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Abstract. Tamoxifen is an antiestrogen therapy frequently used in the treatment of breast 
cancer and is currently being assessed as a prophylactic for those at high risk of developing tumors. 
This study was undertaken to estimate the incidence of retinal changes associated with tamoxifen 
treatment. Rabbits were divided into four groups, the first group served as control and the other three 
groups were administered a daily dose of 5, 10 and 15 mg/kg of tamoxifen. Rabbits were decapitated 
after 2, 4 and 6 months, respectively. Fourier transform infrared (FTIR) spectroscopy and curve-
fitting analysis were carried out. Analysis of variance was used with significance level set at p < 0.05. 
The region NH-OH indicates significant changes (p < 0.05) in wavenumber and band width. The 
conformational changes of the secondary structure of the protein in terms of alpha-helixes, beta-sheets 
and beta-turns were observed in all tamoxifen groups. Also the fingerprint regions indicate changes in 
the surrounding environment for the administration of tamoxifen. These data indicate a molecular 
mechanism by which tamoxifen cause retinal secondary structure changes formation suggesting that 
people using tamoxifen should receive an eye exam at least as often as recommended for middle-aged 
people. 
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INTRODUCTION 

 The increased use of chemotherapeutic agents has resulted in longer cancer 
patient survival. Consequently, the ophthalmologist is seeing more patients with 
adverse ocular side effects secondary to these antineoplastic agents [21]. Ocular 
toxicity induced by cancer chemotherapy includes a broad spectrum of disorders 
reflecting the unique anatomical, physiological and biochemical features of the eye. 
Visual changes have been attributed to a number of chemotherapeutic agents such 
as antimetabolites, alkylating agents, taxanes and hormones [20]. 
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Hormonal therapy is another form of systemic therapy. It is used as an 
adjuvant/neoadjuvant therapy to help reduce the risk of the recurrent-after 
surgery/metastasis cancer. Estrogen (ER) is known to promote the growth of about 
2 out of 3 of breast cancers (ER-positive cancers) those having receptors for the 
hormones estrogen and/or progesterone (PR-positive cancers). Because of this, 
several approaches to blocking the effect of estrogen or lowering estrogen levels 
are used to treat hormone receptor-positive breast cancers [23]. 

Tamoxifen is an anti-estrogen drug that selectively modulates the esterogen 
receptors (SERMs) [3] therefore it can potentially affect the vision as the retina 
contains estrogen receptors [9]. 

Decreased visual acuity, bilateral macular edema, retinal yellow-white dots 
and corneal opacities, bilateral optic neuritis and retinal hemorrhages have been 
reported [2, 22]. Gorin et al. [14] described intra-retinal crystals and posterior sub-
capsular opacities with tamoxifen usage. On the whole, the most common 
tamoxifen induced ocular toxicities remain to be the retinopathy and cataract, 
lesions of cornea and optic nerve. Salomao [25] concluded that the aspects of 
central retinal function that are assessed by multifocal ERG were not affected after 
tamoxifen use, suggesting that the multifocal ERG is not sufficiently sensitive to 
detect tamoxifen-associated changes that might occur, although there was a degree 
of color vision loss and ocular toxic effects were found in some cases of this 
cohort. Chung et al. [6] stated that patients with low cumulative doses of tamoxifen 
can also suffer visual symptom-related foveal cystoid spaces and/or macular 
thinning. Cho et al. [5] investigated the mechanism of tamoxifen retinotoxicity 
using human retinal pigment epithelial (RPE)-derived (ARPE-19) and 
photoreceptor-derived (661W) cells and found that lysosomal membrane 
permeabilization as well as caspase-dependent apoptosis contributed to tamoxifen-
induced cell death. 

Anticipation of various treatment related toxicities may also provide the 
opportunity to develop intervention strategies that could minimize expected 
adverse effects. Therefore this study aims to understand the causation of tamoxifen 
ocular toxicity in particular its molecular structure retinal changes.   

MATERIALS AND METHODS  

MATERIALS 

Sixty healthy New Zealand white rabbits of either sex, weighing 2–2.5 kg 
were randomly selected from the animal house facility at the Research Institute of 
Ophthalmology RIO, Giza, Egypt. The animals were kept separately under good 
ventilation and adequate standard diet. They were housed in special designed cages 
and maintained under constant air flow and illumination during the experimental 
periods, also away from any acoustic stress or electromagnetic radiation. The 
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animal was handled according to the ARVO (The Association for Research in 
Vision and Ophthalmology) statements and regulations for the use of animals in 
research. The rabbits were divided into 4 main groups: 

Control group: (n = 15) kept untreated as a normal group. 
Tamoxifen administered group: (n = 15) received orally daily dose of  

5 mg/kg (D5).  
Tamoxifen administered group: (n = 15) received orally daily dose of  

10 mg/kg (D10). 
Tamoxifen administered group: (n = 15) received orally daily dose of  

15 mg/kg (D15). 
Rabbits groups were subdivided into three subgroups and decapitated after 2, 

4 and 6 months, respectively (T2, T4, and T6).               

ADMINISTRATION OF TAMOXIFEN 

Tamoxifen (Nolvadex, AstraZeneca-Egypt) was administered orally through 
the stomach tube once with doses 5, 10 and 15 mg/kg tamoxifen/day by gastric 
intubation in 0.5% hydroxypropyl methylcellulose [15] at 5 mL/kg dose volume 
between 09 and 10 a.m. The overall study lasts for 6 months.  

PREPARATION OF SAMPLES 

 The New Zealand white rabbits were sacrificed by decapitation, where the 
eyes were enucleated, and then opened by corneal section through the ora serrata. 
After removing the corneas, the iris was pulled out by a forceps where the eye lens 
and the vitreous humour (jelly structure) were jointly removed. The remaining eye 
cub, which contains the retina, was cut into two pieces and by the aid of a glass 
slide the retina was scrubbed and removed to previously sterilized and weighted 
dark brown glass vials. The glass vials were flushed by dry N2 gas and kept at  
–20 °C for further analysis.  

FTIR SPECTROSCOPY MEASUREMENTS 

The weighted retinae were freeze-dried separately and mixed with KBr 
powder (2 mg retina: 98 mg KBr) then pressed to prepare the transparent KBr disks 
that will be used for the Fourier transformation infrared (FTIR) investigations. 

FTIR measurements were carried out using Nicolet-iS5 infrared spectrometer 
(ThermoFisher Scientific Inc, Madison, USA) with effective resolution of 2 cm–1. 
Each spectrum was derived from 100 sample interferograms. The spectrometer was 
operated under 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 
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transformation. Three spectra from each sample were obtained and averaged using 
OriginPro9 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 ANALYSIS 

Data were expressed as the mean ± SD. Comparison between multiple groups 
was performed using analysis of variance (ANOVA); commercially available 
statistical software package (SPSS-11 for windows) was used where the 
significance level was set at p < 0.05.  

RESULTS 

The FTIR spectra of retinal tissues are quite complex and contain several 
bands arising from the contribution of different functional groups belonging to 
lipids, proteins, and others. 

The FTIR spectra of retina for normal and treated animals covering the range 
4000–900 cm–1 are recorded. Figure 1 shows that all vibrational frequency range 
corresponds to retinal tissue of normal group and rabbit’s group is administered 5, 
10 and 15 mg/kg tamoxifen daily for 2, 4 and 6 months respectively.  

The detailed spectral analyses were performed in three distinct frequency 
ranges; 4000–3000 cm–1 (NH-OH region), 3000–2800 cm–1 (C–H stretching 
region) and 1700–900 cm–1 (Fingerprint region). The amide I band which appears 
at 1650 cm–1 will be considered separately since it consists of several underlying 
bands which correspond to different protein secondary structural components. 

 
Fig. 1. Overlaid FTIR spectra for all studied groups. 
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NH-OH REGION  

Figure 2 shows the NH-OH region of the retinal FTIR spectra (4000– 
3000 cm–1) for normal and animals groups administered 5, 10 and 15 mg/kg of 
tamoxifen for 2, 4 and 6 months. The main band of the normal pattern was found at 
3453±2 cm–1. The curve enhancement procedure resolved this band into three  
structural components (Table 1) that were centered at 3595±1, 3453±2 and 3240±1 cm–1,  
these bands correspond to (1) stretching O–H (strOH), (2) stretching O–H 
asymmetric (strOHasym), and (3) stretching O–H symmetric (strOHsym) respectively as 
assignments previously mentioned by Dovbeshko et al. [7]. From Table 1, we 
observed the shifting of the strOH mode band to the lower wavenumbers with the 
significant increase (p < 0.05) of band width in D10T2, D10T6, D15T2 and D15T4 and 
splitting of the band after 4 and 6 months of administration of 5mg/kg tamoxifen. 
The strOHasym band was also affected and split into two peaks in D5T2 and 
significant decrease (p < 0.05) in both wavenumber and band width in all groups 
except for D15T6. strOHsym band had significant fluctuating changes (p < 0.05)  in 
position and a significant increase in band width. The final observation is the 
appearance of a new band around 3092 cm–1 that related to (4) CHring after 
tamoxifen administration for all periods related to 5 mg/kg of tamoxifen. 

 
Fig. 2. NH-OH region of retina from normal animals group and groups administered 5, 10 and  

15 mg/kg of tamoxifen for 2 , 4 and 6 months, showing the deconvoluted FTIR spectrum. (1) strOH,  
(2) strOHasym, (4) strOHsym, and (6) CHring. 
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Table 1  

Summary of the Fourier deconvolution and non linear curve fitting of the NH-OH region of retina 
from normal and different groups administered tamoxifen for 2, 4, 6 months 

Groups (1) 
strOH 

(2) 
strOHasym 

(3)  
strOHsym 

(4) 
CHring 

Normal 3595±1 
90±2 

3453±2 
238±3 

3240±1 
118±2  

D5T2 
3596±2 
88±1 

3482±2 
167±9 

3416±11   
263±12 

†3228±5 
†141±10 

3089±3 
67±9 

D5T4 
3616±1    
 63±2    

3535±8 
  156±5 

†3411±4 
†148±10 

†3258±8 
†174±9 

3094±2 
76±7 

D5T6 
3623±2 
62±3 

3564±6       
97±8 

†3444±1 
†221±1 

†3231±1 
†150±2 

3094±2 
77±3 

D10T2 
†3586±1 
†109±2 

†3444±1 
†202±2 

†3245±1 
†128±1  

D10T4 
3596±1 
91±2 

†3445±1 
†245±1 

3247±1 
†126±1  

D10T6 
†3579±1 
†113±3 

†3439±1 
†193±4 

3249±3 
124±2  

D15T2 
†3584±2 
†110±4 

†3445±1 
†184±7 

†3263±3 
†144±2  

D15T4 
†3584±1 
†112±3 

†3444±1 
†200±3 

†3249±1 
†130±2  

D15T6 
3601±3 
†68±3 

†3470±2 
†213±2 

†3268±6 
†236±5  

               First line in each cell indicates the vibrational frequency, while second line reflects the bandwidth 
                       †Statistically significant. 

CH REGION 

Figure 3 indicated the absorption pattern of normal and retina’s groups 
administered to 5, 10 and 15 mg/kg tamoxifen for 2, 4 and 6 months, respectively. 
The infrared absorption pattern of normal retina was characterized by three 
absorption bands in the IR range 3000–2800 cm–1. The curve enhancement 
procedure that used to resolve any overlapping peaks confirms the presence of four 
bands that were centered at 2959±3 cm–1 with bandwidth of 17±1 cm–1, 2925± 
4 cm–1 with bandwidth of 25±1 cm–1, 2870±6 with bandwidth of 33±2 and 2852± 
3 cm-1 with corresponding bandwidth of 12±1 cm–1. These bands can be assigned 
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as (1) CH3asym, (2) CH2asym, (3) CH3sym, and (4) CH2sym respectively as shown in 
Table 2. The assignment of the bands has been previously mentioned by Severcan 
et al. [27]. Among tamoxifen administration period, there were no significant 
changes in the number of estimated bands as well as in the wavenumber or the 
bandwidth (Table 2) except that CH3sym after 6 months of 10 mg/kg tamoxifen 
(D10T6) had significant decrease (p < 0.05) in wavenumber, bandwidth and area. 
There were no significant changes in bandwidth or area to all groups compared to 
normal except for bandwidth and area of CH3sym after 4 months of 5 mg/kg 
tamoxifen (D5T4), when a significant increase was observed. 

 
Fig. 3. CH region of retina from normal animals group and all groups administered to 5, 10 and 15 
mg/kg of tamoxifen for 2, 4 and 6 months showing the deconvoluted FTIR spectrum. (1) asymCH3,  

(2) asymCH2, (3) symCH3, and (4) symCH2. 

Table 2 

 Estimated structural components with their vibrational frequencies, bandwidth and area  
of the CH region of retina for normal and 10 mg/kg tamoxifen administered rabbits groups 

Groups (1) CH3asym (2) CH2asym (3) CH3sym (4) CH2sym 

Normal 
2959±3 
17±1 
9±1 

2925±4 
25±1 
31±2 

2872±6 
33±2 
8±1 

2852±2 
12±1 
7±0.5 
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Table 2 

(continued) 

Groups (1) CH3asym (2) CH2asym (3) CH3sym (4) CH2sym 

D5T2 
2959±4 
18±1 
9±1 

2925±2 
26±1 
32±3 

2873±3 
40±5 
11±1 

2852±2 
13±1 
7±1 

D5T4 
2958±5 
19±1 
8±1 

2924±3 
25±3 
29±2 

2880±2 
†51±2 
†15±1 

2852±2 
15±2 
10±1 

D5T6 
2959±3 
19±1 
9±1 

2925±4 
24±1 
29±3 

2870±2 
31±1 
9±2 

2851±4 
11±1 
6±1 

D10T2 
2959±2 
18±1 
7±1 

2924±2 
26±1 
31±1 

2871±2 
34±1 
10±1 

2852±3 
13±1 
7±1 

D10T4 
2959±2 
17±1 
9±0.4 

2925±3 
26±2 
31±2 

2869±3 
31±2 
8±1 

2852±2 
12±1 
6±0.3 

D10T6 
2962±2 
29±7 
13±3 

2926±2 
20±1 
29±1 

†2861±1 
†11±2 
†3±1 

2851±2 
11±2 
7±1 

D15T2 
2959±2 
17±1 
9±1 

2924±4 
27±2 
34±3 

2869±3 
32±2 
13±2 

2851±4 
11±2 
5±0.3 

D15T4 
2958±4 
19±1 
9±1 

2924±1 
26±2 
32±1 

2872±1 
38±1 
14±1 

2851±2 
12±1 
7±0.5 

D15T6 
2958±3 
18±2 
7±1 

2923±3 
24±3 
30±2 

2870±2 
36±3 
7±0.5 

2852±3 
13±1 
8±0.4 

         First line in each cell indicates the vibrational frequency, while second line reflects the bandwidth 
         and the third line indicates the area. 
                †Statistically significant. 
 

FINGERPRINT REGION 

The fingerprint region of the FTIR spectra covers the range 1700–900 cm–1. 
In this range the absorption band between 1700 and 1600 cm–1 of the spectra which 
ascribed to C=O stretching vibrations, Amide I band, will be analyzed separately in 
details since it contains several underlying peaks which reflect the protein 
secondary structure characteristics. Figure 4 shows the FTIR absorption spectra in 
the range 1600 – 900 cm–1. This figure indicates the presence of six bands in the 
normal pattern that was centered at (1) 1460±3 cm–1 (bendCH2), (2) 1398±2 cm–1 
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(strCOO¯sym), (3) 1301±3 cm–1 (defCH3 deformation), (4) 1226±2 cm-1 (strPO2¯asym), 
(5) 1177±2 cm–1 (strCOOCasym), (6) 1089±3 cm–1 (strPO2¯sym), and (7) 1050±1 cm–1 
(strCOC) as given in Table 3. The bands assignments have been indicated by Jung 
[18] and Stuart [29].  

Also Figure 4 showed the spectra of tamoxifen administered groups (5, 10 
and 15 mg/kg) for 2, 4 and 6 months. As a result of tamoxifen administration, six 
observations can be concluded from Table 3: (1) Increase the number of bands 
estimated after 6 months of 5, 10, and 15 mg/kg tamoxifen to 11, 12 and 13 bands, 
respectively. (2) Splitting of bending CH2 after any dose of tamoxifen except D10T4 
and splitting of strCOO¯sym in D10T6, D15T6. (3) Splitting of defCH3 for all groups 
except D10T4. (4) Significant increase (p < 0.05) of strPO2¯asym after 6 months of any 
dose of tamoxifen. (5) Significant decrease (p < 0.05) of band position of 
strCOOCasym for all groups compared to normal. (6) Splitting of strCOC in D5T6 and 
disappearance of this mode of action after 10 and 15 mg/kg of tamoxifen.  

 
Fig. 4. FTIR spectra of the fingerprint region of normal group and all groups administered to 5, 10 

and 15 mg/kg of tamoxifen for 2, 4 and 6 months. The numbers above the peaks are to facilitate their 
assignment. 
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Table 3 

Vibrational frequencies of the estimated bands in fingerprint region of normal and different groups 
administered tamoxifen 

Group (1) 
bendCH2 

(2) 
strCOO¯sym 

(3) 
defCH3 

(4) 
strPO2¯asym 

(5) 
strCOOC 

asym 

(6) 
strPO2¯sym 

(7) 
strCOC 

 
Normal 
 

1460±3 1398±2 1301 
±3 1226±4 1177±2 1089±1 1050±1 

D5T2 
1463±3 
1440±1 
1420±1 

1402±2 1339±1 
1300±2 1231±3 †1168±1 1090±2 

 1055±3 

D5T4 
1460±1 
1440±1 
1420±2 

1402±2 1343±2 
1311±3 1229±3 †1163±3 1085±3 

 1054±3 

D5T6 
1457±3 
1437±1 
1422±1 

1396±4 1339±2 
1318±1 †1237±1 †1159±2 1080±5 

 
1030±2 
1055±2 

D10T2 
1458±2 
1440±1 
1420±1 

1398±3 1341±1 
1317±2 1231±2 †1166±2 1084±4  

D10T4 1458±3 1401±2 1308±1 1232±1 †1147±1 1088±2  

D10T6 

1476±3 
1458±2 
1437±3 
1421±2 

1398±3 
1375±2 
1364±1 

1341±1 
1319±1 

†1238±3 
 †1166±1 1086±3  

D15T2 
1459±2 
1438±1 1398±1 

1341±1 
1311±3 
1285±1 

1233±3 †1160±1 1085±4  

D15T4 
1459±3 
1440±1 
1420±2 

1399±1 1338±2 
1315±1 1234±4 †1164±1 1086±4  

D15T6 

1474±1 
1459±2 
1439±1 
1420±3 

1398±1 
1376±1 
1364±3 

1342±1 
1318±1 †1239±2 †1160±1 1090±3 1053±3 

                †Statistically significant 

AMIDE I BAND 

Analysis of the amide I band (Fig. 5) showed the curve enhancement 
procedure for normal group and animals treated with 5, 10 and 15 mg/kg of 
tamoxifen for 2, 4 and 6 months. The analysis resolved the contour of the normal 
band into 4 compositional bands that were centered at 1674±2 cm–1 (β-Turns, 
labeled as 1), 1653±1 cm–1 (α-helix, labeled as 2) and 1636±1 and 1624±1 cm–1  
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(β-Sheet, labeled as 3). Table 4 indicates that the distribution of normal protein 
secondary structure components – that were calculated as the area percentage – 
were 11.49±0.5% for β-Turns, 59.1±3% for α-helix and 29.41±2% for β-Sheet. The 
assignment of the bands was indicated by Severcan and Haris [26] and Fuller 
et al. [10]. 

After 5 mg/kg tamoxifen administration for all periods, the contour of amide 
I band was resolved into 7 structural components. For D10 T2, D15T4 and D15T6 
amide I resolved into 5 structural components. There was detected β-sheet in all 
groups with frequency > 1620 cm–1 assigned as intermolecular β-sheets. 

 
Fig. 5. Amid I region (1700:1600 cm–1) of deconvoluted FTIR spectrum for retina for normal and 

treated animals with 5, 10 and 15 mg/kg of tamoxifen for 2, 4 and 6 months. (1) β-turns, (2) α-helix, 
and (3) β-sheet. 

Table 4 shows that the relative distribution of the structural component was 
differrent. The α-helix content was significantly decreased (p < 0.05) for D5T6, 
D10T2, D10T6 and all periods of 15 mg/kg of tamoxifen, concomitant with an 
increase in β-Turns structures. For D5T4 the increased of α-helix is associated with 
a reduced β-Turns. The β-Sheet structure shows a significant decrease in D5T4 and 
a significant increase for D10T6.  
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Table 4 

 Retinal protein secondary structure components after different doses of tamoxifen administration, 
expressed as area percentage of each structural component relative to the total band area 

Groups  β-turns% α-helix% β-sheet% 

Normal  11.49±0.5 59.10±2 29.41±2 

D5T2 11.39±3.5 63.48±4 25.13±2 

D5T4 †0.38±0.4 †81.30±5 †18.32±1 

D5T6 †23.90±1 †49.19±2 26.91±1 

D10T2 †27.21±2 †39.14±2 33.65±2.4 

D10T4 9.20±2 63.15±5 27.65±1 

D10T6 †38.03±4 †17.65±2 †44.32±4 

D15T2 †18.13±0.5 †53.43±1 28.44±2 

D15T4 †16.67±1 †53.12±1 30.21±3 

D15T6 †17.01±1 †50.56±1 32.43±1 

                                                        † Statistically significant 

DISCUSSION 

Fourier transform infrared (FTIR) spectroscopy and imaging is an emerging 
technique in the field of ex vivo diagnostics. The infrared spectra of single cells and 
intact tissues originating from dozens of species and cell types have been analyzed 
by several groups worldwide [4, 12, 19, 32]. These studies have not only provided 
important information regarding the macromolecular contents and their distribution 
in a cell or tissue sample but they have also demonstrated the ability of FTIR 
spectroscopy to differentiate between diseased and non-diseased states [24], 
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determine cell cycle stage [31] and monitor cell death [16]. By measuring the 
absorption of infrared light by a sample, the characteristic energies and intensities 
of absorbance bands of cellular macromolecules can be detected and assigned, 
including carbohydrates, lipids, proteoglycans, collagens, nucleic acids and 
proteins [33]. Moreover, details about the structure and local environment of these 
macromolecules can also be elucidated. 

In the present study, tamoxifen did not affect the CH stretching modes of 
rabbit retina, but the NH-OH region of the rabbit retina has been affected by the 
tamoxifen administration where there is a different interaction/binding mechanism 
and production of various states in the system, as well as different configurations 
and conformations co-exist in the system after tamoxifen administration especially 
in the OH modes. Also some hydrogen bonds have been destructed or weaker 
hydrogen bonds have existed. The splitting of the band reflects different interaction 
binding mechanisms and the variation of the surrounding environment. The 
wavenumber of the CH3 symmetric stretching band shifts to lower values in D10T6, 
indicating an increase of the lipid chains [27]. In addition, the marked change in 
wavenumber of the fingerprint region of retina’s groups administered to tamoxifen 
attributed to oxidative stress induced by tamoxifen (Table 3). Oxidative changes 
have been reported that indomethacin, tamoxifen, thioridazine, and chloroquine all 
produce retinopathies via a common mechanism – they produce ocular oxidative 
stress [5, 30].  The bendCH2 band detected at 1460±3 cm–1 due to the scissoring 
motion of the lipid molecule was affected by splitting in the larger period of 
tamoxifen administration indicating a disturbance in the lipid order. The change in 
band position of strPO2asym band reflects different interaction mechanisms that 
appear after 6 months of tamoxifen administration. This may involve phosphor- 
lipids, genetic material or phosphate sugar that represent the structural constituents 
of the retinal tissue.  

Tamoxifen is a nonsteroidal antiestrogen, which belongs to the family of 
selective ER modulators, drugs that have the ability to occupy ERs (ERα and ERβ), 
acting as ER antagonists in the breast tissue. ERα and ERβ are also present within 
the neural retina and the pigment epithelium of men and women, where tamoxifen 
is reported to decrease glutamate uptake [8]. Tamoxifen retinopathy is typically 
characterized by the presence of small refractile deposits in the nerve fiber and 
inner plexiform layers, primarily in the perifoveal area [13]. Due to tamoxifen’s 
amphiphilic nature, it is suggested that it binds to polar lipids, accumulates in 
lysosomes, and causes cell oxidative damage. Numerous researchers have 
suggested that tamoxifen retinopathy is not caused by actions of tamoxifen on ERs, 
but stems instead from tamoxifen’s cationic amphiphilic properties [6, 17–28].  

The amide I absorption band arises mainly from C=O the stretching vibration 
with minor contributions from the out-of-phase CN stretching vibration, the CCN 
deformation and the NH in-plane band.  The Amide I band is suggesting a 
conformational change in α-helixes [1]. Table 4 indicated that amide I band 
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suggests that proteins lose their structure due to a significant decrease observed as 
induced from free radical reactions. The exposure of proteins to free radicals 
induces secondary structural changes, since secondary structure is stabilized by 
hydrogen bonding of peptide backbone. Proteins are organized into α-helixes, but 
the hydrogen bond is damaged, so the chains open and are more prone to free 
radicals, leading to the change of α-helix. The change of dipole moment of peptide 
bond, as it is shown in equation (1) at resonance structures, leads to a change in the 
orientation of amino groups (NH) to the carbonyl group C=O, resulting in the 
destruction of α-helix and the secondary structure of proteins. 

  (1) 

During the administration interval of tamoxifen β-turn structure was 
increased. β-turns are the smallest type of protein secondary structure, joining other 
elements of secondary structure such as α-helix and β-sheets and abruptly change 
the direction of the polypeptide chain and may dictate the folding of longer 
polypeptide chains. β-turns are common conformations that enable protein to adopt 
globular structures, and may serve as a nucleation site for folding/refolding of 
proteins [11]. Their formation is often rate limiting for folding where protein 
stability is intimately connected with protein folding.  Also, the detected β-sheets 
with frequency > 1620 are assigned as intramolecular β-sheets. These sheets are 
associated with protein folding. Accordingly, retinal proteins are more folded 
during tamoxifen administration. 

CONCLUSIONS 

 FTIR spectroscopy is an excellent technique for the investigation of 
biological structures due to its sensitivity and ability to give valuable information 
about the functional groups, which might have diagnostic value for biological 
systems. These data suggest a molecular mechanism by which tamoxifen can cause 
retinal secondary structure changes and have implications for the clinical use of 
tamoxifen and related antiestrogens suggesting that people using tamoxifen should 
receive an eye exam at least as often as recommended for middle-aged people. 
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