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Abstract

The increase in energy imbalance at the beginning of lactation leads to metabolic disorders, especially 
clinical ketosis, in highly productive dairy cows. The objective of this study is to evaluate the clinical 
characteristics, biochemical parameters, and cardiac biomarkers creatine kinase MB isoenzyme (CK-
MB) and cardiac troponin I (cTnI) of 15 cows diagnosed with clinical ketosis treated at the Bovine 
Clinic of Garanhuns at the Federal Rural University of Pernambuco. Nine of the 15 cows were diagnosed 
with primary ketosis and six had concomitant diseases, including left abomasal displacement, metritis, 
pneumonia, and renal failure. The observed clinical signs were non-specific and included decreased 
appetite and milk production and weight loss. Approximately 53% of the animals had central nervous 
system involvement. For biochemical evaluation, 15 high-production healthy dairy cows at the initial 
stage of lactation served as the control group. The data were subjected to analysis of variance for 
simultaneous comparison between two means allowing testing the hypothesis on the means of the 
different groups and subjected to Pearson correlation at a level of significance of 5%. The levels of 
β-hydroxybutyrate (BHB), non-esterified fatty acids (NEFA), glucose, fructosamine, total protein, 
albumin, creatinine, aspartate aminotransferase, creatine kinase, CK-MB, and cTnI were higher in the 
group with ketosis. The diseased animals presented changes in glycemia, reduction in tissue sensitivity 
to insulin, and a lower RQUICKI-BHB index, especially hyperglycemic animals. The increase in the 
levels of cardiac biomarkers suggests the occurrence of myocardial injury associated with bovine 
ketosis.
Key words: Non-esterified fatty acids. β-hydroxybutyrate. Creatine kinase MB. Insulin sensitivity. 
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Resumo

A intensificação do desequilíbrio energético no início da lactação é responsável pelo surgimento de 
distúrbios metabólicos em vacas de alta produção leiteira, em especial a cetose clínica. Este trabalho 
objetivou estudar o comportamento clínico, os parâmetros bioquímicos e os biomarcadores cardíacos, 
isoenzima MB da creatina quinase (CK-MB) e troponina cardíaca I (cTnI), de 15 vacas diagnosticadas 
com cetose clínica, atendidas na Clínica de Bovinos de Garanhuns, Campus da Universidade Federal 
Rural de Pernambuco. Nove dessas 15 vacas foram diagnosticadas com cetose primária e seis 
apresentaram doenças concomitantes como, deslocamento de abomaso à esquerda, metrite, pneumonia 
e insuficiência renal. Os sinais clínicos observados foram inespecíficos, tais como diminuição do apetite, 
da produção de leite e do peso. Aproximadamente 53% dos animais apresentaram sintomatologia 
nervosa. Para avaliação bioquímica foi selecionado um grupo de 15 vacas de alta produção, sadias e 
em estágio inicial de lactação, para compor o grupo controle. Os dados foram submetidos à análise de 
variância para comparação simultânea entre duas médias, permitindo testar a hipótese sobre as médias 
dos distintos grupos, além de correlações de Pearson, ao nível de 5 % de probabilidade. As variáveis, 
β-Hidroxibutirato (BHB), ácidos graxos não esterificados (AGNEs), glicose, frutosamina, proteína 
total, albumina, creatinina, aspartato aminotransferase, creatina quinase, CK-MB e cTnI apresentaram-
se mais elevadas no grupo de animais cetóticos. Os animais doentes apresentaram variação no estado 
glicêmico e redução da sensibilidade dos tecidos à insulina, com menor valor do índice RQUICKI-
BHB, principalmente aqueles animais hiperglicêmicos. A elevação dos biomarcadores cardíacos sugere 
a ocorrência de lesão miocárdica associada à cetose bovina.
Palavras-chave: Ácidos graxos não esterificados. β-Hidroxibutirato. Creatina quinase MB. Sensibilidade 
à insulina. Troponina cardíaca I.

Introduction

Ketosis is a metabolic disease that affects high 
milk production female bovines and buffaloes and is 
caused by the imbalance in carbohydrate metabolism 
due to the high energy demand generated in the 
transition period (ASRAT et al., 2013; BISWAL et 
al., 2016; KUMAR et al., 2015).

The increase in energy demand for fetal 
development at the end of gestation and for milk 
production at the beginning of lactation, associated 
with the inability to meet this demand through 
diet, causes negative energy balance (NEB). When 
exacerbated, this condition may result in pathological 
metabolic conditions, including decreased 
glycemic index and consequent hyperketonemia 
(CONSTABLE et al., 2017). The blood metabolites 
β-hydroxybutyrate (BHB) and non-esterified fatty 
acids (NEFA) are considered good biochemical 
indicators of the development of metabolic diseases 
common in the transition period (MCART et al., 
2013). Studies correlated different concentrations 
of these metabolites with disease outcomes and 

demonstrated that serum concentrations ≥1.2 
mmol L-1 of BHB and ≥1.0 mmol L-1 of NEFA at 
the beginning of lactation increased the likelihood 
of developing clinical ketosis and other diseases 
common in this period (CHAPINAL et al., 2011; 
DUFFIELD et al., 2009; SEIFI et al., 2011).

Bovine ketosis causes substantial economic 
losses to dairy cattle production by decreasing 
milk production, increasing the cost of treatment 
of diseased animals, increasing the risk of other 
diseases, and potentially resulting in the early 
slaughter of these animals (BISWAL et al., 2016; 
GORDON et al., 2013).

The prevalence of clinical ketosis varies between 
8.4% and 27.2% in Asian dairy herds (ASRAT et 
al., 2013; BISWAL et al., 2016; DAR et al., 2017; 
ŞENTÜRK et al., 2016) and between 0.4% and 
11.1% in European herds (SUTHAR et al., 2013). 
These rates are much lower than those found for the 
subclinical form of the disease (40–80%) in a herd 
(MCART et al., 2013). Cows can be affected at any 
age in the production phase. Nonetheless, studies 
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indicate that the prevalence is highest in the third 
or fourth lactation and that most cases occur during 
the first month after calving (ASRAT et al., 2013; 
BISWAL et al., 2016; CONSTABLE et al., 2017; 
DAR et al., 2017). Risk factors such as number 
of lactations, high body condition score, number 
of days of lactation, and high milk production are 
significantly correlated with the development of 
bovine ketosis (DAR et al., 2017; RASMUSSENT 
et al., 1999; VANHOLDER et al., 2015).

Clinically, ketosis is characterized by increased 
concentrations of ketone bodies in the blood, urine, 
and milk combined with clinical signs such as 
inappetence, reduction in milk production, weight 
loss, and dry feces (GORDON et al., 2013). Some 
animals may present the nervous form of the disease, 
with neurological signs and abnormal behaviors, 
including walking in circles, head pressing, loss of 
balance, loss of visual acuity, depraved appetite, 
empty mastication with drooling, hyperesthesia, 
and tremors (CONSTABLE et al., 2017).

Studies measured blood biomarkers, including 
creatine kinase MB isoenzyme (CK-MB) and 
cardiac troponin I (cTnI), which are indicators 
of myocardial injury in humans and animals, and 
showed that animals with hyperketonemia had 
cardiac involvement (GEREDE et al., 2016; SOUZA 
et al., 2018; THARWAT et al., 2012). Other studies 
found that the serum levels of these biomarkers 
were increased in cows diagnosed with different 
diseases that are common in the peripartum period, 
and these levels affect prognosis (BASBUGAN et 
al., 2015; VARGA et al., 2013).

Therefore, in view of the relevance of ketosis to 
the health of cattle and the scarcity of information 
about clinical bovine ketosis in Brazil, the objective 
of this study is to present clinical, epidemiological, 
and laboratory characteristics of this disease, with 
particular emphasis on cardiac biomarkers (CK-
MB and cTnI) because these markers have not been 
correlated with this disease to date.

Materials and Methods

This study evaluated 15 dairy cows diagnosed 
with clinical ketosis originated from farms located 
in several municipalities of Pernambuco and treated 
at the Bovine Clinic of Garanhuns at the Federal 
Rural University of Pernambuco.

All animals underwent clinical examination 
according to the recommendations of Dirksen 
et al. (1993). Blood samples were collected by 
jugular venipuncture to determine the serum 
concentration of BHB (βHB/Rambut, RANDOX 
Laboratories Ltd., UK), and animals with clinical 
signs and BHB concentration ≥1.2 mmol L-1 were 
considered positive (SEIFI et al., 2011; MCART 
et al., 2013; CONSTABLE et al., 2017). Urine 
samples were collected by spontaneous micturition 
for semiquantitative determination of ketone 
bodies using reagent strips (UriAction 10, Labtest 
Diagnóstica S.A., Brazil).

Other analyzed blood metabolites were 
non-esterified fatty acids (NEFA, RANDOX 
Laboratories Ltd., UK), total protein (Proteínas 
Totais, Labtest Diagnóstica S.A., Brazil), albumin 
(Albumina, Labtest Diagnóstica S.A., Brazil), 
aspartate aminotransferase (AST/GOT Liquiform, 
Labtest Diagnóstica S.A., Brazil), gamma-
glutamyltransferase (Gama GT Liquiform, Labtest 
Diagnóstica S.A, Brazil), creatine kinase (CK-
NAC Liquiform, Labtest Diagnóstica S.A., Brazil), 
fructosamine (Frutosamina, Labtest Diagnóstica 
S.A., Brazil), total calcium (Cálcio Liquiform, 
Labtest Diagnóstica S.A., Brazil), and glucose 
glicose (Glicose Liquiform, Labtest Diagnóstica 
S.A., Brazil) in a semiautomatic biochemical 
analyzer (BIO 2000, Bioplus Produtos Para 
Laboratórios Ltda., Brazil). The serum activity of 
CK-MB (CK-MB Liquiform, Labtest Diagnóstica 
S.A., Brazil) was determined in an automatic 
biochemical analyzer (Labmax 240 Premium, 
Labtest Diagnóstica S.A., Brazil). The serum 
concentrations of cTnI, insulin, and cortisol were 
determined by chemiluminescent immunoassay 
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using commercial kits (Access Immunoassay 
Systems, Beckman Coulter, USA).

Insulin sensitivity was estimated using the 
Revised Quantitative Insulin Sensitivity Check 
Index (RQUICKI) and RQUICKI-BHB, which 
takes into account the concentration of glucose, 
insulin, NEFA, and BHB according to the following 
equations: RQUICKI=1/[log10 (glucose, mg dL-1) 
+ log10 (insulin, µU mL-1) + log10 (NEFA, mmol 
L-1)]; and RQUICKI-BHB=1/[log10 (glucose, mg 
dL-1) + log10 (insulin, µU mL-1) + log10 (NEFA, 
mmol L-1) + log10 (BHB, mmol L-1)] (DJOKOVIĆ 
et al., 2017; HOLTENIUS; HOLTENIUS, 2007).

For statistical analysis, a control group (n = 15) 
comprised cows with productive characteristics 
similar to those of the ketotic group, including high 
yield, Girolanda breed with genetic composition 
of 3/4 Holstein and 5/8 Girolanda, initial stage 
of lactation (10 days after calving), and body 
condition score between 3.0 and 3.5. All animals 
were reared in a semi-intensive management 
system. The normal distribution of the data set 
was initially analyzed using the Kolmogorov-
Smirnov test. After that, the variables that did not 
satisfy the normality assumption were subjected to 
the logarithmic transformation or the square root 
of x + 1. The data with normal distribution were 
transformed and subjected to analysis of variance 
for simultaneous comparison between two means, 
and the hypothesis on the means of different groups 
was tested using MINITAB® software version 
18. A level of significance of 5% was used in all 
analyses. Correlations between pairs of variables 
were estimated using the Pearson coefficient, and 
the significance obtained in the linear correlation 
was evaluated according to Little and Hills (1978).

Results

The age of the ketotic animals varied from 3.5 
to 9.0 years, with a mean of 5.5 years. Most of the 
animals were crossbred obtained by the crossing 
of dairy breeds (Holstein and Girolanda) and were 

kept in a semi-intensive management system. All 
diseased cows were multiparous, with a mean of three 
calvings, and were at the initial phase of lactation, 
with a mean of 19 days after calving. Eleven of 
the 15 cases occurred during the dry season in the 
region, between October and March. Concomitant 
diseases were diagnosed in six animals, including 
left abomasal displacement (n = 2), metritis (n = 
2), pneumonia (n = 1), and renal failure (n = 1). 
The mean period of clinical evolution was 14 days, 
counting from the observation of the clinical signs 
by farmers until clinical resolution, and was longer 
in the animals with concomitant diseases. With 
respect to clinical resolution, 93.3% (14/15) of the 
animals were discharged after treatment, and 6.7% 
(1/15) died.

The main changes reported in anamnesis 
were decreased appetite, lower milk production, 
weight loss, and neurological changes, including 
staggering gait and depraved appetite. The results 
of the physical examination indicated that most of 
the animals were in the standing positionand alert, 
with mild to moderate dehydration. Moreover, vital 
parameters, including heart rate, respiratory rate, and 
rectal temperature, were within the physiological 
range for the species (Table 1). Ruminal motility 
was decreased in most animals. However, the feces 
were normal. The mean body condition score of the 
animals was 3.0 ± 0.7, and the score for most animals 
was equal to or higher than the mean. It is worth 
noting that neurological changes occurred in 53.3% 
of the animals, including motor incoordination, 
muscle tremor, depraved appetite, teeth grinding, 
vocalization, salivation, and agitated or aggressive 
behavior.

The mean BHB concentration was 3.01 mmol 
L-1, and ketone bodies were present in the urine 
of all affected animals. The concentration of 
the cardiac biomarkers CK-MB and cTnI was 
significantly higher (p<0.05) in the ketotic group 
than in the control group. The concentration of other 
biochemical markers was comparatively higher 
in the ketosis group, except for cortisol, insulin, 
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globulin, GGT, and total calcium, whose levels 
were similar (p>0.05) between the groups (Table 2). 
The mean glucose concentration was comparatively 
higher in the ketotic group; however, hypoglycemic, 
normoglycemic, and hyperglycemic cows were 

observed in this group (Table 3). The analysis of 
insulin sensitivity using RQUICKI and RQUICKI-
BHB indicated that only RQUICKI-BHB was 
significantly lower (p<0.0001) in the animals with 
clinical ketosis.

Table 1. Absolute and relative frequencies of clinical signs in cows diagnosed with clinical ketosis (n = 15).

Characteristics Clinical signs
Number of animals

AF* RF** (%)
Posture Standing 14 93.335

Recumbency 1 6.66
Appetite Present 10 66.66

Absent 2 13.33
Capricious 2 13.33

Not reported 1 6.66
Behavior Active 1 6.66

Agitated 2 13.33
Calm 9 60.0

Apathetic 3 20.0
Neurological signs Present 8 53.33

Absent 7 46.66
Temperature Normal (37.0–39.5 °C) 13 86.66

High (> 39.5 °C) 2 13.33
Dehydration Absent 2 13.33

Mild 8 53.33
Moderate 5 33.33

HR (bpm) Normal (60–80) 12 80.0
High (> 80) 3 20.0

RR (mrpm) Normal (24–36) 8 53.33
Low (< 24) 3 20.0
High (> 36) 4 26.66

Rumen motility Absent 2 13.33
Physiological 4 26.66

Increased 1 6.66
Decreased 8 53.33

Feces Physiological 9 60.0
Scanty 4 26.66

Not reported 2 13.33

*AF, absolute frequency; **RF, relative frequency.
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The following associations were found in the 
correlation analysis: NEFA × BHB (r=0.437; 
p=0.016), BHB × CK-MB (r=0.47; p=0.009), BHB 
× cTnI (r=0.41; p=0.027), cTnI × CK (r=0.63; 

p<0.0001), CK × CK-MB (r=0.53; p=0.003), insulin 
× glucose (r=0.45; p=0.016), and RQUICKI-BHB × 
cTnI (r = –0.38; p=0.05).

Table 2. Means, standard error of the mean, and level of significance of biochemical markers, hormonal markers, and 
myocardial activity of cows with (n = 15) and without (n = 15) clinical ketosis.

Variables Unit Healthy cows Ketotic cows p-value
BHB (mmol L-1) 0.34±0.03B 3.01±0.42A <0.0001
NEFA (mmol L-1) 0.71±0.16B 1.48±0.15A 0.0002
Glucose (mg dL-1) 45.50±1.44B 75.70±11.0A 0.0073
Fructosamine (µmol L-1) 180.53±5.73B 278.6±21.2A <0.0001
Cortisol (nmol L-1) 44.99±9.57 80.0±19.6 0.1799
Insulin (pmol L-1) 5.07±0.56 3.93±0.92 0.2973
RQUICKI* 0.95±0.09 0.76±0.09 0.1098
RQUICKI-BHB 1.94±0.29A 0.56±0.05B <0.0001
Total calcium (mg dL-1) 8.47±0.30 8.33±0.23 0.7271
Total protein (g dL-1) 7.16±0.19B 7.76±0.20A 0.0392
Albumin (g dL-1) 2.58±0.06B 2.92±0.08A 0.0034
Globulin (g dL-1) 4.58±0.19 4.84±0.17 0.3121
A/G ratio 0.58±0.03 0.61±0.03 0.4357
Creatinine (mg dL-1) 0.7±0.5B 1.3±0.22A 0.0013
AST (U L-1) 60.1±3.7B 163.±34.A <0.0001
GGT (U L-1) 27.54±1.64 31.62±3.07 0.5549
CK (U L-1) 68.±7.3B 1344.0±402.0A <0.0001
CK-MB (ng mL-1) 86.0±13.6B 211.5±43.7A 0.0157
cTnI (ng mL-1) 0.02±0.00B 0.07±0.03A 0.0284

*Revised Quantitative Insulin Sensitivity Check Index.

Table 3. Means and standard error of the mean of glucose levels and insulin sensitivity index in cows with clinical 
ketosis.

Glycemic status Number of animals Glucose
(mg dL-1) RQUICKI RQUICKI-BHB

Hypoglycemia 4 (26.6%) 37.98±2.01 1.10±0.10 0.72±0.06
Normoglycemia 6 (40%) 61.86±3.61 0.77±0.10 0.63±0.07
Hyperglycemia 5 (33.3%) 116.82±13.63 0.46±0.03 0.39±0.03

Discussion

The occurrence of clinical ketosis singly and 
the occasional association of this disease with other 
diseases corroborate the results of other studies, 

which classified ketosis as primary in cases in which 
disease was a result of the inability of the adaptive 
mechanisms to meet the high energy demand, 
or secondary in cases in which the presence of 
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concomitant diseases usually resulted in decreased 
food intake and might cause disease (BALI et al., 
2016; CONSTABLE et al., 2017; VAJA et al., 2016).

The occurrence of clinical ketosis in dairy cows 
with the breed characteristics found in this study is 
directly related to the composition of the herds of the 
region, characterized by the predominance of high-
yield cows originated from the crossing of dairy 
breeds (Girolanda, Holstein, and their crosses). 
Biswal et al. (2016) found that the prevalence 
of ketosis was higher in crossbred animals of the 
Jersey and Holstein breeds when compared to 
animals of local breeds in India, possibly because of 
the composition of the herds in the studied region.

The predominance of semi-intensive 
management systems and the higher disease 
prevalence during the dry season are related to 
the food management system adopted by the 
farmers because the irregularity of the rains in the 
region leads to the irregular availability of dietary 
constituents such as fodder and grains, causing 
farmers to alternate the diet formulations. Dar et 
al. (2017) evaluated the effect of seasonality on the 
development of ketosis and observed that disease 
prevalence was higher in the dry season because of 
the lower availability or lack of high-quality forage 
in this period. Allen and Piantoni (2013) reported 
that dietary supplementation with concentrate in the 
dry season, which is common in the analyzed region, 
might favor excessive weight gain, increasing the 
risk of developing ketosis. Vanholder et al. (2015) 
corroborated these results and reported that the 
likelihood of developing ketosis was 3.6 and 8.7-
fold higher in animals with moderate or high body 
condition score.

Asrat et al. (2013), Biswal et al. (2016), and 
Dar et al. (2017) indicated that the prevalence of 
clinical ketosis was comparatively higher in the first 
month of lactation, as observed in the present study. 
Metabolic demand is higher in this phase, and the 
energy imbalance associated with lower dry matter 
consumption might explain the higher disease 

prevalence (DAR et al., 2017; MCART et al., 2013).

Cows of any age in the productive phase 
can develop ketosis. In this study, the disease 
predominated in animals aged approximately 5 
years, with a mean of three calvings. However, 
studies have shown that the prevalence of clinical 
ketosis increases with age, and the number of 
calvings is higher in the fourth lactation (ASRAT 
et al., 2013; BISWAL et al., 2016). Dairy cows 
produce a higher volume of milk between the third 
and fifth lactations because the mammary glands 
are fully mature at this phase. Therefore, this 
production phase increases the metabolic challenges 
in the animals, which develop diseases when these 
challenges are not met by the adaptive mechanisms 
(BISWAL et al., 2016). In this respect, Vanholder 
et al. (2015) observed that cows with three or more 
calvings were 2.2 times more likely to be affected 
by clinical ketosis.

The clinical signs of ketosis are non-specific, 
including decreased appetite, lower milk production, 
and weight loss, and are common in other diseases 
such as disorders of the digestive tract (CÂMARA 
et al., 2009, 2010; OETZEL, 2007; SILVA FILHO 
et al., 2012). These clinical signs were also reported 
by Issi et al. (2016) and Şentürk et al. (2016) in 
cows, and by Bali et al. (2016) in buffaloes with 
ketosis. NEFA are released in the bloodstream 
in the lipolytic phase, and these substances are 
precursors of ketone bodies and serve as energy 
sources. However, the complete oxidation of NEFA 
in hepatocytes compromises the feeding behavior of 
the animals by causing satiety (ALLEN; PIANTONI, 
2013). Furthermore, the reduced capacity of the 
animal to produce lactogenic precursors through 
the diet because of the lower intake of dry matter 
combined with high BEN contributes to the lower 
milk production in this period (BALI et al., 2016).

The normality of vital parameters combined 
with lower ruminal motility was also reported by 
Issi et al. (2016) and Vaja et al. (2016). However, 
these authors observed the presence of dry feces 
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and ketotic breath, which were not observed in the 
present study.

The percentage of animals with central nervous 
system involvement (53.3%) in our study was much 
higher than that reported by Lean (2002) in cows 
(10%) and by Bali et al. (2016) in buffaloes (6%). 
Other studies reported the development of nervous 
ketosis in cows (WOOTTON, 1992; REDDY et al., 
2014) and buffaloes (UPADHYAY et al., 2007) and 
associated the presence of neurological changes 
with the increased production of isopropyl alcohol 
and changes in the serum levels of BHB and glucose, 
which are common in ketosis. However, nervous 
symptoms are not present in all ketosis animals or 
in those with similar metabolic conditions, such as 
animals with inappetence, suggesting the occurrence 
of individual variations in the susceptibility 
to metabolic changes that induce nervous 
manifestations (FOSTER, 1988; CONSTABLE et 
al., 2017). Sato (2009) corroborated this finding 
and observed that there was a significant increase in 
isopropanol concentrations in ketotic cows without 
manifestation of neurological signs.

The magnitude of the increase in the 
concentrations of BHB and NEFA consistently 
characterized the clinical condition of ketotic 
animals, and this finding was supported by the 
moderate correlation between these variables 
in our study. This result agrees with the study 
by Djoković et al. (2014) and Xu et al. (2014) in 
dairy cows with ketosis. Some studies have shown 
that the blood concentration of BHB is above 
2.6 mmol L-1 (İSSİ et al., 2016; MARUTSOVA; 
MARUTSOV, 2016) or 3.0 mmol L-1 (OETZEL, 
2007) in animals with clinical ketosis. However, it 
should be emphasized that the blood concentrations 
of this metabolite may vary on an individual basis 
(İSSİ et al., 2016; MARUTSOVA; MARUTSOV, 
2016; SAHINDURAN et al., 2010; ŞENTÜRK et 
al., 2016), as verified in our sample, in which the 
concentration varied from 1.4 mmol L-1 to 6.7 mmol 
L-1. In addition, animals with serum concentrations 
≥1.2 mmol L-1 of BHB and 1.0 mmol L-1 of NEFA 

at early lactation are more likely to develop clinical 
ketosis (SEIFI et al., 2011).

Clinical ketosis is characterized by 
hyperketonemia and ketonuria, which were 
observed in all affected animals, as well as clinical 
signs (CONSTABLE et al., 2017). NEFA and BHB 
are products of adipose tissue catabolism and act 
as alternative energy sources in tissues. However, 
the high concentrations of these metabolites in 
the blood reflect the degree of energy imbalance 
in the animals (DRACKLEY et al., 2005). The 
increased β-oxidation of NEFA in the liver may 
cause complications, including decreased appetite, 
inhibition of immune function, and loss of the 
balance between oxidant and antioxidant systems, 
generating oxidative stress (ALLEN; PIANTONI, 
2013; SORDILLO; WILLIAM, 2013; XU et al., 
2014).

The mean blood glucose concentration in the 
ketotic group was significantly higher than in the 
control group and was at the upper normal range 
(KANEKO, 2008). However, the affected animals 
had changes in glycemia, including hypoglycemia 
(n = 4), normoglycemia (n = 6), and hyperglycemia 
(n = 5), and these conditions were also observed in 
sheep (HENZE et al., 1998; SANTOS et al., 2011) 
and goats (SOUTO et al., 2013) with pregnancy 
toxemia. Nonetheless, this condition was not 
observed in other studies with cows, and most 
of these studies indicated that the development 
of clinical hypoglycemia was justified by the 
high demand of glucose for the synthesis of milk 
lactose (ELITOK et al., 2010; İSSİ et al., 2016; 
SAHINDURAN et al., 2010; ŞENTÜRK et al., 
2016; XU et al., 2014).

In some cases, the hyperglycemic state 
may be explained by the increase in serum 
cortisol concentrations induced by stress due 
to BEN in the transition period (CHALMEH; 
HAJIMOHAMMADI, 2016). A similar condition 
was observed in the present study. Despite the 
absence of significant differences in cortisol 
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concentrations, the mean concentration of this 
hormone was higher in ketotic animals, potentially 
resulting in the glycemic status in these animals, as 
reported previously (SIMONOV; VLIZLO, 2013). 
In contrast, Djoković et al. (2014), Forslund et al. 
(2010), and Sahinduran et al. (2010) found that 
cortisol concentrations were comparatively lower 
in animals with clinical ketosis, and this response 
may be related to the limited synthesis of this 
hormone in cases of high energy demand. Another 
metabolic condition considered a triggering factor 
for hyperglycemia is the decrease in serum insulin 
concentrations, which was observed in our sample. 
Despite the absence of significant differences 
between the groups, insulin concentrations were 
lower in ketotic animals. Hayirli (2006) and Koster 
and Opsomer (2013) have shown that low insulin 
concentrations exacerbate lipid mobilization and 
increase the plasma concentrations of NEFA, which 
in turn inhibit insulin-dependent glucose uptake in 
peripheral tissues by decreasing the expression of 
GLUT4, consequently reducing the sensitivity of 
these tissues to insulin. Another contributing factor 
is the relationship between the hypoinsulinemia and 
the ability of β-pancreatic cells to produce and release 
this hormone during hypoglycemia at disease onset 
(DJOKOVIĆ et al., 2009; 2014). Hypoinsulinemia 
is directly associated with the increase in serum 
concentrations of NEFA, suggesting that the reduced 
anabolic effect of insulin on lipid metabolism results 
in the exacerbated mobilization of NEFA from 
body stores. In this respect, Kerestes et al. (2009) 
reported that the function of β-pancreatic cells and 
the biological potency of insulin were impaired in 
cows with prolonged hyperketonemia.

Djoković et al. (2017) evaluated insulin 
sensitivity in cows and observed that only the 
mean RQUICKI-BHB value was lower in ketotic 
animals. In addition, these two indexes were 
lower (RQUICKI-BHB, 0.39; RQUICKI, 0.46) 
in hyperglycemic animals from the disease group 
(n = 5), suggesting higher tissue resistance to 

insulin in these animals. The inclusion of BHB 
in the calculation of the insulin sensitivity index 
improves the accuracy of the formula in cattle and 
sheep because this index is obtained under fasting 
conditions to maintain the insulin: glucose ratio in 
this period, although fasting in these animal species 
is not feasible because the rumen is a large food 
reservoir (BALOGH et al., 2008; NASCIMENTO, 
2018). Some studies recommend using these indexes 
in bovine in situations involving impaired metabolic 
homeostasis and indicate that these indexes are 
more sensitive in indicating insulin resistance when 
compared to the individual evaluation of glucose, 
insulin, or NEFA (HOLTENIUS; HOLTENIUS, 
2007; STENGÄRDE et al., 2011; XU et al., 2014).

The higher mean concentration of fructosamine 
in the diseased group reflects the increase in 
glycemia in this group. In this study, the isolated 
hyperglycemic condition in some ketotic animals was 
probably the main contributor to the characteristics 
of this variable. Fructosamine reflects the glycemic 
state for a longer period 1 to 3 weeks before disease 
development and fructosamine measurement is less 
variable than glucose measurement (ALLISON, 
2015b). In dairy cows, there is a correlation between 
fructosamine and glucose in conditions in which 
glycemia is higher than the reference value, and this 
substance is considered a useful glycemic marker in 
these conditions (SORONDO; CIRIO, 2009).

The total calcium levels at the minimum threshold 
of normality observed in both groups and the absence 
of statistical difference between these groups are 
because dairy cows usually experience some degree 
of hypocalcemia at the beginning of lactation 
because of the high secretion of this mineral in the 
colostrum and milk, and the degree of hypocalcemia 
depends on the integrity of homeostatic mechanisms 
(GOFF, 2014). Although none of the evaluated 
groups presented hypocalcemia in our sample, this 
condition may be present in ketotic animals because 
of a deficit in dry matter consumption (BALI et al., 
2016; YAMEOGO et al., 2008).
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The concentrations of creatinine were higher in 
ketotic cows than in the control group but remained 
within the normal range. This increase can be 
explained by the mild to moderate dehydration 
observed in the diseased animals (İSSİ et al., 2016; 
SIMONOV; VLIZLO, 2013). Hemoconcentration 
is also linked to the higher concentrations of protein 
and serum albumin in ketotic animals. However, 
hypoalbuminemia occurred in both groups, which 
may be justified by the transition period in which 
the animals were found. The serum albumin 
concentration is decreased in the first month after 
calving as a result of the expansion of the plasma 
volume for milk production, loss of the uterine 
lumen during uterine involution, negative acute-
phase response induced by inflammatory processes 
in diseases that occur in the perinatal and postnatal 
periods, and protein catabolism resulting from NEB 
(CONSTABLE et al., 2017; REIS et al., 2016).

The globulin concentration and the albumin: 
globulin (A/G) ratio were not significantly 
different between the groups, and the observed 
hyperglobulinemia may be due to the higher synthesis 
of acute-phase proteins and immunoglobulins 
(ALLISON, 2015a). Reis et al. (2016) and Saut et al. 
(2009) observed that positive acute-phase proteins 
increased significantly in dairy cows in diseases that 
occur in the perinatal and postnatal periods.

Our results indicated that the serum activity of 
AST was increased in ketotic animals, whereas 
the serum activity of GGT was similar between 
the groups. Shin et al. (2015) found that the serum 
activity of AST was higher in ketotic cows, whereas 
GGT activity was similar between the disease and 
control groups, which is consistent with our results. 
Although AST is not a liver-specific enzyme, its 
activity is often associated with fatty liver in dairy 
cows (CEBRA et al., 1997) and is considered a 
more accurate indicator of early hepatic lipidosis 
than GGT activity (GONZÁLEZ et al., 2011). 
The possibility of development of muscle injury 
should be considered in these animals because the 
serum activity of CK, a muscle-specific enzyme, 

and AST, which is also found in muscle, was 
increased (HOFFMANN; SOLTER, 2008). This 
increase can be attributed to the potential muscular 
damage related to calving in all animals as well 
as to intermittent recumbency, muscle tremors, 
and the intramuscular administration of injectable 
medications in ketotic cows.

No studies to date correlated the cardiac markers 
cTnI and CK-MB with ketosis in cattle. However, 
the increase in these markers in ketotic cows 
may be due to lipotoxicity and oxidative stress 
because hyperketonemia generates free radicals 
and impairs antioxidative function, as observed in 
cows with subclinical ketosis (KARIMI et al., 2015; 
JACOB, PAKKIRI, 2017), ewes with pregnancy 
toxemia (AL-QUDAH, 2011) and humans with 
diabetes (JAIN et al., 2006). Free radicals exert 
cytotoxic action by the peroxidation of membrane 
phospholipids, resulting in structural changes, 
increased membrane permeability, and cell death 
(LIMA; ABDALLA, 2001; EL-DEEB, 2015). 
In addition, the incorporation of fatty acids and 
formation of micelles in the plasma membrane of 
the myocardium destabilizes and disrupts the cell 
membranes, resulting in the extravasation of cardiac 
markers (GEREDE et al., 2016). Studies reported that 
cTnI significantly increased in goats (THARWAT 
et al., 2012) and sheep (SOUZA et al., 2018) with 
pregnancy toxemia, and this disease caused focal 
degenerative changes in contractile and conductive 
myocardial cells (TONTIS; ZWAHLEN, 1987). 
These findings are reinforced by the correlation 
between BHB and cardiac markers. In addition, 
the hyperglycemic state observed in our sample 
is responsible for oxidative stress, as reported in 
humans (ORMAZABAL et al., 2018). This result 
is confirmed by the moderate negative correlation 
between the RQUICKI-BHB and cTnI in this study.

Conclusion

Clinical ketosis was diagnosed in high-
production dairy cows and is more common in 
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the dry period. This disease was characterized by 
the high frequency of clinical neurological signs, 
changes in glycemia, decreased tissue sensitivity to 
insulin with a stronger decrease in hyperglycemic 
animals indicated by the low RQUICKI-BHB index, 
and elevation of cTnI and CK-MB, suggesting some 
degree of myocardial injury. It is worth noting that 
the serum concentrations of these markers may 
serve as critical prognostic indicators in cattle with 
clinical ketosis; however, further studies are needed 
to support this hypothesis.
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