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Heavy alcohol consumption reduces peak bone mass in growing rodents and can 

lead to bone loss in both adult rats and humans. In contrast, moderate alcohol 

consumption appears to have a bone sparing effect in post-menopausal women. Alcohol 

has been reported to increase aromatase activity and influence estrogen receptor (ER) 

number and signaling in rats. Thus, both the putative protective and detrimental effects of 

alcohol on the skeleton may be mediated through altered estrogen signaling. We 

determined whether blocking estrogen receptor signaling using ICI 182,780 (ICI), a potent 

estrogen receptor antagonist, influences the skeletal response to heavy alcohol 

consumption in ovariectomized (ovx) rats with established bone loss. Three weeks 

following ovariectomy, rats were divided into five groups: 1) baseline, 2) control + vehicle, 

3) control + ICI, 4) alcohol + VEH, 5) alcohol + ICI and were treated accordingly for 4 

weeks. Tibiae were evaluated by dual energy X-ray absorptiometry (DXA) and micro-

computed tomography (µCT). Alcohol consumption decreased weight gain and bone mass 

accrual but increased percent body fat. Bone microarchitecture of the tibia was also altered 

by alcohol consumption. Specifically, there was a reduction in the overall accrual of 

cortical bone and net loss of cancellous bone. Co-treatment with ICI had no independent 

effects and did not alter the skeletal response to alcohol.  In conclusion, alcohol resulted in 

cancellous and cortical osteopenia but we found no evidence in ovx rats to support the 



hypothesis that changes in ER signaling mediate the detrimental skeletal actions of 

alcohol. 
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EFFECTS OF ESTROGEN RECEPTOR BLOCKADE ON SKELETAL RESPONSE TO 
ALCOHOL IN OVARIECTOMIZED RATS 

INTRODUCTION 

Alcohol consumption has potent but context-dependent effects on bone 

metabolism. Alcohol interferes with the expression of proteins that mediate both the rate 

of bone remodeling and the balance between bone formation and bone resorption. 

Moderate alcohol consumption may reduce age-related bone loss by acting on bone cells to 

reduce elevated bone turnover. In contrast, alcohol abuse is associated with bone loss and 

increased bone facture risk. The precise mechanism by which alcohol affects bone is 

incompletely understood and is most likely multidimensional. First, alcohol decreases 

osteoblast proliferation and inhibits the synthesis of bone matrix proteins in cell culture 

(1). The concentrations of alcohol used to achieve the inhibitory effects on cultured 

osteoblasts are generally very high, demonstrating that mature osteoblasts are quite 

resistant to direct toxic effects of alcohol (2). Alternatively, much lower levels of alcohol 

have detrimental effects on osteoblast differentiation in animal models in vivo, suggesting 

that the effects of alcohol on bone are predominantly indirect (1, 3). Specifically, alcohol 

results in a dose-dependent reduction in mineralizing perimeter, a histomorphometric 

index of the bone surface lined with active osteoblasts (4).   

 Bone metabolism is under tight endocrine control and there is evidence that 

chronic alcohol abuse disrupts estrogen signaling. Estrogen is an important regulator of 

bone growth where the hormone plays an essential role in the sexual dimorphism of the 

skeleton. Estrogen is also critical for maintenance of bone turnover in adults (5). The 
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possible mechanisms by which alcohol could influence the skeletal response to estrogen 

have been reviewed and include: altered metabolism of estrogen, which leads to higher 

circulating levels of the hormone, changes in levels of bone active cytokines that are 

regulated by alcohol and estrogen, and increased estrogen receptor expression in estrogen 

targeted cells. The latter may increase the sensitivity of bone to the hormone (6-7). Alcohol 

has been shown to increase aromatase activity in rat liver and increased estrogen levels 

have been observed in some but not all studies evaluating dietary alcohol in women ((8-9). 

Also, more recent in vitro studies suggest that very high concentrations of alcohol increase 

estrogen receptor levels in cultured osteosarcoma cells (10). 

In adults, chronic alcohol abuse is generally associated with osteopenia and 

increased fracture risk (11-14). However, the effects of moderate alcohol consumption have 

some apparent benefits for postmenopausal women, further supporting the suggestion 

that there is an interaction between alcohol and estrogen. Estrogen is important in 

maintaining bone mass by slowing down bone remodeling. Estrogen deficiency 

accompanying menopause accelerates bone remodeling and predisposes women to 

osteoporosis later in life. When estrogen is deficient, the activation frequency of bone 

remodeling units increases and the greater turnover rate results in a greater number of 

weak links in bone, which heightens the likelihood bone will fracture (5).  

Separating the effects of alcohol from other co-morbidity factors generally present 

in alcoholics (smoking, poor diet, drugs) has proven a difficult task. However, these factors 

can be controlled for in animal models. In this specific experiment an ovariectomized (ovx) 

rat model simulates some of the skeletal changes associated with menopause in women. As 

mentioned, menopause accelerates bone turnover and results in a net increase in bone 
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resorption (5). However, inhibitors of bone turnover limit both the initiation of new sites 

of bone resportion and the amount of bone resportion, which decreases the rate of bone 

loss and fracture risk. There is evidence that postmenopausal women who moderately 

consume alcohol have higher bone mass, which suggests that alcohol, similar to estrogen, 

has an inhibitory effect on bone turnover (15-18). 

The skeleton undergoes continuous life-long bone turnover through a process that 

replaces fatigued and damaged bone. Additionally, bone turnover is essential for bone 

growth and maturation in young adults. An inability to recruit sufficient numbers of 

osteoblasts to support normal bone formation has been a consistent finding in animal 

models and likely plays an important role in the bone loss and reduced bone quality 

associated with chronic alcohol abuse in adults (11, 19). The effect of alcohol abuse on 

osteoclasts, the cells responsible for resorbing bone, is less consistent; increases and 

decreases in osteoclast numbers are reported in animal models for chronic alcohol abuse 

(4, 20-22). 

In order to better understand whether disruption of estrogen signaling is a major 

contributor to the actions of alcohol on bone metabolism we performed a study in ovx rats. 

Specifically, we investigated the effect of estrogen receptor blockade with ICI 182,780 

(ICI) on the skeletal response of ovx rats to high levels of dietary alcohol. 
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METHODS 

Animals:   

Fifty three, two-month-old, ovx Sprague-Dawley rats (body weight, 200± 1g, 

mean± SE) were obtained from Harlan (Indianapolis, IN) and housed in plastic shoebox 

cages (1 rat/cage) in a temperature and humidity-controlled room with a 12/12 hour 

light/dark cycle. Animal care followed the guidelines found in the Guide for Care and Use 

of Laboratory Animals. The animal experiment was approved by the Institutional Animal 

Care and Use Committee at Oregon State University.  

Experimental Design: 

After a two week period of acclimation, the rats were randomized by body weight 

into one baseline group and four treatment groups (n=10/group): 1) baseline, 2) control + 

vehicle, 3) control + ICI, 4) alcohol + VEH, 5) alcohol + ICI. Rats in the alcohol-fed 

(ethanol) groups were adapted to the liquid alcohol diet over a 1-week period, as 

recommended by the manufacturer (Lieber-DeCarli liquid diet, #F1258SP, Bio-Serve, 

Frenchtown, NJ). At the end of the adaptation period, 35% of caloric intake in these rats 

was derived from alcohol. Control rats consumed an isocaloric liquid diet with calories 

from alcohol being replaced with maltose-dextran (BioServe, #F1259SP). The liquid diet 

contains 1.36% Ca, 1.06% P and 0.13% Mg (v/v). Control rats were pair-fed to alcohol-fed 

rats to control for an alcohol-induced reduction in food consumption (23). Subcutaneous 

injection of ICI 182,780 (Sigma-Aldrich, St. Louis, MO) in sesame oil (0.1 mL/d; 1.5 mg/kg) 
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or vehicle was started one day after completion of adaption of rats to their liquid diets. 

Injections were then administered once a day for the duration of the experiment. The rats 

were weighed weekly and maintained on their respective diets for four weeks.  

DXA:   

Prior to necropsy, total body bone mineral content (BMC) and total body bone 

area were measured using dual-energy X-ray absorptiometry (DXA, Hologic QDR-4500A 

Elite, Waltham, MA) equipped with small animal software in anesthetized rats and total 

body bone mineral density (BMD) was calculated from this data.  

Tissue Collection: 

All rats were anesthetized with isoflurane prior to tissue collection. Death was 

induced by exsanguination from the heart, followed by cardiac excision. White adipose 

tissue (WAT) and uterine weights were measured. Tibiae were excised and placed in 70% 

ethanol for DXA and micro-computational tomography (µCT) evaluation. 
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CT analysis: 

Tibiae were scanned at a voxel size of 16 x 16 x 16 µm using a Scanco µCT 40 

(Scanco Medical AG, Basserdorf, Switzerland). The threshold for analysis was determined 

empirically and set at 245 (0-1,000 range) for all analyses. µCT was used to measure 

cancellous and cortical bone architecture. Sampling sites for the tibia metaphysis are 

shown in Figure 1, where 50 slices (0.8mm) of cancellous bone were measured and 

analyzed for cancellous bone volume/tissue volume (%), connectivity density (1/mm3), 

trabecular thickness (µm), trabecular 

number (1/mm), and trabecular separation 

(µm). For the tibia diaphysis, twenty slices 

(0.32 mm), 1.0 mm proximal to the tibio-

fibular junction (TFJ) were analyzed for 

cross-sectional volume (mm3), cortical bone 

volume (mm3), marrow volume (mm3), 

cortical thickness (µm) and polar moment of 

inertia (Ipolar, mm4).  

                                          

Statistical Analysis: 

A t-test was used to assess the effects of time on bone between baseline and control 

rats.  The effects of diet (with two levels, alcohol and control), ICI injection (with two 

levels, ICI and vehicle), and their interaction were analyzed using a two-way analysis of 

variance (SPSS 13.0, SPSS Inc., Chicago, IL). Differences were considered significant at 

P<0.05. All data are expressed as mean± SE.  

Figure 1: Sampling site showing three-
dimensional reconstruction of 
cancellous and cortical bone evaluated 
by microCT. 

Cortical 
Bone 

Cancellous 
Bone 

TFJ 
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RESULTS 

 

Effects of treatment interval on body composition, bone mass and architecture 

 

Starting weights (3 weeks following ovx) did not differ among treatment groups 

(Table 1). The baseline group was sacrificed at commencement of alcohol feeding and 

treatment with ICI. Compared to baseline, the veh treated rats did not differ in uterine 

weight. However, baseline and control-veh treated rats differed in body composition. 

Specifically, the veh treated rats weighed more, and had a higher total body bone mass 

(BMC), size (bone area) and areal BMD than baseline rats. Also, tibia length, bone area, 

BMC and BMD, measured ex vivo, were higher in veh treated rats compared to the baseline 

group (Fig 2). The higher body mass in the veh treated rats was due to higher lean mass 

and fat mass. A 3-fold higher WAT mass in the veh treated rats was associated with a 

higher percent body fat (Table 1).  

BV/TV at the proximal tibia metaphysis did not differ between baseline rats and 

the control-veh animals (Fig 3). However, trabecular number and connectivity density 

were lower and trabecular spacing was higher in the control-veh animals. Tibia diaphysis 

cross sectional volume, cortical volume, cortical thickness and Ipolar were higher in the 

control-veh treated rats (Fig 5).  In contrast, marrow volume in the tibia midshaft did not 

differ between the baseline and control-veh treated group. 
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Effects of alcohol and ICI on body composition, tibia cancellous and cortical bone 

architecture 

 

Alcohol consumption decreased terminal body weight, lean mass, WAT, and whole 

body bone area and BMC (Table 1). Alcohol consumption had no effect on total body 

BMD, whereas total body fat mass and percent fat were higher in the alcohol fed animals. 

Tibia length was not altered by alcohol consumption but tibia bone area, BMC and BMD 

were all lower in alcohol fed rats (Fig 2). ICI treatment had no effect on any of the 

parameters and there was no interaction between alcohol consumption and ICI treatment. 

BV/TV at the proximal tibia metaphysis was lower in alcohol fed rats due to lower 

trabecular number (Fig 3). Also, connectivity density was lower and trabecular spacing 

higher in alcohol fed rats. ICI treated rats had higher bone volume/tissue volume and 

connectivity density and had a tendency to have higher trabecular thickness.  Interactions 

between alcohol consumption and ICI treatment were observed for trabecular number, 

connectivity density and trabecular spacing.  

Alcohol consumption had multiple effects on tibia cortical architecture (Fig 5); 

cross sectional volume, cortical volume and cortical thickness were lower in alcohol-fed 

animals. There was no change, however, in marrow volume. The altered cortical bone 

architecture was associated with lower values for Ipolar. ICI treatment had no effect on 

cortical bone architecture and there was no interactions between alcohol consumption 

and ICI treatment. 
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Figure 2: Effects of alcohol and ICI 182,780 on tibia (A) length, (B) bone area, (C) bone 
mineral content, and (D) bone mineral density. Data are mean ± SE. *Significantly different 
from baseline group, P<0.05 
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Figure 3: Effects of alcohol and ICI 182,780 on (A) bone volume/ tissue volume, (B) 
trabecular thickness, (C) trabecular number, (D) trabecular spacing and (E) connectivity 
density. *Significantly different from baseline group, P<0.05 
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Figure 4: Representative µCT specimens from the tibia metaphysis. 
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Figure 5: Effects of alcohol and ICI 182,780 on (A) cross sectional volume, (B) cortical 
volume, (C) marrow volume, (D) cortical thickness, and (E) Ipolar.  
*Significantly different from baseline group, P<0.05 
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DISCUSSION 

Alcohol consumption had no effect on uterine weight, decreased accrual of lean 

body mass and WAT, but increased total body fat mass in ovx rats.  Alcohol decreased 

accrual of cortical bone mass in tibia of ovx rats by inhibiting the addition of bone onto the 

periosteal surface and accentuated cancellous bone loss in ovx rats by decreasing 

trabecular number.  ICI treatment had no effect on uterine weight, body weight gain, or 

body composition in ovx rats.  ICI treatment had an effect on bone volume/tissue volume, 

trabecular thickness and connectivity density in cancellous bone, however, ICI had no 

effect on cortical bone measurements.  Interactions were seen between alcohol and ICI on 

bone architecture in cancellous bone, while no interactions were seen between the two for 

any cortical bone measurements.  

Epidemiological studies have consistently demonstrated a positive effect of 

moderate alcohol consumption on BMD in postmenopausal women (15-18). However, the 

mechanism for the putative beneficial actions of alcohol is unclear.  It has been speculated 

that alcohol either increases estrogen levels (6, 9) or alternatively increases skeletal 

sensitivity to the hormone by increasing estrogen receptor levels in bone cells (6, 10). We 

have recently shown that acute administration of moderate alcohol to early 

postmenopausal women reduces biochemical markers of bone turnover (34). This finding 

is consistent with the known actions of estrogen on bone turnover in women (5). 

However, serum estradiol levels did not change following administration of alcohol. This 

finding in women indicates that alcohol has effects on bone metabolism not requiring 

increased estradiol levels but they do not rule out the possibility that the actions of alcohol 

on bone metabolism were mediated by increasing estrogen receptor levels.   
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We investigated the skeletal actions of alcohol in ovx rats in which estrogen 

receptor signaling was blocked by treatment with the potent anti-estrogen ICI (24). ICI 

binds to estrogen receptors and accelerates receptor degradation (25). We and others have 

shown that ICI treatment results in uterine atrophy and bone loss in adult rats, and 

cancellous osteopenia and uterine atrophy in growing rats. However, due to its exclusion 

from brain and growth plate, ICI treatment had no effect on body weight gain or 

longitudinal bone growth in sham or ovx rats. Administration of ICI to ovary-intact 10-

week-old rats, using the same protocol as in the present study, decreased uterine weight to 

values that did not differ from ovx animals. Indeed, ICI treatment of ovary intact animals 

actually increased the circulating level of estrogen, demonstrating the efficacy of the 

treatment protocol in blocking activation of estrogen receptors by endogenous estrogens 

(26-27). As expected, ICI had minimal effects on body composition, uterine weight and 

bone parameters in the present experiment performed in ovx rats. Furthermore, there were 

no differences between alcohol fed and ICI-treated alcohol fed rats for any measured bone 

or non-bone parameter. Taken together, our findings in ovx rats provide strong evidence 

that the skeletal effects of alcohol on bone metabolism do not require estrogen receptor 

signaling.  

Observations in male rats further question whether there is an important role for 

estrogen receptor signaling in mediating the detrimental effects of alcohol on bone 

metabolism.  Although there is compelling evidence that estrogen plays an important role 

for skeletal maturation in male humans (28) this may not be the case in rodents. 

Administration of ICI has profound effects on the skeleton in female rats but virtually no 
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effect in male rats (26, 29). However, alcohol has very similar effects on bone metabolism 

in both genders (4, 30). 

To date it has not been possible to show that disturbances in a single factor are 

responsible for the actions of alcohol on bone metabolism. Alcohol consumption has been 

reported to alter the levels and skeletal responses to a variety of hormones and growth 

factors in humans and animals, including vitamin D, parathyroid hormone, IGF-I, growth 

hormone and leptin (23, 31-32). Each of these factors play an important role in bone 

metabolism and disturbances in signaling of any one of these factors would likely result in 

alterations in bone metabolism.  Furthermore, alcohol is just one reported inhibitor that 

impairs the skeletal response to mechanical signaling (33).  

In summary, alcohol has been hypothesized to increase estrogen levels in blood or 

modify the sensitivity to the hormone in bone cells. Either of these mechanisms, alone or in 

combination, could account for the putative bone sparing effect of moderate alcohol 

consumption in post menopausal women. However, estrogen receptor signaling blockade 

had no effect on alcohol-induced abnormalities in bone mass and architecture in ovx rats. 

Our findings do not support the hypothesis that altered estrogen signaling plays an 

important role in the detrimental skeletal effect induced by excessive alcohol 

consumption.  
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