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1. In order for a 25 year-old, 100 kg male patient of average build to go completely under during an operation, an anaesthesiologist needs to administer a quantity of a particular anaesthetic such that it assumes a concentration 0.0010 g/L. How much anaesthetic must she administer into a vein given that it can cross both the capillary wall and the cell membrane?
a) 5 mg
b) 15 mg
c) 20 mg
d) 40 mg
e) 60 mg

2. Oxidative metabolism:
	I. Is a contributor to body temperature homeostasis
	II. Is an example of a negative-feedback mechanism
	III. Provides the body with ~0.4L of water per day
	IV. Uses up ~0.4 L of water per day
	V. Is an insensible loss
a) I only
b) I and II
c) I, II, and II
d) IV and V
e) II, IV, and V

3. A 6 month-old baby is suffering from diarrhea. A pediatrician tells the baby’s mother to increase the frequency of feedings. What might be part of the reason in terms of homeostasis?
a) Because excessive diarrhea might upset the baby’s water balance
b) Because insensible losses increase when the baby’s developing immune system is fighting the diarrheal infection.
c) Because babies have greater water turnover in a 24-hr period, thus dehydration is a dire concern
d) Both a and c are true
e) All of the above are true

4. Facultative losses:
a) Are always the same regardless of water intake.
b) Vary depending on water intake.
c) Are controlled by the kidneys.
d) Include sweat as an example
e) Could result in a negative water balance
1. If only a is correct
2. If both a and c are correct
3. If a, c and e are correct
4. If both b and c are correct
5. If all of the above except a are correct

5. A clinician would like to measure the amount of fluid in the ISF of a patient who is being monitored for renal problems. On her bench, she has heavy water, sodium sulphate, and Evan’s Blue. Which of the following is CORRECT?
a) She would need to use the heavy water (D2O or T2O)
b) She would need to use the sodium sulphate
c) She would need to use the Evan’s Blue
d) If the patient is suffering from renal problems, the 20-15-5 ECF fluid balance would be disrupted as he would have excess water retention in the ISF compartment.
e) If the patient is suffering from renal problems, the 60-40-20 rule would not apply to him as he would have excess water in the ICF compartment.
1. If only b is true
2. If both a and b are true
3. If both b and c are true
4. If a, c, and e are true
5. If b, c, and d are true
6. Geraldine recently found out that she contains 30L of water, while her son, Jordan, contains 50L of water. What could they conclude from this?
a) Geraldine has more adipose tissue than Jordan
b) Jordan contains more adipose tissue than Geraldine
c) Geraldine is female therefore by default she contains less water than Jordan
d) Geraldine is older, therefore she contains less water than Jordan
e) In good health, both contain the same amount of ICF. 
1. If only a is could be concluded
2. If a, c, and d could be concluded
3. If all of the above except a could be concluded
4. If all of the above except b could be concluded.
5. If none of the above could be concluded given the data provided
7. A patient is rushed to the ER due to suffering the effects of severe dehydration. The patient was rescued from deep in the bowels of the Nevada desert, is unconscious and seems to be at death’s door. You are an ER nurse. You wouldn’t inject the patient with pure water…
a) If you wanted to increase the likelihood of mortality, as water would cause him to rehydrate quicker - he is in critical condition so timing is crucial.
b) Because it is hypotonic to body cells and will cause them to shrink
c) Because it is hyperosmotic to body cells and will cause them to shrink
d) Because it is hypertonic to body cells and will cause them to swell and lyse
e) Because it is hypotonic to body cells and will cause them to swell and lyse.

8. Which of the following directly applies to Fick’s Law of Diffusion (for net flux):
	a) J is directly proportional to the surface area of the membrane
	b) J is inversely proportional to the surface area of the membrane
	c) J is directly proportional to intracellular non-penetrable solute concentration
	d) J is directly proportional to the concentration difference between compartments
	e) J also depends on a permeability constant P.
	f) J is directly proportional to the temperature of the compartments.
1. If a, d, e, and f are true.
2. If a, c and e are true
3. If a, d, and e are true
4. If a, d, and f are true
5. If b, c, and e are true

9. Which of the following is least likely to be a non-penetrable solute if the only type of membrane transport was simple diffusion?
a) Urea
b) Na+ ions
c) Glucose
d) Cholesterol
e) Albumin

10. To maintain cellular homeostasis, the body makes up for potassium leaking out of the cell by introducing potassium into the cell via Na+/K+ATPase. Such, respectively, are examples of:
a) Simple diffusion and facilitated diffusion
b) Facilitated diffusion and primary active transport
c) Ion channels and facilitated diffusion
d) Ion channels and primary active transport
e) Primary active transport and secondary active transport

11. You are an astronaut-scientist far into the future who was commissioned to run experiments on the inhabitants of a planet your team is considering colonizing. You discover that the cell membrane composition of the inhabitants is identical to that of humans, but would like to discover the osmolarity of their intra- and extracellular fluid. You carefully remove 100 mg of their fresh red blood cells and place them in a small bath containing 29 grams of sodium chloride (MW = 58) and 1 L of water. You notice that the cells swell and burst. What is a plausible osmolarity of the ICF of these extra-terrestrial creatures?
a) 300 mOsm
b) 500 mOsm
c) 1000 mOsm
d) 1500 mOsm
e) Multiple answers are correct
f) Not enough information was gathered to draw any conclusions about the osmolarity of their ICF.
12. The same moron who was found in the middle of the Nevada desert without a canteen is saved in the nick of time and, when discharged from the hospital, decides to go “exploring” the Pacific Ocean (seawater = 3.5 g% NaCl) on his friend’s boat without a map/GPS and, obviously, he gets lost (some people just never learn…). After his water supplies run dry, he feels confident that since he is surrounded by water, he will not get dehydrated. Which of the following is actually likely to happen?
a) ECF osmolarity will increase
b) ECF tonicity will increase
c) ECF osmolarity will decrease
d) ICF volume will increase
e) ECF volume will decrease
1. If only a is correct
2. If only b is correct
3. If both a and b are correct
4. If all of the above except c are correct.
5. If all of the above except a are correct
13. Which of the following is true about globulins?
a) They are all synthesized in the liver
b) They include α1, α2, β, γ, and φ
c) Their rates of migration on a gel would be the quickest when compared with other plasma proteins.
d) Some globulins are essential to clotting
e) They do not contribute to the colloidal osmotic pressure of the capillaries

14. A patient enters the hospital with a large lymphatic blockage. What telltale signs would you, as a clinician, necessarily be able to notice?
a) The patient is edematous.
b) Decreased hydrostatic pressure
c) Decreased COP
d) Decreased blood pressure
e) Increased capillary permeability

15. Of all the blood plasma that flows through the bloodstream in a given day, the majority:
a) Stays in the vessels
b) Gets filtered into the ISF by the arteries
c) Gets filtered into the lymphatic system
d) Gets filtered into the ISF by the arteries and then reabsorbed into the veins
e) Gets filtered into the ISF and then reabsorbed by the lymphatic system.

16. Which of the following is true regarding hematopoesis?
a) Lymphocytes, Erythrocytes, and Thrombocytes all start off as self-replicating pluripotential cells
b) White blood cells and red blood cells arise from myeloid stem cells, while platelets arise from lymphoid stem cells
c) It occurs in adults in the flat bones of the axial skeleton and in the diaphyses of the long bones
d) Pluripotential stem cells could be stimulated by erythropoietin to become committed myeloid stem cells.
e) All of the above are true regarding hematopoesis.


17. Which of the following proteins are correctly matched with their function?
a) Erythropoietin – Increase Hb saturation
b) Ferritin – Carries iron in plasma
c) Chemokynes – Stimulate hemolysis of red blood cells to break down heme into bilirubin.
d) Macrophage – destroys old platelets
e) Tissue Factor – Catalyzes the extrinsic clotting scheme

18. A 48 year-old woman complains of chronic fatigue. Her erythrocytes are determined to be hypochromic. What could be the cause(s) of this morphology?
a) The hemoglobin saturation is less than 1.34mL O2 per gram of Hb
b) Iron-deficiency anemia
c) Pernicious anemia
d) Folic acid deficiency 
e) Climbing Mount Kilimanjaro
f) The woman has a severe case of COPD, causing a hypoxic drive due to abnormally high pCO2 in the blood.
1. If only a is a possible cause
2. If only b is a possible cause
3. If a, b, and f are possible causes
4. If all of the above except e are possible causes
5. If all of the above are possible causes

19. Place the following events in chronological order following an external hemorrhage.
	1. Erythropoietin production is increased
	2. Hypoxemic blood reaches kidneys
	3. Less hemoglobin is available for oxygen transport
	4. Increased discharge of young erythrocytes in the blood
	5. More hemoglobin is available for oxygen transport.
	6. Erythropoietin production is decreased.
a) 3-2-1-4-5-6
b) 3-2-1-5-4-6
c) 4-3-6-2-5-1
d) 4-3-6-5-2-1
e) 6-3-2-1-4-5
20. Which of the following conditions are incorrectly matched with their causes?
a) Dehydration – Relative Polycythemia
b) High altitude – Relative Polycythemia
c) Heavy smoking – Absolute Polycythemia (physiological)
d) Erythropoeitin-producing tumors – Absolute Polycythemia (pathological)
e) All of the above conditions are correctly matched with their causes.

21. A patient presents with an RBC count of 2 x 106 RBC/μL; each is 95u3 in diameter and contain 33% Hb. Which of the following could be a possible diagnosis?
a) Pernicious Anemia
b) Iron-Deficiency Anemia
c) Polycythemia vera
d) Hypoplastic Anemia
e) Multiple answers are plausible.

22. Which of the following statements about thrombocytes is FALSE?
a) They originate from granules in large cells called megakaryocytes
b) They have no nucleus
c) They have their own mitochondria
d) They produce thrombin, which causes circulating fibrinogen to activate into fibrin and develop a clot.
e) They secrete von Willebrand Factor which facilitates adhesion

23. Which of the following statements correctly describes the interaction of the intrinsic and extrinsic clotting schemes?
a) The small amounts of thrombin released quickly in the extrinsic scheme are sufficient to generate positive feedback effects on the intrinsic scheme to generate large quantities of thrombin.
b) The small amounts of thrombin released quickly by the intrinsic scheme are sufficient to generate positive feedback effects on the extrinsic scheme to generate large quantities of thrombin.
c) Both schemes are mediated by Ca2+
d) Both schemes are mediated by PF3 and Ca2+

e) Both schemes are functionally independent of each other.
24. Which of the following medications is incorrectly paired with its function?
a) Aspirin – Inhibits Thromboxane A2 synthesis and release
b) Vitamin K – Inhibits the production of prothrombin and clotting factors VII, IX, and X.
c) Coumarin – Inhibits the production of prothrombin and clotting factors VII, IX, and X.
d) Heparin – Promotes inhibition of thrombin activation and action
e) Thrombolytic drugs - promotes clot lysis with tissue plasminogen activator (t-PA) and streptokinase.

25. Why does liver disease inhibit clot formation?
a) Because platelets are produced in the liver, so liver disease causes a decrease or absence of platelet production.
b) Because vitamin K is produced in the liver, and vitamin K is an important cofactor in the synthesis of  prothrombin and clotting factors VII, IX and X.
c) Because liver disease drastically increases the permeability of the capillary walls, resulting in the filtration of platelets from the plasma into the ISF, as they are the smallest blood cells.
d) Because liver disease inhibits synthesis and release of Thromboxane A2, which is an important stimulator of platelet aggregation.
e) Multiple answers are correct.

26. How does depolarization of the neuronal membrane in the CNS occur during an action potential?
a) Since the concentration of sodium is usually much higher outside than inside the cell, sodium will rush down its concentration gradient into the neuron when the voltage-gated channels are opened by an EPSP, rendering it more positively charged and closer to sodium’s equilibrium potential of +50 mV.
b) Since the concentration of potassium is usually much higher outside than inside the cell, potassium will rush down its concentration gradient into the neuron when the voltage-gated channels are opened by an EPSP, rendering it more positively charged and closer to potassium’s equilibrium potential of -90mV 
c) Voltage-gated calcium channels on the sarcoplasmic reticulum of the neuron open as a result of an EPSP, causing calcium to flow into the neuron in large quantities, rendering the neuron more positively charged and closer to calcium’s equilibrium potential of +50mV
d) Since the concentration of potassium is usually much higher inside the cell than outside, potassium will rush down its concentration gradient out of the neuron when the voltage-gated potassium channels are opened by an EPSP. Since potassium’s equilibrium potential is -90mV, efflux of potassium will cause the membrane to move towards +90mV
e) Both a and c could cause depolarization of the neuronal membrane in the CNS.

27. The depolarization of the post-synaptic neuron is an example of:
a) A negative feedback mechanism
b) A feedforward mechanism
c) A positive feedback mechanism
d) An IPSP
e) None of the above

28. The action potential, in vivo:
a) Moves bidirectionally down an axon
b) Can only move in one direction because sodium channels are inactivated after an AP long enough not to be affected by the transient depolarization of the adjacent neuronal cytoplasm.
c) Can move in both directions because sodium channels are open during the absolute refractory period following an action potential long enough to depolarize the adjacent membrane on both sides.
d) Can move bidirectionally; however, it cannot in vitro
 e) Jumps discretely from Node of Ranvier to Node of Ranvier.

29. Which of the following accurately describes a function of myelin?
a) Myelin, a conductor, helps increase the speed of propagation of action potentials
b) Myelin is an insulator which prevents the “leakage” of action potentials between nodes of Ranvier
c) Myelin helps increase the diameter of neurons, helping action potentials propagate quicker.
d) Myelin contains a high concentration of voltage-gated sodium channels, enabling the signal to be regenerated at periodic intervals
e) Both b and c are true







30. Which of the following is true regarding AMPA and NMDA receptors?
a) AMPA is an ionotropic receptor while NMDA is a metabotropic receptor
b) AMPA and NMDA both play a role in Long Term Potentiation and Long Term Depression
c) Both are ligand-gated sodium channels which respond to glutamate. 
d) AMPA responds to glutamate while NMDA responds to GABA
e) AMPA is responsible for “fast” EPSPs while NMDA is responsible for “slow” EPSPs
f) NMDA needs the post-synaptic depolarization caused by AMPA activation in order for its pore, occluded by Mg2+, to let in monovalent cations and further depolarize the post-synaptic membrane
1. If only a is true
2. If a, b, and c are true
3. If b, c, e, and f are true
4. If all of the above are true except d
5. If all of the above are true except c

31. Which of the following is true about muscle cells?
a) Myofibrils, also called myoblasts, each have one nucleus.
b) A motor unit refers to a muscle fiber and all the motor neurons that activate it
c) Slow oxidative fibers do not contain myoglobin
d) The amount of tension a muscle fiber can develop depends on the length of the thin filaments.
e) Changes in muscle cell bodies can result in muscle atrophy, fasciculations, and decreased muscle tone.

32. Which of the following is INCORRECT regarding muscle contraction?
a) Individual muscle EPSPs last around 20 milliseconds and are only a few millivolts – between 50 and 100 must be “summed” in order to result in an action potential.
b) Ca2+, released from the sarcoplasmic reticulum following the depolarization of the muscle endplate due to the influx of sodium from voltage-gated sodium channels, binds to troponin on the thin filaments, changing its conformation, which in turn moves tropomyosin away from the myosin binding site on actin, so that the myosin heads can bind to it and use ATP for the muscle to contract.
c) Excitation-contraction coupling causes delays that cause the actual muscle “twitch” to lag behind the muscle fiber action potential
d) The duration of contraction time corresponds to the amount of time required for Ca2+ levels to return to baseline.
e) Force applied by a muscle can be increased by the recruitment of more motor units.
33. Which of the following factors do NOT contribute to muscle fatigue?

a) For short duration, high-intensity activity, buildup of potassium in the t-tubules causes action potential failure.
b) For short duration, high-intensity activity, lactic acid buildup can occur, which reduces muscle pH, altering protein structure and function.
c) For short duration, high-intensity activity, inhibition of cross-bridge cycling due to buildup of ADP and Pi within the muscle
d) For long duration, low-intensity activity, depletion of fuel substances can reduce recruitment, frequency, and strength of muscle contraction.
e) All of the above are factors in muscle fatigue.

34. Which of the following is true about the autonomoc nervous system?
a) The sympathetic nervous system activates postganglionic neurons through muscarinic acetylcholine receptors. The postganglionic neurons release norepinephrine, which modulates target tissues through interaction with α and β adrenergic neurons. 
b) The parasympathetic nervous system activates postganglionic neurons through nicotinic acetylcholine receptors. The post-ganglionic neurons release acetylcholine, which modulates target tissues through the interaction with muscarinic acetylcholine receptors.
c) The sympathetic and parasympathetic nervous system always oppose each other in their actions on target tissues.
d) Sympathetic activity is opposed by parasympathetic activity via the activity of pressure-sensitive baroreceptor neurons synapsing onto the nucleus of the solitary tract in the hypothalamus.
1. If only c is correct 
2. If only d is correct
3. If a, b, and c are correct
4. If both b and c are correct
5. If all or none of the above are correct





35. Which of the following statements is true regarding the enteric system?
a) The enteric system receives input from both the sympathetic and parasympathetic nervous system
b) The enteric system can function normally without any outside input
c) The enteric system controls peristalsis
d) The enteric system is regulated by the hypothalamus
1. Both a and c are true
2. Both b and d are true
3. a, b, and c are true
4. Only d is true.
5. All or none of the above are true
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