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Background: Toxic optic neuropathy commonly develops in the presence of exogenous 
factors. With progression of the process, acute or chronic progressive death of retinal 
ganglion cells and their axons develops, leading to partial or total optic atrophy with 
visual function loss. Investigation of the effect of chromium (VI) on the optic nerve 
and evaluation of potential pathogenetic treatments of this effect are deemed relevant 
because of the global environmental crisis associated with pollution from chromium.
Purpose: To examine chromium (VI)-induced morphological changes in the rat optic 
nerve and to experimentally assess the efficacy of polymethylsiloxane polyhydrate 
(PMSPH) for correction of induced changes.
Material and Methods: Seventy two white outbred adult male rats were distributed in 
three groups (24 animals each) given water ad libitum. Animals in group 1 (a control 
group) were intact and given normal drinking water. Those in group 2 were given 
chromium (VI) (K2Cr2O7)-enriched (0.02 mol/L) drinking water but not Enterosgel. 
Animals in group 3 were given K2Cr2O7-enriched (0.02 mol/L) drinking water and 
treated with oral Enterosgel (0.8 mg/kg). Animals were decapitated under ether 
anesthesia and the intracranial optic nerve was harvested at three time points (20, 40 
and 60 days after initiation of the experiment), and changes in the optic nerve were 
assessed by histomorphology and electron microscopy.
Results: Histomorphology found disrupted and fragmented nerve fibers, edematous 
connective tissue septa, and diffuse cellular gliosis in day-60 intracranial optic nerve 
specimens obtained from animals given chromium (VI)-enriched drinking water and 
not treated with Enterosgel. In addition, there was scanning electron microscopy 
evidence of electrolyte disbalance and accumulation of chromium (VI). Treatment with 
Enterosgel completely inhibited the effect of chromium (VI) on the rat optic nerve 
at days 20 and 40, and we observed only minimal consequences of discirculatory 
changes in day-60 specimens obtained from animals given chromium (VI)-enriched 
drinking water and treated with Enterosgel.
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Introduction
Heavy metal (HV) pollution is steadily increasing [1-

4] and is a matter of serious concern because it can cause 
adverse effects on the environment and human health 
[5, 6]. Pollution accounts for 1 in every 7 deaths in low- 
and middle-income countries [7]. The top six pollutants 
(lead, radionuclides, mercury, chromium (VI), pesticides 
and cadmium) collectively affect the health of 95 million 
people in low and middle-income countries. 

Vasyuta [8] reported that exposure to chromium 
(VI) is a major environmental factor for optic nerve 
atrophy (ONA), with at least twice maximum permissible 
concentration of chromium (VI) compounds found 
1.79-times more frequently in water samples from the 
water basins in areas populated by patients with ONA than 
in water samples from the water basins in areas populated 
by controls.

The role of lead (Pb), mercury (Hg) and cadmium 
(Cd) in the development of glaucoma, cataract, age-
related macular degeneration and dry eye disease has been 
stressed [9-12].

Interestingly, it has been reported that toxic optic 
neuropathy and retinopathy developed several years 
after implantation of the cobalt (II) and chromium (VI)-
containing endoprosthesis [13-15]. The authors believe 
that the role of chromium (VI) is optic toxicity is not fully 
understood.

Advances in ophthalmology allow for developing 
animal models of ocular disorders (e.g. retinal and optic 
nerve disorders) induced by chronic exposure to various 
xenobiotics to elucidate the mechanisms of the onset and 
development of a particular pathology.
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Investigating the substances that have the potential to 
reduce or prevent the toxic consequences of exposure of the 
body to heavy metals is believed to be promising. Studies 
on the effect of bee products, vitamins Е, С, В1, probiotics, 
simvastatin and phyrochemicals on heavy metal toxicity 
are of particular scientific interest. Various remedies have 
been proposed for the treatment and prevention of heavy 
metal toxicity, but the issue is still controversial and further 
experimental evidence is needed.

Therefore, the purpose of this animal study was to 
examine chromium (VI)-induced morphological changes 
in the rat optic nerve and to experimentally assess the 
efficacy of polymethylsiloxane polyhydrate (PMSPH) for 
correction of induced changes.

Material and Methods
Seventy two white outbred adult male rats were 

distributed in three groups (24 animals each) given water 
ad libitum. Animals in group 1 (a control group) were 
intact and given normal drinking water. Those in group 
2 were given chromium (VI) (K2Cr2O7)-enriched (0.02 
mol/L) water which is characteristic for northern districts 
of Sumy region [16]. Animals in group 3 were given 
K2Cr2O7-enriched (0.02 mol/L) water ad libitum and 
treated with oral Enterosgel (0.8 mg/kg). 

Particularly, the latter animals received orally, 
using a pipette, a single dose of 0.8 mg/kg/day of 
Enterosgel (PMSPH; manufacturer, KREOMA-FARM, 
Kyiv, Ukraine) at 9 AM, and were fasted for two hours 
thereafter, before being fed their diet. A recommended 
Enterosgel dose for humans is 46 mg/day. The Enterosgel 
dose for animals was calculated as per guidelines [17] 
and employing the formula proposed by Iu.R. Rybolovlev 
and R.S. Rybolovlev [18] in order to take into account the 
species of rats.

Animals were decapitated under ether anesthesia 
and the intracranial optic nerve was harvested. Changes 
in the optic nerve in the rats with induced toxic optic 
neuropathy, both treated and not treated with Enterosgel, 
were examined at three time points: 20, 40 and 60 days 
after initiation of the experiment.

The study was conducted in accordance with the 
principles stated in the Declaration of Helsinki and the 
European Convention for the Protection of Vertebrate 
Animals used for Experimental and other Scientific 
Purposes (Strasbourg, 1986).

Tissue samples were stained with hematoxylin and 
eosin (H&E) and examined under a Carl Zeiss Primo 
Star light microscope (Zeiss Primo Star™ Binocular 4X 
/ 10X / 40X; Carl Zeiss Mycroscopy® GmbH, Gottingen, 
Germany) equipped with a Zeiss  AxioCam ERс 5s digital 
camera.

As it is rather difficult to determine the type of optic 
nerve glial cells stained with H&E, we calculated the 
total number of glial cells on the slide, and converted this 
data into values expressed in mm2 in order to avoid a 
measurement error due to difference in the field of vision 

between different microscopes at the same magnification 
level.  We used the following formula:

М=a/(10*n )
where M is the estimated number of cells per square 

millimeter; 
a is a number of cells in the field of vision,
10 is the mean thickness of the slide cut assessed in 

millimeters,
n is ocular lens magnification.
Elelemental percent concentrations in the optic nerve 

were obtained using a СЕМ–102Е scanning electron 
microscope (JCK Selmi, Sumy, Ukraine; accelerating 
voltage, 20-100 kV) equipped with an X-ray crystal 
diffraction spectrophotometer and energy dispersive X-ray 
spectrophotometer.

Magnified images (magnification, x2,700-x3,600) 
were processed by Kappa Image software (Kappa 
optoelectronics GmbH, Gleichen, Germany) and the digital 
camera Baumer/ Optronic Typ: CX 05c. Image mapping 
was performed and ‘Quantmap' tool was used to improve 
further the quality of the elemental weight percent images 
produced

Variational statistics and Microsoft Excel 2007 
software were used for analysis. Student’s t-test was used 
to determine significance of differences. The level of 
significance p ≤ 0.05 was assumed.

Results
Our histological studies revealed significant 

microstructural changes in the optic nerve in rats of 
experimental groups compared to controls (Fig. 1).

At day 20, initial degenerative changes were observed 
in glial cells of the optic nerve of animals given chromium 
(VI)-enriched water to drink: the nuclei appeared 
hyperchromic, chromatin aggregated into clumps, and 
nucleoli were mainly eccentrically arranged. Some cells 
occurred with individual light chromatin clumps scattered 
in the nucleus and at the peripheral nucleus (Fig. 1 B). 
Individual sites of poor circulation (dilated capillaries, 
red blood cell aggregates, sludge and white blood cell 
margination) were noted in the vessels of microcirculation 
bed in the optic nerve. Moderate perivascular edema 
surrounded the well-maintained vessel wall. The 
endothelial cells of the inner wall were irregularly shaped 
and had a basally located and indented nucleus.

  At day 40, the changes became more apparent (Fig. 1 
C). Histologically, the nerve fiber layer of the optic nerve 
was irregularly shaped and fragmented. Nerve fibers were 
separated from each other by edematous connective tissue 
septa and appeared wavy. Glial cells had indented outlines, 
their cellular and nuclear membranes were either not seen 
or poorly outlined, and nuclear chromatin was mildly 
stained.

At day 60, reactive neuroglial changes in the form of 
moderate glial cell proliferation were observed in rat optic 
nerve samples (Fig. 1 D). Some of these samples exhibited 
degenerative and necrotic changes which appeared similar 
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to melting sugar or as ghost cells. Apoptotic corpuscles 
observed in the field of vision of the light microscope 
were corresponded to the final stage of glial cell apoptosis. 
There was disruption of the intracranial optic nerve with 
numerous but not large-scale deformations and loss of 
parallel arrangement of optic nerve filaments.

Specimens of group 2 showed changes in the estimated 
number of optic nerve glial cells per mm2 at all the three 
time points (Table 1). The most apparent changes (with 
the estimated number of optic nerve glial cells per mm2 
as large as 3,060 ± 180; a 1.7-fold increase compared to 
controls, р = 0.02) were observed at day 60.

Enterosgel-treated (i.e., group 3) animals showed 
reduced morphological changes in the optic nerve 
neuroglia and ganglion axons compared to group 2 rats 
that were watered with chromium (VI) water and not 
treated with Enterosgel (Figs 2A, B).

Microscopic study of histological optic nerve 
specimens obtained from group 3 rats at days 20 and 
40 revealed reactive transformations in the nerve fibers 
and neuroglial cells (Figs 2A, B). Visualization of the 
clear parallel arrangement of optic nerve filaments was 
somewhat hampered by mild edema of connective tissue 
septa which included collagen, elastic and reticular fibers, 
fibroblasts numerous blood vessels. Individual degenerated 
glial cells with pericellular edema were occasionally seen 
(Figs 2B, 3).

Optic nerve specimens obtained from group 3 rats at 
day 60 exhibited more apparent morphological changes 
(Figs 2C). By optic microscopy, the nerve layer appeared 
as a meshwork of tortuous and disarranged nerve filaments 
due to increased edematous changes in the connective 
tissue covering the bundles of optic nerve filaments.

At day 60, the estimated number of optic nerve glial 
cells per mm2 in the optic nerve specimens of Enterosgel-
treated animals given chromium (VI)-enriched water to 
drink was 1890 ± 90 (р ≥ 0.05), i.e., almost the same as in 
controls (1800 ± 60, р ≥ 0.05; Table 1), but the glial cells 
from group 3 specimens had mild degenerative changes. 
Individual glial cells in the process of phagocytosis by 
macrophages were occasionally seen.

Table 2 presents the results of quantitative microelement 
analysis for the intracranial optic nerve of experimental 
groups of rats by scanning electron microscopy with 
an X-ray crystal diffraction spectrometer and energy 
dispersive X-ray spectrometer.

There was no accumulation of chromium (VI) in the 
group 2 specimens obtained at day 20. However, the 
percentage of chromium (VI) in the group 2 specimens 
substantially increased with time, to 0.13 ± 0.01 (p ≥ 0.05) 
by day 40, and 9.46-fold to 1.23 ± 0.1% (p ≤ 0.02) by day 
60 (Table 2).

Quantitative X-ray microanalysis optic nerve 
specimens (particularly, group 2 specimens obtained at 
60 days) was performed using an electron microscope 
equipped with an energy dispersive X-ray spectrometer. 
Fig. 3 presents relevant EDS spectra.

Elemental mapping of group 2 specimens obtained at 
day 60 was performed to verify accumulation of chromium 
(VI) at this time point (Fig. 4). The map of the distribution 
of elements (Fig. 4B) was overlapped with the optic nerve 
microstructure image (Fig. 4A) to obtain green grains 
corresponding to chromium (VI), red grains corresponding 
to carbon (C), violet grains corresponding to phosphorus 
(P), and turquoise blue grains corresponding to oxygen 
(O) (Fig. 4C). Fig. 4B shows that the site of accumulation 
of chromium (VI) is in the perineural space of the optic 
nerve, and there is chromium diffusion to neural filaments.

In addition to chromium (VI), there was a substantial 
difference in Ca2+, Mg2+, and Na2+, but not in other 
microelements found by X-ray microanalysis of group 2 
specimens, between the latter specimens and group 1 (i.e., 
control) specimens (Table 2). There was a stable tendency 
to decrease in the percentage of Ca2+ in group 2 specimens 
with time, with 4.43 ± 0.73% (р ≥ 0.05) at day 20, and 3.75 
± 0.91% (р ≤ 0.05) at day 60, compared to 4.56 ± 0.79% 
(р ≥ 0.05) for control specimens. The tendency to increase 
in the percentage of Mg2+ in group 2 specimens with time 
was unstable, with 0.12 ± 0.01% (р ≥ 0.05) at day 20, 0.13 
± 0.04% (р ≥ 0.05) at day 40, and 0.06 ± 0.009% (р ≥ 0.05) 
at day 60, compared to 0.10 ± 0.03% (р ≥ 0.05) for control 
specimens. The pattern of changes in Na2+ in group 2 
specimens with time was quite opposite to the pattern of 
changes in Ca2+.  The percentage of Nag2+ in group 2 
specimens steadily increased with time, and was 0.25 ± 
0.06% (р ≤ 0.05) at day 60, compared to 0.12 ± 0.02% (р 
≥ 0.05) for control specimens.

X-ray microanalysis of group 3 (chromium plus 
Enterosgel) specimens of the optic nerve showed that 
hexavalent Cr was present only at the final time point, day 
60 (at a percentage of 0.26 ± 0.05%, р ≥ 0.05), but not at 
the previous time points, day 20 and day 40 (Table 2). In 
addition, we failed to identify hexavalent Cr at the element 
distribution map for group 3 specimens obtained at day 40 
(Fig. 5), which confirmed the above finding.

Percentages of  Ca2+, Mg2+ and Nag2+ in group 3 
optic nerve specimens obtained at days 40 and 60 but 
not day 20 were different from percentages of  Ca2+, 
Mg2+ and Nag2+ for the control group specimens. The 
percentage of  Fe2+ in group 3 optic nerve specimens 
obtained at day 20 was 0.17 ± 0.08%, which was 30.76% 
(р ≥ 0.05) higher than the percentage in the control group 
specimens (Table 2).

Discussion
Here, we for the first time conduct a study that 

examines the protective effect of Enterosgel on hexavalent 
Cr-induced optic nerve neurotoxicity in rats. The nerve 
fibers exhibited deformation and fragmentation, were 
separated from each other by edematous connective tissue 
septa, and there was diffuse cellular gliosis and scanning 
electron microscopy evidence of electrolyte disbalance 
and accumulation of hexavalent Cr in day-60 intracranial 
optic nerve specimens obtained from animals given 
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chromium (VI)-enriched drinking water and not treated 
with Enterosgel. Enterosgel treatment for chromium (VI)-
induced optic nerve neurotoxicity resulted in a decrease in 
toxic effect of chromium (VI) on the optic nerve at days 20 
and 40, with only consequences of discirculatory changes 
in the form of mild edema of collagen fibers in between the 
deformed filaments of the optic nerve at day 60.

Our histopathological findings are in partial agreement 
with findings of a study by Salama and colleagues [19] 
who investigated the distribution and the effects of Cr in 
both brain and lung following the intranasal instillation 
of potassium dichromate (inPDC) in rats. The findings 
revealed that the toxic manifestations were directly 
proportional to the delivered concentration of Cr to the 
tissue. Brain of inPDC (0.5 mg/kg)-treated rats showed 
signs of focal gliosis and degeneration of individual 
neuronal cells associated with neuronophagia. Brain of 
inPDC (2 mg/kg)-treated rats revealed the most severe 
histopathological lesions, compared to other treated 
groups. These lesions were manifested by neuronal 
cell necrosis,  proliferation of glia cells, satellatosis and 
extensive hemorrhage.

In the current study, morphological changes were 
confirmed by scanning electron microscopy evidence 
of the presence of chromium in the optic nerve of rats 
exposed to drinking water supplemented with K2Cr2O7 at 
all time points of the experiment. This may be explained 
by the capacity of hexavalent Cr to pass the brain-blood 
barrier [20].

Metabolic pathways and toxicity of chromium depend 
on whether it is hexavalent or trivalent chromium. 
Chromium (VI) compounds have been reported to be 
more toxic than chromium (III) compounds [21]. Once 
inside the cells, chromium (VI) can be reduced to its 
lower oxidation states, chromium (V), chromium (IV), 
and chromium (III), with formation of numerous reactive 
oxygen species (ROS) due to block of the mitochondrial 
respiratory chain complex I [22], and ROS can cause 
damage to cellular proteins, lipids and DNA [23]. However, 
under physiological conditions, ROS are inactivated by 
the atioxidative system [24]. A chromium (VI)-induced 
decrease in the activity of the atioxidative system leads 
to a condition known as oxidative stress (OS) [25-27]. 
Oral administration of potassium dichromate resulted in 
oxidative stress in rabbits, with significant decreases in the 
levels of glutathione peroxidase and superoxide dismutase, 
and catalase activity, and an increase in the level of 
malondialdehyde, a final product of lipid peroxidation 
[28].

Our findings of apoptotic changes in glial cells of the 
optic nerve in rats exposed to drinking water supplemented 
with chromium (VI) can be explained by previous studies. 
Xiao and colleagues [22] demonstrated that chromium 
(VI) induced the activation of caspase-3, an irreversible 
stage in the internal (mitochondrial) pathway of apoptosis. 
Similar to other cationic metals, chromium (VI) crosses 
the external mitochondrial membrane through molecular 

mimicry [29, 30]. Because many astrocyte functions, 
such as ion and neurotransmitter transport, are energy 
demanding [31], mitochondrial dysfunction can impair the 
ability of astrocytes to carry out neuroprotective functions. 
Oligodendrocyte dysfunction or apoptosis results in 
demyelination, leading to the impaired conduction of nerve 
impulses. Low subtoxic doses of Cu2+, Cr3+, Ni2+, Co2+, 
Pb2+, Cd2+, and Al3+, incubated with oligodendrocytes 
for 24 h, produced reduced cell viability levels and 
reduced levels of lipids in oligodendrocytes [32]. Long-
term exposure to high concentrations of heavy metals 
have been for long associated with several neurological 
disorders such as multiple sclerosis,  Parkinson’s disease, 
Alzheimer's disease and muscular dystrophy [33].

In the current study, the enterosorbent Enterosgel was 
selected as a potential treatment to improve neurotoxicity 
associated with exposure to chromium in drinking water. 
Enterosgel has been reported to prevent the development 
of oxidative stress in mitochondria [34] and to adsorb toxic 
substances from the gastrointestinal lumen, thus blocking 
their passage from the lumen to the systemic circulation [35].

The current study for the first time demonstrated that 
treatment with Enterosgel resulted in an improvement in 
chromium (VI)-induced pathomorphological changes in 
the rat optic nerve. This was evidenced by longitudinal 
morphological changes and X-ray spectral analysis. 
Particularly, treatment with Enterosgel completely 
inhibited the effect of chromium (VI) at days 20 and 40. 
Qualitative and quantitative changes in the toxic effect of 
chromium on the optic nerve were found at day 60, which 
may indicate the disruption of the body’s compensatory 
capacity.

Based on the results of morphological and electron 
microscopy studies, we conclude that treatment with 
Enterosgel at a dose of 45 mg/kg resulted in complete 
prevention of chromium (VI)-induced alteration processes 
in the rat optic nerve for the first 40 days of the experiment.

Recommendation for practitioners: Treatment with 
Enterosgel can be used as part of the multicomponent 
treatment of optic nerve toxicity.
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Table 2. Changes in percentages of chemical elements in the intracranial optic nerve for groups of study rats based on 
the results of micro x-ray spectrum analysis

Group Time point
Elements under study,%

O P Ca S

Group 1 (control 
group) (n =24) baseline 50.47±2.76 32.72±1.24 14.85±1.34 4.56±0.79 2.3±0.09

Group 2(Cr)
(n =24)

Day 20 50.43±3.31 32.62±1.35 14.7±1.98 4.43±0.73 2.7±0.1

Day 40 50.36±2.24 32.56±1.38 14.91±1.48 4.23±0.86 2.5±0.15

Day 60 49.23±3.47 32.65±2.12 14.4±1.56 3.75±0.91* 2.4±0.87

Group 3
 (Cr +Е)
(n =24)

Day 20 51.34±2.49 32.71±1.98 14.57±1.23 4.75±0.47 2.4±0.13

Day 40 50.56±3.21 33.57±1.56 13.47±0.97 3.23±1.15* 2.7±.0.79

Day 60 50.35±2.48 32.44±2.23 14.91±0.94 3.97±1.27* 2.2±0.93

Group Time point
Elements under study,%

Mg K Cl Na Cr

Group 1 (control 
group) (n =24) baseline 0.13±0.03 0.10±0.03 0.08±0.01 0.15±0.03 0.12±0.02 -

Group 2(Cr)
(n =24)

Day 20 0.14±0.04 0.12±0.01 0.1±0.03 0.17±0.06 0.13±0.05 -

Day 40 0.15±0.03 0.13±0.04 0.1±0.02 0.2±0.09 0.23±0.09* 0.13±0.01

Day 60 0.13±0.06 0.06±0.009 0.07±0.01 0.16±0.01 0.25±0.06* 1.23±0.1**

Group 3
 (Cr +Е)
(n =24)

Day 20 0.17±0.08 0.12±0.04 0.1±0.009 0.2±0.04 0.12±0.07 -

Day 40 0.14±0.05 0.12±0.04 0.1±0.009 0.18±0.08 0.12±0.04 -

Day 60 0.12±0.09 0.10±0.06 0.09±0.01 0.15±0.09 0.15±0.06 0.26±0.05

Note: *р≤0.05; **р≤0.02, significant difference compared to controls; (Сr), a group of rats given chromium (VI)-enriched 
drinking water but not Enterosgel; (Сr +Е), a group of rats given both chromium (VI)-enriched drinking water and Enterosgel

Table 1. Mean values for neuroglial cell numbers in the intracranial optic nerve for the three study groups of rats 

Group Time point after initiation of the 
experiment Neuroglial cell number in 1 mm2

Group I (К) (n =24) controls 1800±60

Group II (Сr)  
(n =24)

Day 20 2010±210

Day 40 2310±270*

Day 60 3060±180**

Group III (Сr +Е)
(n =24)

Day 20 1680±90

Day 40 1710±60

Day 60 1890±90

Note: *р ≤ 0.05 (t-test) and **р ≤ 0.02 (t-test), statistically significant differences with controls; (Сr), a group of rats given 
chromium (VI)-enriched drinking water but not Enterosgel; (Сr +Е), a group of rats given both chromium (VI)-enriched drinking 
water and Enterosgel



ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2021 - Number 1 (498) 

68   

Fig. 2. Longitudinal sections of rat optic nerve 
specimens obtained from group 3 rats (given 
chromium (VI)-enriched drinking water and 
treated with Enterosgel) at days 20 (A), 40 (B) 
and 60 (C). Hematoxylin and eosin staining, 
original magnification, x400. Notes: 1, glial 
cell; 2, nerve filaments; 3, glial cells with 
pericellular edema; 4, edematous connective 
tissue septa; 5, phagocytic glial cells 

Fig. 1. Longitudinal sections of rat optic nerve specimens obtained from controls (A) and group 2 rats (given chromium 
(VI)-enriched drinking water but not treated with Enterosgel) at days 20 (B), 40 (C) and 60 (D). Hematoxylin and 
eosin staining, original magnification, x400. Notes: 1, glial cell; 2, nerve filaments; 3, perivascular edema; 4, dilated 
and obstructed vessels; 5, edema in between disorganized nerve filaments; 6, gliotic phenomena; 7, apoptotic and 
degenerative changes in glial cells; 8, necrotic and degenerative changes in glial cells. 
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Fig. 3. Energy-dispersive x-ray spectra of rat 
optic nerve specimens obtained from group 
2 rats at day 60 (A) and group 3 rats at day 
40 (B)

Fig. 4. Energy-dispersive micro x-ray analysis 
(accelerating voltage, 20 kV) of rat optic nerve 
specimens obtained from group 2 rats at day 60. 
Original magnification, x200. (A) Microstructure of the 
optic nerve. (B) Profile of element distribution on the 
surface. (C) EDX elemental mapping for carbon (C), 
phosphorus (P), chromium (Cr), and oxygen (O)

Fig. 5. Energy-dispersive micro x-ray analysis 
(accelerating voltage, 20 kV) of rat optic nerve 
specimens obtained from group 3 rats at day 40. 
Original magnification, x200. (A) Microstructure of the 
optic nerve. (B) Profile of element distribution on the 
surface. (C) EDX elemental mapping for carbon (C), 
phosphorus (P), magnesium (Mg), and oxygen (O)


