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Purpose: To determine astrogliosis in optic nerve
of rabbit induced by ethambutol. Materials and
Methods: Ten, New Zealand white, albino rabbits
of either sex, 6-12 months old; weighing 1- 2 kg
were randomly divided into two group comprising
five animals in each. Group A served as control,
while Group B was given ethambutol 100
mg/kg/day for four weeks. At the end of
experimental period, each animal was sacrificed
by using chloroform and both optic nerves were
dissected out, preserved and processed; in this
way, twenty optic nerve specimens Maximum
stone size included in our study was 3 cm. All

patients included in our study were treated by
rigid URS and stone fragmentation with
Pneumatic Lithoclast. (ten for each group) were
collected from ten albino rabbits. Results: Mean
number of astrocytes, calculated in group B was
27.94 = 2.94, that was significantly increased
from those in group A, showing mean number of
astrocytes as 09.66 = 2.16 (p value = 0.001).
Conclusion: Ethambutol, in toxic doses, induces
the proliferation of astrocytes in optic nerve, a
part of astrogliosis, indicating the repair process
in damaged optic nerve. Key Words: Ethambutol
(EMB), optic nerve, astrogliosis, Endothelin 1
(ET-1)

INTRODUCTION

Ethambutol (EMB) is a well-known antituberculous
drug®. Its bacteriostatic and bactericidal effect at daily
doses of 15 mg/kg and 25 mg/kg respectively, are
achieved due to its property of chelating the essential
metals in the enzyme systems of bacteria, thus
stopping the bacterial cell multiplication leading to
their death.?®

EMB has been reported to damage both retina and
optic nerve (OPN), the latter being more common, is
manifested either as an axial or paraxial type.* The
axial type in which central fibers of OPN are reported
to be extensively involved, is more common. It has the
characteristics of gradual loss of vision, decreased
visual acuity, central scotoma and color vision
disorders®®.

It has been reported that toxic doses of EMB produce
axonal fragmentation, axonal dilatation (vacuole
formation), mild demyelination, central necrosis with
inflammatory changes and macrophagic response in
the optic nerves of rats, dogs, monkeys and rabbits.’

These, EMB induced histological changes observed in
the retinal ganglion cell bodies and their axons were
similar to those produced by excessive levels of
excitatory amino acids especially glutamate (GTM), a
neurotransmitter in the human central nervous system,
seen in different types of neuropathies. 8° The central
nervous system responds to these neuropathies with a
vigorous activation of astrocytes resulting in reactive
astrocytosis (an increase in the number and size of
cells) and astrogliosis, (characterized by astrocytes
proliferation and activation) followed by morphologic
and cellular changes, hypertrophy, alteration of
extracellular matrix profile, and formation of a glial
scar.’12 In this way, the astrocytes not only protect
nervous tissue but also preserve function as seen after
spinal cord injury.*Astrogliosis occurs in human
glaucomatous optic nerve heads® as well as in many
animal models of glaucoma, including monkey* and
rat.’® The detrimental effects of astrogliosis on nerve
cell repair are well established in different injury
models, including white matter demyelination.®
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As mechanism of EMB induced injury to optic nerve,
is same as in all the pathophysiological conditions
producing astrogliosis, therefore it was presumed that
EMB can also cause astrogliosis as an additional
feature of optic neuropathy. So the present study was
aimed to verify astrogliotic changes in the optic nerve
of rabbit by toxic doses of EMB.

MATERIAL AND MEHODS

Chemicals

Ethambutol dihydrochloride and all chemical materials
used during processing and staining were produced by
Merck (Germany).

Animals

Ten, New Zealand white, albino rabbits of either sex,
6-12 month old; weighing 1-2 kg were procured from
Veterinary Research Institute, Lahore.

Each animal was housed in a separate cage and
transferred to the animal house having standard
conditions, at a temperature of 20 + 0.5°C, humidity
(50 £ 10%) and 12 hours light and dark cycle. They
were fed on standardized diet and water ad libitum.
The experiment was started by randomly dividing the
animals into two groups; all interventions were done
through feeding tube once daily for 4-weeks.

GROUP A served as a control, and was fed with
distilled water equal in volume given to experimental
group B.

GROUP B was treated with EMB, 100 mg / kg body
weight / day.

At the end of the experimental period, each animal was
sacrified under anaesthesia The scalp was removed,
skull cap detached free from the dura mater and the
brain with its meninges was exposed by lifting the
calvarium. Falx cerebri was detached from the crista
galli and pulled posteriorly. The frontal lobes were
lifted from the anterior cranial fossa and incised to
expose the orbital plates before removing them. Both
optic nerves along with chiasma were thus exposed
and the nerves were severed from the eye ball.

Optic nerve was taken as a single piece by incising it
proximal to the optic chiasma, washed with normal
saline and fixed in 10 % formal saline for 24 hours; the
tissue pieces were processed, dehydrated by passing
through ascending grades of ethanol, cleared in xylene
and infiltrated with molten paraffin wax (melting point
56-58°C). The tissue pieces were placed vertically in
Leuckhart’s moulds, to obtain transverse sections of

the intracranial part of optic nerve, embedded in
molten paraffin; tissue blocks were solidified, trimmed
at chiasmatic end; sections cut at 5 um thickness, were
shifted to water bath at 45-50° C. Sections were then
transferred on the surface of albumenized glass slide,
dewaxed in Xxylene, hydrated and stained with
hematoxylin and eosin in a usual way. To demonstrate
the myelin sheath, luxol fast blue and cresyl violet
stains were used in separate preparations.

The prepared slides were examined under the light
microscope and observations were recorded in term of
counting the number of astrocytes. Astrocytes were
counted per 0.0625 mm?randomly selected three areas
per slide, after calibrating the ocular graticule with
stage linear micrometer, using X40 objective. Three
slides were taken from optic nerve of each animal of
each group and mean number of astrocytes were
calculated for each animal and each group.

STATISTICAL ANALYSIS

Statistical analysis was conducted using the computer
software, Statistical Package for Social Sciences
(SPSS version 15.0). The difference, in number of
astrocytes between control and the experimental group
was analyzed by using the independent sample t-test.

RESULTS

Cross sections of the optic nerves of all rabbits in the
experimental and control groups were observed under
light microscope. It was found that three meninges
surround each nerve and fine branching connective
tissur septa arising from pia mater, extending
transversely across the substance of nerve.

Figure-1

Cross section of optic nerve from group A showing
dura mater (A), arachnoid mater (B), pia mater (C),
subdural space (D), subarachnoid space (E), blood
vessles (BV) and connective tissue septa (CTS). H &
E stain, X 50.
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Figure-2
Optic nerve from group A showing astrocytes (AST)
pial septa (PS), blood wvessels (BV) and
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The nerve its nglion
cells, supported by astrocytes and oligodendrocytes.
Invariably all sections showed branches of central
retinal artery inside the pial septa of the optic nerve

(Fig. 1).

Figure-3
Optic nerve section from group B, showing a large
number of astrocytes (AST), vacuoles of different
sizes in the neurites of OPN (V), pial septa (PS),
oligodendrocytes (OLG) and blood vessels (BV) H
& E stain, X 400
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All sections of the two groups showed variable number
of astrocytes per 0.0625 mm?area of each optic nerve
preparation. Number of astrocytes in preparations from
almost every rabbit of group B was immensely
increased (Figure. 3 and 6) as compared to those in
group A (Figure. 2 and 5).

It showed proliferation of astrocytes in term of
astrocytosis which is a part of astroglyosis, in response
to the injury to the optic nerves of animals of group B

induced by EMB (Fig. 4).The statistical analysis of
the changes in number of astrocytes, using independent
sample t-test showed that mean number of astrocytes
calculated in group B was 27.94 + 2.94, that was
significantly increased from those in group A, showing
mean number of astrocytes as 09.66 * 2.16 (p value =
0.001) as shown in Table-1.

Figure-4
Bar graph showing mean and standard error of
number of astrocytes in groups A and B
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Figure-5

Photomicrographs of cross section of rabbit optic
nerve from group A, showing astrocytes. (AST),
oligodendrocytes (OLG), blood vessels (BV) and
pial septa (PS). Luxol Fast bluE & Cresyl Violet

stain, X 200

Table-1 )
The mean of Number of astrocytes in control group
A and experimental group B
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Figure-6
Photomicrographs of cross section of rabbit optic
nerve from group B, showing vacuoles in OPN (V),
astrocytes (AST), oligodendrocytes (OLG), blood
vessels (BV) and pial septa (PS). Luxol Fast bluE &
Cresyl Violet stain, X 200.
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DISCUSSION

In this study, we have investigated the astrogliotic
response of optic nerve of rabbit against the chemical
insult produced by toxic doses of ethambutol. It was
observed that a significant number of vacuoles,
representing the damaged axons of retinal ganglion
cells, have appeared in the preparations from
experimental group B.

Development of intense vacuolations in almost same
experimental conditions applied over different animal
models has been previously reported in different
studies.” 1 These vacuoles are produced, probably, by
EMB mediated increased Ca*? influx which activates
certain intracellular enzymes including phospholipases,
proteases, endonucleases, and ATPases resulting in
destruction of retinal ganglion cells and axons that
microscopically appear like vacuoles due to processing
techniques.®® Alternatively vacuolation may, probably,
be the result of metabolites of EMB forming a
complex with Zn and Cu which enters the axons and
enhance the axonal dilatation (vacuolation) process.®
It was noticed that the number of astrocytes had been
considerably increased in all slides of our
experimental groups. The mean number of astrocytes
in experimental group B (27.94 + 2.94) was markedly
increased when compared to that in control group A
(09.66 + 2.16); this difference was statistically
significant (p-value = 0.001) It represented the reaction
of optic nerve in attempt to repair the damage
produced by ethambutol referred as astrocytosis which
is a part of astrogliosis, characterized as astrocyte
proliferation and activation followed by morphologic

and cellular changes, hypertrophy, alteration of
extracellular matrix profile, and formation of a glial
scar.’® No comparable study is available yet, in
which ETB induced optic nerve astrogliosis was
directly observed, however, it has been reported as a
common feature of all pathological and experimental
injuries including glaucoma, ischemic nerve injury,
neurotrauma and Alzheimer disease,’*? produced by
the same mechanism associated with sustained release
of excessive glutamate which also works in
pathogenesis of ETB induced optic neuropathy. 20-2*
Astrocytes play a major role in the remodeling of the
extracellular matrix of the optic nerve head, synthesize
growth factors and other cellular mediators that may
affect directly, or indirectly, the axons of the retinal
ganglion cells.'® Astrocytes also play an essential role
in  protecting neurons and oligodendrocytes,
restricting inflammation and helping to limit tissue
degeneration.?%

Endothelin  (ET)-1 is a potent vasoactive
vasoconstricting peptide isolated from vascular
endothelial cells and can be released from its
intraocular ~ sources, including ciliary epithelium,
retinal pigmented epithelium, and optic nerve head
astrocytes in association with neuronal injury.?*2% |ts
level, has been observed, to become elevated in optic
nerve transection, experimental or clinical neurotrauma
and neuropathies (including glaucoma) which cause
mitogenesis of  astrocytes resulting in their
proliferation.? 27-33

ET-induced astrogliosis has also been found in other
neuropathies such as  Alzheimer’s  disease,
subarachnoid hemorrhage and ischemia.?82%34 ET-1
and its G-protein—coupled endothelin A (ETA) and
endothelin B (ETB) receptors, are numerously present
in optic nerve, retina, astrocytes of optic nerve.

These have been reported to become activated and
upregulated in almost each case of ET-1-induced
proliferation of astrocytes.?>?3% To verify, this
proliferative effect was successfully prevented
experimentally, by blocking the both receptors with
ETA and ETB antagonists BQ610 and BQ788
respectively??*%®, Endogenous ET-1, thus produced,
could influence astrocyte morphology and behavior by
autocrine or paracrine actions and promote astrogliosis
through functional ET receptors.
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CONCLUSION
Ethambutol, in toxic doses, induces the proliferation of

astrocytes in optic nerve, a part of

astrogliosis,

indicating the repair process in damaged optic nerve.

ACKNOWLEDGMENTS

The authors thank Wagas Samee, Bushra Munir,
Nadeem and Naveed Abbas for their technical
assistance.

REFERENCES

1.

2.

10.

Chan R, Kwok A. Ocular toxicity of ethambutol.
Hong Kong Med J 2006; 12:56-60.

Fraunfelder FW, Sadun AA, Wood T. Update. on
ethambutol optic neuropathy. Expert Opin Drug
Saf. 2006; 5:615-18.

William A, Petri Jr. Chemotherapy of
tuberculosis, Mycobacterium avium complex
disease and leprosy. In: Brunton LL, Lazo JS,
Parker KL, editors. Goodman & Gilman,s The
pharmacological basis of theraputics. 11" ed.
USA: Mcgraw-Hill 2006; 1203-10.

Hadjikoutis S, Morgan JE, Wild JM, Smith PE.
Ocular complications of neurological therapy. Eur
J Neurol 2005, 12:499-507.

Lim SA. Ethambutol associated optic
neuropathy. Ann Acad Med Singapore 2006;
35:274-8.

Zoumalan CI, Agarwal M, Sadun AA. Optical
coherence tomography can measure axonal loss in
patients  with  ethambutol-induced  optic
neuropathy. Graefe’s Arch Exp Ophthalmol 2005;
243:410-16.

Lessell S. Histopathology of experimental
ethambutol intoxication. Invest Opthalmol Vis
Sci 1976; 15:765-9.

Cosman KM, Porsteinsson AP. Glutamate in the
neurobiology and treatment of dementias. Prim
psychiatry 2006; 13: 48-55.

Danysz W, Parsons CG. The NMDA receptor
Antagonist memantine as a symptomatological
and neuroprotective treatment for Alzheimar’s
disease: preclinical evidence. Int J Geriatr
Psychiatry 2003; 18:23-32.

Hernandez MR. The optic nerve head in
glaucoma: role of astrocytes in tissue remodeling
(Review). Prog Retinal Eye Res 2000; 19:297—
321.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ridet JL, Malhotra SK, Privat A, Gage FH.
Reactive astrocytes:cellular and molecular cues
to biological function (Review). Trends
Neurosci 1997; 20:570-577.

Eddleston M, Mucke L. Molecular profile of
reactive astrocytes: implications for their role in
neurologic disease (Review). Neuroscience 1993;
54:15-36.

Faulkner JR, Herrmann JE, Woo MJ, Tansey
KE, Doan NB, Sofroniew MYV. Reactive
Astrocytes Protect Tissue and Preserve Function
after Spinal Cord Injury. J Neuroscs 2004;
24:2143-2155.

Furuyoshi N, Furuyoshi M, May CA, Hayreh
SS, Alm A, Lu'tjen- Drecoll E. Vascular and
glial changes in the retrolaminar optic nerve in
glaucomatous monkey eyes. Ophthalmologica
2000; 214:24-32.

Johnson EC, Deppmeier LM, Wentzien SK,
Hsu I, Morrison JC. Chronology of optic nerve
head and retinal responses to elevated
intraocular pressure. Invest Ophthalmol Vis Sci
2000; 41:431-442.

Back SA, Tuohy TMF, Chen H, Wallingford N,
Craig A, Struve J, Luo NL, Banine F, Liu Y,
Chang A, Trapp BD, Bebo BF, Rao MS,

Sherman LS. Hyaluronan accumulates in
demyelinated lesions and inhibits
oligodendrocyte progenitor maturation. Nat
Med 2005; 11:966 —972.

Noche RR, Nicolas MG, Biochem MS,

Gonzaga NC. A  Study of Optic neuritis
caused by Ethambutol in Rabbits. PIMI 1987;
17:42-6.

Chan K, Lowe J.  Techniques in
neuropathology. In: Bancroft JD, Gamble M.
Editors. Theory and practice of histological
techniques. 5" ed. London:  Churchill
Livingstone; 2002: 384-6.

Kozak SF, Inderlied CB, Hsu HY, Heller KB,
Sadun AA. The role of Copper on ehambutol’s
antimicrobial action and implications for
ethambutol-induced optic neuropathy. Diagn
Microbiol Infect Dis 1998; 30:83-7.

Heng JE, Vorwerik CK, Lessel E,
Zurakowski D, Levin LA, Dreyer EB.
Ethambutol is toxic to retinal ganglion cells
via an excitotoxic pathway. Invest Ophtalmol
Vis Sci1999; 40:190-6.

A.P.M.C Vol: 5 No. 2 July-December 2011

99



21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Guo L, Salt TE, Maass A, Luong V, Moss SE,
Fitzke FW, et al.  Assessment  of
neuroprotective effects of glutamate modulation
on glaucoma-related retinal ganglion cell
apoptosis in vivo. Invest Ophthalmol Vis Sci
2006; 47:626-33.

Myer DJ, Gurkoff GG, Lee SM, Hovda DA,
Sofroniew MV. Essential protective roles of
reactive astrocytes in traumatic brain injury.
Brain 2006; 129: 2761-2772.

Sofroniew MV. Reactive Astrocytes in Neural
Repair and Protection. Neuroscientist 2005;
11:400-407.

Ripodas A, de Juan JA, Roldan-Pallares M, et
al. Localization of endothelin-1 mRNA
expression and immunoreactivity in the retina
and optic nerve from human and porcine eye:
evidence for endothelin-1  expression in
astrocytes. Brain Res 2001; 912:137-143.
MacCumber MW, Ross CA, Snyder SH.
Endothelin in brain: receptors, mitogenesis, and
biosynthesis in glial cells. Proc Natl Acad Sci
USA 1990; 87:2359- 63.

Prasanna G, Dibas A, Tao W, White K, Yorio
T. Regulation of the release of endothelin-1 in
non-pigmented human ciliary epithelial cells by
TNF. Exp Eye Res 1998; 66:9-18.

MacCumber MW, D’Anna SA. Endothelin
receptor-binding subtypes in the human retina
and choroid. Arch Ophthalmol 1994; 112:1231-
35.

Zhang WW, Badonic T, Hoog A, et al
Astrocytes in Alzheimer’s disease express
immunoreactivity to the  vaso-constrictor
endothelin-1. J Neurol Sci 1994; 122:90-96.
Ishikawa N, Takemura M, Koyama Y,
Shigenaga Y, Okada T, Baba A. Endothelins
promote the activation of astrocytes in rat
neostriatum through ET(B) receptors. Eur J
Neurosci.1997; 9:895-901.

Jiang MH, Hoog A, Ma KC, Nie XJ, Olsson Y,
Zhang WW. Endothelin-1-like immunoreactivity
is expressed in human reactive astrocytes.
Neuroreport. 1993; 4:935-937.

Hama H, Kasuya Y, Sakurai T, et al. Role of
endothelin-1 in astrocyte responses after acute
brain damage. J Neurosci Res 1997; 47: 590-602.
Pluta RM, Boock RJ, Afshar JK, et al. Sourc and
cause of endothelin-1 release into

cerebrospinal fluid after subarachnoid
hemorrhage. J Neurosurg. 1997; 87:287-293.

33. Prasanna G, Krishnamoorthy R, Clark AF,
Wordinger RJ, Yorio T. Human Optic Nerve
Head Astrocytes as a Target for Endothelin-1.
Invest Ophthalmol Vis Sci. 2002; 43:2704-2713.

34. Hama H, Sakurai T, Kasuya Y, Fujiki M,
Masaki T, Goto K. Action of endothelin-1 on rat
astrocytes through the ETB receptor. Biochem
Biophys Res Commun. 1992; 186:355-362.

AUTHORS
e Dr. Muhammad Zubair
Assistant Professor of Anatomy
Quaid-e -Azam Medical College, Bahawalpur
e Dr.Imran Ahmad
Associate Professor of Anatomy
Quaid-e -Azam Medical College, Bahawalpur
e Dr. Wajid Hussain Barki
Assistant Professor of Anatomy
Nishtar Medical College, Multan
e Dr. Tassadug H. Sheikh
Professor and Head of the Anatomy
Central Park Medical College, Lahore
e Javeria Malik
Student 4th Year MBBS
Nishtar Medical College, Multan

Address for Correspondence

Dr. Muhammad Zabair

Assistant Professor Anatomy

Quaid-e -Azam Medical College, Bahawalpur

A.P.M.C Vol: 5 No. 2 July-December 2011

100



