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Investigation of  the effect of  linoleic acid on vascularization in experimentally 
induce zoledronic acid-related osteonecrosis in rats
Ziya Yurtal1, Gözde Serindere2 , Ceren Aktuna Belgin2 , Lutfi Takcı3

ABSTRACT
Bisphosphonate-related osteonecrosis of  the jaw is an increasingly common pathological condition 
whose pathophysiology is not fully understood and can be difficult to manage. The unique biological 
effects of  conjugated linoleic acid include angiogenic, anticarcinogenic, antiatherosclerotic, 
antioxidative, immunomodulatory, and antibacterial effects. The aim of  this study is to compare 
the osteonecrosis areas created by tooth extraction with the control group using scanning electron 
microscopy after the administration of  zoledronic acid, conjugated linoleic acid, and a combination 
of  both in the rat jaw. A total of  50 Wistar Albino male rats weighing 400-450 grams were used. 
The groups were randomly divided into 5 groups: the control group, the sham group, the group 
that received zoledronic acid, the groups that received conjugated linoleic acid with zoledronic 
acid (100 mg/kg and 200 mg/kg), and the study lasted a total of  10 weeks. Regardless of  the 
use of  zoledronic acid, it was observed by scanning electron microscopy that vascularization was 
impaired in all groups with tooth extraction. Neovascularization did not occur in the groups where 
conjugated linoleic acid was applied, regardless of  the dose. It was concluded that scanning electron 
microscopy analysis and corrosion casts technique can be considered as an alternative method in 
such studies due to its accessibility and low cost in observing dental vascularization. However, no 
definite conclusion could be reached about the neovascularization efficiency of  conjugated linoleic 
acid within the period evaluated after tooth extraction.
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INTRODUCTION
Bisphosphonates are antiresorptive drugs (1). It has 

been used for over 40 years to treat different diseases with 
increased bone resorption, such as osteolytic bone metastases, 
Paget‘s disease, hypercalcemia, primary and secondary 
hyperparathyroidism, and osteoporosis (2). Numerous studies 
have confirmed the relationship of  bisphosphonates to 
decrease the incidence of  osteoporosis-related fractures by 
increasing bone mineral density (3,4).

It has been reported that the incidence of  bisphosphonate-
related osteonecrosis of  the jaw (BRONJ) ranges from 1% to 
10% in patients receiving intravenous bisphosphonate therapy 
(5,6). It has been reported that BRONJ is more prevalent in 
the mandible (70%) than in the maxilla (30%) (7). Trauma to 
the bone, which occurs especially after tooth extraction, has 
been reported to be a triggering factor and is found in most 
cases (7-10).

Due to the antiangiogenic effect of  bisphosphonates, 
impairment in jaw bone vascularization may be observed 
(11,12). As another reason, it has been reported that there may 
be direct toxicity of  bisphosphonates for epithelial cells with 
reduced microcirculation of  the gum (13).

Conjugated linoleic acid (CLA) is a mixture of  conjugated 

positional and geometric isomers of  linoleic acid (cis-9, cis-12 
octadecadienoic acid). CLA has 18 carbon atoms. It contains 
two double bonds and these double bonds are listed as different 
isomers from different cis-trans configurations at the 9th and 
10th, 11th and 12th or 11th and 13th positions in the carbon 
chain (14). The proteins, including oleic acid, cholesterol, 
and linoleic acid, vascular endothelial growth factor (VEGF), 
angiopoietin, angiotensin, and erythropoietin, are natural 
molecules required for the initial stage of  angiogenesis in 
vascular maturation (15).

The aim of  this study was to investigate the effects of  CLA 
on vascularization in ZA-associated osteonecrosis of  the rat 
jaw using scanning electron microscopy (SEM).

MATERIAL and METHODS

This study was approved by the Local Ethics Committee 
for Animal Care of the Hatay Mustafa Kemal University 
(10/09/2019- decision number: 2019/ 07-2). Fifty Wistar 
Albino male rats weighing 400-450 grams were used in the 
study. The rats were housed at a room temperature of 22 ± 2 
°C, 12 hours a night, 12 hours a day. Before starting the 
experiments, the animals were adapted to the environment 
for 2 weeks, food, water and ad libitum were given.

Rats were divided into 5 groups:
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1st group- control group: The rats in the control group 
were not treated and housed under the same conditions as the 
other experimental groups. 

2nd group- sham group: ZA and CLA were not given to 
the rats in the sham group. Only the right molar teeth were 
extracted at the 4th week and were sacrificed in the 10th week.

3rd group- ZA group: Rats in this group were 
intraperitoneally (16) injected ZA (Ronidro 5 mg/100 ml, and 
Pharmaceuticals, Turkey) at a dose of  100 µg / kg once a week 
for 8 weeks (17). The right molar teeth were extracted in the 
4th week and were sacrificed at the 10th week. 

4th group- ZA + CLA group (100 mg/kg): Rats in this 
group were intraperitoneally injected ZA at a dose of  100 µg/
kg once a week for 8 weeks, CLA (Linoleic acid 99%, CAS 
RN: 60-33-3, Acros Organics, Sweden) was administered by 
oral gavage at a dose of  100 mg/kg every day (18). Extraction 
of  the right molar teeth was performed at the 4th week and 
sacrificed at the 10th week.

5th group- ZA + CLA group (200 mg/kg): Rats in this 
group were intraperitoneally injected ZA at a dose of  100 µg/
kg once a week for 8 weeks, while CLA was administered daily 
at a dose of  200 mg/kg via oral gavage. The right molar teeth 
were extracted at the 4th week and were sacrificed at the 10th 
week.

Experimental animals in tooth extraction applications, 
xylazine HCl (10 mg / kg) (Alfazine 2%, Egevet, Turkey), 
ketamine HCl (50 mg / kg) (Alfamine, 10% Egevet, Turkey) 
were performed with combinations. Extraction was performed 
on the right mandibular molar teeth by using a molar luxation 
and a molar extractor.

In this study, the corrosion casts technique was used to 
evaluate the vascularization of  the mandible in sacrificed rats. 
Phosphate Buffer Salin (PBS) solution was given to clean the 
blood through a 26 Gauge purple catheter placed in the right 
common carotid artery and left common carotid artery of  the 
rats dissected using appropriate methods (Figure 1A). After 
formaldehyde solution was given for fixation of  the vessels 
(Figure 1B), a mixture of  methylmethacrylate prepared in 
a certain amount was manually injected into the vein under 
constant pressure (120 mmHg) and at an appropriate perfusion 
rate (Figure 1C). After the methylmethacrylate injection, the 
mandibles were kept in hot water at 45-55 ° C for 16-24 hours 
to completely polymerize. After polymerization, it was kept in 
a 50 ° C stove for 2-3 days in repeated potassium hydroxide 
(KOH) solutions to dissolve the tissue around the vessels.

RESULTS

During the study, no complications occurred during the 
administration of  oral gavage and intraperitoneal injection. 
It was noted that in the rats in groups 2, 3, 4 and 5, where 
tooth extraction was applied, bleeding occurred during 
tooth extraction, especially during the extraction of  caudal 
molar teeth. This showed that bleeding control during tooth 
extraction is important. Following tooth extraction, a total 
of  3 rats, 1 rat in group 2 and 2 rats in group 4 died from 

anesthesia.When the castes obtained from the control group 
were examined by SEM, it was observed that the inferior 
alveolar artery followed a suitable course for the curvature 
of  the corpus mandible after entering the foramen mandible. 
During the course, branches separated from this vein for each 
tooth were detected (Figure 2A). This main branch gave lateral 
branches to the surrounding tissues before entering the pulp 
from the tooth root (Figure 2B). The vein caused a ball-like 
reticulation for vascularization of  the dental pulp after entering 
the tooth root (Figure 2C-D).

Pulpal vascularization was not observed in the SEM images 
obtained in the other four groups except the control group, 
as the vascularization of  the pulp was impaired due to tooth 
extraction. Branches given by the inferior alveolar artery to the 

Figure 1. A. Inserting and fixing catheters to the a. carotis 
communis. B. Fixation of  the vessel with formaldehyde solution. 
C. Administration of  methylmethacrylate prepared by manual 
pressure to a. carotis communis. D. Image of  a rat head in the 
corrosion casts stage.  Blue asterisk: a. carotis communis

Figure 2. A. Control group, the course of the a. alveolaris 
inferior after it enters the foramen mandible. Arrow: a. alveolaris 
inferior. Asterixes: Branches given by a. alveolaris inferior to the 
tooth roots and surrounding tissues. B. Control group, Arrow: 
A. alveolaris inferior, Rectangular box: branch of  a. alveolaris 
inferior to the root of  the tooth. C. Control group, ball-like vein 
reticulation in the pulp, A. alveolaris inferior (White A), ball-like 
reticulation in the pulp (P). Arrow: Branch from the a. alveolaris 
inferior to the tooth root. D. Control group, high magnification 
view of  ball-like reticulation in the pulp. P: Ball-like reticulation.



surrounding tissues were determined.  The branches that gave 
to the roots of  the teeth ended blindly (Figure 3A).

Ball-like reticulation on the pulp was not seen in the groups 
that had a tooth extraction. Similar results in the sham group 
and the other groups in which medication was applied (Figure 
3B), showed that tooth extraction impaired vascularization. 
Vascularization was impaired in all groups that underwent 
tooth extraction independent of  ZA use.

There was no difference in vascularization between the ZA 
group (3rd group) (Figure 3B-C-D) and the other groups (4th 
and 5th groups) where different doses of  CLA were applied 
with ZA (Figure 3C-D).

DISCUSSION

ZA is the bisphosphonate with the highest potential for 
osteonecrosis (10,000 times higher than etidronate) in the 
group of  amino-bisphosphonates (19). Therefore, it is one 
of  the most commonly used bisphosphonates in animal 
experimental models, which is more frequently associated with 
the development of  osteonecrosis (20).

The main theories of  bisphosphonate-related osteonecrosis 
are on the suppression of  bone remodeling, leading to reduced 
bone repair in trauma cases such as tooth extraction, mediated 
by osteoclast damage. It has been reported that one of  the 
possible factors in the pathogenesis of  bisphosphonate-related 
osteonecrosis is vascularization disorders resulting from the 
antiangiogenic effects of  bisphosphonates (11,12,17). In our 
study, it is in agreement with the results of  other studies in 
the literature (17,20). Vascularization was impaired in the 
bisphosphonate applied groups in rats.

Based on the study of  Kün-Darbois et al. (17), high doses 
of  ZA were used in this study (100 µg / kg per week for 8 
weeks). This dose is equivalent to that used in the clinical 
treatment of  myeloma in humans. (12). It is known that high 
dose use and long-term treatment significantly increase the 

chance of  developing bisphosphonate-related osteonecrosis 
lesions (21). Based on the study of  Camacho-Alonso et al. (16), 
the intraperitoneal injection method was used in the present 
study (16). However, Camacho-Alonso et al. (16) investigated 
the bone mineral composition upon fracture resistance based 
on energy-dispersive X-ray spectrometry. In the present study, 
SEM and corrosion casts technique was used to observe the 
effect of  CLA on vascularization.

In BRONJ, the mandible is affected twice as often as the 
maxilla and is caused by dental surgical procedures in 60% of  
cases (7,22). Therefore, in our study, tooth extraction in the 
mandible was preferred as a procedure that would lead to the 
development of  bisphosphonates.

Imaging methods such as Magnetic Resonance Imaging 
(MRI) and Micro-Computed Tomography (Micro-CT) have 
been used to reveal the changes in the vascularization of  the 
mandible caused by the use of  bisphosphonates (17). The 
corrosion casts technique is also used in many organs and 
tissues, which is based on creating a copy and analyzing it with 
SEM to reveal vascularization in three dimensions (23).

In a study conducted in guinea pigs, vascularization of  the 
mandible was demonstrated by SEM using the corrosion caste 
technique (24). In addition, there are some studies in dentistry 
where SEM and corrosion cast techniques are used to analyze 
the vascularization of  the enamel organ developing in the 
molar teeth of  rats, the vascularization of  the periodontal 
ligament and tongue dorsum in rats, and the vascularization 
of  the submandibular, sublingual and lymph nodes in rats 
(25,26). In this study, SEM and corrosion cast techniques were 
preferred because of  their ease of  accessibility and low cost 
compared to other imaging methods.

In SEM analysis, vascularization was impaired in all groups 
with tooth extraction independent of  ZA using, and this showed 
that osteonecrosis may occur in the extraction of  healthy teeth 
with continued vascularization, independent of  the use of  ZA. 
The fact that bisphosphonate-associated osteonecrosis occurs 
only in the jaws and protects the long bones and an axial 
skeleton is an important unanswered question. The teeth, oral 
mucosa, periodontal tissues, muscles, tongue, salivary glands, 
and alveolar bone that make up the orofacial complex must 
interact to perform functions such as chewing, speaking, and 
swallowing (27). The maxilla and mandible are separated by a 
mucosa from the external environment (28) where bacterial 
infections such as caries and periodontal disease are common 
(29). Altered bone remodeling, inhibition of  angiogenesis, 
microtrauma, and bacterial infection have been hypothesized 
as the cause of  vascularization disorder (10). Therefore, in 
our study, these theories were evaluated as possible causes 
of  vascularization disorder in all tooth extraction groups, 
regardless of  ZA use.

Samson et al. (15) reported that proteins such as oleic acid, 
cholesterol and linoleic acid, VEGF, angiopoietin, angiotensin, 
and erythropoietin are natural molecules that constitute the 
initial stage of  angiogenesis in vascular maturation. In another 
study conducted by Samson et al. (30) in chick embryo, it was 
reported that new vessel formation accelerated where specific 
lipids were increased, including chorioallantoic membrane 
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Figure 3. A. A. alveolaris inferior (a) image obtained from Group 
2 and whose branches end up blindly to the tooth roots. B. A. 
alveolaris inferior (a) image obtained from Group 3 and whose 
branches end in the tooth roots blindly. C. A. alveolaris inferior 
and blind terminated vessel terminations (arrows) in Group 5. 
D. A. alveolaris inferior and blind terminated vessel terminations 
(arrows) in Group 4.



analysis of  the chick embryo, oleic acid, cholesterol, linoleic 
acid, and doxahexaeoic acid-lysophosphatidylcholine.

Omega-6 fatty acid metabolites support angiogenesis by 
increasing growth factor expression (31). Based on this, in 
our study, we aimed to evaluate the effectiveness of  CLA in 
order to provide neovascularization in necrosis areas caused by 
bisphosphonate. However, neovascularization did not occur in 
the groups where CLA was applied, regardless of  the dose.

We think that the absence of  neovascularization may be 
due to some reasons. One of  them is that although many 
studies were analyzed in the literature regarding the time 
required for neovascularization, the 10-week period may not 
be sufficient for neovascularization. In the study of  Wang et 
al. (32), osteochondral vascularity in mandibular rat condyles 
was evaluated histologically at the end of  the 20th and 24th 
weeks according to the age of  the rats. However, in the study 
of  Widyastuti et al. (33), it was reported that fibroblast growth 
factor (FGF-2) and VEGF increased and angiogenesis started 
on the 7th day following tooth extraction. Luthfi et al. (34) 
reported that capillary vascularization occurred in the first 
week. Rowe et al. (35) reported that mandibular distraction 
osteogenesis was associated with intense vascular response in 
the early stages. Another point is that the amount of  CLA 
doses may not be sufficient to see its effectiveness. Since there 
is no literature information about this subject, we believe 
that using different dose rates in future studies will guide the 
authors in evaluating the efficiency of  CLA.

To the best of  our knowledge, this study is the first study 
in the literature evaluating the efficacy of  CLA in eliminating 
BRONJ. Therefore, we think that the result of  this study will 
be a guide for future studies, while the absence of  previous 
studies about this subject, can be shown as a limitation of  this 
study. In the corrosion casts technique, the inability to control 
the steps in the preparation stages of  the samples, the high 
risk of  artifact formation and the sensitivity to user errors 
can be considered as the disadvantages of  the technique. The 
main advantages of  this technique compared to other imaging 
methods are that it requires less cost, can show a lot of  detail 
and is easy to access. There are few studies in the literature 
evaluating dental pathological vascularization. It has been 
observed that this method can also be an alternative method 
for imaging pathological vascularization.

CONCLUSION
Neovascularization did not occur in the groups where CLA 

was applied, regardless of  the dose. Using ZA and CLA for 
a longer time, giving different doses, using different imaging 
methods, conducting molecular studies with imaging methods, 
may be useful for future studies. 
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