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ABSTRACT 

The Sr/Ca ratios in plasma, urine, bone, and soft tissues for 
various ages after weaning in male and female rats were determined 
to examine the effects of aging on the discrimination between stron- 
tium (Sr) and calcium (Ca) under physiological conditions. Age- 
related changes in the Sr/Ca ratios were similar in all tissues; the Sr/Ca 
ratios decreased rapidly until about 25-wk-old and then slowly, from 
that period on, reaching much lower values than in the diet. When 
the logarithm of the Sr/Ca ratio in each tissue was plotted against the 
logarithm of age, a linear relationship was observed with statistically 
significant (p < 0.05) regression lines. The higher levels of Sr/Ca ratios 
in all tissues of the younger rats could be explained by the high 
efficiency of Sr absorption by the small intestine early in life. Parame- 
ters for the equations between age and Sr/Ca ratio differed with 
tissues, suggesting the existence of specific discrimination mecha- 
nisms in each tissue. 

Index Entries: Strontium; calcium; discrimination; aging, effects 
of; strontium/calcium ratio; rat tissues. 

INTRODUCTION 

A m o n g  the  protect ive mechan i sms  from harmfu l  elements ,  discrimi- 
nat ion b e t w e e n  essential  and  nonessent ia l  e lements  is cons idered  to play 
an essential  role in the  body.  The chemical proper t ies  of s t ron t ium (Sr) 
are very similar to those  of calcium (Ca) (1) and,  indeed,  the metabol ism 
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and distribution of Sr in the body closely resemble those of Ca. However, 
discrimination against Sr in favor of Ca has been shown to occur during 
the physiological processes of intestinal absorption, renal excretion, fetal 
uptake, and milk secretion (2--4). Comar and Wasserman (2) suggested 
that whenever there is a metabolically-controlled passage of ions across a 
membrane, Ca is transported more effectively than Sr. For a better 
understanding of the discrimination in living animals, it may be useful to 
investigate Sr/Ca ratios in the tissues since Sr/Ca ratios reflect conse- 
quences of the discrimination that is produced by one or more physi- 
ological processes, such as intestinal absorption, renal excretion, or up- 
take by each tissue. The discrimination between Ca and Sr could be 
affected by physiological and nutritional factors. Age is one of the impor- 
tant physiological factors. However, age-related changes in the compara- 
tive distribution of Ca and Sr in the body have not yet been studied. 

The recent development of inductively coupled argon plasma-atomic 
emission spectrometry (ICP) has made it possible to determine the trace 
concentrations of Sr simultaneously with Ca in biological materials. 
Therefore, it is possible to obtain data on the comparative distribution of 
Ca and Sr under physiological conditions without interfering with exog- 
enous elements. 

In the present study, we examine age-related changes in the Sr/Ca 
ratio in plasma, urine, bone, and soft tissues of rats after weaning and 
discuss the effects of aging on discrimination between Ca and Sr. We also 
present the Sr/Ca ratios in tissues of rats over 2-yr-old, studied to investi- 
gate the effects of senility. 

/ ~ T E R I A L S  AND M E T H O D S  

Thirty-seven male and 43 female 4-wk-old Wistar rats were pur- 
chased from Clea Japan Co., Tokyo and kept in stainless steel cages with 
free access to distilled water and a standard laboratory chow (CE-2, Clea 
Jal~an Co.) containing 1093 mg Ca/100 g and 2.662 mg Sr/100 g (Sr/Ca x 
10 ~ = 2.43). All animals were fed on the  same diet throughout the 
experiment. Three to five animals of each sex at the following ages were 
individually transferred to glass metabolism cages (Sugiyama-gen Co., 
Tokyo) cleaned with 10% HNO3 (5, 9, 13, 17, 21, 25, 37, 50, and 96 (three 
females only) weeks of age). The urine for each animal was collected over 
a 24-h period, and then the animals were sacrificed by exsanguination 
under pentobarbital anesthesia. The following organs and tissues were 
removed: liver, kidney, pancreas, spleen, lungs, heart, muscle, duo- 
denum, and femur. In addition, other male Wistar rats at 6-wk-old were 
maintained on the standard laboratory chow. At the ages of 110, 114, 118, 
and 134 wk, four or five animals were treated in a similar manner to 
obtain data for old rats. 

The urine specimens were diluted ~ippropriately with distilled water. 
Heparinized blood was centrifuged at 2000g for 10 rain. Portions (0.5 mL) 
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of the urine specimens and plasma were each digested with I mL concen- 
trated acid mixture (HNOB/HC104 = 5:1) for the determination of Ca and 
Sr concentrations. Portions (0.2-0.3 g) of the tissues and the right femur 
were also digested. The wet-digested solution was diluted appropriately 
with distilled water, and Ca and Sr concentrations were analyzed by ICP 
(JY48PVH, Seiko Instruments & Electronics Ltd., Tokyo). Statistical an- 
alyses (containing calculation of correlation coefficients and regression 
lines, regression analyses, and tests of similarities in the regression lines) 
were conducted using the Biochemical Computer Program-P (5). 

RESULTS 

Age-related changes in the Ca and Sr concentrations in the duo- 
denum, plasma, and femur are shown in Fig. 1. In both male and female 
rats, the changes in Ca and Sr concentrations in the duodenum were 
similar; both Ca and Sr concentrations tended to be higher in young rats 
than adult animals. In the rats, aged from 110-wk-old, large differences 
among individuals were observed. Plasma Ca concentrations changed 
only slightly with age, whereas plasma Sr concentrations decreased with 
age in male and female rats. In the femur, Ca and Sr concentrations 
increased until 25 wk of age, and then decreased slowly after this time. In 
the soft tissues, the changes in Ca concentration showed different pat- 
terns from Sr (Fig. 2). In all tissues except the thyroid and lung, Sr 
concentrations tended to decrease with age in female rats. The patterns 
of changes in Ca concentration differed with tissues or sex. Urinary Ca 
excretion tended to increase with age in female rats, whereas urinary Ca 
in male rats and Sr in both sexes did not show any consistency (Fig. 3). 

Plasma, urine, and all tissues showed an age-related decrease in the 
Sr/Ca ratio (Figs. 4-6), with a rapid decrease until about 25 wk of age and 
then a slow decrease in both male and female rats after this time. No 
definitive changes in the Sr/Ca ratio were observed in the rats over 2-yr- 
old. In order to evaluate the patterns of changes in Sr/Ca ratios, we 
examined the relationship between age and Sr/Ca ratio in each tissue and 
analyzed the results mathematically. When the logarithms of the sr/Ca 
ratio in plasma, urine, and the tissues of each sex were each plotted 
against the logarithm of age, straight lines were observed in each case. 
Therefore, the relationship between age and the Sr/Ca ratio in each tissue 
could be expressed by the following equation: 

log (S rT /Ca  T x 10 3) = o~ 4- ~log A 
SrT/Ca T x 103 = cx'A ~ (5 ~< A ~< 134) 

where SrT and Ca T = Sr and Ca concentrations in plasma, urine or each 
tissue; A = age (weeks); ~ and J3 = specific constants to plasma, urine, or 
each tissue; and cx' = 10% The parameters of the resulting regression 
lines have been shown in the Table 1. THe regression analyses indicated 
that all regression lines were statistically significant (p < 0.05). All 

Biological Trace Element Research Vol. 25, 1990 



8 2  Sugihira, Kobayashi, and Suzuki 

( 6 / w  UOl~e.queouoo .iS 
O O 0 O 0 
GO (O ~r ed 

0 0 0 0 0 0 

o o o 

0 0 0 
OI CO '~" 

c~ 6 o 

0 

0 

0 
cO 

0 

0 

0 
~T 

A 
o -o 
" 0 

@ 
) 

0 

01 
< 

0 

0 

0 
.e- 

.,~ ? o 

0 
i m 

I 
; , 

c 4 i 

i J  
0 0 0 0 0 

(~ / l~n)  u o l ) e . q u e o u o o  e o  

"x~cl3 
~ 1 4 9  

=E 

o ~  �9 

~.~, 

, ~ i . )  
f,~ � 9 1 4 9  

~ e  

~m 

,~C3 
~ U 3  

m ~ 

�9 ~ 

�9 ~.. 

�9 

o 

Biological Trace Element Research Vol. 25, 1990 



Aging and St~Ca Ratios in Rat Tissues 83 

( 6 / B n )  uo!:leJ~,ueouoo JS 
',t ~0 0 0 0 0 0 . . . .  0 0 0 o o o o o o oo. 8 d o d d d o 

~r 

0 0 0 0 0 0 0 

~ q q q q  
0 0 0 0 0 0  

I I 

0 0 0 0 0 0 0 0 

d o o d o o 

0 0 0 0 0 0 0 O 0  0 0 0 r 

iN ~ I-. 

d d d o ,~ d d o 

0 0 0 

q q q q  
0 0 0 0 0  

s 

0 0 0 0o4 0 0 

"o 

0 0 0 0 0 0 O 0 0 0 ,,~ (N eO "r 0 0 0 0 

(6 /6 r l )  uop, eJJ, u e o u o o  eO 

0 

.c- 

O ,-o 
,-. r 

b O  

0a 

(/3 
r J3 

o 
r.t3 

u S  
, " B  

r , j  

..= 

,,~ C; 

o "rj 
o 
~t3 
(/3 

< 
0 c4 

Biological Trace Element Research VoL 25, 1990 



84 Sugihira, Kobayashi, and Suzuki 

o 

X 

.2 
L _  

tU 
0 

3 3 

~ 0 . . . 

Fig. 3. 
urine. See legend to Fi~ 

Duodenum' 

10 

6 = 

o 

0 40  80  120 140 
Age ( weeks  old ) 

Age-associated changes in Ca and Sr excretion in rat 
i~. 1. 

P l a s m a  F e m u r  

0 40 80 120 140 0 40 80 120 140 0 40 80 120 140 

Age (weeks old) 
Fig. 4. Age-associated changes in Sr/Ca ratios in rat duodenum, 

plasma, and femur. Each data point represents mean + SD for 3-5 rats. 0 ,  
male; �9 female. 

values were smaller than zero (Table 1). Therefore, the Sr/Ca ratios were  
found to decrease with age with the same pattern in plasma, urine,  and 
all tissues. In the femur, the correlation coefficient was the highest,  and 
the s tandard error of estimate was the smallest among  the tissues in each 
sex. In the duodenum,  femur,  and liver, no significant differences in 
the regression lines be tween  the male and female rats were observed 
(Table 1). 

DISCUSSION 

In the present  study, the age-associated changes in Sr/Ca ratio 
showed similar patterns in plasma, urine,  and all tissues (Fig. 4-6) 
al though a uniform relationship be tween  age and the concentration of Ca 
or Sr was not  observed among  the tissues (Figs. 1-3). 
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One of the most important physiological processes during which 
discrimination against Sr in favor of Ca has been known to occur is the 
intestinal absorption (2). Papworth and Patrick (6) suggested that Ca and 
Sr share a common carrier(s) that has a greater affinity for Ca than Sr and 
mediates the rate-limiting entry across the brush border. Comar de- 
scribed in his review (4) that the absorptive discrimination against Sr is 
smaller early in life and develops with age. The Sr/Ca ratios in the 
duodenum at 5 wk of age were near to the ratio in the diet (= 2.43) in 
both male and female rats and thereafter decreased (Fig. 4). In addition, 
the levels of plasma Sr and Sr/Ca ratio were higher in the young rats 
(Figs. I and 4). These observations reflect high efficiency of Sr absorption 
by the small intestine early in life owing to a deficiency in absorptive 
discrimination. There was no evidence that absorptive discrimination 
altered in advanced age since no marked changes in the Sr/Ca ratio in the 
duodenum and plasma were observed in the rats over 2-yr-old (Fig. 4). 

Numerous in vitro studies have shown that skeletal discrimination is 
small compared to other processes and overall operates to favor Ca 
retention in the skeleton (7-9). In the present study, the Sr/Ca ratios in 
the femur were lower than in plasma and other tissues in both male and 
female rats at all ages studied (Fig. 4), indicating that discrimination 
occurs, to some extent, under physiological conditions. Among the tis- 
sues studied, the relationship between the logarithm of the Sr/Ca ratio 
and the logarithm of age was most linear for femur (Table 1). Whether 
skeletal discrimination may alter with age cannot be evaluated from our 
results, because it is masked by the changes in large renal and intestinal 
discrimination. 

The Sr/Ca ratios in the soft tissues could be owing to consequences 
of discrimination in various physiological processes. Since the patterns of 
age-related changes in the Sr/Ca ratio in all of the soft tissues were similar 
to those in the plasma (Fig. 5), they might be affected primarily by the 
changes in plasma. However, the parameters for regression lines (shown 
in Table 1) were different for tissues, suggesting the existence of specific 
discrimination mechanisms during the uptake processes of Ca and Sr by 
each tissue. 

The mammalian kidney excretes Sr more rapidly than Ca (10-12). 
These elements are reabsorbed from the glomerular ultrafiltrate by the 
renal tubules, and the difference in rates of reabsorption between Ca and 
Sr is thought to be the major cause of renal discrimination (2). In our 
previous study, the ratio of the rate constant for Sr reabsorption to Ca 
reabsorption (K = ks/kca) has shown to be about 0.4 in the rat at 7 wk of 
age (13). For the clarification of the factors that brought about the age- 
associated changes in Sr/Ca ratio in the urine, as shown in Fig. 6, it is 
necessary to observe the K values for various ages. 

The changes in Sr/Ca ratios with age observed in the present study 
might be produced by changes in discrimination during one or more 
physiological processes. Further studies will be needed to clarify the 
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effects of aging on the discriminat ion be tween  Ca and Sr in each physi-  
ological process.  
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