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SUMMARY 

 

     Light microscopy done on the pulmonary arterial system of the fetal giraffe has revealed that 

the proximal pulmonary arteries show a continuous, circumferential elastic fibre system 

interrupted in the outer media by vascular spaces, combined light and electron microscopy done 

on the adult giraffe has demonstrated that the arteries are characterized by a fragmented, 

circumferential elastic fibre system, interrupted in the outer media by smooth muscle nests and 

nodules. In contrast to the camel, these proximal arteries in the adult giraffe have thicker elastic 

fibres, a more fibrous inner wall and characteristic smooth muscle nodules in the outer media. 

Stereology and morphometric analysis has confirmed that the wall to lumen ratio of the 

pulmonary arteries of the adult giraffe is generally twice that of the camel. 

      The presence of high wall to lumen ratio and the preponderance of thick, fragmented elastic 

fibres in the media indicate that, compared to the camel, the giraffe is exposed to hypoxia. This 

hypoxia is imposed onto the giraffe by the large anatomical dead space trapped within the two 

meter long trachea. Hypoxia induces structural features in the pulmonary arteries, similar to 

those seen in pulmonary hypertension. It is proposed here that, the prominent inner fibrous wall, 

coupled with the presence of large smooth muscle nests or nodules, constitute some of the 

adaptive features developed postnatally by the adult giraffe, in response to hypoxic pulmonary 

hypertension. 
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INTRODUCTION 
         The giraffe has been described by the physiologists as having a spectacular mammalian 

adaptation to browsing on tree leaves. With a height of 5-6 meters, the head of this animal is so 

far above the heart and the lungs that the task of supplying it with oxygenated blood calls for a 

remarkably high blood pressure and unusually deep breathing (Warren, 1974).However, with a 

five to six foot (150cm) long trachea which is two or more inches (5cm) in diameter, the giraffe 

would have a large anatomical dead space amounting to more than2.8 liters (Warren, 1974). 

Compared to man‟s anatomical dead space volume of 0.15 liters (Guyton, 1986), the respiratory 

system of the giraffe probably experiences a very high resistance to air flow. 

        Anatomical dead space is the term generally applied to the volume of the conducting airway 

as measured by single breath analysis as described by fowler (1948). The air that goes to fill the 

anatomical dead space is called dead space air because it is simply not useful for the gaseous 

exchange process (Guyton, 1986). It has been known for a while now that a high respiratory rate 

results in small transient increases in the anatomical dead space ( Severinghaus and Stupfel, 

1957). These workers have also suggested that hypoxia would cause constriction of the bronchi, 

leading to slow respiratory rates which would result in a fall in the anatomical dead space. 

Furthermore, there is evidence that hypoxia not only constricts the bronchial muscle but also 

increases pulmonary vascular resistance and pulmonary arterial pressure (Severinghaus and 

Stupfel, 1957; Zecham et al, 1957). 

        Previous studies have shown that the systemic blood pressure in the giraffe is the highest of 

any animal studied (Goetz, et al, 1960; Goetz and keen, 1957; Van Citters, et al. 1968, 1969). 

Retrograde arterial catheterization with miniature manometers has shown the left ventricular 
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systolic pressure in a standing giraffe, to be about 260/150 mmHg (Goetz, et al., 1960). The 

corresponding figures for the right ventricle were 40-75 mmHg and 5-20 mmHg. In man, 

pulmonary hypertension is considered to be present when at rest the systolic-diastolic pressure in 

the pulmonary artery exceeds 30/15 mmHg or when the mean pressure exceeds 25mmHg 

(Wagenvoort, 1977; Anderson, 1985). Both the heart and blood vessels of this animal provide 

evidence of elevated systemic pressures. Studies by Goetz and Keen (1957), Kimani (1979), 

Opole (1988) and Saidi (1989) have reported a markedly hypertrophied left ventricle. Detailed 

studies of the aorta, brachiocephalic trunk, carotid, vertebral, coronary, and limb and renal 

arteries of this animal have been done (Gichangi, 1989; Kimani, 1979; 1987; Kinyamu, 1988; 

Opole, 1988; Mbuva, 1989; Saidi, 1989; Ogeng‟o, 1986; Chokwe, 1990). 

          Various forms of pulmonary hypertension have been produced experimentally in rats 

(Rabinovitch et.al. 1997; Meyrick and Reid, 1980; Hunter and Wreford, 1981). These workers 

observed that exposure to hypoxia caused hypertrophy of the medial smooth muscle cells, an 

increase in extracellular ground substance and a doubling in thickening of the elastic laminae. 

Using electron microscopy, Meyrick and Reid (1980) further observed that the contrast between 

the smooth muscle cells and the internal elastic lamina were more frequent in hypoxic 

hypertension. It was thus concluded that chronic hypoxia induced structural features 

characteristic of pulmonary hypertension (Meyrick and Reid, 1980; Hunter and Wreford, 1981). 

          Apart from a brief mention of the gross anatomical findings and measurement on the fetal 

(Keen and Goetz, 1957) and adult giraffe (Goetz and Keen, 1957), no detailed structural study on 

the pulmonary arterial system of this animal has been undertaken. In this study the structural 

organization of the pulmonary arterial system of the giraffe is considered with a view to 
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determining its adaptation to the large anatomic dead space and relatively high pulmonary blood 

pressure. 
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MATERIAL   AND   METHODS  
            Materials used in this study were obtained from three adult Maasai giraffes and two 

fetuses (Giraffa camelopardalis), six calves (Bos indicus), three adult goats (Capra ibex) and 

three camels (camelus dromedarius).   The giraffe were obtained during routine culls by the 

Department of Wildlife Conservation and Management of the Ministry of Environmental and 

Natural Resources of the Government of Kenya. On two occasions, two female giraffes were 

shot and both proved to be pregnant. Since such finding had not been anticipated, the fetuses 

were quickly removed and fixed by immersion in 10% formal – saline after a cut was made 

through the rib-cage and the diaphragm. 

Gross anatomy and Morphometry 

          The heart, the proximal portion of the great vessels and the lung were separated from the 

rest of the body and fixed by immersion with 10% Formal – saline for 7 days. The lungs were 

weighed and then dissected to expose the distribution of the pulmonary arterial system (fig.1-4). 

This was accomplished by dissecting out the respiratory tree which lay ventral and in contact to 

the pulmonary arterial tree. 

         Gross measurements were carried out on the heart, the trachea and the lungs. The length 

and diameter of the trachea were measured and the average values obtained were used to 

calculate the volume of dead space air in each animal (Table 1). The various dimensions of the 

heart and lungs of each animal were also tabulated (Table 2). 
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Light microscopy (Qualitative analysis) 

            Specimens for histological preparation and optical microscopy were obtained from the 

adult giraffes, the fetal giraffes and the camels. The fetal giraffes were selected for studying the 

development of the pulmonary arterial system of the giraffe while the camel is long- necked 

artiodactyls of comparable allometric size to the adult giraffe. 

        In the adult giraffes and the camels, 1cm segment were taken from the pulmonary trunk 

(PPT) the right and left pulmonary arteries, (PA) within the lung, five segments were taken at 

regular interval of 6 to 7 cm from the cranial and caudal lobar arteries. Such that while the first 

segment was taken just within the lung, the fifth segment was embedded in a piece of lung tissue 

near the edge of the lung. The segments were then labeled as proximal lobar (LP), distal lobar 

(LD), proximal segmental (SP), distal segmental (SD) and muscular (M) arteries respectively. 

       The above segments together with the pulmonary trunk, ductus arteriosus, pulmonary 

arteries and lungs of the fetal giraffe were further fixed in 10% formalin for 7days. The materials 

were then processed for paraffin (Paraplast) embedding.  

        The pulmonary arterial system of the fetal giraffe was separated into 4 blocks. Serial, 7-

8mm thick, transverse sections of these blocks were undertaken. Similarly, transverse and 

longitudinal sections (7-8cm thick) of the camel and adult giraffe pulmonary arterial system was 

done and subsequently stained with weigert-resorcin fuchsin method and counterstained with van 

Gieson‟s stain for elastic fibres. Masson‟s trichrome was used for visualization of connective 

tissue and the orientation of the smooth muscle fibres in the vessel wall. 
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Electron microscopy 

         Materials for electron microscopy were removed within one hour after the death of the 

animal and immersed in 4% buffered glutaraldehyde. The tissues were then post fixed with 

osmium tetroxide and subsequently processed for araldite embedding. Semi-thin section were cut 

for light microscopy orientation and stained with toluidine blue. Ultrathin sections ranging from 

60-80nm were cut, collectd on 400meh copper grids and double stained with uranyl acetate for 8-

10 minutes and lead citrate for 5-8 minutes; and then viewed in a carl-zeiss 9s2-z electron 

microscope. 

Stereology and Morphometry (Quantitative analysis)  

         Quantitative analysis was done to determine the changes in thickness of the tunica media 

using planimetry by linear integration. Planimetry, one of the oldest methods of stereology 

proved to be very useful and economical. A Leitz microscopy with a xenon lamp was used to 

project the image onto a piece of paper. The image of the tunica media was subsequently traced. 

A magnification of 12.8 and projection distance of 86cm was used. This was maintained through 

the study. 

           The media was defined as that part of the vessel wall between the external boundary of 

the intima (internal elastic lamina) and the internal limit of the adventitia (external elastic 

lamina). A minimum of five sections per arterial segment were traced and the average values 

noted. Sections at branching and bifurcation points or those with art factual features were not 

used in this analysis. No attempt was made to correct for fixation-induced shrinkage artifact 

(which may be up to 20% of the original thickness) as all samples were processed in the same 
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way and stored for approximately the same time before examination. Furthermore, by using 

ratios for analysis, fixation-induced shrinkage artifact is eliminated. 

        With the assistance of a thin, inextensible string and a meter rule, the external and the 

internal circumference of the tunica media were measured. The values obtained were used to 

calculate the media thickness, the luminal diameter and the external diameter of each section. 

The formulas used were as follows: 

I          Diameter        =    circumference/  3.14 

 

II           Medial thickness [MT]    =   External diameter (ED)/ Luminal diameter (LD) 

 

III          Media   :  lumen ratio   =    100 MT/ LD 

 

             From the result obtained, graphs were drawn to display the relationship of the medial 

thickness to the luminal diameter along the pulmonary arterial tree (Graph I, II, and III). 

Counting of elastic lamellae 

          In order to estimate the amount of elastic tissue in the tunica media of the arteries, the 

elastic lamellae were enumerated. Elastic lamellae were counted from the tunica intima to the 

tunica adventitia along line perpendicular to the tangent of the outer circumference. Counting 

was carried out at four different places (roughly equidistant i.e., at intervals of 90 degrees apart) 

in a transverse section to get the average (Kimani, 1975; 1979). 
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         The numbers of elastic lamellae were corrected for by dividing them by the thickness of the 

tunica media using the formula below. 

          Corrected number (CEL) =   Number of elastic lamellae (EL)/ Medial thickness (MT) 
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RESULTS 

Gross anatomical findings and Morphometry 

Division of lungs and airway 

  

          Table 2 illustrates the various gross anatomical dimensions of the lungs in the four 

animals.  It is notable that the right lung is heavier than the left lung. In contrast to camel the 

Right lung in the calf and goat have an extra lobe. The camel is unique in that both lungs have 

apparently the same number of lobes. 

In absolute terms, however, the number of lobes making up each lung is not the same for all 

these animals. The giraffe has five lobes in the right lung and four in the left lung. While the calf 

and the goat has four in the right lung and three lobes in the left lung. Though the camel appears 

to have three lobes in each lung, one cannot completely rule out the possibility that two lobes 

may sometimes appear as one lobe. This could possibly account for some of the observed inter-

species differences, in the total number of lobes as was reported by Daly and Hebb (1966). 

          The air supply to each lobe is through the secondary bronchi. The latter are seen to arise 

from the primary bronchus. However, it was observed that the apical lobes of the right lung of 

the giraffe, calf, and the goat were aerated with a bronchus which arose directly from the trachea. 

This so-called trachea bronchus has been noted and considered as a variation in the ruminants. 

Pulmonary arterial system 

          The pulmonary trunk in the giraffe, goat, calf and camel arises from the infundibulum of 

the right ventricle and passes cranially and dorsally in gentle curve, ventral to the ascending aorta 
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to its left side. It is slightly wider at its origin than to aorta, and is slightly dilated, immediately 

cranial to the cusps of the pulmonary valve, into three shallow pouches or sinuses. It divides 

within the concavity of the aortic arch, into right and left pulmonary arteries. The cord-like 

structure, the ligamentum arteriosum, connects the arch of the aorta with the pulmonary trunk. 

        The pulmonary trunk lies within the fibrous pericardium and is enveloped, along with the 

ascending aorta, in a common sheath of the visceral layer of the serous pericardium. It lies dorsal 

to the sternum from which it is separate by the ventral margins of the left lung and pleural sac, 

and by the pericardium. Its dorsal relations are first the ascending aorta, and to the left with the 

auricle of the left atrium. Both coronary arteries are related to its roots with the right artery on its 

right, the left initially dorsal and the on its left. 

       The left pulmonary artery in the giraffe, calf and goat is shorter and narrower than the right. 

In the camel, the left pulmonary artery is about the same size as the right pulmonary artery. In all 

these four animals the left pulmonary artery lies lateral and dorsal to the left bronchus and 

descending aorta. Before entering the lung it is crossed cranially by the aortic arch and ventrally 

by the left pulmonary veins. The right pulmonary artery commences ventral to the esophagus, 

caudal to the arch of the aorta and the right bronchus and cranial to the left atrium. It passes 

transversely dorsal to the ascending aorta, superior vena cava, and right pulmonary veins ventral 

to the right bronchus to reach the hilum of the lung. 

       Together with the bronchial tree, the left pulmonary artery gives rise to the cranio-dorsal and 

medial lobar arteries in the camel, goat and the calf. On the other hand, the left pulmonary artery 
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in the giraffe gives rise to the cranio-dorsal, medial and caudo-ventral lobar arteries. The left 

pulmonary artery in all four animals then continues as the caudal lobar artery of the left lung. 

         The right pulmonary artery gives rise to the cranial lobar artery before entering the lung in 

the goat, calf and the giraffe. This cranial lobar artery runs outside the lung in a cranial direction 

along the right side of the trachea to the tracheal bronchus. In the giraffe this cranial lobar artery 

gives rise to the caudal-dorsal lobar artery. 

          After giving off the accessory lobar artery for the accessory lobe of the right lung, the 

continuation of the right pulmonary artery then divides at the hilum into a medial lobar and 

caudal lobar artery. The accessory lobe and hence the accessory lobar artery appear to be absent 

in the right lung of the camel. The right pulmonary artery of the camel divides into cranio-dorsal 

and caudal lobar arteries just within the lung. The caudal lobar artery then gives rise to the 

caudo- ventral lobar artery.  The subsequent branching of the rami of the right pulmonary artery 

corresponds to that of the bronchi it gives to segmental and muscular arteries (fig.1-4) 
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T A B L E     1 shows the tracheal dimensions of the various Artidactyls  

                                                                                                                                        

 Giraffe    Camel Goat   Calf    

Average trachea length  (T  cm) 190 120 18 22 

Average cranial diameter of the tracheal (D1 cm) 4.7 3.4 1.8 2.0 

Average caudal diameter of the tracheal(D2  cm) 4.0 2.9 1.6 1.8 

Average diameter  of the trachea                       D  

cm =(D1 + D2)/2 

4.35 3.15 1.7 1.9 

Average radius of the trachea (r cm =  D/2   ) 

 

2.18 1.58 0.85 0.95 

Volume of anatomical dead space                          

(V liters =     II r
2
T/ 1000 

2.84 0.941 0.0408 0.0623 
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T A B L E   II shows the dimensions of the heart and the lungs of the various 

Artiodayls 

 

 GIRAFFE CAMEL  GOATS  CALVES 

Animal no 1 

 

2  

 

 

1 

 

 

2 

 

 

1 

 

 

2 

 

 

 

 

 

1 

 

 

2 

 

 

Weight of the 

heart (kg) 

0.5 5.2 3.1 1.7 0.15 0.15  0.25 0.225  

LUNGS R L R L R L R L R L R L R L R L 

Weight(kg) 

 

2.1 1.5 2.3 1.7 3.3 2.5 3 2.4 0.3 0.23 0.3 0.225 0.35 0.25 0.375 0.25 

Length (cm) 50  43 48 40 55 53 5 53 22 18 24 20 28 22 26 20 

Width (cm) 35 30 30 28 30 30 27 29 14 14 14 13 11 15 12 14 

Thickness 

(cm) 

11 10 10 10 9 9 9 9 5 5 4 4 4 4 4 4 

No. of lobes 5 4 5 4 3 3 3 3 4 3 4 3 4 3 4 3 
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T A B L E III shows the number of elastic lamellae and diameters of the 

lumen and the wall in the fetal giraffe pulmonary arterial system. 

 

Fetal Giraffe 

 E.C (CM)            I.C (CM)           E.D (CM) I.D (CM)            M.T (CM)             100 MT/ ID              E.L          C.E.L 

-PPT 

 

26.1 

 

13.0 

 

8.31 

 

4.14 

 

2.09 

 

50.5 

 

77 

 

36.8 

 

-P.A 

 

18.9 

 

12.1 

 

6.02 

 

3.85 

 

1.09 

 

28.3 

 

47 

 

43.1 

 

-LP 

 

14.4 

 

10.6 

 

4.59 

 

3.38 

 

0.605 

 

17.9 

 

26 

 

43.0 

 

-LD 

 

7.48 

 

4.98 

 

2.38 

 

1.59 

 

0.395 

 

24.8 

 

18 

 

45.6 

 

-SP 

 

3.88 2.73 1.24 0.869 0.186 21.4 8 43.0 

-SD 

 

1.96 1.39 0.624 0.443 0.0905 20.4 8 88.4 

-M 0.281 0.188 0.0895 0.0599 0.0148 24.7 1 67.6 
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T A B L E    IV shows the number of elastic lamellae and diameters of the 

lumen and the wall in the adult giraffe pulmonary arterial system. 

 

 

 

ADULT  GIRAFFE          

 

 E.C 

(CM)            

I.C 

(CM)           

E.D 

(CM) 

I.D 

(CM)            

M.T(CM)             100 MT/ 

ID              

E.L          C.E.L 

-PPT 

-PA 

-LP 

-LD 

-SP 

-SD 

-M 

188.2 149.6 59.9 47.6 6.15 12.9 114 18.5 

81.8 68.9 21.6 21.9 2.1 9.59 27 12.8 

51.3 43.0 16.3 13.7 1.3 9.49 15 11.5 

31.8 28.1 10.1 8.15 0.575 6.4 9 15.7 

11.3 10.2 3.60 3.25 0.175 5.4 6 34.3 

5.4 4.58 1.72 1.46 0.13 8.9 4 30.8 

1.47 1.26 0.468 0.401 0.0325 8.1 1 30.8 
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T A B L E   V shows the number of elastic lamellae and diameters of the 

lumen and the wall in the adult camel pulmonary arterial system. 

 

ADULT    CAMEL            

 

 E.C 

(CM)            

I.C 

(CM)           

E.D 

(CM) 

I.D 

(CM)            

M.T(CM)             100 

MT/ ID              

E.L          C.E.L 

-PPT 

-PA 

-LP 

-LD 

-SP 

-SD 

M 

191.5 162.5 61.0 51.6 4.7 9.1 6.2 13.2 

160.5 142.2 51.0 45.3 2.85 6.3 32 11.2 

32.2 31.7 11.2 10.1 0.55 5.45 10 18.2 

24.9 23.4 7.93 7.45 0.24 3.22 8 33.3 

16.7 16.0 5.32 5.10 0.11 2.16 4 36.4 

8.2 7.63 2.61 2.43 0.09 3.7 2 22.2 

3.4 2.9 1.08 0.92 0.08 8.6 1 12.5 
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T A B L E     VI shows the number of elastic lamellae and diameters of the 

lumen and the wall in the fetal giraffe ductus arteriosus and pulmonary 

arterial system. 

 

 

FETAL  GIRAFFE                

 E.C 

(CM)        

I.C (CM)           E.D 

(CM)          

I.D 

(CM)        

M.T 

(CM)         

100MT/ 

ID        

E.L           C.E.L 

-PPT 

-PMT 

-PDT 

-DA1 

-DA2 

-DA3 

-DA4 

-DA5 

-DA6 

26.1 13.0 8.31 4.14 2.09 50.5 77 36.8 

27.2 14.2 8.66 4.52 2.07 45.7 64 30.9 

25.1 13.2 7.99 4.20 1.90 45.2 48 25.3 

16.2 7.2 5.16 2.29 1.44 62.9 62 43.1 

13.7 5.78 4.36 1.84 1.26 68.5 64 50.8 

13.8  5.75  4.39 1.83 1.28 69.9 65 50.8 

13.7 5.65 4.36 1.80 1.28 71.1 67 52.3 

14.0 5.75 4.46 1.83 1.32 72.1 74 56.1 

14.0 5.35 4.46 1.70 1.38 81.2 64 46.4 
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Graph 1 shows the ratio of wall thickness to lumen diameter in the pulmonary 

arterial system of the various artiodactyls 
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Graph 2 shows the corrected elastic lamellae to lumen ratio in the pulmonary 

arterial system of the various artiodactyls 
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Histology of the adult giraffe and camel pulmonary arteries 

Tunica Intima 

Pulmonary trunk 

 

The pulmonary trunk in the giraffe has large media to lumen ratio which decreases 

markedly as it bifurcates to give the right and left pulmonary arteries (Graph 1). The tunica 

intima of the proximal pulmonary trunk although prominent, is not clearly demarcated from the 

tunica media. The internal elastic lamina cannot be easily differentiated from the underlying 

medial elastic fibres (fig.5). The tunica intima consists of an endothelium lined by simple 

squamous cells and a subendothelial zone (fig.7). The subendothelial zone is characterized by 

collagen fibres, elastic fibres and a few smooth muscle cells. The elastic fibres in the 

subendothelialzone of the proximal pulmonary trunk are of variable sizes and organization. On 

the luminal side of this zone, the proximal pulmonary trunks shows an admixture of compact 

longitudinal and circular elastic fibres (fig.5,9a). This arrangement gives way to widely spaced 

circular and longitudinal elastic fibres interspersed by diffusely arranged collagen and smooth 

muscle cells. From the endothelial side towards the media, there is a gradual change in the 

thickness of elastic fibres , the thickest being closer to the tunica media. The tunica intima 

merges imperceptibly with the tunica media (fig.5). 

The mid-pulmonary trunk has a similar arrangement to the proximal portion. Except that, 

the elastic fibres in this region tend to be finer, less compact with a preferential longitudinal 
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orientation (fig, 9b). The sub-endothelial zone at the distal pulmonary trunk shows a well defined 

intimo-medial border characterized by an intervening layer of loosely arranged collagen fibres 

(fig. 10). In contrast to the rest of the pulmonary trunk, certain areas of this segment show a thin, 

translucent luminal region. This region is characterized by collagen fibres, and elastic fibris in a 

loose abhorization (fig. 10, 11). 

Electron microscopy revealed the structure and orientation of elastic and collagen fibres. 

During the preparation of the tissue for electron microscopy, the endothelium detached off and 

hence its mode of attachment to the underlying subendothelial zone was difficult to determine 

(fig.13). Electron microscopy confirms the presence of an inner luminal, translucent zone in the 

tunica intima of the distal pulmonary trunk (fig. 13). This zone is characterized by numerous 

immature elastic fibres and a few collagen fibrils. The relative thickness of the intimal elastic 

lamellae increases from this luminal zone to the intimo-medial border (fig. 13, 14, 15). 

Generally, most of the elastic lamellae in the tunica intima have a preferential 

longitudinal alignment although circular lamellae are encountered towards the intimo-medial 

border (fig.15). The collagen fibres in the tunica intima have a random orientation (fig. 13). 

These observations also confirmed the presence of a well-defined intimo-medial border in the 

distal pulmonary trunk.  This border appeared to be characterized by an intervening layer of 

collagen fibres in a random orientation (fig.16). 

The observation made in the present study on the fine structure of the tunica intima of the 

distal pulmonary trunk of the giraffe has also revealed the presence of a modified smooth muscle 

cell (fig. 13, 17). This cell type is characterized by a large centrally located nucleus with 

peripheral chromatin clumping, taken as morphological evidence of contraction (Rhodin, 1962; 
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Cliff 1967). In contrast to the typical smooth muscle cell, this cell has diminished cytoplasm and 

a poorly defined basement membrane (fig.13, 17). 

In the camel the tunica intima of the pulmonary trunk has a prominent subendothelial 

zone (fig. 6, 8). This subendothelial zone is poorly demarcated from the underlying tunica media. 

The internal elastic lamina cannot be discerned from the underlying medial elastic fibres (fig. 6). 

The subendothelial zone consists of an admixture of collagen, elastic fibres and smooth muscle 

cells. The smooth muscle cells have a preferred longitudinal alignment (fig.8). 

Elastic fibres in the subendothelial zone of the proximal pulmonary trunk show 

differences in size and organization. In the proximal part of the pulmonary trunk concentric 

elastic fibres are observed on the luminal side of the subendothelial zone. This arrangement gives 

way to elastic fibres with a predominant longitudinal orientation towards the intimo-medial 

border (fig.6). 

When the pulmonary trunk is followed towards its point of bifurcation, there appears to 

be an increase in collagen fibres in the tunica intima (fig. 12). The elastic fibres in the tunica 

intima of the distal pulmonary trunk appear to be predominantly longitudinally aligned (fig. 12). 

In the distal part of the pulmonary trunk, elastic fibres are densely packed on the luminal side of 

the tunica intima. When followed towards the intimo-medial junction, the arrangement gives way 

to a more collagenous organization (fig, 12). 

       Electron microscopy confirms the presence of elastic fibres with a predominant longitudinal 

alignment in the tunica intima in the distal part of the camel pulmonary trunk (fig. 18). The 

relative thickness of the elastic lamellae found in the tunica intima increases towards the intimo-

medial border. Interspersed within the subendothelial zone are numerous collagen fibres and 
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longitudinal smooth muscle cells (fig, 18). The smooth muscle cells are intimately related to the 

elastic lamellae at certain peripheral dense area (fig.19) 

      The observations made in this study have also revealed the presence of a modified 

morphogenetic smooth muscle cell in the tunica intima of the distal pulmonary trunk of the 

camel (fig.20). These cells have processes which embrace clumps of elastic tissue. Each cell has 

a large centrally located nucleus and an ill-defined basement membrane. The thin cytoplasm 

contains numerous vesicles (fig.20). 
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Pulmonary and lobar arteries 

            

In the giraffe the tunica intima in these arteries shows a diffuse thickening on account of 

the presence of prominent subendothelial zone (fig, 21, 27, 29). The endothelium consists of 

flattened simple squamous cells (fig. 23,29). The subendothelial zone consists of multiple layers 

or rows of elastic fibres, a few collagen fibres and smooth muscle cells. The elastic fibres have a 

predominantly longitudinal orientation (fig, 23). 

The pulmonary artery is similar to the distal segment of the distal pulmonary trunk in that 

it has a distinct intimo-medial junction. In contrast, however, this junction in the pulmonary 

artery is characterized by an admixture of two or three layers of compactly arranged circular and 

longitudinal elastic fibres (fig.23). 

Electron microscopy confirms and extends the light microscopical findings. The elastic 

lamellae in the tunica intima, have a preferential longitudinal alignment although occasional 

circular elastic lamellae may be encountered (fig. 25).  The relative thickness of the intimal 

elastic lamellae increases from the luminal zone towards the intimo-medial border (fig. 25). 

Electron microscopy also revealed the presence of a modified, morphogenetic smooth muscle 

cell in the tunica intima of the pulmonary artery. This cell type is similar to the modified smooth 

muscle cell seen earlier in the tunica intima of the distal pulmonary trunk of the giraffe (fig.26). 

It has a large centrally located nucleus, nearly filling the whole cell and a thin cytoplasm 

containing relatively few my filaments. In addition, it contains a prominent nucleolus and a 

poorly defined basement membrane (fig.26). 
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In camel the tunica intima of these arteries can be easily distinguished from the 

underlying tunica media (fig.22, 24, 28, 30). It consists of a sub endothelial zone and a poorly 

defined internal elastic lamina (fig. 22). The sub endothelial zone consists of an admixture of 

smooth muscle cells, collagen and elastic fibres. The elastic fibres show a network of 

longitudinal, circular and oblique fibres (fig.22, 24). The tunica intima of the proximal and distal 

lobar arteries is represented largely by the endothelium lying on an indistinct sub endothelial 

zone. These arteries have a discontinuous internal elastic lamina (fig, 28, 30). 

Segmental arteries  

        In the giraffe and camel the tunica intima of the segmental and muscular arteries is reduced 

to a prominent internal elastic lamina and an indistinguishable sub endothelial zone (fig. 31-34). 
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The tunica media 

Pulmonary trunk 

In the giraffe the pulmonary trunk has a relatively thick tunica media consisting of 

numerous elastic fibres, collagen fibres and smooth muscle fibres. Elastic fibres are organized in 

short, thick convoluted elastic lamellae which are highly fragmented. These short grotesque coils 

of elastic fibres run longitudinally, circularly and obliquely. The latter predominating (fig. 35, 

41, 42). Fine elastic fibres are also found in the tunica media within the collagen and the smooth 

muscle bundles (fig.35, 42). 

The smooth muscle cells in the tunica media are arranged in bundles which appear to be 

organized longitudinally, circularly and obliquely (fig.37). In the luminal zone of the tunica 

media, the fragmented coils of elastic fibres lining the smooth muscle bundles. The elastic fibres 

lining the smooth muscle bundles appear to form a three-dimensional network. This unit is 

presumed to constitute the functional unit of the media (Wolinsky and Glagov, 1964). The tunica 

media therefore consists of a mosaic pattern made up of alternating locks of lamellar units and 

collagen fibres (fig.35). 

Whereas the collagen fibre content appears to remain constant, towards the outer media, 

the bundles of smooth muscle increase in size. These muscular bundles form nests and nodules 

(fig.39). In contrast to the smooth muscle bundles in the inner media, the smooth muscle nests 

are only ensheathed by fine coils of elastic fibres (fig, 39). Moreover, each smooth muscle nest 

contains numerous fine elastic fibres and an occasional vasa vasorum (fig. 39, 43). The smooth 

muscle nests are attached end-on or in series with the neighboring smooth muscle bundles by 
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prominent circularly oriented fragmented elastic lamellae, these fragmented elastic lamellae are 

in parallel; with each other (fig.39). 

     The pulmonary trunk has numerous vasa vasora in the tunica media. These vasa vasora are 

seen to penetrate up to the inner third of the tunica media (fig.42). Some of these small muscular 

vasa vasora have both a prominent internal elastic lamina and a thin elastic tunica adventitia 

(fig.43). 

     The findings of this study based on electron microscopy have rendered further support to the 

observations made within the light microscope. The prominence of smooth muscle nests in the 

outer part of the tunica media of the distal pulmonary trunk has been confirmed (fig. 45). These 

compactly arranged, longitudinal smooth muscle cells are each characterized by a small, 

centrally located nucleus and abundant myofilaments in the cytoplasm (fig.46, 47). In between 

the smooth muscle nests are occasional modified smooth muscle cells characterized by a large 

nucleus and a thin rim of cytoplasm (fig.45). Presumably, therefore, while most of the smooth 

muscle cells in the outer media have a predominantly contractile role, some may also have a 

synthetic role (Kimani, 1979, Gichangi 1989). 

In the camel the pulmonary trunk shows a thick tunica media which merges 

imperceptibly with the tunica intima (fig,6). The tunica media consist of elastic fibres, collagen 

fibres and prominent smooth muscle bundles. The mural architecture of the tunica media of the 

proximal pulmonary trunk is not markedly different from that of the distal pulmonary trunk. The 

only subtle differences seen are that the former has a tunica media with a reduced content of 

collagen and paucity of a vasa vasora (fig, 6, 12).  Each smooth muscle bundle in the tunica 
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media of the pulmonary trunk is enclosed and isolated from the collagen meshwork by 

fragmented coils of elastic lamellae. These fragmented coils of elastic lamellae appear to form a 

lamellar unit with each smooth muscle bundle (fig, 36). The inner media thus seems to have a 

mosaic pattern consisting of alternating locks of lamellar units and collagen fibres (fig. 36). 

These longitudinal smooth muscle bundles increase in size towards the outer media of the 

pulmonary trunk to form smooth muscle nests (fig.40) Within these smooth muscle nests are fine 

elastic fibres which are continuous with the coarse elastic fibres found connected to the adjacent 

smooth muscle nests (fig, 44). Thin-walled vasa vasora are seen penetrating deep into tunica 

media of the distal pulmonary trunk (fig. 38). 

Electron microscopy revealed that the tunica media of the distal pulmonary trunk of the 

camel consists of mainly the typical smooth muscle cells (fig. 48). The individual cells show a 

cytoplasm packed with contractive myofilaments which are sometimes seen to attach to 

peripheral dense areas (fig.49). Occasionally, modified morphogenetic smooth muscle 

characterized by a large nucleus, a few myofilaments and numerous vesicles in the cytoplasm 

were encountered in the tunica media (fig. 48). In addition, cells with “fibroblast-like” processed 

were also observed (fig. 48, 50). These “fibroblast-like” cells seemed to be in close association 

with collagen fibres (fig.48, 50). 
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Pulmonary and lobar arteries   

       The pulmonary and lobar arteries in the giraffe consist of prominent smooth muscle bundles, 

elastic and collagen fibres. The collagen content at the luminal aspect of the tunica media of the 

pulmonary artery appears to be markedly reduced compared to the pulmonary trunk (fig . 21). 

The amount of collagen diminishes gradually when the artery is traced distally towards the distal 

lobar artery (fig, 21.61). 

         The luminal aspect of the tunica media of the pulmonary artery consists of a mosaic pattern 

made of alternating locks of lamellar units and fine strands of collagen fibres (fig. 21, 51). 

Towards the outer media, this arrangement gives way to larger smooth muscle bundles which 

from smooth muscle nests at the medio-adventitial border (fig. 53, 54). In contrast to the 

pulmonary trunk, the elastic lamellae found in the tunica media of the pulmonary artery appear to 

be less fragmented (fig 35, 51, 54). A gradual transmural increase in collagen content is observed 

from the luminal aspect of the tunica media to the media-adventia border (fig.51, 54). 

          The wavy parallel elastic fibres seen coursing as fragmented elastic lamellae in the outer 

media, are seen sometimes coming from an alternating pattern with the collagen fibres. This is 

particularly evident towards the media-adventitia border (fig. 51, 54). Vasa vasora are not 

evident in the tunica of the pulmonary artery (fig. 9d). 

        The smooth muscle bundles in the tunica media show a preponderantly longitudinal 

arrangement towards the media- adventitia junction (fig. 53, 55). Numerous oblique bundles of 

smooth muscle cells are, however found in the luminal part of the tunica media (fig.55). 
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       The proximal segment of the lobar artery shows marked changes from the pulmonary artery. 

The proximal lobar artery displays a zone of transition in the mural architecture of the tunica 

media in the pulmonary arterial system of the giraffe. The tunica media of the proximal lobar 

artery is characterized by two zones (fig.61). A luminal zone and an outer zone. The luminal 

aspect consist of a short fragmented, elastic lamellae which are closely associated with smooth 

muscle bundles to form lamellar units (fig.27,61). In between the lamellar units are fine strands 

of collagen and elastic fibres. The smooth muscle bundles in the inner zone of the tunica media 

appear to have a predominantly circular orientation. The interlamellar space increases in size 

towards the tunica adventitia. Such that the mosaic pattern made up of alternating locks of 

lamellar units and collagen fibres is limited to the outer media (fig. 61, 63). The large smooth 

muscle bundles are restricted to the media- adventitia border (fig, 83, 84). The elastic lamellae in 

the outer media are less fragmented than those in the inner media (fig. 61, 63). The smooth 

muscle bundles in the outer media are aligned obliquely and longitudinally with the former being 

predominant. There is no evidence of vasa vasora in the tunica media of the proximal lobar 

artery. 

The tunica media of the distal lobar artery is similar to that of the inner zone of the tunica 

media of the proximal lobar artery. The smooth muscle bundles are lined by fragmented elastic 

lamellae and coils of elastic fibres. The smooth muscle bundles appear to have a preferred 

circular alignment (fig. 29, 86). The elastic lamellae in association with a few collagen fibres 

appear to separate the smooth muscle bundles into sheets. Like in the pulmonary artery and the 

proximal lobar artery, the media adventitia border cannot clearly be discerned (fig. 86). 
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The organization of the component of the tunica media of the pulmonary artery of the 

giraffe was confirmed by electron microscopy. The orientation of the smooth muscle cells in the 

smooth muscle bundles was found to be oblique and longitudinal (fig, 57). The smooth muscle 

bundles were separated from each other by anatomizing septa of collagen fibres and fragmented 

coils of elastic lamellae to form lamellar units (fig. 57, 58). It has also been revealed by electron 

microscopy that the inner media of the giraffe pulmonary artery is characterized by two main cell 

types. The cells types comprise a typical smooth muscle cell and a modified smooth muscle cell 

(fig, 59, 60). Collagen and elastic fibres were intimately related to the cytoplasmic processes of 

the modified, morphogenetic smooth muscle cells (fig, 60). At times these fibres seemed to insert 

into the peripheral dense areas. However, the topographical relationship between the fibres and 

the cells may be the result of a tangential section passing over the surface of the two structures. 

Nonetheless, as demonstrated by Kimani (1979), morphological association cannot be 

completely ruled out. 

In the camel the tunica media of the pulmonary artery consist of collagen fibres, elastic 

fibres and prominent smooth muscle bundles. The smooth muscle bundles appear to have a 

preponderantly longitudinal organization towards the outer media (fig 56). In the inner media, 

the smooth muscle bundles are delineated from the collagen fibres by short, fragmented coils of 

elastic lamellae (fig.52). This close association between the elastic lamellae and smooth muscle 

bundles may form the so-called lamellar units. 

The inner zone of the tunica media of the pulmonary artery is therefore made up of a 

lattice of lamellar units separated from each other by fine strands of collagen and elastic fibres. 
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The relative prominence of the bundles of smooth muscle cells and collagen increases towards 

the media-adventitia border (fig.52). 

The tunica media of the proximal lobar artery is clearly demarcated from the tunica 

intima and the tunica adventitia by an internal and external elastic lamina respectively (fig. 28, 

62, 65). The tunica media of the artery shows two zones, namely a luminal and an outer zone. 

The luminal zone is characterized by smooth muscle bundles which have a predominantly 

circular orientation. The smooth muscle bundles increase in size towards the media adventitia 

junction. In addition, most of the smooth muscle cells tend to have a longitudinal organization in 

contrast to the preferential circular orientation of the smooth muscle content in the juxtaintimal 

zone of the tunica (fig. 62, 66). The smooth muscle bundles are delineated from the collagen 

fibres by short fragmented elastic lamellae (fig. 64). Towards the outer media, the elastic 

lamellae appear to acquire a more longitudinal orientation. This is more evident in the large 

smooth muscle bundles found in the outer media and at the media-adventitia junction (fig 64, 

65). 

        The tunica media of the distal lobar artery is demarcated by a discontinuous external elastic 

lamina and a prominent, convoluted internal elastic lamina (fig. 30, 67). The organization of the 

tunica media of the distal lobar artery is similar to the arrangement seen in the luminal zone of 

the tunica media of the proximal lobar artery. It consists of sheets of smooth muscle bundles and 

collagen fibres. Whereby, the circular smooth muscle bundles are delineated from the collagen 

fibres by fragmented coils of elastic lamellae. Permeating within these smooth muscle bundles 

are fine elastic fibres and collagen organized in a loose arborization (fig.30,67). The tunica 

media of the distal lobar artery shows a preponderant increase in size of the smooth muscle 
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bundles towards the media-adventitia border (fig. 68). Both segments of lobar arteries do not 

show any evidence of vasa varosa. 

Segmental arteries 

      The proximal and distal segmental arteries in the giraffe both have a prominent tunica media 

which is clearly demarcated from the tunica intima and the tunica adventitia. The tunica media is 

limited luminally by a prominent internal elastic lamina and adventitially by an external elastic 

lamina (fig. 31). 

      The tunica media consists of smooth muscle bundles, elastic fibres and a few collagen fibres. 

The elastic fibres are organized into 6 and 4 short wavy lamellae in the proximal and distal 

segments respectively. These lamellae show a considerable amount of fragmentation (fig. 31). 

The smooth muscle bundles are arranged in sheets which have a preferred circular organization 

(fig. 69). The tunica media of the muscular arteries consist of predominantly circularly oriented 

smooth muscle cells, interspersed with a few elastic fibres (fig. 33, 34). 

     In the camel the tunica media of the proximal segmental artery is similar to that of the distal 

lobar artery. The tunica media of the segment artery is bounded by a prominent internal elastic 

lamina and an ill-defined media- adventitial junction characterized by a discontinuous external 

elastic lamina (fig. 32). The tunica media consists of sheets of circularly oriented smooth muscle 

bundles, collagen and elastic fibres (fig. 70). The elastic fibres delineate the smooth muscle 

bundles from the collagen fibres. The smooth muscle bundles increase in size with distance away 

from the internal elastic lamina (fig.32). 
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The distal segmental artery is similar to the proximal; though it has only a few layers of 

short fine elastic fibres in close association with fine strands of collagen fibres (fig.32, 70). 

In contrast to other portions of the pulmonary arterial system, the muscular arteries of the 

adult giraffe and the camel have approximately the same media to lumen ratio (Graph I). 

However, these arteries are seen to contain more elastic tissue in the adult giraffe than in the 

camel (Graph II). 
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The tunica adventitia 

Pulmonary trunk 

          In the giraffe, the pulmonary trunk shows an attenuated tunica adventitia, although its 

relative prominence increases distally toward the pulmonary arteries. The tunica adventia shows 

an inner thick and an outer thin zone (fig. 71).  The inner thick zone consists of predominantly 

collagen fibres while the outer zone consists are made up of an admixture of collagen and elastic 

fibres (fig. 71). 

         The inner zone of the tunica adventitia of the proximal pulmonary trunk displays numerous 

vasa vasora (fig.73, 75). These vasa vasora appear to be small muscular arteries. They diminish 

in number towards the distal part of the pulmonary trunk. 

         The outer zone of the pulmonary trunk consists of compact bundles of elastic fibres aligned 

as lamellae with a predominant circular orientation (fig.71, 73). Some of these elastic lamellae 

are organized in a longitudinal fashion. In the distal part of the pulmonary trunk, the elastic 

lamellae are organized in beads or rows which alternate with collagen fibres (fig. 75). 

In the camel the pulmonary trunk shows a prominent tunica adventitia characterized by 

two histologically distinct zones; a deeper colllagenous zone and an outer elastic zone (fig. 72). 

Interspersed in the tunica adventitia in the proximal part of the pulmonary trunk are a few 

vasa vasora and numerous nerves profiles (fig. 74, 76, 77). The vasa vasora and nerve profiles 

increase in number and size towards the distal segment of the pulmonary trunk (fig.74, 77). 

Certain areas of the distal pulmonary trunk show particularly large nerve profiles (fig.77). 
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Pulmonary and lobar arteries   

The tunica adventitia of these arteries in the giraffe consists of two zones (fig. 78, 83, 85). 

The inner zone consists of smooth muscle islands embedded in a loose meshwork of collagen 

fibres. The smooth muscle islands are enclosed and isolated from the collagen fibres by 

fragmented elastic lamellae (fig. 78, 84, 85). Interspersed within the collagen meshwork are a 

few elastic fibres that appear to have a circular alignment. This zone in the pulmonary and 

proximal lobar arteries, is also characterized by distinct vasa vasora and nerve profiles (fig,79, 

83). Some of these vasa vasora have a prominent duplicated internal elastic lamina (fig.83). This 

tunica adventitia of some of these vasa vasora appears to be continuous with the elastic fibres in 

the outer zone of the tunica adventitia (fig. 83). The outer zone consists of predominantly 

compact elastic fibres with a circular orientation. Interspersed among these elastic fibres are 

collagen fibres. 

The smooth muscle islands in the inner zone of the distal part of the lobar artery are 

smaller and fewer than in the other arteries (fig.85, 86). In addition, it is characterized by the 

disappearance of vasa vasora (fig 85, 86). The clear demarcation observed between the tunica 

media and adventitia in the pulmonary artery is not so obvious in the lobar arteries. 

Electron microscopic observations confirmed the light microscopic findings particularly 

with respect to the presence of vasa vasora (fig. 18). In addition, it displayed a large content of 

collagen fibres organized in a random orientation with a diminished content of elastic fibres (fig. 

82). 
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In the camel the tunica adventitia of the pulmonary and lobar arteries is very distinct and 

comprises a large content of collagen fibres and a few elastic fibres arranged in no particular 

orientation. 

The tunica adventitia of the lobar arteries is made up of two zones. The inner zone in the 

proximal segment of the lobar artery consists of an admixture of collagen and smooth muscle 

islands. These smooth muscle islands appear to have a longitudinal orientation (fig, 66). The 

smooth muscle islands are enclosed by fragmented elastic lamellae (fig. 62).The smooth muscle 

islands diminish in size and in number towards the distal lobar artery. The medial- adventitia 

zone of the proximal lobar artery is characterized by an appearance of elastic fibres that 

demonstrate a longitudinal orientation (fig.62, 65). These elastic fibres increase in number 

towards the distal lobar artery (fig. 29a). In the distal lobar artery, the longitudinal elastic fibres 

occur in beads which alternate with the rows of compact collagen fibres (fig. 67). 

Segmental arteries 

     The tunica adventitia of the segmental arteries in the giraffe resembles that of the lobar 

arteries. However in contrast to the lobar arteries the inner zone of the tunica adventitia of the 

segmental arteries consist of only an admixture collagen and elastic fibres (fig. 87). 

     The elastic fibres are organized in bundles that are aligned in the longitudinal axis of the 

vessel. The individual elastic fibres are close to each other and quite often given the appearance 

of beaded chain in a transverse section. These beaded chains of elastic fibres alternate with rows 

of compact collagen fibres. This seems to imply although the general orientation of the elastic 

fibres is longitudinal, the individual layers may be intertwined with the collagen fibres to form a 
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complex three-dimensional lattice. This arrangement is separated from the tunica media by a 

prominent external elastic lamina. There are apparently no smooth muscle islands nor vasa 

vasorum in the tunica adventitia of the segmental arteries (fig. 87). 

      The outer zone of the tunica adventitia is predominantly collagenous. The tunica adventitia of 

the muscular arteries is thin and consists of an admixture of collagen fibres and longitudinal 

elastic lamellae (fig. 33, 34). 

       The segmental arteries of the camel resemble the distal lobar artery in that the tunica 

adventitia consist of two zones; namely an inner and outer zone. The inner zone consists of an 

admixture of alternating rows of collagen and elastic fibres. The elastic fibres are organized in 

bundles which have a predominantly longitudinal alignment giving this zone a beaded 

appearance (fig. 88). The outer zone of the proximal segmental of the artery consists of 

predominantly collagen fibres and a few fine elastic fibres organized in a loose arborization (fig, 

88). 
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Histology of the giraffe fetal pulmonary arteries 

The tunica intima, 

The proximal part of the pulmonary trunk in the giraffe fetus has a distinct tunica intima 

consisting of an endothelium and a subendothelial zone. The subendothelial zone consists of 

predominantly elastic fibres organized in lamellae. These lamellae are aligned circularly and 

longitudinally (fig, 89). Interspersed within the subendothelial zone are a few collagen fibres and 

smooth muscle cells. The smooth muscle cells have no apparent distinct orientation (fig, 90). The 

internal elastic lamina cannot be easily distinguished from medial lamellae (fig, 89). 

The tunica intima becomes more distinct distally and towards the origin of the ductus 

arteriosus (fig. 91). The subendothelial zone of the distal pulmonary trunk consists of concentric 

elastic fibres (fig. 91, 92). Interspersed within this zone are collagen fibre and smooth muscle 

cells. The smooth muscle and collagen fibre content increase towards the internal elastic lamina 

(fig, 91). 

The ductus arteriosus has a thin and distinct tunica intima comprising an endothelial 

lining and a subendothelial layer. A continuous internal elastic lamina separates the tunica intima 

from the underlying tunica media (fig. 93, 94). The subendothelial zone consists of smooth 

muscle cells and a fine network of elastic fibres. Interspersed with the elastic fibres are traces of 

collagen fibres (fig. 93, 94). 

Towards the pulmonary and lobar arteries, the thickness and prominence of the tunica 

intima diminishes gradually. This change is associated with a reduction in prominence of the 
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subendothelial zone (fig. 96, 98, 99). The tunica intima is demarcated from the tunica media by a 

prominent internal elastic lamina. 

The subendothelial zone consists of elastic fibres, collagen and smooth muscle cells (fig. 

96-100). The elastic fibres in the subendothelial zone are largely circular. This arrangement is 

seen in both the pulmonary and the proximal segment of the lobar arteries (fig. 96, 98). In the 

distal branches of the lobar artery, this is only evident at branching points where intima 

thickenings are present (fig, 99). In contrast to the pulmonary artery, the lobar arteries have a 

prominent internal elastic lamina (fig, 98, 99). 

In the segmental arteries, the tunica consists of the endothelium overlying a prominent 

internal elastic lamina (fig, 101-103). In the distal segmental artery the endothelium changes its 

shape from a simple squamous lining into a cuboidal appearance. The individual cells are having 

closely adherent to one another as well as to the underlying internal elastic lamina (fig, 103). The 

internal elastic lamina is highly convoluted and is continuous all round the tunica intima (fig. 

102). 

The tunica intima of the muscular arteries is similar to that the tunica intima of the distal 

segmental artery. The endothelium of the former consists of cuboidal cells. These cuboidal cells 

project into the lumen to give it a star-shaped appearance (fig.104). 

 

 

 



102 

 

 

Graph 3 shows the ratio of wall thickness to lumen diameter and 

corrected elastic lamellae in the fetal giraffe ductus arteriosus and 

pulmonary arterial system. 
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The tunica media 

      The pulmonary trunk has a thick tunica media relative to the luminal diameter particularly 

close to it cardiac origin (Graph I). This ratio diminishes markedly as it is followed distally to its 

point of branching into the two pulmonary arteries. However this ratio on the other hand, 

increases markedly towards the distal ductus arteriosus (Graph III). 

       The tunica media of the pulmonary trunk shows two histologically distinct zones; namely a 

luminal and an outer zone. The luminal zone has features of a typical elastic artery. This zone is 

characterized by longitudinal and circular arrangement of its elastic tissue components (fig, 

105).The elastic lamellae are thick, convoluted and regularly spaced out, usually showing 

considerable fragmentation (fig. 105). Between two adjacent elastic lamellae, are smooth muscle 

cells whish run circularly, obliquely and longitudinally (fig, 90, 92, 107). Apart from the smooth 

muscle cells, the interlamellar spaces contain a variable amount of collagen fibres and fine 

elastic fibres. The fine elastic fibres in the interlamellar spaces are seen branching off from the 

main elastic lamellae and joining it to adjacent lamellae (fig. 106). The amount of collagen fibres 

and smooth muscle cells increase towards the outer layer of the tunica media (fig. 107, 109). 

The outer zone of the tunica media consists of the circumferential system of elastic 

lamellae (fg. 106). These elastic lamellae are interrupted by numerous spaces containing vasa 

vasorum (fig. 105, 111). The elastic lamellae towards the media –adventia border are finer, less 

corrugated and more continuous than those in the luminal zone of the tunica media (fig, 108, 

111). The smooth muscle cells in the outer zone of the tunica media appear to be predominantly 

circular (fig, 107, 109). Towards the media-adventitia border, some of these smooth muscle cells 

are compactly arranged in 3 or 4 layers to form smooth muscle bundles (fig. 109). The tunica 
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media is has a rich blood supply as evidence by the numerous vascular spaces seen in the tunica 

media (fig, 105, 107, 108, 110, 111). 

The ductus arteriosus 

In the fetus, the ductus arteriosus is the continuation of the pulmonary trunk after the two 

pulmonary arteries have branched off. It has a larger media to lumen ratio than the pulmonary 

trunk (Graph III). Histologically, the tunica media of the proximal ductus arteriosus consists of 

two well defined zones; namely a luminal and an outer zone. However, in contrast to the 

pulmonary trunk, the luminal zone has features of a musculo-elastic artery while the outer zone 

has features of an elastic artery (fig. 112). The luminal zone is clearly delineated from the tunica 

intima by a prominent continuous convoluted internal elastic lamina (fig. 93, 112). This zone is 

characterized by concentric regularly arranged elastic lamellae. The elastic lamellae are thick, 

convoluted and regularly spaced out (fig. 93, 112). 

Between two adjacent elastic lamellae are smooth muscle cells which appear to course in 

a circular orientation. These smooth muscle cells form continuous sheets in the interlamellar 

spaces (fig. 113). Occasional vasa vasorum are seen to penetrate into this luminal zone (fig. 94, 

112). Apart from the smooth muscle cells, the interlamellar spaces contain a few collagen and 

fine elastic fibres. 

`The outer zone of the tunica media of the ductus arteriosus is thus characterized by a 

circumferential system of elastic lamellae which is interrupted by vascular spaces containing 

vasa vasorum. The interlamellar spaces are smaller than those of the inner media (fig, 114, 115, 

116). The elastic lamellae are more closely packed, less corrugated and more continuous than 
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those in the luminal zone f the tunica media (fig, 114, 116). The smooth muscle cells also appear 

to have a circular orientation (fig. 115). 

As the ductus arteriosus is followed distally towards the descending aorta, the media to 

lumen ratio increases markedly (graph III). The lumen of the distal ductus arteriosus is reduced 

to a slit giving the artery a sphincters-like appearance (fig, 117). 

The interlamellar spaces in the outer media also increase in size when the ductus 

arteriosus is followed distally. Thus the tunica media of the distal ductus arteriosus generally 

consists of a thick inner musculo-elastic zone and a thin outer elastic zone (fig.117). The two 

zones correspond to those seen in the proximal part of the ductus arteriosus. The only difference 

being that the two zones of the tunica media approximately equal in size in the proximal part of 

the ductus arteriousus, whereas the prominence of the luminal musculoelastic zone increases 

towards the aortic orifice of the ductus arterious with concomitant reduction in size of the outer 

elastic zone (fig. 117). Another feature of the distal end of the ductus arteriosus is the presence of 

a juxtaintimal zone of elastic fibres (fig. 118). It remains to be shown, however, whether this 

zone is part of the tunica intima or whether it is a zone trapped within a duplicated internal 

elastic lamina. Moreover, the distal part of the ductus arteriousus has an even better blood supply 

than the proximal part which may be consistent with its larger content of smooth muscle and 

hence a greater metabolic turner. Numerous vasa vasorum penetrate deep into the tunica media 

(fig. 117, 119). 
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The tunica media of the pulmonary artery is similar to that of the pulmonary trunk. It 

shows two zones; namely, a luminal zone with features of a typical elastic artery and an outer 

zone in which the circumferential system of lamellae is interrupted by vascular space (fig. 120, 

121). The vascular spaces have vasa vasorum. The interlamellar spaces contain a variable 

amount of collagen fibres and smooth muscle cells. The smooth muscle cells have a 

predominantly circular orientation (fig. 122, 123). This is more evident in the proximal artery 

(fig, 124, 125).  Occasionally vasa vasorum and nerve profiles are seen penetrating the outer 

media of the pulmonary artery (fig, 123). The inner media of the pulmonary artery consists of 

fragmented elastic lamellae. Some of these lamellae were organized in short coils which 

appeared to run circularly and obliquely (fig, 96, and 120). The tunica media in the proximal part 

of the lobar artery is structurally similar to that of the pulmonary artery except that the spaces in 

the outer media apparently have no vasa vasorum (fig. 124, 125). These spaces are filled instead 

with undifferentiated or mesenchymal cells embedded in a loose network of collagen (fig. 125). 

These spaces are thus presumed to be sites of vasa vasora which might develop postnataly. These 

vascular spaces are found just peripheral to the 20
th
 elastic lamella of the tunica media, when the 

lamellae are counted from the internal elastic lamina adventitially. 

In contrast to the pulmonary and proximal part of the lobar arteries, the tunica media in 

the distal branches of the lobar artery shows no evidence of vascular space (fig. 99, 126). Here 

the tunica media is bounded by internal and external elastic lamina (fig. 99). The juxtaintimal 

zone is characterized by closely packed smooth muscle cells with a predominant circular 

orientation (fig. 99, 100, 126). The interlamellar spaces also contain a variable amount of 

collagen fibres and fine elastic fibres. 
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In the segmental arteries the mural structure of the tunica media of the proximal artery is 

similar to that of the distal segment of the lobar artery. The juxtaintimal zone is characterized by 

closely packed circular smooth muscle cells (fig.101). The lamellae are thicker and more 

continuous in the outer media than in the luminal zone (fig. 101). 

The tunica media of the segmental artery is clearly demarcated by a prominent internal 

and external elastic lamina (fig. 102, 103). The tunica media is characterized by two zones. The 

juxtaintimal zone consists of fine, discontinuous elastic lamellae sandwiched between layers of 

smooth muscle cells (fig.102). 

According to Graph II, the tunica media in this the part of the segmental artery has the 

largest amount of elastic tissue per unit wall thickness in the entire pulmonary arterial system of 

the fetal giraffe. From the internal elastic lamina towards the media, there is a gradual change in 

thickness of elastic lamellae. The thickest being in close proximity to the external elastic lamina 

(fig. 102). In contrast to the luminal zone, the smooth muscle cells in the outer media are less 

closely packed (fig. 103). The smooth muscle cells in this zone also have a preferred circular 

orientation (fig. 103). 

The muscular arteries have a tunica media which consist of a compact layer of smooth 

muscle cells. The tunica is bounded by an internal and external elastic lamina (fig. 103, 127). 
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The tunica adventitia 

In the pulmonary trunk, the tunica adventitia is relatively thin and predominantly 

collageneous (fig. 128). Interspersed in the collagen network are a few elastic fibres and cellular 

profiles ( fig. 129). Embedded in the tunica adventitia are structures which are presumed to be 

developing neurovascular bundles. Some of these highly cellular structures have already 

developed vasa vasorum within them (fig. 129). 

In the duct arteriosus the tunica adventitia appeared to be slightly thicker compared to 

that seen in the pulmonary trunk. The nerve profiles and the vasa vasorum are prominent and 

distinct particularly in the distal segment. (Fig. 130 – 132) 

The tunica adventitia in the pulmonary artery and proximal part of the lobar arteries is 

similar to that of the pulmonary trunk. It is relatively thick and consists of a large content of 

collagen fibres. Interspersed within the collagen fibres are a few fine elastic fibres, smooth 

muscle cells and neurovascular bundles (fig. 133 – 135). Some of these neurovascular bundles 

are seen penetrating the medio – adventitical border (fig. 123). The tunica adventitia of the lobar 

is characterized by numerous cellular profiles. These may be undifferentiated mesenchymal cells 

or fibroblasts (fig. 124, 134, 136,137). 

The segmental arteries are characterized by a predominantly collageneous tunica 

adventitia. There are apparently no vasa vasorum or nerve profiles in the tunica adventitia or in 

the        peri - adventitial zone in those arteries. There are still numerous undifferentiated cells in 

the tunica adventitia (fig. 138). 
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The muscular arteries have a thick onion – shaped collageneous tunica adventitia. It 

consists of a loose concentric arrangement of many layers of adventitical cells and their process 

which surround the media (fig. 104) 
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DISCUSSION 
               Observations made in this study have shown that the pulmonary arteries of the fetal and 

adult giraffe are largely elastic. The tunica intima of the proximal pulmonary trunk is 

characterized by an admixture of longitudinal and circular elastic fibres. However, while the 

elastic fibres in the tunica intima of the rest of pulmonary arterial system of the fetal giraffe show 

a predominant circular orientation, those of the adult giraffe show a preponderant increase in 

thick, longitudinal elastic fibres. In addition the tunica intima of the distal pulmonary trunk of the 

adult giraffe revealed a luminal translucent zone characterized by a fine fibrillar- like material. 

This study has also demonstrated that the tunica media of the fetal and adult giraffe shows a 

transmural zonation . It is reported here that the tunica media of the proximal arteries of the fetal 

giraffe is characterized by regularly spaced, uniform, continuous, and circumferential elastic 

fibre system interrupted in the outer media by vascular spaces. In contrast the tunica media of the 

proximal arteries of the adult giraffe was characterized by short, fragmented, irregularly spaced 

coils of elastic lamellae interrupted in the outer media by smooth muscle nest and nodules. 

Observations made in the tunica adventitia indicate that the pulmonary arteries of the fetal giraffe 

are largely collagenous. The tunica adventitia of the pulmonary arteries of the adult giraffe on the 

hand shows a preponderant increase in elastic tissue particularly towards the distal arteries within 

the lung.  Stereology and morphometric analysis has indicated that the wall to lumen ratio in the 

fetal giraffe is generally three to four times that of the adult giraffe along most of the pulmonary 

arterial bed. 

Further observation made in this study indicates that the pulmonary arteries of the camel 

show different structural features to those observed in the adult giraffe. Thus, it has been 



136 

 

demonstrated in this study that in contrast to the giraffe, the tunica intima of the proximal arteries 

of the camel consists largely of rows of longitudinal smooth muscle fibres. It is also reported 

here, that the subendothelial zone in the pulmonary arterial system diminishes more abruptly in 

the camel than in the giraffe. Furthermore, the outer zone of the tunica media in the proximal 

arteries of the camel was characterized by smaller nests of smooth muscle, rather than the large 

smooth muscle nests and nodules observed in the adult giraffe.  In addition this study has 

demonstrated numerous nerve profiles in the tunica adventitia of the pulmonary trunk of the 

camel and giraffe. Stereology and morphometric analysis has also revealed that the wall to lumen 

ratio of the pulmonary arteries of the adult giraffe were twice that of the camel. 

The gross anatomical observations confirm and extend the findings of previous 

anatomical studies on the pulmonary arterial system of the giraffe ((Goetz and Keen, 1957; Keen 

and Goetz, 1957). In the latter paper, these workers described the distribution of the pulmonary 

arterial tree to the various lobes of the right and left lung of a 7 month old fetal giraffe. They 

noted that the pulmonary trunk gave off a large ductus arteriosus immediately before dividing 

into the right and left pulmonary arteries. However, the observations made in this study have 

shown that in a 3 month old fetal giraffe, the ductus arteriousus actually appeared as a 

continuation of the pulmonary trunk distal to the point of branching of the pulmonary arteries. It 

was also observed by Keen and Goetz (1957) that the fetal giraffe has 4 lobes on the right lung 

and 3 lobes on the left lung. However, this study has shown that the adult giraffe has five lobes 

on the right and four on the left lung. 

Daly and Hebb (1966) showed that while the horse and man had 3 lobes on the right lung 

and 2 on the left, many other animals such as the dog, cat, rabbit, guinea-pig, sheep and ox, had 
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generally an extra lobe on each side, making 7 lobes in all. Other studies have also demonstrated 

the presence of a tracheal bronchus in the ox and the sheep (Sisson and Grossman, 1975). 

Observations made in this study have demonstrated that while the goat and the calf had 7 

lobes in all, the adult giraffe and the camel had 9 and 6 lobes respectively. The camel is odd in 

that, it appears to posses three lobes in each lung. Furthermore, in contrast to the goat, calf, and 

the giraffe, it does not have a tracheal bronchus. The right principal bronchus of the camel arises 

as 2 bronchi at the distal end of the trachea. However as Daly and Hebb (1966) noted, two parts 

of one lobe may sometimes appear as separate lobes and therefore, some of these observations 

could be subject to individual availability. 

It is generally believed that the pulmonary circulation is part of an elaborate tonometric 

system for external respiration. It exists for the perfusion of lungs rather than for their nutrition 

(Fishman, 1963). As a “public “circulation, it serves the body as a whole; its primary function 

being gaseous exchange in contrast to the bronchial or “private” circulation (Wagenvoort and 

Wagenvoort, 1977). The intimate apposition of the respiratory tree with respect to the pulmonary 

arteries facilitates gas exchange (Alexander and Jensen, 1963; Caro, 1966; Last, 1984). The 

pulmonary arterial tree generally lies dorsal to the respiratory tree within the lung (Weibel and 

Gomez, 1963; Last, 1984). The distribution of the pulmonary arteries may be of regular or an 

irregular dichotomous branching pattern (Weibel and Gomez, 1963). The distribution in this 

study have shown that in contrast to the goat, calf and the camel, the pulmonary arterial system 

of the giraffe illustrates a regular dichotomous distribution. 
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Though often referred to as a „lesser‟ circulation, the pulmonary circuit has also been 

known to have a blood flow greater than that of any other organ in the body (Burton, 1965; 

Carlstein and Grimby, 1966; Wagenvoort; 1977). Thus adult pulmonary circulation has been 

described as a low resistance-high reserve circulatory system (Edward, 1957), carrying the whole 

cardiac output. The fetal pulmonary vascular bed on the other hand is a high resistance and high 

pressure system (Assali et al., 1962; Lind, 1969). It lies, functionally speaking, in parallel with 

the systemic and umbilical circulation and is thus in a crucial position capable of modifying the 

distribution of the fetal cardiac, output. During asphyxia, the pulmonary by-pass increases and 

the resulting increment in the fetal placental blood flow could play a vital part in the survival of 

the fetus (Dawes et, al, 1953; Lind, 1969). 

Before birth, the pulmonary arterial pressure is greater than that in the descending 

thoracic aorta and is determined by the volume of cardiac output and the combined vascular 

resistance of the pulmonary, systemic and umbilical circulations (Dawes et al, 1953; Ardram et, 

al, 1952).During fetal life, blood from the jugular vein passes via the superior vena cava into the 

right atrium. Some of this blood mixes with blood from the inferior vena cava and the coronary 

sinus (Lind, 1969). Entering the right ventricle, the blood is the pumped into the pulmonary trunk 

where most of it precedes via the ductus arteriosus to the descending aorta. Due to the high 

vascular resistance very little blood transverse the pulmonary vascular circuit. The ductus 

arteriosus is thus primarily a pulmonary bypass for the superior vena cava blood in the fetus 

(Lind, 1969). 

Observations made by Assali et, al. (1962) have suggested that high vascular resistance in 

the lungs is localized at the level of the pulmonary arterioles. These vessels are noted to have a 
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relatively small lumen and a thick muscular media during fetal life, subsequently resembling the 

small arteries and arterioles of the systemic circulation (Assali et, al. 1962; Lind, 1969). Other 

workers have suggested, however, that the relatively high fetal pulmonary pressure may not have 

a purely anatomical basis, but could as well have an additional dynamic factor consisting of 

increased pulmonary artery pressure in a matter of hours after delivery (Emmanouilides et al. 

1964). In support of this suggestion is the demonstration of active pulmonary vasoconstriction in 

fetal lambs (Lind, 1969). Following birth, pulmonary arterial mass appears to decrease rapidly, 

whereas that of the systemic arteries increases. Pulmonary muscular mass is said to decrease by 

about 40 percent during the first two weeks of life (Naeye, 1961). 

Certain developmental trends in the anatomical growth of the human heart in fetuses of 

24 to 28 weeks gestation, the right and left ventricles tend to be of approximately equal weight, 

supposedly reflecting an equivalent degree of ventricular load, from 28 weeks to the time of 

birth, the right ventricular mass as judged by weight increases somewhat faster than the left 

ventricle. At birth the relative weight of the right ventricular wall in relation to the entire weight 

of the ventricular musculature drops. This physiological postnatal atrophy of the right ventricle is 

caused by a lessening of the work done by this part of the heart owing to the decrease in the 

resistance in the pulmonary circulation and the subsequent fall in the pulmonary arterial pressure. 

On ventilation of the lungs at birth, there is a dramatic decrease in pulmonary arterial 

pressure until it is about only one fifth to one sixth of that in the systemic circulation. This 

decline is accompanied by an increase in pulmonary blood flow by six fold, in smaller species, to 

ten fold in larger species (Doyle et, al., 1960; Hecht et, al. 1962; Dawes et.al. 1953). 
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It has been suggested by Reynolds (1956) that the fall in pulmonary vascular resistance is 

due to a simple uncoiling and dilatation of the alveolar capillaries, which in the fetal condition 

are convoluted and compressed. This theory presupposes a striking expansion of the lungs and 

alveoli at birth which, however, seems not to be the case (Lind et, al. 1966). 

The mechanism for the immediate postnatal drop in pulmonary vascular resistance and 

corresponding increase in pulmonary blood flow could, at least in part, be explained by the 

filling of the lungs with air, which brings about a shift of the content of the saccular and alveolar 

spaces from that of a relatively non-compressible fluid to air. At the same time, a surface tension 

is created in the air-fluid inter-phase tending to make the alveoli smaller and simultaneously 

decreasing the extra vascular pressure. It has thus been demonstrated that the oesophageal 

negative pressure is established simultaneously with occurrence of the residual air in the lungs 

(Lind, 1969). Thus the substitution of air for fluid in the alveoli is a factor tending to lower, at 

least in part, the pulmonary vascular resistance. 

The vasodilatation at the onset of respiration can thus be divided into three approximately 

equal parts. About one-third is due to ventilation and is independent of gas tension changes 

(cassin et, al, 1964). One third is due to lowering of carbon dioxide tension (Cook et, al. 1963), 

and the remaining one third is due to an increase in oxygen tension (Dave and Mott, 1963; Allen 

and Hanworth, 1986. 

During parturition, the arrest of the umbilical circulation causes a decrease in the volume 

of blood flowing up the inferior vena cava and subsequently a reduction in the inferior vena cava 

and subsequently a reduction in the inferior vena cava and subsequently a reduction in the in the 
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inferior vena cava left atrial pressure difference.  This has been observed to occur whether or not 

the lungs are ventilated (Dawes etc. al. 1955). The immediate increase in pulmonary venous 

return on ventilation is of itself sufficient to reverse the pressure difference across the foramen 

ovale.  However, this effect is to some extent contigent upon   t he continued patency of the 

ductus arteriosus. When pulmonary vascular resistance is low there can be a large left to right 

shunt through the ductus ateriosus, which greatly increases pulmonary blood flow and hence left 

atrial pressure.  So in the period which immediately follows birth the valve of the foremen ovale 

is held closed by hemodynamic changes, some of which can be reversed.  However, there are 

minor differences.  For instance, in the sheep, flow through the ductus in reverse. However, there 

are minor differences.  For instance, in the sheep, flow through the ductus in reversed (to become 

left-to-right) within minutes from birth, whereas in man this normally takes about an hour. 

After birth, when the ductus arteriosus is closed, the pulmonary arterial pressure is 

determined by the volume of right heart output and pulmonary vascular resistance alone.  The 

transitional period is one of great complexity, when pulmonaryarterial pressur3e is determined 

by the output of the right heart, the vascular resistance of t he lungs, and by flow in either 

direction through a partially constricted ductus.  Transient pressure changes within the chest, a 

sigh, a cough, or a cry may then cause a brief reversal of the direction of flow.  So long as the 

ductus arterious remains widely patent the pulmonary arterial pressure must approximate closely 

to that in the aortic arch.  But as the ductus constricts, pulmonary arterial pressure comes to be 

determined more closely by pulmonary vascular resistance, so that pulmonary arterial pressure is 

high after birth and fall gradually. 
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Taking into account the species variation in arterial pressures at birth, the rate of decline 

in pulmonary arterial pressures at birth in man is not very different from that observed in 

unanaesthetized animals such as in the sheep (Polosa et. Al., 1957), the calf (Reeves and 

Leathers, 1964), the dog and the goat (Rudolph et. Al. 1961). In all these species quoted, it takes 

a week or two of pulmonary arterial pressure to subside to adult levels.  In the rabbit, the 

systemic arterial pressure rises rapidly at this time; so it is perhaps not surprising that right 

ventricular systolic pressure (which is as near to pulmonary arterial as one can get in such small 

animals) falls to a minimum at approximately 3 days of age and then rises (Dennis, 1967). This 

observation is interesting because it shows that net means pulmonary arterial pressure observed 

at any one time is the result of several coincidental processes.  Among them we may distinguish 

long-term changes such as the gradual decrease in the smooth muscle mass of the pulmonary 

arterioles after birth, and shorter changes such as the reaction to asphyxia or anoxia (Dawes et 

al., 1953; Dawes, 1969.)  

However, recent studies on the postnatal remodeling of pulmonary arteries with an 

external diameter less than 1000um (terminal bronchiolar arteries) reveal this not to be the case 

(Hall and Haworth, 1986; Haworth et al; 1987). These workers noted that the high fetal 

pulmonary vascular resistance in the pigs appeared to be due to the shape and arrangement of 

smooth muscle and other contractile cells within the vessel wall, rather than an excessive 

contractility of these cells. The thick walled pulmonary arterial wall structure characteristic of 

fetal life was due to the presence of overlapping smooth muscle cells each cell having allowed 

surface/volume ratio.  In addition the pericytes, intermediate and smooth muscle cells were show 

to have fewer myofilaments relative to other cytoplasmic organelles at birth than later. Thus 
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according to Haworth et al (1987) each cell probably had less capacity to vasoconstrict than had 

been supposed, and the high fetal pulmonary vascular resistance was probably due to the singular 

arrangement of the cells within the vessel wall, each cell having only a moderate degree of 

vasoconstriction. Hence, birth was followed by a phase of rapid remodeling during which the 

cells became thinner and appeared to “spread” within the vessel wall.  Their surface/volume ratio 

increased rapidly during the first 24 hours and cell/cell overlaps decreased (Haworth et al, 1987).  

Interesting to note was that,in contrast to the observations of Dawes et, al (1953) and Dawes 

(1969, Haworth et, al. (1987) quantitatively showed that there was no evidence of a reduction in 

the amount of vascular smooth muscle after birth. In other studies, Hall and Haworth (1987) 

demonstrated that the elastic and large muscular arteries of the same animals also underwent 

rapid remodeling after birth. As in the peripheral vessels, an increase in lumen diameter is 

achieved by the smooth muscle cells becoming thinner without a reduction in vascular smooth 

muscle (Hall and Haworth, 1987). 

According to Fishman (1963), in the low pressure pulmonary circulation, the anatomical 

counterpart of the systemic arteriole does not exist. This lack of sphincteric precapillary vessels 

has several implications. First that other small vessel may contribute appreciably to the pressure 

drop between the pulmonary artery and veins. Secondly, that the small pulmonary vessels may 

also serve as storage vessels, changing caliber passively with the pulmonary blood volume; 

thirdly, that under appropriate conditions each of the small vascular segment may constitute the 

dominant vascular resistance to blood flow. 
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Therefore, the tunica media, the more apt is the vessel to constrict to subsequently confer 

appreciable resistance to perfusion (Burton, 1954; Folkow, 1955). However, the vessel will 

undergo passive dilation less readily. 

Pulmonary arterioles and venules in man have been known to have a diameter of 50u and 

55u respectively (Fisherman, 1963). While the venules showed no evidence of smooth muscle, 

the pulmonary arteriole was noted to contain a thin rim of smooth muscle in its wall. On the 

other hand, the systemic arteriole contained a thick muscular media (Edwards, 1957; Fishman, 

1963). However as the latter noted, it is difficult to imagine such pulmonary vessels on the sites 

of intense vasoconstriction. It has therefore been suggested by other workers that the larger 

precapillary vessels, are somewhat better suited for vasomotor activity (Folkow and Neil, 

1971a). These small muscular vessels which range from 100 to 1000mm in diameter, contain 

well-formed media, and lie adjacent to the respiratory bronchioles. From these muscular vessels, 

the pulmonary arterioles generally arise at right angles so that the configuration of muscle at 

their origins often appears sphincteric (Edward, 1957; Folk and Neil, 1971a; Lane et. al. 1983). 

For a while, it has been known that the systemic circulation is far more sensitive to the 

usual vasoconstrictor agents than the pulmonary circulation (Daly and Daly, 1961; Fishman, 

1963). However, a host of apparently unrelated substance has been categorized as pulmonary 

vasoconstrictor. These include norepinephrine, serotonin, ATP, bacterial endotoxins, alloxan, 

endothelin (endothelial derived vasoconstrictor peptide) and small quantities of hypertonic saline 

(Rose and Lazaro, 1958; Petal et. al. 1960; Nahas and MacDonald, 1959; Lembeck et,al,. 1989). 
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Interest in pulmonary vasodilators has been stimulated both by the clinical need for 

therapeutic agents to relieve pulmonary (HAPES-S) may also have higher plasma ANP levels 

than control subjects under hypoxic condition. However, observations done by Kawashima et, al. 

(1989) do not fit this hypothesis, at least for acute hypoxia.  

Prostaglandins did not appear to modulate the pulmonary vascular response to either 

hypoxia or exercise (Kawashima et, al. 1989). However, it was noted that the plasma levels of 

TxB2, the stable hydrolysis product of thromboxane A2 (a potent mediator of pulmonary 

vasoconstriction), were somewhat higher in HAPE-S. Even though the statistical significance 

was absent, Kawashima et al (1989) could not exclude the possibility that this vasoactive 

mediator might increase the basal vascular tone in the pulmonary circulation in certain subjects. 

Further investigations may be necessary to test this possibility by determining if the inhibition of 

thromboxane synthesis can alter the pulmonary hemodynamic in HAPE-S.  

There is no doubt, however, about either the existence of pulmonary vasomotor nerves or 

their ability to change pulmonary vascular calibers when appropriately stimulated. Only their 

physiological meaning can be questioned (Daly and Daly, 1961; Fishman, (1963). Abraham 

(1969) observed nerve plexuses covering almost entirely the outer surface of the tunica 

adventitia of the proximal pulmonary arteries in the birds, pig, sheep and man. These nerve 

plexuses were observed to consist of thick sympathetic trunks and bundles of fibres carrying 

Schwann cell nuclei. Besides, the sympathetic fibres, thick arborizing fibres were observed to 

form particular sensory nerve ending or plates (Abraham, 1969). In their review on pulmonary 

vascular innervations Daly and Daly (1961) noted that it required a rise in blood pressure in the 

carotid sinus of the order of 100mmHg in order to elicit a pressure drop in the pulmonary artery 
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of 2mmHg or less. They suggested that hypoxic stimulation of the carotid chemoreceptors 

produced an effect on the pulmonary vascular bed opposite to that of raising the pressure in the 

carotid sinuses, namely reflex pulmonary vasoconstriction. Pertinent to this, is an observation 

made by Boyd (1937) suggesting that in the fetal life, the mammalian ductus arteriosus possesses 

a pressor-receptor apparatus similar to that found in the carotid sinus, the aortic arch and the 

innominate- subclavian arch of the right side. This study has revealed numerous nerve bundles 

accompanied by vasa vasorum in the giraffe ductus arteriosus. Although the identity of these 

nerve bundles and their mode of termination could not be identified, there is no doubt that their 

location in the tunica media of the ductus arteriosus suggests that they supply structures in this 

artery. 

Fisherman (1963) observed that the large pulmonary arteries, the muscular arteries and 

arterioles are more richly innervated than the corresponding veins and venules. Takino (1932) is 

quoted as having observed that nerve ending reach the medial and subendothelial layers of the 

large pulmonary arteries and veins. Some of these anatomical observations are inconclusive 

primarily because the display of an abundant innervations provides no measure of either the 

number or the nature of the impulses which the nerve transmit. In addition, consecutive muscular 

segment of a single pulmonary vascular unit may be differentially stimulated. 

Recent studies indicates that adaptation to extra –uterine life is associated with rapid 

development changes in the innervations of the pig pulmonary trunk, extra – and intra- 

pulmonary arteries (Wharton et al,. 1988). Though the distribution of nerve fibres did not change 

with age, the density of the vascular innervations and the expression of peptide immunoreactivity 

increased between birth and 2 weeks of age. A less marked increase was also seen between 2 
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weeks and 2 months of age. The majority of nerve fibres appeared to be sympathetic in origin 

and contained neuropeptide tyrosine/c-terminal peptide or neuropeptide tyrosine precursor 

(NPY/C. PON) and tyrosine hydroxylase immunoreactivity. Nerve fibres containing vasoactive 

intestinal polypeptide (VIP), calcitonin gene-related peptide (CGRP), and substance 

immunoreactivity occurred less frequently and were rarely found around the intra-pulmonary 

arteries (Wharton et,al , 1988). These Workers therefore proposed that the NPY may influence 

sympathetic vasomotor control and may also have a trophic function. In the pig, all the 

pulmonary vascular smooth muscle cells were immature at birth, containing predominantly 

synthetic rather than contractile organelles, but at all ages the smooth muscle cells lying in the 

outer third/ half of the media contained a significantly higher concentration of myofilaments than 

those in the inner part of the media. It is thus not surprising to note that the nerve fibres 

penetrated only the outer two-thirds of the media of the intra-pulmonary arteries, furthermore it 

was also noted that in this part of the media, both myofilament concentration and the density of 

NPY-immunoreactive nerves increased with age (Wharton et al, 1988). 

There is no general agreement concerning the mechanisms responsible for the increase in 

pulmonary arterial transmural pressure during inspiration (Fishman, 1963). Most certain is an 

increase in pulmonary blood flow, arising from a decrease in intrathoracic pressure and from 

increased systemic venous return which it promotes (Baxter and Pearce, 1951). Much more 

equivocal is a reduction in the outflow from the pulmonary vascular bed so that the pulmonary 

blood volume is increased (Johnson et, al. , 1937). Such a combination of increased inflow and 

reduced outflow would imply pulmonary vascular distension and, hence, a decrease in 

pulmonary vascular resistance (Steiner et al, 1960). 
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Ordinarily, the pulmonary arterials mean pressure in man (Rushmer, 1976). Dog (Nahas 

et, al, 1954), cat (Fishman, 1961), rabbit (Korner, 1959) and giraffe (Goetz et, al .1960) averages 

1/5 to 1/6 of that in the systemic circulation. In man, the level of the pulmonary arterial pressure 

seems to increase slightly with age (Hosoda ad Minoshima, 1965). There is no fixed relationship 

between the pressures in the two circuits. In man, before the onset of systole, the pulmonary 

arterial pressure is of the order of 7 to 12mmHg; during systole it rises abruptly to 20 to 

30mmHg. The corresponding mean pressure being of the order of 12 to 15mmHg (Fishman, 

1963). In the giraffe, however, the pulmonary arterial pressures appear excessively high. The 

giraffe has been known to have meant pulmonary arterial pressure ranging between 38 to 

48mmHg (Goetz et, al, 1960; Badeer, 1986). It has thus been suggested that the giraffe may have 

pulmonary hypertension (Warren, 1974). 

Pulmonary hypertension is considered to be present in man when at rest, the systolic- 

diastolic pressure in the pulmonary artery exceeds 30/15mmHg or when the mean pressure 

exceeds 25mmHg (Wagenvoort and Wagenvoort, 1977). It is clear however that since the upper 

limits of the normal pressures are not strictly defined, the same is true for the lowest pressures at 

which the pulmonary hypertension is applicable. 

In principle, pulmonary hypertension could result from increased pulmonary vascular 

resistance or from an increased pulmonary vascular resistance or from an increased pulmonary 

blood flow. However, according to Wagenvoort and Wagenvoort (1977), due to the high 

distensibility of the pulmonary vasculature, an increased pulmonary blood flow alone, even if it 

is very high, does not usually lead to more than a mild elevation of the pressure as long as there 

are no vascular alterations. Pulmonary hypertension is therefore usually due to either an 
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increased resistance in the precapillary vessels or to an impediment to the pulmonary venous 

outflow. Changes in the pulmonary arteries and arterioles leading to increased resistance may be 

either functional or organic (Wagenvoort and Wagenvoort, 1977). Functional changes based on 

vasoconstriction are seen, for instance, in hypoxic pulmonary hypertension. Examples of organic 

changes are occlusive thromboemboli and obliterative intimal fibrosis as observed in congenital 

heart disease (Edwards, 1977). It has been noted that in the presence of pulmonary hypertension, 

the muscular coat of the pulmonary arteries and/or arterioles is always thickened. Even when an 

increased medial thickness was not immediately apparent in the histological sections, 

morphomertric appraisal would usually reveal that the pulmonary arteries are abnormal 

(Wagenvoort and Wagenvoort, 1977). This has been has been confirmed by Pietra et, al. (1989) 

who went further and defined primary pulmonary hypertension. They stated that primary or 

idiopathic hypertension is a rare condition that is considered in the clinical settings only after the 

exclusions of all known heart and lung diseases. Patients with this disease have been known to 

have pulmonary artery medial hypertrophy in some this hypertrophy has often been were 

associated with intimal and luminal lesions (Pietra et, al. 1989). 

In most cases of pulmonary hypertension there is usually an underlying condition such as 

cardiac disease, responsible for the elevated pressure in the pulmonary circulation. Such a 

condition is considered the cause of the pulmonary hypertension because it induces changes in 

the hemodynamics of the pulmonary circulation which clearly result in increased pressures. But 

as stated by Wagenvoort and Wagenvoort (1977), even though one may classify a case as 

pulmonary hypertension of known cause, this generally does not mean that we understand the 

mechanisms by which the pulmonary hypertension is produced. To the contrary, in most cases 
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the actual mechanism is obscure or speculative. Some patients develop pulmonary hypertension 

in the absence of any associated condition that can be held responsible. Occasionally, there is an 

associated condition, but it is not clear why this should lead to pulmonary hypertension. The 

cause in such cases may be suspected but at best is usually doubtful (Wagenvoort and 

Wagenvoort 1977). 

A long vertical neck would pose a number of hemodynamic problems to an animal like 

the giraffe. Pertinent to this, it has been noted that the heart lies approximately midway between 

the ground and the head, a total distance of about 4-5 meter in the adult giraffe (Goetz and Keen, 

1957). Therefore, the heart, placed 2-3 meters below the head, has to generate enough pressure 

of approximately 300mmHg to permit adequate cerebral perfusion of the brain. The brain, on the 

other hand, has to be protected from excess hydrostatic pressure when the animal brings its head 

down to drink (Goetz and Keen, 1957; Goetz et, al . 1960; Van Citters et, al, 1966; 1968; 1969; 

Warren, 1974). 

Faced with the above dilemma, Kimani (1979) suggested that some of the mechanisms by 

which the giraffe ensures an adequate cerebral perfusion pressure, and also in addition protection 

to the brain when it lowers its head to drink, may be a function of the blood vessels and 

appropriate barostatic reflexes. A corollary to this suggestion is the demonstration in a recent 

study (Opole, 1988) of deep medial adrenergic innervations in the carotid artery and its terminal 

branches and rich adrenergic innervations in the intra-cranial but extra cerebral arteries. It was 

thus postulated that the gross hemodynamic stresses arising from the increase in distal carotid 

pressure as the animal lowers its head were regulated extra –cranially, while the intracranial but 
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extra cerebral arteries were largely responsible for the fine control of cerebral blood flow (Opole, 

1988). 

However, with its 2-3m long neck, the giraffeis also likely to be exposed to respiratory 

problem associated with an additional feature of a long trachea. A long trachea would cause 

increased resistance to air flow and hence create a large anatomical dead space, which unless 

compensated for, may expose the animal to chronic hypoxia. 

In Morococha, which is situated at an altitude of 4500 meters in the Peruvian Andes, 

Peneloza et, al.  ( 1962), in agroup of native residents mean pulmonary arterial pressures of 

28mmHg as compared to 12mmHg in sea level subjects.  These pressures rose to respectively 60 

and 18mmHg during exercise and could be reduced by administering oxygen. When natives from 

the Andean mountains were brought to sea level, their pressures dropped but rose again upon 

their return to high altitude (Sime et, al, 1971). In newborn infants and during the first weeks of 

life there are no differences in pulmonary arterial pressure between those born at high altitude 

and those born at sea level. But whereas at sea level pressures drop rapidly to the same levels as 

in the adults, the high altitude infants have a much slower decrease of pulmonary arterial 

pressure. The weight of the right ventricle in the high altitude infant at birth, is similar to that in 

the sea level new born, but right ventricular hypertrophy is a regular finding in older infants and 

children from high altitudes (Arias-Stella and Recavarren, 1962). Similarly, the pulmonary 

arteries and arterioles in the newborn are normal but fail to decrease their medial thickness at the 

same rate at sea level infants do. Therefore, there is medial hypertrophy of these arteries from the 

age of one month onward (Naeye, 1965; Arias- Stella and Castillo, 1966). 
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However differences to response in high altitude hypoxia have been observed as between 

individuals. The usual pattern of hypoxic pulmonary hypertensive changes in the lung vessels, 

which include medial hypertrophy of the muscular arteries and the presence of longitudinal 

muscle bundles, were certainly not always present. In a number of individuals the pulmonary 

vasculature was perfectly normal, while in others, medial hypertrophy of pulmonary arterioles 

was very marked.Right ventricular hypertrophy was common in the latter group. However, there 

was an indication that with increasing altitude, the number of individuals with medial 

hypertrophy of the pulmonary arteries and right ventricular hypertrophy increased markedly 

(Wagenvoort and Wagenvoort, 1977). It was noted, however, that variability according to race 

was not with any certainty known in man. No race was particularly susceptible to the 

development of pulmonary hypertension nor did it appear that any race was exempt. Moreover, it 

has not been explained why there is a marked female preponderance of primary pulmonary 

hypertension in man. 

Inter-species and individual variability have also been observed in cattle in relation to the 

response of the pulmonary vasculature to high altitude hypoxia (Grover et, al, 1963a). With a 

medial thickness of about 11%, the  unusually muscular pulmonary vessels of cattle have been 

known to show a stronger tendency to develop hypoxic pulmonary hypertension with vascular 

alterations (Alexander et, al, 1960; Alexander and Jensen, 1963; Grover et, al, 1963b) than those 

of the sheep, cats and rabbits (Reeves et, al, 1963a, b). Grove et, al, (1963a) also demonstrated 

that individual hyper-reactivity of the pulmonary vasculature was not an unusual feature in cattle. 

When taken to an altitude of 3000meters, one third of these animals developed pulmonary 
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hypertension while the rest preserved pressures within the normal range. At 3900 meters, 

however, pulmonary hypertension was present in all animals (Grover at, al, 1963a). 

Furthermore, the Ilama and the visacha which live naturally on the very high Andean 

slopes have been noted to show complete adaptation. These animals showed neither right 

ventricular hypertrophy nor medial hypertrophy arteries seen in other cattle (Health et, al, 1974; 

1981). Similarly, the yalk, also a member of the cattle family. Has been known to survive 

successfully as a beast of burden in the Himalayas (Health et. al. 1984). It has been suggested 

that the yak, like the Ilama and the visacha, appears to have lost the characteristic thick-walled 

pulmonary vasculature of the cattle family and thereby its sensitivity to hypoxia constriction, to 

become genetically adapted to high altitude (Health et, al, 1984). Apart from showing no 

evidence of right ventricular hypertrophy, these animals have muscular arteries which showed a 

medial thickness of the order 4% to 5%. 

Other studies have showed that exposure to chronic hypoxia resulted in medial thickening 

in the muscular pulmonary arteries of rats; it apparently had no effect on the pulmonary arterial 

system of hamsters (Walker et, al, 1984). According these authors, this lessened responsiveness 

to hypoxia is associated with slightly reduced pulmonary vascular smooth muscle in the low 

altitude hamster. The hamster being selectively insensitive to hypoxic conditions which may be 

encountered by fossorial (burrowing) species (Walker et, al, 1984).  

Rather recently, an enhanced pulmonary vascular response to acute hypoxia has been 

demonstrated in beagles which had been chronically hypoxia for one year (Grover et, al, 19880. 

However the significance of the pulmonary vascular reaction and pulmonary hypertension in 
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response to hypoxia is poorly understood (Korner, 1959). It has been suggested that elevated 

pressure might have a perfusion of all the areas of lung tissue, thus improving oxygen saturation 

of the arterial blood. This mechanism would, however, apply mainly to deep-chested animal with 

large hydrostatic pressure (Grover et, al. 1963b). Furthermore, individual variability has 

suggested that the mechanisms those underly pulmonary hypertensions are complicated and that 

its development probability involve multiple factors. 

Various forms of pulmonary hypertension have been produced experimentally in rats 

(Meyrick and Reid, 1980; Rabinovitch et, al. ,1979; Hunter and Wreford, 1981). These workers 

observed that hypertrophy of the medial smooth muscle cells, an increase in extracellular ground 

substance, and a doubling in thickness of the elastic laminae. In addition, hypoxia stimulated 

hyperplasia as well as hypertrophy of the adventitial fibroblasts and an increase in collagen. 

Return to room air allowed complete regression of medial and adventitial thickening, and 

remodeling of the layers, since there was a graual increase in the number or concentration of 

collagen fibres. Furthermore, it was noted that the muscle cell to elastic lamina contacts were 

more frequent in hypertension. It was thus concluded that chronic hypoxia induced structural 

features characteristic of pulmonary hypertension, though little was known about their reversal 

(Meyrick and Reid, 1980). 

A reduction in the fraction of oxygen in the inspired air generally below 12% has elicited 

an increase in pulmonary arterial pressure in every species in which it has been tested (Fishman, 

1961). In the intact, anaesthetized animal and man this pressor response generally occurs when 

the oxygen saturation of peripheral arterial blood drops below 80%. The associated increase in 

mean pressure is of the order of 4 to 8mmHg (Motley et al, 1947). Only a small part of this 
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increase in pressure is attributed to an increase in pulmonary blood flow during the breathing of a 

10% oxygen mixture. The increase in flow rarely exceeds 30% (Fishman, 1961). Since the usual 

passive determinants of pulmonary vascular pressure-pulmonary blood volume (Fritts et, al, 

1960), ventilation (Fishman, 1961) and left arterial pressure (Von Euler and Liljestrand 1946; 

Nahas et, al, 1954) undergo too little change to affect the level of pulmonary arterial pressure, 

the increase in the blood pressure gradient across the lungs is generally acknowledged to involve 

an active increase in pulmonary vascular resistance, through vasoconstriction, for example. 

The capability of hypoxia to induce pulmonary hypertension was first demonstrated by 

von Euler and Liljestrand  (1946). These workers observed that acute hypoxia and acute 

hypercapnia evoked an increase in pulmonary arterial pressure in the anaesthetized cat and that 

this pressor response occurred in the face of an unchanged or a decreased left atrial pressure. 

They went further as and suggested a three- fold hypothesis. First, that a change in the 

composition of the inspired gas is capable of eliciting an increase in resistance and that this 

increase stems, in turn from pulmonary vasoconstriction. Secondly, that this vasoconstriction is 

mediated by local vasomotor responses other than by reflexes involving the extra-pulmonary 

portions of the autonomic nervous system. And thirdly, that the vasomotor effects of the 

respiratory gases serve to adjust the alveolar perfusion to alveolar ventilation. They thus pointed 

out that a localized effect of hypoxia might influence the distribution of the blood flow within the 

lung, by shunting away the blood from hypoxic areas to better aerated parts. There is still some 

uncertainty as to the exact site of increased resistance within the pulmonary vasculature 

(Wagenvoort and Wagenvoort, 1977), and particularly, there is no unanimity as to how the 

pressor response to hypoxia is mediated (Fishman, 1976). Hypercapnia and acidosis are also 
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likely to influence pulmonary vascular resistance, although this does not mean that the site of 

action and the mechanisms involved are the same. 

It is possible that in part the increased pulmonary arterial pressure is caused by a shift of 

blood from systemic to pulmonary circulation coupled with an increased cardiac output. This 

would mean that the rise in pressure would be passive rather than active (Wilcox et, al, 1964). 

On the other hand, although this effect may contribute to hypoxia pulmonary hypertension, an 

increased pressure (Stroud and conn, 1954; Fishman et, al, 1960; Wilcox et, al, 1964). 

It has been proposed that the giraffe may be able to clear the large anatomical dead space 

by having a large tidal volume and a slower rate of breathing. Similar suggestions have been 

proposed for long-necked birds. King and Mclelland (1984) suggested that these birds may 

compensate for the increased resistance to airflow and large anatomical dead space by having a 

wider trachea and a slower rate of breathing than in a mammal of comparable body size. 

Furthermore pulmonary morphometric characteristic in birds, like in mammals, are strongly 

correlated with the oxygen demands and hence may reflect the different modes of life exhibited 

by birds (Maina, 1987). However, a study of wild bovids (which include giraffe), viverrids and 

domestic ruminants (Weibel and Taylor, 1981) have revealed that the morphometric parameters 

of the pulmonary exchange apparatus, (namely alveolar surface area, capillary volume and the 

total morphometric pulmonary diffusing capacity for oxygen), all scale about linearly with body 

mass and not the length of the trachea or volume of anatomical dead space. 

Warren (1974) suggested that the giraffe may solve this problem by hyperventilation, 

breathing more deeply and more rapidly than man. He noted that giraffe even at rest have been 
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found to have a respiratory rate of more than 20 breaths per minute, whereas the corresponding 

rate in man is 12 to 15. In contrast to man and other mammals, the giraffe spends more time in 

inhalation than in exhalation. Furthermore, its arterial blood carries a marginally low content of 

oxygen. Giraffe have also been observed to show distress in situations where the air is low in 

oxygen, as at high altitude (Warren, 1974). It was concluded therefore, that the giraffe is much 

less adaptable to such situation than man (Warren, 1974). 

In man, acute hypoxia has been known to stimulate hydrostatic influences which induce 

changes in the perfusion-ventilation ratio. These changes induce constriction of pulmonary 

arteries in the basal parts and a compensatory vasodilation in apical parts of the lungs, leading to 

a considerable shift of blood flow from the under ventilated to the better ventilated areas of the 

lung.  (Folkow, 1955; Health et, al, 1974; 1981; 1984). This has been confirmed in the dog, 

where an abnormally high pulmonary arterial pressure was noted to increase the proportion of 

blood passing through the upper zone of the lung (Caro, 1966). Thus it is germane that, the 

presence of an approximately regular dichotomous pulmonary arterial branching pattern from the 

pulmonary trunk right down the segmental arteries coupled with two highly lobulated lungs may 

aid in maintaining a viable perfusion-ventilation ratio in the hypoxic hypertensive respiratory 

system of the giraffe. 

According to Laplace‟s law tension is equivalent to the product of the radius of the vessel 

and the distending pressure within it (Burton, 1951; 1954; Glagov, 1972). Therefore, the sudden 

diminution in pressure stimuli at birth would lead to a decline in the level of circumferential 

tension in the wall of the pulmonary arterial bed. Studies have shown that even when flow is 

laminar, there is a tendency for the flowing blood to deform the vessel wall by exerting a 
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displacing force in the direction of blood flow on the luminal surface of the vessel (Glagov, 

1972; Kimani, 1979). 

In the fetal lung, the pulmonary arteries conduct blood at the pressure of physiological 

hypertension, but the stimulus stretch is absent as the fetal lung is immobile. The prominence of 

longitudinal elastic fibres demonstrate in the tunica intima of the intrapulmonary arteries of the 

adult giraffe, seems to imply that the stretching and recoiling of these elastic fibres facilitates the 

accommodation of longitudinal stretching and shearing forces acquired during respiratory 

movement in addition to the intermittent phase of blood flow. Acting in this way, elastic tissue 

may therefore provide a structural device for dampening local shearing and deforming forces 

imposed on the endothelium by distributing them more evenly to the underlying media.  

It is most probable that the difference in structure of the ductus from that of the adjacent 

segment of the pulmonary arteries and the pulmonary trunk of the fetal giraffe is associated with 

the peculiar behavior of the ductus at birth. In contrast to the other arteries, the ductus arteriosus 

has a luminal musculo-elastic medial and an adventitial elastic media characterized by deep 

medial penetration of numerous vasa vasorum. As observed by Boyd (1940-41), the mammalian 

ductus arteriosus possessed sensory innervations very similar to that possessed by the aorta and 

the carotid sinus. Fine nerve fibres, presumably motor were found to penetrate deep into the 

musculo-elastic layer of the tunica media while the distal pulmonary trunk and the proximal 

portions of the pulmonary arteries received only sparse innervations (Boyd, 1934; 1940-41). 

Numerous pressor-receptors were also observed in the tunica adventitia and outer media of the 

mammalian ductus arteriosus. In contrast to the medial muscle, these pressor-receptors received 

rich afferent rich innervations (Boyd, 1940-41). It is conceivable that the neurovascular bundles 
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observed in the tunica adventitia of the ductus arteriosus of the fetal giraffe were probably 

pressor-receptors. In addition, the numerous vasa vasorum seen penetrating the media, were 

probably accompanied by finely myelinated, motor fibres which terminated in the musculo-

elastic layers. As observed by Boyd (1940-41), while most of these fibres may be of sympathetic 

origin, some were definitely from the left vagus nerve. It is germane that similar to the carotid 

sinus, the afferent nerve ending terminating in the pressor-receptors in the ductus of the fetal 

giraffe may be stimulated mechanically by changes in the pressure within the ductus arteriosus or 

by contraction of the muscular of the ductus. Therefore during the later part of fetal life, the 

pressor-receptor may be concerned in reflexes which aid in the control of the foetal blood 

pressure. At birth, when the circulation of blood through the ductus ceases, the receptors may be 

concerned with reflexes which maintain the contraction of the musculature of the ductus until 

anatomical obliteration of the musculature of the ductus until anatomical obliteration of the 

lumen is complete. 

In their morphological study of the closure mechanism of the human ductus arteriosus, 

Meyer and Simon (1960) demonsrated a preparatory angiomalacia of the ductus wall 

characterized by an extensive dissociation of its inner layer starting before birth. Other workers 

noted the presence of mucoid substances in the human ductus arteriosus (Dawes et, al., 1953; 

Dawes, 1969). It was observed that during the last week of intra- uterine life, there was a gradual 

reduction in the amount of tissue in the intima and inner media (Dawes et, al, 1953). The 

observations made in the present have demonstrated a juxtaintimal hyper elastic layer surrounded 

by themusculo-elastic zone, in the distal segment of the ductus arteriosus of the fetal giraffe. It is 

conceivable that this subintimal hyperelastic layer and the prominent, sometimes, duplicated 
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internal elastic lamina in the fetal giraffe may, on passive recoil after birth and with the 

precipitous pressure drop bring about occlusion of the ductus arteriosus. The contraction of the 

musculo-elastic layer would lead to further physiological closure of the ductus arteriosus in the 

giraffe. Permanent or anatomical closure would be affected by the growth of vascular fibrous 

tissue from the surface of intimal mounds (Dawes et, al., 1953; Dawes, 1969). 

Various studies have also shown that the muscular arteries of the fetus have a prominent 

tunica intima with the endothelial lining bulging into the lumen (Lind, 1969; Wagenvoortet, al., 

1964; Hall and Haworth, 1986; Haworth et al., 1987). Observations made in the present study 

have shown these features to be present in the fetal giraffe. Hall and Haworth (1986) 

demonstrated in the pig, that a rapid thinning of the endothelial cells was accompanied by an 

increase in surface area/volume ratio during the first hours after birth. These workers suggested 

that the thinning of the endothelial cells, and presumably of the medial also, was achieved 

initially by the vessels being stretched longitudinally. This could happen with the onset of 

respiration. Furthermore it was proposed that the release of endothelial vasoconstrictor tone may 

have facilitated the change in shape that which occurred in the peripheral arteries after birth. 

Thus after the first few hours of life the endothelial cells appeared to spread laterally suggesting 

an increase in external diameter (Hall and Haworth, 1986). It is conceivable that bulging in of the 

endothelial lining of the muscular arteries of the fetal giraffe may have a functional significance 

in maintaining a high fetal pulmonary resistance. 

In intrauterine life and just before birth the pulmonary trunk is exposed to a pressure 

comparable to that in the aorta. It is not surprising however that, subjected to the same 

hemodynamic stimuli, the pulmonary trunk it has been observed to show very similar structural 
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feature to the systemic vessel. Since the configuration of the elastic fibres in the tunica media of 

the human fetal pulmonary arteries appear generally long, parallel and compact like that in aorta, 

they are said to have an aortic „configuration‟ (Health et al, 1959). It is clear that this „aortic‟ 

type of elastic configuration observed in the pulmonary arteries of the fetal giraffe, provides the 

strength needed to match the comparatively high blood pressure and rhythmic expansion to 

which they are subjected. 

In man, the „aortic configuration‟ of the elastic tissue remains until the age of 6 months 

(extra uterine) when changes which no doubt started at birth become obvious (Heath et, al,. 

1959). Changes of disuse atrophy of the elastic tissues must presumably date from this time of 

sudden hemodynamic alterations. It has been observed in the human, that the tunica media of the 

pulmonary arteries of the adult showed that most of the elastic fibres had swelled postnatally and 

assumed grotesque shapes with many club-like terminal expansions. Individual lamellae were 

short and could be traced for only short distances, with numerous slender intervening elastic 

fibres. Branching of individual elastic fibres were common and the lamellae ran in all directions 

(Heath et, al, 1959). Some of these elastic fibres appeared to insert on the smooth muscle bundles 

suggesting an arrangement capable of controlling either the pressure on the wall on its contents 

or the volume blood contained within the large vessel (Health et, al, 1959). Similar observations 

were made on the pulmonary arteries of the pig (Greenwald, 1982) and in other mammal 

(Wolinsky and Glagov, 1967). Comparative studies made in this study on the fetal and adult 

giraffe appear to be in conformity with those made above. 

Reports on the elastin content of the pulmonary trunk and its relation to caliber and age 

are confusing. It is generally agreed that in the human newborn, the amount of elastic tissue in 
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the pulmonary trunk and aorta are similar, but that during the first one or two years of life, it 

decreases rapidly in the pulmonary trunk. In later life, the effect of ageing on the structure of the 

pulmonary arterial wall has been reported as involving a decrease in elastic tissue, if assessed 

histologically (Heath et al, 1959; Harris et al, 1965a) and as an increase if measured chemically 

(Lansing, 1959). 

Mackay et al, (1978). Using a point counting method for establishing the ratios of the 

various components of the pulmonary arterial system, found a tendency for elastin to fall and for 

smooth muscle to increase with age. The collagen content showed a tendency to reduction with 

increase in age both morph metrically and chemically (Mackay et, al , (1978). While this 

confirms the findings of Farrar et, al, (1965), it is in direct contrast to the non-quantitative 

morphological observations of Heath et, al. (1959), who reported an increase in the collagen 

content of the pulmonary trunk with age. From the above observations, it is obvious that an 

alternative explanation is therefore required concerning the marked reduction in static wall 

compliance with age. 

Results based on histometric analysis of the morphologically detectable elastin per 

surface unit area of the media were noted to be slightly lower than the chemical values (Plank at 

al, 1980). By means of a television image analyzer, Plank et al, (1980) determined the volume 

density of elastin from the histological slides. They noted that with age, the content of elastic 

tissue remains constant in the tunica media of the pulmonary trunk, although in patients with 

pulmonary hypertension, the content of elastic tissue was consistently higher (Plank et al, 1980). 

They suggested that if, with age the content of elastic tissue remains constant, then the combined 

amount of collagen, ground substance, and smooth muscle would not change either during life. 
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They thus conclude that the decrease in the extensibility of the aging pulmonary trunk is caused 

by changes in the physical properties of either elastic, collagen, or both. 

Other studies have indicated that the elastin content in the pulmonary trunk is generally 

lower in younger age groups than in older ones (Hosoda and Minoshima, 1965). These workers 

suggested that the elastin content of the pulmonary trunk shows a smaller change with age than 

does the aorta. However since the increase of blood pressure in the pulmonary trunk of older age 

groups is far less than that in the aorta, it appeared that the blood pressure may have some 

influence o the change of elastin content of blood vessels (Hosoda and Minoshima, 1965). Harris 

et al,  (1965a) confirmed these observations and noted that this decline in elastin and hence 

compliance was accompanied by a concomitant increase in the medial collagen content of these 

vessels. Farrer et al, (1965) noted that in the young, there is a soluble portion of elastin in the 

pulmonary trunk that decreases with age. This portion was thought to play a role in increasing 

the stability of the vessel with age. Observations made by Harris et al, (1965b) showed that the 

development of pulmonary hypertension is associated with a decrease extensibility and an 

increased wall thickness of the pulmonary trunk. 

It is known that intermolecular collagen cross-links increase in age and this increase the 

tensile strength of the individual fibres (Gross, 1961). It is not possible to assess the contribution 

which this process makes towards the mechanical changes seen but it is unlikely to be solely 

responsible since the stress at which these changes become noticeable is well below the 

theoretical breaking points of collagen fibres (Mackay et, al, 1978). If, as Roach and Burton 

(1957) suggested, the first rapid extension phase of the stress/strain curve mainly represents 

stretching of the elastic tissue, then, the main area of change with age is in the elastic phase of 
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the curve. It has thus been proposed that the reduction of wall compliance with age, coupled with 

a reduction in medial collagen content, implies strongly that it is a elastic component 

approaching its elastic limit at lower loads which produces the flatter cover in the older age 

(Harris et, al, . 1965a,b; Mackay et, al, 1978). Although age-related changes at molecular level 

may contribute to these mechanical alterations, there is a possibility that the morphologically 

visible changes in the arrangement of these fibres at the lamellar level may be more relevant 

(Mackay et, al, 1978). It is conceivable that changes in the elastic tissue at a molecular and 

lamellar unit level may be responsible for the increasing stiffness of pulmonary vessels rather 

than changes in the medial collagen content. 

In a nutshell, from the above discussion, it is rather clear that the development of the 

adult pulmonary configuration of the giraffe is well suited to the lowered blood pressure 

compared to the fetal giraffe. The observations made in this study have shown that the tunica 

adventitia of the pulmonary arteries of the fetal giraffe is largely collage nous, whereas that of 

the adult giraffe shows a preponderant increase in elastic tissue particularly towards the distal 

arteries within the lung. The tunica adventitia of the proximal arteries of the adult giraffe 

consisted of an inner collage nous and a thin outer elastic layer, while the intrapulmonary arteries 

were characterized by a thick inner elastic and a thin outer collagenous  adventitial layer, in 

addition, while the elastic fibres in the tunica adventitia of the intra-pulmonary arteries of the 

adult giraffe were arranged in rows or beads of thick, longitudinal elastic which alternated with 

collagen fibres, those in the proximal arteries had a predominantly circular alignment. 

Functionally, the changes in the intrapulmonary arterial segment after birth would be correlated 

with increased extensibility of the blood vessels that would accompany inspiration. 
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Furthermore, evidence does exist to suggest that at term, collagen represents the 

dominant connective tissue element in the fetal lung (Emery, 1969). Collagen is found around 

the air passages, the tunica adventitia of blood vessels, in the pleura and septa but not within the 

alveolar walls. In the latter, the elastic tissue increasingly predominates. In man, it was noted that 

during infancy, there appears to be relative increase in elastic tissue in the tunica adventitia of the 

blood vessels, so that the collagen becomes increasingly confined to the septa and peri-bronchial 

tissue (Emery, 1969). 

It is suggested in this study that with the onset of breathing, which is characterized by the 

replacement of alveolar fluid by air, there is considerable radial and longitudinal traction acting 

on the vascular wall of the intrapulmonary arteries of the giraffe. Thus, postnatally, elastic tissue 

is deposited in the tunica adventitia to accommodate these stresses which are due to respiratory 

movements of stretching and also due to increased pulmonary blood flow. The persisting 

collagen fibres in the adult giraffe have a principal role of limiting final movement. 

As already mentioned, normal pulmonary arteries conduct blood at a pressure only one-

sixth that in the systemic circulation (Fishman, 1963);Heath,1963; Wagenvoort and Wagenvoort, 

1977). A high pulmonary arterial pressure is physiological in the fetus, even though the lung and 

its contained vessels are immobile. When pulmonary hypertension develops from any cause in 

postnatal life, like in the adult giraffe, the critical combination of both the high intravascular 

pressure and repeated stretch will occur. This causes a greater tendency to drag and possibly 

detach the endothelium from the underlying tissues. 



166 

 

This study has demonstrated the presence of a luminal translucent zone in the tunica 

intima of the distal pulmonary trunk of adult giraffe. This zone appeared to contain a fibrillar-

like material a few fine elastic and fine collagen fibrils, and in addition, an abundance of ground 

substance matrix. Moreover the relative thickness of the elastic fibres in the outer intima 

increased from the endothelial side of the tunica intima towards the intimo-medial border. 

However, while the tunica intima and inner media of the proximal arteries of the adult giraffe 

were predominantly elastic, the tunica intima and inner media of the camel were predominantly 

muscular. In contrast to the adult giraffe, electron microscopy revealed that the tunica intima of 

the pulmonary trunk of the camel contained not only modified, morphogenetic smooth muscle 

cells but in addition typical smooth muscle cells were present. Conversely, while the outer media 

of the proximal arteries of the adult giraffe is characterized by very large smooth muscle nests 

and nodules, the outer media of these arteries in the camel consists of small, indistinct smooth 

muscle nests found particularly towards the medio-adventitial border. Furthermore, while the 

smooth muscle bundles in the proximal arteries of both animals were orientated circularly, 

obliquely and longitudinally, the elastic fibres in the pulmonary arteries of the giraffe were much 

thicker and less fragmented than those of the camel. 

Studies on the pulmonary arteries on the human have shown that the smooth muscle 

bundles have a largely circular orientation (Heath, 1963). However in most large animals the 

pulmonary arteries have an admixture of longitudinal and circular smooth muscle bundles (Heath 

et, al, 1984). In man, the presences of numerous longitudinal smooth muscle fibres in the intima 

and media have been shown to be diagnostic feature of pulmonary hypertension (Heath, 1963; 

Fishman, 1963; Wagenvoort and Wagenvoort, 1977). But the hemodynamic of the pulmonary 
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circulation in animals is markedly different from that of man and hence as suggested by Health 

(1969) comparative studies of the animals to the human should be treated with caution. Other 

studies indicate that the progressive thickening of th sub endothelial layer illustrates the presence 

of hypertension in these animals (Salgado, 1970; Aikawa and Koletsky, 1970). Other workers 

have suggested that functional and mechanical stresses during life particularly of hydrodynamic 

nature are responsible for development of diffuse intimal thickening (Movat et, al, 1958). 

Related to this is the fact that in hypertension, the sub endothelial layer progressively thickens 

(Aikawa and Koletsky, 1970). While the convexities of curve and branching points where 

shearing forces of flowing blood are greatest, are provided with intimal thickening or cushions 

with elastic fibres and smooth muscle aligned along the direction of shearing forces (Robertson 

1960; Moffat, 1969; Gorgas and Bock, 1975; Saidi, 1989). Thus, the architecture of the intimal 

cushions and/or thickenings may represent adaptive formations for dampening the elevated 

mechanical stresses near the heart, branching sites, bifurcation point and the convexity of arterial 

curves as well (Rodertson, 1960; Glagov, 1972; Berry, 1973). 

The role of the pulmonary capillary endothelium during hypoxia has been stressed by 

many workers (Roy et,al, 1969; Heath et, al, 1973; Wagenvoort and Wagenvoort, 1977). It has 

been suggested that hypoxia is capable of directly damaging the endothelial lining, resulting to 

an increased permeability in the capillary bed (Roy et, al, 1969). Health et, al, (1973) described 

changes in the endothelium of alveolar capillaries in rats, with the formation of vesicles in the 

cytoplasm of these cells, when the animals were kept at a stimulated high altitude for 12 hours. It 

was proposed that endothelial damage may have been one of the factors which induced sludging 

of erythrocytes in alveolar capillaries and stimulated the formation of thrombi in arterioles 
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(Health et, al, 1973).The latter changes being regarded as one of the main causes of pulmonary 

hypertension (Singh, 1965). 

Other studies on calves, have shown that, hypobaric hypoxia also cause injury to the 

wallsof the pulmonary arteries thereby exposing the medial smooth muscle cells to plasma 

factors (Mecham et al, 1987). It has been demonstrated that these phenotypically altered smooth 

muscle cells change their orientation from circular to oblique and longitudinal (Health, 1963). 

Some of these oblique smooth muscle cells have been shown to migrate and enter the tunica 

intima after traversing the internal elastic lamina (Lee and Triggle, 1981; Dabaly, 1990; Mokaya, 

1990). Hypoxia is also known to cause marked medial hypertrophy, extension of vascular 

smooth muscle to small vessels, adventitial thickening and increased connective tissue deposition 

in both the media and adventitia (Meyrick and Reid, 1980; Allen and Haworth, 1986). It has 

been thus suggested that the phenotypically altered smooth muscle cell, particularly in the 

intima, generated SMEF (a smooth muscle-derived elastogenic factor) which in turn stimulated 

elastin synthesis and perhaps synthesis of other connective tissue macromolecules (Mecham et 

al, 1987). Once this is accomplished, it has been postulated by several workers that most of the 

smooth muscle cells in the tunica intima degenerate and are replaced by collagen (Badeer, 1963; 

Mokaya, 1990). 

It is generally believed that the role of vascular smooth muscle is to modulate the visco-

elastic properties of the aortic wall, produce active tension causing circumferential vessel 

constriction and to increase circumferential vessel stiffness to resist distention (Burton, 1954; 

1962; Somlyo and Somlyo, 1968; Dobrin, 1978). This is based on observed close association 

between smooth muscle cells and the surrounding connective tissue elements. Observations 



169 

 

made in this study showed smooth muscle cells in the tunic a media and intima of the giraffe and 

the camel intimately opposed to collagen and elastic fibres. Moreover, elastic fibres were 

frequently observed making contact with the basement membranes of the smooth muscle at the 

region of dense bodies. This is in conformity with other studies which have shown that vascular 

smooth muscle contact with collagen and elastic elements of the stroma (Cliff, 1967; 1976; Rees, 

1968; Clark and Glagov, 1981). Other studies have also shown that elaboration of collagen and 

elastic fibres necessary for short and long term physical adaptation of the arterial wall is a 

response of vascular smooth muscle (Karrer, 1958; 1961; Pease and Molinari, 1960; Pease and 

Paule, 1960; Cliff, 1967; 1979; Ross and Klebanoff, 1971). It would seem germane therefore 

that, the smooth muscle cell is largely responsible for the translation of the various forms of 

tensile force into the appropriate extracellular fibrous components. Consequently, the smooth 

muscle cell has been regarded as an “assessor” and an “adaptor” (Glagov, 1972; Kimani, 1979) 

for the specific mechanical stresses such as tension and the rate of change. 

The smooth muscle cell has often been quoted by various workers as the only cell type in 

the tunica media and intimal sub endothelial zone of mammalian arteries (Karrer, 1958; 1961; 

Somlyo and Somlyo, 1968; Wissler, 1968). Wissler, 1968). The observations of a second cell 

type in the tunica and media of the giraffe and the camel, in the present study, is in sharp contrast 

to these earlier views. This is, however, in conformity with the findings of Kimani (1979) and 

Mwango (1990) based on the carotid arterial system of the giraffe, goat and calf. Similarly this 

second cell type was demonstrated in the Artiodactyls aorta and limb arteries (Gichangi, 1989; 

Dabaly, 1990; Ndung‟u, 1990). Kimani (1979) and Gichangi (1989) demonstrated this second 

cell type which resembles fibroblasts, in the outer layers of the tunica media and largely in the 
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connective tissue between the bundles of smooth muscle. Another cell type similar to the second 

cell type has also been demonstrated in the sub endothelial zone of the carotid and renal arterial 

system of the giraffe (Kimani, 1981; Chokwe, 1990). 

It is conceivable that the second cell type observed in the pulmonary arteries of the 

giraffe and the camel may have an important role to play in the normal growth and remodeling of 

the subendothelial zone and inner media. This would be in relation to the prevailing 

hemodynamic stresses, directly or indirectly related to vascular disorders. It is however, not clear 

whether these cells are modified smooth muscle cells or constitute a different population of cells. 

Nonetheless, it is clear from their prominent nucleus, high content of synthetic organelles, 

deficient basement membrane and intimate association with the elastic and collagen fibres, that 

these cells may complement smooth muscle cells in elaborating connective tissue in the hyper 

elastic tunica intima. 

It is therefore proposed in this study that, in systole the distension of the proximal arteries 

by blood is probably taken up by the small elastic fibres in the luminal part of the tunica intima. 

Apparently the fine elastic fibres and ground substance in the distal pulmonary trunk of the 

giraffe would provide a better cushioning mechanism to the relatively high pulsatile stresses. 

These small elastic fibres would then transmit the forces to the thicker elastic fibres in the outer 

intima and inner media in the proximal arteries of the adult giraffe. Because of their wider range 

and reversible extensibility, the thick elastic fibres or lamellae would ensure an even distribution 

of the intermittent tensile forces subjected to the arterial to the underlying smooth muscle cells. 

Thus it is suggested here that the greater deformability of tunica intima may in turn reduce the 
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shearing stresses, dragging and stretching forces between the endothelium and the underlying 

tissue. 

Thus the smooth muscle cells which migrate from the underlying media, may act as 

adaptors, by contracting so as to minimize the tangential strains falling on the stressed 

endothelium as illustrated in the camel. However, if the stresses are too high, as suggested in the 

giraffe, these phenotypically altered cells would translate these tensile forces into the appropriate 

fibrous tissue components. These being mainly elastic fibres. 

For a long time it has been appreciated that the physicomechanical properties of the 

arterial wall depends largely on its composite or heterogeneous structure characterized by 3 main 

components with different tensile properties namely, elastic fibres and smooth muscle cells. 

Considerable controversy exists, however, about the precise contribution (s) of these tissue 

components and the interplay and/or interlinkage between the (McDonald,1960; Wolinsky and 

Glagov, 1964). 

Elastin is an integral part of the structure of large arteries. The amount of elastin in the 

aorta, and hence the pulmonary trunk, is said to reflect the enormous stresses subjected to it 

during the pulsatile motion of blood flow (Goetz et, al,. 1960). Although collagen and elastic 

fibres co-exist in arterial wall (McGill, 1966), it is generally believed that the two structural 

components subserve different functions. Elastic tissue is a yellow, refractile material with a 

fibrillar, membranous structure arranged in a three-dimensional meshwork without free ends 

(Ayer, 1964). It occurs in two main forms, namely elastic fibre consists of two distinct structural 

components, namely a fibrillar shell and a central amorphous core. The wide range and 
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reversible deformability of elastic tissue seems to be its essential physiological characteristics 

(Ayer, 1964). Certain ligaments, such as the ligament flava in man and the ligamentum nuchae in 

ruminants are composed of coarse parallel elastic fibres of up to 4-5um in diameter (Fasana, 

1973; Walji, 1984). In the walls of arteries it occurs as fenestrated sheets, the internal elastic 

lamina (Hass, 1939). The appearance of these sheets in the arterial walls suggests that the 

occurrence of closely spaced, laterally juxtaposed elastic fibres in a homogenous cement 

substance forming broad bands of various sizes (Fasana, 1973; Kimani, 1979). The elastic limit 

of elastic fibres is reach when the fibres length is about 150% of the original (Bloom et al, 1968) 

although higher values have been reported (Burton, 1954). In the case of the vascular wall the 

elastic modulus of the collagen fibres is about 400 times that of the elastic tissue (Burton, 1954). 

Collagen provides rigid constraints or jacket that limit deformation of elastic fibres. Both 

of these are responsible for the tensile strength of the vascular wall (Remington, 1963; Burton, 

1954; Wolinsky and Glagov, 1964). The elastic fibres have been suggested to confer them a 

property of “tension regulation” under normal circumstances by dispersing the intermittent 

tensile forces to the stronger and relatively indistensible component of the arterial wall or 

collagen (Mungai, 1963; Kimani, 1979). Hence it can be inferred that the architecture and 

composition of the arterial wall or any other tissue that subserve a mechanical function 

corresponds I an orderly and economical manner to the prevailing levels and variation of the 

mechanical stress and strain. 

Thus one function of elastic fibres is to provide “maintenance tension” in the vessels 

wall, without the expenditure of the energy required to do this by the contraction of smooth 

muscle (Hass, 1939). A second important role of elastic tissue in the blood vessel wall is 
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therefore to make possible a constriction that can be graded by vasomotor nerves. With elastic 

tension as well as „active tension‟, grading of constriction and equilibrium under different 

pressure and active tension is possible, but still only over a limited range (Burton, 1951; 1954; 

1962). 

In the human lung, the finding of large number of small muscular vessels less than 80u in 

diameter is pathognomic of hypertensive vascular disease (Heath et,al , 1959;Folkow and Neil, 

1971b). However, this appears to be a normal finding in the lungs of many laboratory and 

domestic mammals, especially if the animals are small (Best and Health, 1961). These workers 

proposed that histological criteria usually employed for grade 1 hypertensive pulmonary vascular 

disease in man are invalid when applied to lung biopsies from animals such as the guinea pig. 

The pulmonary arterial system of the guinea –pig is characterized by sphincter –like muscle 

swelling (Best and Health, 1961). These observations were also noted by Daly and Hebb (1966). 

The latter suggested that these muscle-swellings may act as sphincters shutting off completely or 

partly the blood supply to local areas of the lung. Alternatively, they may act as an elastic coil 

system or smoothing device, to promote even blood flow through the lungs. The smooth muscle 

fibres of the larger pulmonary arteries of the ox have been observed to be spirally rather than 

circularly arranged. In the smaller pulmonary vessels, on the other hand, the spirally aligned 

smooth muscle fibres gives way to muscle swelling at somewhat regular intervals (Daly and 

Hebb, (1966). 

Various studies have also shown the existence of an anatomical/physiological sphincter 

in the limbs of the giraffe (Kinyamu, 1988; Mbuva, 1989; Ogeng‟o 1986) and other artiodactyls. 

Where the latter include the camel, the goat and the cow (Ndung‟u, 1990; Dabaly, 1990). These 
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sphincters are thought to be responsible for the regulation of blood to the metabolically active 

areas of the limb as well as acting as a pressure gate-valve mechanism (Kimani et, al,. 1990). 

Pertinent to these suggestions is the fact that the giraffe has long metatarsals and metacarpals 

which are covered by fibrous tendons with a low metabolic turn-over as opposed to the case in 

the leg and forearm. A corollary to this is the finding that, the fracture of a horse limb in the 

extremity does not heal, which means that there could be a poor blood supply to the lower part of 

the horse limbs. It is conceivable that through their action of shunting blood to the metabolically 

active areas, these physiological/anatomical sphincters may add more resistance to the total 

peripheral blood flow, thus requiring a more forceful contraction of the heart. However 

observations made on the aorta suggest that rather than the heart being the sole organ to produce 

the driving force, cardiogenic energy is complemented by smooth muscle nests (Gichangi, 1989). 

The observations made in this study revealed that, the smooth muscle nests in the outer 

layers of the tunica media, of the proximal pulmonary arteries of the giraffe and the camel, are 

joined to elastic fibres end-on or in series, and permeated by fine elastic fibres from the course 

elastic fibres. It is probable that the fine elastic fibres between the smooth muscle cells function 

as microtendons of the smooth muscle cells and anchor them to the coarse elastic fibres running 

between the muscle nests. It is conceivable that this “in series” arrangement of muscle nests is a 

structural device for ensuring that the contraction of smooth muscle is passed on to the elastic 

fibres and vice versa. Pertinent to this is the fact that, as demonstrated by other workers, the 

contractions effected by the contractile myofilaments is passed on to the fibrous stroma via the 

dense bodied where the myofilaments terminate and where fibrous elements in the stroma are 

attached to (Cliff, 1967; Clark and Glagov, 1979). 
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Gichangi (1989) suggested that the stretching of elastic fibres in systole tugs on the 

smooth muscle nests in the outer media of the Artiodactyl aorta thereby causing them to 

elongate. He went further and proposed that the adrenergic nerve in the smooth muscle nets 

provided precise neurogenic control and speeded upthe return of the muscle nests to the 

contacted state by inactivating the catecholamines through neuronal uptake and incorporation of 

vesicular stores, or by degradation using monoamine oxidase (MAO) (Burnstock, 1986; 

Gichangi, 1989). Similar observations were made on the carotid arterial systems of similar 

observations were made on the carotid arterial system of the giraffe (Opole, 1988). It wa noted 

that the functioning of these smooth muscle nests or tension muscle (Badeer, 1963) as a 

„peripheral‟ pump was an important mechanism for assisting the maintenance of cerebral 

perfusion which is 2-3 meters above the heart. This then raises the question on the significance 

of the presumptive peripheral pump action of the smooth muscle nests in the proximal 

pulmonary arteries of the giraffe and the camel. 

Though no work on adrenergic innervations was done on the pulmonary arteries of the 

giraffe and the camel, preliminary results on the goat indicate that the outer media of the 

pulmonary trunk is well innervated. The adrenergic nerve ending are apparently uniformly 

distributed around some large smooth muscle bundles in the outer media. Light microscopy has 

also revealed the presence of numerous nerve profiles in the tunica adventitia of the pulmonary 

trunk of the giraffe and the camel. Some of these nerve profiles appeared particularly prominent 

in the camel. 

Studies have shown that it is not unusual to find large mechanoreceptors in the tunica 

adventitia in the proximal pulmonary arteries (Folkow et al, 1964). These workers suggested that 



176 

 

these mechanoreceptors may have a role to play during pulsatile activity of blood and also during 

increased pulmonary arterial pressure (Folkow et al, 1964). It is conceivable therefore, that 

sudden overloading of the pulmonary trunk of these animals due to increased right ventricular 

output, would elicit reflex pulmonary vasodilation. The elastic fibres in the tunica media would 

accommodate the excessive distension of the pulmonary trunk by maintaining a smoothly graded 

mobilization of the mechanoreceptors in the tunica adventitia. These mechanoreceptors would 

consequently initiate reflexes. Through adrenergic neuromodulation, these reflexes would 

probably stimulate the smooth muscle nests to contract consequently distributing uniformly the 

increased right ventricular output to the rest of the pulmonary circuit. By having a higher wall to 

lumen ratio, stereology and morphometry has shown that the giraffe has clearly a higher vascular 

resistance than the camel. It is highly probable that the presence of smooth muscle nodules in the 

pulmonary trunk of the giraffe and their absence in the camel may reflect on the various 

pulmonary arterial pressures these animals are exposed to. Subsequently, with a high pulmonary 

arterial pressure, the giraffe would fully utilize the well-ventilated areas of the lung, thereby 

minimizing the affect of the huge anatomical dead space created by its long trachea. 

Observations made in this study revealed that the proximal, but extra pulmonary arteries 

of the camel and the giraffe had a very thin layer of tunica adventitia. This layer consisted of 

predominantly an inner collagenous zone and an outer thin elastic zone. In the aorta, a thin tunica 

adventitia was reported to have a low safety factor and is thus a common site of aortic aneruysms 

(Harkness,1968). It is suggested in this study that in the event that the thin adventitia was cannot 

protect the proximal arteries of the adult giraffe from blowing out, then, the smooth muscle 

forming muscle nests and nodules are likely to perform this function. 
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In conclusion, it is plausible that the presence of a high pulmonary pressure and smooth 

muscle nodules provide the adult giraffe with a more effective „peripheral‟ pump than the camel. 

Furthermore, apart from the high wall to lumen ratio, the preponderance of thick and less 

fragmented elastic lamellae in the intima and inner media may suggest that indeed, the adult 

giraffe has chronic hypoxia pulmonary hypertension. However, work needs to be done on the 

adrenergic innervations of the pulmonary arteries in these animals. In addition qualitative and 

quantitative studies need to be undertaken on pulmonary arteries of short-necked Artiodactyls in 

order to establish whether the observed adaptational features are correlated with the long neck of 

the adult giraffe. 
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