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ABSTRACT

The differences of cholesterol and fatty acid content of silicone oils that were removed from vitrectomized eyes due to different retinal diseases were 
investigated. The silicone oils were removed from 25 cases after 4-8 months and classified in two groups; Group A consists of 11 patients who had undergone 
pars plana vitrectomy combined with phacoemulsification and intraocular lens implantation due to diabetic tractional retinal detachment and Group B consists of 
14 patients who was treated for phakic primary rhegmatogenous retinal detachment. The removed material from vitrectomized eyes in Group A was opacified and 
gelatinous on the other hand in Group B it was transparent. Hexan extracts were prepared from liquid and emulsified phases. The extracts were taken into vials, 
after that, hexane was removed. The chemical structure of each extracted material was investigated by spectroscopic techniques. The concentration of unsaturated 
fatty acids (FAs) in both groups were compared statistically. In conclusion, in Group A, epoxy and hydroxy-epoxy FAs were determined. The mean amount of 
unsaturated FAs in Group A was significantly lower than Group B. Cholesterol was not detected in any samples. The type of FAs in removed silicone oils may 
differ depending on the oxidative stress of retina.

Keywords: fatty acids, FTIR, silicone, epoxigenases

e-mail: setekkeli@bezmialem.edu.tr

INTRODUCTION

Total fat content in retina, consists of different fatty acids (FAs); saturated 
FAs and unsaturated FAs, such as n-3 and n-6 polyunsaturated FAs. They have 
different biological effects. The studies reported that palmitic acid, stearic 
acid, oleic acid, arachidonic acid, maleic acid, docosahexaenoic acid (DHA) 
were the major FAs in human retinal tissue [1-3]. The FAs composition of 
interphotoreceptor matrix, retinal pigment epithelium (RPE) and sensoriel 
retina are different from each other [4,5]. RPE expresses the enzymatic 
machinery for synthesizing lipoprotein-like particles [6,7],  suggesting that it 
can export lipids. It is suggested that cholesteryl esters are important sources of 
FAs entering the retina [5].  

In literature, there are many valuable studies that explain the effects 
of silicone oil on the retina and optic nerve [1-5]. These studies report that 
the silicone oil (polidimethylsiloxane) migrated into optic nerve by active 
transportation [8], had negative effect on retinal microcirculation [9] and 
mechanical effect on retinal pigment epithelium [10]. This  could be a reason 
for the loss of myelinated nerve fibres of the optic nevre [11]. Also, thinning 
of inner retinal layers [12] and that was engulfed by Muller cells [13] which 
could be the cause of breakdown of the blood-aqueous barrier [14]. At the same 
time, silicone oil is a barrier for oxygen transportation from the anterior to the 
posterior segment [15].

Polidimethylsiloxane is a polydispersed synthetic polymer consisting 
of a mixture of different linear chain lengths which may also contain linear 
and cyclic species of lower molecular weights, so called as low molecular 
weight components (LMWC), widely used as by-products [16-19]. Impurities 
of polidimethylsiloxane are possibly cause emulsification and intraocular 
complications [20-22]. It is known that silicone is a hydrophobic material 
and lipids can easily be dissolved in silicone oil. This is the reason of retinol, 
cholesterole, FAs and metil esters existence [17,18,23]. Additionally, lipids 
facilitate the emulsification of silicone oil. Emulsification of silicone oil occurs 
in the interface between silicone oil and retinal tissue. 

In the removed and stored (at +4°C) in silicone oil samples, a lucid water 
phase at the bottom, transparent silicone phase on a top layer and a yellowish 
emulsified phase in the middle were observed. The aim of this study is to 
investigate the effect of the ongoing retinal diseases on FAs and cholesterol 
content of the removed silicone oils. 

For this purpose, a study was conducted with silicone oils removed 
from 25 cases. These cases were classified in two groups; Group A consists 
of 11 patients who had undergone pars plana vitrectomy combined with 
phacoemulsification and intraocular lens implantation due to diabetic tractional 
retinal detachment and Group B consists of 14 patients who was treated for 
phakic primary rhegmatogenous retinal detachment. Vitrectomy was carried 

out between 4-8 months after treatment procedures. Hexan extracts were 
prepared from liquid and emulsified phases from 25 samples. The extracts were 
taken into vials, after that, hexane was removed. The chemical structure of each 
extracted material was investigated by fourier transform infrared spectroscopy 
(FT-IR), gas chromatography-flame ionization dedector (GC-FID), 1H NMR 
and 13C NMR spectroscopy techniques. The unsaturated FAs in both groups 
were compared statistically. The presence of FAs were investigated with FT-
IR ve NMR spectroscopy, the type of FAs and their relative quantity was 
determined by GC and the existence of cholesterol is revealed according GC 
and NMR spectroscopy.

The effect of different retina diseases on cholesterol and fatty acid content 
of removed silicone oil were discussed.

MATERIALS AND METHODS    

General Procedure
This study complies with the Declaration of Helsinki [24] including current 

revisions and Good Clinical Practice guidelines [25,26]. The procedures 
followed were in accordance with institutional guidelines and all subjects gave 
written informed consent before each surgery.

Silicone oil (polydimethylsiloxane [Ophta-Sil™ 1000]) removed from 25 
cases which include 13 male, 12 female volunteers between 56 and 73 years 
old. 11 of them had undergone 23 gauge pars plana vitrectomy due to diabetic 
tractional detachment (Group A) and 14 of them had primary rhegmatogenous 
retinal detachment with proliferative vitreoretinopati grade≤C2 (Group B) in 
Beyoglu Training and Research Hospital 4th Clinic of Ophthalmology. 

Both preoperative and postoperative routine ophthalmologic examinations 
of all cases were recorded. 23 gauge pars plana vitrectomy combined with 
phacoemulsification was applied to Group A cases. Laser treatment was applied 
around the retinal degeneration and tears in Group B and also inadequate 
panretinal photocoagulation to diabetic tractional retinal detachment was 
completed in the same surgery.

4-8 months later, silicone oils were removed from the reattached retinas. 
The visual acuity and fundus examinations of all cases after one month from 
the removal of silicone oils were recorded.

Removal process of silicone oil from the eye was carried out with a vacuum 
syringe with a 23 gauge blunt needle. An automated vacuum oil pump was 
activated by a foot pedal. An infusing irrigating solution was connected to 23 
gauge cannula and placed through another sclerotomy in an opposite quadrant.  

All the silicone oils were removed from sclerotomy by means of serum 
(Isolyte®, Eczacıbaşı-Baxter, Turkey). In each sample including serum and 
silicone oil was taken as 10 mL. The removed samples were kept at +4°C in 
tubes. Emulsified phases were extracted and separated from water by shaking 
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for 15 minutes in separator funnel with teflon tap and stopper for 3 times with 
10 mL hexane. It was seen that the opacified and gelatinous material did not 
dissolve in hexane. Hexane extracts were put in separate vials, after that hexane 
was removed. Firstly, fatty residue was investigated by infrared spectroscopy.

Analysis of Hexane Extracts
Fourier Transformed Infrared Spectroscopy 
FT-IR spectrum was recorded on Perkin Elmer Spectrum 100 ATR-FTIR 

spectrophotometer, the silicone oil and lipids were characterized by ATR-FTIR 
technique [27]. The chemical structure of chlolesterol was shown in Fig. 1. 

Table 1 The FT-IR spectra of vibrations of silicone oil and fatty acids.

Wavenumber Vibration charateristics

3322 cm-1 OH stretching mode of water

2963 cm-1 CH3 symmetric stretch

2921 cm-1 CH2 asymmetric stretch: mainly lipids

2854 cm-1 CH2 symmetric stretch: mainly lipids

1745 cm-1 C=O asymmetrical stretch: fatty acid ester group

1637 cm-1 C=C symmetrical stretch: fatty acid ester group

1457 cm-1 CH2 bending: mainly lipids

1258 cm-1 CH3 symmetric deformation of Si-CH3

1081 cm-1 Si-O-Si stretching (silicone)

1009 cm-1 Si-O-Si stretching (silicone)

786 cm-1 Si-C stretching (silicone) 

Table 2 Functional groups and mode of vibration from the FTIR spectra 
of pure cholesterol.

Wavenumber Functional groups

680 cm-1 The C=C ring Bending

680 cm-1

769 cm-1
Alkenes C–H out-of-plane vibrations between 650 
and 1000 cm–1

Bending

859 cm-1

 932 cm-1

1037 cm-1  C–C backbone vibration (weak) stretching

1037 cm-1

1219  cm-1      
C–O vibration stretching

1219 cm-1

1372  cm-1       
Interaction of O–H bending and C–O stretching in 
C–O–H group

Bending, stretching

1443 cm-1 C=C vibration, stretching,
CH2  (C–H bond) vibration, bending

1546 cm-1 Unknown vibration 

2882 cm-1

2948 cm-1        

Asymmetric vibrations of C–H bonds of methyl 
groups of
Cholesterol structure

Opacified and gelatinous material were not mixed into the extract after FT-
IR could not be applied to the spectroscopy in order to avoid contamination. 
The remaining portion was examined by GC.

Fig. 1 Open formula of cholesterol

Gas Chromatography
Gas chromatography were used for the same extracts with IUPAC ID19 

6th edition method in order to determine the types of FAs [28]. Capillary 
column was used with 30m lenght and 0.3 mm internal diameter, coated 
with methylpolysiloxane with the film thickness 0.2 µm. FID dedector was 
used. Electric oven regulated at 110°C.  The presence of cholesterol was also 
investigated by GC in the same extracts by using external standard.

The mean of unsaturated fatty acid ratios in the extracts of two groups 
were determined and were compared by ‘Mann-Whitney U test’.

1H NMR and 13C NMR Spectroscopy
1H NMR Spectroscopy 
1H NMR spectra were performed on a spectrometer Varian Unity Inova 

500MHz spectrometer. The spectra was recorded at room temperature with a 
5-mm PFG indirect detection 1H-19F (15N-31P)  probe. Samples were dissolved 
in CDCl3. The 1D proton NMR spectra was acquired using S2PUL sequence 
(32K data points, acquisition time 1.892 s, pulse width 6.65 μs, repetition delay 
2s,  1024 scans).

13C NMR spectroscopy
The 13C NMR spectra were acquired using S2PUL sequence in decoupling 

mode (32K data points, acquisition time 0.522 s, pulse width 4.5 μs, repetition 
delay 5s,  9292 scans) and solvent CDCl3.

RESULTS AND DISCUSSION

Visual Acuity Measurement
The preoperative visual acuities were between 1.00 - 

3.10 log MAR (2.23 ± 0.86 logMAR ) in Group A and were 
between 0.25-3.10 logMAR (2.46 ± 0.99 logMAR) in Group B.  
According to last postoperative examination, the visual acuities were between 
0.15-3.10 logMAR (1.03 ± 0.78 logMAR) in Group A and were between 
0.00-3.10 logMAR (0.73 ± 0.59 logMAR) in Group B. In both groups the 
results were statistically significant (p=0.05). All cases were pseudophakic 
and their intraocular pressure were between 11 mmHg and 22 mmHg without 
medication.  

FT-IR Spectroscopic Data of Hexane Extracts
The FT-IR spectroscopic findings of Group A and Group B were listed 

in Table 1 and 2. The FT-IR spectra of Group A and B were shown in Fig. 
2 and Fig. 3. The presence of absorption peaks at 1745 cm-1 in FT-IR spectra 
indicated the presence of esterified FAs in all cases. The extracts of Group A 
showed the presence of epoxy/hydroxy-epoxy FAs addition to esterified FAs.

Fig. 2 The IR spectra of Group A



J. Chil. Chem. Soc., 61, Nº 2 (2016)

2987

Fig. 3 The IR spectra of Group B.

GC Results of the Hexane Extracts
GC features of the hexane extracts: The ratio of unsaturated FAs was 

7.02%  in the extract sample of Group A and 19.33% in that of Group B. The 
arrythmetical mean of these ratios were 6.74%±0.65(6.08-7.52%) in Group 
A and 21.22%±1.67 (19.33-23.14%) in Group B .The difference between 
the mean ratio of unsaturated  FAs  was statistically important (p=0,05). 
Cholesterol was not detected by GC-FID in any of the samples obtained by 
hexane extraction from silicone samples. GC data are listed in Table 3 and 4.

Table 3 The GC sample for five extracts of Group B.

Peak Component name Time (min.)   Area Area % 

1 Capric acid 6.789   379.06 57.88

2 Myristic acid 11.000   132.66 20.26

3 Myristoleic acid 12.697   8.37 1.28

4 Palmiteloic acid 15.444   27.28 4.17

5 Oleic acid 18.027   36.31 5.59

6 Linoleic acid 20.455   26.84 4.10

7 Docosadienoic acid 22.768   27.42 4.19

Table 4 The GC sample for four extracts of Group A.

Peak Component 
name Time (min.) Area Area % 

1 ___________ 3.622 807.14 8.76

2 Butyric acid 3.752 161.33 1.75

3 Caproic acid 4.434 1248.46 13.54

4 Caprylic acid 6.212 3.622 39.30

5 Capric acid 6.782 118.34 1.28

6 Lauric acid 9.122 3333.77 4.52

7 Tridacylic 
acid 10.404 1709.47 2.32

8 Myristoleic 
acid 12.565 549.82 5.96

9 Heptadecanoic 
acid 15.713 206.26 2.24

10 Linoleadic 
acid 18.702 144.23 1.56

11 Lignoceric 
acid 24.559 277.85 3.01

12 ___________ 25.477 16.67 2.55

NMR Spectroscopic Data 
1H NMR Spectroscopic Data
1H NMR spectroscopic findings of FAs were between 0.0-3.00 ppm for 

Group B was shown in Fig. 4. 

Fig. 4 A sample of  1H NMR spectroscopic findings between 0-3.00 ppm 
of Group B 

13C NMR Spectroscopic Data
Any C signal between 120-130 ppm was not observed, so we can conclude 

that the absence of cholesterol may be observed in both groups’ extracts (Fig. 
5). 13C NMR spectroscopic findings of FAs is shown in Fig 6.  

Fig. 5 A sample of  13C NMR spectroscopic findings of Group B.

Fig. 6 13C NMR spectroscopy findings of Group B.

CONCLUSION

In presence of acidic free fatty acids (lactic acid-carbonic acid) esters 
formed with alcohols like glycerol and ethanol. High energic metabolism, 
oxidative stress cause acidity in retina. Electrophysiologic studies on cases 
with silicone oil reports increase in metabolism because of the activity in the 
outer and inner plexiform layers and outer segments of the photoreceptor layer 
due to excitotoxicity caused by increase of K+ ion in retina when vitreous 
cavity filled with silicone oil [29].

When pH-selective microelectrodes were used to measure pH in isolated 
vertebrate retinas, the tissue had a lower pH than both superfusate [30,31] 
and choroid  [32,33] caused by the steady production of H+ during energy 
metabolism. The main buffer in the brain and retina is the bicarbonate buffer 
system (CO2, HCO3

-) [34,35], and CO2 is constantly produced during aerobic 
metabolism. Lactic acid, which also participates in pH buffering, is constantly 
produced during glycolysis [35]. 

 It was reported that there was photoreceptor outer segment degeneration 
[7], reduction in the number of photoreceptor synaptic terminals in the outer 
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plexiform layer and in the inner nuclear layer and affected ganglion cell 
layer in detached retina [36]. After reattachment of the sensory retina to 
the pigment epithelium, a series of complex recovery processes begin and 
the degenerated outer segments of photoreceptor cells begin regeneration 
and reorganisation [37]. All of these recovery processes need high energic 
metabolism. High energic metabolism causes acidity is an expected situation 
in Group B. But in Group A cases who mostly had been operated because 
of the proliferative diabetic retinopathy complications had been applied 
panretinal photocoagulation. In the retina, almost one-half of all the produced 
energy is used to maintain transmembrane ionic gradients [38]. We know that 
large amount of photoreceptor and pigment epithelium layer is removed in the 
photocoagulation area where Muller cells died and that oxygen transport could 
be directly from the choroid. The articles about electrophysiologic analysis of 
the retina after panretinal photocoagulation revealed a significant reduction 
in peak amplitudes of both a- and b-waves in photopic and dark-adapted 
conditions as early as between the multiple treatments, also in oscillatory 
potentials, cone single flash, and 30 Hz flicker responses severe reductions 
were showed [39,40]. After panretinal photocogulation, in proliferative patients 
K+ ion excitotoxicity should not be expected in the retina that blood-retina 
barrier disrupted under the oxidative stress. Besides, K+ ion can be removed 
easily through the photocoagulation area to the choroid. Also the loss of 
photoreceptor cells could decrease the intraretinal K+ ion accumulation in such 
eyes. In Group A cases, high energic metabolism may not be expected. In fact, 
a consistent extrusion of acid could be detected even in the case of individual 
isolated retinal cells [41]. Then it was thought that the acidity required for 
esterification and epoxification can be due to ongoing metabolic activity and 
incease in H+ ion concentration from the little amount of liquid between the 
retina and silicone oil that filled the vitreous cavity.  

In this study, FA esters were traced in the FT-IR spectroscopy of all the 
hexan extracts in both groups.  In Group A (opacified and gelatinous material 
undissolved in hexane), besides in  the esterified FAs there were -OH absorption 
peaks around the 3200cm-1. It can be from water emulsified by free FAs  in 
silicone oil or secondary alchol groups resulted from reaction of carboxylic 
acid  with epoxidised FAs. If they were free fatty acids, they would dissolve 
away  in  hexane. The -OH peaks were revealed that there were hydroxy-epoxy 
FAs. It is accepted that saturated or unsaturated FAs pass through the tissues 
surrounding the silicone oil. Unsaturated FAs with long carbon chains form 
epoxy esters in the presence of high oxydative stress in acid environment (e.g. 
in the presence of lactic acid, carboxylic acids) and the epoxy groups open up 
in the presence of higher oxydative stress, oxygen bridges are formed between 
FAs and plastification may ocur [42,43]. Chemically hydroxy FAs have been 
synthesized by peracid oxidation of unsaturated fatty acids or direct oxidation 
of the double bond with reagents such as hydrogen peroxide to give vicinal 
diols [44,45]. Occurrence of plastification in unsaturated fatty acids with long 
chains under high oxydative stress cause opacification and geloid appearance 
in silicone oils. FT-IR spectroscopy findings of gelatinous silicone material 
showed us the presence of both ester and hydroxyl absorbsion bands suggested 
the presence of hydroxy-epoxy FAs. Epoxy and hydroxy-epoxy groups in 
FAs can be seen in literature [45]. The examination of GC chromatographic 
examinations after FT-IR examination of this material, which does not dissolve 
in hexane could not be made. 

In explanted SiO samples the presence of LMWC remnants were shown 
in some studies [22, 46,47]. A recent study showed us the presence of cyclic 
siloxanes (D4-D7)  and their decreasing in extracted SiO samples dependent 
on the time and the size of the molecule [47]. The LMWC are believed to 
be able to diffuse into the surrounding tissue and cause inflamatory and toxic 
reactions. In the sea of silicone chemistry, we can see these LMWC producing 
highly lipophilic substance by hydralisation [48]. It was thought that gelatinous 
silicone had been formed due to plastified fatty acids bound to end group of 
silicone oil which contain reactive -OH groups.  We should take into account 
that LMWC species carrying these -OH groups are low concentration in silicone 
oil and missing fatty acids can be provided by circulation into the retina. 

Unsaturated FAs can produce hydroxy- epoxy FA esters in high concentration 
of hydrogen peroxide in low pH [44]. Panretinal scatter photocoagulation had 
been completed during surgery in Group A patients. It was well known that in 
cases who had been applied panretinal photocoagulation, high concentration of 
hydrogen peroxide was detected in the vitreous as well, after vitrectomy [49]. 
It is logical that lipid peroxidation of polyunsaturated FAs in the outer segment 
of the rod is caused by both thermal and photochemical effects of laser energy 
directly. Under aerobic conditions photoirradiation of melanin pigments, 
which are rich in retinal pigment epithelium and choroid, can generate reactive 
oxygen species. Furthermore, an efflux of lipid hydroperoxides to the vitreous 
cavity can be resulted by inflammatory cell infiltration which may contribute to 

the additional retinal peroxidation [50].
The retina responds to physiological and pathophysiological stimuli by the 

activation of phospholipases [50] and release of arachidonic acid [51]. It was 
reported that in diabetic patients, increase in the activities of the cytochrom 
p 450 (CYP) and CYP2C epoxygenase in retinal vasculature could cause 
epoxyeicosatrienoic acid (EET) , and also astrocytes and glial cells could 
produce EET [52-55].

The findings had shown that the epoxy FAs could be formed in cases who 
had been under oxidative stress and inflammatory conditions who had had 
serious degeneration, in the vast area of photoreceptor and pigment epithelium 
layers. The low concentration of unsaturated FAs, in GC chromatography in 
Group A cases, supported that oxidative stress could lead to unsaturated FAs to 
be exhausted. GC chromatography cannot be applied to gelatinous structures. 
It also could be possible to establish lower rates of unsaturated fatty acid 
esters in remaining parts than in Group B because unsaturated fatty acid epoxy 
esters were the reason of the gelatinous structure which cannot be dissolved in 
hexan. GC-FID provides the determination of FAs and data about their relative 
quantity.

In case vitreous space is full of silicone oil, acidity was seen to have been 
formed free of tissue’s metabolic activity, though not directly. FA esters that 
were identified in this study can be formed in the existence of acidity on the 
tissue or after the FAs passed to the vitreous. In case basis, it was shown that 
in the formation of hydroxy- epoxy FAs, extensive degeneration of the outer 
segments and oxidative stress of the retina could play an important role. The 
source of the hydroxy-epoxy  FAs found in hexan extracted materials in group 
A cases, can be either as a product of epoxigenase activity in endothelial and 
glial cells and/or due to probable reaction of FAs in the vitreous space with a 
high concentration of H2O2, in the base of literature. The reactive -OH groups 
immediately reacts with amino acids and FAs, and may cause an opacified and 
gelatinous silicone oil [56]. But LMWC species with -OH groups are very low 
concentration.  In this study, -OH peak observed in Group A cases can not 
belong to reactive -OH groups because of being connected to amino acids or 
FAs. We can not say that this molecule does not exist, either. 

Silicone oil delivered thousands of patients to an anatomical and functional 
success like in our study. How long silicone can be left in eye is controversial. 
Serious anterior and posterior segment complications occur in cases that 
silicone left in eye average 30 months, however 74% anatomical success rate 
and 40% ambulatory vision are reported [57]. One of the last studies provided 
interesting insights into certain clinical situations in which silicone oil has to be 
maintained permanently [58].  It is reported that silicone can be left in eye until 
24 mounths without serious complication [59].

Cholesterol is not a carrier for fatty acids, cholesterol is an important source 
of the FAs entering the retina. Unfortunately, we could not trace cholesterol in 
the samples. Cholesterol was not detected in none of the emulsified silicone 
regions. We consider that cholesterol did not take part in emulsification and 
so get through the silicone or little amount of cholesterol could not be detected 
by these methods.

In conclusion FT-IR ,GC, 1H NMR and 13C NMR investigations were 
conducted on hexane extracts obtained from emulsified and water phases of 
polydimethyl siloxane of vitrectomized 25 cases. It had been identified that 
opacified and gelatinous material were formed in Group A that consists of the 
cases with diabetic tractional retinal detachment (n=11) . Silicone oil with FA 
esters and epoxy/hydroxy-epoxy FA esters were detected in this material and 
FA esters in the rest of the extract. It had also been identified that opacified and 
gelatinous material was not formed in Group B cases who underwent pars plana 
vitrectomy because of primary rhegmatogenous retinal detachment (n=14) 
and that FA esters in silicone oil exist. Based on the knowledge that an acidic 
environment should be provided for the formation of  them, it is thought that 
acidity was formed independent from the metabolic activity in the eyes with 
SiO. In our study, it was investigated that, in the silicone oils removed from 
the retina under oxidative stress, both FA esters and hydroxy/epoxy FAs were 
formed. And all of these, combined with the reactive groups of the silicone 
causing opacified and gelatinous silicone oil. Also, again it was reported that 
silicone oils from retinas under oxidative stress had less unsaturated fatty acids 
then the other cases.
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