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Summary: - Effect of indomethacin on the permeability of blood-brain and blood-csf barriers to Evans
blue, bromophenol blue and horseradish peroxidase (HRP) was studied by administering the drug
through right internal carotid artery, right external jugular vein and through intraperitoneal route in rats.
Increased permeability was observed on internal carotid arterial injection but not following jugular vein
or intraperitoneal injection. This increased permeability of blood-brain and blood-csf barriers following
injection of indomethacin into the internal carotid artery is associated with a steep and sustained rise
in mean arterial blood pressure (MABP), a feature not observed in bilateral adrenalectromised animals.
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INTRODUCTION

Prostaglandin synthetase inhibitors (indomethacin, paracet mol and aspirin) are
now clinically used mainly as antipyrstic (6,7) and anti-inflammatory agents (10,22). It
has recently been shown that inhibiton of prostaglandin synthesis by indomethacin adminis-
tered orally or infused intravenously in man produces a rise in mean arterial blood pressure
(MABP) (22,28). This hypertensive effect of indomethacin has also been confirmed in
various animal studies (1,18,19.20). Hypertension is known to cause blood-brain barrier
dysfunction to various protein tracers induced either, by administration of vasoactive
substances in rats and cats (11,13,14,15), or by clamping of thoracic aorta in dogs (16),
or by rapidly injecting 0.9% saline under high perfusion pressure into the internal carotid
artery in rats (25).

Therefore, the present investigation has been undertaken in order to find out
whether administration of indomethacin can induce a breakdown of cerebrovascular barriers,
and if so, whether such breakdown is related with the hypertensive action of the.drug. A

preliminary communication in this regard has already been made (8}".';_'5;5-;@.,:;-: 7
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MATERIALS AND METHODS

Albino rats (Charles-Foster and Holtzman strains) of either sex were used for experi-
ments carried out under urethane anaesthesia (1.5 g/kg. ip) at temperatures 18° to 29%C.

Evans blue (Reanal, Hungary), bromophenol blue (BDH, England) (9), and hor-
seradish peroxidase (HRP, Rz-0.6, Type |. Centron Research Laboratories, Bombay, India)
were used as barrier tracer substances in this study.

A. Control group

Evans blue (2%, 3 ml/kg) was injected through rightjugularveinin 6rats (55-120g)
and into the rig" t internal carotid artery towards brain (external carotid branch was ligated)
in 5 rats (40-60 g). In 3 rats (40 g) bromophenol blue (0.8%. 3 m//kg) was injected into
right internal carotid artery. Horseradish peroxidase (2%, 0.5 m/) was injected in one rat
(100 g) through right jugular vein.

5 min after dye injection, brain was perfused with 0.9% saline for 2-3 min followed
by 10% formalin for 9 to 10 min. Then the brain was examined with naked eye for penatra-
tion of dye into the cerebral tissues and into cerebrospinal fluid.

The presence of HRP into the cerebral tissues was demonstrated according to the
method of Malmgren and Olsson (21). The only modification done was that 40 um thick
frozen sections were collected in specially prepared vials having screw cap at the top and
replacable nylon wire mesh at the bottom. Sections were then washed in 3-4 m/ of the
phosphate buffer, 3 times for ten min each. Incubation was done for 30 min in dark
in a solution containing 10 m/ of sodium cacodylate (BDH) pH 5.1, 29 mg of 3,3" -diamino-
benzidine (DAB, Sigma Chemical Co., USA) and 0.1 m/ of 1% hydrogen peroxide. - Sections
were mounted unstained in gelatine alcohol mounting medium (4).

B. Indomethacin treated group

The action of indomethacin (Sigma Chemical Co., USA) on blood-brain and blood-
csf barriers was studied by administering the drug (1 to 20 mg/kg) through right internal
carotid route in 38 rats (body wt 100-300 g): 10 to 20 mg/kg through jugular vein in 6
rats (body wt 200-300 g) : and 20 to 40 mg/kg intraperitoneally in 5 rats (body wt 90-200
g). Evans blue or HRP was injected through right jugular vein 5 min before indomethacin
injection.

In other experiments the bromophenol blue dye was injected into the carotid artery
after indomethacin injection to study the reversibility of the increased blood-brain and blood-
csf barriers.
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Recording of systemic arterial blood pressure

The blood pressure was recorded from the right carotid artery with the help of
pressure transducer (Strain gauge, Stathum P23) which was connected to a chart recorder

(Encardio-Rite 332, India).

Different doses of indomethacin were administered either through the internal carotid
artery in 6 rats (body wt 200-300 g) by introducing another polythelene catheter in the
right carotid artery (external carotid artery was tied), the tip of the catheter was directed
towards the brain. or injected into the right jugular vein in 3rats (body wt300g). In all
these animals, Evans blue or HRP was injected to jugular vein 5 min before indomethacin.

Adrenalectomy

Bilateral adrenalectomy was done in 10 rats (body weight 200-300 g). Then they
were divided in two groups. In one group (n=6), indomethacin (10 mg/kg) was injected
into the right internal carotid artery after 15 to 38 min following adrenalectomy and per-
meability of cerebrovascular barriers were examined. In other group (n=4). the mean
aiterial blood pressure (MABP) was recorded from right common carotid artery following
right internal carotid artery injection of the drug (10 mg/kg).

RESULTS

A. Control studies

-Neither Evans blue nor bromophenol blue when injected through the internal carotid
artery or jugular vein, was found in the cerebral tissues (Fig. 1A) or in the csf, as evident
from the absence of blue staining of the cerebral parenchymal tissue or of the cerebroventri-
cular walls (Table 1). Similarly, horseradish peroxidase administered through jugular vein
also did not cross the barriers as evident from the histochemical study (Fig 2A).

B. Changes in the permeability of blood-brain and blood-csf barriers following indo-
methacin injection into the internal carotid artery

Table | shows that in 6 rats, 1 mg/kg dose of indomethacin did not induce any
change in the permeability of the barriers (either for Evans blue or HRP) examined 8 min
after indomethacin injection.

But with a dose of 5 mg/kg in 5 rats, both the bloocd-brain and blood-csf barriers
became permeable in two ' rats and in another two rats the blood-brain barrier only showed
increased permeability 8 min after indomethacin (bromophenol blue dye was used as
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barrier tracer). Usually the blue staining appeared in the ipsilateral cerebral hemisphere,
mainly in the paristo-occipital region and in the pyriform area.

Fig. 1 : (A) Control rat brain showing the absence of Evans blue following its injection into
right external jugular vein.

(B) Penetration of Evans blue mainly into ipsilateral cerebral and cerebellar cortical
tissues following right intracarotid indomethacin (10 mg/kg) administration.

With 10 mg/kg dose of indomethacin, the increased permeability (Evans blue as
barrier tracer) of blood-brain and blood-csf barriers were observed in 5 rats and only
opening of blood-brain barrier in 3 rats 8 min after drug injection. The permeability was
noted mainly around the pial vessels of ipsilateral parieto-occipital and pyriform area of
cerebral cortex. Cerebellar cortex also became permeable in 3 rats. In another 3 rats,
contralateral hemisphere also showed permeability along the mid line (Fig 1B). Right
lateral ventricle (particularly anterior horn) was stained in most of the cases associated with
occasional staining of caudate nucleus and dorsal surface of hippocampus. In several
cases the thalamus, hypothalamus, collicular region were also stained.

With more higher doses of drug viz., 15 mg/kg (4 rats) and 20 mg/kg (2 rats), the
extént of increase in blood-brain and blood-csf barrier permeability remained same as that
of 10 mg/kg. examined after 6 to 10 min following the drug injection. In 2 rats, follow-
ing right internal carotid artery injection, instead of right cerebral hemisphere, left cerebral
hemisphere was found to be stained, possibly due to vascular anomaly.
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Fig. 2 : (A) Absence of extravasation of HRP tracer in control rat brain. HRP was injected through
right jugular vein and animal was sacrificed 5 min after tracer injection (X 650).

(B) Exudation of HRP across cerebral blood vessels in parietal region of rat brain following
intracarotid injection of 10 mg/kg indomethacin. HRP (10 mg/100 g body wt} was injected
through right jugular vein 5 min before and animal was sacrificed 8 min after indomethacin
injection respectively (X 650).
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This increased blood-brain barrier permeability with indomethacin was observed to

be reversible. Thus, when the dye was administered in 2 rats 30 min after indomethacin
injection, no blue staining was observed in any part of the brain (Table I).

TABLE | : Changes in permeability of blood-brain and blood-csf barriers following intracarotid (ica)
and intrajugular vein (jv) injection of indomethacin in rat.

Indomethacin Time interval Increased permeability
Body wt. (mgl/kg) and between
(g) range route of Protein tracers used indomethacin Blood—-brain Blood-brain
injection injection & blood-csf barrier
g and sacrifice barriers only
of animal (min)  (No. of rats) (No. of rats)
55-120 Control Evans blue, jv — = —
(6)
40-60 Control Evans, blue, ica — - ——
(6)
40 Control Bromophenol blue, ica — — —
3)
100 Control HRP, jv —_ —_— -—
M
140-150 1 mglkg, ica Evans blue, jv 8 — —
(4)
140 1 mglkg. ica HRP, jv 8 -— —
(2)
160-200 5 mg/kg, ica Bromophenol blue, ica 8 2 2
(5)
160-300 10 mg/kg, ica Evans blue, jv 8-10 7 8
(16) Bromophenol blue, ica
200-260 10 mg/kg, ica Bromophenol blue, ica 30 — -—
(2) -
100-300 10 mglkg, ica HRP, jv 8 —_ 3
(3)
230-300 15 mg/kg, ica Bromophenol blue, ica 6-10 3 1
(4)
100-240 20 mg/kg, ica Brompophenol blue, ica 8-10 —_ 2
(2)
200-300 10 mg/kg, iv Evans blue, jv 8 _— —
(5)
220 20 mgl/kg, v Evans blue, jv 8 — —
(1)
200-300 10 mglkg. ica Evans blue, jv 8 = =i
*Adrenal- ?
ectomized
(6)

*indomethacin was injected 15 to 38 min after bilateral adrenalectomy
NB : The figures in parenthesis indicate the number of animals
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b The pH of indomethacin solution (pH 8.4) had no effect on permeability as observed
following administration of 3 m//kg saline (pH 8.4 ) through the internal carotid artery
in 3rats. No increased permeability to dye was observed in these rats.

Entry of HRP across cerebral blood vessels was examined in 3 rats 8 min after
“indomethacin (10 mg/kg). Extensive brown reaction product of peroxidase was observed
‘around large cerebral arterioles in all rats. The dilatation of ¢ rebral vessels was evident.
- Peroxidase has just diffused out of vessels and confined around them since peroxid se in
the vessel lumen has already been washed out with 0.9% saline during the process of brain

- fixation (Fig 2B).

i C. Changes in the permeability of blood-brain and blood-csf barriers following injection
of indomethacin into jugular vein

In contrast to intracarotid injection, administration of 10 mg/kg indomethacin to
systemic circulation through right jugular vein did not show any increased permeability of
cerebrovascular barriers in 5 rats, examined 8 min after drug injection (Table I). Ever
with a dose of 20 mg/kg in one rat, increase in permeability was not observed.

D. Changes in the permeability of blood-brain and blood-csf barriers following intraperi-
toneal injection of indomethacin

Intraperitoneal injection of indomethacin has no significantaction on the permeability
of cerebrovascular barriers.

Thus, following a very high dose (20 mg/kg) given in 3 rats, no penetration of the
dye was observed whan brain was examined 15 min, 30 min and 50 min respectively after

drug injection.

However, with a dose of 40 mg/kg (2 rats), right parieto-occipital region and pyri-
form area took mild stain examined 10 and 20 min after drug injection. In one rat, colli-
cular region had also took mild stain. Carebroventricular walls were not stained.

E. Effect of indomethacin on mean arterial blood pressure (MABP)

(a) Intracarotid injection: Intracarotid administration of mdomethacm produced
more or less a dose- -dependent rise in MABP which was sustained for 10 to 15 min.
The results are shown in Table II.
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TABLE Il : Changes in mean arterial blood pressure (MABP) following
administration of indomethacin in rat.

Expt. Indomethacin MABP Peak rise Absolute Peak rise  Maintenance  Change in

No. (mg/kg) before in MABP rise . time of peak permeability
and route indomethacin after (mm Hg) after rise of blood-
of injection (mm Hg)  indomethacin indomethacin (sec) brain barrier
a) ica; b) jv (mm Hg) (sec)

1 1 a 130 150 20 70 140 -—

2 1 a 130 150 20 80 140 —_

3 5 a 150 195 45 35 240 + (Evans

blue)

4 5 a 140 180 40 240 620 —

5 10 a 100 175 75 66 100 +(HRP)

6 10 a 180 270 90 50 170 Not done

' 10 b 180 220 40 140 200 ——

8 10 b 110 155 45 120 310 —

9 10 b 180 190 10 80 470 —

ica internal carotid artery
jugular vein
4+ = increased permeability

— = no change in permeability

...
<
I

A 20 mmHg rise in MABP was observed in 2 rats (130 mmHg to 150 mmHg) after
70 to 80 sec following indomethacin (1 mg/kg) injection, and the rise was maintained upto
140 sec. No penetration of the dye was observed incarebral tissues or ventricular walls
examined 10 min a&after drug injection.

5 mg/kg indomethacin produced a rise of 46 mmHg (150 mmHg to 195 mmHg)
after 35 secin one ratand 40 mm Hg (140 mmHg to 180 mmHg) after 240 sec in another
rat. Examination of brains 10 min after indomethacin injection showed permeation of Evans
blue in right cerebral cortex and cerebellum in first rat, and this was absent in second rat.
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10 mg/kg indomethacin injcted in 2 rats produced a sharp rise of 756 mm Hg (100
mmHg to 175 mmHg) in one rat and 90mmHg (180mmHg to 275 mmHg) in other rat.
Thisrise of pressure was attained within 50 to 66 sec after injection and was maintained upto
100 and 170 sec respectively. HRP was injected in one rat 5min before indomethacin and
the brain was prpcessed for peroxidase activity 10 min after drug injection. Extensive brown

- reaction product of HRP was observed around cerebral vessels.

(b) Jugular vein injection: When 10 mg/kg indomethacin was injection into
jugular vein in 3 rats, only 10 to 45 mmHg rise of pressure occured after a latency of 80 to
140 sec following injection of indomethacin (Table Il). In these rats, no increased per-
meability of cerebrovascular barriers was observed examined 8 min after drug injection.

F. Changes in the permeability of blood-brain and blood-csf barriers following intracarotid
injection of indomethacin after adrenalectomy

Following acute bilateral adrenalectomy, the increased permeability of blood-brain
and blood-csf barriers following intracarotid injection of indomethacin (10 mg/kg) was
abolished as examined in 6 rats (Table I).

G. Effect of indomethacin in mean arterial blood pressure (MABP) after adrenalectomy

Bilateral adrenalectomy in 4 rats attenuated the magnitude and duration of rise in

blood pressure following injection of indomethacin (10 mg/kg). Thus, only 35 to 40 mmHg
rise in 3 rats and 70 mmHg rise in one rat were observed which returned to control levels
within 35 to 80 sec (Table III).

TABLE Il : Effect of indomethacin on mean arterial blood pressure
(MABP) in bilaterally adrenalectomized rats.

Expt. Indomethacin Time MABP MABP Absolute Peak rise  Maintenance
No. (mglkg) interval of before after rise time after of peak

injected  indomethacin indomethacin indomethacin (mmHg) indomethacin rise

ica injection after (mmHg) (mmHg) injection(sec) (sec)
adrenalec—
tomy (min)

1 10 40 160 200 40 10 1
2 10 35 180 250 70 5 1
3 10 30 100 140 40 5 5
4 10 35 100 135 35 b 5

Ica = internal carotid artery.
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DISCUSSION

The present results show thatindomethacin (5 to 20 mg/kg) injected into. the inter-
nal carotid artery. in rats significantly increases the permeability of cerebrovascular barriers
to various protein tracers (Evans blue) bromophenol blue or HRP). This increased per-
meability was observed to occur within 6 to 10 min following indomethacin injection. Qut
of 30 rats, both blood-brain and blood-csf barriers were opened in 12 rats, while in 16 rats,
only'blood-brain barrier showed increased permeability to protein tracers. But such break-
down of cerebrovascular barriers was no longer observed when the protein tracers were
injected into the carotid artery 30'min after indomethacin injection, which indicates that this
opening of the barrier is reversible in nature. But the administration of indomethacin into
systemic circulation through jugular vein did not show such breakdown of barriersto protein

tracers.

Thisincreased-permeability of barriers may result from the rapid rise in blood pres-
sure caused by imdomethacin injection. This possibility isenvisaged from the various
reports that indomethacin administration increases mean arterial blood pressure (MABP)
in rabbits (1.5), dogs (20), rats (19) and in man (23,24,27). And several workers (11,13,
14,15,16,17) have observed that there exists a close relationship' between the acute hyper-
tension and the breakdown of cerebrovascular barriers. They have shown that steep rise
in. MABP in rats, cats, and dogs induced by vasoactive substances or by clamping of
thoracic.aorta, induce extravasation of protein tracers within 30 sec to 30-min after rise:in
blood pressure. They have pointed outt atitwas not the total bloed pressure rise which
affected blood-brain barrier permeability, rather it was the intensity and rate of rise, which
affected the permeability. Forinstance, a slow but bigirise:in blood pressure may not be
associated with the leakage of protein tracers across the barriers. Our results also conform
to-these viewpoints. Thus, a sharp and sustained rise of 40 to 90 mmHg in MABP follow-
ing intracar tid injection of indomethacin, was accompanied by extravasation of dyes or
horseradish peroxidase. But when the rise in pressure was small as observed with 1 mg/kg
indomethacin, or the rise was either slow or less following drug injection into jugular vein,
or the rise is steep but occured only for a transient period as observed in bilateral adrenalecto-
mized rats, no increased permeability to barrier tracers was observed.

These findings may be explained possibly on the basis of autoregulation of cerebral
blood flow. Autoregulation comes into play within 30 sec to 120 sec following any rise
in systemic arterial pressure (2,11,26). Thus if sufficientrise in mean arterial blood pressure
(MABP) is rapidly attained and maintained before autoregulation begins to- operate, the
barrier functions.may. undergo modification, but if the.rate of rise is.slow then. autoeregulation:
can compensate the effects of such rise in MABP.
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