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Effect of dietary protein level on bone metabolism of young and aged rats
Cho, Mi-Sook, Choi, Nam Soon, Kim, Wha Young
Dept. of Food & Nutrition, Ewha Womans University
=ABSTRACT=

To investigate the effect of levels of dietary protein and age on bone metabolism,
402 and 5% casein diets were fed to the rats of 2 & 13 months of age for 12 weeks,

High protein groups showed higher bone weight and Ca content than low protein
groups and urinary Ca loss was increased in high protein groups but the difference
disappeared gradually, A significant increase in urinary hydroxyproline excretion was
noted in high protein groups of both age.

Another short term study was undertaken to study if the above effect was related
with renal function or PTH. Extremely high and low protein diets(60%, 6% ) were fed
to the rats of different ages (6wks, 6mos.) for 2 weeks, Urinary Ca excretion was sig-
nificantly increased in high protein groups of young and aged rats and GFR was inc-
reased as well, There was no difference in serum iPTH levels between low and high
protein groups, but it was elevated in aged rats.

Alkaline phosphatase activity was higher in young rats, reflecting faster bone form-
ation. The observed hypercalciuria in high protein groups, especially in aged rats, seems
to be related to higher GFR, and PTH dose not appear to be a major mediator,

M g o} gtonh ol2jdt vd el 23 hyper-

calciuria®} 714 & Wiz e A7 Eu9) o F

perAlo] 2 91§ hypercalciurias Zuh2= AAAG P HEFES ST A A7 EnE
(osteoporosis) 2] B Q1 7}-&-H & factor2 AJzts] 2 A" FHe Yol A7, FHE 4ol
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g o] F/et &l webA hypercalciuria
7} el 717k ZAxe ol RO

o A o] JFHF7He AEA o 7HE (glomerular
filtration rate) & Z7}A| 7] 2 Cad] AF 4 74
Al71 B3], =& 2§ sulfated] vjA-S Z7}A]
AM Ca AEFE Wit 714do] AU
AE® 22}, Zemel529] A2 g8toln|
ito] kuilo] 2 Q1% = Ca wjA F71Eke]
9] 43% S S G3Hs R 2 HE R A, o] e
t}& §Q)E o] hypercalciuriag g o7l &4
g Aoz Btk A 7R ol & nk Aoz
A% & Ca v M o] F7171 W] Cath ARt 2 H A
ol #dHo] Y&, & F49Y Ca resorptiond)
S FeA B S E09d 1 7He
AR dsiM = g AR gl

$HE, 19l ol vold @t U375
A5t 2 vitamin D] &4 el calcitriole] ¥ 3
o] A", Caol 3 F471 A3tEof
¥ U] PTH(parathyroid hormone) +&0] 27}
=™ o] 3 o] bone resorption-& F7}A) A =3}
o & FAEAE 2T UL ALz ¥
o},

Table 1. Composition of experimental diets

g

& Pad -

et B dgoAe Holaduwl Ay F50]
oJAF Y o]EF oA Catj At ZHHA]9)
o g S vIAEAE AR Y3t the
7 2 3g BEIA L

1. o]z} oA A4 Yolg H & Ca
A FHAAREN YT IEFE F1

2. g o] JFHA] F7HE & = Ca vl Aol
bone resorption®l] ©]3 A7}

3. ngh o] 2 213 hypercalciuriaE ¥.2.7)
= 71do24 PTHY 98 2427

AR & Uy

1) 495 E 2 4o

2 dte F A= AU (Trial T ol
e BE 859} 5234 Sprague Dawley 2 4R
HHE 4 Jold 2 40% =+ 5% casein A o]
2.2 Yol 125 < A3 (Tral )&
HAA AP S 2F37]9IS gz A3 63
9} 8FHE HES FA] Yolof uja} A o] F
(60% casein) 3} A k) 2ol F(6% casein) o2
U] 2537 AS-EH T

(g / kg diet)
Trials Trial 1 Trial 11
Group: - : - - - -
Ingredients High protein Low protein High protein Low protein
Corn starch 4519 798.9 253.7 798.0
Casein 400 50 600 60
Corn oil 100 100 100 100
Salt mixture” 14.7 14.7 14.7 14.7
Vit. mixture® 10 10 10 10
CaCQO, 10.7 8.8 11.6 89
Ca(H,PO,) - HO 10.7 15.6 8.0 154
Choline chloride 2 2 2 2

1) Salt mixture(mg / kg diet) : MgCO, 6900, ZnCO, 96, FeSO, - 7TH,0 124, CuSQ, - 5H,0 MnSO, - H,0
150, KI 1.3, NaCl 2300, Na,CO; 1600, K.CO, 3530 Na,Se0, 0.22

2) Vit mixture(mg / kg mix) ; Thiamin - HCl 600, Riboflavin 600, Pyridoxine - Hcl 700, Nicotinic acid 30
00, D-calcium pantothenate 1600, Folic acid 200, Vitamin B, 1, Colecalciferol 2.5 ; Menadione 5.0,
Retinyl palmitate ; 400,000 IU Vit A activity, DL -tocopheryl acetate ; 5,000 IU Vit E activity
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ZEAYNM A5 @iy LelH ol L%
AL 27 Jole Aol UEE sgrh
Z} Aol Aol AL (table 1)3} #gton,
Cav} Po] e A 4o3%3F Cacl 06%,
P7}04%7F H=% 2

2) 28w

AY7I17HE 154 A AFS AL
3dnit} Aol AFE FAMSHA .

(Trial )M e A2 APANFF 4F,
8%, 1250 diALZoN =& FHHALY 12
F7}H A 12412052 U5 D5l o3 A
ANA g3 A 2 dEF S AU

(Trial D)X E 255 dAAAM =&
FASA I, A 124 #0H S AFH A
1=
(Trial 1)3 (Tral )9 Z 717l 337
=9 Ca g% 742 2 U829 Ca &HF2
o)u] B 13 Wby 99 o5 A A.S.(Perkin Elmer
Co. 2380) 2 #4319

(Trial I )9lA 125%of vjd¥ =2 hydro-
xyproline 388 Bergmani Loxleye] g™
o o) EAston] (Trial I)olA 2339
A ¥ 9| creatininedF-& Folinsy el ]3),
ol 9] creatinined} &2 Foliny} Wue] ¥4
3 24800 o] AL o] &3t thg F4
9]3} creatinine clearanceE A4l ).

Uc: V

Creatinine clearance(ml / min)= Pe
T

Ucr : urinary creatinine
V . daily urine volume
Pc, : Plasma creatinine

& Y] immunoreactive parathyroid hormone
(iPTH) &3¢ rat PTH-MM(mid-molecule
parathyroid hormone) Kit (Incstar corp.) & ©} &
3} radioimmunoassay £ 3}3 t}.

¥ A4 alkaline phosphatasedt®S 2538
£ 417 (automatic chemical analyzer) & o] 83}
A3

3) A&l A 2 £4

E A7 RE 242 duplicate 3.2,
Age zt AP 2Y PFX Y BF A2 ANt
QI a=0.05 $FA Scheffé testol] <jal z
AP 7 HoAzte f9498 AU

E3 Aojgud £E3} old e Foe}
T 2Q1zke] 45289 AAE Yohr7IAH
a=005 FEANA FAEHE A

Agan

o™ (65, 85)% Uol& F(52F, 48F)
- Agmaol 2 AR A, FHo| AT
(Trial T el M= 125 S BT 1800~20008 2.2
Yol Z.& dojgud £EEd whe Apoj7h glle
o JA5ES FASRAS (Trial DM€ 6
Fg oA sl 85 37 BT HolE
AFsP o gl FFd o Aole UN
22
FA13% 7132 (Trial 1)l e AT 4olg
AHF A B 1029 AFHLE 2A
o, Yrjx] 2ELS FFHA AF37E 2
t}h. (Trial 1)) %34 nd92 ol 4T o
HAE9 AFol B 25 A= F7HHAL L L
A ZEL 10~40g9) AFHALE BAS

(Trial 1)3} (Trial )& 8 @7 3=
o33 23ttt

1) Trial T A3}

— k& Ca HjA2t Z2{ef Ca -

(Trial T)elA 12F B¢ 45, 8F 2 1254
2438 wCaujdZe (Fig D 2Adoh 23%
o vl3| A9 450 R FolA & Ca v Fol
Z71slg .o, E3) T Uo|F EFo X ey
o]2 A& 3|8 (40% casein diet), = Ca Wi
o] Btk 1 ol# ¢ AT 4F o|Fdle
Ueh}A] goton, yojo)] mE & Ca vjAdFo
zpol & $ixich

o] A2 UEIH A FA, Ca¥F ¢
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e—e 8°HP ol o wel HFE M BEFETS Y
X—x 8LP s Az
Uea O—0 52-HP a2 meln.

(mg / day) A—A52LP =749 Ash/dry weight?] 29 % ol
10 - ey 2T g o] 43Tl FrlstH 2 Yol
08 | of w2 Aol YT Ca/ash wt 4] o]l
06 9@ e vehb nEwNolE 43¢ ojal
04| Aol Mg FelH oz Zrhstdh ol R e 40% ¢
02 | =S o)z} ojdF o] W o] Ca% 3 g £

, , 1 SIS 028 B BE R U E o
4 8 12 A B & Fglo] Vet
Time(weeks) —Ca EHM’
Fig 1. Urinary Ca excretion in young and aged Cad 3%, vl 3, &8 2 balancex (Table
rats fed 40% and 5% casein diets for 1 3poll YERISITH W CavjAdete A uhumalol
2 whs 238 Aoy ek ot 214 Aol

fAer, Ca F58L o7} ol £ Hl3)
F4Hl& (Table 2)o Yeht Qo e E 2 L 2o en, Aguel s YAY 2|
BEe 7A, EFA L Ca@F e oAH S ool vls) F& FFolAout 17
Bl volE H7F & FELE dold 7 1 2ol 81R1ch. Ca balance Ca 433 Fll A
Zol7k Al ev, ol d sEd ¥ = ot o) Camf e W Foz A
UEIA, 5% caseind o] & HF T o9 T A0S YL Lol & FolA] 7} A Yer
W7 A % Cagrgol thE RET & o7 =3
o2 Rt o)A 5%9] Ao|gud FEo] — 29| hydroxyproline &2 —

R

3L

Table 2-1. Composition of femur of young and aged rats fed 5% and 40% casein diet for 12

weeks _
Group Wet wt Dry wt Ash wt Total Ca Ash/dry wt Ca/ash wt
(mg) (mg) (mg) (mg) (%) (%)
Femur
8-LP 781.34£24.0"®  565.1423.78 31844 14.8° 91.1454° 56.34+0.6° 28.641.0°
8-HP 1070.8428.5> 73044203 44754143 141.84:5.6° 61.240.8° 31.640.3°
52-LP 1109.34+33.5° 805.7+17.0b 463.21+15.4° 136.346.1° 574+1.08 29.440.5°
52-HP 1181.8450.3b 779.84+33.9® 480.4+22.3° 146.048.2° 61.61+0.7° 30.34+0.78
S.F? A BAB AB,AB A.BAB A,BAB B B
1) Mean+SE.
2) Values with different alphabet within the column were significantly different at a=0,05 level by Scheff
€ test.

3) Significant factor
A ; Significantly different among different age groups at a=0.05 level by F test.
B : Significantly different among different dietary protein levels at @=0,05 by F test.
AB : There were interaction between dietary protein level and age at a=0.05 level by F test,
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Table 2-2. Composition of tibia of young and aged rats fed 5% and 40% casein diet for 12 weeks

Group Wet wt Dry wt Ash wt Total Ca Ash/dry wt Ca/ash wt
(mg) (mg) (mg) (mg) (%) (%)

8-LP 655.5429.3"8®  474.6417.5° 262.24+10.98 78.443.6° 55.04+0.5% 30.140.88
8-HP 901.8+24.0° 615.74+18.3>  366.2+11.1° 112.54+3.6° 59.54-0.4° 30.840.7
52-LP 949.2+34.1% 662.6+21.6° 373.54+14.7° 119.346.5° 56.441.0%¢ 319409

52-HP 959.5443.8>  663.7433.1° 386.6117.8° 115.347.6° 58.340.4 29.31+0.9
SF* AB,AB A.B,AB ABAB B,AB AB

1) Mean+SE.

2) Values with different alphabet within the column were significantly different at «=0.05 by Scheffé test.

3) Not significant at a=0.05 by Scheffé test.
4) Significant factor

A ; Significantly different among different age groups at @=0.05 level by F test,
B : Significantly different among different dietary protein levels at @=0.05 level by F test.
AB : There were interaction between dietary protein level and age at a=0.05 level by F test.

Table 3. Ca intakes, Fecal Ca, Ca absorption and Ca balance of young and aged rats after 12

weeks of feeding periods

. Apparent Ca
Groups Ca Intakes Fecal Ca Urinary Ca . Ca balance
absorption
(mg/2day) (mg/2day) (mg/day) %) (mg/2day)
NS§? NS NS NS NS
§—LP 253.30+15.16" 102.894 7.09 0.3240.09 57.6+2.7 12431+ 7.5
§—HP 294.90+11.30 145.60+ 9.16 0.1840.02 50.313.4 14844177
52—LP 287.344:11.41 144.224+11.33 0.1440.04 498+3.2 143.2+14.2
52—HP 247.594 1.77 144.67412.50 0.2040.01 41.445.1 102.74+13.8
1) Mean+SE,

2) Not significantly different at a=0.05 level by Scheffé test,

9] hydroxyproline v 4 %2 e} A=2]9
collagen®-3} & wrg3sl= 2 bone resorption?)
index2 A}&-¥Qch®

(Table 4)9] Jebd AHH 4Y = hydrox-
yproline v} A -2 oA F 9} ol E F RFA
aguiAo] QHA| FoFH o Frtste o]
9% 4 %S Ve

AFo 2 Q3 *ol5 BAHF Hyp/body wt
& Aojghiad &0 23 axrt VeEhtA F
ol 2% aguo] oA Hyp/body wt

o] 7} F718 T B3] ojdF A {FAAFHY
Z718 By

aziu, ne Aol E A3 o F e 2FF
Ao Aol 4G oAl & W}
ARPLSE HAFR 08 Z o]EdA F7Hd
Hyp / body wt ¥l o] ZollA B} mE W23
o] o] Yo R}S-g WYste o2 Bk

2) Trial 19 23
(Trial I)olM veld nHAol2 A =
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Table 4. Urinary hydroxyproline excretion of
young and aged rats fed 5&40% casein
diets for 12 weeks

Groups Hyp/day Hyp/body wt
(ug/d) {ug/kg)

§—LP 11.8544.07% 50.60+36.152

8§—HP 37.17+4.83b 179.904-65.84b

52—-LP 16.261+4.72a 33.88+19.86a

52—-HP 38.3443.47b 76.85+£17.33a
S.F¥ B B, AB

1) Mean+SE,

2) Values with the different alphabet within the
colum were significantly different at a==0.05 ievel
by Scheffé test.

3) Significant factor
A : Significantly different among different age

groups at =(.05 level by F test.
B : Significantly different among different dietary
protein levels at @=0.05 level by F test.
AB : There were interaction between dietary
protein level and age at a=0.05 level by
F test.

Ca 3719t 22 FAQE ¥} oud 717
2 dojy=xE Y37 Astd B S43
F1¢hl Al 0] (60 casein diet) 2 ©717re] 43 &
Tt

— = Ca HfjAd3k -

60% casein?] o] & A F 3t 59 = Cav]dF
€ (Trial 1)9] 40% casein]o] ol H]&j t] &
E2 & A F7isldo. &, ojdF e YolEF
BRoA ngMde] HHA = Ca vjdFol
FreFHoz Zusly 638 Aol 0
631+0.17(mg / day), e olF#2 1.6140.
30(mg / day) 2 o2ui o] Z71& B o 485F4
] ghul 2 o] & 0.93+0.12(mg / day) met 2
o] 78 26940.81(mg / day) £ o} 3] F 7}t
oA el uls] Jolg FHr} mduiolo] ths)
oS uze wgS B E 1o
olzl o] JHAE Yolg FH =
Ca wjd&o] ofAFo vl & FFS B

oy

-8 -
(%)

b

400 - 7
300

48-LP 48-HP

. 6-LP 6-HP

Fig 2. Uca excretion of rats fed 60&6% casein
diets expressed as a percentage of 6-LP
group.,

1) Values with different alphabet in the figure were

significantly different at a=0.05 level by Scheff
& test.

t}.(Fig 2)

— Creatinine Clearance —

1= 9] Creatinine ¥ A #& (table 5)9] Vel
AN Y oJAF ol vl5) UolE FHolM ooz
7t on Aoldud F£Fo) 9 Jidx
UetA] gl Ajolzol M F7hst o)

83 creatinine $F QA 638 FHo vl
4854 FHol A =9t}

Creatinine clearance2 A}#d o 3-8 (GFR
; glomerular filtration rate)& %3 Anc
tpolofl o]t J -8 B ol F e vl olE
F oA GFRo|] Z:7}=] 9l o.n, mehu) 2] o] Fojl A]
ApEA A ZHgo] Zrtste 7oAt

— 8 & Alkaline phosphatase®} iPTH &taf —

Osteoblast9] 71%&& utgdste YR alk-
aline phosphatase= (table 6)9} Zo] r}o]qd]
g 48 JehA 6578 ojAFNAN o &3k
t}. o] 2 & o} A 7 o] W ol A ossificationo] &3}
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Table 5. Creatinine clearance in young and aged rats fed 6 and 60% casein diets

Groups Urinary Cr Plasma Cr. Cr. clearance
(mg/day) (mg/day) (ml/min)
6~—-LP 1.7540.18%2 1.0540.09 NS 0.1340.02a
6—HP 2.6410.18a 0.841+0.06 0.224-0.02ab
43—LP 8.60+1.31b 1.3540.20 0.51£0.12bc
48—HP 12.8140.83b 1.1040.11 0.8440.09¢
S.F* A, B, AB A A
1) Mean+SE.

2) Values with different alphabet within the column were significantly different at a=0.05 level by Scheff

é test.
3) Significant factor

A : Significantly different among different age groups at a=0.05 level by F test.
B . Sigmificantly different among different dietary protein levels at @=0.05 level by F test,
AB; There were interaction between dietary protein level and age at a=0,05 level by F test,

Table 6. Effect of 6&60% casein diets on serum
alkaline phosphatase and iPTH in
young and aged rats

Groups  Alkaline phosphatase iPTH
(Y] (pmol/l)

6—LP 8.874+0.33°N§? 65.30+11.39 NS
6—HP 8.7010.56 53.35+£10.92

43—-LP 6.83£1.55 84.44145.22

48—HP 7.4040.30 91.07451.93
SF A -

1) Mean+SE.

2) Not significantly different at a=0.05 level by
Scheffé test.
3) Significant factor
A | Significantly different among different age
groups at @=0,05 level by F test.

A gt 9ge Bg e Aoz nalY, 17
 olgnd £20 e zolt goich

YW PTH §3 94 Holgude] ola
JFe gAY o, ol E A7 A us)
£€ 22, Uol7t 37hgpl et PTH 52
ol Z7kste AL HAFYh

oE Y HE

(Trial T>2(Trial [>¢} $He 498 53l
oJAF 9} Yol& FHolA naujdo]E HHAA
& o, & Ca v o] F7letR o oA L 53
Aol f£Fo] F/HEFE O A
(3253 ¢ 8

Heaney 592 2]o|gdmi A 3-8 24| 2 F7}A|
A&, = Ca v dFo] 50% F71dhn B3t
AL, 19 o] AFPANMTD Aot A 43
g S7MASH = Ca wjdo] vl H o F7}
st o] #aAH A

2 4827 olzig nauyol2 Q13 hyp-
ercalciuria & ZAYA} H3lo)) &L FE=70
2 Jyehstt), &, (Trial 1 )lA 4022 3544
o]& FF3IAUSH oJBF Y YolEFH mFNA
& E3% hydroxyproline vj4dol Z7}5 ).
o] AL Shutte Fo]* ARl A] Aol &
AHAY L A2 ojo] Hls) 9] hydroxyp-
roline wj o] F71ttn R3g A3 A3 s}=
A#E, adu Aol Yol & F Eitopel ol
FAAME 249 collagen £ E FAAT =
Aoz Bl
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g, 2AFAAR tXE 1gy o]y
Qe UolA wetd oA vehtA, 858
Hoj A= A9 integrityE UEhll& LE X
z ZARA, CadtE o] Ao o] Hl3)
e olFo A Egtou, Yolg FHoAMe
Aolgui Aol FA TR FFE vAA
orgit}. kA, A0l JE oldFAEL 11T
wajo] 2 Q8] £ E collagen¥-ai 7} Wil 4%
& ek oo g o] AL collagen turnover
o] 2712 utgdd Aoz wlh EF, (Trial
D)ol A ojaz o] &A1 alkaline phosphatase
greko] Z718 A® GA] YolgF ol Hl3] ojAH
ol A Wz o] wgo] wr}wEA oS AA
sE

aeu, A8 i F e g ksh7h AR
5= o] E F o ASole nuuol HHE
13t & Ca v Z7}9} &7 hydroxyproline
o] Z7}5]o]A W< resorptiono] F7HE &
A AV ), olel g A& (Trial T)elA Ca
homeostasis® 233 A3 iPTH7E 94]
o] & Fol A Zrlste FS BYL2H o]
=7 o)A x3}o) u}Z bone loss7} Tl o] 2
g8 ¥ " F ASS AAEED 18
U}, iPTH#Z & 2]o]o)) o3 9 &2 ¥ AR
oz agwalol2 1§ hypercalciuriad) F+¥
fele] opdzioz Bl

gurd 6 2 w3lo ulel RBF(renal blood
flow) 1} GFR(glomerular filtration rate) 3} Z&-&
AR50 A7 veldtn & AJch®
a8y, 29 Shock} Lindemang &% F¢
2 7 (longitudinal study) & 3} 178 At
9] o A= o] gl 3k Lol ol W A A715 9] A3}
7t el A gAY 2318 7tk Basty
t} 3o e A7l e 53] ¥
o, ENAs G T 3o aRAHHY
2o 74FA 299 g8 & TS e,
A3 ngdo|o] JFHe Ab7A 2 hype-
rfiltration & Y AN AlFA A H&& F7HA] 7]
31 AFE A o) &4 (glomerularsclerosis )&
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1272 49712 5 TERolz AP &
Ca WA Z77H 450l e BRHOML a5
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agudoe] A= Ca EFEE F/MANA 8L
Ao 2 ekt

AeHRo 7 }o]E FHoA x Ca wldo]
z71874& PTH %79 @& bone resorption
Z7}9} GFR &7} 71918 Aojelx & & &
o, e o] g AA G A9 = Caol Z7H8
A& GFRY Z717F 8 999 Aoz »dd
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o=
Q.0
==

k)

Tl 2 A7l ol Ael 2ATARE
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