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ABSTRACT 

Objectives: These is to determine whether tissues cleared and dewaxed with bleached palm oil at 60
O
Care same 

with the xylene-produced counterparts in respect of transparency, production of serial sections and quality of 

histological staining as well as determine whether bleached palm oil is a cheaper and health and environmental safer 

substitute for xylene. 

Materials and Methods: Fifteen sets of tissues removed from a bird were divided into 2 experimental groups (n=15) 

labeled A and B. Group A tissues were processed with xylene as clearing agent and dewaxing agent in routine 

paraffin wax method while Group B tissues were processed with bleached palm oil at 60ºC as clearing and 

dewaxing  agent. Sections in both groups were stained using Cole Haematoxylin and Eosin Staining Method.  

Results: The results showed minor differences between the tissues cleared and dewaxed in bleached palm oil at 

60
O
C and the xylene counterparts in terms of transparency, production of serial sections and quality of histological 

staining. The differences were not statistically significant (P>0.05). 

Conclusion: Thus, bleached palm oil-processed tissues were as good as the xylene-processed tissues and can 

conveniently be a safe, economical, and locally produced substitute for xylene. 

Keywords: Xylene, Bleached Palm Oil, Clearing agent, Dewaxing agent, Substitute, Toxicities. 

1. INTRODUCTION 

Xylene is one of the routinely used chemical in histology and pathology laboratories because of its vital role in the 

paraffin wax tissue processing method. It is mostly used as clearing agent during tissue processing and as dewaxing 

agent during staining. Other uses are in coverslipping, in cleaning tissue processors, as solvent to remove synthetic 

immersion oil from the microscope objective and in recycling of used slides 
1, 2, 3

. However, several toxicities 

believed to be caused by intermediate products of xylene metabolism such as metylbenzaldehyde have been 

reported. These include central nervous system disorders, respiratory depression, abdominal pain, dryness and 

redness of skin, dermatitis, liver diseases, nephrotoxicity, conjunctivitis, and teratogenic and fetotoxic effects 
2,4

. 

These are in addition to environmental pollution from unsafe disposal of xylene 
4 

.These have led to its substitution 

with other less-toxic substitutes such as limonene reagents 
2
, mineral oil mixtures 

5
, 1.7% dish washing solution 

1
, 

vegetable oils 
6
, and coconut oil 

7,8
. Though these substitutes exist, their availability in commercial quantities in 

developing countries has hampered their use. But bleached palm oil promises to be widely available and safe 
substitute. This study is designed to establish whether the use of bleached palm oil at 60

O
C as a clearing agent 

during tissue processing and as a dewaxing agent during staining has any effect on the transparency, production of 

serial sections, and quality of histological staining as compared with the xylene-produced counterparts. 

2. MATERIALS AND METHODS 

A healthy bird was bought in Watt Market, Calabar and kept in the animal room of the Department of Anatomy, 

University of Calabar to acclimatize for one week. The bird was sacrificed using chloroform inhalation method in 

compliance with the institution’s ethical committee. Fifteen different tissues were removed namely aorta, heart, 

liver, gall bladder, brain(cerebral cortex), kidney, skin, skeletal tissue, gizzard, cloaca, proventriculus, large 
intestine, spleen, trachea and lungs and were processed for histological studies. 

Each of the fifteen tissues removed from the bird were cut  in pairs, assigned identification numbers 1-15 and 

divided  into 2 experimental groups labeled A and B. The tissues were fixed in 10% buffered formalin for 48 hours. 

Group A tissues were processed with xylene as clearing agent in routine paraffin wax method while Group B tissues 
were processed with bleached palm oil as clearing agent. 
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After fixation, group A tissues were dehydrated through ascending grades of alcohol (70%, 90%, 95%, absolute 1, 

absolute 2 and absolute 3) for 1 hour in each change. Dehydrated tissues were dealcoholized (cleared) by using two 

changes of xylene, xylene 1 for 45 minutes and xylene 2 for 30 minutes. The cleared tissues were infiltrated in two 

changes of molten paraffin wax (wax 1 for 1 hour and wax 2 for 1 hour 30 minutes). Embedding was done in molten 

paraffin wax using plastic disposal cassettes and allowed to solidify before microtomy. Tissue blocks were all 

sectioned at 4 µm with a rotary microtome; sections were floated in a warm water bath and each picked in pairs on 

albuminized glass slides 
9
. 

Before staining, the slides were dewaxed in xylene for 15 minutes, passed through descending grades of ethanol 

(absolute, 95%, 90%, 70%) and rinsed in water. Hydrated sections were stained in Cole’s haematoxylin solution for 

10 minutes and rinsed in water. The sections were counterstained in 1% eosin solution for 1 minute, rinsed in water, 

air dried and mounted in DPX 
10, 11

. The stained slides were viewed with a low power (100X) and high power 

(400X) magnification of a light microscope and photomicrographs were made using a Bresser LCD microscope 

(Meade instruments, Germany) connected to a computer.. 

However, after fixation, group B tissues were dehydrated through ascending grades of ethanol (70%, 90%, 95%, 

absolute 1, absolute 2 and absolute 3) for 1 hour in each change. Dehydrate tissues were dealcoholized (cleared) by 

using two changes of bleached palm oil at 60
O
C for 1 hour each. The cleared tissues were infiltrated in 2 changes of 

molten paraffin wax (wax 1 for 1 hour and wax 2 for 1 hour 30 minutes). Embedding was done in molten paraffin 

wax using plastic disposable cassettes and allowed to solidify before microtomy. Tissue blocks were all sectioned at 

4 µm with a rotary microtome; sections were floated in a warm water bath and each section picked in pairs on 

albuminized glass slides. 

Before staining, the sections were dewaxed in pre-warmed bleached palm oil at 60
O
C for 15 minutes. The slides 

were stood upright for 1 minute to drain off excess oil and rinsed in 2 changes of 1.7% dish washing solution pre-

warmed at 60
O
C for 10 minutes each to degrease the sections before rinsing in water. Hydrated sections were stained 

in Cole’s haematoxylin solution for 10 minutes and rinsed in water. The sections were counterstained in 1% eosin 

solution for 1 minute, rinsed in water, air dried and mounted in DPX 
10, 11

. The stained slides were viewed with a low 

power (100X) and high power (400X) magnification of a light microscope and photomicrographs were made using a 

Bresser LCD microscope (Meade instruments, Germany) connected to a computer. 

During tissue processing in both groups, macroscopic observation based on transparency of tissues after clearing 

was done. Also, sectioning test was performed to assess the quality of sections produced during microtomy in both 

groups. 

3. RESULTS 

The transparency and sectioning tests are shown in Table 1. The macroscopic observation showed that after clearing, 

100 % of tissues in group A were found to be transparent as compared with 93.3% in group B. In the sectioning test 

performed, easy microtomy with serial sections was observed in 100% of group A as compared with 73.7% 

observed in group B where the sections came out singly. 

Microscopy of each pair of stained slides using a light microscope and photomicroscope for the histological study 

gave these results; Table 2 showed normal nuclear staining in 100% of sections in group A and in 100% of sections 

in group B. Normal cytoplasmic staining was observed in 100% of sections in group A as well as in 100% of 

sections in group B [Table 2]. Based on clarity of staining of histological details, clarity was observed in 93.3% of 

sections in group A as compared to 86.7% observed from sections in group B [Table 3]. Also distortion of glandular 

tissue and muscle fibres was absent in 93.3% of sections in group A as compared to 80% of sections in group B 

[Table 3]. When the total score based on the macroscopic observation and histological study  for each tissue was 

added, group A showed 97.8 % level of adequacy in all parameters tested while group B showed 88.9 % level of 

adequacy at P>0.05, t=0.964 [Table 4]. 

4. DISCUSSION  

Routine paraffin wax tissue processing requires dehydration, clearing (de-alcoholization), infiltration, and 

embedding. After microtomy, sections are further dewaxed and hydrated before staining. In this study, tissues were 

processed in parallel with xylene and bleached palm oil at 60
o
C as clearing agent and dewaxing agent respectively. 
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The result obtained after analysis showed that in the macroscopic observation, 93.3% of palm oil-processed tissues 

appeared transparent after clearing as compared with 100% of the xylene-processed blocks [Table 1]. This indicates 

that bleached palm oil has similar clearing properties like xylene. This may be attributed to a number of factors. 

During clearing, bleached palm oil with a refractive index of 1.455 at 50
O
C, closer to that of tissue proteins (varying 

between 1.33-1.4) infiltrates the intercellular spaces of tissues. This leads to reduction in the light scattering 

properties and increase in optical clearance of the tissue making them appear transparent 
9, 12

.  

 In addition, 
13

 had mentioned that clearing is enhanced when the tissue fats are dissolved. In this study, because 

bleached palm oil does not dissolve tissue fat like xylene does 
14

, the increase in temperature to 60
O
C aided the 

tissue fats to dissolve before being displaced by the bleached palm oil ensuring the clearing of tissues. Moreover, the 

increase in temperature increased the kinetic energy of the molecules and rate of diffusion, with a corresponding 

decrease in viscosity 
15

. This ensured that the alcohol diffused out of the tissues allowing penetration of the bleached 

palm oil.   

 The clearing agent employed during tissue processing has effect on the ease of section cutting and on the final 

quality of the sections produced 
9
. In the sectioning test, easy microtomy with good serial sections was observed in 

73.3% of the bleached palm oil-processed tissues as compared with 100% in the xylene-processed tissues [Table 1].  

Thus bleached palm oil was found to produce good serial sections. The 26.7% of tissues that were difficult to 

section were found to be fibrous in nature which might have been incompletely clear, thereby affecting microtomy. 

This is in line with findings stating that fibrous tissues pose difficulties during sectioning due to their heterogeneous 

nature as a result of differential shrinkage of the various elements during fixation and tissue processing 
13

. This 

suggests that such tissues may require prolong exposure time in bleached palm oil to achieve complete clearing. 

In testing the staining quality of the sections, 4 different criteria were used namely: nuclear staining, cytoplasmic 

staining, clarity and tissue distortion [Table 3 and 4]. The nucleus was stained using Cole’s haematoxylin method 
16

.This is a progressive staining technique which selectively stains the nucleus at very acidic P
H
 (2.0-3.0) without 

requiring differentiation. At this P
H
, the haematoxylin-mordant complex becomes positively charged having affinity 

for the negatively charged phosphoric acid residues of nucleic acids in the nuclei to form a strong covalent bond 

staining of nuclei 
17

. Thus, the palm oil-processed sections allowed excellent nuclear staining as 100% adequacy was 

observed similar with the 100% also seen in the xylene-processed tissues [Table 3].  

Also, the cytoplasm of the sections were showed clarity of staining as observed in 100% of the bleach palm oil- 

processed sections similar with 100% seen in the xylene-processed tissues [Table 3]. The cytoplasm was stained 

with eosin, an acidic dye which stains the basic components of the cytoplasm 
17

. This result obtained from the clarity 

of staining of nuclear, cytoplasmic and histological details (Table 4, Plate 1,2,3,4) is attributed to the ability of 

bleached palm oil at 60
o
C to dewax (de-paraffinize) the sections allowing the penetration of stains during staining. 

Two factors may contribute to this result. First, at 60
O
C, paraffin wax becomes molten and is displaced by the 

bleached palm oil through diffusion in line with  Fick’s Law which states that, the rate of solution diffusion through 

tissues is proportional to the concentration gradient (the difference between the concentrations of the fluids inside 

and outside the tissue) 
15

.  In addition, the use of 1.7% dish washing soap solution at 60
O
C for degreasing the 

sections after dewaxing in bleached palm oil contributed to clarity of staining observed. First, at 60
O
C, the viscosity 

of bleached palm oil is reduced to 16.93 mPas from 77.19 mPas at 25
O
C 

18
. This increased the fluidity of the 

bleached palm oil and allowed its easy emulsification and removal by the soap solution. During emulsification, the 

soap forms an interface (micelle) between the water and oil resulting in gradual dissolution of the oil into water 
19

.There was no observable changes attributed to 1.7% dish washing soap solution on the histology and quality of 

staining of the tissues since it has been used as a dewaxing solution at 90
O
C to replace xylene during staining 

1
. 

However, 13.3% of the bleached palm oil-processed tissues, mostly fibrous, showed faint staining (Table 4). This 

may be attributed to the decrease porosity of fibrous tissues resulting in poor penetration 
15

 of the bleached palm oil, 

suggesting the need to increase the duration of exposure for hard tissues. Also, in Table 4, tissue distortion was 

observed in the bleached palm oil- processed sections, 20% as compared with 6.7% of the xylene-processed ones. 
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This difference might be attributed to the temperature difference between the two techniques. The bleached palm oil 

and 1.7% dish washing soap solution were used at 60
O
C for clearing, dewaxing and degreasing. These distortions 

were observed in the glands of glandular tissues though their connective tissues were intact. This suggests the effect 

of heat on the distorted glands 
9 , 15

. 

 When all scores from all the parameters assessed were summed, 88.9% of the bleached palm oil- processed sections 

were found to be adequately processed and stained as compared with 97.8% of the xylene- processed sections [Table 

5, Plate 1]. The result was not statistically significant (t=0.964 at P>0.05). This indicates that there is no difference 

in the quality between the bleached palm oil-processed and the xylene-processed tissues in terms of tissue 

transparency, production of serial sections and clarity of histological staining. This is in agreement with 
14  

who 
concluded that, substitution of xylene with a mixture of ethanol, isopropanol and mineral oil at 45

O
C and 50

O
C 

under vacuum pressure produce good sections and stained slides like the xylene-processed counterparts (X
2
=3.74; 

P>0.10). In addition, 
20

 found that xylene-free sections were ranked as good as or better than their conventional 

xylene-processed counterparts in 74% of the comparisons and poorer in 26%. In a related study substitution of 

xylene with 1.7% dish washing aqueous solution at 90
O
C in dewaxing sections, showed that 90% of xylene- and 

methanol- free H&E stained sections were found to be adequate for diagnosis as compared with 88.33% of the 

conventional xylene-processed stained sections 
1
. Finally, vegetable oils (coconut and olive) were found to be 

suitable substitutes for xylene during clearing and dewaxing stages. The oil-processed tissues were not less suitable 

in any case when compared with the xylene-processed counterparts. This conclusion was reached after a 

comparative study on 232 tissues using histological, histochemical and immunohistochemical stains were carried out 
6
. These findings justify the result obtained from this study showing that bleached palm oil-processed tissues are as 

good as the xylene-processed tissues. 

 During the study, exposure to xylene was further reduced by allowing the stained slides to air dry before 

coverslipping, thereby eliminating the need for dehydration in alcohol and clearing in xylene before mounting. Also 

all slides were stained in pairs to increase the accuracy of the results obtained. 

5. CONCLUSION 

This study shows that substitution of the conventional xylene with bleached palm oil as a clearing agent during 

tissue processing and as a dewaxing agent during staining gives good tissues, sections and histological slides. In 

addition, bleached palm oil is nontoxic, nonhazardous, nonflammable, biodegradable, economic, easy to handle, and 

readily available. It is therefore necessary for histology and pathology laboratories in developing countries to 

incorporate bleached palm oil into their routine tissue processing. 

 

 

 

 

 

 

 

 

 

TABLE 1: Showing adequacy of transparency and sectioning test in xylene and bleached palm-oil processed tissues 
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Transparency        Group A:xylene-processed(n=15)        Group B:bleached palm oil-processed(n=15) 

Adequate                      15(100%)                                             14(93.3%) 

Inadequate                     0(0%)                                                     1 (6.7%) 

Sectioning test        Group A:xylene-processed(n=15)        Group B:bleached palm oil-processed(n=15) 

Easy                            15 (100%)                                               11 (73.3%) 

Difficult                        0 (0%)                                                     4 (26.7%) 

 

 

Table 2: Showing adequacy of nuclear staining and adequacy of cytoplasmic staining in xylene and bleached palm-oil 

processed tissues  

Nuclear staining           Group A:xylene-processed(n=15)     Group B:bleached palm oil-processed(n=15) 

Adequate                                              15(100%)                                                             15(100%) 

Inadequate                                              0(0%)                                                                   0 (0%) 

Cytoplasmic staining   Group A:xylene-processed(n=15)    Group B:bleached palm oil-processed(n=15) 

Adequate                                               15(100%)                                                            15(100%) 

Inadequate                                              0(0%)                                                                  0(60%) 

 

Table 3: Clarity of histological details and tissue distortion in xylene and bleached palm-oil processed tissues 

Clarity                  Group A:xylene-processed(n=15)        Group B:bleached palm oil-processed(n=15) 

Present                       14(93.3%)                                             13(86.7%) 

Absent                        1(6.6%)                                                   2 (13.3%) 

Distortion            Group A:xylene-processed(n=15)        Group B:bleached palm oil-processed(n=15) 

Absent                       14(93.3%)                                                12(80%) 

Present                        1(6.7%)                                                    3 (20%) 

 

 

 

Table 4: Summary of findings in xylene and bleached palm-oil processed tissues 
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Summary     Group A:xylene-processed   Group B:bleached palm oil-processed   t-score      „P‟-value 

                                       (n=90)                                                  (n=90) 

Adequate                      88(97.8%)                                           80(88.9%)                        0.964        >0.05 

Inadequate                    2(2.2%)                                              10(11.1%) 

 

                                   V                                                                                             V 

             

A: Liver (xylene-processed)                                                B: Liver (bleached palm oil-processed) 

 

                         M                             G                                  G                                           M 

        

 C: Cloaca (xylene-processed)                                              D: Cloaca (bleached palm oil-processed) 

Plate 1: Photomicrograph showing clarity of nuclear staining, cytoplasmic staining, and histological details of    liver  

and cloaca. (V- central vein, M-muscle, G-gland). H&E x100 
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E                                                                                                                                                E 

   

 A: Aorta(xylene-processed)                             B: Aorta(bleached palmoil-processed) 

AS                                                                                                                                AS 

    

    C:Lungs (xylene-processed)                        D:Lungs (bleached palm oil-processed)  

  Plate 2: Photomicrograph showing clarity of staining of aorta and lung tissue. (E-epithelium, AS-alveolar sac)  H&E 

X100   

 

 

 

 

 

 

                 E                                                                                                      E   
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D     D 

      A: Skin (xylene-processed)                            B: Skin (bleached palm oil-processed) 

                           H                                                                                       H 

           

      C: Trachea (xylene-processed)                                D: Trachea (bleached palm oil-processed) 

 

Plate 3: Photomicrograph showing clarity of histological details of skin and trachea (E-epidermis, D-dermis, H-hyaline 

cartilage) H&E X100 
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                                           G                                                                     G 

    

A: Proventriculus (xylene-processed)                                B: Proventriculus (bleached palm oil-processed) 

 

   

C: Cerebrum (xylene-processed)                                    D: Cerebrum (bleached palm oil-processed) 

 

Plate 4: Photomicrograph of proventriculus and cerebrum of brain showing adequacy of nuclear and cytoplasmic 

staining (G-gland) H&E X100 
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