 —
3 04 — — —
S 031 - =
€ 02 |
2
R El
0 ‘ RN [
21 24 26 39 44 45 84 98 99 111
000 000mMQm

n3 317 3 namluaasi/Suavesars DMPBD ludiedielwangui 3
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d A (Y Y 4
5.1.4 wamsianzrmif3ana DMPBD ludrednalwanguii 4 den3es

HPTLC
f10619 UTinmmsana 51a DMPBD (%W/W 151a DMPBD
mjuﬁ 2 (%WIW)* in dried powder)* (%W/W in dried
powder)
Aunde*
20 9.86 £ 0.16 0.30+£0.01
31 6.23+0.12 0.17 £ 0.01
36 8.38+0.13 0.29+0.01
40 10.35+0.11 0.43 +0.01 0.34+0.12
103 8.65 £ 0.08 0.35+0.01
115 8.56 £ 0.14 0.53+£0.01
* aiugauiiug1 mean £ SD (n = 3)
: [ (T DMPBD group 4 (%W/W)
0.6
0.5 a—
0.4 * -
2 03 S i} =
§ 0.2 - =
01+ - 1
0 : : :
20 31 36 40 103 115
000000

n33UN 4 nsmludasilSinavesars DMPBD ludiedislwangui 4
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(%WIW)
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

group 1

23 29 32 42 87 90 110" 8

© i [ [&=: [4J1] DMPBDgroup1,2,3 (4

group 2

10 27 43 48 89

group 3 group 4

9 21 24 26 39 44 45 84 98 99 '111 20 31 36 40 103 115
000 000mQm

3yt 5 nalueraadSumvesens DMPBD lugaedalnangui 1, 2, 3 uas 4
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§wsuars DMPBD Tu'lnanguii 1 wuySinaats DMPBD egluga 0.13 — 0.43 %
WIW voandlna wazfidunded 0.21 + 0.11 %W/W TasasnulSuiaves DMPBD galu
Fredaninaay 90 uaz 110 dmsulnalunguil 2 wulSuaens DMPBD luge 0.14 —
0.57 %W/W veans'lwa azfaunaed 0.33 +0.17 %W/W sznuiliuimues DMPBD galu
Freg1adanlvgj Tasmmenneay 43 waz 48 dwsvlwalunguil 3 nuySunaes DMPBD
U929 0.07 — 0.47 %W/W v lna uasiaunaod 0.31 +0.12 %W/W wsnulSumves
DMPBD gsludreedrulng Taommenmoiay 24 naz 26 dmduwalunguii 4 wlsina
a5 DMPBD 1524 0.17 — 0.53 %W/W voenaTwa taziaunasi 0.34 +0.12 %W/W sy

U3uaves DMPBD galuddednadiulng lnammiznineay 40 uag 115
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a d a o ! :
5.2.1 wamsnsizsimf3anas compound D Tudaeenalwangui 1 daanses

HPTLC
#0819 Usmnumsana 31 compound D 31 compound D
ﬂ@juﬁ 1 (%W/IW)* (%W/W in dried (%W/W in dried
powder)* powder)
Aunae*
23 10.82 £ 0.11 0.84 £0.02
29 5.17 £0.03 0.20£0.01
32 10.88 £ 0.24 0.71£0.00
42 1110+ 0.18 0.70 £ 0.01 0.64+0.23
87 11.86 £ 1.67 0.41£0.02
90 12.11+£0.36 0.84 £0.01
110 11.02 +0.32 0.79£0.01
* dhituaauifum mean £ SD (n = 3)
U3u1a181s compound D group 1 (%W/W)
1
0.9 =
08 + = = -
0.7 + -
2 0.6 1 .
< 05+ .
S 0.4+ £ .
0.3 | -
0.2 = -
0.1 | -
0
23 29 32 42 87 90 110
UHUNENRAGIDLINY

n3 317 6 namluaasi/Sunavesans compound D TudredieIwangui 1
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a d a o ! :
5.2.2 wamsunsizHimf3na compound D Tudseenalwangui 2 daanses

HPTLC
#0819 Usmnumsana 31 compound D 31 compound D
ﬂ@juﬁ 2 (%W/W)* (%W/W in dried (%W/W in dried
powder)* powder)
Aunae*
8 8.65+0.19 0.82 £0.02
10 7.84+£0.23 0.86 £ 0.01
27 8.32+0.22 0.86 £ 0.02
43 8.98 £ 0.16 0.91+0.01 0.81+0.22
48 9.20+0.11 1.05+£0.01
89 8.95 = 0.07 0.36 £0.01
* diuaaailug mean + SD (n = 3)
l3uneugns compound D group 2 (Y%W/W)
1.2
L -
08 | - =
2
= 0.6
X
04 -
0.2
0 ‘ ‘
8 10 27 43 48 89
waneaudIaLng

n5 37 7 namluaasi/Sunavesans compound D Tudredie Iwangui 2
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d A o Y :
5.2.3 wamsiazrmif3ana compound D Tufeealwangui 3 dren3es

HPTLC
#0619 smamsana UFua compound D UFuar compound D
ﬂ@juﬁ 2 (%W/IW)* (%W/W in dried (%W/W in dried
powder)* powder)
Aunde*
9 6.68 £ 0.31 0.23+£0.01
21 4.49 +0.28 0.22+£0.01
24 541+£0.24 0.30+£0.01
26 4.13 +0.07 0.19+0.01
39 3.81+£0.16 0.26 £0.11
a4 3.17 £ 0.15 0.26 £ 0.01 0.25£0.06
45 5.60+0.15 0.30+£0.00
84 438 +0.14 0.28+0.01
98 6.26 £ 0.14 0.33+£0.02
99 4.14+0.12 0.25+0.01
111 3.18 £ 0.08 0.13+0.00

* ariaauifuar mean + SD (n = 3)

n3 1317 8 nsmluaaslSinavesars compound D Tudaedielwanqui 3
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a d a o ! :
5.2.4 wamsnszsimf3anas compound D Tudaeenalwangui 4 daanses

HPTLC
#0819 Usmnumsana 31 compound D 31 compound D
ﬂgjuﬁ 2 (%W/IW)* (%W/W in dried (%W/W in dried
powder)* powder)
Aunae*

20 9.86 £ 0.16 1.06 £0.01
31 6.23+£0.12 0.75+£0.02
36 8.38+0.13 0.86 £ 0.02
40 10.35 +0.11 1.09 + 0.01 0.92+0.14
103 8.65 £ 0.08 0.80+£0.01
115 8.56+£0.14 0.97 £0.09

* diuaaailug mean + SD (n = 3)

1 [0 O compound D group 4 (%W/W)
1.2
1 T
L

0.8 — |
z 06
2 04

0.2

0
20 31 36 40 103 115

00D 000mpm

n3 317 9 namluaasi/Sunavesars compound D Tudredie Inangui 4
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T [= [J=: 1) compound Dgroup 1,2,3 (4
group 4

group 1 group 2 group 3

o =
o N

0.4

o
N}

3u1aL compound D (%W/W)
o
o o

23 29 32 42 87 90 110 8 10 27 43 48 89 9 21 24 26 39 44 45 84 98 99 111 20 31 36 40 103 115
00 DO00mom

ns 31U 10 nsmuaasdSuavesans compound D Tudedielwangui 1, 2, 3 uaz 4
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Iwalunguii 1 wurSinaas compound D 1ug23 0.20 — 0.84 %W/W vesrslwa
wazfiaundsd 0.64 +0.23 %W/W wzwutlSunaves compound D galudiesiawaneia 23, 90
waz 110 dwsulwalunguil 2 wudSuaens compound D 11523 0.36 — 1.05 %W/W vos
wi'lwa wazfimundedl 0.81 + 0.22 %W/W azwutlSmaves compound D geludaesis
wineay 43 uaz 48 dwivlwalunguil 3 wuSinams compound D lugae 013 —
0.33 %W/W voas'lwa aziaunded 0.25 +0.06 %W/W azwul3inames compound D g
ludaedravianeiay 24, 45 waz 98 dwsywalunguii 4 wudSmaans compound D Tugs
0.75 — 1.09 %W/W vewntlwa wazfiaundefi 0.92 + 0.14 %W/W aznulSuamvos

compound D qq“luﬁ’mshwmmam 20, 40 uaz 115
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5.3.1 mamsasizrmf3inas curcumin ludzeenalwanguii 1 drenses HPTLC

A19814 USuaensana 15y curcumin /5w curcumin
ﬂ@juﬁ 1 (%W/IW)* (%W/W in dried (%W/W in dried
powder)* powder)
Aunae*
23 10.82 £ 0.11 0.10+0.01
29 5.17 £ 0.03 0.08 £ 0.00
32 10.88 £0.24 0.09+0.01
42 11.10+0.18 0.09 + 0.01 0.09+0.02
87 11.86 + 1.67 0.06 £ 0.01
90 12.11 £ 0.36 0.07 £0.00
110 11.02 £0.32 0.12+0.01
* driuaauiium mean £ SD (n = 3)
d5u1en Curcumin group 1
0.14
T
0.12 T
0.1 I
= 0.08 L
= T
< 0.06 T
0.04
0.02
0
23 29 32 42 87 90 110

KUNLLRAGIALINY

ni Ui 11 nymluaasdSuavesans curcumin ludiedis Iwanguii 1
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5.3.2 wamsaanzrm3ana curcumin ludaeddlwanguii 2 drenses HPTLC

#2081 suaarsana 1J/Su1ae curcumin 1/5urae curcumin
ﬂaq'uﬁ 2 (Y%W/W)* (%W/W in dried (%W/W in dried
powder)* powder)
Aunde*
8 8.65+0.19 0.09 +0.01
10 7.84+0.23 0.09 +0.01
27 8.32+0.22 0.12+0.01
43 8.98 + 0.16 0.15 % 0.00 0.12+£0.03
48 9.20+0.11 0.15+0.01
89 8.95 +0.07 0.09 +0.00
* ariuaaaiium mean £ SD (n = 3)
5u1eu Curcumin group 2
0.18
0.16 | T
0.14 - L
0.12 .
2 o1 T T
§ 0.08 - L L
0.06 -
0.04
0.02 |
0
8 10 27 43 48 89
nuUNQRAGIALINY

ni 31 12 nymluaasdSuavesans curcumin ludiedis wanqui 2
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5.3.3 wamsianzrmif3ana curcumin ludaeehdlwanguil 3 drenses HPTLC

f10819 USnamsana 1/5uar curcumin USua curcumin
ﬂaq'uﬁ 2 (Y%W/W)* (%W/W in dried (%W/W in dried
powder)* powder)
Aunae*
9 6.68 £ 0.31 0.10+0.01
21 4.49 +0.28 0.11+£0.00
24 541+0.24 0.11+0.01
26 4.13 £0.07 0.11+£0.01
39 3.81+0.16 0.13+0.01
44 317015 0.15 + 0.01 0.20+0.10
45 5.60+£0.15 0.34 £0.01
84 4.38+0.14 0.33+£0.01
98 6.26 £ 0.14 0.35+0.01
99 414 +0.12 0.27 £0.01
111 3.18 £ 0.08 0.24 £0.01
* dfugauilua1 mean £ SD (n = 3)
: [JI] Curcumin group 3
0.4
0.35 =
0.3
: B
Seel -
0.05 - -
0 ‘ : : ‘ ‘ ‘ ‘
21 24 26 39 44 45 84 98 99 111

D0 000000

na 319 13 nymluaasdSunavesans curcumin ludiedis Iwangui 3
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5.3.4 wamsnsizrmf3inas curcumin ludzeenalwanguii 4 drenses HPTLC

f19819 Usunamsana /5w curcumin 1/5u1a curcumin
ﬂ@juﬁ 2 (%W/IW)* (%W/W in dried (%W/W in dried
powder)* powder)
Aunay*
20 9.86 £0.16 0.19+0.01
31 6.23+0.12 0.19+0.01
36 8.38 £0.13 0.18+£0.01
40 10.35+0.11 0.21£0.00 0.20+0.03
103 8.65 + 0.08 0.19+0.01
115 8.56 +0.14 0.28 £0.00
* eiuaauilug mean + SD (n = 3)
: ()17 Curcumin group 4
0.35
0.3 —
0.25
0.2 - T . ;
L l L
§ 0.15 !
S 01
0.05
0
20 31 36 40 103 115
00 000MQO

n3 317 14 aswluaaalSinavesars curcumin ludredsTwangui 4
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dmsuars curcumin lulwangud 1 wudSuaens curcumin Tugae 0.06 — 0.12 %
WIW uasiimunden 0.09 +0.02 %W/W vesrslwa wznuySinaves curcumin galudaesna
weiav 23 uaz 110 dwsyu'walungudi 2 nuySinaans curcumin Tusae 0.09 — 0.15 %
WIW nagfiaunien 0.12 +0.03 %W/W voersIna aswutl3inaves curcumin galugiodg
wineay 43 waz 48 dmsunalungud 3 wudSmmans curcumin ugae 0.10 - 0.35 %
WIW nagfiauniei 0.20 +0.10 %W/W vosrsIna aswutl3inaves curcumin galudiodg
ey 45, 84 uaz 98 d1nsy'walungui 4 nuvSinaens curcumin 429 0.18 - 0.28 %
WIW uagdinundei 0.20 +0.03 %W/W veansIna agwutlSuiaves curcumin qeludaesns

ugavlls



66

Group 1 Group 2 Group 3 Group 4
% WIW

Hingavn e

ni 319 16 nymluaasiSuavesars compound D, DMPBD wag curcumin ifssuiienludiedialwangui 1, 2, 3 uaznguii 4



67

pamsfnsasaagldnnueugii 16 saadfifuiifianumannarevestSuna
asdiaylunanguaien vinransdnsmulvanguil 1 meiugrineay 90 uas 110 i
IwaiifiUSmmvesans compound D uaz DMPBD ganhaneugoulungu  luvaeiilna
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Abstract

Zingiber cassumunar (Zingiberaceae) has been widely used as a traditional medicine in
Southeast Asia especially Thailand for treatment of asthma, inflammation, and joint-pain.
(E)-4-(3,4-dimethoxyphenyl)butadiene or DMPBD, a major component in the rhizome,
has been reported to be an active anti-inflammatory agent. This research developed a

thin-layer chromatography (TLC)-densitometric method for the simultaneous

quantification of DMPBD in the rhizome extracts of 4 varieties of Z. cassumunar.

DMPBD was found in the range of 1.80 £0.01 to 3.23 £ 0.10 % (w/w). The method was
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validated for linearity, precision, accuracy, robustness, limit of detection (LOD), and
limit of quantitation (LOQ). The linearity showed a good regression coefficient 0.9940
and covered the range of 130-703 ng/spot. Intraday and interday precision showed the
relative standard deviation less than 2%. Accuracy of the method was performed by a
recovery study conducted at 3 different levels, and the average recovery was 103.1%. The
LOD and LOQ were 10 and 40 ng, respectively. The proposed TLC-densitometric
method was simple, precise, specific, sensitive, and inexpensive. This method can be
used for routine quality control of raw materials of Z. cassumunar rhizomes, extracts and

its products especially Prasaplai, a Thai traditional medicine for relieving dysmenorrhea.

Key words : Zingiber cassumunar, DMPBD, TLC-densitometric method, Prasaplai.

Introduction

(E)-4-(3,4-dimethoxyphenyl)butadiene (DMPBD) (Fig.1) is a major anti-inflammatory
component of the rhizomes of Zingiber cassumunar Roxb.(Zingiberaceae) (1, 2).
DMPBD shows a potent anti-inflammatory activity in vivo test with the mechanism of
action proceeding through the inhibition of cyclooxygenase and lipoxygenase pathways
(3). Han et al. reported that DMPBD inhibits cyclooxygenase-2 in vitro with the 1Csq of
20.68 puM (4). Z. cassumunar is a perennial herb widely spread in Southeast Asia
especially Thailand, where it is known as Plai. In Thai traditional medicines, Z.
cassumunar has been included in many preparations for treating asthma, inflammation,
muscle and joint-pain, and dysmenorrhoea (5, 6). In addition, its rhizome is reported to

have antioxidant, anti-inflammatory, and uterine relaxant activities (7, 8). Various
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varieties of Z. cassumunar have been found in Thailand and there is no report on the
amount of DMPBD in these varieties. Determination of active compounds and their
contents in this plant was previously achieved by GC-MS (9) and by HPLC for the
contents of the other three components, (E)-4-(3’,4’-dimethoxyphenyl)but-3-en-1-ol,
curcumin and cis-3-(2’,4’,5’-trimethoxyphenyl)-4-[(E)-2°"",4°" 5"’ -
trimethoxystyryl]cyclohex-1-ene (10). However, there is no information about the
content of DMPBD. Thus, this study was aimed to develop TLC-densitometric method,
which is a simple, precise, specific, fast and inexpensive method for qualitative and
quantitative analysis of DMPBD in the rhizome extracts of Z. cassumunar. The method
can be applied to analyze DMPBD in traditional medicines such as the Prasaplai
preparation that comprises of 50% w/w of Z. cassumunar powder and has been popularly

used for treatment of dysmenorrhoea in Thailand.

Experimental

Materials and Reagents

Reagents and solvents were reagent grade and used without further purification.
All reactions were performed in standard glassware under inert atmosphere of N,. TLC
was performed on pre-coated silica gel GFy, plates (Merck). For column
chromatography, silica gel (Merck 230-400 mesh) was used. NMR spectra were recorded
by a Bruker Avance (*H, 300 MHz) spectrometer. Chemical shifts are reported in ppm,
and coupling constants are reported in Hz. All NMR spectra were obtained in deuterated

chloroform (CDCIs) and referenced to the residual solvent peak. Mass spectra were
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obtained from Thermo Finigan Polaris Q. The rhizomes of Z. cassumunar were collected
from various locations in Thailand and grown in the same atmosphere at Rai Suwan,
Nakhon Ratchasima province in the north-eastern part of Thailand. The rhizomes of four
varieties were collected in March 2553 and were identified by Dr. Vichien Keeratinijakal
using DNA-fingerprinting and by comparison with the specimens at the Forest
Herbarium, Department of National Park, Wildlife and Plant Conservation, Ministry of
Natural Resources and Environment, Bangkok, Thailand. The voucher specimens of Z.
cassumunar rhizomes (SMU 029-SMU 032) were deposited at Department of

Pharmacognosy, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand.

DMPBD was obtained by synthesis in our laboratory (11) and its structure was
identified by NMR and MS compared with reported data in references (2). The purity of

DMPBD was more than 95%.

Apparatus

(a) Spotting device.- Linomat 5 automatic sample spotter (CAMAG, Muttenz,
Switzerland).

(b) Syringe.-100 L (Hamilton, Bonaduz, Switzerland).

(c) TLC chamber- Glass twin-trough chamber (20 x 10 cm.) (CAMAG,

Switzerland)

(d) Densitometer- TLC scanner 3 with winCATS software (CAMAG,

Switzerland)
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(e) TLC plates-10 x 10 cm, 0.2 mm. layer thickness precoated with silica gel 60

F2s4, cat. No. 1.05554.0001 (Merck, KGaA, Damstadt, Germany).

Preparation of Standard Solutions

Standard solutions were prepared at 5 concentrations (13, 28.6, 43, 57.5 and 70.3
pg/mL) by dissolving accurately weighed portion of standard DMPBD in methanol in
volumetric flasks. Ten microliters of each standard concentration were spotted on the
TLC plate to obtain final concentrations of 130, 286, 430, 575, and 703 ng/spot,

respectively.

Preparation of Sample Solutions

Dried rhizome powdered of each Z. cassumunar sample (1.50 g) was accurately
weighed and transferred to a 125 mL flask. Methanol (50 mL) was added and the flask
was placed in an ultrasonic bath and sonicated for 15 min. The methanol extract was
collected and another portion of methanol (50 mL) was added to the marc and sonicated
in the same manner. The extraction process was carried on until exhaustion, and
monitored by TLC. The methanol extracts were combined, filtered, and concentrated
under vacuum using a rotary evaporator. Each dried extract was dissolved in methanol in
a 25 mL volumetric flask, and adjusted to the volume with methanol. An aliquot of the
solution (1.0 mL) was diluted with methanol in a 10 mL volumetric flask and then

spotted on TLC plate.
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Validation of the Method

The method was validated for linearity, precision, accuracy, robustness, limit of
detection (LOD) and limit of quantitation (LOQ) according to the International

Conference of Harmonization (ICH) guidelines (12).

(a) Linearity-- Linearity relationship between peak area and concentration of the
standard solution was evaluated at 5 concentration levels over the range of 130-703

ng/spot. Each concentration was done in triplicate.

(b) Precision-- Repeatability and intermediate precision of the developed method
were expressed in term of relative standard deviation (RSD) of peak area. Intraday
precision was studied by repeat analyzing on the same day at three concentrations (178,
356 and 534 ng/spot) of methanolic Z. cassumunar extract (n=3). Interday precision was
determined on three different days at the same three concentrations by the proposed
method.

(c) Accuracy-- The accuracy of the method was evaluated by performing recovery
studies at 3 levels of the standard DMPBD added to the samples. The solutions were
applied on a TLC plate and analyzed by the TLC-densitometric method. Three
determinations were performed for each concentration level of the standard (156, 288 and
361 ng/spot) and the recovery and average recovery were calculated.

(d) Specificity -- Peak purity of DMPBD was assessed by scanning the standard

and sample spots. Correlation coefficients of these spectra were calculated.
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(e) LOD and LOQ -- LOD and LOQ were determined by scanning the blank
(methanol) spot and detecting the noise. Series of the concentrations of DMPBD
standard solution (10-100 ng/spot) were applied on the TLC plate. Signal-to-noise ratios

of 3:1 and 10: 1 were considered as LOD and LOQ, respectively.

(f) Robustness--The robustness of the method was evaluated by introducing small
changes in certain chromatographic parameters. The composition of mobile phase, the
amount of mobile phase, temperature, and chamber saturation time were varied in the

range +5% and the results on the analytical values were considered.

Chromatographic condition for Quantitative Analysis of DMPBD in

Z. cassumunar rhizome extracts.

The samples were applied on a precoated silica gel aluminium-backed GF,s4 plate
using a Linomat 5. Each sample solution (2 pL) was applied in triplicate as narrow bands
of 6 mm in length using a nitrogen aspirator. The constant application rate of 150 nL/s,
5.0 x 0.45 mm densitometer slit dimension, and 20 mm/s scanning speed were used. The
mobile phase consisted of n-hexane: dichloromethane (60 + 40, v/v). Linear ascending
development was performed in a twin-trough glass chamber saturated with a mobile
phase. The TLC plate was double developed using 50 mL of the mobile phase for a plate.
The optimized chamber saturation time for the mobile phase was 25 min at room
temperature (25 + 2 °C). The distance covered by the solvent font was 8 cm, which took

about 10 min for each run. The spots were scanned using the TLC scanner 3 in the
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reflectance-absorbance mode at 289 nm, operated by winCATS software. The amount of

DMPBD in the samples was calculated using the calibration graph.

Results and Discussion

Z. cassumunar extract is composed of many phenylpropanoids and their
derivatives, including the main component DMPBD (2). For the chromatographic
condition, several trials were made by using different solvent systems containing non-
polar and relatively polar solvents; hexane : dichloromethane (60 + 40) with double
developments to promote the best separation. DMPBD was separated well from other
components (Figure 4B) with the Rt value of 0.3 £ 0.03. The UV absorption spectrums
of the standard and sample were overlaid to confirm the identity of DMPBD in the
sample (Fig. 2) while the correlation coefficient was found to be 0.9990.

The method was validated for its linearity, accuracy, precision, robustness, LOD
and LOQ. For linearity, peak areas were found to have good linear relationship with the
concentration than the peak heights with the correlation coefficient (r?) of 0.9940 and
within the concentration range of 130 — 703 ng/spot (Fig. 3). The correlation coefficient
and regression equation are presented in Table 1. The interday and intraday precisions of
DMPBD are given in Table 2. The results showed acceptable precision at three different
concentration levels of 178 — 534 ng/spot with RSD <2%. The percentage recovery at
three levels of DMPBD was 102.8, 104.3 and 102.3%, with an average of 103.1% (Table
3). For the robustness test, the standard deviation of peak areas was calculated for each

parameter and the %RSD was found to be less than 2 in each case (Table 4). The change
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of mobile phase composition was the main deviation of the method, while the rest

showed less significant on %RSD of the method.

The validated method was used to determine the content of DMPBD in four
varieties of Z. cassumunar collected from different parts of Thailand. The results show
that there was a significant difference in the content of Z. cassumunar varieties (Table 5).
The amount of DMPBD ranged from 1.80 — 3.23% w/w in dried powder. The
chromatographic conditions can be applied for analysis of DMPBD content in Prasaplai
preparation, which is a popular Thai traditional medicine for the treatment of
dysmenorrhoea. This formula is composed of 10 herbs of which 50% of the composition
is Z. cassumunar. The proposed chromatographic conditions showed a good resolution

of DMPBD peak from other peaks.

There are plenty varieties of Z. cassumunar in Southeast Asia while more than
100 varieties were identified in Thailand. This developed and validated method utilizes
the merit of applying several sample spots on a TLC plate and the analyzing process can
be done in a short period of time. In addition, the method is inexpensive and does not
require special types of stationary phases. For analysis of herbs, it can represent as an
alternative method for HPLC, which needs more time for one sample analysis. This
method is recommended for routine quantification of DMPBD in herbal raw materials,

extracts, and the products containing this compound.
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Conclusions

The TLC-densitometric method was developed and validated for qualitative and
quantitative analysis of DMPBD in Z. cassumunar rhizome extracts. This method is
simple, precise, and accurate. It can be used for quantitative analysis of DMPBD, an
active anti-inflammatory component, in the Z. cassumunar raw materials, extracts, and its
products especially traditional preparations containing this compound. The advantage of

this method is the ability to analyze many samples at the same time.
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Figure legends
Figure 1 Chemical structure of DMPBD

Figure 2. UV absorption spectra of DMPBD standard (A) and DMPBD in the Z.
cassumunar extract (B).
Figure 3 Calibration curve of DMPBD

Figure 4. Densitograms of DMPBD standard (A), Z. cassumunar extracts (B) and
Prasaplai preparation extract (C)
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HyCO

Figure 1 Chemical structure of DMPBD

Figure 2. UV absorption spectra of DMPBD standard (A) and DMPBD in the Z.

cassumunar extract (B).



Figure 3 Calibration curve of DMPBD
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Figure 4. Densitograms of DMPBD standard (A), Z. cassumunar extracts (B) and

Prasaplai preparation extract (C)
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Table 1 Summary of method validation parameters for the quantitation of DMPBD
by the proposed TLC-densitometric method

Parameter Result

Linear range 130-703 ng/spot
Linear regression equation y = 6.634x + 967.998°
Correlation coefficient (r°) 0.9940

Limit of quantitation, ng 40

Limit of detection, ng 10

Specificity 0.9990

% x is the amount of DMPBD in ng, y is the peak area at 289 nm

Table 2 Intraday and interday precision for DMPBD?

Concentration Intraday Interday
ng/spot precision, % precision, %
178 1.78 1.72
356 0.87 0.30
534 0.37 0.39

*RSD, % (n=3)
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Table 3 Recovery study of DMPBD

Serial Amount present | Amount added, ng | Amount found®, ng | Recovery®®, %
No in the extract, ng
1 142.66 156.3 160.75 + 2.30 102.8 + 1.45
2 210.85 288.0 300.51£0.96 104.3 +0.34
3 210.85 361.0 369.29 £ 8.63 102.3 +2.42
% Expressed as mean standard deviation (SD, n = 3)
® Average recovery = 103.1%
Table 4 Results from robustness studied
Parameter RSD % in peak area
DMPBD
Mobile phase composition 1.34
Amount of mobile phase 0.94
Temperature 0.86
Chamber saturation time 0.67
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Table 5 Yield of crude extract and the content of DMPBD in the extracts and
dried powder of rhizomes of Z. cassumunar

Sample No Yield of crude extract DMPBD content ®
% (w/w)? % (w/w) in extract and(in dried powder)
1 12.95 + 0.47 8.04 £ 0.29 (1.06 £ 0.04)
2 11.65 £ 0.06 6.97 £ 0.04 (0.90 £ 0.01)
3 10.65 £ 0.35 13.21£0.21 (1.37 £ 0.02)
4 10.21 £ 0.33 15.36 + 0.49 (1.61 + 0.05)

# expressed as mean + SD
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