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Abstract

BACKGROUND: The incidence of diseases among dairy cows is high in the postpartum period, which reduces
dairy enterprise and higher demands for antibiotics. Considering this, the notion of promoting heath and reducing
antibiotic application in dairy cow medicine by taking advantages of bioactive phytochemicals in herbal extracts is
emerging.

OBJECTIVES: This study's main purpose was to investigate the effects of supplementing Holstein dairy cows'
ration in the close-up period by Immunofin® polyherbal aqueous extract on the normal physiology, clinical health,
and hematological and biochemical parameters of postpartum dairy cows.

METHODS: In this experiment, the herbal extract was supplemented in a close-up period diet for cows in the
treatment group (n=10). However, cows in the control group (n=10) received precisely the same ratio as the placebo.
The clinical health of cows was assessed, and some of their biochemical and hematological parameters were com-
pared between the two groups.

RESULTS: Cows in the treatment group had a lower incidence of retained fetal membrane and metritis (P=0.01).
In addition, cows in the treatment group had a lower concentration of serum nonesterified fatty acid (P<0.001), and
a lower number of peripheral blood leukocytes and lymphocytes count among cows in the treatment group
(P<0.0001). In contrast, their mean corpuscular hemoglobin and mean corpuscular volume were higher (P<0.0001).

CONCLUSIONS: In conclusion, Immunofin® supplementation in a close-up period had no negative impacts on
prepartum cows' clinical health and could desirably alter some of the clinical, biochemical and hematological pa-
rameters.
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Introduction

The transition period is one of the most challeng-
ing stages in the lifetime of dairy cows, as 30 to 50%
of high producers may be affected by one or more
peripartum diseases. (Leblanc, 2010) Considering
the impact of postpartum cow health in achieving
maximum production potential and enhancing eco-
nomic profitability, it is essential to recognize related
risk factors of diseases (Stevenson, 2020). Because
of reducing dry matter intake and concurrent increas-
ing energy demands and incompetency of the
immune system due to physiologic, endocrine
changes, metabolic challenges, and energy deficit
are the main predisposing factors, and the critical
role of metabolic and immune status in maintaining
postpartum health has been revealed in recent years
(Bicalho, 2016, Jahan et al., 2020).

Considering metabolic status, a high concentra-
tion of p-hydroxybutyrate (BHBA) and non-
esterified fatty acid (NEFA) has been reported to be
linked with significantly increased odds of develop-
ing postpartum clinical diseases, including retained
fetal membrane, postpartum uterine infections (Qu et
al.,2014; Chebel et al., 2021) and also culling (Seifi
et al., 2011). Moreover, the prevalence of hepatic
lipidosis is relatively high (Gonzaez et al., 2011),
and a modified hepatic enzymes profile has been re-
ported among cows with left displaced abomasum
(Song et al., 2020). There are also reports about he-
matological changes and neutropenia in cows with a
retained fetal membrane (Moretti et al., 2015),
changed complete blood count in cows with metritis
(Cui et al., 2019), and mastitis (Guan et al., 2020).
One of the interesting fields of study in recent years
is using phytochemicals to enhance a postpartum
cow's health, immunity, and metabolic status (Alves
et al., 2016; Lopreiato et al., 2020). Effects of alka-
loid compounds in Chinese traditional herbal
medicine (Shi et al., 2018), herbal derived antioxi-
dant from green tea (Ma et al., 2021), and
phytobiotic rich herbal extract on improving the met-
abolic status of dairy cows has been reported before
(Hashemzadeh Cigari et al., 2014).

Immunofin® polyherbal extract (Pars Imendaru
CO., Iran) is the commercial mixture of purified bi-
oactive phytochemicals obtained from several
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medicinal plants, including coneflower (Echinacea
purpurea), rosemary (Rosmarinus officinalis),
thyme (Thymus vulgaris) and yarrow (Achillea
millefolium). Based on manufacturer-provided infor-
mation, the most important bioactive phytochemical
ingredients of the extract are alkamides and alkyla-
mides (isobutylamide, N-methylbutylamine, etc.),
polysaccharides (Echinacin, arabinogalactan, xy-
logalactan), glycosides (caffeic acid and its derivates
including rosemarinic acid, chicoric acid, echinaco-
side), and terpenes (carnosic acid, -citronellol,
humulene, and caryophyllene). Biologic effects of
each compound have been discussed in previous pa-
pers (Andrade et al, 2018; Bruni et al., 2018;
Gedikoglu et al., 2019). In this study, we supple-
mented Immunofin® to close-up period ration to
investigate its effect on clinical health, metabolic sta-
tus, and hematologic indices of postpartum cows.

Materials and Methods

Animal Selection and Experimental Design

This study was conducted under heat stress condi-
tions (THI>72) during July and August 2020 in a
large industrial dairy farm with 2500 milking cows
and an average daily milk yield of 39 kg per cow,
located in Malayer, Hamedan province, Iran. Based
on our inclusion criteria, pregnant cows on days 245
to 252 of their pregnancy were selected at the begin-
ning of the close-up period. Selected cows (n=20)
had a parity number of 1 or 2, a body condition score
of 3 to 4, a locomotion score of 1 or 2, and they were
healthy and free of any abnormal clinical signs.
Cows were kept separately in the same open shed
stalls during the experiment. Provided stalls had
sandy bedding and cooling equipment, including
ceiling fans and sprinklers. All cows were fed twice
daily with the same diet during close-up (and in the
postpartum period) based on TMR ingredients ex-
ceeding the nutritional requirements of cows (Table
1). Moreover, selected cows were vaccinated against
FMD, brucellosis, blackleg, and lumpy skin disease
according to the standard vaccination program of
dairy herds.
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Table 1. Dietary ingredients of the ration used to feed the cows in both groups of the study (Dry matter basis).

Item Amount
Ingredients (% OF DM)
. 31.2
Corn silage 141
Alfalfa hay 3 4
Wheat straw 3'1
Whole cottonseeds .
14.7
Ground barley
6.9
Ground corn 14
Extruded soybean '
5.9
Canola meal
. 1.1
Fish meal
43
Soybean meal 03
Sodium bentonite ’
. . 0.1
Magnesium oxide
. 1.1
Calcium carbonate
. 0.9
Glycoline 0.7
Calcium choloride 1
Magnesium solphate 35
Transitional feed supplement! 1' 4
Mineral and vitamin premix? '
Chemical composition (% of DM, unless otherwise noted) 15
NEL (Mcal/kg) 42' 3
DM (%) ’
90.8
OM
13.4
CP 37.7
NDF 23.6
ADF 35.6
NFC ’

!Coposition: 3000 ppm of Niacin/kg, 15000 ppm of Choline/kg, 5000 ppm of Chorome/kg.
2Coposition:290000 ppm of Ca/kg, 15300 ppm of Mg/kg, 8500 ppm of Mn/kg, 11250 ppm of Zn/kg, 3200 ppm of Cu/kg, 190 ppm of
T/kg, 105 ppm of Co/kg, 10000 IU of vitamin A/kg, 250000 IU of vitamin D/kg, 1200000 IU of vitamin E/kg.

Selected cows were randomly allocated to the Im-
munofin® treatment group (n=10) or served as the
control (n=10). Cows in the treatment group received
daily 150 mL of pure extract of Immunofin® (Pars
Imendaru CO. Iran) in their diet for 21 days of the
close-up period. In order to reach enough volume for
mixing in the ration, supplementation was done by
diluting 1.5 L of Immunofin® with the same volume
of drinking water in 1:1 ratio and then pouring of
prepared solution into the cows' TMR diet, mixing it
manually immediately at the time of feeding. Cows
in the control group received exactly the same ratio
as the placebo.

Clinical Evaluation

The clinical part of the study was done by com-
paring the incidence of postpartum uterine disease
(retained fetal membrane and metritis) and assessing
general health and the amount of dry matter intake
(DMI) in the close-up period between study groups.
The average dry matter intake (DMI) of cows in each
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group was calculated by analyzing and subtracting
the dry matter content of leftover feed in the feed
bank from the dry matter content of provided feed
per cow daily. Rumen scoring was done daily, based
on 1-5 scale and assessment of rumination was done
three times a day, two hours after feeding. Moreover,
consistency and digestion scoring of the cows' ma-
nure was assessed daily according to 1-5 scale
scoring system.

Blood sampling and Hematology

Blood sampling from the jugular vein was done
using plain, and EDTA contained venoject tubes.
Blood samples were collected from each cow at the
beginning time of the study (week -3 or 3 weeks be-
fore calving), a week before calving (Week -1), and
the first (Week +1), second (Week +2), and third
week (Week +3) postpartum. Hematological indices,
including the number of white and red blood cells
per microliter (uL), hemoglobin concentration, hem-
atocrit, mean corpuscular volume (MCV), mean
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corpuscular hemoglobin (MCH) and mean corpus-
cular hemoglobin concentration (MCHC), were
evaluated. In order to perform the assessment, 10 pL
of blood taken from EDTA venoject tubes was ana-
lyzed by a fully automated hematology analyzer
device, Celltac alpha, model MEK-6550 (NIHON
KOHDEN®, Tokyo, Japan), according to the manu-
facturer's recommended procedure of calibration and
applying the special hemolyzing reagent, diluent,
and detergent. Differential blood count (Lympho-
cytes,  Monocytes,  Eosinophils, = Polymor-
phonuclears, Band cells) and neutrophil to lympho-
cyte ratio (NLR) were also evaluated by manual
microscopy of prepared Giemsa stained (Sigma-Al-
drich®) blood smears under oil immersion objective
lens 100X magnification.

Serum Biochemistry and Evaluation of the
Metabolic Status

Centrifugation of clotted blood was done at 1000
X g at 4°C for 20 minutes. Separated serum was as-
pirated from the supernatant by pipette without
disturbing the sediment and then transferred to a ster-
ile 10 mL plastic test tube. Samples were stored at —
80°C until the time of analysis. Several biochemical
parameters, including the concentration of Non-es-
terified fatty acids (NEFA), B-hydroxybutyric acid
(BHBA), Alanine aminotransferase (ALT), Aspar-
tate aminotransferase (AST) in serum, were
analyzed by automated biochemistry analyzer (Hita-
chi 911 Analyzer, Roche diagnostic) according to
manufacturer provided reagents and recommended
procedures for enzymatic colorimetric method.

Statistical Analyses

Statistical analysis of provided data was done by
SAS software (version 9.2, SAS Institute Inc., Cary,
NC). Statistical analyses of binary variables were
done using the FREQ procedure and Chi-squared
test. For analyses of numerical data, first, normality
was tested by GLM procedure and Kolmogorov-
Smirnov test, and then based on normality test re-
sults, TTEST or Mann-Whitney U test was done for
comparing two groups. Analyses of related numeri-
cal data in different time sessions were done by
applying the GLM procedure and repeated measures
ANOVA. Significance was declared at P-value<
0.05 and tendency was defined at 0.05 <P<0.1.
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Results

Clinical Findings

Meticulous clinical observations on a daily basis
indicated normal appetite, normal rumen score
(score 4), rumination behavior and normal con-
sistency (score 4), and digestibility score (score 3) of
cow's manure in the treatment group. Based on these
findings, the administered herbal supplement had no
adverse effects on the normal digestive physiology
of treated cows. No cows with clinical signs of indi-
gestion or other health problems were seen during
the study. One of the cows in the control group was
deleted from the study because of developing non-
responding to downer cow syndrome and being
culled following parturition.

The average length of pregnancy (P=0.65) and
sex ratio of born calves (P=0.8) were similar be-
tween the two groups. The birth weight of born
calves from cows in the treatment group was signif-
icantly higher than those born from cows in the
control group (40.2+1.05 vs. 39.4+2.42, respec-
tively, P=0.03). Cows in the treatment group tended
to have a significantly higher yield of colostrum
(P=0.086) by providing 5.3+0.73 liters of colostrum
on average with Brix of 28.6+1.25, in the first post-
partum milking session, compared to cows in the
control group with 3.5540.41 liters of colostrum and
Brix of 27.6+0.81.

Based on provided data, the average DMI of cows
in the treatment group during the close-up period
was numerically higher (13.34 +£0.44 vs.12.1+0.6 re-
spectively) than cows in the control group. Still, the
difference was not statistically significant (P=0.1).
Four out of 9 cows (44%) in the control group were
affected by the retained fetal membrane and puer-
peral metritis. In contrast, none of the cows in the
treatment group suffered from these postpartum uter-
ine complications (P=0.01).

Para-clinical Findings
Serum Biochemistry

The serum concentration of NEFA was higher
among cows in the control group compared to cows
in the treatment group (P=0.033, Figure 1). Regard-
less of the group, NEFA was higher in the first and
second week postpartum than in other time sampling
sessions (P<0.05). The concentration of BHBA and
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ALT was not influenced by the effect of group, time,
and interaction of group by time (P> 0.05). How-
ever, the concentration of AST was higher in week

Maziar Kaveh Baghbadorani ef al.

+1 compared to week -3, week -1, and week +3
(P<0.05) (Table 2).

NEFA corce martion inssum (mmol/L)
s & e e &8 8 & o

3rd ath 5th

Time sesseions of sampling

——fTreatment =———@Contro

Figure 1. Average nonesterified fatty acid concentration (mmol/L) in the serum of cows in the treatment (n=10) and con-
trol (n=9) groups. The serum concentration of NEFA was higher among cows in the treatment group compared to cows in
the control group (P=0.033).

Table 2. Mean+ SEM of serum concentration of BHBA (mmol/L), ALT (U/L), and AST (U/L) of the cows in the treatment
and control group in different time sessions

Group Week -3 Week -1 Week +1 Week +3 Week +5
BHBA Treat- 0.44+0.07 0.43+0.04 0.71+0.17 0.5+0.07 0.62+0.08
(Mean ment
+SEM)  Control 0.58+0.04 0.59+0.07 0.92+0.18 0.61+0.09 0.760.3
ALT Treat- 27.2+1.78 27.4+1.95 25.143.43 19.7+1.11 22.242.43
(Mean ment
+SEM)  Control 25+1.41 25+1.54 23.88+2.64 25.44+1.91 27.33+0.83
AST Treat- 92.5+6.66° 94.5+6.66" 186.6+35.5 120,749,720 11443.07*
(Mean ment
+SEM)  Control 96.2+9.28° 100.22:£9.13% 139.1428.5° 130.5+8.3 124.6+4.18°

Hematology

Compared to the control group, white blood cells
(WBC) and blood lymphocytes counts were lesser in
the treatment group (P<0.0001, Figure 2 and Table
3). Moreover, WBC and blood lymphocyte counts in
both groups were lesser in week +1 than week -1 and
+3 (P<0.05). Monocyte count was higher in week -1
than in weeks -3 and +2 (P < 0.05), and eosinophil
count was higher in week -1 than in week -3 and
week +2 (P=0.011) in both groups. Granulocyte
count was not influenced by the effect of group, time,
and interaction of group by time (£>0.05). Band
cells count was higher in week +2 than weeks -1 and
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+1, regardless of the group (P<0.05, Table 3). The
effect of the group (P=0.19), time (P=0.17), and in-
teraction of group and time (P=0.33) on neutrophils
to lymphocytes ratio (NLR) were not significant
(Figure 3). Furthermore, mean corpuscular hemoglo-
bin (MCH) and mean corpuscular volume (MCV)
was lesser in the control than in the treatment group
(P<0.0001, Figures 4 and 5). Regardless of group,
MCH was lesser in week -3 and week -1 than in
weeks +1, +2, and +3 (P<0.001). Contrary to MCH,
red blood cells count, hemoglobin concentration, and
hematocrits were higher in week -3 and week -1 than
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in week +1, week +2, and week +3 (P<0.01). More-
over, all these three indices were higher in week+1
than week+3 (P<0.05). Mean corpuscular volume
(MCV) was higher in week +1 than in other time ses-

sions of the study (P<0.05), and mean corpuscular

Iranian Journal of Veterinary Medicine

hemoglobin concentration (MCHC) was lower in
week -1 than in week +2 and week +3 (P<0.05), and
in week+1 compare to week+3 (P=0.007), irrespec-
tive of the group (Table 4).

Table 3. Mean +SEM of blood lymphocyte, monocyte, granulocyte, band cell, and eosinophil count per uL of the cows'
blood in the treatment and control group in different time sessions

Group Week -3 Week -1 Week +1 Week +3 Week +5
Lvmoh Treatment 6555.77+ 8517.2+ 5980.9+ 8308+ 8121+
M (hfl’e;’:yte 12082201 1764.8%! 1604.3b,1 1979.7201 1882.2!1
+SEM) Control 12700+ 13624.67+ 11322+ 12886.78+ 13709+
2759.5ub2 3262.8%2 3543.6b,2 3963.9:b2 4119.12
Monocyte Treatment 292481.6% 656.3£138.3°  680.8+163.7*° 137+47a  454.1+138.9*"
(Mean 34233+ 71022+ 530.33+ 650.33+
+SEM) Control 73 7a 837.44+284.9° 208,15 1350 85 4
3894.33+ 2952+ 3334.6%
Gr?;[l::l;):yte Treatment 5646 4426.7+£545.6 2981.1+£636.2 6758 4542
3516.88+ 4460.33=
+SEM) Control 2888+345.6  4286.77£1739  3335.44+430.5 S8 085
Band cell Treatment 44 3+30%b 35.6+£23.85* 30.3+£16.7* 213136 1;; 1611932::
(Meanx : 5
116.88+ 369.11+ 112,66+
ab a
SEM) Control 209.77+£103 5189% 83.444+45.8 163.6° 45200
Eosinophil  Treatment  464.22+158%  1542+65.5%  644:2087%b  [2+12b Zg(’g;f,,,
(gqlgﬁ')* Control 382.11+ 182.44+ 248.88+ 40.55+ 365.66+
ontro 131.49° 66.24b 126.20 22.20 321.6*

Table 4. Mean =SEM of Mean corpuscular hemoglobin concentration (g/dl), RBC (10%uL), Hematocrit (%) and Hemoglo-
bin (g/dl) of the cows in the treatment and control group in different time sessions.

Group Week -3 Week -1 Week +1 Week +3 Week +5
MCHC Treat- 36.67+1.08%0 34.98+0.38° 35.39:0.22b.1 36.32+0.19° 36.71£0.12P2
(Mean ment
£SEM)  Control  35.64+0.15% 35.14+0.15° 354603320 36.52+0.18 37.040.39b2
RBC Treat- 6.48+0.25° 6.31+0.17 5.99+0.15 5.46+0.20¢ 5.28+0.18¢
(Mean ment
+SEM)  Control 6.53+0.22° 6.02+0.16° 5.51+0.15° 5.41+0.2b< 5.30+0.18¢
Hemato-  Treat- 29.7+0.75° 28.7240 46" 27.740 46 24.77+0.63¢ 23.66+0.73¢
crit ment
(Mean : b
ssgp)  Control 29.240.68° 27.83+1.01° 25.95+0.89 25.02+0.86° 24.31£0.61°
Hemo- Treat- 10.55+0.25 10.05+0.17° 9.8+0.16° 8.99:+0.21P¢ 8.68+0.25¢
globin ment
(Mean b b
ssgp)  Control 10.35+0.23" 9.77+0.34° 9.18+0.26 9.130.29P¢ 9+(.22b,2¢
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Figure 2. Average white blood cells count per microliter of the blood of cows in treatment and control groups. WBCs count was

higher in the control group (P<0.0001).
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Figure 3. Average neutrophil to lymphocyte ratio. In contrast to the control group, Immunofin® treated cows showed a decreasing

pattern of NLR.
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Figure 4. Average Mean corpuscular hemoglobin of cows in treatment and control group. Average MCH was higher in treatment
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group (P<0.0001).
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Figure 5. Average Mean corpuscular volume of cows in treatment and control group. Average MCV was higher in the treatment
group (P<0.0001).

Discussion

The manufacturer generally recommends Immun-
ofin® for enhancing calf health and reducing the
incidence of calthood diseases. In previous studies,
considering the positive effect of some of its ingre-
dients on dairy cows' health, we decided to
supplement it as an extra-label herbal medicine to the
ration of heat-stressed cows during the close-up pe-
riod. Heat stress exacerbates  metabolic
complications and health problems in postpartum
dairy cows (Skibiel et al., 2017); therefore, heat
stress condition was selected for conducting this
study to evaluate the efficacy of Immunofin® in im-
proving metabolic status and health of postpartum
cows in the condition which is mostly needed.

The incidence of retention of fetal membrane
(RFM) and metritis among cows in the treatment
group showed significant reduction. There are sev-
eral reports about successful usage of herbal
medicine in prevention of RFM and metritis (Cui et
al., 2015; Cui et al., 2019). It was reported that
prepartum lower amount of DMI together with
higher serum concentration of NEFA and proinflam-
matory cytokines are risk factors of developing RFM
and metritis (Qu et al., 2014; Dervishi et al., 2016).
Immunofin effects on DMI and its modulating im-
pact on proinflammatory cytokine could attenuate
both of these risk factors and reduce the incidence of
RFM.

Cows in the treatment group consumed 1.24 Kgs
more dry matter compared to cows in the control
group in the close-up period. An increase of DMI

Iran J Vet Med., Vol 16, No 3 (Summer 2022)

could be the consequence of higher palatability of
treatment group ration because of pleasant Immuno-
fin® flavor for cows, improved digestibility of
consumed ration in rumen caused by polyphenols
(Loperiato et al., 2014), and stimulatory effect of bi-
oactive alkylamides compounds on appetite, through
activation of brain CB1 cannabinoid receptors which
trigger orexigenic signals (Kirkham ez al., 2005;
Raduner et al., 2006; Koch et al., 2017). Despite
lacking statistical significance, higher DMI by treat-
ment group cows in the prepartum period has
substantial importance, as it was reported that each
0.1-percentage point reduction in the average
DMI%BW and each 1-Mcal decline in the average
energy balance in the last 3 d prepartum increased
the odds of having clinical mastitis by 10 and 8%,
respectively (Pérez-Baez, et al., 2019). Moreover, it
has been reported that decreased dry matter intakes,
particularly in a week before calving, increased the
risk of developing metritis in the postpartum period.

The lower postpartum concentration of NEFA in
treatment group cows, especially in the first two
weeks after calving, might be due to their higher
prepartum dry matter intake, which reduced the mo-
bilization of body fat by them. In addition, the
positive effect of thyme on rumen fermentation and
the ratio of acetate to propionate was reported before
(Vakili et al., 2013; Castro Filho et al., 2021). Previ-
ous studies reported the association of high serum
level peripartum NEFA and AST with increased risk
of postpartum diseases in fresh cows. This elevated
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risk of postpartum complications may be linked to
the destructive effects of NEFA on neutrophils' func-
tion and viability (Hammon et al., 2006). Although
impairment of neutrophils function under the pres-
ence of a high level of NEFA is proven, there is no
consensus about the exact mechanism of NEFA-in-
duced functional incompetency of polymer-
phonuclears. In contrast to previous reports about re-
duced ROS production and NETs formation, recent
experiments revealed that overreacting of inflamma-
tory pathways, overproduction of proinflammatory
cytokines (Korbechi et al., 2019), and excessive pro-
duction ROS in neutrophils may be the result of
impaired function of neutrophils (Scalia et al., 2006;
Zhang et al., 2018; Leblanc et al., 2020).

Regardless of the group, NEFA was higher in the
first and second week postpartum compared to other
time sessions. This is in accordance with a previous
report about the presence of negative energy balance
in the first three weeks after calving and lagging in-
crease of DMI compared to energy demand.
Similarly, irrespective of group, serum concentration
of AST was higher in the first week postpartum than
before calving and the third week postpartum, which
may indicate hepatic damage due to metabolic load
at the time of parturition. The effect of Echinacea ex-
tract itself on hepatic health is controversial. While
there are some reports about the positive effect of
Echinacea in the prevention and treatment of hepatic
diseases (Manayi et al., 2015; Xu et al., 2021), others
reported hepatotoxicity caused by them (Abdel-
Salam et al., 2012; Gabrains et al., 2015; Lawrenson
et al., 2015). According to provided results, there
was no significant increase in serum levels of ALT
and AST during this study following Immunofin®
supplementation. Although dosage and time length
of treatment might play a role in how Echinacea ex-
tract affects the liver, lacking hepatic damage may
occur because of hepatoprotective effects of rose-
mary and thyme (Domitrovi¢ ef al., 2013; Raskovic¢
etal.,2015).

Provided results by our study demonstrate a lower
count of peripheral blood leukocytes and lympho-
cytes in cows of the treatment group. Blood
lymphocytes are the dominant subpopulation of an
adult cow's normal leukogram (Roland et al., 2014).
Since counts of other subpopulations of leukocytes
didn't differ between the two groups of the study,
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lower leukocytes count in Immunofin® treated cows
was due to a lower number of peripheral lympho-
cytes. Most of the previously conducted studies in
other species reported an increased count of leuko-
cytes following treatment with Echinacea extract
(Mishima et al., 2004; Abouelella et al., 2007; Xu et
al.,2021). Contrary to these results, there are several
reports indicating the occurrence of leukopenia fol-
lowing long term treatment with Echinacea extract
and the immunosuppressive effect of its lipophilic
alkylamides through decreasing the count of lym-
phocytes (Kemp et al., 2002; Mattias et al., 2008;
Balcitinaité-Murziené et al., 2021). We did not ob-
serve any signs of leukopenia in treated cows, as
their count of leukocytes was within the normal
range. Considering this, a lower count of leukocytes
among treated cows should be interpreted as the
presence of leukocytosis among cows in the control
group. This pathological leukocytosis might have
occurred following the occurrence of clinical infec-
tious diseases, including metritis among these cows.
Regardless of group, peripheral blood leukocytes
and lymphocytes were lesser in the first week post-
partum than in the second session of sampling (two
weeks after the beginning of the study) and third
week postpartum. This changing pattern of WBCs
and lymphocyte number might occur due to cortisol-
induced stress leukogram at the time of parturition.
It has been reported that NLR in the peripartum pe-
riod is elevated among cows with a high level of
SCC. The altered cytokines milieu and proinflamma-
tory cytokines profile is considered a possible cause
(Guan et al., 2020). Based on our findings, Immun-
ofin® had no significant effect on NLR, but in
contrast to the control group, the changing pattern of
NLR in the treatment group was decreasing (Figure
3), which may decrease the risk of postpartum infec-
tious disease diseases.

Reduction of MCH and MCV and reaching the
lowest level in 30 days after calving in dairy cows
was reported before (Painao, ef al., 2020). The un-
derlying pathophysiology might be due to an
increased postpartum inflammatory state and intense
body fat mobilization that suppress hematopoiesis
due to iron deficiency (Ganz et al., 2009; Contreras
et al., 2011; Bradford ef al., 2015). It has been re-
ported that iron deficiency anemia impairs cell-
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mediated immunity, and hence normal hematologi-
cal indices are an important prerequisite of the
competent immune response (Das et al., 2014).
Mean corpuscular hemoglobin and mean corpuscu-
lar volume were significantly higher in the treatment
group; this may indicate a controlled postpartum in-
flammatory state and reduced body fat mobilization
among cows in the treatment group; a hypothesis
which is supported by the evidence like lower WBCs
in peripheral blood and lower serum NEFA concen-
tration in these cows. These differences also could be
explained by the hematopoietic effects of Echinacea.
Similar effects were reported in other species treated
by oral supplementation of Echinacea extract
(O'Neill et al., 2002). Higher erythrogram in cows
with better postpartum reproductive performance
and lower erythrogram values in cows with retained
fetal membrane was reported (Nazifi et al., 2008;
Saut et al., 2008). Considering this, a lower inci-
dence of RFM in the treatment group might be
associated with Immunofin induced changes in the
erythrogram.
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