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Abstract: The aim of this present study was to localize alveolar macrophages, Proliferating cell nuclear 
antigen (PCNA), Smooth muscle actin (SMA), Vimentin and Vasculo-endothelial growth factor (VEGF) in 
the tracheal epithelium and lung alveoli in three important breeds of goats namely, Pashmina, Bakerwali 
and non-descript goats by standard immunohistochemical methods. Large pulmonary macrophages were 
observed in the lung sections of all the three breeds of goat. Macrophages were observed in the alveolar 
septa and airway epithelium. The mean macrophage count for Pashmina, Bakerwali and non-descript goat 
were recorded as 23.4±1.47, 27.8±0.68 and 21.4±0.70, respectively. The PCNA activity was intense in the 
alveolar epithelial cells of lungs in Pashmina and Bakerwali goats and very high in the lung tissue of non-
descript goat. The PCNA activity was intense in the bronchial epithelial cells of lungs in Bakerwali goat. 
Strong reaction of SMA was observed in the submucosa of bronchioles of Pashmina and Bakerwali goats. 
The submucosa of the tracheal tissue showed a strong reaction of SMA in the non-descript goat and 
moderate in the submucosa of trachea in the Bakerwali goat. A number of vimentin-positive cells were 
found in the lung parenchyma in both Pashmina and Bakerwali goats. Also, there was a strong reaction of 
vimentin mainly in submucosal area in non-descript goat. The VEGF activity was found to be intense in the 

HIGHLIGHTS 
 

 The expression of various proteins such as Vimentin, SMA, PCNA and VEGE did not show a 

definitive trend among the goat breeds. 

 So, these may not be so useful as markers while studying effect of altitudes on the respiratory 

tissue in animal models. 
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lung alveoli of Bakerwali goat and strong in Pashmina and non-descript goats. The tracheal epithelium was 
moderately reactive to VGEF in all the three goats. 

Keywords: Immunohistochemistry; lung; pashmina; bakerwali; non-descript goats.  

INTRODUCTION 

The diversity of different climatic conditions and altitudes within J&K state has given rise to differential 

adaptive mechanisms that enable goats to cope effectively with a variety of stressful environmental 

conditions. Jammu city (with an altitude of 327m to 412 m), shares the same climatic conditions like the rest 

of North-Western India. The U.T. of Ladakh is the dry temperate region with much of its altitude ranging 

from 3,000 m (9,800 ft) to 5,000–5,500 m (16,000–18,050 ft). Both the regions have a considerable 

difference in altitude too. The knowledge about the biochemical mechanisms which enable high-altitude 

animals like Pashmina goats to survive and function properly under hypoxic stress environments can 

provide important information about the nature of physiological adaptation. Studies on a number of high 

altitude and temperate zone vertebrates indicates that modifications of hemoglobin function due to hypoxic 

conditions typically play a key role in mediating an adaptive response to chronic hypoxia [1]. Again, the 

Bakerwali is a very important breed of goat of Jammu division of the J&K, which is known for its migratory 

habits. The non-descript goats of this region is a habitant of the plain region of low altitude. 

Anatomical study on the respiratory system has been conducted in domestic mammals by various 

workers in horse [2], goat [3,4], Black Bengal goat [5] and sheep [6]. Goat shows distinctive organization of 

respiratory organs as compared to large ruminants [7]. However, review of literature reveals that the 

studies on the histological aspects of respiratory organs of goat are very scant as compared to those of 

other domestic animals. Also the detailed study on the effect of geo-climatic conditions like altitude on the 

respiratory organs and concomitant blood profiles is very scant in the available literature. 

The expression of certain proteins in the respiratory tract might be influenced by the altitude. Hence, 

the present study has been designed to study the possible variations of expression of certain proteins in 

trachea and lungs of Pashmina, Bakerwali and non-descript goats of Union Territory of  J&K as these three 

breeds are the normal habitants of different altitudes. Moreover, this is the first study of its kind in this 

aspect in available literature. 

MATERIALS AND METHODS 

Trachea and lung samples were collected from adult Pashmina goats from slaughter houses of Ladakh 

of J&K state. Similar organs of Bakerwali goats and non-descript goats were collected from slaughter 

houses in and around Jammu city. Minimum 10 samples from each goat breed were collected. 

representative tissue samples from trachea and lungs of all the goats were preserved in 10% Neutral 

Buffered Formalin (NBF) solution [8] and these tissues were processed for paraffin block preparation by 

alcohol-benzene schedule [8]. With help of rotary microtome, tissue sections of 5 m thickness were 

obtained on clean glass slides with the help of rotary microtome. 

The sections in duplicate were mounted on super frost positively charged slides (Fisher Scientific). 

After dewaxing and rehydration of these slides, the heat induced antigen retrieval was done in citrate buffer 

(AR 3 solution, Biogenex) and heating in microwave at 95o C for 10 minutes and 98o C for 5 minutes. Slides 

were then left for 30 min in hot buffer and washed in 0.1M phosphate buffered saline (at pH 7.4). The 

endogenous peroxidase activity was blocked by immersing the sections in 3% (v/v) H2O2 in methanol for 20 

min followed by washing in 0.1M phosphate buffered saline (at pH 7.4). Sections were blocked with normal 

horse serum (Vector’s Laboratories USA) in order to prevent non-specific antibodies binding. The sections 

were incubated with primary antibodies at 40C for overnight in staining box. Then, washing was done in 

0.1M phosphate buffered saline (at pH 7.4). After washing, the sections were incubated with universal 

secondary antibody (Vector Laboratories, USA). 3, 3’-diaminobenzidine tetra hydrochloride (DAB) (Vector 

Laboratories, USA) was used as chromogen with Gill’s III haematoxylin counterstaining. The sections were 

washed in running tap water, then dehydrated and cleared and finally mounted with DPX. 
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Table 1. Antibodies used for Immunohistochemical study. 

Sl. No. Antibody Source Time and temperature of incubation 

1. Anti- Vimentin Biogenex laboratory Overnight at 4oC 

2. Anti- Smooth muscle 
actin 

SantCruz Biotechnology 
(1:200) 

Overnight at 4oC 

3. Anti-PCNA Biogenex laboratory Overnight at 4oC 

4. Anti-VEGF Biogenex laboratory Overnight at 4oC 

 

The paraffin sections were subjected to immunohistochemical staining to localise the immunopositive 
macrophages in lung tissue. 

 

Procedure for immunostaining 

Xylene                                                           :2 changes for 10 min each 
Ethanol, 100% 90%, 70%           :1 change 2 min each 
Air dry                                                             :2 min 
3% H2O2       :20 min 
Distilled water      :5 min 
Boiling TRIS EDTA buffer                             :10 min 
Distilled water                                                 :10 min 
1x PBS                                                         :3washings, 5 min each 
Dark chamber with 1% BSA                           :1 hour 
Primary antibody                                               :2 hours 
1x PBS                                                               :3washings, 5 min each 
Secondary antibody                                            :30 minutes 
1x PBS                                                                :3washings, 5 min each 
Chromogen (Vector-VIP SK4600, DAB SK-4100) :10 min 
Distilled water                                                  :1 min 
Counterstain with methyl green (H-3402)  :1 min 
Running tap water                                               :5 min 
70% Alcohol                                                       :1 dip 
95% Alcohol                                                       :1 dip 
100% Alcohol                                                    :1 dip  
Xylene                                        :2 changes, 5 min each  
Mounting of slides under microscope 

Reagents used 

The primary and secondary antibodies used to localize macrophages are described hereunder: 

Table 2. Antibodies used for Immunohistochemical demonstration of pulmonary macrophages. 

Primary 
antibody 

Supplier Species Dilution Secondary antibody Dilution 

Macrophage 
MCA874G 

AbDSerotec; Raleigh, 
North Carolina 

Mouse 1:50 Polyclonal rabbit anti-mouse 
immunoglobulins/ HRP (Dako 
P0447) 

1:100 

 

Reagents used in this study were: 
3% H2O2                : 1part 
Distilled water  : 9 parts 

Preparation of 10x Tris Borate EDTA stock solution 

To prepare 1 liter of 10X TRIS borate EDTA following components were dissolved in 600 mL distilled 

water: 
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Tris base (MW = 121) : 108 g 
Boric acid (MW = 61.8)   : 55 g 
0.5 M EDTA (pH 8.0)     :40 mL 
 

Final volume was adjusted to 1 liter with distilled water. To prepare a 1X working solution from 10X stock 
buffer, 10x stock buffer was mixed with deionized water at 1:9 ratio. 

 

1% BSA: 
BSA=0.25g 
1x PBS=25mL 

RESULTS  

Lung macrophages 

In the present study, lung sections from goats showed normal alveolar septa, airways and large blood 

vessels. Large pulmonary macrophages were observed in the lung sections of all the three breeds of goat 

(Fig. 1). Macrophages were observed in the alveolar septa and airway epithelium. The mean macrophage 

count for Pashmina, Bakerwali and non-descript goat were recorded as 23.4±1.47, 27.8±0.68 and 

21.4±0.70, respectively. 

Proliferating cell nuclear antigen (PCNA) 

The PCNA activity was intense in the alveolar epithelial cells of lungs in Pashmina and Bakerwali 

goats. Also, the activity was very high in the lung tissue of non-descript goat. The PCNA activity was 

intense in the bronchial epithelial cells of lungs in Bakerwali goat (Figures 2, 3). 

Smooth muscle actin (SMA) 

Strong reaction of SMA was observed in the submucosa of bronchioles of Pashmina and Bakerwali 

goats. The submucosa of the tracheal tissue showed a strong reaction of SMA in the non-descript goat. 

There was a moderate reaction of SMA in the submucosa of trachea in this Bakerwali goat (Figures 4, 5, 

6). 

Vimentin 

A number of vimentin-positive cells were found in the lung parenchyma in Pashmina and Bakerwali 

goats. Also, there was a strong reaction of vimentin mainly in submucosal area in the non-descript goat. 

The tracheal submucosa showed an intense reaction of vimentin in the submucosa in all the goats (Figures 

7, 8, 9, 10). 

Vasculo-endothelial growth factor (VEGF) 

The VEGF activity was found to be intense in the lungs of Bakerwali goat. Also, the reaction was strong 

in alveoli in Pashmina and non-descript goats (Figures 11, 12). 
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Figure 1.Section of lung showing pulmonary 
macrophages (arrows) in Bakerwali goat, 400X. 

Figure 2.Immunostaining of goat lungs 
showing strong to intense reaction of PCNA 
in the adult Bakerwali goat. Polymer HRP 
method, 400X. 

  
Figure 3.Immunostaining of goat lung showing 
strong to intense reaction of PCNA in the adult 
Pashmina goat. Polymer HRP method, 400X. 

Figure 4. Immunostaining of goat lungs 
showing intense reaction of SMA in adult 
Pashmina goat. Polymer HRP method, 400X. 

  
Figure 5.Immunostaining of trachea showing 
intense reaction of SMA in adult non-descript 
goat showing moderate reaction of SMA in sub 
mucosa. Polymer HRP method, 400X. 

Figure 6.Immunostaining of lung showing 
strong reaction of SMA in bronchiole of adult 
non-descript goat. Polymer HRP method, 
400X. 
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Figure 7.Immunostaining of lungs showing 
intense reaction of vimentin in adult Bakerwali 
goat. Polymer HRP method, 400X. 

Figure 8.Immunostaining of lungs showing 
intense reaction of vimentin in adult non-
descript goat. Polymer HRP method, 400X. 

  
Figure 9.Immunostaining of trachea showing 
strong to intense reaction of vimentin positive 
cells (arrows) in adult Bakerwali goat. Polymer 
HRP method, 400X. 

Figure 10. Immunostaining showing intense 
reaction of vimentin in tracheal submucosa 
(arrows) in adult non-descript  goat. Polymer 
HRP method, 400X. 

  
Figure 11. Immunostaining of lungs showing 
intense reaction of VEGF in bronchial 
epithelium (arrows) in adult Bakerwali goat. 
Polymer HRP method, 400X. 
 

Figure 12. Immunostaining of lungs showing 
strong reaction of VEGF in the alveolar 
epithelium (arrows) in adult Pashmina goat. 
Polymer HRP method, 400X. 
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DISCUSSION 

Lung macrophages 

In the present study, lung sections from goats showed normal alveolar septa, airways and large blood 

vessels. Large pulmonary macrophages were observed in the lung sections of all the three breeds of goat 

(Fig. 1). Macrophages were observed in the alveolar septa and airway epithelium. The mean macrophage 

count for Pashmina, Bakerwali and non-descript goat were recorded as 23.4±1.47, 27.8±0.68 and 

21.4±0.70, respectively. 

Macrophages are phagocytic cells derived from blood monocytes that play an important role in innate 

immunity and steady-state homeostasis [9]. Macrophages within the lungs are highly heterogeneous based 

on their anatomical location, specialized function as well as their activation state [10, 11]. Three types of 

macrophages have been identified in the lungs viz. alveolar macrophages (AMs), interstitial macrophages 

(IMs) and intravascular/marginated vascular macrophages that differ by location and function [12]. Alveolar 

macrophages mainly function in removing particles and microorganisms in the alveoli, whereas intra-

vascular macrophages are believed to function in regulating tissue fibrosis, inflammation, and acting as 

antigen presenting cells [10]. Barletta and coauthors [12] reported that marginated vascular macrophages 

seem to function in the lung interstitium for recruiting neutrophils or myeloid cells. The existence of lung 

macrophage subsets with various functional properties needs additional analyses to better understand their 

contributions to lung disease pathogenesis [13]. The previous reports by Laskin and coauthors [11] 

reported that two types of macrophages were identified (AMS and IMs) in the lung tissue of humans and 

mice. Similarly, the reports of Warner and Brain [14] and Staub [15] showed that pulmonary macrophages 

were an important cell type in cattle, sheep, goats and pigs. The septal macrophages in the buffalo lungs 

had been demonstrated as in many other ruminants and horses [16, 17]. 

In the present study, lung sections from goats showed normal alveolar septa, airways and large blood 

vessels. Large pulmonary macrophages were present. Macrophages were observed in the alveolar septa 

and airway epithelium of the lungs. The mean macrophage count per field for Pashmina, Bakerwali and 

non-descript goat was 23.4±1.47, 27.8±0.68 and 21.4±0.70, respectively. Our results were in corroboration 

with the findings of Sethi and coauthors [18] in Water buffalo, in which the macrophages were reported to 

have an intravascular location and the mean number of these cells per field was 12.16±0.25. Higher 

number of pulmonary macrophages as recorded in our present study in goats might be species specific 

characteristics. The immunohistochemical data showed that the septal macrophages were located in septal 

capillaries and were in contact with the endothelium. The mean number of pulmonary macrophages as 

recorded in the present study was also comparable to the observations of Yanhui and coauthors [13] who 

reported that the alveolar and interstitial macrophages in lungs of rhesus macaques composed of ~70% of 

immune responsive cells in the lungs. Alveolar macrophages represented a larger portion of macrophages, 

~75-80% and were the predominant immune cells in the lungs. 

Proliferating cell nuclear antigen (PCNA) 

The PCNA activity was intense in the alveolar epithelial cells of lungs in Pashmina and Bakerwali 

goats. Also, the activity was very high in the lung tissue of non-descript goat. The PCNA activity was 

intense in the bronchial epithelial cells of lungs in Bakerwali goat (Figures. 2, 3). 

Proliferating cell nuclear antigen, a highly conserved auxiliary protein for the DNA polymerase δ, is 

greatly increased in proliferating cells as compared with mitotically quiescent cells [19, 20]. Cycling (PCNA) 

is absent or present in very low amounts in normal non-dividing cells and tissues, but it is synthesized in 

variable amounts by proliferating cells of both normal and transformed origin [21]. 

In the present study, the PCNA activity was found intense in the alveolar epithelial cells of lungs in 

Pashmina and Bakerwali goats. Also, the activity was very high in the lung tissue of non-descript goat. 

Such dominating presence of PCNA in the alveolar lining cells indicated that these cells of all the goat 

breeds under study were physiologically highly active. The PCNA activity was also intense in the bronchial 

epithelial cells of lungs in Bakerwali goat. According to previous studies, PCNA has so far been detected in 

proliferating cultured cells (S-phase cells) from the various vertebrate species viz.aves, bat, bovine, dog, 

dolphin, goat, hamster, human, mink, monkey, mouse, Pisces, rabbit and rat [19, 22]. Most normal human 

tissues including aorta, bladder, cerebellar cortex, cerebral cortex, cornea, heart muscle, larynx, lung, 

pharynx, thyroid gland, trachea have been analyzed for PCNA. Also, many newborn mouse tissues (gut, 

spleen, kidney, liver, lungs) exhibit high levels of PCNA [23, 24]. 
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Smooth muscle actin (SMA) 

Strong reaction of SMA was observed in the submucosa of bronchioles of Pashmina and Bakerwali 

goats. The submucosa of the tracheal tissue showed a strong reaction of SMA in the non-descript goat. 

There was a moderate reaction of SMA in the submucosa of trachea in this Bakerwali goat(Figures. 4, 5, 

6). 

Alpha-smooth muscle actin (alpha-SMA) is the actin isoform. It predominates within vascular smooth-

muscle cells and also plays an important role in fibrogenesis [25]. Myofibroblast cells are morphologically 

and metabolically distinctive fibroblasts that express alpha-SMA, and their activation plays a major role in 

development of the fibrotic response [26]. These myofibroblasts express α-smooth muscle actin (α-SMA) 

and possess contractile and secretory properties that are important in controlling tissue architecture. The 

myofibroblasts found in the peripheral and sub pleural regions of fibrosis express α-SMA, vimentin, and 

desmin, but the cells which are found in other regions of the lung do not express desmin [27]. In the present 

study, the submucosa of the tracheal tissue showed a strong reaction of SMA in non-descript goat, while a 

moderate reaction of SMA was observed in the submucosa of trachea in Bakerwali goat. Strong reaction of 

SMA was observed in the submucosa of bronchioles of Pashmina and Bakerwali goats. This indicated that 

the myofibroblasts around the pulmonary bronchioles were very active in these two goat types as 

compared to non-descript goats. In case Pashmina goat, it might be co related with its adaptation to the 

high altitude hypoxic cold conditions of its habitats. Similarly this might have a link with the exposure of 

Bakerwali goats to varied environmental conditions with different altitudes as these goats have typical 

migratory behavior. Takashi and coauthors [28] also reported that immunohistochemical staining of rat 

lungs showed α-smooth muscle actin mostly in the vessel wall. However, paucity of available literature 

restricted us to compare with the present study. 

Vimentin 

A number of vimentin-positive cells were found in the lung parenchyma in Pashmina and Bakerwali 

goats. Also, there was a strong reaction of vimentin mainly in submucosal area in the non-descript goat. 

The tracheal submucosa showed an intense reaction of vimentin in the submucosa in all the goats 

(Figures. 7, 8, 9, 10). 

Vimentin, also known as fibroblast intermediate filament, is the major intermediate filament found in 

non-muscle cells [29]. These cell types include fibroblasts, endothelial cells, macrophages, melanocytes, 

Schwann cells, and lymphocytes. In our study, a number of vimentin-positive cells were found in the lung 

parenchyma in Pashmina, Bakerwali and non-descript goats. The tracheal submucosa showed an intense 

reaction of vimentin in all the goats. However, weak reaction to vimentin was observed in the lung tissue of 

the goats. Takashi and coauthors [28] also reported that the immunohistochemistry for vimentin showed 

weak immunostaining in the normal rat lung tissues. 

Vasculo-endothelial growth factor (VEGF) 

The VEGF activity was found to be intense in the lungs of Bakerwali goat. Also, the reaction was strong 

in alveoli in Pashmina and non-descript goats (Figures. 11, 12). 

Vascular endothelial growth factor (VEGF) is a pluripotent growth and permeability factor. It has a 

broad impact on endothelial cell function. The lung tissue is very rich in this protein and many different lung 

cells produce VEGF and also respond to VEGF. VEGF is critical for the development of the lung and 

serves as a maintenance factor during adult life [30]. The lung contains the highest level of transcripts 

amongst a wide range of organs that express VEGF [31]. VEGF is also necessary for the formation of 

vascular beds of several organs during embryonic development. In the present study, the VEGF activity 

was found to be weak in the tracheal tissue in all the goats. However, the activity of VEGF was found to be 

intense in the lungs of Bakerwali goat and the reaction was strong in alveoli in Pashmina and non-descript 

goats. Such strong activity of VEGF found in the lung tissue of all the goats might serve as a good 

maintenance factor for the wear and tear of the same. Our findings were also corroborated with the findings 

of Monacci and coauthors [31] who stated that the lung contains the highest level of transcripts amongst a 

wide range of organs that express VEGF [31]. 
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CONCLUSION 

The expression of various proteins such as Vimentin, SMA, PCNA and VEGE did not show a definitive 

trend among the goat breeds and hence they may not be so useful as markers while studying effect of 

altitudes on the respiratory tissue in animal models. 
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