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Pharmacokinetics of some inorganic and organic zinc compounds in broiler chickens 

1 2 1 1 1 3S. Ivanova *, D. Dimitrova , М. Petrichev , L. Parvanova , G. Kalistratov , L. Vezenkov

1Non-infectious Diseases Unit, National Diagnostic and Research Veterinary Medical Institute, 15a Pencho Slaveikov, 1606 Sofia, Bulgaria
2Department of Pharmacology, Animal Physiology and Physiological Chemistry, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, 
Bulgaria
3Department of Organic Chemistry, University of Chemical Technology and Metallurgy, 8 Sveti Kliment Ohridski, 1000 Sofia, Bulgaria

Abstract. The pharmacokinetics of zinc was investigated in broiler chickens after single intraingluvial application at a dose of 50 mg/kg of either 5% zinc 
methionate or 5% zinc sulfate solutions. Serum zinc concentrations were assayed spectrophotometrically on a biochemical analyser. Pharmacokinetic 
parameters were determined by the compartmental method and by non-compartmental analysis by means of specialised pharmacokinetic software. Results 
were statistically processed by one way ANOVA and Mann-Whitney's test using statistical software. The intraingluvial application of the two tested zinc 
compounds resulted in statistically significantly higher serum concentrations after zinc sulfate administration from post treatment hours 2 and 12. During the 
first two hours after crop intubation, blood zinc levels did not differ statistically significantly between both compounds, but were higher after zinc sulfate 
application. In the alimentary tract of broiler chickens, zinc methionate was absorbed more rapidly than zinc sulfate. It was also distributed at a higher volume as 
compared to the inorganic salt. The maximum serum zinc concentrations were statistically significantly higher after zinc sulfate application than after zinc 
methionate treatment. Elimination half-life (T ) and mean residence time (MRT) values determined by the two pharmacokinetic models were similar and the 1/2

differences between them – statistically insignificant.

Keywords: pharmacokinetics, zinc methionate, zinc sulfate, chickens

Abbreviations: T  – elimination half-life, T  – absorption half-life, T  – lag time, MRT – mean residence time, AUC  – area under the concentration time 1/2ß 1/2 abs lag 0→∞

curve from 0 to infinity, AUC  – area under the concentration time curve from 0 to the limit of quantification, Vd  – volume of distribution, C  – maximal 0→LOQ (area) max

2serum concentrations, T  – time to reach maximal serum concentrations, r  – correlation coefficientmax
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Introduction Material and methods

The bioavailability of zinc in biological subjects has been The present pharmacokinetic study was conducted with 12 
evaluated in in vivo experiments (Spears, 1996). It is acknowledged four-line Cobb 500 hybrid broiler chickens, equal number from both 
that zinc is absorbed by the small intestine of humans, animals and genders, 45 days of age, weighing 1.60 – 1.57 kg. They were divided 
birds (King et al., 2000; Yu et al., 2008; Wright et al., 2013). The into 2 groups of 6 birds (3 males and 3 females). Each group 
mechanisms implicated in zinc absorption are thoroughly studied. received a single intraingluvial dose of one of the two tested zinc 
By active transport, at least four transport proteins (ZnT , ZnT , ZnT  compounds – zinc sulfate (inorganic zinc compound) or zinc 1 5 6

and ZnT ) are known to be involved in the transcellular transport of methionate (organic chelate zinc compound) at a working dose of 50 7

mg zinc/kg of body weight.zinc to small intestinal enterocytes (Krebs, 2000; Gaither and Eide, 
The experiment was conducted according to the requirements 2001; Liuzzi and Coisins, 2004; Suzuki et al., 2005; Ishihara et al., 

and Regulation 20/2012 on the protection and welfare of 2006). The mechanisms of zinc absorption are recognised as well as 
experimental animals. It was authorized by the Ethics Committee of the thesis that when bound to organic compounds, this trace 
animals at the Food Safety Agency at the Ministry of Agriculture and element is more available for utilisation than when included in 
Forestry. The birds were reared in metal cages at ambient air inorganic zinc compounds. However, no information is available on 
temperature of 20 – 21°С and humidity 48 – 50%. They were fed the behaviour of zinc in the blood of mammals and birds after its 
compound feed for growing poultry and water was provided ad absorption from the gastrointestinal tract following oral application of 
libitum. zinc compounds of organic or inorganic origin.

The organic and inorganic zinc compounds used in the present The aim of the present research experiment was to monitor the 
experiment  zinc methionate and zinc sulfate were synthesized at absorption, distribution and elimination of zinc after single 
the Department of Organic Chemistry at the University of Chemical intraingluvial administration to broiler chickens in the form of 
Technology and Metallurgy, Sofia, Bulgaria. As the two zinc inorganic (zinc sulfate) and organic (zinc methionate) compound, as 
compounds were not soluble, working suspensions were prepared well as to compare the pharmacokinetics of both tested zinc 
in 2% solution of carboxymethyl cellulose. The organic chelate products.
complex and the inorganic sulfate salt were applied directly into the 
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crop of birds at a dose of 50 mg zinc/kg of body weight. Working Results
suspensions were prepared  ex tempore, 10 min prior to their 
intubation in crops by means of elastic silicone probes and a syringe The mean serum zinc concentrations after the intraingluvial 
after 16-hour fasting. application of both zinc compounds are presented in Table 1. It 

Blood samples (1 mL) were collected from the right wing vein (v. shows that at all blood sampling time intervals, serum zinc 
brachialis) in Еppendorf tubes immediately before treatment and on concentrations in birds treated with the organic zinc chelate complex 
post treatment hours 0.17, 0.33, 0.50, 1, 2, 4, 6, 8, 10, 12 and 24 h . were lower than in those receiving zinc sulfate, with statistically 
Blood was left for 2 hours at room temperature for blood serum significant differences in the elimination stage (from hour 2 to hour 
separation and then centrifuged in a refrigerated centrifuge at 12) (Table 1).
1500×g for 15 min. Sera were stored in a freezer at -25 °C for 24 h The individual curves depicting the relationship between serum 
until analysis. zinc levels and time were highly similar in chickens within a group, 

Blood serum zinc concentrations were assayed on a and corresponded to a one-compartment open pharmacokinetic 
b iochemica l  ana lyzer  (BS-200 ,  M indray  Co.  L td . )  model after administration of both zinc compounds.
spectrophotometrically at λ=560 nm and ambient temperature The pharmacokinetic parameters of the two tested compounds 
25–37 °С. The method was based on the ability of zinc to form 
coloured complex with 5-Br-PAPS [2-(5-Bromo-2-pyridiylazo)-5-[N-
n-propyl-N-(3-sulfopropyl)amino]phenol, disodium salt, dihydrate]. 
The colour intensity was proportional to the amount of zinc in the 
sample. 

The pharmacokinetics of zinc was performed using two 
pharmacokinetic approaches – compartmental method and non-
compartmental analysis (Gibaldi and Perrier, 2007) by means of 
pharmacokinetic software (TopFit, v. 2.0.) (Heinzel et al., 1993). The 
pharmacokinetic parameters were determined in accordance with 
the Akaike information criterion (Yamaoka et al., 1978). The 
following pharmacokinetic parameters were individually 
determined: hybrid rate constant for elimination (); elimination rate 
constant (k ); elimination half-life (T ); absorption half-life (T ); el 1/2β 1/2abs.

mean residence time (MRT); absorption lag time (T ); volume of lag

distribution (Vd );  total body clearance (Cl ); area under the (area) B

serum concentration-time curve from time 0 to infinity (АUC ) and 0→∞

from time 0 to the limit of quantitation (AUC ); absorption rate 0→ LOQ

constant (k ); maximum serum zinc concentration (C ); time to abs. max

reach maximum serum zinc concentration (T ). max

Data were presented as mean values for the group (Меаn) ± 
statistical error of the mean (SEM). The comparison of means were 
done by two different methods – parametric (оne way ANOVA) and 
non-parametric (Mann-Whitney U-test) using statistical software 
Statistica 6.1. Data are presented in tables.

 

Table 1. Blood serum concentrations (µmol/l) of zinc
methionate and zinc sulfate after р.о. treatment of broiler 
chickens at a dose of 50 mg zinc/kg of body weight

Statistically significant differences vs zinc sulfate: 
u* – Mann-Whitney test at p < 0.05; u** – Mann-Whitney 
test at p < 0.01; a* – ANOVA at p < 0.05; а** – ANOVA at 
p < 0.01; а*** – ANOVA at p < 0.001.

Time, h
Mean MeanSEM SEM

ZM/ZS
Zinc methionate (ZM) Zinc sulfate (ZM)

  0.17

  0.33

  0.50

  1

  2

  4

  6

  8

10

12

24

35.367

42.267

50.917

58.950

44.900

41.383

40.400

38.933

35.433

30.833

20.017

2.743

5.033

5.192

4.548

1.675

2.563

2.006

1.487

1.923

1.882

1.080

36.967

47.350

58.183

71.283

67.333

56.083

50.817

47.667

44.550

39.533

26.967

3.082

3.483

2.489

2.979

5.073

3.588

2.667

2.315

2.171

1.429

1.202

u**

u*,a**

u*,a**

u*,a**

u*,a**

u*,a**

u*,a***

Table 2. Pharmacokinetic parameters of zinc methionate (ZM) and zinc sulfate (ZS) after single р.о. treatment of broiler
chickens at a dose of 50 mg zinc/kg of body weight – Compartmental method

# – harmonic mean time: Statistically significant differences vs zinc sulfate: u* – Mann-Whitney test at p < 0.05; 
u** – Mann-Whitney test at p < 0.01; a* – ANOVA at p < 0.05; а** – ANOVA at p < 0.01; а*** – ANOVA at p < 0.001.

Parameter Units
Mean MeanSEM SEM

ZM/ZS
Zinc methionate (ZM) Zinc sulfate (ZM)

T1/2β

#T

T1/2abs.

#T1/2abs.

Tlag.

MRT

Vd(area)

AUC0→∞

Tmax

Cmax

1/2β

h

h

h

h

h

h

l /kg

mol x h/ l

h

mol / l

µ

µ

15.45

14.55

0.124

0.099

0.021

22.50

0.928

1198.500

0.883

52.583

1.937

-

0.022

-

0.013

2.791

0.052

126.457

0.128

2.789

14.73

13.31

0.181

0.134

0.016

21.46

0.606

1495.00

1.137

67.400

0.976

-

0.037

-

0.009

1.368

0.080

75.883

0.165

3.508

a*

u**, a**

u**, a**
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after their intraingluvial application are presented in Table 2 proteins. A possible explanation for the different residence time of 
(determined by the compartmental method) and Table 3 (by the non- zinc in chicken blood after intraingluvial administration of both zinc 
compartmental analysis). compounds is the property of zinc sulfate to become easily ionised 

before binding to serum proteins and tissue protein structures, and 
the renal excretion of ionised substances is known to occur at a 
faster rate (Nève et al., 1991). After intraingluvial application of the 

Discussion organic zinc chelate complex (zinc methionate) or the inorganic salt 
(zinc sulfate), C  were statistically significantly lower in birds max

After the intraingluvial application of zinc methionate, serum receiving zinc methionate than in those treated with the inorganic 
zinc curves in all birds corresponded to a one-compartment open salt (р0.01) (Tables 2 and 3).
pharmacokinetic model as reported in humans (Andermann et al., The comparison of pharmacokinetic parameters established in 
1982; Schölmerich et al., 1987; Nève et al., 1991; Brandão-Neto et this study with data reported from other experiments with zinc drugs 
al., 2003; Siepmann et al., 2005) but differs from the patterns in other animal species showed that maximum biometal serum 
observed in mice, rats, rabbits and fish (catfish), which followed two- concentrations in birds were substantially higher that those in rats 
compartment pharmacokinetic models (Guillard et al. 1984; Reddi et treated orally with the same dose  C = 34.28 g/ml in male rats and max 
al., 1987; Barron et al., 2000; Wastney and House, 2008; Baek et al., C  = 27.97 g/ml in female rats (Baek et al., 2012). C values in rats max max 2012). 

from both genders were attained at the same rate as in chickens   
After the oral application of the same zinc dose in the form of 

Т  reported in rats (Baek et al., 2012) was comparable to values in maxeither organic or inorganic compound, statistically significant 
birds. Unlike birds, the residence time of zinc in blood circulation in differences in some model-independent pharmacokinetic 
rats was considerably shorter as seen from the values of parameters have occurred – elimination half-life (Т ), area under 1/2β pharmacokinetic parameters T and MRT (Baek et al., 2012).1/2β the serum concentration-time curve from time 0 to infinity (AUC ) 0→∞

and from time 0 to the limit of quantitation (АUC ), as well as the 0→LOQ

maximum serum concentrations (C ) (Tables 2 and 3). A similar max Conclusiontrend was observed in mean residence time (MRT) values and the 
time for maximum serum concentrations (T ), but the differences max

A pharmacokinetic profile of zinc in broiler chicken is created – a were not statistically significant. The data for absorption half-life 
good background for proving the advantage of organic chelate zinc (Т ) indicated that organic zinc compound was absorbed more 1/2аbs. compounds over inorganic compounds. The better pharmacokinetic 

rapidly (T  = 0.124 h), compared to inorganic zinc compound 1/2abs. parameters of zinc methionate vs zinc sulfate are a prerequisite for 
(T  = 0.181 h),  and that maximum serum concentrations were 1/2abs. better biological activity of the organic zinc chelate complex in the 
reached faster with the biometal (Т  = 0.883 h and T  = 0.945 h) mах  mах body of broiler chickens.
(Тable 2). The comparison of the residence time of zinc in serum 
(Tables 2 and 3), exhibited by pharmacokinetic parameters  T and 1/2 

MRTthat zinc administered as organic compound remained in blood  References
for a longer time as compared to the inorganic zinc salt. In broilers, 
treated orally with zinc methionate, T and MRT values were 1/2β Andermann G and Dietz M, 1982. The bioavailability and 
statistically significantly higher by both pharmacokinetic models. 

pharmacokinetics of three zinc salts: Zinc pantotenate, zinc sulfate 
The more prolonged zinc circulation in blood after intraingluvial 

and zinc orotate. European Journal of Drug Metabolism and 
application of the organic chelate complex (zinc methionate) could 

Pharmacokinetics, 7, 233-239.
be probably attributed to the high percentage of binding to serum 

Table 3. Pharmacokinetic parameters of zinc methionate (ZM) and zinc sulfate (ZS) after single р.о. treatment of broiler
chickens at a dose of 50 mg zinc/kg of body weight – Non-compartmental analysis

#- harmonic mean time; Statistically significant differences vs zinc sulfate: u* – Mann-Whitney test at p < 0.05; 
u** – Mann-Whitney test at p < 0.01; a* – ANOVA at p < 0.05; а** – ANOVA at < p 0.01; а*** – ANOVA at p < 0.001.

Parameter Units
Mean MeanSEM SEM

ZM/ZS
Zinc methionate (ZM) Zinc sulfate (ZM)

T1/2β

#T

MRT

Vd(area)

Cmax

Tmax

2r

1/2β

AUC0→LOQ

AUC0→∞

AUMC0→∞

h

h

h

mol x h/ l

mol x h/ l

mol x h2/ l

 l /kg

mol / l

h

-

µ

µ

µ

µ

17.19 

16.87

24.88 

737.755

1266.003

31033.333

0.951

56.40

0.945

0.974

0.569

-

0.775

53.489

60.695

2055.661

0.072

6.220

0.253

0.003

16.98

16.92

24.43

1026.455

1660.92

41466.67

0.739

73.77

1.083

0.976

0.916

-

1.322

39.110

61.180

2954.043

0.046

4.133

0.200

0.006

 

u**, a**

u**, a**

u*

 a*

a*
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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