Chapter 31

Effect of Dietary Taurine and Arginine
Supplementation on Bone Mineral Density
in Growing Female Rats

Mi-Ja Choi and Kyung Ja Chang

Abstract The purpose of this study was to determine the effect of arginine or
taurine alone and taurine plus arginine on bone mineral density (BMD) and mark-
ers of bone formation and bone resorption in growing female rats. Forty female
SD rats (75+5 g) were randomly divided into four groups (control, taurine, argi-
nine, taurine + arginine group) and treatment lasted for 9 weeks. All rats were fed
on a diet and deionized water. BMD and bone mineral content (BMC) were mea-
sured using PIXImus (GE Lunar Co, Wisconsin, USA) in spine and femur. The
serum and urine concentrations of calcium and phosphorus were determined.
Bone formation was measured by serum osteocalcin and alkaline phosphatase
concentrations, and the bone resorption rate was measured by deoxypyridinoline
cross-links. Femur BMD was significantly increased in the group with taurine
supplementation and femur BMC/weight was significantly increased in the group
with arginine +taurine supplementation. Rats fed an arginine or taurine supple-
mental diet increased femur BMD or femur BMC, but a taurine + arginine-supple-
mented diet does not have a better effect than arginine or taurine alone in the spine
BMD. The femur BMC, expressed per body weight, was higher in arginine + tau-
rine group than in the taurine or arginine group. The results of this study suggest
that taurine + arginine supplementation may be beneficial on femur BMC in grow-
ing female rats. Additional work is needed to clarify the interactive effects between
the taurine and arginine to determine whether dietary intakes of arginine and tau-
rine affect bone quality in growing rats.
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Abbreviations

ALP Alkaline phosphatase
DPD Deoxypyridinoline
Arg Arginine

Tau Taurine

Arg+Tau Arginine +taurine
DPD/Cr Creatinine excretion

Al Adequate intake

BMD Bone mineral density

BMC Bone mineral content

FER Food efficiency ratio
SBMD Spine bone mineral density
SBMC Spine bone mineral content
FBMD Femur bone mineral density
FBMC Femur bone mineral content

31.1 Introduction

The increase in the life span will be associated with future increases in the prev-
alence of chronic disease. Osteoporosis is one of the major health problems,
particularly with the gradual aging of the population. There is a growing empha-
sis on osteoporosis prevention. So timing of intervention will be important
where the maximum benefit may be in prevention rather than therapy of osteo-
porosis. To ease the future burden of osteoporosis, focusing on prevention will
be the key, and this should include dietary interventions to stimulate bone for-
mation (Mundy 2006). Nutrition is important for the formation and maintenance
of bone mineral density (BMD) and for the prevention of osteoporosis. A vari-
ety of dietary factors such as calcium, vitamin D, phosphate, magnesium, and
protein can influence bone. It is also likely that a variety of other dietary factors
such as vitamin K, caffeine, and fluoride have the potential to affect bone.
Evidence suggests that some amino acids may benefit bone health. Arginine
supplementation is used in several disease states. Under normal physiological
conditions, arginine is a semi-essential amino acid that is derived both from
endogenous and dietary sources. And arginine is well tolerated at intravenous,
intra-arterial, or oral doses not exceeding 30 g/day (Luiking and Deutz 2007).
The estimated daily intakes of arginine in the US diet is about 5.4 g (Visek
1986), whereas the total arginine whole-body production and consumption are
25 g/day and protein breakdown is a major endogenous source of arginine
(Luiking and Deutz 2007). Arginine supplementation has been shown to have an
effect on femur bone mineral content (BMC) in growing female rats (Choi
2007a) and OVX rats (Choi 2009). Taurine supplementation has been shown to
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have an effect on femur BMC in OVX rats (Choi and DiMarco 2009). Although
it is expected that taurine and arginine act synergistically on bone, the effect of
taurine and arginine simultaneously on bone has not been studied. The objective
of the present study was to investigate the effect of taurine and arginine supple-
mentation with measures of spine and femur BMD and bone markers in growing
female rats.

31.2 Methods

31.2.1 Materials

Forty-eight 6-week-old, female Sprague-Dawley rats were purchased from Bio
Genomics, Oriental, Seoul, Korea. On arrival at our lab, rats were acclimated for 5
days to a standard laboratory nonpurified diet (Samyang, Seoul, Korea). After accli-
mation, the rats were divided into four groups through the use of a randomized
complete block design, with blocks determined by initial body weight, as follows: a
casein-based diet (control), a casein-based diet with an arginine (Arg), a casein-
based diet with a taurine (Tau), and a casein-based diet with an arginine and taurine
(Arg+Tau). Rats were individually housed in stainless steel cages in a room with
controlled temperature (23°C) and humidity (55%) and were given free access to
the experimental diets and water. Rats were maintained at 12-h light (07:00-19:00 h)
and dark cycle. The compositions of the experimental diets are shown in Table 31.1.
For 9 weeks, rats were fed experimental powdered diets. The experimental diet
groups were fed similar diets which were supplemented with arginine or/and tau-
rine. Blood samples were collected from the abdominal aorta and serums were sepa-
rated at 3,000 rpm for 20 min. Serums were stored at —70°C until analysis. Serum
concentrations of alkaline phosphatase (ALP) and osteocalcin were measured.
Serum calcium and phosphate were also measured. Serum ALP and osteocalcin and
urinary DPD cross-link value were measured as markers of bone formation and
resorption. ALP activity was reported as units per liter (U/L). The concentration of
urine deoxypyridinoline (DPD) was measured with an enzyme immunoassay that
preferentially recognizes the free form of DPD (CLIA, Pyrilinks-D DPC, USA).
DPD was corrected for creatinine excretion (DPD/Cr). The concentration of serum
osteocalcin was measured with an osteocalcin kit (IRMA, OSTEO-RIACT, Cis Bio,
Saclay, France), which recognizes the intact form of osteocalcin. Serum ALP activ-
ity was measured with a kit from Enzymatic assay (Prueauto S ALP) following the
manufacturer’s instructions.

BMD and BMC were measured using PIXImus (GE Lunar Co, Wisconsin, USA)
in spine and femur on 9 weeks after feeding. The experimental protocol was
approved by Institutional Animal Care and Use Committee (IACUC) in Keimyung
University and conformed to the Guide for the Care and Use of Laboratory
Animals.
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Table 31.1 Composition of control and experimental diets (g/kg diet)

Ingredient Control Arg Tau Arg+Tau
Casein® 200 200 200 200
Corn starch 529.486 523.486 509.486 503.486
Sucrose 100 100 100 100
Soybean oil 70 70 70 70
o-Cellulose® 50 50 50 50
Min-mix® 35 35 35 35
Vit-mix? 10 10 10 10
L-Cystine® 3 3 3 3
Cholinef 2.5 2.5 2.5 2.5
TBHQ: 0.014 0.014 0.014 0.014
Arginine" 6.6 6.6
Taurine' 20 20

*Casein, Maeil Dairy industry Co. Ltd., 480 Gagok-Ri, JinwiMyun, Pyungtaek-City, Kyunggi-Do,
Korea

ba-Cellulose, Sigma Chemical Co., St. Louis, Mo, USA

“‘Mineral-mix, AIN-93G-Mx, Teklad Test Diets, Madison, Wisconsin, USA

4Vitamin-mix, AIN-93-VM, Teklad Test Diets, Madison, Wisconsin, USA

°L-Cystine, Sigma Chemical Co., St. Louis, MO, USA

fCholine bitartate, Sigma Chemical Co., St. Louis, MO, USA

¢Tert-butyl hydroquinone, Sigma-Aldrich Inc., St. Louis, MO, USA

"L-Arginine: Sigma A8094, Japan

‘Taurine, Dong-A Pham Co. Ltd., 434-4 Moknae-dong., Ansan-City, Korea

31.2.2 Statistics Analysis

Analysis of variance (ANOVA) was performed on the means to determine whether
there were significant (p <0.05) differences among the groups. When ANOVA indi-
cated statistical significance, the Duncan’s multiple comparisons test was used to
determine which means were significantly different. SAS package (version 9.12,
Institute Inc., Cary, NC, USA) was used for all statistical analyses. Results are
expressed as means+ SD. Values were reported as significant have p-values <0.05.

31.3 Results and Discussion

31.3.1 Weight Gain, Food Intake, and Food Efficiency Ratio

Tables 31.2 and 31.3 show the weight at beginning, weight at sacrifice, weight
gain, food intake, and FER of rats fed on experimental diets. Body weight gain and
food intake of rats fed the experimental diets did not differ from those of rats fed
the control. This finding is in agreement with what Sugiyama and coworkers
(Sugiyama et al. 1989) reported that taurine supplementation had no influence on
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Table 31.2 Body weight changes of experimental rats for 9 weeks

Variables Control Arg Tau Arg+Tau
Initial weight (g) 75.9£2.9"=2 75.4+3.1* 75.1£2.9° 75.7£2.5°
Final weight (g) 301.9+21.5° 296.9+20.1° 307.8+19.4* 303.9+23.2¢
Weight gain (g) 2259+22.5° 221.4+18.5° 232.6+18.8" 228.2+22.3°
'Mean+SD

*Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s
multiple range test

Table 31.3 Food intake and FER of rats fed during experimental period

Variables Control Arg Tau Arg+Tau
Food intake (g/day)  19.91+1.52"*2 19.37+£2.13* 20.15+1.96* 19.50+1.70
FER 0.18+0.02° 0.18+0.02¢ 0.19+0.02° 0.19+0.02*
'Mean+SD

*Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s
multiple range test

the weight gain and food intake of the animals. Table 31.2 shows that all experi-
mental groups were fed diets containing Arg, Tau, and Arg+Tau. No difference
was observed in weight of rats because of diet. Food intake was not affected by
diet. FER of the rats were similar.

31.3.2 Serum Ca and P Concentrations

The concentrations of serum Ca and P were not significantly different among the
experimental groups (Table 31.4). Mean serum calcium was 9.41+0.39 mg/dl,
9.50+0.16 mg/dl, 9.59+0.30 mg/dl, and 9.44+0.30 mg/dl for control, Arg, Tau,
and Arg+Tau, respectively. Mean serum phosphate was 6.34+0.86 mg/dl,
6.60+0.42 mg/dl, 6.36+0.29 mg/dl, and 6.98+0.76 mg/dl for control, Arg, Tau,
and Arg+ Tau, respectively. The mean serum calcium and phosphate concentrations
were within the normal range.

31.3.3 Urine Calcium, Phosphorus, Deoxypyridinoline,
Creatinine, and Cross-Link Value

Urinary calcium and phosphate excretion were not significantly different
(Table 31.5). Arginine and/or taurine supplementation did not have a measurable
effect on urinary calcium and phosphate excretion. Urinary calcium excretion in the
experimental diet group tended to be less in the arginine- or taurine-supplemented
group than in the un-supplemented group, although urinary calcium excretion was
not significantly different between the four groups. The amount of urine calcium
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Table 31.4 Serum calcium and phosphorus concentrations of rats fed experimental diets

Variables Control Arg Tau Arg+Tau
Ca (mg/dl) 9.41+0.39"*2 9.50+0.16* 9.59+0.30° 9.44+0.30*
P (mg/dl) 6.34+0.86" 6.60+0.42° 6.36+0.29° 6.98+0.76°
'Mean+SD

*Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s
multiple range test

Table 31.5 Urinary calcium and phosphorus excretion of rats fed experimental diets

Variables Control Arg Tau Arg+Tau
Ca (mg/day) 0.38+0.14"22 0.35+0.06* 0.36+0.15° 0.36+0.11°
P (mg/day) 17.48 +£4.39 18.33+2.28" 19.55+3.09° 19.51+3.31°
'Mean+SD

*Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s
multiple range test

Table 31.6 Serum ALP and osteocalcin concentration of rats fed experimental diets

Variables Control Arg Tau Arg+Tau
ALP (ug/l) 50.7+11.0%*2 57.7+18.4° 61.4+18.3" 59.0+10.7*
Osteocalcin (ng/ml) 30.14+3.80° 31.29+4.72° 32.57+6.92* 28.25+5.06
'Mean+SD

*Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s
multiple range test

was lower in the arginine-supplemented group than in the control group. No
significant differences in calcium excretion were observed. Urinary excretion of
phosphate was greater in the taurine- or arginine-supplemented group than in the
un-supplemented group, but the difference was not significant. Fasting urinary
phosphate excretion was similar in all groups, too. Urinary calcium and phosphate
excretion were nearly identical in all study groups.

31.3.4 Bone Markers

Serum concentrations of ALP and osteocalcin, a marker of bone formation, were not
significantly different among groups (Table 31.6). Urinary bone resorption markers,
cross-link value, decreased among experimental groups, but the difference was not
significant (Table 31.7). Urine DPD and cross-link value were lower in the Arg + Tau-
supplemented groups than in the control group and Tau and Arg+ Tau groups lower
in the cross-link value than in the Arg group among supplemented groups, but the
difference was not significant. Choi and Seo (2006) reported that taurine supplemen-
tation increased the femur BMD, and decreased urinary calcium excretion in male
rats. They also found that taurine supplementation significantly reduced concentrations
of not only DPD and cross-link value. Hip fractures are the most costly of all fracture
types, resulting in significant mortality, morbidity, functional consequences, and
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Table 31.7 Urine deoxypyridinoline, creatinine, and cross-link value of rats fed experimental diets

Variables Control Arg Tau Arg+Tau
Deoxypyridinoline (nM)  852.6+100.0%2 728.4+223.1* 605.0+175.3* 621.3+204.3¢
Creatinine (mM) 6.0+0.0* 6.1+0.4° 6.0+0.6* 5.9+0.6*
Cross-link value (nM/mM) 142.10+16.67* 121.40+37.19*° 100.44+23.57* 103.24+30.81*
'Mean+SD

*Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s
multiple range test

socioeconomic burden (Inderjeeth et al. 2012). The health effects of arginine or tau-
rine have been studied principally in relation to diabetes (Wells et al. 2005) or anti-
inflammatory effects (Schuller-Levis and Park 2003). However, no positive effects of
taurine on BMD were found in the ovariectomized rats fed a calcium-deficient diet
(Choi 2009). Calcium and vitamin D are key nutrients necessary for bone health. In
addition to calcium and vitamin D, vitamin K, magnesium, potassium, and vitamin
C may also play a role in optimizing bone health (Nieves 2005). However, most older
children and adolescents in the United States do not meet the adequate intake (Al) for
calcium (Fulgoni et al. 2004). Clinical trials have shown that calcium supplementa-
tion in children can increase BMD. High protein may exert detrimental effect on
bone density when calcium is low (Heaney 2007). In light of our interest in the effect
of taurine and arginine on the BMD, we have taken the opportunity to examine the
relation between taurine and arginine supplementation and BMD.

31.3.5 Bone Mineral Density and Bone Mineral Content

BMD and BMC were measured using PIXImus (GE Lunar Co, Wisconsin, USA) in
spine and femur. The data obtained from BMD and BMC of the experimental diets
are shown in Table 31.8. The spine BMC and BMD were not significantly different
among the experimental groups. Rats fed taurine diet (2.0%) or arginine diet (2.0%)
had no significant difference in spine and femur BMD and BMC than those fed
control diet in female fed an appropriate diet. Supplementation with arginine and
taurine did not significantly alter calcium excretion or markers of bone turnover in
this study. Taurine (2%) was added to the food from 8 to 18 weeks of age. In one
study (Choi 2007a, b), arginine supplementation markedly increased BMD in
female rats. This confirms that arginine supplementation increased of bone in female
rats, too. Results of this study are also consistent with the previous study (Choi
2007a, b). To our knowledge, the present study was the first attempt to supplement
the amino acids of diet. This study showed that arginine and taurine supplementa-
tion is acceptable to growing female rat with enough calcium. Arginine and taurine
supplementation did not affect urinary calcium excretion. This fining supports ear-
lier studies by us (Choi 2007a, b) that taurine or arginine supplementation in diet did
not increase urinary calcium excretion in rats, as long as the amount of calcium in
the diet is enough. Skeletal bone mass reaches over 90% of its maximum by age 18
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Table 31.8 Spine BMD and BMC of rats fed experimental diets at 9 weeks

Variables Control Arg Tau Arg+Tau
SBMD (g/cm?) 0.156+0.007"*2 0.157+0.012*  0.162+0.007*  0.159+0.004*
SBMD (g/cm?)/Wt (kg)  0.517+0.025° 0.524+0.021*  0.532+0.021*  0.521+0.033®
SBMC (g) 0.519+0.049° 0.550+£0.071*  0.563+0.041*  0.539+0.048"
SBMC (g)/Wt (kg) 1.757+0.072* 1.831+£0.168*  1.841+0.048*  1.733+0.107*
'Mean+SD

*Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s
multiple range test

(earlier in females) but does not peak until age 25-30, at some point in mid-life
(Heaney et al. 2000). Body weight relationships were statistically significant
between the BMC of the femoral neck (Wheatley 2005). The taurine-supplemented
group had higher spine BMC than did the un-supplemented group (0.563+0.041 g
compared with 0.519+0.049 g). We also analyzed our results after correcting for
body weight, because weight can affect mechanical factors such as increased load-
ing associated with changes to bone tissue, and increased weight can encourage
mineralization and alter bone microarchitecture (Frost 2000).

In the Arg group, spine BMC increased by 6.0%, femur BMD increased by
2.6%, and femur BMC increased by 5.2% and these differences were significantly
different from those in the control group (p<0.05). But spine BMD of the Arg
group was similar to that of the control group. After feeding of taurine supplemen-
tation for 9 weeks, serum calcium and phosphorus concentrations tended to
decrease slightly. Compared with the control group, the Tau group significantly
increased the FBMD at 9 weeks after taurine supplementation. Compared with the
control group, the Arg+Tau group increased the FBMD (p<0.05) (Table 31.9).
Despite a slightly greater FBMD of the Arg and Arg+ Tau group, this increase of
FBMD tended to increase the amount of FBMC from the Arg+Tau group
(Table 31.9). The femur BMC, expressed per body weight, was lower in the rats
fed control diet than in the supplemented groups. The femur BMC when expressed
as kilogram per body weight was significantly greater in the Arg+ Tau group than
in the Arg- or Tau-supplemented groups. The results of the current investigation
confirm data reported previously indicating that bone mass is increased in rats
receiving long-term Arg or Tau. Compared with control group, rats given Tau sup-
plementation group had higher values for both femur and femur per weight BMC,
as suggested previously by Choi and DiMarco (2009).

Taurine is a potent antioxidant and prevents tissue injury as a result of antioxi-
dation (Wong et al. 2009). No serious side effects were found with taurine sup-
plementation in study by Nakaya et al. (2000) nor in the studies by Azuma et al.
(1992) and Takahashi et al. (1998). Even though a small amount of taurine is
synthesized in liver in humans (Garcia and Stipanuk 1992) the main source of
taurine is from ingestion of foods of animal origin (Yu et al. 1998). Also meat
intake has been positively associated with incidence and mortality of chronic
diseases, including heart disease (Micha et al. 2010) and osteoporosis. Excess
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Table 31.9 Femur BMD and BMC of rats fed experimental diets at 9 weeks

Variables Control Arg Tau Arg+Tau
FBMD (g/cm?) 0.196+0.008"*2 0.201+0.011* 0.207+0.008>  0.200+0.005*
FBMD (g/cm?)/Wt (kg)  0.653+0.029° 0.683+0.040*  0.679+0.028*  0.657+0.040°
FBMC (g) 0.425+0.019° 0.447+0.031*  0.448+0.033* 0.455+0.024°
FBMC (g)/Wt (kg) 1.413+0.060* 1.472£0.059* 1.466+0.060® 1.485+0.07°
'Mean+SD

*Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s
multiple range test

protein intake is risk factors for osteoporosis. So without the increase of meat
intake, supplementation of taurine is the better idea to protect bone. In a previous
study, our rat model also confirmed that supplementation of a taurine diet
increases femur BMC. In a previous publication by our group, it was shown that
a taurine-supplemented diet could significantly increase the femur BMC in grow-
ing male rats (Choi and Seo 2006). To improve osteoporosis prevention strate-
gies, a better understanding of nutrition-related risk is needed. Higher animal
protein intakes have been reported to be associated with increased risk of diabe-
tes (Sluijs et al. 2010). Of the many factors that affect BMD, nutrition is consid-
ered an important factor (Choi and Jo 2003; Kim and Kim 1983). In Western
countries, a sizeable proportion of the population has adopted a vegetarian diet.
According to previous studies in the European Union, the proportion of self-
reported vegetarians in the general population is 5% (Heys and Gardner 1999).
Whether vegetarian diets confer benefit or harm to bone health is a contentious
issue. Ecologic studies found an inverse association between the incidence of hip
fracture and vegetarian protein intake, such that countries with a high intake of
vegetable protein had a lower risk of hip fracture (Newsholme and Leech 1983;
Windmueller and Spaeth 1981). Whereas some data suggest that a raw vegetarian
diet is associated with lower bone mass (Ho-Pham et al. 2009), other studies
have found no such association (Chung 2001; Chen et al. 2003; Park et al. 2001).
There was no significant effect of arginine or taurine on urinary ca excretion,
osteocalcin, and spine BMD with appropriate diets. Generally, it is calcium that
is the limiting nutrient in the diets of North America and Asia (Thacher et al.
2006). Taurine supplementation has been shown to have a positive effect on bone
in OVX rats with appropriate calcium (Choi and DiMarco 2009). But there was
no positive effects in the ovariectomized rats fed a calcium-deficient diet (Choi
2009). Thus the effects of amino acids depend on the content of calcium in the
diet. Level of calcium in diet with taurine or arginine to be studied to bone health
by virtue of their (taurine or arginine) beneficial effect. These data suggest that it
would be worthwhile to explore further link between dietary arginine, taurine,
and markers of bone health. Future work should also focus on the role of particu-
lar amino acid in regulating bone metabolism.
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