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Abstract

Enzyme adenosine deaminase (ADA) is a marker of inflammation in domestic animals, but it is unclear whether it is a
reliable marker of oxidative stress, especially in the transition period in dairy cows. This study aims to assess if ADA and
redox status measurements in saliva provide the same utility to detect disease condition as that obtained from serum. Sixty-
eight multiparous Holstein cows, between 2 and 3 weeks postpartum were selected. Five study groups were established:
control (healthy), and cows with ketosis, mastitis, laminitis, and metritis. The parameters measured were ADA activity,
total oxidants (TOS), antioxidants (TAC), and OSi ratio.

Regarding redox status, no significant differences arise in both saliva and serum being the correlations negative and
not significant. In saliva, ADA activity in healthy cows differs from those with pathological processes, having the lowest
activities. In serum, ADA activity is similar in the healthy and ketosis cows, showing the lowest activities meanwhile
animals with mastitis, laminitis, or metritis have significantly higher activities. In conclusion, the measurement of ADA
activities and redox status in saliva does not give consistent results, being preferable to measure them in serum during
the transition period.
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Introduction

High-producing dairy cows are predisposed to sickness at
any time, especially after calving and during early lactation.
These pathological processes are attributable to numerous
causes: metabolic imbalances, impaired immune response,
or even metabolic stress (Abuelo et al. 2019). Metritis
(Rizzo et al. 2012), infertility (Shi et al. 2014), mastitis
(Laliotis et al. 2020), and laminitis (Zhao et al. 2014) and
could be connected, as a risk factor, with an imbalance in
the oxidant/antioxidant ratio in early lactation, being these
diseases, the most common cause of the economic losses
suffered by dairy farms. Treatments for these diseases are
often expensive, ineffective, or unprofitable. Therefore, an
early diagnosis can help to reduce the incidence of these
diseases (Hailemarian et al. 2014, Hernandez et al. 2020).

Metabolic stress in transition cows increases inflamma-
tion by constantly activating redox-sensitive transcription
factors such as NFkB (Nuclear factor kappa-light-chain-
enhancer of activated B cells) which leads to an increased
expression of pro-inflammatory mediators that can cause
damage to host tissues (Sordillo and Raphael 2013).

From a biological dimension, inflammation, which
involves the release of chemokines and cytokines; dila-
tion of blood vessels; and infiltration of immune cells, is
the first-line immune response of an organism confronted
with microbial infection or tissue injury (Hernandez et al.
2022). Metabolic stress can disrupt appropriate inflamma-
tory responses, but there is sufficient evidence to suggest
that inflammation can contribute to metabolic disorders as
well (Cao et al., 2000).

Metabolically stressed cows are also known to produce
excessive amounts of reactive oxygen species (ROS), which
can damage the cells involved in the inflammatory response
(Sordillo and Maravinga 2014, Abuelo et al. 2013).

So far, recognizing whether a dairy cow is under a meta-
bolic stress state with a marked imbalance between oxidant
and antioxidant substances has involved the measurement
of blood specific parameters, such as total oxidant (Abuelo
et al. 2019) and total antioxidant (Hernandez et al. 2022;
Sanchez et al. 2019), and the ratio between both param-
eters, also called redox status, obtained through the OSi
ratio (TOS/TAC) (Abuelo et al. 2013). Thus, an increase in
this ratio indicates a risk of oxidative stress (OS) due to the
increase in oxidant production and/or defensive antioxidant
consumption (Sordillo and Maravinga 2014).

In this scenario and bearing in mind the relevance of the
adenosine deaminase (ADA, EC 3.5.4.4) as a biomarker
of immune and redox status in monogastrics (Mills et al.
2012; Sanchez et al. 2019), we consider that it is interest-
ing to assess its usefulness in cattle. ADA is a ubiquitously
expressed enzyme that can be found in several tissues and
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fluids and mediates the conversion of adenosine into inosine
and of deoxyadenosine into deoxyinosine, playing a role
in purine and pyrimidine metabolism (Sogiit et al. 2002),
and participating an important role in the differentiation of
B and T lymphocytes, as well as in maturation from mono-
cyte to macrophage (Contreras- Aguilar et al. 2019), con-
nected with immune function. Interestingly, this species
only has the ADA-1 isoenzyme (Contreras- Aguilar et al.
2020), whereas in most species two isoenzymes have been
detected: ADA-1 and ADA-2 (Sanchez et al. 2019). To the
authors’ knowledge, few studies have addressed the useful-
ness of this salivary biomarker in dairy cows in comparison
with those used to define oxidative stress (TOS and TAC)
during early lactation. Many of them are related to the stim-
ulation of the immune system (Sordillo and Aitken 2009)
through the activation of inflammasomes which trigger a
hyperinflammatory condition (Castillo et al. 2019) that can
be reflected in changes in the ADA activities.

Recent studies have proposed using saliva instead of
blood to test redox balance as it is a non-invasive method
and because of its proved clinical usefulness as a biomarker
of immune and redox status in monogastric. It is worth not-
ing that in the case of ruminants the data available is lim-
ited. This may be because saliva production in these species
is continuous throughout the day, due to their physiology,
with a marked balance between chewing and resting times
(Beauchemin et al. 2018).

Therefore, this study aims to find out whether measure-
ments of ADA and redox status in saliva are useful in pro-
viding the same accurate information as that obtained from
serum measurements of both parameters during the transi-
tion period of lactating cows.

Materials and methods
Animals and experimental procedure

Sixty-eight multiparous Holstein cows were used in this
study. The cows were kept in three different barns located in
Meira (Galicia, north-western Spain).

All the animals were kept under the same nutritional and
management conditions throughout the study. They were
kept using free-stall barns with concrete stalls and were
fed a total mixed ration (TMR) formulated according to the
National Research Council (2001) to meet their lactation.
The diet before parturition comprised 13 kg of grass silage,
10 kg of maize silage, 3 kg of dehydrated alfalfa and 3 kg of
a commercial concentrate composed of cereal grains (maize,
wheat and barley) and oilseeds (soybean and cotton). Wheat
straw (1-1.5 kg) was offered ad libitum. Chemical analyses
of the TMR showed that the dry matter (DM as fed) content
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was 14.3 kg, containing 141 g of crude protein (CP)/kg of
DM, and 1,5 Mcal/kg of net energy for lactation (NEL).
The total mineral and vitamin composition of the diet was
12 mg/kg of Cu;18 mg/kg of Fe; 0.9 mg/kg of I; 54 mg/kg of
Zn; 36 mg/kg of Mn; 0.180 mg/kg of Co; 0.27 mg/kg of Se;
7.200 IU vitamin A/kg, 2250 IU vitamin D3/kg, and 30 IU
vitamin E/kg. The commercial concentrate had 18.8% CP
content and 1.66 net energy lactation (NEL Mcal/kg). After
calving, the diet was adjusted to maintain the requirements
for milk output by increasing the amount of concentrate
(2 kg more for a mean milk yield of 20 kg/d; 4 kg more for
25 kg/d; 6 kg for 30 kg/d and 7 kg for 35 kg/d). The cows
were allowed to eat twice a day, in the morning from 08:00
to 11:00 and in the afternoon from 18:00 to 21:00. Cows
were milked twice daily at 09:00 a.m. and 07:00 p.m.

The main selection criterion was that the cows were
between 2 and 3 weeks postpartum, with no obstetric prob-
lems at calving. Other criteria were parity (entering their
2nd lactation or higher), milk production in the previous
lactation (from 9.000 to 9.500 kg), and body condition score
(from 3 to 3.5, on a scale from 1 [lean] to 5 [obese] accord-
ing to the criteria established by Edmonson et al. (1989)

Once selected, the health status of the animals, as well as
the diagnosis of the pathological processes (ketosis, lami-
nitis, metritis, and mastitis), were determined by the same
experienced veterinarian practitioner and according to the
exploratory and diagnostic procedures outlined (Smith et al.
2020), albeit its results are not the objective of this study.
After that, the cows were classified into different groups
depending on whether they developed a postpartum and
early lactation within the clinical parameters that they can
be considered normal (or healthy) or if they had pathologies
associated with redox imbalances (Abuelo et al. 2019) such
as the existence of ketosis due to negative energy balance
(NEB) (presence of ketonuria), laminitis (presence of lame-
ness and digital dermatitis), mastitis (positive California
Mastitis Test), and metritis (presence of purulent or muco-
purulent uterine discharge with fever). Consequently, based
on the clinical findings on the three barns, we established
5 study groups: healthy animals (CTRL Controls, n=10);
animals with ketosis (NEB, n=17); animals with laminitis
(LAM, n=15); animals with mastitis (MAS, n=13) and
finally animals with metritis (MET, n=13).

Sample collection

Saliva samples were collected by allowing the cows to chew
apiece of sponge approximately 1 cm x 1 cm in size, clipped
to a thin metal rod, until completely moistened measuring
for 1-2 min as previously reported (Contreras-Aguilar et
al. 2020). Afterwards, the sponges were placed into specific

tubes (Salivette tubes, SARSTEDT AG & Co. Germany) for
centrifugation at 3000 g during 10 min.

All blood samples were taken at the same time, after the
first meal, between 15:00 and 16:00, by jugular venipunc-
ture. All tubes of blood were immediately placed on ice and
centrifuged at 2500 g for 10 min at 4 °C within 2 h after
collection. Saliva and serum samples were collected from
February to April and were stored at —80 °C until analysis.

Permission for the procedures of the experiment was
granted by the Bioethical Committee of the University
of Murcia (UMU) according to the Spanish Regulations
(RD 53/2013, legal provision no. 1337), and the European
Regulation of Animals for Scientific Purposes (Council of
Europe, ETS no.123) (2010).

Analytical procedures
Adenosine deaminase activity measurement

The ADA activity (ADAT) in the saliva and serum samples
of cows was quantified, in duplicate, using a microplate
adaptation of a commercial automatized human assay (ADA
Biosystems S.A., Spain). The assay was optimised for both
body fluids (see supplementary material). In the case of the
saliva, it was necessary to use dilutions of 1:18 for the sam-
ples. However, in the case of the serum, no dilutions were
necessary. The absorbance of a mixture consisting of 50 uL
of the sample and 200 pL of ADA reagent was monitored
for 3 min at 340 nm, and the ADA activity was obtained by
calculating the maximal increase in absorbance per minute
(U/L in the applied sample=Aabs/min * 3333). The intra-
assay coefficient of variation of the assay was lower than
11%, and the limit of detection was 9.3 U/L.

Total antioxidant and oxidant capacity levels quantification

The quantification of the antioxidant status in saliva and
serum samples of the cows, in duplicate, was performed
using the ferric reducing antioxidant power (FRAP) assay.
The coefficients of variation were below 9% for both intra
and inter-assay precision and the limit of detection was 0.80
UM Trolox equivalents/L. In this case, no previous dilution
of the samples was performed for any of the body fluids.
For the measurement of the oxidant status, in duplicate, a
commercially available assay was optimised and validated
(PierceTM Quantitative Peroxide assay, Thermo Scientific,
United States). The calibration curve was constructed with
peroxide in a range of 62.5 to 0.97 uM. The optimised assay
for saliva samples consisted in the reaction of 120 pL of
the sample with 100 pL of a working buffer, while the opti-
mised assay for serum consisted in a reaction of 60 pL of the
sample with 160 pL of a working buffer. The coefficients of
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Table 1 shows the mean values, together with the standard error of the mean (SEM) of salivary and serum TOS, TAC values OSi ratio and ADA

activities

Sample type
*Parameters Group (N) Saliva Serum Correlation coefficient (SL)
TOS values CTRL (10) 12.2+1.22 11.1+0.9%
(uM/L peroxidase equivalent) NEB (17) 112+2.4% 83+12°
LAM (15) 10.5+0.9° 15.3+4.8° -0.022 (0.431)
MAS (13) 12.342.3 6.9+0.5°
MET (13) 10.8+1.2° 6.0+0.3°
P-value 0.991 0.029
TAC values CTRL (10) 26.8+6.4° 154414
(uM Trolox equivalent) NEB (17) 24.8+4.0° 16.0+0.9°
LAM (15) 38.7+7.6° 14.0+1.2% -0.077 (0.275)
MAS (13) 27.9+6.9° 11.6+0.9°
MET (13) 30.7+6.4% 12.4+0.9°
P-value 0.595 0.025
OSi ratio CTRL (10) 0.74+0.18 0.75+0.06%
(TOS/TAC) NEB (17) 0.65+0.16% 0.52+0.06°
LAM (15) 0.7+0.23° 1.21+0.5° -0.105 (0.206)
MAS (13) 0.85+0.2° 0.64+0.07°
MET (13) 0.58+0.21° 0.53+0.07
P-value 0.993 0.121
ADA Activities CTRL (10) 386.4+56.0° 2352+13.3°
(IU/L) NEB (17) 685.3+93.8° 240.6+12.6°
LAM (15) 642.2+83.3¢ 292.5+16.0° 0.335 (0.004)
MAS (13) 1087.8+96.7% 335.6+20.8°
MET (13) 620.5+78.9 331.5+31.7°
P-value 0.001 0.001

variation were below 7% for the intra-assay precision and
10% for the inter-assay precision in both body fluids. The
detection limit was 0.5 uM peroxidase equivalents/L.

The oxidative stress index (OSi) was calculated as total
oxidant/ total antioxidant quotient (TOS/TAC) according
to the studies conducted by Abuelo et al. (2013), which
provide a global and objective assessment of the animal’s
redox status. Although it is noteworthy to point out that it
is not a matter to compare our numerical values with those
described by Abuelo et al. (2013) because the parameters
used to calculate the quotient are different from our study.
Following such studies, an elevated OSi ratio compared to
the healthy group indicates a risk of oxidative stress (OS)
due to the increase in oxidant production and/or defensive
antioxidant consumption.

Statistical analysis

All statistical procedures were performed with IBM
SPSS 25.0 for Windows. (IBM Co., Chicago, IL, USA).
The data were checked for a normal distribution with the
Kolmogorov-Smirnov test. When a parameter was non-
normally distributed (all but TAC), a logarithmical transfor-
mation with subsequent verification was carried out using
the abovementioned program. Once transformed to normal

@ Springer

distribution all the non-normally distributed parameters,
the data were analysed using a one-way analysis of vari-
ance (ANOVA test), including group as a fixed factor, and
animal as a random factor. The means were compared using
a Bonferroni test for post hoc analysis. Spearman correla-
tion analysis was used to identify significant correlations
between the oxidative status marker and ADA activities in
both saliva and serum. The criterion for statistical signifi-
cance was declared at P<0.05.

Results

Table 1. Mean values (+standard error of the mean,
SEM) of salivary and serum TOS, TAC, OSI ratio values
and ADA activities and *TOS: Total oxidant status; TAC:
Total antioxidant capacity; OSi: Oxidative stress index;
ADA: Enzyme adenosine deaminase type 1} °CTRL: Con-
trol group (healthy cows); NEB: Ketosis; LAM: Lamini-
tis; MAS: Mastitis; MET: Metritis; °SL: Significant level
for correlation between parameters. N: number of samples
measured.

The superscript letters (a, b, c...) within each column
represent significantly different groups (P <0.05). Different
letters mean significant difference.
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Fig. 1 Mean and SEM values of ADA activity levels
in saliva (a) and serum (b) samples of control cows 1500
(CRTL) and in cows with Ketosis (NEB), Lameness
(LAM), Mastitis (MAS) and metritis (MET).
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Salivary ADA activity (U/L)

Note that the values of oxidants in saliva are statistically
similar in CTRL and sick groups. However, the values of
this parameter in serum show significant differences: TOS
levels are higher in the LAM group, with slight statistical
differences with respect to the CTRL cows. The lowest con-
centrations are recorded in the MAS and MET groups. The
mean values in the NEB group appear as a group statisti-
cally different from the others. When establishing the level
of correlation between the results depending on the different
conditions and on the type of sample, it is found that this
correlation is not significant.

When assessing the results obtained for antioxidant
defence (TAC), we find the same trend. Salivary samples
appear as a statistical group. When analyzing the serum
data, the antioxidant defence is higher in the CTRL, NEB,
and LAM groups, the three being statistically similar. The
lowest levels appear in cows with mastitis (MAS) and
metritis (MET) in a statistically different group. The cor-
relation between the clinical condition and sample type is
not significant.

Regarding the oxidant/antioxidant balance (OSi ratio),
no significant differences arise in both types of specimens,
with all situations acting as a single statistical group. Con-
sequently, the correlations established are negative and no
significant.

However, ADA enzyme activity shows significant differ-
ences for both types of samples. In saliva, ADA activity in
the CTRL group differs statistically from the pathological
diseases indicated, presenting the lowest values. In serum,
ADA activity is statistically similar in the CTRL and NEB
groups, with the lowest activities. Moreover, cows suffering
from mastitis, laminitis, or metritis have significantly higher
activities. The correlation between sample and clinical con-
dition is also significant for this parameter.

Discussion

There are numerous studies in the literature discussing the
role of ADA enzyme as a preventive biomarker of inflamma-
tory disease in different species pointing out the differences
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between healthy and diseased animals. However, we must
consider the fact that such many studies are due to several
facts: the variety of techniques currently available to deter-
mine adenosine deaminase (ADA) enzyme activities and
the diversity in the units of measurement given attributable
to both the methodological diversity and the absence of a
standard procedure (Contreras-Aguilar et al. 2019).

In general, our results agree with those described in
numerous studies in which saliva (Contreras-Aguilar et al.
2019) and serum (Daliwal et al. 2020) ADA activities are
higher in animals affected by infectious processes.

We can highlight previous studies (Fritzen et al. 2016;
Févero et al. 2018) that evaluate the changes manifested by this
parameter in serum, throughout bovine pregnancy and in com-
bination with those changes that occur in redox balance. These
studies show that ADA values increase after parturition and
that they are the consequence of the metabolic stress widely
described (Abuelo et al. 2019; Contreras-Aguilar et al. 2020).
In our study, serum ADA activities (see Fig. 1) increase in situ-
ations of laminitis, mastitis, or metritis, in line with the afore-
mentioned studies (Abuelo et al. 2019, Lalilotis et al. 2020,
Rizzo et al. 2012, Shi et al. 2014,).

The principle of the ADA assay is based on the detec-
tion of hydrogen peroxide or ammonia following the enzy-
matic deamination of adenosine to inosine by this enzyme.
Dhaliwal et al. (2020) conclude that the ADA activity exerts
a proinflammatory effect in the post-partum, contributing
to the increase and decrease of pro and anti-inflammatory
mediators respectively. Therefore, serum ADA acts in the
immunomodulatory mechanism with protective effects dur-
ing physiological conditions of compromised immunity
such as calving. However, this principle does not apply to
our case, as serum ADA activity is statistically the same for
CTRL cows as for those with ketosis, it is similar for those
with mastitis (MAS group) or metritis (MET group), but
different for those with laminitis (LAM group). We think
that, when analysing serum parameters, this measure is non-
specific and lacks diagnostic value in this critical period.
However, the increase in salivary ADA in the group of ani-
mals with ketosis should be further explored, since a more
efficient detection of disease in saliva than in serum could
explain the results as it has been reported in other species
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(Sanchez et al., 2021). Moreover, the different physiologi-
cal effects of the adenosine are partly due to the fact that
different adenosine receptors may have opposing functions
so that the activation of one receptor may elicit a protec-
tive reaction on a second receptor or a pathological response
on a third one. For the same reason, ADA can have pro or
anti-inflammatory effects depending on the immune status
(Favero et al. 2018), so the role of ADA in ketosis should be
clarified in further studies.

Although all the animals were kept under similar environ-
mental, management, and dietary conditions, not all organisms
act in the same way. Therefore, in the framework of our study,
the results should be considered taking into account a clearly
defined fact: the antioxidant status of an individual in such a
complex situation depends largely on the individual endocrine
changes that appear in early lactation and that are related to
the distribution of nutrients for milk formation (Bagheri et al.
2019, Abuelo et al. 2019).

Considering this fact, when we look at cows with ketosis,
we can see that TOS values are lower, whereas TAC values
are not. This is probably because the body of these animals
is synthesizing antioxidants to counteract the prooxidant
load. This is understandable because in states of energy
deficiency, alternative sources of energy are used to cope
with lactation. The metabolization of such sources generates
an excess of H+, and thus a situation of metabolic acidosis
(Castillo et al. 2005). In this situation, the saliva, rich in
bicarbonate, undergoes variations that are reflected in the
changes in ADA activities. What is certain is that there is a
lack of studies about the usefulness of salivary ADA as an
early biomarker of metabolic imbalance.

Therefore, when dealing with the results relating to oxi-
dative stress (TOS, TAC and OSI ratio) and ADA, currently,
the measurement of redox status after calving must be made
by assessing the oxidant/antioxidant profile and OSi ratio in
serum, not in saliva, where the data are not conclusive. This
fact may be attributable to changes in salivary secretion in
cows throughout the day, which is conditioned by the struc-
ture of the diet received as well as by rumination cycles,
which, in turn, vary among animals (Beauchemin et al. 2018,
Maekawa et al. 2002). Therefore, we do not agree with the
statement made by Contreras-Aguilar et al. (2019) concerning
the fact that the measurement of salivary ADA activities may
be an early marker of oxidative stress (Contreras-Aguilar et al.
2019), although it could differentiate postpartum pathological
processes beyond a state of ketosis (NEB) that effectively can
compromise the immune system (Castillo et al. 2006; Fritzen
et al. 2016; Hernandez et al. 2022). Also, we have not found
the correlation observed described by the same author between
salivary ADA and inflammation in this species. Our data show
that there are, effectively, significant differences both in saliva
and in serum among healthy dairy cows and those affected by
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ketosis, LAM, MAS, and MET. This type of processes derives
from the metabolic stress status in the transition period, which
can only be confirmed by blood analysis, as can be observed in
serum TOS and TAC (Sanchez et al. 2019) values and the OSi
ratio, albeit no notable alterations in the Osi ratio of the saliva
values are detected (Abuelo et al. 2013).

So, we could point out that a single parameter, like salivary
ADA, in our opinion, cannot be a reliable reflection of redox
status. In fact, when assessing these serum parameters, we note
how, for each pathological situation, the serum values of oxi-
dants and antioxidants are modified, changing, in turn, the OSi
ratio (Abuelo et al. 2013), which shows no significant differ-
ences between diseases. This lack of significance may be the
result of the individual action of each organism against the oxi-
dative load that appears after parturition, and which has already
been described in previous studies (Baumgard et al. 2017).

It should not be ignored that the development of a ketosis
state in post-partum dairy cows is the beginning of a cas-
cade of non-septic inflammatory processes that immuno-
suppress the animal (Abuelo et al. 2019, Cao et al. 2000,
Castillo et al. 2005, Maekawa et al. 2002). We also point out
that, in the period in which the study has been developed,
salivary ADA activities above the range 330442 IU/L in
dairy cows - the range found in the CTRL (or healthy cows)
group - could be considered as warning signal to undertake
thorough monitoring of the affected animal, especially when
the values reach the maximum, which correspond to the
cases of mastitis.

It is important to mention that most studies in dairy cows
were developed at a precise time, after the diagnosis of
the disease (mastitis, laminitis, parasitosis, viral or bacte-
rial infections, etc.). Their results indicate that the activities
of salivary ADAs can be used to control the evolution of
the disease and its treatment. However, we consider that,
in order to know if we are at risk of internal imbalance or
inflammation, further studies on this salivary biomarker
should be performed, but not simply evaluating changes
during different physiological stages such as growth or ges-
tation or processes such as lactation as a function depending
on the breed, diet or even production level.

The peculiarity of our study with respect to the data
recorded in other studies, related to ADA activity, in cattle
with similar processes (mastitis or laminitis) is the time cho-
sen for the assessment, as in our study it widely exceeds the
post-partum stage, and even the peak lactation (Frtizen et al.
2016, Sordillo and Maravinga 2014).
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Conclusion

Taking into account the conditions and analytical techniques
used in our study, and given that this is the first study carried
out in post-partum dairy cattle which analyses the ADA activi-
ties and its relationship with the redox balance measured in
both saliva and serum, we can conclude that the measurement
of ADA activities and redox status in saliva does not give con-
sistent results, so it is recommended to assess them in serum,
and in addition, ADA enzyme, except in the case of ketosis, is
not shown to be an effective predictive marker of inflammation
in cattle during the transition period.

Acknowledgements In this section, you can acknowledge any support
given which is not covered by the author contribution or funding sec-
tions. This may include administrative and technical support, or dona-
tions in kind (e.g., materials used for experiments).

Author’s contributions Conceptualization, AMGM, CC and JH.;
methodology, JS, RA, RA, CGP and MMQ, formal analysis, AMGM,
AM, CGP and JS; investigation RM, JLB and JS; writing—original
draft preparation, AMGM, JH and CC; writing—review and editing
AMGM, CC and JH.; All authors have read and agreed to the pub-
lished version of the manuscript.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not for-profit sectors.

Open Access funding provided thanks to the CRUE-CSIC agreement
with Springer Nature.

Data availability The data presented in this study are available on
request from the corresponding author.

This study complied with Spanish Regulations on animal experimentation
(RD 53/2013, legal provision number 1337) and the European regulation
of animals for scientific purposes (Council of Europe, ETS no.123).

Declarations

Ethics approval and consent to participate Permission for the proce-
dures of the experiment was granted by the Bioethical Committee of
the University of Murcia (UMU) according to the Spanish Regulations
(RD 53/2013, legal provision no. 1337) (Smith et al. 2020), and the
European Regulation of Animals for Scientific Purposes (Council of
Europe, ETS no.123) [23].

Consent for publication Not applicable.
Competing interests The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright

holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Abuelo A, Hernandez J, Benedito JL, Castillo C (2013) Oxidative stress
index (OSi) as a new tool to assess redox status in dairy cattle dur-
ing the transition period. Animal 7(8):1374-1378. https://doi.
org/10.1017/S1751731113000396

Abuelo A, Hernandez J, Benedito JL, Castillo C (2019) Redox biology in
transition periods of dairy cattle: role in the health of periparturient
and neonatal animals. Antioxidants 8(1):20. https://doi.org/10.3390/
antiox8010020

Bagheri S, Saboury AA, Haertlé HT (2019) Adenosine deaminase inhibi-
tion. Int J Biol Macromol 141:1246-1257. https://doi.org/10.1016/j.
ijbiomac.2019.09.078

Baumgard LH, Collier RJ, Bauman DE (2017) A 100-Year review:
regulation of nutrient partitioning to support lactation. J Dairy Sci
100(12):10353-10366. https://doi.org/10.3168/jds.2017-13242

Beauchemin KA (2018) Current perspectives on eating and rumination
activity in dairy cows. J Dairy Sci 101(6):4762—4784. https://doi.
org/10.3168/ds.2017-13706

Cao YZ, Reddy CC, Sordillo LM (2000) Altered eicosanoid biosynthesis
in selenium deficient endothelial cells. Free Radic Biol Med 28(3):
381-389. https://doi.org/10.1016/s0891-5849(99)00251-8

Castillo C, Abuelo A, Benedito JL, Muifio R, Hernandez J (2019) Is the
NLRP3 inflammasome a potential biomarker to avoid the misuse of
antibiotics of dairy cows during the transition period? Large Anim
Review 25(2):61-66

Castillo C, Hernandez J, Bravo A, Lopez-Alonso M, Pereira V, Benedito
JL (2005) Oxidative status during late pregnancy and early lacta-
tion in dairy cows. Vet J 169(2):286-292. https://doi.org/10.1016/].
tvjl.2004.02.001

Castillo C, Hernandez J, Valverde 1, Pereira V, Sotillo J, Lopez Alonso
M, Benedito JL (2006) Plasma malonaldehyde (MDA) and total
antioxidant status (TAS) during lactation in dairy cows. Res Vet Sci
80:133—139. https://doi.org/10.1016/j.rvsc.2005.06.003

Contreras-Aguilar MD, Monkeviciene I, Ceron JJ, Silinskas I, Vallejo-
Mateo PJ, Tecles F, Martinez- Subiela S, Tvarijonaviciute A, Zelvyte
R (2019) Biochemical changes in saliva of cows with inflammation:
a pilot study. Res Vet Sci 124:383-386. https://doi.org/10.1016/].
1rvsc.2019.04.019

Contreras-Aguilar MD, Tvarijonaviciute A, Monkeviciene I, Martin-
Cuervo M, Gonzalez-Arostegui LG, Franco-Martinez L, Ceron
JJ, Tecles F (2020) Characterization of total adenosine deaminase
activity (ADA) and its isoenzymes in saliva and serum in health and
inflammatory conditions in four different species: an analytical and
clinical validation pilot study. BMC Vet Res 16(1):384. https://doi.
org/10.1186/512917-020-02574-2

Dhaliwal NK, Narang D, Chandra M, Filia G, Singh ST (2020) Evalua-
tion of adenosine deaminase activity in serum of cattle and buffaloes
in the diagnosis of bovine tuberculosis. Vet World 13(1):110-113.
https://doi.org/10.14202/vetworld.2020.110-113

Edmonson AJ, Lean 1J, Weaber LD, Farver T, Webster G (1989) A body
condition scoring chart for Holstein dairy cows. J Dairy Sci 72:68—
78. https://doi.org/10.3168/jds.S0022-0302(89)79081-0

European Union. The European Parliament Directive 2010/63/EU on the
protection of animals used for scientific purposes. InOfficial Journal
of the European Unionl.276/33-276/7; European Union: Maastricht,
The Netherlands (Accessed on 13 July, 2022).

Favero JF, Da Silva AS, Bottari NB, Schetinger MRC, Morsch VMM,
Baldissera MD, Stefani LM, Machado G (2018) Physiologi-
cal changes in the adenosine deaminase activity, antioxidant and
inflammatory parameters in pregnant cows and at post-partum. J

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1017/S1751731113000396
http://dx.doi.org/10.1017/S1751731113000396
http://dx.doi.org/10.3390/antiox8010020
http://dx.doi.org/10.3390/antiox8010020
http://dx.doi.org/10.1016/j.ijbiomac.2019.09.078
http://dx.doi.org/10.1016/j.ijbiomac.2019.09.078
http://dx.doi.org/10.3168/jds.2017-13242
http://dx.doi.org/10.3168/jds.2017-13706
http://dx.doi.org/10.3168/jds.2017-13706
http://dx.doi.org/10.1016/s0891-5849(99)00251-8
http://dx.doi.org/10.1016/j.tvjl.2004.02.001
http://dx.doi.org/10.1016/j.tvjl.2004.02.001
http://dx.doi.org/10.1016/j.rvsc.2005.06.003
http://dx.doi.org/10.1016/j.rvsc.2019.04.019
http://dx.doi.org/10.1016/j.rvsc.2019.04.019
http://dx.doi.org/10.1186/s12917-020-02574-2
http://dx.doi.org/10.1186/s12917-020-02574-2
http://dx.doi.org/10.14202/vetworld.2020.110-113
http://dx.doi.org/10.3168/jds.S0022-0302(89)79081-0

Veterinary Research Communications

Anim Physiol Anim Nutr 102(4):910-916. https://doi.org/10.1111/
jpn.12917

Fritzen A, Albani KD, Machado G, Bottari NB, Alves MS, Schetinger
MRC, Morsch VM, Giuriatti J, Da Silva AS (2016) Relation between
calcium levels and adenosine deaminase activity in serum in pre- and
postpartum of dairy cow. Comp Clin Pathol 25:1201-1205. https://
doi.org/10.1007/300580-016-2329-7

Hailemariam D, Mandal R, Saleem F, Dunn SM, Wishart DS, Ametaj
BN (2014) Identification of predictive biomarkers of disease state
in transition dairy cows. J Dairy Sci 97(5):2680-2693. https://doi.
org/10.3168/jds.2013-6803

Hernandez J, Benedito JL, Castillo C (2020) Relevance of the study
of metabolic profiles in sheep and goat flock. Present and future:
a review. Span J Anim Res 18:1-14. https://doi.org/10.5424/
sjar/2020183-14627

Hernandez J, Muifio R, Benedito JL, Abuelo A, Castillo C (2022)
Redox status and oxidative stress in bovine. Large Anim Review
28:145-151

Laliotis G, Koutsouli P, Sotirakoglou K, Savoini G, Politisi I (2020) Asso-
ciation of oxidative stress biomarkers and clinical mastitis incidence
during the periparturient period. J Vet Res 64(3):421-425. https://
doi.org/10.2478/jvetres-2020-0053

Maekawa M, Beauchemin KA, Christensen DA (2002) Effect of
concentrate level and feeding management on chewing activi-
ties, saliva production, and ruminal pH of lactating dairy cows.
J  Dairy Sci 85(5):1165-1175.  https://doi.org/10.3168/jds.
S0022-0302(02)74179-9

Mills JH, Kim DG, Krenz A, Chen JF, Bynoe MS (2012) A2A adenosine
receptor signaling in lymphocytes and the central nervous system
regulates inflammation during experimental autoimmune encepha-
lomyelitis. J Immunol 188(11):5713-5722. https://doi.org/10.4049/
jimmunol.1200545

National Research Council (NRC) (2001) Nutrient requirements of dairy
cattle. Available online: https:/nap.nationalacademies.org/cata-
log/9825/ (Accessed on 13 July, 2022)

Rizzo A, Roscino MT, Binetti F, Sciorsci RL (2012) Roles of reac-
tive oxygen species in female reproduction. Reprod Domest Anim
47(2):344-352. https://doi.org/10.1111/j.1439-0531.2011.01891.x

Sanchez J, Garcia A, Ruiz JM, Montes AM, Cabezas-Herrera J, Ros-
Lara S, De la Cruz E, Gutierrez AM (2019) Porcine breed, sex,

@ Springer

and production stage influence the levels of health status biomark-
ers in saliva samples. Front Vet Sci 6:32. https://doi.org/10.3389/
fvets.2019.00032

Shi X, Li X, Li D, LiY, Song Y, Deng Q, Wang J, Zhang Y, Ding H, Yin
L, Zhang Y, Wang Z, Li X, Liu G (2014) Beta-hydroxybutyrate acti-
vates the NF-kappaB signaling pathway to promote the expression of
pro-inflammatory factors in calf hepatocytes. Cell Physiol Biochem
33(4):920-932. https://doi.org/10.1159/000358664

Smith B, Van Metre D, Pusterla N (2020) Large animal Internal Medicine,
6th edn. Elsevier, B.V. St. Louis, Missouri, USA, pp 1-13

Sogiit S, Aydin E, Elyas H, Aksoy N, Ozyurt H, Totan Y, Akiol O (2002)
The activities of serum adenosine deaminase and xanthine oxidase
enzymes in Behcet’s disease. Clin Chim Acta 325:133-138. doi:
https://doi.org/10.1016/S0009-8981(02)00278-4

Sordillo LM, Aitken SL (2009) Impact of oxidative stress on the health
and immune function of dairy cattle. Vet Immunol Immunopathol
128(1-3):104-109. https://doi.org/10.1016/j.vetimm.2008.10.305

Sordillo LM, Mavangira V (2014) The nexus between nutrient metabo-
lism, oxidative stress and inflammation in transition cows. Anim Pro-
duc Sci 54(9):1204-1214. https://doi.org/10.1071/AN14503

Sordillo LM, Raphael W (2013) Significance of metabolic stress, lipid
mobilization, and inflammation on transition cow disorders. Vet Clin
N Am Food Anim Pract 29(2):267-278. https://doi.org/10.1016/}.
cvfa.2013.03.00

Spanish legislation (2013) Real Decreto 53/2013, por el que se establecen
las normas basicas aplicables para la proteccion de los animales uti-
lizados en experimentacion y otros fines cientificos, incluyendo la
docencia. Bol Oficial del estado 34:11370-11421 Accessed on 13
July, 2022). http://boe.es

Zhao X-J, Zhen-Yong WXin-YuWJun-HongW, Lin W, Wang Zhong-Hua
(2014) Oxidative stress and imbalance of Mineral metabolism con-
tribute to lameness in dairy cows. Biol Trace Elemen Res 164(1):43—
49. https://doi.org/10.1007/s12011-014-0207-1

Sanchez et al. 2021 (see https://doi.org/10.3389/fvets.2019.00032)

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


http://dx.doi.org/10.3389/fvets.2019.00032
http://dx.doi.org/10.3389/fvets.2019.00032
http://dx.doi.org/10.1159/000358664
http://dx.doi.org/10.1016/S0009-8981(02)00278-4
http://dx.doi.org/10.1016/j.vetimm.2008.10.305
http://dx.doi.org/10.1071/AN14503
http://dx.doi.org/10.1016/j.cvfa.2013.03.00
http://dx.doi.org/10.1016/j.cvfa.2013.03.00
http://boe.es
http://dx.doi.org/10.1007/s12011-014-0207-1
http://dx.doi.org/10.3389/fvets.2019.00032
http://dx.doi.org/10.1111/jpn.12917
http://dx.doi.org/10.1111/jpn.12917
http://dx.doi.org/10.1007/s00580-016-2329-7
http://dx.doi.org/10.1007/s00580-016-2329-7
http://dx.doi.org/10.3168/jds.2013-6803
http://dx.doi.org/10.3168/jds.2013-6803
http://dx.doi.org/10.5424/sjar/2020183-14627
http://dx.doi.org/10.5424/sjar/2020183-14627
http://dx.doi.org/10.2478/jvetres-2020-0053
http://dx.doi.org/10.2478/jvetres-2020-0053
http://dx.doi.org/10.3168/jds.S0022-0302(02)74179-9
http://dx.doi.org/10.3168/jds.S0022-0302(02)74179-9
http://dx.doi.org/10.4049/jimmunol.1200545
http://dx.doi.org/10.4049/jimmunol.1200545
https://nap.nationalacademies.org/catalog/9825/
https://nap.nationalacademies.org/catalog/9825/
http://dx.doi.org/10.1111/j.1439-0531.2011.01891.x

	﻿Is adenosine deaminase (ADA) activity in saliva and serum a more accurate disease detection tool than traditional redox balance parameters in early-lactating dairy cows?
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Animals and experimental procedure
	﻿Sample collection
	﻿Analytical procedures
	﻿Adenosine deaminase activity measurement
	﻿Total antioxidant and oxidant capacity levels quantification


	﻿Statistical analysis
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


