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ABSTRACT

Coca-cola beverage is one of the risk factors resulting in calcium deficiencies and an in-

creased risk of osteoporosis in rats. The objective of this study is the comparing between five

and seven months of coca-cola consumption on osteoporosis markers. The obtained data sug-

gested that orally coca-cola consumption (5Sml/Kg/day) cause a significant increase in minerals

(calcium and phosphorus) level, in both serum and urine while a significant decrease in the lev-

el of these minerals in bone was recorded specially in seven months rats group. At the same

time, significant increases in serum and urine creatinine, urea and creatinine ratio as well as

parathyroid hormone level, while a decrease in the level of calcitonine as well as in the total

protein content were observed. In addition, a significant increase in the level of bone marker

enzymes (alkaline and acid phosphatase) activity was recorded, indicating an increase in bone

turnover rate. A significant increase was observed in femur water content in rats received coca-

cola, meanwhile, bone mineral density was significantly decreased. All these parameters are

more pronounced at seven months group than those of five months only. Thus, it was concluded

that the long-term consumption of coca-cola is strongly associated with the development of os-

teoporosis evidenced by the occurred changes in the estimated bone marker parameters.

Keywords: osteoporosis, coca-cola, bone markers.

INTRODUCTION

Consumption of soft drinks can lead to
numerous health problems like osteoporo-
sis, diabetes mellitus, tooth decay, heart
disease, and neurological disorders (James
et al., 2004, Bassiouny and Yang 2005). A
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number of risk factors may negatively af-
fect bone metabolism and predispose to
fracture, including the excessive consump-
tion of carbonated beverages (Root, 2002
2007).
studies showing that increased cola bever-

and Goulding, Epidemiological

age intake is associated with reduced bone
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mineral density, increased bone fracture
risk at any age and an increased risk of os-
teoporosis later in life (Wyshak and
Frisch, 1994). With aging, osteoporosis
and related fractures are the major public
health problems, the lifetime risk of frac-
ture exceeds 40% for women and 13% for
men (Kanis, 1994). Numerous dietary be-
haviors act as important factor for the loss
of bone mineral density (BMD) that are as-
sociated with osteoporosis (Tucker, 2003).
Soft drink consumption that increased in
recent years has been found to be associat-
ed with low BMD and fractures with ag-
ing (Wyshak, 2000; Whiting et al.,2001 and
Gartl and et al., 2003). The high phosphate
and high caffeine in colas may result in an
increased acid load in the body, which in-
fluence the calcium/phosphorous ratio
and bone mineral density (Ogor et al.,
2007). Soft drinks rich with caffeine, phos-
phoric acid, and fructose were shown to
interfere with calcium absorption and con-
tribute to imbalances that lead to addition-
al loss of calcium (Amato et al, 1998,
Milne and Nielsen, 2000 and Rapuri et al.,
2001). Caffeine also increases free fatty ac-
ids and triacyl glycerol and is known to
produce hyperlipidemia and increase the
liver enzymes (Bobbi et al.,, 1984). Bone
mineral density with daily soft drink in-
take in women was lower than that of
non-consumers (Jean and Murray, 2003).

Therefore, the present study was car-
ried out to clarify the relation between the
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duration of coca cola consumption and the
osteoporosis associated with low bone
mineral density in female rats.

MATERIAL AND METHODS

Material:

This study was performed on adult fe-
male albino rats (Rattus rattus) initially
weighing 120+10g. Rats were obtained
from the institute of Ophthalmic Disease
Research, Cairo. They were housed in
stainless steel cages within an air condi-
tioned animal house at 23°C. Rats were
fed adequate standard diet and allowed
water ad libitum and kept under normal
laboratory conditions through the whole
experimental work .

Coca-cola beverage doses and routs of
administration:

Coca-cola beverage was purchased
from local supermarket and was orally ad-
ministered to rats at a daily dose of 5 ml/
Kg/day for five and seven months accord-
ing to Kondal and Garg (2003).

Methods :

1-Animal grouping:

Animals were randomly divided into
three groups, each with six rats as follows:

Group 1: Rats of this group served as a
control receiving no treatment.

Group 2: Rats of this group received
orally coca cola beverage (5 ml/Kg/day)
by gastric tube for five months.
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Group 3: Rats of this group received
orally coca cola beverage (5 ml/Kg/day)
by gastric tube for seven months.

At the end of the experimental dura-
tion, all rats were placed individually in
metabolic cages for 24 hr. Urine samples
were collected, centrifuged and stored at -
20°C until analysis. Overnight fasted rats
were sacrificed under ether anesthesia. For
biochemical analysis, blood samples were
collected with no additives to obtain ser-
um by centrifugation at 860 rpm. for 20
min. Thereafter, the right femur was sep-
arated and cleaned from the surrounding
soft tissues. Then a small specimen of fe-
mur was weighed, crushed and homoge-
nized in ice cold saline solution. The speci-
men was centrifuged for 20 min. and the
supernatant was separated for the bio-
chemical assays. Meanwhile, the left fe-
mur was taken for subsequent determina-
tion of bone mineral density and water
content.

2-Analytical methods:

Serum calcium and inorganic phos-
phorous levels were estimated by an
atomic absorption spectrophotometer with
an air acetylene flame following the meth-
od of Zettner and Seligson (1964). Creati-
nine level was determined using commer-
cially available reagent Kits obtained from
Randox Lab Ltd, U.K. Total protein con-
tent was determined according to the
method described by Doumas (1975). The
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activity of the alkaline and acid phospha-
tase enzymes (ALP & ACP) was deter-
mined using reagent Kits supplied by Bio-
Merieux Laboratory Reagents and Prod-
ucts, France. Serum levels of calcitonine
and parathyroid were measured using EL-
ISA Germany Kits.

3-Statistical analysis:

All data were analyzed by one way
analysis of variance (One-way ANOVA)
followed by Least Significant Difference
(LSD) test, using SPSS statistical package,
version 17.00 software. The results were
expressed as means * S.E and values were
considered statistically significant at p<
0.05 (Snedecor and Cochran, 1982).

RESULTS

Data in table (1) recorded that the con-
sumption of cola beverage for five or sev-
en months induced significant increase in
serum and urine calcium and inorganic
phosphorus, with the decrease of these pa-
rameters in bone, a significant decrease in
bone mineral density and a significant in-
crease in femur water content. The data
also recorded an increase in (ALP, ACP)
activity in serum, urine, and bone in cola-
treated rats groups when compared to
control group.

The data in table (2) showed an increase
in serum and urine creatinine, creatinine
ratio and urea, as well as a significant in-
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crease in parathyroid hormone level,
while a decrease in serum total protein
content and calcitonine hormone level

with control group.

were recorded in five and seven months of
cola-consumption rat groups as compared

Table (1) : Serum, urine, and bone biochemical parameters in control, five and seven months coca

cola consumption rat groups.

Animal Groups Control
M Group 5 — month, cola group | 7-month, cola group
§erum (mg/dl) 72403 104+ 0.4 S* 11.8+ 0.4 S°
% of change +44.4%, +63.5%
) Urine (mg/dl) 21402 45+0.18° 5.8+0.3S"
Calcium % of change +114.3% +176.5%
Bone (mg/g wet tissue) 71.8+1.8 532+2.18S° 452+ 1.6 8™
% of change -25.9% -50.9%
Bone mineral Density (g/cm?) 0.2 £0.02 0.15+0.01 S* 0.13+0.01 S*
% of change -25.0% -35.0%
Femur H,O Clontent 0.18 + 0.01 028 +001S* 032 +0.01 S®
(mg/g wet tissue) +55.5% +77.7%
% of change ’
Serum (mg/dl) 4.0+0.1 6.6 +0.3S* 7.0+ 0.4 S"
% of change +65.0% +75.0%
Inorganic 5rinfe (hmg/dl) 24402 3.0+£0258* 4.0+02S*
phosphorus o of change +25.0% +66.6%
Bone (mg/g wet tissue) . .
% of change 15+0.5 1 1.02i606.3 S 9.0 i43(?; S
Serum o
(KArm. /100 ml) 17.2+0.4 21.8+03S" 30.8+0.3 S
% of change +26.6% +78.8%
Urine . ab
Alkaline (KArm. /100 ml) 30.2+0.4 36.2+0.9 S* 47.8+0.8 S*
Phosphatase % of change +20.0% +58.3%
Bone
(KArm. p/100 ml) 5.8+0.2 9.0+0.38" 11.0+0.2 S*
% of change +55.2% RRARLC
Soerum (u/L) 59+03 8.0+038S" 10.4 +0.4 S
% of change +35.6% +79.2%
Acid grio“fec(h“;?e 14.8+ 0.4 19.0+0.3 S 25.0+0.7 S*
Phosphatase | ~° g +28.3% +69.1%
l:’:one (u/g) 11.8£0.01 18.0+£0.6 S* 20.3+0.8 S
% of change +52.5% +71.2%

Data are expressed as means = S.E of six rats, % of change as compared to control group
S Significant in comparison with the control group (P< 0.05).

sP: Significant in comparison with the 5 months cola treated group (P0<0.05)
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Table (2) : Serum and urine biochemical parameters in control, five and seven months

coca cola consumption rat groups.

T Animal Groups Control 5 — month, cola 7-month,
Parameters Group group cola group
Serum 2.1+£0.2 2.3+0.06 2.5+0.08
% of change +9.5% +19.0%
Creatinine mg/dl
Urine 102+0.5 122+04 135+0.38S"
% of change +19.6% +32.2%
Serum 3502 45+028° 48+03¢S"
% of change +28.8 +37.1
Calcreatinine ratio
Urine 0.2 +0.03 0.36£0.02 S* 0.46 £0.02 S
% of change +80.0% +130.0%
Serum 27.0+1.5 440+£248S° 48.0+34 §°
Urea % of change +63.0% +77.7%
mg/dl Urine 9.0+0.3 11.0+£0.7 S 12.8+0.4S°
% of change +22.2% +42.2%
Serum total protein (g/dl) 7.1+0.3 6.8+0.4 58+028"
% of change -4.2% -18.3%
Parathyroid hormone (pg/ml) 20.2+£0.8 332+098S" 384+0.98%
% of change +64.3% +90.0%
Calcitonine hormone (ng/ml) 6.0+0.3 50+03 40+03S"
% of change -16.6% -33.3%

Data are expressed as means = S.E of six rats. % of change as compared to control group

S? Significant in comparison with the control group (P= 0.05).

sP: Significant in comparison with the 5 months cola treated group (P< 0.05)

DISCUSSION

Osteoporosis is a skeletal disorder that
is associated with lowered bone mineral
density (BMD) and increased risk of frac-
ture (Watts, 2002). Numerous dietary be-
haviors including excessive soft drink con-
to be
associated with low BMD and bone frac-
tures (Tucker et al., 2006).

sumption have been found

Mansoura J. Forensic Med. Clin. Toxicol.

The present decrease in bone minerals
(calcium and phosphorus) accompanied
with an increase in their levels in serum
and urine plays a major role in the genesis
of coca-cola-associated bone loss. The as-
sociation between bone metabolism disor-
ders and cola beverage intake also has
been attributed to some components of the
cola beverage formulation, such as phos-
phoric acid, caffeine, sugar or aspartame
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or saccharin, caramel coloring, carbon di-
oxide, and aluminum. The phosphate
content of soft drinks is very high, and
they contain virtually no calcium (Varta-
nian et al., 2007). Acidifying dietary con-
stituents may also negatively affect cal-
cium metabolism and accelerate bone
resorption (Buclin et al.,, 2001). Another
possible mechanism underlying the effect
on bone metabolism may be the acid
load characteristic of cola drinks, which
may adversely affect calcium and bone
metabolism by increasing bone resorp-
tion and calcium mobilization and reduc-
ing the renal production of 25-hydroxy-
vitamin-D (Garcia et al., 2000). Further-
more, cola beverages are rich in caffeine
which has been associated with reduced
bone mineral density and increased frac-
ture risk (Hernandez et al., 1993 and Ohta
et al.,, 1999). Tucker et al. (2006) showed
also that beverages with both phosphor-
ic acid and caffeine increase urinary cal-
cium excretion, and this may be the rea-
son for reduced BMD. Moreover, Garcia
et al. (2000) recorded subsequent hypocal-
caemia and loss of femoral BMD in
ovaryectomized rats received cola.

This study recorded a significant in-
crease in serum, urine and bone alkaline
and acid phosphatases activities after five
or seven months of coca cola consump-
tion. The results were in accordance with
Hassan and El-Komy (2008). They report-
ed that the long-term consumption of

Mansoura J. Forensic Med. Clin. Toxicol.

coca-cola caused an increase in bone re-
sorption (as indicated by elevation of cal-
cium/ creatinine ratio and minerals excre-
tion in urine) with resultant increase in the
bone formation (as manifested by eleva-
tion of ALP activity in serum, urine, and
bone). Coca-cola rich with caffeine, stimu-
late adrenal glands to secrete gluconeo-
genesis in the liver (Acheson et al., 2004)
causing lipolysis in adipose tissue as well
as rise in free fatty acids in the serum and
futile recycling of triacyl glycerol, which
could be responsible for the rise of glucose
and triacyl glycerol in the serum and the
increase in liver marker enzymes, ALT,
AST, and ALP (Joseph and Kasinath,
2000).

ACP is an indicator of bone resorption,
as this enzyme has been shown to be re-
leased from lysosomes in osteoclasts dur-
ing bone resorption and hence triggers
bone breakdown (Yang et al., 2001 and
Bull et al., 2002). ACP generally showed
an increased activity in bone diseases and
physiological states with high bone re-
sorption (Nakanishi et al, 1998). The
present higher ACP activity in serum,
urine, and bone in rats received coca-cola
is consistent with those reports which sug-
gested that the increase in ACP activity
contributes to the mechanisms involved in
the development of soft drinks-related
bone loss (Jacobsson, 2008).

Data in this study recorded significant

Vol. XXI1I, No. 2, July 2015



Serag ...

increase in serum and urine creatinine,
urea as well as calcium/creatinine ratio,
while the decrease was pronounced in
the total protein. Creatinine is a waste
product formed by protein metabolism;
the major catabolic products and is ex-
creted in the kidney. Urea is the main
end product of protein catabolism. The
serum creatinine level is used as an in-
dicator of renal failure (Friday, 2004).
Deluca (1981) reported that the renal
dysfunction (as reflected by the in-
creased serum creatinine level) was
found to increase urinary minerals ex-
cretion with further increases in bone re-
sorption. The occurred deficiency in bone
minerals is apparently linked to the in-
crease in the minerals excretion in urine
and the rise in bone resorption (as meas-
ured by elevation in calcium/creatinine
ratio, the marker of bone resolution (Ebel-
ing et al., 1996) and the increase in serum
level of calcium and phosphorus. Urea
varies directly with protein intake and
with the rate of excretion (Ranjna, 1999).
A reduction in total protein content and
elevation in creatinine level in serum of
coca-cola treated rats may be attributed
to the adverse effects of coca-cola on
protein metabolism and kidney func-
tions (Amato et al., 1998 and Ogor et
al., 2007).

Significant increase in parathyroid hor-
mone while a decrease in calcitonine hor-

mone are recorded in the groups of rats

Mansoura J. Forensic Med. Clin. Toxicol.

administered coca cola for five or seven
months. Parathyroid hormone is one of
the most important hormones that regu-
late minerals” metabolism and act to in-
crease bone breakdown or resorption by
releasing calcium from bone and modu-
lating differentiation of osteoblasts and
osteoclasts (Munnstadt et al., 1999). Dif-
ferent factors are thought to be in-
volved in the observed development of
hyper-parathyroidism recorded in the
present study. These factors include kid-
ney dysfunction which seemed in the
present study by an increase in serum
creatinine level and defective calcium ab-
sorption mechanisms (Zung and Chalw,
1997). Also, these factors are known to
cause a negative calcium balance, and
are thus frequently associated with a com-
pensatory rise in PTH, which in turn en-
hances calcium release from the skeleton
causing bone loss (Guillemant et al.,
1999). Other observations demonstrated
that the diets high in phosphorus could
be deleterious to bone through the in-
creased PTH secretion in rats (Huttu-
nen et al.,, 2006 and Kemil et al., 2006).
The present increase in parathyroid hor-
mone and renal dysfunction (as indicat-
ed by increased creatinine level) may
provide a partial explanation for the
negative effects of coca-cola on bone
health as has been reported by Ogor et al.
(2007) who suggested that the decrease
in bone minerals density might be relat-
ed to the renal damage. Among the po-
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tentially deleterious constituents, phos-
phoric acid can reduce 25-dihydroxy vita-
min-D synthesis, interfere with intestinal
absorption and interfere with renal reab-
sorption of calcium leading to hypocalcae-
mia and causing secondary hyper-
parathyroidism which appears insufficient
to revert to a low calcium plasma level
(Guerreroet al.,, 1999 and Garcia et al,,

2000).

Calcitonine is less important than PTH
in regulating serum calcium, where it acts
as a physiological antagonist to PTH (Ya-
sutomo and Nagata, 1992). Its main physi-
ological role is to control hypocalcaemia
and inhibits bone resorption by acting di-
rectly on osteoclasts, where it binds to
high affinity osteoclastic receptors and in-
hibits osteoclastic activity (Colman et al.,
2002). The deficiency in calcitonine ob-
served in the present work may be attrib-
uted to the changes induced in serum cal-
cium level.

CONCLUSION

It can be concluded that the prolonged
consumption of coca cola beverage for five
or seven months results in osteoporosis as
indicated by a marked disturbance in bone
markers associated with bone loss. In ad-
dition, the seven months consumption
shwed more pronounced effects than the
five month, so we must avoid the excess of
these drinks.

Mansoura J. Forensic Med. Clin. Toxicol.
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