Int J Clin Exp Med 2019;12(7):8032-8043
www.ijcem.com /ISSN:1940-5901/1JCEM0090449

Original Article
Histone acetyltransferase TIP60 mediates spermatozoa
damage induced by microwave irradiation in rats

Xuan Weit, Wei Yan?, Guo-Ping Wang?, Long-Fang Zhang?, Ying Jin%, Ti-Ye Sun'3

1Department of Gerontology, General Hospital of The Air Force, Haidian, Beijing 100142, P. R. China; 2Center for
Disease Control of Zhifu District, Yantai City 264000, Shandong Province, P. R. China; Department of Oncology,
Hospital of He Bei Yanda, Sanhe 065201, Hebei Province, P. R. China

Received December 26, 2018; Accepted April 9, 2019; Epub July 15, 2019; Published July 30, 2019

Abstract: The aim of the current study was to investigate the effects of microwave irradiation on rat spermatozoa,
examining the roles of histone acetyltransferase TIPGO in this process. Laboratory rats (n=54) were randomly di-
vided into the control group, radiation group, and radiation + Traditional Chinese Medicine (TCM) group. Rats in
the radiation and TCM groups received radiation for 15 minutes at 100 mW/cm?2. The TCM group was treated with
intragastric administration once a day for 7 days after radiation. On days 1, 2, 7, and 14 after radiation, rat semen/
testis was collected. Sperm motility was measured. Hematoxylin and eosin staining was performed on testis sec-
tions. Terminal deoxynucleotidyl transferase dUTP nick-end labelling was used to detect apoptosis of spermatogenic
cells. The ultrastructure of the sperm was observed by electron microscopy. TIP60, p53, and tubulin expression was
detected by Western blot analysis. Testis sections of the rats demonstrated dyszoospermia in the radiation group,
compared with controls, but lighter than the TCM group. Ultrastructure imaging of sperm in the radiation group
demonstrated oligospermatism, dolichocephalia, trochocephalia, congenital acrosome absence, and mitochondrial
disorder. There was a regular cell layer, high sperm density, and sharp axoneme in the TCM group. Following radia-
tion, the percentage of apoptotic androgones was remarkably increased. At day 1 and day 2, the percentage was
significantly higher in the radiation group than in the TCM group (P<0.05). At days 7 and 14, it was decreased,
compared with earlier time points, but remained significantly higher than the TCM group (18.51+3.58) and control
group (P<0.05). At days 1, 2, and 14, sperm counts in the TCM group (24.67+3.55, 21.40+2.21 and 25.60+4.68)
were significantly different from the radiation group (34.50+3.43, 8.83+0.19 and 13.50+2.35; P<0.05). At day 7,
counts were significantly lower in the radiation group than the control group (P<0.05). Sperm density levels and per-
centages of grade A + B sperm were also measured. They were ameliorated by TCM treatment following radiation.
TIPB0 expression was detected in semen by Western blotting on day 1, day 2, and day 14. At days 1, 2, and 14, p53
expression was higher in the TCM group than the radiation group. The mechanism of sperm injury by radiation may
be that radiation damages DNA. This damage increases TIP60 histone acetyltransferase activity and promotes p53
acetylation. As a downstream target of TIP60, p53 can regulate repair of damaged DNA. In conclusion, TCM treat-
ment increases p53 expression and reduces sperm radiation damage.
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Introduction Histone acetyltransferase (HAT) TIP60 was ini-
tially identified as a protein that binds to the Tat

More and more people work with communica- protein in HIV [2], as the most common HAT in

tion instruments. Thus, microwave irradiation
has become a concern. It may have an impact
on human health. The effects of electromag-
netic radiation on reproductive health in males
has drawn much attention. In a previous pre-
liminary study [1], microwave irradiation was
demonstrated to damage sperm morphology,
ultra-structural organization, apoptosis, and
movement.

the MYST family members. TIP60 could cata-
lyse the transfer of an acetyl group to the
g-amino of lysine in H4 and H2A histones.
Recombinant TIP60 protein can acetylate the
lysine 14 of H3 in vitro. Upon DNA damage,
TIP60 acetylates lysine 20 of p53. This is criti-
cal in regulating p53-dependent cell apoptosis
and repairing of double stranded breaks (DSBs)
[3, 4]. Therefore, TIPG0 activity is important in
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sustaining genomic integrity and regulating re-
pair of DNA damage [5, 6].

Ingredients of TCM extracts used in the present
study included herba cistanches, Morinda offic-
inalis, Herba Epidmed II, Angelica sinensis,
roots of red-rooted salvia, Radix Polygoni Mu-
[tiflori Preparata, Solomon’s seal, seeds of
Chinese dodder, fructus ligustri lucidi, the fruit
of Chinese wolfberry, radix pseudostellariae,
Born astragalus, fructus cnidii, and Shudi. They
have been previously demonstrated to protect
against the damaging effects of radiation [1].
Therefore, an in vivo study was performed to
investigate the mechanisms of TIP60 regula-
tion of rat spermatozoa damage caused by
microwave irradiation.

Materials and methods
Animals and groups

Adult male Wistar rats (n=54; weight, 250+20
g) were obtained from and fed in the Laboratory
Animal Center of Academy of Military Medical
Sciences, Beijing, China. They were divided into
3 groups randomly, including the control group
(n=6), radiation group (n=24), and drug treat-
ment group (n=24). All mice were fed with a
standard diet and maintained in a temperature-
controlled room (22-25°C, 45% humidity) with a
12-hour dark-light cycle. The current study was
approved by the Ethics Committee of the
Academy of Military Medical Sciences, Beijing,
China.

Instruments and materials

Laser scanning microscope (LSM510; Carl
Zeiss AG, Oberkochen, Germany); AMT Camera
System and Transmission Electron Microscope
(TEM; Philips Medical Systems, Inc., Bothell,
WA, USA); Rabbit anti-TIP60 antibody (cat. no.
SAB4500117, Sigma-Aldricht; Merck KGaA);
Specific and non-specific acetylation antibod-
ies were obtained from Professor Yao (University
of Science and Technology of China, Beijing,
China); Terminal deoxynucleotidyl transferase
dUTP nick-end labelling (TUNEL) apoptosis kit
(Wuhan Boster Biological Technology, Ltd.,
Wuhan, China).

Traditional Chinese medicine (TCM) prepara-
tion

TCM used in the current study was obtained
from Beijing Tongrentang Drug Store (Beijing,
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China). Constituents of the TCM medicine in-
cluded Cistanche deserticola, Morinda offici-
nalis, Epimedium, Angelica, Salvia miltiorrhiza
Radix polygoni multiflori preparata, Polygo-
natum sibiricum, dodder, Glossy privet fruit,
Lycium barbarum, Radix pseudostellariae,
Astragalus root, Fructus cnidii, Radix rehmanni-
ae, and radix praeparata, as well as others.
Each component was administered with dos-
age of 140 g. The crude TCM was decocted
with water to a final concentration of 1 g/mL for
use in the study. The prepared drug was stored
at 4°C in sealed flasks.

Dose calculation

In the current study, rats were treated with 5
times the dosage of that in the human body (65
kg) by intragastric administration. Dosage (rat)
X/weight (rat)=5 x Dosage (human)/65 kg.

Microwave irradiation and treatment

In the radiation group, 12 rats were placed in
an anechoic chamber without a reflection coef-
ficient. They received whole-body uniform irra-
diation once with 100 mW/cm? density for 15
minutes at 18+2°C and 50-70% humidity.
Following irradiation, 6 rats in each cage were
fed as usual with free food and water. The
remaining 12 rats were received the same irra-
diation process in the anechoic chamber at
18°C. In the treatment group, 12 rats were
placed in the anechoic chamber without a
reflection coefficient. They received whole-body
uniform irradiation once with 200 mW/cm? of
density for 15 minutes at 18+2°C and 50-70%
humidity. Following irradiation, 6 rats in each
cage were fed as usual. On day 1 after irradia-
tion, the rats were treated with drugs at doses
according to their weight, calculated as Dosage
(rat) X/weight (rat)=5 x Dosage (human)/65 kg,
by intragastric administration once a day for 7
days. In the controls group, the rats were main-
tained in the chamber at 18+2°C without irra-
diation and fed normally.

Sample collection

According to previous methods [7], on days 1,
2, 7, and 14 after irradiation, serum, testicles,
epididymis, and sperm were collected from the
6 rats in the radiation and treatment groups, as
well as from 3 rats in the control group at days
7 and 14 after radiation.
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Blood samples were collected from the femo-
ral artery into anti-coagulative tubes. Samples
were centrifuged at 3,000 x g for 10 minutes to
separate serum, then stored at 4°C. Testicles
and the epididymis were separated from adi-
pose tissue and weighed, calculating organ
coefficients. Left testicles and the epididymis
were fixed in 10% formalin. The right epididymis
was cut into two uniform halves along the verti-
cal axis. It was then cut into six uniform sec-
tions along the lateral axis. The sections were
placed in 1 mL incubating buffer [0.5% bovine
serum albumin (BSA; Beijing Baiaolaibo tech-
nology Co., LTD) diluted in PBS] at 25°C. The
sections were washed with incubating buffer
and transferred to the washing buffer (8 g NaCl,
0.2 g KCl, 0.24 g KH,PO,, 3.628 g Na,HPO,.
12H2O diluted in 1 L H20, PH 7.4) in tubes.

The vas deferens was separated from the epi-
didymis tail and prostate. Incubating buffer (1
mL) was then injected into the broken end of
the vas deferens to wash it. The aim was to col-
lect all sperm cells. They were then incubated
at 37°C for 30 minutes.

Analysis of rat semen

Semen quality was analyzed using a semen
analyzer (WLJY-9000; Weili New Century Sci-
ence & Tech. Deve Co. Ltd., Beijing, China),
combined with a platform, temperature control-
ler, and MACRO count board. Sperm motility,
grade A sperm motility (%), grade B sperm
motility (%), grade C sperm motility (%), and
grade D sperm motility (%) were recorded
according to the World Health Organization lab-
oratory manual for examination and processing
of human semen [7].

Pathological examination of on rat testes and
epididymis

Testes and epididymis tissue sections (2 mm)
were embedded in wax and stained with hema-
toxylin and eosin at room temperature. Pa-
thological changes in interstitial cells and ves-
sels were observed under the AMT Camera
System transmission electron microscope (Phi-
llips Healthcare, Amsterdam, The Netherlands),
including spermatogenetic cell morphology and
structure in seminiferous tubules. The spermat-
ic cord and fascia tissue in the left testicles and
epididymis were resected and washed with
saline. They were fixed in 10% formalin and
washed with water for 10-20 minutes. After
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dehydration, permeabilization was conducted
using Aurion R-Gent SE-EM Kit (Head Beijing
Biotechnology Co., LTD; www.hedebio.com/).
Next, waxing and embedding was conducted.
Tissues were then cut into sections and dried,
dewaxed, stained, dehydrated, and sealed for
imaging.

Apoptosis detection by TUNEL assay

Testicle samples were fixed in 10% formalin for
24 hours. They were then embedded in wax
and cut into 4 um serial sections. One section
in each sample was analyzed by TUNEL to
determine the apoptosis index (Al).

The samples were incubated in 0.5% Triton
X-100 at 37°C for 1 hour and washed with 0.3%
BSA in PBS. They were and incubated with the
buffer containing terminal DNA transferase
(TDT) and biotin-labelled dNTPs at 37°C for 1
hour. Sections were washed and incubated
with streptavidin-fluorescein isothiocyanate at
37°C for 20 minutes. They were then stained
with propidium iodide (50 pyg/mL) for 15 min-
utes. Nuclei with yellow and brown staining indi-
cated apoptotic cells. PBS was used as a nega-
tive control instead of TDT.

Al calculation: 5 fields (x 400) in each section
were captured and the percentage of apoptotic
cells in a total of 500 cells was calculated.

Sperm ultrastructure observation

Semen samples were centrifuged at 2,000 x g
for 10 minutes at 4°C. The supernatant was
discarded and added into 2.5% glutaraldehyde
for 15 minutes. They were washed with PBS
buffer for 2-3 hours at room temperature, then
centrifuged at 2,000 x g for 10 minutes at 4°C.
The supernatant was discarded and fixed in
osmic acid for 0.5-1 hours. Following washing,
the semen was dehydrated, embedded in epoxy
resin, cut into semi-thin sections, and stained
with toluidine blue. Following conformation by
light microscope, the ultrathin sections were
cut and observed with an AMT camera system
(Advanced Microscopy Techniques, Corp., Wo-
burn, MA, USA).

TIP60, p53, and tubulin expression in sperm

Semen was centrifuged at 2,000 x g for 10
minutes. The supernatant was discarded and
0.5 mL of sample buffer (7 ml 0.5 M Tris (pH
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Figure 1. Routine analysis of sperm from rats in control, radiation, and treatment groups. Total sperm count, sperm
density, and grade A + B motility rates were measured in each group.

7.8), 2.6 ml Glycerol, 1 uL DTT, 60 uL of 10%
Brom Blue, 400 uL 10% SDS) was added. The
samples were incubated at 100°C for 15-20
minutes and stored at -80°C.

Samples were separated on a 10% gel with
40-70 pl protein (2.5 ug/ul) quantification using
the bicinchoninic acid method. Proteins were
then transferred to a PVDF membrane with 120
V constant voltage for 90 minutes. The mem-
brane was stained with ponceaus and blocked
with 1% non-fat milk in TBS Tween at room tem-
perature for 1-2 hours (TBST). Rabbit anti-tubu-
lin (DM1A; 1:5,000, Shanghai Huayi Biote-
chnology Co., Ltd.), mouse anti-p53 (DO-1; 1:
2,000, Shanghai Haoran Biotechnology Co.,
Ltd), and mouse anti-TIP60 (1:1,000, Shanghai
Ruigi Biotechnology Co., Ltd) antibodies diluted
in 0.05% Tween in TBS were incubated with the
blot at 4°C overnight. The blots were washed
with TBST four times, 5-10 minutes each time.
Secondary antibodies labelled with horserad-
ish peroxidase (1:5,000, Beijing Solarbio Sci-
ence & Technology Co., Ltd., Beijing, China CAS:
SE131) were used for incubation at 25°C for 45
minutes. Blots were then washed with TBST
four times, 5-10 minutes each time. An en-
hanced chemiluminescence system (Shang-
hai kemin Biotechnology Co., Ltd.) was used for
signal detection.
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Statistical analysis

Data were analyzed using SPSS 18.0 software
(SPSS, Inc., Chicago, IL, USA). Data are present-
ed as the mean + standard deviation and were
analyzed using one-way analysis of variance,
followed by Tukey’s test. P<0.05 indicates sta-
tistically significant differences.

Results
Routine analysis of rat semen

As presented in Figure 1, there were more
sperm in the TCM group than the radiation
group. At 1, 2, and 14 days, sperm counts in
the TCM group (24.67+3.55, 21.40+2.21 and
25.60+4.68, respectively) were significantly di-
fferent from that in the radiation group (34.50+
3.43, 8.83+£0.19 and 13.50+2.35, respective-
ly; P<0.05). At 7 days, the sperm count in the
radiation group (16.80+4.32) was significantly
lower than the control group (26.50+3.23;
P<0.05). At 14 days, it was higher in the TCM
treatment group (25.60+4.68) than the control
group (16.67+3.38; P<0.05).

At 1, 2, and 14 days, sperm density in the
TCM-treated group (12.88+2.45, 10.38+0.18
and 15.70+1.32, respectively) was significan-
tly different from that in the radiation group

Int J Clin Exp Med 2019;12(7):8032-8043
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Figure 2. Testes sections from radiation group rats. (A) Day 1 (left); (B) Day
2 (left); (C) Day 7 (right); (D) Day 14 (left). LSM510 Laser scanning Confocal
Microscopy (magnification, x 10,000-15,000).
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Figure 3. Testes sections from Traditional Chinese Medicine treatment group
rats. (A) Day 1 (right); (B) Day 2 (right); (C) Day 7 (left); (D) Day 14 (right).
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(19.88£2.57, 4.95+0.36 and
6.60+1.01, respectively; P<
0.05). At 14 days, sperm den-
sity in the TCM-treated group
(15.70+1.32) was significantly
higher than that in the control
group (9.01+0.52; P<0.05).

At 1, 2, and 14 days, the per-
centage of grade A + B sperm
in the TCM-treated group
(17.36+£2.87, 24.48+3.20 and
40.42+1.54, respectively) was
significantly higher than that in
the radiation group (12.28+
2.69, 18.96+3.79 and 24.50+
2.75, respectively; P<0.05). At
7 days, the percentage of
grade A + B sperm in the con-
trol group (51.57+1.46) was si-
gnificantly higher than that in
the TCM-treated group (41.21+
3.87) and radiation group
(39.41+4.08; P<0.05). At 14
days, the percentage of grade
A + B sperm in the radiation
group (24.50+2.75) was signif-
icantly lower than that in the
control group (34.64+0.56;
P<0.05). Current results dem-
onstrate that the sperm num-
ber in the TCM-treated group
was more than that in the radi-
ation group. After 1, 2 and 14
days, the sperm number did
not change much in the TCM-
treated group. However, it was
obviously altered in the radia-
tion group. At 7 days, the
sperm number was less in the
radiation group than the TCM-
treated group and control
group. At 14 days, the sperm
number in the TCM-treated
group was higher than that in
the radiation group and control

group.

At 1, 2, and 14 days, sperm
density in the TCM-treated
group first increased, then
decreased. Sperm density
decreased all the time in the

Int J Clin Exp Med 2019;12(7):8032-8043
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Figure 4. Testes sections from control group rats. (A) Day 7 (left); (B) Day

14 (right).

radiation group, compared with control group.
At 14 days, it was higher in the TCM-treated
group than in the radiation group and control

group.

After 1, 2, and 14 days, the percentage of grade
A + B sperm increased gradually in the TCM-
treated group, while it slowly increased in the
radiation group at 7 das, compared with the
control group (51.57+1.46). The percentage
of grade A + B sperm was decreased in
TCM-treated (41.21+3.87) and radiation group
(39.41+4.08). Differences showed statistical
significance (P<0.05). At 14 days, compared
with the control group (34.64+0.56), the radia-
tion group (24.50+2.75) dramatically decrea-
sed, P<0.01.

Pathological examination of testes and
epididymis

In the radiation group, the number of unregular
seminiferous tubules increased. Limiting mem-
brane thinning was observed. Seminiferous epi-
thelium thinning and spermatogenic cells were
not seen anymore. Sperm on the luminal sur-
face decreased, as well as in interstitial cells in
testis. There was hyalinization of interstitial tis-
sues of testis and degeneration of part of the
sertoli cells in seminiferous tubules (Figure 2).

Results of the TCM-treated group demonstrat-
ed that the seminiferous tubules were normal,
with abundant mesenchyme containing capil-
laries. They were without obvious changes of
the limiting membrane and tubular epithelium,
with more spermatogenic cells and sperm on
the luminal surface. There was less disorder of
spermatogenic cells, immature spermatogenic
cells falling in seminiferous tubule lumen, an-
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drogones falling off in seminif-
erous tubules, and sparse
interstitial cells in testis
(Figure 3).

In the control group, the se-
miniferous tubules displayed
fullness, with a uniform and
complete limiting membrane.
There was moderate thickness
of the seminiferous epitheli-
um, spermatogenic cells, and
mature sperm in different de-
velopment stages, and sperm
with moderate density in the
lumen. Interstitial cells were arranged regularly
in the testis and abundant in micro vessels in
loose connective tissue (Figure 4).

Androgone apoptosis

Following irradiation, the percentage of apop-
totic androgones increased, compared with
control and TCM-treated group (Figure 5). At 1
and 2 days, the percentage of apoptotic andro-
gones was 39.54+5.34 and 40.39+4.20, res-
pectively, in the radiation group, significantly
higher than that in the TCM-treated group
(20.76+3.46 and 25.47+2.76, respectively;
P<0.05). At 7 days, the percentage of apoptotic
androgones decreased, compared with 1 and 2
days, but it was higher in the radiation group
(30.66+5.22) than the TCM-treated group
(18.51+3.58) and control group (15.66+4.35;
P<0.05). At 14 days, the percentage of apop-
totic androgones was significantly higher in the
radiation group (23.50+2.35) than the TCM-
treated group (10.84+3.28) and control group
(12.56+2.82; P<0.05). There were no signifi-
cant differences between the TCM-treated
group and control group. Results are demon-
strated in Figure 5.

Sperm ultra-structure observation

TEM results revealed that the sperm mem-
brane was complete with regular mitochondria
in the control group. Sperm in the radiation
group exhibited oligospermatism, dolichoce-
phalia, trochocephalia, congenital acrosome
absence, and mitochondria disorder, while the
TCM-treated group demonstrated a regular cell
layer, high sperm density, and sharp axoneme
(Figure 6).

Int J Clin Exp Med 2019;12(7):8032-8043
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Figure 5. Under Eclipse TS100 inverted microscope: (A) Apoptosis of androgones in the control, radiation, and Chi-
nese medicine treatment groups at different time points. TUNEL staining was performed on samples from (B) Radia-
tion group at day 1 (left), (C) Treatment group at day 1 (right), (D) Radiation group at day 2 (left), (E) Treatment group
at day 2 (right), (F) Control group at day 7 (left), (G) Radiation group at day 7 (right), (H) Treatment group at day 7
(left), (I) Control group at day 14 (right) and (J) Radiation group at day 14 (left), (K) Treatment group at day 14 (right).

TIP60 and p53

TIP60 expression was detected at 1 day (Figure
7) but was not detected at 2 days (Figure 8)
and 14 days (Figure 9). At 1, 2, and 14 days,
expression of pb53 was higher in the TCM-
treated group than the radiation group. There
was no deviation in tubulin expression between
the groups.

Discussion
In a previous study, Wang et al. (8) used a high-

power wavelet (HPM; O, 3, 10, 30 and 100 mW/
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m?) to treat 165 male Wistar rats for 5 min-
utes. After 6 hours and 1, 3, 7, 14, 28, and 90
days, testicle histomorphology was observed
under a light and electron microscope. Results
indicated that 3-100 mW/cm2 HPW, could
damageandrogonesandinduce pathological ch-
anges, including cell degeneration, necrosis,
multinucleated giant cells forming, oligosper-
matism, and interstitial edema. TCM could pro-
tect cells from radiation damage, showing
effects on TIP60. Androgone damage included
death and had localized, ununiformed, and
periodic characteristics. As the HPW increased,
degeneration was aggravated. After 1 day of 3

Int J Clin Exp Med 2019;12(7):8032-8043
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Figure 6. Transmission election microscopy imaging of semen samples. (A) Semen from the radiation group, exhibit-
ing oligospermatism, dolichocephalia, trochocephalia, congenital acrosome absence, and mitochondria disorder (x
12,000); and (B) Semen in the TCM treatment group, exhibiting regular cell layer, large sperm density, and sharp
axoneme (x 8,000); (C) Longitudinal section of sperm with complete membrane and regular mitochondria in the
control group at day 7 (x 12,000); (D) Semen with oligospermatism and dolichocephalia in the radiation group at
day 7 (x 8,000); (E) Semen with high sperm density and sharp axoneme in the TCM treatment group at day 7 (x
12,000).
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Figure 7. Protein expression of p53 in testis using Western blotting (R: Radiation
group; TCM: Chinese Medicine group; C: control group). Expression of p53 on
D1, D7, and D14 *Compared with the control group, p<0.01; A Compared with
radiation group, p<0.01).

mW/cm? HPW, except that
multinucleated giant cells
were also observed. At 1
and 7 days, the degenera-
tion aggravated, compared
with at 6 hours. After 6
hours of 30/100 mW/cm?
HPW, androgone degener-
ation, necrosis, and falling
off increased. There was
focal necrosis and oli-
gospermatism in the semi-
niferous tubules. At 3 days
after 3 mW/cm? HPW, 1-7
days after 10 mW/cm?
HPW, and 6-7 hours after
30/100 mW/cm? HPW, the
percentage of teratosper-
mia increased significantly.

mW/cm? HPW, the androgones degenerated, These previous results suggested that HPM
necrotized, and fell off. This was in accord with could damage androgones, showing dose- and
that of 6 hours following treatment with 10 time-dependent effects.
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Figure 9. Expression of p53 and tubulin control, radiation, and Traditional
Chinese Medicine treatment groups at day 14. Con, control group; R, radia-
tion group; D, Traditional Chinese Medicine treatment group.

ia, and decreased testoster-
one, influencing mice repro-
ductive abilities.

In the present study, high
power microwaves were used
to irradiate rats. This led to
pathological changes in rats,
including increased degener-
ation of seminiferous tubules,
thinning, and falling off limit-
ed membrane and seminifer-
ous epithelium. It also led to
decreased androgones in dif-
ferent grades and sperm on
the luminal surface, andro-
gones falling off, disordered
arrangement of seminiferous
tubules, sparse interstitial
glands, hyaloid degeneration
of testicular interstitium, and
partial degeneration of sertoli
cells. Electron microscopy re-
sults showed that the ultra-
structure of sperm displayed
oligospermatism, dolichoce-
phalia, trochocephalia, con-
genital acrosome absence,
and mitochondrial disorder in
the radiation group. Further-
more, apoptosis was increa-
sed after irradiation. Results
demonstrated that sperm
quality, sperm counts, sperm
density, and the number of

Lin et al. [9] used 900 MHz with 250, 150, and
50 uW/cm? to treat mice for 24 hours/day for
34.5 days. Following irradiation, they detected
the mice capture incubation period (CIP), testis
weight ratio, testicular pathological changes,
sperm counts, percentage of teratospermia,
and testosterone level. They reported that CIP
was obviously prolonged (P<0.05), and the tes-
ticular pathology changed marginally. Sperm
count decreased (P<0.05), the percentage of
teratospermia increased (P<0.05), and testos-
terone levels decreased (P<0.05) in the 150
UW/cm? radiation group, compared with the
control group. These results indicated that low
power microwaves (150 yW/cm?) induced path-
ological changes in the testis with decreased
CIP and sperm counts, increased teratosperm-
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grade A + B sperm were lower

in rats exposed to radiation,
compared with rats exposed to radiation and
treated with TCM extracts. However, the mech-
anisms remain unclear. Previous studies have
demonstrated that the thermal and non-ther-
mal effects of microwave irradiation are the
main causes of damage [10-14]. High power
microwaves increase tissue temperature and
damage physiological function, especially in
the testes. Microwave irradiation can lead to
ultrastructural changes in the seminiferous epi-
thelium and the epithelia of seminiferous
tubules, as well as the perinuclear space. Thus,
itcontributestobroadeninginandrogonesandsp-
erm, reticulum expansion, mitochondria swell-
ing, and decreased 5-nucleotidase and ATPase
activities. Irradiation affects sperm energy
metabolism and leads to insufficient support.
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This has great effects on sperm physiology and
activity levels, indicating that the gonads are
highly sensitive to high power radiation [10-
14].

A previous study demonstrated that sperm
counts and the percentage of sperm in the
grade A + B in TCM-treated group was signifi-
cantly higher than those in other groups.
Radiation could increase apoptosis of sperm
[8, 15, 16]. In TCM, irradiation has been shown
to influence the reproductive system. Long-
term radiation may lead to kidney damage,
hyposexuality, impotence, premature ejacula-
tion, and infertility [1, 17, 18]. Clinical research
has also demonstrated that Traditional Chinese
drugs exhibit positive effects on radiation dam-
age [19, 20]. It was hypothesized that the path-
ogenic effects of microwave irradiation on the
body lead to kidney injury, which directly influ-
ences the human reproductive system. Results
of the current study suggest that the TCM prep-
aration improved sperm quality, increased
sperm count, increased sperm density, in-
creased the number of grade A + B sperm, and
ameliorated pathological changes in the repro-
ductive system of rats exposed to radiation.

Radiation induces DNA DSB, resulting in muta-
tion, chromosome fragmentation, and even cell
death. DNA damage repair is an important
reaction in recovering DNA sequence and struc-
ture and in sustaining genetic stability. During
DNA repair, a series of proteins are activated by
post-translational modifications, such as phos-
phorylation, acetylation, and others [21]. Ace-
tylation is the most common modification in
eukaryote cells, with acetyl transferases cata-
lyzing the transfer of an acetyl to a protein.
Acetylation has effects on enzymatic activity,
protein stability, DNA binding ability, and inter-
action between proteins. Histone acetylation is
a major method of epigenetic regulation. It
coordinates with other histone and DNA modifi-
cations to regulate the histone code. The his-
tone code can be identified by transcription fac-
tors to regulate transcription. The MYST family
of acetyltransferases includes lysine acetyl-
transferase 6A, TIP60, and others [22]. It has
been demonstrated that the stable TIP60 com-
plex can modify histones, assembling within
the plasmosome in vitro [23, 24]. Additionally,
TIP60 can acetylate transcription factors, in-
cluding androgen receptors, upstream binding
transcription factors, C-myc, and ATM serine/
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threonine kinase, enhancing stability and tran-
scriptional activity. Moreover, p53 can be acet-
ylated at a specific lysine by acetyltransferases
[25]. Thus, p53 acetylation plays an important
role in p53-dependent transcriptional activa-
tion, cell apoptosis, tumor pathogenesis, and
DNA damage [26, 27]. TIP60 has been shown
to interact with p53 in vivo and in vitro [28-30].
It has been reported that, upon DNA damage,
TIP60 specifically acetylates lysine 120 on the
DNA binding domain of p53. Thus, when there
is DNA damage, TIP60 can influence the choice
of promoter, regulate the switch from cell cycle
arrest to apoptosis, promote p53, and mediate
apoptosis, indicating that TIP60-dependent
acetylation on p53 lysine 120 is crucial for cell
apoptosis and DNA damage [31].

In the present study, downstream signaling
molecules of TIP60 were investigated by defi-
ciencies of TIP60. This was to explain the bio-
chemical pathways associated with microwave
irradiation damage and repair. There was TIP60
expression in the early period (1 day) following
radiation, but not in the middle (7 days) and
late (14 days) period. However, p53 was ex-
pressed in the early, middle, and late period,
with higher expression in the TCM treatment
group, compared with the radiation group.
There were no differences in tubulin expression
between the TCM treatment group and radia-
tion groups. It was hypothesized that micro-
wave irradiation caused DNA damage and
induced the upregulation of TIP60 acetyltrans-
ferase. Increasing p53 acetylation, TIP60 par-
ticipated in the initial stages of DNA repair.
Less expression of TIP60 without acetylation
activity resulted in the loss of DNA DSB repair
ability and increased apoptosis. Current results
suggest that TIP60, a co-activator of p53, syn-
ergistically participates in DNA repair. It plays a
critical role in DNA damage response and DNA
repair. TCM treatment, in the current study,
increased p53 expression. This may promote
DNA repair, sperm activity, and sperm density.
However, further investigation is necessary.

In conclusion, radiation may damage DNA and
improve the HAT activity of TIP60. Regulation of
DNA repair or apoptosis may be enhanced by
increasing acetylase levels of p53. Moreover,
TCM may significantly improve p53 signaling
pathways in this process. Thus, it promotes
DNA repair and improves sperm activity and
density.
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