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Comparison of Bone and Cartilage Staining Methods on Selected Minnow Species

Nurul Najwa bind Mohd Nasir

Animal Resource Science and Management 
Department of Zoology 

Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak

ABSTRACT

The alizarin red and alcian blue staining protocol has been widely utilized for morphological studies of bone 
and cartilaginous tissues of various vertebrates. In fish, a few techniques are available depending on the 
nature, shape and size of the specimen. Each technique utilizes different combination and quantities of 
chemicals as well as variation in the amount of time spent to complete staining protocol. Therefore two 
published methods are compared in this study which are; Method 1: double staining protocol for larvae of 
large sized fish; and Method 2: general staining protocol for small fish with standard length of <_80 mm. This 
study uses individuals of local species namely Rasbora sarawakensis and Punnus banksi as specimens. The 
result shows that Method I is slightly better than Method 2 in terms of less time consumption, higher 
transparency and higher intensity of bone staining. Meanwhile Method 2 is more preferable if the study 
requires observation of the bone and cartilage structure of whole specimen. Using Method 1, satisfactory 
entire skeletal view was obtained for R. sarawakensis primarily due to the visibility of both bone and 
cartilage; while Method 2 works better on P. banksi since it is less destructive to this species. Information on 
optimal condition for staining is also provided.

Keywords: staining, alcian blue, alizarin red S, bone, minnow

ABSTRAK

Prosedurpewarnaan alizarin merah dan alcian biru telah digunakan secara meluas dalam kajian morfologi 
tentang tulang dan tisu tulang rawan bagi pelbagai haiwan vertebrata. Terdapat beberapa teknik pewarnaan 
untuk ikan bergantung kepada sifat, bentuk dan sai_ specimen. Setiap teknik mengunakan gabungan dan 
kuantiti bahan kimia yang berbeza, selain daripada perberaan pada tempoh untuk menyempurnakan 
prosedur pewarnaan. Oleh itu, dua kaedah yang telah diterbitkan dibanding dalam kajian ini, iaitu; Kaedah 
1: prosedur pewarnaan berganda bagi larva ikan bersair besar, dan Kaedah 2: prosedur pearnaan umum 
bagi ikan dengan panjang piawai <_80 mm. Kajian ini menggunakan beberapa individu spesis tempatan iaitu 
Rasbora sarawakensis dan Puntius banksi sebagai spesimen. Keputusan menunjukkan bahawa Kaedah I 
lebih baik sedikit daripada Kaedah 2 dar! segi kurang memakan masa, lebih lutsinar dan intensiti 
pewarnaan tu/ang yang lebih tinggi. Manakala Kaedah 2 lebih balk jika sesuatu kajian itu memerlukan 
pemerhatian struktur tulang dan tulang rawan keseluruhan spesimen. Menggunakan Method 1, rangka 
keseluruhan telah diperoleh bagi R. sarawakensis terutamanya dlsebabkan oleh ketampakan kedua-dua 
tulang dan tulang rawan, sementara aplikasi Kaedah 2 lebih balk bagi P i kerana kurang merosakkan 
spesimen spesis ini. Mak/umat tentang keadaan optimum untukpewarnaan turut disertakan dalam penulisan 
ini.

Kata kund: pewarnaan, alcian biro, alizarin merah, tulang, ikon kecil

d
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1.0 INTRODUCTION

One of the ways to study the morphology of minnow species is through 

bone and cartilage staining. Bone and cartilage staining is a method of dyeing the 

bone and cartilage tissue, that allow observation of bone and cartilage without 

dissecting the specimen. The study of forms and shapes gives information on the 

biological systems of a species. This is important since a number minnow species is 

widely being used as model organism in scientific research. By using alcian blue 

and alizarin red S chemicals, hard tissues of a teleost can be stained. The advantage 

of staining and clearing is that the skeletal structures and cartilage can be visualised 

in three-dimension, including minute skeletal elements.

According to Connolly & Yelick (2010), clearing and staining mineralized 

skeletal elements enable observation of greater detail of the specimen, including 

bone density difference if viewed under fluorescent light. Although all those 

available methods are based on the same essential steps of killing, fixation, 

staining, clearing and preservation (Helland, 2009), the technique of bone and 

cartilage staining often needs adjustment to suit with the type of specimen. Taylor 

& Van Dyke (1985) mentioned that the way specimens are fixed and preserved 

have significant effect on the success of the method. Size of specimen and their 

morphological features at a particular stage of development are the parameters that 

should also be considered to design an optimal staining protocol as they affect the 

tissue staining (Darias et al., 2010). Therefore the incubation times for each 

protocol stage may differ according to those parameters in order to obtain the most 

favourable stain penetration.
I



However, an optimised staining method to stain cartilaginous and bony 

tissue structure especially for the minnow species is still unavailable to date. Thus 

this study is proposed to compare different methods of bone and cartilage staining 

on selected minnow collected from freshwater streams of Kubah National Park- 

Matang Wildlife Centre. In the long run, this study aims to propose an efficient 

staining method that provides good staining quality for the minnow species, apart 

from being less time consuming and utilizes fewer chemicals.

1.1 Objectives

" To compare the efficiency of two published bone and cartilage staining methods on 

selected freshwater minnow, in terms of staining quality and time consumption. 

" To contribute information on optimal conditions for staining minnow specimen.
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2.0 LITERATURE REVIEW

2.1 Bone and Cartilage Staining

2.1.1 Alizarin red S stain

Clearing and staining preparation technique was initially done only on bones 

(Green, 1952) since nearly a hundred years ago until recently. A component is 

stained when a dye has an affinity for the tissue components. The affinity involves 

dye-tissue attractive forces causing dyes to move from their solutions ("dyebaths") 

with higher dye concentration, into the unstained tissues and cells that has lower 

dye concentration. Alizarin red S is a small, hydrophilic anionic dye that can 

chelate a many kinds of metal ions; its structural formula is shown in Figure 1. It 

targets calcium in tissue sections; whereby strong directed attractions arise when 

alizarin red S interacts with tissue calcium ions forming polar covalent bonds 

(Horobin, 2010). Selective staining occurs when a tissue component has a strong 

attraction for a dye whilst its background does not. Taylor & Van Dyke (1985) 

stated that the absence of the red- colour may not necessarily indicate that bone is 

not present because the bone may be in early formation or the mineral may have 

been removed during fixation and clearing steps. So, it needs microscopic 

examination for more accurate information.

Alizarin red S powder is mixed with potassium hydroxide (KOH) since 

alizarin red S in strongly alkaline media will stain bone and calcified structures red. 

According to Puchtler et al. (1969), alizarin red S specifically stains calcium 

deposits around pH 9. Chemical data shows that alizarin red S can react with
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calcium via its sulfonic acid and/or its OH groups. The term alizarin red S differs in 

chemistry and histology; e. g. in chemistry the calcium alizarin or alizarin red S 

compounds are classified as a salt, meanwhile in histology and histochemistry it has 

been referred to as a lake or complex.

Figure 1 Alizarin red S, a reactive dye (Horobin, 2010)

2.1.2 Alcian blue stain

Decades after usage of alizarin red S to stain bone, the techniques have been 

advanced by the use of alcian blue as stain for cartilage. Alcian blue was introduced 

in 1950 by Steedman (as cited Taylor & Van Dyke, 1985) as a specific stain for 

particular mucins/mucopolysaccharides (Erdogan et al., 1995) or also called as 

glycosaminoglycans (GAGs) which are long chains of disaccharide units. In other 

words, alcian blue stains the proteoglycan components of the extracellular matrix 

associated with chondrocytes (Javidan & Schilling, 2004) and it enables 

visualisation of cartilage patterns in larvae and in adults. Alcian blue is a large, 

hydrophilic cationic dye; Figure 2 shows the structural formula of alcian blue. The 

large conjugated system of alcian blue results in a significant contribution from van 

der Waals attractions between dye and tissue (Horobin, 2010). Copper element 

causes the blue colour of staining. Besides cartilage, alcian blue is also used to stain

4



Pmt KtiiilNnt 1ºf"ssst Akaimi, 
UNIVER, 4T MA1. av'MA c, ýRAýýº"

other cells such as basophil (Gilbert & Ornstein, 1975), mucin/glycosaminoglycans

(Steedman, 1950), and mucus goblet cell (Horobin, 2010).

Figure 2 Alcian blue, large basic dye (Horobin, 2010)

Apart from alcian blue, other cartilage staining procedures use either 

methylene blue or toluidine blue. Simons and Van Horn (as cited in Wassersug, 

1976) these dues usually cannot produce uniform staining; and also less permanent 

whereas alcian blue seems to be more specific to cartilage and permanent even after 

2 years.

2.1.3 Double staining

It is also possible to do double staining. Double staining technique means 

both the bone and cartilage of the same specimen are stained. The alcian blue- 

alizarin red S double staining has long been an important technique to study the 

skeletal development of a number of fish species since 1970's. It is a useful tool for
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osteological studies using the clearing and staining preparation techniques. 

Dingerkus & Uhler (1977) and Hanken & Wassersug (as cited in Cortes-Delgado, 

2009) have applied the technique of bone and cartilage staining on small 

vertebrates including fish. Song & Parenti (1995) modified the technique to show 

cartilage, skeleton and nervous system in fish. Others applied the single and double 

staining technique to different specimen for different purposes. For instance it is 

applied to stain sea bream and sole (Gavaia et al., 2000); zebrafish larvae (Javidan 

& Schilling, 2004) for visualisation of cartilage and bone, zebrafish larvae (Walker 

& Kimmel, 2006) to compare acid-free and low acid double staining method; larval 

Atlantic halibut (Lewis & Lall, 2006) and larval and juvenile of Senegal sole 

(Gavaia et al., 2002) to assess the skeletal development and abnormalities; and 

European sea bass larvae (Darias et al., 2010) to compare staining of specimen at 

different days post hatching (dph).

Walker & Kimmel (2006) proposed the acid-free double staining protocol to 

minimise the effect of demineralisation of bone by acidic condition of cartilage 

staining, which becomes an issue if one were to do both bone and cartilage staining. 

Instead of using acetic acid, it is replaced with MgC12 to be mixed with alcian blue. 

Concentration of MgCl2 is found to be adequate at 20-60 mM. However, it is 

unsure why a few studies later such as Helland (2009) and Darias et at. (2010) still 

use acetic acid to stain cartilage in their double staining procedure although it was 

shown that acid-free double staining produced better staining result compared to the 

low acid double staining. Nonetheless, this method is the only one that allows PCR 

genotyping of tissues after staining.
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As described by Javidan & Schilling (2004), the full early cranial cartilages 

pattern of a zebrafish larvae is best labelled after 72 hpf i. e. 3 dpf., though alcian 

blue first labels the earliest differentiating chondrocytes at 54 hours of 

development. Meanwhile, alizarin red S first labels the earliest di differentiating 

bones at 3 to 4 days of development. Walker and Kimmel (2006) stained the the 

zebrafish larvae at 6.5 days post fertilization (dpf).

Evaluating the morphological structure of an organism by staining technique 

has allowed fast and detailed examination of the skeleton and cartilage without 

requirement of costly materials and apparatus. Also staining the foetus, or in this 

case fish larvae enables analysis of the causes and effects of the bone abnormalities 

in the early stages of the development (Cortes-Delgado, 2009). As mentioned by 

Green (1952) who demonstrated bone by clearing and staining specimens, there are 

a few advantages of staining method compared to macerating the carcass and 

separating the bones. Among them are (i) there is no possibility of missing the 

small bones, (ii) all skeletal structures remain in their respective position, (iii) there 

will be no misidentification of similar bones, and (iv) great time and effort can be 

saved by processing a many specimens altogether without worrying over mixing of 

bones.

7



2.2 The minnow

2.2.1 Minnow background

The minnow family, also commonly called as carps with small size are 

members of the Cyprinidae family (Order Cypriniformes). It is by far the largest 

family of fish when it comes to numbers of species. Skeleton consist of three main 

sections: the vertebral column, skull and appendicular skeleton (Hoole et al., 2001). 

This freshwater fish typically have a fairly elongated body, characterised by having 

a single dorsal fin without true spines, a forked tail fin, ventral fins in the 

abdominal position (Figure 3), and no teeth on the jaws except pharyngeal teeth 

located just behind the gill chamber that may be present. However, breeding 

manipulation may result in other varieties such as long fin. The pharyngeal teeth of 

a minnow have grasping, tearing and grinding function (Bone & Moore, 2008) as in 

Figure 4. A number of cyprinids are herbivorous, feeding on plants or algae 

(Allaby, 2009) while others are omnivorous, eating mainly zooplankton and insects. 

Many are also of considerable commercial important while some have become 

model organism for use in scientific research.

Figure 3 A= a single dorsal fin without true 
spines, R= a forked tail fin, C= ventral fins (pelvic 

fin) in the abdominal position

Figure 4 Grasping, tearing and grinding 
pharyngeal teeth of minnows 

(Bone & Moore. 2008)
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2.2.2 Minnow as model organism

Some minnow species have become model organism for use in scientific 

research such as the zebrafish (Danio rerio) for heart development, toxicology, 

translational neuroscience and behavioral research. As mentioned by Bopp et al. 

(2006) and Kalueff et al. (2013), the growing utility of zebrafish as model is due to 

its rapid embryonic development, high fecundity, physiological similarity to 

mammals, ease of genetic manipulations, sensitivity to pharmacological and genetic 

factors, robust behavior, small sized and low cost. Apart from zebrafish, medaka 

(Orysias latipes) and fathead minnow (Pimephales promelas) are also used as 

model in carcinogenesis and ecotoxicology studies. Apart from bone and cartilage 

staining, there are several techniques available to study the morphology of minnow 

such as computed tomography (CT) scan, X-ray and magnetic resonant imaging 

(MRI). CT scan is able to show three-dimensional radiography image, but it cannot 

visualise soft tissues and cartilage. X-ray can visualise bones but not in three 

dimensions. MRI can show cartilage in three dimensions but the resolution is too 

low that deformities are hard to be identified. So staining has big advantage over 

these techniques because it can show three-dimension images of skeletal and 

cartilage structures in its initial position.

9



3.0 METHODOLOGY

3.1 Sampling collection

Figure 5: Map of Kubah National Park in Sarawak, Malaysian Borneo

Source: Das & Haas (2010)

Sampling of local freshwater minnow was conducted at the permission of 

Sarawak Forest Department (Permit No. NCCD. 907.4.4[Jld. 1]]-11) in the vicinity 

of Kubah National Park and Matang Wildlife Centre which is within Kubah 

National Park (Figure 5) in Kuching, Sarawak. The park is located at northwest of 

Kuching (01 °36'39"N, 110'11'32"E). There are two selected species namely 

Puntius banksi and Rasbora saraºrakensis due to their availability. Samples of 

freshwater minnows were collected using scoop net and baited minnow trap 

between October 2014 and March 2015. Species was identified according to

10



Kottelat et al. (1993) and Inger and Chin (2002). The selection of minnow for 

subsequent staining was based on standardised body size. Two individuals were 

used for each staining methods. Bone and cartilage staining was carried out at the 

General Lab, Faculty of Resource Science and Technology (FRST) External Lab, 

UNIMAS.

3.2 Laboratory work

Individuals of Puntius banksi and Rasbora sarawakensis weighing I g to 2 g 

were used for bone and cartilage staining. Additional species used is Oreochromis 

niloticus. Total length of the fish is around 35 mm. Two methods of bone and 

cartilage staining for comparison are (i) Darias et al. (2010) - double staining 

procedure for larvae of large sized fish, and (ii) Helland (2009) - general staining 

protocol for small fish with standard length of s80 mm. The methods are among the 

latest modified method and also use fish as the specimen. Previously, the methods 

were been applied on European sea bass larvae (Darias et al., 2010). Meanwhile the 

other method by Helland (2009) is the general double-staining procedures for small 

fish with standard length of 10 to 80mm. Overstaining of specimen should also be 

avoided (Javidan & Schilling, 2004) since it cannot be removed by any of the 

chemicals that are used later in the clearing and staining process. Killing of 

specimen was done using iced water and immediately stored in 10% formalin 

solution for at least 24 hours, instead of phosphate buffered formalin as proposed in 

the research. Specimens were stained using alcian blue 8GX (SIGMA A5268) and 

alizarin red S (Acros Organics). Trypsin was not used during clearing step in this 

study. The result of stained specimen for each of methods was observed and
II



compared by photography and microscopic visualisation, using two equipments, 

the Olympus SZ51 stereomicroscope (Figure 6) and Canon Powershot Si 10 digital 

camera (Figure 7). Stained specimens were placed on Petri dishes containing 

glycerol and photographed either directly to photograph the whole specimen, or 

observed under microscope. Photos were edited using Adobe Photoshop CS6 

software to standardise the white balance of the background by setting white points 

in image for curve adjustments.

4N2 l> 

a m

Figure 6 Olympus SZ51 stereomicroscope

r

Figure 7 Canon Powershot S 1 10
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3.2.2 Method 1: Darias et al. (2010) - Double staining procedure for larvae of large sized

fish.

Since the maximum length of specimen in this method was 15.5mm, the 

duration of certain steps are increased in this study to suit longer specimen. 

Specimens were incubated in distilled water until they sink. Then they were washed 

in distilled water 2 times 5 minutes each. 

Specimens were transferred into 0.0001% alcian blue solution (100mg/l 

alcian blue, 800m1 95%ethanol, and 200m1/l acetic acid) and incubated for 24 

hours. Remaining acid of tissue was neutralised by incubating specimens during 3 

minutes in a solution containing 100% ethanol in 1% KOH. Specimens were 

rehydrated in decreasing ethanol series (95, 70, 40, 15%), 2 times 15 minutes each, 

and in distilled water until specimen sink. Later, they were incubated in distilled 

water 2 times 5 minutes each. 

Pigmented specimens were incubated in bleaching solution (1 vol 3% H202 

and 9 vol 1% KOH) for 24 hours, and then ossified specimens were incubated in 

clearing solution (7 vol distilled water, 3 vol sodium borate) for 24 hours. 

Specimens were incubated in 0.005% alizarin red S solution (5g/l alizarin 

red S in 1% KOH) for 24 hours. They were washed with distilled water and 

subsequently with a solution of 1% KOH until staining background is eliminated 

(usually takes few hours to 1 day). Specimens were incubated as follows; 2 hours in 

40% glycerol + 60% 1 % KOH and 6 hours in 70% glycerol + 30% 1 % KOH. 

Lastly, stained specimens were preserved in 100% glycerol.
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