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ABSTRACT 

High blood pressure produces ventricular dilation, variations in circumventricular organs and changes in the cerebro- 
spinal fluid compositions. On the other hand, chronic hypertension in spontaneously hypertensive rats can cause changes in 
the integrity of the brain barriers: blood-cerebrospinal fluid barrier and blood brain barrier. The permeability of the 
brain barriers can be studied by using transthyretin and S-100β. In the present work we study the integrity of the brain 
barrier and the choroid plexus function variations in arterial hypertension. Control rats and spontaneously hypertensive 
rats were used and the choroid plexus were processed by immunohistochemistry with anti-transthyretin and anti-vaso- 
pressin. Western blot was also performed in cerebrospinal fluid, serum and choroid plexus using anti-S-100β, anti- 
transthyretin. The accumulation of transthyretin immunoreactive was bigger in spontaneously hypertensive rats with 
respect to the control. Vasopressin was also higher in spontaneously hypertensive rats with respect to the control. Western 
blot showed that transthyretin tetramer was higher in the spontaneously hypertensive rats than in the control rats. The 
expression of transthyretin monomer was lower in hypertensive rats than the control in the cerebrospinal fluid, the 
transthyretin monomer reaction in the blood was stronger in hypertensive than in control rats. Western blot for the 
S-100β showed an increase in blood and cerebrospinal fluid of hypertensive rats. The high blood pressure produces a 
disruption of the blood brain barrier and blood to cerebrospinal fluid barrier that allows extravasations from the cerebro- 
spinal fluid to the blood and from the blood to the cerebrospinal fluid. 
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1. Introduction 

High blood pressure produces ventricular dilation, varia- 
tions in circumventricular organs and changes in the cere- 
brospinal fluid (CSF) compositions [1-3]. Arterial hyper- 
tension also induces alterations in brain tissue pH, cere- 
bral auto regulation and brain barrier permeability and, a 
paralysis of cerebral auto regulation may occur suggest- 
ing a probable cause of brain edema when the arterial blood 
pressure fluctuates excessively [4]. The permeability of 
the brain barriers (BBs) was also investigated in sponta- 
neously hypertensive rats (SHR) [5,6] via studies of trans- 
port through the BB, electron microscopy was used to 
visualize the structural changes that may produce a response 
to the hypertonic mannitol infusion in both the blood 
brain barrier (BBB) and blood to CSF barrier (BCSFB) 
and it was found [5,6], that chronic hypertension in SHR 
can cause changes in the integrity of the brain barriers, 

which are more pronounced in the blood -CSF barrier than 
in the BBB. The permeability of the brain barriers can 
also be studied by using Transthyretin (TTR) and S-100β: 
TTR is a protein involved in the transport of thyroid hor- 
mones in blood and CSF, and transthyretin is expressed 
in CSF as a monomer of 14 kDa (TTRm) and a dimmer 
of 28 kDa (TTRd), and in blood as a tetramer of 55kDa 
(TTRt). The TTR is synthesized in the choroid plexus (CP) 
cells and subcommissural organ (SCO) cells and secreted 
into the CSF [7-9] and the S-100β is synthesized in the 
astroglial and Swans cells, and when there are alterations 
in the BBB, the S-100β passes into the blood vessels 
[9,10]. 

It has been reported that humoral and endothelium- 
dependent mechanisms may play an important role in cere- 
bral circulation; the brain may sense reductions in mi- 
crovascular pressure and initiate compensatory neurohu- 
moral responses to raise arterial pressure, and vasopressin 
II (AV) appears to play an important role in the regula- *Corresponding author. 
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tion of the production of CSF and brain fluid volume 
[8,11] 

The aim of the present work is to analyze the integrity of 
the brain barrier and the choroid plexus function varia- 
tions in arterial hypertension bearing in mind the connec- 
tion among arterial hypertension, choroid plexus altera- 
tions and brain barrier dysfunction. 

2. Methods 

30 male rats were used, divided into 15 control Wistar- 
Kyoto rats (WKY) and 15 spontaneously hypertensive rats 
(SHR) from Charles River Laboratories Spain SA (Bar-
celona, Spain). The rats were maintained at a constant 
temperature of 21˚C ± 2˚C and 55% ± 8% relative hu-
midity on a normal 12 hour - 12 hour light-dark cycle. 
The rats were sacrificed at 6 months of age. Ten rats of 
each group were anesthetized with chloral hydrate (200 
l/100g of body weight at 160 mg/ml) and 100 l of CSF 
was extracted from the cistern magna and 4 ml of blood 
was extracted by intracardiac puncture from each animal 
before sacrifice. The choroid plexus extracts were pre-
pared after sacrifice. 

Five rats from each group were fixed by intracardiac 
perfusion with Bruin’s fluid, dehydrated and embedded 
in paraffin under standard conditions. Brains were cut into 
four serial coronal sections of 10 μm thickness. One of 
the serial coronal sections was stained with hematoxylin- 
eosin (H-E). In the others series, three rostrocaudal-cau- 
dal levels of the brain areas containing the CP of the late- 
ral ventricle were processed immunohistochemicaly as 
follows: after deparaffinization and rehydration, tissue sec- 
tions were treated with hot (85˚C) 10 mM citrate buffer, 
pH 6, for 20 min. Sections were washed with distilled wa- 
ter and quenched with 3% hydrogen peroxide for 10 min 
at room temperature to eliminate endogenous peroxidase 
activity. After washing in 0.05 M Tris-buffered saline pH 
7.6, sections were incubated overnight at 4˚C with their 
appropriate primary antibody: rabbit monoclonal anti-trans- 
thyretin (TTR) (prealbumin) 1:600 (Dako, Glostrup, Den- 
mark) and anti-vasopressin (AV): 1:2000 (ICN Biome- 
dicals, Inc). After washing the sections were incubated 
with the biotinylated secondary antibody using the Vec- 
tastain Elite ABC Goat Peroxidase system (Vector Labo- 
ratories, Burlingame, CA, USA) for 30 min at room tem- 
perature. All tissue sections were washed in TBST and 
stained using 3.3-diaminobenzidine (DAKO) as the chro- 
mogen. Sections were dehydrated through a series of graded 
alcohols and xylene, and mounted in Eukitt. Primary anti- 
body omission controls were run alongside the other 
samples to check for non-specific binding due to the se- 
condary antibody, along with positive control tissue. 

The CSF, serum and extracts of choroid plexus (ChP) 
of 10 rats from each group were processed by protein 
electrophoresis according to Laemmli [12], the proteins 

were then transferred from gel to nitrocellulose mem- 
brane, the membranes were incubated in tris-saline (TBS) 
non-fat milk 5% for 60 minutes and were then incubated 
in the target antibody at a dilution of 1:1000 for Trans- 
thyretin (DAKO) and 1:2000 for S-100β (ABCAM) in 
blocking buffer at 4˚C overnight. Detection was perfor- 
med by enhanced chemiluminescence (Amersham Bio- 
sciences) after 1 hour incubation with horseradish peroxi- 
dase-conjugated anti-rabbit (Jackson). The primary anti- 
body was omitted to validate the control method speci- 
ficity. 

The immunohistochemistry slides were converted to di- 
gital images by using a photomicroscope LEICA DMRB 
with a camera LEICA DC 300 F (Gemany). Image analy- 
sis was completed in Image J (v. 1.43 u, NIH, Bethesda, 
MD, USA). For all stained tissue and membranes was 
selected the “Mean Gray Value”, that was measured from 
the selection. This value renders the average stain inten- 
sity as grayscale units for all thresholded pixels. An analysis 
of variance (ANOVA) of single-factor was used for the 
immunochemistry statistics study, which was conducted 
using the IBM SPSS statistic 19 software. 

3. Results 

When H-E was used, the normal aspect of the choroids 
plexus structures in the control WKY appeared as cubic 
cells abutting each other and with slight structural varia- 
tions in SHR (Figure 1). 

The accumulation of anti-transthyretin inmunoractive 
(TTR-ir) was mainly found in the cytoplasm of choroid 
plexus cells and the amount of TTR-ir was significantly 
bigger (F1-10 = 45.917, p < 0.01) in SHR with respect to 
the control (Figures 2(a) and (c)). The anti-vasopressin 
reactions (AV-ir) were also mostly observed in the cyto- 
plasm of the choroid plexus and their concentration was 
higher (F1-10 = 12.160, p < 0.01) in SHR rats with respect 
to the control (Figures 2(b) and (c)). 

 

 
(a)                     (b) 

Figure 1. It shows transversal section photographs of the 
lateral ventricle choroids plexus stained with hematoxylin- 
eosin. (a): WKY rats; (b): SHR rats. Bar = 20 μm. 
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The western blot of the choroid plexus extract showed 
that TTR dimmer (TTRd) did not vary in the control and 
hypertensive rats (Figure 3(a)), but TTR monomer (TTRm) 
was higher (F1-10 = 14.98, p < 0.01) in the SHR than in 
the WKY rats (Figure 3(a)). The TTR tetramer (TTRt) 
was also higher in the SHR than in the WKY rats (Fig-
ure 3(a)). 

The western blot of CSF and blood showed that, the 
expression of TTRm was lower (F1-10 = 299.5, p < 0.01) 
in hypertensive rats than the control in the CSF (Figure 
3(b)), the TTRm reaction in the blood was stronger (F1-10 
= 41, p < 0.01) in hypertensive rats than in control WKY 
rats (Figure 3(b)). TTR dimmer (TTRd) did not vary in 
the control and hypertensive rats (Figure 3(c)). 

Western blot for the S-100β showed a marked increase 
in blood (F1-10 = 75.72, p < 0.01) and CSF (F1-10 = 37.01, 
p < 0.01) of hypertensive rats when compared with con-
trols rats (Figure 4). 

(a) 
AV 

(b1) (b2) 

(b3) (b4) 

 

4. Discussion 

In previous works, we described alterations in several cir- 
cumventricular organs, ventricular dilation and variations 
in the protein composition of the CSF in spontaneously 
hypertensive rats [1-3]. 

On the other hand, Capone et al. [13] have reported that 
the alterations in neurovascular regulation induced by 
slow pressor angiotensin II develop before hypertension 
and persist beyond arterial pressure normalization but are 
not permanent. The findings unveil a striking susceptibi- 
lity of cerebrovascular function to the deleterious effects 
of ANG II and raise the possibility that cerebrovascular 
dysregulation precedes the elevation in arterial presusre 
in patients with angiotensin II (ANG II)-dependent hy- 
pertension [13]. Furthermore, other works indicate that 
ANG II and the vasopressin together with humoral and 
endothelium-dependent mechanisms may play an impor- 
tant role in the cerebral circulation and in the regulation 
of the production of cerebrospinal fluid and brain fluid 
volume [8,11]. As regards vasopressin (AV), the results 
here show that AV decreased in hypertensive rats which 
could signify a decrease in the vascular regulation in the 
CP of these rats. 

(b) 
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(c) 

Figure 2. (a) shows transversal section photographs of the 
lateral ventricle choroid plexus immunostained with anti- 
transthyretin (TTR). (a1) and (a3) WKY rats. (a2) and (a4) 
SHR rats. Bar: (a1), (a2) = 25 μm, (a3), (a4) = 10 μm; (b) 
shows transversal section photographs of the lateral ventri- 
cle choroid plexus immunostained with anti-vasopressin (AV). 
(b1) and (b3) WKY rats. (b2) and (b4) SHR rats. Bar: (b1), 
(b3) = 25 μm, (b2), (b4) = 10 μm; (c) shows the “Mean Gray 
Value” statistical analysis and graphs of the slides contain- 
ing the choroid plexus immunohistochemically processed 
for TTR and AV. *TTR: F1-10 = 45.917, p < 0.01; *AV: F1-10 
= 12.160, p < 0.01; TTR = transthyretin, AV = vasopressin 
WKY = control WistarKyoto rats SHR = spontaneously hy- 
pertensive rats. 

The TTR monomer (m) is synthesized in the CP cells 
and secreted into the CSF. Some authors have described 
that TTRm is also synthesized in the SCO cells and is se- 
creted from here into the CSF [7-9]. In the results of the 
present work it was found that when using immunohis- 
tochemistry and western blot there is an increase of TTR 
in hypertensive rats with respect to the control in the CP, 
this finding could mean alterations in the TTR secretions 
by CP cells. 

The choroid plexus (CP) of the blood-CSF barrier 
(BCSFB) shows basically different properties to blood- 
brain barrier. The human CP provides the CNS with a high 
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(c) 

Figure 3. It shows the western blot, the “Mean Gray Value” statistical analysis and graphs of the western blot study for TTR: 
(a) in extracts of choroid plexus, *F1-10 = 14.98, p < 0.01 in TTRm, *F1-10 = 53.46, p < 0.01 in TTRd; (b) in the CSF; (c) in the 
blood. TTR = transthyretin, TTRm = TTR monomer (14 kDa), TTRd = TTR dimmer (28 kDa), TTRt = TTR tetramer (55 
kDa), WKY = control Wistar-Kyoto rats, SHR = spontaneously hypertensive rats, kDa = Kilo-Dalton, CSF = cerebrospinal fluid. 
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Figure 4. It shows the western blot, the “Mean Gray Value” statistical analysis and graph of the western blot study for S-100β 
in the CSF and blood (serum). *F1-10 = 75.72, p < 0.01 in CSF, *F1-10 = 37.01, p < 0.01 in blood. 

 
turnover rate of fluid containing peptides and hormones 
the brain with rapid blood flow and highly permeable 
capillaries [14]. Al-Sarraf and Philip [5] have reported an 
increased permeability of the blood-CSF barrier with su- 
crose in chronic hypertensive rats, the results here agree 
with this finding since it was seen that the TTRm, which 

is usually present in CSF but scarce or undetectable in 
blood, is increased in blood and decreased in the CSF in 
SHR rats when compared with WKY. But with respect to 
the BBB, they [5] described that the BBB was resistant to 
the passage of sucrose and lanthanum in both SHR and 
WKY rats, indicating that the BBB integrity was main- 
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tained although they report, at the end, that chronic hy- 
pertension in SHR may cause more pronounced defects 
in the integrity of the BCSFB than in the BBB [5]. We 
have observed that the S-100β, which is a protein used 
for studying BBB permeability [9,10], was clearly increased 
in blood meaning a clear disruption of the BBB in SHR 
rats. 

Therefore, we conclude that the arterial hypertension 
in these rats cause cellular function alterations in the CP 
structure which induce variations in protein secretion into 
the CSF, and high blood pressure produces a disruption 
of the BBB and BCSFB, expressed by an increase of 
S-100β and TTRm in the blood that allows extravasa-
tions from the CSF to the blood and from the blood to the 
CSF. 
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