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Abstract
Epilepsy is a neurological disease present in a wide range of mammals, including 

humans and domestic canines and felines. The most commonly used pharmacological 
treatments for canines are phenobarbital and potassium bromide (KBr). However, both of 
these medications are partially eliminated through the kidneys, which could potentially 
cause damage at this level. Current diagnostic methods for kidney damage typically identify 
issues only at advanced stages, highlighting the need for early detection techniques. Thus, 
this study aims to evaluate early renal alterations in canines diagnosed with idiopathic 
epilepsy and treated with phenobarbital and/or KBr, using specific biomarkers such as kidney 
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injury molecule 1 (KIM-1) and neutrophil gelatinase-associated lipocalin (NGAL), alongside 
non-specific biomarkers such as C-reactive protein (C-RP). Data from 39 canines treated at 
the Veterinary Hospital Centre (Udelar) and private clinics in Montevideo, Uruguay, were 
analysed. Subjects were categorised into two groups: a control group (healthy animals) and 
a group of subjects previously diagnosed with idiopathic epilepsy. The latter group was 
subdivided into three additional groups: one treated with phenobarbital, one treated with 
phenobarbital/KBr, and one treated with KBr alone. Laboratory results were evaluated for 
new biomarkers and conventional analytes. No alterations were found in laboratory tests 
for liver function, profiles, or urinalysis among the 30 canines subjected to the different 
treatments. Regarding specific biomarkers, no statistically significant differences (p > 0.05) 
were observed among the groups. However, alterations in C-RP were found in the group 
treated only with KBr. Under the conditions of the trial, no significant changes were detected 
in urinalysis or renal profiles associated with the administration of phenobarbital and/or 
potassium bromide in canines with idiopathic epilepsy.

Keywords: Early diagnostic methods, New kidney biomarkers, Antiepileptic treatments.

Resumen
La epilepsia es una enfermedad neurológica presente en casi todos los mamíferos, 

incluidos humanos, caninos y felinos. Los tratamientos farmacológicos más utilizados 
para los caninos son el fenobarbital y el bromuro de potasio (KBr). Sin embargo, ambos 
medicamentos son eliminados en parte por la vía renal, lo que potencialmente podría 
provocar daño a este nivel. Los métodos de diagnóstico convencionales utilizados para 
detectar daño renal identifican problemas en etapas avanzadas, lo que remarca la necesidad 
de técnicas de detección temprana. Este estudio tiene como objetivo evaluar las alteraciones 
renales tempranas en caninos diagnosticados con epilepsia idiopática y tratados con 
fenobarbital y/o KBr, utilizando biomarcadores específicos, como Kidney Injury Molecule-1 
(KIM-1) y Neutrophil Gelatinase-Associated Lipocalin (NGAL), junto con biomarcadores 
no específicos, como la proteína C reactiva (PCR). Se analizaron datos de treinta y nueve 
caninos atendidos en el Centro Hospitalario Veterinario (Udelar) y clínicas privadas de 
Montevideo, Uruguay. Los animales se clasificaron en dos grandes grupos: uno de control 
(animales sanos) y otro de animales previamente diagnosticados con epilepsia idiopática. 
Este último se subdividió en tres grupos: tratamiento con fenobarbital, tratamiento con 
fenobarbital/KBr y tratamiento con KBr. Se evaluaron los resultados de laboratorio de los 
nuevos biomarcadores y de analitos convencionales. No se encontraron alteraciones en 
pruebas de laboratorio de función hepática, perfiles renal y análisis de orina para los treinta 
caninos sometidos a los diferentes tratamientos. En cuanto a los biomarcadores específicos, 
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no se observaron diferencias estadísticamente significativas (p > 0,05) entre los grupos. Sin 
embargo, se encontraron alteraciones en la proteína C reactiva en el grupo tratado solo con 
KBr. En resumen, bajo las condiciones del ensayo, no se detectaron cambios significativos en 
el análisis de orina ni en los perfiles renales asociados con la administración de fenobarbital 
y/o bromuro de potasio en caninos con epilepsia idiopática.

Palabras clave: Métodos de diagnóstico temprano, Nuevos biomarcadores renales, 
Tratamientos antiepilépticos.

Resumo
A epilepsia é uma doença neurológica presente em uma ampla gama de mamíferos, 

incluindo humanos, caninos e felinos domésticos. Os tratamentos farmacologicos mais 
comumente utilizados para caninos são o fenobarbital e brometo de potássio (KBr). No 
entanto, ambos os medicamentos são parcialmente eliminados pelos rins, o que pode 
causar danos nesse nível. Os métodos atuais de diagnóstico de danos renais normalmente 
identificam problemas apenas em estágios avançados, destacando a necessidade de técnicas 
de detecção precoce. Assim, este estudo tem como objetivo avaliar alterações renais precoces 
em caninos com diagnóstico de epilepsia idiopática e tratados com fenobarbital e/ou KBr, 
utilizando biomarcadores específicos como Kidney Injury Molecule-1 (KIM-1) e Neutrophil 
Gelatinase-Associated Lipocalin (NGAL), juntamente com biomarcadores inespecíficos, 
como a proteína C reativa (PCR). Foram analisados dados de 39 caninos atendidos no Centro 
Hospitalar Veterinário (Udelar) e clínicas privadas de Montevidéu, Uruguai. Os indivíduos 
foram categorizados em dois grupos, um grupo controle (animais saudáveis) e um grupo 
de indivíduos previamente diagnosticados com epilepsia idiopática. Este último grupo foi 
subdividido em outros três grupos, um grupo tratado com fenobarbital, um grupo tratado 
com fenobarbital/KBr e um grupo tratado apenas com KBr. Os resultados laboratoriais de 
novos biomarcadores e analitos convencionais foram avaliados. Não foram encontradas 
alterações nos exames laboratoriais de função hepática, perfis ou urinálise entre os trinta 
caninos submetidos aos diferentes tratamentos. Em relação aos biomarcadores específicos, 
não foram observadas diferenças estatisticamente significativas (p > 0,05) entre os grupos. 
Porém, foram encontradas alterações na PCR no grupo tratado apenas com KBr. Em resumo, 
nas condições do ensaio, não foram detectadas alterações significativas no exame de urina 
ou nos perfis renais associados à administração de fenobarbital e/ou brometo de potássio 
em caninos com epilepsia idiopática.

Palabras-chave: Métodos de diagnóstico precoce, Biomarcadores de notícias renais, 
Tratamentos antiepilépticos.
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1. Introduction
Epilepsy is a neurological disorder that affects nearly all mammals, including humans. 

Among domestic animals, canines and felines are the most affected. Currently, there is 
no definitive cure or treatment for epilepsy (Podell, 2013). The first-line pharmacological 
treatments for canines are phenobarbital (PB) and potassium bromide (KBr), chosen for their 
extensive historical knowledge, global availability, and low cost (Bhatti et al., 2015). However, 
these medications cause several adverse effects on different organs and systems, which 
are still under study. Therefore, the use of these drugs can alter normal values of several 
biomarkers, making them useful diagnostic methods for assessing biological processes 
resulting from these treatments (Joyce et al., 1985; Metairon et al., 2009).

Biomarkers related to liver function damage, such as alkaline phosphatase (ALP), have 
been reported as altered due to prolonged use of PB (Baird-Heinz et al., 2012). The drug is 
excreted unchanged through the kidneys (approximately 25 %). On the other hand, the use 
of PB is considered relatively safe, since reports of tissue or organ damage are rare (Bhatti 
et al., 2015; Joyce et al., 1985). On the other hand, KBr is primarily eliminated through the 
kidneys, with some reports of kidney problems associated with its use in humans (Joyce 
et al., 1985; Metairon et al., 2009). Moreover, Van Logten et al. (1973) reported that rats 
receiving dietary supplementation with sodium bromide showed renal enlargement upon 
necropsy and elevated concentrations of bromide (Br-) in their kidneys. However, they did 
not exhibit signs of nephrotoxicity. Yokota et al. (2017) also reported an exacerbation of 
glomerular lesions and increased expression of kidney injury markers associated with KBr 
consumption. Prolonged use of PB and KBr can significantly alter laboratory test results, 
leading to variations in concentrations of specific and non-specific biomarkers (Bhatti et al., 
2015; Goiz-Márquez et al., 2008; Muñana, 2013).

Conventional blood diagnostic methods used to assess kidney function have limitations, 
often leading to late diagnosis and a poor prognosis (Perini et al., 2021). This highlights 
the need to find new biomarkers for early diagnosis. Detecting the disease at an initial 
stage can increase the chances of effective treatment, improve prognosis, enable preventive 
measures, allow assessment of disease progression, and ultimately enhance the patient’s 
quality of life (Perini et al., 2021).

Alternatives for early diagnosis of kidney disease have been sought using analytes 
associated with the progression of kidney deterioration. A clear example is the determination 
of symmetrical dimethylarginine (SDMA), which is a specific marker for early kidney damage 
(Kielstein et al., 2006). SDMA is a methylated form of arginine present in all nucleated cells. 
Following proteolysis and kidney excretion, it is released into the bloodstream. It is related to 
the glomerular filtration rate (GFR) in humans, dogs, and cats and can be measured in serum 
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or plasma (Han et al., 2002; Mishra et al., 2005; Soni et al., 2009). The SDMA concentration 
increases when the glomerular filtration rate decreases between 25 % and 40 %. This 
biomarker appears to be more specific than serum creatinine, since it is not influenced 
by extrarenal factors like body condition and advanced age. Furthermore, SDMA levels rise 
before serum creatinine, allowing for earlier diagnosis (Ernst et al., 2018; Harjen et al., 2021).

Recent studies have reported that the biomarkers kidney injury molecule 1 (KIM-1) and 
neutrophil gelatinase-associated lipocalin (NGAL) may be associated with early renal failure 
(Han et al., 2002; Mishra et al., 2005; Soni et al., 2009). KIM-1 is a type I membrane glycoprotein 
from the immunoglobulin superfamily, expressed in the apical region of epithelial cells in 
damaged renal tubules, as its expression is low in healthy kidneys (Ichimura et al., 2008; 
Lippi et al., 2018; Nabity & Hokamp, 2023; Reyes-Uribe et al., 2022). NGAL is a low-molecular-
weight glycoprotein that is covalently linked to a neutrophil gelatinase and is synthesised 
by renal tubular cells. An increase in NGAL levels indicates renal tubular epithelial injury 
(Miguel et al., 2021; Segev et al., 2013).

The primary route of elimination for KBr is renal. It is commonly used in chronic 
patients who already experience a reduced quality of life due to epilepsy. This study 
aimed to determine whether early renal alterations occur in epileptic canines treated 
with phenobarbital and/or potassium bromide, either as monotherapy or in combination. 
Assessment was conducted using specific and non-specific biomarkers such as NGAL and 
KIM-1 (Bhatti et al., 2015; Metairon et al., 2009; Potschka et al., 2015; Thomas, 2000).

2. Materials y methods
This study was conducted at the Faculty of Veterinary in the Small Animal Clinic and 

Pathology Unit at the University of the Republic, under a protocol approved by the Honorary 
Commission for Animal Experimentation (CEUA FVET Protocol-form 1397/111900-000673-21). 
This research was carried out with the signed consent of the animals’ owners from November 
2021 to December 2022.

2.1. Subjects

This study involved 39 total canines: 30 (Canis lupus familiaris) from the Neurology Clinic 
at the Veterinary Hospital Centre of the Faculty of Veterinary and from private veterinary 
clinics, as well as nine healthy animals (controls) from private owners. Based on the total 
number of animals, four study groups were established: control group (G1), consisting of 
9 healthy canines; Group 2 (G2), with 10 canines treated only with phenobarbital; Group 3 
(G3), with 10 canines receiving a combination of phenobarbital and potassium bromide; and 
Group 4 (G4), with 10 canines treated only with potassium bromide. The animals in G3 and G4 
were treated with KBr for a minimum of 3 months to reach baseline serum concentrations. 
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Moreover, animals from G2 and G3 were treated with PB for at least 15-30 days to reach the 
baseline serum concentration. Among the 39 canines, 18 were female and 21 were male. 
Additionally, 27 were neutered and 12 were intact; 24 were purebred and 15 were mixed 
breeds; their ages ranged from 1 to 13 years. The average treatment durations for the different 
groups were as follows: G2 (phenobarbital only) had an average of 27.80 months (range: 6 
to 84 months); G4 (potassium bromide only) had 37.80 months (range: 6 to 144 months); G3 
(phenobarbital and potassium bromide) had 44.70 months (range: 17 to 96 months); and G4 
potassium bromide alone had 36.20 months (range: 14 to 96 months). Inclusion criteria did 
not consider sex, breed, age, or size for each group. In G1, the animals were clinically healthy, 
without any pathologies or pharmacological treatments. All individuals included in G2, G3, 
and G4 had idiopathic epilepsy.

Exclusion criteria for G1 included having any alteration in the general and/or 
neurological objective examination, as well as blood and/or urinary parameters outside 
the normal range, except for eosinophils. In G2, G3, and G4, exclusion criteria were animals 
that received treatment other than what was assigned to their respective groups, had other 
concomitant diseases, or presented a renal profile outside of established ranges.

2.2. Clinical examination

Prior to inclusion in the protocol, all animals underwent individual physical 
examinations, a general objective examination (GOE), and a neurological examination. 
Additionally, paraclinical tests were performed by collecting and extracting a single urine 
and blood sample at the beginning of the study. These included a complete blood count, 
liver function tests, a renal profile (urea and creatinine), and a physical and chemical urine 
analysis to assess their health status. The complete blood count, biochemistry (liver function 
and renal profile), urinalysis, and renal biomarker tests were performed in the Clinical 
Analysis, Endocrinology, and Animal Metabolism Laboratory of the Faculty of Veterinary.

The blood counts were performed on an automated counter (Mythic 18 Vet Hematology 
Analyzer, Orphée), and a blood smear was taken from each sample simultaneously for 
leukocyte differentiation and stained with May-Grünwald Giemsa stain. Regarding serum 
biochemistry, a liver function test was performed to determine albumin, globulins, 
total protein, cholesterol, total bilirubin, serum alkaline phosphatase (SAP), alanine 
aminotransferase (ALT), and aspartate aminotransferase (AST), and a renal profile was 
performed to determine urea and creatinine levels. These parameters were measured using 
a semi-automatic CB 350i (Wiener LabGroup) with reagents supplied by the company. Wiener 
LabGroup quality controls were used, with a coefficient of variation of less than 10 % for all 
variables. Urine analysis was performed through physical and chemical analysis, as well as 
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sediment evaluation. For chemical analysis, urine reagent strips (URIT 10G) were used, and 
the results were quantified using the URIT-50 equipment. For sediment evaluation, the urine 
sample was centrifuged at 1500 rpm for 5 to 10 minutes, and the resulting sediment was 
observed under an optical microscope at 40X and 100X magnification. Urine specific gravity 
was also determined using a manual clinical refractometer, and proteinuria was quantified 
using a CB350i semi-automated system (Wiener Lab) with the company’s dedicated reagents. 
Quality controls from the Wiener Lab Group, with a coefficient of variation less than 10 %, 
were used to determine protein in urine.

2.3. Serum determination of PB, KBr, KIM-1, NGAL, and C-RP

The serum determination of KBr was carried out using a spectrophotometric method 
developed and validated by Robaina et al. (2020). On the other hand, the method used 
to determine PB in serum was a fluorescence polarisation immunoassay (Lu-Steffes et al., 
1982). One-time serum concentrations of KBr and PB were determined for G2, G3, and G4 in 
the Pharmacology and Therapeutics Laboratory of the Faculty of Veterinary.

To determine the serum concentration of the biomarkers KIM-1, NGAL, and C-RP, a 
previously reported ELISA kit for canines (My BioSource.com Antibody-Protein-Elisa Kit) was 
used (Wasung et al., 2015).

2.4. Statistical analysis

After verifying the assumptions of normality using the Shapiro-Wilk test and homogeneity 
of variances with Levene’s test (Zar, 2010), parametric analyses of variance (ANOVA) were 
conducted to compare variables among the groups. For non-normally distributed data, 
Levene’s test with the median criterion was applied. If assumptions were not met, the non-
parametric Kruskal-Wallis test was used. When significant differences were detected among 
groups, post hoc multiple comparisons were conducted using the Tukey test (for parametric 
analysis) or the Mann-Whitney test with Bonferroni correction (for non-parametric analysis). 
Additionally, linear regression models analysed the relationships between treatment time 
and variables such as ALP, ALT, haemoglobin, KIM-1, NGAL, and C-RP, as well as between drug 
concentration in serum and several biomarkers (KIM-1, NGAL, C-RP) (Hammer et al., 2001). A 
significance level of p = 0.05 was used for all analyses. All statistical analyses were conducted 
using the PAST statistical program (Version 4.03) (Hammer et al., 2001). To determine whether 
the number of individuals with urine specific gravity values outside the reference ranges 
(both high and low) was significantly different from what would be expected under normal 
conditions, data from all 39 animals were evaluated. A chi-square goodness-of-fit test was 
used to compare observed frequencies with expected frequencies.
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3. Results
3.1. Physical examination: GOE and neurological

During the physical examination, G1 showed no alterations. In contrast, G2, G3, and G4 
contained some animals with uncontrolled epileptic seizures (9/30). Furthermore, these last 
groups (G2, G3, and G4) presented alterations in both examinations: two animals from G2, 
one from G3, and three others from G4. They exhibited alterations in the GOE, specifically 
in muscle tone and tropism. They also exhibited sensory abnormalities and unusual 
movements, which coincided with the previously cited reports. Moreover, these patients 
(n = 6) presented alterations in the neurological examination, including changes in mental 
status, muscular condition, gait, cranial and spinal nerves, as well as proprioception tests.

3.2. Hemogram

The parameters analysed for all animals were within normal ranges, except for 
eosinophil values, which were elevated in some canines that were not dewormed (19/39). 
Additionally, one canine presented leucocytosis with neutrophilia (1/39).

3.3 Renal profile and urine test

Regarding the renal profile (urea and creatinine), all values obtained were within the 
normal range.

For urine analysis, urine density was considered the most relevant data. Of the 39 animals 
evaluated, 28 presented values within the reference ranges, while 11 showed alterations: Five 
animals presented values above the range (1 belonging to G1 and 4 to G2), and six animals 
presented values below (1 corresponding to G2, 2 to G3, and 3 to G4). Regarding the presence 
of protein in urine, all groups remained within the established reference values. In total, 11 
animals (28.2 %) had urinary density outside the reference range. The chi-square statistic 
(χ²) was 42.7, with 1 degree of freedom (df) and a p-value < 0.0001. This result indicates 
that the number of animals with urine density outside the reference range is statistically 
significant, being greater than what would be expected by chance. In this case, the number of 
animals outside the reference range (11) was analysed compared to what would be expected 
by chance (2); exact urine specific gravity values were not used. That is, the distribution of 
animals within and outside the reference range was evaluated to determine whether the 
difference between what was observed and what was expected was statistically significant. 
It should be noted that the reference values used for comparison were obtained from the 
literature.

The four study groups were divided into three age ranges: 1-5 years, 6-10 years, and 
over 11 years (Table 1). Young individuals predominated in G1 and G2. Group G3 presented 
a balanced distribution among the three age categories. Group G4 was characterised by a 
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higher proportion of adult canines (n = 7), followed by two individuals over 11 years of age 
and a single canine in the 6-10 age range (Table 1).

Table 1. Distribution of canines by group and age range 

Group 1-5 years 6-10 years >11 years

G1 6 3 0

G2 6 3 1

G3 3 4 3

G4 1 7 2

Total 16 17 6

3.4 Biomarker studies: NGAL, KIM-1, and C-RP

A trend toward decreased KIM-1 means was observed in the treatment groups compared 
to the control group, although this difference did not reach statistical significance. Additionally, 
the standard deviation was lower in the control group compared to the different treatments 
(Table 2). The NGAL means in the treated groups showed an upward trend compared to the 
control group, without this variation being statistically significant, with a similar pattern 
observed in the median. The standard deviation was higher in the control group and the KBr 
group (Table 2).

The C-RP averages were higher in the treatment groups vs the control group, and the 
median showed a similar pattern. Finally, the standard deviation was higher in G4 compared 
to the control and the other groups (Table 2).
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Table 2. Descriptive statistics of biomarkers for G1, G2, G3 and G4 in ng/mL. KIM-
1: Kidney Injury Molecule; NGAL: Neutrophil Gelatinase-Associated Lipocalin; 

C-RP: C - reactive protein. Given the inexistence of standardised values for KIM-1 
and NGAL, the animals from the control group were used as reference values. 

(Reference range for KIM-1: 1.016-2.139 ng/mL; Reference range for NGAL: 22.867-
63.978 ng/mL and reference range for C-RP: 0.000-0.686 ng/mL)

n Min Max Mean Std. error Median 25 prcntil 75 prcntil Coeff. var

KIM-1

G1: Control 9 1.02 2.14 1.55 0.11 1.50 1.37 1.82 21.22

G2: PB 10 0.28 2.99 1.50 0.27 1.52 0.93 2.03 55.13

G3: PB/Kbr 10 0.45 2.35 1.34 0.18 1.35 1.011 1.70 39.67

G4: Kbr 10 0.28 1.86 1.06 0.18 1.05 0.55 1.64 52.93

NGAL

G1: Control 9 22.87 63.98 44.92 5.05 45.76 29.09 60.20 33.66

G2: PB 10 38.42 84.64 63.47 5.02 65.87 47.81 77.70 25.01

G3: PB/Kbr 10 29.98 86.42 61.73 5.37 64.64 50.48 73.75 27.49

G4: Kbr 10 18.64 77.31 56.80 6.53 65.98 39.87 74.14 36.31

C-RP

G1: Control 9 0 0.67 0.31 0.09 0.26 0.089 0.50 78.81

G2: PB 10 0.11 0.99 0.62 0.10 0.65 0.35 0.96 49.35

G3: PB/Kbr 10 0.05 0.74 0.36 0.08 0.35 0.13 0.57 65.51

G4: Kbr 10 0.18 2.37 1.12 0.25 0.95 0.512 1.83 69.19

prcntil = percentile; Coeff. Var = coefficient of variations

3.5 Biomarkers of liver function

The means and medians for albumin were similar between the control and treatment 
groups, with minimal variation in standard deviations. For alanine aminotransferase (ALT), 
both the means and medians were higher and more variable compared to the control group. 
Treatment averages and medians for ALT in G2 were higher than those in the control group, 
with a higher standard deviation (Table 3). The distribution of ALP, ALT, Albumin, and C-RP 
was not normal. Furthermore, ALP and C-RP did not exhibit homogeneity of variances (Table 
4).
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Table 3. Descriptive statistics of Albumin, GPT and Alkaline Phosphatase for the 
test animals. VR: Reference value; Albumin VR:3.1 - 4.2 g/dl; GPT: ALT VR:20 - 98 

U/l; Alkaline Phosphatase VR:17 - 111 U/l

n Min Max Mean Std. error Median 25 prcntil 75 prcntil Coeff. var

Albumin

G1: Control 9 3.2 3.5 3.34 0.04 3.4 3.2 3.45 3.70

G2: PB 10 3 3.5 3.27 0.05 3.25 3.18 3.43 5.00

G3: PB/Kbr 10 2.8 3.5 3.14 0.08 3.2 2.88 3.33 7.97

G4: Kbr 10 2.9 3.5 3.23 0.06 3.25 3.08 3.4 5.85

FAS

G1: Control 9 82 131 100.67 5.16 102 87 109 15.37

G2: PB 10 217 1211 519.50 85.91 464.5 371.5 569.5 52.30

G3: PB/Kbr 10 116 1379 454.80 117.41 415.5 136 554.5 81.64

G4: Kbr 10 60 301 138.70 28.26 104 72.5 192.5 64.43

ALT

G1: Control 9 27 120 51.78 9.03 48 36 52.5 52.32

G2: PB 10 20 125 65.1 9.41 62 43.5 83.25 45.71

G3: PB/Kbr 10 49 168 80.7 12.84 64.5 50 117.5 50.30

G4: Kbr 10 22 135 63.4 10.43 57.5 43.5 77.75 52.04

RV: Reference value; prcntil = percentile; Coeff. Var = coefficient of variations

Table 4. Results of the Shapiro - Wilk (SW) normality test and homogeneity of 
variances (Levene’s) tests for the variables analysed

Normality Homogeneity of variances

Variable SW P Levene´s P

Alkaline phosphatase 0.76 0.001 0.021 0.028

Alanine aminotransferase 0.86 0.001 0.364 0.62

Albumin 0.92 0.008 0.095 0.27

Kidney Injury Molecule-1 0.97 0.45 0.146 0.15

Neutrophil gelatinase-associated lipocalin 0.10 0.67 0.566 0.57

C reactive protein 0.82 0.001 0.001 0.003

P = probability value
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Significant differences were found among the groups for ALP (KW = 24.08; p < 0.05), 
specifically between the control group and G2 and G3. Additionally, significant differences 
were observed among the groups for C-RP values (KW: H = 12.43; p = 0.006 < 0.05) (Table 5). 
This difference was noted between the group treated with potassium bromide (G4) and the 
control group (G1), indicating an increase in C-RP levels in G4 (Figure 1).

Table 5. Results of the analysis of variance and Kruskall Wallis analysis for 
each variable analysed (hepatic functional and biomarkers) and the different 

pharmacological treatments (phenobarbital; phenobarbital/potassium bromide 
and potassium bromide) in canines with epilepsy

Variable KW F 3;35 P

Alkaline phosphatase 24.08 -- <0.001

Alanine aminotransferase -- 1.28 0.295

Albumin -- 1.94 0.141

Kidney Injury Molecule-1 -- 1.36 0.271

Neutrophil gelatinase-associated lipocalin -- 2.17 0.109

C reactive Protein 12.43 -- <0.006

KW = Kruskall - Wallis test; F = ANOVA test; P = probability value

Figure 1: Ranges of serum levels of C-reactive protein (C-RP) in the four experimental 
groups expressed in ng/mL (control group [G1]; phenobarbital alone [G2]; phenobarbital 
and potassium bromide [G3] and potassium bromide alone [G4])
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To assess potential drug toxicity over time, the relationship between treatment duration 
and the variables ALP, ALT, albumin, KIM-1, NGAL, and C-RP, as well as between serum drug 
concentrations and biomarkers (KIM-1, NGAL, and C-RP), was analyzed. The results showed 
no significant relationships between treatment duration and any of the variables analyzed 
(p > 0.05). Likewise, no relationship was found between serum drug concentrations and the 

biomarkers evaluated.

4. Discussion
In the present study, some of the animals that did not achieve seizure control exhibited 

abnormalities in both neurological and general physical examinations, as has been previously 
reported (Feijoo et al., 2020). Among the patients diagnosed with idiopathic epilepsy in 
our sample 80 % had a normal physical examination, which is consistent with published 
literature. Armaşu et al. (2014) reported that among 258 canines diagnosed with idiopathic 
epilepsy, 84 % did not show any abnormalities in neurological examination. However, in 
cases of epilepsy caused by symmetrical and asymmetrical brain lesions, neurological 
examination abnormalities were found in 55 % and 47 % of cases, respectively.

Regarding the haematological results, animals with eosinophil values exceeding the 
reference range (which were not dewormed) exhibited a potential cause for this deviation, 
as noted in the literature (Noemi, 1999; Rebar, 2003). Additionally, elevated eosinophil 
values may also result from moderate hypersensitivity reactions (Rebar, 2003). Among the 39 
animals included in this trial, only one presented leucocytosis with neutrophilia without an 
apparent cause; this finding could be attributed to various causes. The primary function of 
neutrophils is to maintain health by combating bacterial or viral infections, including acting 
in parasitosis, sepsis, acute inflammatory states, and extensive tissue destruction. Thus, an 
increase in neutrophils in the bloodstream could be an indicator of non-specific systemic 
infections (Rebar, 2003).

The administration of phenobarbital and/or potassium bromide did not cause 
alterations in urine test results or renal profile. Regarding the renal profile, the determination 
of urea, creatinine, and urinary density values is a useful tool in evaluating renal function. 
Plasma creatinine and urea concentrations can also provide an estimate of the glomerular 
filtration rate. Elevated creatinine values suggest that kidney damage is fairly advanced, with 
serious implications for the patient’s quality of life. In this study, none of the animals were 
at this stage, as their results were within normal limits and ranges (Ernst et al., 2018).

Some deviations from normal urine density values were observed, which were 
associated with changes in diet or the amount of water ingested. The owners indicated 
that the five patients with high urine specific gravity were fasted from solid food and 
water, while the six patients with low urinary density drank more water than usual, and 
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their samples were not the first urine of the morning. Urine is composed of 95 % water 
and 5 % soluble organic and inorganic substances and ions; the variation in composition 
is largely determined by nutrition and the time of day at which the sample is taken (Di 
Bartola & Westropp, 2020). The significant differences in the results suggest the possibility 
of underlying factors (environmental, pathological, nutritional, water consumption, and time 
of sample collection) that could be affecting the urine specific gravity of the animals tested 
(Di Bartola & Westropp, 2020).

Renal azotemia begins when three-quarters of the nephrons are affected, making it a 
key indicator of renal failure. Regardless of the type of kidney pathology, whether acute or 
chronic, urinary density will always be low. This parameter is influenced by factors such as 
body weight, diet, exercise, age, weather conditions, metabolism, and hydration status. The 
normal range for urinary density is between 1.015 and 1.045. However, these results should 
be interpreted in conjunction with the animal’s hydration status and recent water intake. 
Therefore, a single measurement outside these limits does not necessarily indicate renal 
impairment.

No significant differences were detected in the plasma concentration values of KIM-1 
and NGAL compared to the control group, indicating the absence of early kidney disease. 
Although renal failure associated with the administration of potassium bromide has been 
reported in both humans and rats, there is no scientific evidence that this occurs in canines 
(Joyce et al., 1985; Metairon et al., 2009; Van Logten et al., 1973). Specific biomarkers, such 
as KIM-1 and NGAL, are used to detect tubular damage, and any signs of alterations at this 
level were sought in the study. However, it should be noted that no standardised reference 
values have been established for these biomarkers in either humans or animals, making 
their interpretation challenging, particularly in absolute terms. Zheng et al. (2019) reported 
serum concentration values for KIM-1 < 48.52 pg/mL and NGAL < 25.31 ng/mL in healthy 
animals. The values obtained in our trial do not align with those reported by Zheng et 
al. (2019). This discrepancy may be attributed to differences in statistical design, as our 
analysis involved a limited number of cases with high variability. Zheng et al. (2019) used 16 
beagle dogs weighing 5.1 ± 0.2 kg, which were housed under uniform conditions for 4 weeks, 
with consistent feeding and handling regimes throughout the experiment. In contrast, the 
animals in our study ranged in age from 1 to 13 years across all groups, with varied housing 
conditions, management practices, and durations of medication use (ranging from 6 months 
to 96 months for PB and from 6 months to 144 months for KBr). This variability is because 
our study was based on patients with private owners at the Faculty of Veterinary clinic and 
private clinics.

We considered that it would have been appropriate to use untreated epileptic 
canines as a reference group, considering the new biomarkers, which would allow us to 
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determine whether possible variations in the levels of these molecules are actually due 
to the treatment used and not to the epilepsy itself. However, this presents important 
limitations in the number of patients, since untreated epilepsy cases that reach the clinic 
are rare, so at the beginning of this trial it was decided not to include a group with these 
characteristics. However, observing the results obtained, we can consider that there should 
be no differences between untreated and treated epileptic animals, since no significant 
differences were found in the concentrations of the study biomarkers between the control 
group and groups 2, 3, and 4.

Advanced age (>6 years), weight, body condition, and dietary differences have been 
identified as contributing risk factors for the development of chronic kidney disease (Pérez-
Sánchez et al., 2023). Furthermore, age and the different diets consumed by animals can 
cause variations in serum profiles, mainly related to renal and hepatic ageing processes 
(Perini et al., 2021). In the present study, these factors, along with variability in the timing of 
drug administration, could have influenced the results obtained.

Phenobarbital, used either as monotherapy or in combination, led to a significant 
increase in serum ALP and C-RP levels. The most relevant findings of this study were the 
serum concentrations of ALP and C-RP in animals under chronic administration of these 
drugs, compared to the control group. Significant differences were found between the 
control group (G1) and G4 in the serum concentration of C-RP, a general biomarker. This can 
be explained by several factors, as C-RP is a positive biomarker considered non-specific, 
with increased concentrations associated with damage due to various pathologies (Caspi 
et al., 1987). The average C-RP concentration in the control group (G1) was 310 μg/mL, within 
a range of 0-690 μg/mL, consistent with Caspi et al. (1987), who reported normal values 
of < 5,000 μg/mL. However, discrepancies exist in the literature regarding these values. 
Therefore, the results obtained for the control group are used as reference values. Within 
G4, one patient with a C-RP concentration of 1,140 μg/mL also presented leucocytosis with 
neutrophilia, which aligns with findings from various authors who have linked elevated C-RP 
levels to infectious and inflammatory processes (Parra et al., 2005). The physical examination 
of this animal was normal, with no clinical evidence of any underlying pathology. Except for 
idiopathic epilepsy, no other clinical conditions were observed that could justify an increase 
in these values.

Regarding ALP, several authors have reported that the chronic use of phenobarbital can 
lead to increased levels of this enzyme, as well as ALT (Goiz-Márquez et al., 2008; Muñana, 
2013; Thomas, 2000). However, no significant differences in ALT levels were found among the 
groups, nor were there deviations from the reference values, although G2 and G3 did show 
significant differences compared to G1 and G4. Additionally, it was not possible to correlate 
any biomarker with the duration of treatment, likely due to the considerable variability in 
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treatment times and the small sample size. Notably, G4, which received only potassium 
bromide, did not show the expected altered ALP values as reported in the literature (Goiz-
Márquez et al., 2008; Metairon et al., 2009; Muñana, 2013).

Thus, no significant correlations were found between biomarker concentrations, likely 
due to the small sample size. Additionally, no significant relationship was identified between 
specific biomarker values and serum concentrations of anticonvulsant drugs. It was also 
not possible to determine whether there is a relationship between treatment duration and 
biomarker concentrations, suggesting that there may be no early kidney damage associated 
with the drugs implemented in this study.

5. Conclusion
From this work, we can conclude that early renal alterations could not be detected 

through the biomarkers studied, KIM-1 and NGAL, in canines treated with phenobarbital 
and/or potassium bromide, whether used as monotherapy or in combination.
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