Chapter I
Introduction

The lungs is the principle respiratory organ containing bronchial tree and exchangeable pulmonary tissues, these include lobes and lobules. These organs vary their morphological parameters among different species. Such study was recorded by Ewart (1889) in human, Neil and Gilmour (1949) in dog. Morphometric study of Dog lungs was recorded and comparison with human lungs reported by Tonelli (1951). Goat, a small ruminant has distinctive organization of respiratory organs like large ruminant. Several studies were done about the morphometric study of goat lungs. Melih et al. (2006) studied about sheep lungs in view of lung transplantation and reported that scent of donor, size difficulties and rejection are the major problems in case of human lungs transplantation. Hare (1975) also recorded the  detail anatomy of goat lungs. In Bangladesh morphometric study of goat lungs has not reported yet. So present study was undertaken to determine the morphometric study of goat lungs in Bangladesh context.  
Chapter II
REVIEW OF LITERATURE
Respiration has been defined as the osmotic chemical process or processes by which a plant or an animal absorbs oxygen gives off the products (especially carbon dioxide) formed by the oxidative activities of the tissues. Respiratory system consists of a conducting portion, a respiratory portion and a pumping mechanism by which air is alternatively drawn in expelled from the system. (Hare, 1975)
Ghosh (1998) described that the components of the respiratory system are respiratory passages lungs. The nose, pharynx, larynx, trachea and bronchi are continuous open passages to the lung and therefore called respiratory passages. 

Hare (1975) described that the lungs right and left, are the paired organs that occupy much of the space in the thoracic cavity. Each lung is invaginated in the ipsilateral pleural sac. It is covered by pulmonary pleura is free to move in the sac since, it is attached only by its root the pulmonary ligament.

Tonelli (1951) was the first to describe the morphology of the lungs, the bronchial tree and the bronchopulmonary segments of the dog and to make comparisons with the human lungs.
Aeby (1880), a pioneer in pulmonary anatomy, studied the bronchial trees of some fifty mammalian species including the ruminants. He described a common mammalian bronchial plan and promulgated his three main 'theories': (1) the existence of an eparterial and hyparterial system of bronchi, (2) a monopodial mode of division and (3) the existence of a 'stem bronchus' in each lung, according to which each branch of the trachea preserves its independence as a 'grundlegendes Achsengebilde' – the 'Stammbronchus'. The stem bronchus extends "from the bifurcation of the trachea to the posteromedial inferior angle of the lung" (Boyden, 1955). Stimulated by the work of Aeby and to “test” his “theories”.
Ewart (1889) made a detailed study of the bronchi and pulmonary blood vessels of the human lung, on the basis of which he criticized each of the three theories of Aeby. At that time a study, even of the human lung, had little practical value. The topographical section of Ewart's monograph, therefore, received scant attention although his criticism of Aeby's theories aroused an intense interest. Over the next three decades papers appeared which were devoted to Aeby-Ewart 'conflicts' (Huntington, 1898; Narath, 1901; Flint,1906; Huntington,1920) 
Among the many investigators, only Neil and Gilmour (1949) made a brief reference to the bronchial tree of the dog. Up to this time interest had remained confined mainly to the human lungs and the first specific study on a mammal, other than man, was on the bovine bronchial tree by Stamp (1948).
Boyden and Tompsett (1961) described the postnatal growth of the dog's lungs, basing their findings on one particular branch in the intermediate lobe-'lobus accessorius' according to Barone (1970) made a radiological investigation of the lungs, fissures and bronchial tree. 
According to Barone (1970), Nickel et al.. (1973) and Hare (1975) each of the lobar bronchi of the right apical, the right middle, the intermediate, and the common bronchus of the left apical and middle lobes arises from the respective 'principal' bronchi ('stem bronchi' of this study) after the latter have entered the lungs. The  findings have shown that each of these bronchi has an extrapulmonary portion. The common bronchus of the left apical and middle lobes is entirely extrapulmonary.

Tucker and Krementz (1957) described segments in the dog's lungs which were almost identical to those in the human lung and to which they applied human terminology. In the right apical lobe of dog they described an "apical bronchopulmonary segment composed of two branches which stem from the bronchus to the upper lobe". (Here by 'upper lobe' they meant the right apical lobe of the dog.) This statement is contrary to the generally accepted view, according to which a bronchopulmonary segment is always supplied by a single bronchus.
Nickel et al. (1973) dealt with the morphology of the lungs and the bronchial trees of a number of mammals, including the dog, but only in a general comparative manner and their descriptions did not follow the lobar bronchi beyond their entry into the lobes. According to them, "the lobar bronchi give rise to a large number of segmental bronchi each of which enter and ventilate a bronchopulmonary segment". No details of branching were given nor were the segments described. 
Hare (1975) described the bronchial tree in the dog but his descriptions did not go beyond the division of the lobar bronchi into segmental branches. The article by Kramer and Glass (1932) on the bronchoscopic localization of lung abscess demonstrated for the first time the practical application of the knowledge of bronchopulmonary anatomy and stimulated great interest in the bronchial and segmental patterns of human lungs. A large number of important publications appeared in quick succession, culminating in the publication of the classical monograph on the bronchovascular anatomy of the human lungs by Boyden (1955). 

Baba and Chouwdhary (2008) reported that histomorphological studies were conducted on the pulmonary alveoli of ten adult healthy goats of either sex. The alveoli were roughly spherical structures which opened into the alveolar ducts and alveolar sacs or respiratory bronchioles. Alveoli were composed of two types of cells i.e. Type-I pneumocytes and Type-II pneumocytes. Former formed the main lining epithelial cells of alveoli which were squamous in type having prominent perinuclear area and centrally located nucleus, while the later were cuboidal in shape with centrally located nucleus and occasionally found among the Type-I cells in the alveolar epithelium. The average alveolar diameter was 45.28 ± 1.81 μm and the average thickness of inter alveolar septa was 6.64 ± 0.35 μm

Randall and Rosenblatt (2009) reported that lung transplantation is now an accepted therapy in patients with end-stage lung disease. The survival after transplantation is acceptable; the quality of life is good; but the overall survival still lags behind other solid-organ transplants. Despite the higher incidence of diabetes mellitus, poor nutrition, and colonization with both multi-resistant and pan-resistant Gram-negative organisms, the patients with CF clearly benefit from lung transplantation. The lung-allocation system appears to have resulted in a better distribution of organs to those who most likely will benefit. 
Kaptanoglu et al. (2007) has studied on tracheo-bronchial structures of sheep lung and found that lobes and segments in right lung 1.8 cm radius in right main part, 0.8cm radius and 1.4 cm distance of right upper part, 0.9 cm radius of right middle part, 0.9 cm radius and 1.5 cm distance of superior basal part, 0.8 cm radius and 2.8 cm distance in lateral basal part and 1.3 cm radius and 3.9 cm distance in common basal part. Lobes and segments in left lung 1.6 cm radius in left main part, 10.7 cm radius of posterior basal part, 0.9 cm radius and 3.6 cm distance of anterior basal part, 0.9 cm radius and 4.4 cm distance in lateral basal part and 1.4 cm radius and 4.4 cm distance in common basal part. He also reported on tracheo-bronchial structures of sheep lung and found that Empty 819 gm, Water filled 4691 gm,  Discharged 2740 gm,  Tracheal lobe 160 gm,  Upper segment 105 gm,  Lower segment 55 gm,  Right lung 555 gm,  Upper lobe 75 gm,  Medial lobe 34 gm,  Lower lobe 445 gm,  Right bronchial system 715 gm,  Left lung 448 gm,  Upper lobe 113 gm,  Anterior segment 39 gm,  Lateral segment 74 gm,  Lower lobe 380 gm and Right and left bronchial system 1211 gm.

Chapter III
MATERIALS AND METHOD

The study was conducted from 10-12-2009 to 05-04-2010 at Anatomy and Histology laboratory of CVASU (Chittagong Veterinary and Animal Sciences University) for 4 months period.

3. 1. Study design
3. 1 (a) Sample collection  
Fresh lungs (7 pairs) from goat of same age group were obtained from four local butchers. (Jhautala bazaar, Riazuddin Bazzar, Kornofuli Bazzar, Pahartali Bazzar).

One pair was used for establishing study model.

3. 1(b) Laboratory preparation 

The Anatomy and Histology laboratory well equipped for this study. The permission of using laboratory was obtained from the Head of the department. Study instruments were isolated from the other equipments. For conducting study we fixed a little space within the laboratory.

3. 1(c) Instruments used during the study
In this study following instruments are used- 

1. Weighing balance

2. Water supply available laboratory 

3. Measuring tape

4. Measuring scale 

5. Slide calibers 

6. Scalpel

7. Blade 

8. Scissors 

9. Gloves 

10. Forceps 

11. Tray 

12. Soap.

3. 1(d) Sample Preservation 

Collected sample were preserved in the refrigerator.

3. 1(e) Cleaning of sample 

All lungs were washed with tap water, and blood, cloth and debris were cleaned properly.

3. 1(f) Weighing
The lungs were weighed with their larynx and tracheobronchial system by weighing balance. 
They were washed and weighed again, after filling completely with tap water.
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Figure 1: Weighing of lungs

3. 1(g) Cutting
After completing the weighing procedure the whole sample was cut into several pieces to determine different parts measurement. During cutting special care was taken to overcome unwanted piecing. 

3. 1(h) Measurement 

In this procedure we find
Weight- Fresh lungs

Water filled lungs
After water discharge 
Right lung 
Left lung


Diameter of Trachea
Tracheal ring
Right lung- Apical lobe
Accessory lobe
Cardiac lobe
Diaphragmatic lobe

Left lung- Apical lobe
Cardiac lobe
Diaphragmatic lobe

3.2 Experiment Procedure:
1. At first a working plan was prepared
2. At first weight (gm) was measured with balance of different condition of lungs like Fresh lungs, Water filled lungs, after water discharge etc. 
3. Then washing was done with water and clean the debris and blood from lungs. 

4. Then measured weight, length, width and diameter of different part of lungs.
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Figure 2: Measurement of length (Lungs) 
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Figure 3: Measurement of length (Trachea)
Chapter IV
Results and discussion
The findings of morphometric study were recorded in a tabular form. (Table 4.1, Table 4.2)
Here research revealed that Fresh lungs weight 450±100gm, Weight with water 1383±184 gm, Weight after discharge 816±194 gm, right lung 336±37 gm, left lung 243±38 gm, right apical lobe 47±11 gm, right accessory 23±4 gm, Right cardiac 83±10gm, Right diaphragmatic 153±16gm, Left apical 29±6gm, Left cardiac 41±7gm, Left diaphragmatic 160±21gm. But Kaptanoglu et al. has found in sheep lung that Empty 819 gm, Water filled 4691 gm,  Discharged 2740 gm,  Tracheal lobe 160 gm,  Upper segment 105 gm,  Lower segment 55 gm,  Right lung 555 gm,  Upper lobe 75 gm,  Medial lobe 34 gm,  Lower lobe 445 gm,  Right bronchial system 715 gm,  Left lung 448 gm,  Upper lobe 113 gm,  Anterior segment 39 gm,  Lateral segment 74 gm,  Lower lobe 380 gm and Right and left bronchial system 1211 gm.

Table 4.1- Morphological data of Goat Lungs

	Criteria
	Weight (gm)
	Length (cm)
	Width (cm)

	Fresh  weight
	450±100
	
	

	Weight with water
	1383±184
	
	

	Weight after discharge
	816±194
	
	

	Right lung
	334±37
	19.1±2
	

	Left  lung
	243±38
	15.6±1
	

	right apical
	47±11
	8.8±2
	5.5±1

	Right accessory
	23±4
	6.9±1
	4±0.5

	Right cardiac
	83±10
	9.6±1
	6.1±1.3

	Right diaphragmatic
	153±16
	15.25±1
	9±1.3

	Left apical
	29±6
	6.9±1
	4.25±0.2

	Left cardiac
	41±7
	10.8±2
	3.5±0.6

	Left diaphragmatic
	160±21
	10.10±4
	9±1.4

	Larynx to apical lobe
	
	16.5±2
	

	Apical lobe to bifurcation
	
	5.6±1
	


Table 4.2: Diameter of trachea

	Transverse
	1.38±0.2

	Vertical
	1.16±0.2


Length of trachea from larynx to apical lobe 16.5±2, from apical lobe to bifurcation 5.6 ± 1, right lung 19.1±2 cm, left lung 15.6±1 cm, right apical lobe 8.8± 2cm, right accessory 6.9±1 cm, Right cardiac 9.6±1 cm, Right diaphragmatic 15.25±1 cm, Left apical 6.9±1 cm, Left cardiac 10.8±2 cm, Left diaphragmatic 10.10±4 cm. But Kaptanoglu et al. has found in sheep lung that lobes and segments in right lung 1.8 cm radius in right main part, 0.8cm radius and 1.4 cm distance of right upper part, 0.9 cm radius of right middle part, 0.9 cm radius and 1.5 cm distance of superior basal part, 0.8 cm radius and 2.8 cm distance in lateral basal part and 1.3 cm radius and 3.9 cm distance in common basal part and Lobes and segments in left lung 1.6 cm radius in left main part, 10.7 cm radius of posterior basal part, 0.9 cm radius and 3.6 cm distance of anterior basal part, 0.9 cm radius and 4.4 cm distance in lateral basal part and 1.4 cm radius and 4.4 cm distance in common basal part.

In present study found that number of cartilage were 52±6. Diameter of trachea, transverslly 1.38±0.2 cm,vertically 1.16±0.2 cm.Width of right apical lobe 5.5±1 cm, right accessory 3.5±0.5 cm, Right cardiac 6.5±1.3 cm, Right diaphragmatic 9.0±1.3 cm, Left apical-.4.0±0.2 cm, Left cardiac 3.0±0.6 cm, Left diaphragmatic 7.5±1.4 cm. To make a comparative statement sufficient literature is needed. 
Chapter V
Conclusion
This research work revealed a brief about morphometric study of Goat lungs. Salient features of this study were Fresh  lungs weight 450±100gm, Weight with water 1383±184 gm, Weight after discharge 816±194 gm, Right lung  336±37 gm, Left lung  243±38 gm, Right apical lobe 47±11 gm, Right cardiac 83±10gm,Right diaphragmatic 153±16gm, Left apical 29±6gm, Left cardiac 41±7gm, Left diaphragmatic 160±21gm. Length of trachea from larynx to apical lobe 16.5±2, From apical lobe to bifurcation  5.6 ± 1, Right lung 19.1±2 cm, left lung 15.6±1 cm, Right apical lobe 8.8± 2cm, Right accessory 6.9±1 cm, Right cardiac 9.6±1 cm, Right diaphragmatic 15.25±1 cm, Left apical 6.9±1 cm, Left cardiac 10.8±2 cm, Left diaphragmatic 10.10±4 cm. In present study found that number of cartilage was 52±6. Diameter of trachea, transverselly 1.38±0.2 cm, vertically 1.16±0.2 cm. Width of right apical lobe 5.5±1 cm, right accessory 3.5±0.5 cm, Right cardiac 6.5±1.3 cm, Right diaphragmatic 9.0±1.3 cm, Left apical 4.0±0.2 cm, Left cardiac 3.0±0.6 cm, Left diaphragmatic 7.5±1.4 cm. To make a concrete decision about the morphometric parameters of goat lung in Bangladesh, details and further study is needed.  
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ANNEX-I
Working plan:

Buying of lungs sample

↓

Washing the whole lungs with water and clean the debris and blood from lungs

↓

Weight out the fresh lungs

↓

Weight out the water filled lungs

↓

Weight out the lungs after discharging water

↓

Measurement of different parts of lung as mentioned below

↓

Weighing of several lobes

↓

Counting of cartilage (Tracheal ring)

↓

Separation of different parts of lung

↓

Weighing of left lung (apical lobe, cardiac lobe, diaphragmatic lobe) and right lung (apical lobe, cardiac lobe, diaphragmatic lobe, and accessory lobe)

↓

Measure Length of trachea and lungs

1. Larynx to apical lobe

2. Apical lobe to bifurcation of trachea
3. Maximum and minimum length of       

    different lobes of lung
         ↓

↓

Measure width of different lobes of lungs

↓

Measure the diameter of trachea

ANNEX II
1. No. of cartilage- 50, 48, 46, 61, 48, 58 Avg- 52±6
Table : 1. Measurement of lungs (Weight in gm)

	Criteria
	1st pair
	2nd pair
	3rd pair
	4th pair
	5th pair
	6th pair
	Avg.

	Fresh weight
	500
	450
	400
	600
	300
	450
	450±100

	Water filled
	1500
	1300
	1200
	1700
	1300
	1300
	1383±184

	After discharge of water
	900
	800
	800
	1100
	800
	500
	816±194

	Right lung
	350
	340
	330
	400
	300
	300
	334±37

	Left lung
	250
	250
	260
	300
	200
	200
	243±38

	Right Apical
	50
	45
	40
	70
	40
	40
	47±11

	Right accessory
	25
	25
	20
	30
	20
	20
	23±4

	Right cardiac 
	90
	80
	70
	100
	80
	80
	83±10

	Right diaphragmatic
	160
	150
	130
	180
	150
	150
	153±16

	Left apical
	30
	25
	20
	40
	30
	30
	29±6

	Left cardiac
	50
	40
	30
	50
	40
	40
	41±7

	Left diaphragmatic
	170
	150
	140
	200
	150
	150
	160±21


Table : 2. Measurement of lungs (Length in cm)

	Criteria
	1st pair
	2nd pair
	3rd pair
	4th pair
	5th pair
	6th pair
	Avg.

	Larynx to apical lobe
	17
	16
	15
	20
	16
	15
	16.5±2

	Apical lobe to bifurcation
	6
	5
	5
	7
	6
	5
	5.6±1

	Right lung
	22
	14.5
	20
	17.5
	20.5
	20.5
	19.1±2

	Left lung
	15.5
	15.5
	15
	17.5
	15.5
	15
	15.6±1

	Right Apical
	6.5
	9.5
	8.5
	11.5
	8
	9
	8.8±2

	Right accessory
	7.5
	6
	5
	8.5
	7
	7.5
	6.9±1

	Right cardiac 
	11.5
	10
	9.5
	10
	8.5
	8.5
	9.6±1

	Right diaphragmatic
	15
	16
	16
	16.5
	13.5
	14.5
	15.25±1

	Left apical
	6
	8
	7.5
	7.5
	6.9
	6
	6.9±1

	Left cardiac
	11.5
	11
	9
	15
	8.3
	10.5
	10.8±2

	Left diaphragmatic
	9.5
	9
	8.5
	13
	10.5
	1
	10.10±4


Table : 3. Measurement of lungs (Width in cm)

	Criteria
	1st pair
	2nd pair
	3rd pair
	4th pair
	5th pair
	6th pair
	Avg.

	Right Apical
	5.55
	5
	4
	7
	6
	5.5
	5.5±1

	Right accessory
	4
	4.5
	4
	4.5
	3.5
	3.5
	4±0.5

	Right cardiac 
	6.5
	5.5
	4
	8
	6.5
	6.5
	6.1±1.3

	Right diaphragmatic
	9
	8
	8
	11.5
	8.5
	9
	9±1.3

	Left apical
	4
	4.5
	4.5
	4.5
	4
	4
	4.25±0.2

	Left cardiac
	3
	3
	4
	4.5
	3.5
	3
	3.5±0.6

	Left diaphragmatic
	9.5
	8.5
	9.5
	11.5
	8
	7.5
	9±1.4


Table : 4. Diameter of Trachea (cm)

	Criteria
	1st pair
	2nd pair
	3rd pair
	4th pair
	5th pair
	6th pair
	Avg.

	Transverse
	1.5
	1.2
	1.2
	1.7
	1.2
	1.5
	1.38±0.2

	Vertical
	1
	1
	1
	1.5
	1
	1.1
	1.16±0.2
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