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Phenyl-z-butylnitrone produces a potent neuroprotective effect in rats with focal cerebral
ischemia modeled by distal occlusion of the middle cerebral artery. The infarction area
markedly decreased after treatment with phenyl-#-butylnitrone. The content of phenyl-z-
butylnitrone in the brain, liver, and kidneys was measured by the method of electron para-

magnetic resonance.
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Overproduction of short-living highly toxic reactive
oxygen species (ROS) caused by disturbances in blood
supply to the brain play an important role in the patho-
genesis of ischemic brain injury and contributes to the
development of oxidative stress [8,13]. ROS-neutra-
lizing substances are used to protect the brain during
ischemic and reperfusion stress. These substances in-
clude enzymes (superoxide dismutase, catalase, and
peroxidase) [2,8,12] and low-molecular-weight ROS-
trapping agents (ubiquinone, o-tocopherol, and spin
traps) [6-8].

Here we studied the neuroprotective effect of free
radical-trapping agent phenyl-z-butylnitrone (PBN) in
rats with focal cerebral ischemia modeled by distal
occlusion of the middle cerebral artery. Butylnitrones
discovered 30 years ago are extensively used in ana-
lytical chemistry. Recent studies showed that PBN
possesses neuroprotective activity [7,9,15] and traps
various free radicals, including hydroxyl radical [10],
superoxide anion radical, and alkoxyl radical [14].
PBN is a lipophilic compound that crosses the blood-
brain barrier and can be detected in brain tissue 20 min
after intraperitoneal administration [4,6]. PBN is easi-
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ly metabolized and eliminated from the organism via
the kidneys [4,6].

Ischemic brain injury is a complex and long pro-
cess associated with overproduction of ROS [8]. Ne-
crotic zone is formed 3 h after the onset of cerebral
ischemia [2,13]. It is necessary to measure PBN con-
tent in brain tissue 3 h after middle cerebral artery
occlusion (MCAO) accompanied by cascade ischemic
pathobiochemical reactions.

In the present study PBN content in the brain and
other organs was measured by the method of electron
paramagnetic resonance (EPR). Paramagnetic spin ad-
ducts were detected after initiation of the Fenton’s
reaction. This method allows identifying noncatabo-
lized PBN that effectively traps ROS in the brain.

MATERIALS AND METHODS

Experiments were performed on male Wistar rats
weighing 350-400 g. The animals were randomly di-
vided into the control and 2 experimental groups (10
rats per group).

Focal cerebral ischemia was modeled by the me-
thod of Chen [5]. The rats was anesthetized with so-
dium ethaminal (40 mg/kg intraperitoneally). A me-
dian incision was made in the skin between the left
auricle and left eye (2 cm). The incision was expan-
ded, fibers of the temporal muscle were separated, and
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the surface of the skull was opened. A hole (2 mm)
was made below a level of the zygomatic arch using a
dental drilling machine. This procedure gave access to
the point of intersection of the left middle cerebral
artery and inferior cerebral vein. A special metal hook
was introduced under the middle cerebral artery. Ther-
mocoagulation of the artery was performed proximal
to its bifurcation into the parietal and frontal branches.
Termination of blood flow in the coagulated artery
distal to the site of complete occlusion was estimated
visually. Treatment was followed by the development
of ischemia in the left cerebral hemisphere.

Group 1 rats intravenously received PBN in 1.5 ml
physiological saline (100 mg/kg) during MCAO. The
preparation dissolved in physiological saline was ad-
ministered in similar doses after 24 and 48 h. Control
animals received only physiological saline (1.5 ml) in
the same periods.

Group 1 and control rats were decapitated 72 h
after MCAO. The brain was removed. The volume of
cerebral infarction was estimated by histochemical
staining of frontal slices (I mm) with 2,3,5-triphenyl-
tetrazolium chloride (TTC) [3]. Stained slices were sub
jected to bilateral scanning and computer planimetry
with Mocha software (Jandel Scientific).

In group 2 rats a microdialyzer was implanted
into the left lateral hypothalamus (coordinates 1-4-7)
1 day before MCAO [13]. The dialyzer was perfused
with Ringer’s solution containing 148 mM NaCl,
4 mM KCl, and 2.2 mM CaCl, (pH 7.4) at a flow rate
of 2.5 pl/min using a CMA-100 perfusion pump. The
solution was forced through an inlet silicone capillary
(outer diameter 0.25 mm) into a semipermeable poly-
ethylene membrane (pore permeability below 10 kDa)
and then removed via an outlet capillary (0.15 mm).
The rats received single intravenous injection of PBN
before MCAO. The doses of PBN and physiological
saline were similar to those in animals receiving single
injection of the preparation. Two 20-min samples of
the dialysate were collected 60-80 and 120-140 min
after MCAO. Group 2 rats were decapitated after 3 h
under ether anesthesia. The content of PBN was mea-
sured in samples from cerebral hemispheres, liver, and
kidneys.

Tissue samples were placed in 100 mM formic
acid (100 mg tissue per 1 ml solution), minced, and
homogenized in a glass homogenizer for 10 min.

Calibration samples were prepared from minced
tissue and solution of PBN in concentrations of 1 and 10
pg. Samples were extracted with 0.1 M formic acid (100
mg tissue per 1 ml formic acid) and homogenized [4].

The Fenton’s reaction was initiated with an aque-
ous solution of FeSO,x7H,0 and H,0, (final concen-
trations 100 uM and 80 mM, respectively) before re-
cording of EPR spectra.
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EPR spectra were recorded on an E-109E X-range
EPR spectrometer (Varian). The power and frequency
of microwave radiation were 10 mW and 9.15 GHz,
respectively. The amplitude of magnetic field mo-
dulation was 0.1 mT.

The data are expressed as means and errors. The
results were analyzed by Student’s ¢ test.

RESULTS

Neuroprotective activity of PBN and its concentration
in the brain (ipsilateral and contralateral hemispheres),
liver, and kidneys in rats with ischemia were deter-
mined under standard experimental conditions.

The volume of infarction zone in control and trea-
ted rats was 22.51£3.03 and 12.81+1.74% (p<0.001)
of the ipsilateral hemisphere volume, respectively.
Therefore, PBN produced a neuroprotective effect
under these experimental conditions.

EPR spectra for the PBN spin-adduct in physio-
logical saline consisted of 3 pairs of narrow compo-
nents, which illustrates rapid isotropic rotations of
molecules (Fig. 1, I). The shape and ratio between
intensities of components in EPR spectra of the spin
adduct changed with the transition from physiological
saline to tissues (Fig. 1, 2). Probably, the adduct mi-
croenvironment in tissue samples became heteroge-
neous for various fractions. Under these conditions the
rate of molecular movement was much lower than that
in physiological saline.

The EPR study showed that PBN content in the
kidneys (26.22+3.71 ug/g) markedly surpassed that in
the contralateral hemisphere (20.68+3.96 ug/g), ipsi-
lateral hemisphere (22.41+1.32 pg/g), and liver
(8.80+2.85 pg/g). The main pathway for elimination
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Fig. 1. EPR spectrum for spin PBN adduct in physiological saline
(7) and brain tissue (2) in the presence of FeSO,x7H,0 and H,0,.
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of PBN (including non-catabolized substance) from
the organism is urinary excretion, which probably con-
tributes to the observed differences [5,6]. PBN under-
goes pronounced metabolic transformations in the
liver and loses the ability to trap ROS [11]. Therefore,
the PBN adduct produced only a weak signal in this
organ. It should be emphasized that PBN content in
the brain tissue was slightly lower than in the kidneys,
but higher than in the liver. Intravenously infused PBN
is characterized by high biological accessibility for
brain tissue (compared to intraperitoneal treatment).
These differences probably contribute to the neuropro-
tective effect of PBN [9,15]. It is of considerable im-
portance over the first hours of cerebral ischemia. In
this period the development of moderate and rever-
sible damage to penumbral neurons can be prevented
by therapeutic treatment.

Signals of the PBN spin adduct were undetectable
in dialysates collected 1 and 2 h after MCAO. It was
probably associated with low content of PBN in the
interstitium and cytosol and its fixation in membrane
structures of the brain. Our assumption was confirmed
by effective extraction of PBN from brain tissue with
formic acid. Signals of the PBN spin adduct appeared
after this procedure.

Our results show that PBN produces a neuropro-
tective effect during focal cerebral ischemia. The effi-
ciency of PBN can be explained by its membrane loca-
lization, which determines protection of phospholipids
from free radical oxidation.
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