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Tulathromycin is a long-acting semi-synthetic macrolide antibiotic that is synthesized from
erythromycin. Macrolides have pharmacodynamic properties beyond their antimicrobial
effects, including anti-inflammatory and immunomodulatory properties that are perceived
to be clinically beneficial. An additional pharmacodynamic property of macrolides is a proki-
netic effect, which is marked in adult cattle and calves administered erythromycin and
less prominent in calves administered spiramycin, tilmicosin, and tylosin. Based on struc-
tural similarities to erythromycin, the hypothesis was that parenteral administration of
tulathromycin would increase abomasal emptying rate in healthy adult goats. Accordingly,
five adult lactating goats (30-36 months of age) received each of the following 3 treat-
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Paracetamol ments: IM injection of 2 mL of 0.9% NaCl (control); IM injection of tulathromycin (2.5 mg/kg
Prokinetic body weight); IV injection of tulathromycin (2.5 mg/kg body weight). Abomasal emptying

rate was assessed by acetaminophen absorption, which was injected into the abomasum
through a surgically placed abomasal cannula at 50 mg/kg BW, 15 min after each treat-
ment. Jugular venous blood samples were obtained periodically after injection and plasma
acetaminophen concentrations determined using a colorimetric nitration assay. The max-
imum observed plasma acetaminophen concentration (Actual Cnax) and time of actual
Cmax (Actual Tpax) were determined, and pharmacokinetic modeling was used to calcu-
late model Cpax and model Thax and abomasal emptying half-time (T50). Results showed
that tulathromycin (IM and IV) increased abomasal emptying rate, as indicated by a shorter
time to actual Tax and model Tyax, and shorter T50, than control. The clinical relevance of
these findings remains to be determined.

© 2014 Elsevier B.V. All rights reserved.

presence of a large macrocyclic lactone ring to which one
or more deoxy sugars, usually desosamine and cladinose,
are attached (Giguére et al.,, 2006). The original mem-
ber of the group, erythromycin was isolated from the
soil borne bacteria Streptomyces erythreus in 1952. Other
macrolides are derived from related bacteria (e.g., tylosin)
or by chemical modification of the original compounds

1. Introduction

Macrolides are a group of chemically related com-
pounds whose antimicrobial activity stems from the
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(e.g., tulathromycin) using fermentation under optimized
conditions followed by organic synthesis. Macrolides are
categorized according to the number of macrocyclic lac-
tone ring components as 12-membered, 13-membered,
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14-membered, 15-membered, and 16-membered groups
(Giguere et al., 2006). Tulathromycin is a novel long-
acting semi-synthetic macrolide antibiotic of the triamilide
group that has been available since 2004 for use in veteri-
nary medicine. Tulathromycin is an equilibrated mixture
of a 15-membered (90%, isomer A) and 13-membered
(10%, isomer B) macrocyclic ring with a unique chemical
structure consisting of 3 polar amine groups (European
Medicines Agency, 2002; Evans, 2005). Tulathromycin is
a broad-spectrum antimicrobial, with in vitro activity
against certain gram-negative and gram-positive bacteria,
including the bacterial pathogens most commonly asso-
ciated with bovine and swine respiratory disease (Norcia
et al., 2004).

Macrolides have pharmacodynamic properties beyond
their antimicrobial effects, including anti-inflammatory
and immunomodulatory properties that are perceived to
be clinically beneficial (Giguére et al., 2006; Buret, 2010;
Fischeretal.,2011). An additional pharmacodynamic prop-
erty of macrolides is a prokinetic effect, which is marked in
adult cattle and calves administered erythromycin (Wittek
and Constable, 2005; Nouri and Constable, 2007; Wittek
et al., 2008a,b) and less prominent in calves administered
spiramycin (Rashnavadi et al., in press), tilmicosin (Nouri
and Constable, 2007), and tylosin (Nouri and Constable,
2007). Based on structural similarities to erythromycin,
particularly the presence of an amino-sugar at C-5 of the
macrocyclic lactone ring, we hypothesized that parenteral
administration of tulathromycin would increase abomasal
emptying rate in healthy adult goats. Preliminary sup-
port for this hypothesis was provided by a recent study in
milk-fed calves that demonstrated tulathromycin exerted
a weak prokinetic effect (Rashnavadi et al., in press). We
investigated our hypothesis using healthy adult goats that
had a surgically placed abomasal cannula.

2. Materials and methods
2.1. Animals

Five adult lactating Zaraibi (Egyptian Nubian) goats weighing
20-22 kg and aged from 30 to 36 months were obtained from local farms.
Goats were housed together at Cairo University in one large indoor stall
and fed fresh cut Berseem clover (Trifolium alexandrinum, also known as
Egyptian clover) and ad libitum concentrate mixture of corn (75%), barley
(15%), and molasses (10%) with free access to food and water. Goats were
milked by hand once a day. The health of all goats was monitored before
and throughout the experimental period by periodic physical examination
and monitoring of feed consumption and fecal characteristics.

2.2. Drugs

Tulathromycin (DRAXXIN®, Pfizer, Animal Health Division, Cairo,
Egypt) was obtained as a ready to use, sterile, aqueous, colorless solu-
tion in 20 mL vials. Each milliliter of tulathromycin contained 100 mg of
tulathromycin as free base in 50% propylene glycol vehicle, monothio-
glycesol (5 mg/mL), and citric acids and hydrochloric acids added to adjust
pH.

Acetaminophen (paracetamol; Zhejiang Kangle Pharmaceutical Co.,
Ltd., Zhejiang China) was obtained as a white, fine powder that was spar-
ingly soluble in water.

2.3. Experimental design

Goats had been used in a study to characterize the pharmacokinetics
of tulathromycin (Amer et al.,, 2012) and subsequently had an abomasal

cannula surgically placed as described (Ahmed et al., 2005). Goats were
housed for four weeks after surgery to permit recovery. Food, but not
water, was removed overnight for 12h and injections were adminis-
tered in the morning. Each goat received a single IM injection of 1 mL
0.9% NaCl (negative control). One week later, goats received an IV injec-
tion of tulathromycin (2.5 mg/kg BW) into the right jugular vein using
a needle and syringe after clipping the venipuncture site and scrubbing
with tincture of iodine (2.5%). Six weeks later goats received an IM injec-
tion of tulathromycin (2.5 mg/kg BW) into the semimembranosus muscle;
the duration between tulathromycin injections was to ensure adequate
clearance of tulathromycin, based on an estimated mean half-life after
IV injection of 4.1 days in these goats (Amer et al., 2012) and 2.5-4.6
days after SC injection in juvenile and market aged goats (Clothier et al.,
2011; Young et al.,, 2011; Romanet et al., 2012). A wash out period of a
week was considered adequate for complete clearance of acetaminophen,
based on pharmacokinetic studies in cattle (Grochowina and Janus, 2007;
Ehsani-Kheradgerdi et al., 2011) and sheep (Sharifi et al., 2009).

Acetaminophen (50 mg/kg body weight in 10 mL of 0.9% NaCl solu-
tion containing 1 drop of 99% absolute methanol to enhance solubility)
was injected into the abomasum through the abomasal cannula at a dose
of 15min after injection of tulathromycin or negative control. Plasma
tulathromycin concentrations were near their maximal value at this time
after IM administration (Amer et al., 2012).

Venous blood samples (5 mL) were collected from the jugular vein of
each goat immediately before treatment was administered (time = 0 min)
and at 5, 10, 15, 20, 25, 30, 40, 50, 60, 90, 120, 150, 180, and 240 min
after the start of injection into the abomasum. These sampling times were
selected in an attempt to have at least 6 data points before and after the
time of maximal acetaminophen concentration in order to facilitate non-
linear regression analysis for pharmacokinetic modeling. Blood samples
were collected into 6 mL tubes containing sodium fluoride and potassium
oxalate, centrifuged at 3000 x g for 15 min, and 2 mL of plasma harvested
and stored at —20°C until analysis for determination of acetaminophen
concentration.

2.4. Sample analysis and pharmacokinetic modeling

Plasma was thawed at approximately at 25°C and analyzed spec-
trophotometrically by use of a colorimetric nitration assay as described
(Marshall et al., 2005). The maximum observed plasma concentration
(Actual Cpax) and time of maximum observed plasma concentration
(Actual Tyax) were obtained from a plot of the plasma acetaminophen
concentration - time data. Changes in plasma acetaminophen concen-
trations over time were analyzed using commercially available software
(SAS 9.2, SAS Inc., Cary NC; WinNonLin, Pharsight Corp., Cary NC). A 1-
compartment model with first order elimination could not be fit to the
plasma acetaminophen concentration-time data.

Noncompartmental analysis of an extravascular input was therefore
applied using commercially available software (Model 200; WinNonLin,
Pharsight Corp., Cary NC); this approach calculates the area under the
curve using a linear trapezoid method to the last sample time and extrap-
olation to infinity as the ratio of last measured plasma concentration and
the terminal slope of the plasma concentration versus time curve. Mean
residence time was calculated from the noncompartmental analysis using
standard equations.

Pharmacokinetic analysis was also performed using the first deriva-
tive of Siegel’s modified power exponential formula, as previously
described (Marshall et al., 2005). The equation was derived from the fact
that the acetaminophen concentration-versus-time curve represented
as a cumulative dose curve is an inverse analog of the scintigraphic
curve with the following equation: C(t)=m x k x 8 x e %*t x (1 — e~ kxt)f-1,
where ((t) is the acetaminophen concentration in plasma at a speci-
fied time point, t is time, m (units of {jg/mL} x min) is the area under
acetaminophen concentration-time curve when time is infinite, k (units
of min~1) is an estimate of the rate constant for abomasal emptying, 8
is a constant that provides an estimate of the duration of the lag phase
before an exponential rate of emptying is reached, and e is the natu-
ral logarithm. Nonlinear regression was used to estimate values for m,
k, and B as described (Marshall et al., 2005). Values for model Cpax and
model Tnax Were obtained by fitting the estimated values for k, g, and
m in the nonlinear equation to the cumulative dose curve equation for
acetaminophen. The abomasal half emptying time (T50) was calculated
by fitting the estimated values for k and § to the following equation:
T50=(—1/k) x In(1 —2='/#) (Marshall et al., 2005).
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Fig. 1. Mean + standard deviation (SD) of the plasma acetaminophen
concentration in 5 lactating goats after treatment with tulathromycin
(2.5mg/kg BW, IM, open circles), tulathromycin (2.5 mg/kg BW, IV, blue
triangles), or a negative control (2.0 mL of 0.9% NacCl solution IM, filled
circles) at time=—15min (arrow) using a crossover design. Goats were
administered acetaminophen (50 mg/kg BW) through an abomasal can-
nula 15 min after treatments were administered.

2.5. Statistical analysis

Data were expressed as mean =+ SD and a value of P<0.05 was con-
sidered significant. Repeated measures ANOVA, with repeated measures
on treatment and time, was used to determine the main effects of
treatment and time and the interaction between treatment and time.
Variables with non-normal distributions were log transformed or ranked
before statistical analysis was performed. Bonferroni adjusted post tests
were conducted to compare acetaminophen absorption test factors after
tulathromycin IM injection to control, tulathromycin IV injection to con-
trol, and tulathromycin IM to tulathromycin IV, whenever the F test value
was significant, producing a Pvalue for a significant post-test of <0.0167. A
statistical software program was used for all statistical comparisons (SAS
9.2, SAS Institute Inc., Cary, NC).

3. Results

Intravenous and IM injection of tulathromycin
increased the rate of abomasal emptying when com-
pared to control (Table 1, Fig. 1), as indicated by a shorter
time to actual Tpmax (P<0.001) and model Tyax (P<0.001),
and a shorter half emptying time (T50). Actual Cpax and
model Chax were similar for all 3 treatments.

Mean values for the total cumulative absorption of
acetaminophen when time is infinite (m) approximated
those for AUC (Table 1).

4. Discussion

The major finding of this study was that IV and IM
injection of tulathromycin increased the rate of abomasal
emptying in healthy goats as assessed by acetaminophen
absorption pharmacokinetics. This finding was consistent
with those of a recent study in milk-fed calves (Rashnavadi
et al., in press) but inconsistent with long held beliefs
that only 14-membered macrolides (such as erythromycin)
have prokinetic activity (Itoh et al., 1985).

Tulathromycin is a semisynthetic derivative of eryth-
romycin that is prepared by fermentation followed by

organic synthesis (EMEA, 2002; Evans, 2005). Erythro-
mycin produces a marked prokinetic effect in calves
(Wittek and Constable, 2005; Nouri and Constable, 2007;
Rashnavadi et al., in press) and adult cows (Wittek et al.,
2008a,b) most likely by acting as a motilin-receptor agonist
via binding to motilin receptors in the pyloric antrum and
proximal portion of the small intestine (Itoh, 1997). Motilin
isa 22 amino acid peptide that is periodically released from
endocrine cells in the duodenojejunal mucosa, thereby ini-
tiating the migrating motor complex of the mammalian
gastrointestinal tract during the interdigestive period.
There is considerable interest in the therapeutic appli-
cations of motilin agonists, referred to as the motilides
(i.e., motilin-like macrolides), that share a common bind-
ing site in the third transmembrane region of the motilin
receptor (Itoh, 1997). Motilide activity is influenced pri-
marily by modifications to the N-dimethylamino group at
the 3’ position of the amino sugar (desosamine) bound
at C-5 of the ring and by the presence of a neutral sugar
(cladinose) at C-3 that is parallel to the amino sugar
at C-5 (Itoh et al., 1985; Sunazuka et al., 1989; Tsuzuki
et al, 1989; Xu et al., 2005). Erythromycin has a 14-
membered macrocyclic ring with a dimethylamino sugar
(desosamine) at C-5 and a neutral sugar (cladinose) at
C-3 (Tsuzuki et al., 1989; Xu et al., 2005). For compari-
son, tulathromycin has a 13 or 15-membered macrocyclic
ring with a desosamine sugar at C-5 and a modified cladi-
nose sugar at C-3 (EMEA, 2004). It therefore appears that
the prokinetic effect of tulathromycin results from the
type and location of sugars attached to the macrocyclic
ring.

Tulathromycin is labeled for the treatment of bovine
and swine respiratory disease in a single dose at 2.5 mg/kg
bodyweight when administered SC or IM as a full course
therapy. We have reported that the pharmacokinetics of
a single IM injection of tulathromycin (2.5 mg/kg of BW)
in lactating goats are similar to those in ruminating cat-
tle administered a single SC injection of tulathromycin
(2.5mg/kg of BW). On this basis, it is likely that
tulathromycin is effective in treating respiratory disease
in goats. Tulathromycin (2.5 mg/kg, SC or intralesional) has
also been administered as part of the treatment of caseous
lymphadenitis in goats and sheep (Washburn et al., 2009).
The results of the study reported here in healthy goats
indicate that a potentially added benefit of tulathromycin
administration in sick goats could be an increased abo-
masal emptying rate, but appropriately conducted field
studies are required to confirm this expectation. It is
important to emphasize that it is inappropriate to admin-
ister an antimicrobial for a non-antimicrobial effect (such
as increasing abomasal emptying rate), as such use may
unnecessarily promote the development of antimicrobial
resistance.

Acetaminophen absorption pharmacokinetic values are
widely used as an index of gastric emptying and have
been validated against the gold standard method (scintig-
raphy) in humans (Clements et al., 1978), horses (Lohmann
et al., 2000) and suckling calves (Marshall et al., 2005).
The main advantages of the acetaminophen absorption
technique are its low cost, wide availability, and ease
of assay (Clements et al., 1978). The prokinetic effect of
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Table 1

Abomasal emptying rate indices of 5 lactating goats after treatment with tulathromycin (2.5 mg/kg BW, IM), tulathromycin (2.5 mg/kg BW, IV), or a negative
control (2.0 mL of 0.9% NacCl solution IM) at time=—15min (arrow) using a crossover design. Abomasal emptying rate was assessed by acetaminophen
absorption (50 mg/kg BW), which was administered through an abomasal cannula 15 min after treatments were administered. Actual Cpax is the maximal
plasma acetaminophen and Actual Ty is the time at which Actual Cpnax occurred. Values for Model Cnax, Model Thax, k, B, and m were obtained by fitting
a nonlinear equation to the cumulative dose curve for acetaminophen (see Section 2 for details). T50 is the abomasal emptying half-time. AUC is the total
area under the concentration-time curve after acetaminophen administration. Data are means & SD.

Factor Control

Tulathromycin IM

Tulathromycin IV

Pvalue: F test treatment

Actual Cnax (pug/mL) 21.1+£1.0
Actual Tiax (min) 50+ 0

AUC (g x min/mL) 1346 + 85
Mean residence time (min) 705 + 1.7
Model Cpax (pug/mL) 16.9 £ 0.5
Model Tiax (min) 53.6 + 0.6
T50 (min) 68.2 £ 0.5
k (min—1) 0.0299 + 0.0014
4.99 + 0.97
m (g x min/mL) 1384 + 85

207 £1.3 21.2+1.0 0.75
30+£0 300 NE
1455 + 130 1319 + 109 0.0042
71.8 £ 2.0 66.2 + 2.8 0.0009
164 + 1.0 173 +£0.7 0.31
444 +13°1 395+ 1.8 <0.0001
60.9 + 2.6 522 + 3.8 <0.0001
0.0283 + 0.0026' 0.0367 + 0.0070 0.026

3.52 + 032 4.32 4+ 0.80 0.0070
1353 + 1371 1147 + 147 0.0012

NE, not estimable.
" P<0.0167 compared to control.
f P<0.0167 compared to tulathromycin IV.

tulathromycin in healthy goats was demonstrated by a
shorter time to actual Tmax and model Tyax, as well as
a shorter abomasal emptying half-time (T50), than con-
trol. The elimination half time of acetaminophen in this
study appeared to be shorter than that reported for cattle
(Grochowina and Janus, 2007; Ehsani-Kheradgerdi et al.,
2011) and lambs (Sharifi et al., 2009). This result in consis-
tent with a more active metabolism in goats than in cattle
or sheep, with goats having a significantly higher activ-
ity of UDP-glucuronyltransferase (Short et al., 1988) and
higher liver concentrations of cytochrome p-450, NADPH
cytochrome c reductase, aldrin epoxidase, aminopyrine N-
demethylase, ethoxycoumarin O-deethylase, microsomal
and cytosolic stilbene oxide (epoxide) hydrolase and glu-
tathione s-transferase than sheep and cattle (Wisniewski
et al., 1987). Acetaminophen is metabolized primarily by
conjugation with sulfate and glucuronide and in goats
the glucuronide metabolite is the predominant moiety in
plasma (Ali et al., 1996).

Thus in case of respiratory infection in goats,
tulathromycin not only can achieve a full course therapy by
single IM injection, but also, its acceleration effect on the
abomasal emptying rate can reduce anorexia, abolished
daily weight gain and thus economic loss, Moreover it can
be used for hypomotility disorder.

5. Conclusion

In conclusion, the results of this study indicated that
IM and IV injection of tulathromycin at 2.5 mg/kg BW
increased the rate of abomasal emptying in goats, as
measured by acetaminophen absorption pharmacokine-
tics. Although the clinical relevance of our findings remains
to be determined, the parenteral administration of the
related prokinetic macrolide, erythromycin, increased milk
production and rumen contraction rate in the immediate
post-operative period in cattle undergoing surgical correc-
tion of left displaced abomasum (Wittek et al., 2008a) or
abomasal volvulus (Wittek et al., 2008b).

Conflict of interest statement

None of the authors of this paper has a financial or per-
sonal relationship that could inappropriately influence or
bias the content of the paper.

Acknowledgments

Work done at the Faculty of Veterinary Medicine, Cairo
University, Giza, Egypt.

References

Ahmed, A.F., Constable, P.D., McCallister, M.M., Misk, N.A., 2005. Abomasal
cannulation in the Mik-fed calf using a 7 mm polyurethane tube. J. Vet.
Med. A 52, 39-42.

Ali, B.H., Cheng, Z., el Hadrami, G., Bashir, A.K., McKellar, Q.A., 1996. Com-
parative pharmacokinetics of paracetamol (acetaminophen) and its
sulphate and glucuronide metabolites in desert camels and goats. J.
Vet. Pharmacol. Ther. 19 (3), 238-244.

Amer, AM.M., Constable, P.D., Goudah, A.M., El Badawy, S.A., 2012. Phar-
macokinetics of tulathromycin in lactating goats. Small Rumin. Res.
108, 137-143.

Buret, A.G., 2010. Immuno-modulation and anti-inflammatory benefits of
antibiotics: the example of tilmicosin. Can. ]. Vet. Res. 74, 1-10.

Clements, J.A., Heading, R.C, Nimmo, W.S., 1978. Kinetics of
acetaminophen absorption and gastric emptying in man. Clin.
Pharmacol. Ther. 24, 420-431.

Clothier, K.A., Leavens, T., Griffith, R W., Wetzlich, S.E., Baynes, R.E., Riviere,
J.E., Tell, L.A.,2011. Pharmacokinetics of tulathromycin after single and
multiple subcutaneous injections in domestic goats (Capra aegagrus
hircus). . Vet. Pharmacol. Ther. 34, 448-454.

Ehsani-Kheradgerdi, A., Sharifi, K., Mohri, M., Griinberg, W., 2011. Eval-
uation of a modified acetaminophen absorption test to estimate the
abomasal emptying rate in Holstein-Friesian heifers. Am. J. Vet. Res.
72, 1600-1606.

EMEA: European Medicines Agency, Veterinary Medicines and Inspec-
tions. Committee for Veterinary Medicinal Products: Tulathromycin,
Summary Report, 2002. EMEA/MRL/842/02-FINAL, 1-10.

EMEA: European Medicines Agency, Veterinary Medicines and Inspec-
tions. Committee for Veterinary Medicinal Products: Tulathromycin,
Summary Report(2), 2004. Available from: http://www.ema.
europa.eu/docs/en_GB/document_library/Maximum Residue Limits —
Report/2009/11/WC500015754.pdf

Evans, N.A., 2005. Tulathromycin: an overview of a new triamilide antimi-
crobial for livestock respiratory disease. Vet. Ther. 6, 83-95.

Fischer, C.D., Beatty, J.K., Zvaigzne, C.G., Morck, D.W., Lucas, MJ],
Buret, A.G., 2011. Anti-inflammatory benefits of antibiotic-induced


http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0005
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0010
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0015
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0020
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0025
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0030
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0040
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum Residue Limits - Report/2009/11/WC500015754.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum Residue Limits - Report/2009/11/WC500015754.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum Residue Limits - Report/2009/11/WC500015754.pdf
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0055
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060

S.A. El Badawy et al. / Small Ruminant Research 121 (2014) 395-399 399

neutrophil apoptosis: tulathromycin induces caspase-3-dependent
neutrophil programmed cell death and inhibits NF-kB signaling
and CXCL8 transcription. Antimicrob. Agents Chemother. 55 (1),
338-348.

Giguére, S., Prescott, J.F., Baggot, ].D., Walker, R.D., Dowling, P.M., 2006.
Antimicrobial Therapy in Veterinary Medicine, 4th ed. Blackwell Pub-
lishing, Ames, lowa, pp. 191-206.

Grochowina, B., Janus, K., 2007. Pharmacokinetics of paraectamol in Black-
and-White bree and BW X HF cross-breed calves in the postnatal
period. Med. Weteryn. 63, 571-573.

Itoh, Z., Suzuki, T., Nakaya, M., Inoue, M., Arai, H., Wakabayashi, K., 1985.
Structure activity relation among macrolide antibiotics in initiation
of interdigestive migrating contractions in the canine gastrointestinal
tract. Am. J. Physiol. 248, G320-G325.

Itoh, Z., 1997. Motilin and clinical application. Peptides 18, 593-608.

Lohmann, K.L., Roussel, AJ., Cohen, N.D., Boothe, D.M., Rakestraw,
P.C., Walker, M.A., 2000. Comparison of nuclear scintigraphy and
acetaminophen absorption as a means of studying gastric emptying
in horses. Am. J. Vet. Res. 61, 310-315.

Marshall, T.S., Constable, P.D., Crochik, S.S., Wittek, T., 2005. Determina-
tion of abomasal emptying rate in suckling calves by use of nuclear
scintigraphy and acetaminophen absorption. Am. ]J. Vet. Res. 66,
364-374.

Norcia, LJ., Silvia, A.M., Santoro, S.L., Retsema, J., Letavic, M.A., Bronk,
B.S., Lundy, K.M., Bingwei, Y., Evans, N.A., Hayashi, S.F., 2004. In vitro
microbiological characterization of a novel azalide, two triamilides
and an azalide ketal against bovine and porcine respiratory pathogens.
J. Antibiot. 57, 280-288.

Nouri, M., Constable, P.D., 2007. Effect of parenteral administration of
erythromycin, tilmicosin, and tylosin on abomasal emptying rate in
suckling calves. Am. ]. Vet. Res. 68, 1392-1398.

Rashnavadi, M., Nouri, M., Hajikolae, M.R.H., Najafzadeh, H., Constable,
P.D., 2014. Effect of spiramycin and tulathromycin on abomasal emp-
tying rate in milk-fed calves. Can. J. Vet. Res. 78 (1), 61-67.

Romanet, J., Smith, G.W., Leavens, T.L., Baynes, R.E., Wetzlich, S.E., Riv-
iere, J.E., Tell, L.A., 2012. Pharmacokinetics and tissue elimination of
tulatthromycin following subcutaneous administration in meat goats.
Am. ]. Vet. Res. 73, 1634-1640.

Sharifi, K., Griinberg, W., Soroori, S., Mohri, M., Ahrari-Khafi, M.S., 2009.
Assessment of the acetaminophen absorption test as a diagnostic tool
for the evaluation of the reticular groove reflex in lambs. Am. ]. Vet.
Res. 70 (7), 820-825.

Short, C.R,, Flory, W., Hsieh, L.C., Aranas, T., Ou, S.-P., Weissinger, ]., 1988.
Comparison of hepatic drug metabolizing enzyme activities in several
agricultural species. Comp. Biochem. Phys. C 91 (2), 419-424.

Sunazuka, T., Tsuzuki, K., Marui, S., Toyoda, H. Omura, S., Inatomi,
N., Itoh, Z., 1989. Motilides, macrolides with gastrointesti-
nal motor stimulating activity. II. Quaternary N-substituted
derivatives of 8,9-anhydroerythromycin A 6,9-hemiacetal and
9,9-dihydroerythromycin A 6,9-epoxide. Chem. Pharm. Bull. 37,
2701-2709.

Tsuzuki, K., Sunazuka, T., Marui, S., Toyoda, H., Omura, S., Inatomi, N., Itoh,
Z., 1989. Motilides, macrolides with gastrointestinal motor stimulat-
ing activity. I. O-substituted and tertiary N-substituted derivatives of
8,9-anhydroerythromycin A 6,9-hemiacetal. Chem. Pharm. Bull. 37,
2687-2700.

Washburn, K.E., Bissett, W.T., Fajt, V.R,, Libal, M.C., Fosgate, G.T., Miga, J.A.,
Rockey, K.M.,2009. Comparison of three treatment regimens for sheep
and goats with caseous lymphadenitis. J. Am. Vet. Med. Assoc. 234 (9),
1162-1166.

Wisniewski, ].A., Moody, D.E., Hammock, B.D., Shull, L.R., 1987. Interlobu-
lar distribution of hepatic xenobiotic-metabolizing enzyme activities
in cattle, goat and sheep. J. Anim. Sci. 64, 210-215.

Wittek, T., Constable, P.D., 2005. Assessment of the effects of erythro-
mycin, neostigmine, and metoclopramide on abomasal motility and
emptying rate in calves. Am. J. Vet. Res. 66, 545-552.

Wittek, T., Tischer, K., Gieseler, T., Fiirll, M., Constable, P.D., 2008a. Effect of
preoperative administration of erythromycin or flunixin meglumine
on postoperative abomasal emptying rate in dairy cows undergoing
surgical correction of left displacement of the abomasum. J. Am. Vet.
Med. Assoc. 232, 418-423.

Wittek, T., Tischer, K., Koerner, I., Sattler, T., Constable, P.D., Fuerll,
M., 2008b. Effect of preoperative erythromycin or dexametha-
sone/vitamin C on postoperative abomasal emptying rate in dairy
cows undergoing surgical correction of abomasal volvulus. Vet. Surg.
37,537-544.

Young, G., Smith, G.W., Leavens, T.L., Wetzlich, S.E., Baynes, R.E., Mason,
S.E., Riviere, J.E., Tell, L.A.,, 2011. Pharmacokinetics of tulathromycin
following subcutaneous administration in meat goats. Res. Vet. Sci.
90 (3), 477-479.

Xu, L., Depoortere, I, Vertongen, P., Waelbroeck, M., Robberecht, P.,
Peeters, T.L., 2005. Motilin and erythromycin-A share a common bind-
ing site in the third transmembrane segment of the motilin receptor.
Biochem. Pharmacol. 70 (6), 879-887.


http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0060
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0065
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0070
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0075
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0080
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0085
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0090
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0095
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0100
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0105
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0110
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0115
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0120
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0125
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0130
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0135
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0140
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0145
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0150
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0155
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0160
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165
http://refhub.elsevier.com/S0921-4488(14)00186-2/sbref0165

	Effect of tulathromycin on abomasal emptying rate in healthy lactating goats
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Drugs
	2.3 Experimental design
	2.4 Sample analysis and pharmacokinetic modeling
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Conflict of interest statement
	Acknowledgments
	References


