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Abstract

Background: There are limited options to diagnose acute kidney injury (AKI) in horses. Symmetric dimethylarginine
(SDMA) is routinely used in human and small animal medicine. The aim of this study was to assess serum SDMA
concentrations in healthy horses and horses with AKI. The objective of this study was to evaluate the association of:
1) age, 2) sex, 3) body weight and 4) serum creatinine and urea levels on serum SDMA concentrations. Fifty-three
healthy horses, including 17 foals (2-6 months of age) and 36 adult horses (3-29 years of age), and 23 horses with
AKI were included in the study based on history, physical examination, blood analysis, urinalysis and an
ultrasonographic examination of the urinary tract. Serum SDMA concentrations were measured using a non-species
specific commercial ELISA test.

Results: In healthy adult horses, the value of SDMA was 0.53 + 0.14 umol/L. The value was higher in foals (1.5 +

04 umol/L, P<0.001). Horses with AKI had significantly higher concentrations of SDMA compared to healthy horses
(1.76 £ 1.05 umol/L, P < 0.001). In the healthy adult horses, there was no association of sex, age or body weight on
SDMA. However, a significant positive relationship was found between serum creatinine and SDMA concentrations.

Conclusions: Healthy adult horses had SDMA values similar to those of other species. Foals had higher SDMA
values. Therefore, different reference values should be created for them. The study confirmed an increased SDMA in
horses with AKI. This, as well as the low influence of extrarenal factors on the SDMA values, may confirm its
usefulness in the diagnosis of kidney dysfunction. Higher SDMA values may also indicate a more advanced degree
of kidney dysfunction. Further research is required to determine whether SDMA could be used to detect kidney
dysfunction in the asymptomatic stage of AKI.
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Background Currently, kidney disease in horses is diagnosed based

In contrast to studies on dogs and cats, there is scarce
literature on the prevalence of kidney diseases, including
acute kidney injury (AKI) in the general equine popula-
tion. However, there are several reports of AKI in horses,
with increasing prevalence in intensive care units [1-3].
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on increased serum creatinine and urea levels, abnormal
urinalysis and ultrasonographic lesions detected in kid-
neys. The measurement of serum creatinine or the en-
dogenous creatinine clearance may be used to assess the
GRF in animals. However, creatinine levels can be influ-
enced by numerous extrarenal factors [4, 5]. Previous
studies have also used other parameters, such as the ra-
tio of urine and plasma urea nitrogen, fractional excre-
tion of sodium (FENa) and y-glutamyl transpeptidase
(GGT) to creatinine ratio in urine, to assess renal
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function or injury [6, 7]. Due to the increase in bio-
marker demand, there is a growing interest in new AKI
biomarkers in horses. However, the number of bio-
marker studies conducted in horses is limited [8—10].

Symmetric dimethylarginine (SDMA), a new bio-
marker for the early detection of kidney dysfunction, is
routinely used in human and small animal medicine.
SDMA is an endogenous methylated form of the argin-
ine that is released into circulation during normal pro-
tein catabolism [11]. Ninety percent of SDMA is
excreted by the kidneys into urine in an unchanged form
[12-14]. Hence, this metabolite accumulates in the
course of renal dysfunction [15]. Also, there are only a
few non-renal factors that affect the SDMA concentra-
tion, which to date have not been studied in horses. A
stronger correlation was found between SDMA and GFR
than between serum creatinine and GFR [16]. Besides,
there was a significantly earlier increase in the concentra-
tion of serum SDMA than in serum creatinine in animals
with progressing kidney dysfunction [4, 17, 18]. To the au-
thors’ knowledge, only one study has been published
assessing normal SDMA values in healthy, adult draft
horses and two studies in neonatal foals (with normal cre-
atinine value and with hypercreatininemia) [19-21].
Therefore, this is the first study comparing SDMA values
in healthy horses and horses with AKI.

The objectives of the study were to 1) determine nor-
mal values of SDMA for adult horses and foals, 2) deter-
mine values of SDMA in horses with AKI and compare
them to those in healthy horses, 3) assess the association
of age, sex and body weight with SDMA, 4) compare
and correlate SDMA to serum creatinine and urea.
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Results
The results of the serum creatinine, urea, and SDMA
concentrations in the studied horses are presented in
Table 1.

The mean SDMA values for group I were: 0.53 SD
0.14 umol/L for adults and 1.5 SD 0.41 umol/L for foals.
In foals, the SDMA values were higher than those in
healthy adult horses (P <0.001). The mean serum con-
centration of SDMA in the group II was 1.76 SD
1.05 umol/L and it was significantly increased in com-
parison to the adult horses from group I (P <0.001).
There were no statistically significant differences in
those values between foals form group I and horses from
group IL

Correlations between SDMA and other parameters are
presented in Table 2. There was no differences between
the concentration of SDMA in males and females in any
of the groups.

The multivariate analysis also revealed significantly
higher concentrations of SDMA in foals from group I
and group II than in adults from group I. It further re-
vealed significant positive correlations between serum
creatinine and SDMA, as well as between urea and
SDMA. An additional model with the interaction term
for age and individual groups revealed that older animals
with AKI had lower SDMA concentrations. No such
correlation was seen in the remaining groups.

There was no significant difference in the sex distribu-
tion between the studied groups. The mean age of the
adults from group I and group II did not differ signifi-
cantly. Group II had a significantly lower body weight
than the adults from group I (P=0.04). There were no

Table 1 Serum creatinine, urea, and symmetric dimethylarginine (SDMA) concentrations in the studied horses

Group n Results Creatinine (umol/L) Urea (mmol/L) SDMA (umol/L)
Group | - healthy horses Foals 17 min. 79.0 28 0.75
gl - median - g3 101.0-111.0 - 1210 33-37-46 13-15-175
max. 159.0 52 2.18
lowerCl 103.6 35 1.29
upperdl 121.1 43 1.71
Adults 36 min. 69.0 32 0.1
gl - median - g3 101.25-1145 - 1330 40-52%-58 047-0.54* - 0.65
max. 156.0 6.6 0.71
lowerCl 107.1 4.7 048
upperdl 1228 54 0.58
Group Il - horses with AKI 23 min. 161.7 7.7 0.75
gl - median - g3 186.8-208.7/\# - 407.5 102-13.17# - 20.6 0.95-1.6N - 2.19
max. 1032.5 104.7 455
lowerCl 2292 1.1 1.31
upperCl 4059 29.7 221

Note: AKI acute kidney injury, * significant differences P < 0.05 between foals and healthy adults from group |; # significant differences P < 0.05 between foals and

group II; A significant differences P < 0.05 between healthy adults and group II
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Table 2 Spearman correlation between the SDMA and age,
body weight, serum creatinine and urea in the examined horse
groups

SDMA correlations

Group | - healthy horses Group
Foals Adults I-
horses
with
AKI
Age ry=—051 NS NS
Body weight ry=-055 NS NS
Serum creatinine NS rs=036 re=0.71
Serum urea NS NS r;=081

Note: AKI acute kidney injury, r; Spearman correlation coefficient; NS
nonsignificant. All correlations presented were significant with P < 0.05

significant differences in the serum creatinine values be-
tween foals and adults from group I. In group I, foals
had significantly lower urea values compared to adult
horses (P <0.001). There was no correlation between
body weight and the concentration of urea and serum
creatinine between the groups.

Discussion

This is the first study presenting values of SDMA for
healthy adult horses and foals as well as values of SDMA
in horses with AKI. Additionally, the authors assessed
the impact of age, sex, and body weight on the concen-
tration of this parameter in this species and correlated
the SDMA values with serum creatinine and urea values.

The obtained SDMA values in blood serum in healthy
adult horses correspond to the results obtained by
Schott et al. (2018) in draft horses and are similar to the
reference values in humans (from 0.3 to 0.7 umol/L),
dogs (from 0.28 to 0.58 pmol/L) and cats (from 0.35 to
0.6 umol/L) [4, 19, 22-25].

In the present study, healthy foals had a higher mean
SDMA concentration than the healthy adult horses.
These results are consistent with those obtained in the
studies by Bozorgmanesh et al. carried out at neonatal
foals [20, 21]. A similar finding was noted in humans,
where children had significantly higher SDMA concen-
trations compared to adults and the elderly [26]. It
seems unlikely that an increased SDMA concentration
in young animals is associated with inadequate excre-
tion. The cause and mechanism of this increase are cur-
rently unknown, but it is postulated that the increased
number of processes, such as protein arginine methyla-
tion in signal transduction, mRNA splicing, transcrip-
tional control, DNA repair and protein translocation in
growing animals may be associated with this increase
[27]. In dogs SDMA significantly decreased upon ani-
mals reaching maturity [17]. Similarly, in this study,
older foals had lower SDMA values than younger foals
and this result was in agreement with the observations
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made in the studies with neonatal foals [20, 21]. Deter-
mining the exact age cut-off point of the SDMA value in
foals equal to that of adult horses requires further test-
ing. The current study assessed too few animals between
six months and three years of age to allow conclusions
to be drawn.

The range of SDMA concentrations in horses with
AKI was similar to results in humans (the SDMA con-
centration in people with acute kidney failure and
chronic kidney disease (CKD) 1.02—4.6 umol/L), dogs
(AKI 0.39 - >5.83 umol/L, CKD 0.58 - >4.83 umol/L)
and cats (CKD 0.67 - >5.55 pumol/L), where an increase
in SDMA concentration corresponded to disease severity
[4, 12, 25, 28]. Similarly, in our study, all the horses with
AKI had significantly higher SDMA values than the
adult horses from group I. Also, none of the animals
with azotaemia had low SDMA values, and none of the
healthy adult horses had high SDMA levels. In the pre-
sented population, SDMA correctly distinguished the ill
individuals. This indicates that SDMA may be of diag-
nostic value for the confirmation of kidney dysfunction
in horses. More studies are needed, especially for horses
at risk of AKI without elevation of serum creatinine, to
determine if SDMA is superior to creatinine in detecting
renal dysfunction.

In healthy adult humans, there was a positive correl-
ation between SDMA and age [29]. A similar finding
was observed in cats, where serum SDMA increased in
cats older than 15 years of age [30]. In the healthy adult
horses, an age-related increase in SDMA concentration
was not observed, possibly due to a low number of aged
horses in the group. In a study of dogs with CKD,
SDMA concentrations increased when the GFR de-
creased by as little as 30% [17]. In the horses studied,
such a correlation could not be determined, as GFR was
not measured.

Studies in healthy humans and small animals showed
minimal or no effect of sex or body weight and mass on
the concentrations of SDMA [24, 30-33]. A lack of in-
fluence of extrarenal factors on SDMA is another advan-
tage of this compound over serum creatinine as a kidney
dysfunction biomarker. In all examined horses, SDMA
was gender independent. A correlation between SDMA
and body weight was observed in foals. This is most
likely not associated with body weight, but rather with a
decrease of the high post-natal values to lower adult
values.

A positive correlation between the concentration of
SDMA and serum creatinine, as well as SDMA and
serum urea was confirmed in the group of horses with
AKI. The results indicate that the concentration of
SDMA increases as kidney dysfunction progresses. Con-
sidering the potential use of SDMA for detecting sub-
clinical renal dysfunction, the group of healthy adult
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horses was studied meticulously. In that group, a posi-
tive correlation between the concentration of SDMA
and serum creatinine was found, while there was no cor-
relation between SDMA and urea. Similar results were
obtained in healthy humans and people with subclinical
kidney disease [26]. This may be explained by the vari-
ability of the urea concentration, which is affected by
several extrarenal factors. The finding of no correlation
between the values of SDMA and serum creatinine in
the group of foals correspond to findings in juvenile
dogs [17].

The diagnostic accuracy of a biomarker may differ de-
pending on the duration of kidney disease or its aeti-
ology. It should also be mentioned that some
biomarkers assess organ function, while others evaluate
tissue damage. Each biomarker also has its own specific
concentration-time curve [34]. These factors were not
assessed in the present study as GFR was not measured
and SDMA concentrations were evaluated only once in
each horse. It would be interesting to monitor SDMA
changes in individual horses during the progression or
resolution of AKI. The absence of a baseline serum cre-
atinine concentration may have underestimated the se-
verity kidney dysfunction in the examined horses.
Additionally, the concentration of SDMA was not mea-
sured before the appearance of clinical signs. Both of the
above could not entirely exclude some pre-existing loss
of renal function that could have been exacerbated by a
new acute disease process. The current study did not in-
vestigate the impact of diet and breed on the SDMA
concentration due to the large variety of animals. How-
ever, these factors could have had some effect on the re-
sults. The final limitation was an absence of a group of
neonatal foals and foals with kidney dysfunction. Further
study of larger cohorts of horses are needed to establish
the exact reference values of SDMA in this species. Be-
fore a new biomarker of renal impairment is introduced,
its advantage over current diagnostic methods (such as
serum creatinine) in identifying AKI needs to be demon-
strated. Due to the selection of the group, the studies
performed do not provide sufficient evidence that
SDMA may be a better biomarker of kidney dysfunction
than currently used methods. Therefore, more research
is warranted.

Conclusion

The study presents SDMA values for healthy horses of
different ages as well as for horses with a different stage
of AKI. SDMA values in healthy adult horses were simi-
lar to those in other animal species. SDMA concentra-
tions in healthy foals were significantly higher than in
healthy adult horses. SDMA seems to be a promising
biomarker of kidney dysfunction in horses because of its
distinctly different values between healthy adult horses
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and those with azotaemia. SDMA may be useful in clin-
ical scenarios where a suspicion of kidney dysfunction
needs to be confirmed. Horses with a higher serum cre-
atinine value had higher SDMA values, which indicates
that SDMA concentration may indicate the stage of
renal dysfunction. Furthermore, SDMA seems to be less
susceptible than creatinine to the influence of extrarenal
parameters. Further studies are required to determine
whether SDMA may be used to detect asymptomatic
renal dysfunction in horses.

Methods

Serum SDMA values were measured in 76 horses (mean
age 10.3 SD 9.1 years, mean body weight 432.3 SD 143.7
kg) of various breeds and genders. The animals were di-
vided into groups. Group I consisted of healthy animals
that underwent routine clinical examinations and were
included in the study. That group was split into two sub-
groups. The first subgroup included 17 foals (8 females
and 9 males) from 2 to 6 months old (mean 3.9 SD 1.2
months) weighing 195.8 SD 27.9 kg, and the second sub-
group included 36 adult horses (18 females and 18
males) from 3 to 29years old (mean 14.7 SD 9 years)
with a mean weight of 515.2 SD 73.7 kg. The inclusion
criteria were as follows: a good body condition (rated as
4-5 on a 9-point scale [35]), no history of and no exist-
ing systemic or local disease for at least a year before the
study, no suspected or diagnosed urinary tract diseases,
normal haematological and biochemical blood analysis
and urinalysis, no urinary tract lesions visible on ultra-
sonography as well as no disease six months after col-
lecting the study material. None of the horses included
in the healthy group was treated with potentially
nephrotoxic drugs. Additional inclusion criteria were
adopted for foals and included: no history of disease in
the mares, normal pregnancy and delivery of the foal,
normal placental expulsion and normal foal growth
without disorders. Group II consisted of 23 adult horses
(12 females and 11 males; aged 10.7 SD 6.7 years; weight
477.4 SD 67.7 kg) that developed acute kidney dysfunc-
tion (acute kidney injury and failure) secondary to other
medical problems, such as gastrointestinal disorders
(e.g., peritonitis, small or large bowel diseases — inflam-
mation, impaction, displacement or torsion), prolonged
surgery, use of potentially nephrotoxic drugs, a systemic
inflammatory response (SIRS) and other unspecified rea-
sons. The inclusion criteria for group II were acute dis-
ease accompanied by azotaemia (increase in serum
creatinine and urea levels above the reference range).
The exclusion criteria included a history of urinary tract
dysfunction or disease, administering potentially nephro-
toxic drugs within a few months before the study (with
the exception of drugs used to treat the current primary
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disease), elevated serum creatinine and urea without
other signs of the primary disease.

In all horses, a physical examination was performed, and
the following parameters were measured: body weight
using electronic scales, blood analysis (hematology and
biochemistry: serum creatinine, urea, aspartate amino-
transferase, alanine aminotransferase, y-glutamyl trans-
peptidase, alkaline phosphatase, creatine kinase, total
protein, albumin, glucose, sodium, potassium, chloride,
magnesium, calcium), a complete urinalysis with a sedi-
ment examination and a transabdominal and rectal (ex-
cept foals) ultrasonographic examination of the urinary
tract. In all animals (and at admission for group II horses
[within 48 h of the onset of clinical signs of disease]), ven-
ous blood was collected from the external jugular vein
into clot activator tubes, which were then centrifuged at
4000 RPM for 10 min. (1433 relative centrifuge force) in
the MPW-250 laboratory centrifuge (MPW Med. Instru-
ments, Warsaw, Poland). The obtained serum was cooled
and transported to a laboratory to measure the levels of
serum creatinine, urea, and SDMA. The serum creatinine
and urea concentrations were determined using the
AU680 chemistry analyser (Beckman Coulter, California,
USA) with dedicated reagents. The physiological values
for horses were determined by a reference laboratory and
ranged from 71.0 to 159.0 umol/L for serum creatinine
and from 330 to 6.70 mmol/L for urea. To measure
SDMA, the Labor der SYNLAB vet GmHb (Ausburg,
Germany) laboratory used a commercially available and
non-species specific enzyme immunoassay ELISA kit
(DLD Diagnostika GmbH, Hamburg, Germany). The test
validation information is provided in the Supplementary
Materials (Suppl. 1). SDMA measurements using ELISA
were repeated thrice. The average of the triplicate values
was used in statistical analysis.

All the examinations performed in this study were rou-
tine and non-invasive. Following the existing law applic-
able in the Experiments on Animals Act from January
15th 2015 (Journal of Laws of the Republic of Poland,
2015, item. 266), non-invasive clinical studies do not re-
quire ethical approval. The owners of the horses con-
sented to the research and the publication of its results.

Statistical analysis

The statistical analysis was carried out using R for Win-
dows (version 3.5) [36]. The data were presented as
mean, standard deviation, median, and quartiles. Due to
non-normal data distribution, nonparametric statistical
tests were used where appropriate. The analysis of the
sex distribution between the groups was carried out
using Fisher’s exact test. The analysis of the differences
in the quantitative variables (body weight, age, urea,
serum creatinine, and SDMA concentrations) between
the groups was performed using the Kruskal-Wallis test
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with a post-hoc analysis done using the Conover method
with the Holm adjustment. Correlations of variables,
such as body weight and the concentration of urea and
serum creatinine, as well as age, body weight, urea,
serum creatinine, and SDMA concentrations were
assessed using the Spearman correlation coefficient. Dif-
ferences in SDMA concentrations between males and fe-
males were evaluated by the Mann-Whitney test.
Multivariate regression modelling was performed to
evaluate independent effect predictors such as age, sex,
body weight, serum urea and creatinine on concentra-
tions of SDMA. In addition to the model assessing the
main effects, a second model was constructed to evalu-
ate the interaction terms between age and the groups.
Since the group II contained only adult horses, a detailed
analysis of sick and healthy animals was carried out only
on adults. The significance level was set at 5%.

Supplementary information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512917-020-02621-y.

Additional file 1. Supplementary Material 1. Validation of ELISA test.
(DOCX 41 kb)
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