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Role of Various Neurotransmitters in the Central Reg-
ulation of Food Intake in the Dorsomedial Nucleus of
the Hypothalamus

Shiba Yousefvand, Farshid Hamidi

Department of Basic Sciences, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad, Iran.

In living organisms, the central control of nutrition is a highly complex and vital mechanism. Central control of nutrition

occurs in various regions of the brain, with the hypothalamus being the most important of which is the hypothalamus.
The hypothalamus controls feeding behaviors through neural circuits, specialized nuclei, and central neurotransmitters.
Different hypothalamic nuclei involved in regulating food intake include ARC, PVN, LHA, VMH, and DMH. The DMH
influences feeding behavior by modulating the activity of different neurotransmitters in the brain. This nucleus receives
both orexigenic and anorexic inputs through neural connections with the ARC and other regions of the brain. Due to its
location in the brain, the ARC has access to nutritional inputs from the circulation. Within this nucleus, there exist two
distinct neuronal populations, namely NPY and POMC. Different inputs from circulation affect two neuronal popula-
tions in the ARC. These inputs are related to second-order neurons, including DMH. The DMH integrates these inputs
and sends the final output to PVN and LHA. Therefore, DMH affects the central control of feeding regulation through

these neural pathways.

- Number of Figures: 1

Number of Tables: 2
Feeding, Hypothalamus, Dorsomedial nucleus, Number of References: § ]
Brain neurotransmitters, Orexigenic, Anorexigenic Number of Pages: 10
CNS: Central Nervous System PVN: Paraventricular
ARC: Arcuate nucleus LHA: Lateral hypothalamus area
VMH: Ventromedial hypothalamus DMH: Dorsomedial hypothalamus
https: //TJVST.um.ac.ir Corresponding author: | Email: farshidhamidi@um.ac.ir

Farshid Hamidi Tel: +98(51)3880-5599



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

REVIEW ARTICLE

I'he ability to maintain a balance between ener-
gy intake and consumption is very important
in living things. Researchers have conducted many
types of research on this subject [1]. It has been shown
that CNS plays a key role in controlling this balance
[2]. Research conducted on CNS includes brain neu-
roanatomical constructions, peripheral and central
hormonal and metabolic signals, as well as examining
cellular and molecular pathways [3]. Among different
brain regions, the hypothalamus plays an important
role in controlling the mentioned pathways [4].

Numerous neurotransmitters and neuropeptides
affect the central control of feeding via the hypothal-
amus. This region plays a crucial role in monitoring
basic behavior patterns, particularly feeding behav-
ior [5]. Different types of stimulating and inhibitory
peptides generated in the CNS affect feeding (Figure
1) [6]. The central regulation of feeding behavior and
energy homeostasis in the body is a highly complex
process that requires extensive research. Neuroscience
researchers have discovered that special hypothalamic
nuclei, as well as brain neurotransmitters and neuro-
modulators, play an important role in the central con-
trol of nutritional behaviors [7-15].

Hypothalamus exerts its controlling role through
its special nuclei. These nuclei include ARC (first-order
neuron), VMH, PVN, LHA, and DMH (second-order
neurons) [16-18]. The ARC in the middle eminence is
not covered by the BBB, so it has direct access to the
signals of energy regulation with blood origin. This
nucleus, with its two important neuronal populations
(NPY and POMC), plays a very important role in the
central control of food intake [19]. By receiving blood
signals, the neuronal population in this nucleus sends
the necessary message to change the nutritional sta-

BBB: Blood-brain barrier

NPY: Neuropeptide Y

POMC: Pro-opiomelanocortin

VTA: Ventral tegmental area

CART: Cocaine- and amphetamine-regulated transcript
GALRs: Galanin receptors

GPCR: G protein-coupled receptors

PeH: Periventricular hypothalamus

ICV: Intracerebroventricular

GALP: Galanin-like peptide

L-bR: Leptin receptors

DR: Dopaminergic receptors

NPYR: NPY receptor

MCR: Melanocortin receptor

GHSR Ia: Growth hormone secretagogue receptor 1a
MBH: Mediobasal hypothalamic

AgRP: Agouti-related peptide

a-MSH: alpha-melanocyte-stimulating hormone.

Introduction

tus and neuronal activity of the second-order neuron
[4]. The VMH is called the center of satiety and plays
a role in energy homeostasis and body weight. It re-
ceives different signals from ARC and PVN through
its receptors, modulates these messages, and sends
appropriate output to ARC, PVN, and other brain re-
gions involved in the central control of feeding [17,
20]. The PVN is the center of hunger and is the main
output center of the hypothalamus. It receives multi-
ple inputs from the ARC and subcortical regions. It
then issues the appropriate response to the LHA and
other brain regions [16, 21]. The most important task
of LHA is to control nutrition according to the chang-
es in the body's energy status. This nucleus receives
the necessary messages to control the nutritional sta-
tus of the body, especially from the ARC, PVN [18],
and DMH [22, 23]. Then, by integrating these messag-
es, it issues the appropriate stimulus response to VTA
and other brain centers involved in the central control
of food intake [24].

The DMH plays an important role in controlling
feeding, body weight, and digestive behaviors [22, 23].
It is located in the tubular part of the hypothalamus
and the area between the periventricular and lateral
regions. In rodents, this nucleus is easily divided into
several identifiable sub-regions [25]. The DMH con-
tains two important neural populations, namely NPY
and CART neurons, which are the most important
ones in the central control of food intake [26]. The
DMH receives diverse inputs and integrates them
and issues the appropriate response through these
two neuronal populations [27]. This nucleus has ex-
tensive connections with other hypothalamic nuclei
in the central control of food intake. This nucleus re-
ceives multiple inputs from all the anterior, middle,
and posterior nuclei of the hypothalamus [28]. The
DMH also receives signals of blood origin through
the cerebellum. The cerebellum transmits various in-
puts from the vagus nerve and signals of blood origin
to the DMH. Therefore, through DMH, the hypothal-
amus is connected to other neural networks involved
in the central control of nutrition, including the cer-
ebellum-vagus nerve [29]. The DMH sends extensive
nerve projections to all nuclei of the periventricular
zone of the hypothalamus, such as PVN, LHA (except
ARC), septum, hippocampus, and amygdala [27].

In the field of neurophysiology, several types of
research have been conducted on distinct hypotha-
lamic nuclei, and their roles have been investigat-
ed separately. The DMH has received little attention
among these nuclei [23]. Therefore, considering the
role of DMH in the central control of food input, we
review the role of this nucleus in controlling central
nutritional behavior.

Yousefvand et al., IJVST 2023; Vol.15, No.2
DOI: 10.22067/ijvst.2023.79476.1203
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Nutritional status and energy balance hypothalamic peptidergic circuitry in the rat. Receptors and communities of peptidergic neu-
rons with their projections were defined. The middle group of hypothalamic nuclei, including the arcuate nucleus, retrochiasmatic
area, dorsomedial, and ventromedial nuclei have long-form leptin receptors (ObRb, open triangles). Arcuate neuron has the mRNA
of neuropeptide Y (NPY) and agouti-related protein (AgRP). These neuron populations project output to the paraventricular nucleus
(PVN) and the perifornical/lateral hypothalamus (PeF). These neuron populations project output to autonomic and motor areas of the
brainstem and spinal cord, PVN and DMH, and other brain areas (not shown). One neuron group that receives input from these ARC
projections in the lateral hypothalamus (LHA) involves MCH, CART, orexin-A (OREX), and dynorphin (DYN). Various populations of
these neurochemically special cell groups produce ‘ascending’ (cortex, amygdala, hippocampus, thalamus) and ‘descending’ projections
to promotor (medullary motor nuclei), locomotor (pedunculopontine locomotor area and spinal cord), and autonomic premotor and
motor areas (dorsal motor nucleus of the vagus, A5, RVLM, and ILM) (dorsal motor nucleus of the vagus, A5, RVLM, and ILM) [81].

Study design

Several reliable papers from electronic sources
were used in this review article. Creditable articles in-
dexed in the Web of Science, Scopus, PubMed, SID,
Google Scholar, and ISI databases using the keywords

“feeding central regulation”, “hypothalamic dorsome-
dial nucleus”, “brain neurotransmitters’, and “brain
neuromodulator” were surveyed.

Galanin

Galanin is a neuropeptide found in CNS, especial-
ly the hypothalamus, and exerts its effect via GALRs
(Table 1). It helps regulate feeding, body weight, re-
production, and growth. The GALRs, as members of
the GPCR family, are classified into three types [5, 30].
GALRLI is mostly found in the prefrontal cortex, me-
dial thalamus, and central amygdala. GALR?2 is pre-
sented in the granule cell layer of the dentate gyrus,
cerebellar cortex, and mammillary bodies. GALR3 is
found in the hypothalamus [31]. In mice, galanin is
distributed in all special nuclei of the hypothalamus,

especially VMH. In rats, galanin is most distributed
in DMH and PeH [32]. Galanin stimulates eating
through various brain regions, especially DMH [33].
Central administration of galanin increased food
consumption in rodents. As well as, intracerebroven-
tricular (ICV) administration of galanin stimulates
feeding in various hypothalamic nuclei such as DMH
in satiated rats [34]. Moreover, the ICV injection of
1 nmol galanin increased feeding in rats with free
access to food and water (Table 2). Galanin causes
a central increase in food intake via up-regulating
c-FOS in GALRI in DMH [31].

Galanin-like peptide

The GALP, a 60-amino acid neuropeptide, was
discovered in the hypothalamus of pigs and is linked
to GALRs (Table 1) [30]. GALRI1 is mostly distributed
in the CNS, while GALR2 and 3 were distributed to a
lesser extent in the CNS and peripheral tissues [35].
GALP has a higher affinity for binding to GALR2
than other receptors and functions in the hypothala-
mus via GALR2 [36]. In mice, the GLAP neurons are

Dorsomedial nucleus and feeding behaviour
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Table 1.
Basic receptors involved in the central control of feeding in DMH.
Receptor Receepg t(())rryCat— Receptor Location (s) Action (s) Action Mechanism Ref.
GALR2 GPCR DMH Increased food intake Increased c-Fos expression  [36]
DR2 GPCR DMH Decreased food intake Inhibits the formation of [48]
cAMP
GHSR GPCR ARC, and DMH Increased food intake Increased c-Fos expression  [60]
Lb-R Class 1 cytokine ARC, and DMH Decreased food intake Increased c-Fos expression  [79]
receptor
NPYR  GPCR ARC, PVN, VMH, and DMH  Increased food intake Increase in the GABA re- )
lease to the POMC neuron

distributed in the ARC [37]. Leptin receptors (L-bR)
are expressed in the GALP neurons. Therefore, GALP
has a direct effect on food intake by communicating
with leptin [30, 37]. In rats and mice, GALP seems to
have different effects. In rats, this leads to a temporary
rise in feeding, followed by a reduction in eating and
body weight [38]. This transient increase in feeding
is linked to the activation of orexin neurons in LHA
and NPY neurons in DMH [36, 39]. In mice, it only
reduces food intake and body weight [40]. In mice,
the repeated intranasal administration of 2 nmol of
GALP reduced food intake, water intake, and body
weight in 24 hours [30]. Different doses of GALP have
diverse effects on feeding. A low dose (1-2 nmol) re-
duces food intake, whereas a high dose (4 nmol) does
not affect feeding. High doses may reduce receptor
expression and sensitivity to GALP [41]. In another
study, it has been shown that galanin ICV injection
increased food intake for the initial 2 hours in rats.
GALP upregulates NPY neurons in the DMH. It also
raises the level of c-Fos expression in these neurons
and augments food intake (Table 2) [36]. As a result,
GALP in mice decreased food intake via communi-
cation with leptin neurons. In rats, GALP increased
food intake via activating orexin neurons in LHA and
c-FOS expression in NPY neurons.

Dopamine

Dopamine is a vital neurotransmitter in the CNS,
which is produced from tyrosine amino acid [42].
Dopamine neurons are found in the hypothalamus,
especially in ARC, DMH, and LHA [43]. Dopaminer-
gic neurons in the hypothalamus communicate with
GABAergic, and POMC neurons in ARC and trans-
mit nerve projections to PVN and LHA [44]. Do-
pamine exerts its effects on feeding control through
DRs, which are GPCR. These receptors include DR1-
DR5. Dopamine affects feeding via DR1 and DR2
[45]. DR1 was found in suprachiasmatic nuclei, PVN,
LHA, VMH, and DMH. DR2 was expressed in LHA,

PVN, VMH, and ARC (Table 1) [43]. The impacts
of dopamine on the central control of eating depend
on the type of nucleus, receptor, and overall energy
condition of the body [45]. As well, dopamine seems
to have diverse effects on feeding in LHA and VMH
[3]. In LHA, dopamine levels are high in response to
feeding and during feeding. Dopamine levels in VMH
increased during fasting and after feeding. DR2 was
found in NPY neurons, ARC, and PVN. When dopa-
mine binds to DR2 in NPY neurons in PVN and ARC,
inhibits NPY neurons in ARC and PVN. Consequent-
ly, NPY level declines and NPY does not bind NPYRs
in DMH. The NPY cannot stimulate DMH. Finally,
decreased food intake in rat[43, 46]. As well, dopa-
mine binds to DR1 in POMC neurons, stimulating it.
POMC via MCR4 inhibited DMH orexigenic output.
As aresult, food intake is suppressed in mice via indi-
rect effects (Table 2) [43, 46, 47]. Furthermore, DMH
sends these neural projections to LHA and suppresses
feeding [48]. Dopamine inhibits feeding by inhibit-
ing NPY neurons and stimulating POMC neurons via
DMH.

Ghrelin

Ghrelin is a peptide with 28 amino acids derived
from the stomach and released in reaction to a change
in nutritional status [49]. It is synthesized and secreted
inlow volumes in the brain [50]. This hormone is orex-
igenic and increases in response to a massive decrease
in energy [51]. Ghrelin is considered a blood glucose
regulator, appetite controller, and anti-depressant [52,
53]. Ghrelin neurons transmit nerve projection to hy-
pothalamic nuclei, including ARC, PVN, VMH, and
DMH [54]. Ghrelin exerts its multiple and essential
functions through GHSR1a, which is a part of GPCR
(Table 1) [55]. This receptor is widely expressed in the
hypothalamus, especially in MBH, ARC, PVN, VMH,
and DMH [56, 57]. Moreover, ghrelin projection is
transmitted to extra hypothalamic regions, namely
the amygdala and septum [50]. Among different hy-

Yousefvand et al., IJVST 2023; Vol.15, No.2
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pothalamic nuclei, DMH is sensitive to the regulation

- of ghrelin secretion in response to feeding behaviors
& slelzsl=l ol = stimuli [58]. Peripheral and central administration of
N N N ghrelin increases feed consumption and body weight
10 = [59]. GHSR1a expresses NPY/AgRP neurons in ARC
g o0 20 EL = w | _ [60] and DMH [61]. It increases the activity of these
g% 2| E - ¥ gﬂ neurons and upregulates NPY. The NPY neurons
a < fl @ OZOL ot f :; transmit orexigenic output to DMH. Therefore, DMH
. . sends orexigenic output to the PVN [62]. The ICV
"i,\ g . F—E LE 5 and peripheral injection of ghrelin-induced feeding
22 ; = g N I - “_g ¢ in rats that had free access to food [63, 64], and also
g g e T 5|8 122|322 % upregulated c-Fos in NPY neurons in ARC. Further-
E5 |2 5838 S2|legleilEs more, induced c-Fos expression in DMH and PVN.
< Egl2T|5E|E AR Following the stimulation of NPY neurons in ARC,
R ez . this nucleus sends excitatory projections to DMH,
& \Z ’é 3 _,L;, z| £ o stimulating it. With DMH activation orexigenic out-
E S e 5 = ‘i :;D i put is sent to PVN [65]. Therefore, via this pathway,
§< |£¢ § < 2| g 3 DMH exerts its orexigenic effect on feeding in rats
E 'g b _; g % g —§ sl 3 (Table 2) [66]. Ghrelin also affects nutrition by reduc-
= = g S §18cl8% g ing signaling from dopamine and serotonin [67]. In
C = 8 E . ERE g 2 § 8 the brain, ghrelin neurons interact with dopaminer-
gic neurons, and dopamine modulates an increased
_5 5 e o |- |2 |3 effect of ghrelin in nutritional behavior [68]. In ad-
CZ | 2 oo S ool 2 en| 3 o0| & | 2 oen dition, ghrelin reduces serotonin release to synaptic
£ SE|SE|ISE|SE|IR S|l E . . .
= sSl58| 5858|388 8% cleft [69]. Ghrelin raises NPY activity in ARC and
RESEEEISE)AEAE DMH via binding to GHSR1a. In addition to directly
T x5 g ) increasing the level of NPY in the DMH, the level of
ST § E <| z | = E Z % this neuropeptide is increased in the ARC and sends
SCZ|IAE|z | S| 2| & | 3 excitatory input to the DMH. Next, DMH sends orex-
. igenic messages to PVN.
T g
©3 Neuropeptide Y
= EZ é E é% % % % The NPY is a vital and strong orexigenic com-
S pound in CNS and is synthesized in ARC and DMH.
2 E DMH contains NPYR [61]. NPY is a 36-amino acid
=] & - peptide, which is a member of the pancreatic polypep-
2 E 'g tide family. NPY is distributed in CNS, especially the
E 8 E E § E E E hypothalamus [7], and plays an orexigenic r.ole with
5 NPYR. The NPYR belongs to the GPCR family. NPY
g 5 has multiple receptors, including NPYR1, NPYR?2,
§ "§ . E § . NPYR4, and NPYR5. The DMH contains NPY1R and
E % E 3 “é ,g é NPY5R (Table 1) [70]. NPY exerts orexigenic effects
g| g g S & % via these receptors. The NPY neurons in DMH are
2 2 |1 5|2El 2| 2|5 considered gabaergic and non-sensitive neurons to
=1 A IR AR AR R leptin [71]. NPY levels in DMH increase in response to
8 = food deprivation and stimulate this nucleus. Now, this
E ; nucleus transmits orexigenic output to other nuclei
g § y 5 5 _ _ 3 [61]. In mice, NPY neurons in DMH are involved in
g < Sl &l & 2| & central feeding regulation [72, 73]. It has been shown
2 w that POMC neurons in ARC may have an inhibitory
£l 9 £ role on NPY neurons in DMH. The POMC-GABAer-
ui g é ° & g gic neurons in ARC send inhibitory output to DMH.
::' < S = A oy E % Iz & %’ In DMH, MCR4 is expressed. The POMC neuron via
2 ol @ S| & ;2“ % §* %D = MCRA4 exerts an inhibitory effect on NPY neurons [1].
g E . During starvation in rats, NPY levels are increased in
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the ARC [74] and DMH [75]. Also, the GABAergic
inhibitory branch inhibits the POMC neurons in the
ARC. As a result, their inhibitory effect is removed
from NPY neurons in DMH. Then, NPY exerts its
additive effect on food intake by sending excitatory
outputs to other brain regions [72]. The main brain
neurotransmitter for controlling feeding in DMH is
NPY. Central injection of NPY augments feeding and
body weight (Table 2) [75]. In response to starvation,
the NPY level rises in both ARC and DMH. On the
other hand, the inhibitory GABAergic branch of ARC
inhibits POMC neurons. As a result, NPY stimulates
DMH, and DMH exports the necessary orexigenic
message.

Leptin

Leptin is an adipose tissue-derived hormone
that inhibits ingestion and facilitates weight mainte-
nance. Lack of leptin or reduced sensitivity to leptin
causes obesity. Therefore, leptin is a vital hormone
in controlling food intake. The Lb-R, which is found
throughout CNS, is a member of the class 1 cytokine
receptor family (Table 1) [18]. Leptin is highly ex-
pressed in the hypothalamus particularly ARC, VMH,
and DMH [71]. Leptin has a receptor on GABAergic
neurons in DMH. Therefore, leptin inhibits GABAer-
gic neurons via Lb-R and restrains projection trans-
mitted to PVN. Leptin reduces feeding in rats via
this pathway [76, 77]. Furthermore, leptin suppresses
feeding and promotes energy consumption by activat-
ing other neuron populations [78]. Leptin exerts its
effect on nutritional behavior via increased c-Fos ex-
pression in ARC, DMH, and PVN [79]. The NPY neu-
rons in ARC transmitted nerve projection to DMH.
The main site of leptin action is the hypothalamus. It
has been shown that the ICV injection of leptin reduc-
es digestion by affecting the hypothalamus (Table 2).
Furthermore, circulating leptin enters CNS through
MBH, and then exerts its effect on food intake by
transmitting nerve projections from ARC to DMH,
and then to PVN. Finally, feeding is reduced. Leptin
inhibits the expression of NPY mRNA and increases
the level of a-MSH in the hypothalamus. It also reduc-
es the level of this neurotransmitter in ARC, DMH,
and PVN. Neurons expressing Lb-R in DMH play a
key and essential role in feeding control [80]. Leptin
inhibits GABAergic neurons in DMH through Lb-R.
It also down-regulates NPY and up-regulates a-MSH
in ARC and DMH. As a result, through these path-
ways, the increasing effects of DMH on food intake
are inhibited, and it reduces food intake.

Conclusion G

DMH plays an important role in the central con-
trol of feeding, but it has received very little attention.
NPY in this nucleus plays a critical role in the cen-
tral stimulation of food intake. Galanin and GALP
stimulate central feeding behavior via their receptors
in this nucleus. The effect of dopamine on the central
control of food intake appears to be highly dependent
on the nutritional level, receptor type, and nucleus
involved. Dopamine inhibits NPY neurons and stim-
ulates POMC neurons via dopaminergic receptors, re-
sulting in a central decrease in digestion. Ghrelin also
increases central food intake by raising NPY levels.
Leptin reduces central food intake by decreasing NPY
levels (graphical abstract).

Future directions

Considering the effect of DMH on the central
control of nutritional behavior, the authors recom-
mend that future research be conducted on the effect
of other neurotransmitters on the central control of
feed intake via this nucleus.

Funding

This review article did not receive any specific
grant from funding agencies in the public, commer-
cial, and not-for-profit sectors.

Statement of Human and Animal Rights

This study has not been performed on any hu-
mans or animals.

Authors' Contributions NG

Farshid Hamidi, and Shiba yousefvand. Farshid
Hamidi presented the main idea and plan. Farshid
Hamidi and Shiba yousefvand conducted scientific
searches. Farshid Hamidi and Shiba yousefvand per-
formed collecting and analyzing information and ar-
ticles. Shiba Yousefvand wrote the paper. Farshid Ha-
midi reviewed the paper. Farshid Hamidi and Shiba
yousefvand drew an abstract graphical design.

Acknowledgements

The authors thank the Ferdowsi University of
Mashhad for their cooperation.

Competing Interests |GGG

The authors do not have conflict of interest.

Yousefvand et al., IJVST 2023; Vol.15, No.2
DOI: 10.22067/ijvst.2023.79476.1203

Dorsomedial nucleus and feeding behaviour



REVIEW ARTICLE

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

References

1.

10.

11.

12.

Yousefvand S, Hamidi E Zendehdel M. The Role of MC3
and MC4 Receptors in Regulation of Food and Water In-
take in Broiler Chicks. Journal of Veterinary Research.
2021;76(4):459-66. D0i:10.22059/JVR.2021.285656.2949.

Zendehdel M, Parvizi Z, Hassanpour S, Baghbanzadeh A,
Hamidi E Interaction between nociceptin/orphanin FQ
and adrenergic system on food intake in neonatal chicken.
International Journal of Peptide Research and Therapeutics.
2017;23(1):155-61. Doi: 10.1007/s10989-016-9548-2.

Vucetic Z, Reyes TM. Central dopaminergic circuitry con-
trolling food intake and reward: implications for the regu-
lation of obesity. Wiley Interdisciplinary Reviews: Systems
Biology and Medicine. 2010;2(5):577-93. Do0i:10.1002/
wsbm.77.

Hamidi E, Yusefvand S. Role of the hypothalamic arcuate nu-
cleus in regulation of food intake (review study). 2017.

Juréus A, Cunningham MJ, McClain ME, Clifton DK, Steiner
RA. Galanin-like peptide (GALP) is a target for regulation
by leptin in the hypothalamus of the rat. Endocrinology.
2000;141(7):2703-6. Doi: 10.1210/endo.141.7.7669.

Fraley GS, Leathley E, Lundy N, Chheng E, King I, Kof-
ler B. Effects of alarin on food intake, body weight and lu-
teinizing hormone secretion in male mice. Neuropeptides.
2012;46(2):99-104. D0i:10.1016/j.npep.2011.12.003.

Yousefvand S, Hamidi F, Zendehdel M, Parham A. Hy-
pophagic effects of insulin are mediated via NPY1/NPY2 re-
ceptors in broiler cockerels. Canadian Journal of Physiology
and Pharmacology. 2018;96(12):1301-7. Doi: 10.1139/cjpp-
2018-0470.

Yousefvand S, Hamidi F, Zendehdel M, Parham A. Effects
of insulin and somatostatin on water intake in neonatal
chickens. Iranian Journal of Physiology and Pharmacology.
2018;2(3):165-58.

Yousefvand S, Hamidi F, Zendehdel M, Parham A. Interaction
of neuropeptide Y receptors (NPY1, NPY2 and NPY5) with
somatostatin on somatostatin-induced feeding behaviour in
neonatal chicken. British Poultry Science. 2019;60(1):71-8.
Doi: https://doi.org/10.1080/00071668.2018.1547359.

Yousefvand S, Hamidi F, Zendehdel M, Parham A. Investigat-
ing The Role of NPY Receptors on Water Intake in Neonatal
Broiler Chicken. Veterinary Researches & Biological Prod-
ucts. 2020;33(3):101-7. Doi: 10.22092/V].2019.126842.1594.

Yousefvand S, Hamidi F, Zendehdel M, Parham A. Survey the
effect of insulin on modulating feed intake via NPY recep-
tors in 5-day-old chickens. International Journal of Peptide
Research and Therapeutics. 2020;26(1):467-76. Doi:/10.1007/
$10989-019-09852-0.

Zendehdel M, Hamidi F, Babapour V, Mokhtarpouriani K,
Fard RMN. The effect of melanocortin (Mc3 and Mc4) antag-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

onists on serotonin-induced food and water intake of broiler
cockerels. Journal of veterinary science. 2012;13(3):229-34.
Doi: doi.org/10.4142/jvs.2012.13.3.229.

Zendehdel M, Hamidi E Hassanpour S. The effect of hista-
minergic system on nociceptin/orphanin FQ induced food
intake in chicken. International Journal of Peptide Research
and Therapeutics. 2015;21(2):179-86. Doi: 10.1007/s10989-
014-9445-5.

Zendehdel M, Mokhtarpouriani K, Babapour V, Pourrahimi
M, Hamidi E The role of 5-HT 2A and 5-HT 2C receptors on
harmaline-induced eating behavior in 24-h food-deprived
broiler cockerels. Iranian Journal of Veterinary Research.
2013;14(2). Doi: 10.22099/IJVR.2013.158.

Zendehdel M, Mokhtarpouriani K, Hamidi F, Montazeri R.
Intracerebroventricular injection of ghrelin produces hy-
pophagia through central serotonergic mechanisms in chick-
en. Veterinary research communications. 2013;37(1):37-41.
Do0i:10.1007/511259-012-9544-8.

Yousefvand S, Hamidi E. Role of paraventricular nucleus in
regulation of feeding behaviour and the design of intranucle-
ar neuronal pathway communications. International Journal
of Peptide Research and Therapeutics. 2020;26(3):1231-42.
Doi: 10.1007/s10989-019-09928-x.

Yousefvand S, Hamidi E The role of ventromedial hypo-
thalamus receptors in the central regulation of food intake.
International Journal of Peptide Research and Therapeutics.
2021;27(1):689-702. Doi: 10.1007/s10989-020-10120-9.

Yousefvand S, Hamidi F. Role of Lateral Hypothalamus Area
in the Central Regulation of Feeding. International Journal
of Peptide Research and Therapeutics. 2022;28(3):1-9. Doi:
10.1002/npr2.12080.

Zendehdel M, Babapour V, Asadi S. Effects of intracerebro-
ventricular injections of glucose and insulin on food intake
in broiler cockerels. Veterinary Researches & Biological
Products. 2009;22(1):6-12.

ligaya K, Minoura Y, Onimaru H, Kotani S, Izumizaki M.
Effects of feeding-related peptides on neuronal oscillation in
the ventromedial hypothalamus. Journal of Clinical Medi-
cine. 2019;8(3):292. Doi: 10.3390/jcm8030292.

Van der Werf YD, Witter MP, Groenewegen HJ. The intral-
aminar and midline nuclei of the thalamus. Anatomical and
functional evidence for participation in processes of arousal
and awareness. Brain research reviews. 2002;39(2-3):107-40.
Doi: 10.1016/j.neubiorev.2015.01.014.

Bellinger LL, Bernardis LL. The dorsomedial hypothalamic
nucleus and its role in ingestive behavior and body weight
regulation: lessons learned from lesioning studies. Physi-
ology & behavior. 2002;76(3):431-42. Doi: 10.1016/s0031-
9384(02)00756-4.

Imoto D, Yamamoto I, Matsunaga H, Yonekura T, Lee M-L,
Kato KX, et al. Refeeding activates neurons in the dorso-

Dorsomedial nucleus and feeding behaviour

Yousefvand et al., IJVST 2023; Vol.15, No.2
DOI: 10.22067/ijvst.2023.79476.1203




IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

REVIEW ARTICLE

medial hypothalamus to inhibit food intake and promote
positive valence. Molecular Metabolism. 2021;54:101366.
Do0i:10.1016/j.molmet.2021.101366.

Stamatakis AM, Van Swieten M, Basiri ML, Blair GA, Kan-
tak P, Stuber GD. Lateral hypothalamic area glutamatergic
neurons and their projections to the lateral habenula regulate
feeding and reward. Journal of Neuroscience. 2016;36(2):302-
11. Doi: 10.1016/j.molmet.2021.101366.

Baroncini M, Jissendi P, Balland E, Besson P, Pruvo J-P, Francke
J-P, et al. MRI atlas of the human hypothalamus. Neuroimage.
2012;59(1):168-80. Doi: 10.1016/j.neuroimage.2011.07.013.

Otgon-Uul Z, Suyama S, Onodera H, Yada T. Optogenetic ac-
tivation of leptin-and glucose-regulated GABAergic neurons
in dorsomedial hypothalamus promotes food intake via in-
hibitory synaptic transmission to paraventricular nucleus of
hypothalamus. Molecular metabolism. 2016;5(8):709-15. Doi:
10.1016/j.molmet.2016.06.010.

Branch A, Shen P. Central and peripheral regulation of appe-
tite and food intake in Drosophila. Appetite and Food Intake.
2017:17-38. Doi: 10.1201/9781315120171-2.

Henderson LA, Macefield VG. The role of the dorsomedial
and ventromedial hypothalamus in regulating behaviorally
coupled and resting autonomic drive. Handbook of Clini-
cal Neurology. 2021;180:187-200. Doi: 10.1016/B978-0-12-
820107-7.00012-4.

Zhu N, Li HZ, Ding Y, Wang JJ. Cerebellar modulation of
feeding-related neurons in rat dorsomedial hypothalamic nu-
cleus. Journal of neuroscience research. 2006;84(7):1597-609.
Doi: 10.1002/jnr.21059.

Kageyama H, Shiba K, Hirako S, Wada N, Yamanaka S, Nogi
Y, et al. Anti-obesity effect of intranasal administration of gal-
anin-like peptide (GALP) in obese mice. Scientific reports.
2016;6(1):1-11. Doi: 10.2174/1381612823666170321095950.

Blackshear A, Yamamoto M, Anderson BJ, Holmes PV, Lund-
strom L, Langel U, et al. Intracerebroventricular administra-
tion of galanin or galanin receptor subtype 1 agonist M617
induces c-Fos activation in central amygdala and dorsomedial
hypothalamus. Peptides. 2007;28(5):1120-4. Doi: 10.1016/j.
peptides.2007.01.015.

Cheung C, Hohmann J, Clifton D, Steiner R. Distribution
of galanin messenger RNA-expressing cells in murine brain
and their regulation by leptin in regions of the hypothala-
mus. Neuroscience. 2001;103(2):423-32. Doi: 10.1016/s0306-
4522(01)00012-4.

Crawley J. The role of galanin in feeding behavior. Neu-
ropeptides. 1999;33(5):369-75.D0i:10.1111/j.1742-
4658.2010.07933.x.

Kalra SP, Dube MG, Pu S, Xu B, Horvath TL, Kalra PS. In-
teracting appetite-regulating pathways in the hypothalamic
regulation of body weight. Endocrine reviews. 1999;20(1):68-
100. Doi: https://doi.org/10.1210/edrv.20.1.0357.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Parrado C, Diaz-Cabiale Z, Garcia-Coronel M, Agnati LF,
Covenas R, Fuxe K, et al. Region specific galanin receptor/
neuropeptide Y Y1 receptor interactions in the tel-and dien-
cephalon of the rat. Relevance for food consumption. Neu-
ropharmacology. 2007;52(2):684-92. Doi: 10.1016/j.neuro-
pharm.2006.09.010.

Kuramochi M, Onaka T, Kohno D, Kato S, Yada T. Gala-
nin-like peptide stimulates food intake via activation of
neuropeptide Y neurons in the hypothalamic dorsomedial
nucleus of the rat. Endocrinology. 2006;147(4):1744-52. Doi:
10.1210/en.2005-0907.

Juréus A, Cunningham MJ, Li D, Johnson LL, Krasnow SM,
Teklemichael DN, et al. Distribution and regulation of gala-
nin-like peptide (GALP) in the hypothalamus of the mouse.
Endocrinology.  2001;142(12):5140-4. Doi: https://doi.
org/10.1210/endo.142.12.8542.

Lawrence C, Baudoin FH, Luckman S. Centrally adminis-
tered galanin-like peptide modifies food intake in the rat: a
comparison with galanin. Journal of neuroendocrinology.
2002;14(11):853-60. Doi:  https://doi.org/10.1046/j.1365-
2826.2002.00846.x.

Kageyama H, Kita T, Toshinai K, Guan JL, Date Y, Takenoya
E et al. Galanin-like peptide promotes feeding behaviour via
activation of orexinergic neurones in the rat lateral hypothal-
amus. Journal of neuroendocrinology. 2006;18(1):33-41. Doi:
https://doi.org/10.1111/].1365-2826.2005.01382.x.

Krasnow SM, Fraley GS, Schuh SM, Baumgartner JW, Clifton
DK, Steiner RA. A role for galanin-like peptide in the integra-
tion of feeding, body weight regulation, and reproduction in
the mouse. Endocrinology. 2003;144(3):813-22. Doi: https://
doi.org/10.1210/en.2002-220982.

Sherift S, Balasubramaniam A. Inhibitory and stimulatory
effects of neuropeptide Y (17-36) on rat cardiac adenylate cy-
clase activity. Structure-function studies. Journal of Biological
Chemistry. 1992;267(7):4680-5. Doi: https://doi.org/10.1016/
S0021-9258(18)42887-6.

Morton G, Cummings D, Baskin D, Barsh G, Schwartz M.
Central nervous system control of food intake and body
weight. Nature. 2006;443(7109):289-95. Doi: https://doi.
org/10.1038/nature05026.

Baik J-H. Dopaminergic control of the feeding circuit. Endo-
crinology and Metabolism. 2021;36(2):229. Doi: https://doi.
org/10.3803/EnM.2021.979.

Negishi K, Payant MA, Schumacker KS, Wittmann G, Butler
RM, Lechan RM, et al. Distributions of hypothalamic neu-
ron populations coexpressing tyrosine hydroxylase and the
vesicular GABA transporter in the mouse. Journal of Com-
parative Neurology. 2020;528(11):1833-55. Doi: https://doi.
org/10.1002/cne.24857.

Ramos EJ, Meguid MM, Campos AC, Coelho JC. Neuropep-
tide Y, a-melanocyte-stimulating hormone, and monoamines
in food intake regulation. Nutrition. 2005;21(2):269-79. Doi:
https://doi.org/10.1016/j.nut.2004.06.021.

Yousefvand et al., IJVST 2023; Vol.15, No.2
DOI: 10.22067/ijvst.2023.79476.1203

Dorsomedial nucleus and feeding behaviour



REVIEW ARTICLE

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Crowley W, Ramoz G, Keefe K, Torto R, Kalra S, Hanson G.
Differential effects of methamphetamine on expression of
neuropeptide Y mRNA in hypothalamus and on serum leptin
and ghrelin concentrations in ad libitum-fed and sched-
ule-fed rats. Neuroscience. 2005;132(1):167-73. Doi: https://
doi.org/10.1016/j.neuroscience.2004.11.037.

Zhang X, van den Pol AN. Hypothalamic arcuate nucleus
tyrosine hydroxylase neurons play orexigenic role in energy
homeostasis. Nature neuroscience. 2016;19(10):1341-7. Doi:
https://doi.org/10.1038/nn.4372.

Meguid MM, Fetissov SO, Varma M, Sato T, Zhang L, Lavi-
ano A, et al. Hypothalamic dopamine and serotonin in the
regulation of food intake. Nutrition. 2000;16(10):843-57. Doi:
https://doi.org/10.1016/s0899-9007(00)00449-4.

Hosoda H, Kojima M, Kangawa K. Ghrelin and the regula-
tion of food intake and energy balance. Molecular interven-
tions. 2002;2(8):494. Doi: https://doi.org/10.1124/mi.2.8.494.

Carlini VP, Varas MM, Cragnolini AB, Schiéth HB, Scim-
onelli TN, de Barioglio SR. Differential role of the hippo-
campus, amygdala, and dorsal raphe nucleus in regulating
feeding, memory, and anxiety-like behavioral responses to
ghrelin. Biochemical and biophysical research communi-
cations. 2004;313(3):635-41. Doi: https://doi.org/10.1016/j.
bbrc.2003.11.150.

Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka
M, et al. Plasma ghrelin levels in lean and obese humans and
the effect of glucose on ghrelin secretion. The Journal of Clin-
ical Endocrinology & Metabolism. 2002;87(1):240-4. Doi:
https://doi.org/10.1210/jcem.87.1.8129.

Chuang J-C, Perello M, Sakata I, Osborne-Lawrence S, Savitt
JM, Lutter M, et al. Ghrelin mediates stress-induced food-re-
ward behavior in mice. The Journal of clinical investigation.
2011;121(7):2684-92. Doi: https://doi.org/10.1172/JCI57660.

Miller TD, Nogueiras R, Andermann ML, Andrews ZB,
Anker SD, Argente J, et al. Ghrelin. Molecular metabo-
lism. 2015;4(6):437-60. Doi: https://doi.org/10.1016/j.mol-
met.2015.03.005.

Menyhért J, Wittmann G, Hrabovszky E, Szlavik N, Keller
E, Tschop M, et al. Distribution of ghrelin-immunoreac-
tive neuronal networks in the human hypothalamus. Brain
research. 2006;1125(1):31-6. Doi: https://doi.org/10.1016/j.
brainres.2006.09.048.

Chow KB, Sun J, Chu KM, Cheung WT, Cheng CH, Wise H.
The truncated ghrelin receptor polypeptide (GHS-R1b) is
localized in the endoplasmic reticulum where it forms het-
erodimers with ghrelin receptors (GHS-R1a) to attenuate
their cell surface expression. Molecular and cellular endocri-
nology. 2012;348(1):247-54. Doi: https://doi.org/10.1016/j.
mce.2011.08.034.

Mani BK, Osborne-Lawrence S, Mequinion M, Lawrence S,
Gautron L, Andrews ZB, et al. The role of ghrelin-responsive
mediobasal hypothalamic neurons in mediating feeding re-

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

sponses to fasting. Molecular metabolism. 2017;6(8):882-96.
Doi: https://doi.org/10.1016/j.molmet.2017.06.011.

Sun Y, Wang P, Zheng H, Smith RG. Ghrelin stimulation of
growth hormone release and appetite is mediated through the
growth hormone secretagogue receptor. Proceedings of the
National Academy of Sciences. 2004;101(13):4679-84. Doi:
https://doi.org/10.1073/pnas.0305930101.

Blum ID, Patterson Z, Khazall R, Lamont EW, Sleeman MW,
Horvath TL, et al. Reduced anticipatory locomotor responses
to scheduled meals in ghrelin receptor deficient mice. Neu-
roscience. 2009;164(2):351-9. Doi: https://doi.org/10.1016/j.
neuroscience.2009.08.009.

Tanaka M, Naruo T, Muranaga T, Yasuhara D, Shiiya T, Na-
kazato M, et al. Increased fasting plasma ghrelin levels in pa-
tients with bulimia nervosa. European Journal of Endocrinol-
ogy. 2002;146(6):R1-R3. Doi: 10.1530/eje.0.146r001.

Cowley MA, Smith RG, Diano S, Tschép M, Pronchuk N,
Grove KL, et al. The distribution and mechanism of action of
ghrelin in the CNS demonstrates a novel hypothalamic cir-
cuit regulating energy homeostasis. Neuron. 2003;37(4):649-
61. Doi: 10.1016/s0896-6273(03)00063-1.

Bi S, Kim YJ, Zheng E Dorsomedial hypothalamic NPY and
energy balance control. Neuropeptides. 2012;46(6):309-14.
Doi: https://doi.org/10.1016/j.npep.2012.09.002.

Riiter J, Kobelt P, Tebbe JJ, Veh R, Wang L, Klapp BE et al.
Intraperitoneal injection of ghrelin induces Fos expression in
the paraventricular nucleus of the hypothalamus in rats. Brain
research. 2003;991(1-2):26-33. Doi: https://doi.org/10.1016/j.
brainres.2003.07.005.

Shintani M, Ogawa Y, Ebihara K, Aizawa-Abe M, Miyanaga
E, Takaya K, et al. Ghrelin, an endogenous growth hormone
secretagogue, is a novel orexigenic peptide that antagonizes
leptin action through the activation of hypothalamic neuro-
peptide Y/Y1 receptor pathway. Diabetes. 2001;50(2):227-32.
Doi: https://doi.org/10.2337/diabetes.50.2.227.

Wren AM, Small CJ, Abbott CR, Dhillo WS, Seal L], Cohen
MA, et al. Ghrelin causes hyperphagia and obesity in rats. Dia-
betes. 2001;50(11):2540-7. Doi: 10.2337/diabetes.50.11.2540.

Kobelt P, Wisser A-S, Stengel A, Goebel M, Inhoft T, Noetzel
S, et al. Peripheral injection of ghrelin induces Fos expression
in the dorsomedial hypothalamic nucleus in rats. Brain re-
search. 2008;1204:77-86. Doi: 10.1016/j.brainres.2008.01.054.

Lawrence CB, Snape AC, Baudoin FM-H, Luckman SM.
Acute central ghrelin and GH secretagogues induce feed-
ing and activate brain appetite centers. Endocrinology.
2002;143(1):155-62. Doi: 10.1210/endo.143.1.8561.

Al Massadi O, Lopez M, Tschép M, Diéguez C, Nogueiras R.
Current understanding of the hypothalamic ghrelin pathways
inducing appetite and adiposity. Trends in neurosciences.
2017;40(3):167-80. Doi: 10.1016/j.tins.2016.12.003.

Dorsomedial nucleus and feeding behaviour

Yousefvand et al., IJVST 2023; Vol.15, No.2
DOI: 10.22067/ijvst.2023.79476.1203




IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

68.

69.

70.

71.

72.

73.

74.

Perello M, Dickson S. Ghrelin signalling on food reward: a
salient link between the gut and the mesolimbic system. Jour-
nal of neuroendocrinology. 2015;27(6):424-34. Doi: 10.1111/
jne.12236.

Brunetti L, Recinella L, Orlando G, Michelotto B, Di Nisio
C, Vacca M. Effects of ghrelin and amylin on dopamine, nor-
epinephrine and serotonin release in the hypothalamus. Eu-
ropean journal of pharmacology. 2002;454(2-3):189-92. Doi:
10.1016/s0014-2999(02)02552-9.

Fetissov SO, Kopp J, Hokfelt T. Distribution of NPY recep-
tors in the hypothalamus. Neuropeptides. 2004;38(4):175-88.
Doi: 10.1016/j.npep.2004.05.009.

Zieba DA, Biernat W, Szczesna M, Kirsz K, Bar¢ J, Misztal
T. Changes in expression of the genes for the leptin signal-
ing in hypothalamic-pituitary selected areas and endocrine
responses to long-term manipulation in body weight and re-
sistin in ewes. International Journal of Molecular Sciences.
2020;21(12):4238. D0i:10.3390/ijms21124238.

Trotta M, Bello EP, Alsina R, Tavella MB, Ferran JL, Rubin-
stein M, et al. Hypothalamic Pomc expression restricted to
GABAergic neurons suppresses Npy overexpression and
restores food intake in obese mice. Molecular metabolism.
2020;37:100985. Doi: 10.1016/j.molmet.2020.100985.

Wang R, Yuan J, Zhang C, Wang L, Liu Y, Song L, et al. Neu-
ropeptide Y-positive neurons in the dorsomedial hypothal-
amus are involved in the anorexic effect of Angptl8. Fron-
tiers in Molecular Neuroscience. 2018;11:451. Doi: 10.3389/
fnmol.2018.00451.

Acuna-Goycolea C, Tamamaki N, Yanagawa Y, Obata K, van
den Pol AN. Mechanisms of neuropeptide Y, peptide YY,
and pancreatic polypeptide inhibition of identified green
fluorescent protein-expressing GABA neurons in the hypo-
thalamic neuroendocrine arcuate nucleus. Journal of Neu-
roscience. 2005;25(32):7406-19. Doi: 10.1523/JNEUROS-

REVIEW ARTICLE

75.

76.

77.

78.

79.

80.

81.

CI.1008-05.2005.

Yang L, Scott KA, Hyun J, Tamashiro KL, Tray N, Moran
TH, et al. Role of dorsomedial hypothalamic neuropeptide
Y in modulating food intake and energy balance. Journal of
Neuroscience. 2009;29(1):179-90. Doi: 10.1523/JNEUROS-
CI.4379-08.2009.

Elmquist JK, Ahima RS, Elias CF, Flier JS, Saper CB. Leptin
activates distinct projections from the dorsomedial and ven-
tromedial hypothalamic nuclei. Proceedings of the Nation-
al Academy of Sciences. 1998;95(2):741-6. Doi: 10.1073/
pnas.95.2.741.

Vong L, Ye C, Yang Z, Choi B, Chua Jr S, Lowell BB. Leptin
action on GABAergic neurons prevents obesity and reduces
inhibitory tone to POMC neurons. Neuron. 2011;71(1):142-
54. Doi: 10.1016/j.neuron.2011.05.028.

Dodd GT, Worth AA, Nunn N, Korpal AK, Bechtold DA,
Allison MB, et al. The thermogenic effect of leptin is depen-
dent on a distinct population of prolactin-releasing peptide
neurons in the dorsomedial hypothalamus. Cell metabo-
lism. 2014;20(4):639-49. Doi: 10.1016/j.cmet.2014.07.022.

Raman PG. Central nervous system control of glucose ho-
meostasis. Open Journal of Endocrine and Metabolic Dis-
eases. 2017;7(12):227-34. Doi: 10.4236/0jemd.2017.712020.

Faber CL, Deem JD, Phan BA, Doan TP, Ogimoto K, Mir-
zadeh Z, et al. Leptin receptor neurons in the dorsomedi-
al hypothalamus regulate diurnal patterns of feeding, lo-
comotion, and metabolism. Elife. 2021;10. Doi: 10.7554/
eLife.63671.

Berthoud H-R. Multiple neural systems controlling food
intake and body weight. Neuroscience & Biobehavior-
al Reviews. 2002;26(4):393-428. Doi: 10.1016/S0149-
7634(02)00014-3.

COPYRIGHTS
©2023 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.

O)

How to cite this article
Yousefvand Sh , Hamidi E Role of Various Neurotransmitters in the Central Regulation of Food Intake in the Dorsomedial Nucleus of the
Hypothalamus. Iran J Vet Sci Technol. 2023; 15(2): 1-10.
DOT: https:// dOi.Org/ 10.22067/ijvst.2023.79476.1203
URL:https://jjvst.um.ac.ir/article_43830.html

Yousefvand et al., IJVST 2023; Vol.15, No.2
DOI: 10.22067/ijvst.2023.79476.1203

Dorsomedial nucleus and feeding behaviour




Iranian Journal of Veterinary Received:2023- Jan-25
Accepted after revision:2023- May- 09
Published online2023- May-29

RESEARCH ARTICLE DOI: 10.22067/ijvst.2023.80569.1225

Investigating the Prevalence of Mycobacterium avium
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Mpycobacterium avium subspecies paratuberculosis (MAP) is the causative agent of Johne's disease in wild and

domestic ruminants. Clinically, infected cattle show emaciation symptoms, diarrhea, and death. Asymp-
tomatic subclinical cases can intermittently shed MAP through feces and milk and infect other cattle an-
imals, thus increasing the risk of infection. The purpose of the present study was to detect the prevalence
of this disease in dairy cattle. For this purpose, 348 samples were randomly collected from 15 cattle farms.
All fecal samples were subjected to ZN staining and PCR of nucleotide sequences related to specific MAP
gene fragments (IS900, F57) and were cultured in Harold's egg yolk culture medium after being disinfected
with solution (0.0% HPC?75). PCR testing of 116 fecal samples (33.3%, CI:95% 28.3-38.2), ZN staining of
23 samples (6.6%, CI: 95% 4-9.2), and fecal sample culture of only 15 samples (4.3%, CI1:95% 2.3-6.3,) were
infected with MAP. Comparison of test results showed poor agreement (kappa statistic: 0.19) between ZN
staining and PCR results and poor agreement (kappa statistic: 0.13) between PCR test and fecal culture. This
study highlights the advantages of PCR for detecting MAP in subclinically infected cattle compared to ZN

staining and fecal culture. Therefore, it can be used for early detection and control of MAP in cattle and at-

risk populations.
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Introduction

ohne's disease (JD) is granulomatous enteritis

that affects a wide range of domestic and wild
animals worldwide [1,2]. In 1895, this disease was first
detected in the German state of Oldenburg [3]. Infect-
ed animals include cattle, sheep, goats, deer, camels,
and wild ruminants [4]. Ingestion of feces, milk, and
colostrum contaminated with MAP is the predomi-
nant mechanism of MAP transmission in dairy cattle
[2]. The pathogenesis of MAP infection has recently
been further studied, showing that after MAP enters
the small intestine, it invades subepithelial macro-
phages, interferes with the formation of phagolyso-
somes, and remains in the phagosome, triggering hu-
moral immune responses. Finally, the disease course
changes from the preclinical stages to the period of
increased bacterial shedding and the development of
obvious clinical symptoms [3]. The infection's live-
stock and herd performance consequences have been
widely studied. Most studies have shown that cows
with a positive MAP contamination test have a 2-17%
reduction in milk production compared to cattle with
a negative test result. Reduced fertility and adverse ef-
fects on the reproduction of infected animals can also
be another important complication of infected ani-
mals [5]. MAP also weakens the livestock's immune
system, predisposing animals to develop clinical mas-
titis or other infectious diseases [6]. One of the prob-
lems in controlling MAP infection is that some infect-
ed cows may not show clinical symptoms if they are
producing enough milk because they frequently shed
MAP in the feces before showing symptoms, indirect-
ly contributing to the spread of infection [7]. Due to
the long incubation period of JD, clinical symptoms
such as resistant watery diarrhea, weight loss, and re-
duced milk production are usually observed in cows
over 2 years of age [8]. Many theories have been pro-
posed regarding the potential of MAP to be involved
in human Crohn's disease and infections in non-ru-
minant animals such as dogs and rabbits [9]. Humans
become infected by consuming contaminated milk
or dairy products because MAP bacilli survive in
pasteurized milk [10]. Usually, no effective measures
are taken to control and eradicate this disease, which
imposes significant economic losses to the animal
husbandry industry and the production of dairy and
meat products worldwide [11, 12]. Since there is no
cure for JD, herd health control strategies are based on
detecting infected hosts and their subsequent elimi-
nation to prevent transmission of infection to healthy
cattle, which imposes a financial burden on herd man-
agement [6, 13]. Due to the slow growth of MAP and
the lack of sensitive tests, it is very difficult to detect
subclinically infected cattle and diagnose the disease's

early stages [10, 14]. It is often impossible to distin-
guish between infected animals with only one diag-
nostic method due to their false positive and negative
responses [15]. Fecal shedding of MAP organisms can
be intermittent. Contamination and low fecal content
of microorganisms can reduce culture results by 50%
[16]. Therefore, although the culture of samples is the
"gold standard,” it cannot be used as a single test to
accurately detect all infected animals in some herds
[17]. Molecular methods based on bacterial DNA and
detection of specific sequences in the genome allow
hard-to-grow bacteria such as MAP to be detected
in samples quickly [15]. MAP-infected animals can
be detected directly through fecal PCR and detec-
tion of the IS900 or F57 fragment [18]. Comparing
the results obtained in similar studies show that the
relationship between different diagnostic tests and
their combination can improve MAP diagnosis at the
herd level [15]. Therefore, it seems that the presence
of specific and sensitive diagnostic tools and a better
understanding of the prevalence of JD in different
parts of the world is necessary to develop control and
eradication programs disease [14]. The present study
aimed to estimate the amount of MAP contamination
in cattle farms of the region using three laboratory de-
tection methods. Comparing the results of these three
methods can help to choose the best MAP diagnostic
method to obtain accurate results in epidemiological
studies and disease control in dairy cattle.

Results [

This study tested 348 cow fecal samples for MAP
contamination using different techniques. According
to PCR, this disease has a prevalence rate of 33.3%
(95% CI: 28.2-38.2), a culture prevalence rate of 4.3%
(95% CI: 2.3-6.3), and a ZN staining prevalence rate of
6.6% (95% CI: 4-9.2). Three different prevalence rates
of MAP infection were detected using three other di-
agnostic methods. The degree of agreement between
the tests results was measured using the Kappa statis-
tic. After analyzing the results of these three tests, it
can be concluded that there is a poor agreement (kap-
pa statistic: 0.19) between the results of ZN staining
and PCR, as well as a poor agreement (kappa statistic:
0.13) between the results of the PCR test and fecal cul-
ture. First, the appearance of the culture medium was
investigated by examining colony growth, followed by
direct microscopic observation to obtain these results.
Figure 1 shows the positive electrophoresis results of
PCR products of IS900 and F57 MAP genes in 413-
bp and 704-bp samples, respectively. Cows were diag-
nosed positive in 100% of cases of herds 1, 2, 4, 95%
of cases of herd 11, 68% of cases of herd 7, and 10% of
the cases of the herd 9. All tests were negative in the
other 9 herds.
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Fig 1.

Confirmation of positive culture results using PCR
F57 and IS900 (C1: culture positive F57 PCR; C2
and C3: feces samples positive F57 PCR; C4: positive
control (F57); M: 100-bp DNA ladder as the molecu-
lar size marker; C5: positive control (IS900); C6 and
C7: feces samples positive 1S900 PCR; C8: culture
positive IS900 PCR).

Table 1 shows the total number of positive animals for each herd in the three tests (based on the number
of samples per herd).

Table 1.
The number and proportion of positive PCR results on the feces and feces culture in 15 herds are based on
the number of samples taken in each herd (Herd-Level prevalence and total).

Herd Ziehl-Neelsen feces PCR feces feces culture
(number of samples) stain 15900 F5 i PCR
1(41) 15(36.6%) 41(100%) 16(39.02%) 11(26.8%)  11(26.8%)
2(21) 4(19.05) 21(100%) (0%) 2(9.5%) 2(9.5%)
3(23) (0%) (0%) (0%) (0%) (0%)
4(15) 1(6.6%) 15(100%) 2(13.3%) (0%) (0%)
5(30) (0%) (0%) (0%) (0%) (0%)
6(22) (0%) (0%) (0%) (0%) (0%)
7(67) (0%) 17(25.4%) (0%) (0%) (0%)
8(20) 3(15%) (0%) (0%) 2(10%) 2(10%)
9(28) (0%) (0%) (0%) (0%) (0%)
10(17) (0%) (0%) 3(17.6%) (0%) (0%)
11(20) (0%) 19(95%) 10(50%) (0%) (0%)
12(17) (0%) (0%) (0%) (0%) (0%)
13(7) (0%) (0%) (0%) (0%) (0%)
14(10) (0%) (0%) (0%) (0%) (0%)
15(10) (0%) (0%) (0%) (0%) (0%)
Total 348 23(6.6%) 13 3 15(4.3%) 15(4.3%)
116(33.3%)
ParaTB in cattle in Mashhad Gholamhosseini Moghaddam et al., IJVST 2023; Vol.15, No.2
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Discussion |

This study was carried out using random sam-
pling of cows and the method of direct microscop-
ic observation, culture and molecular detection to
understand the contamination status of dairy cattle
better. A total of 348 samples were tested, and 136
samples (39.08%) of those tested were positive for
at least one of the three tests. Based on the results,
only 23 (6.6%) of 116 (33.3%) cows with positive fecal
PCR results for one or both genes (15900, F57) had
positive ZN staining. Mahmoudi et al. (2018) sam-
pled 150 fecal samples from apparently healthy dairy
cows from industrial cattle farms in Hamadan City
and investigated them for the presence of MAP us-
ing ZN staining and molecular methods. The posi-
tive results for ZN staining and Nested PCR method
were 5.33% and 30.23%, respectively [19]. In another
study on 200 samples of rectal mucus and serum of
cows slaughtered in the Ahvaz slaughterhouse, Za-
rei et al. (2016) investigated the prevalence of MAP
using three staining methods: ZN, molecular, and
ELISA. The results showed that the prevalence of
MAP in PCR, ZN staining, and ELISA was 13.5%,
4%, and 3%, respectively [20]. The results of the ZN
staining test in the two above studies are consistent
with the present research results. MAP can be direct-
ly observed in samples using (ZN) staining, which is
based on the resistance of mycobacteria to acid de-
colorization by acid alcohol after fuchsin staining.
The results are qualitative. However, this method is
fast, simple, and inexpensive, with low sensitivity
and specificity in milk, colostrum, and fecal samples
[21]. The possibility of false negative results increas-
es with the observation of clinical symptoms such as
diarrhea in cattle because the MAP number of the
samples is low in the lower fecal concentration. Be-
sides, subclinically infected animals also shed large
amounts of bacteria in their feces. Due to the pos-
sibility of obtaining false positive results from other
environmental mycobacteria, this method has low
sensitivity and specificity. Herd contamination can
be estimated and detected using direct microscopic
observation [22]. Fecal culture, the most accurate
test for confirming paratuberculosis, is another test
in this unique study. The results showed that only 15
(4.3%) out of 348 cultured samples were positive. A
study was conducted by Seyedeyin et al. (2010) on
the feces of Holstein-Friesian cows with and without
clinical symptoms to determine the prevalence of JD
in Razavi Khorasan. In this study, 16 and 103 fecal
samples were taken from sick and healthy animals,
and two different methods analyzed the results. Cul-
ture results were positive in 11.7% of asymptomatic
samples and 81.3% of clinical samples [21]. In a study

by Sultani (2018) in Kerman, the contamination rate
was 15.1% in 212 animal fecal samples without clinical
symptoms [22]. A low positive culture test rate may be
due to several reasons, including:

The need for highly selective culture media, chem-
ical decontamination of the sample (which kills some
microbes and reduces cell viability), and long culture
durations are just some of the limitations of using cul-
ture as a routine diagnostic method [24]. Also, the
culture depends on the number of bacteria in the sam-
ple. When there are fewer bacteria in the inoculum,
culture is more likely to become negative [13]. When
investigating the culture results, the optimal contami-
nation rate should be considered. As mentioned, many
cells are destroyed during disinfection, or fecal shed-
ding may occur intermittently or rarely. Finally, the
only method to detect live MAP is the only culture,
although PCR and bacterial DNA can detect it more
effectively [15]. Since the sensitivity of MAP bacte-
rial culture is low and the level of MAP shedding in
colostrum, milk, and feces in the subclinical phase is
below the minimum detection limit, negative results
should be interpreted cautiously. Bacterial culture is
mainly used to detect live MAP and is considered a
diagnostic reference [15, 19, 25]. Based on host infec-
tion response, the fecal PCR test had the highest posi-
tive results in this study (N=116 cases, 33.3). Of these,
8.91% and 32.47% occurred in F57 and IS900 genes,
respectively. IS900 gene was positive in 85 samples,
both genes were positive in 28 samples, and the F57
gene was positive in 3 samples. Due to the resistance
of the mycobacterial cell wall to lysis and high con-
centrations of inhibitors in fecal content, PCR-based
MAP detection is limited to small numbers of fecal
MAP bacilli and has poor DNA recovery [26]. The 14-
20 copy of the IS900 sequence in the MAP genome is a
suitable target for MAP detection. On the other hand,
due to the detection of this sequence in other myco-
bacteria, its uniqueness for MAP detection has been
questioned. Since F57 has fewer copies than alterna-
tive genes such as IS900, it can be specifically used as a
target gene in PCR to detect MAP in feces, which may
be sensitive. The IS900 gene is still a good candidate
for PCR, but caution should be exercised when inter-
preting the results of a diagnostic test based on IS900
PCR alone. Based on IS900 analysis of fecal and milk
samples from several regions, the prevalence of this
disease is reported as follows:

In a study by Nasiri et al. (2012) in the suburbs
of Mashhad, the IS900 gene of MAP using the PCR
method was detected in 243 fecal samples (44%) and
56 suspicious raw milk samples (18%) [27]. In another
study based on the IS900 Nested PCR method, Seyed-
eyn et al. (2010) reported the prevalence of MAP in
the fecal samples of clinical and subclinical animals as
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87.5% and 9.7% in Razavi Khorasan, respectively [21].
In addition, Haghkhah et al. (2008) reported that the
prevalence of MAP in the bulk milk of dairy cows in
Fars province was 0.11% [28]. The accuracy and sen-
sitivity of this test are excellent due to the similarity
and results between the above studies and the present
study. However, there are advantages and disadvan-
tages to molecular diagnosis of MAP, including the
following:

In situations where bacterial isolation and mass
culture are impossible due to long incubation peri-
ods and other culture requirements, useful genetic
markers F57 and IS900 may be used in vitro [29]. In
particular, the F57 sequence seems to be a highly dis-
criminating biological factor that has so far only been
detected in MAP. Therefore, detecting this specific
MAP gene sequence provides a new technique for
finding this organism [30]. As a result, the PCR-based
detection of MAP F57 in the sample indicates it is in-
fectious.

Eight of the fifteen herds sampled had no detect-
able MAP by any of the methods used in the present
study. Suppose the infected animals are in the non-in-
fectious phase and the shedding phase has not yet
started. In that case, the negative test results in some
cattle do not necessarily mean that the animals in the
herd are not infected. Although clinical symptoms in
any herd are essential as a screening symptom for JD,
accurate and sensitive tests are needed both to detect
asymptomatic subclinical animals and monitor the
health and welfare of the herd. One of the challeng-
es facing this process is the limited sensitivity of the
available diagnostic tests to detect the subclinical stag-
es of MAP infection.

Based on the results of the present study, direct
fecal PCR testing yielded better results than other
tests for rapid MAP diagnosis. Considering the lack
of appropriate conclusions in ZN staining tests and
fecal culture results in epidemiological studies, the si-
multaneous use of PCR tests is necessary for achieving
accurate and reliable results. Knowledge of the disease
prevalence in the target population is the first step for
its diagnosis and prevention. The present study was
carried out as an epidemiological component of the
JD in the suburbs of Mashhad. Eliminating cattle dis-
eases, especially common zoonotic diseases, is one of
the ideals and necessities of this industry. The studied
area is one of the country's strategic milk and meat
production economies.

Further studies on the epidemiology of MAP in
herds using advanced laboratory diagnostic tech-
niques are needed to address this major issue. To
achieve this important goal, combining the results of
this study with other results of previous studies can be

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

a great help. Using current common diagnostic meth-
ods and minimal human error, attempts were made to
report the exact prevalence rate of the disease in the
studied region.

Materials & Methods [N

Geographic Location

This study was conducted on several industrial cattle farms in the
suburbs of Mashhad. The city of Mashhad is located in northeast Iran
with a longitude of 59 °and 35' and a latitude of 36 ° and 20".

Herd selection

Based on geographical distribution and herd management coopera-
tion, 15 herds were selected for this study. The number of samples in
each herd was calculated proportionally to the total sample volume
and the herd size.

Size formula: n = P * N, where, P = proportion, N = total sample size

Sampling

A total of 348 cows were randomly selected from the study popula-
tion, and fecal samples were taken from their rectums. Also, the fol-
lowing formula was used to obtain the required sample size. n=72xP-
exp (1-Pexp)/d2

Z = standard deviation for the given confidence interval for 95% CI, if
a=0.05, Z a=1.96, p = expected proportion = 15% [21, 27, 31] and d
= Margin of error (accuracy) =5

All fecal samples were collected in closed containers and immediately
sent to the laboratory. All fecal samples taken by the ZN method were
first stained and examined under a direct microscope.

Bacteriological culture

After decontamination, 23 samples that were positive in terms of ZN
staining were cultured individually in the culture medium. Other fe-
cal samples (n=325) free of acid bacillus masses were cultured using
the strategic pooling method. In the laboratory, fecal samples from 8
to 12 cows per pool were mixed with 2 g of feces from each cow [23,
32]. All fecal samples were disinfected according to the instructions.
Three grams of pooled fecal sample was decontaminated with 0.75%
(W/V) hexadecyl pyridinium chloride solution (0.75% HPC) for 24
hours, according to standard methods. This suspension was mixed
manually by shaking and swirling and stood upright for 5 minutes
at room temperature to allow the settling of large particles. Approxi-
mately 20 mL of the upper portion of the supernatant was transferred
to another sterile 50 mL tube, where the entire suspension was stirred
at 200 units/min for 30 min. The tubes were placed vertically in the
dark for 24 hours at room temperature. Collected sterile fecal samples
were centrifuged at 900 x g for 30 min, the supernatant was discarded
and inoculated onto Herrold's egg yolk agar(HEYM) medium con-
taining mycobactin J with 300 ul of the sterile pellet. The slants were
incubated at 37°C for up to 20 weeks and investigated at 1-2 week
intervals.

Polymerase Chain Reaction (PCR)

Genomic tests were performed using PCR detection methods, and
detection of specific MAP IS900 and F57 markers. Only single fecal
samples were used for PCR. DNA extraction was performed accord-
ing to the method proposed by Soolingen et al. [33], and its purity
was measured between 1.8-2 using a NanoDrop spectrophotometer.

Primers,  IS900f  (5-GAAGGGTGTTCGGGGCCGTCGCT-
TAGG-3), 18900r (5GGCGTTGAGGTCGATCGCCCACGT-
GAC-3') and F57f (5-ACC GAA TGT TGTTGT CAC CG-3), F57r
(5-GGA CAC CGA AGC ACA CTC TC-3") derived from IS900 and
F57 sequences inserted in the DNA of MAP leads to the production

ParaTB in cattle in Mashhad
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Table 2.

Sequence and product length of MAP primers used in the study

PCR primers Nucleotide sequence Product length(bp) References
1S900f 5-GAAGGGTGTTCGGGGCCGTCGCTTAGG-3' 413 (27, 34]
1S900r 5'-GGCGTTGAGGTCGATCGCCCACGTGAC-3' ’
F57f 5'-ACC GAA TGT TGTTGT CAC CG-3' 704 29, 35]
F57r 5'-GGA CAC CGA AGC ACA CTC TC-3' ’

Table 3.

Reaction conditions used in the study

Target Thermal reaction condition
1S900 95°C for 5 min; 40 cycles of 94°C for 30 sec, 60°C for 30 sec, 72°C for 1 min; and 72°C for 5 min
F57 95°C for 5 min; 40 cycles of 95°C for 30 sec, 61°C for 30 sec, 72°C for 45 sec; and 72°C for 10 min

of 413bp and 704bp, respectively. The sequence of IS900 and F57
primers, as well as the size of their predicted PCR products, are sum-
marized in Table 2. PCR was performed in a final volume of 20 pl for
1S900. It contained a 5 pl sample of DNA mixed with 15 pl of master
mix (AMPLIQON or SINACLON). Tubes were placed in a thermo-
cycler (BIO-RAD; MJ Mini Gradient Thermal Cycler, USA), and the
amplification was as follows:

One cycle of denaturation at 95°C for 5 min followed by 40 cycles of
denaturation at 94°C for 30 s, annealing at 60°C for 30 s, extension
at 72°C for 1 min, and final extension at 72 °C for 5 min. Secondary
PCR was performed in a final volume of 12 pL for F57. It contained a
3 ul DNA sample and a 9 pl master mix. Tubes were then placed in a
thermocycler, and amplification was as follows:

One cycle of denaturation at 95°C for 5 min followed by 40 cycles of
denaturation at 95°C for 30 s, annealing at 61°C for 30 s, extension
at 72°C for 45 s and final extension at 72 °C for 10 min. The PCR
conditions are summarized in Table 3.

Statistical analysis

Data were coded and entered into statistical software for each sam-
pling from each cattle. All statistical analyzes were performed using
SPSS ver. 22. Agreement between test combination (ZN staining-
PCR tests and PCR tests - culture) were compared by kappa index
test [36] (<0.2, poor; 0.21-0.40, fair; 0.41-0.60,moderate; 0.61-0.80,
good agreement; and >0.80, very good agreement).
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This study was carried out to examine the biofilm-forming ability, antimicrobial resistance, frequency of

biofilm, and resistance genes, as well as the phylogenic grouping of Escherichia coli isolates originating from
equine samples. In total, 157 E. coli strains were isolated from fresh feces samples of healthy horses in north-
ern Iran. The samples were examined in terms of biofilm formation and antimicrobial susceptibility using
a microtiter plate and disc-diffusion test, respectively. PCR amplification was adopted to find the genes
that confer biofilm formation and resistance to -lactam, chloramphenicol, tetracyclines, aminoglycosides,
quinolones, sulfamethoxazole, and trimethoprim, and for phylogenetic analysis. More than 50% of isolates
showed MDR phenotype. The most significant level of resistance was detected for streptomycin (59.87%),
followed by trimethoprim-sulfamethoxazole (29.93%) and oxytetracycline (28.66%). Imipenem and nor-
floxacin were the most potent antibiotics. Phylogenetic groups B1 (46.50%) and A (21.66%) were the most
common groups in isolates, followed by C (6.37%), clade I (5.10%), E (4.46%), D (3.82%), and B2 (2.55%).
All isolates in phylogroups B2 and D carried all biofilm-related genes. In addition, antimicrobial resistance
genes were common in phylogroups B2, D, A, B1, and E. These findings demonstrate that in northern Iran,
healthy horses harbor potential extraintestinal pathogenic and MDR E. coli isolates. These animals can be
reservoirs for antibiotics-resistant isolates. The obtained data support the current interest regarding antimi-

crobial resistance, MDR shedding, and managing the use of antimicrobials in veterinary science.
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The occurrence and expansion of antimicrobial
resistance have turned into a major threat to
the healthcare of human beings, animals, and the en-
vironment worldwide [1, 2]. Having direct or indirect
contact with affected animals and contaminated envi-
ronments can speed up the easy transfer of microor-
ganisms between humans and animals [3]. Therefore,
monitoring antimicrobial resistance in animal-orig-
inated bacteria, and finding enough data about the
paths of the spread of antimicrobial resistance and
associated genes and their transfer between different
elements of the ecosystem is extremely important
[4]. Nevertheless, despite the significant amount of
information examining antimicrobial resistance in
food-producing animals, a small number of studies
have evaluated antimicrobial resistance in bacteria
originating from equine [5]. Due to the recurrent use
of identical antibiotics for curing human beings and
horses, equine-origin antibiotic-resistant microorgan-
isms not only affect their health and limit treatment
options, but also endanger the health of people in con-
tact with these animals [4, 6, 7]. E. coli is a predomi-
nant commensal microorganism that is found in the
gastrointestinal microflora of human beings and ani-
mals. In comparison with other common bacteria, E.
coli can easily gain antimicrobial resistance via genetic
mutation or horizontal gene transfer through a vari-
ety of mobile genetic elements, such as self-transmis-
sible plasmids, transposons, and integrons [8]. These
mobile genetic elements may co-carry multi-antimi-
crobial resistance genes, including ESBL, aminoglyco-
sides, sulfa-derivatives, trimethoprim, and quinolone
resistance [9]. During the co-colonization of antibiot-
ic-resistant bacteria along with non-resistant bacteria,
resistance genes can quickly spread and exchange be-
tween bacterial isolates and may facilitate the appear-
ance of MDR bacteria [8, 10].

One may find a considerable genetic substruc-
ture in E. coli species, which has been adopted as an
easy and cheap method to assign an E. coli isolate to a
phylogroup [11]. According to the revised Clermont
PCR method for phylotyping Escherichia coli, the
strains of E. coli species could be categorized as eight
phylogenetic groups (A, B1, B2, C, D, E and cryptic
clade I) based on the presence or absence of chuA (a
gene required for heme transport), yjaA (a gene hav-
ing unknown performance), arpA, and trpA genes as

Introduction

Imipenem
CFU: Colony Forming Unit
OD: Optical Density

well as the DNA fragment TspE4. C2 is identified as a
putative lipase/esterase gene [12]. It was realized that
phylogroup strains are different in terms of phenotyp-
ic and genotypic features, ecological niche, traits of
life history, and capability to create a disease. For ex-
ample, virulent extra-intestinal strains are the major
members of group B2 and, to a lesser degree, group
D, while the majority of commensal strains belong to
group A or Bl and strains belonging to phylogroup F
are more likely to be implicated as the extra-intestinal
pathogens of companion animals, horses, cattle, and
humans [11, 12].

There is limited data about antimicrobial resis-
tance and phylogroup distribution in the equine pop-
ulation in northern Iran. E. coli is occasionally adopt-
ed as a sentinel strain for examining antimicrobial
resistance in fecal bacteria [13]. Therefore, the present
study was conducted to determine the antimicrobial
resistance patterns, biofilm-forming ability, and dis-
tribution of resistance and biofilm-associated genes in
different phylogroups of fecal E. coli isolates in healthy
horses in Guilan province, north of Iran.

Results

Bacterial Isolates and Phylogenetic Typing

In this study, a total of 157 E. coli strains were iso-
lated. Analysis of PCR results for determining phylo-
genetic groups among these isolates showed that phy-
logenetic groups B1 (46.50%) and A (21.66%) were the
most common followed by C (6.37%), clade I (5.10%),
E (4.46%), D (3.82%), and B2 (2.55%). In 9.55% of
isolates, the phylogenetic group was unknown.

Antimicrobial Susceptibility Testing

We observed that 26 isolates were sensitive to
all 16 antibiotics used in the assay and 131 isolates
(83.4%) were resistant to at least one antibiotic. More
than 50% of isolates (83 isolates) showed MDR phe-
notype (resistant to three classes of antibiotics), three
horses (1.9%) were colonized by ESBL-positive iso-
lates, and one isolate (0.63%) indicated an imipen-
em-resistant phenotype.

The outcomes of testing the antibacterial suscep-
tibility of E. coli isolates to common antibiotics have
been shown in Table 1 and Figure 1. Overall, 85 di-
verse patterns of antibiotic resistance have been found
in 157 isolates (Supplementary data). The most con-
siderable level of resistance was observed for strep-
tomycin (59.87%) followed by trimethoprim-sulfa-
methoxazole (29.93%) and oxytetracycline (28.66%).
Imipenem and norfloxacin were the most potent anti-
biotics. All isolates belonging to phylogenetic groups
B2, D, and E were MDR. The other MDR isolates were
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Antibacterial susceptibility testing of E. coli isolates
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Table 1. in the phylogroups A (20/34), B1 (39/73), C
Antibacterial susceptibility testing of E. coli isolates (4/10), and unknown (3/15).
Antibiotic Resistant Inte_rmedi— Sensetive
isolates ate isolates isolates Bioﬁlm- Forming Assay
Amikacin 12 (7.64%) 6 (3.82%) 139 (88.53%) Of 157 evaluated isolates, 81 (51.6%) were
Gentamycin 1(0.63%) 6 (3.82%) 150 (95.5%) positive in terms of biofilm-forming ability. All
_ MDR isolates were capable of forming a bio-
Imipeneme 1 (0.63%) 1 (063%) 155 (98.72%) film. The frequency of biofilm-related genes
Ceftazidime 25 (15.92%) 1(0.63%) 131 (83.43%) fimH, papC, csgA, and fliC in biofilm former
Cefotaxime 9 (5.73%) 1 (0.63%) 147 (93.63%) E. coli isolates was 100%, 100%, 77.77%, and
65.43%, respectively. In addition, resistance
Ampicillin 32 (20.83%) 4(2.54%) 121 (77.07%) to all examined antibiotics in biofilm-former
Amoxi-Clav 27 (17.19%) 1 (0.63%) 129 (82.16%) strains was higher than biofilm-negative ones
Aztronam 29 (18.47%) 0 (0%) 128 (81.52%) (data not shown).
Chloramphenocol 19 (12.10%) 4(2.52%) 134 (85.35%) Dissemination of Biofilm-Related Genes
Ciprofloxacin 2 (1.27%) 2(127%) 153 (97.45%) in Various Phylogroups
Nalidixic acid 24(1528%)  3(191%) 130 (82.80%) Dissemination ~ of ~ different  phyloge-
- - netic groups in biofilm-former and bio-
Irimethoprim-Sul- =,/ g 3,y 1(0.63%) 109 (69.42%) film-non-former strains of E. coli is presented
famethoxazol . . . .
in Table 2 and Figure 2. All isolates in phy-
Doxycycline 32(20.38%) 12(7.64%) 113 (71.97%) logroups B2 and D carried all biofilm-related
Oxytetraycline 45 (28.66%) 0 (0%) 112 (71.33%) genes. More than half of the isolates in the E
, and A phylogroups were biofilm-formers and
Streptomycin 94 (59.87%) 12(7.64%) 51 (3248%) carried variable biofilm-related genes. The
Norfloxacin 2 (1.27%) 0 (0%) 155 (98.72%)

allocation of biofilm-related genes in various
phylogroups is presented in Supplementa-
ry Table 2. There was no significant associa-
tion between different phylogroups and bio-
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film-forming ability among test bacteria (p < 0.05).

PCR Screening for Antimicrobial Resistance
Genes

Streptomycin resistance-associated genes were
more common in test isolates, followed by tet and
dfrl genes as the most frequent ones. The blaTEM
and/or blaSHV genes were detected in three ES-
BL-positive isolates. Most of the resistance genes
were more frequent in biofilm-forming isolates (p <
0.05). Antimicrobial resistance genes were common
in phylogroups B2, D, A, B1, and E (p < 0.05). Each
isolate in phylogroups B2 and D carried at least three
investigated drug-resistance genes. The distribution
of antimicrobial resistance genes in biofilm-former,
biofilm-non-former, and different phylogroups of E.
coli isolates is shown in Table 3.

Table 2.
Distribution of different phylogenetic group in biofilm
former and biofilm non former E. coli strains

No. of isolates

Phylo-group

Distribution of different phylogenetic group in biofilm
former and biofilm non former E. coli strains

L]

35

30

25

20

15

10 I

5

i m 0= B
A, =34 Bl,n=r3 B2n=¢ C r=10 D, n=6

m Biofilm positive
Discussion [N

Commensal E. coli resistance is of special impor-
tance to maintaining consumer health as it includes
a source of resistance genes. This resistance can be
transferred to any other bacteria, such as pathogenic
bacteria, through horizontal gene transfer [9, 14]. Vet-
erinary healthcare settings in recent decades have been
introduced as the origin of the outbreaks of different
multidrug-resistant microorganisms [10, 15, 16]. In-
jection of antimicrobial agents into horses in both
hospital and community contexts is accompanied by
a higher risk of the fecal shedding of antimicrobial-re-
sistant E. coli [5]. In this study, 85 diverse patterns of
antibiotic resistance were detected in 157 isolates, and
131 isolates (83.4%) were resistant to at least one anti-

Biofilm pos- Biofilm
itive negative
A, (34) 18 16
B1, (73) 34 39
B2, (4) 4 .
G, (10) 6 4
D, (6) 6 -
E, (7) 5 2
clade I, (8) 3 5
Unknown, (15) 6 9
Figure 2.
Distribution of differ-
ent phylogenetic group

in biofilm former and
biofilm non former E. coli
strains

E, n=7 clade |,

r=8

Unknown,
n=15

m Biofilm negative

biotic. Of 157 E. coli isolates examined in terms of an-
tibiotic sensitivity, more than 50% (83 isolates) showed
MDR phenotype. Compared to other studies, frequen-
cy of MDR in equine fecal E. coli was high in the present
study. However, our results were comparable with that
of Lagarde et al. (2019), which reported 46.3% MDR in
E. coli isolated from healthy horses [17]. A high level of
AMR in domesticated animals is related to the use of
antimicrobial agents and is also related to direct expo-
sure to the bacteria responsible for carrying these genes
[18].

In the present study, three ESBL-producing iso-
lates harboring blaTEM (three isolates) and blaSHV
(two isolates) genes were identified. Kaspar et al. (2019)
detected 9 (4.0%) ESBL-producing E. coli positive in
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Distribution of drug resistance genes among biofilm former and biofilm non former and different phylo-groups of E.

coli strains

Biofilm formation

Gene (No.) Phylo-group

Positive, (81)  Negative, (76)
TEM, (2) 3 (100%) - B2 (2), D (1)
SHYV, (1) 2 (100%) - B2 (1)
gqnr A, (0) - - -
qnr B, (3) 3 (100%) - B1 (1), B2 (2)
tetA, (39) 28 (71.79) 11 (28.21) A (12), B1 (16), B2 (4), D (4), E (3)
tetB, (48) 42 (87.5%) 6 (12.5%) A (14), B1 (17), B2 (4), D (5), C (2), E (5), clade I (1)
strA-strB, (54) 42.(77.77) 12 (33.33) ‘é)(lg)’Bl (23), B2 (3), C (2), D (4), E (1), unknown
aadA, (5) 5(100%) - B2 (3), D (2)
aadB, (8) 8 (100%) - B1(2),B2(3),D(2),E(1)
Cat 1, (11) 8(72.72) 3 (27.28) A (2), B1 (1), B2 (4), D (2), E (1), unknown (1)
CatII, (7) 5(71.42) 2(27.58) A(1),B2(3),D (2),E (1)
Sul 1, (23) 21 (91.3) 2(8.7) ﬁn(f‘z,’nB(llgﬂ’ B2 (3). D (4). E (2), Clade 1 (2), un-
sz, (17) 17 (100%) ] lz(\nfvi,nla(ll;@, B2 (3), D (2), E (1), Clade I (2), un-
Dfrl, (36) 26 (72.22) 10 (27.28) A (7), B1 (12), B2 (4), C (2), D (5), E (5), unknown (1)

terms of blaCTX-M and/or blaTEM in non-hospital-
ized horses in Northwest Germany [10]. In another
research conducted in the United Kingdom, 6.3% of
650 fecal samples from non-hospitalized horses were
reported to be positive regarding ESBL-E. coli [19]. In
Canada, ESBL/AmpC genes were found in E. coli ob-
tained from 7.3% of healthy horses [17].

In a higher frequency, Johns et al. (2012) report-
ed 138/228 (60.5%) MDR and 17/228 isolates positive
for ESBL production in fecal E. coli isolates of horses
treated with antimicrobial agents, among which 12/17
isolates had blaTEM gene and 4/17 had blaSHV [5].
Moreover, examinations of equine patients in a vet-
erinary clinical context revealed even higher percent-
ages (10.7% and 34.2%) of animals that carry ESBL
[20, 21]. These findings confirm previous descriptions
based on which feces from hospitalized horses and
horses cured with antibiotics harbored more antimi-
crobial-resistant E. coli isolates compared to untreated
horses and are more likely to harbor MDR [22, 23].

Present results showed the highest frequency was
for streptomycin resistance (59.87%) and the most
prevalent resistance gene (54/94) was related to this
medication. This result is consistent with those ob-
tained by Sato et al. (2020) indicating the highest
(30.9%) streptomycin resistance among E. coli strains
obtained from healthy racehorses in Japan. Further-

more, in accordance with the present results, they re-
ported that almost all E. coli isolates have been suscep-
tible to kanamycin and gentamycin (98.8% and 100%,
respectively) [24]. In equine medicine, streptomycin
is frequently used to cure gram-negative bacterial in-
fections [8]. These can explain the high resistance rate
of equine microbiota against this antibiotic. According
to the phenotypic assay in this study, aadA and aadB
were detected in five and eight aminoglycoside-resis-
tant isolates, respectively, and strA-strB (streptomy-
cin-resistance genes), as the most common resistant
genes, were identified in 54 isolates.

In addition, possibly as a result of extensive appli-
cation of trimethoprim-sulfamethoxazole to cure in-
fections induced by gram-positive and gram-negative
bacteria among horses [24], resistance to this antibac-
terial combination was relatively high in the tested iso-
lates (47/157). However, in South Korea and Portugal,
STX resistance was found to be 9.8% (5/51) and 2.8%
(2/71), respectively [8, 25]. In a study in Japan, 15.8%
of E. coli isolates were found to be resistant to tri-
methoprim [24]. Among trimethoprim-sulfamethox-
azol-resistant isolates, we detected dfr1, sull, and sul2
in 76.6%, 48.9%, and 36.2%, respectively. Ahmed et al.
(2010) reported that 93% of the trimethoprim-resis-
tant equine fecal E. coli isolates were positive regarding
at least one dfr gene [22]. These genes are often encod-
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ed on mobile genetic elements, leading to this wide
dissemination of dfr genes.

Among 19 chloramphenicol-resistant isolates
identified in this study, catl and catIl were detected
in 11 and 7 isolates, respectively. catl gene was previ-
ously accountable for most of the plasmid-mediated
resistance to chloramphenicol [22]. In addition, this
article detected 51/157 isolates to be resistant to oxy-
tetracycline and/or doxycycline, among which fetA
and tetB genes were determined in 39 and 48 isolates,
respectively. Tetracycline resistance in E. coli most
often happens among animals, such as horses, and
the efflux genes fetA and tetB are generally dissemi-
nated in gram-negative bacteria [22, 26]. This pattern
of prevalence was also shown in equine fecal E. coli
strains from hospitalized horses in Northwest En-
gland in which the tetB gene showed to be the most
common (71%) resistant to tetracycline, followed by
tetA (18%), while no other tet gene was detected [17].

In the current study, 17.19% of E. coli isolates
were not susceptible to the first generation of quinolo-
nes (nalidixic acid) but norfloxacin and ciprofloxacin
were potent antibacterial agents (1.27% resistance).
Compared to our results, Lagarde et al. reported that
54.1% of isolates from healthy horses were not suscep-
tible to nalidixic acid, and 20.3% of isolates were not
susceptible to ciprofloxacin, which is a fluoroquino-
lone in this collection [17].

Furthermore, the present assay detected bio-
film-forming ability in 81/157 (51.6%) of fecal E.
coli isolates. Resistance to every examined antibiot-
ic in biofilm-former strains was significantly higher
than in biofilm-negative antibiotics. The frequency of
biofilm-associated genes fimH, papC, csgA, and fliC
in biofilm-former E. coli isolates was 100%, 100%,
77.77%, and 65.43%, respectively. However, less data
is available on biofilm formation and the distribution
of its associated genes in microorganisms isolated
from horses. In the USA, the prevalence of fimH and
papC genes among 25 horse E. coli isolates was 92%
and 4%, respectively [27]. Also, P fimbriae structural
subunits-encoding genes, including papC, were the
most commonly identified (75/164, 45.7%) virulence
genes in E. coli from companion animals, including
horses in the UK [28].

The present article also investigated the phylo-
genetic group of E. coli obtained from horses. In the
present assay, commensal strains were predominant,
and 68.2% of isolates were related to the phylogroups
B1 and A. Among the remaining isolates, 10 (6.4%)
were potential extraintestinal pathogens (B2 and D).
In accordance with the present assay, in a study con-
ducted in Iran, phylotype B1 was detected as the most
common phylotype (76.92 %) among E. coli isolated
from healthy riding horses in Kerman [29].

In the present study, every isolate in phylogroups
B2 and D carried all biofilm-related genes. These find-
ings are in line with the results of Olowe et al. (2019)
who reported that phylogroups B2 and D contained
100% of each of the biofilm-related genes [30]. Bio-
film-related genes fimH and papC were found in
100% of biofilm-positive isolates and were prevalent
in all phylogroups. The fimH gene was determined to
be common in every phylogroup of E. coli according
to various studies [30-32].

Moreover, several studies have shown that phy-
logroups B2 and D have more biofilm-related gene
characteristics compared to phylogroups Bl and A
[30, 33-35]. Our results showed that all isolates be-
longing to B2, D, and E phylogenetic groups were
MDR. However, the isolates in the other phylogroups
were also MDR, and several studies have shown that
the strains of group B2 are mainly MDR [30, 36, 37].

Conclusion

Our findings demonstrated that in Guilan prov-
ince, Northern Iran, non-hospitalized, healthy hors-
es harbor potential extra-intestinal pathogenic and
MDR E. coli isolates. These animals can be reservoirs
for ESBL-producing and noteworthy human and vet-
erinary medicine-used antibiotics-resistant isolates.
The obtained data emphasized the growing concern
regarding antimicrobial resistance, MDR shedding,
and management of antimicrobial applications in vet-
erinary.

Materials & Methods [

Equine Study Population and Demographic
Data

During May-August 2021, fresh feces samples were collected
from 23 farms of 157 healthy and non-hospitalized horses that
lived on private farms around Rasht, Northern Iran. The studied
horses aged 3 months to 20 years, 72 were female, and 85 were
male without receiving antibiotic therapy during the past six
months.

E. coli Isolation and Antimicrobial Susceptibili-
ty Testing

Every single sample was transferred to the laboratory on the
ice in 4 h. E. coli was isolated on MacConkey (MC) agar and EMB
agar media and was evaluated based on standard bacteriology
and biochemistry methods and one E. coli isolate was selected
per sample for further investigation. The disk diffusion assay was
adopted to determine the antimicrobial susceptibility pattern for
each isolate of E. coli based on the Clinical and Laboratory Stan-
dards Institute suggestion [38].

The antimicrobials used in these assays were selected based
on their use and importance for human and equine medicine as
follow: beta-lactams [amoxicillin+clavulanic acid, ampicillin, cef-
tiofur, cefotaxime, and cefquinome ampicillin (AM; 10 pg), amox-
icillin/clavulanic acid (AMC; 20/10 pg), ceftazidime (CAZ; 30 ug),
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Table 4.
Nucleotid sequences of primers used in this study

Gene Primer Sequence (5"-3") Amplicon size (bp) Annealing tem. (°C) Ref.

F-CTAGTATGACGTCTGTCGC
blaTEM 1080 58 [15]
R-GACAGTTACCAATGCTTAATC

F-TTATCTCCCTGTTAGCCACC
blaSHV 795 58 [15]
R-GATTTGCTGATTTCGCTCGG

F-ATTTCTCACGCCAGGATTTG
qnr A 516 53 [15]
R-GATCGGCAAAGGTTAGGTCA

F-GATCGTGAAAGCCAGAAAGG
gnr B 469 54 [15]
R-ACGATGCCTGGTAGTTGTCC

F-CCTCAATTTCCTGACGGGCT
tetA 712 55 [15]
R-GGCAGAGCAGGGAAAGGAAT

F-ACCACCTCAGCTTCTCAACG
tetB 586 55 (15]
R-GTAAAGCGATCCCACCACCA

F- ATG GTG GAC CCT AAA ACT CT
strA-strB 893 60 [16]
R- CGT CTA GGA TCG AGA CAA AG

F- GTG GAT GGC GGC CTG AAG CC
aadA 525 60 (16]
R- AAT GCC CAG TCG GCA GCG

F-GAG GAG TTG GACTAT GGA TT
aadB 208 53 [16]
R- CTT CAT CGG CAT AGT AAA A

F-AGTTGCTCAATGTACCTATAACC
cat I 585 [17]
R-TTGTAATTCATTAAGCATTCTGCC

F-ACACTTTGCCCTTTATCGTC
cat II [17]
R-TGAAAGCCATCACATACTGC

F- CGG CGT GGG CTA CCT GAA CG
sul 1 433 66 (16]
R-GCC GAT CGC GTG AAG TTC CG

F-CGG CAT CGT CAA CAT AACCT
sul 2 721 66 [16]
R-TGT GCG GAT GAA GTC AGC TC

F-ACGGATCCTGGCTGTTGGTTGGACGC
dfrl 254 55 (17]
R-CGGAATTCACCTTCCGGCTCGATGTC

F-TGCAGAACGGATAAGCCGTGG
fimH 506 (18]
R- GCAGTCACCTGCCCTCCGGTA

F-GCAATCGTATTCTCCGGTAG
csgA 418 [18]
R -GATGAGCGGTCGCGTTGTTA

F-TGATATCACGCAGTCAGTAGC
papC 501 [18]
R- CCGGCCATATTCACATAAC

F-ATGGCACAAGTCATTAATACCCAAC
flic 1491 (18]
R- CTAACCCTGCAGCAGAGACA
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cefotetan (CTT; 30 pg), imipenem (IMP; 10 pg)], aminoglycosides
[amikacin (AN; 30 ug), streptomycin (S; 10pg) and gentamicin
(GM; 10 pg)], tetracyclines (oxytetracycline and doxycycline), sul-
phonamides/potentiated sulphonamides (sulphamethoxazole and
trimethoprim-sulphamethoxazole), fluoroquinolones [nalidixic
acid (NA; 30 pg), ciprofloxacin and enrofloxacin], carbapenems
(imipenem), and chloramphenicol (C; 30ug), aztreonam (ATM;
30 ug). Plates were incubated at 37°C for 18-20 h. An isolate re-
sistant to at least one antimicrobial agent in at least three anti-
microbial classes was considered MDR. E. coli ATCC 25922 was
included as quality control for the applied antimicrobial agents.

Extended-Spectrum Beta-Lactamase (ESBL)
Production

ESBL production was detected by double disk diffusion tech-
nique with ceftazidime (30 pg) and cefotaxime (30 pg) disks alone
and combined with clavulanic acid (10pg) on Muller Hinton agar.
The positive test result was determined as =5 mm elevation in the
diameter of the zone compared to a disk free of clavulanic acid.
Moreover, an imipenem-EDTA double disk synergy assay was ad-
opted for evaluating MBL enzyme production. Improvements in
the diameter of the inhibition zone in IMP+EDTA in comparison
with IMP-only disks were determined as MBL producers.

Biofilm Formation Assay

This test was carried out on a microtiter plate. Standard over-
night cultures (1.5x108 CFU/ml) were diluted 100 times in PBS.
A volume of 200 pl of each culture dilution was transferred to
separate wells of a 96-well, flat-bottomed polystyrene plate, and
was incubat-ed overnight at 37°C. After the process of incuba-
tion, the planktonic bacteria were discarded, the wells were del-
icately washed three times using sterile physiological saline and
were fixed using methanol for 20 min. Then, each well was stained
using crystal violet and washed. Biofilm-related crystal violet was
destained in 1 ml ethanol-acetone (95:5, vol/vol). Afterwards, the
optical density of the mixed solution was found to be 600 nm. Iso-
lates with OD > 0.625 were categorized to be biofilm-positive [39].

Extraction of DNA

A colony of each bacterial strain was purified and bacterial
genomic DNA was extracted by a GenElute Bacterial Genomic Kit
(Sigma-Aldrich, St Louis, MO).

Phylogenetic Typing of E. coli Isolates

Bacterial phylogenetic groups were determined using the pre-
viously described method of quadruplex phylogroup assignment
[12]. The isolates were categorized in phylogenetic groups A, B1,
B2, C, D, and F via scoring the presence or absence of genes in
arpA/chuA/yjaA/TspE4.C2 order according to the following cri-
teria: A: (+---); Bl: (+--+); B2: (-++-/-+++/-+-+); F: (-+--); A or
C: (+-+-); D or E: (++--/++-+); E or clade I: (+++-). The three last
ones were screened using C or E-specific primers.

PCR Screening for Biofilm-Associated Genes

The frequency of four hypothetical biofilm-related genes in
biofilm-former E. coli isolates has been investigated by Olowe et
al. (2019). Table 1 shows the utilized primers. Extracted nucleic
acid was adopted as template DNA for PCR. PCR was carried out
based on a total volume of 25 mL, including 0.5 ml dNTPs (10
mM), 5 mL enzyme buffer (10X), 3 ml forward/reverse primers
(10 pmol), 2 ml template DNA (2 mg), 0.5 mL enzyme (2.5 U),
and 14 ml deionized water. Each gene was individually expanded
and PCR products were assessed by electrophoresis on 1% agarose
gel. Afterwards, PCR products were sequenced to affirm the iden-

tity of the amplicon sequence (Bioneer, South Korea).

PCR Screening for Antimicrobial Resistance
Genes

Based on the patterns of antimicrobial susceptibility, PCR
was performed for evaluating the corresponding antimicrobial
resistance genes. Isolates showing resistance to investigated an-
timicrobial classes were screened regarding the existence of 14
diverse resistance genes by PCR as described before (Table 4).
Tetracycline-resistance genes (fetA and tetB), sulfamethoxaz-
ole-resistance genes (sull, sul2), TMP-resistance genes (dfrl),
streptomycin-resistance genes (strA-strB), blaTEM, and blaSHV
were screened. Furthermore, the existence of plasmid-mediated
quinolone-resistance genes (gnrA, gnrB), and genes encoding
aminoglycoside-modifying enzymes (aadA and aadB) were in-
vestigated. Table 2 demonstrates the sequences of oligonucleotide
primers adopted in this evaluation. The conditions of PCR reac-
tions were as mentioned above.

Statistical analysis

Correlations between the phylogenetic group, biofilm-form-
ing ability, and frequency of resistance-related genes in examined
bacteria were assessed by SPSS Statistics and the Chi-square test.
For all tests, p < 0.05 was considered significant.
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Therapeutic Effects of ADU-5100 as STING Agonist and
CpG ODN1826 as TLR9 Agonist in CT-26 Model of Co-
lon Carcinoma
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Cancer immunotherapy emerged as a novel therapeutic approach to destroy tumor cells, and it has grown toward clin-

ical transition following successful fundamental research and clinical trials. Immunotherapy by efficacious adjuvants is
critical for increasing protective immune responses against infectious diseases and cancers. STING and TLR9 agonists
are interesting candidates for novel immunotherapies of cancers. In this study, the antitumoral effects of ADU-S100,
as a potent STING agonist, and CpG ODN1826, as a TLRY agonist, in single and combined forms in CT-26 colon
adenocarcinoma model were evaluated. This model was induced in female BALB/c mice which were divided into five
groups treated with PBS, ADU-S100 (20 and 40 pg), CpG ODN (40 pg), and ADU-S100 (20 ug)+CpG ODN (20 pg).
The tumor volumes and weights of mice were measured every other day. On the 30th day, the tumor, spleen, and liver
tissues of mice were isolated for histopathological assessment. Hematological analysis was performed on heart blood.
Intratumoral injection of agonists induced significant tumor suppression in all treatment groups with profound effect
in the combination group that received half concentration of single form. Moreover, the histopathological analysis of
tumor tissues showed the presence of apoptotic and inflammatory cells and increased the number of lymphocytes in the
blood samples of the treatment groups indicating the effective role of these agonists in clearing the tumor. Therefore, a
such synergy of adjuvants may have an effective role in cancer immunotherapy and offer new perspectives on the com-

bination of agonists that trigger innate immune sensors during malignancy.
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There are different treatment methods for can-
cers, including radiotherapy, chemotherapy,
and surgery. However, each procedure has limita-
tions that affect the diagnosis and survival of patients
[1]. In recent years, immunotherapy, as a promising
treatment approach that triggers the immune system
against a broad category of cancers, has had princi-
pal efficacy on some patients with metastatic tumors
[2]. Recent investigations opened a novel chapter as
immunoadjuvants for cancer immunotherapy by the
initial activation of innate and subsequent adaptive
immune responses [3].

One of the key immunoadjuvants is TLR agonists
that bind to the receptors on the endosomal compart-
ments of mainly immune cells and lead to inflamma-
tory reactions and adaptive immune responses. One
of the important agonists of TLR9 is CpG ODN as a
synthetic TLRO ligand that can activate the signaling
pathway through MyD88 and IRF7 to produce type
I interferons and through NF-kB signaling pathway
to stimulate immune cells to induce pro-inflammato-
ry cytokines production [4]. CpG ODNs as a potent
cancer vaccine adjuvant can increase the proliferation
of cytotoxic CD8+ T cells against tumor antigens and
trigger Th1-type immune responses that stimulate an-
tigen-specific adaptive immunity [4, 5]. CpG-ODN
1826, as a class B CpG specific for murine TLRY, in-
duces the production of pro-inflammatory cytokine
and antibodies from B cells and has demonstrated en-
couraging outcomes by reducing tumor growth and
improving survival in clinical trials [6-8]. Another
important immunoadjuvant identified in recent years
is STING which is stimulated with cytosolic dsDNA
and induces the transcription of numerous innate im-
mune genes [9].

STING is an adaptor protein localized predom-
inantly on the ER membrane. In response to specif-
ic agonists, STING induces a signaling pathway that
leads to the production of IFN-P as a critical pro-in-
flammatory cytokine [10]. Consequently, DCs are ac-
tivated, and cytotoxic T lymphocytes are recruited in
TME. There are different agonists for inducing STING,

NF-«B: Nuclear factor kappa B
TME: Tumor microenvironment
dsDNA: Double-stranded DNA
ER: Endoplasmic reticulum

IEN: Interferon

SC: subcutaneous

HE: Hematoxylin-eosin

CBC: Complete blood count
c¢GAMP: Cyclic guanosine monophosphate-adenosine monophos-
phate

CDN: Cyclic dinucleotides

APC: Antigen-presenting cell

Introduction

among which MLRRS2 CDA (also called MIW815
or ADU-§100) is known as a powerful vaccine adju-
vant. It induces TME activation in a variety of tumor
types by priming the antigen-specific CD8+ T cell and
lasting immune-mediated tumor rejection [11]. Due
to the improved features of ADU-S100 compared to
other STING agonists, the therapeutic effects of this
agonist in combination with different immunomodu-
latory agents have been evaluated [12].

In this study, we investigated the synergistic effect
of ADU-S100 in combination with CpG ODN1826 in
a mouse model of colon carcinoma. Furthermore, we
evaluated the ability of single and combination forms
of agonists on tumor growth and survival rate in a CT-
26 colon carcinoma model. Our results suggest that
combined ADU-S100 and CpG ODN1826 have a sig-
nificant antitumor impact, making them a promising
immunotherapeutic agent for the treatment of colon
cancer.

Results

Anti-tumoral activity of CpG ODN 1826 and
ADU-$100 in single and combined forms
against established CT-26 colon adenocarcino-
ma

ADU-§100 is a new STING agonist that affects
tumor cells by activating the STING signaling path-
way in TME and priming APC and CD8+ T lym-
phocytes. Intratumoral injection of these molecules
into various cancer models, including CT26 colon
cancer, B16 melanoma, and 4T1 breast cancer mod-
els, showed stronger antitumor outcomes [11, 13, 14].
On the other hand, CpG ODN 1826, as a well-known
B-type CpG, has been utilized as an adjuvant for vac-
cines and successfully evaluated in a number of vac-
cination models [15]. This study investigated whether
the combination of CpG-ODN 1826 and ADU-S100
attenuates tumor growth more than the single forms
of agonists in the CT-26 cancer model.

In order to induce mice with tumors, CT-26 cell
suspensions were subcutaneously implanted into the
right flank of animals and treated with 20 pg of CpG
ODN 1826 and ADU-S100 together or twice the con-
centration of single agonists (40 pg). ADU-S100 (20
ug) was used to confirm the synergistic effect of ag-
onists. The volume and weight of tumors in the mice
were recorded every other day. As can be seen in Ta-
ble 1, significant tumor regression was observed in all
treatment groups compared to the control group (p <
0.0001). The highest suppression of tumor growth was
observed with the synergy of two agonists from 1952
to 32 mma3.

In ADU-5§100 (40 pg) and combination groups,
only one out of seven treated mice did not show a
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decrease in tumor volume (Figure 1B and 1D). In
CpG ODN (40 pg) group, five mice showed a consid-
erable shrinkage in tumor volume, but in the other
two members of this group, tumor volume reached
358 and 624 mm3 on the 30th day (Figure 1C). Al-
though in ADU-S100 (20 pg), the average tumor
volume showed a smaller decrease compared to the
double concentration of this agonist, the change was
significant compared to the control (Figure 1A). These
results indicated that the synergistic antitumor effects
of ADU-S100 when combined with CpG ODN is ap-
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proximately equal to those of ADU-S100 when ad-
ministrated at higher doses (twice the concentration).
Images of CT26 tumor-bearing mice and treated mice
of all groups on the 30th day are represented in Figure
2.

At the end of the experiment, mean tumor weight
was considerably lower in the combination group
(0.08 g) and other treatment groups than in the con-
trol (2.01g) (p < 0.05) (Figure 3A). The curve of spleen
weight is shown in Figure 3B and spleen weight was
positively correlated with tumor weight. This differ-
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Intratumoral (IT) administration of STING and TLR9 agonist reduces tumor volume in CT-26 adenocarcinoma model. (A)
Mice were injected with 3x105 CT-26 cells (in 100 pl of PBS) SC on day 0. On days 10 and 16, mice were given IT injections
of PBS, ADU-S100 (20 and 40 pg), CpG ODN (40 pg), and ADU-S100 (20 ug) + CpG ODN (20 ug) (n=7). tumor volumes

were monitored every other day for 30 days.
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Figure 2.
Anti-tumor efficacy of ADU-5100
and CpG ODN in CT26 tu-
mor-bearing mice in the treatment
groups, including ADU-S100 40
ug (A), CpG 40 ug (B), ADU-S100
20 ug + CpG ODN 20 pg (C), and
ADU-S100 20 ug (D) compared to
the control (E).
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ence was significant in the ADU-S100 (40 pg) and
combined groups which had the smallest tumor vol-
ume at the end of the experiment. During the study,
the mice survival rate increased from 71.4% in the
control group and ADU-S100 (20 pg) to 100% in oth-
er treatment groups (Figure 3C). Furthermore, the
body weight of animals was also monitored during
the experiment and no significant weight change was
observed compared to the control group (Figure 3D).

Histological examination of the tumor, spleen,
and liver tissues

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Microscopic examination of the tumor tissues
showed round, polygonal, spindle-like, polymorph
neoplastic cells of varied sizes, containing prominent
one or more nuclei, within a delicate stroma. The con-
trol group displayed a large number of tumor cells
undergoing mitosis (Figure 4A). In addition, some
criteria, such as necrosis and hemorrhage as signs
of malignancy, were detected in the control group.
Compared to the control group, increased numbers of
apoptotic cells were observed in the treatment groups
(Figure 4 B-E). Histological analysis of the spleen and
liver tissues was performed to assess the abnormal

Figure 4.

Hematoxylin-Eosin staining of tumor tissues in the control (A), ADU-5100 20 pg (B), ADU-S100 40 pg (C), CpG 40 pg (D), and
ADU-S100 20 pg + CpG ODN 20 pg (E). Liver metastasis in the control group (F). Cells undergoing mitosis in the control group are
displayed with black arrows (A). Typical features of apoptosis (B-E, yellow arrows) are shown in the treatment groups.
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. . Table 1.
effects of th.e ag.onmts on the r§t1c- The average tumor volume (mm?®) in control and all treatment groups on 30" day
uloendothelial tissues. No obvious " : ;

. . . verage tumor volume i
hlstologlcal.changes were detected in Group (mm®) + SEM p- value
the spleen tissue in none of the treat-

. . Control 1952+194
ment groups. The liver microstruc-
ture of the control group revealed tu- ADU-8100 (20 pg) 310432 <0.0001
mor metastasis, while .the treatment ADU-S100 (40 pg) 448436 <0.0001
groups were normal (Figure 4F).
CpG ODN (40 pug) 144487 <0.0001

Hematological analysis of whole _

¢4 ysis of ADU-8100 (20 ug) + CpGODN . £0.0001

blood (20 pg)

CBC experiments showed that
the number of lymphocytes increased
significantly in the ADU-S100
(40 pg), CpG ODN (40 pg), and

ADU-S100 (20 pg) + CpG ODN (20 Table 2.

Mean in each group is significantly different compared to control group (p < 0.0001).
SEM: Standard error of means. CpG ODN: CpG oligodeoxynucleotides.

The number of lymphocytes (%) of blood samples in control and all treatment

ug) groups (p < 0.05) indicating the groups on 30 day
recruitment of immune cells to th.e a Nribar e L. |
TME (Table 2). Other hematologi- LoUD cytes (%) + SEM e
cal factors I.nea.sured in thls research Control 13543
were not significantly different be-
tween the control and treatment ADU-5100 %9 2145 0.17
groups. ADU-S100 “0v® 247 <0.05

. . CpG ODN @0k 44+3 <0.05
Discussion [N

ADU-5100 (20 pg) + CpG ODN (@0pg) 50+ 6 <0.05

In the TME, immune cells and
tumor cells can be affected by STING
and TLRs activation. In addition, T
cells, endothelial cells, fibroblasts,
and APCs as the main cells in this

pathway, can lead to type I IFN pro-

duction with STING stimulation [11, 16]. Type I IFN
signaling is important for antitumor immune re-
sponses through stimulating apoptosis and anti-pro-
liferative responses acting directly on tumor cells
leading to tumor suppression [17]. Due to the role of
the STING pathway in the generation of spontaneous
immune responses against tumors, STING agonists
were discovered for direct pharmacologic stimula-
tion of this signaling pathway [18-20]. Among STING
agonists, the intratumoral administration of CDNs,
such as ADU-S100, into different types of cancer in-
hibited tumor growth, generated lasting and systemic
antigen-specific T cell immunity capable of rejecting
distant metastases, improved survival of mice, and
induced direct apoptosis of cancer cells [13, 21- 23].
On the other hand, CpG ODNs have been considered
widely as a new choice for vaccine adjuvants because
of their powerful capacity to enhance vaccine immu-
nogenicity against cancer [3, 24]. In this research, we
examined the antitumor effects of single and com-
bined forms of ADU-S100 and CpG ODNI1826 in
the CT-26 colon cancer model. Our results showed
that ADU-S100 at 40 pg dose suppressed the CT-26

0.05).

Mean in three treatment groups is significantly different compared to control group (p <

SEM: Standard error of means. CpG ODN: CpG oligodeoxynucleotides.

tumor growth more effectively than at 20 pg dosage.
Moreover, the combination of ADU-S100 and CpG
ODN1826 resulted in the smallest tumor volume (Fig-
ures 1 and 2). As a result, the intratumoral injection
of this combination in half concentration effectively
reduced tumor growth in the CT-26 model (Figure
1A). In addition, the survival rate of treated mice
(100%) was more than the control group (71.4%).
Corrales et al. showed that the intratumoral injection
of ADU-S100 in the CT26 colon carcinoma model
caused T cell memory and durable tumor regression.
When the tumor cell line was injected into mice again,
the animals were completely resistant to re-challenge.
This study had similar results in the 4T1 breast cancer
model [11]. Other STING agonists also showed effec-
tive therapeutic results in the colon carcinoma model.

STING deficiency in mouse models bearing colon
26 adenocarcinomas reduced the antitumor effects of
cGAMP as a potent STING agonist. The cGAMP dis-
played remarkable antitumor activity against CT-26
adenocarcinoma (2569 mm3 to 967 post-treatment).
This agonist increased the survival rates of mice from
40% up to 90% in 20 days. Furthermore, cGAMP in-
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duced the apoptosis of tumor cells and raised the
expression levels of critical cytokines, such as IFN-f3
and IFN-y, in the mouse serum [20]. The intratu-
moral injection of cGAMP by inducing CD8+ T cell
responses delayed the growth of injected tumors and
controlled the growth of distant tumors [21]. Deng
et al. explained that STING pathway signaling was
effective in type I IFNs induction and promotion of
innate and adaptive immune responses upon radia-
tion in MC-38 tumor models. The antitumor effects
of radiation were significantly dependent on STING
signaling as shown by impairing this antitumor ef-
fect in STING-deficient mice. Moreover, cGAMP
and radiation synergistically increased the antitumor
responses and reduced radiotherapy resistance [25].
The synergistic effects of K3CpG and cGAMP in mel-
anoma, lymphoma, and pancreatic models displayed
significant tumor suppression compared to single
forms of agonists [26, 27]. Cai et al. investigated the
synergism of CpG ODN, CGAMP, and anti-OX40 in
TC1 and B16 models. This combination induced tu-
mor regression and cytokines production by activat-
ing innate and adaptive immunity [28]. Formulation
of recombinant protein HPV with 2’-3cGAMP CDN
and CpG-C ODN induced remarkable tumor sup-
pression in TC-1 harboring mice as a cervical cancer
model. This combination caused lymphocyte prolif-
eration and increased the number of IFN-y secreting
cells [29].

In HE staining assays, cell apoptosis was observed
in the tumor tissues upon ADU-S100 and CpG ODN
treatment concerning the control group which may
be displayed that the therapeutic effect of agonists is
because of stimulation of tumor cells apoptosis. Cir-
culating Lymphocyte-mediated immune response
against tumor cells is critically important in tumor
suppression [30]. Hematology experiments displayed
that the number of lymphocytes rose in all treatment
groups except ADU-S100 (20 pg), especially in the
combination group and this lymphocytosis probably
played a crucial role in tumor suppression.

In conclusion, our study suggests that the combi-
nation of ADU-S100 and CpG ODN with a reduced
concentration is a potent adjuvant in tumor regres-
sion and antitumor immunity and emphasizes the
potency of such combination adjuvants as a potential
cancer immunotherapy approach.

Materials & Methods [N

Animals and cells

Six- to eight-week-old female BALB/c mice were purchased from
Royan Institute (Tehran, Iran). All in vivo studies were performed
according to the animal experimental guidelines approved by the In-
stitutional Animal Care and Use Committee at Ferdowsi University
of Mashhad. The animals were kept in standard cages at a tempera-
ture of 20°C-25°C and a 12L:12D lighting cycle. Mouse colon cancer

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

cell line, CT26, was bought from the research institute of biotech-
nology (Mashhad, Iran), cultivated in RPMI 16-40 medium (Gibco,
Grand Island, USA), and supplemented with heat-inactivated fetal
bovine serum (10% v/v) and penicillin-streptomycin (1% v/v) (Gib-
co, Grand Island, USA). The cells were incubated at 37°C with a 5%
CO2 atmosphere.

Tumor model

To set up the animal tumor model, CT26 cells (100 pl PBS containing
3105 cells for each mouse) were injected SC into the right flank of
the animals (day 0). Tumor-bearing mice were randomly assigned to
five groups (n=7): (a) Control group received 20 ul PBS; (b, ¢) tumor
groups treated with ADU-S100 disodium salt (Med Chem Express,
New Jersey, NJ, USA) at various dosages of 20 or 40 pg; (d) tumor
group treated with 40 pg of CpG ODN (InvivoGen, San Diego, USA),
and combination group (e) received 20 ug ADU-5100 and 20 ug CpG
ODN simultaneously. The agonists were injected intratumorally on
the 10th and 16th days after tumor inoculation.

The tumor volume (V) was estimated every other day with a digital
caliper and calculated according to the equation V=(LxW2)/2, where
W is the small diameter and L represents the large diameter of the tu-
mor [11, 31, 32]. The animals were sacrificed on day 30 and the body
weight of each mouse was measured. The spleen, liver, and tumor
tissues were isolated for histological analysis.

Histopathological evaluation

The tumor, spleen, and liver tissues were fixed in 10% buffered neu-
tral formalin for 24 h. The tissues were then dehydrated by enhancing
the concentrations of ethanol solution (Merck, Munich, Germany),
embedded in paraffin wax, and cut by microtome. The 5-pm sections
were mounted on the slides and stained with HE. The sections were
surveyed by light microscope (Labomed, Labo America Inc, USA)
for the presence of histopathological lesions in all groups.

Hematological parameters

At the end of the study, whole blood was collected from mouse hearts
in a tube containing an anticoagulant. Hematological parameters,
including white blood cell, red blood cell, hematocrit, hemoglobin,
mean cellular volume, mean cellular hemoglobin, mean cellular he-
moglobin concentration, platelet count, red blood cell distribution
width, plateletcrit, mean platelet volume, platelet distribution width,
neutrophil, lymphocyte, monocyte, and total protein were assessed
by a cell counter (Nihon Kohden, Nima Pouyesh Teb, Iran)

Statistical analysis

All data were analyzed using GraphPad Prism software version 9.0
(La Jolla, San Diego, California). The Mann-Whitney test was used
for the statistical analyses. Results are displayed as mean + SD or
mean + SEM. The significant differences between groups are shown
as **** p < 0.0001, *** p < 0,001, ** p < 0.01, and *p < 0.05.
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Intra-periaqueductal Grey Matter Injection of Orexin A
Attenuates Nitroglycerin-induced Deficits in Learning
and Memory in Male Rats
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This study explored the potential contribution of Orx1R within vVIPAG to the learning and memory of animals with

chronic migraine-like pain. Migraine was induced by repeated i.p. administration of nitroglycerin (5 mg/kg). Passive
avoidance adeptness was evaluated in the shuttle box maze. The spatial memory performance was estimated using
MWM tests. In the MWM task, NTG-injected rats revealed an imperative increase in escape latency and traveled the
distance to catch the stage and a decrease in the time spent to pass into the goal zone in comparison to the control ani-
mals. Such NTG-evoked responses were attenuated by the post-treating intra-vIPAG injection of orexin A at 100 but not
25 and 50 pM. Furthermore, in the shuttle box test, NTG-treated rats showed eversion memory retrieval impairment as
reflected by decreased phase through latency and longer time spent in the black chambers of the maze. Administration
of orexin A at 50 and 100 pM could suppress NTG-related eversion memory deficiency in rats. However, orexin A (100
pM) aptitude to preserve memory performance, in both MWM and shuttle box tasks, was significantly prevented by
SB334867 (20 nM) as an Orx1R antagonist. Overall, these data support the role of Orx1R within vIPAG to modulate

migraine-related cognition deficits in rats.
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)\ 11graine is a pervasive brain complaint prin-
cipally defined by unbearable pulsating

pain in the head. In addition to headaches, people
with migraine typically show some irregular expres-
sions called aura as visual, sensory, or gastrointesti-
nal problems [1, 2]. The management of migraine is
multifaceted and migraine therapies annually impose
a massive burden on the society and public health sys-
tems [3-6].

Migraine brains have structural and functional ir-
regularities in the pain processing centers, including
the trigeminocervical complex and PAG [7, 8]. It has
been indicated that the functional association between
PAG and some of the remaining nociceptive process-
ing is altered in migraine patients [7]. In particular,
axon terminals from PAG have been traced in trigem-
inal sensory nuclei through neurons in the nucleus
raphe magnus [9]. In addition, the activation of PAG
neurons modulates the spinal trigeminal neurons in a
cat model of trigeminovascular pain [10]. During mi-
graine attacks, the irregular activation of trigeminal
afferent neurons innervating cerebral blood vessels
could induce cerebral vasodilation by releasing vaso-
active peptides, such as CGRP and substance P, which
may have a role in pain sensitization [11-14].

It has been demonstrated that normal cognitive
processing is disrupted in migraine. Although most
studies display an elevated risk of cognitive dysfunc-
tion in migraine patients, there are some paradoxical
data. For example, it has been indicated that migraine
induces significant deficits in visual attention and ver-
bal memory [15-17]. However, in the study by Jelicic
et al., migraine did not alter cognitive performance in
middle-aged or older adults [18]. Moreover, long-last-
ing migraine headache in middle-aged twins was not
accompanied by cognitive dysfunction [19]. A famil-
ial hemiplegic migraine mutation inspired significant
spatial memory deficiency in contextual fear-condi-
tioning and MWM tests in mice. It could also increase
hippocampal excitatory transmission and long-term
potentiation [20].

The orexin peptides (A and B) are expressed by
different neurons in the hypothalamus. These pep-
tides stimulate distinct G protein-coupling receptors,
Orx1R and OrxIR [21, 22]. Distributed cortically and
subcortically, orexinergic neurons are involved in no-

MAPK: Mitogen-activated protein kinase
ANOVA: One-way analysis of variance
NO: Nitric oxide

ERK: Extracellular signal-regulated kinase
CBIR: Cannabinoid 1 receptors

Introduction

ciceptive transmission [23-25]. The manipulation of
Orx1R has been shown to alter migraine headache
intensity. Intravenous infusion of orexin A might
modulate nociceptive neurons to trigeminal nucleus
caudalis in rats the model of dural trigeminovascular
nociception [26].

It is well documented that OrxIR plays a vital
role in learning and memory processing. Activation
of Orx1R in the hippocampus improved spatial learn-
ing and LTP in rats [27, 28]. In addition, trigeminal
pain-associated learning and memory deficits in rats
were suppressed by orexin A injection in the trigem-
inal nucleus caudalis or rostral ventromedial medulla
of rats [29, 30]. Moreover, the blockade of orexins re-
ceptors in the basolateral amygdala could disturb the
passive evasion memory of rats [31].

There are functional connections between PAG
circuits mainly vIPAG with cortical and subcortical
brain regions in either pain or learning and memory
processing, including the thalamus, prefrontal cor-
tex, insular agranular, and amygdala [32-34]. There-
fore, the current study aimed to show if manipulating
Orx1R in vIPAG could alter the learning and memory
values of rats with migraine headaches.

Results
MWM

During acquisition blocks, the groups showed
significant alterations in latency scores to find the
concealed platform [F (3, 483)=33.634, p = 0.001].
Post hoc comparisons indicated that NTG admin-
istration could significantly increase latency time to
catch the platform in the first, third, and fourth blocks
of acquisition trials (p < 0.05) (Figure 1). Neverthe-
less, post-training administration of orexin A (100
pM) attenuated latency time in all blocks. In addition,
orexin A at 50 pM could decrease escape latency to
the platform in the third and fourth blocks compared
to the NTG group (p < 0.05) (Figure 1). However,
orexin A (100 pM) was inhibited by prior treatment
infusion of SB334867 (20 nM) (Figure 1).

Moreover, our results indicated a significant dif-
ferences between groups in the space traveled to find
the concealed platform during the acquisition test [F
(3, 483)=28.626, p = 0.001]. As shown in Figure 2,
the distance traveled to find the stage significantly in-
creased in NTG or NTG plus normal saline-treated
groups in all acquisition trials. Orexin A administra-
tion at 100 pM but not 25 and 50 pM could repress
NTG-increased moved distance to catch the stage (p
< 0.05) (Figure 1). Such effects of orexin A (100 pM)
were disallowed by SB334867 (20 nM) (Figure 2).

In the probe trial, the groups showed a signifi-
cant difference in the time spent [F (6, 41)=8.061, p

Kooshki et al., IJVST 2023; Vol.15, No.2
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Figure 1.

Comparison rats escape latency during acquisition blocks to reach the hidden platform in MWM test between groups. *P
<0.05 vs intact, P < 0.01, “P < 0.05 vs NTG- treated group, “P < 0.05 vs NTG + normal saline group. NTG: nitroglycerin;

SB: SB334867; Orx A: orexin A.
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Figure 2.

@Intact

BNIG
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@NTG+Orx A (100 pM)
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Comparison distance travelled by rats to reach the hidden platform during acquisition blocks of MWM test between
groups. **P < 0.01, *P < 0.05 vs intact, P < 0.01, “P < 0.05 vs NTG- treated group, **P < 0.01, *P < 0.05 vs NTG + normal
saline group. NTG: nitroglycerin; SB: SB334867; Orx A: orexin A.

= 0.001] and the number of visits [F (6, 41)=6.408, p
= 0.001] across the target area. As shown in Figure 3,
the total number of visits and time spent in the goal
region significantly attenuated in NTG-treated rats.
Orexin A administration at 100 pM but not 25 and
50 pM augmented the number of visits and the time
spent in the goal zone compared to the NTG groups (p
<0.01 and p < 0.05). However, orexin A (100 pM) val-
ue to increase the number of visits and the time spent
in the goal region was inhibited by pre-treatment ad-
ministration of SB334867.

Shuttle box

Assessment of passive avoidance memory re-

trieval in the shuttle box test showed a significant
difference between groups in phase through latency
and time spent in a dark hall. Post hoc test showed
decreased step through latency (p < 0.05) and in-
creased time spent in the darkroom (p < 0.01) in rats
infused by NTG or NTG+ vehicle in comparison to
untreated control rats. The NTG-induced reduction
in step-through latency (p < 0.05) and the rise in the
time spent in the dark chamber were attenuated with
orexin A (50 and 100 pM). However, orexin A (100
pM) amended effects on memory retrieval prevented
by the co-injection of SB334867 (20 nM) (Figure 4).

Orexin A effects on learning and memory in a rat model of
migraine
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Comparisons the time spent (A) and the numbers of visit (B) into goal zone among experimental groups. **P <
0.001, **P < 0.01, *P < 0.05 vs intact, **P < 0.001, *P < 0.01, P < 0.05 vs NTG+Orx A (100 pM) treated group. NTG:

nitroglycerin; SB: SB334867; Orx A: orexin A.

Discussion |

This study investigated the influence of the
post-treatment infusion of orexin A in vIPAG on
learning and memory competence in a rat model of
NTG-evoked migraine. According to our results,
orexin A dose-dependently improved learning and
memory indices in rats exposed to migraine. The ef-
fects of orexin A were suppressed by the prior injec-
tion of Orx1R antagonist SB334867.

Migraine headaches have been shown to interfere
with normal cognitive processing in the brain [20, 35].

In this study, the systemic administration of NTG in-
duced severe memory impairments. Consistent with
our findings, it has been indicated that NTG-reduced
vasodilation disturbs passive avoidance memory per-
formance in mice [36]. The NTG, as a donor of NO,
plays a vital role in regulating physiological functions
under normal conditions [37, 38]. However, irreg-
ularly increased NO levels in the hippocampus dis-
rupted cognitive processing in hypothyroid rats [39].
Furthermore, diminished NO is associated with a
reduction in age-associated cognitive deficits in NO

Kooshki et al., IJVST 2023; Vol.15, No.2
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Comparisons step through latency (A) and time spent in dark chamber (B) in shuttle box test among experimental
groups. ***P < 0.001, **P < 0.01, *P < 0.05 vs intact, *P < 0.01, *P < 0.05 vs NTG+Orx A (100 pM) treated group.
NTG: nitroglycerin; SB: SB334867; Orx A: orexin A.
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synthase mutant mice [40]. These studies support the
idea that NTG administration could induce learning
and memory deficits by changing the synthesis or re-
lease of NO in the brain.

Here, for the first time, we demonstrated that the
pharmacological stimulation of OrxIR in VIPAG de-
creased learning and memory disruption in migraine
model rats. Previous studies have strongly specified
that the orexinergic system within vIPAG is involved
in the transmission of nociceptive signals, such as
trigeminal nociception [41, 42]. Orexin A analgesic
activity is accompanied by ameliorating cognitive
deficiency in rats. Notably, Orx1R stimulation in the
trigeminal nucleus caudalis and restroventral me-
dulla could reduce learning and memory deficiency
persuaded by dental inflammation in rats [29, 30]. In
addition, it has been indicated that orofacial pain-in-
duced memory disruption is associated with reduc-
tions in Orx1R concentration in the hippocampus of
rats [43]. Consequently, this study shows that orexin
A competence against NTG-induced learning and
memory deficiency might be related to the modula-
tion of migraine pain transmission in the vIPAG cir-
cuits [41].

Many signaling pathways are triggered by orexin
A especially classical ERK/MAPK, and cAMP-PKA
cascades in the brain [44]. Noticeably, central infu-
sion of Orx1R agonist suppressed learning and mem-
ory deficits in pentylenetetrazol-kindled rats via acti-
vating Orx1R and ERK1/2 pathways [45]. In addition,
the perifornical hypothalamus and central amygdala
orexinergic neurons are involved in the modulation
of conditioned fear memory through activating phos-
pholipase C and sodium-calcium exchanger pathways
in rats [46]. Moreover, orexin A declined cognitive
lack and upregulated BDNF expression in a rat model
of Parkinson’s disease by inducing phosphatidylinosi-
tol 3-kinase and PKC signaling [47]. As a hypothesis,
the influence of orexin A efficiency on learning and
memory might be partially achieved by intracellular
molecules driven by Orx1R activation. Neverthe-
less, further studies are needed to display the careful
mechanism(s) behind such a phenomenon.

The PAG is a nonspecific place for controlling
the learning and memory process. However, PAG cir-
cuits make direct or indirect influences on the brain
areas complicated in-memory processing, including
thalamic nuclei, hypothalamus, amygdala, and later-
al prefrontal cortex [48, 49]. Functional connectivity
has been reported between PAG and prefrontal cor-
tex, CA1 area of the hippocampus as well as amygdala
during the formation of contextual fear conditioning
memory [50]. In addition, axonal projection from
the prefrontal cortex to vIPAG is involved in contex-
tual fear discrimination and generalization [51]. The

current study showed that the activation of excitatory
Orx1R signaling within VIPAG can manipulate vIPAG
afferents to cortical areas involved in the control of
learning and memory.

In the VvIPAG, orexinergic neurons are found
with the neuronal subpopulations that express a
variety of neuro-regulatory molecules, such as glu-
tamate, GABA, and cannabinoid [41, 52-55]. It has
been indicated that association between Orx1R and
CBI1R in vIPAG may induce analgesic effects by mod-
ulating GABAergic and glutamatergic neurons [41].
In addition, the pharmacological blockage of either
OrxIR or CB1R within vIPAG blocked the carbachol-
induced antinociception in rats [56]. Furthermore,
intranasal orexin A administration raised glutamate
flow in the cortex [57]. Consequently, it is hypothe-
sized that Orx1R crosstalk with other receptor sys-
tems within PAG could alter subjective behavior as
previously reported for nociception in rats.

Conclusion

In conclusion, the results of this study showed
that Orx1R in vIPAG is involved in the modulation of
learning and memory deficiency induced by the NTG
model of migraine headaches in rats. These findings
support the potential efficiency of Orx1R medicine in
controlling cognitive deficiency comorbid with mi-
graine headaches.

Animals

Adult male Wistar rats were used. The rats were preserved on a 12 h
light/dark typical cycle at a specific temperature of 22°C + 2°C. The
rats had ad libitum access to food and water. The experimental pro-
cesses were certified by Shahid Bahonar University Animal Care and
Ethics Committee (IR.UK.VETMED.REC. 1398.003).

Surgical procedure

The rats were anesthetized by ketamine and xylazine solvation (60
and 5 mg/kg/ i.p., respectively) and were sited on a stereotactic device.
A hole was punctured in the skull and a stainless steel guide cannula
was fixed in vIPAG at stereotaxic coordinates AP: 7.8, LM: 0.6, and
DV: 5.9 mm [58]. All the rats were endorsed one week postoperative
prior to the start of the tests. At the end of the process, the precise
location of the cannula for each rat was certified histologically (Figure
5).

Medications and microinjection

Nitroglycerin was purchased from Caspian Tamin, Rasht, Iran. Orex-
in A and SB334867 (both Sigma, USA) were liquefied in saline and
dimethylsulfoxide, respectively. The medications were infused into
VIPAG by an injector needle (30 g) attached to a polyethylene pipe toa
1 uL Hamilton syringe. All medicines were dispersed over 1 min. The
needle was left in the site for an additional 60 sec to block backflow
and consent medicine distribution.

Experimental design

Chronic migraine pain was prompted by the i.p. administration of
NTG (5 mg/kg) (five injections in total). Next, the animals were
arbitrarily distributed into different experiment groups as follows:
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intact (control), vehicle, orexin A (25, 50, 100 pM), and SB 334868
(20 nM)+orexin A (100 pM). Animals in the vehicle and orexin A
groups were infused with the intra-vIPAG administration of normal
saline or orexin A (25, 50, 100 pM). The SB 334868 (20 nM)-+orexin
A (100 pM) group received SB 336747(20 nM) followed by orexin
A (100 pM).

Evaluation of learning and memory

MWM test

The MWM contained a dark spherical pool (136 cm in diameter
and 60 cm in height). The additional indications were positioned
in defined sites on the room test walls which were detectable to the
animals. The pool contained water (22°C+1°C) to a depth of 25 cm
alienated into four distinct zones by four main instructions. A spher-
ical stage was situated in the middle of one of the zones (2 cm be-
low the water outward). First, each animal was placed in the water
from one of the directions. The animal movement was shadowed by
a numeral camera fixed above the central area of the pool and was
measured using the Ethovision software.

The experiment included learning and probe assessments. The learn-
ing test was accomplished on three successive days (four trials per
day). The rats were indorsed to swim within the maze to hook the
covered stage. When the stage was perceived, the animal had to re-
main on the stage for 30 sec. The time of escape latency and moved
space by each animal were appraised. In the memory test, one day
after the learning test, the covered stage was detached from the pool.
Afterwards, animals were located in the quadrant as opposed to the
goal quadrant and were indorsed to swim for 1 min. The visit to the

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

goal zone and the time spent were noted.

Shuttle box test

The apparatus consisted of two distinctive halls (light and dark).
There was a plexiglass door between two halls. The learning exper-
iment comprised acclimatization and achievement trials. In the ac-
climatization examination, the rats were separately sited in the light
hall and permitted to go in the black hall. In the acquisition exper-
iment, each rat was positioned in the bright room, and the behead
door was undone. When the rats entered the dim hall, the gate was
barred and a persistent electric shock was exerted via the gridiron
floor. In case the animal did not arrive in the dark area in 5 min, the
success of learning was deliberated effectually. The total number of
learning trials was calculated. After one day, in the maintenance trial,
the rats were positioned in the light room and indorsed to onset into
the dark box. Phase through latency and the time expended in the
darkroom were noted for each rat. The maximum cut-off time was
set up at 5 min.

Statistical analysis

The data of the MWM test (learning trials) were analyzed by repeated
measures ANOVA. Furthermore, the results of the probe trial were
assessed using one-way ANOVA. Differences between groups were
analyzed by Tukey's post hoc test. In the shuttle box task, the data
were analyzed with Kruskal-Wallis H test. In addition, multiple com-
parisons were performed utilizing the Mann-Whitney-U test. P-val-
ues less than 0.05 were considered imperative.

Figure 5.

A representative VIPAG section replicated from rat brain atlas of Paxinos and Watson (A) and a illustrative brain coronal

section displaying the injection place (B).
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Lawsonia inermis possesses a significant analgesic ac-
tivity compared to Waltheria indica, Moringa oleifera,
Nigella sativa, and diclofenac in female Wistar rats

a a a a b
Aremu Abdulfatai Idris F. Jiddah, Akorede G. Jimoh, Olatunji O. Aishat, Afisu Basiru,
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* Department of Veterinary Pharmacology and Toxicology, Faculty of Veterinary Medicine, University of Tlorin, Tlorin, Nigeria.
b

. Department of Veterinary Physiology and Biochemistry, Faculty of Veterinary Medicine, University of Ilorin, llorin, Nigeria.
Department of Veterinary Microbiology, Faculty of Veterinary Medicine, University of Ilorin, Ilorin, Nigeria.

Pain is a severe symptom of many diseases, with an increasing percentage of people manifesting various types of pain.

Medicinal plants provide analgesic potential with little toxicity. We performed this experiment to compare the analge-
sic activities of Lawsonia inermis, Waltheria indica, Moringa oleifera, and Nigella sativa in Wistar rats using writhing
and paw lick responses. We grouped 21 adult female rats into seven groups (n=3), including uninduced and untreated
rats (group 1), induced untreated rats (group 2), rats treated by Lawsonia inermis at 200 mg/kg (group 3), rats treated
withWaltheria indica at 200 mg/kg (group 4), rats treated with Nigella sativa at 200 mg/kg (group 5), rats treated with
Moringa oleifera at 200 mg/kg (group 6), and rats treated with diclofenac at 10 mg/kg (group 7). We dosed rats for 14
days after inducing the pain. Phytochemical screening showed that methanolic extracts of Lawsonia inermis, Moringa
oleifera, and ethanolic extract of Waltheria indica contain: Alkaloid, saponin, steroid, tannin, flavonoid, phenols, ter-
pene, and glycosides. The rate of weight gain in rats treated with M. oleifera and W. indica was 7%, and with diclofenac
was 9% compared to the untreated control. L. inermis and N. sativa possessed a weight gain of 3% and 2%, respectively.
All the extracts exhibited analgesic activities by significantly reducing the number of lick and writh in the order of Law-
sonia inermis, Nigella sativa, Moringa oleifera, and Waltheria indica.This study concluded that Lawsonia inermis possess

significant analgesic activities compared to other plants and the standard drug (diclofenac).
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Scientists describe the pain as an unpleasant
sensory experience connected to the potential
impairment of tissues [1]. Reports have shown that
most pains are usually related to inflammation [2],
and inflammation has several mediators like pros-
taglandins, histamine, serotonin, leukotrienes, and
bradykinin that are accountable for inflammatory re-
sponses (allergy and hypersensitivity), which results
in abnormal production and release of these media-
tors at an abnormal rate [3]. Analgesic drugs can be
produced from natural or synthetic sources. Natural
analgesics are mainly derived from Papaver som-
niferum (opium poppy) which is an opioid analgesic
(for example, morphine), Vernonia amygdalina, and
Zingiber officinale. These plants can be used for treat-
ing acute and chronic pain and are tolerated in geri-
atrics patients with minimal side effects [4]. However,
analgesics like acetaminophen and non-steroidal an-
ti-inflammatories are derived from synthetic sources,
predisposing them to toxicities [4, 5]

Reports have shown that medicinal plants have
been used as the primary sources of drugs for man-
aging animal and human diseases since ancient times
[5]. The World Health Organization (WHO) pro-
nounced that 80% of the world’s population depends
mainly on medicinal plants for health care delivery
and needs, especially those in developing countries
[5]. Most plants used for anti-inflammatory purpos-
es also possess analgesic activity. Between 2000 and
2019, about 154 Nigerian medicinal plants have been
studied and proven to exhibit analgesic and anti-in-
flammatory properties [6].

Incessantly untreated pain is one of the most ma-
jor conditions that can affect the body structure, lead-
ing to physical injury and mental disorders [7]. These
heart-breaking conditions are the primary cause of
body deformities that can lead to death, except treated
promptly [8]. Statistical reports have shown that 20%
(11in 5) of adults suffer from pain, and 10% (1 in 10; al-
most 60 million) of adults are diagnosed with chronic
pain yearly [9].

The currently used analgesic drugs include opi-
oids and steroidal and non-steroidal anti-inflamma-
tory agents that can result in severe adverse reactions
[10]. Side effects associated with current analgesics
(NSAIDs) include gastric ulcers, platelet inhibition,
cardiovascular disorder, and organ failure (liver, kid-
ney) [10]. Steroidal anti-inflammatory drugs are re-
lated to immunosuppression, muscle weakness, blur-
ry vision, increased weight, and appetite [10]. Side
effects of opioids are nausea, vomiting, constipation,
drowsiness, dependence, tolerance, and addiction
[10]. There is a need for more experimental research

Introduction

to ensure that newer analgesic drugs that possess min-
imal or no adverse effects are produced from medic-
inal plants. This study was conducted to evaluate and
compare the analgesic effects of four medicinal plants;
Lawsonia inermis (henna), Waltheria indica (sleepy
morning), Moringa oleifera (Moringa), Nigella sativa
(black seed) with diclofenac in pain induced Wistar
rats.

Results [N

Phytochemical analysis

The tables below showed the various phytocon-
stituents present in the methanolic leave extract of
Lawsonia inermis Linn, (Table 1), Moringa oleifera
(Table 2), and ethanolic root extract of Waltheria in-
dica Table 3.

Table 1.
Phytochemical constituent of Lawsonia inermis Linn. leaves

Test Crude methanol extract
Saponins T+

Tannins ++

Cardiac glycoside® ++

Flavonoids 4

Steroids +

Alkaloids +

Anthraquinones +

Terpenoids +

Interpretations -: Absent, +: Present, ++: Abundantly present

Table 2.

Phytochemical constituent of Moringa oleifera Linn. leaves
Test Crude methanol extract
Tannins +
Alkaloid +
Saponin +
Flavonoid +
Glycosides +
Phenol +
Carbohydrate +
Terpenoids +

Interpretations -: Absent, +: Present, ++: Abundantly present
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Table 3.

Phytochemical constituent of W. indica Linn. roots
Test Crude ethanol extract
Alkaloids ++
Saponins +
Tannins +
Cardiac glycosides ++
Flavonoids ++
Steroids +
Glycosides +
Anthraquinones +
Terpenes +
oxalates +
Trypsin +

Interpretations -: Absent, +: Present, ++: Abundantly present

Weight gain

The changes in the weight of rats treated with
Lawsonia inermis, Waltheria indica, Moringa oleifera,
Nigella sativa, and diclofenac are listed in Table 4.

After seven days of treatment, the percentage of
weight gain in all other treated rats W. indica showed
a significant increase (6%.) compared to other treat-
ment groups. The percentage of weight gain in all oth-
er treated rats was non-significant except for groups
treated with N. sativa that showed considerably low
weight gain (0.4%) when compared to all other treat-
ment groups and the two controls. After 14 days of
treatment, diclofenac-treated rats showed a signifi-
cantly increased weight (9%) compared to all other
treatment groups and the two control. W. indica and
M oleifera treated groups showed moderate weight
gain (7%) compared to L. inermis (4%) and N. sativa

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

(1.8%), as shown in Table 4.4.

The results of the analgesic activities of the ex-
tracts of Lawsonia inermis, Waltheria indica, Moringa
oleifera, and Nigella sativa

The analgesic effect of Lawsonia inermis, Wal-
theria indica, Moringa oleifera, and Nigella sativa ex-
tracts are present in Tables 5 and 6.

Formalin test

Table 5 shows the results of the analgesic effect
of the extracts using the formalin-induced paw lick
response. The lower the lick, the higher the analgesic
potency. L. inermis has the lowest lick response (11.7
+ 5.13) compared to W. indica (37.3 £ 8.62), N. sati-
va (17.7 £ 6.51), M. oleifera (26.3 + 3.51), diclofenac
(29.0 £ 7.94) and the control (44.7 + 5.69). All the
extract treatment groups had considerable analgesic
activities compared to diclofenac.

Percentage inhibition of induced pain

The percentage inhibition is indicated in Figure
1. L. inermis-treated rats had higher analgesic poten-
cy than other treatment groups and the control. Rats
treated with N. sativa also showed a considerable an-
algesic effect compared to the control group. The M.
oleifera dosed group showed similar analgesic poten-
cy with the group treated with the conventional drug
(diclofenac) compared to the control.

Acetic acid test

Table 4.6 shows the results of the analgesic prop-
erties of the extracts using the acetic acid-induced
writhing response. The lower the writh, the higher
the analgesic effect. L. inermis showed the highest an-
algesic activities compared to other extracts and the
standard drug

Percentage inhibition

The percentage inhibition is indicated in

g‘;;{gehf.gain of rats treated with Lawsonia inermis, Waltheria indica, Moringa oleifera, Nigella sativa and
diclofenac

Group Day 0 Day 7 Day 14

Negative control 166.7 +20.11 172.7 + 21.78(3.6%) 179.7 + 21.94 (4%)
Positive control 136.3 £ 11.15 141.3 +10.12(3.67%) 147.7 £ 18.23 (5%)
L. inermis 138.3 +24.13 144.3 £ 25.58(4.34%) 149.7 + 24.34 (4%)
W. indica 117.7 £ 2.076 124.7 £ 1.528(6%) 133.7 £ 2.518 (7%)
N. sativa 178.3 + 3.507 179.0 +9.167(0.4%) 182.3 +12.58 (1.8%)
M. oleifera 197.0 £11.27 202.0 + 11.14(2.54%) 216.0 + 15.62 (7%)
Diclofenac 118.3 +1.528 122.7 £ 7.369(3.72%) 134.3 + 13.80(9%)

Comparative analgesic effect of four medicinal plants in tradi-
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Table 5.
Analgesic effect of the extracts and diclofenac on re-
sponse to pain using the formalin test

Group No of licks/10mins Mean + SD

43

Positive control 40 44.7 +5.69

51

13

L. inermis 6 11.7 £ 513

16

28

W. indica 39 37.3+8.62

45

18

N. sativa 11 17.7 £ 6.51**

24

30

M. oleifera 26 26.3 +3.51%

23

26

Diclofenac 38 29.0 + 7.94%

Results are shown as Mean + SD: n=5
*Significant *p < 0.05 **p < 0.01 ***p < 0.001

Figure 2. L. inermis group had significantly higher
analgesic potency than other treatment groups and
the control. Rats treated with N. sativa also showed
a considerable analgesic effect compared to the con-
trol group. The M. oleifera dosed group showed sim-
ilar analgesic potency with the group treated with the
conventional drug (diclofenac) compared with the
control.

Discussion

Bioactive phytoconstituents usually found in me-
dicinal plants include alkaloids, tannins, flavonoids,
antioxidants, carotenoids, and phenolic compounds.
Phytochemical screening of the extracts used in this
study revealed the presence of alkaloids, saponin, ste-
roids, tannin, flavonoids, phenol, terpene, and glyco-
sides. The result obtained from this study conforms
with the previous work of Aremu et al. [12] Aremu et
al. [16], and Basiru et al,, [17] who reported similar
phytoconstituents in methanolic extract of Lawsonia

% pain Inhibition

Figure 1.

Percentage inhibition of formalin induce paw lick pain treated
with various extracts of L. inermis, W. indica, N. sativa, M. oleif-
era, and diclofenac

% pain Inhibition

L.inermis W.ndica N.=tiva M.okifera  Diclofenac

Figure 2.

Percentage inhibition of acetic acid writhing test (pain) treated
with various extracts of L. inermis, W. indica, N. sativa, M. oleif-
era, and diclofenac

inermis Linn leaves, Moringa oleifera Linn. Leaves
and ethanolic extract of Waltheria indica Linn. root,
respectively.

Most medicinal plants contain alkaloids, sapo-
nins, steroids, tannins, flavonoids, phenols, terpenes,
and glycosides [17]. These compounds have been re-
ported for their analgesic and anti-inflammatory po-
tential. Alkaloids specifically can be found in the papa-
ver somniferum (poppy plant), a plant that produces
opium which is a source of many narcotic analgesics
[18], while steroids are essential anti-inflammatory
agents [19]. Tannins (tannic acid) are polyphenols
that are soluble in water and are found in several
plants with marked antioxidant activities [20]. Flavo-
noids are secondary metabolites that possess multiple
functions such as analgesic and antioxidant activities
[21]. Phenols are abundantly present in plants and
their metabolites possess many physiological func-
tions. Terpenoids are the largest naturally occurring
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plant compounds that form the primary component
of their essential oil. Glycosides are organic substanc-
es made of sugars with alcohol and phenol with major
effects on the heart either positively (cardiotonic) or
negatively (toxicity) [22].

The result from this study showed that the per-
centage weight of rats treated with diclofenac had 9%
weight gain when compared with W. indica (7%), M.
oleifera (7%), N. sativa (1.4%), and the two controls.
This result agrees with Allo et al. [23] who reported
that moringa improves weight gain. This result also
contradicts the outcome of Waterman et al., [24] who
reported that isothiocyanate-rich M. oleifera extract
reduces weight.

Paw lick and writhing tests are standard methods
used to induce experimental pain by injecting irritant
substances such as formalin and acetic acid in rats. An-
algesic potentials of the test compound are predomi-
nantly evaluated through the decreased frequency of
paw licking and stomach writhing, respectively [25].
The result of the acetic acid-induced writhing and the
formalin paw lick tests obtained from this study dis-
closed that all the extracts exhibit significant analgesic
potentials. This observation is due to the reduction in
the number of writhes and paw lick responses as com-
pared to the untreated control rats. L. inermis exhib-
ited the highest analgesic effect, followed by N. sativa
oil. This result agrees with Ghannadi et al. [25]) who
reported that ethanolic extract of L. inermis Linn. leaf
and black seed oil possess a dose-dependent analgesic,
anti-inflammatory, and antipyretic effect, respectively.
M. oleifera, on the other hand, showed moderate anal-
gesia when compared to both L. inermis and N. sativa.
This result conforms with the report of Bhattacharya
et al,, [26] and Adedapo et al., [15] who ascertained
that various extracts of M. oleifera exhibit dose-de-
pendent analgesia when compared to indomethacin.
W. indica had the least analgesic effect compared to all
other extracts. Nirmala and Sridevi, [27] and Termer
et al. [28] attributed the analgesic potency of W. indica
Linn. roots to the presence of tiliroside, epicatechin,
and quercetin which are flavonoid derivatives as seen
from the phytoconstituents reported above.

It was noted that M. oleifera and W. indica
showed increased weight and minimal analgesic ac-
tivities, while L. inermis and N. sativa showed marked
analgesic effects with minimal weight changes. Re-
ports have shown that many drugs cause weight gain,
which can lead to overweight and obesity [29]. Most
conventional analgesic drugs usually enhance body
fat redistribution by increasing central adiposity, re-
sulting in resistance to insulin, dyslipidemia, metabol-
ic syndrome, and risk for the non-insulin-dependent
type of diabetes (type II) [30]. Thus, from the result
above, L. inermis and N. sativa will not cause abnor-
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mal weight changes even when used for the long term.

Conclusions

All the evaluated extracts contained phytochem-
icals with known antioxidant properties. All the ex-
tracts exhibited analgesic activities by significantly
reducing the number of lick and writh in the order
of Lawsonia inermis, Nigella sativa, Moringa oleifera,
and Waltheria indica. Lawsonia inermis possesses sig-
nificant analgesic activities compared to other plants
and the standard drug (diclofenac). Lawsonia inermis
is effective in the treatment of pain, and its effect on
various types of pain could be investigated further by
researchers.

Materials & Methods |GG

Drug

Diclofenac sodium was acquired from a reputable pharmaceutical
company in Ilorin, Kwara State, Nigeria.

Plant collection, preparation, and authentication

The leaves of Lawsonia inermis, Moringa oleifera, and stem bark of
Waltheria indica were harvested from different areas in Kwara State
The plants were authenticated at the Herbarium, Department of Bo-
tanical Sciences, University of Ilorin, Ilorin with voucher specimen
10.134289 which was deposited for reference.

Nigella sativa oil (Hemani 125 mL) was obtained from a reputable
store in Ilorin, Kwara State, Nigeria.

Extraction of plants material

The leaf samples of Lawsonia inermis, Moringa oleifera, and stem
bark of Waltheria indica were washed, dried, and macerated into
powdery form. 500 g of different leaves (L. inermis and M. oleifera)
were soaked in 99% methanol (ratio 1:3, w/v), while Waltheria indi-
ca was soaked into 98% ethanol at room temperature, for 48 hours
respectively. The procedures were repeated twice for the second and
third extraction processes. The filtrates were sieved through filter pa-
per (Whatman size no.1) and vaporized using a rotary evaporator.
The dry residues were weighed and preserved in a refrigerator at 40C
until used.

Ethical approval

Ethical approval was obtained from the Ethical Committee on An-
imal Use and Care, Faculty of Veterinary Medicine, University of
Hlorin, Nigeria with the approval code number UREC/FVM/15/
32TA037.

Phytochemical analysis

Phytochemical screening of the leave samples of Lawsonia inermis,
Moringa oleifera, and stem bark of Waltheria indica was conducted
to identify the presence of various phytoconstituents following stan-
dard analytical procedures [11].

Experimental animals

Adult female rats (120 g) were obtained from the laboratory animal
unit, Department of Biochemistry, University of Ilorin. They were
housed in hygienic cages in a fly-proof animal house adhering to the
internationally accepted standards for laboratory animal use and care
laid down by the Canadian Council on Animal Care, (CCAC). The
rats were fed with standard pelletized feed (Chikun feeds) and pro-
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vided with clean water ad libitum. The rats were allowed to acclima-
tize for two weeks before the commencement of the experiment. This
is in accordance with the guidelines for laboratory animal care and
use (Institute for laboratory animal research).

Experimental design

A total of 21 female Wistar rats were divided into seven groups, each
consisting of three rats, and the extracts were administered through
the oral route using a cannula. Each group was treated as:

Group 1: (Negative control) was untreated and was uninduced.
Group 2: (Positive control) induced and untreated.

Group 3: Treated with Lawsonia inermis extract at 200 mg/kg daily
for 14 days orally

Group 4: Waltheria indica extract was administered orally at 200 mg/
kg daily for 14 days

Group 5: Nigella sativa oil was administered orally at 100 mg/kg daily
for 14 days

Group 6: Moringa oleifera extract was administered at 200 mg/kg
daily for 14 days.

Group 7: treated with diclofenac 10 mg/kg daily for 14 days orally.

Weight measurement

The weight was assessed using an automated electronic scale (Sensor
Disc Technology, London) from day one and later on a weekly basis.
In doing this, a round plastic bowl was positioned on the scale and
tared to zero after which a rat was placed inside the bowl and conse-
quently weighed as described by [12].

Assessment of analgesic activities

Two models were used to induce pain in this experiment (the
paw-licking test and the acetic-acid-induced writhing test).

Formalin paw lick test

The formalin test was performed as described by (Hunskaar and
Hole, 1987). 20 pL of 2.5% formalin were injected into the sub-plan-
tar space of the right hind paw of the mice and immediately kept in
a cage where they can be easily monitored. The frequency of lick and
licking time of the injected paw was documented for 10 mins [13].
The percentage inhibition of the paw lick response was estimated us-
ing the formula;

% Inhibition = DO - Dt /D0 x 100
DO is the average paw lick response of the control group
Dt is the average paw lick response of the drug-treated groups

Acetic acid-induced writhing test

The writhing test was carried out as first demonstrated by Sigmund
et al. The rats were treated with various extracts an hour before the
injection of 0.6% acetic acid at 10 mL/kg intraperitoneally. Writhing
activity characterized by hindlimb extension, abdominal muscle con-
traction, and arching of the back was observed in the animals [14].
The number of writhes i.e. abdominal constrictions were recorded
for 5mins following the injection of acetic acid [15]. The percentage
inhibition of the writhing response was estimated using the formula:
% Inhibition = DO - Dt /D0 x 100
Do is the average writhing response of the control group
Dt is the average writhing response of the drug-treated groups

Data analysis

The values were expressed as mean * standard deviation (Mean +
SD). The differences within the groups were compared with the Dun-
nett post hoc method of ANOVA with GraphPad Prism statistical
package, San Diego, California, U.S.A (www.Graphpad.Com).
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Considering the beneficial effects of Apium graveolens L. (Celery) on the nervous system, this study elucidates the pro-

tective effect of CEO on the experimental model of cuprizone-induced MS in male C57BL/6 mice. Frothy mice were
allocated into four experimental groups: control, cuprizone (chew pellet containing 0.2 %CPZ), CEO (800 mg/kg), and
CPZ+CEO. Animals received treatments based on their groups for 5 weeks. Finally, reflexive motor behavior and serum
antioxidant levels were determined. Based on the findings, ambulation score, hind-limb suspension, front limb sus-
pension, and grip strength significantly decreed in the mice treated with CPZ (p < 0.05). Hind limb foot angle, surface
rights, and negative geotaxis significantly increased in the animals treated with CPZ (p < 0.05). Co-administration of
CPZ+CEO significantly reduced the adverse effects of CPZ on ambulation score, surface righting, hind limb suspension,
grip strength, and negative geotaxis (p < 0.05). Co-administration of CPZ+CEO significantly diminished the adverse ef-
fects of CPZ on the number of crosses in the open field test and duration on the rotarod (p < 0.05). Serum MDA activity
increased while GPx, SOD, and TAS decreased in the mice treated with CPZ (p < 0.05). Co-administration of CPZ+CEO
significantly reduced the adverse effects of CPZ on serum antioxidant levels (p < 0.05). These results suggested the pro-

tective effect of CEO against CPZ-induced MS mediated by its antioxidant activity.
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Introduction NN

MS is a complex neurodegenerative disease
caused by the demyelination of neurons

in the CNS [1]. This condition might emerge due to
genetic risk factors and oxidative stress, representing
fatigue, muscle weakness, ataxia, cognitive impair-
ment, and depression [2]. As oxidative stress plays a
primary role in the development of MS, an imbalance
between antioxidant capacity and the production of
ROS is responsible for the pathophysiology of MS [3].
Chemical and natural medications are widely used
to decrease oxidative stress and cognitive deficits in
MS patients. Even though these medications prevent
immune cell-driven inflammation and reduce the re-
lapse rate, they are ineffective at controlling the pre-
dominant neurodegeneration that happens later in the
disease course processes [4].

Apium graveolens L. is a green-branched leaf
stalk from the family Apiaceae. This plant is rich in
phenolic compounds, flavonoids, L-3-n-butylphtha-
lide, limonene, selinene, volatile oil, sedanolide, and
linoleic acid [5]. It has several medical properties,
mainly inflammatory, antimicrobial, antioxidant, and
antiulcerogenic [6]. The beneficial effect of L-3-n-bu-
tylphthalide was demonstrated to improve cognitive
impairment in Alzheimer's mouse models [7]. Battery
test is routinely used to determine neurodevelop-
mental or neurodegenerative disorders. This method
includes limb grasping and placing, cliff avoidance,
righting, accelerated righting, gait, auditory startle,
and posture [8]. Celery (300 and 600 mg/kg) amelio-
rates neurobehavioral and neurochemical disorders
in perinatal lipopolysaccharides exposure in mice off-
spring [5].

Recent reports have been growing on the bene-
ficial activity of A. graveolens on the nervous system.
For instance, it has been reported that celery extract
improved cognitive impairment in Alzheimer's [9]
and Parkinson-like symptoms in an experimental
mouse model [10]. It has been indicated that the oral
administration of celery extract (125, 250, and 500
mg/kg) enhanced anxiety-like behavior using a bat-
tery of behavioral tests. In addition, celery extract de-
creased MDA production while increasing GPx lev-
els in the cortex and striatum of the mice [11]. CPZ
models were beneficial for the pathophysiology of MS
[12]. Due to the lack of a straightforward way to treat
this disorder, we investigated the protective effect of

OFT: Open Field Test

ROS: Reactive oxygen species
SOD: Superoxide dismutase
TAS: Total antioxidant status

CEO on the experimental model of CPZ-induced MS
in male C57BL/6 mice.

Results [

Based on Figure 1, CPZ significantly decreased
ambulation scores compared to the control mice (p =
0.043). Supplementation of CEO significantly ampli-
fied ambulation score (p = 0.022). Co-administration
of CPZ+CEO significantly reduced the adverse effects
of CPZ on ambulation scores compared to the CPZ
group (p = 0.034). In this study, the hind limb foot
angle significantly enlarged following CPZ treatment
compared to the control group (p = 0.021). on the oth-
er hand, CEO significantly reduced hind limb foot an-
gle rather than control mice (p = 0.044). Pretreatment
with CPZ+CEO significantly minimized the influence
of CPZ on the hind limb foot angle compared to the
CPZ group (p = 0.036) (Figure 2).

It was observed that hind limb suspension signifi-
cantly reduced in the CPZ-treated mice (p = 0.043).
Hind limb suspension was not influenced by CEO
compared to the control animals (p = 0.643). The com-
bination of CPZ+CEO significantly decreased the ad-
verse impact of CPZ (p=0.021) (Figure 3). According
to Figure 4, surface righting was significantly raised
by CPZ (p = 0.046), while CEO treatment significant-
ly decreased surface righting compared to the control
group (p=0.012). Pretreatment with CPZ+CEO sig-
nificantly opposed the effect of CPZ (p = 0.023).

In the current study, grip strength significantly
decreased in mice that received CPZ (p = 0.013). CEO
treatment significantly increased grip strength com-
pared to the control mice (p = 0.043). Grip strength
significantly improved in the CPZ+CEO group com-
pared to the CPZ group (p = 0.05) (Figure 5).

Based on our findings, CPZ significantly dimin-
ished front limb suspension (p = 0.035). The CEO
supplementation significantly improved front limb
suspension compared to the control animals (p =
0.032). The effect of CPZ on front limb suspension
was not suppressed in the group pretreated with CEO
(p = 0.67) (Figure 6). As shown in Figure 7, the neg-
ative geotaxis significantly rose in the CPZ-treated
mice (p = 0.023). Supplementation with CEO sig-
nificantly decreased negative geotaxis in comparison
with the control mice (p = 0.041). Co-administration
of CPZ+CEO improved negative geotaxis compared
to CPZ only (p = 0.14).

As presented in Figure 8, the number of crosses in
the OFT significantly decreased in CPZ group follow-
ing CPZ administration (p = 0.015). Supplementation
with CEO increased the number of crosses in OFT
compared to the control animals (p = 0.043). Co-ad-
ministration of CPZ+CEO decreased the adverse ef-
fects of CPZ on OFT compared to the CPZ group (p
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= 0.024). As mentioned in Figure 9, the duration of
stay on the rotarod decreased following CPZ admin-
istration (p = 0.021). Supplementation with CEO did
not affect rotarod time in comparison with the control
group (p = 0.23). Pretreatment with CEO diminished
the impact of CPZ on rotarod time (p = 0.042).
According to Figure 10, CPZ administration
significantly elevated serum MDA compared to the
control mice (p = 0.031). Supplementation with CEO
significantly decreased serum MDA (p = 0.027).
Co-administration of CPZ+CEO significantly re-
duced CPZ-induced elevation in the MDA produc-
tion rather than CPZ (p = 0.034). In this research,
SOD activity decreased following CPZ administration
in comparison with the control mice (p = 0.023), while

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

SOD activity was enhanced by CEO supplementation
(p = 0.014). Co-administration of CPZ+CEO im-
proved serum SOD compared to the CPZ-only group
(p =0.043) (Figure 11).

Regarding the adverse effects of CPZ, the se-
rum GPx activity significantly decreased (p = 0.033),
whereas enhanced in CEO-treated mice (p = 0.014).
Co-administration of CPZ+CEO reduced the adverse
effects of CPZ on serum GPx in comparison with the
CPZ-treated mice (p = 0.047) (Figure 12). Finally, se-
rum TAS significantly declined in the CPZ group (p
=0.015) and supplementation with CEO increased its
levels (p = 0.023). Co-administration of CPZ+CEO
decreased CPZ-induced elevation in TAS compared
to the CPZ-only group (p = 0.041) (Figure 13).
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Figure 1.
Effects of cuprizone, celery extract and their combination on ambulation score in Cuprizone-in-
duced model of multiple sclerosis mice (n = 10) (p < 0.05).
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Figure 2.

Effects of cuprizone, celery extract and their combination on hindlimb foot angle in Cupri-

zone-induced model of multiple sclerosis mice

(n=10) (p <0.05).
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Effects of cuprizone, celery extract and their combination on hindlimb suspension in Cupri-
zone-induced model of multiple sclerosis mice (n = 10) (p < 0.05).
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Effects of cuprizone, celery extract and their combination on hindlimb foot angle in Cupri-
zone-induced model of multiple sclerosis mice (n = 10) (p < 0.05).
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Effects of cuprizone, celery extract and their combination on front limb suspension in Cupri-
zone-induced model of multiple sclerosis mice (n = 10) (p < 0.05).
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Effects of cuprizone, celery extract and their combination on negative geotaxis in Cuprizone-in-
duced model of multiple sclerosis mice (n = 10) (p < 0.05).
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Effects of cuprizone, celery extract and their combination on number of cross on open field test
(OFT) in Cuprizone-induced model of multiple sclerosis mice (n = 10) (p < 0.05).
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Effects of cuprizone, celery extract and their combination on serum Glutathione peroxidase in
Cuprizone-induced model of multiple sclerosis mice (n = 10) (p < 0.05).
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Figure 13.
Effects of cuprizone, celery extract and their combination on total antioxidant status in Cupri-
zone-induced model of multiple sclerosis mice (n = 10) (p < 0.05).
Discussion Py lism in the mitochondria. Therefore, C57BL/6 mice

Despite several types of research on the effec-
tiveness of celery on brain and nervous system-re-
lated disorders, this study was performed for the first
time on the effect of celery on CPZ-induced MS in
mice. Based on the main findings, CPZ significantly
decreased reflexive motor behavior in mice. Several
methods were introduced for a model of demyelin-
ation in which a CPZ-containing diet for 4-6 weeks
is preferred by many researchers [12]. This leads to
oligodendrocytes damage, followed by microglia and
astroglia activation, which disrupts energy metabo-

are suggested [13], and here, we used a CPZ-contain-
ing diet for 5 weeks using C57BL/6 mice. According
to our results, CPZ significantly decreased the crosses
and rotarod time, and the administration of CPZ with
CEO reduced the adverse effects of CPZ. In this re-
gard, Xu et al. [14] reported that the mice exposed to
0.2% CPZ for 4-6 weeks had impaired sensorimotor
gating and less social interaction, resulting in staying
in the open arms of the maze and more memory im-
pairment. Demyelination mainly occurs in white mat-
ter. However, there is evidence of grey matter [15].

Celery (Apium graveolens L.) essential oil against Multiple sclerosis
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As observed, CEO had a governing role in reflex-
ive motor behavior in mice, and even the co-admin-
istration of CPZ with CEO significantly reduced the
adverse impact of CPZ on reflexive motor behavior.
In a similar report, different levels of A. graveolens
extract (125-500 mg/kg) amplified activity and de-
creased anxiety-related behaviors (peak effect at 125
mg/kg) [11]. It has been well documented that anti-
oxidants play a protective role against CPZ-induced
demyelination [16]. Natural phenols have antioxi-
dant properties in brain neurodegenerative diseases,
such as MS [17]. It has been reported that A. grave-
olens methanolic extract (125-500 mg/kg) enhanced
novel exploration and memories [18]. It seems that
1-3-n-butylphthalide is responsible for augmented
long-term spatial memory and reduced B-amyloid
deposition in transgenic Alzheimer's disease mice [7].
A. graveolens methanolic extract (125 and 250 mg/
kg) raises the number of living neurons in the cor-
tex and hippocampus brain areas [18]. However, we
could not conduct a histopathological investigation in
this study due to limitations. It has been shown that
L-3-n-butylphthalide, as the main bioactive compo-
nent of A. graveolens, increased the transcription of
neuroprotective factors, brain-derived neurotrophic
factor, and klotho in mice with chronic epilepsy (19).
The positive effects of celery extract on MS might be
related to its main bioactive components, and we were
not able to determine the effect of celery on these tro-
phic factors because of some limitations.

Here, CPZ significantly elevated serum MDA
while reducing GPx, SOD, and TAS levels. CEO de-
creased serum MDA while enhancing serum SOD,
GPx, and TAS levels in the CPZ-treated mice. Based
on the evidence, there is a close interrelation between
the pathophysiology of MS and oxidative stress in
humans and animals [4]. Because of high oxygen
consumption and ROS production, the brain tis-
sue is highly susceptible to oxidative damage due to
polyunsaturated fatty acids constituting the neuronal
membranes. Thus, the overproduction of MDA and
reduced intracellular antioxidative protection (i.e.,
catalase, GPx, and SOD) leads to dysfunction and,
ultimately, neuronal cell death. Tanasawet et al. [11]
reported that A. graveolens (125, 250, and 500 mg/
kg) decreased MDA production and enhanced GPx
levels in the cortex and striatum of the mouse, and
our findings were in agreement with this report. Cel-
ery contains several bioactive compounds, such as fla-
vonoids and L-3-n-butylphthalide [5]. The anxiolytic
activity of A. graveolens might result from its antioxi-
dant properties [11].

These results suggested the protective effect of
CEO against CPZ-induced MS mediated by its an-
tioxidant activity. Further investigation is needed to

determine its active constituents and precise mode of
action.

Materials & Methods [

Animals

Forty male C57BL/6 mice (aged 4-6 weeks and weighting 19 + 2 g)
were kept under laboratory conditions (temperature of 22°C + 2°C
and 12/h light/dark cycle) with adequate food and water in Razi
laboratory complex (Islamic Azad University, Science and Research
Branch, Tehran, Iran). One week after acclimatization, the mice were
randomly allocated into four experimental groups (n=10). The re-
search committee of Islamic Azad University, Science and Research
Branch approved all study protocols (IR IAU.SRB.REC.1401.112).

Preparation of celery crude essential oil

Apium graveolens L. was identified at the Faculty of Agriculture,
Science and Research Branch, Islamic Azad University, Tehran, Iran.
The Apium graveolens L. leaves (100 g) shade dried at room tem-
perature (25°C + 2°C). The samples were hydro-distilled by a Cle-
venger-type apparatus for 3.5 hours until the complete recovery of
essential oil. The essential oil on top of the distillate was collected,
dried, and stored in a dark glass bottle covered with aluminum foil
at 4°C+1°C [20].

Study protocol

The control group received a regular diet. In group 2, acute demye-
lination was induced by feeding mice with 0.2% (w/w) CPZ (Sigma
Aldrich, St. Louis, MO, USA) mixed with ground chow for 5 weeks
[15]. In group 3, a regular diet was provided, and mice were admin-
istered daily p.o. with CEO (800 mg/kg) for 5 weeks [21]. In group
4, mice received a diet containing CPZ (0.2% w/w) for 5 weeks and
were administered p.o. with CEO (800 mg/kg). Finally, reflexive
motor behavior and serum antioxidant levels were determined. MS
corresponding animal model, experimental autoimmune encepha-
lomyelitis, is widely used to understand disease pathogenesis and test
novel therapeutic agents. These defects are quantified using a stan-
dard experimental autoimmune encephalomyelitis scoring system
on a 0-5 disease severity scale as 0: no disease; 1: loss of tail tone; 2:
hind limb weakness; 3: hind limb paralysis; 4: hind limb and fore-
limb paralysis or weakness; and 5: moribund/death [22].

Ambulation

Ambulation test as crawling behavior is used to determine the ability
to walk following MS [23]. In this test, mice are motivated to walk,
then a scoring system is used for the quality of walk in which no
movement is scored as zero, asymmetric walking is scored as 1, sym-
metric slow movement is scored as 2, and finally, fast walking mice
are given score 3. This test was completed in triplicate at 3 minutes
and the average score was recorded [24].

Hind limb foot angle

Following the signs of MS, hind limb positions change wherein
walking [24]. Consequently, the movements of mice in an open field
box were recorded by a camera. Images obtained from the hind limb
positions and pictures in which mice had full stride in a straight line
were used. A line was drawn from the end of the heel to the tip of the
toe and the angle between them was measured [24].

Front limb suspension

This test was used to assess the ability of animals to hang with front
limbs. Briefly, mice were allowed to grasp a wire which was tied to
two ends between a wall. After grasping the wire, the time until the
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mice released the wire was recorded. This test was repeated in tripli-
cate at 3 minutes and the average time in seconds was recorded [24].

Hind limb suspension

This test described mice's ability to hang over their hind legs [24].
Following the signs of MS, hind limb strength decreases in mice. The
hind legs of mice were hung over the wire which was tied at two ends
between a wall and a scale system, and hind limb posture was deter-
mined. After mice hung over the wire, the hind limb posture score
was recorded as not able to grasp the wire (score 0); the hind limb
easily released from the grasped wire in a clasped position (score 1);
by rising the tail, the hind limb was easily released from the grasped
wire and stayed close to each other (score 2); by rising the tail, the
hind limb of the mice was easily released from the grasped wire but
stayed normal (score 3); by rising the tail, hind limb separation was
normal with force [24].

Surface righting

This test assesses the ability of animals to return to their normal po-
sition [25]. Briefly, mice were kept in the pine position for 5 seconds.
Next, they were released and the time needed for flipping the mice to
the normal position onto the feet was recorded [24].

Grip strength

Mice were placed on a 16x18 fiberglass screen and slowly rotated
from a horizontal to a vertical location. In this test, mice try to grasp
the screen to not release from the surface [26]. The latency to fall was
recorded [27].

Negative geotaxis

Mice were placed face down on a 45° surface. Then, they were re-
leased and the time needed to face the hill upward was recorded [24].
Open field test

This test describes the locomotor and exploratory activities of ani-
mals. Mice were allocated into an OFT apparatus (45x45x30 cm3
with nine divided squares wooden box). Mice were allocated at the
center of the box and the number of squares passed was recorded in
6 minutes [28].

Rotarod test

This test evaluates animals’ motor coordination and ability to stay
running on accelerated rods. Mice were laced on rotarod apparatus
and the test was performed with an acceleration of 0-20 rpm in 10
minutes. The time until mice fell off the rod was recorded [29].

Antioxidant activity

After determining the behavioral tests, blood samples were taken
from each mouse from cardiac and serum MDA levels, and SOD,
GPx, and TAS activities were obtained using Zell Bio GmbH (Ger-
many) assay kits [30-32].

Statistical analysis

Data were analyzed using one-way ANOVA and were presented as
mean=*SE (standard error) using SPSS version 22.0. For treatments
showing significant differences by ANOVA, between-group evalua-
tions were performed using the Tukey posthoc test (p < 0.05).
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Ameliorative Effects of Melatonin on Exercise-induced
Oxidative Stress and Haematological Response of Un-
trained Arabian Stallions Following a Race Of 2000 m
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We performed this study to evaluate the effects of melatonin on oxidative stress and haematological re-

sponses following an exercise of 2000 m at maximum speed. Eighteen untrained, clinically healthy stallions
of the Arabian breed with a mean body weight of 401 + 32.11 kg (395-404 kg) and an age range of 5.7-0.54
years (5-6 years) were used in this research. The subjects were divided into three groups of six stallions each.
Group I (MTEX) was treated with melatonin at a dose rate of 0.03 mg/kg orally once daily for one month.
Group II (NMTX) was not administered melatonin but exercised, while the last group (OMTX) was nei-
ther administered melatonin nor exercised. The results obtained show that post-exercise, the biomarkers of
oxidative stress evaluated were significantly lower (p < 0.05) in the MTEX group than in the NMTX group.
The leucocyte count, neutrophil counts, and the ratio of neutrophil to lymphocyte were higher (p < 0.05) in
the NMTX group than in the MTEX group. Furthermore, it was recorded that packed cell volume and the
total erythrocyte count were statistically higher (p < 0.05) in the MTEX group than in the NMTX group.
Therefore, we concluded that melatonin ameliorated oxidative stress and some haematological parameters

will be beneficial to horses subjected to the stress of exercise.
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The horses are used for a variety of activities,
but they need to be extensively trained and ex-
ercised for easy restoration and their general well-be-
ing [1,2]. Exercise increases the body's need for oxy-
gen, alters metabolic load, and increases the heart rate
alongside other physiological responses to withstand
the demand for exercise [3,4]. Exercise Physiology
of Horses has been widely studied, and research has
demonstrated that exercise improves cognitive abili-
ties and health status [5.6]. However, exercise can be
a source of stress, and stress is a term used to describe
a situation, circumstance, or stimulus that can endan-
ger or affect an organism's homeostasis [7, 8, 9]. When
stress is not managed or prevented, it can become
maladaptive, impairing the physiological process of
the body [10].

Two interconnected branches of the autonomic
nervous system that make up the physiological stress
response are the sympathetic adrenal medullary net-
work, which reacts quickly to stress and facilitates the
release of adrenaline into the bloodstream and ulti-
mately into brain regions, and the slower hypotha-
lamic pituitary adrenal network, which facilitates the
release of glucocorticoids [11,12, 13]

Increase in oxidative stress has been defined as
an imbalance in the body's oxidant-to-antioxidant ra-
tio. It has been showen that in horses, oxidative stress
levels rise, and their antioxidant status changes during
endurance and high-intensity competition [7, 14, 15].
All antioxidant substances—vitamins, minerals, en-

Introduction

zymes, and proteins—must either be synthesized by
the body or obtained through diet [16]. As a result,
the oxidative stress and antioxidant state of the horse
athlete are both influenced by nutrition and exercise
intensity [17, 18, 19]. During endurance and com-
petitive exercise events, horses have demonstrated
increased oxidative stress and changes in their anti-
oxidant status [7, 20]. Melatonin and its metabolites,
which are potent anti-inflammatory agents and an-
tioxidants, protect mitochondrial integrity by scav-
enging reactive oxygen species and reactive nitrogen
species [21,22]. Melatonin and its derivatives induce
several antioxidant enzyme activities. Thus, mela-
tonin is necessary to slow down the process of aging
and maintain the cellular redox equilibrium [23].

The objective of this study is to determine the
effects of melatonin on biomarkers of oxidative and
haematological parameters of stallions of the Arabian
breed subjected to an exercise of 2000 m.

Results

The biomarkers of oxidative stress are shown in
Table 1. The activity of superoxide dismutase obtained
MTEX group (2.49 + 0.14 u/ml) post-exercise was
statistically lower (p < 0.05). The activity of the en-
zyme catalase in the NMTX group (10.05 + 5.43 u/ml)
post-exercise was statistically higher (p < 0.05) than
the value obtained in the MTEX group (6.04 + 0.43
u/ml) after exercise. The activity of the enzyme gluta-
thione peroxidase was lower (p < 0.05) in the MTEX
group than in the NMTX group after exercise (278.13

Table 1.
Biomarkers of Oxidative Stress
Parameters Time OMTX MTEX NMTX
Pre-exercise 1.77 £0.33 1.62 £ 0.21 2.57 £ 0.37
Superoxide dismutase (u/ml)
Post-exercise 2.41+0.54 2.49 + 0.14a 8.57 +4.78b
Pre-exercise 4.57 £ 041 497 +£0.23 4.74 + 1.531
Catalase (u/ml)
Post-exercise 4.38 +0.37 6.04 + 0.43a 10.05 + 5.43b
Pre-exercise 267.13 £ 5.66 259.90 £ 5.32 267.82+7.73
Glutathione peroxidase (U/L)
Post-exercise 264.37 £ 6.31 278.13 £ 8.43a 324.05 + 19.07b2
Pre-exercise 0.38 £ 0.02 0.44 +0.16 0.45 +0.03
Glutathione reductase (U/L)
Post-exercise 0.41 £ 0.03 0.87 £0.34 1.58 + 1.33
Pre-exercise 5.58 +0.27 5.01 +0.34 5.72 + 1.061
Malondialdehyde (umol/L)
Post-exercise 5.42 +0.49 7.26 £ 0.56a 10.24 + 5.77b

a,b Means for the same row having different superscript letters are significantly (P < 0.05) different

Key: OMTX: Not administered with melatonin, not exercised
MTEX: Administered with melatonin, then exercised
NMTX: Not administered with melatonin but exercised
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+ 8.43 U/L and 324.05 + 19.07 U/L, respectively). The
concentration of malondialdehyde after exercise in
the MTEX group (7.26 + 0.56 pumol/L was lower (p
< 0.05) than the value obtained in the NMTX group
(10.24 + 5.77 umol/L).

Table 2 shows that the total count of leucocytes
obtained in the MTEX group (4.83 + 0.14 x10°/L) was
significantly lower (p < 0.05) than the value obtained
in the NMTX group (7.31 £ 0.86 x10°/L). The neutro-
phil count recorded in the NMTX group after exercise
(5.34 £ 0.85 x10°/L) was significantly higher (p < 0.05)
than the count recorded in the MTEX group after ex-
ercise (3.34 + 0.11 x10°/L).

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

The ratio of neutrophil to lymphocyte calculated
in the NMTX group after exercise (3.97 £ 1.64) was
statistically higher (p < 0.05) than the value calculated
in the MTEX group (2.08 + 0.35) post-exercise.

Table 3 shows the erythrocyte parameters. The
erythrocyte count obtained in the MTEX group (12.22
+ 6.74 x10'*/L) post-exercise was statistically higher
(p < 0.05) than the value recorded in the NMTX group
(8.72 £ 0.44 x10'%/L) after exercise. The PCV obtained
in the NMTX group was statistically lower (p < 0.05)
than the value recorded in the MTEX group (26.87
0.76 % and 32.13 + 6.25 %, respectively).

Table 2.
Biomarkers of Oxidative Stress
Parameters Time OMTX MTEX NMTX
Pre- exercise 5.13+0.32 4.21+£0.23 5.41 +0.37
Leucocytes (x10°/L)
Post-exercise 5.07 £0.28 4.83 +0.14a 7.31 £ 0.86b
Pre-exercise 2.77 £0.08 2.53+0.34 2.83 £ 0.46
Neutrophils (x10°/L)
Post-exercise 2.83+£0.17a 3.34+0.11a 5.34 +0.85b
Pre-exercise 1.68 £ 0.23 1.82 £ 0.25 1.72 £ 0.21
Lymphocytes (x10°/L)
Post-exercise 1.69 + 0.33 2.68 +0.34 1.88 £ 0.42
Pre-exercise 0.13 £ 0.03 0.13 £ 0.05 0.17 £ 0.02
Monocytes (x10°/L)
Post-exercise 0.11 £ 0.02 1.07 £ 0.16 0.18 £ 0.04
Pre-exercise 1.78 £ 0.14 1.21 £0.32 1.86 + 0.78
Neutrophil/Lymphocyte Ratio
Post-exercise 1.81 £0.16 2.08 £ 0.35a 3.97 + 1.64b.
a,b Means for the same row having different superscript letters are significantly (P < 0.05) different
Key: OMTX: Not administered with melatonin, not exercised
MTEX: Administered with melatonin, then exercised
NMTX: Not administered with melatonin but exercised
Table 3.
Erythrocyte indices of stallion
Parameters Time OMTX MTEX NMTX
Pre-exercise 5.56 + 0.62 7.12+0.73 5.98 +0.23
Erythrocytes (x10'*/L)
Post-exercise 5.78 £0.53 12.22 £ 6.74a 8.72 + 0.44b
Pre-exercise 26.11 £0.93 32.13 £6.25a 26.87 +0.76b
Packed Cell Volume (%)
Post-exercise 29.65 £1.02 63.42+ 13.67a 55.42+ 4.74b
Pre-exercise 8.55 +1.21 8.71 +2.41 7.71 £ 0.36
Haemoglobin (g/dl)
Post-exercise 8.62 + 1.09 11.53 +£0.74 10.83 + 0.68

a,b Means for the same row having different superscript letters are significantly (P < 0.05) different

Key: OMTX: Not administered with melatonin, not exercised
MTEX: Administered with melatonin, then exercised
NMTX: Not administered with melatonin but exercised

Effect of melatonin on Arabian stallions
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Discussion [N

Exercise has been reported to be beneficial to
horses [24] but extreme exercise without requisite
dietary antioxidant supplementation may be delete-
rious. This is because, during intense exercise, it has
been demonstrated that there are increases in oxida-
tive stress response and altered antioxidant status in
horses [17]. In this study, we observed that the bio-
markers of oxidative stress were higher in the NMTX
group than in the MTEX group, indicating a higher
level of oxidative stress process in the NMTX group.

Melatonin use has been demonstrated to con-
siderably ameliorate oxidative stress indicators [25].
However, the effect of melatonin on certain oxidative
stress markers, such as during exercise in horses, has
not been well reported in the literature. In this study,
we observed that most of the biomarkers of oxidative
stress studied were significantly lower in the MTEX
group post-exercise. Melatonin improves the antioxi-
dative potential of the cell by enhancing the synthesis
of enzyme-based antioxidants like superoxide dis-
mutase, glutathione peroxidase, and also the enzymes
that are precursors in the synthesis of glutathione
[26], thereby quenching oxygen free radicals such as
superoxide radical, hydroxyl radical, peroxyl radical,
and peroxynitrite anion. Melatonin often improves
the synthesis of the antioxidative enzymes' messenger
RNAs (27) and also chelates transition metal ions and
shields cellular membranes from damage. This chain
of events helps to explain how melatonin lowered oxi-
dative stress in the MTEX group (28). This is also sim-
ilar to the findings of Kruk et al. (27).

Due to its interaction with lipids, melatonin can
stabilize the erythrocyte membrane, thereby prolong-
ing the life of cells (29). This could explain the higher
erythrocyte count recorded in the MTEX group. In-
tense exercise is known to increase reactive oxygen
species, which results in the lysis of the erythrocytes
(30), especially in horses not supplemented with an-
tioxidants. This phenomenon may explain the low-
er erythrocyte count obtained in the NMTX group
post-exercise. This is similar to the finding of Kro-
kosz et al. (29). This is because, lipid peroxidation,
a phenomenon where oxidants such as free radicals
destroy lipids with carbon-carbon double bonds, spe-
cifically polyunsaturated fatty acids (PUFAs) occur in
the membrane of the erythrocyte making their mem-
branes fragile.

The higher leucocyte and neutrophil count re-
corded in the NMTX group indicates that there was
a higher inflammatory response in the group due to
exercise. On the other, the lower counts in the MTEX
group suggest a protective role of melatonin as mela-
tonin has been reported to possess a potent anti-in-
flammatory function [31]. The ratio of neutrophil to

lymphocyte (a biomarker of inflammation) was high-
er in the NMTX group compared to the MTEX group
post-exercise, further substantiating the anti-inflam-
matory effects of melatonin.

Materials & Methods [N

Animals

For this experiment, a total of 18 clinically healthy Arabian stallions
with mean body weights between 401 + 32.11 kg (395-404 kg) and
ages between 5.7 + 0.54 years (5 - 6 years) were used. The stallions
were primarily used for pleasure riding and were acquired from the
Royal horse stable. They lived in a stable with concrete floors, corru-
gated iron roofs, wooden ceilings, and cement brick walls. Before the
experiment, they had a four-week pre-conditioning period. They were
given hay as their primary food source, with concentrate (groundnut
bran) as a supplement, and water was available at all times.

The stallions were divided into three groups of six stallions each.
Group I (MTEX) was administered with melatonin once daily for
one month before exercise. Group II (NMTX) was not administered
melatonin but exercised while the last group (OMTX) was neither
administered melatonin nor exercised.

Experimental design

The stallions in MTEX and NMTX groups were conditioned to exer-
cise before the experiment began by putting them through a calibrat-
ed exercise protocol every day for two weeks.

Administration of melatonin

Melatonin was purchased from Twinlab in Hauppauge, New York,
USA. Melatonin was given to each stallion in the MTEX group at a
dose of 0.03 mg/kg body weight orally once daily for one month. The
medication was given to the stallions after being dissolved in water
and aspirated using the appropriate syringe daily for a month.
Exercise protocol

Each stallion in the MTEX and NMTX group was mounted by a
trained rider, with a weight of approximately 70 kg. The stallions were
then subjected to a race of 2000 m on a standard race track at maxi-
mum speed.

Blood sampling

Each stallion had 10 mL of blood collected from the jugular vein
before and after exercise. Exactly 5 ml of the blood samples were
dispensed into sample bottles containing potassium ethylenedi-
aminetetraacetic acid, an anticoagulant for haematological analyses,
while the remaining 5 ml were collected in plain sample bottles for
serum harvesting, which was used for the evaluation of biomarkers
of oxidative stress. The blood samples collected were transported to
the laboratory in a Coleman box containing ice and analyzed imme-
diately.

Analyses of samples

A standard veterinary automated analyzer (KT-6610 VET, Jiangsu,
China) was used to determine the total count of erythrocytes, the to-
tal count of leucocytes, haematocrtit value (packed cell volume), and
hemoglobin concentration.

The concentration of malondialdehyde, superoxide dismutase, gluta-
thione peroxides, and catalase activities was determined spectropho-
tometrically using their respective ELISA kits (Cayman Chemicals,
Ann Arbor, Michigan, USA). The spectrophotometer manufactured
by Spectronic-20, Philip Harris Limited, Shenstone, UK, was used for
the analyses.

Data analyses
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This study’s data were analyzed using one-way analysis of variance
(ANOVA), followed by Tukey's posthoc test, and expressed as Mean +
SEM. Values of P < 0.05 were regarded as significant. The studies were
performed using the program GraphPad Prism (version 5.0).

Conclusions

According to our findings, we concluded that melatonin ameliorates
biomarkers of oxidative stress and some haematological parameters
following exercise in stallions. Therefore, supplying melatonin as a
potent antioxidant is crucial for horses before strenuous exercise.
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publishes four kinds of manuscripts: Research Article, Review Article, Short Communication, and Case Report.

IJVST 2023; VOLUME 15; NO. 2 GUIDE FOR AUTHORS




(SUIDE FOR AUTHORS

IRANIJAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

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 J, Huggett ], 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.
Doi: 10.1001/archneur.62.1.112.

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. Doi: 10.1001/arch-

neur.62.1.110.

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.
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Figures

Figures must be submitted in individual files (format: TIFE, Dimensions: Width: 789 — 2250 pixels
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; 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.

IJVST 2023; VOLUME 15; NO. 2 PuBLICATION ETHICS




PUBLICATION ETHICS

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

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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