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A. Thermogenesis

Endotherms have various ways of increasing metabolic heat production, or thermogenesis, in response to cold 

environments.

One way to produce metabolic heat is through muscle contraction—for example, if you shiver uncontrollably 

when you're very cold. Both deliberate movements—such as rubbing your hands together or going for a brisk 

walk—and shivering increase muscle activity and thus boost heat production.

Nonshivering thermogenesis provides another mechanism for heat production. This mechanism depends on 

specialized fat tissue known as brown fat, or brown adipose tissue. Some mammals, especially hibernators and 

baby animals, have lots of brown fat. Brown fat contains many mitochondria with special proteins that let them 

release energy from fuel molecules directly as heat instead of channeling it into formation of the energy 

carrier ATP.

To learn more about how energy is released as heat in brown fat cells, have a look at the section on uncoupling 

proteins in the oxidative phosphorylation.

https://www.khanacademy.org/science/biology/cellular-respiration-and-fermentation/intro-to-cellular-respiration/v/adenosine-triphosphate












B. Vasoconstriction and vasodilation

In endotherms, warm blood from the body’s core typically loses heat to the environment as it passes near the 

skin. Shrinking the diameter of blood vessels that supply the skin, a process known as vasoconstriction, 

reduces blood flow and helps retain heat.

Vasodilation is the widening of blood vessels. It results from relaxation of smooth muscle cells within the 

vessel walls, in particular in the large veins, large arteries, and smaller arterioles. This causes more heat to be 

carried by the blood to the skin, where it can be lost to the air.The process is the opposite of vasoconstriction, 

which is the narrowing of blood vessels.







C.Countercurrent heat exchange

Many birds and mammals have counter current heat exchangers, circulatory adaptations that allow heat to be 

transferred from blood vessels containing warmer blood to those containing cooler blood. To see how this works, 

let's look at an example.

In the leg of a wading bird, the artery that runs down the leg carries warm blood from the body. The artery is 

positioned right alongside a vein that carries cold blood up from the foot. The descending, warm blood passes 

much of its heat to the ascending, cold blood by conduction. This means that less heat will be lost in the foot due 

to the reduced temperature difference between the cooled blood and the surroundings and that the blood moving 

back into the body's core will be relatively warm, keeping the core from getting cold.









HORMONES involved in THERMOREGULATION

Reproductive hormones have important influences on mechanisms of  thermoregulation. 

Estrogen promotes heat dissipation via peripheral vascular effects favoring vasodilation, as well as central neural 

thermoregulatory effects promoting more efficient cutaneous vasodilator and sweating responses. 

Progestogens may have the opposite effect: the combination of  progesterone and estrogen favors heat 

conservation and/or increased body temperature (such as that seen in the mid-luteal phase of  the menstrual cycle). 

Like estrogen, the influences of  progestogens may also include both CNS and peripheral influences. 

Testosterone has influences on central neural control of  thermoregulation, and may interact with estrogen in 

overall thermoregulation; however, both central and peripheral thermoregulatory influences of  this hormone await 

further clarification. From a practical perspective, it is relevant that the reproductive hormone influences discussed 

here are unlikely to result in substantial sex differences in core temperature during many commonly performed 

activities (mild to moderate intensity exercise) in healthy people. 



In Birds:

The thermoregulatory system that enables maintenance of  a relatively constant Tb (body temperature)over a wide 

range of  environmental temperatures in birds consists of

(1) a sensory part, which detects changes in the environment (thermo-, osmo-, and baroreceptors), 

(2) an integrating part, the thermoregulatory center at preoptic anterior hypothalamus (PO/AH), in which 

temperature-sensitive neurons monitor local temperature changes and temperature information received from 

peripheral thermoreceptors. The Tb set point is then defended by mechanisms for heat production or heat loss 

depending on the thermal status of  the bird; and 

(



❖ The role of  the hypothalamus-pituitary-thyroid (HPT) axis in avian thermoregulation Thyroid hormones 

(THs, triiodothyronine, T3 and thyroxine, T4) are the most important hormones controlling 

thermogenesis; a link that was established already in the late. 

❖ PO/AH is activated by input from thermoreceptors, which stimulate the hypothalamic paraventricular 

nucleus (PVN) and leads to an increase in thyrotropin (TRH) synthesis and secretion. 

❖ TRH stimulates the thyrotrophs in the anterior pituitary to secrete thyroid stimulating hormone (TSH), 

which interacts with the follicular cell membrane receptors in the thyroid gland. This results in the 

activation of  adenylate cyclase and cAMP production ultimately leading to increased thyroid hormone 

(mainly T4) synthesis and release. 

❖ Alternatively, cold exposure can lead to increased conversion of  T4 to T3 (and less to inactive rT3) by 

deiodinase enzymes (DIO1-3) in tissues, mostly in the liver), thus leading to higher circulating T3 levels. 


