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Abstract
Purpose: To investigate the effect of diagnostic ultrasound on corneal apoptosis in rats.
Methods: 24 male rats were randomly divided into 4 groups: control group, 10, 20 and 30 min group.
The eyeballs of rats were irradiated continuously for different time lengths by Siemens ACUSON S2000
color Doppler ultrasound diagnostic instrument. 24 hours later, the animals were killed and the corneas
were taken for Tunel apoptosis detection. The apoptosis rates of corneal epithelial cells, stromal cells
and endothelial cells were calculated.
Results: Apoptotic cells were detected in corneal epithelial cells, stromal cells and endothelial cells of
normal rats. There was no significant difference between the 10 min group and the control group
(P>0.05). The apoptosis rate of 20 min and 30 min groups was significantly higher than that of the
control group. With the extension of irradiation time, the apoptosis rate of corneal epithelial cells,
stromal cells and endothelial cells increased.
Conclusion: 20 min of rat eyeball irradiated by diagnostic ultrasound can increase the apoptosis of
corneal cells, and the apoptosis is aggravated with the prolongation of ultrasound irradiation time.
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INTRODUCTION
Ultrasonic diagnosis has been used in China for
many years, and the field of application and the
level of diagnostic technology have been
continuously improved with the development of
science and technology. The main principle of
ultrasonic diagnosis is to observe different
ultrasonic reflections from different tissue
structures of the human body. Observe and
analyze by transforming abstract reflected waves
into concrete images [1-2]. Ultrasound was the first
to be used in A-ultrasound. With the

development of technology, B-ultrasound was
invented in 1950. At present, the widely used Bultrasound examination also has some
shortcomings. Some studies have shown that the
clarity and resolution of B-ultrasound results
need to be improved. The moving probe and
dynamic human tissue, as well as the poor
conduction of ultrasound in the air, make it
difficult to guarantee good image results. And
poor image results bring some difficulties for
clinical diagnosis [3]. Color Doppler ultrasound is
based on the existing black-and-white Bultrasound plus color Doppler, which can observe
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moving objects, and when used in human body,
colored blood flow signals can be obtained,
which provides a certain basis for improving
clinical
diagnosis.
Ultrasonic
diagnostic
technology is a non-interventional, economical,
practical, repeatable and widely adaptable
examination method. Some studies have shown
that ultrasonic vibration can change the
permeability of cell membrane and improve the
state of cell ischemia and hypoxia. However,
whether continuous ultrasound irradiation has
some damage to the human body remains to be
further studied [4-5].
Since the concept of apoptosis was put forward
by Kerr, it has become the research focus of
tumor etiology and pathology. The understanding
of apoptosis has been deepened gradually, and
the molecular mechanism of apoptosis has been
understood more and more thoroughly. However,
it is also found that this process is far from as
simple as originally thought, but contains
complex regulatory mechanisms [6-8]. It has been
reported that ultrasound can inhibit proliferation
and promote apoptosis by activating p38 MAPK
signal transduction [9]. However, there are still
many problems or even key problems that have
not been understood. In recent years,
remarkable progress has been made in
apoptosis
signal
transduction
pathway,
biochemical response mechanism of apoptosis
and gene regulation of apoptosis.
Some studies have shown that the mechanism of
ultrasonic diagnosis may be related to the
changes of nuclear size and acoustic
characteristics, which are related to cell death,
especially the form of apoptosis [10]. Through the
preliminary study of the effect of apoptosis on
corneal cells caused by ultrasound irradiation
time, this experiment preliminarily shows the role
of apoptosis in the metabolism of normal cornea
and the occurrence and development of some
keratopathy, and attempts to study the changes
of corneal cell apoptosis after diagnostic
ultrasound irradiation in rats in order to find the
safe range of diagnostic ultrasound examination.

EXPERIMENTAL
Experimental animal grouping and model
specimen preparation: 24 healthy male SD rats
(Shanghai Shrek Animal Experimental Co., Ltd.),
aged 28-30 days and weighing 65-85 g, were
randomly divided into 4 groups: control group,
10, 20 and 30min groups. The instrument was
Siemens ACUSON S2000 color Doppler
ultrasound diagnostic instrument, the probe
frequency was 7.5MHz, ultrasound output power
6.8mW, and the spatial and time average sound

intensity (ISATA) was 3.4mW/cm2. In the
experiment, the probe was directly contacted
with the eyeballs of rats, fixed and irradiated
continuously, and the rats were irradiated with 0,
10, 20 and 30min respectively according to
different groups. 24 hours after the irradiation,
the rats were anesthetized with 3% pentobarbital
sodium
40mg/kg
intraperitoneally.
After
anesthesia, the eyeballs of rats were carefully
removed and fixed in 4% paraformaldehyde for
48 hours. The fixed tissues were washed with
running water for gradient dehydration, and
dehydrated in ethanol of concentrations of 50%,
70%, 85%, 95% and 100% successively for 1
hour each time. After dehydration, the tissue was
immersed in a 1:1 mixture of ethanol and xylene
for 1.5 h, then immersed in a xylene solution to
remove ethanol from the tissue, followed by three
paraffin waxes for 1 h each. First, add an
appropriate amount of melted paraffin wax into
the paraffin metal embedding box, then put the
eyeballs into the embedding box, and add
paraffin liquid to immerse the eyeballs, and place
on ice for them to cool and solidify. Turn on the
constant temperature water bath pot and set the
temperature to 40 ℃, fix the embedded wax
piece on the slicer, adjust the thickness of the
slicer to 3 μm, uniform speed was required when
slicing, and gently clip the cut wax slice into
lukewarm water with tweezers, pick up the wax
slice with glass slides, gently absorb the excess
water with filter paper, and then bake the slides
in an oven at 65 ℃ for about 2 hours.
TUNEL staining
The TUNEL kit is provided by Roche (Roche).
The paraffin slices of the above special treatment
were dewaxed to water, washed twice with PBS,
and then repaired in Proteinase K working
solution for 30 minutes at 37 ℃. After antigen
repair, 1% TritonTMX-100 was used to penetrate
the membrane for 5 minutes, and then washed
once with PBS. Seal the wet box with 1% BSA at
room temperature for 30 minutes, wash it with
PBS for 5 minutes after the seal, add TUNELreaction mixture and incubate at 37 ℃ for 1 h.
After incubation, wash with PBS for 3 times and
stained with DAB. After dehydration and
transparency, seal with neutral gum, and the
apoptosis of cells could be observed under light
microscope. The specimens in the negative
control group were only treated with labeling
solution without enzyme treatment, and the other
steps were the same as above. Apoptosis was
observed and counted under light microscope.
10 high power microscopes (400 ×) were
selected for each slice, count the numbers of
normal cells and apoptotic cells, and calculate
the percentage of apoptosis.
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Statistical analysis
The apoptosis rates of rat corneal epithelial cells,
stromal cells and endothelial cells were
calculated and analyzed by chi-square test.
SPSS 22.0 software was used for statistical
analysis of the data. The difference was
considered statistically significant when p < 0.05.

significant difference between the 20min group
and the control group (P<0.05). The apoptosis
rate of corneal stromal cells in the 30min group
was the highest, which was significantly different
from that in the control group (P<0.001). With the
extension of irradiation time, the apoptosis rate of
corneal stromal cells increased significantly.

RESULTS
Effect of diagnostic ultrasound on apoptosis
rate of rat corneal epithelial cells
According to the statistics of the results of
TUNEL staining, we found that there were
normal apoptotic cells in normal rat corneal
epithelial cells, corneal stromal cells and corneal
endothelial cells to some extent. After diagnostic
ultrasound irradiation, there was a significant
difference in the number of apoptotic cells in rat
corneal epithelial cells at different irradiation time
lengths. The apoptosis rate of corneal epithelial
cells was the highest in the 30min group. Of the
apoptosis of corneal epithelial cells stained by
TUNEL, the statistical results showed that there
was no significant difference in the apoptosis rate
of corneal epithelial cells between the control
group and the 10min irradiation group (P>0.05;
see Fig 1). The apoptosis rate of corneal
epithelial cells in 20min group and 30min group
was significantly higher than that in control group
(P<0.01, P<0.001). With the extension of
irradiation time, the apoptosis rate of corneal
epithelial cells increased significantly.

Figure 1: Apoptosis rate of corneal epithelial cells in
rats exposed to ultrasound at different time points.
*p<0.05; **p<0.01; *** p<0.001

Effect of diagnostic ultrasound on apoptosis
rate of rat corneal stromal cells
The apoptosis rate of rat corneal stroma cells
(see Fig 2), TUNEL staining results showed that
there was also apoptosis in corneal stroma cells
under normal physiological conditions, there was
no significant difference between the control
group and the 10 min group (P>0.05); There was

Figure 2: Apoptosis rate of corneal stromal cells in
rats exposed to ultrasound at different time points. *
p<0.05; **p<0.01; *** p<0.001

Effect of diagnostic ultrasound on apoptosis
rate of rat corneal endothelial cells
The effect of diagnostic ultrasound on the
apoptosis rate of rat corneal endothelial cells
(see Fig 3). According to the analysis of the
results of TUNEL staining, we found that there
was normal apoptosis in rat corneal endothelial
cells, and there was no significant difference in
the apoptosis rate between the control group and
the 10min group (P>0.05). The apoptosis rate of
corneal endothelial cells in the 20min group was
significantly higher than that in the control group.

Figure 3: Apoptosis rate of corneal endothelial cells in
rats exposed to ultrasound at different time points
(P<0.05)

The apoptosis rate of corneal epithelial cells in
30min group was significantly higher than that in
the control group (P<0.01). With the extension of
irradiation time, the apoptosis rate of corneal
endothelial cells increased significantly.

DISCUSSION
Under normal physiological conditions, there is a
certain degree of apoptosis in corneal cells.
Some studies have shown that corneal epithelial
Trop J Pharm Res, September 2020; 19(9): 1949
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injury and the reorganization of surrounding
keratinocytes are the main reason for inducing
apoptosis. Some activated keratinocytes are
transformed into myofibroblasts and changed in
this process after the fibroblast stage [11].
Extracellular
matrix,
including
collagen,
accumulates in keratinocytes, resulting in corneal
opacity and increased thickness [12]. Some
studies have shown that diagnostic ultrasound
irradiation time can increase corneal apoptosis,
which may lead to corneal opacity, thinning and
bulge [13]. Some studies have shown that the
intensity of ultrasound and the duration of
irradiation will cause changes in the morphology
of corneal tissue, a decrease in the level of
corneal collagen, and corneal cells will
experience apoptosis for a period of time; injured
corneal cells will cause corneal epithelial cell
apoptosis due to the accumulation of
inflammatory cells, and chronic epithelial cell
injury will lead to stroma thinning and epithelial
hyperplasia [14-16]. Other studies have shown
that ultrasound-induced corneal cell injury is
caused by apoptosis; ultrasound-induced free
radicals can cause corneal endothelial cell
damage [17-19]. Corneal endothelial cells are
non-renewable, cells cannot regenerate, and the
gap between senescent and apoptotic cells is
supplemented by the expansion and migration of
other endothelial cells. After the injury, the
adjacent endothelial cells enlarged, expanded
and migrated to cover the damaged area [20-22].
Our study shows that corneal apoptosis induced
by diagnostic ultrasound can be avoided to some
extent, and there is no statistically significant
difference between the control group and the
10min group. However, the apoptosis rate of
corneal epithelial cells increased significantly
when the continuous irradiation of ultrasound
was longer than 10min.
TUNEL staining is a method used to detect
apoptosis. Under pathological stimulation, the
DNA of cells is broken, which exposes 3’-OH.
Under the action of terminal deoxynucleotidyl
transferase, fluorescein labelled dUTP can be
added to label apoptotic cells [23]. Through
TUNEL staining, we found that normal rat
corneal epithelial cells, stromal cells and
endothelial cells have typical apoptosis, and
there is a typical apoptosis phenomenon in the
process of corneal epithelial cell self-metabolism.
Our study showed that there was no significant
difference in the apoptosis rate between the
10min group and the control group, but there was
a significant difference in the apoptosis rate
between the 20 min group and the 30min group
compared with the control group. The increase of
irradiation time of ultrasound diagnostic
equipment also increased the apoptosis rate of

corneal cells. The eyeball is a very sensitive
organ in human tissue. Ultrasonic diagnosis is a
diagnostic method in which ultrasonic testing
technology is applied to the human body to
understand the data and morphology of
physiological or tissue structure, find diseases
and make hints. It is a non-invasive, painless,
convenient, intuitive and effective means of
examination, and the influence of ultrasound
irradiation is also the focus of attention [24-25]. In
this study, we established a rat irradiation model
to observe the effect of different irradiation time
lengths on the apoptosis rate of corneal cells in
rats. The results showed that the apoptosis rate
of corneal cells increased with the increase of
time after continuous ultrasound irradiation.
There was no significant difference between the
10min group and the control group, but after the
irradiation time was longer than 10 min, the
number of apoptotic corneal cells increased and
the apoptosis rate increased, which was higher
than that in the control group and 10min group.
When ultrasound is used to examine eyeball
diseases, the duration of irradiation should be
strictly
controlled.
Long-term
continuous
irradiation will increase the apoptosis of corneal
epithelial cells, stromal cells and endothelial
cells, resulting in further eyeball damage.

CONCLUSION
The results of this study provide a theoretical
basis for the standardized use of diagnostic
ultrasound in clinical science. They also provide
some ideas and directions for follow-up research.
However, the mechanism of apoptosis is very
complex and the mechanism of corneal
apoptosis induced by ultrasound needs further
investigation.

DECLARATIONS
No conflict of interest is associated with this
work.
Contribution of authors
We declare that this work was done by the
authors named in this article and all liabilities
pertaining to claims relating to the content of this
article will be borne by the authors.
Open Access
This is an Open Access article that uses a funding model which does not charge readers or their
institutions for access and distributed under the
terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
Trop J Pharm Res, September 2020; 19(9): 1950

Liu et al

4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

12. Park JW, Ko JH, Kim BH, Ryu JS, Kim HJ, Kim MK, et al.
Inhibition of mtor by rapamycin aggravates corneal
epithelial

stem

cell

deficiency

by

upregulating

inflammatory response. [J]. Stem Cells, 2019, 37: 12121222
13. Riau AK, Liu YC, Lim CHL, Lwin NC, Teo EP, Yam GH,

REFERENCES

et al. Retreatment strategies following small incision
lenticule extraction (smile): In vivo tissue responses. [J].

1. Kendall CJ, Prager TC, Cheng H, Gombos D, Tang RA,

PLoS One, 2017, 12: e0180941

Schiffman JS. Diagnostic ophthalmic ultrasound for

14. Kim WJ, Helena MC, Mohan RR, Wilson SE. Changes in

radiologists. [J]. Neuroimaging Clin N Am, 2015, 25:

corneal morphology associated with chronic epithelial
injury. [J].Invest Ophthalmol Vis Sci, 1999, 40: 35-42

327-365.
2. Negrao de Figueiredo G, Muller-Peltzer K, Schwarze V,

15. Kallinikos P, Efron N. On the etiology of keratocyte loss

Rubenthaler J, Clevert DA. Ultrasound and contrast

during contact lens wear. [J]. Invest Ophthalmol Vis Sci,

enhanced ultrasound imaging in the diagnosis of acute
3. Leadbetter Ruth, Weatherall Mark, Pelosi Luciana. Nerve
ultrasound

as

a

diagnostic

tool

for

sensory

neuronopathy in spinocerebellar ataxia syndrome. [J]
SE,

Medeiros

CS,

Pathophysiology of corneal

Santhiago

capsule to remove lens epithelial cells during cataract
surgery. Effectiveness and safety. [J]. J Cataract Refract
Surg. 2007, 33: 1025-1032
17. Escoffre JM, Campomanes P, Tarek M, Bouakaz A. New

.Clin Neurophysiol, 2019, 130: 568-572.
4. Wilson

2004, 45: 3011-3020
16. Raut RM. Low-intensity ultraviolet a irradiation of the lens

aortic pathologies. [J]. Vasa, 2019, 48: 17-22

MR.

scarring in persistent

epithelial defects after prk and other corneal injuries. [J].
J Refract Surg, 2018, 34: 59-64
5. Puts R, Ruschke K, Ambrosi TH, Kadow-Romacker A,

insights on the role of ros in the mechanisms of
sonoporation-mediated

gene

delivery.

[J].Ultrason

Sonochem, 2020, 64: 104998
18. Nemet AY, Assia EI, Meyerstein D, Meyerstein N,
Gedanken A, Topaz M. Protective effect of free-radical

Knaus P, Jenderka KV, et al. A focused low-intensity

scavengers

pulsed ultrasound (flipus) system for cell stimulation:

phacoemulsification. [J]. J Cataract Refract Surg, 2007,

Physical and biological proof of principle. [J]. IEEE
Trans Ultrason Ferroelectr Freq Control, 2016, 63: 91100
6. Kerr JF. Neglected opportunities in apoptosis research.
[J].Trends Cell Biol, 1995, 5: 55-57

on

corneal

endothelial

damage

in

33: 310-315
19. Rubowitz A, Assia EI, Rosner M, Topaz M. Antioxidant
protection against corneal damage by free radicals
during phacoemulsification. [J]. Invest Ophthalmol Vis
Sci, 2003, 44: 1866-1870

7. Millar NL, Reilly JH, Kerr SC, Campbell AL, Little KJ,

20. Rouhbakhshzaeri M, Rabiee B, Azar N, Ghahari E, Putra

Leach WJ, et al. Hypoxia: A critical regulator of early

I, Eslani M, et al. New ex vivo model of corneal

human tendinopathy. [J].Ann Rheum Dis, 2012, 71: 302-

endothelial

310

therapy with mesenchymal stromal cell secretome. [J]. J

8. Shyam H, Singh N, Kaushik S, Sharma R, Balapure AK.

phacoemulsification

injury

and

rescue

Cataract Refract Surg, 2019, 45: 361-366

Centchroman induces redox-dependent apoptosis and

21. Wilson Steven E, Medeiros Carla S, Santhiago Marcony

cell-cycle arrest in human endometrial cancer cells. [J].

R. Pathophysiology of Corneal Scarring in Persistent

Apoptosis, 2017, 22: 570-584.

Epithelial Defects After PRK and Other Corneal Injuries.

9. Benard A, Janssen CM, van den Elsen PJ, van

[J]. J Refract Surg, 2018, 34: 59-64.

Eggermond MC, Hoon DS, van de Velde CJ, et al.

22. Choi SO, Jeon HS, Hyon JY, Oh YJ, Wee WR, Chung

Chromatin status of apoptosis genes correlates with

TY, et al. Recovery of corneal endothelial cells from

sensitivity to chemo-, immune- and radiation therapy in

periphery

colorectal cancer cell lines. [J]. Apoptosis, 2014, 19:

e0138076

1769-1778.

after

injury.

[J].PLoS

One,

2015,

10:

23. Arama E, Steller H. Detection of apoptosis by terminal

10. Methot SJ, Proulx S, Brunette I, Rochette PJ. Chronology

deoxynucleotidyl transferase-mediated dutp nick-end

of cellular events related to mitochondrial burnout

labeling and acridine orange in drosophila embryos and

leading to cell death in fuchs endothelial corneal
dystrophy. [J]. Sci Rep, 2020, 10: 5811

adult male gonads. [J].Nat Protoc, 2006, 1: 1725-1731
24. Medeiros CS, Lassance L, Saikia P, Santhiago MR,

11. Achiron A, Feldman A, Karmona L, Pe'er L, Avizemer H,

Wilson SE. Posterior stromal cell apoptosis triggered by

Bartov E, et al. Effect of rho-associated kinase inhibitor

mechanical endothelial injury and basement membrane

on human corneal endothelial cell apoptosis. [J]. J

component nidogen-1 production in the cornea. [J] Exp

Cataract Refract Surg, 2020, 46: 612-616

Eye Res, 2018, 172: 30-35

Trop J Pharm Res, September 2020; 19(9): 1951

