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Recently, dense gases have been utilized as anti-solvents for particle formation
applications. This well known technique is called Gas Anti-Solvent (GAS) process. The major
advantages of dense gas anti-solvent processing are the ability to produce micron-sized
particles at mild operating temperature, the obtained products containing low solvent residue,
and no need for additional solvent removal steps. Thus, this technique is suitable for food and
pharmaceutical processing. In this rescarch, the GAS technique was employed to extract
Andrographolide, which is the active ingredient found in Andrographis Paniculatanees, using
carbon dioxide as an anti-solvent. The effects of temperature, flow rate and solvent type on the
extraction yield, particle size and morphology were investigated in this study. The experiments
were conducted at the temperature ranging from 35-45°C, carbon dioxide flow rate of 5-15
ml/min, and various types of organic solvents (methanol, ethanol, acetone and N, N-
dimethylformamide). The extracted product was analyzed using High Performance Liquid
Chromatography (HPLC). The highest extraction yield was found to be 1.24 mg
Andrographaolide per 100 g of Andrographis Paniculatanees when using acetone as a solvent,
carbon dioxide flow rate of 5 ml/min and the operating temperature of 35°C. It was also found
that no significant change in size or morphology of the precipitates was observed when

changing temperature, carbon dioxide flow rate and organic solvents.
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1.2 Rapid Expansion of Supercritical Solution (RESS)
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1.3 Particles from Gas Saturated Solution (PGSS)
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3 % 1 4 9 9 a
MIINUINN N1 LAAIAI0819eTNaTDaAYLA Ia laeldmnaila GAS

Chemical Solvent Anti-solvent Reference
GAS Process
Insulin Dimethylsulfoxide CO, Yeo et al. (1993)
(DMSO)
Prednisolone, Acetone, Ethanol CO, Gallagher-Wetmore
Dexamethasone, etal. (1994)
Flunisolide,
Triamcinolone-
Acetonide
Bilirubin DMSO CO, Jianguo et al. (1996)
Phenanthrene Toluene CoO, Berends et al.
(1996)
Sulfathiazole CO, Kitamura et al.
Ethanol
(1997)
Acetaminophen Ethanol CO, Wubbolts et al.
(1998)
Para-hydroxybenzoic Methanol, Ethanol, CO, Thiering et al.
acid Acetone, (1998)
Ethyl acetate
ASES process
DL-PLA, L-PLA, CH,CI, Co, Bleich et al. (1993)
DL-PLGA
Catalase, Insulin DMSO CO, Debenedetti et al.
(1993b)
L-PLA DMSO CO, Randolph et al.

(1993b)




MI1INUINN N1 (D)
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Chemical Solvent Antisolvent Reference
Trypsin, Lysozyme, DMSO CO, Winters et al. (1996)
Insulin
HYAFF-11 DMSO CO, Benedetti et

al.(1997)
8 Steroids/ surface CH.CI, CO, Steckel et al. (1997)
acting agent
Hydroquinone Acetone CoO, Wubbolts et
al.(1997)
Lactose monohydrate Water CO, Palakodaty et al.
(1999)
Samarium acetate, DMSO CO, Reverchon et al.
Yttrium acetate, (1998)
Neodymium acetate
Hyoscine MeOH/ CH,CI, CO, Bleich et al. (1994)
butylbromide with L-
PLA
Naproxen with L- Acetone CO, Chou and Tomasko
PLA (1997)
Rifampin, CH.C], CO, Falk et al. (1997)
Naitrexone,

Gentamycin sulfate

with L-PLA

Source: Charoenchaitrakool (2000)
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M3¥11US3aa3 Andrographolide

1. n3esiie nazqUnsel MFlumsmuSinams Andrographolide @28 HPLC
1.1 High Performance Liquid Cromatrographic System, Spectra System Isocratic Pump,
P-1000 uv/vis Detector
1.2 Column Inersil ODS-3 (5 Um, 4.6 mm ID. x 15 c¢cm)
1.3 Cellulose acetrate membrane filter 0.45 {m

2. 38mIsmU3nae1s Andrographolide @28 HPLC

2.1 aanzilFdmsunaaouasais HPLC

Column : Inerstil ODS-3 (5 Um, 4.6 mm ID. x 15 cm)
Mobile phase : wnuoa / 1{1 (60:40, v/v)

Flow rate : 1 ml/min

Wave length : 256 nm

Injection volume : 20 pl

2.2 ﬂﬁmgﬁmﬁﬁﬁ%ﬂﬂNWﬁﬂWU

9813319551 Andrographolide 1HiAMuAUTY 20 Tadnsuneliadans Taoly

Y
1 [ ° o 1 a 3 )
VOIWENTTHINUNNIUBaA0 luenI1dIU 50 : 50 TaellSuias Wudiiiazaie
2.3 MmImna g
Tulaasazareanasgiuande 2.2 J5u1as5 0.8, 1.0, 1.4, 1.8, 2.0 iaaans ldaslu

Y
10 ml volumetric flask L&NAU agﬁ1EJLLE’I%‘]J%‘].I‘]J'EEJWH%]}’J%J"IJ@QNﬁiJiS“Vi’JNL?JVI”IH@ﬁ@]@ﬂﬂH

9031874 50 : 50 lael5uas
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2.4 MINTINANTAIDINAMSUMINATIZH A8 HPLC
= (% 1 o Y v o a =4
2.4.1 MINTINAITAIDYVINMTANANIYAINIALAYOUNT Y

FanarmzareTas 50 nSu wazaedlreaiiazarelsugs 100 Naaans

o y Y d‘ 1 ] < I~ q'J 3 o 3

mmMsiluniualemIeoanuunamimandunal 2 ¥ 19 910UUIIMTNT0e 11NN

mmstlemsarennsodldun 02 Uadaasldasly 50 ml volumetric flask Y13
Y

Ysulsmasldasy 50 daddns MmiukinIniesdlodInsesuina 045 pm uan

o a J
1 113ns1evide HPLC
2.42 MINTIUEITHIDINNNMIANAAINNANA GAS

FamahmzareTas 50 nSu wazaredlediazalIues 100 Naaans
o y 9 d‘ 1 1 < I~ o 3 o 2/'
AMsiluniuAlemseanIuuNIumanumal 2 93119 910U UNIINTNTDY 91N
mmsilemsarennsedldun 4 Tadaas Wwiinmsanadlemaiin GAS Wkanh
Y
Tandanmsnaasaniimsazaieludinazats 15 daaans  amiuiinstala
myazaen laun 0.4 iaaanslaaslu 25 ml volumetric flask MmMsUSvUTaT1H
A aa ng o k) 1Y Y o a Iy
AU 25 Haaans MNUUIMNITNTIRIEAINTEIVUIA 0.45 um udni1 1 Tns1evidle

HPLC

2.5 MsmuIumUTunaes Andrographolide

] 9

MIMUIUMIUTIIUEIT  Andrographolide TuasianannNIsmsananod

o a -4 a 3 o : . . .
Hazaedunsd namaila GAS 1Tuamnsanilalaen1s14aTe9 High Performance Liquid

Chromatographic (HPLC) u@21ifleuniunsvinassiu @usunmpauani 1) ien

Y . o any 9 o o o o o acdy v v
HINUNTT Andrographohde INNIFDIITV AU fl]’]ﬂuuuTUWWUﬂﬂJ@QWQﬁ@QDﬁ%]‘lﬂuN’ﬂ%

° 2 o o P} o A
ﬂ']u']illﬁ'llﬂﬂﬂclfu@]ﬂ'liﬁﬂﬂﬁ'ﬁIﬂﬂi‘]ﬂq@liﬂﬂﬁi\lﬂ'ﬁﬂ 1

% N1SANAAT =

v
v

WMUNA15 Andrographolide Aanaldvnnmaiia GAS x 100

: (1)
o v . S W v o a A d
UINUNE T Andrographolide T]ﬁﬂﬂuli‘?]}GUWﬂﬁ’JﬂWﬁ%ﬁ"lﬂ’é]u%iﬂ
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y =31887x - 330378
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400000 -
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-3
ANMVUTY (mg/ml) x 10

/ ! o o o ' Y
cﬂ1wwu'3ﬂﬁ Ul ﬂi'W‘hJ']ﬁiﬂ’luﬁl!ﬁ'ﬂ\clﬂ:]’lilﬁllWu‘ﬁigﬂﬂ’l\jﬂjqulmﬂﬂlumﬂQﬁqi

Y 1
Andrographolide AU 1dns 19 91nmMsasizviale HPLC

Y o d J (Y]
ﬂ]ﬂd1ﬂﬂ1§ﬂ1u'3m“rﬂ!ﬂi’)§!°ﬁuﬂfnﬁﬁﬂﬂinﬁ

o Z’ w [y o o a d
1. MSMMIUMNNINAS Andrographolide 1INMsaNAABAINazaBdUNIE
% l o oy o . Y = [ )
A290819MSMUIUN NN Andrograpolide 310715 1¥0d Iawiuariiazaie
a Aaa 7 y 4 ! 1 [
100 fadans #afnzare1as 50 n5uTaem s uNIUAINATEINIULNILLKAN (magnetic
. S o A IS4 [ A ) A o U A aa
stirrer) (HuUa12 ¥ Tuangungiidos aAnwaunssomea wethasiana 1d 0.2 Jadaasun
o @ a I A aa [ a a aa )
msdsudsuesidu 50 Taaansdrevialsulsuiasvuia 50 iaaaasudnii linaaou
Y A 1 A 9}4’} ~ 9 T W [ qﬂll A =\
A201A309 HPLC wuNaunsaganavuds lanunldnsviiiny 489524 auiuiionuuiiey
@ o [} ~ A Y 9 . A v 4
AUATINIIATIIN (RUFUNMWHUINT V1) WDHIANUTUTUVOIE1T Andrograpolide Nerna 1A

2

Aa g
Taeiinsaall
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msazaeEudulSna asazaenlglsulsung asazarendsulsuasudn
Vv, = 100 Jadans A Vv, = 0.2 fadans AN 18 v, = 50iaaans 1danu
Wudu C, Wudu C, Wudu c,  hasazael

naaew HPLC Tawunldns

489524

dy ~ 9 =} @ A k4
1. ﬁnﬂg‘ﬂ fl. Wuvltl@]ﬂﬁ']w 489524 ﬁ"lll"lﬁﬂﬁ/]f]‘]_lﬂ‘]JﬂiWV\hﬂ@ﬁﬁ']uinﬂﬂ']WWu'Jﬂm V1 Ulﬂ
Yy 9 v 1 a Aaa
ANUAUNTU C, = 25.71 hlllTﬂ'iﬂﬁﬂJﬂ@llﬁaﬁﬁi

2. ningtl . @wnsamanududy ¢, el ¢, =25.71 lulasnsuaeliaaans vingas
U QSJ’ 1 25'71 XSO a a U 1 a aa
C,V, =C,V, dulum ¢, =———— =643 fadnsusieiladans
0.2x 1000

Yy 9 9 1 A a o 1 a Aaa
3. fl]’]ﬂgﬂ . AINITONIANNUVNUU Cl ulﬂlfWi’l%Tl C1 = C2 = 6.43 Yaaniuaauaaansg

Y
v @

AUiM1InaNs Andrographolide Nardalddsesd Iauiiminy 6.43 x 100 = 643

%

NTY

)
)

a
2. MIMIUHINKTENTT Andrographolide 91nMsanaaumaiia GAS

Y [
A8 WM IAUIUW NN Andrograpolide NANAININALA Gas Anti-Solvent

A ) A Aaa Y 9 ~ I o o a
ﬁ]"lﬂﬁ"lﬁﬁga”lflﬁ’]ﬂzﬁﬁliﬂiﬁﬂﬂu 4 Naﬁa@]iﬂ'JEJﬂ"IﬁGLGIff‘JgGBIG]"L!L‘].IL!@YJ‘VnagﬁTﬂ UNHUNIT

a 1 =

o A o Y] 4 P Aaa A o A [ 9
anan 35 C ’E)G]'iﬂiiulﬂﬁsllﬂ\‘lﬂ15ﬂ@uhlﬂ@ﬂﬂul‘ﬂ)’ﬂﬂ RE G LGERIERN RN Lllﬂl!"lﬁTﬁVlﬁﬂﬂ"lﬂiﬂ

9

k4
azargludiazaredsuiag 15 Yyaaansg nniuihesazareiniinsdsulsuasen 0.4
a aa 1< a aa Y @ a a aa Y o Y A 1
uaaang Lﬂu 25 Naﬁﬁ@ﬁﬂﬁﬁﬁlﬁﬂﬁﬂﬂiiﬂ@]i Mﬁaﬁ@ilmﬁu’lhlﬂ‘ﬂﬂﬁ@ﬂﬂ'Jﬁll,ﬂiﬁ]\‘] HPLC WUMN

Y 1 4 ]
annsogananuaslanunldns iy 492147 Auiudenwuiisudunsiuiasgiv

4
=

FUFUNNHUINT A1) INOMIANUAUTUUDIAT Andrograpolide Nafia'ld Tasliisea
( grap
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MIazausuAY msazaenlslsy d1sazareni sy
s v, =15 5ias v, = 04 Psinasudd1d v, = 25
A aa Y Y Aa aa Y Y a aa k2 Yy 9

Haaans ALY Haaans ALY Haaans ldanududu
C C c. haisazaie’l

1 2 3

]
~

v &
naaou HPLC ld#u

1dns 492147

dy ~ 9 =} o ~ k4
mﬂg‘ﬂ fl. ‘Wuﬂgl@]ﬂﬁ']w 492147 ﬁ"lll"lﬁﬂﬁ/]leIﬂﬂﬂiTWﬂJT@iﬁTu’ﬂ’]ﬂﬂ’]WWu?ﬂﬂ V1 hlﬂ
Yy 9 o 1 a Aaa
AIULUYNVY C3 =25.79 ]lﬂJIﬂﬁﬂﬁiJﬂ'ﬂiJﬁaaﬁﬁ

Yy 9 4 9 o 1 a Aaa
vng) v, eansamanududu ¢, ieia ¢, =25.79 lulnsnsuaeiiadans 1ingas

—_ -7 09/’ 1 _ 25-79X25 _ =) =) % 1 =) an
C. V. =C_ V. NUUAM C. =— = 1.61 yaanjusauaaang
22 373 2 0.4x1000

ningd n. @wnsomanududu ¢, 1dimsizan ¢, = ¢, = 1.61 daansudoiianans

4 Y
v o ) v

aiu1M1inens Andrographolide Nania ldaleos® Iauiininy 1.61 x 15 = 24.18

(%

NTY

)
)

3]

a

iesnnlsnamsazaneihmzareTasisudy 4 Nadansausoanaes Androgra-
. 9 A A o 1 v 9 ) a adq Y (a v o
pholide 14 24.18 Hadnsu uaninmMsanamediazaredunsdlFsinasaam

F4
azang 100 Jaaans AANUILENNITOANAAT Andrographolide alenAiln GAS 14

& 24.18x100
ﬂ _

NINY = 604.57 Haans5y

9 H
o o o . v v o a 4
NAMIAMUIUNINTNEIT Andrographolide fana laviamslgdiiazaredunsd

Y [
18 642.8 faanFuuazanmsmuIurnimiing1s Andrographolide fanaladle

9
v

a 9 A Aa o S 2 4 o A Y=R 1w
maun  GAS ulﬂ 604.57 UaANIY ﬂQHHLﬂﬂﬁL%H@ﬂTiﬁﬂﬂﬁTiV]ulﬂi]\?!‘ﬂ"lﬂ‘ﬂ

604.57x100
643

=94.02
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MINTININTIZHA AT High Performance Liquid Chromatography (HPLC)
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MIAATIZHA e High Performance Liquid Chromatographic (HPLC)

msuenas AN auiAmwIzYesas 1y msazaradinuvesasnuignimnaoui
(mobile phase) W3OUAAANLINNIAKYATIY (stationary phase) NANNUVDIA1TA19) Tl
) Y 1 dy a o & k2 9
gsazarei liansmarii luansazarenanmsieneennniudeainisonsivaey 1d laaly
[ Y )
High Performance Liquid Chromatographic (HPLC) @15ueneenniuudivagindouniiu
A 1 Y o Y a A v A 1 9 1 [ A
detector (UV-detector) nawanannuiliinamsganauisdlugie uv lauanaienu e
A o A Y I o o 4 1 1 A
inFoeiimsdszuranaszuaasnan ldoonuuiuanuduiuisening Ansganaunds
. Y ° a s a A dq ~
(mAU) 1az1a1 (min) 0330910 HPLC enunsainamsiznvinsmamsnniunldnsvin
v & o a 7Y Ao A
18 Fatumeulumsinsizyiale HPLC Haail
1. #5291511% mobile phase NHuANIBM)A
2. 1ia PLC-1055
3. 11a SCM 1000
(2}
4. laily P2000
5. 13 laemaluneves mobile phase 00N (purge)
6. 1A AS 3000
o kY [ ) v A
7. MMIANUNTHTUAAATS
8. 11la UV 6000
9. 11la SN 4000
10. WanTonouianes
11. WaTdsunsy ChromQuest
) g ~ Y o @ 9 o [V A A o
12. shmsasaamziez lddmsumananes 1dun drunauvesigmamaoui oas
[V A ~ a A A Aq ¥ < 9 ) ~
m3 lvavesigmamaoud Usinamsnae anuenaauuaan s Wuduheasn

gljﬂﬂﬂ1§§ﬂﬂ'l‘ﬁ1ﬂﬁ1/]ﬂa®\‘l



76

HNANUIN 3
a d 3
MNMITATIVIATITHAWIATO High Performance Liquid Chromatography

(HPLC) :mnmsanedananlslumstunivudiensaaniu (Magnetic stirrer)
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d‘ Y a . A o Y
AT1IWHINT ¥1 magaﬂimmmi Andrographolide nana’la

gAMEMsana 1/511a@15 Andrographolide (mg)

¥iia

o o y % Yield

A _ a3

UNNU Convectional

azae . v co, GAS

O Extraction
(ml/min)
25 5 393.35 688.85 57.10
35 1 416.45 677.73 64.44
35 3 442.50 688.85 65.28
35 5 472.61 580.70 81.39
35 10 384.48 580.70 66.21
35 15 383.90 580.70 66.11
WMNIUDA
40 5 419.43 580.70 72.23
40 10 369.58 603.43 61.25
40 15 350.75 580.70 60.40
45 5 337.02 688.85 48.93
45 10 287.89 603.43 47.71
45 15 276.52 580.70 47.62
25 5 387.69 589.52 65.76
35 1 380.21 589.52 64.49
35 3 381.38 589.52 64.69
35 5 465.37 534.18 87.12
35 10 413.75 519.81 79.60
MUDA

35 15 349.54 534.18 65.43
40 5 413.75 519.81 79.60
40 10 352.50 534.18 65.99
40 15 341.62 519.81 65.72

45 5 349.54 534.18 65.43
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M5 UINT ¥1 (70)

gAMEMsana 1/511a@13 Andrographolide (mg)
FUAA - % Yield
R R AT Rt
Mazaly  QUUNN Convectional
. na co, GAS
O Extraction
(ml/min)
45 10 341.12 534.18 63.86
MUDA
45 15 331.64 519.81 63.80
25 5 472.35 642.82 73.48
35 1 523.44 642.82 81.43
35 3 604.57 642.82 94.05
35 5 571.54 592.70 96.43
35 10 568.48 592.70 95.91
- 35 15 601.42 686.39 87.62
GEEAL
40 5 563.78 592.70 95.12
40 10 632.99 686.39 92.22
40 15 595.75 686.39 86.79
45 5 629.62 686.39 91.73
45 10 627.29 686.39 91.39
45 15 59227 686.39 86.29
35 1 429.43 740.52 57.99
- 35 3 449.57 740.52 60.71
lawia
L, 35 5 506.11 740.52 68.34
Wosunlua
35 10 486.50 740.52 65.70

35 15 474.38 740.52 64.06
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MNMINTIVAATITHAIATO Scanning Electron Microscopy (SEM)
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MWAUINA B2 NNUAAIVLIABYNIA (SEM micrographs) $1830818 800 ti1vesdsnana la
nnmaiia GAS Taeldosd Tawdudiazaieounss nonsinms lvaves

CO, 15 ml/min 11A2UHNNAI) A4 1) 35 °C ¥) 40 °C A) 45 °C
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MWAUINA B3 NMNUAAIVUIADYNIA (SEM micrographs) $1839818 400 ti1vesd1snana la
MINNALA GAS Ngairinil 35 °C 9A31M3 1Mave9CO, 15 ml/min
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mwmsmammﬂmﬁ'mm?m Differential Scanning Calorimetry (DSC)
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Heat Flow (W/g)
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) a d A 1
218 (Solubility) eummmazmﬁmuw?mmﬂmm

Solvent o S (SD
Acetone 9.77 19.7
Dimethylformamide 12.14 24.7
Ethyl alcohol 12.92 26.2
Methyl alcohol 14.28 29.7

Y 3| 3 v o a J a 1
MIWIINN 2 ANUTUTD (Polarity) Y0IAIMIALAWDUNT IFTAAIN

bp dipole dielectric
Name Structure .
(O moment  constant
methanol CH,-OH 68 1.70 33
ethanol CH,CH,-OH 78 1.69 24.3
i
acetone ey 56 2.88 20.7
H,C CH,
0
I
N,N-dimethylformamide (DMF) 153 3.82 38.3

H N(CH,

N http://www.usm.maine.edu/~newton/Chy251 253/Lectures/Solvents/Solvents.html
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