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Abstract

We induced ischemia, hypertension and hypotension in
15 rabbits in order to evaluate the ischemic changes in
the optic nerve and the effect of hypertension and hypo-
tension on ischemia. We cauterized the right internal and
external carotid arteries of 15 rabbits and applied dopa-
mine hydrochloride and glycerol trinitrate to 5 each of
these rabbits. Two rabbits were used as controls. We
enucleated both eyes of all animals at the 24th hour. All
of the optic nerves underwent biochemical, histopatho-
logical and ultrastructural examination. Histopatholog-
ical and transmission electron-microscopic changes
were found to be more prominent in the hypotensive
group. We observed decreased superoxide dismutase
levels in all groups, but it was more evident in the third
group. In comparison to hypertension, hypotension is
found to be a more important factor in the development
of early degenerative changes.
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Ischemic optic neuropathy (ION) is an important
cause of visual loss over the age of 50 years. A frequent
association with HT, DM, atherosclerosis, collagen and
cerebrovascular disorders has been reported [1-4]. ION is
thought to develop from the obstruction of the blood flow
in the posterior ciliary arteries; however, the pathogenesis
1s still uncertain [4]. The nonexistence of a barrier in the
choriocapillaris, such as the blood-retina barrier, enables
the leakage of vasoconstrictor agents to the choroidal
extracellular space through the pores which causes vaso-
constriction and optic disk ischemia [5]. The acute drop
of arterial tension in hypertensive cases increases the
existing optic nerve ischemia and causes bilateral infarc-
tion of the optic nerve head [6, 7].

We obstructed the internal carotid arteries (ICA) of 15
rabbits in order to evaluate the ischemic changes in the
optic nerve and the effect of hypertension and hypoten-
sion on these changes.

Materials and Methods

The study group consisted of 17 rabbits weighing 2-3 kg. Four
globes of 2 rabbits were used as controls. The following procedures
were performed in the remaining 15 rabbits. The arterial tension of
all the rabbits was recorded through the right arteria femoralis. The
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Fig. 1. Control group. Axons and pial septa of the optic nerve sur-
rounded with meningeal sheaths. HE. x 40.

Fig. 2. Control group. Axons surrounded with healthy myelin
sheaths and fibrils of astrocytic cytoplasm. x 24,000.

animals were sedated with 1 mg diazepam and anesthetized with
intramuscular ketamine 50 mg/kg injected through an ear vein. We
cauterized the right ICA and external carotid artery (ECA) for 2 min
following ligation of the right common carotid artery. The animals
were divided into three groups; each group consisted of 5 rabbits. We
induced only ischemia in the first group. We applied intravenous
dopamine hydrochloride 10 ug/kg/h to the second and 5 pg/kg/h glyc-
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Fig. 3. Ischemic group. Myelin sheath degeneration, axonal edema
and degeneration. x 24,000.

erol trinitrate for 24 h to the third group. Both globes of all the ani-
mals were removed at the 24th hour before sacrificing the animals
with high-dose Nembutal. No intervention was made on the left
orbits prior to extirpation of the nerves.

After the enucleation and dissection of the globes, the proximal
parts of the optic nerves were transsected into three equal pieces of
2 mm. The first two pieces were fixed in 10% formaldehyde and Kar-
novsky’s solution. The most anterior part was processed for transmis-
sion electron microscopy (TEM) and the middle part for light-micro-
scopic examination. The third tissue samples were immersed in iso-
tonic sodium solution (10% NaCl) for the analysis of Cu, Zn superox-
ide dismutase (SOD) enzyme using biochemical techniques.

Light-microscopic examination was performed on paraffin-em-
bedded tissues and 5-um-thick hematoxylin-ecosin (HE) sections.
Periodic acid-Schiff, reticulin, van Gieson, Masson’s trichrome and
Bielschowsky special stains were also used. After being immersed in
Karnovsky’s fixative at 4°C for 1 h, tissue samples for TEM were
postfixed in 1% osmium tetroxide, dehydrated by graded series of
ethanol and finally embedded in Epon. Semithick (1 um) sections
were stained with toluidine blue special stain and examined under
the light microscope. Following the trimming of the tissues, 500-Eng-
strom sections supported with 200-mesh copper grids and stained
with uranyl acetate and lead citrate were examined using a Zeiss EM
900 transmission electron microscope. The SOD enzyme analysis
was performed using the Randox/Ransod kit technique (Product No.
ORDO04, Lot No. 108RD, Randox Laboratories, UK). Student’s t test
was used for statistical analysis.

Findings

Prior to intervention, the mean arterial tension of all
the animals was 105/65 mm Hg whereas it increased to
135/85 mm Hg in the second and dropped to 85/45 mm
Hg in the third group.
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Fig. 4. Ischemic and hypertensive group. Degeneration of the myelin
sheaths, focal areas of widened and edematous axons, and axonal
degeneration and vacuolization. x 24,000.

Fig. 6. Ischemic and hypotensive group. Features of serious injury by
diffuse myelin sheath damage, axonal degeneration, swelling, vacuo-
lation, organelle accumulation and loss. x 24,000.

Fig. 5. Ischemic and hypertensive group. Axonal organelle accumu-
lation. x 24,000.

The control group’s light-microscopic examination of
HE sections of the optic nerves did not show any path-
ological findings (fig. 1). Ultrastructural examination
showed axons surrounded with a healthy myelin sheath
and astrocytic cytoplasm (fig. 2).

In group 1, light-microscopic examination of HE and
toluidine blue sections of the ischemic optic nerves re-
vealed interstitial edema and disorganized axons while
ultrastructural examination showed a degeneration of the
myelin sheaths, focal areas of widened and edematous
axons, and axonal degeneration (fig. 3). Vascular struc-
tures were intact.

Hypertension and Hypotension in
Experimental Ischemic Optic Neuropathy

Fig. 7. Ischemic and hypotensive group. Axonal degeneration and
organelle accumulation. x 40,000.

In group 2, interstitial edema was prominent. Ultra-
structurally, in addition to the axonal swelling and degen-
eration of the myelin sheaths in focal areas, vacuolation of
the myelin and axons as well as accumulation of the
organelles in the axons were noted (fig. 4, 5). Swelling of
the endothelium and obliteration of the lumina in vascu-
lar structures were common features.

In group 3, light microscopy showed diffuse interstitial
edema and thickening of the vessel walls as well as pial
septa. TEM showed features of serious injury by diffuse
myelin sheath damage, axonal degeneration, swelling,
vacuolation, organelle accumulation and loss (fig. 6, 7).
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Table 1. Optic nerve mean SOD enzyme

levels of all the rabbits and the statistical Ischemic eyes Nonischemic eyes  t value p value

difference between the eyes with and (n=95), U/mg (n =5), U/mg

without ischemia
Group 1 9.1+£2.1 169+1.8 5.64 <0.001
Group 2 129+2.6 18.8+2.4 3.335 <0.05
Group 3 10.3+£2.2 10.2+1.6 0.074 >0.05

Table 2. Statistical difference between the
control group and the eyes with and without
ischemia

Ischemic eyes (n = 5) Nonischemic eyes (n = 5)

t value p value t value p value
Control and group 1 6.324 <0.001 2.027 >0.05
Control and group 2 3.086 <0.05 1.588 >0.05
Control and group 3 4.831 <0.001 4.758 <0.01

The optic nerve mean SOD enzyme level of the control
group was 14.8 = 2.1 U/mg.

The comparison of eyes with and without ischemia in
groups 1 and 2 revealed low SOD enzyme levels in the
ischemic eyes and was found to be statistically significant
(p <0.01), whereas in the third group the difference was
not found to be statistically significant (p >0.05; table 1).

The comparison of the optic nerve mean SOD levels of
the control group and the ischemic eyes of the study group
revealed decreased SOD levels. The difference was found
to be statistically significant (p <0.05). In comparison
with the control group, SOD levels of the eyes without
ischemia in groups 1 and 2 were not found to be statisti-
cally significant (p >0.05). In group 3, these values were
decreased and the difference was statistically significant
(p<0.01; table 2).

Discussion

ION is one of the most common causes of permanent
loss of vision in the presenescent and elderly population
[1, 8, 9]. Disturbance in optic nerve circulation and drop
in perfusion pressure due to short posterior ciliary artery
occlusion are suggested to be the important factors in the
pathogenesis [10].Occlusion or stenosis of the ophthalmic
artery, ICA and common carotid artery, systemic arterial
hypertension, embolus and hematological diseases lower
the blood flow of the short posterior ciliary arteries result-
ing in a drop in optic nerve perfusion pressure [11-14].
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Studies of blood flow with radioactively labeled micro-
spheres demonstrated that the autoregulation mechanism
of the optic nerve is limited in comparison to the retina
and optic nerve neural tissue is more sensitive to anoxia
than other tissues supplied by the choroidal circulation
[15].

Waybright et al. [16] stated that in cases with ION and
ipsilateral ICA occlusion, despite the retrograde circula-
tion provided by the ECA, the development of optic nerve
head hypoperfusion and ION cannot be prevented. In
cases with acute ICA occlusion, the optic nerve head
blood supply will not be provided by the collateral circula-
tion of the cerebral hemispheres. We considered to oc-
clude the ipsilateral ICA and ECA in order to achieve an
ischemia [17-19].

Lessel and Miller [20] did not observe pathological
changes in optic nerves of normotensive monkeys follow-
ing circulatory arrest of 12-24 min and proposed that the
optic nerve is resistant to circulatory arrest just like brain
tissue. Histopathological examination of the rabbits with
ischemia revealed interstitial edema, diminished staining
concentration, myelin sheath degeneration in focal areas,
enlarged, edematous axons and axonal degeneration.
These ischemic changes imply that 24 h are an adequate
period for the beginning of degenerative changes in the
optic nerve.

It is known that segmental infarcts and disturbances of
vascular structures in the optic nerve head due to hypo-
tensive shock result in ION [12, 13, 21-24]. Lessell and
Miller [20] observed mild edema in the optic nerve head,
hypercellularity at the temporal retrobulbar portion of the
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optic nerve and loss of myelin sheaths in 2 of 7 rhesus
monkeys who underwent hypotension and circulatory
arrest for 16-20 min.

Antihypertensive agents have been used for the relief
of arterial spasm due to anoxia but were found to be inef-
fective [7, 25-30]. We observed widespread axonal loss
and degeneration as well as intensive organelle accumula-
tion at the 24th hour in rabbits who underwent hypoten-
sive and ischemic procedures. The detection of ultrastruc-
tural changes in the control eyes of the hypotensive group
demonstrated the importance of hypotension in the devel-
opment of hypoperfusion and anoxia resulting in isch-
emic changes.

We induced hypervolemia and hypertension in order
to increase perfusion pressure. Kishi et al. [6] caused reno-
vascular hypertension in 12 rhesus monkeys and observed
endothelial edema and pericystic degeneration in the
optic nerves at the 21th month. The histopathological
examination of the optic nerves with ischemia and hyper-
tension at the 24th hour revealed intramyelinic and axo-
nal vacuolization and organelle accumulation besides
ischemic histopathological changes. We can suggest that,
in cases with ischemia, hypertension accelerates the de-
velopment of specific ultrastructural changes.

Hayreh et al. [31] induced experimental hypertension
and observed optic nerve edema on the 7th-637th day.
Light-microscopic and ultrastructural findings of these
subjects demonstrated the ischemic nature of hyperten-
sive optic neuropathy, but the mechanism of the optic
nerve ischemia remained unclear [31].

The optic nerve is known to be ischemic in malignant
hypertension and a sudden drop in arterial pressure accel-
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