
Hypothalamus

Anterior pituitary

Adrenal gland
(cortex)

CRH

ACTH

Cortisol or Corticosterone

5 things to do in any crisis

Review: HPA axis

Corticotropin Releasing Hormone

Adrenocorticotropic Hormone

F

(hypothalamo-pituitary-adrenal axis)

1. Increase energy / change fuel metabolism
2. Increase circulation
3. Inhibit nonessentials (intestine, reproduction, growth, tissue maintenance)
4. Change behavior / alter learning/memory
5. Alter immune system (First UP then DOWN)

B



Hypothalamus

Gonad 
(testis/ovary)

Ant. Pituitary

GnRH

Gametes 
(eggs. 
sperm)

Secondary 
sexual 
characteristics

LH

Testosterone, Estradiol
and/or Progesterone

Reproductive behavior

FSH

Review: HPG Axis

Gonadotropin Releasing Hormone

Follicle-Stimulating
Hormone

Luteinizing Hormone

(hypothalamo-pituitary-gonadal axis)
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Hypothalamus

Thyroid 
gland

Ant. Pituitary

TRH

Inside target cells:

TSH

Review: HPT Axis

Thyroxine

Thyrotropin Releasing Hormone

Thyroid Stimulating Hormone 

(hypothalamo-pituitary-thyroid axis)

Thyroxine (T4) – inactive precursor ("pro-hormone")

Tri-iodothyronine (T3) – the active hormone

T4

INCREASE METABOLIC RATE



Evolutionary origins of
the vertebrate thyroid gland

Cañestro et al. 2008 
"Endostyle" – secretes mucus
used in filter-feeding. Homolog
of the vertebrate thyroid

"Thyroid hormone is not just for endotherms"
All vertebrates have thyroid tissue somewhere near the pharynx

& secrete some kind of thyroid hormones
Very often involved in growth, metamorphosis, puberty, metabolic rate

- these are all decisions about where to allocate energy

Dickhoff & Darling 1983

Leading model of the thyroid's fundamental role
in all vertebrates:Urochordate:

Dickhoff & Darling 1983



Typical vertebrate thyroid gland:
(mammals)

One of the largest glands (often the largest)
Always located ventral to the pharynx
Unusual gland - stores hormone 

(probably because iodine is rare)
Contains different cell types: one produces T4, the other calcitonin

Accumulates iodine (I)

Produces 2 hormones:
- Thyroxine (T4)
- Calcitonin 

(involved in Ca++)



May be divided into a left & right thyroid

Porro & Richards 2017

Anuran
Xenopus laevis



May be scattered clumps of
thyroid follicles:

Anuran
Xenopus laevis

... but always it will accumulate & store iodine,
and release thyroxine or a very similar molecule



Thyroid is only gland that makes hormone 
in advance & stores it

follicle

Thyroid gland has large fluid-filled cavities = FOLLICLES

follicles

("C" cells secrete calcitonin)

Human Human



Thyroid tissue actively accumulates & stores iodine

Within 24 hrs of eating some iodine, it will almost all be in the thyroid gland



Hypothalamus

Thyroid 
gland

Ant. Pituitary

TRH

Inside target cells:

TSH

Let's take a closer look at T4 and T3

Thyroxine

Thyrotropin Releasing Hormone

Thyroid Stimulating Hormone 

Thyroxine (T4) – inactive precursor ("pro-hormone")

Tri-iodothyronine (T3) – the active hormone

T4

INCREASE METABOLIC RATE



deiodinases

T4
Binds weakly to 
thyroid receptor

T3
Binds strongly to 
thyroid receptor

T4 can be converted to T3



deiodinases

There is also a "reverse T3"

T4
Binds weakly to 
thyroid receptor

T3
Binds strongly to 
thyroid receptor

rT3
Does not bind to 
thyroid receptor

different
deiodinases



Hypothalamus

Thyroid 
gland

Ant. Pituitary

TRH

Inside target cells:

TSH

Negative feedback keeps the HPT axis under control

T4

T3

T4

INCREASE METABOLIC RATE

Negative feedback 
to the pituitary

Negative feedback 
to the hypothalamus



Hypothalamus

Thyroid 
gland

Ant. Pituitary

TRH

TSH

Insufficient dietary iodine:
Low T4, low T3, less negative feedback

Negative feedback 
is lost

High TSH causes proliferation of 
thyroid cells & growth of thyroid gland

TRH
TRH

TRH
TRH

TSH

TSHTSH
TSHTSH



"Goiter"

Enlargement of thyroid gland



Goiter is a sign of high TSH

Common in areas with insufficient dietary iodine

(There can be other causes of high TSH)



Complication: T4 is transported by a carrier protein

99% of T4 in plasma is bound to TBG
But only free T4 can move to target organs

T4

T4

T4

Target organ
(liver, etc.)

T4

T4
T4

T4

T4

T4

T4

T4

Thyroid
binding
globulin 
(TBG)

Terminology:
"Free" hormone
"Bound" hormone
"Total" = free + bound

"Free T4 assay" vs. "Total T4 assay"



T3

T4

More complications:
Once T4 is converted to T3, T3 moves back into plasma

T4

T4

T4

Target organ
(liver, etc.)

T4

T4

T4

T4

T3
T4

T4

T4
Only free T3 has a biological effect
Much less T3 than T4
Most T3 also is bound for transport

TBG T3 is also transported
by TBG 



T3

T4

Four different assays:

For PLASMA, there are four 
choices of what to measure:
Total T4
Free T4
Total T3
Free T3

T4

T4

T4

Target organ
(liver, etc.)

T4

T4

T4

T4

T3
T4

T4

T4

TBG

tT4
fT4
tT3
fT3



Examples:

Be aware that TBG is a protein that can degrade.
If TBG degrades, 

all of the hormone will become "free".
Example: warm field conditions, many freeze-thaw cycles, freezer failure



Sometimes it's not clear 
from the name of the kit:



Read the kit protocol thoroughly

Arbor Assays:



Another clue:
Is there a "dissocation step"
or a "dissociation reagent"?

Arbor Assays:

The purpose of a
dissociation reagent

is to denature
binding proteins

(this means it's a "total T4" kit)



Trade-off of detectability vs. biological relevance

Total T4

Free T4

Total T3

Free T3

Concentration
in plasma

Higher

Lower

"Detectability"

Lower

Higher

Biological 
relevance

Higher

Lower

Probability
that most of
your samples
will have high
enough 
concentration
to be detectable
in the assay

Assays have a
"limit of detection"
("sensitivity limit")



My recommendation for plasma studies:
Try free T4 first

Also try Total T3 if you have enough funding

Total T4

Free T4

Total T3

Free T3

Concentration
in plasma

Higher

Lower

"Detectability"

Higher

Lower

Biological 
relevance

Higher

Lower

Probability
that most of
your samples
will have high
enough 
concentration
to be detectable
in the assay

Assays have a
"limit of detection"
("sensitivity limit")



Thyroid hormones as an index of NUTRITIONAL STRESS

Humans: Starvation induces dramatic drop in T3 
Metabolic rate slows dramatically
"Euthyroid sick syndrome"

"Euthyroid" = thyroid is functional
Target tissues are not converting T4 to T3

T4 is shunted to rT3 (inactive) instead of T3 (active)
Often also a drop in T4



Thyroid hormones and food availability in mammals:

Behringer et al. 2018



However...
Nutritional state is NOT the only influence on T3

Ambient temperature:
Desert animals have lower T3 & lower MR than

animals from colder climates (rodents, cattle)
Heat stress causes a drop in T3 (cattle)
Cold stress causes elevated T3 and increased MR

sheep, cattle, llama, donkeys, wallaby, rodents,
primates, pinnipeds

Behringer et al. 2018



Thyroid hormones elevate in gestation
(also can elevate in lactation)

Behringer et al. 2018



Thyroid hormones elevate during molt
(true for mammals and birds)

Behringer et al. 2018



Thyroid hormones are higher in JUVENILES

Behringer et al. 2018



In vertebrates that metamorphose
thyroid hormones often trigger metamorphosis

& stress usually INCREASES TSH

Frogs – TSH stimulates metamorphosis
Stress causes increase in CRH
CRH directly stimulates release of TSH
Stress accelerates metamorphosis



Overall:
Expect thyroid hormones to elevate

during energetically expensive 
life stages & situations


