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Abstract

This study had been designed to evaluate the pharmacokinetic parameters of Meropenem in plasma and
milk of ewes after intravenous bolus adminsteration, for this purpose, five healthy miking ewes had been
received a single intravenous bolus of Meropenem (20 mg/kg) to characterize both of distribution and
elimination of Meropenem in plasma and milk, concentrations of Meropenem in plasma and milk had
been analyzed by microbiological method and pharmacokinetic data had been analyzed by compartmental
and noncompartmental methods, results of mean + standard deviation for half-life, volume of distribution
and total body clearance for plasma samples were 0.67 £ 0.09 h., 0.169 £ 0.01 and 0.3 + 0.02 L/hr/kg,
respectively, the plasma protein binding ratio were 7.27 = 0.22 %; while the half-life, Cmax and drug
penetration ratio for milk samples were 9.56 + 3.13 h, 3.91 + 0.99 pg/ml and 0.86 £ 0.23 respectively. In
our conclusions; Depending on the approval state of Meropenem for veterinary therapy, we think that the
achieved pharmacokinetic parameters of Meropenem in plasma and milk of ewes will candidate it to be one
of the preferred parentrally administered antibacterial agents to encounter the acute cases of mastitis that
ought to be treated hastily.
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Introduction

Mastitis is among the animal diseases which affect
the profitability of rearing animals, it is considered to
be one of the expensive diseases in terms of production
losses!); Many studies have been conducted on
preventive and microbial aspects of this disease but few
studies are based on data of the field farms to estimate
production-related losses and treatment costs 2.

Mastitis parentral administration trails had been
started at the 70’s of the 20" century due to failure
of the intra-mammary therapy that related to poor
and uneven distribution of antimicrobial agents as a
potential result of inflammatory process ). Studying
pharmacokinetics of antibiotics is very important to
support the pharmacodynamics in order to achieve the
maximal efficacy against bacteria with minimal or no
side effects 4.

MeropenemisasemisyntheticBeta-lactamantibiotics
belongs to carbapenems subgroup which derived from
gram positive bacteria called Streptomyces cattleya, it
was approved for use widely in 1996; Originally, it was
developed to solve the instability of the older member
Imipenem toward renal dihydropeptidase (DHP)®). In
general all Carapenems including Meropenem possess a
broad spectrum bactericidal effect due to impairment of
transpeptidation of peptidoglycan by binding to different
types of penicillin binding protein (PBPs)(®). Meropenem
shows strong bactericidal effect because it binds to
three PBPs in the cell wall of gram positive and gram
negative susceptible bacterial”; Such triple binding may
provide an explanation on rapid bactericidal effect of
Meropenem®). There is few pharmacokinetic data about
Meropenem in domestic animals and most of them are
not far away from the obtained data in human studies,
but there is no data about it’s kinetic behavior in milk,
therefore, our study purpose is to support those data by
reassessment of pharmacokinetic profile in ewes and
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tracking of Meropenem concentrations in milk in order
to provide a preliminary pharmacokinetic data might
support the usage of Meropenem as one of the potential
antibacterial agent in future veterinary therapy.

Materials and Methods

The study was conducted at the sheep sheds that
belong to the fields of the college of veterinary medicine/
University of Baghdad, Five adult healthy lactating
ewes with age of 2-4 years and body weight ranges
form 38-48 kg were used as a model for the study, each
ewe was subjected for physical examination, complete
blood counting and physicochemical examination of
milk. Animals were acclimatized for one month and had
been fed with balanced food and ad libitum drinking
water. A single intravenous bolus dose of 20 mg/kg of
Meropenem (Meronem®) manufactured by Astrazeneca,
UK, was injected into the left jugular vein; Blood
samples about 3 ml had been obtained from right jugular
vein and kept in Lithium heparin tubes at 0.083, 0.16,
0.25,0.3,0.5,0.75, 1, 1.5, 2, 3,4, 6, 8, 12 and 24 hrs.
Each collected blood sample was centrifuged at 3000
rpm for 15 min. in order to obtain clear plasma that kept
in -20 °C till analysis ¥. Milk samples were obtained
from both halves (each of them was subjected to the
study alone) at 0.25, 0.5, 0.75, 1, 2, 3,4, 6, 8, 12, 24 and
48 hrs. and kept in -20 °C till analysis. Microbiological
assay were utilized as a method to quantify Meropenem
concentrations in different samples; it based on
determining of drug potency (formed zone of inhibition
in agar diffusion method) against growth of defined
isolate of bacteria. Spores prepared according to Sabath
method 'V from Bacillus subtilis ATCC 6633 that kindly
provided by department of biology at college of science/
University of Diyala and utilized as test microorganism
to estimate the concentration of Meropenem in blood
plasma and milk V. Standard curves of Meropenem
in plasma and milk had been done in antibacterial-free
plasma and milk. The extent Plasma protein binding of
Meropenem was determined according to Craig and Suh
method (2 which based on calculation of partitioning
of Meropenem between two media. Protein binding
for each concentration was calculated according to the
following formula:

Zone of inhibition in buffer— Zone of inhibition in plasma

Zome of inhibition in buffer 100

Protien binding (%) =
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The
administration of Meropenem had been calculated based

parameters of pharmacokinetics after
on Microsoft Excel® spread sheet algorithm (13); the
weighted data (1/C?) of plasma and milk were plotted,
where (C) resembles the predicted concentration of
Meropenem in plasma and milk. Both compartmental
and noncompartmental analysis had been used to
analyze the data that obtained from plasma 9. Aikake
information criterion was applied to choose the best
model to fit the data of plasma for compartmental
analysis (1. The noncompartmental modeling has
been adopted to analyze milk concentrations of
Meropenem, where the area under the curve has been
calculated by using of lo-linear trapezoidal method
AU;;,_ﬂ__: _ A‘Uc,_ﬂl - + "c% y according to the following:

T

Where AUC g_1aetyAUC (p_1aer) resembles the calculated
area under the curve, C,, is the recorded concentration
at the last time while 4, is the elimination constant of
the 1% order kinetics. Both C,,,, and T, were predicted
from the milk concentration vs time plotted data, the

half-life of Meropenem in milk is estimated by:
0.693
Tye= —3—

The penetration ratio of Meropenem from plasma
to milk was the calculated area under the curve of
Meropenem in milk to the calculated area under the
curve of Meropenem in plasma

AUC ./ AUC

plasma

Results and Discussion

Results of the constructed standard curve of
Meropenem in plasma showed that the inter-assay
coefficient variation (CV %) was 3.36, the determination
coefficient (R?) was 0.96, the limit of detection of the
assay was 0.19 pg/ml and the low limit of quantification
(LLOQ) of Meropenem in plasma was 0.66 pg/ml.
while the obtained standard curve of Meropenem in
Milk revealed that the inter-assay coefficient variation
(CV %) was 3.18%, the determination coefficient (R?)
was 0.97, the limit of detection of the assay was 0.14
pg/ml and the low limit of quantification (LLOQ) of
Meropenem in plasma was 0.41 pg/ml. According to
the achieved R-squared value (R?) Both standard curves
of Meropenem that constructed in the plasma and milk
showed a clear linearity where the value of R? for both
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curves approached 1, and such result implies a perfect
relationship between the used concentrations (dependent
variables) and the achieved zones of inhibition
(Independent variables) (!9, The coefficient of variation
(CV%) is another method to determine the precision
of the assay; our study revealed that both calculated
CV% values in plasma and milk are lower than 5; such
CV% value reflect a good feeling about precision of
our standard curves (!7). the limit of detection (LOD)
of Meropenem in plasma was 0.19 pg/ml while in milk
was 0.14 pg/ml; LOD is precognitive parameter for
lowest concentration of the drug that can be detected
but not necessarily quantified by the bioassay with
reliable difference in comparison to control!®. On the
other hand, the low limit of quantification (LLOQ)
is more eligible to determine the precision of the bio-
analytical assay; LLOQ is the lowest value at which
we can quantify the drug concentration with a high
precision and reliability (). Our standard curve-based
calculations revealed that the LLOQ of Meropenem in
plasma was 0.66 pg/ml while in milk was 0.47pg/ml.
Both achieved LOQs reflect well precision for our assay
since both not exceeded the limit of precision (£ 20%) of
the coefficient of variation of the assay as recommended
by the FDA 9,

we conducted to estimate the ratio of binding of
Meropenem to plasma proteins as reported in table (1);
we found that the ratio of binding was 7.27%, this finding
is compatible with many studies had been done in human
and other veterinary species like equine, canine and
feline; all these studies reported that Meropenem has a
low plasma protein binding ranged from 2-11.87% with
no or negligible effect on distribution of Meropenem to
different tissues!4%21-23); while EL-Sooud ) in his study
that focused on the pharmacokinetics of Meropenem in
ewes reported that the value of plasma protein binding
ratio that he estimated by the same method of us was
42.8% which in our evaluation do not get along with
his other achieved parameters like distribution and
elimination phases of compartmental analysis because
EL-Sooud ” study reported that his trail in Barki sheep
were achieved a bi-exponential curve composed mainly
from a rapid distributional phase with distribution half-
life equal to 0.06 h. and such value reasonably can’t
achieved with presence of such high protein binding ratio
2% In general such low ratio of plasma protein binding
of Meropenem might be to its zwetterionic charge state
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that possesses less affinity to bind to plasma protein than

acidic or neutral drugs > & 26,

The quantitative data that collected from measuring
of Meropenm concentrations in plasma after injection
of single intravenous bolus dose through determined
chronological order were fitted mathematically on
compartmental and non-compartmental models;
Selection of two compartmental model to fit and
calculate our data of plasma concentration-time curve of
Meropenem that depicted in figure (1) and listed in table
(1) had been established on two criteria; the 1% is shape
of the curve who showed a first order and bi-exponential
decrement with clear distinguished distribution and
elimination phases, while the 2" is value the calculated
Akaike information criterion (AIC) who decide the best

model that data should be to fit @7,

The mean of plasma concentration of Meropenem
at the zero time was 263.64 ng/ml; the value of the
distribution intercept (A) of Meropenem was 206.39
pg/ml, the constant of distribution phase (o) was 9.96
h'! and the distribution half-life (t;,,) was 0.06 h.
Meropenem showed a short distribution phase (A) to the
interstitial compartment as a normal result of the short
half-life of that phase (t,,) which attributed to the high
distribution of Meropenem from central compartment to
the peripheral tissues due to low plasma-protein binding
ratio that reported previously %)

The volume of distribution at steady state (Vd) of
Meropenem in plasma was 0.16 L/kg; Vd, expresses
about the equilibrium time between distribution and
elimination phases of the drug and characterized
by its independence from any elimination process,
constant and accuracy ®”); Vd had been utilized for
determination of loading and maintenance doses in
multiple dosage regimens and for interspecies dose
extrapolation®?. The Vd of our study that calculated
in both compartmental and non-compartmental analysis
is relatively small and refer that the distribution of
Meropenem was primarily limited to the extravascular
compartments including milk 443D, Qur finding about
the Vd is almost contradicting with EL-Sooud © study
who reported that the Vd, in Barki sheep was 0.055 L/
kg and such value is also not even approached other
species values like dog 0.337 L/kg ¥, cat 0.21 L/kg ??
and horse 0.136 L/kg 3. Such contradiction might be
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attributed to miss-calculation by EL-Sooud © where his
value of Vd should be 0.189 L/kg instead of 0.055 L/kg
according to the formula that calculate the Vdy ¢?. The
area under the concentration-time curve (AUC) is one of
pharmacokinetic parameters that measures the exposure
time to the drug; the AUC value submitted to the effect
dose, absorption and clearance ).

Our study was reported that the AUC of Meropenem
that achieved in plasma was 65.22 (h*pg)/ml and it
had been came within the range that achieved by other
species who ranged from 53.2 to 90.3 65.22 (h*ng)/ml
considering the differences among species that used.
The Mean residence time (MRT) is another important
pharmacokinetic parameter which resembles the average
time that drug molecules spent in the body compartments
(%, As what revealed with the AUC; our study found that
the MRT of Meropenem in plasma was 0.54 hr. which
was in agreement with other studies in other species who
stated the MRT of Meropenem after single intravenous
bolus was less than 1 hr. © 14,22 &23).

There are two important clinical parameters to
shape the elimination phase of drug molecules; the
elimination half-life (T,,) and the total body clearance
(Cl) The elimination pharmacokinetics of Meropenem
was not differing from other Beta-lactams where the
major feature is a relative rapid renal excretion mostly
via tubular secretion and glomerular filtration ?!). Our
results reported that the elimination T, of Meropenem
in plasma was 0.57 hr., while the total body clearance
was 0.3 L/hr/kg. Both achieved values of T,,, and Cly
were came as expected for Beta-lactams generally and
Meropenem specifically; where it has a short T/, with
great Cly, and this combination in addition to the low
Vdg will achieve a quick state of equilibrium between
the concentration in central compartment and the
extracellular compartments considering their penetration
ratio (19,

The results of the pharmacokinetic analysis of
Meropenem concentrations in milk of ewes that
listed in table (2) reported the Cmax of Meropenem
was 3.91 pg/ml and it was achieved at the 6™ h. after
intravenous administration which gets along with
general pharmacokinetic characteristics of Meropenem
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that indicate to primary concurring distribution into
the extracellular fluids within the same time of plasma
distribution pattern as we point in figure (2) who graphed
the decline in plasma concentration of Meropenem was
in harmonization within the rise in milk®>. Based on our
calculations, Meropenem achieved a considerable AUC
in milk (56.28 h*pg/ml) as a reflection to the long time
that the compartment was exposed to the drug which
in turn might be attributed to the delayed residence of
Meropenem molecules that empowered by the recorded
half-life which was 9.56 hrs. Such long half-life might
be presumed to the low measured concentrations of
Meropenem in milk; where low concentrations appeared
to yield longer terminal half-lives consequently, more
flattened curve in comparison to plasma curve, then after
large AUC 9,

The capability of Meropenem to penetrate into milk
compartment was assessed by penetration ratio which
expressed as AUC,;;/AUC jj,5ma
milk penetration ratio of intravenously administered

G, Qur results about

Meropenem were 0.86 which considered good in
comparison to other Beta-lactams that administered
parentrally in different ruminants; where Ceftriaxone
was achieved 0.34 in ewes ©%, Ceftizidime 0.16 in
does 3%, Cephacetrile 0.15, Cephapirin 0.18, Penicillin
G 0.2, Cloxacillin 0.26, Ampicillin 0.26 in cows “0
and Amoxicillin 0.48 in cows “. Our assumption to
explain such high penetration ratio might be due to the
used route of administration who primarily ensure even
drug distribution to all extravascular compartments,
consequently, they accumulate in milk better than other
routes and such phenomena is governed by the amount of
used dose 4¥); and the physicochemical characteristics of
the drug like zwitterionic nature and the small molecular
size of the drug who might be enhance Meropenem
penetration to the milk compartment in comparison
to other Beta- lactams “¥. In conclusions; Depending
on the approval state of Meropenem for veterinary
therapy, we think that the achieved pharmacokinetic
parameters of Meropenem in plasma and milk of ewes
will candidate it to be one of the preferred parentrally
administered antibacterial agents to encounter the acute
cases of mastitis that ought to be treated hastily.
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Table (1) compartmental and non-compartmental pharmacokinetic parameters of Meropenem (Single I.V. bolus dose) in
plasma of ewes.

Plasma
Parameter Unit
Mean SD.
CMax pg/ml N. A. N. A.
AUC (h*pg)/ml 65.22 4.56
CIT L/hr/kg 0.3 0.02
TMax h N. A. N. A.
Az h-1 1.2 0.38
T1/2 hz h 0.57 0.09
MRT h 0.54 0.08
Cp0 * pg/ml 263.64 112.58
t1/20* h 0.06 0.03
t1/2p * h 0.53 0.19
K10 * h-1 4.06 1.29
K12 * h-1 4 2.88
K21 * h-1 3.18 1.79
A* pg/ml 206.39 96.1
a* h-1 9.96 4.66
B * pg/ml 57.25 33.03
B * h-1 1.29 0.30
VC* L/kg 0.075 0.05
Vdss * L/kg 0.169 0.01
Plasma-protein binding Ratio 7.27 0.22
e -No.ofewes=5.
*  -All data represent free concentrations of Meropenem.
«  -All data are subjected to weight by 1/C2.
e - (¥) calculated by compartmental analysis.

Table (2) non-compartmental pharmacokinetic parameters of Meropenem (Single L.V. bolus dose) in and
milk of ewes.

Milk
Parameter Unit
Mean SD.
AUC h*ug/ml 56.28 20.13
CMax pg/ml 3.91 0.99
TMax h 6.00 1.15
T1/2 Az h 9.56 3.13
Penetration (AUC milk / AUC plasma) Ratio 0.86 0.23
e No. ofewes = 5.
e All data represent free concentrations of Meropenem.
e -All data are subjected to weight by 1/C2.
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Figure (1) Two compartmental model of Meropenem in plasma of ewes.
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Figure (2) Non-compartmental analysis of single intravenous bolus for Meropenem in plasma



Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2

Ethical Clearance- Taken from 1- Department

of Physiology, Biochemistry and Pharmacology, College

of Veterinary Medicine, University of Diyala / Iraq

Source of Funding- This study is self-funded

Conflict of Interest - The authors declare no conflict

of interest.

10-

References

Bardhan D. Estimates of economic losses due to
clinical mastitis in organized dairy farms. Indian
Journal of Dairy Science. 2013;66(2):168-72.

Sinha MK, Thombare NN, Mondal B. Subclinical
mastitis in dairy animals: incidence, economics,
and predisposing factors. The Scientific World
Journal. 2014 Jan 1;2014.

Mestorino N, Landoni MF, Alt M, Errecalde JO.
The pharmacokinetics of thiamphenicol in lactating
cows. Veterinary Research Communications. 1993
Jul 1;17(4):295-303.

Yimaz  C, Ozcengiz  G. Antibiotics:
pharmacokinetics, toxicity, resistance and multidrug
efflux pumps. Biochemical pharmacology. 2017
Jun 1;133:43-62.

Bush K, Bradford PA. B-Lactams and p-lactamase
inhibitors: an overview. Cold Spring Harbor
perspectives inmedicine. 2016 Aug 1;6(8):a025247.

Salmon-Rousseau A, Martins C, Blot M, Buisson
M, Mahy S, Chavanet P, Piroth L. Comparative
review of imipenem/cilastatin versus meropenem.
Médecine et Maladies Infectieuses. 2020 Jun
1;50(4):316-22.

Zhanel GG, Wiebe R, Dilay L, Thomson K,
Rubinstein E, Hoban DJ, Noreddin AM, Karlowsky
JA. Comparative review of the carbapenems.
Drugs. 2007 May 1;67(7):1027-52.

Satta G, Cornaglia G, Mazzariol A, Golini G,
Valisena S, Fontana R. Target for bacteriostatic
and bactericidal activities of beta-lactam antibiotics
against Escherichia coli resides in different
penicillin-binding proteins. Antimicrobial agents
and chemotherapy. 1995 Apr 1;39(4):812-8.

EL-Sooud KA. Plasma pharmacokinetics and urine
concentrations of meropenem in ewes. Journal of
veterinary pharmacology and therapeutics. 2004
Feb;27(1):27-30.

Sabath LD. The assay of antimicrobial compounds.

11-

12-

13-

14-

15-

16-

19-

20-

21-

2977

Human Pathology. 1976 May 1,7(3):287-95.

Hewitt W. Microbiological assay for pharmaceutical
analysis: a rational approach. CRC press; 2003 Dec
15.

Craig WA. Protein binding and the antimicrobial
effects: methods for the determination of protein
binding. Antibiotics in laboratory medicine.
1986:477-514.

Rosenbaum SE, editor. Basic pharmacokinetics
and pharmacodynamics: An integrated textbook
and computer simulations. John Wiley & Sons;
2016 Dec 27. 489-504.

Bidgood T, Papich MG. Plasma pharmacokinetics
and tissue fluid concentrations of meropenem after
intravenous and subcutaneous administration in
dogs. American journal of veterinary research.
2002 Dec 1;63(12):1622-8.

Yamaoka K, Nakagawa T, Uno T. Application
of Akaike’s information criterion (AIC) in the
evaluation of linear pharmacokinetic equations.
Journal of pharmacokinetics and biopharmaceutics.
1978 Apr 1;6(2):165-75.

Saunders LJ, Russell RA, Crabb DP. The coefficient
of determination: what determines a useful R2
statistic?. Investigative ophthalmology & visual
science. 2012 Oct 1;53(11):6830-2.

Cui ZC. Allowable limit of error in clinical
chemistry quality control. Clinical chemistry. 1989
Apr 1;35(4):630-1.

Shrivastava A, Gupta VB. Methods for the
determination of limit of detection and limit of
quantitation of the analytical methods. Chronicles
of young scientists. 2011 Jan 1;2(1):21.

Kadian N, Raju KS, Rashid M, Malik MY, Taneja
I, Wahajuddin M. Comparative assessment of
bioanalytical method validation guidelines for
pharmaceutical industry. Journal of pharmaceutical
and biomedical analysis. 2016 Jul 15;126:83-97.

Uvarova NE, Eremenko NN, Ramenskaya GV,
Goryachev DV, Smirnov VV. Comparison of FDA
(2018) and EAEU Regulatory Requirements for
Bioanalytical Method Validation. Pharmaceutical
Chemistry Journal. 2019 Nov 1;53(8):759-65.
Mouton JW, Touw DJ, Horrevorts AM, Vinks AA.
Comparative pharmacokinetics of the carbapenems.
Clinical pharmacokinetics. 2000 Sep 1;39(3):185-
201.



2978

22-

23-

24-

25-

26-

27-

28-

29-

30-

31-

32-

Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2

Albarellos GA, Montoya L, Passini SM, Lupi MP,
Lorenzini PM, Landoni MF. Pharmacokinetics of
meropenem after intravenous, intramuscular and
subcutaneous administration to cats. Journal of
feline medicine and surgery. 2016 Dec;18(12):976-
80.

Langston VC, Fontenot RL, Byers JA, Andrews
CM, Mochal-King CA. Plasma and synovial
fluid pharmacokinetics of a single intravenous
dose of meropenem in adult horses. Journal of
Veterinary Pharmacology and Therapeutics. 2019
Sep;42(5):525-9.

Keller F, Maiga M, Neumayer HH, Lode H, Distler
A. Pharmacokinetic effects of altered plasma
protein binding of drugs in renal disease. European
journal of drug metabolism and pharmacokinetics.
1984 Jul 1;9(3):275-82.

Drusano G. Meropenem: laboratory and clinical
data. Clinical Microbiology and Infection. 1997 Jan
1;3:4S51-9.

Gleeson MP. Plasma protein binding affinity and
its relationship to molecular structure: an in-silico
analysis. Journal of medicinal chemistry. 2007 Jan
11;50(1):101-12.

Sandulovici R, Prasacu I, Mircioiu C, Voicu
V, Medvedovici A, Anuta V. Mathematical
and phenomenological criteria in selection of
pharmacokinetic model for M1 metabolite of
pentoxyphylline. Farmacia. 2009 Mar 1;57(2):235-
47.

Kok-Yong S, Lawrence L. Drug distribution and
drug elimination. Basic pharmacokinetic concepts
and some clinical applications. TA Ahmed. Rijeka,
InTech. 2015 Nov 18:99-116.

Yates JW, Arundel PA. On the volume of
distribution at steady state and its relationship
with two-compartmental models. Journal of
pharmaceutical sciences. 2008 Jan 1;97(1):111-22.

Zhivkova Z. Quantitative
pharmacokinetics relationship for the steady state
volume of distribution of basic and neutral drugs.
World J Pharm Pharm Sci. 2018;7:94-105.

Quan S, Nan X, Wang K, Jiang L, Yao J, Xiong
B. Characterization of Sheep Milk Extracellular
Vesicle-miRNA by Sequencing and Comparison
with Cow Milk. Animals. 2020 Feb;10(2):331.

Gabrielsson J, Weiner D. Non-compartmental
analysis. InComputational toxicology 2012 (pp.

structure—

33-

34-

35-

36-

37-

38-

39-

40-

41-

42-

43-

377-389). Humana Press, Totowa, NJ.

Baggot JD. Pharmacokinetic terms: symbols and
units. Journal of veterinary pharmacology and
therapeutics. 2001 Apr;24(2):81-2.

Rowland M, Tozer TN. Clinical pharmacokinetics:
concepts and applications. p.34-50.

Wise R, Logan M, Cooper M, Ashby JP, Andrews
JM. Meropenem pharmacokinetics and penetration
into an inflammatory exudate. Antimicrobial agents
and chemotherapy. 1990 Aug 1;34(8):1515-7.

Benet LZ, Zia-Amirhosseini P. Basic principles of
pharmacokinetics. Toxicologic pathology. 1995
Mar;23(2):115-23.

Shem-Tov M, Ziv G, Glickman A, Saran A.
Pharmacokinetics and penetration of marbofloxacin
from blood into the milk of cows and ewes. Journal
of Veterinary Medicine Series A. 1997 Feb
12;44(1-10):511-9.

Goudah A, Shin HC, Shim JH, Abd El-Aty AM.
Characterization of the relationship between serum
and milk residue disposition of ceftriaxone in
lactating ewes. Journal of veterinary pharmacology
and therapeutics. 2006 Aug;29(4):307-12.

Rule R, Villagra S, Barrena P, Lacchini R, Reynaldi
FJ. Pharmacokinetics of ceftazidime administered
to lactating and non-lactating goats. Journal of
the South African Veterinary Association. 2011
Dec;82(4):219-23.

Ziv  G. Practical pharmacokinetic aspects
of mastitis therapy. I: parenteral treatment.
Veterinary medicine, small animal clinician

.1980Dec:75(2):277-90.

Ozdemir Z, Tras B, Uney K, Eser Faki H, Besoluk
TM. Determination of milk/plasma ratio and
milk and plasma pharmacokinetics of amoxicillin
after intramuscular administration in lactating
cows. Journal of veterinary pharmacology and
therapeutics. 2019 Jan;42(1):45-51.

Ozdemir Z, Tras B. Behaviours of Drugs in the
Milk-A Review. Atatiirk Universitesi Veteriner
Bilimleri Dergisi. 2018;13(3):364-72.

Yang Y, Bhachech N, Bush K. Biochemical
comparison of imipenem, meropenem
biapenem: permeability, binding to penicillin-
binding proteins, and stability to hydrolysis
by P-lactamases. Journal of Antimicrobial
Chemotherapy. 1995 Jan 1;35(1):75-84.

and



