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Abstract

Tetracycline is one of the most important groups of antibiotics that have harmful effects on the
consumers, therefore the public health safety against its residues represents a significant issue.
This study aimed to estimate the effect of tetracycline hydrochloride on some hematological
parameters, kidneys function tests as well as liver and breast muscle enzymes with special
reference to the supposed withdrawal time of this drug in different rabbits’ tissues (kidney, liver
and muscles), following oral dose of tetracycline using High Performance Liquid
Chromatography. Tetracycline was administrated to eighteen rabbits directly into the stomach at
a dose of 35 mg/kg BW once daily for five successive days. Samples were collected on the 1%,
3 7 14" 21t and 28" days after the last oral dose. The results revealed that, tetracycline
caused a significant increase in the uric acid, urea, creatinine, alkaline phosphatase (ALP),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatine phosphokinase
(CPK) and lactate dehydrogenase (LDH) activities with no significant changes in the
hematological parameters when compared with the control group. The residues remained in the
liver and kidney for 7 days, while in muscles for 3 days only after the last oral dose of the drug.
In conclusion, the disturbances in the biological parameters occurred by tetracycline
administration in rabbits was transient and returned to normal after 7 days of last treatment. The
withdrawal time of tetracycline was 14 days from the rabbit's tissues.
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Introduction
wide range of gram-positive and gram-

Antibiotics are widely used in animal
husbandry for both preventing and treating
diseases as well as promoting the growth [1].
The liver is the mostly exposed to drugs and
their metabolites, but it is not the main organ
for toxicity although the clinical appearance
such as the side effects induced by antibiotics
as microvesicular steatosis [2]. The miss use of
antibiotics may result in their residues in meat
and food products [3]. Observance of the
withdrawal period, effective surveillance,
monitoring and control on the use of
veterinary drugs to prevent veterinary drug
residues in animal products are recommended
[4].

Tetracycline (TC) is one of the important
groups of antibiotics. It is used in livestock
and poultry production [5]. Tetracyclines
(TCs) represent about 41% of all antibiotic-
associated residues, followed by B-lactams at
18% in Africa [6]. Tetracyclines have a
bacteriostatic effect and used for managing a

negative bacterial infections. In addition, they
are being valuable against intracellular
chlamydiae, mycoplasmas, rickettsiae and
protozoan parasites [7]. Tetracyclines are
usually used in veterinary medicine mostly for
treating gastrointestinal, respiratory and skin
bacterial infections as well as systemic
infections [8]. Also, tetracyclines residues
cause harmful effects on consumers as allergic
reactions, liver damage, yellowing of teeth and
gastrointestinal disorders [9]. Therefore, this
study aimed to evaluate the effect of
tetracycline on liver and muscles enzymes in
addition to its impact on kidney function tests
and hematological parameters with special
reference to its withdrawal time in different
rabbit's tissues.

Material and Methods

Thirty-six healthy male New Zealand White
rabbits ranging from 2.5+0.2kg body weight
were divided into control and experimental
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group (each of 18 rabbits). The animals were
housed in Experimental Research Animal Unit
at the Faculty of Veterinary Medicine, Zagazig
University. Rabbits were kept under good
hygienic measures for 2 weeks without ant=y
treatment before starting the experiment to
ensure that they were free from any
antibacterial drug. Feed and water were
provided. The control rabbits were used for the
preparation of serum, blood, blank and spiked
samples for validation method. Rabbits of the
experimental group were given tetracycline
(Adcocycline®, Arab company for medical
products — Cairo, Egypt, its molecular formula
is C22H24N208 with molecular weight of
444.44 mol/g) directly into the stomach
through the feeding tube orally at a dose of 35
mg/kg BW once daily for five successive days
[10]. Three rabbits were sacrificed on the 1%,
3 7t 14% 215 and 28" day after the last oral
dose. Samples from Kkidneys, liver, muscles,
blood, and serum were preserved at -20°C until
analysis.

Preparation of samples

Two independent blood samples per rabbit
were collected from the slaughtered rabbits for
hematological examinations. 1 mL and 2 mL
of blood were collected in tube containing
EDTA (Img/mL) and in a glass tube (without
EDTA), respectively and allowed to coagulate
in centrifuge tubes at room temperature and
were centrifuged at 3000 rpm for 15 minutes
to obtain clear serum. The serum was then
transferred immediately to sterile tubes and
stored at -20°C until biochemical assay
analysis. In addition, liver, kidney and muscles
samples free from surrounding tissue were
collected, washed in physiological saline
solution and then were stored at -20°C until
analyzed within 30 days from collection.

Hematological parameters

The hematological examinations included
the erythrocyte count (EC), packed cell
volume (PCV), hemoglobin (Hb), mean cell
volume (MCV), mean corpuscular hemoglobin
concentration (MCHC) as well as the total and
differential leukocyte, using a HemScreen18-
Automated Haematology Analyser (Hospitex
Diagnostics, Sesto Fiorentino, Italy) [11].

Serum biochemical analysis

Semi-automated Photometer (5010V5+,
RIELEGmb H& Co, Berlin, Germany) was
used to estimate markers of serum hepatic and
renal damage in freshly separated serum
samples according to the manufacturer’s
protocol. The liver enzymes Aspartate
Aminotransferase  (AST) and  Alanine
Aminotransferase (ALT) were estimated using
commercial  kits [12], while Alkaline
Phosphatase (ALP) was determined according
to Tietz et al [13]. The enzyme activity
computed directly from the absorbance values
were expressed in units/L. For renal damage
examination, urea was evaluated according to
Coulombe and Favreau [14] and creatinine
was evaluated according to Lausen [15]. In
addition, muscles enzyme Creatine
phosphokinase (CPK) and Lactate
dehydrogenase (LDH) were evaluated [16] and
[17], respectively.

Sample extraction

Frozen tissue samples were thawed and
finely diced with scissors after trimming of
external fat and fascia. Twenty grams of each
organ to be analyzed were weighed, cut into
very small pieces, grounded using sartorial
mincer and then homogenized in a blender for
2 minutes, subsequently 20 mL of Mcllvaine
buffer (Centrifuged for mixture of 1000 mo
0.1 moL/L Citric acid and 625 mL 0.2 moL/L
sodium hydrogen phosphate solution) was
added. The mixture was mixed using Vortex
mixer for 2min and then centrifuged for 10
min (4000 g). The supernatant was taken and
20 pL of the solution was injected into HPLC
for analyzing.

Chromatographic conditions

The chromatographic conditions included a
mobile phase of Acetonitrile and OPA acid
(0.1%) (30:70) using an isocratic method with
a flow rate of 1 mL/min at 25°C. The
separation was done on hyper sim gold C 18
(5um, 150x4.6 mm) column. Detection was
performed with PDA detector set at 370 nm
wave length. Quantification of residues in
samples was obtained and calculated from the
area under the curve extrapolated
automatically by the Chromo Quest 5
software.
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Calibration curve

Calibration curve was prepared by using
concentrations of 0.078, 0.156, 0.625, 1.25,
2.5 and 5 ug/mL of tetracycline in eluent.
These standards were prepared from the daily
prepared stock solution and treated with 100
mg of tetracycline. Standard was accurately
weighed and put in 100 mL volumetric flask,
the powder was dissolved in 100 mL of
methanol to make a stock solution of 1000
ppm (1mg/mL). Several serial dilutions of
stock solution were carried out. The retention
time was 2.5 minutes.

Statistical analysis

In order to assess the influence of
tetracycline on some hematological and
biochemical parameters on 1%, 39 7% 14%"
21% and 28" days post tetracycline
administration, one-way analysis of variance
(ANOVA), followed by Tukey's Honestly
Significant Difference (Tukey’s HSD) test as a
post hoc test was used. Analysis was done
using Statistical Package for Social Sciences
version 22.0 (IBM Corp., Armonk, NY, USA).

The results were reported as means + SEM
(Standard Error of Mean). The value of P <
0.05 was wused to indicate statistical
significance.

Results

The obtained results showed that the liver
and muscles enzymes and kidneys functions
were elevated in the serum. The treated rabbits
with tetracycline hydrochloride showed an
increase in the liver enzymes and kidney
functions on the 1%, 3™ and 7" days post
treatment (Figurers 1,2). Also, the muscles
enzymes demonstrated an increase on the 1%

and 39 days post oral tetracycline
hydrochloride  administration, while the
hematological parameters displayed non-

significant changes comparable with the
control group (Table 1). Tetracycline
hydrochloride distribution in the tissue was
presented in Table (2). Data emphasized a
widespread of the drug in the tested tissues
(liver, kidneys and muscles), with the highest
concentration of residues in the Kkidneys
followed by liver then breast muscles.
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Figure 1: Different kidney function parameters’ levels (a,b,c) in rabbits at various intervals after treatment
with tetracycline hydrochloride (35mg\kg BW once daily for 5successive days) (n=3).
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The concentrations of tetracycline residues
in kidneys, liver and breast muscles were
0.31+0.02, 0.09+0.01 and 0.04+0.01 pg/g,
respectively, at the 1% day after oral
administration. On the third day of tetracycline
administration the residues were decreased in
all investigated tissues 0.09+0.01, 0.03+0.02
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and 0.01+0.01 pg/g in the kidney, liver and
breast muscle, respectively. Moreover, on the
7" day post treatment, the residues were not
detected in the breast muscle, while on the 14"
day no residues were detected in renal and
hepatic tissues.
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Figure 2: Liver and muscle (d,e,f,g) enzymes in serum of rabbits at various intervals after treatment with
tetracycline hydrochloride (35mg\kg BW once daily for 5successive days) (n=3).

Method Validation Results
System and Method of Precision

The HPLC system is precise as the Relative
Standard Deviation (RSD) of 5 determinations
of Toluene standard is 0.008. The method for
tetracycline separation is precise as the
Relative Standard Deviation (RSD) of 5
determinations of tetracycline test solution is
0.45.

Selectivity and specificity

There is no interference between the
tetracycline in the samples and peaks of any
impurities or extracted solvents. The retention
time of tetracycline is 2.5 min (Figure 3A).

Standard Curve of Tetracycline

Tetracycline standard concentrations of
0.078, 0.156, 0.625, 1.25 and 2.5 pg/mL and
their corresponding peak responses (area under
peak) were illustrated in Figure 3B. The
calibration curve was calculated by linear
regression equation method as
y=41719x+279.19 where; y: indicated area
under peak and x: indicated concentrations of
tetracycline. Linearity existed within range of
0.078 and 2.5 ug /mL with a correlation
coefficient (r> = 0.9999).

Accuracy and Recovery

The percentage of recovery of tetracycline
spiked samples ranged from 90-95 in kidney,
muscles and liver.
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Table 1: Hematological parameter of rabbits at various intervals after administration of tetracycline hydrochloride (35mg/kg BW) orally once daily for 5 successive

days, (n=3)

'RBC.S (million/m?)
Hemoglobin (g/dL)
2PCV (%)
SM.C.V (%)
“M.C.H (%)
5M.C.H.C. (%)
SWBC.S (million/m?3)
Neutrophiles (%)
Lymphocytes (%)
Monocytes (%)
Eosinophel (%)

Days post treatment

Control group

Tetracycline administered group

1t 31 7h 14t 21 2gth 1t 3r 7h 4 21 2gth
5.21+0.17 5.5+0.33 5.14+0.1 5.29+0.17 5.32+0.24 4.87+0.17 5.88+0.35 5.35+0.04 5.52+0.07 5.35+0.11 5.28+0.22 4.83+0.77
12.9+0.38  12.9+0.37 13.5+0.39 12.7+0.46  3.43+0.33 12.9+0.36  13.2+0.35 2.91+0,37 12.9+0.27 1224036  12.8+0.32 13.7+0.32
35:154  359:085 349:085 345136 351119 3312071 4.37+16  364:0.64 333:0.55 348091 397+122 329+142
74.8+1.3 72.9%1.7 72.8+1.4 74.03+1.1 73.2%1.6 75.1+0.7 74.1£1.9 74.2%1.2 73.6+1.8 72.8+0.8 74117  73.2%1.3
22.8%15 22.9+1.1 21.5+0.9 22.2+1.4 23.840.5 22.2+0.6 22.9+0.7 22.840.5 22.2+1.1 22.4+2.9 223105  22.5+0.6
322:06 34909  313:08  3L1:xL1  319+04  329+12  316:0.6  335:08  31.0:06  316:03 31702 31.0+0.8
55:05  52:05  55:04 5404  54:03  53:0.2  55:04  51:0.2  58:0.2 5803  53t04  570.3
30.6+1.2 29.3+0.6 29.6+0.8 27.3%+1.7 27.2%15 27.1+21 29.1+15 28.7%1.7 28.1%1.2 28.1+1.1 27414  28.6%1.7
65+1.5 65+1.3 64+1.5 67+1.2 66+1.6 64+1.2 65+2.0 65+2.3 66+1.5 66+2.4 67+2.0 65+2.1
3.340.6 3.3+0.3 3.6+0.3 3.6+0.3 3.0£0.2 3.0£0.2 3.3+0.5 3.340.3 3.6+0.3 3.3+0.3 3.340.3 3.6+0.6
1.6+0.3 1.6+0.3 1.7+0.2 1.6+0.3 1.8+0.2 1.5+0.3 1.6+0.2 1.7+0.2 1.60+0.3 1.6+0.1 1.7+0.2 1.6+0.2

IRBC.S (million/m?): red blood cells; 2PCV (%): packed cell volume; 3M.C.V (%): mean cell volume; *“M.C.H (%): mean corpuscular hemoglobin; SM.C.H.C. (%):mean corpuscular hemoglobin

concentration; 5w BC.S (million/m3): white blood cells.

Means within the same raw carrying different superscripts were significant different at P < 0.05 based on Tukey's Honestly Significant Difference test
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Discussion

Tetracyclines are  broad  spectrum
antibiotics, broadly used in veterinary field to
treat and control a variety of bacterial
infections and as growth promoters [18]. The
miss use of the drugs in the veterinary field
can lead to the hazard of residues in animal-
derived foods [1] that may cause allergic

------------
tSrovs)

reactions and stimulate the development of
resistant strains of bacteria [19,20]. The
Maximum Residue Limits (MRL) for TCs
according to both FAO/WHO (1999; 2004)
and Canadian limit (2015) was 200, 600 and
1200 pg/kg for muscle, liver and kidney,
respectively [21,22].
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Figure 3: (A) Tetracycline standard 10 pg/mL, (B) Standard curve of tetracycline. Liquid chromatogram of
tetracycline extract (35 mg/kg BW) orally for 5 successive day of rabbit in kidney (C), liver (D), and muscle

(E) in thel® day post treatment.

The obtained results showed that the
treatment of rabbits with tetracycline 35mg/kg
daily for 5 successive days, elicited significant
increase in liver enzymes (ALT, AST and
ALP) and kidney function (uric acid, urea and
creatinine) on the 1%, 3 and 7" days post
administration, respectively but on the 1% and
3" days post administration only for the
muscles enzymes (CPK and LDH). These
results are in agreement with those obtained by
Shabana et al. [23] who reported a significant

elevation in the levels of ALT and AST in the
serum of tetracycline-administrated rats.
Increasing the level of liver enzymes in the
serum may be attributed to the tetracycline
induced necrotic lesions in the hepatocytes
[24], and oxidative damage which might result
in an enhanced release of ALT and AST into
the general circulation. In addition to the raise
of the AST and ALT levels refers to a
reversible change of the cell membrane
permeability [25].
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Table 2: The concentration of residues in liver, kidney and muscles of rabbits at various intervals after
administered of tetracycline hydrochloried (35mg/kg BW) orally once daily for 5 successive days,

n=3 (MeanzSE)

The concentration of tetracycline hydrochloride residues (pug\g)

Organs Days post treatment
1st 3rd 7th 1 4th 2 1th 28th
Liver 0.09+0.01 0.03+0.01 0.02+0.01 ND ND ND
Kidney 0.31+0.02 0.09+0.01 0.02+0.01 ND ND ND
Muscle 0.04+0.001 0.01+0.001 ND ND ND ND
ND: not detected.
Regarding to the kidney function tests, our about 3 weeks to eliminate  absolutely

results are in agreement with those obtained by
others [26,27,28] who detected a significant
increase in the level of urea and creatinine in
the serum of tetracycline-treated rats, which
may be attributed to the toxic effect of
tetracycline on kidney and may have
prohibited the filtration of the waste products
(urea and creatinine) from the bloodstream that
resulted in elevation of urea and creatinine
levels in our results [29]. Effect of tetracycline
on the muscles enzymes are in agreement with
Laska, et al. [30] who reported that
tetracycline (0.25, 1.0 and 2.5 mg/mL) caused
dilation of endoplasmic reticulum and
cytoplasmic blabbing at low concentration but
had no effect on the cytoplasmic membrane or
CPK. Cells exposed to the high concentration
of tetracycline had extensive damage to the
cytoplasmic membrane with completely
depletion of CPK. The obtained results clearly
demonstrated non-significant changes in the
hematological parameters (Hb, PCV, MCV,
MCH and MCHC) of the tetracycline treated
rabbit that are in agreement with Shabana et
al. [23] who stated that rats treated with
tetracycline did not show significant changes
in RBC count, Hb, PCV, MCV, MCH,
MCHC, total WBC, neutrophil, eosinophil and
lymphocyte counts.

The obtained results regarding the
withdrawal time of 7 days after the last dose
from muscles and 14 days from the liver and
kidney were in disagreement with Morshedy
et al. [31] who concluded that rabbit have to
delay the slaughter time till the oxytetracycline
is metabolized in liver and excreted from the
kidneys and this takes a withdrawal period

oxytetracycline residues from rabbit muscles
after treatment of 20 mg/kg body weight
subcutaneously for five successive days. Villa
et al. [32] referred that the withdrawal time of
oxytetracycline preparation when given to
rabbits by medicating water or feeding for five
days at dose 80mg\kg may be not more than 3
days. Also, Martin-jimenez et al. [33] reported
that the concentrations of oxytetracycline
persisted in the kidneys and muscle at the
injection site  for >19 days after
oxytetracycline administered at 20mg/kg for 3
successive days. In contrast, the withdrawal
time of oxytetracycline preparation when
given to rabbits by medicated water or feeding
for five days at a dose of 80mg/kg may persist
not more than 3 days [32]. Such different
results may be attributed to the differences in
the used dose, drug metabolism and analytical
procedures.

The highest concentration of tetracycline
hydrochloride residues was found in kidney,
liver and breast muscles, respectively, which is
in agreement with Abasi et al. [34] who
reported that the TC residues in triceps and
gluteal muscle, diaphragm, kidney and liver
samples in cattle were 176.3+46.8,
405.3+219.6, 96.8+26.9, 672.4+192.0 and
651.3+210.1 ng/g, respectively. Abdel-
Mohsein et al. [35] detected a significant
difference between the level of TC in liver and
that of muscle, while non-significant
difference between TC level in liver and
kidney. And the liver had the highest level of
TC residue (1.06pg/g) in comparison to other
samples. The mean level of TC residues was
the highest in the kidney samples that may be
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due to the major elimination pathway of
tetracycline through renal excretion with
approximately 60% of tetracycline
administrated being excreted in urine in
unchanged form [36]. Meanwhile, a higher
level of tetracyclines' residue usually observed
in liver and kidney rather than in the muscle,
which is explaining their role in the
metabolism and excretion of antibiotics, as
well as to the role of the kidney in the filtration
and clearance of blood from any undesirable
constituents [37]. EOS had set the MRLs for
oxytetracycline to be 0.2ppm for chicken
muscles, so all the results of tetracycline
residues in liver, kidney and muscles of rabbits
were within the acceptable level [38].

Conclusion

In  conclusion treated rabbits with
tetracycline showed a significant increase in
the liver and muscle enzymes and kidney
function parameters. When drug eliminated
from the body, the biological parameters
returned to the normal, so all rabbits treated
with tetracycline hydrochloride must monitor
their liver and kidney function tests from time
to time. On the other hand only muscles
samples of rabbits at the 7™ day post treatment
do not have tetracycline residues and they
could be eaten safely on the 7" day, while
liver and kidney could be eaten safely on the
14" day after treatment with tetracycline
without any hazards on human health.
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