Herbal Medicine for Osteoporosis and Related Conditions Background of the Invention The present
invention relates to a herbal medicineent of 5 osteoporosis and other conditions. It may be of use in
the prevention or treatment of obesity and diabetes. The medicine is derived from a number of plant
materials used in traditional Chinese medicine. More specifically, we have found that a mixture of six
herbal materials has desirable activities, Furthe e, the activities of the mixture may be enhanced
by fractionationipurification. DeSRaBKEHE RN EATERerpEE PomBRetsedCams fdantionated/purified in
individually appropriate ways prior to mixing with the other materials. Osteoporosis is a disease of
the skeleton in which the ensity. Bones become brittle and prone to fracture.
Osteoporosis is dragno: 1

agTio A hoRE L ity has decreased to the point where fractures will happen
with mild stress. Bones Thostdikalyitoebtieakdram astaoparpsisiamadmibeihip: wist.and,spine. Women
past menopause gre the g t likelyto develop osteoporosis, but it is not uncommon in men
over 65. 70Bone rerr{l‘)(gj%elli'réﬁg%l&si %ﬁlgeglp%%%%é}%'?v ichr b%ﬁnoefg]%‘rénﬁ RER'GOWH HirBerRsasdrption and
then built back up'E§aieaereagHsoridfonation i Tiis iscafnaturabpibeasthat takaes:place all the time
on different parts;ptakeletal bang.Usually,thess o pe ses balance each other out and a stable
level of bone mass is majntained.qUntiI a_healt'hy?pé\"soln%l%s% gj‘rb‘ﬂvﬁ %’6? ug‘%%é%reas@"gfﬁeo king down
and building up boh8BRAERIRCEAifdpbeteirebiars At wsteotitammis. dmeatlyiperfeotly coupted system,
with one phase sﬁimuiﬁt@g&h&m@q;ﬁeﬁ&@%@gﬁﬁ&%nhqyggyggwqglmggﬁﬁﬁ%%%%%e of certain

conditions, %ﬂs sxlstem reaks down and the two processes become unbalance steoclasts are
specialized} one’ CaTlS that brEsK HEWH BYHEhRss hristats provasiconers sstedresoistion of bone.
The action of ostewtidstsiscbalanaced. by the activity of osteoblasts that build up bone mass. In the
bones of healthy adults, bone mass remains relatively stable because osteoblasts and osteoclasts are
balancing each other and working together to maintain the bone mass. This allows bones to
continuously remodel afiditorieeivhenidanmagfatic Thadundtiomnpfaateaslastsgan e affected by
various drugs an ' : ublication, Lee and calleagues 12007) make the
surprising o,bserv%ct%% %ﬁi{é\g%ﬁ ﬁé%t?é%%?%%%\%%‘ﬁ%lﬁé%ﬁ%ﬁ? o} iﬁwp@@%ﬁ%ﬂ’ RS can affect
adiposity, glicos&hidtabsitrreard fnshtinashulisie/i Reoplewilithapbesitiand diskates are known to
have abnormalitigs@fkene metabohisa. ﬂ&%@%&%&%@@&{%ﬁ 198 éi%}‘%cta?%for.fgacwg% ég children,

and diabetics are prone to fracture, although there is little evidence ‘that t ’eylarsé}lf)lf‘édlsposed to
osteoporosis (Sc%%raﬁfn@fj%‘ﬁeé’é‘@ > groupyBieh ireth i diteelTrouiro parnsversidisereased in diabetics
as reflected by dimdnished axpressiensgat biomarkers of bone resorption and formation. including
150steocalcin, an osteoblast specific protein (Gerdhem et al., 2005, Osteoporosis Mt., 16, (506-1512).
Common thinking holds that the decrease in osteoblast activity (the cells that build bone) results from
the consedilences of diibetesrinditingshirpenglysemiahasididacseasemievels\ar sfiactiveness of

insulin and IGF-1(nabka, 2004). L £68 007) now present data tg challenge this notion and raise
the 20provocative c%%%e%t that the red%%lt}i{o i%%“s%&%’l%%%sp@ﬁ%ﬁgﬁnﬁéﬁ}lcd‘ﬁ?ﬁB?er“f‘f)”ml

process that takes place all the time on different parts of skeleta) hone. U sually 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

n& . 1 :

25 bone by cells calied osteoclasts and osteoblasts is & nearly perfectly coupled system,
with one phase stimulating the other. As s person ages, however, or in the presence of
certain conditions, this system breaks down and the two processes become
unbalanced.

30 Osteoclasts are specialized bone cells that break dows hone mass throueh a

ss througt

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



obesity and glucose intolerance. In this scenario, a vicious cycle 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. 75Summary of the Invention We have
developed a medicine that can alleviate or prevent (or at least delay the onset of) osteoporosis and
related conditiorsdsy eestoislesjatbrge dtabladicdiuteas itd-bethincreansathe Pongraiding.activity

(due to osteoblag{ggrand %&[&‘SS th%rgone resog;&tpifon activity (due to osteoclasts). Thusthe medicine
can be used for ON6 of 30more of the 15l oN gt Fggthﬁ@%gi‘@%%‘s“@?%mmﬁg’rate of bonees

3. Inbone minerabniityvéukignerstidittune & WiigviakondatmenbPapsakeyBRioMmssHEnds dypess and
hot flushes Furtg%m r&;[he medicéne ms%gd e used jn the treatment of other conditions linked to the
activities of osteGbIAsts and/or OSteot S FReEMEYinclude obesity, glucose intolerance and/or
diabetes. Gur medicine has been demonstrated to promote the proliferation of osteoblasts. Therefore,
it Is expected to reduceI}lhBEarbod W? ht throygh the, activation mechanism of osteoblasts. In further

embodiments, the disclGstfSTaIRES IS TGS Brtr&atirrmtesiAahmas fssarpaR@on-human):
methods of mancifaetusiivn nhedteinesa(wiich mayrsomaénmﬁgﬁt@é fagHanateg.componants); and

use of herbal con egpggits in tp% manufacture of compositions for use in therapy. 'fhe present
disclosure relate® 6 3 e pbSifOR G RsE: %iﬁﬁ%ﬂ%éﬁ%@lYiW@r%@g’pW@oﬁ@ﬁﬁlde ang

Fluo) (ii)Fructus ®soraieae (RscraleseosyibliajRibitaitRir Gundii RadisRenmanniae preparatae
(Rehrnamﬂg ).Cortex Eucommiae 4441 (Du Thong) (v)Fructus

lutinosa) IF,b4thA (Shu Di) (v, |
Cnidii(She f?uaah I&s%hﬁcmr or fra.(cmre m)cguidren, and diabetics are prone 1o fracture, although there

is Iittle evidence that they are predisposed to osteoporosis (Schwartz et al., 2001).

However, the rate of bone turnover is decreased in diabetics as reflected by

diminished expression of biomarkers of bone resorption and formation, including

15 osteocalcin, an osteoblast specific protein (Gerdhem et al., 2005, Osteoporosis Int.,
16, (506-1512). Common thinking holds that the decrease in osteoblast activity (the
cells that build bone) results from the consequences of diabetes mnchuding
hyperglycemia, and decreased levels or effectiveness of insulin and IGFE-1 (Inaba,
2004). Lee et al. (2007) now present data to challenge this notion and raise the

20 provocative concept that the reduciion in osteoblast function may contribute to
obesity and glucose intolerance. In this scenario, a vicious cycle would exist in which
the metabolic sequelae of diabetes suppress osteoblast function, leading to diminished

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

25 Summarv of the Igvention

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

30 more of the following:

t2



(vi) Radix Astragali (Astragalus Membranaceus) ij (Huang Qi) Some components of these plant
materials have been reported in the literature. For example, geniposidic acid from Du Thong (Kim et al
2003), osthole from She Chuang Zi (Kuo et al. 2005), corylin and bavachin from Bu Gu Zhi (Wang et at
2001) (Xiong et al, 2003), icarrin from Yin Yang Huo (Xie et al. 2005) and polysacc cies from Shu Di
(Oha et at 2003) and Hexasleredapestadsis Preferred compositions of the disclosure contain extracts
of the 6 herbal mategals in thel 0 (mParts b weight): (iv) Du Thong: 2.5-10, preferably 4-8, most
preferably 5 parts (i) BYy"Ct abpZs most prefly 3 parts (iii) Shu Di: 1.2-5.0. preferably
0g, L 1-4, preferably 1.2-2.8, most preferably 2 parts (vi)
Iy 0.75 parts (i) Yin Yang Hue: 0.15-0.75,
preferably 0.25-0.5, W FBPEE The extracts are preferably produced by ethanol
extraction for (i), (i1),3(iviRRe:AA r for( nd (V|) These initial extracts may be
partially purified, suitable techn%ue?&ﬁ%&ﬁ%}s‘?}é{m % rgostiriadiseiodetherein may
contain further components, e.g. conventional adjuvants and/or excipients. They may contain further
active ingredients, ergrta [ S ca jum carbonate which may be provided by
oyster shell or. pear! p wﬁggfﬁ%&bﬁ%ﬁﬁ%os ition: W ﬁgﬁgmﬁtéﬁﬁ@%mm provides
0-1400mg of THTER Fﬂ%ﬁ?&ﬁm@éﬁé}ewﬂ Brindlodedanioberer staeh Qiher gxcipients
include magngsism Heasaiec0exiin, E%&gge ceIIquses talc and sucrose @] ﬁ%nctlo n°ray be to
counteract a tendency of the herbal materials to absorb moisture and become lumpy. Other possible
functions of excipients include flavouring (e.g. sweeteners) and colouring. Excipients may comprise
binders, dlstlntegrarq}gf mm{gg%@&r&& ts L| uid formulatlons may include liquid vehicles,

e.g. water. a fi st aspect, there is provi ed

LS FTERIR e aoRilS @@—ﬂ@n Gﬁmpnsmg the
following 6 h& ﬁfﬁ RS st s caeeiof (©) Mithoe g e, (B Gk S, dg &%i %:1/) Du
Thong; (v) She

e HaHRACHE bkapgiavw) Huang Qi. In a second aspect, there |s provide ethod of
producing a pharmaceutlcal composition as defined above including a step of preparing extracts of
said herbal materials. In a third aspect, there is provided the use of a pharmaceutical composition

as defined above inihgsansiacire.af ammsdi ament or treating a condition linked to activities of
osteoblasts and/or osteoclasts. Ina fougrtsﬁ 3%”6%5 aﬁ?@l‘@ @eﬂg?ﬁ'ﬁ@ea‘%@ftm@hhmphasmaceutlcal
composition gg@@ﬂﬁ%@l BRRRTRAM: mriheda olma af dames iR REL R mmal for one or
more of: rede@iRgdhRarals mineral density; an Ckiornl? Hone

hRaral! n@k&% AEhgLngreasin
structure. BI‘I?f Descrg&gon of the I{jﬁia%vmgs % %’)Pgbe%ﬁl@%%ﬁ@rﬁpﬁglmme activity
of 6 individu§ Bicfergreindberants.

Huang Qi: 0.3-1.5,p ably

The present disclosure refates to a composition derived from six plant

(i) Herba epimediiZ ¥ (Yin Yang Huo)

(i) Fructus Psoraleae (Psoralea coryjolic) %M & B (Bu Gu Zhi)

(iif) Radix Rehmanniae preparatae (Rehmannia glutinosa) BB (Shu Di)
(iv) Cortex Eucommiae & (Du Zhong)

(v) Fructus Cridii ¥5EF (She Chuang Zhi)

(i) Radix Astragali (Astragalies Membranaceus) B (Huang Qi)

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



Fig 2 is a graph like those of Fig 1 but illustrating the activity of mixtures of Sextracts of all 6 herbal

materials. Fig 3(i) to (vi) is a set of graphs illustrating the activity of 6 individual herbal extracts ((i)
Yin Yang Huo; (ii) Bu Gu Zhi; (i) Shu Di; (iv) Du Zhong; (v) She Chuang Zhi; and (vi) Huang Qi) on
osteoblasts. Fig 4a and Fig 4b are graphs like those of Fig 3 but illustrating the activity of

10mixtures pf@@lﬁ@@&ﬁt@héﬂﬁﬁﬁmﬁoﬂeﬁ%@@ﬁgé%a&ng gisng@g% b).  Fig4cisa
graph showm%gﬁé‘m%{l es far @t}lw of the mixtures on proliferatiol \}I f osteoblasts.

Fig 5 is a graph ilustrating the act SHAR Shdur93 mnd Tdumitg Qitveagiabpsification) on the
femoral bone mass index. 15Fig 6 and 7 are dose response curves for the mixture (with and without
partial purification)IQn one mineral density in the femur (Fig 6) and the lumbar spine (Fig 7). Fig. 8
is a graph relating 'doSAGE P BaRIipplistiecistrunturia toehangerin Bodyweight.

Description ofitk ferdbe fambod ipaeRtsFxtiagtion 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. 75 (a) Extraction of raw herb (i) (Yin Yang Huo):

(a) using 70% EtOH: 500 g @t pteddeaues of. Ying,x lug were ground and extracted with 4 L of
70% EtOH (ACS grade ethanol obtained from Me%ac%ergg}i‘g’r\%ﬁg g timB&tainder reflux. The

combined extract was filterfx% tggldéhz{ilt{ e was concentrated and dried under vacuum. (b) using
water: 500 g of dried leave iy gF ... abiitls pdrof water for two
hours, two times, under reflux. The combined extract was filtered and the filtrate was concentrated and

dried under vacuum. 1_O(b)@§<)t&ni&i1: direvihere£@)Ry Co.7hD) o P‘E# %@g 7Q9% EtOH: 500 g of
dried fruit of Bu Gu Zhi was ground and extracted with 4 L of 70% EtOH for oné RAtF three times,

under reflux. The combineghgdfactiyas fikered and the filirate was concentrated and dried under
vacuum. 15(b) using water: 500 g of drieéd fruit 5%1881\&%1? XA}ag“a% feeFapiisxabiyt@durith 5 L of
water for two hours, two tirgxgjéggggr reflux. The combined extract was filtered and the filtrate was

concentrated and dried un 1B Extprsdoniuyraw-he it (erefbly 0.7;§a?ay[§ing 70%
EtOH: Dried herb of Shu Di (500 g) was extracted with 4 L of 70% EtOH for one hour, thtee times,

under reflux. The extracts (elEdilkened rane mgjﬂgg@tgw\g@#%ﬁe ted and dried under vacuum.
(b) using water: Dried herb of (§91715Di 500 g) was extracted wit g%%@%f erWWours, two

times, under reflux. The extracts Wele fiitered and

ririt i o

The extracts are preferably produced by ethanol extraction for (1), (ii}, (iv) and
(v), and water-extraction for (iii) and (vi). These initial extracts may be partially
purified, suitable techniques being llustrated herein.

Compositions disclosed herein 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.

;Excipien’is may include lactose or starch. Other common excipients include
magnesium stearate, dextrin, povidone, celluloses, tale and sucrose. One function
may be to counteract 2 tendency of the herbal materials to absorb moisture and
become Jumpy. Other possible functions of excipients include flavouring (e.g.
sweeteners) and colouring. Excipients may comprise binders, distintegrants, fillers
(diluents) and lubricants, Liguid formulations may include liquid vehicles, €.g. water,



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%
Et01-1 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 bark of Du Zhong was
chopped and extragiedanith, & L. M\é%er for tw, hours, two times, under reflux. The combined extract
was filtered and the filtrate was concentr S AR TG TAL SEmP s %&f@@ﬂﬂﬂ‘& v herb (v)
(She Chuang il HANSINAANG F ORS00 AL TAkiHivah2he.Cuang £ yas chopped and

extracted with 4 L of 70% EtOH for one hour, three time er re‘%lux e’com r%lct was

filtered and ¢he filtrate) wa%g@ﬁ}gqmrgﬁ%(tﬁ[%%%qle&yﬁqgh\ﬁ% (b) usmg Water 500 g of dried

fruit of She Chuang Zhi was chopped and extracted with 5 L of water for two hours, two times, under
reflux. The comblnedaexébaﬁaVggﬁeﬂﬂteﬂ@%ai@%IB%&QH%W%%@W%H@EE‘%%”thﬂggcélﬂ%%[ vacuum. 15
(f) Extraction of raw herb (vi) (Huang Qi): (a) using 70% EtOH: 500 dried root of Huang Qi was
extracted wittidpbsofori0% Htbhetbrboe:houtudhigetimes cundepdefixe<Ihecphingd.extract was
filtered and the filtrate was concentrated and dried under vacuum. 20 (b) using water: 500 g of dried
root of Huaktp@iislas 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 Artaiysis of the
crude extracts: 151 2 thpd @sperilybes of thevektradts werefcapiechoukusing eolVaiensoa685 separation
module coupled with Waters 2487 Dual ?," Absorbance Detector and Empower Pro software. The
HPLC systé[i)ﬁfwa@ @mﬁp@@lwmaamcsmmfm@mwrﬁ fioin{rbating , -CLAGiardiQamdridge, 3 mm.
The analyses were performed at room 30 temperature. Each sample was prepared at Img/ml
concentratiéftiyéis§ 600t DORrFasadioRnsictstjection volume of the sample was 20 pl. The mobile
phase was a mixture of acetonitrile and 0.1% formic acid at a flow rate of 1.0 ml/min and method used
was fullsean_Th. HPREBHoMBtsHEeis Wepeorddordbd as264 ziphamhadFinan afmyaeiength. Details

of the HPLC method are shown in Table 1. Table 1: .HPLC method 1% formic acid in H20 ACTS %
as defined above in the manufacture of a medicament for treating a mammal for one

or more of: reducing the rate of bone fracture; increasing bone mineral density; and

restoring bone structure.

da



Time (min) 04 96 0 5050 30 20 80 31 20 80 34 96 4 35 964 40 HPLC} grade solvents were
purchased from Fisher Scientific and Standard samples Osthole and Icamn were purchased from
China Pharmaceutical and Biological manufacturer and the standard Gceniposid ¢ acid was obtained

from Chrorna Dex. Results of the HPLC analysis are included in Table 2. 10
Brief Description of the Drawings

Fig 1(i) to (vi) is a set of graphs illustrating the activity of 6 individual herbal

extracts on osteoclasts.

Fig 2 is a graph like those of Fig 1 but illustrating the activity of mixtures of

5 extracts of all 6 herbal materials.

Iig 3(i) to (vi) is a set of graphs illustrating the activity of 6 individual herbal
extracts ({1) Yin Yang Huo; (ii) Bu Gu Zhi; (iii) Shu Di; (iv) Du Zhong; (v) She

Chuang Zhi; and (vi) Huang Qi) on osteoblasts.

Fig 42 and Fig 4b are graphs like those of Fig 3 but illustrating the activity of
10 mixtures of exiracts of all & herbal materials, after 24hrs (Fig 4a) and 48hrs (Fig 4b).

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

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.

15 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
73,

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

in body weight.

20 Description of the Preferred Embodiments

Extraction 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):



15 20 Table 2: Extraction Yields and Active Components from Three Different Sources of China Raw
Herb Extraction Yield Active component 11/0 Water 70% Et014 Water Extraction 70% EtOH extraction
Bu Gu zhi (ii) 28.55% 30% 39.33% 29.16%
(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 Megachem) for one hour, three times, under reflux. The combined

extract was filtered and the filtrate was concentrated and dried under vacuum.
3 (b) using water: 500 g of diied leaves of Yin Yang Huo were ground

and extracted with 5 1. of water for two hours, two times, under reflux. The

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

vacuum.

10 (b) Extraction of raw herb (ii) (Bu Gu Zhi):

(a) using 70% EtOH: 500 g of dried fruit of Bu Gu Zhi was ground and
extracted with 4 L of 70% EtOH for one hour, three times, under refiux. The
combined extract was filtered and the filtrate was concentrated and dried under
vacuum,

15 (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

Vacuurm.

20 (¢} 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 g) was extracted with 5 L
25 of water for two hours, two times, under reflux. The extracts were filiered 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, three times, under reftux.

The combined extract was filtered and the filirate was concentrated and dried

under vacuum.



31.09% 27.90% She Chuang Zhi (v) 20.07 % 21 % No peak 0.91 % (Osthole) _24.68% 1848% No
peak 1.56 % (Osthole)., 16.86% 22,47% No peak 1.90 % (Osthoie) Du Zhong (iv)

(b) using water: 500 g of dried bark of Du Zhong was chopped 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,

(e) Extraction of raw herb (v) {She Chuang Zhi):

(a) using 70% EtOH: 500 ¢ of dried fruit of She Chuang Zhi was
chopped and extracted with 4 L of 70% EtOI for one hour, three times, under
reflux. The combined extract was filtered and the filtrate was concentrated and

10 dried under vacuum.

(b) using water: 500 g of dried fruit of She Chuang Zhi was chopped

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

vacuimm.,

(1) 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.
20 (b) using water: 500 g of dried root of Huang Qi was extracted with 3
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 amalyses 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 Column (250 x
4.6 mm, 5 pm), C18 Guard Cartridge, 3 mm. The analyses were performed at room

30 temperature. Each sample was prepared at limg/ml concentration using 60% EtOH as
solvent. The injection volume of the sample was 20 ul. The mobiie phase was a

mixture of acetonitrile and 0.1% formic acid at a flow rate of 1.0 mi/min and method



14% 15% 0.12 % (GPA)I0.27 % (GPA) 14.03 %12.14 %0.90% (CPA) 2.33 % (CPA.) 12.80 %15.63
% 0.17 % (GP/™) 1.22 % (CPA) Yin Yang Huo (i) 22% 17.30% 0.28% (Ican) 0.75 % (lcain 11.53 %
11.62 %0.25 % (Icn) 2.86 % (Icarrin 15.72 % 12,95 % 0.59% (Icarian)0.85 % (Icain

used was fullscan 2b. HPLC chromatograms were recorded at 254 nm and 315 nm of

wavelength. Details of the HPLC method are shown in Table 1.



Shu Di (iii) 76% 67.65% 68.100/ 61.87 % 70.31%65.61% Huang Qi (vi) 54% 34% 36.35/c

29.40%

Table 1: HPLC method

1% formic acid in H.O ACN % Time (min)

Yo

96 5 ¢

50 50 30

20 &0 31

20 80 34

96 4 35

96 4 40

HPLC grade solvents were purchased from Fisher Scientific and Standard

LA

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.

10




36.20% 33.24% From the results, it was concluded to use extraction with 70%.EtOH for herbs (i),
(i), (iv) and (v); arid extraction with water for herbs (iii) and tvil. 5 Preparation of extracts (larger scale):
Extraction: Extraction of raw herb (i) (Yin Yang Huo) using 70% EtOH: 2 kg of dried leaves of Ying
Yang Huo were ground and extracted with 16 L of 70% EtOTI for one 10hour, three times, under
reflux. The combined extract was filtered and the filtrate was concentrated and dried under vacuum.
Yield: 12.98% 1 Lagti i')g(g . Zhp. usin 7%r"(p§tOH' ZF_?_O ried fruit of Bu Gu
Zhi (obtained fro%rﬁﬁf%égigtv%éﬂ&%hﬁigl g% e%t%%%%%ﬁ%ﬁ%gfeo 7 %%E%tr‘g ?Sgl)ggigrﬁg%g%%ee‘qtimes,
under reflux. The combined extract was filtered andafh€Hilrate was concentrated and dried under

vacuum. 20Yietdr29:3% . Extraction Ufﬂﬂ\gyaé;clb (V) {Du ZF@H@%WWf
iy .
Du Zhona (1.5 kg) was chopped and extracted with fgl of 70% EtOH for one %%Eﬂfﬁrﬁeie/flmes, under
reflux. The combined extract was filtere@ amgl the Tiltsaienw@g 2beonesntialadand/dricd@ngeryacuum.
Yield: 12.14% Extraction of raw hefb (v) (She Chuang Zhi) using 70% Et01-1: 700 g of dried 30 fruit|of
She Chuang Zhi was chopped and|extracted with 5.6 L. of 700/0 EtOH for one hour, thf88&f#8s, under
reflux. The combined extract was filter@8 &nth the filtraie %was cponcentrated and dried under vacuum.
Yield: 22.74% Extragtionofgaw hefb of (iii) (Shu|Di) using water: Dried herb of Shu D (300 5 g) was
extracted with 3 L of water for two hougs,3své: times, emoetaeflux. The combined extract was filtered
and the filtrate/was con88ntrated ahd dried under vacuum.
31.09 % 2790 % . .
2007 % 21 % MNo peak 0.91 % (Osthole)
She Chuang Zhi
© 24.68 % 18.48 %4 No peak 1.56 % (Osthole)
16.86 % 22,47 % No peak 1.90 % (Osthole)
14 % 15 % 0.12 % (GPA) 0.27 % (GPA)
Du Zhong
i) 14.03 % 12,14 % 0.90 % {(GPA) 233 % (GPA)
12.80 % 15.63 % 0.17 % (GPA) 1.22 % (GPA)
s
22 % 17.36 % 0.28 % {icarrin) (.75 % (lcarrin)
Yin Yang Huo
i 11.53 % 11.62 % (.25 % (fearrin) 2.86 % (icarrin)
15,72 % 12,95 % 0.59 % (Icarrin) 0.85 % (icarrin)
76 Y% 67.65 Y% - -
Shu ¥
68.10 % 61.87 % - -
{iki)
7031 % 65.61 % - -
54 % 34 % - -
Huang (i
) 36.35 % 29.40 % . ;
(vi)
36.20 % 33.24 % -
|
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Yield: 55.8% 10 Extraction of raw herb (vi) (Huang Qi) using water: 600 g of <_1Ir|ed root of Huang Qi
was extracted with 6 L of water for two hours, two times, under reflux. The combined e>§tract was
filtered and the filtrate was concentrated and dried in vacuum. 15Yield: 29.8% Preparaﬂon of .
composition (unrefined) The extracts of the raw herbs obtained above_, were mixed in t.he I’a'FIO
(Bu Gu 20Zhi. She Chuang Zi: Yin Yang Huo: Shu Di: Du Zhona: Huang Qi 1.5:_1__: 1.5:1.25:1.25: 1.5)
to get 1 kg of the composition. Name of herbQuantity _c_)f crude extract Bu Gu _Zh|(||)187.5 g She .
Chuang Zi(v)125 g Yin Yang Huo(i) 187.5 g Shu Di (i) 156.25 g Du Zhong(iv) 56.25 g Huang Qi(vi) _
187.5 2 ProceHtit@stispartial ipwificatichfodfractionationtipofithi 2owacISWeEse Rbseveloped:

{1}, (ii), (iv) and (v); and extraction with water for herbs (ii1) and (vi).

Preparation of extracts (larger scale):
Extraciion:
Extraction of raw herb (i) (Yin Yang Huo) using 70% EtOH: 2 kg of dried
leaves of Ying Yang Huo were ground and extracted with 16 L of 70% EtOH for one
10 hour, three times, under reflux. The combined extract was filtered and the filtrate was

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 refiux. 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 for one hour,

three times, under reflux. The combined extract was filtered and the filirate was

o
(¥

concentrated and dried under vacuum.
Yield: 12.14%

Extraction of raw herb (v) (She Chuang Zhi) using 70% EtOH: 700 g of dried
30 fruit of She Chuang 7Zhi was chopped and extracted with 5.6 L of 70% FtOL for one

hour, three times, under reflux. The combined extract was filtered and the filtrate was

concentrated and dried under vacunm.

11



Partial purification of crude extract of (i) (Yin Yang Huo): a column (55 x 700 ram) was packed with
Silica gel (60-230 mesh) using ethyl acetate. A slurry of 35 g of the crude extract (70% EtOH extract) of
Yin Yang Huo was prepared using 5350 g of Silica gel in MeOH. Active fraction was eluted using 20%
MeOH in ethyl acetate (5 litres) as eluant. Fraction was concentrated and dried in vacuum. Same
procedure repeated for 10 times. Yield: 29.4% 10 Partial purification of crude extract of (ii) (Bu Cu
Zhi): we used a lippphike erpsslinked dextran-based resin (in this example, Sephadex LH-20) This was
pre-swelled in MeOH overnight and then packed in a Column (55 x 700 mm). 3 5 g of the crude extract
(70% EtOH extract) of Bu Cu Zhi was dissolved in 100 mI of MeOLI 15 using sonication and loaded
onto the column. Appro as eluant M Hf on trated
and evaporated to dryngﬁ%ﬁ élr{#gﬁugn% Iglr e proc tire Waaéerrepégtég Hﬂfgﬁ“ﬁé%gﬁo 1%
20  Partial puﬁilwmwﬂdd@*ébdrhctfoweﬁe) @%h mh(ﬁﬁa gmﬂﬁmgrud@semm (Water extract) of
Situ Di was take I fw d then 1000A EtOH, wa d slowly in order to
form a preupﬂatgﬁﬁﬁ%%ﬁa%%{rﬁ%u%%jﬁ ]t.%% /oaﬁ%ﬁ T ewvgl%sf BEERE ed %F%‘ﬁfggqgé’ﬁt ina
refrigerator overrvigfitfdr complete 25precipitation, then filtered. The reS|due obtained was vacuum
dried for 24 hours. Yield: 29.32% Partial purification of crude extract of (iv) (Du Zhong): a column
(55 x 700 30mm) was packed with Silica gel (60-230 mesh) using acetone. A slurry of 35 g of the
crude extract (70%cEt08 &itract) of Du Zhong was prepared using 350 g of Silica gel in MeOH. Active
fraction wag, eluted using acetone (10 litres) as eluant. Fraction was concentrated and dried under
vacuum. Same procedure repeated for 6 times. Yield: 29.4% Partial purification of crude extract of
(v) (She Chuang Zhi) 2betgwiche Cradelextr ot  1006EL0R pxtract)wfiShe@hyany Ehidvastpiaced in
a5 L round bottam, d and stirred for 1 hour, then filtered. The residue was
stirred for 1 hour with 3 aﬁ}uﬁﬁ%rgﬁ%?acet%%ég qfhevgr%%re% lrew W(;}lls ?6?5‘68&%%‘&% HMES B tHaly 3 the
eight filtrates wereedmbihedrasidiecoidentdred and et ovarnightnnder vadudiied Yield:did 1%
15Partial purification of crude extract of (iv) (Huang Qi): 158 g of the crude

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.

Mame of herb (uantity of crude exiract
Bu Gu Zhi (ii) 187.5¢
She Chuang Zi (V) 125 ¢
Yin Yang Huo (1) 1875 ¢
“Shu Di (iit) | 156.25 ¢
Du Zhong (iv) 156.25 ¢
Huang (1 {vi) 1875 ¢

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

25 developed:



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 z_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 20hours. Yield: 64.5% The partially purified or fractionated samples
of the crude extracts of the raw 25 herbs obtained above were mixed in the ratio (Bu Gu Zhi: She

it Yi " H 1 1.5 14,1.9;,1.25: 1.25: 1.9) to 5009 of
girll\l/fznp?aftlién)rlljpi(f?enc? sg?ngﬁéhﬁlugrﬁea (% (%1 udgﬁgﬁ%%lgjgﬁﬁl}/ lBurﬁflé% %%\ p%&%%h“@%%rﬁ 93.75¢
She Chuang Zi 6208 enVivasaragkedusigssiog Sh(bDiZ28. 1251y Ringhkdng 784250 Aslang i 93. 7ﬁg c
lon of crude and patigiiy purfiec Btk ACIS O asleadiads., A Stithy was made o elhicidate the

effectlveness of the herbs on anti-proliferation of rat It osteociast
350 g of Silica gel in MeOH. Active fraction was eluted using 20% MeOH in ethyl

acetate (5 litres) as eluant. Fraction was concentrated and dried in vacumm. Same

procedure repeated 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-
swelied in MeOH overnight and then packed in a Column (35x700mm). 35gof
the crude extract (70% EtOH extract) of Bu Gu Zhi was dissolved in 100 ml of MeOH
15 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%
20
Partial purification of crude extract of (iii} (Shu Di): 358 ¢ of the crude extract
(water exiract) of Shu Di was taken and dissolved in 350 ml of water, and then 100%
EtOH was added slowly in order to form a precipitate. The total amount of 100%
EtOH added was 2.8 L. The mixture was kept in a refrigerator overnight for compiete

25 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
30 mm) was packed with Silica gel (60-230 mesh) using acetone. A slurry of 35 ¢ of the

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



All media components were purchased from Sigma-Aldrich (USA) unless otherwise stated. Fetus
bovine serum was purchased from Flyclone, USA. TRAP 10staining kit, 0.25% Trysin-EDTA solution,
MIT (Thiazolyt Blue Tetrazolium Bromide) and DMSO were purchased from Sigma-Aldrich, USA. All
chemicals were the highest grade available from Sigma Chemical Co. 96-wells plates were bought
from NUNC, DenmlekO5 MetivedsaPieparatiohiiefl Qsteg olast Gul lur s &8 muskver & ablaineds from 3-4
weeks old youn istar rats (100:125 20q), following sacrifice. Femurs were washed through 4
washes (30 ml &@%ﬁé\%&%n e%r}%ﬁgrll\{fv%%ﬁrﬁ% ]i%zlm,gaafnn%ﬁ%%ﬁﬁlg%%?%% I m%s-‘MEM) containing
1 mg/m1 Penicillin G, 0.5 mg/m1 gentamycin and 3 mg,/m1 fungizone. Epiphyses were removed from
rat femurs. Bon - /%Ils were obtained by using a syringe for flushing femurs from both ends of
the shaft with a-MEM containing 15% (v/v) fetal bovine 25serum (Hyclone), 0.1 mg/ml penicillin 0, 0.05
mg/ml gentdmycin, 300 ng/ml fungizone, 0.28 mM L-Ascorbic Acid 2-Phosphate, 10 nM

dexamethasone, 10 ngim] M-CSFE. 10.ng/ml RANKL and 1 INF- a. Medium was collected from
both end of femurs andéi%%#iﬁjugré%cgi%%fﬁ?gc%? er}#%aﬁ e%%?&?t%ﬁeeﬁmﬁfb%%ﬁf éb@ gHitdSof the
supernatant fronwtivds topraad Hevhdized TheardnodititngCractionshivets pheddais a 30sairee of
osteoclast precu ll,su sions were mixed and ino uéat 0.1 ml ,% O%t;one marrow cells)
onto each well in{%%@vhjé%lat%%ggﬂnﬁ\?l@. Sea%{z(ﬁs E\37\7/1((ari]rg”i 8% gigjtﬁ?]“&%f é}%lt?f >, 180% humidity.
Medium was changéueafter 2itteduns Withwstébaldstrthadium anstaells Wergrsefdae Jumes weekly.
TRAP-positive ¢ ining.Osteqaclast cells wer ended in phenol a-MEM containing 15% PBS
and plateditgt a c%h%%%%?ré%ggﬁ%’f 1?%’521 G(Iije Siwe ﬁﬁﬁ AN %ﬂﬂﬁ%ﬁ%i% iﬁ%%%?@?éﬁ%@of 10
ng/ml RANKL antfimcobatedfomihy Awemedium and factors were 10replaced after 3 days. After 5
days of culture, the cells were fixed and stained for tartrate-resistant acid phosphatase (TRAP), a
typical marker enzyme of osteoclast using the commercial TRAP staining kit (Sigma, 387-A) according
to the manufactu¥etls:idstiiétions. 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 20détermined byPetifal Phiafi chyicB|ufcFeteamatinen Bromide)an the peveent fsusviyai of

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
20 hours,

Yield: 64.5%

The partially purified or fractionated samples of the crude extracts of the raw

2
th

herbs obtained above were mixed in the ratio (Bu Gu Zhi: She Chuang Zi; Yin Y ang
Huo: 5hu Di: Du Zhong: Huang Qi 1.5: 1: 1.5: 1.25: 1.25: 1.5) 1o get 500 g of GMA

partial purified sample.

Name of herb Quantity of partially purified samples
Bu Gu Zhi 9375 ¢

She Chuang 7Zi 62.5¢g

Yin Yang Huo 9375 ¢
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the rat osteoclast cells on a 96-well microtitre plate. 10,000 viable cancer cells at exponential growth
phase in 100 al were seeded into each well of a 96-well microtitre plate. The cells were cultured
overnight for cell attachment at 37C in 5 % carbon dioxide atmosphere. The used medium from each
well was discarded the next 25morning and 200 al of fresh media were added. 2 al of herb samples at
various concentrations wereéitidéied into each well and the plate W&sdafeubated at 37C in 5 % carbon
dioxide atmosphere for 200, g The appr priate-amount of MT3, Was dissotved-in-serum-fiee
medium to 30obtain-a-concentration of 1 mg/ml medium. 50 tit of the MTT solution was transferred into
each well. Celld were incuB%t&# %r 4 hrs at 37C in 5 % carbon dibkidfetatmosphere. Medium was
aspirated from theciefl andrifld ahBVRGaNapaAGed RIoLEARRWE IO dissalyg e biue formazan
precipitate. Optical absorbance of the reduced MTT was then measured at 550 rim using a microtiter
plate reader. The percent viable cells were calculated with the following: Sample OD / Control OD x
100%. 5Results Fig 1 centaing graphsshewingdhe @Hgi&@g{g@ggg @qﬂgi%@stgg ﬂﬂous materials on

osteoclasts. All values are expressed as mean standard deviation. 10Triangles relate to crude
extracts; square?li'(gl}f?éafboﬁ FAhPRGRfad Arakearéio.  Fig 1()) shows that the crude extract of Yin
Yang Huo ifhibited the proliferation of osteoclast cells (37%) at 500 1g/ml, whereas the partially
purified fraction that cantained icarrin inhibited 54% of osteoclast cells proliferation at 500 15ttg/ml. Yin
Yang Huo modu t&%@%@oclastogenesis by inhibiting the proliferation of osteoclast cells (Xie et al.
2005). Besides that, Yin Yang Huo treatment can effectively suppress the OVX-induced increase in
bone turnover possiblyﬁ]tbot .an increase in osteoblastic activities and a decrease in

osteoclastogenesis (Xi€ ‘et BFOBE8IBP0E #igrq REYCSRSISTRR Hhemirydéricidds 69 BulGu Zhi
inhibited proliferatiga(3a96):efnstensiast selleakb 00 igiminButithe,partial purified fragtiop that

contained corylin and bavachin inhibited the proliferation of osteoclast cells effectively (50%) at 500
ng/ml. Cor@ntrﬁ%ﬂlﬂ%lﬁegé%%é’ %Wﬁﬁib’?@?ip tneopronrelibh Gliatelit Bitcens@iBuasser in the

partial purified fréetiondeomparenith hecpuagaxuachef BuGuAhkicn Figl L c?l@:ﬁw(?a&?% ?gude
extract of Shu Di inhibited th%eé)roliferation of osteoclast (37’%) cells at 500 jig/mi. The partlaEi y purified

fraction from ShiPHFHSAENHEAR SRR I Akematigre ihiBREa B brHBsMsite rationtoigsteoclast
30which was 11 Hemnorexonpasadwith the crude extract. Du Zhong, Shu Di inhibited the proliferation
of osteoclast cells in a dose-dependent manner.

15 Methods
Preparation of Osteoclast Cultures

Femurs were obtained, from 3-4 weeks old voung female wistar rats (100-125
20 g), following sacrifice. Femurs were washed through 4 washes (30 ml each time) with
femur wash medium, e-minimum essential medium (¢-MEM) containing 1 mg/ml
Peniciliin G, 0.5 mg/ml gentamyein and 3 mg/ml 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 o-MEM containing 5% (v/v) fetal bovine

b
LA

serum (Hyclone), 0.1 mg/mi penicillin G, 0.03 mg/ml gentamyeir, 300 ng/mi
fungizone, (.28 mM L-Ascorbic Acid 2-Phosphate, 10 nM dexarmethasone. 10 ng/m!
M-CSF, 10 ng/ml RANKL and 10 ng/ml TNF- o. 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

30 source of osteoclast precursors. Cell suspensions were mixed and inoculates 0.1 ml

~
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Fig I (iv) shows that Du Zhong inhibited the proliferation of osteoclast cells in a dose-dependent
manner. Crude extract of Du Zhong inhibited the proliferation (30%) of osteoclast cells at 500 ug/ml,
whereas patrtial purified fraction from crude extract that contained geniposidic acid (GPA) inhibited
effectively the proliferation as 547% of osteoclast cells at 500 jig/ml. Fig 1 (v) shows that crude

extract of She CHliani§) Zbinnhititedvprelifecationaoh asteioelaxt eelis-pl-E00NIGMY, (BRYM Rastially
purified fraction th tained,gsthgle.inhibi roliferation of osteoclast cells at 500 ug/rnl as much
as 54%. She ChJ%%%%%gﬁ?ﬁigh%%o%@é@j@%m%ﬁ &@mmﬁw&&%@%%%@%y Qin et al.
2003. She Chuang @i intvibitest ostiaclastiforiatier-and-differantiatiepriy. decreased and inhibited
TRAP activity of osteoclasts. Besides that, it also decreased the osteoclastic bone resorption pit area
and Caz2 release from bone slices (Qin et al. 2003). 15Fig 1 (vi) snows that crude extract of Huang Qi
inhibited thé prolitekatimpafidstendlassigels at 500 4g/m1 (31%). The partially purified fraction that

contained polysaccharides showed the enhancement of the anti-proliferation effects on osteoclast cells
at 50 ug/m1 (48 %). Concentration needed to inhibit the osteoclast cells is lesser in the partial purified

compared with the crud@sxtrdesiofetuang:QispendedFOLRIBESNIENMS e Rrvtiaky pefied fraction

showed greater itive results ¢ ared with the crude extract. The anti-proliferation effects on
osteoclast cells gr??%érﬁtrﬁiacr??ecgl ?i?rrmg]ip%l%? x léP%?ﬁﬁL}&%i% Fr3éasratitesndidrisdhe can also be

expressed as EDB0@sthes coricentratidyoi Ciudedaxtrasiediqh pattiallysastionaied componentdo have

50% inhibitign). The, results are summayrized in Taple 4. Table 3;: Summary of the anti-proliferation
E@ TETE @cﬁaﬁ

activity on osteocldst cellé of individuar tver B AMEDetSre o e R AR ASH, Riame Origin

Activity of crudeAstiveictistyobactiveosghdtact ANGAC Pighvion esiaeslas cells sanmeengat fraction at

SO0 using the commercial TRAP staining kit (Sigma, 387-A) according 1o the
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 determined by MTT (Thiazolyl Blue 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 ul 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

25 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 MTT was dissolved in serum-free medium to
30 obtain a concentration of 1 mg/ml medium, 50 ul of the MTT solution was transferred
mnto each well. Cells were incubated for 4 hrs at 37°C in 5 % carbon dioxide

atmosphere. Medium was aspirated from the well and 150 ul DMSO was added inte

io



pig/ml on osteoclast cells Shu Di e Bei Inhibited 37% proliferation Polysaccharide Inhibited 4_18% _
proliferation Huang He Bei Inhibited 310/oPolysaccharidelnhibited 48% Qi prolifgration proliferation
SheHe Bei Inhibited 330/00sthole Inhibited 54% Chuang proliferation proliferation

cach well to 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%.

3 Results

Fig 1 contains graphs showing the anti-proliferation activity of the various

materials on osteoclasts. All values are expressed as mean = standard deviation.
10 W Trangles relate to crude extracts; squares relate to partially purified materials.

Fig 1 (i) shows that the crude extract of Yin Yang Huo inhibited the
proliferation of osteoclast cells (37%) at 500 pg/ml, whereas the partially purified
fraction that contained icarrin inhibited 54% of osteoclast cells proliferation at 500

15 pg/ml. Yin Yang Huo modulated osteoclastogenesis by inhibiting the proliferation of
osteoclast cells (Xie et al. 2005). Besides that, Yin Yang Huo treatment can
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 (ii) shows that the crude extract of Bu Gu Zhi inhibited proliferation
(33%) of osteoclast cells at 500 pg/ml. But the partial purified fraction that contained
corylin and bavachin inhibited the proliferation of osteoclast cells effectively ( 50%) at
500 pg/ml. 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 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 cells,

30 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



Zi  YinShi Inhibited 37% Icarrin Inhibited 54%  Yang Chumproliferation proliferation Huo Du
Bolnhibited 30%CPA Inhibited 470/0

10

20

[ R]
wh

Fig 1 (iv) shows that Du Zhong inhibited the proliferation of osteoclast cells in
a dose-dependent manner. Crude extract of Du Zhong inhibited the proliferation
(30%) of osteoclast cells at 500 pg/ml, whereas partial purified fraction from crude
extract that contained geniposidic acid (GPA) inhibited effectively the proliferation as
47% of osteoclast cells at 500 pg/ml.

Fig I (v) shows that crude extract of She Chuang Zhi inhibited proliferation of
osteaclast cells at 506 pg/ml (32%). Partially purified fraction that contained osthole
inhibited proliferation of osteoclast cells at 500 pg/ml as much as 54%. She Chuang
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 Ca®" release from bone slices (Qin et al. 2003).

Fig 1 {vi) shows that crude extract of Huang Qi inhibited the proliferation of
osteoclast cells at 500 pg/mti (31%). The partially purified fraction that contained
polysaccharides showed the enhancement of the anti-proliferation effects on
osteoclast cells at 50 pg/mi (48 %). Concentration needed to inhibit the osteoclast

cells 1s Iesser in the partial purified compared with the crude extract of Huang Q.

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

inhibition). The results are summarized in Tabile 4.
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Zhong Chou proliferation proliferation Bu Gu He Belnhibited 33%Corylin inhibited 50% Zhi pr(_)Iif(_ar_ation
Bavachin proliferation ~ Table 4: ED50 of the anti-proliferation activity on osteoclast. cellslof |nd|v!qlual
herb extracts before and after partial purification. EC 54) (g/m1) Rel Potency Shu Di Partially purified

4.83E-04

A

Table 3: Summary of the anti-proliferation activity on osteociast cells of individual

herb extracts before and after partial purification.

Name | Origin | Activity of crude Active Activity of active
extract at SO0 COMpPOnent fraction at 560
ng/ml on osteoclast pe/mel on osteoclast
cells cells
ShuDi | He Bei Inhibited 37% Polysaccharide Inhibited 48%
proliferation proliferation
Huang | He Bel Inhibited 31% Polysaccharide Inhibited 48%
Qi proliferation proliferation
She He Bet Inhibited 33% Osthole inhibited 54%
Chuang proliferation proliferation
Zi
Yin Shi Inhibited 37% Tcarrin Inhibited 54%
Yang Chuan proliferation proliferation
Huo
Du Bo Inhibited 30% GPA Inhibited 47%
Zhong Chou proliferation proliferation
L 1
Bu Gu | He Bei inhibited 33% Corylin & Inhibited 50%
Zhi proliferation Bavachin proliferation
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4.22 Crude Extract 2.04E-03 Huang Qi Partially purified 4.53E-04 14.97 Crude Extract 5.78E-O_3_
She Chuang Zi Patrtially purified 3.03E-04 15.63 Crude Extract 4.73E-03 Du Zhong Partially purified
4.95E-04

Table 4: EDs; of the anti-proliferation activity on osteoclast cells of individua) herb

extracts before and after partial purification.

ECss (gimi) Rel Potency

Shu [ Pariially purified 4.83E-04 4.22
Crude Exiract 2.04E-03

Huang O Partially purified 4.53E-04 14.97
Crude Extract 6.78E-03

She Chuang Zi Partially purified 3.03E-04 15.63
Crute Extract 4. T3E-03

Du Zhong Pariially purifiad 4 G5E-04 5.85
Crude Extract | 2.90E-03

Bu Gu Zhi Parially purified 4.06E-04 15.82
Crude Extract 6.46E-03

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

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
sohd circles represent the first crude composition; triangles represent the second crude

10 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

15 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 pe/ml.

The ECsq values were:

20 1* crude : 2.71 % 107 g/ml
2" crude : 2.94x 107 g/ml
Partially purified : 5.27 x 10 g/ml



5.85 Crude Extract 2.90E-03 Bu Gu Zhi Partially purified 4.06E-04 15.92 Cruc_ie_Extract 6.46E-03 _
Ying Yang Huo Partially purified 2.70E-04 4.38 Crude Extract 1.1_6E-03 3 Similar tests were carried
out using compositions of 6 crude extracts (2 versions) and 6 partially pgrlfled. extracts. The results are
displayed in Fig 2, where solid circles represent the first crude composition; triangles represent the
second crude 10ésHiposkiordenthdpesrGirbiepueifiad Gk thexpartialhnpisifiss aemposition.

A study was made to elucidate the effectiveness of the herbs on the

proliferation of hFOB human osteoblast cells.

Materials

The conditionally immortalized human fetal osteoblastic cell line hEOB was
obtained from the American Type Culture Collection (ATCC) (Manassas, VA,

10 hitp://www.atce.org). hFOB was developed by conditionally immortalizing human
fetal osteoblasts with a temperature-sensitive mutant of the SV40 large T antigen (¢s-
SV40LTA) gene. At the permissive temiperature of 33.5°C, the is-SV40LTA is active
and the hFOB cells proliferate rapidly, whereas at the nonpermissive temperature of
39.5°C, the 15-SV40LTA is inactive, and the cells differentiate and display the

15 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 Biue
Tetrazolium Bromide) and DMSO were purchased from sigma-Aldrich, USA. 96-
well plate was bought from NUNC, Denmark.

20 Methods
Cell Lines

The hI'OB cells were cultured according to ATCC protocol in a 1:1 mixture of Ham's

25 F12 medium and Dulbecco's modified Eagle's medium (ODMEM) suppiemented 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% C04/95% 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



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 15 extracts used in the second crude extract) inhibited 46% growth of
osteoclast cells at 500 ug/m1 compared with the second version of the crude extract which inhibited 39
()/0 growth at 50¢:tegimhetiney B@bTevafivasiweyelcRGhahaiudeViTT Kk NElubteruderR:94 x 10-3

g/ml Partially purifieds.27 xg/ml Action of crude.and partially pu 'fie% b extracts on osteqhlasts
A study was magggt%]g%]c%%tt%et & el |Véﬁ%ﬁsc§f(§}??h°§%8%%’6(ﬁ®ihe r %é?éﬁog SYHEBI RN

osteoblast cells. Badaterials The conditionally immortalized human fetal osteoblastic cell line hFOB
was obtained from the American Type Culture Collection (ATCC) (Manassas, VA, 10
http://www.atcc.org). hFOB was developed by conditionally immortalizing human fetal osteoblasts with
a temperature-sensifitelfutéaitiot-the8 VA0 argedrantigear(vad FRAQLITAJ YN/ thedegrmissive

temperature of 33.5C, the ts-QV-IOLTA. is active and.the hEOB cells proliferate rapidly, whereas at the
nonpermissive tgfa}]c%le\?ff?gpejs%%gf?é,Ifﬁg?s%e\&ﬁf’r Fsﬁﬁ%%t‘ﬂfé?ﬁﬁguﬂ%é QXA RNt e and
display the 15phemmaiypenfanziiteosteobidstis. Fetis-baninepsertmiwasqusshasediiyelang, USA.
0418, Ham's 12:DMEM (1:1), 0,25% Trypsin-EDTA soluti TT (Finazolyl Blue Tetrazolium
Bromide) and DMS ‘Wéf%%&?gﬁagéégggr@ﬁ{@g%%@&8?%&%518Q{L‘.}%‘é?%éﬂe & ohaddstidghtHam
NUNC, Denmarkis7@Msthgdss @ettdrines chhechrFQB colsveid: ¢ulurestpocordingte AREGpotocol in
a 1:1 mixtyre of Hams 25F1 dium, and.Dulbeccq’'s modified Eagle's medium (DMEM)
supplemeﬁffgd Wﬂﬁlﬂ?‘%ae ﬁf&fﬁeﬁéﬁﬁrﬁg& 'Y %ﬁwgﬁr&g@gf?éﬂ‘r}wféd complete medium. Cells

were cultured at 34C in a humidified atmosphere of 5% C02/95% air. Proliferation Assay 30

Dose-response curvm wes%%( gngggggyaslehertg Fﬁégde %xtrac;[ts, gtle six partially purifi?? fractions, and
compositions containing matenal from all Six Rerbe Ware! Hm to obtain a conceniration of 1 mg

MTT /ml medium. 50 ul of MTT solution was transferred into each well. Cells were

incubated for 4 hrs at 37°C in 5 % carbon dioxide atmosphere. Medium was aspirated
[5 from the well and 150 ul DMSO was added into each well to dissolve the blue

formazan precipitate. Optical absorbance of the reduced MTT was then measured at

350 nm using a microtiter plaie reader. The percent viable cells were calculated with

the following: Sample OD / Control OD x 100%

20 Results

Graphs of the results are shown in Fig 3. Diamonds represent crude extracts;

squares represent partially purified materials. All values are expressed as mearn +

standard deviation.

Fig. 3 (i) shows that crude extract of Yin Yang Huo induced proliferation of
hFOB osteoblast cells (8%) at 200 ng/ml, whereas partially purified fraction that
contained icarrin induced proliferation of hFOB osteoblast ceils (20%) at 100 ng/ml.
Concentration needed to induce the osteoblast cells is lesser and the proliferation

30 activity is greater in partially purified fraction compared with the crude extract. Yin

Yang Huo increased bone turnover rate to restore the loss of trabecular bone

B2
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determined by proliferation assay determined by MIT (Thiazolyl Blue Tetrazolium Bromide) on the
percent survival of the osteoblast cells, hFOB on a 96-well microtitre plate. 10.000 viable cancer cells
at exponential growth phase in 100were seeded into each well of a 96-well microtitre plate. The cells
were cultured overnight for cell attachment at 37C in 5 % carbon dioxide atmosphere. The used
medium from eaéFFEFNES BEdaRIcdi Althe petomof singBmihg 001k farnkfieshmmaniabitare added. 2
J-xl of herbal samplgs atyaripusgancentragigns were added into each well and the plate was
10incubated at 37C in 5 % carbon dioxide atmosphere for 24 hours. MTT was dissolved in
serum-free medium to obtain a concentration of 1 mg MIT /ml medium. 50 gl of MIT solution was
transferred into each w i 4 his.at 37C in 5.% carbon djoxide a phere.
Medium was aspirated ?Lﬂ %ﬁg&?tﬁg\/{\%llﬂg‘%ﬁ&gg %Q%Eﬁ/?% I\llvélsi Adued ito Bra%ﬁ%%tﬂ% &1@%’} the
blue fonnazan préidipitaraedptitacibgbMangendf e fedpmec M Fuibsdhientiveassred-a4in50 nm using
a microtiter plate § [ahl re_calculated with the following: Sample OD /
Control OD x 10852? g()ﬁlfggﬁﬁ%{?gﬁ@r%}% s%ﬁﬁlﬂeﬁ?\gas&ﬂ% g“ir%e)giggvhr?li{rgi _ ?ﬁ’ &é?&%%%a?trlgbresent crude
extracts; squares!EépreSent partitiity pesifiedimiaterial shedisvaltbstard] expressethabapean standard

deviation. 25 e g(fgrshows that crude, extract of Yin Yang Hu inlgglecgd proliferation of hFOB
osteoblast cells ({%gla(t]1 (?Sthodllr%qg\ﬁﬁréergih%?t%ﬁg urifisd ﬂ%gﬁlo%i”t o8 icarrin induced
proliferation of hFOB osteoblast cells (20%) at 100 tig/ml. Concentration needed to induce the
osteoblast;¢ells is lesser.ang the proliferation 30activity.is greater in partially purified fraction compared

166 grﬁ . [ ' _ y . p
with the crude extract. \?Tn ang %%L‘fﬁé?éea“s%%fﬁgg%é} %ﬁ]‘]g}égﬁé}g}f 1%@5}?@%{?@}% of trabecular
bone architectureridiferesiby itsaitechactioniof stiviitingshehe fermatioaiand-inbibitiag bone
resorption (Xie egal,,2006), Fig.3 'f)d hows that crude extract of Bu Gu Zhi induced proliferation (20%)
of 5hFOB osteoblast ce%g 3%%%1%95 mﬁj%VL? S%ﬁ% ‘6”8‘}%51191%8?@?&‘6‘0 ffiﬁgﬁgﬁq}‘?ﬁtaﬁgﬁ?a?ﬁ‘é’&l@%ﬁwﬁ and

bavachin inducedcpidiifezatizd (20%)rafiok OB asteoblagtoellsTak265igipiConsematiapngeded to
induce the osteopg;)? 1 lel(l‘g,lil%E ngs[?aecrtén tI'C\lec arltial% (L)ﬁrifie fracti%;} compare with the crude extract of
Bu Gu Zhi (50 jig/m )f 1 BRI G ST LRIl BSEBBIZYaR Broliferation

orylin from sorafé’af%ory
stimulating activibzin PMRIED6cteltinedultused dporiteds. The Savenoids@orylia anskbaveghin were

isolated and identi s.acti rinciples by activity-guided fractionation (Wang et al. 2001). The
results suggesteﬁ%e%?t%gt%%éga%gr% |§1 lguC%Qﬁggt‘gsgﬁﬁfégﬁﬂrﬁ’?g%%v%fgiﬁ?ﬁqrﬂm%tgﬂm%‘fe bone
formation or 15hasievpptéiitiab attevity sagamnstiostEoparksisoXinngieUak200Inalserohsamat the effect
of extract and cogM%&eg_‘{g?g%ne%Ps%ri%e 18%“@?'21? EOSJtract on osteoblastic activity. These effects

suggest that Psoralea cory ifolia L. extract an corylin‘'would stimulate bone formation (Xiong et al.
2003). 20Fig 3 (iii) shows that crude extract of Shu Di induced proliferation of hFOB

20 Fig 3 (ii1) shows that crude extract of Shu Di induced proliferation of hFOB
osteoblase (7%) cells at 50 pg/ml. Partially purified fraction from Shu Di that
contained polysaccharides did not induce proliferation of hFOB osteoblast celis.
There was no improvement in concentration as well as the proliferation activity on

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

25
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
hI‘OB osteoblast cells at 100 pg/mi.
30

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

osteoblast-like cells and augments bone growth and suppresses bone loss also, as

[~
(8]



osteoblase (7%) cells at 50 jig/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 extract of Shu
Di. 25 Fig 3 (iv) shows that crude extract of Du Zhong induced little proliferation (5%) of hFOB
osteoblast cells a¢roBdbiNFimetec¥Partidppurified flastiba (ROE3lderextnast that thentained
geniposidic acid 13 r liferation.as 13% of hFOB osteoblast cells at,100 jig/ml. 30
reported by Kim é?gclﬁ%%(])% .%&%ﬁ(ﬁ%@t E(lgséal 31&%8 5i%6 r(()asﬁ%lr &0'thathe e 80%%3%@ extract
and its constitueHtercgess osididiboid geniposidblastd kacubintnstieased: tweprelifetation of
osteoblast-like cells:to stimulate o enesis, In addition, using the coculiure of mouse bone marrow
cells and ST-2 cgggf{%g’s%%giﬁ%c%sg %%u %gm%gﬁsr‘?cci{:sml% %ﬁgg \gs ee%sc?'ér'sciji%lggtﬁﬁl[g’st%ﬁg 2003). Fig 3
(v) shows that crefeaeikteadtcofr®her@hushiyi2di isdouckdijpraliferatianléf BBOB osteoblast cells at 100
ag/ml (7%). Partial purified fraction that contained 10osthole induced proliferation of hFOB osteoblast
cells at 12.5 p.g/rril (12%). The concentration needed to induce the osteoblast cells is lesser in the
partial purified compare with the crude extract of She Chuang Zhi. Kuo et al. (2005) reported that

osthole from Fructus:Cnidij wang Zi) signific induced the differentiation in two human
osteoblast-like cell Ifrﬁ%gjﬁéﬁg%%]ﬁl%ég]?& aﬂs%ﬂ%%r?gauba?(’ eng'e uﬁﬁd(ﬁbﬁoﬁ%r%%%g?s from fruits
of Cnidium monriEffLojEuidss(uribedife ) nenel stTer Madiusing thelasteablasiatikeddMiB106 cells in

vitro. Threg,coumarins (osthole, bergapten and imperatorin) were isolated and their effects on
osteoblastl?t(:) proll(fgtﬁz’a %&r\%éc éﬁ%&%&%ﬁ%. O FRAIBH siEATRL oo iR ANY (38%btivETonstituent,

significantly pronsoteertheiceisattivityiereaniess g iranaaqtinwere,ess effastive than osthole.
These results su%%regted Cnidium monnieri (L.) Cuss extracts might have potential activity against

osteoporosis, ant e Bt A RENCE Sty CofRERy tRUSALY stiFrpsiiagssteoblasts.

(Meng et al. 2004}thol A& @hawiciasHig: 3i{YBheuReaxtrastphHuang Qhinduasd-nigiisration,af hFOB
osteoblast cells at 100 jig/ml (17%1)3}B'I'he, partially purified fraction that contained polysaccharides
induced proliferatfor8 o5t Fééfli?eﬂguag%jiwﬁlﬁig%}ﬁ@% concentration needed to induce
the osteoblast cells is lesser in the partially 30purified compared with the crude extract of Huang Qi.
These results are summarised in Table 5. Table 5: activity of single herb extracts on osteoblasts

Name Activity of Cruas BRI B\%Mg%?ﬁﬁbrg%ﬂ%)’ extracts from Truits of Cridium monnieri (L.)

Cuss (umbelifera) were screened using the osteoblast-like UMR106 cells in vifro.
Three coumarins (osthole, bergapten and imperatorin) were isolated and their effects
on osteoblastic proliferation were investigated. Osthole, 2 major pharmacologically
20 active constituent. significantly promoted the cells' activity. Bergapten and
imperatorin were less effective than osthole. These results suggested Chidium
monnieri (L.} Cuss extracts might have potential aciivity against osteoporosis, and its
partial purified fraction might contain active constituents stimulating osteoblasts.

(Meng et al. 2004).

b2
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As shown in Fig. 3 (vi), crude extract of Huang Qi 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 pg/m] (15 %).
The concentration needed to induce the osteoblast cells is lesser in the partially

30 purified compared with the crude extract of Huang Q.

These results are summarised in Table 5.

24



Activity of active fraction Shu Di Induced proliferation (10 %) at 50 ug/r_nl Ponsacchande_No
significant improvement Huang Qi Induced proliferation (17 %) at 1QO itg/m1 polysaccharide Induced
proliferation (15 Yid at 50 it cilml She Chuang Zhi Induced proIiferatlon 7 %) at 100 u.g/ml Qsthole
Induced proliferation (12 %) at 12.5 ughnl Yin Yang Huo Induced prollfer_atlon_ (8 %) at 200 tlg/r_n_l
Icarrin Induced proliferation (20 %) at 100 jig/m1 Du Zhong Induced prc_)llfera_ltlon (5 %) at 100 tigiml
GPA Induced proliferation (13 %) at 100 itgirn1 Bu Gu Zhi induced proliferation (20 %) at 50 ug/m1 E

Corylin & Bavachin
Table 5: activity of single herb extracts on osteoblasts

Lo 43

Name Activity of Crude Active Activity of active fraction
exiract component

Shu D1 Induced proliferation (10 | Polysaccharide | No significant rmprovement
%) at 50 pg/ml

Huang Q1 induced proliferation (17 | polysaccharide Induced proliferation {15 %)
%) at 100 pg/ml at 50 pg/mi

She Chuang Zhi | Induced proliferation (7 Osthoie Induced proiiferation (12 %)
%) at 100 pg/ml at 12.5 ng/mi

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

Du Zhong Induced proliferation (5 | 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

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
10 4a (activity afier 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: afier 24 hours {Fig 4a) the second

Pk
Ly

“crude™ version stimulated 17% growth at 200 pg/mi. After 48 hours (Fig 4b), the
proliferation activities on osteoblast cells are not promising afier 48 hrs. Only 6 % of
the proliferation of osteoblast cells can be noted at the 50 ng/ml concentration in 48

hrs partial purified fraction treatment compared with 18 % at 50 ug/ml after 24 hrs

25



Induced proliferation (20 %) at 25 ug/m1 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 104a
(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 canisbmedicthittherseenne veGiondsisomeaaroBTelaatie-thanthe first "crude”
version, while th%'ég rified- composition.i ch more active: after 24 hours (Fig 4a) the second
15"crude" version st#ﬁﬁ%&# %9 olé“irg\lllv%%?%?géﬁnl?&ﬁﬁ‘ 3‘ ﬁﬁ%%4@‘f‘f8&?§?@%?‘fﬁ%%r%‘ﬁ%ﬂa%?@ﬁ-
activities on osteoblast cells are not promising after 48 hrs. Only 6 % of the proliferation of osteoblast
cells can be noted at the-p0.jig/m1 concentration in 48 lus partial purified fraction treatment compared
e R G oo

with 18 % at 50 tiii/m1 after 24 105" p: ?ha? Gifi

U8 pa FEgiherti¢stsoblast eefldthFoB) died
after 48 hrs’of treé gtmediithropstialopuified fradtiernend erudeyextiast ompared e the sentahcells.
The best curve figiln%of Lﬂ%ﬁsrs& aéld second 'i'crude" vers,i%r%sh and the 5"purified" compaosition on the
proliferation activity’ of 0s COBIASTS S(h %ﬁgseﬁg&?ﬁ?ﬁeﬁé cﬁ’glsﬁ 5rEg aﬁ’alda@jaY@Fég%present the
first and second “ehiidehversimasaphiterthé cirslesirepresepothigopurified” composition. Animal Models
10 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 generaliypdblicaited 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 meastrddhvedeldy cTinedesilis are:summarnzedinTables6and.ZFable 6: Bone

mass index and wet weight of the femur%rrrl] /cm), from rats of all experimental groups Groups Rat #
S Wbl (hgremyne puricd

Vg e
Bone Mass Index (X s elg puriiied” composiion.

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

15 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

20 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)
(xt5) (x=5)
Sham-operated 12 4.1404+0.36233 198.3774£12.47043

Normal Control

Ovariectomized | 12 3.4909+0.47565™ 190.7690+:8.2086
Model

Fa

Fosamax®™ 10 3.4202:40.24757 205.8757+18.31985

Crude Extract

1.4 g/kg | 11 3.6026+0.49182 193.8621£7.94898
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(xs) Sham-operated Normal Control 12 4.1404=0.36233 198.3774=12.47043 Ovariectomized Model
12 3.4909=0.47565" 190.7690=8.2086 Fosamax(r) 103.4202=0.24757 205.8757418.31985 Crude
Extract 1.4/kg 11 3.6026=0.49182 193.862147.94898 0.5 g/kg103.4736+0.18521192.683113.58409

Partially

urified
0.5 g/kg | 10 3.4736+0.1852] 192.683113.58409
Partially Purified
0.12 g/Kg | 11 3.4200::0.20461 188.8743+9.34391
0.25 g/Kg | 11 3.5885+0.24125 197.8749+11.43143
0.5 g/Kg | 11 3.7375+0.32996 195.5449+23.14863
0.8 g/Kg | 6 4.1492+0.34708 | 197.7648+12.56049

L

10

]
L

*. P<0.05 compared 10 sham-operated normal control
. P<0.01 compared o sham-operated normal control
*: P<Q.05 compared to ovariectomized model

#%#: P<0.01 compared to ovariectomized model

Based on the data of femoral bone mass index, the dose-response curve can be
best fitted with an ED50 value of 0.474 g/kg/day, dosed twice a day, as shown in
Figure 5. Compared to crude extract prepared as described in the document (GuMiAn

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

Califormia USA, www.oraphpad.com.

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

ovariectomized model group.



0.12 g/Kg113.42000.29461188.8743+9,34391 0.25 giKg 1 113,5885+0.24125197.8749+11.43143
0.5 g/Kg113.7375+0,32996195.5449+23.14863 , 0.8 g/Kg61 4.14920.34708197.7648+12.56049 :
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
Based on the data of feihsraldspoesmnassdndéxithe dossvesponse sedvetambebestditedmits an
ED50 value of 0-54745@/1‘3‘&“{3‘9{- osed twice a day, as shown iﬁ Figure 5. Compared to crude extract
prepared as described in the doct e%??&efﬁﬁ N B ESRIOB RO R A PR [ eHRef e
components weradbogtiré Hifeesumdre ifipeteninprovkigure i shoysslosenesRPRSGGHves of partially
purified active c%%gaqegts (solid points) and crude extract (open circles) on the femoral bone mass
index in ovariectdmized osteoporosis animal model. All the values are expressed as mean 15standard
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, wvvw.granimacl.com. We
measured the bone mineral densities of femur and lumbar spine. The values were tabulated in Table
7. On BMD of femur, Fosamax(r) and partially purified active components at all dosages were
statistically significant from the value of ovariectomized model group. However, on BMD values of
lumbar spine, only groups dosed with Fosarnax(r), GUMiAn crude extract at 1.4 g/ka/day, and partially
purified GuMiAn at 0.5 a/kg/day showed statistically difference as compared to the

10



25ovariectomized model group.

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. 51 0 Table 7:
Bone mineral densities of femur and lumbar spine from each experimental group. Groups Rat #

Femur (xs) LumBa&bBpindpes)smarl dpetisiesd Nismmia drivol 2 0167 860 0684 9:Q 4870l 0544

Ovariectomized Mggel 12 0.13090.004524 0.1415+0.0042544 Fosamax F10

10

t

Groups Rat # Femur Lumbar Spine
(x+s) (x+s)
Sham-operated | 12 0.13730.00349 0.1497+£0.0544
Normal Contro}
Ovariectomized | 12 0.1309=0.004524# 0.1415+0.00425#
Model
Fosamax"® 10 0.1436£0.00483 %% 0.1610:£0.00774%*
Crade Extract
1.4 gkeg | 11 0.132240.00602 0.1581:+0.00627%*
6.5 gkg | 10 0.1307+0.00732 0.1436+0.01165
Partialiv Purified
0.12g/Kg | 11 0.1358=x0.00536* 0.1451:0.00633
0.25g/Kg | 11 0.1362+0.00522% 0.1470=0.00897
0.5 ¢g/Kg | 11 0.1382:0.00477%* 0.1517+0.01008%*
0.8g/Kg |6 0.1365+0.00460* .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 o 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.craphpad.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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0.14360.00423** 0.1610+0.00774** Crude Extract 1.4 g/kg 11 0.1322=0.00602 0.1581+0.00627** 0.5
g/kg 10 0.1307+0.00732 0.1456=0.01165 Partially Purified 0.12 g/Kg
110.13580.00536*0.1451=0.00633 0.25 g/Kg 110.1362=0.00522*0.1470=0.00897 0.5 g/Kg 11

0.1382=0.00477**0.15170.,01008** 0.8 g/Kg 6 0.1365+0.00460*0.1462=-0.00939
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,.graphpad.com.

LA

Obesity

The effects of the purified composition on the body weight of the rats in the
groups described above were determined.
10
We measured the body weight of each experimenta! animal group weekly.
The ovariectomized rats had been noticed o have a pronounced body weight increase
compared to the sham-operated normal control group. Treatment of the
ovariectomized animals with the partially purified composition showed a significant
15 decrease in the body weight increment. Figure 8 shows a plot of the average body

weight increment of the treated animals with an ED30 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,

20 www.oragphpad.com.

Human Studies

A pilot study has been carried out of the safety and efficacy of a composition

o8]
LA

according to the invention when administered to postmenopausal osteoporotic

WOIEn.

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

30
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P<0.05 compared to sham-operated normal control 5": P<0.01 compared to sham-operated noinial
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) 10and GuMiAn crude extract
on the bone mineral density of femur in ovariectomized osteoporosis animal model. All the values are
expressed as médsthagtandard deviation. The data points were fined with a non-linear regression
program, GraphPad Prism version 3.00 for Windows, GraphPad Software, San Diego California USA,
www.granimad.com. 15 Fig 7 shows dose-response curves of partially purified GuMiAn (solid
points) and GuMiAn crudiéasaraeiibrostrs bonelismindedimerisitthe o banspine:i29 (evarectomized
osteoporosis ani | 5A re expr se%a mean,7-- standard deviation. The data
points were fittedmvéi%t%\%g %%ﬁjlﬁ’l r%%%%?é%ggs%%sp}rgﬁﬁé%ﬁ ?Zﬁ%ﬁ ﬁ%%‘ﬁr‘?@’ﬁ’r%‘é’@i‘bﬁ“é@@@%? Rindows,
GraphPad Softwisysad Didirr G aliforsiacaS Apvmweezraphpag eom: Qbesity veakhegffects of the
purified composit} i e tats. in the .groups descrihed above were determined. 10
We measured thﬁ%@%ﬁ%ﬁ%&gﬁéﬁ%ﬁm%%a ahimAl ’pt%Vé%l SN 0Miectomized rats
had been noticedXof¥ion pramo difcesebdpatieightinbieasetomparedit thersham-operated normal
control group. Tr fmen vari i animals with the partially purified composition showed
a significant 15d§§rease§li§i%1lf§§3§§%%% ﬁ%g?glrﬁ%trﬁ.%%ﬁfre% BWLY i HBdsddrageody
weight increment®fithe treated animals with an ED50 of 0.27 g/kg/day. The data points were
fitted with ggnon-linear regression program. GraphPad Prism version 3.00 for Windows, GraphPad
Software, San Diego California USA. 20www.irraphoad.com. Human Studies A pilot study has
been carried out of the $Bfetipdn efficabyoreicompasitionl 268icaardingarthe-Ryention yhen
administered to BRSME0AARUSPSFERRIIBLR MMER: ERLINS S e crhde Sdragt (625 was
CaetVitD+ G7Z8 capsuies (freatment arm).

15 Markers of bone formation: bonie-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.

Results
20
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 control arm withdrew respectively. There were no
meaningful changes in the bone formation and resorption markers. The mean (+/-
25

D) 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 bloatedness.
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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 5study. Al] 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 steroids,
bisphosphonate<;-tweghigigaseplacement therapy, or calcitonin were excluded from the study. 10

The study is a randomized open-labeled trial, 18 weeks treatment; 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). 15Markers of bonéfpasiatiowpbosie-specificatikalimaphobphatasesiting anerkitng of bHane
resorption: urinac I ry.Gross-linked N te e were.assessed. BMD was
assessed at basg}l{?r%gl %)é}[é %{g'; %lé% gé:geo ge%%r%ae&%ss?u geouregn %JEP sq\jl\!/lerneme HrofERiHt e study,
with 4 randémizettimtotihavsormesicarntambdssirthe $aéatm&mﬁmmﬂﬁzsmbm«19mmggedahkte study.

3 subjects in the AEILe @4p ANk SYDIealID e EAALR! MG espectiely, Here were no
meaningful changes in the bone formation an resorptlon Y Markers. mean +298p ¢hanges 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 perceng tespectively. There were no fractures in both groups. 7 patients complained of minor
side effects with CiZS capsules, like "heatiness", headache and bloatedness. Conclusions In
postmenopausal osteoporotic women, the composition according to the invention appears to reduce
the bone | m red ' t in the 59-month, stu ears
safe with (?r?; m%agys%%}'g tﬁ%%eﬁ%db @nh%gergtg:%t]stug }e{)s(‘;%?e? 1%3%%& fc)%‘ﬁ# Fﬂ%&c’%ﬁﬁ: cy in
ameliorating bonesfesslaRefdibiises 1OKinpePhlrR008sEfdcts Gfl Eutthihiae Cortex on osteoblast-like
cell prolifer ion and osteoclast inhibition: Arch of Phann Research 26(11): 929-936. Kuo, PL., Hsu,
Y.L., Chang, C.H. & Chang, J.K. 2005. Osthole-mediated cell differentiation through bone
morphogenetic p?i"dteirﬁ’—@/pé%laﬁﬁl{ex@é@emjI@ﬁ%iéﬁ@h&@ebﬁlaléﬁi(iﬁaﬁm&@mamwyeiﬁh human

osteoblast cells. Jgurnalof; EK‘W@&Y &%nmental The 0-1299. Oh, K.O.,

Kim, S.W., Kim, J.Y.. Ko, S.¥., Hyun-Man Kim, H .. Ba mj@rf‘%%a@ﬁ‘ ﬁﬁlai REA03. Effect

of Rehmariﬁ’la g|mmég‘@d_lgmlé3<@a&tgf@mb¢mmm osteoblast cells. Journal of Pharmacology and
Experimental Therapeutics 314: 1290-1299.

Oh, K.O., Kim, S.W., Kim, .Y, Ko, S.Y., Hyun-Man Kim. H.M., Baek, ].H., Ryoo,
HM. & Kim, LK. 2003. Effect of Rehmannia glutinosa Libosch extracts on bone

20 metabolism. Clinica Chimica Acta 334:185-195.

Wang, D.W., Li, F.M. & Jiang, Z.M. 2001. Osteoblastic proliferation stimulating

activity of Psoralea coryfolia extracts and two of its flavanoids, Planta Med 67: 748-
749,

]
L

Xie, F., Wu, CF., Lai, W.P., Yang, X.J., Cheung, P.Y., Yao, X.S., Laung, P.C. &
Wong, M.8. 2005. The osteoprotective effect of Herba epimedii (HEP) extract in vivo

and in vifro. Evidence-based complementary and Alternative Medicine 2(3): 353-361.

30 Xiong, Z., Wang, D ; Xu, Y. & Li, F. 2003. Osteoblastic differentiation bioassay and
its application to investigating the activity of fractions and compounds from Psoralea

corylifolia L. Pharmazie. 2003; 58(12):925-928.

[ ]
12



90metabolism. Clinica Chimica Acta 334:185-195. Wang, D.W., Li, F.M. & Jiang, Z.M. 2001.
Osteoblastic proliferation stimulating activity of Psoraleo coryfblia extracts and two of its flavanoids.
Planta Med 67: 748749. 75 Xie, F., Wu, C.F., Lai, W.P., Yang, XI, Cheung, P.Y., Yao, X.S., Laung,
P.C. & Wong, M.S. 2005. The osteoprotective effect of flerba epiinedii (HEP) extract in vivo and in
vitro. Evidence-based complementary and Alternative Medicine 2(3): 353-361. 30Xiong, Z., Wang, D ;
Xu, Y. & Li, F. 2003. Osteqgblastic differentiation bioassay and its application to investigating the
activity of fractioh€Cand coriitnts Féi-Psof aféate dfifoia & [bhammireu2003: BasRgR5-928.
Lee, N.K., Sowayjige, PiNolEK.Eeran,, Mimd)m.d. By, £ onfpmrews C 1 spacelinygR., Mee, P.J., McKee,
M.D., Jung, D.Y., et al. (2007). Cell, 130, 456-469 5Goulding, A., Jones, |.E., Taylor, R.W., Williams,
S.M., and Manning, PT (2001). J. Pediatr. 139, 509-515. Schwartz, A.V., Sellmeyer, D.E., Ensrud,
K.E., Cauley, J-@mﬂiéﬁ@,,zt!;’ﬁan@@,h@l[‘%g’ﬁ)r],-R\Jﬁm%iﬁiﬁtﬁ@@ﬁﬁ %MM&SHH@@%@B@.@OOD- J.
Clin. Endocrinol, Metab. 1086,32-38. Gerdhem, P., Isalcsson, A., Akesson, K., and Obrant, K.J.
(2005). Osteopor6Siaft/ 16: 18584512, 15Inaba, M. (2004). J. Bone Miner. Metab. 22, 287-292. While
the invention has been described above by reference to preferred embodiments, it will be understood
by those skilled in the art that various changﬂ(is and modifications may be made without departing from

the spirit and scoPR G the 20mvsHIBH it i€ intdrtsackd ebver atl st dhiehhnls Add mekitieations by

the appended ClRimSa6A4AIMS Bl Apbiarmaceutical samposiiion cemprising thefeliawing 6 herbal
materials ﬁ extgg ts thereof: (i) Yin Yang Huo; (ii) Bu Gu Zhi; (i) Shu Di; (iv) Du Zhong; (v) 5She
Chuang zhi; an {vi)zlﬁlﬁ%\ng 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 solven& 10
erdhem, P., Isaksson, A., Akesson, K., and Obrant, K.J. (2005). Osteoporos. Int. /6,

1506-1512.
15 Inaba, M. (2004). . Bone Miner. Metab. 22, 287--292.

While the invention has been described above by reference to preferred
embodiments, it will be understood by those skilled in the art that various changes and
modifications may be made without departing from the spirit and scope of the

20 invention. It is intended to cover all such changes and modifications by the appended

claims.



3. A pharmaceutical composition according to claim 1 or claim 2 which contains extracts of (i) Yin

Yang Huo, (ii) Bu Gu Zhi, (iv) Du Zhong and (v) She Chuang Zhi produced by extraction with an
alcoholic solvent. 154.A pharmaceutical composition according to claim 3 wherein the alcoholic solvent
is aqueous ethanol. 5.A pharmaceutical composition according to claim 4 wherein the alcoholic solvent
is 70% aqueouscgthangt: 20 6. A pharmaceutical composition according to any preceding claim which
contains extracts of (Hi) Shu Di. and (vi) Huang Qi produced by extraction with water. 7. A
pharmaceutical composition according to any preceding claim wherein 25component (i) is produced by
fractionating an extractePl¥rmyasicalcdmreistonmatograpkinothsilisitogehs 6 edbahasmasrutical

COMposition aceoneag ey Pie cading:claimw ' i) iS~pr fractignating an
extract of Bu Glgggt@%&%cﬁgpr{%ao&?@%gg i ig%%ﬁi%:&rg%%s iﬁlze%ﬂd?%r%%?gg'géﬁ%%iéﬁg. A
n

pharmaceutical composition accord 0 any preceding claim wherein component (iii) is produced by
fractionating an extract of Shu Di by precipitating it from an aqueous solution by the addition of

ethanol. 35 10.A pharmatentieaesmpasiioniaceosdiagdo any Mesading &laim wherein component
(iv) is produced Byfragtiopating. Anexit 58{@ hong by chromatography on silica gel. 511.A
pharmaceutical cor?gc%ls%gon ccording to any S&Fiegéééiﬁ%’%ﬁﬁﬁ%%}% C%%%g}%hng ¥a¥btiliced by
fractionating an S SLLBISH V@Huang Zlai by extracting a dried extract with acetone, followed by
evaporatith to dryness of the acetone extract. 1012.A pharmaceutical composition according to any
preceding claimswherein sompRRsnLAYboispieduced by iactionating an extract of Huang O by
precipitating it fre%g an ag S §oluti byip.t(!l;ﬁ%additionr, oﬁ gt 8;1%}?%?% ﬁﬁgrnmﬁa‘gélﬁ%%%& f)osition
according to any praeccségm%?gézilm \%}%ﬁ&oﬁ (1) Bu Gu Zhi, (iv) Du Zhong and (v) She Chuang Zhi
produced by extraction with an alcoholic solvent.

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

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

26
6. A pharmaceutical composition according to any preceding claim which
contains extracts of (iif) Shu Di, and (vi) Huang Qi produced by extraction with water.

7. A pharmaceutical composition according to any preceding claim wherein
25 component (i) 18 produced by fractionating an extract of Vin Yang Huo by
chromatography on silica gel.

8. A pharmaceutical composition according to any preceding claim wherein
component (ii) is produced by fractionating an extract of Bu Gu Zhi by
30 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 Di by precipitating it
from an aqueous solution by the addition of ethanol.



15contains extracts of said herbal materials in the proportion, in parts by weight: (i)Yin Yang Huo: 0.15
-0.75 parts; (vi)Huang Qi: 0.3 - 1.5 parts; (v)She Chuang Zhi- 1-4 parts; (iii) Shu Di: 1.2-5.0 parts;
70(ii))Bu Gu Zhi: 1.5 - 6 parts; and (iv) Du Zhong: 2.5-10 parts. 14.A pharmaceutical composition
according to claim 13 wherein the proportions are: (00.25 - 0.5 parts; (vi)0.5 - 1.0 parts; (v)1.2 -2.8

parts; (jii) 1.5 - 3.0 pans; fi}2macpatts: aHRRMNIA =8cBRNIS15 -&9{9%&@8&%“&' al composition
according to clag&ﬂp%ﬂgﬁ?@ i%"ﬁr@éﬁ?%%on are%:n(g 0.375 garts of Yin Yarig uo;‘?’w G5 parts of
Huang Qi; 35(v)2 parts o e Chuang hly(jl%af 4he p Wﬁi?ﬁ@&é’r‘@%bBu Gu Zhi; and (iv) 5
parts of Du Zhofi .Onl%f’ﬂaéﬁ‘ﬁrﬁ%’aﬁbﬁ%iéﬁl-composition according to any preceding claim including one
or more excipients or adjuvants. 17. A method of producing a pharmaceutical composition according

to any Sprgceding, claim including, a:ste Bo?efx}%r o (%%1@1%51:0053? i)di'e%%&?gg ggitxenn‘gvlgémm
component (v} is produced by fractionating an extract of She Chuang Zhi by
extracting a dried extract with acetone, followed by evaporation to dryness of the
acetone exiract.

10 12. A pharmaceutical composition according to any preceding claim wherein
component (vi) is produced by fractionating an extract of Huang Qi by precipitating it
from an aqueous solution by the addition of ethanol.

13. A pharmaceutical composition according to any preceding claim which
15 contains extracts of said herbal materials in the proportion, in parts by weight:
(1 Yin Yang Huo: 0.15 - 0.75 parts;
(vi)  Huang Qi: 0.3 - 1.5 parts;
(v) She Chuang Zhi: 1-4 parts;
(i) ShuDi: 1.2-5.0 parts;
20 (i)  BuGuZhi: 1.5 - 6 parts; and
(iv)  Du Zhong: 2.5-10 parts.

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

are:
25 (i) 0.25 - 0.5 parts;
(vi)  0.5-1.0 parts;
(v) 1.2 - 2.8 parts;
(it} 1.5 - 3.0 parts;
(i1} 2 - 4 parts; and
30 (iv) 4 -8 parts,
15, A pharmaceutical composition according to claim 14 wherein the proportions
are:

{1) 0.375 parts of Yin Yang Huo; (vi) 0.75 parts of Huang Qi
(v) 2 parts of She Chuang Zhi; (jii) 2.5 parts of Shu Di
(ii) 3 parts of Bu Gu Zhi; and (iv) 5 parts of Du Zhong.
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18. Use of a pharmaceutical composition according to any of claims 1-16 in the manufacture of a
medicament for treating a condition linked to activities of osteoblasts and/or osteoclasts. 10 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 in {he 15£Ear1]1ufacture of a medicament for treating a mammal for one or more of:
reducing the rate of borie Facture: HErBASY BEHe O BB LAY Freredite iy Bdne udingone.

Herbal Medicine $6FOBteEprEsls ahedRektsd Conditions Abstract A composition derived from six
plant materials: ((i) Herba epimedii [err] (Yin Yang Huo) (ii) Fructus Psoraleae (Psoralea

coryfolia)[err] (By4su Zhj) (iii).Radix Rehmanniae preparatae (Rehmannia glutinosa)[err] (Shu Di) (iv)
Cortex Eucomm?a?[er_r é)ljé}?ﬁgnof()p\c} fic %@r%ﬁ%@ﬁﬂ%@%ﬁé‘)ﬁﬁﬁcﬁﬁﬁhﬁ&m&ragaIi

(Astragalus’MenfBFSREEE T T ld G opis i sestrin g exting oot itions tirkedteithe activity of

osteoblasts and/or osteoclasts, such as osteoporosis and other conditions relating to bone mass or the
menopause; obesity; glucess: H‘ﬁ%{ﬁg&&ﬂﬂfjo%&%%%ts%o&”é?ccsé*ﬁé%'?g'etg'91‘;‘{?3{ claims 1-16 in the
manufacture of a medicament for treating a condition linked to activities of
osteoblasts and/or osteoclasts.
16
5. 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 in the

15 manufacture of a medicament for treating a mammal for one or more of reducing the

rate of bone fracture; increasing bone mineral density; and restoring bone structure.
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