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ABSTRACT 

Histopathological studies related to Zebrafish which are used as a model organism in researching the pathogenesis of many 
diseases increase day by day. Because of the increasing importance of zebrafish research, experiments on this animal model 
are more prominent and gill tissue is frequently examined in various disease models using zebrafish. As it is known, at the 
end of the experimental animal model studies, if the histopathological examination is to be done, the tissues should be fixed. 
The purpose of fixation is to keep cellular and extracellular components in vivo as much as possible. Therefore, the choice of 
fixation methods and fixatives has a significant effect on tissue processing. In this study, we aimed to optimize fixation 
techniques and staining protocols for producing ideal slides and histological images of gill tissue in zebrafish. In our study, to 
determine the optimal histology in the zebrafish-gill tissue, the tissues were fixed with Bouin’s, Carnoy’s, 10% neutral 
buffered formalin (NBF), Davidson’s, and Dietrich’s solutions. Following the routine tissue processing, the sections were 
stained with Hematoxylin and Eosin (H&E) and Masson’s Trichrome (MT) stains. Consequently, tissue morphology was 
best preserved with Bouin’s and NBF solutions. The best results in H&E stain were obtained from tissues fixed with NBF 
solution, while Dietrich's solution fixation was found to be ideal for MT staining. 
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Zebra Balığı Solungaç Dokusunda Optimal Histolojik Görünüm için Rutin Histokimyasal Boyama ile 

Sık Kullanılan Fiksatiflerin Karşılaştırmalı Olarak İncelenmesi 
 

ÖZ 
Birçok hastalığın patogenezinin araştırılmasında model bir organizma olarak kullanılan Zebra balığı ile ilgili histopatolojik 
çalışmalar gün geçtikçe artmaktadır. Zebra balığı araştırmalarının artan önemi nedeniyle, bu hayvan modelindeki deneyler 
daha önemlidir ve solungaç dokusu zebra balığı kullanılan çeşitli hastalık modellerinde sıklıkla incelenir. Bilindiği üzere, 
deneysel hayvan modeli çalışmalarının sonunda, eğer histopatolojik inceleme yapılacaksa, dokular fikse edilmelidir. 
Fiksasyonun amacı, hücresel ve hücre dışı bileşenleri mümkün olduğunca in vivo halde korumaktır. Bu nedenle, fiksasyon 
yöntemlerinin ve fiksatiflerin seçiminin doku takibi üzerinde önemli bir etkisi vardır. Bu çalışmada, zebra balığı solungaç 
dokusundan ideal preparatlar ve  histolojik görüntüler elde etmek için fiksasyon tekniklerini ve boyama protokollerini 
optimize etmek amaçlanmıştır. Çalışmamızda, zebra balığı-solungaç dokusundaki ideal histolojiyi belirlemek için, dokular, 
Bouin, Carnoy, %10’luk nötral tamponlu formaldehit, Davidson ve Dietrich solüsyonları ile fikse edilmiştir. Rutin doku 
işleminin ardından, kesitler Hematoksilen ve Eosin (H&E) ve Masson Trikrom (MT) boyaları ile boyandı. Sonuç olarak, doku 
morfolojisi en iyi Bouin ve NBF solüsyonları ile korunmuştur. H&E boyamasında en iyi sonuçlar NBF çözeltisi ile fikse 
edilmiş dokulardan elde edilirken, Dietrich solüsyonu fiksasyonunun MT boyaması için ideal olduğu bulundu. 
Anahtar Kelimeler: Fiksatifler, Hematoxylin ve Eosin, Masson Trikrom, Zebra balığı,  Solungaç 
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INTRODUCTION 

 
The importance of histological and pathological 
examinations is unquestionable when evaluating the 
results of screening studies with fish models (disease 
research, environmental pollutants, toxicological-
carcinogenic-teratogenic research, etc.) (Pikarsky et al. 
2004, Flores-Lopes and Thomaz 2011, Strzyzewska et 
al. 2016, Hadi and Alwan 2012, Huiting et al. 2015). 
In today's scientific studies, zebrafish is an important 
model organism in terms of having some advantages. 
These advantages are similar genomic structures, 
metabolic activities, embryonic developmental 
characteristics, immune systems, and histological 
structures in some tissues (Mohseny and Hogendoorn 
2014, Morris 2009). In addition, features such as easy 
breeding, feeding, short generation, durability, and 
high fecundity have increased the importance of 
zebrafish in experimental researches (Muto and 
Kawakami 2013, Newman et al. 2014).  
 

Gill tissue is examined in most of the toxic and 
infectious disease models made with zebrafish 
(Brundo and Salvaggio 2018, Souza et al. 2017, 
Progatzky et al. 2016, Chandrarathna et al. 2018, 
Christoffersen et al. 2017). Most of the teleosts use 
the gills as the main respiratory surface. Teleosts have 
four pairs of gill arches extending from the floor to 
the roof of the buccal cavity. Each gill arch contains a 
plurality of gill filaments, each consisting of two 
halves called hemibranchs. Each hemibranch has 
many thin subdivisions called gill lamellae. The 
purpose of these structures is to provide a large 
surface area that supports respiratory and excretory 
functions. Gill filaments have central cartilaginous 
support, afferent and efferent arterioles, and other 
anastomosing vessels comprising the central venous 
sinus. They are covered with a thin epithelium 
continuation of the covering the gill arches and the 
oral mucosa of the buccal cavity. Each lamella is best 
regarded as a thin cell envelope. The spaces between 
the pillar cells called lacunae connect afferent and 
efferent arterioles. The contractile pillar cells control 
the lacunar diameter, thereby regulating blood flow 
(Genten et al. 2010, Roberts 2012). 
 
The aim of fixation is to keep cellular and 
extracellular components as close as possible to the 
tissue structure in vivo. In the fixation process with 
many fixatives, the existing microorganisms in the 
tissues die, autolysis stops and the macromolecular 
structure of the tissue is balanced by forming cross-
links between the tissue components. Fixation 
without specimen distortion is difficult because all 
fixation methods produce artifacts such as shrinkage, 
swelling, hardening, and color change. Moreover, 
fixation and fixative selection may be of great 
importance in the tissue processing stages, mainly in 

cross-sectional sampling and staining procedures 
(Bancroft and Gamble 2019).  
In this study is intended to be a resource for scientists 
interested in human and model organism histology, 
quality, consistency, sectioning, staining, and 
histological visualization. We aim to optimize fixation 
techniques and staining protocols to produce ideal 
slides and images to explain common difficulties 
associated with various aspects of zebrafish histology. 
In our study, the effect of fixation with Bouin’s, 
Carnoy’s, 10% neutral buffered formaldehyde (NBF), 
Davidson’s and Dietrich’s solutions on the zebrafish 
gill tissue histology as a result of hematoxylin and 
eosin (H & E) and Masson’s Trichrome (MT) staining 
were examined. Also, we tried to develop the fixation 
methods with compared of Bouin’s, Carnoy’s, NBF, 
Davidson’s and Dietrich’s solutions and, adapted 
staining procedures with H&E and MT stains for gill 
tissue of fish. 
 
Bouin’s solution is suitable for a variety of tissue 
types and is frequently recommended for small 
biopsy samples. It is known that Bouin’s solution 
lyses erythrocytes in part or completely. It has been 
reported that it causes swelling in collagen with the 
dissolution of iron and calcium stores, but it protects 
the glycogen and connective tissue well. It creates 
bright staining with cytoplasmic dyes and protects the 
nucleus extremely well with chromosomes. Since the 
basophilic character of the cytoplasm is neutralized 
with the picric acid in the content of Bouin’s solution, 
it allows clear staining of the nucleus and cytoplasm 
(Carson and Hladik 1996, Culling 1983, Singhal et al. 
2016, Roberts 2012, Bancroft and Gamble 2019).   

 
Carnoy’s solution is used in cases where fast and 
effective fixation is required and suitable for the 
fixation of all types of tissue. It is good advice for 
glycogen and plasma cells. Since it is a good nuclear 
fixative, it is also used in cases where nucleic acids 
need to be examined. It is also preferred for 
histochemical and specific staining of fibrous proteins 
and carbohydrate complexes. After fixation, the lysis 
of erythrocytes and soluble cell granules in acid can 
cause loss of pigments in tissues. It has been reported 
that it cannot protect the collagen tissue and does not 
stain the acid-fast bacilli well. The Carnoy’s solution 
is expensive and also has the disadvantage of fixative, 
such as shrinkage in tissues (Ahmed et al. 2011, 
Pereira et al. 2015, Roberts 2012). 
 
NBF is a buffered form of 10% formalin solution to 
pH 7.0 ± 0.2 with various phosphate salts. This 
buffering process eliminates the various 
disadvantages of formaldehyde, such as the lysis of 
erythrocytes and the formation of formalin pigment 
(especially blood vessels and bloody tissues), and 
provides longer-term use. In NBF fixation, aldehyde 
bonds are formed between proteins and therefore the 
in vivo relationships of tissue components remain 
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constant. Various tissue samples (surgical samples and 
biopsies) are routinely fixed in formaldehyde 
(Gnanapragasam 2010). Formalin fixation paralyzes 
cell metabolism and preserves tissue structures for 
accurate histopathological diagnosis (Nechifor-Boilă 
et al. 2015). Formaldehyde in the NBF form is the 
most commonly used fixative because it preserves a 
large range of tissues and tissue components and is 
also quite inexpensive (Maraschin et al. 2017). This 
fixative is useful in many special dyes and even 
immunohistochemical applications (Ahmed et al. 
2011, Spaniol et al., 2016, Stefanović et al. 2017, 
Roberts 2012).  
 
Davidson’s solution is a good choice for the fixation 
of various tissues, such as bone marrow samples, 
gynecological materials, breast tissue, tumors, 
especially eyes and testicular tissues, lymph nodes, 
and biopsy materials. It provides fast and effective 
penetration to the tissues, so the morphological 
details are well preserved. One of the most important 
advantages of fixative is that does not cause shrinkage 
in tissues and minimal formalin pigmentation. This 
fixative can quickly penetrate into tissues and is easily 
removed from the tissues, so there is no need to rinse 
after long-term fixation. But, it may also lead to lysis 
of erythrocytes. Immunohistochemical staining 
results were also successful in fixation with this 
solution  (Eltoum et al. 2001, Howard et al. 2004, 
Latendresse et al. 2002, Sahota et al. 2013, Telser, 
2006).  

 
Dietrich’s solution is used in most experimental 
research, using many aquatic animals, zebrafish and 
small animal samples such as copepods 
(zooplankton), and one of the aquatic vertebrates like 
amphipods. The fixative has a synergistic interaction 
with the decalcification process. It breaks down 
electrostatic and hydrogen bonds and may lead to 
denaturation and degradation of nucleic acids with 
proteins in tissue samples. It is more effective in the 
fixation of nucleoproteins than cytoplasmic proteins 
(Dietrich and Krieger 2009, Feist et al. 2004, Berzins 
et al. 2011, Peterson et al. 2013, Khan and Thulin 
1991, Uslu et al. 2017).  
 
It has been reported that histochemical dyes such as 
H&E, MT, Periodic Acid Schiff (PAS), Paraldehyde 
Fuchsin (PAF), Toluidine blue, Alcian blue, Alizarin 
red, Oil red, Bodian Protargol and Von Kossa stains 
have been used in studies performed in zebrafish 
(Bensimon-Brito et al. 2012, Çakıcı and Üçüncü 2007, 
Nusslein-Volhard and Dahm 2002, Ung et al. 2010).  
In our study, H&E and MT stains, the most common 
histological staining methods used in routine 
histopathology, were preferred. Hematoxylin stains 
nucleic acids in the nucleus and Eosin stains 
cytoplasm and extracellular proteinous structures. 
H&E provides light microscopic observation of 
tissues and intercellular structures; therefore, in a 

well-made tissue, intranuclear details can be 
distinguished. H&E staining is also used to provide 
adequate general information about cells and tissues 
and to diagnose major histopathological changes. It 
has advantages such as easy application, reliable and 
low cost (Kumar and Kiernan 2010, Bancroft and 
Gamble 2019). 
 
Compared to H&E staining, it is preferred for a more 
specific diagnosis by demonstrating increased 
connective tissue and collagen fibers with MT 
staining. It allows the cells to be distinguished from 
collagen fibers around them. Through Wiegert's 
ferrous hematoxylin in MT, various granules and 
fibrillar structures, myelin sheath, muscle epithelium, 
and even spirochetes and cytoplasmic details are 
more clearly displayed. In MT staining, ponceau and 
acid fuchsin, together with aniline blue or methyl 
green, help to stain the connective tissue prominently 
in bluish or light green. With MT staining, the 
diagnosis of disorders such as collagen growth, 
tumors (especially muscle tissue and fibroblast origin), 
hematopathological, neuromuscular, and 
dermatological disorders and liver cirrhosis and 
kidney (pyelonephritis) diseases can be diagnosed. 
Bouin's, Zenker's, Helly, Formal sublimate, Formalin-
zinc, and Picro-mercuric alcohol fixatives have been 
reported to be the other ideal fixatives for this 
staining method (Martinello et al. 2015, Carson and 
Hladik 1996, Mao et al. 2016, Cima et al. 2017, 
Rahunen et al. 2016).  

 
MATERIALS and METHODS 

 
In this study, 30 zebrafish (Danio rerio, wild type, 1-
year-old) were divided into five groups with 6 fish in 
each group (n = 6). The study materials were taken 
from our earlier work (The specified study was 
carried out at Bingol University Animal Research 
Center with the permission of Bingol University 
Animal Experiments Local Ethics Committee dated 
26.09.2014 and numbered 2014.09.02 and this study 
was partially supported by The Scientific and 
Technological Research Council of Turkey 
(TUBITAK) with 215Z467 numbered project. 
 
Zebrafish care and maintenance: Established 
protocols for zebrafish care and feeding were applied 
(Westerfield 2000).  
 
Preparation and application of fixatives: Fixatives 
used in the study (Bouin’s,  NBF, Carnoy’s, 
Davidson’s and Dietrich’s fixatives), fixation times 
and post-fixation applications are given in Table 1. In 
addition, the chemicals and their amounts used in the 
preparation of fixatives are shown in the table state 
for each fixative (Table 2). Fixation was performed at 
room temperature (21°C) for all samples. After 
fixation, decalcification was performed for 5 days 
according to Versanate EDTA method (Mueller et al. 
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2017) and then tissue samples were taken for routine 
histopathological examination (Bancroft and Gamble 
2019). We do not prefer to acidic decalcification 
because this destroys DNA and causes pale H&E 
staining. 
Anesthesia, necropsy and histopathological 
examination: Euthanasia was performed by adding 
with 160 mg/L Tricaine-S pH 7.0 (tricaine 
methanesulfonate, Syndel, USA) in system water. It 
should be noted that the relative merits of Tricaine-S 
and/or hypothermal shock through immersion in ice 
water (2–4°C) have been recently debated (Matthews 
and Varga 2012, Wilson et al. 2009).  To ensure fast 
euthanasia in fish, both methods (cold, Tricaine) were 
combined, allowing the fish do not react to the 
following immersion in fixatives steps. After the 
routine tissue processing, 5 micron thick sections 
were taken from the paraffin blocks with rotary 
microtome. The used fixative may influence staining 
method. For this reason, we have optimized staining 
procedures for both the fixative the tissues we are 
stained. In the present study, we preferred the H&E 
staining protocol, in which the study by Cooper et al. 
2018 achieved optimal results for zebrafish (Copper 
et al. 2018). The samples were stained with MT 
according to previous studies (Carson and Hladik 
1996, Alturkistani et al. 2016, Bancroft and Layton 
2019) and MT kit (with aniline blue) was purchased 
commercially (Masson trichrome kit, Catalog number 
04-010802; Bio-Optica, Italy). 
 
Subsequently, the slides were evaluated under a light 
microscope and the results were scored. In the 
evaluation, general staining character of tissues with 
H&E and staining of collagen fibrils with MT were 
taken into consideration. According to this; the 
staining levels of tissues were classified as, no staining 
(0), mild staining (+1), moderate staining (+2) and 
severe staining (+3). In this evaluation, the scores of 
the group averages of samples prepared with different 
fixatives and stained with H&E and MT were 
presented graphically (Figures 1, 2).  
 
Findings  
Microscopic examination of gill tissues taken from 
fish in the experimental groups showed different 
staining densities in both H&E and MT staining. 
H&E and MT staining reaction scores of 
experimental groups obtained by histopathological 
examination of gill tissues are given in Figures 1 and 
2. 
 
Bouin’s solution fixed tissue findings: In H&E 
staining, common lysis of erythrocytes, well preserved 
primary and secondary lamellar structure morphology 
and clearly differentiated pillar cells were observed. 

Eosinophilic and basophilic cellular structures were 
found to be adequately stained in a differential 
manner. Although collagen fibers were seen to be 
swollen, MT staining revealed adequate staining 
(Figure 3A-3B). 
 
Carnoy’s solution fixed tissue findings: In H&E 
staining, it was observed that widespread lysis in 
erythrocytes, primary and secondary lamellar structure 
morphology were not well protected, the lamellar 
epithelium was swollen and irregular, and pillar cells 
could not be clearly identified. Eosinophilic and 
basophilic cellular structures were not stained in a 
sufficient differential and generally, excessive staining 
was formed. However, it was revealed that the 
collagen fiber morphology was well preserved and 
sufficient staining was achieved with MT stain (Figure 
3C-D). 
 
NBF fixed tissue findings: In H&E staining, it was 
observed that the erythrocytes did not lysize and had 
normal histological morphology, the secondary and 
primary lamellar structure morphology was 
adequately protected, but there was a slight shrinkage 
in the lamellar epithelium and the pillar cells could be 
clearly selected. Eosinophilic and basophilic cellular 
structures were clearly stained in a differential manner 
and generally, there is ideal staining. The morphology 
of collagen fibers was well preserved and partially 
weakened by MT staining (Figure 3E-F). 
 
Davidson’s solution fixed tissue findings: In H&E 
staining, the presence of lysis in the erythrocytes, 
limited preservation of the primary and secondary 
lamellar structure morphology, and significant 
swelling and irregularity in the lamellar epithelium 
were detected. However, the pillar cells could be 
clearly selected. Eosinophilic and basophilic cellular 
structures were clearly stained in a differential manner 
and generally, there is ideal staining. It was observed 
that the collagen fiber morphology was well preserved 
and sufficient staining was achieved with MT stain 
(Figure 3G-H). 
 
Dietrich’s solution fixed tissue findings: In H&E 
staining, the presence of partial lysis of erythrocytes, 
primary and secondary lamellar structure morphology 
was partly preserved, the lamellar epithelium was 
slightly swollen, and the pillar cells were clearly 
distinguishable. Eosinophilic and basophilic cellular 
structures were stained differentially and in general, 
weak staining was determined. The morphology of 
the collagen fibers is well preserved and optimal 
staining is achieved with MT stain (Figure 3I-J). 
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Table 1. Fixatives, application times and post-fixation procedures. 

 
 
 
 
Table 2. Fixatives and their contents. 

Contents  
 
Fixatives  
 

 Bouin’s Carnoy’s  NBF Davidson’s Dietrich’s 

Formaldehyde 250 ml ----- 100 ml 250 ml 100 ml 
Acetic acid 750 ml 100 ml ----- 125 ml 20 ml 
Picric acid 50 ml ----- ----- ----- ----- 
Chloroform ----- 30 ml ----- ----- ----- 
Ethanol (95%) ----- 600 ml ----- 375 ml 300 ml 
Distilled water ----- ----- 900 ml 375 ml 580 ml 
Sodium dihydrogen phosphate, 
monohydrate (NaH2PO4 * H2O) 

----- ----- 4 g ----- ----- 

Disodium hydrogen phosphate, 
anhydrous (Na2HPO4) 

----- ----- 6,5 g ----- ----- 

 

 
 

Figure 1. H&E staining scores with used different fixatives. 

 
Fixatives  
 

 Bouin’s Carnoy’s  NBF Davidson’s Dietrich’s 

Fixation & other application times 12 h 2 h 48 h 24 h 24 h 

Post-fixation 
applications 

 50% Ethanol 
3 changes  
in 12 h 

----- ----- ----- ----- 

 70% Ethanol 
3 changes  
in 12 h 

----- ----- ----- ----- 

100% Ethanol 
----- 

 
12 h ----- ----- ----- 
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Figure 2. MT staining scores with used different fixatives. 
  

Figure 3. Histology of zebrafish gill tissues, X400 magnification. Bouin’s solution fixed and 
H&E (A) and MT (B) stained tissue sections. Carnoy’s solution fixed and H&E (C) and MT (D) 
stained tissue sections.  NBF fixed and H&E (E) and MT (F) stained tissue sections. Davidson’s 
solution fixed and H&E (G) and MT (H) stained tissue sections. Dietrich’s solution fixed and H&E 
(I) and MT (J) stained tissue sections. Er: Er: erythrocytes, PL: primary gill lamellae, SL: secondary 
gill lamellae, LEC: Lamellar epithelial cells, PC: Pillar cells, CF: Collagen fibers. 
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DISCUSSION 
 
Tissue and cellular structures can be examined 
anywhere on the entire slide. Ideally, any methods 
used to achieve this would minimize the occurrence 
of an artifact. Any artifact that may be formed in the 
tissues, by accidental or during tissue processing will 
lead to deviations in the histological appearance and 
inaccurate evaluations (Copper et al. 2018). For 
example, many investigators have reported similar 
histological findings in fish organs exposed to 
environmental pollutants or in fish exposed to 
waterborne diseases (Miki et al. 2018). In this sense, it 
can be more useful to use appropriate fixation and 
staining techniques to facilitate differential diagnosis. 
For this reason, it is necessary to idealize the staining 
quality by standardizing the fixation techniques with 
the tissue staining methods.  
 
Histological preparation of gill tissue samples forms a 
fixed specimen that will slightly reduce over time and 
can be examined under the microscope and captured 
images. With this ideal in opinion, we aimed to 
improve and compare methods used in histological 
preparation of zebrafish gill tissue samples. In this 
study, it was observed satisfactory procedures for 
fixation and staining of gill tissues. 
 
In large fishes, organ or tissues are dissected 
separately and immerses into the fixative. But, in 
small fishes such as himedaka or zebrafish, whole 
bodies of fish immersed directly into the fixative. It is 
well known that fish tissues are quickly reduced with 
autolysis after death, and therefore, the key to 
successful fixation is how rapidly they can inactivate 
endogenous enzymes than governs autolysis. 
Researchers (Speilberg et al. 1993, Doaa and Hanan 
2013) have observed defective fixation of tissues such 
as the liver, intestine, and brain when whole bodies of 
fish are immersed in 10% formalin. Therefore, they 
recommended the use of rapidlyt permeable fixatives, 
such as NBF and Davidson’s solutions, for fish 
fixation. Beyond the zebrafish researchers, we have 
observed a number of findings for the purpose of 
experiments that will extend to common model 
system researchers. Thus, as a result of the use of 
Bouin’s,  NBF, Carnoy’s, Davidson’s and Dietrich’s 
fixatives, gill tissue morphology and histological 
staining findings were evaluated comparatively. All 
fixatives used in this study provided successful 
fixation, but showed different effects on histo-
morphological structure and H&E and MT staining 
reactions. 
 
It has been reported that gill filaments and gill 
lamellae with well-preserved structures were observed 
in fish fixed with only 20% formalin solution. On the 
other hand, it was observed that detached of the 
epithelium from the capillary, and artifactual spaces 
formed in the gill lamellae in fish fixed with the 

Bouin’s or Davidson’s solution only for 6 h. Also, it 
was noticed that the gill structure poorly separated 
and the gill filaments and lamellae were not seen so 
clearly in the tissue samples which were fixed only 
with Davidson’s solution. It has been determined in 
the fish tissues fixed with Bouin’s solution for 5 h 
after 20% formalin solution fixation for 1 h at 4°C, 
gill filaments and gill lamellae with almost well-
preserved structures. Also, epithelium lifting has been 
prevented in fish fixed with Davidson’s solution for 5 
h after 20% formalin solution fixation for 1 h at 4°C, 
the gill filaments and lamellae was poorly separated 
(Miki et al. 2018). 
 
It has been reported that various fixatives such as 
Bouin’s, NBF, Carnoy’s, Dietrich’, Davidson’s, 
Zenker and Alcohol derivatives are used in the 
fixation of some tissues of zebrafish and it was 
determined that different fixation applications 
resulted in different staining results in histological 
examinations (Bird et al. 2012, Fournie et al. 2000, 
Peterson et al. 2013, Grunow et al. 2015, Copper et 
al. 2018). Fixatives containing acetic acids such as 
Bouin’s, Carnoy’s, Davidson’s, and Dietrich’s have 
been reported to cause erythrocyte lysis but NBF 
inhibits the lysis of erythrocytes. Fixatives other than 
NBF have been reported to cause denaturation and 
clotting of proteins and nucleic acids in tissues due to 
dehydration and hydrogen bonding due to acetic acid 
and alcohol (chloroform in Carnoy’s) (Peterson et al. 
2013). It was reported that Davidson's solution 
penetrates rapidly and effectively, while Dietrich's 
solution leads to less shrinkage and deterioration 
(Dietrich and Krieger 2009, Peterson et al. 2013). In 
our study, except for  NBF, there was lysis in 
erythrocytes in all of the fixatives used, and 
furthermore, this supported the well-preserved 
morphology in Bouin's solution and NBF-fixed gills. 
In a research, some problems have been identified in 
the preparation of histological samples of zebrafish 
tissues. The first is the differential tissue shrinkage 
that follows the gaps between tissues that cannot be 
obtained in live fish. It was proposed that shrinkage 
may be associated with differences between the 
solution and tissue osmolality and the required 
experiments. In addition, in some juvenile and adult 
fish, it was observed that the internal organs were 
inadequate fixed and resulted in tissue degeneration 
(Copper et al. 2018). In our study, depending on the 
used fixative types, H&E and MT staining reaction 
scores showed some differences in samples in the 
same experimental groups. It can be said that these 
differences may be due to manual staining technique 
in histopathological examination of gill tissues. In 
H&E staining, Carnoy's solution has been found to 
provide a more severe nuclear staining, which is 
thought to be due to the agglutination of nucleic 
acids. In addition, it was found that the most ideal 
H&E staining was with  NBF and the other fixatives 
produced different intensities. Bouin’s, Carnoy’s and 
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Davidson’s solutions showed strong cytoplasmic 
staining with eosin. Dietrich's solution was inadequate 
for H&E staining and was generally weaker than 
other fixatives. 
 
Although similar good staining results were obtained 
in the MT staining of tissues fixed with  NBF and 
Carnoy’s solution (Peterson et al. 2013), in our study, 
the most ideal MT staining density was observed in 
Dietrich's solution. Carnoy's and Davidson's solutions 
have been shown to provide an even density in MT 
staining. Bouin's solution has been reported to be the 
ideal fixative for MT staining (Singhal et al. 2016). 
However, in our study, Bouin's solution did not give 
the ideal results for MT staining in zebrafish gill 
tissue.  

 
CONCLUSIONS 

 
As a result, fixation applications using different 
fixatives made various effects on H&E and MT 
staining techniques in gill tissue of zebrafish. Gill 
tissue morphology was optimally protected by 
Bouin's solution and  NBF solution, whereas H&E 
staining showed optimal results with  NBF, also MT 
staining showed ideal results with Dietrich’s solution 
fixation. Bouin fixative did not allow the shrinkage of 
the gill tissue, minimal formalin pigment formation, 
and enabled cellular morphological details to be seen 
even in the gill with complex morphology. 
Eosinophilic and basophilic cellular structures were 
clearly stained in a differential manner and generally 
ideal H&E staining was identified in  NBF fixation. 
Furthermore, the structure of collagen fibers is well 
preserved and optimal staining is achieved by MT 
staining technique in Dietrich’s solution fixation. 
Considering the preservation of gill tissue 
morphology and H & E and MT staining methods, 
other fixative solutions have several disadvantages.  
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