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ABSTRACT. Subclinical endometritis affects reproductive outcomes and causes economic losses
in dairy cows, thus, it is important to understand disease progression mechanisms and develop
J Vet Med Sci diagnostic procedures for better disease management. We measured the levels of 146 lipid
86(5): 518-523, 2024 mediators in uterine flush samples using lipid chromatography-mass spectrometry. We detected 25
lipid mediators in the uterine flush of both the control and subclinical endometritis cows; 15 of the 25
lipid mediators were AA-derived metabolites. Among the AA-derived metabolites, cyclooxygenase
(COX)-generated mediators were the most abundant. Specifically, levels of 11p-13,14-dihydro-15-
keto prostaglandin (PG) F,,, PGE,, PGA,, 13-hydroxyoctadecadienoic acid, and PGD; were elevated in
all the cows with subclinical endometritis. This study may provide new insights for the management
of subclinical bovine endometritis.
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Endometritis is an inflammatory disease that affects the functional lining of the endometrium and is a major cause of reproductive
disorders and economic loss, with an estimated incidence of 35-50% [5, 26]. Although the pathogenesis of endometritis is not fully
understood, impaired uterine immunity is a common factor in high-producing dairy cows. The epithelium of the uterus becomes
damaged during calving, which can promote inflammation and increase susceptibility to bacterial infections [27]. Approximately
80-100% of cows have bacterial infections in their uterus within the first two weeks after calving. Immune responses usually restore
damage and prevent further infections; however, prolonged damage or additional infections can lead to endometritis. There are two
types of endometritis: clinical and subclinical endometritis.

Clinical endometritis is characterized by a foul-smelling and purulent vaginal discharge originating in the uterus. Clinical
endometritis is diagnosed when there is purulent uterine discharge, a cervix with a diameter of 7.5 cm 20 days postpartum, or discharge
containing more than 50% white mucopurulent materials in the vagina 26 days postpartum [18]. In contrast, subclinical endometritis
does not exhibit these symptoms, which delays its treatment. However, subclinical endometritis also results in low milk production
and reproductive performance; therefore, early diagnosis and treatment are crucial. Many reports have shown that cows with >5%
polymorphonuclear cells (PMN) between 21 and 62 days postpartum have subclinical endometritis [10, 11, 19].

Polyunsaturated fatty acids (PUFAs) are bioactive lipid mediators produced from essential fatty acids. PUFAs can be divided
into two families: omega-3 and omega-6. Omega-3 PUFAs include docosahexaenoic acid (DHA), eicosatetraenoic acid (EPA), and
arachidonoyl ethanolamine (AEA), while omega-6 PUFAs include arachidonic acid (AA) and dihomo-y-linolenic acid (DGLA).
PUFAs can be metabolized into various lipid mediators through the activation of cyclooxygenase (COX), lipoxygenases (LOX),
and cytochrome P450 (CYP450), or through non-enzymatic oxidation. PUFAs play crucial roles in various physiological processes.
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Previous studies have shown that the production levels of lipid mediators varies depending on the type and stage of disease. For
example, urinary prostaglandin (PG) F,, and its metabolites are elevated in feline idiopathic cystitis in cats [30], and some arachidonic
acid-derived lipid mediators in clinical mastitic milk are increased compared to health controls [12].

Inflammatory uterine diseases, such as metritis and endometritis, contribute to poor reproductive performance in cows. Therefore,
early diagnosis and appropriate treatment are crucial. Various methods are used to diagnose endometritis, including visual assessment
of cervical and vaginal discharge, ultrasonography, vaginal examination, counting the population of PMNs in uterine flush, and
bacterial culture of uterine swabs [5, 21, 31]. However, subclinical endometritis is often overlooked because it shows no clinical
symptoms, and diagnostic methods are often neither common nor accurate [18]. Additionally, the pathogenesis of endometritis is
not fully understood, which contributes to delays in diagnosis and treatment. Thus, the development of new diagnostic methods for
endometritis and understanding its pathogenesis are crucial. We hypothesized that the production of pro-inflammatory mediators, such
as PGs and thromboxane, and their metabolites is increased in the uterine flush of patients with subclinical endometritis compared to
that in normal uterine status. Conversely, levels of anti-inflammatory mediators, such as Lipoxin A4 and Resolvin D1, are decreased in
the uterine flush of endometritis compared to those with normal uterine status. In this study, we investigated the lipid profile of uterine
flush samples collected from dairy cows with subclinical endometritis using liquid chromatography-mass spectrometry (LC-MS/MS).

All experiments and animal care were conducted in accordance with the institutional guidelines of the Animal Care Committee
of the University of Tokyo and University of Miyazaki. Holstein cows were housed at the Miyazaki Prefecture Livestock Public
Corporation and Field Science Center at the university. Uterine flush samples were collected from 3—13 weeks postpartum, specifically
in September and October, 2017. Twelve cows were used in the study and were divided into two groups: normal uterine status (shown
as a control) (n=5) and subclinical endometritis (n=7). To determine which cows had subclinical endometritis, diagnostic criteria were
used according to previous studies [6].

Individuals with PMNs were more than 18% at 3—4 weeks postpartum, equal to or more than 6% at 5 weeks postpartum, and
4% at 8 weeks postpartum, indicating subclinical endometritis. Cows with less than 18%, 6%, and 4% PMNs at 3, 5, and 8 weeks
postpartum were considered controls. Cows with subclinical endometritis did not exhibit clinical symptoms such as fever or foul-
smelling discharge; therefore, we defined these seven samples as subclinical endometritis in this study. The body condition score
(BCS) of the cows was estimated from 1 to 5 and rated in 0.25 increments, according to a previous study [7]. However, the BCS of
the two animals in the control and subclinical endometritis groups was not recorded because of insufficient data collection (control
ID 3 and 4). There was no significant difference in the BCS of the control and subclinical endometritis cows, which ranged between
2.25 and 2.75 (Table 1, P=0.62; t-test was performed using values from samples other than not applicable (NA)). The ovarian status
of the individual cows was assessed using ultrasonography (Supplementary Table 1).

Uterine flush samples were collected by intrauterine infusion of sterile saline solution (30 mL) using a sterile plastic infusion pipette,
as previously described [11]. Uterine flush samples were collected for cytological assessment and measurement of lipid mediators.
Cytological assessments were performed as described previously [33]. PMN% in the uterine flush was calculated as the number of
polymorphonuclear neutrophils relative to a total of 300 nucleated cells at x400 magnification using Diff-Quik (Sysmex Co., Kobe,
Japan) stained slides. The uterine flush samples were stored at —80°C until measurement. Samples were centrifuged at 250 x g for
20 min at 4°C and the supernatant was used for analysis. Samples (400 pL) were diluted with distilled water (550 pL) and mixed
with internal standard solution (50 puL, Supplementary Table 2). The mixed solution was applied to a solid-phase extraction cartridge
(OASIS). After application, the cartridges were washed with distilled water and hexane, and eluted with 100% methanol. Samples
were injected into the LC-MS/MS (8030 Shimadzu, Kyoto, Japan), and 146 lipid mediators were measured and analyzed using the
LC-MS/MS Method Package version 2 with LabSolutions software (Shimadzu) according to the manufacturer’s instructions. Each
metabolite was identified on the basis of its retention time and selected reaction-monitoring ion transitions. An internal standard was
used for each group. Data are presented as ratios relative to the internal standard. The level of each metabolite was calculated as the
peak area of each metabolite per peak area of the internal standard. We calculated the ratio to internal standard as follows: intensity

Table 1. Sample list of individual cows

ID Postpartum week BCS PMN%
Control 1 7 2.75 0
2 6 2.25 0.5
3 4 NA 1.2
4 13 NA 3.9
5 8 2.25 2.6
Subclinical endometritis 1 9 2.5 30.0
2 9 2.5 30.0
3 11 2.5 6.7
4 10 2.25 11.0
5 3 2.75 16.0
6 3 NA 242
7 4 NA 17.2

NA=not applicable.
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of the objective component x (intensity of internal standard substance in standard mixture)/(intensity of internal standard substance
in the sample). The non-detectable sample was calculated as 0, according to a previous report [14].

Data are presented as mean + SEM. Statistical analysis were conducted as follows: first, the Shapiro-Wilk test was conducted to
assess whether the distribution was normal. Subsequently, for samples displaying a normal distribution, the F-test was employed to
examine equal variances, the Student’s ¢-test was used for data with equal variances, and the Kolmogorov—Smirnov test was applied
for data with unequal variances. Nonparametric tests were employed for samples that did not exhibit a normal distribution, and
comparisons between two groups (Mann-Whitney U test) were conducted to detect test values. Statistical significance was set at
P<0.05. Undetected samples were included in the statistical analyses with a value of 0.

Twenty-five lipid mediators were detected in the uterine flush using LC-MS/MS. Lipid mediators detected in more than 80% of
the uterine flushes in both the control and subclinical endometritis samples are shown in Table 2 and Supplementary Fig. 1. PUFAs,
AA, AEA, and oleoylethanolamide (OEA) were detected, whereas EPA, linoleic acid (LA), and DGLA were not detected in either
the control or subclinical endometritis uterine flush. Although the OEA level (P=0.034) was significantly lower in the control uterine
flush group than in the subclinical endometritis group, the levels of other PUFAs did not differ between the control and subclinical
endometritis groups (Table 2).

Eleven COX- (Supplementary Fig. 1A, shown by big dots) and two LOX- metabolites (Supplementary Fig. 1B, shown by big dots),
as well as one CYP metabolite (Supplementary Fig. 1C, shown by big dots) of AA, were detected in both control and subclinical
endometritis uterine flushes (summarized data are shown in Table 2). PGD, metabolite,11p-13,14-dihydro-15-keto PGF,, and 13,
14-dihydro-15keto-PGD, were not detected in control uterine flush but were detected in approximately 85% of cows with subclinical
endometritis (Table 2 and Supplementary Fig. 1A). PGD,, PGE,, PGF,,, and their metabolites were detected both in the fluid of control
and subclinical endometritis cows. The levels of PGE, and its metabolite PGA, were also increased in the subclinical endometritis
uterine flush compared to those in the control. 11B-13,14-dihydro-15keto PGF,,, PGD, metabolite, tended to be higher in subclinical
endometritis uterine flushes, compared with control uterine flushes (P=0.055).

Two LOX metabolites (Supplementary Fig. 1B, indicated by big dots), one CYP metabolite (Supplementary Fig. 1C, indicated
by big dots), and non-enzymatic oxidized products of AA (Supplementary Fig. 1D, indicated by big dots) were detected in both
the control and subclinical endometritis uterine flushes (summarized data are shown in Table 2). However, the levels of these lipid
mediators did not differ significantly between the two groups (Table 2). One EPA- (Supplementary Fig. 1E shown by big dot), two
AEA- (Supplementary Fig. 1F shown by big dot), and two DGLA-(Supplementary Fig. 1H shown by big dot) derived metabolites
did not differ between the control and subclinical endometritis uterine flushes (summarized data are shown in Table 2). The level of
the LOX metabolite of LA, 13-hydroxyoctadecadienoic acid (HODE), was significantly increased in the uterine flush of cows with
subclinical endometritis compared to that in control cows (P=0.049) (Table 2 and Supplementary Fig. 1G shown by big dots).

In this study, we detected 25 lipid mediators in the uterine flush of patients with control or subclinical endometritis. The most
frequently detected lipid mediators were the 15 derived from AA. Other lipid mediators detected included one EPA-, two AEA-, two
LA-, and DGLA-derived metabolites. Levels of the PGD, metabolite,11p-13,14-dihydro-15-keto PGF,, tended to be elevated in
subclinical endometritis. The level of OEA was significantly higher in uterine flush samples from cows with subclinical endometritis
than in those from control cows.

The plasma levels of 13,14-dihydro-15-keto-prostaglandin F,, (PGFM) in cows with uterine infection were higher than in uninfected
cows [4]. PGF,, metabolizes to PGFM in the lung [25]. In our study, PGF,,, PGE,, PGD,, 11B-13,14-dihydro-15keto-PGF,, and
13,14-dihydro-15keto-PGD, were detected in the uterine flush, with increased levels observed in cows with subclinical endometritis.
However, PGFM and 11,15-dioxo0-90-hydroxy-,2,3,4,5-tetranorprostan-1,20-dioic acid (PGDM) were not detected in the uterine
flush. PGFM, 13,14-dihydro-15-keto-PGE, (PGEM), and PGDM are the final metabolites of PGs that can be detected in urine and
plasma. The detection of prostaglandin metabolites in urine and serum samples may lead to further elucidation of the pathogenesis of
endometritis and subsequently, to the development of more sensitive diagnostic methods.

PMN s are a diagnostic criterion for endometritis. In this research, the diagnostic criteria for subclinical endometritis were PMNs
equal to or more than 6% after 5 weeks postpartum and 4% after 8 weeks postpartum. Cows with subclinical endometritis showed
no clinical signs, such as fever, foul-smelling, or purulent discharge in the vagina. A previous report indicated that the production of
PGF,,, PGE,, and LTB, was elevated in endometrial cells isolated from cows with clinical endometritis compared to controls [2]. They
also indicated that the production of PGF,, and PGE,, but not LTB,, was significantly increased in endometrial cells of subclinical
endometritis with a high number of PMNs (>18%) compared to a low number of PMNs (<18%). The levels of PGs and TXs are
often increased at inflammatory sites, and these mediators are used as inflammatory biomarkers. Pro-inflammatory mediators such
as the PGD, metabolite 11f3-13,14-dihydro-15keto, PGE,, and its metabolite PGA, were increased in uterine flush with subclinical
endometritis, which suggests the presence of endometrial inflammation.

13-HODE is derived from LA. HODE generation increases under conditions of increased oxidative stress such as atherosclerosis and
diabetes [22, 29]. Reactive oxygen species (ROS) are thought to play a role in the development of endometritis. 13-HODE promotes
chemotactic activity in isolated bovine PMNs [13] and the expression of cell adhesion molecules [9]. Subclinical endometritis promotes
oxidative stress and 13-HODE production. 13-HODE may be one of the factors that exacerbate subclinical endometritis by increasing
PMN:s activation and expression of adhesion molecules. In this study, we did not measure the concentration of 13-HODE or focus
on the ROS. Further investigation of the role of 13-HODE in endometritis is required to better understand the pathogenesis of this
condition. OEA is a known ligand of the nuclear receptor peroxisome proliferator-activated receptor alpha (PPAR-a). Several studies
have indicated that OEA exerts anti-inflammatory effects in various animal models. Administration of OEA has been shown to reduce
inflammation in lipopolysaccharide-induced macrophage activation of asthma using animal models, and obesity in humans [17, 23,
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Table 2. Lipid profile of endometritis and control cows and lipid mediators detected in more than 80% of uterine
flush in either control or endometritis

Normal (N=5) Endometritis (N=7)
Substrate enzyme Lipid mediator Ratio to Internal Standard P value
Detection rate (%)
AA 0.030 £ 0.054 0.23+0.30 0.20
100 100
COX
6-keto-PGF |, 0.032 +£0.029 0.034 +£0.022 0.92
100 100
6,15-diketo-13, 14-dihydro-PGF, 0.0035 £ 0.0048 0.0013 £0.0012 0.87
80 100
11B-13,14-dihydro-15-keto PGF,,, 0 2.56 +2.12 0.055
0 85.7
11-HETE 0.42+0.54 0.85+1.08 0.43
80 85.7
13,14-dihydro-15keto-PGD, 0 244+4.73 0.012
0 85.7
20-hydroxy-PGF,, 0.0027 £ 0.0038 0.0024 + 0.0025 0.93
100 85.7
PGA, 0.024 £ 0.049 17.02 £ 36.82 0.017
40 100
PGD, 0.16+0.18 84.3 £204.7 0.20
100 100
PGE, 0.050 + 0.064 1.26 £1.79 0.03
100 100
PGF,, 0.79+1.63 1.96 +£3.55 0.51
80 85.7
TXB, 0.060 £ 0.077 0.52+0.53 0.167
80 85.7
AA LOX
12-HETE 0.78 £1.17 0.94+1.17 0.81
80 85.7
15-HETE 0.093 £0.107 0.157 £ 0.187 0.51
80 85.7
CYP
20-HETE 0.050 £ 0.072 0.51+0.73 0.20
40 100
Non-OX
8-is0-PGE, 0.34+0.35 8.09+17.5 0.35
100 100
EPA LOX
12-HEPE 0.10+0.13 0.48 £ 0.60 0.13
80 85.7
AEA 1.63+3.23 1.91+2.54 0.50
60 100
PGE,-EA 0.0044 + 0.0062 0.0046 + 0.0043 0.97
60 100
PGF,,-EA 0.010+£0.012 0.011 £ 0.0098 0.86
100 100
OEA 0.070 £ 0.10 0.23 +0.097 0.034
100 100
LA LOX
9-HODE 0.0078 £0.018 0.31+0.31 0.093
40 100
13-HODE 0.095 +0.15 0.50 +£0.42 0.049
100 100
DGLA COX
PGD, 0.0080 +0.017 495+ 11.1 0.017
20 100
PGE, 0.059 £ 0.096 322+8.1 0.46
100 100

AA, arachidonic acid; AEA, arachidonoyl ethanolamine; COX, cyclooxygenase; CYP, cytochrome; DHA, docosahexaenoic acid;
DGLA, dihomo-y-linolenic acid; EPA, eicosatetraenoic acid; HEPE, hydroxyicosapentaenoic acid; HETE, hydroxy-eicosatetraenoic
acid; HODE, hydroxyoctadecadienoic acid; LA, linoleic acid; LOX, lipoxygenases; OEA, oleoylethanolamide; PG, prostaglandin.
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24, 32]. There are reports that PGD, suppresses vascular permeability and atopic dermatitis [5, 8], and PGD; activates Peroxisome
Proliferator-Activated Receptors (PPAR)-y [34]. PPAR-y is expressed on the bovine endometrial tissues [28] and activation of PPAR-y
with agonist decreases endometrial stromal cells-derived production of inflammatory cytokines. Surprisingly, the level of OEA and
PGD, was significantly higher in the uterine flush of cows with subclinical endometritis than in control cows. It is possible that the
production of OEA and PGD,; may inhibit the further exacerbation of inflammation. Elucidation of the functions of OEA and PGD,
in subclinical endometritis may lead to a better understanding of its pathogenesis. There are several methods for estrus detection in
cows, such as monitoring behavior, body temperature, and smell in the perineal region [1, 15, 20]. Proper estrus detection can improve
conception rates. PGF,, regulates development and function of the corpus luteum, and PGE, is increased during the late-luteal phase
followed by a decrease during regression [3]. The production levels of lipid mediators such as 15-KETE and oxylipin in the corpus
luteum of cows are altered as the estrous cycle progressed [16]. These studies indicate that PUFAs are involved in reproduction.
Profiling the kinetics of PUFAs may help understand not only uterine diseases but also the estrus, reproduction, and physiology of cows.

This study has some limitations. First, the samples were only collected in Miyazaki, one of the 47 prefectures of Japan. The
production and metabolism of lipid mediators depend on several factors, such as diet, stress, and breeding environment; therefore,
samples should be obtained from a variety of regions and seasons. Second, sampling was conducted at 4—13 weeks in this study.
Adjusting the sampling timing, such as weeks postpartum, may reveal more significant differences. Nevertheless, our data indicated
that the levels of pro-inflammatory mediators such as PGD, metabolite 113-13,14-dihydro-15-keto PGF,,, PGE, and its metabolite
PGA, and LA-metabolite LOX-derived 13-HODE, and anti-inflammatory mediators such as DGLA-metabolite COX-derived PGD,
and OEA were elevated in subclinical endometritis. This pilot study may provide new insights into the future management of bovine
subclinical endometritis.
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