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Abstract: 
Glaucoma advances covertly, and a late presentation is not uncommon. This study investigated the association 
between glaucoma and the concentration of tear and serum ions. We evaluated the levels of sodium, potassium, 
and chloride in the tears and serum of 50 glaucoma patients and 50 controls with similar ages and sexes. Both 
the test and control groups had a 56.00 ± 14.6 and 56.74 ± 16.74 years old on average, respectively. Their age 
was not statistically significant. The mean concentrations of sodium, potassium, and chloride in control subjects' 
tears were 130.22 ± 1.20, 22.38 ± 5.30 and 121.65 ± 12.20, respectively, whereas for test subjects (Glaucoma 
patients), the values were 135.06 ± 9.34, 16.86 ± 2.3, and 125.91 ± 10.50. A paired comparison of means of 
Control & test was statistically significant. The average levels of sodium, potassium, and chloride ions in the 
serum of test individuals were 135.82 ± 8.66, 4.0 ± 0.52 and 101.85 ± 2.77 respectively, while the average levels 
in the serum of control subjects were 135.00 ± 2.4, 4.4,± 0.98 and 101.53 ± 13.6, respectively. It was not 
statistically significant if means were compared. Sex did not significantly influence any of the assessed 
variables. Low potassium ion concentration in glaucoma patients in tears may be a valuable biomarker for the 
condition. At-risk people can be protected from irreversible glaucoma blindness to a greater extent by an 
efficient glaucoma screening test. 
Keywords: Glaucoma, Sodium potassium, Chlorides, Tear electrolytes. 
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Introduction 
 

Blinding optic nerve condition called glaucoma 
characterised by a high rate of retinal ganglion cell 
(RGC) loss cells die by an apoptotic process. 
Apoptosis in glaucoma is excessive and 
dysregulated, and analogous to a faulty 
physiological mechanism. The Disease exhibits a 
wonderful deception due to the fact that delayed 
visual symptoms progresses. As a result, late 
presentations are typical because glaucoma is the 
main factor that results in irreversible blindness 
everywhere [1]. It is anticipated that more than 110 
million people will be affected by the illness by the 
year 2040 [2]. Initial glaucoma appears when no 
underlying eye disease exists and explains the 
majority of glaucoma cases seen in clinical practise 
(92% of all glaucomas). Additional glaucoma is far 
less frequent (8% of all glaucomas) and is an 
occasionally occurring side effect of severe eye 
injuries. The Primary glaucomas are further divided 
into categories based on to the aqueous humour's 
anatomical structure a primary open angle 
glaucoma outflow structure and Glaucoma with 
primary angle closure. Initial open Up to 70% of 

primary eye diseases are caused by angle 
glaucoma, which is the most common characteristic 
observed in African descent individuals [3].The list 
of potential glaucoma-related genes is reducing and 
their expression could result in a facility for water 
humour discharge with an attendant IOP 
(intraocular pressure) increase [4, 5]. The lens 
Nerve seems to be delicate as it moves through the 
stiff sclera in the back. A rise in IOP may result in 
biomechanical alterations that are currently 
harming the nerve [5] is the departure point. 
Additional glaucoma mechanisms involve 
oxidative stress and ischemia of the eye's tissues 
influencing both the retinal and trabecular 
meshwork components [6]. Ultraviolet (UV) light 
is present in ambient light radiation that the cornea 
typically absorbs and before it reaches the retina, 
where it may be, the lens cytotoxic, ultraviolet-B 
(UVB) radiation traces do finally make it to the 
retina and anterior chamber, however tissue 
filtrations. UVB makes the tissue grow apoptosis-
related genes are expressed more strongly in a 
situation where there is a high quantity of reactive 
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oxygen species (ROS) in a cyclical fashion [7]. The 
ROS tissue of the retina level is increased much 
more by mitochondrial energy oxidative 
phosphorylation, a process that is RGC and other 
unmyelinated nerves require it very much. 
Inevitably, oxidative phosphorylation results in the 
very reactive unpaired electron leaking. Both 
Mechanisms can interact to increase ROS to 
unhealthy stages [8]. High concentration of ROS in 
cells have oxidative stress, which can change the 
electrolyte flux across the RCG cell membrane in a 
way that is beneficial Glaucoma is associated with 
increased apoptosis [9, 10].  

The main intracellular cation is potassium (K+). 
While the main extracellular cation is sodium 
(Na+). Negative anions are connected to these 
positive ions, mostly bicarbonate (HCO3) and 
chloride (Cl).−) to Ensure that the two 
compartments are electrically neutral. [11]. this 
concentration gradient's preservation is mostly 
through the electrogenic Na+/K+ pump. These 
electrolytes are present in blood and tears as ions, 
are inorganic compounds that have electrical 
charges, and mediate a variety of physiological 
processes, such as fluid balance, impulse 
transmission, and cellular protection performs [12, 
13]. A small amount of extracellular when 
potassium leaves the intracellular space, it can the 
compartment for extracellular fluid, leading in 
volume of the cell shrinks. The diffusion of 
cytochrome c into the mitochondria's cytosol, 
causing cells to internal mechanism of apoptosis 
[14–18]. Agents that block K+ channels, including 
high concentrations of barium ions (Ba2+) or there 
is evidence that extracellular K+ can stop 
apoptosis. [19].  

Tears' high potassium content aids in preserving the 
corneal epithelium by lowering the difference in 
intracellular and extracellular therefore reducing 
intracellular loss of at extracellular levels reducing 
corneal epithelial loss with potassium [18, 20, 21] 
Apoptosis. A cornea epithelium in good health is a 
more effective UVB absorber, possibly preventing 
severe injury to the delicate ocular tissues, 
particularly the Lens, RGC, and trabecular 
meshwork [7, 22]. To alterations in intracellular 
sodium levels and, to a lesser extent Chloride levels 
have also been connected to enhanced apoptosis-
induced cell death [23, 24]. Biomarkers are bodily 
components that can giving unbiased information 
about the present a live thing's physiological 
condition [25]. Tear provides a benefit as a bodily 
fluid for research due to the simplicity of its non-
intrusive collection, being an external fluid that is 
close by electrolyte concentration in tears primarily 
establishes its osmolarity, which is the foundation 
in order to identify dry eye disease (DED) [26]. 
Studies have argued that a certain tear's dimension 
Electrolytes might be a helpful auxiliary in the 

evaluation diabetes mellitus patients [27, 28]. 
Changes in Currently, proteomics are being used in 
a frenzied "man-hurt" for glaucoma biomarkers in 
tear sufferers [29, 30]. Hagan et al. did a fantastic 
job. Research for tear-related biomarkers in ocular 
and systemic diseases: overview of proteomic 
approaches [31]. rom clotted blood and with whole 
blood, serum is produced. The "guinea pig" in 
laboratory medicine is blood. Higher levels of 
immunoglobulin-G, red blood cell count, and 
chloride have all been observed in glaucoma 
subjects' blood and sera [32].  

In the tear and serum concentrations, the ions in the 
extracellular fluid sodium, potassium, and chloride 
levels in glaucoma patients and age- and sex-
matched controls were assessed. The results 
covered in relation to any associations between the 
observed parameters and the existence or absence 
of glaucoma phenotype. 

Methodology 

The study was case –controlled cross-sectional 
hospital based study of eligible and consenting 
adult subjects attending in the ophthalmology 
department, Geetanjali Medical College and 
Hospital. The current investigation, which was 
conducted on 50 glaucoma diagnosis as shown by a 
vertical, faint or nonexistent neuroretinal margin, a 
visual field linked with a cup to disc ratio of 0.7 
irregularities [33. 34]. When compared to control 
groups, inclusion qualifications were being at least 
30 years old and not having any pink neuroretinal 
rim, a sign of glaucoma intraocular pressure and a 
vertical cup to disc ratio greater than 0.6 of > 21 
mmHg and no known family members with 
glaucoma. Each eye's visual acuity was evaluated. 
Snellen's chart is used. The current investigation, 
which was conducted on 50 glaucoma diagnosis as 
shown by a vertical, faint or nonexistent 
neuroretinal margin, a “visual field irregularities 
corresponding with a 0.7 CDR (cup to disc ratio)” 
[33. 34]. When compared to control groups, 
inclusion qualifications were being at least 30 years 
old and not having any pink neuroretinal rim, a sign 
of glaucoma intraocular pressure and a vertical cup 
to disc ratio greater than 0.6 of > 21 mmHg and no 
known family members with glaucoma. 

“Each eye's visual acuity was evaluated using a 
standard Snellen's chart for distance. Both eyes 
were looked into detail with slit lamp 
biomicroscopy done with (Haag) three-mirror Streit 
BM900R. Both indentation and non-indentation 
gonioscopy were done using Goldmann R 
goniolens to rule out any secondary glaucoma 
causes. For every patient Aplanation tonometry 
was done with the Haag Streit Goldmann R-type 
and two readings were recorded every time. 
Fundoscopy (dilated) for background retina & optic 
nerve head examination was done with a Volk 
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USA) +78D superfield aspheric lens. Using Central 
visual fields perimeter was done with OptopolTM 
1000 perimeter projection with a single operator 
and standard settings. Field analysis and visual 
field testing completed within three months of the 
study's start was regarded as legitimate. All tests 
were completed; the primary investigator oversees 
the project. Representative examinations of a test 
subject's and a control subject's central visual fields  

appear in appendices IV and V. sample gathering 
and evaluation All samples were collected from 10 
a.m. to 12 p.m. to reduce how much the electrolyte 
content of bodily fluids is affected by diurnal 
change [35]. The four millilitres of Antecubital 
vein was sampled for venous blood sterilised 5 mL 
hypodermic needle and syringe into a vein and then 
put into a clean, glass plane tube a blood was 
allowed to clot for 30 minutes while standing, and a 
centrifuge was used to perform a 5,000 spins per 
minute at a pace that produces a supernatant serum. 
An inferior tear sample of 200 µl was taken the 
ocular surface's lateral tear meniscus has a dry and 
four batches of sterile 50 µl planar capillary tubes 
was drained into a sterile test tube made of flat 
glass [36].  

Practical basal tear collection is challenging, 
especially from corneal numbing agent [37]. Basal 
and reflex however, protein content appears to be 
the key difference between tears [38-40]. Tear 
collecting from the eyes is made easier by tilting 
the head. The lateral canthal region and the 
conjunctiva were reduced to reduce reflex tearing. 
an example of tears obtained from a total of 4 
participants (control and test) per weekday taking 
into account the time required to obtain sufficient 
tear volume is necessary for a reliable outcome 
from the a tool for measurement. Within two hours 
of collection, samples of serum and tears were both 
by automated equipment to estimate electrolytes 
(Sodium, Potassium & Chloride). On the 

electrolyte analyser, the electrolytes were analyzed 
using the ISE method. Analysis of Statistics 
Version 13 of Excel was used for data analysis. The 
mean and Standard Deviation (SD) values were 
used to represent the data. The students' t-tests were 
used to analyse the difference between the groups. 
The significance level was fixed at 0.05. 

Results 

The measurement of the amounts of tears and 
serum concentration in 25 females' sodium, 
potassium, and chloride ions and 25 males from the 
control group were examined, while there were 24 
men and 26 females in the test (Glaucoma patients) 
group. The average age of the individuals was 
older, at 56.00 ± 14.91 years, as opposed to the 
control group's average age of (Table 1) 56.72 ± 
16.74 years. But at this age the difference (P = 
0.81) was not statistically significant. sodium, 
potassium, and chloride averages concentrations in 
test- and control-subject individuals' tears were 
135.06 ± 9.34, 16.86 ± 2.30 and 125.9 ± 10.5 
(mEq/L) and 130.89 ± 11.20, 22.38 ± 5.30, 121.65 
± 12.2 (mEq/L) in tears accordingly (Table 2). The 
two groups' respective means compared, and the P-
values were 0.025, <0.0001 and 0.044 for sodium, 
potassium and chloride concentrations, indicating a 
significant difference. Mean sodium, amounts of 
potassium and chloride in the serum of test and 
control participants were 135.82 ± 8.66. 4.10 ± 
0.52, 101.85 ± 2.77 (mEq/L) and 135.00 ± 2.4, 4.4 
± 0.98, 101.53 ± 13.6, (mEq/L) and so forth. An 
evaluation of the P-values for the means in the two 
groups was 0.702, 0.050, and 0.20 for sodium, 
potassium, and chloride. According to these P-
values, there is no statistically significance in the 
electrolyte concentration in the test serum, and 
control group but it was statistically significant in 
tear sodium, potassium and chloride concentrations 
when compared control group and test group. 
(Table 2) 

 
Table 1: Serum Electrolytes in Control and Glaucoma patients 

Parameters Control Test Glaucoma patients P- Value 
 Male 

(n=25) 
Female 
(n=25) 

Total 
(n=50) 

Male 
(n=24) 

Female 
(n=26) 

Total  
(n=50) 

Control 
Vs Test 

Age 57.23 56.25 56.74 
16.74 

54.35 57.67 56.0 
14.6 

0.81 

Serum Sodium 134.58 135.43 135.00 
2.4 

136.34 135.30 35.82 
8.66 

0.702 

Serum Potassium 4.14 4.52 4.4 
0.98 

4.07 4.3 4.10 
0.52 

0.050 

Serum Chloride 101.52 101.54 101.53 
13.6 

102.3 101.4 101.85 
2.77 

0.20 
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Table 2: Tear Electrolytes in Control and Glaucoma patients 
Parameters Control Test (Glaucoma patients) P- Value 
 Male 

(n=25) 
Female 
(n=25) 

Total 
(n=50) 

Male 
(n=24) 

Female 
(n=26) 

Total  
(n=50) 

Control Vs Test 

Age 54.35 55.76 
 

55.05 
18.4 

54.66 56.43 55.54 
14.5 

0.882 

Tear Sodium 129.56 132.22 130.89 
11.20 

133.87 136.26 135.06 
9.34 

0.025 

Tear 
Potassium 

21.55 23.21 22.38 
5.3 

17.22 16.51 16.86 
2.3 

<0.0001 

Tear 
Chloride 

119.66 123.65 121.65 
12.2 

126.43 125.39 125.91 
10.5 

0.044 

 
Discussion 

Glaucoma is a serious public health concern for 
eyes importance. It is impossible to overstate the 
significance of an inexpensive and reliable test that 
can identify the developing as there is currently no 
treatment for the condition, its stages and its 
blindness cannot be reversed. In the current 
investigation, the concentration of certain large 
cations and anion sodium [Na+], potassium [K+], 
and chloride [Cl-] in tears and serum of 50 primary 
glaucoma patients and 50 healthy controls who 
were at least 30 years old were examined. Both 
groups had similar ages and sexes. (Table 1). The 
typical electrolyte content of tear it was 
demonstrated that both the test group and the 
control group substantial increases in [Na+] and 
[Cl-] in test than control while [K+] is higher in 
control than test, and were highly significant. There 
have been claims that there apical K+ and Cl+ 
active secretion into tear fluid Lachrymal gland 
acinar cells [41–42]. Studies have demonstrated the 
necessity of high tear [K+] in keeping the corneal 
epithelium at a healthy thickness, which, in turn, 
can lessen RGC death and proximal and distal 
UVB-induced cell injury [19, 22]. The average 
[K+] in tear of test in the current study was 
individuals was discovered to be considerably less 
than the typical values for controls (16.86 mmol/L) 
respectively.  

In literature that can be applied to, a similar study 
was discovered compare the results to these 
findings. Although, it is well established that one of 
the main risk factors for Eye pressure [43]. 
Possibly a compromised system the corneal 
epithelium may be impacted by decreased tear [K+] 
due to its capacity to absorb incident UVB, it may 
expose the RGC to the trabecular meshwork 
components UVB's harmful effects. It could also 
signify a defect in potassium channels that is 
widespread that cause more apoptotic cell death in 
the afflicted cells.  

The importance of increased [Na+] in tear of It's 
uncertain when test individuals are compared to 
controls (P = 0.025). However, it could be a 
defence mechanism to counteract the high [K+] or 

the opposite. The three electrolytes' serum 
concentrations in the Glaucoma group's scores were 
comparable to those seen in the control group, and 
no appreciable difference was noticed (Table When 
compared to the outcomes of other studies, the 
values from the current investigation looked to be 
in a medium position. studies conducted both 
domestically and abroad [44–47]. Thus, it appears 
that many devices that use many measurement 
methods (flame photometry) vs ion selective 
electrode) provide various outcomes that must be 
taken into account while interpreting any specified 
outcome. In one investigation, chloride was 
significantly higher level in the glaucoma patients' 
serum contrasted with controls [32]. Despite the 
fact that greater levels of chloride were found in the 
test serum. In this study, participants were 
contrasted with controls and The difference was not 
statistically significant.  

Conclusion 

Human cells are modulated by the presence of the 
primary electrolytes in health and illness. 
Potassium is the main cation inside cells, but 
outside them concentration changes the volume of 
cells, which is a sign of cell death that has been 
predetermined. The current study did reveal that 
glaucoma affects the ocular surface individuals 
have low tear [K+] in an aging-related manner. The 
convenience of collecting must be increased 
standardising the measurement of a tear sample 
increase the viability of employing this fluid for 
glaucoma screening at the population level. 
Potassium's function and its secretory channels and 
glaucoma development. Its connection to IOP, 
favourable family history, and in a follow-up, the 
disease's severity may be contested. Studies that are 
prospective and comprehensive are preferred. The 
epistemological constraints that have prevented 
advancement in early and efficient glaucoma 
management. That will be a big step forward in 
battling the Glaucoma-related ocular morbidity and 
mortality's misery has come to stand for. 
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