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Abstract: Knowing how to perform cell proliferation assays is an undeniably essential skill to detect the effect of external or 
internal stimuli on cell genesis. Immunohistochemical staining using Bromodeoxyuridine (BrdU), enables quantification of 
proliferative fraction of cells in sectioned tissues. BrdU, an artificial nucleoside that substitutes for thymidine. It is currently 
quite popular research tool of choice for new cell genesis studies. It incorporates into the DNA during S-phase of the cell cy-
cle that’s why used for birth dating and observing cell proliferation. BrdU immunohistochemistry is currently the most used 
technique for studying adult cell genesis in situ. In this article we provide a step-by step protocol for immunodetection of 
BrdU by light microscopy using avian species (Ploceus philippinus); starting from BrdU administration to the final analysis.
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Introduction

Measuring the synthesis of new DNA is the most precise 
way for the measurement of cell proliferation in the liv-
ing tissue. It can be utilized for birth-date proliferation 
measurement by furnishing exogenous markers that can 
amalgamated into the DNA of the cells[1]. The traditional 
approach for the detection of the cell proliferation was 
incorporation of [3H]-thymidine by using autoradiog-
raphy. Because of radioactivity of [3H]-thymidine and 
the relatively long procedure for autoradiography, over 
the years other alternatives have been introduced. The 
most commonly used to date is 5-bromo-2′-deoxyuridine 
(BrdU). 

BrdU (5′-bromo-2′-deoxyuridine) is a thymidine analog 
that has been established as a popular tool in the field of 
pathology and neuroscience research for determination 
of cell proliferation in a wide variety of species[2]. BrdU 
is characterized by a very similar chemical structure to 
thymidine. It has bromine Instead of 5-methyl group in 
thymidine[3].

  

Figure 1. Exogenous replication markers incorporation during S-phase of the 

cell cycle. A) Cell cycle; B) Chemical structure of exogenous replication mark-

ers 

Several studies demonstrated that adult neurogenesis is 
a well-known feature throughout the animal kingdom. 
And in the avian telencephalon, brain cells genesis has 
been reported very well. Especially Passeriformes birds 
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have remarkable capacity for brain cells regeneration in 
different seasons. This makes them an ideal model or-
ganism to study adult brain cell genesis. The proposed 
protocol in this article is subjected to use for other spe-
cies as well. 

In this article we are focusing on immunohistochemical 
staining using DAB (chromogen) for detection and vi-
sualization of BrdU antibody. There is an advantage of 
DAB chromogenic staining as it is not sensitive to light 
and insoluble in alcohol and xylene. So, it will not hinder 
the analysis and the slides can be stored for several years.

The important aspect of this stating procedure is BrdU 
administration.  Commonly it is injected intraperitone-
ally, but it can also be given in drinking water or injected 
locally into the brain ventricles. Altogether, it takes 3–5 
days, including, tissue harvesting, sectioning and stain-
ing.

Materials and Methods

Animals

The present study was carried out on adult male birds; 
Ploceus philippinus. The study was done in accordance 
with the guidelines of the Institutional Animal Ethics 
Committee (IAEC); Department of Zoology, University 
of Lucknow, Lucknow 226 007, India.

BrdU Labelling

There are several methods for BrdU labelling in-vivo. 
The most common mode of administration is intraperi-
toneal injection. Usually, BrdU tag cells for only about 
2 hrs after injection[4]. Number and age of the animals 
depend on the experimental requirement. Usually 5-8 
animals per group is recommended in many studies[5,6].   

Steps- 

1. Dilute the BrdU in 0.9% NaCl (pH 7.5-8.0) to make a 
sterile solution of 10 mg/mL.

2. Administer the prepared BrdU solution to a concentra-
tion of 100 mg/kg[7]. 

3. Good to have two consecutive identical doses, sepa-
rated by 2 hours. A double BrdU dose is to minimize the 
error, if any, in the manual administration[8].

4. After administration of BrdU, animal can be sacrificed 
according to the experimental desire.  

Tissue processing 

Processing tissue for immunohistochemistry is a very 
important and crucial step to prevent alteration in the re-
sults. The correct method helps to preserve the tissue and 
its cellular morphology. There are several methods for 
tissue processing such as paraffin-embedding, and frozen 
tissue processing. Here we discuss about frozen tissue 
processing.

Steps

1. Fix the brain samples as soon as possible after col-
lection by using 4% paraformaldehyde (pH ~ 7.4).  
Keep Samples in same solution for overnight (10-
12hrs) at 4°C for the proper fixation. 

2. Then transfer the brain samples in 10 % Sucrose so-
lution at 4°C (up to 5-6 hours). 

3. Later, 10 % sucrose solution can replace with 20 % 
sucrose solution (overnight) and finally with 30% su-
crose solution at 4°C until brain sinks to the bottom 
of the tube[9] (Ekström et al., 2001).

4. Sectioning can be done by using cryostate [Ideal 
thickness for brain tissue is 40 µm; if collected in 
wells (24 well plate) filled with phosphate buffered 
saline (PBS; 10 mm, pH 7.4)[10]. 

5. Section samples can be stored at -20°C in cryoprotec-
tant until further uses for IHC. 

BrdU immunohistochemistry

There are few methods for the detection of BrdU such as 
DAB method (analysis by using light microscopy), flores-
cence methods (analysis by using florescence or confocal 
microscopy) etc. Here we are focusing on DAB method.

It is a two-days procedure for the detection of BrdU by us-
ing DAB method in avian brain. In order to make incorpo-
rated BrdU accessible to the antibodies, DNA hydrolysis 
(mild denaturation of the DNA) is important.  

Steps

1. Incubate sections in 50% formamide/2XSSC at 65°C 
for 2 hours to lower DNA temperature. 

2. Wash the sections thoroughly for three times in 0.1M 
PBS with an interval of 5min.

3. Then incubated them in 2N HCl at 37°C for 30 min 
for denaturation of DNA. 

4. Wash the sections for one time in a solution of 0.1 M 
boric acid (pH 8.5) for 10 min. 

5. Again wash the section thoroughly for three times in 
0.1M PBS with an interval of 5min.

6. After that incubated them in 3%-H202 at room tem-
perature to eliminate endogenous peroxidases for 30 
min.

7. Again wash the section thoroughly for three times in 
0.1M PBS with an interval of 5min.

8. After that incubated them in blocking solution (10% 
normal horse serum (Gibco, Thermo Fisher Scien-
tific, USA) containing 0.1% Triton-X-100) at room 
temperature for 1 hour 30 min to eliminate non-spe-
cific binding of antibodies to tissue.

9. Then incubated the sections in anti-BrdU primary an-
tibody (example- mouse anti-BrdU antibody; 1:500; 
Roche Diagnostics) prepared with combining 10% 
horse serum, 0.5% bovine serum albumin (BSA) and 
0.1% Triton-X-100 at 4°C for overnight. 

Day two

1. Wash the sections thoroughly for three times in 0.1M 
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2. Cover the slides with glass coverslips using appropri-
ate mounting media (example- DPX).

Figure 2. Images showing (A) BrdU positive cells (10X) in the region of lateral 

ventricle (V) of adult bird brain; (Ai) Magnified view (40X) under light micro-

scope using DAB staining method.

Quantitation of BrdU labeling (Analysis) 

There are many validated software’s are available for 
the counting of BrdU labeling Such as NIS-Elements, 
Olympus, Cellsens and Leica Microscope Imaging Soft-
ware etc. In most of the cases, researches use manual 
counting together with automated counting for the con-
firmation of the data. Here we are discussing manual 
counting of BrdU labeling which is a standard method 
to obtain validated data. 

 Steps

1. For quantification of BrdU labeling, all the brain 
sections must be analysed on same magnification 
(10X or 20X) by using fixed area frame for each 
section of interest.   

2. To distinguish single cells within clusters, all counts 
must be performed at higher magnification (40X).

3. While quantification of BrdU labeled cells, experi-
menter must be blinded to the study code.

4. Two independent researchers do perform analysis 
(counting) as mentioned above to obtain validated 
data. 

PBS with an interval of 5min.
2. Incubate them with the biotinylated secondary anti-

body (example- horse anti-mouse; 1:250; BA-2001, 
Vector Laboratories) prepared with combining 0.1% 
Triton-X-100 and 0.1M PBS at room temperature for 
2 hours.

3. After incubation, wash the section thoroughly for three 
times in 0.1M PBS with an interval of 5min.

4. Incubate the sections with avidin-biotin complex (ex-
ample- 1:55; Vectastain ABC Kit, Vector Laborato-
ries) at the room temperature for 2 hours.

5. Again wash the sections thoroughly for three times in 
0.1M PBS with an interval of 5min.

6. Incubate the sections at room temperature in diami-
nobenzidine solution (DAB, D4293; Sigma) prepared 
in 0.1M phosphate buffer (pH 7.4) for developing the 
color. Monitor DAB reaction on microscope for 2–10 
min.

7. Once color developed, stop the reaction by immedi-
ately adding 0.1M PBS.

8. Finally, rinse them by using 0.1M PBS followed by 
water for two times each respectively with an interval 
of 5min.

9. These sections can be kept at 4°C for couple of days 
until mounting on the slides. 

10. All the slides must be air dried under fume hood be-
fore the permanent slide preparation.

Note

Appropriate controls should be carried out for immunohis-
tochemistry, consider including the following:

A known positive sample (BrdU injected-mouse brain 
sample)

Negative control (Saline; vehicle injection)

Unstained tissue (omission of primary antibody; mouse 
anti-BrdU)

Permanent preparation for the slides — To keep the sec-
tions safe for long, there is need to make permanent prepa-
ration. 

Steps

1. Dehydrate the tissue using ethanol and xylene in the fol-
lowing sequence-

a. 70% Ethanol for 5 min

b. 90% Ethanol for 5 min

c. 100% Ethanol (1) for 5 min

d. 100% Ethanol (2) for 5 min

e. Xylene (1) for 10 min

f. Xylene (2) for 10 min

g. Xylene (3) for 10 min
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Conclusion

The BrdU staining procedure is a simple, rapid and sen-
sitive method to detect the cell genesis. In summary, this 
established protocol could serve a useful guide for future 
endeavours such as detection of inhibitory or stimula-
tory effects of various compounds on brain cell genesis, 
quantification of brain cell genesis induced by cytokines, 
growth factors, and nutrients. It is also valuable to those 
who are new to the field of immunohistochemistry. 
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