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Abstract 
 

In positive feedback mechanisms, the response to a stimulus does not stop or reverse it but instead keeps 

the sequence of events going up.  At first glance, this would appear to be a counter to the principle of 

homeostasis, since a positive feedback loop has no obvious means of stopping. Not surprisingly, therefore, 

the positive feedback is less common in nature than the negative one.  A positive feedback mechanism can 

be harmful, as in case of fever that causes metabolic changes pushing it to be higher. However, in some 

instances, the body uses this mechanism for its advantage. A good example of significant positive feedback 

is the childbirth. Ovulation, coagulation, platelet aggregation, inflammation and shock are other instances in 

which the positive feedback plays a valuable role. 
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1.  Introduction 

 

There are two types of feedback mechanisms; 

negative feedback - the effector reverses the 

deviation from set point and positive feedback - 

the action of the effector amplifies the change. In 

negative feedback loops, when the brain receives 

information about a change or deviation in the 

body's internal conditions, it sends out signals 

along nerves. These signals prompt the changes in 

function that correct the deviation and bring the 

internal conditions back to the normal range [1]. 

An example of a negative feedback loop is the 

regulation of blood pressure. Any increase in the 

blood pressure is detected by receptors in the 

blood vessels that sense the resistance of blood 

flow against the vessel walls. These receptors 

relay a message to the brain, which in turn sends a 

message to the effectors, the heart and blood 
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vessels. The heart rate decreases and blood vessels 

increase in diameter, which cause the blood 

pressure to fall back within the normal range. 

Conversely, if blood pressure decreases, the 

receptors relay a message to the brain, which in 

turn causes the heart rate to increase, and the 

blood vessels to decrease in diameter [2]. 

In some cases, the metabolic parameter 

regulated by a hormone (e.g., plasma glucose 

concentration) rather than the hormone itself 

represents the feedback signal. For example, 

glucagon increases blood glucose level (while 

insulin decreases it), which in turn inhibits the 

secretion of glucagon (and stimulates that of 

insulin). Neuronal signals can also serve as 

feedback (neuroendocrine feedback) used, for 

example, to regulate plasma osmolality [3]. 

Positive feedback mechanisms are designed to 

accelerate or enhance ongoing output that has 

been activated by a stimulus. Unlike negative 

feedback mechanisms that are initiated to maintain 

or regulate conditions within a set and narrow 

range, positive feedback mechanisms ‗push‘ levels 

beyond normal ranges. Clearly, if unchecked, 

positive feedback can lead to a vicious cycle and 

dangerous situations. Thus, positive feedback 

mechanisms require an external brake to terminate 

them [4]. Sometimes, it is the physician‘s task to 

interrupt such a positive-feedback loop [5]. 

Several examples of positive feedback 

mechanisms will be given. 

 

2. Positive Feedback Effect of Estrogen before 

Ovulation—the Preovulatory LH Surge 

 

GnRH (gonadotropin releasing hormone) 

stimulates the secretion of the pituitary 

gonadotropins; LH (luteinizing hormone) and FSH 

(follicle stimulating hormone). During the female 

reproductive cycle, ovarian estradiol exerts 

negative feedback to reduce gonadotropin release 

[6]. However, in the late follicular phase (2 days 

before ovulation), and in response to sustained 

high levels of estradiol from preovulatory 

follicles, the action of estradiol switches from 

negative to positive feedback, resulting in a surge 

release of GnRH, that is likely due to increased 

GnRH neuron firing activity. Estradiol sensitizes 

the pituitary to GnRH and enhances the self-

priming action of GnRH on the pituitary 

gonadotrophs [5]. The GnRH surge triggers a 

surge of LH secretion. The secreted LH then acts 

on the ovaries to stimulate an additional secretion 

of estrogen, which in turn causes more secretion 

of LH to initiate ovulation [7]. Ovulation occurs 

about 9 hours after the LH peak. Eventually, LH 

reaches an appropriate concentration, and typical 

negative feedback control of hormone secretion is 

then exerted [8]. 

There is an evidence that in primates, both 

negative and  positive feedback effects of estrogen 

are exerted in the mediobasal hypothalamus, but 

exactly how negative feedback is switched to 

positive feedback and then back to negative 

feedback in the luteal phase remains unknown 

[8];[9]. However, there is a factor explaining this 

mechanism which is the increase in the number of 

GnRH receptors on the gonadotrophs, increasing 

pituitary responsiveness to GnRH. Another factor 

is the conversion of the storage pool of LH 

(perhaps within a subpopulation of gonadotrophs) 

to a readily releasable pool [5]. Estradiol must be 

maintained at a critical concentration (about 300 

pg/mL) for a sufficient duration (36 to 48 hours) 

prior to its surge. Any reduction of the estradiol 

rise or a rise that is too small or too short 

eliminates or reduces the LH surge. Moreover, 

high concentrations of estradiol in the presence of 

elevated progesterone do not induce an LH surge 

[5]. The extent to which other ovarian hormones, 

such as progesterone, participate in the positive 

feedback mechanism at midcycle is less clear. At 

midcycle, the shift in steroidogenesis represents 

the ability of the preovulatory follicle to produce 

more progesterone than estradiol [10]. It is 

possible, that at midcycle the role of progesterone 

is permissive [11]. Additional information in 

ovariectomized and adrenalectomized rats 

indicates that neuroprogesterone synthesized in 

the hypothalamus under the influence of estradiol 

is an obligatory mediator of the positive feedback 

mechanism that is induced by this steroid [12]. 

Furthermore, data in rats have shown that 

estrogens induce de novo synthesis of 

progesterone from cholesterol in the 

hypothalamus, which plays a role in the onset of 

the LH surge [13]. Therefore, it is proposed that 

progest-estrogenic mechanisms involving the 
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progesterone receptors participate in the estradiol 

positive feedback mechanism, and thus regulating 

the LH surge onset [12]. Ovarian factors rather 

than exhaustion of pituitary reserves are suggested 

to be important for termination of the endogenous 

LH surge during the normal menstrual cycle [14]. 

 

3. Onset of Labor-A Positive Feedback 

Mechanism for Its Initiation 

 

Early in gestation, during the first two 

trimesters, the uterus remains relatively inactive 

because of the inhibitory effect of the high levels 

of progesterone on the uterine wall. However, 

during the last trimester, the uterus becomes 

increasingly more excitable, resulting in mild 

contractions called Braxton Hicks contractions 

occurring with increasing strength and frequency 

[15]. Another change that occurs is the ripening of 

the cervix. During gestation, the exit of the uterus 

remains sealed or closed by the tightly closed 

cervix. As labor approaches however, the cervix 

begins to soften. This process of softening is 

known as ―ripening‖. This results in the cervix to 

become malleable so that it can gradually yield 

and dilate as the fetus is forcefully pushed against 

it during labor [16].   

Each uterine contraction begins at the top of 

the uterus and sweeps downwards, forcing the 

fetus toward the cervix. The pressure of the fetus 

against the ripened cervix opens the cervical canal. 

As labor begins, the cervix of the uterus is 

stretched, which generates sensory impulses to the 

hypothalamus, which in turn stimulates the 

posterior pituitary to release oxytocin. Oxytocin 

produces more powerful uterine contractions so 

that the fetus is pushed more forcefully against the 

cervix, stimulating more oxytocin release in a 

continuous positive feedback cycle [17]. This is 

reinforced as oxytocin stimulates prostaglandin 

production by the uterine lining, further enhancing 

uterine contractions [18].  It has been discovered 

that the placenta itself secretes oxytocin at the end 

of gestation and in an amount far higher than that 

from the posterior pituitary gland [19]. The 

external brake or shutoff of the feedback cycle is 

delivery of the baby and the placenta [9]. 

Circulating oxytocin does not increase in late 

pregnancy and even in labor until after full 

cervical dilatation. However, the concentration of 

uterine oxytocin receptors increases more than 

100-fold toward the end of pregnancy [20]. The 

rising secretion of estrogens (primarily estriol), 

formed from fetoplacental unit, stimulates the 

uterus to (1) produce receptors for oxytocin; (2) 

produce receptors for prostaglandins; and (3) 

produce gap junctions between myometrial cells in 

the uterus [21]. 

Oxytocin induces uterine contractions in two 

ways. Oxytocin stimulates the release of 

prostaglandin E2 and prostaglandin F2a in fetal 

membranes by activation of phospholipase C. The 

prostaglandins stimulate uterine contractility [9]. 

Oxytocin can also directly induce myometrial 

contractions through phospholipase C, which in 

turn activates calcium channels and the release of 

calcium from intracellular stores [22]. 

Oxytocin also protects against hemorrhage 

after expulsion of the placenta. Just prior to 

delivery, the uterus receives nearly 25% of the 

cardiac output, most of which flows through the 

low resistance pathways of the maternal portion of 

the placenta [20]. 

After labor, release of milk at the nipple 

stimulates the baby to start suckling vigorously, 

which stimulates the receptors in the nipple even 

more, so that there is even more oxytocin released 

from the maternal pituitary and even more milk is 

released and so on, until the baby is satiated and 

unlatches from the breast, when everything goes 

back to normal. This is a positive feedback 

mechanism [23]. 

 

4. Positive Feedbacks of Coagulation Cascade 

 

The cascade is a multi-component enzyme 

system of circulating inactive proenzymes, 

forming a sequential self-amplification process 

[24]. 

Because the amount of thrombin generated at 

this stage is still too small to activate fibrinogen to 

fibrin, there are several positive feedback 

amplification mechanisms. There are four 

significant feedback loops of coagulation and all 

are catalyzed by FXa (F indicates factor, a indicates 

active) or thrombin [25]. 

The activation of TF:VII complex (TF= tissue 

factor)  by FXa is the major initiating feedback 
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loop of clotting. When TF is available to the 

plasma, the former binds with a very high affinity 

to FVII or FVIIa. Most of the available TF surely 

binds to the inactive zymogen FVII, thereby 

forming the TF:FVII complex [26]. 

 

 

 
 

Figure 1: The major positive feedback loops of coagulation. Four significant feedback loops are highlighted by bold 

triple arrows. P indicates platelet and  indicates activated platelet [25]. 

 

 

The activation of FVIII by thrombin is 

another important step. Although FXa is capable 

of activating FVIII [27]. Factor VIII circulates 

bound to von Willebrand factor, which is an 

adhesive protein important for the generation of 

the initial platelet plug [28]. After activation, 

factor VIIIa dissociates from von Willebrand 

factor and forms a complex on the platelet surface 

with factor IXa; this complex then activates factor 

X [29]. 

Activation of factor XI by thrombin in the 

presence of activated platelets is another 

amplification positive feedback loop, resulting in 

the generation of additional factor IXa, which in 

turn activates factor X [25]. 

Thrombin is a major activator of platelets. 

The activated platelets are required for numerous 

reactions of the central core of the clotting 

pathways. Activation of platelets is associated 

with the exposure of negatively charged 

phospholipids, which have high potential to bind 

coagulation factors and assemble enzyme-cofactor 

complexes that are crucially important for efficient 

propagation of the system [29]. 

Excess thrombin would exert a positive 

feedback effect on the clotting cascade, and results 

in splitting of more prothrombin to thrombin, 

more clotting, more thrombin formed, and so on 

[30]. Fibrinolysis and antithrombin help to prevent 

this, as does the fibrin of the clot, which adsorbs 

excess thrombin and renders it inactive. All of 

these factors are the external brake for this 

positive feedback mechanism. Together they 

usually limit the fibrin formed to what is needed to 

create a useful clot but not an obstructive one [6]. 

 

5. Positive Feedback of Platelet Aggregation 

 

In normal haemostasis, platelets adhere to 

collagen or sub-endothelial microfibrils via an 

intermediary called von Willebrand factor (vWF), 

a plasma protein secreted by endothelial cells and 

platelets. The vWF forms a bridge between the 

damaged vessel wall and the platelets. The 

platelets then undergo a marked shape change and 



 

Am. J. Biomed. Sci. 2011, 3(2), 145-155; doi: 10.5099/aj110200145    © 2011 by NWPII. All rights reserved.                           149 
 

 

release various chemicals including adenosine 

diphosphate (ADP), serotonin and fibrinogen, 

which cause platelet aggregation [31]. 

Thrombin and other ligands activate their 

respective receptors and cause inositol 

trisphosphate mediated release of Ca
++

 from the 

dense tubular system. Receptor activation also 

produces diacylglycerol (DAG) [32]. Elevated 

Ca
++

 activates phospholipase A2, an enzyme that 

cleaves arachidonic acid from DAG. Platelets are 

rich in cyclo-oxygenase 1 and, therefore, 

metabolize the arachidonic acid to prostaglandins, 
including PGG2 (endoperoxide) and PGH2. 
Platelets also contain thromboxane synthetase, 

which converts PGH2 to thromboxane A2. 

Thromboxane A2 diffuses out of the platelet, 

activates membrane receptors, and establishes a 

positive feedback mechanism for the production of 

more prostaglandins [33]. 

 
 

Figure 2: Mechanism of Positive feedback of platelet aggregation. (IP3) is inositol trisphosphate, (PGG2) is 

endoperoxide and (DAG) indicates diacylglycerol and (ASA) indicates acetyl salicylic acid (aspirin) [32]. 

 

 

The vessel walls also possess prostaglandin 

synthesizing enzymes but here the main product of 

cyclic endoperoxide is PGI2; the cyclic 

endoperoxide generated by adhered platelets can 

also be metabolized in the vessel wall to PGI2 

[34]. PGI2, in contrast to thromboxane A2, is a 

vasodilator and inhibitor of platelet function since 

it potentiates the action of adenyl cyclase and so 

increases platelet cyclic AMP levels. The balance 

between the generation of thromboxane A2 and 

PGI2 is obviously vitally important for the 

regulation of platelet function [35]. 

Peroxides and thromboxane A2 cause new 

platelets to adhere to the old ones, a positive 

feedback phenomenon termed platelet 

aggregation, which rapidly creates a platelet plug 

inside the vessel [36]. 

The platelet-plugging mechanism is 

extremely important for closing minute ruptures in 

very small blood vessels that occur many 

thousands of times daily. Indeed, multiple small 

holes through the endothelial cells themselves are 

often closed by platelets actually fusing with the 

endothelial cells to form additional endothelial cell 

membrane [8]. Aspirin inhibits the cyclo-

oxygenase enzyme and thereby inhibits the release 

reaction and consequent formation of a platelet 

plug [21]. 
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6. Positive Feedback Mechanisms in 

Irreversible Shock 

 

Circulatory shock is defined as an inadequate 

blood flow throughout the body. It is a clinical 

condition characterized by a gradual fall in arterial 

blood pressure and rapid heart rate. Respiration is 

also rapid and the skin is moist, pale or bluish-

grey [37].  

The body responds to hypotension by 

activating neurohumoral mechanisms that serve as 

negative feedback—compensatory mechanisms to 

restore arterial pressure. Without medical 

intervention, progressive shock becomes 

irreversible. The irreversible shock leads to death. 

Death occurs as a result of development of 

multiple positive feedback cycles (death cycles) 

[38]. During progressive shock, the blood pressure 

declines to a very low level that is not adequate to 

maintain blood flow to the cardiac muscle; thus 

the heart begins to deteriorate. Prolonged 

hypotension with accompanying tissue hypoxia 

results in metabolic acidosis as organs begin to 

generate ATP by anaerobic pathways [39]. 

Acidosis impairs cardiac contraction and vascular 

smooth muscle contraction, which decreases 

cardiac output and systemic vascular resistance, 

thereby lowering the arterial pressure even more 

[40].  

 

 

 

 
 

                   Figure 3: Different types of ―positive feedback‖ that can lead to progression of shock [8]. 
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When the blood pressure declines to a very 

low level, blood begins to clot in the small vessels. 

Eventually blood vessel dilation begins as a result 

of decreased sympathetic activity and because of 

the lack of oxygen in capillary beds [41]. 

Capillary permeability increases under ischemic 

conditions, allowing fluid to leave the blood 

vessels and enter the interstitial spaces, and finally 

intense tissue deterioration begins in response to 

inadequate blood flow. Also vasodilatation leads 

to more hypotension and so on till death occurs 

[39]. Irreversible shock leads to death, regardless 

of the amount or type of medical treatment 

applied. In this stage of shock, the damage of 

tissues, including cells, cardiac muscle and 

vasoconstrictor center is so extensive. The patient 

is destined to die even if the adequate blood 

volume is reestablished and blood pressure is 

elevated to its normal value [37]. 

 

7. Positive Feedback Mechanisms in 

Inflammation  

 

Inflammation is characterized by increased 

blood flow to the tissue causing increased 

temperature, redness, swelling, and pain. 

Inflammation is a beneficial process up to a point. 

Increased blood flow accelerates delivery of the 

white blood cells that combat invading foreign 

substances or organisms and clean up the debris of 

injured and dead cells. In addition, increased 

blood flow provides more oxygen and nutrients to 

cells at the site of damage and facilitates removal 

of toxins and wastes [42]. Increased permeability 

of the microvasculature allows fluid to accumulate 

in the extravascular space in the vicinity of the 

injury and thus dilute noxious agents [20].  

It may, however, become a vicious cycle of 

damage, inflammation, more damage, more 

inflammation, and so on—a positive feedback 

mechanism [30]. Lysosomal hydrolases released 

during phagocytosis of cellular debris or invading 

organisms may damage the nearby cells that were 

not harmed by the initial insult. Loss of fluid from 

the microvasculature at the site of injury may 

increase viscosity of the blood, slowing its flow, 

and even leaving some capillaries clogged with 

stagnant red blood cells. Decreased perfusion may 

cause further cell damage [20]. In addition, 

massive disseminated fluid loss into the 

extravascular space sometimes compromises 

cardiovascular function [43].  

Activated neutrophils release prostaglandins 

which cause microvascular leakage, possibly by 

stimulating mast cells to release histamine; 

prostaglandins also attract leukocytes. Neutrophils 

and macrophages release proteases when 

stimulated, which cause microvascular leakage, 

attract more neutrophils and eosinophils, and 

degrade basement membranes. It is another 

positive feedback mechanism [44]. 

Normal cortisol secretion seems to be the 

brake, to limit the inflammation process to what is 

useful for tissue repair, and to prevent excessive 

tissue destruction. Cortisol blocks the effects of 

histamine and stabilizes lysosomal membranes, 

preventing excessive tissue destruction [45]. Too 

much cortisol, however, decreases the immune 

response, leaving the body susceptible to infection 

and significantly slowing the healing of damaged 

tissue [46]. 

 

8. Positive Feedback of the Fevers 

 

The body temperature remains within normal 

range through a balance between heat gain and 

heat loss. The thermostat has a normal set-point at 

37º C. Deviation of hypothalamic temperature 

away from this point activates appropriate 

responses in the opposite direction to return the 

body temperature to the normal level. Within the 

comfortable zone of external temperature the heat 

gain is equal to heat loss without the use of any 

heat regulating mechanism [47].  

Fever may be provoked by many stimuli. 

Most often, they are bacteria and their endotoxins, 

viruses, yeasts, spirochets, protozoa, immune 

reactions, several hormones, medications and 

synthetic polynucleotides. These substances are 

commonly called exogenic pyrogens [48]. 

Cells stimulated by exogenic pyrogens form 

and produce cytokines called endogenic pyrogens. 

The most important endogenic pyrogens are 

interleukins (especially IL-1β and IL-6) and the 

tumour necrosis factor-α (TNF- α). They are 

produced not only by monocytes and macrophages 

but also by endothelial cells and astrocytes [48]. 

Released IL-1 β, IL-6 and TNF- α are transported 
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by blood. These cytokines bind to their own 

specific receptors located in close proximity to the 

preoptic region of the anterior hypothalamus [49]. 

Here, the cytokine receptor interaction activates 

phospholipase A2, resulting in the liberation of 

plasma membrane arachidonic acid (by cyclo-

oxygenase) which is subsequently converted to 

prostaglandin E2 (PGE2) [50]. PGE2 diffuses 

across the blood brain barrier, where it causes the 

set-point of the hypothalamic thermostat to rise 

[51]. Within a few hours after the set-point has 

been increased, the body temperature also 

approaches this level [49]. 

Aspirin and the non-steroidal anti-

inflammatory drugs display antipyretic activity by 

inhibiting the cyclo-oxygenase, an enzyme 

responsible for the synthesis of PGE2 [52]. 

Glucocorticoids exert their antipyretic effect at 

two levels; at the level of the macrophage by 

inhibiting cytokines production and at the level of 

the hypothalamus by interfering with 

prostaglandin synthesis [53]. 

However, there are indications that the 

development of fever is of benefit as a normal 

body defense in combating some infections. 

Temperature elevation has been shown to enhance 

several parameters of immune function, including 

antibody production, T-cell activation, production 

of cytokines, and enhanced neutrophil and 

macrophage function [52]. Furthermore, some 

pathogens such as Streptococcus pneumoniae are 

inhibited by febrile temperatures [49]. 

Fever increases the chemical reactions of the 

body by an average of about 12 per cent for every 

1°C rise in temperature. It increases the metabolic 

rate, which increases heat production, which in 

turn raises body temperature even more. This is a 

positive feedback mechanism that will continue 

until an external event (such as antipyretic or 

death of the pathogens) acts as a brake [50]. Death 

occurs at a body temperature of 45°C because 

cellular proteins denature at this temperature and 

metabolism stops [54]. 

 

9. Conclusion 

 

Positive feedback is a control system that 

requires an external interruption or brake [9]. 

These mechanisms have the potential to become 

self-perpetuating and harmful; however, in some 

instances, the body uses positive feedback to 

advantage as I have described. Certainly, other 

examples exist. The renal counter-current 

exchange multiplier employs positive feedback to 

multiply the concentration of interstitial fluid and 

fluid in the descending limb [21]. In neural 

circuits, a positive feedback loop may be activated 

that leads to continued reverberation that, in 

essence, stimulates itself until synaptic fatigue or 

inhibitory stimuli break the cycle [55].   In cardiac 

muscle, increased calcium influx into the cytosol 

increases calcium release from the sarcoplasmic 

reticulum by a positive feedback mechanism [56]. 

Subsequently, Ca
2+

 binds to troponin
 
C and starts 

the cross-bridge movement of the myofibrils 

resulting
 
in force development and contraction [6]. 

Micturition [5], cortisol and 

dehydroepiandrosterone production in late 

pregnancy [57], cochlear mechanics [58], 

membrane depolarization [6], and apoptosis [59] 

are other examples. Though less familiar and 

undoubtedly less intuitive than negative feedback 

mechanisms, positive feedback mechanisms serve 

a valuable function. 
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