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Abstract 

Cancer-induced bone pain is currently facing inadequate pain management due to unwanted side effects and 
relative ineffectiveness. The search for alternative therapy to alleviate pain and target a few mechanism 
pathways might improve survival in metastatic patients. Vitamin E which has been promoted as anti-
inflammatory, anti-cancer, and anti-metastatic were chosen in this study to potentiate its capability in a cancer-
induced bone pain rat model.  Rats were randomly grouped into five groups, and a breast cancer cell line was 
induced into the left femur of four groups: Negative Control (NC), Alpha Tocopherol (ATF), Tocotrienol Rich 
Fraction (TRF) and Zoledronic Acid (ZA), whereas Sham group as healthy subjects induced with supplementary 
media. Pain assessment tests were carried out at four days intervals. The animals were sacrificed after 21 days 
following SPECT/CT imaging. Bone specimens were analyzed for ELISA and gene expression studies. The results 
showed that the animal model was successfully validated via the presence of abnormal uptake of the skeletal 
system. Pain assessment tests demonstrated that vitamin E, specifically TRF significantly alleviate pain compared 
to the NC group. Biomarker activity illustrated that the TRF supplement group was able to regulate the bone 
turnover activity comparable to the ZA treatment group. Gene expression studies signify the role of TRF 
supplement comparable to the ZA group in the ability to regulate osteoclastogenesis, osteoclast activation, and 
regulating the secretion of metastatic cancer cytokine. This finding addressed the beneficial potency of TRF 
compared to ATF as a therapeutic option in the management of cancer-induced bone pain.  

Keywords: Vitamin E, Pain Alleviation, Cancer-induced Bone Pain, RANKL-RANK Pathway  

 
Introduction 

Breast cancer currently contributes to 11% of mortality 
cases within Malaysia, as mainly of the incidence 
commonly occurred in women.  Furthermore, as high as 
50% of the relapse cases of breast cancer patients were 

diagnosed with bone metastases. Metastasis occurs 
when primary cancer spreads from its origin. In this 
light, primary breast cancer has a distinct predilection to 
simultaneously metastasize to multiple bones such as 
the vertebrae, femurs and pelvic bone (1).
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Breast cancer bone metastasis usually negatively 
impacts cancer patients’ lives as they may experience 
limitations in daily activities due to severe pain, 
hypercalcemia, pathological fracture and anemia, all 
known as skeletal-related events (SREs) (2). During early 
stages, bone cancer pain can be intermittent, but then it 
rapidly progresses into continuous pain aggravated by a 
series of breakthrough pain. The pain experienced by 
patients is intractable as it is one of the most challenging 
pain conditions to be treated as it is related to weight 
bearing activities and physical movement (3). Once the 
chronic pain has been established, the condition will get 
worsen once mechanical allodynia develops (4). 
Mechanical allodynia happens when a normally non-
painful activity and/or stimulation is perceived as painful 
where it can be intermittent but it advances promptly 
into continuous pain condition that is aggravated by a 
series of breakthrough pain (5). Cancer-induced bone 
pain is always associated with bone destruction caused 
by anomalous activation of osteoclasts (6), and the 
stimulation of osteoclasts is positively modulated by the 
receptor activator of nuclear factor kappa-B 
ligand/receptor activator of nuclear factor kappa-B 
(RANKL/RANK) – related signaling and negatively 
modulated by osteoprotegerin (OPG) (7). It is highly 
presumed that breast cancer cells release inflammatory 
mediators such as parathyroid hormone-related protein 
(PTHrP) and macrophage colony-stimulating factor (M-
CSF) into the bone microenvironment leading to 
osteoclastogenesis and further promoting vicious cycle 
in bone destruction and bone cancer pain (8). Hence, 
bone pain signaling pathway could be a target for 
designing a new therapy as an therapeutic therapy for 
cancer-induced bone pain (9). 

At present, bone pain related to breast cancer is 
currently incurable, and cancer pain management 
mainly focuses on improving the patient’s life through 
palliative care (10), limiting cancer growth by 
chemotherapy (11) and also reducing SREs with bone-
targeted therapies (12). Current clinical analgesics 
therapy such as bisphosphonate and nonsteroidal anti-
inflammatory drugs (NSAIDS) provide temporary pain 
relief to half of the patients (13, 14). Understanding 
breast cancer metastasis mechanism to bones could 
probably prompt to the discovery of a novel therapeutic 
target for reducing and preventing bone lesions. This 
could provide better management for patients with 
bone cancer.  

The antioxidant activities of vitamin E have been linked 
to pain management therapy and are actively linked to 
the pain signaling pathway (15, 16). Hence, using in-vivo 
animal models with breast cancer-induced bone pain 
might postulate the roles of vitamin E supplementation 
in managing pain caused by cancer. Vitamin E is a fat-
soluble vitamin. It can be divided into two types: 
tocopherols and tocotrienols where each of the type has 
four distinct analogues (gamma, beta, alpha and delta) 
based on the locations of methyl groups on the 
chromanol ring (17). Tocopherols are the saturated 
forms of Vitamin E, whereas tocotrienols are the 

unsaturated forms, which can be characterized by three 
double bonds in the tails of tocotrienols (18). Both of the 
vitamin E are regularly found in edible plant oils such as 
rice bran, barley, coconut, palm oil and annatto oil in 
varying proportions (19). Vitamin E has antioxidant, anti-
inflammatory and anti-carcinogenic properties and has 
the potential to be used as an adjuvant treatment for 
cancer (16, 20). Several in-vitro and in-vivo studies have 
examined the anti-metastatic properties of various types 
of vitamin E (21, 22). Vitamin E used in this study were 
alpha-tocopherol (ATF) and a tocotrienol-rich fraction 
(TRF), in which ATF is the most biologically active form of 
vitamin E (23) and TRF is known as the natural form of 
vitamin E (24).  

Due to the vitamin E’s antioxidant and anti-metastatic 
properties, it is relevant to characterise the bone pain 
signaling pathways in the rat model with breast cancer-
induced bone pain. Thus, this paper focuses on the 
actions of vitamin E on bone pain signaling pathways in 
the rat model with breast cancer-induced bone pain. 
 

Materials and Methods 
Ethics statement 

Ethical approval for using animal models was obtained 
from Universiti Sains Malaysia (USM) Institutional Animal 
Care and Use Committee (USM IACUC) with the 
reference no: USM/IACUC/2017/(106)(851). The protocol 
was conducted strictly based on the guidelines outlined 
by USM IACUC. Animal work was carried out at Seksyen 
Penyelidikan Haiwan, Advanced Medical and Dental 
Institute, Universiti Sains Malaysia, under the supervision 
of an attending veterinarian. 
 

Bone cancer pain model 
Female Sprague Dawley (SD) rats weighing around 200-
250g were randomly grouped into Sham, Negative 
Control (NC), ATF, TRF and Zoledronic Acid (ZA). ZA group 
act as a positive control group used to assess the 
outcome of the animal models by giving the current drug 
treatment used in clinical practice for metastatic bone 
diseases (25). A breast cancer cell line (MDA-MB-231) 
was directly implanted into the left distal femur of rats in 
NC, ATF, TRF and ZA groups, and the Sham group was 
implanted with a culture medium only. The cell line was 
cultured in a Roswell Park Memorial Institute (RPMI-
1640) medium supplemented with 10% fetal bovine 
serum and 1% penicillin-streptomycin and prepared at 
1x10

6
 cells/ml before injection. This study modified a 

surgical procedure from a previous study (26). Rats were 
deeply anaesthetised with ketamine (100 mg/kg) and 
xylazine (10 mg/kg) cocktail with a 1:1 ratio at a volume 
of 0.2 ml per 100g rats’ weight. The left femur of each rat 
in the treatment group was exposed, and a hole was 
drilled via a dental round bur (size 2.35 mm) with Escort II 
Pro Dental Micro Motor. A hole was drilled for around 1 
cm deep until the area of spongy bone was exposed, and 
a 10 µL injection volume of MDA-MB-231 cells was 
inserted using a Hamilton syringe. The injection site was 
then covered with bone wax, and all rats were subjected 
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to postsurgical care under ideal conditions of 
temperature, humidity and light, and they were fed with 
ad libitum pellet and filtered water. Iodine solutions 
were applied on the incision site, whereas 5% Baytril 
(Enrofloxacin) were injected subcutaneously following 
recovery for 3 days once daily to each individual rat. All 
rats were then caged separately to recover after surgery 
for 5 days.  
 
Oral dosing  

Supplementation started a day after surgery, where the 
rats were weighed and treated daily via oral gavage. 
Both Sham and NC were fed with olive oil daily. 
Moreover, ATF and TRF were diluted in olive oil (Bertolli) 
to obtain the dose of 60 mg/kg body weight daily. The 
powdered Zoledronic Acid was diluted with sterile 
distilled water to a selected dose of 5 µg/kg following a 
7-day interval.  
 
Pain assessment test 

The pain assessment test was conducted in 4-day 
intervals, which included the Von Frey test, which is an 
assessment of paw withdrawal activity (Figure 1A), and 
the Hot Plate test (Figure 1B), which was adapted from 
previous studies (27, 28). In the Von Frey test, rats were 
acclimated to the cage for 10 minutes before the 
procedure. A single, unbending filament was pressed 
perpendicularly with an increasing force from 0, 1, 2, 
and 5 g against the hind paw of each individual. The 5 g 
force is set according to the highest threshold level the 
healthy rats can withstand during optimisation before 
conducting the study. In the Hot Plate test, rats were 
acclimated individually within the beaker for 10 minutes 
before the actual procedure. The hotplate temperature 
was set at 55°C, and the beaker with rats was placed on 
the Hot Plate for 60 seconds. 
 

 
Figure 1: Acclimatization setup before procedure of pain 
assessment test; (A) Von Frey test (B) Hot Plate test 
 

Following 20 days after surgery, the animals were 
injected with ±37 MBq of 

99m
 Tc-MDP via the tail vein and 

kept on hold for at least 2 hours before sedating the 
animals for imaging. The animals were placed on the 
table, and the emission scan was performed using 
SPECT/CT GE 670 (GE Healthcare, USA). SPECT acquisition 
was performed with 60 steps in steps and shoot mode, 
20 seconds per step. 
 
Enzyme-linked immunosorbent assay (ELISA) 

Procollagen I N-Terminal Propetide (PINP) and Tartrate-
resistant acid phosphatase 5b (TRACP-5b) were 
measured using Rat ELISA Kit by Elabscience to determine 
the bone formation and bone resorption activity, 
respectively, both according to the manufacturer’s 
instruction. The protocols for bone sample collection 
were obtained and modified from a previous study by 
Schroeter et al., 2016 (29). Each rat’s femur was 
dissected, soaked in saline before pulverised with mortar 
and pestle in the presence of liquid nitrogen. The bone 
powders were demineralised with 0.6 M HCl (5 ml/g) and 
incubated at room temperature 27°C overnight. The 
samples were then pelleted by centrifugation for 20 
minutes at 7200 g. Pellet was then resuspended (5 ml/g) 
in 4 M guanidine hydrochloride (GuHCl) in 50 mM Tris 
(pH 7.4). Samples were incubated at 65°C on a heating 
block overnight and then centrifuged to collect the 
supernatant as samples for ELISA testing. 
 
Reverse Transcription qPCR (RT-qPCR) 

Each rat’s femur was dissected, soaked, and stored 
immediately in RNA later Stabilisation solution. The RNA 
was then extracted from the femur by spin-column 
purification (GF-1 Total RNA Extraction Kit, Vivantis) 
following the manufacturer’s instruction. The extracted 
RNA was then quantified and purified using UV Vis micro-
volume spectrophotometry. Reverse transcription and 
cDNA synthesis using random primer was carried out per 
the manufacturer’s instructions (One Script Plus cDNA 
Synthesis Kit, ABM). The forward and reverse primer 
sequence for each gene of interest is stated in Table 1. 
PCR amplification was performed in triplicate; of 
denaturation step at 95 °C for 2 minutes, with 40 cycles 
of amplification at 95 °C for 15 seconds and followed by 
annealing at 58 °C to 60 °C (depending on primer 
sequence) for 30 seconds using BlasTaq 2X qPCR Master 
Mix, ABM. The relative expression level of each gene was 
normalised according to the reference of β-actin and was 
calculated with the formula 2¯

ΔΔCT  
(2^-delta delta CT) to 

obtain fold change against Sham control (30).
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Table 1: The sequence of forward and reverse primer 
 

GENE FORWARD PRIMER REVERSE PRIMER 

M-CSF GACTTGGCTTGGGATGATTCT GAGGGTCTGGCAGGTACTC 

RANKL CATCGGGTTCCCATAAAG GAAGCAAATGTTGGCGTA 

RANK TGGTGTTCCTGCTCAGCTA CCTCGTCGTCTGACCCAAA 

OPG TTGGCTGAGTGTTCTGGT TTGGGAAAGTGGTATGCT 

TGF-β CCTGGAAAGGGGCTCAACAC CAGTTCTTCGTGGAGCTGA 

IL-6 CCACCAGGAACGAAAGTCAA GGTTTGCCGAGTAGACCTCATA 

PTHrP TGGTGTTCCTGCTCAGCTA CCTCGTCGTCTGACCCAAA 

Beta actin ATTGGCAATGAGCGGTTCCGC CTCCTGCTTGCTGATCCACATC 

Statistical analysis 

All the data were shown in mean ± standard error of the 
mean (SEM).  Statistical analysis was analysed using IBM 
Statistical Product and Service Solution (SPSS) software 
version 26. Data was run for normality to assess the 
normal distribution. Mixed ANOVA followed by post-hoc 
Tukey analysis was used for statistical comparison for 
the Pain Assessment test, and one-way ANOVA followed 
by post-hoc Tukey analysis was used for statistical 
comparison in ELISA. The statistical significance level 
was set at a value below 0.05. 
 

Results 
Pain alleviation activity 

All rats showed a good health physical activity with no 
elements of postoperative pain or distress, and loss of 
weight was not recorded throughout the study. Mixed 
ANOVA was used to compare the mean differences 
between groups split into independent variables.  In the 
Von Frey test (Figure 2A), the Sham group representing a 
healthy model showed the highest threshold value 
compared to other groups except for the ZA group. In 
contrast, the NC group reported the lowest threshold 
value compared to all groups displaying a condition of 
mechanical allodynia in the rat model with the 
untreated cancer-induced group. Results in both vitamin 
E groups demonstrated the most significant 
improvement in the threshold values compared to NC. 
Furthermore, there is no significant difference between 
the two, despite both showing lower threshold values 
compared to the Sham and ZA groups. There was no 
significant difference between the ZA and Sham groups 
suggesting the suitability of the control drug used in this 
animal model.  

The Hot Plate test (Figure 2B) follows an almost similar 
pattern to the Von Frey test, in which the Sham and ZA 
groups have significantly higher threshold values than 
the NC group. As seen in Figure 2B, the NC group 
representing the untreated cancer-induced group 

displayed a significantly lower threshold value than all 
groups. The low value in the NC group indicates the pain 
response toward the thermal stimulation. Similar to the 
Von Frey test, both vitamin E supplementation in the Hot 
Plate test showed no significant difference. However, TRF 
supplementation displayed a wide variability throughout 
each time-point and showed significant differences from 
the Sham and ZA groups while showing no statistical 
difference from the NC group. In contrast to the TRF 
group, ATF demonstrated better performance with a 
higher threshold value than the ZA group. Within the ZA 
group, values in the Hot Plate test showed reduction 
compared to the Sham group, although no significant 
differences were found between the two, further 
confirming the role of ZA as a controlled drug in this 
animal model. 
 
SPECT/CT analysis 

The analysis of scan images was analysed using Amide, an 
open-source medical image analysis software. The 
SPECT/CT images displayed uptake of radiotracer in the 
bone, especially in the femur, spine and pelvic region. 
Figure 3 showed a representative image of each group 
following SPECT/CT scan where an increased radiotracer 
uptake was assessed as a hot spot or an uptake showing 
an abnormality in that particular region. The sham group 
showed no abnormal radiotracer uptake within the bone 
and retained normal bone uptake. On the contrary, the 
NC group displayed a higher frequency of abnormal bone 
uptake when compared to the other treatment groups. 
Both vitamin E treatment groups showed similar 
frequency of abnormal bone uptake when comparing the 
Vitamin E-supplemented groups. Moreover, both of the 
vitamin E groups reported high abnormal uptake within 
the spine region and femur bone compared to the pelvic 
bone. The frequency of abnormal bone uptake in the ZA 
group is lowest compared to other cancer-induced 
groups. 
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Figure 2: Withdrawal responses threshold of weight burden (g) to Von Frey filament [A] and withdrawal responses 
threshold (s) to Hot Plate [B] following intraosseous injection of MDA-MB-231 breast cancer cells or supplementary 
media (Sham group). n=8 per group. Data are presented in means ± SEM. Same alphabet indicates significant 
difference at P < 0.05.  
 
  
 

 
Figure 3: Representative coronal views of SPECT/CT images at 2 hours after intravenous injection of 99m Tc-MDP in in-
vivo bio-distribution of radioactivity uptake in SD rats induced with MDA-MB-231 and supplementary media (Sham 
only). Results were expressed via uptake seen in each rat 
 
 
Bone turnover activity 

The healthy model represented by the Sham group 
showed significantly lower PINP concentration (Figure 
4a) and TRACP 5b concentration (Figure 4b) compared 
to NC and both vitamin E groups. In the NC group, the 
PINP concentration and TRACP 5b concentration were 
significantly higher than in other groups suggesting high 
bone turnover activity within the bone 
microenvironment. However, both ATF and TRF 

treatments were reported to be significant with both 
Sham and ZA groups in PINP biomarkers, while in TRACP 
5b biomarkers, both treatments did not demonstrate a 
significant difference between Sham and ZA groups. 
Comparing the biomarkers level of PINP and TRACP 5b in 
the ZA control group, both showed significant differences 
when compared to the NC group, whereas no significant 
difference was reported between Sham and ZA in TRACP 
5b biomarker. 
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Figure 4: PINP concentration (pg/ml) (A) and TRACP 5b concentration (ng/ml) (B) in bone samples from SD rats of each 
group (𝑛 = 8). Data presented as mean ±SEM. Same alphabet indicates significant different between groups  
 
 
Gene expression analysis 

Fold change in log2 of the relative gene expression of 
RANKL, RANK, OPG, PTHrP, TGF-β, IL-6 and M-CFS is 
displayed in Figure 5, which shows different treatment 
groups demonstrating contrasting expression levels of 
the genes of interest. NC group demonstrated an 
upregulation for all genes of interest except RANK. In 
addition, the upregulated gene of interest in the NC 
group showed an almost equivalent value of fold change 
except for IL-6, where the gene expression was nearly 4-
fold higher compared to M-CFS, RANKL, OPG, TGF-β and 
PTHrP. In contrast, all of the genes of interest in the ATF 

group demonstrated an upregulation expression with an 
almost equivalent value of fold change. Compared to the 
ATF group, TRF demonstrated a contrasting trend 
between both vitamin E-supplemented groups, where 
OPG, IL-6, PTHrP and RANK showed a downregulation 
expression, whereas M-CFS, RANKL and TGF-β showed an 
upregulation expression. On the other hand, the ZA 
treatment group showed an upregulation expression in 
RANKL, OPG and IL-6, while M-CSF, TGF-β, PTHrP and 
RANK demonstrated a downregulation expression. 
 

 

 
Figure 5: RT-qPCR analysis of fold change expression level against Sham control of mRNA target gene; RANKL, RANK, OPG, 
PTHRP, IL-6, TGF-β and M-CSF in femur bones (n=3) after induction of breast cancer cell line, MDA-MB-231 in NC group (A), 
ATF group (B), TRF group (C) and ZA group (D). Fold change of less than 1 imply down-regulated expression and fold change 
more than 1 imply up-regulated expression. Data were expressed in Log2.  
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RANKL/OPG ratio 

The RANKL/OPG ratio indicates the bone resorption 
activity that happen inside the bone microenvironment, 
in which a higher RANKL indicates a higher osteoclast 
activity which consequently leads to abnormal activity of 
bone resorption. A lower value reflects better 
remodelling activity within the bone. Based on Table 2, 
the Sham group showed the lowest RANKL/OPG ratio, 
whereas the NC group reported a substantially higher 
ratio compared to other groups. It is interesting to note 
that ATF supplemented group had a comparable value 
to the ZA group and demonstrated a lower RANKL/OPG 
ratio. In contrast, the TRF group had a slightly higher 
ratio than the ATF group. The ZA group reported a 
better RANKL/OPG ratio than the cancer-induced 
groups. 

Table 2: RANKL/OPG ratio of each treatment group 
 

 RANKL OPG RATIO 

Sham 0.00 0.00 0 
NC 3.91 2.16 1.81 
ATF 1.77 1.52 1.16 
TRF 1.29 0.95 1.36 
ZA 1.14 1.01 1.13 

 

Discussion 

The breast cancer bone pain model in this study was 
evaluated based on the effect of vitamin E, ATF and TRF 
supplementation and its related activity in pain stimuli 
and the bone microenvironment following cancer 
invasion directly into the bone. The Sham group 
undergoes surgical intervention without cancer 
implantation to represent a healthy model, whereas the 
NC group are representative of the untreated cancer 
invasion model. ATF and TRF were the treatments to be 
evaluated against the bone cancer pain model. The 
clinical control drug model was represented by ZA, the 
current clinical drug used for bone pain-related diseases. 
Zoledronic Acid was chosen as a controlled drug in this 
study as bisphosphonates. Studies have found that it 
positively affects bone metastasis and is a preferred 
option for pain management in bone metastasis (31). 

Supplementation of olive oil as the vehicle in both Sham 
and NC groups is due to its low content of vitamin E (1 
mg per 100 mg) (32) and low toxicity towards rodents in 
general (33). The dose for both vitamin E at 60 mg/kg 
was generally considered safe in bone studies and 
reported no toxicity to animal health (34). Published 
data has reported olive oil’s beneficial potency in anti-
cancer activity in in-vitro studies (35, 36) and preclinical 
studies (37). However, the dose given in this study was 
too minimal compared to the published finding in in-
vitro studies, and the duration of treatment in this study 
was shorter compared to the preclinical studies. In 
addition, the NC group that received a daily dose of olive 
oil showed high activity of abnormal radiotracer uptake 
within the bone region compared to other treatment 
groups. Changes in body weight were recorded every 
week, and no significant weight drops were recorded, 

displaying no distress condition and no post-operational 
pain in the animal, suggesting the suitability of the 
surgical model (38). Two types of stimuli, mechanical and 
thermal, were introduced in the pain assessment test. 
Both of these stimuli serve different purposes for pain 
assessment tests.  

In mechanical stimuli, the nociceptors respond to intense 
pressure, while in thermal stimuli, the nociceptors 
respond to extreme hot or cold temperatures (>45°C or 
<5°C) (39). The underlying mechanism of mechanical 
stimuli is believed to be neuropathic pain, whereas 
thermal stimuli is a serotogenic response. Thus, it is 
important to identify the pain mechanism in cancer-
induced bone pain following the Vitamin E treatment. As 
pain cannot be directly measured from rodents, different 
sensory targets should be introduced to identify the 
analgesic mechanism of vitamin E treatment.  Both 
stimuli also have different features where specific 
sensory neurons have different sensitivities to various 
stimulations that release different neurotransmitters 
(40). The Sham group representing healthy individuals 
had the highest threshold value in both Von Frey and Hot 
Plate tests, comparable to other studies (41). In contrast, 
the NC group has the significantly lowest threshold 
among all the groups in both thermal and mechanical 
stimuli. 

Mechanical allodynia is a condition that occurs when one 
experiences pain from non-painful situations caused by a 
damaged nerve (42). Rats in both Sham and ZA groups 
can withstand higher threshold levels, which is a 
justification for this condition. Tumours can directly 
induce structural damage to tissue, especially sensory 
neurons in bone. This will activate the sensory fibres. At 
the same time, cancer cells can directly activate sensory 
fibres (43), subsequently causing a unique pain. Pain 
signaling from peripheral tissue is initiated by tissue 
stimulation of primary afferent sensory fibres in which 
the bone has a rich sensory fibre and thus might 
stimulate the nerves in the system (42). 

Both ATF and TRF-supplemented groups in the Von Frey 
tests showed a significant difference from the NC group 
demonstrating the ability of both ATF and TRF 
supplements to alleviate pain in the rat model with 
cancer-induced bone pain. On the contrary, in the Hot 
Plate test, only ATF treatment has no significant 
difference, with Sham and ZA groups displaying the 
ability of the supplementation to be on par with the 
current treatment drug and with healthy animal groups. 
Vitamin E has been associated with other studies linked 
with pain management and has been cited for its 
analgesic properties (20). However, tocotrienol 
treatment within this study showed no significant 
difference with the NC group, demonstrated a 
contravene data with previous studies that evidently 
linked tocotrienol with analgesic activity and anti-
inflammatory properties (44, 45). Results from the Hot 
Plate test showed a more varied date and value between 
the treatment groups compared to the Von Frey test, 
which probably caused by the application of the subject 
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towards the stimuli. In Von Frey test, the hind paw was 
the only area that was evoked to the stimuli. In 
comparison, during the Hot Plate Test, whole rat’s body, 
which include the tail, was fixed within the beaker. 
Spatial summation is a term where there is an increase 
in pain perception if larger base areas of pain 
stimulation are evoked (39). In addition, thermal stimuli 
which influenced serotonergic response might show 
fewer sensitivities toward vitamin E, which are known as 
peripherally acting analgesics (46). Thermal stimuli test 
was done in this study to evaluate the pain sensitivity of 
the animal model and its behaviour following thermal 
pain application.  

ZA group in both tests showed no significant difference 
from the Sham group, suggesting that the control drug 
treatment, Zoledronic Acid, can reduce pain and may 
strengthen the bone. The bisphosphonate reduces the 
disintegration of bone during osteoclast activity and act 
as specific blockers during secretion of cancer cells’ 
growth factor (47). It is the commonly used 
bisphosphonate in treating bone cancer pain due to its 
efficiency of pain relief activity and also provides a 
simple and nontoxic results (2). 

Bone scintigraphy is the most frequently performed 
among radionuclide bone imaging as it plays a vital role 
in tumour staging and management (48). Radionuclide 
works by detecting areas of increased or decreased 
bone turnover activity, and the present work provides 
the potential for detecting bone metastases (49). A 
commonly used radionuclide for bone scintigraphy is 
99mTc-MDP via SPECT/CT scan, which was generally 
used to localise bone metastases or any abnormal 
activity within the bone, such as lesions and 
hypercalcemia (50). Hypercalcemia is usually a result of 
high calcium levels caused by the secretion of cancer 
cells’ growth factors that stimulate calcium production 
within the bone, which in turn alters the calcium 
homeostasis activity in the bone (51). Localisation of 
radionuclide to sites of abnormal bone activity is due to 
the coordination of phosphate group to calcium 
deposition in hydroxyapatite of bone (52). The ability of 
radionuclide in SPECT/CT imaging to characterise many 
bone pathologic conditions has made it useful for 
screening. Several studies have also been published on 
bone abnormalities using animal models in SPECT/CT 
imaging (53). 

Figure 3 shows high abnormal uptake in cancer-induced 
groups within the spine and pelvic bone region, 
specifically NC and vitamin E groups. Vitamin E-
supplemented groups showed a similar trend to the NC 
group with high uptake, although the role of vitamin E as 
anti-metastatic properties in both in-vivo and in-vitro 
studies has been widely published (54). High abnormal 
uptake within both vitamin E treatment groups could be 
inferred to be high bone turnover activity within the 
bone microenvironment. Although vitamin E has been 
reported as an anti-cancer agent, the high bone 
turnover activity could be presented during early 
treatment, which might vary if the treatment was 

prolonged (55). Interestingly, the results from the group 
with abnormal uptakes in both vitamin E treatments 
justified that vitamin E has potency in pain alleviation 
activity. This is evident in the results of the pain 
assessment tests, which showed that vitamin E 
treatment, specifically in the ATF group, has a 
significantly lower threshold value than the NC group. 
Bisphosphonate has been documented to inhibit the 
development of osteoclast progression and 
differentiation (56). In this study, we found that following 
SPECT/CT imaging, the ZA group showed less uptake 
frequency than other cancer-induced groups. Abnormal 
uptake within the spine and pelvic region was generally 
inferred as evidence of bone metastases and abnormal 
bone turnover activity, such as calcium deposition and 
spike elevation of osteoclast (52) within bone caused by 
cancer cell activity (11). 

The accumulation of radionuclide 99mTc-MDP can then 
be linked to bone resorption and bone formation 
biomarkers. Bone formation markers are derived from 
osteoblast activity during differentiation, in which PINP is 
derived from pro-collagen cleavage at N-terminal from 
osteoblast synthesis during the bone formation process 
(57). Conversely, bone resorption markers are formed 
during the resorption phase as a by-product of 
osteoclasts following osteoclast activation, such as TRACP 
5b (58). During bone metastases, enzyme levels of PINP 
and TRACP 5b were reported to be significantly high and 
are frequently related to skeletal lesions due to high 
bone turnover activity within the bone 
microenvironment (59). 

Based on Figure 4, both PINP and TRACP 5b in the Sham 
group reported significantly low concentration levels 
compared to cancer-induced groups, demonstrating the 
normal concentration of PINP and TRACP 5b biomarkers 
for healthy individuals. An increase of enzyme 
concentration in the NC group within both PINP and 
TRACP 5b biomarkers demonstrated the aberrant activity 
of osteoblast and osteoclast, thus reflecting high bone 
turnover and resorptive activity within the bone (60). The 
results indicated that supplementation of both vitamin E 
significantly reduced the concentration level of PINP and 
TRACP 5b compared to the NC group. Furthermore, 
TRACP 5b biomarker concentration in both vitamin E-
supplemented groups was statistically insignificant. In 
this regard, the ZA group displays the potent action of 
anti-resorptive properties of ATF and TRF. These findings 
are in line with results published by other studies (61, 
62). Both ATF and TRF-supplemented groups showed no 
significant difference in TRACP 5b with the Sham group, 
and few studies on vitamin E towards bone healing and 
bone metastasis reported similar observations (63, 64). 
ZA treatment in the cancer-induced rat model 
significantly reduced PINP and TRACP 5b concentrations 
compared to the NC group. Zoledronic acid has 
demonstrated the ability to prevent aberrant bone 
turnover activity in the skeletal environment (65). 

Many studies discussed the relationship between the 
RANKL/RANK/OPG pathway being associated with bone 
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metastasis and bone pain (66, 67), which is also related 
to other gene expression pathways such as M-CFS, TGF-
β, IL-6 and PTHrP, which completed the vicious cycle of 
bone metastasis. This cycle induces bone turnover 
activity resulting in complex pain mechanisms. Breast 
cancer cells regulate the osteoblast and osteoclast 
activity within the bone microenvironment which then 
indirectly promote osteoclastogenesis and then releases 
more M-CSF and promotes osteoblast to secrete more 
RANKL into bone (68). Our study demonstrated that 
both vitamin E-supplemented groups showed an 
upregulation of both M-CFS and RANKL, but both 
supplemented groups showed a notable decrease in 
expression when compared with NC group 
demonstrating the potential of tocotrienol and 
tocopherol in regulating osteoclastogenesis. The role of 
vitamin E in bone-related diseases such as the action of 
osteoclast inhibition and bone resorption reduction 
activity has been widely published in previous studies 
(69, 70). However, the relationship between bone and 
cancer remains undefined in the literature. Comparing 
vitamin E with the ZA group demonstrated a comparable 
activity where the ZA group showed an upregulated 
RANKL gene expression similar to both vitamin E, 
although M-CSF expression in the ZA group was 
downregulated. 

As a decoy receptor for RANKL, OPG, a cytokine secreted 
by osteoblast, inhibits the osteoclastogenesis pathway 
and prevents further bone resorption. Thus RANKL/OPG 
ratio provides the basis for bone resorption activities 
where a lower score ratio signifies lower bone 
resorption activities. Our study showed that OPG 
expression was upregulated in NC, ATF and ZA groups, 
whereas the TRF group demonstrated a downregulated 
expression of OPG. However, based on the RANKL/OPG 
ratio, both vitamin E-supplemented groups showed a 
comparable low ratio score as the ZA treatment group 
with the ATF group showed a lower value than the TRF 
group. Generally, bone turnover activity is represented 
by the homeostasis of the RANKL/OPG ratio, where 
breast cancer cells stimulate RANKL expression and 
osteoblast secrete OPG in the bone metastasis 
environment. Few studies have reported higher 
expression levels of OPG in bone metastasis and ER- 
breast cancer subtypes (71, 72). In addition, a study by 
Ryser et al. (2012) published that the OPG expression 
corresponded to the RANKL expression in order to 
counter the excessive bone resorption activity in tumour 
diseases (73). 

Following osteoclastogenesis in bone turnover activity, 
active osteoclast secretes TGF-β, and subsequently 
stimulates metastatic cancer cells to secrete PTHrP that 
interferes with the RANKL/OPG pathway (11). Cancer 
cells activity within the bone affects the role of TGF-β, 
which leads the cytokine by promoting and facilitating 
the growth progression and invasion of the metastatic 
cancer cells (74). Our research showed that the TGF-β 
expression was upregulated by almost two-fold in 
cancer-induced groups with exception in 
bisphosphonate treatment group. Zoledronic acid has 

been proved to modulate the TGF-β expression (75). 
Previous studies have reported that higher TGF-β 
expression is linked with the tumour presence and 
activity and also a characteristic of advanced stages in 
cancer (76, 77). Both vitamin E-supplemented groups 
showed a decrease in the expression level of TGF-β 
compared to the NC group, where the ATF group 
exhibited higher fold change compared to TRF. In 
contrast to published findings, tocopherol has been 
widely used in cancer studies and showed potency in 
inhibiting breast cancer cells via functional knockout of 
TGF-β signaling (78). 

PTHrP is claimed to enhance the progression of 
metastatic cancer cells, specifically within the bone 
microenvironment (79). Our finding in this research 
showed that the upregulation of PTHrP expression in 
both NC and ATF groups illustrated tumour presence and 
high metastatic activity (80). In contrast, the TRF group 
exhibited downregulation of PTHrP expression 
comparable to the ZA treatment group. Inhibitory activity 
of tocotrienol could result from the anti-cancer 
properties of vitamin E (16), which might modulate PTHrP 
signaling (81). Treatment with Zoledronic acid has been 
extensively used in the clinical setting to treat 
hypercalcemia attributed to the upregulation of PTHrP 
expression (82). 

Another factor released by metastatic cancer cells is IL-6, 
an inflammatory cytokine capable of activating the 
osteoclastogenesis pathway (83). Higher upregulation of 
IL-6 expression within the NC group when compared to 
other groups demonstrated a higher presence of 
metastatic cancer cells. Previous studies have reported 
significant upregulation of IL-6 in TNBC subtypes in the 
clinical setting (84),(85). Although the ATF group 
exhibited upregulation of IL-6 expression, the fold change 
value is comparable to the ZA treatment group. On the 
other hand, it is worth mentioning that the tocotrienol 
treatment exhibited downregulated expression of IL-6 
when compared to other cancer-induced groups. Vitamin 
E, specifically tocotrienol, has been widely published for 
its role as reactive oxygen species scavenger which 
probably resulted in decreasing of inflammatory 
cytokines (16, 22) and restoring the functional physiology 
condition of inflammation homeostasis activity within the 
body (86). Consistent with published findings, vitamin E 
demonstrated an inhibitory effect on inflammatory 
cytokine and reduced the level of IL-6 expression (87). In 
addition, supplementation of tocotrienol demonstrated 
potency better than the ZA control group, where a 
previous study showed that Zoledronic acid was 
positively associated with a reduction in IL-6 expression 
(88). 

Higher bone resorption rates linked to extensive bone 
cell loss lead to dysregulation of bone cell production and 
survival (73). The activity of the metastatic cells within 
the bone convinced by the higher TGF-β and PTHrP 
expression within the NC group demonstrated 
predomination of tumour in bone, leading to 
undeveloped bone cells and imbalance activity in the 
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production of osteoclast precursor (89). Downregulated 
expression of RANK in the NC group might relatively 
cause by a higher tumour burden, which is consistent 
with a previous study that claimed that the RANK-
knockout model exhibited osteoporotic characteristics 
(90). Our study also agrees with a previous literature by 
Owen et al. (2013) which he suggests that the 
downregulated RANK expression are commonly linked 
to the high activity of bone metastasis in deceased 
patients (91). In contrast, other published data reported 
contradicting finding where they claimed that a lower 
RANK expression will produce a better prognosis 
towards patients (67, 92). However, in vitamin E 
treatment groups and bisphosphonate treatment group, 
our finding demonstrated a reduced expression of PTHrP 
and IL-6 when compared to NC groups which probably 
caused by low presence of metastatic cancer. Then, an 
upregulated RANK expression might illustrate a poor 
prognosis with high osteoclast activity, as published by 
other study (93). The ATF group exhibited upregulation 
of RANK mRNA expression compared to the TRF group, 
which showed a downregulated expression. 
Downregulation of RANK is associated with inhibited 
osteoclastogenesis and prevention of RANKL-RANK 
binding activity (93). The potency of tocotrienol when 
compared to the tocopherol has been justified in the 
literature and it is postulated that the potency was 
modulated due to the high antioxidant activity and able 
to distribute tissue efficiently (16, 94), which makes it 
the most probable agent for potential effective 
therapeutics for the management of pathological bone 
diseases comparable to bisphosphonate.  Other than the 
treatment in bone pathological fracture, 
bisphosphonate is also capable in reducing the 
osteoclast activation via inhibition of RANKL-RANK 
binding (95) which is demonstrated by the 
downregulated of RANK expression. 
 

Conclusion 

In conclusion, this study demonstrates that both vitamin 
E supplementations showed potential therapeutic effect 
in pain alleviation activity. Specifically, TRF also capable 
in regulating bone turnover activity by reducing 
excessive bone resorption activity and bone formation 
activity as effective as Zoledronic acid. Gene expression 
studies also demonstrated that TRF supplementation 
was more potent in regulating the osteoclastogenesis 
and preventing excessive bone resorption. It is also 
interesting to note that TRF supplementation might 
inhibited the growth of metastatic cancer cells based on 
this finding. As conclusion, although both vitamin E 
treatment have potency on pain alleviation activity, TRF 
showed a superior activity on a molecular level in bone 
biomarker and bone signaling pathways. 
 

Acknowledgement 

The research was funded by USM Research University 
(RU) grant (RUI 1001/CIPPT/8012227). Tocotrienol Rich 
Fraction was provided by Excelvite (M) Sdn. Bhd. 

 

Conflicts of interest 

The authors report no conflicts of interest. The authors 
alone are responsible for the content and writing of this 
article. 

 

References 

1.  Huang JF, Shen J, Li X, Rengan R, Silvestris N, Wang 
M, et al. Incidence of patients with bone metastases 
at diagnosis of solid tumors in adults: a large 
population-based study. Ann Transl Med. 
2020;8(7):482. 

1. Huang JF, Shen J, Li X, Rengan R, Silvestris N, Wang 
M, et al. Incidence of patients with bone metastases 
at diagnosis of solid tumors in adults: a large 
population-based study. Ann Transl Med. 
2020;8(7):482. 

2. D’Oronzo S, Coleman R, Brown J, Silvestris F. 
Metastatic bone disease: Pathogenesis and 
therapeutic options: Up-date on bone metastasis 
management. J Bone Oncol. 2019;15:100205. 

3. Urch C. The pathophysiology of cancer-induced 
bone pain: current understanding. Palliat Med. 
2004;18(4):267-274. 

4. Falk S, Dickenson AH. Pain and nociception: 
Mechanisms of cancer-induced bone pain. J Clin 
Oncol. 2014;32(16):1647-1654. 

5. Schneider G, Voltz R, Gaertner J. Cancer Pain 
Management and Bone Metastases: An Update for 
the Clinician. Breast Care (Basel). 2012;7(2):113-
120. 

6. Thompson ML, Jimenez-Andrade JM, Chartier S, Tsai 
J, Burton EA, Habets G, et al. Targeting cells of the 
myeloid lineage attenuates pain and disease 
progression in a prostate model of bone cancer. 
Pain. 2015;156:1692-1702. 

7. Miller RE, Roudier M, Jones J, Armstrong A, Canon J, 
Dougall WC. RANK ligand inhibition plus docetaxel 
improves survival and reduces tumor burden in a 
murine model of prostate cancer bone metastasis. 
Mol Cancer Ther. 2008;7(7):2160-2169. 

8. Bao Y, Gao Y, Du M, Hou W, Yang L, Kong X, et al. 
Topical Treatment with Xiaozheng Zhitong Paste 
(XZP) Alleviates Bone Destruction and Bone Cancer 
Pain in a Rat Model of Prostate Cancer-Induced 
Bone Pain by Modulating the RANKL/RANK/OPG 
Signaling. Evidence-based Complement Altern Med. 
2015;2015. 

9. Hua B, Gao Y, Kong X, Yang L, Hou W, Bao Y. New 
insights of nociceptor sensitization in bone cancer 
pain. Expert Opin Ther Targets. 2015;19(2):227-243. 

10. Tauro M, Lynch CC. Cutting to the chase: How 
matrix metalloproteinase-2 activity controls breast-
cancer-to-bone metastasis. Cancers (Basel). 
2018;10(6). 

11. Infante M, Fabi A, Cognetti F, Gorini S, Caprio M, 
Fabbri A. RANKL/RANK/OPG system beyond bone 
remodeling: Involvement in breast cancer and 



     SPECIAL ISSUE     JUMMEC 2023: 1  

19  

clinical perspectives. J Exp Clin Cancer Res. 
2019;38(1):1-18. 

12. Ibrahim MFK, Mazzarello S, Shorr R, Vandermeer L, 
Jacobs C, Hilton J, et al. Should de-escalation of 
bone-targeting agents be standard of care for 
patients with bone metastases from breast cancer? 
A systematic review and meta-analysis. Ann Oncol. 
2015;26(11):2205-2213. 

13. Al Farii H, Farahdel L, Frazer A, Salimi A, Bernstein 
M. The effect of NSAIDs on postfracture bone 
healing: a meta-analysis of randomized controlled 
trials. OTA Int. 2021;4(2). 

14. Gress KL, Charipova K, Kaye AD, Viswanath O, Urits 
I. An Overview of Current Recommendations and 
Options for the Management of Cancer Pain: A 
Comprehensive Review. Oncol Ther.:1-9. 

15. Chiricosta L, Gugliandolo A, Tardiolo G, Bramanti P, 
Mazzon E. Transcriptomic Analysis of MAPK 
Signaling in NSC-34 Motor Neurons Treated with 
Vitamin E. Nutrients. 2019;11(5):1081. 

16. Zulkapli R, Abdul Razak F, Zain RB. Vitamin E (α-
Tocopherol) Exhibits Antitumour Activity on Oral 
Squamous Carcinoma Cells ORL-48. Integr Cancer 
Ther. 2017;16(3):414-425. 

17. Mustacich DJ, Bruno RS, Traber MG. Vitamin E. 
Vitam Horm. 2007;76:1-21. 

18. Sen CK, Khanna S, Roy S. Tocotrienols: Vitamin E 
beyond tocopherols. In: Life Sciences. Vol 78. ; 
2006:2088-2098. 

19. Niki E. Evidence for beneficial effects of vitamin E. 
Korean J Intern Med. 2015;30(5):571-579. 

20. Peh HY, Tan WSD, Liao W, Wong WSF. Vitamin E 
therapy beyond cancer: Tocopherol versus 
tocotrienol. Pharmacol Ther. 
2016;162(December):152-169. 

21. Patacsil D, Tran AT, Cho YS, Suy S, Saenz F, 
Malyukova I, et al. Gamma-tocotrienol induced 
apoptosis is associated with unfolded protein 
response in human breast cancer cells. J Nutr 
Biochem. 2012;23(1):93-100. 

22. Ahmed R, Sylvester PW. γ-Tocotrienol Reversal of 
Epithelial-to-Mesenchymal Transition in Human 
Breast Cancer Cells is Mediated through a 
Suppression of Canonical Wnt and Hedgehog 
Signaling. In: Vitamin E in Health and Disease. 
InTech; 2018. 

23. Kline K, Lawson KA, Yu W, Sanders BG. Vitamin E 
and Cancer. Vitam Horm. 2007;76:435-461. 

24. Sen CK, Khanna S, Rink C, Roy S. Tocotrienol: The 
emerging face of vitamin E. Vitam Horm. 
2007;76(07). 

25. Müller F, Appelt KA, Meier C, Suhm N. Zoledronic 
acid is more efficient than ibandronic acid in the 
treatment of symptomatic bone marrow lesions of 
the knee. Knee Surgery, Sport Traumatol Arthrosc. 
2020;28(2):408-417. 

26. Lozano-Ondoua AN, Symons-Liguori AM, Vanderah 

TW. Cancer-induced bone pain: Mechanisms and 
models. Neurosci Lett. 2013;557:52-59. 

27. Ferrier J, Marchand F, Balayssac D. Assessment of 
Mechanical Allodynia in Rats Using the Electronic 
Von Frey Test. Bio-Protocol. 2016;6(18):1-6. 

28. Deuis JR, Vetter I. The thermal probe test: A novel 
behavioral assay to quantify thermal paw 
withdrawal thresholds in mice. Temp (Austin, Tex). 
2016;3(2):199-207. 

29. Schroeter ER, DeHart CJ, Schweitzer MH, Thomas 
PM, Kelleher NL. Bone protein “extractomics”: 
Comparing the efficiency of bone protein 
extractions of Gallus gallus in tandem mass 
spectrometry, with an eye towards 
paleoproteomics. PeerJ. 2016;2016(10). 

30. Livak KJ, Schmittgen TD. Analysis of Relative Gene 
Expression Data Using Real- Time Quantitative PCR 
and the 2 Ϫ ⌬⌬ C T Method. 2001;408:402-408. 

31. Sindhi V, Erdek M. Interventional treatments for 
metastatic bone cancer pain. Pain Manag. 
2019;9(3):307-315. 

32. Pérez AG, León L, Pascual M, de la Rosa R, Belaj A, 
Sanz C. Analysis of Olive (Olea Europaea L.) Genetic 
Resources in Relation to the Content of Vitamin E in 
Virgin Olive Oil. Antioxidants (Basel, Switzerland). 
2019;8(8):242. 

33. Rodríguez-Lara A, Mesa MD, Aragón-Vela J, Casuso 
RA, Casals Vázquez C, Zúñiga JM, et al. 
Acute/Subacute and Sub-Chronic Oral Toxicity of a 
Hidroxytyrosol-Rich Virgin Olive Oil Extract. 
Nutrients. 2019;11(9):2133. 

34. Mohamad NV, Soelaiman IN, Chin KY. Effects of 
tocotrienol from Bixa orellana (annatto) on bone 
histomorphometry in a male osteoporosis model 
induced by buserelin. Biomed Pharmacother. 
2018;103:453-462. 

35. Cusimano A, Balasus D, Azzolina A, Augello G, Emma 
R. M, Di Sano C, et al. Oleocanthal exerts antitumor 
effects on human liver and colon cancer cells 
through ROS generation. Int J Oncol. 
2017;51(2):533-544. 

36. Goren L, Zhang G, Kaushik S, Breslin PAS, Du YCN, 
Foster DA. (-)-Oleocanthal and (-)-oleocanthal-rich 
olive oils induce lysosomal membrane  
permeabilization in cancer cells. PLoS One. 
2019;14(8):e0216024. 

37. Rojas Gil AP, Kodonis I, Ioannidis A, Nomikos T, 
Dimopoulos I, Kosmidis G, et al. The Effect of Dietary 
Intervention With High-Oleocanthal and Oleacein 
Olive Oil in Patients With Early-Stage Chronic 
Lymphocytic Leukemia: A Pilot Randomized Trial. 
Front Oncol.:5746. 

38. Medhurst SJ, Walker K, Bowes M, Kidd BL, Glatt M, 
Muller M, et al. A rat model of bone cancer pain. 
Pain. 2002;96(1-2):129-140. 

39. Fein LG. Nociceptors And The Perception of Pain. 
Psychother Priv Pract. 2014;5(1):17-18. 



     SPECIAL ISSUE     JUMMEC 2023: 1  

20  

40. Yam MF, Loh YC, Tan CS, Adam SK, Manan NA, Basir 
R. General pathways of pain sensation and the 
major neurotransmitters involved in pain 
regulation. Int J Mol Sci. 2018;19(8). 

41. Riffel APK, Santos M do CQ, de Souza JA, Scheid T, 
Horst A, Kolberg C, et al. Treatment with ascorbic 
acid and α-tocopherol modulates oxidative-stress 
markers in the spinal cord of rats with neuropathic 
pain. Brazilian J Med Biol Res. 2018;51(4). 

42. Clohisy DR, Mantyh PW. Bone cancer pain. Cancer. 
2003;97(0008-543X LA-eng PT-Journal Article RN-0 
(Biological Markers) RN-33507-63-0 (Substance P) 
SB-AIM SB-IM):866-873. 

43. Marchesi F, Piemonti L, Allavena P. Molecular 
mechanisms of perineural invasion, a forgotten 
pathway of dissemination and metastasis. Cytokine 
Growth Factor Rev. 2010;21(1):77-82. 

44. Shen CL, Yang S, Tomison MD, Romero AW, Felton 
CK, Mo H. Tocotrienol supplementation suppressed 
bone resorption and oxidative stress in 
postmenopausal osteopenic women: a 12-week 
randomized double-blinded placebo-controlled 
trial. Osteoporos Int. 2018;29(4):881-891. 

45. Harlan L, Mena LT, Ramalingam L, Jayarathne S, 
Shen CL, Moustaid-Moussa N. Mechanisms 
Mediating Anti-Inflammatory Effects of Delta-
Tocotrienol and Tart Cherry Anthocyanins in 3T3-L1 
Adipocytes. Nutrients. 2020;12(11):3356. 

46. Park JM, Kim CK, Lee HC, Jung H, Choi KU, Hong 
SW, et al. Antiallodynic effects of vitamin C and 
vitamin E in chronic post-ischemia pain rat model. 
Korean J Anesth. 2013;65(5):442-448. 

47. Haider MT, Holen I, Dear TN, Hunter K, Brown HK. 
Modifying the osteoblastic niche with zoledronic 
acid in vivo-Potential implications for breast cancer 
bone metastasis. Bone. 2014;66:240-250. 

48. Love C, Din AS, Tomas MB, Kalapparambath TP, 
Palestro CJ. Radionuclide Bone Imaging: An 
Illustrative Review. Radiographics. 2003;23(2):341-
358. 

49. Elfar GA, Ebrahim MA, Elsherbiny NM, Eissa LA. 
Validity of Osteoprotegerin and Receptor Activator 
of NF- κ B Ligand for the Detection of Bone 
Metastasis in Breast Cancer. 2017;25(May):641-
650. 

50. Mirac Binnaz Demirkan H, Durak H. 14 - Primary 
Breast Cancer: Falsenegative and False-positive 
Bone Scintigraphy. In: Hayat MABTCI, ed. Academic 
Press; 2008:423-433. 

51. Coelho RM, Lemos JM, Alho I, Valerio D, Ferreira 
AR, Costa L, et al. Dynamic modeling of bone 
metastasis, microenvironment and therapy. 
Integrating parathyroid hormone (PTH) effect, anti-
resorptive and anti-cancer therapy. J Theor Biol. 
2016;391:1-12. 

52. Ulmert D, Solnes L, Thorek DLJ. Contemporary 
approaches for imaging skeletal metastasis. Bone 
Res. 2015;3:15024. 

53. Jambor I, Kuisma A, Ramadan S, Huovinen R, Sandell 
M, Kajander S, et al. Prospective evaluation of 
planar bone scintigraphy, SPECT, SPECT/CT, 18F-NaF 
PET/CT and whole body 1.5T MRI, including DWI, for 
the detection of bone metastases in high risk breast 
and prostate cancer patients: SKELETA clinical trial. 
Acta Oncol. 2016;55(1):59-67. 

54. Tang K, Liu J, Russell P, Clements J, Ling MT. 
Gamma-Tocotrienol Induces Apoptosis in Prostate 
Cancer Cells by Targeting the Ang-1/Tie-2 Signalling 
Pathway. Int J Mol Sci. 2019;20(5):1164. 

55. Dean-Colomb W, Hess KR, Young E, Gornet TG, 
Handy BC, Moulder SL, et al. Elevated serum P1NP 
predicts development of bone metastasis and 
survival in early-stage breast cancer. Breast Cancer 
Res Treat. 2013;137(2):631-636. 

56. De Ponte FS, Catalfamo L, Micali G, Runci M, 
Cutroneo G, Vermiglio G, et al. Effect of 
bisphosphonates on the mandibular bone and 
gingival epithelium of rats without tooth extraction. 
Exp Ther Med. 2016;11(5):1678-1684. 

57. Jung K, Lein M. Bone turnover markers in serum and 
urine as diagnostic, prognostic and monitoring 
biomarkers of bone metastasis. Biochim Biophys 
Acta - Rev Cancer. 2014;1846(2):425-438. 

58. Tang SJ, Meikle MC, MacLaine JK, Wong RWK, Rabie 
BM. Altered serum levels of the osteoclast-specific 
TRACP 5b isoform in Chinese children undergoing 
orthodontic treatment. Eur J Orthod. 
2013;35(2):169-174. 

59. Aktas B, Kasimir-Bauer S, Lehmann N, Kimmig R, 
Tewes M. Validity of bone marker measurements 
for monitoring response to bisphosphonate therapy 
with zoledronic acid in metastatic breast cancer. 
Oncol Rep. 2013;30(1):441-447. 

60. Seibel MJ. Biochemical markers of bone turnover: 
part I: biochemistry and variability. Clin Biochem 
Rev. 2005;26(4):97-122. 

61. Hamidi MS, Corey PN, Cheung AM. Effects of 
vitamin E on bone turnover markers among US 
postmenopausal women. J Bone Miner Res. 
2012;27(6):1368-1380. 

62. Ikegami H, Kawawa R, Ichi I, Ishikawa T, Koike T, 
Aoki Y, et al. Excessive Vitamin E Intake Does Not 
Cause Bone Loss in Male or Ovariectomized Female 
Mice Fed Normal or High-Fat Diets. J Nutr. 
2017;147(10):1932-1937. 

63. Uchihara Y, Ueda F, Tago K, Nakazawa Y, Ohe T, 
Mashino T, et al. Alpha-tocopherol attenuates the 
anti-tumor activity of crizotinib against cells 
transformed by NPM-ALK. PLoS One. 
2017;12(8):e0183003. 

64. Ibrahim N, Mohamad S, Mohamed N, Shuid A. 
Experimental Fracture Protocols in Assessments of 
Potential Agents for Osteoporotic Fracture Healing 
Using Rodent Models. Curr Drug Targets. 
2014;14(14):1642-1650. 

 



     SPECIAL ISSUE     JUMMEC 2023: 1  

21  

65. von Moos R, Body JJ, Rider A, de Courcy J, Bhowmik 
D, Gatta F, et al. Bone-targeted agent treatment 
patterns and the impact of bone metastases on 
patients with advanced breast cancer in real-world 
practice in six European countries. J Bone Oncol. 
2018;11:1-9. 

66. Kotsopoulos J, Singer C, Narod SA. Can we prevent 
BRCA1-associated breast cancer by RANKL 
inhibition? Breast Cancer Res Treat. 
2017;161(1):11-16. 

67. Timotheadou E, Kalogeras KT, Koliou GA, Wirtz RM, 
Zagouri F, Koutras A, et al. Evaluation of the 
Prognostic Value of RANK, OPG, and RANKL mRNA 
Expression in Early Breast Cancer Patients Treated 
with Anthracycline-Based Adjuvant Chemotherapy. 
Transl Oncol. 2017;10(4):589-598. 

68. Rachner TD, Kasimir-Bauer S, Göbel A, Erdmann K, 
Hoffmann O, Browne A, et al. Prognostic Value of 
RANKL/OPG Serum Levels and Disseminated Tumor 
Cells in Nonmetastatic Breast Cancer. Clin Cancer 
Res. 2019;25(4):1369 LP - 1378. 

69. Yahaya MF, Zainodin A, Pupathy R, Min EOH, Bakar 
NHA, Zamri NA, et al. The effect of palm tocotrienol 
on surface osteoblast and osteoclast in excess 
glucocorticoid osteoporotic rat model. Sains 
Malaysiana. 2018;47(11):2731-2739. 

70. Kim KW, Kim BM, Won JY, Min HK, Lee SJ, Lee SH, 
et al. Tocotrienol regulates osteoclastogenesis in 
rheumatoid arthritis. Korean J Intern Med. 
2020;0(0):0. 

71. Labovsky V, Martinez LM, Davies KM, de Luján 
Calcagno M, García-Rivello H, Wernicke A, et al. 
Prognostic significance of TRAIL-R3 and CCR-2 
expression in tumor epithelial cells of patients with 
early breast cancer. BMC Cancer. 2017;17(1):1-12. 

72. Luo P, Lu G, Fan L, Zhong X, Yang H, Xie R, et al. 
Dysregulation of TMPRSS3 and TNFRSF11B 
correlates with tumorigenesis and poor prognosis 
in patients with breast cancer. Oncol Rep. 
2017;37(4):2057-2062. 

73. Ryser MD, Qu Y, Komarova S V. Osteoprotegerin in 
bone metastases: mathematical solution to the 
puzzle. PLoS Comput Biol. 2012;8(10):e1002703-
e1002703. 

74. Papoutsoglou P, Louis C, Coulouarn C. Transforming 
Growth Factor-Beta (TGFβ) Signaling Pathway in 
Cholangiocarcinoma. Cells. 2019;8(9):960. 

75. Huang XL, Huang LY, Cheng YT, Li F, Zhou Q, Wu C, 
et al. Zoledronic acid inhibits osteoclast 
differentiation and function through the regulation 
of NF-κB and JNK signalling pathways. Int J Mol 
Med. 2019;44(2):582-592. 

76. Meng X, Vander Ark A, Lee P, Hostetter G, 
Bhowmick NA, Matrisian LM, et al. Myeloid-specific 
TGF-β signaling in bone promotes basic-FGF and 
breast cancer bone metastasis. Oncogene. 
2016;35(18):2370-2378. 

77. Xie F, Jin K, Shao L, Fan Y, Tu Y, Li Y, et al. FAF1 

phosphorylation by AKT accumulates TGF-β type II 
receptor and drives breast cancer metastasis. Nat 
Commun. 2017;8(1):15021. 

78. Yu W, Sanders BG, Kline K, Wang XF, Gold M, 
Medunic Y, et al. RRR-alpha-tocopheryl succinate-
induced apoptosis of human breast cancer cells 
involves Bax translocation to mitochondria. Cancer 
Res. 2003;63(10):2483-2491. 

79. Page JM, Merkel AR, Ruppender NS, Guo R, Dadwal 
UC, Cannonier SA, et al. Matrix rigidity regulates the 
transition of tumor cells to a bone-destructive 
phenotype through integrin β3 and TGF-β receptor 
type II. Biomaterials. 2015;64:33-44. 

80. Cafforio P, Savonarola A, Stucci S, De Matteo M, 
Tucci M, Brunetti AE, et al. PTHrP produced by 
myeloma plasma cells regulates their survival and 
pro‐osteoclast activity for bone disease progression. 
J Bone Miner Res. 2014;29(1):55-66. 

81. Carpio L, Gladu J, Goltzman D, Rabbani SA. Induction 
of osteoblast differentiation indexes by PTHrP in 
MG-63 cells involves multiple signaling pathways. 
Am J Physiol Metab. 2001;281(3):E489-E499. 

82. Kroopnick JM, Martinez-Outschoorn U, Tuluc M, Kim 
CS. Hypercalcemia of Malignancy Attributed to Co-
Secretion of PTH and PTHrP in Lung 
Adenocarcinoma. AACE Clin Case Reports. 

83. Blanchard F, Duplomb L, Baud’huin M, Brounais B. 
The dual role of IL-6-type cytokines on bone 
remodeling and bone tumors. Cytokine Growth 
Factor Rev. 2009;20(1):19-28. 

84. Korobeinikova E, Ugenskiene R, Insodaite R, 
Rudzianskas V, Jaselske E, Poskiene L, et al. 
Association of angiogenesis and 
inflammation‑ related gene functional 
polymorphisms with early‑ stage breast cancer 
prognosis. Oncol Lett. 2020;19(6):3687-3700. 

85. Ahmad N, Ammar A, Storr SJ, Green AR, Rakha E, 
Ellis IO, et al. IL-6 and IL-10 are associated with good 
prognosis in early stage invasive breast cancer 
patients. Cancer Immunol Immunother. 
2018;67(4):537-549. 

86. Schwab S, Zierer A, Schneider A, Heier M, Koenig W, 
Kastenmüller G, et al. Vitamin E supplementation is 
associated with lower levels of C-reactive protein 
only  in higher dosages and combined with other 
antioxidants: The Cooperative Health Research in 
the Region of Augsburg (KORA) F4 study. Br J Nutr. 
2015;113(11):1782-1791. 

87. Asbaghi O, Sadeghian M, Nazarian B, Sarreshtedari 
M, Mozaffari-Khosravi H, Maleki V, et al. The effect 
of vitamin E supplementation on selected 
inflammatory biomarkers in adults: a systematic 
review and meta-analysis of randomized clinical 
trials. Sci Rep. 2020;10(1):17234. 

88. de Barros Silva PG, Ferreira Jr AEC, de Oliveira CC, 
Verde MEQL, Freitas MO, Sousa FB, et al. Chronic 
treatment with zoledronic acid alters the expression 
levels of inflammatory, bone, and apoptotic markers 



     SPECIAL ISSUE     JUMMEC 2023: 1  

22  

and Toll-like receptors 2 and 4 in rat dental pulp. 
Oral Surg Oral Med Oral Pathol Oral Radiol. 
2019;128(2):139-145. 

89. Takahashi N, Udagawa N, Takami M, Suda T. 
Principles of bone biology. Cells bone osteoclast 
Gener Acad Press San Diego.:109-126. 

90. Takahashi N, Mizoguchi T, Nakamichi Y, Kobayashi 
Y, Nakamura M, Udagawa N, et al. Osteoclast Cell 

Lineage: Characteristics and Behavior of Osteoclast 
Precursors In Vivo. In: Elsevier; 2014. 

91. Owen S, Ye L, Sanders AJ, Mason MD, Jiang WG. 
Expression profile of receptor activator of nuclear-
κB (RANK), RANK ligand (RANKL)  and 
osteoprotegerin (OPG) in breast cancer. Anticancer 
Res. 2013;33(1):199-206. 

 

92.    Vargas G, Bouchet M, Bouazza L, Reboul P, Boyault 
C, Gervais M, et al. ERRα promotes breast cancer 
cell dissemination to bone by increasing RANK 
expression in primary breast tumors. Oncogene. 
2019;38(7):950-964. 

93. Rauwel B, Degboé Y, Diallo K, Sayegh S, Baron M, 
Boyer JF, et al. Inhibition of Osteoclastogenesis by 
the RNA-Binding Protein QKI5: a Novel Approach to 
Protect from Bone Resorption. J Bone Miner Res. 
2020;35(4):753-765. 

 

  94. Sen CK, Khanna S, Roy S. Tocotrienols in health and 
disease: The other half of the natural vitamin E 
family. Mol Aspects Med. 2007;28(5-6):692-728. 

95. Sestak I, Singh S, Cuzick J, Blake GM, Patel R, 
Gossiel F, et al. Changes in bone mineral density at 
3 years in postmenopausal women receiving 
anastrozole and risedronate in the IBIS-II bone 
substudy: an international, double-blind, 
randomised, placebo-controlled trial. Lancet Oncol. 
2014;15(13):1460-1468

.

 

 


