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bstract

The pharmacokinetics of thiamphenicol were investigated in 12 healthy turkeys of both sexes, following intravenous (i.v.) and intragastric (p.o.)
dministration of a single dose of 30 mg/kg body weight (bw). Serum drug concentrations were determined by capillary electrophoresis technique

n blood samples collected over 24 h following treatment. The method was statistically validated for its linearity, accuracy, precision and selectivity.
he linear range was from 0.2 to 500 �g/ml with correlation coefficients greater than 0.999. The limit of detection of drug was 70 ng/ml, while the
uantitative limit was 200 ng/ml, using 0.5 ml sample size. Pharmacokinetic variables of the drug were calculated after both administration routes.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Thiamphenicol (TAP) [d-threo-2,2-dichloro-N-�-hydroxy-
-(hydroxymethyl)-p-(methyl-sulphonyl)-phenethyl acetami-
e], is an analogue of chloramphenicol, in which the p-nitro
roup on the benzene ring is replaced by a methylsulphonyl
roup. It is a broad-spectrum bacteriostatic antibiotic, active
gainst both Gram-positive and Gram-negative pathogens
f veterinary importance and especially effective against
naerobic organisms. At a sub-cellular level, TAP inhibits the
rotein synthesis, joining the ribosomes and thus preventing the
inding of the amino acid with peptidyl transferase. In contrast
o chloramphenicol, TAP has not been associated with fatal
plastic anemia because the nitro group responsible for induced
ematological side effect is absent in TAP [1,2].

The TAP would have the advantage of being less toxic and
t appears to be a viable substitute for chloramphenicol in vet-
rinary medicine. Likewise, in vivo activity of TAP is a greater
gainst pathogenic bacteria than other structural analogues and

t is also active against some bacteria that are resistant to chlo-
amphenicol [3]. Due to its broad antibacterial spectrum, TAP
as the potential to become a valuable antibiotic in the treatment

∗ Tel.: +48 58 3493136; fax: +48 58 3493130.
E-mail address: piotrpl@wp.pl.

l
d
q
o
t
o
T

731-7085/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2006.06.005
nd control of a wide range of respiratory and alimentary tract
nfections of bacterial origin in livestock of mammals, poultry
nd recently it has been adopted for the treatment of several
nfectious diseases in fish [4,5].

The pharmacokinetics investigations of TAP have been
emonstrated in different animal species, including cattle [6–8],
alves [7,9,10], lambs [7], goats [11], pigs [12] and fish [5].
urthermore, the pharmacokinetic profile of TAP has been stud-

ed, comparing intravenous (i.v.), intramuscular and intragas-
ric (p.o.) administration in sheep [13] and rabbits [14]. Some
uthors have been compared disposition kinetics only by intra-
enous and intramuscular routes in dogs [15] and pigs [16].
urman et al. have been described pharmacokinetics in patients
uring peritoneal dialysis after intramuscular injections in doses
f 10–20 mg TAP/kg of body weight (bw) [17].

This work represents an attempt to determine TAP in serum
sing a fully validated capillary electrophoretic (CE) method
ith a rapid, simple and robust quantitative procedure. TAP has

trong UV absorption and can be determined directly by capil-
ary electrophoretic method. Likewise, many of the more polar
rugs, it can be shake out with acetronitrile is sufficient for the
uantitative extraction of TAP from serum samples [18]. The

bjective of the present study was to investigate and compare
he pharmacokinetic of TAP following the intravenous (i.v.) and
ral (p.o.) administration of a single dose to turkeys. Although
AP is one of the most widely used antibacterial drugs in vet-
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rinary medicine, the determination of its in serum samples of
urkeys by capillary electrophoresis and the kinetics in turkeys
re reported for the first time.

. Experimental

.1. Reagents

All reagent used during the extraction and analysis were
f chromatographic grade and were purchased from Merck
Darmstadt, Germany). Sodium tetraborate decahydrate (pH 9.3;
5 mM) and sodium dihydrogenphosphate (pH 5.7; 20 mM)
uffer solutions were prepared according to standard method,
sing deionized water. Thiamphenicol was obtained from Vetos-
arma (Bielawa, Poland). Pharmaceutical Enterprise (Farm-
mpex, Gliwice, Poland) supplied ephedrine hydrochloride used
s internal standard.

Individual stock solutions (1 mg/ml) were prepared by dis-
olving the appropriate amount of each of substances in 10 ml
f methanol-deionized water solution (5:95, v/v). The working
olutions were also prepared in glass volumetric flasks by appro-
riate dilution just before use. They were stored in the dark under
he refrigeration to avoid possible decomposition.

.2. Instrumental parameters

Experiments were carried out on a Beckman P/ACE 2100 sys-
em instrument (Fullerton, USA), comprised with high-voltage
uilt—in power supply, a selectable fixed-wavelength UV detec-
or, the Gold software for system controlling and data handling.
he temperature was controlled using a fluorocarbon-based
ooling fluid (25.0 ± 0.1 ◦C), and the voltage was maintained
t 25 kV. All experiments were performed using an uncoated
ilica capillary 57 cm (separation distance 50 cm) × 50 �m i.d.
he resultant electropherograms were monitored at 200 nm, with
fixed-wavelength detector. Analytes were introduced into the

apillary at anode via a 7 s, 3.45 kPa argon pressure injection,
hereas the detector was set on the cathode end of the capillary.
etween analyses, the capillary was regenerated by treatment
ith 0.1 M hydrochloric acid (0.5 min), then with 1 M sodium
ydroxide solution (1.5 min) and finally with triple distilled
ater (1.5 min) at high pressure (137.9 kPa). The best results
ere obtained using a background electrolyte composed with

he sodium tetraborate decahydrate (pH 9.3, 25 mM) and sodium
ihydrogenphosphate (pH 5.73, 20 mM) buffer solutions.

.3. Experimental design

Twelve white turkey poults (including six females and six
ales) between 6.89 and 10.12 kg of body weight were divided

nto two experimental group. The groups were placed in separate
eep bedding pens. During the experimental period, they were
oused in identical conditions (at room temperature), according

o the requirements of the species. Six birds (three males and
hree females) were included in experiments with i.v. adminis-
ration and six with p.o. administration. All birds were collected
rom a poultry farm—PFO Vetos-Farma (Bielawa, Poland).

o
r
s
d
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All procedures involving birds complied with the local ani-
al ethics regulations were conducted under the dose supervi-

ion and guidance of an experienced veterinarian. The animals
efore the experiment were sexed, marked with numbers and
he individual weight of each was determined just before drug
dministration to establish administration of a precise dose. All
irds were in good health which was determined by physical
xamination and body weight. Commercial diets and water were
rovided ad libitum. The rations did not contain any other drug
r growth promoter. The administered dose of TAP was based
n a 30 mg drug/kg body weight dosage for i.v. (into the right
rachial vein) as well as for p.o. for each turkey, directly into
he crop, using a thin plastic tube attached to a syringe. After
dministration the blood samples were collected from the left
rachial vein not used for drug administration. Blood samples
3 ml) were taken immediately before dosing and at 5 min after
.v. drug injection and at 0.25, 0.5, 1, 1.5, 2, 4, 8, 12 and 24 h
fter both i.v. and p.o. administration. The blood samples were
irectly deposited into microtainer tubes and allowed to clot at
oom temperature for 2 h, after which the samples were cen-
rifuged at 2500 × g for 15 min. Subsequently the serum was
ecanted and immediately frozen in plastic tubes and stored at
20 ◦C until assayed by CE.

.4. Sample preparation

In brief, serum samples (0.5 ml) were spiked with internal
tandard and deproteinized with acetonitrile (2 ml). Next the
amples were shaken on a rotary mixer for 10 min to complete
he deproteinization process and centrifuged at 8000 × g. The
rganic phase was taken to evaporated to dryness in a water
ath at 50 ◦C, and finally, the residue was suspended in 0.5 ml of
uffer solution (2 mM sodium tetraborate decahydrate) for CE
nalysis.

.5. Validation of analytical method

Control blank serum (0.5 ml) was obtained from untreated
nimals. TAP standards were prepared from pooled blank serum
f turkeys by adding know amounts of drug to achieve concen-
rations of 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 200 and 500 �g/ml
nd with a fixed concentration of internal standard (40 �g/ml).
he concentrations used were based on the range expected dur-

ng pharmacokinetic investigations. The samples were prepared
efore experiment, stored in the same conditions as samples
aken from animals, and were assessed over the current made cal-
bration curve. Calibration curves were established by plotting
eak-height ratio (TAP/I.S.) versus TAP concentration (�g/ml).
hanks to the higher precision, the peak-height ratio (TAP/I.S.)

nstead peak-area ratio was used in this study.
Intra- and inter-day precision and accuracy were assessed

rom the results of quality controls at four different concentra-
ions (0.5, 2, 20 and 200 �g/ml). The precision as repeatability

f the CE method was determined by the total analysis of six
eplicate samples under the same operating conditions, on the
ame day, and by the same analyst. The intermediate precision
ata were obtained by repeating the intra-assay experiment on
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different days with newly prepared buffer solution and sam-
les. The precision of a CE method of intra- and inter-day was
alculated as the coefficient of variation (R.S.D.%), while the
ccuracy of the method was determined by calculating the per-
entage deviation observed in the analysis and expressed as the
elative error (R.E.).

The limit of detection (LOD) was defined as the lowest con-
entration of TAP from which it is possible to deduce the pres-
nce of drug with reasonable statistical certainty (signal/noise,
:1). The limit of quantification (LOQ) was investigated in serum
amples from 6 different days, and calculated as the smallest
easured content of analyte in a sample that may be quanti-
ed with specified degree of accuracy (signal/noise, 10:1). For

he determination of LOQ, the percentage deviation and R.S.D.
alues are to be less than 10%.

The method used was selective for the compound analyzed;
ndogenous interference was not observed on electrophero-
rams. Specificity of the assay was determined on the basis
f different serum samples. The stability of investigated com-
ound, stored in four concentrations (0.5, 2, 20 and 200 �g/ml),
fter each of three freeze-thaw cycles during 2 months, have
een also controlled. To measure absolute recovery, various con-
entrations of TAP and fixed concentration of I.S. were added
o serum and the samples were extracted as described above.
he percentage recovery was determined by comparing the peak
eight of TAP and I.S. extracted from samples with peak height
btained by direct injection of standard solutions.

.6. Pharmacokinetic and statistical analysis

The pharmacokinetic parameters for TAP were determined
sing the time course of drug in serum by a non-compartmental
nalysis with the aid of the program WinNonLin (version 4.01).
arious parameters such as area under curve (AUC), peak
lasma concentration (Cmax), time to reach the peak (Tmax),
limination rate constant (Kel), elimination half-life (T1/2), the
otal mean residence time (MRT) and absorption efficiency were
etermined for each bird by standard methods. AUC(0−t) was
etermined by linear trapezoidal rule. AUC(0−∞) was calcu-

ated as AUC(0−t) + Clast/Kel, where Clast is the last measurable
oncentration. All calculated values are given as means ± S.D.
he bioavailability (F) of orally administred of TAP was calcu-

ated by dividing the area under the serum concentration-time

r
t
p
f

able 1
ntra- and inter-day precision and accuracy and absolute recovery of measurement of

ominal concentration (�g/ml) Concentration found (�g/ml ± S.D.)

ntra-day
0.5 0.50 ± 0.03
2 2.08 ± 0.03

20 20.27 ± 0.72
00 206.17 ± 1.98

nter-day
0.5 0.49 ± 0.03
2 2.09 ± 0.09

20 20.37 ± 0.82
00 206.81 ± 3.13
iomedical Analysis 43 (2007) 222–227

urve (AUC0−∞) after oral administration by AUC(0−∞) after
.v. injection. The volume of distribution was obtained from
he following expression: dose/(AUC0−∞ × K). The statistical
nalysis of data was performed using the one-way analysis of
ariance (ANOVA) followed by multiple comparisons between
ata for turkeys. A difference at P < 0.05 was taken as being
ignificant.

. Results and discussion

.1. Assay validation

The development method was validated for the determina-
ion of TAP in serum samples according to accuracy, limit of
etection (LD), limit of quantification (LQ), stability and recov-
ry. The linearity of the method was confirmed with precision
nd inaccuracy below 10% over a concentration range from 0.2
o 500 �g/ml of TAP. The mean (±S.D.) regression equation
or six replicated calibration curves constructed using 0.5 ml
f turkey serum samples was: y = 0.1458 (±0.0008)x + 0.025
±0.126) (n = 11) and correlation coefficients (r2) was 0.9998.
rom this experiment, the LD of the electrophoretic method was
stimated to be 70 ng/ml (n = 6), while the LQ was 200 ng/ml.

The selectivity of the assay was investigated by processing
nd analyzing blanks prepared from at least six independent lots
f control turkeys serum. It is demonstrated by the absence of
ndogenous substances, in the drug free matrices, that could
nterfere with the quantification of TAP. Typical electrophore-
rams of blank serum sample (A) and serum obtained from
nimal number one with concentration of TAP 20 �g/ml and
phedrine hydrochloride I.S. 20 �g/ml (B) are shown in Fig. 1.
AP is detected with a migration time (tm) of 4.7 min and does
ot interfere with ephedrine hydrochloride I.S. (tm 2.95 min) and
ith peaks of endogenous constituents from serum and reagents.
The precision and accuracy of the method was evaluated as

he intra- and inter-day R.S.D. values of the measured peak
eight standards at quality control (QC) concentrations (0.5, 2,
0 and 200 �g/ml). The R.S.D. values from TAP for intra- and
nter-day precision were found to be 0.8–5.8% and 1.5–6.1%,

espectively, whereas the R.E. values were showed from −2.99
o 1.01%, and from −4.71 to 1.69%, respectively (Table 1). The
recision and accuracy investigations showed acceptable values
or both intra- and inter-day studies for TAP in turkey serum,

TAP in turkeys serum

Precision R.S.D. (%) Accuracy (% RE) Absolute recovery (%)

5.8 1.01 79.5
4.3 −2.99 79.9
3.6 −1.36 81.1
0.8 −2.91 81.6

6.1 1.69 78.8
4.7 −4.71 79.5
4.0 −1.86 81.6
1.5 −3.41 85.6



P. Kowalski / Journal of Pharmaceutical and Biomedical Analysis 43 (2007) 222–227 225

Fig. 1. (A) Electropherograms of drug-free turkeys serum. (B) Electrophero-
gram of turkeys serum containing (1) ephedrine hydrochloride (I.S.) at 4 �g/ml
a
i
c

o
t
t
a
w
f
p
t
i
r
n
t
c
a

Table 2
The freeze-thaw stabilities of TAP in turkeys serum after stored at −20 ◦C for 2
weeks and 2 months

Nominal
concentration
(�g/ml)

Concentration
found
(�g/ml ± S.D.)

S.D. Precision
R.S.D. (%)

Recovery
(%)

After 2 weeks
0.5 0.49 0.02 4.1 98.0
2 1.96 0.05 2.3 98.0

20 20.06 0.29 1.4 100.3
200 202.09 1.54 0.8 101.0

After 2 months
0.5 0.49 0.02 4.6 98.0
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Likewise, the time at which Cmax was achieved was less than
that reported for calves (4.5 h), lambs (3.5 h) [7] and pigs (3.42 h)
[12], only in rabbits was observed shorter tmax (1.17 h) [14]. In
the scientific literature, specific reports on intragastric adminis-
nd (2) thiamphenicol at 20 �g/ml. Conditions: UV detection at 200 nm, unmod-

fied silica capillary (57 cm × 50 �m i.d.), temperature 25 ◦C, running buffer
omposed with 25 mM Na2B4O7 and 20 mM NaH2PO4.

ver a wide concentration range. TAP was stable when stored in
he refrigerator and freezer. The freeze-thaw stability and long-
erm storage stability of TAP was determined by measuring the
ssay precision and accuracy for serum samples which under-
ent three freeze-thaw cycles during 2 months. The effect of

reezing and thawing cycles was studied using six parallel sam-
les at QC concentrations of drug. The stability data were used
o support repeat analyses. The frozen plasma samples contain-
ng separated drug were thawed at room temperature for 3 h,
efrozen for minimum of 2 weeks, thawed for 3 h, refrozen for

ext 6 weeks, thawed and then analyzed. The results showed
hat TAP was stable in turkey serum through three freeze-thaw
ycles. The precision and accuracy for TAP form these extracted
nd stored serum samples (after 2 months) were 0.7–4.6% and

F
p

2 2.02 0.05 2.3 101.0
20 20.42 0.48 2.4 102.1
00 203.33 1.38 0.7 101.7

8–102.1% (Table 2). The results demonstrated that serum sam-
les could be thawed and refrozen without any decomposition.
he mean absolute recovery values founded from turkeys serum

n the conditions of the assay was 81.5 ± 2.3% for TAP and
8.8 ± 1.6% for I.S.

.2. Application for pharmacokinetic study

The validated CE method was successfully applied to the
harmacokinetic studies and bioavailability of TAP in turkeys.
ean concentrations of TAP in serum after single i.v. and p.o.

dministration of drug at 30 mg/kg b.w. are presented graphi-
ally (Fig. 2). The basic pharmacokinetic parameters are listed
n Table 3.

All animals in the study were normal following treatment and
o adverse effects were observed in any of the birds after drug
dministration. The results of this study show that TAP is rapidly
bsorbed when administered by oral route into serum where it
eached its peak at 1.42 ± 0.2 h after intragastric administration.
ig. 2. Semilogarithmic plot of mean TAP serum concentrations vs. time after
.o. and i.v. administration of 30 mg/kg body weight in turkeys.
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Table 3
Mean pharmacokinetic parameters of thiamphenicol after i.v. and p.o. adminis-
tration at the therapeutic dose of 30 mg/kg b.w. for turkeys

Parameter Thiamphenicol i.v. Thiamphenicol p.o.

AUC0−t (�g g/ml) 172.7 ± 38.4 104.8 ± 30.6
AUC0−∞ (�g g/ml) 178.9 ± 40.7 116.9 ± 30.6
Tmax (h) – 1.42 ± 0.20
Cmax (�g/ml) – 15.23 ± 3.24
C12 (�g/ml) 1.60 ± 0.60 1.88 ± 0.52
C24 (�g/ml) 0.50 ± 0.20 1.18 ± 0.30
Kel (1/h) 0.19 ± 0.08 0.10 ± 0.03
T0.5 (h) 4.19 ± 1.58 7.40 ± 2.09
Vz (L) 8.51 ± 3.41 26.14 ± 13.23
MRT (h) 2.88 ± 1.18 6.54 ± 0.51
F (%) – 65.36

(Values are mean ± S.D.); AUC0−∞, area under the curve extrapolated to infin-
ity; AUC0−t, area under the curve up to the last time (t) in which thiamphenicol
was measured; Tmax, the time to reach peak concentration; Cmax, the maximum
plasma concentration; C12, serum drug concentration after 12 h; C24, serum
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R

rug concentration after 24 h; Kel, the apparent elimination rate constant; T0.5,
he apparent elimination half-life; Vz, volume of distribution calculated by the
rea method; MRT, mean residence time; F, absolute bioavailability.

ration and disposition of TAP to turkeys were not found, thus
omparisons could not be made for these species.

The treatment with TAP at 30 mg/kg b.w. in this study gave
aximum serum concentrations (15.23 ± 3.24 �g/ml) different

o those reported in pigs (2.1) [12], calves (3.5), lambs (5,2) [7]
r rabbits (69,8) [14]. Detectable quantities of TAP were found
t 24 h after its i.v. (0.5 ± 0.2 �g/ml) and p.o. (1.18 ± 0.3 �g/ml)
dministration, and were above the LOQ of the analytical
ethod. The elimination half-life in turkeys (7.4 h) determined

n this study was longer than the value of 4.8 h in calves, 3.6 h
n pre-ruminant lambs, reported by Mengozzi et al. [7], and
lso longer than the 3.79 h in pigs, obtained by Haritova et al.
12]. Likewise, the relatively long elimination half-life and MRT
6.5) values of TAP after its p.o. administration, determinated
n present study are suggestive that the drug is eliminated rela-
ive slowly in turkeys, in contrast to other animal species. The
.o. elimination half-life was higher than that observed after i.v.
dministration (4.19 h). The absorption process probably con-
inued for several hours, which would affect the drug elimination
rocess. However, it should be noted that plasma half-life does
ot allow estimation of the tissue half-life as the drug could accu-
ulate in the tissue. Moreover, in the present paper, TAP showed
high volume of distribution (particularly after p.o. administra-

ion), which suggests that penetration of biological membranes
s very well. Thus TAP might easily reach well perfused tissues,
ossibly in levels high to achieve the value above of the MIC
minimum inhibitory concentration) (for TAP 0.5–2 �g/ml) of
ost pathogenic bacteria involved in the commonest infections

n birds.
The bioavailability value for the p.o. route (65.36%) in

urkeys (at a dosage of 30 mg/kg) was rather higher than those
reviously reported for in pre-ruminant lambs calves (60%) [7]

nd rabbits (64.2%) [14], indicated that the drug might have been
artially absorbed from the gastrointestinal tract. Moreover, fol-
owing p.o. administration of florfenicol (a structural analogue
f TAP) to other bird species, bioavailability values are similar

[

iomedical Analysis 43 (2007) 222–227

o values obtained in this study (55.3% in broiler chicken [19],
1% in infected chicken [20] and 73% in ducks [21]). In contrast,
previous assays concerning the pharmacokinetic disposition of
AP after oral treatment showed differences in bioavailability,
rom 30% in sheep [13] to 64.2% in rabbits [14]. Likewise, dif-
erences between kinetic parameters of TAP for male and female
urkeys were evaluated, but there was no significant difference
etween sexes in any of the estimated pharmacokinetic param-
ters (data not showed).

The results obtained in this assay, suggest that TAP admin-
stered p.o. and i.v. at 30 mg/kg could be sufficient to achieve
he MIC for most susceptible microorganisms. Therefore, TAP
hould be given twice a day at dosage of 30 mg/kg b.w. to main-
ain therapeutic concentrations, and that the interval between
ach administered dose could be extended up to 12 h.

. Conclusion

The sensitive and reliable CE method for the measurement
f thiamphenicol in turkeys serum has been developed and vali-
ated. In this study, validation experiments have shown that the
ssay has good precision and accuracy over a wide concentration
ange, and no interference caused by endogenous compounds
as observed. The single step liquid–liquid extraction proce-
ure was used to isolate the drug from serum samples. The cost
nd time of analysis decreased. In contrast, classical methods
or the separation of TAP from biological matrixes require large
olumes of extracting solvents, multiple extractions and evapo-
ation steps. Moreover, the method is applicable for monitoring
erum levels during clinical and pharmacokinetic trials with TAP
o evaluate its most efficacious dosage regimen. The sensitivity
f the assay method allows determination of drug concentrations
n plasma samples collected 24 h after p.o. and i.v. route treat-

ents. In conclusion, both p.o. and i.v. administration of TAP at
ose 30 mg/kg in turkeys, may be effective for the treatment of
usceptible infections and useful for its large scale therapeutic
pplication.
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