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Abstract

Background
Alendronate (ALN) has direct action on bone metabolism, increasing osteogenesis and decreasing bone
resorption. The study rated the effect of ALN on femoral fracture repair and the effect of different doses
of the drug on the liver and kidneys.

Methods
Wistar rats were divided into groups: A1 (ALN 1 mg/kg), A2 (ALN 3 mg/kg), and C (saline solution). The
drug/solution was applied intraperitoneally three times a week after femoral fracture until euthanasia 45
days later.

Results
Liver analysis from group A1 presented normal histological aspects, while hepatic steatosis was
observed in group A2. In groups A1 and A2, kidneys showed amylocymile like cell degeneration. In femur
bone callus, no difference was observed in collagens I and III or in number of trabeculae (p ≥ 0.05).
Immunohistochemical evaluation showed positivity for the Transforming Grow Factor β-1 (TGFβ-1)
marker in the control group, in spinal area and in small chondrocytes, but negativity for hypertrophy. In
A1, an extensive area of cartilaginous expansion was observed, with positive hypertrophic TGFβ-1
cartilage, even in areas with bone matrix. A low positivity was observed in the medullar area, in contrast
to the control. Group A2 presented a high number of chondroid matrices and a moderate number of
TGFβ-1 cells, with little positivity in medullary area.

Conclusions
A dosage of ALN 1 mg/kg promotes cellular differentiation activity in the bone callus region, with mild
damage in the liver and kidneys. A dosage of ALN 3 mg/kg became toxic without positive alterations in
cell differentiation.

1 - Background
Bisphosphonates are drugs with the potential to stimulate osteogenic action or to reduce bone resorption
activity, and they are an ally in the process of bone fracture consolidation (1). Within this class of drugs,
the most prescribed is alendronate sodium (ALN), a second-generation amino bisphosphonate that is a
potent inhibitor of osteoclastic absorption. The use of ALN causes a decrease in osteoclastic activity
without directly interfering in neoformation: the drug is quickly distributed to bones or excreted by kidneys
(2, 3). Alendronate acts directly on Transforming Grow Factor β-1 (TGF-β1) by increasing its amount,
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which induces osteogenesis and chondrogenesis, which in turn play an important role in cell growth,
differentiation, and protein synthesis of the extracellular matrix (4–6).

When a fracture occurs, a complex consolidation process begins, one that involves several cells and
signaling molecules. The new bone is formed by mesenchymal osteoblasts derived from progenitor sites.
Osteoclasts from circulation and hematopoietic precursor cells migrate in order to digest old bone. During
bone remodeling, catabolic and anabolic activities interact; both of these reactions can be modulated by
drugs (7–10). It is this phase that would bene�t from the use of substances such as ALN, which have the
potential to stimulate osteogenic action, reduce bone resorption activity, and assist in the consolidation
process (1, 11–13). When combined with anabolic-active drugs, ALN signi�cantly improves bone mineral
density and reduces bone fracture (3, 8, 14, 15). Previous research has shown that short-term ALN
treatment also improves bone repair around implants installed in the tibias of osteoporotic rats,
demonstrating the drug’s potential therapeutic effect (16, 17).

Furthermore, during the scarring process in the in�ammatory phase, some growth factors—such as TGFs
—are constantly in action. Among TGFs, TGF-β1 has direct effects on the regulation of osteoblast
differentiation (18). ALN acts on this marker, increasing the amount of TGF-β1 and consequently the cell
migration that increases the matrix. This leads to a higher number of bone trabeculae and smaller
distances between them (5, 6), suggesting that ALN treatments increase the strength and stiffness of
fractured bones (8).

ALN has a high potential to increase bone mineral density, but information is lacking regarding ideal
experimental ALN doses and time of post-operative administration for ideal bone repair. Therefore, the
aim of this study is to demonstrate the effect of alendronate sodium on femoral fracture repairs and the
effect of different doses of this drug on the kidneys and liver.

2 - Methods

2.1 - Ethical considerations
The experiments were carried out at the histology laboratory and in the Bioterium of Positivo University
with animals provided by the same bioterium and was approved by the Ethics Committee on Research
and Animal Use (Protocol ECAU 320). The entire procedures with animals, followed the ARRIVE guidelines
(Supplementary File). Throughout the experiment, the ambient conditions of the rooms were controlled by
a digital panel, including humidity (65%), light (photoperiod of 12 hours) and temperature (18 to 22
degrees Celsius).

2.2 - Experimental design
Were used a total of 45 male Wistar rats (Rattus norvegicus), weighing approximately 500 grams and 5
months old, they were randomly divided equally into 3 groups: group C (control), group A1 (1 mg/kg of
ALN), and group A2 (3 mg/kg of ALN). During the experimental period, all animals were assigned in
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identi�ed cages with maximum 3 rats per cage. Seven animals were lost during surgery or the
postoperative phase (Fluxogram 1). Intraperitoneal applications of ALN were initiated on the opposite
side of the fracture surgical procedure. Control group received applications of 0.9% saline solution. The
application was maintained in a frequency of at 3 times a week until the euthanasia, 45 days after the
surgical procedure.

2.3 - Surgical procedure
The rats were sedated for 1 minute via inhalation of iso�urane (Cristália, Itapira, SP, Brazil) and after
anesthetized by intramuscular injection with 10% ketamine hydrochloride (Vetbrands, Paulínia, SP, Brazil)
and 2% xylazine hydrochloride (Vetbrands, Paulínia, SP, Brazil). Under anesthesia, the animals were
placed in the left lateral decubitus position, and then the right pelvic member was surgically exposed and
the surgery developed according to the technique described by Weiss et al. (16). A 5 cm straight incision
was made with No. 15C blade along the long axis of the femur; blunt scissors and hemostatic tweezers
were used for tissue divulsion, that way the muscle was separated into plans. Next, was incised the
periosteum with a scalpel and detached with a delicate syndesmotome, allowing access to the cortical
surface of the femur.

Before the osteotomy, it was necessary to keep the bone position, drill, and adapt the 2.0-mm 4-hole
titanium plate system with four 4-mm screws, in order to avoid poor positioning of the segments. The
fracture was then performed with the NSK™ Reciprocating Saw (NSK™ Shinagawa, Tokyo, Tokyo, Japan).
Analgesia (tramadol, 7 mg/kg twice a day for 5 days), in�ammation (ketoprofen, 5 mg/kg once a day for
5 days), and infection (enro�oxacin, 10 mg/kg once a day for 7 days) were controlled in the postoperative
period.

2.4 - Euthanasia
All animals were euthanized after 45 days with an overdose of iso�urane. Kidneys, livers, and femurs
were removed and stored in a 10% formaldehyde solution for preservation. The pieces were subsequently
processed and maintained in para�n blocks. The blocks were sectioned longitudinally in serial 3-µm
sections for histological analysis of the visceral parts and for histomorphometric and
immunohistochemical analyses of the femur. Due to postoperative infection and/or fracture of the femur,
three rats were euthanized prematurely (within the seven-day postoperative period) to prevent suffering.
Two animals experienced a not adequate fracture femur during surgery, probably due to the size of the
bone in those rats. These rats were euthanized immediately. One rat was considered lost because the
sample was lost after euthanasia when the plate and screws were removed.

2.5 - Histological analysis: Liver and kidneys
The kidneys and livers were longitudinally hemisected and then stained with hematoxylin and eosin (HE)
and were analyzed by light microscope (021/3 Quimis, Diadema, SP, Brazil), in which the following
parameters were evaluated: cell morphology, cellular disposition, and degree of normality.

2.6 - Histological analysis of collagen: Femur
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The specimens were processed histologically and stained by picrosirius staining, according to standard
routine procedures. The slides were digitized in the ZEN program (ZEISS™ Microscope Software ZEN
Lite). For the analysis, a single observer captured 10 images per slide in the region of the bone callus,
with a magni�cation of 200×. The images were analyzed in the Image Proplus™ 4.5 (Media Cybernetics,
Silver Spring, MD) morphometry program, which automatically measured the areas and percentages of
type I (mature collagen) collagen �bers, type III (immature) collagen �bers, and total collagen �bers,
expressing these �ndings in square micrometers (µm²). The statistical means of each rat were obtained.
In contrast to a black background, type I collagen �bers were considered to have red-orange coloration,
and type III collagen �bers were considered to have yellow-green coloration.

2.7 - Histomorphometric analysis: Femur
The tissue sections of the decalci�ed and HE-stained femurs were analyzed by light microscopy
(Olympus™ BX41, Melville, NY, USA) with a magni�cation of 100x and were photographed serially with a
digital camera (EOS Rebel T5, Canon, Japan). With an Image J™ program (version 1.49t National Institute
of Health-NH, Bethesda, MD, USA), the histomorphometric measurements of the total area, along with the
internal and external areas of bone callus trabeculae, were performed in pixels (see Fig. 1). In order to
evaluate the reliability of the measurements, the data obtained from part of the sample were measured at
different times by the same operator (ICC-95%: 0.98).

2.8 - Immunohistochemical analysis: Femur
The tissue sections of the decalci�ed femurs were dewaxed with xylol and progressively rehydrated with
a solution of 100 − 70% ethanolic gradient, water, and 1% sodium phosphate. Antigen retrieval was
performed for 60 minutes at 37 °C by contact with a solution of pepsin − 1N (pH 7.2). The slides
containing the histological sections were immersed in hydrogen peroxide in a dark chamber. After 15
minutes, the reaction was blocked by adding milk protein concentrate. The sections were incubated for 18
hours with the primary antibody TGF-β1 (Santa Cruz Biotechnology™, Inc. 10410 Finnell Street Dallas,
Texas 75220, USA), with a 1:200 dilution factor. Reactions were revealed with the use of 3,3-
diaminobenzidine tetrachloride (Sigma™, St Louis / USA) for 3 minutes, resulting in a brownish staining
at the antigen site. The sections were counterstained with Harris Hematoxylin.

2.9 - Statistical analysis
The original count of 45 rats was used to maintain a statistically valid sample per group. Results were
given over to descriptive and statistical analysis. The collagen measurements were compared across
groups by one-way ANOVA test. The measurements of the histomorphometric analysis were classi�ed as
non-parametric. The difference between groups was analyzed by the Kruskal-Wallis test. Statistical
evaluation was performed using the Statistical Package for Social Science (SPSS), version 24.0 (SPSS
Inc. ™ Chicago, IL - USA), with a 95% con�dence interval.

3 - Results



Page 6/19

3.1- Histological analysis: Livers and kidneys

Histological analysis was performed on the livers (Fig. 2A) and kidneys (Fig. 2D) of the control group to
ensure normality and absence of morphological changes. The analysis shows livers with an abundance
of patent capillaries and sinusoids, as well as kidneys with normal proximal and distal conduits and well-
formed glomeruli.

The livers of group A1 (Fig. 2B) presented a normal histological aspect, with no metabolic alterations, a
normal portal area, polygonal cells with normal portal space, and a lobular internal area without
alterations. As for the livers of group A2 (Fig. 2C), it was possible to notice the presence of hepatic cells
with a clear cytoplasm of a guticular nature, characteristic of hepatic steatosis. Fat areas among cells
were also observed.

The renal analysis of group A1 (Fig. 2E) showed well-formed glomeruli, intense afferent vessels, proximal
and distally-contorted ducts, morphologically normal and normal cortical. Cells showed amylocymile–like
degeneration, and medullary alteration. Group A2 (Fig. 2F) showed intact cortical kidneys, with no change
in the �ltration metabolism in the distal convoluted tubule and collecting tube. The cells showed
amylocymile-like degeneration, with ballooned cells, which may indicate some disturbance in the
metabolism of the neoglucogenesis.

3.2 - Histological analysis of collagen: Femur
In table I, one can see the values of collagen I and collagen III in all three groups. No difference can be
found among the groups (p > 0.05).

3.2 - Histomorphometric analysis: Femur
The values obtained after decreasing the total area of the image and the area of medullary space are
shown in Table II. Comparisons of the median values of each group show no statistical differences
among them, for the internal callus (p = 0.7850) or for the external callus (p = 0.5982).

No difference was found when the amount of bone in the internal callus was compared with the amount
of bone in the external callus (p = 0.182).

3.3 - Immunohistochemical analysis of femur
The control group (Fig. 3A) demonstrated positivity for the TGF-β1 marker and the predominant marking
in the marrow area, which is inserted in the area of bone formation. Positive markings were also observed
on small chondrocytes despite negativity for hypertrophic cells, appearing in small quantities. In group A1
(Fig. 3B), an extensive area of cartilaginous expansion was observed, dominated by hypertrophic
cartilage and TGF-β1 cells, even in areas containing bone matrix. Low positivity was observed for the
marker in the medullar area, in contrast to the control group. In group A2 (Fig. 3C), the high amount of
chondroid matrix can be seen in the middle of the hypertrophic cartilage and a moderate number of TGF-
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β1 cells. Low positivity for the marrow marker completes the frame, demonstrating that higher ALN
concentration brings lower TGF-β1 labeling.

In Table III, it is possible to see the immunostaining of TGF-β1 in different regions, according to group.

4 - Discussion
This article presents two important main �ndings; one is the effects of ALN on the liver and kidneys after
using alendronate in bone repair. These two organs had been chosen due to their direct relation with the
drug. Glucocorticoids are metabolized by the hepatic route, and they are involved in the suspension of
bone formation and the promotion of bone resorption, inducing osteoporosis. The kidney evaluation was
important because this organ is responsible for ALN excretion (17).

As far as systemic involvement is concerned, many studies ( 2,5,13,12,18–24,) have used this type of
drug at different dosages and concentrations (aiming to accelerate bone repair) without evaluating the
general health implications since the ALN had a nonlinear uptake by bone, accompanied by simultaneous
accumulation in noncalci�ed tissues at high doses (25). This study has shown that the treatment with
3 mg/kg of ALN signi�cantly increases liver and kidney damage compared to a placebo. A dose of
1 mg/kg could be used therapeutically in humans, as its effects are not as serious as a dose of 3 mg/kg.
A study by Erlebacher et al. (26) examining collapsed focal segmental glomerulosclerosis in a patient
receiving liver transplantation due to alendronate use for osteopenia—concluded that the drug was not
related to renal toxicity at a dose of 0.3 mg/kg. However, it should be emphasized that bisphosphonates
must be used with caution in patients with low glomerular �ltration rate (27).

A previous study observed that a dose of 3 mg/kg caused systemic alterations in animals, with hepatic
impairment (28). In Deliberador et al. (15) work, local applications of 1 mg/kg alendronate in rat calvaria
defects were delivered, the authors concluded that the kidneys showed normal glomeruli, with capillaries
surrounding these structures. No impact on the kidneys was observed in any group of their work. This
study did not analyze blood biochemistry, which is an important indicator of possible future systemic
complications. Li, F et al. and Srisubut et al. had also studied the effects of local delivery of ALN and
suggest that the drug have increased bone formation (29, 30). Wang, YH et al. linked PLGA (lactic-co-
glycolic acid) to ALN for slow and local application and found an excellent graft potential (31).

The second main �nding is the effect of different doses of alendronate on bone repair. We chose to use
the human-based dose, which corresponds to 1 mg/kg, as well as a dose triple that. Previous research
has already shown that reduced doses of alendronate may improve osteoblast differentiation and bone
matrix formation (25, 32), although the literature has not expounded on whether the ideal dosage of the
drug can bene�t bone repair. A greater dosage of ALN has been proven to be more effective in qualitative
microtomographic analysis of bone repair. This could be seen through the greater number of trabeculae
and the decreased spacing between the trabeculae in the 3 mg/kg group (6, 16, 33). More bone density
suggests that a higher dosage in�uences bone quality, which encouraged the researchers in this
experiment to use both 1 mg/kg and 3 mg/kg.
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Types I and III collagen are the main collagens found in the connective tissue matrix. Type I can be found
in tendons, �brous cartilage, and bone (among others); type III can be found in a wide range of tissues,
varying from spleen to granulation tissue, and it plays a special role in tissue regeneration, given the early
increase in its expression following tissue injury (34). Reduced collagen III has been demonstrated to
decrease bone formation and remodeling alterations during fracture healing. In 2015, Miedel et al. (35)
showed that collagen III levels begin to increase in the �rst two days following a long bone fracture and
remain elevated for the �rst three weeks; the collagen can be found throughout immature woven bone of
murine fracture callus, although it is less prevalent (by comparison) in the cartilaginous matrix. ALN act
increasing bone volume and the level of mature collagen I reserve (36). That data suggests that collagen
III is less likely to play a signi�cant role in endochondral ossi�cation, which might explain why the
researchers of this study could not �nd signi�cant differences among groups in terms of the time of
euthanasia and callus remodeling.

In terms of quantitative effect on bone repair, in this study no correlations were found between doses and
area of trabecular bone in the femur. One hypothesis is the duration of drug delivery. The researchers
believe that a longer time period (more than 45 days) is critical. A study of dose-response relationship for
ALN treatment in elderly osteoporotic women showed that treatment with ALN (1, 2.5, or 5 mg/day)
decreased bone absorption markers and reduced markers of bone formation in a dose-related but delayed
manner, with all doses evaluated (27). Study of Ramchand et al. shown that a chronic use of BF, decrease
the bone remodeling as the bone volume (37).

Another hypothesis for no association is that alendronate was only used after the surgical period. Other
studies show pre-surgery use, both with and without success. Wan Rong et al. (38) had a total of 82
osteoporotic patients whose humerus fractures were stabilized with plaques. They divided the sample
into two groups: group A (initiation of bisphosphonate treatment within two weeks after surgery) and
group B (control group, initiation of treatment three months after surgery). They concluded that all
patients had fracture union, and the mean time to radiographic union was similar in groups A and B.

Another important point of this study was the choice of the TGF-β1 marker to accomplish the
immunohistochemical evaluation. This marker is responsible for maintaining a constant bone mass,
acting directly on the regulation of osteoblast differentiation and promoting polymorphonuclear cell
chemotaxis, �broblast proliferation, and collagen I synthesis (5). TGF-β1 is a physiological regulator of
osteoblast differentiation and a key mediator of the coupling of osteoblast differentiation and
osteoclastic bone resorption, which is required for skeletal homeostasis (26). Study of Vieira JS et al.
demonstrated that ALN in�uences marker TGF- β1 changing the production and remodelation of the
chondroid extracellular matrix (39). Other studies had also proved the relation between them, suggesting
that ALN acts directly on this marker, increasing its level (5, 6) A smaller dosage of ALN (1 mg/kg)
contributed with less negative impact on the TGF-β1 marker compared to the higher dosage (3 mg/kg), as
noted in this study. A study by Jei et al. (5) concluded that prolonged reduction of bone turnover after
alendronate treatment in female rats increased TGF-β1 production by bone marrow cells and periosteal
osteoprogenitors.
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5 - Conclusion
In terms of increasing bone repair in fractured bones, a dosage of 1 mg/kg ALN showed better activity on
the bone callus of cellular differentiation with less impairment of the liver and kidneys. A dosage of
3 mg/kg ALN became toxic, with signi�cant damage to the liver and kidneys.
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Tables

Table I. Collagen levels among groups (x106 µm )

Note: One-way ANOVA, with significance level of 0.05.
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Table II. Internal and external measurements of the amount of bone trabeculae on the bone
callus of the control group, A1, and A2 (pixels).
Note: Kruskall-Wallis, significance level of 0.05.

Table III - Difference among the TGFβ-1 immunostaining groups in relation to the presence
of chondroid matrix, bone matrix, and positivity forosteoblasts, hypertrophic cartilage,
cartilage, and medullar area.
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Note: (C) control group, (A1) 1mg/kg of alendronate group, and (A2) 2mg/kg of

alendronate group. The symbol (+++) represents an intense immunostaining, (++)

moderate immunostaining, and (+) poor immunostaining. The symbol (-) represents no

immunostaining.

Figures
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Figure 1

Fluxogram 1. Experimental design: 45 rats divided in control group, A1, and A2 Note: (*) denotes rats lost
during surgery and experimental processing.
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Figure 2

Micrographs of the immunoblotted slides with TGFβ-1 marker at 100x magni�cation. Note: (A)
Micrograph of control group; positive immunostaining in the medullary region (beveled arrow) of the area
of bone formation (keys), marked in small chondrocytes (arrow), but negativity for hypertrophy (small
arrow). (B) Micrograph of group A1; little positivity in the medullary region (beveled arrow) of the area of
bone formation (keys), and advancement of the marking in the areas of hypertrophic cartilage (arrow).
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(C) Micrograph of group A2; low positivity in the medullary region (beveled arrow) and fewer TGFβ-1 cells
(arrow).

Figure 3

Liver and Kidney slices of groups C, A1, and A2 (HE - 100x). Note: Control group: histology of the liver with
normal aspect (2A) and histology of the kidney with normal aspect (2D). Group A1: histology of the liver
(2B) presenting cells with microguticular steatosis (arrow) and cells in signet ring. Kidneys (2E) showing
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hyaline degeneration (arrow) and tubular ectasia (beveled arrow). Group A2: histology of the liver (2C)
presenting cells with microguticular steatosis (arrow) and cells in signet ring (beveled arrow). Kidneys
(2F) presenting tubular ectasia (beveled arrow).

Figure 4

Histological area of bone trabeculation of internal (superior) and external (inferior) repair. Note: Increase
by 40x and 100x (HE). Increased detail indicates the selected area of interest.
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