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Intravitreal administration of adenosine triphosphate (ATP) has been found to be effective for
inducing photoreceptor death and loss of retinal function. Due to lack of studies that investigate the
changes consumed the lens during early steps of retinal degeneration, the aim of the present search is
to give an approach for lens molecular structure changes in ATP rats model of retinal degeneration by
using fourior transformer infrared technique. Fifty healthy albino Wistar rats were divided int
into 4
groups: Group I served as the control group and received intravitrial injection of saline. All other
groups were received a single intravitreal injection of 2µL of 1 M ATP and decapitated after 1, 3 and
6 days, respectively. The results indicated that NHOH region was found to be dramatically affected in
particular after one day of ATP injection where more vibrational mode was observed relative to
control. These reflex more conformational changes which involve moiety of lens fiber. The detection
of asymNH
asymNH after 3 and 6 days of ATP injection indicated the increase of disorder of lens fiber. CH
region shows that the symmetric vibration mode (symCH3) is sensitive to ATP injection as indicated
by the fluctuation change in its band frequency and this band is aassociated with lens lipid molecule.
The phosphate lipids were found to be sensitive by the ATP injection and this represented by the
detection of symPO2vibrational mode in all ATP injected groups relative to control group. We
concluded that ATP injection dramatically
dramatically affect both protein and lipid moieties of lens fiber.
Recommendation of a regular examination for whole eye especially lens in case of retinal
degeneration not retina only.
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INTRODUCTION
Retinal degeneration mainly from photoreceptor death, as
occurs in age-related
related macular degeneration (AMD), accounts
for 50% of blindness in the Western world (Taylor et al.,
2005). These diseases are characterized by loss of
photoreceptors, followed by inner retinal neuronal cell death
and progressive remodeling (Gargini et al., 2007). There are
few treatment procedures for these diseases, but those that
exist involve therapies to slow photoreceptor death using
pharmacological agents and, more recently, electronic
elect
implants
(O’Brien et al., 2012; Stingl et al., 2013). In particular,
investigation into the efficacy of retinal implants has fuelled
the need for the development of inducible animal models of
retinal degeneration that mimic the human retinal disease
phenotype and are experimentally tractable. Thus, although
there are many transgenic or natural genetic mutations in small
animals, including genetic models of retinitis pigmentosa
(Fletcher et al., 2011), few inducible models of retinal
degeneration are available
vailable for which the timing can be
regulated. Among the available inducible models, acute light
damage has recently become popular and has been extensively
researched (Hunter et al., 2012, Soliño et al., 2018).

However, this method is limited in applic
application, because,
although it is very effective in albino animals, pigmented
animals are relatively resistant to light
light-induced damage
(LaVail and Gorrin, 1987). Also, other aspects of the genetic
background, even between albino strains, can moderate the
effectiveness
ctiveness of this method (Danciger et al., 2007).
Pharmacological treatments to induce retinal degeneration
have also been developed, but many of these have their
drawbacks. Systemic administration of N
N-methyl-Nnitrosourea
(MNU) has been found to induce tu
tumor formation in addition
to photoreceptor death (Tsubura et al., 2011), which makes it a
poor choice for long term studies of retinal implants. Similarly,
methanol administration has detrimental systemic effects on
the central nervous system and affects bboth inner andouter
retinal neurons to induce blindness in rodents and humans
(Eells et al., 1996). Systemic administration of iodoacetate has
also been used as a model of retinal degeneration in rodents
but induces bilateral vision loss (Wang et al., 2011). Other
novel inducible models of retinal degeneration that can be
administered to one eye only without systemic side effects are
desirable. Recently, intravitreal administration of adenosine
triphosphate (ATP) has been found to be effective for inducing
photoreceptor
hotoreceptor death and loss of retinal function in the injected
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eye, suggesting it as a potential candidate for an inducible
model of retinal degeneration (Notomi et al., 2011, 2013; Felix
et al., 2014; 2016 ). Due to lack of studies that investigate the
changes consumed the lens during early steps of retinal
degeneration, the aim of the present search is to give an
approach for lens molecular structure changes in ATP rats
model of retinal degeneration by using fourior transformer
infrared technique.

MATERIALS AND METHODS
Chemicals Supply: All chemicals used in the experiments
were obtained from Sigma Company (St. Louis, MO, USA)
with the highest purity grad available.
Animals and Grouping: Fifty healthy albino Wistar rats of
both sexes weighing 50±10 g (20 days old) were used in this
study. The rats were randomly selected from the animal house
facility at the Research Institute of Ophthalmology (RIO),
Giza, Egypt. They were housed in special designed cages and
maintained under constant air flow and illumination during the
experimental periods, the rats were fed with balanced diet
(protein 21%, starch 70%, fat 3.5%, fiber 3.5%, minerals and
vitamins 2%) and drink water ad libitum. The animal was
handled according to The Association for Research in Vision
and Ophthalmology (ARVO) statements and regulations for
the use of animals in research. Rats will be divided into 4
groups: Group I served as the control group and were received
intravitrial injection of saline. All other groups were received a
single intravitreal injection of 2µL of ATP and decapitated
after 1, 3 and 6 days, respectively.
Intraocular Injections of ATP in Rats: Rats were anesthetized
by an intramuscular administration of a mixture of ketamine
(60 mg/kg; Provet, Victoria, Australia) and xylazine (5 mg/kg;
Provet). In addition, the corneal reflex was anesthetized with
topical administration of Alcaine (0.5%; Alcon Laboratories,
Victoria, Australia). Using a 30-G needle, a single intravitreal
injection of 2 μL of 1 M ATP prepared in sterile saline vehicle
(0.9%) was injected into the vitreous of treated groups. The
control rats received 2 μL saline vehicles (Dureau et al., 2001).
Transforms Infrared Spectroscopy (FTIR): Lenses
were
freeze-dried separately for 1 h, and then mixed with KBr
powder (2 mg lens: 98 mg KBr) to prepare the KBr disks that
will be used for the FTIR investigation. FTIR measurements
were carried out using Nicolet-iS5 infrared spectrometer
(Thermo Fisher Scientific Inc, Madison, USA) with effective
resolution of 2 cm-1. Each spectrum was taken from 100
sample interferograms. The spectrometer was subject to a
continuous dry N2 gas purge to remove interference from
atmospheric CO2 and H2O vapor. The spectra were baseline
corrected, then smoothed with Savitsky–Golay filter to remove
the noise before Fourier transformation. Three spectra from
each sample were obtained and averaged using OriginPro8
software (Origin Lab Corporation, Northampton, MA, USA) to
obtain the final average group spectrum which was normalized
according to certain peaks and used in the figures.
Statistical Evaluation: Data was represented as the mean±SD.
For comparison between multiple groups the analysis of
variance (ANOVA) procedure was used, where a
commercially available software package (SPSS-11, for
windows) was used and the significance level was set at
P˂0.05.

RESULTS AND DISCUSSION
FTIR spectroscopy is a technique provides quantitative
biophysical information about biological samples. It is high
sensitivity in detecting changes in the molecular constituents of
tissues and also about the function of the organ. The FTIR a
spectrum of lens is complex and contain several bands arise
from the different functional groups belonging to lipids,
proteins, and others. Figure (1) panel (a) shows the vibrational
frequency range corresponding to lens tissue of control rats
group , the spectral can be described in three distinct frequency
ranges; 4000–3000 cm-1 (NH-OH region), 3000–2800 cm-1
(CH region), and 1800–1000 cm-1 (fingerprint region). Panel
(b) of figure (1) shows the CH region in detail to appear
underlined peaks. The infrared absorption pattern of control
rat lens was characterized by existence of eight absorption
bands. Two of them related to (1) strOH and (3) strOHsym in
NHOH region, two bands related to (6)asymCH2 and
(7)symCH3 in CH region and the rest of bands in fingerprint
region that related to (9) amide I, (10) amide II (12) COOsym,
(13) asymPO2. The numbers of bands for facility to their
assignment and the missing numbers are function groups
appeared in others groups. Figures (2), (3) and (4) illustrated
all vibrational frequency range corresponding to the lens tissue
for all groups of rats injected intravitreal with ATP and
decapitated after 1,3 and 6 days respectively in panel (a) and
CH region in detailed for all the same groups in panel (b).
Table (1) shows NH-OH region assignment for control group
and injected groups with ATP and decapitated after 1, 3 and 6
days, respectively. the data indicated shifting of the strOH
mode band to the lower wave numbers with significant
decrease (p˂0.05) in band width for groups II and III that
injected by ATP for 1 and 3 days. Shifting of the strOH mode
band to the higher wave numbers with significant increase
(p˂0.05) in band width for 6 day group was observed and
splitting of the band after1day, 3day to 4, and 2 peaks
respectively. Appeared of new band around 3317 cm-1 that
related to strNHasym for 3day group and also 3338 cm-1 for 6
day group as indicated in table (1).
The strOHsym band was also affected after 1, 6 days. The
strOHsym band had the lower wavenumbers with significant
decrease (p˂0.05) in band width after 1day and 6 days then
disappear after 3days. The final observation was the appeared
of new band around 3154 cm-1 that related to strNHsym and
3071 cm-1 that related to C-Hring after 1day of intravitreal
injection of ATP. NHOH region was found to be dramatically
affected in particular after one day of ATP injection where
more vibrational mode was observed relative to control. These
reflex more conformational changes which involve moiety of
lens fiber. The detection of asymNH after 3 and 6 days of ATP
injection indicated the increase of disorder of lens fiber
(Paluszkiewicz et al., 2018) . Table( 2) shows CH region for
all the studied groups control, ATP 1day, ATP 3days and
ATP 6 days respectively, we observed the shifting of the
symCH3 mode band to the higher wavenumbers with
significant increase (p˂0.05) in band width for 1day and 6 day
only, and observed the shifting of the symCH3 mode band to
the lower wavenumbers with significant decrease (p˂0.05) in
band width in day 3 group. The careful analysis for CH region
(table 2) shows that the symmetric vibration mode (symCH3) is
sensitive to ATP injection as indicated by the fluctuation
change in its band frequency and this band is associated with
lens lipid molecule (Berterame et al., 2016).
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Fig. 1. FTIR spectra (4000-1000 cm-1) shows NHOH region and fingerprint region in panel
(a)and CH region in detailed in panel (b) for lenses of control rats

Fig. 2. FTIR spectra (4000-1000 cm-1) shows NHOH region and fingerprint region in panel (a) and CH region
in detailed in panel (b) for lenses of rats intravitreal injected with ATP and decapitated after 1 day

Fig. 3. FTIR spectra (4000-1000 cm-1) shows NHOH region and fingerprint region in panel (a) and CH region in detailed in panel (b)
for lenses of rats intravitreal injected with ATP and decapitated after 3 days
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Fig. 4. FTIR spectra (4000-1000 cm-1) shows NHOH region and fingerprint region in panel (a) and CH region in detailed in panel (b)
for lenses of rats intravitreal injected with ATP and decapitated after 6 days.
Table 1. NH-OH region (4000-3000cm-1) of rat’s lens for control group and rats injected with ATP after 1,3 and 6 days
(1) strOH

(2) strNHasym

ontrol

3480±4
284±3
1 day3853±2
3741±3 3615±5
3455±2*
ATP
100± 2
35 ± 5
141 ±2
244 ±4*
3 day-ATP
3579±2 3458±3*
3317±1
147±1
182±2*
300±4
6 day-ATP
3500±3*
3338±1
238±1
294±1
*Statistical significant p˂0.05 The first line is the absorbance and the second is the width.

(3) strOHsym
3284±5
274±1
3267±3*
178±2*

(4) strNHsym

(5) CHring

3154±4
103 ±1

3071±5
80±4

3246±1*
270±1

Table 2. CH Region (3000-2800 cm-1) of rat lens for all groups injected with ATP compared to control
(6) AsymCH2
(7) SymCH3
Control
2940±1 49± 4
2861±1 77 ±2
Day 1-ATP
2946± 2 62 ± 1
2880±1* 66 ± 1*
Day 3-ATP
2941±1 57 ± 1
2837±2* 80 ± 2
Day 6-ATP
2944± 2 54 ± 1
2877±1* 98 ± 1*
*Statistical significant p˂0.05 The first line is the absorbance and the second is the width.

Table 3. Fingerprint region (1800-900 cm-1) to lens of control rats and intravitrous injected rats with ATP after 1,3 and 6 days
(8) Ester C=O
Control
Day 1-ATP
Day 3-ATP
Day 6-ATP

1706± 2
172± 1

(9) Amide I
1645±1
90± 2
1650± 1
88± 1
1643± 1
111± 2
1649± 1*
85± 2

(10) Amide II
1540± 2
61± 4
1537± 2
76± 1
1540± 2
64± 2
1541± 2
65± 1

(11) CH2 bend

1460± 1
28± 2
1495± 1
83± 2

(12) COOsym
1418± 1
99± 5
1417± 2
142±3c
1415± 1
121± 2*
1423± 2
86± 3

(13) AsymPO2
1247± 1
54± 2
1248± 2
138± 1*
1259± 1*
137± 2*
1242± 2
51± 2

(14) SymPO2

1088± 1
104 ± 2
1087± 1
130 ± 2
1076± 2
51.9± 1

*Statistical significant p˂0.05
The first line is the absorbance and the second is the width.

Table (3) shows fingerprint region for all the studied groups
that covers the range 1700-900 cm-1 We observed increased
the number of bands estimated after 1day group to seven bands
compared to control (four bands). Also appeared of three new
band around 1706±2 cm–1 that related to Ester C=O ,1460± 1
cm–1 that related to CH2bend and 1088± 1 cm–1 that related to
symPO2.

After ATP 3days group the split of amide II to two bands
1540±2 and 1495 ± 1, significant increase (p < 0.05) of asym
PO2¯ and appear of new band at 1087 ± 1 cm–1related to
symPO2. After ATP 6 day’s group, appeared a new band at
1076±2 cm–1 that related to symPO2. Regarding the protein
moiety of lens fibers, the band position was shifted from 1645
for the control to 1649 after 6 days for injection. Amide II
bands splitting supporting to protein changes.
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The detection of CH2 bending band 1460±1 after 1 day of
ATP injection conform the changes in lens lipid. The
phosphate lipids were found to be sensitive (affected) by the
ATP injection and this represented by the detection of
symPO2vibrational mode in all ATP injected groups relative to
control group. Grossniklaus et al., (2013) stated that retinal
vessels hyalinized and loss of rods in macula due to age is
associated with lens changes.
Conclusion
At day 1 of ATP injection changes target is lipid but at day 3
and 6 changes target protein part of lens fiber. All together can
lead to the conclusion that ATP injection dramatically affect
both protein and lipid moieties of lens fiber. Recommendation
of a regular examination for whole eye especially lens in case
of retinal degeneration not retina only.

REFERENCES
Berterame NM., Porro D., Ami D., Branduardi P. 2016.
Protein aggregation and membrane lipid modifications
under lactic acid stress in wild type and OPI1 deleted
Saccharomyces cerevisiae strains. Microb Cell Fact.
2016;15:39.
Danciger M., Yang H., Ralston R., Liu Y., Matthes MT.,
Peirce J., Lavail MM. 2007. Quantitative genetics of agerelated retinal degeneration: a second F1 intercross between
the A/J and C57BL/6 strains. Mol Vis 13:79–85.
Dureau P., Bonnel S., Menasche M., Dufier JL., Abitbol M.
2001. Quantitative analysis of intravitreal injections in the
rat. Curr Eye Res., 22:74–77.
Dureau P., Bonnel S., Menasche M., Dufier JL., Abitbol M.
2001. Quantitative analysis of intravitreal injections in the
rat.Curr Eye Res 22:74–77.
Eells JT., Salzman MM., Lewandowski MF., Murray TG.
1996. Formate-induced alterations in retinal function in
methanol-intoxicated rats. Toxicol Appl Pharmacol., 140:
58–69.
Felix P. Aplin, Kirstan A. Vessey, Chi D. Luu, Robyn H.
Guymer, Robert K. Shepherd, and Erica L. Fletcher.
Retinal Changes in an ATP-Induced Model of Retinal
DegenerationFront Neuroanat. 2016; 10: 46.
Felix P. Aplin; Chi D. Luu; Kirstan A. Vessey; Robyn H.
Guymer; Robert K. Shepherd. Erica L. 2014. Fletcher
ATP-Induced Photoreceptor Death in a Feline Model of
Retinal Degeneration Investigative Ophthalmology &
Visual Science December, Vol.55, 8319-8329.
Fletcher EL., Jobling AI., Vessey KA., Luu C., Guymer RH.,
Baird PN. 2011. Animal models of retinal disease. Prog
Mol Biol TranslSci., 100:211–286.

Gargini C., Terzibasi E., Mazzoni F., Strettoi E. 2007. Retinal
organization in the retinal degeneration 10 (rd10)
mutantmouse: a morphological and ERG study. J Comp
Neurol., 500:222–238.
Grossniklaus HE., Nickerson JM., Edelhauser HF., Bergman
LA., Berglin L. 2013. Anatomic alterations in aging and
age-related diseases of the eye. Invest Ophthalmol Vis Sci.,
54(14):ORSF23–ORSF27.
Hunter JJ., Morgan JI., Merigan WH., Sliney DH., Sparrow
JR., Williams DR. 2012. The susceptibility of the retina to
photochemical damage from visible light. Prog Ret Eye
Res., 31:28–42.
LaVail MM., Gorrin GM. 1987. Protection from light damage
by ocular pigmentation: analysis using experimental
chimeras and translocation mice. Exp Eye Res 44:877–889.
Notomi S., Hisatomi T., Kanemaru T., Takeda A., Ikeda Y.,
Enaida H., Kroemer G., Ishibashi T. 2011. Critical
Involvement of extracellular ATP acting on P2RX7 purinergic
receptors in photoreceptor cell death. Am J Pathol.,
179:2798– 2809.
Notomi S., Hisatomi T., Murakami Y., Terasaki H., Sonoda S.,
Asato R., Takeda A., Ikeda Y., Enaida H., Sakamoto T.,
Ishibashi T. 2013. Dynamic increase in extracellular ATP
accelerates photoreceptor cell apoptosis via ligation of
P2RX7 in subretinal hemorrhage. PLoS One; 8:e53338.
O’Brien EE., Greferath U., Vessey KA., Jobling AI., Fletcher
EL. 2012. Electronic restoration of vision in those with
photoreceptor degenerations. Clin Exp Optom., 95:473–
483.
Paluszkiewicz C., Piergies N., Sozańska A., Chaniecki
P., Rękas M., Miszczyk J., Gajda M., Kwiatek WM. 2018.
Vibrational microspectroscopy analysis of human lenses.
Spectrochim Acta A Mol Biomol Spectrosc. 2018 Jan
5;188:332-337.
Soliño M1., López EM1., Rey-Funes M1., Loidl CF., Larrayoz
IM., Martínez A., Girardi E1., López-Costa JJ1.,
Adenosine A1. 2018. receptor: A neuroprotective target in
light induced retinal degeneration. PLoS One. Jun
18;13(6):e0198838.
Stingl K., Bach M., Bartz-Schmidt KU., Braun A., Bruckmann
A., Gekeler F., Greppmaier U., H€ortd€orfer G., Kusnyerik
A., Peters T., Wilhelm B., Wilke R., Zrenner E. 2013.
Safety and efficacy of subretinal visual implants in
humans: methodological aspects. Clin Exp Optom., 96:4–
13.
Tsubura A, Lai YC, Miki H, Sasaki T, Uehara N, Yuri T,
Yoshizawa K. Review: animal models of N-methyl- Nnitrosourea-induced mammary cancer and retinal
degeneration with special emphasis on therapeutic trials. In
Vivo 2011; 25:11–22.
Wang W., Fernandez de Castro J., Vukmanic E., Zhou L.,
Emery D., Demarco PJ., Kaplan HJ., Dean DC. 2011.
Selective rod degeneration and partial cone inactivation
characterize aniodoacetic acid model of swine retinal
degeneration. Invest Ophthalmol Vis Sci., 52:7917–7923.

*******

