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Background & objectives: Age related macular degeneration (ARMD) is a leading cause of blindness, 
particularly in persons above 60 yr of age. Homocysteine is implicated in many ocular diseases including 
ARMD. This study was undertaken to assess the status and relationship between plasma homocysteine, 
homocysteine - thiolactone, homocysteinylated protein and copper levels in patients with ARMD.

Methods: A total of 16 patients with ARMD and 16 age-matched controls were recruited for the study. 
Plasma glutathione, homocysteine, homocysteine - thiolactone and extent of homocysteine conjugation 
with proteins, copper and thiobarbituric acid reactive substances were measured.
Results: Homocysteine levels were elevated with increase in homocysteine-thiolactone, thiobarbituric 
acid reactive substances and a decrease of glutathione. The levels of homocysteinylated protein were 
elevated in ARMD. The elevated homocysteine, homocysteine-thiolactone correlated with the decrease 
in copper level.
Interpretation & conclusions: Elevated homocysteine and its metabolite homocysteine-thiolactone and 
decreased levels of copper may play an important role in the pathogenesis of ARMD. 
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 Age-related macular degeneration (ARMD) is 
a leading cause for blindness in the western world 
in persons older than 60 yr of age1. It is a complex 
multifactorial disease that affects the central region 
of the retina. It has two main presentations, atrophic 
and exudative. Exudative ARMD is characterized by 
the presence of choroidal neovascularization with 

disciform scar2. Although the cause of ARMD remains 
unknown, a number of risk factors associated with 
ARMD have been identified. These factors include 
age1,3, heredity4, high blood pressure, high levels of 
serum cholesterol and obesity4,5. In addition, exposure 
to cigarette smoke has been shown to be associated with 
the disease6. Increased oxidative stress and decreased 



nitric oxide levels have been implicated in choroidal 
perfusion and drusen formation in ARMD patients7.
Increased plasma levels of vascular endothelial 
growth factors (VEGF), von Willebrand factors, and 
endothelial cell damage have also been reported in 
ARMD8. These findings suggest an association of 
markers of angiogenesis, haemostasis, oxidative stress 
and endothelial dysfunction with ARMD8. 

 Homocysteine (Hcy) is a sulphur-containing 
non-protein amino acid endogenously produced 
during the metabolic conversion of methionine to 
cysteine9. Metabolites of homocysteine, namely mixed 
disulphides and homocysteine-thiolactone (HcyTL) 
are toxic, since these alter the structure and function 
of proteins10. Besides, increased level of Hcy results 
in abnormal chelation of the trace element copper, 
leading to the possible loss of this element, a leading 
cause for cardiac diseases11. Elevated Hcy levels 
have been shown to induce vascular injury, aiding in 
atherothrombogenesis and this has been considered 
as an independent risk factor for the development of 
vascular diseases12.

 It has been hypothesized that ARMD may also 
be associated with elevated plasma levels of Hcy, 
HcyTL and oxidative stress. To further understand 
this relationship, we undertook this study to 
investigate the plasma levels of Hcy, HcyTL, protein 
homocysteinylation, thiobarbituric acid reactive 
substances (TBARS), glutathione (GSH) and copper in 
patients with ARMD. 

Material & Methods

 This pilot study was conducted in the department 
of Biochemistry and Cell Biology, Vision Research 
Foundation, Chennai, India. The patient recruitment 
was done at Sankara Nethralaya, Chennai, between July 
2009 - August 2011. Consecutive patients diagnosed 
to have ARMD visiting the vitreoretinal services of 
Sankara Nethralaya over a period of two years were 
included in the study. A total of 16 patients with 
ARMD were included and equal member of controls 
(volunteers from hospital staff) matched for age were 
included (Table I). Patients with ARMD were on 
vegetarian diets at the time when their samples were 
collected. The grading of exudative ARMD was based 
on the Age-Related Eye Disease Study group (AREDS) 
recommendations13. Those (patients and controls) with 
history of diabetes mellitus, renal disease, hypertension, 
cardiovascular disease, smoking, alcohol consumption 
and those on antioxidant supplements were excluded. 

Any systemic/ophthalmic diseases were ruled out 
from the control subjects after a detailed examination. 
Informed written consent was obtained from all the 
participants in the study. Institutional Research and 
Ethical Committee approved the study protocol. 

 Blood samples (10 ml) were drawn from participants 
after overnight fasting into EDTA containing tubes. 
Haemoglobin (Hb), TBARS and GSH levels were 
estimated on the same day of the sample collection; 
plasma was separated immediately by centrifugation at 
3000 g at 25°C for 10 min and stored at -80°C up to two 
weeks for other investigations. Hcy, HcyTL, protein 
homocysteinylation and copper level estimations on 
samples from test and control subjects were performed 
simultaneously.

Chemicals: All fine chemicals used in the study were 
purchased from Sigma Chemical Company (St Louis, 
MO, USA) unless otherwise specified. All other high 
grade reagents were obtained from E-Merck chemicals 
(Mumbai, India). Water used in this study was purified 
through Millipore Water Purification System (Millipore 
Co., India).

Biochemical analysis: TBARS determination in 
erythrocytes was performed by the method described 
by Devasagayam et al14. The amount of TBARS in 
erythrocytes was expressed in nmoles malondialdehyde 
(MDA)/g Hb. Plasma GSH level was determined by 
following the method of Hu15 and the amount of plasma 
GSH was expressed in μM. Fasting plasma total Hcy 
analysis was done using a commercial ELISA kit 
(Bio-Rad, CA, USA). The plasma level of Hcy was 

Table I. General characteristic of the patients and controls

ARMD group Control
Number of subjects 16 16

Gender (M/F) 12/4 8/8

Age (yr) 68 ± 6.3 69 ± 9.2

Smoking status Nil Nil

Alcohol intake Nil Nil

Haemoglobin (g/dl) 12.9 ± 0.3 12.4 ± 0.4

Current medications Two cases underwent 
anti-VEGF treatment 
2 wk prior to blood 
collection

Nil

VEGF, vascular endothelial growth factor
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expressed in µM, and a level greater than 15 µM was 
considered to be hyperhomocysteinemia.

 Measurement of protein homocysteinylation was 
performed by the method as described by Bharathselvi 
et al16. The plasma levels of protein-Cysteine bound 
Hcy and protein-Lysine bound Hcy were expressed in 
µM of Hcy. Before analysis, the system was calibrated 
with authentic DL-Hcy standards in the range of 25 to 
100 ng. The Hcy was eluted at a 12.3 min retention 
time. Plasma HcyTL was determined by HPLC using 
a cation-exchange Poly SULFOETHYL aspartamide 
column17,18. The detection limit was 10 pmol. The 
levels of plasma HcyTL were expressed in nM. Sample 
preparation for the determination of copper in plasma 
was done as described previously19 and the amount of 
copper was estimated by atomic absorption method20. 

The level of plasma copper was expressed in µg/dl.

 Plasma methionine was estimated as described by 
Huesgen21, with slight modification. Plasma samples 
were deproteinized by adding equal volume of 10 per 
cent TCA (trichloro acetic acid) and centrifuged at  
700 g for 10 min and the supernatants were used for 
amino acids analysis. Free amino acids were derivitized 
using ortho-phthaldehyde (OPA) and resolved in C18 
column, (150 × 4.6 mm internal diameter, 5 µm pore 
size) (ODS; phenomenex, Torrance, CA). The elution 
procedure was performed with a linear gradient 
using sodium acetate buffer (pH 7.2) and 40 per 
cent acetonitrile in methanol. Methionine detection 
was done using UV monitor at 338 nm. The level of 
methionine was expressed in µM. 

 Serum vitamin B12 levels were estimated using 
an automated chemiluminescence analyser with a kit 
from Roche diagnostics, GmbH, Mannheim, USA. The 
serum level of vitamin B12 was expressed in pg/ml.

Statistical analysis: Patients and control groups were 
compared using student t test. Pearson’s correlation 
test was employed to assess the relationship between 
the Hcy, HcyTL, TBARS, protein-Cys bound Hcy, 
protein-Lys bound Hcy with GSH using SPSS software 
(version 16.0) (SPSS, Inc., Chicago, USA). Multiple 
testing corrections (Bonferroni corrections) were done 
for HcyTL, protein-Cys bound Hcy and protein-Lys 
bound Hcy to eliminate the false positive results.

Results & Discussion

 The plasma levels of Hcy, HcyTL, protein-Cys 
bound Hcy, protein-Lys bound Hcy, GSH, copper and 
TBARS in erythrocytes in patients and control subjects 

are given in Table II.

 There was a significant increase in the level 
of plasma Hcy and its metabolite HcyTL, protein 
homocysteinylation via lysine and cysteine residues 
and TBARS observed in patients with ARMD when 
compared with controls. There was a significant 
positive correlation between plasma HcyTL and 
protein-Cys bound Hcy (r=0.1711, P<0.001) and 
protein-Lys bound Hcy (r=0.0674, P<0.01) in patients 
with ARMD (Fig. 1).

 Hcy has been shown to undergo autoxidation to 
generate reactive oxygen intermediates (ROI), such 
as the superoxide anion (O2

–) and hydroxyl radical 
(OH- ) thus initiating the oxidation of LDL, and this 
has been shown to induce vascular dysfunction10. 
HcyTL is a product of an error-editing reaction 
in protein biosynthesis which forms when Hcy is 
mistakenly selected by methionyl-tRNA synthetase10. 
The thioester chemistry of HcyTL underlines its ability 
to form isopeptide bonds with protein lysine and 
cysteine residues, which impair or alter the protein’s 
function10. The present study shows elevated protein-
Cys bound Hcy, protein-Lys bound Hcy, HcyTL and 
diminished GSH in patients with ARMD, implying 
altered protein function playing an important role in 
the disease. Increased plasma Hcy levels in both the 
exudative and dry subtypes of ARMD were observed 

Table II. Plasma levels of homocysteine, homocysteine- 
thiolactone, protein-Cys bound Hcy, protein-Lys bound 
Hcy, glutathione, copper, methionine and TBARS levels in 
erythrocytes in controls and patients with age-related macular 
degeneration
Biochemical parameters Cases 

(n=16)
Controls  
(n=16)

Homocysteine (µM ) 16.7 ± 1.2** 10.5 ± 0.6

Homocysteine - thiolactone (nM) 18.9 ± 3.0** 8.9 ± 2.1

Protein-Cys bound Hcy (µM) 2.6 ± 0.5*** 1.4 ± 0.3

Protein - Lys bound Hcy (µM ) 2.7 ± 0.6* 1.7 ± 0.4

TBARS (n moles MDA/g Hb) 24.2 ± 2.5* 21.8 ± 1.6

Glutathione (µM ) 2.4 ± 0.62** 5.0 ± 1.28

Copper (µg/dl) 48.4 ± 3.9*** 88.2 ± 5.9
Methionine (µM ) 54 ± 6.0 60 ± 7.0
Vitamin B12 (pg/ml) 119 ± 35 103 ± 10
Values are mean ± SEM.
P *<0.05, **<0.01, ***<0.001 compared to controls
TBARS, thiobarbituric acid reactive substances



Fig. 1. Correlation between plasma homocysteine-thiolactone (HcyTL), protein-Cys bound Hcy, protein-Lys bound Hcy in patients with 
age-related macular degeneration (ARMD). (A) Positive correlation between plasma HcyTL and protein-Cys bound Hcy in patients with 
ARMD (r=0.1711, P<0.001). (B) Positive correlation between plasma HcyTL and protein-Lys bound Hcy in patients with ARMD (r=0.0674, 
P<0.01).
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by Kamburoglu et al22. Another study also revealed 
this relationship to be significantly associated with 
exudative ARMD than in dry form23. In the present 
study, majority of patients had wet ARMD, while only 
three among 16 had features of dry form. Surprisingly, 
these three cases individually had Hcy level (10.0 ± 
0.03 µM) comparable to controls (10.5 ± 0.6 µM). To 
confirm this finding we need to analyse Hcy in a large 
number of dry ARMD patients.

 There was a significant increase in the observed 
levels of erythrocytes TBARS in the ARMD group as 
compared with the control group (Table II). Increased 
levels of oxidative stress led to increased plasma Hcy 
and its metabolite HcyTL and a decrease in the levels 
of antioxidants GSH in ARMD group as compared with 
controls. There was a significant positive correlation 
between plasma Hcy, plasma HcyTL and TBARS 
in ARMD and a corresponding significant negative 
correlation between plasma Hcy, plasma HcyTL and 
plasma GSH in ARMD groups (Fig. 2). 

 Apart from the damage through Hcy another 
probable candidate to join hands in this is HcyTL, since 
it is known to be more cytotoxic and pro-inflammatory 
than Hcy itself24. It is hypothesized that HcyTL also 
inactivates enzymes such as decreased lysyl oxidase, 
a copper dependent enzyme activity25. Protein 
homocysteinylation also affects the normal function of 
low density lipoprotein (LDL). It is interesting to note 
that multiple retinal degeneration is caused by injecting 
HcyTL in an animal eye26. 

 Increase of Hcy and HcyTL negatively correlated 
with plasma copper in ARMD patients (Fig. 3). To 
verify that increased Hcy and HcyTL was due to the 
deficiency of vitamin B12 and methionine, the study 
was extended to look for altered levels of methionine 
and vitamin B12 in patients suffering from ARMD. 
No significant changes in the levels of methionine 
and vitamin B12 in ARMD group were noticed when 
compared with control subjects. The methionine level 
was high in both ARMD and control groups (54 ± 6 
and 60 ± 7 µM) compared to normal adult methionine 
reference interval 6 - 40 µM27. However, vitamin B12 
levels were low in both ARMD and control groups at 
119 ± 35 and 103 ±10 pg/ml with a reference interval 
of 200 - 900 pg/ml, respectively. These results indicate 
that both high levels of methionine and low levels 
of vitamin B12 may be a common factor for this age 
group in India.

 GSH is the most important endogenous antioxidant 
in humans. Maintaining the intracellular thiols, such 
as GSH, in their reduced form, may allow for the 
maintenance of Hcy and other intracellular thiols 
in redox states28. It is often accompanied by other 
endogenous thiols, such as cysteine, cysteinylglycine 
and even Hcy. These thiols scavenge reactive oxygen 
species (ROS) and are involved in preserving the pro-
oxidant-antioxidant balance in human tissues9. It has 
been reported that GSH and thiol content may decrease 
in certain pathological states and on account of the 
ageing process28. This study confirms the findings of 
our earlier study with respect to the diminished plasma 
levels of GSH in ARMD patients29.
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Fig. 2. Correlations between plasma homocysteine (Hcy), plasma homocysteine-thiolactone (HcyTL), thiobarbituric acid reactive substances 
(TBARS) and plasma glutathione (GSH). (A) Positive correlation between plasma Hcy and TBARS in patients with ARMD (r=0.4450, 
P<0.001). (B) Positive correlation between plasma HcyTL and TBARS in patients with ARMD (r=0.4764, P<0.01). (C) Significant negative 
correlation between plasma Hcy and plasma GSH in patients with ARMD (r=- 0.1007, P<0.001). (D) Significant negative correlation between 
plasma HcyTL and plasma GSH in patients with ARMD (r=- 0.2240, P<0.001).
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Fig. 3. Correlation between plasma levels of copper, homocysteine (Hcy) and homocysteine-thiolactone (HcyTL) in patients with ARMD. 
(A) Negative correlation between plasma copper and plasma Hcy in patients with ARMD (r=-0.671, P<0.001). (B) Negative correlation 
between plasma copper and plasma HcyTL in patients with ARMD (r=-0.405, P<0.001).
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 Three types of superoxide dismutase (SOD) 
isoenzymes that catalyze superoxide radical 
dismutation are present in retina30. Cu, Zn-SOD 
exists in the cytosol, Mn-SOD in the mitochondrial 
matrix, and extracellular SOD in the tissue serves as 
the secretory form31. Because the amount of Cu-Zn 
SOD is the highest among the three isoenzymes in 
the human retina, it seemed reasonable to hypothesize 
that the lack of Cu containing SOD would accelerate 
age-related pathological changes in the human retina31. 
Decrease of copper would also weaken the antioxidant 
potential, through a decrease of ceruloplasmin32, a 
ferrooxidase which scavenges ferrous ion and mitigates 
the formation of free hydroxyl radical (OH-).

 To conclude, our findings show that increased 
oxidative stress and Hcy, HcyTL and protein 
homocysteinylation may play an important role in 
the pathogenesis of ARMD. Protein damage due to 
thiolactone and lowered copper levels in this disease are 
novel findings. The real significance of these findings 
needs to be understood in a larger patient population 
based study. 
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