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ABSTRACT

The aim of this study was to identify osteogenic and anti-allergic
activities of Thai herbs in longevity herbal preparation. Thai longevity formulation
(LF) selected in this study was composed of equal ratio by weight of six dried herbs,
i.e. Albizia procera (Roxb.) Benth., Cyperus rotundus Linn., Diospyros rhodocalyx
Kurz., Piper nigrum Linn., Streblus asper Lour., and Tinospora crispa Linn., using
AP, CR, DR, PN, SA, and TC, respectively as their abbreviations. Water (-W) and
ethanolic (-E) extracts of these dried herbs and formulation were prepared and
evaluated for their osteoblastic and anti-allergic activities. All crude water extracts at
3-100 pg/ml, except AP-W at 30-100 pg/ml, and all ethanolic extracts at 100 pg/ml,
except AP-E at 10-100 pg/ml, were compatible to MC3T3-E1 cells. Determination of
total protein content and alkaline phosphatase activity (ALP) in this preparation were
performed. It was indicated that some extracts i.e. DR-W, TC-W, SA-E, TC-E, and
LF-W at 10 pg/ml, and PN-W at 100 pg/ml, resulted in significantly higher ALP
activity of MC3T3-E1 cells compared with 10°® M dexamethasone as positive control.
Evaluation of anti-allergic activity of crude extracts by determination of f-

hexosaminidase released in rat basophilic leukemia cells (RBL-2H3) confirmed



potent anti-allergic activity of PN-E with ICsy of 14.0 pg/ml compared with 16.0
pg/ml of piperine. Synergistic effect of PN-E (10 pg/ml) on osteogenic activity of
DR-W (10 pg/ml) and PN-W (100 pg/ml) was observed. Increased ALP activity was

found as 1.61 and 1.60 folds of dexamethasone in 1:1 mixture of PN-E/DR-W and
1:10 mixture of PN-E/PN-W, respectively. The anti-allergic activity of these mixtures
was found as ICsy values of 28.7 and 23.8 pug/ml, in 1:1 PN-E/DR-W and 1:10 PN-
E/PN-W mixtures respectively, more potent than DR-W, and PN-W, and LF (ICsy =
40.8, 65.8, and 66.6 pg/ml, respectively). The results from this study may be useful
for traditional use of longevity herbal preparations and further study and development

of this traditional medicine in modern dosage forms.
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CHAPTER 1

INTRODUCTION

General introduction

Longevity herbal preparations display an important role of medical
system in Thailand to cure illness and enhance wellness. They balance particular parts
of the body and controll immune system (Shinwari and Khan, 2000; Kishikawa and
Sakae, 1997). Immunodeficiency can cause various diseases such as common cold,
asthma, food allergies, infections, rheumatoid arthritis, and others (Srivastava et al.,
2005; Lam and Ng, 2002; Lam et al., 2000). Many disorders are associated with
immune systems including bone disease and allergy. In this study, we are interested in
the bioactivity of longevity herbal preparations related to osteogenic activity and anti-
allergic activity which are connected with immune systems (Zhang et al., 2006; Huh
et al., 2006; Mihlbauer et al., 2003; Srivastava et al., 2005; Novak et al., 2001; Blanc

etal., 1997).

Cell culture models have provided information regarding the basic
biological and physiological processes of organisms. Over the past several years,
advances in modeling of tissues with defined cell systems, and advances in molecular
biology have greatly enhanced our ability to resolve complex biological processes

down to their cellular and molecular components (Quaroni and Hochman, 1996).

The immune balance controlled by T helper 1 (Thl) and T helper 2

(Th2) is crucial for immunoregulation and its imbalance causes various immune



diseases including allergic disorders and asthma. It has been recently proposed that
allergic disorders may result from an imbalance between Thl and Th2 cells. Allergic
disorders are result from excess production of Th2 cytokines (IL-4, IL-5, IL-13)
which are related to Thl cytokine (IFN-y) (Factor, 2003). Thl cells are characterized
by the prevalent production of IL-2, IFN-y, and TNF-B, without IL-4, IL-5, IL-9, and
IL-13 production. In contrast, Th2 cells are characterized by the prevalent production

of I[L-4, IL-5, IL-9, and IL-13 in the absence of IFN-y (Lee and Kim, 2008).

The dominance of either one of the Thl or Th2 responses is shown to
correlate with severity of immune disease such as fungal infection, bacterial infection
or viral. Cytokines are glycoproteins that are recognized as important mediators in
allergic and inflammatory responses after antigen stimulation (Plaut et al., 1989).
They are produced by various cells, such as fibroblasts, epithelium, endothelium and
inflammatory cells (Plaut et al., 1989; Stevens and Austen, 1989). The roles of
cytokine correlate with disease including allergic symptoms. Commonly, mast cells
produce histamine, as well as proinflammatory cytokine, especially TNF-a., IL-4 and
IL-6 (Zhao et al., 2005). These cytokines have a critical biological role in the allergic
reaction (Lee et al., 2007). Degradation of mast cells in the endothelium is abrogated
by the inhibition of the action of TNF-a (Kempuraj et al., 2003). The inhibition of
proinflammatory cytokines expression from mast cells must be one of the key
indicators of reduced allergic symptoms by inhibition of degranulation (Lee et al.,

2007).



Futhermore, other cytokines are related to bone formation of a
complex process involving proliferation, expansion, differentiation and
mineralisation. This sequence of events requires the up-regulation and inhibition of
several genes that encode phenotypic proteins, e.g. collagen type 1, alkaline
phosphatase (ALP) and osteocalcin (Aubin and Lin, 1996). Therefore, traditional
herbal medicines have been developed against bone diseases, and their effectiveness
has received increasing bone formation. Several herbs have been reported to be
effective in the prevention of postmenopausal osteoporosis (soybean (Choi et al.,
2001), licorice root (Choi, 2005) and Drynaria fortunei (Sun et al., 2002; Jeong et al.,
2005). Cytokines correlated with stage of bone formation during osteogenesis such as
IL-11 and TGF-B1 which induce high level of alkaline phosphatase activity (ALP)

(Clark-Greuel et al., 2007).

Folk medicines have been accepted as one of the main sources of drug
and still widely used in lifestyle. In Thailand, several drugs isolated from plants and
herbal medication have been developed in the ancient tradition such as curcumin,
roselle, Centella asiatica (Varalakshmi et al., 2008; Choi et al., 2008; Amin and
Hamza, 2005; Faraji et al., 1999; Cheng et al., 2004; Gupta et al., 2003). In this study,
we examined bioactivities of Thai longevity herbal preparation and its composition.
Osteogenic activity and anti-allergic activity were evaluated. The six components in
this preparation were derived from Albizia procera, Cyperus rotundus, Diospyros
rhodocalyx, Piper nigrum, Streblus aspers and Tinospora crispa. There has not been

any report of these herbs on osteoblastic cells and anti-allergic activities. In our study,



osteogenic activity of water and ethanolic extracts of these herbs was determined for
their cytotoxicity using the tetrazolium salt (MTT) assay, alkaline phosphatase
activity (ALP) and total protein content on MC3T3-E1 pre-osteoblastic cells. Anti-
allergic activity was evaluated on the enzyme activity of B-hexosaminidase from mast
cell or basophil (RBL-2H3 cells). Scientific found in this study were to support
several indications and applications of the herbal preparations and integrate

knowledge of the traditional and modern medicine.

Objectives
The aim of the present study was to identify osteogenic and anti-
allergic activities of longevity herbal preparation and its compositions on MC3T3-E1

pre-osteoblastic cells and RBL-2H3 cells by release of B-hexosaminidase enzyme.



Literature review
1. Herbs in Longevity herbal preparations
1.1 Albizia procera (Roxb.) Benth (Leguminosae)

A. procera is known as White Siris and Sit. It is native to tropical Asia
and Australia, and widely cultivated in the tropics. Trees are often planted for shade
or decoration along roads. Commonly A. procera has been used in traditional
medicine. The bark contains tannins and a reddish gum. It has been given with salt as
a medicine for water buffalo. The leaves are used to treat ulcers and have insecticidal
properties. In India, leaves are poulticed onto ulcers. In the Philippines, the cooked
leaves are eaten as a vegetable. Bark, leaf, and root of A. procera contain saponin.
Leaf and fruit have been used for haemolysis (List & Horhammer, 1969-1979).
Pentacyclic triterpenic acid, procera acid, from the seed has been report (List &
Horhammer, 1969—1979). The gum contains aldobiuronic acid and the disaccharide 3-
0-D-galactopyranosyl-L-arabinose. Degraded gum from A. procera contains D-
galactose, D-mannose, D-glucuronic acid and 4-0-methyl-D-glucuronic acid.
Complete methylation and subsequent hydrolysis of the product give 2,4-di-0-methyl-
D-galactose (3 moles), 3,4,6-tri-0-methyl-L-arabinose. Perceragenin, CsoH4604, was

reported from the seed (List & Horhammer, 1969-1979).

1.2 Cyperus rotundus Linn. (Cyperaceae)
C. rotundus (coco-grass, nut sedge, nut-grass, purple nut sedge, red nut
sedge) is a species of sedge (Cyperaceae) native to africa, southern and central europe

(north to France and Austria), and southern asia. Arabs of the land of Israel



traditionally use roasted tubers, while they are still hot, or hot ashes from burned
tubers, to treat wounds, bruises, carbuncles, etc (http://en.wikipedia.org). In India,
rhizomes of C. rotundus have been used in ancient medicine for fever, dysentery,
pruritis, pain, vomiting and various blood disorders (Yusuf et al., 1994; Uddin et al.,
2006). Modern alternative medicine recommends this plant for treatment of nausea,
fever and inflammation (Gupta et al., 1971; Uddin et al., 2006), pain reduction,
muscle relaxation and many other disorders. Modern ayurvedic medicine uses this
plant for treatment of fevers, digestive system disorders, dysmenorrhea. It has been
known as an important ingredient of anti-aging Ayurvedic nutraceutical

Chyavanprash and other maladies (Sharma and Gupta, 2007).

C. rotundus has been used as a anti-diarrhoeal, anti-pyretic, anti-
inflammatory, and antimalaria and also for treatment of stomach and bowel disorders
(Uddin et al., 2006; Gupta et al., 1971; Jagtap et al., 2004), diabetes, anti-oxidant
(Raut and Gailwad, 2006), anti-inflammatory and antifungal (Tam et al., 2007). C.
rotundus has been reported to contain oils, alkaloids, glycosides, saponins, flavonoids,
tannins, starch and carbohydrates. Several pharmacologically active substances have
been identified in C. rotundus: a-cyperone, B-selinene, cyperene, cyperotundone,

patchoulenone, sugeonol, kobusone, and isokobusone.

1.3 Diospyros rhodocalyx Kurz (Ebenaceae)
Diospyros, the largest genus of the family Ebenaceae, comprises about

400 species widespread mainly in the tropics. Plants in this genus have long been



known for their medicinal uses. It is interesting that almost all parts of these plants
were found to possess therapeutic properties (Mallavadhani et al., 1998).
Phytochemical investigation of more than 130 Diospyros species led to the isolation
of a wvariety of compounds, the majority of which is triterpenoids and
naphthoquinones (Mallavadhani et al., 1998). Several compounds of these two groups
have been found to exhibit interesting bioactivities (Mallavadhani et al., 1998). In
Thailand, sixty species of Diospyros have been found, excluding two foreign species
(Phengklai et al., 1981). About ten of them have been recorded of their uses in Thai
traditional medicine. Twelve species of Thai Diospyros plants have been reported for
their chemical constituents (Mallavadhani et al., 1998). Some of them have been

biologically examined and several biological activities have been demonstrated

(Mallavadhani et al., 1998).

In Thai traditional medicine, the fruits are used for treatment of
diarrhea, bleeding, abdominal discomfort, parasitic infection, abscess, and renal
disease; the bark is used for symptomatic relief of leucorrhea, and as anti-diuretic.
Lupeol and betulin have been reported to exhibit anti-inflammatory activity (Akihisa
et al., 2002; Recio et al., 1995), antiviral (Pavlova et al., 2003). Other bioactivities of
these compounds have also been documented e.g. antitumor activity of lupeol and
betulin. However, some species of Diospyros (D. glandulosa) have been reported for
bioactivities such as antihepatotoxic and antifertility activities of oleanolic acid, and
antileukemic and hepatoprotective activities of ursolic acid (Duke, 1992). Although

there have been several reports on triterpenes, naphthoquinones (Marston and



Hostettmann, 1984), and lignans among others in many Diospyros species, the

chemical constituents of this plant have however not been investigated.

1.4 Piper nigrum Linn (Piperaceae)

P. nigrum is a flowering vine in the family Piperaceae, cultivated for
its fruit, which is usually dried and used as a spice and seasoning. The same fruit is
also used to produce white pepper, red or pink pepper, and green pepper. Black
pepper is native to South India and elsewhere in tropical regions. The dried fruit is a

small drupe five millimetres in diameter and dark red when fully mature.

Some uses of black pepper in folk medicine are supported by modern
science consist of an antipyretic, anti-inflammatory (Szallasi, 2005), antioxidant
activity (Mujumadar et al., 1990), antimutagenic (EI et al., 2003) and antibacterial
activities (Dorman and Deans, 2000). Increasing popular modern-day uses of active
compound of its compounds especially piperine that it has been used to stimulate
metabolism, aid absorption of nutrients and determination the efficacy of drugs such
as Viagra® (Szallasi, 2005). Whereas other uses are puzzling such as the treatment for

epilepsy and snake venom poisoning (Szallasi, 2005).

The pepper, the fruits of P. nigrum, is an important as spice and
flavoring agents, and has also been used in the treatment of cholera and dyspepsia, as
well as a variety of gastric ailments and arthritic disorders (Jung and Shin, 1998).

Terpenes, steroids, lignans, flavones, and alkaloids/alkamides have been identified as



the primary constituents of the peppers (Navickene et al., 2000; Parmar et al., 1997).
Alkamides are particularly interesting, due to their various biological activities,
including insecticidal (Kiuchi et al., 1988; Park et al., 2002), anti-bacterial (Reddy et

al., 2004) and anti-inflammatory properties (Mujumdar et al., 1990).

Black pepper oil is formed by monoterpenes, sesquiterpenes, and
oxygenated compounds (Ferreira, 1996). The most important constituents in the
essential oil of P. nigrum are limonene, B-caryophyllene, sabinene and B-pinene
(Martin et al., 1998). Piperine is an alkaloid that contributes towards the pungency of
the pepper and varies from 2 to 7.4% among the cultivars with the volatile levels

being within the range 0.4-7.0% (Ravindran, 2001).

1.5. Streblus asper Lour (Moraceae)

S. asper is a small tree which is indigenous to tropical countries such
as India, Sri Lanka, Southern China, Malaysia, the Philippines and Thailand. It is
known by various names, e.g. Bar-inka, Berrikka, Rudi, Sheora, Koi, Siamese rough
bush and Tooth brush tree (Glasby, 1991). It has been used for several pharmaceutical
purposes. For example its bark extract is used for relief of fever, dysentery, toothache
and gingivitis (Gaitonde et al., 1964). The branch has been used as a toothbrush for
strengthening teeth and gums (Lewis, 1980). The seeds are reported to be beneficial
in epistaxis and diarrhea. The twigs have been used as a ‘toothbrush’ for
strengthening teeth and gums (Lewis, 1980). The root has been applied to unhealthy

ulcers, sinuses, epilepsy and inflammation and locally as an antidote to snake bite.
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The milky juice has been used as antiseptic and astringent for chapped hands and
cracked heels (Mukherjee and Roy, 1983). Stem bark has been reported to be
effective against lymphoderma, chyluria and other manifestations of filariasis. Two
glycosides, asperoside and strebloside were found to possess promising
microfilaricidal activity (Chatterjee et al., 1992). The leaf extract has demonstrated
insecticidal activity towards mosquito larvae (Kritsaneepaiboon, 1989), and
antimicrobial activity (Hashim and Devi, 2003). Root has been found to be useful in
epilepsy and inflammation (Nadkarni, 1976). Stem bark has been reported to be
effective against lymphoderma, chyluria and other manifestations of filariasis
(Hashim and Devi, 2003), and anti-malarial of an extract of the plant S. asper in

murine malaria (Das and Beuria, 1991).

1.6 Tinospora crispa Linn (Menispermaceae)

T. crispa has been used in many Thai traditional medicines. It is one of
ingredients in Thai folk medicine for health promotion. Stems of T. crispa are drunk
as a vermifuge and a decoction of the whole plant is used to treat cholera, diabetes
(Burkill, 1966; Perry, 1980; Umi Kalsom et al.,1999), fever, jaundice, cholera,
malaria and against worms in children (Umi Kalsom et al., 1999). The roots have
been used to treat rheumatism (Rahman et al., 1999). Leaves can be applied to
wounds and also made into a poultice for treatment of itching (Burkill, 1966;
Quisumbing, 1978). The stem has been registered in the Thai Pharmacopoeia, and
commonly used in hospital to treat type II diabetes (Noor and Ashcroft, 1998). The
chemical constituents in T. crispa have been reported such as borapetol A, borapetol

B, borapetoside A, borapetoside B, tinocrisposide, N-formylanondine, N-
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formylnornuciferine, N-acetyl nornuciferine, y-sitosterol, picrotein and tinotubride

(Pathak et al., 1995).

Summary of chemical constituents of Thai herbs in the longevity herbal preparation

used in this study is shown in Table 1.
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Table 1 Chemical constituents of Thai herbs in the longevity herbal preparation

Plants

Part-
used

Active compounds

Activities

References

A. procera

C. rotundus

Stem
bark

Bulb

Triterpenoid saponins

3-O-[B-D-xylopyrano

syl-(1 — 2)-0-L-
arabinopyranosyl-

(1 — 6)-2-acetamido-2-
deoxy-B-D-glucopyrano
syl] echinocystic acid

3-O-[a-L-arabinopyrano

syl-(1 — 2)-p-D-

fucopyranosyl-(1 — 6)-
2-acetamido-2-deoxy-f3-

D-glucopyranosyl]
echinocystic acid

3-O-[B-D-xylopyrano

syl-(1 — 2)-a-L
arabinopyranosyl-

(1 — 6)-2-acetamido-2-
deoxy-B-D-glucopyra
nosylJacacic acid lactone

Essential oil
Cyperone
Cyperene
Patchoulenone

[-selinene

Volatile oil
o-copaene
B-cyperone

Tannin alkaloids

Glycosides

Saponins

Flavonoids

Phenolic compound
Gallic acid
p-coumaric acid

n/a

n/a

n/a

n/a

n/a

Antimalarial
(against Plasmodium
falciparum)
Antimicrobial,
antibacterial and
weak antioxidant
activity

n/a
n/a

n/a
n/a
n/a

n/a

Antioxidant
Antioxidant

Melek et al., 2007

Melek et al., 2007

Melek et al., 2007

Tam et al., 2007
Tam et al., 2007
Thebtaranonth et
al., 1995;

Juteau et al., 2002;

Tam et al., 2007
Tam et al., 2007

Raut and Gaikwad,
2006
Raut and Gaikwad,
2006
Raut and Gaikwad,
2006
Raut and Gaikwad,
2006

Kim et al., 2007

Zang et al., 2000;
Kim et al., 2007;

n/a = not applicable
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Plants Part- Active compounds Activities References
used
C. rotundus Bulb Epicatechin Neuroprotection Ban et al., 2006
Anti-cancer and Matsubara et al.,
anti-angiogenic 2007
effects
Antimutagenic and ~ Geetha et al., 2004
antioxidant
activities
Inhibit lipid Kondo et al., 1996
peroxidation
Immunoregulatory ~ Sanbongi
effects etal., 1997
Suppress Pannala et al., 1997
peroxynitrite
induced nitration of
tyrosine
Protect fibroblasts ~ Spencer et al.,
2001;
Striatal neurons Schroeter etal.,
against apoptosis 2000
induced by
oxidative stress.
Sesquiterpenes
o-cyperone Antimalarial Thebtaranonth et
activity al., 1995
Insecticidal activity Morimoto et al.,
1999
D. rhodocalyx Stem Betulin Aantilithic Vidya and
bark Varalakshmi, 2000
Anti-tumor agents  Akihisa et al.,
2002;
Kvasnica et al.,
2005
Antiviral properties Pavlova et al.,
2003

Betulinic acid

Antitumor activity
against the Walker
Carcinoma—256
tumor system
Anti-inflammatory
inhibitory effects
on Epstein-Barr
virus early antigen
(EBV-EA)
activation and
Anti-tumor activity
Anticancer

Anthelmintic
activity

Recio et al., 1995

Akihisa et al., 2002

Kvasnica et al.,
2005
Enwerem et al.,
2001
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Plants Part- Active compounds Activities References
used
D. rhodocalyx Stem Betulinic acid Anti-HIV Hashimoto et al.,
bark 1997; Fujioka et
al., 1994; Lietal.,
2003; Sun et al.,
1998
Antimalarial Steele et al., 1999;
Bringmann et al.,
1997
Antitumor activity  Recio et al., 1995
against the Walker
Carcinoma—256
tumor system
Lupenone n/a Sutthivaiyakit et
al., 1995
Lupeol Anti-urolithiatic Vidya and
Varalakshmi, 2000
Anti-inflammatory ~ Geetha and
Varalakshmi, 1998
Antitumor activity ~ Recio et al., 1995
Saleem et al., 2001
Antiarthritic Kweifio-Okio et
al., 1995; Geetha et
al., 1998
Antimutagenic Guevara et al.,
1996
Antihepatotoxic, Nagaraj et al.,
antioxidant and 2000, Saleem et
antitumor activities  al., 2001
Hepatoprotective Sunitha et al., 2001
Stigmasterol n/a Sutthivaiyakit et
al., 1995
Taraxerol Anti-inflammatory ~ Singh et al., 2002;
Gupta et al., 1969
Taraxerol acetate n/a Sutthivaiyakit et
al., 1995
Taraxerone n/a Sutthivaiyakit et
al., 1995
[-sitosterol Antipyretic, anti- Erazo et al., 2006;
inflammatory, and ~ Gupta et al., 1980
analgesic activity
Anti-edematogenic  Delaporte et al.,
2004
Myeloperoxidase G’'omez et al.,
activity 1999
P. nigrum Fruit Piperine Antihyperlipidemia  Gereltu et al., 2004
activity
Gastric emptying Bajad et al., 2001
inhibited activity

Anti-inflammatory

Mujumdar et al.,
1990

n/a = not applicable
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Plants Part- Active compounds Activities References
used
P. nigrum Fruit Piperine Analgesic, Miyakado et al.,
antipyretic and 1979
antifeedant
activities
Antiasthmatic
property
Antifertility
Chavicine n/a Clause et al., 1973
Piperidine Insecticidal Bandara et al.,
2000
Antidepressant Ahmad et al., 1997
activity
Piperic acid n/a Clause et al., 1973
Volatile oil
o-pinene Antimicrobial Dorman and
activity Deans, 2000
Anti-inflammatory  Erazo et al., 2006
and analgesic
activity
[-pinene Anti-inflammatory  Erazo et al., 2006
and analgesic
activity
a-phellandrene n/a Youngken, 1950
T. crispa Stem N-trans-feruloyltyramine  Stimulatory effect =~ Tomobhiro et al.,
bark on insulin secretion 2007

N-cis-feruloyltyramine

Tinotuberide

Phytosterol

Cycloeucalenol

Antioxidant,
radical scavenging
properties towards
DPPH radical

Antioxidant,
radical scavenging
properties towards
DPPH radical

n/a

Decrease LDL
cholesterol
Antiatherogenic,
reduction of
proinflammatory
cytokine
production
Decreased
prostaglandin
release and
modulated
leukocyte function
in murine models
of inflammation
n/a

Dweck and Cavin,
2004

Dweck and Cavin,
2004

Dweck and Cavin,
2004
NCEP, 2001

Nashed et al., 2005

Navarro et al.,
2001; Park et al.,
2001

Dweck and Cavin,
2004
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Plants Part- Active compounds Activities References
used

T. crispa Stem Cycloeucalenone n/a Dweck and Cavin,
bark 2004

Picroretin n/a Dweck and Cavin,
2004

Tinosporine n/a Dweck and Cavin,
2004

Picroretin n/a Dweck and Cavin,

2004

n/a = not applicable
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(a) a-copaene

&

(b) cyperene

SOy

(d) B-cyperone

(c) B-selinene

SOy

(e) a-cyperone

Figure 1 Structures of five identified compounds in C. rotundus (Tam et al., 2007)
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(a) Betulinic acid (b) Betulin

(c) Stigmasterol (d) B-Sitosterol

Figure 2 Structures of biologically active compounds in D. rhodocalyx (Kuo et al.,
1997; Kvasnica et al., 2005)
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Figure 3 Structures of biologically active compounds in S. asper. (Rastogi et al.,

2006)

19



20

Piperine

Figure 4 Structure of piperine, major compound of Piper spp. (Siddiqui et al., 1997)

:
H

(b) Cyclocucalenone (2)

(a) Cyclocucalenol (1)

Figure 5 Structures of cyclocucalenol and cyclocucalenone from dried stems of T.

crispa (Kongkathip et al., 2002)
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2. Osteogenic activity
2.1 Osteogenic cells

The matrix of bone is uniquely elaborated by populations of osteogenic
cells derived from mesenchymal, or stromal, stem cells that differentiate into fully
secretorily active mature osteoblasts. Like other matrix-product in connective tissue
cells, bone cells are derived from so-called mesenchymal stem cells (MSC). The
critical issue is that the proliferative capacity of these undifferentiated cells provides
the opportunity to create large autologous cell populations by expansion, in vitro,
which a number of cells harvested from the host. MSCs can differentiate into a
number of connective tissue phenotypes include bone and muscle (da Silva Meirelles

et al., 2006; Bochev et al., 2008).

Two strategies can be employed to win MSC-mediated tissue repair.
First, MSC populations are expanded, in an assumed undifferentiated state and the
presence of local environmental, in vivo. The MSCs will differentiate into osteogenic
cells, which will be responsible for tissue regeneration process. Second, culture-
expanded, MSCs are directed ex vivo into the osteogenic lineage prior to implantation,
to accelerate the regeneration of bone. In fact, it has been shown that the cells
responsible for bone nodule formation arise from single colonies (Atala and Lanza,

2002).

Thus, both the expansion phase of each strategy and the proliferative

capacity of these cells are important for tissue engineering. It has been estimated that
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less than 1% of the stromal layer of rat and mouse marrow cells is osteogenic (Atala
and Lanza, 2002). Intracellular markers of osteogenic differentiation include alkaline

phosphatase, osteocalcin and collagen.

2.2 Factors induced bone formation

Bone forming osteoblasts arise from mesenchymal stem cell precursors
and undergo differentiation in response to a number of factors including the bone
morphogenetic proteins (BMPs), transforming growth factor-f (TGF-B), and
glucocorticoids (Spelsberg et al., 1999) or hormones; estrogen, parathyroid hormone
(Yamaguchi, 2000). Among them, insulin-like growth factor (IGF) and transforming
growth factor-f (TGF-) are the important targets of glucocorticoid in bone formation
(Tu et al., 2005). TGF-B is produced by osteoblasts and appears to regulate bone
metabolism in various ways, including skeletal development and bone remodeling
(Sowa et al., 2002). It modulates the proliferation, differentiation and production of
bone matrix proteins of osteoblasts (Centrella et al., 1994). TGF-B also induces bone

formation when locally administered into bone tissues in rats (Noda and Camilliere,

1989).

Bone morphogenetic proteins (BMPs) promote osteoinduction both in
vivo and ex vivo (Biase and Capanna, 2005) and stimulate osteoblast functional
markers, including ALP activity, osteocalcin (OC) secretion, and type I collagen
synthesis in vitro. BMPs have been revealed as the most potent inducers and

stimulators of osteoblast differentiation (Yamaguchi, 2000).
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It was reported that rat bone marrow stromal cell supplemented with
10”° M dexamethasone or BMP-2 produced a mixed population of cells with low ALP
and high ALP levels (Rickard et al., 1994), while the combination of dexamethasone
and BMP-2 yielded very few dim cells with higher ALP levels compared with either
inducer alone or the interactions between dexamethasone and 1, 25-Dihydroxyvitamin
D3 by treatment on normal human osteoblast like cells (Subramaniam et al., 1992).
Other factors affected the cell differentiation are serial passage, passage number,

source of serum, and plating density (Franceschi and Iyer, 1992)

2.3 Supplementation of osteogenic differentiation

Dexamethasone is essential for osteogenic differentiation of
mesenchymal stem cells (Abe et al., 2000; Gundle et al., 1995; Maniatopoulos et al.,
1988). It promotes osteoprogenitor cells in an early state of osteoblastic differentiation
into osteoblast-like cells (Abe et al., 2000). Bone formation were stimulated by
dexamethasone as concentration-dependent (range from 10 M to 10”7 M) of marrow
stromal populations, in vitro (Atala and Lanza, 2002). The stimulation was maximum
at 1 uM of dexamethasone in human bone marrow-derived mesenchymal cells
(hBMMCs), while a concentration as low as 1 nM was effective (Cheng et al., 1994).
In addition, ascorbic acid promotes osteogenic differentiation of undifferentiated cells
(stromal cell line ST2) and osteoblast precursor cells (MC3T3 mouse calvaria-derived
cell line) by inducing a formation of type I collagen matrix, which is essential for the
induction of osteoblast differentiation (Otsuka et al., 1999). This study,

supplementation of 10° M dexamethasone and ascorbic acid in culture medium of



24

MC3T3-El pre-osteoblastic cells measured ALP activity, to ensure the earliest and

maximum osteogenic differentiation of bone cells.

2.4 Biocompatibility determination
Biocompatibility is determined by a number of cells or cell viability
using MTT assay or SRB assay. Based on MTT reduction by mitochondrial
dehydrogenases and to a lower extent by cytosolic enzymes, MTT assay is widely

used to reliably gather quantitative data on cells surviving toxic insults (Monti et al.,

2007).

2.5 Determination of ALP activity

Alkaline phosphatase (ALP) is a glycoprotein associated with the
formation of calcified tissues. It catalyzes the hydrolysis of phosphate esters at an
alkaline pH (Harris 1989). In humans, ALP occurs thoroughly and three isoenzymes,
the tissue nonspecific, intestinal and placental have been identified (Sabokbar et al.,
1994). The tissue non-specific isoenzyme occurs in three forms that they were derived
from bone, kidney and liver. ALP is isoenzyme of bone and liver which can be useful
in diagnosis of osteoblastic bone and cholestatic hepatic disorders, respectively

(Epstein et al., 1985).

On a cellular level, ALP is the most widely recognized marker of
osteoblast phenotypes (Rodan and Rodan, 1983; Sabokbar et al., 1994). ALP activity

is strongly associated with the membrane and the matrix vesicles (Ecarot-Charrier et
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al., 1988; Pizauro et al., 1992). Thus, also in cell cultures, ALP seems to be closely
linked to the mineralization process (Ecarot-Charrier et al., 1988). Expression of
ALP activity was measured by determination of osteoblastic markers during the
proliferative state (Franceschi and Iyer, 1992; Lecoeur and Ouhayoun, 1997; Rickard
et al,, 1994). This enzyme begins immediately following the cessation of cell
proliferation and reaches a maximum level during the phase of matrix maturation
(Risteli and Risteli, 1993; Stein et al., 1990). ALP plays a major in the progression of

mineralization (Woltgens et al., 1982).

2.6 Determination of total protein
The BCA protein assay is a detergent-compatible formulation based on
bicinchoninic acid (BCA) for the colorimetric detection and quantitation of total
protein. The BCA method is not a true end-point method, i.e. the final color continues
to develop. However, following incubation, the rate of continued color development is

sufficiently slow to allow large numbers of samples to be assayed together.

The macromolecular structure of protein, the number of peptide bonds
and the presence of four particular amino acids (cysteine, cystine, tryptophan and
tyrosine) are reported to be responsible for color formation with BCA (Wiechelman et
al., 1988). The extent of color formation caused by more than the only sum of
individual color producing functional groups of di-, tri-, and tetrapeptides
(Wiechelman et al., 1988). Accordingly, protein concentrations are generally

calculated and reported with reference to standards of a common protein such as
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bovine serum albumin (BSA). Each value was normalized to the protein

concentration.

3. Allergic activity
3.1 Allergy

Allergy is an immunological reaction to a foreign antigen (allergen)
such as dust mites, pollen, cosmetics, food and mold spores that causes tissue
inflammation and organ dysfunction (Nakatani et al., 2002). Allergic reactions of
types I, IT and III are antibody mediated, and that of type IV is T-cell mediated. Type I
allergy is induced antigens and the production of antigen-specific IgE antibodies that
bind to receptors on mast cells or basophils (Matsuda et al., 2004b). The allergic
mediators induce various physiological effects that cause allergic diseases (Lee et al.,
2004). The mediators are released from mast cells and basophils such as histamine
and serotonin within minutes, the early phase reaction. These mediators induce

vasodilation, mucous secretion and bronchoconstriction (Matsuda et al., 2004a,b)

Allergy diseases are characterized of Ty2-based immune responsed to
allergens. Allergen-specific Ty2 cells are key players in allergic immune reactions,
initiating and propagating inflammation through release of a number of Tpy2
cytokines, such as IL-4 (Wijk and Knippels, 2007;Gutermuth et al., 2007). Some
studies suggest allergen-dependent mechanisms evaluated at the dendritic cell (DC)
level because of particular attributes of the specific protein. Other studies suggest T

cell-dependent or individual factors leading to a predominance of the Ty2 response
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(Gutermuth et al., 2007). Protein fragments are processed by antigen-presenting cells
(APCs) and displayed on their surface in association with major histocompatibility
complex (MHC) class II molecules that can be recognized by a specific T cell
receptor. In the presence of interleukin (IL-4), allergic sensitization is subsequently
initiated by the differentiation of antigen-specific T helper (Tn) cells into effector T2
cells. Ty2 cells produce a cocktail of cytokines such as IL-4 encourage B cells to
develop into IgE-producing plasma cells. Secreted antigen-specific IgE antibodies are
distributed systemically and bind to the high-affinity receptor FceRI on mast cells and
basophils (Gutermuth et al., 2007). Mechanism of type 1 hypersensitivity reaction

(Allergic reaction) as shown in Figure 6.

3.2 Mast cells
Rat basophilic leukemia (RBL-2H3) cells are mucosal-type mast cells.
The 2H3 cells contain several hundred thousand IgE receptors on the membrane
surface after that sensitization with monoclonal IgE. The cells respond to antigen and
release histamine (Ikawati et al., 2001) that is major model for study of IgE-mediated

degranulation (Yamashita et al., 2000).
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Figure 6 Mechanism of type 1 hypersensitivity reaction (Allergic reaction)
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CHAPTER 2

MATERIALS AND METHODS

Plant materials

Six dried herbs commonly used in Thai longevity preparation were
determined for osteogenic activity and anti-allergic effect. The selected herbs were
Albizia procera (stem bark), Cyperus rotundus (bulb), Diospyros rhodocalyx (stem
bark), Piper nigrum (fruit), Streblus asper (seed) and Tinospora crispa (stem bark).
These plant materials were bought from Thai traditional drug store, Hat-Yai,

Songkhla, Thailand in January 2006.

Chemicals and reagents

1. MTT assay
Thiazolyl blue tetrazolium bromide (Sigma-Aldrich, MO, USA)
Dimethyl sulfoxide (Sigma-Aldrich, MO, USA)

2. Alkaline phosphatase activity
Triton X-100; t-Octylphenoxypoly-ethoxyethanol
(Sigma-Aldrich, MO, USA)
Magnesium chloride hexahydrate (Ajax Finechem, Australia)
Glycine (Ajax Finechem, Australia)
p-Nitrophenyl phosphate disodium salt hexahydrate (Fluka, Austria)
p-Nitrophenol (Sigma-Aldrich, MO, USA)
Sodium hydroxide (Fluka, China)

Dexamethasone (Fluka, China)
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3. BCA protein
Bicinchoninic acid, BCA (Sigma-Aldrich, MO, USA)
Copper (II) sulfate solution (Sigma-Aldrich, MO, USA)
Protein standards, Micro standard, Liquid (Sigma-Aldrich, MO, USA)
4. p-hexosaminidase release
Anti-DNP IgE, Monoclonal anti-DNP (Sigma-Aldrich, MO, USA)
Dinitrophenylated bovine albumin, DNP-BSA (Sigma-Aldrich, MO,
USA)
Sodium chloride, Potassium chloride, Magnesium chloride, Sodium
hydroxide, Calcium chloride, Bovine serum albumin (BSA) and
piperazine-N,N'-bis (2-ethanesulfonic acid) (PIPES), (Wako)
5. MC3T3-E1 cell culture
a-Modified eagle’s minimum essential medium; a-MEM
(Biochrom KG seromed®, Germany)
10% Bovine fetal serum; FBS (Gibco™, UK)
100 U/ml Penicillin (Gibco™, Germany)
6. RBL-2H3 cell culture
Minimum essential medium eagle; MEM
(Sigma-Aldrich, MO, USA)
Fetal calf serum, FCS (Sigma-Aldrich, MO, USA)

Penicillin-streptomycin (Gibco™, Germany)



31

Instrument
Instrument Model Company
Laminar flow Faster Ultrasafe 48 44100 Ferrara, Italy

Microplate reader

Freeze dryer

Vacuum rotary evaporator
Hot air oven

pH meter

Water bath

Centrifuge

Refrigerator (-20°C, -80°C)

Power Wave X
Eyela

Eyela

DIN 12880-KI
PHM 82
WB-14

Hermle z323k

Bio-TEK Instruments Inc.
Tokyo Rikakikai CO., LTD.
Tokyo Rikakikai CO., LTD.
Memmert, Germany
Radiometer, Denmark
Memmert, Germany
Hermle Labortechnic

Germany

Methods

1. Preparation of crude extract

The dried materials (10 g) were refluxed with water or 95% ethanol for

3 h. The water extracts and ethanolic extracts were filtered through cotton and then

dried using rotary evaporator. The yields of the crude extracts (calculated on the dried

weight) were shown in Table 5. The extracts were kept in tight glass containers in a

refrigerator at —20 °C for futher studies.

2. Cytotoxicity using MTT assay

Mitochondrial function was measured by the ability of viable cells to

convert soluble 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl tetrazolium bromide

(MTT) into an insoluble dark blue formazan reaction product.
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Crude extracts were dissolved in PBS to obtain a stock solution (1

mg/ml). The stock solutions were then diluted at four dilutions (3, 10, 30 and 100

pg/ml).

MC3T3-El cells (1x10” cells/well) were cultured in 96-well plates in a
humidified atmosphere with 5%CO, at 37°C. After 24 h the media was aspirated and
replaced with 90 ul of fresh media and 10 pl of crude extract solutions. After
incubation for 24 h, 10 pl of 5 mg/ml MTT solution (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenylterazolium bromide) were added. After 4 h, the MTT solution was replaced
with 100 pl of dimethyl sulfoxide (DMSO) and then agitated to dissolve the blue
formazan salts. The absorbance at 570 nm of the solutions in 96-well plate was
determined using a BIO-TEK microplate reader. The relative activity of MC3T3-El
cells for each sample solution was expressed as the average percentage cell viability
(WU et al., 2003; Li et al., 2005; Trentz et al., 2003; Cerroni et al., 2002; Xu and
Simon Jr, 2005). Cytotoxicity was assumed when cell viability was lower than 80%
(Gomes et al., 2001; Melendez et al., 2004). Percentage of cell viability was

calculated as the following equation:

% Vlablllty = [Asample /Acontrol] x 100

Agmple = Absorbance of sample with crude extract solution

Acontrol =  Absorbance of sample without crude extract solution
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3. Determination of total protein content
This method combines the well-known reduction of Cu** to Cu’' by
protein in an alkaline medium (the biuret reaction) with the highly sensitive and the
selective colorimetric detection of the cuprous cation (Cu'') using a unique reagent
containing bicinchoninic acid, BCA (Smith et al., 1985). The purple-colored reaction
product of this assay is formed by the chelation of two molecules of BCA with one

cuprous ion.

Table 2 Preparation of protein standard solutions.

Protein stock 1 mg/ml Lysis buffer (ul) Final concentration (mg/ml)
200 0 1.0
160 40 0.8
120 80 0.6
80 120 0.4
40 160 0.2
0 200 0.0

The cell lysates were stored at —20°C. Protein quantitation (25 pl) was
performed with BCA protein assay reagent (200 pl) (Sigma-Aldrich, MO, USA). The
samples were mixed with the working reagent at the ratio of 1:8 (v/v), and then
incubated at 37°C in a humidified atmosphere of 5% CO, and 95% air for 30 min to
allow color formation. The absorbance of the samples at 562 nm was measured. The
total protein was calculated based on the standard curve and expressed as mg/ml.

These data were normalized by the number of cells counted at day 1, 3, 7 and 9. Then,
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the absolute ALP (mU/ml) of crude extracts by the test samples was calculated by the

following equation:

Total Protein (X) = [Asample —ABlank] = Y;i (mg/ml)
Where;

Yi =Y

>~
[

Data was calculated from standard curve
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Total protein [mg/ml]

ALP (mU/mg of protein) was calculated by the following equation:

A = [B/X]x1000
where;
A =  absolute alkaline phosphatase activity (mU/mg of protein)
B = alkaline phosphatase activity (U/ml)

X = total protein calculated from a standard curve (mg/ml)
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4. Measurement of alkaline phosphatase (ALP) activity
This measurement is based on the basic that the alkaline phosphatase
(ALP) enzyme catalyses the hydrolysis of monophosphates at an alkaline pH. ALP
presenting in the sample catalyses the hydrolysis of p-nitrophenyl phosphate
(substrate) and p-nitrophenol and phosphate are released. The increase in absorbance
at 405 nm is correlated with the enzyme activity.

ALP
p-nitrophenyl phosphate ———— 3 p-nitrophenol + inorganic phosphate

ALP activity was calculated from a standard curve. Results were
expressed as mU/ml p-nitrophenol normalized by total protein content. The number of
cells excludes the effect of proliferation, so the observed difference could resulted
from both a higher differentiated number of cells and a higher cellular activity (Rosa

and Beloti, 2003)

Table 3 Standard curve of p-nitrophenol

1 mM p-nitrophenol (ml) in Lysis buffer solution Final p-nitrophenol
lysis buffer solution (ml) concentration (pg/ml)
0.0 1.0 0.0
0.05 0.95 0.0167
0.2 0.8 0.0667
0.6 0.4 0.2

0.9 0.1 0.3
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The crude extracts were dissolved in DMSO to obtain stock solutions
at 10 mg/ml. The stock solutions were further diluted 3, 10, 30 and 100 pg/ml as the

final concentrations.

MC3T3-El cells (1x10° cells/ml in a-MEM) were cultured in 24-well
plate for 24 h. The cells were conditioned with 900 pl of fresh media (900 pl) and 100
ul of crude extract solutions. The final concentrations of the extracts in the condition
media were 3, 10, 30 and 100 pg/ml, respectively. After 24 h, the cells were lysed
with 200 pl of 0.1% Triton X-100 under freezing and thawing at —80 °C for 1.5 h.
The cell lysates were then centrifuged at 25,000 rpm for 10 min at 4°C. ALP activity
was determined using a colorimetric method. The supernatant (50 pl) was transferred
into 96-well plate and incubated with 50 pl of substrate (p-nitrophenyl phosphate) in
substrate buffer solution for 60 min at 37°C. The reaction was stopped with 50 pl of
0.2N NaOH. The absorbance was measured using microplate reader at 405 nm. ALP
activity was calculated from standard curve of p-nitrophenol. Each value was
normalized with the total protein content (Mouries et al., 2002). The ALP (U/ml) was

calculated by the following equation:

Alkaline phosphatase activity (U/ml) [(A/B)x (C/D]

[(A/ 60) x (200 / 50)]

[(A/15)]
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Where; A = Data calculated from standard curve
B = Times (60 min)
C = Volume of lysis buffer (200 ul)
D = Volume of supernatant (50 pl)

5. Examination of f-hexosaminidase release from RBL-2H3 cells
This examination based on the colorimetric assay of the mediators
released from tha degranulated mast cells and basophils after binding of antigen-
specific IgE antibodies to receptors on mast cells or basophils. The colorimetric assay
is to determine p-nitrophenol derived from p-nitrophenyl-N-acetyl- [B-D-
glucosaminide (Ozaka et al., 1993; Lee et al., 2004). The results are expressed as the

percentage of intracellular B-hexosaminidase released into the medium.

Crude extracts were dissolved in DMSO to obtain a stock solution (10
mg/ml). The test samples were prepared by dilution of the stock solution in Siraganian
buffer (buffer A) to 3, 10, 30, and 100 pg/ml, respectively (Matsuda et al., 2004 a,b).
Briefly, RBL-2H3 cells (5x10° cells/ml) cultured in 24-well plates in culture media
(MEM) were sensitized with anti-DNP IgE (0.45 pg/ml). The cells were washed with
Siraganian buffer (buffer A) supplemented with glucose, 1 mM CaCl, , and 0.1%
bovine serum albumin (BSA) as incubation buffer, and then incubated in 160 ul of
the incubation buffer at 37°C. After incubation for 10 min, 20 pl of the test sample
solution was added to each well and incubated for 10 min, followed by an addition of

20 pl of antigen (DNP-BSA of which the final concentration was 10 pg/ml) for 20
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min at 37°C to stimulate the cells to degranulate. The reaction was stopped by
cooling the samples in an ice bath for 10 min. The supernatant (50 pl) was transferred
into 96-well plate and incubated with 50 pl of substrate (1 mM p-nitrophenyl-N-
acetyl-B-D-glucosaminide) in 0.1 M citrate buffer, pH 4.5 at 37 °C for 2.5 h. The
reaction was stopped by adding 200 pl of stop solution (0.1 M Na,CO3/NaHCOs;, pH
10.0). The absorbance was measured using a microplate reader at 405 nm. The test
sample was dissolved in dimethylsulfoxide (DMSO). The solution was added to
incubation buffer (final DMSO conc. was 0.1%). The percent inhibition of the release
of B-hexosaminidase by the test samples was calculated by the following equation,

and ICsy values were determined graphically:

Inhibition (%) = [1- (T-B -N) / (C=N)] x 100

where; Normal (N) = DNP-BSA (-), test sample(—)
Control (C) = DNP-BSA (+), test sample (-);
Test (T) =  DNP-BSA (+), test sample (+);
Blank (B) =  DNP-BSA (-), test sample (+)

6. Measurement of B-hexosaminidase inhibitory activity
This measurement is to clarify that the samples exhibite the potent
anti-allergic activity by inhibiton of cell degranulation, but not a false positive result

from the inhibition of P-hexosaminidase activity.
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The cell suspension (5 x 10° cells) in 10 ml of PBS was sonicated. The
suspension was then centrifuged and the supernatant was diluted with Siraganian
buffer to adjuste the sample to equal the enzyme activity of the degranulation tested
above. The enzyme solution (45 pl) and test sample solution (5 pul) were transferred
into a 96-well microplate and incubated with 50 pl of the substrate solution at 37°C
for 1 h. The reaction was stopped by adding 200 ul of the stop solution (0.1 M
Na,CO3/NaHCOs3, pH 10.0). The absorbance was measured using a microplate reader

at 405 nm.

Statistics

1. Evaluation of total protein and ALP activity
The results were shown as mean + S.EM. (n = 4). The difference
between various test samples was evaluated by an analysis of variances statistic
method. The post hoc test was performed using Scheffe test. The level of

statisticance was defined as *P < 0.05 and **P < 0.01.

2. Statistical analysis of anti-allergic activity
The results were expressed as mean + S.E.M. of four determinations at
each concentration for each sample. The ICsy values were calculated using the
Microsoft Excel program. Statistical significance was calculated by one-way analysis

of variance (ANOVA), followed by Dunnett's test.
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CHAPTER 3

RESULTS AND DISCUSSION

Part 1: Preparation of crude extracts

Dried materials were refluxed with water and 95% ethanol for 3 h. The
yield of herbs in longevity herbal preparation was shown as percentage by weight in
Table 4. The water and ethanol extracts were observed for bioactivities on osteogenic,
anti-allergic and synergistic effects. Thai people traditional use folk medicine by
boiling dried herbs in water or maceration in ethanol. The crude water and ethanolic

extracts were obtained either in the forms of powder or sticky mass.

Table 4 Crude water and ethanolic extracts of six herbs in longevity herbal
preparation
Botanical name Water extract Ethanolic extract
Code [%] Yield Code [%] Yield

(wW/w) (W/w)

Albizia procera (Roxb.) Benth. | AP-W 18.2 AP-E 12.7
Cyperus rotundus Linn. CR-W 11.3 CR-E 19.8
Diospyros rhodocalyx Kurz. DR-W 11.7 DR-E 11.7
Piper nigrum Linn. PN-W 8.80 PN-E 7.70
Streblus asper Lour. SA-W 20.3 SA-E 4.80
Tinospora crispa Linn. TC-W 12.9 TW-E 6.00
Longevity formulation LF-W 18.7 LF-E 6.70
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Part 2: Evaluation of osteogenic activity of crude extracts
2.1 Cytotoxicity of crude extracts

To investigate the cytotoxicity on MC3T3-E1 preosteoblastic cells of
crude extracts in longevity herbal preparation at the concentrations of 3-100 pg/ml.
Cell viability less than 80% and change in cell morphology are criteria of cytotoxicity
(Gomes et al., 2001; Melendez et al., 2004). Effects of the crude extracts on the
percentage of cell viability of MC3T3-E1 cells after 24 h are shown in Figures 7-8.
The amount of formazan produced is proportional to the number of living cells
present in cultures.

From Figure 7, the results indicated compatibility to the cells of all
crude water extracts, except AP-W at 100 pg/ml (72.2% cell viability). From Figure
8, all crude ethanolic extracts were compatible to MC3T3-El cells at low
concentrations (3-30 pg/ml). At high concentration (100 pg/ml), CR-E, DR-E, and
SA-E were compatible to the cells, while cytotoxicity of the crude extracts was
significant in AP-E (66.9% =+ 10.2), TC-E (73.6% + 5.3), and LF-E (76.0% + 14.9), p
< 0.01. Cytotoxicity of PN-E at 100 pg/ml was not significant, p < 0.01 (cell viability

79.3%: 7.6).
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Effects of crude water extracts on cell viability. MC3T3-E1 cells were

conditioned with the crude water extracts at 3, 10, 30 and 100 pg/ml for

24 h. Cell viability was determined by a colorimetric MTT assay. Data

are expressed as percentage of control. Results are shown as the mean +

S.D. of duplicate (n = 8 in each replicate).
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+ S.D. of duplicate (n

the mean

8 in each replicate).

are shown as the mean + S.D. of duplicate (n
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There have been a few reports on cytotoxicity of the herbs comprising
in the longevity formulation. Piperine isolated from P. nigrum was reported as dose-
dependent toxic to Trypanosoma cruzi on epimastigotes and amastigotes with ICsy of
7.36 and 4.91uM, respectively (Ribeiro et al., 2004). Cytotoxicity of AP-W and AP-E
was observed in our study may be the results of saponins as reported by Melek and
co-workers (Melek et al., 2007). Saponins derived from Albizia procera, as
echinocystic acid and triterpenoid saponins, were published for their cytotoxicity to
HEPG2 cell line with ICsp 9.13 pg/ml and 10 pg/ml, respectively (Melek et al., 2007).
Other compounds extracted from Albizia procera were found to exhibit cytotoxicity
on cancer cells (Kaskiw et al., 2008). Diosgenyl saponins exerted antitumor effect by
inducing apoptosis in human cancer cells. Terpenoids (lupeol and two diterpenes,
diosphenol 2), isolated from Spirostachys africana, expressed ICsy value 300.9 and
308.9 pg/ml, respectively. Lupeol has been reported to have inhibitory activity on
HUVEC tube formation while it did not affect the growth of tumor cell lines such as
SK-MEL-2 and B16-F10 melanoma (You et al., 2003, Mathabe et al., 2008). Some
authors (Chaturvedula et al., 2002; Lui et al., 2004; Mathabe et al., 2008) have
reported weak cytotoxicity of lupeol against melano B16 cells (ICso > 100 pg/ml) and

human ovarian cancer cell lines.

2.2 Morphology of MC3T3-E1 cells
Figures 9-22 show morphology of MC3T3-E1 cells conditioned with
crude extracts at 9 days. Determination of cell morphology was to ensure that the
crude extracts did not affect cell characteristic (size and shape). Generally, ALP

activity expressed after 2-3 days of treatment and reached a maximum at 7-14 days
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(Cheng et al., 2007). Morphology of the cell monolayers was determined under
optical microscope (magnification x100) at day 9 before determination of ALP
activity.

Figures 9-15 present effects of the crude water extracts on morphology
at day 9 of MC3T3-E1l cells. Biocompatibility was observed in all crude water
extracts, except AP-W at the concentration 3-100 pg/ml. Cytotoxicity was found in
AP-W. From Figure 9, morphology change was observed in AP-W at the
concentrations 30-100 pg/ml which related to the data from MTT assay of cell
viability as discussed above.

Figure 16-22 show effects of the crude ethanolic extracts on
morphology at day 9 of MC3T3-E1 cells. Biocompatibility was observed in CR-E,
DR-E, and SA-E at the concentrations of 3-100 pg/ml. Other crude ethanolic extracts,
i.e. PN-E, TC-E, and LF-E were compatible to the cells at low concentrations (3-30
pg/ml). AP-E was compatible at the concentration 3 pg/ml (Figure 16). Morphology
change was observed in PN-E, TC-E, and LF-E at high concentrations (100 pg/ml)
and AP-E at 10-100 pg/ml. The change in cell morphology confirmed the data in cell

viability determined by MTT assay as described above.
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(b) 10° M dexamethasone

(d) AP-W 10 pg/ml

(f) AP-W 100 pg/ml

Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with AP-W
and dexamethasone at 10° M for 9 days but expressed cell morphology
on day 9. Cell morphology indicated biocompatibility of AP-W
correlated with ALP activity.
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(a) Control (b) 10° M dexamethasone _

(e) CR-W 30 pg/ml

Figure 10  Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with CR-
W at day 9. Cell morphology indicated biocompatibility of crude extracts
on MC3T3-E1 cells. This figure observed ALP activity were released
from cells and % cell viability of CR-W were compatible with all

concentrations.
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(a) Control |

Figure 11  Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with DR-W
at day 9.
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(b) 10° M dexamethasone
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Figure 12 Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with PN-W
at day 9.
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(a) Control (b) 10° M dexamethasone

R v A LN

e) SA-W 30

/ml

Figure 13  Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with SA-W
at day 9.
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Figure 14 Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with TC-W
at day 9.
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(a) Control

|

(e) LF-W 30 pg/m

o ,g:: ..

Figure 15 Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with LF-W
at day 9.
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Figure 16 Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with AP-E
at day 9.
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(a) Control (b) 10° M dexamethasone

(f) CR-E 100 pg/ml

(¢) CR-E 30 pg/ml

Figure 17 Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with CR-E
at day 9.
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Figure 18 Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with
DR-E at day 9.
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(a) Control

Figure 19  Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with PN-E

at day 9.
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(a) Control hasone

() 10° M dexamet

Figure 20  Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with SA-E
at day 9.
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(b) O'M dexamethasone

(e) TC-E 30 pg/ml

s T .,-"//" ]

Figure 21  Morphology of MC3T3-EI pre-osteoblastic cells conditioned with TC -E

at day 9.
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(b) 1'6 M dexa_etsone

Figure 22  Morphology of MC3T3-E1 pre-osteoblastic cells conditioned with LF -E

at day 9.
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2.3 Determination of total protein

The total protein content was directly associated with the number of
cells (Rosa and Beloti, 2003; Gugala and Gogolewski, 2004). Total protein was
carried out and the ALP activity of the cells was normalized by total protein content
(Mouries et al., 2002). Effects of crude water and ethanolic extracts on the expression
of protein content during the maturation and differentiation of osteoblasts was studied
(Figure 23-24). After MC3T3-El cells were conditioned with 3-100 pg/ml of the
crude extracts, the total protein content was examined at day 9.

Effects of the crude water extracts on the expression of total protein
content was found as dose-independent (Figure 23). The highest total protein content
was found in DR-W and TC-W. Total protein contents were 0.55 mg/ml in DR-W at 3
pg/ml, and 0.56 and 0.59 mg/ml in TC-W at 3 and 10 pug/ml, respectively.

The crude ethanolic extracts affected dose-independently the
expression of total protein content (Figure 24). The highest total protein content was
found in SA-E, followed by DR-E. Total protein contents were 0.78 mg/ml in SA-E at

3 pg/ml, and 0.52 mg/ml in DR-W at 3 pg/ml.
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Effects of crude water extracts on the expression of total protein content
in MC3T3-El cells. Crude water extracts at 100, 30, 10 and 3 pg/ml were
added to MC3T3-El cells for 9 day. Total protein was measured using
BCA kit from whole cell extracts residuals of ALP activity. Each samples

are expressed as mean + S.D. of four determinations at each

concentration.
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CR-E DR-E PN-E SA-E TC-E LF-E

Effects of crude ethanolic extracts on the expression of total protein
content in MC3T3-E1 cells. Crude ethanolic extracts at 100, 30, 10 and 3
pg/ml were added to MC3T3-El cells for 9 day. Total protein was
measured using BCA kit from whole cell extracts residuals of ALP
activity. Each samples are expressed as mean = S.D. of four

determinations at each concentration.
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2.4 Determination of alkaline phosphatase activity

Alkaline phosphatase (ALP) activity has been reported as a parameter
determining bone cell activity (Mouries et al., 2002). ALP level depends on several
factors, such as state of differentiation of cells, the numbers of differentiated cells,
growth hormone, cytokines, steroid drugs, and nutritions (Cheng et al., 1994).

The ALP activity and total protein amount are the parameters
indicative of activity and amount of cells (http://courses.washington.edu). Thus,
measurement of ALP activity not only indicates the cell proliferation but also the
osteoblastic phenotype expression seem to be promoted by the presence size of cells
and ALP level. With the action of crude extracts, the cells showed a relative higher
activity of ALP and a higher proliferating activity (p<0.01) than treatment without
crude extracts. These bone formation markers have been shown to correlate with bone
formation measured by bone histomorphology in MC3T3-E1 cells
(http://courses.washington.edu).

In our study, after MC3T3-E1 cells were conditioned with the crude
water and ethanolic extracts at 3-100 pg/ml for 9 days, the ALP activity was
determined and normalized with protein content using 10°® M dexamethasone as a
positive control. Figures 25-26 show the ALP activity of the cells normalized with
total protein content and expressed as folds of the ALP activity of the dexamethasone

treatment in Figures 27-28.
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Alkaline phosphatase activity [mU/mg protein] was measured using

colorimetric method from whole cell extracts at day 9. MC3T3-E1

cells conditioned with water extracts of various concentrations (100,

30, 10 and 3 pg/ml). Results are shown as the mean = S.D. of four

determinations at each concentration for each sample. *p < 0.05, **p

<0.01 compared with dexamethasone for each sample.
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CR-E DR-E PN-E SA-E

Alkaline phosphatase activity [mU/mg protein] was measured using
colorimetric method from whole cell extracts at day 9. MC3T3-E1
cells conditioned with ethanolic extracts of various concentrations
(100, 30, 10 and 3 pg/ml). Results are shown as the mean = S.D. of
four determinations at each concentration for each sample. *p < 0.05

compared with dexamethasone for each sample.
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Effect of crude water extracts on alkaline phosphatase activity of
MC3T3-El cells at day 9. MC3T3-El cells were cultured in
combination with crude water extracts. Data are shown mean + S.D.
of four determinations at each concentration for each sample,*p<
0.05, **p<0.01 and expressed as fold of 10° M dexamethazone as

positive control .
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Effect of crude ethanolic extracts on alkaline phosphatase activity of
MC3T3-E1 cells at day 9. MC3T3-El cells were cultured in
combination with crude ethanolic extracts. Results shown are mean +

S.D. of four determinations at each concentration for each sample,
*p< 0.05 and expressed as fold of 10°® M dexamethazone as positive

control .
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ALP enzyme has been reported to bind with several substrates to
induce the ALP activity (Doublet et al., 1975). Induction on stimulation of ALP
activity has been known to play a critical role for the calcification of the bone matrix
(Xujuan et al., 2005). In our study D. rhodocalyx was found as the most effective herb
in the longevity formulation to induce the ALP activity of MC3T3-E1 cells. Both
water and ethanolic extracts of D. rhodocalyx were active to MC3T3-E1 cells dose-
independently. From Figures 27-28, the highest ALP activity was observed in DR-W
at 10 pg/ml (1.97 folds), followed by TC-W at 10 pg/ml (1.52 folds), and DR-E at 10
pg/ml (1.23 folds), p<0.05. The high total protein content resulted from these extracts
shown in Figure 23-24 confirmed the effects of these extracts on high ALP activity at
high cell numbers. On the other hand, the ALP activity observed in PN-W at high
concentration (100 pg/ml) was found as 1.81 folds of dexamethasone. This false high
value was obtained after normalization of the ALP activity by the low total protein at
the toxic concentration. Betulinic acid, betulin, and triterpenes found in D. rhodocalyx
have been reported as active constituents to promote cell proliferation and secretion of
intracellular of UMR 106 cells (Xujuan et al., 2005; Hata et al., 2002).

Effects of other natural products on ALP activity have been studied.
Enhanced ALP activity by 3-hydroxybutyrate at lower than 0.01 g/L has been
reported (Zhao et al., 2007). Stimulatory effect of Drynariae Rhizoma, traditional
Chinese and Korean folk medicine, was observed at relatively low doses of 50-150
pg/ml (Jeong et al., 2004). The active components of Drynariae Rhizoma were

reported as flavonoids, phenylpropanoids and triterpenes (Jeong et al., 2005 a,b).
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Part 3: Evaluation of anti-allergic activities of crude extracts
3.1 Effects of crude extracts on the release of p-hexosaminidase from

RBL-2H3 cells

Longevity herbal formulation, together with water and ethanolic
extracts were determined for their anti-allergic effects. Inhibitory effects of the crude
extracts on the release of f-hexosaminidase in RBL-2H3 cells and B-hexosaminidase
activity and inhibition against the enzyme activity were determined (Tables 5-6).

As shown in Table 5, PN-E exhibited the most potent activity with an
ICso value of 14.0 pg/ml, followed by DR-W (40.8 pg/ml), TC-W (53.4 pg/ml), CR-
W (61.0 pg/ml), PN-W (65.8 pg/ml), LF-W (66.6 pg/ml) and SA-E (82.2
pg/ml),whereas the other extracts were inactive (ICso > 100 pg/ml). It was indicated
that anti-allergic effect of PN-E (ICso = 14.0 pg/ml) was higher than that of ketotifen
fumarate, a positive control (ICsp = 20.2 pug/ml). The crude extracts were also
examined on the enzyme activity of B-hexosaminidase. As a result, they showed
weak inhibition against this enzyme activity at 100 pug/ml (Table 5). The result
indicated that these extracts inhibited the antigen-induced degranulation but not

substantially affected the activity of B-hexosaminidase.



Table 5. Inhibitory effects of Thai medicinal plants on the release of f-hexosaminidase in RBL-2H3 cells

Inhibition (%) at various concentration (pLg/ml) ICs %Enzyme inhibition
Samples (ng/ml) at 100 pg/ml
0 3 10 30 100
AP-E 0.0+5.6 - - - -95.8 £ 11.3** >100 -
AP-W 0.0+5.6 - - - -25.2+10.2 >100 -
CR-E 0.0+25 -7.7+2.1 22+£32 19.1 £ 1.7%* 437 £2.9%* >100 -
CR-W 0.0+5.1 - -3.5+£8.3 31.1+6.2 63.6 £ 4.3%* 61.0 32.6
DR-E 0.0+6.7 - -3.7£6.5 42+74 38.4+5.8* >100 -
DR-W 0.0+6.6 - 23+124 36.5+9.5 84.9 £ 3.4%* 40.8 28.6
PN-E 00+6.1 -144+8.6 62.6 £ 6.5%* 81.3 £4.4%* 95.8 £ 1.0** 14.0 16.3
PN-W 0.0+44 - - 22.4+6.6 64.6 £ 0.2%* 65.8 36.6
SA-E 0.0+7.0 - -40.7+5.9 24+89 60.2 £ 7.1%* 82.2 40.4
SA-W 0.0+7.0 - - - 382 +7.1* >100 -
TC-E 0.0+6.0 - -11.9+7.6 16.0+2.1 44.2 £2.9%* >100 -
TC-W 0.0+7.0 - 189+£54 33.0 £ 4.9* 65.2 £ 5.0%* 53.4 37.7
LF-E 00+£33 -1.1+23 10.1+£3.5 21.5+5.7 43.5+5.9* >100 -
LF-W 0.0+5.5 - -5.0+£5.0 233+£54 63.5 £2.5%* 66.6 38.2
Ketotifen fumarate 0.0 +6.9 — 12.8 £0.5 38.3 £ 3.2%* 68.2 £ 1.5%* 47.5 uM 15.8
(20.2
pg/ml)

Each value represents the mean + SEM. Significantly different from control, *p<0.05, **p<0.01.
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Table 6. Inhibitory effects of ethanolic extract of P. nigrum and piperine on the release of B-hexosaminidase

Inhibition (%) at various concentrations (pg/ml) ICsp %Enzyme inhibition
Samples (ng/ml) at 100 pg/ml
0 3 10 30 100
PN-E 0.0+6.1 -144+8.6 62.6 +£ 6.5%* 81.3+£4.4*%* 958+ 1.0%* 14.0 16.3
Piperine 0.0+4.9 -28+£13.6 34.1+£58% 90.1 £6.3** 88.1+3.6** 16.0 36.6
Ketotifen fumarate 0.0 + 6.9 — 12.8+0.5 38.3 £3.2%* 682+ 1.5%* 47.5 uM 15.8

(20.2 pg/ml)

Each value represents the mean + SEM. Significantly different from control, *p < 0.05, **p <0.01
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Piperine has been reported as a major compound of P. nigrum. It has
been studied for the inhibition of B-hexosaminidase release. ICsy values of PN-E and
piperine were 14.0 and 16.0 pg/ml, respectively (Table 6). The information from this

study may be useful for using piperine as an anti-histamine drug.

Part 4: Effect of mixtures of selected crude extracts on ALP activity and anti-
allergic activity

In our study, DR-W (10 pg/ml), and PN-W (100 pg/ml) were selected

as the most effective crude extracts to promote of ALP activity, while PN-E (10

pg/ml) was selected as the most effective crude extract on anti-allergic activity.

Effects of the 1:1 mixture of DR-W/ PN-E, and the 1:10 mixture of PN-E/ PN-W on

the ALP activity and anti-allergic activity were observed.

4.1 Determination of cytocompatibility
The 1:1 and 1:10 mixtures of PN-E/DR-W and PN-E/PN-W were
prepared and examined by MTT assay for the compatibility to MC3T3-E1 cells.
Effects of the crude extract mixtures on cell viability are shown in Figures 29. All
mixtures were compatible to MC3T3-E1 cells with cell viability over 80% (Gomes et

al., 2001; Melendez et al., 2005).
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Figure 29 Effect of 1:1 and 1:10 mixtures of PN-E/DR-W and PN-E/PN-W (3-

100 pg/ml) on the growth of MC3T3-E1 cells. Data expressed as a

percentage of control. Results are shown as mean * S.D.of duplicate

(n

8 in each replicate).
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4.2 Morphology of MC3T3-E1 cells
Morphology of MC3T3-E1 cells conditioned with 1:1 and 1:10
mixtures of PN-E/DR-W and PN-E/PN-W at day 9 is shown in Fig. 30. No change in
cell morphology confirmed cytocompatibility of these mixtures to the cells.

(a) control

T g

(b) 10°M dexamethasone

() 1:1 mixture of PN-E/DR-W

T\

Figure 30 Morphology of MC3T3-E1 cells conditioned with 1:1 and 1:10 mixtures
of PN-E/DR-W and PN-E/PN-W at day 9.
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4.3 Determination total protein content

Total protein contents of MC3T3-E1 cells conditioned with mixtures
of crude extracts were determined at day 9. As shown in Figure 31, total protein
content observed in the 1:1 mixture of PN-E/DR-W was 0.52 + 0.04 mg/ml,
significantly higher than PN-E alone (0.47 = 0.01 mg/ml), but not different from DR-
W alone (0.56 + 0.05 mg/ml), p<0.05. In addition, total protein content determined in
1:10 mixture of PN-E/PN-W was 0.42 + 0.03 mg/ml, significantly higher than PN-W
alone (0.35 = 0.02 mg/ml), but not different from PN-E alone (0.52 + 0.04 mg/ml),

p<0.05.
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Figure 31 Effect of 1:1 mixture of PN-E/DR-W and 1:10 mixture of PN-E/PN-W on
the total protein content of MC3T3-El cells at day 9. Total protein was
measured using BCA kit. The results are expressed as mean + S.D. of four

determinations in each replication.
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4.4 Determination of ALP activity
ALP activity of 1:1 mixture of PN-E/DR-W and 1:10 mixture of PN-
E/PN-W were determined at day 9 (Figure 32). Effects of PN-E on enhanced ALP
activity of DR-W and PN-W was observed in both crude extract mixtures. The ALP
activity of 1:1 PN-E/DR-W mixture was 1.61 folds of dexamethasone, while that of
1:10 PN-E/PN-W mixture was 1.60 folds of dexamethasone (Figure 33). The two
mixtures of crude extracts were more osteogenic active than crude extracts alone, and

the longevity herbal preparation.
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Figure 32 Alkaline phosphatase activity [mU/mg protein] was measured using
colorimetric method from whole cell extracts at day 9 and
normalized with total protein content. The results are shown as

mean + S.D. of four determinations in each replication.
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Figure 33 Alkaline phosphatase activity [mU/mg protein] was measured using
colorimetric method from whole cell extracts at day 9 and normalized
with total protein content. The ALP activity was expressed as folds of
10° M dexamethasone treatment. The results are shown as mean + S.D.

of four determinations in each replication.



80

4.5 Determination of B-hexosaminidase released from RBL-2H3 cells

Effect of PN-E on enhanced anti-allergic activity of DR-W and PN-W
was observed in both crude extract mixtures. Inhibitory effects of 1:1 mixture of PN-
E/DR-W and 1:10 mixture of PN-E/PN-W on the release of B-hexosaminidase in
RBL-2H3 cells and -hexosaminidase activity were determined. As shown in Table 7,
inhibition of antigen-induced degranulation in RBL-2H3 cells was observed in the
mixtures of PN-E/DR-W and PN-E/PN-W with ICsy values of 28.7 and 23.8 pg/ml,
respectively. The anti-allergic effects of these two mixtures were higher than that of
DR-W, and PN-W alone, and higher than that of the longevity formulation (ICsy =

66.6 ug/ml).



Table 7. Inhibitory effects of 1:1 mixtures of selected crude extracts on the release of B-hexosaminidase in RBL-2H3 cells

Inhibition (%) at various concentrations (pg/ml)

% Enzyme inhibition

ICso at 100 pg/ml
Mixture 0 3 10 30 100 (ng/ml)
PN-E 0.0+6.1 -144+8.6 62.6 + 6.5%* 81.3 £ 4. 4% 95.8 + 1.0%** 14.0 16.3
DR-W 0.0+6.6 — 23+£124 36.5+9.5 84.9 £ 3 4%* 40.8 34.0
PN-W 00+4.4 - - 224 +6.6 64.6 £ (0.2%* 65.8 36.6
PN-E/DR-W 0.0+4.7 49+1.7 92+3.3 40.1 £4.8** 97.1 £0.4%* 28.7 28.8
PN-E/PN-W 0.0+£73 — -16.2+15.2 76.7 £ 4.2%* 111.1 £ 1.8%* 23.8 233
Ketotifen fumarate 0.0+ 6.9 - 12.8+0.5 38.3 +£3.2%* 68.2 £ 1.5%* 20.2 15.8

Each value represents the mean + SEM. Significantly different from control, *p < 0.05, **p <0.01.

Concentration of ketotifen fumarate 20.2 ng/ml was equivalent to 47.5uM.
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CHAPTER 4

CONCLUSIONS

This study was focused on osteogenic and anti-allergic activities of
Thai herbs in longevity herbal preparations. The crude water extracts and the
ethanolic extracts of six herbs, i.e. Albizia procera (Roxb.) Benth. (AP), Cyperus
rotundus Linn.(CR), Diospyros rhodocalyx Kurz. (DR), Piper nigrum Linn. (PN),
Streblus asper Lour. (SA), and Tinospora crispa Linn. (TC), and the longevity
formulation (LF), were prepared. Effects of the crude water (-W) and ethanolic (-E)
extracts of these extracts on the ALP activity in MC3T3-E1 pre-osteoblastic cells
(MC3T3-E1 cells) and inhibitory effects on the release of B-hexosaminidase in rat
basophilic leukemia (RBL-2H3 cells) were determined. Effects of the crude extracts
on viability of bone cells were evaluated using MTT assay. All crude extracts, except
AP-E, were compatible to MC3T3-E1 cells at 3-100 pg/ml. Total protein content was
dose-independent at day 9 of culture. High total protein was found in TC-W at 3 and
10 pg/ml as 0.56 and 0.59 mg/ml, respectively, and in DR-W at 3 pg/ml as 0.55
mg/ml. Alkaline phosphatase (ALP) activity in MC3T3-E1 cells conditioned with
crude extracts was studied. The ALP activity of MC3T3-E1 cells by the treatment of
these extracts was dose-independent. The crude extracts DR-W, TC-W, LF-W, SA-E,
and TC-E each at 10 pg/ml and PN-W at 100 pg/ml revealed the higher ALP activity
compared with effect of 10° M dexamethasone. DR-W was the most effective in
osteogenesis. The ALP activity induced by DR-W at 10 ug/ml was higher than 1.5

folds of dexamethasone. Evaluation of anti-allergic activity of crude extracts by
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determination of B-hexosaminidase released in RBL-2H3 cells confirmed potent anti-
allergic activity of Piper nigrum ethanolic extract (PN-E) with an ICs, value of 14.0
pg/ml compared with 16.0 pg/ml of piperine. The data implied the anti-allergic
activity of piperine in PN-E as an active constituent in the longevity herbal
preparation. The finding supports the traditional use of Piper nigrum fruits for
treatment of allergy and allergy-related diseases. Synergistic effect of PN-E on
enhanced ALP activity was observed in the combination extracts of PN-E and DR-W
or PN-W. The ALP activity of the 1:1 PN-E/DR-W and 1:10 PN-E/PN-W mixtures
were found as 1.61 and 1.60 folds of 10° M dexamethasone, respectively. The anti-
allergic effects of these mixtures on the inhibition of antigen-induced degranulation in
RBL-2H3 cells were observed. The ICso values of the mixtures of 1:1 PN-E/DR-W
and 1:10 PN-E/PN-W were 28.7 and 23.8 pg/ml, respectively. This result indicated
that PN-E enhanced anti-allergic activities of DR-W, PN-W, and LF-W. The anti-
allergic activity of these mixtures was more potent than that of DR-W, and PN-W
alone, and higher than that of the longevity formulation (ICsy = 66.6 pg/ml). The
information from this study may be useful for further studies and development of this
traditional medicine as modern products for treatment of allergy and bone-related

diseases.
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APPENDIX-A

PREPARATION OF REAGENTS

1. Minimum Essential Medium Alpha Medium (a-MEM)

1.1 Incomplete media

Ingredients 1L Storage
Alpha-MEM 1 pack 2-8°C
Sodium bicarbonate 22¢g RT
Sterile water 1L RT

1 N NaOH or 1 N HCI Adjusted to pH 7.1-7.2 RT

Filtered at a pore size of 0.22 um and stored at 2-8°C

1.2 Complete media

Ingredients 500 ml Storage
Incomplete media 450 ml 2-8°C

10% Fetal bovine serum 50 ml -20°C

2% Penicillin-Streptomycin 10 ml Below 0°C (-20°C)

Stored the complete media at 2-8°C




2. Ascorbic acid solution 5 mg/ml
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Ingredients 10 ml 40 ml
Ascorbic acid 50 mg 200 mg
Sterile water q.s. 10 ml 40 ml

Steriled by filtration (0.22 um) and stored at -20°C.

3. Medium supplements with ascorbic acid solution* (Fresh medium)

Ingredients 10ml 20 ml
Complete media 10 ml 20 ml
Ascorbic acid solution 100 pl 200 pl

4. Reagent for determination ALP activity

4.1 Preparation of p-Nitrophenol standard solutions

1 mM p-nitrophenol (ml) in

Lysis buffer solution

Final p-nitrophenol

lysis buffer solution (ml) concentration (png/ml)
0.0 1.0 0.0
0.05 0.95 0.0167
0.2 0.8 0.0667
0.6 0.4 0.2
0.9 0.1 0.3

(*Standard solution was stored at 2-8°C )
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4.2 Lysis buffer solution

Ingredients

Triton X-100 0.2 ml
Magnesium chloride hexahydrate (MW= 203.3) 0.1017 g
Distilled water 100 ml

4.3 Substrate buffer solution

Ingredients

Glycine 1.88 g
Magnesium chloride hexahydrate (MW=203.3) 0.1017 g
Distilled water 500 ml
Adjust pH 10.5 with 1 N NaOH

4.4 p-nitrophenol (substrate) solution 1 mg/ml

Ingredients
p-nitrophenyl phosphate (phosphatase substrate)* 5 mg
Substrate buffer solution 5ml

Wrapped foil, stored at refrigerator
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4.5 Preparation of control and 10° M dexamethasone, as positive control

4.5.1 Control
Ingredients
DMSO (ul) 10
PBS (ul) 90
Media (ul) 900
4.5.2 10° M dexamethasone
Ingredients
Dexamethasone (10 M) (ul) 100
Media (ul) 900
Stored at 2-8°C
45.3 10° M dexamethasone
Ingredients pl Storage
Dexamethasone (10~ M in absolute ethanol) 10 -20°C
DMSO 90 RT
PBS (ul) 900 RT
5. MTT solution 5 mg/ml
Ingredients
Thiazolyl blue tetrazolium bromide 200 mg
40 ml

PBS




6. Total protein kit (BCA kit)
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6.1 Protein standard solution, Micro standard, Liquid 1 ml/ampule, consists

of 1 mg BSA/ml in 0.15 M NacCl, 0.05% NaN; and stored at 2-8°C

0.6
=
S 051 y=0.5987x +0.0261
A 0.4 R* =0.9743
5 031
£ 02 N ¢
S 0.1
O
< 0.0
0.0 0.2 0.4 0.6 0.8 1.0
Total protein [mg/ml]
6.2 Working reagent solution
Ingredients
Bicinchoninic acid solution (BCA) 20 ml
Copper (II) sulfate solution 0.4 ml

Wrapped foil, stored at refrigerator (limited 24 h)

7. Minimum Essential Medium Eagle (MEM) of RBL-2H3 cells

7.1 Incomplete media

Ingredients 1L Storage
MEM 1 pack 2-8°C
Sodium bicarbonate 20¢g RT
1 N NaOH or 1 N HCI Adjusted to pH 7.0 RT

Sterile water

Adjusted tol L




7.2 Complete media

Ingredients

Incomplete media

900 ml

10% Fetal calf serum (FCS)

100 ml

1% Penicillin-streptomycin

10 ml

Steriled by filtration (0.22 um) and stored at 2-8°C

8. Trypsin-EDTA solution
0.25 trypsin 05 g
0.02% EDTA-2Na  0.04 g

PBS 200 ml

9. Phosphate buffer saline (PBS)
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Ingredients

NaCl

Na,HPO4-12H,O (Na,HPO4 11.5 g, NaH,PO4 9.7 g,

Add water 1,000 ml)

KCl

2¢g

2g

Ultra water pure

900 ml

Autoclave 121°C, 30 min




10. Reagent for determination B-hexosaminidase

10.1 Siraganian buffer (Buffer A)
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Ingredients g/l
NaCl 119 mM 6.594 g
KCl 5mM 0373 ¢g
Glucose 5.6 mM 1.00 g
MgCl,-6H,0 0.4 mM 0.081¢g
CaCl,-2H,0 1 mM 0.147 g
PIPES 25 mM 7.559¢g
BSA 0.1% 1.00
10.2 0.1 M Citric buffer (pH 4.5)
Ingredients 2/500ml
Citric acid monohydrate 0.1M 10.51
Trisodium citrate dehydrate 0.1M 14.71
10.3 0.1 M Na ,COg; buffer solution (pH 10.0)
Ingredients 2/500 ml
Na,CO; 0.1M 53¢
NaHCOs 0.1M 42¢




10.4 DNP-IgE solution 50 pg/ml

Ingredients

DNP-IgE 0.5 ml
PBS 9.5 ml
10.5 DNP-BSA solution

Ingredients

BSA fraction lg
0.9% NacCl solution 50 ml
2,4-DNBS 05¢g

Adjusted pH to 10.5
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APPENDIX B

Data

1. Biocompatibility determination

120

Cell viability (%)

Standard deviation

Conc.(pg/ml) 310 30 100 310 30 100
Control 100.0 100.0 100.0 100.0 62 48 60 53
AP-W 929 93.0 849 722 53 78 125 5.0
CR-W 92.8 929 894 833 53 72 100 67
DR-W 914 930 91.8 814 62 75 100 103
PN-W 958 957 867 758 47 73 120 57
SA-W 919 91.6 904 80.1 46 67 90 70
TC-W 91.8 924 91.6 773 56 48 88 52
LF-W 934 935 882 794 46 76 93 80

Cell viability (%)

Standard deviation

Conc.(ug/ml) 3 10 30 100 3 10 30 100
Control 100 100 100 100 6.23 4.8 6.0 53
AP-E 999 109.2 110.8 66.9 12.5 7.0 6.2 10.2
CR-E 88.9 915 94.6 1028 6.6 6.8 58 118
DR-E 914 958 90.1 &7.1 74 6.1 8.9 7.8
PN-E 91.8 929 941 793 5.6 92 109 7.6
SA-E 939 96.1 919 84.0 8.8 6.0 6.1 5.6
TC-E 91.6 938 90.6 73.6 4.3 6.3 7.1 53
LF-E 90.0 86.0 844 76.0 11.0 11.0 10.7 14.9




2. Total protein of water extracts

Crude extracts

Total Protein [mg/ml]

Conc. (ng/ml)

Dex 100 30 10 3
AP-W Mean 0.076 -0.006 -0.011 0.088 0.288
SD 0.012 0.011 0.011 0.019 0.067
CR-W Mean 0.041 0.060 0.089 0.074  0.087
SD 0.018 0.031 0.023 0.007 0.008
DR-W Mean 0.180 0.405 0327 0.430 0.555
SD 0.020 0.033 0.016 0.009 0.078
PN-W Mean 0.104 0.005 0.050 0.232 0.342
SD 0.011 0.003 0.025 0.014 0.022
SA-W Mean 0.047 0.197 0.092 0.227 0.189
SD 0.023 0.140 0.046 0.048 0.034
TC-W Mean 0.165 0.341 0350 0.598 0.560
SD 0.007 0.010 0.014 0.034 0.009
LF-W Mean 0.105 0.173  0.285 0.382  0.407
SD 0.010 0.040 0.051 0.038 0.041
3. Total protein of ethanolic extracts
Crude extracts Total Protein [mg/ml]
Conc. (ng/ml)
Dex 100 30 10 3
CR-E Mean 0.030 0.123 0.075 0.152  0.149
SD 0.010 0.027 0.021 0.036 0.016
DR-E Mean 0.131 0.102 0.197 0.247  0.581
SD 0.026  0.003 0.028 0.041 0.017
PN-E Mean 0.090 0.149 0.206 0.329  0.242
SD 0.013 0.030 0.042 0.029 0.051
SA-E Mean 0.117 0.158 0.333 0.545  0.775
SD 0.023  0.015 0.064 0.063 0.115
TC-E Mean 0.088 0.025 0.053 0.307 0.317
SD 0.023  0.008 0.010 0.060 0.024
LF-E Mean 0.105 0.048 0.061 0.402  0.402
SD 0.010 0.022 0.008 0.069 0.100
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4. ALP activity of water extracts (fold of dexamethasone, 10° M)

Crude extracts

ALP activity (fold of dex)

Conc. (ug/ml)

Dex 100 30 10 3
AP-W Mean 1 0.16 0.21 0.46 0.55
SD 0.13 0.06 0.20 0.12 0.12
CR-W Mean 1 0.60 0.58 1.07 0.91
SD 0.08 0.08 0.12 0.17 0.08
DR-W Mean 1 1.62 0.88 1.97 1.57
SD 0.05 0.09 0.18 0.06 0.17
PN-W Mean 1 1.81 0.22 0.72 0.60
SD 0.12 0.19 0.04 0.12 0.04
SA-W Mean 1 0.40 0.58 0.36 0.65
SD 0.32 0.17 0.21 0.04 0.10
TC-W Mean 1 1.43 1.47 1.52 1.54
SD 0.02 0.02 0.11 0.03 0.03
LF-W Mean 1 0.44 0.51 0.39 0.48
SD 0.06 0.08 0.08 0.07 0.05
5. ALP activity of ethanolic extracts (fold of dexamethasone, 10° M)
Crude extracts ALP activity (fold of dex)
Conc. (nug/ml)
Dex 100 30 10 3
AP-E Mean 1 0.42 0.23 0.16 0.61
SD 0.17 0.11 0.09 0.01 0.00
CR-E Mean 1 0.36 0.43 0.48 0.89
SD 0.48 0.06 0.29 0.30 0.14
DR-E Mean 1 1.02 1.16 1.23 1.13
SD 0.03 0.22 0.10 0.13 0.04
PN-E Mean 1 0.86 0.64 0.63 0.74
SD 0.06 0.06 0.20 0.09 0.17
SA-E Mean 1 0.76 1.06 1.08 0.90
SD 0.12 0.09 0.05 0.14 0.11
TC-E Mean 1 0.48 0.62 0.83 0.76
SD 0.11 0.16 0.09 0.10 0.05
LF-E Mean 1 0.15 0.29 0.49 0.70
SD 0.07 0.06 0.06 0.13 0.14
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6. ALP activity of crude water extracts normalized with total protein content

Crude extracts

ALP activity [mU/mg of protein]

Conc. (ug/ml)

Dex 100 30 10 3

AP-W Mean 118.26 18.50  24.90 53.85 65.43
SD 15.05 7.39  23.13 1456  13.72

CR-W Mean 90.66 71.28 6891 139.00 108.41
SD 26.15 9.69 14.41 3.59 9.66

DR-W Mean 38.32 62.08 33.79 75.63  59.99
SD 1.99 3.63 6.81 2.20 6.62

PN-W Mean 81.75 148.37 18.19 59.11  49.03
SD 10.04 15.17 3.63 10.07 3.48

SA-W Mean 138.15 57.81  78.18 41.86  76.01
SD 9.08 9.89 21.15 422 11.35

TC-W Mean 42.42 60.50 62.18 64.33  65.12
SD 0.77 0.89 4.77 1.08 1.38

LF-W Mean 107.64 46.92 55.38 41.59  51.29
SD 6.70 8.08 8.24 7.13 5.73
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7. ALP activity of crude ethanolic extracts normalized with total protein content

Crude extracts

ALP activity [mU/mg of protein]

Conc. (ng/ml)

Dex 100 30 10 3

CR-E Mean 79.07  28.10  33.98 37.73 70.23
SD 10.52 4.39 9.55 5.53 8.34

DR-E Mean 67.81 68.90  78.45 83.17  76.96
SD 0.36 1.91 6.51 8.55 3.00

PN-E Mean 78.81 68.00  50.19  49.90 58.43
SD 491 4.82 15.38 7.18 13.05

SA-E Mean 70.51 5390  74.65 76.27  63.52
SD 8.58 6.57 3.52 10.05 7.41

TC-E Mean 85.80  40.88 53.33 71.52  64.90
SD 9.50 13.47 7.96 8.27 4.21

LF-E Mean 82.52 12.31 2433  40.21 58.00
SD 6.14 5.25 4.97 10.44 11.53
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