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New outlook to vitamin D functions in dairy cows:
non- classical roles

a a,b
Saba Ahmadi Sheikhsarmast, Mehrdad Mohri

2 Department of Clinical Sciences, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad, Iran.
b Center of Excellence in Ruminant Abortion and Neonatal Mortality, Faculty of Veterinary Medicine, Ferdowsi University of
Mashhad, Mashhad, Iran.

In addition to the well-studied effects in regulating calcium and phosphorus balance, vitamin D has many non-cal-
cemic effects that include acting as an immune modulator or an antioxidant. Cows acquire vitamin D either from
photosynthesis in the skin or through swallowing fungi in the forage or vitamin D supplements. Although vitamin D
deficiency is rare, today we are facing an increasing number of vitamin D deficiencies in cows due to the indoor housing
away from sunlight exposure. According to the NRC recommendation, to maintain the vitamin D serum concentration
in the range of 20 to 50 ng/ ml, it is necessary to administer 21,000 IU/ d of vitamin D in cattle. In addition, considering
the involvement of vitamin D in various calcemic and non-calcemic effects, it seems that previously recommend levels
of vitamin D supplementation have not been enough for preventing many diseases and disorders in cattle. Vitamin D
toxicity may also occur due to over-supplementation of vitamin D or overgrazing in plants with high amounts of vitamin
D metabolites. This review article will discuss various roles of vitamin D in dairy cattle health, normal physiology, and

disease prevention.
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Introduction

Iit can be said with confidence that vitamin D
was one of the earliest hormones synthesized
on the planet by phytoplanktons millions of years ago,
possibly protecting these organisms from radiation.
The ocean's environment was rich in calcium, and
aquatic organisms could easily use it for their meta-
bolic activities. As life spread from water to land, or-
ganisms faced a calcium deficiency crisis. Therefore, a
strategy was created to absorb low calcium from the
environment with maximum efficiency through the
intestines. For unknown reasons, vitamin D gets a
regulatory role in calcium absorption [8, 16].

Inscriptions on cave walls indicate that primitives
praised the sun for its life-giving effects. With the in-
dustrial revolution and the development of urbaniza-
tion in European countries, evidence of the vitality of
sunlight appeared. People settled in building close to
each other, and burning coal caused severe air pollu-
tion. Thus, the children of these cities were no lon-
ger exposed to sunlight and showed growth disorders
[20].

More than a century ago, Sir Edward Mellanby
discovered that the British people, especially the Scot-
tish, were suffering from a high prevalence disease,
which is probably related to their diet. Initially, the
disease was known as English disease, which today is
called rickets. Mellanby experimented on about 400
dogs for 5 years. He kept them away from sunlight
exposure and fed them with an oatmeal diet, which
was similar to the British diet at that time. After a
while, the dogs showed similar symptoms to rickets.
He managed to treat these dogs with cod fish liver oil.
But he mistakenly called it vitamin A. Later, McCo-
llum et al. named it Vitamin D. [1, 2, 3, and 4]. Not
long after the discovery of vitamin D as an anti-rickets
agent, its importance in the natural growth of cattle
was revealed [32].

Vitamin D photobiology

Vitamin D has two types: Vitamin D2 or ergo-
calciferol, which is present in several plants that can
convert ergosterol to vitamin D, and Vitamin D3 or
cholecalciferol, which is derived from 7- dihydroxy-
cholecalciferol [7- DHC] of animal products [6,40,
55]. They differ in chemical structure in a side chain
[15]. Metabolites of both types of vitamin D are pres-
ent in the blood of cattle, but using vitamin D3 is pref-
erable [6, 40]. Cattle gain vitamin D from three main
sources, vitamin D3 supplements through the diet,
sunlight exposure, and vitamin D2 from ingesting
fungus in forages [40, 51].

Exposure to sunlight is essential for the synthe-
sis of endogenous vitamin D. Penetration of UVB
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photons (270- 315 nm) into the stratum basale and
stratum spinosum layers converts 7- DHC in human’s
skin to pre-vitamin D3. This compound is unstable
and immediately undergoes thermal isomerization
and is converted to vitamin D [7, 8, 10]. Vitamin D
formation in the skin alters with UVB exposure which
may be modifiable through different factors [10, 12].

One factor relates to fur or hair coat pigmenta-
tion; the higher the melanin concentration of the skin
and the darker the skin, the longer it takes to form
vitamin D [7, 11].

The second factor is UVB intensity which varies
through latitude, altitude, clouds, and air pollution
[10]. In general, the radiation intensity is lower at
higher latitudes, especially in winter, when the day
length is shorter. At higher altitudes, because animals
are exposed to more intense radiation for a longer pe-
riod, vitamin D3 is converted to biologically neutral
sterols and is excreted from the shedding of skin kera-
tinocytes [7, 11].

The third factor is 7-DHC amounts in the skin
[12]. In fur-covered animals such as rabbits and rats,
the 7-DHC appears to be at the site of the sebaceous
glands in the skin, where it can be exposed to radia-
tion and swallowed by animals grooming [13]. But in
cows, there were three hypotheses about the produc-
tion of vitamin D in the skin. a) According to previ-
ous studies on rats, cows received the required vita-
min D3 by self-grooming or grooming each other. b)
Scattered-hair areas of the body, including the udder
and snout, are the main sites for vitamin D synthe-
sis. ¢) Vitamin D is synthesized all over the skin with
hair coat. Hymeller et al. 2010 conducted an experi-
ment on cattle. They were able to prove that in cows,
vitamin D is produced throughout their body despite
hair coat, and the grooming hypothesis in cows was
rejected [14].

Metabolic pathway of vitamin D

Vitamin D3, produced in the skin, is transport-
ed by the vitamin D binding protein (VDBP) to be
stored in adipose tissue or must be taken to the liver
to become active. VDBP or transcalciferin is a type
of albumin that has a high affinity to bind to various
metabolites of vitamin D, including calcitriol or cal-
cidiol, so that about 0.01% and 1% of these metabo-
lites are free in plasma, respectively. Other functions
of VDBP include connection to actin, activating mac-
rophages, and carrying fatty acids [6]. The initial stage
of hydroxylation at carbon-25 is mediated by cyto-
chrome P450 hydroxylase enzymes such as CYP27A,
CYP3A4, CYP2R1, and CYP2J3 in the liver. Due to
the binding of 25-(OH) D3 to VDBP, its half-life is
about 2 to 3 weeks. 25-(OH) D3 (calcidiol) is the most
abundant form of vitamin D in cattle’s blood and is

Non-classical effects of Vitamin D
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used to assess the status of vitamin D in the body [6,
15]. The conversion of vitamin D3 to 25-[OH) D3 is
not under strict control and almost all the vitamin D3
of the body is immediately converted to 25-(OH) D3
[6,7]. The association of CYP2]2 genes in cattle with
25-(OH) D3 synthesis indicates their role in mediat-
ing hydroxylation reaction in cattle likewise [6]. In the
second stage of activation, vitamin D is transported
through VDBP and undergoes hydroxylation in the
site of carbon-1 in proximal tubules of the kidney
with 1- a- hydroxylase (CYP27B1) and converted to
1, 25-(OH)2D3, which is known as calcitriol [6,7,15].
After this stage, vitamin D is taken to the target organs
by VDBP to perform its functions (Figure 1).

The function of the 1-a-hydroxylase enzyme
is controlled strictly by the parathyroid hormone
(PTH), negative feedback of calcitriol concentration,
and calcitonin. When the concentration of ionized
calcium in the blood drops, PTH stimulates the pro-
duction of the 1-a-hydroxylase, and the amount of
calcitriol production rises. At a sufficient amount of
ionized calcium, calcitonin suppresses the activity of
1-a-hydroxylase and instead increases the conversion
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of active vitamin D to inactive forms by increasing
activity of 23,24- hydroxylase [6, 12]. Phosphorus
can also affect the activity of 1-a-hydroxylase, inde-
pendent of PTH function and calcium levels. A high
concentration of phosphorus enhances 1-a-hydroxy-
lase activity, while lower levels of phosphate distract
calcitriol production through fibroblast growth factor
23 (FGF23) and phosphatonin [6,7]. The proportion
of the ratio of 1-a-hydroxylase to 24- hydroxylase in
dairy cattle during the transition period is very con-
sequential. The higher this ratio, the easier it will be
to increase the amounts of 1, 25- (OH),D3. Any factor
that increases the secretion of the PTH hormone and
enhances the signaling of receptors can increase this
ratio. Increased sensitivity of PTH is achieved with
lower dietary cation-anion difference (DCAD). Acidic
conditions with low DCAD make the receptors of this
hormone more sensitive in the kidney. Also, keeping
the FGF23 amounts low may elevate this ratio [17].

Catabolic pathway of vitamin D

It has been shown that CYP24Al is responsible
for hydroxylation reactions in the side chain at C-
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Figure 1.

The metabolism of vitamin D and its
classical effects on calcium and phos-
phorus homeostasis.
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24 and C- 23 carbon sites of either 25- (OH)D3 and
1,25- (OH)2 D3. In the C- 24 oxidation pathway, 1,
25- (OH), D3 is converted to calcitoric acid, a bili-
ary catabolite, whereas in the second reactionl, 25-
(OH), D3, is converted to 1,25(OH) -26,23 lactone
by 23-hydroxylation [5,7]. CYP24A1 is also involved
in the hydroxylation of 25-(OH) D2 and 1, 25(OH),
D2 side chains and produces a series of hydroxylation
products [5]. There are two VDREs in the promoter
region of the CYP24A1 gene, which allow 1, 25- (OH)2
D3 to regulate the expression of CYP24 via VDR and
cause its catabolism. PTH and serum phosphorus lev-
els also play a role in regulating of vitamin D catab-
olism pathway. Under conditions of normal calcium
concentration and suppression of PTH production,
CYP24A1 production is stimulated and 25-(OH] D3
is converted to 24, 25-(OH), D3 and 1, 25- (OH), D3
is catabolized subsequently. However, a decrease in
phosphate concentration reduces the expression of
CYP24A1, which leads to a decrease in 1, 25- (OH)2
D3 catabolism [7].

Vitamin D functions

A substantial role of vitamin D is to preserve the
concentration of calcium and phosphorus in a narrow
range. These two ions are responsible for very vital
functions in the body. The four main target organs for
this function of vitamin D are the guts, kidneys, skel-
etal system, and parathyroid glands [7].

Intestine: Calcium can be transported from
the guts through both transcellular and paracellular
pathways. The absorption of calcium through the in-
testines is mediated via transient receptor potential
vanilloid 6 (TRPV6) channels that are induced in the
apical site of villi by 1, 25-(OH), D3. It is revealed
that these channels can interact with proteins like
calmodulin, S100A10-annexin 2 complexes, and Ra-
blla [18]. TRPV6 channels carry calcium ions inside
the cells where they join Calbindin- D9K proteins
to pass across the cells. Plasma membrane ATPase
(PMCAL1b) and sodium-calcium exchanger (NCX1)
then pump the calcium ions into the bloodstream [7].
The number of TRPV6 channels and calbindin- D9K
is regulated by vitamin D to increase blood calcium
levels and suppress the expression of TRPV6 leading
to a decline in intestinal calcium absorption. Unlike
transcellular calcium transport, paracellular calcium
transport is not limited in its capacity. Paracellular
calcium transport occurs through tight junctions,
which are independent of 1, 25-(OH), D3 [19]. The
majority of calcium absorption of the diet is in the
distal part of the guts, especially in the ileum, but the
highest amount of active transport of calcium occurs
in the duodenum [18]. In normal ranges of vitamin
D, 30% of calcium is absorbed through the intestines,
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but in conditions of vitamin D deficiency, only 10 to
15% of calcium is uptaken from the diet, however,
conditions such as growth, lactation, and pregnancy
can increase absorption up to 60-80% [20]. Most of
the phosphorus uptake occurs passively through the
mechanism of diffusion throughout the intestine, but
70% of the absorption is in the small intestine. Even
in severe hyperphosphatemia, dietary phosphate up-
take continues and is only slightly less than normal.
Albeit, phosphorus active transport is mediated by
1, 25-(OH), D3 by increasing the number of Na+-Pi
cotransporter [7,19].

Skeletal system: Longitudinal bone growth in ju-
veniles occurs with mineralization of the bone matrix
and vascular invasion. In vitamin D deficiency status,
minerals no longer deposit in the matrix, leading to
rickets in juveniles and osteomalacia in adults. Anoth-
er function of vitamin D is to maintain serum calcium
levels constant in cooperation with the parathyroid
glands. Bones act as a reservoir of calcium in deficien-
cy conditions [12]. 1, 25-(OH), D3 has been shown to
regulate the development of osteoblasts. 1, 25-(OH),
D3 elevates the expression of RANKL (Receptor acti-
vator of nuclear factor kappa-B ligand) on the surface
of osteoblasts, which in turn stimulates osteoclasto-
genesis. Osteoclast differentiation from its precursor
and maturation and bone resorption occurs with the
attachment of the RANKL to the RANK (receptor ac-
tivator of nuclear factor kappa-B) and Ca?* ions efflux
to blood flow. Production and maturation of osteo-
clasts are stopped by the attachment of RANKL to its
antagonist osteoprotegerin (OPG) [7, 21,22].

Kidney: Approximately 65% of excreted Ca®*
is reabsorbed along with water and sodium in renal
proximal tubules, 20% is reabsorbed through the cor-
tical thick ascending limb of the Henle loop (CTAL).
About 15% of the luminal Ca*" is transported into the
cells through the TRPV5 channels located at the api-
cal region of the renal epithelial cells, where then the
calbindin-D28K transports it across the cells. The Ca**
ions are finally released into the bloodstream through
active transport via NCX1 [23].

Vitamin D receptors

The biological functions of 1, 25-(OH), D3 are
carried out by vitamin D receptors (VDRs) [24]. The
VDR is a superfamily of steroid hormones that cre-
ate a heterodimer by interacting with the retinoid- X
receptor (RXR). VDR/RXR heterodimers attach to
the vitamin D responsive elements (VDRE) of the ge-
nome inside the nucleus [24, 25]. The expression of
VDRs in various organs, including the skin keratino-
cytes, pancreas, guts, breast epithelial cells, prostate,
activated lymphocytes, mononuclear cells, etc., indi-
cates their extensive effects beyond calcium homeo-

Non-classical effects of Vitamin D
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stasis [12, 20].

Non- calcemic functions of vitamin D

Vitamin D modulates both innate and acquired
immune systems (Figure 2). The VDR is abundantly
expressed on immune cells such as B and T lympho-
cytes, NK cells, and antigen-presenting cells (APCs)
[24]. Vitamin D can be converted to 1, 25-(OH), D3
inside the cells of the immune system, acting locally
[26, 27]. Recent studies on humans revealed that vita-
min D plays an important role in immune cell mitosis,
proliferation, and differentiation [26]. 1,25-(OH), D3
enhances the production of type 2 anti-inflammatory
cytokines including interleukin 4 (IL-4), interleukin 5
(IL-5), and interleukin 10 (IL-10], and decreases type
1 pro-inflammatory cytokines, for instance, tumor
necrosis factor o (TNF-a), interferon y (INF-y), inter-
leukin 6 (IL-6), interleukin 8 (IL-8), interleukin (IL-
9], interleukin 12 (IL-12), and interleukin 17 (IL-17)
[27]. 1, 25-(OH), D3 also elevates the production of
H,O, which has antimicrobial and tumoricidal activi-
ty [26]. In humans, vitamin D can also have inhibitory
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effects on inflammatory and autoimmune diseases, in-
cluding multiple sclerosis (MS), rheumatoid arthritis
(RA), diabetes mellitus type 1, psoriasis, lupus erythe-
matosus, inflammatory bowel disease (IBD), asthma,
respiratory tract infections (RTI), etc. [27]. However,
the effects of vitamin D on the human immune sys-
tem cannot be generalized to other species, because
the target organ of innate immunity in cattle is dif-
ferent from humans, while the acquired immunity of
humans, mice and cow has many similarities [37]. For
example, cathelicidin antimicrobial peptide [CAMP),
which is stimulated by vitamin D, is unique to pri-
mates [28].

Studies in cattle have demonstrated that 1, 25-
(OH), D3 is in association with the innate immune
system [28]. According to studies of Merriman et
al. (2015) and Nelson et al. (2012), in bovine mac-
rophages, which are the main source of calcitriol,
toll-like receptor (TLR) activates 1-a-hydroxylase by
pathogen’s peptidoglycan, lipopeptide, and lipopoly-
saccharide recognition, which eventually leads to vi-
tamin D-related immune responses. The responses

RANTES

iNDS

DEFR

Plasma cell differentiation \L
126 & IgM ¢
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Figure 2.
The effects of vitamin D on
innate and adaptive immune

w1 T responses.
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include inducible nitric oxide (iNOS), RANTES, and
five 8-defensins (DEFB3, DEFB4, DEFB6, DEFB7,
and DEFB10) which are related to 1, 25- (OH), D3
levels in vitro [6, 29]. It has previously been proved
that vitamin D has an inhibitory effect on the produc-
tion of IL-4, IL-17, and INF-y [63, 74]. Hassanabadi
et al. showed that prepartum vitamin D injection has
an increasing effect on IL-6 levels in dairy cows [50].
In contrast, Xu et al. (2021) showed that vitamin D
supplementation has an inhibitory effect on IL-6 pro-
duction [48].

1,25-(OH), D3 may suppress the proliferation of
mammary gland epithelial cells through cell cycle reg-
ulators, such as p21 and p27P21 [6]. However, a lat-
er in vivo study conducted by Merriman et al. (2016)
demonstrated that vitamin D leads to an increase in
iNOS and DEFB7 in mammary glands, while other
3-defensins were not affected [29]. Elevated induction
of iNOS in bovine udder induces strong bactericidal
effects in macrophages. Likewise, {3-defensins located
in the udder, have potent antimicrobial effects against
common mastitis-related bacteria [30]. Lippolis et al.
proved this claim and by injecting intermammary 25-
(OH) D3, they showed that mammary glands’ immu-
nity was significantly increased against Streptococcus
uberis, and somatic cell count (SCC) was reduced in
milk (31).

The results of the study of Martinez et al. (2018)
were in agreement with previous findings. They
showed that high levels of calcidiol and calcitriol in
cattle’s blood amplify the innate immune system and
reduce the risk of periparturient diseases. 25-(OH)
D3 elevates the number and activity of neutrophils
with bactericidal properties and may prevent retained
placenta and the establishment of bacteria in the uter-
us [33]. In the retained placenta, the immune system
is unable to identify semi-allogeneic fetal tissues [34].
Thus, boosting innate immunity with vitamin 25-
(OH) D3 may have inhibitory effects on the retained
placenta and metritis [35]. Because, in cattle, bacte-
ria settle in the uterus after parturition [36]. Calcidiol
prevents metritis by its effects on immune cells and
secretion of antimicrobial peptides [37].

Studies show that 25-(OH) D3 levels are de-
creased during the transition period in cattle, thus
susceptibility to oxidative stress and diseases are en-
hanced. In general, calving causes an inflammatory
condition, and the highest amount of Haptoglobin
and C-reactive protein was recorded in Holstein Frie-
sian cattle during the first month of calving compared
with prepartum and late lactation [38]. Systemic in-
flammatory conditions like parturition and oxidative
stress, deplete vitamin D metabolites due to elevated
intracellular hydroxylation of 25- (OH)D3 to 1,25-
(OH), D3 [39]. Also, increased milk production in
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the mammary glands and cholesterogenesis reduce
the amount of 25- (OH) D3 [40].

Calcitriol has been proved to stimulate the pro-
duction and secretion of prolactin from the pituitary
gland, decidua, and immune cells in rats and endo-
metrium in humans [41, 42]. In dairy cattle, prolac-
tin is not necessary for milk yield and has permissi-
ble impacts on steroids, but a prolactin surge occurs
before calving [43], indicating that it is necessary for
milk production [44]. Calcitriol also stimulates the
expression of RANKL, which is an important para-
crine factor in alveologenesis induced by progesterone
[45]. The prepartum calcitriol administration in cows
elevates the absorption of IgG through the mammary
cells and raises its amount in the colostrum [33]. It
is probably due to the increased production of IL-10,
which leads to increased secretion of immunoglobu-
lins from plasmablasts [47]. The results of a study con-
ducted by Hassanabadi et al showed that injection of
a single dose of vitamin D in dairy cows leads to an
increase in glutathione peroxidase (GSH-PX) in he-
molysate [50]. The findings of Xu et al. were consistent
with this result. Xu et al. (2021) reported that vitamin
D administration in cows can elevate the amounts of
total antioxidant capacity (T-AOC), total superoxide
dismutase (T-SOD), and GSH-PX [48]. The results
of a survey indicated that vitamin D is a potent anti-
oxidant factor in cell membranes. Therefore, admin-
istration of vitamin D declines the levels of malond-
ialdehyde (MDA) and thiobarbituric acid reactive
substance (TBARS), which are indicators of oxidative
damage to cells [49].

John's disease or paratuberculosis is an inflam-
matory disease of the guts caused by Mycobacterium
avium subsp. paratuberculosis. According to research
by Sorge et al., there is a direct relationship between
the severity of the disease and vitamin D levels. They
found a significant difference between the vitamin D
levels of healthy and sick cows. They mentioned three
explanations for it. The first reason, cows with lower
vitamin D levels are more susceptible to paratubercu-
losis infection. The second reason is that in the devel-
opment of paratuberculosis, the absorption of vitamin
D from the intestine is decreased. The last reason is
that most of the vitamin D in the body is used to mod-
ulate the hyperactive immune response in paratuber-
culosis. The prevalence pattern of this disease is simi-
lar to Crohn's disease in humans and the incidence is
high in coordinates with less radiation [26].

Requirements

Dairy cattle gain the required vitamin D, either by
eating forages that contain vitamin D2 and consum-
ing vitamin D3 supplements or from direct sun expo-
sure, which produces vitamin D3 endogenously [51,
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52]. Cattle can get significant amounts of vitamin D2
from forages such as alfalfa, which contains 2,500 IU
of vitamin D2 /Kg of DM, and silage, which contains
500 IU of vitamin D2 /Kg of DM [53, 54]. However,
vitamin D3 is the main form in blood circulation [55].
Due to the inefficient metabolism of vitamin D2 [56,
57] and raising cows indoors away from sunlight, the
likelihood of vitamin D deficiency is high [26]. Thus,
NRC recommends administering 21,000 IU/d vita-
min D3 in dairy cattle to maintain 25(OH) D3 levels
between 20 and 50 ng/mL and regulate calcium and
phosphorus homeostasis [58]. Although the amount
of vitamin D intake in most dairy cows is about 1.5 to
2.5 times the amount recommended by the NRC, the
average vitamin D is about 60 to 70 ng/mL [32]. Dairy
cows also experience a decrease in vitamin D levels
in the postpartum period. At early lactation, cows are
more susceptible to oxidative stress and metabolic
disorders, which is probably due to vitamin D insuffi-
ciency or deficiency. A threshold of 30 ng/ml has been
suggested in human studies to improve immune func-
tions but is not yet conclusive [59]. In cattle, the opti-
mal amount of vitamin D has not been determined for
the proper functioning of the immune system. Nelson
etal. (2012) reported that vitamin D improves perfor-
mance in macrophages of the immune system in vitro
up to 100 ng/ml. For instance, there was no difference
between calves with 175 ng of 25-(OH) D3 and those
with 30 ng of 25-(OH) D3 against the respiratory syn-
cytial virus (RSV) [6].

Deficiency

Vitamin D deficiency in cattle along with calcium
and phosphorus imbalance causes rickets in calves
due to lack of calcium deposition in the growing bone
matrix and osteomalacia in adult cows due to calcium
loss from developed bone [60]. Clinical symptoms of
vitamin D deficiency include loss of appetite, gastro-
intestinal upset, stiffness in gait, severe weakness, dif-
ficulty in breathing, irritability, and sometimes tetany
and seizures. Swelling and erosions on joints lead to
difficulty in motion, arching of the back, and bending
of the legs [60, 61]. Calves born to mothers with vita-
min D deficiency may be malformed, weak, or even
dead [62]. The metacarpal and metatarsal bones begin
to thicken, and as the disease progresses, the anterior
limbs bend forward or to the sides. In advanced cases
of vitamin D deficiency, long bone deformity occurs
as a result of normal muscle tension. Beading appear-
ance occurs at the junction of the ribs in the sternum
due to the enlargement of bone and accumulation
of cartilage [61]. Eating is difficult due to the soft-
ness and thickening of the mandible. In older cattle,
the bones are very fragile, which can lead to posteri-
or paralysis with vertebral fractures. Decreased milk
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production and lack of estrus are observed in vitamin
D deficient dairy cattle [58]. The probability of vita-
min D deficiency in beef cattle is very low unless a
diet poor in vitamin D is consumed and housed away
from sunlight. In this case, the symptoms of deficien-
cy appear in less than 6 to 10 months [64]. In general,
calving rates are very low in deficient herds, and new-
borns are often very weak and die immediately after
birth [60].

Milk fever is a metabolic disorder that occurs due
to excessive demand for calcium periparturient period
[52, 65]. Milk fever begins about 3 days after parturi-
tion and continues with depression, general paralysis,
circulatory collapse, coma, and death. The most im-
portant feature of the disease is a decrease in calcium
levels to values between 3 to 7 mg/dl [12]. Milk fever is
more likely to occur in older cows than in heifers [66].
Older cows show reduced production and reduced re-
sponse to calcitriol. There are also fewer osteoclasts
to respond to calcitriol and increased plasma calcium
levels through bone dissolution [65]. They also have
lower levels of 1-a hydroxylase [52, 65]. We also face
with decreased number of VDRs and the activity of
osteoblasts in the periparturient period [67, 68]. But
a low-calcium, adequate- phosphorus prepartum diet
followed with a high calcium diet postpartum can
prevent milk fever [52]. A low-calcium diet induces
calcitriol production through PTH [69, 70].

Toxicity

Vitamin D toxicity may occur due to overfeed-
ing with calcinogenic herbs or taking high doses of
vitamin D supplements, leading to calcification in
soft tissues. 400 ng/ mL of vitamin D in plasma could
be safe [71, 72]. According to the NRC recommen-
dation, cows can tolerate 2200 IU D3/kg for 60 days
and 2,500 IU D3/kg for shorter periods. Hibbs et al.
determined that for the inhibition of milk fever with-
out any toxicity feeding with high doses of vitamin D
could be more effective than parental administration.
Administration of 20 to 30 million IUD2 for 3 to 8
days prepartum was able to reduce 80% of milk fever
cases while prolonging the duration of treatment to
20 days prepartum led to toxicity [73]. Calcinogen-
ic plants include Solanum malacoxylon, Cestrum
diurnum, Trisetum flavescens, and Nierembergia
veitchii. These plants contain 1, 25-(OH), D3 or its
glycosides. These glycosides are activated through mi-
crobial digestion in the rumen. Clinical signs of cal-
cinosis include weight loss, increased respiratory rate,
tachycardia, impaired mobility, fertility problems,
and decreased survival. However, some calcinogenic
plants can be useful in preventing hypocalcemia [26].
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Conclusion

In summary, it should be noted that beyond its
classical roles in calcium and phosphorus homeosta-
sis, vitamin D is an immunomodulatory agent and
has protective effects against oxidative stress. These
functions are important in preventing numerous dis-
eases, especially peripartum diseases in cattle. There-
fore in future studies, it is essential to determine the
optimal concentration of vitamin D for the best func-
tion of the immune system and reduction of oxidative
stress that minimizes the economic burden of disease
in the dairy cattle industry.
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The decreasing effect of troxerutin on the level of
pro-inflammatory cytokines in rats with sepsis caused
by the experimental cecal puncture
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Sepsis is the main mortality factor in patients undergoing surgery and its treatment currently includes cardiac
resuscitation and reducing the immediate risk of infection. Troxerutin is a common compound in vegetables, fruits, and
seeds and has several biological activities, including anti-platelet, anti-serotonin, antioxidant, and anti-inflammatory
effects. Accordingly, we hypothesized that it can decrease interleukin 1 (IL-1) and tumor necrosis factor-alpha (TNF-o)
levels in the serum of rats with sepsis. Twenty-four adult male Sprague-Dawley rats were used in this study. The rats
were equally and randomly divided into 3 groups: sham operation group, control group, and treatment group. Both the
control and treatment groups underwent surgical cecal ligation and perforation. Troxerutin (130 mg/kg) was injected
subcutaneously twice a day to the animals of the treatment group for 3 days or until the animals’ death. Surviving rats
were euthanized after 1.5 ml of blood samples were taken 3 days after the cecal ligation and perforation. IL-1 and TNF-a.
were measured by the blood serum ELISA assay. The differences in mortality rates were significant between the control
group and the other two groups (p = 0.008). The results showed a significant increase in IL-1 and TNF-a. in the control
group compared to the sham group (p < 0.05). In addition, the levels in the treatment group significantly decreased
compared to the control group (p < 0.05). In conclusion, our results indicate that troxerutin could increase survival in

rats developing septic shock by reducing pro-inflammatory cytokines including IL-1 and TNF-a.
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Introduction

Sepsis is caused by bacteria or their endotox-
ins and is the main contributor to mortality
in patients undergoing surgery. When endotoxins
enter the body, significant changes occur in the im-
mune response and organ function [1]. Endotoxins
are the lipopolysaccharide membrane of gram-neg-
ative bacteria. They are released during bacterial cell
lysis, creating a strong response in the body that leads
to various components of immune cell activation
with subsequent septic shock [2]. The interaction of
lipopolysaccharides with receptors on different cells
induces the production of many pro-inflammatory
factors including interferon-gamma (IFN-y) nitric
oxide (NO), tumor necrosis factor-alpha (TNF-a), as
well as interleukins 1-beta (IL-1B), 6 (IL-6), and 12
(IL-12) [3]. Studies have shown that TNF-a and IL-1
are the first cytokines to be produced in large quanti-
ties in response to lipopolysaccharides, and this is the
main cause of the many effects of lipopolysaccharides.
These cytokines and chemokines enhance the host re-
sponse to bacterial infection [4]. In particular, TNF-a.,
which is released by macrophages, acts as a stimulant
for cytokine cascade and ultimately leads to lethal sep-
tic shock. However, anti-inflammatory cytokines are
also abundant during sepsis. The latter cytokines re-
duce pro-inflammatory cytokines production so that
they could help the animal to overcome sepsis and
endotoxin-related shock to some extent [3]. However,
if cytokines are released too much, they could have
detrimental consequences for the body. Recent studies
have shown that large amounts of cytokines, particu-
larly IL-1, TNF-a, and IFN-y, are produced in septic
shock and related injury, which mediate many of the
detrimental effects of septic shock [5].

Treatment for sepsis currently includes cardiac re-
suscitation and management of the immediate risk of
infection. Intravenous fluid therapy, vasopressor med-
ications, and oxygen therapy are the main resuscitation
options. Immediate intravenous antibiotic therapy is
performed to reduce potential pathogens. The only
currently available immunotherapeutic treatment is
the short-term use of hydrocortisone in patients with
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resistant septic shock [6]. The use of corticosteroids
in septic shock has been extensively studied [7]. Pre-
liminary studies have shown that high doses of cor-
ticosteroids are not helpful for septic shock and can
be harmful. In a study on 499 patients, hydrocorti-
sone did not improve survival in patients with septic
shock, and it was concluded that discontinuation of
corticosteroids if the patient is unresponsive to treat-
ment should be considered due to the potential risks
of infection, hypoglycemia, and myopathy [8].

The failure to find new effective treatments, to-
gether with advances in finding the biological char-
acteristics of sepsis, has been one of the greatest des-
perations of the past few decades [9]. Two types of
materials could be used for this purpose: materials
that disrupt the primary cytokine cascade (such as
anti-inflammatory cytokines and anti-lipopolysac-
charides) and those that prevent dysregulated coagu-
lation (including activated protein C and antithrom-
bin) [10]. Activated protein C was recently approved
despite being withdrawn from the market by the man-
ufacturer due to concerns about safety and efficacy
[11]. There is currently no comprehensive evidence
for the effectiveness of anti-cytokines in the treatment
of sepsis [6].

Troxerutin (C33H42019), or vitamin P4, is a
compound derived from rutin flavonoid. This sub-
stance is available in vegetables, fruits, and seeds
with a range of biological activities [12]. It has an-
ti-serotonin and anti-platelet properties. The use of
troxerutin in the treatment of vascular diseases such
as phlebitis or capillary hemorrhage has been exten-
sively studied [13,14]. Antioxidant and anti-inflam-
matory effects of troxerutin have also been reported
in other studies. It crosses the blood-brain barrier and
thus affects the central nervous system. Troxerutin
can prevent the activation of nuclear factor kappa B
(NF-kB) signaling [15]. NF-kB could increase pro-in-
flammatory cytokines expression and intensify the
inflammatory response. It has been suggested that the
anti-inflammatory effect of troxerutin in ischemia/
reperfusion injuries of diabetic myocardium may be
because of a reduction in TNF-a activity, resulting in
NF-kB blocking [16]. A recent in vivo study suggests
that troxerutin reverses the inflammatory response by
inhibiting elastase. This protease activates by TNF-a
and contributes to inflammation [17]. Due to the
good solubility of troxerutin in water, it is easily ab-
sorbed from the gastrointestinal tract and exerts its
protective effects on tissues without cell toxicity [18].
Troxerutin has a potential effect on the treatment of
diabetes mellitus and Alzheimer's disease, which is
partly due to its antioxidant activity. It has been re-
ported that it reduces damage to various tissues such
as the brain, liver, and kidneys by improving anti-
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oxidant levels [19]. The immunoprotective and an-
ti-aging effects of troxerutin are also known [20].
Consequently, we hypothesized that troxerutin might
prevent elevated serum levels of IL-1 and TNF-a se-
rum levels in rats with sepsis.

Results

None of the rats of the sham (S) group (0%, n =
0) died during the 3 days. 25% (n = 2) of the animals
in the control (C) group died a day after surgery and
37.5% (n = 3) died after two days, thus, only 37.5% (n
= 3) in this group survived after 3 days. In addition,
the remaining rats were secluded and lethargic, with
no desire to move or eat. Lack of grooming and re-
sponse to the external stimuli were the other clinical
symptoms. These manifestations indicated peritoni-
tis-induced septic shock [21]. Only 12.5% (n = 1) of
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the treatment (T) group died on postoperative day 2
and 87.5% (n = 7) of them survived. Survivors were
alert and ambulatory. The differences in mortality
rates were significant between groups C and the other
two groups (p = 0.008). Because the survived rats were
euthanized 3 days after cecal ligation and perforation
(CLP), we considered these animals as censored after
experiment termination. Therefore, the mean survival
days presented in Table 1 are calculated for 3 days af-
ter CLP, and the actual survival of the animals cannot
be determined. As seen in Table 1, most of the control
group rats died during the experiment, and they also
died earlier (with lower survival days) than the rats in
the treatment group.

The results of pro-inflammatory cytokines analy-
sis showed a significant increase in IL-1 and TNF-a in
group C (1438.66 + 23.81 pg/ml and 1358.42 + 21.89
pg/ml, respectively) compared to the group S (17.32
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+ 7.93 pg/ml and 20.31 + 4.72 pg/ml, respectively)
(p < 0.05). In addition, the measured cytokine levels
in group T (1036 + 27.72 pg/ml and 1100.42 + 15.22
pg/ml, respectively) were significantly lower than in
those in group C (p < 0.05) (Figures 1 and 2).

Table 1.
Survival days and survial rates of the rats in different experimen-
tal groups 3 days after cecal ligation and perforation (CLP).

Groups Survival days (mean = SEM)  Survival rate (%)
Sham 3.00 £ 0.00 100
Control 2.12 +£0.29* 37.5%
Treatment 2.87£0.12 87.5

*: significant difterence between groups (p < 0.05).

Discussion

Although short-term mortality in patients with
septic shock has decreased in recent years, it remains
a major problem. The mortality rate could vary from
35% to 70%, depending on several factors such as
age, gender, comorbidities, acute respiratory involve-
ment, or renal failure [22]. However, there is very lit-
tle data for the long-term mortality in patients with
septic shock. One report estimated that about 20%
of hospital survivors die within the first year [23].
The short-term mortality rate in our study was also
62.5% in the control group which is in line with oth-
er studies [24,25,26] but the survival of the treatment
group was significantly improved and the short-term
mortality in this group was significantly improved by
12.5%. This indicates that troxerutin could prevent
septic shock-related death, at least in the early stages
of peritonitis development. Severe septic shock affects
the central nervous system and causes drowsiness or
delirium. Non-focal encephalopathy, polyneuropathy;,
and myopathy are common findings in these patients
[6]. This could explain why the surviving rats in group
C were recluse and lethargic while the others were
alert and ambulatory.

Although severe inflammation was previously
believed to be the cause of the clinical symptoms of
sepsis, Bone et al. (1997) reported that compensato-
ry anti-inflammatory response syndrome can arise
from an initial inflammatory response [27]. On the
other hand, we currently know that a more complex
and prolonged host response is provoked by infection.
Both the infection elimination and the tissue recovery;,
and secondary infection can be the result of pro-and
anti-inflammatory mechanisms [28]. Pro-inflamma-
tory responses to kill invading pathogens are liable for

Shaker et al., IJVST 2021; Vol.13, No.2
DOI:10.22067/ijvst.2021.69966.1038

RESEARCH ARTICLE

tissue damage, organ dysfunction, and early mortality,
while anti-inflammatory reactions that limit local and
systemic tissue damage are involved in the develop-
ment of secondary infections in sepsis [6]. Some types
of receptors (namely C-type lectin, toll-like, nucleo-
tide-binding oligomerization domain-like, and reti-
noic acid-inducible gene 1-like receptors) could bind
to bacterial lipopolysaccharides, resulting in immune
cell activation and upregulation of inflammatory gene
transcription [29] and the release of pro-inflamma-
tory cytokines including IL-1 and TNF-a [3]. These
cytokines stimulate the synthesis of phospholipase
A2, inducible cyclooxygenase, 5-lipoxygenase, and
acetyltransferase, which contribute to the synthesis
of prostaglandins and leukotrienes and platelet-ac-
tivating factor which lead to further inflammation,
vasomotor tone alteration, and increasing blood flow
and vascular permeability [22]. Additionally, these
cytokines attract monocytes, neutrophils, T cells, and
macrophages to the area to confront infection, but
they also play a role in the pathogenesis of severe in-
flammation at the same time. Tamayo et al. (2011) re-
ported that both pro-and anti-inflammatory (IL-10)
cytokines are present in septic shock [30].

Troxerutin reduces enzymes and proteins inside
cells including cyclooxygenase in some tissues [31].
The anti-inflammatory properties of troxerutin in a
wide variety of organs such as kidneys, liver, brain,
and heart are well understood. For instance, Najafi
et al. (2018) found that troxerutin prevents myo-
cardial arrhythmias in rats by inhibiting inflamma-
tory cytokines and reducing inflammation arising
from ischemia/reperfusion [16]. More recently, Ja-
fari-Khataylou and coworkers (2021) reported that
troxerutin reduced inflammation and histopathologi-
cal lesions and improved antioxidant activity and sur-
vival rate in mice injected with lipopolysaccharides
[32]. Despite some methodological differences, our re-
sults are in agreement with this study. Although their
study is the only report available in the literature on
the influence of troxerutin on peritoneal sepsis, there
is extensive data on its protective and anti-inflamma-
tory properties in a wide variety of organs. Shan et
al. (2018) had previously found that this substance
improves kidney function against inflammatory dam-
age by blocking certain signaling pathways [33]. The
results of Hoseinidoost and coworkers (2019) sug-
gested that troxerutin can hinder the adverse effects
of maternal high fat diet on their offspring through
pro-inflammatory cytokines inhibition [34]. Lu et al.
(2013) had recommended troxerutin for the preven-
tion and therapy of cognitive deficits resulting from
brain inflammatory response [35]. Zhang and cow-
orkers (2015) found that troxerutin can be beneficial
in the prevention and treatment of liver inflammation

Effect of troxerutin on septic shock in rat
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[36]. All of the reports mentioned had emphasized the
ameliorating effect of troxerutin against inflammatory
reactions. Troxerutin could mediate its anti-inflam-
matory function by changing inflammation-related
microRNAs (miRs) expression, including miR-146a
and miR-155 [37]. A study by Yavari et al. (2016) in
diabetic rats demonstrated that the anti-inflammatory
effect of troxerutin on the NF-kB-mediated pathway is
related to its effect on the miR-146a restoration [38].

Our results are also in accordance with other
studies that investigate the effects of other natural sub-
stances in peritonitis or septic shock. Ozer and cow-
orkers (2010) reported that Nuphar lutea leaf extract
(NUP) has an anti-inflammatory effect in two acute
septic shock models in mice by inhibiting the NF-kB
pathway, modulating cytokine production and ERK
phosphorylation [39]. Qin et al. (2016) investigated
the effects of Micheliolide, a sesquiterpene lactone
isolated from Michelia compressa with anti-inflamma-
tory effects in the acute peritonitis mouse model and
found that this plant terpenoid inhibits lipopolysac-
charide-induced inflammatory response via NF-xB
and PI3K/Akt pathways [40]. More recently, the an-
ti-inflammatory effect of Xuebijing, a Chinese herbal
medicine, in murine CLP model has been reported
[41]. Accordingly, it seems that natural products may
play a significant role in ongoing and future studies on
discovering new treatments for peritonitis and septic
shock.

We did not use laboratory diagnostics or organ
dysfunction tests to confirm peritonitis, which could
be a limitation of this study. It is now accepted that
polymorphonuclear leukocytes in the peritoneal flu-
id are the cornerstone of diagnosing peritonitis, while
the role of other biochemical tests is quite controver-
sial [42]. However, we used a standard animal mod-
el for peritonitis and subsequent septic shock. In ad-
dition, the cytokines measured in the control group
convinced us that peritonitis and septic shock had oc-
curred in the rats. Clinical manifestations also demon-
strated this condition.

In summary, our results demonstrate that troxeru-
tin could increase patient survival in rats developing
peritonitis and septic shock by reducing pro-inflam-
matory cytokines including IL-1 and TNF-o. Further
studies are needed to find out whether troxerutin also
prevents the synthesis of other anti-inflammatory cy-

Materials & Methods

Animals

this research was approved by the Regional Research Eth-
ics Committee of the University of Tabriz (approval ID: IR.TA-
BRIZU.REC.1398.008). The study complies with the Declaration
of Helsinki (DoH). Twenty-four adult (2 months of old) male

Effect of troxerutin on septic shock in rat

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Sprague-Dawley rats were used in this study. The animals were
given separate cages. The environment had a 12-hour light/dark
cycle and controlled temperature and humidity conditions. The
rats were allowed to stay in their new place for a week to acclimate,
with free access to the semi-synthetic pellets and tap water. Indi-
vidual rats were randomly divided into three equal groups (n = 8)
based on online random number generator (available at:https://
www.graphpad.com/quickcalcs/randomN1.cfm) including sham
(S), control (C), and treatment (T).

Experimental sepsis and treatment

General anesthesia was induced by intraperitoneal injection
of 10% ketamine (100 mg/kg, Alfasan, Woerden, Netherlands)
and 2% xylazine (20 mg/kg, Alfasan, Woerden, Netherlands) in
all rats, and their ventral abdomen was shaved from the xiphoid
process of the sternum to the pubis. Celiotomy was performed
through routine midline skin and linea alba incisions. The cecum
of group S was just exteriorized, manipulated, and returned to
the peritoneal cavity. In contrast, cecal ligation and perforation
(CLP) was performed in groups C and T. For this purpose, the
cecum was identified and exteriorized from the peritoneal cavity.
Next, a simple ligature was placed just below the ileocecal valve
using 3-0 silk suture material (SUPA, Tehran, Iran). The procedure
was completed by piercing the cecum twice with an 18 G needle
[43,44] (Figure 3a). Slight pressure was applied to the perforated
cecum to ensure leakage of its contents (Figure 3b). The cecum
was returned into the peritoneal cavity and the abdominal wall
and skin were closed in two layers.

Troxerutin (Merck, Darmstadt, Germany) was dissolved in
sterile normal saline and injected subcutaneously into the animals
of group T twice daily at a dose of 130 mg/kg [20] for 3 days or
until the animals died. At the same time, the rats in groups Sand C
received the same volume of normal saline solution. The animals
were closely monitored for their general status and all symptoms
related to peritonitis and septic shock (including loss of appetite
and lethargy) were noted [45]. Because rats died on different days
after surgery, mean survival days were also calculated in addition
to the ultimate survival rate. The longer the mean survival days,
the longer the animals survive in the three days of the study. On
the other hand, lower survival days indicate that the rats have died
earlier in that period. However, the survival rate indicates the per-
centage of animals that were still alive after 3 days of the experi-
ment, without reflecting when the lost ones have died. Surviving
rats were generally anesthetized and weighed 3 days after CLP.
They were euthanized under deep general anesthesia after taking
approximately 1.5 ml of blood samples from their heart and sub-
jected to a subsequent cervical dislocation. Blood samples were
also taken from dying rats on day 2 immediately after death.

Estimation of cytokine levels by Enzyme-Linked
Immunosorbent Assay (ELISA)

Blood samples were collected from individual rats in Ep-
pendorf tubes and allowed to clot by leaving them undisturbed
at room temperature for about 30-60 minutes. The clot was re-
moved by centrifuging at 3200 rpm for 10 minutes. The resulting
supernatant serum was kept in a refrigerator at -80 °C for future
ELISA assay for pro-inflammatory cytokines IL-1 and TNF-c.
The Sandwich ELISA was carried out according to the manufac-
turer's instructions (Bender Med Systems GmbH, Vienna, Aus-
tria). Briefly, the capture antibodies specific for IL-1 and TNF-a
of the rat were coated on 96-well plates. The plates were incubated
overnight at 4 °C. The day after, the plates were washed 5 times
with the buffer solution (0.01 M PBS, pH = 7.0 and 0.05% Tween
20). They were blocked for one hour with assay diluent of the kit
and washed again 5 times. After the samples and the respective
standards had been poured into the wells, the plates were incu-
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bated for two hours at room temperature. In the next step, the
antibodies were added. Then, the detection antibodies were add-
ed for one hour. The wells were washed again. Avidin-HRP was
added for 30 minutes and washed. Adding TBM substrate and 15
minutes of incubation developed the color. Finally, the reaction
was stopped with 2N sulfuric acid and the amount of absorbance
was determined at 540 nm using a microplate reader (Hiperion,
Model: MPR4+, Medizintechnik GmbH & Co. KG, Roedermark,
Germany). A standard graph was used to calculate the relative
levels of cytokines in the samples. The examiner was blind about
the grouping of the samples.

RESEARCH ARTICLE

Statistical analysis

The data were analyzed with the Minitab statistical software
(version 16.2.0, Minitab Inc, State College, PA, USA). The exam-
ination of normal distribution was accomplished with the Kolm-
ogorov-Smirnov test and the assumption of equal variance by Lev-
ene’s test. Cytokines data were analyzed with one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc test. Survival was
analyzed with the Chi-Square method using the survival analysis
tool of the software. Results are presented as percentage (%) for
survival rate and mean * standard error of the mean (SEM) for
survival days and ELISA tests. The p-value less than 0.05 was con-
sidered statistically significant.

Figure 3.
a. Cecal ligation and perforation (CLP) in rats of control and treatment groups. A simple ligature is placed just below the ileocecal valve
(arrow) using 3-0 silk suture material after exteriorizing the cecum from the peritoneal cavity and the cecum is perforated twice by an
18 G needle (arrowhead).
b: Slight pressure is applied to the perforated cecum of the rat to ensure leakage of its contents (arrow) after cecal ligation and perfora-
tion. The rectangle shows the cecum.
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Parasitological and pathological findings of coccidiosis
in an experimental infection caused by Eimeria ahsata
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This study was conducted to investigate the pathogenesis process of E. ahsata and its morphological, pathologi-
cal, and distribution of lesions in the involved tissues during 42 days of infection. Twelve lambs were randomly divided
into two groups including the control and the infected groups after confirmation of their health. The animals in the
experiment group were orally infected with 1x 10° sporulated oocysts. From 7 days after inoculation (DAI), the feces
were sampled and oocysts per gram of feces (OPG) were individually examined for each lamb. . At 7, 14, 21, 28, 35, and
42 DAJ, one lamb from each group was necropsied and the abomasum, small and large intestine, mesenteric lymph
nodes, spleens, and livers were grossly investigated. From 21 to 42 DAI, mild to severe clinical lesions such as congestion
and edema were seen on the mucosal surface of the small intestine associated with white and small foci about 1-2 mm,
especially jejunum and ileum. From 7 DAI to the end of the study various stages of the parasite life cycle, infiltration of
inflammatory cells, epithelial hyperplasia of villi, and destruction of villi epithelium were seen. The results showed that

E. ahsata was pathogenic in lambs and the macro and microscopic lesions were mostly seen in the jejunum.
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Introduction

Coccidiosis is one of the most common par-
asitic diseases, caused by the genus Eimeria
spp. in the alimentary system of sheep in the world
[1,2]. The disease is more common in lambs aged
4-6 months [3]. The rearing stressor conditions such
as weaning, transportation or transfer to a new pen,
malnutrition, overcrowded population, and unsuit-
able weather play an important role in the incidence of
the disease in sheep and goats [4]. The genus Eimeria
causes the death of a large number of host intestinal
cells and enterocytes leading to reduced absorbance
of the critical electrolytes and nutrients [5]. The most
common clinical signs of the disease are diarrhea,
weight loss, anemia, rough hair coat, and weakness
[5]. In addition, the disease reduces the production of
meat and milk products and increases the mortality
rate. The mechanism and grading of tissue damage
depend on Eimeria species, the number of oocysts
ingested, stress condition, age, physical condition,
genetic sensitivity, and host immune system. Due to
the sensitivity of young animals, the clinical form of
the disease is reported at this age [6]. In the small ru-
minant, the induced hyperplasia by coccidia results in
the thickness of the intestinal wall leading to poor ab-
sorbance of nutrients, diarrhea, and dehydration [4].
The mild to moderate histopathologic changes can be
associated with the thickness of intestinal mucosa as
well as the formation of the plague or the nodules with
1-2 mm in diameters in size [4]. In some Eimeria spe-
cies, large schizonts are considerably seen. The most
common clinical lesions of coccidiosis in young sheep
and goats are non-pedunculated whitish nodules on
the intestinal mucosa. These plaques are adhered to
each other in advanced infection [4]. To date, 12 in-
testinal and 1 abomasal Eimeria species including E.
crandallis, E. bakuensis, E. weybridgensis, E. ovinoida-
lis, E. intricate, E. gilruthi, E. pallid, E. faurei, E.parva,
E. marsica, E.granulose, E. bakuensis, and E. ahsata
have been identified in sheep [3].

Among the above species, E. ovinoidalis, E. ahsata,
E, crandallis, and E. bakuensis are considered serious
pathogens [3]. Regarding high prevalence of E. ahsata
in sheep of different areas of Iran [7,8,9], this experi-
mental study was conducted to study the pathogenesis
of this parasite and to evaluate the morpho-pathology
and distribution of lesions in lambs.

Results
Clinical signs

There were no clinical signs till 20 DAI in all ani-
mals. Diarrhea was the first clinical sign that was ob-
served in two lambs at 21 DAI, which led to anorexia,
weakness, dehydration, mucosal paleness and weight
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loss. The fecal samples consistency of these lambs
were semiliquid (Fecal score=2) at 21 DAI and wa-
tery diarrhea (fecal score= 3) at 35 DAI (Table 1). No
clinical signs were seen in other lambs in infected and
control groups and fecal samples consistency were
normal till the end of experiment.

OPG rate

The level of oocysts per gram of feces (OPG) of
each lamb after the pre-patent period that was varying
from 7 to 42 DAI are shown in Table 1. Two lambs
with diarrhea had high OPG.

Body weight

Based on the results of the present study, the
lambs in the case group had less weight gain than the
control group and in the studied model, a significant
difference was observed between the two groups (p <
0.05) (Table. 2).

Histopathological findings

Gross lesions. There was no considerable gross
lesion in the sacrificed lambs at 7 and 14 DAL Mild
to severe lesions were seen in the jejunum and with
less intensity in the ileum at 21 DAI. The congestion
and edematous state of small intestine mucosa, espe-
cially, in the jejunum and ileum were identified. The
small intestinal mucosal thickness associated with
congestion and white nodules with 1-2 mm in diam-
eter were detected on the internal surface of mucosal
jejunum and ileum at 28 DAI In addition to white
nodules were creased on the small intestinal mucosal
in particular jejunum at day 35 of infection (Figure 1).

At 42 DAI, the advance and diffuse glandular le-
sions associated with mucosal thickness and creasing
from serosal surface of jejunum with less intensity in
the ileum were noted (Figure 2). There was no gross
lesion in the abomasum, liver, and spleen of all an-
imals. The enlargement of mesenteric lymph nodes
was the commonly detected lesion on all infected an-
imals at 21, 28, 35, and 42 DAI. No gross lesions were
observed in the gastrointestinal tract in lambs of the
control group from the beginning to the end of the
study.

Microscopic lesions. At 7 DAI, vascular conges-
tion of mucosal and submucosal surfaces associated
with different stages of the parasite life cycle including
micro and macrogametes, and schizonts were seen
in the jejunum and ileum. The epithelial and lymph
tissues hyperplasia, infiltration of inflammatory cells
such as eosinophilic cells in the lamina properia and
villous tip as well as denuded villous tip and hyperpla-
sia were seen in the ileum and jejunum.

At 14 DAL, the various stages of the parasite life

Parasitological and pathological findings of coccidiosis
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Table 1.
The changes of OPG and fecal score in each lamb of infected group during experimental infection with E. ahsata at a dose
of 1x10°
7 DAI 14 DAI 21 DAI 28 DAI 35 DAL 42 DAI
Lamb
OPG ES OPG ES OPG ES OPG ES OPG ES OPG ES

1 0 1 - - - - -

2 0 1 1200 1 - - - -

3 0 1 1000 1 38,000 2 - - -

4 0 1 800 1 15,000 1 8400 1 - -

5 0 1 1000 1 33,000 2 30,000 3 45,000 3 -

6 0 1 1000 1 10,000 1 6400 1 8000 1 3000 1

OPG: Oocyst per gram
DAL Day(s) after infection
FS: Fecal score

cycle were seen in more parts of the small intestine.
The vascular congestion of mucosal and submucosal,

At 21 DAI, microscopic intestinal lesions were
widely detected. Infiltration of lymphocytes and eo-

epithelial and lymph tissues hyperplasia, infiltration
of inflammatory cells, and eosinophilic infiltration in
the lamina properia and villous tip as well as denud-
ed villous tip and hyperplasia was seen in the small
intestine. The second-generation schizont and mero-
zoites were detected within villi epithelial cells of the
small intestine. Other stages of parasite life cycle such
as progamonts, the developed micro and macrogam-
etes, and a few oocysts were also detected within villi
epithelial and crypts of duodenum, jejunum, and il-
eum. Most lesions were observed in the jejunum. A
few first-generation schizonts were seen in the livers,

sinophils in lamina properia with less intensity in
small intestine submucosa. The various forms of the
parasite including gamonts and a large number of oo-
cysts were seen in different parts of the small intestine
in particular the jejunum (Figure 3). The infiltration
of lymphocytes was also seen in the ileum. The round
micro containing a large number of basophilic and
clear nuclei as well as the round macro-gametocytes
containing a large number of eosinophilic granules
were seen. There was no lesion in the cecum, colon,
liver, spleen, and mesenteric lymph nodes.

At 35 DAI, The microscopic lesions were widely

spleens, and mesenteric lymph nodes. detected in the ileum and jejunum and some cases in
the colon. The losses of epithelial surface, infiltration
of eosinophils, micro and macrogametes and oocysts
associated with lymphatic hyperplasia, mucosal thick-
ness resulting from papillary hyperplasia, and infiltra-
tion of inflammatory cells especially eosinophils in the
lamia properia were seen (Figure 4). Microscopically,
nodular hyperplasia and noted white pulp were seen

in the spleen. The liver and mesenteric lymph nodes

Table 2.
Comparison of the body weight (Kg) of lambs in the
infected and control groups

Weight (Kg)

DPI Control group Test group were reported as normal and hyperplasic particularly
0 232 4 0.87 23.60 + 1.2 in the cortex, respectlvely. ‘
At 42 DAI, congested livers, spleen, and mes-
7 23.3+0.62 237+ 1.1 enteric lymph nodes were reported. In the jejunum,
14 23.2 +0.53 22.32 +0.93 losses of the integrity of the lieberkiihn gland, infiltra-
tion of inflammatory cells, micro and macrogametes,
21 24.65 + 0.85* 21.62 +1.13* .
and the developed oocysts were seen. In the ileum,
28 25.7 £ 1.04* 21.66 + 1.09* the presence of oocysts, villous epithelial hyperplasia,
35 72+ 130 ] losses of integrity, infiltration of eosinophils, plasma
— cells, macrophages, micro, and macrogametes was
42 27.3+£1.32 -

seen (Figure 5). There was no lesion in the aboma-
sum, rectum, and colon.

*p < 0.05 was accepted as statistically significant.
DPI: days post inoculation
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Figure 1.
The whitish nodules (arrows) on mu-
cosal surface of the jejunum at 35 DAI

Figure 2.

Cerebriform or gyrate pattern and
depressions on the serosal surface of
jejunum (arrows) at 42 DAL

Figure 3

Histopatholoical section of jejunum at
21 DAL There are a large number of
gamonts (hollow arrows), and oocysts
(soild arrows) within the epithelial
tissue of intestinal glands. H&E, x400
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Discussion

Eimeria ahsata has been known as the most com-
mon Eimeria species in the sheep in Iran, Spain, and

China [8,15,5]. In the present study, the patho-
genicityof E. ahsata as one of the common species
in lambswas experimentally investigated. The first
detection of oocysts was at 14 DAI in fecal samples
of the infected group which are consistent with the
prepatent period of E. ahsata about 12 to 18 days in an
experimental study [16]. Clinical signs appeared with
diarrhea, anorexia, dehydration, and weakness in two
infected lambs at 21 DAI. Few studies have been per-
formed on the pathogenicity of E. ahsata. Smith et al

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Figure 4
Histopathological section of jeju-
num at 35 DAIL The presence of
oocysts (arrows) associated with
infiltration of eosinophils and
other inflammatory cells, creas-
ing of villi. H&E, x400

Figure 5.

Histology of the jejunum at 42 DAI
with the presence of oocysts, infiltra-
tion of eosinophils and other inflam-
matory cells, associated with partial
epithelial hyperplasia and hyperemia
and hemorrhage (arrow). H&E, x100

(1960)
showed that oral occultation with 1x105 E. ahsata

oocysts caused diarrhea, loss of appetite, and list-
lessness at 15-16 DAI and death in some lambs at 23-
32DAI[17]. Mahart and Sherrick (1965) showed the
low pathogenicity of E. ahsata in feedlot lambs[18].
Cathpole et al (1976) compared the pathogenesis of
four Eimeria species in lambs for 4 weeks. They re-
ported no clinical signs in the lambs when E. ahsa-
ta oocysts were given 10 to 1000 oocysts per day in
a week, whereas E. ovinoidalis caused diarrhea in
lambs. The difference in clinical signs severity in ex-
perimental studies may be related to infective dose,
age, sheep breed, infective dose, and concomitant in-

Parasitological and pathological findings of coccidiosis
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fections[1,19]. The OPG of diarrheic lambs was high-
er than non-diarrheic lambs, indicating a positive re-
lationship between oocyst excretion rate and diarrhea.
Many experimental and field studies have demon-
strated a positive correlation between the total OPG
of Eimeria and diarrhea in dairy cattle [13,20,21].

In the present study, the white to gray nodules
and pinpoint to large nodules on the mucosal surface
of the small intestine in particular jejunum and some
parts of ileum were noted from at 21 DAI to the end
of the study. Nodular lesions in the intestinal muco-
sa indicate the accumulation of different stages of the
parasite that induced enterocyte hyperplasia in the in-
testinal wall[1]. The morphology and distribution

pattern of them throughout the intestine depends
on the infected Eimeria species [3]. Cerebriform or gy-
rate patterns and depressions were seen on the serosal
surface of the jejunum. This gross lesion was reported
in ovine and caprine coccidiosis which resulted in the
projection of proliferative nodules in intestinal muco-
sa toward the serosa intestine [3,22,23]. The nodule
formation and thickening of the intestinal wall can
cause a reduction in food absorption, diarrhea, and
dehydration. emaciation, serous atrophy of fat [3].

Histopathological examination showed that E.ah-
sata mainly invaded the jejunum and the ileum. The
main lesions were mild to severe hyperplasia epithelial
cells with the presence of intracellular developmental
stages of E.ahsata with infiltration of lymphocytes and

eosinophils in lamina properia. It seems that the
presence of intracellular stages of the coccidia espe-
cially pro gamont is caused by hyperplastic mucosa in
lambs [12]. Recent in vitro findings, have shown that
crypt

cell hyperplasia is initiated by T-cell activa-
tion[24]. Intracellular parasites would represent an
appropriate stimulus to responsive lymphocytes. An
experimental study showed an increased intraepithe-
lial lymphocytes population due to activation of T
cells in the distal jejunum and ileum of lambs 13 days
after infection with coccidian[25]. The infiltration of
eosinophils in the small intestinal mucosa may be as-
sociated.

The obtained clinical and histopathological find-
ingsindicate the pathogenicity of E. ahsata in the
lambs. The lesions caused by E. ahsata were mostly
seen in the jejunum. The gross lesions were conges-
tion and white nodules on the internal surface of the
mucosal jejunum and ileum. The presence of various
stages of the parasite life cycle within the villi and
crypts associated with infiltration of inflammatory
cells in particular eosinophils and lymphocytes were
seen histologically. It seems that the gametogenic stage
consisting gametocytes and oocysts had a major role
in the destruction of villi and crypts. with the release
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of histamine from damaged intestinal cells in parasitic
infection. Other studies have been reported an ileoil-
eal intussusception associated with proliferative [26].
The mild to severe hyperplasia in the crypt and villi
of the small and large intestine in naturally occurring
coccidiosis in sheep [26]. In addition,

necrosis, denuding of villi and intestinal gland

epithelium, congestion, infiltration of inflamma-
tory cells associated with various stages of Eimeria
such as micro and macrogamete and oocysts in the
small intestinal mucosa has been also reported in
infected lambs [27]. For comparison, similar micro-
scopic lesions such as hyperplasia of epithelial cells
of villi and crypts of jejunum and ileum, remarkable
infiltration of lymphocytes and eosinophils have been
reported in kids that experimentally infected by E. ar-
loingi [22].

It seems that the tissue damage intensity depends
on the Eimeria species, the number of the inoculated
oocysts, host immune system, age genetic, nutrition,
and stress [28,29].

The gain weight in the present study was signifi-
cantly decreased in the infected group compared to
the control group. The loss of body weight associated
with clinical coccidiosis is mainly due to loss of nu-
trients as a result of parasite-induced mucosal lesions
and, to a lesser degree, to alterations of intestinal di-
gestion and absorption of nutrients [30]. Subclinical
coccidiosis may also lead to reduced growth, uneven
lamb size, and a higher food conversion ratio [31].

Materials & Methods

Isolation of E. ahsata

Before the start of the experiment, The fecal samples of 70
refereed lambs with diarrhea from the School of Veterinary Med-
icine were examined by the Mac-Master method [10]. A portion
of each positive sample (3 gram) was mixed in 42 ml of phosphate
buffer solution (PBS) and filtered through the sieve (Azman co.
Iran) to omit the large particles. The filtered suspension was cen-
trifuged at 2000 rpm for 5 min and the sediment was mixed with
2.5% (w/v) aqueous potassium dichromate solution (1:5) in Petri
dishes and kept in a climate chamber. It was aerated continuously
for twenty days at 27 °C. The rate of sporulated oocysts was de-
termined by microscopic examination when more than 90% of
oocysts were sporulated, and they were stored at 4°C until used.
The frequency of the different Eimeria species with special regard
to the pathogenic species was determined based on the mor-
phological characteristics of the oocysts and related to the OPG
counts[10,11]. Fifty-three samples were positive for Eimeria spp.
The E.ahsata was the most prevalent (79% ) species and other spe-
cies included E. ovinoidalis (1%), E. bakuensis (1%), E. granulosa
(2%), E. crandalis (7%), E. faurei (18%), and E. intricata (25%)
less prevalent in the fecal samples of diarrheic sheep. The fecal
samples containing 95 -100 % E.ahsata and more than 500 OPG
were chosen for the experiment [11]. E.ahsata oocyst was ovoid
with non-round polar cap, yellowish-brown, no residual body,
and large steady body with sporocyst residuum, 33.4 x 22.6 um

Parasitological and pathological findings of coccidiosis
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Figure 6.
A. Sporulated E. ahsata oocysts, x100. B. Sporulated E. ahsata oocyst, x400

(Figure 6).

Experimental examination

Twelve female lambs (Ovis aires), 2 months old were obtained
from a non-infected herd raised under hygienic conditions. The
lambs were transferred to the Research Center in the Faculty of
Veterinary Medicine, Ferdowsi University of Mashhad. After clin-
ical examination and confirmation of their health, the lambs were
placed in individual pens in a protective environment for three
weeks, to adapt to the diet and new environment. Lambs were fed
daily with a standard diet consisting of alfalfa hay and concentrate
during the study period. In addition, the fecal samples of lambs
were examined three times a week to ensure not to have coccidia.
Thereafter, the coccidia-free lambs were randomly divided into
two equal infected and control groups. Before inoculation of the
lambs, the oocytes suspension was washed with PBS solution by
repeated centrifugation at 2000 rpm for 5 min until removal of
potassium dichromate. Finally, the volume of the sediment was
increased to 300 ml by adding distilled water, and the number of
oocysts was calculated for each ml of suspension by Mac- Mas-
ter methods. A single inoculum of an aqueous suspension 1x10°
sporulated oocysts (50 mL) was given to each lamb with a stom-
ach tube [12]. The lambs of the control group received distilled
water (50 mL per animal). During the study, clinical signs and
parasitological findings including anemia, diarrhea, body condi-
tion, and OPG of each animal were evaluated. The fecal sample of
each lamb was collected directly from the rectum in the morning
at 7, 14, 21, 28, 35, and 42 DAL The score of consistency of feces
was assessed as follows: Normal to pasty (1), semiliquid to liquid
(2), watery (3), hemorrhagic, and/or with tissue (4) [13]. In addi-
tion, the number of oocysts per gram (OPG) was counted using
the Mac-Master method. Body weights were assessed by weight-
ing each lamb on a scale of kilograms at 7, 14, 21, 28, 35, and 42
DAI before euthanasia.

Necropsy and histopathology

At 7, 14, 21, 28, 35, and 42 DAI a lamb from each group
randomly was euthanized by intravenous sodium pentobarbi-
tone solution and underwent necropsy for clinical evaluation of
elementary system[14]. For microscopic examination, the tissue
samples from the duodenum, jejunum, ileum, cecum, colon, abo-
masum, mesenteric lymph nodes, liver, and spleen were harvested
and fixed in 10 % formalin buffer (Merck, Germany). The samples

from small and large intestines were chosen with 10 cm intervals
from the beginning of the duodenum to the end of the colon for
microscopic examination. The fixed samples were embedded in
paraffin, sectioned at 5um, and routinely stained using hematox-
ylin and eosin (H&E).

Statistical analysis

The SPSS software, version 22 (SPSS Inc., Chicago, USA) was used for
data analysis. The student's t-test was used for investigating the effects
of sampling time on the O.P.G and weight in two groups. p-values
less than 0.05 were considered significant.

Ethics approval and consent to participate

The experiment on animals in the present study was approved by the
Ethics Committee of Ferdowsi University of Mashhad (Approval ID:
IR.UM.REC.1399.072).

Authors' Contributions

NASB: Methodology, Software, Formal analysis,
investigation, Writing-Original draft preparation. IK:
Supervision, Methodology, investigation, Resourc-
es, Writing- Reviewing and Editing. HN: Validation.
HAA: Validation, Resources. GR: Supervision, Con-
ceptualization, Visualization, Resources, Writing- Re-
viewing and Editing.

Acknowledgements

The research leading to these results was funded
by a grant (No. 3.49852) from the Research Council of
the Ferdowsi University of Mashhad, Iran

Competing Interests

The authors declare that they have no competing
interests

Parasitological and pathological findings of coccidiosis

Ahmadi Saleh Baberi et al., IJVST 2021; Vol.13, No.2
DOI:10.22067/ijvst.2021.71247.1057

TERINARY SCIENCE AND TECHNOLOGY



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

References

1. Molina JM, Ruiz A. Coccidiosis in sheep. In: J.PDubey (Eds)
.Coccidiosis in livestock, poultry, companion animals and
human. Taylor & Francis Group: CRC Press; 2017.

2. Bangoura B, Bardsley KD. Ruminant Coccidiosis. Vet Clin
North Am Food Anim Pract. 2020; 36: 187-203.

3. Taylor MA, Coop RL, Wall RL. Veterinary Parasitology 3rd ed.
Blackwell Publishing, 2007.

4. Khodakaram-Tafti A, Hashemnia M. An overview of intesti-
nal coccidiosis in sheep and goats. Revue Méd.Vét. 2017; 168:
1-3.

5. Wang CR, Xiao JY, Chen AH, Chen J, Wang Y, Gao JE Zhu
XQ. Prevalence of coccidial infection in sheep and goats in
northeastern China.Vet.Parasitol. 2010; 174: 213-217.

6. Jolley WR, Bardsley KD. Ruminant coccidiosis. Vet. Clin. Food
Anim. 2006; 22: 613-621.

7. Heidari H. Identification of Eimeria species in sheep of Hamed-
an suburb, Iran J Vet Res. 2011; 66: 165-167.

8. Hashemnia M, Rezaei E Chalechale A, Kakaei S, Gheichivand
S. Prevalence and intensity of Eimeria infection in sheep in
western Iran. Int J Livest Res. 2014; 4:107-112.

9. Mirzaei M, Dahmardeh E. The Prevalence of Eimeria Species in
Sheep in Zabol city, Iran. Iran Vet J. 2016; 11:98-105.

10. Eckert J, Taylor M, Catchpole J, D. Licois, P. Coudert, Bucklar
H. Identification of Eimeria species and strains: Morpholog-
ical characterization of oocysts. In:J. Eckert, R. Braun, M.W.
Shirley, P. Coudert, P. (Eds) COST 89/820 Biotechnology—
Guidelines on Techniques in Coccidiosis Research. Europe-
an Commission Directorate-General XII, Science, Research
and Development: Agriculture Biotechnology, Luxembourg,
1995. pp.103-119.

11. Joachim A, Altreuther G, Bangoura B, Charles S, Daugschies
A, Hinney B, Lindsay DS, Mundt HC, Ocak M, S. Sotiraki. W
A AV P guideline for evaluating the efficacy of anticoccidi-
als in mammals (pigs, dogs, cattle, and sheep). Vet .Parasitol.
2018; 253: 102-119.

12. Gregory MW, Catchpole J. Ovine coccidiosis: the pathology of
Eimeria crandallis infection. Inter.]J.Parasitol.1978; 17:1099-
1111.

13. Bangoura B, Daugschies A. Parasitological and clinical pa-
rameters of experimental Eimeria zuernii infection in calves
and influence on weight gain and haemogram. Parasitol Res.
2007; 100:1331-1340.

14. Reilly JS. Euthanasia of Animals Used for Scientific Purposes.
Anzccart press, 2001.
15. Hidalgo-Argiiello MR, Cordero-Del-Campillo M. Epizootiol-

Ahmadi Saleh Baberi et al., IJVST 2021; Vol.13, No.2
DOI:10.22067/ijvst.2021.71247.1057

RESEARCH ARTICLE

ogy of Eimeria ahsata coccidiosis in Ledn (Spain). Vet.Parasi-
tol. 1988; 27: 183-191.

16. Catchpole J, Norton C, Joyner L. Experiments with defined
multispecific coccidial infections in lambs. Parasitol. 1979;
72:137-147.

17. Smith MN, Davis LR, Bowman GW. The pathogenicity of
Eimeria ahsata, a coccidium of Sheep. J.Protozool. 1960; 7:
(Suppl.), 8.

18. Mahart JL, Sherrick GW. Coccidiosis due to E.ahsata in feedlot
lambs in Illinois. J. Am. Vet. Med. Ass. 1965; 146: 1415-1416.

19. Chartier C, Paraud C. Coccidiosis due to Eimeria in sheep and
goats, a review, Small Rumin. Res. 2012; 103: 84-92.

20. Stockdale PHG, Bainborough AR, Bailey CB, Niilo LM. Some
pathophysiological changes associated with infection of
Eimeria zuernii in calves. Can ] Comp Med.1981; 45: 34-37.

21. Enemark HL, Dahl J, Enemark JM. Eimeriosis in Danish dairy
calves--correlation between species, oocyst excretion and di-
arrhoea. Parasitol Res. 2013; 112: 169-176.

22. Hashemnia M, Khodakaram-Tafti A, Razavi SM, Nazifi, S.
Experimental caprine coccidiosis caused by Eimeria arloin-
gi: morphopathologic and electron microscopic studies. Vet.
Res.Com. 2012; 361:47-55.

23. Khodakaram Tafti A, Mansourian M. Pathologic lesions of
naturally occurring coccidiosis in sheep and goats. Comp
Clin Pathol. 2008; 17: 87-91.

24. Buret A, Gall DG, Nation PN, Olson ME. Intestinal protozoa
and epithelial cell kinetics, structure and function. Parasitol
Today.1990; 6:375-380.

25. Aleksandersen M, Landsverk T, Gjerde B, Helle O. Scarcity of
yS T Cells in intestinal epithelia containing coccidia despite
general increase of epithelial lymphocytes. Vet .Pathol. 1995;
32:504-512.

26. Khodakaram.A. Ileoileal intussusception associated with coc-
cidiosis in sheep. B. ].Vet.Med. Series B, 1995;46 : 659-663.

27. Taghavi-Razavizadeh A, Nourani H, Razmi G, Zarif MBH.
A Report of unusual diffuse nodular lesions in intestines of
Lambs with Coccidiosis. Vet ClinPathol.2016; 39: 251-254.

28. Daugschies A, Biirger HJ, Akimaru M. Apparent digestibility
of nutrients and nitrogen balance during experimental in-
fection of calves with Eimeria bovis. Vet Parasitol.1998; 77:
93-102

29.] Jubb KVE Kennedy PC, Palmer N. Pathology of domestic
animals. Academic Press Inc,2007.

30. Daugschies A, Najdrowski M. Eimeriosis in cattle: current
understanding. ] Vet Med Series B.2005; 52: 417-427.

Parasitological and pathological findings of coccidiosis



31) de la Fuente C, Cuquerella M, Carrera L, Alunda JM. Effect of
subclinical coccidiosis in kids on subsequent trichostrongylid
infection after weaning. Vet Parasitol.1993; 45: 177-83.

COPYRIGHTS

©2021 The author(s). This is an open access article distributed under the terms of the

Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, @
and reproduction in any medium, as long as the original authors and source are cited. No

permission is required from the authors or the publishers.

How to cite this article

Ahmadi Saleh Baberi N, Karimi I, Nourani H, Azizi Alavije HR, Razmi GR. Parasitological and pathological findings of coccidiosis
in an experimental infection caused by Eimeria ahsata in lambs. Iran ] Vet Sci Technol. 2021; 13(2): 20-28.

DOIL https://doi.org/10.22067/ijvst.2021.71247.1057

URL: https://jjvst.um.ac.ir/article_40441.html

Parasitological and pathological findings of coccidiosis Ahmadi Saleh Baberi et al., IJVST 2021; Vol.13, No.2
DOI:10.22067/ijvst.2021.71247.1057



Iranian Journal of Veterinary Received: 2021- May- 30
Accepted after revision: 2021- Aug- 28

SCienCC and TeChnOIOgy Published online: 2021- Dec- 11

RESEARCH ARTICLE DOI: 10.22067/ijvst.2021.70595.1045

Assessment of some inflammatory cytokines and
immunologic factors in dairy cows with subclinical
ketosis

a a,b a,b
Negar Karimi, Hesam A. Seifi, Mohammad Heidarpour

*Department of Clinical Sciences, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad, Iran.
® Center of Excellence in Ruminant Abortion and Neonatal Mortality, School of Veterinary Medicine, Ferdowsi University of
Mashhad, Mashhad, Iran.

Altered cytokine profile and weakened immunity along with clinical or subclinical ketosis (SCK) are among the
remarkable challenges around parturition. Therefore, the present study aimed to compare some inflammatory cyto-
kines and immunologic factors between two groups of healthy and SCK cows. Serum specimens were collected from
30 clinically healthy dairy cows on the early dry period (EDP), one week before expected calving (-1w), and one week
postpartum (+1W). The animals were divided into the two groups of healthy (N = 20) and SCK (N = 10) based on serum
B-hydroxybutyrate cut-oft of 1.2 mmol/L on +1W. The concentrations of immunoglobulin G (IgG), interleukin-4 (IL-4),
IL-10, interferon-y (IFN-y), tumor necrosis factor-a (TNF-a), and haptoglobin (Hp) were measured by enzyme-linked
immunosorbent assay. The data were statistically analyzed by mixed analysis of variance and independent samples t-test
using the SPSS software. The findings demonstrated that the overall levels of IL-4 (p = 0.033), IL-10 (p = 0.049), TNF-a
(p = 0.028), and Hp (p = 0.018) were significantly higher in the SCK group than the control group. Furthermore, the
interaction of time x SCK had a significant influence on IL-4 (p = 0.028) and Hp (p = 0.022) levels. It was revealed that
IL-4 (p = 0.008), IL-10 (p = 0.009), TNF-a (p = 0.01), and Hp (p = 0.002) were all significantly higher in the SCK group
than the control group on +1W. In conclusion, SCK in dairy cattle might have a relationship with immunologic and

inflammatory changes around calving.
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Introduction

One of the most considerable challenges
around calving is the debilitated immune
responses, which have been reported to be correlat-
ed with the higher incidence of diseases during this
period [1]. Furthermore, inflammatory markers have
been reported to raise after calving [2, 3], and the
postpartum inflammatory condition was revealed to
have a relationship with the elevated risk of diseases
and reduced milk production [4].

On the other hand, pregnancy and lactation are
accompanied by remarkable metabolic demands
around parturition. The NEB occurs at this period as
the result of the maximum nutritional requirements
of the fetus, lactation initiation, and decline in dry
matter intake [5, 6]. A physiological adaptation to
overcome NEB is the mobilization of fat from adi-
pose tissue. However, an imbalance might take place
in hepatic carbohydrate and fat metabolism in case of
excessive fat mobilization. The consequence of this
series of events is an augmentation in the blood con-
centrations of ketone bodies, namely BHB, acetoace-
tate, and acetone [7]. The SCK is known as hyperke-
tonemia in the absence of the clinical manifestations
of ketosis [8]. The gold standard for SCK diagnosis is
BHB measurement in blood serum or plasma due to
the stability of this marker [9].

Inflammation and disturbed immunity are among
the highlights of the periparturient period in dairy
cattle [1, 10]. On the other hand, high levels of ketone
bodies have been shown to induce a proinflammatory
state [11] and inflammatory responses might be more
intense in ketotic cows than healthy animals [12].
Moreover, cows with ketosis were reported to experi-
ence immune suppression postpartum [13]. The SCK
has a relatively high prevalence in different parts of
the world, as well as Iran [14]. Therefore, the present
study aimed to compare the levels of several immu-
nologic and inflammatory variables between healthy
and SCK cows. Furthermore, the alterations of these
factors around calving, as the time of SCK occur-
rence and diagnosis, were compared between the two
groups.

Results

The descriptive statistics of all variables in both
groups and the p-values of ANOVA are presented in
Table 1. The results of mixed ANOVA demonstrated
that sampling time had a significant effect on IL-4 (p
= 0.02) and IEN-y (p = 0.02) with their highest lev-
els found on +1W and EDP, respectively. It was ob-
served that SCK as the grouping variable significantly
influenced IL-4 (p = 0.033), IL-10 (p = 0.049), TNF-a
(p = 0.028), and Hp (p = 0.018) as all these factors
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were higher in the SCK group than the control group.
Moreover, time x SCK interaction imposed a signifi-
cant impact on the levels of IL-4 (p = 0.028) and Hp
(p =0.022).

According to the results of the t-tests, the two
groups had no significant difference on the EDP and
-1W. However, the levels of IL-4 (p = 0.008), IL-10 (p
= 0.009), TNF-a (p = 0.01), and Hp (p = 0.002) were
all significantly higher in the SCK group than the con-
trol group on +1W (Figure 1). Furthermore, the dif-
ference in IgG (p = 0.05) and IFN-y (p = 0.05) tended
to be significant between the two groups at this time
(Figure 2).

Discussion

Our findings indicated that overall, SCK cows
had significantly higher levels of serum IL-4, IL-10,
TNF-a, and Hp, compared to healthy cows. Further-
more, the alterations in the serum concentrations of
IL-4 and Hp during the study period had a signifi-
cant difference between the control and SCK groups.
It was revealed that after calving, which is a critical
time for SCK diagnosis, the levels of all the studied
immunologic and inflammatory markers were higher
in the subjects with SCK than in the healthy animals.
The latter difference was significant for IL-4, IL-10,
TNF-a, and Hp.

It is believed that the diminished viability of white
blood cells in SCK results from the negative impacts
of metabolic changes in this disease [15]. Moreover,
white blood cells isolated from cows affected by ke-
tosis had a weaker chemotaxis capacity, compared to
healthy subjects [16]. In another study, exposure of
bovine milk leukocytes to diverse BHB levels in vitro
led to altered cell membranes, disturbed oxidative
activity, reduced phagocytosis, and decreased che-
motaxis of these cells [17]. Hoeben et al. found that
butyric acid could inhibit respiratory burst in bovine
blood polymorphonuclear leukocytes [18]. Some re-
searchers suggest that controlling body condition
score and lipid deposition in dry period resulting in
lower mobilization of NEFA postpartum can dimin-
ish the dysfunction of leukocytes after calving [19].

Energy requirements for evoking the immune
responses around calving may be involved in the ex-
acerbation of NEB [15] coupled with increased lipid
mobilization and subsequent hyperketonemia during
this period. On the other hand, nutrients and metab-
olites are known to play role in distinct features of the
immune system [20]. The main source of energy for
leucocytes is glucose [21], which is also one of the
key components of ketosis pathophysiology. In other
words, the role of glucose in both metabolic and im-
mune systems might lead to a relationship between

Inflammatory and immunologic factors in cows with
subclinical ketosis
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Table 1.
Mean =+ SE of inflammatory cytokines and immunologic factors in subclinical ketosis and healthy cows
p-value
Variable SCK Healthy
Group Time Group x Time
IL-4 (ng/L) 40.26 +7.62 19.35 £ 5.39 0.033 0.02 0.028
IL-10 (ng/L) 452.64 + 61.36 298.09 +43.38 0.049 0.087 0.079
TNF-a (ng/L) 944.5 + 114.91 618.89 + 81.25 0.028 0.136 0.223
IFN-y (pg/mL) 522.91 + 57.54 398.97 + 40.69 0.09 0.02 0.476
Hp (ug/mL) 185.21 £29.85 93 +21.1 0.018 0.216 0.022
IgG (pg/mL) 67.18 +10.82 42.77 £7.65 0.076 0.316 0.613

SCK, subclinical ketosis; IL, interleukin; TNE, tumor necrosis factor; IFN, interferon; Hp, haptoglobin; IgG, immunoglobulin G.
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Figure 1.

Concentration (mean + standard error of the mean) of serum IL-4, IL-10, TNF-q, and Hp in both
healthy (line) and SCK (dash) groups on the EDP, -1W, and +1W.

**, Significant difference (p < 0.05) between groups; SCK, subclinical ketosis; EDP, early dry period;
-1W, one week before expected calving; +1W, one week postpartum; IL, interleukin; TNE, tumor necro-
sis factor; IFN, interferon; Hp, haptoglobin.
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Mean concentrtation (meant standard error of the mean) of serum IgG and IFN-y in both healthy (line) and SCK (dash)

groups on the EDP, -1W, and +1W;

*, Differences that tend to be significant (p = 0.05) between the groups; SCK, subclinical ketosis; EDP, early dry period; -1W,
one week before expected calving; +1W, one week postpartum; IFN, interferon; IgG, immunoglobulin G.

these two systems as changes in glucose due to meta-
bolic alterations can cause changes in immune-related
variables. As a result, the mentioned impacts may im-
ply the role of SCK and clinical ketosis in the changes
of the immune system and higher incidence of local
and systemic infections around calving concomitant
with clinical ketosis and SCK.

We found that the cows of the SCK group had
a significantly higher TNF-a level than the healthy
animals. It has been revealed that the high concen-
trations of acetoacetate in hepatocytes may upreg-
ulate and elevate the secretion of proinflammatory
cytokines TNF-a, IL-1, and IL-6 [22]. Moreover, the
exposure of hepatocytes to BHB has been shown to
induce the NF-xB signaling pathway and upregulate
TNF-a [11]. In this regard, Sun et al. also reported
greater NF-kB activity, as well as more abundant
mRNA of TNF-aq, IL-1, and II-6 in the mammary tis-
sue of SCK cows than the animals with normal BHB
[23]. These authors concluded that ketosis and over-
load of BHB may bring about oxidative stress that
causes inflammation and immunologic dysfunction
[23]. Some other researchers reported that high BHB
and palmitic acid, as a component of NEFA, evoke
inflammation in the bovine endometrial cells via trig-
gering NF-kB signaling [24]. In a study by Ohtsuka et
al., TNF-a was significantly higher in cows with se-
vere fatty liver, compared to mild cases. In addition,
serum TNF-a was correlated with insulin resistance
in cattle with fatty liver [25]. The TNF-a was reported
to induce insulin resistance in the animal models of
obesity through affecting insulin receptors [25] and
insulin resistance is known to contribute to hyperke-
tonemia and ketosis occurrence. Furthermore, hyper-
ketonemia in humans could induce the secretion of
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TNF-a by cultured monocytes and raise the concen-
tration of this cytokine in the blood of patients with
diabetes. It was justified by cellular oxidative stress
caused by acetoacetate and cAMP deficiency in these
patients [26].

The level of Hp, as one of the major acute phase
proteins in cows, in the present study was significant-
ly higher in SCK cows than healthy subjects during
the study period and also postpartum. Moreover, the
trend of changes in Hp concentration had a significant
difference between the two groups. The period around
parturition in dairy cattle is commonly characterized
by proinflammatory status [27]. High BHB and ace-
toacetate levels, which are known as the markers of
ketosis, cause inflammatory response through activat-
ing the NF-«B signaling pathway [11]. Periparturient
inflammation was observed in ketotic cows evident by
the high levels of IL-6 [28]. In line with our results,
Abuajamieh et al. found that the rise in both Hp and
serum amyloid A, as acute phase proteins and markers
of inflammation, was significantly higher in cows with
ketosis than healthy animals. These authors concluded
that the augmented concentrations of inflammatory
markers in the peripheral blood of ketotic cases both
pre- and postpartum might be suggestive of a relation-
ship between ketosis development and inflammation
[12]. Likewise, Mezzetti et al. (2019) stated that high-
er positive acute phase proteins in ketotic cattle after
calving, in comparison with healthy animals indicate
a more remarkable inflammation at this time in cows
with ketosis [15]. It has been suggested that more se-
vere NEB is associated with the more intense inflam-
matory condition around parturition [3].

Although our findings showed that time alone
had a significant impact on IFN-y, the effects of SCK

Inflammatory and immunologic factors in cows with
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and SCK X time on this variable were not significant.
In contrast, Filar et al. and Kandefer et al. demon-
strated that the leukocytes retrieved from the milk
and blood of cows with ketosis produced significantly
lower amounts of IFN-y, compared to the control an-
imals [29, 30]. These controversial findings might re-
sult from the differences between in vitro and in vivo
conditions. The IFN-y is believed to have the potential
to induce SCK through downregulating peroxisome
proliferation-activated receptor (PPAR)-y [31], which
plays role in adipocyte biology and contributes to
keeping tissues, such as adipose tissue, sensitive to in-
sulin [32, 33]. On the other hand, we observed that IL-
4, which acts as one of the key regulators of humoral
and adaptive immunity, was significantly higher in the
SCK cases than in the healthy cows. Data concerning
IL-4 alterations in ketosis are limited in the literature.
While IFN-y is mainly generated by Th1 cells (Cho et
al. 2012), IL-4 is more produced by Th2 cells (Cho et
al. 2012; Lastra et al. 2009). Consequently, the changes
in IL-4 could to some extent indicate the possible im-
pact of SCK on T cell populations.

We observed that the postpartum level of IL-10
was significantly higher in the SCK group than in the
control animals. Similar results have been found in
cows, as well as children and mice with diabetic keto-
acidosis [34-36]. The IL-10 is regarded as an anti-in-
flammatory cytokine that has the potential to regu-
late both innate and acquired immune reactions by
suppressing TNF-a, IFN-vy, IL-1, IL-4, IL-5, and IL-6
synthesis [34]. Consequently, it augments following
inflammatory conditions and elevations in the con-
centrations of the mentioned cytokines.

In conclusion, the findings of the current study
revealed that SCK might lead to some degrees of in-
flammatory conditions. This was evident by the higher
concentrations of IL-4, IL-10, TNF-a, and Hp in cows
with SCK than healthy subjects, especially after par-
turition as the critical time for SCK diagnosis. Con-
sidering the limited data about the impact of ketosis
on IL-4, further evaluation of this cytokine in ketotic
conditions is recommended. Furthermore, the effect
of ketone bodies on T cell populations can be investi-
gated in vitro.

Materials & Methods

Animals and Setting

The present investigation was approved by the Animal Welfare
Committee of the Ferdowsi University of Mashhad with the code of
3/44869 under the institutional, national, and international guide-
lines. This cross-sectional study was carried out on 30 clinically
healthy multiparous subjects selected from a commercial dairy herd
of 3000 Holstein cows and 970 lactating animals in Neyshabur, Iran.
The records of the herd showed an average milk production of 40 L.
All cows were fed twice a day and had free access to water during the
study. The animals received anionic salt during the far-off and close
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up periods. Ingredients and nutritional composition of the dry and
lactation periods diets are presented in Table 2. The investigated herd
had loose pens and outside yards. The cows were dried approximately
80-60 days before the expected parturition and were transferred to
separated pens at this time. All the studied subjects had normal easy
calving without any clinical abnormalities during the study. Finally,
10 cows with serum BHB levels of >1.2 mmol/L on +1W were catego-
rized as the SCK group [37] and the other 20 animals were considered
as healthy controls.

Sample Collection and Laboratory Analyses

Blood specimens were taken on the EDP, one week before the ex-
pected calving (-1W), and one week postpartum (+1W). The sam-
ples were collected through coccygeal venipuncture into commercial
evacuated tubes, which had a clot activator. The blood specimens
were centrifuged at 1800 g for 15 min and the sera were collected in-
stantly. All the serum samples were delivered to the laboratory on ice
packs and were stored at -80°C until further analyses.

The serum specimens were thawed at room temperature prior to
laboratory analyses. Serum BHB concentrations were measured by a
colorimetric commercial kit (Randox Laboratories Ltd., Antrim, UK)
using a biochemical autoanalyzer (Mindray, BS-200, Shenzhen, Chi-
na). The immunologic variables, including IgG, IL-4, IL-10, IFN-y,
TNEF-a, and Hp were evaluated in the serum specimens by ELISA
(Bioassay Technology Laboratory, Shanghai, China) according to
the instructions of the manufacturer. An ELISA automatic washer
(BioTek, ELx-50, Winooski, USA) and an ELISA reader (BioTek,
ELx-800, Winooski, USA) were utilized.

Statistical Analysis

All the data were statistically analyzed using SPSS software version
22 (IBM, USA). The cows in the present study were assigned to the
two groups of SCK (N=10) and control (N=20) based on a serum
BHB cut-point of 1.2 mmol/L. The normality of data distribution was
evaluated based on the Shapiro-Wilk test, skewness, and kurtosis in-
dicating that none of the variables had a normal distribution. Conse-
quently; all the factors were modified by logarithmic transformation.
A 3 (time) x 2 (SCK) mixed ANOVA was carried out to evaluate the
effects of time, SCK, and interactions between these factors on all
immunologic markers. Pairwise comparisons for time and factor in-
teractions were completed utilizing Bonferroni adjustment. In case a
significant impact was observed for SCK or time x SCK on a variable,
the variable was compared between the two groups of SCK and con-
trol for all three times separately by the independent samples t-test.
p-value < 0.05 and 0.05 < p-value < 0.1 were considered statistically
significant and tending to be significant for all tests, respectively.
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Table 2.
Ingredients and nutritional composition (% DM unless noted) of diets fed to cows during dry and lactation periods

Item Far-off Close-up Fresh cow
Ingredients

Alfalfa hay 8.55 6.3 8.25
Corn silage 76.7 64.68 42.38
Sugar beet pulp - - 6.64
Wheat straw 3.54 2.45 0.92
Alfalfa silage - - 2.29
Sugar beet molasses - - 9.16
Barley grain 0.88 6.14 11.14
Corn grain, ground, dry 3.17 9.04 6.03
Soybean meal 0.98 43 4.97
Cottonseed - 0.69 2.96
Wheat grain 1.88 - -
Meat meal 3.36 - -
Fish meal - 245 3.3
Roasted whole soybean seeds - 1.85 -
Urea 0.21 - -
Salt 0.06 - 0.18
Calcium carbonate 0.26 0.54 0.23
Sodium bicarbonate - - 0.73
Dicalcium phosphate - - 0.09
Magnesium oxide 0.06 0.03 0.23
Anionic salt (Magnesium sulfate) - 1.05 -
Mineral-vitamin supplement ! 0.21 0.48 0.26
Toxin binder 0.14 - 0.14

Energy and nutrients

Dry matter (kg) 11.9 12.5 20.4
Net energy for lactation (Mcal/kg) 1.32 1.5 1.61
Neutral detergent fiber 44.7 28.6 29.1
Non-fiber carbohydrates 30.2 38.5 37.5
Ether extract 2.1 3.6 4.3
Crude protein (%) 12.1 14.7 16.7
Rumen degradable protein (%) 7.5 9.5 10.7
Rumen un-degradable protein (%) 4.6 5.2 6

Calcium 0.75 0.97 0.86
Phosphorus 0.35 0.37 0.48

! Anionic pre-fresh supplement: 250,000 IU/Kg vit A, 40,000 IU/Kg vit D3, 40,000 IU/Kg vit E, 40 mg/Kg biotin, 12 g/Kg niacin, 168 g/
Kg Ca, 65 g/Kg Mg, 1300 mg/Kg Mn, 2210 mg/Kg Zn, 600 mg/Kg Cu, 10 mg/Kg Co, 8 mg/Kg Se, 12 mg/Kg, 52 g/Kg S, 120 g/Kg Cl
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The current study aimed to see how the central dopaminergic and cannabinoidergic mechanisms affect melanocor-
tin-induced food intake in neonatal layer chickens. In this regard, 9 experiments were designed. In experiment 1, chicks
were injected with a control solution, MTII (2.5, 5, and 10 ng). In experiment 2, control solution, L-DOPA (125 nmol),
MTII (10 ng), and L-DOPA + MTII were applied to the birds. Experiments 3-9 were similar to experiment 2, except
birds injected with 6-OHDA (150 nmol), SCH23390 (5 nmol), AMI-193 (5 nmol), NGB2904 (6.4 nmol), L-741,742 (6
nmol), SR141716A (6.25 ug), and AM630 (5 pg) instead of L-DOPA. Then, cumulative food intake was recorded at 30,
60, and 120 min following injection. According to the results, in comparison with the control group, dose-dependent
hypophagia was observed in 3-h food-deprived neonatal layer chickens following ICV injection of MTII (2.5, 5, and 10
ng) (p < 0.05). ICV injection of L-DOPA and SR141716A increased hypophagia induced by MT1I in chickens (p < 0.05),
while 6-OHDA greatly suppressed MTII- induced hypophagia (p < 0.05). In addition, SCH23390 and AMI-193 greatly
weakened the MTII-induced hypophagia in neonatal layer chickens (p < 0.05). However, NGB2904, L-741742, and
AMB630 had no role in hypophagia induced by MTII (p > 0.05). These results demonstrated that melanocortin-induced
hypophagia in the neonatal layer chickens is likely mediated by D1, D2, and CB1 receptors.
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ne of the most complicated aspects of ani-
mals is appetite regulation that modulates
a large number of parts in the brain for cooperating
with signals received from the peripheral organs [1].
The appetite is regulated by various neurotransmitters
through complex neurological pathways in the central
nervous system (CNS) [2]. Endocannabinoids and
their receptors (CB1 and CB2) belong to the G pro-
tein-coupled receptor subtypes (GPCRs) with a role in
several physiological functions in the brain, including
locomotion nociception, learning and memory, food
intake, and energetic metabolism [3,4]. Besides, it has
a regulatory role in immune regulation, endocrine
processes, cardiovascular system, emesis, and brain
development [5]. The CB1 receptors are expressed in
the presynaptic terminals of the brain, and CB2 recep-
tors were previously found on immune system cells
and organs in the peripheral nervous system (PNS),
but they are also expressed in CNS [6]. Moreover,
both CB1 and CB2 receptors have a role in food intake
regulation in rats [7]. However, little is known about
the contribution of endocannabinoids to feeding be-
havior in domestic fowl. Some studies claim that just
the CB1 receptors have a regulatory role in appetite in
broilers [8, 9]. Recently, a number of studies revealed
that both CB1 and CB2 receptors have hyperphagic
effects in the neonatal layer chickens [4, 10, 48, 49]
Dopamine is the main catecholamine neurotrans-
mitter expressed in several nuclei of the brain, such as
the hypothalamus, substantia nigra, and ventral teg-
mental area. At least five different dopamine receptor
subtypes have been discovered so far (D1-D5) [11]. At
least five distinct GPCRs of dopamine affect its medi-
atory effects [11]. The receptors D1 and D2 are found
frequently than others in the brain. The dopaminergic
system is involved in a variety of physiological func-
tions, including appetite regulation, locomotor activ-
ity, emotion, and cognition [12]. Food intake reduces
through D1 and D2 receptors in rats [13]. Besides, in
meat-type chickens, hypophagia induced by dopa-
mine is mediated by D1 receptors, while others (D2-
D4) may have no role in appetite regulation [1, 14].
Thus, it is evident that no single neuropeptide regu-
lates central feeding behavior and that there are inter-
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actions between a broad distributed neural network
and other neurotransmitters to assess feeding status
(15, 49].

The melanocortin is a neurotransmitter for which
five subtypes (MC1R-MC5R) have been identified to
date [16]. It has a prominent role in physiologic func-
tions, including grooming, thermoregulation, learn-
ing, and energy balance regulation [17]. The mela-
nocortin receptors have been identified in the bird's
brain. Only the melanocortin-3 (MC3R) and mela-
nocortin-4 (MC4R) subtypes of melanocortin recep-
tors are responsible for the central regulation of food
intake [17]. The MC3R and MCA4R are mainly found
in the arcuate nucleus (ARC), ventromedial hypothal-
amus (VMH), and periventricular nucleus (PVN) re-
gions of the hypothalamus. According to the related
published studies, the ICV injection of the MC3 and
MC4 receptors reduces the food intake in rats [18].

Dopaminergic neurons interact with the actions
of cannabinoids in the CNS. Dopaminergic neu-
ronal cell bodies are located in the substantia nigra
and ventral tegmental area (VTA) and projected to
the caudate-putamen (CP) and nucleus accumbens
(NA). The effector neurons in these structures are
regulated by dopaminergic and cannabinoidergic
mechanisms [3]. Motor effects of CB1 agonists are
linked to intracellular responses elicited by D1 and
D2 receptors in the striatal projection neurons [19].
The melanocortin and dopamine mechanisms have
interactions by which several significant physiological
functions are regulated [20]. In the ventral tegmental
area, the MC3R, and MCA4R are located in dopami-
nergic neurons innervated by proopiomelanocortin
(POMC) neurons in the arcuate nucleus [21]. MC4R
plays a critical role in regulating D1 and D2 recep-
tors in the nucleus accumbens [20]. Activation of the
dopaminergic neurons in the ventral tegmental area
by melanocortin and the dopamine-mediated effects
of reward and reinforcement associated with the food
intake is suppressed by the dopamine D1 and D2 re-
ceptors in the nucleus accumbens [21]. Studies reveal
that cannabinoids, dopamine, and melanocortin are
interconnected in CNS; however, there is little data
on how their interactions affect the regulation of food
intake in poultry. Therefore, the current work aimed
to see how the central dopaminergic and cannabinoi-
dergic mechanisms affect melanocortin-induced food
intake in neonatal layer chickens.

In experiment No.1, a dose-dependent hypopha-
gia was observed following the MTII (2.5, 5, and 10
ng) ICV injection in the 3-h food-deprived neona-
tal layer chickens 120 min following the injection in
comparison with the control group (p < 0.05) (Fig. 1).

Interaction between melanocortin with cannabinoids and
dopamine
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In experiment No.2, the MTII (10 ng) ICV in-
jection reduces food intake considerably in the 3-h
food-deprived layer chickens (p < 0.05), whereas in
comparison with the control group (p > 0.05), the
L-DOPA (125 nmol) ICV injection has no significant
effects on the cumulative food intake. Furthermore,
the MTII+L-DOPA co-injection greatly increased hy-
pophagia induced by MTII in the chickens (p < 0.05)
(Fig. 2).

In experiment No.3, hypophagia was observed
following the MTII (10 ng) ICV injection in the 3-h
food-deprived layer chickens (p < 0.05). On the oth-
er hand, in comparison with the control group (p >
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Figure 1.

Effect of intracerebroventricular injection of the MTII (MC3/
MC4 receptors agonist) on food intake in the neonatal layer chick-
ens. Data are expressed as mean + SEM. Different letters (a, b, and
¢) indicate significant differences between treatments at each time
(p <0.05).
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Figure 3.

Effect of intracerebroventricular injection of 6-OHDA (a dopa-
mine depletion) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed
as mean + SEM. Different letters (a, b, and c) indicate significant
differences between treatments at each time(p < 0.05).
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0.05), the 6-OHDA (150 nmol) ICV injection has no
significant effects on the cumulative food intake. Also,
the MTII+6-OHDA co-injection greatly reduced hy-
pophagia induced by MT1II in 3-h food-deprived layer
chickens at 30, 60, and 120 min following the injection
(p < 0.05) (Fig. 3).

As shown in Figure 4, the MTII (10 ng) ICV injec-
tion greatly reduces cumulative food intake in the 3-h
food-deprived layer chickens (p < 0.05). In compari-
son with the control group (p > 0.05), the SCH23390
(5 nmol) ICV injection has no significant effects on
the cumulative food intake. The MTII+SCH23390
co-injection greatly weakened hypophagia induced by
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Figure 2.

Effect of intracerebroventricular injection of L-DOPA (dopamine
precursor) on hypophagia-induced by MTII (MC3/MC4 recep-
tors agonist) in the neonatal layer chickens. Data are expressed
as mean = SEM. Different letters (a, b, and c) indicate significant
differences between treatments at each time(p < 0.05).
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Figure 4.

Effect of intracerebroventricular injection of SCH23390 (D1
receptor antagonist) on hypophagia-induced by MTII (MC3/
MCH4 receptors agonist) in the neonatal layer chickens. Data are
expressed as mean = SEM. Different letters (a, b, and c) indicate
significant differences between treatments at each time(p < 0.05).
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MTII in the chickens at 30, 60, and 120 min following
the injection (p < 0.05) (Fig. 4).

In experiment No. 5, in comparison with the con-
trol group (p > 0.05), the MTII (10 ng) ICV injection
greatly reduced food intake (p < 0.05), whereas the
AMI-193 (5 nmol) ICV injection alone has no signif-
icant effects on the cumulative food intake. The MTII
+ AMI-193 co-injection greatly suppressed hypopha-
gia induced by MTII in comparison with the control
group (p < 0.05) (Fig. 5).

In experiment No. 6, in comparison with the con-
trol group (p > 0.05), the MTII (10 ng) ICV injection
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Figure 5.

Effect of intracerebroventricular injection of AMI-193 (D2 recep-
tor antagonist) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed
as mean + SEM. Different letters (a, b, and c) indicate significant
differences between treatments at each time(p < 0.05).
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Figure 7.

Effect of intracerebroventricular injection of L-741,742 (D4 recep-
tor antagonist) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed
as mean + SEM. Different letters (a, b, and c) indicate significant
differences between treatments at each time(p < 0.05).
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greatly reduced food intake (p < 0.05), whereas the
NGB2904 (6.4 nmol) ICV injection has no significant
effects on the cumulative food intake. Furthermore,
the MTII + NGB2904 co-injection did not significant-
ly affect hypophagia induced by MTII in the chickens
(p > 0.05) (Fig. 6).

In experiment No.7, in comparison with the con-
trol group (p > 0.05), the MTII (10 ng) ICV injection
greatly reduced food intake in the 3-h food-deprived
layer chickens (p < 0.05), whereas the L-741,742
(6 nmol) ICV injection has no significant effects
on the cumulative food intake. Furthermore, the
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Figure 6.

Effect of intracerebroventricular injection of NGB2904 (D3 recep-
tor antagonist) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed
as mean + SEM. Different letters (a and b) indicate significant dif-
ferences between treatments at each time(p < 0.05).
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Figure 8.

Effect of intracerebroventricular injection of SR141716A (CBI1
receptor antagonist) on hypophagia-induced by MTII (MC3/
MCH4 receptors agonist) in the neonatal layer chickens. Data are
expressed as mean + SEM. Different letters (a, b, and c) indicate
significant differences between treatments at each time(p < 0.05).
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MTII+L-741,742 co-injection did not significantly af-
fect MTII induced hypophagia in the neonatal layer
chickens (p > 0.05) (Fig. 7).

As shown in Figure 8 (experiment No.8), in com-
parison with the control group (p > 0.05), the MTII
(10 ng) ICV injection greatly reduces food intake (p <
0.05), whereas the SR141716A (6.25 ug) ICV injection
has no significant effects on the cumulative food in-
take. In addition, the MTII+SR141716A co-injection
greatly increased hypophagia-induced by MTII in
comparison with the control group (p < 0.05) (Fig. 8).

In experiment No.9, in comparison with the
control group (p > 0.05), MTII (10 ng) ICV injec-
tion greatly reduced food intake (p < 0.05). Also, the
AMBG630 (5 pg) ICV injection has no significant effects
on the cumulative food intake. Furthermore, the MTII
+ AM630 co-injection did not significantly affect hy-
pophagia induced by MTII in 3-h food-deprived neo-
natal layer chickens (p > 0.05) (Fig. 9).

Discussion

This research aimed to see how the melanocortin
interacts with the dopaminergic and cannabinoidergic
mechanisms to affect food intake in the neonatal layer
chickens. As far as we know, this is the first study con-
ducted to show how central melanocortin-induced
hypophagia interconnect with these mechanisms in
layer chickens. The results demonstrated dose-depen-
dent hypophagia following the MTII (2.5, 5, and 10
ng) ICV injection in the 3-h food-deprived neonatal
layer chickens. According to Ahmadi et al. [29, 30],
the MTII (2.5, 5, and 10 ng) ICV injection reduces
feeding behaviors in neonatal meat-type chickens in a
dose-dependent manner. The MC3/4R activation re-
duces feeding behavior in rodents, while the MC3/4R
antagonist ICV injection increases food intake [31].
Although both MC3R and MC4R are expressed in the
rat brain, only MCA4R appears to be found in the bird's
brain [32]. A group of peptides known as melanocor-
tin includes adrenocorticotropic hormone (ACTH)
and various types of POMC-derived a-MSH in the
pituitary gland.

[33]. POMC and a-MSH contribute to food in-
take regulation, of which; the latter is a key endoge-
nous ligand for MC3R and MCA4R in the arcuate nu-
cleus [34, 35]. Also, the agouti-related protein (AgRP)
is a natural antagonist of MC3R and MC4R, which is
often co-expressed with neuropeptide Y(NPY), and
the a-MSH effects can be suppressed by their co-in-
jection [18]. Despite the identification of melanocor-
tin-related signaling pathways regulating mammals'
central food intake, little is known about melanocor-
tin in birds [36]. According to the literature, hypopha-
gia induced by MTII seems to be weakened with a
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Figure 9.

Effect of intracerebroventricular injection of AM630 (CB2 recep-
tor antagonist) on hypophagia-induced by MTII (MC3/MC4 re-
ceptors agonist) in the neonatal layer chickens. Data are expressed
as mean + SEM. Different letters (a and b) indicate significant dif-
ferences between treatments at each time (p < 0.05).

protein kinase A (PKA) inhibitor [37].

The MTII+L-DOPA co-injection increased hy-
pophagia induced by MTII in the chickens. The
MTII+6-OHDA co-injection greatly suppressed hy-
pophagia induced by MTII in the chickens. Also,
co-injection of MTII+D1 receptors antagonist great-
ly suppressed hypophagia induced by MTII in the
chickens. The co-injection of MTII+D2 receptors
antagonist greatly suppressed hypophagia induced
by MTII. Food intake reduces through D1 and D2
receptors in rats [13]. Besides, the D1 receptors me-
diate hypophagia induced by dopamine in the chick-
ens, whereas others (D2-D4) may not be involved in
appetite regulation of meat-type chickens [1]. Mela-
nocortin acts through MC4R on mesolimbic dopa-
mine pathways on feeding behavior and motivation
to food intake suppressed in rats by the MCR agonist
ICV injection into the ventral tegmental area contain-
ing dopaminergic neurons [38]. However, this effect
is reversed by the SHU9119 (MCR antagonist) ICV
injection [38]. The anorexigenic and orexigenic ef-
fects of a-MSH and AgRP were blocked completely,
respectively, by the nonselective a-flupenthixol (do-
pamine antagonist), reflecting dopamine signaling
pathways are involved in the regulating melanocortin
peptides and AgRP effects [39]. The process includes
dopaminergic neurons in the ventral tegmental area,
responsible for the effects of reward and reinforce-
ment, and MC4R expressing neurons in the nucleus
accumbens [39]. MC4R regulates D1 and D2 neurons
in the nucleus accumbens and is elicited to consume
sweet foods [20]. Activation of dopaminergic neurons
in the ventral tegmental area by melanocortin and D1
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and D2 neurons of the nucleus accumbens suppress-
es the dopamine-mediated feeding behavior [21]. In
the ventral tegmental area, both MC3R and MC4R
are expressed in dopaminergic neurons innervated
by POMC-expressing neurons in the arcuate nucle-
us [21]. Data on the colocalization of dopamine and
MCR in neurons for their regulatory role in appetite
regulation and food intake support the melanocor-
tin-dopamine interactions [40]. In this regard, Yoon
and Baik [41] reported that MC4R and D2 receptors
in the hypothalamic area are responsible for food in-
take and control of energy homeostasis.

Based on the results, co-injection of MTII + CB1
receptors antagonist increased hypophagia induced
by MTII while CB2 receptors had little effect on hy-
pophagia induced by MT1II in the neonatal layer chick-
ens. Food intake increases through both CB1 and CB2
receptors in the layer chickens, similar to mammals
[7, 41, 43], but not in broilers where only the CB2 re-
ceptors interact on feeding [8, 9]. The SR141716SA
or AM251 ICV injection reduced food intake in nor-
mal mice but not in CB1 knockout mice, indicating
that the endocannabinoids contribute to appetite
by activating CB1 receptors [41]. Also, AM251 has
been shown to decrease food intake in food-restrict-
ed rats [15]. In the present study, the potential effect
of SR141716A (an analog of AM251) was examined
on food intake in 3-h food-deprived birds. Based on
the evidence, an interaction exists between melano-
cortin and cannabinoidergic mechanisms on feeding
behavior through MC4R and CB1 receptors [44].
SR141716 and a-MSH weakened food intake, and
ICV injection of sub-effective doses of SR 141716 and
a-MSH weakened baseline food intake synergistically
[44]. Both cannabinoid and melanocortin receptors
localized in the hypothalamus and administration of
THC, SR141716, and MTII lead to c-fos expression,
a marker of neural activation [44]. Despite direct cel-
lular mechanisms underlying the interconnection of
these systems, it is assumed that they may interact
at the signal transduction by increasing cAMP syn-
thesis through an effect on Gi proteins. GPCRs in-
clude cannabinoids and melanocortin, and blockade
of CB1 receptors and stimulation of MC4R enhance
cAMP production [45]. Additionally, it is assumed
that synergistic interaction between the cannabinoi-
dergic and melanocortin mechanisms is mediated by
the opioidergic system [44]. Also, leptin synoptically
interacts with the melanocortinergic neurons, while
cannabinoid and NPY systems are modulated by the
melanocortin system. Thus, signaling by melanocor-
tin receptor seems to be downstream of leptin recep-
tors and upstream of the endogenous cannabinoid,
NPY, and opioid-producing neurons. Given the ap-
proximate 300 million years of evolutionary distance
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between mammals and birds, it is not surprising that
the differences in the central food intake and energy
expenditure regulation have been identified [9].

In conclusion, these results indicated that melano-
cortin-induced hypophagia is mediated through D1,
D2, and CBI1 receptors in the neonatal layer chickens.
In a rat model, many studies have been conducted on
the central regulation of food intake. It is well estab-
lished that the central food intake regulation differs in
mammals and birds [14]. As a result, it is reasonable
to believe that regulatory systems in birds manage
these processes [10]. As shown, there has never been
a study on the melanocortin interconnection with
dopaminergic and cannabinoidergic mechanisms on
food intake in birds. Therefore, the authors could not
compare the results. This data can be seen as a starting
point for learning about the central regulation of feed-
ing behavior in chickens.

Materials & Methods

Animals

A total of 396 one-day-old layer chickens (Hy-Line) were pur-
chased from alocal hatchery (Morghak Co., Iran). Birds were kept
in stabilizing electrically heated batteries at a temperature of 32
°C + 1, with a relative humidity of 40-50% and a 23:1 lighting/
dark period [22]. They were held as flocks for two days, and then
a single cage was allocated per bird randomly. During the study,
the birds were fed with a commercial diet comprising 2850 kcal/
kg metabolizable energy and 21% crude protein, with unlimited
access to diet and freshwater (Chineh Co., Iran). The 3-h food-de-
prived was applied before the injections, while the birds had un-
limited access to water. ICV injections were performed at five days
of age. Animal handling and experimental practices were carried
out in accordance with the Guide for the Care and Use of Labo-
ratory Animals, National Institutes of Health, USA (publication
No. 85-23, revised 1996) and existing Iranian government animal
welfare regulations, which were approved by the Institutional An-
imal Ethics Committee (IAEC), Faculty of Veterinary Medicine,
University of Tehran.

Experimental medications

The used medications, including MTII (MC3 and MC4 re-
ceptors), SCH 23390 (D1 receptor antagonist), AMI-193 (D2 re-
ceptor antagonist), NGB2904 (D3 receptor antagonist), L-741,742
(D4 receptor antagonist), L-DOPA (precursor of dopamine),
6-OHDA (6-hydroxy dopamine), SR141716A (CB1 receptor an-
tagonist), AM630 (CB2 receptor antagonist), and Evans blue were
purchased from Sigma-Aldrich (USA) and Tocris Co (UK). All of
the medications were first dissolved in absolute dimethyl sulfox-
ide (DMSO) and then diluted with 0.85% saline containing Evans
blue with a ratio of 1/250 (0.4% DMSO). The resulting mixture
containing Evans blue-contained DMSO/saline mixture was uti-
lized as a control group.

ICV injection protocol

Birds were randomly divided into nine study groups, each
with four sub-groups (n = 44). The chickens were weighed and
divided into study groups concerning their body weight before
each experiment, ensuring that the mean body weight between
treatment groups was as standardized as possible. The chickens
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were ICV injected once in each of the experiments by applying a
microsyringe (Hamilton, Switzerland) with no anesthesia, as de-
fined by Davis et al. [23] and Furuse et al. [24]. According to Van
Tienhoven and Juhasz [25], the head of the chickens was held with
an acrylic device with a 45° bill holder and a calvarium parallel
to the table surface. The right lateral ventricle's skull was pierced
using an orifice plate. When a microsyringe was inserted into the
ventricle through the orifice plate, the injected needle tip was just
4 mm under the skull skin [26]. All injections were performed in
a volume of 10 pL [27]. The control group received control solu-
tion (10 pL) [27]. In newly hatched chickens, this method causes
no physiological stress [28]. The chickens were sacrificed by de-
capitation at the end of trials to demonstrate injection accuracy
confirmed by Evans blue and sliced frozen brain tissues. Although
birds in each of the groups were given injections, only the data
for those who had dye in their lateral ventricle were analyzed (11
chickens per group). All experiments were conducted from 08:00
a.m. to 1:30 p.m.

Feeding experiments

To examine the potential effect of specific dopaminergic (D1,
D2, D3, and D4) and cannabinoidergic (CB1 and CB2) receptors
on the melanocortin-induced feeding behavior in the 3-h food-de-
prived newly hatched chickens, nine experiments were conduct-
ed. In experiment No.1, the control solution and MTII (MC3 and
MCA4 receptors; 2.5, 5, and 10 ng) were injected into chickens. In
experiment No.2, control solution, L-DOPA (125 nmol), MTII (10
ng), and a combination of them were injected intracerebroventric-
ularly. In experiment No.3, the 3-h food-deprived birds were in-
tracerebroventricularly injected with a control solution, 6-OHDA
(150 nmol), MTII (10 ng), and 6-OHDA + MTII co-injection. In
experiment No.4, the 3-h food-deprived layer chickens were intra-
cerebroventricularly injected with control solution, SCH23390 (5
nmol), MTII (10 ng), and received the SCH23390+MTTI co-injec-
tion. In experiment No.5, the control solution, AMI-193 (5 nmol),
MTII (10 ng), and a combination of them were intracerebroven-
tricularly injected into the birds. In experiment No.6, chickens
were intracerebroventricularly injected with control solution,
NGB2904 (6.4 nmol), MTII (10 ng), and NGB2904 + MTIL In
experiment No.7, control solution, L-741,742 (6 nmol), MTII (10
ng), and L-741,742 + MTII were injected. In experiment No.8, the
3-h food-deprived birds were intracerebroventricularly injected
with control solution, SR141716A (6.25 ug), MTII (10 ng), and
SR141716A+MTIL. In experiment No.9, control solution, AM630
(5 pg), MTII (10 ng), and AM630 + MTII were injected. Immedi-
ately following the injection, food was provided to the birds, and
cumulative food intake (g) was measured at 30, 60, and 120 min
following the injection. Food intake (g) was calculated as percent
of body weight (g/100g BW) to minimize the effect of body weight
on the amount of food intake. The doses of medications were de-
termined according to the previous studies [4, 10, 29, 30].

Statistical analysis

In this study, nine experiments were designed. Each experi-
ment included four groups (I-IV). In all groups, a sole injection
was done. Also, the result of each experiment was apart from the
other experiments. Cumulative food intake (as a percent of body
weight) from each experiment was analyzed by repeated measure
two-way analysis of variance (ANOVA). All analyses were con-
ducted using SPSS 16.0 for Windows (SPSS, Inc., Chicago, IL,
USA). Means were compared by Tukey Kramer test (p < 0.05), and
data was presented as mean + SEM (standard error of the mean).
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Molecular identification and phylogenetic analysis of
Pulex irritans in different regions of Iran
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The present study was conducted to perform a molecular comparison of Pulex irritans based on the mitochondrial
genome in four different climatic regions including the Caspian Sea region, a mountainous region, Persian Gulf region,
and the Central Desert region, and based on nuclear ribosome genome in the west and northwestern Iran. A total of
1937 adult flea samples were collected including 1019 P. irritans (52.61%) and 918 Ctenocephalides canis (47.39%) from
various hosts including humans (14.1%), sheep (22%), goats (33.5%), dogs (25.6%) and houses (6.7%) between April
2018 and May 2019. The samples collected from different hosts had similar morphological characteristics. However,
there were slight differences based on mitochondrial markers and nuclear ribosomal markers in the study populations.
The results from the phylogenetic tree based on three nuclear ribosome and mitochondrial markers showed that despite
the slight differences in this sequence of different hosts and cities, all samples from different regions are in the same
phylogeny. The results of ribosomal and mitochondrial genome analysis showed that these pieces are useful for demon-

strating intraspecific similarity, and differentiation at species level and genus of P. irritans.
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Introduction

Pulex irritans belongs to Siphonaptera as a rela-
tively-small order of wingless holometabolous
insects, known as ectoparasites in their adult stage [1].

Certain flea species can transmit pathogens such
as Yersinia pestis, Rickettsia typhi, and Bartonella
henselae through their bites, feces and saliva. Biting
can also cause severe itching and skin infections [2, 3,
4]. P, irritans can cause serious health complications
and transmit diseases in many parts of the world [5].
Global warming, international trade, travel, and pop-
ulation growth influence the epidemiology of these
infections [6, 7, 8].

Cladistic analysis using morphological features
including head, chest, and abdomen have been con-
ducted to classify various fleas, nevertheless, accurate-
ly identifying certain flea species is difficult owing to
variations in their morphological characteristics. Mo-
lecular markers are therefore used to accurately iden-
tify different flea species and investigate their phyloge-
netic relationships [9, 10, 11, 12].

Molecular markers can be used to effectively char-
acterize and specify an insect owing to their high sta-
bility and conserved nature; for instance, ribosomal
DNA (rDNA) with its subunits such as 28s, 18s, 5.8s,
ITS1 and ITS2 is commonly used to identify insect
species [9, 10, 11]. As the largest protein-encoding
gene in the mitochondria of metazoan organisms, the
cytochrome oxidase subunit I (COXI) gene has been
extensively used to perform phylogenetic research
and identify species and their differences [13, 14].

Accurately identifying flea species is crucial given
that they constitute a vector of dangerous pathogens
and thus a serious threat to public health. This study
employed ITSI, ITS2, and COX1 as molecular mark-
ers to investigate the molecular characteristics of dif-
ferent populations of P. irritans and their phylogenetic
relationships in four areas in Iran.

Results

After morphological examinations using reliable
identification keys for Iranian fleas, 1019 (52.61%) out
of 1937 samples were identified as P. irritans (Table 1).
Furthermore, the amplicons obtained from PCR for
ITS1, ITS2 (rDNA), and COX1 (mtDNA) were ap-
proximately 1000 bp, 500 bp and 700 bp, respectively.
The Clustal Omega based comparison of the ITSI se-
quence in P, irritans showed a similarity of 99.59% and
a molecular diversity of 0.41% between the sequenc-
es in ten different regions (Figure 1). A 100% simi-

Abbreviations-Cont'd

um: micromolar
mM: millimolar
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larity was observed among the sequences of Sanan-
daj (MN684797.1), Khorramabad (MN684787.1),
Urmia (MN684784.1), Bahar (MN684777.1), and
Kermanshah(MN  684776.1). 'These sequences
were also similar (99.79%) to those of Hamadan
(MN684779.1), Kuhdasht (MN684790.1), Kamyaran
(MN684786.1), Gilangharb(MN684775.1), and Ma-
habad (MN684778.1) with four nucleotide differenc-
es. Four nucleotide polymorphisms were observed at
positions 152, 165, 193 and 279 within the ITS1 spac-
er in the ten populations. Sequencing the ITS1 frag-
ment showed three 99-bp replicas in the first half of
the sequence beginning at positions 146, 246, and 352
and ending at position 431. Comparing the ITS2 gene
sequences in the ten regions showed a 100% similar-
ity between the sequences (Figure 2). Comparing the
COX1 sequence of the nuclear genome (mtDNA) in
the four different geographical zones (accession ID:
MN173748-761) found all the species to belong to P
irritans and showed a 99.86% similarity between the
sequences (Figure 3).

Multiple alignments of amino acids in COX1
showed a 99.86% similarity and only one difference at
position 54 of the methionine isolate and other isole-
ucine isolates in Hamadan (Figure 4). Two subclades
of the phylogenetic tree based on the similarities be-
tween COX1 sequences in the present study and reg-
istered sequences in GenBank comprised subclade
Al, including P, irritans of the present and previous
studies conducted in Iran and that isolated in China,
Turkey, Jerusalem, Spain and Croatia. Subclade A2
included Ctenocephalides felis in Iran and C. canis in
Turkey. Subclades A3 and A4 included C. orientis and
C. canis, respectively. Iranian subclade B also included
Nosopsyllus fasciatus and Xenopsylla cheopis (Figure
5).

Three subclades of the phylogenetic tree based
on the similarities between ITS1 sequences in the
present study and registered sequences in GenBank
comprised subclade A, including the sequences of
the present and previous studies conducted in Iran.
Subclades B and C included C. canis and N. fasciatus,
respectively (Figure 6).

Four subclades of the phylogenetic tree based
on the similarities between ITS2 sequences in the
present study and registered sequences in GenBank
comprised subclade C, including the sequences of the
present study. Subclades A and B included C. canis
and X. cheopis, respectively . Subclade D also included
N. fasciatus (Figure 7).

The morphological characteristics of P. irritans
were consistent with the molecular findings. Analyz-
ing the partial COX1 gene can help identify P. irri-
tans species and assess their intraspecific similarity.
ITS1 and ITS2 sequences could also be used as useful

Molecular identification and phylogenetic analysis of Pulex
irritans
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Table 1.

Nucleotide sequence and specificity of the primers used.

. . host Accession number
Isolation Locati Longitude,
ocation latitude Total
source a Sheep Goat Human Dog Home COX1 ITS1 ITS2
34.1397° N,
Ker oo E | S6BM4%)  41(47/6)  19(22) 4(4/6) 16(18/6)  6(6/9)  MN173752.1  MNG684755.1 MN684792.1
Kermanshah
. 343277°N,
Ghi ey S4(8/4%)  30(35/7)  17(2012)  15(17/8 7(8/3) 15(17/8)  MN173749.1  MN684776.1 MN684782.1
35.3219° N, ,
San o oses B 92(9%) 22(23/9)  25(27/1)  20Q21/7)  21(22/8)  4(4/3)  MNI173760.1  MN68797.1 MN684801.1
Kurdestan "
Kam wwwwwwﬂ 62(6%)  26(41/9)  3(4/8)  9(14/5)  24(38/7) ; MN1737541  MN684796.1 MN684781.1
37.5498° N 139
Urm 48 N, 58(41/7)  45(32/3)  6(4/3)  30(21/5) - MN173761.1  MN684784.1 MN684780.1
West 15.0786°F  (13/649)
Azerbaijan 36.7682° N
Mah o 63(6/1%) 4(6/3)  30(47/6)  13(20/6)  14(22/2)  2(3/1)  MNI73758.1  MN684778.1 MN684803.1
34.9083° N, .
Ham iazoseE | 7O0/75%)  15(18/9)  35(44/3)  3(3/7)  26(3219) - MN173753.1  MN684779.1 MN684800.1
Hamadan .
Bah wwwwwwﬂ 101(9/91%)  19(18/8)  50(49/5)  2(1/9)  29(28/7) 100/9)  MNI173751.1  MN684777.1 MN684798.1
33.4647° N,
Kho oaworp | 980/61%)  8(8/1)  33(33/6)  8(8/1)  44(44/8)  5(5/1)  MNI73756.1  MNG84787.1 MN684794.1
Lorestan . N
Kuh wmmmwwom, 93(9/12%)  2(2/1)  45(48/3)  3(3/2) 40(43) 3(3/2)  MNI173757.1  MN684790.1 MN684793.1
31.3183° N,
Khozestan Ahv ) 21(2%) : 523/8)  1047/6)  3(14/2)  3(14/2)  MN173750.1 - -
48.6706° E
Mazandaran Sar 36.5659° N, 5 30y ; 15(48/3)  9(29) 2(6/4) 5(16/1)  MN173759.1 - -
53.0586° E
Kerman Kerm 302839°N, o470y 3(20) ) 213/3)  5(33/3)  10(66/6)  MN173748.1 - -
57.0834°F
North 37.4710° N,
R Esf o 55(5/39%) - - 40(72/7) - 15(27/2)  MN173755.1 ; ;

Sampling sites/regions: West (Ker: Kermanshah, Ghi: Gilan-e Gharb, Kam:Kamiyaran, San: Sanandaj, Ham: Hamedan, Bah: Bahar, Kuh: Kuhdasht, Kho: Khorramabad), South (Ahv: Ahvaz, Kem: Kerman, ( North

(Sar: Sari), North East (Esf: Esfarayen), and Northwest (Urm: Urmia, Mah: Mahabad) of Iran.

Seydi et al., IJVST 2021; Vol.13, No.2
DOI: 10.22067/ijvst.2021.70946.1055

identification and phylogenetic analysis of Pulex

Molecular
tans

irri



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

RESEARCH ARTICLE

MN684787.1 AACGTGTTACATTTTGCAATAAATGTAAATGAAACGTGTGCGGACGTTGTCTGACAACGA CGACGTCGATAAATTTTAAGCGTCGCGCGTCGATGGACGGCCTATCTCATCGATAGCCGA 120
MN684777.1 120
MN684776.1 120
MN684797.1 120
MN684784.1 120
MN684790.1 120
MN684786.1 120
MN684779.1 120
MN684775.1 120
MN684778.1 120
MN684787.1 240
MN684777.1 240
MN684776.1 240
MN684797.1 240
MN684784.1 240
MN684790.1 240
MN684786.1 240
MN684779.1 240
MN684775.1 240
MN684778.1 240
MN684787.1 360
MN684777.1 360
MN684776.1 360
MN684797.1 360
MN684784.1 360
MN684790.1 360
MN684786.1 360
MN684779.1 360
MN684775.1 360
MN684778.1 360
MN684787.1 480
MN684777.1 480
MN684776.1 480
MN684797.1 480
MN684784.1 480
MN684790.1 480
MN684786.1 480
MN684779.1 480
MN684775.1 480
MN684778.1 480
MN684787.1 600
MN684777.1 600
MN684776.1 600
MN684797.1 600
MN684784.1 600
MN684790.1 600
MN684786.1 600
MN684779.1 600
MN684775.1 600
MN684778.1 600
MN684787.1 720
MN684777.1 720
MN684776.1 720
MN684797.1 720
MN684784.1 720
MN684790.1 720
MN684786.1 720
MN684779.1 720
MN684775.1 720
MN684778.1 720
MN684787.1 842
MN684777.1 842
MN684776.1 842
MN684797.1 842
MN684784.1 842
MN684790.1 842
MN684786.1 842
MN684779.1 842
MN684775.1 842
MN684778.1 842
MN684787.1 968
MN684777.1 968
MN684776.1 968
MN684797.1 968
MN684784.1 968
MN684790.1 968
MN684786.1 968
MN684779.1 968
MN684775.1 968
MN684778.1 968
Figure 1.

Alignments of partial ribosomal DNA (ITS1) sequences in Pulex irritans isolated from sheep, human, goats, and dogs in the west and
northwest of Iran (Kho(sheep), Bah(sheep), Ker(human), San(goat), Urm(sheep), Kuh(human), Kam(human), Ham(sheep), Ghi(goat),
and Mah(dog) with accession nos. MN684787.1, MN684777.1, MN 684776.1, MN684797.1, MN684784.1, MN684790.1, MN684786.1,
MN684779.1, MN684775.1, MN684778.1) Nucleotides in horizontal boxes display repeated units, and vertical boxes indicates the
polymorphic site. Bah: Bahar; Ghi: Gilan-e Gharb; Ham: Hamedan; Kam: Kamiyaran; Ker: Kermanshah; Kho:Khorramabad; Kuh:

Kuhdasht; Mah: Mahabad; San:Sanandaj; Urm: Urmia.

markers for species-level differentiation and intra-
specific similarity determination. The COX1 gene is,
however, more efficient than the ITS1 and ITS2 genes
in detecting genus, species and intra-species similari-
ties. The diversity at the genus level and even between
members of the same genus caused by high levels of

replacement in the Internal transcribed spacer coun-
teracted their beneficial effects. Given this diversity,
the sequences of the heterogenic versions of ITS frag-
ments are determined in cloning plasmids and then
specifically, which requires laborious and costly stud-
ies[15].

Seidy et al., IJVST 2021; Vol.13, No.2
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Alignments of partial ribosomal DNA (ITS2) sequences in Pulex irritans isolated from sheep, human, goats, and dogs in the west
and northwest of Iran (Mah(human), San(human), Ham(sheep), Bah(human), Ghi(goat), Kho(human), Kuh(sheep), Ker(dog),
Kam(dog), and Urm(dog ) with accession nos. MN684803.1, MN684801.1, MN 684800.1, MN684796.1, MN684792.1, MN684794.1,
MNG684793.1, MN684792.1, MN684781.1, MN684780.1). Bah: Bahar; Ghi: Gilan-e Gharb; Ham: Hamedan; Kam: Kamiyaran; Ker:
Kermanshah; Kho:Khorramabad; Kuh: Kuhdasht; San:Sanandaj; Urm: Urmia.

Discussion

Molecular methods have enabled the identi-
fication of different ectoparasite species with high
morphological similarities [16]. The present study
employed phylogenetic and molecular approaches
to compare P. irritans in four different geographical
zones of Iran. The morphological characteristics of
P, irritans were found to be consistent with those ob-
tained in previous studies conducted in Iran to deter-
mine the flea fauna in different hosts and cities. [17,
4, 18].

The host specificity can affect the intraspecific
genetic diversity given the high levels of intraspecific
genetic variations in general parasite species, which
cause their infestation of broad ranges of hosts [19].
Research suggests no specific hosts for fleas, as they
prefer diverse types of the host, which demonstrates
intraspecific genetic diversity. Hornok et al. (2018)
reported diversity in synanthropic flea species such
as C. canis and P, irritans by investigating mitochon-
drial sequences [20]. The present morphological data
showed no differences between the P. irritans speci-
mens collected from different geographical zones. The
results of the morphological investigation were also
consistent with those of the molecular exploration.
The present study reported a 100% similarity between
the nucleotide sequence of COX 1 gene in the P, ir-
ritans and the sequence of this gene in the P, irritans
in similar studies conducted in Iran. [MF380389.1,

Molecular identification and phylogenetic analysis of Pulex
irritans

MF380390.1, MF380391.1 (NCBI)]. Similarities
to the sequences in Spain (LT797470.1) and Chi-
na (MF000666.1) were also reported as 99.85% and
99.55%, respectively. Furthermore, the present find-
ings were consistent with those obtained by Seyyedza-
deh etal. (2018), who reported no differences between
the isolates of C. canis in different areas of West Azer-
baijan, Iran [21] and with those obtained by Zurita et
al. (2019), who observed no significant differences in
morphological data between P. irritans in Spain and
Argentina. In addition, Zurita et al. (2019) reported
a significant intraspecific similarity between the two
populations based on mitochondrial genes [22]. Hor-
nok et al. (2018) observed no morphological differ-
ences between human and wild carnivorous P, irritans
specimens in Hungary and Croatia [20], which is con-
sistent with the present results. In contrast, Krasnov
etal. (2015) found morphological differences between
the flea species isolated from different hosts in differ-
ent geographic areas to suggest high levels of genetic
diversity [23].

Evidence suggests ITS1 and ITS2 constitute ap-
propriate molecular markers for analyzing phyloge-
netic relationships in fleas at their species level [24,
11]. The present research observed a 99.59% similari-
ty between the nucleotide sequences of the ITS1 spac-
er, in five provinces in Iran. Analyzing the nucleotide
sequence of the ITS1 spacer, also showed three 99-bp
replicas in its first half, which is consistent with the
results of Ghawami et al. (2018), who compared the

Seydi et al., IJVST 2021; Vol.13, No.2
DOI: 10.22067/ijvst.2021.70946.1055
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M1737EL.1 TTATATTTTATTTTTEET G TTEAGCTGEAATACT TEERATTCATTARGAATA T TATT CEAACTEARTTAGGT CARC TG TTCATT AR TTGEACACGATCAARTTTTTARTGTARTT 120
MN173TE0.1 120
MN173755.1 120
M173758.1 120
MN173757.1 120
MI173756.1 120
MH173755.1 120
M172754.1 120
MN173752.1 120
MH173750.1 120
MI172745.1 120
MN173T48.1 120
MN173753.1 120
MN173751.1 120
MN173TEL.1 240
MIN173T60.1 240
MH173758.1 240
MH173758.1 240
MN173757.1 240
M172756.1 240
MH173755.1 240
M173T54.1 240
MH172752.1 240
MH173750.1 240
M173T4S.1 240
MH173T48.1 240
[T o T EE S SR R o] e e e R e LR R St T e e R S SR 240
MN173751.1 = 240
MN173TE1.1 AR TANTATAREATTTTEACTTTTACCTCCT TCT T TARCATTATTATTATCCAGRTCTATAGTAGAR A CAGEAGCTEEAACEEEATGRACTGTTTACCCTCOATTATCTTCTGTGATIGT 260
MN173TE0.1 260
M172755.1 280
MH173758.1 260
MN173757.1 260
MI173756.1 260
MHN173755.1 260
MI173754.1 280
MN173752.1 260
MHN173750.1 260
MI172745.1 280
MN173T48.1 260
MN173753.1 260
M172751.1 280
MNL73T61.1 a20
MH173TE0. 1 a20
MH173759.1 s20
MN173758.1 a20
MH173757.1 a20
MN173756.1 420
HN173755.1 a20
M173754.1 a20
MN173752.1 420
HN173750.1 a20
ML73748.1 a20
M173748.1 a20
MN173753.1 420
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MN173753.1 600
MN173751.1 s00
MN173761.1
MHL73TE0. 1
MN173758.1
HN173758.1
MHL73757.1
MN173756.1
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Figure 3.

Alignments of partial mitochondrial DNA (COX1) sequences of Pulex irritans among populations from this study (Urm(human),
San(sheep), Sar(sheep), Mah(goat), Kuh(sheep), Kho(human), Esf(human), Kam(sheep), Ghi(sheep), Ahv(goat), Ker(human), Kerm
(sheep), Ham (human), and Bah(human) with accession nos. MN173761.1, MN173760.1, MN 173759, MN173758.1, MN173757.1,
MN173756.1, MN173755.1, MN173754.1, MN173752.1, MN173750.1, MN173749.1, MN173748.1, MN173753.1, MN173751.1 ). The
vertical boxes indicate the polymorphic sites. Bah: Bahar; Ghi: Gilan-e Gharb; Ham: Hamedan; Kam: Kamiyaran; Ker: Kermanshah;

Kho:Khorramabad; Kuh: Kuhdasht; San:Sanandaj; Urm: Urmia.

nucleotide sequence of the ITS1 spacer, in P. irritans
in two geographic areas and reported only one nucle-
otide difference with a 99.85% similarity [25]. In line
with the present results, those obtained by Vobis et al.
(2004) suggested a relatively-constant nucleotide se-

quence of the ITSI spacer, in different C. felis popu-
lations [11].

A 100% similarity was observed between the ITS2
nucleotide sequence of different samples. Zurita et al.
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Figure 4.

Sequence alignment of COX1 amino acids for Pulex irritans in different geographical areas of Iran (Kerm (sheep), Bah (human),
Ham (human), Ker(human), Ahv(goat), Ghi(sheep), Kam(sheep), Esf(human), Kho(human), Kuh(sheep), Mah(goat), Sar(sheep),
San(sheep), Urm(human), with accession nos MN173748.1, MN173751.1, MN173753.1, MN173749.1, MN173750.1, MN173752.1,
MN173754.1, MN173755.1, MN173756.1, MN173757.1, MN173758.1, MN 173759.1, MN173760.1, MN173761.1). The vertical boxes
indicate the polymorphic sites. Ahv: Ahvaz; Bah: Bahar; ESF: Esfarayen; Ghi: Gilan-e Gharb; Ham: Hamedan; Kam: Kamiyaran; Ker:
Kermanshah; Kerm: Kerman; Kho:Khorramabad; Kuh: Kuhdasht; San:Sanandaj; Urm: Urmia.

(2019) reported an intraspecific variation of 90.1%-
100% in four C. canis clones based on the ITS2 spac-
er,, which is consistent with the present results. Vobis
et al. (2004) also used the ITS2 sequence to identify
different flea species and determine their intra-species
differences [11]. P, irritans and C. canis belonging to
the Pulicidae family constitute the main flea genera
infesting human and cattle in the west and north-
west of Iran. No significant differences were observed
among the samples collected from different hosts. In-
significant differences were found between the study
populations in terms of mitochondrial markers and
the nuclear ribosome. The results of plotting the phy-
logenetic tree showed all the samples collected from
different regions in the same branch despite their neg-
ligible sequence differences. Analyzing mitochondrial
genome also showed that this sequence is more useful
than the nuclear ribosomal genome in illustrating in-
tra-species similarity and differentiation at genus and
species levels.

Materials & Methods

Location

The Iranian plateau is located in the northern hemisphere

Molecular identification and phylogenetic analysis of Pulex
irritans

at 32.4279 °N, 53.6880 °E. The four study geographical zones in
Iran included region 1: Caspian Sea (temperature: 8.00-26.00
°C, annual precipitation: 400-1500 mm), region 2: Mountainous
area (temperature: -5.00-29.00 °C, annual precipitation: 200-500
mm), region 3: Persian Gulf (temperature: 12.60-35.00 °C, annu-
al precipitation: 200-300 mm) and region 4: The Central Desert
(temperature: -4.00-44.00 °C, annual rainfall: below 100 mm). Ac-
cording to meteorological data, Iran is climatically divided into
three zones, i.e. warm-dry, cold, temperate-humid, and warm-hu-
mid [26]. Four different geographical zones in this country from
which adult fleas were collected included Kermanshah, Kordes-
tan, Hamadan, Lorestan, West Azerbaijan, Khuzestan, Khorasan,
Mazandaran, and Kerman (Figure 8).

Sampling

A total of 1937 flea samples were directly isolated from the
host body and houses using light traps and human-baited traps.
They were transferred in 70% ethanol to the parasitology laborato-
ry of the Faculty of Veterinary Medicine. They were then cleaned
with distilled water several times, immersed in 5% potassium hy-
droxide for 24 hours, re-washed with distilled water, and dehy-
drated with a graded series of alcohol (50%-96%(. The fleas were
ultimately identified by observing the slides with an optical micro-
scope according to diagnostic keys [27, 28].

Morphological identification

All the P, irritans samples collected from different provinces
and hosts were morphologically characterized by the following
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Figure 5.

The phylogenetic tree of Pulex irritans based on COX1. The molecular phylogenetic analysis was performed and the evolutionary his-
tory was inferred by using the Maximum Likelihood method. The log likelihood (-1898.1614) of the phylogenetic tree was the highest.
The percentage of the tree including a cluster of the relevant taxa is shown beside the branches whose length was measured as the num-
ber of substitutions per site on this scale drawing of the tree. The analysis involved 44 nucleotide sequences. All the positions containing
gaps and missing data were eliminated. The final dataset contained 448 positions. Evolutionary analyses were conducted in MEGA®6.
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Figure 6.

The phylogenetic tree of Pulex irritans based on ITS1. The molecular phylogenetic analysis was performed and the evolutionary
history obtained using maximum likelihood. The log likelihood (-1703.2418) of the phylogenetic tree was the highest. The percentage
of the tree including a cluster of the relevant taxa is shown beside the branches whose length was measured as the number of substi-
tutions per site on this scale drawing of the tree. The analysis involved 19 nucleotide sequences. All the positions containing gaps and
missing data were eliminated. The final dataset contained 436 positions. Evolutionary analyses were conducted in MEGA®6.
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Figure 7.

The phylogenetic tree of Pulex irritans based on ITS2. The molecular phylogenetic analysis was performed and the evolutionary history
obtained using maximum likelihood. The log likelihood (-1272.22468) of the phylogenetic tree was the highest. The percentage of the
tree including a cluster of the relevant taxa is shown beside the branches whose length was measured as the number of substitutions per
site on this scale drawing of the tree. The analysis involved 26 nucleotide sequences. All the positions containing gaps and missing data
were eliminated. The final dataset contained 291 positions. Evolutionary analyses were conducted in MEGA®6.
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Figure 8.
Provinces of the study in the four geo-
graphical areas included Kermanshah,
Kordestan, Hamadan, Lorestan, West
Azerbaijan, Khuzestan, Khorasan,
Mazandaran and Kerman.

features: the round-headed anterior margin with a pair of eyes
and no protrusion, absence of genal and pronotal ctenidia, asym-
metrical club of antenna, strong setae under the eyes, row of small
spines mass on the inner surface of the posterior side of the coxa
in females 7-10 and in males 8-12, and no pleural rod on the me-
sopleural segment [27]. Comparing the samples collected from
different provinces and hosts based on morphological character-
istics identified 52.61% to belong to P, irritans species despite their
negligible differences.

Molecular analysis

The samples were individually crushed with a sterile scalpel,
poured into a sterile microtube and their total DNA was extract-
ed using DNA extraction kits (MBST, Tehran, Iran) according
to the manufacturer’s instructions. The extracted DNA samples
were stored in sterile microtubes at -20 °C until use. DNA was
extracted from the samples isolated from different hosts in dif-
ferent areas. The specific primers used by Vobis et al (2004). were
employed to identify P. irritans and 1000-bp ITS1 and 500-bp
ITS2 fragments in the rDNA of P, irritans. Primers used by Fol-
mer et al. (1994) were used to amplify the mitochondrial COX1
gene fleas P, irritans (Table 2). The result of this proliferation was
observed as a 700 bp band [29]. To determine molecular differ-
ences between the species isolated from different hosts and areas,
PCR was performed in a total volume of 50 pl, containing a 5-pl
DNA template, a5-ul 10x PCR buffer, 1-ul Taq Polymerase, 1 pl of
each primer (20 uM), 1 ul of ANTP (100 uM) and 4 ul of MgCI2
(50 mM). All these materials were procured from SinaClon, Iran.

RESEARCH ARTICLE

Kerman

The thermal cycle of the PCR on fragments ITS1 and ITS2 was
as follows: incubation at 94 °C for 5 minutes to denature dou-
ble-stranded DNA followed by 30 cycles of one-minute denatur-
ation cycles at 94 °C, annealing at 54 °C for 1 minute, extension
at 72 °C for 1 minute and an additional extension at 72 °C for 5
minutes. The COX1 gene also underwent replication at 95 °C for
5 minutes followed by 35 cycles of denaturation cycles at 95 °C for
1 minute, annealing at 55 °C for 45 seconds, extension at 72 °C
for 45 seconds, and final extension at 72 °C for 10 minutes. The
PCR products were electrophoresed on 1.5% agarose gel, stained
with a safe stain, visualized under UV light and then purified for
sequencing. After purifying the PCR products, 34 samples, in-
cluding 10 positive samples for ITS1, 10 positive for ITS2, and 14
positive for COX1 sequence, collected from different hosts were
transferred to Takapouzist Company for sequencing.

Data analysis

A total of 34 PCR products were transferred to Takapouzist
for sequencing. An accession number was obtained by online
recording the sequencing results on NCBI by the host and geo-
graphical area. The data were analyzed using blasting sequences
on NCBI and plotting the phylogenetic tree in Mega 6 using max-
imum likelihood and bootstrapping (1000 replicates). The cluster-
ing method proposed by Zurita et al.(2019) was also conducted.
The required sequences were ultimately aligned and compared
using EMBOSS Needle and Clustal Omega to evaluate the sim-
ilarity percentage of the nucleotide sequences of mitochondrial
(mtDNA) and ribosomal genomes (rDNA) in different provinces
and hosts.

Table 2.
Nucleotide sequence and specificity of the primers used.
Annealing
Gene Primer nucleotide sequence temperature Frle;gment. lfengt R Reference
©C) (base pair; bp)
ITS1 For: GTA CAC ACC GCCCGT GCGTACT 54°C 1000 b [29]
Rev: GCT GCG TTC TTC ATC GAC CC P
For: GGG TCG ATG AAG AAC GCA GC o
1152 Rev: GOG CAC ATG CTA GAC TCC GTGGTT CAAG >+ © 500bp 29]
For: GGT CAA CAA ATC ATA AAGATATTG G
Cox1 or 55 °C 700 bp (30]

Rev: GAA GGG TCA AAG AAT GAT GT
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The basolateral amygdala has a critical role in
food-matched visual-cue memory and post-ingestion
food preferences in rats
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The Basolateral Amygdala (BLA) has been shown to have an important role in food-related learning behaviors.
Using a novel approach, we have evaluated the role of BLA in food preference and Food memory related to visual cues
in rats. Thirty-two adult male Wistar rats, weighing 200-250 g, were used for the experiments. Electric lesion of BLA
was produced by passing 1.5 mA of current for 7 s. Food-related behaviors and preferences were evaluated by using an
automated apparatus. Geometric visual cues were also constructed. Food-deprived rats were presented with different
diets in 6 consecutive trial performances. The number of visits, time consumed on each food zone and port, distance
traveled in each visit, and the total amount of food eaten was evaluated. The changes in hippocampal c-Fos expression
were determined by immunoblotting. The control sham group showed a high and low preference for biscuit and white
flour, respectively. BLA lesion rats exhibited a shifted preference curve. In the sham group, a more significant amount of
food consumption was associated with an increased number of references to each zone and port, along with more time
spent there. Furthermore, a decrease in hippocampal c-Fos expression was observed in the BLA- lesion animals. Taken
together, the basolateral amygdala has a significant role in rats’ food-matched visual-cue memory and high-calorie/

sweetness preferences.
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Introduction

Animal’s approach-behaviors to stimuli are
related to the previously paired rewarding,
escape, or avoidance experiences [1]. Post-ingestion
consequences result in automatic selection or rejec-
tion of food, and through such experiences, the ani-
mals learn about the different characteristics of food
(2].

The amygdala, especially its basolateral [3] and
central [4] parts are involved in controlling feeding
behaviors such as food preferences. Gustatory-related
projections from parabrachial nuclei, insular cortex,
and olfactory piriform cortex project to the basolat-
eral amygdala (BLA) [5]. The orbitofrontal cortex
(OFC) projections are required to the BLA for encod-
ing the value of a reward [6]. BLA play important role
in taste preference and olfactory classical condition-
ing. . Lesions of the basolateral amygdala have been
shown to be associated with taste-related disorder be-
haviors [7]. Furthermore, the BLA has a crucial role
in experiencing the hedonic impact of the food out-
comes [8, 9]. The BLA is also involved in the process-
ing of sensory features of food, including smell, taste,
buccal quick sense, and post-ingestion effects [10].

It has been demonstrated that the rats prefer to
drink sweetened solutions over tap water, while radi-
ation exposure caused a decrease in the consumption
of sweetened solutions (taste aversion) [11, 12]. It has
been demonstrated that animals can learn and memo-
rize preferences regarding the characteristics of food.
For instance, food-deprived rats prefer the flavor of a
nutritious diet a few days after deprivation [1]. Fur-
thermore, preferences for odors can be easily created
or changed when the odor is matched with positive or
negative reinforcement [13].

Studies have shown that both pure taste sensory
information from the oral cavity, and post-ingestion
factors are involved in c-Fos induction [14]. There is
a positive relationship between the amount of food
consumed and the expression of the c-fos protein.
Several studies have shown that some nutrients, es-
pecially lipids and carbohydrates, induce c-Fos pro-
tein expression [15]. Also, it has been shown that the
c-Fos protein expression is dramatically increased in
the hippocampus of food preference trained rats [16].

It seems that when animals are given more op-
portunities for food selection, they prefer the most
healthy (or rather, least unhealthy) option [17]. The
calorific value and the nutritional composition of
food are also the determinant factors influencing the
food preference of animals [18]. It seems that animals
can remember information about their food loca-
tion. Moreover, place conditioning is a common, and
potentially useful, procedure to assess the positive
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or negative motivational effects of exposure to vari-
ous food stimuli [19, 20]. Nevertheless, it is unclear
whether the BLA influences the food-matched visu-
al-cue memory and post-ingestion food preference.
Therefore, to elucidate the above, the present research
has been designed using a new examination protocol.

Results

The amount of food consumed

Sham rats showed significantly increased prefer-
ences for biscuit (p < 0.001) and wholemeal + sugar
(p < 0.05) than animals with a BLA lesion. However,
there were no statistically significant differences in
the preferences for white flour and wholemeal within
the sham group. The preference order of BLA lesion
groups was significantly (p < 0.001) different from that
of the sham (p < 0.001).

There were significant differences in the amount
of wholemeal (p < 0.01), wholemeal + sugar (p <
0.001), and white flour (p < 0.001) consumed between
the groups. The order of consumed food (in grams)
in the sham group was a biscuit, wholemeal + sugar,
wholemeal and white flour. The BLA lesion group has
shown this order of preferences: wholemeal+ sugar,
white flour, wholemeal and, biscuit, respectively (Fig-
ure 1A).

Traveled distance

The analysis of the distance traveled in wholemeal,
wholemeal + sugar, white flour and biscuit meal-re-
lated zones revealed significant differences among the
various food zones in the BLA lesion and sham groups
(p <0.001) (Figure 1B).

Number of visits

There was a significant difference between the
sham and the BLA lesion group regarding the number
of visits to the food zones and ports (Figure 2, A and
B).

Time spent

As shown in Figures 3 A and B, the time spent
in the biscuit port and zone was significantly higher
than that of the other foods in the sham group (p <
0.01, p < 0.001). However, the rats with a BLA lesion
spent approximately equal time in white flour, biscuit,
and wholemeal + sugar ports. Compared to the sham
groups, the BLA lesion group significantly more time
spent in white flour ports (p < 0.001) and zones (p <
0.01). Nevertheless, they spent significantly less time
in biscuit ports (p < 0.05) and zones (p < 0.001) in
comparison with the sham rats (Figures 3A, and 3B).

Basolateral amygdala and food-matched visual-cue memory
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The relationships between the amount of food
eaten with the visits to, as well as the time spent,
in the related zones

There was a positive correlation between the
amount of food eaten with the visits to (Figure 4A), as
well as the time spent (Figure 4B), in the related zones
in sham rats. Figures 4C and D indicate the relation-
ship between the food intake of a subject about the
number of visits made (r = 0.45) and the spent time (r
=0.37) in the BLA lesion group. A positive correlation
was found in the sham group regarding the amount
of food eaten in conjunction with the frequency and
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length of visits, but not in the BLA lesion group (r =
0.75;r=0.79, p < 0.001) (n = 16).

Food memory related to visual cues Table.1 shows
behavioral data in various zones with both empty and
filled containers. Using the visual cues, the sham rats
spent significantly more time in biscuit zones (p <
0.001) than in any other. They also made more vis-
its to the biscuit zones compared to the others (p <
0.001).

The number of references, and the time spent in
each zone, there were no significant differences be-
tween the empty and filled containers. The order of
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Acquisition of the spatial memory (comparing the data from 5*and 6™ trials).

hol
Groups Parameter Zone r‘r?e,:a{)(;) Whole meal+sugar(g) White flour(g) Biscuit meal(g)
Filled container 9+3 12+1 4+0 15 + 3*%*
Number of port visits
Empty container 8x0 145 3x1 16 + 2%
Control
Spent time in the Filled container 116 + 4 230+ 2 1711 237 £ 2¥%*
zone (s) Empty container 125+2 213+4 14+1 230 + 1%
Filled container 71+1 117 +1 89+1 7213
Number of port visits
Empty container 52£2 51+ 17% 40 £ 277 38+ 17
BLA lesion
Spent time in the Filled container 1288 +4 1424 £ 3 1302 +£2 2030 £ 1
zone (s) Empty container 754 +2 563 + 27 537 + 1# 372+ 1%

Data are presented as mean + SEM. **p < 0.001 indicates signficant difference compared with the other meals in the control group; #p < 0.05 and
###p < 0.001 indicate signficant differences compared with the data from the same zone with different container conditions (n=16).
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**p < 0.01 and ***p < 0.001 indicate signficant differences compared with the same meal in the sham group, and ##p < 0.01, ###p <
0.001 indicate signficant differences compared with the wholemeal and white flour in the sham group (n=16).

food preferences in the fifth trial was biscuit, whole-
meal + sugar, wholemeal and white flour, respectively.
Comparing the ordering results of the 5" and 6" trials
indicated that the animals had the ability of spatial
memory.

The rats with a BLA lesion, however, showed sig-
nificant differences with regards to the number of ref-
erences and the time spent in each zone, according
to whether it was filled or empty (p < 0.05, p < 0.001).

The effects of basolateral amygdala lesions on
hippocampal c-Fos expression

The data showed significant differences in hippo-
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campal c-Fos protein levels in different experimental
groups by Immunoblot analysis. As shown in Figure
5, c-Fos expression was significantly increased in the
sham group due to the food preference training (p <
0.01), which was reversed by BLA lesion. However, in
BLA lesion rats, the c-Fos level was less than those in
control animals (p < 0.001).

Discussion

Here we used four validated meal options accord-
ing to the study done by Barnett et al., 1953 [21]. For
the present study, we have developed a new apparatus
and protocol. Considering the amount of food con-

Basolateral amygdala and food-matched visual-cue memory
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sumed, Barnett et al., showed the following food pref-
erence order found in rats: biscuit, wholemeal + sugar,
wholemeal and white flour. Our study confirmed the
validity and reliability of these food preferences and
protocols in rats. Furthermore, in the present study,
we provided enough time for the animals to distin-
guish the post-ingestion consequences of food. Inter-
ference effects of post-ingestion products on eating
certain foods or medication on food preferences have
been extensively demonstrated [22].

In this study, a variety of food consumption vari-
ables including the number of references to the zones
( whole surface of the square just in front of the food
container) and ports (the entrance of the food con-
tainers), time spent, and distance traveled in each
zone have been assessed. We noticed an association
between the order of time spent in different zones
and ports and the order of food preferences in rats.
[llustratively, the order of the amount of time the rat
spent in different zones was as follows: biscuit zone
and port, wholemeal + sugar, wholemeal and white
flour; the same as the previously discovered ordering
of food preferences.

It has already been reported that rats have a pref-
erence for sweet taste [23]. Rats, like humans, have
a natural bias towards consuming high-calorie food
[18]. Moreover, the phenomenon of animals prefer-
ring high-fat foods has been considered a natural be-
havior. The high palatability and hedonic preference
for fatty and sweet foods have already been reported.
[24]. There are multiple causative factors including,
texture, flavor, taste, and post-ingestive effect for high
palatability of fat [25]. According to table 1, the biscuit
has the highest amount of fat, protein, and calorie. It is
also a high-carbohydrate meal. These specific features
may help explain why biscuit was the first preference
made by the rats. An increased appetite for high-calo-
rie foods happens due to information received by the
brain from the gastrointestinal tract through sensory
nerves and chemical receptors [26].

On the other hand, the animals presented long-
term memory formation driven by the visual cues
associated with specific meals and locations. It has
already been demonstrated that rats could learn to as-
sociate a specific stimulus, with a matched visual cue
[27].

However, the present study is unique in that a
food preference memory by use of matched visual
cues has been used. The similar results of the 5th and
6th trials describe a positive post-ingestion conse-
quence of foods, while the different data out of the two
trials indicate negative post-ingestion effects. Indeed,
the animals can learn to determine the suitability and
preference of food according to the post-ingestion ex-
periences [2, 28], and several types of mechanisms are
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involved in this regard [29].

In the present study, the preferred meal of the
sham rats was biscuits. However, wholemeal + sugar,
rather than a biscuit, ranks as the first choice for rats
with BLA lesions. It suggests that the food preference
is influenced by the carbohydrate-mediated post-in-
gestive effect [30] and the BLA may have a role in this
regard. The rodent's appetite for fat seems to be stron-
ger than that for carbohydrates.

BLA lesions have been reported to be associat-
ed with taste disorder-related behaviors and with
changes in a variety of taste and odor-related learning
paradigms, including conditioned taste preference,
taste-potentiated odor aversion, and conditioned taste
aversion [3]. Since the BLA has a very crucial role in
the induction of food-related memory, post-inges-
tive consequences of eating [28], and food behavior
control [31], here we considered and evaluated all
the mentioned conditions in rats with BLA lesions.
Almost all of the data out of food consumption, time
spent in, and visits to the zones and the ports, revealed
that the rats with a BLA lesion had different food pref-
erences than the sham animals. Besides, an induced
BLA lesion has led to a change in the order of food
preference in the 5th and 6th trials. The results indi-
cate that the BLA is a critical region involved in Food
memory related to visual cues.

In the present study, the following food preferenc-
es training, the amount of hippocampal c-Fos protein
was increased. It is in line with the previously report-
ed study that showed that in the dorsal and ventral
hippocampus, the expression of c-Fos is increased in
rats trained on socially transmitted food preference
[13]. The BLA is strongly correlated with food-relat-
ed learning and memory [3]. It also has connections
with the hippocampus [32]. These connections seem
to be necessary for visual cue discrimination and spa-
tial memory formation. A lesion in the BLA negatively
affects both reward-related learning and conditional
learning and memory [33]. Also, c-Fos protein is in-
duced by a wide range of stimuli and is a reliable indi-
cator for neural activity such as food-related learning
behaviors [13] and increases after learning and mem-
ory induction. In the present study, c-Fos expression
decreased after BLA lesion. The reduction in the ex-
pression of c-Fos may be due to the role of the basolat-
eral amygdala in food-related learning and memory;
however, this issue needs further investigation.

Changes in the food preferences of the BLA le-
sion-affected rats have already been reported by Ed-
mund et al. in 1973 [34]. However, our study em-
ployed both an innovative apparatus and protocol
that produced more data related to feeding behaviors.
Moreover, in the present study, we provided enough
time for the animals to experience post-ingestion con-

Basolateral amygdala and food-matched visual-cue memory
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sequences. We also assessed visual cue-conditioning
with food-dependent memory. The amygdala, espe-
cially the basolateral nucleus (BLA), has been involved
in visual processing [35]. This area has connections
with visual association areas, including primary and
secondary, and supplementary visual cortices.

The present study sought to fill the gap in the re-
lated literature by examining the relationships among
BLA function, changes in rat’s food preference, and vi-
sual cue-dependent memory. We propose that besides
the amount of food consumption, the number of visits
to the food zones or ports, the time spent and traveled
distance in the zones might also be valuable to assess
food preference in rats. Moreover, we found that the
results of food-matched visual-cue-dependent memo-
ry assessment are negatively affected by a lesion in the
BLA of rats.

Materials & Methods

Subjects

In this study, a total of 32 Wistar male rats aged two months (adult
young), weighing 200-250g, were used. The rats (n=16) [36] were ran-
domly assigned into two groups and evaluated for their food behav-
iors: the sham-lesion control group was given no treatment, and the
BLA lesion group received electrical stimulation and stereotaxic sur-
gery. The rats were kept in a temperature-controlled room at 23+1°C,
with a standard 12 hours light/dark cycle. The animals received food
and water ad libitum. All experimental procedures were approved by
the Animal Research Ethics Committee of Shahid Bahonar Universi-
ty, Kerman, Iran (IR.UK.VETMED.REC.1398.018).

Food type

Four different diets have been considered according to a previous
study [21] as follows: wholemeal, wholemeal + sugar, white flour, and

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

biscuit (hard-baked) for testing food-related behaviors. To prevent
a familiar effect, the ordinary laboratory rat food was powdered or
mixed (50 percent) with the ingredients mentioned above (Table 2).
According to Kasper and Johnson [18], rats present approach bias
towards high-calorie and high-fat foods. Each of the ingredients was
chopped into pieces no larger than 0.5 cm.

Surgery

The rats were anesthetized with a mixture of ketamine (100 mg/kg)
and xylazine (2.5 mg/kg) (Stoelting Co., USA), and mounted on a
stereotaxic instrument. The skulls were exposed and two holes were
drilled into the skull over the BLA at stereotaxic coordinates: AP =
-2.28, ML = +5,and DV = 8.6 mm from bregma. A bipolar electrode
(Teflon-coated stainless steel, 0.125 mm diameter, Advent Co., UK)
was positioned in the BLA, and an electrical lesion was produced by
passing 1.5 mA of current for 7 s [37]. Animals were allowed one
week to recover from surgery. At the end of the experiments, the cor-
rect location of the lesions was verified histologically.

Apparatus

An automatic device made of black Plexiglas (60 cm long x 60 cm
wide % 30 cm high), was used. The floor was imaginarily divided
into nine identical squares. As shown in Figure 6A, the device was
equipped with water and food storage containers and an electron-
ic sensor to provide information on the animal’s locations, through
container weight changes (Figure 6A).

The data of the four middle areas that include the ports (zones 2, 4,
6, and 8) presented areas to the animal's preference for the container.
Four corner squares (1, 3, 7, and 9squer) were provided for resting
(rats like rest in corners). The central square (square 5) was used as
an animal release site. The device was supported by special software
that assessed the number of visits to each zone, port, the location of
the rats, the time spent, and distance traveled in each zone and port,
food consumption per visit, as well as the total food consumption.

Experimental design

One day before the test phase, following recovery from the surgery,
rats were habituated to the test environment. Each rat was allowed
to freely explore the chamber that was free of food, for 15 min. If an
animal spent more time in a specific area or didn't show exploratory

A
=
=T a: square of floor
b: odor port
—1— ¢: watering port
1 2 3 d: fooding container
e: monitor
f: power key
0 b .
g: visual cue
< 4 5 6 ¢
¢
0 e
7 8 9
seaw - T3
Figure 6.

A) Different parts of the preference meter device. B) The region of damage in BLA-lesioned rats.
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behavior, it would be excluded from the experiment.

The test stage includes 6 trials in total with 15 min inter-trial inter-
vals. The trials were as follows: In the first trial, container A was pro-
vided with 10 g wholemeal. Rats were placed in the central zone with
dark cylindrical-shaped Plexiglas (to prevent their inclination to stray
sideways). They were allowed to have access to this food for a 12-h
period. The feeding behavior-related data was assessed and analyzed
with the help of the aforementioned software.

The second trial began after the whole meal was removed from con-
tainer A and when the apparatus had been thoroughly cleaned. Then,
wholemeal + sugar was put in container B, and as with the previous
trial, animals were released in the central square, and the feeding be-
havior was evaluated for 12 hours. The third and fourth trials were
then conducted in the same manner, with white flour (container C)
and biscuit (container D).

In the fifth trial, each of the various diets found in containers A-D
were made simultaneously accessible. Dedicated visual cues were also
included. The visual cues helped the animal to remember the taste
memory. This trial was designed the animal's food preference is influ-
enced by previous experience with food consumption. For this trial,
latency to the first container is also important. During the final trial,
the food containers were empty.

With the help of the software, the following criteria were evaluated
for each of the trials: the number of visits to each food zone and port,
distance traveled and the time spent in each zone and port, the food
consumption per visit, and total food consumption.

Histology confirmation of lesion

Histological examination of the lesion was performed, just after de-
capitation, the rats’ brain was removed and stored in 10% formalin
for at least three days. Also, serial transverse sections (30 um) were
cut, and the lesion sites were determined according to a rat brain atlas
(Figure 6B).

Western blot analysis

After preparing the RIPA buffer (10 mM Tris—-HCL: pH 7.4, 1 Mm
ethylenediaminetetraacetic acid, 150 mM NaCl, 0.1% sodium do-
decyl sulfate, 1% NP-40 and protease inhibitors, 0.1% Na-deoxycho-
late, and 1 mM sodium orthovanadate) added to the hippocampal
tissue of the brain of rats for Lysis. 40 ug of protein per sample were
separated using sodium dodecyl sulfate-polyacrylamide gel electro-

RESEARCH ARTICLE

phoresis and transferred to a polyvinyl difluoride membrane. Then
for two hours, blots were blocked with 3% nonfat milk in 0.1% tween-
tris-buffered saline, followed by overnight (at 4 °C) incubation with
c-Fos primary antibody. The primary antibody was detected with
goat anti-rabbit IgG antibody peroxidase-conjugated secondary an-
tibody. The antibody-antigen complexes were detected by the ECL
system and exposed to Lumi-Film chemiluminescent detection film
(Roche, Germany). To assess the intensity of the blotting bands, the
Lab Works analyzing software was used. We used p-actin as the load-
ing control. The expression values were presented as c-Fos / f-actin
ratio for each sample.

Statistical analysis

Behavioral data are presented as mean + SEM and were evaluated
using two-way ANOVA with statistical significance set at p <0.05,
followed by Tukey’s post-hoc correction for multiple comparisons,
where applicable. Regression coefficient r was used for calculating the
dependency between food consumption and the number of visits, as
well as the time spent in each zone.
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Table 2.
The material and calorie of each diet.

Food stuff Description Cal/10g.
Wholemeal Wholemeal*+ pellet 33.30
Wholemeal + sugar Wholemeal+ sugar*+ pellet 33.76
White flour White flour *+ pellet 30.10
Biscuit meal Biscuit meal* + pellet 3830

*Results of analyses carried out by Cereals Research Station:

Food stuff Total fat/10g Protein/10g Carbohydrates/10g Sugar/10g
Wholemeal 0.34¢g 13g 41g 06g
Wholemeal + sugar 0.34¢g 13g 75¢g 56¢g
White flour 0lg lg 76¢g 0.03g
Biscuit meal 0.85¢g 32¢g 68g 224¢
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The identification of single strand DNA aptamers
which specifically bind to platelets using cell-SELEX
technique
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Aptamers are oligonucleotides that can be easily synthesized and bind to their targets with high affinity and
specificity. Several aptamers specific to soluble factors of coagulation cascade have been produced, however, aptamers
specific to platelet cell membrane molecules have not been reported yet. We aimed to discover DNA aptamers that
specifically bind to human platelets. The cell-SELEX method was used for aptamer discovery. Synthetic 79 nucleotides
length single-strand oligonucleotides were used as a library. Ultra-pure platelets were prepared using differential centrif-
ugation steps and magnetic-bead-assisted removal of contaminating cells. The FITC-labeled forward primer was used
for amplification of the selected oligonucleotides by PCR, and Lambda exonuclease was used for digestion of the lagging
strand. After 12 rounds of cell-SELEX, selected oligos were amplified and cloned to pTG19-T vector, transfected into
E. coli (TOP10) and sequenced. Sequences of aptamers from 200 individual positive colonies were aligned and seven
clusters were identified. Representative aptamers were amplified and their affinity, specificity, and digestibility of their
targets were evaluated. Interferences of the aptamers to two platelet function tests were also investigated. Affinity (K,)
of the representative aptamers were between 109 and 340 nM. Trypsin exposure of the platelets completely abolished
the binding of the 7 aptamers to the targets. The binding of the four aptamers fully protected their target molecules
from digestion. No one of the aptamers changed the parameters of the platelet function tests. Seven aptamers specific to
platelets were identified and characterized. These aptamers may have potentially diverse applications in the diagnosis or

treatment of platelet disorders.
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Introduction
Nucleic acid aptamers are promising alterna-
tives to antibodies in life science and because
of their unique properties, have gained increasing at-
tention from scientists. They are small (25-100 bp),
single-stranded, synthetic nucleic acids [1] which can
be folded into their 3D conformation capable of bind-
ing to certain targets with extremely high affinity and
specificity. They can be easily synthesized, modified,
or conjugated by chemical reactions. The aptamer can
be denatured and renatured frequently without loss of
its activity. They are more than 15-20 times smaller
than antibodies, therefore, can easily diffuse across
cell membranes or penetrate areas that are not acces-
sible for antibodies [2]. Aptamers also possess little or
no immunogenicity and low systemic toxicity in vivo
[3].

Systematic evolution of ligands by exponential
enrichment (SELEX) technology for selection and
enrichment of aptamers has been explained in detail
elsewhere [4,5]. Briefly, a single-stranded nucleic acid
pool is prepared and incubated with the target mole-
cules, to recover oligonucleotide variants with desired
binding affinity to the targets. Bound oligonucleotides
are isolated from their targets and amplified using
conventional polymerase chain reaction (PCR). The
selection and amplification cycles are sequentially re-
peated and the ligand-specific signal intensity is deter-
mined after each round of selection until the gradual
increases in the signal intensity reach the plateau state
(no further increase in the signal intensity between
two or three successive rounds) [5].

Initially, aptamers have been produced solely
against small molecules in a pure state [6]. Therefore,
production of aptamers specific to cell membrane-as-

Abbreviations-Cont'd

LTA: Light transmission aggregometry
PFA-100: Platelet function assay 100
MAR: Maximal aggregation rate

WBC: White blood cell

RBC: Red blood cell
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sociated molecules had been feasible only when the
molecules had been prepared in the pure form, how-
ever, the purification process is usually associated with
denaturing and disturbing the native conformation of
the molecule, and aptamers produced using a dena-
tured form of the molecule, probably, will not be able
to recognize and bind to their targets that are in native
forms [5,7].

The first complex matrix that was used as a tar-
get for aptamer discovery was bacterial ribosomes [8].
Morris et al produced high-affinity aptamers against
red blood cells in 1998 [9]. Since then, many efforts
have been made to develop high-affinity aptamers
against eukaryotic or prokaryotic cells [10]. Cell-SE-
LEX, as performing SELEX using a homogeneous
population of eukaryotic or prokaryotic cells, has
been introduced for the simultaneous development
of numerous aptamers against cell-associated mole-
cules. Recently, Cell-SELEX technology has been in-
creasingly used in biomarker discovery [11,12]. Prior
knowledge of the target molecule is not required for
the development of a target-specific aptamer through
cell-SELEX. The cell membrane surface has a count-
less number of molecules, therefore at the end of a
successful cell-SELEX procedure, numerous aptamers
are generated for many different targets.

Aptamers have been used as drug delivery agents
with tunable release capacity or antidote-assisted pre-
vention of drug-related side-effects [13]. They are also
used for biomarker discovery or purification of target
molecules [14,15]. They have found also applications
in diagnostic approaches, e.g., ELISA [16,17], or bio-
sensor design [18]. Aptamer attachment may also in-
hibit the biological activities of the target molecule or
may prevent it from enzymatic digestion [19,20].

Platelets are small, anucleate, disc-shaped cells
in blood with dimensions ranging 2-4 micrometers.
They actively contribute to blood hemostasis, inflam-
mation, host defense, tumor growth, and metastasis.
After red blood cells, platelets are the second abun-
dant cells in blood with normal platelet counts rang-
ing from 1.5-4.5 x 10° cells per microliter. Any ab-
normalities in platelets can lead to various bleeding
disorders [21]. Platelets have receptors and adhesion
molecules on their surface to interact with immune
cells and also with circulating pathogens [22]. Blood
platelets are usually brought into close contact and
have frequent interactions with vascular walls, red
blood cells, leukocytes, other platelets, plasma con-
tents, and even with foreign bodies penetrated the
circulation (e.g., infectious agents or toxins). Platelet
membrane-associated molecules play a major role
in the reciprocal interactions. Several aptamers have
been produced specifically to soluble factors of the
coagulation cascade [23], however, to the best of our

Platelet-specific DNA aptamers
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knowledge, aptamers specific to platelet membrane
molecules have not been produced yet. Our goal was
to produce DNA aptamers that bind specifically to
platelet membrane-associated molecules.

Results
Quality and purity of cells

Through the cell preparation step, platelets of
3x10 ml blood samples (per day) from three fixed do-
nors(O+) were concentrated in one ml. Our mission
was to obtain highly pure target cells to apply in the
aptamer discovery process and all conditions were ad-
justed to achieve the goal. Magnetic beads equipped
with RBC- and WBC-specific antibodies swept all
unwanted cells from the suspension, including acti-
vated platelets complexed with the cells. During the
13 working days (2-4 weeks intervals), a total of 39
blood samples were drawn and platelet density was
measured in the initial samples and the final concen-
trates. Platelet recovery rates were ranged between
62-68% (mean = SEM: 65.69 + 0.56 %). Inclusion of
the inhibitors in the anticoagulant solution efficiently
prevented platelet activation during the purification
process confirmed by flow cytometric analysis of the
activation and apoptotic markers in the collected cells
using anti-CD62p-PE and Annexin-V-FITC (figure
1). Concomitantly, a highly pure suspension of white/
red blood cells was prepared for counter selection.
The viability of the cells assayed by the Trypan blue
exclusion method was 0-2%.

Visualization of the PCR product: Rapid and ef-
fective way for a demonstration of the efficacy of the
PCR reagents and the entire process is a visualization

<
o

Q1: 14.30% Q2: 26.00%

FL2-H\CD62p-PE
1]02

Q4:6.07%

0 10 102 10° 10¢
FL1-H\Annexin-V-FITC

Figure 1.
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of the products using agarose gel electrophoresis.
PCR amplified samples from eight rounds of SELEX
were resolved on 3% agarose gel with TBE (0.5x) as
running buffer and DNA safe-stain as coloring agent
(Figure 2B).

Single-strand preparation: Oligonucleotides col-
lected from each round of SELEX were amplified
through PCR assay using FITC-labeled sense primer
and 5’phosphorylated antisense primer. For the next
round of SELEX single-stranded FITC-labeled oligo-
nucleotides are required, though, the phosphorylated
strand was digested using Lambda exonuclease en-
zyme. For demonstrating the reliability of the enzyme
and for optimizing reaction conditions, double-strand
PCR products were exposed to the enzyme for 0, 10,
20, 30, and 40 minutes at 37 °C obeying the suppli-
er's instructions. Agarose gel electrophoresis (3% and
10%) for resolving the single-strand preparation was
not successful and was associated with a fully smeared
electrophoretic band (data not shown). We took the
advantage of native polyacrylamide gel (10%, TBE as
running buffer, and Methylene blue as coloring agent)
electrophoresis for visualization of the rescued strand
(figure 2A).

Monitoring the efficiency of enrichment process

Totally 13 rounds of SELEX were applied and
ssDNA samples were collected for flow cytometric
evaluation of the enrichment process. Figure 3 shows
the efficiency of the enrichment process during the
progression of the SELEX toward the 13" round.

Characterization of the selected aptamers: Plas-
mids originating from the 200 positive colonies were

10

Q2: 0.02%

Q1: 0.30%

10°

FL2-H\CD62p-PE
102

Q4: 0.35%

0 10 102 10° 10¢
FL1-H\Annexin-V-FITC

Evaluation of platelet activation and apoptosis markers in highly purified platelets. A. Dot plot diagram of collagen-treated platelets (as
a positive control) showing high frequencies of activated and apoptotic cells stained by anti-CD62p-PE and Annexin-V-FITC. B. Dot
plot diagram of purified platelets showing very low frequencies of cells stained by the two fluorochromes. Quadrants were drawn using

isotype controls.
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Results of Native-PAGE and Aga-
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otides collected from each round
of SELEX were amplified by PCR.
Five pL from the PCR product was
mixed with 1 pl loading buffer and
resolved by 3% agarose gel electro-
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was used for visualization. M2: 50
bp DNA ladder. S: SELEX.
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Figure 3.
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Frequency of positive cells stained with FITC-labeled aptamers. PCR products from eight rounds of SELEX were incubated with fixed
numbers of pure platelets and analyzed. M1 and M2 regions were drawn using control library and adjusted to contain 95% and 5% of
the cells, respectively. The same regions were used for segregation of the positive cells stained by outputs of the later rounds. As the
histograms show, gradual increases in the frequency of positive cells were observed during the SELEX progression and the frequency
reached from M2: 5% in the first round to M2: 61.5% in the 12th round and not changed during the 13th round.

sequenced, aptamer sequences aligned and divided
into 7 clusters (Table 1) based on the sequence sim-
ilarity. Sequence variation within each cluster was
presented in figure 4. 2D structure of the seven repre-

Alemi et al., IJVST 2021; Vol.13, No.2
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sentative aptamers was presented in Figure 5. Figure 6
shows the binding affinity and calculated K| values of
the aptamers.

Platelet-specific DNA aptamers



RESEARCH ARTICLE

Effects of Aptamers on platelet function in vitro

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

pared (figure 9A/9B). No one of the seven aptamers
had noticeable effects on slope or MAR of the platelets
by the LTA method (paired-samples ¢-test: p > 0.05).
PFA-100 test results were also not significant com-
pared to the controls (figure 9C/9D).

Seven aptamers at three concentrations were in-
cubated with platelets and subjected to aggregometry
by the LTA method in the presence of collagen or epi-
nephrine. Slop and MAR was determined and com-

Sequence t Number
[ GACACACCAAACTGGAGCCATGCAGGTAGGAACGGGTA L 42
SN R —— L S :
n=51 I SR S ) 4
\%
--------- G |
CCGTTTAAATCGCAAAACCAGTGGCAGTCGATTAATGG 42
n=50 II M
| oo A 8
[ GTGTGGAGCCGTCATAGTCTAAGGATGCCCTGGAGCGC 22
n=31 III v
................................. S 9
[ ACGGGCAGCGGCTCCCATATGGAGTATGTCACCCCGTA 22
n=28 IV v
[ — Crmmmmmmmm 6
[ GGCCTAAGGAATTATGAAAGGAAGAACAGAACGACACC 17
n=18 A% v
| Cmmmmmmmm 1
[ TACTGTAGGCAAGCGTAGGGTTGACCTAGAAGCTTCTA 14
n=15 VI v
| e G 1
" AAAAGAATGCTTATAGGTTCCGCTGATTCGCTCTTGGG 5
n=7 Vi1 v
| G 2
Figure 4.

Nucleotide variation within each cluster. Total number of oligos in each cluster was presented in the left.
Number of sequenced oligos in each variant was provided in the right. Roman numerals (I-VII) show cluster

numbers.
Table 1.
Nucleotide sequences of the seven aptamers (without fixed regions).
No. Name Sequence

1 APT1 GACACACCAAACTGGAGCCATGCAGGTAGGAACGGGTA
2 APT2 CCGTTTAAATCGCAAAACCAGTGGCAGTCGATTAATGG
3 APT3 GTGTGGAGCCGTCATAGTCTAAGGATGCCCTGGAGCGC
4 APT4 ACGGGCAGCGGCTCCCATATGGAGTATGTCACCCCGTA
5 APT5 GGCCTAAGGAATTATGAAAGGAAGAACAGAACGACACC
6 APT6 TACTGTAGGCAAGCGTAGGGTTGACCTAGAAGCTTCTA
7 APT7 AAAAGAATGCTTATAGGTTCCGCTGATTCGCTCTTGGG
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Figure 5.

Configurations of the representative aptamers (graphed by RNAstructure 6.2 software). Ionic strength was set to the physiological
conditions (144 mM Na*) and temperature was set to 21 °C.

Discussion process. Ultra-highly pure and intact cells were need-
ed for a successful cell-SELEX procedure; however,
platelets are very susceptible to physical and chemi-
cal stimuli and are highly prone to activation. In the
circulation, platelets are prohibited from unnecessary
activation, however, upon draining, platelets come

Our goal through the current study was the dis-
covery of high affinity and specificity DNA aptamers
against human platelets and the cell-SELEX method
introduced by Sefah [5] was used for the experimental
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into close contact with foreign surfaces and are fairly
activated. Upon activation, cell structure and mor-
phology undergo tremendous changes and the cells
adhere to other cells and surfaces leading to the cell
aggregation and release of a huge number of chemi-
cals. Therefore, the preparation of highly pure intact
platelets requires the implementation of optimized
protocols and unique protecting materials. The Amis-
ten [24] method with some modifications was select-
ed and used for cell purification. The method had
been optimized by Amisten for mRNA detection by

Platelet-specific DNA aptamers

1000 1500 2000

microarray analysis and had four main phases: blood
collection, PRP preparation, leukocyte removal by fil-
tration, and magnetic bead-assisted depletion of con-
taminating cells. We modified the method for achiev-
ing the highest platelet recovery rate and purity.

The highest platelet recovery rate had been report-
ed by Wrzyszcz [25] which was 53.3 + 13.1 (%), while
the recovery rate in the current study was estimated to
be 65.69 + 0.56 (%). The first step in PRP preparation
is the precipitation of the red and white blood cells
by a low-speed centrifugation step, while, a substan-
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Aptamer effects on two conventional platelet function tests: LTA and PFA-100. A&B: Aptamer effects on the results of light transmission
aggregometry (LTA). C&D: Aptamer effects on the platelet function assay with PFA-100 instrument. Three concentrations (0.01, 0.1,
1 uM) of aptamers were prepared using routine samples (platelet-rich plasma in LTA assay and citrated blood in PFA-100 test) and as-
sayed. Control samples prepared using initial library (instead of select aptamer). Epinephrine (A) or Collagen (B) were used as agonists
in LTA assay. Cartridge in the PFA-100 tests equipped with Collagen + ADP (C) or Collagen + Epinephrine (D). Results of LTA assay
expressed as mean "maximal aggregation rate" (MAR: %) and results of PFA-100 test expressed as mean "closure time" (second). All
seven aptamers were analyzed, however, results of APT1 only presented here. Paired samples t-test was used for statistical comparisons.
In collection, probably, due to the high variability of the data obtained from these tests, statistical comparisons did not demonstrate any
significant differences between groups. Calculated coefficient of variations (CV) for LTA (COL/EPI) and PFA-100 (CADP/CEPI) assays
were 15%/18% and 6.5%/7.9%, respectively.

tial amount of the platelets is also coprecipitated along
with the cells. Platelet poor plasma, PPP, was prepared
and added to the precipitated cells and gently mixed
by upside-down method, and centrifuged again for
the recovery of the coprecipitated platelets.

A filtration step has been proposed by Amisten

to remove WBCs, however, platelet activation was
seen during the process, and subsequently, the filtra-
tion step was omitted and the entire process was op-
timized to achieve the highest purity and intactness.
In addition, leukocyte removal filters did not remove
erythrocytes, a drawback that has also been reported
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by Wrzyszcz [25].

Platelet activation is associated with a major
change of the molecular composition of the cell mem-
brane and triggers platelet adherence to the adjacent
cells and surfaces. For achieving the highest cell re-
covery rate and keeping intactness of the cells, PGE1
and ASA were added to the anticoagulant solution
and working buffers. ASA covalently binds to Ser530
in the cyclooxygenase, COX, molecule and hinders
the access of arachidonic acid to the catalytic site of
the enzyme; therefore, prohibiting thromboxane syn-
thesis. Prevention of thromboxane generation by ASA
prevents fibrinogen receptor activation and impairs
platelet-platelet interactions [26]. PGEl virtually
antagonizes P2Y1 receptor activation on the platelet
membrane. PGE1 binds to its receptor on the plate-
let and inhibits phospholipase C enzyme activation
through increased production of cAMP that eventu-
ally inhibits mobilization of intracellular calcium and
cell aggregation [27].

Through the cell preparation step, experimental
conditions for differential centrifugation were op-
timized and magnetic bead-assisted removal of the
contaminating cells was applied. Magnetic beads
equipped with anti-CD45 (a common leukocyte
marker) or anti-CD235a (a common erythrocyte an-
tigen) were used for further purification of platelets
and in the same manner, magnetic beads equipped
with anti-CD41 (a common platelet marker) was used
for further purification of WBC and RBC suspension.
Finally, ultra-pure cells were applied for the cell-SEL-
EX procedure.

Aptamers are usually discovered and amplified by
a sophisticated method named SELEX (abbreviations
for Systematic Evolution of Ligands by Exponential
enrichment) [28]. Through the SELEX procedure, a
chemically synthesized library of random oligonucle-
otides (DNA or RNA or their modified forms; 40-100
nucleotides length, single-stranded) is exposed to the
target molecules. Few oligonucleotides bind to the
targets and Ligand-target complexes are then separat-
ed from unbound forms. Target-specific ligands are
isolated and amplified for further processing. Initial-
ly, vigorously purified molecules were being used as
aptamer targets; however, the SELEX procedure was
gradually extended by the researcher to favor discov-
ering aptamers against cells and complex matrices.
The procedure in which cells are used as the target for
aptamer binding was named cell-SELEX [9,29]. The
cell-SELEX method introduced by Sefah was selected
and followed for the current research.

Platelets, a disc-shaped anucleate cell in the
blood, or thrombocytes are produced from bone mar-
row resident progenitor cells, named megakaryocytes,
and 10" cells per day are continuously being released
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into the circulation to maintain their normal count in
the blood (150000-450000 cells per microliter) [30].
They are short-lived cells (lifespan: 7-10 days) with
numerous fundamental functions, including, direct
involvement in blood clotting, tissue repair/wound
healing, angiogenesis, inflammation, cell prolifera-
tion, tumor progression, and metastasis [31]. Like
other cells, the platelet cell membrane is made up of
two layers of phospholipid and more than 50 classes
of membrane-bound receptors mediate platelet inter-
actions with the vessel wall, other cells, and soluble
factors. Any congenital or acquired disorders of the
receptors are associated with defects in platelet proco-
agulant activity and manifest as hemorrhagic diseas-
es. A clear example of the disease is platelet-type von
Willebrand disease, PT-VWD, an inherited platelet
disorder caused by the enhanced affinity of membra-
nous GPI-ba to soluble VWF [32]. Platelets are also
actively involved in atherosclerotic cardiovascular
disease. Atherosclerotic plaque rupture exposes dam-
aged endothelium and facilitates platelet interaction
with exposed vascular surface leading to platelet ad-
hesion, activation, and thrombus formation. Platelet
regulatory drugs (or anti-platelet drugs) are frequent-
ly administered in many clinical conditions and the
drugs either antagonize platelet membrane receptors
or inactivate key member(s) of the intracellular sig-
naling pathways. For instance, aspirin inactivates the
COX enzyme and clopidogrel antagonizes ADP re-
ceptor P2Y12 on platelets. These drugs have often a
narrow therapeutic window with no antidotes if the
intervention was associated with side effects. In ad-
dition, ‘one dose for all strategy’ was common with
the use of antiplatelet agents, therefore, an increased
risk of serious bleeding is always being expected with
the interventions [33]. Moreover, increased resistance
or enhanced susceptibility of patients to the drugs are
common, while no criteria for predicting the situation
exist [34]. Aptamer technology has facilitated the de-
velopment of a new generation of therapeutic agents
with target specificity and reversibility even after ad-
ministration. For instance, Oney [35] and Nimjee
[13], both developed RNA aptamers that bind VWF
with high affinity and inhibit platelet adhesion and
aggregation. Antidote molecules were also designed
to quickly reverse aptamer function, a new important
invention promising creation of safer and regulable
drugs. Aptamers are oligonucleotides (DNA or RNA)
composed of less than 80 nucleotides and bind with
high affinity and specificity to the target molecules (li-
gands). Two or more aptamers can be combined and
used for complex and unique purposes [36]. Aptam-
ers immobilized on a solid surface can be used for the
detection of target molecules [17].

Through the current study, we used a randomly
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synthesized oligonucleotide library of single-stranded
DNA molecules of 79 nucleotides. The sense primer
was FITC labeled and antisense primer was phosphor-
ylated in the 5° end. Polymerase chain reaction, PCR,
was used for amplification of the strands, and lambda
exonuclease was used for digestion of the phosphory-
lated strand. Purified human platelets were used as ap-
tamer targets and non-specific oligos were absorbed to
RBC and WBC from the same donor. Flow cytometry
was used for the evaluation of the ligand enrichment
process. The cell-SELEX procedure was progressed
according to the Sefah [5] method and platelet-specif-
ic ligands were gradually enriched, which was demon-
strated by increased fluorescence signals detected by
flow cytometry. The frequency of the platelets stained
with FITC-labeled aptamer reached the highest rate in
the 11th cycle of the cell-SELEX and remained nearly
unchanged during the 12" and 13" cycles. To the best
of our knowledge, the production of platelet-specific
aptamers has not been reported yet. The number of
SELEX cycles required before cloning of the selected
aptamers did not adhere to an especial rule. The num-
ber of cycles for developing aptamers against prion
proteins by Bibby [37] was eight. Mehennaoui [18]
operated 19 cycles of SELEX for producing aptamers
against dexamethasone. Chen [38] used seven cycles
of SELEX for producing aptamers against hepatic stel-
late cells. In our study, PCR products from the 12"
round of SELEX were amplified using unlabeled prim-
ers and cloned. Positive colonies (200 colonies) were
selected and propagated in liquid media. Plasmids
were extracted and sequenced. Sequenced aptamers
were aligned and seven representative aptamers were
further evaluated for affinity determination and elu-
cidation of the aptamers’ effects on platelet function
tests. The affinity of the aptamers to platelets ranged
between 109 and 339 nM, which were comparable to
the previous reports. The affinity of DNA aptamers
discovered by other researchers is also in nanomolar
levels. For instance, Affinity of DNA aptamers have
been developed by Forier [14], Duan [39], Tang [40],
Wau [16], Berg [41], Zhou [42], Spiga [43], Baig [44],
Moon [45], Moosavian [46], Mozioglu [47] and Oney
[35] were reported to be 1.2 nM, 32.24 nM, 669-998
nM, 23 nM, 137 nM, 4-12 nM, 200 nM, 210-1000 nM,
3.49 nM, 133-191 nM, 5.09 nM and less than 20 nM,
respectively, (range:1.2-1000 nM) . Regarding the na-
ture of target molecules on platelets, binding of all 7
aptamers to their targets was abolished after trypsin
treatment of the cells, demonstrating the protein na-
ture of the molecules. In addition, the pre-binding of
three aptamers to their targets on platelets partially
protected the targets from digestion by Trypsin. No
one of the seven aptamers could change the results
of the platelet function tests PFA-100 and LTA, con-
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siderably. The explanation for the failure is the high
variability of the data obtained from the two tests.
It seems that a new method with low variation and
high reproducibility is needed for the evaluation of
aptamer effects on platelet functions.

We isolated 200 colonies harboring aptam-
er-containing plasmids and evaluated seven repre-
sentative aptamers targeting protein molecules on
the platelets. Our results showed the discovery of
platelet-specific aptamers through the cell-SELEX
method was feasible and the affinity of the aptamers
was in an acceptable range and favorable for applica-
tion in research. Purification of the target molecules
using aptamer-affinity column and further identi-
fication of the targets is our goal for a future study.
These aptamers can also be used for the detection of
human platelets in forensic medicine.

Materials & Methods

Oligonucleotides

HPLC purified, Single-stranded random oligonucleotide
library consisted of 38 random nucleotides in the middle por-
tion and two 21 and 20 constant sequences in the 5" and 3’ ends,
respectively (5-GCCTGTTGTGAGCCTCCTAAC [N38] CAT-
GCTTATTCTTGT-CTCCC-3’) [48]. Pairs of primers (labeled/
unlabeled) were ordered to “TAG Copenhagen, Denmark” (for-
ward primer: 5-GCCTGTTGTGAGCCTCCTAAC-3), reverse
primer: 5-GGGAGACAAGAATAAGCATG-3’). The forward
primer was FITC-labeled and the reverse strand was 5’-phos-
phorylated. Unlabeled primers were used for cloning and se-
quencing experiments.

Buffers and antibodies

The “Dynabeads® M-280 Sheep anti-Mouse IgG” magnetic
beads were from ThermoFisher (Cat. No:11202D). Anti-CD45,
anti-CD-235a and anti-CD41 antibodies (ab8216/ab212432/
ab11024 produced in mice) were from Abcam. Acid Citrate-Dex-
trose (ACD; C3821), Prostaglandin E1 (PGE1; P5515), Acetyl-
salicylic acid (ASA; A5376), and EDTA (ED2P) all were from
Sigma-Aldrich. Annexin-V-FITC and anti-CD62p-PE were from
Becton Dickinson (Cat. No. 556570 & 555524). Platelet washing
buffer [49] was composed of NaCl (129 mM), KCl (2.8 mM),
NaHCO, (8.9 mM), KH,PO, (0.8 mM), MgCL (0.8 mM), EGTA
(2 mM), Glucose (5.6 mM), HEPES (10 mM), BSA (0.35%),
pH:7.4, prepared in 1000 ml DW (final volume). The binding buf-
fer was composed of the same ingredients except for EGTA that
was replaced by CaCl, (1 mM). EGTA, as an anticoagulant, was
included in the platelet washing buffer because it chelates Ca?*
ions with high affinity (compared to the EDTA) and prevents
platelet activation. EGTA was replaced by CaCl, in a binding
buffer because Ca** ions are necessary and facilitate interactions
between oligomers and platelet-surface molecules.

Preparation of cells

Freshly prepared ultra-pure blood platelets were used as tar-
gets. Experimental conditions were optimized for preserving the
intactness of the cells [24]. Blood was drawn using an 18-gauge
needle through the intravenous cannula. Anticoagulant was
made up of 18 ml ACD, 12 pl PGE1 (ImM), 120 pul ASA and 480

Alemi et al., IJVST 2021; Vol.13, No.2
DOI:10.22067/ijvst.2021.72518.1079



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

pul EDTA (0.5 M). Hematologic parameters were measured and
platelet-rich plasma (PRP) was prepared by repeated centrifuga-
tion of the anticoagulated blood at 200 g.

Immunomagnetic separation

Magnetic Dynabeads were equipped with capture antibodies
according to the manufacturer's recommendations. Anti-CD45
and anti-CD235a capture antibodies were used for WBC and RBC
depletion of PRP preparation [50]. The magnetic field was used
for precipitation of the bead-bound cells and floating cells (plate-
lets) were separated and precipitated. Highly pure platelets were
counted and resuspended in the washing buffer (Tyrode-Hepes
buffer with EGTA). P-selectin (CD62p) is a platelet activation
marker. Annexin-V binds to phosphatidylserine residue that is
exposed on the surface of apoptotic cells. FITC-labeled Annex-
in-V and PE-labeled mouse anti-human CD62p antibodies were
used for flow cytometric detection of the two markers in purified
platelets [51].

Preparation of cells for counter selection

White and red blood cells (WBC/RBC) were prepared and
used for counter selection. Anticoagulated blood was precipitated
and a complete buffy coat section plus a small fraction of the un-
derlying red cells were removed and resuspended in platelet-poor
plasma (PPP) derived from the same blood sample. Magnetic
Dynabeads equipped with anti-CD41 antibody were used for de-
pletion of the platelets from the suspension. The viability of the
WBCs was determined using Trypan blue exclusion method.

Cell-SELEX protocol

Cell-SELEX was performed obeying the procedure intro-
duced by Sefah [5]. For folding into its 3D configuration, 5 nmol
single-stranded oligonucleotide library was resolved in 1ml bind-
ing buffer, incubated at 95°C for 15 min, and cooled immediately.
Ultra-pure platelets (5x10° cells) were washed 3 times with wash-
ing buffer and resuspended in 1 ml binding buffer. Both library
and target cells were adjusted to room temperature (18°C) and
mixed and then incubated for one hour at RT. Unbound oligos
were separated by centrifugation at 200 g for 15 minutes followed
by three additional washing steps. Bound oligos were eluted from
the platelets by incubating diluted cells at 95°C for 30 min with
gentle agitation followed by centrifugation at 800 g for 15 min.
Eluted oligonucleotides from the first round of SELEX were puri-
fied and amplified through a preparatory PCR and single-strand-
ed DNA was prepared by Lambda exonuclease and aliquoted as
“control library”.

PCR conditions

Eluted oligonucleotides (1 pl: 18pg), 10x PCR buffer (5 pl),
primers (2 + 2 pl: 0.4 uM each), dNTP (2 pl: 0.4 mM) and MgCl,
(0.5 pl: 0.5 mM) were mixed and then 0.3 pl (1.5 Unit) Taq
DNA-polymerase was added. Finally, 37.5 ul DDW was added
to reach the final volume (50 pl). PCR conditions were optimized
and set to 5 min at 94 °C for initial denaturation, followed by
35 cycles of 60 sec at 94 °C for denaturation, 60 sec at 54 °C for
annealing and 90 sec at 72 °C for extension and an additional
10 min at 72 °C was applied for final extension step. Agarose gel
(3%) electrophoresis with TBE (0.5x) buffer as mobile phase and
"DNA safe stain" (Sinaclon, Cat. No: EP5082) as the nucleic acid
stain was used for visualization of the PCR products.

Single-strand preparation

PCR products from amplification of eluted oligonucleotides
are double-strand, one strand is FITC-labeled and the other
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strand is 5" end phosphorylated. For application in the next round
of SELEX, single-strand FITC-labeled oligonucleotides should
be separated from complementary sequences in isolated form.
Lambda exonuclease (ThermoScientific; #EN0561) is the unique
enzyme that can break phosphorylated strands down while leav-
ing the other strand intact. The reaction is simple and strand-spe-
cific and only digest phosphorylated strand. Reaction conditions
were optimized and the reliability of the enzyme was confirmed
through native polyacrylamide gel electrophoresis before applica-
tion for the main study.

Desalting and extraction of oligonucleotides

PCR assay is susceptible to even a trace amount of impurities
of salts in the DNA samples and desalting is a necessary step for
successful amplification of the target sequence. Oligonucleotides
(in the current study) are short DNA strands with 79 bp length
and successful isolation of the short DNA sequences from samples
requires the inclusion of some accessory materials, usually known
as carriers. Linear polyacrylamide is a newly introduced carrier
that is chemically inert and does not interfere with subsequent
procedures. In addition, LPA can be produced with high purity in
any laboratory setting. Isopropyl alcohol and ethyl alcohol are two
DNA precipitating agents that show their advantages, while the re-
quired volume of isopropanol for DNA precipitation is half of the
ethanol. There is no need for a cold incubation period (isopropa-
nol, unlike ETOH, also works well at room temperature), however,
ETOH works better for desalting. We, initially, concentrated DNA
strands from diluted samples using isopropanol and then desalt-
ing was done using ETOH. LPA was used as a precipitation-assis-
tant agent. For desalting and extraction, 200 pl of the eluted oligos
were mixed with 20 pl sodium acetate (3M), 5 ul Linear polyacryl-
amide (LPA as a carrier; 2.5 pg/ul), and 170 ul cooled isopropyl
alcohol. After centrifugation at 15000 g for 45 min, the precipitate
was washed 2 additional times using 500 pl cooled ethanol and
gently dried at ambient temperature, and reserved (or amplified to
get ready for the next round). LPA (2.5 pg/ul) was prepared by the
method of Gaillard [52].

Negative selection

Counter selection of eluted oligos was only done at the third
round and beyond. Oligos eluted from the positive selection were
exposed to platelet-free WBC/RBC cells suspended in binding
buffer and unbound oligos were collected in the supernatant, am-
plified by PCR, single-stranded by exonuclease, desalted, purified,
and aliquoted at -20 °C until the next round.

Monitoring the efficiency of the enrichment
process

A total of 13 rounds of cell-SELEX were applied. That means;
13 times in a duplicate or triplicate experiments oligonucleotides
from the initial library, or single-strand preparation from the pre-
vious round of SELEX, were exposed to target cells (platelets) then
bound DNAs were eluted and exposed to non-target cells (RBCs
and WBCs to remove non-specific oligos) and DNA from the fi-
nal supernatant was extracted and PCR amplified. The stringen-
cy of the conditions, e.g., incubation time, elution time, duration
of washing steps, and so on, was gradually increased to further
enrichment of high-affinity platelet-specific oligonucleotides and
efficient depletion of useless DNAs from the process. PCR prod-
ucts (double-strand) from each round of SELEX were incubated
with Lambda exonuclease to single-strand FITC-labeled DNA
preparation and used in the next round of SELEX. A total of 10
ssDNA samples from 4-13 rounds of SELEX were collected and
used individually for flow cytometric detection of the efficiency of
the enrichment process. Oligonucleotides originated from the first
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round of SELEX were hugely amplified and then single-strand-
ed and used as control library (e.g., for drawing quadrans in flow
cytometry diagrams. Briefly, 5x10° freshly prepared and washed
platelets were exposed to ssDNA samples in 100 ul binding buffer,
incubated at 18 °C for 30 minutes in a dark place, and fluorescence
signals for 5x10* cells were acquired by the instrument.

Sequencing of the select aptamers

Selected ssDNA from the 12" round of cell-SELEX were am-
plified by PCR using non-labeled primers and Taq DNA Poly-
merase. Oligos from the 13" round of SELEX were omitted to pre-
vent confronting with repeated emergence of identical colonies
after cloning. PCR product was further purified using electropho-
resis and eluted DNA was cloned to pTG19-T vector using a stan-
dard cloning kit (Vivantis; TA010). E. coli (TOP10) was used as
a competent cell, and transformed cells were layered on LB-agar
media enriched with ampicillin and IPTG X-GAL. White colo-
nies were selected individually and reproduced in liquid media.
Plasmids originating from a single white colony were extracted
using alkaline lysis buffer and sequenced. Clustal Omega online
multiple sequence alignment tool was used for alignment of the
sequences. Configuration of the sequences was determined using
RNA structure 6.2 software.

Affinity and specificity of the selected aptamers

Seven representative colonies were selected, reproduced in-
dividually and their plasmids were extracted. Seven aptamer se-
quences were amplified using FITC-labeled and phosphorylated
primers. Phosphorylated strands were digested and FITC-labeled
strands were further resolved by electrophoresis and extracted in
the pure form. Seven FITC labeled aptamers (each in pure form)
were considered for affinity determination experiments.

For affinity determination, in triplicate experiments, fixed
numbers of target cells (5x10° platelets) were exposed, in binding
buffer, to nine serial dilutions (0-1600 nM oligos) of FITC-labeled
aptamers and incubated in a dark place at 18°C for one hour. After
a washing step, fluorescence data related to 5x10* cells were ac-
quired by flow cytometry. Control library was used in parallel as a
control. Each experiment was done using one aptamer, therefore,
one-site saturation equation Y=Bmax*X/(K, + X) was used for
the calculation of dissociation constant in which, Y is the mean
fluorescence intensity, X is the aptamer concentration and Bmax
is the maximum fluorescence intensity.

Specificity of the aptamers were tested using pure leukocytes,
platelets and RBCs prepared from 5 donors with different char-
acteristics regarding gender and age. Briefly, fixed number of the
cells were incubated with fixed concentration of the FITC-labeled
aptamers. Density of the cell-bound aptamers were assayed by
flow cytometry.

Trypsin digestion of ligands

Exposure of platelets, 5x10° cells, to trypsin (Sigma: T4549;
0.25% final concentration; 10 min incubation time; at 37 °C),
before and after aptamer binding was used for evaluation of the
ligand nature and accessibility. RPMI-1640 enriched with FBS
(10%) was used for trypsin inactivation and centrifugal force was
used for cell precipitation. One hundred pl containing 50 nm
FITC-labeled aptamer was added to the cells and incubated at
18°C for 30 min. After washing, the cells were analyzed using flow
cytometry. Control library and untreated cells were also included
in the experiment.

In vitro effects of Aptamers on platelet function

We investigated by two conventional methods, Light Trans-
mission Aggregometry (LTA) and platelet function analyzer
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(PFA-100), how aptamer binding to platelets can interfere with
adhesion and aggregation of the cells. For LTA testing freshly
prepared platelets (2x10' cells/L in PPP) were exposed to three
concentrations (0.01, 0.1, and 1 uM, final concentration) of the
aptamers at 37 °C for 30 min. Platelet-aptamer complex (270 ul)
was transferred to LTA cuvette and mixed with 30 pl agonist (type
I collagen: 5 pg/ml or epinephrine: 10 uM) and agitated (800-1200
rpm). The aggregometer was calibrated using PPP (100% trans-
mittance) and PRP (0%) and the light transmittance of the test and
control tubes were measured steadily for 12 minutes. The slop and
maximal aggregation rate (MAR) were calculated and compared.
Any recognizable changes of platelet aggregation traces within
pairs of test and control experiments were also noticed.

For PFA-100 testing, citrated blood was prepared and spiked
with three different concentrations (0.01, 0.1, and 1 uM) of aptam-
ers and incubated at 37 °C for 30 minutes before running the test.
Both collagen-epinephrin (CEPI) and collagen-ADP (CADP) car-
tridges were tested.
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Effects of oxidized glutathione, cysteine and taurine
supplementations on motility charateristics of
different goat spermatozoa types

Mazen Alomar

Division of Animal Production, Department of Agriculture, Atomic Energy Commission, Damascus, Syria.

This study aimed to determine the influences of antioxidants additives on motility characteristics of different
goat spermatozoa types including frozen/thawed, fresh, and chilled samples. Ejaculates from five Shami bucks were col-
lected during breeding and non-breeding seasons. Spermatozoa samples from the three types were incubated in media
containing 2 and 4 mM oxidized glutathione (GSSG), 5 and 10 mM L-cysteine,10 and 25 mM taurine, and no additives
(control). Motility characteristics were analyzed by a computer-aided sperm analyzer (CASA). Except for taurine, the
addition of antioxidants resulted in a significant (p < 0.05) increase in the percentage of motile sperm (MOT %) after
spermatozoa thawing. When fresh sperm samples were collected during the non-breeding season and treated with both
GSSG and L-cysteine, the values of the velocity parameters VAP, VSL, and VCL increased significantly (p < 0.05). No
significant effects were noted for the velocity parameters when 10 and 25 mM of taurine were added to the chilled sper-
matozoa, while GSSG and L-cysteine had principally affected MOT % of this spermatozoa type. The rapid spermatozoa
subpopulation was the most influenced category by the three antioxidants compared to the slow and medium grades,
especially in the case of fresh and frozen/thawed types. In conclusion, the effects of different antioxidants on goat sper-

matozoa motility largely depend on the used concentration and also on the type of spermatozoa pattern.

Number of Figures:

Reacti s Antioxidants. Goat. S ; Number of Tables:

eactive oxygen species, Antioxidants, Goat, Spermatozoa, Number of References:
Motility. Number of Pages:
Abbreviations
CASA: computer-aided sperm analyzer GSH-Px: glutathione peroxidase
CAT: catalase GSH: reduced glutathione
GSH: glutahione GLM: general linear model procedure
GSSG: oxidized glutathione MDA: malondialdehyde
https://IJVST.um.ac.ir ascientificl5@aec.org.sy

Mazen Alomar +96 (31)1213-2580



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Introduction

t is well known that the sperm plasma mem-

brane is rich in polyunsaturated fatty acids
which are susceptible to oxidative stress damage re-
sulting from reactive oxygen species (ROS) during
aerobic incubation [1]. To block the eftects of oxi-
dative stress, a wide array of antioxidants have been
used. Antioxidants could scavenge ROS directly and
also they may prevent the propagation of lipid perox-
idation in sperm membranes. It must be noted that
both spermatozoa and seminal plasma possess anti-
oxidant systems such as taurine, cysteine, reduced
glutathione (GSH), glutathione peroxidase (GSH-Px),
catalase (CAT), and superoxide dismutase (SOD)
[2]. However, in different animal species, the indige-
nous antioxidant systems were insufficient to protect
the spermatozoa from oxidative stress [3, 4]. There-
fore, extra antioxidants supplementation was highly
recommended to protect spermatozoa during liquid
storage. In this respect, the positive effects of add-
ing antioxidants at different temperature degrees to
the liquid equine, sheep, and goat semen have been
demonstrated in several studies [5, 6, 7].

Glutathione (L-y-glutamyl-L-cysteinyl glycine;
GSH) is a tri-peptide ubiquitously distributed in cells
and it plays an important role as an intracellular de-
fense mechanism against oxidative stress. Moreover,
GSH is a principally important natural antioxidant in
semen, can easily mobilize the system for the removal
of peroxides by a reaction that results in the genera-
tion of oxidized glutathione [8]. In the sperm mem-
brane, oxidized glutathione (GSSG) can reduce the
mobility of sulthydryl-containing proteins. As Sulf-
hydryl groups are under redox control, the change in
the redox status of the membrane could be linked to
ROS production that occurs during cooling and freez-
ing-thawing of spermatozoa [9].

Taurine is one of the major non-enzymatic antiox-
idants. This sulfonated amino acid was found in both
seminal plasma and oviductal fluid [10, 11]. When
applied at an appropriate dose, it improves sperma-
tozoa motility and displays antioxidative properties,
elevating the CAT level, in association with SOD con-
centration [12].

Abbreviations-Cont'd

MOT %: percent motility

PMOT %: percent of sperm showing progressive motility
ROS: reactive oxygen species

TAL: tyrode albumin lactate

TEY: tris-egg yolk

SOD: superoxide dismutase

VCL: curvilinear velocity

VAP: average path velocity

VSL: straight line velocity
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Cysteine is another amino acid, which has been
shown to penetrate the cell membrane easily, enhanc-
ing intracellular glutathione biosynthesis both in vitro
and in vivo [13]. This antioxidant has been reported
to prevent loss of sperm viability, motility, and mem-
brane integrity during liquid storage and also in the
frozen state [14]. Anyhow, cysteine and taurine, as
antioxidants, have been used in the cryopreservation
process of humans [15], boar [16], bull [17, 18], ram
[19], and goat sperm [20] to enhance the post-thaw
motility and fertility of spermatozoa.

Despite the existence and the importance of all
the previously mentioned studies, no reports have
addressed the applications of antioxidants on motil-
ity characteristics of different goat spermatozoa types
especially in the cases of thawed-frozen, fresh, and
chilled sperm samples collected during breeding and
non-breeding seasons. These three types are highly
important and essential for the different assisted re-
productive technologies. For that, the main objective
of this study was to evaluate the effects of oxidized
glutathione, L-cysteine, and taurine supplementation
on the motility of different goat spermatozoa types as-
sessed by computer sperm analyzer system.

Results

Table 1 shows the effects of antioxidants addition
to TAL thawing medium on CASA motility param-
eters of frozen/thawed goat spermatozoa. Except for
taurine at a concentration of 10 mM, the addition of
all antioxidants in this study and all the used concen-
trations resulted in a significant increase (p < 0.05) of
the MOT % parameter.

Table 2 shows the effects of adding antioxidants
on fresh sperm motility characteristics. Cysteine and
GSSG significantly (p < 0.05) increased the values of
the MOT %, VAP, VSL, and VCL. When 10 mM of
taurine was added, the values of VAP, VSL, and VCL
were lower compared to the control, while 25 mM of
this agent was able to significantly raise all the values
of the analyzed motility parameters compared to con-
trol and those treated with 10 mM taurine.

Table 3 shows the effects of antioxidants addition
on CASA motility parameters of chilled goat sperma-
tozoa at 5 °C. Except for the positive effect on MOT
% parameter when the spermatozoa were treated with
GSSG and L-cysteine, as well as the positive effect of
GSSG at 2 mM on VAP, VCL, and VSL parameters, the
results showed that the antioxidants used in this study
did not increase the values of different motility char-
acteristics and no significant differences (p > 0.05) was
noted between the values of control and the treated
spermatozoa with antioxidants.

Figures 1 and 2 show the effects of the three anti-
oxidants addition on the distribution of motility cat-
egories of both frozen/thawed and fresh samples. The
positive effects were evident by increasing the percent-
ages of rapid spermatozoa after GSSG and L-cysteine
supplementations for the two concentrations. The per-

The effects of antioxidants on goat spermatozoa motility



Table 1.
Effects of oxidized glutahione (GSSG), L-cysteine, and taurine on CASA motility parameters of thawed-frozen goat sper-
matozoa samples.

Parameter/

Treatment MOT (%) PMOT (%) VAP (um/s) VSL (um/s) VCL (pm/s)
Control 57.9+25* 84 +1.5° 61.2+24° 382+3.1° 128.1+6.4°
GSSG 2 mM 69.9 + 1.5 10.8+0.91° 69.7 + 4.4° 44.7 +2.7° 1409 +7.9°"
GSSG 4 mM 64.5+29° 9+1.58® 63.1 +4.6° 40.9 +3.1* 136.2+7.6*
L-Cysteine 5 mM 67.8+3.6° 12.1 +2.1° 722 +8.1° 462 +2.5° 1458 +7.6°
L-Cysteine 10 mM 66 +3.1° 10.3 +1.2° 68.1 +5.4° 433 +43° 138.1 +6.9°
Taurine 10 mM 56 +7.1* 7.8 +2.12 61.6 +6.2° 43.1 +4.6* 134.6+9°*

Taurine 25 mM 70.3 + 3" 11.7+15° 72.2 45.1° 47 +3.5° 145.7 + 8.1°

Mean + SD (3 replicates; for each replicate and each condition: 3 fields of 150-250 spermatozoa each were analyzed by CASA).
Data with different superscripts in the same column are significantly different (p < 0.05).

E?fl;lcetszt.)f oxidized glutahione (GSSG), L-cysteine, and taurine on CASA motility parameters of fresh goat spermatozoa

samples.
,I[’,:zf‘n:z/ MOT (%) PMOT (%) VAP (um/s) VSL (um/s) VCL (umis)
Control 67.9+35° 15.1+3.6° 88.7+84* 61.6+9.7° 182.4 +9.3*
GSSG 2 mM 85.1+59°" 252+62° 106.9 +11.5° 80.3 +17.7° 2052 +13.1°
GSSG 4 mM 824+4.7° 214+26° 108 +7.5° 73.6+7.6"° 204.7 +7.8°
L-Cysteine 5 mM 84.6 +10.8° 23.9+64° 103.1 +16.1° 73 +12.3° 200 +9°*
L-Cysteine 10 mM 83.2+3.3° 21.6+2.7° 105.9+11.6° 74.1+12.3° 195.8 +9.5°
Taurine 10 mM 69.8+1° 146 +1.7° 78.7 +7.1* 53 +4.7°% 169.7 +8.6*
Taurine 25 mM 753 +4.2° 188+1.6° 97.2+8¢ 70+5.8¢ 196.4 +8.5¢

Mean + SD (3 replicates; for each replicate and each condition: 3 fields of 150-250 spermatozoa each were analyzed by CASA).
Data with different superscripts in the same column are significantly different (p < 0.05).

E?lecis?’(.)f oxidized glutahione (GSSG), L-cysteine and taurine on CASA motility parameters of chilled goat spermatozoa

samples.
f;';‘;:innf;rt/ MOT (%) PMOT (%) VAP (um/s) VSL (um/s) VCL (um/s)
Control 702+1 ° 124 +1.3? 71+3.8* 46.1+19° 1452 +7.1°
GSSG 2 mM 763 +3.4° 13.1+1.5* 753 +2.1° 494 +1.7° 154.7 +7.3°
GSSG 4 mM 77.6+4.5" 11.8+3.3* 70.8 +3.3* 452+ 3.7 147.7 + 8.5%®
L-Cysteine 5 mM 76.6 +4.1° 128 +3.2* 70.5+4.5* 448 +4.2° 148.4 + 6.7 *
L-Cysteine 10 mM 78 +32° 13+3.2° 744+ 6° 46.2+3.7% 153.3 +10.6°
Taurine 10 mM 72+53¢2 114 +1.4* 68.9+6.6* 452 +49° 146.4 +9°
Taurine 25 mM 68.8+532 9.5+0.9* 68.8 +4.2° 42.1+24* 144.4 +10.2*

Mean + SD (3 replicates; for each replicate and each condition: 3 fields of 150-250 spermatozoa each were analyzed by CASA).
Data with different superscripts in the same column are significantly different (p < 0.05).
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Figure 1. Treatments
Effects of antioxidants; oxidized glutahione (GSSG), L-cysteine, and taurine on the distribution of motility subpopulation of
frozen/thawed goat spermatoza samples. Different letters within each subpopulation category and between treatments signifi-
cantly differ (p < 0.05).
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Figure 2.
Effects of antioxidants; oxidized glutahione (GSSG), L-cysteine, and taurine on the motility subpopulations of fresh goat sper-
matozoa samples. Different letters within each subpopulation category and between treatments significantly differ (p < 0.05).
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Figure 3. Treatments
Effects of antioxidants; oxidized glutahione (GSSG), L-cysteine, and taurine on the distribution of motility subpopulations of
chilled goat spermatozoa samples. Different letters within each subpopulation category and between treatments significantly
differ (p < 0.05).
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centage of medium category did not differ (p > 0.05)
between control samples and antioxidant treatments
for all used concentrations. Figure 3 shows the effects
of antioxidants addition on the distribution of motility
categories of chilled spermatozoa samples. There were
no significant differences between the control and the
spermatozoa treated with GSSG and cysteine for rap-
id, medium, and slow categories (p > 0.05). When the
samples were treated with taurine at a concentration
of 25 mM, the percentage of rapid sperm decreased
and the percentage of slow motility increased signifi-
cantly (p < 0.05) compared to control.

Discussion

The effects of adding antioxidants on motility
characteristics of three different goat spermatozoa
types were investigated in the present research. The
influences of the same antioxidants on frozen sper-
matozoa samples from different animal species were
previously studied [21, 22, 23]. However, in this study,
we focused on other types including frozen/thawed
and unfrozen samples. The process of thawing induc-
es ROS production in semen and if optimal supple-
mentation of antioxidants could scavenge ROS, thus
it consequently may decrease the deleterious effects
of the cryopreservation process. Pieces of informa-
tion on the use of antioxidants in thawing medium to
improve post-thaw motility of frozen goat spermato-
zoa are lacking. Moreover, treating fresh and chilled
semen with antioxidants during the non-breeding
season may present an interesting technique in goat
semen manipulations.

In this study and for the three spermatozoa types,
oxidized glutathione was able to significantly increase
the values of MOT % whatever the concentration was.
The addition of glutathione (reduced, or oxidized) to
the freezing medium of bull semen had reduced the
loss of spermatozoa motility by 35 % [24]. In agree-
ment with our results, 5 mM of GSSG had the best
protective effect on ram sperm motility after semen
thawing [21]. Furthermore, according to the previous
authors, a toxic effect on post-thawing spermatologi-
cal indicators was noted when higher concentrations
(10 or 20 mM) of GSSG were used. Anyhow, it must be
stressed out that GSSG may not be an efficient agent
when added outside the cells, and it cannot prevent
peroxidation as vitamin E [25]. The effects of GSSG
in semen medium and the mechanism of action of
GSSG on spermatozoa motility need more profound
researches.

Our results also showed that L-cysteine had pos-
itive effects on motility parameters with relatively
better results regarding the 5 mM level. Cysteine is
rapidly oxidized into cystine outside the cell. Cystine
and cysteine are transported into the cell by different
transporters. However, cysteine had exhibited signif-
icant cryoprotective activity on post-thaw motility
parameters of frozen bull spermatozoa [22]. This ami-
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no acid can improve intracellular glutathione biosyn-
thesis and such a process may protect the membrane
lipids through indirect radical scavenging properties
[26]. Moreover, it was suggested that cysteine plays
an antioxidative role in preventing malondialdehyde
(MDA) production, resulting in higher SOD activi-
ty [22]. In contrast to our study and all the previous
reports, Yildiz et al. [23] found that cysteine did not
have beneficial effects on motility rates after ram se-
men freezing. Such variability in literature data and
our study could be attributed to extender compo-
nents, antioxidant dose differences, the time of sper-
matozoa exposure to antioxidants, and also to semen
preservation protocols.

Compared to the other two antioxidants, taurine
only enhanced the spermatozoa motility characteris-
tics of fresh and frozen/thawed samples with better
values for the 25 mM level. When it was applied at the
same dose, this antioxidant improved ram sperm mo-
tility during cryopreservation [12]. Based on the data
of Sariozkan et al. [22], taurine had a beneficial effect
by raising the CAT level in the presence of ROS. In the
present study, the addition of taurine to chilled sper-
matozoa did not cause any improvement in velocity
parameters and this was similar to results obtained by
Sariozkan and co-workers [22] on the bull samples. It
was also reported that motility of bovine spermatozoa
cooled to 5 °C was maintained close to pre-storage
levels in taurine-containing citrate extender up to 48
h.

The chilled spermatozoa were less affected by
antioxidants treatments than the other two sperma-
tozoa types. In contrast, progressive sperm motility
was significantly higher for chilled buck sperm sam-
ples treated by vitamin E and glutathione compared
to control [27]. It should be noted that the time of
incubation for the chilled samples in this study was
relatively short compared to the previous study. Any-
how, a longer period of incubation at 5 - 4 °C may be
necessary to demonstrate any eventual positive effects
of adding these antioxidants to goat spermatozoa.

The most interesting finding from our study was
the ability of antioxidants to improve motility lev-
els of fresh goat spermatozoa collected during the
non-breeding season. This type of spermatozoa may
be usefully utilized in different reproductive assisted
technologies after antioxidants supplementations dur-
ing this critical period of reproduction. Based upon
our preliminary experiments (data not shown) high
levels of motility were noted from the control sam-
ples of both fresh and chilled types collected during
breeding seasons and this probably was responsible
for masking any significant effects of the antioxidants
supplementations to such spermatozoa types during
this period. Indeed, the spermatozoa show their best
performances during the breeding season and nor-
mally they do not need any additional improvements
concerning their motility characteristics. In contrast,
the motility levels of cryo-preserved samples dur-
ing the non-breeding season were very low with no
clear effects of antioxidants (data not shown). These
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preliminary results may have practical application in
choosing when it will be the best time to add the anti-
oxidants systems to each type of goat semen.

Our CASA system was able to distinguish three
clear motile subpopulations in the different sperm
samples depending on the values of the VAP pa-
rameter. Researchers have identified the existence of
sperm subpopulations in species as boars, stallions,
dogs, bulls, and gazelles, which were defined by spe-
cific movement characteristics [28, 29, 30]. Moreover,
sperm subpopulations had different sensitivities to
respond to external stimuli such as sugars, caffeine,
and bicarbonate [31, 32]. Our results showed that an-
tioxidants could not only affect the principal CASA
motility characteristics, but also the distributions of
spermatozoa subpopulations. The rapid spermato-
zoa represent the most progressive spermatozoa and
it is probably suitable for being a part of the fertiliz-
ing population. This category was the most affected
by antioxidants treatment especially in the cases of
frozen/thawed and fresh types. In contrast, the medi-
um subpopulation category was not influenced by the
three different antioxidant treatments. It seems that
this class of spermatozoa which presents a transitional
stage between the rapid and slow categories may do
not have sufficient time to be affected by the different
antioxidants treatments. Anyhow, despite the simplic-
ity of motility distribution of the subpopulations pro-
vides by this CASA system, the results clearly showed
the importance of analyzing such distribution and
which subpopulations are the most affected by anti-
oxidants supplementations.

In the present study, we analyzed the effects of
each of the three antioxidants separately; future in-
vestigations could clarify the effects of simultaneous
inclusion of antioxidants' complex components on
motility characteristics. In this regard, the supple-
mentation of goat semen extenders with combina-
tions of antioxidants had improved sperm viability
and reduced oxidative stress parameters [33]. Despite
the great importance of motility assessment, the ben-
eficial effects of antioxidants on spermatozoa may not
be only detectable by the evaluation of sperm motility
in vitro. Further studies should include the in vitro
and in vivo tests including viability, membrane integ-
rity, and most importantly fertilization and pregnan-
cy rates for these three spermatozoa types. Finlay, as
ROS plays a very important role in the capacitation
and acrosome reaction processes [34, 35]. Therefore,
caution must be taken when using antioxidants to not
stop these important physiological processes.

In conclusion, our data showed the advantages of
adding antioxidants to thawed medium on the mo-
tility characteristics of frozen goat spermatozoa. This
study also revealed that media supplementation with
L-cysteine or GSSG helps in improving the motility of
fresh sperm samples collected during the non-breed-
ing season. Chilled spermatozoa collected during the
non-breeding season were the less affected spermato-
zoa type by the different treatments. Thus, the effects
of antioxidants largely depend on the temperature of

Alomar, IJVST 2021; Vol.13, No.2
DOI: 10.22067/ijvst.2021.71710.1065

RESEARCH ARTICLE

sperm preservation, the used concentration, and also
the type of spermatozoa pattern.

Materials & Methods

Area of study, chemicals, and media

This study was carried out at Der-Al-Hajar Animal Produc-
tion Research Station, 33 km southeast of Damascus. All the
chemicals were purchased from Roth (Carl Roth Gmbh-Karlsru-
he-Germany). The tris-egg yolk (TEY) medium was prepared as
300 mOsm/kg solution, containing 28.5 mM g citric acid mono-
hydrate, 29.5 mM tris (hydroxymethyl) aminomethane, and 19.8
mM glucose in 80 ml of distilled water. Twenty ml of egg yolk
was then added bringing the total volume of this medium to 100
ml. The TAL solution at 300 mOsm/kg had contained 112.94 mM
NaCl, 3.22 mM KCl, 0.33 mM NaH,PO,, 23 mM NaHCO, 0.49
mM MgClZ.6HZO, 2.04 mM CaClz.ZHZO, 1 mM C,H,ONa, 35
mM C,H,NaO, and 6 g bovine serum albumin in one liter of dis-
tilled water. The two media were held constant at pH 7.0.

Animals, semen preparation, and experimental
design

Semen was obtained from five sexually-experienced Shami
bucks, a native breed of Syrian goat, aged between 3 and 4 years.
Semen was collected with the aid of an electro-ejaculator (Mi-
nitube - Electro Ejaculator, Germany) administrating a series of
20 cycles pulses of short electrical stimuli with each cycle (two
seconds impulse, then two seconds interval) delivering a slight-
ly higher intensity (from 0 Volt to 20 Volt maximum) until se-
men production. It must be noted that the same five bucks were
always used in all the experiments of this study during breeding
and non-breeding season. Upon collection, the semen was im-
mediately evaluated for its general appearance and volume. For
each animal and after semen collection, sperm concentration was
estimated using a haematocytometer. Then an initial analysis of
sperm motility was performed using the CASA system (Hamilton
Thorne Biosciences, USA) whereas sperm samples at a concentra-
tion of > 1 x 10° spermatozoa/ml were employed. All ejaculations
with no or poor motility status were immediately excluded before
conducting the analyses.

Three types of semen samples including fresh, chilled, and fro-
zen were used in the present study. Semen was collected during
breeding and non-breeding seasons. For both fresh and chilled
samples the semen was collected during the non-breeding season
in February while for the frozen samples the semen was collected
during the breeding season in August. The selection of these exact
seasons was based on preliminary experiments which help us on
showing the most important effects of antioxidants for each type
of spermatozoa in each specific season.

A total of 45 ejaculates were collected in this study. A mix-
ture of semen from five bucks was used in each assay to diminish
the effect of individual variation between the animals. It must be
stressed out that the number of spermatozoa from each buck was
the same in the semen mix. For the frozen spermatozoa the sam-
ples were prepared by mixing fresh semen collected during the
breeding season (in August) from the five animals and diluted in a
tris-based medium without egg yolk at a ratio of 1:9 (semen to tris
medium, v:v) and centrifuged at 1000 x g for 15 min. The seminal
plasma was discarded and the sperm pellet was suspended to a
final concentration of 200 x 10° spermatozoa/mL with tris medi-
um containing both filtered egg yolk (20 %, v:v) and 7 % glycerol.
The diluted sperm suspensions were equilibrated at 5 °C for 3 h
and loaded into 0.5 mL straws. They were then frozen in nitrogen
vapor for 20 min at 10 to 15 cm of height above the nitrogen liquid
and transferred to a liquid nitrogen container for storage at —196
°C until use.

Three experiments were conducted in the present study. In the
first experiment, the motility characteristics of thawed spermato-
zoa incubated with the three antioxidants in TAL solution were
analyzed. In this experiment, straws thawing were carried out by
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immersing the straws in a water bath at 37 °C for 30 sec. Thawed
spermatozoa from 0.5 ml straws were directly incubated after
thawing in 0.5 ml of TAL medium containing 0 (control), 8 and
4 mM GSSG, 10 and 20 mM L-cysteine, 20 and 50 mM taurine
making the final concentration 4 and 2 mM, 5 and 10 mM, 10 and
25 mM respectively. The sperm incubation period lasted for 60
minutes at 37 °C. This experiment was replicated three times in
three different weeks in August and the spermatozoa concentra-
tions were 50 x 10° for the control and each treatment.

In the second experiment, sperm motility of fresh semen
samples collected during the non-breeding season was analyzed.
In this experiment, fresh samples of 50 x 10° sperm/ml were in-
cubated in tris medium at 37 °C for 60 minutes with 0 (control), 2
and 4 mM oxidized glutathione, 5 and 10 mM L-cysteine, 10, and
25 mM taurine. This experiment was replicated three times in
three different weeks in February and the spermatozoa concen-
trations were 50 x 10° for the control and each treatment.

In the third experiment, the motility of chilled spermatozoa
incubated with the three antioxidants in the TEY solution was
analyzed. The seminal plasma of freshly collected semen was
directly removed after collection and the spermatozoa at 50 x
10%/ml of concentration were incubated in 1 ml of TEY medium
without glycerol containing 0 (control), 4 and 2 mM GSSG, 5 and
10 mM L-cysteine, 10 and 25 mM taurine for 60 minutes at 5 °C.
This experiment was replicated three times in February and the
spermatozoa concentrations were 50 X 10° for the control and
each treatment.

Motility analyses

The motility characteristics were assessed using a Hamil-
ton-Thorne motility analyzer (HTM version 12.3, Hamilton
Thorne Biosciences, USA). Five microliters of diluted semen were
loaded in the analyze system lame (2X-CEL of dual-sided sperm
analysis chamber of 20 um depth for the Hamilton Thorne Bio-
sciences System ), and for each sample, three fields were counted
(each field counted about 150-200 spermatozoa). The motility
characteristics included in the analysis were: the percent motility
(MOT%), curvilinear velocity (VCL, um/s), average path velocity
(VAP, um/s), straight-line velocity (VSL, um/s), and the percent
of sperm showing progressive motility (PMOT %: VAP = 50 pm/s
and STR > 80 %).

Moreover, spermatozoa subpopulations were defined by the
Hamilton Thorne CASA system in three categories, each of the
categories is assigned an arbitrary number from 3-1 increasing
correspondingly from the lowest to the highest velocity; Rapid
(3): fraction of all cells moving with VAP > path velocity (VAP
= 25 pm/s), Medium (2): fraction of all cells moving with VAP
cutoff (5 pm/s) < VAP < path velocity (VAP = 25 um/s), Slow (1):
fraction of all cells moving with VAP < VAP cutoft (5 pm/s) or
VSL < VSL cutoff (11pm/s ).

The HTM settings used for goat spermatozoa were negative
phase contrast optics at a recording rate of 60 frame/s, light ad-
justment 50-110, minimum contrast 70, minimum cell size 5 pix-
els, non motile head size 10 pixels, non motile head intensity 80,
low VAP cut off 20mm/s, low VSL cut oft 5 mm/s, static size limit
0.60/4.32 (min/max), static intensity limit 0.20/1.92 (min/max),
static elongation 7/91 (min/max).

Statistical analysis

Minitab program (Minitab Coventry, United Kingdom) was
used for the statistical analysis. The normality of values distribu-
tion was first tested with the Shapiro-Wilk test. Data regarding
the different antioxidants effects on motility values were sub-
jected to a factorial analysis of variance (ANOVA, general linear
model procedure, GLM) followed by multiple pairwise compar-
isons using a post-hoc (Tukey’s test). The results are presented as
mean + SD and the threshold of signification was set at p < 0.05.
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In vitro acaricidal activity of Melia azedarach ripe fruit
extract against Hyalomma excavatum (Acari: Ixodidae)
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The current study aimed to evaluate the effect of dichloromethane extract of Melia azedarach ripe fruit on larvae
and adult females of Hyalomma excavatum at concentrations of 0.25, 0.5, 1, 2, and 4%, using the larval immersion test
(LIT) and adult immersion test (AIT). The results showed that in LIT, the percentage mortality of larvae was significant-
ly higher at concentrations 1, 2, and 4% than that in the control group after 24 h. While the mortality rates varied from
8.66% to 72.66% after 24 h post-treatment, complete mortality of the examined larvae was achieved at a concentration
of 4% after 48 h post-exposure whereas, it was13.33% in the negative control group. In AIT, the percentage inhibition
of oviposition in the treatment groups was significantly greater than that in the control group (p < 0.01). The maximum
inhibition of oviposition was 17.72%, which was achieved at a concentration of 4% and it was 0% in the control group.
The difference between reproductive index in treatment and control groups was not statistically significant (p > 0.01).

This study showed that the ripe fruit extract of M. azedarach was toxic to H. excavatum under laboratory conditions.
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ard ticks (Arachnida: Acarina: Ixodidae) are

obligate blood-feeding ectoparasites that af-
fect both human and animal health via sucking blood
and transmission of some pathogenic agents such as
Babesia spp., Theileria spp., Anaplasma spp., and Nai-
rovirus [1, 2]. Anxiety, irritation, stress, skin damage,
weight loss, tick paralysis, decrease in milk produc-
tion, loss of production, and anemia are direct adverse
consequences of infestation with the hard ticks [2].

Nowadays, tick control relies on using synthet-
ic pesticides. Although these compounds are more
available and possess fast-killing effects, intensive and
repeated use of them to control tick infestations has
resulted in developing resistance to an array of acari-
cides. Rhipicephalus (Boophilus) microplus resistance
to permethrin was recorded in the USA and Mexico
[3]. Resistance to cypermethrin and deltamethrin in
Hyalomma anatolicum has been reported from India
[1, 4]. Tick resistance to conventional pesticides and
increased demand for organic products has accelerat-
ed the research on plant-based acaricides [5].

Melia azedarach, belonging to the Meliaceae fam-
ily, is a well-known source of various bioactive com-
ponents with insecticidal properties. This deciduous
tree species native to Indomalaya and Australasia is
now cultivated in most subtropical and tropical re-
gions of the world [6, 7]. Acaricidal, insecticidal and
larvicidal efficacy of M. azedarach extract against agri-
culture pests, mosquitoes, important veterinary ticks,
and mites have already been reported [8-11]. M. aze-
darach has been reported to have a complex mixture
of compounds including saponins, terpenoids, flavo-
noids, tannins, alkaloids, and limonoids [6]. Limo-
noids particularly azadirachtin (AZA) constitute the
biologically active components of M. azedarach fruits.
However, other limonoids such as nimbin, nimbo-
linin, and salannin have also been reported from the
M. azedarach fruits [6, 12, 13] AZA is the most im-
portant limonoid and biopesticide of this plant which
its toxicity and adverse effects on feeding, growth, fe-
cundity, and oviposition of arthropods, especially for
phytophagous insects have been proven [14-16]. This
compound is found in different parts of the M. aze-
darach tree and the highest level of AZA is generally
found in seeds [17]. Although several methods have
been reported for the identification and quantitative
determination of azadirachtin, most studies have used
high-performance liquid chromatography (HPLC) for
this purpose worldwide [17]. The AZA content in var-
ious parts of trees is influenced by several factors such
as genetic, climatic conditions, harvesting time, geo-
graphical area, and time of collection/storage of plant
materials [17].
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Adult Hyalomma excavatum ticks (known as large
Anatolian Hyalomma) infesting cattle, sheep, horses,
goats, camels, and donkeys are found almost all over
Iran except the Caspian Sea area [18-21]. This Hya-
lomma species serves as a vector for some pathogens
particularly Theilera annulata and Razmi et al. (2003)
reported a high rate of T. annulata infection in exam-
ined H. excavatum collected from cattle in Mashhad
area, Iran [21, 22].

Due to the high prevalence of H. excavatum in
most parts of Iran and the necessity of searching for
less hazardous and eco-friendly alternatives for syn-
thetic acaricides, the present study aimed to evaluate
acaricidal effects of M. azedarach fruit extract on H.
excavatum under laboratory conditions.

Larval immersion test

In larval immersion test (LIT), the percentage
mortality of larvae was significantly higher at concen-
trations 1, 2, and 4% than the control group after 24 h.
The mortality rates varied from 8.66% to 72.66%, 24 h
post-treatment, and 100% mortality of examined lar-
vae was achieved at concentrations 4%; 48 h post-ex-
posure. The extract killed 100% of the tick larvae at all
concentrations after 72 h, while the mortality rate was
17.30% in the control group (Figure 1, Table 1).

The LC50 and 99 (lethal concentrations of 50 and
99%) values of this extract against examined tick lar-
vae were calculated at 24 and 48 h post-exposure and
is presented in Table 2.

Adult immersion test

In adult immersion test (AIT), the percentage in-
hibition of oviposition in treatment groups was sig-
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Figure 1.

Linear regression curve of percentage mortality of H. excavatum
larvae in Probit unit versus logarithm concentration of
M. azedarach ripe fruit extract.
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nificantly greater than the control group (p < 0.01).
The maximum inhibition of oviposition was 17.72%,
which was achieved at a concentration of 4% and this
parameter was concentration-dependent. The differ-
ence between reproductive indexes in the treatment
and control groups was not statistically significant (p
> 0.01). The detailed data about the inhibition of ovi-
position and reproductive index is presented in Table
3.

Discussion

The LIT results demonstrated a different level of
larval mortality. Besides, the percentage of mortality
of exposed larvae was concentration and time-de-
pendent. These findings confirm several similar stud-
ies that investigated the effectiveness of M. azedarach
crude extract against ticks, mites, and mosquitoes
[8, 10, 11]. Borges et al. (2003) showed that the hex-
ane extract of M. azedarach ripe fruit was effective
against Rhipicephalus (Boophilus) microplus larvae in
a concentration and time-dependent manner [8]. The
acaricidal effects of this extract against Demanyssus
gallinae and Tetranychus urticae have been reported
[10, 23]. Furthermore, Selvaraj and Mosses (2011)
observed that leaf and seed extract of this tree pro-
duced significant larval mortality in all larval stages
of Anopheles stephensi, Culex quinquefasciatus, and
Aedes aegypti [11]. Azadirachtin is recognized as
the main active ingredient and the most important
component of Azadirachta indica and M. azedarach.

Table 1.
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Feed deterrency, growth reduction, increase in mor-
tality, abnormal/delayed molts and down-regulation
of insects’ reproductive organs have been observed
after applying AZA [14]. The other known bioactive
components of M. azedarach include meliartenin,
meliacaprin, meliacin, meliantrol, melianol, salannin,
nimbin, and pinoresinol bis-epi-pinoresinol with an-
ti-feeding/growth activities, repellency, inhibition of
oviposition, and embryogenesis properties [24, 25].
In the present study, a high mortality rate in examined
tick larvae was observed after a short time post-expo-
sure. This fast-killing effect may be related to inhibi-
tion of cell division and protein synthesis in cells of
ectoparasites [14].

In this study, egg production in exposed ticks
was significantly lower than that in the control group,
and this extract at the concentration of 4% produced
17.72% inhibition of egg production. In a similar
study, the ripe fruit extract of M. azedarach at the con-
centration of 0.25% caused complete egg production
inhibition in Boophilus microplus [8]. Variation in ef-
ficacy with different concentrations may be associated
with genetic characteristics of the plant, edaphocli-
matic conditions, and even duration of storage affect-
ing the chemical composition of a plant extract [26,
27]. Reproductive disruption in examined ticks can
be attributed to azadirachtin that affects reproductive
tissues at molecular/cellular levels and disrupts endo-
crine processes by altering ecdysteroids and juvenile
hormone titers [14]. Sousa et al. (2013) observed a

Means + SD of mortality rates of Hyalomma excavatum larvae in treatment and control groups exposed to different concentrations of

M. azedarach ripe fruit extract 24, 48, and 72 h post-exposure.

Control group Case groups (% M. azedarach extract)
Time (h) (water + tween) 0.25 0.5 1 2 4
24 3.33+5.774 8.66 +3.21 4 15.33 + 4,50 AB2 29.00 £ 9.64 B 58.33+17.55%  72.66+16.16
48 1333 +7.63 4 53.66 + 9.81% 59.33 +7.37 % 82.00 +23.06  89.66+17.89 >  100.00 + 0.00 P*
72 17.30 £ 8.32 4 100.00 + 0.00 ®  100.00 + 0.00 > 100.00 + 0.00 B 100.00 + 0.00 ®  100.00 + 0.00

Different capital letters within rows and small letters within columns indicate significant differences (p < 0.05).

Table 2.

The LC50 and LC99 values of M. azedarach ripe fruit extracts against H. excavatum Larvae.

Time (h) Slope (95% CL) R®  LC50 (%) (95% CL) LC99 (%) (95% CL)
24 1.77+0.17 097  1.86(1.77-1.96)  38.40 (36.48-40.32)
48 233+056 085  0.33(0.31-0.35) 3.32(3.15-3.48)

CL: Confidence Limit

Acaricidal activity of Melia azedarach extract
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Table 3.
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Means + SD of mortality rates of Hyalomma excavatum larvae in treatment and control groups exposed to different concentrations of

M. azedarach ripe fruit extract 24, 48, and 72 h post-exposure.

Control group

Case group (% M. azedarach extract)

Tick
reprocllflction el 0.25 0.5 1 2 4
Inhibition of 0.00 + 0.00 4.14+2.19 6.66 + 2.89 8.74 + 3.97° 1426 +6.07*  17.72 % 6.15°
oviposition (%)
Reproductive index ~ 0.63 + 0.06 0.60 + 0.05 0.59 + 0.03 0.57 + 0.03 0.54 + 0.06 0.52 % 0.08

*Significant differences compared with the control group (p <0.05).

reduction in ovary weight, morphological changes in
oocysts, vacuolization, chorion deformity, and disor-
ganization of the yolk granules of engorged females
Rhipicephalus (Boophilus) microplus treated with M.
azedarach hexanoic extract [28]. To fully understand
the various acaricidal effects of M. azedarach, further
studies are required to identify all its bioactive acari-
cide components with their special effects at cellular
and molecular levels.

Presently, there is scant published data on LC50
values for Hyalomma spp. exposed to M. azedarach
extract. The current study recorded an LC50 value of
1.86% for H. excavatum treated with dichloromethane
extract of M. azedarach 24h post-exposure. LC50 val-
ues of 0.26 and 4.17% were reported for Hyalomma
dromedarii nymphal stage exposed to petroleum ether
and ethyl alcohol extract of M. azedarach. Also, these
extracts showed a significant effect on H. dromedarii
eggs with LC50 values of 3.14 and 1.77%, respectively
[29]. LC50 value of 1.78% was recorded for Derma-
nyssus gallinae tereated with Hexan extract of M. aze-
darach [10]. These variations in LC50 values can be
attributed to the type of solvent used for plant extrac-
tion, susceptibility of exposed ectoparasite species,
and its developmental stage.

Besides the laboratory studies, Borges et al. (2005)
and Sousa et al. (2011) evaluated the efficacy of hexane
extract of ripe fruits of M. azedarach against all devel-
opmental stages of R. microplus [30, 31]. Standardized
laboratory and farm tests need to be developed to add
along with this incremental process for finding natu-
ral pesticides.

In conclusion, the findings of this study showed
that M. azedarach ripe fruit extract was effective
against larvae and engorged females of H. excavatum
ticks, and more studies are required to investigate its
efficacy in field trials.

Materials & Methods
Collection of ticks

Adult males and females of H. excavatum were taken from an active
tick colony rearing in the Faculty of Veterinary Medicine’s parasitolo-
gy laboratory, Ferdowsi University of Mashhad, Iran. The identifica-
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tion of ticks was made using a stereomicroscope based on morpho-
logical criteria [21].

The developmental stages of ticks

Unfed mixed sex adult ticks were experimentally fed on healthy
pathogen-free rabbits (male) at room temperature. 180 adult en-
gorged female ticks were used for adult immersion test (AIT), but
a group was placed into tubes individually and kept at 28 °C, 80%
RH to oviposit. Eggs were harvested and divided into groups of 300
eggs and transferred into perforated tubes. Newly hatched larvae were
maintained at 28 °C, 80% RH in an incubator and used for larval im-
mersion test [32].

Preparation of the crude extract

The collected M. azedarach ripe fruits from the campus of the Fer-
dowsi University of Mashhad, Mashhad, Iran, were dried in the shade
at room temperature and powdered using a grinding machine. The
powder was extracted with dichloromethane (DCM) in the Soxhlet
extraction apparatus and the solvent was removed by a rotatory evap-
orator. The residue was serially diluted with distilled water to obtain
desired concentrations of 0.25, 0.5, 1, 2, and 4% and Tween 20 was
used as emulsifier to ensure complete solubility of the materials in
water [8, 10].

Larval immersion test

Larval immersion test (LIT) was performed based on the method-
ology described by Singh et al. (2017) [33]. Approximately 300 14-21
day old larvae were immersed in 0.5 ml of each desired concentration
for 10 min. Then, the larvae were transferred on a filter paper to dry
and 100 larvae were taken and placed in a folded filter paper packet
(7.0 cm by 7.0 cm) using an aspirator. The pockets were sealed with
adhesive tape and incubated at 28 °C and 80% RH. The packets were
opened after 24, 48, and 72 h for counting live and dead larvae [33].
The mortality rate was corrected using the Abbott formula if mortali-
ty in the control group was between 0 and 5%:

Corrected mortality % = % test mortality - % control mortality/100 -
% control mortality x 100 [34].

Distilled water + Tween 20 was used as a negative control and the lar-
val immersion test for each concentration was repeated three times.

Adult immersion test

The AIT was performed as described by Godara et al. (2015) and the
FAO (2004) [35, 36]. The engorged female ticks were weighed and
allocated to groups with 10 ticks and each group was immersed in 30
ml of the prepared concentrations, namely 0.25, 0.5, 1, 2, and 4% for
5 min. The control group was treated with distilled water + Tween20.
After sieving, the retained ticks were placed onto a clean tissue paper
towel for drying and kept separately in a Petri dish. The ticks were
stored in an incubator at 28 °C and relative humidity of 80% to ovi-
posit. Eggs laid by every tick were weighted and incubated to hatch

Acaricidal activity of Melia azedarach extract
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[35, 36]. There were three replications for each concentration and
control.

The percentage Inhibition of Oviposition (I0) and Reproductive In-
dex (RI) was calculated using the following formula:

Reproductive Index (RI) = Average weight of eggs laid / Average
weight of live tick
Percentage inhibition of oviposition (I0) = RI of control ticks — RI of
treated ticks / RI of control ticks x 100

Statistical analysis

The data were subjected to SPSS software ver. 25 (IBM corpora-
tion, USA). Statistical analysis of the data was performed using the
variance analysis (ANOVA and General Linear Model) followed by
Duncan's multiple range test with a probability level < 0.01.

The lethal concentrations for 50% (LC50) and 99% (LC99) with
their respective 95% confidence limits (CL) were determined using
regression analysis equation to the probit transformed data of mor-
tality.
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Recovery effects of pomegranate seed powder on
the testes following cadmium poisoning in Japanese
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peroxidation study
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This study aimed to investigate the effects of pomegranate seed powder on cadmium-poisoned testicular tissue
in Japanese quail. A total of 270 day-old Japanese quail chicks were assigned to six treatment groups, control group,
cadmium 50 ppm (group II), pomegranate seed powder (1 and 0.5 %; groups III and IV, respectively), pomegranate seed
powder 1% + Cd 50 ppm (group V), pomegranate seed powder 0.5% + Cd 50 ppm (group VI). Stereological parameters
in testes and TBARS, cholesterol, and triglyceride levels were determined. Testicular components showed a significant
reduction in area surface and volume density in the cadmium-exposed groups compared with controls (p < 0.05). It was
found that in the cadmium induction group, TBARS, cholesterol, and triglyceride levels were significantly higher com-
pared to the normal level (p < 0.05). The results showed that pomegranate seed powder could increase the area surface
and volume density of testicular germinal ingredients and decrease the content of TBARS, cholesterol, and triglyceride
(p > 0.05) in cadmium poisoning testis. These results show that cadmium has destructive effects and pomegranate seed

powder has prevented the development of these effects on stereological and lipid parameters.
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Cadmium is a natural heavy metal that in its
industrial form, depending on its dosage,
causes poisoning in humans and animals [1]. It has
been reported that cadmium inflicts damage on the
reproductive system of birds that can occur either
experimentally [2] or by being environmentally ex-
posed to this heavy metal [3]. Given that 1 to 2% of
the acute dose of cadmium is taken up by the testes
[4], however, the damage to the process of spermato-
genesis is very severe [5]. Low doses of cadmium alter
the immunological microenvironment in the testi-
cles, which results in increased testicular autoimmun-
ity [6]. Testicular poisoning with cadmium is caused
by complex intra-network reactions, including the
destruction of the blood testicular barrier or inhibi-
tion of oxidative stress leading to germ cell apoptosis,
edema, and intra-testicular bleeding [7-9].

Pomegranate (Punica granatum) fruit, juice, seed,
and peel due to a high content of polyphenols, espe-
cially ellagitannins, tannins, and anthocyanins have
high antioxidant capacities [10]. Consumption of
pomegranate extract significantly increases the sperm
quality, density of the spermatogenic cell, antioxidant
activity, and testosterone levels in male rats [11]. It
has also been shown that pomegranate contains hy-
drolyzed and concentrated tannins that exhibit an-
ti-cancer properties in vitro and in vivo [12, 13].

Qualitative patterns, including atrophy, hypopla-
sia, hyperplasia, and or hypertrophy can be stated by
stereological methods through measurable and com-
parative data [14]. However, the impact of various
situations on the process of spermatogenesis and or
survival of the germ cell line requires simple methods
and quantification. This study aimed to determine the
protective effects of pomegranate seed powder against
the toxic effects of Cd in quail using biochemical and
histo-stereological methods. All the chemicals and
reagents used in this study were of molecular biol-
ogy grade and were purchased from Sigma-Aldrich
Co. Ripe pomegranates are purchased from the local
market and after separating the skin, seeds (protein,
13.6; fat, 29.6, fiber, 39.3) were washed with water
and after drying, seeds were powdered using a ham-
mer mill and sieved through a 40-mesh sieve [15]. All
protocols used in this experiment were approved by
the Institutional Animal Care and Use Committee
of Shahrekord University. Two hundred and seven-
ty-one-day-old unsexed quail (Japanese) chicks were
used in this study. The birds were fed by the standard
basic diet until the 7th day of age (one week, habitu-
ation) before starting the experiment. All diets were
formulated to meet the nutrient requirements of the
Japanese quails. On day 7, the birds were randomly
assigned to six treatments, with three replicates (cag-
es) of fifteen quails each.
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Group I: received basic diet and ordinary water.
Group II: received a basic diet and 50 ppm cadmium
orally. Group III: birds were fed with a basic diet + 1%
pomegranate seed powder. Group IV: birds were fed
with a basic diet + 0.5% pomegranate seed powder.
Group V: received a basic diet along with 1% pome-
granate seed powder and 50 ppm cadmium. Group
VI: received basic diet along with 0.5% pomegranate
seed powder and 50 ppm cadmium.

Blood samples were centrifuged at 1500 rpm for
15 minutes and TBARS, cholesterol, and triglyceride
in serum samples were measured. Testes specimens
fixed in Merck formalin and processed through par-
affin embedding, cut into 5 um sections, stained with
hematoxylin and eosin (H&E) techniques for stereo-
logical evaluation.

Stereology

By the count of all point, the total area determined
(Figure 1), and finally the volume wass estimated by:

Vi=k x t x a(p) x 27 (testis)

In which 2 is total area, k is k™ section is mount-
ed on a glass slide, a(p) is the area of each point.

The volume of the seminiferous tubules, the in-
ter-tubular tissues, and the germinal epithelium was
estimated [16] by:

\%4

v(structurtef) :P(structure)/P(total)

In which P and P, represent respective-
ly, the total numbers of points hitting the structures
of interest, and the reference space V- and summed

over all sections and fields from one testis.

Figure 1.

Photomicrograph of testis in quail. Point-counting method was
used to evaluate stereological parameters. The area surface and
volume density of the spermatogonia, primary spermatocyte, and
spermatid were determined by calculation of the points hitting
with the micrograph; (scale bar=20 um).

%)mtnjder of pomegranate seed and the structural changes of
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X Vﬁml( mm?)

(structure) —  V(structure/testis)

The total volume was obtained by multiplying the
density by the final testis volume [16].

Biochemical analysis

TBARS was determined calorimetrically using
the method of Buege and Aust (1978), briefly, 0.1 mL
of serum was treated with 2 mL of TBA-TCA-HClI re-
agent, and absorbance of the supernatant was meas-
ured against reference blank at 535 nm. Concentra-
tions were calculated using an extinction coefficient
of 1.56 9 105 mol™ L cm™ and expressed as nmol mL™"
[17]. Blood biochemical parameters including triglyc-
eride and cholesterol were measured by commercial
kits of Pars Azmoun Company and according to the
protocols of this company. Data were analyzed by one-
way analysis of variance (ANOVA) using the SPSS V.
23/0 software (SPSS Inc., Chicago, IL). The means
were considered significantly different at p < 0.05.

The Vv (spem/tes) (Table 1) was significantly de-
creased in the cadmium-exposed group compared
to the control group (p < 0.05). In addition, the Vv
(spem-1/tes) showed a significant decrease in groups
that received cadmium compare to the control group
(p < 0.05). The Vv (spet/tes) also were significantly de-
creased in the group exposed to the cadmium com-
pared to the control groups (p < 0.05). Nevertheless,
the administration of pomegranate seed powder (1
and 0.5%) along with cadmium (50ppm, V and VI
groups) inverted the mean of all stereological vol-
umetric parameters to near normal. But these dif-
ferences between V and VI groups with the control
group were not statistically significant (p > 0.05).

The area surface (Table 1) in all stereological pa-
rameters of spermatogonia, primary spermatocytes,
and spermatids was decreased in the cadmium groups

Table 1.
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compared to the control birds (p < 0.05). Following a
similar pattern of volume density, pomegranate seed
powder (1 and 0.5%) reversed the area surface of the
measured parameters mentioned non-significantly
toward normal in cadmium-exposed quails (V and VI
groups; p > 0.05).

The mean TBARS level (Figure 2 and Table 2) of
the control group (group I) compared with those of
the other groups had no significant difference in this
study except for the cadmium group (group II). Nev-
ertheless, a significant increase had happened in the
cadmium group (32.27 + 4.32) in comparison with
the TBARS level of the control group (20.3+3.21; p <
0.05). On the other hand, pomegranate seed powder
(1 and 0.5%) was able to bring the level of TBARS in
cadmium poisoned quail closer to the control group,
although this reduction was not significant (p > 0.05).

It should be noted that there was a significant in-
crease in the cholesterol and triglyceride values (Table
2) of the cadmium group (181.41 + 7.28 and 277.08 +
86.16 respectively) compared with those of the control
group (148.99 + 25.07 and 194.78 + 7.49 respective-
ly; p < 0.05). Pomegranate seed powder (1 and 0.5%)
groups (groups V and VI) showed a decrease in cho-
lesterol and triglyceride values in cadmium-poisoned
birds' groups, although this decrease was non-sig-
nificant (p > 0.05). Therefore, the administration of
pomegranate seed powder in two different doses (p >
0.05) reversed the levels of cholesterol and triglyceride
to near normal in cadmium-exposed birds.

This study showed that the volume density of
spermatogonia, primary spermatocyte, and sperma-
tid affected by cadmium administration in a dose of
50 ppm. Meanwhile, similar changes were observed
regarding the area surface of structural components
mentioned in the face of cadmium. As the results
showed, a significant decrease was seen in area sur-

Effect of pomegranate on stereological parameters in the testes of cadmium-exposed birds

Area surface Volume density
spem spem-1 spet spem spem-1 spet
I Control 0.16 £.07° 0.21+0.10* 0.17+.04° 0.25+0.13 a 043 +.17* 025+0.13*
II Cd 0.07 +.04° 0.12+.05° 0.10 +.06° 0.10+.04 b 0.23 £.19° 0.10 £.04°
I Pome. 1% 0.13£.03 0.23 £. 06 0.17 £.06 0.28+.13 0.50 £.26 0.28 £.13
v Pome. 0.5% 0.13 £.06 0.23 £.07 0.20 £.07 0.24+.19 0.50 £.25 0.24 £.19
A% Pome. 1% + Cd 0.12 +.03 0.21 +.08 0.14 +.04 0.22+.13 0.41 +.17 0.22 +.13
VI Pome. 0.5% + Cd 0.12 +.02 0.20 £.07 0.14 £.07 0.21+.12 0.41 +.18 0.21 .12

> Significant difference compared with controls in each column at p < 0.05; Spem: spermatogina, Spem-1: primary spermatocytes, Spet: spermatid.
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face and volume density in the cadmium-treated birds
in comparison with those of the control group. In
agreement with our findings, Blanco et al. displayed
a significant decreasing in the volume density of the
testicular structure and decreasing tubular densities
and epithelial percentages in the animals that were ex-
posed to cadmium [18]. Adamkovicova et al. showed
that the decrease in the epithelial layer volume of the
seminiferous tubules in the face of cadmium can be
due to the penetration of cells into the lumen leading
to lumen shrinkage and a significant decrease in the
percentage of epithelial volume fraction [19]. There-
fore, we infer that a decrease in the volume density of
measured parameters in our study could be another
reason for the reduction of the epithelium layer vol-
ume in Adamkovicova's research. Numerous studies
have shown that alteration in quantitative parameters,
similar to measured parameters of this study, is relat-
ed to toxic effects of cadmium which can result in the
miss of germination epithelium [20, 21].

The results of this study show that no significant

Table 2.

Effect of pomegranate on biochemical parameters in the serum of cadmium-exposed birds
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Figure 2.

Effect of pomegranate on TBARS
levels of testes of cadmium-exposed
birds. Groups: normal (control), p-1
(pomegranate 1%), p-0.5 (pome-
granate 0.5%), Cd (cadmium),
Cd+p-1 (cadmium+ pomegranate
1%),Cd+p-0.5 (cadmium+ pome-
granate 0.5%); Dissimilar letters in-
dicate significant differences.

Cd+p-1 Cd+p-0.5

differences were observed between the control group
and the pomegranate seed powder group in all the
evaluated parameters. The results of this study also re-
vealed that the area surface and the volume density of
spermatogonia, primary spermatocyte, and spermatid
were increased in groups V and VI compared to the
cadmium group.

Cadmium exposure for 35 days caused higher
TBARS, cholesterol, and triglyceride values in the se-
rum of exposed birds to cadmium in the comparison
control group. These are according to other findings
that cadmium produces exceeding amounts of reac-
tive oxygen species (ROS), which leads to oxidative
stress damage and causes of injury and disease expan-
sion [9, 22-26]. An increment in TBARS capacity was
considered as a sign of oxidative damage [27, 28]. The
present study showed that TBARS value in group II
increases than control, but in groups V and VI, the
TBARS value was at a low level compared with group
II. Therefore, oral administration of pomegranate
seed powder (both 1 and 0.5%) to cadmium treated

quails non-significantly (p
>0.05) decreased the altitude
of TBARS when compared to
the group treated with cad-

ESLSINELELs mium alone. Administration
Groups TBARS of pomegranate seed powder
Elhllsits] Triglyceride reversed the concentration
mmol/mg mg/d mg/d of TBARS in cadmium ex-

irds; h that, thi
I Control 20.30 +3.21° 148.99 + 25.07 * 194.78 + 7.49* P O_Sed birds; such that, this
shift caused the amount of
111 Pome. 1% 16.57 +2.17 139.36 + 17.45 152.37 +21.16 the normal level, although
these changes were not sig-

0

v Pome. 0.5% 12.35 +2.01 123.32 + 15.37 142.10 + 15.42 nificant. Like TBARS, similar
V. Pome. 1% +Cd 25.00 + 2.64 153.78 + 24.26 224.34 +24.61 results were obtained in the
VI Pome 05%+Cd 1958 +2.85 168.95+16.56 20827 + 28.14 cholesterol and triglyceride

levels. It was observed that

»®Sjgnificant difference compared with controls in each column; Each value represents the mean + SEM

the levels of cholesterol and
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triglyceride in the serum exposed to cadmium had an
incremental distribution pattern than to controls; vice
versa, the amount of these parameters in groups V and
VI showed a declining process when compared with
the cadmium-induced group (II).

Saleh et al. (2018) have reported that the phenolic
compounds present in the pomegranate peel powder
and extract may have the same antioxidant activity as
a-tocopherol acetate in the meat of broiler chickens
and decreased the oxidation rate and TBARS index,
although their mechanism of action may be different
[29]. The results of the present study indicated that the
TBARS content in samples treated with the pomegran-
ate powder was non significantly lower than that of the
Cd group. In conclusion, these results indicate that Cd
induces destructive effects on the stereological indices
and lipid peroxidation markers and pomegranate seed
powder has prevented the development of these effects
in the testis of Japanese quails.n the meat of broiler
chickens and decreased the oxidation rate and TBARS
index, although their mechanism of action may be ditf-
ferent [29]. The results of the present study indicated
that the TBARS content in samples treated with the
pomegranate powder was non significantly lower than
that of the Cd group. In conclusion, these results in-
dicate that Cd induces destructive effects on the ste-
reological indices and lipid peroxidation markers and
pomegranate seed powder has prevented the develop-
ment of these effects in the testis of Japanese quails.
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Rare case of hemangiopericytoma in a domestic
short-haired cat
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A two-year-old queen was referred to the surgery section of veterinary hospital with lateral recumbency position and
the primary diagnosis of dystocia. The queen was highly lethargic and dehydrated, with a pale mucous membrane, a
rectal temperature of 37.3 °C, and no vaginal discharge during first inspection. The primary examination revealed a big
mass in the abdominal cavity, which was followed by other diagnostic investigations. Due to a huge and encroaching
tumor and the patient's owner's refusal to accept any further therapies, the queen was euthanized during an exploratory
celiotomy. This report describes a large Hemangiopericytoma (HPCy) in a domestic short-haired queen diagnosed
based on physical examination, radiography, ultrasonography, histomorphology, and immunohistochemical reactivity.
The results of pathology revealed a whorls around blood vessels and the "fingerprint" pattern of tumor with negative
S-100 immunohistochemistry staining. In dogs, HPCy is a common neoplasm, but it is a seldom finding in cats. There

is no previous report of HPCy in the abdominal cavity as observed in the presented case to the authors' knowledge.
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emangiopericytoma (HPCy) is a common

neoplasm in middle-aged or older dogs
[1,2]. These tumors represent 7% of canine cutaneous
tumors and are most often found in the lower extrem-
ities [3]. According to the literature, it is uncommon
in cats [4]. It accounts for around 2.5 percent of all
soft tissue sarcomas in humans and is classified as a
malignant neoplasm [3]. HPCys [1,5] are a kind of
soft tissue sarcoma that arises from vascular pericytes.
HPCly is a locally infiltrative tumor that recurs follow-
ing surgical excision on rare occasions, although it sel-
dom metastasizes [4]. These tumors usually appear as
solitary, well-circumscribed, lobulated, and pseudo-
capsulated masses of gray-white to red-brown color,
occasionally reaching considerable dimensions [3,4].
The hallmark of this tumor microscopically is whorls
around blood vessels and the “fingerprint” pattern
formed by the neoplastic cells [2,4,6]. It should be dif-
ferentiated from endothelioma, angiosarcoma, fibro-
sarcomas, lelomyosarcomas, schwannoma, peripheral
nerve sheath tumor, and seldom dermatofibrosarco-
ma (a variant of malignant fibrous histiocytoma) and,
maybe, glomus tumor [5,6]. The definitive diagnosis
of HPCy is immunohistochemical findings [4]. This
study describes a case report of hemangiopericytoma
in a domestic short-haired (DSH) cat referred to a
veterinary clinic, Iran.

A two-year-old female DSH cat weighing 3.5 kg
was presented to a veterinary hospital, Tehran, Iran,
with clinical signs of lateral recumbency position,
anorexia, and abdominal enlargement. The owner as-
sumed she was pregnant because of her swollen abdo-
men. The queen was highly lethargic and dehydrated,
with a pale mucous membrane, a rectal temperature
of 37.3 °C, and no vaginal discharge during the first
inspection. Cell blood counts (CBC) and biochemical
profiles were determined using a blood sample (Table
1). An ultrasonographic examination showed a heter-
ogeneous mass with a nearly distinct border. The mass
was evaluated using Doppler, and power Doppler re-
vealed significant vascularity in the mass (Figure 1).
Medetomidine (0.02 mg/kg) was used to pre-anesthe-
tize the patient. After injection of diazepam (0.2 mg/
kg, IV) and ketamine hydrochloride (6 mg/kg, IV),
the patient was intubated and positioned in a dorsal
recumbency position. Anesthesia was maintained by
isoflurane (1.5%) inhalation. After the aseptic prepa-
ration of the surgical region, the midline incised from
the xiphoid to a midline point between the umbil-
icus and pubis. A large soft tissue mass was in the
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abdominal cavity and around the lumbar vertebral
column, and the uterus and other abdominal organs’
appearance were grossly normal. Due to a huge and
encroaching tumor and the patient's owner's refusal
to accept any further therapies, the queen was eutha-
nized during an exploratory celiotomy. The mass was
removed and shown to be white, multilobulated, and
enormous, weighing around 900 grams (Figure 2A,
2B ). The specimens of mass were fixed in 10 percent
formalin for histological analysis. The tissue speci-
mens were placed in ethanol (70% for 24 h, 90% for
1 h, and 100% for 1 h) for graded dehydration, then
cleaned in xylene and embedded in paraffin. Sections
were made at 5 um thickness, stained with hematox-
ylin and eosin for the histopathological evaluation.
Immunohistochemical analysis was performed to dif-
ferentiate the tumor from the peripheral nerve sheath
tumor and confirm the histopathological diagnosis.
On formalin-fixed, paraffin-embedded tissues, im-
munohistochemistry expression of S-100 protein was
performed, and the sections were processed using the
avidin-biotin-peroxidase complex method. Histo-
pathologically, the tissue sections showed that the tu-
mor contained multiple layers of spindle-shaped cells
arranged around a central thin-wall vessel, a finger-
print pattern, with the collagenous stroma. The neo-
plastic cells had homogenous eosinophilic cytoplasm
with prominent nuclei. The mitotic figures were rare
(Figure 2C, 2D). By the immunohistochemical ex-
amination, the tumor cells stained negative for S-100
protein (Figure 2E). Based on histopathological and
immunohistochemical findings, an HPCy was diag-
nosed.

HPCy has been found in both dogs and men [5].
It is, however, infrequently documented in cats [3].
HPCy is most often observed in the legs and hind-
limbs of both humans and dogs [6]. In cats, it is seen
on the thoracic side and the left thigh, according to
prior case reports [3,5]. In dogs, metastatic HPCy is
unusual [6], with just 5 individuals having metasta-
sized to the lungs, sublumbar lymph nodes, or chest
[7-10], whereas in men, the metastatic rate ranges
from 11.7 percent to 56.5 percent [6]. Dogs have a
broad variety of recurrence rates (ranging from 26 to
60%) [6]. In a DSH cat, it was found in the belly cavity
and surrounding the lumbar spinal column.

In our study, the preoperative findings were in
terms of the physical examination, ultrasonography,
CBC, and serum biochemical profile (Table 1). Mild
normocytic normochromic- non-regenerative anemia
(because of mild anemia: HCT 31, MCV normal, nor-
mochromic: MCHC normal) besides low serum iron

Hemangiopericytoma in a cat
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Table 1.
Measurement of CBC and serum biochemicals in the patient.

Hematology Value Unit Reference Range
HCT 31 % 37-55
Hb 102 g/l 120-180
RBC 4.77 x10"cell/l 5.5-8.5
MCV 65 fl 60-72
MCH 25 Pg 21-26
MCHC 330 g/l 310-360
NRBC 0 cell/100 wbc 0-1
RDW 13.8 % 10.6-14.3

1: Non regenerative

1-4: weak regenerative

Reticulocyte 0.7 % 5.20: moderate
regenerative
21-50: strong regenerative
PLT 750 x10° cell/l 150-500
WBC 18.6 x10° cell/l 4.5-17
Neutrophil 12.7 x10? cell/l 3-11.5
Lymphocyte 3.35 x10° cell/l 1-4.8
Monocyte 1.8 x10° cell/l 0-1.3
Eosinophil 0.3 x10° cell/l 0.1-1.2
Basophil 0 x10° cell/l 0-0.1
Band Neutrophil 0.45 x10° cell/l <0.3
Total Protein 94 g/l 54-74
Albumin 37 g/l 27-45
Globulin 57 g/l 19-37
BUN 310 mg/l 70-280
Creatinine 12 mg/l 3-13
ALP 267 1U/1 10-140
ALT 55 1U/1 17-95
AST 39 IU/1 5-65
GGT 2 1U/1 0-8
Total Bilirubin 1 mg/l 0-4
Glucose 1410 mg/l 750-1300
Triglyceride 830 mg/l 290-1200
Cholesterol 1970 mg/l 1300-3700
Na 151 mEq/1 145-150
K 4.1 mEq/1 3.9-5.5
Cl 109 mEq/1 106-127
Corrected Chloride 112 mEq/1 107-113
Total Ca 119 mg/l 90-115
Ionized Ca 62 mg/l 50-58
P 37 mg/l 28-61
Serum Iron 690 pg/l 970-2630
TIBC 2970 pg/l 2800-4890
Transferrin Saturation 23.23 % 27-66
ACTH Stimulation Test
Basal cortisol 50 pg/l 20-60
1 Hour after Injection 170 pg/l 60-180
Hemangiopericytoma in a cat Hayati et al., IJVST 2021; Vol. 13, No. 2
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concentration and low TIBC indicates anemia due to
chronic disease or acute inflammation. Neutrophilic
leukocytosis with monocytosis and left shift indicates
chronic active inflammatory response which is antic-
ipated from the case presentation with inflammatory/
neoplastic reaction. Hyperproteinemia regarding the
hyperglobulinemia and normal serum albumin con-
centration is compatible with active antigenic stimu-
lation by neoplastic tissue. Differential diagnoses of
hypercalcemia and normophosphatemia (increased
total and ionized serum Ca2+ concentration along-
side normal serum phosphorus concentration), re-
garding the case history, were hypoadrenocorticism
and focal osteolytic lesions [11]. Hypoadrenocorti-
cism was ruled out by an ACTH stimulation test and
anormal Na/K concentration. As a result, hypercalce-
mia and normophosphatemia are thought to be asso-
ciated with localized spinal bone osteolysis caused by
tumor invasion. The liver and renal functions were
found to be normal. The tumor's intra-abdominal or
bone metastatic pathology may cause a moderate (less
than 3 times) rise in serum ALP activity. Thrombocy-
tosis may occur because of inflammation.

Based on these findings, the abdominal tumor's
presumptive diagnosis was made, but we performed
the histopathological and immunohistochemical
studies for the definitive diagnosis. Microscopically,
whorls around blood vessels and the "fingerprint” pat-
tern have been identified as a feature of this tumor [2,
4, 6]. The tissue slices in this research had a hyper-
cellular pattern that looked like a fingerprint, which
is a common occurrence. In canines and men, HPCy
histopathological categorization is a valuable diag-
nostic technique for predicting prognosis, recurrence,
and metastatic rates. Based on tissue differentiation,
mitotic count, and necrosis quantification, this cate-
gorization might range from grade I to III (poor diag-
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nostic) [1, 12]. The tumor showed features consistent
with grade II in this case. As it is mentioned previous-
ly, immunohistochemistry is useful in ruling out oth-
er spindle cell tumors, which present the same whorl
pattern [4, 6]. The neoplastic cells stained positively
for vimentin, anti-muscle actin, and laminin and neg-
ative for S-100 protein, factor VIII-related antigen,
lysozyme, and UEA I lectin [2, 4, 5, 6, 13]. S-100 is de-
tected in 100% of schwannomas, 100% of neurofibro-
mas (weaker than schwannomas), 50% of malignant
peripheral nerve sheath tumors (may be weak and/or
localized), paraganglioma stromal cells, histiocytoma,
and clear-cell sarcomas [14]. The absence of immuno-
reactivity against S-100 helped rule out a diagnosis of
other soft tissue sarcomas.

Treatment options for HPCy include surgery and
radiation. Chemotherapy and other systemic thera-
pies have had mixed results [15]. Without radiation,
the canine HPCy recurrence rate was found to be 26
percent [9] and 38 percent [16]. Meantime to recur-
rence with or without radiotherapy after surgery 27
and 16 months, respectively. Maruo et al. suggested
that conservative resection and intraoperative radi-
otherapy may control local tumors (e.g HPCy) with-
out an adequate margin [1]. Baldi et al. used elec-
trochemotherapy for the treatment of thoracic HPCy
in a cat. Electrochemotherapy is a new treatment for
tumors [5].

In conclusion, a hemangiopericytoma was diag-
nosed based on the physical examination, radiogra-
phy, ultrasonography, histomorphology, and immu-
nohistochemical reactivity in the cat. To the authors'
knowledge, this is the third reported hemangiopericy-
toma and the largest among them in cats. This tumor
is rare in cats; therefore, the diagnosis of HPCy in cats
needs more information.

Figure 1.
Ultrasonography of the mass.
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Figure 2.
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A) The large mass in the abdominal cavity close to kidney. B) The excised mass. C&D) Spindle shaped
cells are arranged around a central capillary, “fingerprint pattern’, in the collagenous stroma, H&E

staining. E) Negative immunolabelling with S-100.
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Bameri et al., IJVST 2021; Vol.13, No.2 Interaction between melanocortin with cannabinoids and
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Alemi et al., IJVST 2021; Vol.13, No.2 Platelet-specific DNA aptamers
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Gilvari et al. IJVST 2021; Vol.13, No.2 Acaricidal activity of Melia azedarach extract
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Fatahian Dehkordi et al. IJVST 2021; Vol.13, No.2 Powder of pomegranate seed and the structural changes of
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Guide for authors

SCOPE

Iranian journal of Veterinary Science and Technology (IJVST) publishes important research advances in
veterinary medicine and subject areas relevant to veterinary medicine including anatomy, physiology, phar-
macology, bacteriology, biochemistry, biotechnology, food hygiene, public health, immunology, molecular bi-
ology, parasitology, pathology, virology, large and small animal medicine, poultry diseases, diseases of equine
species, and aquaculture. Articles can comprise research findings in basic sciences, as well as applied veterinary
findings and experimental studies and their impact on diagnosis, treatment, and prevention of diseases. IJVST
publishes four kinds of manuscripts: Research Article, Review Article, Short Communication, and Case Report.
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GENERAL GUIDELINES

1. Submitted manuscripts should not be previously published elsewhere and should not be under
consideration by any other journal.

2. The corresponding author should provide all co-authors with information regarding the manu-
script, and obtain their approval before submitting any revisions.

3. The submitted manuscript should be accompanied by a written statement signed by the cor-
responding author on behalf of all the authors that its publication has been approved by all
co-authors, stating that the whole manuscript or a part of it has not been published.

4. Ethics: Authors must state that the protocol for the research project has been approved by the
Ethics Committee of the institution within which the work was undertaken. Authors are respon-
sible for animal welfare and all statements made in their work.

OPEN ACCESS POLICY

Iranian Journal of Veterinary Science and Technology is a fully Open Access journal in which all
the articles are available Open Access. There is no cost to the reader or author. All costs are covered by
the Ferdowsi University of Mashhad Press.

COPYRIGHT

Copyright on any open access article in the Iranian Journal of Veterinary Science and Technology,

published by Ferdowsi University of Mashhad Press is retained by the author(s).

o Authors grant Ferdowsi University of Mashhad Press a license to publish the article and identify
itself as the original publisher.

 Authors also grant any third party the right to use the article freely as long as its integrity is main-
tained and its original authors, citation details, and publisher are identified.

The Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of

publishing articles. The Copyright assignment form can be downloaded from the IJVST website.

SUBMISSION

Authors should submit their manuscript in electronic format directly through the IJVST website
(ijvst.um.ac.ir) along with a letter to the editor signed by the author to whom correspondence should
be addressed. Please ensure that Email addresses are university/governmental addresses and full
postal addresses are included on the title page of the manuscript. The following files and forms can
be downloaded from the IJVST website:

Manuscript (template file can be downloaded from the IJVST website)

Title page (template file can be downloaded from the IJVST website)

Tables (template file can be downloaded from the IJVST website)

Endnote manuscript library file (Vancouver style can be downloaded from the IJVST website)
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Copyright assignment form (can be downloaded from IJVST website)
Contflict of interest and author agreement form (can be downloaded from the IJVST website)

For further information, please contact the Editorial Office:
Iranian Journal of Veterinary Science and Technology

Email: ijvst@um.ac.ir;

Tel: +98 51 3880-3742

PREPARATION OF MANUSCRIPT

Manuscripts should be written in English, with Abstract in both English and Persian (where ap-
plicable), typewritten in MS Word program, double-spaced, in 12-point “Times New Roman” font on
A4 paper size. Authors are requested to reserve margins of 2.5 cm all around the pages. Manuscript
should also have line numbers. All pages of the manuscripts should also be enumerated.

Research Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, Results, Discussion, Materials and methods, References, and Figure legends. Tables and figures
should be appended as individual files.

Review Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, appropriate sections dependeing to the subject, Conclusions and future directions. Tables and
figures should be appended as individual files. The review article should provide an update on recent
advances in a particular field. Authors wishing to submit review articles should contact the Editor
with an outline of the proposed paper prior to submission.

Case Reports should include Title page, Abstract, Keywords, List of Abbreviations, Introduction,
Case Presentation, Results and Discussion, and References. Case reports should not exceed 2000
words (excluding the references) and should include no more than two tables or figures. Tables and
figures should be appended as individual files.

Short Communications should not exceed 2000 words (excluding the references) and include no
more than two tables or figures. They should include Title page, Abstract, Keywords, List of Abbrevia-
tions, the text summarizing results with no other divisions, and References. Tables and figures should
be appended as individual files.

Title Page

Full Title Page should include title (concise and informative), author(s) (including the complete
name, department affiliation, and institution), running head (condensed title) (< 50 characters,
including spaces), name and address of the authors to whom correspondence and reprint requests
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should be addressed, Acknowledgements, Author contributions, and Conflict of interest.

Acknowledgements: Personal acknowledgement, sources of financial support, contributions and
helps of other researchers and everything that does not justify authorship should be mentioned in this
section, if required.

Author contributions: Authors are required to include a statement to specify the contributions of
each author. The statement describes the tasks of individual authors referred to by their initials. Listed
below is an example of author contributions statement:

Conceived and designed the experiments: HD, SS. Performed the experiments: SS. Analyzed the data:
HD, SS, MMM, ARB. Research space and equipment: HD, MMM, ARB. Contributed reagents/mate-
rials/analysis tools: HD. wrote the paper: SS, HD.

Conflict of interest: All authors must disclose any financial and personal relationships with other
people or organizations that could inappropriately influence (bias) their work. Examples of poten-
tial conflicts of interest include employment, consultancies, stock ownership, honoraria, paid expert
testimony, patent applications/registrations, and grants or other funding. If there are no conflicts of
interest then please state “The authors declare that there is no conflict of interest’. This form can be
downloaded from the IJVST website.

Abstract

Abstract (in English and Persian) no more than 250 words should contain the purpose of the study;,
findings and the conclusion made on the basis of the findings. Authors who are not native Persian
speakers may submit their manuscript with an abstract in English only. Abbreviations and reference
citations may not be used in the abstracts.

Keywords

For indexing purposes, each submitted manuscript should include three to seven keywords, fol-
lowing the abstract and preferably chosen from the Medical Subject Headings (MESH). Keywords
should express the precise content of the manuscript.

Introduction
Introduction should be as concise as possible, and clearly explain the main objective and hypoth-
esis of the investigation.

Results

Results indicate the results of an original research in a clear and logical sequence. Do not repeat
data that are already covered in tables and illustrations. In manuscripts describing more than one
animal, all animals should be assigned a case number.

Discussion
Discussion should include the answer to the question proposed in the introduction and empha-
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size the new and important aspects of the study and the conclusions that follow from them. It could
include the implication, application, or speculation of the findings and their limitations, relate the
observations to other relevant studies, and links the conclusions with the goals of the study. Recom-
mendations, when appropriate, may be included.

Materials and methods

Materials and methods should be described in sufficient details to allow other researchers to re-
produce the results. Specify any statistical computer programs used .The methods of data collection
and use of statistical analysis will be checked by the referees and if necessary, a statistician. Drugs and
therapeutic agents, reagents, softwares and equipments should be given in the format: name (trade
name, manufacturer name, city, country), e.g. Statview 5 (SAS Institute, Inc., Cary, NC, USA).

Animals: All animal experiments should comply with the ARRIVE (https://arriveguidelines.org/)
guidelines and the authors should clearly indicate in the manuscript the ethical code of the study.

Gene names: The standard gene names, as provided by HGNC (HUGO Gene Nomenclature Com-
mittee) should be used. Gene names must be italicized. If the case of mammalian species and if gene
names refer to rodent species, they must be upper case; if they refer to non-rodent species they must
be written in capitals. If they refer to other species, they must written lower case. Protein names are
written in capitals and are not italicized. As an example:

Mouse beta actin gene: Actb

Bovine beta actin gene: ACTB

Chicken beta actin gene: actb

Beta actin protein: ACTB

Quantitative PCR: If the quantitative PCR method has been used, the related section in Materials and
Methods must be written following the reference:

Bustin SA, Benes V, Garson JA, Hellemans ], Huggett J, Kubista M, Mueller R, Nolan T, Pfaffl MW, Shipley GL, Vandes-

ompele J, Wittwer CT. The MIQE guidelines: minimum information for publication of quantitative real-time PCR
experiments. Clin Chem. 2009 Apr;55(4):611-22.

The following information must be provided in the section:
Protocol for DNA/RNA extraction, including quantification and determination of purity;

Reverse transcription (if used): amount of RNA, concentration of all reagents: primers concentration (either random
primers or oligonucleotides), reverse transcriptase and master mix components;

qPCR: sequence of forward and reverse primers, probes, amplicon size, accession number of Genebank;
thermocycler parameters (i.e. denaturation, annealing and extension steps, number of cycles, melting curves);

validation of PCR products; non-template controls for reverse transcription and qPCR should be included in all reac-
tions; and

Data analysis: details for the quantitative or relative analysis.

Use of antibodies: Authors must show that the antibodies are validated and their specificity sis con-
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firmed.

References

Must be up-to-dated and limited to those that are necessary. Lists of references should be given
in numerical order in the text, and in the reference list. Please use Vancouver style. To download the
Vancouver Style follow the link in the IJVST website which could be used in the Endnote software.

Example piece of text and reference list :

An unhealthy diet, obesity and physical inactivity play a role in the onset of type 2 diabetes, but it has been shown
that increased physical activity substantially reduces the risk [1], and participation in regular physical activity is one of
the major recommendation of the evidence based guidelines for the primary prevention of diseases [2]. According to the
2004-05 National Health Survey, more than half a million Australians (3.5% of the population) have diabetes mellitus
which had been medically diagnosed and most of these people have the Type 2 condition [3]. Gestational diabetes is also
on the increase, rising steadily between 2000-01 and 2005-06 [4]. Approximately two thirds of those with diabetes have
been prescribed medication [3], but it is of concern that a recent review of the literature found that many people do not
take their medication as prescribed [5]. Many patients also self monitor the disease by measuring their blood glucose levels
with a glucose meter but Song and Lipman [6] have concerns about how well this is managed.

References for the above example:
1. Hull J, Forton J, Thompson A. Paediatric respiratory medicine. Oxford: Oxford University Press; 2015.

2. Eckerman AK, Dowd T, Chong E, Nixon L, Gray R, Johnson S. Binan Goonj: bridging cultures in Aboriginal health. 3rd
ed. Chatswood, NSW: Elsevier Australia; 2010.

3. Johnson C, Anderson SR, Dallimore ], Winser S, Warrell D, Imray C, et al. Oxford handbook of expedition and wilder-
ness medicine. Oxford: Oxford University Press; 2015.

4. McLatchie GR, Borley NR, Chikwe J, editors. Oxford handbook of clinical surgery. Oxford: Oxford University Press;
2013.

5. Petitti DB, Crooks VC, Buckwalter JG, Chiu V. Blood pressure levels before dementia. Arch Neurol. 2005;62(1):112-6.

6. Liaw S, Hasan I, Wade, V, Canalese R, Kelaher M, Lau P, et al. Improving cultural respect to improve Aboriginal health
in general practice: a multi-perspective pragmatic study. Aust Fam Physician. 2015;44(6):387-92.

Tables

Please submit tables as individual files and editable text and not as images. Place all table notes
below the table body. Each table should have a title which is followed by explanation of results shown
in the table. Use of vertical rules must be avoided. Tables should be self-explanatory, and clearly ar-
ranged. Tables should provide easier understanding and not duplicate information already included
in the text or figures. Each table should be typewritten with double spacing on a separate file and num-
bered in order of citation in the text with Arabic numerals. Each table should have a concise heading
that makes it comprehensible without reference to the text of the article. Explain any non-standard
abbreviations in a footnote to the table.

Figures
Figures must be submitted in individual files (format: TIFF, Dimensions: Width: 789 - 2250 pixels
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at 300 dpi Height maximum: 2625 pixels at 300 dpi, Resolution: 300 — 600 dpi, file size: less than 10
MB, Text within figures: Arial or Symbol font only in 8-12 point). The text and other labels should
be placed in the figure as un-compressed layers. Each figure should have a title which is followed by
explanation of results shown in the figure. Figures should be numbered in order of citation in the text
with Arabic numerals.

For the use of bar diagrams the following publication should be consulted:
Weissgerber TL, Milic NM, Winham SJ, Garovic VD. Beyond bar and line graphs: time for a new data presentation
paradigm. PLoS Biol. 2015 Apr 22;13(4):e1002128.

The bar diagrams should be provided in color and in a well-designed and professional format.
Please do not use different shades of gray. The axes of diagrams should have titles and units. Also, the
source file of the image (Excel etc.) should be provided for typesetting.

Ilustrations should be numbered as cited in the sequential order in the text, with a legend at the
end of the manuscript. Color photographs are accepted at no extra charge. The editors and publisher
reserve the right to reject illustrations or figures based upon poor quality of submitted materials.

If a published figure is used, the publisher’s permission needs to be presented to the office, and the
figure should be referenced in its legend.

Use of Italics

Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species
scientific names (using the binomial nomenclature), should be typed in italics, while the first letter of
the genus name must be capitalized (i.e. Homo sapiens).
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PUBLICATION ETHICS

Iranian Journal of Veterinary Science and Technology is aligned with COPE’s (Committee on
Publication Ethics) best practice guidelines for dealing with ethical issues in journal publishing and
adopts the COPE guidelines. The journal members (editor, editorial board and the journal manager)
have agreed to meet the purposes and objectives of the Journal.

Ethical guidelines for authors:

Authorship Criteria

IJVST requires authors to confirm that they and their co-authors meet all four criteria for author-
ship based on the guidelines of The International Committee of Medical Journal Editors (ICMJE)
(verbatim as follows):

1. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or
interpretation of data for the work; AND

2. Drafting the work or revising it critically for important intellectual content; AND

3. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately investigated and resolved.

The section “Author Contributions” in the manuscript should illustrate and clarify who contribut-
ed to the work and how. If a contributor does not meet all four above criteria should be acknowledged
in the “Acknowledgements” section of the article.

Author agreements and conflict of interest

Written authorization from all authors for publication of the article is mandatory for IJVST to start
the review process. This form entitled “Conflict of interest declaration and author agreement form”
must be signed and completed by all authors. This statement and signatures certifies that all authors
have seen and approved the manuscript being submitted. Also, the authors by signing this form war-
rant that the article is the Authors’ original work, that the article has not received prior publication
and is not under consideration for publication elsewhere, and that the corresponding author shall
bear full responsibility for the submission.

Editors and members of editorial board as authors
Editor and members of editorial board are excluded from publication decisions when they are au-
thors or have contributed to a manuscript.
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Ethical guidelines for Peer reviewers

Iranian Journal of Veterinary Science and Technology (IJVST) follows and adheres to COPE Eth-
ical Guidelines for Peer Reviewers. IJVST peer reviews all submitted manuscripts with contents in
the scope of the journal. The process has been explained in the section “Peer Review Process”

Ethical guidelines for Editor

Iranian Journal of Veterinary Science and Technology regarding the responsibilities of the editors
follows and adheres to COPE Ethical Guidelines for editors. The main guidelines are summarized in
the guide to ethical editing from COPE.
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PEER REVIEW PROCESS

Iranian Journal of Veterinary Science and Technology peer reviews all submitted manuscripts with
contents within the scope of the journal.

Initial assessment

The submitted manuscript will be subjected to a primary review by the editor or a member of the
editorial board for suitability and relevance of the findings to the scope of the journal and quality of
the science presented in the paper (sufficient originality, having a message that is important to the
general field of Veterinary Medicine, quality of data, novelty, English language, and overall manuscript
quality) within two weeks. If the paper is evaluated to be relevant to the scope of the journal and hav-
ing enough scientific rigor and novelty, it will be sent for the next stage. Otherwise, those manuscripts
which are evaluated as not-appropriate in the initial review will be rejected at this stage.

Initial screen
The initial screen will be performed by the editorial office for the structure and format of the manu-
script.

Peer review (double-blind)

The manuscripts which are found to be appropriate after the initial screen will be sent for external
review by experts in the related field. We have prepared a checklist for reviewers that summarizes
their evaluation of the manuscript. The items in this checklist are:

1. TITLE is clear and adequate

2. ABSTRACT clearly presents objects, methods, and results.

3. INTRODUCTION well-structured and provides a rationale for the experiments described.

4. MATERIALS AND METHODS are sufficiently explained and is detailed enough to be reproduced.

5. RESULTS are clearly presented and supported by figures and tables.

6. DISCUSSION properly interprets the results and places the results into a larger research context, and contains all
important references.

7. Conclusions are logically derived from the data presented.

8. English Language/style/grammar is clear, correct, and unambiguous.

9. Figures and tables are of good quality and well-designed and clearly illustrate the results of the study.

10. References are appropriate.

11. Regarding this article are you concerned about any issues relating to author misconduct such as plagiarism and un-
ethical behavior.

12. Comments on the importance of the article.

Final Decision

Based on the reviewers’ recommendations a final decision is made by the editor and if needed the help
of a member of the editorial board (depending on the field of study). Decisions will include accept,
minor revision, major revision with and without re-review, and reject. We aim to reach a final decision
on each manuscript as soon as their review results are available.
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