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Abstract: Osteoporosis compromises bone mineral composition and microarchitecture. 
Given the limited ability of current treatments to restore lost bone mass, prevention 
remains crucial in clinical practice. In the present study, we investigated the effect 
of vitamin K2, administered alone or in combination with calcium and vitamin D3, on 
ovariectomy-induced osteoporosis in rats. We assessed serum parameters, bone 
mineral content, bone strength, histomorphometry, radiography, and microtomography 
to evaluate trabecular volume and bone microarchitecture. Serum calcium levels were 
similar between ovariectomized rats supplemented with either vitamin K2 or calcium. 
Vitamin K2 protected against the loss of trabecular bone volume in ovariectomized rats. 
Supplementation with calcium and/or vitamin D3 showed inconsistent effects on bone 
mass. Histologic, microtomographic, and radiographic analyses provided similar results; 
however, microtomography was more effective in detecting differences between groups. 
In our study vitamin K2 helped in the treatment of bone loss, while calcium and vitamin 
D3 continued to demonstrate inconsistent effects.
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INTRODUCTION
Osteoporosis is a systemic skeletal disease 
characterized by decreased bone mass and 
deterioration of bone microarchitecture, leading 
to an increased risk of fractures (Camacho et 
al. 2020, Kulczyński et al. 2023, Feng et al. 2024). 
Given the crucial role of bone calcium stores 
in the pathogenesis of osteoporosis, calcium 
supplementation - alone or in combination 
with vitamin D - has become a common 
recommendation for postmenopausal women 
(Camacho et al. 2020). However, the low estrogen 
levels typically observed after menopause 
inhibit mineral fixation in the skeleton, even 
with increased calcium intake from dietary 
supplements (McClung et al. 2021, Gao et al. 
2021, Ukon et al. 2019). In addition, estrogen has 
been shown to enhance the expression and 

functionality of the plasma membrane calcium 
ATPase 1b (PMCA1b) in duodenal mucosal cells via 
estrogen receptor beta (ERβ), thereby promoting 
duodenal calcium absorption and contributing 
to the improvement of postmenopausal 
osteoporosis (Wu et al. 2025).

Vitamin K2, also known as menaquinone 
(MK), has been shown to provide unique benefits 
in the prevention and treatment of osteoporosis 
(Khéde et al. 2017, Aaseth et al. 2024). Iwamoto 
et al. (2021) evaluated the effect of MK-4 and 
MK-7 administration on bone loss and the 
microstructural mechanical properties of bone 
in an ovariectomy-induced osteoporosis model 
in female Wistar rats. They found that MK-7 
preserved bone microstructural properties in this 
model, potentially resulting in greater resistance 
to fractures. Ünal et al. (2023) examined the 
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effects of MK-7 on fracture healing in male rats 
and found that vitamin K2 positively influences 
bone metabolism during the healing and 
promotes the formation of more durable callus 
tissue. Vitamin K2 plays a role in bone remodeling 
and bone health by activating proteins that 
promote bone mineralization, as well proteins 
containing gamma-carboxyglutamic acid-rich 
(GLA) domain (Cancela et al. 2012, Katsuyama et 
al. 2015, Aaseth et al. 2024). Furthermore, vitamin 
K2 may increase both the number and activity 
of osteoblasts (Urayama et al. 2000, Kim et al. 
2013).

In animal models, ovariectomy decreases 
bone formation and trabecular thickness while 
increasing bone resorption and trabecular 
separation, mirroring the impact of low 
estrogen levels on bone loss observed in 
postmenopausal women. This confirms that 
ovariectomy is a suitable model for simulating 
postmenopausal bone loss (Kalu 1991, Thompson 
et al. 1995, Mishima et al. 2020). In this study, 
we aimed to investigate the effect of vitamin 
K2 supplementation, alone or associated with 
vitamin D3 and calcium, on bone mass in a rat 
model of osteoporosis.

Abbreviations
AI: Aluminium; AIN-93M: Standard diet for adult 
rodents’ maintenance; ANOVA: One-way analysis 
of variance; BV/TV: Trabecular volume; DRIs: 
Dietary reference intakes; DTO: Osteoporosis 
Therapeutic Guidelines;  GLA: Gamma-
carboxyglutamic acid-rich; HCl: Hydrochloric 
acid; IU: International unit; MK: Menaquinone; 
PBS: Phosphate buffered saline; Tb.N: Trabecular 
number; Tb.Sp: Trabecular separation; Tb/Th: 
Trabecular thickness.

MATERIALS AND METHODS
Animals
Sixty healthy 30-day-old female rats (Rattus 
norvegicus, Wistar strain, albinus variation), 
weighing 250–350 g, were obtained from the 
Central Animal House of the Federal University 
of Viçosa, Minas Gerais, Brazil. The animals were 
acclimated for three days under standard room 
conditions prior to the start of the experiment. 
Rats were fed a commercial diet and had ad 
libitum access to water and food. They were 
housed individually (one animal per cage) in an 
air-conditioned environment maintained at 22 
± 2°C with a 12 h light/12 h dark photoperiod. 
Based on sample size and allowable loss margin 
calculations (Mera et al. 1998), ten animals 
were allocated to each group. All experimental 
procedures were conducted in accordance with 
the ethical principles of animal experimentation. 
This study was approved by the Animal Research 
Ethics Committee of the Federal University of 
Viçosa (protocol number 068/2016).

Ovariectomy-induced osteoporosis
At 12 weeks of age, rats underwent ovariectomy 
(abdominal incision and removal of the ovaries). 
Thirty minutes prior to the procedure, the 
animals received subcutaneous doses of the 
anti-inflammatory flunixin meglumine (0.68 
mg/kg) and the antibiotic enrofloxacin (10 mg/
kg). The animals were then anesthetized with 
isoflurane diluted in 100% oxygen, administered 
via inhalation through a calibrated vaporizer. 
The isoflurane concentration was as needed to 
maintain adequate anesthesia. After anesthetic 
induction and stabilization, the animals were 
positioned in the supine position on a heated 
surgical pad. The operative field was prepared 
with povidone-iodine, and a 10% solution 
of morphine (5 mg/kg) was administered 
subcutaneously for analgesia. Following surgery, 
the animals were kept in a heated recovery 
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chamber to maintain body temperature and 
were subsequently returned to individual 
cages. All anesthetic, surgical and post-surgical 
procedures were performed in the University 
Veterinary Hospital under the responsibility of 
a veterinarian.

The post-ovariectomy osteoporosis 
induction period lasted six weeks before the 
start of the intervention. During this period, the 
rats were housed individually and received a 
commercial pellet diet and water ad libitum.

Standard diet composition
The standard diet offered to the animals 
alongside the dietary treatments was formulated 
according to the recommendations described in 
AIN-93M (Reeves et al. 1993). Recommendations 
for the micronutrients analyzed in this study are 
as follows: vitamin K, 750 IU/kg diet; vitamin D3, 
1.000 IU/kg diet; and calcium, 5.000 mg/kg diet. 
It is noteworthy that dietary recommendations 
for vitamin K refer to the use of vitamin K1. The 
AIN-93 diet is free of vitamin K2.

Supplement dosages
The supplements were added to the diet in 
powder and homogenized. The dosages used 
for calcium and vitamin D3 supplementation 
were proportional to the recommendations of 
the Osteoporosis Therapeutic Guidelines (DTO) 
(Brasil 2014) for humans. The DTO recommends 
supplementing calcium and vitamin D3 at 1× and 
1.67× of their dietary reference intakes (DRIs), 
respectively (Ross et al. 2011). The recommended 
DRIs considered were for women aged 51 to 70 
years, which includes the menopausal period, 
and the additional supplementation suggested 
by the DTO was calculated accordingly. The same 
calcium and vitamin D3 supplementation rations 
(1x and 1.67x, respectively) were applied to the 
AIN-93M diet to determine the supplementation 
levels for the experimental groups. There are no 

official nutritional recommendations for vitamin 
K2 intake in humans or animals. Therefore, the 
dosage of K2 supplementation was based on 
previous toxicity studies, which used doses 
ranging from 141 µg/kg of diet (Yamaguchi et 
al. 2000) to 201 mg/kg of diet (Fu et al. 2012). 
The dosage used in this study was the median 
of the lowest and highest dosages reported in 
those studies, corresponding to 12.5 mg/kg of 
diet. The experimental groups, the type and 
composition of diet received by each group, 
and the supplementation doses added in each 
experimental diet are detailed in Table I.

Experimental groups and euthanasia procedu-
res
At 18 weeks of age, 6 weeks post-surgery, the rats 
were distributed by body weight into six groups of 
10 animals each: (1) Control: AIN-93M - untreated 
control, (2) Ca: AIN-93M + calcium, (3) K2: AIN-93M 
+ K2, (4) Ca+K2: AIN-93M + calcium + K2, (5) Ca + 
D3 / Ca + K2: AIN-93M + calcium + D3, and (6) Ca 
+ D3 + K2: AIN-93M + calcium + K2 + D3. At the end 
of 4 weeks of treatment, five animals per group 
were euthanized, and the remaining five were 
euthanized at the end of 8 weeks, to evaluate the 
effects of supplementation duration on bone 
health. All groups received their respective diets 
throughout the experimental period, except for 
Group 5, which was switched from a calcium + 
vitamin D3 diet to a calcium + vitamin K2 diet at 
the 4-week mark. This procedure was designed 
to assess the effects of a treatment change on 
the outcome variables.

Animal weight and food intake were 
monitored weekly. Euthanasia was performed 
after a 12 h fasting period by exsanguination via 
cardiac puncture of animals anesthetized with 
isoflurane (Isoforine, Cristália®). Approximately 6 
mL of blood was collected from the left ventricle 
using a needle. Blood samples were centrifuged 
at 3000 rpm and 4°C for 10 min. The right and 
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left femurs were removed and washed in PBS 
buffer. Portions of each tissue were either stored 
in 10% formalin for histological examination or 
frozen at −80°C for further analysis.

Blood analyses
Serum levels of alkaline phosphatase, calcium, 
and magnesium were determined by colorimetry 
using a BS200 analyzer and specific kits supplied 
by Bioclin®.

Determination of bone mineral content
Right femur specimens were dried in a forced-air 
oven at 68–72°C for 72 h. The samples were then 
weighed and ground for bone mineral content 
determination. All glassware was cleaned and 
decontaminated with 2% HCl solution for 5 
min and subsequently rinsed with deionized 
water. For acid digestion, a 4:1 ratio of nitric 

to perchloric acid solution was added to the 
material in digestion tubes, which were placed 
on a preheated plate at 80°C. The temperature 
was gradually increased to 200°C until the 
material became crystalline. Calcium and 
magnesium levels were determined by atomic 
absorption spectrophotometry, potassium 
by flame photometry, and phosphorus by the 
ascorbic acid colorimetric method (Altunay et 
al. 2019).
Bone strength
Bone strength was measured using a three-
point bending test on a universal mechanical 
testing machine (Instron) equipped with Bluehill 
software. Each femur was positioned on the 
device with its ends resting on supports adapted 
to the size of the bone. Force was applied to the 
center of the diaphysis at a speed of 2 mm/
min. The maximum load at failure, expressed in 

Table I. Composition of experimental diets.

Ingredients
(/Kg of diet)

Groups and experimental diets

Control Ca K2 Ca + K2 Ca + D3 / Ca + K2 Ca + D3 + K2

AIN-93M AIN-93M + 
Calcium

AIN-93M 
+ K2

AIN-93M + 
Calcium + K2

AIN-93M + 
Calcium + D3

(week 1 – week 4)

AIN-93M + Calcium 
+ K2

(week 4 – week 8)

AIN-93M + 
Calcium +D3 

+ K2

Calcium (mg) - 5000 mg - 5000 mg 5000 mg 5000 mg 5000 mg

Vitamin D3 (UI) - - - - 1670 UI - 1670 UI

Vitamin K2 (mg) - - 12.50 mg 12.50 mg - 12.50 mg 12.50 mg

Albumin (g) 179.50 179.50 179.50 179.50 179.50 179.50 179.50

Dextrinized starch (g) 155.00 155.00 155.00 155.00 155.00 155.00 155.00

Sucrose (g) 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Soybean oil (mL) 40.00 40.00 40.00 40.00 40.00 40.00 40.00

Microcrystalline cellulose (g) 50.00 50.00 50.00 50.00 50.00 50.00 50.00

Mineral mix (g) 35.00 35.00 35.00 35.00 35.00 35.00 35.00

Vitamin mix (g) 10.00 10.00 10.00 10.00 10.00 10.00 10.00

L-cystine (g) 1.80 1.80 1.80 1.80 1.80 1.80 1.80

Choline bitartrate (g) 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Corn starch (g) 420.00 420.00 420.00 420.00 420.00 420.00 420.00

Nutritional composition

Total calories (kcal) 3778.00 3778.00 3778.00 3778.00 3778.00 3778.00 3778.00

Caloric density (kcal/g) 3.78 3.78 3.78 3.78 3.78 3.78 3.78
Ca: calcium supplementation; K2: vitamin K2 supplementation; D3: vitamin D3 supplementation. AIN-93M: standard diet for 
rodents, adult maintenance.
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newton (N), was recorded by a computer system 
connected to the testing machine.

Bone histomorphometry
Right femur specimens were fixed in 10% 
formalin for 72 h and then stored in 70% ethanol 
until use. Samples were treated with a solution 
of sodium citrate and formic acid, which was 
replaced every 4 days for 12 days to ensure 
sufficient decalcification. Subsequently, the 
samples were rinsed under running water for 24 
h and immersed in 5% sodium sulfate solution 
for an additional 24 h. Longitudinal sections 
of the epiphysis were prepared, dehydrated in 
a graded ethanol series (70%, 80%, 90%, and 
100%%), treated with xylol, and embedded in 
paraffin using a Leica TP1020 apparatus. Then, 
5 µm thick slices (6 per sample) were cut using 
a rotary microtome (Leica RM2245). Histological 
sections were oven-dried for 2 h, mounted on 
slides, deparaffinized in xylol, rehydrated in 
water and decreasing ethanol concentrations, 
and stained with hematoxylin and eosin. 
Histological images were captured using a light 
microscope (Zeiss, Scope A1) at 40× magnification 
with an image capture system (Zeiss AxioCam 105 
Color) in randomly selected fields. Images were 
analyzed using ImageJ software by applying a 
standardized 266-point grid. Trabecular volume 
was measured in the region located just below 
the growth line.

Radiography
The left femurs of animals were radiographed. 
The size of analyzed areas (femur head) was 
consistent between samples. The equipment 
was operated using the following parameters: 
44 kV, 100 mA, an exposure time of 0.07 s, and 
a distance of 1 m between the X-ray source 
and the radiographic film. An aluminum 
penetrometer (25 mm wide and 60 mm long) 
with five 3 mm-high steps was positioned next 

to the femurs to determine radiographic density. 
Radiographs were scanned and analyzed using 
ImageJ software. The images were converted to 
grayscale, and the gray levels of each step of 
the penetrometer were quantified to construct 
a curve for linear regression analysis. Density 
values expressed in millimeters of aluminum 
(mm AI), were generated for each femoral 
radiographs based on the corresponding 
penetrometer gray levels.

Microtomography
Microstructural quantification of the femur 
was performed using a high-resolution X-ray 
microtomograph (SkyScan 1174v2, Bruker) along 
with software provided by the manufacturer 
(NRecon, DataViewer, and CT-Analyzer). Images 
were acquired using a voltage of 50 kV, an electric 
current of 670 µA, a 0.5 mm aluminum filter, 360º 
rotation, and a resolution of 18.11 µm. Fifty slices 
of trabecular bone, located at 10 slices below 
the growth plate, were analyzed. The following 
parameters were measured: trabecular volume 
(BV/TV), trabecular thickness (Tb/Th), trabecular 
number (Tb.N), trabecular separation (Tb.Sp) 
and connectivity density (Conn.D).

Statistical analysis
The data were first subjected to a Kolmogorov–
Smirnov normality test. Subsequently, results 
were analyzed using one-way analysis of 
variance (ANOVA) at a 5% significance level, 
followed by the Newman-Keuls post hoc test 
to assess differences between experimental 
groups. Within-group comparisons between 
weeks 4 and 8 were performed using Student’s 
t-test. The level of significance was set at p < 
0.05. Data are presented as mean ± standard 
deviation. Statistical analysis was conducted 
using the GraphPad Prism software, version 9.0.



JULIA K.D. VILLA et al.	 EFFECT OF VITAMIN K AND CALCIUM IN BONE LOSS

An Acad Bras Cienc (2025) 97(Suppl. 4)  e20250214  6 | 14 

RESULTS
Body weight and food intake
Final body weight did not differ among the 
experimental groups at the end of week 4 or at 
the end of week 8. Regarding supplementation 
duration, only rats supplemented with Ca + K2 
showed an increase in body weight over time 
(Table II).

At the end of week 4, animals supplemented 
with Ca + D3 (prior to the treatment change) 
showed lower food intake compared to the 
groups supplemented with Ca, K2 and Ca+K2+D3. 
By the end of week 8, there were no differences 
in food intake among the groups. However, 
regarding supplementation time, the group that 
received Ca + D3/Ca + K2 (after treatment change) 
showed higher food intake at the end of week 8 
(Table II).

Blood analysis
Serum calcium analysis (Table III) at week 
4 showed that the only difference between 
groups was that the group supplemented with 
Ca+K2+D3 had lower serum calcium levels than 
the group supplemented with K2. At week 8, 
the groups supplemented with calcium or K2 

had higher serum calcium levels compared to 
the other groups. Supplementation duration 
did not affect serum calcium levels. At week 
4, the group supplemented with Ca+D3 (before 
the treatment change) showed the highest 
serum magnesium levels, while the group 
supplemented with Ca+K2+D3 showed the lowest. 
By week 8, magnesium levels did not differ 
among the groups (Table III). Regarding the 
supplementation time, the group supplemented 
with Ca+D3/Ca+K2 had lower serum magnesium 
levels at week 8 compared to week 4. Alkaline 
phosphatase levels did not differ between 
groups at either week 4 or week 8 (Table III). 
However, in terms of the supplementation time, 
animals without supplementation (control) and 
those supplemented with Ca+D3/Ca+K2 showed 
higher alkaline phosphatase levels at week 8 
than at week 4.

Bone mineral content
There were no differences in bone phosphorus, 
potassium, calcium or magnesium levels among 
the experimental groups at the end of week 8 
(Table IV).

Table II. Body weight and food intake of rats after 4 and 8 weeks under different supplementation conditions.

Treatment
Final body weight (g) Food intake (g/dia)

Week 4 Week 8 Week 4 Week 8

Control 280.82 ± 26.19a 307.15 ± 13.22a 14.43 ± 1.22ab 13.88 ± 0.92a

Ca 280.32 ± 25.34a 304.41 ± 17.99a 15.20 ± 2.57a 14.01 ± 1.65a

K2 273.65 ± 22.12a 301.04 ± 22.73a 15.42 ± 1.09a 13.07 ± 2.08a

Ca+K2 269.19 ± 28.59a 306.76 ± 7.16a* 13.81 ± 2.44ab 15.99 ± 4.80a

Ca+D3/Ca+K2 252.79 ± 30.51a 308.37 ± 45.22a 11.32 ± 2.41b 15.42 ± 1.41a*

Ca+K2+D3 283.43 ± 25.73a 299.72 ± 15.74a 14.25 ± 1.58a 13.91 ± 1.12a

Ca: calcium supplementation; K2: vitamin K2 supplementation; D3: vitamin D3 supplementation. Differences between groups 
(in the column) were analyzed using ANOVA followed by Newman-Keuls post hoc test and different small letters (a–b) mean 
significant differences at 5% threshold of probability. t-test was conducted to analyze differences within groups at weeks 4 and 8 
(in the row) and * means significant differences (p < 0.05). Data expressed as mean ± standard deviation.
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Bone strength
There was no difference among the groups in 
maximum bone compression strength at the end 
of week 4 or at the end of group 8. Additionally, 
no differences were observed with respect to 
supplementation time (Table IV).

Bone histomorphometry
There were no differences among the groups 
in bone histomorphometry at the end of week 

4 or at the end of group 8. Trabecular volume 
decreased over time in Ca and Ca + K2 groups 
(Figure 1 and Table V).

Radiography
At 4 weeks of treatment, Ca + K2 and Ca + K2 + D3 
supplementation increased bone density, while 
Ca + D3 treatment reduced bone density. After 8 
weeks of treatment, radiological analysis did not 
detect any differences between groups (Table V).

Table III. Serum levels of calcium, magnesium, and alkaline phosphatase in ovariectomized rats after 4 and 8 
weeks under different supplementation conditions.

Treatment
Calcium (mg.dL-1) Magnesium (mg.dL-1) Alkaline phosphatase (U.L-1)

Week 4 Week 8 Week 4 Week 8 Week 4 Week 8

Control 10.04 ± 0.15ab 9.94 ± 0.28b 11.94 ± 1.86bc 13.33 ± 2.30a 57.10 ± 6.26a 72.29 ± 13.00a*

Ca 10.21 ± 0.32ab 10.47 ± 0.22a 11.08 ± 0.94bc 11.40 ± 2.10a 53.44 ± 14.64a 64.17 ± 14.91a

K2 10.45 ± 0.38a 10.36 ± 0.56a 12.99 ± 3.88bc 12.37 ± 3.53a 62.74 ± 9.84a 60.47 ± 20.41a

Ca+K2 9.83 ± 0.53ab 9.57 ± 0.20b 15.40 ± 3.24ab 13.90 ± 3.34a 63.22 ± 7.87a 60.23 ± 18.18a

Ca+D3/Ca+K2 9.82 ± 0.46ab 9.74 ± 0.17b 18.96 ± 2.89a* 9.64 ± 2.97a 46.07 ± 10.89a 71.62 ± 7.48a*

Ca+K2+D3 9.57 ± 0.31b 9.75 ± 0.19b 9.08 ± 3.24c 10.95 ± 2.55a 66.51 ± 16.19a 55.02 ± 8.75a

Ca: calcium supplementation; K2: vitamin K2 supplementation; D3: vitamin D3 supplementation. Differences between groups 
(in the column) were analyzed using ANOVA followed by Newman-Keuls post hoc test and different small letters (a–b) mean 
significant differences at 5% threshold of probability. t-test was conducted to analyze differences within groups at weeks 4 and 8 
(in the row) and there were no significant differences (p < 0.05). Data expressed as mean ± standard deviation.

Table IV. Bone mineral content in the femur of rats after 8 weeks and bone strength of femur after 4 and 8 weeks 
under different supplementation conditions.

Treatment
Bone mineral content (dag/kg) Bone strength (N)

Phosphorus Potassium Calcium Magnesium Week 4 Week 8

Control 5.11 ± 1.06a 0.17 ± 0.01a 20.39 ± 1.66a 0.35 ± 0.02a 111.41 ± 15.32a 119.32 ± 8.77a

Ca 4.46 ± 0.31a 0.20 ± 0.04a 20.62 ± 2.43a 0.32 ± 0.03a 111.57 ± 15.41a 119.07 ± 17.51a

K2 4.29 ± 0.23a 0.20 ± 0.02a 21.22 ± 1.43a 0.31 ± 0.02a 106.05 ± 30.55a 114.64 ± 12.41a

Ca+K2 4.43 ± 0.20a 0.18 ± 0.02a 22.87 ± 1.68a 0.31 ± 0.02a 122.50 ± 16.19a 126.32 ± 4.93a

Ca+D3/Ca+K2 4.57 ± 0.18a 0.19 ± 0.05a 24.21 ± 1.88a 0.30 ± 0.01a 112.30 ± 27.63a 123.59 ± 12.91a

Ca+K2+D3 4.21 ± 0.44a 0.18 ± 0.05a 23.23 ± 2.78a 0.29 ± 0.02a 119.06 ± 18.25a 116.97 ± 13.51a

Ca: calcium supplementation; K2: vitamin K2 supplementation; D3: vitamin D3 supplementation. Differences between groups 
(in the column) were analyzed using ANOVA followed by Newman-Keuls post hoc test and different small letters (a–b) mean 
significant differences at 5% threshold of probability. t-test was conducted to analyze differences within groups at weeks 4 and 8 
(in the row) and there were no significant differences (p < 0.05). Data expressed as mean ± standard deviation.
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Microtomography
There were no differences in trabecular volume, 
trabecular number, connectivity density, 
trabecular thickness, or trabecular separation 
among the groups at either week 4 or week 8 
(Figures 2 and 3). Regarding supplementation 
time, in the groups that received Ca, Ca+K2 or 
Ca+K2+D3, trabecular volume and trabecular 
number were higher at week 4 than at week 8, 
while trabecular separation was higher in week 
8 than at week 4. The group that received Ca+D3/

Ca+K2 also showed a higher trabecular number 
at week 4 (when the animals received only Ca+D3 
supplementation) compared to week 8 (after 
switching to Ca+K2). In the group that received K2, 
trabecular separation was higher at week 8 than 
in week 4. Trabecular thickness didn’t change 
over time. Regarding connectivity density, the 
groups that received Ca and vitamin K2 (Ca+K2, 
Ca+D3/Ca+K2 and Ca+K2+D3) showed higher 
connectivity density at week 8 than at week 4 
(Figures 2 and 3).

Table V. Femoral histological analysis of the percentage of trabecular bone and bone density based on radiographs 
of the femurs, in rats after 4 and 8 weeks under different supplementation conditions

Treatment Histology - Trabecular bone (%) Radiography - Bone density (mm Al)

Week 4 Week 8 Week 4 Week 8

Control 50.23 ± 7.21a 46.13 ± 4.98a 1.38 ± 0.09ab 1.18 ± 0.23a

Ca 55.15 ± 6.68a* 43.01 ± 7.35a 1.14 ± 0.13bc 1.09 ± 0.02a

K2 57.93 ± 10.96a 54.47 ± 4.51a 1.32 ± 0.07ab 1.36 ± 0.20a

Ca+K2 54.40 ± 4.96a* 42.34 ± 5.28a 1.49 ± 0.16a 1.37 ± 0.13a

Ca+D3/Ca+K2 50.87 ± 6.06a 47.27 ± 7.59a 1.00 ± 0.32c 1.34 ± 0.15a

Ca+K2+D3 55.36 ± 7.60a 50.15 ± 10.69a 1.49 ± 0.16a 1.34 ± 0.33a

Ca: calcium supplementation; K2: vitamin K2 supplementation; D3: vitamin D3 supplementation. Differences between groups 
(in the column) were analyzed using ANOVA followed by Newman-Keuls post hoc test and different small letters (a–b) mean 
significant differences at 5% threshold of probability. t-test was conducted to analyze differences within groups at weeks 4 and 8 
(in the row) and * means significant differences (p < 0.05). Data expressed as mean ± standard deviation.

Figure 1. Hematoxylin and eosin-stained histological slides of the femur of rats after 4 and 8 weeks under 
different dietary conditions. Ca: calcium supplementation; K2: vitamin K2 supplementation; D3: vitamin D3 
supplementation.



JULIA K.D. VILLA et al.	 EFFECT OF VITAMIN K AND CALCIUM IN BONE LOSS

An Acad Bras Cienc (2025) 97(Suppl. 4)  e20250214  9 | 14 

DISCUSSION
Vitamin K2 supplementation is still not widely 
used in clinical practice for the treatment 
of osteoporosis, but it has shown promising 

results, as demonstrated in the present study. 
Calcium and vitamin D3 are commonly used in 
osteoporosis treatment, and in our study, we 
used dosages proportionally similar to those 

Figure 3. Microtomography analysis of femur. Ca: calcium supplementation; K2: vitamin K2 supplementation; D3: 
vitamin D3 supplementation. a) Trabecular volume (BV/TV); b) Trabecular number (Tb.N); c) Trabecular separation 
(Tb.Sp); d) Trabecular thickness (Tb/Th) and e) Connectivity density(Conn.D). Differences between groups 
were analyzed using ANOVA followed by Newman-Keuls post hoc test and the same small letters (a) means no 
significant differences at 5% threshold of probability. t-test was conducted to analyze differences within groups at 
weeks 4 and 8 and * means significant differences (p < 0.05). Data expressed as mean ± standard deviation.

Figure 2. Microtomography analysis of standardized portion of the femur of rats from different experimental 
groups. Ca: calcium supplementation; K2: vitamin K2 supplementation; D3: vitamin D3 supplementation.
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recommended for the treating the disease in 
Brazil. This study evaluated, in an animal model, 
the effect of vitamin K2 supplementation - alone 
or associated with calcium and vitamin D3 - 
on bone mass in a rat model of osteoporosis. 
Ovariectomy is well established as a reliable 
model for simulating postmenopausal bone loss 
in animals, as it induces typical osteoporotic 
changes such as reduced bone formation and 
trabecular thickness, along with increased bone 
resorption and trabecular separation (Kalu 1991, 
Thompson et al. 1995, Wu et al. 2014, Mishima et 
al. 2020).

In our study, the animals’ final body weight 
and food intake were similar across all groups. 
At week 4, it was observed that the group 
supplemented with the combination of Ca+K2+D3 
had lower serum calcium levels than the group 
supplemented with vitamin K2 alone, and lower 
serum magnesium levels than the groups that 
received combined vitamin K2 (Ca+K2 or Ca+D3/
Ca+K2). In the group where supplementation was 
changed, replacing vitamin D3 with K2 let to a 
reduction in serum magnesium levels and an 
increase in alkaline phosphatase over time. At 
week 8, the groups supplemented with vitamin 
K2 alone or Ca alone showed higher serum 
calcium levels compared to the other groups. The 
literature indicated that the increase in serum 
calcium levels resulting from supplementation 
is not associated with increased bone mineral 
density, does not provide relevant protection 
against fractures and is associated with an 
increased risk of coronary artery disease (Cerani 
et al. 2019, Myung et al. 2021, Migliorini et al. 
2025).

At week 4, the groups did not receive vitamin 
K2 had lower bone density. Furthermore, the 
group that received only Ca+D3 had the lowest 
bone density among all groups. However, when 
vitamin D3 was replaced by vitamin K2 at week 
8, this difference was no longer observed. An 

important finding of this study was the reduction 
in bone mass over time in animals treated with 
calcium. This aligns with concerns raised in the 
literature suggesting that the protective effects 
of calcium supplement on bone health in the 
general population are not entirely clear and 
may not, in fact, provide benefits for bone health 
outcomes (Cerani et al. 2019). We emphasize 
that, overall, supplementation with vitamin K2 
– either alone or in combination with calcium 
and/or vitamin D3 (throughout the entire period 
or for only 4 weeks) - was effective in preventing 
bone loss (Iwamoto et al. 2021, Aaseth et al. 2024). 
This is consistent with the findings of AlHajri 
et al. (Alhajri et al. 2021), who found that the 
administration of vitamin K2 alongside vitamin 
D and calcium, rather than each one alone, is 
likely to be more beneficial.

The isolated administration of calcium led 
to a reduction in trabecular volume and number, 
along with an increase in the spacing between 
trabeculae over time. In contrast, the group 
that received vitamin K2 alone did not show 
a decrease in trabecular volume or number. 
Similarly, in the group in which supplementation 
was switched from D3 to K2 (Ca+D3/Ca+K2), no 
reduction in trabecular volume or increase in 
spacing was observed. However, when vitamin 
K was supplemented with calcium (Ca+K2) or 
with both calcium and vitamin D3 (Ca+D3+K2), it 
was not sufficient to prevent the decrease in 
trabecular volume and number or the increase 
in spacing between trabeculae. Importantly, 
animals whose supplementation was changed 
at week 4 (from Ca + D3 to Ca + K2) did not 
exhibit the same bone mass reduction pattern 
observed in the groups not treated with K2. 
Thus, the change in supplementation helped 
prevent the reduction in bone volume and the 
increase in trabecular spacing, suggesting that 
switching from vitamin D3 to K2 may have had a 
beneficial effect. Additionally, for connectivity 
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density - a computational measure of trabecular 
interconnectivity and a potential indicator 
of the mechanical strength of the trabecular 
architecture (Ohs et al. 2020) - the groups that 
received calcium and vitamin K2 (Ca+K2, Ca+D3/
Ca+K2, and Ca+K2+D3) presented higher values at 
week 8 than at week 4. This finding indicates 
improved structural integrity of the trabecular 
bone over time. The increase in connectivity 
density reflects enhanced interconnection 
among trabeculae, which strengthens the 
bone microarchitecture. This suggests that 
supplementation with calcium and vitamin 
K2—either alone or in combination with vitamin 
D3—had a positive and progressive effect 
on trabecular bone quality. In osteoporosis 
models, such a response may indicate structural 
recovery of the bone or attenuation of bone loss 
associated with estrogen deficiency.

The observed bone loss in calcium-
supplemented groups over time may be 
associated with competition among calcium, 
magnesium, and phosphorus for intestinal 
absorption, as these minerals are crucial for 
bone mineralization (Mott et al. 2022). Excess 
calcium may act as an antagonist to phosphorus 
and magnesium absorption by forming insoluble 
chelates, thereby reducing their bioavailability 
and potentially causing secondary deficiencies 
(Vellasco et al. 2016, McClung et al. 2021).

Most studies use the MK-4 form vitamin K2 
at doses ranging from 30 to 45 mg/day. Although 
MK-7 is usually administered at much lower 
doses, its effects are generally comparable 
to those of MK-4. In this study, we used MK-7 
at a dose of 12.5 mg/kg diet equivalent to 
180 µg/ animal/ day. Wu et al. (2014) treated 
ovariectomized rats with 2, 4, or 8 µg/day of 
MK-7 or cheonggukjang - a fermented soybean 
paste used in Korean cuisine containing 
the same amounts of MK-7 - and observed 
reductions in alkaline phosphatase levels and 

prevention of changes in trabecular volume. In 
our study, although vitamin K2 did not reduce 
alkaline phosphatase, it did prevent changes in 
trabecular volume. A review supports the role 
of vitamin K2 in modulating bone metabolism 
by enhancing the expression and/or synthesis 
of key bone biomarkers. Vitamin K2 promotes 
bone formation by increasing osteoblast 
differentiation and reducing their apoptosis, 
while also decreasing bone resorption by 
inhibiting osteoclast differentiation (Khéde et 
al. 2017).

Our results did not support  the 
effectiveness of calcium supplementation 
alone for osteoporosis treatment, as commonly 
recommended in clinical practice and by the 
Brazilian Osteoporosis Therapeutic Guidelines 
(DTO), given that calcium supplementation 
actually exacerbated bone loss. The Auckland 
Calcium Study found no relationship between 
dietary calcium intake (ranging from 400 to 
1,500 mg/day) and the rate of bone loss over 
five years in healthy elderly women. Within this 
intake range, the authors concluded that calcium 
supplements were unnecessary to compensate 
for a possible dietary deficiency. As in our 
study, they found no antifracture efficacy of 
calcium supplements (except in individuals with 
severe vitamin D deficiency). Moreover, calcium 
supplementation was associated with a 17% 
increase in kidney stones and a 20–40% increase 
in the risk of myocardial infarction, which the 
authors argue outweighs any potential benefit 
in fracture prevention (Reid et al. 2015). Other 
researchers have suggested that the benefits of 
calcium supplementation may only occur when 
dietary calcium intake is deficient, noting that 
1,000–1,200 mg/day of dietary calcium appears 
sufficient to prevent general fractures (Ströhle 
et al. 2015, Zhang & Feng 2017). The systematic 
review by Migliorini et al. (2025) investigated 
whether different doses of vitamin D and calcium 



JULIA K.D. VILLA et al.	 EFFECT OF VITAMIN K AND CALCIUM IN BONE LOSS

An Acad Bras Cienc (2025) 97(Suppl. 4)  e20250214  12 | 14 

supplementation in postmenopausal women 
with osteoporosis undergoing antiresorptive 
therapy are associated with changes in bone 
mineral density, serum markers of osteoporosis, 
fracture rate, adverse events, and mortality. 
The study found that calcium supplementation 
showed no association with any of the outcomes 
of interest.

The main contribution of this article was 
that we used the Brazilian guidelines for the 
treatment of osteoporosis (DTO) as a basis 
for calculations of calcium and vitamin D3 
supplementation for the groups of animals, 
and made the adaptations, adding vitamin K2 
to test whether the results would be better or 
worse than just following current guidelines. 
We conclude that, in an ovariectomized rat 
model, there are benefits to adding vitamin K2 
to the current recommendations by guidelines 
(calcium and vitamin D3 supplementation), and 
these benefits are evident even with isolated 
vitamin K2 supplementation. It is important 
to note that, although the ovariectomy 
procedure was performed following established 
protocols and has been widely validated in the 
literature as a reliable model for simulating 
postmenopausal estrogen deficiency (Kalu 
1991, Thompson et al. 1995), we did not include 
direct physiological confirmation of estrogen 
depletion, such as estrous cycle monitoring, 
uterine weight assessment, or serum hormone 
measurements. While the primary aim of this 
study was to evaluate the effects of vitamin 
K2, alone or in combination with vitamin D3 
and calcium, on bone mass under conditions 
of estrogen deficiency, we recognize this as a 
limitation. This was a study conducted with 
animals and does not allow us to extrapolate 
the results to application in humans, but it can 
give us direction for future efforts.

CONCLUSIONS
In conclusion, this study suggests that 
administration of vitamin K2 (MK-7) for 8 weeks, 
either alone or in combination with calcium 
and vitamin D3 supplements, protects against 
the loss of trabecular bone volume and bone 
calcium content in rats with ovariectomy-
induced osteoporosis. Our findings also 
indicate that calcium supplementation, when 
not accompanied by vitamin K2, may worsen 
bone microarchitecture. The effects of vitamin 
D3 supplementation on bone mass were 
inconsistent.
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