This unedited manuscript has been accepted for future publication. The

manuscript will undergo copyediting, typesetting, and galley review before L)

Check lor
updates.

final publication. Please note that this advanced version may differ from the

final version.

ORIGINAL RESEARCH ARTICLES

Biochemical profile of cattle with left displacement of the
abomasum: energy balance, uric acid, electrolyte levels, and

metabolic relationships

Perfil bioquimico de bovinos con desplazamiento izquierdo del abomaso: balance

energético, dcido urico, niveles de electrolitos y relaciones metabdlicas

Perfil bioquimico de bovinos com deslocamento esquerdo do abomaso: balango energético,

dcido urico, niveis de electrolitos e relacoes metabolicas

Beyza Suvarikli-Alan'"®; Merve ider>®; Vahdettin Altunok!®; Mahmut OK>®; Avni Camgéz'

! Selguk University, Faculty of Veterinary Medicine, Department of Biochemistry, Konya, Turkey
2 Selguk University, Faculty of Veterinary Medicine, Department of Internal Medicine, Konya, Turkey

Received: May 22, 2025. Accepted: October 12, 2025

*Corresponding author: Selguk University Alaeddin Keykubat Campus Faculty of Veterinary Medicine Postal Code: 42003 Selguklu /
Konya / Turkey. Email: beyza.alan@selcuk.edu.tr

et ) S PRSI This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2025 Universidad de Antioquia. Published by Universidad de Antioquia, Colombia.

eISSN: 2256-2958 Rev Colomb Cienc Pecu
https://doi.org/10.17533/udea.rccp.e360929



mailto:beyza.alan@selcuk.edu.tr
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.17533/udea.rccp.e360929 
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://orcid.org/0000-0003-4698-9291
https://orcid.org/0000-0003-2928-5452
https://orcid.org/0000-0002-4076-5492
https://orcid.org/0000-0002-8438-9994
https://orcid.org/0000-0003-4284-1476
https://crossmark.crossref.org/dialog/?doi=10.17533/udea.rccp.e360929

To cite this article

Suvarikli-Alan B, Ider M, Altunok V, OK M, Camgo6z A. Biochemical profile of cattle with left displacement of
the abomasum: energy balance, uric acid, electrolyte levels, and metabolic relationships. Rev Colomb Cienc Pecu
Year, Vol, number, and pages pending. DOI: https://doi.org/10.17533/udea.rccp.e360929

Abstract

Background: Left displacement of the abomasum (LDA), which affects the production
performance of high-yielding cows and is frequently manifested in the early postpartum period,
leads to significant changes in the metabolism of cows. Methods: This study aimed to
investigate the changes in biochemical parameters and the correlations between these
parameters in dairy cattle with left displacement of the abomasum. The material of the present
study consisted of twenty healthy cows and twenty-eight dairy cows with LDA. The serum was
analysed for twenty-five different biochemical parameters. Results: The levels of glucose,
triglycerides, gamma-glutamyl transferase (GGT), aspartate aminotransferase (AST),
haptoglobin, B-hydroxybutyrate, NEFA, and amylase enzyme activity were significantly
elevated (p<0.05) in cows with left displacement of the abomasum compared to healthy cows.
Their levels of uric acid, total protein, albumin, potassium, calcium, chlorine, magnesium,
phosphate, cholesterol, and HDL significantly lowered (p<0.05). The study’s results indicated
that NEFA was positively correlated with B-hydroxybutyrate concentrations. HDL was
positively correlated with albumin and cholesterol levels. Calcium was positively correlated
with albumin, phosphorus, magnesium, and chlorine concentrations. A positive correlation was
found between uric acid and NEFA, albumin, phosphorus, magnesium, HDL, and cholesterol
concentrations. The results showed that the biochemical parameters of cattle with LDA
changed, and the identified correlations were associated with metabolic disorders, including
negative energy balance, fatty liver, and ketosis in LDA cases. Furthermore, the correlation
between uric acid levels and metabolic markers in cows with LDA supports the link between
the disease and energy metabolism and liver dysfunction. Conclusion: It was concluded that
maintaining postpartum energy balance, electrolyte balance, and calcium homeostasis in dairy
cows is crucial for preventing abomasal displacement and for evaluating biochemical

parameters accordingly.
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Resumen

Antecedentes: El desplazamiento izquierdo del abomaso (LDA), que afecta al rendimiento
productivo de las vacas de alto rendimiento y se manifiesta con frecuencia en el periodo
postparto temprano, provoca cambios significativos en el metabolismo de las vacas. Métodos:
Este estudio tuvo como objetivo investigar los cambios en los pardmetros bioquimicos y las
correlaciones entre estos parametros en vacas lecheras con desplazamiento izquierdo del
abomaso. El material del presente estudio consistid en veinte vacas sanas y veintiocho vacas
lecheras con LDA. Se analiz6 el suero para determinar veinticinco parametros bioquimicos
diferentes. Resultados: Los niveles de glucosa, triglicéridos, gamma-glutamil transferasa
(GGT), aspartato aminotransferasa (AST), haptoglobina, B-hidroxibutirato, NEFA y actividad
de la enzima amilasa se elevaron significativamente (p<0,05) en las vacas con desplazamiento
izquierdo del abomaso en comparacion con las vacas sanas. Sus niveles de acido urico, proteina
total, albumina, potasio, calcio, cloro, magnesio, fosfato, colesterol y HDL disminuyeron
significativamente (p<0,05). Los resultados del estudio indicaron que los NEFA estaban
positivamente correlacionados con las concentraciones de [B-hidroxibutirato. E1 HDL se
correlacion6 positivamente con los niveles de albimina y colesterol. El calcio se correlacion6
positivamente con las concentraciones de albumina, fosforo, magnesio y cloro. Se hall6 una
correlacion positiva entre el acido Urico y las concentraciones de NEFA, albumina, fosforo,
magnesio, HDL y colesterol. Los resultados mostraron que los parametros bioquimicos del
ganado con LDA cambiaban y las correlaciones identificadas se relacionaban con trastornos
metabolicos como el balance energético negativo, el higado graso y la cetosis en los casos de
LDA. Ademas, la correlacion del nivel de acido urico con marcadores metabolicos en vacas
con LDA apoya la relacion de la enfermedad con el metabolismo energético y la disfuncion
hepatica. Conclusion: Se llegd a la conclusion de que seria crucial mantener el equilibrio
energético postparto, el equilibrio electrolitico y la homeostasis del calcio en las vacas lecheras
para prevenir el desplazamiento del abomaso y evaluar los pardmetros bioquimicos en

consecuencia.

Palabras clave: dcido urico,; correlacion; desplazamiento izquierdo del abomaso; parametros

bioquimicos, vaca lechera.



Resumo

Antecedentes: O deslocamento esquerdo do abomaso (LDA), que afeta o desempenho
produtivo das vacas de alta producdao e se manifesta frequentemente no periodo pos-parto
precoce, conduz a alteragdes significativas no metabolismo das vacas. Métodos: O objetivo
deste estudo foi investigar as alteragdes nos parametros bioquimicos e as correlagdes entre estes
parametros em vacas leiteiras com deslocamento esquerdo do abomaso. O material do presente
estudo consistiu em vinte vacas sauddveis e vinte e oito vacas leiteiras com LDA. O soro foi
analisado para vinte e cinco parametros bioquimicos diferentes. Resultados: Os niveis de
glicose, triglicerideos, gama-glutamil transferase (GGT), aspartato aminotransferase (AST),
haptoglobina, B-hidroxibutirato, NEFA e atividade enzimatica da amilase aumentaram
significativamente (p<0,05) em vacas com deslocamento esquerdo do abomaso em compara¢ao
com vacas saudaveis. Os seus niveis de acido urico, proteinas totais, albumina, potassio, calcio,
cloro, magnésio, fosfato, colesterol e HDL baixaram significativamente (p<0,05). Os resultados
do estudo indicaram que o NEFA estava positivamente correlacionado com as concentragdes
de B-hidroxibutirato. O HDL foi positivamente correlacionado com os niveis de albumina e
colesterol. O célcio estava positivamente correlacionado com as concentracdes de albumina,
fosforo, magnésio e cloro. Foi encontrada uma correlacdo positiva entre o acido Urico e as
concentracoes de NEFA, albumina, fosforo, magnésio, HDL e colesterol. Os resultados
mostraram que os parametros bioquimicos dos bovinos com ADL se alteraram e as correlagdes
identificadas estavam relacionadas com disturbios metabolicos como o balango energético
negativo, o figado gordo e a cetose nos casos de ADL. Além disso, a correlagcdo do nivel de
acido urico com marcadores metabolicos em vacas com ADL apoia a ligagdo da doenga com o
metabolismo energético e a disfuncdo hepatica. Conclusdo: Concluiu-se que seria crucial
manter o equilibrio energético pos-parto, o equilibrio eletrolitico e a homeostase do calcio em
vacas leiteiras, a fim de evitar a deslocacdo do abomaso e avaliar os parametros bioquimicos

em conformidade.

Palavras-chave: dcido urico; correlacdo; deslocamento esquerdo do abomaso,; pardmetros

bioquimicos; vaca leiteira.

Introduction
Abomasal displacement (AD) refers to the displacement of the abdominal viscera to either the
right or left side in late pregnancy, resulting from positional changes or abomasal atony caused

by various factors (Zadnik et al., 2001; Credille & Fubini, 2022). However, displacements on



the left side account for approximately 75-90% of all displacements (Credille & Fubini, 2022).
Abomasum displacement, a concern for both livestock welfare and economy, is a condition
observed in many dairy cattle breeds (Zerbin et al., 2015). The abomasum is predominantly
located to the right of the midline in healthy cows. Depending on the enlargement of the gravid
uterus, the length of the abomasum shrinks, and its width enlarges in the last three months of
pregnancy. The abomasum returns to its physiological position within fourteen days after
parturition (Steiner, 2006). Left displacement of the abomasum (LDA) mainly affects dairy
cows during the first month postpartum. Thus, the abomasum expands with fluid and gas and
is mechanically displaced from its normal position behind the omasum and between the rumen
and the left lateral abdominal wall (Zadnik et al., 2001; Steiner, 2006). This lowers the
likelihood of cow survival due to symptoms such as loss of appetite and colic, as well as lower
milk yield and subsequent illness (Van Winden & Kuiper, 2003; Zerbin et al., 2015).
Furthermore, AD may be correlated with concurrent metabolic and reproductive diseases, and

most cases of AD appear around the time of parturition (Zerbin et al., 2015).

The accumulation of gas in the abomasum is crucial in the pathogenesis of AD. Increased gas
production and hypomotility of the abomasum are hypothetical causes that underlie this
disorder. Gas may accumulate when the motility of the abomasum is insufficient. The vagus
nerve plays a dominant role in abomasal motility. Besides the effect of the vagal nerve, high
levels of volatile fatty acids, endotoxins, metabolic alkalosis, and low blood calcium levels in
the rumen and abomasum have been reported as possible causes of reduced motility (Van
Winden & Kuiper, 2003). Prenatal disorders (such as dystocia, twins, metritis, foetal membrane
retention, ketosis, or milk fever), nutrition, breed, age, milk yield, genetics, stress, metabolic
disorders, neuronal disorders, and some other diseases are risk factors for AD (Steiner, 2006;
Doll et al., 2009). In particular, nutritional management during the transition period and the
negative energy balance in the postpartum period are known to be the major factors leading to

abomasal displacement in dairy cows (Mulligan & Doherty, 2008).

It has been reported that cows with LDA exhibit significantly lower body condition scores and
consume less dry matter than healthy cows (Song et al., 2020). It has also been reported that
LDA is a metabolic disease that induces symptoms such as anorexia and reduced milk
production in dairy cattle (Talukder et al., 2015). For the detection of LDA, a ‘ping’ sound is
investigated by percussion and auscultation of the left abdominal wall. Typically, the ‘ping’

sound can be heard just above or just behind the last rib, approximately in the third of the



abdomen. On rectal examination of cows with LDA, the displaced abomasum can rarely be felt
in the left abdomen. In contrast, the medial displacement of the rumen can be felt more than the
former, as it causes a palpable gap between the rumen and the left abdominal wall (Mueller,
2011). It has also been reported that impaired lipid metabolism in LDA cows and associated
increases in non-esterified fatty acids (NEFA) and BHBA concentrations (Stengirde et al.,
2010; Basoglu et al., 2014; Ismael et al., 2018; Basoglu et al., 2020; Song et al., 2020; Yong et
al., 2021) can be used in the diagnosis of cows with LDA. Additionally, it is also reported that
increased concentrations of substances such as stearic acid, oleic acid, palmitic acid, myristic
acid, and arachidonic acid can be used for diagnosis (Overton et al., 2017; Guo et al., 2019).
Also, related studies have reported that high levels of haptoglobin are observed in animals with

displacement (Stengérde et al., 2010; Guzelbektes et al., 2010; Maden et al., 2012).

This study aims to investigate the potential usability and correlation of biochemical parameters
that may serve as indicators in the clinical diagnosis of cows with left displacement of the

abomasum.

Materials and Methods

Ethical statements

The study was carried out with the ethics committee decision (dated 28/03/2024 and No.
2024/050) of the Experimental and Medical Centre unit of Selcuk University (SUDAM).
Twenty-eight cows diagnosed with LDA in the Large Animal Clinic of the Animal Hospital,
Faculty of Veterinary Medicine at Selguk University were used in this study.

Animals and samplings

The blood of the control animals (twenty healthy Holstein cows giving twenty-five to thirty-
two litres of milk) was taken from BIODAP, a purified farm located in the Cumra district of
Konya. Routine physical examination (pinging and churning sounds during osculo-percussion),
an ultrasonographic examination (Mindray DC-6 Vet, China), and the Liptak test were used to
diagnose LDA in dairy cows. The diagnosis of LDA was confirmed during the surgical

procedure. Left displacement took place between five and twenty-five days after parturition in



cows. Blood samples collected from the vena jugularis were centrifuged at three thousand rpm
for fifteen minutes, and serum samples were extracted. The samples were stored at -80°C until
they were analysed. Glucose, triglyceride, GGT, AST, alkaline phosphatases (ALP), BUN, UA,
creatinine, total protein, albumin, Na, K, Ca, Cl, Mg, P, Fe, haptoglobin, NEFA, B-
hydroxybutyrate, amylase, lipase, cholesterol, and HDL levels were analysed from serum
samples using commercial kits on an autoanalyser (Architect c8000, USA). Bovine serum
amyloid A levels were measured in an ELISA reader (Biotek) using commercial ELISA kits

according to the reported procedures.

Statistical analysis

Student’s t-test was run in the statistical analysis of the study using the SPSS 25 statistical
software (IBM Corp®, 2017, Armonk, NY, USA). Data are presented as mean and standard
error. Differences were considered statistically insignificant when the results were p>0.05. The

Pearson rank test was used to investigate possible correlations between the parameters.

Results

Table I shows the results of biochemical parameters obtained from serum samples for each
group. Compared to healthy control cows, the glucose (p=0.001), triglyceride (p=0.004), GGT
(p=0.002), AST (p=0.001), haptoglobin (p=0.001), B-hydroxybutyrate (p=0.001), NEFA
(p=0.001), and amylase (p=0.002) levels were observed to elevate in the blood profiles of cows
diagnosed with LDA. In contrast, the uric acid (p=0.006), total protein (p=0.003), albumin
(p=0.008), potassium (p=0.001), calcium (p=0.001), chlorine (p=0.009), magnesium (p=0.001),
phosphate (p=0.001), cholesterol (p=0.001), and HDL (p=0.001) were lowered. The ALP
(p=0.096), BUN (p=0.734), creatinine (p=0.057), sodium (p=0.095), iron (p=0.683), serum
amyloid A (p=0.868), and lipase (p=0.508) levels did not change.



Table 1. Changes in serum biochemical parameters in healthy cows and cows with Left Displacement of the Abomasum LDA (mean = SEM).

Parameters Control (n = 20) LDA (n =28) p value
Glucose (mg/dL) 51,45+2,68 92,96+7,20 0,001
Triglyceride (mg/dL) 13,00+0,56 16,68+1,08 0,004
GGT (U/L) 25,20+1,22 33,54£2,17 0,002
AST (U/L) 84,85+1,77 147,89+8,87 0,001
ALP (U/L) 41,50+1,77 46,64+2,46 0,096
BUN (mg/dL) 23,30+1,12 23,82+1,04 0,734
Uric acid (mg/dL) 2,98+0,01 2,53+0,12 0,006
Creatinine (mg/dL) 0,1+0,02 0,6=0,11 0,057
Total Protein (g/dL) 7,81+0,13 7,15£0,17 0,003
Albumin (g/dL) 2,97+0,08 2,61+0,1 0,008
Na (mmol/L) 137,00+1,58 132,21£2,31 0,095
K (mmol/L) 4,92+0,1 3,60+0,15 0,001




Parameters Control (n = 20) LDA (n=28) p value
Ca (mg/dL) 9,46+0,14 7,85+0,23 0,001
CI (mmol/L) 95,55+1,01 90,11+1,71 0,009
Mg (mg/dL) 2,09+0,06 1,70+0,07 0,001
P (mg/dL) 6,55+0,24 4,36+0,28 0,001
Fe (ug/dL) 109,45+4,08 104,86+10,37 0,683
Haptoglobin (mg/dL) 15,93+0,99 28,59+1,73 0,001
NEFA (mmol/L) 0,26+0,05 1,69+0,16 0,001
B-hydroxybutyrate (mmol/L) 0,44+0,03 1,294+0,20 0,001
Serum amyloid A (g/mL) 5,97+£0,40 5,88+0,39 0,868
Amylase (U/L) 32,10+1,24 41,3242,49 0,002
Lipase (U/L) 9,00+0,90 8,11=£1 0,508
Cholesterol (mg/dL) 169,30+4,06 104,86+7,37 0,001
HDL (mg/dL) 90,30+3,48 49,1843,92 0,001

* Differences were considered statistically significant at p-values of < 0,05



Table 2 shows the correlations between biochemical parameters in cattle with left displacement
of the abomasum. A positive correlation was found between AST and phosphorus concentration
(p=0.032) and amylase (p=0.008) enzyme activity, while a negative correlation was found
between AST and cholesterol (p=0.002) concentrations. GGT was positively correlated with
albumin (p=0.014) and total protein (p=0.026) concentrations. A positive correlation was found
between glucose and triglyceride (p=0.001) concentrations. Uric acid was positively correlated
with NEFA (p=0.012), albumin (p=0.011), phosphorus (p=0.027), magnesium (p=0.041), HDL
(p=0.017), and cholesterol (p=0.041) concentrations.

A positive correlation was found between total protein and albumin (p=0.002), triglyceride
(p=0.001), magnesium (p=0.017), HDL (p=0.048), and amylase (p=0.020) concentrations. A
positive correlation was found between cholesterol and HDL (p=0.004) concentrations. A
positive correlation was found between amylase and calcium (p=0.030) concentrations.
Calcium was positively correlated with albumin (p=0.001), phosphorus (p=0.045), magnesium
(p=0.001), HDL (p=0.004), and chlorine (p=0.002) concentrations. A positive correlation was
found between chlorine and potassium (p=0.001) and HDL (p=0.027) concentrations. HDL was
positively correlated with albumin (p=0.001) and magnesium (p=0.016) concentrations. A
positive correlation was found between magnesium and albumin (p=0.001) and phosphorus
(p=0.004) concentrations. A positive correlation was found between triglyceride and albumin
(p=0.016) concentrations. A positive correlation was found between phosphorus and albumin
(p=0.004) concentrations. NEFA was positively correlated with B-hydroxybutyrate (p=0.002)

concentrations.



Table 2. Pearson correlation analysis of biochemical parameters in cattle with Left Displacement of the Abomasum LDA.

E 9 %)
g E E s | E £
= ) o =
L o = 8 5 E .E 172} @ e o
z | 8 | = g | & | 2 £ 7 S 12| &2 |E| =
= 5 g 2 s S z 2 2 = s &b 50 2 3 =
7)) — = < = = =
< o T S = o < O o = I~ = = = = z
Pearson
Correlation BHBA 311 .064 -360 | .137 322 .078 .095 11 274 .198 .062 285 -.102 | -.086 212 | .555
Sig. (2-tailed) .107 745 .060 487 .095 .693 .629 574 .159 312 754 141 .607 .665 279 |.002
Pearson
NEFA
Correlation 293 .019 .087 A470% | 224 .150 215 -.078 -.174 145 -.097 | .348 -.042 | .320 291
Sig. (2-tailed) 131 | 922 | 659 |.012 | 252 447 272 | 692 375 461 623 [.070 | .830 |.097 |.133
Pearson
Albumin
Correlation .066 A457% | 145 A74% | .568*%* | 134 225 .607% 178 L644%% | 069 | L7I5%F | . 452% | L5287
Sig. (2-tailed) 737 014 461 011 002 496 .249 001 .366 .000 727 000 016 .004
Pearson
Phosphorus
Correlation 407% | .009 187 417 153 -.178 252 381*% .109 178 -.031 |.528%* | .159
Sig. (2-tailed) .032 .964 341 027 438 .364 .195 .045 581 .366 876 | .004 419
Pearson .657%
Triglyceride
Correlation -.015 | .286 -.006 |.582%*% | .066 .148 158 -.092 .091 -.108 | .292
Sig. (2-tailed) 941 .140 .000 974 .001 .739 454 423 .640 .644 583 132
Pearson
. Magnesium
Correlation 254 136 .162 388% | .449* -.057 228 L720%% | 307 A451* .078
Sig. (2-tailed) .192 489 411 041 017 175 243 000 113 016 .692
Pearson
Potassium
Correlation -.025 | .026 -213 | .166 -224 .146 -259 | .210 S77%% 1210
Sig. (2-tailed) 901 .897 276 399 252 457 183 284 .001 284




Pearson

HDL

Correlation -.139 | .185 -096 | .447% | .376%* J524%% | 206 §532%* 418*
Sig. (2-tailed) 482 .347 .626 017 .048 .004 292 .004 027
Pearson
) Chlorine
Correlation .145 - 110 | -.319 | .040 -.063 -.067 -.021 551°
Sig. (2-tailed) 462 576 .098 .840 751 734 916 .002
Pearson
Calcium
Correlation .249 234 -056 | .198 361 -.153 410*
Sig. (2-tailed) 202 230 778 313 .059 435 .030
Pearson A494*
Amylase
Correlation .007 .183 .183 437° =275
Sig. (2-tailed) .008 972 350 351 .020 157
Pearson -558
Cholesterol
Correlation 292 .065 .389*% | 175
Sig. (2-tailed) .002 132 743 041 372
Pearson Total
Correlation protein .034 A420% | 246 257
Sig. (2-tailed) .866 .026 208 187
Pearson
Uric acid
Correlation -.054 | .253 .206
Sig. (2-tailed) 786 .195 294
Pearson
Glucose
Correlation -.027 | .065
Sig. (2-tailed) .892 744
Pearson
) GGT -.157
Correlation

Pearson Correlation: *Correlated parameters are coloured (*: p < 0.05, **: p <0.01).




Discussion

A high NEFA level in serum has been identified as one of the determinants for the occurrence of
LDA (Ospina et al., 2010). Furthermore, high NEFA and BHBA levels in serum were associated with
the development of LDA (Leblanc et al., 2005; Ospina et al., 2010). Nakagawa and Katoh (1998)
reported that both NEFA and BHBA levels were significantly elevated in animals with LDA and
ketosis. This study revealed that NEFA and B-hydroxybutyrate concentrations were significantly
higher (p=0.001) in cows with left displacement compared to the control group (Table 1). The high
NEFA and BHBA levels identified in the cows with displacement corroborated the studies (Stengérde
et al., 2010; Basoglu et al., 2014; Ismael et al., 2018; Basoglu et al., 2020; Song et al., 2020; Yong et
al., 2021). The rise in NEFA and B-hydroxybutyrate levels suggested that it may be due to fatty liver
due to negative energy balance. Moreover, the positive correlation between NEFA and f-
hydroxybutyrate concentrations (p=0.002) suggests that fatty liver and subclinical ketosis may

develop in animals with LDA due to negative energy balance.

This study indicated that haptoglobin concentration was significantly higher (p=0.001) in the animals
with left displacement compared to the control group. The high haptoglobin levels identified in the
animals with displacement are compatible with the studies (Stengérde et al. 2010; Guzelbektes et al.,
2010; Maden et al., 2012). The increase in haptoglobin concentration suggested that it may be related

to an inflammatory response.

The study revealed that triglyceride concentration was significantly higher (p=0.004) in the animals
with left displacement compared to the control group. The high triglyceride levels identified in the
animals with displacement are consistent with findings from some studies (Nakagawa & Katoh, 1998;
Durgut et al., 2016; Ismail et al., 2019). Basoglu et al. (2014), Song et al. (2020), and Seving et al.
(2002) reported that triglyceride levels did not change. On the other hand, Ismael et al. (2018) reported
that triglyceride levels dropped in animals with LDA. Furthermore, a study also reported that
triglyceride levels were higher in cows with ketosis compared to healthy cows (Simonov & Vlizlo,
2015). Different results in lipid profiles may be attributed to different methodologies, nutrition, and
overall health conditions of the cows. When all cases are evaluated, fatty liver and ketosis are
commonly diagnosed in cows with LDA after parturition as a consequence of impaired lipid
metabolism. It may also be due to the fatty liver accompanying LDA cases in early lactation and
stress due to environmental conditions (sensitivity to lipolytic signals due to epinephrine and

norepinephrine release) that promote triglyceride accumulation.



The present study indicated that cholesterol concentration was significantly lower (p=0.001) in
animals with left displacement compared to the control group. The low cholesterol levels found in
the animals with displacement are similar to some studies (Seving et al., 2002; Guzelbektes et al.,
2010; Stengirde et al., 2010; Basoglu et al., 2014; Ismael et al., 2018; Ismail et al., 2019) conducted
in cows with abomasum displacement. Furthermore, Nakagawa and Katoh (1998) reported that
cholesterol concentration was low in cows with both LDA and ketosis, but Song et al. (2020) reported
no change in cholesterol level. The low cholesterol level may probably be correlated with reduced

cholesterol synthesis as a consequence of fatty liver disease.

The present study showed that HDL concentration was significantly lower (p=0.001) in animals with
left displacement compared to the control group. The lower HDL levels found in animals with
displacement are compatible with the studies (Seving et al., 2002; Durgut et al., 2016; Ismail et al.,
2019) conducted in cows with abomasal displacement. The low HDL levels may probably be
correlated with reduced HDL cholesterol synthesis as a consequence of fatty liver. The positive
correlation between HDL and cholesterol (p=0.004) concentrations may indicate impaired lipid

metabolism and fatty liver.

The present study revealed that phosphorus (p=0.001) and magnesium (p=0.001) concentrations were
significantly lower (p=0.001) in cows with left displacement of the abomasum compared to healthy
cows. The lower phosphorus and magnesium levels identified in animals with displacement are
compatible with studies conducted by Basoglu et al. (2020) and Delgado-Lecaroz et al. (2000).
However, Song et al. (2020) reported that phosphorus and magnesium levels did not change. A drop
in calcium, phosphorus, and magnesium levels in cows with left displacement may be due to less feed
intake, loss of appetite, impaired absorption in the intestines, and ongoing excretion from the kidneys.
The present study indicated that calcium concentration was significantly lower (p=0.001) in animals
with left displacement compared to the control group. The low calcium levels identified in animals
with displacement are compatible with some studies (Basoglu et al., 2020; Al-Rawashdeh et al., 2017;
Ismael et al., 2018; Song et al., 2020). Hypocalcaemia with displacements of the abomasum is often
subclinical. The low calcium levels may also be related to reduced absorption of calcium from the
intestines due to metabolic alkalosis that occurs in displacements, insufficient calcium intake with
feeds, or reduced intestinal transit of calcium intake due to displacement of the abomasum as a
complication of fatty liver disease, which often progresses with displacements of the abomasum. The
positive correlation between calcium and phosphorus (p=0.045), magnesium (p=0.001), and chlorine
(p=0.002) concentrations suggests that the transit of contents to the intestines is disrupted in left

displacement.



The study revealed that chlorine concentration was significantly lower (p=0.009) in animals with left
displacement compared to the control group. Lowered chlorine levels found in animals with
displacement are similar to some studies (Ider et al., 2023; Song et al., 2020; Ismael et al., 2018).
Lowered chlorine levels may be due to the prolonged period of discharge of the abomasum, resulting

in insufficient absorption of chlorine into the intestine.

This study indicated that potassium concentration was significantly lower (p=0.001) in animals with
left displacement compared to the control group. A drop in potassium levels found in these animals
is compatible with some studies (Basoglu et al., 2020; Basoglu et al., 2014; Ismael et al., 2018; Song
et al., 2020). Although low potassium levels are normal in animals with high milk yield, it may be
due to less feed intake, ongoing urinary excretion, and the intracellular entry of K in the blood to

buffer the metabolic alkalosis due to displacement.

It was reported that total protein and albumin levels dropped in cattle with AD, and this drop may
have developed following liver damage (Seving et al., 2002; Ismael et al., 2018; Basoglu et al., 2020;
Song et al., 2020). On the other hand, some studies (Guzelbektes et al., 2010; Maden et al., 2012;
Basoglu et al., 2014; Al-Rawashdeh et al., 2017) reported that albumin and total protein
concentrations did not change in animals with AD. The present study revealed that albumin and total
protein concentrations were statistically lower (p=0.008) in cows with LDA compared to healthy
cows. When the study results were evaluated, abomasum displacement and fatty liver disease were
observed, along with variations in total protein and albumin levels, which are known to be low in
fatty liver disease, depending on the disease in animals. The positive correlation between GGT and
albumin (p=0.014) and total protein (p=0.026) concentrations may indicate the development of fatty
liver disease.

BUN and creatinine are considered renal function parameters. As a result of the literature review, no
study showing that LDA causes renal dysfunction has been found. The present study indicated that
uric acid concentration was significantly (p=0.006) lower in animals with left displacement compared
to the control group. The positive correlation between uric acid and NEFA (p=0.012), albumin
(p=0.011), HDL (p=0.017), and cholesterol (p=0.041) concentrations may indicate a disruption in
purine metabolism related to the impairment of liver function due to fatty liver disease.

The present study indicated that amylase enzyme activity was significantly higher (p=0.002) in
animals with left displacement compared to the control group. The high amylase enzyme activity
found in animals with displacement is compatible with the previous study (Aly et al., 2016). Ismail
et al. (2019) reported that the amylase value of animals with left displacement did not change. The

present study suggested that the rise in amylase level may probably be associated with local damage



caused by circulatory disturbance in the pylorus and duodenum as a consequence of the development

of partial flexion in the left displacement of the abomasum.

Serum GGT and AST enzyme activities have been reported to be useful in the evaluation of liver
functions in cattle with abomasal displacement (Seving et al., 2002). This study revealed that GGT
and AST enzyme activities were significantly higher (p=0.002; p=0.001) in animals with left
displacement compared to the control group. The high GGT and AST enzyme activities found in
animals with displacement are compatible with the studies (Seving et al., 2002; Stengérde et al., 2010;
Ismael et al., 2018; Basoglu et al., 2014; Song et al., 2020). Maden et al. (2012) reported that there
was no statistical difference in GGT enzyme activity in animals with LDA compared to the control
group, while Guzelbektes et al. (2010) and Al-Rawashdeh et al. (2017) reported that AST enzyme
activity did not change. The increase in GGT and AST enzyme activities was thought to be correlated

with either fatty liver disease or liver cell damage.

The study indicated that glucose concentration was significantly higher (p=0.001) in animals with
left displacement compared to the control group. The high glucose levels found in animals with
displacement are compatible with some studies (Ider et al., 2023; Guzelbektes et al., 2010; Basoglu
et al., 2014; Al-Rawashdeh et al., 2017; Al-Rawashdeh et al., 2017). Song et al. (2020) and Seving et
al. (2002) reported that glucose levels did not change. Ismael et al. (2018) also reported that glucose
levels dropped in animals with left displacement. On the other hand, in another study, Seving et al.
(2001) reported low glucose levels in cows with fatty liver disease. Consequently, a review of the
studies suggested that stress increases due to displacement of the abomasum may raise glucose levels,

and endogenous cortisol may stimulate glycogenolysis.

This study examined serum concentrations of serum amyloid A (p=0.868), ALP (p=0.96), sodium
(p=0.095), creatinine (p=0.057), BUN (p=0.734), lipase (p=0.508), and iron (p=0.683) and reported
no statistical difference in animals with left displacement compared to the control group. When the
results obtained were analysed, it was concluded that displacement of the abomasum was generally
associated with electrolyte imbalance and liver dysfunction after parturition. The present study
suggests that high BHBA (the gold standard in the diagnosis of ketosis), GGT, and AST (liver
function tests), and the low albumin values in the abomasum displacement group may be due to fatty
liver or ketosis. Moreover, the results showed that electrolyte levels other than sodium were lowered.
In particular, hypochloraemia and hypokalaemia suggested that metabolic alkalosis may develop. In
conclusion, it is critical to maintain energy balance, electrolyte balance, and calcium homeostasis

after parturition, especially in dairy cows, to prevent displacement.
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