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IN THE NAME oF THE ONE WHO
CRrEATED HEALING

IN THE CYCLE OF SCIENTIFIC LIFE, THERE ARE
MOMENTS WHEN A RAW IDEA, AFTER PASSING
THROUGH STAGES OF TRIAL AND ERROR, FINAL-
LY REACHES “MATURITY.” TODAY, IN CONJUNC-
TION WITH NATIONAL RESEARCH WEEK, WE
ARE DELIGHTED TO CELEBRATE THE BIRTH OF
THE STUDENT-SCIENTIFIC JOURNAL FINAL
HoSsT—A PUBLICATION THAT HAS EMERGED
THANKS TO THE DETERMINATION AND PASSION
OF THE ACADEMIC COMMUNITY OF THE URMIA
UN1vErsITY ScHOOL OF VETERINARY MEDI-
CINE AND WITH THE SUPPORT OF THE UNIVERSI-
TY PARASITOLOGY AsSSOCIATION. THE cHOICE
OF THIS NAME SYMBOLIZES OUR MISSION: WE
AIM FOR THIS JOURNAL TO BE THE ULTIMATE
PLATFORM AND HOST FOR YOUR THOUGHTS, RE-
SEARCH, AND SCIENTIFIC CONCERNS—A PLACE
WHERE IDEAS CAN FLOURISH AND BE SEEN.
ToDAY, VETERINARY MEDICINE EXTENDS
BEYOND TREATMENT; ITS BOUNDARIES HAVE
EXPANDED TO ENCOMPASS PUBLIC HEALTH,
FOOD SECURITY, AND THE CONCEPT OF “ONE
Hearta.” WITHIN THIS BROAD SCOPE, RE-
SEARCH IS THE BEATING HEART. RESEARCH
DAY SERVES AS A REMINDER THAT OUR WHITE
COATS ARE NOT MERELY GARMENTS OF HEAL-
ING BUT ALSO ATTIRE FOR INQUIRY AND THE
DISCOVERY OF TRUTH. IN THE INAUGURAL
1ssuE oF FiNaL HosT, WE HAVE STRIVED TO
BRIDGE CLASSICAL THEORIES WITH THE
MODERN NEEDS OF INDUSTRY AND CLINICAL
PRACTICE, APPROACHING CONTEMPORARY
CHALLENGES IN VETERINARY MEDICINE WITH A
FRESH PERSPECTIVE AND FUELED BY STUDENT
ENTHUSIASM. THESE PAGES SERVE AS A PLAT-
FORM FOR YOU—FOR EVERY STUDENT WHO
HOLDS A QUESTION IN MIND AND POSSESSES
THE COURAGE TO SEEK ITS ANSWER. THIS IS
THE BEGINNING OF THE JOURNEY. FINAL HosT
BELONGS TO ALL STUDENTS WHO WISH TO
LEAVE THEIR MARK ON SCIENCE. WE WARMLY
GRASP YOUR HAND IN COLLABORATION FOR
FUTURE ISSUES AND HOPE THAT THIS “Host”
WILL BE WORTHY OF HARBORING YOUR LOFTY
IDEAS.

Haprpy ResearcH DAY TO ALL SEEKERS OF
KNOWLEDGE.

THiS TEXT IS TRANSLATED INTO THREE LAN-
GUAGES IN HONOR OF THE AUTHORS AND READ-
ERS OF THIS JOURNAL.

EBrAHIM GHALEHKAFAIE

Eprtor-IN-CHIEF OF THE STUDENT-SCIENTIF-
1c JournaL FinarL HosT

DECEMBER 2025 ,16
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| Abstract

|

| Strongylosis syndrome represents a clinical-pathological heterogeneity of high economic significance in ru- ‘
minants, primarily resulting from mixed infections with nematodes of the family Trichostrongylidae. The core |
pathogenesis of the disease relies on the proliferation of undifferentiated epithelial cells in the abomasal py- ‘
| loric glands, replacing secretory cells. This substitution leads to hypochlorhydria and an elevated abomasal

| pH. These changes result in impaired protein digestion, increased vascular permeability, and the leakage of

| plasma proteins into the gut lumen. Metabolic consequences include nutrient malabsorption, hypoproteine-
| mia, edema, and anemia. The host's acquired immune response, which develops gradually and is often in-
‘; complete, involves both humoral mechanisms (reducing female worm fecundity) and cellular mechanisms |
\ (premature expulsion of adult worms and self-cure reaction). Furthermore, the phenomenon of hypobiosis ‘

(arrested larval development) as a parasite survival strategy significantly complicates disease control. An in- |

\
\
‘\
tegrated understanding of these complex interactions is essential for designing comprehensive and sustaina-

ble management programs.

Introduction

Gastrointestinal nematode (GIN) infections constitute
one of the most critical health and economic con-
straints in the global ruminant production industry (1).
Under natural conditions, infections are rarely mono-
specific and are often observed as a mixture of various
Trichostrongylidae species, such as Ostertagia osterta-
gi, Haemonchus contortus, and Trichostrongylus spp.,
collectively leading to a clinical presentation known
as strongylosis (2). The severity of disease manifesta-
tions is greater in young animals, pregnant ewes, and
livestock experiencing malnutrition or stress (3).

1. Pathogenesis and Histopathology

The migration of larvae and the establishment of adult
worms within the abomasal pyloric glands are the pri-
mary triggers for pathological responses.Invasion of

the glands leads to the destruction of specialized
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parietal cells (acid-secreting) and chief cells (pep-
sinogen-secreting). The host’s compensatory response
is the replacement of these cells by undifferentiated,
less-specialized epithelial cells (cervical mucous
cells), which lack specialized function (4). This pro-
cess of glandular hyperplasia and hypertrophy results
in the formation of raised cystic lesions known as
"nodules" or "hodge" lesions. The loss of parietal cells
halts the secretion of hydrochloric acid, increasing
the abomasal pH from approximately 2 to 7 or higher
(5). This pH change has major consequences: (a) in-
hibition of pepsinogen conversion to active pepsin,
thus impairing protein digestion; (b) reduction of the
abomasum’s antibacterial activity, leading to bacterial
overgrowth; and (c) stimulation of excessive gastrin
hormone secretion, which, acting as a growth factor,

exacerbates mucosal hyperplasia (6).



2. Metabolic and Clinical Disturbances

Mucosal damage increases capillary permeability and
causes the leakage of plasma proteins (particularly albu-
min) into the gastrointestinal lumen (7). These proteins
are not only utilized by the parasites as a food source but
also lead to hypoproteinemia in the host. By disrupting os-
motic balance, hypoproteinemia results in edema (such as
submandibular edema or "bottle jaw" in cattle) and re-
duced oncotic pressure (8). Furthermore, the lack of amino
acids resulting from maldigestion and protein loss impairs
the synthesis of vital proteins like hemoglobin, leading to
anemia, even in the case of non-blood-feeding nematodes
9).

The presence of undigested feed, plasma proteins, and a
high bacterial population in the gut lumen increases os-
motic pressure, drawing water into the intestine and caus-
ing severe watery diarrhea (10). Extensive damage to the
small intestinal mucosa also impairs the absorption of
other nutrients, including fats, carbohydrates, and miner-
als (calcium, magnesium, phosphorus), which manifests in
growing livestock as reduced growth rates and skeletal de-

velopment disorders (11).

3. Immunization and Host Response

Immunity in mature ruminants with a history of exposure de-
velops gradually through repeated challenges. This immunity
is incomplete but can significantly modulate the infection
(12). The main mechanisms include:

* Reduced Adult Worm Fecundity: A humoral-mediated re-
sponse where specific antibodies (mainly IgGl and IgA)
against female worm antigens cause a reduction in egg pro-
duction, visible as a decrease in the fecal egg count per gram
(EPG) (13).

* Premature Expulsion of Adult Worms: A cell-mediated re-
sponse. Activation of T helper type 2 (Th2) lymphocytes
leads to the accumulation of eosinophils, mast cells, and in-
creased mucus secretion. This inflammatory environment is
unfavorable for the worms and leads to their active expulsion
(14).

* Self-Cure Reaction: A severe, acute response often follow-
ing a new infectious challenge. This immediate localized hy-
persensitivity reaction, mediated by IgE bound to mast cells,
is associated with histamine release, smooth muscle contrac-
tion, a massive increase in vascular permeability, and even-

tually the mass expulsion of adult worms (15).
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muscle contraction, a massive increase in vascular perme-
ability, and eventually the mass expulsion of adult worms
(15).

® Periparturient Relaxation of Immunity (PRI): During the
periparturient period and early lactation, hormonal chang-
es (such as increased prolactin) suppress the cellular
immune response. This "immune relaxation" leads to in-
creased parasite burden and elevated egg shedding (peri-
parturient rise or spring rise) (16).

4. Hypobiosis (Arrested Larval Development)

Hypobiosis is a clever survival strategy employed by many
Trichostrongylids (e.g., Ostertagia and Haemonchus). In
this phenomenon, fourth-stage larvae (L4) remain arrested
and inactive within the mucosal glands (17). These larvae
are protected from many common anthelmintic drugs and
can resume development months later, coinciding with fa-
vorable environmental conditions (such as spring) or a de-
crease in host immunity (such as parturition), causing a
sudden disease outbreak in adult livestock (Type II Stron-
gylosis) (18). Hypobiosis dramatically complicates dis-
ease management and control.

Conclusion

The strongylosis syndrome in ruminants is the manifesta-
tion of a dynamic and multifactorial interaction. Its patho-
genesis extends beyond simple mechanical damage, in-
volving a complex cascade of events, including irreversi-
ble changes in abomasal tissue, and a profound disruption
of digestive physiology and metabolic homeostasis. Al-
though the host immune system employs multiple mecha-
nisms to limit infection, this response often comes at the
cost of chronic inflammation and further tissue damage.
Moreover, adaptive parasite strategies like hypobiosis
reduce the effectiveness of traditional control programs.
Therefore, successful management approaches must be
based on understanding these complexities and imple-
menting integrated strategies, including appropriately
timed anthelmintic treatment, optimal nutrition to support
host immunity, proper grazing management, and continu-
ous monitoring. Future research should focus on identify-
ing immune markers associated with resistance and devel-

oping alternative control methods.
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Background: In Iraq, a large-scale survey was conducted in 2019 to detect hard ticks. A total of 3,421 tick
samples were collected from 18 provinces, representing all regions of Iraq. The results indicated that the col-
lected ticks belonged to the Ixodidae family. Analysis of tick prevalence and density per host revealed that
the genus Hyalomma was the dominant genus in this survey. The highest rate for Hyalomma spp. was found
in Duhok at %88.6, while the lowest rate was %46.94 in Nineveh. Eight species belonging to Hyalomma were
identified: Hyalomma anatolicum, Hyalomma turanicum, Hyalomma scupense, Hyalomma dromedarii, and
Hyalomma excavatum. The genus Rhipicephalus was the second most common, with species including Rhi-
picephalus annulatus, Rhipicephalus sanguineus, and Rhipicephalus turanicus. The highest rate for Rhipi-
cephalus spp. was found in Al-Anbar at %48.9, while the lowest was in Duhok at %11.4. The genus Derma-
centor spp. was found only in Basra, at a rate of %1.72. In Iran, Crimean-Congo Hemorrhagic Fever (CCHF)
is one of the most important arthropod-borne viral diseases, with a human mortality rate of approximately
%30. The disease, caused by a nairovirus, is transmitted to humans and animals by hard and soft ticks. This

study aimed to determine the distribution of soft and hard ticks over the past three decades in Iran, with an

emphasis on vectors of the CCHF virus.

Introduction: Ticks are significant ectoparasites that
cause considerable economic losses in livestock pro-
duction worldwide by inducing anemia, hide damage,
and paralysis (1). Moreover, hard ticks play a major
role in transmitting various infectious diseases of im-
portance to both humans and animals. Ticks are dis-
tributed across many regions globally, with the excep-
tion of permanently frozen areas (2), and infest a wide
range of mammalian hosts (3). They also exhibit a re-
markable ability to adapt to different hosts and toler-
ate varying environmental conditions (4,5). Efforts
have been made to develop immunization strategies
against ticks, such as the use of Hyalomma salivary
gland extracts to vaccinate sheep (6).

Distribution of hard ticks in Iran and Iraq:

In Iraq: This survey aimed to investigate a claim re-
garding the previous reporting of Amblyomma gemma

during a large-scale project to apply Integrated Pest

H YA I

Management (IPM) to control hard ticks in 12 prov-
inces of Iraq in 2015. A total of 3,421 tick samples
were collected from 18 provinces, including the Kurd-
istan region, in 2019. The results identified all col-
lected ticks as belonging to the family Ixodidae (hard
ticks). The analysis of prevalence and density per host
indicated that the genus Hyalomma was the most
dominant in the present survey (1).

In Iran: The results of earlier studies indicated the
distribution of 37 species of soft and hard ticks across
Iran. The soft ticks belonged to three genera (Orni-
thodoros, Argas, and Otobius), while the hard ticks
belonged to six genera (Boophilus, Dermacentor, Hya-
lomma, Haemaphysalis, Ixodes, and Rhipicephalus).
The most frequently encountered genus was Hyalom-
ma, with 11 different species reported nationwide.
The least frequent genera were Ixodes, Boophilus, and
Otobius, with only one species reported for each in the

country (7,8,9).




Discussion:

In Iraq: This study indicates that tick infestation in Iraqi
livestock remains a significant issue, despite the
long-term use of various insecticides since the mid-20th
century. The importation of live animals, particularly
through unofficial channels, increases the risk of introduc-
ing ectoparasites that may evade standard inspection pro-
cedures. The present work differs from other recent stud-
ies, such as that of Shubber et al. (10), which covered 12
provinces. Our research expands on this by including 15
provinces as well as all three provinces of the Kurdistan
region (1).

In Iran: Based on the results of this study, 11 genera and
37 species of hard and soft ticks have been reported in
Iran. Among these, infection with the CCHF virus has
been detected in four genera of hard ticks (Hyalomma,
Haemaphysalis, Rhipicephalus, and Dermacentor) and
two genera of soft ticks (Argas and Ornithodoros) using
various diagnostic methods. More than %66 of the identi-
fied tick species in Iran have been reported as infected
with the CCHF virus. To date, seven species of soft ticks
and seven genera, along with 104 species of hard ticks
(approximately %15 of the world's hard tick species), have
been identified in the country, with hard ticks showing a
broader distribution compared to other regions (10,11,12).
Our study further confirms that the genus Hyalomma is

more widely distributed in Iran than any other tick genus.
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Abstract

Niclosamide is recognized as one of the most effective anthelmintic agents in the history of pharmacology. For
over six decades, this drug has proven effective in treating parasitic infections that affect millions worldwide.
Its development path is particularly notable: initially created by Bayer chemists in 1953 as a molluscicide, its |
antiparasitic properties were discovered in 1960, and it received FDA approval for treating cestode infections

in 1982. The World Health Organization lists niclosamide as an essential medicine. Despite widespread clini-

cal use and proven effectiveness, the full mechanisms of action are still under scientific investigation. Current
knowledge suggests that niclosamide works through multiple pathways, including uncoupling oxidative phos-

phorylation and disrupting cellular pH balance. This pharmacological profile shows how understanding drug

mechanisms can improve therapy and open up new treatment uses.

Introduction

Haemonchus contortus is one of the most important
parasites of ruminants with worldwide distribution
that can bring huge economic losses to the breeding
industry of sheep and goats (13). The mentioned hel-
minth is the most pathogenic abomasal parasite of
small ruminants. In Iran, next to Marshallagia mar-
shalli and Ostertagia circumecineta, H. contortus is the
most prevalent species of gastrointestinal nematodes
of sheep and goats (10). Control of internal parasites of
small ruminants is mostly undertaken using anthel-
mintic including benzimidazoles. Frequent use of
these drugs results in emergence of resistant strains of
the different species of specific parasites (5). In order
to deworm the ruminants especially of sheep and goats
in Iran, consumption of benzimidazoles has more than
2 decades history and today farmers are using imidaz-
othiazoles, macrocyclic lactones and mostly benzimi-
dazole carbamate compounds (BZCs) to treat haemon-
chosis infected farm animals (7). Unfortunately, nowa-

days drug resistance in gastrointestinal nematodes,
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especially H. contortus, has been reported in several
studies. Susceptibility and resistance of H. contortus
to anthelmintic drugs, including ivermectin, levami-
sole, and benzimidazoles (mostly albendazole) in nat-
urally infected sheep have also been investigated
worldwide (13,3 ,2,1)

Background

Several studies have been conducted in order to eval-
uate the anthelmintic drug resistance in H. contortus
in Iran. In a PCR-based study conducted by Gholamia
et al. (2007), beta-tubulin gene polymorphism was in-
vestigated in H. contortus populations isolated from
sheep flocks in different regions of Khouzestan prov-
ince, southwestern Iran. The samples were chosen on
the basis of regional variation in benzimidazole treat-
ment background of sheep flocks. The objective was
to study the relationship between treatment back-
ground and beta-tubulin gene polymorphism of H.
contortus isolated from the selected regions. H. con-
tortus isolated from Shooshtar revealed reduction in

b- tubulin gene polymorphism restriction fragment




length polymorphism (RFLP) in respect to other isolates
indicating that benzimidazole-resistant isolates of H. con-
tortus developed in some sheep flock of Shooshtar region
(5). It has been demonstrated that the most common mo-
lecular mechanism leading to BZsresistance in Haemon-
chus contortus is a single mutation at amino acid 200
(phenylalanine to tyrosine) of the isotype 1 of beta tubulin
gene. Therefore, in 2011, Nabavi et al. decided to evaluate
the frequency of such mutations in H. contortus in three
different geographical areas of Iran. A total of 102 collect-
ed adult male H.
PCR-RFLP (using PSP1406I as restriction enzyme). By

means of a second step to compare function of different

contortus were evaluated with

methods and to increase sensitivity of detection mecha-
nism, a third of samples were examined by another
PCR-RFLP method (using Taal as restriction enzyme) and
finally beta tubulin gene of two samples was sequenced.
At the end, it was concluded that benzimidazole resistance
of H. contortus in Iran is not a serious problem as antici-
pated before, because beta tubulin gene sequencing of two
samples showed no point mutation at codon (7) 200. In an-
other distinct PCR-based study conducted by Shokrani et
al. (2012), all examined H. contortus worms (adult males)
had two alleles encoding for phenylalanine (BZss homozy-
gote) for both codons. It was concluded that Resistance to
benzimidazole in trichostrongylid nematodes is associated
with several independent point mutations of the beta-tu-
bulin genes. The SNPs at codon 200, codon 167 or codon
198 of isotype 1 beta-tubulin gene are known to be associ-
ated with BZ-resistance in H. contortus (10). In another
PCR-based study conducted by Tehrani et al. (2024), the
drug resistance of H. contortus to benzimidazole using mo-
lecular method in sheep from the North region of Iran was
evaluated. the resistance to benzimidazole was investigat-
ed using the PCR-RFLP method in H. contortus worms
collected from sheep slaughtered in the northern region of
Iran (Guilan and Mazandaran provinces). The results of
the study showed that the drug sensitivity rate was
%24(72 of 300), the drug resistance rate was %54 (162 of
300) and %22(66 of 300) of the samples had both resist-
ant and sensitive alleles. Presented data showed a high

level of prevalence of drug resistance in H. contortus in
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sheep in the northern region of Iran (12).

Discussion

Overall, Genetic studies suggest that change of polymor-
phism pattern in beta-tubulin gene can be responsible for
drug resistance (5). Two main types of genetic change
occur in the benzimidazole resistance trichostrongylid
nematodes. One is a loss of allelic diversity of beta-tubulin
gene in H. contortus and Trichostrongylus colubriformis
(6). The reduction in beta-tubulin polymorphism has been
interpreted as the result of selection, and is considered to
be a major method of acquiring benzimidazole resistance.
The second is the occurrence of mutation at the amino
acid 200 (PheZTyr) of the isotype I from beta-tubulin
gene which leads to benzimidazole resistance in three
dominant species in temperate zone, H. contortus, T. colu-
briformis and O. circumcincta (4).

Benzimidazole resistant populations were characterized
by a low diversity of the restriction profile in comparison
with the susceptible populations (11). Roos et al. (1990)
investigated DNA polymorphism of benzimidazole suscep-
tible and resistant populations of larval and adult H. con-
tortus using RFLP. They indicated that there was specific
difference between benzimidazole susceptible and resist-
ant populations of H. contortus (8).

Benzimidazoles were Benzimidazoles were used for more
than 30 years to control sheep nematodes in Iran and
result of studies showed that frequent use of these drugs
resulted in emergence of resistant strains of the parasites.
Many studies showed that genetic tests are very sensitive
and can identify resistance when the frequency of resistant
alleles is as low as (9) %1.

As we see, anthelmintic resistance has been recognized as
a great threat to the grazing animal industry development
and H. contortus is a prototype of an important group of
parasites infesting sheep. Spread of resistant isolates of
this nematode can cause high economic loss to sheep
farms in Iran. Therefore, molecular techniques are pre-
ferred to identify the prevalence of drug resistance and use
more effective drugs to prevent spread of drug resistance
and reduce the management cost. Anyways, using differ-
ent drugs may be able to effectively guarantee treatment

for the next 2 to 3 decades, but when resistance to
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Abstract

Niclosamide is recognized as one of the most effective anthelmintic agents in the history of pharmacology. For

over six decades, this drug has proven effective in treating parasitic infections that affect millions worldwide.

Its development path is particularly notable: initially created by Bayer chemists in 1953 as a molluscicide, its

antiparasitic properties were discovered in 1960, and it received FDA approval for treating cestode infections

in 1982. The World Health Organization lists niclosamide as an essential medicine. Despite widespread clini-

cal use and proven effectiveness, the full mechanisms of action are still under scientific investigation. Current

knowledge suggests that niclosamide works through multiple pathways, including uncoupling oxidative phos-

phorylation and disrupting cellular pH balance. This pharmacological profile shows how understanding drug

mechanisms can improve therapy and open up new treatment uses.

Introduction

Parasitic infections pose a major public health chal-
lenge in tropical and subtropical regions, impacting
millions and significantly contributing to illness and
death. Parasitic helminthic infections, such as schisto-
somiasis, ancylostomiasis, and cestode infections,
cause notable health issues including malnutrition,
developmental delays, and decreased educational
achievement, especially in children. The World
Health Organization has recognized parasitic diseases
as priority health issues that need coordinated efforts.
Controlling these diseases effectively relies on three
key strategies: the use of safe and effective medicines,
community health education on transmission preven-
tion, and strengthening healthcare systems.

The development of niclosamide illustrates serendipi-
tous drug discovery. Bayer researchers began synthe-
sizing molluscicides in 1953, aiming to target freshwa-
ter snails that act as intermediate hosts in the para-
site's lifecycle. This approach focused on interrupting
disease transmission chains for parasites such as

schistosomes
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The resulting molluscicide, marketed as Bayluscide
starting in 1959, unexpectedly showed anthelmintic
activity when tested against human parasitic tape-
worms in 1960. Further development for human treat-
ment led to the commercial formulation of Yomesan in
1962. Official FDA approval in 1982 confirmed
niclosamide's place within the essential medicines
FDA

niclosamide has been utilized extensively in mass

list.Over four decades since approval,
chemotherapy programs across multiple endemic re-
gions, with millions of recipients demonstrating clini-
cal tolerance. Paradoxically, a complete understand-
ing of the mechanisms underlying its antiparasitic ef-
ficacy remains incomplete. Current knowledge indi-
cates that niclosamide eliminates parasites through
uncoupling of oxidative phosphorylation and interfer-
ence with pH homeostatic mechanisms. However, elu-
cidation of the complete molecular mechanisms re-
mains an active area of investigation. Comprehensive
mechanistic understanding facilitates optimization of
therapeutic application, predicts resistance develop-
ment patterns, and suggests potentially unexpected

clinical applications currently under investigation.




Mitochondrial Dysfunction:Niclosamide-Mediated Energy
Depletion.Elucidation of niclosamide's mechanism re-
quires understanding of cellular energy metabolism. All
cellular organisms, including parasitic helminths, depend
upon adenosine triphosphate (ATP) generation for meta-
bolic functions, including motility, biosynthesis, and ho-
meostatic maintenance. Mitochondrial oxidative phospho-
rylation represents the primary energy-generating pathway
in eukaryotic organisms.The process of oxidative phospho-
rylation involves the coordinated function of the electron
transport chain and ATP synthase. During catabolic me-
tabolism, chemical bond energy from nutrients is system-
atically coupled to the translocation of protons across the
inner mitochondrial membrane, generating an electro-
chemical gradient. This proton-motive force represents
stored chemical potential energy. ATP synthase catalyzes
proton gradient-driven synthesis of ATP from adenosine
diphosphate and inorganic phosphate. This coupling
mechanism represents a remarkably efficient energy con-
version system.Niclosamide disrupts this coordinated pro-
cess through protonophore activity. The compound facili-
tates proton translocation across the mitochondrial mem-
brane independent of ATP synthase. This uncoupling
allows proton gradient dissipation without concurrent ATP
synthesis, with the resultant energy released as thermal
energy rather than captured as high-energy phosphate
bonds. This uncoupling mechanism represents a cata-
strophic metabolic disruption for parasitic helminths.
Parasitic tapeworms and related helminths demonstrate
obligate dependence on aerobic metabolism for energy
generation. These organisms occupy nutrient-rich envi-
ronments within the host intestinal lumen and blood-
stream, with evolutionary adaptations optimizing high-ef-
ficiency aerobic metabolism. However, this metabolic spe-
cialization creates vulnerability: disruption of primary en-
ergy-generating pathways eliminates compensatory meta-
bolic alternatives available to mammalian cells.

Upon niclosamide exposure, parasitic ATP production de-
clines precipitously. The resulting ATP depletion impairs
maintenance of cellular membrane potential gradients re-
quired for neural function and cellular signaling.Protein

synthesis and cellular repair processes cease.

Nutrient uptake and reproductive functions become im-
possible. The parasite enters a state of metabolic paralysis
followed by death. Expulsion from the host occurs through
normal gastrointestinal peristalsis.
pH Homeostasis Disruption
Beyond metabolic energy depletion, niclosamide disrupts
cellular pH balance, constituting a complementary an-
tiparasitic mechanism. Parasitic organisms maintain so-
phisticated pH homeostatic mechanisms despite exposure
to the challenging internal host environment. Different
cellular compartments maintain distinct pH values opti-
mized for their specific enzymatic functions. Disruption of
these pH gradients impairs enzymatic function and pro-
tein structural integrity.

Niclosamide's protonophore activity directly interferes
with pH homeostatic mechanisms. Unregulated proton
translocation disrupts the pH gradients essential for
normal cellular function. Combined ATP depletion and
pH dysregulation overwhelm the parasite's capacity for
compensatory adaptation. The simultaneous assault on
multiple fundamental metabolic processes results in com-
plete cellular dysfunction and organismal death.
Spectrum of Antiparasitic Activity

Niclosamide demonstrates selective efficacy against spe-
cific parasitic species. Its primary therapeutic application
targets cestode infections. Major susceptible species in-
clude Taenia saginata (beef tapeworm), Taenia solium
(pork tapeworm), Diphyllobothrium latum (fish tape-
worm), Hymenolepis nana (dwarf tapeworm), and Dipylid-
ium caninum (canine tapeworm).

Tapeworms represent particularly suitable therapeutic tar-
gets for niclosamide. These parasites occupy the intestinal
lumen in direct contact with oral medication. Tapeworm
metabolic demands are substantial due to continuous re-
productive processes generating thousands of eggs. The
obligate dependence on high-flux aerobic metabolism ren-
ders tapeworms especially vulnerable to niclosamide-me-
diated oxidative phosphorylation uncoupling. Following
niclosamide administration, metabolic collapse results in
loss of intestinal adhesion and expulsion via normal gas-
trointestinal motility. The drug's development history origi-

nated from efforts targeting schistosome parasites.

. oreaeeseeesssssssss Y0 =




Although niclosamide eventually became primarily
utilized against tapeworms rather than as a mollusci-
cide against schistosome vectors, this origin reflects a
comprehensive understanding of parasitic lifecycle bi-
ology.

Selective Toxicity: Parasite Targeting With Host Spar-
ing

A fundamental question regarding niclosamide's clini-
cal utility concerns why the compound effectively tar-
gets parasites while demonstrating acceptable tolera-
bility in human hosts. Several mechanisms contribute
to this selective toxicity.

Parasitic helminths represent metabolic specialists,
having evolved under conditions of abundant nutrient
availability within the host environment. These organ-
isms demonstrate obligate dependence on aerobic
metabolic pathways. Humans represent metabolic
generalists possessing multiple energy-generating
pathways and substantial capacity for metabolic adap-
tation. Disruption of mitochondrial function triggers
compensatory glycolytic energy generation in human
cells—a capacity largely unavailable to parasitic or-
ganisms. This fundamental biological difference un-
derlies species-selective anthelmintic activity.
Niclosamide exhibits pharmacokinetic properties that
further enhance selective antiparasitic activity. Fol-
lowing oral administration, systemic absorption re-
mains limited. The drug accumulates within the gas-
trointestinal tract at parasitocidal concentrations pre-
cisely where parasites reside. Simultaneously, mini-
mal systemic exposure limits mitochondrial effects on
host tissues. This fortuitous combination of chemical
properties and pharmacokinetics creates favorable se-
lectivity for antiparasitic activity with minimal host
toxicity.

Safety Profile and Clinical Tolerance

Over six decades of clinical use involving millions of
recipients across multiple continents, niclosamide has
demonstrated an exceptional safety profile. Most indi-

viduals receiving therapeutic doses experience no
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adverse effects. Reported side effects are typically
mild and transient, including gastrointestinal symp-
toms such as mild nausea or abdominal discomfort.
Serious adverse effects remain exceptionally rare
compared to the magnitude of clinical exposure.
Notably, niclosamide demonstrates safety in vulnera-
ble populations, including pregnant women and young
children. Even in complex clinical scenarios such as
neurocysticercosis, niclosamide can be administered
with acceptable tolerability. This safety profile in spe-
cial populations provides advantages over some alter-
native anthelmintic agents. The extensive real-world
experience base, substantially exceeding that availa-
ble from controlled clinical trials, provides compel-
ling evidence of clinical safety.

Minor precautions include ethanol avoidance during
therapy, as alcohol may enhance drug dissolution and
absorption. Breastfeeding considerations vary by
region and individual circumstances, though signifi-
cant breast milk concentration has not been demon-
strated.

Molecular Structure and Pharmacological Properties
Niclosamide, a nitrosalicylanilide derivative with the
chemical designation 2,5-dichloro-4-nitrosalicylani-
lide, possesses structural features essential for its an-
tiparasitic mechanism. Chlorine atoms and the nitro
group confer lipophilicity, facilitating cellular mem-
brane penetration. This property is essential for
achieving intramitochondrial accumulation required
for oxidative phosphorylation uncoupling.
The hydroxyl group and additional structural features
confer protonophore activity, enabling proton carrier
function across biological membranes. This capacity
for proton translocation represents the fundamental
mechanism of niclosamide's antiparasitic activity.
Structural features conferring protonophore activity
appear in a broader chemical family encompassing di-
verse natural products and pharmaceuticals. This
structural motif appears associated with pleiotropic

biological activity, potentially explaining emerging




evidence of niclosamide efficacy against malignant cells,
bacterial pathogens, and viral agents—applications repre-
senting subjects of ongoing investigation.

Conclusion

Niclosamide exemplifies a pharmaceutical agent of endur-
ing clinical value, maintaining demonsirated efficacy and
safety across six decades of widespread clinical applica-
tion. While not commanding contemporary media atten-
tion or prestigious nomenclature, niclosamide represents a
reliable, trustworthy, and effective therapeutic agent for
parasitic infections.

Current mechanistic understanding—including uncou-
pling of oxidative phosphorylation and disruption of pH
homeostasis—provides a rational basis for niclosamide's
antiparasitic efficacy. These mechanisms target funda-
mental parasitic metabolic processes while sparing host
cells through biological differences and favorable pharma-
cokinetics.

Exceptional safety demonstrated across millions of admin-
istered doses constitutes perhaps niclosamide's most valu-
able attribute. This genuine, real-world safety record, ac-
cumulated through extensive clinical experience rather
than controlled trials alone, represents a distinction few
modern pharmaceutical agents can claim.

The compound's development history, from serendipitous
discovery as a molluscicide to essential medicine designa-
tion, illustrates that enduring pharmaceutical value fre-
quently derives not from molecular complexity or novelty
but from reliable efficacy, understandable mechanisms,
and demonstrated safety. Contemporary investigation into
additional clinical applications of niclosamide in oncolo-
gy, infectious diseases, and metabolic disorders potential-
ly expands recognition of this historically significant com-
pound. For millions of individuals in endemic regions suf-
fering parasitic infections, niclosamide continues to pro-
vide safe and effective therapeutic benefit, validating its
essential medicine status within the global pharmaceuti-

cal armamentarium.
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