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Abstract 

 
The present study was designed to investigate the significance of mitotic index and AgNOR count in canine 

mammary tumours. Samples from 74 grossly suspected cases of bitches for mammary tumour were collected from 

different veterinary hospitals in 10% buffered formalin, of which 65 were confirmed as tumours on histopathological 

examination. Among them, 11 (16.92%) were benign and 54 (83.08%) were malignant tumours. Benign tumours 

included benign mixed mammary tumour (36.36%), fibroadenoma (27.27%), duct papilloma (18.18%) and simple 

adenoma (18.18%). The malignant mammary tumours comprised of papillary adenocarcinoma (27.78%), malignant 

mixed mammary tumour (25.92%), solid carcinoma (18.52%), squamous cell carcinoma (5.56%), fibrosarcoma 

(5.56%), infiltrative adenocarcinoma (3.7%), mucinous carcinoma (3.7%) and each (1.54%) of osteochondrosarcoma, 

carcinosarcoma, myxosarcoma, intraductal carcinoma and spindle cell carcinoma (malignant myoepithelioma). Mitotic 

index and AgNOR counts were significantly (P<0.05) differ for benign and malignant mammary tumours. Among 

malignant mammary tumours mitotic index ranged from 1.08 to 4.19 with solid carcinoma showing the highest index 

(4.197±1.570) and osteochondrosarcoma the lowest (1.08±0.0) while in benign mammary tumours, it ranged from 0.63 

t0 0.9. AgNOR counts were significantly lower (2.57± 0.68) in benign mammary tumours than malignant (3.38±1.01). 

From this study it was concluded that mitotic index and AgNOR count was a good indicator of transformation of 

tumours towards the malignancy. 

 

 

 

Introduction 

 

 Spontaneously occurring   canine mammary 

tumours had been studied extensively worldwide 

compared with all other tumours of canines and it 

observed to be the most frequent of all neoplasia (52%) 

occurring in bitches (13). Canine mammary glands 

appear to be more susceptible to develop tumours 

compared with other animals. The incidence of canine 

mammary tumours varies from 198 to 622.6 cases per 

100,000 dogs per year (2, 9, 14, 20). Malignant types of 

canine mammary tumours are more frequent than 

benign ones (17, 18).It is difficult to determine the 

biologic behavior of tumour by microscopic 

examination alone, so biological parameters such as 

tumour ploidy, cell proliferation, different hormonal 

receptors and other markers are important additives in 

its diagnosis as well as prognosis. The commonly used 

proliferative markers in diagnosis are mitotic figures 

count, argyrophilic nucleolar organizer regions 

(AgNORs), thymidine-labeling index, Ki-67 and 

proliferating cell nuclear antigen (PCNA) (1, 11).  

 AgNOR, a molecular marker used to study the 

rapidity of cell proliferation in various types of tumours 

(4). Nucleolar organizer regions (NORs) are loops of 

DNA present in the nucleoli. They contained genes that 

code for ribosomal RNA (rRNA) which are transcribed 

by RNA polymerase I (7). Certain argyrophilic proteins, 

called NOR-associated proteins (NORAPs), were 

associated with this gene. These argyrophilic nuclear 

organizer region proteins said to accumulated in highly 

proliferating cells of tumours due to its segregation 

during transcription which could be demonstrated as 

black dots with silver staining on routine 

histopathological sections and called as argyrophilic 

nucleolar organizer regions (AgNORs) (3).  The 

number of interphase AgNORs in continuously 

proliferating cells had been strictly related to the 

rapidity of cell proliferation (19). Most convenient, 

economic and easy way to measure cell proliferation 
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rate is by counting the mitotic figures in haematoxylin 

and eosin stained sections and AgNOR counting.  As 

both mitotic index and AgNOR count related to 

proliferative activity of cells in a tumours, the present 

study designed to evaluate the diagnostic importance of 

these markers in canine mammary tumours. 

 

Materials and methods 

 

Collection of samples:  

A total of 74 suspected cases of spontaneously 

occurring canine mammary tumours collected from 

different Veterinary Hospitals. The tumour samples 

preserved in 10% neutral buffered formalin for 

histopathological examination immediately after 

surgical removal along with case history including age, 

sex, breed and location of tumour. 

 

Histopathology:  

For histopathological examination, 

representative tissue pieces from the formalin fixed 

tumour specimens were taken and processed to obtain 

haematoxylin and eosin (H&E) staining for 

histopathological study (12). The histopathological 

classification of tumours was performed according to 

the standard classification (14). 

 

Mitotic count:  

Mitotic index was determined by counting 

mitotic figures in 30 random high power fields (1 hpf = 

0.159 mm
2
) in H&E stained sections of tumours 

following method of Yu et al. (21). Areas of tumour 

section having highly cellular activity were selected to 

count mitotic figures. 

 

AgNOR count:  

After histopathological examination, the 

sections showing characteristic features of a tumour 

type were utilized for AgNOR staining following the 

method described by Crocker et al. (3) with suitable 

modifications. All the AgNOR dots in nuclei were 

counted without trying to resolve the intranucleolar 

dots. AgNORs in 100 consecutive nuclei were counted 

and mean number of AgNOR dots per nucleus was 

calculated for each tumour. 

 

Results and Discussion 

 
 Histopathological examination confirmed 65 

out of 74 cases as mammary tumours and among them 

11 (16.92%) were benign and 54 (83.08%) malignant 

tumours. Benign tumours found were benign mixed 

mammary tumour (4; 36.36%), fibroadenoma (3; 

27.27%), duct papilloma (2; 18.18%) and simple 

adenoma (2; 18.18%). The malignant mammary 

tumours comprised majority of papillary 

adenocarcinoma (15; 27.78%) followed by malignant 

mixed mammary tumour (14; 25.92%), solid 

carcinomas (10; 18.52%), squamous cell carcinoma (3; 

5.56%), fibrosarcoma (3; 5.56%), infiltrative 

adenocarcinoma (2; 3.7%), mucinous carcinoma (2; 

3.7%) and one each case (1.54%) of 

osteochondrosarcoma, carcinosarcoma, myxosarcoma, 

intraductal carcinoma in situ and spindle cell carcinoma 

(malignant myoepithelioma).The age group at which 

mammary tumours occurred most frequently was 8-10 

years (22 cases; 33.85%), followed by 6-8 years (19 

cases; 29.23%), 10-12 years (14 cases; 21.54%), ≤6 

years (6 cases; 9.23%) and >12 years (4 cases; 6.15%). 

Dorn et al. (6) and Moulton et al. (15) observed that 

mammary gland tumours occurred rarely in female dogs 

younger than 2 years of age and incidence increases 

after 5th year of the age with its peak at the age of 10 

years and subsequent decrease after 12 years of age 

which corroborated the present findings of most tumour 

cases (45/65) being in 5-10 years.  

 Mitotic indices and AgNOR counts were 

significantly higher in the malignant tumours than 

benign (Table-1). The counts of mitotic figures has 

been used in histological grading of the tumours. 

Generally, mitotic figures are rarely seen in benign 

tumours in contrast to their malignant counterparts. In 

the present study, among malignant mammary tumours 

mitotic index ranged from 1.08 to 4.19 per high power 

field (hpf), with solid carcinoma showing the highest 

index (4.197±1.570) and osteochondrosarcoma the 

lowest (1.08±0.0). In benign mammary tumours, 

mitotic index ranged from 0.63 to 0.9 per hpf. The 

higher mitotic count in malignant tumours indicated 

more number of proliferating cells in M-phase of cell 

division than the benign.  

The AgNOR count was considered to be a 

highly reliable histochemical marker for cell 

proliferation as well as in diagnostic and prognostic aid 

(8, 10). In the present study, AgNOR counts per nuclei 

were significantly (P<0.05) lower in benign mammary 

tumours (2.57±0.68) than malignant (3.38±1.01), which 

conformed to the earlier similar observations (2, 5, 16). 

Myxosarcoma (6.15±0.0) had highest AgNOR count 

followed by mucinous carcinoma (5.43±0.33), 

carcinosarcoma (4.92±0.0), spindle cell carcinoma 

(malignant myoepithelioma) (4.75±0.0), solid 

carcinomas (4.21±0.87), squamous cell carcinoma 

(3.71±0.73), malignant mixed mammary tumour 

(3.45±0.87), osteochondrosarcoma (3.32±0.0), 

infiltrative adenocarcinoma (3.14±0.03), fibrosarcoma 

(3.0±0.13), papillary adenocarcinoma (2.89±0.61), and 

intraductal carcinoma in situ (2.42±0.0). Among benign 

tumours, highest count was observed in adenoma 

(3.38±0.37) followed by benign mixed (2.75±0.89), 

fibroadenoma (2.18±0.27) and lowest in papillary 

adenoma (2.09±0.07).The higher AgNOR count in 

malignant tumours could be attributed to high 

concentration of interphase AgNOR proteins 

synthesized in rapidly proliferating cells (3, 19). 

Therefore it was concluded that mitotic index and 

AgNOR count are significantly (P<0.05) higher in the 

malignant tumours than benign mammary tumours and 

can be related with the malignant nature of the canine 

mammary tumours. 
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Fig.1 Papillary adenocarcinoma- Proliferating 

neoplastic epithelial cells in the form of papillary 

projections and presence of mitotic figures. H&E × 400  

 

 

Fig.2 Solid carcinoma- Atypical neoplastic cells with 

hyperchromatic nuclei showing mitotic figures 

H&E×1000  

 

 

Fig.3 Solid carcinoma- Numerous AgNOR dots 

scattered throughout the nuclei of neoplastic cell. 

AgNOR×1000  

 

Fig.4 Myxosarcoma- Tumour cell showing numerous 

fine AgNOR dots dispersed in the nuclei. AgNOR × 

1000 

 

 

Fig.5 Intrductal carcinoma- Neoplastic cells containing 

several fine AgNOR dots. AgNOR × 1000  

 

 

 

Fig.6 Mucinous carcinoma-Neoplastic cells showing 

several AgNOR dots scattered throughout the nuclei. 

AgNOR × 1000 
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Table 1: Mitotic index and AgNOR counts in spontaneous canine mammary tumours (Mean value ± Standard deviation) 

 

TYPE OF TUMOUR MITOTIC INDEX  (per high power field 

= 0.159 mm
2
 ) 

AgNOR COUNTS  (dots/nuclei) 

BENIGN TUMOURS   

Adenoma 0.90±0.08 3.38±0.37 

Papillary adenoma 0.81±0.18 2.09±0.07 

Fibroadenoma 0.63±0.28 2.18±0.27 

Benign mixed mammary tumour 0.84±0.31 2.75±0.89 

MALIGNANT TUMOURS   

Papillary adenocarcinoma 2.374±0.51 2.89±0.61 

Solid carcinoma 4.197±1.57 4.21±0.87 

Squamous cell carcinoma 2.40±0.29 3.71±0.73 

Mucinous carcinoma 2.61± 0.76 5.43±0.33 

Infilterative adenocarcinoma 1.965±0.22 3.14±0.03 

Intraductal carcinoma in situ 1.89±0.0 2.42±0.0 

Malignant myoepithelioma 2.95±0.0 4.75±0.0 

Fibrosarcoma 1.68±0.06 3.0±0.13 

Myxosarcoma 3.14±0.0 6.15±0.0 

Osteochondrosarcoma 1.08±0.0 3.32±0.0 

Carcinosarcoma 1.98±0.0 4.92±0.0 

Malignant mixed mammary tumour 2.27±0.39 3.45±0.87 
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