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Abstract: The aim of this research is a chemical studyefabsorption Iron(ll) in physiological media ireth
human body and to determine the optimum conditfonghe absorption within the duodenum.The study ha
been carried on to pharmaceuticals that contdiigla percentage of iron in laboratory conditionserable
physiological conditions within the duodenum indhglpH and temperature.Also to study the effecadding
some materials on stability of Iron Il in physiolcal media to decide Whether this effect is positiv negative
such as ascorbic acid , folic acid and calcium.\&feehalso put optimum conditions of substancessiticeease
the absorption of Iron (ll) for substances thateha positive effect on the stability of Iron(Ijch as ascorbic
acid and folic acid and we have studied separdtme between doses of iron and other materiaét hhve a
negative effect on the stability of Iron(ll) inglduodenum such as calcium.
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| ntroduction:

Iron exists in the structure of many of the cefisthe human body, such as hemoglobin (Hb), mussseid
(meloglobin) responsible for storing oxygen in thascles and the enzymes responsible for theataidof
carbohydrates and fat within the body.And is onthefmost important metal ions in the human body.

Intestine absorbs iron on duo/dual forms becaugs the least availabe form and not constant.:sidy the
factors that increase the stability of duo ironttled to increase the absorption process in ttestine and
enable the human body to benefit from it optimallyie most.

Mechanism of iron absor ption in the human body:

Iron is absorbed in the upper part of the intestin®-10% of the iron exists in food in the preseof a factor
returns such as vitamin C .The remaining iron bexora burden on the colon.2

Iron is absorbed in the wall of the intestine irodorm, and if the proportion of duo forms is ingsed the
absorption of iron will be increased within intestj after the duo iron crossing the wall of iritestt is re-
oxidized again to triple iron and associated witbratein called ferritin because it is not allowtedriple iron
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to be free without link in the bloodstream and thawels through the blood to be used in the badh as the
liver, bone marrow and other organs.

Upon its arrival to the centers of its use, trijptan liberates from ferritin to be used in the $)atis of red blood
cells, or to be used in other uses.
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Figure(1) absorption of duo iron in the human body.!

Study Reference:

(although | made awide search ,| could not find a rsear ch pertaining to this studyafter 2008)

A study ispublished in Human Nutrition Journal In 1986 :

As a result 299 studies presented in this arealdVleantaining non hemi iron and knighted radib&cisotope
of iron found that diets did not contain ascorlimairon absorption was less absorbed than thaamed
ascorbic acid.3

A study published in the Journal of Clinic Nutrition in 2001:

Absorption of iron was studied in the presenceitaimin C on three periods:Long-term ,medium-termd an
short-term .

The absorption of iron Increased to 14% in longatethe absorption of iron Increased to 14% in madiarm
and increased to 12% in short-tefm .

A study published in 1965 in the British medical journal
This study showed that there is a relationship betwiron deficiency in pregnant women and folicdound
that giving doses of folic acid reduces the liketd of anemia in pregnant womén .

A study was conducted by the University of Kansasin the United Statesin 1991:

Used 3 types of calcium salts-

Calcium phosphate calcium carbonate and, calcitrate

The first reduced iron absorption about 62-65%stwond reduced iron absorption about 49-50% anthitte
reduced iron absorption about 20-25%.

Therefore proposed the use of calcium carbonagedéstary supplemefit.
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A study was published in Food Chemistry in 2006:
It studied suitabl pH on the stability of duo irtrat has been added to fruit juices .

It used reagent pyridine derivatives in the measereé method to determine the optimal conditionetdize
the stabilization of the added iron and color ¢stesicy of the juice that contains citric acid.
the result of the study showed that the properatge is between 5-8 .

A study was published in M eta Science in 2007:
It studied the effect of adding ascorbic acid aitdc acid on the stability of beef coulor.

It showed that the color stability increases whegoebic acid is added for meat.This stability waséased
when the concentration of ascorbic acid was raisech 3% to 10% this result attributed to the retchn
properties of this acid .

By adding the combination of ascorbic acid andadcid the stability of chromatography of beef@ased
because of the oxidizing properties of citric &tid.

Research M aterials and M ethods

First- Ferrous Sulfate Heptahydrate (FeSo04.7H20)
SECOND-PAR Reagent: 4-(2-Pyridylazo)resorcinol nsmtbum salt mono hydrate indicator reagent.

We use sodium salt of PAR which has the outlinethtda
C11H8N3NaO2 *H20
that reacts with Duo Iron to make complex by thofeing equation:

4-(2-pyridylazo)resorcinol= H2L .
MX2 + 2H2L — M(HL)2+ 2HX

where M = Fell (X =CI)
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Figure (2) Chemical formula of PAR compléx.

Third- (borax 0.05 Molar):

Sodium salt of boric acid (tetra sodium borateppred by mixing sodium hydroxide with boric acid.
Na2B407.10H20

Borax Mouka solution is used in the measuremenhaoae.

Fourth- folic acid 0.1 Molar C19H17N706

Fifth- ascorbic acid (0.1 Molar)

Outlined Formula: C6H806

Sixth- EDTA solution 0.1 Molar used in the methddreasurement (masking reagent)
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Methods of M easur ement:
There are several ways to measure duo iron orteeaf:t

1-The method uses ortho phenanthroline, that maleasye complex with duo iron .
2-The method uses reagent of pyridine derivativieish is more selective and welknown :

Highly selective and sensitive spectrophotomettetermination of Iron(ll)with 4-(2-Pyridylazo)
resorcinol(PAR):

This method has been used in the measurement doraluto high selectivity , sensitivity and
stability colorimetric with duo iron bar complexes.

This method is still being used to determinate o in analytical laboratories in pharmaceutical
plants.?

Results and Discussion:

Study the effect of ascorbic acid on the stability of duo iron in similar conditions of physiological media:

Standard series was prepared containing 10 ml wbée Sulfate Heptahydrate 0.1 Molar where the elegf
PH 3-4 then added a mixture of borax and sodiunndxyde as buffer solution to become PH 6.5 sindlegree

of biological media in the intestinal then addedfedent concentrations of ascorbic acid and measure
absorption at the wavelength of 520 nm using PARdent 0.1 Molar at a temperature of 37°C, pHaédb
added the PAR after one minute of the mixing preces

Table (1) Shows the values of the absorption of duo iromifferent concentrations of ascorbic acid

Volume (ml)| Added Absorption Absorption Absorption Absorption
ferrous ascorbic acid reading reading reading reading
sulphate 0.1 M concentration | Al A2 A3 A

(mol /1) (Average)
10 0 0.054 0.052 0.053 0.053
10 0.005 0.056 0.055 0.057 0.056
10 0.01 0.064 0.062 0.063 0.063
10 0.015 0.069 0.069 0.069 0.069
10 0.02 0.074 0.074 0.074 0.074
10 0.025 0.079 0.08 0.078 0.079
10 0.03 0.080 0.081 0.082 0.081
10 0.035 0.082 0.082 0.081 0.082
10 0.04 0.082 0.081 0.082 0.082

We noted from the table (1) when the concentratibascorbic acid is increased the duo iron absadas
increased as well.

This result is attributable to the reduction prajesrof ascorbic acid.We noticed by increasingcibrecentration
of ascorbic acid to more than 0.03 mol / liter.

So it is in vain to increase ascorbic acid highantits limit to increase the stability of duo ireecause the duo
iron absorbance does not increase.
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Study time effect on different concentr ations of ascor bic acid on duo iron absor ption when the
temper ature and pH similar to the physiological media:

A series of standard containing 10 ml of Ferroua®a Heptahydrate 0.1 Molar was prepared a mixaire
borax and sodium hydroxide then was added to be¢hsm®H of the media similar to duodenum-about 6.5;
then different concentrations of ascorbic acid ddd&¥e measured absorption at the wavelength ofr620

using PAR reagent 0.1 Molar at a temperature of & and pH 6.5, PAR was added after 15 minute , 30
minute , 45 minute , 60 minute and 90 minute .

Table (2) shows the values of the absorption of duo iroeraftixing it with different concentrations of
ascorbic acid and different time periods

Volume (ml) | Added ascorbi¢ A A A A A
ferrous acid After 15 | After 30 | After 45 | After 60 | After 90
sulphate 0.1 | concentration minute minute minute minute minute
M (mol /1)

10 0 0.055 0.054 0.055 0.056 0.055
10 0.005 0.055 0.061 0.060 0.062 0.069
10 0.01 0.059 0.068 0.070 0.072 0.079
10 0.015 0.069 0.073 0,079 0.085 0.088
10 0.02 0.077 0.079 0.083 0.097 0.099
10 0.025 0.079 0.083 0.093 0.108 0.111

We can deduce from the table (2) that when yoweame the stay time of ascorbic acid with iron selfa

the absorption of duo iron increases but when weease the stay time more than an hour processriesco
useless .

Study the effect of folic acid on the stability of duoiron in similar conditions of physiological media:

Standard series was prepared containing 10 ml wbé® Sulfate Heptahydrate 0.1 Molar where the e of
pH 3-4 then added a mixture of borax and sodiunrdxide as buffer solution to become pH 6.5 similar
degree of biological media in the intestinal tlaelded different concentrations of folic acid andasured

absorption at the wavelength of 520 nm using Pa&&yent Molar 0.1 at a temperature of 37 ° C , fHabd
added the PAR after one minute of the mixing preces

Table (3) Shows the values of the absorption of duo irom wifferent concentrations of folic acid

Volume (ml) | Added Folic

ferrous acid Al A2 A3 A
sulphate 0.1 concentration Average
M (mol /1)

10 0 0.055 0.054 0.056 0.055
10 0.005 0.067 0.067 0.066 0.067
10 0.01 0.071 0.074 0.077 0.074
10 0.015 0.081 0.083 0.079 0.081
10 0.02 0.085 0.085 0.086 0.085
10 0.025 0.088 0.090 0.092 0.090
10 0.03 0.092 0.092 0.092 0.092
10 0.035 0.091 0.092 0.093 0.092
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We note from the table (3) above that the absampifaduo iron increased with increasing concerdratf folic
acid, but increased it more than 0.03 mol / litecdme useless.This result is attributable to réslugroperties
of folic acid but emanated from a certain percgataecome useless .

Study time effect on different concentrations of folic acid on duo iron absorption when the temper ature
and pH similar to the physiological media:

A series of standard containing 10 ml of Ferroua®e Heptahydrate 0.1 Molar was prepared a mixaire
borax and sodium hydroxide then was added to be¢bem@H of the media similar to duodenum-about;6.5
then different concentrations of folic acid addéte measured absorption at the wavelength of 52@ising

PAR reagent 0.1 Molar at a temperature of 37°Cd.5, PAR was added after 15 minute , 30 mindte
minute , 60 minute and 90 minute .

Table (4) shows the values of the absorption of duo iroaraftixing it with different concentrations of folic
acid and different time periods

Volume Added folic A A A A A
(ml) acid After 15 After 30 After 45 After 60 After 90
ferrous concentration minute minute minute minute minute
sulphate (mol /1)
0.1 M
10 0 0.056 0.055 0.056 0.057 0.059
10 0.005 0.059 0.062 0.065 0.071 0.073
10 0.01 0.064 0.073 0.071 0.073 0.075
10 0.015 0.071 0.078 0.074 0.075 0.077
10 0.02 0.076 0.079 0.079 0.080 0.083
10 0.025 0.079 0.081 0.087 0.094 0.097
10 0.03 0.080 0.090 0.093 0.102 0.105

We note from the table (4) useless of mixing otan sulfate solution 0.1 Molar with folic acid sitilon more
than 30 minutes.

Study the effect of calcium gluconate on the stability of duo lron in smilar conditions of physiological
media:

Standard series was prepared containing 10 ml wbé® Sulfate Heptahydrate 0.1 Molar where the e of
PH 3-4 then added a mixture of borax and sodiunrdyde as buffer solution to become PH 6.5 similar
degree of biological media in the intestinal tredded different concentrations of calcium glucenand
measured absorption at the wavelength of 520 ning AR Reagent 0.1 Molar at a temperature of 87,°
pH 6.5 and added the PAR after one minute of thengiprocess,

Table (5) Shows the values of the absorption of duo iromifferent concentrations of gluconate calcium

Volume (ml) | Added calcium

ferrous sulphate gluconate concentration Al A2 A3 A

0.1M (mol /1) Average
10 0 0.005 0.009 0.007 0.007
10 0.005 - 0.004 - 0.002 - 0.006 - 0.004
10 0.01 - 0.001 - 0.001 - 0.001 - 0.001
10 0.015 0.006 0.005 0.004 0.005
10 0.02 0.010 0.012 0.011 0.011
10 0.025 0.015 0.015 0.015 0.015
10 0.03 0.016 0.018 0.017 0.017
10 0.035 0.018 0.018 0.018 0.018
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We note from the table (5) there was positive glifmm for iron duo when there is no calcium gludeniaut
when you add a 0.01 mol/l of calcium gluconate ahsorption became negative suggesting a negdtact ef
ions of calcium on duo iron absorption in low camications but when the gradual increase of the eatnation
of calcium gluconate the absorption of duo irorréased.

That's a negative effect on calcium absorption ws @on in low concentrations and this effect tumi® a
positive effect in high concentrations but it wasriediately measured without leaving enough timeaitothe
two components (Duo iron sulfate 0.1 Molar withadain gluconate 0.1 Molar).

Study time effect on different concentrations of calcium gluconate on duo iron absor ption when the
temperature and PH similar to the physiological media;

A series of standard containing 10 ml of Ferroua®e Heptahydrate 0.1 Molar was prepared a mixaire
borax and sodium hydroxide then was added to be¢hsm®H of the media similar to duodenum-about 6.5;
then different concentrations of calcium gluconatgded. We measured absorption at the waveleridiB(o
nm using PAR reagent 0.1 Molar at a temperaturg7é6C and pH 6.5, PAR was added after 15 minut , 3
minute, 45 minute, 60 minute and 90 minute .

Table (6) shows the values of the absorption of duo iroerafiixing it with different concentrations of calon
gluconate and different time periods

Volume Added A A A A A

(ml) ferrous calcium After 15 After 30 After 45 After After

sulphate 0.1 gluconate minute minute minute 60 minute 90 minute
M concentration

(mol /1)

10 0 0.017 0.015 0.016 0.018 0.022
10 0.05 -0.152 0.154- -0.162 -0.167 -0.169
10 0.01 -0.192 - 0.209 -0.202 -0.214 -0.219
10 0.015 -0.201 - 0.220 -0.231 -0.233 -0.234
10 0.02 -0.244 - 0.256 -0.260 -0.269 - 0.266
10 0.025 -0.256 - 0.263 -0.266 -0.273 -0.278
10 0.03 -0.262 - 0.267 -0.271 -0.282 - 0.284

We note from the table (6) negative effect of dumniabsorption after periods of mixing it with @ifént
concentration of calcium gluconate.

By increasing the concentration of calcium glucertae negative effect increases.

There was no remarkable difference after 30 mine@eminute and 90 minute. Hence,the calcium gluona
needs to stay with duo ferrous sulphate half am lo give this negative effect on the absorptbduo iron.

Recommendations & Conclusions

First- Duo iron concentration increases by addiscpebic acid .so the absorption of duo iron inoeeas the
duodenum due to reduction ability of ascorbic a€ide continuous increase of the concentratioasobrbic
acid is useless in the absorption of iron.

Second- to increase the time of stay of ascorliit with iron sulfate the absorption of duo ironrieases. But
to increase the time of stay more than an hourptheess becomes useless. so it is preferabléveosgamin
C simultaneously with an iron supplement.

Third-Duo iron concentration increases by addinicfacid so the absorption of duo iron increaseshim
duodenum and continues to increase. The continutugease of the concentration of folic acid islass in
the absorption of iron.
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Fourth- increasing stay time of folic acid withrrgulfate increases the absorption of duo ironsadility in
duodenum. Increasing the stay time to more thamiBQites becomes useless. so it is advisable viofglic
tablets simultaneously with an iron supplement.

Fifth- Calcium affects negatively on the stabilitiyduo iron so its absorption in the duodenum desms. It is
recommended to separate the intake time of calsiypplement from iron supplement no less than twodto
avoid the occurrence of negative impact.
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