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Thyroid hormones

Thyroid hormones are known to regulate the basal metabolism rate of an
organism. They are also known to regulate the seasonal reproduction of long-
day breeding vertebrates in response to thyrotropin induced deiodinase
enzymes switching in the brain. The current study attempted to investigate the
effect of intraperitoneal administration of thyroxine (T4) and tri-iodothyronine
(T3) hormones at various doses on gonadal recrudescence, plasma estradiol-
17p and quantitative expression analysis of genes encoding for gonadotropin,
thyrotropin, and deiodinases. The estradiol-17p levels were not affected by
either thyroid hormone; however, the gonado-somatic index (GSI) and ovarian
histology were varying. The gonadotropin releasing hormone 2 (gnrh2) and
follicle stimulating hormone-p subunit (fsh-b) gene expressions correspond to
the fish GSI and ovarian histology. The gene expressions show that T4 inhibits
the expression of thyroid stimulating hormone-p subunit (zsh-b) and type 3
deiodinase (dio3), though it enhances the expression of type 2 deiodinase (dio2).
T3, on the other hand, inhibits #s#-b and dio2 expression while increasing dio3
expression. In summary, the T4 appears to regulate gonadal recrudescence in
Heteropneustes fossilis in a dose-dependent manner, whereas the T3 appears to
have no effect on gonadal activity.

Introduction

Thyroid hormones, such as thyroxine (T4) and tri-
iodothyronine (T3), are secreted from vertebrate
thyroid follicles in response to thyroid stimulating
hormone (TSH), released from pars distalis region of
pituitary gland. Thyroid hormones are synthesized
as a less potent pro-hormone T4, which undergoes
an outer ring deiodination catalyzed by the DIO1 or
DIO2 enzymes to get converted into active hormone
T3. Thyroid hormones play an important role in
physiology; their primary function is to maintain the
basal metabolic rate in vertebrates it is also, involved
in amphibian metamorphosis (Furlow and Neff,
2006) and fish metamorphosis (Power et al., 2001).
It has been reported in fish that thyroid hormone
promotes gametogenesis and gonadal
steroidogenesis (Cyr and Eales, 1996; Swapna et al.,

2006; Flood et al., 2013; Tovo-Neto et al., 2018).
The thiourea (an antagonist of thyroid receptors),
treatment depletes thyroid hormones; additionally, it
reduces gonadal size, gonadal steroids, gnrh2, and
lh-b expression in walking catfish (Swapna et al.,
2006). Hyperthyroidism, a condition of increased
plasma thyroid level, stimulates the early gonadal
recrudescence in pink salmon (Leatherland et al.,
1989), goldfish (Sohn et al., 1999), cod (Norberg et
al., 2004) and stinging catfish (Biswas et al., 2006).
Heteropneustes fossilis is an annual breeding catfish,
its annual ovarian cycle is divisible into four phases,
viz., preparatory phase (February to April), pre-
spawning phase (May-June), spawning phase (July-
August) and post-spawning phase (September to
January) (Sehgal and Sundararaj, 1970). The present
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study aims to identify the existence of the thyroid
hormone-regulating genes, viz., thyroid stimulating
hormone beta subunit (zsh-b), thyroid stimulating
hormone receptor (zsh-r), type 2 deiodinase (dio?2),
type 3 deiodinase (dio3), along with gonadotropin
releasing hormone 2 (gnrh2), follicle stimulating
hormone-f subunit (fs4-b), and luteinizing hormone-
B subunit (/4-b) and gonadal recrudescence after
intraperitoneal administration of the thyroid
hormones (T3 and T4), in the H. fossilis.

Material and Methods

Ethical clearance: All experimental procedures
were performed in conformity with animal care and
use guidelines approved by the Institutional Animal
Ethics Committee (IAEC), at Department of
Zoology, University of Delhi, Delhi, under
recommendation by the Committee for the Purpose
of Control and Supervision of Experiments for
Animals (CPCSEA), New Delhi, India (file no.
DU/ZOOL/TAEC-A/01/2019).

Specimen collection and maintenance: H. fossilis,
were procured from backwaters of the river Yamuna
and its tributaries near Delhi region (Lat. 28°35’N
and Long. 77°12’E) in February month. The fish
were acclimatized to laboratory conditions at a
temperature of 25+1°C and a photoperiod regimen
of 12L: 12D for seven days prior to the initiation of
experiments.

Thyroid dose preparation: 0.5 mg/mL stock
solution of thyroid hormone (T4 and T3 separately)

was prepared in 5% ethanol. The fish were divided
into nine groups, group injected with vehicle served
as control, four groups were administered with T3 (5
ng, 50 ng, 250 ng, and 500 ng) and four groups were
administered with T4 (5 ng, 50 ng, 250 ng, and 500
ng) intraperitoneally on alternate days. Thereafter,
fish were maintained under laboratory conditions
with 25+1°C of water temperature and a photoperiod
regime of (L:D::12:12) for 60 days.

Sample collection and evaluation: Fish from each
experimental group were sampled at the onset of
experiment to serve as initial control and again on
60" day, sample was collected. Fish were
anesthetized with 2-phenoxyethanol (0.001%) and
weighed. Blood was collected from the caudal artery
with the help of a heparinized syringe for estradiol-
17 estimation using the Cayman estradiol kit (Cat
no. 501890), according to the manufacturer’s
protocol. Following that, fish were decapitated,
ovaries were excised, and the GSI was calculated. A
small piece of ovarian tissue was fixed in Bouin’s
fixative and processed for histological examination
using hematoxylin-eosin staining. The brain with
pituitary was excised and processed for total RNA
isolation, followed by cDNA preparation as per our
laboratory standard protocol (Kumari et al., 2020) .
The primer pairs for the genes tsh-b, tsh-r, dio2,
dio3, gnrh2, fsh-b and [h-b used for the quantitative
analysis are mentioned in the table 1. The f-actin
gene was taken as an endogenous control and the
relative gene expression (22“") was calculated, the
RNA from initial control was used for calibration.

Table 1: The sequence of the primer pairs employed for QRT-PCR in the present study are as follows.

S.no. | Gene Primer Primer sequence for gPCR Product size

1 P-actin Forward 5’- CGA AGA CGA CAGGAT TTG CT -3’ 105bp
Reverse 5’- GTT TGA AGC GCT CGT CTC TC -3’

2 tsh-f Forward 5’- GCT GTA CCT ATC AGG ACG TG -3’ 141bp
Reverse 5’- TGT GGG CAC ACT CAT CACTG -3’

3 tsh-r Forward 5’- TGC TGT AAT GCT CGG GGG TT -3° 74bp
Reverse 5’- GGT AAC TGC TCA CCC CTA ACG -3’

4 dio2 Forward 5’- GTT CCC GTT CGA GGT GAA GAA -3’ 125bp
Reverse 5’- CAT TGT TGT CCA TGC AGT CGG CC -3’

5 dio3 Forward 5’ GTA CCA GAT CCC GCG CC -3 110bp
Reverse 5" ACG AGT TGT CCA TGG TGT CC -3’

6 gnrh 2 Forward 5’- TGT GAG GCA GGA GAA TGC TG -3’ 132bp
Reverse 5’- GCT ATG GTG CCG GGA TAT GT-3’

7 fsh-p Forward 5’- CAC ACA CGC CTA CTA CTG AAC-3° 128bp
Reverse 5’-AAC CTG ATG GTA CGC AGT ATTT-3°

8 lh-p Forward 5’-AGC CCG TTC TCT TCC ATC TA-3” 125bp
Reverse 5’-CAG CTT AGT GCG ACA GGA TAT G-3°
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Statistical analysis: The statistical analysis one way
ANOVA (P<0.05) was performed using IBM®SPSS
25.0 software. The results in bar and line graph were
plotted as mean £ SEM. The significant difference
was marked by using different superscripts.

Results and Discussion

Gonado-somatic index and estradiol-17p: The T3
treatment did not exhibit significant variation in GSI,
nor did the plasma estradiol-17f levels. The GSI was
significantly higher in the 50-ng and 250-ng T4-
treated groups than in the two remaining T4-treated
groups. However, the plasma estradiol-17p level
among the T4 treated groups did not exhibit
significant variation (Figure 1).
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Figure 1: (A) Gonado-somatic index (GSI) and (B) Plasma
estradiol-17f (pg/mL) estimation of intra-peritoneally T3
and T4 administered female H. fossilis. Values are presented
as mean = SEM (n=6). Bars with different superscripts
indicate statistically significant differences and bars without
superscript shows no variation (One way ANOVA followed
by Tuckey test, p<0.05).

Gene expression analysis: The vehicle treated fish
show the maximum expressions of tsh-b gene with
significantly higher gene expression than 5 ng, 50 ng
and 500 ng T3 and 5 ng and 250 ng T4 treated group,
suggesting  the  inhibitory = regulation  of
intraperitoneally administered T3 and T4 on brain
tsh-b expressions (Figure 2a). The dio2 expressions
were increasing with the increasing dose of T4 with
significant variation in expression between 500 ng
T4 and 5 ng T4 treated group, suggesting the
enhancement of expression of dio2 by T4
administration in a dose dependent manner. On the
contrary the T3 treatment reduces the dio2
expression with increasing T3 dose, showing
inhibitory effect (Figure 2c¢).
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Figure 2: Quantitative expression analysis of (A) #sh-b, (B)
tsh-r, (C) dio-2, (D) dio-3 in the brain of intra-peritoneally T3
and T4 administered female H. fossilis. Values are presented
as mean = SEM (n=6). Bars with different superscripts
indicate statistically significant differences and bars without
superscript shows no variation (One way ANOVA followed
by Tuckey test, p<0.05).

The expression of both gnrh2 and fsh-b were
significantly higher in the vehicle administered fish
than all doses of T3 and 5 ng, 250 ng and 500 ng
dose T4 treated groups. The expressions of both
gnrh2 and fsh-b are significantly lowest in T3 treated
group, suggesting both T3 and T4 inhibits the
expressions of gnrh2 and fsh-b of which T3 is a
potent inhibitor than T4 of these two genes (Figure
3a and 3b). The tsh-r, dio3 and lh-b gene expression
in the brain did not exhibit significant variation by
intraperitoneal administration of T3 and T4
hormones (Figure 2b, 2d and 3c).
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Figure 3: Quantitative expression analysis of (A) gnrh2, (B)
Ih-b, (C) fsh-b in the brain of intra-peritoneally T3 and T4
administered female H. fossilis. Values are presented as
mean + SEM (n=6). Bars with different superscripts
indicate statistically significant differences and bars without
superscript shows no variation (One way ANOVA followed
by Tuckey test, p<0.05).
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Ovarian histology: The catfish sacrificed at the
commencement of the experiment had a regressed
ovary (GSI ~0.7) containing stage 1 (non-yolky
oocytes) and stage 2 (showing cortical alveoli)
oocytes in equal proportions (Figs. 4a. At the end of
the experiment, after 60 days, the ovarian histology
showed the presence of vitellogenic oocytes in group
injected with 50 ng dose of T4 followed by 250 ng

(a) Initial control

(j) 500ng T4
Figure 4: Transverse section of H. fossilis ovary, stained with
hematoxylin-eosin; at the commencement of the experiment
(a); vehicle administered (b); Tri-iodothyronine (T3)
administered (c-f); Thyroxine (T4) administered (g-j).

The intra-peritoneal administration of thyroid
hormones (T3 or T4) during the preparatory phase
was studied in H. fossilis. The vehicle administered
fish have highest #sh-b expression, followed by T4,
and least in T3 administered in a dose dependent
manner. The varying expression of tsh-b suggests
that thyroid hormone downregulates fsh-b
expression via a negative feedback loop. The tsh-r,
dio3 and [h-b gene expression in H. fossilis does not

exhibit significant variation in gene expression after
intra-peritoneal thyroid administration. The thyroid
hormone is well known to be metabolized by
deiodinases, and we found that T4 administration
results in dio2 upregulation and dio3 inhibition with
increasing doses. On the contrary, T3 administration
upregulates the dio3 expression and inhibits the dio2
expression in a dose dependent manner, however,
both supporting and contradicting scenario have
appeared in the existing literature (Coimbra et al.,
2005; Yamamura et al., 2006; Gereben et al., 2008;
Hernandez et al., 2010; Sabatino et al., 2020). In a
previous study, we found that the expression of tsh-
b, dio2, and dio3 in the brain varies seasonally and
has a positive correlation with the GSI of H. fossilis
(Pant et al, 2023). The gnrh2, and fsh-b genes
express maximally in the wvehicle administered
group, low expression in T4-administered fish and
least in T3 administered group, suggesting an anti-
gonadal effect of the thyroid hormone (T4 or T3).
The T3 treatment is also known to alter the
glycoprotein alpha subunit (cg-a) expression based
on sex and reproductive phase in Carassius auratus
(Sohn et al., 1999; Yoshiura et al., 1999). The
alteration in cg-a expression may further affect the
hormone levels of TSH, LH, and FSH. The tsh-b
gene expression and thyroid hormone have been
shown to have an inverse relationship in several
studies; tsh-b expression is inhibited by a high dose
of T3 in Oncorhynchus kisutch (Larsen et al., 1997)
and Carassius auratus (Sohn et al., 1999, Ma et al.,
2020) and T4 in Carassius auratus (Yoshiura et al.,
1999). T3 inhibits the tsh-b expressions in the
goldfish pituitary under in-vitro conditions, though
its impact can be altered by other factors in-vivo
(Allan and Habibi, 2012). T3 is also known to reduce
circulating LH level which implies gonadotropin
inhibition by thyroid hormone in Carassius auratus
(Allan and Habibi, 2012). In histological studies, T4
exposure reduces the size of gonadotropes and
enhances the gonadotropin effect on ovarian
development in Carassius auratus (Hurlburt, 1977).
The thyroid hormone enhances Sertoli cells
proliferation and spermatogonial cell maturation in
Danio rerio (Morais et al., 2013). Circulating T3 is
known to induce vitellogenesis via upregulation of
estrogen receptors in liver of Carassius auratus
(Nelson and Habibi, 2016; Hur et al., 2020).
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In summary, the intra-peritoneal administration of
T3 and T4 hormone inhibits the expressions of tsh-
b, gnrh2 and fsh-b genes in the brain. The dio2
expressions were enhanced by T4 and inhibited by
the T3 administration may infer the enhancement by
substrate and inhibition by product. However, tsh-r,
dio3, and [h-b expressions were not altered by either
T3 or T4 treatment.

Conclusion
The tsh-b, dio2, and dio3 expressions in the brain
exhibit  variation  with  thyroid  hormone

administration. The above-discussed results suggest
thyroid hormones affect deiodinase expression via a
negative feedback loop. The expression of gnri2,
fsh-b, and lh-b genes can be altered by the
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