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A Study on the Effect of Caffeine Intake on Calcium and
Phosphorus Metabolism in Ovariectomized Rats

Lee, Jung Sug - Hong, Hee Ok - Yu, Choon Hie

Department of Home Economics, Sangmyung University, Seoul, Korea

ABSTRACT

This study was designed to investigate the effects of caffeine intake on Ca and P metabolism in
ovariectomized rats. For this purpose, the ovariectomized female rats weighing 230.8+3.5g were
divided into four groups, eight rats cach : control, low caffeine(LC), medium caffeine(MC) and
high caffeine(HC) groups. They were supplied for six weeks with the caffeine of Omg, 66.8mg,
167mg and 334mg per kilogram of diet, respectively, and the results are summarized as follows. 1)
There were no significant differences in feed intake, feed efficiency ratio and body weight change
among all of experimental groups. But liver weight(both total weight and weight/body weight)
was significantly decreased by caffeine in MC group. 2) The weight of tibia was decreased by
caffeine intake in MC and HC groups. But the length, Ca and P content of tibia and femur was
not changed in all of caffeine groups. 3) Ca, PTH and calcitonin levels in serum were not affected
by caffeine. While, serum P level in HC group was significanty increased as compared with the
control. 4) The fecal excretion of Ca and P tended to be higher in the caffeine groups, and as the
result, the absorption rate, retention and retention rate of Ca and P tended to be decreased. It
was noteworthy that P retention was significantly lowered in HC group as compared with LC
group. The results showed that, when caffeine was taken by ovarietomized rats, the weight of dbia
was decreased and the retention rate of Ca and P tended to be lowered. Therefore, too much
intake of caffeine for women whose bone mineral density of tibia is decreased after postmenopause
seems to accelerate the decrease of bone mineral density due to the negative effect on metabolism
of Ca and P. (Korean J Nutrition 29(9) : 950~957, 1996)

KEY WORDS : Ca - P - caffeine - Ca retention - P retention.

o = akel flo] Wt A Wkl Gk 53] 4%

L= He7)0) ATHARL AFe] /)51 B 2L

HE §2) U Ayge gasze gan gz P HORA A, A 22 S 28 )5 g
iHE_}’]?E] . 1996‘1’3 9% 24%,] /lg)\\.} E‘l iH] Eol:o] iﬂ] '_20—7}'6‘]'9;\]:]' g A _6“01]/‘—1 7‘]“4'\1‘
el dRE 19959 Yyvhea ) s i) A AAHOE uasd gaRa Ao 54 4R
al

o o5t ArHIU S 7H12 1,3 7-trimethylxanthineo. 2 WAl7} ¢
- 950 -



7MMﬂ@aﬂ°mﬂddwm&@
Q1) ek oiafstel BAol ol BAE 20 3 F3

o, —‘3—’6‘1 7}41]0101 e émlﬂLﬁqeﬂ EN =
|

5 B m&ﬂ%»w““ﬂﬂﬁ37V1lﬂ%ﬂzd
Qs sleka the) Al A BABE UF
, hip TAEE IO, wF BE AT

a4 F5ES ‘4017} Sojzte] el A4HTH”.
8 #77) 48 A estrogen Ag oz weo] AF
27} Z7ks3 PTH £28 ¥H7h AE™, 125
dihydroxy #EH Dl 5“401 AR ol Ao AF F
Zgo] gaste Ao wadnk?. wehy #77) o
o] Qe AAsH g SN B dFl
2 Aoz wid AR, Heaneys Recker = ¥
A7) A So] 7S AAT o DE TPl A3
9otz K¥aakgl i, Hernandes- -Avilas 7 Harris$t
Dawson-Hughes'®& #1771 %40l 1¢ 3 servings
olake} #43) 414l EE 800mg olde] 7H#Il HFAA
bone loss7t Z71erckar Baskgleh
g S Az QAo - =£@90] 49 ARE o
Aoz 772 gl PlAE AR JFE A B
28w o5 eIl ARl gl ZgEst
ugton wg wldEE 24 F& ey @ =
s ZnAwe Aol oatm 71 AAA T BE
o 749) ghero) 7rAstion, wet upiFel BE
Agre] 27k At
e} ol ‘: vl 2 Barger-Luxs 9] a7l 4
sm giw|ele] A diAle] FFS mAA WAATEIL
. Holbrooks”# Wyshak 52 7191 A3 3
s 7kl BEAdo] glvka musha gled 7l AP
o @E 7"*11*}”91 w3l daide 928 22L
Mﬂqq
= glsigle] HA7) olFe #
'o m A Gobry) fiste] v
z glow s AAEE
D‘Bl OM Wﬂﬁ*ﬂ Cad} PO Ui} A&S BES
At

i

-

@

R L

&

g 29(9) : 950~957, 1996 /951

Al
=

o

e o
1. AHEEY MR

2.0 Sprague-Dawleyl &F= AF- 1254

Apes)
_ z‘r Mo]oﬂ ;(4%)&]

(A% 1 200~210g)9) dAA
7)3 AFo] wat ¢ (Randomized Completely
Block Design)Oﬂ ola) 470 Weglen, ol Zh i
o W A% 23081350100 4 He&o 3 e
A 2z} -FFJ o] Agstglon, Adsele AfEA

KABEE Bl F 657 AT

2. AEE2el Ao|

B A ALgat Aoje] TR Tablelst 2t
Jsisle) e Ael Adlste B 713l 4ol
%%‘ﬂ%%ﬂw%4°%l% 2 sfo] el

ok, ool w4 Fo <3 regular in-
stant coffee 1g% 36. 9mg4 Fsele] prEel AT
7 s} o] £XE 71EeE leupd 7A¥Ol Lots 2]
Ave Yegan #4835 15t.s9 7A9E ZAsk9iH
1 oF 2gAE BTk & e} Aol Bk FH)
o] 9k AF 50kge A%le] FRAE ¥ 5, metabolic
Table 1. Composition of experimental diets (kg diet)

L

Group Control LC MC HC
Ingredients
Sucrose(g) 720 720 720 720
Caffeine(g)” 0 0.067 0.167 0.334
Caseine(g) 200 200 200 200
Soybean oil(g) 40 40 40 40
Salt mixture” 40 40 40 40
Vit A.D mixture(ml)” 1 1 ] ]
Vit E.K mixture(ml)” 2 2 2 2
Water soluble Vit”
Vitamin B,y(ml)® i 1 1 1

1) Caffeine : Caffeine Monohydrate

2) Salt mixture(g/kg mixture) : Calcium Carbonate 300,
Dipotassium Phosphate 322.5, Magnesium Salfate -
7H,0 102, Monocalcium Phosphate - H.O 75, So-
dium Chloride 167.5, Ferric Citrate - 6H,O 27.5, Po-
tassium lodide 0.8, Zinc Chloride 0.25, Copper Sul-
fate - 5H,0 0.3, Manganous Sulfate - H,O 5.

3) Vit A - D mixture(mg/ml soybean oil) : Vit A1, VitD
0.1.

4) Vit E - K mixture : soybean oil 200ml, a-tocopherol
5g, menadione 200mg.

5) Water soluble Vit (g/kg diet) : thiamin hydrochloride
0.01, riboflavin 0.02, nicotinic acid 0.12, pyridoxine
0.01, calcium pantothenate 0.1, biotin 0.00005, folic
acid 0.04, inositol 0.5, 4-amino benzoic acid 0.1,
choline chloride 2.

6) Vit By solution © Vit B, 5mg/500ml distilled water.
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Table 2. Feed intake, weight gain and feed efficiency

Feed Weight

Group intake gain Feed
(g/6 weeks) (g/6 weeks) efficiency

Control  731.4:33.6™% 11324109 0.15+£0.01™
LC 767.7+37.2 110.0+11.8  0.14+0.01
MC 788.0+27.6 113.7+ 81  0.14+0.01
HC 766.2428.5 10754147 0.14+£0.02

1) Mean+S.E

2) NS : Not significant at 0=0.05 by Duncan’s multiple

range test.



Table 3. Organ weights
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Group Heart Kidney Spleen Liver
® ,
Control 1.00 + 0.04™ 1.75 + 0.05®* 1.30 + 0.07" 10.45 + 0.57°
LC 1.00 + 0.05 1.79 £ 0.10° 145+ 0.18 9.64 + 0.23*
MC 0.95 = 0.04 1.61 +0.13° 1.29 + 0.09 8.61 + 0.37°
HC 0.94 + 0.03 1.73 £ 0.13® 141 +0.18 9.53 + 0.56™
(g/100g body wt)
Control 0.29 £0.01™ 0.51 £ 0.01™ 0.38 £ 0.02" 3.01 £0.11°
LC 0.29 + 0.01 0.52 + 0.02 0.42 + 0.05 2.82 £ 010"
MC 0.27 & 0.01 0.45 £ 0.01 0.36 = 0.03 241 £ 0.09°
HC 0.28 £+ 0.01 0.53 &+ 0.04 0.43 £+ 0.07 2.89 + 0.20®
1) Mean=S.E

2) NS : Not significant at =0.05 by Duncan’s multiple range test.
3) Values within a column with different superscripts are significantly different at =0.05 by Duncan’'s multiple range test.

Table 4. Length and weight of bones

Tibia Femur
Group Length(cm) weight(g) 2/100g BW Length(cm) weight(g) 2/100g BW
Control 4.01+0.06™?  0.671£0.02" 0.204+0.01° 3.5440.02" 0.80+0.01%  0.23+0.01™
LC 3.96-£0.03 0.63+0.02* 0.18+0.01® 3.60£0.03 0.7940.03 0.23+0.01
MC 3.88+0.05 0.6040.02° 0.17+0.00° 3.47+£0.04 0.7340.02 0.2140.01
HC 3.90-0.06 0.59+0.02° 0.18+0.01® 3.58+0.07 0.774+0.03 0.23+0.01
1) Mean+S.E

2) NS : Not significant at =0.05 by Duncan’s multiple range test.
3) Values within a column with different superscripts are significantly different at @=0.05 by Duncan’s multiple range test.
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Table 5. Content of Ash, Ca and P in tibia

Group Ash(mg) Ash/dry weight(%) Ca(mg) Ca/dry weight(%) P(mg) P/dry weight(%)
Control 265.847.51"2 58.440.55" 88.0+2.43" 19.3+0.18%  41.240.99™ 9.1+£0.10™
LC 263.7+6.91 59.1+0.63™ 88.1+2.26 19.8+0.16 41.3+1.15 9.240.06
MC 253.2+7.91 59.44+0.50" 84.2+2.62 19.740.13 393+1.15 9.2+0.05
HC 254.31+7.44 60.9+0.42° 82.3+2.51 19.74+0.21 38.8+1.24 9.3+£0.12

1) Mean+S.E

2) NS : Not significant at ®=0.05 by Duncan's muitiple range test.
3) Values within a column with different superscripts are significantly different at a=0.05 by Duncan'’s multiple range test.

Table 6. Content of Ash, Ca and P in femur

Group Ash(mg) Ash/dry weight(%) Caf(mg) Ca/dry weight(%) P(mg) P/dry weight(%)
Control ~ 299.84+7.58™ 5794130 10424167  20.1+0.32"™ 49.6+0.98™ 9.6+0.19"
LC 312.5+8.14 58.341.19 109.8+3.38 20.5+0.35 52.6+1.83 9.8+0.17
MC 293.2+9.08 60.1+0.72 101.3+£3.53 20.7+0.19 48.8+1.59 9.940.07
HC 310.5+9.66 60.91+0.78 102.3£3.12 20.1£0.28 49.4+1.43 9.7+0.15

1) Mean=+S.E

2) NS : Not significant at @=0.05 by Duncan's multiple range test.
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Table 7. Concent of Ca, P, PTH and Calcitonin in Serum

B S 3% B e sk 29(9) : 950~957, 1996 /955

Group Ca(mg/dh P(mg/dl) PTH(pg/ml) Calcitonin(pg/m!)
Control 11.1 + 0.16™? 6.5 + 0.17% 47.9 + 21.60™ 34.3 + 5.00™
LC 10.8 £ 0.16 6.3 +0.13* 381+ 7.74 37.1 + 3.31
MC 10.7 £+ 0.12 6.2+ 0.12° 434 + 746 33.9 + 5.97
HC 11.1 +£0.12 6.9 + 0.28" 55.7 + 18.46 352 4+ 7.77

1) Mean+S.E

2) NS : Not significant at 0.=0.05 by Duncan’s multiple range test.
3) Values within a column with different superscripts are significantly different at =0.05 by Duncan’s multiple range fest.

Table 8. Ca metabolism

Group Ca intake Feces Urine Apparent Ca Ca retention”  Ca retention
(mg/day) (mg/day) (mg/day) digestibility(%)" (mg/day) rate(%)”
Control 76.6+1.98" 58.4+2.89" 1.8+0.63" 23.9 +2.89" 16.5+2.02" 21.7+2.85"
LC 83.3+3.65 63.4+5.75 1.940.51 23.3 +6.54 17.7+£5.41 21.1+6.61
MC 79.4+2.96 66.5+4.73 1.4+0.68 16.4 +4.70 11.5+3.72 14.6+5.15
HC 73.1+2.67 66.5+2.79 1.4+0.48 8.36+4.84 5.2+3.27 6.5+4.53

Apparent Ca digestibility=1(Ca intake-Ca excretion in feces)/Ca intake] X 100

Ca retention=Ca intake-Ca excretion in feces & urine

Mean+S.E

1)
2)
3) Ca retention rate= [(Ca intake-Ca excretion in feces & urine)/Ca intake} X 100
4)
5)

NS : Not significant at =0.05 by Duncan’s multiple range test.
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Table 9. P metabolism
Group P intake Feces Urine Apparent P P retention” P retention
(mg/day) (mg/day) (mg/day) digestibility(%)" (mg/day) rate(%)”
Control 58.1+1.50""  34.841.95" 11.8+1.08"™ 30.5+2.15™  11.5£1.60™ 1962275
LC 63.2+2.76 36.5+3.39 10.4+0.76 31.6+3.82 15.7+3.97° 2444613
MC 60.2+2.25 39.4+2.87 12.1+£0.68 26.21+3.01 8.7+£2.02* 14.5+3.72
HC 55.5+£2.03 39.14+1.95 11.5+0.74 22.1£2.90 49+236" 8.31+4.34

1) Apparent P digestibility=[(P intake-P excretion in feces)/P intake] X 100

2) P retention=P intake-P excretion in feces & urine

3) P retention rate=[(P intake-P excretion in feces & urine)/P intake] X 100

4) Mean+S.E
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5) NS : Not significant at 0=0.05 by Duncan’s multiple range test.
6) Values within a column with different superscripts are significantly different at «=0.05 by Duncan's multiple range test.
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