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Abstract 

There are contradicting results about the effects of angiotensin-converting enzyme 

inhibitors (ACEIs) on bones. This study was aimed to investigate the effect of ACEI, 

Captopril, on bone metabolism and histology as well as the action of Captopril on 

skeletal renin-angiotensin system (RAS) and bradykinin receptor pathway in normal 

male mice. The urine, serum, tibias and femurs from normal control mice and 

Captopril-treated (10 mg/kg) mice were collected for biochemical, histological and 

molecular analyses after drug administration for eight weeks. The mice after the 

treatment with Captopril had a significant decrease of serum testosterone level. The 

histological measurements showed the loss of trabecular bone mass and trabecular 

bone number, and the breakage of trabecular bone network as well as the changes of 

chondrocyte zone at epiphyseal plate in Captopril-treated mice. The defect of 

Captopril on trabecular bone was reflected by the quantitative bio-parameters from 

micro-CT. The expression of renin receptor and bradykinin B2 receptor (B2R) was 

significantly up-regulated in tibia of mice upon to the Captopril treatment, which 

decreased the ratio of OPG/RANKL and the expression of osteoblastic factor RUNX2. 

Furthermore, Captopril treatment resulted in the increase of pAkt/Akt and pNFκB 

expression in tibia. The present study revealed the impairing effects of Captopril on 

bone via interfering with the circulating sex hormone level and B2R pathway, which 

suggests that the bone metabolism of patients need to be carefully monitored when 

being prescribed for ACEIs. 
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1. Introduction 

The renin-angiotensin system (RAS) plays a central role in the control of blood 

pressure and fluid balance within the body
 
(Namazi et al., 2011). In addition to the 

systemic RAS, the emerging evidences revealed the expression and function of RAS 

in local tissue, namely tissue RAS, which is postulated to participate in various 

pathophysiologic processes (Inaba et al., 2011; Koïtka et al., 2010; Lau et al., 2004; 

Wong et al., 2010; Yung et al., 2011). 

Recent in vivo studies showed the expression of RAS components in trabecular 

bone
 
(Asaba et al., 2009; Izu et al., 2009; Zhang et al., 2014a; Zhang et al., 2014b), 

and in vitro study demonstrated the existence of angiotensin receptors in primary 

osteoblasts (Asaba et al., 2009), indicating the RAS components are expressed locally 

in bone microenvironment. The animal studies in our group demonstrated that the 

skeletal RAS was involved in osteoporosis induced by ageing (Gu et al., 2012a), and 

trabecular bone injuries of mice with either obstructive nephropathy
 
(Gu et al., 2012b) 

or type 1 diabetes
 
(Diao et al., 2014). Furthermore, the other studies identified the 

roles of local bone RAS in fracture healing (Garcia et al., 2010), the steroid-induced 

osteonecrosis (Zhang et al., 2014a), and the development of postmenopausal 

osteoporosis in ovariectomized animal models
 
(Liu et al., 2011; Shimizu et al., 2008) 

as well as glucocorticoid-induced osteoporosis
 
(Shuai et al., 2015). Therefore, the 

previous studies suggested that the local RAS exists in bone tissue and has a vital 

biological action on bone metabolism. 

The main effector peptide angiotensin II (Ang II) in RAS is produced from Ang I 
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by the action of angiotensin-converting enzyme (ACE), a key molecule in RAS. ACE 

inhibitor (ACEI) could increase bone mineral density (BMD) and reduce fracture risk 

in patients (García-Testal et al., 2006; Lynn et al., 2006; Rejnmark et al., 2006). 

However, some clinical results showed that the application of ACEI did not have 

positive effects on bones
 
(Stimpel et al., 1995), and even led to bone loss (Kwok et al., 

2012; Masunari et al., 2008; Zhang et al., 2012b). 

In animal studies, the ACEI treatment suppressed the estrogen deficiency-induced 

decrease in bone density
 
(Shimizu et al., 2009), accelerated bone healing and 

remodeling (Garcia et al., 2010), and improved osteoporosis and hypertension (Asaba 

et al., 2009). While, our group recently elucidated that the treatment with ACEI, 

Captopril, significantly elevated the level of tartrate-resistant acid phosphatase in 

serum, and had a trend to decrease BMD and damage micro-architecture of trabecular 

bone in type 1 diabetic mice
 
(Diao et al., 2014). 

In view of the contradictory effects of ACEI on bone health, we are keen to know 

the effects of ACEI on bone tissue of normal mice at normotensive condition. This 

study was performed to investigate the effect of ACEI, Captopril, on bone mass, 

micro-architecture and histology, and the action of Captopril on skeletal RAS and 

bone metabolic regulators in normal male mice. 
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2. Materials and methods 

 

2.1. Animal treatment 

The 10-week-old male ICR mice (Slac Laboratory Animal, Shanghai, China) were 

randomly divided into normal control group (n = 7) and Captopril-treated group (10 

mg/kg, i.g, n = 8). After the treatment for eight weeks, mean arterial blood pressure 

(MAP) was analysed by cannulation of the right carotid artery (Servomed, Hellige 

GmbH, Freiburg, Germany). The urine, serum, tibias and femurs were harvested for 

the biochemical, histological and molecular analyses. The protocol for animal study 

was reviewed and approved by the institution’s Animal Ethics Committee at the 

Nantong University. Animals were maintained in accordance with the Guide for the 

Care and Use of Laboratory Animals (8
th

 edition, Institute of Laboratory Animal 

Resources on Life Sciences, National Research Council, National Academy of 

Sciences, Washington DC). 

 

2.2. Serum and urine chemistries 

The concentrations of calcium (Ca), phosphorus (P) and creatinine (Cr) in serum and 

urine were measured by standard colorimetric methods using a micro-plate reader 

(Bio-Tek, USA). The urinary level of Ca and P was corrected by the concentration of 

urine Cr. The serum levels of bone turnover markers, tartrate-resistant acid 

phosphatase 5b (TRAP), and procollagen type I N-terminal propeptide (PINP) were 

determined using sandwich ELISA kit purchased from Immunodiagnostic Systems 
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Ltd (Boldon, UK). The kit for serum testosterone was provided by ALPCO (USA). 

 

2.3. Histological staining 

The femurs were fixed in 4% formaldehyde/PBS (pH 7.2), decalcified in 0.5 M EDTA 

(pH 8.0), and embedded in paraffin by standard histological procedures. Serial 

sections of 3 µm were cut. Safranin O (Sigma-Aldrich) staining was performed, 

combining with fast green and counter stain by hematoxylin. Additionally, the 

Masson-Trichrome staining was also performed. Stained slides were visualized under 

microscope. 

 

2.4. Tartrate-resistant acid phosphatase staining 

Tartrate-resistant acid phosphatase (TRAP) staining was used for the identification of 

osteoclasts following the manufacturer's instructions (Sigma 387-A, St Louis, USA). 

 

2.5. Micro-CT analysis 

The femur without decalcification was fixed in a cylindrical plastic tube to prevent 

movement of the limb during measurement, and was scanned to obtain image. The 

distal femoral metaphysis was examined on 1.81 mm slab, corresponding to 173 slices, 

with a high-resolution micro viva-CT40 system (Scanco Medical, Bassersdorf, 

Switzerland). Trabecular bone was determined by a fixed threshold. The metaphyseal 

region of interest and trabecular compartments were isolated by hand-drawn contours 

based on 100 consecutive slices. The micro-architecture of trabecular bone was 
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assessed with direct three-dimensional (3D) methods by CT Evaluation Program 

(Image Processing Language v. 5.0A, Scanco). The 3D parameters for morphology 

and structure of trabecular bone were obtained as the following: (1) bone volume over 

total volume (BV/TV); (2) connectivity density (Conn.D); (3) structure model index 

(SMI); (4) trabecular bone number (Tb.N); (5) trabecular bone thickness (Tb.Th); (6) 

trabecular bone separation (Tb.Sp); (7) the mean mineral density of total volume 

(BMD/TV); (8) bone surface over bone volume (BS/BV). 

 

2.6. RT-PCR 

The tibia RNA extraction was performed according to the TRIzol manufacturer’s 

protocol (Invitrogen, Carlsbad, California, USA). The synthesis of complementary 

DNAs (cDNAs) was performed by reverse transcription reactions with 4 g of total 

RNA using moloney murine leukemia virus reverse transcriptase (Invitrogen, 

Carlsbad, California, USA) with oligo dT(15) primers (Fermentas) as described by the 

manufacturer. The obtained cDNAs served as the template for the regular polymerase 

chain reaction using a DNA Engine (ABI). Glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) or β2-microglobulin (β2-M) as housekeeping gene was 

used to determine the relative expression of the target genes. The primer sequence 

used in this study was as previously described
 
(Gu et al., 2012a). 

 

2.7. Western blotting 

The proteins from tibia were extracted in Laemmli buffer, followed by 5 min boiling 
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and centrifugation to obtain the protein lysis solution. After the determination on 

protein concentration by Bradford kits (Bio-Rad Laboratories, Hercules, CA, USA), 

40 g of protein were separated on 10% SDS-PAGE gel, transferred to nitrocellulose 

membranes (Bio-Rad Laboratories, Hercules, CA, USA). After blocking with 5% 

(w/v) nonfat dry milk in TBS and 0.1% (w/v) Tween 20 (TBST), the membranes were 

incubated with one of the following primary antibodies at dilutions ranging from 

1:500 to 1:200 at 4℃ overnight: mouse anti-renin monoclonal antibody, goat 

anti-angiotensin II polyclonal antibody, goat anti-bradykinin B1R polyclonal antibody, 

goat anti-bradykinin B2R polyclonal antibody, goat anti-Akt1/2 polyclonal antibody, 

rabbit anti-pAkt1/2/3 polyclonal antibody, and rabbit anti-pNFκB polyclonal antibody. 

All the above primary antibodies were purchased from Santa Cruz Biotechnology 

(USA). After three washes with TBST, membranes were incubated with secondary 

immunoglobulins conjugated to IRDye 800CW Infrared Dye (LI-COR), including 

donkey anti-goat, anti-mouse and anti-rabbit IgG with the dilution of 1:15000. Blots 

were visualized by the Odyssey Infrared Imaging System (LI-COR Biotechnology, 

USA) and densitometrically assessed on target bands with Odyssey Application 

Software (version 3.0). The internal reference protein β-actin was used for correcting 

unequal loading using the mouse monoclonal anti--actin antibody (Sigma, USA). 

 

2.8. Statistical analysis 

The data in this study were reported as mean ± standard error of mean (S.E.M.). All 

statistical analyses were performed using PRISM version 4.0 (GraphPad). The 
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difference between groups was analyzed by Student’s t-test. Difference with P value 

of less than 0.05 was considered statistically significant. 
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3. Results 

 

3.1. Mean arterial blood pressure 

The normal mice treated with the ACE inhibitor Captopril showed a significantly (P < 

0.05) lower mean arterial pressure (64.6 ± 3.5 mmHg) when compared with 

non-treated controls (83.9 ± 3.8 mmHg). 

 

3.2. Serum and urine biomarkers 

The main minerals including calcium and phosphorous contained in bones were 

measured in serum and urine (Table 1). The mice treated with Captopril showed the 

decrease of serum calcium level (P < 0.05) and almost the two-fold increase of 

urinary calcium excretion (P < 0.01), while, the phosphorus levels in serum and urine 

were comparable between the normal control group and Captopril-treated group. 

Table 1 Chemistries in serum and urine 

 Serum Ca  

(mg/dl) 

Serum P 

(mg/dl) 

Urine Ca/Cr 

(mg/mg) 

Urine P/Cr 

(mg/mg) 

Control 10.39  0.35 8.26  0.19 0.121  0.015 0.095  0.023 

Captopril 8.94  0.27 
a
 8.08  0.47 0.230  0.014 

b
 0.102  0.024 

Values are expressed as means ± S.E.M., n = 7~8 in either group.  

a
 P < 0.05 for the comparison with Control group 

b
 P < 0.01 for the comparison with Control group 

Ca, calcium; Cr, creatinine; P, phosphorus. 
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3.3. Bone turnover markers in serum 

The treatment with Captopril decreased the serum level of testosterone (P < 0.05) as 

compared to that of control group (Table 2), but did not significantly changed the 

serum level of procollagen type I N-terminal propeptide (PINP), one of bone 

formation markers, or tartrate-resistant acid phosphatase (TRAP), one of bone 

resorption markers, even though there were a trend of decrease of both the two bone 

turnover markers in Captopril-treated group. 

 

Table 2 Serum levels of sex hormone testosterone and bone turnover markers 

 

 Testosterone 

(ng/ml) 

TRAP 

(U/l) 

PINP 

(ng/ml) 

Control 15.7  1.3 12.2  0.9 154.9  49.8 

Captopril 11.2  0.8
 a
 10.9  0.6 116.0  31.9 

Values are expressed as means ± S.E.M., n = 7~8 in either group.  

a
 P < 0.05 for the comparison with Control group 

TRAP, tartrate-resistant acid phosphatase; PINP, procollagen type I N-terminal propeptide. 

 

3.4. Histology of distal femoral end 

Safranin O staining (Fig. 1A, B) and Masson-Trichrome staining (Fig. 1C-F) were 

conducted to observe the epiphyseal region of distal femoral end, including 

epiphyseal plate, upper epiphyseal cartilages and the secondary spongiosa zone. The 

loss of bone quantity and network connection of trabecular bone was observed at the 

secondary spongiosa zone of distal femurs of Captopril-treated mice (Fig. 1B, D) as 
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compared to normal control mice (Fig. 1A, C). Similarly, the thickness of the 

cartilages adjacent to the epiphyseal plate in treatment group was reduced (shown by 

purple arrow), suggesting the occurrence of delayed formation of new cartilages upper 

epiphyseal plate upon to Captopril treatment. The chondrocyte zone at growth plate of 

distal femoral end was magnified for observing the proliferation zone and 

hypertrophic zone shown by Masson-Trichrome staining (Fig. 1E, F). The 

morphology of the cells in proliferation zone was irregular and the thickness of the 

hypertrophic zone was reduced in the Captopril group (Fig. 1F) as compared to those 

of control group (Fig. 1E). Thus, both of the histological stainings revealed the 

remarkable bone abnormalities at the distal femoral end of mice administered with 

Captopril. 

 

3.5. Tartrate-resistant acid phosphatase staining 

In the normal control group, few osteoclasts could be identified in the trabecular bone 

area underneath growth plate of distal femoral end (Fig. 2, shown by blue arrow), 

whereas the distinct increase of osteoclasts number in this area was observed in 

Captopril-treated group. 

 

3.6. Micro CT analysis 

The profiles of 3D images (Fig. 3) clearly demonstrated the loss of trabecular bone 

mass and trabecular bone number as well as the breakage of cancellous bone at distal 

metaphysis of femur, and the 3D bone biological parameters (Table. 3) quantitatively 
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reflected these observed changes. The treatment with Captopril triggered the decrease 

of trabecular bone number (Tb.N) by 11.4%, connectivity density (Conn.D) by 23.5%, 

bone volume over total volume (BV/TV) by 17.0% and trabecular bone mineral 

density over total volume (BMD/TV) by 14.9%, and the increase of trabecular bone 

separation (Tb.Sp) by 25.2%, in distal femoral metaphysis as compared to those 

parameters of the control group. Notably, these changes of bone parameters on bone 

micro-architecture and bone mass were not statistically different between groups. 

 

Table 3 Bone parameters of distal femoral end in normal control group and 

Captopril-treated group. 

 Control Captopril 

BV/TV 0.358 ± 0.044 0.297 ± 0.023 

Conn. D (1/mm
3
) 818 ± 14 626 ± 72 

SMI 1.68 ± 0.54 1.72 ± 0.07 

Tb. N (1/mm) 7.0 ± 0.2 6.2 ± 0.3 

Tb. Th (m) 50.1 ± 5.1 46.9 ± 1.9 

Tb. Sp (m) 92.9 ± 10.2 116.3 ± 9.1 

BMD/TV (mg HA/ccm) 255 ± 29 217 ± 16 

BS/BV (1/mm) 40.3 ± 4.1 42.8 ± 1.7 

Values are expressed as means ± S.E.M., n = 6~8. BV/TV: bone volume over total volume, 

Conn. D: connectivity density, SMI: structure model index, Tb.N: trabecular bone number, 

Tb.Th: trabecular bone thickness, Tb.Sp: trabecular bone separation, BMD/TV: bone mineral 

density over total volume, BS/BV: bone surface over bone volume. 
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3.7. mRNA expression of skeletal RAS components 

The mRNA expression of RAS components, including angiotensin-converting 

enzyme (ACE), angiotensin type 1 receptor and renin receptor (Renin-R), was 

measured in tibia (Fig. 4). The treatment of Captopril significantly up-regulated the 

mRNA expression of renin receptor (P < 0.01), but did not alter the mRNA expression 

of ACE and angiotensin type 1 receptor. 

 

3.8. Protein expression of skeletal RAS components 

The protein expression of renin, angiotensin II (Ang II), bradykinin B1 receptor (B1R) 

and B2 receptor (B2R) was determined in tibia (Fig. 5). The mice after treatment with 

Captopril showed lower expression of renin (Fig. 5B, P < 0.01) and higher expression 

of B2R (P < 0.05) than those of mice without drug treatment. In addition, the 

Captopril treatment did not alter the protein expression of Ang II and B1R. 

 

3.9. mRNA expression of key regulators for bone metabolism 

The maturation and formation of osteoclasts are mainly regulated by the balance of 

extracellular levels of OPG and RANKL secreted by osteoblasts, and runt-related 

transcription factor 2 (RUNX2) is a major regulator for osteoblastic function, thus, the 

ratio of OPG/RANKL and the mRNA expression of RUNX 2 in tibia were 

determined in this study (Fig. 6). The ratio of OPG/RANKL mRNA expression (P < 

0.05) and the mRNA expression of RUNX2 (P < 0.01) were significantly decreased in 
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Captopril group. 

 

3.10 Protein expression of pAkt and pNFκB 

The expression of downstream proteins (pAkt and pNFκB) associated with B2R 

activation was determined (Fig. 7). Captopril treatment caused 95% of increase in the 

expression of pAkt/Akt (P < 0.01) in tibia. When checked for the phosphorylation of 

NFκB, we found that the Captopril-treated mice showed significant upregulation of 

pNFκB as compared to that of vehicle-treated mice (P < 0.05). 
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4. Discussion 

Since high blood pressure is associated with the risk of bone loss
 
(Cappuccio et al., 

1999), the attention should be highly paid to the effects of agents used in the treatment 

for cardiac-vascular diseases on bone health and possible intervention approaches. 

Additionally, angiotensin-converting enzyme inhibitors (ACEIs) are currently in wide 

use for the treatment of diabetes complications, like diabetes-induced heart diseases
 

(Cheng et al., 2014) and diabetes nephropathy
 
(Impellizzeri et al., 2014), moreover, 

osteoporosis is often associated with diabetes
 
(Hofbauer et al., 2007). Therefore, it is 

important to clarify the impacts of ACEIs on bone metabolism. In this study, we 

investigated the effects of one classical ACEI, Captopril, on bone metabolism, the 

local renin-angiotensin system (RAS) and bradykinin receptor pathway in bone tissue 

of normal mice with normotension. 

Based on the study where reported that the OVX rats were administered with 

Captopril at dosage of 1 or 5 mg/kg (Liu et al., 2011), the dosage for mouse could be 

calculated as 1-5 mg/kg × 2 (conversion factor from rat to mouse) = 2-10 mg/kg. Thus, 

the current dosage for mice (10 mg/kg) used in this study is comparable and 

acceptable for pharmacological study. 

Previously, most of clinical studies demonstrated that ACEI could increase bone 

mineral density (BMD) and reduce fracture risk (García-Testal et al., 2006; Ghosh and 

Majumdar, 2014; Lynn et al., 2006; Rejnmark et al., 2006). The treatment with 

Enalapril improved osteoporosis of Tsukuba hypertensive mouse (Asaba et al., 2009), 

and the treatment with Captopril (1 or 5 mg/kg) increased the trabecular bone area of 
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lumbar vertebrae (L4) and improved the bone mechanical properties by increasing 

break stress and elastic modulus of L5 in ovariectomized rats (Liu et al., 2011). 

Similarly, Perindopril partially reversed the glucocorticoid-induced osteoporosis in 

rabbits
 
(Zhang et al., 2014a). While, this study showed that Captopril, which inhibits 

the conversion of angiotensin I (Ang I) to the active hormone Ang II, had the potential 

effects on damaging the micro-architecture of trabecular bone and enhancing the 

number of matured osteoclasts in distal metaphysis of femur in normal male mice, 

which was also found in type 1 diabetic mice after treatment with Captopril
 
(Diao et 

al., 2014), moreover, Captopril destroyed the chondrocyte zone of epiphyseal plate in 

femur, in concert with the in vivo study which revealed that the inhibition of RAS 

attenuated Ang II-induced hypertrophic differentiation of chondrocytes in growth 

plate of mouse tibia (Kawahata et al., 2015). These effects were also in agreement 

with what have been recently reported in clinical studies utilizing ACEIs
 
(Kwok et al., 

2012; Masunari et al., 2008; Stimpel et al., 1995; Zhang et al., 2012b), indicating a 

potential adverse effect of Captopril, even all ACEIs, on bone metabolism. 

The impairments of Captopril on skeleton are surprising, since ACE is the key 

enzyme producing Ang II. A possible reason may be attributed to the decrease of 

blood pressure of normal mice in response to Captopril. The mean arterial blood 

pressure (MAP) determines intramedullar pressure that is a driving force for 

transcortical interstitial fluid (ISF) flow (Garcia et al., 2010), and an increased 

intramedullar pressure has been shown to improve bone quality due to an increased 

ISF flow (Hillsley and Frangos, 1994). While, whether there are direct 
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pharmacological actions of Captopril contributing to its detrimental effects on bone of 

normal mice, besides the Captopril-associated reduction of MAP, was specially 

investigated in this study. 

The regulation of ACE inhibitors on sex hormones may another cause to explain its 

potential deterioration on bone tissue. This study found that Captopril decreased the 

circulating level of testosterone in male mice, in accordance with previous report that 

Lisinopril significantly decreased free testosterone in men and increased sex 

hormone-binding globulin in women over a 6-month period of treatment
 
(Koshida et 

al., 1998). In addition, a cross-sectional study performed on older Chinese men found 

that the use of ACEI was associated with the lower level of serum 

dehydroepiandrosterone
 
(Kwok et al., 2010). The mechanisms have not yet been fully 

revealed and more studies need to be carried out to clarify the relationship between 

the RAS and sex hormones level. 

It is well known that the high activity of skeletal RAS, especially the increased 

production of Ang II, the bioactive peptide within RAS, would lead to bone injuries. 

This study showed that the use of Captopril did not change the expression of ACE, 

Ang II, and angiotensin type 1 receptor in bone tissue, suggesting the RAS classical 

pathway, so-called ACE/Ang II/ angiotensin type 1 receptor, was maintained at the 

normal level. Although the short-term therapy by ACEI was associated with the 

decreased level of Ang II, there were some evidences showing that the long-term 

inhibition by ACEI resulted in a return of Ang II to the baseline level, namely ‘ACE 

escape’
 
(Zhang et al., 2012b). This study demonstrated that the long-term application 
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of Captopril in normal mice resulted in the down-regulation of renin and the 

up-regulation of renin receptor. How the alteration of renin/renin receptor pathway to 

affect bone metabolism still needs to be further studied as this pathway was involved 

in kinds of local tissue diseases (Zhang et al., 2012a). 

ACE inhibitors act not only on the RAS, but also on the kinin-kallikrein system 

(KKS) by suppressing degradation of bradykinin (Zhang et al., 2012b), which is the 

major effector peptide in KKS and is one of substrates by ACE. Bradykinin normally 

displays its effects by activating two seven transmembrane G protein-coupled 

receptors, named B1 (B1R) and B2 (B2R). It was reported that bradykinin is capable 

of decreasing the differentiation of osteoblasts with concomitant increasing the 

maturation of osteoclasts, consequently stimulating bone resorption and reducing 

BMD (Gonçalves-Zillo et al., 2013; Souza et al., 2013; Srivastava et al., 2014). The 

present study showed that Captopril induced the up-regulation of B2R protein 

expression, which may contribute to the impairing effects of Captopril on bone. 

Additionally, it was elucidated that angiotensin type 1 receptor and B2R communicate 

directly with each other by forming stable heterodimers, thereby causing increased 

activation of G alpha(q) and G alpha(i) proteins, the two major signaling proteins 

triggered by angiotensin type 1 receptor (AbdAlla et al., 2000), thus, whether the 

Captopril-induced increase in B2R expression activates the downstream pathway of 

angiotensin type 1 receptor is worth being investigated by further in depth studies. 

In the next analysis for confirming the involvement of B2R signaling pathway in 

the process of Captopril-induced bone impairment, the protein expression of pAkt and 
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pNFκB was measured in bone tissue. Mounting evidences have shown that bradykinin 

activates its downstream proteins, including the phosphorylation of Akt and then 

NFκB, to influence the osteoblasts differentiation, stimulate osteoclasts formation and 

regulate the expression of a wide array of inducible genes, which finally produce 

negative effects on bone metabolism (Srivastava et al., 2014; Uchida et al., 2012). 

This study reported that the treatment with Captopril dramatically up-regulated the 

protein expression of pAkt and pNFκB, suggesting the crucial role of B2R/Akt/NFκB 

cascade in Captopril-induced bone deteriorations. Thus, the regulation of Captopril on 

B2R signaling pathway might well explain the observed increase of TRAP-positive 

osteoclast amount, the decrease of ratio of OPG/RANKL and the down-regulation of 

RUNX2 in bone tissue. 

 

5. Conclusions 

The present study demonstrated that the treatment with ACEI Captopril had 

potentially detrimental effects on trabecular bone of normal mice. The possible 

underlying mechanism for the damages of Captopril on bone may be attributed to the 

decreased level of serum testosterone and the activation of B2R/Akt/NFκB cascade in 

local bone tissue. The research studies need to be further performed to clarify the 

influences of ACEIs on bone health as this might be of closely clinical relevance 

when initiating antihypertensive therapy, particularly in hypertensive women who 

typically have a concomitant rapid onset of bone loss after menopause, and it is also 

an important consideration when prescribing ACEIs for those who suffering from 
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diabetes complications. 
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Figure legends 

 

Fig. 1. Histological images of distal femoral end. A-B, Safranin O staining 

(Magnification, ×50), C-D, Masson-Trichrome staining (Magnification, ×100). The 

chondrocyte zone within the red elliptical line at growth plate (C, D) was magnified to 

be shown as E and F, respectively (Magnification, ×200). The cartilages adjacent to 

the epiphyseal plate were shown by the arrows with solid line (A, B). 

 

Fig. 2. Tartrate-resistant acid phosphatase staining (Magnification, ×200) for 

osteoclasts (arrows in blue) in distal metaphysis of femur. 

 

Fig. 3. Three-dimensional images reconstructed from Micro-CT analysis on the 

trabecular bone microarchitecture of distal femoral metaphysis. 

 

Fig. 4. mRNA expression of RAS components in tibia (A), and the densitometric 

quantification for RT-PCR (B). ACE, angiotensin-converting enzyme; AT1R, 

angiotensin type 1 receptor; Renin-R, renin receptor. Values are expressed as means ± 

S.E.M., n = 7~8. ** P < 0.01, versus Control group. 

 

Fig. 5. Protein expression of renin, angiotensin II (Ang II) and bradykinin receptors in 

tibia (A) and the densitometric quantification for Western blotting (B). Values are 

expressed as means ± S.E.M., n = 7~8. * P < 0.05, ** P < 0.01, versus Control group. 
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Fig. 6. mRNA expression of OPG, RANKL and RUNX2 in tibia (A), and the 

quantitative ratio of OPG/RANKL and the densitometric quantification for RUNX2 

(B). OPG, osteoprotegerin; RANKL, receptor activator of nuclear factor-κB ligand; 

RUNX2, runt-related transcription factor 2. Values are expressed as means ± S.E.M., 

n = 7~8. * P < 0.05, ** P < 0.01, versus Control group. 

 

Fig. 7. Protein expression of pAkt, Akt and pNFκB in tibia (A) and the densitometric 

quantification for Western blotting (B). Values are expressed as means ± S.E.M., n = 

7~8. * P < 0.05, ** P < 0.01, versus Control group. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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