


Sl. No. Aim Page No. Practical score Remarks Teacher’s signature
Section 1: Hematology

1. To study a compound microscope 1
2. To examine common objects that often appear as 

artifacts under a microscope 
7

3. To learn the procedure for collection of a blood 
sample 

10

4. To study the effect of change of tonicity of saline on 
the red blood cells (RBCs)

14

5. To demonstrate how to measure the Erythrocyte 
Sedimentation Rate (ESR) and Packed Cell Volume 
(PCV) using a given sample of blood

17

6. To determine the osmotic fragility of the RBCs 24
7. To determine the specific gravity (SG) of a blood 

sample using copper sulfate (CuSO4) or Philip and 
Van Slyke’s method

28

8. To estimate the hemoglobin concentration of a 
given sample of blood using Sahli’s method

32

9. To study the hemocytometer 38
10. To determine the total erythrocyte (red blood cell) 

count
43

11. To determine the total leukocyte (white blood cell) 
count, i.e., TLC

49

12. To determine the platelet count of the given 
subject (demonstration)

54

13. To determine the reticulocyte count 59
14. To determine the RBC indices (MCV, MCH, MCHC) 62
15. Determination of blood groups (A, B, O and Rh system) 65
16. To prepare a peripheral blood smear/film (PBS/

PBF) and identify various cells in it
70

17. To determine the differential leukocytes count 
(DLC)

76

18. To determine the Cooke–Arneth count (neutrophil 
count based upon the number of lobes)

80

19. To determine the absolute eosinophil count 85
20. To determine the bleeding time (BT) using Duke’s 

method and the clotting time (CT) using Wright’s 
capillary tube method 

89

Section 2: Experimental Physiology
21. To study the action potential of nerve, skeletal 

muscle and cardiac muscle. To find the correlation 
of action potential and muscle contraction in 
skeletal and cardiac muscle

101

22. To study the simple muscle twitch (SMT) 105
23. To study the effect of temperature on SMT 108
24. To study the effect of two successive stimuli 

(of same strength) on skeletal muscle contraction
111
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25. To study the effect of increasing strength of stimulus 
on skeletal muscle contraction

114

26. To study the effect of increasing frequency of 
stimulus on skeletal muscle contraction (genesis of 
tetanus)

118

27. To study determine the effect of load on skeletal 
muscle contraction (after and preloaded 
conditions)

121

28. To study the genesis of fatigue in skeletal muscle 124
29. To study the conduction velocity of the sciatic 

nerve in nerve muscle preparation of frog
127

30. To study a normal cardiogram and effect of 
temperature on it

130

31. To study the properties of cardiac muscle 134
32. To study the effect of stimulation of vagus nerve 

and white crescentic line (WCL) on the cardiogram
139

33. To study the effects of variables on intact frog’s heart 142
Section 3: Human and Clinical Physiology

The oath 152
AETCOM 1 Module 1.1: Introduction of clinical methods 153
AETCOM 2 Module 1.2: What it means to be a patient? 154
AETCOM 3 Module 1.3: Doctor–patient relationship 160
AETCOM 4 Module 1.4: The foundations of communication-I 163

34. To perform general physical examination (GPE) of 
a subject

166

35. Examination of the abdomen of the given subject 174
36. Examination of the respiratory system of a given 

subject
182

37. Determination of lung volumes and capacities by 
computerized spirometer in a given subject

192

38. To study the effect of posture on vital capacity 
using a simple spirometer

198

39. To record and study the effect of voluntary apnea 
and voluntary hyperventilation on respiration 
through stethography (study of chest movements)

200

40. Examination of cardiovascular system (it includes 
examination of precordium and blood vessels)

203

41. To examine and record the arterial pulse of the 
given subject

208

42. To record the blood pressure of a given subject 214
43. To record the effect of change of posture on blood 

pressure of a given subject
219

44. Effect of different grades of the exercise on the 
blood pressure in a given subject 

221

45. To record and study the electrocardiogram (ECG) 223
46. To calculate the cardiac efficiency index of a given 

subject by performing Harvard step test
232

47. To study the genesis of fatigue in human skeletal 
muscle by Mosso’s ergograph 

235

48. Clinical examination of 2nd, 3rd, 4th, and 6th 
cranial nerves of the given subject

239

49. To chart the peripheral field of vision using 
perimeter 

246
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50. Examination of vestibulocochlear nerve (8th nerve) 250
51. Examination of 1st, 5th, 7th, 9th, 10th, 11th, and 

12th cranial nerves of the given subject
254

52. To examine the sensory system of the given 
subject

261

53. Examination of motor system of the given subject 269
54. To perform the examination of higher functions of 

volunteer or subject in the simulated environment
280

55. To demonstrate cardiovascular autonomic function 
tests in a volunteer or simulated environment

284

56. To demonstrate the steps of the basic life support 
(BLS) in a given mannequin 

291

Section 4: Self-directed Learning and Early Clinical Exposure
SDL Modules

1. The cell 298
2. Body fluids and electrolytes in health and disease 300
3. Nutrition 306
4. Cardiorespiratory and metabolic adjustments 

during exercise (isometric and isotonic)
306

5. Puberty 306
6. Effect of castration on physiological functions 307
7. Menopause 307
8. Adaptations for temperature regulation 307
9. Aging 308

Early Clinical Exposure: Case Scenarios
1. Hematology 309
2. Nerve muscle physiology 314
3. Cardiovascular physiology 316
4. Respiratory physiology 321
5. Renal physiology 324
6. Endocrine physiology 327
7. Gastrointestinal physiology 336
8. Neurophysiology 339

Section 5: Calculations
Calculations 342

Section 6: Spots
Spots from hematology 346
Spots from experimental physiology 350
Spots from clinical and human physiology 353



EXPERIMENT NO. 1

Date: .......................

AIM
To study a compound microscope.

Specific Learning Objectives (SLOs)
At the end of this practical, each student should be able to:
	 1.	 Identify all the parts of a compound microscope and describe their functions.
	 2.	 Describe the mechanism of formation of image with the help of a ray diagram, of a compound microscope.
	 3.	 Adjust the condenser and diaphragm of microscope according to objective lens used.
	 4.	 Calculate the total magnification of the microscope for the given objective lens.
	 5.	 Describe the role of oil in oil immersion lens.
	 6.	 Describe the precautions for care and handling the microscope.

Domain: Shows
Level: Shows how
Aligning teaching learning methods: Demonstration
Aligning assessment methods: Practical/OSPE/Viva voce
No. of procedures to be done independently for certification: 0

Fig. 1.1: Label the parts of a compound microscope.

Microscope
It is an instrument used to visualize tiny objects which cannot be seen with the naked eye.

Parts of Microscope
A compound microscope essentially consists of the following parts:
	 1.	 The stand: It comprises of a horse-shoe shaped heavy foot to provide stability; and a limb which bears the optical 

system. The limb is attached to the foot by a hinge joint so that microscope can be adjusted at a comfortable angle 
for the observer.

HematologySECTION 1
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Section 1: Hematology2

	 2.	 The optical system: It is mounted on the tube and consists of two parts:
	 i.	An external tube which bears a revolving nose piece at its lower end in which interchangeable three objective 

lenses of various magnifications are fitted:
	 a.	 Low power (10X): Magnifies the image by 10 times
	 b.	 High power (40X): Magnifies the image by 40 times
	 c.	 Oil immersion (100X): Magnifies the image by 100 times. It is most frequently used in hematology because of 

its greater magnification and resolution. While using this lens, a drop of cedarwood oil is put on the slide for 
better resolution.

		  The cedarwood oil has a refractive index of 1.33, which is similar to the refractive index of glass. The oil prevents 
the divergence of light rays emerging through the object on the slide and provides a sharper focus.

A B

Figs. 1.2A and B: (A) Oil immersion lens without oil; (B) Oil immersion lens used with oil.

		 The objective lenses can be identified by magnification imprinted on them.
	 ii.	An inner draw tube that carries the eye piece (magnification 10X) at its upper end. Length of optical tube is 

250–260 mm.
	 3.	 The body: The body consists of two mechanisms: The coarse adjustment and fine adjustment. With the help of 

these adjustments the height of the tube can be adjusted in such a way that the objective lens can be positioned at its 
optimal working distance (i.e., its focal length) from the object to be examined. The fine adjustment corresponds to 
a movement of 0.002 mm of the tube. It is used for accurate focusing.

	 4.	 The stage: It is a platform that accommodates a glass slide on which the object to be examined is mounted and it 
has an aperture in the center to permit light to reach the object. A calibrated mechanical stage is present on the fixed 
stage which helps to move the object from side to side and before backward.

	 5.	 The substage: It lies beneath the stage and can be lowered or raised by means of screw. The stage is fitted with a 
condenser and iris diaphragm.
	 i.	The condenser consists of two lenses. It serves to condense the rays of light and focuses them on the object. It 

converges the parallel rays of light on the object, kept on the focus of condenser/objective lens.

Note: The position of condenser varies with the objective lens used.

	 ii.	 Immediately below the condenser is the iris diaphragm that can control the amount of light reaching the object. 
The light rays entering the iris diaphragm should be parallel.

	 6.	 The mirror: Below the condenser a double reflecting mirror is present, which is plane on one side and concave on 
the other.

Fig. 1.3: Ray diagram of plane and concave mirrors.
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Section 1: Hematology 3

	 a.	The plane side of the mirror is used when the source of light is diffuse such as daylight. So that the parallel incident 
rays remain parallel, when they enter the iris diaphragm.

	 b.	Concave mirror is used when source of light is from point source such as bulb. The concave mirror converts the 
divergent rays into parallel rays before they enter the iris diaphragm.

Note: Higher the magnification, smaller is the area that can be examined at a time. Hence, it is always advisable to 
focus a slide under low power (10X) first.

PRECAUTIONS
	 1.	 A clear image can never be seen through dirty lenses. Make sure that the eye piece as well as all the objective lenses 

are clean; do not rub them with dry cotton or rough cloth. Apply xylene to the lenses (to dissolve the grease). Use a 
piece of muslin cloth or softest material available. Always clean the microscope lenses before and after use.

	 2.	 Do not clean the objective with alcohol as it may dissolve the cement which unites the component lens.
	 3.	 Make minimal and careful use of ONLY the fine adjustment while using the high power and oil immersion lenses.
	 4.	 If the microscope has to be moved, it should be held upright by the limb keeping a hand below its foot.
	 5.	 When it is not in use keep it covered by dust cover.

Focusing an Object According to the Lens
	 1.	 Place the slide on fixed stage.
	 2.	 Use light source.
	 3.	 Adjust the mirror (Plane mirror for natural light and concave mirror for artificial light).
	 4.	 Adjust the microscope for low power, high power or oil immersion as per the table given below:

Lens Low power High power Oil immersion

Position of condenser Lowest (because the clarity of image will 
distort due to excessive brightness at 
higher position)

Mid way Highest (highest position of the 
condenser)

Iris diaphragm Partially open Fully open Fully open (to allow maximum 
light)

Lens used 10x 40x 100x

Focal length 16 mm 4 mm 2 mm

Use of oil No No Cedarwood oil used

Color band on the 
objective lens

Brown Green Black

Fig. 1.4: Ray diagram showing position of condenser in low power, high power and oil immersion lenses.
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Section 1: Hematology4

	 5.	 Using the coarse adjustments screw, focus the object and then use fine adjustment for accurate focusing. See the 
object.

Image Formation
Draw the diagram showing image formation in a compound microscope.

Fig. 1.5: Ray diagram of the compound microscope.

First image: Real and inverted
Final image: Virtual, inverted and highly magnified*.

LET’S THINK!

Q1. Why is the optical tube of a standard length?
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q2. Why is cedarwood oil used in the oil immersion lens?
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................
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Section 1: Hematology 5

Q3. Mention the other substances used instead of cedarwood oil.
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q4. Define magnification. How will you calculate it?
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q5. Define resolution.
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q6. Why the oil immersion lens has a pinhole aperture?
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q7. What is refractive index of glass and cedarwood oil?
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................
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Section 1: Hematology 7

EXPERIMENT NO. 2

Date: .......................

INTRODUCTION
An in-depth knowledge of the microscope is very essential for the student as he is a beginner. He should also know the 
common objects which appear as artifacts that can misguide the student when performing hematological experiments. 
This experiment again provides a chance to the student to get familiar with the microscope regarding its proper use, 
handling, care and maintenance.

AIM
To examine common objects that often appear as artifacts under a microscope.

Specific Learning Objectives
At the end of this practical, each student should be able to:
	 1.	 Identify various common objects, that frequently appear as microscopic artifacts.
	 2.	 Describe three distinguishing features of each of these artifacts.

Domain: Shows
Level: Shows how
Aligning teaching learning methods: Demonstration
Aligning assessment methods: Practical/OSPE/Viva voce
No. of procedures to be done independently for certification: 0

APPARATUS
About 8–10 clean, grease-free glass slides and cover slips.

COMMON OBJECTS
	 1.	 Cotton fibers: Appear as long, semi-transparent ribbon like filaments which are twisted at regular intervals.
	 2.	 Dust particles: Vary in size and shape (e.g., angular, irregular polygonal); may appear light or dark brown, black or 

yellow in color, e.g., mica, silicon, graphite and carbon.
	 3.	 Human hair: Appear as long, cylindrical filaments. It has three distinct layers, i.e., inner medulla, outer cortex and 

the surrounding cuticle.
	 4.	 Potato Starch granules: Stains with iodine dye. Look oval or pear shaped. Hilum is present at one end and is 

surrounded by concentric rings.
	 5.	 Rice Starch granules: Stains with iodine dye. Look hexagonal in shape with hilum at the center.
	 6.	 Air bubbles: Appear round in shape and are of varying sizes. They are surrounded by a dark ring with a clear center.
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OBSERVATIONS

Draw the light microscopic picture of common objects

Fig. 2.1: Common objects appearance under microscope.
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Section 1: Hematology10

EXPERIMENT NO. 3

Date: .......................

INTRODUCTION
Blood investigation makes an essential tool that helps the clinician to arrive at a conclusive diagnosis. Accuracy and 
precision in the method of collection of blood is thus very important as any technical error could mislead the diagnosis and 
create a potential life-threatening hazard for the patient.

AIM
To learn the procedure for collection of a blood sample.

Specific Learning Objectives
At the end of this practical, each student should be able to:
	 1.	 List the various possible routes for collecting a blood sample and identifying sites that should be avoided.
	 2.	 Understand and follow the complete protocol for maintaining aseptic precautions during blood collection.
	 3.	 Identify the correct vial (with or without a specific anticoagulant) for transferring the sample before lab investigations.

Domain: Knows
Level: Knows how
Aligning teaching learning methods: Demonstration
Aligning assessment methods: OSPE/Viva voce
No. of procedures to be done independently for certification: 0

APPARATUS
Sterile needle/lancet, blood collection vial [plain, ethylene diamine tetra-acetic acid (EDTA)], sterile cotton swab, 
rubbing alcohol, tourniquet, adhesive dressings.

I. Capillary (Peripheral) Blood
It is obtained by puncturing the skin to draw a small volume of blood.

Site:
	• Adult—Finger (Ear lobe is rarely used nowadays)
	• Infant—Deep puncture of the lateral or medial aspect of plantar surface of the heel.

PROCEDURE
	 1.	 Finger prick:

	– Clean the finger (or the area) with a spirit swab.
	– Allow the spirit to evaporate completely.
	– Using a sterile disposable 24 gauze needle or a lancet to prick the lateral side of the finger. The prick should be 

deep enough (approximately 5 mm deep) to allow a free flow of blood.

Precaution
Do not squeeze the finger to avoid dilution of the sample with tissue fluid.

LET’S THINK?

Q1. Why should the little finger and thumb should not be pricked?

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................
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Section 1: Hematology 11

Q2. Why is spirit allowed to dry before pricking?
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Precaution
Do not squeeze the finger, as it would result in oozing of tissue fluid along with the blood.
	 2.	 Ear lobe prick:

	– Rub the ear gently in between the fingers till it becomes warm
	– Now prick with a sterile pricking object and collect the blood in a capillary tube.

	 3.	 Heel prick:
	– Preferred in infants
	– A deep prick is made on the medial or lateral parts of the plantar surface of heel.

Fig. 3.1: Site for collection of capillary blood.

LET’S THINK!

Q1. Why should the central and posterior heel not be pricked?
.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

II. Venous Blood
It is the most commonly used method nowadays to draw venous blood.
Site: Median cubital vein by means of a dry, disposable plastic syringe.

Fig. 3.2: Venous drainage of upper limb.
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With all aseptic precautions blood is withdrawn and transferred to the appropriate desired vials.
	• Plain vial (for serum-based tests)
	• EDTA vial (for CBC, ESR, blood films)
	• Citrate vial (for coagulation studies)
	• Heparin vial (for osmotic fragility, etc.)

Fig. 3.3: Vacuum container for collection of blood.

Plain vial EDTA vial Citrate vial Heparin vial

Indications

Contraindications

ANTICOAGULANTS
Anticoagulants are chemical substances that prevent coagulation of blood. Commonly used anticoagulants are EDTA, 
trisodium citrate, and heparin cofactor.
	 1.	 EDTA and trisodium citrate removes calcium which is an essential factor for coagulation.
		  Calcium is either precipitated as insoluble crystals of oxalate or bound in a non-ionized form. EDTA is suitable for 

complete blood counts, peripheral blood films. ESR should not be used for coagulation studies. Citrate is used for 
coagulation studies, ESR and is avoided in complete blood counts.

	 2.	 Heparin acts by binding to antithrombin and thus interferes with the coagulation cascade. It is used to determine 
osmotic fragility and pH of blood and is not used for blood counts (CBC).

	 3.	 In case we want to perform the laboratory tests in serum, no anticoagulant is used.

LET’S THINK!

Q1. What is the difference between capillary blood and venous blood?

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................
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EXPERIMENT NO. 4

Date: .......................

AIM
To study the effect of change of tonicity of saline on the red blood cells (RBCs).

Specific Learning Objectives
At the end of this practical, each student should be able to:
	 1.	 Demonstrate the correct technique of collection of blood sample.
	 2.	 Visualize the effect of hypotonic, isotonic and hypertonic saline on the RBCs under the compound microscope.
	 3.	 Describe the effect of variable tonicity of solution on the RBCs.

Domain: Shows
Level: Shows how
Aligned teaching learning method: DOAP
Aligned assessment method: Practical/OSPE
No. of procedure to be done independently for certification: 0

APPARATUS
Pricking apparatus, three test tubes, three clean glass slides, freshly prepared 0.4% sodium chloride solution, 0.9% 
sodium chloride solution, 2% sodium chloride solution, dropper and compound microscope.

PRINCIPLE

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

PROCEDURE
	 1.	 Water and saline are mixed in different proportions to prepare isotonic, hypotonic and hypertonic solutions and 

placed in three different test tubes.
	 2.	 Prick the finger with all aseptic precautions.
	 3.	 Add a drop of blood in each tube. Invert the tubes gently so as to mix the blood with saline.
	 4.	 Allow the test tubes to stand for some time.
	 5.	 Take a drop of saline mixed blood on a glass slide from each of the three test tubes with the help of a dropper. 
	 6.	 Examine each slide under the microscope to observe the changes in the morphology of the RBC.

OBSERVATIONS
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LET’S THINK!

Q1. What will happen to the RBCs in an isotonic saline?

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q2. What will happen to the RBC in hypotonic solutions and why?

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q3. What will happen to the RBC in hypertonic solutions and why?

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q4. Mention the different substances used as isotonic solution.

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Q5. What is an isotonic, hypotonic and hypertonic saline?

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

.........................................................................................................................................................................................................

Fig. 4.1: Effects of tonicity of saline on red cells.
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