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Summary

The effects of immunomodulatory treatment with levamisole on uterine involution, ovarian function and total sialic acid
(TSA) concentrations during postpartum period in lactating dairy cows were investigated. In Group | (n=20), levamisole
hydrochloride (Actipar®) was weekly administered at immunomodulating doses (2.5 mg/kg; IM) starting from five or six
weeks until two weeks prior to expected calving. In Group Il (n=13), physiologic saline was administered during the same
injection schedule. All cows (n=33) were examined on days 16+3, 23+3, 30+3 and 37+3 postpartum including external
inspection, vaginoscopy, and transrectal ultrasonography. Relative risk of cows in control group having a pathological
vaginal discharge (7/11; 63.6%) was 1.9 (0.8-4.4; P>0.05) times higher than that in levamisole treated group (5/15; 33.3%).
There is an interaction effect of treatment by vaginal discharge scores on the involution of cervix uteri (P<0.05), and
levamisole treatment accelerated the involution of the cervix uteri in cows with normal vaginal discharges compared to
those with pathological discharges. There was an earlier recruitment of the follicular wave in cows with normal vaginal
discharge compared to those with pathological vaginal discharge. Serum TSA concentrations were higher in cows with
pathological vaginal discharge than those with normal vaginal discharge (P<0.01). Consequently, facilitation of involution
of the cervix uteri and earlier recruitment of the follicular wave in cows with normal vaginal discharge reveals beneficial
effect of immunomodulatory treatment with levamisole, and warrants further research regarding the immunomodulatory
treatment with levamisole during dry period prior to breeding protocols. In addition, relationships between vaginal
discharge scores and TSA concentrations could be used for evalulation of postpartum reproductive health.
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ineklerde Levamizol ile immunomodulatiér Tedavinin
Uterus Yangisi ve Involisyonu, Serum Sialik Asit Diizeyleri ve
Ovaryum Fonksiyonu Uzerine Etkileri

Ozet

Sagmal ineklerde levamizol ile immunomodulator tedavinin postpartum donemde uterus involisyonu, ovaryum
fonksiyonu ve toplam sialik asit (TSA) konsantrasyonlari tizerine olan etkileri arastirildi. Group I'deki (n=20) ineklere
levamisole hydrochloride (Actipar®) haftada bir kez olmak tzere immunomodulasyon dozunda (2.5 mg/kg; IM) beklenen
dogumdan bes veya alti hafta 6ncesinden baslanilarak doguma iki hafta kalana kadar uygulandi. Group II’deki (n=13)
ineklere serum fizyolojik ayni zamanlama ile uygulandi. Battn inekler (n=33)16+3, 23+3, 30+3 ve 37+3 glnlerde
inspeksiyon, vajinoskopi ve transrektal ultrasonografik olarak muayene edildiler. Kontrol grubundaki ineklerde goreceli
olarak patolojik vajinal akinti olma riski (7/11; %63.6) levamizol uygulanan gruba (5/15; %33.3) gore 1.9 (0.8-4.4; P>0.05)
kat daha fazla bulundu. Vajinal akinti skoru ile tedavinin etkilesiminin serviks uterinin invollsyonu tzerine etkisi belirlendi
(P<0.05) ve levamizol tedavisi patolojik akintisi olanlara nazaran normal vajinal akintisi olan ineklerde serviks uterinin
involtisyonunu hizlandirdi. Patolojik akintisi olanlara nazaran normal vajinal akintisi olan ineklerde erken folikil dalgasi
gelisimi gozlendi. Patolojik vajinal akintisi olan ineklerde serum TSA konsantrasyonlari normal akintili ineklere gore ytksek
bulundu (P<0.01). Sonug olarak, normal vajinal akintisi olan ineklerde serviks uterinin involtsyonunun hizlandiriimasi ve
erken folikul dalgasi gelisimi, levamizol ile immunomodiilator tedavinin faydali etkilerini ortaya koymakta olup suni
tohumlama protokollerinden 6nce kuru dénemde levamizol ile immunomodilator tedavinin kullanimina iliskin
aragtirmalara ihtiya¢ duyuldugunu gostermektedir. Ayrica, vajinal akinti skoru ve TSA konsantrasyonlari arasindaki iliskinin
postpartum reprodiiktif sagligin degerlendirilmesinde kullanilabilirligini gostermektedir.
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INTRODUCTION

The existence of bacteria in the uterus results in
inflammation of the endometrium and postpones
uterine involution . Moreover, uterine bacterial
infection or bacterial products suppress LH
secretion from pituitary, and disrupt postpartum
ovarian follicular growth and function leading to
disruption of ovulation in cows **.

Levamisole is commonly used as an anti-
nematodal 7 and immunomodulatory agent *' in
domestic animals and humans. It is known that
levamisole stimulates cell-mediated immune
reactivity by potentiating the rate of T-lymphocyte
differentiation, the sensibility to antigens and
mitogens and activity of phagocytes "2,
Administration of a single dose (2.5 mg/kg) of
levamisole results in immunomodulatory effect for
about 48 hours . Intermittent treatment with one-
third of the anthelmintic dose (2.5 mg/kg) results
in more effective immune response ',

In the cattle industry, clarifying the relation-
ships between the postpartum uterus and ovary,
and decreasing the effect of uterine infection are
the reproductive challenges to be faced at the
beginning of the twenty-first century . There is
little convincing data for the benefit of any intra-
uterine antimicrobial use on reproductive per-
formance in cows with endometritis '*'®; however,
most comparative clinical investigations "
revealed that PGF2a is at least as effective as or is
preferable to intra uterine infusion of antibiotics
for treatment of endometritis and reduction of
interval between calving to pregnancy '**. Immuno-
modulatory treatment with levamisole in dairy
cows with retained foetal membranes or purulent
uterine discharge resulted in enhanced cell
immune reaction leading to significant association
between neutrophil and eosinophil granulocytes
in peripheral blood on day 12 postpartum *.
Weekly injections of levamisole during dry period
for six weeks significantly decreased the incidences
of mastitis, fetal deaths and metritis due to its
immunopotentiating activity in cows ", Similarly,
beneficial effect of levamisole treatment with
immunostimulative doses at the last period of
pregnancy on the health state of sows after
parturition was reported **. However, most of the
studies focused on effect of levamisole on the
prevention of metritis rather than its mechanism.

Sialic acid (SA) is an acetylated derivative of
neuraminic acid, and it is a significant cell-surface
component of biological membranes in bacteria
and animals ®. It has been reported that serum SA
concentrations increase rapidly following
inflammation and injury *. It has been suggested
that serum SA concentrations, particularly lipid bound
SA, are an indicator of inflammatory diseases .
Similarly, increase in serum total sialic acid (TSA)
concentrations have been reported in diseases
such as pneumonia in calves *, dermatophytosis
in calves *, traumatic reticuloperitonitis * and
infectious bovine keratoconjunctivitis in calves *'.

Therefore, the first objective of this study was to
investigate the effect of immunomodulatory
treatment with levamisole on uterine inflammation
and involution by examining uterine biopsies and
serum TSA concentrations during postpartum period
in lactating dairy cows. The second objective of
this study was to determine the effect of immuno-
modulatory treatment with levamisole during
prepartum period on postpartum resumption of
cyclicity.

MATERIAL and METHODS

This experiment was conducted on 33 cows (3
primiparous and 30 multiparous) at University of
Ataturk, Faculty of Agriculture, Dairy Research
Farm, Erzurum, Turkey, during December 2004
and May 2005. Cows were housed in free stall
barns accessed to a feeding lot, and fed with total
mixed ration including concentrated feed (4.5 kg;
CP %18.2, ME 2428 kcal/kg), grass hay (8 kg),
alfalfa hay (4 kg) and grass silage (5 kg) per animal
basis as fed. Rolling herd average daily milk
production was 10.2 L during experimental period.
Cows were blocked based on breed (Brown Swiss
[n=18] and Holstein [n=15]), and then randomly
assigned into two groups. In Group | (n=20; [7
Holstein and 13 Brown Swiss]), levamisole hydro-
chloride (Actipar®; Alke llac San. 34896, Pendik,
istanbul-TURKIYE) was weekly administered at
immunomodulating doses (2.5 mg/kg; IM) starting
from five or six weeks until two weeks prior to
expected calving. In Group Il (n=13; [8 Holstein
and 5 Brown Swiss]), physiologic saline was
administered during the same injection schedule.
Cows injected more than this interval were
removed from this study. Therefore, cows in both
groups got mainly four injections; while few of



them got five injections during dry period.

Uterus and ovaries were scanned with trans-
rectal ultrasonography (Pie Medical/100 Falco Vet
equipped with 6.0-8.0 MHz rectal linear probe)
weekly for a month starting at two weeks after
calving on days 16+3, 23+3, 30+3 and 37+3
postpartum. Diameters of cervix and uterine horns
at approximately five cm away from the bifurcation
of the uteri were measured to evaluate uterine
involution. Ovaries were scanned for follicles and
presence of corpus luteum (CL) to investigate ovarian
function. Monitored follicles were classified based
on their sizes into three classes [class | (2-5 mm), Il
(6-9 mm) and Il (>10 mm)] as described by Lucy et
al.*>. Moreover, vaginal discharges observed at
visual examinations and vaginoscopy were scored
at 16+3 days postpartum in four scales (score: 0,
clear or translucent mucus; score: 1, mucus containing
flecks of white or off-white pus; score: 2, <50 mL
exudate containing <50% white or off-white muco-
purulent material; and score: 3, >50 mL exudate
containing >50% purulent material, usually white
or yellow, but occasionally sanguineous) as described
by Williams et al.*®. Because none of the animals
had vaginal discharge score of one, vaginal discharge
scores were used as normal (0) and pathologic (2
and 3) in the analyses. Dystocia scores were
recorded based on severity of dystocia using
scores ranging from 1 (no problem) to 5 (extreme
difficulty) as described by Djemali et al .**.

Biopsy samples were collected from endo-
metrium at dorsal site of the uterine body between
intercaruncular areas at 2+1 day postpartum.
Biopsy samples were evaluated based on intensity
of inflammatory cells, necrosis and hyperemia,
and scored with four scales (0: normal; 1: few
lymphocytes and neutrophyle leucocytes; 2: moderate
inflammatory cell infiltration and hyperemia; and
3: severe inflammatory cell infiltration, necrosis,
hyperemia and bleeding) in a double blind study.
Blood samples were collected weekly prior to
ultrasonographic examinations via cocygeal vein
puncture to investigate serum sialic acid concentrations.
Serum total sialic acid concentrations were determined
colorimetrically using a spectrophotometer (UV-
1201, Shimadzu, Japan) according to the methods
reported by Sydow *.

Vaginal discharge and biopsy scores were
analyzed using Mann Whitney analyses in Minitab
program (Minitab 12 for windows). Diameters of
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the uterine horns and cervix, and the numbers of
Class I, Il and 1l follicles were analyzed using the
repeated measures analysis of the mixed procedure
of SAS **. Ovulation rate based on presence of CL
was analyzed by the logistic regression procedure
of SAS. The Logistic Regression-Stepwise Selection
Procedure was utilized to determine independent
variables at pre-determined significance levels
(variable entered with P<0.30 and stayed with
P<0.20 in the model) among all variables and all-
possible interactions with treatment. The mathematical
model included treatment, parity, breed, week of
the enrollment (replicate), scores of dystocia, calf
sex, metritis and interactions. However, relative
risk ratio values along with 95% confidence limits
obtained from the Proc Freq procedure of SAS
were reported to be more realistic as opposed to
odds ratio values. The Proc Freq procedure of SAS
was utilized to obtain frequency values for each
variable in data set.

RESULTS

All of the animals in both groups calved (dystocia
scores were 1 to 3 in range) and expelled fetal
membranes normally. Based on clinical examinations
including purulent vaginal discharges (score 3),
enlarged uterine diameter and visualization of pus
in uterus by ultrasonography, relative risk for
having metritis in control group (4/13; 30.8%) was
1.5 (0.5-5.1) times higher than that in levamisole
group (4/20; 20%) during the monitored period;
however, this difference is not statistically
significant (P>0.05). For the examination of vaginal
discharges, seven cows had missing observations.
The median scores of vaginal discharge were 0
and 3 in levamisole and control groups, res-
pectively (P<0.07). Relative risk of cows in control
group having a pathological vaginal discharge
(7/11; 63.6%) was 1.9 (0.8-4.4) times higher than
that in levamisole treated group (5/15; 33.3%);
however, this difference is not statistically significant
(P>0.05). Similarly, the median scores of endo-
metrial biopsies were 1 and 2 in levamisole and
control groups; respectively, and this numerical
difference is not statistically significant (P>0.05).

No effect was observed on the involution of the
previously pregnant uterine horn. Surprisingly,
there is a significant (P<0.05) effect of vaginal
discharge scores on the rate of involution of the
previously non-pregnant uterine horn. There is an
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interaction effect of treatment by vaginal discharge
scores on the involution of cervix uteri (Figure 1,
P<0.07). Analyses of cows with normal vaginal
discharges (n=14) indicated a significant (P<0.05)
effect of treatment on the involution of cervix
uteri; however, there is no treatment effect when
cows with pathological discharges (n=12) were
analyzed separately (Figure 1). These analyses
indicate that levamisole treatment accelerated the
involution of the cervix uteri in cows with normal
vaginal discharges compared to those with
pathological discharges.

Weekly ultrasonographic examinations revealed
that none of the cows (n=29) in both groups
ovulated at 16+3 days following calving based on
detection of CL. Ovulation rates at 23+3 days
following calving did not differ between control
(4/12; 33.3%) and levamisole treated (4/17;
23.5%) groups. However, at 23+3 days following
calving there is a breed effect on presence of CL,
and ovulation rate was 0.44 (0.24-0.80) times less
(P<0.05) in Holstein cows (1/14; 7.1%:; [one control
cow]) than that in Brown Swiss cows (7/15;
46.7%; [three control and four levamisole treated
cows]). At the end of the monitored period (37+3
days postpartum) three cows had missing obser-
vations, and ovulation rates did not differ between
control (5/12; 41.7%) and levamisole treated
(8/14; 57.1%) groups, however, there are breed
and metritis effects on ovulation rate. In this regard,
overall ovulation rate was 0.30 (0.11-0.85) times
less (P<0.01) in Holstein cows (3/13; 23.1%; [two
control and one levamisole treated cows]) than
that in Brown Swiss cows (10/13; 76.9%; [three
control and seven levamisole treated cows]). At
the end of the monitored period, overall ovulation
rate was 6.0 (0.84-43.13) times higher (P<0.05) in
cows without metritis (12/19; 63.2%; [four control
and eight levamisole treated cows]) than that in
cows with metritis (1/7; 14.3%; [one control cow]).

Number of Class | follicles was significantly
lower (P<0.05) in cows with normal vaginal dis-
charge compared to those with pathological
vaginal discharge at days 16+3 postpartum (Figure
2). In contrast, number of Class Il follicles was
significantly higher (P<0.05) in cows with normal
vaginal discharge compared to those with
pathological vaginal discharge at days 16+3
postpartum (Figure 2). Number of Class Ill follicles
was significantly higher (P<0.05) in cows with

normal vaginal discharge compared to those with
pathological vaginal discharge at days 37+3
postpartum (Figure 2). Moreover, average diameter
of the largest follicle monitored at days 37+3
postpartum was significantly larger (P<0.01) in
cows with normal vaginal discharge compared to
those with pathological vaginal discharge (Figure
3). These results indicate earlier recruitment of the
follicular wave in cows with normal vaginal dis-
charge compared to those with pathological
vaginal discharge following calving.

Serum TSA concentrations were higher in cows
with pathological vaginal discharge than those
with normal vaginal discharge (P<0.01; Figure 4).
There is an interaction effect (P<0.05) of treatment by
week by biopsy score for serum TSA concentrations
(Figure 5). In this regard, serum TSA concentrations
in cows with biopsy score 3 in levamisole group
are higher than that in control group on day 16+3
postpartum. However, serum TSA concentrations
were abruptly decreased in cows with biopsy
score 3 in levamisole group.

DISCUSSION

In present study, levamisole treatment accelerated
the involution of the cervix uteri in cows with normal
vaginal discharges as oppose to those with
pathological discharges. This result implies that
immunomodulatory treatment could be more
effective in healthy cows for involution of the cervix
uteri. Similarly, shorter period for uterine involution
has been reported in cows treated with levamisole
during dry period ¥. It has been reported that the
presence of purulent uterine discharge or cervical
diameter >7.5 cm after 20 days postpartum, or
mucopurulent discharge after 26 days postpartum
revealed clinical endometritis in cows, and among
postpartum history, inspection, vaginoscopy, and
palpation, only the presence of purulent discharge
and cervical diameter were significantly associated
with impaired fertility **. Moreover, the presence of
purulent discharge on vaginoscopy is highly correlated
with active bacterial uterine infection ***°. Further-
more, it has been pointed out that the presence of
purulent uterine discharge should be a good indicator
for determination of postpartum uterine health *.
Likewise, the interaction effect of treatment by
vaginal discharge scores on the rate of involution
of cervix uteri in present study supports that uterine
discharge could be a good indicator for determination



of postpartum uterine involution. Involution of the
cervix is slower than the uterus; however, both
uterus and cervix should reach a diameter of <5
cm by 25 days in milk in normal cows *'. In a study
investigating the association of postpartum uterine
discharge and cervical size with reproductive
performance, significantly decreased risk of
pregnancy at first insemination and significantly
longer days open were reported in cows with a
large cervix **. Likewise, it has been concluded
that the optimum time and optimum threshold of
the cervical diameter to determine cervical
involution were three weeks postpartum and 6
cm, respectively *2. It has been reported that
cervical diameter of <5 cm is apparently not
associated with impaired reproduction; however,
the critical threshold of cervical diameter lies
between 6 and 7.5 cm, and they made an assumption
that an enlarged cervix should estimate reduced
pregnancy rate independent of uterine findings
due to less variability in the size of the fully involuted
cervix than in the location or size of the uterus
after involution *. In all the cows, cervical diameter
was <5 cm at 16+3 days postpartum in currrent
study. Because cervical diameter was measured by
transrectal ultrasonography in present study,
involution of the cervical diameter was monitored
more accurately, and the interaction effect of
vaginal discharge by treatment on cervical involution
was detected.

It has been postulated that the presence of
mildly purulent uterine discharge in the first month
postpartum likely reveals a successful immune
response to a bacterial challenge **. It has been
reported that cows with endometritis were more
likely to have no palpable ovarian structures than
healthy cows *. Furthermore, first ovulation takes
place 9 to 19 days later in cows with slow in-
volution *, dystocia, twins, or retained placenta *'*
than that in normal cows. It has been concluded
that there was no effect of postpartum uterine
bacterial contamination on plasma FSH concentration
and initial ovarian follicle wave emergence;
however, high bacterial contamination of the
uterus leads to a contemporaneous localized effect
on ovarian follicle selection with fewer first and
second dominant follicles in the ovary ipsilateral
to the previously gravid uterine horn and slower
growth of subsequent dominant follicle along with
reduced oestradiol secretion following calving *.
Similarly, it has been reported that ovarian follicles
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were smaller after calving with a uterine bacterial
infection ®. Moreover, the hormonal interactions
for the control of normal ovarian function are
disturbed by inflammatory mediators such as
bacterial endotoxin and immune mediators such
as cytokines %,

Administration of inflammatory mediators dis-
rupts GnRH release from the hypothalamus and LH
secretion from the pituitary. However, inhibition
of follicular oestradiol secretion in the presence of
sufficient plasma LH concentrations following
administration of endotoxin reveals a direct effect
of inflammatory mediators at the ovarian level **.
Therefore, effect of uterine bacterial contamination
on follicle growth and function could be resulted
from disruption of LH secretion or ovarian function
¥ Lower plasma LH concentration suppressed the
growth rate and oestradiol secretion of dominant
follicles after follicle selection *°. Although weekly
examination of ovaries is not adequate to investigate
follicular dynamics, earlier recruitment and faster
growth of the follicles in cows with normal vaginal
discharge reveal that vaginal discharge scores
could be an indicator for the postpartum follicular
dynamics in the present study. Furthermore, present
study supports previous studies and provides
evidence for an effect of the pathologic uterine
discharge on ovarian follicular growth after calving.
Because dairy cows are expected to have their first
postpartum ovulation between 14 and 28 days in
milk in average **'*?, most of the cows were expected
to reinitiate cyclicity during the examination period.
Accordingly, first ovulations were detected on
23+3 days postpartum in current study. Overall
ovulation rate was significantly higher in cows without
metritis, and levamisole treatment numerically
decreased the rate of metritis in present study. This
result reveals that levamisole treatment during dry
period could be beneficial for postpartum uterine
health leading to earlier initiation of ovarian cyclicity.

In response to tissue damage and inflammation,
heptaocytes produce acute phase proteins *3.
Serum SA concentrations have been used to
determine the acute-phase protein response *.
Serum SA is a relatively unspecific marker of
inflammation, and its elevation could be explained
by enhanced levels of richly sialylated acute phase
glycoproteins **. Because peripheral plasma acute
phase protein concentrations enhance to
maximum levels between days 1 and 3 postpartum
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followed by decrease within two weeks to basal
concentrations, acute phase protein response have
been used to monitor the process of uterine
involution ***, Because uterine bacterial contamination
also elevates the plasma concentrations of acute
phase proteins ** and SA *°, interpretation of these
data could be complicated. Higher serum TSA
concentrations in cows with pathological vaginal
discharge may also reflect the presence of
inflammation or co-existence of bacterial infection
in current study. Similarly, numerically higher total
sialic acid concentrations in cows with metritis
compared to those in healthy cows has been
reported .

In conclusion, facilitation of involution of the
cervix uteri and earlier recruitment of the follicular
wave in cows with normal vaginal discharge
implies beneficial effect of immunomodulatory
treatment with levamisole during dry period on
postpartum involution. Thereby, immunomodulatory
treatment with levamisole during dry period could
be alternative prevention program for postpartum
uterine disorders. Overall, these results warrant
large fertility trials with immunomodulatory treatment
with levamisole prior to breeding protocols. Further-
more, relationships between vaginal discharge
scores, TSA concentrations, postpartum follicular
dynamics and rate of involution of cervix uteri
reveal that vaginal discharge scores and TSA
concentrations could be good tools for evalulation
of postpartum reproductive health.
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Fig 1. Least squares means and SEM of diameters of cervix uteri of
cows with normal (Panel A, n=14) and pathological (Panel B, n=12)
vaginal discharges. Interaction of treatment by vaginal discharge is
tended to be significant (P<0.07)

Sekil 1. Normal (Panel A, n=14) ve patolojik (Panel B, n=12) vajinal
akintili ineklerde serviks uteri caplarinin ortalama ve standart hata
degerleri. Tedavi ile vajinal akinti arasindaki etkilesim kismen énemli
bulundu (P<0.07)
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Fig 2. Least squares means and SEM of numbers of Class I (C1), Class
II (C2) and Class III (C3) follicles in cows with normal or pathological
vaginal discharges

Sekil 2. Normal ve patolojik vajinal akintili ineklerde 1. sinif (C1), 2.
sinif (C2) ve 3. sinif (C3) folikdl sayilarinin ortalama ve standart hata
degerleri

Pathologic

o

Fig 3. Average diameter of the largest follicle
monitored at days 37+3 postpartum was
significantly larger (P<0.01) in cows with
normal vaginal discharge compared to those
with pathological vaginal discharge

Sekil 3. Postpartum 37+3 giinde Olclilen en
biytk folikilin ortalama ¢api normal vajinal
akintili ineklerde patolojik akintililara gore
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Fig 4. Serum total sialic acid concentrations were higher in cows with pathological vaginal discharge than those
with normal vaginal discharge (P<0.01)

Sekil 4. Serumdaki toplam sialik asit konsantrasyonlari patolojik vajinal akintili ineklerde normal vajinal akintili
olanlara nazaran daha yiksek bulundu (P<0.01)
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