
Rhegmatogenous retinal detachment (RRD) is a rela-
tively common cause of ocular morbidity [1,2]. Accumulation 
of fluid into the potential space between the neurosensory 
retina and the underlying retinal pigment epithelium (RPE), 
in the presence of a retinal break or tear, represent the char-
acteristic feature of the disease [3]. The mainstay of treatment 
is early intervention; restoration of retinal anatomy and blood 
supply are crucial in this disorder. Functional remodeling of 
the retina is essential to achieve an acceptable visual recovery 
[4]

To date, various molecular and cellular mechanisms have 
been suggested regarding the detachment related retinal isch-
emia and apoptosis of photoreceptors [5,6]. Several clinical 
and experimental studies have underlined the role of gluta-
mate in RRD. A significant increase in the levels of glutamate 
in cases with RRD and the mitigating effect of glutamate 

receptor antagonists in experimentally induced retinal isch-
emia have been demonstrated [7,8].

In addition to glutamate, elevation of several inflamma-
tory or growth factor levels have been documented in the 
vitreous or subretinal fluid (SRF) [1,2,9] of patients with 
RRD. Among these, vascular endothelial growth factor 
(VEGF) is recognized with its prominent contribution to 
the pathophysiology of certain retinal diseases. Essentially, 
VEGF is a specific mitogen for endothelial cells and an 
important regulator of angiogenesis. VEGF also exerts pro-
inflammatory effects and protects neurons from insults, such 
as oxidative stress, hypoxia, hypoglycemia, and glutamate-
excitotoxicity [10-12]. The relationship between excitotoxicity 
and induction of VEGF has been interpreted as one of the 
most interesting pathways that link neurodegeneration with 
vascular impairment [13]. Considering these interactions, 
change in amino acid and VEGF concentrations in patients 
with RRD can be expected.

Intraocular f luid samples, in fact, will provide an 
accurate basis for verifying these changes. In this study, 
SRF samples of cases that underwent conventional retinal 
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detachment surgery were used and compared with samples of 
vitreous from non-RRD cases. Besides glutamate, concentra-
tions of a wide spectrum of amino acids and VEGF were 
analyzed, and the fluctuations of concentrations within the 
post-detachment period were examined. The results and 
their relevance to the outcomes of postoperative anatomic 
and functional success have been studied in detail and are 
discussed below.

METHODS

Fifty-three patients were included in this university practice-
based, prospective, and cross-sectional study within a 
19-month period. All patients were of Turkish descent and 
Caucasian. Cases were otherwise healthy and referred to the 
ophthalmology clinic of Uludag University. The study group 
consisted of SRF samples of 46 patients who had undergone 
scleral buckling surgery with the diagnosis of RRD. Vitreous 
samples of seven patients who had pars plana vitrectomy 
(PPV) for full-thickness macular hole (n = 6) or subluxated 
intraocular lens (n = 1) served as the control specimens. 
The methodology and the sample group presented herein 
are similar to a study that we published previously [14]. In 
that study the correlation between SRF concentrations of 
S100b protein and the parameters of postoperative success 
in cases with RRD were investigated. The present study 
was performed with the approval of the ethics committee 
of Uludag University School of Medicine, and a written 
informed consent was obtained from each participant.

In the preoperative examination, all individuals of the 
study group were asked to meticulously estimate the duration 
of retinal detachment (DRD). DRD was defined as the time 
between the onset of symptoms and surgery. Eyes with coex-
istent ocular disorders, such as vitreous hemorrhage, were 
excluded from the study. Subjects with bleeding disorders and 
complicated detachments, e.g., giant retinal tears and prolif-
erative vitreoretinopathy (PVR) grade C1 and higher RRDs, 
were not included. A history of any prior ocular surgery other 
than uncomplicated cataract extraction was among the exclu-
sion criteria.

All cases had undergone a follow-up of at least 6 months. 
Concentrations of VEGF and amino acids were measured 
in samples of SRF obtained at the time of scleral buckling 
surgery and compared with vitreous of samples acquired 
during the PPV of non-RRD cases. The correlations between 
the overall concentrations of VEGF and amino acids and their 
change in relation to DRD were further studied. In addition, 
the interactions between the concentrations and the data 
noted below of pre- and postoperative examinations were also 
investigated. Comprehensive ophthalmologic examinations 

were performed on the day before surgery and on month 6 
after surgery.

Preoperative examination parameters comprised an 
inquiry of DRD, best-corrected visual acuity (BCVA) 
assessment, slit-lamp biomicroscopy, and fundus examina-
tion. Postoperative examination parameters included assess-
ment of BCVA and anterior and posterior segment findings. 
Anatomic status, presence of postoperative PVR resulting in 
eyes with recurrent detachment, and additional operations for 
attachment were recorded at the month 6 of follow-up. BCVA 
was assessed using the Early Treatment Diabetic Retinopathy 
Study [15] chart and converted to logarithm of the minimum 
angle of resolution (logMAR). Depending on DRD intervals, 
study cases were divided into three subgroups: acute, DRD 
up to 10 days (n = 13); subacute, DRD longer than 10 days 
and up to 30 days (n = 23), and chronic, DRD longer than 30 
days (n = 10).

All cases underwent SRF drainage before cryotherapy. 
SRF fluid drainage was performed using a 26-gauge needle 
attached to a 2-ml syringe without the plunger, as previously 
described [16]. The needle was inserted perpendicular to the 
sclera, and the upsurge of fluid was seen in the transparent 
hub of the needle. After acquiring a minimum of 0.1 ml 
of SRF, the needle was withdrawn allowing spontaneous 
drainage of the SRF. Sample volumes ranged from 100 µl 
to 1 ml. Undiluted vitreous samples of the control group (n 
= 7) were collected during pars plana vitrectomy before the 
infusion line was opened. Vitreous was aspirated manu-
ally via a 3-cm3 syringe. Vitreous and SRF samples were 
stored initially at +4 °C and then moved to −80 °C as soon 
as possible.

SRF and vitreous fluid controls were analyzed for 15 
amino acids, including alanine, aspartate, citrulline, gluta-
mate, glutamine, glycine, isoleucine, leucine, methionine, 
phenylalanine, serine, taurine, threonine, tyrosine, and 
valine. Amino acid levels were determined by a high perfor-
mance liquid chromatography (HPLC) system (HP 1100 
series, Hewlett-Packard, Palo Alto, CA), which was coupled 
to a post-column derivatization unit (Pickering Laborato-
ries, Mountain View, CA). This system was combined with 
a quaternary pump (HP-G1311A), a fluorometric detector 
(HP-G1321A), and an autosampler, (HP-G1329A; Hewlett-
Packard, Palo Alto, CA). Amino acids were separated on a 
lithium exchange column (series number 5338; Pickering 
Laboratories) with Li280 and Li750 eluents (Pickering Labo-
ratories). They were then reacted with o-phthalaldehyde 
(OPA) in a post-column derivatization unit (both from Pick-
ering Laboratories). The flow rate of the quaternary pump 
and post-column derivatization unit was 0.3 ml/min. Column 
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and post-column reaction temperatures were adjusted to 
40 °C and 45 °C, respectively. Other chromatographic condi-
tions, such as the gradient program of the Li280, Li750, and 
lithium regenerant eluents, were similar to those previously 
published [17]. In accordance, chromatographic elution 
started with 100% Li 280 for 9 min. Subsequently, percentage 
of Li 280 decreased as the percentage of Li 750 increased. In 
the 33rd min of the process, percentage of Li 750 reached to 
20%. Before each sample injection, lithium exchange column 
was regenerated with lithium regenerant eluent for 10 min. 
OPA reactive compounds were detected using an excitation 
wavelength of 330 nm and an emission wavelength of 465 
nm. The chromatograms were analyzed with HP ChemSta-
tion, revision A. 08.03.847 (Agilent Technologies, Waldbronn, 
Germany). For precipitation of proteins, samples were acidi-
fied with equal volumes of Seraprep (Pickering Laborato-
ries) and centrifuged at × 9000 g for 10 min in a Beckman 
microfuge. The pH of the samples was adjusted to 2.0–2.5 
with 2 M of LiOH. A portion of the supernatant (20 µl) was 
then injected into the HPLC system without further purifica-
tion. Amino acid levels were calculated by comparing peak 
heights of the samples with amino acid standards. Amino acid 
standards were also acidified with Seraprep and processed 
together with the samples. VEGF levels were measured 
with human VEGF single bead Luminex kit (Invitrogen Co. 
Camarillo, CA). Samples were diluted with equal volumes of 
dilution buffer and assayed according to solid phase sandwich 
Enzyme Linked-Immuno-Sorbent Assay (ELISA) technique.

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 19.0. (IBM Corp., Armonk, 
NY) and p<0.05 was considered statistically significant. 
All values were presented in terms of median values with 
minimums and maximums. Mean values with standard error 
of means were provided when necessary. The Shapiro-Wilk 
test was used for the test of normality. Mann-Whitney U tests 
were used for two-group comparisons, and the Kruskal-Wallis 
test for three or more group comparisons. Pearson correlation 
coefficient and Spearman’s rank correlation coefficient were 
used to determine correlations.

RESULTS

Thirty-four male and 19 female patients were enrolled in 
this study. The study group included SRF samples of 46 
patients (29 male, 17 female) that underwent conventional 
RRD surgery. The mean age of this group was 57±15.9 (range 
11–79) years. The control group included vitreous samples of 
seven patients (five male, two female) who underwent PPV 
for non-RRD indications. The mean age of the control group 
was 67.3±3.8 years (range 63–73). Due to technical problems 

during processing, amino acid levels could not be measured 
in SRF samples of five cases and VEGF levels could not 
be obtained in SRF samples of three cases. Fortunately, 
both amino acid and VEGF levels could be measured in all 
samples of the control group. In accordance, the amino acid 
study group consisted of 41 patients (27 male, 14 female), and 
the VEGF study group consisted of 43 patients (27 male, 16 
female). The mean ages of these study groups were 56.9±14.5 
(range 11–79) and 56.5±14.2 (range 11–76) years, respectively. 
There was no significant difference between groups in terms 
of demographic characteristics, such as age and gender 
(p>0.05).

No significant intraoperative complications, such as 
subretinal hemorrhage or incarceration, occurred in any 
participant of the study. Average follow-up was 7.5 + 0.06 
months (6 months to 14 months) for the overall study group. 
Mean DRD was 44.6 days (range 5 days to 18 months). In 
this study, the overall study group was divided into three 
subgroups depending on the DRD. The acute subgroup 
included 13 cases, whereas the subacute and chronic 
subgroups contained 23 and 10 cases, respectively. In 11 
cases (23.9%), postoperative PVR resulted in recurrent 
detachment. Primary anatomic success rate was 76.1% at 
the 6th month follow-up. Mean preoperative BCVAs for the 
overall study group and the control group were 2.05±0.2 and 
1.88±1.2 logMAR units, respectively. Mean postoperative 
BCVA significantly improved to 1.04±0.1 logMAR units in 
the overall study group (p<0.001) and 0.75±0.1 logMAR units 
in the control group (p<0.05).

The levels of amino acids showed a wide variation in 
this study. Statistical analysis showed that SRF levels were 
significantly higher for aspartate, citrulline, glutamate, and 
glycine and lower for alanine, isoleucine, leucine, methionine, 
phenylalanine, threonine, tyrosine, and valine in the study 
group (p<0.001, p<0.001, p<0.001, p<0.001, p = 0.019, p = 
0.002, p = 0.002, p = 0.002, p = 0.001, p = 0.012, p = 0.001, 
and p = 0.002 respectively.) Levels of glutamine, taurine, 
and serine had no significant change when compared to the 
control group (p = 0.139, p = 0.358, and p = 0.080, respec-
tively). A comparison of the amino acid levels between the 
amino acid study group and the control group are presented 
in Table 1.

Evaluation of amino acids with respect to DRD inter-
vals showed that among the significantly elevated amino 
acids only glutamate consistently increased throughout 
the time intervals (Table 2). Median glutamate levels were 
59 (7–161) µM in the acute phase, 96 (33–419) µM in the 
subacute phase, and 139 (60–546) µM in the chronic phase. 
When the decreasing amino acids were analyzed on the basis 
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Table 1. Median concenTraTions wiTh MiniMuM and MaxiMuM values of aMino acids (µM) 
and veGf (pG/Ml) of The conTrol Group and The sTudy Group, and p values.

Control Group Study Group p
Alanine 896 (125-1842) 420 (213-1139) 0.019*

Aspartate 47 (6-70) 84 (0-141) <0.001*
Citrulline 9 (5-27) 33 (13-102) <0.001*
Glutamate 20 (10-82) 80 (7-546) <0.001*
Glutamine 3386 (714-4698) 2618 (1205-4956) 0.139

Glycine 56 (15-196) 154 (66-298) <0.001*
İsoleucine 220 (39-317) 64 (37-162) 0.002*
Leucine 584 (93-737) 147 (90-407) 0.002*

Methionine 84 (12-133) 22 (10-87) 0.002*
Phenylalanine 356 (66-469) 80 (32-311) 0.001*

Serine 501 (96-733) 379 (0-773) 0.080
Taurine 79 (26-146) 93 (0-172) 0.358

Threonine 385 (77-519) 197 (0-438) 0.012*
Tyrosine 365 (58-399) 99,5 (47-337) 0.001*
Valine 909 (140-1277) 216 (130-710) 0.002*
VEGF 2.5 (1-9.10) 28,5 (1-3130) <0.001*

* Statistically significant difference between the groups (p<0.05).

Table 2. Median concenTraTions wiTh MiniMuM and MaxiMuM values of aMino acids 
(µM) and veGf (pG/Ml) of differenT Groups of The sTudy, and p values.

Control 0-10 group 11-30 group 31+ group p
Alanine 896 (125-1842) 399 (220-677) 496 (213-1139) 378 (248 - 507) 0.030*

Aspartate 47 (6-70) 77 (49-101) 87 (57 - 130) 97 (0 - 141) 0.004*
Citrulline 9 (5-27) 37 (18-92) 33 (13-102) 32 (26-63) 0.002*
Glutamate 20 (10-82) 59 (7-161) 96 (33-419) 139 (60-546) <0.001*
Glutamine 3386 (714-4698) 2908 (1205-4956) 2660 (1486-3738) 2077 (1295-3602) 0.149

Glycine 56 (15-196) 139 (66-216) 162 (77-298) 192 (93-235) 0.006*
İsoleucine 220 (39-317) 93 (37-162) 67 (53-142) 58 (38-73) 0.005*
Leucine 584 (93-737) 214 (93-407) 160 (113-405) 118 (90-169) 0.003*

Methionine 84 (12-133) 24 (10-71) 24 (16-87) 14 (11-40) 0.003*
Phenylalanine 356 (66-469) 83 (48-259) 91 (32-311) 64 (44-94) 0.002*

Serine 501 (96-733) 322 (179-773) 385 (0-567) 344 (0-464) 0.262
Taurine 79 (26-146) 86 (30-145) 110 (47-172) 80 (0-162) 0.498

Threonine 385 (77-519) 193 (29-438) 208 (0-389) 171 (0-274) 0.030*
Tyrosine 365 (58-399) 109 (52-266) 109 (54-337) 76 (47-121) 0.005*
Valine 909 (140-1277) 310 (131-710) 216 (158.696) 165 (130 - 288) 0.002*
VEGF 2.5 (1-9.10) 25.7 (4.6 - 1775) 25.15 (1-3130) 68.75 (3.6-177.6) 0.004*

* Statistically significant difference between the groups (p<0.05).
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of DRD, we observed that the levels of leucine, tyrosine, 
phenylalanine, and valine steadily declined with time (Table 
2). However, levels of alanine showed a prominent decrease 
only at the chronic stage. Within the time span, levels of 
glutamine and serine decreased somewhat, whereas levels 
of taurine increased slightly when compared to the controls; 
however these changes were statistically insignificant.

Our results showed that median concentrations of VEGF 
were 28.5 (1–3130) pg/ml in the overall study group and 2.5 
(1–9.1) pg/ml in the control group. There was statistically 
significant difference between the 2 groups (p<0,001). Evalu-
ation of the subgroups demonstrated that median concentra-
tions of VEGF was 25.7 (4.6–1775) pg/ml in the acute stage 
of RRD (DRD up to 10 days). VEGF levels decreased in the 
subacute stage (25.1 [1–3130] pg/ml). However, the concen-
tration of VEGF increased to 68.7 (3.6–177.6) pg/ml in the 
chronic stage. Interestingly, analysis revealed no statistically 
significant difference in terms of VEGF levels between the 
three DRD subgroups (p = 0.501).

VEGF levels were correlated with some of the amino 
acids. Statistically there was a positive and moderate corre-
lation of VEGF levels with glutamate (r = 0.630; p<0.001) 
and aspartate (r = 0.611; p<0.001). VEGF levels and glycine 
displayed a weak and positive correlation (r = 0.331; p = 
0.034). VEGF and glutamine showed a weak but negative 
correlation (r = –0.367; p = 0.018).

We could not find any association between the amino 
acid concentrations and assessments of preoperative or 
postoperative BCVA. Similarly, no association could be 
demonstrated between VEGF levels and postoperative PVR 
or BCVA (p>0.05).

DISCUSSION

Anatomic and functional remodeling of the retina starts soon 
after retinal detachment [18]. Identifying the ongoing neuro-
chemical processes and monitoring the functional status of 
the detached retina at any given time is difficult. Continuation 
of photoreceptor apoptosis in some cases has been underlined 
as the leading cause of visual loss despite surgical reattach-
ment [19]. In the last decades, intraocular fluids have been 
used extensively to investigate the contributing mechanisms 
in retinal diseases, including RRD [20-22]. SRF is unique as 
it is obtainable only under certain circumstances and serves 
as a suitable media for investigations due to its close prox-
imity to RPE and photoreceptors.

In general, amino acids constitute the building blocks of 
proteins and polypeptides in vertebrates. They play key roles 
in cell signaling and in metabolic pathways that contribute 

to tissue repair. Amino acids also have significant environ-
mental impacts. Deprivation of some amino acids has been 
shown to induce endoplasmic reticulum stress and lead to 
expression of certain growth factors, VEGF in particular. In 
addition, certain amino acids, such as glutamate, gamma-
amino butyric acid (GABA), and glycine, act as the principal 
neurotransmitters within the retina. Still, several other neuro-
active amino acids, including aspartate, homocysteic acid, 
and taurine, have been identified within the retina, and some 
amino acid-based neurotransmitters (e.g., dopamine) are used 
by retinal neurons [23].

The results in this study showed that SRF concentra-
tions of glutamate, aspartate, glycine, citrulline, and VEGF 
increased significantly in cases with RRD. Glutamate and 
aspartate are critical amino acids for the central nervous 
system (CNS). Both amino acids are excitatory neurotrans-
mitters in CNS and are released in a Ca+2-dependent 
manner. They are removed from the extracellular space via 
the same glutamate/aspartate transporter; however, they 
have different affinities for different excitatory amino acid 
receptor subtypes [24]. Our results showed that SRF levels 
of glutamate increased consistently as the DRD increased. 
The highest concentration of SRF glutamate was found in the 
chronic stage of RRD. Parallel to this, SRF levels of aspartate 
also increased significantly when compared to the control 
group. However, levels of aspartate remained fairly constant 
throughout the time span (Table 2).

In recent years, elaborate studies have been carried out 
regarding the importance of glutamate in the CNS. It is recog-
nized as the principal excitatory amino acid neurotransmitter 
within the retina [25]. Homeostasis of glutamate is maintained 
by an active role of Müller cells. It is mainly synthesized from 
glutamine by phosphate-activated glutaminase [26]. After its 
release from neurons, Müller cells uptake the extracellular 
glutamate. Müller cells subsequently transform glutamate 
into glutamine by glutamine synthetase [27].

Evidence from previous studies support that excessive 
levels of glutamate cause excitotoxicity and ultimately lead 
to DNA damage and subsequent cell death [28]. The toxic 
effects of glutamate are extensive within the retina. Findings 
by Sasoh et al. suggest that a high concentration of glutamate 
is not just limited to Müller cells [29]. In this cat model of 
retinal detachment, the authors found that an excess amount 
of glutamate is spread out in a variety of retinal cells, such 
as bipolar cells, ganglion cells, and ischemic or detached 
parts of the photoreceptors. Various mechanisms have been 
proposed in the literature to explain the pathophysiology of 
excitotoxicity [30-32].

http://www.molvis.org/molvis/v20/1357


Molecular Vision 2014; 20:1357-1365 <http://www.molvis.org/molvis/v20/1357> © 2014 Molecular Vision 

1362

We believe that the high concentrations of glutamate 
and aspartate in this study represent the excitotoxic state of 
the retinal neurons and photoreceptors. However, the mecha-
nism of excitotoxicity and the reason why levels of glutamate 
increased steadily while concentrations of aspartate drew a 
plateau remains unknown. The significant increase of gluta-
mate was not correlated with an increase of glutamine in the 
study group. This interesting finding may suggest that the 
above-mentioned glutamate homeostasis is disturbed at a 
critical point in order to maintain the levels of glutamine at 
a certain level.

Another finding in our study showed that SRF levels of 
glycine increased significantly in RRD. Actually, glycine is 
found in many parts of the CNS and is plentiful within the 
retina [18]. Glycine and GABA act as the major inhibitory 
neurotransmitters within the retina, and glycine is known to 
exert a significant role in shaping the visual responses of the 
retina [33-36]. Glycine has a dual neurochemical function; 
the effect of glycine will vary according to the receptor that 
it binds. If glycine binds to glycine receptors, it will depress 
the retinal neurons and cause hyperpolarization by blocking 
the chloride channels [37,38]. When glutamate binds to the 
N-Methyl-D-aspartate (NMDA) receptors, it needs glycine 
to bind at the same time for the receptor to be activated [39]. 
On this occasion, glycine will act in an excitatory fashion 
whenever it binds to the NMDA receptor [40]. Our results 
showed that levels of glycine increased right after the detach-
ment and remained steady throughout the study. Given the 
above discussed mechanisms, we do not know whether the 
levels of glycine are elevated as an accompanying process of 
excitotoxicity or as a preventive response to excitotoxicity. 
Further studies may clarify this confusion.

In this study, concentrations of SRF citrulline were 
significantly higher than the concentrations measured in 
the control group. In nitric oxide (NO)-producing tissues, 
citrulline is a NO pathway metabolite [28,41]. Elevated 
concentrations of arginine, citrulline, and nitrite have been 
demonstrated in vitreous samples of eyes that developed 
diabetic tractional retinal detachment and RRD [42]. In that 
study, the authors attributed the increase in the NO pathway 
metabolites to retinal hypoxia; they suggested that NO may 
be playing a role in the pathogenesis of RRD. Apparently, 
elevation of citrulline is a significant finding of our study in 
terms of showing the diversity of mechanisms contributing to 
the pathophysiology of rhegmatogenous retinal detachment.

A closer look at the literature reveals that studies on 
neurologic functions of amino acids are mainly concen-
trated on glutamate, aspartate, and glycine. However, results 
presented here demonstrate that other amino acids also 

undergo a dynamic process of change after RRD (Table 1 
and Table 2). We found that SRF concentrations of alanine, 
isoleucine, leucine, methionine, phenylalanine, threonine, 
tyrosine, and valine decreased prominently when compared 
to controls.

In general, tyrosine and phenylalanine function as 
precursors for the catecholamines (dopamine, norepineph-
rine, and epinephrine). The dominant catecholamine within 
the retina is dopamine [43]. Evidence in the literature supports 
that dopamine acts as a chemical messenger for light adapta-
tion. Dopamine also has trophic roles in retinal function and 
it is related to circadian rhythmicity, cell survival, and eye 
growth. It has been previously reported that a reduction in 
retinal dopamine results in reduced visual contrast sensitivity 
in patients with Parkinson disease [44]. The consequences 
of constantly decreasing levels of tyrosine and phenylala-
nine, as shown in our SRF samples, may be the underlying 
pathophysiology for impaired contrast sensitivity experienced 
after RRD. This hypothesis needs to be validated with further 
studies.

Results of our study demonstrated that the remaining 
amino acids (glutamine, taurine, and serine) had no promi-
nent change of concentrations when compared to the control 
group. Animal studies have revealed that taurine is abundant 
in the retina, vitreous, lens, cornea, iris, and ciliary body 
of the eye. Ripps et al. suggested that taurine is critical for 
protecting the distal retina from the toxic levels of glutamate 
[45]. The relevancy of the latter suggestion with our findings 
is obscure.

Histologically, VEGF receptors are located on endothe-
lial cells and other non-endothelial retinal cells, including 
photoreceptors, RPE, and Müller cells. It is known that 
VEGF is upregulated by certain conditions, such as hypoxia 
and intraocular inflammation [1,46]. The correlation between 
some amino acids and VEGF has been examined in certain 
conditions. Abcouwer et al. demonstrated that RPE cells 
respond to glutamine starvation by VEGF expression in a 
similar response to that of hypoxia [47]. Marc et al. noted 
that Müller cells and RPE cells sequester excitotoxic amino 
acids to minimize secondary apoptosis [48]. Similarly, it has 
been suggested that excitotoxic swelling of retinal neurons 
experienced after ischemia is facilitated by the VEGF-evoked 
release of glutamate [49]. A clinical study about diabetic reti-
nopathy revealed that an increase in extracellular glutamate is 
linked with an increase in VEGF expression and blood retinal 
barrier breakdown [50].

In this study, we investigated whether VEGF expression 
is increased in RRD and whether levels of SRF amino acids 
bear any association with VEGF. The results in our study 
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showed that SRF concentrations of VEGF increased signifi-
cantly in cases with RRD. Analysis of VEGF concentrations, 
according to the time frames, revealed that VEGF levels 
increased soon after RRD; however, it displayed a constant 
decrease during the acute and subacute phases and then 
increased within the chronic stage (Table 2). Actually, high 
levels of VEGF have been demonstrated in neovasculariza-
tions secondary to ischemia. Morimozato et al. showed that 
neovascularization develops whenever VEGF is above the 
threshold of biologic angiogenesis [51]. Essentially, neovas-
cularization of the iris is seen in long-lasting or inadequately 
treated retinal detachments. This may be due to the increase 
in levels of VEGF within the course of the disease, as noted in 
our study. We think that VEGF is following a parabolic slope 
as a function of time, and the increasing arm of the slope is 
in the chronic phase of the disease.

Our results also showed that certain amino acids were 
related to VEGF. Herein, SRF levels of VEGF were positively 
correlated with glutamate, aspartate, and glycine. However, 
there was a negative correlation between VEGF and gluta-
mine. As mentioned above, the aforementioned three amino 
acids exhibit a close relationship with excitotoxicity. The 
rising levels of these amino acids and VEGF in our study is 
consistent with the correlation between excitotoxicity and the 
induction of VEGF.

We found no evident correlation between BCVA levels 
and concentrations of VEGF or any of the amino acids. 
A review of the literature shows only a few publications 
regarding the SRF levels of amino acids and VEGF. The 
most important precedent in this regard is the publication of 
Bertram et al. [22]. Interestingly, our results are identical to 
those of Bertram et al. except for arginine, which we could 
not study.

Moreover, herein we report that SRF levels of citrulline 
increased while methionine and threonine decreased after 
the onset of RRD. Our results also showed that SRF levels 
of glutamine, serine, and taurine remained constant when 
compared to the controls. This paper also draws attention to 
the fact that there is discordance between the concentrations 
of glutamate and glutamine. Furthermore, to the best of our 
knowledge no study has, as yet, focused on the concentration 
of amino acids in SRF and its relevance with the DRD.

Our data also point out that VEGF concentration in SRF 
is following a particular time-dependent change pattern and 
that certain amino acids have a correlation with VEGF levels. 
Publications regarding the concentrations of VEGF in SRF 
are few. Ricker et al. found that high levels of VEGF in the 
subretinal space are related to PVR formation [1]. In our 
study, contrary to our expectations, we could not find any 

association between the VEGF levels and postoperative PVR. 
This difference may be attributed to the selection criteria and 
the diversity of individuals among the groups.

There are some limitations in our study. We acknowl-
edge that the DRD used in this study is long (mean 44.6 
days, range 5 days to 18 months). This may have induced 
the relatively high rate of PVR that we observed. However, 
we believe that this wide range also allowed us to examine 
the change of concentrations as a function of time in a better 
way. The relatively limited number of cases can be listed as 
another drawback. Moreover, questions may be raised about 
the accuracy of a comparison between SRF and vitreous 
that we used in this study. SRF composition is dynamic and 
originates from three different sources: vitreous, serum, and 
the retina. Quintyn et al. underlined that SRF is somewhat 
closer to vitreous in new onset RRD; however, in older RRD 
the SRF profile is close to that of serum [52]. To avoid the 
above-mentioned concerns, concentrations of amino acids 
and VEGF could have been assessed in samples of serum 
together with SRF and vitreous. However, we had serious 
doubts whether these measurements would be related purely 
to RRD without being affected by other systemic factors. 
Accordingly, we preferred to use vitreous as the closest 
medium for comparison.

On the other hand, visual acuity was considered as the 
sole parameter in evaluating the functional integrity of retina 
in this study. However, it is well known that BCVA represents 
the foveal function and does not reflect structural changes 
of the neurosensory retina outside the foveal region [53]. 
Therefore, a full assessment of retinal function by integrating 
optical coherence tomography, microperimetry, multifocal 
electroretinography, and BCVA might have been more appro-
priate in this study to determine the value of measurements 
and their correlation with the functionality of retina.

In conclusion, SRF concentrations of amino acids and 
VEGF had no significant correlations with the anatomic 
outcome or BCVA assessments in this study. However, our 
results have shown that amino acids and VEGF undergo 
a dynamic process of change after RRD. The diversity 
presented herein point out that several mechanisms are 
involved in these processes. Unfortunately, the disclosed 
aspects of the pathophysiology are still insufficient to predict 
the individual response to RRD and the subsequent surgery. 
It appears that timely surgery is requisite for facilitating the 
recovery of retinal neurons before the devastating effects 
of excitotoxicity begin. Further studies (e.g., large-scale 
proteomics-based studies) may reveal the ongoing processes 
and may contribute to our understanding of the pathogenesis 
of RRD.

http://www.molvis.org/molvis/v20/1357


Molecular Vision 2014; 20:1357-1365 <http://www.molvis.org/molvis/v20/1357> © 2014 Molecular Vision 

1364

REFERENCES
1. Ricker LJ, Kijlstra A, Kessels AG, de Jager W, Liem AT, 

Hendrikse F, La Heij EC. Interleukin and growth factor levels 
in subretinal fluid in rhegmatogenous retinal detachment: 
a case-control study.  PLoS ONE  2011; 6:e19141-[PMID: 
21556354].

2. Dieudonné SC, La Heij EC, Diederen R, Kessels AG, Liem 
AT, Kijlstra A, Hendrikse F. High TGF-beta2 levels during 
primary retinal detachment may protect against prolif-
erative vitreoretinopathy.  Invest Ophthalmol Vis Sci  2004; 
45:4113-8. [PMID: 15505063].

3. Mitry D, Fleck BW, Wright AF, Campbell H, Charteris DG. 
Pathogenesis of rhegmatogenous retinal detachment: predis-
posing anatomy and cell biology.  Retina  2010; 30:1561-72. 
[PMID: 21060268].

4. Sakai T, Tsuneoka H, Lewis GP, Fisher SK. Remodelling 
of retinal on- and off-bipolar cells following experimental 
retinal detachment.  Clin Experiment Ophthalmol  2013; 
12246:.

5. Garweg JG, Tappeiner C, Halberstadt M. Pathophysiology of 
proliferative vitreoretinopathy in retinal detachment.  Surv 
Ophthalmol  2013; 58:321-9. [PMID: 23642514].

6. Murakami Y, Notomi S, Hisatomi T, Nakazawa T, Ishibashi T, 
Miller JW, Vavvas DG. Photoreceptor cell death and rescue 
in retinal detachment and degenerations.  Prog Retin Eye Res  
2013; 37:114-40. [PMID: 23994436].

7. Diederen RM, La Heij EC, Deutz NE, Kijlstra A, Kessels 
AG, van Eijk HM, Liem AT, Dieudonné S, Hendrikse F. 
Increased glutamate levels in the vitreous of patients with 
retinal detachment.  Exp Eye Res  2006; 83:45-50. [PMID: 
16530753].

8. Lombardi G, Moroni F, Moroni F. Glutamate receptor antago-
nists protect against ischemia-induced retinal damage.  Eur J 
Pharmacol  1994; 271:489-95. [PMID: 7705449].

9. Ricker LJ, Kessels AG, de Jager W, Hendrikse F, Kijlstra A, 
la Heij EC. Prediction of proliferative vitreoretinopathy after 
retinal detachment surgery: potential of biomarker profiling.  
Am J Ophthalmol  2012; 154:347-54. [PMID: 22541653].

10. Li B, Xu W, Luo C, Gozal D, Liu R. VEGF-induced activation 
of the PI3-K/Akt pathway reduces mutant SOD1-mediated 
motor neuron cell death.  Brain Res Mol Brain Res  2003; 
111:155-64. [PMID: 12654515].

11. . Tovar-Y-Romo LB.  Zepeda A, Tapia R. Vascular endothelial 
growth factor prevents paralysis and motoneuron death in 
a rat model of excitotoxic spinal cord neurodegeneration.  J 
Neuropathol Exp Neurol  2007; 66:913-22. [PMID: 17917585].

12. Lladó J, Tolosa L, Olmos G. Cellular and molecular mecha-
nisms involved in the neuroprotective effects of VEGF on 
motor neurons.  Front Cell Neurosci.  2013; 7:1-7. [PMID: 
23355802].

13. Ishikawa M. Abnormalities in Glutamate Metabolism and 
Excitotoxicity in the Retinal Diseases.  Scientifica.  2013; 
2013:528940-[PMID: 24386591].

14. Yalcinbayir O, Buyukuysal RL, Budak-Akova B, Gelisken O. 
S100b Protein Levels in Subretinal Fluid in Rhegmatogenous 
Retinal Detachment.  Curr Eye Res  2012; 37:1030-5. [PMID: 
22671138].

15. . Early Treatment Diabetic Retinopathy Study Group.  Early 
Treatment Diabetic Retinopathy Study design and baseline 
patient characteristics. ETDRS report number 7.  Ophthal-
mology  1991; 98:741-56. [PMID: 2062510].

16. Azad R, Kumar A, Sharma YR. Rajpal. Modified needle 
drainage. A safe and efficient technique of subretinal fluid 
drainage in scleral buckling procedure.  Indian J Ophthalmol  
2004; 52:211-[PMID: 15510460].

17. Grunau JA, Swaider JM. Chromatography of 99 amino acids 
and other ninhydrin-reactive compounds in Pickering lithium 
gradient system.  J Chromatogr A  1992; 594:165-71. .

18. Sherry DM, Townes-Anderson E. Rapid glutamatergic altera-
tions in the neural retina induced by retinal detachment.  
Invest Ophthalmol Vis Sci  2000; 41:2779-90. [PMID: 
10937598].

19. Lo AC, Woo TT, Wong RL, Wong D. Apoptosis and other cell 
death mechanisms after retinal detachment: implications 
for photoreceptor rescue.  Ophthalmologica  2011; 226:10-7. 
[PMID: 21778775].

20. Funatsu H, Yamashita H, Nakamura S, Mimura T, Eguchi 
S, Noma H, Hori S. Vitreous levels of pigment epithelium-
derived factor and vascular endothelial growth factor are 
related to diabetic macular edema.  Ophthalmology  2006; 
113:294-301. [PMID: 16406543].

21. Ricker LJ, Kessels AG, de Jager W, Hendrikse F, Kijlstra A, 
la Heij EC. Prediction of proliferative vitreoretinopathy after 
retinal detachment surgery: potential of biomarker profiling.  
Am J Ophthalmol  2012; 154:347-54. [PMID: 22541653].

22. Bertram KM, Bula DV, Pulido JS, Shippy SA, Gautam S, Lu 
MJ, Hatfield RM, Kim JH, Quirk MT, Arroyo JG. Amino-
acid levels in subretinal and vitreous fluid of patients with 
retinal detachment.  Eye (Lond)  2008; 22:582-9. [PMID: 
17948040].

23. Pow DV. Amino acids and their transporters in the retina.  
Neurochem Int  2001; 38:463-84. [PMID: 11248396].

24. Lynch DR, Guttmann RP. Excitotoxicity: perspectives based 
on N-methyl-D-aspartate receptor subtypes.  J Pharmacol 
Exp Ther  2002; 300:717-23. [PMID: 11861773].

25. Thoreson WB, Witkovsky P. Glutamate receptors and circuits 
in the vertebrate retina.  Prog Retin Eye Res  1999; 18:765-
810. [PMID: 10530751].

26. Kvamme E, Torgner IA, Roberg B. Kinetics and localization of 
brain phosphate activated glutaminase.  J Neurosci Res  2001; 
66:951-8. [PMID: 11746423].

27. Schousboe A, Waagepetersen HS. Role of astrocytes in gluta-
mate homeostasis: implications for excitotoxicity.  Neurotox 
Res  2005; 8:221-5. [PMID: 16371316].

28. Mehta A, Prabhakar M, Kumar P, Deshmukh R, Sharma 
PL. Excitotoxicity: bridge to various t r iggers in 

http://www.molvis.org/molvis/v20/1357
http://www.ncbi.nlm.nih.gov/pubmed/21556354
http://www.ncbi.nlm.nih.gov/pubmed/21556354
http://www.ncbi.nlm.nih.gov/pubmed/15505063
http://www.ncbi.nlm.nih.gov/pubmed/21060268
http://www.ncbi.nlm.nih.gov/pubmed/23642514
http://www.ncbi.nlm.nih.gov/pubmed/23994436
http://www.ncbi.nlm.nih.gov/pubmed/16530753
http://www.ncbi.nlm.nih.gov/pubmed/16530753
http://www.ncbi.nlm.nih.gov/pubmed/7705449
http://www.ncbi.nlm.nih.gov/pubmed/22541653
http://www.ncbi.nlm.nih.gov/pubmed/12654515
http://www.ncbi.nlm.nih.gov/pubmed/17917585
http://www.ncbi.nlm.nih.gov/pubmed/23355802
http://www.ncbi.nlm.nih.gov/pubmed/23355802
http://www.ncbi.nlm.nih.gov/pubmed/24386591
http://www.ncbi.nlm.nih.gov/pubmed/22671138
http://www.ncbi.nlm.nih.gov/pubmed/22671138
http://www.ncbi.nlm.nih.gov/pubmed/2062510
http://www.ncbi.nlm.nih.gov/pubmed/15510460
http://www.ncbi.nlm.nih.gov/pubmed/10937598
http://www.ncbi.nlm.nih.gov/pubmed/10937598
http://www.ncbi.nlm.nih.gov/pubmed/21778775
http://www.ncbi.nlm.nih.gov/pubmed/16406543
http://www.ncbi.nlm.nih.gov/pubmed/22541653
http://www.ncbi.nlm.nih.gov/pubmed/17948040
http://www.ncbi.nlm.nih.gov/pubmed/17948040
http://www.ncbi.nlm.nih.gov/pubmed/11248396
http://www.ncbi.nlm.nih.gov/pubmed/11861773
http://www.ncbi.nlm.nih.gov/pubmed/10530751
http://www.ncbi.nlm.nih.gov/pubmed/11746423
http://www.ncbi.nlm.nih.gov/pubmed/16371316


Molecular Vision 2014; 20:1357-1365 <http://www.molvis.org/molvis/v20/1357> © 2014 Molecular Vision 

1365

neurodegenerative disorders.  Eur J Pharmacol  2013; 698:6-
18. [PMID: 23123057].

29. Sasoh M, Ma N, Yoshida S, Semba R, Uji Y. Immunocyto-
chemical localization of glutamate in normal and detached 
cat retina.  Invest Ophthalmol Vis Sci  1998; 39:786-92. 
[PMID: 9538886].

30. Büyükuysal RL. Ischemia and reoxygenation-induced amino 
acid release and tissue damage in the slices of rat corpus 
striatum.  Amino Acids  2004; 27:57-67. [PMID: 15309572].

31. Koutsilieri E, Riederer P. Excitotoxicity and new antigluta-
matergic strategies in Parkinson’s disease and Alzheimer’s 
disease.  Parkinsonism Relat Disord  2007; 13:S329-31. 
[PMID: 18267259].

32. Seki M, Lipton SA. Targeting excitotoxic/free radical signaling 
pathways for therapeutic intervention in glaucoma.  Prog 
Brain Res  2008; 173:495-510. [PMID: 18929130].

33. Caldwell JH, Daw NW. Effects of picrotoxin and strychnine 
on rabbit retinal ganglion cells: changes in centre surround 
receptive fields.  J Physiol  1978; 276:299-310. [PMID: 
650452].

34. Chen X, Hsueh HA, Greenberg K, Werblin FS. Three forms 
of spatial temporal feedforward inhibition are common to 
different ganglion cell types in rabbit retina.  J Neurophysiol  
2010; 103:2618-32. [PMID: 20220071].

35. O’Brien BJ, Richardson RC, Berson DM. Inhibitory network 
properties shaping the light evoked responses of cat alpha 
retinal ganglion cells.  Vis Neurosci  2003; 20:351-61. [PMID: 
14658764].

36. Nobles RD, Zhang C, Müller U, Betz H, McCall MA. Selective 
glycine receptor α2 subunit control of crossover inhibition 
between the on and off retinal pathways.  J Neurosci  2012; 
32:3321-32. [PMID: 22399754].

37. Gilbertson TA, Borges S, Wilson M. The effects of glycine 
and GABA on isolated horizontal cells from the salamander 
retina.  J Neurophysiol  1991; 66:2002-13. [PMID: 1812232].

38. Schneider SP, Fyffe REW. Involvement of GABA and glycine 
in recurrent inhibition of spinal motoneurons.  J Neurophysiol  
1992; 68:397-406. [PMID: 1326603].

39. Kleckner NW, Dingledine R. Requirement for glycine in acti-
vation of NMDA-receptors expressed in Xenopus oocytes.  
Science  1988; 241:835-7. [PMID: 2841759].

40. Bonaccorso C, Micale N, Ettari R, Grasso S, Zappalà M. 
Glutamate binding-site ligands of NMDA receptors.  Curr 
Med Chem  2011; 18:5483-506. [PMID: 22172060].

41. Garthwaite J. Glutamate, nitric oxide and cell–cell signalling 
in the nervous system.  Trends Neurosci  1991; 14:60-7. 
[PMID: 1708538].

42. Diederen RM, La Heij EC, Deutz NE, Kessels AG, van Eijk 
HM, Hendrikse F. Increased nitric oxide (NO) pathway 
metabolites in the vitreous fluid of patients with rhegmatog-
enous retinal detachment or diabetic traction retinal detach-
ment.  Graefes Arch Clin Exp Ophthalmol  2006; 244:683-8. 
[PMID: 16267670].

43. Fernstrom JD, Fernstrom MH. Tyrosine, phenylalanine, and 
catecholamine synthesis and function in the brain.  J Nutr  
2007; 137:1539S-1547S. [PMID: 17513421].

44. Witkovsky P. Dopamine and retinal function.  Doc Ophthalmol  
2004; 108:17-40. [PMID: 15104164].

45. Ripps H, Shen W. Review: taurine: a “very essential” amino 
acid.  Mol Vis  2012; 18:2673-86. [PMID: 23170060].

46. Wells JA, Murthy R, Chibber R, Nunn A, Molinatti PA, 
Kohner EM, Gregor ZJ. Levels of vascular endothelial 
growth factor are elevated in the vitreous of patients with 
subretinal neovascularisation.  Br J Ophthalmol  1996; 
80:363-6. [PMID: 8703891].

47. Abcouwer SF, Marjon PL, Loper RK, Vander Jagt DL. 
Response of VEGF expression to amino acid deprivation and 
inducers of endoplasmic reticulum stress.  Invest Ophthalmol 
Vis Sci  2002; 43:2791-8. [PMID: 12147617].

48. Marc RE, Murry RF, Fisher SK, Linberg KA, Lewis GP. 
Amino acid signatures in the detached cat retina.  Invest 
Ophthalmol Vis Sci  1998; 39:1694-702. [PMID: 9699559].

49. Diederen RMH. General Discussion. In: Biochemical and 
clinical factors in rhegmatogenous retinal detachment. 
Universiteit Maastricht. 2007;10:139–145.

50. Kusari J, Zhou SX, Padillo E, Clarke KG, Gil DW. Inhibition 
of vitreoretinal VEGF elevation and blood-retinal barrier 
breakdown in streptozotocin-induced diabetic rats by brimo-
nidine.  Invest Ophthalmol Vis Sci  2010; 51:1044-51. [PMID: 
19710406].

51. Moromizato Y, Hayashi H, Kato H, Ozaki H, Oshima K. 
Concentration of vascular endothelial growth factor within 
the subretinal space and vitreous fluid in rhegmatogenous 
retinal detachment.  Nippon Ganka Gakkai Zasshi  1997; 
101:498-502. [PMID: 9209137].

52. Quintyn JC, Brasseur G. Subretinal f luid in primary rheg-
matogenous retinal detachment: physiopathology and 
composition.  Surv Ophthalmol  2004; 49:96-108. [PMID: 
14711443].

53. Reibaldi M, Boscia F, Avitabile T, Uva MG, Russo A, Zagari 
M, Occhipinti F, Russo V, Reibaldi A, Longo A. Functional 
retinal changes measured by µperimetry in standard-fluence 
vs low-fluence photodynamic therapy in chronic central 
serous chorioretinopathy.  Am J Ophthalmol  2011; 151:953-
60. [PMID: 21457929].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 21 September 2014. This reflects all typographical corrections and errata to the 
article through that date. Details of any changes may be found in the online version of the article.

http://www.molvis.org/molvis/v20/1357
http://www.ncbi.nlm.nih.gov/pubmed/23123057
http://www.ncbi.nlm.nih.gov/pubmed/9538886
http://www.ncbi.nlm.nih.gov/pubmed/15309572
http://www.ncbi.nlm.nih.gov/pubmed/18267259
http://www.ncbi.nlm.nih.gov/pubmed/18929130
http://www.ncbi.nlm.nih.gov/pubmed/650452
http://www.ncbi.nlm.nih.gov/pubmed/650452
http://www.ncbi.nlm.nih.gov/pubmed/20220071
http://www.ncbi.nlm.nih.gov/pubmed/14658764
http://www.ncbi.nlm.nih.gov/pubmed/14658764
http://www.ncbi.nlm.nih.gov/pubmed/22399754
http://www.ncbi.nlm.nih.gov/pubmed/1812232
http://www.ncbi.nlm.nih.gov/pubmed/1326603
http://www.ncbi.nlm.nih.gov/pubmed/2841759
http://www.ncbi.nlm.nih.gov/pubmed/22172060
http://www.ncbi.nlm.nih.gov/pubmed/1708538
http://www.ncbi.nlm.nih.gov/pubmed/16267670
http://www.ncbi.nlm.nih.gov/pubmed/17513421
http://www.ncbi.nlm.nih.gov/pubmed/15104164
http://www.ncbi.nlm.nih.gov/pubmed/23170060
http://www.ncbi.nlm.nih.gov/pubmed/8703891
http://www.ncbi.nlm.nih.gov/pubmed/12147617
http://www.ncbi.nlm.nih.gov/pubmed/9699559
http://www.ncbi.nlm.nih.gov/pubmed/19710406
http://www.ncbi.nlm.nih.gov/pubmed/19710406
http://www.ncbi.nlm.nih.gov/pubmed/9209137
http://www.ncbi.nlm.nih.gov/pubmed/14711443
http://www.ncbi.nlm.nih.gov/pubmed/14711443
http://www.ncbi.nlm.nih.gov/pubmed/21457929

	Reference r53
	Reference r52
	Reference r51
	Reference r50
	Reference r49
	Reference r48
	Reference r47
	Reference r46
	Reference r45
	Reference r44
	Reference r43
	Reference r42
	Reference r41
	Reference r40
	Reference r39
	Reference r38
	Reference r37
	Reference r36
	Reference r35
	Reference r34
	Reference r33
	Reference r32
	Reference r31
	Reference r30
	Reference r29
	Reference r28
	Reference r27
	Reference r26
	Reference r25
	Reference r24
	Reference r23
	Reference r22
	Reference r21
	Reference r20
	Reference r19
	Reference r18
	Reference r17
	Reference r16
	Reference r15
	Reference r14
	Reference r13
	Reference r12
	Reference r11
	Reference r10
	Reference r9
	Reference r8
	Reference r7
	Reference r6
	Reference r5
	Reference r4
	Reference r3
	Reference r2
	Reference r1
	Table t1
	Table t2

