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Herbal Medicine for Osteoporosis and Related Conditions Background of
the Invention The present invention relates to a herbal medicine useful for
the treatment of 5 osteoporosis and other conditions. It may be of use in

the prevention,gr reatment of Obesity and diabetes, The medicine is
derived from amiamber of pio Sterraisoed

medicine. More specifically, we have found that a mixture of six herbal

m terf'{als haé d§ 'raple a%tivities. Furthermore, the activities of the mixture
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UNcomImon in men over 63,

Bone remodelling is the process in which bones are broken down through
resorption and then built back up again through bone formation. This is a natura)
process that takes place all the time on different parts of skeletal bone. Usually these
two processes balance each other out and a stable level of bone mass is maintained.
Until a healthy person is around 40, the process of breaking down and building up
bone by cells called osteoclasts and osteoblasts is a nearly perfectly coupled system,
with one phase stimulating the other. As a person ages, however, or in the presence of
certain conditions, this system breaks down and the two processes become

unbalanced.

Osteoclasts are specialized bone cells that break down bone mass through a
process often called resorption of bone. The action of osteoclasts is balanced by the

activity of osteoblasts that build up bone mass. In the bones of healthy adults, bone
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activity of osteoblasts that build up bone mass. In the bones of healthy
adults, bone 1 mass remains relatively stable because osteoblasts and
osteoclasts are balancing each other and working together to maintain
the ROPSIIASS zl;{ﬁ%@' S P %%stgo f?eoE[h%% X 5‘% g8l GS%P' 0,088l cach

when damage nction o osteoclasts can aftecte y various
drolys andl weskmgt tizgethe’ tn raam%nttbd bbuatmmgs Lélélamliimﬂ éagaeto
(2907, maks 1nsSHPLRNG ohsenalian al hors. 8.554S DPLALEYIOUS Ny e
thought to n%pact loenerge |cs can cf’adlposny glucose
metatistism Vanduméuhgswdslmvmwtﬁemsle with obesity and diabetes are
known to have abnormalities of bone metabolism. Increased adiposity is
10 a risk factor for fracture in children, and diabetics are prone to fracture,
althoughitrereseis ittlelievithen dethatthelcapmpr EHiSppseddohsstapponosis
(Sears &l 2901 dowsuer, I Aie glhane umarenipdesieaed. ,
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relaﬁ?sdthe& d't 1 %%nk@f 1esuqysbil oglrﬁleq&gmaet&%ceﬁtleg g%za%etes mecluding

hyperglycemia, and decreased levels or effectiveness of insulin and 1GF-1 (Inaba,
2004). Lee et al. (2007) now present data to challenge this notion and raise the
provocative concept that the reduction in osteoblast function may contribute to
obesity and glucose intolerance. In this scenario, a vicious cyele would exist in which
the metabolic sequelae of diabetes suppress osteoblast function, leading to diminished

osteocalcin bioactivity, which in turn further aggravates obesity and insulin resistance.

Summary of the Invention

We have developed a medicine that can alleviate or prevent (or at least delay
the onset of} osteoporosis and related conditions by a double-pronged attack, in that it
can both increase the bone-building activity (due to osteoblasts) and decrease the bone
resorption activity {due to osteoclasts). Thus the medicine can be used for one or

more of the following:
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can both increase the bone-building activity (due to osteoblasts) and
decrease the bone resorption activity (due to osteoclasts). Thus the
medicine can be used for one or 30 more of the following: 2 1. Treating
osteopor, SIIS nged cmg rate of bone fractures 3. Increasing bone
mineral ensny g3 nng g bone structure 5 5. Alleviation of
menopa@sﬁbéympgoaﬁs sliotnadrdeyimess and hot flushes Furthermore the
medlcm np be. us%ddg 1grgleet{aela em?t of other conditions linked to the
activities of OSteonasts andior osteoclasts. These may include obesity,

glucose iBkstance mnb’sn"uimhetes 10 Our medicine has been

demonstra romote the eratlon of os sts Th or
e e e O e e S’ b T

osteoblasts. 15 In further aspects the inventlon relates to methods of

treatmer\% 9 mamm%s 1‘1? man%%{l%y ¢ useﬂrpnapl?é {n rea Flﬁ, aocg[ tﬁ%rt%odlditlons

manufacturing medicines comprise Steps o
cdmbuheriis) aativditseod Dierbal o mpdmentsdolte Ndretaatyréndiide obesity,
cwg&t for use @%ﬁ@gy{ 20 The present invention relates to a

osition defived from Six plant materials: (i) Herba epimedii 1 (Yin

Yang Huo) (ii) Fructus Psoraleae (Psoralea coryfolia) N (Bu Gu Zhi) 25 (iii)
Radlx R %@%}eng{l%g%rata gge&rt@a)r%v |IL,(I)II1I;I&S ni%Pr é’hM Shu r#D

e de!
(iv) Cortex Eucommiae e 0 ](}D =
Zhijteoblasts. Therefore, it is expected to reduce the body weight throuOh the activation

mechanism of osteoblasts.

In further aspects the invention relates to methods of treatment of mammals
(human and non-human); methods of manufacturing medicines (which may comprise

steps of fractionating components); and use of herba! components in the manufacture

of compositions for use in therapy.

The present invention relates to a composition derived from six plant

materials:

(i) Herba epimeditiZ=£%2 (Yin Yang Huo)

(i) Fructus Psoraleae (Psoralea coryfolia)%1 & B (Bu Gu Zhi)

(iii) Radix Rehmanniae preparatae (Rehmannia glutinosa) B3 (Shu Di)
(iv) Cortex Eucommiae 4% (Du Zhong)

(V) Fructus Cnidii #¢AF (She Chuang Zhi)

(vi) Radix Astragali (Astragalus Membranaceus) ¥ i€ (Huang Qi)

Some components of these plant materials have been reported in the literature.
For example, geniposidic acid from Du Zhong (Kim et al 2003), osthole from She
Chuang 7i (Kuo et al. 2005), coryiin and bavachin from Bu Gu Zhi (Wang et al.

(OS]
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(vi) Radix Astragali (Astragal us Membranaceus) L (Huang Qi) 30 Some
components of these plant materials have been reported in the literature.
For example, geniposidic acid from Du Zhong (Kim et al 2003), osthole

from She Chuan% gi Kuo et al. 2005), corylin and bavachin from Bu Go

ZROANAridoagL 2 ) (SR Al FO 0 BN SdAR X6 Fint9amightlo
Cpiérphabhdlas) Ao pRlvSaeohatdas fiarm Shy Ridheietat rPeRkand

Huang Qi were reported. Preferred compositions of the invention contain
extracts of the 6 herbal 5 materials in the ratio (in parts by weight): (iv) Du

Zhong: 2R-{0sRrefarahlyidnd omastnieialah Yor PRt b By G €ihdiRi6,
preferably 2-4, most E}greferably 3 parts (iii) Shu Di: 1.2-5.0, preferably
I

1 BRSO RSER B D Bakis D) She Chuang Zhi: 1-4, preferably
1.2-2.8, most preferably 2 parts (vi) Huang Qi: 0.3-1.5, preferably 0.5-1.0,

most preferably 0.75 parts (i) Yin Yang Huo; 0.15-0.75, preferabl
0.25-0.5, most prefbrhiRPtE78-pariraiserblirhS e preffaaibyye parts

produced by ethanol extraction for (i), (i), (iv) and 15 (v), and
water-extractionifoB(iQramst (vh-6T baserutitiaDextracts iyt i yoamiatly
purified, suitable techniques being illustrated herein. Compositions of the

invention may centain further ¢ onents, e,d. conventional-adjyvant
and/or excipien@?ﬁ%uyﬂr{ﬁafiﬁc%%ﬁ?aﬁ ﬁeﬁftﬁt{ﬁé}/ é?:%i\?é n g@ﬁ%ﬁ%@ Ye%é.‘a gaas
source of calcium such as calcium carbonate which may be 20 provided

by oyster shell &y o Pwariefbs itdbr ¢frs adpasitbrnoshiisigiayipa perts

a unit dosage form, provides 0-1400mg of calcium daily. Excipients may

include lactose @y ptaighs OthenCoR PRTENSIPIEBLS . NGIHEEBRENASINMS parts
stearate, dextrin, povidone, celluloses, talc and sucrose. One function

(i} Yin Yang Huo: 0.15-0.75, preferabiy 0.25-0.5, most preferably
0.375 parts

The extracts are preferably produced by ethanol extraction for (i), (ii), (iv) and
(v}, and water-extraction for (1) and (vi). These initial extracts may be partially

purified, suitable techniques being illustrated herein.

Compositions of the invention may contain further components, e.g.
conventional adjuvants and/or excipients. They may contain further active
ingredients, e.g. a source of calcium such as calcium carbonate which may be
provided by oyster shell or pear] powder. Suitably the composition, which may be in

a unit dosage form, provides 0-1400mg of calcium daily.

Excipients may mclude iactose or starch. Other common excipients include
magnesium stearate, dextrin, povidone, celluloses, taic and sucrose. One function
may be to counteract a tendency of the herbal materials to absorb moisture and
become lumpy. Other possible functions of excipients mnclude flavouring (e.g.
sweeteners) and colouring. Excipients may comprise binders, distintegrants, fillers

(diluents) and lubricants. Liquid formulations may include liquid vehicles, e.g. water.
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may be to counteract a tendency of the herbal materials to absorb

moisture and 25 become lumpy. Other possible functions of excipients
include flavouring (e.g. sweeteners) and colouring. Excipients may

comprise _binders, distintegrants, fillers (diluents) and lubricants. Liquid
formulatiBHefRescription okithe DEayines e g. water. 4 Brief Description of
the Drawings Fig 1(i) to (vi) is a set of graphs illustrating the activity of 6
individugtipamiplo exdy ackssernvostaprlaistssthigng b &0tARR bke thaseRbFig bal
| but illustrating the activity of mixtures of 5 extracts of all 6 herbal
m%ﬁgﬁ%ﬁ%f)%@s%ﬁﬁlﬁtf\vi) is a set of graphs illustrating the activity of 6
individual herbal extracts ((i) Yin Yang Huo; (ii) Bu Gu Zhi; (iii) Shu Di; (iv)
Du Zhongg(¥)yShera@hiikaghdshiofifick (Vi ilang Qo osteohiastaniges of
4a}gpﬂg,{ls—:igf%ﬁr regr @Qséirk those of Fig 3 but illustrating the activity of

1§ mixtures of extracts (?’rta herbal. materials, after 24hrs (Fig 4a) and
48hrs (Fig 4b). Fig 4c is a graph showing best fitting curves for activity of

the mixtdras3on tpfoiiferatishcaaierysotivsssiviadts arity Byiobogralphidual herbal
ill ' Gtivit] the mixEr itk i rial .

plljé ﬁ#ﬁ?&?&ﬂir&g{f{e@eﬁﬁ% Ftl)%ne mazgﬁgggﬁggg%{gr%ﬁ 7221%1 %"o(%% She
respbiseduniad fob theans@iveonatteabldsiiithout partial purification) on

bone mineral density in the femur (Fig 6) and the lumbar spine (Fig 7).

Fig. 8 is gigrapihelating desagsnyithdhspaciaty BUfied SiFeHd e ictivity of
change in body weight. 20 Description of the Preferred Embodiments
EXHABHGR ProtEtres Wé asibatiay thelsie herBshimaimtmgndvithzgdse 4b)

agueous ethanol and with
Fig 4c is a graph showing best fitting curves for activity of the mixtures on

R2AR

proliferation activity of osteoblasts.

Fig 5 is a graph illustrating the activities of the mixture (with and without

partial purification) on the femoral bone mass index.

Fig 6 and 7 are dose response curves for the mixture (with and without partial
purification) on bone mineral density in the femur (Fig 6) and the lumbar spine (Fig
7).

Fig. 8 is a graph relating dosage with the partially purified structure to change

in body weight.

Description of the Preferred Embodiments

Extraciion Procedures

We extracted the six herbs, individually, with 70% aqueous ethanol and with
water, and compared the results. For each herb, 3 different samples from different

sources were used,

(a) Extraction of raw herb (i) (Yin Yang Huo):
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water, and compared the results. For each herb, 3 different samples from
different sources were used. 25 (a) Extraction of raw herb (i) (Yin Yang

Huo): 5 (a) using 70% EtOH: 500 g of dried leaves of Ying Yang Huo

were ground and extracted with 4 L of 70% EtOH (ACS grade ethanol
obtained from b gaidterRf for GHE RO 2tiofedrindeavigaddr Yamu X angetiuo were

combined, gxiragtwag fligred.andsthe fitrrie, was popcertated and friethained

under vacuum. 5 (b) using water: 500 g of dried leavés of Yin Yang Huo

were grotif@d Afrpesheactetpivithes howt.whiee fimeso Aodas Tellentimids, combined
under re@i%ﬁ'a&h@a&ﬁﬁé%ﬂ%@%ﬂ@ﬁ%@wﬂ?&@ﬁc@ﬂﬁa@& éﬁﬁ%ﬁe\ﬁ’@tﬁder yvacuum.

concentrated and dried under vacuum. 10 (b) Extraction of raw herb (ii)
(Bu Gu Zhi): (aftishigz0ovstet OO 300l gloedrieay eruitfof But@uedtiirovarsre ground

ground afth extragiadwithsHl Of 9% RIPRIPLARE RO wlhtee [iESrefiux. The

under reflux. The combined extract was filtered and the filtrate was
concentréfEibid efstrunaefiliaed and s {HirusingwaeseBooed endifidgd under
fruit of By Gy.&hi was grinded. and extracted with 5 L of water for two

hours, two times, under reflux. The combined extract was filtered and the
filtrate was concentrated and dried under vacuum. 20 (e) Extraction of

raw herb(ii(Rud3h: edusiRg: 104 Bi@R: Agied herb of Shu Di (500 g)

was extracted with 4 L of 70% Et H for one hour three times, under

reflux. The extragtaisiege fhereaFh 0 drcriidend ek ebRedrt dldidwaaground and
dried undggMaciumHb) usipgwateh Rrigd Herh Qf-ShRidR0 AW W8S efiux. The

extracted with 5 L
combined extract was filiered and the Gltrate was concentrated and dried under

vacuum,
(b} using water: 500 g of dried fruit of Bu Gu Zhi was grinded and
extracted with 5 L of water for two hours, two times, under reflux. The

combined extract was filtered and the filtrate was concentrated and dried under

VaCcuun.,

(¢) Extraction of raw herb (iii) {Shu Di):
(a) using 70% EtOH: Dried herb of Shu Di (500 g) was extracted with
4 L of 70% EtOH for one hour, three times, under reflux. The extracts were
filtered and the filtrate was concentrated and dried under vacuum.
(b) using water: Dried herb of Shu Di {500 ¢) was extracted with 5 L
of water for two hours, two times. under reflux. The extracts were filtered and

the filtrate was concentrated and dried under vacuum.

(d) Extraction of raw herb (iv) (Du Zhong):

{a) using 70% EtOH: Air dried bark of Du Zhong (500 g) was chopped
and extracted with 4 L of 70% EtOH for one hour, three times, under reflux.
The combined extract was filtered and the filtrate was concentrated and dried

under vacuum.
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25 of water for two hours, two times, under reflux. The extracts were
filtered and the filtrate was concentrated and dried under vacuum. (d)
Extraction of raw herb (iv) (Du Zhong): (a) using 70% EtOH: Air dried bark

of Du Zhong (500 g) was chopped 30 and extracted with 4 L of 70%
EtOH for one HOUr iHi&&iifEs  thaeridiisd bere ebhibiddanextvascherped and

filtered apgribedilvate was eanceniratad @rd fbigd, WREEEMAEUHAAEP Dux. The
using water: 500 g of dried bark of Du ZhoE was chopped and extracted

with 5 L SARRSAGHTRS WatifEiehe dddbe dHuaterams conpratEseismegried under

extract wasdlitered and the filtrate was concentrated and dried under
vacuum. 5 (e) Extraction of raw herb (v) (She Chuang Zhi): (a) using 70%
EtOH: 500 g of dried fruit of She Chuang Zhi was chopped and extracted

with 4 L of, TRYeEiohbichenehoun tbreetimes mrder reflux. The

combined extract was filtered and the filtrate was concentrated and 10

dried under vadBuRs108) (SiAgFNATEr o882t et Frutt 6f Sthe Ehuaney Zhi was
Zhi was ehapeednansextiagteandtn, 5 t70b waten faptwad s (A HRES under

under reflux. The combined extract was filtered and the filtrate was

concent?StuH ahteiBePider<ariutin e mret Akt GHGHS s remepofyated and
(Huang @ikdahasirgo%.EtOH: 500 g of dried root of Huang Qi was
extracted with 4 L of 70% EtOH for one hour, three times, under reflux.

The combined GXtrattaA&Hiteld 2Rl Wisdiifrate i abe Sriveng b vidchopped
dried unged ¥REHEIAE with 5 1. of water for two hours, two times, under reflux. The

combined exiract was filtered and the filtrate was concentrated and dried under

Vacuum.

(f) Extraction of raw herb (vi) (Huang Qi) |
{a) using 70% EtOH: 500 g of dried root of Huang Qi was extracted
_ with 4 L of 70% EtOH for one hour, three times, under reflux. The combined
extract was filtered and the filtrate was concentrated and dried under vacuum.
(b) using water: 500 g of dried root of Huang Qi was extracted with 5
L of water for two hours, two times, under reflux. The combined extract was

filtered and the filtrate was concentrated and dried under vacuum.
HPLC Analysis of the crude extracts:

HPLC analyses of the extracts were carried out using a Waters 2695
separation module coupled with Waters 2487 Dual % Absorbance Detector and
Empower Pro software. The HPLC system was equipped with a C18 Colurmn (250 x
4.6 mm. 5 um), C18 Guard Cartridge, 3 mm. The zmaiysés were performed at room
temperature. Fach sample was prepared at Img/ml concentration using 60% EtOH as
solvent. The injection volume of the sample was 20 pl. The mobile phase was a

mixture of acetoniirile and 0.1% formic acid at a flow rate of 1.0 ml/min and method



20 (b) using water: 500 g of dried root of Huan g Qi was extracted with 5
L of water for two hours, two times, under reflux. The combined extract
was filtered and the filtrate was concentrated and dried under vacuum.
I3PLC Analysis of the crude extracts: 25 HPLC analyses of the extracts

wereCEidd batustig Al Vaeieo peosersaarate icasdedaicotbred waths 15 nm of
Watsis 2487 Bralio AtsorbanceRetegtor andukEmpeyiss Pro software.
The HPLC system was equipped with a C18 Column (250 x 4.6 mm. 5
m), C18 Guard Cartridge, 3 mm. The analyses were performed at room 30
temperature. Each sample was prepared at Img/ml concentration using
60% EtOH as solvent. The injection volume of the sample was 20 pl1. The
mobile phase was a mixture of acetonitrile and 0.1% formic acid at a flow
rate of 1.0 ml/min and method 7 used was fullscan 2b. HPLC
chromatograms were recorded at 254 nm and 115, nm of wavelength.
Details of the HPLC method are shown in Table 1. 8 Table 1: LIPLC
method 4 1% formic acid in H20 ACN % Time (min) % 96 50 50 50 30
208031 208034 96435 964 .40 Il HPLC grade solvents were
purchased from Fisher Scientific and Standard
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5 samples Osthole and icarrin were purchased from China
Pharmaceutical and Biological manufacturer and the standard
Geniposidic acid was obtained from. Chroma Dex. Results of the HPLC
analysis are included in Table 2. 10 15 20 9 Table 2: Extraction Yields
and Active Components from Three Different Sources of China Raw Herb
Extraction Yield Active compangit % Méater 103 JtOH Water Extraction

0% EtQOH. extraction 28.55 % 30% [ - - Bu.Go Zhi 39.33% 29,16% | - -

i) BTedompippaddn Ha90.07 % 21 %3 peak 0.91 % (Osthol@jusHauin)
Chuang Zhi 24.68% 18.48 % No peak 1.56 % (Osthole) (v) 16.86% 22.47
% No peak 1.90 % (Osthole) 14% 15% 0.129%(GPA) 0.27%(GPA) Du
Zhong 96 5 0

50 50 30
20 80 31
20 80 34
96 4 35
96 4 44

HPLC grade solvents were purchased from: Fisher Scientific and Standard

samples Osthole and lcarrin were purchased from China Pharmaceutical and

Biological manufacturer and the standard Geniposidic acid was obtained from

Chroma Dex.

Results of the HPLC analysis are included in Table 2.




14.03 % 12.14% 0.90 % (GPA) 2.33 % (GPA) (iv) 1-180% 155.6-3-%/-.-
0.17 % (GPA) 1.22 % (GPA) 22% 17.30% 0.28 % (Icarrin) 0.75 %
(Icarrin) Yin Yang Huo 11.53 % 11.62 % 0.25 % (Icarrin) 2.86 % (lcarrin)
(1) 15.72 % 12.95 % 0.59 % (Icarrin) 0.85 % (lcarrin) 76% 67.65 % - Shu
Di 68.10% 61.87% 70.31 % 65.61 % 54% 34% - - Huang QI 36.35%

29!'4$% &ac@u%?o ie sézluoi/ iy, é’o Fromt feSUI e ifferent Sources
concludad 1o Use extraction With 7096, Wf)oreﬁlerbs E(lv ole"'(1
and extraction with Water for herbs (m)‘ é]hﬂn(a/l) 5 Preparatlon of extracts

(it K ]c‘ gé %; nen@%
- : {uo were grouna d’
xtracted with 16 L of 70%akIOH forener dSehousihitee timRSoHNTET 70% EtOH
reflux. The combined extract was filtered and the filtrate was .
| extraction
28.55 % 30 % - -
Bu Gu Zhi ; .
3633% ¢ 2016 % - -
(i)
31.09 % 27.90 % - ' .
20.07 % 1 21 % No peak (.91 % (Osthole)
She Chuang Zhi
") 24.68 % 1848 % No peak 1.56 % (Osthole)
v
16.86 % 2247 % No peak i 1.90 % (Osthole)
i
i !
14 % 15 % 0.12 % {GPA) 0.27 % {GPA)
Du Zhong ;
i) 14.03 % 12.14 % 0.90 % (GPA) 2.33 % (GPA)
iV
12.80 % 15,63 % 0.17 % (GPA) 1.22 % (GPA)
22 % 17.30 % 0.28 % (Jcarrin) 0.75 % (Icarrin)
Yin Yang Huo i
i 11.53 % 11.62 % 0.25 % (Icarrin) 2.86 % (Icarrin)
1
15.72 % ] 12.95 % 0.39 % {Icarrin) (.85 % (Icarrin)
76 % 67.65 % -
E Shu Di
68.10 % 61.87 % - -
(iit) ;
70.31 % 65.61 % -
54 % 34 % - -
Huang (i ;
. 36.35 % 206.409% | - -
(vi) '
36.20 % 33.24 %

10
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concentrated and dried under vacuum. Yield: 12.98% 15 Extraction of raw
herb (ii) (Bu Gu Zhi) using 70% EtOH: 750 g of dried fruit of Bu Gu Zhi
(obtained from He Bei) was ground and extracted with 6 L of 70% EtOH

for one hour, three times, under reflux. The combined extract was filtered

and the filtrate was concentrated and dried under vacuum. 20 Yield:

29.3% Extraction of raw herb (iv) (Du Zhong) using 70% EtOH: Air Dried

bark of Du Zhong (1.5 kg) was chopped and. extracted with 12 L of 70%
EtOH fof Bye e uiesulitaé Wassonahided feflie. cRtacsmibiitbd €xtiEINEs herbs

f‘kﬁf%?@@)-%f@@rﬁ%&@&%&isﬁ%ﬁﬂwﬁgﬁ?‘ﬂé%ﬂ?ﬂﬁ% i ygeuum.

Yield: 12.14% Extraction of raw herb (v) (She Chuang zhi) using 70%
EtOH: 700 g of dried 30 fruit of She Chuang Zhi was chopped and

ept,r@ﬁ@gtyggkbﬁ&ﬁ@&?%‘@%@%@jzone hour, three times, under reflux.
h t

The combined extract was filtered and the filtrate was concentrated and
dfi&frasidervacuum. 11 Yield: 22.74% Extraction of raw herb of (iii) (Shu

Di) usin@:ﬁ&?&@ﬁb@ﬂ?%@%&@&%ﬁ?%ﬁ% %%aé{@)%?‘ﬂti?g’oh?xfied

water for two hours, two times, unde e combined extract was

fikevss ahd e YirratEvpas e seamited artedivddrihde DelcTfim EYG&Idior one
SRRt ENiactionaf el (L HIHang, Q¢ &Q@@ggg{%; 200 %fm%te was

dried root of Huang q%i was extracted with 6 L of water ours, tw
tikfRsehkaier LD Thends RBE extract was filtered and the filtrate was
concentrated and dried in vacuum.

Yield: 12.98%

Extraction of raw herb (ii) (Bu Gu Zhi) using 70% EtOH: 750 ¢ of dried fruit
of Bu Gu Zhi (obtained from He Bei) was ground and exiracted with 6 L of 70%
EtOH for one hour, three times, under reflux. The combined extract was filtered and

the filtrate was concentrated and dried under vacuum.
Yield: 29.3%

Extraction of raw herb (iv) (Du Zhong) using 70% EtOH: Air Dried bark of
Du Zhong (1.5 kg) was chopped and extracted with 12 L of 70% EtOH for one hour,
three times, under reflux. The combined extract was filtered and the filtrate was

concentrated and dried under vacuum.

Yield: 12.14%

Extraction of raw herb (v} {She Chuang Zhi) using 70% EtOH: 700 g of dried
fruit of She Chuang Zhi was chopped and extracted with 5.6 L of 70% EtOH for one
hour, three times, under reflux. The combined extract was filtered and the filtrate was

concentrated and dried under vacuum.
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15 Yield: 29.8% Preparation of composition (unrefined) The extracts of the
raw herbs obtained above, were mixed in the ratio (Bu Gu 20 Zhi: She
Chuang Zi: Yin Yang Huo: Shu Di: Du Zhong: Huang Qi 1.5: 1: 1.5: 1.25:
1.25: 1.5) to get 1 kg of the composition. Name of herb Quantity of crude
extract Bu Gu zhi (ii) 187.5 g She Chuang Zi (v) 125 g Yin Yang Huo G)
187459 >5huYdpi (iii) 156.25 g Du Zhong (iv) 156.25 g Huang Qi (vi) 187.5
g Procedures for partial purification (or "fractionation™) of the extracts were
25 developed: 12 Partial purification of crude extract of (i) (Yin Yang Hue):

a colum@@é@%&%%@%\é{%?@%@%ﬁ&ﬁ& AOEh GO 23N MENVHEIND (300

ethyl acetate. A slurry of 35 g of the crude extract (/0% EtOH extract) of
Y& Yah§Hiaeiedasipré dard vakin &5 t350hg B SifiediguisiniMe Ol metives

fr%sﬂ%ﬁ@@%ﬁla@%sgmge%wﬁgemﬁa%éhxhs%%%@é&e&@ A5AURR:
Fraction was concentrated and dried in vacuum. Same procedure
repEaitds-for 10 times. Yield: 29.4% 10 Partial purification of crude extract
of (ii) (Bu Gu Zhi): we used a lipophilic crosslinked dextran-based resin
(in this example, Sephadex LH-20) This was pre- swelled in McOH
ov@‘ﬁ@kﬁ%& then packed in a Column (55 x 700 mm). 3 5 g of the crude
extract (70% EtOH extract) of Bu Gu Zhi was dissolved in 100 ml of

MeOH
Extraction of raw herb {vi) (Huang Qi) using water: 600 g of dried root of

Huang Qi was extracted with 6 L of water for two hours, two times, under reflux. The
combined exiract was filtered and the filtrate was concentrated and dried in vacuum.

Yield: 29.8%

Preparation of composition (unrefined)

The extracts of the raw herbs obtained above, were mixed in the ratio (Bu Gu
Zhi: She Chuang 7Zi: Yin Yang Huo: Shu Di: Du Zhong: Huang Qi 1.5: 1: 1.5: 1.25:
1.25: 1.5) to get 1 kg of the composition.

Name of herb Quantity of crude extract
Bu Gu Zhi (i1) 1875 ¢
She Chuang Zi (V) 125¢
Yin Yang Huo (i) 187.5¢
~ Shu Di (iii) 15625 ¢
Du Zhong (iv) 15625 ¢
Huang Qi (vi) 187.5¢

Procedures for partial purification (or “fractionation™) of the extracts were

developed:



15 using sonication and loaded onto the column. Approximately 4 litres of
McOFI was used as eluant. MeOH fraction was concentrated and
evaporated to dryness under vacuum. The same procedure was repeated
4 times. Yield: 70.1% 20 Partial purification of crude extract of (iii) (Shu
Di): 358 g of the crude extract (water extract) of Shu Di was taken and

dissolve in;3be.rt efuuater cARMk @&&&Qﬁ“@)ﬁ%ﬁg}é@éﬁ%‘?%@&%ﬂ%s X

order to form a pre;é{)itate. The total amount tOH added was

2,890 "R WisRIFE o ke Btlinceeréfifetatoneveriig eondonniitte Aslurry of
presipiatiQnoihrniligeety (PheIesidus QRIAIP] G MRS, YaFHY TS %?&Il%dzésing

hours. Yield: 29.32% Partial purification of crude extract of (iv) (Du
ZHORg) *aBHRER! (W5Merid Aoivinarieniekedirii B YeMe0i 3octhyl

MESAIHINGRSLIANGMASILY RF3R-9 AliiRG Fidesxtiack (A% RIQH ame
extract) of Du Zhong was prepared using 350 g of Silica gel 13 in MeOH.

AdboeeeiETsRHES KIntdhtinaftg acetone (10 litres) as eluant. Fraction was
concentrated and dried under vacuum. Same procedure repeated for 6
times. Yield: 29.4% 5 Partial purification of crude extract of (v) (She
cﬁﬂé‘ﬁingrﬁ%zoo g of the crude extract (70% EtOH extract) of She
Chuang Zhi was placed in a 5 L round bottom flask. Acetone (41) was
added and stirred for 1 hour, then filtered. The residue was stirred for 1

hour with & fikReiAgaten cbende THEsIoESHUBWEY ThiYepeatd 8 Hineebilic

Fipallyatkthe elah b ale S MareCom @ﬂﬁﬂp@@%{?ﬂmm%}%lg&ﬁg pre-

overnight wider vacuum. Yield: 41.41% 15 Partial purification of crude

TP fiip et oI sadymprackese a Column (55 x 700 mm). 3 5 g of
the crude extract (70% EtOH extract) of Bu Gu Zhi was dissolved in 100 mi of MeOH
using sonication and loaded onto the column. Approximately 4 litres of MeOH was
used as eluant. MeOH fraction was concentrated and evaporated to dryness under

vacuum, The same procedure was repeated 4 times.

Yield: 70.1%

Partial purification of crude extract of (ii1) (Shu Di): 258 g of the crude extract
(water extract) of Shu Di was taken and dissolved in 350 ml of water, and then 100%
EtOH was added slowly in order 1o form a precipitate. The total amount of 100%
EtOH added was 2.8 L. The mixture was kept in a refrigerator overnight for complete

precipitation, then filtered. The residue obtained was vacuum dried for 24 hours.
Yield: 29.32%

Partial purification of crude extract of (iv) (Du Zhong): a column (55 x 700
mm} was packed with Silica gel (60-230 mesh) using acetone. A shurry of 35 g of the

crude extract (70% EtOH extract) of Du Zhong was prepared using 350 g of Silica gel



wh

10

20

extract (water extract) of Huang Qi was taken and dissolved in 150 ml of
water, then 100% EtOH was added slowly in order to form a precipitate.
The total amount of 100% EtOH added was 1.2 L. The mixture was kept

in a refrigerator overnight for complete precipitation, then filtered. The
régiabbtamee Waehvacuunsldrsdforac2onedlifslitvdelds 64uBos Tiastion was

A R e S AT e

Zi: Yin Yang Huo: Shu Di: Du Zhong: Huang Qi 1.5: 1: 1.5: 1.25: 1.25:
1.5).19.98t £O0 g of GMA partial purified sample. Name of herb Quantity
of partially purified samples Bu Gu Zhi 93.75 g She Chuang Zi 62.5 g Yin
Yang Huo 93.75 g 14 Shu Di 78.125 g Du Zhong 78.125 g Huang Qi

93.75 g AGlOR gl(gré‘ﬁ%t?loﬂ’}g &%ﬁ?&@‘&&%{iﬁ??‘;ﬁ‘%Reeéﬁﬁ%ﬁgrgﬂiﬂsiﬁé’%{%?&e

A study was m to elucidate the effectiveness of the s onan

plitbranorebf Htostedtrtassliefi RlvitédnBingatbiines AHaskiia 5 L round
CYTRANSIS, WA RHICRPRAS TN PRI o (M. RS giheradee

stated. Fetus bovine serum was purchased from Hyclone, USA. TRAP 10
Steisiitig KinsGR5e4 Ty sihorDTshsofutibear 4171 qRivazolybB lpre EdtrEzalsm

Bromide) g PMRunere B cllasedfrom SI9maAdAch BB &hirated and

chemicals were
dried overnight under vacuum.

Yield: 41.41%

Partial purification of crude extract of (iv) (Huang Q1i): 158 g of the crude
extract (water extract) of Huang Qi was taken and dissolved in 150 ml of water, then
100% EtOH was added slowly in order to form a precipitate. The total amount of
100% EtOH added was 1.2 L. The mixture was kept in a refrigerator overnight for
complete precipitation, then filtered. The residue obtained was vacuum dried for 24

hours.
Yield: 64.5%

The partially purified or fractionated samples of the crude extracts of the raw
herbs obtained above were mixed in the ratio (Bu Gu Zhi: She Chuang 7Zi: Yin Yang
Huo: Shu Di: Du Zhong: Huang Qi 1.5: 1: 1.5: 1.25: 1.25: 1.5) to get 500 g of GMA

partial purified sample.

Name of herb Quantity of parttally purified samples
Bu Gu Zlk 93.75 g

She Chuang Zi 62.5¢g

Yin Yang Huo 6375 ¢

14
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the highest grade available from Sigma Chemical Co. 96-wells plates
were bought from NUNC, Denmark. 15 Methods Preparation of
Osteoclast Cultures Femurs were obtained, from 3-4 weeks old young
female wistar rats (100-125 20 g). following sacrifice. Femurs were
vashed throtlig4 washes (30 ml each time) with/§éA%wr wash medium,

a-minimunpgyaeRgial medium (a-MEM) containinggl_ﬁlgémi PenicitinG;
()Tg_mgmfﬁgmamypin and 3.mg/ml fungizone. Epiphyses were remaved
from rat fe ¥4 Bone marrow cells were obtaineé%{ﬁ&sing a syringe for
flusttiog desrud: fam hotaandsueinbe Bhaftayith asNME N coriaiping T5%
(v/v) fetal bovine 25 serum (Hyclone), 0.1 mg/ml penicillin G, 0.05 mg/ml|
gentam.ycin, 300 ng/ml fungizone, 0.28 mM L-Ascorbic Acid

2-PhosphatsidiGuabhelieametiasonand O MRk M C I fergy/ gt BANKL
and 10 no/ml Tg\lF- a. Médium was collected from both end of femurs and
6t gt6p

cERRTGHP AL afliftha & Kt centrifugation, two thirds of the
supernatant from the top was removed. The remaining fractions were
used as, 3 30 source of osteoclast precursors. Cell suspensions were
mﬁé’&eﬁw inoculates 0.1 ml 15 (Ix 105 bone marrow cells) onto each well
in 96 wells-plate (NT NC). The cells were incubated in 37C, 5% CO2,
100% hugﬂgiggl.Medium was changed after 24 hours with osteoclast

medium 3 COBFRORSES VSTt sy o PRS- péEiRhd berd) unless
staﬂhmi@ﬁe@@iaﬁbﬁgl&mﬁéﬂﬁﬂweiﬂhﬁﬂﬁbﬁﬁyf%ﬁ@,@mé@RAﬁ
15%.EBS an ted at a centration of 5 x 105 cells/well into a 24-we

i A DA U el e ek e
ThramgdiuanamMaciosiwetechssapiasediatier A 1days, BEAr 5 daysicals were

culture, the cells were fixed and stained for . tartrate-resistant acid
oS T AP 3015 T SR BB ot oS A et oueh
cammexciald RARmsidatning kit (Sigma, 387-A) according to the

Methods
Preparation of Osteoclast Cultures

Femurs were obtained, from 3-4 weeks old young female wistar rats (100-125
g), following sacrifice. Femurs were washed through 4 washes (30 ml each time) with
fermur wash medium, e-minimum essential medium (0-MEM) containing 1 mg/ml
Penicillin G, 0.5 mg/ml gentamycin and 3 mg/m! fungizone. Epiphyses were removed
from rat femurs. Bone marrow cells were obtained by using a syringe for flushing
femurs from both ends of the shaft with 0-MEM containing 15% (v/v) fetal bovine
serum (Hyclone), 0.1 mg/ml penicillin G, 0.05 mg/ml gentamycin, 300 ng/ml
fungizone, .28 mM L-Ascorbic Acid 2-Phosphate, 10 1M dexamethasone, 10 ng/ml
M-CSF, 10 ng/m] RANKL and 10 ng/ml TNF- a. Medium was collected from both
end of femurs and centrifuged at 300 g for 3 minutes. After centrifugation, two thirds
of the supernatant from the top was removed. The remaining fractions were used as a

source of osteoclast precursors. Cell suspensions were mixed and inoculates 0.1 ml
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manufacturer's instructions. TRAP+ cells with more than three nuclei were
counted as TRAP positive MNCs. 15 Proliferation Assay Dose-response
curves for the crude and partially purified extracts, individually and as the
combination of 6 herbs, were determined by the anti-proliferation assay 20
de(t}erﬁmﬁcbdﬂgmldffiﬁ»('ﬁhihzohydo&latéﬁm}]am& B repiaeNIMNKS. (Jércetils were
survival of, th o,% as on a 96 II microtitre plate 1f2 %9

viable gé%dcer%ci Il & (;&x% néﬁl} grovgtlﬁy p\ﬁgse in ?h % ge H?
eagctihwelieotia® Grvdblinmicibtitls ptatercTded Bailsavereckiiitured overnight

for cell attachment at 37C in 5 % carbon dioxide atmosphere. The used
medium from each well was discarded the next 25 morning and 200 pl of
fréeBR At gizitiecacellickadiing of herb samples at various concentrations

were added into each well and the plate was incubated at 37C in 5 %

carbon dioxide atmosphere for 24 hours. The appropriate amount of MTT
was dissﬁ}vedd}mﬁeﬂ}ﬁm\?ﬁee m@hnﬂnddn&ﬂ]emaimgmhhc@mfmﬁm\ 164 FBS and

namLmediumcafuabine VT poltion s ensieted o.each welle
Célls were'incu or 4 Rrs at 3 |n Y% carton. di OXI e atmosp re.
Medisenowas h&pg@é&ﬁbﬁiﬁh&@/ﬁibﬁbﬂieﬁ%ﬂ DBMSOhwasddaechihfackas were

each WeIIt lve the bl eform zan itate. Opti nce
thee elauceﬁt S?ga\%a&%en me%surea 1? %Prunt%s%éega ﬁ\%? ({esraﬁ?af%z or
re éerid-hsigRrdenid/jdoehostis: wm@ajmmmmmkheeimmng osteoclast
Sampl @%%09%{;9'1‘%%»1%9?{ ﬁﬁﬁ“s Fig Leontains draphs, .

showifig the ant pro liferation ac VI VaHoUS  aAtENals on”

osmmulm @k vadtrestanes EXRreB s edlhswithanost dindaiterateviatio w0 counted as
Tr@ﬁgﬁs relgte }%ﬁ[ﬁde extracts; squares relate to partially purified

materials, ows that the crude extract of Yin Yang Huo inhibited

the

Proliferation Assay

Dose-response curves for the crude and partially purified extracts, individually
and as the combination of 6 herbs, were determined by the anti-proliferation assay
determined by MTT (Thiazolyl Biue Tetrazolium Bromide) on the percent survival of
the rat osteoclast cells on a 96-well microtitre plate. 10,000 viable cancer cells at
exponential growth phase in 100 pl were seeded into each well of a 96-well microtitre
plate. The cells were cultured overnight for cell attachment at 37°C in 5 % carbon
dioxide atmosphere. The used medium from each well was discarded the next
morning and 200 pl of fresh media were added. 2 ul of herb samples at various
concentrations were added into each well and the plate was incubated at 37°C in 5 %

carbon dioxide atmosphere for 24 hours.

The appropriate amount of MT'T was dissolved in serum-free medium to
obtain a concentration of | mg/ml medium. 50 pl of the MTT solution was transferred
into each well. Cells were incubated for 4 hrs at 37°C in 5 % carbon dioxide

atmosphere. Medium was aspirated from the well and 130 pul DMSO was added into
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proliferation of osteoclast cells (37%) at 500 g/ml, whereas the partially
purified fraction that contained icarrin inhibited 54% of osteoclast cells
proliferation at 500 15 g/ml. Yin Yang Huo modulated osteoclastogenesis
by inhibiting the proliferation of osteoclast cells (Xie et al. 2005). Besides

thChyie N Shdiisoly tibaden fumrranaseien st SppEsy ahsorcheiisededuced
INgreasenhans duEnrvel Bassiaien Path R RS 6 ase i gsteahl ‘;L":%'i' ntlviabie
g

activities and_a decrease in osteoclastogenesis (Xie et al. 2005). 20 Fi
(iisféﬁdﬁ?é‘etﬁék%ﬁ%t%#m@ékﬁé&léwgg:oga%ﬁilfif{ﬂ itSpprslifeRaEoP0(33%)
of osteoclast cells at 500 g/ml. But the partial purified fraction that
contained corylin and bavachin inhibited the proliferation of osteoclast
cdtesubectively (50%) at 500 g/m1. Concentration that needed to
inhibited the proliferation of osteoclast cells 25 is lesser in the partial
purified fraction compare with the crude extract of Bu Go Zhi. Fig 1 (iii)

shows tHAE drGARERE SE0F SPMRG TR R TRl ibPrHepArsYiSt ddheomsisys
(3 He}iarlsnalRQRdeAN | ATIRR Raktiall - puvified fragtion framnahy Rithatn.

contained polysaccharides inhibited 48 % of the proliferation of osteoclast
cells, 30 which was 11 % more compared with the crude extract. Du

Zhong, ShiaRdliRhihiedothe Ry eliesstion,afRstrasiast g%i&?aqriﬁed materials.
dose-dependent manner. 17 Fig 1. (iv) shows that Du Zhong inhibited the

proliferation of osteoclast cells in a dose-dependent manner. Crude

extract ofidu. @hareinhikited theiprlifsratioyi430%A) efRsteastast grlls at

500 g/ml, whereas partial purified fraction from crude extract that

conediffsdtige mbeivnel atiacls B ol ed v she theairsiatiionuaified
5 4444 esteoiastcells AR et £49, L ARsshows %%%%%%@CM 00

She Chuang Zhi inhibited proliferation of osteoclast cells at 500 g/m
(3egdyl PamiaRnp difiethaedibiited thisgasdatainat ostolehibinitde proliferation of

ProfEAIan Al OSteosIAE SRS R8P A YN 2888 HeanNECEMANY
effectively suppress the OVX-induced increase in bone turnover possibly by both an

increase in osteoblastic activities and a decrease in osteoclastogenesis (Xie et al. .
2005).

Fig 1 (it) shows that the crude extract of Bu Gu Zhi inhibited proliferation
(33%) of osteoclast cells at 500 pg/mi. But the partial purified fraction that contained
corylin and bavachin inhibited the proliferation of osteoclast cells effectively (50%) at
300 pg/ml. Concentration that needed to inhibited the proliferation of osteoclast cells

is lesser in the partial purified fraction compare with the crude extract of Bu Gu Zhi.

Fig 1 (iii) shows that crude extract of Shu Di inhibited the proliferation of
osteoclast (37 %) cells at 500 pg/ml. The partially purified fraction from Shu Di that
contained polysaccharides inhibited 48 % of the proliferation of osteoclast ceils,
which was 11 % more compared with the crude extract. Du Zhong, Shu Di inhibited

the proliferation of osteoclast cells in a dose-dependent manner.

17



10

15

25

10 Zhi inhibited osteoclast formation and differentiation also reported by
Qin et al. 2003. She Chuang Zi inhibited osteoclast formation and
differentiation by decreased and inhibited TRAP activity of osteoclasts.
Besides that, it also decreased the osteoclastic bone resorption pit area

and CatFriglédbe tomvtie RiicBe(@imbibik @083 Beraton (G)A)Os‘m)m}gst cells in
thf‘é&éé‘ﬂ@ %ﬁ%[@t%tt(?’l%l R ?r@r%el QQ%E?%%T%%R& rﬁ’ﬂg&@d @1 ggtatmn

cells at 5 The partially puri on that containe
pé%é):oﬁastdeslmwl@jathé)@ phanevhentofithe Amispliolifération ﬁffactxude

gSt? leaSt Ct%yl’? gt 5 {)ml 4%0?/ Iéipf{hcen a I(%{Ie?ﬁetde(ﬂ%ft 1!thTl‘g era’non as
osteociast cells ﬁwe par |erglcomparecci Wi R
eﬁ?&ﬁ:bbﬁtﬂ&mﬂ@@eli?@t%@ﬂ@@hﬂ! 6 herbs, the partially purified fractlon
showed greater positive results compared with the crude extract. The
anti-proliferation effects on osteoclast cells are summarized in Table 3. 25

Potency Bi:th Q\fyahtia@at@.d coteponantsLahalSa e cXiresstitasioRPation of
(the concentr tion §f cru *Fﬁ éextracted or partially fractionated component

to°ﬁ%ff9§ 8995 1R RiHEHe THd e @hikasia BU R AR s ot aontaimespsthole

n%HHHE@ﬁYcHHQ?@U%thPB@HS‘&?&HP&Q%‘{%@ eoclastealis e, She Chuang
individual herb extracts before and after partla urification. Name Origin

AdRit)Bbieddstaeting &&Wﬁgpéﬁﬂétﬂ;ﬁe@w&m%@mmérbérfﬁlﬁaa%t?ér{zom-
atspQ 0 osienclasidml AnesieRRiaskRElTERIRiABH B feBRkd and

Inhibited 37% Polysaccharide Inhibited 48% proliferation proliferation ) 7
inhibited TRAP activity of osteoclasts. Besides that, it also decreased the osteoclastic

bone resorption pit area and Ca®* release from bone slices {Qin et al. 2003},

Fig 1 (vi) shows that crude extract of Huang Q1 inhibited the proliferation of
osteociast cells at 300 pg/ml (31%). The partially purified fraction that contained
polysaccharides showed the enhancement of the anti-proliferation effects on
osteoclast cells at 50 ug/ml (48 %). Concentration needed to inhibit the osteoclast

cells 1s lesser in the partial purified compared with the crude extract of Huang Qi.

For all the 6 herbs, the partially purified fraction showed greater positive
results compared with the crude extract, The anti-proliferation effects on osteoclast

cells are summarized in Table 3.
Potency of the fractionated components can also be expressed as EDs (the

concentration of crude extracted or partially fractionated component to have 50%

inhibition). The results are summarized in Table 4.

18
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} Huang He Bei | Inhibited 31% Polysaccharide Inhibited 48% Qi
proliferation proliferation She He Bei Inhibited 33% Osthole Inhibited 54%
Chuang proliferation proliferation Zi Yin Shi Inhibited 37% Icarrin Inhibited
54% Yang Chuan proliferation proliferation Huo Du Bo Inhibited 30%
GPabkald b&eniuzﬂ:z% o Herg & houi fralifenatioivipy aliferatiana BueGudfiem@Beidual

ted I|n Ibltg'bp iO% roliferation Bavachin
pro?%?a’g%ﬁ ‘5‘ oriRe A attf[?prollferatlon activity on
osteoclast ceIIs of |nd|V|duaI herb extracts before and after partlal
pu ification: H Il) rULU 193 hu-BDiPar tiay |JU|||||L,U| 4. u
4.22 Chide E)? aé%‘ .04 é\ (S u%nglY ?De\[rtlally uﬂ?y%d 4 53E- 5‘&&‘9"; active
Cruide Extradt 6.78E-03 Sea:Gbuantpdi Partialynppeitiad 3. 3E ﬂﬁclﬁ;ﬁ)&t 500
Crude Extract 4.73E-03 g/J hon Partla{ purified 4.95E-0: Crud(te 1
Exfract 2.908-03 Bu GI'FRNERANR Biitied 4.06E-04 15.92 *@ gn osteociast
Extract 6.46E-03 Ying Yang HudWPartially purified 2.70E-04i4.38  cells
ShuDi | He Bei inhibited 37% Polysacchande Inhibited 48%
proliferation proliferation
Huang | He Bei Inhibited 31% Polysaccharide Inhibited 48%
Qi proliferation proliferation
She He Bei Inhibited 33% Osthole Inhibited 54%
| Chuang proliferation proliferation
Zi
Yin Shi Inhibited 37% icarrin Inhibited 54%
Yang Chuan proliferation proliferation
Huo
Du Bo Inhibited 30% GPA Inhibited 47%
Zhong | Chou proliferation proliferation
BuGu | He Bei Inhibited 33% Corylin & inhibited 50%
Zhi proliferation Bavachin proliferation
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Crude Extract 1.18E-03 5 Similar tests were carried out using

compositions of 6 crude extracts (2 versions) and 6 partially purified

extracts. The results are displayed in Fig 2, where solid circles represent

the first crude composition; triangles represent the second crude 10
coMysisiionDaNEARE Antirpiet ke prosarkite, par sl usliRi COMPASIIam herb
The second yersion of the crude exfract gave a better activity in inhibiting
prﬁﬁfé?ﬁﬁg?‘?f(?f%ﬁ?gc?&g%?é@@ BBHpEE with the first version at the same
concentration. Moreover, the partially purified fraction (which was derived
from the 15 extracts used in the second cr%%e ﬁégr@ct) inhibii%d 46%

growth of osteoclast cells at 500 pg/ml compad d"With theR§ E8HE Yersion

of tfd¢Ride extract RATENIMHBIREd 39 % BRIP4t 500 gh?k The EC50
values were: 20 1s” CrudeEXkirebix 10-3 g/mb.24d-csude 2.94 x 10-3 g/ml
Parfigiwpuified 5.25405 aimLL0 Action,of-gryde and pagtiglly purified

herb extracts on ost%cgglaséstA §tudy was r’ga{%% TE]O elucidate the

effectiveness of the er%% BN the proliferation RFOB human osteoblast
cell$hs fungefd THRESHARIBHERY immortaf2ELhuman fé@afdsteoblastic
cell line hFOB was abtamesltiagm the Ametizab-0ype Culture Collection
(ATEErkMRNassas, MAuak) hittRdivww.ateg.geg)lohFOB wasgeveloped by
conditionally immort%irﬁidnegé}#gn n fetal oste 8&?&3 with a
temperature-sensitive mutant of the SV40 farge T antigen (is- SV40LTA)
gen8UAURE permissRAERMpEIiatire of 33.$C58HY ts-SVAOISER is active

Crude Extract 6.48E-03
Ying Yang Huo Partially purified 2.70E-04 4.38
Crude Extract 1.18E-03

Smmilar tests were carried out using compositions of 6 crude extracts (2
versions) and 6 partially purified extracts. The results are displayed in Fig 2, where
solid circles represent the first crude composition; triangles represent the second crude

composition; and open circles represent the partially purified composition.

The second version of the crude extract gave a better activity in inhibiting
proliferation of osteoclast cells compared with the first version at the same
concentration. Moreover, the partially purified fraction (which was derived from the
extracts used in the second crude extract) inhibited 46% growth of osteoclast cells at
500 pg/ml compared with the second version of the crude extract which inhibited 39

% growth at 500 pg/ml.

The ECs values were:

¥ crude : 2.71 x 107 g/ml
2" crude : 2.94x 107 g/ml
Partially purified : 527x 107 g/ml
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and the hFOB cells proliferate rapidly, whereas at the nonpermissive
temperature of 39.5C, the ts-SV40LTA is inactive, and the cells

differentiate and display the 1.5 phenotype of mature osteoblasts. Fetus
bovine serum was purchased Hycl.one, USA. G418, Ham's 12:DMEM
(1Aetion28% Tegpuid- BOTalkohumidfied/Fer i Eixiaaotyl dBluetebblaazolium
Bromide) and DMSO were purchased from Sigma-Aldrich. USA. 96- well
plate was bought from NUNC, Denmark. 20 Methods Cell Lines The

hFOB cefistidyevesmrdd acdoedint thoaTEaiprotssolflithaltrbywixtire of
Hainse.25: e : dified Eagle's medium (DMEM)
sm%%%?ﬁéﬁ%é lc\jvT}i%h 10W§?‘§f§0%lt§§i€r§1%%§g%§h, 0.3 mg/ml G418, hereafter
called complete medium. Cells were cultured at 34C in a humidified
atgiQsRhgte of 5% CO,/95% air. Proliferation Assay 30 Dose-response
curves of the six individual herb crude extracts, the six partially purified
fractions, and compositions containing material from all six herbs were 21
getermineRyRIRIUBIAYAR AR RIS MID LR YRR OB was
Tetrazolium Bromide) 6n the percent survwaFO the osteoblast ce S,
hrOBiH 4ro6-thePrivieristind yplateu8uOB OB viapl ¢/CBRC ( khllmats, VA,

e ential, h ' into h | of a.

o e e g Sl ey b WS i Bing s
attaehpisenbiassyeith & weearboncdioxide atmaspheféiThE4iskdemEdintigen (/s-

ff%@%@b})‘@'&%‘.’vﬁtﬁ&?&fﬂ%@i% t@ﬁl %é‘iﬁ‘a%‘?'é‘??@’@ %QQS-%QE&IFJS /P is active
media were added. 2 | of herbal samples at various concentrations were
adiddhnte €3t relle rahiderat praidlwashetiscutihtothap @7 dsHve Snparbome of

digyide atmosp0RsB; ey 381004ISe MId WAS. AISS eI SISy me

medium to obtain a concentration of I mg
phenotype of mature osteoblasts. Fetus bovine serum was purchased Hyclone, USA.

(G418, Ham’s 12:DMEM (1:1), 0.25% Trypsin-EDTA solution, MTT (Thiazolyl Blue
Tetrazolium Bromide) and DMSO were purchased from Sigma-Aldrich, USA. 96-
well plate was bought from NUNC, Denmark.

Methods

Cell Lines

The hFOB cells were cultured according to ATCC protocol in a 1:1 mixture of Ham's
F12 medium and Dulbecco's modified Eagle's medium (DMEM) supplemented with
10% fetal bovine serum, 0.3 mg/ml G418, hereafter called complete medium. Cells

were cultured at 34°C in a humidified atmosphere of 5% C0./95% air.

Proliferation Assay

Dose-response curves of the six individual herb crude extracts, the six partially

purified fractions, and compositions containing material from all six herbs were
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MTT /ml medium. 50 | of MTT solution was transferred into each well.

Cells were incubated for 4 hrs at 37C in 5 % carbon dioxide atmosphere.
Medium was aspirated 15 from the well and 150 | DMSO was added into

each well to dissolve the blue formazan precipitate. Optical absorbance of
thécvaaused WPTolifssatinmagsan sareananed 50 M TNy caahit Bl pleeolium
(et dhe PaIesaiviae- Aol drre calaplad M e ol dRden microrire
Sample OD / Control OD x 100% 20 Results Graphs of the results are

s in Fig 3. Diamonds represent crude extracts; squares represent
partially purified materials. All values are expressed as meant standard
deviation. 25 Fig. 3 (i) shows that crude extract of Yin Yang Huo induced
prolifer@{ifh vlalFoBcss radislasexeMee(BY)2uo P00NbgHnin Wb rdasepastallyd into

pudfied fiactianthat, centained isartinrinduged.prol iéﬁfﬁl&9§ &Ieli]ﬁ%ﬁeft r el

osteoblast cells (20%) at 100 g/ml. Concentration needed to In

ogitasrmsptelld ileasetanhoredivsideretursBeuctitiguis groadéwinfrom each
PagtipllyRuplied taction %%Rﬁ&%ﬂ@%ﬁ‘ﬁ)ﬁé%ﬁ%@éﬁ%eﬁ{& u)é?é‘gd'g'é%? 2 ulof

increased bone turnover rate to restore the loss of.trabecular bone 2
arepiRetfarenisy sty s eeengetionovstnadidaihglocrelforellaaishtanplate was

infibifing: LANSTe3PUOD (XS %ﬁ&g&oﬁé)osglﬁeﬁe@r%%%@at crude

extract of Bu Gu Zhi induced proliferation (20%) of 5 hFOB osteoblast
cells at 50 pg/ml. But the partially purified fraction that contained corylin

and bayaehindndueed praliteration 0Vt NE QR 05t oRlash c845:A2Pme

g/ml. Concentration needed to induce the osteoblast cells is lesser in the
pavtiallynpunifisurfratlioh dovhbarwithithvens tode lexted ctiof BehGe ILHT ¢80 were

a/m QI.BQ orvlin from-Psgralea, coryfblia (Bu Go Zhi xhib%{ﬁd . o

o e e A R S TR o e

in fvitno tiecheell and 150 ul DMSO was added into each well 1o dissolve the blue
formazan precipitate. Optical absorbance of the reduced MTT was then measured at
550 nm using a microtiter plate reader. The percent viable cells were calculated with

the following: Sample OD / Control OD x 100%
Results

Graphs of the results are shown in Fig 3. Diamonds represent crude extracts;
squares represent partially purified materials. All values are expressed as mean +

standard deviation.

Fig. 3 (1) shows that crude extract of Yin Yang Huo induced proliferation of
hFOB osteoblast cells (8%} at 200 ug/ml, whereas partially purified fraction that
contained icarrin induced proliferation of hFOB osteoblast cells (20%) at 1006 pg/ml.
Concentrafion needed to induce the osteoblast cells is lesser and the proliferation
activity is greater in partially purified fraction compared with the crude extract. Yin

Yang Huo increased bone tarnover rate to restore the loss of trabecular bone
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flavanoids corylin and bavachin were isolated and identified as active
principles by activity-guided fractionation (Wang et al. 2001). The results
suggested that Psoralea coryfolia fruit extracts and corylin and bavachin
might stimulate bone formation or 15 have potential activity against

o SiEhiseEE RS By et sliTe asyiansel sHerHatiahone feen ¥ @x gt tiiting

copdin-bretiapaiiseraleageanylifolia L. extract on osteoblastic activity.
These effects suggest that Psoralea corylifolia L. extract and corylin would

stimulate bone formation (Xiong et al. 2003). 20 Fig 3 (iii) shows that
crude extiact ofy ShuwDinkduced arelifetion af ORI QeBRIRSE 4600 (20%) of

cells at 50 g/ml. Partially ﬁurified fraction from Shu Di that contained

pORSE-eraras ardihdt Hdtee brdtitehsin b hrubliss:dsstion beggontained

Thsraiwasd.imaeveneet ip-eansentatiamasovel@s themplferation o5
activity on osteoblast in Sartlal, purified fraction from the crude extract of

SHEDI: S9ERpY fivadurgdlspsee I Hn dnigsrridedbelpaeially
proliferaliend L AL HEOR steobiast cells AlHD, GHnwiasegspartial

purified fraction from crude extract that contained geniposidic acid (GPA)
induced more proliferation as 13% of hFOB osteoblast cells at 100 g/ml.

30 GPA fromixertex Eucomnaineshy hong)ncreaseadie igliferation

of osteoblast-li.ke cells and augments bone growth and suppresses bone
loBYHise g FBvEpdRBarHyiking SR (Xosy Apare iondtitsyia. (P003)
2 ARVERRICSH VAR (i EOMINIR QAU BHIRAL AT WU Srinciples by

geniposidic acid, geniposide and aucubin increased the proliferation o

oSdbbixEUifeddenainnatinnitenssteabefBsis Tike eatitiornagshtesthet Psoralea
Coepire at-mause RORCIRATAW 48118 ARG ST 72 S8 IS IEaE R 8X A Sition or

and compounds inhibited osteoclastic activities (Ha 2003). Fig 3 (v) shows
thB & e Rid A6t BT S ASADRURTIRP PATIRUSENEIaIHbIai9A Jofiso observed the

effect of extract and corylin fraction of Psoralea corviifolia L. extract on osteoblastic
activity. These effects suggest that Psoralea corviifolia L. extract and corylin would

stimulate bone formation (Xiong et al. 2003).

Fig 3 (iii) shows that crude extract of Shu Di induced proliferation of hFOB
osteoblase (7%) cells at 50 ug/ml. Partially purified fraction from Shu Di that
contained polysaccharides did not induce proliferation of hFOB osteoblast cells.
There was no improvement in concentration as well as the proliferation activity on

osteoblast in partial purified fraction from the crude exiract of Shu Di.

Fig 3 (iv) shows that crude extract of Du Zhong induced little proliferation (5%)
of hFOB osteoblast cells at 100 pg/ml, whereas partial purified fraction from crude
extract that contained geniposidic acid (GPA) induced more proliferation as 13% of

hFOB osteoblast cells at 100 pg/ml.

GPA from Cortex Eucommiae (Du Zhong) increases the proliferation of

osteoblast-like cells and augments bone growth and suppresses bone loss also, as
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hFOB osteoblast cells at 100 p.g/ml (7%). Partial purified fraction that
contained 10 osthole induced proliferation of hFOB osteoblast cells at
12.5 g/ml (12%). The concentration needed to induce the osteoblast cells
is lesser in the partial purified compare with the crude extract of She

CrsparigdZhi Kduoeetlal 2Q0050 papdine thist Ids oS iraise Fepetied Gaidhie

( i).significantly indue e differentiation, i .
o ALY P E S ST, LR apeutin
(%mnse&mpgw&mfmghmumlﬁwnﬁibrtc(&)n@q@s@mlgeﬁeem)ln
W&&Sﬁé&ﬁ?%ﬁg H%'QQ&H&%%%%%&%%%%@%%EU% ’é‘fr-g- oG fese
coumarins (osthole, bergapten and imperatorin) were isolated and their
effstestomdsieoblastis profifiécdicieondastineegtigaedlO¥tible, a major
pharmacologically 20 active constituent, significantly promoted the cells'

activity. Bergapten and. imperatorin were less effective than osthole.
These results suggested Cnidium monnieri (L.) Cuss extracts might have

potengigl actylly JIANFLASIRORQRISe afd i part iRH&W?e%%ﬁﬁﬂ% fion of

might contain active constituents stimulating osteoblasts.. (Meng et al.
200D B2sashbisonall s Fl§03 i ¢ride BxtratpofifiethfrgeQiintiacehtained

proliferation of hFOB.. osteobl Is at 190 g/ml (17%).Th rtial
AR e i e e T KL i R

hcoR asiebiiastdetlsmindciginalogtoo¥lst ToRsdonarstratibe peadestioied
induce the osteoblast cells is lesser in the partially 30 purifi ompare
WARTRETE B C A HIh G o B2 datie 4P St A deptes
Talsthcle 24l dbie-hisattivity BhsiOlahet)ex@sttuonasteblpgs diferentiation
Name Agti oL Sruie AStve AR st ot

As reported by Meng et al. (2004), extracts from fruits of Cridium monnieri (L.)
Cuss (umbelifera) were screened using the osteoblast-iike UMR106 cells in virro.
Three coumarins (osthole, bergapten and imperatorin) were isolated and their effects
on osteoblastic proliferation were investigated. Osthole, a major pharmacologically
active constituent, significantly promoted the cells' activity. Bergapten and
imperatorin were less effective than osthole. These results suggested Crnidium
monniert (L.} Cuss extracts might have potential activity against osteoporosis, and its
partial purified fraction might contain active constituents stimulating osteoblasts.

(Meng et al. 2004).

As shown in Fig. 3 (vi}, crude extract of Huang Q1 induced proliferation of hFOB
osteoblast cells at 100 pg/ml (17%). The partially purified fraction that contained
polysaccharides induced proliferation of hFOB osteoblast cells at 50 wg/ml (15 %),
The concentration needed to induce the osteoblast cells is lesser in the partially

purified compared with the crude extract of Huang Qi.

These results are summarised in Table 5.
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extract component Shu-Di Induced proliferation (10 Polysaccharide No
-significant improvement %) at 50 g/ml Huang Qi Induced proliferation (17
polysaccharide Induced proliferation (15 %) %) at 100 g/ml at 50 ug/ml
She Chuang Zhi Induced proliferation (7 Osthole Induced proliferation (12
%) %) at 100 g/ml at 12.5 g/m1 Yin Yang Huo Induced proliferation (8
Icarrin Induced proliferation (20 %) %) at 200 pg/ml at 100 g/ml Du Zhong
Induced proliferation (5 GPA Induced proliferation (13 %) %) at 100 g/ml
atRiepy/ At BikGef Zinigiedueebepreliferatianigdieorylin & Induced
proliferation (20 %) %) at 50 pg/ml Bavachin at 25 .tghnl Similar tests
were carried out using compositions containing all 6 crude extracts (2
versions) and 6 partially purified extracts. The results are displayed in Fig

(actnahrnftar.- A4

Q. h ||rc\
t)-4a-(activity-aft

reeT _I'U LAV

nal
LH- IIULu Al FIU '-ru [\
ilamonds and sqd&ares repfesen the first a%‘(‘l' é‘é%ond ver&oh%cmm of active fraction
respectlvely, of theyfumr:te" composmons Ntnlﬂ;{m&r&g{es represent the

..... he-second-version-is

1TTHCU bUIII[JU IIU T ||(_
s%ﬁrinevdhat more ac f\ile ?géaﬁgt RS (fn‘é \%}5,?85 3iKfe th
composition is mum AIcKE active: after 24 hours (Fig 4a) the second 15
'eruda” varsion-stimulated-1.7%.arowth-at 200 a/ml _After 48 ' hours (I:I('l

oAk C Q\,\., u TCOT U Ilv vt . : t . ; ]
@Gﬁﬁﬁ%ﬁﬁﬁaﬁm 1mprovement

4 }lat%’eébrol|ferdtmm%fmwééglas?%ﬁ§%@ﬁéﬁ proMieefaretiferation (15 %)

A8 hrs. Only 6 % oﬁo)tgfe;@(pﬁt%gtlon of osteoblast cells can bﬁt%tﬁgiﬂh
he 50 pg/ml concentration in 48 _hrs partial purified fraction treatment

cShsaEang i & lost e sopepHiEriondd his Gshedetial purifiedﬁrhwﬁdnnroiiferation (12 %)
ireatment. Osteoplast,cells (WQAB) died after 48 his of treatm il
artial purified frclct?zn and grgt?de extract compared to the can ro? efts ™

Yin Yang Huo | Induced proliferation (8§ | Icarrin Induced proliferation (20 %)
%) at 200 pg/ml at 100 pg/mi

Du Zhong Induced proliferation (3 | GPA Induced proliferation (13 %)
%) at 100 ug/ml at 100 pg/ml

Bu Gu Zhi Induced proliferation (20 | Corylin & Induced proliferation (20 %)
%) at 50 pg/ml Bavachin at 25 pg/ml

Stmilar tests were carried out using compositions containing all 6 crude
extracts (2 versions) and 6 partially purified extracts. The results are displayed in Fig
4a (activity after 24 hours) and Fig 4b (activity after 48 hours). Diamonds and
squares represent the first and second versions, respectively, of the “crude”
compositions while triangles represent the “purified” compositions. It can be seen
that the second version is somewhat more active than the first “crude” version, while
the “purified” composition is much more active: after 24 hours (Fig 4a) the second
“erude” version stimulated 17% growth at 200 pg/ml. After 48 hours (Fig 4b), the
proliferation activities on osteoblast cells are not promising after 48 hrs. Only 6 % of
the proliferation of osteoblast cells can be noted at the 50 pg/ml concentration in 48

hrs partial purified fraction treatment compared with 18 % at 50 pg/ml after 24 hrs
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The best curve fitting of the first and second "crude" versions and the 5
"purified" composition on the proliferation activity of osteoblasts (hFOB) is
shown in Fig 4c. The squares and triangles represent the first and
second. "crude” versions while the circles represent the "purified"
carapes itioni &hfracti dMadelsnd. Tests Have dideth Eaitiedialis fierm @ dssiod

th effect r dee tr seco d "c ude" versmns %9?@
p%?l %n comé[pl)g%lr%(i1 n"Ma ecﬁga cﬁg{l/é‘ een es%e(ﬁaﬁ %pecet8 choJﬁgOi cells.

a popular and generally 15 accepted osteoporosis animal model. After

orally do 9,c0 tlnuo for thre monags at 0.12 5 05
ooy T m Ty e T R S S iR i o

fe iy oot ecampmalodensthe@mﬁﬁ?emumaadihmybﬁmmetﬁlmmﬁw@@m&hown in
calculated.,Bod s 20 of rats were ured weekly, The results.

e o A e DA P TS B SR W S

weitile oh¢he ¢ appesgienheffomifetd afcatipesipenmental groups Groups
Rat # Bone Mass Index Wet Weight (mg/cm) (xs) (xs) Sham-operated 12
4.1404-0.36233 198.3774-12.47043 Normal Control Ovariectomized 12
3.46808:M¥BeEis 190.76908.2086 Model Fosamax 10 3.42020.24757
205.8757-18.31985 Crude Extract 1.4 g/kg 11 3.6026-0.49182
193.86217.94898 26 0.5 g/kg 10 3.47360.18521 192.683113.58409

Tests have been carried out to measure the effects of the “crude extract”

(second “crude” versions) and the “purified” composition.

Materials have been tested in ovariectomized rats, a popular and generally

accepted osteoporosis animal model,

After orally dosing continuously for three months at 0.12, 0.25. 0.5 and 0.8
g/kg/day, twice a day, the bone mass index, wet weight and dry weight of femur, bone
mineral densities of femur and lumbar were measured and calculated. Body weights
of rats were measured weekly. The results are summarized in Tables 6 and 7.
Table 6: Bone mass index and wet weight of the femur (mg/cm) {from rats of all

experimental groups

Groups Rat# | Bone Mass Index | Wet Weight (mg/cm) |

(xts)

(x+5)

Sham-operated | 12

Normal Control

4.1404+0.36233

198.3774+12.47043

|

Ovariectomized |12

Model

3.4909+0.47565""

190.7690+8.2086

Fosamax”

3.4202:£0.24757

205.8757+18.31985"

Crude Extract

L4g&g§ll

3.6026+0.49182

il938621i794898
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Partially Purified 0.12 g/Kg 11 3.42000.29461 188.87439.34391 0.25
g/Kg 11 3.58850.24125 197.874911.43143 0.5 g/Kg 111 3.73750.32996
195.544923.14863 0.8 g/Kg 6 4.14920.34708 " 197.764812.56049
P<0.05 compared to sham-operated normal contral P<0.01 compared to

sham-Bee&@d Hormal 8eHtA6r8: 185105 conPaess 1o vaiomized

Partﬂ?ﬂ??’u'"ﬁé&’l compared to ovariectomized modet—5 Based onthe data of

femoral bone mass index, the dose-response curve can be best fitted

R e e

with 87 EBBE vdlle of 034‘??4)@#@9285@dosedlt&ﬁi@éﬂé@%&‘%@bhown in

comp@n@gﬂégveté abo Jﬁﬂﬁﬁié@ﬁﬂﬁ%lo potedd. ﬂ@ﬁr@%sléﬁéﬁvs

ngnis') I R S i e T

e extract (opéen circles) on the femoral Bohe mass index in

10

15

ova?iem@?mmdawiaomhms;mnﬂmdlnmdﬂlcéthMe values are expressed
n?e ]I5 stagndac{ctlO S%\Qr%tlo eré%% data omt%rvxfere fitted with a

non-linéar regression progra rap |5r|sm version 3.00 for
WindeWs; @Jn:g»laféddtﬁmamamnﬁaadmg@ei California USA, , WA, ;
nanhpad.com. We me asured the bon ral densities of femur and
Iumbgr grﬁﬁeoq&ﬁe% Valliddswera't g%flatej in Table 7. On BMD of femur,
Fosamax Rl and partlally purified active components at all dosages were

statistic S n{ from the va eof ovariectomized model grou
Fowevor SR BRI S AISS SRRl SRas ar oL e ibaary Sore an e
Fbs&rﬁﬂxd@uﬂdla&rﬁﬂﬂﬁieaéu&raﬁﬂatm 4/a8dddayo seackpardiallapurifi@dwn in

g\élﬁ'?‘en & E}%mpq %lgoaXmBg et?a?%%ﬁ»'%'é‘x%' AY SSCHIbed (It Qo aurr%gn% (g]u?\/hAn
Patent File A), the partially purified active components were about 4 times more

potent.

Figure 5 shows dose-response curves of partially purified active components
(solid points) and crude extract (open circles) on the femoral bone mass index in
ovariectomized osteoporosis animal model. All the values are expressed as mean =
standard deviation. The data points were fitted with a non-linear regression program,
GraphPad Prism version 3.00 for Windows, GraphPad Software, San Diego

California USA, www. oranhnad.com.

We measured the bone mineral densities of femur and lumbar spine. The
values were tabulated in Table 7. On BMD of femur, Fosamax” and partially purified
active components at ali dosages were statistically significant from the value of
ovariectomized model group. However, on BMD values of Tumbar spine, only groups
dosed with Fosamax®, GuMiAn crude extract at 1.4 g/kg/day, and partiaily purified
GuMiAn at 0.5 g/kg/day showed statistically difference as compared to the

ovariectomized model group.
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25 ovariectomized model group. 27 Dose response curves of GuMiAn

crude extract and partially purified GuMiAn can be best fitted with a

non-linear regression software program (Figure 6 for femur and Figure 7

for lumbar spine). Improvement in the potency in vivo is clearly indicated.

5 10 28 bablesprBenaimaserdbaddiiditieswldentracamtpabaispindgifrdGuMiAn

each experimental .group. Groups Rat # Femur Lumbar Spine. | - -

e e R R R s D S T P o GV S fem
OvadiEatorai? dor 12nth 1309000 BB Ochd B 00h4 PHienodetivo is clearly
Fosam xé)?lo 0.14360.00483** 0.16100.00774** Crude Extract 1.4 g/kg
11@5‘% 0.00602 0.15810.00627** 0.5 g/kg i 10 i 0.13070.00732
0.14560.01165 Partially Purified 0.12 g/Kg 11 0.13580.00536*
0.14510.00633 0.25 g/Kg 11 0.13620.00522* 0.14700.00897 0.5 g/Kg

111 0.13820.00477* 0.15170.01008** 0.8 g/Kg 1 6 0.13650.00460*
0.14620.00939
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P<0.05 compared to sham-operated normal control 5 #4: P<0.01
compared to sham-operated normal control 4°: P<0.05 compared to
ovariectomized model **; P<0.01 compared to ovariectomized model Fig 6
shows dose-response curves of partially purified GuMiAn (solid points) 10
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tomized osteoporosis animal model. All the values are expressed

as mean standard deviation. The data points were fitted with a non-linear
regression program, GraphPad Prism version 3.00 for Windows,
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OMPOSItion SHG)

asigninicant; 302..0.00602

0.1581+0.00627%*

0.5 g/kg

10

0.1307+0.06732

0.1456x0.01163

Partially Purified

0.12 g/Kg

i1

0.1358+0.00536*

0.14512:0.00633

0.25 g/Kg

11

0.1362+0.00522%

0.147040.00897

0.5 g/Kg

11

0.1382=+0.00477%*

0.1517x0.01008*%*

0.8 ¢/Kg

6

0.1365+0.00460%

0.1462+0.00939

" P<0.05 compared to sham-operated normal control

# P<0.01.compared to sham-operated normal control

*: P<0.05 compared to ovariectomized model

*%: P<0.01 compared to ovariectomized model

Fig 6 shows dose-response curves of partially purified GuMiAn (solid points)

and GuMiAn crude extract on the bone mineral density of femur in ovariectomized

osteoporosis animal model. All the values are expressed as mean + standard

deviation. The data points were fitted with a non-linear regression program,

GraphPad Prism version 3.00 for Windows, GraphPad Software, San Diego

California USA, www.oraphpad.com.

Fig 7 shows dose-response curves of partially purified GuMiAn (solid points)

and GuMiAn crude extract on the bone mineral density of lumbar spine in
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15 decrease in the body weight increment. Figure 8 shows a plot of the
average body weight increment of the treated animals with an ED50 of

0.27 g/kg/day. The data points were fitted with a non-linear regression
program, GraphPad Prism version 3.00 for Windows, GraphPad
SeferaroBEaDIEgePosIsie mIEYSACdRD WM Faplvs st comTersadnmean +
Sﬁ%@é&&@&t%ﬂd%ﬂéﬁﬁ@ﬁ&ﬁ@%ﬂe%éﬁf \E\Hﬁl %aﬁgfgyi%gr%g%%@@fo%f ;?rogram,

composition 25 according to the invention when administered
pbstRelishBusEl veRepoEtitonBimenavEdotArh Baddyoftersitreldiggact”
("@é%&ﬁ/g@@(%@&g&é@%g@@ﬂgs. 30 30 Methods Women with
osteoporosis as defined by the bone mineral density (BMD) score of <2.5
SD peak bone mass in either the hip and/or spine were enrolled in the 5
SWS%J] subjects are >5 years post menopause, up to the age of 70

years. The subjects gave informed consent. Subjects with renal, thyroid,
parathyroid dysfunction, major disease, diabetic requiring insulin, and
taking stefpidsse hiSAASRIRARIPSoAPTIARG EERIRCEEN INEAM tars in the
calcitonin were excludedfrom the study. 10 The study is aTtandomized
opEPHERde ibig) Ak SV Biske dedemviand; with a 9- month follow-up. Patients
received either Ca et Vit D 2 tablets a day (control arm) or Ca et Vit D +
GZS capsules (treatment arm). 15 Markers of bone formation:
bone-spetigaiculiktivhbeinateisst aheanfeskeesingfiorairesbeprianeekly.
UMY R e RN QIR0 . ABEH IR GRS5:4 Iﬁ‘?&é}lbtﬁlggg BHAS WUBIE: increase

assessed. BMD was assessed at baseline and at the end of the study.
compared to the sham-operated normal control group. Treatment of the

ovartectomized animals with the partially purified composition showed a significant
decrease in the body weight increment. Figure 8 shows a plot of the average body

welght increment of the treated animals with an EDS50 of 0.27 g/kg/day.

The data points were fitted with a non-linear regression program, GraphPad
Prism version 3.00 for Windows, GraphPad Software, San Diego California USA,

www.eraphpad.com.

Human Studies

A pilot study has been carried out of the safety and efficacy of a composition
according to the invention when administered to postmenopausal osteoporotic

WOHIESN.

For this study, the “crude extract™ (“GZS™) was formulated into capsules.

30
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Results 20 22 subjects were enrolled into the study, with 4 randomized
into the control arm and 18 in the treatment aim. 18 subjects completed
the study. 3 subjects in the active arm and | subject in the control arm
withdrew respectively. There were no meaningful changes in the bone

foM s and resorption markers. The mean (+/ 25 SD) changes in BMD
in the control and treatment groups are as follows: hip -11.26 and -2.51
percent; and spine -3.80 and -3.82 percent respectively. There were no

fractures YWOBYh YHLpEcomptients elimstimethobaminarate dersits (BAD)
GSreapstlesiikealbeativgnss neasache and Hloatedness 303 lied in the

Conclusions In postmenopausal osteoporotic women, the composition

acBERting S HRESHARTon ARSI feqRupdtect otk kg ahddsaned e
therbigssouiaahihenwie g the S mo sty REToR IhanRgALsto be

szlfe ith only minor side effects. Larger and longer-term studi€s are
nEE TR %o MM itdsefic et hrtisFeTiF i BB t0ddalinretanids 10

KistsstiabRARRsEhasis f Ryreammiaaicrrex anasiephiasilikecallied from the
proln&atlon and osteoclast inhibition: Arch of Pharm Research 26(11):

958936. Kuo, P.L., Hsu, Y.L., Chang, C.H. & Chang, J.K. 2005,
Osthole-mediated cell differentiation through bone morphogenetic
protein-2/p38 and extracellular signal 15 regulated kinase 1/2 pathway in

human oSRESHIdst R @IrengeBrsH SPPHsiscolBal bhaveeiperiamal with a 9-

Thesapeilios. 344 Fh22R: 20t Q- CKItpnG: Y 2 Kt Q(dag&olc-ﬁt%i’ arm) or
Flyun-Man Kim, H.M., Back, J.H., Ryoo, H.M. & Kim, J.K. 2003. Effect of
Réﬁrﬁ‘a\ﬁﬁig @lﬁﬁ%%ﬂﬂﬂ%@l‘i%?ﬂ%ﬂfté‘@ﬁ-bone 20 metabolism. Cl.inica

Chimica Acta 334:185-195.

Markers of bone formation: bone-specific alkaline phosphatase, and markers
of bone resorption: urinary deoxy-pyridiolone, and urinary cross-linked N-telopeptide

were assessed.  BMD was assessed at baseline and at the end of the study.

Resulis

22 subjects were enrolled into the study, with 4 randomized into the control
arm and 18 in the treatment arm. 18 subjects completed the study. 3 subjects in the
active arm and 1 subject in the contro! arm withdrew respectively. There were no
meaningful changes in the bone formation and resorption markers. The mean (/-
SD) changes in BMD in the control and treatment groups are as follows: hip ~11.26
and ~2.51 percent; and spine -3.80 and —3.82 percent respectively. There were no
fractures in both groups. 7 patients complained of minor side effects with GZS

capsules, like “heatiness™, headache and bioatedness.
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CLAIMS: 1. A pharmaceutical composition comprising the following 6

herbal materials or extracts thereof: (i) Yin Yang Huo; (ii) Bu Gu Zhi; (iii)

Shu Di; (iv) Du Zhong; (v) 5 She Chuang Zhi; and (vi) Huang Qi. 2. A

pharmaceutical composition according to claim | which comprises extracts

of the six herbal materials produced by a process comprising extraction

with water or an alcoholic solvent. 10 3. A pharmaceutical composition

abEordiny 8¢t 1 BMahik: 7' WHEn Mo’ Bxt Ry in- Vasguin: R-

Huge (P) Bufer £ ivi(il), Dinéhpng. andi( 2 &t Chuiang bk ganeguced by

extraction with an alcoholic solvent. 15 4. A pharmaceutical composition

according to claim 3 wherein the alcoholic solvent is aqueous ethanol. 5.

ACRhadmacsuticaksomnosiios: arorrdingliaelaignd whareiadhiealeanolico1). J.

solvent is 70% aqueous ethanol. 20 6. A pharmaceutical composition

abeditiingé ARy preceding claim which contains extracts of (i) Shu Di,

and (vi) Huang Qi produced by extraction with water. 7. A pharmaceutical

composition according to any preceding claim wherein 25 companent (i) is,

prSUCEH- By HractORATN G &t xﬁa&t&s‘f%ﬁr‘?-vgﬁalm&éy E%mﬁtggrﬁﬁ%m»

op silingBel S8 AmhatnTace | icahaarRrosIRON 206Dy dinglin. I Rree6Id NG ab.

claim wherein component (ii) is produced by fractionating an extract of Bu
7830 chromatography on a lipophilic crosslinked dextran-based

resin. 9. A pharmaceutical composition according to any preceding claim

wherein component (iii) is produced by fractionating an extract of Shu Dj
LB O e e s 55 e kA cf B . /6.

15061512,
Inaba, M. (2004). I. Bone Miner. Metab. 22, 287-292.

While the invention has been described above by reference to preferred
embodiments, it will be understood by those skilied in the art that various changes and
modifications may be made without departing from the spirit and scope of the
invention. It is intended to cover all such changes and modifications by the appended

claims.
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35 34 10. A pharmaceutical composition according to any preceding claim

wherein component (iv) is produced by fractionating an extract of Du

Zhong by chromatography on silica gel. 5 11. A pharmaceutical

composition according to any preceding claim wherein component (v) is

praduped by fractionating an extract of She Chuang Zhi by extracting a

dried extract with acetone, followed by evaporation to dryness of the

acetone extract. 10 12. A pharmaceutical composition according to any

plecediny Piaimashsieihcoomponent ¢uipiss protheckdl oy ifradtiomhtihgaerials or

eékﬁ@@cﬁt@ftiﬁ#@fg(@m precipiiaing yiromn 2nagieous pelviombyiehe; (v)

agﬂltl HOf etgﬁm % : har ceutical composition according to any
preceding ctaim Wh aifis extracts of said herbal materials in the

proportlon in parts by Welght. (i) Yin Yang Huo: 0.15 - 0.75 parts; (vi)

Huiang Qi:ph@dmacbupiasiscofpShek hemndidhio Lidipartshidh) ohpbles extracts

1&%@&9%%%%1&%& Glllday 8 ﬁ%éé?%%&‘&l?%%@@o@#&%mer or

arts, 14. A pharmaceuti aI composition according to calm 13 wherein
th?éiﬁ ropMioRVERE: 25 (i) 0.25 - 0.5 parts; (vi) 0.5 - 1.0 parts; (v) 1.2 -
2.8 parts; (iii) 1.5 - 3.0 parts; (ii) 2 - 4 parts; and

3. A pharmaceutical composition according to claim 1 or claim 2 which coniains
extracts of (1} Yin Yang Huo, (i1) Bu Gu Zhi, (iv) Du Zhong and (v) She Chuang 7Zhn

produced by extraction with an alcoholic solvent.

4. A pharmaceutical composition according to claim 3 wherein the alcohohic
solvent is aqueous ethanol.

5. A pharmaceutical composition according to claim 4 wherein the alcoholic
solvent is 70% aqueous ethanol.

6. A pharmaceutical composition according to any preceding claim which
contains extracts of (iii) Shu Di, and (vi) Huang Qi produced by extraction with water.

7. A pharmaceutical composition according to any preceding claim wherein
component (i) is produced by fractionating an extract of Yin Yang Huo by
chromatography on silica gel.

8. A pharmaceutical composition according to any preceding claim wherein
component (i1) is produced by fractionating an extract of Bu Gu Zhi by
chromatography on a hlipophilic crosslinked dextran-based resin.

9. A pharmaceutical composition according to any preceding claim wherein
component (ii1) 1s produced by fractionating an extract of Shu Di by precipitating it
from an aqueous solution by the addition of ethanol.
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30 (iv) 4 - 8 parts. 15. A pharmaceutical composition according to claim 14
wherein the proportions are: (i) 0.375 parts of Yin Yang Huo; (vi) 0.75
parts of Huang Qi; 35 (v) 2 parts of She Chuang Zhi; (iii) 2.5 parts of Shu
Di (ii) 3 parts of Bu Gu Zhi; and (iv) 5 parts of Du Zhong. 35 16. A

phgrmaceytical coMROSItonARcoLing-I8aRY R aredingaainsdingein
one or more, excipients or adjuvants. 17. A method of producing a
pRATRSREIE 185&‘?58% Wf&%‘iﬂﬂﬂ%&‘i‘% ﬂhﬁxgaﬁf@gégﬁ?éﬁ%ﬁmluding
achspefqerephying git@aets. of said herbal materials. 18. Use of a
pharmaceutical composition according to any of claims 1-16 for treating a
codition inked 1o-activiies of ostsoplastsandior esteodiasts 10,419,058,
according ek Fiing Té Wherem the Sordtion seqe\ét%gcf?omgos?eoporogls,
nFSHEPEGEA( S\ petHscdBESTBL I dnteTsiea b nri(dibegeshidy
Userat enphatmaceitticahvagmpesitionfaiteatding o gryrnfcl ainisyhek® §0khe
trg@etwlgeae%ggmal for one or more of: reducing the rate of bone fracture;
increasing 15 bone mineral density; and restoring bone structure. 36

12. A pharmaceutical composttion according to any preceding claim wherein

component (vi) is produced by fractionating an extract of Huang Qi by precipitating it

from an agueous solution by the addition of ethanol.

13. A pharmaceutical composition according to any preceding claim which
contains extracts of said herbal materials in the proportion, in parts by weight:

(1) Yin Yang Huo: 0.15 - 0.75 parts;

(viy  Huang Qt: 0.3 - 1.5 parts;

(V) She Chuang Zhi: 1-4 parts;

(i)  Shu Di: 1.2-5.0 parts;

(1)  BuGu Zhi: 1.5 - 6 parts; and

(ivy  DuZhong: 2.5-10 parts.

14. A pharmaceutical composition according to claim 13 wherein the proportions

are:
(1) 0.25 - 0.5 parts;
(vi)  0.5- 1.0 parts;
(v} 1.2 - 2.8 parts;
(iti)  1.5-3.0 parts;
(ii) 2 -4 parts; and
(iv) 4 -8 parts.

15. A pharmaceutical composition according to claim 14 wherein the proportions

are:
(i) 0.375 parts of Yin Yang Huo; (vi) 0.75 parts of Huang Qi;
(V) 2 parts of She Chuang Zhi; (iii) 2.5 parts of Shu Di
(i) 3 parts of Bu Gu Zhi; and (iv) 5 parts of Du Zhong.

35
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16. A pharmaceutical composition according to any preceding claim including one

or more excipients or adjuvants.

17. A method of producing a pharmaceutical composition according to any

preceding claim including a step of preparing extracts of said herbal materials.

18. Use of a pharmaceutical composition according to any of claims 1-16 for
treating a condition linked to activities of osteoblasts and/or osteoclasts.

19.  Use according to claim 18 wherein the condition is selected from osteoporosis,

menopausal symptoms, obesity, glucose intolerance and diabetes.

20.  Use of a pharmaceutical composition according to any of claims 1-16 for
treating a mammal for one or more of: reducing the rate of bone fracture; increasing

bone mineral density; and restoring bone structure.



