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ABSTRACT

The galls of the Quercus infectoria (Ql) tree are traditionally believed to have great medicinal value. Pharmacologically
the galls are claimed to have various biological activities such as astringent effect, antidiabetic, antitremorine, local
anaesthetic, antipyretic, anti-inflammatory, antibacterial, antiviral and many more. These pharmacological activities of
gall extracts were reported to be due to its excellent antioxidant activity with phytochemicals constituents of phenolic
and flavanoid compounds. The phenolic compounds or polyphenols can act on bone metabolism by modulating os-
teoblast proliferation, differentiation and mineralization, as well as osteoclastogenesis. In addition, elemental and phys-
ico-chemical analysis indicated the presence of important minerals in QI, such as calcium, magnesium, phosphorus,
oxygen, potassium, aluminium, carbon, zinc, iron, manganese, nickel and silica. The current review will be focusing on
the potential bone health benefits of the well-known traditional herbal medicine, QI or locally known as the “manja-

kani”.
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1. Introduction

Bone is a unique tissue providing support and mineral
balance for the organism. It is formed during growth and
is maintained during adult life by continuous renewal of
the matrix, a process called bone remodeling. Bone
remodeling is ensured by two cell types: osteoclasts,
which resorb the calcified bone matrix, and osteoblasts,
which are responsible for new bone matrix synthesis.
During growth, bone formation exceeds bone resorption,
resulting in bone expansion. In the young adult, bone
resorption is balanced by bone formation, resulting in
maintenance of bone mass. With aging and after the
menopause, an imbalance in bone resorption relative to
formation results in a negative bone balance at the tissue
level. This may lead to osteoporosis, a common skeletal
disease characterized by reduced bone mass, deteriora-
tion of bone microarchitecture, and increased suscepti-
bility to fractures [1,2].

Osteoporosis is now widely recognized as a public
health problem since this disease is associated with
significant mortality and morbidity as well as heavy
medical expenses throughout the world. The current
consensus is that approximately 1.66 million hip frac-
tures occur each year worldwide. The incidence is set to
increase 4-fold by the year 2050 because of the in-
creasing numbers of older people and the age-adjusted
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incidence rates are many times higher in Western
countries than in Asia and sub-Saharan African [3-5].
Although osteoporosis is widely regarded as a disease
that affects women, it had also become a major problem
for older men. Eastell et al. reported that 20% of sympto-
matic spine fractures and 30% of hip fractures in coun-
tries with high fracture rates occurred in men [6].

Osteoporosis is associated with huge personal and
economic tolls. In Europe, the disability due to osteopo-
rosis was greater than that caused by cancers (with the
exception of lung cancer) and the resulting disability was
comparable to or greater than the disability due to a variety
of chronic non-communicable diseases, such as rheu-
matoid arthritis, asthma and high blood pressure-related
heart disease [7]. In Malaysia and Thailand, hip fracture
rates of between 200 to 250 fractures per 100,000 were
found [8]. Healthy urban midlife Malaysian women had a
24% prevalence of osteoporosis and 51.6% of osteopenia,
predominantly at the hip [9].

Various pharmacological agents for managing oste-
oporosis are available, for example hormone replacement
therapy, bisphosphonates, calcium, calcitonin, androgens,
parathormone and growth hormone. Conventional treat-
ment results in varied adverse effects such as increased
incidence of endometrial and breast cancer with hor-
monal replacement therapy, pseudo-arthritis with fluo-
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ride treatment, extra skeletal effects in cases treated with
growth factors such as insulin like growth factor | and 11
and transforming growth factor [10,11]. Considering the
broad range of effects of osteoporosis on the medical and
health system, currently there is an increasing demand
for alternative medications that can prevent and cure this
silent ailment [12]. In this paper, we have reviewed the
literature related to a selected medicinal herb, Quercus
infectoria which may act specifically on osteoblastic pro-
liferation and differentiation.

2. Quercus infectoria

Quercus infectoria (QI) or manjakani is a small oak tree
indigenous to Asia Minor and Persia. It is found in the
Kumaun, Garhwal and Bijnor forests in India [13].
Although QI is not an indigenous to Malaysia, it is
commonly utilized among the local Malay women as a
herb especially for postpartum care [14]. QI or majuphal
as it is known in India, is considered as one of the most
powerful vegetable astringents in Indian medicine. It is
used in the form of powder, decoction, infusion and
ointment. Previous studies stated that QI had been used
as a dental powder in the treatment of toothache and
gingivitis [13,15,16]. However, the mechanism of the
effects of QI on tooth and gingiva were not elucidated.
The oak galls, used in commerce and medicine, are
excrescences of the QI tree. It is formed as a result of the
puncture of the bark of young twigs by the female
gall-wasp, Cynips Gallae-tinctoriae, which lays its eggs
inside. The young larva that hatches from the eggs feeds
upon the tissues of the oak and secretes a peculiar fluid in
its mouth. This fluid stimulates the cells of the tissues to
rapidly divide resulting in abnormal development and the
formation of a gall. The larva becomes completely
enclosed in a nearly spherical mass, which projects from
the twig, furnishing it with a supply of starch and other
nutritive material. The growth of the gall continues as the
egg or larva lives and reaches maturity. It then changes
into a chrysalis, from which the fully develop gall-wasp
will emerge and escape into the air through a hole bored
with its mandibles at the side of the gall. For medicinal
use, galls are collected before the insect escapes [13].
Elemental and physico-chemical analyses indicated the
presence of important minerals in QI, such as calcium
(Ca), magnesium (Mg), phosphorus (P), oxygen (O,),
potassium (K), aluminium (Al), carbon (C), zinc (Zn),
iron (Fe), manganese (Mn), nickel (Ni) and silica (Si)
[17,18] (Table 1). Thus, QI may be a good source of
minerals to treat a number of diseases that are mainly due
to the deficiency of those minerals, for example osteopo-
rosis which is a condition caused by Ca deficiency.
Numerous studies have reported the essentiality of Ca
and vitamin D for bone health [19-21]. Ca is one of the
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Table 1. Elemental composition of QI by using atomic ab-
sorption spectrophotometer.

No. Elements (ppm) Quercus infectoria (in 5% HCI)
1 Calcium (Ca) 12,700
2 Phosphorus (P) 11,100
3 Potassium (K) 223,633
4 Magnesium (Mg) 20,933
5 Iron (Fe) 3587
6 Manganese (Mn) 100
7 Zinc (Zn) 329
8 Nickel (Ni) 213

Edited from Vermani et al. 2010 [18].

main bone-forming minerals and an appropriate supply to
bone is essential at all stages of life. Studies in popula-
tions with a low average intake of calcium suggest an
increasing risk of hip fracture with declining calcium
intake [22-24]. Both Ca and P are required for the ap-
propriate mineralization of the skeleton and a depletion
of serum phosphate leads to impaired bone mineraliza-
tion and compromised osteoblast function [25]. In addi-
tion to that, Mg is involved in bone and mineral homeo-
stasis and is important in bone crystal growth and stabi-
lization [26]. A significant correlation has been observed
between serum Mg and bone metabolism. Gur et al. [27]
demonstrated lower serum values of Mg in 70 osteo-
porotic subjects compared to 30 non-osteoporotic post-
menopausal women. Furthermore, Marangella ez al. [28]
had suggested that treatment with an alkaline salt, such
as potassium citrate can reduce bone resorption levels in
postmenopausal women with low bone density. Thus, the
mineral constituents of QI may provide benefit to bone
metabolism and prevent or even reverse osteoporosis.

The QI gall extract is thought to have a variety of
pharmacological properties including anti-diabetic [29],
anti-tremor [30], local anesthetic, antiviral [31], anti-
bacterial [32], anti-fungal [33], larvicidal [34], anti-
microbial [35], anti-inflammation [36], wound healing
[37] and many more. Umachigi et al. [38] found no-
ticeable antioxidant activity in the QI gall extract, as the
extract inhibited the superoxide and 1,1-diphenyl-2-pi-
crylhydrazyl (DPPH) radical scavenging activities, and
tyrosinase activities [39]. Flavonoid and phenolic com-
pounds extracted from the QI galls are believed to have
potential antioxidant activity and are often correlated
with the antioxidant activity of phytomaterials.

The QI galls possessed potent free radical quenching
and potent antioxidant activity when tested both in
chemical as well as biological models [40]. The main
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constituents found in the QI galls are tannins (gallotannic
acid) (50% - 70%), gallic acid (2% - 4%), ellagic acid,
sugar and essential oils [41]. Other phytochemicals such
as amentoflavone, hexamethyl ether, iso-cryptomerin and
beta-sitosterol have also been isolated from QI [13].
Phytochemicals or phytonutrients are a large group of
plant-derived chemical compounds and are divided into
several classes: phenolics or polyphenols (flavonoids,
phenolic acids, tannins, stilbenes, coumarins and lignans),
carotenoids, alkaloids, sterols, terpenes and fibre. Phyto-
chemicals produced by plants are used to protect them-
selves, but recent research demonstrates that certain
molecules may protect humans against some pathologies
such as cancer, cardiovascular diseases and osteoporosis
[42]. Polyphenols are aromatic compounds. Of all the
aromatic compounds, flavonoids and tannins are most
commonly found in plant organs [43]. As previously re-
viewed by Habauzit & Horcajada [44], polyphenols can
act on bone metabolism by modulating osteoblast prolife-
ration, differentiation and mineralization, as well as os-
teoclast function [45].

3. The Osteoblast

Osteoblasts involved in bone formation are derived from
precursors originating in the bone marrow. These
precursors are multipotent mesenchymal stem cells that
can be differentiated into several kinds of tissue specific
cells such as osteoblasts, myoblasts, adipocytes and
chondrocytes [45]. Bone formation is a tightly regulated
process which is characterized by a sequence of events
starting with the commitment of osteoprogenitor cells,
their differentiation into pre-osteoblasts and finally ma-
ture osteoblasts whose function is to synthesize bone
matrix that becomes progressively mineralized. Inherent-
ly, based on observations in vivo and in bone nodule
formation in vitro, the process is subdivided into three
stages: 1) proliferation; 2) extracellular matrix develop-
ment and maturation (differentiation); and 3) mineraliza-
tion [46]. Each stage is regulated by the coordinated
expression of major transcription factors [47].

The most important transcription factors controlling
bone formations are RunX2, Osterix, S-catenin, activa-
ting transcription factor-4, activator protein-1 (AP-1) and
CCAAT/enhancer binding proteins (C/EBP). Other tran-
scription factors belonging to homeobox proteins (Msx
and D1x proteins) or to helix-loop-helix protein (Id and
Twist) may play a role in osteoblast development [47].
Furthermore, the expression of all these transcription
factors is known to be modulated by several hormones;
parathyroid hormone (PTH), oestrogen, glucocorticoids,
1,25-dihydroxyvitamin Ds; [1,25(0H),Ds], or growth
factors; bone morphogenetic protein (BMP), transform-
ing growth factor-p (TGF-p), insulin-like growth factor-1
(IGF-1), fibroblast growth factor-2 (FGF-2) [48,49]. For
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example, PTH promotes bone formation in part through
phosphorylation and activation of Runx2, resulting in
activation of osteoblast genes [50]. Several research
groups, using cell culture systems, have demonstrated
that BMPs are potent local factors that regulate osteo-
blast differentiation [51-54].

Osteoblasts express various phenotypic markers such
as alkaline phosphatase (ALP) collagen type 1, osteopon-
tin (OPN), bone sialoprotein (BSP) and osteocalcin
(OCN). Many markers are available and are currently
used to study the influence of several factors on osteo-
blast developmental stages or functions. Indeed, ALP,
OPN and bone BSP are early markers of the osteoblast
phenotype while OCN plays a role in mineralization [55].
In general, ALP increases and then decreases when
mineralization is well progressed, OPN peaks twice
during proliferation and then again later but prior to
certain other matrix proteins, including BSP and OCN.
BSP is expressed transiently very early and is then
upregulated again in differentiated osteoblasts forming
bone and OCN appears approximately concomitantly
with mineralization [46].

Research also suggests that osteoblasts exert an influ-
ence on osteoclasts by using receptors that can control
the chemical or hormonal signals which would either
initiate or inhibit osteoclastic action [56]. Osteoclasts are
derive from haematopoietic progenitors (monocyte/ma-
crophage lineage) in the bone marrow and are respon-
sible for bone resorption. Osteoblasts can produce both
RANK-L (the ligand for receptor activator of nuclear
factor-kappa S, NF-xf) and osteoprotegerin. Indeed,
RANK-ligand binds to RANK on osteoclast precursors
and stimulates osteoclast proliferation, whereas osteo-
protegerin (a circulating binder of RANK-ligand), re-
duces the amount of RANK-ligand and thus osteoclast
activity [57]. These inherent qualities of the osteoblast
aid the coupling of osteoblasts to osteoclasts which is
vital in bone remodeling process [58,59].

Active osteoblasts are found on the surface of newly
formed bone, where they synthesize the organic matrix
and regulate mineralization. Once the osteoblast has
completed bone formation it can undergo various trans-
formations, either becoming a flattened bone lining cell,
undergo programmed cell death (apoptosis), or it can
become embedded within the newly formed bone tissue
transforming into an osteocyte [60-62].

4. Effects of Polyphenols on Bone
Metabolism

To the best of our knowledge, the effect of QI gall
extract on bone metabolism has never be reported.
However, several studies have found that polyphenols
can act on human cells. Studies on modulation of cell
function by polyphenols had been performed in different

OJEMD



H. HAPIDIN ET AL. 85

in vitro models such as cancer cells [63,64], epithelial
cells [65,66] or skeletal cells, but little is known
regarding osteoblastic cells. The only available data with
respect to osteoblasts is from Bu et al. [67], who studied
the influence of dried plum polyphenol extract on
MC3T3-E1 on osteoblasts under normal and inflamma-
tory conditions. This extract was found to be non toxic
for osteoblasts, and was able to stimulate alkaline
phosphatase (ALP) activity and mineralized nodule for-
mation. They concluded that the dried plum polyphenols
enhance osteoblast activity and function by up-regulating
Runx2, Osterix and IGF-1 and increasing lysyl oxidase
expression, and at the same time attenuate osteoclasto-
genesis signaling [67].

Moreover, a short-term clinical study with postmeno-
pausal women demonstrated that dietary supplementation
with 100 g of dried plums (a rich source of phenolic and
flavonoid compounds) per day for 3 months positively
influenced the bone formation markers, bone-specific
alkaline phosphatase (BSAP) and IGF-1. Higher levels of
both serum IGF-I and BSAP are associated with greater
rates of bone formation by osteoblasts [68].

Gallotannins, which are parts of polyphenols, have
been shown to regulate multiple biological activities
including antioxidative and antitumor capacities. How-
ever, their effects on bone metabolism remain to be
elucidated [44]. The only study available had been
carried out by Park et al. [69]. They found that furosin,
an elagitannin has an inhibitory activity on the differen-
tiation of both murine bone marrow mononuclear cells
and Raw264.7 cells into mature osteoclasts. Park et al.
[69] conclude that furosin could modulate osteoclastic
function through mechanisms involving inhibition of
RANKL-induced p38MAPK and JNK/AP-1 activation as
well as by actin ring formation.

Recently, Holzer et al. (2012) [70], showed that green
tea extract (GTE) with high levels of polyphenols
(mainly catechins) may influence bone mineral density
(BMD) in smokers by reducing their oxidative stress
levels and enhancing viability of osteoblasts, thus on
doing so, supporting bone healing in general. They
conclude that dietary supplementation with GTE appears
to be an effective and simple way to counter high
reactive oxygen species (ROS) level due to cigarette
smoke. In addition to that, supplementation with green
tea polyphenols (GTF) in female rats resulted in higher
values of bone formation indicators [femoral bone
mineral content (BMC), BMD and serum OCN], but
lower the values of bone resoprtion indicators [serum
tartrate-resistant acid phosphate (TRAP), urinary 8-
hydroxy-2’-deoxyguanosine (8-OHdG) and cyclooxy-
genase-2 (COX-2) levels] [71].

All of the previous findings indicate that polyphenols
may give effects not only on osteoblasts but also on os-
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teoclasts. Polyphenols can enhance osteoblast activity
and mineralization by up-regulating Runx2, Osterix,
IGF-1, BSAP, ALP, OCN, BMC, BMD as well as inhibit
osteoclastogenesis via inhibition of RANKL expression,
TRAP, 8-OHdG, COX-2 levels, and activation of JNK/
AP-1. These combined effects of polyphenols on osteo-
blasts and osteoclasts are useful in maintaining the bone
remodeling process which is the key endpoint in the ma-
nagement of osteoporosis [45].

5. Conclusion

Osteoporosis is considered as a worldwide major public
health problem. To overcome the wide range of side ef-
fects produced by the synthetic osteoporotic drugs, it is
desirable to find a new naturally occuring anabolic agent
or the so-called “green medicine” that can stimulate new
bone formation, which is primarily a function of the os-
teoblasts. The QI gall extract contains high levels of im-
portant minerals (calcium, phosphorus, potassium and
magnesium) and polyphenols which are important for
long-term bone health and for the prevention of osteopo-
rosis. Although evidence of a link between polyphenols
and osteoblasts is not sufficiently strong to give precise
dietary recommendations, the related accumulating data
suggests that QI may have a potential anabolic effect on
bone metabolism. Therefore, laboratory studies need to
be done to answer the question of whether QI can pro-
duce an effect on bone metabolism (especially on the
osteoblasts) and eventually elucidate the exact mecha-
nism of the action of QI on bone which can lead to fun-
damental knowledge that may be used to derive a new
source for the treatment of osteoporosis.
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