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Androgenic compounds can affect osmoregulatory response and apoptosis in fish. In the present study, we exposed
genetically improved farmed tilapia (GIFT) Oreochromis niloticus (L.) to 17a-methyltestosterone (MT, 0.5 and 5 mg/L) for
7, 14 and 21 days for understanding the phenomenon. The activities of Na'/K* ATPase (NKA) and Ca?*/Mg?" ATPase
(CMA) were measured in the gill, kidney and intestine to evaluate the change in osmoregulation of GIFT, and genotoxicity
was also detected. Results showed that organic NKA were significantly decreased in 5 mg/L MT exposure groups. The
intestine NKA was significantly increased (0.5 mg/L MT). MT exposures increased the CMA of kidney and intestine (0.5 mg/L),
together with gill CMA (5 mg/L MT). The results of genotoxicity assay showed gill atplala and nkcc2 transcripts
significantly increased, while intestine atplala and fxyd7 transcripts revealed significant increases for MT exposure groups.
Caspases proteins demonstrated significant increases at 7" and 21% day, and their transcripts were enhanced in 0.5 mg/L MT
exposure groups. The results have evidently demonstrated that chronic exposure of MT could result in organic
osmoregulatory response and hepatic apoptosis in GIFT O. niloticus.
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The artificial androgenic compound, 17a-methyl-
testosterone (MT) is often wused to induce
masculinization of both secondary sexual characters
and gonads in aquatic field studies’. For example,
male tilapia and Yellow catfish has grown faster than
females?, and MT-immersion for sexually immature
hatched larvae has been used to produce mono sex
male population. The normal dose of MT used in fish
farming was 60 mg/L. The residual MT can be
detected in waste water obtained from the Beijing area
of China®. Nile tilapia, Oreochromis niloticus (L.),
(Fam. Cichlidae) is adapted to freshwater and
seawater®. It is sensitive to the oxidative stress of
pollutants and can be treated as a kind of ideal model
fish for toxicity experiment®. Genetically improved
farmed tilapia (GIFT), a tropical species, is suitable
for culture in warm waters, and is sensitive to aquatic
environmental factors®. Aquatic organisms are known
to have well-developed osmoregulatory apparatus to
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regulate fluid and ion transport when faced with
changes in water osmolality and to maintain a
constant body osmolality. lon-osmoregulation is vital
for the maintenance of tissue and cellular functions.
The gills of fish are recognized as highly efficient ion-
osmoregulatory apparatus evolved to adapt to large
changes in external osmolality’.

Fish genotoxicity, the more sensitive indicator to
pollution®, might be a useful biomarker in eco-
toxicological studies. Oxidative stress is known to
generate reactive oxygen species (ROS), mainly in the
mitochondria, and Na'/K* ATPase (NKA) and Ca**/Mg**
ATPase (CMA) are associated with ion transporting®.
Osmoregulatory responses in their main target organs
(gill, kidney and intestine) are sensitive to heavy
metals™. Redox imbalance has been shown to induce
apoptosis in male mouse somatic and spermatogonial
stem cells11. Zhou et al.” reported that bisphenol A
(BPA) inhibits germ cell nest breakdown by interfering
with oxidative stress and apoptosis pathways.

There is limited scientific data concerning the
toxicity to understand the possible cytotoxic effects
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clearly, including oxidative stress, osmoregulatory
response and apoptosis. The present study
hypothesized that organic osmoregulatory response
and hepatic apoptosis could be impaired by MT
exposure via detecting tissue NKA and CMA, hepatic
caspases protein and their transcriptional assay.

Materials and Methods
Experimental design

Fertilized eggs of GIFT, Oreochromis niloticus
were obtained from Freshwater Fisheries Research
Center of the Chinese Academy of Fishery Sciences,
Yixing. One-month old O. niloticus juveniles were
used in the experiment and were acclimatized in the
aquarium facility with dechlorinated tap water at
28+1°C, with 14:10 h light/dark cycle. The
experimental fish were offered feed twice a day
(purchased from Jiangsu Zhe Ya Food. Co. Ltd.,
China). The experimental conditions were as follows:
pH, 7.1+£0.5 units; dissolved oxygen (tested by YSI
556MPS, USA), 7.16+£0.16 mg/L; total phosphate,
2.16£0.17 mg/L; total nitrogen and ammonia nitrogen
(by Nessler's reagent spectrophotometry), 0.52+0.15
and 0.44+0.06 mg/L, respectively; total water
hardness (ICP-OES, Optima 7000, PerkinElmer,
USA), 194.3+13.0 mg/L CaCO;; CODw, 12.45 £ 0.65
mg/L. The GIFT tilapia (n=90, 69.47+6.13 g,
9.25+1.02 cm) were assigned to three groups in
triplicate (n=10 per aquarium per time point per
concentration). Each group fish were exposed to 0
(control), 0.5 and 5 mg/L MT groups (Sigma-Aldrich,
USA), respectively for 7, 14 and 21 d. There were no
statistically significant differences in body weight or
length in the exposure experiment. During the
experiment, no fish mortality was observed.

Fish sampling

At the end of each experimental period, fishes were
sacrificed by transaction of spinal cord according to
the decision of Ethic Committee of Nanjing
Agricultural University. Samples for both gene
expression (n=3, gill, kidney, intestine and liver) and
biochemical analysis (n=3, gill, kidney, intestine and
liver) were collected. Particularly those tissue samples
(gill, kidney, intestine and liver) for gene expression
studies were homogenized using Trizol reagent
(Invitrogen, USA), frozen in liquid nitrogen and
stored at —80°C immediately until the ATPase
analyses. Four tissues (gill, kidney, intestine and
liver) were homogenized in ice-cold buffer containing
20 mM Tris—HCI, 0.25 M sucrose, and 1 mM EDTA

(pH 7.7) with a ratio of 1/10 at 10,090xg for 2-3 min.
Homogenates for four tissues were centrifuged at
13,000%g (4°C) for 20 min. The supernatants for four
tissues were collected for determination of total
protein levels, ATPase activity and Caspases protein
measurement. The experimental methodology was
approved by the Institutional Animal Care and Use
Committee of the Ministry of Freshwater Fisheries
Research Center of the Chinese Academy of Fishery
Sciences. The tests were undertaken in accordance
with the National Legislation for Fish Welfare
established by the Ministry of Science and
Technology of the People’s Republic of China
(approval ID: 2011AA1004020012).

Determination of osmoregulatory response

The supernatant was analyzed for NKA (cas no.
A070-2-2) and CMA (cas no. A070-3-2) activities
using the commercial kits purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).
The detection protocol followed the manufacturers’
instruction. The NKA and CMA activities were
quantified spectrophotometrically with a PowerWave
XS2 (BioTek instruments Inc, Vermont, USA). Total
protein levels were determined according”® and
bovine serum albumin was used as a standard.

Determination of caspases

Hepatic caspase-3, 8 and 9 activities were
measured using caspases-3 (cas no. H076), 8 (cas no.
H081) and 9 (cas no. H082) Activity Assay Kits
(Nanjing Kaiji Biotechnology, China), respectively as
previously described™. Briefly, liver samples were
homogenized in lysate buffer and the homogenate
were centrifuged at 15,000xg for 20 min at 4°C.
Then, the supernatants were collected. Caspase-3, 8
and 9 activities was measured by using substrate
peptides Ac-DEVD-pNA®.

RNA extraction, reverse transcription (RT) and gqRT-PCR
Total RNAs were extracted from all fish gill,
kidney, intestine and hepatocytes of GIFT juveniles
from MT exposure, the control groups. Total RNA
guality check, DNAase treatment, reverse
transcription for RNA, cDNAs normalization, qRT-
PCR and reference gene selection was performed
following Zheng et al.’. f-actin was the most stable
reference gene under exposure of MT in our study”.
The gRT-PCR primers for p-actin, atplala, nkcc2,
fxyd7, caspase 3, caspase 8 and caspase 9 are
mentioned in Table 1. Caspase gene expression was
measured in hepatocytes, while rkaala, nkccl and
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Table 1 — The primers of tilapia used for qRT-PCR in the study

Gene Primers Tm (°C) Accession No. Product (bp)
. F: GGTGGGTATGGGTCAGAAAGA
p-actin R GOTGTCGTOAAGGAGTAG 50.1 NM_001100.4 124
F: GCTCCAGAGAGGATTTTGGAC
atplala R CTOCAAGACCTCCCAACTCA 58.7 XM_005266431.4 121
F: CAAAGGCTACGGCAAGAACAAT
nkec2 R: AACATCACCCCACAGCAGAGAA 61.9 XM_021467734.1 258
F: CTTGCTGTCATTATGTTTGTCT
Pxyd? R: GGTACTTCTGTCTTTGGGATTT 5.0 NM_001201424.1 122
F:GGAGTGGACGATACAGACGC
caspase 3 R CGCTGATTCATGCCTGTACTG 60.0 XM_017029506.1 194
F:CAAGCCGATGCCTCAAAC
caspase 8 R-ACTTTCCGCTGCTATTTCC 56.8 NM_001206941.2 159
F: CTTCAGCGGAACAGGGTTA
caspase 9 R: GAAGGCACTCCAGAAATAAGG 57.0 NM_001007404.2 202
Table 2 — Tissue NKA and CMA activities of O. niloticus tissues under MT exposure”
Gill activity (U/gprot) Kidney activity (U/gprot) Intestine activity (U/gprot)
Day  Treatment NKA CMA NKA CMA NKA CMA
Con 25.6616.32° 7.95+1.24° 30.25+4.92% 5.12+1.10° 20.14+3.22° 4.62+1.10°
7d  05mg/L MT  26.0045.21° 13.31+1.65% 26.45+2.65°| 10.46+0.95%¢ 28.1442.34% 9.52+1.08%
5 mg/L MT 19.41+6.04°]  11.26+1.23%t  19.78+4.19°]  6.47+1.00° 19.54+3.21°]  5.61+1.28°
Con 25.45+4.25° 7.02+£1.47° 24.18+3.91° 6.24+0.58° 20.47+3.64° 6.49+0.96"
14d 05mg/L MT  19.61+2.32°| 4.95+1.24°| 25.87+3.47° 10.47+1.09% 25.31+2.14% 16.47+1.98%
5mg/L MT 19.97+1.84°| 17.39+1.53% 14.62+2.73°| 5.21+0.96° 16.32+1.05°| 4.67+1.83°
Con 25.88+3.21° 12.61+2.31° 26.96+2.43% 9.24+1.51° 29.68+2.65° 6.75+2.11°
21d  05mg/L MT  29.0243.55% 8.52+2.63°| 24.65+2.11° 14.8745.32%¢ 33.2445.32% 9.95+2.47%
5 mg/L MT 20.12+3.18°]  15.41+1.96%  17.11+2.10°],  7.32+1.52° 17.10+1.74°,  6.48+1.55°

[* “1” stands for up-regulation, and “|” stands for down-regulation. The different lower-case letters indicate statistically significant

differences (P <0.05]

fxyd7 were completed in three tissues (gill, kidney and
intestine). The changes of expression levels of these
genes after MT exposure were calculated following
the reported research™®.

Statistical analysis

Data were tested for normality of distribution
(Shapiro-Wilk test) and homogeneity of variance
(Levene's test) prior to analysis. The data were dealt
with one-way ANOVA analysis followed by the LSD
test (Ahmad et al., 2006) with SPSS Statistics 25.0
(SPSS Inc., Chicago, IL USA), with P <0.05
indicating an significant difference (different lower-
case letter).

Results
NKA and CMA activities

All the experimental data are shown as the mean +
standard deviation of the mean (SD). The tissue NKA
(Na'/K*ATPase) and CMA (Ca*/Mg** ATPase)
activities (gill, kidney and intestine) are depcited in
Table 2. Gill NKA activities in 0.5 mg/L MT (17a-
methyltestosterone) exposure groups were significantly
decreased (P <0.05, 14 d) and induced (P <0.05, 21 d),
respectively when compared with the controls. The

values of kidney NKA activities were lowest in the
0.5 mg/L MT exposure groups at 7 d when compared
with the controls (P <0.05), while intestine NKA
activities were significantly induced for 0.5 mg/L MT
exposure groups all through the exposure time when
compared with the controls (P <0.05). NKA activities
were significantly decreased in 5 mg/L MT exposure
groups at all exposure time points when compared
with the controls (P <0.05).

Kidney and intestine CMA activities were
significantly increased for 0.5 mg/L MT exposure
groups when compared with the controls (P <0.05).
Gill CMA activities were significantly increased
(P <0.05, 7 d) and decreased (P <0.05, 14 d and 21 d)
for 0.5 mg/L MT exposure groups, respectively when
compared with the controls. Gill CMA activities were
significantly induced for 5 mg/L MT exposure groups
when compared with the controls (P <0.05).

Caspases activities

The activities of hepatic caspase 3 were revealed in
Fig. 1A. Caspase 3 activities showed significant
increase for 0.5 mg/L MT exposure at 7 d and 14 d
when compared with the controls (P <0.05), while
those only revealed significant increase for 5 mg/L
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Fig. 1 — (A-C) Caspase 3, 8 and 9 activities of Oreocromis niloticus tissues under MT exposure. [The different lower-case letters

indicate statistically significant differences (P <0.05)]

MT exposure at 21 d when compared with the
controls (P <0.05). Caspase 8 activities showed
significant increase for 0.5 mg/L MT exposure at 7 d
(increased by 417%, P <0.05), while those revealed
significant increase for 5 mg/L MT exposure 7 d
(increased by 218%, P <0.05) and 21 d (Fig. 1B,
P <0.05) when compared with the controls. Caspase 9
activities showed significant increase for MT
exposure (0.5, 5 mg/L) both at 7 d and 21 d (Fig. 1C,
P <0.05), while those demonstrated significant
decrease for 5 mg/L MT exposure at 14 d (decreased
by 140%, P <0.05) when compared with the controls.

Osmoregulatory response and apoptosis

The gene expression profiles of osmoregulatory
response signaling pathway (atplala, nkcc2 and
fxyd7) were revealed in Fig. 2. Gill atplala and nkcc2
transcripts showed significant increase (P <0.05)
when compared with the controls, while intestine
atplala and fxyd7 transcripts revealed significant
increase for MT exposure at all the exposure time,
except for 0.5 mg/L MT exposure at 7 d (P <0.05)
when compared with the controls. However, Kidney
and intestine nkcc2 transcripts demonstrated as
significant decrease for both 0.5 and 5 mg/L MT
exposure groups at 21 d (P <0.05) when compared
with the controls. Kidney atplala transcripts only
showed significant increase for 5 mg/L MT exposure
groups at 7 d (P <0.05) when compared with the
controls.

The hepatic gene expression profiles of apoptosis
signaling pathway (caspase 3, caspase 8 and caspase 9)
were revealed in Fig. 3. Both, caspase 3 and caspase 8,
transcripts of hepatocyte showed significant increase
and decrease in 0.5 and 5 mg/L MT exposure groups
at 7 d (P <0.05), while caspase 9 revealed significant
increase only for 5 mg/L MT exposure (P <0.05)
when compared with the controls. caspase 3, caspase

8 and caspase 9 transcripts were revealed significant
increase only in 0.5 mg/L MT exposure groups at 14 d
(P <0.05), and those showed significant increase in a
dose-dependent manner at 21 d (P <0.05) when
compared with the controls.

Discussion

We know MT has the potential to induce oxidative
stress, our previous study showed that hepatic
antioxidant enzymatic activities were increased in
tilapia under MT exposure®’. The present study firstly
focused on related organic osmoregulatory response
and hepatic apoptosis in tilapia under MT (17a-methyl-
testosterone) exposure. The exposure period and the
concentration were chosen according to the previous
studies'”*®. Our results have demonstrated that MT
stimulates  adaptive  response, eg., increased
expression of some antioxidant enzyme genes;
oxidation production and the depletion of antioxidant
enzymes. However, antioxidative responses were
different between higher MT (5 mg/L) and lower MT
(0.5 mg/L) treated groups. The current data together
with our previous data'"*® suggest that higher
concentration of the testing toxicants or even long-
term exposure could alert impairment of tissues™.

Usually, the biomarker genes tested to verify the
potent signaling pathway involved in the cascade of
osmoregulatory response. These genes for this study
contains: atplala®®, nkcc2'®? and fxyd®**. When
fish gills face acute transfer, phosphocreatine will act
as an energy source to meet the osmoregulatory
demand through the activity of NKA activity. Hence,
atplala (NKA), nkcc2 (NKA transporter) and fxyd7
(NKA transport regulator) were detected in three
osmoregulatory response related tissues in the present
study. NKA activity showed the induced impairment
of osmoregulation in lowest copper exposure groups,
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Fig. 2 — Transcriptional osmoregulatory response related gene expression profiles in different O. niloticus tissues under MT exposure.
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Fig. 3 Hepatic apoptosis related gene expression profiles in O. niloticus tissues under MT exposure. (A) caspase 3; (B) caspase 8; and
(C) caspase 9.

but not to higher exposure levels®. The decline tilapia under cadmium exposure®. Branchial NKA
in NKA was presumably mediated by the combined  could be used as a sensitive biomarker to assess the
action of deficient mitochondrial electron transport  health status of tilapia population®, and tilapia gill
chain activity?. Renal NKA was found increased in  NKA and Ca* ATPase could act as sensitive
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biomarkers in metal contaminated waters®. The key
transporters associated with the NaCl transport
process were thought to be Na'/K*/2Cl-cotransporter 1
(NKCC2, nkcc2)”’. By interacting with NKA, the
phospholemman (FXYD) domain-containing ion
transport regulator (fxyd) was involved in teleost
osmoregulation®. FXYD7 (fxyd7) was mainly
expressed in brain, and the recent study found that
FXYD7 could decrease K™ affinity, thus it contributed
to stimulation of the enzyme at elevated extracellular
K* concentrations®. As of now, the knowledge and
function of FXYD7 in tilapia is limited.

The results showed NKA and CMA activities (gill,
kidney and intestine) decrease and increase, respectively;
kidney and intestine CMA activities were only increased
in 0.5 mg/L MT exposure groups in the present study.
Gill NKA and CMA activities were found decreased in
0.5 mg/L MT exposure groups, in alignment with the
studies on copper exposure® and lead exposure®. The
results also showed gill, intestine atplala and gill nkcc2
transcripts, kidney and intestine fxyd7 displayed
significant increase in the present study as reported
earlier’®®%, Gene transcriptional levels of ion pumps
(such as Na'/K* ATPase a3-subunit) were revealed as
significant increase in tilapia under various stress®.
Two Na'/K* ATPase al isoforms (a-la and a-1b) are
mainly expressed in gill, and o-1a (Na'/K* ATPase ol
polypeptide 1a, atplala) is mainly expressed in
freshwater tilapia’. The present study demonstrated
NKA and CMA activities could act as sensitive
biomarkers of organic osmoregulatory response®* for
different concentration of MT exposure in tilapia.

Xenobiotic compounds produced hepatotoxicity in
tilapia for recent years®**, which resulted in apoptosis
by detecting the activities and transcripts of the
caspase family**®. Apoptosis was revealed upon
tilapia branchial mitochondrion-rich cells in the form
of osmoregulatory response under salt water®. In the
gill cells of euryhaline fish (tilapia), abrupt changes in
environmental change modify the sphingomyelin
turnover and control the production of free
ceramide'®. In addition, the latter one serves as an
important stress signaling molecule resulted in
apoptosis®. A significant activation of caspase-3, -8, -9
activities was evident in toxicant exposure
groups®**** . Caspase-3 could be used as oxidative
stress related predictor of pollution in Oreochromis
niloticus®, which was upregulated in the tilapia serum
upon exposure to hyperosmotic solutions®. When
taking tilapia to the perfluorooctane sulfonate (PFOS)

and perfluorooctanoic acid (PFOA) exposure, a
significant activation of caspase-3, -8, -9 activities
was evident in both PFOS and PFOA exposure
groups®, which suggested pollutants to induce
apoptosis with the involvement of caspases in tilapia
hepatocytes®*®. However, caspase 3 in serum was
upregulated when fish had been taken to seawater
compared with fresh water groups. It demonstrated
that prolonged apoptosis occurred in tilapia exposed
to elevated salinity in vitro®. It means that caspase
proteins were induced usually when fish faced to
osmoregulatory stress. Hepatic caspase activities (-3, -8
& -9) and their transcripts were enhanced in tilapia
under MT exposure in the present study, which
demonstrated hepatic apoptosis*®*“° were impaired in
GIFT under MT exposure. However, the the current
data cannot be considered to be a irrefutable evidence.
There could be other pathways which may also be
affected by MT exposure. MT decreased strippable
male ratio, enhanced hatching rates with subsequent
oxytocin treatment (5 1U/kg i.v.)*, changed the
expression of the arginine vasotocin receptors* and
aquaporins (water associated membrane protein
channels)®. These proteins (oxytocin®, arginine
vasotocin® and aquaporin*®*’) may also be relative to
osmoregulatory stress.

Conclusion

The above study of the impact of androgenic
compound 17a-methyltestosterone (MT) on the
osmoregulatory response and apoptosis in genetically
improved farmed tilapia (GIFT), Oreochromis
niloticus has demonstrated significantly decrease and
increase in the organic (5 mg/L MT) and intestine
(0.5 mg/L MT) NKA (Na'/K* ATPase) by 17a-methyl-
testosterone (MT) exposure. Also, it did increase the
CMA (Ca*/Mg* ATPase) of kidney and intestine
(0.5 mg/L), together with gill CMA (5 mg/L MT) as
well. Gill atplala and nkcc2, intestine atplala and
fxyd7 transcripts significantly have also shown
increase. Caspases proteins demonstrated significant
increase at 7" and 21* day, and their transcripts were
found elelvated in 0.5 mg/L MT exposure groups. MT
could result in organic osmoregulatory response and
hepatic apoptosis in GIFT, while the irrefutable
evidence need to be taken.
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