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ABSTRACT

Keywords

Abbreviations

It is important to capture wild animals with minimal stress to reduce morbidity and mortality. Oral pre-
medicants have the potential to reduce stress during handling and ease the subsequent administration of 
anaesthetic agents. We evaluated the effi  cacy of premedication with chlordiazepoxide or haloperidol inde-
pendently prior to midazolam-ketamine anaesthesia in 12 male Bonnet Macaques. Animals were randomly 
grouped into two groups of six (n=6). Animals of Group I were administered chlordiazepoxide (10 mg/kg) 
and animals of Group II were administered haloperidol (1 mg/kg) orally.  e temperament of each animal 
was recorded prior to premedication. Behavioral responses a er pre-medication were assessed for 4 h. Glu-
cose and cortisol levels were measured from the venous blood sample collected a er anaesthesia induction. 
Sedation was obtained in both groups, whereas the quality of sedation was comparatively better in Group 
II. Analgesia was better in Group I compared to Group II. Haloperidol-premedicated animals were easy to 
handle, but increased cortisol and glucose levels were recorded. According to our fi ndings, pre-medication 
with chlordiazepoxide and haloperidol produced optimum sedation to handle the Bonnet Macaques for 
inducing anaesthesia.

Preanesthetic Sedative, Chlordiazepoxide, Halop-

eridol, Non human primate, Stress reduction
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 e temperament of each animal is presented in 
Table 1.  ree animals in each group were stoic, two 
animals in each group were apprehensive, one ani-
mal in Group I was calm and relaxed, and one animal 
in Group II was aggressive. Mean ± SE of estimated 
body weight and actual measured body weight are 
presented in Table 2.  ere was no signifi cant diff er-
ence between estimated and actual measured body 
weights in both groups. 

Ease of the Acceptance of Premedicants and 
Duration

 e mean ± SE of the corrected oral dose of 
chlordiazepoxide against the actual measured body 
weight in the animals of Group I was 10.33 ± 0.20 
mg/kg body weight.  e mean ± SE of the corrected 
oral dose of haloperidol against the actual measured 
body weight in the animals of Group II was 1.12 ± 
0.07 mg/kg body weight.  e time taken to complete 
the premedication was 26.16 ± 8.96 and 12.66 ± 7.53 
min in Group I and Group II, respectively. Ease of ac-
ceptance of fruit juice laced with premedicant, ease 
of netting or handling, and response to handling or 
injection were recorded and shown in Table 3.  ere 
was no signifi cant diff erence between Group I and 
Group II in these parameters.

Behavioural observations 
Behavioral responses were observed before pre-

medication and for 4 h at intervals of 30 min a er 
premedication. Various behavioural responses, in-
cluding anxiety, aggression, and hyperactivity (Fig. 1 
and Graph 1); active and playful (Fig. 2 and Graph 2); 
relaxed, calm, and reduced activity (Fig. 3 and Graph 

Introduction  

Uncontrolled stress and death due to capture 
myopathy have been recognized as the most 

serious concerns during the handling and restraint of 
wild animals [1]. It is important to capture wild an-
imals with minimal stress to reduce morbidity and 
mortality. Improvement of the capture technique 
using appropriate medications to minimize stress is 
a priority from the welfare point of view in wildlife 
conservation, zoos, and laboratory-housed NHPs/
macaques.

NHPs are routinely used for research in labora-
tories all over the world [2].  ese animals are anaes-
thetized for several scientifi c studies in laboratories as 
well as for routine procedures, such as surgical ster-
ilization and microchipping, in captivity. Capturing 
and handling NHPs requires experience, thorough 
knowledge of animal behavior, and technical skills 
to ensure the safety of animals and handlers. NHPs 
in captivity may also be darted in their enclosures or 
hand-injected a er physical restraint. Free-ranging 
macaques are trapped in large cages and anaesthetized 
by darting or injecting the anaesthetic agents a er 
transfer to squeeze cages or smaller cages. NHPs are 
not premedicated prior to darting in these conditions. 
However, darting small-sized unpremedicated mon-
keys can be dangerous for the animal and is a diffi  cult 
task because of their frantic fast movements. In addi-
tion, NHPs are diffi  cult to handle for drug injection 
by hand because of their speed, dexterity, intelligence, 
and their potential to cause serious physical injury 
to the handler. Moreover, physical and chemical re-
straint of monkeys is associated with stress as in other 
wild animals. Premedicating these animals with oral 
tranquilizers before handling or anaesthesia improves 
the ease of handling and drug administration as well 
as reduces their stress response [3].

Tranquilizers, sedatives, and anaesthetic medi-
cines have been established as crucial agents for re-
ducing stress and related issues during wild animal re-
straint. Chlordiazepoxide [4] and haloperidol [5] have 
been defi ned as long-acting tranquilizers. Long-acting 
neuroleptics have been reported successful in reduc-
ing anxiety and producing sedation during treatment 
and translocation in wild animals [6-9]. Chlordiaz-
epoxide has been observed to produce mild sedation, 
diminish spontaneous mobility, walking, grooming, 
and increase the lying period in Rhesus macaques 
[10]. Haloperidol also has been proven as a long-act-
ing neuroleptic agent in NHPs, dogs, and other wild 
animals [5, 11, 12].

Both medications can be administered orally as 
premedicants and have the potential to reduce stress 
during handling and ease the subsequent adminis-
tration of anaesthetic agents.  e advantage of these 

long-acting premedicants is that their eff ect would 
last for suffi  cient time to allow gastric emptying be-
fore administrating anaesthetic drugs despite being 
administered orally. Anaesthetic agents may be ad-
ministered parenterally following the onset of the 
premedical action and a er providing an appropri-
ate period for gastric emptying. Several anaesthetic 
combinations, such as midazolam and ketamine, 
have already been proven to produce satisfactory an-
aesthesia with minimal cardio-respiratory changes 
in animals and are routinely used for anaesthetising 
macaques.  erefore, a study was conducted in adult, 
male, captive Bonnet Macaques undergoing vasec-
tomy at the State Museum and Zoo,  rissur, Kerala 
to compare the effi  cacy of oral premedication with 
chlordiazepoxide or haloperidol before midazol-
am-ketamine anaesthesia.

Result
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Table 1.
Temperament of the animal 

Group IIGroup IParameter

3 (50 %)3 (50 %)Stoic

1 (16.66 %)-Aggressive

2 (33.33 %)2 (33.33 %)Apprehensive

--Nervous

-1 (16.66 %)Calm and relaxed

Table 2.
Corrected body weight (kg)

p-valuet-value
Mean ± SE

Parameter
Group IIGroup I

0.2081.345 ns6.16 ± 0.337.68 ± 1.07Estimated body 
weight

0.1611.515 ns5.67 ± 0.657.44 ± 0.96Actual measured 
body weight

Table 3.
Scores for ease of accepting premedicant, netting and resoponse to handling

p-valueZ-value
Median

Parameter
Group IIGroup I

0.6650.433 ns2.01.5
Ease of  acceptance 
of fruit juice laced 
with premedicant

10 ns2.02.0Ease of netting or 
handling

10 ns2.02.0Response to han-
dling or injection

3); stuperous look (Fig. 4 and Graph 4); half-open 
mouth (Fig. 5 and Graph 5); sitting with relaxed hind 
limbs (Fig. 6 and Graph 6); self-grooming (Graph 7); 
interaction with adjacent caged animal (Fig. 7 and 
Graph 8); ataxia (Fig. 8 and Graph 9); yawning (Fig. 9 
and Graph 10); recumbency (Fig. 10 and Graph 11); 
leaning against wall or grill (Fig. 11 and Graph 12); 
drowsy (nodding/head down) (Graph 13); and sleep-
ing in sitting posture (Fig. 12 and Graph 14) were re-
corded. All the observations are presented in Table 4. 
Graphical observation represents the changes of half 
an hour in each behavioral response. 

Quality of Sedation a er Oral Premedication
 e median value for the quality of sedation a er 

oral premedication was observed to be 1.5 in Group 
I and 2.5 in Group II.  ere was no signifi cant diff er-
ence between Group I and Group II in this parameter.

Ease of Handling a er Premedi-
cation

 e ease of handling and response 
to handling were recorded during 
netting and hand injecting of the 
drug.  e median value for the ease 
of netting or injecting and response 
to handling or injection was 2 in both 
groups (Table 3).  ere was no signif-
icant diff erence in this parameter be-
tween the groups. Five (83.3%) of the 
premedicated animals were observed 
to be calm with reduced activity 4 h 
a er premedication in both groups. 
One animal in each group remained 
active throughout 4 h.

Cortisol and Glucose Levels
Mean ± SE values of cortisol lev-

els were 20.49 ± 3.70 and 40.09 ± 5.96 
mg/dl a er 4 h of oral premedication 
in Group I and Group II, respective-
ly. Groups I and II were signifi cantly 
diff erent in terms of cortisol levels 
during induction. Mean ± SE of glu-
cose levels was found to be 83.83 ± 
7.66 and 98.16 ± 13.11 mg/dL a er 4 h 
of oral premedication in Group I and 
Group II, respectively. No post-op-
erative complication was observed 
in either group. All the animals were 
easily accepted back into their groups 
without any infi ghting.

Discussion
 e current study aimed to evaluate the sedative 
eff ect of two premedicants separately and to as-
sess their practical applications and feasibility for 
inducing general anesthesia with minimal stress 
to Bonnet Macacques.

Prior observation of temperament helped assess 
the change in the behavior of the animals a er 
oral premedication and during post-operative 
stress evaluation as opined by Fowler (2008) and 
Murphy (2008) [13, 14].  e corrected doses of 
drugs used in the present study were observed 
to be similar to the required dose as reported in 
many studies [15-19].  All the animals were con-
ditioned to take pineapple juice for 15 days pri-
or to the procedure as opined by CWINP-ILAR 
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A CB

D FE

G IH

J LK

Figure 1.
A-L. Behavioral responses observed a er premedication: (A) Anxiety, aggression, and hyperactivity; (B) Active and 
playful; (C) Relaxed, calm, and reduced activity; (D) Stuperous look; (E) Half-open mouth; (F) Sitting with relaxed 
limbs; (G) Social behavior; (H) Ataxia; (I) Yawning; (J) Recumbency; (K) Leaning against wall/grill; (L) Sleeping.
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Figure 2.
Graph A-N. Graphical representation of behavioral responses observed a er premedication: (A) Anxiety, aggression, 
and hyperactivity; (B) Active and playful; (C) Relaxed, calm, and reduced activity; (D) Stuperous look; (E) Half-open 
mouth; (F) Sitting with relaxed limbs; (G) Self-grooming; (H) Social behavior; (I) Ataxia; (J) Yawning; (K) Recumben-
cy; (L) Leaning against wall/grill; (M) Drowsy; (N) Sleeping.

Figure 2. Cont.

K L

M N

(1998) and Fowler (2008) [13, 20].  e slightly 
increased time taken to complete premedication 
and the lesser median value for the ease of ad-
ministering fruit pulp in Group I could be due to 
the bitter taste and the larger dose of chlordiaz-
epoxide.

Behavioural Observations

 e eff ectiveness of the use of long-acting neu-
roleptics in wild animals to reduce stress was 
described by Fick et al. (2007) [21]. Oral admin-
istration of long-acting tranquilizers has been ob-
served to facilitate the handling of NHP [22].  e 
administered dose of premedication was suffi  cient 
to produce the required eff ect as in earlier studies 
[10, 12, 23].  e scorecard used by Pulley et al. 
(2004) [3] in a study involving Rhesus Macaques 
was eff ective in monitoring the quality of sedation 
a er oral premedication, which is similar to the 
present study.  e median values for the quality 
of sedation were observed to be 1.5 (mild-mod-

erate) in Group I and 2.5 (moderate-good) in 
Group II indicating increased sedation in Group 
II, but without any signifi cant diff erence. Halop-
eridol was more eff ective in producing sedation 
than chlordiazepoxide. Increased sedative behav-
ioral responses or tranquillization seen in halo-
peridol-premedicated animals may be due to its 
higher sedative eff ect [12].  e eff ects of 

haloperidol are not limited to dopamine D-2 re-
ceptor blockade. It also aff ects other neurotrans-
mitter systems, including serotonin and norepi-
nephrine [24, 25]. Disruptions in these systems 
have contributed to producing sedation by alter-
ing the balance of neurotransmitters causing CNS 
depression, reduced activity levels, decreased re-
sponsiveness to stimuli, and overall sedation.

One animal which had shown calm and relaxed 
behavior before premedication in Group I had a 
score of 3 indicating higher sedation. One animal 
which had shown aggressive behavior before pre-
medication in Group II showed incoordination 
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Table 4.
Behavioural observations (per cent)

Four hours a er 
premedication

Prior to premedica-
tionObservations

Group IIGroup IGroup IIGroup I

0016.6616.66
Anxiety, aggression & 
hyperactive (Grinning and 
clicking)

16.6616.6683.3383.33Active & playful

83.3383.3300Relaxed, calm & reduced 
activity

33.335000Stuperous look

16.6633.3300Half open mouth

66.6633.3300Sitting with relaxed hind 
limbs

5066.6600Ataxia

05033.3333.33Interaction with adjacent 
caged animal

16.665033.3333.33Self-grooming

66.665000Yawning

5033.3300Recumbency

505000Leaning against wall/grill

5033.3300Drowsy (nodding/head 
down)

5033.3300Sleeping in sitting posture

and ataxia (score 2). Two animals that were ap-
prehensive in Group I showed minimal sedation 
(score 1). All the other animals showed mild to 
moderate sedation (score 2 - 3).  Chlordiazepox-
ide primarily acts as a positive allosteric modu-
lator of GABA-A receptors that contain alpha-1, 
alpha-2, alpha-3, or alpha-5 subunits.  e alpha-1 
subtype, in particular, is associated with sedative 
eff ects [24, 25]. By binding to these receptor sub-
types, chlordiazepoxide promotes the opening of 
chloride channels, which further enhances the 
inhibitory eff ects of GABA. By enhancing GAB-
Aergic activity, chlordiazepoxide can lead to CNS 
depression. Minimal sedation in Group I could 
be due to the reduced intake of chlordiazepoxide 
or reduced dose of the drug leading to mild relax-
ation and anxiolysis.

None of the animals showed anxiety, aggression, 
or hyperactivity at the end of 4 h a er premedica-
tion. Relaxation, calmness, and reduced activity 
were observed in all animals by the end of 4 h. 

Reduced aggression, anxiety-re-
lieving, tranquilizing, and muscle 
relaxant properties of chlordiaz-
epoxide have been also reported 
in monkeys by Reiser et al. (1962) 
[5]. Antianxiety, sedative, weak 
analgesic, and appetite-stimulat-
ing eff ects of the drug were report-
ed in monkeys by Crowel-Davis 
and Murray (2006) [26].  e ef-
fectiveness of chlordiazepoxide in 
reducing aggressiveness and pro-
ducing calmness has been already 
reported by Heuschele (1962) [23]. 
Hence both medications are prov-
en to reduce anxiety, aggression, 
and hyperactivity in Bonnet Ma-
caques.

A stuperous look and half-open 
mouth were noticed more in 
Group I than in Group II. By bind-
ing to GABA-A receptors, chlordi-
azepoxide increases the frequency 
of chloride ion channel opening 
when GABA is present.  is hy-
perpolarizes the neurons, making 

them less likely to fi re [24, 25]. In the context of 
muscle relaxation, this eff ect helps reduce the 
transmission of signals from nerves to muscles. 
 e CNS-depressing eff ects of chlordiazepoxide 
aff ect the transmission of signals along the spi-
nal cord and other pathways involved in muscle 
contractions.  e anxiolytic (anti-anxiety) eff ects 
of chlordiazepoxide can indirectly contribute to 
muscle relaxation. Anxiety and stress can lead to 
muscle tension, so by reducing anxiety, chlordi-
azepoxide can help alleviate muscle stiff ness and 
tightness. Muscle relaxation and anxiety-reliev-
ing properties of chlordiazepoxide could have 
increased the occurrence of these behavioral re-
sponses. 

Long therapy using haloperidol infl uences do-
pamine receptors in the basal ganglia of NHP, 
producing extrapyramidal eff ects, such as muscle 
stiff ness.  e anticholinergic activity of haloper-
idol causes a reduction in the activity of the neu-
rotransmitter acetylcholine, leading to some de-
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gree of muscle relaxation due to the dampening 
of cholinergic transmission, which is involved in 
muscle contraction.

Ataxia was noticed in four and three animals of 
Group I and Group II, respectively. Benzodiaz-
epines have been reported to have benzodiaz-
epine type I (BZ I) receptor predominantly in 
cerebellum, causing cerebellar ataxia [27, 28]. 
Haloperidol causes ataxia within 6 h of oral pre-
medication in Spotted Deer [4]. Haloperidol is a 
potent dopamine receptor antagonist, particu-
larly targeting D2-type dopamine receptors [25]. 
By blocking these receptors, it decreases the ef-
fects of dopamine, a neurotransmitter involved 
in motor control and coordination. Dopamine 
pathways in the basal ganglia are important for 
regulating movement. When these pathways are 
disrupted due to dopamine receptor blockade, 
as seen with haloperidol use, it can lead to mo-
tor-related side eff ects, such as ataxia. Dopamine 
pathways also infl uence cerebellar function.  e 
disruption of these pathways following dopa-
mine receptor blockade by haloperidol can result 
in impaired communication between the basal 
ganglia and the cerebellum, contributing to atax-
ia.  e degree of ataxia varied in each macaque. 
Factors, such as genetic predisposition, dose of 
haloperidol administered, and the specifi c neu-
rochemical makeup of an individual's brain, can 
infl uence the severity of ataxic eff ects. Yawning, 
recumbency, leaning against wall/grill, drowsi-
ness (nodding/head down), and sleeping in sit-
ting posture could be due to the higher level of 
sedation shown by animals of both groups. One 
animal of Group I showed self-grooming which 
was in agreement with the fi ndings of Kumar et 
al. (1999) in Rhesus Macaques [29]. 

Behavioral observations, including sleep-like 
state; calm and quiet state; and mild hypotension, 
have been recorded within 5 min of intravenous 
premedication of haloperidol in dogs [11].  e 
eff ectiveness of haloperidol along with zuclopen-
thixol to produce deep sedation during the trans-
portation of an adult male gorilla from Germany 
to South Africa has been reported by Redrobe et 
al. (2008) [30]. Haloperidol produces deep seda-
tion lasting about 2-4 h in Cebus Monkeys and 

Squirrel Monkeys when administered orally [12]. 
Haloperidol blocks postsynaptic dopamine (D2) 
receptors in the mesolimbic system of the brain 
reducing dopaminergic inputs from the ventral 
tegmental area (VTA) innervate brain regions 
involved in executive, aff ective, and motivational 
functions, including the prefrontal cortex (PFC), 
amygdala, and nucleus accumbens (NAc).  e 
CNS-depressant eff ects of haloperidol can result 
in sedation and drowsiness.  is sedative eff ect 
might contribute to improved sleep in NHP. 

Five animals of each group could be easily han-
dled a er premedication and were observed to 
be calm with reduced activity by 4 h a er pre-
medication.  e ease of handling and injecting 
the drug may have been due to the calming ef-
fect of premedication with either chlordiazepox-
ide or haloperidol. Calming and sedative eff ects 
of premedicants have been recognized by Heu-
schele (1962), Weiss et al. (1977), Crowel-Davis 
and Murray (2006), and Redrobe et al. (2008) [12, 
23, 26, 30]. Administration of anaesthetics a er 
4 h of premedication helped to achieve peak ef-
fect and promoted handling as suggested by Pul-
ley et al. (2004) [3]. Chlordiazepoxide (Rang et 
al., 2005) and haloperidol (Hofmeyr, 1981) have 
been defi ned as long-acting tranquilizers [7, 32]. 
Prolonged action of premedication agents was 
observed in Bonnet Macaques in the present 
study.  e ease of handling and injecting drugs 
may have been due to the calming eff ect of pre-
medication.

One animal in each group that had an aggressive 
and apprehensive temperament remained active 
throughout 4 h. Increased activity of these ani-
mals could be due to improper intake of bait or 
lower doses of premedication agents.  e authors 
opine that pineapple juice could not mask the bit-
terness of chlordiazepoxide. Better replacement 
of oral bait can be used to mask the bitterness of 
the oral premedicants.  e authors also suggested 
increasing the distance between cages to reduce 
the social behavior and activity of macaques.

Cortisol and Glucose Levels

Higher glucose levels observed in this study in 
Group II than Group I a er 4 h of premedication 
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might be due to the excessive release of cortisol 
following psychological and physical stress relat-
ed to handling. An increase in the cortisol levels 
may have led to gluconeogenesis in both groups. 
All the previous reports in Bonnet Macaques 
had reduced glucose levels in non-anaesthetized, 
ketamine-anaesthetized, and ketamine-xyla-
zine-anaesthetized animals [32-36].

Circulating cortisol levels have already been re-
ported as an important indicator of stress in wild 
animals [37, 38]. Normal cortisol levels during 
tiletamine-zolazepam anaesthesia in trained 
Rhesus Macaques between 0 and 60 min were 
between 27.9±1.7 and 21.2±2.0 μg/dL [39].  e 
signifi cant increase in cortisol level in Group II-
may have been due to its sensitivity to physical 
and psychological stress. HPA axis is a complex 
neuroendocrine system that controls the body's 
response to stress and regulates cortisol produc-
tion.  e hypothalamus releases CRH, which 
stimulates the pituitary gland to release ACTH, 
which in turn, signals the adrenal glands to pro-
duce cortisol [40]. Changes in neurotransmitter 
activity can infl uence the release of CRH and 
ACTH, which could subsequently aff ect corti-
sol production. By reducing anxiety and arousal, 
haloperidol might indirectly infl uence cortisol 
levels, especially during situations of acute stress.

Increased cortisol levels due to stress related to 
cage restraint and ketamine anaesthesia have 
been reported in Rhesus Monkeys [41].  e in-
jection technique and blood sampling process 
have been observed to raise cortisol levels in un-
trained monkeys compared to trained ones [39]. 
Contradictory results maintaining stable endo-
crine responses have been reported by Fuller et al. 
(1984) [42] in Cynomolgus Monkeys. Long-term 
administration of haloperidol has been observed 
to produce movement disorders and tardive dys-
kinesia which resulted in delayed and potentially 
irreversible motor complications with typically 
stereotyped abnormal movements (peculiar pos-
tures, writhing, stretching, and oral movements) 
without acute dystonic reactions [43]. None of the 
animals in the present study showed any adverse 
eff ect associated with haloperidol, which may be 
because the drug was administered only once.

Materials and Methods

Haloperidol was observed to improve the ease of 
handling animals when evaluated subjectively by 
the handler. However, evaluation of parameters 
associated with stress showed that animals pre-
medicated with haloperidol were more prone to 
stress than those premedicated with chlordiaz-
epoxide.  e quality of recovery in animals pre-
medicated with haloperidol was better than that 
in animals premedicated with chlordiazepoxide, 
which showed ataxia during recovery.  e pres-
ent study involved a small group of six to evaluate 
each premedicant drug. A study involving more 
animals in the future would be benefi cial for the 
better assessment of the effi  cacy of chlordiazepox-
ide and haloperidol as oral premedicants for the 
anaesthesia of NHP.  e authors evaluated the ef-
fect of oral premedication using two medications 
without a control group. To determine the base-
line data and to assess whether the premedication 
was useful in reducing handling stress or not, 
incorporating a control group would have been 
superior to the present study.  e authors opined 
to include a control group in future studies. 

Chlordiazepoxide and haloperidol at the doses of 
10 and 1 mg/kg body weight, respectively, may be 
used as oral premedicants in Bonnet Macaques 
4 h prior to the anaesthetic procedure to reduce 
stress and to ease the handling of animals dur-
ing induction. However, bitter taste and a larger 
dose of chlordiazepoxide may reduce its accepta-
bility.  e long-acting nature of chlordiazepoxide 
and haloperidol ensures suffi  cient gastric emp-
tying a er their oral administration before the 
induction of anaesthesia and improves the qual-
ity of induction and maintenance of anaesthesia 
with minimal side eff ects. Pre-medication with 
chlordiazepoxide and haloperidol during mida-
zolam-ketamine hydrochloride anaesthesia may 
be recommended for vasectomy and other pro-
cedures, such as physical examination, tuberculin 
testing, and wound dressing. 

Ethical Considerations
 e present study was approved by the Institutional Animal 

Ethics Committee, Kerala Veterinary and Animal Sciences Uni-
versity, Kerala, India.  e study was conducted at the State Mu-
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Score card 1: 
Ease of acceptance of fruit juice laced with premedicant

ObservationScore

Easily taken2

Taken with apprehension1

Taken with prolonged time0

Score card 2: 
Ease of acceptance of fruit juice laced with premedicant

CommentsScoreItems of observations

Easy2Ease of netting or han-
dling Diffi  cult1

Calm2Response to handling or 
injection Excited1

seum and Zoo,  rissur, Kerala, India. Twelve healthy adult male 
macaques underwent routine vasectomy procedures to control 
their population in the zoo as per directions of the CZA of India 
and were selected for the current study. All the animals were cared 
for properly and were used humanely during capture, transloca-
tion, and study by following the best practices of veterinary care 
as per the guidelines of the CZA of India.

Animals, Husbandry, and Housing
 e twelve animals used for the study were randomly selected 

from a group of 95 monkeys kept in three enclosures of 30 × 15 × 
30 feet (l × b × h). Nutritionally fi t animals which weighed more 
than 4 kg were considered for the study.  e selected animals were 
randomly allotted into two groups of six each (website: random.
org). All the twelve animals of the study were separated from their 
group and were kept in an enclosure sized 30 × 15 × 30 feet (l × b 
× h).  e animals were fed the routine diet of the zoo in the eve-
ning.  e segregated animals were conditioned in the morning 
hours to take pineapple fruit juice for 15 days before the proce-
dure.  e animals were fasted for 8 h and water was withheld for 
5 h prior to the administration of premedication agents.

Assessment of Temperament
 e temperaments of the animals were evaluated based on the 

response to the threatening human in individual cages before the 
study as suggested by Capitanio (1999) [44].  e temperament of 
each animal was recorded prior to premedication, which helped 
to assess the change in behavioral responses later.

Administration of Premedications
 e dose of premedication and anaesthetic medications was 

calculated and administered based on the estimated body weight. 
 ese doses were corrected later according to actual measured 
body weight following anaesthesia. Animals of Group I and 
Group II were premedicated with chlordiazepoxide (Librium®, 
Abott Healthcare Pvt Ltd., Himachal Pradesh, India) and halo-
peridol (Serenace 10®, RPG Life Sciences Ltd., Ankleshwar) at the 
dose of 10 mg/kg body weight and 1 mg/kg body weight, respec-
tively, orally in pineapple fruit juice.  e premedica tablets were 
powdered, mixed with the fruit juice two minutes before oral ad-
ministration, and were given in a steel bowl. Fruit juice was ad-
ministered at a dose not exceeding 3 ml/kg body weight.  e time 
taken to complete the premedication was measured from the mo-
ment it was placed in front of the animal until it had completely 
consumed it.  e data relating to the dose of anaesthetics during 
induction and maintenance of midazolam-ketamine anaesthesia, 
including the hematological and biochemical parameters during 
haloperidol premedication have been provided by Kumar et al. 
(2017) [45].

min for a period of 4 h by a blinded observer. All the animals were 
restrained inside the cages to induce anaesthesia either by netting 
or physical restraint. Ease of handling was assessed during the in-
tramuscular injection of an anaesthetic mixture into gluteal mus-
cles. Ease of handling before anaesthesia induction was recorded 
in a scorecard (Score Card 2). Quality of sedation throughout 4 h 
a er premedication was recorded in a graded scorecard modifi ed 
from one described by Pulley et al. (2004) (Score Card 3) [3]. 

Cortisol and Glucose Level Assessment 
Serum cortisol was estimated from the venous blood collected 

4 h a er premedication immediately a er the induction of anaes-
thesia by the ECLIA method using a commercially available kit 
(Cobas ECLIA Kit, Roche Diagnostics, Mannheim, Germany) and 

an automated analyzer. Plasma glucose was also estimated from 
the venous blood sample collected a er the induction of anaes-
thesia.

Statistical Analysis
 e obtained data were analyzed as described by Snedecor and 

Cochran (1994) using the statistical so ware SPSS version 16.0. 
Independent samples t-test was used to compare the means ± SE 
of dose and time taken for premedication.  e Mann-Whitney 
U-test was used for all the parameters in the study involving scor-

Score card 3: 
Quality of sedation a er oral premedication

Quality of sedation a er oral premedicationScore

None: Normal behaviour0

Mild: Upright, mild incoordination and ataxia (But able to move 
freely)1

Moderate: Upright, severe incoordination and ataxia (Sitting with 
extended  hind limbs)2

Good: Recumbent, easily aroused3

Heavy/Profound: Recumbent, very little response to stimulus (able 
to safely hand inject)4

Effi  cacy of Oral Premedicants
Ease of administering the premedication 

agents was scored based on a drug admin-
istration index used by Pulley et al. (2004) 
[3].  e ease of accepting fruit juice laced 
with premedicant was recorded based on the 
scorecard prepared (Score Card 1).

Corrected Dose Rate = Estimated Body 
Weight × Dose Rate of the Agent

Actual Measured Body Weight
Behavioral responses were recorded be-

fore and a er premedication at intervals of 30 
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Radiology
Regarding radiographic assessments, the imag-

es provided in Figure 1 illustrate the observed phe-
nomena. Specifi cally, radiographic examination 2 
weeks post-fracture revealed callus formation in 
the PIN group. Although the fracture line remained 
visible, the callus exhibited radiodensity and nearly 
bridged the fracture gap. In addition, no evidence of 
pin loosening, infection, or refracture was observed. 
Mirroring the pin group, radiographic examination 
of the PMMA group revealed callus formation with 
radiodensity bridging the fracture line.  e fracture 
line remained visible, and similar to the pin group, 
there were no signs of implant loosening, infection, 
or refracture.  

Four weeks a er fracture, radiographic evalua-
tion of the PIN group revealed a signifi cant reduc-
tion in callus volume. Notably, the fracture line was 
no longer fully visible, and satisfactory bony align-
ment was achieved.  e PMMA group demonstrat-
ed minimal radiographic evidence of callus, but the 
fracture line exhibited signs of union. Similar to the 

Introduction  

Avian fractures, o en precipitated by trauma, 
pose formidable challenges owing to birds' 

pneumatic and fragile bones. Avian fracture repair ne-
cessitates meticulous techniques that ensure the resto-
ration of longitudinal, lateral, and rotational stability 
of the fractured bone.  is facilitates an optimal heal-
ing environment while minimizing iatrogenic skeletal 
and so  tissue damage. Various fi xation methods, in-
cluding IM pins and titanium plates, are deployed to 
stabilize fractures; however, each method is associated 
with inherent complexities.  e delicate bone cortex 
in birds, particularly in smaller species, complicates 
fracture management [1-3].

PMMA, a bone cement, has emerged as a prom-
ising adjunct in avian orthopedic surgeries. PMMA 
off ers a versatile and advantageous option for fi xing 
fractures in birds, and has been used alone or in com-
bination with other methods of fracture fi xation in 
birds.  e utility of PMMA extends to both pneumat-
ic and marrow-containing bones and facilitates recon-
struction in comminuted fractures by aiding fragment 
reintegration. It is light-weight, relatively inexpensive, 
fairly easy to apply, rapidly stable, and allows early 
function restoration without interfering with joint 
function [3, 4].

Given the imperative for a pragmatic, low-risk 
fi xation modality, this study scrutinizes the effi  cacy of 
pin made of PMMA in humerus fracture stabilization 
in birds. 

Result

pin group, good bony alignment was observed. Im-
portantly, neither group displayed radiographic evi-
dence of pin loosening, infection, refracture, or frag-
ment displacement. 

Radiographic examination six weeks post-frac-
ture revealed no discernible callus formation in ei-
ther group.  e fracture lines demonstrated almost 
complete healing, and satisfactory bony alignment 
was maintained in both the PIN and PMMA groups. 
Moreover, no evidence of pin loosening, bone angula-
tion, infection, or implant failure was observed.

 e obtained results are shown in Table 1. Statis-
tical analysis of the data revealed no signifi cant diff er-
ence between the two groups using both the indepen-
dent-samples t-test and repeated measures ANOVA 
(p > 0.05). However, the signifi cant eff ect of time was 
observed within each group, suggesting changes in the 
measured variable across the sampling period.  is 
fi nding is consistent with the progress of bone healing 
in both groups as evidenced by descriptive statistics (p 
< 0.05). Furthermore, the independent-samples t-test, 
employed to compare the two groups at each sampling 
point individually, showed no statistically signifi cant 
diff erence between groups at any specifi c time point 
(p > 0.05).

Histopathology
Bone samples of both study groups were evalu-

ated, with results presented separately according to 
sampling times in each group. Figure 2 shows the his-
topathology images obtained from the present study 
. At the second week, in the PIN group, callus tissue 
forming a bridge across the fracture line was observed, 
predominantly comprising cartilage and immature 
bone plates, with minimal fi brotic tissue. Conversely, 
in the PMMA group, a signifi cant amount of callus 
tissue, primarily cartilaginous, along with some bone 
plates and connective tissue, was evident.

By the fourth week, the callus tissue in the PIN 
group predominantly composed of immature bone, 
eff ectively fi lling the fracture line. Similarly, in the 
PMMA group, well-formed callus tissue consisting 
of immature bone plates fi lled the fracture line. Pro-
gressing to the sixth week, a reduction in callus tis-
sue volume was noted in the PIN gromup, with the 
remaining callus predominantly composed of bone 
plates. In parallel, the PMMA group exhibited callus 
tissue composed of bone plates, maintaining continu-
ity of the fracture line.

Statistical analysis was performed by the 
non-parametric tests due to the qualitative nature of 
the data.  e obtained results are shown in Table 2 
and Figure 3.  e Friedman test revealed signifi cant 
changes within each group over the study period (p < 
0.05). However, according to the Mann-Whitney test, 
there were no statistically signifi cant diff erences be-
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Figure 1. 
presents radiographic images obtained during the current study.  e upper row depicts the PIN group, with images numbered as 
follows: 1) post-operative image, 2) image taken two weeks a er surgery, 3) image captured four weeks a er surgery, and 4) image 
obtained six weeks a er surgery.  e lower row represents the PMMA group, with images labeled as follows: 5) post-operative image, 
6) image taken two weeks a er surgery, 7) image captured four weeks a er surgery, and 8) image obtained six weeks a er surgery.

Table 1. 
Radiologic assessment result 

Mean ± SDMaxMinTimeParameterGroup

6.67 ± 0.897.835.642w

CT (Callus thickness)

PIN

5.27 ± 0.976.814.254w

4.69 ± 0.254.984.366w

1.50 ± 0.091.641.422w

CI (Callus Index) 1.22 ± 0.221.611.054w

1.08 ± 0.061.171.026w

2.25 ± 0.583.071.752w

CCT (Corrected callus diameter) 0.97 ± 0.942.590.224w

0.33 ± 0.260.700.096w

7.47 ± 1.589.625.852w

CT (Callus thickness)

PMMA

4.73 ± 0.325.174.384w

4.44 ± 0.224.774.176w

1.52 ± 0.081.651.452w

CI (Callus Index) 1.12 ± 0.041.181.064w

1.08 ± 0.031.111.026w

2.54 ± 0.452.981.912w

CCT (Corrected callus diameter) 0.51 ± 0.200.770.274w

0.32 ± 0.140.440.096w
CT and CCT parameters are based on size in millimetres.
CI is based on the ratio of the callus thickness to the diameter of the bone cortex in the distal location close to the fracture 
line immediately a er surgery.
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Figure 2. 
Illustrates histopathological images obtained during the present study Panel a) depicts the pin2w sample, showcasing the forma-
tion of a substantial callus (indicated by the square) comprising fi brous, cartilage, and immature bone within the fracture line. 
In panel b), representing pmma2w, the callus is primarily composed of cartilage (indicated by the arrow) along with fi brous and 
immature bone elements. Panel c) exhibits pin4w, revealing complete bone union predominantly comprised of immature bone 
(indicated by the square). Similarly, panel d) displays pmma4w, where a large protruding callus containing immature bone is 
evident (indicated by the square). In panel e), representing pin6w, a reduction in the size of the callus is observed, with the com-
position predominantly consisting of woven bone (indicated by the square). Lastly, panel f) illustrates pmma6w, showcasing a 
callus containing woven bone exclusively within the fracture line (indicated by the square).  ese histopathological images were 
stained with hematoxylin and eosin (H&E), with a scale bar indicating a length of 100µm. 
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Table 2.
Histological evaluation results in current study

Mean ± SDMedianMaxMinTimeGroup

2.4 ± 0.52322w

PIN 2.8 ± 0.43324w

3.4 ± 0.53436w

2.2 ± 0.42322w

PMMA 2.8 ± 0.43324w

3.4 ± 0.53436w

Figure 3. 
Diagram of the results obtained from the histopathology data based on the me-
dian in the present study 

tween the two study groups at any given time point, 
indicating comparable outcomes.

Fracture repair in avian species necessitates tech-
niques that preserve the bone's longitudinal, lat-
eral, and rotational stability to facilitate optimal 
bone healing while minimizing skeletal and so  
tissue damage. Pin fi xation represents a wide-
ly employed method for stabilizing fractures 
in birds with the capacity to withstand bending 
forces and maintain the bone's longitudinal in-
tegrity. However, pin fi xation may be inadequate 
in addressing rotational forces, o en necessitat-
ing supplementary stabilization methods, such as 
wiring or external skeletal fi xation [2].

Two techniques commonly employed for pin 
placement are Normograde and Retrograde 
methods. Carrasco et al. advocated for the ret-
rograde method, citing enhanced fracture vis-
ualization, albeit with increased manipulation 
of fracture fragments. Conversely, Ponder et al. 
recommended the Normograde approach to 

Discussion

minimize so  tissue trauma sur-
rounding the fracture site. Conse-
quently, the Normograde method 
was adopted in the present study to 
mitigate so  tissue damage during 
fracture management [8].

Numerous studies in recent years 
have highlighted signifi cant com-
plications associated with pin us-
age. Among these, pin migration 
towards adjacent joints emerges as 
a primary concern. Such migration 
can compromise joint integrity, 
particularly aff ecting joint carti-
lage and surrounding structures, 
potentially leading to arthrosis or 
joint ankylosis. Furthermore, pin 
migration may disrupt the bird's 
rehabilitation process, necessitat-
ing secondary surgical interven-
tion for pin removal [3, 8].

Wan et al., in their comparative 
study between stainless steel and 
PDS pins, noted that the perfor-

mance of the PDS pin was comparable to that of 
the steel pin. In this study, it was stated that at 
some sampling times, when PDS pin was not ab-
sorbed, ethanol was used to dissolve. In addition, 
they did not observe that a secondary surgery for 
pin removal was unnecessary with the use of PDS 
pins [8]. Matthew investigated the use of PGA rod 
for fracture repair in pigeon.  ey found that the 
biodegradable implants elicited a granulomatous 
foreign body reaction, but this did not impede 
fracture healing. Moreover, biodegradable repairs 
resulted in more periosteal callus formation but 
also a higher incidence of early complications 
[10]. Although the PMMA pin in the present 
study was non-absorbable, it achieved compara-
ble performance.  e suggested method involv-
ing a bone cement pin may off er advantages over 
conventional pins as it mitigates the risk of migra-
tion and eliminates the need for secondary surgi-
cal intervention to remove the pin. However, this 
issue was not observed in the current investiga-
tion. Consequently, this approach alleviates the 
stress associated with anesthesia and additional 
surgical procedures for the animal.
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Fracture healing in avian species is infl uenced by 
several factors, such as the degree of bone frag-
ment displacement, adequacy of blood supply, 
presence of infection, and degree of motion at 
the fracture site [3]. In avian species, the forma-
tion of callus arises from both periosteal and en-
dosteal sources [17]. Research has indicated that 
in the healing process of the humerus in pigeon 
models, the formation of callus originating from 
the periosteum is more prevalent than that orig-
inating from the endosteum [18]. Carrasco et al. 
observed in their study that during the healing 
process of humeral or forearm fractures in pi-
geons, callus originates from both periosteal and 
endosteal sources. Initially, within nine days a er 
fracture, the callus comprises cancellous bone, 
cartilage, and fi brous connective tissue. Subse-
quently, on the 16th and 21st days, there was an 
increase in the cancellous bone content accom-
panied by a decrease in the cartilage and connec-
tive tissue amounts. Furthermore, six and twelve 
weeks post-fracture, well-aligned fractures con-
tinued to mature, transitioning towards the de-
velopment of normal bone components [2].

Yamazoe et al. investigated humerus fractures in 
pigeons and found that periosteal callus forma-
tion, comprising spongy new bone, and occurred 
bilaterally along the bone by the fourth week. By 
the sixth week, cortical bony union was observed 
[19]. In their study, Bush et al. noted that humeral 
bone healing without fracture fi xation in pigeons 
progresses through distinct stages. Specifi cally, 
by the ninth day post-injury, the formation of 
fi brous connective tissue was observed. Subse-
quently, by the sixteenth day, the tissue compo-
sition predominantly transitioned to fi brocar-
tilage. By the twenty-fi rst day, callus formation 
had bridged across both sides of the fracture line 
[20].  e primary limitation of this study lies in 
the absence of fracture stabilization. As eluci-
dated by Gandal [3], factors infl uencing fracture 
healing suggest that inadequate stabilization may 
lead to the displacement and movement of frac-
ture fragments, potentially impeding the healing 
process. Despite this limitation, the current study 
demonstrated superior outcomes in bone healing 
compared to the fi ndings reported by Bush. In 
contrast, Matthew et al. employed intramedullary 

rods to stabilize humeral fractures in their study. 
 eir evaluation of bone healing revealed the for-
mation of callus tissue evident on radiographs 2 
and 3 weeks post-fracture [10]. 

Wander et al. investigated the use of xenogra s 
for fracture healing.  eir fi ndings demonstrat-
ed the presence of callus formation, which was 
evident upon radiographic and histopathological 
evaluation at the 3rd and 6th weeks [21]. Howev-
er, the specifi c characteristics of the callus tissue 
formed in the latter study were not delineated. 
In contrast, the present study provides compre-
hensive details regarding the type of callus tissue 
formed at diff erent time points, which are visual-
ly depicted in the histopathology images.

Hatt et al. conducted a study on 28 birds across 
various species, which sustained fractures in 
bones, such as the humerus, radius, ulna, and leg 
bones.  eir fi ndings indicated an average dura-
tion of 3-5 weeks for bone healing [22] and sub-
sequent removal of the fracture fi xation device. 
Given the clinical relevance of their study, the 
results align with those obtained in the present 
investigation, where it was also observed that im-
mature bone callus fi lls the fracture line by the 
fourth week.

Similarly, Kayikci et al. conducted a clinical study 
assessing fractures in various avian species, in-
cluding falcons, owls, and eagles. However, their 
radiographic evaluation of bone healing was lim-
ited to the third week post-surgery [23]. In con-
trast, the present study utilized evaluation time 
points consistent with previous research to en-
sure comprehensive assessment of bone healing 
progression.

Park et al. conducted a case report study wherein 
they stabilized a humerus fracture in a common 
kestrel (Falco tinnunculus) using a tie-in fi xator 
and fi gure-of-eight tension band method. Radi-
ographs were obtained on days 5, 14, and 60 to 
assess bone healing progression.  eir fi ndings 
revealed bone fusion by day 14, leading to the 
subsequent removal of the fi xation device [24]. In 
the present study, radiographic evaluation con-
ducted a er two weeks in both groups demon-
strated complete visibility of callus formation, 
bridging the fracture lines. Histopathological as-
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sessment corroborated the presence of bone and 
cartilage tissue within the callus.

Conclusion

Our fi ndings suggest that PMMA pins show sim-
ilar eff ectiveness to Steinman pins in promoting 
the healing of avian humerus fractures. PMMA 
pins off er several advantages over traditional 
Steinman pins, particularly in terms of post-treat-
ment management. One signifi cant advantage is 
the elimination of the need for removal surgery, 
which is o en required with Steinman pins due 
to their permanent nature.  is aspect not only 
reduces the risk of additional surgical procedures 
and associated complications but also minimizes 
the stress and discomfort experienced by the bird 
during the recovery period. 

Furthermore, PMMA pins off er versatility in frac-
ture management, as they can be customized to fi t 
the specifi c anatomical requirements of the bird, 
ensuring optimal stabilization and alignment of 
the fracture site. In addition, PMMA pins are 
lightweight and biocompatible, minimizing the 
risk of adverse reactions or complications asso-
ciated with implant materials.  is aspect is par-
ticularly important in avian patients, where the 
delicate nature of their anatomy requires careful 
consideration of implant materials to avoid tissue 
irritation or rejection.

Overall, the study fi ndings support the use of 
PMMA pins as a viable alternative for avian hu-
merus fracture stabilization, off ering comparable 
effi  cacy to traditional Steinman pins while pro-
viding additional benefi ts in terms of post-treat-
ment management and patient comfort. Further 
research and clinical evaluation may be warrant-
ed to explore the long-term outcomes and poten-
tial complications associated with PMMA pin fi x-
ation in avian patients.

 irty young adult pigeons (Columba livia domestica) were 
enlisted for this study, adhering to the guidelines set forth by the 
research Ethics Committee of Shahid Bahonar University of Ker-
man (ethics code: IR.UK.VETMED.REC.1401.023).  e pigeons 
were kept under standardized conditions, receiving identical 
rations and having unrestricted access to food, water, light, and 
darkness on a 12-hour cycle. Moreover, consistent temperature 
and humidity levels were meticulously maintained throughout the 
study [5].  e animals were allocated randomly into study groups. 
A detailed description of each study group and the corresponding 
procedures conducted within each group are provided in Table 3.

To prepare a bone cement pin (G1A 40™, G21 company, Italy), 
the cement and its solvent were initially opened under sterile con-
ditions. Following the manufacturer's guidelines, cement powder 
was mixed with solvent in a ratio of 2:1 in a sterile stainless-steel 
container. Subsequently, this mixture was injected into a sterile 
Nelaton catheter (Supa Manufacture of Medical Equipment, Iran) 
using a sterile syringe. A er solidifi cation, the pin was stored in 
a formalin tablet compartment to maintain sterility until its use. 
Given the varying diameters of the bone marrow, three sizes of 
Nelaton catheters (10, 12, and 14) were utilized. 

To facilitate the study, thirty minutes prior to surgery, the pi-
geons were administered tramadol (5 mg/kg IM) and meloxicam 
(2 mg/kg IM) for analgesia [6]. Subsequently, the pigeons were 
anesthetized using isofl urane (Piramal, India) via a face mask at a 
concentration of 4%–5% in oxygen (fl ow rate of 1–1.5 L/min) for 
induction. Following induction, the pigeons were intubated using 
an uncuff ed endotracheal tube (with internal diameters ranging 
from 2.5 to 4 mm) and maintained under isofl urane anesthe-
sia at a concentration of 1.5%–2.5% utilizing a non-rebreathing 
anesthesia circuit system [7]. Following induction, the pigeons 
received supplemental fl uids in the form of lactated Ringer’s 
solution subcutaneously at a rate of 20 mL/kg.  roughout the 
surgical procedure, the birds were kept on a heating pad to main-
tain their body temperature [7].

To access the humerus, the animal was positioned in sternal 
recumbency, and a dorsal approach was employed.  e surgical 
site was meticulously prepared in an aseptic manner and subse-
quently draped [8]. In a longitudinal fashion, the skin was incised 
using a scalpel blade number 10 along the axis of the bone. Next, 
dissection was performed to gain access to the humerus through 
the muscular tissue using a medical micromotor (Strong, China). 
A transverse fracture was created in the midsha  of the humerus. 
In both study groups, IM pinning was done using the Normo-
grade method [2]. Pin size selection was based on 50%–70% of 
the diameter in both groups to achieve appropriate coverage of the 
medullary canal [3, 9]. Following the surgical procedure across 
all groups, muscle closure was achieved utilizing 0-3 vicryl with 
a simple continuous pattern, while skin closure was performed 
using 0-3 nylon sutures. Clindamycin gel was applied to the sur-
gical site, and the wing of the animal was bandaged in a fi gure-8 
confi guration using vet wrap [10]. A er 14 days, the bandage and 
suture were removed. 

 e pigeons received a treatment regimen of enrofl oxacin 

Table 3.
presents the names of the groups and the respective operations carried out in the current study

Operations performed on group members (n=5)Group name
Creating a fracture in the middle part of the Humerus and stabilizing it using an intramedullary pin ( is 
group is called PIN for short)control group

Creating a fracture in the middle part of the humerus and fi xing it using a pin made of bone cement inside 
the bone medulla( is group is called PMMA for short).Treatment 

Materials and Methods
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ABSTRACT
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 e relationship between exposures to Electromagnetic fi eld (EMF) and human health is more in focus. 
Some studies showed the possible relation between exposure to EMF and cancer.  e thyroid gland is one of 
the most exposed and vital organ and may be a target for any type of electromagnetic radiation; therefore, we 
studied histopathological eff ects of electromagnetic fi eld (EMF) on the thyroid gland of rat. In this research, 
35 healthy rats were used.  e animals were divided to fi ve groups, and then all animals were exposed to 
2100MHz (4G) frequency for 0, 15, 60, 120, 180 min every day for a period of 70 days.  e animals were 
euthanized by removing of blood from the heart then tissue samples were prepared from thyroid gland and 
stained with hematoxylin and eosin (H & E) and Mason trichrome (MT). Stereological studies were done 
by the Cavalier’s principle. Following the EMF exposure, a signifi cant decrease (p < 0.05) in the diameter 
of the thyroid follicles, heights of epithelial follicles and thyroid follicles volume were recorded in 180 min 
exposure groups.In the EMF exposure groups (120 and 180 min) histopathological eff ect observed include 
follicles with decreased colloid, congestion and increase of connective tissue. We also observed formation of 
apoptotic body that infi ltrated inside of follicle and follicular cells with condensed nuclei under the exposure 
of EMF for120 and 180 min.We concluded that exposure of EMF (4G) for over 120 min for 70 consecutive 
days has histopathological and stereological eff ects in thyroid gland in rats.
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Introduction  

With the development of technologies, human 
exposure of electromagnetic fi eld (EMF) 

has increased during the recent years. In 2021, mo-
bile phone subscriptions surpassed eight billion users 
worldwide, and the number is expected to increase to 
8.8 billion by 2026 [1]. Non-ionizing forms of radia-
tion include lower frequencies on the electromagnetic 
spectrum and are not proven to cause DNA damage 
directly [2].

Several studies showed the possible relation be-
tween exposure to EMF and certain malignancies in-
cluding lymphomas, leukemia, breast, brain and lung 
cancers [3-5]. International agency for Research on 
Cancer (IARC) has classifi ed EMF as possibly car-
cinogenic to humans [6].

EMF causes morphological and functional chang-
es in endocrine system, central nervous system, im-
mune systems, cardiovascular system, reproductive 
system, learning and memory [7, 8].  e thyroid 

Stereological ĕ ndings
Following the EMF exposure were showed in di-

ameter of the thyroid follicles signifi cant increase in 15 
min and decrease in 180 min (p < 0.005) (Graph. 1), 
for heights of thyrocyte were decreased with increased 
the time of exposure but have not signifi cant change 
(Graph. 2) and for thyroid follicles volume signifi cant 
decreased in180 min exposure of EMF (Graph. 3). 

Histopathological ĕ nding
 e results of the studies showed that in the con-

trol group (0 min) (Fig. 1) and EFM exposure group 
(15 min.) tissue characteristics including follicles, thy-
mocyte cells, colloidal materials, connective tissue and 
capsule of the thyroid gland were observed as normal.

Histopathological fi nding in the EMF exposure 
groups (60 and 120 min.) include: collapsed follicles 
with little colloid, congestion and increased apop-

Result

Graph 1.
Measurement of the diameters of the thyroid follicles (p ≤ 0.005).

Graph 2.
 Measurement of the heights of the epithelial follicles (p≤0.005).

gland may be particularly vulnerable to this 
eff ect because of its normal anatomical posi-
tion near the neck.

 e fi nding of another study revealed that 
exposure of electromagnetic fi elds with a 940 
MHz frequency has increased the permeabil-
ity of blood brain barrier (BBB) [9]. Previous 
studies have reported that EMF exposure in 
rats caused a decreased uptake of iodine by 
the thyroid gland and reduced levels of plas-
ma TSH [10]. Another research has reported 
that EMF (50MHZ) exposure increased cy-
clic adenosine monophosphate (cAMP), T3 
and T4 [11]. In another study, exposure of 
EMF (50MHz) for 2-6 month by using light 
and transmission electron microscopy re-
vealed the frequent fi ndings of several colloid 
droplets within the same thyrocyte with the 
occasional presence of large-diameter drop-
lets and alterations in lysosomes, granular 
endoplasmic reticulum and cell nuclei com-
pared to the control group [12]. Another re-
search was designed that were epigenetic ef-
fect of 50 Hz EMF in vitro, showed alteration 
of genome-wide methylation and DNMTS 
expression may play an important role in the 
biological eff ect in mouse spermatocyte[13].

Questions have been raised about the 
safety of prolonged use of EMF in mobile 
phone and other equipment.  erefore, in 
the present study, we aimed to investigate the 
possible harmful eff ect of EMF (2100MHz) 
(4G) on thyroid gland.  is paper will focus 
on new generation of EMF (4G) exposure on 
thyroid gland by using EMF generator. 
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Discussion
In 2021, mobile phone subscriptions 
surpassed eight billion users world-
wide, and the number is expected to 
increase to 8.8 billion by 2026 [1].

 e relationship between exposures 
to EMF and human health is very im-
portant.  e present study confi rms 
previous fi nding and contributes addi-
tional evidence about histological ef-
fects of EMF (4G) exposure on thyroid 
gland in rats.

 e results of this study showed that 
the diameter of the thyroid follicles 
increased signifi cantly in the exposure 
of EMF a er 15 min, and with the in-
crease in the time of the infl uence of 
the waves, it decreased up to 180 min, 
and this decrease was signifi cant in 
180 min.  e reason for this initial 
increase is not known to us, but with 
the increase in the time of impact of 
the waves on the cells, maybe with cell 
organelles were damaged and with the 
decrease in the secretion of thyroid 
hormones, the diameter of the thyroid 
follicles decreases. We were observed 
that with increased of time of expo-
sure of EMF the height of thyrocyte 
decreased but not signifi cantly and we 
were observed that with increased of 
time of exposure of EMF the thyroid 
follicles volume signifi cantly decreased 

Figure1.
 Photomicrograph of thyroid gland from control group (0 min). It shows 
normal Follicle (F), Connective tissue (CT),  yrocyte (T) and Colloid(C). 
H&E staining ×100. 

totic bodies. (Fig. 2). We also observed 
apoptotic bodies (AB) within follicles, 
rupture of follicles, and TCs with het-
erochromatin nuclei were infi ltrated in 
interfollicular septa on the thyroid gland 
that exposure of EMF for 120 and180 
min. (Fig. 2, 3).

 e results showed that the connec-
tive tissue between the thyroid follicles 
in all of the exposed groups had in-
creased compared to the control group 
but the only diff erence between groups 
of 120 and 180 min were statistically sig-
nifi cant (p < 0.005) (Fig. 4) (Graph. 3).

Graph 3.
 Measurement of the thyroid follicular volume (p≤0.005).

Graph 4.
 Measurement of connective tissue volume (p ≤ 0.005).
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in 180 minute and connective 
tissue volume signifi cantly in-
creased in180 minute. We con-
cluded that with increased of 
time of exposure EMF ,it caus-
es the destruction of cell orga-
nelles and DNA of nuclear, and 
a er that, with the decreased in 
the height of thyrocyte, the se-
cretion of hormones were  de-
creased, and then the volume 
of follicles were decreased and 
the volume of connective tissue 
were increased. 

 is study showed pathological 
eff ects of TCs a er exposure of 
EMF including contracted fol-
licles with decreased colloid, 
congestion and extension of 
connective tissue in interstitial 
space. Also we were observed 
formation of apoptotic bodies 
within follicles and follicular 
cells with condensed nuclei in 
thyroid gland of the rats under 
the exposure of EMF for 180 
min that it was consistent with 
other research [14]. 

Some researcher revealed that 
mobile phone radiofrequency 
radiation might be associated 
with thyroid gland insuffi  cien-
cy and alterations in serum 
thyroid hormone levels, with a 
possible disruption in the hy-
pothalamic-pituitary-thyroid 
axis [15].

Other researcher concluded 
that EMF exposure at the fre-
quency of 1800 MHz has caused 
signifi cant changes in the levels 
of serum TSH, T4, MDA, and 
MCT8 concentration in the 
Wistar rats [16].

Our work shows a dilation 
and an increase in the number 
of blood capillary in thyroid 

Figure 2.
 Photomicrograph of thyroid gland from animals exposed to 2100 MHz (group: 120 
min). It shows numerous small follicles (MF) with decreased colloid and low height 
of TCs (T), congestion (BC) and more apoptotic bodies (AB), H& E staining × 400.

Figure 4.
Photomicrograph of thyroid gland from animal exposed to 2100 MHz (group: 180 
min) shows colloid droplets within a TCs (F), coagulated colloid (C) and Connec-
tive tissue (CT), Mason trichrome staining ×400.

Figure  3.
Photomicrograph of thyroid gland from animal exposed to 2100 MHz (group: 180 
min). It shows apoptotic bodies (A), rupture of follicles (B)(RF) ×400.
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gland, which is similar to other researches [12]. 
Some scientists showed eff ect of that EMF expo-
sure on mast cells population and degranulation 
of these cells; therefore, EMF increases released 
of some mediator from mast cell [17].   

According to the obtained results, the long-term 
use of electromagnetic waves can inhibit the 
growth and diff erentiation of cells by aff ecting the 
vital mechanisms.

Materials and Methods
To do this research, for the fi rst time an electromagnetic gen-

erator, an antenna (output power: 2000 MW, power source lithi-
um-ion battery 127, 2600 MAH) was used with a variable frequen-
cy band (2100 to 2600 MHz) (Fig.4).

In this study, 35 healthy adult male Wistar rats aged 2 months 
old and weighing 300-350 gram were used.  e rats purchased 
from the laboratory animal unit, Mashhad University of Medi-
cal sciences, Mashhad, Iran.  e Wistar rats were kept in a 12h 
light: 12h dark cycle, at constant temperature of 25°C, while food 
and water were accessible on an ad libitum basis. Animals were 
randomly divided into fi ve groups, each of which consisted of 7 
animals. Groups exposed to 2100 MHz frequency continuously 
for 0, 15, 60, 120, 180 min every day for a period of 70 days.  e 
animals were anesthesiad with CO2 and a er dissection of abdom-
inal cavity, they were euthanized by removing of blood from the 
heart.  en thyroid glands were removed and the samples collect-
ed.  en the samples were fi xed in 10% neutral buff ered formalin 
solution.  yroid samples were transferred from formaldehyde, 
a er dehydration by passing tissue through a series of alcohol 
solutions, were cleared in xylene and were embedded in paraffi  n 
(Merck, Germany). en the specimen were embedded in large 
block of paraffi  n by paraffi  n dispenser (Didsabz, Iran). en sam-
ple were sectioned at 5 µm thickness using microtome (Leica, Ger-
many). e fi nal step was staining sample with Hematoxylin and 
eosin (H &E) and Masson trichrome (MT) (Merck, Germany). All 
the procedures were certifi ed by the relevant Ethical Committee of 
Ferdowsi University of Mashhad, Mashhad, Iran (Code: IR.UM.
REC.1401.089).

Data were analyzed by one-way ANOVA, (statistical package 
of SPSS version 19). In all tests, p≤0.05 was considered as statisti-
cally signifi cant.

Stereology
Stereological studies were done by the Cavalier’s principle in 

order to estimate the epithelial height, follicular thickness, follic-
ular volume and connective tissue volume in septa [18]. For this 
purpose, 10 sections were selected from each specimens and pho-
tographed by a camera (Olympus/DP25) with light microscope 
(Olympus CX22). A point grid was used for point counting. Grid 
was cited on the fi gures, each parameter was counted, and thyroid 
gland was blindly estimated by the following formula:

V (mm3) = d× ∑p× a (p)
d= Interval between section and section thickness; ∑p = total 

number of point considered on the area of sections; a (p) = the 
area represented of each point in the grid.
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Increased antibiotic use in the ostrich industry could lead to the emergence of virulent antibiotic-resistant 
bacterial strains transmissible to human.  is study investigated the genotypic and phenotypic characteris-
tics of the phylogenetic groups of Escherichia coli (E. coli) isolates from ostrich and reveal their health risk 
potential. One hundred twenty-nine confi rmed presumptive commensal (44) and suspected pathogenic 
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Introduction  

The presence of antimicrobial residues and the 
emergence of resistant bacterial pathogens in 

food and the environment have complicated the strat-
egies for appropriate treatment, raising serious public 
health concerns. In this sense, the improper or exten-
sive use of antimicrobials in food-producing animals, 
particularly poultry, for improving growth and health 
probably plays a signifi cant part.  is practice impos-
es a selection pressure, leading to resistant bacterial 
strains transmissible to human [1-5].  e emergence 
and dissemination of diversifi ed phylogenetic groups 
of antibiotic-resistant E. coli strains is a global health 
concern. Furthermore, E. coli strains provide accurate 
fi ndings on antimicrobial resistance status because of 
their presence in the environment and as commensal 
fl ora in humans and animals.  erefore, monitoring 
the phylogenetic distribution of E. coli strains could 
benefi t the design of preventative and therapeu-
tic strategies with economic signifi cance [6-8].  e 
phylogenetic background, indicating the ecological 
distribution, evolutionary history, and virulence of 
pathogens, could be aff ected by geographical region, 
sampling area, site of infection, antibiotic resistance, 
and host response. Environmental, social, and dietary 
conditions are also considered to cause phylogenic 
heterogeneity [9]. Most extra-intestinal pathogen-
ic E. coli strains belong to the previously described 
phylogroups. On the other hand, newly described 
phylogroups mostly include intestinal pathogenic E. 
coli strains. As a result, the phylotype-related traits 
necessitate a reliable detection of E. coli phylogroups 
and also the investigation of probable impacts of viru-
lence genes, MDR characteristics, and their cross-talk 
regarding each phylogroup [7, 10]. Finding the rela-
tionship between pathogenic traits and the phylogeny 
of E. coli is a complicated phenomenon due to distinc-
tive interplays [11]. However, some previous studies 
indicated that commensal E. coli strains are within 
phylogroups A and B1, while extra-intestinal patho-
genic E. coli strains belong to phylogroups D and B2. 
Moreover, E. coli strains within phylogroup B2, which 
have the highest susceptibility to antimicrobials, have 
previously exhibited promoted virulence capacity 
compared to commensal groups [12]. 

 e APEC strain belongs to the ExPEC category 
[13]. Phylogenic backgrounds and virulence genes 
within the ExPEC strains from both human and avi-
an sources are identical [5].  erefore, monitoring the 
ExPEC strains in poultry is crucial from the perspec-
tive of public health [14]. Comprehensive research 
has demonstrated that APEC and human ExPEC 
strains have multiple common traits, encompassing 
serogroups, virulence factors, and sequence types. In 
addition, the APEC strains might function as a res-

Distribution of Phylogenetic Groups Within Iso-
lates and in Relation to the Source of Isolation

Most isolates were segregated into fi ve phyloge-
netic groups. However, 11.36% and 4.70% of the pre-
sumptive commensal and pathogenic strains were 
unassignable, respectively.  e distribution of both 
groups of presumptive commensal and pathogenic 
strains was the highest in the B1 and A phylogroups. 
Commensal isolates were rarely classifi ed into phy-
logroups B2 (0%) and C (2.27%). Details on phyloge-
netic classifi cation results are demonstrated in Figure 
1. E. coli strains isolated from each source mostly be-
longed to the phylogroups A and B1, except that the 
strains isolated from the lungs were mainly within 
phylogroups A (42.85%) and E (42.85%).  ose iso-
lated from dead-in-shell embryos were mostly within 
the phylogroups B2 (75%) and E (25%). Moreover, the 
isolates from the faeces of sick ostriches were abun-
dantly within phylogroups A (53.84%) and Unas-
signable (23.07%). Isolates from each source, except 
for the isolates from embryos, yolk sacs, and faeces of 
sick ostriches, possessed the lowest frequency within 
the phylogroups B2 and C.  e strains within the Un-
assignable phylogroup were only isolated from faeces 
(of both healthy and sick birds; p ≥ 0.05) and yolk sacs 
(p ≥ 0.05).  e strains within the phylogroup B2 were 
signifi cantly isolated from dead-in-shell embryos (p < 
0.05). Details on the phylogenetic groups in relation 
to the source of isolation are presented in Figure 1. 

Result

ervoir for the virulence genes of ExPEC in humans. 
 erefore, for the eff ective surveillance and control of 
avian colibacillosis, it is vital to identify the phylogeny, 
lineage, and virulence of APEC strains that common-
ly infect poultry fl ocks. Early identifi cation of these 
strains using phylogenetic analyses could benefi cially 
provide the needed preventive measures [15, 16]. 

 e ostrich farming industry is rapidly expand-
ing for the human consumption of meat, leather, and 
plumes.  is industry plays an integral part in terms 
of agriculture, economy, and meat production in 
Iran. Scarce information on ostrich-originated E. coli 
strains, transmissible to humans, necessitates more at-
tention to the potential zoonosis health threats caused 
by these strains [17, 18]. To the best of our knowledge, 
this study is the fi rst that comprehensively compared 
the phylogenetic profi le of E. coli isolates from ostrich 
based on their genotypic and phenotypic traits.  is 
study demonstrated some of the genotypic and phe-
notypic characteristics of the phylogenetic groups of 
E. coli isolates from ostrich, thereby revealing their 
potential health threats. 
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Figure1.
Distribution of phylogroups within the presumptive commensal and pathogenic E. coli isolates from ostrich and in relation to their 
source of isolation. Against categorical variables, P-value is ≥ 0.05 for each phylogroup, excluding one indicated by * (P-value < 0.05).

Antimicrobial Resistance Proĕ le of Isolates and 
Phylogenetic Groups

Comparing the resistance of the pathogenic and 
commensal groups of isolates against four antimicro-
bials revealed a higher proportion of resistance for the 
earlier group against tetracycline (p ≥ 0.05); however, 
both groups of isolates showed a comparable propor-
tion of resistance against the other two tested antimi-
crobials, lincomycin (p ≥ 0.05) and ce riaxone (p ≥ 
0.05).  e distribution of antibiotic resistance within 
both groups of presumptive commensal and patho-
genic isolates was highest against lincomycin and 
tetracycline, respectively, and lowest against ce riax-
one (Figure 2). Isolates from all phylogenetic groups 
harboured 100% resistance proportion against linco-
mycin.  e isolates of the phylogroup C were entirely 
susceptible to streptomycin, trimethoprim + sulfame-
thoxazole, and doxycycline. Isolates of the phylogroup 
C also recorded no resistance against enrofl oxacin 
and amoxicillin, similar to unassignable isolates. 
Isolates of C and B2 phylogroups showed complete 
susceptibility to fl orfenicol. While full susceptibility 
was recorded against ce riaxone for isolates with-
in most phylogenetic groups, the isolates of C and E 
phylogroups showed 12.5% and 9.52% resistance to 
this antimicrobial, respectively (p ≥ 0.05). Resistance 
to gentamicin was also low within the isolates of all 

phylogroups, and only the isolates within phylogroups 
A, C, and E indicated a negligible resistance (4.76%, 
12.5%, and 4.76%, respectively) (p ≥ 0.05). Details 
on antimicrobial resistance frequency in relation to 
phylogeny are demonstrated in Figure 3a. Results 
also revealed that the highest total MDR proportion 
belonged to the phylogroup B2 (33%) (p ≥ 0.05) com-
pared to the MDR observed within the phylogroups A 
(10%), B1 (21%), C (0%), E (24%), and Unassignable 
(0%). More details on MDR frequency in relation to 
phylogeny are demonstrated in Figure 3b. 

Antimicrobial Resistance Gene and Virulence 
Gene Proĕ les of Phylogenetic Groups

Within phylogroups B2 and C, sul1 and tet(A) 
genes were undetectable. In addition, sul1 gene was 
absent within the Unassignable phylogroup (p ≥ 
0.05). Phylogroups B2 and C included the isolates 
devoid of blaTEM and qnrA gene, respectively. More 
than half of the isolates within the phylogroup B2 
(66.66%) lacked any resistance genes, which was the 
most abundant but was not signifi cantly diff erent 
(p≥ 0.05) compared to the corresponding rate of the 
phylogroup B1 (30.23%). Details on antimicrobial re-
sistance gene frequency in relation to phylogeny are 
demonstrated in Figure 4a. Within phylogroups C 
and Unassignable, astA and Irp2 genes were absent. 
Within the Unassignable phylogroup, iucD gene was 
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Figure 2.
Distribution of antibiotic resistance against three diff erent antimicrobials within presumptive commensal and pathogenic E. coli iso-
lates from ostrich. P-value is ≥ 0.05 for each antimicrobial between categorical variables. 

Figure  3.
(a) Distribution of antibiotic resistance against 10 diff erent antimicrobials within phylogroups of E. coli isolates from ostrich. P-value is 
≥ 0.05 for each antimicrobial against categorical variables. (b) Distribution of MDR within phylogroups of E. coli isolates from ostrich. 
Against categorical variables, P-value is ≥ 0.05 for each MDR, excluding one indicated by * (P-value < 0.05).
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Discussion
According to the phylotyping results of this study, 
most isolates were classifi ed into fi ve phylogenet-
ic groups; however, multiple strains were not as-
signable according to the quadruplex PCR-based 
method of Clermont et al. [19] (Figure 1).  ese 
unassignable strains have also been observed in 
some previous studies and are probably from ex-
tremely rare phylogroups.  e loss of specifi c genes 
resulting from the plasticity of the genome of E. 
coli or the recombination of isolates from variant 
phylogroups might also lead to the observation of 
these unknown strains [19, 23, 24]. Phylogenetic 
groups B1 and A accounted for most of the phy-

Figure 4.
Distribution of antibiotic resistance genes (a) and virulence genes (b) within phylogroups of E. coli isolates from ostrich. tet(A), tetracy-
cline resistance gene; qnrA, quinolone resistance gene; sul1, sulfonamide resistance gene; aadA1, streptomycin resistance gene; aac(3)-
IV, aminoglycoside N(3)-acetyltransferase gene; blaTEM, beta-lactamase resistance gene; None (RGs), None resistance genes. P-value 
is ≥ 0.05 for each resistance gene against categorical variables. astA, enteroaggregative toxin gene; iss, increased serum survival protein 
gene; irp2, iron repressible protein gene; papC, P-fi mbriae gene; iucD, aerobactin gene; tsh, temperature-sensitive hemagglutinin gene; 
vat, vacuolating autotransporter toxin gene; cvaA/B, colicin V plasmid operon gene; None (VGs), None virulence genes. Against cate-
gorical variables, P-value is ≥ 0.05 for each virulence gene, excluding two indicated by * (P-value < 0.05).

also undetectable. Within all phylogroups, excluding 
B1 (p < 0.05), tsh gene was rare. In addition, B1 was 
the only phylogroup carrying vat gene (2.32%) (p ≥ 
0.05). Only within the phylogroup B2, cvaA/B gene 
was undetectable (p ≥ 0.05), whereas this gene was 
signifi cantly distributed within the phylogroup C (p < 
0.05). More than half of the isolates of phylogroup B2 

(66.66%) did not have any virulence genes, which was 
the most noticeable but did not have a signifi cant dif-
ference (p ≥ 0.05) with the corresponding proportion 
of the phylogroup B1 (37.20%). Details on virulence 
gene frequency in relation to phylogeny are demon-
strated in Figure 4b. 

logenetic profi les of both groups of presumptive 
commensal and pathogenic isolates with a close 
distribution proportion (Figure 1).  is fi nding is 
in line with multiple previous studies on E. coli 
strains originating either from ostrich [25] or 
other avian species [26-32]. However, some other 
studies reported diff erent dominant phylogenetic 
groups within avian-originated E. coli strains [7, 
13-15, 33-36].  ese inconsistencies could be due 
to the factors causing phylogenic heterogeneity, 
including geographical region, sampling area, site 
of infection, antibiotic resistance, host response, 
as well as environmental, social, and dietary con-
ditions [9]. However, regarding the results of this 
study, insuffi  cient evidence was obtained to com-
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Materials and Methods
Sample collection 

From September 2018 to August 2019, a total of 44 presump-
tive commensal and 85 suspected pathogenic E. coli strains were 
randomly obtained from apparently healthy and sick ostriches, re-
spectively, from six distinct ostrich fl ocks in Mashhad, Northeast 
Iran.  e presumptive commensal strains were sampled from the 
fresh faeces of apparently healthy ostriches, and suspected patho-
genic strains were sampled from the fresh faeces of sick diarrheic 
ostriches (n = 13), dead-in-shell embryos (n = 4) from ostrich-
es suspected to colibacillosis, and dead ostrich chicks (n = 68). 
 ese chicks were suspected to be infected with E. coli through 
post-mortem examination and samples from their infected or-
gans, including yolk sac (n = 16), lung (n = 7), liver (n = 23), and 
heart (n = 22), were aseptically taken.  

Isolation and Detection of E. coli Strains
All obtained samples were aseptically streaked on MacConkey 

agar and aerobically incubated at 37°C for 24 h in the laboratory at 
the Veterinary Teaching Hospital, Ferdowsi University of Mash-
had, Iran.  e pure bacterial colonies with morphological and 
Gram staining characteristics similar to E. coli underwent bio-
chemical tests (Indol, MR-VP, Simon Citrate, and TSI) and were 
confi rmed as E. coli strains. Pure colonies of each sample were 
stored at -20°C in microtubes containing 2 ml of BHI medium 
and 15% sterile glycerol until use [37].

DNA Extraction 
Following thawing, E. coli isolates were cultured on MacCon-

key agar and were then incubated at 37°C for 24 h. Subsequently, a 
pure colony of each cultured isolate was suspended in a microtube 
containing 150 μl sterile distilled water. Extraction of the whole 
bacterial genome was performed through the rapid boiling meth-
od on the mixture [38]. Following the centrifugation of the sus-
pension at 14,000 rpm for 15 min, the supernatant containing the 
extracted genome as the DNA template was transferred to a new 
microtube and stored at -20°C for later PCR.

Phylogenetic Group Assignment
 e quadruplex PCR method of Clermont et al. [19] was fol-

lowed entirely for phylotyping. Based on this method, avian E. coli 
strains are classifi ed into one of the eight phylogroups (A, B1, B2, 
C, D, E, F, or Escherichia cryptic clade I). All PCR amplifi cations 
were conducted on a fi nal volume of 20 μl of the mixture, includ-
ing distilled water, master mix (Ampliqon®, Denmark), DNA tem-

pletely correlate phylogenic heterogeneity to the 
isolation source of the strains, which justifi es the 
necessity for further studies.

In the present study, the E. coli isolates of the 
phylogroup B2 were all from the suspected path-
ogenic group (Figure 1) and showed the highest 
MDR (statistically insignifi cant; p ≥ 0.05) (Fig-
ure 3b). However, these isolates, unlike typically 
known commensal strains from the phylogroup 
B1, harboured the lowest virulence and resistance 
gene capacity (statistically insignifi cant; p ≥ 0.05) 
(Figure 4). Saha et al. [7] have also reported that 
all APEC phylogroups, including B2, obtained 
from poultry farms in Bangladesh, showed MDR. 
Moreover, enhanced virulence capacity, which 
probably occurs by acquiring virulence factors 
through horizontal gene transfer, has also been 
found previously within the non-B2 phylogroups 
of E. coli strains [13, 31, 34, 35]. Among all resist-
ance and virulence genes examined in this study, 
only two virulence genes were signifi cantly prev-
alent (p < 0.05) within specifi c phylogroups, tsh 
within the phylogroup B1 and cvaA/B within the 
phylogroup C.  is observation provides anoth-
er evidence for the enhanced virulence capacity 
obtained through horizontal gene transfer within 
the non-B2 phylogroups of E. coli strains.  at 
is because both genes are located on the Colicin 
V (ColV) plasmid, which is detectable in most 
APEC strains and transmissible to the non-APEC 
strains [35]. Furthermore, a part of the inconsist-
ency observed between phenotypic and genotyp-
ic traits within the phylogroups B2 and B1 might 
result from the expression status of virulence and 
resistance genes, even those not investigated in 
the present research. In this sense, Amani et al. 
[1], examining the virulence and resistance gene 
panels of the isolates, encountered some strains 
with a specifi c antimicrobial resistance pheno-
type lacking the corresponding resistance gene. 
 e authors also found the investigation of the 
virulence genes insuffi  cient to discriminate path-
ogenic from commensal strains [1]. Overall, due 
to discrepancy between the genotypic and phe-
notypic characteristics of phylogenetic groups of 
the examined 

E. coli isolates, further comparative studies on the 
resistance and virulence properties of the phy-

logenetic groups of E. coli isolates from ostrich 
and human, especially from larger sample sizes 
and diff erent geographical locations, are suggest-
ed.

In conclusion, the fi ndings of this study provid-
ed understanding of the resistance and virulence 
traits of the phylogenetic groups of E. coli isolates 
from ostrich and indicated that further genotyp-
ic and phenotypic analyses on these phylogroups 
are essential.
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ABSTRACT
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Purpose of the study:  is investigation aimed to assess the impact of trona on the cardiovascular risk mark-
ers and physio-biochemical profi les of rats administered graded dosages over 28 days. Five groups (n = 5) of 
rats—A, B, C, D, and E—were randomly assigned, with E acting as the control. For 28 days, rats in groups A, 
B, C, and D were administered trona at doses of 50, 100, 200, and 400 mg/kg, correspondingly. All over the 
investigation, distilled water was provided to the animals in the control group. We measured body weights, 
oxidative stress, hematology, hepatorenal profi les, somatic organs, fasting blood glucose (FBG) levels, and 
cardiovascular risk indices (CVRI). Findings: Rats administered 400 mg/kg had higher FBG levels (p < 0.05) 
than the control group. Group D showed decreases (p < 0.05) in erythrocytic indices, total protein level, and 
heart-body index with concurrent increases (p < 0.05) in total leucocyte counts (TLC) and creatinine levels 
in comparison to the control group. Rats in groups B, C, and D showed higher levels of catalase activity (p < 
0.05) compared to the control group. Rats given 100 mg/kg or above of trona showed increases (p < 0.05) in 
CVRI compared to controls. Conclusions:  ere were dose-dependent harmful eff ects on the erythrocytic 
indices, high exposure to T2DM (type-2 diabetes mellitus), and increased CVRI levels in rats dosed orally 
with ≥100 mg/kg trona for 28 days.
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Eff ects of trona on biochemical proĕ les in Wistar rats

Introduction  

In several parts of Nigeria, trona, an earth-
ly mineral, is utilized as an intrinsic food en-

hancer. [1]. It is traditionally known by diff erent 
names among various tribes in Nigeria. Kaun (Yoru-
ba in Southwest Nigeria; Igbos in Eastern Nigeria); 
‘Kanwa’ or ‘Karu’ (Hausa in Northern Nigeria); and 
‘Okanwa’ and ‘Ikoro’ (Igalas and Egbira, respectively, 
in the Middle Belt of Nigeria), [2].  ere is evidence 
of trona in the northern regions of Nigeria, especial-
ly in Kano and Maiduguri, as well as in neighboring 
countries like Niger and Chad [2]. Trona is erroneous-
ly called ‘potash’, although, in comparison to sodium, 
it has very small potassium [2,1]. Calcite makes up the 
majority of trona's chemical composition; the remain-
ing constituents are hanksite, halite, pirssonite, and 
borax [3]. According to [4], sodium sesquicarbonate 
is the primary ingredient in trona. Conventionally, the 
reddish white (20% sodium carbonate) and whitish 
(80% sodium carbonate) kinds of trona have diff erent 
make-ups when it comes to sodium salt. Trona (ses-
quicarbonate) is said to have sodium carbonate and 
sodium bicarbonate in an equal molar concentration 
[2]. As an intrinsically occurring food additive, tro-
na is mostly utilized to so en tough foods including 
skins, bones, beans, and maize. In the states of Edo 
and Delta, it is also explored in making a delicacy 
known as "owo." [2, 1]. It is used broadly in ethno-vet-
erinary practices for the treatment of skin diseases and 
digestive problems. Trona also serves as a salt lick and 
decoction for the treatment of reproductive ailments 
such as retained placenta [5].  e widespread use of 

Result
 e fi ndings of the metal content analysis of trona 

are displayed in Table 1. Heavy metals like iron, zinc, 
arsenic, cadmium, lead, and copper were also present, 
although sodium had the highest concentration.

Rats' acute toxicity to diff erent trona dosages is 
displayed in Table 2.  e behavioral reactions of the 
experimental rats did not exhibit any notable neg-
ative clinical eff ects. Rats administered trona orally 
at a dose of 5000 mg/kg for 24 hours did not exhibit 
any mortality. As a result, it is anticipated that trona's 
LD50 is greater than 5000 mg/kg.

 e eff ect of diff erent trona dosages on the fast-
ing blood glucose levels of rats on days 14 and 28 is 
depicted in Figure 1. When comparing the blood glu-
cose levels of rats exposed to diff erent dosages of trona 
on day 14 to day 28, there were no observable changes 
(p > 0.05). On both days 14 and 28, the rats in group D 
had signifi cantly higher fasting blood glucose levels (p 
< 0.01) (67.00 ± 5.24 and 73.25 ± 4.87) than the con-
trol group (49.00 ± 4.55 and 55.75 ± 3.90).  e eff ect of 
weekly graded doses of trona on rats' body weight and 
the relative organ-body weights of the liver, spleen, 
heart, and kidneys is depicted in Figures 2 and 3. Rats' 
mean body weights before trona administration (day 
zero) were markedly lower (p < 0.05) than their mean 
body weights on day 28 post-trona administration in 
all groups, and their body weights showed increasing 
trends overall. Relative weights of the kidney and liver 
of rats treated with trona did not markedly diff er (p > 
0.05) from those of the rats' control group. Rats given 
400 mg/kg (group D) of trona had a discernably lower 
relative heart weight (p < 0.05) than the control group.

Following oral treatment of trona for 28 days, the 
eff ects of diff erent dosages on the hematological pro-
fi les of rats are displayed in Table 3 and Figure 4. Rat 
mean PCV values in groups A, B, and C were notice-
ably higher (p < 0.05) than those of the control. When 
comparing the PCV levels of the rats in group D to the 
control, there was no discernible diff erence (p > 0.05). 
Rats in the trona-treated groups showed no apprecia-
ble diff erences (p >0.05) in their HbC when compared 
to the controls. When compared to the control, the 
RBC count of the rats in groups A, B, and C increased 

CVD: Cardiovascular disease
CVRI: Cardiovascular risk index
DLC: Diff erential leucocyte count
EDTA: Ethylenediaminetetraacetic acid
FBG: Fasting blood glucose
HbC: Haemoglobin Concentration
HDL-C: High-density lipoprotein cholesterol
LD50: Median lethal dose
LDL-C: Low-density cholesterol
LPH: Lipid hydroperoxide
LSD: Least signifi cant diff erent
MDA: Malondialdehyde
NOAEL: No observed adverse eff ect level
OECD: Organization of Economic Cooperation and Development
PCV: Packed cell volume
RBC: Red blood cell
SEM: Standard error of the mean
SPSS: Statistical Package for Social Science
T2DM: Type-2 diabetes mellitus
TAG: Triacylglycerols
TB: Total bilirubin
TC: Total cholesterol
TLC: Total leukocyte count

trona (sodium sesquicarbonate dihydrate) in Africa, 
especially Nigeria, as an essential culinary additive 
and its gross applications in ethno-veterinary prac-
tices without minding its impacts on the biological 
systems of the end users could expose them to high 
toxicity during prolonged usage.  e purpose of the 
study was to determine a safe dosage for trona to be 
administered sub-acutely orally for 28 days while also 
assessing the eff ects of the drug on the physio-bio-
chemical profi les of rats.

Abbreviations-Cont'd
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Table 1.
Metal contents analysis of tronaa

Concentrationb (%)Metal

0.008Potassium

0.150Sodium

0.012Calcium

0.233Lead (x 10-3)

1.104Iron (x 10-3)

0.189Copper (x 10-3)

1.430Zinc (x 10-3)

0.015Arsenic (x 10-3)

0.003Cadmium (x 10-3)
 Sodium sesquicarbonate ore
b Dry matter basis  

Table 2.
 e outcomes of a test on the acute toxicity of trona in rats  

ObservationMortality 
recordedNo of ratsTreatment

First phase

No visible signs of 
toxicityNil350 mg/kg

No visible signs of 
toxicityNil3300 mg/kg

No visible signs of 
toxicityNil32000 mg/kg

Second phase

No visible signs of 
toxicityNil35000 mg/kg

Visible signs of toxicity such as changes in gait, drowsiness, hyperexcitability, diarrhea, 
vomiting, and nose bleeding were watched out for during the acute toxicity test.

Figure 1. 
Fasting blood glucose 
levels of rats exposed 
to varying doses of tro-
na on days 14 and 28.
Results are shown as 
mean ± SEM (n = 5)

Figure 2. 
Mean weekly body 
weight of rats exposed
to varying doses of 
trona a er 28 days oral
administration. Re-
sults are shown as 
mean ± SEM (n = 5).



41

RESEARCH ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Ugwuanyi H. et al., IJVST 2024; Vol.16, No.4
DOI:10.22067/ijvst.2024.85999.1335

Eff ects of trona on biochemical proĕ les in Wistar rats

Figure 3. 
Mean relative or-
gan-body weight in-
dex of rat exposed to 
varying doses of trona 
a er 28 days oral ad-
ministration. Results 
are shown as mean ± 
SEM (n = 3).

Table 3.
Rats' hematological parameters following 28 days of oral trona treatment at diff erent doses

TLC (x 103 / µl)RBC (x 10 / µl)HbC (g /dl)PCV (%)Group

9.97 ±0.32a3.33 ± 0.18a18.62 ± 1.34ª45.50 ± 2.96aA (50 mg/kg)

10.27 ± 0.84ª3.25 ± 0.33ª16.72 ± 3.40ª47.50 ± 3.97ªB (100 mg/kg)

8.07 ± 0.52ª2.82 ± 0.20ª14.69 ± 1.15ª46.25 ± 3.47ªC (200 mg/kg)

13.07 ± 1.10c1.98 ± 0.5015.17 ± 1.55ª36.00 ± 3.11D (400 mg/kg)

6.80 ± 0.81b0.83 ± 0.2 8c15.00 ± 1.25ª38.25 ± 1.15E (Control)

The means ± SEM of the four groups is displayed. A one-way ANOVA was used, and post hoc LSD was applied. LSD stands for 
least significant difference. A different superscript letter (s) in the same column indicates a significant difference of p < 0.05 when 
comparing all the groups. PCV = Packed cell volume; HbC = Hemoglobin concentration; RBC = Red blood cell; TLC = Total 
leucocyte count. 

Figure 4. 
Mean absolute diff er-
ential leukocyte counts 
per of rat exposed to 
varying doses of trona 
a er 28 days oral ad-
ministration. Results 
are shown as mean ± 
SEM (n = 5).

signifi cantly (p = 0.000). Rats in group D had a sub-
stantially lower (p < 0.05) RBC count compared to 
rats in groups A, B, and C, but a markedly higher (p = 

0.001) RBC count when compared to the control. Rats 
in group D had a considerably higher TLC (p = 0.000) 
than rats in the control group.
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When compared to rats in groups C and control, 
the mean absolute lymphocyte count of rats in group 
D increased signifi cantly (p < 0.05). Rats in group 
D had signifi cantly higher mean absolute monocyte 
counts (p =0.000) than rats in groups A, C, and con-
trol. When comparing the mean eosinophil and neu-
trophil counts of rats in the trona-treated groups to 
the controls, there were no observable diff erences (p> 
0.05).

Following 28 days of oral dosing, Table 4 displays 
the eff ect of diff erent dosages of trona on biomarkers 
of hepatorenal function in rats. Comparing the ALT 
and ALP activities of the trona-treated groups to those 
of the control group revealed no marked changes (p 
> 0.05). When compared to the control, the rats in 
group A (50 mg/kg trona) had a signifi cant (p < 0.05) 
drop in their total bilirubin level. Rats treated with 
trona showed no appreciable diff erences (p > 0.05) in 
their blood urea nitrogen (BUN) and creatinine levels 
when compared to controls. When compared to the 
control, the total protein of the rats in group D was 

Table 4.
Rats given diff erent dosages of trona orally for 28 days and their hepatorenal profi les

Creatinine (mg/dl)BUN (mg/dl)    TBIL(mg/dl)TP (g /dl)ALP (IU/L)ALT (IU/L)Groups

2.18 ± 0.19ab60.50 ± 5.56ª0.56 ± 0.16a4.65 ± 0.16a29.25 ± 0.25ª8.00 ± 0.41aA (50 mg/kg)

1.88 ± 0.16a52.52 ± 4.56ª0.73 ± 0.10a5.13 ± 0.1028.50 ± 0.87ª8.75 ± 0.48ªB (100 mg/kg)

2.13 ± 0.17ab59.75 ± 4.64ª0.71 ± 0.12a5.25 ± 0.20c28.50 ± 0.50ª8.50 ± 0.29ªC (200 mg/kg)

2.45 ± 0.19bc68.50 ± 5.70ª1.14 ± 0.234.58 ± 0.27a28.75 ± 0.48ª8.50 ± 0.29ªD (400 mg/kg)

2.13 ± 0.22ab59.75 ± 6.14ª1.06 ± 0.175.75 ± 0.21c29.85 ± 0.48ª8.50 ± 0.29ªE (Control)

The means ± SEM of the four groups is displayed. A one-way ANOVA was used, and post hoc LSD was applied. LSD stands for least significant differ-
ence. A different superscript letter (s) in the same column indicates a significant difference of p < 0.05 when comparing all the groups. ALT= Alanine 
aminotransferase; ALP= Alkaline phosphatase; TP= Total protein; TBIL= Total bilirubin; BUN = Blood urea nitrogen. 

Figure 5. 
Eff ects of varying doses of trona on cardiovascular risk indices of rats a er 28 days sub-acute administration. Results are 
shown as mean ± SEM (n = 4). *AI signifi cant when compared with A, D, and control (p < 0.05). *CRI signifi cant when 
compared with A and control (p < 0.05). *CVRI signifi cant when compared with A and control (p < 0.05). AI = Atherogenic 
index; CRI = Coronary risk index; CVRI = Cardiovascular risk index.

substantially (p < 0.05) lower.
Table 5 displays the results of antioxidant enzyme 

activity and serum lipid peroxidation in rats given dif-
ferent dosages of trona orally for 28 days.

While the CAT activity of rats in groups B, C, 
and D increased signifi cantly (p < 0.05) when com-
pared with control and group A, there were no dis-
cernible changes (p > 0.05) in the activity of SOD in 
trona-treated groups compared with control. When 
compared to control and group D, the serum lip-
id peroxidation levels of rats in groups A, B, and C 
showed a marked decrease (p < 0.05).

Following 28 days of oral dosing, Table 6 displays 
the eff ects of diff erent dosages of trona on the serum 
lipid profi les of rats. No signifi cant changes (p > 0.05) 
were observed in triacylglycerols (TAG) or high-den-
sity lipoprotein cholesterol (HDL-C) when the tro-
na-treated rat group was compared to the control 
group. Rats in groups B, C, and D had substantially 
higher total cholesterol (TC) levels (p < 0.05) than the 
controls. Rats in groups B and C showed a marked (p 
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Table 5.
Serum lipid peroxidation and antioxidant enzyme activity of rats subjected to diff erent 
doses of trona orally for 28 days 

CAT (U/ml)SOD (U/ml)MDA (mg/ml)Group

3.92 ± 0.35a10.60 ± 0.28ª2.73 ± 0.41aA (50 mg/kg)

5.94 ± 0.5010.09 ± 0.51ª2.84 ± 0.34ªB (100 mg/kg)

5.71 ± 0.7810.83 ± 0.11ª3.64 ± 0.49ªC (200 mg/kg)

5.17 ± 0.1910.70 ± 0.22ª4.09 ± 0.49D (400 mg/kg)

4.48 ± 0.33a10.64 ± 0.28ª4.96 ± 0.23E (Control)
The means ± SEM of the four groups is displayed. A one-way ANOVA was used, and post hoc 
LSD was applied. LSD stands for least significant difference. A different superscript letter (s) in 
the same column indicates a significant difference of p < 0.05 when comparing all the groups. 
MDA= Malodialdehyde; SOD= Superoxide dismutase; CAT= Catalase.  

< 0.05) rise in their levels of low-density lipoprotein 
cholesterol (LDL-C) when compared to the control 
group. Following oral administration of trona for 28 
days, Figure 5 illustrates the eff ect of diff erent dosages 
on the atherogenic, coronary risk, and cardiovascular 
risk indices in rats. In comparison to the controls, the 
atherogenic index level was substantially (p < 0.05) 
elevated in rats in groups B (100 mg/kg) and C (200 
mg/kg). Rats in group B had a higher coronary risk 
index level (p < 0.05) than the control group. On the 
other hand, when compared to controls, rats admin-
istered trona at doses more than 100 mg/kg showed a 
substantial (p < 0.05) elevation in their cardiovascular 
risk index (CVRI).

Only following acute, subacute, and chronic tox-
icity testing is a food additive safe for human con-
sumption [1].  erefore, the purpose of this study was 
to assess how trona aff ected the physio-biochemical 
profi les of rats when it was administered orally over a 
short period.

High amounts of sodium and potassium are 
found in the metal analysis of trona (Table 1), but 
calcium and iron values are comparatively low.  ere 
was also zinc, cadmium, lead, copper, and arsenic. It 
has been determined that toxic metals pose a serious 
risk to human health, mostly due to their capacity to 
harm DNA and membranes as well as to interfere with 
the activity of enzymes and proteins [6].  e current 
study's fi ndings demonstrated that, although there is a 
possibility of bioaccumulation, the levels of metal pol-
lution, as measured against the FAO/WHO [7] stan-
dard, were below the upper limit that was permitted. 

 e acute toxicity investigation (Table 2) revealed 
no deaths and observable harm. Since there was no 
mortality at 5000 mg/kg, suggesting that it is reason-
ably safe for short-term exposure, the LD50 was not 

Discussion

determined. 
When comparing the FBG 

levels of rats in group D (400 mg/
kg) on days 14 and 28 to those of 
the control group, the results (Fig-
ure 1) show a substantial rise (p 
< 0.01). T2DM is a possibility for 
the rats given a 400 mg/kg dosage, 
based on their hyperglycemia. 
Following a carbohydrate-rich 
meal, T2DM is known for a per-
sistent rise in blood glucose [8].  
Figure 2 illustrates that the body 
weights of the rats in each group 
signifi cantly increased when com-
pared to their baseline weights. 

 is suggests that trona has no negative eff ect on the 
rats' body weight.  is is consistent with fi ndings from 
[9], who reported that trona had no negative eff ects on 
body weight or testicular shape. As seen in Figure 3, 
the heart-body weight index of rats in group D (400 
mg/kg) decreased signifi cantly (p < 0.05) in compari-
son to the control group.  is may be a sign of infl am-
mation in the heart caused by elevated salt levels from 
a high trona dosage. High sodium concentrations are 
associated with increased production of reactive oxy-
gen species in cardiac muscles, which is a signifi cant 
factor in the development of cardiovascular disease 
(CVD) [10].

 e results of this investigation clearly showed that 
trona damages erythrocytic parameters in a dose-de-
pendent manner (Table 3).  is could be because of a 
high rate of erythrocyte destruction that lowers PCV 
and RBC levels because of a rise in lead bioaccumula-
tion in bone marrow with increasing doses. Lead dis-
rupts the proper maturation of erythroid components 
in the bone marrow and is primarily found in bones 
in both humans and animals [11]. In the present in-
vestigation, we found higher TLC in rats dosed with 
400mg/kg of trona which was linked to both lympho-
cytosis and monocytosis in comparison to the control 
and other groups as shown in Table 3.  e monocyto-
sis observed in our study agrees with the previous re-
ports that monocyte recruitment is crucial in the host 
response to metabolic, atherogenic, and neoplastic 
stimuli, attributing to wound repair and fi brosis [12]. 
 e concurrent lymphocytosis and monocytosis ob-
served could be attributed to potentiation of B and T 
lymphocytes by interleukin secreted by monocytes as 
was demonstrated in previous reports [13]. 

Analysis of serum liver function enzymes in our 
present study (Table 4) showed that the dosage of tro-
na could not have any signifi cant eff ect on the activ-
ities of ALT and ALP suggestive of no hepatic tissue 
injury. However, the marked reduction in the total bil-
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irubin level of rats dosed with trona below 400 mg/kg 
suggests an enhanced glucuronidation process.  is is 
in line with previous studies that increased total bili-
rubin level above normal (0.3 to 0.8 mg/dl) could be 
a pointer to liver damage mostly in hepatocytes that 
aff ect the glucuronidation process and the presence 
of erythrocyte hemolysis [14].  Our study's fi ndings 
(Table 4) demonstrated that, in comparison to con-
trols, rats given 400 mg/kg trona had a signifi cantly 
lower level of total protein and an increased amount 
of creatinine.  is implies that rats given 400 mg/kg 
of trona may be susceptible to decreased renal func-
tion a er extended treatment.  is supports a previ-
ous study that found a higher blood creatinine level 
to be a diagnostic marker for a decline in glomerular 
fi ltration rate [15].

One important enzyme called catalase uses hy-
drogen peroxide, a nonradical ROS, as a substrate. It 
oversees neutralization through the breakdown of hy-
drogen peroxide, preserving the molecule at the opti-
mal amount in the cell, which is essential for signaling 
events within the cell [16].  e current study (Table 
5) showed elevated catalase activity in dose dose-de-
pendent manner with concurrent elevation of MDA 
level.  is suggests that an increase in the dosage of 
trona could lead to the suppression of the antioxidant 
systems with the consequential eff ect of an increase 
in lipid peroxidation.  is fi nding is consistent with 
previous reports that antioxidant enzyme activities 
are overwhelmed when the levels of MDA and LPH 
become enhanced [2]. 

Due to its correlation with the quantity of choles-
terol contained in lipoprotein, total serum cholesterol 
plays a crucial role in the development of cardiovascu-
lar disease (CVD) [17].  ere is a dearth of knowledge 
regarding trona’s eff ects on rats’ lipid profi les, hence 
this study is necessitated.  is current study (Table 
6) showed elevated total cholesterol in trona-treated 
rats with associated increased low-density lipoprotein 
cholesterol compared with control.  ere were no 
signifi cant eff ects on triglycerides and high-density 
lipoprotein cholesterol in trona-treated rats compared 
with control.  is implies that trona administration 
promotes LDL cholesterol oxidation by increasing to-
tal serum cholesterol, a hallmark in the development 
of atherosclerotic plaque. 

 e current investigation assessed the impact of 
trona administration on the experimental rats' lipid 
ratios (TC/HDL cholesterol, TG/HDL cholesterol, and 
LDL/HDL cholesterol). An eff ort is currently being 
made to maximize the predictive power of lipid pro-
fi les against the risk of atherogenicity, coronary heart 
disease (CHD), and cardiovascular disease (CVD) by 
evaluating lipid ratios, or cardiovascular risk indices 
[18]. Rats given 100 mg/kg trona showed signifi cantly 

higher levels of both the coronary risk index (CRI) 
and the atherogenic index (AI) when compared to the 
control group.  is suggests that trona (100 mg/kg) 
treatment in rats may increase the risk of coronary 
heart disease and atherosclerosis.  e LDL/HDL cho-
lesterol ratio takes AI into account [18]. Compared 
to separately used total cholesterol, LDL cholesterol, 
and HDL cholesterol of coronary heart disease, CRI 
is a more powerful coronary risk predictor [19]. In a 
similar vein, rats administered trona at doses greater 
than 100 mg/kg showed a signifi cant rise in their car-
diovascular risk index (CVRI) values relative to the 
control group, hence raising the risk of cardiovascular 
illness.  is implies that trona administration at doses 
greater than 100 mg/kg is associated with increasing 
levels of sd LDL cholesterol, a tiny and dense subclass 
of LDL cholesterol linked to cardiovascular risk. A 
signifi cant risk of cardiovascular disease is associated 
with elevated levels of sd LDL, a small and dense sub-
class of LDL, which is indicated by an elevated TG/
HDL cholesterol ratio [20].

It is also hypothesized that an increase in CVRI 
level is associated with hyperglycemia [21] which 
is in tandem with our fi nding as shown in Figure 1. 
 e present study reveals that T2DM observed in rats 
dosed 400 mg/kg trona serves as a predisposing fac-
tor to cardiovascular disease which agrees with pre-
vious reports that T2DM correlates positively with 
cardiovascular disease risk factors [22]. In summary, 
the present study has revealed that animals given high 
doses of trona 400 mg/kg might be at risk of T2DM, 
and a dose-dependent deleterious eff ect on the eryth-
rocytic indices. Our study also reveals that trona at 
100mg/kg and above when given to animals could 
raise their chances of developing myocardial infarc-
tion.  us, for this present study, the no observed ad-
verse eff ect level (NOAEL) dose for oral administra-
tion of trona in rats is estimated to be 50 mg/kg per 
day in 28-day sub-acute toxicity studies. Hence, cau-
tion has to be taken when consuming trona continu-
ously and indiscriminately due to its potential toxicity 
risk that is associated with cardiovascular disease. 

Accordingly, further investigations are recom-
mended for a better understanding of the dose-re-
sponse correlation of trona, the bioavailability of 
heavy metals content of trona in the body, and the 
toxicological eff ect of trona on other organs such as 
the brain and lungs over a long period based on the 
NOAEL dose (50 mg/kg).
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Ethical approval
 e EU Directive 2010/63/EU and the rules of the University of 

Nigeria, Nsukka's Animal Ethics Committee (UNEC/21/190304) 
were followed in the conduct of this study.  e Faculty of Veteri-
nary Medicine, University of Nigeria, Nsukka's Institutional An-
imal Care and Use Committee fi nally approved this study (FVM-
UNN-IACUC-202306108).

Materials
 e trona was bought at Ogige market in Nsukka LGA, Enugu 

State, Nigeria.  e trona was properly recognized by a geologist 
at the Department of Geology, University of Nigeria, Nsukka. It 
was then pulverized into powder form and properly stored in an 
airtight container for the study. 

Metal content analyses
Calcium, magnesium, sodium, potassium, zinc, iron, lead, 

cadmium, arsenic, and copper were analyzed using standard pro-
cedures (23, 24, 25).

Chemicals
 e assay kits for ALP, ALT, AST, ALP, total bilirubin, total 

protein, urea, and creatinine were provided by Randox Labora-
tories Ltd. (Antrim, United Kingdom). Additional kits for total 
cholesterol, triacylglycerols, high-density lipoprotein choles-ter-
ol (HDL-Chol), and low-density lipoprotein cholesterol (LDL- 
Chol) were also acquired from Randox Laboratories (Antrim, 
United Kingdom) as well as catalase (CAT), superoxide dismutase 
(SOD), and malondialdehyde (MDA) were also determined All 
chemicals utilized were of analytical grade.

Animals
 e Department of Zoology's Animal House provided male 

Wistar strain albino rats that were 5–6 weeks old.  ey were kept 
at the University of Nigeria, Nsukka's Laboratory Animal Unit of 
Veterinary Physiology and Pharmacology. During the two weeks 
of acclimatization, the animals were given commercially pre-
pared rat food and unlimited water. Because female rats' cycles 
are characterized by hormonal fl uctuations, this study used male 
rats instead of females to avoid inconsistent responses to the same 
stimuli. Adopted were the guidelines for the management of labo-
ratory animals [26].  e Institutional Animal Care and Use Com-
mittee (IACUC) of the Faculty of Veterinary Medicine, University 
of Nigeria, Nsukka, examined and ultimately accepted this study 
protocol with scientifi c reason (FVM-UNN-IACUC-202306108).

Acute toxicity study
Organization for Economic Cooperation and Development 

(OECD) guideline 423 [27] was used to determine the oral acute 
toxicity and median lethal dosage (LD50) of trona.  e investiga-
tion involved the use of twelve male Wistar rats, three of which 
were employed for testing at 50, 300, 2000, and the 5000 mg/kg 
limit, respectively. Clinical and behavioral signs of toxicity such as 
changes in gait, drowsiness, hyperexcitability, diarrhea, vomiting, 
and nose bleeding were checked out for during the acute toxicity 
test. With the LD50 shown to be greater than 5000 mg/kg, the oral 
dosages of 50 mg/kg, 100 mg/kg, 200 mg/kg, and 400 mg/kg were 
selected for the trona-treated groups.

Sub-acute toxicity studies
For the investigation, rats weighing between 110 and 135 g 

Materials and Methods were employed. Five groups (n = 5) consisting of A, B, C, D, and 
E, were randomly assigned to them, with E acting as the control.

For 28 days, the rats in groups A, B, C, and D received dai-
ly doses of trona of 50 mg/kg, 100 mg/kg, 200 mg/kg, and 400 
mg/kg, respectively. Rats in group E were given distilled water 
throughout the study. Body weights of the rats in the treatment 
groups and control group are taken at day one (zero) and 7-day 
intervals for 28 days using a Metler weighing balance.

Blood sample collection and animal sacriĕ ce
 e animals were allowed to fast the night before the experi-

ment concluded, and in the morning, blood samples were taken 
from the retrobulbar plexus of the median canthus of the eye and 
placed into sterile containers either with or without ethylenedi-
aminetetraacetic acid (EDTA) as an anticoagulant.  e serum 
utilized for the examination of lipid and hepatorenal function in-
dicators was separated from the blood in the sterile bottles by cen-
trifuging the mixture at 3000 g for 15 minutes. Blood was utilized 
for hematological analyses in EDTA sample vials. Following their 
euthanasia, three (3) rats from each group were slain by intraper-
itoneal injection of fi ve milligrams of xylazine (Kepro Holland) 
and ninety mg of ketamine hydrochloride (Laborate Pharmaceu-
tical, India) [28]. Following the animals' dissection, relevant or-
gans including the liver, spleen, heart, and kidney were removed 
and weighed for organosomatic research using a Metler weighing 
scale.

Fasting blood glucose level
On days 14 and 28 of the trial, a er an overnight fast, blood 

samples were taken through the tail.  e digital blood glucose 
monitor with microprocessor was fi lled with blood a er drops of 
blood were placed onto the dextrostix reagent pad. Data were then 
collected. On days 14 and 28 of the trial, all groups' FBG levels 
were measured.

Hematological analyses
 e hemocytometer method was used to determine the TLC 

and RBC whereas the microhematocrit method was used to calcu-
late PCV [29].  e stained blood fi lm was used to perform diff er-
ential leucocyte counts (DLC) [29], and Drabkin's reagent assay 
method was used to measure hemoglobin (Hb) content [30].

Serum biochemical analyses
Following the manufacturer's instructions, commercial kits 

from Randox® were used to analyze serum stored at 4 °C for liv-
er and kidney function biomarkers such as alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP), total bilirubin (TB), 
creatinine, blood urea nitrogen (BUN), and total proteins (TP). 
Utilizing Randox® kits, lipid profi les including total cholesterol 
(TC), triacylglycerols (TAG), low-density lipoprotein cholesterol 
(LDL-C), and high-density lipoprotein cholesterol (HDL-C) lev-
els were also assessed. Superoxide dismutase (SOD) and catalase 
(CAT) activities were measured using conventional techniques 
[31]. Using the spectrophotometric approach, the lipid peroxida-
tion biomarker malondialdehyde (MDA) was identifi ed following 
Ohkwa [32].

Organosomatic indices
Vital organs of interest, such as the spleen, heart, liver, and 

kidneys, were harvested, dissected, and weighed.
Organosomatic index = Weight of organ ÷ weight of animal 

X 100%

Cardiovascular risk indices
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Using the following formulas, cardiovascular risk indices, in-
cluding atherogenic index (AI), coronary risk index (CRI), and 
cardiovascular risk index (CVRI), were calculated: [33, 34].

AI (atherosclerotic index) = LDL/HDL cholesterol
TC divided by HDL cholesterol is the coronary risk index 

(CRI).
TAG divided by HDL cholesterol is the cardiovascular risk in-

dicator (CVRI).

Data analysis
With the use of SPSS version 23, the acquired data were ex-

amined using One-Way Analysis of Variance (ANOVA). To dis-
tinguish between the variant means, a least signifi cant diff erence 
(LSD) post hoc test was employed. It was determined that the 
probability level (p < 0.05) was signifi cant.  e means of the SEM 
are displayed in tabular and graphical style for the results.
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Introduction  

Hydatidosis, or echinococcosis, is a zoonot-
ic parasitic infection caused by the meta-

cestode stage of the tapeworm E. granulosus. In the 
life cycle of the parasite, adult cestodes reside in the 
intestines of carnivores from the Canidae family, 
releasing eggs through the feces of these defi nitive 
hosts. Intermediate hosts, including humans and 
herbivorous mammals, may inadvertently ingest 
these eggs through contact with contaminated food, 
water, or soil, leading to the development of the lar-
val stage (metacestode) within their tissues.  e 
larval stage results in hydatid cyst formation, which 
can have severe health consequences and may be fa-
tal if le  untreated [1-5]. 

Despite the range of treatment options avail-
able, surgery remains the preferred approach for 
managing human hydatidosis, especially in cases 
involving large, infected cysts or those located in 
critical organs. Surgical intervention provides a 
direct method for cyst removal, reducing the risk 
of complications and recurrence associated with 
untreated cysts. However, alternative therapeutic 
methods, such as PAIR and chemotherapy, are rec-
ommended for patients with multiple cysts aff ecting 
several organs or in cases where cysts are deemed 
inoperable.  e PAIR technique, a minimally in-
vasive approach, is eff ective in reducing cyst size 
and rupture risk, while chemotherapy with agents, 
such as albendazole and mebendazole, targets par-
asite viability, complementing other interventions 
for non-surgical cases or to prevent recurrence [6]. 
 e use of eff ective scolicidal agents during surgical 
intervention is crucial to mitigate the risk of sec-
ondary infection caused by the accidental release of 
protoscoleces from hydatid cysts. An ideal scolicid-
al compound should possess high parasiticidal effi  -
cacy while minimizing potential adverse eff ects on 
the host tissue. A variety of compounds have been 
explored for their scolicidal properties, including 
formalin, 10% polyvinylpyrrolidone-iodine, 3% 
hydrogen peroxide, mannitol, 20% silver nitrate, 
95% ethyl alcohol, hypertonic glucose, a combina-
tion of 1.5% cetrimide with 0.15% chlorhexidine, 
and 20% saline solution. Each of these agents off ers 
varying degrees of eff ectiveness and safety, provid-
ing options tailored to specifi c surgical contexts in 
hydatidosis treatment [7-14]. While many scoli-
cidal agents have demonstrated eff ectiveness, sev-
eral compounds, including ethanol (70%–90%), 
cetrimide (0.5%), silver nitrate, and hypertonic sa-
line (15%–20%), have been discontinued in clinical 
practice due to toxicity concerns and undesirable 

side eff ects [7-9, 12, 14]. 
 e limitations and safety issues associated with 

these conventional agents highlight the urgent need 
for alternative scolicidal solutions. Herbal extracts 
have emerged as promising candidates, off ering 
potential advantages, such as cost-eff ectiveness, ac-
cessibility, and a lower incidence of adverse eff ects. 
 erefore, expanding research into plant-based 
scolicidal agents represents a crucial step toward 
developing safer and more eff ective treatments, ul-
timately reducing the disease burden on both hu-
man and animal health.

L. salicaria, commonly referred to as purple 
loosestrife, is a perennial herbaceous plant of the 
Lythraceae family, native to regions across Europe, 
North Africa, and Asia. In Iran, multiple Lythrum 
species grow abundantly, particularly in wetland 
areas adjacent to streams. L. salicaria has a long 
history of use in traditional medicine, primarily 
for managing gastrointestinal disorders, such as 
diarrhea and dysentery. Its extract is also utilized 
topically to treat infl ammatory conditions, such as 
eye infl ammation, sinusitis, varicose veins, hemor-
rhoids, menorrhagia, hemorrhages, leucorrhoea, 
and ulcers. Beyond these applications, L. salicaria 
has been recognized for its eff ectiveness in urogeni-
tal infl ammation, rheumatism, rabies, fever, benign 
prostatic hyperplasia, pruritus, dermatitis, and ec-
zema.  e phytochemical profi le of L. salicaria re-
veals a rich array of bioactive compounds, predom-
inantly polyphenolic constituents, such as tannins, 
fl avonoids, anthocyanins, catechins, phenolic acids, 
and coumarins. In addition, various secondary me-
tabolites have been identifi ed, including steroids, 
triterpenes, phthalates, and alkaloids.  is diverse 
phytochemical composition supports the plant's 
wide-ranging therapeutic applications, highlight-
ing its potential as a valuable source of natural com-
pounds for medicinal use [15-17].

L. europaeus, commonly known as bugleweed, 
gypsywort, bitter bugle, or water horehound, is an 
herbaceous perennial plant in the Lamiaceae fam-
ily, native to Europe and Western Asia, including 
Iran. Traditionally, L. europaeus has been employed 
in herbal medicine for mild hypothyroidism and 
alleviating minor nervous disorders. Recent studies 
have further substantiated its medicinal potential, 
highlighting analgesic, antitussive, and anti-infl am-
matory properties, alongside its anti-thyrotropic 
and anti-gonadotropic eff ects. Additional pharma-
cological benefi ts include cardiotonic, antioxidant, 
and antimicrobial activities, which underscore its 
therapeutic versatility. Although the health benefi ts 
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of L. europaeus are attributed to its complex phyto-
chemical profi le, not all bioactive constituents have 
been fully elucidated. Phytochemical investigations 
have identifi ed a range of active compounds, in-
cluding terpenoids, various phenolic compounds 
(such as phenolic acids, fl avonoids, coumarins, and 
tannins), as well as alkaloids, glycosides, saponins, 
and sterols.  ese constituents collectively contrib-
ute to the plant’s pharmacological eff ects, support-
ing its traditional and contemporary medicinal ap-
plications [18-25].

To date, the protoscolicidal potential of extracts 
from L. salicaria and L. europaeus has not been in-
vestigated.  is study aimed to evaluate whether 
extracts from these plants exhibit protoscolicidal 
eff ects against E. granulosus protoscoleces in an in 
vitro setting, with the objective of identifying novel 
natural protoscolicidal agents. If eff ective protoscol-
icidal activity be demonstrated, subsequent studies 
would focus on isolating and characterizing active 
constituents, elucidating the mechanisms of action 
and exploring structure-activity relationships to in-
form further development. Promising in vitro fi nd-
ings would also support the need for in vivo effi  cacy 
and safety assessments, essential for future consid-
eration in clinical applications.

 e protoscolicidal activity of L. salicaria and 
L. europaeus extracts was evaluated against E. gran-
ulosus protoscoleces at the concentrations of 125, 
250, and 500 mg/mL, with exposure times ranging 
from 1 to 30 minutes (Table 1). Statistical analysis 

demonstrated signifi cant scolicidal activity for both 
plant extracts (p < 0.01), with mortality rates exhib-
iting dose- and time-dependent characteristics.

At 125 mg/mL, both extracts exhibited pro-
toscolicidal activity, with L. salicaria consistently 
outperforming L. europaeus at all the time points. 
A er 1 min, L. salicaria demonstrated 83.87% ac-
tivity compared to 55.82% for L. europaeus. At 5 
min, the activity of L. salicaria increased slightly 
to 84.49%, while L. europaeus improved to 59.84%. 
By 10 min, the activity of L. salicaria rose to 85.5%, 
signifi cantly higher than the 63.47% observed for 
L. europaeus.  is trend persisted at 20 min, with 
L. salicaria reaching 88.73% activity versus 64.43% 
for L. europaeus. A er 30 min, L. salicaria retained 
superior activity at 89.68%, compared to 69.14% for 
L. europaeus.

Both L. salicaria and L. europaeus displayed 
protoscolicidal activity at the concentration of 250 
mg/mL, but L. salicaria was more eff ective in killing 
protoscolices compared to L. europaeus. Following 
a 1-min exposure, L. salicaria exhibited an 85.87% 
protoscolicidal activity, while L. europaeus showed 
a lower effi  cacy of 69.1%.  e diff erence in effi  ca-
cy between the two plants became less prominent 
with increasing the exposure time. A er 5 min of 
exposure, L. salicaria had a protoscolicidal activity 
of 87.24%, whereas L. europaeus had a lower effi  -
cacy of 83.27%. A er 10 min of exposure, L. sali-
caria showed a protoscolicidal activity of 90.44%, 
which was signifi cantly higher than L. europaeus 
with 87.41% protoscolicidal activity. Similarly, a er 
20 min of exposure, L. salicaria had a protoscoli-
cidal activity of 93.68%, while L. europaeus showed 
88.95% protoscolicidal activity. A er a 30-min ex-

Table 1.
Protoscolicidal eff ect of the methanolic extract of Lythrum salicaria and Lycopus  europaeus at 
the diff erent concentrations following various exposure times

Protoscolicidal activity (%)

30 min20 min10 min5 min1 min
Concen-
tration 
(mg/ml)

Plant

89.68fg88.73g85.5i84.49j83.87jk125

L. salicaria 95.16d93.68e90.44f87.24h85.87i250

100a100a96.86bc93.5e90.35f500

69.14l64.43m63.47m59.84n55.82o125

L. europaeus 95.98cd88.95g87.41h83.27k69.1l250

100a100a100a97.45b95.35d500

Values with the same letter have no significant difference. 

posure period, L. euro-
paeus demonstrated a 
protoscolicidal activity of 
95.98%, while L. salicaria 
showed 95.16% activity. 
Despite the absence of 
statistical signifi cance in 
the protoscolicidal activ-
ity diff erence between L. 
salicaria and L. europae-
us at this concentration 
and exposure time, the 
result contradicts pre-
vious fi ndings at lower 
concentrations and ex-
posure times where L. 
salicaria exhibited great-
er eff ectiveness.
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Table 2.
Analysis of variance for the factors infl uencing protoscoleces mortality 
of  Echinococcus granulosus, including the concentration of the extract, 
plant type, and exposure time individually and through interactions

Sign. FMSDFEff ect

**1826.822561Plant

**3949.187832Concentration

**366.2268154Time

**1367.989032Plant × Concentration

**31.5877354Plant × Time

**27.908438Concentration × Time

**27.3203558Plant × Concentration × Time

0.20833333360Residual

162.997356989Total

**: P < 0.01

Discussion
Over the past few decades, there has been sig-

nifi cant interest in researching natural scolicid-
al compounds with favorable safety profi les and 
without adverse eff ects.  is interest stems from 
the necessity for eff ective and safer alternatives to 
conventional scolicidal agents in treating parasitic 
infections. For instance, Moazeni and Nazer (2010) 
evaluated the protoscolicidal effi  cacy of methano-
lic extract derived from Allium sativum.  eir re-
sults showed that at the concentrations of 25 and 
50 mg/mL, the extract completely killed protoscol-
eces a er 60 and 10 min of application, respective-
ly. Similarly, Moazeni et al. (2012) investigated the 
scolicidal eff ects of Rhus coriaria and Zataria multi-
Ę ora methanolic extracts at varying concentrations 
and exposure times. Another study by Zibaei et al. 
(2012) reported that the hydroalcoholic extract of 
Satureja khuzestanica leaves demonstrated greater 
scolicidal activity than the aqueous extract of Olea 
europaea leaves. Furthermore, Taran et al. (2013) 
examined the scolicidal activity of Hymenocarter 

longiĘ orus methanolic extract against 
the metacestode of E. granulosus and 
found it to be a potent scolicidal agent. 
Baqer et al. (2014) investigated the scol-
icidal eff ect of Zingiber offi  cinale ethan-
olic extract and observed that the con-
centrations of 50, 100, and 150 mg/mL 
resulted in the complete killing of pro-
toscoleces a er 120, 90, and 60 min, re-
spectively. Moreover, Mahmoudvand et 
al. (2014) demonstrated that the meth-
anolic root extract of Berberis vulgaris 
at the concentrations of 2 and 5 mg/mL 
killed all protoscoleces a er 10 min of 
exposure. However, the scolicidal eff ect 
of the methanolic extracts of Ocimum 
bacilicum and Allium cepa was found 
to be insuffi  cient in a study by Haghani 
(2014). Abdel-Baki et al. (2016) investi-

At 250 mg/mL, the effi  cacy of both extracts 
improved, though L. salicaria continued to show 
higher protoscolicidal activity at shorter expo-
sure times. A er 1 min, L. salicaria demonstrat-
ed 85.87% activity, while L. europaeus exhibited 
69.1%.  e effi  cacy gap narrowed with longer ex-
posure, with the activities of 87.24% for L. salicaria 
and 83.27% for L. europaeus at 5 min. By 10 min, 
L. salicaria reached 90.44% activity, slightly exceed-
ing the 87.41% observed for L. europaeus. A er 20 
min, the activities increased to 93.68% for L. sali-
caria and 88.95% for L. europaeus. At 30 min, L. 
europaeus surpassed L. salicaria, with the activities 
of 95.98% and 95.16%, respectively.  is reversal 
suggests that relative effi  cacies may shi  at higher 
concentrations and longer exposure times.

At 500 mg/mL, L. europaeus displayed greater 
protoscolicidal activity, reversing the trend seen 
at lower concentrations. A er 1 min, L. europae-
us achieved 95.35% activity compared to 90.35% 
for L. salicaria. By 5 min, L. europaeus improved 
to 97.45%, while L. salicaria reached 93.5%. At 10 
min, L. europaeus achieved 100% activity, whereas 
L. salicaria lagged at 96.86%, only reaching 100% 
activity a er 20 min of exposure.

Table 2 highlights that extract concentration, 
plant type, and exposure time signifi cantly infl u-
enced protoscoleces mortality, both individually 
and through interactions. Among these, concentra-
tion had the largest mean square value, making it 
the most critical factor, followed by plant type and 
exposure time.  e two-way interaction between 
concentration and plant type produced the highest 

mean square value among the interactions, indi-
cating that the effi  cacy of the extracts was strong-
ly infl uenced by their concentration and botanical 
source. Interactions between concentration and 
time, and plant type and time, were also signifi cant, 
albeit with smaller mean square values.  e three-
way interaction had the smallest mean square value 
but was still highly signifi cant, refl ecting a com-
bined eff ect of all three factors.



53

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Nikpay A.. et al., IJVST 2024; Vol.16, No.4
DOI:1010.22067/ijvst.2024.86720.1347

Using Lycopus europaeus and Lythrum salicaria extracts against 
Echinococcus granulosus

gated the scolicidal activity of Salvadora persica root 
extract and reported the highest scolicidal eff ect at 
the concentrations of 30 mg/mL a er 30 min, and 
50 mg/mL a er 20 and 30 min of exposure, respec-
tively [26-34]. 

Screening the medicinal plants with estab-
lished antimicrobial properties represents a logical 
approach to discovering novel natural scolicidal 
agents. Previous research has validated the anti-
microbial effi  cacy of L. salicaria and L. europaeus 
extracts [16, 21, 22, 25], though their potential scol-
icidal activity had yet to be investigated.  erefore, 
this study aimed to assess the in vitro protoscolicid-
al potential of methanolic extracts from L. salicaria 
and L. europaeus against E. granulosus protoscolec-
es. 

It has been shown that the scolicidal eff ect of 
herbal extracts is both dose- and time-dependent. 
Increasing the concentration of the extracts while 
maintaining a constant incubation time, has been 
reported to increase the mortality rate of protoscol-
eces. Similarly, prolonged exposure to each concen-
tration has resulted in a signifi cant increase in the 
scolicidal activity of the extracts. As a result, it can 
be deduced that raising the extract concentration 
along with prolonging the application time will re-
sult in more potent scolicidal eff ects.

 e diff erence in effi  cacy between the two plant 
extracts was particularly pronounced during short-
er exposure durations, specifi cally at 1 and 5 min. 
However, this distinction became less signifi cant 
as the exposure time increased to 20 and 30 min. 
Furthermore, when tested at a concentration of 125 
mg/mL, both plant extracts demonstrated reduced 
scolicidal activity. Conversely, at higher concentra-
tions of 250 and 500 mg/mL, both extracts exhibit-
ed more potent scolicidal activity. 

According to the fi ndings, compounds in the L. 
salicaria extract likely exhibit more rapid onset of 
action against the parasite as well as a more potent 
overall eff ect, achieving markedly higher protoscol-
icidal activity than L. europaeus at a concentration 
of 125 mg/mL and all exposure times tested. In 
contrast, L. europaeus showed a faster initial rate 
of action but consistently lower activity at all time 
points, indicating weaker protoscolicidal eff ects at 
this concentration. At the concentration of 250 mg/
mL, the diff erences in protoscolicidal activity be-
tween the two extracts were less pronounced but 
L. salicaria still demonstrated consistently stron-
ger eff ects at all time points tested except a er 30 
min, where L. europaeus exhibited 95.98% activity 

compared to 95.16% for L. salicaria.  ese fi ndings 
indicated that at a concentration of 250 mg/mL and 
longer exposure times, L. europaeus can achieve 
comparable or slightly higher protoscolicidal activi-
ty compared to L. salicaria, as the diff erences in ac-
tivity between the two extracts were diminished at 
250 mg/mL a er 30 min. Interestingly, the relative 
effi  cacies of the two extracts reversed at 500 mg/mL, 
and L. europaeus demonstrated signifi cantly higher 
protoscolicidal activity than L. salicaria, achieving 
near-complete inhibition more rapidly.  is result 
suggests that compounds in L. europaeus may act 
faster against the parasite and/or exhibit greater 
overall potency at a concentration of 500 mg/mL. 

In this experiment, the concentration of the ex-
tract emerged as the most infl uential factor in deter-
mining mortality rates, with plant type and exposure 
time following in importance.  e dose-response 
profi les of the two plant extracts were signifi cantly 
diff erent, with L. salicaria demonstrating more po-
tent eff ects at lower concentrations and L. europaeus 
displaying greater activity at higher concentrations. 
Notably, L. salicaria exhibited time-independent 
kinetics, reaching maximum activity within similar 
timeframes across all tested concentrations, in con-
trast to L. europaeus.  ese fi ndings highlight the 
importance of optimizing the dosage and duration 
of exposure to the herbal extracts when considering 
their potential use as scolicidal agents.  e under-
lying reasons for these varying concentration-eff ect 
relationships remain incompletely understood and 
necessitate further investigation into the specifi c ac-
tive components present in each extract.

In traditional medicine, it is a common practice 
to use the mixtures or extracts of plants as herbal 
medicines instead of isolated compounds.  is ap-
proach is based on the understanding that plant 
extracts contain a complex mixture of bioactive 
molecules that may act synergistically to produce 
more potent therapeutic eff ects than those obtained 
using isolated compounds alone. Furthermore, us-
ing plant extracts rather than isolates can mitigate 
the risk of drug resistance because multiple bioac-
tive agents act simultaneously and target diff erent 
pathogenic mechanisms.  erefore, it is not sur-
prising that the methanolic extracts of L. salicaria 
and L. europaeus demonstrated strong scolicidal 
activity as the extract contains a diverse mixture of 
active components that may collectively disrupt the 
viability and integrity of the parasite (Lila, 2014; Ra-
soanaivo et al., 2011). 

 e active components found in L. salicaria and 
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L. europaeus extracts, particularly phenolics, and 
terpenes, have been extensively studied and shown 
to possess antibacterial, antifungal, and antipara-
sitic properties. For example, luteolin-7-O-glucu-
ronide and rosmarinic acid have all demonstrated 
antibacterial activity in several investigations [25, 
35-37]. On the other hand, certain terpenes, such as 
eugenol, α-terpinene, terpinolene, caryophyllene, 
and α-pinene have all exhibited potent protoscoli-
cidal activity [33, 38, 39].  ese bioactive molecules 
can interfere with the growth, replication, or meta-
bolic activity of microorganisms or parasites, lead-
ing to their destruction or inhibition.  erefore, it 
is likely that the presence of these compounds in 
L. salicaria and L. europaeus extracts contributes to 
their observed protoscolicidal eff ects [40, 41]. 

While further research is necessary to identify 
and isolate the bioactive components responsible 
for the observed scolicidal activity, the results of 
this study suggest that these two plants possess po-
tent scolicidal properties. Consequently, they have 
the potential to be utilized in the development of 
new scolicidal agents for application in hydatid cyst 
surgery or the PAIR technique. Further research is 
required to elucidate the mechanisms underlying 
this activity and identify the specifi c active compo-
nents responsible.

Conclusion
 is study demonstrated that the methanolic 

extracts of L. salicaria and L. europaeus exhibited 
signifi cant protoscolicidal activity against E. gran-
ulosus protoscoleces in a dose- and time-depen-
dent manner. At lower concentrations, L. salicaria 
consistently showed higher effi  cacy, while at higher 
concentrations, L. europaeus surpassed L. salicaria 
in activity.  e interaction between concentration 
and plant type signifi cantly infl uenced the mortal-
ity rate, with concentration emerging as the most 
critical determinant.

 ese fi ndings highlight the potential of both 
plant extracts as natural scolicidal agents, off ering 
promising alternatives to conventional chemical 
treatments for hydatid disease. Further investiga-
tion into their active components and in vivo ap-
plications is essential for their potential clinical use.

Collection of protoscoleces
Sheep livers and lungs containing hydatid cysts were 

collected from a slaughterhouse (Amol abattoir) and were 
brought to the Parasitology Lab at the Veterinary School of 
Amol University of Special Modern Technologies.  e sur-
face of the hydatid cysts was washed with sterile 0.9% NaCl 
solution (normal saline), and the protoscoleces-containing 
hydatid fl uid was aspirated using a 50 mL syringe and was 
placed into a sterile conical urine glass. A er settling for 
30 min, the protoscoleces sank to the bottom.  e super-
natant was carefully discarded, and the protoscoleces were 
twice washed with normal saline.  e vitality of the har-
vested protoscoleces was checked under an ordinary light 
microscope, and the number of protoscoleces was adjusted 
to 3×103 in 1 mL of normal saline with a minimum viabili-
ty rate of 95%.  e protoscoleces were subsequently trans-
ferred to a 50 mL Falcon centrifuge tube containing sterile 
0.9% NaCl solution and stored at 4°C for future use [32]. 

Viability test
To measure the percentage of viable protoscoleces, the 

eosin exclusion test was employed. To measure the per-
centage of viable protoscoleces, the eosin exclusion test was 
employed. Briefl y, the eosin exclusion test was conducted 
by mixing equal parts of 0.1% (W/V) eosin stain solution 
and protoscolex. Dead protoscoleces absorbed the stain 
and turned red a er approximately 10 min, while live pro-
toscoleces remained colorless (Figures 1 and 2). Viability of 
the protoscoleces was additionally confi rmed through ob-
serving the fl ame cell activity and body movement [42, 43].

Preparation of plant extracts
In 2022, the aerial parts of L. salicaria and L. europaeus 

were collected from Amol and transported to the Faculty 
of Medicinal Plants at Amol University of Special Modern 
Technologies.  e plant materials were washed, air-dried, 
and homogenized into a uniform particle size at room 
temperature before extraction.  e samples were then 
suspended in 80% methanol (v/v) and vortexed for 5 min. 
Next, the mixtures were placed in an ultrasonic bath (El-
masonic S40H, 340 W, 37 kHz) at 30°C and sonicated for 
1 h. Finally, the extracts were dried using a vacuum rotary 
evaporator in a water bath set at 40°C.  e resulting dried 
samples were weighed, transferred into microtubes, and 
kept at 4°C until use [42, 43]. 

Scolicidal activity
To determine the protoscolicidal activity of the meth-

anolic extracts of L. salicaria and L. europaeus, three con-
centrations (125, 250, and 500 mg/mL) were tested. In each 
experiment, 1 mL of each concentration was placed in test 
tubes, and 1 ml of the protoscolex mixture was added to 
the tubes and gently mixed.  e tubes were then incubated 
at 37°C for 1, 5, 10, 20, and 30 min. Following incubation, 
the upper part of the solution was removed with a pipette, 
and the sediment was washed twice with 2 mL of normal 
saline. Next, the supernatant was discarded, and the sedi-

Materials and Methods



55

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Nikpay A.. et al., IJVST 2024; Vol.16, No.4
DOI:1010.22067/ijvst.2024.86720.1347

Using Lycopus europaeus and Lythrum salicaria extracts against 
Echinococcus granulosus

Figure 1. 
A comparison of live and dead protoscolex stained with 0.1% eosin.  e green arrow points to a live protoscolex, while the red arrow 
indicates a dead one.

Figure 2. 
In the negative control group, untreated living protoscoleces were stained with 0.1% eosin (A). In the positive control group, dye pen-
etration was observed in dead protoscoleces a er staining with 0.1% eosin (B).

ment was treated with 2 mL of 0.1% eosin stain solution. 
A er 10 min, one drop of the sedimented protoscoleces 
was smeared on a glass slide, covered with a cover glass, 
and examined under a light microscope.  e protoscolicid-
al eff ect of each treatment was determined by counting 500 
protoscoleces. In addition, hypertonic and normal saline 
solutions were used as positive and negative controls, re-
spectively (Figure 2).

Statistical analysis
All experiments were performed in triplicates, and the 

data were analyzed using the analysis of variance (ANO-
VA). Signifi cant diff erences between the means at p < 0.01 
were determined by the Duncan's test using SPSS so ware 
version 16 (SPSS Inc., USA).
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 e powder derived from human placenta (HP) was successfully used in regenerative medicine. 
 e purpose of this study was to fabricate powder from the human placenta and evaluate it by 
histological analysis, scanning electron microscopy, and X-ray diff raction.  e placenta was decel-
lularized chemically and then lyophilized by a lyophilizer (FTS Systems Bulk Freeze Dryer Model 
8–54) for 24 hours at -56 °C and 5 mm Hg until they were totally dried.  e assessment used 
histological analysis, Scanning Electron Microscopy, and x-ray diff raction.  e hematoxylin and 
eosin stain demonstrated that cellular populations and nuclear residues were totally absent from 
HP tissue.  e freeze-drying process of preparing acellular human placenta powder resulted in 
structures that are made up of highly interconnected, open networks of pores.  e particle size 
mean diameter was approximately ranging from a minimum of 89.44 µm to a maximum of 172.82 
µm, and the pore sizes ranged between 44.28 µm and 81.40 µm. Using conventional diff raction 
database cards, the X-ray diff raction analysis of acellular human placenta powder demonstrated 
the existence of the constituent organic and inorganic components. It was discovered that the 
presence of semi-crystalline or amorphous organic components, such as chondroitin sulfate, col-
lagen, and hyaluronic acid.  e study concluded from the structural powder that it can be used in 
regeneration treatments such as treating the spinal cord in animals.
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Biomedical Scaff old from Humen Placenta

The human placenta is an easily accessible, 
aff ordable, and morally acceptable source 

of raw material because it is a transient important 
organ that is o en disposed of as medical waste. 
Apart from its accessibility, the placenta has other 
advantageous biological characteristics that are 
intrinsic to the healing process, such as angiogen-
ic capabilities [1,27], anti-infl ammatory proper-
ties [2], antibiotic use [3], antifi brotic [4,29], and 
immunomodulatory [5] with low immunoge-
nicity [6,29]. Placental tissues feature a special 
extracellular matrix (ECM) with remarkable me-
chanical and structural characteristics, including 
tensile strength, stiff ness, and elasticity, which 
complement the desired biological traits [7,17]. 
As mentioned in the preceding section, the extra-
cellular matrix's (ECM) composition diff ers de-
pending on the source. Placental-derived bioma-
terials with living cells, in addition to the ability 
to function through paracrine pathways, have the 
above-described qualities[8,33]. 

 e cells found in placental-derived bioma-
terials facilitate the release of trophic factors, 
which aids in tissue repair [9,34] and immuno-
modulation [10]. Furthermore, placental-derived 
biomaterials' growth factors and cytokines pro-
mote anti-infl ammatory and antibacterial ac-
tivities [11,35].  ere are several ways to make 
placental-derived biomaterials, such as using the 
umbilical cord. (including umbilical cord blood, 
umbilical cord tissue, and Wharton's jelly), the 
amniotic sac (including amnion and chorion), 
amniotic fl uid, or a combination of these sources 
[12].  is produces a great deal of biomaterials 
but also adds a great deal of variety.  e com-
positions of diff erent sources vary. For example, 
the extracellular matrix (ECM) of the amniot-
ic membrane is rich in collagen and includes a 
range of bioactive ECM components, including 
glycosaminoglycans, fi bronectin, laminin, and 
elastin [13]. While Wharton’s Jelly is a mucoid 
connective tissue composed of a network of gly-
coprotein microfi brils and collagen fi brils [14,30]. 
Furthermore, studies have demonstrated that the 
immunomodulatory qualities vary on the source 
[15,31]. Even when comparing biomaterials from 
the same source, there is variation both between 
and within the donors. [16,32].  e objective of 
the present study was to prepare a powder from 
the human placenta and evaluate it using X-ray 
diff raction and scanning electron microscopy. 
X-ray diff raction (XRD) was used to study the 
powdered acellular human placenta in more de-
tail.  e Joint Committee on Powder Diff raction 
Standards (JCPDS) maintained the Powder Dif-

fraction File (PDF-2) from the International Center 
for Diff raction Data, where standard diff raction data 
were compared to the XRD patterns.

 e acellular human placenta powder contained 
a variety of organic and inorganic elements, as shown 
by the analysis of the detected peaks.  e following 
elements were specifi cally identifi ed as the causes of 
the peaks:

1. PDF#83-1494 (Chondroitin Sulfate)
2. PDF#50-2241 (Collagen)
3. JCPDS#09-0432 (Hyaluronic Acid)

Abrupt and powerful peaks were seen at 2θ = 
7.97°, 11.57°, and 19.13° when certain semi-crystal-
line or amorphous organic components, such as hy-
aluronic acid (HA), collagen (Col), and chondroitin 
sulfate (CS), were present.

 e results of the XRD analysis confi rmed that 
the main extracellular matrix (ECM) components, 
including collagen, hyaluronic acid, and chondroi-
tin sulfate, were present in the decellularized human 
placenta powder. Understanding the structural and 
compositional properties of the acellular placental 
scaff olds is important since they may be used in a 
wide range of tissue engineering and regenerative 
medicine applications. 

Histological examination was performed in or-
der to evaluate the impact of employing chemical 
agents in decellularization human placenta (HP). 
Specifi cally, hematoxylin and eosin staining was used 
for confi rmation of the decellularization process is il-
lustrated in (Fig. 1 A & B).  e staining demonstrat-
ed that cellular populations and nuclear residues was 
totally absent from HP tissue.

One important parameter that can have a big in-
fl uence on how well biological implants work is the 
pore width of tissue engineering scaff olds.  e po-
rous design of these scaff olds is o en the result of wa-
ter evaporating during the lyophilization (freeze-dry-
ing) process, which can lead to the fragmentation of 
the scaff old's interior particles.

Examination of prepared scaff olds was done by 
Scanning Electron Microscopy (SEM) revealed dif-
ferences in particle size and pore size in the bios-
caff olds, acellular human placenta powder that was 
prepared by freeze dry method gave rise to struc-
tures that are consisted of open networks of pores 
with a high degree of interconnection, the particle 
size mean diameter was approximately ranging from 
minimum of 89.44 μm to maximum of 172.82 μm 
(Fig. 2 A), and pore sizes that ranged between 44.28 
μm and 81.40 μm (Fig. 2 B).

 e mean pore size has a crucial role in the dis-
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Figure 1.
(A) In the native human placenta shows cell nuclei o en arranged in isogen-
ic groups, and evenly distributed in the ECM. (black arrows) (B) Decellular-
ized HP complete loss of cellularity (H&E X200).

A

B

tribution of nutrients and removal of waste 
materials from scaff olds used in tissue en-
gineering.  e ability of cells to migrate 
toward the center of the construct may 
be restricted by too-small holes, which 
may obstruct these essential processes. 
However, the precise relationship between 
scaff old pore size and cell activity remains 
unclear. [20]

Similar results on the porosity struc-
ture of scaff olds made by freeze-drying 
have been reported in several prior stud-
ies. [21]  e morphological structure 
of urinary bladder powder obtained by 
freeze-drying is characterized by large in-
terconnected pores in the range of 20 to 
100 μm.  is pore size range seems to be 
suitable for certain applications, such as 
long-size peripheral axon regeneration, 
which requires pores ranging from 200 to 
750 μm, or even up to the millimeter scale. 
In contrast, smaller pores (20-70 μm) may 
be more appropriate for the ingrowth and 
extension of long peripheral axons.

Interestingly, scaff olds with pore di-
ameters around 100 μm have been pro-
posed to be more suitable for neuronal re-
generation, depending on the source of the 
biomaterial [22]. However, according to a 
study by Hausner et al. 2006, Schwann cells 
transplanted on fi brin-coated polyure-
thane scaff olds with a uniaxially-oriented 
pore structure that is, with 2 μm hole walls 
and 75 × 750 μm elongated pores showed 
a signifi cant amount of peripheral axon re-
generation [23].

Figure 2.
SEM micrograph the structural morphology of the prepared bioscaff olds shows (A&B) acellular human placenta powder 
produced by lyophilization.

A B
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chorion allogra s:  erapeutic potential for so  tissue repair 
and regeneration. Vasc. Cell. 2014; 1:6:10. Doi:10.1186/2045-
824X-6-10.

2-Mao Y, John N, Protzman NM, Kuehn A, Long D, Sivalenka   R,   
Junka RA,  Gosiewska A, Hariri RJ,  Brigido SA. A decellu-
larized fl owable placental connective tissue matrix supports 
the cellular functions of human tenocytes in vitro. J. Exp. Or-
thop. 2022; 9: 69. Doi:10.1186/s40634-022-00509-4. 

3-Niknejad H,  Peirovi H,  Jorjani M,  Ahmadiani A, Ghanavi 
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Additionally, parallel studies [24, 28] have shown 
that increasing the groove width from 50 to 200 μm in 
poly(dimethyl siloxane) scaff olds coated with essen-
tial proteins like poly-L-lysine and laminin can im-
prove axon regeneration.

In summary, the pore size and architecture of tis-
sue engineering scaff olds play a critical role in facil-
itating cell infi ltration, nutrient/waste exchange, and 
ultimately, the desired tissue regeneration outcomes. 
 e optimal pore size can vary depending on the spe-
cifi c application and the source of the biomaterial, 
highlighting the importance of carefully designing 
and characterizing scaff old properties to achieve the 
desired biological performance.

 e standard diff raction database cards (PDF-2) 
from the International Center for Diff raction Data 
were compared to the X-ray diff raction (XRD) exam-
ination of the acellular human placenta powder. Dif-
fraction peak analysis revealed that the placenta scaf-
fold includes several signifi cant organic and inorganic 
components. Specifi cally, the abrupt and exceptional-
ly potent peaks at 2θ = 7.97°, 11.57°, and 19.13° were 
accounted for by the presence of semi-crystalline 
or amorphous organic materials, namely chondroi-
tin sulfate (CS), hyaluronic acid (HA), and collagen 
(Col). Several previous studies have strongly support-
ed these results. [25].

Scanning techniques such as X-ray diff raction 
(XRD) provide valuable insights into the crystalline 
phase and unit cell dimensions of the scaff old materi-
als, making them ideal for the characterization of tis-
sue engineering scaff olds. In the case of the acellular 
human placenta powder, the XRD analysis confi rmed 
the presence of signifi cant extracellular matrix (ECM) 
components, including collagen, laminin, fi bronectin, 
proteoglycans, and elastin.

 e process of removing cells from scaff old tis-
sue while preserving the extracellular matrix (ECM) 
structure is known as decellularization. It may be 
transported physically or chemically.  is extracel-
lular matrix (ECM) provides a three-dimensional 
framework for nerve regeneration and other tissue 
engineering applications [26].

ECM components such as collagen, chondroitin 
sulfate, and hyaluronic acid need to be identifi ed by 
XRD analysis. Within the scaff old, these chemicals 
are crucial for maintaining cell adhesion, encouraging 
structural support, and enabling cellular communica-
tion and diff erentiation. To keep the scaff old bioactive 
and suitable for use in tissue engineering applications, 
some crucial extracellular matrix elements must be 
preserved throughout the decellularization process.

In summary, the XRD analysis of the powdered, 
acellular human placenta provided crucial informa-
tion on the presence and composition of the scaff old's 
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 e World Health Organization (WHO) reports that human taeniasis is a neglected tropical dis-
ease. It has a worldwide distribution, even in developed countries.  ree species of Taenia (Tania 
saginata, Taenia solium, and Taenia asiatica) can infect humans.  e defi nitive hosts are humans, 
while intermediate hosts are cattle or pigs. Consuming raw or undercooked beef can lead to Taenia 
saginata taeniasis, while the primary source of infection for T. asiatica and T. solium is raw or un-
dercooked pork. Taenia saginata taeniasis is the most prevalent in Islamic countries such as Iran, 
in which pork consumption is very low. It has been reported that human taeniasis has a prevalence 
between 0.0028% to 3% in Iran. Little is known about the molecular characterization of T. saginata 
in Iran. In this study, T. saginata was diagnosed based on its morphological and molecular char-
acteristics.  is is the fi rst report on the molecular defi nition of Taenia saginata from Sistan and 
Baluchestan, Iran.
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Taeniasis from Sistan and Baluchestan, Iran

According to the World Health Organi-
zation (WHO), human taeniasis is a 

neglected tropical disease.  e disease is globally 
distributed, even in developed countries [1]. Tae-
nia saginata is the most prevalent species of tape-
worm worldwide [1].

 e epidemiology of taeniasis is associated 
with cultural practices, such as consuming un-
dercooked meat or eating organs of intermediate 
hosts infected with viable metacestodes[1].

Humans can be aff ected by three species of 
Taenia: (Taenia solium, Taenia asiatica, and Ta-
nia saginata).  e consumption of raw or under-
cooked beef can lead to Tania saginata taeniasis 
in humans, while the primary source of infection 
for T. asiatica and T. solium is raw or undercooked 
pork.  e only defi nitive hosts are humans, while 
intermediate hosts are cattle or pigs[1]. 

Although T. saginata cannot use humans as 
intermediate hosts, T. solium can cause neurocys-
ticercosis in humans. Human taeniasis caused by 
T. saginata has been reported in diff erent parts 
of Iran, including Mazandaran, Guilan, Goles-
tan, Tehran, Alborz, Khorasan-e-Razavi, Ardabil, 
Esfahan, Fars, and Ilam provinces in the form of 
case reports or original studies[2-5]. 

According to previous research, human tae-
niasis has a prevalence between 0.0028% and 3% 
in Iran [6, 7].

 is study employed morphological and 
molecular techniques to identify Taenia spp. in a 
human specimen from Sistan-and-Baluchestan, 
Zabol.

A man aged 46 visited the doctor with com-
plaints of chronic abdominal pain, fl atulence, and 
dyschezia. He reported passing Taenia proglottids 
in his feces. He worked as a government employ-
ee and sometimes slaughtered a calf for personal 
use. However, he stated that he had never eaten 
raw beef. It is possible that he ingested contam-
inated material while handling the carcass and 
touching his mouth.  e patient was treated with 
praziquantel and, a er three months, showed no 
symptoms, with no evidence of eggs/proglottids 
in the stool sample.

Morphological examination
 e proglottids were sent to the parasitolo-

gy laboratory for morphological analysis.  To do 
this, the specimens were pressed between two 
microscope slides and stained with the acid car-
mine method [8]. Under the microscope, mor-
phological characteristics such as the number of 

uterine branches were carefully examined[9].

Molecular Analysis
Cytochrome c oxidase subunit I (coxI genes) of 

mitochondrial DNA has been used to study genetic 
structures in taeniid cestodes.  e coxI gene shows 
genetic diversity among taeniid cestodes, including 
E.granulosus, T.taeniaeformis, and T.saginata [10]. 

 e DNA was extracted using the DNA Blood 
& Tissue kit (MBST, Tehran, Iran) according to the 
manufacturer's protocol.

 e DNA sample was then subjected to PCR 
amplifi cation of the mitochondrial cytochrome c 
oxidase (cox1) genes using specifi c primers : (cox1 
F=5`-CATGGAATAATAATGATTTTC-3`) and 
(cox1 R =5`-ACAGTACACACAATTTTAAC-3`) as 
mentioned by Anantaphruti [11].  e total reaction 
volume for PCR was 25 µl, which contained 12.5 µl 
of 2X Master mix, 1 µl of each primer (10µM), 2 µl 
of template DNA (approximately 100 ng), and 8.5 µl 
dH2O.

 e PCR procedure consisted of 38 cycles with 
the following steps: initial denaturation for 5 minutes 
at 94°C, followed by denaturation for 30 seconds at 
94°C, annealing for 45 seconds at 50°C, and exten-
sion for 45 seconds at 72°C. Finally, there was a step 
of fi nal extension for 10 minutes. Each PCR reaction 
included distilled water as a negative control and 
Taenia DNA as a positive control. A er the proce-
dure, the PCR products were electrophoresed on a 
1.5% agarose gel in 0.5× Tris–borate–EDTA buff er 
and stained with CyberSafe.  e PCR product was 
purifi ed and sequenced using the Sanger method 
(Pishgam). 

A phylogenetic tree was created using the CoxI 
gene and a representative selection of available se-
quences from GenBank.  e maximum-likelihood 
method in MEGA was used for this, along with the 
Tamura-Nei model of nucleotide substitution and 
1,000 bootstrap replications.  e mitochondrial 
coxI gene sequence of Echinococcus multilocularis 
(NC000928) was used as an outgroup for phyloge-
netic analysis.

Morphological characteristics, such as the num-
ber of uterine branches, were examined micro-
scopically.  e specimen was identifi ed as T. sag-
inata, because it had over 16 uterine branches (Fig 
1).  e PCR analysis revealed a PCR with a length 
above 1200 bp (Fig.1).  e amplicon was sequenced 
and then registered under the accession number 
OR889487 in GenBank. Upon sequence analysis, it 
was found that the amplicon had 100% identity to T. 
saginata strains registered in GenBank under the fol-
lowing accession numbers: MT074050 (Cambodia), 
MW750280 (South Korea), AB533173, AB465239, 
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Figure 1.
A) Unstained Taenia B) Carmine acid stained proglottid of Taenia. C: Gel electropho-
resis of 924 bp targeting the cox1 fragment of Taenia saginata using PCR.

AB465235 ( ailand). 
 e nucleotide sequence ob-

tained in this study exhibited 99.9% 
similarity to the T.saginata sequence 
data registered under accession 
numbers:  MN452862 (China) and 
AB107245 ( ailand) and 99.8% 
identity to the T. saginata sequence 
data registered under accession num-
bers: MK644930-MK644934 (South 
Korea), AB984351, AB533172 (Chi-
na), AB465244(Japan), AB107244 
( ailand), AB107242 ( Belgium), 
AB107240 (Indonesia: Bali), 
AB107238 (Ecuador). Despite the 
diff erence in the nucleotide se-
quence, the translated amino acid 
sequence had 100% similarity with 
the abovementioned records.

Based on phylogenic analysis, 
the CoxI sequence retrieved from 
this study clustered with the T. sagi-
nata cox I gene, distinct from T. soli-
um and T. sciatica (Fig2). 

 e diagnosis was T. saginata 
despite the similarity of the lateral 
branches of the uterus in T. asiatica 
and T. saginata.  is is because T. asiatica infection is 
primarily caused by consuming pork and boar meat 
or internal organs, which are not consumed in Mus-
lim countries like Iran, where this study was conduct-
ed[12].

Humans with T.saginata taeniasis may be asymp-
tomatic or experience symptoms such as digestive 
issues, itching of the anus, bloating, abdominal pain 
and discomfort, mild diarrhea, and weight loss.

In developing countries, human taeniasis is a sig-
nifi cant public health problem that is usually diag-
nosed by observing eggs or gravid proglottids in the 
stool.

Taenia eggs cannot be used to distinguish between 
Taenia species. However, stained gravid proglottids 
can be used to diff erentiate between T. saginata and 
T. solium taeniasis. However, since pork consumption 
is very low in Iran, it can be assumed that most cases 
reported based on Taenia eggs are T. saginata[12].

Identifying Taenia species by morphological char-
acteristics, such as the number of uterine branches in 
gravid proglottids, is challenging and requires consid-
erable experience [13, 14]. In a fresh sample of gravid 
proglottid, proper staining should reveal a clear and 
sharp uterine structure.

Southeast Asian countries have reported T. asi-
atica, which has a similar morphology to T.saginata. 
However, pork consumption is very low in Islamic 

countries; its presence is also unlikely.
 e fi nal host, intermediate host, and environ-

ment infl uence human taeniasis transmission and 
spread.  e spread of taeniasis in humans caused by 
T. saginata is linked to certain factors, such as con-
suming raw or undercooked beef, the health status of 
people, and proper management of municipal waste-
water.

Various full articles and case reports [2] have doc-
umented cases of human taeniasis caused by T. sagi-
nata in Iran. Additionally, there have been reports of 
appendicitis caused by this parasite [5]. However, the 
genotype of T. saginata detected in Iranian patients is 
poorly understood.

Despite the morphological similarity between 
T.saginata and T.asiatica, the nucleotide sequence of 
the two showed a signifi cant diff erence in compari-
son. Anantaphruti et al. conducted a study in  ai-
land that sequenced a partial region of the cox1 gene 
(924 bp) and identifi ed 14 haplotypes among T. sag-
inata isolates.  e most common haplotype was A, 
followed by B.  e study concluded that the sequence 
obtained from T. saginata in this research is similar to 
haplotype A[11]. 

Managing T.saginata human taeniasis requires a 
comprehensive approach that includes better health 
education, improved sanitation, enhanced beef in-
spection, accurate diagnosis, eff ective treatment, and 



69

Case ReportIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

khoshsima shahraki M. et al., IJVST 2024; Vol.16, No.4
DOI:10.22067/ijvst.2024.89986.1426

Taeniasis from Sistan and Baluchestan, Iran

ConĘ icts of Interest 
We have no confl icts of interest re-

lated to this work.

M. K. S. collected the sample, E.E. 
supervised the laboratory tests and 
wrote the original dra , M.A.D., and 
J.K. performed laboratory tests, and 
S.N. edited the manuscript.

Authors' Contributions  

1. Kusolsuk T, Chaisiri K, Poodeepiyasawad 
A, Sa-Nguankiat S, Homsuwan N, Yanag-
ida T, et al. Risk factors and prevalence of 
taeniasis among the Karen people of  a 
Song Yang District, Tak Province,  ai-
land. Parasite. 2021;28.Doi: 10.1051/para-
site/2021041.

2. Moazeni M, Khamesipour F, Anyona 
DN, Dida GO. Epidemiology of taenio-
sis, cysticercosis and trichinellosis in Iran: 
A systematic review. Zoonoses public 
health. 2018; 66(1):140-54. Doi:10.1111/
zph.12547.

3. Akhlaghi L, Shamseddin J, Meamar A, 
Razmjou E, Oormazdi H. Frequency of in-
testinal parasites in Tehran. Iranian J Para-
sitol. 2009;4(2):44-7.

4. Garedaghi Y. A Case Report of Taenia sag-
inata Infection in a 23-Year-Old Man Liv-
ing in Parsabad Moghan Area in Ardabil 
Province, Iran. Int J Med Parasitol Epide-
miol Sci. 2021;2(4):107-9.Doi: 10.34172/
ijmpes.2021.28.

5. Hafezi-Ahmadi M, Seifmanesh H. Taeni-
asis caused appendicitis without local ten-
derness: a rare case. Hospital Chronicles. 
2011;6(4):207-9.

References

close monitoring of taeniasis cases. It is important 
to remember that greater consumption of illegally 
slaughtered beef could result in a rise in human tae-
niasis cases.

Figure 2.
 e phylogenetic tree was drawn based on cox1 sequences of Taenia se-
quence in this study and retrieved representative sequences from Gen-
Bank.  e phylogenic tree was inferred using the Maximum Likelihood 
method and the Tamura-Nei model. Evolutionary analyses were conduct-
ed in MEGA11.

Acknowledgements 
No funding was received for this study.

6. Nasiri V, Esmailnia K, Karim G, Nasir M, Akhavan O. In-
testinal parasitic infections among inhabitants of Karaj City, 
Tehran province, Iran in 2006-2008. Korean J Parasitol. 
2009;47(3):265.Doi: 10.3347/kjp.2009.47.3.265.

7. Neghab M, Moosavi S, Moemenbellah-Fard M. Prevalence 
of intestinal parasitic infections among catering staff  of 
students canteens at Shiraz, southern Iran. Pak J Biol Sci. 
2006;9(14):2699-703. Doi: 10.3923/pjbs.2006.2699.2703.

8. Muller R. Worms and human disease 2nd edition. CABI; 
2002.



70

Case Report IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

khoshsima shahraki M. et al., IJVST 2024; Vol.16, No.4
DOI:10.22067/ijvst.2024.89986.1426

Taeniasis from Sistan and Baluchestan, Iran

9. Askari Z, Ruehli F, Bouwman A, Shariati V, Naddaf SR, 
Otranto D, et al. Genomic palaeoparasitology traced the oc-
currence of Taenia asiatica in ancient Iran (Sassanid Empire, 
2th cent. CE–6th cent. CE). Scientifi c Reports. 2022;12(1):1-
9. Doi: 10.1038/s41598-022-10690-2.

10. Gasser RB, Chilton NB. Characterization of taeniid cestode 
species by PCR-RFLP of ITS2 ribosomal DNA. Acta Tropica. 
1995;59(1):31-40. Doi: 10.1016/0001-706X(94)00085-F.

11. Anantaphruti M,  aenkham U, Kusolsuk T, Maipanich W, 
Saguankiat S, Pubampen S, et al. Genetic variation and popu-
lation genetics of Taenia saginata in north and northeast  ai-
land in relation to Taenia asiatica. J Parasitol Res. 2013;2013.
Doi: 10.1155/2013/310605.

12. Murrell K. Epidemiology of taeniosis and cysticercosis. 
WHO/FAO/OIE Guidelines for the surveillance, pre-
vention, and control of taeniosis/cysticercosis World 
Health Organisation for Animal Health (OIE), Paris. 
2005:27-43.

13. Kia E, Masoud J, Yalda A, Mahmoudi M, Farahani H. 
Study on human taeniasis by administring anti-taenia 
drug. Iran J Public Health. 2005;34(4):47-50.

14. Garcia LS. Diagnostic medical parasitology. Manu-
al of commercial methods in clinical microbiology. 
2001:274-305.

  COPYRIGHTS
  ©2024  e author(s).  is is an open access article distributed under the terms of the 
  Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, 
  and reproduction in any medium, as long as the original authors and source are cited. No 
  permission is required from the authors or the publishers.

 How to cite this article 
khoshsima shahraki M, Ebrahimzadeh E, Abolhasani Darounkola M, Khedri J, Nourollahifard S . Taeniasis, a neglected tropical dis-
ease, from Sistan and Baluchestan, Iran. Iran J Vet Sci Technol. 2024; 16(4):66-70.
DOI: https://doi.org/10.22067/ijvst.2024.89986.1426
URL:https://ijvst.um.ac.ir/article_45972.html



Abstracts (in Persian)

Iranian Journal of Veterinary
Science and Technology

Received: 
Accepted a er revision: 
Published online: 

71

   چكيده

واژگان كليدى

Kaveh Aski A. et al., IJVST 2024; Vol.16, No.4
DOI: 10.22067/ijvst.2024.88431.1388

Humeral fracture in pigeon

Abstract in Persian

ارزيابى مقايسه اى استفاده از پين اشتايمن و پين ساخته شده از پلى متيل متاكريلات در 
شكستگى تجربى در استخوان بازو در مدل كبوتر 

عليرضا كاوه اسكى١ ، محمد مهدى مولايى*٢، اميد آذرى*٣، رضا خيرانديش٤، داريوش وثوق٢ 

2024-Jun-22

2024- Oct-20
2024- Oct-12

١ دانشجوى دكتراى تخصصى جراحى دامپزشكى، دانشكده دامپزشكى، دانشگاه شهيد باهنر كرمان، كرمان، ايران.
٢ گروه علوم درمانگاهى، دانشكده دامپزشكى، دانشگاه شهيد باهنر كرمان، كرمان، ايران.

٣ گروه جراحى و راديولوژى ، دانشكده دامپزشكى، دانشگاه تهران، تهران، ايران.
٤ گروه پاتوبيولوژى، دانشكده دامپزشكى، دانشگاه شهيد باهنر كرمان، كرمان، ايران.

مشكلات ارتوپدى پرندگان، به ويژه شكستگى ها، به دليل آناتومى اسكلتى منحصر به فرد پرندگان، چالش هاى مهمى را ايجاد مى كند. 
استخوان هاى آنها، از جمله استخوان بازو ، اغلب نوماتيك (پر از هوا) و شكننده هستند و مديريت شكستگى را پيچيده مى كند. روش هاى 
سنتى مانند پين هاى بين مدولارى (پين هاى IM) و پليت ها راه حل هايى را ارائه مى دهند اما محدوديت هايى دارند. اين مطالعه كارايى 
دو نوع پين را براى تثبيت شكستگى استخوان بازو در كبوتر بررسى كرد: پين هاى Steinman (كه معمولاً در ارتوپدى دامپزشكى استفاده 
مى شود) و پين هاى ساخته شده از پلى متيل متاكريلات (PMMA). اين مطالعه شامل ايجاد شكستگى هاى كنترل شده در استخوان بازو 
تعداد سى كبوتر بالغ جوان بود. سپس اين شكستگى ها با پين هاى Steinman يا پين هاى PMMA تثبيت شدند. معاينات راديوگرافى 
و تجزيه و تحليل هيستوپاتولوژى در هفته هاى ٢، ٤ و ٦ پس از جراحى براى ارزيابى پيشرفت ترميم استخوان در هر دو گروه انجام شد. 
يافته ها نتايج درمانى قابل مقايسه اى را بين دو نوع پين نشان داد. اين نشان مى دهد كه پين هاى PMMA مى توانند جايگزين مناسبى 
براى تثبيت شكستگى ها در پرندگان باشند، و مزيت بيشترى را ارائه مى دهند كه آنها را از جراحى دوم براى برداشتن پين صرف نظر مى كند.

* نويسندگان مسئول: محمد مهدى مولايى و اميد آذرى
molaei_mm@uk.ac.ir 

     omid.azari@ut.ac.ir 

ارتوپدى، سيمان استخوان، پرنده، بال  
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مطالعه اثرات هيستوپاتولوژى امواج الكترومغناطيس (EMF) بر روى غده تيروئيد در رت

معصومه اخگر ماريان١، احمد رضا راجى٢*، محسن ملكى٣، مرتضى كفايى رضوى٤

2023-Mar-10

2024- Aug- 30
2024- Aug-21

١ كارشناسى ارشد بافت شناسى ، گروه علوم پايه دانشكده دامپزشكى دانشگاه فردوسى مشهد، مشهد، ايران.
٢ گروه علوم پايه، دانشكده دامپزشكى دانشگاه فردوسى مشهد، مشهد، ايران.

٣ گروه پاتوبيولوژى، دانشكده دامپزشكى دانشگاه فردوسى مشهد، مشهد، ايران.
٤ گروه مهندسى پزشكى، دانشكده برق و مهندسى پزشكى، دانشگاه سجاد، مشهد، ايران.

منابع  از  برخى  باشد.  مى  مهم  بسيار  انسان  سلامتى  و   (EMF) الكترومغناطيسى  ميدان  معرض  در  گرفتن  قرار  بين  رابطه 
اشعه  ايكس،  اشعه   ،MRI دستگاه  مايكروويو،  بلوتوث،   ،(Wi-Fi) سيم  بى  روترهاى  كامپيوتر،  همراه،  تلفن  از  عبارتند   EMF رايج 
تابش  نوع  هر  هدف  است  ممكن  و  هاست  اندام  ترين  حياتى  و  ترين  معرض  در  از  يكى  تيروئيد  غده  بنفش.   ماوراء  اشعه  و  گاما 
كرديم.  بررسى  را  رت  تيروئيد  غده  بر   (EMF) الكترومغناطيسى  ميدان  هيستوپاتولوژيك  اثرات  ما  بنابراين،  باشد.  الكترومغناطيسى 
در اين تحقيق از ٣٥ رت  نزاد ويستارسالم استفاده شد.  حيوانات به پنج گروه تقسيم شدند و سپس همه حيوانات به مدت ٧٠ روز 
CO بيهوش شدند. 

2
هر روز به مدت ٠، ١٥، ٦٠، ١٢٠، ١٨٠ دقيقه در معرض فركانس ٢١٠٠ مگاهرتز(4G)  قرار گرفتند. حيوانات با 

نمونه هاى از غده تيروئيد تهيه و با هماتوكسيلين و ائوزين (H&E) و ماسون ترى كروم رنگ آميزى شدند. مطالعات استريولوژيكى بر 
تيروئيد،  P ˂ 0.05)  در قطر فوليكول هاى  EMF، كاهش معنى دارى(  از قرار گرفتن در معرض  انجام شد. پس  كاوالير  اصل  اساس 
داشتند ثبت  قرار  امواج  تابش  به مدت ٣ ساعت تحت  در گروهى كه  تيروئيد  بافت پوششى فوليكول ها و حجم فوليكول هاى  ارتفاع  
شد. مطالعه ما نشان داد كه در گروه هاى ٢ و ٣ ساعت اثرات آسيب بافتى شامل فوليكول هاى متراكم با كاهش كلوئيد، احتقان و 
گسترش بافت همبند در فضاى بينابينى مشاهده شد. علاوه بر آن تشكيل اجسام آپوپتوز در داخل  فوليكول ها و همچنين  سلول هاى 
فوليكولى با هسته هاى متراكم در غده تيروئيد رت ها ى كه به مدت ٣ ساعت تحت تابش امواج EMF(4G)  قرار گرفتند مشاهده گرديد.
 در نهايت به اين نتيجه رسيديم كه قرار گرفتن در معرض براى بيش از ٢ ساعت به مدت ٧٠ روز متوالى داراى اثرات هيستوپاتولوژيك 

و استريولوژيك در بافت تيروئيد در رت مى باشد.

* نويسنده مسئول: احمدرضا راجى
rajireza@um.ac.ir 

هيستوپاتولوژى، امواج الكترمغناطيس، غده تيروئيد  
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Abstract in Persian

خصوصيات ژنوتيپى و فنوتيپى گروه هاى فيلوژنى جدايه هاى اشرشياكلى از شترمرغ ها در 
ايران

محمد صادق عدالتيان دوم١،  ابوالفضل غنى ئى٢*، مجيد جمشيديان مجاور٣، عمادالدين توحيدى٤

١ دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران.
٢ گروه علوم درمانگاهى، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران.

٣ موسسه تحقيقات واكسن و سرم سازى رازى، مشهد، ايران.
٤ بخش بيوتكنولوژى، گروه پاتوبيولوژى، دانشكده دامپزشكى، دانشگاه شيراز، ايران.

افزايش مصرف آنتى بيوتيك ها در صنعت شترمرغ مى تواند منجر به ظهور سويه هاى حاد باكتريايى مقاوم به آنتى بيوتيك شده كه 
قابل انتقال به انسان باشند. اين مطالعه تلاش دارد كه خصوصيات ژنوتيپى و فنوتيپى گروه هاى فيلوژنى جدايه هاى اشرشياكلى از 

شترمرغ را بررسى و پتانسيل خطر بهداشتى آن ها را آشكار سازد. ١٢٩ جدايه تائيد شده اى كولاى كه همزيست (٤٤) و پاتوژن (٨٥) 
احتمالى مى باشند از گله هاى شترمرغ مشهد، شمال شرقى ايران، به روش PCR چهارتايى كلرمونت طبقه بندى فيلوژنى شدند. 

پروفايل فيلوژنى جدايه ها با توجه به حساسيت آنتى ميكروبى و پروفايل ژن هاى مقاومت و حدت ارزيابى مقايسه اى گرديد. نتايج 
نشان داد كه بيشتر جدايه هاى هر دو گروه همزيست و پاتوژن احتمالى متعلق به فيلوگروه A (به ترتيب ٨١/٣١ درصد و ٩٤/٣٢ 

 .(p ≥ 0.05) بيشترين بود B2 (به ترتيب ٣٦/٣٦ درصد و ٧٦/٣١ درصد) بودند. مقاومت نسبت به چند دارو در فيلوگروه B1 درصد) و
فيلوگروه B1 كه معمولا شامل سويه هاى همزيست مى باشد، برخلاف B2، كمترين درصد جدايه هايى را نشان داد كه فاقد ژن هاى 
حدت ( p ≥ 0.05 ) و مقاومت (p ≥ 0.05) بودند. يافته هاى اين مطالعه افق ادراكى ما را از خصوصيات ژنوتيپى و فنوتيپى گروه هاى 

فيلوژنى جدايه هاى اشرشياكلى از شترمرغ را گسترش و همچنين يك مغايرت پيچيده بين هر دو خصوصيت را نشان داد. بنابراين 
مطلوب است مطالعات جامع و مقايسه اى بيشترى بر روى جدايه هاى اشرشياكلى از شترمرغ و انسان در مطالعات آينده انجام گيرد.

* نويسنده مسئول: ابوالفضل غنى ئى
rajireza@um.ac.ir 
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Abstract in Persian

روشى سبز براى مبارزه با اكينوكوكوس گرانولوزوس: بررسى اثرات اسكول كشى عصاره 
هاى ليكوپوس يوروپيوس و ليتروم ساليكاريا

على نيك پى١، محمود كيانى٢، مجتبى رنجبر٣

2024-Sep-23

2024- Nov-31
2024-Nov-30

١ گروه پاتوبيولوژى، دانشكده دامپزشكى، دانشگاه تخصصى فناورى هاى نوين آمل، آمل، ايران.

٢ گروه علوم كشاورزى، دانشكده گياهان دارويى، دانشگاه تخصصى فناورى هاى نوين آمل، آمل، ايران.
٣ گروه زيست فناورى ميكروبى، دانشكده زيست فناورى، دانشگاه تخصصى فناورى هاى نوين آمل، آمل، ايران.

هاى   پروتواسكولكس  روى  بر  را  يوروپيوس  ليكوپوس  و  ساليكاريا  ليتروم  متانولى  عصاره  كشى  اسكولكس  فعاليت  مطالعه  اين 
اكينوكوكوس گرانولوزوس با استفاده از استخراج به كمك اولتراسوند ارزيابى كرد. پروتوسكولكس هاى جدا شده از كبد و ريه گوسفند 
به مدت ١، ١٠، ٢٠ و ٣٠ دقيقه در معرض غلظت هاى ١٢٥، ٢٥٠ و ٥٠٠ ميلى گرم در ميلى ليتر قرار گرفتند. هر دو گياه فعاليت 
بر  ميلى گرم   ٢٥٠ و   ١٢٥) پايين تر  غلظت هاى  در  دادند.  نشان  زمان  و  دوز  به  وابسته  صورت  به  را  توجهى  قابل  كشى  اسكولكس 
غلظت  در  اثربخشى  در  تفاوت  اگرچه  داشت،  يوروپيوس  ليكوپوس  به  نسبت  بيشترى  اثر  كلى  طور  به  ساليكاريا  ليتروم  ميلى ليتر)، 
غلظت ٥٠٠  در  ساليكاريا  ليتروم  عصاره  با  مقايسه  در  يوروپيوس  ليكوپوس  عصاره  مقابل،  در  بود.  بارزتر  ميلى ليتر  بر  ميلى گرم   ١٢٥
ميزان مرگ  بر  را  تأثير  بيشترين  بررسى شده، غلظت  پارامترهاى  ميان  در  نشان داد.  از خود  فعاليت قوى ترى  ميلى ليتر  بر  ميلى گرم 
غلظت  بين  متقابل  اثر  قرار گرفتند..  بعدى  هاى  رده  در  گرفتن  قرار  معرض  در  زمان  و  گياهى  آن گونه هاى  از  و پس  داشت  مير  و 
به عنوان  به طور كلى، هر دو گياه  اثربخشى هر دو عامل است.  بر مرگ و مير داشت كه نشان دهنده  را  تأثير  بيشترين  گياه  نوع  و 
هستند. كننده  اميدوار  گرانولوزوس  اكينوكوكوس  كنترل  براى  طبيعى  عوامل  توسعه  هدف  با  آينده  مطالعات  براى  بالقوه  نامزدهاى 

* نويسنده مسئول: على نيك پى
a.nikpay@ausmt.ac.ir 
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Abstract in Persian

گزارش يك موردتنيازيس انسانى؛ يك بيمارى گرمسيرى فراموش شده از سيستان و 
بلوچستان، ايران

مهدى خوش سيماى شهركى ١،٣، الهه ابراهيم زاده٢، معين ابوالحسنى درونكلا ٢، جواد خدرى٢، سعيد 
رضا نوراللهى فرد٣

2024-

2024- 
2024-

١ مركز تحقيقات گياهان دارويى زابل، دانشگاه علوم پزشكى زابل، زابل، ايران.

٢ گروه پاتوبيولوژى، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران.
٣ گروه پاتوبيولوژى، دانشكده دامپزشكى، دانشگاه شهيد باهنر كرمان، كرمان، ايران.

داراى  بيمارى  اين  است.  شده  فراموش  گرمسيرى  بيمارى  يك  انسانى،  تنيازيس   (WHO) جهانى  بهداشت  سازمان  گزارش  بر  بنا 
انسان  تواند  تنيا آسياتيكا) مى  تنيا سوليوم و  (تنيا ساژيناتا،  تنيا  باشد. سه گونه  يافته مى  توسعه  انتشار جهانى، حتى در كشورهاى 
پخته  كم  يا  خام  گوشت  مصرف  باشد.  مى  خوك  يا  گاو  واسط  هاى  ميزبان  حاليكه  در  است،  انسان  نهايى  ميزبان  كند.  آلوده  را 
سوليوم  تنيا  و  آسياتيكا  تنيا  عفونت  اصلى  منبع  حاليكه  در  شود،  انسان  در  ساژيناتا  تنيا  از  ناشى  تنيازيس  به  منجر  تواند  مى  گاو 
خوك  گوشت  مصرف  كه  ايران  مانند  اسلامى  كشورهاى  در  ساژيناتا  تنيا  از  ناشى  تنيازيس  است.  خوك  پخته  كم  يا  خام  گوشت 
اطلاعات  است.  شده  گزارش  ايران  در  درصد   ٣ تا   ٠/٢٨٠٠ بين  انسان  در  تنيازيس  شيوع  است.   تر  شايع  است  كم  خيلى  آن  در 
و  مورفولوژى  مشخصات  اساس  بر  ساژيناتا  تنيا  مطالعه  اين  در  دارد.  وجود  ايران  در  ساژيناتا  تنيا  مولكولى  مشخصات  درباره  كمى 
باشد. مى  ايران  بلوچستان،  و  سيستان  از  ساژيناتا  تنيا  مولكولى  مشخصات  از  گزارش  اولين  اين  است.  شده  داده  تشخيص  مولكولى 

* نويسنده مسئول: الهه ابراهيم زاده
eebrahimzade@um.ac.ir 
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SCOPE

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

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

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

3.  e 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.  ere 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).
• 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 identifi ed.
 e Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of 
publishing articles.  e 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.  e following fi les and forms can 
be downloaded from the IJVST website:
 Manuscript (template fi le can be downloaded from the IJVST website)
 Title page (template fi le can be downloaded from the IJVST website)
 Tables (template fi le can be downloaded from the IJVST website)
 Endnote manuscript library fi le (Vancouver style can be downloaded from the IJVST website)
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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 fi gures 
should be appended as individual fi les.

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 
fi gures should be appended as individual fi les.  e review article should provide an update on recent 
advances in a particular fi eld. 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 fi gures. Tables and 
fi gures should be appended as individual fi les.

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

Title Page
Full Title Page should include title (concise and informative), author(s) (including the complete 

name, department affi  liation, and institution), running  head (condensed title) (≤ 50 characters, 
including spaces), name and address of the authors to whom correspondence and reprint requests 

 Copyright assignment form (can be downloaded from IJVST website)
 Confl ict of interest and author agreement form (can be downloaded from the IJVST website)

For further information, please contact the Editorial Offi  ce:
Iranian Journal of Veterinary Science and Technology
Email: ijvst@um.ac.ir; 
Tel: +98 51 3880-3742
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should be addressed, Acknowledgements, Author contributions, and Confl ict of interest.

Acknowledgements: Personal acknowledgement, sources of fi nancial 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.  e 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.

ConĘ ict of interest: All authors must disclose any fi nancial and personal relationships with other 
people or organizations that could inappropriately infl uence (bias) their work. Examples of poten-
tial confl icts of interest include employment, consultancies, stock ownership, honoraria, paid expert 
testimony, patent applications/registrations, and grants or other funding. If there are no confl icts of 
interest then please state ‘ e authors declare that there is no confl ict of interest’.  is 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, 

fi ndings and the conclusion made on the basis of the fi ndings. 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 fi ndings 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 suffi  cient details to allow other researchers to re-

produce the results. Specify any statistical computer programs used . e 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, so wares 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:  e 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 J, Kubista M, Mueller R, Nolan T, Pfaffl   MW, Shipley GL, Vandes-
ompele J, Wittwer CT.  e MIQE guidelines: minimum information for publication of quantitative real-time PCR 
experiments. Clin Chem. 2009 Apr;55(4):611-22.

 e following information must be provided in the section: 

Protocol for DNA/RNA extraction, including quantifi cation 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 specifi city sis con-
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fi rmed. 

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 so ware.

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,  ompson 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 J, Winser S, Warrell D, Imray C, et al. Oxford handbook of expedition and wilder-
ness medicine. Oxford: Oxford University Press; 2015.

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

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

6. Liaw S, Hasan I, Wade, V, Canalese R, Kelaher M, Lau P, et al. Improving cultural respect to improve Aboriginal health 
in general practice: a multi-perspective pragmatic study. Aust Fam Physician. 2015; 44(6):387-92.
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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 fi gures. Each table should be typewritten with double spacing on a separate fi le and num-
bered in order of citation in the text with Arabic numerals. Each table should have a concise heading 
that makes it comprehensible without reference to the text of the article. Explain any non-standard 
abbreviations in a footnote to the table.

Figures
Figures must be submitted in individual fi les (format: TIFF, Dimensions: Width: 789 – 2250 pixels 
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at 300 dpi Height maximum: 2625 pixels at 300 dpi, Resolution: 300 – 600 dpi, fi le size: less than 10 
MB, Text within fi gures: Arial or Symbol font only in 8-12 point).  e text and other labels should 
be placed in the fi gure as un-compressed layers. Each fi gure should have a title which is followed by 
explanation of results shown in the fi gure. 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.
 e bar diagrams should be provided in color and in a well-designed and professional format. 

Please do not use diff erent shades of gray.  e axes of diagrams should have titles and units. Also, the 
source fi le of the image (Excel etc.) should be provided for typesetting.

Illustrations 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.  e editors and publisher 
reserve the right to reject illustrations or fi gures based upon poor quality of submitted materials.

If a published fi gure is used, the publisher’s permission needs to be presented to the offi  ce, and the 
fi gure 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 
scientifi c names (using the binomial nomenclature), should be typed in italics, while the fi rst letter of 
the genus name must be capitalized (i.e. Homo sapiens).
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ical Guidelines for Peer Reviewers.  IJVST peer reviews all submitted manuscripts with contents in 
the scope of the journal.  e process has been explained in the section “Peer Review Process”. 
 
Ethical guidelines for Editor
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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.
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Final Decision 
Based on the reviewers’ recommendations a fi nal decision is made by the editor and if needed the help 
of a member of the editorial board (depending on the fi eld of study). Decisions will include accept, 
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on each manuscript as soon as their review results are available.
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