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Abstract: Background: Applications of ultrasound in medicine for therapeutic purposes have been an accepted and 

beneficial use of ultrasonic biological effects for many years but exposure to ultrasound can generate oxidative stress. Aim: 

The aim of the present study is to investigate the changes in the function of the retina due to ultrasound exposure and the 

protecting role of vitamin C and/or β-carotene by using electroretinogram (ERG). Materials and Methods: Newzealand albino 

rabbits of both sexes classified into five groups. Group (I) used as control group. The eyes of group (II) Insonificated with 

continuous ultrasound waves (1.5 W/cm
2 
at 2.8 MHz) for 20, 40 and 60 minutes. Group (III) was insonificated with vitamin C 

instillation and group (IV) insonificated after β-carotene supplementation. Group (V) was insonificated after combination of 

the two treatments. Results: Statistically significant reduction (P˂ 0.05) in a- waves amplitude after insonification and 

exceeding with increase exposure time 20, 40 and 60 min was observed. The amplitudes of a-wave after treatment with topical 

and supplemented or both remained significantly larger compared with those exposure to US only but its latency lower than 

that found in insonified groups. In addition, the b-waves were found to follow the same behavior as a-wave. Conclusion: The 

study recommended considering oral β-carotene antioxidant in combination with vitamin C eye drops as a medical tool and 

personal protective in ultrasound equipment in provide safety. 
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1. Introduction 

Ultrasound (US) Applications in medicine have long been 

an established and beneficial use of ultrasonic biological 

effects for therapeutic purposes. Low power ultrasound with 

a frequency of around 1 MHz has been widely commonly 

used for physical therapy in conditions such as tendinitis or 

bursitis since the 1950s. Ultrasound energy Ultrasound 

energy has significant mechanical, biochemical, thermal and 

cellular effects. Concern over ultrasound protection led many 

agencies to devise regulatory restrictions on the machine 

performance intensities. During ultrasound imaging The 

visual display of thermal and mechanical indices provides an 

assist to restrict the system performance. 

Rwei et al., [1] stated that US exposure could generate 

oxidative stress that is comparable to traditional 

H2O2administrations. The effect of generating oxidative 

stress is adjustable by means of ultrasound parameters, 

including the pulsed or continuous wave, US intensity and 

microbubbles addition. 

Chen et al., [2] found that intense-focused ultrasound 

(IFUS) rejuvenation may result in heat injury, leading to an 

acute increase in intraocular pressure (IOP). Heat damage to 

zonular fibers can cause spasm and myopia in 

accommodation. 
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Carotenoids are naturally occurring pigments found in 

most fruits and vegetables, plants, algae, and photosynthetic 

bacteria. Humans cannot synthesize carotenoids and must 

ingest them in food or via supplementation. Carotenoids have 

a variety of human health roles. They exert antioxidant 

effects mainly, but individual carotenoids can also work by 

other mechanisms; for example, β-carotene has a function of 

pro-vitamin A, while lutein/zeaxanthin constitutes macular 

pigment in the eye. Lutein’s role in reducing development of 

age-related macular eye disease and cataracts is 

strengthening; an intake recommendation will help generate 

awareness in the general population to get sufficient intake of 

lutein rich foods [3]. Li et al., [4] reported that carotenoid 

supplementation can improve human visual efficiency, but no 

validated rodent model is yet available to test its effects on 

visual function in laboratory animals. They showed that mice 

deficient in β-carotene oxygenase 2 (BCO2) and/or β-

carotene oxygenase 1 (BCO1) enzymes can accumulate 

carotenoids in their retinas, allowing them to investigate the 

effects of carotenoids on the visual performance of mice. The 

effects of a carotenoid supplementation on retinal thickness 

and macular function of patients with diabetes was 

investigated by Moschos et al.,[5] suggesting the use of 

carotenoid supplements may be of benefit for improving 

visual function of type 2 diabetes patients. Giannaccare et 

al.,[6] has been shown cartenoids significantly reduce retinal 

ganglion cells apoptosis that is responsible for the 

progression of retinal damage in glaucoma and in other optic 

neuropathies, as well as RPE cells death that causes age 

macular degeneration (AMD) development. 

β-carotene (C40H56) present in abundance in the human 

diet and subsequently found in all human tissues including 

blood. Due to its high bioactivity, it is also widely used in 

medicine. Among the various roles of β-carotene in the 

human body, the essential one relates to the supply of 

provitamin A, thus influencing embryonic development, 

correct growth, and sight. It is considered an inhibitor of 

some genes, and it has anticancer and antioxidant properties 

[7, 8]. 

Ascorbic Acid is a water-soluble natural vitamin (Vitamin 

C, C6H8O6). Vitamin C is an effective antioxidant and 

reducing agent that acts in fighting bacterial infections, in 

detoxification reactions, and collagen formation in fibrous 

tissue, teeth, bones, connective tissue, skin, and capillaries. 

Vitamin C present in citrus and other fruits as well as in 

vegetables, cannot be produced or stored by humans and 

must be obtained in the diet. It is possible that any ascorbic 

acid diffuses into the vitreous cavity from the aqueous 

humor. However, McGahan [9] suggested that Vitamin C 

might also enter the vitreous humor from other sources; 

perhaps some passes out of the retina. In most species, the 

concentration of ascorbic acid in the vitreous humor is the 

same as that in aqueous humor or slightly lowers [10]. 

Vitamin C is concentrated into the neural retina to a similar 

degree as it is concentrated into the aqueous humor. On this 

basis, one might expect the retina, in particular the RPE, to 

have the ability to transport ascorbic acid. 

The big challenge facing the pharmacologist and 

formulation scientist today is the delivery of ocular drugs. 

The most effective and patient compliant route for drug 

administration is topical eye drop. Various precorneal, 

dynamic and static ocular barriers limit the delivery of drugs 

to the targeted ocular tissues. The therapeutic drug levels are 

not maintained in target tissues for longer period. Over the 

past two decades, research into ocular drug delivery 

accelerated advanced towards developing a new, safe and 

patient compliant formulation and drug delivery [11,12]. 

In the present work, we study the recorded a and b- waves 

of rabbit ERG and their variations due to the exposure to US 

with different duration (20, 40 and 60 min) at frequency 

2.8MHz and intensity 1.5 W/cm. In addition, the protective 

role of topical Vitamin C (vit C) and β-carotene 

supplementation due to US were investigated. 

2. Materials and Methods 

2.1. Experimental Animals 

 Sixty-five healthy mature Newzealand rabbits of both 

sexes, weighing 2-2.5 Kg were used in this study. The rabbits 

were selected from the animal house at Research Institute of 

Ophthalmology, Giza, Egypt. The experimental protocol 

approved by the local ethical committee that applies ARVO 

(The Association for Research in Vision and Ophthalmology) 

statements for using animals in ophthalmic and vision 

research. All animals were housed two to three rabbits per 

cage in a central temperature of 20-25°C and fed on a 

laboratory balanced diet. All procedures were conducted 

according to the principles enunciated in the guide for care 

and use of laboratory animals. Rabbits were classified into 

four groups according to the following: 

Group I: containing five rabbits were used as control 

group. 

Group II: Contains 15 rabbits subdivided into three 

subgroups (5 rabbits and 10 eyes each), the three subgroups 

were insonificated for 20, 40 and 60 minutes with ultrasound. 

Group III: Contains 15 rabbits subdivided into three 

subgroups (5 rabbits and 10 eyes each). As the previous group, 

the three subgroups were insonificated for 20, 40 and 60 

minutes with ultrasound. Animals were topically treated with 1 

drop (approximately 50 µl) of the 10% ascorbic acid [13] was 

used as eye drops every 15 minutes, starting one hour before 

insonification, until the end of ultrasound exposure.  

Group IV: Contains 15 rabbits supplemented with 15 

mg/kg β-Carotene for two weeks [14] then subdivided into 

three subgroups (5 rabbits and 10 eyes each). The eyes of the 

three subgroups were insonificated for 20, 40 and 60 minutes 

with ultrasound and recorded ERG after 24 hours of 

ultrasound exposure.  

Group V: Consists of 15 rabbits supplemented with 15 

mg/kg β-Carotene for two weeks then subdivided into three 

subgroups (5 rabbits and 10 eyes each). The eyes of the three 

subgroups were insonificated for 20, 40 and 60 min with 

ultrasound. Moreover, one hour before insonification, until 
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the end of ultrasound exposure 10% ascorbic acid was used 

as eye drops every 15 minutes.  

2.2. Ultrasound Insonification 

2.2.1. Properties of Ultrasonic Transducer 

Ultrasound transducer consists of piezoelectric crystal 

(Barium zirconate, titanium). Type SVHSP101 and a conical 

base ended with a fine tip transducer with very low quality 

factor (Q) to give a very wide nearly flat, frequency/ output 

power. The transducer converts the pulsating voltage output 

of the generator into a train of mechanical pulses in the 

ultrasonic range with a power proportional to the applied 

voltage. The main intensity output is 1.5 watt/cm
2
 at about 

frequency 2.8MHz. 

2.2.2. Rabbit Insonification 

The rabbits were anesthetized by injection with 0.1 ml/kg 

separine as muscle relaxant and 50 mg/kg ketamine 

hydrochloride was injected intramuscularly after 15 minutes. 

The rabbits placed in a lateral position on an operating table 

and their body temperature was maintained at 37°C. The eyes 

dilated with one drop of 1% mydriacyl. After adequate 

anesthesia was obtained, the eyelid was open with a stainless 

steel speculum. Insonification of rabbit eyes carried out with 

continous ultrasound waves (1.5 W/cm
2 
at 2.8MHz

 
by using a 

focus piezoelectric transducer in a direct contact with the 

cornea. Good coupling maintained with 10% viscous 

phenylpherine. The transducer positioned so that the 

ultrasonic beam aligned to achieve perpendicular 

transmission through the cornea [15].  

2.3. Electroretinogram (ERG) 

2.3.1. Animal Preparation 

After 24 hours of ultrasound insonification, the animals 

were dark adapted for one hour before the electrophysiological 

recording. They anesthetized by xylazine (21 mg/kg of body 

weight) as muscle relaxant, and ketamine hydrochloride (45 

mg/kg) administrated intramuscularly. Supplementary 

anesthetic was given as required by the same route during the 

course of the experiment.  

Animals placed on the pad of an operating table where 

their body temperature maintained at 37°C. Each rabbit is 

positioned with its head resting to one side and local 

anesthetizing eye drops are applied. The pupil of the recorded 

eye dilated with topical 1% mydriacyl. Hair removal around 

the eye area is essential during the preparation period before 

the undergoing of the experiment.  

2.3.2. Light Stimulation 

A white flash used in this work with fixed intensity (4 lux) 

and duration (0.2 s). The distance between the flash and the 

eye (for control) is changed and the corresponding ERG 

wave in each case is recorded, it is noticed that the amplitude 

of the b-wave is increased with the increase of the light 

intensity and reached saturation at 12 cm from the source. 

One more point is that, at this distance no effects from the 

source are noticed. That is considered the favorable condition 

for obtaining an ERG suitable for testing effects. 

2.3.3. Electrophysiological Recording 

The electroretinogram is recorded by using sensor PS-2111 

and its electrodes (PASCO, Roseville, CA) which connect to 

PASPORT interface direct to the computer. One electrode is 

placed at the corneal periphery as active electrode; the other 

electrode is placed on the skin of the lower eyelid as a 

reference one. The last electrode is placed on the ear as an 

earthed one. The result of electrophysiological signals is 

collected and analyzed by data studio 1.9.8 software 

(PASCO, Roseville, CA). Before starting the measurements, 

ERG testing for all rats is carried out to establish baseline 

standards. 

3. Results 

In this part of experimental work, we studied the flash 

electroretinogram which is a valuable tool for assessing 

retinal function The ERG serves to register the potential of 

retinal cells in response to light. The assessment of retinal 

electrical activity was conducted with a- and b-wave 

amplitude of the electroretinogram: a-wave is a negative 

wave reflecting the functional activity of photoreceptors, 

and b-wave is a positive wave reflecting the electrical 

activity of bipolar and Muller cells with the possible 

involvement of the horizontal and amacrine cells. Figure 1 

illustrated the records of ERG to control rabbits group and 

exposed to U. S. after 20, 40 and 60 min of insonification 

compared to treated groups with vit. C and /or β-carotene. 

For the control rabbits, the a-wave amplitude which 

corresponds to photoreceptor function was on the average 

of 25±3 µv while the average b-wave which reflects the 

electrical activity in the inner retina subsequent to 

photoreceptor stimulation was 88±5 µv.  

Figures 2 and 3 illustrated a-wave amplitude and duration 

(latency) respectively as a function of the time of exposure to 

US 20, 40 and 60 min using frequency 2.8 MHz at intensity 

1.5w/cm and after treatment with topical vitamin C and 

supplementation of β-carotene or combination between the two 

treatments. It is clear from figures that statistically significant 

reduction in a- waves amplitude and it was apparent, after 

insonification and exceeding with increase exposure time 20, 

40 and 60, the amplitudes were 11±1, 4±1, and 5±1 

respectively and latency of a-wave increase from 15±1to 27±2, 

30 ±2 and 34±1, respectively. The amplitudes of a-wave after 

treatment with topical and supplemented or both remained 

significantly larger compared with those exposure to US only 

but its latency lower than that found in insonified groups. 

The b-waves was found to follow the same behavior as in 

a- wave as shown in figures 4 and 5 that showed relation 

between different time of ultrasound exposure (20, 40 and 

60min) and amplitudes of b-waves. After topical vitamin C 

or supplemented β- carotene or both and its latency at same 

frequency and intensity, antioxidant either oral or topical is 

considered as an effective in preventing damage due to 

ultrasound. 
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Figure 1. ERG records for control rabbits and those exposed to U. S. for 20, 40 and 60 min compared to treated groups with vit. C and /or β-carotene. 

 

Figure 2. Histogram indicated amplitude of a-waves for all the studied 

groups compared to control. * Statistical significant (p˂0.05). 

 

Figure 3. Histogram indicated duration (latency) of a-waves for all the 

studied groups compared to control. * Statistical significant (p˂0.05). 

4. Discussion 

Ultrasound has broad ranging medical applications for 

biological tissue cutting, ablation or fragmentation, and 

removal. However, despite its widespread clinical 

application, there is an incomplete understanding of the 

mechanism of tissue failure, removal and damage.  

 

Figure 4. Histogram indicated amplitude of b-waves for all the studied 

groups compared to control. * Statistical significant (p˂0.05). 

 

Figure 5. Histogram indicated duration (latency) of b-waves for all the 

studied groups compared to control. * Statistical significant (p˂0.05). 

In order to perform quantitative analysis of photoreceptors 

response to retinal pigment epithelium and neurosensory 

retinal destruction, ERG done at different ultrasound 

exposure time. The obtained data of ERG showed changes in 

the physical parameters of a-and b-waves. These changes 

depend on intensity and duration of exposure. 

The percentage decrease in a- and b-waves after US 

exposure period 20, 40 and 60 was found to be 56%, 84 % 

and 80% for a- wave and 51%, 58% and 78% for b- wave 

respectively. After 20, 40and 60 minutes of exposure to 

ultrasound, figures 6 and 7 showed ERG disturbances, a-and 
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b-waves amplitudes reduced with increase exposure time. 

 

Figure 6. Percentage change of a-wave due to insonification for 20.40 and 

60 min compared to control and treated with vitamin C and/or β-carotene. 

 

Figure 7. Percentage change of b-wave due to insonification for 20.40 and 

60min compared to control and treated with vitamin C and/or β-carotene. 

The reaction of biological tissue to US can be to a certain 

extent changeable and depends on the acoustic and biological 

properties as well as on site and role of expose tissue. 

Ultrasound in liquids leads to "cavitation," a strategy creating 

micro explosions which may cause mechanical destruction. 

The chemical effects of ultrasound in aqueous solutions are 

due to acoustic cavitation, which alludes to the arrangement, 

expansion, and collapse of small gas bubbles in liquids. The 

exceptionally high temperatures (several thousand K) and 

pressures (several hundred atmospheres) of collapsing gas 

bubbles lead to the thermal dissociation of water vapor into. 

OH radicals and. H atoms [16].  

The starting tissue harm is watched within the 

photoreceptors and the outer nuclear layer. It subsequently 

showed up from a-wave reduction. The potential US harm 

components happening in tissues incorporate change in 

global biomechanical properties, histomorphological 

changes, protein denaturation and tissue necrosis [17]. In 

addition, all of these retinal changes appeared at the inner 

retinal layers, these changes explain the reduction in 

amplitude of b- wave. The increase in latency of a- and b-

wave would result from greater defect in signal transmission 

between photoreceptor and bipolar cells. 

Concerning oral and topical protection, exogenous 

nutrients such as vitamin C, topical and oral β-carotene (a 

precursor of vitamin A), all contribute to the formation 

defense against ultrasound damage and act as antioxidants. 

The injure mechanism is weakly understood and works for 

harm minimization have not been clearly characterized. For 

this purpose, we assess in vivo experiments using a topical 

application containing vitamin C and oral supplementation 

with β-carotene antioxidant.  

The results indicated that ultrasound exposure for 20 minutes 

lead to change the percentage in a- wave to 44 %, 24% and 4% 

and percentage change in b -wave was 39%, 25%and 3.4 % after 

topical ascorbic acid, oral β-caroten and both respectively. It is 

clear that oral β-caroten antioxidant was more effective at lowest 

period of exposure and has a lasting effect much longer than 

topical one. A characteristic, orally administered supplement can 

relieve eyes from the inside out by motivating healthy tear 

making to re-establish eyes delicate system. The role of beta-

carotene as a free radical scavenger has been well documented 

by many researchers [18-20]. Our findings are largely consistent 

with those of earlier studies of Tso [14] and Ham and co-

workers [21]. They reported that threshold of minimal retinal 

damage from blue light, was increase by approximately 44% 

after supplementation with beta-carotene. In prolonged exposure 

40 and 60 minutes the percentage change in a -wave 56%, 

72%and 40% after exposure period 40 minutes for topical, oral 

and both respectively and percentage change of b wave after 60 

minutes was 56%, 68% and 48%, respectively.  

Our findings illustrate that prolonged US exposure 40 and 

60 able to harm retinal integrity in exposed rabbits and that a 

topical treatment with antioxidant eye drops makes the 

ultrastructural modifications less dramatic. In fact, the 

biological structures are exposed to physiological shifts of 

3°C without permanent injury. Hatab et al., [22] found that if 

US increased tissue temperature by 4°C, then injury occurred 

after 16-minute exposures but, when temperature increased 

by 6°C, then changes occurred at 1 minute. One of the most 

severe complications that may occur during insonification is 

caused by overheating of the ultrasonic tip; so, irrigating 

solutions used to dissipate heat and assist removal of debris 

inadvertently also wash away natural antioxidants [23]. 

Several researchers have investigated how intraocular 

irrigation solutions may influence the retina. At the 

biochemical level, Furthermore, animal studies showed that 

ascorbic acid applied to the irrigating solution could serve as 

free-radical scavengers to avoid endothelial cell damage from 

phacoemulsification [13, 24]. Another suggestion for the 

protection of topical ascorbic acid was that the cavitation-

induced epithelial damage was the main reason for corneal 

permeability increase [25]. In turn, the extent of the infusion 

fluid/retina interaction will mediate by vitreous through 

either diffusion and/or hydration, the topical treatment came 

into contact with the retina [26]. In prolonged ultrasound 

exposure, topical vitamin C can do both dissipate heat and 

serve as free-radical scavengers to counteract the detrimental 

effects of US on the retina and minimizing the 

electrophysiology changes. 

5. Conclusion 

Both topical vitamin C and oral β-carotene has a role in 

protect the retina from ultrasound damage. Oral β-carotene 

antioxidant was more effective and has a lasting effect in 

lower exposure duration 20 minutes but by increasing the 

time of exposure to 40 and 60 minutes, ultrasound probe 
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increased the ocular tissue temperature. The instilled ascorbic 

acid on the cornea was protecting the ocular tissues by 

reducing heat. Therefore, this study recommended 

considering oral β-carotene antioxidant in combination with 

vitamin C eye drops as a medical tool and personal protective 

in ultrasound equipment in provide safety. 
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