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ABSTRACT

This study was aimed to evaluate the oxidative stress status (malondialdehyde, MDA, catalase, CAT),
metabolic status (beta hydroxybutyric acid, BHBA; nonesterified fatty acid NEFA) and hematological
changes (hemoglobin, total leucocytes, red blood cells, neutrophils, platelets, lymphocytes) in serum of
dairy cows before and after the surgical correction of left displacement abomasum. Twenty-six cows were
divided into two groups as control (Group-A) and treatment (Group-B), each of 13 cows. Left displacement
abomasum was confirmed by clinical assessment and ultrasonography, and then was surgically treated
through Dirksen technique. Blood samples of both groups were collected on days 0, 7, 14, 21, and 28.
Levels of various oxidative, metabolic and hematological parameters were measured by authenticated
standard methods. We observed that serum levels of MDA and BHBA were higher at day 0 to day 14
(P<0.01), while the level of nonesterified fatty acid (NEFA) was higher at day 0 to day 7 (P<0.01) which
dropped down to normal at day 21 (P>0.05) post-surgery in Group-B than Group-A. Moreover, CAT level
in serum decreased (P<0.01) at day O to day 7, then it gradually increased to normal on day 14 to day 21
(P>0.05) post-surgery in Group B compared to Group A. In addition, levels of hemoglobin, total leucocytes,
neutrophils were higher at day 0 to day 7 (P<0.01), while red blood cells and lymphocytes were lower
at day 0 to day 14 (P<0.01) which became normal at day 28 (P>0.05) in Group-B than Group-A. The
level of platelets was higher at day 0 (P<0.01), then gradually decreased to normal at day 28 in Group-B
than Group-A. In conclusion, left displacement abomasum is associated with metabolic, oxidative and
hematological disturbances which can be rectified through surgical correction. However, it is recommended
to provide antioxidant therapy in adjunct with surgical correction for early recovery.
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INTRODUCTION

bomasal displacement is a stem disorder affecting
0.9-6.3% of dairy cattle which mostly occurs within
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4 weeks during the post-partum period. The anomaly is
characterized by varying degrees of displacement and
distention of the abomasum. The displaced abomasum
harms the production of the animal, decreases fertility, and
badly affects herd health (Qu et al., 2013). Auscultation
and percussion are the conventional diagnostic approaches,
in which a high-pitched ping sound can be heard. Some
intensive techniques such as blowing air into the rumen by
stomach tube, rectal examination, and abdominocentesis
are used to differentiate between rumen tympany, rumen
collapse, peritonitis, and left displacement abomasum
(Mueller, 2011). The animal with displaced abomasum
experiences febrile condition, elevated heart rate, and
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respiration rate (El-Attar et al., 2008).

Periparturient diseases like milk fever, fatty liver,
ketosis, mastitis, retained placenta and metritis prone the
cattle to abomasal displacement (Basiri et al., 2013). The
cardinal signs of the LDA include anorexia, depression,
milk drop, high concentration of ketone bodies, and non-
esterified fatty acids (NEFA) in the blood (Melendez et
al., 2017). During the transition period, liver function is
compromised in dairy cows due to oxidative stress and
inflammation. About 50% of cows have fatty liver after 4
weeks of parturition (Osorio et al., 2012).

For the diagnosis of abdominal disorders in cows, the
use of transabdominal ultrasound has gained importance
during the past 20 years (Toholj et al., 2014). Ultrasound is
a helpful tool for the diagnosis of LDA (Li et al.,2018b). In
some cows, ketone bodies are high in blood but they do not
exhibit clinical signs known as subclinical ketosis. In high-
producing dairy herds, subclinical ketosis is an important
metabolic disorder characterized by decreased milk yield
and reproductive efficiency with a higher culling rate
(Shin et al., 2015). Ketosis can be diagnosed by measuring
the ketone bodies i.e. beta-hydroxybutyric acid (BHBA),
acetoacetate, and acetone levels in the blood, milk, and
urine (Suthar et al., 2013).

A higher level of NEFA harms the inflammatory
function and immune system of the animal due to metabolic
stress and the production of reactive oxygen species
(Corréa et al., 2018). The elevated level of the NEFA
enhances the inflammatory cytokines which negatively
alter the gastrointestinal motility (Contreras and Sordillo
2011; Durgut et al., 2016b).

During negative energy balance, the concentration of
BHBA and NEFA is increased in the blood (Ospina et al.,
2010; Zurr and Leonhard, 2012). Elevated NEFA elevates
the production of reactive oxygen species (Contreras and
Sordillo, 2011; Durgut et al., 2016b) which consequently
increases the acute phase protein and cytokines production
in the body. This inflammatory response can change
gastrointestinal motility with a resultant abomasal hypo-
motility (Ghazy et al., 2016b).

Cells regulate reactive oxygen species (ROS) levels
through antioxidative defense systems, whereas ROS
stimulates antioxidant signaling between cells, leading to
an enhanced antioxidative capacity, a process known as
oxidative stress. Under normal conditions, catalase (CAT)
is of no remarkable significance to most cell types, but in
the existence of oxidative stress, it is the greatest adaptive
antioxidant enzyme and shows a significant role in cell
defense against oxidative damage (Hayat e al., 2020).
Polyunsaturated fatty acids (PUFAs) in cell membranes are
the main targets of ROS consequently; lipid peroxidation
may harm the cell structure as well as function (Hayat

et al., 2020). Furthermore, the decomposition of lipid
hydro-peroxides yields a wide variety of end-products,
like malondialdehyde (MDA), one of the most frequently
used ROS biomarker, showing lipid peroxidation intensity
(Gawal et al., 2004; Palmieri and Sblendorio 2007).
Biochemical and hematological changes related to LDA
may severely effects on the post-operational outcome
(Dezfouli et al., 2013).

To the best of our knowledge, the changes in the levels
of MDA, CAT, BHBA, NEFA, red blood cells (RBCs),
hemoglobin (Hb), platelets (PLT), total leucocytes (TLC),
neutrophils and lymphocyte have not been reported in
LDA dairy cows in Pakistan. Hence, we hypothesized
that LDA is associated with metabolic and oxidative
disturbances which can be remedied through surgical
correction. Therefore, the present study was planned
to evaluate the level of oxidative stress, metabolic and
hematological alterations in dairy cows before and after
surgical correction of LDA.

MATERIALS AND METHODS

Ethical statement

This study was approved by the Ethical Review
Committee at University of Veterinary and Animal
Sciences (UVAS), Lahore, Pakistan (Approval no: DR/01;
Dated: 01/01/2019).

Experimental animals

The study was carried out on Holstein Friesian cows
(n= 26; age= 4-8 years) with left displaced abomasum
(LDA) in different commercial Dairy farms around
Lahore, Pakistan. The cows were divided into two equal
groups viz A (control) and B (Treatment).

History and diagnosis

As per telephonic intimation various commercial
dairy farms were visited and animals having a history
of anorexia, sudden drop in milk yield, refusal of
concentrates, feed intake less than 50%, mild dehydration,
calving period, age of the animal, duration of calving,
mastitis, metritis, retained placenta, ketosis, grain parts in
scanty pasty feces or long time indigestion were selected
for the current study. Clinically, LDA was diagnosed by
auscultation and percussion. LDA was further confirmed
by using a digital veterinary ultrasound scanner machine
(Sonoscape Vet. China), with a linear array transducer
(5-10MHZ). After confirmation, LDA was surgically
corrected by Dirksen technique (Right flank Omentopexy).

Surgical correction
Right flank Omentopexy was performed by adapting
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the Ghazy et al. (2016b) procedure. Briefly, 2% lignocaine
solution was injected as a local anesthetic by practicing
Farquharson technique and inverted L block technique.
A 15 cm vertical laparotomy incision was made 10
cm caudal to the last rib. The displaced abomasum was
confirmed between the rumen and the abdominal wall.
A drip set was used to deflate the inflated abomasum.
As the gas and fluid were removed, its size was reduced
and it moved dorsoventrally. The abomasum was pulled
underneath the rumen from the left side to the right ventral
abdomen. The greater omentum was pulled out and pylorus
was identified. The greater omentum was easily grasped
towards the incision. Two stay sutures were prepared
one from the cranial side and the other caudally to the
incision. The greater omentum was tightly sutured by the
absorbable 2-0 suture material adopting the continuous
pattern. The skin incision was sutured by non-absorbable
suture material No. 2 by ford interlocking suture pattern.

Blood sampling

Blood samples were collected from the coccygeal
vein of each animal in plain vacutainer before surgery
at 0 and 7%, 14% 21%, and 28" day after surgery. Only
blood samples used for CBC were collected in an EDTA
vacutainer. The blood samples were transferred to the
laboratory in the Department of Physiology, Faculty of
bio-sciences, UVAS. The blood samples were centrifuged
(HARRIER 18/80) at 3000 rpm for 15 min at 4°C. The
serum was separated and stored in Eppendorf tubes at
-20°C for further analyses.

Biochemical and oxidative stress analysis

Serum BHBA and NEFA were analyzed through
commercially available kits (Randox; Ran But; Lot No.
487360; UK) and (Randox; NEFA; LOT No. 503 FA; UK)
as per manufacturer’s instructions. Serum catalase was
analysed as described by Hadwan and Abed (2016). Serum
Malondialdehyde was measured by following the protocol
of Feldman (2004).

Hematological analysis

Hematological parameters including hemoglobin Hb
(g/dL), TLCS (10"3/uL), RBCs (10%6/uL), PLTS (10”3
cells/uL), neutrophils (10”3 cell/uL), and lymphocytes
(10”3 cells/uL) were analyzed by CBC Analyzer (Back
Man Colter; China) at University Diagnostic Laboratories,
Lahore, Pakistan.

Statistical analysis

The data were analyzed by using SPSS statistical
software version 20. The data from the LDA cows and
the control group before and after surgery were analyzed

using the two-way repeated-measures ANOVA. All values
were expressed as mean + standard deviation (Mean+ SD).
The levels of significance were (P<0.01) and (P< 0.05).

RESULTS

Sonographic examination

Ultra-sonographic examination exposed the abomasal
wall as a narrow echogenic line following the abdominal
wall and the muscles. On the dorsal side of the abomasal,
there was a gas cap with typical reverberation artifacts.
While on the ventral side of the abomasum ingesta was
appeared as echogenic indicated in Figure 1. These
are the cardinal signs of LDA that can be explored by
Ultrasonography.

Fig. 1. Ultrasonography examination of Left Displaced
Abomasum in a cow imaged from the left dorsal 12th
intercostal space showed (A) abdominal wall, (B)
abomasum wall, (C) Gas cap and Ingesta.

BHBA and NEFA serum concentrations and oxidative
stress markers

Table I shows the effect of pre and post-surgical
correction of left displacement abomasum on BHBA,
NEFA concentration and oxidative stress markers of dairy
cows. Level of BHBA in blood serum highly significantly
(P<0.01) increased at day 0 to day 14, which dropped down
(P>0.05) to normal at day 21 post-surgery in treatment
(Group-B) as compared to the control (Group-A).
Moreover, the level of NEFA highly significantly (P<0.01)
increased at day O to day 7 which declined (P>0.05) to
normal at day 21 post-surgery in group-B than group-A.

Serum level of MDA as extremely significantly
higher (P<0.01) in treatment group-B at day 0 to day 14
which reduced (P>0.05) to normal at day 21 post-surgery
as compared to the control Group-A. CAT level in serum
highly significantly (P<0.01) decreased at day 0 to day 7
in treatment group, then it gradually increased (P>0.05)
to normal on day 14 to day 21 post-surgery in group B
compared to group A.
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Table 1. Effect of pre and post-surgical correction of
left displacement abomasum on (BHBA and NEFA)
and oxidative stress markers in dairy cows.

Parame- Time of sam- Control Treatment P
ters pling (Days) group group value
BHBA 0 0.809+0.11 1.80+0.48**  0.000
(mmol/L) 7 0.8140.08 1.5140.43**  0.000
14 0.83+0.07 1.25+0.39**  0.004
21 0.84+0.07  1.00+0.26 0.219
28 0.87+0.07  0.90+0.20 0.892
NEFA 0 0.61+0.24 1.48+0.44**  0.000
(mmol/L) 7 0.61£0.21  1.15£0.42*%*  0.001
14 0.62+0.20  0.81+0.31 0.146
21 0.59+£0.19  0.69+0.24 0.439
MDA 0 7.13+£0.76  12.89+0.85** 0.000
(umol/L) 5 7.09+0.65  11.55£0.66** 0.000
14 7.17+0.58  8.69+0.58**  0.000
21 7.21£0.51 7.36+0.44 0.648
28 7.44+0.35 7.33+0.44 0.756
Catalase 0 1.39+£0.95 0.39+0.30**  0.000
(Ku) 7 1.4140.92  0.63£0.23**  0.003
14 1.42+0.88  0.91£0.19 0.44
21 1.47+£0.86  1.16+0.17 0.303
28 1.46+0.78  1.49+0.21 0.987

Data are indicated as (M£SD) and ** shows the values are highly
significant (P<0.01).

Hematological parameters

Levels of Hb, TLC, neutrophils were significantly
(P<0.01) higher at day 0 to day 7 in treatment group as
compared to control group which became normal (P>0.05)
at day 28 red blood cells and lymphocytes were extremely
significantly lower (P<0.01) at day 0 to day 14 in LDA
affected animals as compared to control group which
became normal (P>0.05) at day 28 post-surgery. The level
of platelets highly significantly (P<0.01) increased at day
0 which gradually decreased to normal at day 28 in the
treated group compared with the control group (Table II).

DISCUSSION

Left displacement abomasum is an important
metabolic disorder in dairy cattle. The problem mostly
happens after 3-4 weeks of parturition. It is reported
that 44% of cases occurred in the first week while 52%
of cases occurred after 3 to 4 weeks of parturition (Rohn
et al., 2005). LDA is associated with metabolic disorder,
hematological (Ghazy et al., 2016b), and oxidative stress
(El-Deen and Aboulnasr, 2014).

Table II. Effect of pre and post-surgical correction of
left displacement abomasum on hematological analysis
in dairy cows.

Parameters Time of Control Treatment P
sampling group group value
(Days)
Hemoglobin 0 10.58£0.70  13.07+£0.75%*  0.000
(g/dL) 7 10.2240.86  11.98£0.93**  0.000
14 1027+0.86  11.18£1.15  0.051
21 9.98+1.19  10.37¢0.83  0.514
28 9.91£0.95  10.0£0.78 0.956
Total 0 6.46£0.88  8.69+0.73**  0.000
leucocytes 7 6.68£1.01  8.08£0.57%*  0.000
Ef(l)l?g/uL) 14 691098  7.65:0.64*  0.04
21 7.06£0.85  7.21+0.51 0.816
28 7.04£0.606  6.94+0.45 0.872
Red blood 0 6.54£024  5.55:025%%  0.000
cells (10%6/ 7 6554036  5.67+020%*  0.000
kL) 14 6545023  5.96£0.23**  0.000
21 6554032 6314038 0.152
28 6544034  6.48£0.27 0.855
PLT 0 353.84446.78 388.61+12.54%* 0.001
(10%3cells/ 354.30+47.56 381.23+6.67  0.068
mL) 14 353.46£46.69 378.8446.51  0.080
21 353.23+46.74 375.0548.10  0.152
28 353.53+446.85 3743049.46  0.184
Neutrophils 0 2.76+0.42 3.77+0.27 0.000
(1073 cel/ 5 2914041 355030 0.000
kL) 14 2914040  3.14+0.14 0.127
21 2914039  2.87+0.19 0.956
28 2904038  2.82+0.17 0.759
Lymphocyte 0 4.65+0.21 2.64+0.38** 0.000
(1073 cells/ 5 4.64£020  3.01£0.36%*  0.000
hL) 14 4712013 3.39£0.33%%  0.000
21 4.66£0.09  3.924025%*  0.000
28 4.60£0.10  4.55£0.20 0.637

Data are indicated as (M+SD) and ** shows the values are highly
significant (P<0.01), while * shows values are significant (P<0.05).

In the current study, the rumen was displaced dorsally
by the abomasum and the abomasum was observed
between the rumen and the abdominal wall (El-Attar
et al., 2008). In all left displacement abomasum cow’s
heterogeneous appearance was imaged dorsally at 10"-
12" intercostals spaces. This finding was similar to (Ok
et al., 2002). Reverberations were produced due to gas
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cap accumulation; it was observed dorsally. Ventrally
hypo-echogenic ingesta were also visualized (El-Deen
and Aboulnasr, 2014). At the left dorsal region gas cap
with the reverberation, artifact appeared. It might be due
to the reflection of ultrasound waves by abomasal gas
and reverberation between the abomasal surface and the
transducer. These reverberations appeared as running
parallel lines to the abomasum surface. Its strength became
weaker as the distance increased from the transducer (El-
Deen and Aboulnasr, 2014; Ok et al., 2002).

The results of the current study revealed that serum
BHBA level was significantly increased in LDA group
at day 0 as compared to the control group. After surgical
correction, serum BHBA level decreased and until day 21%,
it returned to normal. Our findings are in accordance with
previous findings (Cardoso ef al., 2008; Antanaitis et al.,
2014). Higher values of BHBA might be due to increased
fat oxidation as a result of higher supply of NEFA to the
liver with consequent production of ketone bodies for
energy production. Ismael ez al. (2018) reported a dramatic
increase in serum BHBA in animal suffering from energy
imbalance, hepatic lipidosis, and endotoxemia.

In the current stud the NEFA level was significantly
increased in the LDA group on day 0 as compared to
the control. It was decreased after corrective surgery
and attained a normal level on day 14™ post-operatively.
Our findings are compatible with the previous literature
indicating higher values of NEFA in LDA animals (Cardoso
et al., 2008; Khalaphallah ef al., 2016a; Van-winden and
Kuiper, 2003). The most possible reason for higher values
of NEFA might be the deposition of fatty acids in liver
due to negative energy balance in the animals affected with
LDA (Khalaphallah et al., 2016a).

Our findings in terms of expression of stress markers
revealed that MDA level was increased in the LDA group
which dropped to normal on day 21% post-surgery. These
results are in agreement with the previously published
data indicating higher MDA levels in LDA affected
Animals (Maden et al., 2012; Hasanpour et al., 2011a;
Mamak et al., 2013b). The possible reason for increased
serum MDA level might be due to increase in stress in
LDA affected cows. Furthermore, stress increased lipid
peroxidation resulting in release of MDA as a major
metabolite (El-Deen and Aboulnasr, 2014; Ismael ef al.,
2018). Additionally, cytokines, an acute-phase protein,
and oxidative stress took part in inflammatory reactions
and developed metabolic disorders (Devrim et al., 2012).

In the present study, serum CAT level was significantly
decreased in the LDA group. Similarly, increase hydrogen
peroxide and MDA is reported with decreased serum
CAT level in LDA affected cows (Fiore et al., 2019). The
possible reason for decreased CAT level might be due to

insufficient antioxidant level and higher oxidation rate due
to LDA (Durgut et al., 2016b; Sattler and Furll, 2001; Van-
winden, 2002).

Various hematological parameters such as Hb,
TLC, PLTS, and neutrophils were elevated in the LDA
group which dropped down to normal post-surgery for
LDA. Previous studies reported that increased Hb level
might be, due to dehydration, lack of fluid intake, and
absorption from the abomasum (Dezfouli et al., 2013; Al-
Rawashdeh et al., 2017a; Ismael et al., 2018). The data
regarding elevated TLC and PLTS levels in current study
is in accordance with the previous studies (Dezfouli et al.,
2013; El-Deen and Aboulnasr, 2014; Al-Rawashdeh ez al.,
2017a).

The elevated TLC and PLTS levels might be caused by
immune response to mastitis, peritonitis and endotoxemia
in respect to LDA (Ismael ef al., 2018).

CONCLUSION

The present study concluded that ultrasonography
is a valuable diagnostic tool for the diagnosis of
LDA. Moreover, LDA is associated with metabolic,
hematological and oxidative disturbances which can
be rectified through surgical correction. However, it is
recommended to provide antioxidant therapy in adjunct
with surgical correction for early recovery. The 14 days
post-surgery follow up period is sufficient to monitor the
pattern of changes in metabolites of LDA affected cows

ACKNOWLEDGMENT

We acknowledge Dr. Hamid Akbar and Dr. Anjum
Masood for their guidance.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Al-Rawashdeh, O., Bani, Ismail, Z. and Talafha, A.,
2017a. Changes of hematological and biochemical
parameters and levels of pepsinogen, histamine
and prostaglandins in dairy cows affected with left
displacement of the abomasum. Pol. J. Vet. Sci., 20:
13-18. https://doi.org/10.1515/pjvs-2017-0002

Antanaitis, R., StoSkus, R. and Televi¢ius, M., 2014.
Change of biochemical parameters in cows
with abomasal displacement after omentopexy.
Zemés. Ukio. Mokslai., 219: 237-241. https://doi.
org/10.6001/zemesukiomokslai.v21i4.3026

Basiri, N., Safi, S. and Norouzian, 1., 2013. Evaluation


https://doi.org/10.1515/pjvs-2017-0002
https://doi.org/10.6001/zemesukiomokslai.v21i4.3026
https://doi.org/10.6001/zemesukiomokslai.v21i4.3026

1760 M. Rizwan et al.

of biochemical parameters for the prediction of
left displaced abomasum in dairy cows using the
logistic regression model. Comp. clin. Path., 22:
431-439. https://doi.org/10.1007/s00580-012-
1429-2

Cardoso, F.C.D., Esteves, V.S. and Oliveira, S.T.D.,
2008. Hematological, biochemical and ruminant
parameters for diagnosis of left displacement of
the abomasum in dairy cows from Southern Brazil.
Pesqui. Agropecu. Bras., 43: 141-147. https://doi.
org/10.1590/S0100-204X2008000100018

Contreras, G.A. and Sordillo, L.M., 2011. Lipid
mobilization and inflammatory responses during
the transition period of dairy cows. Comp. Immunol.
Microbiol. Infect. Dis., 34: 281-289. https://doi.
org/10.1016/j.cimid.2011.01.004

Corréa, R.R., Silva, L.C. and Spagnolo, J.D., 2018.
Evaluation of ventral laparoscopic abomasopexy
using surgical staples associated with suture
material in dairy cattle. Acta Sci. Vet., 46: 1545.
https://doi.org/10.22456/1679-9216.81834

Devrim, A.K., S6zmen, M. and Yigitarslan, K., 2012.
Assessment of TNF-a and leptin gene expression
by RT-PCR in blood of cows with left abomasal
displacement. Rev. Med. Vet., 163: 368-372.

Dezfouli, M.M., Eftekhari, Z., and Sadeghian, S., 2013.
Evaluation of hematological and biochemical
profiles in dairy cows with left displacement of the
abomasum. Comp. clin. Path.,22: 175-179. https://
doi.org/10.1007/s00580-011-1382-5

Durgut, R., Oztiirk, A.S. and Ozturk, O.H., 2016b.
Evaluation of oxidative stress, antioxidant status
and lipid profile in cattle with displacement of the
abomasum. Ankara Univ. Vet. Fak. Derg., 63: 137-
141. https://doi.org/10.1501/Vetfak 0000002721

El-Attar, H., El-Raof, A. and Yassein, M., 2008.
Alterations in the clinical, hematological and
biochemical pictures in abomasal displacement
in cows in Egypt. J. Vet. med. Res., 18: 102-109.
https://doi.org/10.21608/jvmr.2008.77855

El-Deen, A. and Abouelnasr, S., 2014a. Clinicopatho-
logical and ultrasonographic studies on abomasum
displacement in cows. Glob. Vet., 13: 1075-1080.

Feldman, E.J.A.P., 2004. Thiobarbituric acid reactive
substances (TBARS) assay. AMDDC. Protocols.,
1: 1-3.

Fiore, F., Spissu, N. and Sechi, S., 2019. Evaluation of
oxidative stress in dairy cows with left displacement
of abomasum. Animals, 9: 1-9. https:/doi.
org/10.3390/ani9110966

Gawel, S., Wardas, M. and Niedworok. E., 2004. MDA
as a lipid peroxidation marker. Wiad Lek., 57: 453-

455.

Ghazy, A.E., Gomaa, N.A. and Nasr, V.S., 2016b.
Hematological and biochemical evaluation in
holstein-friesian cows before and after surgical
correction of left abomasal displacement on-filed
condition. Afr. J. Vet. Sci., 49: 138-146. https://doi.
org/10.5455/ajvs.224881

Hadwan, M.H., and Hnjdib, A., 2016. Data supporting
the spectrophotometric method for the estimation
of catalase activity. Sci. Direct, 6: 194-199. https://
doi.org/10.1016/j.dib.2015.12.012

Hasanpour, A., Saranjam, N., and Amuoghli, T.B.,
2011a. Antioxidant concentration status in the
serum of cows with left displacement abomasom.
Glob. Vet., 7: 478-481.

Hayat, M.A., Ding, J. and Li, Y.U., 2020. Determination
of the activity of selected antioxidant enzymes
during bovine laminitis, induced by oligofructose
overload. Med. Weter., 76: 289-295. https://doi.
org/10.21521/mw.6398

Ismael, M.M., Elshahawy, LI. and Abdullaziz, .A.,
2018. New Insights on left displaced abomasum in
dairy cows. Am. J. Vet. Sci., 56: 127-136. https:/
doi.org/10.5455/ajvs.285282

Khalphallah, A., Aamer, A.A. and Oikawa, S., 2016a.
Diagnostic and prognostic significance of lipid
profiles in holstein dairy cattle with displaced
abomasum before and after surgical operation. J.
Adv. vet. Res., 6: 7-17. https://doi.org/10.1186/
s12917-018-1358-7

Li, X.W., Xu, Q.S., Zhang, R.H., Yang, W., Li, Y.,
Zhang, Y.M., Tian, Y., Zhang, M., Wang, Z., Liu,
G.W., 2018b. Ultrasonographic findings in cows
with left displacement of abomasum, before and
after reposition surgery. Vet. Res., 14: 1-7.

Maden, M., Ozturk, A. and Bulbul, A., 2012. Acute-
phase proteins, oxidative stress and enzyme
activities of blood serum and peritoneal fluid in
cattle with abomasal displacement. J. Vet. Int. Med.,
26: 1470-1475. https://doi.org/10.1111/5.1939-
1676.2012.01018.x

Mamak, N., Devrim, A K. and Aksit, H., 2013b. Levels
of antioxidant substances, acute phase response and
lipid peroxidation in the left and right abomasum
displacement in cows. Pol. J. Vet. Sci., 16: 731-733.
https://doi.org/10.2478/pjvs-2013-0103

Melendez, P., Romero, C., Pithua, P.,2017. Retrospective
evaluation of milk production and culling risk
following either surgical, toggle-pin suture or
conservative treatment of left displaced abomasum
in Chilean dairy cows. N. Z. Vet. J., 65: 292-296.
https://doi.org/10.1080/00480169.2017.1360162


https://doi.org/10.1007/s00580-012-1429-2
https://doi.org/10.1007/s00580-012-1429-2
https://doi.org/10.1590/S0100-204X2008000100018
https://doi.org/10.1590/S0100-204X2008000100018
https://doi.org/10.1016/j.cimid.2011.01.004
https://doi.org/10.1016/j.cimid.2011.01.004
https://doi.org/10.22456/1679-9216.81834
https://doi.org/10.1007/s00580-011-1382-5
https://doi.org/10.1007/s00580-011-1382-5
https://doi.org/10.1501/Vetfak_0000002721
https://doi.org/10.21608/jvmr.2008.77855
https://doi.org/10.3390/ani9110966
https://doi.org/10.3390/ani9110966
https://doi.org/10.5455/ajvs.224881
https://doi.org/10.5455/ajvs.224881
https://doi.org/10.1016/j.dib.2015.12.012
https://doi.org/10.1016/j.dib.2015.12.012
https://doi.org/10.21521/mw.6398
https://doi.org/10.21521/mw.6398
https://doi.org/10.5455/ajvs.285282
https://doi.org/10.5455/ajvs.285282
https://doi.org/10.1186/s12917-018-1358-7
https://doi.org/10.1186/s12917-018-1358-7
https://doi.org/10.1111/j.1939-1676.2012.01018.x
https://doi.org/10.1111/j.1939-1676.2012.01018.x
https://doi.org/10.2478/pjvs-2013-0103
https://doi.org/10.1080/00480169.2017.1360162

Effect of Pre and Post-Surgical Correction of Left Displacement Abomasum 1761

Mueller, K., 2011. Diagnosis, treatment and control of
left displaced abomasum in cattle. /n Pract., 33:
470-481. https://doi.org/10.1136/inp.d6079

Ok, M., Arican, M. and Turgut, K., 2002.
Ultrasonographic findings in cows with left and
right displacement of abomasum. Rev. Med. Vet.,
(Toulouse), 153: 15-18.

Osorio, J., Trevisi, E. and Drackley, J., 2012.
Biomarkers of inflammation, metabolism, and
oxidative stress in blood, liver, and milk reveal a
better immunometabolic status in peripartal cows
supplemented with Smartamine M or MetaSmart. J.
Duairy Sci., 97: 7437-7450. https://doi.org/10.3168/
jds.2013-7679

Ospina, P., Nydam, D. and Stokol, T., 2010. Association
between the proportion of sampled transition
cows with increased nonesterified fatty acids
and B-hydroxybutyrate and disease incidence,
pregnancy rate, and milk production at the herd
level. J. Dairy Sci., 93: 3595-3601. https://doi.
org/10.3168/jds.2010-3074

Palmieri, B. and Sblendorio, V., 2007. Oxidative stress
tests: overview on reability and use part I. Eur: Rev.
Med. Pharmacol. Sci., 11: 309-342.

Qu, Y, Lytle, K. and Traber. M., 2013. Depleted serum
vitamin E concentrations precede left displaced
abomasum in early-lactation dairy cows. J. Dairy
Sci.,, 96: 3012-3022. https://doi.org/10.3168/
jds.2012-6357

Rohn, M., Tenhagen, B.A., and Hofmann, W., 2005a.
Survival of dairy cows after surgery to correct
abomasal displacement: 1. Clinical and laboratory
parameters and overall survival. J. Vet Med.,
51:  294-299.  https://doi.org/10.1111/j.1439-
0442.2004.00649.x

Sattler, T. and Firll, M. 2001. Vitamine und
Zusatzstoffe in der Erndhrung von Mensch und
Tier, 8. Symposium, 26. and 27. September, Jena/
Thiiringen, Germany.

Shin, E.K., Jeong, J.K. and Choi, LS., 2015.
Relationships among ketosis, serum metabolites,
body condition, and reproductive outcomes in dairy
cows. Theriogenology, 84: 252-260. https://doi.
org/10.1016/j.theriogenology.2015.03.014

Suthar, V., Canelas-Raposo, J. and Deniz, A., 2013.
Prevalence of subclinical ketosis and relationships
with postpartum diseases in European dairy cows. J.
Dairy Sci., 96: 2925-2938. https://doi.org/10.3168/
jds.2012-6035

Toholj, B., Cincovi¢, M., Stevancevi¢, M., Spasojevic,
J., Iveti¢, V. and Potkonjak, A., 2014. Evaluation
of ultrasonography for measuring solar soft tissue
thickness as a predictor of sole ulcer formation in
Holstein—Friesian dairy cows. Vet. J., 199: 290-
294. https://doi.org/10.1016/1.tvj1.2013.11.005

Van Winden, S.C.L., 2002. Displacement of the
abomasum in dairy cows: Risk factors and pre-
clinical alterations. University Utrecht.

Van-Winden, S.C. and Kuiper, R., 2003. Left
displacement of the abomasum in dairy cattle:
recent developments in epidemiological and
etiological aspects. Vet. Res., 34: 47-56. https://doi.
org/10.1051/vetres:2002060

Zurr, L. and Leonhard, M.S., 2012. Effects of
B-hydroxybutyrate and different calcium and
potassium concentrations on the membrane
potential and motility of abomasal smooth muscle
cells in cattle. J. Dairy Sci., 95: 5750-5759. https://
doi.org/10.3168/jds.2012-5479


https://doi.org/10.1136/inp.d6079
https://doi.org/10.3168/jds.2013-7679
https://doi.org/10.3168/jds.2013-7679
https://doi.org/10.3168/jds.2010-3074
https://doi.org/10.3168/jds.2010-3074
https://doi.org/10.3168/jds.2012-6357
https://doi.org/10.3168/jds.2012-6357
https://doi.org/10.1111/j.1439-0442.2004.00649.x
https://doi.org/10.1111/j.1439-0442.2004.00649.x
https://doi.org/10.1016/j.theriogenology.2015.03.014
https://doi.org/10.1016/j.theriogenology.2015.03.014
https://doi.org/10.3168/jds.2012-6035
https://doi.org/10.3168/jds.2012-6035
https://doi.org/10.1016/j.tvjl.2013.11.005
https://doi.org/10.1051/vetres:2002060
https://doi.org/10.1051/vetres:2002060
https://doi.org/10.3168/jds.2012-5479
https://doi.org/10.3168/jds.2012-5479

