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DHEA and intestinal calcium absorption

The effect of dehydroepiandrosterone 
administration on intestinal calcium 
absorption in ovariectomized female 
rats
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[Purpose] Dehydroepiandrosterone (DHEA) admin-
istration reportedly recovers osteoporosis, a bone 
disorder associated with bone deficiency in postmeno-
pausal women. However, the physiological mechanism 
of DHEA in osteoporosis remains elusive, especially in 
terms of intestinal calcium absorption. Therefore, we 
investigated the effect of DHEA administration on cal-
cium absorption in ovariectomized (OVX) female rats 
using an estrogen receptor antagonist.

[Methods] Female Sprague-Dawley rats (n=23, 6 
weeks old) were randomized into three groups: OVX 
control group (OC, n=7), OVX with DHEA treatment 
group (OD, n=8), and OVX with DHEA inhibitor group 
(ODI, n=8) for 8 weeks.

[Results] Intestinal calcium accumulation, as well as 
the rate of absorption, demonstrated no significant 
differences during the experimental period among in-
vestigated groups. The bone mineral density (BMD) of 
the tibia at the proximal metaphysis was higher in the 
OD group than that in the OC group (p<0.05); however, 
BMD of the ODI group showed no significant difference 
from investigated groups. Furthermore, the BMD of the 
tibia at the diaphysis did not significantly differ among 
these groups.

[Conclusion] We revealed that DHEA administration 
does not involve intestinal Ca absorption, although this 
treatment improves BMD levels in OVX rats. These ob-
servations indicate that the effect of DHEA on the bone 
in postmenopausal women is solely due to its influence 
on bone metabolism and not intestinal calcium absorp-
tion.
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INTRODUCTION
Bone is a hard tissue mainly composed of hydroxyapatite in verte-

brate animals. This organ protects soft tissues against outside mechanical 
stress, exercising the peripheral tissues owing to the principle of leverage. 
Reportedly, in most individuals, the onset of bone disorders is character-
ized by low bone mineral density (BMD) and deterioration of trabecular 
bone microarchitecture, namely osteoporosis1. This disease increases a 
person’s risk of fracture owing to bone fragility, along with increased 
medical costs. Osteoporosis is often caused by sex hormone deficiencies, 
with the crisis rate of osteoporosis dramatically elevated, especially in 
postmenopausal women. 

Sex hormones (e.g., estrogen and androgen) play important roles in 
bone remodeling, primarily by inhibiting bone breakdown. It is well 
known that estrogen levels in postmenopausal women are generally de-
creasing, and reduced estrogen causes rapid bone loss. Therefore, estro-
gen replacement therapy has been widely accepted for the prevention of 
osteoporosis in high-risk postmenopausal women2. However, according 
to the Women’s Health Initiative study, this therapy is reportedly associ-
ated with adverse events such as cardiovascular disease, stroke, and inva-
sive breast cancer3.

Dehydroepiandrosterone (DHEA) is mainly a secretory product of 
the adrenal gland and ovary, which is a crucial precursor of sex hor-
mones and exerts indirect endocrine and intracrine actions on various 
peripheral tissues4,5. Exogenous DHEA treatment has estrogenic effects 
in postmenopausal women, thereby improving menopausal symptoms 
(e.g., abnormal energy metabolism, bone loss, and decline of cognitive 
performance)6. Furthermore, DHEA administration abolishes the reduced 
BMD in ovariectomized (OVX) animals7. However, the mechanisms 
through which DHEA increases BMD are not well understood. In a 
previous study, we investigated the effect of DHEA administration on 
intestinal calcium (Ca) absorption in OVX rats; however, we failed to 
observe a relationship between DHEA and the intestinal system8. These 
results could be explained as follows 1) DHEA administration might in-
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crease intestinal Ca absorption during an earlier phase of the 
8-week experimental period, 2) the lack of a DHEA effect 
could be attributed to the 1.05% Ca diet employed, which is 
a sufficient Ca amount for maintaining bone health in OVX 
rats. Therefore, we designed a time-course study under Ca 
restriction to investigate the influence of DHEA treatment 
on intestinal Ca absorption. 

METHODS
Experimental animals and conditions

Female Sprague-Dawley rats (n=23, 6 weeks old) were 
purchased from CLEA Japan (CE-2, CLEA Japan, Inc., Ja-
pan) and were acclimatized for 6 days. Then, the rats were 
surgically OVX and randomized into three groups: OVX 
control group (OC, n=7), OVX with DHEA treatment group 
(OD, n=8), and OVX with DHEA inhibitor group (ODI, 
n=8). The rats were fed a low calcium diet (0.3% calci-
um, 0.3% phosphate) throughout the experimental period. 
DHEA (20 mg/kg body weight) and an estrogen receptor 
antagonist (DHEA inhibitor: 1 mg/kg body weight, fulves-
trant, Sigma, USA), dissolved in sesame oil (0.5 mL), were 
intraperitoneally administrated to the OD and ODI groups 
once every 3 days for 8 weeks, as described in our previous 
study9. The OC group was treated with sesame oil only. All 
rats were housed in individual single cages, with access to 
food and distilled water ad libitum. Food consumption and 
body weight gain were measured every second day. The 
room was maintained at 23±1°C, with 50±5% humidity, 
and under a 12:12 h light-dark cycle (light 8:00 to 20:00). 
Animal care and experimental procedures were approved 
by the Experimental Animal Committee of the University 
of Tsukuba. All rats were fasted on the day before tissue 
isolation. Following euthanasia, the tibias were collected 
and stored in 70% ethanol after the soft tissue was carefully 
removed. Animal care and experimental procedures were 
approved by the Experimental Animal Committee of the 
University of Tsukuba.

BMD measurement
The BMD of isolated tibias was evaluated using dual-

energy X-ray absorptiometry (DXA; Aloka, DCS-600R, 
Tokyo, Japan) as described in a previous study10. The tibia 
was categorized into five divisions. The first division was 
considered the proximal metaphysis site and was mainly 
composed of the cortical bone. The second to third divisions 
were regarded as the diaphysis site.

Ca balance
We evaluated the Ca balance (Ca absorption and Ca 

accumulation) in experimental rats as described in our 
previous study8. Briefly, animals were placed in metabolic 
cages to collect 24-h urine and feces samples at each time 
point (Metabolic cage phase (MC) 1: 2 days before initi-
ating experimental conditions; MC2: 2 days immediately 
after initiating the experiment; MC3-6: every 10 days after 
initiating the experiment). Urine samples were collected in 

bottles containing 1 mL of 2N hydrochloric acid to prevent 
Ca precipitation, followed by centrifugation (2,500 rpm, 15 
min) to extract the supernatant. The urine Ca levels were 
evaluated by inductively coupled plasma atomic emission 
spectroscopy (ICAP-AES-575v, Nippon Jarrell-Ash). Fecal 
samples were incinerated in a muffle furnace at 550–600°C 
for approximately 15 h, and fecal Ca was measured using a 
method similar to that for urinary estimation. Intestinal Ca 
accumulation was calculated using the following formula: 
intestinal Ca accumulation = Ca intake - fecal Ca discharge 
- urinary Ca discharge.

Statistics
All data are expressed as the mean ± standard error (SE) 

and were analyzed using SPSS (version 18.0 J; SPSS Inc., 
Chicago, IL). One-way analysis of variance (ANOVA) 
was used to test statistically significant differences among 
groups. If a significant difference was detected, these groups 
were further evaluated using Fisher’s F-test for multiple 
comparisons. The significance level for major effects was 
established at p<0.05.

RESULTS
Final body weight, body weight gain, food intake, and 

food efficiency are shown in Table.1. The final body weight 
was significantly lower in the OD group than that in the OC 
group (p<0.01). Body weight gain was significantly lower in 
the OD and ODI groups than that in the OC group (p<0.001). 
Additionally, food intake and food efficiency did not signifi-
cantly differ among these groups (Table 1).

At each time point assessed (MC1-6, Fig. 1A), intestinal 
Ca accumulation did not significantly differ, and the Ca ac-
cumulation rate was not significantly different between the 
two groups (Fig. 1B). Furthermore, urinary Ca discharge did 
not differ (Fig. 1C), similar to the results for fecal Ca dis-
charge (data not shown).

The BMD of the tibia at the proximal metaphysis was 
higher in the OD group than that in the OC group (p<0.05), 
but that of the ODI group did not significantly different from 
the two groups (Fig. 2A). In contrast, the BMD of the tibia 
at the diaphysis did not significantly differ between investi-
gated groups (Fig. 2B).

Final 
body weight 

(g)

Body 
weight gain

(g/day)

Food intake
(g/day)

Food 
efficiency

(%)
OC 401.4±7.2 3.6±0.11 18.4±0.42 0.19±0.01
OD 346.0±9.2** 2.6±0.12*** 17.2±0.39 0.15±0.00
ODI 365.1±15.8 2.6±0.25*** 17.7±0.79 0.16±0.01

Table 1. Body weight and Food intake.

Data show mean ± SE. OC: Ovariedtomy Control group, OD: Ovari-
ectomy with DHEA treatment group, ODI: Ovariedtomy with DHEA 
Inhibitor group. **p<0.01, ***p<0.001 vs OC. 
(DHEA, dehydroepiandrosterone)
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DISCUSSION
Osteoporosis is a metabolic bone disease characterized 

by bone loss and deterioration of the bone structure, result-
ing in enhanced pain, exercise disability, increased total 
health care cost, and mortality, especially in postmenopausal 
women. Accordingly, DHEA administration may be an 
effective approach in this disease if DHEA upregulates in-
testinal Ca accumulation. In the present study, our findings 
indicate that DHEA administration did not affect intestinal 
Ca accumulation or the rate of Ca accumulation; however, 
it rescued tibial BMD levels in OVX female rats during cal-
cium restriction. These findings revealed that DHEA treat-
ment did not influence intestinal Ca absorption. 

Several studies have reported that E2 treatment recovered 
intestinal Ca and bone loss absorption in both OVX animals 

and postmenopausal women11,12. However, in the present 
study and a previous report9, DHEA administration did not 
recover intestinal Ca absorption and urinary Ca discharge, 
while increasing BMD. The reason underlying the recovery 
effects observed solely on BMD could be because these tis-
sues are mainly affected by DHEA via different pathways. 
DHEA is converted to testosterone and further metabolized 
to dihydrotestosterone in osteoblasts, and can inhibit bone 
loss in OVX rats13. We have previously revealed that the 
same amount of DHEA treatment prevents bone deficiency 
of the tibia via androgen metabolism in OVX rats8. Con-
versely, DHEA is also metabolized to E2, which affects the 
intestine. However, the conversion volume of this hormone 
might be below the threshold level necessary to elevate 
intestinal Ca absorption in the present study. Therefore, the 
effect of DHEA on bone volume may be mediated mainly 
through the direct pathway in the bone. 

In the OD group, the BMD level of the proximal me-
taphysis of the tibia was rescued by DHEA administration, 
whereas this effect was not observed in the diaphysis of the 
tibia. DHEA administration generally leads to increased 
BMD in OVX rats14. Reportedly, the trabecular bone (mainly 
composing the proximal metaphysis) is more sensitive to 
mechanical loading than cortical bone (mainly composing 
the diaphysis)15,16. Furthermore, our previous study similar-
ly revealed this phenomenon8. Therefore, these results may 
be attributed to the body weight difference between the two 
groups as the site of the proximal metaphysis is more re-
sponsible for mechanical stress than that of the diaphysis.

DHEA administration decreases body weight by enhanc-

Figure 1. Intestinal Ca absorption (A), rate of Ca absorption 
(B), and urinary Ca discharge (C). Metabolic cage phase (MC) 
1 was performed 2 days before starting experimental condi-
tions, MC2 was performed 2 days immediately after experi-
ment initiation, and MC3-6 was performed every 10 days after 
experiment initiation. Samples were collected over a 24-h 
period. OVX Control group (OC, n=7), OVX with DHEA treat-
ment group (OD, n=8), and OVX with DHEA inhibitor group 
(ODI, n=8). Data show mean ± standard error (SE). Ca, cal-
cium; OVX, ovariectomized; DHEA, dehydroepiandrosterone.

Figure 2. BMD of the tibia at proximal metaphysis (A), and 
diaphysis (B). BMD levels were measured by DXA. OVX Con-
trol group (OC, n=7), OVX with DHEA treatment group (OD, 
n=8), and OVX with DHEA inhibitor group (ODI, n=8). *p<0.05 
vs OC. Data show mean ± standard error (SE). BMD, bone 
mineral density; OVX, ovariectomized; DHEA, dehydroepian-
drosterone; DXA, dual-energy X-ray absorptiometry.
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ing the utilization of ingested energy in the brown adipose 
tissue; therefore, DHEA was considered to have an anti-obe-
sity effect in a rodent model of obesity17. In the present 
study, the final body weight was dramatically decreased in 
the OD group when compared with the OC group. Thus, 
this result suggests that DHEA administration elevates the 
energy metabolic system in the OD group.

This study had two limitations. First, the effects of other 
organ factors were not determined. Organs demonstrate in-
ter-organ communication through some endocrine factors; 
thereby, bone metabolism is affected by other organs such 
as the skeletal muscle and adipose tissues18. In the pres-
ent study, we did not sample these tissues or evaluate the 
condition of these tissues. Thus, the impact of other organs 
involved in bone metabolism remains unknown. Second, 
bone turnover was not evaluated in the present study. We 
did not measure extracellular markers of bone metabolism 
in experimental animals (e.g., osteocalcin and osteopontin). 
Therefore, bone formation and resorption were not deter-
mined, although the bone phenotypes were evaluated by 
BMD levels.

In conclusion, we demonstrated that DHEA administra-
tion does not involve intestinal Ca absorption. These find-
ings suggest that the effect of DHEA on bone mass mainte-
nance in postmenopausal women is solely attributed to its 
influence on bone metabolism, and other mechanisms are 
needed to improve intestinal Ca absorption. Therefore, an 
intervention that combines DHEA administration and other 
treatments to enhance intestinal Ca absorption is needed to 
maintain bone health in these subjects.
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