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ABSTRACT (THAI) 
 ฐาปกรณ ์สุรัจกลุวัฒนา : รูปแบบไมโครอารเ์อ็นเอท่ีเกี่ยวข้องกับการหายของแผลถอนฟันในหนูท่ีมี

ภาวะกระดูกตายที่สัมพันธ์กับการใช้ยาบิสฟอสโฟเนต. ( MicroRNA profiles associated with 
bone healing of the extraction socket in bisphosphonate related osteonecrosis of the 
jaw in rat model) อ.ที่ปรึกษาหลัก : ผศ. ทญ. ดร.สุปรีดา ศรีธัญรตัน์, อ.ที่ปรึกษาร่วม : ผศ. ทญ. 
ดร.อัญชลี วัชรักษะ 

  
บิสฟอสโฟเนตถูกใช้ยาเพื่อรักษาโรคกระดูกพรุน มะเร็งเม็ดเลือด มะเร็งเต้านม และมะเร็งกระดูกที่

ลุกลามอย่างแพร่หลาย หากผู้ป่วยที่ได้รับยาดังกล่าวมีภยันตรายต่อการขากรรไกร หรือการถอนฟันจะเหนี่ยวน า
ให้เกิดภาวะกระดูกขากรรไกรตายที่สัมพันธ์กับการใช้ยา เนื่องจากกลไกของยาจะไปขัดขวางกระบวนการหายของ
กระดูกและการสร้างหลอดเลือดใหม่ เมื่อกระดูกขากรรไกรตายเกิดขึ้น การดูแลรักษาให้หายขาดเป็นไปได้ยาก 
และส่งผลต่อคุณภาพชีวิตที่แย่ลงของผู้ป่วย การน าไมโครอาร์เอ็นเอมาใช้ในการรักษาโรคต่างๆเป็นสิ่งที่น่าสนใจ
ในทางการแพทย์ โดยมีจุดประสงค์เพื่อหาบทบาทที่ส าคัญของไมโครอาร์เอ็นเอต่อการก่อโรคภาวะกระดูกตายที่
สัมพันธ์กับการใช้ยา 

วิธีการ หน ู17 ตัวแบ่งเป็น 2 กลุ่ม กลุ่มที่1 ฉีดยาโซลิโดรเนตร่วมกับเดกซาเมทาโซนเป็นกลุ่มทดลอง 
กลุ่มที่2 ฉีดน้ าเกลือเป็นตัวแปลควบคุม ภายหลังจากฉีดยา 2 สัปดาห์ ถอนฟันกรามบนซี่ที่1 ทั้ง 2 ข้าง สังเกต
ภาวะกระดูกขากรรไกรตายที่สัมพันธ์กับการใช้ยาภายหลังจากถอนฟันหนูโดยประเมินจาก  ลักษณะทางคลินิก 
ภาพถ่ายรังสีเครื่องเอ็กซ์เรย์คอมพิวเตอร์ระดับไมโครเมตร และการวิเคราะห์ทางมิญชวิทยา หลังจากถอนฟันหนู 
28 วัน เก็บช้ินเนื้อกระดูกในแผลถอนฟันตัวอย่างเพื่อวิเคราะห์ทางไมโครอาร์เอ็นเอ 

ผลการศึกษา ในการทดลองนี้สามารถท าให้เกิดภาวะกระดูกขากรรไกรตายที่สัมพันธ์กับการใช้ยาใน
กลุ่มทดลองได้ส าเร็จ พบไมโครอาร์เอ็นเอที่มีผลต่อการเกิดภาวะกระดูกขากรรไกรตายที่สัมพันธ์กับการใช้ยา ไม
โครอาร์เอ็นเอท่ีมีผลขัดขวางการสร้างกระดูกคือ ไมโครอาร์เอ็นเอ-23a-3p, ไมโครอาร์เอ็นเอ-23b-3p, ไมโครอาร์
เอ็นเอ-27a-3p และไมโครอาร์เอ็นเอ-24-3p ไมโครอาร์เอ็นเอที่มีผลส่งเสริมการสร้างหลอดเลือดคือ ไมโครอาร์
เอ็นเอ-663a และไมโครอาร์เอ็นเอ-720 ไมโครอาร์เอ็นเอที่เกี่ยวข้องทั้งการสร้างกระดูกและการสร้างหลอดเลือด
คือ ไมโครอาร์เอ็นเอ-34a 

สรุปผลการศึกษา การศึกษานี้แสดงบทบาทของไมโครอาร์เอ็นเอที่ควบคุมเซลล์ที่เกี่ยวข้องกับกลไก
การสร้างกระดูกและหลอดเลือดที่ส่งผลให้เกิดภาวะกระดูกขากรรไกรตายที่สัมพันธ์กับการใช้ยา 

 สาขาวิชา ทันตกรรมผู้สูงอายุและการดูแล
ผู้ป่วยพิเศษ 

ลายมือช่ือนิสติ ................................................ 
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ABSTRACT (ENGLISH) 
# # 6075810032 : MAJOR GERIATRIC DENTISTRY AND SPECIAL PATIENTS CARE 
KEYWORD: Angiogenesis, Medication-related osteonecrosis of the jaw, Bone remodeling, 

Micro-computed tomography, microRNA 
 Thapakorn Surajkulwatana : MicroRNA profiles associated with bone healing of the 

extraction socket in bisphosphonate related osteonecrosis of the jaw in rat model. 
Advisor: Asst. Prof. SUPREDA SRITHANYARAT, D.D.S.,Ph.D. Co-advisor: Asst. Prof. 
ANJALEE VACHARAKSA, D.D.S., Ph.D. 

  
Bisphoshonates (BPs) are widely used for treating osteoporosis, multiple myeloma, 

breast cancer, and bone metastasis cancer. Trauma or tooth extraction in patients treated with 
BPs can lead to MRONJ development because of its mechanism of action by which interferes 
bone homeostasis and angiogenesis. Once MRONJ has occurred, this hard-to-cure disease posed 
the risk of having poor quality of life to the patients. The application of miRNA for curing the 
diseases is now being of interest in medical field. Aiming at elucidating the role of miRNAs in the 
pathogenesis of MRONJ, a rat model was used in creating MRONJ and the expression of candidate 
miRNAs was evaluated in this study. Seventeen rats were randomly divided into 2 groups; 1) 
zolendronate plus dexamethasone-treated group (Zol) and 2) control group which receiving 
normal saline solution (NSS). Tooth extraction was performed after 2 weeks of BPs administration. 
The MRONJ occurred in extraction sockets were confirmed by clinical appearances, micro-CT, 
and histological analysis at Day 28 post-extraction. Bone samples from extraction sites were 
collected for miRNA analysis. In this study, MRONJ in rat model was successfully established in 
Zol group. Candidate miRNAs were found to be involving in the development of MRONJ. miRNAs 
that affected an inhibition of osteoblast maturation, including miR-23a-3p, miR-23b-3p, miR27a-
3p and miR-24-3p were upregulated in MRONJ bone tissue samples. Promote-angiogenesis-
relating miRNAs such as miR-663a and miR-720 were down regulation in the MRONJ extraction 
sockets. The expression of miR-34 that had dual effects on both bone remodeling and blood 
vessel formation was upregulated. This study suggested that the certain miRNAs have a role in 
controlling the cellular functions related to bone remodeling mechanisms and angiogenic activity 
in MRONJ.  
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Chapter 1 
Introduction 

 
Background and rationale 

Medication-related osteonecrosis of the jaw (MRONJ) occurred in patients who 

take antiresorptive or anti-angiogenic drugs, especially bisphosphonates (BPs), for the 

treatment of menopausal osteoporosis or cancer (Drake et al., 2008; McClung et al., 

2013; Somerman and McCauley, 2006). Despite a minute incidence, patients who 

suffered from MRONJ are distressed with the symptoms such as pain, swelling, 

cellulites, halitosis, and trismus. Intraoral examination finds bone exposure at upper or 

lower jaw, pathologic fracture, oral-cutaneous fistula, or presence of infection that 

cause physical pain, psychological problem that effect to speech, swallowing or eating 

resulted in worsen quality of life (Miksad et al., 2011; Ruggiero et al., 2014). 

  The use of BPs aims to abrogate metastasis of cancer via anti-angiogenesis 

effect and impede bone resorption activity in osteoporosis which affects through both 

osteoclastic and osteoblastic activity  (Ruggiero et al., 2014 ) . BPs could have anti-

angiogenic activity which in turn restricted the pathway of nutrient and oxygen 

transportation, immune cells infiltration and also reduced serum VEGF levels (Nissen 

et al., 1998). BPs inhibited osteoclastic activity, which led to reducing in the activation 

of osteoblasts. Consequently, bone formation was arrested due to a decrease of 

osteoblastic activity (Ganda, 2013). These effects of BPs appeared to severely impact 

the wound healing of jaw bone. 

Dental treatment strategy of MRONJ depends on the stage of disease. Patients 

who have risk of MRONJ should be monitored signs and symptoms that may occur 

during a treatment. The benefit of an early treatment by prescribing analgesic drugs, 

antibiotics, or 0.12% chlorhexidine mouthwash to the patients who have pain or 
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discomfort in upper or lower jaw for pain and infection control. Patients who have 

sequestrum and exposed bone were benefited from debridement. In some severe 

cases, a need to resect infected bone may offer long-term palliation with resolution 

of acute infection and pain. Symptomatic patients with late stage may require resection 

and immediate rehabilitation with  a reconstruction plate or an obturator (Ruggiero et 

al., 2014). Although several studies have demonstrated that the surgical treatment of 

MRONJ was more effective than the non – surgical treatment (Graziani et al., 2012; 

Vescovi et al., 2011), many MRONJ patients refused to receive such invasive treatment. 

Therefore, the new strategies of non-invasive treatment and prevention for MRONJ are 

needed.  

Currently, microRNAs (miRNAs) associated with many diseases are found in 

human genome. miRNA can regulate or fine tune the expression of DNA, resulting in 

protein formation or suppression of protein production (Bartel, 2004; Fish et al., 2008; 

Harris et al., 2008; Wu et al., 2009). The application of miRNA for curing the diseases is 

the forefront field in medicine presently.  Accordingly, it is interesting to know whether 

which target miRNAs involve in the pathogenesis of MRONJ. To our knowledge, the 

studies related to the target miRNAs which play a role in controlling the effect of BPs 

to the healing of jaw bone is still lacking. This study aims to investigate the candidate 

miRNAs associated with MRONJ in a rat model. The future application of target miRNAs 

may provide a promising alternative administration for the treatment of MRONJ. 

 

Research objective  
This study aims to investigate the candidate miRNAs associated with MRONJ in 

a rat model. The future application of target miRNAs may provide a promising 

alternative administration for the treatment of MRONJ. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 14 

Hypothesis 
 The expression of miRNA profiles is altered during bone healing in a rat model 

of Medication-related osteonecrosis of the jaw compared to the normal wound 

healing. 

 

Field of research 
 Experimental Research; In vivo study  

 

Limitation of research 
Animal experiment is essential to provide understanding of the fundamental 

mechanisms underlying the regulation of bone healing. One of the limiting factors in 

translation of knowledge from animal studies to human is the limitations of the in vivo 

models. Non-human animals, such as rats, are a powerful tool for providing information 

from a given situation in many biological pathways. However, many factors influence 

the process of bone healing in human, such as age, gender, genetics, soft tissue injury. 

Therefore, to translate this knowledge into humans required further studies.  

 

Application and expectation of research 
 This study will provide knowledge for developing a novel approach for 

management of incomplete healing extraction socket in MRONJ. 

 

Key words 
Bisphosphonates related osteonecrosis of the jaw, microRNA-profiling, 

angiogenesis, bone remodeling 
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Conceptual Framework 
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Chapter II 
Literature review 

1. MRONJ definition 
Patients are distressed from medication-related osteonecrosis of the jaw 

(MRONJ) such as bisphosphonates (BPs). The symptoms that often has are including 

pain, swelling, cellulites, halitosis, and trismus. An intraoral examination observes bone 

exposure at upper or lower jaw, pathologic fracture, oral-cutaneous fistula, or presence 

of infection. The lesions will occur in the oral cavity for more than 8 weeks with a 

history of previous bisphosphonate drug used and never exposed to a radiation 

therapy (Ruggiero et al., 2014). 

 

2. Burden of disease 
Patients who suffer from pain, eating discomfort, self-consciousness, 

unsatisfactory diet, interrupted meals, irritability, have decreased quality of life and 

emotional status. In addition, the symptoms are more likely to occur depending on 

the stage of MRONJ (Miksad et al., 2011). 

 

3. Incidence of MRONJ  
The incidence of MRONJ varies among many studies depending on a type of 

disease, method of the study, or epidemiological data. The incidence in osteoporosis 

patients that were treated with an orally administration of BPs is 1.04–69/100,000 

patients per year and treated with an intravenous administration is 0–90/100,000 

patients per year. The incidence of MRONJ in the general population, which is 0.001%, 

is similar to or slightly less than the incidence of MRONJ in patients with osteoporosis 

treated with oral/intravenous bisphosphonate (0.001 to 0.01%) (Khan et al., 2015). The 

incidence of MRONJ in cancer patients is higher than MRONJ in osteoporosis patients. 

The range can be varied from 0.8 to 12% (Kühl et al., 2012). 
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4. Risk factor of MRONJ  
The previous study of MRONJ performed in the 2,400 cases has reported that 

more than 61% of patients were female. The exposed bone observed in a higher 

number at the mandible (65%) compared to the maxilla (27%) and 8% were found at 

both jaws (Filleul et al., 2010). The multivariate analysis showed that smoking, the BPs 

cumulative dose, steroid intake, maxillary location of lesion, and tooth extraction may 

significantly pose the risk of having severe stage of MRONJ (Nisi et al., 2015). 
 

5. Bisphosphonates (BPs) 
Bisphosphonates (BPs) are widely used for treating several conditions such as 

osteoporosis, Paget's disease, multiple myeloma, malignant tumor, and bone 

metastasis of breast or prostate cancer (Drake et al., 2008; Ruggiero et al., 2014; Yoneda 

et al., 2017).    BPs have been used for management of osteoporosis and bone cancer 

therapy for 40 years (Russell, 2011). The half-life of BPs is ten years (Ganda, 2013). BPs 

are divided into two categories; nitrogen containing and non-nitrogen containing BP (E 

Dunford, 2010; Ganda, 2013).  

5.1 The benefits of bisphosphonates 
Bisphosphonates (BPs) therapy could reduce fracture risk due to 

decreasing the rate of bone resorption, reducing medical fees, and increase 

survival rates (McClung et al., 2013). Osteoporosis patients with BPs treatment 

for more than 1 year could decrease a high risk of fracture and mortality rate 

in elderly patients (Black et al., 2006). The use of oral and intravenous BPs for 

more than 3 years was found to be associated with a decrease in mortality rate 

of up to 28%. In a recent meta-analysis, older patients treated with BPs over 5 

years had an adjusted 27% reduction in risk of mortality (Center et al., 2011). 

On the other hands, the long-term use of BPs, more than 8 years, posed a 
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higher risk of bone fracture compared to the less than 3-year administration 

(Drieling et al., 2016). 

5.2 Drug administration 
Alendronate, risedronate, and ibandronate are allowed to use by the 

Food and Drug Administration (FDA) for oral administration and recommended 

for treatment osteoporosis. Alendronic acid  and risedronate are perescribed 

for taking usually one tablet per week. Ibandronic acid is taken once a month 

in oral route or IV route per three months. Zoledronic acid is subjected to be 

infused once a year.  

The regimens for using BPs for treatment osteoporosis are as followed; 

Daily ibandronate oral regimen (2.5 mg/day) is better than monthly ibandronate 

oral regimen (150 mg/month) because of accumulation in skeletal bones (Zaidi 

et al., 2007). Monthly (150 mg/month) and daily (75 mg /2 consecutive days) 

risedronate dosing regimens had no difference in benefit of bone turnover 

suppression and increase bone mass (Delmas et al., 2008a; Delmas et al., 

2008b). Zoledronic acid (ZA) (5 mg/year) injection is used for treating patients 

with menopausal osteoporosis (Black et al., 2007). ZA is also recommended for 

treatment of malignant tumor and multiple myeloma. ZA therapy is easier to 

use than pamidronate because it can be administered intravenously only once 

a year with a short-onset of 30 minutes together with a longer duration of 

action (Sunyecz, 2008). This administration reduces the need for repeated 

infusion, cost, and offers a better quality of life. ZA can reduce bone-related 

disease in breast cancer patients with metastasis into bone and increases 

survival rate at 5 years from breast cancer (Coleman et al., 2011). 

 

 

https://patient.info/medicine/alendronic-acid-for-osteoporosis-fosamax-binosto
https://patient.info/medicine/ibandronic-acid-tablets-and-injection-bondronat-iasibon-bonviva-quodixor
https://patient.info/medicine/zoledronic-acid-aclasta-zometa
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5.3 Mechanism of action 

BPs are used for therapy of skeletal disorders caused by excessive or 

imbalanced skeletal remodeling, because of its high affinity and deposition into 

bone or other tissues (Filleul et al., 2010). BPs was the first line treatment of 

osteoporosis and skeletal metastasis because BPs affected osteoclastic 

/osteoblastic activity and anti-angiogenesis (Ruggiero et al., 2014). BPs inhibited 

osteoclastic activity, which led to a reduction of osteoblasts activation, 

consequently decreased bone formation (Ganda, 2013).  

BPs, for example; zoledronate, could also have anti-angiogenic activity 

at 2, 7, 21 days after intravenous administration (Coleman et al., 2011). 

Angiogenesis is a process of new capillary formation, which is important for 

wound healing. To promote angiogenesis, blood vessels needed a degradation 

of basement membrane to permit endothelial cell migration and proliferation 

into surrounding matrix. Together with the collaboration of proteolytic enzyme 

(PA) and matrix metalloproteinase (MMP) that could be up-regulated by growth 

factors induced angiogenesis (Mignatti and Rifkin, 1996).  After the catabolism 

of the basement membrane, endothelial cells promptly moved to the target 

area and established a proliferation of endothelial cells by the signals from 

growth factors and cytokines (Liekens et al., 2001).  There is a variety of 

angiogenesis related growth factors, the most essential angiogenic factors are 

such as vascular endothelial growth factor (VEGF) and fibroblast growth factor-

2 (FGF-2). 

The vascular endothelial growth factor (VEGF) in blood circulation is a 

marker of angiogenesis. VEGF is found in various tissues such as brain, kidney, 

liver, and in several cells (Veikkola and Alitalo, 1999). In vivo study showed that 
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high VEGF level could stimulate endothelial migration and activation in human 

surgical wound fluid (Nissen et al., 1998). 

ZA could induce a reduction in mRNA expression of VEGF significantly 

(Santini et al., 2003). BPs caused an efficient decrease of VEGF at 24 hours after 

infusion. The reduction of VEGF was steady after pamidronate infusion and after 

ZA infusion at 21 days (Santini et al., 2002). BPs could reduce new blood vessels 

formation in bone because each remodeling tissue required nutrient via blood 

circulation (Parfitt, 2000). The reduction of angiogenesis due to an indirect effect 

of bone remodeling and the role of angiogenesis in MRONJ is still unclear 

(Somerman and McCauley, 2006). 

 

6. Treatment of MRONJ 

Despite of no sign of necrotic bone, patients who have risk of developing 

MRONJ with the history of using BPs or any anti-angiogenic drugs should be notified for 

the risks of MRONJ and need to follow up. In case of some symptoms present together 

with those who have oral diseases such as caries and periodontal disease, these 

patients are suggested to take medications for control chronic pain and infection with 

antibiotics. If the signs and symptoms present as having necrotic bone, fistulae, signs 

of infection, or pathologic fracture at inferior border and ramus of the mandible, 

maxillary sinus and zygoma in the maxilla, the treatment strategies for these conditions 

will be an antibacterial mouth rinse prescription, antibiotic and analgesic drug 

therapies, and surgical debridement or resection. Previous studies advised to treat 

patients with palliative care, but it was insufficient to recover wound healing (Ruggiero 

et al., 2014). Alternative therapy may be the way to improve and accelerate the wound 

healing of MRONJ. The use of plasma rich growth factor (PRGF) has been studied in 

one human clinical trial for a management of MRONJ in cancer patients. After the 
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surgical resection of necrotic bone and application of PRGF, the results showed 

enhancing vascularization, regeneration of osseous and epithelial tissue (Mozzati et al., 

2012). The stem cell therapy has been also applied in a rat model with satisfied 

outcomes (Kaibuchi et al., 2016). However, other non-invasive treatment options for 

MRONJ are still in search. 

  

7. microRNAs 
MicroRNAs (miRNAs) consist of a large family of approximately 21 nucleotide-

long RNAs that have been recognized as key post-transcriptional regulators. miRNAs 

function as controlling the activity of ~50% of all protein coding genes and involve in 

regulating every cellular process. The regulation via miRNAs can be switching-off or 

modifying the expression of target genes that in turn associates with several human 

pathologies (Krol et al., 2010). 

7.1 Role of miRNAs in the pathogenesis of MRONJ 
In searching of the research evidences, the specific miRNAs that target 

to the pathogenesis of MRONJ have not yet been identified. However, the 

candidate specific miRNAs associated with MRONJ could be hypothesized 

according to the mechanism of action of BPs that impacts the angiogenic 

activity and bone remodeling process after being administered. The miRNAs 

function associated with both pro-/ anti-angiogenesis, osteoblastic and 

osteoclastic activity would be presumably play an important role in the 

pathogenesis of MRONJ. 

7.1.1 Angiogenesis-regulatory miRNAs  
miRNAs involved in regulation of angiogenic activity, particularly via 

endothelial function, can be categorized into the pro-angiogenic miRNAs 

(promote angiogenesis) and the anti-angiogenic miRNAs (inhibit angiogenesis). 
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Wu et al. summarized the miRNAs associated with angiogenesis as shown in 

Table 1 and Figure 1 (Wu et al., 2009).  

 

Table 1.  Angiogenesis-regulatory miRNAs and their targets (Wu et al., 2009). 

 

 

 
Figure 1 Biogenesis of angiogenesis-related miRNAs (Wu et al., 2009). 
 

(1) Pro-angiogenic microRNAs 

 

 miR-126 

miR-126 is a short non-coding RNA molecule that regulated the expression in  

endothelial cells. It locates in chromosome 9q34.3 which encoding for epidermal 

growth factor like-7 (Egfl7) that was expressed only in high-grade peripheral vascular 
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endothelial cells (Bartel, 2004; Wu et al., 2009). miRNAs could bind directly to DNA, 

prevented transcription or translation of mRNA and promoted degradation of mRNA. 

The majority targets of the miRNA-126 was the EGFL7 host gene (Parker et al., 2004). 

EGFL7 controls cell migration and vessels formation in normal organs, whereas, 

higher EGFL7 level could promote angiogenesis that further supplied the nutrient for 

cancer cells and accelerated tumor cells growth. An animal model showed the loss of 

vascular integrity and hemorrhage in embryonic zebra fish due to an inhibition of miR-

126 (Fish et al., 2008). The miR-126 knocked-out mice demonstrated delayed vessel 

formation, bleeding and mortality during embryos (Kuhnert et al., 2008). 

miR-126 also controlled defection of VEGF and other growth factors by decreased 

PI3 kinase activity that was necessary to VEGF production by reducing miRNA 

production (Wang et al., 2008). 

 

 miR-17∼92 cluster 

The miR-17∼92 cluster was discovered as tumor promoting miRNA. This gene 

cluster encodes miR-17, miR-18, miR-19a, 20a, miR-19b-1 and miR-92-1. miR-17∼92 

has been shown to regulate c-Myc to induce B cell lymphoma in mice (He et al., 2005). 

The upregulation of miR-17∼92 promoted tumor angiogenesis and increased Ras 

protein level in vivo. In vitro, the downregulation of miR-17∼92  reduced  endothelial 

cell sprouting and tube formation (Suárez et al., 2008).  

Angiogenesis process was occurred by which miR-17∼92 inducing target anti-

angiogenic proteins such as thrombospondin-1 (Tsp1) and connective tissue growth 

factor (CTGF). The absence of miR-17∼92 in mice resulted in dysfunction of lung and 

defect in ventricular septum that finally led to the immature growth and death since 

an early post-natal stage (Ventura et al., 2008). 
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 miR-720 

Previous study investigated blood test screening for early detected colorectal 

malignancy. miR-720 was significantly high in patient with colorectal cancer (CRC). 

Whereas after treatment with surgical procedure, miR-720 in serum significantly was 

more decreased than healthy patient (Nonaka et al., 2015). Other finding found the 

miR-720 repression in coronary artery disease treated with vessel therapy by infrared 

that effect to vasohibin1 (VASH1) that was a dominant process in anti-angiogenesis. 

Wang et al. demonstrated pathway that promote endothelial cell activity in Figure 2 

(Wang et al., 2014). Infrared treatment directly induced miR31 inhibition of both 

TBXA2R and FAT4 pathway. miR-720 was restrained via FAT4 suppression. This act miR-

720 inhibited VASH1 resulted in promote-endothelial progenitor cell (EPC) migration 

and blood vessel formation. Further study showed miR-720 over-expression in Breast 

cancer. Abundant of disintegrin and metalloproteinase 8 (ADAM8) serum level were 

found in cancer patient. miR-720 was controlled by ADAM8 via ERK pathway signal, β1-

integrin and VEGF-A that facilitated tumor invasion and blood vessel formation (Das et 

al., 2016). 

.  

Figure 2 miR-720 pathway that promote endothelial cell activity (Wang et al., 2014). 
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 miR-378 

miR -378 has been demonstrated as having an angiogenesis capacity in vivo. The 

binding sites of miR-378 locate in the VEGF 3’-UTR (Hua et al., 2006). This miRNA acted 

as anti-apoptosis and overexpressed in cancer cell lines. miR-378 enhanced 

angiogenesis by means of repressing the expression of two tumor suppressors, Sufu 

(suppressor of fused) and Fus-1 (tumor suppressor candidate 2, TUSC2) (Lee et al., 

2007). This result induced VEGF and angiopoietin expression. The injection of miR-378 

led to cancerous cell line   (Wang and Olson, 2009). Moreover, downregulation of MiR-

378 had a synergistic effect with angiotensin-II that induced severe cardiac hypertrophy, 

fibrosis, and cardiac dysfunction in Mice (Nagalingam et al., 2014). miR-378 is one of 

the miRNAs that regulate angiogenesis targeting on the non-endothelial cell. The Figure 

3 illustrated the signaling pathway in controlling angiogenesis via miRNAs targeting on 

non-endothelial cell (Wang and Olson, 2009). 

 

 
Figure 3 Target protein of miRNA in non-endothelial cell. (Wang and Olson, 2009). 
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 miR-296 

miR-296 belongs to the family of “angiomirs” in endothelial cells, which 

increased levels of pro-angiogenic growth factor receptors such as VEGF receptor 

(VEGFR) and platelet-derived growth factor receptor (PDGFR). Furthermore, VEGF was 

also able to increase miR-296 level in order to control balance of blood remodeling 

in endothelial cells or glioma cells. Meanwhile, miR-296 expression affected on 

hepatocyte growth factor-regulated tyrosine kinase substrate (HGS) which resulted in 

an increase of VEGFR2 and PDGFR-β protein levels in a “feedback loop” manner. 

This cross-talk mechanism controlled miR-296 levels and angiogenic growth factor 

together. (Würdinger et al., 2008) 

 

 miR-210 

miR-210 stimulated VEGF affecting cell migration, cell growth, and blood vessel 

formation. In vitro, especially in low oxygen condition, miR-210 targeted at hypoxia – 

inducible factor 1 aplha (HIF 1α) and ephrin-A3. HIF 1α could promote angiogenesis 

via tyrosine kinase 3 receptor (Fasanaro et al., 2008; Pulkkinen et al., 2008). In rodent, 

miR-210 stimulation caused heart failure cardiac myocyte and cerebral artery blockade 

(Jeyaseelan et al., 2008; Tatsuguchi et al., 2007). Tuning by miR-210, erythropoietin-

producing human hepatocellular receptors (Ephs) and ephrin A3 molecules regulated 

the remodeling of blood vessels and played essential roles in endothelial cells such 

as chemotaxis and forming capillary tube (Kuijper et al., 2007) 

 

(2) Anti-angiogenic microRNAs 

 

 miR-221/miR-222 

miR-221 and miR-222 locate side by side on Xp11.3 chromosome, suggesting 

their coordinated regulatory role. In vitro, miR-221 inhibited endothelial cell migration, 
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proliferation, and angiogenesis via targeting stem cell factor (SCF) receptor called “c–

Kit”.   In human umbilical vein endothelial cells (HUVECs) , SCF enhances survival, 

migration, and capillary tube formation in a dose-dependent manner. miR-221/miR-

222 are responsive to high glucose concentration (Altuvia et al., 2005; Poliseno et al., 

2006). In vivo experiment has demonstrated that HUVECs treated with high 

concentration of glucose induced miR-221 expression which consequently halted 

endothelial cell migration and reduced c-Kit expression. In contrast, the application of 

the antisense miR-221 oligonucleotide in turn reduced the expression of miR-221 and 

restored c-Kit expression in HUVECs. Therefore,   miR-221-c-Kit pathway is suggested to 

play a crucial role in diabetes associated vascular dysfunction and impaired wound 

healing (Li et al., 2009).  

Furthermore, an indirect effect from stimulated miR-221 also induced protein 

level of endothelial nitric oxide synthase (eNOS)  that provoked multiple regulations, 

including vascular tone, cellular proliferation, leukocyte adhesion, and platelet 

aggregation (Förstermann and Münzel, 2006). Figure 4 demonstrated the miRNAs 

involve in regulating gene expression targeted on angiogenesis via endothelial cells. 

 
Figure 4 Target protein of miRNAs in endothelial cell (Wang and Olson, 2009). 

https://en.wikipedia.org/wiki/Leukocyte
https://en.wikipedia.org/wiki/Platelet_aggregation
https://en.wikipedia.org/wiki/Platelet_aggregation
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 miR-663    

miR-663 has been a cancer suppressor gene that could regulate tumor 

progression and associated with heart diseases. Previous study found overexpression 

of miR-663 in human umbilical vein endothelial cells (HUVECs). miR-663 accumulation 

induced endothelial cells alteration. In high uric concentration, vessel migration was 

inhibited by overexpression of miR-663 via repressing Transforming Growth Factor-b1 

(TGF-b1) resulted in anti-angiogenic effect (Hong et al., 2015). miR–663 used as a 

biomarker in neoplastic formation by targeting  JUNB, MYH9 in Vascular smooth muscle 

cells (VSMCs) (Michaille et al., 2018). Stimulation of blood vessel formation by platelet-

derived growth factor (PDGF) could induced lower miR-663. miR-663 from adenovirus 

transfection in smooth muscle endothelial cell dramatically decreased PDGF then a 

number of vascular formation were inhibited (Li et al., 2013).  Nevertheless, some study 

reported opposite outcome of promoting angiogenic activity. Other reseaches 

attempted to limit miR-663a expression that led to down regulation of VEGF in 

endothelial cell. On the other hand, miR-663a induced Activating Transcription Factor 

4 (ATF4) and VEGF pathway in hyperlipidemic condition (Afonyushkin et al., 2012). 

 miR-652 -3p 

In vivo study found overexpression of miR-652 in carotid tissue and cholesterol 

plaques. Moreover, inhibition of miR-652 – 3p utilized endothelial cell proliferation in 

carotid artery. After arterial damages, high level of miR652 was dramatically detected 

in dyslipidemic patient via promoting CyclinD2 expression resulted in blood vessel 

repair (Huang et al., 2019). 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 29 

7.1.2 Bone remodeling-regulatory miRNAs  
(1) Promote osteoblastic activity  

 miR-34 

miR -34 has been demonstrated as having osteogenesis activity in vivo study. 

Over expression of miR34a was found in irradiation inducing osteogenesis rat model. 

miR -34a inhibited newly formed bone in tibial bony defect by repressing NOTCH 1 

that control cell determination (Liu et al., 2019). The interaction of NOTCH1 and miR 

– 34 were shown in previous study that investigated miR-34 in Human Adipose-Derived 

Stem Cells (hASCs). Up regulation of miR-34 by transfection in lentivirus inhibited 3 

genes such as Retinol-Binding Protein 2 (RBP2), CYCLIN D1 and NOTCH 1 influenced on 

suppressed the protein levels of RUNX and P27 facilitated osteoblastic activity. Figure 

5 illustrated the RBP2/NOTCH1/CYCLIN D1 signaling pathway in controlling osteoblastic 

activity (Fan et al., 2016). Other investigation found miR-34 inhibited identified 

transforming growth factor β-induced factor 2 (TGIF2) led to prevention of osteoporosis 

and bone resorption. TGIF2 suppression reduced osteoclastogenesis and blocked anti-

osteoclastic activity (Krzeszinski et al., 2014). 

 

 

Figure 5 RBP2/NOTCH1/CYCLIN D1 collaboration in osteogenic acitvity (Fan et al., 2016). 
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miR-34a regulated silent information regulator 1 (SIRT1) expression. The 

inhibition of SIRT1 led to an increase in acetylated p53 controlling cell cycle and 

apoptosis. miR-34 act as tumor suppressor gene  by interfering SIRT1 that necessory in 

angiogenic process. This research that investigated the connection between miR-34 

and SIRT showed high level of miR-34 inhibited the SIRT expression consequently, 

endothelial cell proliferation was decreased. In the same vein, stimulated SIRT led to 

downregulation of miR-34. Moreover, some study claimed that miR-34 has been one 

of  aging cell indicator (Ito et al., 2010).  

 

(2) Inhibit osteoblastic activity 

 The miR-23a~27a~24-2 cluster 

Runt-related transcription factor 2 (RUNX2) is a protein that is encoded by 

the RUNX2 gene in humans. The function of this protein is to promote osteoblast 

growth via cell cycle regulation. Runx2 is considered as a crucial transcription factor 

for osteoblastogenesis (Lian et al., 2012). 

The miR-23a~27a~24-2 cluster is one of 11 miRNAs that has been identified as 

negative tuning of Runx2 and SATB2 in mesenchymal cells, which suppressed 

osteoblast maturation (Zhang et al., 2011). 

(3) Promote osteoclastic activity 

 miR-21 

miR-21 could regulate osteoclastogenesis by promoting osteoclast differentiation 

in mice bone skull. The upregulation of miR-21 expression level found to increase the 

number of osteoclasts (Zhou et al., 2012). RANKL/OPG ratio has a significant role in 

bone homeostasis. The downregulation of miR-21 increased OPG level resulting in 

increasing bone formation (Pitari et al., 2015). MiR-21 also stimulated bone resorption 

process by inhibited PDCD4, which blocked cFOS function which is a AP-1 transcription 
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factor complex, resulted in the promotion of functional osteoclast in mouse (Wagner, 

2010). 

 miR-31 

miR-31 targets on Ras homolog gene family, member A (RhoA) which 

subsequently stimulates osteoclast maturation. The induction of miR-31 established 

cytoskeleton arrangement in a present of actin ring that led multinucleated cells to 

attach onto the mineralized matrix (Mizoguchi et al., 2013). 

 miR-223  

miR-223 is mostly found in hematopoietic cell lineages. The target of miRNA-

223 is the transcriptional repressor Nuclear Factor IA (NFI-A) which promotes an 

expression of the CSFR1/M-CSFR receptor collaborated by PU.1 (purine-rich binding 

protein 1). This subsequently suppressed differentiation into osteoclasts in osteoclast 

precursor.   While, the loss of this repressor permitted transcriptional activation of 

the macrophage colony-stimulating factor receptor (M-CSFR ) gene (Sugatani and 

Hruska, 2007). In vitro, the upregulation of miR-223 inhibited osteoclast differentiation 

by reducing TRAP+, which resulted in the absence of osteoclast cells formation 

(Sugatani and Hruska, 2007). However, miR-223 could be repressed when treating 

osteoclast precursor with TNF-α and RANKL in RAW264.7 cells (Kagiya and Nakamura, 

2013). Table 2 summarized the miRNAs and their roles that might associate with the 

pathogenesis of MRONJ in terms of both angiogenesis and bone remodeling.  
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Table 2.  miRNAs and their targets involved in the pathogenesis of MRONJ in review literature. 
miRNA Species Target gene Endogenous 

miRNA expression 

miRNA function Ref. 

miR 126 

(+) 

Mice, 

zebra 

fish 

Spred-1, 

PIK3R2/p85-

β, VCAM-1 

Increase EGFL7, 

VEGF 

Repressing vascular 

cell adhesion 

molecule-1 (VCAM-

1) 

Kuhnert et al., 2008. 

Fish et al., 2008. 

 

miR-17∼92 

(+) 

 

Mice 

 

 

 

 

TSP-1, CTGF, 

TIMP-1,  

HIF-1α, 

c-myc 

Increase Ras 

VEGF 

-Promote tumor 

angiogenesis 

-B cell lymphoma 

-EC sprout and tube 

formation 

He et al., 2005 

Ventura et al., 2008. 

miR-378 

(+) 

Mice SuFu, Fus-1 IncreaseCD34+proge

nitor cells, VEGF, 

angiopoietin 

Promote tumor 

angiogenesis 

Hua et al., 2006. 

Wang and Olson, 

2009. 

miR-296 

(+) 

Human HGS Increase VEGFR2 

and PDGFR-β 

Promote EC 

migration, tube 

formation and 

angiogenesis 

 

 

 

 

Würdinger et al., 2008. 
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miRNA Species Target gene Endogenous 

miRNA expression 

miRNA function Ref. 

miR-210 

(+) 

In vitro, 

mice 

HIF, ephrin-A3 Increase VEGF cell migration,    cell 

growth and form 

blood vessel 

Kuijper et al., 2007. 

Tatsuguchi et al., 

2007. 

 

 

 

 

 

miR-34 

 

(+) 

 

 

In vivo 

rat 

CYCLIN D1 

and NOTCH 1 

Increase RUNX2 Increase osteoblastic 

activity 

osteoclastogenesis 

Liu et al., 2019 

 

Fan et al., 2016 

 

 

 

 

miR-720 

(+) 

 

 

Human VASH1 

 

ADAM8 

Increase VEGF MC migration, 

vasculogenesis, 

angiogenesis 

Wang et al, 2014 

 

Das et al, 2016 

miR652-3p 

(-) 

In vivo  Cyclin-D2 Inhibit EC 

proliferation 

Haung et al, 2019 
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miRNA Species Target gene Endogenous 

miRNA expression 

miRNA function Ref. 

miR-663 

(+)(-) 

Human JUNB, MYH9 

ATF4 

TGF-β1 

Increase VEGF 

Inhibit EC migration 

Promote EC repair 

Li et al, 2013 

Afonyushkin et al, 

2012 

miR-221 

(-) 

In vitro c-kit, eNOS Activated 

proliferation and 

anti-apoptosis 

Inhibit EC migration 

and proliferation 

Altuvia et al., 2005. 

Förstermann and 

Münzel, 2006. 

miR – 302a3p 

(+) 

 

In vitro TGF-β, BMP, 

COUP-TFII, 

PGE-2 

Upregulate RANKL 

 

Promote osteoclast 

differentiation  

 

(Irwandi, 2015) 

miR-

23a~27a~24-2 

(-) 

 

mouse SatB2, Runx2, 

Hoxa10 

Repress expansion 

and lineage 

direction and limit 

bone mass 

 

Interrupted 

osteoblast 

differentiation 

(Zhang et al., 2011) 

miR-204 

(-) 

 

mouse Runx2 Repress expansion 

and lineage 

Interrupted 

osteoblast 

differentiation 

(Hassan et al., 

2010)  

(Zhang et al., 2011) 

miR-31 

(+) 

Mice RhoA Upregulate RANKL 

 

 

 

Multinucleated cells 

attach to the 

mineralized matrix 

 

 

Mizoguchi et al., 2013 
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* (+) promote, (-) inhibit, EC = endothelial cell 

Therefore, the aim of this study is to investigate microRNA profiles associated 

with angiogenesis and bone remodeling that have an effect on bone healing of the 

extraction socket in Medication-related osteonecrosis of the jaw in a rat model. 

 

 

 

 

 

 

 

 

 

miRNA Species Target gene Endogenous 

miRNA expression 

miRNA function Ref. 

miR-223 

(-) 

In vitro NFI-A CSFR1/M-CSFR, PU.1 Inhibit osteoclast 

differentiation 

Sugatani and Hruska, 

2007 

Kagiya and Nakamura, 

2013 
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Chapter III 
Research and methodology 

The animal experiment  
         The animal protocol was improved by Chulalongkorn University Animal Care 

and Use Committee (Ethic no.1973005). Sprague Dawley (SD) rats (6-week-old), weight 

range (195-205 g) were kept in a laboratory environment for 2 weeks and randomly 

divided into 2 groups; 

Group 1 (n = 10): administration of zoledronate (66 μg/kg; Zometa, Novartis Pharma, 

Stein AG, Stein, Switzerland) and dexamethasone (5 mg/kg; Dexton, T.P. Drug 

Laboratory, Bangkok, Thailand).  

Group 2 (n = 7): administration of normal saline solution (Klean&Kare, Bangkok, Thailand) 

as a control group 

Each drug was injected intraperitoneally into SD rats on Monday, Wednesday, 

and Friday for 4 weeks. Two weeks after the first administration (day 0), the maxillary 

right and left first molars were extracted under general anesthesia by intraperitoneal 

injection of tiletamine-zolazepam (Zoletil; 40 mg/kg) and xylazine (2 mg/kg). Then, 

animals were sacrificed on day 0, 14, and 28 after extraction, and the upper jaw was 

collected. The photographs of maxilla were taken in each group. Then, the maxillary 

tissues were dissected and removed. The samples of maxilla were separated into 2 

halves antero-posteriorly. The first half was used as the bone sample for microRNA 

analysis. Another half of maxilla was fixed in 10% formalin for further micro-CT and 

histological analysis. The experimental diagram, drug administration and timeline of 

experiment were shown in Figure 6. 
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Figure 6 Experimental diagram and timeline. 

 
Body weight evaluation 

Bodyweight of rats were measured at baseline, day 7 after drug administration, 
day 0 of tooth extraction, day 7, 14 and 28 after tooth extraction. 
 
Gross and radiographic evaluation 

In the test group, a presence of MRONJ was confirmed by visual inspection 

and radiographic analysis on the epithelial closure, bone exposure and new bone 

formation after 4 weeks of tooth extraction (Zandi et al., 2016).  
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Micro-CT analysis 
New bone formation in the extraction sockets was visualized using a micro-

computed tomography (CT) system (SCANCO Medical, Brüttisellen, Switzerland) at the 
Mineralized Tissue Research Unit, Faculty of Dentistry, Chulalongkorn University. The 

maxillary bones were scanned using micro-CT with an X-ray source of 70 kV/113μA 

with a slice thickness of 15 μm. 
To assess new bone formation, a region of interest (ROI) was established in a 

micro-CT image. The axial view was used to identify the interproximal crestal bone 

between the upper second molar and the extraction socket. The micro-CT slice 

which represented the distance of 0.5 mm apical to the first identifiable alveolar 

crest was selected as the slice of interest. Then, the ROI was created by making the 

square with the size of 0.5 x 0.5 mm2 at the center of an extraction socket on this 

slice (Figure 7A). In order to determine bone volume in the extraction socket, the 

volume of interest (VOI) of 0.5 x 0.5 x 0.5 mm3 per extraction socket was established 

by using the ROI as a reference (Figure 7B). Bone volumes and gross 3D images were 

processed and compared among groups using ImageJ software (Fiji, NIH, USA) and 3D 

viewer (Microsoft, USA). 

 

Figure 7 Setting of the region of interest (ROI) and volume of interest (VOI) in an extraction 

socket 
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Histological analysis 
The new bone formation was examined on day 0, 14, and 28 after extraction. 

The maxillary tissues were removed, fixed in 10% formalin, the tissue samples were 

decalcified with 0.1mol/l EDTA and embedded in paraffin. Then, the section was cut 

in a longitudinal section in 5-mm thickness using a microtome and was stained with 

the hematoxylin and eosin (H&E). Histological analysis was determined at the 

magnification of 1X by making the square with the size of 0.5 x 0.5 mm2 covered the 

new bone formation which distance from furcation of upper maxillary first molar was 

2 mm. At the magnification of 8X, a number of osteocyte, immature osteocyte and 

empty osteocyte in lacunae were counted by using Photoshop CC (Adobe systems 

Incoporated, California, U.S.A). 

 

Figure 8 Setting of the region of interest (ROI) for histological analysis in extraction socket. 

miRNA analysis 
RNA isolation, reverse transcription (RT) and quantitative polymerase 

chain reaction (qPCR) 
The bone sample was collected from an extraction socket with a 2 mm-

diameter trephine bur and then kept in RNAlater (Qiagen, Valencia, CA,USA). The bone 

tissue was homogenized by metal beads (size 2.38 mm; Qiagen, Valencia, CA,USA) with 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 40 

a homogenizer machine (PowerlyzerTM 24; Qiagen, Valencia, CA,USA) for 3 minutes. 

Total miRNAs were extracted by miReasy mini kit (Qiagen, Valencia, CA,USA). The 

amount of RNA was determined at an absorption of 260/280 nm using a micro-Volume 

UV-Vis Spectrophotometer for Nucleic Acid and Protein Quantification (NanoDrop2000, 

Thermo Scientific). 

For miRNA, 1 µg of each RNA sample was converted to cDNA by using miScript 

II RT Kit (Qiagen, Hilden, Germany) on thermal cycler, and the real time PCR was 

performed using Quantitect SYBR Green PCR mastermix (Qiagen, Hilden, Germany) on 

PCR detection system (MiniOpticon quantitative PCR, Bio-Rad, Hercules, CA). The 

candidate microRNAs that our study investigated are shown in Table 3. Customized 

primers were designed and supplied by GeneGlobe (Qiagen, Valencia, CA, USA) in 

customized 96-well plate qPCR array. The list of primers is shown in Table 4. The PCR 

conditions were 95°C for 15 min followed by 40 cycles of amplification consisting of 

94°C for 15 sec, 55°C for 30 sec, and 70°C for 30 sec. All samples were run in duplicates, 

and results were averaged for gene expression analysis. Raw quantification cycle values 

(Ct) were collected. The Ct values > 35 were considered to be excluded. Each value 

of miRNA were normalized by RNU6-2 (Qiagen, Valencia, CA, USA) using 2-ΔΔct method. 

 

Statistical analysis 
All data was presented as the mean ± standard error and analyzed with SPSS 

22.0 statistic software. The independent t-test was performed to evaluate the 

differences in relative expression of candidate miRNAs, to compared quantity of new 

bone formation from µCT scan and the differences in number of empty osteocyte in 

lacunae at 28 days after tooth extraction. The p-value of < 0.05 was considered as 

significance. 
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According to the above review literatures, financial and COVID-19 situation, the 

number of studied miRNAs was reduced. The list of candidate miRNAs involved 

angiogenic process and bone remodeling that were used in this study were 

demonstrated in Table3. 

Table 3. List of candidate miRNAs in MRONJ rat model. 

Mechanism miRNAs Target gene Reference 

Promote – angiogenic 

activity 

miR-720 

miR-663 

VASH1 

ATF4 

Wang et al., 2014 

Afonyushkin et al, 2012 

Anti - angiogenic activity 
 
 
 
 

miR-34a-5p 
miR-652-3p 
miR-663 
 
 

SIRT1 
Cyclin D2 

TGF-1 
JUNB, MYH9 

Lian et al., 2012 
Huang et al., 2019 
Hong et al., 2015 
Michaille et al., 2018 
 

Promote - osteoblastic 
activity  

miR-34a-5p Cyclin D1, 
NOTCH1 

Fan et al., 2016 

Inhibit - osteoblastic activity  miR-23a-3p  
miR-23b-3p 
miR-27a-3p 
 
miR-24-3p 

RUNX2 
RUNX2 
HOXA10, RUNX2 
RUNX2, Tcf-1 

Hassan et al., 2010 
Guo et al., 2016 
Lian et al., 2012 
Zhao et al., 2015 

Inhibit – osteoclasic activity miR-34a-5p Tgif2 Jing et al., 2015 
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Table 4. Designed primer of candidate miRNAs. 

miRBase Accession No. Mature miRNA ID miScript Primer Assay 
Catalog  

MIMAT0000255 hsa-miR-34a-5p MS00003318 

MIMAT0003322 hsa-miR-652-3p MS00010451 

MIMAT0003326 hsa-miR-663a MS00037247 

MIMAT0005954 hsa-miR-720 MS00014833 

MIMAT0000078 hsa-miR-23a-3p MS00031633 

MIMAT0000418 hsa-miR-23b-3p MS00031647 

MIMAT0000084 hsa-miR-27a-3p MS00003241 

MIMAT0000080 hsa-miR-24-3p MS00006552 
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Chapter IV 
Results 

Animal model  
From total animal samples (N = 19), there was two rats died during the 

course of experiment. In Zol group, one rat was died during the blood collection 
procedure due to the heart attack. Another rat from NSS group was died immediately 
after tooth extraction due to overdosage of anesthetic drug and nephrotoxicity. 
Therefore, at the end point of this study, there were 17 rats remaining in this study, 
resulting in an inadequate number of study sample. Accordingly, the descriptive 
analysis of the results could be performed.  
 
Changes in body weight  

In this study, the body weight was measured only 10 rats. At the baseline, the 
total mean body weight of 10 rats was 155.0 g. The total mean body weights of rats 
at 1, 2 and 4 weeks (Day 7, 14, 28) after tooth extraction were 201.25 g and 207.19 g 
243.38 g respectively. Body weight in NSS group was greater than Zol group at all 
time points. On the day of operation (Day0), body weight in Zol group was lower 
than NSS group (182.69 g and 225.8 g). Day 7 after tooth extraction, the mean body 
weight in Zol-treated group was slightly decreased than day 0. Furthermore, after 4 
weeks of tooth extraction, the weight difference in the Zol group was similar to the 
weight difference in Nss group compared to the day of tooth extraction (53.19 g, 54.7 
g, respectively) (Figure9). 
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Figure 9 Change in mean body weight at baseline, Day (-7), 0, 7, 14, and 28 of tooth extraction; 
normal saline administration (NSS), zoledronate and dexamethasone administration (Zol), and 

total (n=10). 
 

Gross and radiographic evaluation  
Two and four weeks after tooth extraction, the extraction sockets in NSS groups 

(N=4/5) showed normal wound healing, (N=1/5) showed non-coverage and delay 

wound healing (Figure 10A and 10B). In contrast, brownish color sockets and bone 

exposure in which indicated the MRONJ appearance were observed in all rats belonged 

to Zol group (N=9/9) (Figure 10C and 10D). Radiographic finding showed normal bone 

healing in NSS group (Figure 11A and 11B) and delayed bone healing in the extraction 

sockets of Zol group (Figure 11C and 11D) , 14 and 28 days after extraction. The 

percentage of bone exposure in both groups 14 and 28 days after extraction is shown 

in Figure 12. 
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Figure 10 Gross evaluation: 14 and 28 days after extraction, (A) normal saline (NSS) group at day 
14, (B) NSS group at day 28, (C) zoledronate and dexamethasone administration (Zol) group at 
day 14, and (D) Zol group at day 28. 
 

 

Figure 11 Micro-CT views: 14 and 28 days after extraction, (A) normal bone healing in NSS group 

at day 14, (B) normal bone healing in NSS group at day 28, (C) showed delayed bone healing in 

the extraction sockets of Zol group at day 14, (D) showed delayed bone healing in the extraction 

sockets of Zol group at day 14. 

 
Figure 12 % Bone exposure occurrence (N= 14) : 14 and 28 days after extraction. 
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Micro-CT analysis  
Micro-CT analysis revealed delayed bone formation and irregular trabeculae 

bone arrangement in the extraction sockets of the Zol group while normal bone 

formation and trabeculae bone forming were observed in NSS group. The rendering 

3D characteristic of bone formation comparing among NSS and Zol group at Day 28 

was performed and demonstrated in Figure 13. The lowest amount of calcification 

was seen in Zol-28 group. Calcification volume was quantified at Day 28 after tooth 

extraction. Bone volume of newly formed bone in VOI were 0.0764 mm3 (SE 0.0070 

mm3) in NSS-28 group. In the group of rats that were treated with zoledronic acid, 

after 28 days of extraction (Zol-28) the bone volume of 0.0342 mm3 (SE 0.0090 mm3) 

was observed. There was a significant decrease in newly fomed bone in Zol-28 group 

compared to the NSS-28 group (p=0.004) (Figure 14). 

 
 

Figure 13 μCT imaging demonstrated three-dimensional (3D) of volume of interest (VOI) size 0.5 
×0.5×0.5mm3. (A) normal saline administration (NSS-28), (B) zoledronate plus dexamethasone 
administration (Zol-28). 
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Figure 14 New bone formation (mm3) at Day 28 after extraction analyzed by μCT in each group 
(data calculated per socket; n=12). 
 

Histological analysis  
Histological images showed complete epithelial coverage and normal wound 

healing in the control group (Figure 15A). Whereas, a lack of epithelial lining and poor 
bone formation were observed in the extraction socket of BP-treated group (Figure 
15B). There was also detectable bacterial colonization and found abundant 
inflammatory cells in extraction sites of the BP-treated animals four weeks after 
extraction (Figure 15B). Histopathological images also demonstrated the higher number 
of empty osteocyte lacunae in BP-treated group compared to the control group (Figure 
15 C, D). Percentage of normal osteocyte in Zol-0, NSS-0, NSS-14 and NSS-28 was not 
significantly different (90.6%, 88.89%, 70.8% and 85.49%, respectively), while The 
highest percentage of empty osteocyte in lacunae was observed in Zol-28 group 
followed by Zol-14 (47.5% and 24.8%, respectively) (Figure 16). The percentage of 
empty osteocyte lacunae was significantly higher in Zol-28 than NSS-28 group (47.5% 
(SE 5.1%) and 12.75% (SE 6.2%)), (P 0.005) (Figure 17). 
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Figure  15 Histological images demonstrated complete epithelial lining and bone healing was 
found in the control group after 28-day extraction (A). A lack of mucosal coverage in the 
extraction socket, abundant of infiltrated cell (arrow), and abnormal bone remodeling could be 

observed in Zol group after 28 days of extraction. (B); scale bar: 100 μm. Enlarged images of the 
square areas in 10X (D-F); scale bar: 1 mm. 

 
 
Figure 16 Percentage of bone formation cells determined at Baseline, Day 14 and Day 28 after 

extraction (N=17). 
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Figure 17 Percentage of osteocyte in lacunae determined at Day 28 after extraction (N=6). 

 
miRNA analysis  

For miRNA analysis, the miRNA expression level in bone tissue samples 

obtained from Zol-treated group and NSS-group at Day 28 after tooth extraction 

were compared.  From total 8 candidate miRNAs, 5 miRNAs showed the upregulated 

expression in customized miRNA PCRarray. miR-23b-3p, miR-27-3p and miR-23a-3p 

that involved in an inhibition of osteoblastic activity were 4 to 2 folds upregulated in 

zoledronate plus dexamethasone treated group. In addition, miR-34a-5p that 

involved in osteoblastic differentiation, osteoclastogenesis and angiogenic process 

were 3.42-fold upregulation. A Low expression was found in miR-24a-3p (1.26-fold 

upregulation). In contrast, the downregulations were observed in miR-663a, miR652-

3p and miR720 (1.71, 1.84 and 3.2–fold, respectively) (Figure 18 and 19). 

 
 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

NSS-28 Zol-28

n = 3 n=4

%
Em

p
ty

 o
st

eo
cy

te
 in

 la
cu

n
ae

Empty osteocyte lacunae

* p = 0.005 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 50 

 
Figure 18 The relative expressions of candidate miRNAs in Zol-treated group and control group 

(NSS-group) at Day 28 post-extraction (N=5). 
 

  
 

Figure 19 The fold change miRNAs comparison between Zol-treated group and control group 

(NSS-group) at Day 28 post-extraction (N=5). 
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Chapter V 
Discussion 

Bisphosphonate-related osteonecrosis of the jaw (MRONJ) has been discovered 
for many years. However, the mechanism of action of MRONJ either cellular and 
molecular knowledge is still unclear. Nevertheless, many studies have attempted to 
manage this disease with several regimens for MRONJ patients, those are only 
alleviated care. In this study, the MRONJ was esthablished by an administration of 
zoledronate plus dexamethasone in SD rat models. The expressions of miRNAs 
targeted at angiogenic, osteoblastic, and osteoclastic activity in MRONJ-bone tissue 
samples were investigated.  

According to the definition of MRONJ in human is exposed bone, having fistula, 
incomplete wound healing and epithelial lining for more than 8 weeks (Ruggiero et al., 
2014). In this present study, the established MRONJ lesion in rat models could be 
observed by gross visualization showing an incomplete mucosal coverage and necrotic 
bone at 2 and 4 weeks after extraction. This similar timepoint of MRONJ occurrence 
has been reported in previous studies of rat models treated with zoledronate injection 
(Howie et al., 2015; Kaibuchi et al., 2016; Kuroshima et al., 2018).  

In this study, the effect of using zoledronate plus dexamethasone for cancer 
treatment influenced on reduced weight gain rate at all time-points compared to the 
control. Consistent with the claim by FDA that the side effect of zoledronic injection 
using occurred to 16% weight loss and 13% appetite decrease after drug prescription 
(Corporation, 2005).   

A micro-CT analysis of hard tissue characteristics revealed the poorly formed 
bony structure in the extraction socket of rats receiving zoledronate-dexamethasone 
injection as shown in the 3D rendering images compared to the control groups. To 
quantify the healing capacity of alveolar bone, the bone volume in extraction sockets 
at day 28 post-extraction were calculated. The bone volume of Zol-group observed at 
day 28 were smaller than NSS-group observed at day 28. In this study, two-fold smaller 
bone volume could be observed in Zol-28 group compared to NSS-28 group. 
Kuroshima et al.,2018 also reported the 50% lesser bone fill in extraction sockets after 
being injected with zoledronate/cyclophosphamide than those of a control group at 7 
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weeks after extraction (Kuroshima et al., 2018). Another similar study also 
demonstrated a percentage of calcification volume in extraction sockets of 
zoledronate/dexamethasone-treat group was twice lower than the untreated group 
(Kaibuchi et al., 2016). The differences in results may be due to different types of the 
rat used, drug administration, and calculation methods. Interestingly, within Zol-groups, 
a bone volume of healing sockets after tooth extraction for 28 days was twice smaller 
than 14-day extraction sockets. This result ensured the method in establishing MRONJ 
lesion and also suggested that the MRONJ occurrence could be early notified at 2 
weeks after tooth extraction in rat models.  

In histological study, H&E staining demonstrated normal wound healing with 
intact epithelium and connective tissue in the extraction socket of NSS-group while in 
28-day zoledronate treated groups showed incomplete wound healing, detached 
epithelium and dense inflammatory cells infiltration. The healing of alveolar sockets 
in NSS group demonstrated new bone formation with 85.5% healthy osteocytes in 
lacunae. In contrast, a number of empty osteocyte lacunae was remarkably higher in 
Zol-28 group which showed 55.6% empty lacunae. This result corresponded with 
previous study that approximately 3-fold higher number of empty osteocyte lacunae 
could be observed comparing with that of the control NSS group (Kuroshima et al., 
2018).  
 To understand a molecular mechanism controlling the pathogenesis of MRONJ, 
the roles of miRNAs in MRONJ development have been studied. As the key 
mechanisms that propagate MRONJ are an inhibition of angiogenesis and a promotion 
of osteoclastic activity, 8 candidate miRNAs that previously reported as having roles in 
angiogenic activity and bone remodeling were chosen and evaluated. In this study, 
miRNAs targeting at RUNX2 (Runt-related transcription factor 2) suppression including 
miR-23a-3p, miR-23b-3p, miR27a-3p and miR-24-3p were found to be upregulated. 
Previous studies have demonstrated the miR-23a~27a~24-2 cluster was one of 11 
miRNAs that has been identified as negative tuning on RUNX2 which in turn suppressing 
osteoblast differentiation (Zhang et al., 2011) (Lian et al., 2012). An inhibitory role of 
the miR-23a on RUNX2 and special AT-rich sequence-binding protein-2 (SATB2) in 
mesenchymal cells has been reported, which resulting in suppression of osteoblast 
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maturation (Zhang et al., 2011). In MRONJ rat models, miR23a has been noted as one 
of the candidate circulating biomarkers to diagnose MRONJ (Yang et al., 2018). Likewise, 
miR-27a has been reported as having a role in inhibiting Hoxa10 gene that control 
RUNX2 resulted in decreasing osteoblastogenesis (Lian et al., 2012). The result from 
this study indicated the role of miR-23a-3p, miR-23b-3p, miR27a-3p and miR-24-3p in 
impeding an osteoblastic maturation in MRONJ. 
 Other miRNAs that affect MRONJ mechanism by impairing angiogenesis process 
were miR-663, miR-652 and miR-720. Previous studies hypothesized that miR-720 and 
miR-663 could promote angiogenesis. Wang et al.,2014 induced the expression of miR-
720 and vasohibin1 (VASH1) by infrared therapy resulted in stimulating of endothelial 
cell migration and vascular formation (Wang et al., 2014). In addition, miR-663 
promoted endothelial cell proliferation via ATF4 (Afonyushkin et al., 2012). In contrast, 
Hong et al. reported an anti-angiogenic effect of miR-663. The up-regulation of miR-
663 was found in atherosclerotic plaque and the knockout of miR-663 resulted in 
promoting a repair of vascular endothelium via transforming growth factor beta 1 (TGF-

β1) in hyperuricemic rat model (Hong et al., 2015). The down-regulated expression of 
pro-angiogenic miRNA in zoledronate-treated group observed in this study might relate 
to the interruption of blood vessel formation that usually occurred in MRONJ process. 
In terms of miR-652-3p, our study observed the 1.8-fold down-regulated expression 
comparing with a control group. This result contradicted to one previous study by 
Huang et al. that reported an inhibitory role of miR-652-3p in endothelial cell migration 
and proliferation observed in an atherosclerotic plaque in a knockout mice study 
(Huang et al., 2019). In bone tissue, a role of miR-652-3p in angiogenesis has never 
been reported. However, due to a limited sample size in this present study. Further 
experiment is needed to elucidate an effect of miR-652-3p.  

According to the researches, our study suggested the role of miR-34 involving 
in both bone remodeling and anti-angiogenic activity that occurred in MRONJ. The 3.42-
fold up-regulation of miR-34a-5p expression was observed in MRONJ extraction sockets. 
In irradiated bone defect, miR-34a could promote bone regeneration by inducing an 
osteoblastic differentiation of bone marrow stromal cells (BSMCs) via NOTCH1 targeting 
(Liu et al., 2019) and blocking osteoclastogenesis via inhibited Tgif2 (Krzeszinski et al., 
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2014). In angiogenesis, miR-34a-5p decreased the number of vessels by inhibiting a 
function of silence information regulator 1 (SIRT1) (Ito et al., 2010).  

Pathogenesis of MRONJ in blood vessel regeneration, bone formation and 
resorption was performed in this research. However, several limitations should be 
considered in this study. Due to the COVID-19 pandemic situation, some parts of the 
experimental plan were disturbed and could not be performed. The number of study 
samples is limited because of the death of animals during study and lack of the third-
time repetitive study. Therefore, a statistical significance analysis could not be applied 
to strengthen the results. Furthermore, an immunohistochemical study should be 
performed in order to evaluate the function of osteoclast and also the number of 
blood vessels. In terms of miRNA analysis, there are still several miRNAs that might 
associate with the pathophysiological mechanism of MRONJ to be investigated; for 
example, miRNAs involved in promoting osteoclastic activity such as miR-21 and miR-
31 or other miRNAs that have an influence on angiogenic activity, including miR-221, 
miR-126, miR-210 and miR-278. Altogether, future further investigation with a larger 
sample size will confirm the results from this study and provide an insightful 
information regarding the miRNA profile in bone tissue of MRONJ. An application of 
miRNA may warrant a future therapeutic approach for MRONJ patients.      
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Chapter VI 
Conclusion 

In this study, the MRONJ was successfully developed in the SD rat model when 

treated with BPs. Candidate miRNAs were found to be involving in the development 

of MRONJ. miRNAs that affected an inhibition of osteoblast maturation, including miR-

23a-3p, miR-23b-3p, miR27a-3p and miR-24-3p were upregulated in MRONJ bone tissue 

samples. Proangiogenesis-relating miRNAs such as miR-663a and miR-720 were down 

regulation in the MRONJ extraction sockets. The expression of miR-34 that had dual 

effects on both bone remodeling and blood vessel formation was upregulated. This 

study suggested that the certain miRNAs have a role in controlling the cellular 

functions related to bone remodeling mechanisms and angiogenic activity in MRONJ. 

Still, a variety of miRNAs, particularly osteoclastogenesis-related miRNAs, are of needed 

to be clarified their functions in which associated with pathophysiologic mechanisms 

of MRONJ.  
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Appendix 
Information of  animal model 
Species :   Rattus Norvegicus 

Strain/Stock :   Sprague Dawley 

Age and Weight :  8 weeks , 200 – 250 g 

Quarantine period : 2 weeks 

Body weight (g) : lot 2 only 
RAT baseline Week1 Week2 

(extraction) 
Week3 Week4 Week6 

001 155 189 177 180 185 215 

002 155 174 177.42 165 172 197.5 

003 155 175 177.18 155 175 - 

004 155 181 183.87 184 182 - 

005 155 174 198 - - - 

006 155 193 197 195 185.5 - 

007 155 219 232 239 250.5 - 

008 155 215 228 - - - 

009 155 221 240 251 259 286 

010 155 220 232 241 248.5 275 

total 155 196.1 204.25 201.25 207.19 243.38 

Z 155 178.6 182.69 171 178.5 206.25 

N 155 213.6 225.8 231.5 235.88 280.5 
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Protocol Drug injection 
Intervention 

Drug Route of 

administration 

Dose Remark 

Zometa 

Dexton 

Normal saline 

Intraperitoneal 0.33 ml 

0.25 ml 

0.05 ml 

 

26-27G 

Dexton 

Normal saline 

Intraperitoneal 0.25 ml 

0.40 ml 

26-27G 

Normal saline Intraperitoneal 0.65 ml 26-27G 

 

Note: Injected once every Monday, Wednesday, and Friday for 4 weeks 
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General anesthesia before operation 
Drug Route of 

administration 

Dose Remark 

Zoletil Intraperitoneal 40 mg/kg  in 100 ml 

injected 0.1 ml 

26-27G  

Xylazine Intraperitoneal 2 mg/kg in 5 ml 

injected 0.1 ml 

26-27G 

Carpofen Subcutaneous 4 mg/kg, used 5 

mg/ml 

injected 0.2 ml 

26-27G 

Enrofloxacin Subcutaneous 10 mg/kg used 5 

mg/ml 

injected 0.5 ml 

26-27G 

 

 

Analgesia 

Drug Route of 

administration 

Dose Remark 

Tramadol Subcutaneous  4 mg/kg 

0.02 ml b.i.d. 

26-27G 

 

Note: Injected Tramadol 2 times/day for 3 days 
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Protocol for blood withdrawal 
Technic Route of 

administration 

Dose Remark 

Blood collection Lateral tail vein 0.3 ml 22-23G 

May need butterfly 

needle 

Blood collection Cardiac 5 ml 21G 

 

 

Cardiac puncture 
1. CO2 inhalation  

2. Check all reflex, clean skin surface with alcohol 

3. Cut through midline skin and muscle with scissors at xiphoid process 

4. Collect 2-3 mL cardiac blood with 21, 23G needle, bevel down (right atrium is preferable) 

5. Keep blood sample in EDTA tube 
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Table2 Designed primer of candidate miRNAs 

miRBase Accession No. Mature miRNA ID miScript Primer Assay 
Catalog  

MIMAT0000255 hsa-miR-34a-5p MS00003318 

MIMAT0003322 hsa-miR-652-3p MS00010451 

MIMAT0003326 hsa-miR-663a MS00037247 

MIMAT0005954 hsa-miR-720 MS00014833 

MIMAT0000078 hsa-miR-23a-3p MS00031633 

MIMAT0000418 hsa-miR-23b-3p MS00031647 

MIMAT0000084 hsa-miR-27a-3p MS00003241 

MIMAT0000080 hsa-miR-24-3p MS00006552 
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Gross, micro-CT and histological data 
Day 0 after extraction as baseline 

Gross NSS  Zometa+Dex  

  

Microct 

 

 

Histology 

  

 

Note: retained roots  from µCT were excluded from µCT analysis and sample in 

µCT were calculated per socket (not per rat) 
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Day 14 after extraction 

Gross NSS Zometa+Dex  

  

Microct 

 

 

 

Histology 

 

 

 

  

Note: retained roots  from µCT were excluded from µCT analysis and sample in 

µCT were calculated per socket (not per rat) 
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Day 28 after extraction 

Gross Nss  Zometa+Dex  

  

Microct  

 

 

 

 

Histology 

 

 

 

 

Note: retained roots  from µCT were excluded from µCT analysis and sample in 

µCT were calculated per socket (not per rat) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 64 

Table 3. Comparison of gross specimen in each timeline 

 

NSS Day 0 Day 14 Day 28 

   

Zol + Dex 
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Results in PCRArray 
Average CT  

  
909Z 002Z 916N28 9 010N 914 008N0 006N 
Z28 Z28 N28 N28 N28 N0 N0 N14 

miR-34a-5p 28.78 35.82 37.3 37.58 0.00 37.57 37.79 37.81 
miR-663a 30.3 34.47 0 35.05 36.84 35.03 35.66 37.21 
miR-27a-3p 25.85 34.63 33.51 33.09 36.07 32.58 37.52 35.26 
miR-23a-3p 22.52 29.08 32.21 28.52 32.17 28.67 29.90 31.21 
miR-23b-3p 24.13 30.61 34.11 30.27 34.47 30.95 31.10 32.81 
miR-24-3p 24.54 30.46 32.83 28.88 33.97 30.27 30.00 32.40 
miR-652-3p 30.06 32.71 36.83 32.41 35.14 36.55 34.45 0.00 
miR-720 30.11 24.65 28.48 24.40 29.16 26.52 27.26 28.20 
U6 20.96 26.03 31.55 27.47 28.41 30.58 28.28 28.31 
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miRNA concentration from Nanodrop (Bone) 
Rat No. lot1 Yield ng/µl 260/280 260/230 Drug/Day after 

extraction 

905 254.9 2.02 1.75 Z/D14 

906 198.1 1.93 1.28 Z/D14 

907 655.5 2.00 1.63 Z/D14 

908 - - - Z/D28 

909 147.1 2.07 0.73 Z/D28 

910 152.9 1.92 0.38 Z/D28 

914 49.3 2.34 0.70 N/D0 

916 69.6 2.29 0.63 N/D28 

917 71.7 1.85 0.49 N/D2 

 

 

Note :   

908 : Death during blood sample collection 

917 : Death during experiment 

Total 17 rats included in this study (Lot 1 + 2) 
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Rat No. lot2 Yield ng/µl 260/280 260/230 Drug/Day after 

extraction 

001 463.7 2.04 1.84 Z/D28 

002 234.8 2.08 1.69 Z/D28 

003 352.4 2.08 1.92 Z/D14 

004 464.7 2.07 1.84 Z/D14 

005 58.4 1.99 0.69 Z/D0 

006 435.8 2.05 1.29 N/D14 

007 358.2 2.05 1.70 N/D14 

008 163.9 2.01 1.09 N/D0 

009 634.6 2.04 1.39 N/D28 

010 344.2 2.08 1.39 N/D28 
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% Osteocyte in lacunae in ROI observed by H&E staining 
 
N = 15N=15 teOsteocyte PrPremature 

osteocyte 

EEmpty osteocyte in 

lacunae 

Z0        n=1 90.6 0 9.4 

Z14      n=4 15.81 51.75 32.45 

Z28      n=3 5.33 39.11 55.56 

N0        n=2 88.89 0 10.34 

N14      n=2 70.8 13.14 16.06 

N28      n=3 85.49 1.77 12.75 
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 Osteocyte 

number 

Oseocyte 

percent 

Immature 

Osteocyte  

number 

Immature 

Osteocyte  

percent 

Empty 

osteocyte 

number 

Empty 

osteocyte 

percent 

Total 

number 

Total  

percent 

001Z 5 4 41 34 75 62 121 100 

002Z 8 9 29 32.58 52 58.42 89 100 

003Z 4 3.78 57 53.77 45 42.45 106 100 

004Z 98 80.33 4 3.28 20 16.39 122 100 

005Z 106 90.6 0 0 11 9.4 117 100 

006N 96 70.07 18 13.14 23 17.79 137 100 

007N 98 71.53 18 13.14 21 15.33 137 100 

008N 89 88.12 0 0 12 11.88 101 100 

009N 109 78.42 1 0.72 29 20.86 139 100 

010N 99 79.2 5 4 21 16.8 125 100 

905Z 27 37.5 27 37.5 18 25 72 100 

906Z 2 3.85 26 50 24 46.15 52 100 

907Z 19 18.1 69 65.71 17 16.19 105 100 

909Z 2 2.98 34 50.75 31 46.27 67 100 

910Z 79 66.39 8 6.72 32 26.89 119 100 

914N 78 89.66 0 0 9 10.34 87 100 

916N 171 98.84 1 0.58 1 0.58 173 100 
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Result micro – CT (bone volume) 

 

 
Lot1 

  

  
  

Lot2 
  

 Z28 Z14 N28 Z28 Z14 N28 N14 
 0.0186 0.0098 0.1016 0.0447 0.0989 0.0776 0.0484 

 0.0068 0.0497 0.0869 0.0311  0.0572 0.0931 

 0.0332 0.0758  0.0709  0.0776 0.0484 

      0.0572 0.0868 

Average 0.019533 0.0451 0.09425 0.0489 0.0989 0.0674 0.069175 
        
        

Total Z28 (n=6) Z14 (n=4) N28 (n=6) N14 (n=4)    
Average 0.034217 0.05855 0.07635 0.07512    

SE 0.0091 0.0191 0.07 0.011    
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Statistics 
Histo analysis 

 
 

 

 

 

 

Micro – CT analysis 
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miRNA analysis 
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