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Abstract 

This study aims to determine the osteogenic potential of Cissus quadrangularis extract based on its ability 
to increase the expression of TGF beta-1 in the case of osteoporotic fractures . This study used fourty female rats 
weighing 200-250 g. The rats were acclimatized for ten days, before they were randomly assigned to the sham­
operated (SX, n = 1 0) or ovariectomized (n = 30) groups. The treatment started to be given the next day after 
osteotomy for six weeks. Rats in PO(NOV) and P1(0V) group received 1.5 ml 0.5% NaCMC per-oral as 
placebo. P2 group was treated using Raloxifene 5,4 mg/kg of body weight and P3 group was treated using 
Cissus quadrangularis extract 750 mglkg of body weight. Examination of expression of TGF- p 1 in this study 
performed twice. The first examination was done two weeks after osteotomy and the second examination was 
done six weeks after osteotomy.Based on the statistical test of the TGFP-1 expression at the 2nd week, the 
highest score belongs to the PO group (NOV) that have significant difference (p<0.05) with other groups of 
treatments, while the lowest score belongs to group P1 (OV) that have significant difference (p<0.05) with other 
groups of treatments. There are no significant difference at the P2 and P3 groups (p>0.05).From the expression 
of TGFP-1 at the 6th weeks, the same pattern occurs to the 2nd week, the highest expression belongs to the PO 
groups (NOV), and the lowest belongs to the P1 (OV) that have significant different with the other groups. The 
comparison of TGFP-1 expression between the 2nd and the 6th weeks at almost all of the groups shows no 
significant different (p>0.05). The concluded that the extract of Cissus quadrangularis has the potential 
osteogenic that is able to stimulate the proliferation and differentiation of osteoblasts from mesenchymal stem 
cells, but it also is able to increase the activity of osteoblasts in bone formation because it can increase the 
expression of Transforming Growth Factor P1 (TGF-P1). 
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Introduction 

The increasing incidence of postmenopausal 
osteoporosis and its related fractures have become 
global health issues in the recent days. Post­
menopausal osteoporosis is a systemic skeletal 
disorder characterised by reduced bone mineral 
density (BMD), micro architectural deterioration of 
bone tissue resulting in fragility and susceptibility 
to fractures and uncoupling of osteoblast-mediated 
bone formation and osteoclast (OC)-mediated bone 
resorption. Fragility fractures can cause significant 
morbidity and mortality in patients with 
osteoporosis and inflict aconsiderable medical and 
socioeconomic burden. 

The treatment of osteoporotic fractures is a 
challenge because of the unpredictable outcome as a 
result of increased bone fragility, which predisposes 
to a high rate of implant fixation failure and a less 
than optimal environment for bone formation, 
leading to prolonged healing time and increased risk 
of non-union (Namkung-Matthai, 2001; Lill et a!. , 
2003 ; Nikolaou, 2009). Clinical observations 
indicate that fragility fractures heal despite the 
abnormality of bone remodelling in osteoporosis. 
There is no clear evidence yet as to whether 
complications during the course of healing are 
attributable to implant anchorage problems in 
osteoporotic bone or to possibly delayed healing in 
elderly patients. In animal models of fracture, 
fracture healing takes longer in older animals 
(Meyer et al. , 2001; Lill et al., 2003 ). There is 
conflicting evidence as to whether ovariectomy 
adds an additional impediment to healing. Some 
animal studies show deficient healing, especially in 
the early response (Meyer et al. , 2006; Namktmg­
Matthai et al. , 2001), and some do not (Melhus et 
a!. , 2007). 

Many synthetic agents such as estrogens in 
hormone replacement therapy, selective estrogen 
receptor modulators like raloxifen and droloxifen, 
bisphosphonates and calcitonin have been 
developed to treat osteoporosis but each one of 
them is associated with side effects such as 
hypercalcemia, hypercalciurea, increased risk of 
endometrial and breast cancer, breast tenderness, 
menstruation, thromboembolic events, vaginal 
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bleeding and hot flushes (Genant et al. , 1998; 
Bennet et al. , 1984; Canalis et al. , 1998). 

Traditional medicine has been widely used for 
thousands of years to treat bone disorders. Although 
these herbal medicines are seen as cost-effective 
alternatives by their traditional users, their 
international acceptance as amajor regimen for 
prevention and treatment of osteoporosis would 
require extensive research using modern science 
ePotu et al., 2009). Cissus quadrangularis is one 
such medicinal plant possessing osteogenic activity 
and is attaining increasing interest as a potential 
therapeutic agent for enhancing bone healing. The 
pharmacological and therapeutic ability of Cissus 
quadrangularis is well studied (Garima et al. , 2010; 
Jakikasem et al. , 2000). This plant has been 
customarily used in the bone fracture healing and 
also known as bonesetter for its ability to join bones 
(Potu et al. , 2009). Moreover, the extracts of this 
plant are reported to contain phytoestrogenic 
steroids, ascorbic acid, carotene, calcium and 
anabolic steroids (Mehta et al. , 2001). The effects 
of Cissus quadrangularis on the bone marrow 
mesenchymal stem cell proliferation and osteogenic 
differentiation were also studied (Boisseson et al., 
2004; Potu et al., 2009). Several previous in vivo 
experiments have demonstrated that CQ promotes 
ALP activity and enhances collagen synthesis in the 
fracture-healing process (Shirwaiker et al., 2003). 
In addition, there was a positive correlation value of 
serum ALP activity with the process of fracture 
healing in rat with therapy Cissus quadrangularis 
extract (Yudaniayanti, 2014) 

It is expected that anabolic agents used to treat 
osteoporosis would have a beneficia effect on 
fracture healing. However, most patients who need 
treatment for osteoporosis will currently receive 
anticatabolic agents, and it is important to know 
whether this may have any disadvantage for the 
healing of incident fractures. The development of 
agents that possess osteogenic activity will enhance 
the above process. In the perspective of utilization 
of biologically active natural osteogenic agents, the 
plant species possessing medicinal properties that 
are being used in the ancient medicines are gaining 
much scrutiny of researchers. The osteogenic cells 
derived from mesenchymal or stromal stem cells 
uniquely elaborate the matrix of bone. These cells 
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differentiate into mature osteoblasts, which then 
actively synthesize and mineralize bone matrix 
(Harada & Rodan, 2003). 

Based on the statement above, it is necessary 
to do further research to find out effektifitas extract 
Cissus quadrangularis I CQ as osteogenic agents 
capable bone destruction, especially in the 
incidence of fractures in patients with osteoporosis. 
The current study aimed to determine the effects of 
the administration of Cissus quadrangularis on the 
expression of TGF- ~1 during fracture healing in 
ovariectomized rats. 

Materials and Methods 

Animals 
Fourty female rats (Rattus Norvegicus) 

weighing 200-250 g were purchased from the 
Laboratory Animal Resource Unit, Faculty of 
Veterinary Medicine, Universitas Airlangga. The 
rats were housed individually in clean cages at room 
temperature with a normal 12-hour light-dark cycle 
and free access to water and food. The rats were 
acclimatized for ten days, before they were 
randomly assigned to the sham-operated (SX, n = 
1 0) or ovariectomized (n = 30) groups. Following a 
previously described protocol, the rats in the SX 
group underwent a sham operation, whereas the rats 
in the ovariectomized group underwent a bilateral 
ovariectomy at the beginning of the study (Adam et 
a!. , 2009). This study was approved by the Animal 
Ethics Committee of Faculty of Veterinary 
Medicine Universitas Airlangga. 

Experimental Protocol 
The ovariectomy was performed at the tenth 

day of adaptation, except the PO (-) which is the 
negative control group. Osteoporosis was allowed 
to develop in the animals for eight weeks after the 
ovariectomy. After the rats were confirmed by 
radiological examination as having osteoporosis, 
rats from all groups were osteotomized in the 
diaphysis of the femur with the installation of 
intramedulary pin. The length of the pin that would 
be needed was measured with Vernier caliper, based 
on the length of the femur from radiograph result to 
determine the length needed. Osteotomy was 
conducted under anesthesia using a combination of 
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ketamine (50 mg/kg of body weight) and xylazine 
(1 0 mg/kg of body weight) (Flecknell, 2009). 

To approach the anterior intercondylar notch, a 
transverse incision was made on the right knee, and 
the patella was displaced laterally. A Kirschner wire 
(K-wire, 1.0 mm) (Jorgensen Lab, USA) was 
inserted into the anterior intercondylar notch toward 
the femoral medullary canal as a fixator. X-ray 
images were immediately obtained post-fracture to 
confirm both the intramedullary placement of the 
K-wire and the fracture. To prevent infection, 5% 
Enrofloxacin was given at a dose of 1 0 mg/kg I.M. 
(Bayer, Thailand) daily for 2 days with the daily 
dressing. 

The treatment started to be given the next day 
after osteotomy for six weeks. Rats in PO (NOV + 
osteotomy) and PI (OV + osteotomy) group 
received 1.5 ml 0.5% NaCMC per-oral as placebo. 
P2 (OV + osteotomy) group was treated using 
Raloxifene 5, 4 mg/kg of body weight and P3 (OV 
+ osteotomy) group was treated using Cissus 
quadrangularis extract 750 mg/kg of body weight. 
Raloxifene and Cissus quadrangularis extract doses 
were based on previous research of 1Potu et al. , 
(2009) which studied the effect of Cissus 
quadrangularis to osteoporotic rats. 

Treatment was given daily for six weeks via 
oral gavage immediately after fracture of the right 
femur. Examination of expression of TGF- ~1 in 
this study performed twice. The first examination 
was done two weeks after osteotomy and the second 
examination was done six weeks after osteotomy. 

Examination results in six weeks are in addition 
to be compared among treatment groups with the 
two week post osteotomy. Five rats were taken from 
each treatment groups and anesthetized. After 
euthanasia, the right femur was dissected, and the 
K-wires were removed, and the tissue blocks of the 
fracture areas were fixed in 1 0% formalin foe 24 h, 
decalcified in EDT A, and embedded into parrafin. 
The block was then cut into 4-J.lm slices along the 
sagittal plane passing through the longitudinal axis 
of the femur. For immunohistochemistry, the 
sections were incubated in 3% H2 02 for 15 min to 
inhibit endogenous peroxidase activity after 
undergoing deparaffinization and rehydration. 
Following washing with distilled water, the sections 
were incubated in TBS with polyclonal antibodies 
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against TGF-~1 diluted at 1:200 for 30 min. After 
1 0-min washing with TBS, the sections were 
incubated with Envision TM for another 30 min. 
After washing with TBS for 10 min, the sections 
were incubated with diaminobenzidine (DAB) as a 
substrate and counterstained. The results were 
evaluated by microscopy. All samples were classifi 
ed according to the percentage of TGF -~ 1 positive 
cells (brown colour reaction). 

Statistical Analysis 

The results were expressed as mean value ± 
standard deviation (SD). Data analysis for this study 
using one-way Anova for each treatment, then 
continued Duncan test to determine differences 
between treatment groups by using SPSS for 
Windows version 20.0 (Ghozali, 2006). 

Results and Discussion 

Radiological Examination to Process of 
Osteoporosis 

Radiological interpretation of the analysis 
results showed significant differences in bone 
density were found between groups (Figure 5.1 ). 
Based on Figure 1 is visible radiological picture 
ovariectomized rats (OV) level of density lower 
than rat that were not ovariectomized (NOV) with 
the bones picture in NOV group more white and it 
also lines the cortical diaphysis clearer than the 
mice OV. Based on the analysis using the Mann 
Whitney test there is a significant difference 
(p<0.05) radiographs of the femur bone density in 
rat. Femur bone density of the lowest found in the 
treatment group OV. These results suggest that bone 
density in the lower OV group. 

ov 

Fig. 5.1: Gambaran Radiologi densitas tulang antara tikus yang tidak diovariektomi (NOV) dengan tikus yang 
diovariektomi (OV). 

Examination of Expression of TGFP-1 
The examination of TGF~-1 expression was 

done in the 2nd week and the 61
h week after 

osteotomy through the immunohistochemistry. This 
examination was intended to assess TGF~-1 

expression at the beginning and the end of the 
fracture healing process. The table 5.1 shows 
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statistical analysis of TGF~-1 expression at the 2nd 
and the 6th week after osteotomy. 

Based on the statistical test of the TGF~-1 
expression at the 2nd week, the highest score 
belongs to the PO group (NOV) that have significant 
difference (p<0.05) with other groups of treatments, 
while the lowest score belongs to group P 1 (OV) 
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that have significant difference (p<0.05) with other 
groups of treatments. There are no significant 

difference at the P2 and P3 groups (p>0.05). 

Table 1: Mean rate and deviation standard expression of the TGF~-1 
process of rats (Rattus norvegicus) on each groups of treatments. 
No. Groups of treatment TGF(J-1 (2"d weeks) 
I. PO (NOV + Osteotomy+ CMC Na) 16,4 ± I ,95"e 
2. PI (OV +Osteotomy+ CMC Na) 4,4 ± 1,14b 
3. P2 (OV +Osteotomy+ RLX) II ,6 ± I ,52c 
4. P3 (OV + Osteotomy+ CQ ) 13,2 + 1 ,09c 
a, 

5· c, a, e: Different superscripts indicate significant differences (p <0.05). 

on the fracture healing 

TGFp-1 (61
h week) 

18,2 ± 1,64" 
7,4 ± 1,52d 
14 ± 1,41 ce 
15,4 + 2,07e 

From the expression of TGFP-1 at the 6th 
weeks, the same pattern occurs to the 2nd week, the 
highest expression belongs to the PO groups (NOV), 
and the lowest belongs to the P1 (OV) that have 
significant different with the other groups. The 
comparison of TGFP-1 expression between the 2nd 
and the 6th weeks at almost all of the groups shows 
no significant different (p>0.05), only P1 groups 
shows significant difference between the 2nd and the 
61

h groups (p<0.05). Based on the graphic of TGFP-
1 expression, the 6th week is higher than the 2nd 

week (Figure 5.2). This result shows that the 
expression of TGFP-1 is slightly higher at the 
remodeling phase (6th week) when the endochondral 
ossification occurs, this condition occurs because 
both cells, chondrocytes and osteoblast contain a lot 
of TGFP-1 receptors. Based on these, the TGFP-1 
roles in all phase of bone healing process (Joyce et 
al. , 1990; Ishidou et al., 1995; Kaspar et al., 2003). 
The result of immunohistochemistry TGFP-1 could 
be seen at the Figure 5.3 and 5.4. 

tS 

KELOMPOK 

Errqr aar'$: +1- I se 

Fig. 5.2: Graphic ofTGF~-1 expression at the 2"d week and the 6111 week at all groups of treatments. 
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Fig. 5.3: The examination result of immunohistochemistry expression ofTGFP-1 at the 2nd weeks at all group of 
treatments, the arrows indicate cells expressing TGFP-1 (brown). 

Fig. 5.4: The results from immunohistochemistry examination ofTGFP-1 at the 6th week at all group of treatments, 
the arrows indicate cells expressing TGFP-1 (brown). 

This condition shows that at the fracture 
healing process of normal bone healing of rats 
(without ovariectomized) the expression of TGF~- 1 

is quite high, this condition occurs because the 
estrogen production is still normal, so it could 
stimulates the TGF~-1 expression by the osteoblast 
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cell and stroma cell that continues to hold up the 
bone resorption and accelerate the apoptosis of 
osteoclast. Zimmermann et al. , (2005) states that on 
the 2nd week, the fracture healing process entering 
the phase where it starts to form granulation and 
soft callus, the osteoblast, chondroblast and the 
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young progenitor cells (soft callus) was also 
increasing. This phase marked by the increasing of 
TGF~-1 serum, thus related to the proliferation of 
periosteum tissue. TGF~-1 found at almost all kind 
of tissue, but it mostly found at the bone tissue, 
platelets and cartilage, so TGF~-1 have an 
important role in the bone healing process. 

Zimmermann et al., (2005) in his research 
proved that in the delayed union case, occurs a 
decreasing of TGF~-1 compared to the union 
fracture case. This condition caused by TGF~-1 is 
the only growth factor that work as mediator to 
attract osteoblast to the place of bone hole that had 
been absorbed by the osteoclast. This condition also 
occurs at the P 1 group which was ovariectomized 
without given any therapy, where the e~ression of 
TGF~-1 shows the lowest score at the 2" weeks and 
the 61

h weeks. This caused by the deficiency of 
estrogen as the impact of ovariectomy induce the 
production of IL-l, IL-6, dan TNF-a produced by 
M-CSF and RANK-L. Then, the RANK-L induce 
the activity of JNK1 and osteoclastogenic activator 
protein-1, transcription factor of c-Fos and c-Jun, 
resulting in the increasing of osteoclast activity and 
decreasing of osteoblast activity (Bell and Normal, 
2003). The decreasing of osteoblast activity also 
will give an impact to TGF~-1 receptors, so the 
expression is decreasing. The same result also 
shown at the research of Liu et al. , (2008) and Estai 
et al.. (20 11 ), there are decreasing of TGF~-1 on the 
ovariectomized rats. The decreasing of TGF~- 1 by 
the osteoblast will give a negative impact to the 
fracture healing process on the ovariectomized rats. 

Different result obtained from the P2 and P3 
groups. The expression of TGF~-1 in this group is 
higher than the P 1 group, although the rats from this 
group was also ovariectomized, but it treated with 
Raloxifene (P2) and extract of Cissus 
quadrangularis (P3). Raloxifene effect in fixing the 
bone damage is decreasing the activity of osteoblast 
so the TGF~-1 rate is higher than P 1. 

Phytoestrogen contains in the Cissus 
quadrangularis are isoflavon, ligni, coumestan, 
triterpan, glycoside, and acyclic are able to bind 
with the beta receptor of estrogen in osteoblast and 
could stimulate the proliferation of osteoblast 
(Yamaguchi 2002). Besides, isoflavon also induce 
the differentiation of osteoblast through activation 
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of transforming-growth factor ~ (TGF-~) (Kim 
1998). Based on these results it can be concluded 
that the extract of Cissus quadrangularis has the 
potential osteogenic that is able to stimulate the 
proliferation and differentiation of osteoblasts from 
mesenchymal stem cells, but it also is able to 
increase the activity of osteoblasts in bone 
formation because it can increase the expression of 
Transforming Growth Factor ~1 (TGF-~1), which 
acts as an agent to stimulate the formation of bone 
fracture healing. The development of agents that 
possess osteogenic activity will enhance the above 
process. In the perspective of utilization of 
biologically active natural osteogenic agents, so that 
extract of Cissus quadrangularis can promote 
healing process in case osteoporotic fractures. 
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