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A Review on the Effects of Endocrine Disruptors on the Interaction
between HPG, HPT, and HPA Axes in Fish

Sol Jang* and Kyunghee Ji****

*Department of Environmental Health, Graduate School of Yongin University
**Department of Occupational and Environmental Health, College of Environmental Sciences, Yongin University

ABSTRACT

Objectives: The objective of this review was to summarize the primary role of three representative endocrine
axes in aquatic vertebrates and discuss the effects on endocrine systems and their interactions in teleost fish after
exposure to environmental contaminants.

Methods: We summarized individual traits and mechanisms for hormonal and transcriptional interactions
between the hypothalamic-pituitary-gonad (HPG), hypothalamic-pituitary-thyroid (HPT), and hypothalamic-
pituitary-adrenal (HPA) axes in fish. We also provided a brief discussion on the effects of nonylphenol-induced
toxicity on endocrine systems and their interactions in fish as a demonstration of holistic explanation.

Results: Currently-available data showed that thyroid dysfunction is associated with reproductive toxicity due
to changes in steroidogenic gene expressions and sex hormone levels as well as gonad glands in fish. As an
example, we demonstrated that exposure to nonylphenol could induce estrogenicity in male fish by decreasing
thyroid hormones, which contributes to increased aromatase expression. Although the mechanisms are
complicated and involved in multiple ways, a number of studies have shown that sex steroids influence the HPT
axis or the HPA axis in fish, indicating bi-directional crosstalk. Critically missing is information on the primary
target or toxicity mechanisms of environmental contaminants among the three endocrine axes, so further studies
are needed to explore those possibilities.

Conclusions: This review highlights the interactions between the HPG, HPT, and HPA axes in fish in order to
better understand how these endocrine systems could interact with each other in situations of exposure to
endocrine disrupting chemicals.

Key words: Interaction, endocrine disruption, HPG axis, HPT axis, HPA axis
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Fig. 1. The pathways of hypothalamic-pituitary-gonad (HPG), hypothalamic-pituitary-thyroid (HPT), and hypothalamic-
pituitary-adrenal (HPA) axes in fish. Abbreviations of genes and hormones are shown as italics and bold character,
respectively. Gene acronyms are defined in Table 1.
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f1gk 7He] FE ARl oa 2 H T HPG F9 4
Aol e AdeHtelM e AdAEseeEse
+(gonadotropin releasing hormone; GnRH)®| 34 -
FH|E S 9lon, o] AFTEES 179 ofv|=t
o] AZA® FF A (decapeptide)E A= 3
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Table 1. Gene acronyms of HPG, HPG, and HPA axes in

fish
Abbreviation Gene name
gnrh Gonadotropin-releasing hormone
gnrhr Gonadotropin-releasing hormone receptor
Jshp Follicle stimulating hormone 3
hg Luteinizing hormone
cypl9b Cytochrome P450 19B
er Estrogen receptor
ar Androgen receptor
fshr Follicle stimulating hormone receptor
lhr Luteinizing hormone receptor
hmgr Hydroxymethylglutaryl CoA reductase
star Steroidogenic acute regulatory protein
aplla Cytochrome P450 side-chain cleavage
3 Bhsd 3B-hydroxysteroid dehydrogenase
apl7 Cytochrome P450 17
17Phsd 17B-hydroxysteroid dehydrogenase
cyplYa Cytochrome P450 19A
trh Thyrotropin-releasing hormone
trhr Thyrotropin-releasing hormone receptor
tsh Thyroid stimulating hormone
thr Thyroid hormone receptor
tshr Thyroid stimulating hormone receptor
nis Sodium iodide symporter
tpo Thyroperoxidase
tg Thyroglobulin
dio Deiodinase
crh Corticotropin-releasing hormone
crhr Corticotropin-releasing hormone receptor
crhbp I?r(())ltteiicr(l)tropin-releasing hormone binding
pomc Proopiomelanocortin
gr Glucocorticoid receptor
mr Mineralocorticoid receptor
me2r Melanocortin 2 receptor
ap2l Cytochrome P450 21
cypllb Cytochrome P450 11B

9ol 27) FEx= 370 GnRH7F HEAQ) 7)15S
g3at Jrh® GnRH3 ({Trp’Leu®}-GnRH)= ©]
FollARE BAE™, GnRH2 ({His’Trp Tyr*}-GnRH)
= A 3 BE HFFEA wEEn Y
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GH?l H¥EA=5 EE (follicle stimulating hormone;
FSH)3} 3434 2 & (luteinizing hormone; LH)
Zyz; AT S 2R 83| (FSH receptor; FSHR)
o} A PAFT == 483 (LH receptor; LHR)o| 2
3sle] 2H|Rolt S 29| A3 (steroidogenesis)
7 A2 M E P A (gametogenesis)oll FTFS o} ¢
A olFollA FSHe F2 A7 A== 2719
ol] 7gIA| 3 (spermatogonia), 7 FA| 3 (spermatocyte),
HAH 3 (spermatid)dl] o122 AAAZI} AL - B
3le = Ju== 2™, LHE #lolt)s] Al E(Leydig
cell)oll A | ~E2H| S (testosterone; Ty A3t
+54e] de d=H A (spermatozoa)s HE3t
= dl F83 9&& g A ofFelA FSH=
T2 v =ZAd(vitellogenin; VTG) 48 =43}
w, LHe 942k dsage 2dgry

A 2HRolE Z2R2 T JA2EZA(7P-
estradiol; E2)> GHe| A=2 ol A2l7]oA] &
HEH, S RolE S22 AeHd#) e o &
29F 7S] W] o5l o] 2dEnh 2|
Zo|=gA gz A (Steroidogenic acute regulatory
protein; StAR)S 2179 s} AY27|o A HAEE
3 glow 9 ut ool FYIHES WHE o]F3t

8-S 3t} Cytochrome P450 (CYP) 11A &
= ZHRolE $2E AP Al SEAAT
(rate-limiting step)oll Al Fwi &S 3stH, 3p-
hydroxysteroid dehydrogenase (3BHSD)E 4 Z=H]
Rolt s =2EQl ZZA | 2H|E(progesterone; P) &
Aol BEHQ gao|th) CYPITS St==A S
A& 31719, olZrleRA| (aromatase, CYP19)=
TS2ES E2 32808 HSANATE T8¢ &
Zolth ) B2 $2E2 A AEZA 48 (estrogen
receptor; ER)2} A3t &7 o 7] ZhollA T8}
o ARl VIGE BT &

e Barle] wd, A, Al Fad
Aq3S FBeth HPT 9] APdshteA s 344

A= % 2EHE S 2 (thyrotropin-releasing hormone;
TRH)S W&3]3L, o] 32#-2 4~83)|(TRH receptor;
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TRHR)ol Af3ate] A= 5 2 E(thyroid-
stimulating hormone; TSH)E 3|04 EH|s}
=% 3t} TSHe /4323 (thyroid hormone;
TH) $43} 24|18 2dsh= 98 5P, 2I(TSHa,
TSHP)2| o}k (subunits)S 7HA 2L UATH E317]9
A THE 741522484 (TH receptor; THR)
FEEe] T2 fFo] 2EETY ofFfoi= 2
7HA] %< THR (THRa, THRB)o] At &
HA o™, Hjol(embryo)- %] o] (larvae)--f-°] (juvenile
fishyell c|2= 7] 474 @A A2 t& A7l
e =lo] whehst 43S E31A71t Y THRe= TH
o] ExxFoA ¢ Bo] WM, THRP= T2
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I, type 11, type 7} BAESH, DIO2E T4 &
2ES T3 32E0Z HINYE 9T it

7P F 2 8- (thyroglobulin; TGS T4 32 & 3}
T3 328 ks T dolm)!) I kst
& A (thyroid peroxidase; TPOy= TG2] Efo]Z4l ZF
7](tyrosyl residues)s L LE3}5l] T4 T2E-S
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to

[l
ol
of

,d
o% [

1| (sodium iodide symporter; NIS)=
M E (follicular cells) QFeZ QQEE

FE 29 9 wel”

o

ol

> or

o

2> M o ot

3. HPA &29| &g

E3719] HPA 52 2Eg 2ol tigt vk} oAl
o, A2 Al2d Fo] B2 AlA HEE 2dde
5 gtk HPA 59| Aol e FAl9d=t
¢ 2 =S 2 & (corticotropin-releasing hormone;
CRH)o| WZHo] HsleA|e] FANAANFTER
(adrenocorticotropic hormone; ACTH)S #H|3l =%

St} 2 Q3] @ Wl 5 = Bl (proopiomelanocortin;

a8 2

http://www.kseh.org/



LA AOJSEO| 0159 HPG, HPT, HPA £0f O|Xl= HAIE 151

POMC) &4 S ACTH 3 E2&0] SAHE o &
oJ&pH 0 ACTH= k=328 484 (melanocortin
2 receptor; MC2R)9} ZA3sle] ZE]Z(cortisol; C)
< sk HEE 7 JIEF g

E31719] FA1/A17F 24 (adrenal/interrenal tissue)
e ZHR|lE S22 AP dHE 4s
(StAR, CYP11A, CYPI17, CYP19)0] &3 W& Hr},
CYP11BE 11-B|S-A)ZE]<(11-deoxycortisol) S C
T2Eo R WHAsl F= 847, C T2 AP
A mpR Rt 2 Zhgste] AAbRS Z-shke
ATS g} 11FlskH 2ol =g A g A2 (116-
hydroxysteroid dehydrogenase-2; 11BHSD2)= C &
ZES H|EA AR ZEE=(cortisone) = 4ts}
AFle BaR, Ba7]9] wlopld Al7]ole #H=gh
C S=22°] FHE Qg 4% oA B AlZ APEAL

kL

-2 (pro-apoptotic) F3S WA|s| Fc} 22

g9 g8 g9 o
2 ATFEolA WiEuA Fo] AR Jazgslar 9l
So] AotElx U}, olgfoll= AZo)Fe HPG =

[o

24 HPT =3} HPA =9 435282 A
TE& 747 A3 tK(Table 2, Fig. 2).

1. HPG, HPT axes

E317]19] HPG Fof #HE 5222 %
of g2 mA F gtk AE B9, AIFAFEH
7Ake] (barfin founder), 4AFdo](masu salmon), &%
o}, Joi(carps)ell £1914 GnRHE =Z31S o
Y5 T4 328 750 T7HEJT>* GnRHE 4
HARbg o2 = walrAle] TSH, GH 9 o
3 Huks o g T4 T2 S50 YIS )
Z 4 Ak €04 FSH, LH= E317]9] % T4
IEE FES TTHRE F UTEPO ol AF
A PMAHFEES] A8} HelrAlolA &
e A4 YEHA E280] TH €4& T/
< et
= 34 7150l @7 (hyperthyroidism)S]
Ay A sHhypothyroidism)E| 1S 74~ HPG =2
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@D GnRH could increase plasma T4 levels in fish. >

@ E2 contributes to the depression in plasma T3 by modifying several aspects of the peripheral metabolism of TH
and inhibiting dio2 converting T4 to T3. T and other androgens tend to enhance T3 formation and thyroidal status.”

@ Action of TH diminish the reproductive axis by 1) inhibiting pituitary LH expression and steroidogenesis,” 2)
reducing gonadal aromatase expression which contributes to reduced estrogen synthesis,'>***” and 3) diminishing

estrogen responsiveness by reducing the ER subtypes expression.
@ Cortisol could increase the androgen-related machinery and subsequent masculinization in fis
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® Corticotropin-releasing hormone (CRH) could induce the thyroid stimulating hormone (TSH) in pituitary in

fish.*”
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