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ABS TRACT  
 

BACKGROUND 

Malignant tumours cause effusion by direct involvement of serous membranes by 

tumour invasion, or by secondary inflammatory reaction causing serous effusions. 

Identification of tumour cells in serous fluids is often difficult by regular cytology. 

Nucleolar Organizer Regions (NORs) are loops of DNA situated in acrocentric 

chromosomes. These NORs are evaluated by silver staining technique that recognizes 

these argyrophilic proteins which are bigger and are more dispersed in malignancies. 

 

METHODS 

A total of 97 serous effusions received at the Department of Pathology, GMC, Bhopal 

were included in the study. Smears were studied by conventional Papanicolaou and 

haematoxylin and eosin stains. Variation of AgNOR dots in smears were graded and 

compared in malignant and non-malignant effusions. 

 

RESULTS 

AgNOR dispersion up to 1 + was observed in maximum patients with reactive 

mesothelial cells whereas AgNOR dispersion of 3 + was observed in 80 % patients 

with malignant cells. Similarly, AgNOR size was up to 1 + in maximum cases with 

reactive mesothelial cells whereas it was 3 + in 70 % cases with malignant cells. The 

present study observed statistically significant association of AgNOR dispersion and 

size with malignant as well as reactive mesothelial cells (p < 0.01). 

 

CONCLUSIONS 

The study of AgNOR size and dispersion was found to be clinically useful as an 

ancillary diagnostic tool for use in serous effusion when the cytologic diagnosis is 

ambiguous. 
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BACK GRO UND  
 

 

 

Serous effusions are accumulated fluids within the body 

cavities, that is, pleural, pericardial, and peritoneal. A variety 

of conditions ranging from inflammatory to neoplastic, are 

responsible for the occurrence of these effusions. Malignant 

tumours cause effusion by direct involvement of serous 

membranes by tumour invasion or by secondary inflammatory 

reaction.1 

A variety of conditions ranging from inflammatory to 

neoplastic, cause these effusions. Malignant tumours cause 

effusion by direct involvement of serous membranes by 

tumour invasion or by secondary inflammatory reaction.2 

Detection of malignant cells in effusion is important for clinical 

staging of tumour and deciding the line of treatment. An 

accurate identification of tumour cells in pleural and 

peritoneal fluids is often difficult. Sensitivity of conventional 

cytology for the identification of malignant cells varies from 50 

– 78 %.3 Histochemical stains, electron microscopy and 

immunocytochemical studies can aid cytological evaluation of 

effusions for getting a definitive diagnosis, but such methods 

are time consuming and costly, and some antigens suitable for 

this purpose are expressed by normal as well as reactively 

proliferated mesothelial cells.4 

Silver staining for Argyrophilic Nucleolar Organizer 

Regions (AgNOR) has been found to be useful in making a 

cytopathologic diagnosis of malignant cells in serous effusions. 

Nucleolar Organizer Regions (NORs) are loops of DNA located 

in acrocentric chromosomes. These NORs are seen and 

examined by silver staining technique that recognizes these 

argyrophilia associated proteins which are increased in 

malignancy.3 It is a less expensive and equally efficient method 

for differentiating reactive and malignant effusions.1 AgNOR 

staining is a technique to detect the argyrophilia of the 

nucleolar organizer regions related proteins. NORs are loops 

of ribosomal DNA responsible for the transcription of 

ribosomal RNA on the short arm of acrocentric human 

chromosomes and thus play an important role in protein 

synthesis.5 Two argyrophilic proteins are nucleolin and 

nucleophosmin.6 These argyrophilic proteins are stained by 

silver stains after which they can be identified as black dots 

present throughout the nucleolar area. The number of 

detectable NORs and AgNORs depends on several factors; the 

level of transcriptional activity, the number of NOR bearing 

chromosomes in the karyotype and stage of the cell cycle in 

which they are sought. The number and size of the NORs 

reflect cell activity and are related to cell ploidy, proliferative 

activity or rate of transcription. NORs are important in protein 

synthesis and the formation of the nucleolus. The abundance 

and intensity of AgNOR are an indicator of not only their 

absolute number and dispersion but also their transcriptional 

activity. It is probable that residual AgNOR protein persist 

even after transcriptional activity has ceased. The frequency of 

AgNORs within the nuclei is higher in malignant cells than in 

normal, reactive or benign neoplastic cells.7 In a rapidly 

proliferating cell, the chromosomal and AgNOR distribution 

remains disorganized with the resultant formation of multiple, 

small and dispersed nucleoli. 

In the present study we applied the AgNOR silver staining 

technique to aspirated samples of benign and malignant 

effusions to evaluate its potential to distinguish malignant 

cells from benign and reactive ones. 

 

ME TH OD S  
 

 

This study was conducted as a cross sectional study in the 

Cytopathology Lab, Department of Pathology, Gandhi Medical 

College, Bhopal, during the period of January 2018 to June 

2019. All serous effusion samples for malignant cytology 

(peritoneal, pleural and pericardial) received in for cytological 

examination were included. Selection of cases was 

retrospective from March 2017 to May 2018 and the 

prospective from June 2018 to June 2019 were included in the 

study. In ward patients from various departments with 

effusions suspicious of malignancy were selected. A total 

number of 97 cases were selected of which 55 were peritoneal, 

39 were pleural and 3 were pericardial effusions. 

The effusions were centrifuged at a speed of 2000 rpm for 

5 minutes. Smear were prepared from sediment for AgNOR 

staining and quickly immersed in 95 % ethanol before drying. 

AgNOR staining solution was prepared by dissolving 2 g of 

gelatin in 1 % aqueous formic acid to make 100 ml solution at 

a concentration of 2 % (solution A). Fifty percent aqueous 

silver nitrate solution was prepared by dissolving 5 g of silver 

nitrate in triple distilled water to make 10 ml solution 

(solution B). Working solution was prepared by mixing 

solution A and B in a proportion of 1:2 volumes and poured 

over the smears immediately after preparation and left for 60 

minutes at room temperature. The silver colloid formed was 

washed off with triple distilled water and the smears were 

counterstained with neutral red 1.0 %. Smears were washed 

with triple distilled water and dehydrated through ascending 

grades of alcohol, cleared with xylene and mounted in DPX. 

When extra unstained smear were not available, silver staining 

was done on Pap or Giemsa stained smears after destaining. 

AgNORs were counted using ×100 oil immersion objective as 

black dots in the nuclei of all cells. The pattern of AgNOR 

dispersion and their shape was compared in reactive and 

malignant cases. The size variation and distribution of AgNORs 

were performed by the following criteria used by Ahsan et al.8 

 

Distribution of AgNORs in the nuclei was graded as8 

0 = Limited to the nucleoli 

1 + = Occasional dispersion outside nucleoli 

2 + = Moderate dispersion outside nucleoli 

3 + = Widely dispersed throughout the nucleus 

 

Size variation of AgNORs was graded as8 

0 = More or less uniform in size 

1 + = Two different sizes 

2 + = More than two different sizes 

3 + = All grades and sizes including too minute to be counted 

 

 

S ta ti s ti cal  An aly si s  

Data was collected and entered in Microsoft Excel 2007 sheet. 

Statistical analysis and cross tabulations were done using SPSS 

software version 16. Chi square test was applied to assess the 

association of AgNOR size and dispersion with mesothelial 

cells. P value less than 0.05 was considered statistically 

significant. Sensitivity, specificity, POV and NPV was calculated 

for AgNOR size and dispersion and expressed as percentage. 
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RES ULT S  
 

 

 

97 cases of serous effusions were observed. The mean age of 

patients was 43.02 ± 15.96 years (range 12 - 85 years). 

Majority of patients belonged to 21 to 40 years of age group 

(44.3 %) followed by 32 % belonging to age group of 41 to 60 

years, amongst which 51.5 % were females and 48.5 % were 

males. The most common site was peritoneal in 55 (56.7 %) 

patients followed by pleural and pericardial in 40.2 % and 3.1 

% patients respectively. 

Association between AgNOR dispersion and nature of cells 

– AgNOR dispersion up to 1 + was observed in maximum 

patients with reactive mesothelial cells whereas AgNOR 

dispersion of 3 + was observed in 80 % patients with 

malignant cells. The present study observed statistically highly 

significant association of AgNOR dispersion with malignant as 

well as reactive mesothelial cells (p < 0.01). (Table 1) 

 

 
Graph 1. Depicting the Diagnostic Efficacy of AgNOR Staining  

in Detecting Malignant Fluids 

 

 
Figure 1. NORs with Moderate Dispersion Throughout the Nuclei along 

with 2 Different Sizes and More Than Two Different Sizes 

 

 

Figure 2. Cluster of Cells with Large, Lumpy NORs  
in Malignant Effusions 

 
 
 

 

DI SCU S SI ON  
 

 

The study was conducted on a total of 97 malignant or 

reactive–pleural, pericardial and peritoneal effusions which 

were investigated for malignant cytology. Serous effusions 

may occur due to variety of abnormalities and insults in 

patients without cancer and the cellular response is non-

specific in vast majority of the cases. However, the most 

significant role of cytopathology is in the examination of 

effusion fluid for the presence of cancer cells.9,10 Silver staining 

for argyrophilic nucleolar organizer region has been found 

useful in making a cytopathologic diagnosis between benign, 

reactive and malignant cells. Nucleolar organizer regions are 

loops of DNA situated in acrocentric chromosomes. These 

NORs are visualized by silver staining technique that 

recognizes these argyrophilia associated proteins which are 

increased in malignancy.3 

In the study the mean age was 43.02 ± 15.96 years (range- 

12 - 85 years) and maximum patients belonged to 21 to 40 

years of age group (44.3 %), the mean age was lower in 

comparison to study done by Palathingal MR et al in which it 

was 60.32 years and frequent age group being 41 - 60 years 

(50 %).11 Karki S et al in their study included 174 cases, of 

whom 103 (59.2 %) peritoneal and 71 (40.8 %) pleural fluids 

were collected. The age ranged from 1 - 95 years (mean - 48.3) 

in patients from whom peritoneal fluid was collected whereas 

the age ranged from 1 - 88 years (mean - 52.7) from whom 

pleural fluid was collected.3 

Torabi Nehzad S et al studied cytomorphologically 32 (34 

%) normal cases, 28 (29.8 %) reactive and 34 (36.2 %) 

malignant cases with the mean age of 40.78, 54.07 and 54.87 

years respectively.12 

Fagere MOM et al in their study concluded that peritoneal 

effusions were more likely to be malignant (91 %) than pleural 

effusions which was concordant to our study.13 

Dispersion of AgNORs were observed and classified as 0, 1 

+, 2 + and 3 + based upon dispersion limited to nucleoli or 

dispersion away from nucleoli. The farther the dispersion 

away from nucleoli, the chances of malignancy are high. 

AgNOR dispersion up to 1+ was observed in maximum 

patients (59.1 %) with reactive mesothelial cells whereas 

AgNOR dispersion of 3+ was observed in 80 % patients with 

malignant cells and the observed association of AgNOR 

dispersion with malignant as well as reactive mesothelial cells 

were highly statistically significant (p < 0.01). The number of 

visible AgNORs in a nucleus reflects the phase of transcription 

of cells thus the nuclei of malignant cells contains AgNORs in 

significantly elevated numbers and sizes than to normal, 

reactive or benign neoplastic cells.14,15 Palathingal MR et al  in 

their study the AgNOR black dots were more irregularly 

distributed in malignant effusions compared to reactive or 

normal mesothelial cells.11 The findings of present study were 

also similar to study by Ibnerasa SN et al in which the authors 

reported a highly significant difference (p < 0.001). In 

distribution of AgNORs between benign and malignant 

effusions.16 AgNOR distribution was irregular and had a grade 

of 2+ to 3+ in the majority of the malignant effusions in a study 

by Karki S et al 3 Akhtar GN et al studied dispersion in effusions 

and reported that AgNORs were less dispersed in non-

malignant than in malignant effusions.17 
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Size of AgNORs were classified based upon their 

uniformity. Cells of malignant type are classified as 

heterogeneous as per AgNOR. The present study reported 

AgNOR size of upto 1+ in maximum cases (68.2 %) with 

reactive mesothelial cells whereas it was 3+ in 70 % cases with 

malignant cells and the observed association was statistically 

highly significant (p < 0.01). The findings of present study 

were in concordance to the study by Palathingal MR et al. The 

author concluded AgNORs were more homogenous in size and 

graded as 0 and 1+ in reactive effusions, while in malignant 

effusions AgNORs were heterogenous with grades of 2 + and 3 

+.11 Gill M et al also documented similar findings. They noted a 

differentiation between activated mesothelial cells and 

malignant cells based on AgNORs. The benign group consisted 

of AgNORs showing 1 to 2 dots of regular size and shape 

whereas AgNORs in malignant group, 3 to 5 dots of variable 

size, shape and irregular contours were observed per cell. In 

atypical group, the reactive mesothelial cells showed 1 to 2 

dots, malignant cells showed 3 to 4 irregular dots.18 

Assessment of AgNORs have proved and explained the 

importance of the size and nucleus distribution in cases of 

malignant as well as other effusions. According to the criteria 

proposed by Ahsan, the present study observed higher 

dispersion and heterogenous size of AgNORs. Out of 43 

patients with reactive effusion, AgNOR dispersion of 1+ was 

observed in 51.2 % patients whereas AgNOR dispersion of 3+ 

was observed in 88.9 % cases with malignant effusion. 

Similarly size of AgNORs were 1 + in 44.2 % cases of reactive 

effusions whereas malignant effusions were characterized by 

more heterogeneous size (3 +). Thus greater dispersion and 

heterogenicity was observed in cases of malignant effusions s 

(p < 0.01). Our findings were in accordance to study by Karki 

S et al in which AgNORs were heterogeneous in size and 

graded 2 + to 3 + in most malignant cases whereas, they were 

uniform in size in cases of non-malignant effusions and graded 

0 to 1 +.3 The findings of present study were also supported by 

Palathingal MR et al in which the authors documented AgNORs 

were less dispersed and more uniform in reactive effusions 

than in malignant effusion.11 

Changes in AgNOR size and number are primarily the 

result of differences in the activation status of rDNA due to 

increased cell proliferation.19 Various literature have 

demonstrated that silver-staining methods selectively stain 

acidic proteins (AgNOR proteins) associated with the 

ribosomal sequences. Thus, silver staining for AgNOR proteins 

to interphase nuclei showed the localization of the ribosomal 

genes in the fibrillar components of the nucleolus (fibrillary 

centres and dense fibrillary component) which thus represent 

the interphase counterpart of metaphase NORs. It is a known 

fact that malignant cells have hypertrophic and irregular 

shaped nucleoli along with irregular distribution of the 

nucleolar components. These morphologic abnormalities can 

be quantified using the distribution of interphase NORs in 

nucleoli as a parameter.20,21 

Cytological diagnosis classified malignant effusions in 9 

out of 97 cases. Diagnostic efficacy of AgNOR size and 

dispersion was calculated separately in present study against 

the cytological diagnosis. AgNORs dispersion and size 0 to 1+ 

were classified as normal whereas AgNORs dispersion and size 

between 2 + to 3 + were classified as pointing towards 

malignancy. The sensitivity and NPV based upon AgNOR 

dispersion and size was calculated as 100 % whereas 

specificity was 84.1 % based upon AgNOR size and 79.5 % for 

AgNOR dispersion. Both the tests i.e. dispersion and size were 

observed to have low positive predictive value. To our 

knowledge, diagnostic accuracy have been calculated based 

upon AgNOR count, this study is unique to assess the 

diagnostic accuracy based on size and dispersion. The 

outcome of present study reflect the importance of AgNORs 

size and nucleus distribution in diagnosis of malignant cells. 

Palathingal MR et al demonstrated the diagnostic accuracy 

based on AgNOR count. The sensitivity and specificity of the 

test at mean AgNOR value. The sensitivity in the reference 

study was observed to be decreasing with the increase in mean 

AgNOR count, but specificity and positive predictive value 

increased with the mean AgNOR count. At a value of 2.57 both 

these values were around 100 %.11 Karki S et al in their study 

reported high AgNOR count and higher size and dispersion as 

well as high proliferative index in 9 out of the 10 cytologically 

diagnosed suspicious cases of malignancy. Thus they 

concluded AgNOR as a useful technique is detecting malignant 

cells in effusions.3 Torabi Nehzad S et al concluded that AgNOR 

method is a specific diagnostic tool for serosal cavity effusions, 

especially when malignancy is suspected.12 Thus, AgNOR can 

be regarded as an extremely useful additional diagnostic tool 

for cytodiagnosis of serous effusions. 

 

 
 

 

CONC LU S ION S  
 

 

 

AgNORs in malignant cells are large, widely and irregularly 

distributed throughout the nucleus and are heterogeneous in 

size. Reactive mesothelial cells are characterized by minimally 

dispersed, homogenously sized, regularly clustered AgNORs. 

AgNORs were also seen in inflammatory smears with minimal 

dispersion and mostly single dots with no size variation. This 

study is unique as it assesses the diagnostic accuracy just 

based on the basis of AgNOR size and dispersion. In cases 

where cytology fails to give a definitive diagnosis regarding 

malignant effusions, it becomes difficult for the clinician to 

approach and decide the line of treatment. In such cases, 

AgNOR studies will be very useful, significant and most 

importantly very economical technique to reach, check and 

confirm the cytopathological diagnosis. 
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