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Original Research Article
Minimizing bioavailability of fluoride through addition of calcium-magnesium citrate or a

calcium and magnesium-containing vegetable to the diets of growing rats

Abstract
Introduction: Fluorosis is a public health problem in Ethiopiuoride absorption may be
decreased by dietary divalent cations which formoluble complexes with the

fluoride ion.

Aim: This study aimed to assess the effect of dietalgium-magnesium citrate dfloringa
Senopetala dry leaf on apparent absorption of fluoride innaais.

Samples. Animals (14 weeks) were on fluoridated/non-fluatiel water and calcium and
magnesium supplemented diet.

Study Design: Rats received fluoridated or non-fluoridated (cobtwater (10mg/L) with or
with out Calcium magnesium citrate (0.5mg) or mganstenopetala dry leaf powder(0.19)
blended with daily ration.

Place and Duration of Study: Department of food science and nutrition reseaithjopian

Public Health Institute, 2014

Methods. Twelve female Wistar rats of similar age (14 weeknd weight (186.7+£5.4 g) were
placed in metabolic cages for 42 consecutive dayk given one of 4 treatments:
corn-soya blend (CSB control); CSB and fluoridatedter (10 mg/L F); CSB,
fluoridated water (10mg F/L) and calcium-magnesiuitrate (0.5mg); CSB,
fluoridated water (10mgF/L) andoringa Senopetala (0.1g). Urine and faeces were

collected weekly.

Result: Supplementation of calcium-magnesiumMuoringa Stenopetala leaf significantly (p <
0.05) reduced urinary fluoride and increased fdtaride level, indicating less

absorption of fluoride.

Conclusion: This study provides evidence for a dietary appinda reducing fluorosis.

Keywords: fluorosis, divalent cations, moringa, fluoride bioavailability
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Introduction

Fluorosis has no treatment but can be preventedighruse of non-fluoride contaminated water
and appropriate dietary intervention. Data obtaifrech dietary supplementation studies have
suggested that inadequate levels of ascorbic acicalcium are related to the manifestation and
severity of fluorosis (Srirangareddy and Srikardte¥1). According to Susheela and Bhatnagar
(2002) toxic effects of fluoride can be reversedl ovy by withdrawing the fluoride source but
also by providing a diet adequate in protein, caicand vitamins C, E, and D. Researchers have
proposed that antioxidants play a protective rolefliorosis (Sridharan et al 1999; Chinoy
1978). Superoxide dismutase (SOD) afetarotene were also implicated in effectively
mitigating impaired growth due to fluoride toxicitg rats (Wang et al., 1994). The divalent
cations calcium and magnesium can form insolubtepdexes with fluoride and this is assumed
to reduce fluoride bioavailability through minimizgy absorption when supplements or foods rich
in either of these cations are consumed (Cerkle®8%7; WHO, 1994). Calcium intake in
Ethiopia is reported to be low (Ethiopian PublicaHl Institute, 2013; Malde et al, 2004).
Moringa is a calcium-magnesium and antioxidant fimbd (Babu 2000)Moringa Stenopetala
leaves (Moringa) are commonly consumed as a velgeitalsome communities of south Omo in
Ethiopia. However, the consumption of Moringa leaf vegetable is not widely practiced in
known fluorosis endemic areas of Ethiopia. Henlke,ossibility of using Moringa leaf powder
for minimization of the bioavailability of ingestdtlioride has not yet been attempted, to our

knowledge.

The objective of this animal trial was to assessgbtential migration effect of a common bone
health supplement (calcium-magnesium citrate) arddcally available food (Moringa). The
hypothesis was that when calcium-magnesium combai#s fluoride it forms insoluble salt
(calcium-magnesium fluoride) in the gut and thereeéguces the bioavailability of fluoride in
plasma and consequently in urine (Buzalaf and Widif2011). A further benefit may be seen

with Moringa due to its antioxidant content.

Materialsand Methods
Sudy Design
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This animal experiment was conducted at Food Seiemd Nutrition Laboratory of Ethiopian
Public Health Institute (EPHI). Female Albino Wistats (14 weeks, mean weight (186.7+5.4 Q)
were randomly assigned to experimental diets (TdbleThe rats were obtained from EPHI
zoonosis Research Section. The rats were kept foeeks in separate cages and fed a control
diet prior to start the experiment to provide a g period and stabilize them to the new
environment. The rats were then placed in metalwalges that enabled collection of faeces and
urine for 6 consecutive weeks. Faeces and urine wellected at every 24 h interval. After
collecting zero-time faeces and urine, rats wewk tfee experimental diets (Table 1). Each
morning leftover food and water was measured ducage cleaning. Rats were housed in a

room providing a mean daily temperature of 20 £@.2nd 12 hour day-light cycle.

Table 1. Nutrient content of corn soya blend (CSB) used for animal ration

Nutrient CSB/100g blend
Carbohydrate, g 68.0
Protein, g 18.3
Moisture, g 9.6
Fat, g 11.2
Ash, g 3.0
Energy, kcal 425.8
Fiber, mg 9.7
Calcium, mg 133.7
Magnesium, mg 258.3
Iron, mg 3.2
Phosphorus, mg 359.6
Zinc, mg 2.9
Potassium, mg 966.9
Sodium, mg 7.8
Thiamin, mg 0.3*
Riboflavin, mg 0.5*
Niacin, mg 3.1*
Pantothenic acid, mg 0.9*
Vitamin b6, mg 0.5*
Tocopherol, mg 0.9*
Vitamin A (1U) 205.0
Folate (uQ) 0.1*

*Calculated using food composition table, the meste analyzed at EPHI laboratory
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Treatment groups

The four groups of rats were; (i) control diet fc@oya blend (CSB), called FF (fluoride-free);
(i) CSB plus fluoridated water, called FC (fluagidontrol); (iii) CSB + F + calcium-magnesium
citrate, called CA (added calcium-magnesium); 08B + F + moringa called M (moringa dry
leaf powder added). For treatment (iii), calciumgmeasium citrate was added (1000 mg tablet
containing 200 mg calcium and 100 mg magnesiumgeé8olLTD, USA). For treatment (iv)
Moringa Senopetala dry leaf powder, collected from Konso in the $wutst of Ethiopia was
blended with the food. For treatments (ii),)(iand (iv), water provided to rats was fluoridated
at 10 mg F/L.The amount of calcium-magnesium citrate, and mariagded to diets was
determined as follows. Based on first week of iiegdCSB (washout period), average food
consumed per day per rat was 15 g and average e@isumed per day per rat was 18 mL. The
expected F ingested per day per rat from water w82 mg (0.01 mmol F). Thus calcium-
magnesium needed to bind all the ingested fluaoderm Cak, and Mgk, was calculated to be
0.005 mmol total from Ca Mg, based on stoichionsetquivalent. To mix the CA and M diets,
0.5 mg tablet and 0.1 g moringa dry leaf powderemgsed to blend with 15 g of the CSB,
respectively. The moringa dry leaf powder contai@g®d0 mg Ca and 450 mg Mg per 100 g of
the leaf powder, and the amount calculated to Ibswned per rawvas 0.1g per day to provide
0.2 mg Ca (0.005 mmol Ca) and 0.4 mg Mg (0.02 mihg). Therefore, the combined mineral
used to bind the ingested fluoride for the Moriggaup (M) was 0.025 mmoln the study 0.5
mg of the calcium-magnesium citrate tablet, blenalétt 15g CSB provided 0.1mg Ca (0.0025
mmol Ca) and 0.05 mg Magnesium (0.0021 mmol Mg)cWwhogether provided 0.0046 mmwol
0.005mmol.

Homogenization of Corn Soya Blend (CSB) with cal cium sources

To prepare the two treatment diets (CA and M), eadtled constituent was first blended in a
small amount of diet before being diluted into &ile gram used for two weeks. For M, 6.7g of
Moringa dry leaf powder (MDLP) was first homogerdzeith 100g CSB. The blended 100g
CSB-MDLP was back homogenized thoroughly with 9@®8B in a blender so that MDLP
homogenously distributed in the final 1kg blendeTHomogenization was repeatedly conducted

for 15 minutes by reducing the portions of the Hish powder and back adding for maximum
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homogenization. The calcium magnesium citrate waslasly homogenized by first adding
33.3mg tablet to 100 g CSB and back making the finay of CA diet. These blends of Moringa

and calcium magnesium citrate were made every tesks.

Animal care

The rats were placed in plastic (made of polyetig)anetabolic cages equipped with secondary
cups that collected any spilled food and water. i&te had free access to food and water (Table
2). All procedures were carried out according te guidelines for animal research. Chemical

reagents used were of analytical grade and ofésepmssible quality. The research protocol was
approved by research ethical clearance committéghobpian Public Health Research Institute

(EPHI). After completing the experiment, the anisnalere back handed to animal house,

zoonosis for proper removal as described/explaimedules and regulations for experimental

animals

Table 2: Food and water consumed by rats over study weeks (mean,( SD)) and room
temperature housing metabolic cages

Group Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6
Food FC  15.0(0.0) 16.8(0.7) 18.8(0.7) 20.9 (0.8) 21.9(0.8) 22.8 (0.6)
Intake CA 15.0(0.0) 17.3(1.1) 18.2(1.0) 19.4(0.9) 20.7 (0.1) 21.2(0.2)
(9) M 15.0 (0.0) 16.1(0.5) 17.1(0.5) 18.9 (0.4) 20.5(0.4) 21.0(0.7)
FF  15.0(0.0) 17.1(0.7) 18.4(1.2) 19.6(1.2) 21.4(1.8) 22.4 (1.0)
Water FC  18.7(2.0) 21.0(0.0) 25.0(3.6) 20.0 (1.7) 26.7 (1.2) 24.7 (2.3)
Intake CA  19.0(3.5) 22.7(0.6) 27.7(7.6) 26.0(0.0) 27.7 (0.6) 27.0(1.7)
(ml) M 36.7(1.2) 26.7(1.2) 27.0(1.70) 26.3(1.5) 22.3(5.5) 19.3(2.3)
FF  19.8(4.0) 16.7(1.2) 20.3(4.0) 20.3(6.7) 27.7 (2.9) 25.7 (9.0)
Room noon 20.2 19.3 22.3 22.1 21.8 20.9
Temperature

FF= fluoride free; FC = fluoride control (+ F in tegd); Ca =added calcium-magnesium citrate +

F; M = moringa dry leaf +F

Analysis of fluoride in urine and feces

Fluoride in urine was analyzed by the method ofo®r{2001) using combination fluoride

electrode (perfect ion) and pH/ion meter (Jenwag533The rat feces were dried and moisture

content analyzed prior to analysis forfluoride aedes using the method adapted for food by
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Malde et al. (2001). The validation of method waaducted using spiked samples and analysis
of reference materials. As a quality control 5ugpflde was spiked onto feces and urine and
analyzed along with the samples. Standard referaraterials, plant material (Timothy high -
2695, NIST) and fish tissue (Fish powder, 0268)anse material, National Institute of Nutrition
and Seafood Research (NIFES), Norway) were alstyzathalong with the samples to validate
the method. The recoveries of spiked samples shatwhe method had percent error < 5%. The
analysis from reference material showed 104.4 %vwery from feces and 98.6 % from urine.
Coefficient of variation (CV) was found as 6% fdamt material.

Satistical analyses

Data are presented as mean + standard deviation CRparisons among groups were carried

out using one-way ANOVA.

Results

Figure 1 shows the weight gain of animals througtiba six week study. The percent weight
increment of Moringa or calcium supplemented rats f@gher than the controls (40%). The
weight gain of animals given fluoride (FC) was geedhan that of rats not given fluoride (FF).
By week 7, significant differences (p > 0.05) welmserved in percent increment of body weight

among the treatment groups.
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Figure 1. Percent increment of body weight of oatsr 7 weeks of study period by treatment
group: normal diet, non-fluoridated water (fluorfitee, FF); normal diet, fluoridated
water (fluoride control, FC); diet supplementedna@alcium-magnesium, fluoridated
water (calcium-magnesium, CA); diet supplementetth wioringa, fluoridated water

(moringa group, M).

Fecal Fluoride excretion

Fecal excretion of fluoride by treatment group othexy 6 weeks of feeding is given in Figure 2.
The fluoride-free (FF) control group showed litflecal excretion. However despite being
provided with fluoridated water the fluoride cortrgroup (FC) also showed little fluoride

excretion, indicating almost 100 % absorption affide had occurred. In contrast rats given
calcium or Moringa along with fluoridated water (Ca#ad M, respectively) showed higher

fluoride fecal excretion which was not different digtary treatment.
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Figure 2: Fluoride in feces of rats (mg/kg of feoager 6 week study by treatment group:
normal diet, non-fluoridated water (fluoride-fréds); normal diet, fluoridated water
(fluoride control, FC); diet supplemented with Gafa-magnesium, fluoridated water
(calcium-magnesium, CA); diet supplemented withringa, fluoridated water (moringa

group, M).

Data in Table 3 indicate that average excretiorfluairide by rats that consumed fluoridated

7
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water (FC) was not significantly different (p = BQ) from non-fluoridated (FF). Average
excretion rates by the calcium-magnesium or Morsigaplemented groups were similar to each
other (p = 0.395) but significantly greater thaattbf fluoride controls (p < 0.05). In fact, the
fecal fluoride of supplemented groups (CA and M) almost double of the non-supplemented
one (FC).

Table 3. Average fecal fluoride (mg/kg) and urinefluoride (mg/L) of rats over 6 week study

Treatment N Fecal F Urine F
mg/kg mg/L
FF 3 36x1.0° 4.6°+0.6
FC 3 6.4 £0.8 76.0°£8.5
CA 3 147+ 4.8 55.9°+ 6.9
M 3 13.1 £4.0 55.2°+ 7.6

*Means in columns having the same letter are rgtiscantly different (p < 0.05)
FF = fluoride free; FC = fluoride control (+ Fwater); CA = added calcium-magnesium citrate

+ F in water; M = moringa dry leaf + F in water

Urine Fluoride excr etion

Rats given no fluoridated water (FC) showed littienary fluoride excretion (Figure 3) over the
six weeks. For all three groups given fluoridateter (FC, CA, M), there was a similar pattern
of fluoride excretion in urine until week 5 whennary fluoride of rats having the control diet

rose compared to the other two groups (CA and M).
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Figure 3: Urinary fluoride (mg F per L of urine) i@ts over 6 week study by treatment grc
normal diet, norfluoridated water (fluoric-free, FF); normal diet, fluoridated war
(fluoride control, FC); diet supplemented with Gaf-magnesium, fluoricted water
(calciummagnesium, CA); diet supplemented with moringagridated water (moring

group, M).

The average urinary excretion of F, shown in Tehlendicates that when given no exter
source of fluoride (FF), urinary excretion was lovrear all other treatment groups (p = 0.00C
Those rats given fluoridated water, however, ddteim urinary fluoride excretion according
dietary treatment: rats given either calc-magnesium (CA) or moringa (M) had significan
less urinary fluoride tin control rats (FC) (p = 0.001), but were notadi#ht from each othe
(p=0.410).

Discussion

Fecal and urinary fluoridexcretiors in rats were compared after dietaypplemetation with

calcium and magnesium or Moringa in combinationhwhigr-fluoride drinking water.Fecal

fluoride was measured tefleci the portion of fluoride that wasound and compled into an

insoluble salt. Fecal fluoridevas low inrats given fluoridated water (F®r fluoride-free
drinking water (FF), indicatinghatalmost all the fluoride in the watbiad bee absorbed. This

9
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is in accordance with other studies which founduoién in urinary fluoride on addition of

calcium and antioxidants (Susheela and Bhatna@@2)2 In contrast, when adding calcium and
magnesium or Moringa to the diet (CA and M groufis},fecal fluoride concentration increased
significantly, indicating decreased fluoride abgmnp. There is no significant difference in fecal

fluoride excretion between these two treatmentsg(&usheela and Bhatnagar, 2002

Urinary fluoride is also assumed to reflect fluerigbsorption, as it shows that fluoride has been
absorbed and then is excreted by this route; howéves less quantitative than fecal fluoride
since some absorbed fluoride might be retainetienbbdy such as in bones (Tathal., 2005).
Urine from the FF group had, as expected, low fietevels. The FC group had the highest
urinary fluoride concentrations, indicating thatteraborne fluoride was absorbed (p < 0.05).
The rats treated with calcium-magnesium or Morihgd significantly lower urinary F compared
to the FC-group suggesting less F absorption. €keltris similar with the study froSusheela

and Bhatnagar (2002). There was no significant difference between CA lhahdicates equal

amounts of fluoride were absorbed.

The increase of fecal fluoride content and decreéseinary fluoride in rats supplemented with
calcium-magnesium and or calcium-magnesium richd$o@Moringa) strongly suggests that
fluoride combines with calcium-magnesium to formdtluble compounds that are not absorbed.
However, in the case of Moringa, it is not knownettter the binding is solely due to its calcium
and magnesium content, or whether other factore ascanti-oxidants contribute to the effect
(Susheela and Bhatnagar, 2002). Nevertheless,ideioombining elements that prevent F
absorption, if consumed in diet/beverages, shoudgnt or slow the progression of fluorosis.
The Rift valley communities of Ethiopia which arw&ving under fluoride burden due to
contaminated water with fluoride (Tekle-Haimanotaét 2006) may benefit from diversifying
their diet with calcium-magnesium and anti-oxidaoh foods such as milk, moringa, and kale,
all of which are locally available. Moreover sing®ringa and vegetables like kale are rich in
anti-oxidants (vitamin C and provitamin A), usirgese foods may also reduce the toxicity that
might be caused due to fluoride (Sridharan et 881 €hinoy 1978).

10
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This study had limitations. The study had a retdtivshort period (7 weeks) to reflect a
condition (fluorosis) that takes a long time to miest. Calcium, magnesium and antioxidant
levels were not directly measured in any of thattreent diets, or in urine or feces. However, the
fluoride concentration used for inducing the flgariload was similar to the drinking water

fluoride level in the Ethiopian Rift Valley commuieis (Tekle-Haimanot et al., 2006).

Conclusions

Adding Moringa or calcium-magnesium citrate to thet of rats given a high load of fluoride in
drinking water increased fecal excretion and reduainary fluoride of rats, indicating that diet
can prevent fluoride uptake. These experimentalstindicate that fluoride bioavailability can
be reduced by complementing the diet with calciuagnesium rich foods. In areas of the world
such as the Rift valley of Ethiopia where fluorosiscurs, mitigation of fluorosis may be
possible with calcium-magnesium rich diets. Thigdgtprovides evidence for a dietary approach

may be an effective strategy in reducing endenicrisis.
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