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ABSTRACT.	 The argyrophilic nucleolar organizer regions (AgNORs) are cellular proliferation 
markers, crucial for predicting the clinical course and aggressiveness of tumors. The purpose of 
this study was to establish an easy and practical AgNOR staining method in the cytology of dogs 
and cats. Air-dried cytological slides were prepared from dogs (n=14) and cats (n=12). Acetone, 
formalin, ethanol and methanol were tested as fixatives for AgNOR staining. Subsequently, various 
methods of Romanowsky-based counterstains were tested before and after AgNOR staining. Clear 
and strong AgNOR spots were observed with all fixatives, and post-May–Grünwald staining was 
the best counterstaining method. The established method showed clear AgNOR spots even in the 
long-term storage samples and Romanowsky-stained ones.

KEY WORDS:	 air-dried smear, argyrophilic nucleolar organizer region, counterstain, cytology, fixation

Nucleolar organizer regions (NORs) are segments containing genes for coding the ribosomal RNA that denote the area of 
nucleoli formation. They can be visualized by staining their associated proteins with colloidal silver. Argyrophilic NOR (AgNOR) 
staining is the representative method for detection of NORs in tissue sections [4, 9, 11] and is useful for histopathological 
prediction of tumor activity [2].

The AgNOR stain can be applied for cytological smears and may be a useful cytological tool to predict the prognosis of 
malignant tumors in both humans [5, 6, 10, 14] and dogs [1, 7, 8, 15, 16]. The AgNORs in tumor cells were assessed without 
counterstaining in the previous studies; however, in the cytology of dogs and cats, it is often difficult to accurately interpret the 
results of AgNOR staining because the tumor and non-tumor cells, such as inflammatory cells, are mixed in a disorderly fashion on 
the smear. Therefore, to utilize the AgNOR stain in veterinary cytology, an easy and practical AgNOR staining method is required 
that would retain the cytomorphology for identification of cells while detecting clear AgNORs to evaluate tumor malignancy. In the 
present study, the optimal AgNOR stain, which was combined with the Romanowsky stain, was established and tested in various 
settings of cytological samples prepared from dogs and cats.

The present experiments were performed in accordance with the Guidelines for Veterinary Clinical Research of Kagoshima 
University, Japan (No. KVH190001). Smear slides (fine-needle biopsy, sediment smears from effusions, etc.) were prepared 
from dogs (n=17) and cats (n=13) with a lymphoproliferative disease diagnosed through histopathology or cytology. The May–
Grünwald–Giemsa stain was used for the cytological diagnosis of the samples.

As trial fixatives for AgNOR stain, acetone (1 min, 4°C), 10% neutral-buffered formaldehyde (NBF; 5 min, room temperature), 
95% ethanol (5 min, room temperature), and 100% methanol (1 min, 5 min, and 10 min, room temperature) were used, and slides 
were fixed after thorough drying with cold air. AgNOR staining was performed in accordance with the general protocol [3]. After 
fixation, slides were briefly washed with distilled water and subsequently incubated with a working solution for 30 min at room 
temperature in dark. The working solution consisted of one part of 2% gelatin/1% formic acid and two parts of 50% silver nitrate, 
which were mixed just before use. After incubation, the slides were briefly washed with distilled water.

For counterstaining, a single staining procedure with the May–Grünwald stain (Merck, Darmstadt, Germany), single staining 
procedure with the Giemsa stain (Merck), and double staining procedure with the May–Grünwald–Giemsa stain were performed. 
The May–Grünwald stain was diluted two-folds in a 1/150 mol/l phosphate buffer (pH 6.4), while the Giemsa stain was diluted 
ten-folds in the same buffer. Staining times for the May–Grünwald and Giemsa stains were set at 1, 3, 5, and 10 min. For the 
double staining procedure, the slides were stained with the May–Grünwald stain for 3 min and subsequently with the Giemsa stain 
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for 10–20 min. This counterstaining procedure was performed before and after AgNOR staining.
The established AgNOR stain was applied for the freeze-stocked samples. The slides were stored at −30°C without fixation 

after air-drying. The duration of stocking varied from 1 month to 3 years. After removing the slides from the freezer, they were 
thoroughly air-dried and stained with the established AgNORs stain. In addition, the slides that had been mounted after May–
Grünwald–Giemsa staining were stained with the established AgNORs stain. These slides had been stored in a closed box at room 
temperature and selected from the stock stored for 1 month to 10 years. After removing the coverslips by shaking with xylene, 
smears were decolorized while exchanging with methanol. Subsequently, the smears were stained with the established AgNORs 
stain.

As a result, clear and strong AgNOR spots were observed after AgNOR staining with all tested fixatives, and no remarkable 
differences were seen among the fixatives (Fig. 1). With methanol fixation, different fixation times were tested, and clear AgNOR 
spots were observed even with the shortest fixation duration of 1 min. These findings were the same for all the samples tested. 
Since the air-dried and methanol-fixed smears are commonly used for cytology in the veterinary field, methanol was found to be 
the best fixative for AgNORs. In addition, availability of other fixatives was thought to be meaningful because our recent studies 
demonstrated that acetone and NBF were optimal fixatives for immunocytochemistry of cytokeratin/vimentin [12] and CD antigens 
[13], respectively. Since the smear slide used for fluorescence immunocytochemistry can be reused for other stains [12, 13], the 
established AgNOR stain could possibly be utilized in combination with fluorescence immunocytochemistry.

The optimal counterstaining procedure was explored using smears fixed with methanol. The best results were obtained by short 
staining with the May–Grünwald stain after AgNOR staining. Staining for 1 and 3 min resulted in good-quality visualization of 
the cell morphology and clear AgNOR spots of the nuclei (Fig. 2A). In longer 5- and 10-min staining with the May–Grünwald 
stain, AgNOR spots were difficult to identify in the darkly stained nuclei (Fig. 2B). When the Wright stain (Muto Pure Chemicals, 
Tokyo, Japan) was used instead of the May-Grünwald stain for some samples, the AgNOR spots could not be visualized clearly 
because the nuclei were stained darker even for 1 min staining. In Giemsa staining after AgNOR staining, AgNOR spots of the 
nuclei were unclear despite the short staining time of 1 and 3 min (Fig. 2C). This defective Giemsa staining was observed for 
reagents from different manufacturers (Muto Pure Chemicals). May–Grünwald–Giemsa staining after AgNOR staining also failed 
to identify the clear AgNOR spots in the darkly stained nuclei (Fig. 2D). When these stains were applied before the AgNOR stain, 
the staining intensity of the cytoplasm was very weak, and the cell morphology was difficult to identify even using the double 
staining procedure with the May–Grünwald–Giemsa stain. These findings were the same for the samples tested, and no differences 
between dogs and cats were observed. From these findings, a single and short staining procedure with the May–Grünwald stain 
was regarded as the best counterstaining method to the AgNOR stain. The May–Grünwald stain yields high-quality staining of the 
cytoplasm and cytoplasmic granules but is not used alone, usually because nuclei are difficult to be stained, making it a suitable 
counterstain for the AgNOR stain. However, the order of staining has to be correct since May–Grünwald-stained substances are 
decolored with AgNOR staining.

Table 1 shows the established AgNOR staining methods. In the freeze-stock samples, this method helped detect clear AgNOR 
spots of the nuclei with good-quality visualization of the cell morphology obtained from the tested samples, despite a storing 
time of 3 years (Fig. 3A). Among the samples stored after May–Grünwald–Giemsa staining, the established AgNOR stain helped 
successfully detect AgNOR spots for the samples that had been stored for less than 1 year (Fig. 3B). The AgNOR spots were 
clear in the newer samples but could not be detected in the old samples stored for over 1 year. These findings suggested that the 
established AgNOR stain would also be useful for a retrospective cytological study to clarify the relationship between the quantity 
of AgNOR and the prognosis of the neoplastic disease.
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Fig. 1.	 Argyrophilic nucleolar organizer region staining for the smear fixed with 100% methanol for 1 min. The smear was prepared from 
the pleural effusion of a cat with mediastinal lymphoma. Bar: 15 µm.
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Fig. 2.	 Findings of the different counterstaining methods after the argyrophilic nucleolar organizer region staining. May–Grünwald 
staining for 3 (A) and 5 min (B), Giemsa staining for 1 min (C), and May–Grünwald–Giemsa staining in the standard manner (D).  
A–C: smears from a reactive hyperplastic lymph node of a cat. D: smear from a neoplastic lymph node (lymphoma) of a dog. Bars: 15 µm.

Table 1.	 Protocol for the established argyrophilic nucleolar 
organizer region staining staining method

Air-drying Thoroughly
Fixation with 100% methonol 1 min
Staining with a fresh AgNOR solution 30 min
Washing with distilled water In brief
Counterstaining with the May–Grünwald stain 1–3 min
Washing with distilled water In brief
Air-drying
Application of a coverslip

Fig. 3.	 Findings of the established argyrophilic nucleolar organizer region staining applied for long-term preservation samples. A: smear 
from the pleural effusion of a cat with mediastinal lymphoma that was directly stocked in the freezer (−30°C) for 3 years after air-drying. 
B: smear from a reactive hyperplastic lymph node of a cat that was stained with the May–Grünwald–Giemsa stain and stocked in a dark 
box at room temperature for 1 year. Bars: 15 µm.
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