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Effects of dietary butyrate supplementation and oral
nonsteroidal antiinflammatory drug administration
on uterine inflammation and interval to first
ovulation in postpartum dairy cows
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Conclusion: Oral NSAID administration and dietary butyrate supplementation
did not reduce uterine inflammation or the mean interval to first ovulation

Summary

Cows experience postpartum uterine inflammation (endometritis), which may consequently delay ovulation.
We evaluated whether the oral administration of a nonsteroidal antiinflammatory drug (NSAID; meloxicam)
and the dietary supplementation of butyrate could reduce endometritis, determined by polymorphonuclear
leukocytes (PMN), and reduce the interval to first ovulation. There were no differences between butyrate and
control-fed cows for any of the parameters assessed. Mean interval to first ovulation did not differ between
NSAID and placebo-treated cows, but NSAID-treated cows tended to have a lower ovulation rate up to 56
days postpartum compared with placebo-treated cows. Oral NSAID administration and dietary butyrate
supplementation during the transition period were not effective in reducing endometritis and interval to first
ovulation.

Highlights
« Dietary butyrate supplementation did not reduce endometritis or the mean interval to first ovulation.
« Giving oral NSAID treatment 12 to 24 hours after calving did not reduce endometritis or the mean interval
to first ovulation but tended to lower the ovulation rate up to 56 days postpartum.
«  Overall, neitherdietary butyrate supplementation nor oral NSAID treatment reduced uterine inflammation
or affected ovarian function in dairy cows.
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Effects of dietary butyrate supplementation and oral
nonsteroidal antiinflammatory drug administration
on uterine inflammation and interval to first
ovulation in postpartum dairy cows

L. E. Engelking,' ® M. Gobikrushanth,”® M. Oba,' @ and D. J. Ambrose'*

Abstract: This study evaluated the effects of dietary butyrate supplementation and oral nonsteroidal antiinflammatory drug (NSAID)
administration on uterine inflammation and the interval from calving to first ovulation (ICFO; in days). We hypothesized that a combina-
tion of dietary butyrate and oral NSAID would reduce uterine inflammation and decrease ICFO. Sixty-five cows were enrolled in a 2
x 2 factorial design and assigned to receive an iso-energetic diet containing a supplement of either butyrate (fatty acid-coated calcium
butyrate) or control (commercial fat and calcium carbonate mixture) at 1.42% of diet dry matter, during the calving transition period from
—28 (£3) to +24 (£3) days in milk (DIM; calving = d 0). At 12 to 24 h postcalving, cows received an oral NSAID (1 mg of meloxicam/
kg of BW) or a placebo (food dye). Ovarian ultrasonography was performed weekly from 14 DIM until first ovulation or up to 56 DIM.
Endometrial cytology was performed at 28 DIM to assess uterine inflammation based on polymorphonuclear leukocytes (PMN). No
interactions were detected between treatments. The proportions of cows with high (>18%) endometrial PMN did not differ between
butyrate and control diets or between NSAID and placebo. Mean (+ standard error of mean) ICFO did not differ between butyrate (28 +
2 d) and control (25 + 2 d) or between NSAID (29 + 2 d) and placebo (24 + 2 d). However, the ovulation rate up to 56 DIM (hazard ratio:
0.61; 95% confidence interval: 0.35 to 1.04) established by survival analysis tended to be lower in NSAID than in placebo. In conclu-
sion, dietary butyrate supplementation and oral NSAID administration did not reduce endometrial inflammation or the mean ICFO, but

NSAID-treated cows tended to have a lower rate of ovulation up to 56 DIM.

Postpartum dairy cattle regularly experience microbial invasion
of the uterus, characterized by increased PMN in the uterine
lumen (Klucinski et al., 1990). Although some uterine inflamma-
tion is necessary for homeorhetic adaption to lactation and return
to estrus, dysregulated inflammation can result in endometritis
(>18% PMN; Kasimanickam et al., 2004). Reproductive perfor-
mance has been reported to decrease in cows with clinical (Pleticha
et al., 2009) and subclinical endometritis (Kaufmann et al., 2009).
Uterine inflammation has been suggested to delay return to ovar-
ian cyclicity due to inhibited growth and function of the dominant
ovarian follicle (Sheldon et al., 2002) and reduced reproductive
hormones (Williams et al., 2007).

Short-chain fatty acids, such as butyrate, activate and regulate
the immune system (Cox et al., 2009), and cows with lower con-
centrations of butyrate in utero-placental tissues are more likely to
retain fetal membranes (Boro et al., 2014), which can predispose
cows to endometritis (Potter et al., 2010). Therefore, adjusting
dietary levels of short-chain fatty acids during the transition period
may improve uterine health (Boro et al., 2014).

Parenteral administration of nonsteroidal antiinflammatory
drugs (NSAID), such as acetylsalicylate, carprofen, and meloxi-
cam, has been explored to manage endometritis, and NSAID have
been reported to reduce inflammation (Pascottini et al., 2020) and
increase pregnancy rate in dairy cattle (Priest et al., 2013). More

recently, oral administration of meloxicam has been proposed to
mitigate inflammation and pain in cattle (Shock et al., 2019) due
to its relatively long half-life compared with injectable Metacam
(Coetzee et al., 2009), and reportedly improved milk production
(Carpenter et al., 2016). However, oral meloxicam has not been
evaluated on uterine inflammation or ovarian function. Therefore,
our objectives were to evaluate the effects of dietary butyrate
supplementation and oral NSAID administration on uterine in-
flammation and the interval from calving to first ovulation in dairy
cows (ICFO; in days).

This study was conducted at the University of Alberta Dairy Re-
search and Technology Centre, a 146-cow tiestall barn (Edmonton,
Alberta, Canada) in 2019-2020. All procedures were approved
by the University of Alberta Animal Care and Use Committee for
Livestock (AUP00003364). This experiment was conducted in
tandem with Engelking et al. (2022).

Sixty-five (40 primiparous, 25 multiparous) Holstein cows
were blocked by parity and expected calving date and randomly
assigned to 1 of 2 iso-energetic diets containing fatty acid-coated
calcium butyrate (1.0% butyrate, 0.24% calcium, and 0.18% fatty
acids; Probiotech International) or a control supplement [1.04%
commercial fat (Jefo Dairy Fat; 85% palmitic acid; Jefo Nutrition
Inc.) and 0.38% calcium carbonate] at 1.42% of diet DM. Prepar-
tum and postpartum diets, and details describing diet formulation
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and dietary butyrate concentration determination, are included in
Engelking et al. (2022). Experimental diets were fed ad libitum
through individual mangers at 0800 h, from 28 + 3 d before ex-
pected calving date to 24 + 3 d after calving. Day 1 was defined as
the first day cows received experimental fresh cow diets.

Cows received an oral NSAID [meloxicam (15 mg/mL) suspen-
sion, USP; Solvet] administered at 1 mL/15 kg of BW in carrier
solution, equivalent to 1 mg of meloxicam/kg of BW) or a placebo
(food dye at 1 mL/15 kg of BW in carrier solution) at 12 to 24 h af-
ter calving using an oral drench gun. Study personnel were blinded
to NSAID treatment until completion of data analysis. Treatment
groups were (1) butyrate + NSAID (n = 15), (2) butyrate + placebo
(n=18), (3) control + NSAID (n = 14), and (4) control + placebo
(n=18).

Ovarian structures were evaluated once weekly by transrectal
ultrasonography from 14 + 3 d postpartum (DPP) until the first
ovulation was confirmed, or until a maximum of 56 + 3 d. Loca-
tions of major ovarian structures (follicles >5 mm diameter and
luteal tissue) were recorded, and ovulation was confirmed by the
appearance of a corpus luteum in the ovary. Vaginal mucus samples
were collected using a Metricheck device (Simcro Tech Ltd.) at 14
and 28 d, and its appearance and odor were scored as per Williams
et al. (2005) with the addition of an odor score category. Mucus
appearance scores: clear or translucent = 0; white or off-white
flecks of pus = 1; <50% white or off-white mucopurulent material
= 2; and >50% purulent material, usually white or sanguineous =
3. Mucus odor scores: no odor = 0, faint nonfetid odor = 1, strong
fetid odor = 2.

Samples for endometrial cytology were obtained at 28 d using a
cytobrush (Medscand Medical) modified for use in large animals
as described by Kasimanickam et al. (2004). In 3 of 65 cows (1
control + NSAID, 2 control + placebo), cytology samples could
not be collected because the cervix was not passable. Cytological
samples were smeared on microscope slides and fixed with cy-
tofixative (Cytoprep, Fisher Scientific). Slides were then stained
for a minimum of 8 min (Wright-Giemsa Stain; Fisher Scientific),
washed with distilled water, dried, and examined under 400x mag-
nification. Total cell and PMN counts were assessed to calculate
% PMN based on at least 200 cells/slide. High and low PMN were
defined as >18% and <18% PMN, respectively (Kasimanickam et
al., 2004).

Statistical analyses were conducted using SAS (Statistical
Analysis System, version 9.4 for Windows; SAS Institute Inc.).
Normality of data was determined using the UNIVARIATE pro-
cedure. Binomial and continuous dependent variables were mod-
eled against the fixed effects of independent variables (i.e., parity,
dietary treatment, drug treatment, and their interactions) and ana-
lyzed using GLIMMIX procedure of SAS. For binomial dependent
outcomes, the model was specified as binomial (dist = binary link
logit), and the ilink option with Tukey’s adjustment used to obtain
corresponding least squares means by parity, dietary, and drug
treatment groups. As none of the interactions was significant, the
fixed effects of interactions were removed from the final model.
The differences in the proportions of cows by vaginal mucus char-
acteristics at 14 and 28 d were also analyzed by GLIMMIX proce-
dure with Tukey’s adjustment to obtain LSM by parity, dietary, and
drug treatment groups. In addition to determining the proportion
of cows that ovulated at 14, 21, 28, 35, 42, 49, and 56 DPP using
the aforesaid GLIMMIX procedure, the probability of ovulation up

to 56 d DPP was evaluated by the Kaplan-Meier survival analysis
(LIFETEST procedure) and tested by a Cox proportional-hazards
model (PHREG procedure). During data collection, 7 cows (butyr-
ate + NSAID, n = 2; butyrate + placebo, n = 1; control + NSAID,
n = 2; and control + placebo, n = 2) were treated with antibiotics
or NSAID (other than the experimental treatment) for health dis-
orders. Data for these cows were included up to when the above
interventions occurred but removed from any statistical analysis
after treatment. Significance was declared at P < 0.05 and tenden-
cies were declared when P > 0.05 but <0.10.

Contrary to our hypothesis, the proportions of cows with high
(>18%) endometrial PMN did not differ by dietary (Figure 1; bu-
tyrate vs. control; 33 £ 9 vs. 35 + 9%; P = 0.90) or drug treatment
(NSAID vs. placebo; 43 £9 vs. 26 + 9%; P=0.17). The proportions
of cows distributed by vaginal mucus characteristics on d 14 and
28 also did not differ (Table 1), but a smaller proportion of NSAID
(3 vs. 17%) tended to have a vaginal mucus appearance score of 2
(£50% mucopurulent material) at 28 DPP, and a larger proportion
of NSAID had no vaginal mucus odor on d 28, compared with pla-
cebo (97 vs. 82%). While vaginal discharge can be associated with
the growth of certain bacteria in the uterus (Williams et al., 2005),
meloxicam reportedly does not affect uterine bacterial composition
in early postpartum cows (Pascottini et al., 2021).

The cumulative proportions of cows that ovulated at each
weekly interval (Figure 2) and the mean ICFO did not differ be-
tween butyrate and control (27.5 + 2.1 vs. 25.3 £ 2.0 d; P = 0.44)
or between NSAID and placebo (28.5 +2.0 vs. 243 £2.1d; P =
0.14). The ovulation rate up to 56 DPP by survival analysis did
not differ between butyrate and control (hazard ratio of 0.76; 95%
CI 0.45 to 1.28; P = 0.30). However, the ovulation rate up to 56
DPP tended to be lower in NSAID than in placebo (hazard ratio of
0.61; 95% CI 0.35 to 1.04; P =0.07). There were no differences in
the interval from calving to the first detection of ovarian follicles
of 10-mm diameter in butyrate compared with control (14.9 + 0.7
vs. 15.1 £ 0.6 d; P = 0.76) or in NSAID compared with placebo
(15.2+ 0.6 vs. 14.8 £ 0.6 d; P = 0.63). Similarly, the interval from
calving to the first detection of 16-mm diameter follicles did not
differ in butyrate compared with control (19.4 + 2.3 vs. 20.6 £ 2.2
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Figure 1. Proportions of cows with high uterine PMN (>18%; n = 22) by
dietary butyrate [fatty acid-coated calcium butyrate supplement vs. control
(commercial dairy fat and calcium carbonate supplement mixture) at 1.42%
diet DM], and nonsteroidal antiinflammatory drug [1 mg of meloxicam/kg of
BW vs. placebo (food dye)] treatment. High PMN was defined as >18% PMN

based on endometrial cytology performed at 28 + 3 DIM.
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d; P =0.71) or in NSAID compared with placebo (20.8 = 1.9 vs.
19.2 £ 2.6 d; P = 0.63). The absence of treatment differences in
the intervals from calving to detection of 10- and 16-mm follicles
indicates that the tendency for a lower ovulation rate up to 56 DIM
in NSAID was not because of impeded recruitment of preovulatory
size follicles.

Butyrate has been proposed to improve reproduction in cattle
as it is an energy source (Ulfina et al., 2015); however, because
rations were iso-energetic in the present study, additional energy
from butyrate supplementation was unlikely. Overall, we did not
observe any beneficial effects of supplemental butyrate.

Limited data are available on the effects of NSAID on uterine
inflammation in dairy cattle; however, those who have assessed it
found no changes (Priest et al., 2013; Meier et al., 2014; Pascot-
tini et al., 2020), similar to our findings. Perhaps administration of
NSAID 12 to 24 h postpartum was too early for the treatment to
reduce inflammation at 28 DPP. Alternatively, it is possible NSAID
administration, regardless of timing, does not affect endometrial
PMN proportion. Additionally, Priest et al. (2013) found NSAID
treatment for cows with subclinical endometritis improved preg-
nancy rate; thus, NSAID may be efficacious in cows with high
PMN in the uterus (that is, those experiencing endometritis), but
not necessarily in cows with low uterine PMN.

In the present study, NSAID was administered orally, whereas
in much of the existing research NSAID was given through s.c. or
i.m. routes. Although oral meloxicam has a similar therapeutic on-
set to the injectable form, the oral formulation has a longer half-life
(27.5 hiin calves) and a significantly longer lasting action (Coetzee
et al.,, 2009). Injectable meloxicam may be cleared faster than
oral meloxicam (14.33 vs. 3.20 h; Karademir et al., 2016); thus,
the prolonged action of oral meloxicam may have interfered with
natural postcalving inflammation, contributing to the tendency for
delayed ovulation in NSAID. Some degree of uterine inflammation
is required for uterine remodeling; thus, perhaps the initial treat-
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ment with NSAID delayed inflammation, resulting in postponed
“rebound inflammation” (Farney et al., 2013), extending the dura-
tion of uterine recovery. This in turn may have reduced the ovula-
tion rate in NSAID. This speculation is consistent with numerically
greater proportion of high PMN cows in the NSAID group, but it
must be noted that uterine inflammation was only assessed on d 28,
and it was not significantly different between NSAID and placebo,
so we cannot definitively say if this was a contributing factor.

We acknowledge that the differences in the modes of action of
different NSAID formulations may have also contributed to the
differences among studies. The present study used meloxicam,
whereas other studies have evaluated carprofen (Priest et al., 2013;
Meier et al., 2014) and sodium salicylate (Farney et al., 2013).
Although it is possible that the lack of treatment effect on inflam-
mation is due to timing, route of administration, or the type of
NSAID, it is also possible that NSAID is not effective at mitigating
endometrial inflammation in postpartum dairy cows.

Cows given the NSAID tended to have a reduced ovulation
rate up to 56 DIM compared with cows given placebo in the pres-
ent study. It has been reported that NSAID use delays ovulation
in rodents (Gaytan et al., 2006) and humans (Sirois et al., 2004)
primarily due to NSAID inhibition of prostaglandin. Increased
endometrial PMN reportedly increases ICFO in cattle (Burke et
al., 2010; Dourey et al., 2011; Green et al., 2011). This evidence is
consistent with our findings that NSAID had numerically greater
proportion (43 vs. 26%) of high PMN and slower rate of first
ovulation up to 56 DIM. Cows with endometritis have impaired re-
productive hormone production and slower ovarian follicle growth
(Sheldon et al., 2010). Although reproductive hormones were not
measured, ovarian follicular growth up to 10- and 16-mm diameter
sizes was not affected in the present study, indicating that adequate
gonadotropin support was available to sustain follicle growth and
dominance.

Table 1. Proportions (LSM %) of cows distributed by scores for vaginal mucus appearance (0, 1, 2, 3) and vaginal mucus
odor (0, 1,2) and by dietary1 (butyrate vs. control) or nonsteroidal antiinflammatory drug2 (NSAID vs. placebo) treatment

at 14 and 28 d postpartum

Vaginal mucus appearance score®

Vaginal mucus odor score®

Item 0 1 2 3 0 1 2
d 14 postpartum
Butyrate, % (n) 10 (3) 14 (4) 31(9) 44 (13) 72 (20) 21(7) 6(2)
Control, % (n) 14 (5) 24 (8) 23(8) 39 (15) 84 (29) 8 (4) 7(3)
NSAID, % (n) 9(3) 18 (6) 28(9) 44 (15) 72 (23) 14 (6) 13 (4)
Placebo, % (n) 15 (5) 19 (6) 26 (8) 39(13) 83 (26) 12(5) 4(1)
d 28 postpartum
Butyrate, % (n) 31(9) 59 (17) 5(2) 3(1) 95 (27) 3(1) 1(1)
Control, % (n) 29(10) 44 (16) 10 (5) 11(5) 89 (31) 9(4) 1(1)
NSAID, % (n) 31(10) 58 (19) 37(1) 6(3) 97°(32) 2(1) 0(0)
Placebo, % (n) 29 (9) 44 (14) 17° (6) 6(3) 827 (26) 10 (4) 7(2)

*ANSAID vs. placebo, P = 0.07.
“INSAID vs. placebo, P = 0.08.

Cows received butyrate (fatty acid-coated calcium butyrate supplement) or a control (commercial fat and calcium car-

bonate supplement mixture) at 1.42% of diet DM.

Cows received oral NSAID (1 mg of meloxicam/kg of BW) or placebo (food dye).

*Mucus appearance scoring: 0 = clear or translucent; 1 = off-white or white flecks; 2 = <50% white or off-white mucopu-
rulent material; and 3 = >50% purulent material, usually white or sanguineous (Williams et al., 2005).

“Mucus odor scoring: 0 = no odor; 1 = faint odor; 2 = strong fetid odor (modified from Williams et al., 2005).
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It has been suggested that NSAID are likely more effective
for cows experiencing calving difficulties (Laven et al., 2012) or
inflammation, but when given to healthy cows, it may suppress
inflammatory signaling in the immune system and lead to infec-
tions (Trimboli et al., 2020). Overall, it appears that there are risks
associated with administering NSAID as a blanket treatment to all
transition cows as inflammation is necessary to adapt to lactation;
thus, it may be advisable to only provide NSAID to cows expe-
riencing excessive inflammation following a difficult calving or
other inflammatory conditions. As previously described, data used
for analysis were obtained from cows without clinical diseases.
The inclusion of only “healthy” cows may have reduced the ef-
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ficacy of NSAID and could be a limitation of the present study.
Another limitation is the lack of adequate statistical power in our
study. Though originally planned with 120 cows, due to the limited
availability of cows and for other reasons beyond our control, this
was not possible.

In conclusion, neither dietary butyrate supplementation nor
oral NSAID administration reduced endometrial inflammation or
reduced the mean ICFO. However, NSAID-treated cows tended to
have a lower ovulation rate up to 56 DPP than cows given placebo.
Considering the lack of power in the present study, further research
with a larger sample size is warranted to understand the effects of
NSAID on uterine inflammation and ovarian function.
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Figure 2. Proportions of cows ovulated by DIM given butyrate (fatty acid-coated calcium butyrate supplement; A, B) versus control (commercial fat and
calcium carbonate supplement mixture) at 1.42% of diet DM, or when administered a nonsteroidal antiinflammatory drug (NSAID; 1 mg of meloxicam/kg of
BW; C, D) versus placebo (food dye). Ovulation was detected by weekly transrectal ultrasonography and results were analyzed either by GLIMMIX procedure
and plotted as bar charts (A, C), or by Kaplan-Meier survival analysis approach and plotted as survival function graphs (B, D). The proportions of cows that
ovulated at each DIM did not differ between diet and drug treatments. The rate of ovulation up to 56 DIM did not differ between butyrate and control cows
(hazard ratio: 0.75; 95% Cl: 0.44 to 1.28; P = 0.29). The rate of ovulation up to 56 DIM tended to differ, with NSAID-treated cows having a lower hazard for
ovulation compared with control cows (hazard ratio: 0.61; 95% Cl: 0.35 to 1.04; P = 0.07).

JDS Communications 2022; 3: 362-367



Engelking et al. | Butyrate and NSAID in postpartum cows

References

Boro, P., A. Kumaresan, A. K. Singh, D. Gupta, S. Kumar, A. Manimaran, A.
K. Mohanty, T. K. Mohanty, R. Pathak, N. M. Attupuram, R. K. Baithalu,
and S. Prasad. 2014. Expression of short chain fatty acid receptors and
pro-inflammatory cytokines in utero-placental tissues is altered in cows
developing retention of fetal membranes. Placenta 35:455-460. https://doi
.org/10.1016/j.placenta.2014.04.009.

Burke, C. R., S. Meier, S. McDougall, C. Compton, M. Mitchell, and J. R.
Roche. 2010. Relationships between endometritis and metabolic state
during the transition period in pasture-grazed dairy cows. J. Dairy Sci.
93:5363-5373. https://doi.org/10.3168/jds.2010-3356.

Carpenter, A. J., C. M. Ylioja, C. F. Vargas, L. K. Mamedova, L. G. Mendonga,
J. F. Coetzee, L. C. Hollis, R. Gehring, and B. J. Bradford. 2016. Hot topic:
Early postpartum treatment of commercial dairy cows with nonsteroidal
antiinflammatory drugs increases whole-lactation milk yield. J. Dairy Sci.
99:672—679. https://doi.org/10.3168/jds.2015-10048.

Coetzee, J. F., B. KuKanich, R. Mosher, and P. S. Allen. 2009. Pharmacoki-
netics of intravenous and oral meloxicam in ruminant calves. Vet Ther.
10:E1-E8.

Cox, M. A,, J. Jackson, M. Stanton, A. Rojas-Triana, L. Bober, M. Laverty,
X. Yang, F. Zhu, J. Liu, S. Wang, F. Monsma, G. Vassileva, M. Maguire,
E. Gustafson, M. Bayne, C. C. Chou, D. Lundell, and C. H. Jenh. 2009.
Short-chain fatty acids act as anti-inflammatory mediators by regulating
prostaglandin E2 and cytokines. World J. Gastroenterol. 15:5549-5557.
https://doi.org/10.3748/wjg.15.5549.

Dourey, A., M. G. Colazo, P. P. Barajas, and D. J. Ambrose. 2011. Research
relationships between endometrial cytology and interval to first ovulation,
and pregnancy in postpartum dairy cows in a single herd. Res. Vet. Sci.
91:e149—e153. https://doi.org/10.1016/j.rvsc.2010.11.011.

Engelking, L. E., D. J. Ambrose, and M. Oba. 2022. Effects of dietary butyrate
supplementation and oral non-steroidal anti-inflammatory drug administra-
tion on serum inflammatory markers and productivity of dairy cows during
the calving transition. J. Dairy Sci. 105:4144-4155. https://doi.org/10
.3168/jds.2021-21553.

Farney, J. K., L. K. Mamedova, J. F. Coetzee, B. KuKanich, L. M. Sordillo,
S. K. Stoakes, J. E. Minton, L. C. Hollis, and B. J. Bradford. 2013. Anti-
inflammatory salicylate treatment alters the metabolic adaptations to
lactation in dairy cattle. Am. J. Physiol. Regul. Integr. Comp. Physiol.
305:R110-R117. https://doi.org/10.1152/ajpregu.00152.2013.

Gaytan, M., C. Morales, C. Bellido, J. E. Sanchez-Criado, and F. Gaytan. 2006.
Non-steroidal anti-inflammatory drugs (NSAIDs) and ovulation: Lessons
from morphology. Histol. Histopathol. 21:541-556. https://doi.org/10
.14670/HH-21.541.

Green, M. P, A. M. Ledgard, S. E. Beaumont, M. C. Berg, K. P. McNatty, A.
J. Peterson, and P. J. Back. 2011. Long-term alteration of follicular steroid
concentrations in relation to subclinical endometritis in postpartum dairy
cows. J. Anim. Sci. 89:3551-3560. https://doi.org/10.2527/jas.2011-3958.

Karademir, U., H. Erdogan, M. Boyacioglu, C. Kum, S. Sekkin, and M. Bil-
gen. 2016. Pharmacokinetics of meloxicam in adult goats: a comparative
study of subcutaneous, oral and intravenous administration. N. Z. Vet. J.
64:165-168. https://doi.org/10.1080/00480169.2015.1124811.

Kasimanickam, R., T. F. Duffield, R. A. Foster, C. J. Gartley, K. E. Leslie, J.
S. Walton, and W. H. Johnson. 2004. Endometrial cytology and ultraso-
nography for the detection of subclinical endometritis in postpartum dairy
cows. Theriogenology 62:9-23. https://doi.org/10.1016/j.theriogenology
.2003.03.001.

Kaufmann, T. B., M. Drillich, B. A. Tenhagen, D. Forderung, and W. Heu-
wieser. 2009. Prevalence of bovine subclinical endometritis 4 h after in-
semination and its effects on first service conception rate. Theriogenology
71:385-391. https://doi.org/10.1016/j.theriogenology.2008.08.005.

Klucinski, W., S. P. Targowski, E. Miernik-Degorska, and A. Winnicka. 1990.
The phagocytic activity of polymorphonuclear leukocytes isolated from
normal uterus and that with experimentally induced inflammation in cows.
J. Vet. Med. A Physiol. Pathol. Clin. Med. 37:506-512. https://doi.org/10
1111/5.1439-0442.1990.tb00937 .

Laven, R., P. Chambers, and K. Stafford. 2012. Using non-steroidal anti-
inflammatory drugs around calving: Maximizing comfort, productivity and
fertility. Vet. J. 192:8-12. https://doi.org/10.1016/j.tvj1.2011.10.023.

Meier, S., N. V. Priest, C. R. Burke, J. K. Kay, S. McDougall, M. D. Mitchell,
C. G. Walker, A. Heiser, J. J. Loor, and J. R. Roche. 2014. Treatment with
a nonsteroidal antiinflammatory drug after calving did not improve milk

366

production, health, or reproduction parameters in pasture-grazed dairy
cows. J. Dairy Sci. 97:2932-2943. https://doi.org/10.3168/jds.2013-7838.

Pascottini, O. B., J. Spricigo, S. J. Van Schyndel, B. Mion, J. Rousseau, J. S.
Weese, and S. J. LeBlanc. 2021. Effects of parity, blood progesterone, and
non-steroidal anti-inflammatory treatment on the dynamics of the uterine
microbiota of healthy postpartum dairy cows. PLoS One 16:¢0233943.
https://doi.org/10.1371/journal.pone.0233943.

Pascottini, O. B., S. J. Van Schyndel, J. F. W. Spricigo, M. R. Carvalho, B.
Mion, E. S. Ribeiro, and S. J. LeBlanc. 2020. Effect of anti-inflammatory
treatment on systemic inflammation, immune function, and endometrial
health in postpartum dairy cows. Sci. Rep. 10:5236. https://doi.org/10
.1038/541598-020-62103-x.

Pleticha, S., M. Drillich, and W. Heuwieser. 2009. Evaluation of the Metricheck
device and the gloved hand for the diagnosis of clinical endometritis in
dairy cows. J. Dairy Sci. 92:5429-5435. https://doi.org/10.3168/jds.2009
-2117.

Potter, T. J., J. Guitian, J. Fishwick, P. J. Gordon, and I. M. Sheldon. 2010. Risk
factors for clinical endometritis in postpartum dairy cattle. Theriogenology
74:127-134. https://doi.org/10.1016/j.theriogenology.2010.01.023.

Priest, N. V., S. McDougall, C. R. Burke, J. R. Roche, M. Mitchell, K. L.
McLeod, S. L. Greenwood, and S. Meier. 2013. The responsiveness of sub-
clinical endometritis to a nonsteroidal anti-inflammatory drug in pasture-
grazed dairy cows. J. Dairy Sci. 96:4323-4332. https://doi.org/10.3168/jds
.2012-6266.

Sheldon, I. M., D. E. Noakes, A. N. Rycroft, D. U. Pfeiffer, and H. Dobson.
2002. Influence of uterine bacterial contamination after parturition on
ovarian dominant follicle selection and follicle growth and function in
cattle. Reproduction 123:837-845. https://doi.org/10.1530/rep.0.1230837.

Sheldon, I. M., A. N. Rycroft, B. Dogan, M. Craven, J. J. Bromfield, A. Chan-
dler, M. H. Roberts, S. B. Price, R. O. Gilbert, and K. W. Simpson. 2010.
Specific strains of Escherichia coli are pathogenic for the endometrium of
cattle and cause pelvic inflammatory disease in cattle and mice. PLoS One
5:€9192. https://doi.org/10.1371/journal.pone.0009192.

Shock, D., S. Roche, and M. Olson. 2019. A comparative pharmacokinetic
analysis of oral and subcutaneous meloxicam administered to postpartum
dairy cows. Vet. Sci. 6:73. https://doi.org/10.3390/vetsci6030073.

Sirois, J., K. Sayasith, K. A. Brown, A. E. Stock, N. Bouchard, and M. Dor¢é.
2004. Cyclooxygenase-2 and its role in ovulation: A 2004 account. Hum.
Reprod. Update 10:373-385. https://doi.org/10.1093/humupd/dmh032.

Trimboli, F., M. Ragusa, C. Piras, V. Lopreiato, and D. Britti. 2020. Outcomes
from experimental testing of nonsteroidal anti-inflammatory drug (NSAID)
administration during the transition period of dairy cows. Animals (Basel)
10:1832. https://doi.org/10.3390/ani10101832.

Ulfina, G. G., S. P. Kimothi, P. S. Oberoi, R. K. Baithalu, A. Kumaresan, T. K.
Mohanty, P. Imtiwati, and A. K. Dang. 2015. Modulation of post-partum
reproductive performance in dairy cows through supplementation of long-
or short-chain fatty acids during transition period. J. Anim. Physiol. Anim.
Nutr. (Berl.) 99:1056-1064. https://doi.org/10.1111/jpn.12304.

Williams, E. J., D. P. Fischer, D. E. Noakes, G. C. W. England, A. Rycroft,
H. Dobson, and I. M. Sheldon. 2007. The relationship between uterine
pathogen growth density and ovarian function in the postpartum dairy cow.
Theriogenology  68:549-559.  https://doi.org/10.1016/j.theriogenology
.2007.04.056.

Williams, E. J., D. P. Fischer, D. U. Pfeiffer, G. C. W. England, D. E. Noakes,
H. Dobson, and I. M. Sheldon. 2005. Clinical evaluation of postpartum
vaginal mucus reflects uterine bacterial infection and the immune re-
sponse in cattle. Theriogenology 63:102—117. https://doi.org/10.1016/j
.theriogenology.2004.03.017.

Notes

L. E. Engelking ® https://orcid.org/0000-0003-3026-1757
M. Gobikrushanth © https://orcid.org/0000-0002-5059-463 1
M. Oba @ https://orcid.org/0000-0001-8057-3500

D. J. Ambrose ® https://orcid.org/0000-0002-3313-7199

The authors thank the Canadian Agricultural Partnership—Adapting Innovative
Solutions in Agriculture Program (Alberta Agriculture and Forestry, Edmonton,
AB, Canada), Alberta Milk (Edmonton, AB, Canada), and the Natural Sciences
and Engineering Research Council of Canada (#RES0043386; Ottawa, ON,
Canada) for financial support. The authors also thank Probiotech International

JDS Communications 2022; 3: 362-367


https://doi.org/10.1016/j.placenta.2014.04.009
https://doi.org/10.1016/j.placenta.2014.04.009
https://doi.org/10.3168/jds.2010-3356
https://doi.org/10.3168/jds.2015-10048
https://doi.org/10.3748/wjg.15.5549
https://doi.org/10.1016/j.rvsc.2010.11.011
https://doi.org/10.3168/jds.2021-21553
https://doi.org/10.3168/jds.2021-21553
https://doi.org/10.1152/ajpregu.00152.2013
https://doi.org/10.14670/HH-21.541
https://doi.org/10.14670/HH-21.541
https://doi.org/10.2527/jas.2011-3958
https://doi.org/10.1080/00480169.2015.1124811
https://doi.org/10.1016/j.theriogenology.2003.03.001
https://doi.org/10.1016/j.theriogenology.2003.03.001
https://doi.org/10.1016/j.theriogenology.2008.08.005
https://doi.org/10.1111/j.1439-0442.1990.tb00937.x
https://doi.org/10.1111/j.1439-0442.1990.tb00937.x
https://doi.org/10.1016/j.tvjl.2011.10.023
https://doi.org/10.3168/jds.2013-7838
https://doi.org/10.1371/journal.pone.0233943
https://doi.org/10.1038/s41598-020-62103-x
https://doi.org/10.1038/s41598-020-62103-x
https://doi.org/10.3168/jds.2009-2117
https://doi.org/10.3168/jds.2009-2117
https://doi.org/10.1016/j.theriogenology.2010.01.023
https://doi.org/10.3168/jds.2012-6266
https://doi.org/10.3168/jds.2012-6266
https://doi.org/10.1530/rep.0.1230837
https://doi.org/10.1371/journal.pone.0009192
https://doi.org/10.3390/vetsci6030073
https://doi.org/10.1093/humupd/dmh032
https://doi.org/10.3390/ani10101832
https://doi.org/10.1111/jpn.12304
https://doi.org/10.1016/j.theriogenology.2007.04.056
https://doi.org/10.1016/j.theriogenology.2007.04.056
https://doi.org/10.1016/j.theriogenology.2004.03.017
https://doi.org/10.1016/j.theriogenology.2004.03.017
https://orcid.org/0000-0003-3026-1757
https://orcid.org/0000-0002-5059-4631
https://orcid.org/0000-0001-8057-3500
https://orcid.org/0000-0002-3313-7199

Engelking et al. | Butyrate and NSAID in postpartum cows 367

(Saint-Hyacinthe, QC, Canada) and Palital Feed Additives (Velddriel, GE,  University of Alberta’s Dairy Research and Technology Centre (Edmonton,
Netherlands) for their donation of the calcium butyrate product, and Solvet ~ AB, Canada) for their technical assistance.
(Calgary, AB, Canada) for the donation of the NSAID product, Meloxicam Oral

Suspension, USP. The authors have not stated any conflicts of interest.

The authors are grateful to Courtnee Hainstock, Satoko Hisadomi, Matthew
Burdick, and Marcos Colazo of the University of Alberta, and the staff of the

JDS Communications 2022; 3: 362-367



	Effects of dietary butyrate supplementation and oral
nonsteroidal antiinflammatory drug administration
on uterine inflammation and interval to first
ovulation in postpartum dairy cows
	Graphical Abstract
	References


