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I N  S H O RT

Cellular homeostasis in animals is how every cell holds a stable internal environment against a constantly changing world. It runs

on three tools — a selective membrane that controls what crosses, electrochemical gradients built by ATP-driven pumps, and

chemical signalling that links cells together. Every disease in veterinary medicine is, at its root, a failure of one of them. Cancer, for

example, is cellular homeostasis lost.

K E Y P O I N TS

1. Homeostasis is a continuous process, not a state — every animal cell defends a narrow internal range against constant external

load.

2. The cell membrane's selective permeability is the foundation of every transport, signal, and excitable event in the body.

3. Primary active transport (especially the Na+/K+ ATPase) sets up the electrochemical gradients that all other physiology

exploits.

4. Every excitable tissue — nerve, cardiac muscle, skeletal muscle, secretory cells — runs on the same K+-leak resting potential —

the springboard for the action potential.

5. Cells communicate by five modes (autocrine, paracrine, endocrine, juxtacrine, neurotransmission) converging on four receptor

classes.

6. Negative feedback is the engine of homeostasis; positive feedback is the rare exception (parturition, clotting).

7. Every emergency case in clinical practice is, at root, a homeostatic loop losing the fight against an external or internal load.

01 What is cellular homeostasis in animals, and why every disease is a homeostatic failure

The body's internal environment — temperature, pH, blood gases, ions, glucose, fluid volume — has to stay inside a narrow range while the

outside world swings wildly. Animals achieve this through cellular homeostasis: the active, ongoing maintenance of a stable internal milieu

against constant external disturbance. It is not a state of being still — it is a process of constant correction.

Every disease has homeostatic failure at its core. Dehydration is a failure of extracellular fluid tonicity. Fever is the thermoregulatory loop

overshooting its setpoint. Diabetic ketoacidosis is glucose-and-acid-base regulation collapsing together. Hypovolemic shock is the

blood-pressure loop running out of compensations. Once you see that, physiology stops being a list of unrelated facts and becomes one

story retold through every organ system.

Homeostasis runs on a three-component control loop: a sensor detects deviation from setpoint, an integrator compares the signal to the

reference, and an effector acts to restore the variable. Negative feedback closes the loop — the act of correcting the variable reduces the

original stimulus.
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Fig 1 — The three-component control loop. A worked example with dog body temperature: hypothalamic neurons sense rising T → integrator

compares against 38.5 °C setpoint → effectors (panting, vasodilation) restore T → feedback closes the loop.

100 T The number of cells the body keeps alive inside a window of less than 1% variation in core physiological variables. Every one of

them depends on the same membrane-and-pump machinery.

02 The cell membrane — the boundary that makes life possible

Every story in this article begins with a thin sheet of fat. The plasma membrane separates the cell's interior from the extracellular fluid, and

that separation alone is what makes life possible. Without a boundary that can choose what crosses, there is no concentration gradient, no

signal, no spark, and no homeostasis.

Structurally, the membrane is a phospholipid bilayer — two sheets of lipids tail-to-tail, with their water-loving heads facing outward into the

watery worlds on each side. Cholesterol molecules are wedged in between the tails to tune fluidity. Glycolipids decorate the extracellular

face.

Embedded in this fluid sheet are proteins. Integral (transmembrane) proteins span the bilayer — they include channels (passive pores),

pumps (active transporters), receptors (signal acceptors), and enzymes. Peripheral proteins sit on one face only. The whole thing — proteins

floating in a fluid lipid sea — is the fluid mosaic model, the foundation of every transport and signalling story that follows.

Selective permeabilityThe defining feature of a biological membrane: it is impermeable enough to maintain gradients across it, yet

selective enough to let specific molecules cross via specific proteins. Lose the selectivity and the cell dies within minutes.
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Fig 2 — The fluid mosaic membrane. Phospholipid bilayer with embedded channel, pump, and receptor proteins; glycoprotein dangling on

the extracellular side; cholesterol tuning fluidity.

03 How things get across the membrane — passive and active transport

Membrane transport falls into two basic strategies: substances move down their electrochemical gradient (passive — free of charge) or

against it (active — costs ATP).

The passive routes are three: simple diffusion for small lipid-soluble traffic (O₂, CO₂, steroid hormones, urea); facilitated diffusion for larger

or charged molecules using carrier or channel proteins (glucose via the GLUT family, ions via voltage-gated channels); and osmosis, which is

the same phenomenon for water, moving across aquaporins toward higher solute concentrations.

The active routes are also two — primary active transport uses ATP directly, and secondary active transport piggybacks on a primary pump's

gradient. The star of primary active transport is the Na⁺/K⁺ ATPase: every animal cell has thousands of them, each pumping 3 Na⁺ out and 2 K⁺
in per ATP burned. The Ca²⁺ ATPase keeps cytoplasmic Ca²⁺ at vanishingly low concentrations. The H⁺/K⁺ ATPase pumps acid into the

stomach lumen of the parietal cell. Secondary active transport carries a substrate uphill by exploiting a gradient (usually Na⁺) that the primary

pump created — a symporter moves both substrates the same direction (SGLT pulls glucose into the gut on the Na⁺ gradient); an antiporter

swaps them (the Na⁺/Ca²⁺ exchanger in cardiac muscle).

MECHANISM DRIVER EXAMPLE LOCATION ATP COST

Simple diffusion Concentration gradient O₂, CO₂, steroid hormones Anywhere None

Facilitated diffusion Concentration gradient + carrier Glucose via GLUT All cells None

Osmosis Water potential Water across aquaporins Renal tubule, RBC None

Primary active Direct ATP hydrolysis Na⁺/K⁺ ATPase All cells 1 ATP / cycle

Secondary active Ion gradient (usually Na⁺) SGLT-1 (Na⁺/glucose symport) Gut, kidney Indirect (via Na⁺/K⁺ ATPase)

Endocytosis Cytoskeletal machinery LDL uptake, phagocytosis All cells ATP

Exocytosis Cytoskeletal machinery Hormone, neurotransmitter release Secretory cells, neurons ATP
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Fig 3 — Four key transport modes. Note the rule: anything going against a gradient costs ATP, directly or indirectly.

For studentsThe Na⁺/K⁺ ATPase uses around 30% of every cell's ATP budget. That's why the brain and heart need such a relentless oxygen

supply — most of it is consumed running the pumps that hold the resting potential.

04 The resting membrane potential — why every cell is negative inside

Stick a microelectrode through the membrane of any animal cell and you measure a voltage: the inside is electrically negative compared to

the outside. In a typical neuron, the resting potential sits at about −70 millivolts. Skeletal muscle is closer to −90. The cardiac myocyte rests

near −85.

Where does the negativity come from? Two sources stacked together. First, the Na⁺/K⁺ ATPase pumps Na⁺ out and K⁺ in, building the

gradients we exploit. Second, the membrane is much more permeable to K⁺ than to Na⁺ at rest because of K⁺ leak channels that stay open.

K⁺ therefore diffuses out down its concentration gradient until the electrical pull back inward balances the chemical push outward. That

equilibrium point is the resting potential. Mathematically, the Nernst equation predicts what voltage each ion would settle at if it alone were

permeable; the actual resting potential sits near the K⁺ equilibrium because K⁺ dominates resting permeability.

This single fact — every cell is electrically negative inside — is the foundation of neuronal firing, cardiac contraction, secretion, and skeletal-

muscle movement. Drop the K⁺ gradient with hyperkalemia and you cripple every excitable tissue at once: a 7 mmol/L serum potassium kills

via cardiac arrest, not via direct toxicity, but because the gradient that holds the resting potential has collapsed.
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Fig 4 — Intracellular vs extracellular ion concentrations. The 140:4 mM K⁺ gradient is the source of the resting potential.

140 : 4 The intracellular vs extracellular K⁺ ratio in mM. That ratio is what holds every neuron, every cardiomyocyte, and every secretory

cell ready to fire — and is the reason hyperkalemia is an emergency.

05 How cells talk — five modes of chemical signalling

A multicellular animal coordinates its trillions of cells through five basic cell signalling modes. Each is defined by how far the signal travels and

how directly the source reaches the target.

Autocrine signalling — a cell signals itself. An activated T-cell secretes IL-2 that binds receptors on the same cell, driving its clonal expansion.

Paracrine signalling — a cell signals its neighbours. A mast cell degranulates histamine; the local capillaries dilate; tissue swells. The signal

does not reach the bloodstream.

Endocrine signalling — a cell signals across the entire body via the bloodstream. The pancreatic β-cell releases insulin into the portal vein;

insulin reaches the liver, muscle, and adipose tissue minutes later. Juxtacrine signalling — a cell signals a neighbour through direct cell-cell

contact, via membrane-bound ligands or gap junctions. The Notch signalling pathway during development is the canonical example.

Neurotransmission — a neuron releases a chemical signal into a sub-micron gap (the synapse), where it acts on a single named target. Fast,

local, and surgically precise.
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Fig 5 — Five modes of cellular signalling. The mode defines reach: from self to single neighbour to bloodstream-wide.

For vetsWhen you give an injection of insulin you are piggy-backing on the endocrine pathway. Same chemistry, same receptors — you are

just bypassing the pancreas. Most veterinary drugs work by exploiting (or blocking) one of these five signalling modes.

06 Receptors and second messengers — how signals get inside the cell

A signal at the membrane is only the first step. To change cell behaviour, the signal must reach the cytoplasm — sometimes the nucleus. Four

receptor classes do that work, each with a different speed and mechanism.

Ion-channel-linked receptors open a channel directly when ligand binds. Acetylcholine on the nicotinic receptor at the neuromuscular

junction opens a Na⁺/K⁺ pore, depolarises the muscle, and triggers contraction within milliseconds. G-protein-coupled receptors (GPCRs)

— the largest family in the genome — span the membrane seven times, activate a trimeric G-protein, and launch a cascade of second

messengers within seconds. Enzyme-linked receptors carry a kinase domain on their cytoplasmic tail; ligand binding triggers

autophosphorylation and downstream phosphorylation cascades within minutes to hours. Insulin works this way. Nuclear (intracellular)

receptors are different — steroid hormones diffuse straight through the membrane, bind the receptor, and the complex acts as a

transcription factor, changing gene expression over hours to days.

Receptors amplify their signal through second messengers — small intracellular molecules that turn one ligand-binding event into

thousands of downstream effects. The major second messengers are cAMP (downstream of Gs-coupled GPCRs such as the β-adrenergic),

cGMP (downstream of nitric oxide and natriuretic peptides), IP₃ and DAG (downstream of Gq-coupled GPCRs such as α₁-adrenergic), Ca²⁺
itself (the universal trigger of secretion and contraction), and nitric oxide (a gaseous messenger).

Second messengerA small intracellular molecule that amplifies the signal from a single membrane receptor binding event into

thousands of downstream phosphorylations or ion movements. Amplification is why one molecule of epinephrine can trigger

glycogen breakdown in a whole hepatocyte.

RECEPTOR CLASS SPEED EXAMPLE LIGAND MECHANISM VET DRUG THAT TARGETS IT

Ion-channel-linked Milliseconds Acetylcholine (nicotinic) Direct ion-channel opening Atracurium, vecuronium

G-protein-coupled

(GPCR)

Seconds Epinephrine (β₂),

histamine (H₁)

G-protein → second messenger → kinase

cascade

Propranolol, terbutaline,

antihistamines

Enzyme-linked (tyrosine

kinase)

Minutes to

hours

Insulin, growth factors Autophosphorylation → downstream

cascades

Insulin therapy itself

Nuclear / intracellular Hours to days Cortisol, thyroxine,

oestradiol

Steroid–receptor complex acts as

transcription factor

Prednisolone, dexamethasone,

megestrol
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07 Negative feedback — the engine of homeostasis

Negative feedback is the mathematical core of homeostasis. When a variable drifts away from its setpoint, the response acts in the

opposite direction. The stronger the deviation, the stronger the corrective response. This single rule, repeated across temperature, glucose,

blood pressure, pH, osmolality, oxygen, and dozens of others, holds the entire body together.

The four canonical examples vet students should memorise: body temperature sensed by hypothalamic neurons → integrator compares

against 38.5 °C → effectors (panting, shivering, vasomotion) restore T. Blood glucose sensed by pancreatic β-cells and α-cells → insulin (high

glucose) or glucagon (low glucose) restores normal. Blood pressure sensed by baroreceptors in the carotid sinus and aortic arch →
autonomic nervous system shifts the heart rate and vascular tone within seconds; RAAS does the slower volume work over hours. Blood pH

sensed by central chemoreceptors → ventilation adjusts CO₂ within minutes; the kidney adjusts bicarbonate over hours to days.

Positive feedback is the rare exception that makes the negative-feedback rule visible by contrast. During parturition, uterine stretch

releases oxytocin, which strengthens contractions, which stretch the uterus further. During coagulation, thrombin activates more clotting

factors, which make more thrombin. Both are designed to be self-limiting events that snap closed once the target (delivery of the fetus,

sealing of the wound) is reached.

For studentsAnything described as "compensation" on a pathophysiology exam is just feedback in action. The dog with metabolic acidosis

hyperventilating is a sensor-integrator-effector loop trying to blow off CO₂ to drag pH back to 7.35.

VARIABLE SENSOR INTEGRATOR EFFECTOR
NORMAL RANGE

(DOG)

Body

temperature

Hypothalamic neurons Hypothalamus Panting, vasomotion, shivering 38.3 to 39.2 °C

Blood glucose Pancreatic α / β-cells Pancreatic islet Insulin / glucagon 3.3 to 6.7 mmol/L

Blood pressure Carotid & aortic baroreceptors Brainstem (NTS) HR + vascular tone, RAAS ~120 / 80 mmHg

Blood pH Central + peripheral

chemoreceptors

Brainstem respiratory centre +

kidney

Ventilation, renal HCO₃⁻
handling

7.35 to 7.45

Plasma

osmolality

Hypothalamic osmoreceptors Posterior pituitary ADH (water reabsorption),

thirst

290 to 310 mOsm/kg

08 When homeostasis fails — bridging cell physiology to the clinic

The clinical practice of veterinary medicine is, in one sentence, the management of homeostatic failure. Every emergency case is a patient

whose feedback loops are losing the fight.

Acidosis and alkalosis are failures of the linked respiratory-renal acid-base loop. Hypovolemic shock is the blood-pressure loop pushing

every compensation lever (tachycardia, vasoconstriction, RAAS, ADH) until it can no longer hold cerebral perfusion. Heat stroke is the

thermoregulatory loop overwhelmed when external heat load exceeds cooling capacity — the brachycephalic dog with limited evaporative

cooling is the textbook case. Diabetes mellitus is glucose feedback losing its insulin signal, either because the β-cell is gone (Type I-like) or

because target tissues stop responding (Type II-like, mostly cats). Cushing's and Addison's diseases are the cortisol-feedback loop

overshooting in opposite directions.

The most dangerous illusion in these patients is that "compensated" looks "stable." A pre-shock dog with strong femoral pulses, normal

mucous-membrane colour, and a quietly accelerating heart rate is one compensation step from collapse. The loops are working — until they

exhaust. The skill of emergency medicine is to recognise that hidden work and intervene before the loop runs out.

Compensation buys time

Once feedback exhausts, the patient crashes fast. The hypovolemic dog whose heart rate keeps climbing is not "doing well" — the

autonomic effector is at full deflection. Treat early, not after the compensation breaks.

09 Key takeaways for the vet student

Seven rules to leave this article remembering — you can download all of them as a free PDF:

1. Homeostasis is a continuous process, not a state — the body actively defends a narrow internal range against unrelenting external load.
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2. The cell membrane's selective permeability is the foundation of every transport, signal, and excitable event in physiology.

3. Active transport — especially the Na⁺/K⁺ pump — sets up the electrochemical gradients that everything else exploits.

4. The resting membrane potential is the universal currency of excitability; lose it (hyperkalemia) and every excitable tissue stops at once.

5. Cells communicate by five modes — autocrine, paracrine, endocrine, juxtacrine, neurotransmission — converging on four receptor

classes.

6. Second messengers amplify a single receptor-binding event into thousands of intracellular consequences; that is why hormones work in

nanomolar concentrations.

7. Negative feedback is the engine of homeostasis; positive feedback is the rare exception; disease is what happens when loops exhaust.

Once you understand homeostasis, every other organ system is the same story told with different proteins.— a paraphrase of the

Cunningham 6e preface, on why cell physiology comes first.

10 Quiz: test yourself

Nineteen questions across the membrane, transport, the resting potential, signalling, receptors and negative feedback. Answers are

beneath each question — cover them and work down.

1. What three tools does cellular homeostasis run on?Answer: A selectively permeable membrane that controls what crosses,

electrochemical gradients built by ATP-driven pumps, and chemical signalling that links cells together.2. What is the fluid mosaic model,

and what tunes the membrane’s fluidity?Answer: A phospholipid bilayer laid tail-to-tail with proteins floating in it — integral proteins

spanning the sheet, peripheral proteins on one face. Cholesterol wedged between the lipid tails tunes the fluidity.3. What is the

stoichiometry of the Na⁺/K⁺ ATPase?Answer: 3 Na⁺ out and 2 K⁺ in for every ATP hydrolysed. Because it moves three positive charges out for

two in, it is electrogenic and contributes directly to the negative interior.4. Roughly what share of a cell’s ATP budget does the Na⁺/K⁺ pump

consume?Answer: About 30%. Maintaining the gradients is one of the largest ongoing energy costs an animal pays.5. What is the resting

membrane potential of a neuron, and which ion mainly sets it?Answer: About −70 mV, created mainly by K⁺ leaking out down its

concentration gradient through leak channels.6. What distinguishes passive from active transport?Answer: Passive movement runs down

the electrochemical gradient and costs no ATP; active transport moves a substance against its gradient and must be paid for.7. What is the

difference between primary and secondary active transport?Answer: Primary uses ATP directly (the Na⁺/K⁺ ATPase). Secondary piggybacks

on a gradient that a primary pump already built, so it is ATP-dependent at one remove.8. Symporter or antiporter — what is the difference,

with an example of each?Answer: A symporter moves both substrates in the same direction — SGLT pulls glucose into the gut on the Na⁺
gradient. An antiporter swaps them — the Na⁺/Ca²⁺ exchanger in cardiac muscle.9. What does the Ca²⁺ ATPase achieve, and why does it

matter?Answer: It keeps cytoplasmic Ca²⁺ at vanishingly low concentrations. That low baseline is what makes a small Ca²⁺ rise usable as a

signal.10. Which pump acidifies the stomach, and in which cell?Answer: The H⁺/K⁺ ATPase, in the parietal cell, pumping acid into the gastric

lumen. It is the target of omeprazole and its relatives.11. Why does hyperkalaemia kill, and at roughly what serum concentration?Answer:

Around 7 mmol/L, and it kills by cardiac arrest — not by direct toxicity but because a raised extracellular K⁺ collapses the K⁺ gradient that

every excitable tissue depends on.12. What are the five modes of chemical signalling?Answer: Autocrine (a cell signals itself — IL-2 on the T-

cell that made it), paracrine (its neighbours), juxtacrine (by direct contact or gap junctions — Notch), neurotransmission (across a synapse)

and endocrine (across the whole body via the blood).13. A mast cell degranulates and the local capillaries dilate. Which mode is that, and

why is it not endocrine?Answer: Paracrine. The histamine acts on the cells immediately around it and never reaches the bloodstream —

range, not chemistry, is what defines the mode.14. What are the four receptor classes, and how fast does each act?Answer: Ion-channel-

linked — milliseconds (acetylcholine on the nicotinic receptor). GPCRs — seconds, the largest family in the genome. Enzyme-linked —

minutes to hours; insulin works this way. Nuclear — hours to days, because the steroid–receptor complex acts as a transcription factor.15.

What are the three components of a negative feedback loop?Answer: Sensor → integrator → effector, with the change in the target

variable feeding back to inhibit the sensor.16. How does that loop run for a dog’s body temperature?Answer: Hypothalamic neurons sense a

rising temperature, the brainstem integrates it against a setpoint near 38.5 °C, and the effectors — panting and cutaneous vasodilation —

return the temperature toward it.17. Over what timescales do the lungs and the kidney correct blood pH?Answer: Ventilation adjusts CO₂
within minutes; the kidney adjusts bicarbonate over hours to days. Two effectors on the same variable, at different speeds.18. A dog with

metabolic acidosis is hyperventilating. What is it doing?Answer: Running a sensor–integrator–effector loop: chemoreceptors detect the

fall in pH and ventilation increases to blow off CO₂ and drag pH back up. The hyperventilation is the compensation, not the disease.19. Why

does a single resting-potential mechanism matter across so many tissues?Answer: Nerve, cardiac muscle, skeletal muscle and secretory

cells all run on the same K⁺-leak resting potential, so one electrolyte disturbance disables all of them at once.
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11 Cellular homeostasis — frequently asked questions

What is cellular homeostasis?

Cellular homeostasis is the active, ongoing process by which an animal cell keeps its internal environment — ions, pH, volume and energy —

stable despite a constantly changing outside world. It depends on the selectively permeable cell membrane, electrochemical gradients,

and chemical signalling.

How do cells maintain homeostasis?

Through three tools working together: a selectively permeable membrane, ATP-driven pumps (chiefly the Na⁺/K⁺ ATPase) that build the

electrochemical gradients, and cell signalling coordinated by negative feedback loops.

What is the resting membrane potential?

It is the voltage across a resting cell's membrane — about −70 mV in a neuron — created mainly by K⁺ leaking out down its concentration

gradient. It is the basis of every excitable tissue (nerve, cardiac and skeletal muscle).

Are these cell physiology study notes available as a free PDF?

Yes — these are complete cell physiology study notes, free to download as a PDF with no signup. For more, browse our veterinary physiology

study notes.

When to refer

A patient looks 'compensated' but the heart rate keeps climbing — escalate fluid + monitor before the loop exhausts.

Serum K⁺ > 6.5 mmol/L with ECG changes — emergency; the resting-potential gradient is collapsing.

Acid-base derangement that does not correct with predicted compensation — refer for blood gas + lactate workup.

Suspected endocrine homeostatic failure (Cushing's, Addison's, DKA) — refer for confirmatory diagnostics + ICU support.
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