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ABSTRACT

Background: Formic acid is the end product of methanol metabolism that can damage the axons of the optic
nerve. Previous studies have suggested that, besides ethanol and fomepizole, ranitidine can inhibit the formation
of this formic acid. However, the timing of administration of ranitidine in acute methanol intoxication is unknown.
The study aim to determine the effect of ranitidine administration time to degeneration of axon optic nerve in the
incidence of acute methanol intoxication.

Method: The study used 4 groups with 6 rats in each group. Two treatment groups and the positive control group
were given methanol 14 g/kg BW, the first treatment group was given ranitidine 30 mg/kgBW right after
administration of methanol and second group 30 minutes after methanol administration. Meanwhile, the negative
control group was given oral aquadest, then rats were terminated after 8 hours

Results: Histological examination of optic nerve with H&E showed the administration of ranitidine right after
methanol administration can inhibit optic nerve degeneration significantly (p<0.05). Meanwhile, the administration
of ranitidine after 30 minutes had not been able to inhibit optic nerve degeneration significantly (p>0.05)
Conclusion: Ranitidine administration right after acute methanol intoxication can prevent optic nerve
degeneration significantly. Further research is needed to investigate the effect of ranitidine dose on the

degeneration rate of the axons of the optic nerve
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INTRODUCTION

Methanol is a substance that is easily absorbed by the
body, either ingestion, inhalation, or direct contact.
Methanol metabolism results in the form of formic acid
which is very toxicl. After the absorption process, methanol
will be distributed rapidly and reach peak levels in the blood
within 30-90 minutes after exposure?. Methanol is then
taken to the liver which is the primary metabolic site of
methanol. When undergoing primary metabolism, methanol
will be metabolized into formaldehyde with alcohol
dehydrogenase (ADH) enzyme, then formaldehyde will be
metabolized rapidly into formic acid with formaldehyde
dehydrogenase enzyme. The oxidation process that
produces formic acid takes place more rapidly than the
change of methanol to formaldehyde so that only a small
amount of formaldehyde accumulates in the serum3. The
half-life of formaldehyde is about 1-2 minutes?.

In addition, formic acid can penetrate the blood brain
barrier that can cause toxicity of the central nervous
system*. One of the toxicity is the toxicity of the optic nerve
which ultimately causes symptoms of visual disturbance
one of them in the form of optic nerve neuropathy that can
affect on the occurrence of axon degeneration®.

The acidosis metabolic incidence in methanol
intoxication can be minimized by the addition of
bicarbonate. In addition, antidotes are also often used to
relieve the reaction of methanol intoxication. Commonly
used antidotes include ethanol or fomepizole, which works
by inhibiting the action of alcohol dehydrogenase enzymes
so that methanol metabolism into formic acid can be
reduced.®” The administration of the antidote should be
carried out immediately after signs of methanol intoxication
are known®.

In addition to the above-mentioned drugs, it has
recently been found that ranitidine, initially used only as
adjunctive therapy, has the effect of decreasing the formic
acid content considerably to the value of formic acid under
normal conditions.® Ranitidine aside from being anti-
histamine (H2), has other pharmacodynamics in the human
body as an inhibitor of the cytochrome P450 enzyme and
as an inhibitor of the gastric and hepatic alcohol
dehydrogenase (ADH) enzyme.l® The ADH enzymes work
in methanol metabolism process into formaldehyde. Due to
the decrease in production of formaldehyde, the production
of formic acid can be decreased. The timing of ranitidine is
important because, according to the American Academy of
Clinical Toxicology, ranitidine should be administered as
soon as possible based on anamnesis and physical
examination while awaiting laboratory results. This affects
the metabolic rate of acidosis and the degeneration rate of
axons in the optic nerve'®8,

Based on this background, a study was conducted to
assess the effect of ranitidine administration time to axon
degeneration due to optic nerve neuropathy by using
Wistar rat research subjects with acute methanol
intoxication.

METHOD

This experimental study was carried out in Experimental
Research Laboratory (Animal House) Faculty of Medicine,
Diponegoro University and Histopathology Laboratory
Faculty of Medicine, Diponegoro University. The
experimental protocol was approved by the Commission of
Health Research Ethics Faculty of Medicine, Diponegoro
University and Central General Hospital Dr. Kariadi,
Semarang, Indonesia.
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Sampling technique: A total of 24 samples of male Wistar

rats that had met the inclusion criteria were taken. The rats

were divided into 4 groups with each group of 6 rats with
allocation random sampling.

Grouping:

e Group | Negative Control Group (K) The first group
was a negative control group (K), given only oral
aquadest.

e Group Il Positive Control Group (P1), given methanol
orally 14 g/kg BW.

e Group lll Treatment Group 1 (P2), given methanol and
followed by ranitidine 30 mg/kgBW right after the
administration of methanol.

e  Group IV Treatment Group 2 (P3), given methanol and
followed by ranitidine 30 minutes after administration
of methanol.

Histopathological preparation: The rats were terminated
after 8 hours. The optic nerve was dissected from the
eyeball at a distance of one millimeter behind the sclera
and was attempted to obtain a length of optic nerve
specimen along a minimum of 2 millimeters. Histological
preparations were then made using H&E staining.

Microscopic features: The optic nerve is deemed to

degenerate when axon alteration, axon swelling or axon

shrinkage, axon structural disorder or axon loss, ovoid
formation (axon debris) is present. Observations were

made on four visual fields each specimen with a

magnification of 400x.

Statistical analysis: Data was collected and analyzed

using SPSS version 20. Normality test of data distribution is

done by Saphiro-wilk test because the sample amount is
less than 50 or small sample. From the statistical
calculation obtained p value>0.05 it shows that normal
distributed data. In this study used more than 2 groups with

1 treatment, therefore after the results obtained that the

data is normally distributed, then tested the variant with

Levene's test. The result of variance test yield p value>0.05

then the variant is the same, so the hypothesis test is One

Way Anova and Post Hoc Bonferroni.

RESULTS

Table 1: Comparison of Degeneration Degree of Axons
between Research Groups

Variable Group N Mean = SD
K 6 10.50 + 4.806

DDAT P1 6 18.67 + 4.502
P2 6 13.67 + 2.338
P3 6 16.83 + 3.312

P value 0.008, Fn5.19

One Way Anova Test, p: value of significance

Based on the data in table 1 it is known that all research
groups are normally distributed and homogeneous, while
for the F value arithmetic contained in the table shows that
the null hypothesis is not proven, which means there is a
relationship between independent variables and dependent
variables.

Table 2: Comparative Analysis of Degeneration Degree of Axons
among Research Groups

Group Average CI95% P value
difference | Minimal Maximal

Kvs P1 8.167 -12.82 -3.51 0.002

Kvs P2 3.167 -7.82 1.49 0.171

Kvs P3 6.333 -10.99 -1.68 0.010

P1vs P2 | 5.000 0.34 9.66 0.037

P1vsP3 | 1.833 -2.82 6.49 0.421

Post Hoc Bonferroni Test p: significant value (significant
when p<0.05)

Table 2 shows a significant difference between negative
control group (K) and positive control group (P1), negative
control group (K) with treatment 2 (P3), and positive control
group (P1) with treatment group 1 (P2). However, there
was no significant difference between negative control
group (K) and treatment group 1 (P2) and positive control
group (P1) with treatment group 2 (P3).

In the histopathologic view of the optical nerve of the

Wistar rat the negative control group (Figure 1) obtained a
normal axon image (black cell nucleus, round cell shape or
kite-like) that dominates both in the field of view with 100x
and 400x magnifications. This shows the degree of
degeneration of the optic nerve axons in the negative
control group is minimum.
In the histopathologic view of the optical nerve of the
positive controlled Wistar rats (Figure 2), it is found that
there are images of degenerated axons (cellular changes,
cytoplasmic swelling, axon loss, ovoid / debris axon
formation) dominating both in the field of view with 100x
and 400x magnifications compared with normal axon. This
indicates that the degeneration rate of axon will increase
with methanol administration in the positive control group.

In the histopathology of the optical nerve of the
treatment group 1 (Figure 3), ie the Wistar rats group given
ranitidine 30 mg/kgBW right after methanol administration,
it was found that there was a normal axon image
dominating both in the field of view with 100x and 400x
magnification compared to the positive control group. This
suggests ranitidine 30 mg/kgBW right after administration
of methanol can reduce axon degeneration rates due to
methanol intoxication. Normal Axon description in
treatment group 1 was better than description in treatment
group 2. It can be concluded that administering ranitidine
30 mg/kgBW right after methanol administration was
effective in decreasing degeneration rate of axons of optic
nerve.

In the histopathology of the optical nerve of the wistar
rat of the treatment group 2 (Figure 4), ie the wistar rats
group given ranitidine 30 mg / kgBB 30 min after methanol
administration, it was found that there was a normal axon
image dominating both in the field of view with 100x and
400x magnification compared to the positive control group .
This suggests ranitidine 30 mg / kgBB 30 minutes after
methanol administration can decrease axon degeneration
rate due to methanol intoxication. However, the normal
axon image in the treatment arm 2 was less than the
treatment group 1. This concluded that administering
ranitidine 30 mg / kgBW right after methanol administration
was most effective in reducing the degeneration rate of the
axons of the optic nerve.
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Fig.1: (A) Magnification 100 x and Figure (B) 400 x (HE). The black arrows show the image of a normal axon (black cell nucleus, round cell
rows indicate a degenerated axon
&Y ] B i)

2

Fig. 2: Histopathological Image of Wistar Rat Optical Nerve of Positive Control Group. Figure (A) Magnification 100 x and Figure (B) 400 x
(HE). The black arrows show the image of a normal axon (black cell nucleus, round cell shape, or kite-like) and red arrows indicate a
degenerated axon

Fig. 3: Histopathological Image of Wistar Rat Optical Nerve of Treatment Group 1. Figure (A) Magnification 100 x and Figure (B) 400 x (HE).
The black arrows show the image of a normal axon (black cell nucleus, round cell shape, or kite-like) and red arrows indicate a degenerated
axon

PJMHS Vol 13,NO. 4, OCT - DEC 2019 1117



The Effect of Ranitidine Administration Time to Axon Degeneration due to Optic Nerve Neuropathy

Fig. 4: Histopathological Image of Wistar Rat Optical Nerve of Treatment Group 2. Figure (A) Magnification 100 x and Figure (B) 400 x (HE).
The black arrows show the image of a normal axon (black cell nucleus, round cell shape, or kite-like) and red arrows indicate a degenerated

axon

DISCUSSION

Methanol is a simple, readily absorbable alcoholic
compound and its metabolism is toxic to the human body.*?
Peak levels of methanol in plasma can be achieved after
30-90 minutes after exposure.? If methanol is consumed in
excess, the concentration of methanol in the blood
increases so that symptoms methanol toxicity!3. One of
them is an eye with symptoms such as photophobia,
blurred vision, to complete blindness due to high methanol
exposure?s,

Toxicity to the central nervous system is caused by
free formic acid that can penetrate the blood-brain barrier
(BBB). Formic acid is produced from methanol metabolism
by using formaldehyde dehydrogenase enzyme in liver and
gastric lasting for 1-2 minutes. However, the metabolism of
formic acid to carbon dioxide and water takes a long time.
This results in the accumulation of formic acid in the body
and causes metabolic acidosis. In addition, formic acid is
also an inhibitor of the cytochrome-c oxidase enzyme
resulting in disruption of oxygenation in the tissues. The
effect of lack of tissue oxygenation is a decrease in cell-
neutralizing activity that causes cell swelling, dilatation of
the endoplasmic reticulum, and calcium pump failure
resulting in excessive calcium ion influx and resulting in
irreversible deterioration of mitochondria and lysosome
membranes. Mitochondrial damage causes ATP production
diminishes, if it occurs in the optic nerve it will lead to the
occurrence of the axoplasm static flow and cause edema of
the axon, edema of the optic disk, to the loss of visual
function due to a degenerated axon'.

Ranitidine commonly used as a H2 histamine receptor
antagonist, also has a pharmacodynamic effect as an
enzyme inhibitor of alcohol dehydrogenase, thereby
lowering methanol metabolism rate to formaldehyde. This
results in free formic acid production being decreased and
the degeneration rate of axons in the optic nerve may be
inhibited. The timing of ranitidine is important because,
according to the American Academy of Clinical Toxicology,
ranitidine should be administered as soon as possible
based on anamnesis and physical examination while

awaiting laboratory results. This affects the metabolic rate
of acidosis and degeneration rate of axons in the optic
nerve®101l Therefore, administration of ranitidine is given
right after and 30 minutes after methanol administration so
that ranitidine is expected to inhibit methanol metabolism to
formic acid. Meanwhile, the termination process was
performed 8 hours after methanol intoxication so that toxic
effects were expected to be seen in the positive control
group, treatment group 1, and treatment group 2.

Based on the results of the research and statistical
calculations, there was a significant difference between the
positive control group (rats given treatment in the form of
acute methanol intoxication) and treatment group 1 (rats
given treatment in the form of acute methanol intoxication
along with ranitidine administration right after methanol
administration).

This is supported by the study of Hietala J et al., the
degeneration of axon is highly dependent on the rate of
formaldehyde metabolism to formic acid!®. In the previous
study showed that the rate of formaldehyde oxidation to
formic acid in rats was 78 mg/kg/hr, while in humans 40
mg/kg/hr. The high oxidation rate in these rats caused the
accumulation of formic acid in rats higher than humans.
Therefore, the speed of administration of antidote greatly
affect the level of metabolic acidosis and degeneration of
axons due to acute methanol intoxication.

While for the negative control group (rats that were
not given any treatment) when compared with the
treatment group and the positive control group in the
statistical calculation obtained significant results, so that
there is a significant difference. This suggests that the
administration of acute methanol intoxication may lead to
degeneration of axons in the optic nerve. These results are
supported by studies suggesting that methanol intoxication
can cause ocular toxicity due to cytochrome-c oxidase
inhibition in the optic nerve due to accumulation of formic
acid. Formic acid is produced from formaldehyde
metabolism within 1-2 minutes, but the conversion of formic
acid to the final product of carbon dioxide and water takes
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a long time. This results in an increase in optic nerve
damage due to acute methanol intoxication.

CONCLUSION

In the first treatment group the group given methanol toxic
dose of 14 g/kgBW (0.56 ml/kgBW) plus ranitidine 30
mg/kgBW right after methanol administration occurred axon
degeneration with a statistically significant calculation result
when compared to the positive control group not
administered ranitidine after administration of methanol.
This proves the hypothesis that administration of ranitidine
right after administration of methanol may decrease the
occurrence of axon degeneration from optic nerve
neuropathy due to acute methanol intoxication. In the
second treatment group, the group given methanol toxic
dose of 14 g/kgBW (0,56 mi/kgBB) plus ranitidine 30
mg/kgBB 30 minutes after methanol administration
occurred degeneration of axon with statistical calculation
results showed no significant difference when compared
with positive control group not given ranitidine after
methanol administration. However, based on the
histopathologic picture, a normal optical nerve axon is
better than the positive control group. This proves the
hypothesis that administration of ranitidine 30 minutes after
administration of methanol can decrease the occurrence of
axon degeneration from optic nerve neuropathy due to
acute methanol intoxication. Further research on
comparing doses of ranitidine to determine the level of
work effectiveness of ranitidine is seen in terms of graded
doses of administration in the prevention of methanol
metabolism that produces toxic substances that can cause
degeneration of the optical nerve axon is very needed.
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