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Coenurosis is defined as a common zoonotic disease caused by the larval form of  
Taenia multiceps, C. cerebralis. Research into the components constituting the extracellular 
matrix (ECM) for coenurosis in domestic animals is limited. The current study aims 
to investigate the local tissue expression of  important ECM components, including 
Collagen-I (Col-I), Collagen-IV (Col-IV), and Aquaporin-IV (AQP-IV) in healthy and 
naturally infected sheep with coenurosis. The study material consisted of  6 healthy 
and 21 coenurosis-positive sheep, totaling 27 brain tissue samples. Brain tissues of  the 
control group animals exhibited normal histology. In sheep infected with Coenurosis, 
cyst structures and, in some cases, necrotic changes within the cystic areas, as well 
as the formation of  numerous multinucleated giant cells surrounding the cyst wall, 
mononuclear cell infiltrations, eosinophilic granulocytes, hyperemia, meningitis, 
perivascular mononuclear cell infiltrations, and neuronal necrosis, neuronophagy, 
and gliosis in the neuropil tissue adjacent to the cystic structures were observed. 
Immunohistochemically, compared to the control group, significant increases in the 
expression of  Col-I (p<0.001), Col-IV (p<0.001), and AQP-IV (p<0.01) were detected 
in sheep infected with coenurosis. These findings suggest that the increased expression 
of  Col-I, Col-IV, and AQP-IV in C. cerebralis infection may play important roles in 
regulating brain edema, glial response, and fibrotic processes. Our present results 
highlight the importance of  local expression of  Col-I, Col-IV and AQP-IV in naturally 
infected sheep with coenurosis and may contribute to a better understanding of  the 
pathophysiology of  the disease and provide new perspectives for possible treatment 
strategies.
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INTRODUCTION

Coenurosis is defined as a common zoonotic disease caused by the larval form of  
Taenia multiceps, C. cerebralis. The disease primarily affects sheep and goats (intermediate 
hosts) but has also been reported occasionally in cattle, camels, other wild ruminants, 
pigs, horses, and rabbits [1-4]. Adult worms inhabit the intestines of  carnivores such 
as dogs, cats, and foxes, with eggs being excreted daily in feces, contaminating the 
environment. Infection occurs when ruminants ingest contaminated feed or water 
containing parasite eggs [1,3,5]. Following ingestion by intermediate hosts, oncospheres 
released from eggs penetrate the small intestine and spread to various organs, 
especially the brain and spinal cord, via the blood and lymphatic systems, resulting in 
the formation of  cystic structures [2,3,6]. Coenurus larvae have an incubation period 
of  6–8 months, after which they can reach maximum size [7,8].
The clinical signs of  the disease vary based on the location and size of  the cysts, 
which exert pressure on the cerebrum. Clinically, coenurosis in sheep presents in 
two forms: acute and chronic. The acute form is rare and generally infects young 
animals aged 1–10 months [1,9]. It typically appears approximately 10 days after the 
consumption of  a large number of  Taenia multiceps eggs through contaminated feed. 
The acute form manifests as symptoms including anorexia, lethargy, fever, depression, 
convulsions, and death. In contrast, the chronic form is characterized by blindness, 
paralysis, lethargy, nystagmus, head tilting and shaking, circling movements, and lack 
of  response to stimuli [1,10-12]. Although clinical findings may suggest coenurosis, 
a definitive diagnosis is made macroscopically by the presence of  cysts in the central 
nervous system (CNS) [13,14]. These cysts, which form as larval structures in the 
CNS, range in size from 0.8 to 9.5 cm, contain clear fluid, and are invaginated sacs 
harboring numerous scolices. There is no definitive treatment once symptoms appear 
in intermediate hosts [13,15,16].
The extracellular matrix (ECM) is a three-dimensional network surrounding brain cells, 
regulating the biophysical and biochemical properties of  the brain microenvironment 
while providing mechanical support and protection to brain tissue. The ECM plays 
critical roles in processes such as cell migration and adhesion, regulation of  cerebral 
blood flow, and maintenance of  the blood-brain barrier [17,18]. Recent research 
suggests that the ECM is also involved in the pathogenesis of  various neurodegenerative 
diseases [19].
Collagen, a binding protein found abundantly in biological structures, is among the 
most prevalent proteins in living organisms and constitutes the primary protein 
of  the ECM. Of  the 28 types of  collagen identified, collagen I (Col-I) is the most 
dominant. Collagen IV (Col-IV) is described as the predominant collagen of  the 
basement membrane [20,21]. In the CNS, glial cells and neurons interact with the 
ECM to maintain tissue homeostasis. Astrocytes, in particular, play a significant role 
in producing ECM components such as elastin and collagen. The collagen matrix in 
the CNS is dynamic, possessing multiple binding domains to interact with cell surface 
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receptors, matrix proteins, and other ligands, thereby influencing CNS health and 
injury recovery [20,22,23]. Changes in matrix stiffness and pro-inflammatory cytokine 
signaling mediated by astrocytes are critical in CNS injury and disease [22].
Fibrotic scarring following CNS injury is a significant barrier to axonal regeneration. 
Damage to the CNS causes astrocytes in the parenchyma to transform into reactive 
astrocytes, a phenotypic process known as reactive astrogliosis, which results in scar 
formation that impairs axonal regeneration and functional recovery [21,22]. Col-I 
interacts with signaling pathways involving integrins and N-cadherin to promote scar-
forming phenotypes [24]. Col-IV, a major component of  the basal lamina, is recognized 
as an essential element of  fibrotic scar tissue in the CNS. Through its microfilament 
networks, Col-IV interacts with other ECM components and cell membrane receptors, 
precisely modulating ECM stiffness and mechanical properties [21,25].
Aquaporins (AQPs) are a family of  transmembrane water channel proteins that 
facilitate intercellular fluid transport in the membranes of  biological cells. Aquaporin-
IV (AQP-IV) is the predominant water channel in the CNS neuropil. AQP-IV is mainly 
expressed in astrocytes but can also be found in ependymal and endothelial cells [26,27]. 
AQP-IV plays essential roles in potassium uptake and release by astrocytes, glial cell 
migration, glial scar formation, and astrocyte-to-astrocyte communication. Moreover, 
AQP-IV has been reported to enhance astrocyte migration and scar formation [28,29].
This study aimed to investigate the immunohistochemical localization of  Col-I, Col-
IV and AQP-IV in the brain tissues of  both healthy and naturally infected sheep with 
C. cerebralis.

MATERIALS AND METHODS

Animal materials

The study material consisted of  a total of  27 brain tissues collected from the provinces 
of  Sivas and Yozgat (Turkey), including 6 healthy (6–12 months old, male) and 21 
Coenurosis-positive (6–12 months old, male) samples. The study was approved by 
the Sivas Cumhuriyet University Animal Experiments Local Ethics Committee 
(31.07.2023-617). 

Histopathological examination

After the sheep skulls were opened, brain tissues were removed and fixed in 10 % 
neutral formalin solution for 24-48 hours. After fixation, the samples were washed 
overnight under running tap water, passed through alcohol (70 %, 80 %, 90 % and  
100 %) and xylene series, and embedded in paraffin. Sections obtained from paraffin 
blocks were stained with Hematoxylin-Eosin (H-E) and examined under a light 
microscope (Olympus BX51, Tokyo, Japan) [30].
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Immunohistochemical examination

Sections from the paraffin blocks underwent paraffin extraction and rehydration. 
Subsequently, immunohistochemical staining was performed using a commercial kit 
(Thermo Scientific, TP-125-HL, USA) in accordance with the kit protocol. The primary 
antibodies used were Collagen-I (Affbiotech, AF7001, USA, diluted 1:200), Collagen-
IV (Affbiotech, AF0510, USA, diluted 1:200), and Aquaporin-IV (Affbiotech, AF5164, 
USA, diluted 1:300). For the negative control section, PBS was applied instead of  the 
primary antibody. 3, 3’-diaminobenzidine (DAB) was used as the chromogen, followed 
by counterstaining with hematoxylin. The sections were then passed through graded 
alcohols and xylene solutions and mounted with Entellan. Immunohistochemical 
scoring was evaluated semi-quantitatively by a blinded pathologist using the following 
scale: 0 (no staining), 1 (mild staining), 2 (moderate staining), and 3 (intense staining) 
[31].

Statistical analysis

The immunohistochemical data obtained were analyzed using SPSS 25 software (Inc., 
Chicago, USA). The Shapiro-Wilk test was employed to assess the normal distribution 
of  the data, while Levene’s test was used to evaluate the homogeneity of  variances. 
Nonparametric Mann-Whitney U test was used for differences between groups. 
p<0.05 was accepted as the significance level.

RESULTS

Gross pathology

The brain tissues of  the control group animals exhibited a normal macroscopic 
appearance. In C. cerebralis-positive animals, cysts in the form of  sacs containing 
transparent fluid were observed after removing the calvarium by opening the skull. In 
some cases, the cysts were macroscopically noticeable on the brain tissue surface, while 
in others, they were detected within the brain tissue after sectioning. Additionally, some 
cases exhibited a single large cyst on one side, while others had two or three smaller 
cysts located in different regions. In all animals, the cysts were localized in either the 
right or left cerebral hemisphere (Figure 1). Furthermore, the presence of  cysts in 
some ventricles led to ventricular dilation. Morphologically, the cyst sizes ranged from 
2 × 2.3 cm to 6 × 4.2 cm. Dense white-colored scolices were visible within certain 
cysts. Meningeal edema was also noted in some cases (Figure 1).
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Histopathologically, the brain tissues of  the control group displayed normal histological 
features (Figure 2-A). Histopathological examination revealed cyst structures and, 
in some cases, necrotic changes within the cystic areas, numerous multinucleated 
giant cell formations surrounding the cyst wall, mononuclear cell infiltrations, and 
eosinophilic granulocytes. Moreover, hyperemia, meningitis, perivascular mononuclear 
cell infiltrations, and findings such as neuronal necrosis, neuronophagy, and gliosis in 
the neuropil tissue surrounding the cystic structures were observed (Figure 2-B-D). 
Additionally, foci of  liquefactive necrosis were recorded in some cases due to parasite 
migration.

Immunohistochemical results

The immunohistochemical scores between groups are presented in Figure 3. In the 
immunohistochemical staining for Col-I and Col-IV, immunoreactivity in the brain 
tissues of  the control group was either very mild or absent. Col-I and Col-IV showed 
intracytoplasmic immunoreactivity in astrocytes, oligodendrocytes, and endothelial 
cells (Figure 4). In Col-I and Col-IV immunoreactivity, a significant increase was 
observed in the brains of  C. cerebralis-positive sheep compared to the control group 
(p<0.001). Additionally, Col-I and Col-IV immunoreactivity was more widespread and 
more severe in the neuropil tissue outside the cystic lesions in C. cerebralis positive 
sheep compared to healthy control animals. AQP-IV immunoreactivity was localized 
intracytoplasmic in microglial cells, astrocytes, and endothelial cells, and mild to 
moderate immunoreactivity was observed in the control group (Figure 4). The AQP-
IV immunoreactivity in the brains of  C. cerebralis-positive sheep was significantly 
higher compared to the control group (p<0.01). In addition, AQP4 immunoreactivity 
was more widespread and more severe in the neuropil tissue outside the cystic lesions 
in C. cerebralis positive sheep compared to healthy control animals.

Figure 1. Macroscopic appearance of  cyst structures in different C. cerebralis 
infected animals.
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Figure 2. Microscopic appearance of  control group and C. cerebralis infected sheep, 
Hematoxylin-Eosin, A. Normal histological appearance of  control group animals, B-D. Cyst 
(black asteriks), perivascular mononuclear cell infiltration (arrows), necrosis (n), multinucleated 
giant cell formations (blue arrows), gliosis (blue asteriks) and eosinophil granulocyte infiltration 
(black arrowhead) appearance in C. cerebralis infected sheep.

Figure 3. Intergroup immunohistochemical scores (Mean±SE). a,b The letters on the same 
vertical column indicate the statistical significance between the groups (p<0.05).
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DISCUSSION

Parasitic infestations in livestock, particularly in sheep and goat farming, cause significant 
economic losses globally [32-34]. C. cerebralis represents a widespread problem in 
livestock farming worldwide. Research into the pathogenesis of  natural coenurosis-
infected sheep has been ongoing in recent years [13,14]. However, studies focusing on 
ECM components in coenurosis-infected sheep remain limited, necessitating further 
investigation. Col-I, Col-IV, and AQP4 proteins are reported to play significant roles 
in nervous system physiology due to their interactions with ECM [21,29]. The present 
study aimed to evaluate the local tissue expression of  Col-I, Col-IV, and AQP-IV 
immunohistochemically in naturally infected coenurosis sheep to determine their 
effects on disease pathogenesis. To our knowledge, this is the first study evaluating 
Col-I, Col-IV, and AQP-IV expression in naturally infected coenurosis sheep. The 
findings indicate that the expression of  Col-I, Col-IV, and AQP-IV is significantly 
increased in sheep naturally infected with coenurosis.

Figure 4. Appearance of  immunohistochemical staining between control group and C. 
cerebralis infected sheep (DAB was used as chromogen), (Col-I: Collagen-I; Col-IV: Collagen-
IV; AQP-IV: Aquaporin-IV).
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C. cerebralis localizes in the CNS of  ruminants, causing neurological symptoms such as 
torticollis, coordination disorders, teeth grinding, and circling. Tissue damage resulting 
from trauma or other conditions can lead to variable neurobehavioral manifestations, 
but the size and location of  the cyst are key determinants in pathogenesis [10-12]. Studies 
report that C. cerebralis can predominantly localize anywhere in the brain, particularly 
in the cerebral hemispheres, while other studies have observed its presence in the 
cerebral cortex and cerebellum [13,35,36]. A study by Güçlü et al. [37] documented 
bilateral cranial bone perforations attributed to C. cerebralis. Literature also indicates 
that cyst diameters in sheep vary from 1–4.5 cm, 2–6 cm, and 0.8–6.5 cm [15,16]. 
Microscopically, coenurosis lesions include cystic structures, meningoencephalitis, 
congestion, liquefactive necrosis, neuronophagy, perivascular cuffing, demyelination, 
and gliosis [7,13,15]. In this study, all cysts were localized in the cerebrum, with no 
cranial bone deformities observed. The macroscopic cyst sizes (2–6 cm) and the 
observed macro – and microscopic findings (Figure 1 and Figure 2) were consistent 
with the literature.
Central nervous system (CNS) bacteria, fungi, and parasite infections induce a fibrotic 
response that encapsulates the affected areas, limiting the spread of  pathogens [22]. 
In the presence of  C. cerebralis, the brain tissue stimulates the formation of  a fibrotic 
layer acting as an interface between the parasite and host tissues [14,15,38]. This 
may indicate chronic inflammation and tissue damage caused by the parasite. The 
immunohistochemical findings in the present study revealed excessive immunoreactivity 
of  fibrosis-associated proteins, Col-I and Col-IV, around the cysts (Figure 3 and Figure 
4). These findings support the notion that brain tissue undergoes a fibrotic response in 
neurological parasitic infections.
Central nervous system (CNS) neurodegeneration is often associated with vascular 
pathologies, such as disrupted blood flow and the breakdown of  the blood-brain barrier. 
Endothelial cells, astrocytes, and microglia contribute significantly to maintaining the 
stability of  the blood-brain barrier. During infection or inflammation, changes in the 
activity of  these cell types can alter the activity of  Col-IV in the basal membrane and 
compromise the barrier function [21,23,25,39]. Among glial cells, both astrocytes and 
microglia constantly assess the potential for damage within the CNS environment, and 
upon infection or inflammation, these cells become reactive. In particular, astrocytes 
play an important role in the production of  ECM components such as elastin and 
collagen. Microglia influence the ECM composition through the expression of  MMPs 
and cytokines. Reactive microglia also alter ECM components by affecting astrocyte 
function and the migration of  oligodendrocytes [21,23,39]. In the current study, 
compared to the control group, sheep with coenurosis showed significantly higher 
immunoreactivity for Col-I and Col-IV, and the increased immunoreactivity of  Col-I 
and Col-IV was thought to be a result of  reactive astrocytosis.
The blood-brain barrier is defined as a physical and metabolic barrier that separates the 
CNS from the peripheral circulation, regulating and protecting the microenvironment 
of  the CNS [22,40]. In a recent study, it was reported that the permeability of  the blood-
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brain barrier increased and its integrity was impaired in coenurosis disease in sheep 
[13], indicating vasogenic edema. Furthermore, in some cases, a hypoxic/ischemic 
condition may develop due to the pressure exerted by the cyst on surrounding tissues, 
potentially leading to cytotoxic edema [29,41]. 
Aquaporin-IV (AQP-IV) is a protein that plays a crucial role in regulating brain 
water balance, intercellular fluid balance, blood-brain barrier permeability, and edema 
formation. AQP-IV has also been reported to contribute to glial scar formation after 
brain injury by promoting glial cell migration [26,29]. In recent years, the protective 
effect of  AQP-IV in brain edema has shown varying results across different studies 
[42-44]. While some experimental studies suggest that AQP-IV offers protection 
against brain edema [43], others propose that it may exacerbate brain edema [42,44]. 
In an experimental study, AQP-IV was reported to play an essential role in regulating 
fluid transport in the brains of  mice infected with Plasmodium [45]. Another study 
reported partial protection from cerebral malaria in mice due to AQP-IV [43]. In other 
studies, AQP-IV deficiency was found to worsen outcomes in pathological conditions 
such as brain abscess, brain tumors, and subarachnoid hemorrhage [46,47]. In the 
present study, increased AQP-IV expression (Figure 3 and Figure 4) was observed 
in sheep infected with C. cerebralis, suggesting that it may play significant roles in 
the pathophysiological process of  coenurosis. Our findings highlight two possible 
scenarios: the increase in AQP-IV expression may result from the host immune 
response mechanisms against vascular edema in the brain tissue, or the cysts could 
induce mechanical pressure on the brain’s neuropil tissue, leading to increased cellular 
stress and inflammatory response, thereby inducing AQP-IV expression and causing 
fluid accumulation in the brain tissue. Further detailed studies are needed to fully 
elucidate this situation. Indeed, upregulation of  AQP-IV has been reported to reduce 
vascular edema in previous studies [29, 41].
Aquaporin-IV (AQP-IV) water channels are primarily expressed in astrocytes 
surrounding blood vessels in the brain [26,28]. In the present study, AQP-IV expression 
was detected in microglia, astrocytes, and endothelial cells in both the control and 
coenurosis-infected sheep brain tissues. Additionally, intense immunoreactivity was 
observed in astrocytes around the cystic structure in the brain tissue of  coenurosis-
infected sheep, suggesting a link to reactive astrocytosis. The activation of  astrocytes 
following brain injury induction and pathology is confirmed by the increased expression 
of  glial fibrillary acidic protein (GFAP), a known marker of  reactive astrocytes. 
Uztimür and Dörtbudak [38] reported increased GFAP levels in C. cerebralis-infected 
goats compared to the control group. Rahsan et al. [14] also reported increased GFAP 
expression in sheep with C. cerebralis. The studies by Uztimür and Dörtbudak [38] and 
Rahsan et al. [14] support the reactive astrocytosis observed in the present study.
In the current study, both in the cystic lesions and in the surrounding neuropil tissue, 
Col-I, Col-IV, and AQP-IV immunoreactivity were more widespread and intense 
in sheep with coenurosis compared to healthy control animals. This suggests that 
infection in the brain affects not only the lesion sites but also areas distant from 
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the cysts. In this context, it may contribute to the exacerbation of  the neurological 
symptoms of  the disease. Because it is stated that the relevant primers play important 
roles in the processes of  homeostasis, inflammation, fibrosis and edema in the brain 
tissue [21,23,42,43]. 
Brain parasitic diseases exhibit varying levels of  Col-I, Col-IV, and AQP-IV 
expression [23, 45,48,49]. The differences observed in these studies may be attributed 
to pathogen-specific pathogenesis mechanisms, the effects of  the parasite on brain 
tissue, and changes in host immune response mechanisms. The present study reveals 
increased expression of  Col-I, Col-IV, and AQP-IV in naturally infected coenurosis 
sheep and suggests that these findings may offer new perspectives for future studies 
on the pathogenesis of  the disease.

CONCLUSION

In conclusion, the presented study demonstrated significant increases in Collagen-I, 
Collagen-IV, and Aquaporin-IV in sheep with coenurosis. Our results suggest that 
these molecules may play important roles in the regulation of  brain edema, glial 
response, and fibrotic processes. The current study emphasizes the significance of  local 
expression of  Collagen-I, Collagen-IV, and Aquaporin-IV in sheep with coenurosis 
and suggests that they could play crucial roles in the pathophysiology of  the disease.

Acknowledgements
This study was supported by Sivas Cumhuriyet University Scientific Research 
Coordination Office with grant number V-2024-137.

Authors’ contributions
OK and GA designed the study. OK and GA collected samples, and OK completed 
the laboratory procedures. Both authors read and approved the final version of  the 
manuscript.

Declaration of  conflicting interests
The author(s) reported no potential conflicts of  interest concerning the research, 
authorship, or publication of  this article.

ORCID iDs
Ozhan Karatas  https://orcid.org/0000-0002-2778-8059 
Gokhan Akcakavak  https://orcid.org/0000-0001-5949-4752

https://orcid.org/0000-0002-2778-8059
https://orcid.org/0000-0001-5949-4752


Karatas and Akcakavak: Col-I, Col-IV and AQP-IV protein expressions are up-regulated in sheep naturally infected with coenurosis; a histopathological and immunohistochemical study

305

REFERENCES

1.	  Akkuş E, Oğuz FE: Molecular prevalence of  Coenurus cerebralis in sheep with neurological 
symptoms in Iğdır Province Türkiye. Pak Vet J 2024, 44(2):499-503.

2.	 Avcioglu H, Yildirim A, Duzlu O, Inci A, Terim KK, Balkaya I: Prevalence and molecular 
characterization of  bovine coenurosis from Eastern Anatolian region of  Turkey. Vet 
Parasitol 2011, 176(1):59-64.

3.	 Constable PD, Hinchcliff  KW, Done SH, Grünberg W: Veterinary medicine: a textbook of  
the diseases of  cattle, horses, sheep, pigs and goats: Elsevier Health Sciences; 2016.

4.	 Mohammed NH. Prevalence, morphological and biochemical study of  larval stage 
Coenurus cerebralis of  Taenia multiceps in sheep. Iraqi J Vet Sci 2020, 34(1):159-163.

5.	 Varcasia A, Tamponi C, Ahmed F, Cappai MG, Porcu F, Mehmood N, Dessi G, Scala A: 
Taenia multiceps coenurosis: a review. Parasites & Vectors 2022, 15(1):84.

6.	 Ajaj EA, Mohammad HA, Gharban HA: First molecular confirmation of  Coenurus 
cerebralis in sheep and goats with neurological behaviors in Iraq. Vet World 2021, 14(6):1420.

7.	 Amer S, ElKhatam A, Fukuda Y, Bakr LI, Zidan S, Elsify A, Mohammed MA, Tada C, 
Nakai Y: Clinical, pathological, and molecular data concerning Coenurus cerebralis in sheep in 
Egypt. Data Br 2018,16:1-9.

8.	 Comba B, Mert H, Comba A, Mis L, Mert N: The some hematological and biochemical 
parameters in Karakul and Norduz sheep. Van Vet J 2017, 28(3):137-140.

9.	 Farjani Kish G, Khodakaram-Tafti A, Hajimohammadi A, Ahmadi N: Clinical and 
morphopathological characteristics of  an enzootic occurrence of  acute coenurosis (Coenurus 
cerebralis) in a sheep herd. J Parasit Dis 2015, 39:280-283.

10.	Akbari M, Moazeni M, Oryan A, Sharifiyazdi H, Amrabadi O: Experimental cerebral and 
non-cerebral coenurosis in goats: A comparative study on the morphological and molecular 
characteristics of  the parasite. Vet Parasitol 2015, 211(3-4):201-207.

11.	Alvi MA, Ohiolei JA, Saqib M, Tayyab MH, Zafar Khan MU, Li L, Aqib AI, Hassan A, 
Alvi AA, Qamar W, Fu BQ, Yan HB, Jia WZ: First report on molecular characterization of  
Taenia multiceps isolates from sheep and goats in Faisalabad, Pakistan. Front Vet Sci 2020, 
7:594599.

12.	Giadinis N, Psychas V, Polizopoulou Z, Papadopoulos E, Papaioannou N, Komnenou A, 
Thomas AL, Petridou EJ, Konstantinou MK, Lafi SQ, Brellou GD: Acute coenurosis of  
dairy sheep from 11 flocks in Greece. New Zealand Vet J 2012, 60(4):247-253.

13.	Dincel GC, Yavuz O, Yildirim S, Al-Olayan EM, El-Ashram S: ADAMTS-13 and HMGB1-
induced oxidative stress in Taenia multiceps-infected animals. Sci Rep 2023, 13(1):17929.

14.	Rahsan Y, Nihat Y, Bestami Y, Adnan A, Nuran A: Histopathological, immunohistochemical, 
and parasitological studies on pathogenesis of  in sheep. J Vet Res 2018, 62(1):35-41.

15.	Yılmaz R, Özyıldız Z, Yumuşak N: Pathomorphological findings of  Coenurus cerebralis in 
sheep. Harran Üniv Vet Fak Derg 2014, 3(2):73-77.

16.	Tavassoli M, Malekifard F, Soleimanzadeh A, Tajik H: Prevalence of  Coenurus cerebralis in 
sheep in Northwest of  Iran. Vet Res For 2011, 2(4):274-276.

17.	Alahmari A: Blood-brain barrier overview: structural and functional correlation. Neural 
Plast 2021, 2021(1):6564585.

18.	Halder SK, Sapkota A, Milner R: The importance of  laminin at the blood-brain barrier. 
Neural Reg Res 2023, 18(12):2557-2563.



Acta Veterinaria-Beograd 2025, 75 (3), 295-308

306

19.	Pintér P, Alpár A: The role of  extracellular matrix in human neurodegenerative diseases. Int 
J Mol Sci 2022, 23(19):11085.

20.	Naomi R, Ridzuan PM, Bahari H: Current insights into collagen type I. Polymers 2021, 
13(16):2642.

21.	Wareham LK, Baratta RO, Del Buono BJ, Schlumpf  E, Calkins DJ. Collagen in the central 
nervous system: contributions to neurodegeneration and promise as a therapeutic target. 
Mol Neurodeg 2024, 19(1):11.

22.	D’Ambrosi N, Apolloni S: Fibrotic scar in neurodegenerative diseases. Front Immunol 
2020, 11:1394.

23.	Fernández-Klett F, Priller J: The fibrotic scar in neurological disorders. Brain Pathol 2014, 
24(4):404-413.

24.	Hara M, Kobayakawa K, Ohkawa Y, Kumamaru H, Yokota K, Saito T, Kijima K, Yoshizaki 
S, Harimaya K, Nakashima Y, Okada S: Interaction of  reactive astrocytes with type I 
collagen induces astrocytic scar formation through the integrin–N-cadherin pathway after 
spinal cord injury. Nat Med 2017, 23(7):818-828.

25.	Cescon M, Chen P, Castagnaro S, Gregorio I, Bonaldo P: Lack of  collagen VI promotes 
neurodegeneration by impairing autophagy and inducing apoptosis during aging. Aging 
(Albany NY) 2016, 8(5):1083.

26.	Mader S, Brimberg L: Aquaporin-4 water channel in the brain and its implication for health 
and disease. Cells 2019, 8(2):90.

27.	Vandebroek A, Yasui M: Regulation of  AQP4 in the central nervous system. Int J Mol Sci 
2020, 21(5):1603.

28.	Iacovetta C, Rudloff  E, Kirby R: The role of  aquaporin 4 in the brain. Vet Clin Pathol 2012, 
41(1):32-44.

29.	Tang G, Yang G-Y: Aquaporin-4: A potential therapeutic target for cerebral edema. Int J 
Mol Sci 2016, 17(10):1413.

30.	Akcakavak G, Kazak F, Karatas O, Alakus H, Alakus I, Kirgiz O, Celik Z, Deveci MZY, 
Ozdemir O, Tuzcu M: Eucalyptol regulates Nrf2 and NF-kB signaling and alleviates 
gentamicin-induced kidney injury in rats by downregulating oxidative stress, oxidative 
DNA damage, inflammation, and apoptosis. Toxicol Mech Method 2024, 34(4):413-422.

31.	Kazak F, Akcakavak G, Alakus I, Alakus H, Kirgiz O, Karatas O, Deveci MZY, Coskun 
P: Proanthocyanidin alleviates testicular torsion/detorsion-induced ischemia/reperfusion 
injury in rats. Tissue and Cell 2024, 89:102459.

32.	Rehman TU, Elsaid FG, Toledo MMG, Gentile A, Gul RA, Rashid M, Aleem MT, Zaman 
MA: Fasciolosis: Recent update in vaccines development and their efficacy. Pak Vet J 2023, 
43(2): 224-231.

33.	Ceylan C, Ekici ÖD: Molecular investigation of  ovine and caprine anaplasmosis in south-
Eastern Anatolia region of  Turkey. Pak Vet J 2023, 43(1):139-145.

34.	Ur Rehman T, Elsaid FG, Toledo MMG, Gentile A, Gul RA, Rashid M, Aleem MT, Zaman 
MA: Fasciolosis: recent update in vaccines development and their efficacy. Pak Vet J 2023, 
43:224-231.

35.	Gicik Y, Kara M, Arslan MO: Prevalence of  Coenurus cerebralis in sheep in Kars Province, 
Turkey. Bull Vet Inst Pulawy 2007, 51(3):379.

36.	Sonmez B, Koroglu E, Simsek S: Molecular characterization and detection of  variants of  
Taenia multiceps in sheep in Turkey. Parasitology 2017, 144(2):220-225.



Karatas and Akcakavak: Col-I, Col-IV and AQP-IV protein expressions are up-regulated in sheep naturally infected with coenurosis; a histopathological and immunohistochemical study

307

37.	Güçlü F, Uslu U, Ozdemir O: Bilateral bone perforation caused by Coenurus cerebralis in a 
sheep: case report. Turkiye Parazitolojii Dergisi 2006, 30(4):282-284.

38.	Uztimür M, Dörtbudak MB: Evaluation of  brain injury in goats naturally infected with 
Coenurus cerebralis; brain specific biomarkers, acute inflammation, and DNA oxidation. 
Res Vet Sci 2023, 165:105043.

39.	Smolders SM-T, Kessels S, Vangansewinkel T, Rigo J-M, Legendre P, Brône B: Microglia: 
Brain cells on the move. Prog Neurobiol 2019, 178:101612.

40.	Wu D, Chen Q, Chen X, Han F, Chen Z, Wang Y: The blood–brain barrier: structure, 
regulation, and drug delivery. Signal Transduct Target Ther 2023, 8(1):217.

41.	Zador Z, Stiver S, Wang V, Manley GT: Role of  aquaporin-4 in cerebral edema and stroke. 
Aquaporins 2009, 159-170.

42.	Zeng XN, Xie LL, Liang R, Sun XL, Fan Y, Hu G: AQP4 knockout aggravates ischemia/
reperfusion injury in mice. CNS Neurosci Ther 2012, 18(5):388-394.

43.	Promeneur D, Lunde LK, Amiry-Moghaddam M, Agre P: Protective role of  brain water 
channel AQP4 in murine cerebral malaria. Proc Natl Acad Sci 2013, 110(3):1035-1040.

44.	Manley GT, Fujimura M, Ma T, Noshita N, Filiz F, Bollen AW, Chan P, Verkman AS: 
Aquaporin-4 deletion in mice reduces brain edema after acute water intoxication and 
ischemic stroke. Nat Med 2000, 6(2):159-163.

45.	Promeneur D, Liu Y, Maciel J, Agre P, King LS, Kumar N: Aquaglyceroporin PbAQP 
during intraerythrocytic development of  the malaria parasite Plasmodium berghei. Proc Natl 
Acad Sci 2007, 104(7):2211-2216.

46.	Papadopoulos MC, Manley GT, Krishna S, Verkman A: Aquaporin-4 facilitates reabsorption 
of  excess fluid in vasogenic brain edema. FASEB J 2004, 18(11):1291-1293.

47.	Tait MJ, Saadoun S, Bell BA, Verkman AS, Papadopoulos MC: Increased brain edema in 
aqp4-null mice in an experimental model of  subarachnoid hemorrhage. Neuroscience 
2010, 167(1):60-67.

48.	Fadiel A, Isokpehi RD, Stambouli N, Hamza A, Benammar-Elgaaied A, Scalise TJ: 
Protozoan parasite aquaporins. Expert Rev Proteomics 2009, 6(2):199-211.

49.	Bruschi F, Pinto B: Matrix metalloproteinases in parasitic infections. Pathophysiological 
aspects of  proteases, 2017, pp 321-352.

POVEĆANA EKSPRESIJA PROTEINA KOLAGENA-I, 
KOLAGENA-IV I AKVAPORINA-IV KOD OVACA PRIRODNO 
INFICIRANIH CENUROZOM; HISTOPATOLOŠKA I 
IMUNOHISTOHEMIJSKA STUDIJA

Ozhan Karatas, Gokhan Akcakavak

Cenuroza je definisana kao česta zoonotska bolest koju izaziva larveni oblik Taenia mul-
ticeps, C. cerebralis. Istraživanje komponenti koje čine ekstracelularni matriks (ECM) za 
cenurozu kod domaćih životinja je ograničeno. Cilj ove studije je ispitivanje lokalne ek-
spresije važnih komponenti ECM-a u tkivu, uključujući kolagen-I (Col-I), kolagen-IV 
(Col-IV) i akvaporin-IV (AQP-IV) kod zdravih i prirodno inficiranih ovaca sa cenuro-



Acta Veterinaria-Beograd 2025, 75 (3), 295-308

308

zom. Materijal za ispitivanje sastojao se od 6 zdravih i 21 ovce pozitivne na cenurozu, 
što je ukupno 27 uzoraka moždanog tkiva. Moždano tkivo životinja iz kontrolne grupe 
pokazalo je normalnu histološku građu. Kod ovaca zaraženih cenurozom, primećene 
su cistične strukture i u nekim slučajevima, nekrotične promene unutar cističnih po-
dručja, kao i formiranje brojnih višejedarnih džinovskih ćelija koje okružuju zid ciste, 
infiltracije mononuklearnih ćelija, eozinofilni granulociti, hiperemija, meningitis, peri-
vaskularne infiltracije mononuklearnih ćelija i nekroza neurona, neuronofagija i glioza 
u neuropilu pored cističnih struktura. Imunohistohemijski, u poređenju sa kontrolnom 
grupom, značajno povećanje ekspresije Col-I (p<0,001), Col-IV (p<0,001) i AQP-
IV (p<0,01) je otkriveno kod ovaca zaraženih cenurozom. Ovi nalazi ukazuju na to 
da povećana ekspresija Col-I, Col-IV i AQP-IV kod infekcije C. cerebralis može igrati 
važnu ulogu u regulaciji edema mozga, glijalnog odgovora i fibroznih procesa. Naši sa-
dašnji rezultati ističu važnost lokalne ekspresije Col-I, Col-IV i AQP-IV kod prirodno 
zaraženih ovaca cenurozom i mogu doprineti boljem razumevanju patogeneze bolesti 
i pružiti nove perspektive za moguće strategije lečenja.


