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Bone defects are difficult to treat and represent challenges in clinical settings, including dental defects. This study aimed to eva-
luate the positive osseointegration impact of surface treatment of titanium implants by vitamin K2 (VK2) and yerba mate (Ilex 
paraguariensis A.St.-Hil.; Aquifoliales, Aquifoliaceae) extract (YME). To do so, we used 18 rabbits with day 1 inserted dental 
implants in their tibial bone. These 18 rabbits were subdivided into 3 groups; the control group received normal saline, the VK2 
group received VK2, and the YME group received YME. For each group, three rabbits were sacrificed on day 30 of the experiment 
and the remaining three rabbits were sacrificed on day 45 following continuous interventional therapy. Implant insertion was confir-
med by radiological analysis and osseointegration was confirmed by histological, proteomic, and genetic analysis. VK2 and YME 
have been associated with the production of tiny capillaries and collagen-rich membrane structures. The early ossification zones, 
which were rich in living osteoprogenitor cells and extremely dense in collagen fibre groups, were visible. YME and VK2 led to a 
nearly one-fold decline in bone MDA (nmol/L) levels in both experimental groups of animals compared to the control group (20.5 
± 0.6). VK2 or YME treatment showed up to a 20–40% rise in bone GSH-Px levels in contrast to the control group (25.8 ± 1.3). In 
comparison to the control group (20.1 ± 2.1), the treated groups (VK2 and YME) showed significantly higher TAS levels. The 
bone Runx2 fold change jumped considerably in all treated groups (VK2 and YME) in comparison to the control group (41.6 ± 
2.1). The bone osteocalcin fold change jumped considerably in all treated groups (VK2 and YME) in contrast to the control group 
(11.7 ± 1.3). VK2 and YME facilitated osseointegration and improved bone regeneration together with reduced oxidative stress.  

Keywords: yerba mate extract; Ilex paraguariensis; dental implant; bone.  

Introduction  
 

Natural teeth are commonly lost due to oral diseases such as tooth 
decay, periodontal diseases, and trauma that affect appearance, 
speech, and the masticatory system. Aiming to improve patients' qua-
lity of life by restoring lost teeth, function, and esthetics, dental im-
plants are commonly used. The use of dental implants based on tita-
nium and titanium alloys is considered to be one of the main treat-
ment options for replacing lost or missing teeth. Such implants are 
biocompatible, corrosion-resistant, and have favourable mechanical 
properties. Various surface modifications for titanium dental implants 
such as blasting, or chemical treatments such as an alkaline treatment, 
have been used to accelerate and improve the bone healing process. 
The living bone could become so fused with the titanium oxide layer 
of the implant that the two could not be separated without fracture. 
Thus, Brånemark introduced the term osseointegration to describe 
this modality for stable fixation between titanium and bone tissue. 
Osseointegration consists of a series of bone modelling and remodel-
ling processes. It has been defined as the direct structural and func-
tional connection between living bone and the surface of a load-
bearing artificial implant.  

Bone tissue repair mechanisms and bone metabolism are strongly 
influenced by nutritional aspects and are crucial to obtaining proper 
bone restoration and optimizing osseointegration processes. Several 
micronutrients affecting bone metabolism were demonstrated to have 
an influence on the skeletal system; in particular, calcium, fluorides, 
magnesium, potassium, vitamin B6, vitamin D, and zinc positively in-
fluence bone health, reducing the risk of fracture. In addition, fat-, car-
bohydrate-, and cholesterol-rich diets and reduced calcium intake ex-
hibit detrimental influences on jaw bone and alveolar bone. Therefo-
re, a specific diet regimen and micronutrients might play a key role in 
the different phases of dental implant osseointegration. A general 
issue concerning VK supplementation studies is the wide range of 
doses that were administered, the frequent combination with other 
micronutrients, anti-osteoporotic drugs and the highly variable study 
duration. The present study aimed to evaluate the systemic effect of 

VK2 and YME in promoting osseointegration around titanium dental 
implants in rabbits confirmed by measuring oxidative markers and 
bone-forming biomarkers alongside histological and radiological 
findings.  
 
Material and methods  
 

Study settings. The study is registered in the College of Dentistry, 
University of Mosul (Ref 1903 on 05.03.2023). The study was con-
ducted in the animal house of the College of Veterinary Medicine, 
University of Mosul (Mosul, Iraq), over a period of 10/9/2023 to 
10/1/2024 with the support and assistance of the College of Dentistry, 
University of Mosul (Mosul, Iraq).  

Animals and housing. A total of eighteen healthy albino rabbits 
(5–6 months, 1800–2000 g average body weight) were purchased 
from local markets and were used in this experiment. The animals 
were housed in metallic cages and subjected to an adaptation period 
of two weeks with a photoperiod of (12hr: 12hr light/dark), 25 ± 2 °C 
temperature, and 45–50% humidity while receiving the normal 
amount of water and food and all rabbits were acclimatized for 
1 month before handling in the experiments.  

Experimental design. The 18 rabbits were divided into the fol-
lowing groups (Fig. 1). Control group (six rabbits for two time inter-
vals): each rabbit received one dental implant on day 1 of the experi-
ment. Three rabbits were sacrificed on day 30 of the experiment and 
the remaining three rabbits were sacrificed on day 45 of the experi-
ment. Vitamin K2 (six rabbits for two-time intervals): each rabbit 
received one dental implant on day 1 of the experiment with oral 
administration of vitamin K2 once daily. Three rabbits were sacrificed 
on day 30 of the experiment and the remaining three rabbits were 
sacrificed on day 45 with continuous vitamin K2 administration. Yer-
ba mate extract (six rabbits for two-time intervals): each rabbit re-
ceived one dental implant on day 1 of the experiment with oral ad-
ministration of yerba mate extract once daily. Three rabbits were 
sacrificed on day 30 of the experiment and the remaining three rabbits 
were sacrificed on day 45 after continuous vitamin K2 administration.  
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Fig. 1. Study design of the control and experimental rabbits used in 
the present research: YME – yerba mate extract, K2 – vitamin K2  

Preparation and reconstitution of drugs: To prepare the yerba 
mate extract, 50 g of yerba mate was measured and combined with 
300 mL of distilled water. This mixture was then heated on a heater at 
a temperature of 55 °C for 7 hours. After heating, the mixture was 
covered and allowed to rest overnight. The following day, the solution 
was filtered using filter paper to separate the liquid from the solid 
residue. The resulting liquid extract was air-dried, converting it into a 
powder form. Finally, the dried yerba mate powder was dissolved in 
distilled water and administered to the rabbit for the intended experi-
mental application. Once prepared, 500 mg of the resulting powder 
was dissolved in water and administered orally to each rabbit each 
day. VK2 capsules (Innerzyme, USA) were administered as 600 µg 
per rabbit per day after being reconstituted in a suitable volume of 
distilled water.  

Surgical procedure of implantation. The rabbit fur around the 
proximal tibia was shaved and the skin surface was cleaned with iodi-
ne solution (povidone iodine) in the tibia metaphysis and left to dry 
before the surgery. Rabbits were anaesthetised with a combination of 
10 mg/kg of ketamine hydrochloride (KetalromR, Romvac company, 
Romania) and 3 mg/kg of xylazine hydrochloride (XylaR, Interchei-
me, Holland) intramuscular. During surgery, all rabbits were infused 
with lactated Ringer's solution. After a 2 cm-incision was performed 
in the skin and subcutaneous tissues, the muscles and periosteum 
were dissected to expose the bone surface of the tibia metaphysis. 

Starting with making a hole using the initial drill, 2.8-mm shaping 
drill, and 3.3-mm shaping drill, the implant fixture was inserted using 
each implant handpiece and torque ratchet (AnyOne fixture; internal 
type; diameter, 3.6 mm; length, 8.0 mm; Megagen, Daegu, Korea) 
(Hoffmann et al., 2012) (Fig. 2).  

  
Fig. 2. Implant inserted in rabbit tibia  

Samples with a diameter of 3.8 mm and length of 8 mm were 
thoroughly rinsed with sterile saline before insertion and positioned in 
the tibia metaphysis. The top part was cut and removed by a cutter to 
avoid tissue damage. The wound was closed with a resorbable 3.0 
polyglycolic acid-coated white suture (Surgifit®, Busan, Korea). Af-
terwards, the samples were allowed to be self-healed. The animals 
under surgery were given 1 mg/kg of Diclofenac sodium (OlfenR, 
Acino, Switzerland) and 10 mg/kg of Oxytetracyclin (LimoxinR, 
Ami Pharma, Jordan) were administered via intramuscular injection 
after surgery and 3 days after surgery, topical application of Gentami-
cin eye ointment (Genidin, Samara, Iraq) was administered in the 
wound area until it healed (Fig. 3).  

To confirm proper surgical insertion of the implant on the tibial 
bone of the rabbit, the tibial bone site holding the implant was expo-
sed to X-ray (Fig. 4).  

To confirm the proper surgical insertion of the implant on the ti-
bial bone of the rabbit, the tibial bone site holding the implant was 
removed from the sacrificed animal and the wool with skin was re-
moved. The tissue was cleaned to expose the implant site (Fig. 5A). 
Moreover, the tissue built on the top of the implant was also removed 
to expose the implant (Fig. 5B, 5C). The implants were removed from 
the tissue insertion site (Fig. 5D) and the local tissue was collected for 
subsequent genetic, proteomic, and histological analysis.  

Animal sacrification and retrieval of specimen. The animals were 
killed, after 30 and 45 days of the experiment, via cervical spine dis-
location once the experiment was finished. The tibia was dissected 
and a segment of metaphysis about 2.0 cm in length comprising the 
sample was obtained for histological study and gene extraction. 
All dissected bone segments were fixed in a 10% neutral-buffered 
formalin solution for 24 hours.  

 

  
Fig. 3. Steps for implant insertion  
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Fig. 4. Representative X-ray of the tibia bone with inserted implant localized inside the bone to confirm the proper surgical induction  

methods and well-maintained implant without failure: (A) side image, (B) anterior image, (C) close image, (D) top image  

 
Fig. 5. Representative macroscopic picture (gross examination) of the tibia bone with inserted implant localized inside the bone  

to confirm the proper surgical induction methods and well-maintained implant without failure: (A) before removal of surrounding tissues  
around the implant, (B) after removal of the tissues around the implants, (C) clear image of the implant inside the bone before sampling,  

(D) collected tissues after implant removal  
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Histological preparation. After the samples were cleaned, they 
were dried with an ethanol gradient and then embedded in paraffin. 
Before the dehydration step, the tissue was decalcified in an EDTA-
based decalcifying solution for five to seven days, depending on the 
tissue's structural density. Starting at the centre of the initial defect, the 
specimens were sliced into five-micrometer slices using a sliding 
microtome (Leica, Wetzlar, Germany) orientated transversely. After 
that, they were kept for the entire night in an oven set to 37 °C. After 
incubation, all slides were deparafinised with xylol, followed by re-
hydration with xylene for 10 minutes, then placed under running wa-
ter for 5 minutes. Samples were stained with haematoxylin and eosin 
to identify areas of new bone formation.  

Using a light microscope (Miotic, China), a skilled and blinded 
examiner carried out histological evaluations, including histomorpho-
metry. A digital camera (AmiScope, China) was used to take high-re-
solution pictures. Using the associated 5 mm initial defect area as the 
region of interest, the AmiScope Standard Imaging Software (Version 
2.1, China) performed the histomorphometric analysis. Both the initi-
al defect area and the area of the newly produced bone were measu-
red. Both newly formed bone and remaining transplant material were 
included in the total bone area (measured in millimetres squared). 
This formula, which has been applied in other studies, was used to 
determine the percentage of newly formed bone in the entire defect 
region:  

 

Percentage of newly formed bone (%) =
Newly formed bone area (mm2)

Newly formed bone area (mm2)  +  Residual graft material (mm2)  +  Connective tissue (mm2)
 

 
Histopathological scoring was utilized to evaluate the repair of 

the bone defect in the following methods, based on predefined crite-
ria. Furthermore, to evaluate the repair of the bone defect in the fol-
lowing methods, we adopted the following criteria: a score of 0 indi-
cates neither the development of fibrous connective tissue nor bone. 
Grades 1 through 3 correspond to the following: full (>50%) and 
dense (>50%) bone formation and dense fibrous connective tissue 
formation, respectively; mild (<50%) and mild to moderate (>50%) 
bone formation and moderate to dense (>50%) fibrous connective 
tissue production, respectively.  

Radiographic criteria. Radiographic assessment of the healing 
process of tibial bone defect was carried out, and a 70-cm focal film 
distance was used . Standard craniocaudal and lateromedial radio-
graphs were obtained for each operated rabbit. All obtained radio-
graphs were precisely interpreted until complete healing.  

Blood sampling and serum separation. Following complete ana-
esthesia and before sacrificing the rabbit, the blood samples from con-
trol and intervention groups were taken from the heart using a 19–21 
gauge needle, preferably the ventricle, which can be accessed either 
via the left side of the chest, through the diaphragm, from the top of 
the sternum or via a thoracotomy. Blood was withdrawn slowly to 
prevent the heart from collapsing. The serum samples were left to clot 
at ambient temperature for one hour. and centrifuged at 3000 rpm for 
15 minutes and the separated serum samples were frozen down to  
–20 °C for further analysis.  

Biochemical analysis criteria. Blood samples were taken from 
each group aof nimals and the separated serum was tested as per 
manufacturer instruction, for glutathione peroxidase (GSH-Px) (Cata-
log: FY-RA13532, Wuhan Feiyue Biotechnology, China), malon-
dialdehyde (MDA), and total antioxidant capacity (Catalog No: FY-
BC4517, Wuhan Feiyue Biotechnology, China).  

RNA extraction and RT-PCR analysis. The initial stage in the 
PCR process was to isolate total RNA using a Promega RNA extrac-
tion kit in accordance with the manufacturer's instructions. The isola-
ted RNA was then converted into cDNA using reverse transcriptase 
(RT). Priming was conducted at 25 °C for 10 minutes, reverse tran-
scription at 50 °C for 60 minutes, RT inactivation at 80 °C for 5 mi-
nutes, and holding at 12 °C comprised the cycle technique. Using the 
Step-One Applied Biosystems tool system, USA, the final step of RT-
PCR was carried out on cDNA samples pertaining to particular genes 
that were Osteocalcin: sense 5’-GAAGCCCAGCGGTGCA-3’, anti-
sense 5’-CAC TACCTCGCTGCCCTCC-3’, Runx2: sense 5’-GCCT 
TCAAGGTGGTAGCCC-3’, antisense 5’-CGTTACCCGCCATGA 
CAGTA-3’ and housekeeping gene ß-Actin sense 5’-GCGACCTCAC 
CGACTACCT-3’, antisense 5’-GCCATCTCGTTCTCGAA GTC-3’.  

A final volume of 25 µL was used for each reaction, which inclu-
ded 5.0 µL of cDNA, 0.5 µmol of sense and antisense specific pri-
mers for all primers 2.0 µL, 5.5 µL PCR water and 12.5 µL of 
SYBER Green Supermix (BioRad, Hercules, CA, USA). A preincu-
bation phase of 3 minutes at 95 °C was used to denaturise the tem-
plate cDNA. This was followed by 40 cycles of denaturation (15 s at 
95 °C), annealing (15 s at 60 °C), and extension (30 s at 72 °C) in the 
amplification procedure. Fluorescence was measured at 72 °C fol-
lowing each cycle. For every experiment, a negative control with no 

cDNA template was conducted. Samples were processed twice.  
Using the standard reactions for each target and housekeeping gene, 
standard curves were made by plotting the Ct values (cycle threshold) 
against the log cDNA dilution. This allowed  relative quantification to 
be performed after PCR. The values were expressed by allocating a 
value of 1 to the relative mRNA level of control implants. The 2^-
(∆∆Ct) technique was used to extract the data as Ct values and calcu-
late the fold change.  

Statistical analysis. The statistical software SPSS (SPSS v26.0 
for Windows, IBM, Chicago, USA) was used for the analyses. 
To evaluate whether the distribution of the data was normal, the Sha-
piro-Wilk test was utilized. One-way ANOVA and post hoc Tukey 
testing were used for group comparisons on data with a normal distri-
bution, while the Kruskal-Wallis test was used for groups whose 
distributions were not normal. Furthermore, the Mann-Whitney U test 
or the independent-samples t test were employed to assess differences 
between two distinct groups. The data were displayed as median 
(min-max) or mean ± SD, depending on the distribution properties of 
the data. A statistically significant P-value was defined as less than 
0.05. An adjusted P value for multiple comparisons was obtained 
using the Bonferroni adjustment test. By dividing the number of feas-
ible comparisons (n = 6) between groups by the P-level of 0.05, the 
adjusted significance level was determined to be 0.008.  
 
Results  
 

The comparison of histological bone sections of the VK2 treated 
group versus the control group revealed that those rabbits treated with 
VK2 over 30 days showed change in cellular morphology and new 
bone growth, which is typically associated by the production of tiny 
capillaries and collagen-rich membrane structures, and this was noted 
in all of the rabbit groups that received interventional therapy. 
The early ossification zones, which were rich in living osteoprogeni-
tor cells and extremely dense in collagen fiber groups, were visible in 
the VK2 30- and 44-day groups. There were ordered cell forms in the 
lacunae. Osteoprogenitor cells were seen within and around intra-
membranous bone production islets in the VK2 45-day group. Surpri-
singly, severe infiltration with high numbers of eosinophils and in-
flammatory cells was observed clearly in the new bone formation 
foci, while there was also a large number of fibrocytes around the 
new capillaries indicating bone remodeling. However, the control 
group showed normal bone matrix with abundant presence of osteo-
cytes and standard infiltration with fibrocytes, suggesting a stable 
bone structure consistent with typical physiological conditions.  

The comparison of bone histological sections of the YME treated 
versus the control group revealed that those rabbits treated with YME 
showed signs of new bone growth, which was usually accompanied 
by the formation of small capillaries and collagen-rich membrane 
structures. The YME 30- and 45-day groups showed signs of early 
ossification zones, which were highly packed in collagen fibre and 
rich with live osteoprogenitor cells. In the lacunae, there were orga-
nized cell formations. In both YME groups, osteoprogenitor cells, 
osteoblasts, and osteocytes were observed within and around the islets 
of intramembranous bone formation (Fig. 6).  
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Fig. 6. A representative histological bone section from control rabbits and treated rabbits for 30 and 45 days: control sections showed  

a normal bone matrix with large numbers of osteocytes and normal infiltration with fibrocytes; treated sections revealed severe  
infiltration with eosinophils and other inflammatory cells, new tiny capillary formations, and collagen-rich membrane structures: (A) section  

from the control group, (B) section from VK2 after 30 days of treatment, (C) section from VK2 after 45 days treatment, (D) section  
from YME after 30 days treatment, (E) section from YME after 45 days treatment  

The results of the quantitative analysis of new bone formation in-
dicated that the percentage of newly formed bone in VK2 – 30-days 
group (35.5 ± 3.2%), VK2 – 45-days group (43.2 ± 2.1%), and YME-
45-days group (39.7 ± 4.0%) were significantly (P < 0.05) higher than 
that of the control rabbits (26.4  ±  2.6%) group. However, the percen-
tage of newly formed bone in the YME treated group (27.4 ± 6.3%) 
was non-significant (P > 0.05) compared to the control group. In 
comparison to the YME 45-day group, the VK2 45-day group dis-
played a considerably higher proportion of new bone production. 
Meanwhile, the VK2 30-day group also demonstrated a significant 
variation when compared to the YME 30-day group (P < 0.05, Fig. 
7).  

  
Fig. 7. Percentage of new bone formation tissue scale and bone repair 

scores in the investigated groups: YME and VK2 have improved 
bone formation compared to the control group (P < 0.001): data stated 
as mean ± SD for each bar in the histogram; different letters express 
significant difference at P < 0.05 while the same letters express non-
significant difference at using one-way ANOVA, the P differences in 
mean values were applied using Tukey’s post hoc test; VK2 – vita-

min K2 and YME – yurba mate extract  

In comparison to the control group (0.75 ± 0.21), all of the treated 
groups (the VK2 45-days group (2.93 ± 0.32), the VK2 30-days 
group (1.89 ± 0.15), YME 45-days group (2.45 ± 0.17), and YME 30-

days group (1.65 ± 0.40)],  showed significantly (P < 0.05) higher 
bone repair scores. The YME 45 days and VK2 45 days group had a 
significantly (P < 0.05) higher bone defect healing score compared to  
either group with 30 days treatment. However, there were no appreci-
able (P > 0.05) variations in the bone defect repair scores between the 
YME 30 days and VK2 30 days groups (Fig. 7).  

The continuous administration of YME and VK2 to the rabbit 
groups for 30–44 days, led to a nearly one-fold decline (P < 0.001) in 
bone MDA (nmol/L) levels in all experimented groups of animals 
compared to the control group (20.5 ± 0.64), furthermore, YME had a 
more powerful influence on bone MDA than VK2 shown as decreas-
ing values in the experimented rabbits (P < 0.05, Fig. 8).  

  
Fig. 8. Comparison of MDA, TAS, and GSH-Px levels in the investi-
gated group: YME and vitamin K2 have modulated the MDA levels 
compared to the control group (P < 0.001); data expressed stated as 

mean ± SD for each bar in the histogram and the investigated groups 
are shown to be different statistically at P < 0.05  using one-way 

ANOVA, these differences in mean values were applied using Tu-
key’s post hoc test; VK2 – vitamin K2, YME – yurba mate extract, 

and MDA – malondialdehyde  

The comparison of GSH-Px levels (pmol/L) of the VK2 or YME 
treated versus control group revealed that those rabbits treated over 30 
or 44 days showed up to a 20–40% rise (P = 0.002) in bone GSH-Px 
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levels in contrast to the control group (25.8 ± 1.25). Moreover, the 
VK2 group showed higher bone concentration at day 30 or 44 post-
treatment (35.8 ± 1.6 and 33.8 ± 0.52, respectively) compared to 
YME post-treatment levels with parallel timepoints (31.5 ± 0.78 and 
31.0 ± 1.55, respectively, Fig. 8).  

In comparison to the control group (20.1 ± 2.1), all of the treated 
groups [the VK2 30-days group (28.2 ± 0.54), VK2 45-days group 
(30.3 ± 0.5), YME 30-days group (25.4 ± 1.57), and YME 45-days 
group (27.4 ± 1.26)], showed significantly (P < 0.05) higher TAS 
levels. The VK2 30 days and and VK2 45 days had significantly (P < 
0.05) higher TAS compared YME groups. However, there were no 
appreciable (P > 0.05) variations in the TAS levels between YME 30 
days and YME 45 days groups (Fig. 8).  

The amplification curve of PCR that shows fluorescent unite 
cross cycles threshold (Ct value) was analyzed to compare the inves-
tigated groups. The bone Runx2 fold change jumped considerably in 
all treated groups [VK2 30-days (67.2 ± 0.5), VK2 45-days (66.5 ± 
0.5), YME 30-days (52.2 ± 1.6), and YME 45-days (55.7 ± 1.3)] in 
comparison to the control group (41.6 ± 2.1). However, the fold of 
change was significantly higher in the VK2-treated groups compared 
to the treated group (Fig. 9).  

The amplification curve of PCR that shows fluorescent unite 
cross cycles threshold (Ct value) was analyzed to compare the inves-
tigated groups. The bone osteocalcin fold change jumped considera-
bly in all treated groups [VK2 30-days (27.14 ± 1.58), VK2 45-days 
(26.5 ± 0.53), YME 30-days (22.6 ± 0.78), and YME 45-days (25.5 ± 
1.55)] in comparison to the control group (11.65 ± 1.25). However, 
the fold of change was significantly higher in both the VK2 treated  
groups and the YME 45-day treated group compared to the YME 30-
day treated group (Fig. 9).  

  
Fig. 9. Comparison of osteocalcin and Runx2 levels in the investi-
gated group: YME and VK2 have modulated the osteocalcin levels 
compared to the control group (P < 0.001); data is stated as a fold of 
change for each bar in the histogram; different letters express signifi-

cant differences at P < 0.05 while the same letters express non-
significant differences  using one-way ANOVA, these P differences 

in mean values were applied using Tukey’s post hoc test;  
VK2 – vitamin K2 and YME – yurba mate extract  

 
Discussion  
 

The findings of the present study confirmed that YME and VK2 
had reasonable osseointegration impact of the implant on bone tissue 
in rabbit models, which could be harnessed for application in the tre-
atment of bone disintegration due to different abnormalities or in den-
tistry. Moreover, YME and VK2 mitigated the oxidative stress asso-
ciated with bone defects, facilitating and soothing the resolution step 
and hence improving the outcome of the injury.  

The YME and VK2 had reduced oxidative stress indicated by 
elevated TAS and GSH-Px alongside reduced MDA with more inten-
sive antioxidant effects shown with VK2. In line with the present 
study, previously published studies confirmed that VK tilts the bal-
ance of oxidative stress towards antioxidative effects through measur-
ing the oxidant-antioxidant system in juvenile Jian carp which con-

firmed that in vivo antioxidant effects reciprocally correlated with the 
plasma VK levels (Yuan et al., 2016). Moreover, VK2 supplementa-
tion has potentially increased the expression of a promotor of multiple 
free radical scavenger pathways Nrf2 (nuclear factor erythroid-2-rela-
ted factor 2) (El-Sherbiny et al., 2022; Lv et al., 2022). This pathway 
(Nrf2) is an intracellular protective mechanism that tackles oxidative 
stress by promoting the gene expression that is involved in the detox-
ification of free radicals (Muchtaridi et al., 2022). Bone implant sur-
gery is associated with bone injury and hence oxidative stress leading 
to increased oxidative markers and this could interfere with bone hea-
ling and proper tissue regeneration (Hoffmann et al., 2012). Reducing 
oxidative markers as the case in the present study, using VK2, could 
potentially provide a tool for the treatment of bone injury.  

Previous studies have been conducted and confirmed the antioxi-
dant effects of YME and related these antioxidant effects to the pre-
sence of antioxidant vitamins and polyphenols (Matsumoto et al., 2009; 
Berté et al., 2014; Riachi & De Maria, 2017). Similarly, Pereira et al. 
(2017) reported that YME modulated oxidative stress markers, and 
this has been explained in the context of the presence of vitamins and 
polyphenolic compounds. Additionally, YME administration elevated 
blood glutathione in hyperlipidemic patients (Boaventura et al., 2012), 
and this impact has been related to the increased serum concentration 
of antioxidant biomolecules induced by YME (Lahouel et al., 2010), 
with the potential role of antioxidant vitamins in this antioxidant ef-
fect (Večeřa et al., 2003). Interestingly, one-week ingestion of YME 
has increased gene expression of GSH-Px (Matsumoto et al., 2009), 
elevated catalase activity (Berté et al., 2011), improved superoxide 
dismutase and reduced lipid peroxidation (Becker et al., 2019).  

YME and VK2 have improved osseointegration of implants in 
the tibia bone of rabbits confirmed radiologically and histologically, 
which have shown proper integration of implants to the rabbit tibia 
alongside increased expression of osteogenic markers including os-
teocalcin and Runx2. In an in vitro study, YME has potentiated bone 
cell differentiation (Mukudai et al., 2014; Balera Brito et al., 2019), 
increased matrix protein deposition, potentiated alkaline phosphatase 
activity, and improved bone mineralization (Balera Brito et al., 2019) 
and confirmed by an in vivo study (Brasilino et al., 2018). In South 
America, the administration of YME to postmenopausal women has 
been associated with higher bone mineral density of the femoral head 
and lumbar spine (Conforti et al., 2012). Genetic markers including 
Runx2 and osteocalcin have shown improved expression in in vitro 
cell culture models when cells are exposed to YME (Kaback et al., 
2008; Yuan et al., 2014).  

VK has been tested for rat femoral osteotomy and the outcomes 
revealed that VK2 suppressed bone turnover and bone resorption 
while it stimulated lamellar bone formation, promoting bone healing 
and fracture repair (Iwamoto et al., 2010), these impacts have been 
explained in the context of anabolic effects of VK2 (Iwamoto et al., 
2010). However, consistent clinical studies confirming the positive 
impacts of VK2 on osseointegration are lacking. In multi-centre stu-
dies it has been observed that VK is negatively associated with frac-
ture risk (Cheung et al., 2008; Fusaro et al., 2012; Finnes et al., 2016; 
Moore et al., 2020). This outcome is not clear-cut because alternative 
interventional studies have shown discrepant outcomes, while some 
found a significant reduction in fracture risk (Huang et al., 2015; 
Maria et al., 2017; Mott et al., 2019), others did not (Tanaka et al., 
2017; Su et al., 2019). The fracture rate was reduced in postmeno-
pausal women and osteoporotic patients in a meta-analysis with a 
total of 11,112 participants by VK supplementation (Mott et al., 
2019).This is contrasted with another meta-analysis study which 
showed no impact of VK in postmenopausal women (Su et al., 2019). 
The levels of OCN negatively correlated with SOS (speed of sound) 
with almost all showing low VK levels (Suzuki et al., 2017).  

In a meta-analysis study involving 6,759 postmenopausal osteo-
porotic women, VK has provided potential improvement of vertebral 
BMD in osteoporotic women, but no response appeared in non-osteo-
porotic postmenopausal women (Huang et al., 2015), moreover, VK2 
supplementation to healthy postmenopausal Danish women has 
shown negative impacts on BMD (Rønn et al., 2016). In alternative 
studies, a negative relationship between VK2 and BMD or osteoge-



7 
Regulatory Mechanisms in Biosystems, 2025, 16(1), e25034 

nesis markers has been recorded (Tejero et al., 2016; Moore et al., 
2020). The mechanism of VK2 in bone development is yet obscure, 
however, VK2 works as a coenzyme of Gla (γ-carboxyglutamic acid) 
proteins, which mediate mineralization (Hauschka et al., 1989), or a 
ligand for the SXR (steroid and xenobiotic receptor) ,which works as 
a support grid for bone via collagen assembly (Ichikawa et al., 2006).  
 
Conclusion  
 

The present study has confirmed that surface treatment with VK2 
and YME has facilitated osseointegration and improved bone re-
generation together with decreasing oxidative stress.  
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