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Abstract: The 5-bromo-2’-deoxyuridine (BrdU) labeling method has been used to assess the quantity of
proliferative potential in organs and tissues in various mammals. For application of this method in fish, it was
necessary to determine conditions that optimize the detection of the BrdU epitope. In the present investigation, we
investigated the localization of proliferative cells as well as various conditions for detection of S-phase cells in the
tissues of adult brownbanded bamboosharks by means of the BrdU immunohistochemical method. Our results
demonstrated that BrdU-positive cells were satisfactorily demonstrated in the tissues of brownbanded bamboosharks
treated with BrdU at a dose of 6 mg/kg or higher. However, there was no difference in BrdU reactivity between
routes of administration, including intravenous, subcutaneous and intraperitoneal injections. BrdU-incorporated cells
were detected both in formalin-fixed and 70% ethanol-fixed tissues with enzymatic treatment and acid hydrolysis in
the shark tissues, while formalin-and ethanol-fixed brownbanded bambooshark tissues that did not undergo the
enzymatic procedure showed no BrdU reactive cells. Importantly, samples were quickly fixed in heated formalin
solution and treated with 5N HCL and 0.01% Nagarase at 37 C for 30 seconds to one minute. In conclusion, the
BrdU labeling method was useful in a cell kinetic study detecting S-shaped cells in sharks, as in other mammals.
[Journal of American Science 2010;6(5):293-299]. (ISSN: 1545-1003).
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1. Introduction killifish (Pierre et al. 2006). Although several lines of
Evaluation of cell proliferation in animal tissues evidence have been reported in teleosts, to our
is essential for various biomedical studies, among knowledge there have been almost no data available in
them embryology, histology and oncology. In cell application to shark tissues. Basic techniques for BrdU
kinetic IHC in sharks, including fixation methods and
studies,5-bromodeoxyuridine(BrdU)immunohistoche appropriate pretreatment for antigen retrieval, have
mistry (IHC) has been applied as a standard method, not been validated.
as well as proliferating cell nuclear antigen (PCNA) or The purpose of this study was to establish the
Ki-67 IHC. optimal BrdU labeling method, including effective
BrdU is an analog of thymidine which is administration doses and tissue fixation, in sharks.
incorporated into replicating nuclear DNA. It can be
detected immunocytochemically by a specific anti 2.Materials and Methods
BrdU monoclonal antibody (Gratzner 1982). The Animals
BrdU IHC method has been used to detect Six adult brownbanded bamboosharks
DNA-synthesizing cells, instead of 3H-thymidine (Chiloscyllium punctatum) were used in this study
autoradiography, in cell cultures and in whole mount (Table 1). Two sharks (Nos. 1 and 3) were females,
preparations (Hamada 1985 and Plickert & Kroiher while the others (Nos. 2, 4, 5 and 6) were males. All
1985). This method was applied to teleost fish as an were sexually mature. The average total body length
excellent proliferating marker in vivo. Given such and body weight of the sharks were 103 cm (range
factors, BrdU has been manifested for studying the 97-110 cm) and 4.3 kg (range 3.6-5.6 kg), respectively.
developmental biology of various organs and tissues. The sharks were housed in an open circular tank at the
It has been detected in the retinas of zebra fish Okinawa Churaumi Aquarium (Motobu Town,
(Hitchcock and Raymond 2004), in the testes of Okinawa Prefecture, Japan) and fed filleted fish
mosquito fish (Koya and lwase 2004), in the skin of (Scomber  australasicus,  Scomber  japonicas,
channel catfish (Zhao et al. 2008) and in the gills of Spratelloides gracilis and others) and loliginids

http://www.americanscience.org/journals 293 editor@americanscience.org




Journal of American Science

2010:6(5)

(Loligo sp.) twice a week. Seawater was circulated
every two and a half hours and the water temperature
was adjusted based on the ambient sea temperature
(20-30 C). The sharks exhibited no abnormal features
at the time of examination.

BrdU solution dispensation and administration

Five-bromo-2’-deoxy-uridine  (BrdU)  was
purchased from Sigma-Aldrich Co. (St. Louis, MO,
USA). An amount of 1,000 mg was dissolved in 2 ml
of dimethyl sulfoxide (Nakalai Tesque, Kyoto, Japan),
and 8 ml of physiological saline solution was added.
The resulting solution was put in hot water to dissolve
completely. The solution was dispensed at the time of
use.

Three of the sharks (Nos. 1-3) were given 6-100
mg/kg of BrdU via a vessel at the axilla of the first
dorsal fin under manual restraint, without anesthesia.
The other three sharks (Nos. 4-6) were administered
100-200 mg/kg of BrdU subcutaneously or
intravenously under general anesthesia. For the
anesthesia, we administered 2.0 mg/kg of propofol
(Rapinovet®; Schering-Plough K.K., Osaka, Japan)
according to Miller et al. (2005) and 5 pg/kg fentanyl
(DAIICHI SANKYO PROPHARMA CO., Tokyo,
Japan) intravenously. After faint respiration (weak
opening and closing of the gill slits) was confirmed,
the sharks were taken out of the water and a small
incision was made in the skin of the abdomen to insert
a needle. To administrate the BrdU, we used a
sterilized 50 cm® syringe (TERUMO Co. Tokyo,
Japan) with a 20-gauge indwelling needle (TERUMO
Co. Tokyo, Japan). After injection, the incision was
stitched with needle-tipped suture thread (Johnson &
Johnson Inc., USA ), and the sharks were placed back
in the water. Three sharks (Nos. 1-3) were humanely
euthanized with an excessive dose of propofol (25-72
mg/kg), while the other three sharks (Nos. 4-6) were
euthanized by immersion in an excessive dose of
phenoxine (over 2,000 ppm) (2-phenoxyethanol,
KANTO CHEMICAL CO., Tokyo, Japan) 2-3 hours
after the administration of the BrdU.

Optimization of fixation

To evaluate the sample conditions, including
fixation methods, for BrdU-immunoreactivity, the
spiral intestine, testis and epigonal organ of each shark
were collected, sliced at a thickness of 5 mm, and
fixed in 10% neutral buffered formalin at room
temperature (RT) for 24 hours, 1 and 2 weeks, or fixed
in 70% ethanol at RT for 24 hours. The samples were
also immersed in 10% neutral buffered formalin,
heated without boiling for 15-30 minutes for rapid
fixing, and left overnight.

BrdU immunohistochemistry
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The fixed samples were embedded in paraffin
wax, and serial sections (4 um) were cut and stained
with hematoxylin and eosin.

Immunostaining of BrdU-incorporated cells was
performed as described previously by Moran et al.
(1985) and Yanai et al. (1996), and the pretreatment
was selected to decide the optimal method in sharks.
For BrdU-immunostaining, serial sections were cut
and mounted on glass slides coated with
3-aminopropyltriethoxysilane (Sigma, USA) and dried
overnight at 50 C. After dewaxing and rehydrating, the
serial sections were hydrolysed with HCI (2N or 5N)
at RT for 30 minutes to denature the DNA, and
neutralized in Palitisch’s boric acid-NaCl-borate
buffer (pH 7.6) at 4 C for 5 minutes, repeated 3 times.
Some of the sections were then subjected to protease
digestion using 0.01% or 0.05% protease (Nagarase,
Sigma-Aldrich Co.; 37 C; 30 seconds, 1, 3 and 5
minutes) in PBS, 0.04% Pepsin (Wako Pure Chemical
Industries, Osaka, Japan) in 0.01N HCI or 0.05%
Trypsin (Life Technologies Inc., MD, USA) in Tris
solution, while the other sections were not subjected
to this treatment. All sections were inactivated with
endogenous peroxidase by 0.3% hydrogen peroxide in

methanol at RT and subjected to blocking of
nonspecific antibody binding (Protein  Block,
Serum-Free; Dako Cytomation, CA, USA). The

primary anti-BrdU monoclonal antibody (Bu20a,
Dako Cytomation, CA, USA) was diluted by 1:200
with PBS and the sections were mounted and
incubated overnight at 4 C. After being rinsed three
times with PBS for a total of 1 hour, the sections were
then incubated with biotinylated anti-mouse 1gG goat
polyclonal antibody (EnVision+® System Labelled
Polymer-HRP Anti-Mouse, Dako Cytomation, CA,
USA) for 30 minutes at RT. Following this, they were
rinsed three times with PBS for a total of 30 minutes.
Images of the labeled cells were created using a
diaminobenzidine commercial kit (Liquid DAB+
Substrate Chromogen System; Dako Cytomation, CA,
USA). Finally, the sections were counterstained using
Mayer’s hematoxylin.

Assessment of immunolabeling

To compare intensities in BrdU-positive
reaction in the nuclei under various conditions, the
degrees of reactions were classified into four grades
(++, intense; +, moderate; +/-, slight; -, negative).
Sstaining of nuclei counterstain was evaluated on the
basis of three grades (+, well; +/-, minimum; -, no),
which reflected any damage to the tissue caused by
the treatment procedures. The samples from shark No.
3 (minimum BrdU dose; of 6 mg/kg) which had been
fixed in 10% neutral buffered formalin for 24 hours
and those from shark No. 6 (maximum BrdU dose of
200 mg/kg) which had been heated in formalin
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solution were used to evaluate the effect of
pretreatment for BrdU-immunoreactivities and nuclear
stainability. 5N HCI hydrolysis with or without 0.05%
Nagarase treatment for 1 minute was performed to
evaluate the effect of the dose, the administration
routes of the BrdU, and the fixation method for
BrdU-immunoreactivities.

3. Results
Optimal pretreatment condition

The cell nuclei incorporating BrdU were easily
recognized in the  tissue  sections by
immunohistochemisity for BrdU, and showed upin a
mixture of punctuated and diffuse patterns. Tables 2
and 3 show the effects of pretreatment for
BrdU-immunoreactivity and on the stainability of
nuclear reactivity. Hydrolyse with 5N HCIl and
protease treated with 0.01% Nagarase proved to
produce the best results among all treatment
conditions. However, it was found that the longer the
protease treatment time, the poorer the nuclear stain
ability. The combination of hydrolyse with 2N HCI
and protease treatment with 0.05% Nagarase showed
good reactivity in almost all samples, particularly in
Shark No. 6, while longer-time protease treatment
resulted in poor nuclear stain ability. The samples
treated with 5N HCI and 0.05% Nagarase exhibited a
strong positive reaction in shark No. 6, but
pretreatment was so strong that the tissues and nuclei
were damaged and denatured. When protease
treatment was excluded and only hydrolyse with HCI
was used, the positive reaction was weak (Fig. 1).
Protease digestion at 37 C for 30 seconds to 1 minute
produced the best reactivity condition. A longer
digestive treatment resulted in severe damage to the
samples; for example, nuclear counterstaining
intensity was lower, and there was denaturing of
tissues.

Optimal fixing conditions and the effects of doses
and routes on BrdU-immunoreactivities

Details of the various doses and administration
routes of BrdU, along with the fixing conditions, are
shown in Table 4. Frequent BrdU incorporating nuclei
could be detected in samples at doses of more than 6
mg/kg of BrdU in all routes when fixed for no less
than 24 hours and treated with protease. However, the
immunoreactivities became weaker as the fixation
time became longer (Fig. ). Both the formalin
fixation and ethanol fixation were useful for BrdU
immunohistochemistry when treated with protease.

4. Discussion

BrdU is a halogenated nucleotide analogue of
thymidine that is incorporated into DNA during the
S-phase of the cell cycle (Gratzner 1982).
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Pulse-labeling of DNA with BrdU and subsequent
immunohistochemical (IHC) detection of labeled
nuclei is increasingly being used to study the rates of
cell proliferation in normal and malignant cells in vivo
and in vitro (Sapino et al.1990 and Plickert & Kroiher
1985). Although the BrdU method is similar in
specificity and sensitivity to the autoradiographic
detection of [®H]-thymidine incorporated into DNA,
the BrdU method has the advantage of speed, and
analysis is more convenient. Additionally, it obviates
the need to useradioisotopes (Thornton et al. 1988 and
Sapino et al. 1990). BrdU has been wused in
conventional laboratories for cell kinetics. The ratio of
BrdU-incorporated nuclei to the total number of cell
nuclei is defined as the labeling index (Nagashima et
al. 1985 and Yanai et al. 1996) in human and cattle
tissues (Schulz et al. 2005 and Brodeur et al. 2003)
and in fish tissues.

Figure 1. BrdU-immunoreactivities in the epigonal
organ of shark C (BrdU 6 mg/kg)fixed with
10%neutral buffer formalin. A: Combination of
hydrolyses with 5N HCL and protease treatment with
0.01%nagarase for 30 sec. B:2N HCL and
0.05%nagarase  for 30 sec. Intensity of
BrdU-reactivities became week.C:5NHCL and
0.05% nagarase for 30 sec.The staining intensity with
hematoxylin counterstained also decreasd.D:2N HCL
and0.01%nagarase for 30 sec.It could’nt observe the
BrdU-positive  cells.E:5SNHCL  and0.01%nagarase
treatment for 3 min. F:5NHCL and 0.01%nagarase for
5 min. Long period of protease treatment resulted in
decrease of nucleic stainability .Bar=30um.
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Figure 2. BrdU-possitive cells in the testis of shark D
(BrdU 200 mg/kg s.c). A: Sample was fixed in
10%neutral buffer formalin, and performed in
combination of hydrolyse with 5N HCL and protease
treatment  with  0.01%  nagarase.  B:Fixed
in10%formalin and no protease treatement.C:Fixed in
70%ethanol, 5SNHCL and 0.01% nagarase treatment
were done. D: Fixed in 70% ethanol, without protease
treatment. The stainabilities of BrdU were markedly
decrease. Bar=30um.

In the present study, BrdU-positive cells were
satisfactorily ~demonstrated in the tissues of
brownbanded bamboosharks treated with BrdU at
doses of 6 mg/kg or higher. In laboratory animals such
as mice and rats, optimal doses for BrdU
immunohistochemistry were reported to be 10 mg/kg

Sapino et al, 1990 and 100 mg/kg Nagasawa
1983 respectively. Yanai et al (1996) reported that
administration of BrdU at doses of 2 mg/kg produced
sufficient reactivity in cattle. However, Alfei et al
(1993 and 1994) and Elger et al (2003) applied BrdU
to fish tissues at doses of 100 mg/kg for common carp
(Cyprinus carpio) and 150 mg/kg for skate (Leucoraja
erinacea). BrdU application is thought to be a
compound with a lower level of genetic damage. In
one study, human patients with brain tumors were
administered BrdU at doses of 500-1,000 mg/day for
4-6 weeks without any serious side effects (Hoshino
1991). The challenge now is to decrease the doses
administered in order to reduce costs, as well as to
avoid gene damage.

The present investigation revealed that there were
no differences in BrdU reactivity among various
routes of administration, including intravenous,
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subcutaneous and intraperitoneal injections. With all
three routes, it was possible to examine cell kinetics
using BrdU immunohistochemistry in  shark
tissues.Other BrdU administration routes have also
been reported with respect to intramuscular
application (Schulz et al. 2005) and oral application
(Jecker et al. 1997).

Figure 3 .BrdU-positive cells in the spiral intestine
of shark A(BrdU 100 mg / kg i.v.)Samples were fixed
with 10% neutral buffer formalin, treated with 5N
HCL and 0.01% Nagarase. A : Fixed for 24 h. Fixed
for 1 week. C: Fixed for 2 weeks. Nuclear positive
reactions were observed in epithelial cells in
crypts(arrow heads).Bar =30um.

Many factors have been reported to influence the
immunoreactivity of the BrdU epitope; prominent
among these is the method of tissue fixation (Mitchell
et al. 1985; Schutte et al. 1987).

Our findings revealed that BrdU-incorporated cells
were detected both in formalin-fixed and 70%
ethanol-fixed tissues with enzymatic treatment and
acid hydrolysis in the shark tissues. However cattle,
dog and cat tissues fixed in 70% ethanol followed by
hydrolysis alone showed sufficient reactivity (Yanai et
al. 1996 and Ishikawa et al. 2005). Some reports
recommended the addition of aceticacid to the alcohol
to decrease shrinkage artifact, soften the tissue, and aid
in the preservation of nucleoproteins (Carson 1990). In
another effort to achieve a balance between the
advantages and limitations of alcohol fixation, the use
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of mixtures of methanol, acetic acid, and chloroform
(methacarn) has been proposed as producing both
excellent preservation and increased immunoreactivity
(Mitchell et al. 1985).

The present study revealed that ethanol or
formalin-fixed brownbanded bambooshark tissues that
did not undergo the enzymatic procedure did not
exhibit BrdU reactive cells. Consequently, the optimal
condition for superior BrdU reactivity as well as
improved histological preservation was obtained when
the samples were quickly fixed in heated formalin
solution and treated with 5N HCI and 0.01% Nagarase
at 37 C for 30 seconds to 1 minute. Taken together, the
samples fixed with formalin for a longer period of
time resulted in less active BrdU immunoreactivities,
and a longer digestion time resulted in severe
histological damage.

Our investigation revealed that the most important
factor in improved BrdU immunohistochemistry is
thought to be quick and sufficient fixation. As an
alternative to enzymatic digestion, heat-induced
epitope retrieval (HIER) is useful in recovering
immunoreactivity of BrdU epitopes in formalin-fixed
tissue. This concurs with the findings of Shi et al.
(1991) and Lan et al. (1995). The required duration of
enzyme digestion for unmasking varies according to
the length of fixation, but this approach can be
accompanied by an increase in nonspecific staining,
resulting in false-positive staining (Bak and Panos
1997).

Finally, the present study revealed that the BrdU
labeling method may be useful in cell kinetic studies
aimed at detecting S-phase cells in sharks, as in other
animals and in humans.

Table 1: Sharks, doses of bromodeoxyuridine and routes of administration.

Shark No. Sex* Sexual Total Body Dose Route**
Maturity length(cm)  weight(Kg) (mg/Kg)
1 F mature 97 4.1 100 i.V.
2 M mature 100 4.0 25 i.V.
3 F mature 110 5.6 6 i.V.
4 M mature 104 3.9 200 S.C
5 M mature 107 4.9 100 i.p
6 M mature 100 3.6 200 i.p.
*M, male; F, female
** j.v., intravenous; s.c., subcutaneous; i.p., intraperitoneal.
Table 2 : The effects of pretreatment on BrdU-immunoreactivities
Protease Shark No.3* Shark No.  **
Protease Treatment
Time 5N HCI 2N HCI 5N HCI 2N HCI
0.05% 30 sec + + ++ ++
Nagarase Imin. +/- + ++ ++
3min. N.T.# + ++ ++
5min. N.T. + N.D# # ++
0.01% 30 sec ++ - ++ +
Nagarase Imin. ++ - ++ +
3min. ++ + ++ +
S5min. ++ + ++ +
0.05% Trypsin Imin. N.T. N.T. ++ +
0.04% Pepsin Imin. N.T. N.T. +/- +/-
No treatment - +/- N.T. +/- +/-
++, intense; +, moderate; +/-, slight; - ,negative

N.T.#; Not tested.

N.D# #;Not detected because of heavy tissue denaturation by treatment procedure.

Shark No.3*Minimum dose of BrdU(6mg/Kg i.v.).
Shark No.
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Table 3 : The effects of pretreatment on nuclear stainability.
Protease Shark No.3* Shark No. **
Protease .
Treatment Time 5N HCI 2N HCI 5N HCI 2N HCI
0.05% Nagarase 30 sec - + +/- +
Imin. - +/- - +
3min. N.T.# +/- - +
5min. N.T. +/- - +
0.01% Nagarase 30 sec + + + +
Imin. - + + +
3min. - + + +
5min. - + + +
0.05% Trypsin Imin. N.T. N.T. - +
0.04% Pepsin Imin. N.T. N.T. + +
No treatment - + N.T + +
+; good stained, +/-; poorly stained, -; not stained.
N.T.#; not tested.
Table 4: The effects of Dose, Route and Fixation on BrdU-immunoreactivities.
Shark Dose A 10% neutral buffered formalin 70% ethanol
Route Fixation*
No. (mg/Kg) Protease**  Noprotease  Protease**  No protease
1 100 i.v. 24hr ++ -
1w + N.T.
2w +- N.T
2 25 iv. 24hr ++ N.T.
1w ++ N.T.
2w + N.T.
3 6 iv. 24hr ++ +-
1w + N.T.
2w +- N.T.
4 200 s.C. heat*** ++ +/- ++ +/-
5 100 i.p. heat + N.T. ++ N.T.
6 200 i.p. heat ++ +/- ++ +/-
++, intense; +, moderate; +/-, slight; -,negative
*; Fixation time or method.
** + 0.05% Nagarase treatment for 30 sec.
***: The samples heated in formalin for 15-30 min. and fixed overnight.
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