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Article Info Abstract
History Background: Ethambutol-induced optic neuropathy (E-TON) is one of the most
Received: 12 Apr 2023 common optic neuropathies, especially in developing countries with an increasing rate
Accepted: 20 Aug 2023 of tuberculosis (TB). Various outcomes of visual impairment that may lead to
Available: 31 Aug 2023 permanent visual loss makes it imperative to prescribe supplementation to prevent E-
TON. Zinc supplementation is suggested as one of many to prevent E-TON since
ethambutol is a zinc chelator.
Purpose: To analyze the apoptosis rate of retinal ganglion cell (RGC) in Wistar rats
given ethambutol and zinc supplementation.
Methods: A true experimental research, post-test only control group design using
wistar rats was done. Subjects were divided into 2 groups, treatment group was given
ethambutol and zinc and control group was given ethambutol only for 30 days.
Assessment of apoptosis rate from hematoxylin eosin staining specimen was observed
by two pathologist using histopathological scoring. Differences between two groups
were statistically analyzed using Mann Whitney U test, (significant p <0.05).
Results: The score of apoptosis rate in treatment group was 28.6% and in control group
was 71.4%. There was a significantly different in apoptosis retinal ganglion cell
between two groups (p= 0.015).
Conclusion: The rate of retinal ganglion cell apoptosis was lower in rats treated
ethambutol with zinc than ethambutol only.
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INTRODUCTION

Ethambutol-induced optic neuropathy (E-TON) is
one of the most common and recognized drug-induced
optic neuropathies, especially in developing countries
with increasing rate of tuberculosis (TB). Treatment for
TB is divided into two phase, intensive and continuation
phase. Ethambutol is one of the medications used in the
intensive phase.!?

According to World Health Organization (WHO),
the incidence of TB in 2016 is 10.4 million (CI 8.8-12
million) or equivalent to 120 cases in 100.000
population. The incidence of ethambutol-induced optic
neuropathy has been reported to range from 1.0% to
22%. The reported incidence of E-TON varies between
18% in patients receiving more than 35 mg/kg per day,

5% to 6% with 25 mg/kg per day, and less than 1% with
15 mg/kg per day of ethambutol. No ‘safe dose’ of
ethambutol has been reported, 0.3% developed E-TON
with dose of < 15 mg/kg/day.>®

Reports of E-TON in Indonesia were varied in each
area. Indrayani et al recorded 5 of 30 patients (16.7%)
with TB on ethambutol developed E-TON in Sanglah
Hospital Bali. Juzmi et al reported 3 of 119 patients
developed E-TON in Wahidin Sudirohusodo Hospital
Makasar.
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Table 1. RGC apoptosis between treatment group and control group

Microscopic Apoptosis Total p
Group )
No apoptosis <25% 25 -50%
Treatment 28.6% 71.4% 0% 100% 0.015*
Control 0% 42.9% 457.1% 100%
Total 14.3% 57.1% 28.6% 100%

Description: * significant if p value < 0,05

Munandar from Cicendo Hospital Bandung, reported
33 patients developed E-TON with various visual
disturbances. Based on these datas we can conclude that
the incidence is low, but because of permanent visual
impairment impact of E-TON, it not only need a health
concern but also an economic and social problems.5-®

The toxic effect of ethambutol has been recognized
as an apoptosis of retinal ganglion cell (RGC) in the
exitotoxic glutamate pathway due to zinc chelator in the
forming of cytoplasmic vacuole, protein kinase C (PKC)
activation, and increase of malondialdehyde (MDA)
which results in decrease of endogen antioxidants
superoxide dismutase (SOD). Ethambutol binds to
cuprum (Cu) and zinc (Zn) in the RGC and optic nerve
fibers. Ethylene diimino dibutanol acid is an ethambutol
metabolite that strongly binds to Cu and Zn which
inhibits the electron transport chain and disrupted
oxidative phosphorylation secondary to decreased
available copper in human mitochondria or inhibit
lysosomal activation due to the chelation of Zn, 4914

The exact mechanism of this ocular neurotoxic effect
proved by in vivo and in vitro in rodent’s animal studies
have demonstrated ethambutol toxicity in the retinal
ganglion neurons of rodents. One of the principal
theories for its toxicity has been the zinc-chelating effect
of ethambutol and its metabolite. Many postulated
biochemical pathways that mediate the toxic damage
include downstream effector caspase- 3 and caspase-6,8
and an excitotoxic glutamate pathway.>'®

The best management for E-TON is to cease the use
of ethambutol .5 Previous studies reports Zn therapy in
E-TON results in good prognosis. Zn therapy in E-TON
may prevent visual field impairment, improve contrast,
and prevent progression. These studies reported the
effect of Zn after E-TON has developed, but none have
suggested supplementary Zn in patients receiving
ethambutol before E-TON occurs. Our goal is to
research this process,16-18

There is currently no effective treatment for E-TON.
However, if detected early and with prompt
discontinuation of ethambutol, between 30 and 64% of
patients show some improvement in their visual
disturbances over a period of several months.5*°

MATERIALS AND METHODS

This study was experimental study with post-test
only randomized controlled group design using Wistar
rats that given ethambutol. Subjects were divided into 2
groups, treatment group was given ethambutol 32
mg/200 gr rat’s body weight (BW), equivalent to
25mg/kg human BW and Zn 1.5mg/200 gram rat’s BW
equivalent to 80 mg in human, and control group was
given ethambutol only. Both groups were treated for 30

days. Doses have been converted in accordance to
Laurence and Bacharach. This study included 14 Wistar
rats, male, age 2-3 months, 200-300 gram of weight. Rats
with eye infection and rats that showed no activity within
treatment period were excluded.

Rats were acclimatized for 14 days and then divided
into 2 groups. After 30 days of treatment period, rats were
enucleated, and histopathology examination with
hematoxylin eosin was prepared and interpreted by two
pathologists. Retinal ganglion cell apoptosis was
determined by measuring cell morphology and cell count
based on score classification as follows; score 0: no
apoptosis, score 1: <25% cell apoptosis, score 2: 25-50%
cell apoptosis, score 3: 50-75% cell apoptosis, score 4:
>75% cell apoptosis.?® Differences between two groups
were statistically analysed using Mann Whitney U test,
(significant p <0.05).

RESULTS

Seven eyes from seven rats of each group were
obtained. No rats died or dropped out during treatment
period. RGC apoptosis reliability results were examined
by two anatomical pathologist using Cronbach’s Alpha
and had a 84% Kappa (K), that’s means the best inter-
rater agreement. (Figure. 1)
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Figure 1. RGC Apoptosis between treatment group and
control group

RGC apoptosis in the control group showed none in
score 0, 42.9% in score 1, and 57.1% in score 2.
Treatment group had 28.6% in score 0, 71.4% in score 1,
and nil in score 2. RGC apoptosis between treatment
group and control group showed statistical significance
(p<0.05), in which RGC apoptosis was lower in the
treatment group compared to control group (table 1).




Journal of Biomedicine and Translational Research, 9 (2) 2023, 77-81 79

Histopathology examination of RGC with HE
staining compared in treatment group. Figure 2a
represents normal RGC (score 0) with normal,
homogenous cells, without apoptotic body. Figure 2b
shows wrinkled/smaller, disparate, along with <25%
karyorhexis and apoptotic body within 5 high power

Figure 2. RGC in treatment group, (a). without apoptosis
Iscore 0, (b). apoptosis < 25% / score 1

Figure 3 represents histopathology examination of
RGC with HE in the control group. Figure 3a shows
wrinkled, smaller, disparate RGC, along <25% of
karyorhexis and apoptotic body within 5 high power
field. Figure 3b depicts 25-50% / score 2 and show cell
loss.

DISCUSSION

This study presents statistically significant
differences in RGC apoptosis between the treatment
group and control group (p = 0.015). RGC apoptosis in
treatment group is lower compared to control group.
Forty-two-point nine percent of treatment group had
apoptotic score 1 and 57.1% had apoptotic score 2.

Based on the theory as a metal chelator, ethambutol
interferes with oxidative phosphorylase dan inhibits
lysosomal activation due to Zn chelators, resulting in
decreased mitochondrial function by interfering with
complex | (Fe/Zn) and complex 1V (Cu). Other studies
suggest the damaging effects caused by ethambutol are

due to formation of cytoplasmic vacuoles in RGC which
in turn will decrease intracellular Zn. -4

Figure 3. RGC control group, (a) apoptosis <25 % /score
1, (b) apoptosis 25-50% /score 2

Reported cases of E-TON in the population is
between 0.1-22%. Based on the dosing that is equivalent
to this study (25mg/kgBW), the incidence of E-TON is
reported to be 5-6%. However, 100% of rats receiving
ethambutol in this study suffered mild-moderate RGC
apoptosis. Subclinical E-TON may progress in the early
stages in humans. Although incidence of E-TON is
reported to be very low, subclinical alterations can be
detrimental. Studies evaluating visual evoked potential
(VEP) and optical coherence tomography (OCT) reports
increased VEP latency, decrease in retinal nerve fiber
layer (RNFL) and ganglion cell inner plexiform layer
(GCL-IPL) thickness upon follow-up despite no
complaints or visual deterioration. Mandal et al. reported
the incidence of symptomatic E-TON with a dose of 15-
20 mg/kg/day is < 2%. However, 46% had increased VEP
latency and decrease in RNFL and GCIPL thickness in
asymptomatic patients. This is consistent with a study by
Yan Sheng et al that suggest RGC damage after
ethambutol treatment although no visual disturbance was
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present. Regrettably, functional examination cannot be
performed in E-TON rat models.?:?

This study reports no apoptosis amongst 28% of
wistar rats that received ethambutol and Zn, mild
apoptosis (<25%) in 71.4% rats. This signifies the effect
of Zn in reducing the incidence of RGC apoptosis. A
study by Hasan suggested declining Zn serum in TB
patients under ethambutol treatment may return to its
normal limits by cessation of ethambutol and
consumption of healthy foods. This is due to ethylene
diimino dibutanol which is an ethambutol metabolite
that strongly binds to RGC cells. Free ZN (Zn?') is
required as a cofactor for cytochrome ¢ oxidase, the main
enzyme for transport chain and cellular oxidase
metabolism in the mitochondria. Furthermore, Zn?*
serves as a disregulator for RGC and glial cells in the
events of nerve injury. Binding of Zn?* will cause
disruption of ATP production and ultimately damage the
ATP-dependent axonal transport system, 102223

This study still reports apoptosis in groups receiving
ethambutol and Zn (treatment group) though to a lesser
degree. This is due to apoptosis occurring in normal cells
to maintain hemostasis. Typically, cells will carry out a
regeneration process along with cell death called
apoptosis.

Zinc supplementation may ameliorate declining Zn
serum caused by this mechanism. Daniati suggested Zn
supplementation in E-TON patients may prevent visual
field abnormalities. Similarly, Rindawati reported a
significant difference in contrast sensitivity between
patients with and without ethambutol. A study by
Yulianti et al shows that Zn supplementation serves as a
neuroprotector against toxic effects of ethambutol upon
VEP examination. Another study by Fitirah presented
decrease of RNFL thickness in the temporal quadrant but
none in the nasal, superior, and inferior quadrant that
measured using spectral domain optical coherence
tomography (SD-OCT).16-18.24

Yudapratiwi reported no significance in RGC density
between treatment and control groups in rats given
ethambutol, 75.5% and 76% respectively. However,
histopathology findings presents an orderly arranged cell
structure amongst groups given Zn supplementation. A
difference in research results is due to interpretation
readings where 1 field of view with 400x magnification
was performed while our study examined 5 field of view
which represents a broad view of RGC. Both
Yudapratiwi and our study used the same dose,
equivalent to 25mg/kgBW in humans for 30 days.?®

Zn supplementation in TB patients provides many
benefits, not only does it improve RGC structure, boosts
the immune system, but also accelerates the conversion
to negative sputum after 2 months of Zn
supplementation. Given the many advantages of Zn
supplementation, it is favourable to prescribe it as a
prevention to E-TON, specifically subclinical E-TON.?*
26

Limitation of this study was indistinction between
ethambutol related apoptosis or normal apoptosis that
occurs at the cellular level.

CONCLUSION
Analysis of both groups presents lower RGC
apoptosis in rats given ethambutol and Zn. Further

research is necessary to evaluate mediating and
confounding factors that may influence RGC apoptosis.
Additional studies on humans in association with
internists to provide a larger sample is essential. The
authors expect Zn to be a obligatory supplement in
patients receiving ethambutol.

ACKNOWLEDGMENTS

The authors do not have a proprietary interest in any
of the materials used in this study. This research was
approved by the Health Research Ethics Commission,
Faculty of Medicine, Universitas Diponegoro according
to recommendations of the Association for Research and
Vision in Ophthalmology (ARVO).

REFERENCES

1. Depkes Republik Indonesia. InfoDatin
tuberculosis. Kementerian Kesehatan RI.
2018;1-9.

2. Rapuono J.C. Neuro-ophthalmology: optic

neuropathy.American Academy of Ophtalmology.
2021;137-9.

3. Yang HK, Park MJ, Lee JH, Lee CT, Park JS,
Hwang JM. Incidence of toxic optic neuropathy
with low-dose ethambutol. The International
Journal of Tuberculosis and Lung Disease. 2016
Feb 1;20(2):261-4. DOI: 10.5588/ijtld.15.0275

4. Chung H, Yoon YH, Hwang JJ, Cho KS, Koh JY,
Kim JG. Ethambutol-induced toxicity is mediated
by zinc and lysosomal membrane permeabilization
in cultured retinal cells. Toxicol Appl Pharmacol.
2009 Mar;235(2):163-70.

DOI: 10.1016/j.taap.2008.11.006

5. Chan RYC, Kwok AKH. Ocular toxicity of
ethambutol.  Hongkong  Medical  Journal.
2006;12(1):56-60. PMID: 16495590

6. Indrayani I, Ariswanda I, Samatra D, Masputra A,
Widyadharma 1. Characteristics of Ethambutol
Optic Neuropathy on Tuberculosis Treatment in
Sanglah Hospital Denpasar. International Journal
of Medical Reviews and Case Reports. 2019;(0):1.
DOI:10.5455/IJMRCR.neuropathy-ethambutol-
tuberculosis

7. Juzmi NA, Umar BT, Taufik R. Neuropati Optik
Toksis Setelah Pemberian Etambutol pada
Penderita Tuberkulosis di Makasar. JST kesehatan.
2014;4(3):269-76.

8. Munandar AM. Karakteristik pasien neuropati
optik toksi etambutol di pusat mata nasional rumah
sakit mata cicendo. Cicendo. 2019;1-8.

9. Heng JE, Vorwerk CK, Lessell E, Zurakowski D,
Levin LA, Dreyer EB. Ethambutol is toxic to retinal
ganglion cells via an excitotoxic pathway. Invest
Ophthalmol Vis Sci. 1999 Jan;40(1):190-6.
PMID: 9888443

10. Yoon YH, Jung KH, Sadun AA, Shin HC, Koh JY.
Ethambutol-Induced Vacuolar Changes and
Neuronal Loss in Rat Retinal Cell Culture:
Mediation by Endogenous Zinc. Toxicol Appl
Pharmacol. 2000 Jan;162(2):107-14. DOI:
10.1006/taap.1999.8846




Journal of Biomedicine and Translational Research, 9 (2) 2023, 77-81 81

11.

12.

13.

14.

15.

16.

17.

18.

19.

Tsai RK, He MS, Chen Z2Y, Wu WC, Wu WS.
PKCs-dependent signaling mediates ethambutol-
induced toxic effects on human retinal pigment
cells. Mol Vis. 2011;17:1564-76. PMID:
21738386

Huang SP, Chien JY, Tsai RK. Ethambutol
induces impaired autophagic flux and apoptosis in
the retina. Dis Model Mech. 2015 Jan 1; DOI:
10.1242/dmm.019737

Gong H, Amemiya T. Optic Nerve Changes in
Zinc-deficient Rats. Exp Eye Res. 2001
Apr;72(4):363-9. DOI: 10.1006/exer.2000.0958

Shindler KS, Zurakowski D, Dreyer EB. Caspase
inhibitors block zinc-chelator induced death of
retinal ganglion cells. Neuroreport. 2000
Jul;11(10):2299-302. DOI: 10.1097/00001756-
200007140-00046

Chen TA, Yang F, Cole GM, Chan SO. Inhibition
of caspase-3-like activity reduces glutamate
induced cell death in adult rat retinal1Published on
the World Wide Web on 9 May 2001. Brain Res.
2001 Jun;904(1):177-88. DOI: 10.1016/s0006-
8993(01)02485-4

Neni D. Pengaruh pemberian Zinc pada pasien
tuberkulosis kasus baru dengan terapi etambutol
terhadap lapang pandang. Universitas airlangga.
2015;

Rindawati. Pengaruh pemberian zinc terhadap
nilai  sensitivitas sontras pada penderita
tuberkulosis yang mendapat etambutol. Fakultas
Kedokteran Universitas Andalas. 2010;

Yulianti SR. Efek suplementasi ion zinc pada
pengobatan tuberkulosis paru terhadap perubahan
pl00 latensi VEP. Fakultas Kedokteran
Universitas Indonesia. 2006;

Chamberlain PD, Sadaka A, Berry S, Lee AG.
Ethambutol optic neuropathy. Curr  Opin
Ophthalmol. 2017 Nov;28(6):545-51. DOI:
10.1097/1CU.0000000000000416

20.

21.

22.

23.

24,

25.

26.

Hao Q, Xiao X, Zhen J, Feng J, Song C, Jiang B, et
al. Resveratrol attenuates acute kidney injury by
inhibiting death receptor-mediated apoptotic
pathways in a cisplatin-induced rat model. Mol
Med Rep. 2016 Oct;14(4):3683-9. DOI:
10.3892/mmr.2016.5714

Mandal S, Saxena R, Dhiman R, Mohan A, Padhy
SK, Phuljhele S, et al. Prospective study to evaluate
incidence and indicators for early detection of
ethambutol  toxicity.  British ~ Journal  of
Ophthalmology. 2021 Jul;105(7):1024-8. DOI:
10.1136/bjophthalmol-2020-316897

Yan Sheng W, Ya Sui L, Ge W, Qing Wu S, Zhu
LW. Analysis of structural injury pattern in
peripapillary retinal nerve fibre layer and retinal
ganglion cell layer in ethambutol- induced optic
neuropathy. BMC ophtalmology. 2021;1-8. DOI:
10.1186/s12886-021-01881-y

Koul P. Ocular toxicity with ethambutol therapy:
Timely recaution. Lung India. 2015;32(1):1. DOI:
10.4103/0970-2113.148395

Yudapratiwi N, Enus S, Setiohadji B, Hernowo BS.
Suplementasi zinc dan densitas ganglion retina
tikus yang diberi etambutol. Bandung Med Jour.
2012;4:1-18

Fitriyah N, Kusidantoro, Mauthia N, Suhendro G,
Agustini L. Efek suplementasi zn terhadap
ketebalan retinal nerve fiber layer pada pasien TB
paru yang diberikan etambutol. ADLN_Univ
Airlangga. 2017;

Rivero-Guzman M, Verduguez-Orellana A,
Maldonado MCL, Medina M, Sejas E, Akesson B.
Effect of Zinc on Immune Function in Patients with
Pulmonary Tuberculosis. Biomed Prev Nutr. 2014:
1-6. DOI: 10.1016/j.bionut.2014.01.004



https://pubmed.ncbi.nlm.nih.gov/21738386

