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Abstract

An analytical and clinical study has been applied for measure the bioavailability of Zinc in serum of twenty adults
healthy volunteers, using flame atomic absorption spectrophotometer (FAAS) at 213.9 nm. The calibration graph is
linear in the ranges of 0.25-1.5 pug.mL™ with correlation coefficient (R) 0.09996)pg.mL"and molar absorpitivites
22957.76(L.mol*cm™.The concentration of Zinc determined in serum of all volunteers before and after
administered orally a tablet of 50 mg zinc sulphate, produced by Samara drugs company (SDI). All data were
subjected to statistical analysis by calculating accuracy, precision in addition to other parameters. The results
indicate that the average maximum concentration (C-max * SD) of blood zinc was 0.8275 # 0.0511mg.mL *after
one hour of absorption (T-max * SD), however one capsule has drug bioavailability through all day.

Keywords: Analytical, Clinical, Bioavailability, Zinc, Flam atomic abortion.

1. Introduction:

Zinc is an essential mineral for human cell growth, differentiation, and DNA synthesis (1). It is play a critical role
in the development and maintenance of a healthy immune system (2). There are many associations with diarrhea
and increased fecal zinc loss, negative zinc balance, and low tissue zinc concentrations (3). High zinc loss during
diarrhea has been observed in infants )4,5) Zinc supplementation for the treatment of diarrhea may also be critical
in improving overall immune function. Individual zinc deficiency is difficult to accurately assess. Population level
estimates from national food balance sheets are able to determine the amount of bio-available zinc per person per
day by country. These data estimate 21% of persons around the world are at risk of zinc deficiency )6). In 2002 the
World Health Organization defined zinc deficiency as one of the major risks to child health (7).

Zinc is nutritionally an essential element and is required for the activity of a number of enzymes. About 20-30% of
the ingested zinc is absorbed. Within mucosal cells zinc forms metal-protein complexes. Its known to be essential
trace elements and a component of hundred of enzymes (8). Toxicity consequent upon excessive intake of this
metal is rather uncommon (9).

In recent years, the importance of zinc for human health and development (10) and the possible widespread
occurrence of suboptimal zinc intakes (11,12) have gained recognition. The fortification of staple foods with zinc
may play an important role in achieving adequate zinc intakes in at-risk populations. two of the most commonly
used zinc fortificants to date are zinc oxide and zinc sulfate(13).a few earlier studies compared the absorption of
zinc between these chemical forms using the oral zinc tolerance test as a measure of bioavailability, but the results
were conflicting. One of those studies reported a much lower plasma appearance from zinc oxide preparations
compared with zinc sulfate, whereas the other reported no difference. A more recent study used stable isotope tracer
techniques to measure zinc absorption in a group of Indonesian children; in that study, wheat flour dumplings were
fortified with either zinc oxide or zinc sulphate(14) and zinc absorption did not differ between groups. Zinc is an
essential trace element for humans and animals (15). The recommended daily allowance is 11 mg of zinc per day
in diet of a human adult (16). Zinc deficiency produces profound physiological changes. Growth retardation, loss of
taste acuity, skin ulcers, and sexual dysfunction has demonstrated in human studies as resulting from a deficiency
of zinc. A deficiency is common in many diseases, including anemia, cancer and atherosclerosis. Patients with
rosacea who attended the outpatient Clinic of Dermatology and Venereology in Baghdad Teaching Hospital were
recruited into this. A disease severity score was calculated for each patient. The patients were randomly allocated to
receive either zinc sulfate 100 mg or identical placebo capsules three times per day. Zinc sulfate and placebo
capsules were given in a double-blind manner; following three months of starting the treatment. The patients
crossed over, i.e. patients on placebo crossed over to zinc sulfate and those on zinc sulfate crossed over to
placebo(17), and make study for acquired zinc deficiency disease of skin, two patients, who were on long term
parenteral hyperalimentation, developed skin lesions similar to those seen in acrodermatitis enteropathica. Both
patients were treated with oral zinc sulphate and their skin lesions cleared completely. These patients are presented
as an acquired zinc deficiency syndrome (18).

In this work atomic absorption spectrophotometer, was used for measure the concentration of zinc in serum of
human volunteers before and after treatment with 50 mg zinc sulphate tablet, and study the others parameters which
affect the bioavailability of zinc in human body.
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2. Materials and Methods:

2.1 Subjects:

Twenty volunteers (15 males and 5 females) their ages between (24-34) years with a mean + SD of 28.5 + 4.94
years, body weight between (58-84) kg with a mean + SD of 66.90 + 8.59 kg, and height between (160-174) cm
with a mean + SD of 168.5 + 4.11 cm and Body Mass Index BMI (19) range between 0.7305+0.0759g.m™ were
collected from May to August 2013(Table 1). None of the subjects had a history of bone disease, peptic ulcer,
enterectomy, regional enteritis, malabsorption, nephrolithiasis, liver cirrhosis, or renal disorder. Subjects had not
taken zinc or vitamins, or any other drugs for the previous three months, which could affect zinc metabolism during
the week preceding the start of the study. All study subjects were so instructed as to adhere to a daily tablet. All
volunteers have zinc element deficiency in their blood. all volunteers took for one week a single dose of zinc
sulphate tablet 50 mg produced by SDI which was administered orally to all volunteers who have deficiency in zinc
levels, although the supplement of zinc tablet were taken for one week to reduce the deficiency of this element in
their blood. Each subject appeared on the experimental day after an overnight fast.

2.2 Apparatus:

Zinc concentration was determined by using Phoenx-986, flame atomic absorption spectrophotometer
(air/acetylene flame), K-PLC Series Centrifuge, Sartorius BL 210S balance, many plastic tubes, appendorf, stick,
stirrer sterilized before used with demonized water and a Pentium 4 computer (DELL 1545) were used for data
processing.

2.3 Blood Samples:

About three milliliters of venous blood were collected from each subject in the study after 12 hours fast. The
blood samples were collected in plain tubes left at Rome temperate for 15 minute then centrifuge at 3000 rpm for
15 minute. Serum was separated and a liquated for subsequent measurement zinc level at different times 0.0, 0.5.
1.0. 2.0, 2.0, 3.0 and 6 hours intervals of oral administration after supplementation. The experiment was repeated
one week later with the same volunteers and given the tablets from the same batch of zinc tablets. The serum was
analyzed by flame atomic absorption spectrophotometer.

2.4 Analysis:

All samples were analyzed under stander curve which applied according to the instruction manual of
spectrophotometer (Table2). The results were obtained from triplicate measurements. Standard solution for zinc
covering the range of (0.25, 0.5, 1.0 and 1.5) pg.mL™ was prepared by dilution of its stock solution (1000 pg.mL™)
using de-ionized distilled water.

2.5 Data processing and Statistical analyses:

All obtained data were subjected to statistical analysis that was performed by using statistical software

(STATISTICA 6.0), Stat-Soft Co. USA and Excel program office.

3. Results and Discussion:

3.1 Calibration graph:

Linear calibration graph for Zinc were obtained (Figure 1), which show that Beer's law was obey in the
concentration range of (0.25-1.5) p.mL™, The regression equations, correlation coefficients, molar absorptivities,
and sandell sensitivities in addition to other parameters are given in (Table 3).

3.2 Accuracy and precision:

The accuracy and precision were confirmed by analyzing three replicate analyses of three different amounts of
Zinc (within Beer's law) by calculating the relative error percentage and percentage relative standard deviation
(RSD %).The results indicated good accuracies and precision at each of the studied concentration level (Table 4).

3.3 Supplementation and pharmacokinetic parameters:

Zinc is probably the most studied of the trace elements (16). Many clinical of zinc deficiency in humans have been
reported including (nutritional dwarfism and hypogonadism). Also, appetite and taste are adversely affected by a
Zinc deficiency. Zinc is also an important constituent for many enzymes. The recommended daily allowance is 15
mg/day for a male adult and 21 mg/day for lactating women (17). The results of the Zn supplementation study are
shown in (Table 5). The results showed that the mean level of zinc in serum after treatment for one week at zero
time was higher than the level before the treatment by about 7%. The volunteers had were recovered some of their
deficiency form 0.6315 to 0.6775 pg.mL™ throughout one week supplementation treatment. A simple method for
the estimation of absorption rate constant (ka) after oral administration. The method is based on a previous work of
Urso and Aarons known as the regression method of truncated areas for the estimation of absolute bioavailability
for drug with a long elimination half-life. Table 6 shows the mean values of the pharmacokinetic parameters
following oral administration of 50 mg zinc sulphate tablets SDI formula, were, absorption rate (Ka) mL.min™, Half
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time of absorption (Ka 0.5t) mL.min™ elimination rate mL.min™* (Kelem), Half Time of Elimination(Kelem 0.5t)
mL.min*, Maximum Time (T-max) mg.mL™*, Maximum Concentration(C-max) and Auc: Area Under Curve, are
calculated (20). All calculations were done according to Traezoidal Rule (21). The results indicated that (T-max),
which corresponds to the time, required reaching a maximum concentration (C-max) equal one hour (Figure 2).

Table 1: Characteristics of the volunteers

Subject Sex Agelyears Height/cm Weight/kg BMI
1 M 23 170 68 23.529
2 M 24 165 65 23.875
3 M 26 173 63 21.050
4 M 29 166 70 25.403
5 M 20 174 80 26.424
6 M 35 172 78 26.366
7 M 32 171 74 25.307
8 M 27 167 75 26.892
9 M 33 169 73 25.559
10 M 29 173 84 28.066
11 M 30 168 72 25.510
12 M 40 174 69 22.790
13 M 24 160 58 22.656
14 M 23 164 57 21.193
15 F 24 166 60 21.774
16 F 26 168 55 19.487
17 F 29 170 59 20.415
18 F 30 161 60 23.148
19 F 32 165 58 21.304
20 F 34 165 60 24.655
Mean - 28.5 168.05 66.90 23.770
+SD - 4.937 4.110 8.59 2.410
Table 2: Operating Parameters for FAAS
Wave length(nm) 213.9
Slit(nm) 0.3-0.5
Lamp current(mA) 15
Fuel C,H,
Flame high(mm) 6.0
Flame flow(mL/min) 1000
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Figure (1): calibration curve for Zinc standard solution

Table 3: Spectral characteristics and statistical data of the regression equations for determination of Zinc

in serum
Parameter Zn
max (MmM) A 213.9nm
Linearity range (mg/L) 0.25-1.5
Molar abﬁ)rplgwtes 76.22957
(I.Lmol™.cm™)
Regression equation A =0.1108 [ Pb(ug.mL™)] +0.0015
Calibration Sensitivity 0.1108
Sandell's Sensitivity (ug.cm™) 0.0253
Correlation of Linearity (R?) 0.9993
Correlation coefficient (R) 0.9996

Table 4: Evaluation the accuracy and precision of the method

; T

Taﬁ;rr:c Conc. (“ggtnzj* Rel. Error % R.S.D %
0.5 0.496 -0.800 1417
1.0 1.011 +1.100 1.347
15 1.507 +0.467 1.311

*Average of three determinations.
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Table 5: Mean serum concentration of Zinc (ug.mL™) with time after oral administered of 50 mg Zinc
sulphate tablets to 20 volunteers which have deficiency of zinc element in their bodies.

Before After Treatment (Time/Hours)

No. Treatment
(Time/Hours) 0.00 0.50 1.00 2.00 3.00 6.00
1 0.65 0.70 0.83 0.92 0.88 0.83 0.76
2 0.64 0.68 0.80 0.90 0.85 0.80 0.73
3 0.55 0.67 0.71 0.82 0.75 0.69 0.63
4 0.62 0.69 0.74 0.85 0.79 0.73 0.64
5 0.57 0.68 0.75 0.87 0.83 0.78 0.70
6 0.55 0.64 0.72 0.81 0.75 0.69 0.66
7 0.53 0.68 0.76 0.87 0.84 0.79 0.73
8 0.60 0.66 0.70 0.79 0.77 0.72 0.70
9 0.58 0.67 0.73 0.84 0.81 0.77 0.71
10 0.63 0.75 0.81 0.94 0.90 0.86 0.81
11 0.50 0.59 0.67 0.78 0.77 0.73 0.69
12 0.50 0.63 0.69 0.81 0.80 0.78 0.56
13 0.60 0.73 0.80 0.92 0.90 0.87 0.82
14 0.62 0.72 0.78 0.91 0.88 0.86 0.80
15 0.59 0.62 0.71 0.83 0.82 0.78 0.75
16 0.62 0.67 0.73 0.85 0.83 0.80 0.77
17 0.57 0.60 0.69 0.79 0.77 0.76 0.73
18 0.66 0.69 0.78 0.91 0.90 0.87 0.85
19 0.58 0.65 0.75 0.89 0.86 0.84 0.80
20 0.56 0.63 0.72 0.86 0.85 0.81 0.77
Mean 0.5860 0.6675 0.7435 0.858 0.8275 0.7880 0.7305
+SD 0.0436 0.0430 0.0393 0.0481 0.0511 0.0588 0.0759

Table 6: Pharmacokinetic parameters of Zinc sulphate(50mg tablet) after oral administered to 20
volunteers which have deficiency of zinc element in their bodies

No. Ka Ka 0.5t Kelem Kelem 0.5t Tmax Cmax AUC
ml/min ml/min ml/min ml/min hour mg/ml

1 0.341 2.034 0.039 17.718 1 0.88 4.985
2 0.325 2.136 0.041 17.065 1 0.85 4.776
3 0.116 5.974 0.045 15.579 1 0.75 4.289
4 0.140 4.952 0.057 12.285 1 0.79 4.677
5 0.196 3.536 0.046 15.180 1 0.83 4.638
6 0.236 2.941 0.025 27.536 1 0.75 4.248
7 0.246 2.816 0.046 15.000 1 0.84 4.362
8 0.263 2.634 0.046 15.164 1 0.77 4.821
9 0.176 3.938 0.037 18.780 1 0.81 4.317
10 0.154 4.501 0.028 24.972 1 0.90 5.133
11 0.254 2.725 0.028 24.937 1 0.77 4.333
12 0.246 2.817 0.042 16.422 1 0.80 4.658
13 0.198 3.500 0.037 18.579 1 0.90 4.472
14 0.216 3.208 0.040 17.412 1 0.88 4.832
15 0.271 2.555 0.021 33.426 1 0.82 4.638
16 0.172 4.039 0.019 36.603 1 0.83 4.755
17 0.153 4.523 0.044 15.894 1 0.77 4.633
18 0.188 3.686 0.027 25.858 1 0.90 4.962
19 0.278 2.491 0.039 17.953 1 0.86 4.225
20 0.267 2.594 0.025 27.709 1 0.85 4.787
Mean 0.2218 3.3800 0.0366 20.7036 - 0.8275 4.6271
+SD 0.0504 0.9762 0.0106 6.9858 - 0.0511 0.2630
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Fig 2: Mean serum concentration-time profile of Zinc (ug.mL™) after one week of continues
supplementation a single dose of 50 mg Zinc sulphate tablet through 6 hours to 20 healthy volunteers

References:

1- Zhang, X.J., Chinkes, D.L., Sadagopa, R. and Wolfe, R.R.,(2007) "Local injection of insulin stimulates DNA
synthesis in skin donor site wound.", pub Med, 15(12), 258-265.

2- Wintergerst, E.S., Magginis and Hornig, D.H.,( 2007)"Contribution of selected vitamins and trace elements to
immune function" Ann Nutr Metab., 51,301-323.

3- Maret, W. and Sandstead, H.H. (2006) "Zinc requirements and the risks and benefite of zinc
supplementation.”, J. Trace elem. Med boil., , 20, 3-18.

4- Prasad, A.S.,( 2004)"Zinc deficiency: its characterization and treatment.”, Met ions Biol syst., 41, 103-137.

5- Wang, L.C. and Busbey, S.,( 2005) "Images in clinical medicine. Acquired acrodermotion entropathic ., N
Engl, J. Mel, 352-1121.

6- Meydani, S.N., Barnett, J.B., Dallal, G.E., Fine, B.C. and Jacques, P.F.,( 2007)"Serum zinc and pneumonia in
nursing home elderly, Am., J., Clin Nut., 86, 1167- 1173.

7- WHO. World Health Report: "Reducing risks, promoting healthy life. Geneva: World Health Organization"”,
2002.

8- Haase, H. Overbeck, S. Rink, L.( 2008) Zinc supplementation for the treatment or prevention of disease
current status and future perspective."Exp Gernotal, 43:394-408.

9- Asthana,D.K and Meera Asthana,( 2006)"A Textbook of environmental studies., New Delhi",

10- Ananda, S.P., (2008)"Zinc in human health: effect of zinc on immune cells". Mol Med, J, 14(5-6), 353-357.
11- International Zinc Nutrition Consultative Group (IZINCG). ( 2004) Assessment of the risk of zinc deficiency
in populations and options for its control. Food Nutr. Bull., 25(suppl. 2, 91-202.

12.Brown, K. H., Wuehler, S. E. and Peerson, J. M. (2001)"The importance of zinc in human nutrition and
estimation of the global prevalence of zinc deficiency.”, Food Nutr. Bull., 22,113-112.

13.Rosado, J. L. (2003) "Zinc and copper: proposed fortification levels and recommended zinc compounds™., J.
Nutr., 133:2985-2989.

14.Herman, S., Griffin, I. J., Suwarti, S., Ernawati, F., Permaesih, D., Pambudi, D. and Abrams, S. A,
(2002)"Cofortification of iron-fortified flour with zinc sulfate”, Am. J. Clin. Nutr., 76,813-817.

15- Stefanidon, M., Maravelias,C., Dona, A. and Spiliopoulou,C. (2006)"Zinc a multipurpose trace element.
Arch Toxicol", , Jan 80(1), 1-9.

16- Adam,D., "The nutrient rich foods index helps to identify healthy. ( 2010) AM, J, of clinical nutrition., ,
91(suppl), 1095-1101.

17- Arnold, L.E., Disilvestro, R.A., Bozzolo, H.,Crowl and Fernandez, S., (2011), "Zinc for attention deficit by
peractivity disorder: placebo- controlled double blind pilot trial alone and combined with amphetamine™., J,
Child Adolesc psy chophar macol ., Feb,21(1): 1-19.

18- Kienast, A., ( 2007)"Zinc deficiency dermatitis in breast infant™., European, J, of Pediatrics.

25


http://www.iiste.org/

Advances in Life Science and Technology Www.iiste.org
ISSN 2224-7181 (Paper) ISSN 2225-062X (Online) i 'i'l

Vol.15, 2013

19- Dennis, L.K.; Eugene, B.; Anthony, S.F. ; Stephen L.H.; Dan, L.L., Jameson, J.L.. Harrision’s.
(2005),principle of internal medicine 6™ edition USA: Mc Graw-Hill, medical publishing divition Companies,

Inc:,423-425.
20- Mahmood, I.,( 1998),Simple method for the estimation of absorption rate constant (ka) after oral

administration, American journal of therapeutics., , 6,377-381.
21- Burden, R. L., and Douglas, J.F(2000)., Numerical Analysis, (7th ed.), Brooks/Cole.

26


http://www.iiste.org/

This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/journals/  The IISTE
editorial team promises to the review and publish all the qualified submissions in a
fast manner. All the journals articles are available online to the readers all over the
world without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. Printed version of the journals is also available
upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e BSCO INDEX@ COPERNICUS
ros INFORMATION SERVICES DN RSN B LI AR

@ vmensyize sourmaocs @

£z Elektronische
@0® Zeitschriftenbibliothek

open

GEORGETOWN UNIVERSITY

LIBRARY



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

