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Osteoblast Proliferation with Andrographolide and
the Development of Debittering Taste of
Andrographis Tea Leaf
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Abstract

Isolated andrographolide from the crude acetone extract of Andrographis paniculata leaves
promoted osteoblast cell lines proliferation with 152.94+8.6% of cell viability at concentration of
100 pg/mL which was better than that of the control (100+7.1 %). Moreover, at the high
concentration of andrographolide (100 pg/mL), it exhibited no cytotoxic against osteoblast cell
lines. Therefore, this research aimed to develop a bitter tasted reducing by adding the different
types of taste into Andrographis tea to yield 7 tea formulas to improve the taste that was more
acceptable from consumers. The tea formula 3 with Tahiti’s juice added, significantly showed the
best reduction the bitterness of Andrographis tea at 95 % confidence interval. From the results of
this research, it reveals that Tahiti’s juice-added Andrographis tea can be developed to apply for

osteoporosis prevention.
Keywords: andrographolide; osteoblast cell line; Andrographis tea; Tahiti’s juice; debittering taste
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Figure 1 Structures of (a) estradiol and

(b) andrographolide
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WA UA18817981 tether UulASIaT 19U
go3luu estradiol dsusinglugudl 1 Fadlaany
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2.1 msiufedrsinzanelas
\iudregrsluiimeanelas (Androgra-
phis paniculata) 3Ngnnaumle Saninaswal
Tuieufiquisu wa. 2559 Fadutdiimeaslas
S uesnnenliuszuindesay 50 ndsanndu
fgaidndnuaiflvingrauasifudtraieliv
TSU’s herbarium (specimen: NWO05)
2.2 msanagisatavenuainlufivzane
a5
dluinganelesanunfuudafsasls
Wit uanranan s varatesdiny
(commercial grade) \Jutaan 3 Ju 9 nfuseive
fvhazanserdlausenduiad ossemauiuuy
aqyeyrn1A (vacuum evaporator) Lo @ udia

nowerdlaunididuduwmdn 6.59 nfu

Fraction § In CDCI3+CD30D
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Urduadanevesdlavuiuenans
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usavidlauardewmaliamaduillasuilnns i (vue

AoauYge 45 lwuRmns ukuguinans 5 il

v a

WRS) Medan1vuin 100 (0.063-0.200 Sadluns)

v LY

wasvzdefvharaeienien (n-hexane) waauial
anmiadefyhavansiefiaosdian (EtOAQ) Tu
918U 5-70 SovazlaauSuins muddu
§eaursonsnanseonfudaud ey
(fraction) Wavua 16 dautos 91nTuAsIREDY
wndnwalswaiialasannsnsRAuuuusuuie
(TLC silica gel 60 F,s,) lotltdage (eluent) syuu
70 % EtOAc-n-hexane uWmnsivaeunelsinasy’
firuenandu 256 wiluns Taednvarnisuen
VUSIATRQUALYN (thin-layer chromatography,
TLC) wuinuenarsuiavdAdumnasnnld 1 ans
79 fraction 5 [R¢ = 0.5:70 % of EtOAc-n-hexane
(1 time)] mﬂﬁv’uﬁmﬂsﬂﬂsaa%wmmsu‘%qvuéﬁ
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Figure 2 'H NMR (300 MHz, CDCl; + CD,0D) spectrum of andrographolide (fraction 5)
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andrographolide; white solid; mp =
218-222 °G; IR® (v): 3400, 3299, 1727, 1673, 908
cm™ 'H NMR (300 MHz, CDCl,;+CD,0OD) data: &
684 (1H, td, J = 6.9, 1.5 Hz, H-12), 4.88 (1H, d,
J=5.7Hz, H-14), 4.81 (1H, brs, H-17a), 4.53 (1H,
brs, H-17b), 4.38 (1H, dd, J = 10.2, 6.0 Hz,
H-15a), 4.16 (1H, dd, J = 10.2, 2.1 Hz, H-15b),
4,10 (1H, d, J = 11.0 Hz, H-19a), 3.35 (1H, brt,
J = 8.1 Hz, H-3), 3.31 (1H, m, H-19b)¥, 2.48 (1H,
brd, J = 12.9 Hz, H-11a), 2.34 (1H, dt, J = 13.2,
3.6 Hz, H-11b), 1.55 (3H, s, CH,-18), 0.82-1.89
(11H, m, -CH,-1, -CH,-2, -CH»-6, -CH,-7 and H-5)
and 0.62 (3H, s, CH;-20)
2.4 MsiA paaduaznMagauUNsIiY
Surgadooaitouaan
\wadeadflouanas (osteoblast cell)
vaanyfiudnsvila MC3T3-E1 (ATCC CRL-2593)
mneld sed uluemsid sewadviln alpha-
modified minimum essential medium (a-MEM;
Gibco Grand Island, NY, USA) §sUsgnausiay 10
% 994 fetal bovine serum (FBS; Gibco Grand
Island, NY, USA) 2 Tadluan$ elutamine 100
yilmdofiafdfing penicillin G waz 1,000 fadnsu
sefiadans 184 streptomycin figumgdl 37 sam
wadea neldannyusseinia 5 % veeing CO,
[6] nagaumsNsuuazadufiviowad
MC3T3-E1 fuansuarlasnsiinladdunliudn
#5197 AR 28T S 3-{(4,5-dimethylthiazoleyl)-
diphenyl tetrazolium bromide (MTT) assay lag
nMsthwadossileumadiinzidedilu 96-well
plate (AuldAuvuwiuUszaa 5,000 Lwad/
vaw) wdsdilaigussnnaiesay 90 wdadu

14 [ -
ansusulasnslwladasivuluunaguquiany
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wudiusng « leun 0.001, 0.01, 0.1, 1, 10 wag 100
lulasnsusefiadans udauuduan 24 $alus
Tugavingeesnisunsinalsazats MTT AN
wiudu 5 fadnsusiefiadans asluTuusdasvquum
vuduiaan 3 Falus ﬁqquﬁ 37 ssAwaldua
alWiAandnwosinusu (crystal formazan) finns
W3 acid isopropanol U3unss 40 pL wiaulugn
w1 9 ndutadinisganduassmeinueud
AIUETIARY Ay = 510 Wiluins Taeldiadog
microplate reader udrruIndasaguoInsiiy
SMuTRNTAE MC3T3-E1 dhnaunsdl (1) fail

% Cell viability = OD; + OD, (1
iilo oD, fla AmsgAndunatvsuTadinaaauy
arsuaulasnalnlad; OD; Ao ANsgANduLAl
Yougad MC3T3-E1

F89UNEN1TVAaedlugUTas meant
s.D. lagn1saurn 281Usunsy SPSS uay
iATIEMAIRINLANANY (significance) Be19ilTY
A YVDINANITNAABINILAT p-value isydu
mnudotuderay 95 delusunsy ANOVA Tneds
9849 Duncan’s new multiple range test (DMRT)

2.5 mamssuyr luimeanelas

sulufimzatalasfigamgfl 45 aen
waldoa Wunat 8 4alue aulufimeanslasu
atn nthuhlufweanglaseuuisluldinTonm
Tustweanslasgasena q fedl

2.5.1 garIuA Y (control) ¥1ludn
neanslessandsady Sundeulasnisdelui
nrarslasusunazidaaiimin 500.0 fadniu
azavluthaamgd 60 ssmeadua luiuns
100 {inddng

2.5.2 yaU3uUse (modify) Usenausag

YFuugegasan q (formula 1-4 uag formula
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2a uav 3a) fiefl

253 Formula 1 (gns 1)iduasli
AUNITU A sucrose (Cj,H,,0,,) asluaiufia
neanslassarAaadnlulinasety ldalui
nzarlasifvansiianunutonun 6 Ay
Wty Tnousazanaudududs sucrose Tuusun
Wl 1=31.2 fadn%u 2= 62.5 fladndu 3 =
125.0 fafinsu 4 = 250.0 adn3u 5 = 500.0
dadndu way 6 = 1,000.0 Tadnsu auadu
avanelurlufiwranslessavdaaiudiunng 5
fladfins ignmafl 60 ssriealdua

2,5.4 Formula 2 (a5 2) ifiuanslv
AMLAY AB purified sodium chloride (NaCl) a9
TuludwzanelassaranaiuluyTuasify
IFelufimearelasiifuansifanuduiomn 6
Anuduty Tnsurazaudududs Nacl lu
Usuned el 1 = 31.2 fladndu 2= 62.5 Tadndu
3 =125.0 fiafin3u 4 = 250.0 fadn3u 5 = 500.0
dadn%u waz 6 = 1,000.0 Tadndu aua1su
avanelurlufiwearelassavdnaduliung 5
fiaddns Migumgfl 60 sewiwaidya

2.5.5 Formula 2a (g5 2a) LANan5IH
AULAN AB sodium gluconate (NaC¢H,,0;) a9
TurlufweanelassavadainluuTuasisiy
Inlufimearelasiiuansidmnundutn 6
anututu lnsudazaududuts sodium
gluconate TuUsues sail 1= 31.2 Tadntu
2 =62.5 indinsu 3= 125.0 fiadinsu 4 = 250.0
ASU 5 =500.0 Hadnsu uag 6 = 1,000.0

a  a

a8
dadinsu amaiau azagluvilufmeganelas
samAdaiuyiigg 5 fadans flgaumail 60 e
\waldua

2.5.6 Formula 3 (g0 3) WneansTiipnu
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& 0 o aa .
WS 87 Ae Tahiti’s juice (NEu1INNE R, Citrus
aurantifolia) aslusluiwmearalessagfdaudi

a | ) 2 a - )

Tuusunusnatu Weuludmeatslasidvansi
& & v v -

ANMNWUT T avun 5 At udu Tasesenlu

] 1%

miisgazlauuSunseadl 1 =1

a

{1888ns 2 = 2
1a88ns 3 =3 afdns 4 = 4 faddns waz 5=5
Jaffng muainu azansluviludmzanelas
sAANUALUTINS 5 Taddns Ngamgll 60 o
Wwadug
2.5.7 Formula 3a (g5 3a) iinansiy

g P .. ) .
AMNLUT Y3 AB Lemon’s juice (v oy, Citrus
temon) asluvludnzanelassavidsasulu
Usuusnaty Taanludaneanelasiiuansla

¥ ¥ v v .
ANUUTEITINNA 5 AU uTU nenTanlu

] 2

migesarlneusunnsael 1 = 1 faddns 2 = 2
addny 3 =3 UaddnT 4 = 4 Jaddns wag 5= 5
Jad8n5 anuardu avarsluviluivsanelas
sanARuAuIms 5 foddns flgnumgdl 60 aem
wadoa

2.5.8 Formula 4 (gns 4) Auanslv
AMILANLAEANLUT sanandy AD NaCl uag
Tahit’s juice adlurlufimeanrslassavdaadiu
Taen1sds NaCl TuuSuna 31.2 fadndu naufu
Tahiti’s juice TuuSuns 1 faddns Wuaduwlu
Hvearslassanfnadudiuns 5 fadans 7
guvgil 60 s aidea

wdsansuhuilufimeansTosfiedon
"Lﬁﬁ”’aﬂqmmuauuazmmammﬁnmmsammm
yluivzaglasfusmainsquniwdivamaye
wazuds 91y 17-21 T $1u3u 62 Ay

2.6 n1sanvuvasv1 lud mzaelaslu

B1AANATHUNING

2.6.1 inusinsAniianenanasing
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sanastasidrsuntsmaasuseaduy
Ailguamiiuasdadduudygysauysel laoieny
17-21 ¥ TnenUasvadpsgoranirsulasinis 62
au Tnefleraatsfiiriulasimsaesesiums
nageunsiusarIAvosd e Auiasvzndum
udaneusarfvesdsiduinfisansdisls win
aenatpsneusanAldnssiusavifvesdeiitu fio
Jiunusiandonididuoianalnsduyih
viaelasla

2.6.2 93us5sun el ud

N5 nwanisanruue11tuiin
neanelasivenanadrsguandlanmunisiaisan
WiureuMNANENsIUNTSI3EsTINNT IR YW
anzn1sunndunlve uminerdeassatuaiuns
FeaytAlyidudufnunnisanvuvesyilufimeane
TasfueanadasguandldlaedosliRnuman
Busssunsitlunyudediantenin dedviede
fuspwsusssunideluuywdiandl EC.57/8 06-
002

2.6.3 N1sVAABUN1TAATNYBIY U

neaelasiuaranalasguang

praatasazldsunisduyaia 7
ans laun yrludmzanelassanddaiy (yn
aruay) uaswlufimeanglasfildfumsuiulss
sa9f (YavaaasUszneuals formula 1-4 way
formula 2a wae 3a) Ingldyuenlunvusussyn
#daaiiv (blind) {3Tuazlioraaiasiusand
Tagnseundal3luun udwhuis wdrenanartes
rHadlirELUUN1SaATY (debittering score) {5]
Y9991 2 A1U AB EUIA (debittering taste) way
nau (debittering smell) 91ntudn 5 wil (himde
samAvasreunih) arlieraaiasdunfiely

(4 v L7 A’
Taginueinasivinsuunel
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(1) peuwuususaT @ Toun 0 = Taidl
Ay (Rawelauniige) 1-2 = fiaauudes
Wn (Ranelannn) 3-4 = dannuantss (Rawelq)
5 = fanuvuiunans @awelayiunans) 6-7 = 8
AuvIwaUsEIn (Renelaweuseun) 8-9 = 8
AMNNInn (fawelation) wag 10 = daduwuuin
fign (ifiwela)

2) azuuudunau Wun o = lifl
nAuniiudes Relawniign) 1-2 = fnduwmiiy
Fentenann @ewolaunn) 3-4 = finduwmshuden
Yoy (Fanela) 5 = fnduniulderuiunats (e
welaurunane) 67 = fndumfuweuseua (s
welaneuszuial) 89 = findumdudonnn Gia
welatlor) uar 10 = Snfumiudemindian (a
fanela)

2.7 mslaseideyamaatii
YoyauanwieA meantS.D. (n=3) 19
Tsunsu SPss Tapad@fldlunisimseidoya
oA A1A218kUsUSIU (analysis of variance,
ANOVA) LiazA21LANAIIYDIAINAE H58M319Ha
n19naaedlarid Duncan’s new multiple range
test (DMRT) Aiseunrdetudovas 95
2.8 nMsaaTeiidwWiuuvesdsngu
uaRTAUILLATES UV-Vis spectrophotometer
aliquot plufimearslassasAdais
Tuusuas 500 lulasdnsldaludqed udaudu
a15azant 3,5-dinitro benzoic acid AULTNTU
$ouas 2 uwazarsavansluifsulensonledaiy
Watudorar 5 egheay 30 Wlasdng wihdaides
Juna 3 wif wdriedinsganduuatiininuen
Ad Y 544 unlulins uazmuaUiuaIIngy
waAlAUTININNANNTLEUR S (linear regression)

vans1MuInsgIu wudtlurr luinzaneles
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7.38 Tagtwiin

3. Han1sIdeuasiansal
3.1 N1SERASISANANYIVLALUBENEIS
waulpsnsinlladannlufmzaneles
Tufvzarslasaniuninuieudud
afnmeivhasanuesdlau udrseivesvinazany
aon Iidmatamevesflauiiddondy sy
wonarsusulasnsrlnlasdangduataneiy

avBlauliuiavsiewmaiiamalasintunai lng

D1 BAIYL 5¥WI N EtOAC U n-hexane Tudnsn
dausine q FeusnanseeniBudiuden (fraction) 1#
yiawun 16 druges fumsulqyisan 1 a5 7 R, =
0.5 [70 % of EtOAc-n-hexane (1 time)] #84310
FuhansuianiAldluiiaseilasaadedae
wafla *H NMR spectroscopy @ anunisusing
anwaurdgyIuves 'H NMR spectrum (gﬂﬁ 2)
wilauduans andrographolide (5] §9aguUdnans
U?E‘Lwﬁ{ﬁ'l wenle Ao andrographolide Tadl

v L4 d
Inssadedauandlugyn 1

439 .
4.000

3.000

Abs,

2000

0.000
-0.394 .

200.00

400.00

600.00

am.

Figure 3 UV-vis spectrum of original andrographis tea after treatment with Kedde's reagent

3.2 wan1siusuIugadeasilovanad
gearsuaulasniinlan
hansueulnsnsinladfuenlfandy
afanewesdlaundnuiniseengviaiinasenis
i usuIuTsLeadnsEgnuoIvyfusnIdeds
MTT assay lagfiv15u191n388ay cell viability
vaugadeoaflouaradndinisiduatsueulns
nsilitad wudasueulasnainladiarsududu
10 lulasnsudefiaddng dnaviliieadesaile
vaadiRusuldund usfevas 1529486
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(Ui @) ewFeuiisutuyamivau Gevns
100+7.1) uanmnﬁuwamswmam’lugﬂﬁ 4 fy
wansiiuinasuewlnsnsinladfiidensenn
Wuduas 100 win (fsuduanudutu 10 lulas
nfusefiadfing) Ao u ANduYY 0.1 Tulasnsy
sefladans Suilusvansamluntsnsefunisiiy
Suurewradosaflovatanlateiosay 128.8+
5.5 vuefi arsusulasnsiinlad fidoanenany
Wntuasdn 1,000 wih (@ududu 0.01 Tulasniy
wedadfing) dearusonseiulvigadooaile
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vanaddinsiuswauldunnisdesar 116.245.4
wariinuvanla Ao arsuaulasnsinladday
uduge s anaududu 100 lulasniusiediadtng
Tiwamsnrnsnuiie (non-cytotoxic) Aelgadendh
Tovanad wsivhidnisanasvesdiuinveead
poadlovaiad (Fovaz 110.017.2) deandaefiu
MITeiAnwmavenaulnsnsalwladatunse
nsvfuradeeailavaaduasnisaiiensegnitaly
SERY in vitro wa in vivo [4] Fetunan1sveass
Frduiasuolasnsmladiqrilumsnsedu
mafusuveneadnsegalad daudldaay
Wautulusedusmanianu uonanid§iduds
Faaniswaunsanvuvesttluivzaislas vl
samAnsausuldundy Weliesensuslaalu

sUven

ki

3

-

»n

o
1

% Cell viabllity
5

8

80 T 1 L} T L) ¥
Control 0.01 0.10 1.00 10.00 100.00

Andrographolide concentrations (pg/mL)
Figure 4 The effect of andrographolide on cell

viability of osteoblast cell lines

3.2 n1sanvuvesrr lun meanelasiu
21EENATHUAING
- J a) aw ot o
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Table 1 Debittering taste scores of Andrographis teas (formula 1-3) with different tastes

Debittering taste scores®
Concentrations** Formula 1 Formula 2 Formula 3
(sucrose added) (NaCl added) (Tahiti’s juice added)

[1] 9.48+0.95% 8.69+1.51° 7.21+2.05°
(2] 9.30x1.12°% 8.39+1.65° 7.02+1.86%
(3] 9.58+0.82° 8.29+1.75° 6.61+2.08°
[4] 9.20+1.16°% 8.37+1.71° 6.05+1.89%
5] 8.68+1.48™ 7.82+1.81° 5.39+2.10%
6] 8.21£1.67% 8.00+2.01° -

Control 8.77+1.27° 8.77+1.27° 8.77+1.27°¢

*Different letters within a column indicate differences determined by Duncan’s new multiple range
test (DMRT) at the 95 percent level of significance, **[1] = 6.2 mg/mL, [2] = 12.5 mg/mL, [3] = 25.0
mg/mL, [4] = 50.0 mg/mL, [5] = 100 mg/mL and [6] = 200 mg/mL

Table 2 Debittering taste score of Andrographis teas (formula 2 and 2a) with different types of salts

e Debittering taste scores*
Formula 2 (NaCl added) Formula 2a (sodium gluconate added)
(1) 8.69+1.51° 9.00+1.53°
[2] 8.39+1.65° 9.23+1.11°
3] 8.29+1.75% 8.82+1.34°°
[4] 8.37+1.71° 9.13+1,32°
(5] 7.82+1.81° 9.03+1.23°
6] 8.00+2.01° 8.66+1.32%
Control 8.77+1.27° 8.77+1.27*

*Different letters within a column indicate differences determined by DMRT at the 95 percent level
of significance, **[1] = 6.2 mg/mL, [2] = 12.5 mg/mL, [3] = 25.0 mg/mL, [4] = 50.0 mg/mL, [5] = 100

mg/mL and [6] = 200 mg/mL
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wansvinaeslumed 1 wuinsdy
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fladduszyindfenveweunmaadiansu Ao
aludu (limonin) [12] nawegluildenludunm
wnn Fsorvdemasiesaruvesimzanglasté e
Winusvansamlunisanuliiundy §3deds
denduansiimuTvaildanfvlussega
Citrus 7 la{iTa13 imonin nawsgluden Jude
Citrus lemon (i@siou) Iaen1si#An Lemon’s juice
aslurimzanelas Iaduruiuugegns formula

3a (115799 3) WUTIN19LA Y Lemon’s juice

Table 3 Debittering taste scores of Andrographis teas (formula 3 and 3a) with different types of

aunsoanvyld i el3suiisudunsidu
Tahiti’s juice fd AIMUTNTWYINAY WUIN Tahiti’s
juice fiuszaAnsamlunisanuulafndy Lemon’s
juice FeoraBumene Tahiti’s juice ﬁmwmﬂ‘%ym
11nnda Lemon’s juice TuuSuasivindu avinlv
UssAviBammsanvusety anntuaemansani
51714 Tahiti’s juice U NaCl Fwman1svaaes
(5797 4) wansiiduimsdusanfiuisuas
ialiannsaanuuld ewssuiisuivegns
Fauduuazyuiulseges fomula 3 ffinsidy

Tahiti’s juice [esag191RE"

juices
U Debittering taste scores*®
Formula 3 (Tahiti’s juice added) Formula 3a (lemon’s juice added)

1] 7.2122.05° 8.16+1.46“
(2] 7.02+1.86™ 7.82+1.61°
(3] 6.61+2.08° 7.56+1.62%
[4] 6.05+1.89% 6.95+1.65%
5] 5.39+2.11° 6.58+2.02°

Control 8.77+1.27° 8.77£1.27°

*Different letters within a column indicate differences determined by DMRT at the 95 percent level

of significance, **[1] = 16.7 v/v [2] = 28.6 v/v, [3] = 37.5 V/v, [4] = 44.4 v/v and [5] = 50.0 v/v

Table 4 Debittering taste scores of Andrographis tea with mixed taste

taste scores®

Formula 2 Formula 3 Formula 4
Tea formula Controt
(NaC\ added) | (Tahiti’s juice added) |(NaCl and Tahiti’s juice added)
Debittering b .
8.69+1.51° 7.02+1.86 8.11+1.54° 8.77+1.27

*Different letters within a column indicate differences determined by DMRT at the 95 percent level

of significance
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Table 5 Debittering smell scores of Andrographis teas (formula 1 and 3) with different types of taste

e Debittering smell scores*
Formula 1 (sucrose added) Formula 3 (Tahiti’s juice added)
[11 4.47+2.49° 3.10+2.30%
(2] 4.42+2.43° 2.82+2.25°
[3] 4.73+2.52° 3.00+2.17°
4] 4.42+2.50° 3.21+2.45%®
(5] 4.23+2.57° 2.77+2.41°
[6] 4.02+2.69° 2.66+2.22°
Control 4.53+2.68° 4.53+2.68

*Different letters within a column indicate differences determined by DMRT at the 95 percent level
of significance ** formuta 1: [1] = 6.2 mg/mL, [2] = 12.5 mg/mL, [3] = 25.0 mg/mL, [4] = 50.0 mg/mL,
(5] = 100 mg/mL and [6] = 200 mg/mL; formula 3: [1] = 16.7 v/v [2] = 28.6 v/v, [3] = 37.5 w/v,

[4] = 44.4 v/v and [5] = 50.0 v/v
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