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Evaluation of Biochemical Composition of Vitreous of Eyes of Diabetic Patients
Using Proton Magnetic Resonance Spectroscopy
Ilke Bahceci Simsek and Ozgur Artunay

Department of Ophthalmology, Istanbul Medicine Hospital, Biruni University, Istanbul, Turkey

ABSTRACT
Purpose: To investigate possible metabolic changes in vitreous of patients with diabetes mellitus with or
without diabetic retinopathy using proton magnetic resonance spectroscopy.
Material and methods: Twenty-eight healthy control subjects (group 1), 18 patients with diabetes
mellitus without diabetic retinopathy (group 2) and 18 patients with diabetic retinopathy (group 3)
were included. Proton magnetic resonance spectroscopy was performed in left vitreous of all subjects;
amounts of Glutamate, Choline, Lactate and Creatine values were measured. Choline/Creatine,
Glutamate/Creatine and Lactate/Creatine ratios were calculated.
Results: Glutamate/Creatine and Lactate/Creatine ratios were significantly higher in group 2 and 3 when
compared to group 1. Both Glutamate/Creatine and Lactate/Creatine ratios did not show any difference
in group 2 when compared to group 3.
Conclusions: Our results suggest that when compared to healthy subjects, Glutamate and Lactate are the
main metabolites of vitreous in diabetes mellitus patients. This may help us to better understand the
metabolic factors in pathogenesis of diabetic retinopathy.

ARTICLE HISTORY
Received 8 February 2016
Revised 6 September 2016
Accepted 22 September 2016

KEYWORDS
Diabetic retinopathy;
diabetes mellitus; lactate;
magnetic resonance
spectroscopy; vitreous

Introduction

Diabetic retinopathy (DR) is the leading cause of blindness and
visual impairment among working-age people in developed
countries.1 Although tight control of blood glucose levels is
essential to prevent the disease, it is difficult to predict the
clinical course of DR in some patients.2,3

To understand the pathogenesis of DR, vitreous fluid has
been used in studies to indirectly explore the retina and has
shown that there are biochemical and metabolic abnormalities
associated with hyperglycemia in diabetic retinas.4–6

Metabonomics measures all the metabolites in a biological
system.We can differentiate the metabolic profile of the vitreous
fluid of DR patients using Proton Magnetic Resonance
Spectroscopy (H-MRS) for metabonomic analysis. H-MRS is a
diagnostic method that is able to evaluate the biochemical struc-
ture and metabolites of tissues non-invasively. In the vitreous,
the discriminating metabolites are Glutamate–glutamine (Glx),
Choline (Cho), Lactate (Lct), Creatine (Cr) and glycerol.4,5,7–12

H-MRS does not produce pictures but results in graphs by
using software. Protons have been used for MR spectroscopy
because of their high natural excess in organic structure and
high nuclear magnetic sensitivity. After the nuclei have been
exposed to a magnetic field, they receive a radio frequency
pulse that rotates them. The frequency of these metabolites is
measured in units called parts per million (ppm) and plotted
on a graph as peaks. The resonance frequency position of each
peak on the plot is dependent on the chemical environment of
that nucleus.8–12

In this study, a comparative analysis of the vitreous meta-
bolites Glx, Cho, Lct and Cr of diabetic patients with or
without DR and of patients from a healthy control group
has been performed using H-MRS.

Materials and method

Eighteen eyes of 18 patients without DR (Group 2), 18 eyes of
18 patients with DR (Group 3) and 28 eyes of 28 healthy
individuals (Group 1) with unremarkable fundus examination
were included in the study.

The criterion for patients’ inclusion in group 2 was being
diabetic for at least 10 years without DR being detected in a
fundus fluorescein angiography (FFA). Group 3 patients had
DR (proliferative or non-proliferative) detected in FFA.

Institutional Review Board approval was obtained from the
Human Research Ethics Committee at the Biruni University
School of Medicine. Informed consent was obtained from all
of the subjects, and the study was conducted with the ethical
standards outlined in the Declaration of Helsinki.

Exclusion criteria were as follows: previous vitreoretinal
surgery, intravitreal injection, recent vitreous hemorrhage,
previous ocular surgery, laser therapy and trauma history,
uveitis, history of glaucoma, corneal and lens pathologies
preventing ocular fundus examination, renal failure and
other chronic diseases apart from DM.

The patients were subjected to an H-MRS examination at the
Department of Radiology. All of the patients were instructed not
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to move their eyes during the examination. The H-MRS exam-
inations were done using the 1.5 T System (General Electric-
clinical scanner, United Kingdom) with a standard head coil to
view the spectra of the vitreous. Routine imaging was carried out
prior to spectroscopy to rule out any lesion or structural abnorm-
ality. The localization of voxels was confirmed by three orthogo-
nal MR images in the axial, sagittal and coronal planes. The
proton spectrum was acquired with the use of a Multi-voxel
point-resolved spectroscopy sequence (TR: 1000 ms, TE:
144 ms).

In the metabolite spectrum, the resonances were quantified
as follows: Glx, Cho, Lct and Cr. The peak integrals, which
represent the absolute concentration of compounds, were used
to calculate metabolic ratios, such as Cho/Cr, Glx/Cr and Lct/
Cr in the vitreous in each case. (Figures 1 and 2)

After the completion of the H-MRS process, the spectrum
was evaluated by a radiologist, based on the agreement princi-
ple. Resonance peaks in the spectrum were determined as Glx
2.1-2.5 p.p.m., Cho 3.2 p.p.m., Cr 3.02 p.p.m. and Lct 1.3 p.p.m.
These values were placed on an Excel table, and Cho/Cr, Glx/
Cr and Lct/Cr ratios were calculated.

For the statistical evaluation of the data, SPSS for Windows
Version 22.0 software was used. Measurable data of our study
were presented as mean ± SD. The range of the variable data
was measured using a Kolmogorov–Smirnov test. Quantitative
data were analyzed with ANOVA (Turkey), Kruskal–Wallis,
and Mann–Whitney U test. Qualitative data were analyzed
using a chi-square test. The P-value of 0.05 was taken to be
statistically significant.

Results

Patient demographics are summarized in Table 1. The mean
age was 42.3 ± 14.0 years in group 1, 47.2 ± 9.7 years in group
2 and 44.8 ± 10.2 years in group 3. There was no statistically
significant difference both in age and in gender.

Glx/Cr and Lct/Cr ratios were significantly higher in
DM patients (group 2 and 3) when compared to the control
group (group 1). Both Glx/Cr and Lct/Cr ratios did not
show any difference in group 2 when compared to group 3.
Apart from other metabolites, there were no statistical

Figure 1. The MR spectrum obtained from the left vitreous humor of a diabetic patient. Resonance peaks in the spectrum were determined as Glutamate (Glx) as
USR1 2,1-2,5 p.p.m., Choline (Cho) 3,2 p.p.m., Creatine (Cr) 3,02 p.p.m., Lactate (Lct) 1,3 p.p.m.

Figure 2. The MR spectrum obtained from the left vitreous humor of a healthy subject. Resonance peaks in the spectrum were determined as Glutamate (Glx) as
USR1 2,1-2,5 p.p.m., Choline (Cho) 3,2 p.p.m., Creatine (Cr) 3,02 p.p.m., Lactate (Lct) 1,3 p.p.m.
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differences in the Cho/Cr ratio between groups 1, 2 and 3.
(Table 2, Figure 3)

Discussion

DR is the most common microvascular complication of DM,
and there are several theories about the final metabolic path-
way that causes DR.1,2 In this article, we show the metabolic
analysis of vitreous in patients with or without DR compared
with normal subjects using H-MRS in vivo.

H-MRS is an effective and useful technique for the metabolic
analysis of tissues in vivo because it non-invasively identifies and
quantifies metabolites such as Glx, Cho, Lct and Cr in the
vitreous.4,5,7–12 In 1994, Berkowitz et al first introduced
H-MRS by investigating the Lct levels in rabbit vitreous.12

Barba et al. analyzed the vitreous fluid obtained after vitrectomy
with some limitations in diabetic patients.5 Santiago et al used
diabetic rat retinas.7 These studies were all carried out under in
vitro conditions, which differ from the current study in that they
did not require tissue preparation. Rucker et al used H-MRS to
analyze Lct concentration in the vitreous of four healthy subjects,
and one patient with optic neuropathy.8 Similar detection of Lct
in the human vitreous was reported with H-MRS in glaucoma
patients.13 In our study, we also analyzed the human vitreous
spectra in diabetic patients in vivo.

Studies showed that serum levels of VEGF and ICAM-1 are
significantly different between healthy controls and patients with
type 2 DM [diabetes mellitus with no retinopathy (No DR; n =
19); non-proliferative diabetic retinopathy (NPDR; n = 19);
proliferative diabetic retinopathy (PDR; n = 20) leading to
early disruption of the ELM and the IS-OS junction on spectral
domain optical coherence tomography. With time, similar
effects may lead to the shown changes in the vitreous.14,15

Vitreous can be used as a mirror of the in vivo metabolic
events that are taking place in the retina.4,5,7–12 On these
bases, metabolic analysis shows that the concentrations of
several retinal metabolites varied between DR patients and
healthy controls. In this study, we analyzed the metabolites
Glx, Cho, Lct and Cr.

The presence of Lct in the vitreous has been reported in vivo
and in vitro with H-MRS. As Lct is a major product of normal
retinal aerobic and anaerobic glucose metabolism, Lct is present
in the human vitreous at a higher concentration than in other
tissues.4–7,12 Barba et al reported that Lct was found at higher
levels in the vitreous samples of proliferative DR patients and
that elevated Lct levels reflect increased tissue acidosis and
anaerobic glycolysis.5 Therefore, altered microcirculation in
conjunction with hypoxia can activate Lct production via anae-
robic glycolysis. Furthermore, inflammation, which is also
involved in the pathogenesis of DR, can stimulate Lct
production.16–18 In the study of Santiago et al, Lct was

Table 1. Patient demographics.

Group 1 Group 2 Group 3

Mean ± SD/n-% Median Mean ± SD/n-% Median Mean ± SD/n-% Median p

Age 42.3±14.0 43.5 47.2±9.7 49.5 44.8±10.2 43.0 0.415
Sex F 14 50% 11 61% 12 67% 0.507

M 14 50% 7 39% 6 33%

Kruskal–Wallis (Mann–Whitney U test)/chi-square test (group 1: healthy subjects, group 2: diabetic patients without diabetic retinopathy, group 3: diabetic patients
with diabetic retinopathy) F: Female, M: Male.

Table 2. The analysis of the ratios of metabolites.

Group 1 Group 2 Group 3

pMean ± SD Median Mean ± SD Median Mean ± SD Median

Lct/Cr 18.2 ± 12.7 15 54.0 ± 24.0 55.5 144.3 ± 141.5 93.5 0.000
Glx/Cr 3 ± 4.6 0.8 20.7 ± 17.6 15.8 24.4 ± 31.2 13.3 0.000
Cho/Cr 2.5 ± 2.0 2.6 1.8 ± 1.6 1.1 1.5 ± 1.4 1.2 0.519

Lct/Cr, Glx/Cr, Cho/Cr ratios for all groups by Kruskal–Wallis (Mann–Whitney U test)/Anova (Tukey test). (Glutamate: Glx, Choline: Cho, Lactate: Lct, Creatine: Cr. Group
1: healthy subjects, group 2: diabetic patients without diabetic retinopathy, group 3: diabetic patients with diabetic retinopathy).

Note. Bolded numbers indicate that the p value is statistically significant.

Figure 3. Cho/Cr ratios, Glx/Cr ratios, and Lct/Cr ratios in group 1, group 2, and group 3. (Glutamate: Glx, Choline: Cho, Lactate: Lct, Creatine: Cr. Group 1: healthy
subjects, group 2: diabetic patients without diabetic retinopathy, group 3: diabetic patients with diabetic retinopathy).
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significantly reduced in diabetic rat retinas, as compared to
control group. As this result does not correlate with other
studies, one possible explanation for such a decrease in Lct and
an increase in pyruvate levels in the STZ-induced diabetic rat
retinas could be the change in the cytosolic redox status, which
seems to characterize the retinas of diabetic rats.7

In our study, we found that Lct levels were statistically
significantly higher in DM patients with or without DR
(group 2 and 3) when compared to the control group
(group 1). We did not find any difference between the
patients with or without DR. Our results were correlated
with the studies mentioned above.

The other metabolite we studied was Glx; Glx is the main
excitatory neurotransmitter in the brain, the medulla spinalis
and specifically in the retina.4,19 There are high levels of Glx
in neurons, but it is usually released over time in synaptic
areas and is normally nontoxic. Nevertheless, a doubling of
Glx, especially long-term doubling, can be critical in deter-
mining retinal ganglion cell survival. Glx triggers oxidative
injury and free radical injury.20,21 Research carried out on
diabetic and glaucoma patients as well as in cases of CNS
ischemia showed an increase in glutamate levels.13,21

However, for diabetic patients, this can be an effect of ische-
mia on the function of Muller cells. In our study, we also
found that Glx/Cho ratios were statistically elevated in dia-
betic patients with or without retinopathy.

Cho is a component in the metabolism of the cell mem-
brane phospholipids, and related to conditions such as
increased membrane turnover or number of cells and myelin
breakdown.22–24 Studies using H-MRS have shown the Cho/
Cr ratio in the brain tissue of DM patients to increase 23,
decrease,25 or remain unchanged.26

The authors suggested that dynamic changes in cell membrane
turnover may possibly cause these variations in Cho levels. They
also stated that differences in cerebral blood flow in different sites
of the brain may also contribute to metabolite changes. In our
study, we did not find any change in the Cho/Cr ratio in the
diabetic patients’ vitreous compared with the control group. The
study of Locci et al. showed that Cho is one of the discriminating
metabolites in the cortical vitreous, but there was no other expla-
nation about its function in the vitreous.9 Consequently, we
postulate that the relative stability of the membrane phospholipid
metabolism in the vitreous of our study group may be due to the
absence of membrane turnover.

Cr is a guanidine compound that is synthesized from the
amino acids arginine, glycine and methionine. Its main func-
tion is to catalyze the restoration of ATP from ADP. Cr also
has an important role in osmoregulation.9 As the most stable
compound in normal tissue is Cr, we used it as an internal
reference.

In conclusion, the results presented in this study evaluate
the metabolites in the vitreous using a non-invasive H-MRS.
The elevated Lct levels reflect increased tissue acidosis and
anaerobic glycolysis, and elevated Glx triggers oxidative injury
and free radical injury. These findings are in agreement with
the hyperglycemic pseudohypoxia hypothesis of diabetic
retinopathy.27 All the changes may affect the normal function-
ing of the retina during diabetes and may lead to visual
disturbances in DR.
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