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ABSTRACT

Effects of various concentrations of sucrose dietenassessed on calcium status of thirty weantwa¢e albino
rats randomly divided into five equal groups addak: G1 (baseline group); G2 (control group; rataw only);
G3, G4 and G5 (experimental groups; with energypbufrom sucrose at 10, 20 and 30 percent respelglivThe
experimental groups were fed for twelve weeks;dsteth laboratory procedures were used to determaex fand
nutrient intakes; feaces and urine were taken fdciom estimation, the rats were fasted overniginiaesthetized
with diethyl ether and blood was collected usingdea puncture method. Bones and teeth were remasasted,
dried and ashed. Plasma was collected by centiiog, urinary and plasma calcium was assessednzyraatic
kits while feacal, bone and teeth calcium were ss=@ using standard laboratory methods. Analysesated that
inclusion of sucrose at concentration of 20 perceftenergy supply significantly increased (p<0.QGBasma
calcium, 59.54 percent and urinary calcium, 125p&2cent. Significant decrease (p<0.05) was obskindaecal
calcium, 9.54 percent; bone calcium, 3.21 percemd éeeth calcium, 15.98 percent. The study redetthat
consumption of sucrose at twenty percent energglgupay reduce teeth and bone calcium which macfheir
integrity; increased plasma calcium which mayeefffcardiovascular risk factors in albino rats. Gamuently,
current recommendation of WHO/FAO stating that saer should not supply more than ten percent ofggner
intake rather than upper limit of twenty five parteet by IOM of Food and Nutrition Board must ldered to.
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INTRODUCTION

Calcium is the most abundant cation in human tssrel serves many roles among which are its impoetén
bone calcification, metabolic regulations and sligmg. Its status depends on intake, distributionvarious tissues
such as bones and teeth; excretion in urine, didpogeaces and the amount present in blood amser

Plasma calcium is believed to reflect the dietalciom [1] Plasma calcium has been linked with mamscular
risk. [2], myocardial infarction [3], serum cholestl, HDL cholesterol and triglycerides [4]. Its rheostasis
depends on the urinary calcium loss, absorptiom flmod, feacal loss and mobilization of from cafoistores such
as teeth and bone among other factors.
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The alterations in calcium balance in humans hage &eing linked to weak bones and changes in bone
composition [5, 6]. Similarly, tooth formation aimtegrity is affected by sucrose diet [7]. Sinbe synthesis of
cementum and enamel requires calcification, thyscampromise in calcium status would affect itegrity

Different dietary factors have been shown to affedtium status among which sucrose has been escaimding
note [5].The amount of sucrose required for optihmelth is still controversial and inconclusive,i@tWHO/FAO
recommends 10% energy supply from sucrose in tBg83#fi Food and Nutrition Board of Academy Sciences
concluded that 25% energy supply from sucrose noapave adverse effect on humans ‘health [9].

In view of the above we set to investigate theatfté different concentrations of sucrose diet altiom status and
possible implication on cardiovascular, teeth aodebhealth.

MATERIALSAND METHODS

Experimental Animals

Thirty (30) weanling male Wister rats from purchdi$em physiology department, of Olabisi Onabanjuvdrsity
were used for this experiment. The rats weighings8g were acclimatized for 2 weeks in cages whexter and
rat chow were givead libitum

High sucrose diet were prepared as described bl Hahimals were randomly divided into five (5) gps:

Group 1 (G1, baseline).

Group 2 (G2, normal control)

Group 3 (G3, test group1)10% energy supplied fraorase.
Group 4 (G4, test group 2) 20% energy supply fraorase.
Group 5 (G5, test group 3) 30% energy supply fraorase.

After the twelve-week period, the rats were saweifi after fasted overnight, blood withdrawn frone tlats by
cardiac puncture, centrifuged at 3,000rpm for20 amid the plasma was collected.

Biochemical analysis
Plasma and urinary calcium was analysed using Randdt purchased from England, while
faecal dropping, bones and teeth of the rats weaitysed for calcium using the method of Belcher doter [11].

Statistical analysis
All data were analyzed using one-way ANOVA, p<0wWas considered significant. SPSS 14.0 was useddta
analyses.

RESULTS

Table 1: Plasma Calcium in Experimental and Control Male Albino Rats

Group PlasmaCa® mg/dl % Difference from Control

G1 6.465+0.30

G2 8.302+0.43 0.00
G3 10.193+0.4% 22.78
G4 13.24520.7%4 59.54
G5 15.703+0.34 89.15

Values are expressed as mean + SEM for six (6)patgroup. Values with different superscripts significantly different (p<0.05).

Table2: Urinary Calcium Excretion in Experimental and Control M ale Albino Rats

Group Urinary Ca?* (mg/dl) % Difference from Control

G1 2.61+05°

G2 2.94 +0.4° 0.0C
G3 6.55 + 0.58 122.66
G4 6.64 + 0.57 125.72
G5 7.16 + 0.66 144.19

Values are expressed as mean + SEM for six (6)patgroup. Values with different
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. Table3: Feacal Calcium in Experimental and Control M ale Albino Rats

Group Feacal Ca?* (mg/100g) % Difference from Control

G1 16.09 + 0.61

G2 22.02 +0.61 0.00
G3 19.71 £ 0.63 -10.49
G4 19.92 +0.72 -9.54
G5 19.61 + 0.56 -10.92

Values are expressed as mean + SEM for six (6)patgroup. Values with different superscripts significantly different (p<0.05).

Table4: Bone Calcium In Experimental and Control Male Albino Rats

Group BoneCa® (mg/g) % Differencefrom Control

G1 61.50+1.20

G2 90.00+0.28 0.00
G3 88.07+0.5 2.14
G4 87.11+0.6% -3.21
G5 85.06+0.7% -5.49

Values are expressed as mean + SEM for six (6)patgroup. Values with different superscripts significantly different (p<0.05).

Table5: Teeth Calcium in Experimental and Control Male Albino Rats

Group Teeth Ca®* (mg/g) % Differencefrom Control

G1 55.75 + 0.5°

G2 89.39 + 0.97 0.00
G3 82.72 £ 0.64 -7.46
G4 75.11 + 0.63 -15.98
G5 69.06 + 0.5%7 -22.74

Values are expressed as mean + SEM for six (6)patgroup. Values with different superscripts significantly different (p<0.05).

Table 1 shows the plasma calcium level of albirts cansuming various concentration of sucrose.ghiicant
increase (p<0.05) in plasma calcium level was olezbmwhen the experimental groups (G3, G4 and G®rew
compared with the control (G2) with an increasieggentages of 22.78, 59.54, and 89.45 respectindigating a
progressive increase in the plasma calcium levéi@sucrose consumption increased.

Shown in table 2 is the effect of sucrose consumnptin urinary calcium level in male albino ratssignificant
increase (p<0.05) in urinary calcium level was obseé when the experimental groups (G3, G4 and G&ew
compared with the control group G2. However, ther@s no significant difference (p>0.05) between the
experimental G3, G4 and G5 showing that sucrosdéndn urinary calcium level was not dose dependent

Table 3 showed the effect of sucrose consumptiorieanal calcium. A significant decrease (p< 0.05feacal
calcium level was observed when the experimentaps (G3, G4 and G5) were compared with the cogimlip
(G1). However, there was no significant differeige0.05) between the experimental groups G3, G4GHavhen
compared with each other showing that the effesucfose intake on feacal calcium was not dosendkgme.

Table 4 showed the effect of sucrose consumptioboore calcium. A significant decrease (p<0.05)anédocalcium
level was observed when the experimental groups &3and G5) were compared with the control gra@g)(
with a percentage decrease of 3.21 and 5.49 régplgct

There was no significant (p>0.05) difference betwé&2 and G3, as well as in G3 and G4, and G4 and G5
respectively. However there was a significant défee (p<0.05) between G1 and G2.

Table 5 depicts the teeth calcium level of ratsscoming various concentrations of sucrose. A sigaift decrease
(p<0.05) in teeth calcium level was observed whnexperimental groups (G3, G4 and G5) were coatpaith
the control group(G1), with a decreasing percentafie7.46, -15.98, and -22.74 respectively, inditata
progressive decrease in the teeth calcium levilleasucrose consumption increased.

DISCUSSION

Various investigators have established the relatignbetween sucrose intake and calcium statug,[33]; and the
link in causation of dental caries and cardiovaacdisease [2, 14]. However, the optimal level @fisumption is
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still controversial and inconclusive [10]. This dyudemonstrated the adverse effect of consuminly sigrose diet
(more than 10% energy supply from sucrose) on masaitium, bones and teeth integrity

Changes in plasma calcium levels that were obserirethts fed with different concentrations of sage diet shows
that the higher the sucrose intake, the highepthgma calcium as evidenced in this study (TahleAlprogressive
increase of 22.78% was observed in the group fed ¥0% percent energy supply indicating that inticitbn of

sucrose into the diet of the rats increases thenmacalcium and the effect continued until aboW90crease in
plasma calcium was observed with the group fed 8% energy supply from sucrose. This result isdnsonance
with the previous reports [5, 15, 16], that higlerase diet leads to alteration in calcium balamchumans. It was
also shown that calcium homeostasis depends oaryr@alcium loss and absorption from food whichffected by
the type of diet as reported previous investigatbys

One of the mechanisms suggested on how sucrosaligttalters serum calcium is by increasing uriatiam

levels and also increasing serum insulin levels taiglmay be the reason for the slight fall in lagucose of rat
fed with a high sucrose diet 43.00+1.6mg/dl whempgared with control 50.8+1.15mg/dl [13]. The caft@ueffect

of sucrose is thought to be the result of reduaedlar reabsorption [12, 15].

The result demonstrated clearly that sucrose intakteased plasma calcium which may eventuallyease urinary
calcium excretion. Increase in sucrose consumpaimve 10% percent energy supply may have a detraineffiect

on the plasma calcium level as already shown thatita90% increase in plasma calcium is observechvgherose
intake increased from 0% to 30% energy supply. $hidy therefore supported other reports whichatdiszged the
intake of sucrose at high level and also corrolearéhe fact that when sucrose supply is more tit&a af energy
requirement which is the FAO/WHO's joint committeseommendation, it may have an adverse effect asnm
calcium. Since serum calcium has been associatddcaidiovascular risk factor, it could be concldidieat sucrose
rich diet which increases serum calcium may evdlytircrease cardiovascular risk [9, 10].

This study revealed that increase in sucrose copsomalso increased urinary calcium. Increaserimany calcium
of about 144% was observed when G5, 7.16+0.66nvggdl compared with control group (G2) 2.94+0.49. ©he
the mechanisms proposed on how sucrose diet iregaamary excretion is reduction in tubular reapson [5,
15]. A substantial increase in urinary calcium e&lby sucrose rich diet has been suggested toageithe risk of
developing bone loss associated with aging [5, 13].

The faecal calcium depends majorly on the absardtiom diet which is as a result of intake ofoiain with a
meal [17]. Increase in faecal calcium observed 2n(£2.02 + 0.61) when compared with the baselinke(15.09 +
0.61) shows that as the rats grow older, there avdscrease in absorption of calcium which was ctftbin the
faecal calcium. However, decrease in faecal caladbserved in (Table 3) shows that inclusion of sserin the
diet increases calcium absorption, though not dieggendent. This is contrary to the report of Tjhdae and
Larmas, [18]. The possible explanation for thisildobe that increase in urinary excretion of cattimay drive
absorption and bone reabsorption as shown in Tabkesd 5 where sucrose consumption decreases bdrienc
and teeth calcium.

The study revealed that inclusion of sucrose indite¢s of the rats increases the calcium absorp@tiah decreases
faecal calcium. This mimics hypercalcuria conditasexplained by previous investigators [19, 20].

A downward trend observed in bone calcium in #iigdy indicated that as sucrose consumption inesgdsone
calcuim reduces, though the only significant reidunc(p<0.05) was observed in G4 and G5 comparéid ggntrol
G2 (Table 4). The reason is that calcium is natest@s such.The mineralization of bone requiresechetabolic
work, i.e. a composite of a protein matrix encrdsigith mineral cystal [17]. This decrease in pimotntent of the
diet as sucrose content increase [10] might leatbtwease in available protein for calcium metabol It appears
that bone calcium is easily affected by proteintustaof food. The synergistic effect of decreasetubular
reabsorption as reported by Ericsson et al[5] méduce bone resorption in order to raise seruroiwal. Also as
reported by Broadust al [20], higher protein intake is needed to promatéciom absorption.The reduction in
calcium level as shown in Table 3 and protein levigh the combined effect of reduction in tubulegabsorption
may cummulatively reduce bone calcium which magrlae responsible for osteoporosis [17].
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Tooth decay or dental caries is believed to be edly the presence of sucrose in the diet therabgwraging
bacteria that causes tooth decay [21, 22, 23]. Meweaecent studies have shown that tooth decalg dmimore of
calcium metabolism which make teeth more vulnerabldacterial attack and as it has been shown High
sucrose diet affects teeth development and intedr] by lowering calcium availability to the téet

The result obtained in this study showed a decrageeth calcium content as sucrose intake ineckastake of
sucrose at about 10% supply of energy decreas#d ¢akcium by 7.46% while 20 percent and 30 perseistose
supplies of energy reduced teeth calcium by 15r@B22.74% respectively. Thus it appeared thatdbthtare more
vulnerable to calcium depravity than bones.

CONCLUSION

High sucrose diet altered calcium status by inéngaplasma and urinary calcium levels; decreaseagél, bone
and teeth calcium contents, which may adversebcaffardiovascular, bone and dental health.
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APPENDIX

Appendix 1: Commercially produced stock diet

Food congtituents

Per 100g Weight

Ener gy [kcal/100g]
Carbohydrate [%]

Protein [%]
Fat [%]

Dietary fibre[%]

Calcium [%]

Phosphorus[%]

Moisture [%]

365
62.0
21.0

35
6.0
0.8
0.8
5.0

Salt Antioxidant & Antibiotics0.9

Analysis of this diet as revealed by the manufactliradokun feed Nigeria Limited Ibadan Nigeriajosted the following constituents

Appendix 2:Raw ingr edients of commercial diet

1 Maize

2 Wheat middling
3 Groundnut cake
4 Bone meal

5 Oyster shell

6 Salt

7

Antioxidants and antibiotics

Appendix 3: Dietary calcium (%) content in 100g feed

SUCROSE CONTENT  CALCIUM CONTENT  TOTAL CALCIUM (%)
Gl - 100 (0.008) -
G2 - 100 (0.008) -
G3 9.332(0) 90.668 (0.008) 0.73
G4 18804 (0) 81.196 (0.008) 0.65
G5 28.418(0) 71.582 (0.008) 057
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