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ABSTRACT

The aim of this study was to determine dif-
ferences in residue elimination of amoxicil-
lin (AMX) in cow’s milk, after intramam-
mary administration of a pharmaceutical
preparation of AMX plus potassium clavula-
nate (CLV), either in healthy or in spontane-
ous cases of clinical mastitis, and follow-
ing label instructions or administering the
preparation in an extra-label manner. Twelve
lactating healthy Holstein/Friesan cows in
production and negative to clinical mastitis
were treated with a commercial brand of
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intramammary AMX/CLV (300 mg of AMX
and 60 mg of CLV), administered every 12
h for 3 consecutive days (CL group), as rec-
ommended on the label. Twelve cows with
clinical mastitis, determined by California
test, somatic cell count, microbiological
culture and physical aspect of the milk,
were dosed as group CL (Exp-L group).
Twelve cows, also affected with mastitis,
were treated with double dose for three days
(Exp-EL1 group). Finally, a fourth group

of 12 cows with mastitis were treated in an
extra-label manner by tripling the referred
dose (Exp-EL2 group). After the last
administration, milk samples from all the
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treated/affected glands were obtained every
12 h for 7 days. Amoxicillin concentrations
in milk were determined by HPLC. Results
showed that in CL and Exp-L groups, mean
number of milkings required to quantify
AMX below the official maximum residue
level (MRL) in Mexico (4 pg/L), was 7 (84
h). In contrast, when double or triple dose of
the preparation was administered in groups
Exp-EL1 and Exp-EL2 groups, a mean of
11 milking times (132 h) were required to
set AMX concentrations below the referred
MRL, suggesting a zero order elimination
kinetics. There is a statistically significant
difference between the former and the latter
groups. The amoxicillin elimination half-
lives were 46.97 h and 66.92 h for CL and
Exp-L groups and 71.46 h and 85.43 h for
Exp-EL1 and Exp-EL2, respectively. These
findings stress the need to comply with label
instructions.

INTRODUCTION

Residues of antibacterial drugs in cow’s
milk are regarded as a public health threat
(Salter, 2003; Donoghue, 2003; Karis et al.,
2007). Additionally, residues of antibacterial
drugs modify processing of dairy prod-

ucts (Sawant et a., 2005; Karis et al, 2007,
German, 2012). Based on these premises,
private companies and regulatory agencies
worldwide have set residue detection moni-
toring programs. The use of on-site detec-
tion kits (Charm , SNAP and Delvotest® )
for antibacterial drug detection, has greatly
improved milk quality in many dairies. Yet,
according to some authors, unlawful residue
levels of antibacterial drugs in milk, is a
constant finding, rather than an exception
(Gutiérrez et al., 2005; Bogialli et al, 2007,
Kantiani et al, 2009). Accountability of such
residues for health problems in humans is
not so clear cut, yet it is believed to range
from an increase in bacterial resistance of
pathogens in humans, to direct health prob-
lems in consumers such as allergic reactions
(van de Bogaard et al, 2000; Cabello, 2004;

Cabello, 2006). For example, residues of
amoxicillin/clavulanic acid in animal prod-
ucts have been associated in general with

an increase in bacterial resistance, higher
risk of gastrointestinal adverse reactions,
hepatotoxicity, diarrhea, and intractable uri-
nary tract infections by Escherichia coli and
Salmonella spp. (Hensel et al, 2005, Salvo et
al, 2007; Kemper, 2008).

In Mexico, maximum residue levels
(MRLSs) of antibacterial drugs in milk are
usually in agreement with international
criteria (FDA - USA, Codex Alimentarius,
EMEA), and as it happens in many coun-
tries, establishment of clearance patterns and
withholding time by a sponsor of a given
antibacterial-drug preparation is carried
out in healthy individuals from the target
species. In this particular case, residue
elimination in milk after treatment with
an antibacterial preparation, intended for
intramammary administration, is carried out
in healthy cows. Trials in cows suffering
mastitis are almost never done. Furthermore,
antibiotic clearance rate after overdos-
ing cows, are rare at best. For amoxicillin
(AMX) and potassium clavulanate (CLV)
in Mexico, official MRL values are 4 pg/kg
and 200 pg/kg, respectively (EMEA, 2002).
For a commercial brand of AMX/CLV in
Mexico, a withdrawal period of 3 days (6
milkings, one every 12 hours) has been ac-
cepted. However, extra-label overdosing of
such preparation in a given mammary gland,
based on the clinical perception that more
of these antibacterial drugs are necessary,
may modify the clearance pattern of AMX/
CLV preparation. Considering the above, the
present study was set to test the hypothesis
that Holstein/Friesian cows show a different
pattern of elimination of AMX in milk when
overdosed (twice or thrice), in comparison
to healthy cows or cows suffering from mas-
titis that received label recommended use of
this drug.

MATERIAL AND METHODS

Charm®; Rapid test based on the ligand assays using biological receptor.
SNAP®; Rapid test based on the ligand assays using antibodies configured in an enzyme-linked immunoassay.
Delvotest® Rapid test based on the inhibition of growth of microbial test organisms.
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All study procedures and animal care activi-
ties were conducted in accordance with the
Institutional Committee of Research, Care
and Use of Experimental Animals of the
National Autonomous University of Mexico
(UNAM), according to the Mexican Official
Regulation NOM-062-Z00-1999 (1999).
This trial was carried out at the milk dairy
“El Puente” located in the State of Mexico,
having 500 Holstein/Friesian cows in pro-
duction.

Twelve healthy cows were used to set a
control group (CL group). Their status was
based on an electronic somatic cell counter
< 200,000 cells/ml; negative to California
mastitis test (CMT) and to microbiologi-
cal culture and lack of signs of the disease,
plus a thorough physical examination of the
udder. In the group of cows with udder in-
fection (groups Exp-L, Exp-EL1, Exp-EL2),
the following inclusion criteria was set for
36 Holstein/Friesian cows (12 animals per
group) diagnosed as having a spontaneous
case of mastitis: sign of inflammation in at
least one quarter of the mammary gland,
modification of physical aspect of milk
when passing through a dark cloth; and
somatic cell count > 500,000 cells/ml and
positive to the CMT (> 2 CMT). Only cows
with one quarter affected were included in
this trial. This classification of macroscopi-
cally characteristics of milk and somatic cell

counts, allow the establishment of inclu-
sion parameters in clinical studies (Bradley,
2012; Smith, 2009; Savas et al, 2012).

Treatment of CL and Exp-L groups
consisted of one intramammary application
of a commercial available formulation of
amoxicillin plus potassium clavulanate (300
mg and 60 mg, respectively), every 12 hours
for 3 consecutive days. In groups Exp-EL1
and Exp-EL2, two and three intramammary
administrations of the same commercial
formulation and in the same period of time
were applied, respectively. All cows were
first milked as much as possible, then the
mammary gland was washed, disinfected
and dried with a clean paper-towel. The
cannula was then inserted until halfway
within the teat canal, the drug combination
was delivered and finally a gentle massage
was applied to the affected gland (Martinez-
Cortés, 2013).

Milk samples from the treated quarter
or affected and treated quarter (mammary
gland) were obtained by manual milking
into 50 ml plastic tube, every 12 h for 7 days
after the last application of antibiotics and
immediately frozen in liquid nitrogen for no
more than 21 days.

Identification and quantification of
amoxicillin was carried simultaneously by
isocratic reversed phase high performance
liquid chromatography (HPLC), with 228

Table 1. Mean elimination half-life (T%[3) and elimination hybrid rate constant () values for
amoxicillin in dairy cow’s milk after intramammary treatment with a commercial prepara-
tion of amoxicillin-potassium clavulanate (300 mg/60 mg), every 12 hours for three days. CL
stands for healthy cows; Exp-L for cows affected with mastitis and treated as described; Exp-
EL2 stands for cows treated under extra-label route condition, by doubling the referred dose
(same dose interval) and Exp-EL3 by tripling the dose.

Parameter
Treatment
TP B
CL 63.05? 1.96
Exp-L 73.53> 2.08
Exp-EL1 82.85¢ 1.96
Exp-EL2 83.69¢ 1.84

a,b,c Between groups, parameters with uncommon superscript differ at P < 0.05
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nm UV detection as proposed by Mohsen
et a., (2007). A minimum detection and
quantification limits of 4 and 5 pg/ml were
obtained. Briefly, milk samples were thawed
and fat removed. Amoxicillin was methanol
extracted after vortexing and centrifuging
the samples at 3,000 g for 20 min at -4°C.
The clear supernatant was used for drug
identification and quantification. A solid/
liquid borosilicate cartridge was used as a
pre-cleaner system. Drug separation was
accomplished by a stationary reversed-phase
Chromolith® Performance (RP-18¢, 100
mm x 4.6 mm) column with a 0.02 M diso-
dium hydrogen phosphate buffer-methanol
pH 3.0 (96:4, v/v) as isocratic mobile phase.
Ampicillin was used as internal standard.
Final drug concentration in milk was
estimated considering: milk sample volume,
solvent extractor volume, chromatograph
volume sample injected, signal chromato-
gram size area, and similar retention time

of sample signal to drug standard signal.
Chromatogram size area of each sample was
transformed to drug concentration based on
a standard curve, and linear over the range
0f 0.05 to 40 pg/ml (correlation coefficient >
0.99). The within-run and between-run pre-
cision values, as well as recovery percent-
ages for amoxicillin were < 5, <6, and 92%,
respectively.

Results are presented as mean values +
SE. Differences in amoxicillin concentra-
tions between experimental groups (Exp-L,
Exp-EL1 and Exp-EL2) and control cows
(CL) were evaluated from 12-72 h sampling
period by using two-way ANOVA, followed
by Dunnett’s multiple comparisons test.
Time and treatment effect, along with its
interaction were included in the model. Dif-
ferences in the percentage of cows reaching
amoxicillin MRL along time were detected
by comparison of survival curves. To ac-
complish this, a Log-rank (Mantel-Cox) test

was performed. Finally, in

Figure 1. Mean = I SD elimination profiles of amoxicillin
in milk from dairy cows after treatment with a commercially
available preparation of amoxicillin-potassium clavulanate.
Treatment was administered by the intramammary route,
every 12 hours for three days. CL stands for healthy cows;
Exp-L for cows affected with mastitis and treated as de-
scribed; Exp-EL2 stands for cows treated under extra-label
condition by doubling the referred dose (same dose interval)
and Exp-EL3 by tripling the dose. The accepted MRL for
amoxicillin in milk is marked in grey. Different signs between
curves stand out for differences statistically significant.
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order to evaluate the abil-
ity of cows in each group to
clear the antibiotic through-
out time, experimental data
were fitted into non-linear
regression curves. For this,
a Log (time) vs response (I)
or normalized response (II)
equations was used. The fol-
lowing Hill equations were
used to fit experimental data:

Y= Bottom+ (Top-Bottom)/[ 1+10~((LogT1/2-

X)*h)] (equation I)
Y= 100/[1+10"((LogT1/2-X)*h)]
(equation II)

Where: X is the logarithm
of time, Y is the response,
decreasing as X increases
(equation I) or the nor-
malized concentration of
amoxicillin, which goes
from 100 to 0%, decreasing
as X increases (equation II),
Top and Bottom are pla-
teaus in the same units as Y,
LogT1/2 is the time causing
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50% reduction of the initial
concentration and B is the
hybrid elimination rate
constant. For this analysis,
amoxicillin concentration
was normalized to 100%,

Figure 2. Survival analysis that shows the number of cows
that reached the desired concentration of amoxicillin (below
the MRL of 4 ug/L) after treatment with a commercially avail-
able intrammamary preparation of amoxicillin-potassium
clavulanate (300 mg/60 mg), every 12 hours for three days.

yv}'u'ch correspopded to the X 100~ Log-rank (Mantel-Cox) o Exp
initial value during the as- 4 X2=589,df=3 E EL2
sessed period of time. From S 801 p <0.0001 =
the obtained parameters of D g0- -4 Exp-
each curve, the extra sum- £ -G
of-squares F-test was used b 401
to compare elimination T £ 20]

. o
between groups. Official 3 ] ?—?_Q
MRL adopted for this trial 8

was 4 ug/ml (EMEA, 2001; N
Samanidous et al., 2007;
Kneebone et al., 2010).

In all cases, the proba-
bility level considered as significant was P <
0.05. All statistical analysis and graphs were
generated on Prism 6.0 (GraphPad Software,
Inc., USA).

RESULTS
Figure 1 shows depletion profiles of amoxi-

cillin in cows from all four treatment groups.

Values of elimination half-life (T'.f3) and
the hybrid rate constant for elimination

(B) increased after double- and triple-dose
mastitis therapy, showing a zero-order
tendency. Changes in these values were
statistically significant (P< 0.05). A clear
and statistically significant difference was
observed in elimination kinetics of amoxi-
cillin, when comparing T'4p and B values
of CL and Exp-L groups against Exp-EL2
and Exp-EL3 groups. Also, a statistically
significant difference was obtained when
Exp-EL2 and Exp-EL3 were compared (see
Table 1). By means of a survival analysis,
it becomes clear that amoxicillin is cleared
beyond 6 milking times or 72 h, claimed
by the manufacturer in CL and Exp-L
groups. In contrast, Exp-EL1 and Exp-EL2
groups required more than 132 h to reach
the desired MRL. In Figure 2, the survival
analysis applied to withdrawal times shows
the number of cows that reached the desired
concentration of amoxicillin below the MRL
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of 4 ug/L.
DISCUSSION

Withdrawal times for milk are established
based on approved analytical methods,
mainly through high performance liquid
chromatography and after studies of popula-
tion pharmacokinetics. Thus, minimum
deviations from the mean are expected when
data is applied under field conditions. In
this trial, the use of a validated analytical
technique (Mohsen et al, 2007) rendered
recovery values, as well as intra and inter-
assay errors that can be regarded as reliable.
However, large standard deviation values
were obtained. These are clearly the results
of the inherent variability of clinical cases
of mastitis, as well as the milk yield of each
cow. In this respect, results obtained in this
trial stand out as noticeably different from
residue studies carried out by sponsors of a
given pharmaceutical product, where healthy
and more homogeneous types of animals are
chosen to avoid dispersion of data (Jones et
a., 1999). In spite of the above, withdrawal
time established in this study comply with
the one proposed by the pharmaceutical
company for its product. That is, variability
of milk producing cows in CL group with
healthy cows and cows affected with masti-
tis in Exp-L group, showed that elimination
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of amoxicillin in these two breeds of cows
is essentially the same. This is not the case
for other drugs such as cefoperazone after
its intramammary infusion (Cagnardi et al,
2010), but is in agreement with cefquinome
tested under similar conditions and where
persistence of the drug was similar between
healthy and infected cows (Zonca et al.,
2010).

In contrast with the above, these results
suggest that if clinical interpretation of a
case ends up in a decision of doubling or
tripling the recommended dose, an uncer-
tain extension of the withdrawal period is
expected. This is especially true in cases
such as this, where amoxicillin elimination
showed a zero-order kinetics. There are few
studies in literature that could validate or
contradict that the extra-label maneuver of
doubling or tripling the recommended dose
helps to improve the outcome of a given
case of mastitis (Gruet et al, 2001).

Additionally, it can be stated that among
clinicians, there is not always sufficient
awareness on the effect that this decision can
have on the occurrence of illegal residues in
milk. Increments in withdrawal time in this
study reached 48 h. That is, four milkings,
one every 12 h, when the recommended
intramammary dose of amoxicillin-potas-
sium clavulanate was triplicated. Important
variations in clearance of antibacterial drugs
should also be expected in cows with less
milk yield among the cows treated (Stock-
ler et al, 2009). An additional issue is the
rationale for using double or triple dose of
antimicrobial products. The most important
factor, in successful B-lactamic antibiotic
therapy, is the length of time that the drug
concentration in milk and mammary tissue
remains above the minimum inhibitory
concentration for the causative bacteria and
not how much higher the maximum drug
concentration achieves over the minimum
inhibitory concentration.

REFERENCES

1. Bogialli, S., A. Di Corcia, A. Lagana, V. Mastrantoni,
and M. Sergi.. 2007. A simple and rapid confirma-
tory assay for analyzing antibiotic residues of the
macrolide class and lincomycin in bovine milk and

Intern J Appl Res Vet Med * Vol. 12, No. 3, 2014.

yoghurt: hot water extraction followed by liquid
chromatography/tandem mass spectrometry. Rapid
Communications in Mass Spectrometry. 21:237-
246.

2. Bradley, A. J. 2002. Bovine Mastitis: An Envolving
Disease. The Veterinary Journal. 164:116-128.

3. Cabello, F.C. 2004. Antibiotics and aquaculture in
Chile: implications for human and animal health.
Rev. Med. Chil. 132:1001-1006.

4. Cabello, F. C. 2006. Heavy use of prophylactic
antibiotics in aquaculture: a growing problem for
human and animal health and for the environment.
Environmental Microbiology. 8:1137-1144.

5. Cagnardi, P., P. Villa, M. Gallo, C. Locatelli, S.
Carli, P. Moroni, and A. Zoca. 2010. Cefoperazone
sodium preparation behavior after intramammary
administration in healthy and infected cows. J.
Dairy Sci. 93: 4105-4110.

6. Donoghue, D. J. 2003. Antibiotic residues in poultry
tissues and eggs: human health concerns?, Poultry
Science. 82:618-621.

7. German, M., D. Ramirez, G. Vélez, and L. S.
Rondén. 2012. Determinacion de residuos de anti-
bidticos y tiempo de retiro en leche proveniente del
municipio de Cartago (Valle del Cauca). Revista
Colombiana de Ciencia Animal. 5:1.

8. Gruet, P., P. Maincet, X. Berthelot, and V. Kaltsatos,
2001. Bovine mastitis and intramammary drug de-
livery: review and perspectives. Adv. Drug Deliver.
Rev. 50: 245-259.

9. Gutiérrez, T. R., L. S. Vega, F. G. Prado, P. M. Noa,
G. G. Diaz, and L. M. Gonzalez. 2005. Determina-
tion of the precence of 10 antimicrobial residues in
Mexican pasteurized milk. Interciencia: Revista de
ciencia y tecnologia de America. 30:5; 291-294

10. Hensel, A., and R. Helmuth. 2005. Aktuelles zur
Antibiotika Resistenz: Das Problem aus veterina
‘tmedizinischer Sicht. Fortbildung O "GD, March
16, 2005.

11. Jones, G. M. 1999. On farma Test for Drug Resi-
dues in Milk. Virginia Cooperative Extension.
Plublication 404-401.

12. Kantiani, L., M. Farré, and D. Barcelé. 2009. Ana-
lyticla methodologies for the detection of B-lactam
antibiotics in milk and feed samples. TrAC. Trends
In Analitical Chemistry. 28:6; 729-744.

13. Karzis, J., E. F. Donkin, and I. M. Petzer. 2007.
Intramammary antibiotics in dairy goats: with-
drawal periods of three intramammary antibiotics
compared to recommended withdrawal periods
for cows. Onderstepoort Journal of Veterinary
Research. 74:217-222.

14. Kemper, N. 2008. Veterinary antibiotics in the
aquatic and terrestrial environment. Ecological
indicators. 8:1-13.

15. Kneebone, J., P. C. W. Tsang, and D. H. Townson.
2010. Rapid antibiotic screening tests detect antibi-
otic residues in powdered milk products. J. Dairy
Sci. 93:9.

16. Martinez C. I., M.R. Rosiles, and O. L. Gutierrez.
2013. Farmacocinética sérica y difusion a leche en

bovinos sanos de una enrofloxacina recristalizada.
Tesis de Maestria. FMVZ-UNAM.

191



17. Mohsen E.S., A. Zarghi, A. Shafaati, A. Khoddam,
and H. Movahed. 2007. “Simultaneous determina-
tion of amoxicillin and clavulanic acid in human
plasma by isocratic reversed-phase HPLC using
UV detection”. Science Direct. 45:531-534.

18. Norma Oficial Mexicana. 1999. Especificaciones
técnicas para la produccion, cuidado y uso de los
animales de laboratorio. NOM-062-Z0O0-1999.

19. Salter, R. 2003. Charm II system — comprehensive
residues analysis system for honey. APIACTA.
38:198-206.

20. Salvo, F., G. Polimeni, U. Moretti, A. Conforti, R.
Leone, O. Leoni, D. Motola, G. Dusi, and A. P.
Caputi. 2007. Adverse drug reactions related to
amoxicillin alone and in association with clavulan-
ic acid: data from spontaneous reporting in Italy. J.
of Antimicrobial Chemotherapy. 60:121-126.

21. Samanidou V. F., S. A. Nisyriou, and I. N. Papa-
doyannis. 2007. Residue Analysis of Penicillin’s
in Food Products of Animal Origin by HPLC: A
Review. Journal of Liquid Chromatography &
Related Technologies. 30:1145-1204.

22. Sawant, A. A., L. M. Sordillo, and B. M. Jayarao.
2005. A survery on antibiotic usage in dairy herds
in Pennsylvania. J. Dairy Sci. 88:8.

192

23. Savas, A., Huseyin, E., Ertugrul, K. 2012. Using
Vicosity values for determining somatic coll count
in cow milk. Asian J. Anim. Vet. Adv.

24. Smith, P. B.2009. Large Animal Internal Medicine.
4nd Ed. UEA, Mosby.

25. Stockler, R. M., D. E. Morin, R. K. Lantz, and P. D.
Constable. 2009. Effect of milking frequency and
dosing interval on the pharmacokinetics of cep-
hapirin after intramammary infusion in lactating
dairy cows. J. Dairy Sci. 92: 4262-4275.

26. The European Agency for Evaluation of Medicinal
Products, Veterinary Medicines Evaluation Unit.
2001. (EMEA/MRL/152/96-FINAL).

27. Van de Bogaard, A. E. and E. E. Stobbering. 2000.
Epidemiology of resistance to antibiotics links
between animals and humans. Int. J. Antimicrobial
Agents. 14:327-335.

28. Zonca, A., M. Gallo, C. Locatelli, S. Carli, P. Mo-
roni, R. Villa, and P. Cagnardi. 2010. Cefquinome
sulfate behavior after intramammary administra-
tion in healthy and infected cows. J. Dairy Sci.
94:3455-3461.

Vol. 12, No.3, 2014 « Intern J Appl Res Vet Med.



