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Abstract

Osteoporosis (OSP) decreases bone mass and affects millions of people; the diagnosis 
is often late. Considering the side effects of conventional treatments, search for 
natural therapies should be a constant. Among natural treatments, herbal medicines 
stand out with very promising results. One of the plants that has drawn a lot of atten-
tion to prevent OSP is Plinia cauliflora (PC) Kausel. The objective was to evaluate the 
effect of PC extract in the OSP prevention in ovariectomized rats. In total, 60 female 
Wistar rats were divided into six experimental groups: positive control, negative 
control, sham, and three groups to test different doses (37.5, 75, and 150 mg) of PC 
bark extract. Bone mineral density (BMD), bone mineral content (BMC), hormone 
dosage, and osteocalcin were evaluated. One of the regions evaluated was the legs, 
where prolonged treatment with extract of PC in 75 mg, had a gain of 1.4 times of 
BMC. The levels of osteocalcin were found to be high at the lowest dose (37.5 mg), 
increasing the BMC by 70%, and moderately increasing the levels of dehydroepian-
drosterone, proving that the pathway that increases BMC is through osteocalcin. PC 
resulted in increased BMC related mainly to increased osteocalcin, at the lowest dose 
preserving the bone matrix.

Keywords: osteoporosis, phytotherapeutics, animal model, bone mineral density, 
jabuticaba, osteocalcin
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1. Introduction

Osteoporosis (OSP) is an ancient pathology, first observed in Egypt in 990 before 
Christ [1]. With the aging population in Brazil, the prevalence of osteoporosis has 
been increasing [2]. It causes more than 8.9 million fractures per year worldwide, 
without previous symptoms [3].

It is a systemic, progressive, and silent disease, with osteometabolic character [2]. 
Physiological processes occurs permanent bone remodeling throughout the patient’s 
life. This process is altered in osteoporosis due to an increase in resorption and reduc-
tion of bone formation, causing it to lose its structural integrity, due to the cortical 
bone being porous and thinner [4].

This structural loss is responsible for the most common sign in osteoporotic indi-
viduals, which are bone fractures caused even by low impact [5] most frequently in 
the spine, distal radius, and proximal femur. Hip fractures are the most severe bring-
ing a mortality of 12–20%, and about 50% of survivors of the condition of proximal 
femur fracture are unable to have an independent life [6].

OSP is effectively diagnosed by bone densitometry. However, the sensitivity of 
the method is low for assessing fracture risk, so there is no indication for population 
screening in menopausal women [7]. Due to the high prevalence of secondary causes 
of osteoporosis, one of the main examples being post-menopausal osteoporosis, char-
acterized by hypoestrogenism can directly influence the proliferation and differentia-
tion of osteoblasts, leading to changes in the levels of bone remodeling markers [8]. 
Several bone remodeling markers, especially those synthesized by osteoblasts (such 
as osteocalcin), are clinically used as predictors of postmenopausal osteoporosis. 
Unlike other biochemical markers of bone metabolism, osteocalcin can increase in all 
conditions in which there is bone remodeling, such as during childhood, after bone 
fractures or after osteoporosis induced by estrogen deficiency [9].

Osteocalcin, is a protein that plays an important role in bone mineralization, 
originates from osteoblastic synthesis and is deposited in the bone or released into 
the circulation, where it correlates with histological measures of bone formation 
[10]. In addition, osteocalcin can activate monocyte differentiation, resulting in an 
increase in the number of active bone resorption cells and promoting osteoclastic 
differentiation [11].

It is recommended for all patients, before starting any treatment, a laboratory 
evaluation that includes complete blood count, calcium, phosphorus, alkaline phos-
phatase, thyroid function, serum 25 (OH) vitamin D, 24-hour calciuria, and osteocal-
cin, as well as radiography of the thoracic and lumbar spine and proximal femur [12], 
dehydroepiandrosterone (DHEA), estradiol, and testosterone.

In view of the multifactorial nature of OSP, it is necessary that professionals are 
willing to treat, evaluate, and consider all the factors involved. For example, lifestyle 
changes, such as reduced smoking, healthy eating, and physical exercise [13], are 
essential for a better prognosis.

In some cases, not only a change in lifestyle will be enough to control and/or pre-
vent the development of the disease but the introduction of specific drugs becomes 
indispensable.

Regarding the drug therapy used for the treatment and prevention of OSP, there 
are several classes, with major side effects, such as breast cancer, ovarian cancer, 
endometrial cancer, muscle damage, and a higher incidence of thrombosis. Due to the 
severe adverse effects, there is a need to seek natural alternatives for the treatment 
and prevention of OSP.
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The jabuticaba (Plinia cauliflora (PC) Kausel) is native to South America, more 
precisely to the mountainous region around Rio de Janeiro and Minas Gerais in Brazil; 
as well as around Santa Cruz, Bolivia; Asunción, Paraguay and Northeastern Argentina. 
The fruits when ripe are highly nutritious and are mainly consumed as fresh fruits, but 
are also processed to make juice, wine, candy, liquor, ice cream, jams, and jellies [14].

One of the main actions of this plant is its function as a natural antioxidant, due to 
the anthocyanins of the flavonoid group, which have the characteristic to inhibit the 
oxidation of free radicals, protect, and stimulate collagen-rich tissues [15].

Quercetin presents an antioxidant effect and is within the group of flavonoids 
[16]. This antioxidative function inhibits the reaction of free radicals in osteoblastic 
cells, thus allowing the formation of bone matrix.

In addition to having antioxidant effects, they also have effects on hormone 
regulation through binding to steroids. The synthetic isoflavone that belongs to ipri-
flavone, within the metabolism of flavonoids, increases and aids in the maintenance 
of bone density in postmenopausal women [17].

In view of the above, the aim of the present work was to evaluate the effect of 
different doses of the bark extract of P. cauliflora in the treatment and prevention of 
osteoporosis in rats.

2. Material and methods

2.1 Animals

In total, 90-day-old female Wistar rats weighing between 250 and 300 g were 
randomized and housed in plastic cages with environmental enrichment at 22°C ± 2°C 
under a 12 h/12 h light-dark cycle and 55% ± 10% humidity. The animals had access 
ad libitum to food and water. All experimental procedures were reviewed by the 
Research Ethics Committee of Paranaense University (Protocol 37086/2020), and 
conducted according to the National Institutes of Health Guide for the Care and Use 
of Laboratory Animals (NIH Publications No. 8023).

2.2 Experimental design

Sixty rats distributed in 6 groups of 10 animals were used. The rats were anes-
thetized intramuscularly with ketamine (80 mg/kg) and xylazine (10 mg/kg). Forty 
animals underwent bilateral ovariectomy (OVX) (OVX groups). For OVX, the skin 
and muscles were incised longitudinally and the ovaries were identified and extir-
pated. The suture of the muscle layer was performed com single # 4.0 catgut threads, 
and the skin was sutured with # 4.0 nylon (Ethicon-Johnson & Johnson, São José dos 
Campos, SP, Brazil). Ten animals were subjected to sham OVX to simulate surgical 
stress (sham group). After exposing the ovary, it was removed from the abdominal 
cavity and after this procedure, the muscle layer and skin were sutured as described 
above. After surgery, all animals received enrofloxacin (10 mg/kg, subcutaneous, 
single dose) and ibuprofen (15 mg/kg, oral, once a day for 3 days) for infectious 
prophylaxis and analgesia, respectively. The rats also received 2 mL of saline solu-
tion subcutaneously for hydration. The surgical wound was cleaned with iodine and 
hydrogen peroxide once a day until complete healing.

Thirty days after surgery, the animals were divided into six groups (n = 10/group). 
There was a sham-operated group (fake operated to simulate surgical stress) (sham) and 
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a negative control (NC) (which did not undergo any surgical procedure). The remain-
ing ovariectomized animals were randomly included in the groups: positive control 
(OVX), and treatment with Plinia cauliflora in different doses: OVX + PC1 (37.5 mg/kg), 
OVX + PC2 (75 mg/kg) and OVX + PC3 (150 mg/kg). All animals underwent initial bone 
densitometry, 30 days after the surgery. For the densitometry examination, the animals 
were sedated with an intraperitoneal injection of 5 mg/kg diazepam.

The animals in the positive control (OVX), negative control (NC), and sham 
groups received vehicle (filtered water) daily in a volume of 5 mL/kg. The animals in 
the other groups (treatment) received the following doses of Plinia cauliflora: 37.5, 75, 
and 150 mg/kg, administered by oral wash (GO) once daily for 45 days. The animals 
were weighed weekly for regular dose adjustments.

The sequence of the experimental protocol is shown in Figure 1.

2.3 Drugs and solvents

Diazepam was obtained from Cristália (Itapira, SP, Brazil). All other reagents were 
obtained in analytical grade.

2.4 Obtaining the standardized extract of Plinia cauliflora

The aqueous extracts of P. cauliflora were obtained by infusion, using the fruit peel, as 
recommended by popular use [18] with minor modifications. The dried and ground plant 
extract (100 g) was submitted to the extraction process by infusion with 1 L of boiling 
water. The extraction was performed, for approximately 5 h, until the extraction medium 
reached room temperature. The solid residue (plant drug) was separated by filtration and 
the extract obtained was concentrated in a rotary evaporator to a volume of 200 mL.

The final product obtained was treated in a proportion of 1:3, that is, 600 mL of 
ethanol to 100 mL of the infusate so that the precipitation of proteins and polysaccha-
rides occurs, secondary metabolites that arouse little interest in our area of studies. 
In this way, an ethanolic precipitate of the infuse (PEI) was obtained, which was 

Figure 1. 
Sequence of the experimental design.
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discarded, and an ethanolic supernatant of the infuse of P. cauliflora (SEIPC). The 
SEIPC obtained was lyophilized and stored in a freezer (−20°C) until use.

2.5 Doses of the extract for the experimental set

The PC doses (37.5, 75, and 150 mg/kg) that were used in this study were calcu-
lated from the studies performed with atherosclerosis models by our research group 
with the same standardized extract [19].

2.6 Evaluation of serum levels of estradiol, progesterone, and DHEA

At the end of the experiments, the animals were euthanized by decapitation for 
total serum collection. Blood samples were collected in tubes containing ethylenedi-
aminetetraacetic acid (EDTA) to obtain plasma. For analysis, serum was obtained by 
centrifugation (800 g, 10 minutes, 4) and stored at −20°C until analyzed. Estradiol 
and progesterone levels were determined by chemiluminescence immunoassay. 
DHEA levels were measured using an enzyme-linked immunosorbent assay. Serum 
osteocalcin levels were measured by electrochemiluminescence on an automated 
photomultiplier analyzer (PMT).

2.7 Bone mineral density measurements

Bone densitometry was performed using DXA (Lunar iDXA; General Electric, 
Boston, MA, USA) with software specially developed for small animals. Total body scan-
ning was performed and total bone mineral density (g/cm2) and bone mineral content (g) 
were analyzed. This scan was performed at two different times during the experiment: 
(1) 30 days post-OVX and (2) 45 days post-PC. The reason that bone mineral density 
was assessed after 30 days post-OVX was due to the significant bone loss that is typically 
observed [20]. For DXA, animals were sedated intraperitoneally with 5 mg/kg diazepam.

2.8 Statistical analysis

Results were expressed as the mean ± standard error of the mean of n = 6 animals 
per group. Statistical analyses were performed using one-way analysis of variance 
followed by Dunnett’s test or Tukey’s test. Values of P < 0.05 were considered statisti-
cally significant. Graphs were prepared and statistical analyses were performed using 
Prism 5.0 software (GraphPad, San Diego, CA, USA).

3. Results

3.1 Image parameters per DXA device

3.1.1 Validation of an imaging model of osteoporosis induced by ovariectomy

After 30 days of the ovariectomy procedure, the first measurement of total body 
composition was performed. When analyzed in general, considering all the body 
areas evaluated, a similarity was observed in the density and bone mineral content of 
all groups (Figure 2).

After the first densitometry, the groups were treated with the respective doses 
for a period of 45 days. Then a new measurement of the total body composition was 
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made. When analyzed in general, considering all the body areas evaluated, a similar-
ity was observed in the density and bone mineral content of all groups, however, 
the ovariectomized groups had a significantly lower increase than the sham group 
(Figure 3a). Regarding the bone mineral content, there was no significant difference 
in overall body bone mineral content between the groups evaluated (Figure 3b).

3.1.2 Evaluation of bone mass in pelvis and leg

Considering that densitometry evaluates parameters in different body regions and 
that the areas to evaluate osteoporosis through this exam in humans are lumbar spine 
and distal hip and radius, we chose to evaluate data in these regions alone. Although 
the prolonged treatment with standardized extract of P. cauliflora was not able to 
maintain the bone mineral content of the pelvis, it had an expressive positive result in 
the leg region, in the three doses evaluated (Figure 4).

Figure 3. 
Total bone mineral density (g/cm2) (a) and bone mineral content (g) (b) after 45 days of instituted treatment 
(*p < 0.05; **p < 0.01; ***p < 0.001). Using one-way ANOVA followed by T-test. OVX: ovariectomized; NC: 
negative control; sham: sham ovariectomized; OVX + PC1: extract 37.5 mg/kg, OVX + PC2: extract 75 mg/kg; 
OVX + PC3: extract 150 mg/kg).

Figure 2. 
Total bone mineral density (g/cm2) (a) and bone mineral content (g) (b) after 30 days of performing 
ovariectomy (*p < 0.05; **p < 0.01; ***p < 0.001). Using one-way ANOVA followed by t-test. OVX: ovariectomized; 
NC: negative control; sham: sham ovariectomized; OVX + PC1: extract 37.5 mg/kg, OVX + PC2: extract 75 mg/kg; 
OVX + PC3: extract 150 mg/kg).
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3.1.3 Evaluation of bone mass in the trunk

An interesting result was the dose-dependent effect found in the groups treated 
with sequential doses of Plinia cauliflora in the trunk region. As expressed in Figure 5.

3.1.4 Hormonal analyses

Serum estradiol and progesterone levels in the ovariectomized groups were 
significantly lower than in the sham group. Prolonged treatment with CP at all three 
doses significantly elevated serum osteocalcin levels and moderately elevated DHEA 
levels, without significantly altering estradiol or progesterone levels. The analyses 
also showed preservation and maintenance of bone turnover in the PC-treated groups 
compared with the sham operation group (Figure 6).

Figure 4. 
Bone mineral content (g) of pelvis (a) and leg (b) after 45 days of instituted treatment (*p < 0.05;**p < 0.01; 
***p < 0.001). Using one-way ANOVA followed by t-test. OVX: ovariectomized; NC: negative control; sham: sham 
ovariectomized; OVX + PC1: extract 37.5 mg/kg, OVX + PC2: extract 75 mg/kg; OVX + PC3: extract 150 mg/kg).

Figure 5. 
Bone mineral content (g) of the trunk after 45 days of instituted treatment (*p < 0.05; **p < 0.01; ***p < 0.001), 
demonstrating a dose-dependent effect in increasing bone content. Using ANOVA unidirectional followed by the 
t-test. OVX: ovariectomized; NC: negative control; sham: sham ovariectomized; OVX + PC1: extract 37.5 mg/kg, 
OVX + PC2: extract 75 mg/kg; OVX + PC3: extract 150 mg/kg).
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3.1.5 Histological analysis

The histological analysis of the tibiae showed the following results as shown in Table 1.
The OVX, sham, and OVX + PC1 groups developed 25%, 33.3%, and 40% osteo-

porosis, respectively. Animals in groups OVX + PC2 and OVX + PC3 did not develop 
osteoporosis in tibiae.

Groups OSP (%) Cell restoration 
(%)

Simple regeneration 
(%)

Tissue regeneration 
(%)

NC 0 100 0 0

OVX 25 75 0 0

sham 33.33 66.6 0 0

OVX + PC1 40 60 0 0

OVX + PC2 0 66.6 0 33.33

OVX + PC3 0 66.6 0 33.33

OVX: ovariectomized; NC: negative control; sham: sham ovariectomized; OVX + PC1: extract 37.5 mg/kg, OVX + PC2: 
extract 75 mg/kg; OVX + PC3: extract 150 mg/kg).

Table 1. 
Percentage of bone changes in the different groups after oral administration of Plinia cauliflora (PC) extract 
standardized doses.

Figure 6. 
Serum levels of (a) estradiol (pg/ml), (b) progesterone (ng/dl), (c) DHEA (ng/ml), and (d) osteocalcin in the 
groups after 45 days of treatment (*p < 0.05; **p < 0.01; ***p < 0.001). Using one-way ANOVA followed by Tukey’s 
test. OVX: ovariectomized; NC: negative control; sham: sham ovariectomized; OVX + PC1: extract 37.5 mg/kg, 
OVX + PC2: extract 75 mg/kg; OVX + PC3: extract 150 mg/kg).
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Cell restoration, which consists of reconstitution by own cells of disintegrated 
organelles, allowing them to survive and recover their functional capacity, occurred 
in 100% of the animals in the NC group, in 70% of the animals in the PCO group, 
60% of the animals in the OVX + PC1 group, and in 66.6% in those in the sham, 
OVX + PC2, and OVX + PC3 groups.

Of the animals that received P. cauliflora at doses of 75 and 150 mg/kg, 33.33% 
developed tissue regeneration that is dependent on blood supply.

No group showed simple repair or scarring, which is the replacement of destroyed 
structures, without possibility of restoration, by elements of the regional support 
framework, in this case, a considerable increase in mineralization and fewer viable cells.

4. Discussion

Osteoporosis (OSP) is a systemic and silent disease, which generates an important 
oxidative stress in its pathophysiology. In recent years, there has been a significant 
increase in prevalence, due to the increased life expectancy of the population and also 
due to new medical technologies to make a more accurate diagnosis [1].

There are several classes of medications for OSP, with different mechanisms of 
action. Some of them act in increasing bone mass, others in preventing fractures, 
or, in the most current classes, allow the success of these two projections in the same 
medication. However, it is important to note that the side effects that these drugs 
can be significant, as some have the potential to cause irreversible adverse effects. 
This risk arises not only from the inherent properties of the drug, but also from the 
patient’s clinical condition and the metabolic changes associated with aging [21]. 
It is worth emphasizing that osteoporosis is more prevalent among the elderly, and 
comorbidities tend to be more pronounced in this population.

One of the impacting factors in this pathology is the socioeconomic conditions 
of our country, since the classes of these medications have quite high values, often 
leaving patients without access to treatment. However, alternative medicine has been 
gaining shape to assist in the treatments, thus decreasing the adverse effects and even 
the costs of medication, making them more accessible to the population, without 
losing the effectiveness and the goal of the final treatment.

Among the herbal medicines, there are several alternatives that can help in the 
prevention and treatment of osteoporosis. One of the species that draws attention for 
its properties is the Plinia cauliflora (jabuticaba), a typical plant in our country.

Although the peels are generally discarded, according to the phytochemical study, 
they are rich in ellagic acid, quercetin (flavonoids), and anthocyanins, representing a 
great potential in antioxidant action [19].

Cells with higher levels of mitochondria are considered to have higher energy genera-
tion capabilities. RANKL-induced osteoclastogenesis results in increases in the size 
and number of mitochondria. In osteoporosis, this process is in a disorganized manner 
generating significant oxidative stress. Due to the antioxidant potential that P. cauliflora 
presents, it is hypothesized that it may control this bone resorption process [22].

Previous work by our group [2] demonstrated that in 30 days, there was a signifi-
cant bone loss, which was not observed in the present study, considering the bone 
structure as a whole. Although no differences were observed in the general bone 
structures evaluated (BMD and BMC), as shown in Figure 2, when specific regions 
were compared, such as pelvis and legs, which represent the bone areas of great-
est impact in rodents, significant differences were observed, mainly in the legs, in 
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relation to bone mineral content, as observed in Figure 4, demonstrating the poten-
tial of Plinia cauliflora as a protective agent of this loss.

Because Plinia cauliflora is a plant extract from a fruit, which is considered a 
phytocomplex, and not an allopathic drug, it is more difficult to define exactly which 
active ingredients are responsible for the results obtained. However, the proposed 
model promoted a protective effect on bone loss in specific regions.

If we consider the cumulative effect of the plant’s use over the period of the onset 
of diagnostic bone loss, we can suggest that in the long term, it has a positive impact 
on stemming the loss and consequently controlling the development of bone diseases 
such as osteoporosis.

The jabuticaba presents effects in the protection and stimulation of tissues rich 
in collagen and osteoblastic cells, helping in the formation of the bone matrix, in 
its two characteristics, both in the inorganic formation through the antioxidant 
actions on the ions, and in the organic formation, in which 95% is formed by collagen 
type 1, the union of these two formations generates a greater resistance to the bone. 
Within the inorganic formation, we find hydroxyapatite and calcium, two important 
ions for the formation of the bone matrix. Osteocalcin (OC) is responsible for fixing 
these two ions in the extracellular matrix thus affecting bone mineralization, there-
fore, OC is an important marker of osteoporosis [23].

Elevated levels of this protein (OC) during the absence of estrogen may indicate 
increased bone turnover. Since the main role of OC is bone mineralization, the body’s 
calcium levels can profoundly alter its production and homeostasis. Calcium metabo-
lism is very important during postmenopausal osteoporosis, the close relationship 
between reduced estrogen levels and bone loss may be directly related to this ion [11]. 
In the present study, it was observed that the three evaluated doses of P. cauliflora 
were able to increase the levels of OC, which can be hypothesized as a protective 
factor of bone mineral density, and in the highest dose (150 mg/kg), there was a 70% 
increase of bone mineral density.

Likewise, as the general structures of BMC and BMD were evidenced, the dosages 
of all hormones, including osteocalcin, which is a more expressive marker of bone 
mass loss, were analyzed quantitatively, that is, the total analysis of the animals was 
included, and not separately in the bone structures, where we verified the protective 
factor in the studied model. Additionally, a dose-dependent trend toward a protective 
response of PC against osteocalcin was observed, as illustrated in Figure 6.

P. cauliflora may be promising in the sense that it not only aids in cellular matrix 
formation but also in preventing bone loss. After the analysis of bone mineral con-
tent, we observed that treatment with the PC at three doses equaled the sham group 
and the control group, showing the effect of prevention against the loss of bone min-
eral content. The likely route of action of Plinia cauliflora for this result was through 
osteocalcin and not due to DHEA, which would be the most common route, due to the 
relationship that the sex hormone part presents in postovariectomy bone mineraliza-
tion. Despite the effects already attributed to CP, its use had not yet been correlated to 
bone metabolism.

Other studies using extracts of Tropaeolum majus and Tribulus terrestris dem-
onstrated protective bone effects when there is a decrease in urinary calcium with 
preservation of osteocalcin levels [11]. In Ref. [2], the authors evaluated the effect 
of Tribullus terrestris using the same methodology as the present study and demon-
strated that increased bone mass was related to increased DHEA, respectively.

The works described in the literature correlate the increase of DHEA as an impor-
tant factor in the increase of bone mass [24]. The decrease in DHEA is strictly related 
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to changes found in postmenopause such as decrease in bone mass, decrease in muscle 
mass, increase in body fat accumulation, and diabetes mellitus [25]. However, the 
results of the present study demonstrated that Plinia cauliflora, at the three doses 
evaluated, despite having increased bone mass, the increase in DHEA levels was not 
significant, which leads us to suggest that the protective effect presented by Plinia 
cauliflora, and even bone mass gain, especially in the leg regions, may have been due 
to a greater impact generated in this region, a bone mass gain of 140% in the average 
dose (75 mg), through the osteocalcin pathway.

Study [26] revealed that OC is important in the process of alignment of collagen 
fibers parallel to hydroxyapatite, which would increase bone strength in long bones, 
and could justify the results of the present work. OC has a correlation with the forma-
tion of bone matrix, which is a precursor of mature osteoblastic cells, being one of the 
main markers of osteoblastic activity. Importantly, osteocalcin is an essential marker 
of bone matrix formation and not resorption, because it is completely destroyed 
by osteoclasts; its function is not well defined yet. However, studies indicate that 
its structure has an interaction with calcium and hydroxyapatite crystals and that 
its increase coincidentally correlates with the beginning of the mineralization pro-
cess [27].

It has already been shown that 3-O-methyl gallic acid has the potential to 
prevent osteoporosis [28]. This molecule significantly suppressed osteoclast 
formation by blocking Akt and Btk-PLCγ2-Ca2+ signaling. Considering that Plinia 
cauliflora is rich in ellagic acid, a derivative of gallic acid, it is justified that the 
results obtained in bone protection may be related to the role of this compound in 
reducing osteoclasts.

Therefore, the antioxidant action that Plinia cauliflora presents through its 
chemical constituents, such as anthocyanins, ellagic acid, and quercetin, protect the 
osteocalcin pathway to act in the formation of bone mineralization, using in a more 
significant way the osteoblasts.

Although the effects attributed to P. cauliflora may be due to the increase in 
osteocalcin, after analysis of the trunk of the animals (rats), we observed that the 
three doses resulted in an equalization of bone mass gain, with the highest therapeutic 
dose PC3 (150 mg/kg/day) showing a more significant increase of 22% compared to 
the dose PC1. Therefore, it is possible that there are other osteoprotection mecha-
nisms correlated to the extract since it is a phytocomplex from the peel of the Plinia 
cauliflora fruit, and thus there may be an increase in bone mass without correlation 
with the increase in hormones, for example, changes in inflammatory cytokines and 
antioxidant enzymes.

5. Conclusion

Treatment with Plinia cauliflora extract resulted in improved bone mineral den-
sity. The results suggest that this increase is not related to DHEA or sex hormones but 
to the increase of osteocalcin. The elevation of osteocalcin preserved the bone matrix 
after 45 days of treatment in ovariectomized rats. The three doses evaluated main-
tained an equal pattern for the prevention of matrix loss, suggested to be the probable 
responsible for the osteoporosis prevention effects. In the model used, it should be 
considered that the protection analysis was evaluated over a period of 45 days against 
the proposed treatment groups, but it should be taken into account that osteoporosis, 
being a chronic disease, can manifest itself more intensely over longer periods, which 
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product in the treatment and prevention of osteometabolic diseases.
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