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ABSTRACT

The objectives of this study were to assess the ef-
fects of a single transdermal administration of flunixin
meglumine (FM) in early postpartum Holstein Friesian
dairy cows on serum concentrations of inflammatory
and metabolic markers, uterine health, and indicators
of pain. The hypothesis was that the anti-inflammatory,
antipyretic, and analgetic effects of the pharmaceutic
agent would reduce systemic inflammation, resulting in
improved metabolic and inflammatory profile, dimin-
ished incidence of metritis, and reduced expression of
pain. A total of 500 cows (153 primiparous, 347 multip-
arous) from 3 different commercial dairy farms in the
northeast of Germany were included in a randomized
controlled clinical trial. Farms were preselected based
on high haptoglobin concentrations in their fresh lactat-
ing cows. Cows were excluded if they had experienced
dystocia, stillbirth, or twin birth, or if they showed
any signs of milk fever, retained fetal membranes, or
fever (>40°C). The cows were treated once with ei-
ther FM (3.33 mg/kg) or a placebo as control (CON)
through transdermal administration between 24 to 36
h postpartum (d 2). General health examinations were
performed (daily from d 2-8 and additionally on d 15
postpartum), vaginal discharge was assessed using the
Metricheck device (d 8 and 15 postpartum) and serum
samples were analyzed for inflammatory and metabolic
markers (d 2, 4, and 6 postpartum). Effects of treat-
ment, parity, sampling day, and their interactions were
evaluated using mixed effects models. Primiparous
cows treated with FM showed lower serum haptoglobin
concentrations (0.90 + 0.08 vs. 1.17 + 0.07 g/L; +
standard error of the mean) and higher serum albumin
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concentrations (35.5 + 0.31 vs. 34.8 + 0.31 g/L) on d
6 postpartum. They also had a lower risk for purulent
vaginal discharge with or without a fever compared with
CON cows on d 15 postpartum (odds ratio for CON vs.
FM: 1.63, 95% CI: 1.26-2.00), and body temperature
was lower throughout the first 15 d in milk (39.1 + 0.11
vs. 39.2 + 0.11°C). Multiparous cows treated with FM
had lower serum (3-hydroxybutyrate concentrations on
d 4 postpartum (0.71 = 0.05 vs. 0.78 £ 0.05 mmol/L)
and d 6 postpartum (0.74 £+ 0.05 vs. 0.80 + 0.05
mmol/L). Regardless of parity, FM-treated cows were
significantly less likely to abduct their tail from their
body (14.3 vs. 23.6%) and show an arched back (27.9
vs. 39.7%) on the day after treatment compared with
CON cows. It can be concluded that FM treatment
slightly reduced inflammation and diminished the risk
for metritis in primiparous cows, improved metabolic
profile in multiparous cows, and reduced expressions of
pain in all cows.

Key words: inflammation, transition, dairy cow,
flunixin meglumine, metritis

INTRODUCTION

Systemic inflammation in the periparturient dairy
cow has been the focus of much research in recent years
(Sordillo and Raphael, 2013; Bradford et al., 2015;
Bradford and Swartz, 2020). A physiological role of
inflammation around parturition has been described
concomitant with the expulsion of fetal membranes and
uterine involution (Sheldon et al., 2019). An excessive
inflammatory response, however, has a negative effect
on nutrient availability (Bradford and Swartz, 2020).
This has been associated with a higher incidence of
metabolic and infectious diseases in early postpartum
dairy cows (Sordillo et al., 2009).

Excessive systemic inflammation can already be de-
tected in apparently clinically healthy cows (Humblet
et al., 2006; Bionaz et al., 2007; Trevisi et al., 2011;
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Bossaert et al., 2012). Complex interrelationships be-
tween immune tolerance, resistance, and resilience of
the individual on the one hand, and environmental fac-
tors on the other hand are highly likely to determine
the degree of systemic inflammation (Sheldon et al.,
2019). Systemic inflammation has been associated with
a decrease in DMI (Pascottini et al., 2019), negative
energy balance, lipid mobilization, and ketone body
formation (Guzelbektes et al., 2010; El-Deeb and
El-Bahr, 2017), uterine disease (Huzzey et al., 2009;
Brodzki et al., 2015; Barragan et al., 2018b), and social
stress (Giannetto et al., 2011; Chebel et al., 2016). Pri-
miparous cows seem to have a higher risk for excessive
systemic inflammation postpartum (Schneider et al.,
2013; Mainau et al., 2014; Pohl et al., 2015) and are
more susceptible for acute puerperal metritis as well
(Venjakob et al., 2019).

Excessive systemic inflammation around parturi-
tion can impair whole lactation productivity, health,
and reproductive performance of dairy cows (Krause
et al., 2014; Huzzey et al., 2015; Nightingale et al.,
2015). Therefore, several approaches to modulate post-
partum immune response have been tested to mitigate
the negative effects of excessive systemic inflammation
postpartum. Among others, treatment of transition
dairy cows with nonsteroidal anti-inflammatory drugs
(NSAID) has been evaluated in several studies.

Acetylsalicylic acid (ASA) treatment early in the
postpartum period resulted in inconclusive effects
regarding inflammatory markers in blood and health
events. Bertoni et al. (2004) and Barragan et al.
(2018a) reported a reduction in the acute-phase pro-
teins (APP) haptoglobin (HP) and ceruloplasmin, and
higher concentrations of total protein, albumin, and
retinol-binding protein in treated cows. Barragan et al.
(2020b) and Montgomery et al. (2019) did not find any
effects of treatment on HP concentration, but Barragan
et al. (2020b) found lower concentrations of BHB in
treated cows. On the contrary, Carpenter et al. (2016)
observed increased HP concentrations in ASA-treated
animals compared with controls. Two studies reported
an increase in metritis incidence in multiparous cows
(Bertoni et al., 2004; Farney et al., 2013b).

Meloxicam (MEL) treatment around parturition
led to a decreased serum HP and BHB concentration,
whereas glucose and IGF-1 were higher in treated cows
than in the control group (Pascottini et al., 2020). Con-
trary to this, Newby et al. (2013a), who treated dairy
cows following assisted parturition, and Mainau et al.
(2014), who treated apparently healthy cows after calv-
ing, did not find any effects of MEL treatment on blood
metabolites or health events, but treated heifers were
significantly more active during the first 2 d postpar-
tum (Mainau et al., 2014), which has been associated

Journal of Dairy Science Vol. 106 No. 1, 2023

625

with a lower risk for metritis before (Barragan et al.,
2018b).

Meier et al. (2014) reported slightly lower serum BHB
concentrations in cows treated with carprofen (CAR),
whereas Giammarco et al. (2018) did not find any ef-
fects of CAR on metabolic and inflammatory markers
in blood.

Ketoprofen (KET) treatment reduced serum concen-
trations of HP, BHB, nonesterified fatty acids (NEFA)
and tumor-necrosis-factor (TNF)-a in high-yielding
dairy cows (Kovacevic et al., 2018). Gladden et al.
(2018), however, did not find any significant effects
of KET treatment early after parturition. Richards et
al. (2009) reported a lower incidence of retained fetal
membranes in cows treated with KET immediately
after parturition.

Giammarco et al. (2018), who treated cows within 12
h postpartum with flunixin meglumine (FM), reported
a lower incidence of retained fetal membranes in treat-
ed cows compared with control, whereas Newby et al.
(2017), Shwartz et al. (2009), and Waelchli et al. (1999)
found an increased risk for cows to experience stillbirth
and retain fetal membranes when treated either before
or immediately after parturition, respectively.

Overall, anti-inflammatory medication of transition
dairy cows seems promising, but comparison among
studies is complicated as they differ in their study de-
sign, NSAID, timing of treatment, and dosing regimen.
Hence, there is a lack of consensus when it comes to
selecting the most appropriate NSAID and treatment
protocol.

Flunixin meglumine is a potent NSAID, and the
transdermal administration route is more comfortable
for the animal compared with injections. However, pos-
sible adverse effects, as aforementioned (Waelchli et al.,
1999; Shwartz et al., 2009; Newby et al., 2017), need to
be prevented, presumably by choosing the right time
frame and animal inclusion criteria for the administra-
tion.

The objectives of this study were to evaluate the ef-
fects of a single transdermal administration of FM in
dairy cows between 24 to 36 h after parturition on serum
concentrations of inflammatory and metabolic markers,
uterine health and indicators of pain in early lactation.
We hypothesized that treatment with FM leads to a
reduced inflammatory response and therefore, results
in an improved inflammatory and metabolic profile,
reduced incidence of puerperal metritis and decreased
expression of pain.

MATERIALS AND METHODS

The experimental procedures reported herein were
conducted with the approval of the Institutional Ani-
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mal Care and Use Committee of the Free University of
Berlin in cooperation with the Federal State Office of
Occupational Safety, Consumer Protection and Health
(animal care protocol number: 2347-10-2018).

Animals and Farms

A total of 500 lactating Holstein Friesian cows (n =
153 primiparous, n = 347 multiparous) from 3 large
commercial dairy farms were enrolled in the study from
November 2018 to November 2019. Farms with exces-
sive postpartum inflammation were preselected from
a preliminary trial (Schmitt et al., 2021b), including
a farm-level screening for serum HP concentration in
fresh lactating cows. Farm inclusion criteria for the
present study were herd size above 1,000 milking cows,
location in the northeast of Germany, freestall hous-
ing, and increased mean serum HP concentration in
10 fresh lactating cows (above 0.6 g/L; Humblet et al.,
2006; Huzzey et al., 2009; Chan et al., 2010; Mont-
gomery et al., 2019) discovered in the abovementioned
preliminary trial. Farm size ranged from 1,276 to 2,630
cows in total, the average 305-d milk yield ranged from
9,494 to 10,228 kg. During the study period, the aver-
age daily milk yield per cow was 32.4, 36.4, and 33.3
kg with 4.15, 3.87, and 3.88% fat and 3.56, 3.40, and
3.37% protein for farms 1, 2, and 3, respectively. Cows
on all 3 farms were fed a TMR based on grass silage,
corn silage, alfalfa silage (farm 1, early postpartum
ration), alfalfa hay (farm 3, early postpartum ration),
wheat straw, different concentrates, supplements, and a
mineral mix twice daily (Supplemental Tables S1 and
S2; https://doi.org/10.5281/zenodo.5595243; Schmitt
et al., 2021a). All farms housed their prepartum cows
in loose bedded pack pens and provided a minimum of
8 m” lying space per cow (range: 8-18 mQ). On farm 1,
fresh cows were kept in a one-row freestall barn with
cubicles equipped with rubber mats and slatted floors.
Up to 5 d postpartum (p.p.), multiparous cows were
additionally offered an area with deep straw bedding.
On farm 2, fresh cows were housed in a 3-row freestall
barn with cubicles with recycled manure solids as bed-
ding. On farm 3, fresh cows were kept in a group pen
with deep straw bedding until 10 d p.p., when they
were allocated to a 4-row freestall barn with cubicles
equipped with rubber mats and slatted floors. Maxi-
mum stocking density in the early postpartum period
was 1:1 for all farms, whereas average stocking density
ranged from 1:1.2 for both farm 1 and farm 2, and 1:1.8
for farm 3, respectively. On farm 1, heifers and cows
were grouped separately throughout the transition
period and early lactation and were not commingled
until confirmed pregnancy. On farm 2 and 3, heifers
and cows were grouped together throughout the transi-
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tion period and early lactation. On all 3 farms, fresh
cows were milked twice daily in either a herringbone
(farm 1 and 2) or side-by-side (farm 3) milking parlor.
Calving ease was recorded by trained farm personnel
on a 4-point score (1 = no assistance, 2 = assistance
by one person without the use of mechanical force, 3 =
mechanical extraction of the calf with an obstetric calf-
puller, 4 = cesarean section or fetotomy) as described
by Schuenemann et al. (2011).

Sample Size Calculation

Assuming a power of 80%, a confidence level of 95%,
a 2-tailed test, and a minimum difference of 1.31 g/L
in serum HP concentration on d 6 p.p. (i.e.,, 0.31 +
0.08 g/L vs. 1.62 £+ 0.47 g/L; Huzzey et al., 2009) be-
tween cows treated with FM and cows that remained
untreated, a minimum sample size of 70 was calculated
using Stata/IC 13.1 (StataCorp.). Due to the use of
3 different herds, the sample size was increased as
suggested by Dohoo et al. (2009), using the following
formula: n" = n(1 + r(m — 1)), where n’ is the new
sample size, n is the sample size calculated for a simple
2-sample t-test, r is the intracluster correlation coef-
ficient, and m is the number of animals sampled per
farm. Using an intracluster correlation coefficient of r
= 0.04 and m = 150 cows per farm, a total of 488 cows
were considered necessary to successfully complete this
study. We aimed to enroll 500 cows (250 cows per treat-
ment) as we expected a loss of approximately 2% of
cows or samples through severe disease, sudden death,
slaughter, euthanasia or insufficient sample quality and
laboratory problems, respectively.

Treatment Allocation

Cows that had a eutocia (score 1 and 2) with a single-
ton 24 to 36 h before first examination were regarded
as eligible for enrollment. The first clinical examina-
tion was performed immediately before treatment on
d 2 p.p. Cows were excluded if they had rectal body
temperature (RBT) above 40°C or any clinical signs of
retained fetal membranes (RFM) or milk fever (MF).
Clinical MF was defined according to Kelton et al.
(1998) as a cow that showed typical signs of hypocalce-
mia (e.g., weakness or weight shifting, muscle tremors,
sternal or lateral recumbency, decreased gastrointesti-
nal activity, rapid heart rate, weak pulse, decreased rec-
tal temperature) within 72 h after parturition. A cow
was considered to have RFM when the fetal membranes
were visible at the vulva more than 24 h after the first
observation of the cow following parturition (Kelton et
al., 1998).
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A study-independent person covered the bottle labels
of both placebo [Allura Red AC (E129), 0.2 mg/mL in
PBS] and Finadyne Transdermal [FM, 83 mg/mL; le-
vomenthol, 50 mg/mL; Allura Red AC (E129), 0.2 mg/
mL; MSD Animal Health] with nontransparent tape
and consecutively numbered them in alternating order.
Cows were blocked by parity. Within primiparous cows
(i.e., parity 1) and multiparous cows (i.e., parity >2)
treatment was alternated with even and uneven bottle
numbers, respectively. Hence, every second cow received
FM treatment at a dose of 3.33 mg/kg of estimated
BW (FM group, n = 250), whereas the other cows
received a placebo (CON group, n = 250). Treatment
was blinded for farm personnel and the veterinarian
conducting the study (R. Schmitt), as well as for all
co-authors involved in statistical analyses.

Clinical Examinations and Sampling

All clinical examinations and samplings described in
this part were conducted by the same person. Clinical
health examinations were performed daily up to d 8
p-p- and repeated once on d 15 p.p. Rectal body tem-
perature was measured on all examination days using
a digital thermometer (VT 1831 Veterinary Thermom-
eter, Klifovet). Body condition score (Edmonson et al.,
1989) was determined on d 2 and 15 p.p. Rumen fill
score (RF; 1-5 scale according to Zaaijer and Noord-
huizen, 2003) and locomotion score (LS) (1-5 scale ac-
cording to Sprecher et al., 1997) were recorded on d 2,
4,6, 8, and 15 p.p. Tail position (score 0 = tail relaxed,
score 1 = tail abducted) and back arching (score 0 =
back straight, score 1 = back arched) were recorded on
d 2, 3,4, 6,8, and 15 p.p. Additionally, the character
of vaginal discharge was assessed using the Metricheck
(MC) device (Simcro Tech Ltd.; McDougall et al., 2007)
on d 8 and 15 p.p. Vaginal discharge was scored on a
0 to 3 scale (score 0 = clear, mucoid discharge; score
1 = mucopurulent discharge with <50% of pus; score
2 = mucopurulent discharge with >50% of pus; score
3 = brownish-reddish, watery, foul-smelling discharge)
as described previously (Sheldon and Dobson, 2004;
Sheldon et al., 2006; McDougall et al., 2007; Senosy et
al., 2012; Lambertz et al., 2014). Based on MC score
and RBT on d 8 and 15 p.p., respectively, 4 uterine
health categories (UHC) were defined (score 1 = MC
score <1 and RBT <39.5°C; score 2 = MC score <1
and RBT >39.5°C; score 3 = MC score >2 and RBT
<39.5°C; score 4 = MC score >2 and RBT >39.5°C).

Blood samples were obtained on d 2 (immediately
before treatment), d 4, and d 6 p.p. by coccygeal veni-
puncture using an open blood collection system with a
1.8 x 43-mm Strauf-cannula and a plain tube (12 mL)
for serum collection (Sarstedt Ag & Co. KG). Samples
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were allowed to clot for at least one hour at room tem-
perature and subsequently centrifuged for 15 min at
3,500 x g and a temperature of 20°C. Serum aliquots
were pipetted into plain tubes and stored at —24°C for
up to 2 mo before analysis.

Serum Analyses

Serum was analyzed for HP by a hemoglobin bind-
ing method (Owen et al., 1960, Makimura and Suzuki,
1982) using Cobas 8000 C 701 chemical autoanalyzer
(Roche Diagnostics) with phase Haptoglobin Assay
Cat. No. TP-801 (Tridelta Development) in a com-
mercial laboratory (Laboklin GmbH & Co. KG). The
lower detection limit of the HP assay was 0.005 g/L,
the intra- and interassay coefficient of variation (CV)
ranged from 0.4 to 2.0% and 3.7 to 6.8%, respectively.
Albumin (Alb), total protein (TP), BHB, NEFA, Ca,
and phosphate were determined using a Cobas Mira
Plus CC chemical autoanalyzer (Roche Diagnostics).
The mean intra-assay CV was 0.5, 1.8, 3.2, 3.9, 1.5, and
2.0% for Alb, TP, BHB, NEFA, Ca, and phosphate,
respectively. The mean interassay CV was 1.1, 2.2, 6.5,
8.4, 4.3, and 3.2% for Alb, TP, BHB, NEFA, Ca, and
phosphate, respectively.

Diagnosis of Health Events

Throughout the first 10 DIM cows were assessed
daily for health status by trained farm personnel on all
3 farms. Health examinations included daily assessment
of changes in milk yield, RBT, and visual assessment
of vaginal discharge, signs of dehydration (e.g., sunken
eyes), and depression (e.g., general appearance, de-
creased appetite, poor rumen fill). Cows with abnormal
findings were examined more thoroughly including rec-
tal palpation, abdominal and cardiovascular ausculta-
tion, and blood (farm 1) or urine (farm 2 and 3) testing
for BHB and acetoacetate concentration, respectively.

Acute puerperal metritis was diagnosed when a cow
had a fever (>39.5°C) and reddish-brownish, watery,
foul-smelling vaginal discharge (Sheldon et al., 2006).
A cow was considered to have clinical metritis in case
foul-smelling vaginal discharge was present but RBT
was normal (Sheldon et al., 2006).

Cases of clinical ketosis were defined as cows that had
a decreased appetite concomitantly with elevated blood
BHB concentration (>1.2 mmol/L) in the absence of
another primary disease (Kelton et al., 1998). Subclini-
cal ketosis was defined as a cow that had blood BHB
concentration >1.2 mmol/L (farm 1) or increased urine
acetoacetate concentration (>50 mg/dL; farm 2 and
3) but did not show signs of disease such as anorexia
and reduced milk yield. A cow was considered having
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a displaced abomasum when she had a decreased ap-
petite accompanied by an audible, characteristic ping
sound produced by percussion of the abdominal wall
(Kelton et al., 1998). Clinical cases of mastitis were
defined as cows that showed unusual milk consistency
from one or more udder quarters, as determined by
trained milking personnel during the milking routine,
that might or might not have been accompanied by
signs of inflammation of the udder tissue (e.g., heat,
swelling, redness; Kelton et al., 1998).

Trained farm personnel or the farm’s veterinarians
treated all cases of clinical disease according to com-
mon protocols in accordance with the local veterinarian.
Within the first 15 DIM, treatment with an NSAID
or an antibiotic (AB) alone or combined due to clini-
cal signs of disease that required medication (e.g., high
fever, sunken eyes, dullness, anorexia, poor rumen fill,
fetid discharge, or severe mastitis) was considered a sup-
portive therapy, which was documented, but the cows
were not excluded from subsequent data collection.

Statistical Data Analyses

Clinical cow data assessed during the trial were col-
lected in Microsoft Excel (Microsoft Office 2013; Micro-
soft Deutschland Ltd.). Medical data collected by farm
personnel were transferred from the herd management
software HERDEplus (dsp-Agrosoft Ltd.) to Microsoft
Excel. Statistical analyses were performed using SPSS
for Windows (Version 26.0; SPSS Inc.).

Comparison of Initial Data Distribution Be-
tween Treatment Groups (GENLINMIXED
Model). To assess possible differences between treat-
ment groups at the time of enrollment (i.e, d 2 p.p.),
the GENLINMIXED procedure was used. The fol-
lowing parameters were tested: time from calving to
treatment, lactation number, RBT, BCS, all serum
metabolites, RF, LS, tail position and back arching. A
generalized linear mixed model, a multinomial logistic
regression model, and a binary logistic regression model
were built for continuous, ordinal, and binary variables,
respectively. Cow was the experimental unit, farm was
considered a random effect, and treatment, parity and
the interaction of treatment by parity were forced into
the model as fixed effects (for lactation number, the
parity variable was removed from the model).

Comparison of the Number of Supportive
Therapy Cases Between Treatment Groups. The
number of cows receiving supportive therapy in the
course of the study period was compared between treat-
ment groups using a chi-squared test.

FEvaluation of the Treatment Effect on Con-
tinuous Variables (GENLINMIXED Model). To
evaluate the treatment effect on continuous variables,
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a generalized linear mixed model was built using the
GENLINMIXED procedure as already outlined above.
Here, the outcome variable was HP, NEFA, BHB, TP,
Alb, Ca, phosphate, RBT, and BCS loss, respectively.
Except for BCS loss (not repeated), the model ac-
counted for both the cluster effect of cows within herd
and repeated measurements (day) with a first-order
autoregressive covariance structure. Fixed effects of the
initial model included sampling time (blood sample on
d 4 and 6 p.p.), treatment (CON vs. FM), and parity
(primiparous vs. multiparous) and were forced into the
model. We tested all biological plausible 2-way interac-
tions. Blood metabolite concentration and RBT on d
2 p.p. were included as covariates. For BCS loss, both
the time variable and covariate were removed from the
model.

During the model building process, all variables were
tested for normality and homoscedasticity of residu-
als using graphical methods (histograms, Q-Q-Plots,
and scatterplots) and Kolmogorov-Smirnov statistic,
respectively. Variables (HP, NEFA, BHB, TP, Alb, Ca,
phosphate, RBT, and BCS loss) were not normally
distributed according to Kolmogorov-Smirnov test.
Therefore, data were log;,-transformed and Akaike’s
information criterion was used to determine if model
fit was improved.

FEvaluation of the Treatment Effect on Ordinal
Variables (Ordinal Regression Analysis). An or-
dinal regression analysis, including farm as a random
effect, parity as fixed effect, and d 2 p.p. as a covariate
was conducted to determine effects of the treatment on
MC score, UHC, RF, and LS, respectively. The ordinal
regression analysis was performed for each examination
day separately. In case a significant effect of the treat-
ment was found, the estimated cell probability values
for each of the respective variable’s categories were
compared between treatment groups using the Mann-
Whitney-U-Test.

FEvaluation of the Treatment Effect on Binary
Variables (GENLINMIXED Model). For both tail
position and back arching, a binary logistic regression
was performed using the GENLINMIXED procedure as
described above. Chi-squared test was used to test for
differences in the percentage of cows within treatment
that showed an arched back or abduction of their tail
on a specific day.

Influence of Parity. Whenever parity had a sig-
nificant influence or a significant treatment by parity
interaction was found, separate models were calculated
for primiparous and multiparous cows, respectively. Re-
gardless of the significance level, the treatment effect
was forced to remain in the model.

Data Presentation and Level of Significance.
Data are presented as least squares means + standard
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error of the mean (SEM) unless otherwise indicated.
Simple comparisons of continuous variables between
parities throughout the study period (including d 2-7
and d 15 p.p.) are presented as arithmetic means =+
SEM and were tested for significance using ANOVA.
Effects were considered significant if P < 0.05 and
tendencies were declared at 0.05 < P < 0.10.

RESULTS

A total of 500 cows (153 primiparous, 347 multipa-
rous) were enrolled. Three multiparous cows died from
acute metabolic disorders within the first 15 DIM (CON
=1, FM = 2, respectively). Within the first 15 DIM,
a total of 30 versus 24 cows were supportively treated
with NSAID in the CON and FM group, respectively
(P = 0.39). Supportive AB treatment was performed
in 24 CON vs. 20 FM cows, respectively (P = 0.53).
Combined therapy with NSAID and an AB was per-
formed in 17 CON vs. 15 FM cows, respectively (P =
0.72). Rectal body temperature was assessed 8 times
in all cows (d 2-8 and d 15). Nineteen out of 4,000 ob-
servations were missing. Body condition score and MC
score were assessed 2 times (d 2 and 15, and d 8 and
15, respectively). Ten out of 1,000 observations were
missing. Rumen fill and LS were assessed 5 times (d 2,
4,6, 8, and 15). Eighteen and 36 out of 2,500 observa-
tions were missing, respectively. Tail position and back
arching were scored 6 times (d 2, 3, 4, 6, 8, and 15) and
could not be assessed in 27 out of 3,000 cases. A total
of 3 blood samples were missing from d 6 p.p. due to
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death of the cow (n = 2), and hemolysis at sampling (n
= 1), respectively. As a result, n = 1,497 blood samples
were fully analyzed for all serum metabolites.

At enrollment, the distribution of time from calv-
ing to treatment (h), lactation number, clinical, and
laboratory parameters was not significantly different
between the treatment groups (Supplemental Table S3;
https://doi.org/10.5281 /zenodo.5595243; Schmitt et
al., 2021a). There was a significant treatment by parity
interaction for HP and Alb (P = 0.03) and a tendency
for an interaction for TP (P = 0.07). Significant differ-
ences (P < 0.05) between parities were found for RBT,
RF, back arching, tail position, LS, HP, BHB, TP, Ca
and P (Supplemental Table S3).

Rectal Body Temperature, Blood
Metabolites, and BCS

Rectal body temperature was influenced by treatment
(P = 0.02), time (P < 0.001), and parity (P < 0.001),
and a time by parity interaction (P < 0.01) was found
(Table 1). Rectal body temperature was significantly
lower in primiparous cows treated with FM compared
with CON (P = 0.04; Table 2; Figure 1). For multipa-
rous cows, no treatment effect was observed (Table 2;
Figure 1). Throughout the study period (including d
2 to 7 and d 15 p.p.), RBT was higher in primiparous
cows (overall mean: 39.1 £ 0.02°C) compared with mul-
tiparous cows (overall mean: 38.9 + 0.01°C; P < 0.001).

Serum HP concentration was influenced by treatment
(P = 0.02) and parity (P < 0.001), and a treatment by

Table 1. Results of the generalized linear mixed model assessing the effects of the placebo (CON, n = 250) and flunixin meglumine (FM, n =
250) treatment on the serum concentrations of haptoglobin (HP), nonesterified fatty acids (NEFA), BHB, total protein (TP), albumin (Alb),

Ca, phosphate, rectal body temperature (RBT), and BCS loss'

Treatment® P-value

Parameter? CON FM SEM Trt T Par Trt x T Trt x Par T x Par
HP, g/L 0.91 0.82 0.04 0.02 0.88 <0.001 0.82 0.02 0.57
NEFA, mmol/L 0.52 0.50 0.07 0.21 0.05 0.45 0.58 0.90 0.66
BHB, mmol /L 0.74 0.74 0.05 0.70 0.15 0.07 0.43 0.07 0.41
TP, g/L 69.6 69.2 0.41 0.17 <0.001 0.10 0.75 0.56 0.45
Alb, g/L 354 35.8 0.24 0.02 0.15 <0.001 0.85 0.28 0.02
Ca, mmol/L 2.10 2.11 0.02 0.62 <0.001 <0.001 0.29 0.39 0.66
Phosphate, mmol/L 1.65 1.68 0.03 0.16 <0.001 0.20 0.91 0.93 0.99
RBT, °C 39.1 39.0 0.07 0.02 <0.001 <0.001 0.96 0.16 <0.01
BCS loss’ 0.18 0.17 0.06 0.71 — 0.39 — 0.76 —

'For all serum metabolites and RBT, the initial value on d 2 postpartum (immediately before treatment) was included in the model as covariate
and had a highly significant influence (P < 0.001). Trt = treatment; T = time; Par = parity.

*Data presented as LSM + SEM of all sampling time points (d 4 and 6 postpartum for serum metabolites, d 3, 4, 5, 6, 7, 8, and 15 postpartum
for RBT), except for BCS loss.

*Treatment consisted of one transdermal administration of Finadyne Transdermal [MSD Animal Health; FM, 83 mg/mL; levomenthol, 50 mg/
mL; Allura Red AC (E129), 0.2 mg/mL] at a dose of 3.33 mg of flunixin/kg of BW (FM group) or a placebo [Allura Red AC (E129), 0.2 mg/
mL in PBS] as control (CON group).

*BCS loss was calculated by subtracting the cow’s individual BCS on d 15 postpartum from the score on d 2 postpartum; therefore, the time
variable was removed from the model for this parameter. Nevertheless, BCS loss was considered a continuous variable, and the GENLINMIXED
procedure was applied.
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parity interaction was observed (P = 0.02; Table 1).
Primiparous cows treated with FM had lower serum HP
concentrations (P < 0.01; Table 2), with the greatest
difference between treatment groups on d 6 p.p. (Figure
2A). In multiparous cows, however, there was no treat-
ment effect on HP (Table 2; Figure 2B). Regardless of
treatment and parity, mean serum HP concentration
increased after calving and reached a numerical peak
on d 4 p.p. (Figure 2A and B). Primiparous cows had
higher serum HP concentrations (overall mean: 0.95
+ 0.03 g/L) compared with multiparous cows (overall
mean: 0.65 + 0.02 g/L) throughout the study period
(P < 0.001).

Serum Alb concentration was influenced by treat-
ment (P = 0.02), and parity (P < 0.001) and a time
by parity interaction was observed (P = 0.02; Table 1).
Primiparous cows treated with FM had higher Alb con-
centrations (P = 0.02; Table 2, Figure 2C). In primipa-
rous cows, serum Alb concentration decreased steadily
from d 2 to d 6 p.p., whereas it tended to increase from
d 4 to d 6 p.p. in multiparous cows (Figure 2C and D).
Moreover, primiparous cows had slightly lower serum
Alb concentrations (overall mean: 35.7 + 0.13 g/L)
compared with multiparous cows (overall mean: 35.9
=+ 0.08 g/L) throughout the study period (P = 0.16).

There was a tendency for both an effect of parity and
a treatment by parity interaction on serum BHB con-
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centration (P = 0.07; Table 1). Serum BHB concentra-
tion was significantly lower in FM-treated multiparous
cows compared with CON cows (P < 0.01; Table 2,
Figure 3D). Throughout the study period, serum BHB
concentration was higher in multiparous cows (overall
mean: 0.75 £+ 0.01) compared with primiparous cows
(overall mean: 0.67 £+ 0.02; P < 0.001). When a cut-off
point of >1.2 mmol/L. was applied, no difference was
found between treatment groups (P = 0.308).

Neither serum TP, NEFA, Ca, and phosphate con-
centration, nor BCS loss were affected by FM treat-
ment (Table 1).

Metricheck Score and Uterine Health Category

The treatment effect on MC score and UHC on d 8
and 15 p.p. is summarized in Table 3 and Figure 4. Pri-
miparous CON cows had 1.52 (95% CI: 1.11-1.93) and
1.63 (95% CI: 1.26-2.00) times the odds of showing a
higher MC score compared with FM cows on d 8 and 15
p.p., respectively (P = 0.04 and P = 0.01, respectively,
Table 3). For multiparous cows, no difference in MC
score was found.

Regardless of parity, treatment had no effect on UHC
on d 8 p.p. (P = 041 for primiparous cows and P =
0.42 for multiparous cows, respectively, Table 3). How-
ever, on d 15 p.p., primiparous CON cows had 1.63

Table 2. Results of the separate generalized linear mixed models assessing the effects of the placebo (CON, n = 78 primiparous; n = 172
multiparous) and flunixin meglumine (FM, n = 75 primiparous; n = 175 multiparous) treatment on serum metabolites [haptoglobin (HP),
nonesterified fatty acids (NEFA), BHB, total protein (TP), albumin (Alb), Ca, phosphate, rectal body temperature (RBT), and BCS loss for
primiparous and multiparous cows, respectively}1

Primipara Multipara
Treatment® P-value Treatment® P-value

Parameter’ CON FM SEM Trt T Trt x T CON FM SEM Trt T Trt x T
HP, g/L 1.13 0.96 0.06 <0.01 0.73 0.11 0.72 0.72 0.07 0.99 0.10 0.53
NEFA, mmol/L 0.50 0.49 0.11 0.83 0.15 0.35 0.52 0.50 0.06 0.21 0.15 0.98
BHB, mmol/L 0.66 0.70 0.06 0.42 0.20 0.50 0.79 0.73 0.05 <0.01 0.20 0.91
TP, g/L 68.6 68.1 0.71 0.32 0.04 0.70 70.1 69.9 0.29 0.56 <0.001 0.52
Alb, g/L 35.1 35.7 0.24 0.02 0.02 0.53 35.8 35.9 0.25 0.62 0.53 0.54
Ca, mmol/L 2.12 2.11 0.04 0.74 <0.001 0.84 2.11 2.13 0.01 0.28 <0.001 0.26
Phosphate, mmol/L 1.72 1.75 0.04 0.34 <0.001 0.85 1.61 1.64 0.04 0.21 <0.001 0.81
RBT, °C 39.2 39.1 0.10 0.04 <0.001 0.41 39.0 38.9 0.06 0.56 <0.01 0.89
BCS loss® 0.16 0.15 0.08 0.94 0.20 0.18 0.05 0.57

'For all serum metabolites and RBT, the initial value on d 2 postpartum (immediately before treatment) was included in the model as covariate
and had a highly significant influence (P < 0.001). Trt = treatment; T = time.

*Data presented as LSM 4+ SEM of all sampling time points (d 4 and 6 postpartum for serum metabolites, d 3, 4, 5, 6, 7, 8, and 15 postpartum
for RBT), except for BCS loss.

*Treatment consisted of one transdermal administration of Finadyne Transdermal [MSD Animal Health; FM, 83 mg/mL; levomenthol, 50 mg/
mL; Allura Red AC (E129), 0.2 mg/mL] at a dose of 3.33 mg of flunixin/kg of BW (FM group) or a placebo [Allura Red AC (E129), 0.2 mg/
mL in PBS] as control (CON group), respectively.

*BCS loss was calculated by subtracting the cow’s individual BCS on d 15 postpartum from the score on d 2 postpartum; therefore, the time
variable was removed from the model for this parameter. Nevertheless, BCS loss was considered a continuous variable, and the GENLINMIXED
procedure was applied.
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times the odds of showing a higher UHC compared
with FM-treated cows (95% CI: 1.26-2.00, P = 0.01,
Table 3, Figure 4).

Rumen Fill, Locomotion Score

Treatment had no effect on RF and LS (Table 3).

Indicators of Pain

Irrespective of parity, treatment with FM reduced the
risk for cows to show either an arched back (P < 0.01)
or an abducted tail (P = 0.02) on d 3 p.p. (Figure 5A
and B, respectively). This difference was not observed
on any other day after the treatment.

DISCUSSION

This study is the first to assess the effects of a single
transdermal administration of FM in Holstein Friesian
dairy cows between 24 to 36 h p.p. on serum concentra-
tions of inflammatory and metabolic markers, uterine
health, and indicators of pain. Rectal body temperature
was lower in FM-treated primiparous cows compared
with CON. Treated primipara additionally had a lower
risk for purulent vaginal discharge with or without a
fever, lower serum HP, and higher serum Alb on d 6
p-p- Multiparous cows treated with FM had slightly
lower serum BHB concentrations.

Rectal body temperature was significantly yet only
slightly lower in primiparous cows treated with FM
compared with CON cows, whereas no difference was
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detected in multiparous cows. This finding might be
primarily attributable to the antipyretic effect of trans-
dermal FM shown in another study (Thesing et al.,
2016). However, the effect size in primiparous cows
was rather small and it remains unclear why RBT was
not affected in multiparous cows. Overall, RBT was
higher in primiparous cows compared with multiparous
cows, as described before (Wenz et al., 2011; Suthar
et al., 2012; Burfeind et al., 2014). This is most likely
being accounted for by an increased stress level, risk
for calving difficulties, susceptibility for uterine dis-
ease, and a different peripartum nutrient metabolism
in primiparous cows compared with multiparous cows
(Schneider et al., 2013; Mainau et al., 2014; Pohl et al.,
2015; Venjakob et al., 2019). Taking these differences
into account, the antipyretic effect of the treatment
could have been more pronounced, hence statistically
significant, in primiparous cows. However, our finding
is contradictory to Shwartz et al. (2009), who applied
FM intravenously, first within 5 h p.p. then daily for
the following 3 d. In this study, treated cows were more
likely to be febrile (RBT >39.5°C), which was accom-
panied by a reduced DMI. This might be explained by
the time of the first treatment, which was immediately
after parturition, when the process of fetal membrane
expulsion might have been disturbed by FM induced
inhibition of the cyclooxygenase (COX) enzymes, lead-
ing to a reduced availability of prostaglandins (PG),
including PGF,, (Beretta et al., 2005). In fact, other
studies reported an increased risk for FM-treated cows
to show RFM (Waelchli et al., 1999; Shwartz et al.,
2009; Newby et al., 2017). This was associated with
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Figure 1. Rectal body temperature of primiparous (A) and multiparous (B) cows treated with a placebo (CON, A: n = 78; B: n = 172) or
flunixin meglumine (FM, A: n = 75; B: n = 175), respectively. Treatment was performed on d 2 (between 24 and 36 h postpartum). Rectal body
temperature on d 2, immediately before treatment (baseline value), was included in the model as covariate. * indicates a significant difference be-
tween treatment groups within a day (generalized linear mixed model with repeated measurements; P < 0.05). Data are presented as mean + SE.
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Figure 2. Serum concentrations of haptoglobin and albumin in primiparous (A, C; n = 153) and multiparous cows (B, D; n = 347), re-
spectively. Cows were alternately treated on d 2 (24-36 h postpartum) with a placebo (CON) or flunixin meglumine (FM), respectively. The

metabolite’s serum concentration on d 2, immediately before treatment (baseline value), was included in the respective model as covariate.

*

indicates a significant difference between treatment groups within a day (generalized linear mixed model with repeated measurements; P <

0.05). Data are presented as mean + SEM.

an increase in RBT in one study (Newby et al., 2017).
Additionally, cows treated with FM immediately before
calving showed an increased risk of stillbirth (Newby et
al., 2017), supporting the abovementioned hypothesis
that the time of drug administration is crucial when
comparing studies. In the present study, only cows with
no clinical signs of RFM were treated between 24 to
36 h p.p. aiming at avoiding negative effects on fetal
membrane expulsion. The slight reduction in RBT for
primiparous cows reported in this study might hence be
attributable not only to the antipyretic effect of FM,
but also to the time of administration and the specific
selection of eligible cows for the study.

Concomitant with the aforementioned findings re-
garding RBT, both parity and treatment had a sig-
nificant effect on serum HP concentration, which was

Journal of Dairy Science Vol. 106 No. 1, 2023

lower in FM-treated primiparous cows compared with
primiparous CON cows. Albumin was higher in FM-
treated primiparous cows compared with CON cows.
Both findings were not observed in multiparous cows.
This coincides partly with previous studies, where
treatment of early postpartum dairy cows with ASA
(Bertoni et al., 2004; Barragan et al., 2018a, 2020a),
KET (Kovacevic et al., 2018), and MEL (Pascottini et
al., 2020) resulted in decreased serum HP concentra-
tions, respectively. However, Pascottini et al. (2020)
did not observe differences in serum Alb concentration,
and other authors reported no effect of treatment with
either ASA (Montgomery et al., 2019; Barragan et al.,
2020b, 2021) or MEL (Newby et al., 2013a; Mainau
et al., 2014) on serum HP concentration, respectively.
Interestingly, Barragan et al. (2020a) reported a signifi-
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cant effect of 4 oral ASA treatments in 12-h intervals
after calving on serum HP concentration in multipa-
rous cows only, which is contradictory to the present
study. In a previous study, Barragan et al. (2020b)
conducted a less-intense treatment protocol (i.e., only 2
oral ASA treatments) and found no effect on serum HP
concentration. Haptoglobin is a liver-derived hemoglo-
bin scavenger protein, which is part of the acute-phase
response of the innate immune system (Baumann and
Gauldie, 1994; Heinrich et al., 1990). Triggered by vari-
ous possible noxious stimuli, macrophages and other
immune cells release interleukins such as IL-1-3, IL-6,
and TNF-o, thereby enhancing the production of HP
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and other positive APP in the liver (Heinrich et al.,
1990). This process impairs the synthesis of negative
APP, such as Alb, whose serum concentration declines
concurrently (Bossaert et al., 2012). Complex humoral
relationships between different COX-derived PG on the
one hand and monocyte-derived IL on the other (Hin-
son et al., 1996; Ek et al., 2000) might contribute to
the variable and in parts antithetic results of the above-
mentioned studies assessing the effects of NSAID on HP
and Alb in early postpartum dairy cows. Additionally,
different NSAID vary in their mode of action regarding
COX-inhibition, which further explains differences be-
tween studies in this field. For example, ASA, FM and
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Figure 3. Serum concentrations of nonesterified fatty acids (NEFA) and BHB in primiparous (A, C; n = 153) and multiparous cows (B, D; n
= 347), respectively. Cows were alternately treated on d 2 (24-36 h postpartum) with a placebo (CON) or flunixin meglumine (FM), respectively.
The metabolite’s serum concentration on d 2, immediately before treatment (baseline value), was included in the respective model as covariate.

*
0.05). Data are presented as mean + SEM.
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KET preferentially inhibit COX-1, a ubiquitous and
constitutively expressed COX-isoform, whereas CAR
and MEL selectively inhibit COX-2, which is induced
in inflammatory conditions (Beretta et al., 2005). Be-
sides, MEL is known to exhibit anti-endotoxin activity
(Konigsson et al., 2002), and ASA exerts further effects
on nuclear transcription factor NF-kB and influences
rumen fermentation and glucose metabolism (Kopp
and Ghosh, 1994; Yuan et al., 2001; Farney et al.,
2013a). Furthermore, different results regarding serum
APP concentration could have been obtained due to
different study designs regarding the type of NSAID
administration (e.g., oral, intravenous, intramuscular,
and transdermal administration), because this strongly
influences their pharmacokinetics. Thiry et al. (2017)
found decreased plasma PG concentrations in cattle
until up to 48 h after transdermal administration of
FM, thereby proving its efficacy in inhibiting the COX
enzymes compared with other application routes (e.g.,
intravenous). Kleinhenz et al. (2016) reported an even
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longer plasma half-life for transdermal FM compared
with intravenous (6.42 vs. 4.99 h). Therefore, the FM
induced inhibition of the COX enzymes is likely to
have caused the observed differences in serum HP and
Alb concentration. Primiparous cows are more prone
to excessive postpartum inflammation compared with
multiparous cows (Schneider et al., 2013; Mainau et
al., 2014; Pohl et al., 2015; Barragan et al., 2020a),
and inflammation can increase NSAID concentration
in concerned tissues due to an increased vascular per-
meability and the presence of local binding protein
compounds (Martinez and Modric, 2010), hence, the
anti-inflammatory effect of the treatment might have
been more pronounced here. Other conceivable reasons
for the discrepancies in effect size between primiparous
and multiparous cows might be age-related differences
in the pharmacokinetics of transdermal FM. Kleinhenz
(2018) observed significantly different pharmacoki-
netic characteristics of transdermally administered
FM in calves of 2 and 8 mo of age, respectively. In

Table 3. Results of the ordinal regression model assessing the effects of the placebo (CON, n = 78 primiparous, n = 172 multiparous) and
flunixin meglumine (FM, n = 75 primiparous, n = 175 multiparous) treatment on Metricheck (MC) score, uterine health category (UHC), rumen
fill (RF) score and locomotion score (LS) for primiparous and multiparous cows, respectively

Effect of treatment' (CON vs. FM)

Primipara Multipara
95% CI 95% CI

Parameter Odds Odds

(DIM) Estimate + SE P-value* ratio® Low High Estimate + SE P-value? ratio® Low High
MC score’ (d 8) 0.42 + 0.21 0.04 1.52 1.11 1.93 0.18 + 0.13 0.18 1.20 0.94 1.45
MC score (d 15) 0.49 + 0.19 0.01 1.63 1.26 2.00 0.01 + 0.14 0.95 1.01 0.74 1.28
UHC’ (d 8) 0.16 £ 0.20 0.41 1.17 0.78 1.56 0.15 £ 0.19 0.42 1.16 0.79 1.53
UHC (d 15) 0.49 + 0.19 0.01 1.63 1.26 2.00 0.18 + 0.20 0.37 1.20 0.81 1.59
RF® (d4) 0.03 = 0.20 0.87 1.03 0.64 1.42 0.02 £ 0.13 0.90 1.02 0.77 1.28
RF (d 6) 0.01 + 0.22 0.99 1.01 0.58 1.44 0.17 + 0.13 0.19 1.19 0.93 1.44
RF (d 8) 0.10 =+ 0.21 0.64 1.11 0.70 1.52 0.20 =+ 0.13 0.13 1.22 0.97 1.48
RF (d 15) 0.03 + 0.19 0.88 1.03 0.66 1.40 —0.07 £ 0.13 0.60 0.93 0.68 1.19
LS’ (d4) —0.32 + 0.21 0.13 0.73 0.32 1.14 0.15 +£ 0.12 0.21 1.16 0.93 1.40
LS (d 6) —0.29 + 0.20 0.16 0.75 0.36 1.14 0.01 + 0.12 0.93 1.01 0.77 1.25
LS (d8 —0.04 £ 0.19 0.84 0.96 0.59 1.33 0.06 + 0.12 0.60 1.06 0.83 1.30
LS (d 15) 0.06 + 0.19 0.74 1.06 0.69 1.43 0.11 + 0.12 0.36 1.12 0.88 1.35

'Treatment consisted of one transdermal administration of Finadyne Transdermal (MSD Animal Health; FM, 83 mg/mL; levomenthol, 50 mg/
mL; Allura Red AC (E129), 0.2 mg/mL) at a dose of 3.33 mg of flunixin/kg of BW (FM group) or a placebo [Allura Red AC (E129), 0.2 mg/
mL in PBS] as control (CON group), respectively.

Differences between treatment groups for each day were assessed using an ordinal regression analysis. Farm was considered a random effect and
treatment was considered a fixed effect. Day 2 was included as a covariate.

*In an ordinal regression model with a dichotomous predictor variable (CON vs. FM) and an ordinal dependent variable (e.g., MC score 0-3),
the odds ratio describes the risk of finding a higher category of the dependent variable that comes with a one-unit increase in the predictor vari-
able. For example, when FM is defined as reference category within the predictor variable, an odds ratio = 1.5 indicates a 1.5 times increased
risk for CON cows to fall into a higher category of the dependent variable compared with FM.

"Metricheck score was assessed on a 0 to 3 scale modified according to previous recommendations (Sheldon and Dobson, 2004; Sheldon et al.,
2006; McDougall et al., 2007; Senosy et al., 2012; Lambertz et al., 2014).

SFour different uterine health categories were defined by MC score and rectal body temperature (RBT; category 1 = MC score <1 and RBT
<39.5°C; category 2 = MC score <1 and RBT >39.5°C; category 3 = MC score >2 and RBT <39.5°C; category 4 = MC score >2 and RBT
>39.5°C).

SRumen fill was recorded on a 1 to 5 scale according to Zaaijer and Noordhuizen (2003).

"Locomotion score was recorded on a 1 to 5 scale according to Sprecher et al. (1997).
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their study, younger calves had a higher maximum
plasma concentration and lower half maximum inhibi-
tory concentration (on plasma PGE,) compared with
older calves, indicating a higher clinical effectiveness
of transdermal FM in younger calves. Skin thickness,
increasing with age, but also a higher hepatic clear-
ance of drugs in older animals, were considered possible
reasons for these findings. Transferred to the situation
of early postpartum cows, a higher liver metabolism
concomitant with a higher drug plasma clearance might
be found in multiparous cows with higher milk yield,
whereas primiparous cows experiencing a higher degree
of inflammation in the genital tract might build up
higher tissue concentrations of NSAID, which could
have contributed to the results of the present study.

In FM-treated multiparous cows, however, the effects
of the treatment were reflected by slightly lower serum
BHB concentrations, as observed by Barragan et al.
(2020b) using ASA. Previously, other authors have
reported lower BHB concentrations in NSAID treated
cows regardless of parity (Meier et al., 2014; Carpenter
et al., 2016; Kovacevic et al., 2018) using CAR, ASA,
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and KET, respectively. Contradictory to this, Mont-
gomery et al. (2019) reported no effects of ASA treat-
ment on NEFA, BHB, HP, insulin, lactate, adiponectin,
and TNF-a. Reasons for discrepancies between studies
and parities have been outlined above.

Usually, both NEFA (pre- and postpartum) and BHB
are used as indicators for negative energy balance and
lipomobilization and are associated with increased
disease risk, reduced milk production and impaired
fertility in subsequent lactation (Ospina et al., 2013).
However, serum NEFA concentrations were not affected
by FM treatment in the present study, as reported by
Carpenter et al. (2016) following MEL and ASA treat-
ment, respectively. It has been shown before that NEFA
and BHB values are not necessarily well correlated
in the periparturient period (McCarthy et al., 2015),
for they are not elevated in the same animal at the
same time (Ospina et al., 2013). Ketone body forma-
tion is considered a primary consequence of incomplete
NEFA oxidation in the hepatocytes following excessive
lipid mobilization in periods of negative energy balance
(glucose deficiency) at the onset of lactation (LeBlanc,
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Figure 4. Boxplots showing estimated cell probability values derived from an ordinal regression model assessing the effect of flunixin meglu-
mine (FM) treatment [n = 75 vs. a control group (CON): n = 78] in primiparous cows on d 15 postpartum on the Metricheck (MC) score (A;
score 0 = clear, mucoid discharge; score 1 = mucopurulent discharge with <50% of pus; score 2 = mucopurulent discharge with >50% of pus;
score 3 = brownish-reddish, watery, foul-smelling discharge) and uterine health category (B) based on MC score and rectal body temperature
(RBT; category 1 = MC score <1 and RBT <39.5°C; category 2 = MC score <1 and RBT >39.5°C; category 3 = MC score >2 and RBT
<39.5°C; category 4 = MC score >2 and RBT >39.5°C), respectively. * indicates a significant difference between treatment groups within a
category (Mann-Whitney-U-Test). Overall treatment effect: P = 0.01 (for A and B). Data are presented as estimated cell probability values (%)
for each category of MC score and uterine health category, respectively, derived from an ordinal regression model. Boxes do not show middle
lines, because of the oblique data distribution. The median is located either at the upper or lower margin of the box. Due to the narrow range

of this type of data, either small or no whiskers at all are displayed.
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Figure 5. Raw percentages of cows within treatment that showed an arched back (A) or abducted the tail from their body (B). Treatment
was performed on d 2 postpartum and consisted of a placebo (CON, n = 250) and flunixin meglumine (FM, n = 250), respectively. * represents
a significant difference between treatment groups within a day (Chi-squared test; P < 0.05).

2010). Dairy cows are known to begin mobilizing NEFA
from adipose tissues already in the prepartum period,
whereas ketone body formation usually does not ex-
ceed physiological ranges until after calving (LeBlanc,
2010). Therefore, although FM treatment might have
positively influenced postpartum DMI and, hence,
slightly reduced gluconeogenesis rate and ketone body
formation, serum NEFA concentrations might not have
been influenced by treatment.

In alignment with the aforementioned findings, pri-
miparous cows treated with transdermal FM showed
lower odds of having purulent vaginal discharge with
or without a fever (defined as MC score 2 and 3, and
UHC = 3 and 4, respectively) compared with untreated
CON cows in this study. Our findings coincide with
those of Barragan et al. (2021), who assessed the effects
of 2 oral doses of ASA, one within 12 h p.p. and an-
other 24 h later, with a comparable study population.
Contradictory to this, previous studies have reported
a higher risk for ASA-treated cows to develop puer-
peral metritis (Bertoni et al., 2004, 2008). Farney et
al. (2013b) observed an increased metritis risk only for
multiparous cows in third or greater lactation treated
with ASA, another study has linked an increased risk
for puerperal metritis in FM-treated cows to the higher
risk of RFM (Newby et al., 2017), as already discussed
above. Mainau et al. (2014) and Swartz et al. (2018)
reported no difference in metritis risk for MEL treated
cows within the first 14 d p.p., and Richards et al.
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(2009) found no difference in endometritis risk on d
21 p.p. between cows treated with KET and untreated
controls. Possible reasons for discrepancies between
studies and differences between parities have already
been outlined above.

Finally, cows treated with FM were less likely to
abduct their tail from their body or show an arched
back on d 3 p.p., representing the day after treatment.
Abnormal tail positioning and back arching are typi-
cal symptoms of abdominal pain in cattle (Millman,
2013; Braun et al., 2020; Yu et al., 2020). Nonsteroidal
anti-inflammatory drugs have already proven efficient
in reducing symptoms or decreasing biomarkers of pain
after parturition in cattle (Newby et al., 2013b; Bar-
ragan et al., 2018a). Therefore, the reduced risk for
treated cows to abduct their tail or show an arched
back was most likely due to the anti-inflammatory ac-
tion of FM, reducing the amount of circulating PG,
hence alleviating some calving-associated pain and
supporting the cow’s general wellbeing. Interestingly,
Stojkov et al. (2015) reported a significant correlation
between back arching and metritis, which might have
also been associated in the present study.

It should be mentioned that all significant differences
between FM-treated cows and CON cows reported in
this study were either small in their magnitude (e.g.,
RBT and HP in primiparous cows, BHB in multiparous
cows) or only observed temporarily on the day after
treatment (e.g., tail abduction, back arching). One
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possible reason might be the relatively short plasma
half-life (46 h) of FM after a single administration.
However, although the pharmacokinetics of multiple
doses of transdermal FM have already been investi-
gated (Kleinhenz et al., 2018), clinical efficacy, possible
adverse effects, and an appropriate withdrawal time
are still being assessed. For the single administration,
a withdrawal period of 7 d for meat and 36 h for milk
is declared. Finadyne Transdermal is approved for the
treatment of bovine respiratory disease, acute masti-
tis, interdigital phlegmon, interdigital dermatitis, and
digital dermatitis. In this study, an extra-label use was
performed in early postpartum cows.

Finally, optimized cow comfort, diet, calving man-
agement, hygiene and body condition should still be
considered the primary key to preventing excessive
postpartum inflammation and solving herd health is-
sues in the transition period. Especially heifers seem to
be more susceptible to systemic inflammation around
parturition, as indicated by increased APP concentra-
tions (Humblet et al., 2006; Schneider et al., 2013;
Mainau et al., 2014) and reduced DMI (Reshalaitihan
et al., 2020). This might be attributable to a relatively
high level of social stress at first calving (Chebel et al.,
2016), a higher incidence of calving difficulties (Resh-
alaitihan and Hanada, 2019), and vulvo-vaginal lesions
(Vieira-Neto et al., 2016). Dairy herd management
should therefore focus on optimizing comfort for pri-
miparous cows during the transition period. Based on
the results of the present study, additional treatment of
early postpartum cows, most specifically primiparous
cows, with transdermal FM might be beneficial. Future
research in this field should focus on comparing the
effects of FM treatment using other timings and dosing
regimens (e.g., multiple applications).

The quasi-random allocation (alternating treat-
ment with FM and a placebo, respectively, within
parities) performed in this study did result in a suf-
ficient comparability of the treatment groups regard-
ing cow-level covariates, such as time from calving
to treatment, lactation number, body condition, and
blood serum concentrations of different metabolites.
However, the abovementioned randomization approach
entails a greater risk of selection bias compared with
other randomization techniques (e.g., the use of a ran-
domization software). Therefore, internal validity of
the present study is limited regarding those variables
subjectively measured (scored) by the operator (i.e.,
MC score, BCS, LS, RF score, back arching, and tail
abduction). Due to triple-blinding (patient, operator,
and researchers performing statistical analysis), how-
ever, the other variables (RBT, laboratory parameters)
could not have been impaired. Furthermore, animals
requiring supportive therapy within the first 15 DIM
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were not excluded from the study. On the one hand,
excluding these cows would have possibly confounded
our results, as negative treatment effects would have
been concealed. However, treatment with NSAID and
AB most likely changed these cows’ clinical and labora-
tory parameters, which could have interfered with our
results. However, due to the small total number of cows
requiring supportive therapy, and because this number
was not different between treatment groups, we decided
to include these animals in our analyses.

CONCLUSIONS

The single transdermal administration of FM be-
tween 24 to 36 h p.p. in Holstein Friesian dairy cows
from farms with increased systemic inflammation post-
partum slightly decreased RBT, reduced serum HP,
and increased serum Alb concentration in primiparous
cows. Serum BHB concentration was slightly lower in
FM-treated multiparous cows compared with controls.
Primiparous cows treated with FM were less likely to
show purulent vaginal discharge with or without a fe-
ver. Regardless of parity, fewer cows within the FM
group abducted their tail from their body or showed an
arched back on the day after treatment compared with
the CON group. Therefore, it can be concluded that
the treatment alleviated pain regardless of parity, di-
minished systemic inflammation and improved uterine
health in primiparous cows, and reduced ketone body
formation in multiparous cows.
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