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Abstract
Selenium (Se) is an essential trace element for humans and animals. Appropriate amount of Se in the body can prevent a variety of
diseases. However, Se deficiency leads to pathological changes such as skeletal muscle necrosis and pancreatic atrophy in
livestock and poultry. Se preparations are widely used in the prevention and treatment of Se-deficient disease, but there is no
unified standard of medication, and the safe dose range of Se is narrow. Therefore, it is of great significance to study the
pharmacokinetics of low-Se ducklings and to formulate drug administration schemes. In the present study, eighty 1-day-old
healthy ducklings were randomly selected, and fed with low-Se diet to 30 days of age (blood Se content ≦ 0.03 μg/mL). After the
low Se duckling models were duplicated, blood samples and tissues of livers, pancreases, and thigh muscles were collected at
different time points to detect Se content following oral administration of 0.1% sodium selenite (Na2SeO3) at 0.8 mg/kg BW, and
the pharmacokinetics parameters were automatically calculated by MCPKP program. The results showed that pharmacokinetics
characteristics of Na2SeO3 in blood, livers, and pancreases of ducklings were consistent with the first-order absorption and two-
compartment open models; in thigh muscles was consistent with the first-order absorption and one compartment with a lag time
open model. The primary kinetic parameters of Na2SeO3 in blood: the half-life of absorption was 5.9026 h, the time of reaching
maximum concentration was 23.03 h, and the half-life of elimination was 131.13 h. The absorption of Na2SeO3 in livers was the
quickest, pancreases and thigh muscles were in order of becoming slower, and the elimination of Na2SeO3 in thigh muscles was
the quickest, livers and pancreases were in order of becoming slower. The administration parameters of multi-dose were
calculated according to the kinetic of single-dose: loading dose (D*) was 1.7046 mg/kg BW, maintenance dose (D0) was
0.8 mg/kg BW, and dosing interval (τ) was 120 h. The results of this study can supplement and improve the theoretical system
of Se metabolic kinetics, and provide experimental basis for the prevention and treatment of Se deficiency disease by rational
drug use.
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Introduction

Selenium (Se) is an indispensable trace element in a variety of
organisms, including humans and animals, and plays a vital role
in biology and immunity [1]. Appropriate amount of Se in an-
imals can regulate the body’s metabolism, and anti-tumor; anti-
aging; antagonize toxic effects of heavy metal, and protects the
physiological functions of the body tissues [2–5]. Se content in
animal feed is stipulated in many countries, such as 0.2 mg Se/
kg for ducks, 0.1 mg Se/kg for broilers, and 0.1–0.3 mg Se/kg
for pigs [6, 7]. However, long-term Se deficiency in feed result-
ed in many diseases containing exudative diathesis (ED) with
greenish and gelatinous edema under the skin and pancreatic
atrophy in broilers, microvesicular steatosis of livers in ham-
sters, mulberry heart disease in pigs, white muscle disease in
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lambs, etc. [8–12]. Proper Se supplementation can improve the
condition or reduce the injury of bodies. Through the analysis of
test data from different Se sources, it was proved that in some
cases, Se dietary supplementationwas beneficial when the back-
ground Se level was low [13]. It is generally accepted that 0.15
to 0.30 mg Se/kg diet of feed meet the requirement of animals
for Se. The results of Zhan et al. showed that basal diets con-
taining 0.04 mg Se/kg, and the addition of 0.3 mg Se/kg
selenomethionine and sodium selenite (Na2SeO3) respectively
could meet the need of Se in piglets . However,
selenomethionine was more conducive to the deposition of Se
in the mother body and could improve the utilization of Se,
which provided an effective way to improve the growth perfor-
mance of piglets from birth to weaning [14].

It is well established that pharmacokinetics studies the pro-
cess of absorption, distribution, metabolism, and elimination of
drugs in the body in order to understand the dynamic changes of
drugs after entering the body and evaluate the effect of drugs. A
recent study demonstrated that PEGylated iron oxide nanopar-
ticles accumulated preferentially in the pancreas of nonobese
diabetic mice, thus allowing us to diagnose mice in pre-
diabetes [15]. Sun et al. confirmed the specificity of Curcuma
comosa extract for the reproductive system of rats according to
the longest terminal half-life (t1/2) and the highest drug concen-
tration in the uterus and ovary, and reported that not all oral
Curcuma comosa could be absorbed. The absorption limit
reached a dose of 250 mg/kg body [16]. There are also numer-
ous studies about the pharmacokinetics of Se. Researchers have
found that the biotransformation rate of methylmercury to inor-
ganic mercury in the intestine of the black seabream in the high
Se treatment group was 1.5 times higher than that of the low Se
treatment group [17]. The bioavailability of Se following oral
administration of selenium yeast was studied by Musiol B et al.
using Na2SeO3 as control. The results showed that there was no
significant difference between pharmacokinetics variables of
two preparations including average maximum plasma concen-
tration, the average time reached the maximum plasma concen-
tration and the mean area under the plasma concentration-time
curve [18]. The rapid absorption of Se and high Se concentration
in blood was found in llamas fed with diet adequate in Se after
subcutaneous Se injection (0.1 mg/kg), whereas parenteral Se
could not have an effect on blood Se content for a long time
[19]. In addition, Blodgett’s study suggested that the biological
half-life of Na2SeO3 in sheep was 354 h or 14.7 days [20]. The
biosafety range of Se is narrow, and excessive intake of Se also
induces diseases in humans and animals. Acute Se exposure
affected significantly oxidative stress on earthworms, and result-
ed in the decrease of superoxide dismutase activity and the
enhancement of glutathione reductase activity and lipid peroxi-
dation level [21]. Additionally, exposure to Se for high concen-
trations inhibited the activity of acetylcholine esterase in fish
brain and aggravated the DNA damage in fish liver in a
concentration-dependent manner [22].

In summary, Se deficiency affects a variety of animals and
human health. Currently, Na2SeO3 is commonly used in the pre-
ventionand treatmentofSedeficiencydisease invariousanimals,
but there is no standard (supplement) dose of Na2SeO3. We
established low-Se ducklingmodels, and the necropsy and histo-
pathological changes were observed, and the time course of ab-
sorption, distribution,metabolismand eliminationofNa2SeO3 in
the blood, liver, pancreas, and thigh muscle tissues of ducklings
werestudiedbyoralSe supplementation.Pharmacokinetics char-
acteristics ofNa2SeO3 in ducklingswere clearly understood.Our
results not only supplement and perfect the theoretical system of
Se pharmacokinetics, and provide experimental basis for the pre-
ventionandtreatmentofSedeficiencyinducklingswithscientific
and rationalmedication, but also has important theoretical signif-
icance and practical value for biomedicine.

Materials and Methods

Animals and Experimental Design

All procedures involving animals used in our study were ap-
proved by the Institutional Animal Care and Use Committee of
the Northeast Agricultural University. A total of 80 healthy 1-
day-old ducklings (male/female) were purchased from the duck
farm of the Heilongjiang Provincial Specialty Research
Institute. Ducklings were fed with low Se diet (Se = 0.018
mg/kg) containing corn (63.16%), soybean meal (32%),
dicalcium phosphate (1.65%), stone powder (1.13%), soybean
oil (0.96%), sodium chloride (0.31%), 98.5% of DL-methionine
(0.23%), 70% of L-lysine sulphate (0.18%), 60% of choline
chloride (0.1%), 98.5% of L-threonine (0.05%), mixed mineral
(0.2%) and mixed vitamin (0.03%). Corn and soybean meal
were from the low Se area. Eight replicates with ten ducklings
per replicate were performed in the current study. All ducklings
were given free access to water and food until blood Se content
was lower than or equal to 0.03 μg/mL, and animals displayed
typical clinical symptoms of Se deficiency (30 days old). After
that, all ducklings were weighed and orally administered with
0.1% Na2SeO3 solution at 0.8 mg/kg BW. At predetermined
time points (0, 1, 2, 4, 8, 12, 24, 48, 72, 96, 144, and 192 h)
followingNa2SeO3 solution administration, 1mL of blood sam-
ples was respectively collected by cardiac puncture from anes-
thetized ducklings (n = 6 per time point) and stored at − 80 °C
until pharmacokinetics analysis. Subsequently, all ducklings
were euthanized, and their livers, pancreases, and thigh muscles
were isolated. Isolated tissues were dried to constant weight and
then pulverized through themesh filters for detecting Se content.

Histopathological Examination

The fresh tissues of livers, pancreases, and thigh muscles, in the
size of 1.5 cm2 × 0.5 cm, were rapidly fixed in 10% neutral
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formaldehyde, dehydrated, embedded in paraffin and then cut
into slices. Sections (5μm thicknesses) were subjected to hema-
toxylin and eosin (H&E) staining, dehydrated, dried and finally
sealed with neutral resin. Histopathological examinations were
performed according to the study of Zheng et al. using an optical
microscope (XDS-1B, Olympus, Tokyo, Japan) with a magnifi-
cation of 400 times [23].

The Determination of Se Concentration in Blood
and Tissues

Se concentration in the blood, liver, pancreas, and thigh muscle
tissues was determined according to the method of Yang et al.
[24]. In brief, Se contained in samples was transferred into
selenous acid by digesting with nitric-perchloric acid. The fluo-
rescence of 4, 5-benzopiazselenol complexes generated specifi-
cally by the reaction of selenous acid with 2, 3-
diaminonaphthalene (DAN), and displayed a brilliant lime-
green fluorescence when excited at 366 nm after extraction with
aliquots of cyclohexane. Fluorescence spectrophotometry was
used to measure the fluorescence with an excitation and emis-
sion wavelengths of 366 nm and 520 nm, respectively. Then, Se
concentration was calculated by reference to the standard curve.

Calculation of Pharmacokinetics Parameters

Throughout the elapsed time, Se concentration-time data in
blood and different tissues of Se deficiency ducklings were
fitted automatically by the pharmacokinetics analysis software
MCPKP. The pharmacokinetics-related parameters were cal-
culated according to the method of Sun et al. [16].

Statistical Analysis

Statistical analyses of all data were performed using SPSS soft-
ware (version 17.0, SPSS Inc., Chicago, IL, USA). One-way

ANOVAwas conducted, and results were considered significant
when P < 0.05. All values were represented as mean ± standard
deviation (M ± SD). In addition, correlation regression analysis
of Se content in blood and tissues during the whole menstrual
process was performed by statistical analysis software (SAS).

Results

Growth Performance

Clinical symptoms of Se deficiency occurred in the –Se duck-
lings as early as 18 days. Thereafter (from 18 to 30 days), the
sick ducklings displayed signs of lack of energy, necking, and
slow response to irritation. They suffered from loss of appe-
tite, poor growth, fluffy plumage, anemia (gray beak), pale
green or milky watery or milky stools, enophthalmos, and
weight loss. Ducklings had dyskinesia, joint flexion, claws
curling inward, and the outward rotation of attached joints.
Sick ducklings sometimes crossed their legs inwards, lean
forward as they moved ahead, and had difficulty standing in
severe cases.

Pathomorphological Changes

Ducklings of Se deficiencywere confirmed to display the symp-
tomsofED:turquoisediscolorationundertheskinof thechestand
abdomen(Fig.1A).Yellowstainingof the liver (Fig. 1B, arrowa)
and pericardial effusion (Fig. 1B, arrow b) were observed.
Punctate,mottled,striped,andaflakyhemorrhage,andevenlarge
areasof darkpurplewere alsoobserved in thighmuscle (Fig.1C).
Thesectionofmuscular stomachwas relativelydryandhadvary-
ing degrees of grayish-white necrosis (Fig. 1D).

Hepatic central veins were dilated and hyperemia was ob-
served (Fig. 1E, arrow a). Hepatocytes, with large round vac-
uoles, underwent granular degeneration and steatosis (Fig. 1E,
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Fig. 1 Effect of Se deficiency on the pathomorphological changes of
ducklings. Pathological anatomy of Se-deficient ducklings (A–D).
Histopathological analysis of liver (E), pancreas (F), skeletal muscle

(G), muscular stomach (H), and heart (I) in Se-deficient ducklings at a
magnification of 400×. The arrows in black point to the location of the
lesion
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arrow b). The cytoplasm of hepatocytes almost disappeared
and the nucleus of which was squeezed to the edge or disap-
peared. Acini in pancreas were swollen and acinar epithelial
cells showed granular degeneration or vesicular degeneration,
even diffused necrosis (Fig. 1F, arrow a) and vacuolization
(Fig. 1F, arrow b). Infiltration by eosinophils was observed
around the lesion area (Fig. 1F, arrow c). Skeletal muscle cells
displayed granular degeneration and local or multifocal of
hyaline degeneration (Fig. 1G, arrow a). Skeletal muscle fi-
bers were necrotic (Fig. 1G, arrow b) and capillaries between
muscle fibers were expanded with hyperemia and hemor-
rhage. Capillaries in submucosa layers of muscular stomach
were hyperemia and hemorrhage. Myofibril was fused and
hyaline degeneration with focal or multifocal area of necrosis
(Fig. 1H, arrow a), calcium deposition (purplish red particles,
Fig. 1H, arrow b) and eosinophilic infiltration (Fig. 1H, arrow
c) were observed in muscular stomach. Cardiomyocytes
underwent hyaline degeneration (Fig. 1I, arrow a) and myo-
cardial fibers were swollen (Fig. 1I, arrow b) and disappeared
of striation (Fig. 1I, arrow c) accompanied with hemorrhage
(Fig. 1I, arrow d).

Pharmacokinetics Characteristics of Na2SeO3

in the Blood of Se Deficiency Ducklings

The actual and theoretical values of Se content and drug time
curves in blood at different time points after oral administra-
tion of Na2SeO3 were shown in Table 1 and Fig. 2, respec-
tively. The pharmacokinetics parameters of Na2SeO3 in the
blood of low Se ducklings after oral administration were
shown in Table 2. And the pharmacokinetics characteristic
of Na2SeO3 was in accord with the two compartment open
model of first-order absorption. The kinetic equation for the
change of blood drug concentration over time was calculated:
C = − 0.0439e−2.6925t + 0.1085e−0.0053t − 0.0646e−0.1174t. The
results showed that Na2SeO3 concentration reached a peak

of 0.0917 μg/mL at 23.03 h in the blood of Se deficiency
ducklings, and the absorption half-life (T1/2Ka) of Na2SeO3

was 5.90 h. At 24 h, the drug concentration in blood began
to be eliminated slowly, dropped to 0.0401 μg/mL at 192 h,
and the elimination half-life (T1/2β) of Na2SeO3 was 131.13 h.

Pharmacokinetics Characteristics of Na2SeO3

in Different Tissues of Se Deficiency Ducklings

The actual and theoretical values of Se content in livers,
pancreases, and thigh muscles of low Se ducklings after oral
administration of Na2SeO3 were shown in Table 3. Derived
pharmacokinetics parameters of different tissues were listed in
Table 4. The Na2SeO3 concentration-time data in different
tissues were automatically fitted by MCPKP software. The
pharmacokinetics characteristic of Na2SeO3 in livers and
pancreases was in accord with the two compartment open
model of first-order absorption, and thigh muscles was con-
sistent with the one compartment open model of first-order
absorption with a lagtime. The kinetic equations for the

Table 1 The actual and
theoretical values of Se content in
the blood of Se-deficient duck-
lings at different time points after
oral administration of Na2SeO3

Time (h) Actual values
(μg/mL)

Theoretical values
(μg/mL)

Deviation (%)

0.5 0.0258 0.0000 100

1 0.0476 0.0475 0.21

2 0.0594 0.0561 5.56

4 0.0620 0.0658 − 5.97
8 0.0782 0.0787 − 0.51
12 0.0857 0.0860 − 0.23
24 0.0989 0.0917 7.28

48 0.0823 0.0839 − 1.82
72 0.0725 0.0741 − 2.07
96 0.0631 0.0653 − 3.33
144 0.0510 0.0507 0.59

192 0.0401 0.0393 2.00

Fig. 2 Changes of Se concentration in the blood of Se-deficient ducklings
after oral administration of Na2SeO3 at different times
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changes of drug in livers, pancreases, and thigh muscles were
respectively calculated as follows: C = 1.1418e−0.1835t +
1.6211e−0.0050t − 2.7629e−1.7003t, C = 0.2395e−0.0558t +
0.2617e−0.0019t − 0.5012e−0.5197t, C = 0.1146 (e−0.0152t −
e−0.0785t). Our data confirmed that Na2SeO3 was absorbed
the quickest in livers and reached the peak concentration at

2.02 h, followed by pancreases at 6.30 h. The absorption of
Na2SeO3 in thigh muscles was the slowest, with a lag time of
0.67 h at the beginning, then reached the peak concentration at
26.60 h. However, the elimination of Se in tissues was slower.
The tissue which eliminated Se the fastest was thigh muscle
with elimination half-life of 45.55 h, followed by liver and
pancreas with a half-life of 139.62 h and 375.59 h,
respectively.

Correlation Regression Analysis of Se Concentration
in Blood and Tissues of Se Deficiency Ducklings

As shown in Table 5, throughout the elapsed time, Se concen-
tration in blood was correlated significantly with that in thigh
muscles (P < 0.01), but was not related to the concentration of
Se in livers and pancreases.

Multi-Dose Administration Parameters and Dosage
Regimen of Na2SeO3 in Se Deficiency Ducklings

The parameters of multiple doses were calculated for clinical
treatment based on the kinetic parameters of the single dose
oral administration. And the interval of oral Na2SeO3 in Se
deficiency ducklings was set as 120 h. As for the multi-dose
administration, parameters were listed as follows: the mean
steady state concentration (C) was 0.1664 μg/mL, the maxi-
mum steady state concentration (C∞)max was 0.2216 μg/mL,
the minimum steady state concentration (C∞)min was
0.1227 μg/mL, cumulative coefficient (R) was 2.1308, the
loading dose (D*) was 1.7046 mg/kg BW, and the mainte-
nance dose (D0) was 0.8 mg/kg BW.

Table 2 Pharmacokinetics parameters of oral Na2SeO3 in the blood of
Se-deficient ducklings

Pharmacokinetics parameters X ± SD

D (mg/kg) 0.8000

Co (μg/mL) 1.06635 ± 0.00044

α (/h) 2.69249

β (/h) 0.00528

Kα (/h) 0.11741 ± 0.00044

K12 (/h) 2.37800 ± 0.00044

K21 (/h) 0.26636 ± 0.00014

Kel (/h) 0.05342 ± 0.00017

T1/2Ka (/h) 5.90259

T1/2β (/h) 131.13410

AUC (mg/L h) 19.926

Tp (h) 23.03113

Cmax (μg/mL) 0.09173

Vd (L/kg) 7.60389

CLB (L/kg h) 0.04015

D dose, Co concentration, α intercept of absorption, β intercept of elim-
ination, Kα absorption rate constants, K12 transit compartment rate from
compartment 1 to 2, K21 transit compartment rate from compartment 2 to
1, Kel elimination rate constants, T1/2Ka absorption half-life, T1/2β elimi-
nation half-life, AUC area under the curve, Tp time of peak concentration,
Cmax maximum of the concentration, Vd volume of distribution, CLB
body clearance rate

Table 3 The actual and theoretical values of Se content in different tissues of Se-deficient ducklings at different time points after oral administration of
Na2SeO3

Time (h) Liver Pancreas Thigh muscle

Actual values
(μg/mL)

Theoretical values
(μg/mL)

Actual values
(μg/mL)

Theoretical values
(μg/mL)

Actual values
(μg/mL)

Theoretical values
(μg/mL)

0.5 1.0753 0 0.1201 0 0.0008 0

1 2.0432 2.0589 0.2042 0.1896 0.0009 0.0029

2 2.4015 2.3040 0.3050 0.2977 0.0054 0.0112

4 2.0341 2.1342 0.3619 0.3887 0.0410 0.0257

8 1.8746 1.8211 0.4072 0.4033 0.0483 0.0472

12 1.6234 1.6536 0.3993 0.3776 0.0652 0.0612

24 1.5014 1.4530 0.2834 0.3131 0.1230 0.0769

48 1.3216 1.2776 0.2796 0.2559 0.0541 0.0657

72 1.2511 1.1340 0.2274 0.2334 0.0421 0.0475

96 0.8064 1.0066 0.2168 0.2203 0.0310 0.0332

144 0.7963 0.7932 0.2003 0.2007 0.0222 0.0161

192 0.7002 0.6251 0.1868 0.1836 0.0086 0.0077

Pharmacokinetics of Sodium Selenite Administered Orally in Blood and Tissues of Selenium-Deficient Ducklings 513



Discussion

Although the pharmacokinetics of Na2SeO3 in different ani-
mals have been studied, the biosafety dose of Se in some
animals is still unclear because of the narrow safe dose range
of Se, and the different species, physiological, and patholog-
ical state of animals. In order to explore the rational scheme of
Se supplementation for Se deficiency ducklings, the pharma-
cokinetics parameters of Na2SeO3 orally administered in vivo
were calculated based on the successful replication of low Se
duckling models. The results indicated that characteristics of
pharmacokinetics of Na2SeO3 in blood, livers, and pancreases
of ducklings were consistent with the two compartment open
model with first-order absorption; thigh muscles were in ac-
cordance with the one compartment open model with first-
order absorption with a lagtime and the parameters of multi-
dose were calculated for clinic treatment based on kinetic
parameters of the single dose as follows: D* was

1.7046mg/kg BW, D0 was 0.8 mg/kg BW, and dosing internal
(τ) was 120 h.

It is generally believed that Se content in animal feeds
below 0.05 mg/kg may cause diseases, and below 0.02 mg/kg
will definitely induce the disease of Se deficiency [25].
Moreover, Se deficiency could induce various typical patho-
logical changes in variety of animals. For example, the com-
mon lesion in pigs and rats presented liver necrosis and the
poultry showed ED and pancreatic atrophy [26–29]. In our
study, the clinical manifestations of ducklings fed a Se-
deficient diet were mental wilting, loss of appetite, poor
growth, pale green or milky loose stools, ataxia, joint flexion,
and standing instability. The necropsy of ducklings showed
greenish edema under the skin of chest and abdomen, varying
degrees of bleeding in thigh muscles, the increase of pericar-
dial fluid, and degeneration and necrosis of the muscular
stomach. Se content in blood was measured to be 0.025 μg/
mL. Our experiments confirmed that duckling models of Se
deficiency could be successfully replicated by feeding with
diet in which Se content was 0.018 mg/kg.

The study of pharmacokinetics in blood/tissue of livestock
and poultry is important for determining the dose and dose
regime of clinical medications [30]. Our previous studies in-
vestigated that in the blood of healthy ducklings, the T1/2Kα of
Na2SeO3 was 0.86 h, the time of reaching maximum concen-
tration (Tmax) was 2.79 h, the T1/2βwas 37.95 h, the area under

Table 4 Pharmacokinetics
parameters of oral Na2SeO3 in
different tissues of Se-deficient
ducklings

Pharmacokinetics parameters X ± SD

Liver Pancreas Thigh muscle

D (mg/kg) 0.8 0.8 0.8

Co (μg/mL) 2.6350 ± 1.0864 0.4745 ± 0.0097 0.1146 ± 0.0005

α (/h) 0.1835 0.0558

β (/h) 0.0050 0.0019

Kα (/h) 1.7003 ± 1.7912 0.5197 ± 0.0098 0.0785 ± 0.0005

K12 (/h) 0.0660 ± 0.1524 0.0229 ± 0.0082

K21 (/h) 0.1145 ± 0.2004 0.0315 ± 0.0073

Kel (/h) 0.0080 ± 0.0051 0.0033 ± 0.0026

T1/2Ka (/h) 0.4076 1.3335 8.8293

T1/2β (/h) 139.6106 375.5938 45.5458

AUC (mg/L h) 331.1900 145.1400 7.5314

Tp (h) 2.0152 6.2952 26.6024

Cmax (μg/mL) 2.3040 0.4082 0.0772

Vd (L/kg) 0.4870 2.9794

CLB (L/kg h) 0.0024 0.0055 0.1062

K (/h) 0.0152 ± 0.0004

Lagtime (h) 0.6729 ± 0.0005

D dose, Co concentration, α intercept of absorption, β intercept of elimination, Kα absorption rate constants, K12

transit compartment rate from compartment 1 to 2, K21 transit compartment rate from compartment 2 to 1, Kel

elimination rate constants, T1/2Ka absorption half-life, T1/2β elimination half-life, AUC area under the curve, Tp
time of peak concentration, Cmax maximum of the concentration, Vd volume of distribution, CLB body clearance
rate, K rate of constant, Lagtime lag time

Table 5 Correlation
regression analysis of Se
content in blood and
tissues of Se-deficient
ducklings

Regression equation R2

CP = 3.0119CB + 0.0736 0.4199

CT = 1.4856CB − 0.0580 0.7935**

P pancreas, B blood, T thigh muscle

**Means P < 0.01 on the same day
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the curve (ACU) was 17.02 mg/L h, and the volume of distri-
bution (Vd) was 27.85 L/kg. Compared with pharmacokinet-
ics parameters in healthy ducklings, except for the similar
ACU (19.93 mg/L h), T1/2Kα (5.90 h), Tmax (23.03 h), and
T1/2β (131.13 h) of Na2SeO3 were significantly prolonged,
and Vd (7.60 L/kg) of Na2SeO3 were decreased in the blood
of low Se ducklings. It could be concluded that the absorption,
distribution, and elimination time of Na2SeO3 in the tissues of
different species and Se levels are not the same. Se was dis-
tributed in various tissues and organs through blood circula-
tion after absorption by the intestine. However, Se in the body
was first to supply the tissues and organs that need it, rather
than being transported until reaching peak concentrations in
the blood. The pharmacokinetics parameters calculated from
the blood level of rats indicated that Se was rapidly absorbed,
distributed into internal organs and eliminated from the blood
[31]. Besides, Guenter et al. found that livers responded more
quickly to the body’s intake of Se than blood [32]. In the
present study, our data showed that the absorption of
Na2SeO3 in the livers of low Se ducklings was the fastest,
and the T1/2Kα and Tmax of Na2SeO3 in the livers were signif-
icantly earlier than that in blood, pancreases, and thigh mus-
cles. The T1/2β of Na2SeO3 in thigh muscles was the shortest
at 45.55 h, followed by blood and livers, and was the longest
in pancreases. Selenium protein P functions as the main carrier
of Se transport in the body, which is synthesized in the liver
[33]. After Se supplementation, the concentration of Se in the
liver reached the peak in a short time, indicating that the liver
plays an important role in the transport and utilization of Se in
the body. Se in muscle exists in the form of selenoaminoacid
[34], so there is a lag period in its absorption, and the elimi-
nation of Se in skeletal muscle is the fastest, whichmay be one
of the reasons why Se deficiency is most likely to induce
skeletal muscle damage in clinical. The pancreas is the main
target organ for Se deficiency in poultry [28], and the slowest
elimination of Se in the pancreas may be related to the pref-
erential use of Se in the body. Our results also revealed that Se
content in blood had a remarkable correlation with that in
thigh muscles (P < 0.01), and had no correlation with Se con-
tent in livers and pancreases. Pharmacokinetics analysis could
help to understand the correlation of Se content among differ-
ent tissues, in addition, objectively evaluate the metabolic
process of Se in tissues. Moreover, multi-dose parameters
for clinical treatment can also be calculated through pharma-
cokinetics parameters. Lehr et al. described the pharmacoki-
netics parameters of oral meloxicam in cats and presented
dosage regimes for the treatment of pain following an initial
dose of 0.1 mg/kg and maintained at 0.05 mg/kg after 1 day
[35]. Pharmacokinetic studies of posaconazole in adults indi-
cated that the recommended dose of posaconazole solid tablet
formulation (> 0.5 mg/L) could provide adequate target ther-
apy for a wide range of patients at high risk for invasive fungal
disease [36]. In this test, we also derived the multi-dose

administration parameters of oral Na2SeO3 in the Se-
deficient ducks according to the single-dose pharmacokinetics
parameters, which provided a theoretical basis for the clinical
treatment of Se deficiency ducks.

In summary, our work is the first to study the pharmacoki-
netics of Na2SeO3 in the blood and different tissues of low Se
ducklings by oral administration, and to formulate a dosage
regimen for clinical treatment. This study is of great signifi-
cance for a comprehensive understanding of Se metabolism,
detection of Se nutrition status, prevention of Se deficiency
disease and formulation of Se medication standards.
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