Journal of Translational Science

Research Aricle

Oat

open access text

ISSN: 2059-268X

Bilateral jugular veins occlusion in mice: Clinical and

histological findings

Greco A'?, Auletta L3, Coda AR, Baldi A**, Montanaro D*, Albanese S', Pappata S' and Mancini M"™*

Istituto di Biostrutture e Bioimmagini, CNR, Napoli, Italy

“Interdepartmental Center of Veterinary Radiology, University of Naples Federico II, Naples 80137, Italy

*IRCCS SDN, Napoli, Italy
*Ceinge, Biotecnologie Avanzate, Scarl, Napoli, Italy

Dipartimento di Scienze e Tecnologie Ambientali, Biologiche e Farmaceutiche, Universita della Campania “L. Vanvitelli”, Caserta, Italy

Abstract

An impaired venous drainage from the brain and spinal cord as result of outflow obstruction in the extracranial venous system was considered as a possible contributing
factor to the pathogenesis and clinical manifestations of neurodegenerative diseases.

The aim of the study was to determine the contribution of impaired jugular veins to the status of the brain tissues insufficiently drained by extracranial veins. Thirty-
eight mice were used for our experiments, 22 mice underwent to the bilateral ligation of the internal and external Jugular veins “(ligated group)”, 16 mice underwent to
the same operative procedures and postoperative precautions but without jugular veins ligation “(sham-operated group)”. Following the surgery, mice were monitored
every day for the development of clinical symptoms. After 20 days and 3 months post-surgery, mice were sacrificed. Each brain was cut out sagittal to divide the two
hemispheres. The samples were subjected to both histological and immunohistochemically staining using slides to define edema, inflammatory reaction, iron and
fibrinogen deposit and demyelination.

Of the 22 ligated group 7 showed a Grade 1 of clinical impairment. Histopathological assays showed the presence of brain edema and micro-hemorrhages. A
significant higher number of positive inflammatory cells in the brains of ligated Group in comparison to sham group (p<0.05) was detected. No evidence of
demyelination nor iron or fibrin deposition in Ligated group was demonstrated.

In conclusion, jugular vein ligation altered cerebral hemodynamics without causing significant neurological symptoms. The outflow obstruction in the extracranial

venous system in rodent models is able to elicit a mild inflammatory process.

Abbreviations: EJV: External jugular veins; IJV: Internal jugular
veins; LG: Ligated group; SG: Sham group; SALG: Sub-acute ligated
group; CLG: Chronic ligated group; SASG: Sub-acute sham group;
CSG: Chronic sham group; HFUS: High frequency ultrasound; US:
Ultrasound; CBF: Cerebral blood flow.

Introduction

It was hypothesized that an alteration of venous outflow could be
associated to many diseases [1-11]. An alteration of the venous outflow
could determine an intracranial venous congestion, a blood brain
barrier destruction, and a deposition of iron and macromolecules
that could induce an inflammatory status, an immune response
and a peripheral macrophages recruitment [12]. An increase in the
calcium levels in the internal jugular vein, mainly localized in the
tunica adventitia of micro vessels [13], and a focal thickening of the
vein wall correlated with a higher expression type II collagen [14]
were demonstrated in MS patients, suggesting that biochemical and
morphological alterations may occur in the vein wall of some of
patients. Furthermore, different methods of quantification, such as
catheter venography, conventional Doppler ultrasonography (US),
contrast enhanced US, plethysmography and MRI venography, have
demonstrated the presence of a venous obstruction in these patients
[15-17]. On the other hand, other studies failed to demonstrate a
significant difference in the venous cerebral and cervical outflows in MS
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patients compared to controls [18-21]. Moreover, it was demonstrated
that fibrinogen deposition in the extravascular space could determine
an activation of the immunity against myelin and focal inflammatory
activation [22]. The development of animal models of cerebral veins
obstructions might contribute to better evaluate and understand
the effects of chronic cerebral outflow obstruction on functional,
biochemical and morphological alterations of brain tissues. To the
best of our knowledge, only two papers described the effect of ligation
of neck veins in mice [23,24], but these studies took in consideration
only the ligature of the external Jugular veins. Interestingly, a recent
study demonstrated that also the internal Jugular vein is an important
drainage route for venous flow in mice [25]. Recently, we have developed
a mice model of cerebral blood outflow obstruction obtained through
the bilateral ligation of the internal and external jugular veins [26] that
might reproduce intracerebral venous stasis similar to that observed in
patients with internal jugular vein obstruction.
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Material and methods
Animals

The animal protocols used in this work were approved by the
Animal Use and Ethic Committee of CEINGE, Biotecnologie Avanzate,
Naples Italy and the Ministry of Italyn Health (Protocol 257/2018-PR).
All experiments were performed in accordance with Federation of
European Laboratory Animal Science Associations and the European
Communities Council directive (2010/63/EU) guidelines. Thirty-
eight (18female/20male) 8-12 weeks-old C57/black mice were used
for our experiments, 22 mice underwent to the bilateral ligation of the
internal (IJV) and external Jugular veins (EJV) (“ligated group” LG), 16
mice underwent to the same operative procedures and postoperative
precautions but without jugular veins ligation (“sham-operated group”
SG).

Surgery

All surgeries were performed in general anesthesia, with 5%
isoflurane (Iso-Vet 1000 mg/g Inhalation Vapor, Piramal Healthcare
UK Ltd., Northumberland, UK) in oxygen (2 L/min); the analgesic
protocol consisted in one intraperitoneal injections every 12 h of
tramadol hydrochloride (Altadol 50 mg/ml, Formevet Spa, Milan, Italy)
at 30 mg/kg.

Mice were placed in dorsal recumbency on a heated pad. After
a midline incision of the ventral portion of the neck, the salivary
glands were disposed dorsally to visualize and ligate the EJV. After
the dissection of the muscles underling the trachea, it was possible to
expose and ligate the IJV [18] (Figures 1A,1B and 1C). Eleven mice
of LG group were sacrificed 20 days post-surgery to explore sub-
acute effects (Sub-Acute ligated group SALG) and the remaining 11
were sacrificed after 3 months to explore chronic effects of IJV/EJV
obstruction (Chronic ligated group CLG). At the same way, 8 sham
mice were sacrificed after 20 days (Sub-acute sham group SASG), and 8
sham mice were sacrificed after 3 months (Chronic sham group CSG).

High Frequency Ultrasound (HFUS) was used to confirm the
effectiveness of the IJVs and EJVs (Figures 2A, 2B) occlusion after
surgery in the LG and to control the patency in the sham operated
mice. Following the surgery, mice were monitored every day for the
development of clinical symptoms according to the Grading system
used for clinical assessment of experimental encephalomyelitis (EAE)
according to Miller et al. [27].

Animal sacrifice, perfusion and brain fixation

After 20 days and 3 months post-surgery, mice were sacrificed.
Animals were deeply anaesthetized and were placed in the supine
position. An abdominal incision was made with surgical scissors to
expose the heart. Through a peristaltic pump a needle was insert into
the apex of the left ventricle and immediately after a cut was made on
the right atrium. Animals received about 30 mL ice-cold phosphate-
buffered saline (0.1 M PBS), until the fluid exiting the right atrium
was entirely clear, followed by about 60 mL of 4% paraformaldehyde
in saline solution. After perfusion of mice was complete, brains were
isolated and post-fixed overnight at 4°C in 4% paraformaldehyde [28].

Histology and immunohistochemistry

Each brain was cut out sagittally to divide the two hemispheres.
The processing was performed with the Bio-Optica VTP 300 processor.
Then, the samples were included in paraffin. The cuts were performed
with the Leica RM 2245 microtome. For each sample a serial cutting
of 10 slides was made. Three sections of 5 um each were placed
on each slide. The samples were subjected to both histological and
immunohistochemical staining using slides in most cases immediately
consecutive to define edema, inflammatory reaction, iron and
fibrinogen deposit and demyelinization.

Histology: Hematoxylin/eosin staining: after the de-icing followed
by the decreasing scale of ethanols, the samples were stained with
hematoxylin for 5 min and then with eosin for 10 sec, and after the
passage in a scale of ethanol with increasing concentration, the slides
were mounted. This coloring allowed the morphological evaluation.

Immunohistochemistry: The Abcam anti myelin ab40390
antibody (final dilution 1.400) was used to highlight myelin and the
Abcam anti neuro filament ab8135 antibody was used (final dilution
1:1000) to detect neurofilaments. The unmasking was performed with
the pH6 citrate buffer of Dako (code S2369) in a thermostatic bath at
97°C for 20 minutes. The detection system used was the polymer of the
Dako K5001. The Biorad rat anti-mouse F4/80 biotilinate MCA497B
antibody [final dilution 1:200] was used to highlight the presence of
macrophages. The unmasking was performed with the pH6 citrate
buffer of Dako (code S2369)in thermostatic bath at 97°C for 20 minutes.
The detection system used was the kit Scy Tek Laboratories ultraTek.
Quantitative analysis of macrophages was performed in all animal of
each experimental groups. To this aim, we have generated a score of
MCA497B antibody staining by averaging the total number of positive
cells assessed in 5 different cerebral areas close to a vessel. For the

C

Figure 1. Ultrasound imaging. HFUS imaging of the neck was performed with a dedicated equipment system for small animal imaging (VEVO 2100, FUJIFILM VisualSonics, Inc., Toronto,
Ontario, Canada), in general anesthesia as previously described. Color Doppler images with a 20 MHz probe (MS250; FUJIFILM VisualSonics, Inc., Toronto, Ontario, Canada) was done to
explore the blood flow in the internal and external jugular veins before surgery (A) and two days after surgery (B). After surgery it is not evident bood flow in the internal and in the external
Jugular vein. It is possible to notice flow only in the carotid artery. C About 15 days no evidence of flow in IJV and EJV after surgery while collateral veins are present in the mouse neck

J Trans! Sci, 2020 doi: 10.15761/]'TS.1000367

Volume 6: 2-6



Greco A (2020) Bilateral jugular veins occlusion in mice: Clinical and histological findings

Figure 2. Histology and immunohistochemistry.

A) Floor of the IV ventricle with choroid plexus residues with clear intra-parenchymal (°) and meningeal (*) edema in an animal of the SALG group. Hematoxylin and Eosin staining

(original magnification 10x)

B) Numerous cortical neurons with intra-parenchymal edema at peri-cellular (°) and peri-vascular (*) level in an animal of the SALG group. Hematoxylin and Eosin staining (original

magnification 20x)

C) Numerous cortical neurons with intra-parenchymal (frontal cortex) edema at peri-cellular (°) and peri-vascular (*) level in an animal treated with the “chronic” protocol. Hematoxylin

and Eosin staining (original magnification 10x)

D) An area of cerebellar cortex of a SASG animal shows a mild edema. Hematoxylin and Eosin staining (original magnification X10)

E) Sub-ependymal micro-hemorrhages (*) at the level of the IV ventricle of a SALG, Hematoxylin and Eosin staining (original magnification 10x)

F) A small group of activated microglial cells (°) near a cerebral vessel (*) in the cortex of a mouse of the SALG group, Immunohistochemistry for MCA497B antibody (original

magnification 20x)

statistical analysis, the median number of positive cells for each brain
observed was used and compared in the different groups of animals.

Perls staining (Bio-Optica kit code 04-180807) was used for the
detection of iron deposits. Fibrinogen was evidenced in brain tissue
samples with an anti a chain fibrinogen antibody (1:500; ABcam 19079).
Unmasking was performed in 10 mM citrate buffer, pH 6, for 45 min
at 97°C; blocking was performed with BSA 2,5%, normal goat serum
0.05%, PBS 1%, Tween 0,5% for 1 h at room temperature. The signal
was revealed according to DAKO kits, for 15 min [each, for biotin and
streptavidin], at room temperature. DAB was from DakoCytomation,
and the slides were mounted and examined under a Leica DC500
compound microscope (Nussloch, Germany).

Statistical analysis

Neurological score was evaluated for all animals participating to
the study and the results were expressed as mean+SD. Nonparametric
test U di Mann-Withney (median and range) was used to compare
LG and SG in sub-acute and in chronic stages. Results was considered
significant at p <0,05.

Results
Surgical procedure

Thirty-eight mice were submitted to the surgical procedure. All
mice of the SG survived during surgery procedure and the whole trial
period. Of the 22 LG mice, 18 survived (four mice died immediately
after surgery due to intraoperative complications), and in two mice
the bilateral ligation of EJV and IJV was unsuccessful for an incorrect
surgical ligation of the external Jugular veins and post-surgical bleeding.
Finally, 8 mice of the SALG and 8 mice of the CLG, and all mice of the
SG underwent to clinical evaluation and histological analysis.
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All mice underwent to HFUS before and after the surgical
procedure (Figures 1A and 1B) that demonstrated the absence of the
flow in all operated IJVs and EJVs mice except the 2 with unsuccessful
ligation. In 5/22 mice of the LG, the induction of collateral veins was
demonstrable in the neck, 10-15 days after surgery (Figure 1C).

Clinical evaluation

All mice presented a weight loss of 10%, one week after surgery,
but recovered in few days. No change in the breathing and in the social
behavior was observed after surgery.

Regarding the locomotion, and according to the classification
of the EAE used for comparison, all the sham mice were considered
Grade 0, showing no clinical signs at all. Of the 22 operated mice, 7/22
showed a loss of tail tonicity and of ability of curling the tail, or/and
mild hind limb weakness (Grade 1). These symptoms were present in
4/11 mice of the SALG and in 3/11 mice of the CLG. The other mice
did not present any neurological sign.

Histology

Histopathological assays showed in the LG (Figures 2A and 2C),
but not in the SG (Figure 2D), the presence of brain edema and micro-
hemorrhages (Figure 2E). We did not notice a significant difference
between the brains of mice that underwent to bilateral ligation of
the internal and external jugular veins at 20 days and 3 months post-
surgery, excluding a more diffuse edema in the sub-acute (SALG) group
than in the chronic (CLG) groups. Neither, a specific topography for the
highlighted lesions was detected in the examined areas (cerebral cortex,
cerebellum, brain stem until IV ventricle). Edema was visible both at
the parenchymal and at the meningeal level, while micro-hemorrhages
were detected essentially at the meningeal level (Figure 2E).
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The presence of macrophage/microglia infiltration was also
investigated by means of immunohistochemical analysis with MCA497B
antibody, a specific marker for macrophages and activated microglia.
We found a significant higher number of positive inflammatory cells
in the brains of treated animals near the cerebral veins respect to the
shams. The number of macrophages per field was significantly higher in
SALG compared to SASG (median 4.5, range 3-6 and median 1, range
0-2, respectively, p<0.05) as well as in CLG compared to CSG (median
4, range 3-5, and median 1, range 0-2, respectively, p<0.05). The
number of macrophages was not significantly different between SALG
and CLG. In Figure 2F a small group of macrophages, near a cerebral
vein of a treated animal is depicted. We did not observe the typical
macrophage/microglia infiltration present in human multiple sclerosis
as well as experimental murine models of demyelinating disease, we
found only few isolated CD68 cells or isolated on in small groups. No
evidence of demyelination in the brains of LG respect to the SG (data
not shown) was demonstrated, in either sub-acute or chronic stages.
Similar negative findings were observed for iron or fibrin deposition.

Discussion

We have studied a mice model of cerebral outflow obstruction
obtained with bilateral legation of the internal and external jugular
veins, in order to evaluate the effects of venous stasis on brain tissue.
Venous obstruction determines an activation of an injury cascade and
an inflammatory response [29]. A difference between LG and SG was
observed in the cerebral edema, micro hemorrhages and inflammation
while histopathology did not show any evidence of iron deposition and
demyelination in the brain.

Diffuse abnormal accumulation of fluid in the brain parenchyma
secondary to obstruction of the jugular veins was found in all LG
animals in the subacute stage and it was still present, although to a
lesser extent, in the more chronic stages.

Fibrinogen is a major component in the blood that is considered
a marker of BBB disruption [30]. The absence of plasma components
as fibrinogen, red blood cells and lymphocytes in perivenular space
suggest that the BBB is intact in our LG animals. Therefore, venular
hypertension do not induce vasogenic edema but only passive interstitial
edema in brain tissue. An increase of the venous pressure could reduce
the capillary blood flow velocity, the micro vessel perfusion and the
permeability possibly resulting in a passive diffusion through the BBB
of water and a wide range of lipid-soluble molecules, that are blood-
flow dependent. An alteration in veins and venules pressure induces
a modification of neurovascular units more than in arterioles or
capillaries [29-33].

Some authors suggest that veins changes could have a central role
in disease pathogenesis rather than representing a secondary effect of
neuroinflammation or neurodegeneration [34,35]. The use of Ultra-
high-field MRI scanners improve definition of lesion morphology and
the association with vasculature [36-38]. The study of intra parenchymal
venous system, obtained by the use of T2*-weighted magnitude and
phase imaging confirms results of pathological studies showing that
many multiple sclerosis plaques are found around the venules [39,40].
Moreover, the investigation of blood barrier abnormalities in MS at 7.0T
or 3.0T showed that most enhancing lesions have a centrifugal pattern
of enhancement suggesting that grow outwards from the central vein
[41,42].

Multiple micro hemorrhages were also detected. Increase in
intracranial venous pressure might have caused brain swelling and
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meningeal capillary damage leading to micro-hemorrhage [43]. The
leptomeningeal location of micro-hemorrhages might be also related
to a primary impact of the increased central venous pressure on the
meninges, the main central venous discharge. This kind of micro
hemorrhages could explain the inflammatory infiltration in the
meningeal space and adjacent perivascular space in type 2 cortical
lesions of gray matter that are often localized around blood vessels and
developed independently of white matter lesions [44].

We also found a mild but significantly increase in the number of
CD68 positive cells isolated or in small groups in LG as compared to
SG in both sub-acute and chronic stages, in particular located around
venous vessels, suggesting the occurrence of mild inflammatory
response.

These findings are in part different from those reported in mouse
[23] and rat [24] models of chronic bilateral external jugular vein
ligation (EJVL), showing no evidence of significant cerebral edema,
micro-hemorrages or microglial/macrophage activation. Atkinson et al.
failed to reveal any evidence of edema, BBB alteration and inflammatory
cell infiltration such as activated neutrophils, macrophages, and
microglia as measured in vivo with myeloperoxidase-gadolinium
(MPOGd) and MRI and in vitro with flow cytometric analysis and
immunohistochemitry in the brain and perivascular space of SJL mice
studied between 4 and 6 months after JVL. Similarly, no microglial/
macrophage nor lymphocytes could be detected in either perivascular
or brain parenchymal in JVL rats studied at 8 months after surgery.
Interestingly increased activated astrocytes were found at GFAP staining
in white matter regions in the EJVL group as compared to the sham-
operated group [24]. In addition, these authors also reported marked
increase in iron deposition mainly located in white matter tracts within
oligodendrocytes and in the endothelial lining of the blood vessels
as well as mild brain tissue edema surrounding the mildly enlarged
perivascular Virchow Robin spaces in JVL rats. In our study and in that
of Atkinson, astrocytes activation was not assessed while we failed to
find cerebral or vascular/ perivascular iron deposition. Discrepancies
between our results and those previously reported might be related to
differences in the severity of JVL models, rodents used (mice or rats),
mice strains (female SJL and C57/black mice), rodents age at surgery (8-
12 weeks old in SJL and C57/black mice, 6 months in rats), times from
surgery (20 days to 8 months). Of particular relevance is the JVL model
used. Our model of bilateral occlusion of both external and internal
jugular veins is expected to result in more severe chronic cerebral
venous insufficiency than that induced by the bilateral occlusion of
external jugular veins. It was demonstrated that the intracranial venous
outflow runs in three directions: into the IJV and EJVs and into the
vertebral venous plexus. Therefore, the only interruption of EJV at the
neck level does not allow complete interruption of cerebral drainage
with many possibilities of extra-intracranial collaterals can compensate
the venous hypertension and the effects on brain tissue therefore could
be minimal [25].

In line with previous findings [23-24] we did not find signs of
demyelination or major neurological symptoms after surgery.

The mice with mild cerebral edema were all completely
asymptomatic. This may be due to the fact that obstruction of neck
veins is not able to increase the intracranial pressure to the level
that produces a significant decrease in Cerebral Blood Flow both by
decreasing effective perfusion pressure and by compressing cerebral
vessel. However, chronic edema could produce a silent and progressive
activation of inflammatory process and tissue damage. Other factors
are needed to induce significant blood brain barrier breakdown
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with macromolecular and/or peripheral inflammatory cells brain
infiltration, major microglial/macrophages activation, demyelination,
axonal damage and clinical signs, the typical hallmarks of human
multiple sclerosis and of Experimental autoimmune encephalomyelitis
(EAE) rodent models of multiples sclerosis. It could be hypothesized
that changes in brain neurovascular unit and cerebral blood flow or a
combination of both may be an early sign of disease prior than other
typical neuro-inflammatory and neurodegenerative events would
occur.

Limitations
This study has some limitations

The mouse is an imperfect model for studying the human cerebral
venous circulation, since there are differences between mouse and
human vascular anatomy [17,25], and the neck veins are always at the
same level of the heart.

We have not measured cerebral venous pressure.

We have only indirect signs of BBB integrity because in our study
we have not measured the permeability of BBB.

Despite these limitations, in conclusion, the animal model that
was developed in this study could be useful in research on the role of
cerebral vein in the pathogenesis of neurodegenerative disorders and
to investigate complex and multifactorial diseases such as Multiple
Sclerosis for which a single mouse model cannot capture and adequately
incorporate all the clinical, radiological, pathological, genetic and
immunological features of the disease.
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