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Abstract. Although resistance exercise training appears tgrotein ingestion [7, 8] which had negative effects on bone

increase bone mineral density in the long term, a single bounetabolism. Indeed, when neonatal mouse calvaria was cu

of resistance exercise could paradoxically induce bone haured in medium with a reduced pH and bicarbonate con

meostasis disturbance, secondary to metabolic acidosis. Taentration, anin vitro model of metabolic acidosis, there

examine this, we obtained fasting blood and 24-hour urinevas a net efflux of calcium from bone [9-11], an increase in

samples from untrained male subjects for 5 subsequent day®mne resorption [9-12], and a decrease in bone formatio

(control day, exercise day, and three post-exercise days)10, 11]. Though resistance exercise training appears to ir

and investigated the effects of a single bout of resistancerease bone mineral density in the long term, theoretically

exercise on urinary calcium excretion and bone metabolisma single bout of the resistance exercise could paradoxicall

as indicated by sensitive biomarkers of bone formation anéhduce bone metabolism disturbance, secondary to met:

resorption. After an intense bout of resistance exerciseholic acidosis. Therefore, the purpose of this study was t

blood and urine became more acidic and renal net acithvestigate the effects of a single bout of resistance exercis

excretion significantly increased by 44% on the exerciseon urinary calcium excretion and markers of bone metabo

day. Urinary calcium excretion significantly increased bylism in untrained male subjects.

48% on the exercise day. Plasma procollagen type-l C-

terminal concentration significantly decreased by 12% on

the next day of the exercise and serum bone-specific alkaMaterials and Methods

line phosphatase activity also significantly decreased by

13% and 9% on days 2 and 3, respectively, after the exerSubjects

cise. There was no significant change in serum osteocalcin

concentration. Serum tartrate-resistant acid phosphatase aktotal of 14 Oriental male subjects consented to participate in this

tivity significantly decreased by 15% on the day after the'n\lfleStlgatlon- EQESDEVSI%al Characr:e_rlskfltcslc;fo t2e+sulbj4ects Wgred a

i i idinoli i ows: age, 24.5 + 0.7 years; height, .2 £ 1.4 cm; bo

exerué;e and urlcr)1ary deoxypyridinoline excretion decreaseﬂ’eight, 6696 + 1.9 kg: bod)yfat, 0.1 191.2%_ Most of the subject)sl

by 22% and 27% on days 1 and 3, respectively, after th d ) . ) . St

exercise. These results sudgest that the early response recreational experience with resistance training but none hz
. ggest thal arly respo rticipated in any regular exercise program for at least 2 years

bone to a bout of resistance exercise in untrained individuala|| of the subjects were in good health and taking no medications

was transient decreases in bone formation and resorptiokhat would alter calcium or bone homeostasis. There were fou

whereas urinary calcium excretion increased. smokers among the subjects.
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Bone formation — Bone resorption — Urinary calcium.  Experimental Protocol

The study was conducted for a total of 9 days, and the subject
consumed standardized diet containing 840 mg of calcium, a
For the structural adaptation of bane, the intensity of thebr/iely Gl L3l oRdont e S C et e
?g;ﬁ:ﬁé;aéfsttﬁ@lm eacﬂgﬁ?c:ra}()logg sn[T r(az]'n.?.?]?srtgné\/ti%aerr]] Ctg iet, and blood and urine samples were obtained for the subseque
S - - <l ; days (control day, exercise day, and three postexercise days
by the fact that high intensity exercises such as resistanc€giections of 24-hour urine samples began at 1600 hours, an
exercise training enhance bone density and bone Masgvernight fasting blood samples were obtained at 0800 hours. /
whereas low intensity exercises such as walking and jogsingle bout of resistance exercise started at 1600 hours on the 6
ging may not [3, 4]. On the other hand, such high intensityday of the experimental period. An additional blood sample was
exercise is associated with a transient accumulation of lactigbtained within 5 minutes after completion of the exercise to ex-
acid [5, 6]. The degree of the acidosis induced by such &mine lactate.
strenuous exercise, although lasting only for a few hours,

was greater than that induced by ammonium chloride or _
Exercise Program

— During the preliminary experimental period, the subjects per-
Correspondence tovl. Suzuki formed each exercise with low intensity and learned accurate lift-
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Table 1. Change of urinary components with a bout of resistance exercise

Postexercise days

Control Exercise 1 2 3
Calcium (mg/day) 203.9+ 237 301.0+ 29.1* 1846+ 23.4 187.8+ 23.0 187.4+ 23.
Net acid excretion (mEg/day) 503+ 4.1 726+ 7.2* 585+ 5.1 50.1+ 4.8 477+ 6.
Ammonium (mEg/day) 255+ 19 40.7+ 4.7* 309+ 3.0 269+ 26 248+ 2.8
Titratable acid (mEg/day) 248+ 2.6 318+ 238 276+ 24 232+ 27 228+ 4.
Creatinine (g/day) 1.7+ 01 19+ 0.2 16+ 01 16+ 0.1 15+ 01
Urine volume (ml/day) 1245 +204 1317 *106 1044 +508 1181 =+ 142 1141 *123

Values are means + SEM; & 14
* Significantly different from control valueR < 0.01)

ing form in order to familiarize themselves with the resistanceses. Comparisons between time points were made using repeate

exercise protocol. Ten days before the experimental period, onmeasures analysis of variance and post hoc comparisons by Du

repetition maximum (1RM) test was performed for each exercisenett’s test. Linear regression analyses were carried out to dete

[13]. On the exercise day, the subjects performed 3 sets of 1tnine the relation between urinary calcium excretion and renal ne

repetitions of each exercise (60% of 1RM for the first set and 80%acid excretion. The values given in the text are means + SEM, an

of 1RM for the second and third sets, respectively). When thethe P < 0.05 level of significance was used.

subjects could not complete 10 repetitions at 80% of 1RM, the load

was gradually reduced just before muscular failure so that 10 rep-

etitions could be completed with the heaviest weight. The experigesyits

mental workout order was (1) bench press, (2) back press, (3) arm

curl, (4) double leg extension, (5) bent leg incline sit-up, (6) lateral . . . .

pull down, and (7) leg press. Back press, arm curl, and sit-up weré\fter an intense bout of resistance exercise, blood and urin

performed using free weights and bench press; leg extension, labecame more acidic. Blood lactate concentration signifi-

eral pull down, and leg press were performed on the UESAKAcantly increased from 7.6 + 1.0 mg/dl at rest to 21.6 + 1.6

weight machine. mg/dl immediately after the completion of the resistance

exercise. Renal net acid excretion also significantly in-
creased on the exercise day (Table 1).

Assay Urinary calcium excretion significantly increased on the
. exercise day (Table 1). When the percent changes in urinar

Blood samples were obtained to measure the markers of bo%lcium excretion were plotted against percent changes i

metabolism and blood lactate. Serum osteocalcin was determin f . ; . . .
by specific two-site radioimmunoassay for human osteocalci nal net acid excretion after the exercise, a significant posi

(ELSA-OSTEO, CIS Bio International, Bagnols, France). SerumtiVe correlation was demonstrated<r 0.68) (Fig. 1). Uri-
bone-specific alkaline phosphatase (B-ALP) activity and tartrateNary DPYR excretion decreased on days 1 and 3 after th
resistant acid phosphatase (TRAP) activity were measured with @xercise. The decrease was significant 3 days after the e
colorimetric method that uses p-nitrophenyl phosphate as a sutercise (Fig. 3). There was no significant change in urine
strate (Monotest ALPopt and Iso ALP, Boehringer Mannheim,volume or urinary creatinine excretion throughout the ex-
Germany for B-ALP; Wako Pure Chemical Industries, Japan forperimental period (Table 1).

TRAP test), and plasma procollagen type-I C-terminal (P1CP)waS  plasma P1CP concentration started to decrease on tl
determined by radioimmunoassay (Procollagen P1CP, Orion Dinyarcise day and decreased further on the day after tr

agnostica, Finland). Blood lactate was measured by an enzymat . .
method after whole blood was deproteinized with 0.6 N perchloricherc'se' By the end of the recovery period, the value re

acid. Serum total protein was measured with a refraction method a&/'ned to the control level. Serum B-ALP activity was sig-
an index of blood water content [33]. All blood samples were Nificantly decreased 2 and 3 days after the exercise. Ther

stored at —60°C until assayed. was no significant change in serum osteocalcin concentre

Each 24-hour urine sample was divided into two portions: one-ion (Fig. 2). Serum TRAP activity slightly decreased on the
half was preserved in acid for measurement of calcium and thexercise day followed by a significant decrease the next da
other half was maintained under a thin layer of toluene for thegf the exercise. By the end of the recovery period, the value

determination of renal net acid excretion and deoxypyridinoline i iqnifi
(DPYR). Urinary calcium was determined by inductively coupled retumed to the resting level. There was no significant

; o hange in serum total protein concentration throughout th
argon plasma atomic emission spectrophotometer ICAP-757\F : .
Ni%poanarreII-Ash, Japan), and gmmor?ium (J\DHNaé deter- experimental period (data not shown).

mined on samples of urine deproteinized with sodium phospho-

tungstate by colorimetric assay (Ammonia test Wako, Wako Pure ]

Chemical Industries, Japan). Urine titratable acidity minus bicar-Discussion

bonate (TA-HCQ-) was determined by a double titration proce-

dure [14]. Renal net acid excretion was calculated as the sum of thghe aim of the present study was to investigate whether
urine [NH,] and [TA-HCQ,]. Urinary DPYR was measured by - gingle hout of resistance exercise could cause observab

enzyme-immuno assay (Pyrilinks-D, Metra Biosystems Inc., . . . : h
US,’}\/). Urine samples v%//er(e ystored at —45°C until e)nlnalyzed. ajichanges in urinary calcium excretion and bone metabolisn

analyses of blood and urine samples were performed in duplicatéS indicated by sensitive biomarkers of bone formation an
resorption. Bone formation was evaluated by measuring

three proteins derived from bone-forming osteoblasts. The
Data Analysis present study showed that a bout of resistance exercise si
nificantly decreased plasma P1CP concentration and seru
The procedures of the SAS Institute were used for statistical analyB-ALP activity with no change in serum osteocalcin con-
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Fig. 1. Correlation between percent changes of urinary calciumrig. 3. Effect of a single bout of resistance exercise on serum
excretion and renal net acid excretion after a single bout of resisTRAP and urinary DPYR. Values are means + SEM.< 0.05;
tance exercise. Each value on the exercise day and 3 post-exercisep < 0.01; significantly different from control value.

days were all plotted.

% change of net renal acid excretion

200 protons that acidify the intracellular and extracellular envi-
ronments. In fact, our subjects experienced a pronounce
lactacidosis of 21.6 mg/dl lactate immediately after exercise
= 1751 and 72.6 mEg/day net renal acid excretion on the exercis
% * day. On the other hand, previous animal studies using four
£ 150k point bending or load with stainless steel pins imposed me
chanical load directly on bone without muscle contraction.
It is reported that metabolic acidosis suppresses osteoblast
125 activity, andin vitro studies showed that metabolic acidosis
ss| inhibited osteoblastic collagen synthesis and alkaline phos
. phatase activity in cultured bone [11, 19]. Lanyon [20, 21]
sol s suggested that adaptation of bone to mechanical strain we
modulated by the environmental conditions surrounding
45t bone tissue, including systemic and local hormones an
nutrient status. Therefore it is possible that the osteogeni
g0l response to mechanical stimulation derived from a single
1l bout of resistance exercise was abolished under conditior
of lactic acidosis.

Urinary excretion of DPYR that derives mainly from the
decomposition of bone collagen matrix and TRAP that is
20+ released from osteoclast during bone resorption were trar
siently decreased after the exercise. This may suggest that
spite of lactic acidosis, which potentially stimulates bone

17 . . . . . resorption, a single bout of high intensity resistance exercis
Control Exercise 1 2 3days after transiently suppressed osteoclastic activity, and our obse
exercise vation is consistent with previous reports using mechanica
Fig. 2. Effect of a single bout of resistance exercise on plasmdoading which observed decreased osteoclast surface [1
P1CP, serum B-ALP, and serum osteocalcin. Values are meansand eroded surface [16] 10 days after the loading.

SEM. *P < 0.05; **P < 0.01, significantly different from control Another principal finding in the present study was an
value. increase in urinary calcium excretion after resistance exel
cise and its strong positive correlation with net renal acid
excretion, supporting the important role of acid accumula-

tion in increasing urinary calcium excretion. It is well
centration. The decreases in those markers of bone form&nown that metabolic acidosis increases urinary calciun
tion were unsuspected, because a single loading, using fouexcretion in humans without a measurable increase in in
point bending and stainless steel pins inserted into caudaéstinal calcium absorption [22, 23], and the mechanism i
vertebrae, caused increase in double-labeled surface ampdirported to be a direct action of acidosis on renal tubula
mineral apposition rate in rat caudal vertebrae [15, 16] andeabsorption of calcium [24]. Furthermore, increase in uri-
in rat right tibiae [17, 18]. This apparent conflicting result nary calcium excretion was not accompanied by the in-
may be explained by differences in the manner of imposingrease in urinary DPYR excretion, therefore the source o
the load on bone. High intensity exercise such as used in thithe excreted calcium might not be derived via activation of
study increases the production of lactate at skeletal muscl®esteoclast. Bushinsky et al. [25] reported that when neonats
accompanying the generation of an equivalent number ofnouse calvaria was cultured in medium with a reduced pF

Serum B-ALP Plasma P1CP
aun

(ng/ml)

Serum osteocalcin
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and bicarbonate concentration, there was a net efflux of
calcium from the bone due to a decrease in the physico-
chemical driving forces for mineralization in short-term (3
hours) cultures, whereas cell-mediated calcium efflux be- -
came evident in long-term cultures (>24 hours) [9]. Short-
term acidosis such as that observed in this study (exercisgs
session lasted only 45 minutes) may induce calcium release
from bone because of changes in physicochemical factors.
Nevertheless detailed studies are required in order to clarify9.
the source of calcium.

In longitudinal and cross-sectional studies in humans,
resistance exercise increases bone mineral density with i
creased bone formation [26, 27]. On the other hand, a single
bout of resistance exercise decreased markers of bone f
mation with increased urinary calcium excretion. These
suggest the possibility that there is some physiological ad-
aptation process to increase bone mass with repeated cycles,
of exercise. One explanation might be that strength training
increases lactate threshold and reduces blood lactate con-
centration at the same relative exercise intensities during3-
submaximal exercise [28]. Furthermore, it was also reported
that the capacity to transport lactate is higher in athletes than
in untrained and less trained subjects [29]. These suggest
that the negative effects of lactic acidosis on calcium angl
bone metabolism might be minimized or cleared in traine
athletes, allowing an osteogenic response with loading to
emerge. Another explanation for physiological adapta-15.
tions to increase bone density may relate to alterations in
hormonal factors. It was reported that male muscle build-
ers have a higher circulating level of 250HD [3, 30],
1,25(0H)D [30], IGF-1 [3], and PTH [31] than normal 16.
control subjects. Those reports concluded that it is conceiv-
able that higher circulating levels of these hormones in,
muscle builders may modulate bone remodeling in favor o
net bone formation.

The length of this study did not provide enough time to18.
reflect the osteogenic response to exercise. Virttanen et al.
[32] showed that short-term, high-intensity, concentric ex-
ercise decreased serum P1CP 1 hour after the exercise
increased it 2 days after the exercise, and concluded that the
later increase in P1CP could reflect an adaptive process igo
bones after the exercise. In this regard, a more prolonge
experiment should be carried out to evaluate the effect of a
single bout of resistance exercise on bone metabolism. 21,

In conclusion, the early response of bone to a bout of
resistance exercise in untrained males resulted in transient
decrease in bone formation and resorption, whereas urinad2.
calcium excretion increased. It seems that a longer time
span should be covered in future studies to evaluate the late
effects of resistance exercise on bone biomarkers.
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