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Abstract

Doxycycline (DOX)is the antibiotic of choice for the treatment of canine monocytic ehrlichiosis (CME), one
of the main infectious diseases affecting dogs. Despite the therapeutic simplicity, the need for long-term
use of DOX tablets (28 days) and gastrointestinal effects may pose problems. The aim of the study was to
develop a DOX chewable tablet, evaluate its palatability and pharmacokinetic profile in comparison with a
commercial formulation, Doxifin® and evaluate the influence of co-administration with vitamin supplement
on the bioavailability of doxycycline. The AUC,, values found for DOX chewable tablets (13.85+3.81 ugh/mL)
and Doxifin® (15.88 + 4.38 pg.h/mL) did not differ significantly (p<0.05). The co-administration of the
vitamin supplement Hemolitan® influenced the pharmacokinetic profile of DOX, leading to a decrease in
bioavailability for chewable DOX tablets and Doxifin®, with relative bioavailability values (F) of 64% and
62%, respectively. Palatability evaluations confirmed the palatability of the chewable tablets. Therefore, a
DOX chewable tablet is an important alternative that can overcome some of the challenges associated with
the characteristic bitter taste of doxycycline, with considerable reduction animal stress, and with plasma
doxycycline concentrations equivalent in practical terms to a conventional product.

Keywords: doxycycline, chewable tablets, palatability, pharmacokinetic.

Resumo

A doxiciclina (DOX) é o antibiotico escolhido para o tratamento da erliquiose monocitica canina (EMC), uma
das principais doencas infecciosas que afetam os caes. Apesar da simplicidade terapéutica, anecessidade do
uso prolongado de comprimidos de DOX (28 dias) e os efeitos gastrointestinais podem representar problemas.
O objetivo do estudo foi desenvolver um comprimido para mastigar de DOX, avaliar sua palatabilidade e
perfil farmacocinético em comparagao com uma formulacdo comercial, Doxifin®, e avaliar a influéncia da
coadministragao com suplemento vitaminico na biodisponibilidade da doxiciclina. Os valores de AUC,,
encontrados para comprimidos mastigaveis de DOX (13,85+3,81 ug.h/mL) e Doxifin® (15,88 +4,38 pg.h/mL)
nao diferiram significativamente (p<0,05). A coadministracao do suplemento vitaminico Hemolitan®
influenciou o perfil farmacocinético, levando a uma diminuicao da biodisponibilidade para comprimidos
mastigaveis de DOX e Doxifin®, com valores de biodisponibilidade relativa (F) de 64% e 62%, respectivamente.
Asavaliacdes da palatabilidade confirmaram que os comprimidos mastigaveis sdo palataveis. Portanto, um
comprimido para mastigar de DOX é uma alternativa importante que pode superar alguns dos desafios
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Development and pharmacokinetic evaluation of chewable doxycycline tablets in Beagle dogs: comparison with a commercial formulation and evaluation of co-administration
with vitamin supplement on the bioavailability

associados ao sabor amargo caracteristico da doxiciclina, com consideravel reducao do estresse animal e
com concentragdes plasmaticas de doxiciclina equivalentes em termos praticos aum produto convencional.

Palavras-chave: doxicilina, comprimidos mastigaveis, palatabilidade, farmacocinética.

Introduction

Doxycycline (DOX), a broad-spectrum antibiotic belonging to the tetracycline group
(Okerman et al., 2004), is the drug of choice for the treatment of canine monocytic ehrlichiosis
(CME) (Villaescusa et al., 2015). CME, caused by Ebrlichia canis, an obligate intracellular bacterium,
isanimportant tick-borne (Rhipicephalus sanguineus) disease (Rudoler et al,, 2015), and has been
identified as the main cause of morbidity and mortality in dogs worldwide (Skotarczak, 2003).

Despite the therapeutic simplicity of the use of tablets, some problems have been reported for
DOX tablets, such as difficulty of administration over a long period (28 days) (Fourie et al., 2015;
Rudoler et al., 2015; Villaescusa et al., 2015), palatability (Redelsperger et al., 2016; Sadrieh et al.,
2005), and gastrointestinal effects (Rinaldi, 2014). An alternative to circumvent these difficulties is
touse palatable chewable tablets to increase the voluntary administration of the drug (Song et al.,
2016). The development of new veterinary pharmaceutical products should include formulations
that canimprove therapeutic efficacy while being affordable and easy to administer. In the Brazilian
veterinary market, chewable doxycycline tablets are currently available (Doxygard®, Doxymax®),
but their pharmacokinetic profile and palatability evaluation have not yet been reported.

The prescription of concurrent supplement therapy and DOX is common for canine patients.
Therefore, it is important to evaluate the influence of the supplement on the absorption of DOX
(KuKanich & KuKanich, 2015). Hemolitan® is a supplement containing essential vitamins (B, K)
and minerals (calcium, iron, zinc) to improve nutritional status. DOX absorption may be reduced
by the presence of divalent or trivalent cations that chelate the drug, forming an inactive complex
(Goodman, 2003; Monsalve et al., 2017).

The aim of the present study was to develop a chewable tablet containing doxycycline, evaluate
its pharmacokinetic profile in comparison with a commercial formulation (Doxifin®), and determine
whether concurrent administration of a supplement (Hemolitan®) and doxycycline reduces the
relative bioavailability of doxycycline, as measured by traditional pharmacokinetic parameters.

Material and methods

Chemicals

Acetonitrile and methanol, both HPLC grade, as well as oxytetracycline (88.6%) were purchased
from Sigma-Aldrich (St. Louis, USA). Doxycycline hyclate (95.59%) was purchased from Fragon
(Sao Paulo, Brazil). Glycerin was purchased from Labsynth (Sao Paulo, Brazil). Gelatin powder,
oxalic acid dihydrate P.A., glacial acetic acid and sodium acetate were purchased from Vetec
Quimica Fina Ltda (Duque de Caxias, Brazil). Dog food was purchased from Invivo - Must Pet
Food. Doxycycline tablets - Doxifin® 100 mg (doxycycline hyclate enteric coated tablet), a topical
anesthetic formulation (Emla®) and vitamin supplement (Hemolitan®) were purchased from local
pet shops. Water used in the entire analysis was obtained using a Gehaka ultra purified system
(Gehaka, Sao Paulo, Brazil).

Preparation chewable tablets containing doxycycline

Chewable doxycycline tablets were prepared at a dose of 100 mg by mixing DOX hyclate
(95.59%) raw material with crushed and dry dog food, in the proportions of 6.25% and 70%,
respectively. In addition, bacon flavoring was added. This mixture was moistened with gelatin and
glycerin gum. The final mass was distributed equally in small forms and kept under refrigeration.
For palatability evaluations, a placebo formulation was also prepared.

Physical-chemical evaluation of chewable tablets

Weight variation was evaluated by weighing 20 tablets selected at random to determine
their average weight. Then, the individual tablets were weighed and compared with the average
weight. The determination of weight variation was performed for tablets > 250 mg and with a

Lima et al. 2021. Brazilian Journal of Veterinary Medicine, 43, e€002921. DOI: 10.29374/2527-2179.bjvm002921 2/m




Development and pharmacokinetic evaluation of chewable doxycycline tablets in Beagle dogs: comparison with a commercial formulation and evaluation of co-administration
with vitamin supplement on the bioavailability

variation of +£5.0% for uncoated tablets. The formulation was evaluated according to the Brazilian
Pharmacopeia (Brasil, 2019).

To test uniformity of content, 10 tablets were taken individually, weighed, crushed, and
transferred to a volumetric flask containing acetic acid 4.5% (v/v) as solvent. The solutions were
filtered, diluted with aqueous oxalic acid solution (4 mM, pH = 2.5), and analyzed by the LC-UV
method.

The LC-UV system consisted of a Dionex Ultimate 3000 separation module coupled to a
Dionex Ultimate 3000 UV-Vis detector (Dionex, California, USA). The chromatographic separation
was performed using a Kromasil C18 column (3.5 um, 4.6 x 100 mm) preceded by a Kromasil
Cl18 guard column (3.5 pm, 4.6 x 10 mm) (Tedia, Rio de Janeiro, Brazil), maintained at a constant
temperature (25 + 2 °C). The mobile phase consisted of a mixture of acetonitrile:water adjusted
to pH 2.5 with oxalic acid (75:25 v/v) with flow of 1.2 mL/min. The UV wavelength was set at
357 nm and the injection was 20 uL. The LC-UV system was controlled by the Chromeleon
6.8 software from Dionex.

Pharmacokinetic studies

Animals and treatments

Twenty-four Beagle dogs of both sexes, aged 2 to 6 years and with body weight between
9.3and 134 kg, were randomly divided into four groups of six animals each and housed individually
in stalls two days before treatment. Clinical evaluations and hematological (hemoglobin,
hematocrit and platelets) and biochemical (aspartate transaminase (AST), alanine transaminase
(ALT), alkaline phosphatase (ALP), albumin and creatinine) examinations were performed prior
to treatment (days -6 and O) to ensure inclusion of only healthy animals in the studies. These
evaluations were performed throughout the post-treatment evaluation period (days 1, 2 and 3)
to monitor the health status of the animals.

The treatment was performed under fasting conditions with a single administration of
doxycycline tablets (100mg), reaching an approached dose of 10 mg / kg of body weight. Groups
(GI) and (G2) were treated with an intact commercial doxycycline tablet (Doxifin®), in the absence
and presence of the vitamin supplement (Hemolitan®), respectively. Groups (G3) and (G4) were
treated with an intact chewable doxycycline tablet in the absence and presence of Hemolitan®,
respectively.

To ensure animal welfare during the collection procedure, a topical anesthetic formulation
(Emla®) was administered to the front paws (previously trichotomized) of each animal 30 minutes
before each collection. The animals' blood was collected in EDTA tubes by cephalic venipuncture
before and 30 minutes. 1, 2, 3,4, 6, 8,10 and 24 hours after administration. Plasma was obtained
by centrifugation at 756 g for 10 minutes at 4° C and stored at -20 °C until analysis.

Bioanalytical procedure

Preparation of standard solutions

Solutions of doxycycline and oxytetracycline were prepared by dissolution in water adjusted
topH 2.5 with oxalic acid to obtain a concentration of 1 mg/mL™. The samples were stored at 4 °C
protected from light. The solutions were stable under these conditions for 15 days. Doxycycline
working standards at concentrations of 0.5, 1.0, 2.5, 5.0, 7.5 and 10.0 ug/mL were prepared for
calibration and used to spike plasma. The oxytetracycline working standard was prepared at a
final concentration of 1.0 pg/mL.

Preparation of calibration standards and quality control samples

Blood samples were collected in EDTA tubes by cephalic venipuncture. These were centrifuged
at 756 g for 10 min at 4 °C and the plasma collected was stored at -20 °C until the assays. The plasma
samples used for spiking and blanks were taken from experimental animals that were found to be
free of tetracyclines. The calibration samples were prepared by spiking the stock solutions in blank
plasma to get final serial concentrations of 0.5,1.0, 2.5,5.0, 75 and 10 pg/mL. Quality control (QC)
samples with concentrations of lower limit of quantification (LLOQ - 0.5 pg/mL), low (1.0 pg/mL),

Lima et al. 2021. Brazilian Journal of Veterinary Medicine, 43, e€002921. DOI: 10.29374/2527-2179.bjvm002921 3/m




Development and pharmacokinetic evaluation of chewable doxycycline tablets in Beagle dogs: comparison with a commercial formulation and evaluation of co-administration
with vitamin supplement on the bioavailability

medium (2.5 ug/mL), high (7.5 ug/mL) and upper limit of quantification (ULOQ - 10 ug/mL) of
standards were also prepared by the same procedure as the calibration standards. Oxytetracycline
(IS) was added to all plasma samples at a concentration of 1.0 pg/mL. Then the plasma was
transferred directly to 2 mL Eppendorf tubes. The plasma samples were stored at the study site
in a freezer at -20 °C until analysis.

Sample preparation

A volume of 50 pL of sodium acetate buffer at 200 mM (pH 6.8) was added to 0.5 mL of
plasma and the mixture was shaken in a rotary shaker for 1 min before extraction. Then 1 mL of
methanol was added to the plasma samples and vortexed for 1 min, followed by centrifugation
for 15 min at 756 g. The mixture was then frozen at -20 °C for one day. The aqueous phase was
frozen while the methanol layer, which remained liquid under these conditions, was transferred
to a vial for direct injection into the LC column.

Chromatography analysis

The chromatographic separation was performed using a Kromasil C18 column (3.5 pm, 4.6 x 100
mm) preceded by a Kromasil C18 guard column (3.5 um, 4.6 x 10 mm) (Tedia, Rio de Janeiro, BR),
both maintained at constant temperature (30 + 2 °C). The mobile phase consisted of acetonitrile:
water adjusted to pH 2.5 with oxalic acid (20:80, v/v) with a flow rate of 0.8-1.0 mL/min. The UV
wavelength was set at 357 nm and the injection volume was 20 pL.

Method validation

The method was validated according to the guidelines of Brazil's National Sanitary Surveillance
Agency (Brasil, 2012), to evaluate the following parameters: selectivity, matrix effect, residual
effect, linearity, precision, accuracy and stability.

Pharmacokinetic analysis

The plasma concentration vs. time curves obtained after each treatment in individual animals
were fitted with the PK solver program (Microsoft Excel®). Pharmacokinetic parameters for each
animal were analyzed using a non-compartmentalized mathematical model of extravascular
administration. The maximum plasma concentration (C__ ) and time to reach maximum
concentration (tmax) were obtained from the plotted concentration time curve of each drug in
each animal. The area under the plasma concentration versus time curve (AUC) from the time
of dosing to Tlast (AUCO-tlast) was calculated by a linear up-log down trapezoidal method and
extrapolated to infinity (AUCO-inf).

In order to evaluate the influence concurrent administration of supplement (Hemolitan®) on
bioavailability of DOX, relative bioavailability (F) of G2 and G4 were calculated with the treatments
without the supplement as the reference, G1 and G3 respectively.

Palatability evaluation

Palatability evaluation (acceptance testing) was based on offering each dog a single dosing
unit of chewable doxycycline tablet and placebo tablet. Twenty-four Beagle dogs, including males
and females, with bodyweight of 11.3 + 2.3 kg (range 8 to 16.2 kg) and aged 3.3 + 2.6 years (range
1to 8 years) were included in this study and were randomly divided into two groups of 12 animals
per group. On each study day, acceptance test procedures were conducted at approximately the
same time of day before feeding. Half of the dogs were treated with the chewable doxycycline
tablet followed by a placebo tablet one day later; the other half of the dogs received a placebo
tablet first and then chewable doxycycline tablet one day later. A sensory scale, with score from
40 to 100 mm, for measurement of taste intensity for each dog was used as follows: (100) takes
medication readily, (80) sniffs a while before taking medication, (60) shows reluctance to accept
medication, (40) does not take medication at all. Scores 100 and 80 were considered as acceptance,
while 60 and 40 asrejection. The mean and standard deviation were determined for each group.
Atotal of 24 animals were needed to reach a power of 80% to demonstrate non-inferiority of the
test formulation compared to placebo.
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Statistical analysis

Pharmacokinetic results are expressed as the mean + standard deviation (SD) and data were
submitted to one way analysis of variance (ANOVA) followed by Tukey's multiple comparisons
test (OriginPro 8 SRO version 8.0; OriginLab Corporation, Northampton, MA, USA). Palatability
data were submitted to non-inferiority test using NCSS2021 software, version 20.0.2 (NCSS, LLC,
Kaysville, Utah, USA, 2021). Statistical significance was set at 5% (P <0.05) and with a non-inferiority
margin of 20 mm.

Results

Physical-chemical evaluation of chewable doxycycline tablets

The chewable doxycycline tablets were analyzed for softness and integrity characteristics. The
mean weight (1.7527 g) reached the established criteria for uncoated tablets (Brasil, 2019) with none
of the 20 individually weighed tablets outside of the variation range of +5.0% (1.6651-1.8403 g).

The uniformity of content assay demonstrated that the chewable doxycycline tablets were
within the acceptable limit established by the Brazilian Pharmacopoeia (Brasil, 2019), exhibiting
acceptance values (AV) of less than 15, thus demonstrating that the drug distribution in the
formulation was homogeneous.

Method validation

The analytical procedures and LC analysis of DOX were validated and the results are shownin
Table 1. Selectivity was established since no significant interfering peak responses were observed
at the retention time of DOX in spiked plasma samples. The method residual effect showed that
the carryover in the blank samples following the ULOQ analysis was not higher than 20% of the
analytes' signal of the LLOQ, and 5% for the IS.

The CV of the IS-normalized MF (matrix effects) calculated from the eight matrix samples
was not greater than 15% (8.64%). The linear regression line for DOX was evaluated in the range
between 0.5 and 10 pg/mL. Calibration data presented heteroscedasticity, so the calibration
curves were subjected to weighted linear regression analysis using 1/x as the weighting factor.
The calibration curve generated (y = 0.525x - 0.048) using plasma as matrix showed a squared
correlation coefficient of > 0.99 for three days. The coefficient of variation (CV) was lower than
to 20% relative to the nominal concentration for the LLOQ, and lower than to 15% relative to
the nominal concentration of the other calibration standards. The inter-day precision of spiked
standards of DOX at low, medium, and high levels showed coefficient of variation (CV) values
thatranged from 6.32-12.40%. Inter-accuracy ranged from 7.20-13.7%. The limit of quantification
(LOQ) of the analytical technique was 0.5 ug/mL (Table 1).

Table 1. Summary of linearity, matrix effect, accuracy and precision data.

Linearity nggg‘ Accuracy Precision
Amount spiked
(ng/mL) (%CV)n=5 (% RSE)n=5 (%CV)n=5
(%CV)n=8
Day1 Day 2 Day 3 Intra-assay Inter-assay Intra-assay Inter-assay
0.5 (LLOQ) 891 7.20 10.8 879 7.20 891 10.8
1.0 (Low QC) 490 771 10.2 430 921 771 490 10.2
2.5 (Medium QC) 491 063 6.32 12.2 137 491 6.32
50 618 248 504
7.5 (High QC) 823 137 124 864 1.3 12.2 823 124
10.0 (ULOQ) 231 2.23 463

CV: Coefficinet of variation; LLOQ: Low Limit of Quantification; Low QC: Low Quality Control; Medium QC: Medium Quality Control; High QC: High Quality Control; RSE: Relative Standard Error;
ULOQ: Upper Limit of Quantification.
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The stability of spiked canine plasma samples showed acceptable results for all conditions
tested. Post-processing stability was performed at 24 hours after extraction, freezing-thawing
cycle stability was evaluated after three freeze and thaw cycles, short-term stability was evaluated
after 24 hours and long-term stability was checked after storage at -20 °C for 1 and 2 months.
Therefore, the samples were stable after storage and during the sample preparation procedures.
The accuracy values for doxycycline at both QC levels in all stability studies were in the range of
+15% of the nominal value and the % CV was within 15%.

Pharmacokinetic studies

No adverse clinical reactions or significant changes in hematological (hemoglobin, hematocrit
and platelets) and biochemical (aspartate transaminase (AST), alanine transaminase (ALT),
alkaline phosphatase (ALP), albumin and creatinine) parameters were observed in any of the
dogs submitted to any treatment throughout the period and were within the range of reference
values described in the literature for adult dogs (Kaneko at al., 2008; Weiss & Wardrop, 2010). No
significant difference in the mean dose (mg/kg) of doxycycline administered was observed between
groups, with mean doses of 9.08 + 0.88 mg/kg (G1), 8.86 £1.16 mg/kg (G2), 9.04 +0.78 mg/kg (G3)
and 8.83 + 0.79 mg/kg (G4) (p<0.05). The curve of mean plasma concentration plotted against
time for both formulations in absence and presence of vitamin supplement are shown in Figure 1.

3.0
—a— Chewable doxycycline tablet
i i —&— Chewable doxycycline tablet + Hemolitan®
25 T —a&— Doxifin®
' —v— Doxifin® + Hemolitan®
2.0 -

DOX plasma concentration (ug/mL)

T T T T T

L PO S I e I [
12 14 16 18 20 22 24

I
0 2 4 6 8 10
Time (hours)

Figure 1. Mean plasma concentration curve of doxycycline versus time after oral administration of single dose of
chewable doxycycline tablets and Doxifin® (10.0 mg/kg) in the absence and presence of the vitamin supplement
of Hemolitan®in dogs (n = 24).

Chewable doxycycline tablets demonstrated pharmacokinetic profile with rapid absorption,
withC  of 0.97+0.34 pg/mLat44+0.58 hours(t_ )and fastelimination (t,, 778 +:145 hours).
The same profile was observed for Doxifin® with C__ of 1.53 £ 0.88 ug/mL at 6.0 £ 2.50 (t__ )
and t, 5 of 547 + 140, with no significant difference for C__ (p=04771), t__ (p=0.5562) or t, 5

(p=0.1902). AUC,, values did not differ significantly (13.85 + 3.81 ug.h/mL for chewable tablets
and 15.88 = 4.38 pug h/mL for Doxifin®) (p=0478) (Table 2).
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Table 2. Pharmacokinetic parameters of doxycycline following orally administration (10 mg/Kg) of chewable doxycycline tablet and comercial tablet
(Doxifin®), both in the absence and presence of the vitamin supplement (Hemolitan®) to dogs (n = 24).

Pharmacokinetics Chewable doxycycline Chewable doxycycline

parameters tablet tablet + Hemolitan® Doxifin® Doxifin® + Hemolitan®
C,.. (ug/mL) 097+034 095+ 026° 153088 090+ 0122
t .. 0 440+0.58° 1.25+0.50° 6.00 +£2.50° 2.25+1.26°
AUC,, (ugh/mL) 13.85+3.812 894 +314° 1588 +4.38* 991+3.222
AUC,  (ugh/mL) 1584 £310° 1217 +3.28% 1845+ 6.05* 13.72+1712
t, (h) 778 £145° 1069 +213° 547 +£1402 1411+ 4.66°
Relative F (%) N/A 64.50+22.70 N/A 6240+20.30

Mean values + SD are reported and different letters (a,b) indicates a significant difference between groups (P < 0.05); AUC: area under the curve; C e Maximum plasma concentration; N/A:
Not applicable; t, _ : time to Cmax; and t,: terminal half-life; Relative F: relative bioavailability.

Administration of the vitamin supplement Hemolitan®in combination with doxycyclineled toa
decreaseoft__ values for both chewable tablets (1.25+ 0.50 hours) and Doxifin® (2.25+1.25 hours).
The co-administration also led to an increase of t, , values for both formulations, 1069+ 213 and
14.11 + 4.66 hours for chewable tablets and Doxifin®, respectively. AUC , and C__ did not differ
significantly (p>0.05) in the presence of the vitamin supplement for both formulations, but the
association led to a decrease of bioavailability for chewable DOX tablets (F=64%) and Doxifin®

(F=62%) (Table 2).

Palatability evaluations

The percentage of acceptance (scores 100 and 80) and the percentage of rejection (scores
60 and 40) for chewable doxycycline tablets and for placebo chewable tablets are displayed in
Table 3. For the chewable DOX tablets the percentage of acceptance were 79.2% and for chewable
placebo tablets it was 75%. A higher percentage of dogs took the medication readily (score 100),
62.5% for both DOX and placebo chewable tablets. A lower number of dogs sniffed a while before
taking the medication (score 80), 16.6% for DOX and 12.5% for placebo tablets. The percentage
of rejection (scores 60 and 40) was 20.8% for DOX and 25% for placebo tablets. Non-inferiority
test rejects the null hypothesis (p = 0.00018), at the 5% significance level with a tolerance margin
of 20 mm. The chewable DOX tablets can therefore be considered non-inferior to the chewable
placebo tablets.

Table 3. Palatability evaluation of chewable doxycycline tablets and placebo chewable tablets.

Acceptance Rejection Mean sensorial score (mm) + SD
Formulation Score (mm) 100 80 60 40
n° animals/score 15 4 4 1
Doxycycline chewable tablets 875+1847
N (%) 19 (79.2%) 520.8%)
n° animals/score 15 3 6 0
Placebo chewable tablets 8751751
N (%) 18 (75%) 6 (25%)
Non-inferiority test* p-value 0.00018

Score: (100) takes medication readily, (80) sniffs a while before taking medication, (60) shows reluctance in accepting medication, (40) not take medication at all. *Non-inferiority test was
performed for sensorial score data (chewable doxycycline tablets and placebo chewable tablets) using NCSS2021, version 20.0.2 (NCSS, LLC, Kaysville, Utah, USA, 2021). Values showed non-
inferiority at the level of p<0.05 with a tolerance margin of 20 mm.

Discussion

The developed and validated method was effective for pharmacokinetic evaluation, since it allowed
DOX quantification in canine plasma up to 24 hours PT. (Figure 1). Furthermore, the bioanalytical
method assured quantifiable plasma levels in the blood until it reached AUC_, > 80% of AUC,, ,
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asrecommended by the Guide for Tests of Relative Bioavailability/Bioequivalence of Medicines
(Brasil, 2006). AUC,, of DOX for Doxifin® and chewable tablets corresponded to 86.07 and 87.44%,
respectively, for AUC |

Drug plasma profile from dosage form studies is crucial to assess the performance of new
formulations, since drug availability from the dosage form plays a critical role in a drug's clinical
efficacy (Shargel & Yu, 2004). Our results demonstrated that the chewable formulation did not
influence the pharmacokinetic parameters of DOX when compared to swallowed tablet formulation
(Doxifin®). Both formulations presented rapid absorption and elimination pharmacokinetic
profiles, with no significant difference between any parameters evaluated.

The pharmacokinetic parameters for DOX administered orally in a single dose (10 mg/kg) have
already been described by a few studies (Gutiérrez et al., 2012; KuKanich & KuKanich, 2015). The
valuesof C__ (0.97+0.34and153+0.88 ug/mL)and AUC , (13.85+3.81and 15.88+4.38 pg.h/mL)
obtained for chewable DOX tablets and Doxifin® in this study were lower them those reported by
KuKanich & KuKanich (2015) (C__ _2.53 pg/mL and AUC_, = 36.0 ugh/mL) and Gutiérrez et al.
(2012) (C__, 558 + 0.5 pg/mL and AUC , = 70.33 + 6.23 pg.h/mL). Nevertheless, the values of
t . (44058 and 6.0 + 2.50 hours) obtained for chewable DOX tablets and Doxifin® in this
study were similar of those obtained by Gutiérrez et al. (2012) (tmax= 3.88 + 0.4 hours) and
higher than those reported by KuKanich & KuKanich (2015) (t__=1.2 hours). In contrast, the
values of t, (778 £145 and 547 + 140 hours) obtained for chewable DOX tablets and Doxifin®
in this study were lower than those obtained by Gutiérrez et al. (2012) (t, n= 5.59 + 0.03 hours)
and similar to those reported by KuKanich & KuKanich (2015) (t, =559 hours). Ruiz et al. 2014),
using a higher dose (20 mg/kg) also found higher values of C__ (2.03+0.28 pg/mL) and AUC,,
(221252 ugh/mL). However, t_ (2.03+0.28 hours) and t, ,=7.54 + 017 hours) were similar to
this study. Differences in experimental conditions, such as breed, dose, dosage form, sampling and
analytical method can explain the differences obtained between studies, leading to inconsistent
comparison (Cerkvenik Flajs & Grabnar, 2002). Moreover, gender could be a significant covariate
for some pharmacokinetic parameters such as CL and V (Hopkins et al,, 2017) and its influence
should be evaluated.

DOX absorption can be reduced by the presence of divalent or trivalent cations that chelate the
drug, forming an inactive complex (Goodman, 2003; Monsalve et al,, 2017). Although international
guidelines for the treatment of canine ehrlichiosis and anaplasmosis state that the combined
administration of doxycycline with vitamin supplements is not recommended (Neer et al,, 2002;
Sainz et al., 2015), the prescription of supplement therapy and DOX concurrently is common for
canine patients.

Our results do not corroborate those reported KuKanich & KuKanich (2015), who reported
that the concurrent oral administration of DOX with sucralfate suspension led to a delay of
t . Incontrast, the t  values (1.25+ 0.50 and 2.25 = 1.25 hours) obtained for chewable DOX
tablets and Doxifin® in this study were significantly in advance in dogs receiving DOX with
concurrent Hemolitan®. Although AUC_, and C__ did not differ significantly (p<0.05) in the
presence of the vitamin supplement for both formulations, the association led to a decrease
in bioavailability for chewable DOX tablets and Doxifin®, with relative bioavailability values (F)
of 64% and 62%, respectively, corroborating the findings of KuKanich & KuKanich (2015), who
reported that concurrent oral administration of DOX with sucralfate suspension led to a decrease
in bioavailability (F = 20%).

Chewable tablets, since they are mechanically disintegrated in the animal’'s mouth during
chewing, need to have enough attractions to be accepted by the animal, such as smell, taste
and appearance. An oral formulation accepted by animals favors voluntary administration,
reducing the stress on the animal at the time of administration (Song et al., 2016). Palatability
evaluations are extremely important, since this is a determining feature of treatment adherence
and consequently improves therapeutic efficacy, in particular in relation to oral antimicrobial
therapy in dogs (Payne-Johnson et al,, 2007). While doxycycline has a bitter taste (Hojman et al,,
2007), the palatability evaluation demonstrated that chewable DOX tablets were accepted by the
majority of dogs and was not inferior to placebo chewable tablets. Although there is no standard
definition of palatability, for pharmaceutical products, consumption should be considered a
measure of primary importance, so that acceptance tests are one of the best choices for palatability
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evaluations for dogs (Thombre, 2004). The intention of all animals to receive all formulations
enables carrying out the intra-animal comparisons, i.e., characteristics such as sex and age are
eliminated as variables that could influence acceptance of the medication, allowing a more
careful assessment of the proposed formulation. However, more studies should be performed,
since palatability results obtained strictly with laboratory dogs may not correlate well with the
actual situation of pets in homes (Thombre, 2004).

The proposed formulation consists of an easy-to-prepare alternative, which can be produced on
asmall scale in magistral pharmacies allowing the individualization of the dose. The palatability
results suggest that there will be no problems to dogs adhere to treatment. Since the bioavailability
of the proposed formulation did not differ significantly from commercial tablets, Doxifin®, the
therapeutic efficacy would probably not be affected. However, efficacy evaluations must be
carried out to confirm this claim.

Conclusions

Theresults of this study indicate that a chewable tablet containing doxycycline can overcome
some of the challenges associated with the drug's bitter taste, with considerable reduction of
animal stress, and with plasma doxycycline concentrations equivalent in practical terms to
a conventional doxycycline product. Moreover, they show that the co-administration of the
vitamin supplement Hemolitan® influenced the pharmacokinetic profile of DOX, leading to a
decrease in bioavailability.
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