
Med J Malaysia Vol 78 No 1 January 2023                                                                                                                                                     97 

ABSTRACT 
Introduction: Since constant long-term exposure to 
formaldehyde endangers the health of laboratory personnel, 
sugar-based natural products have become interesting 
alternative fixatives to formaldehyde because of their 
preservative and antibacterial properties. However, there are 
controversial findings on the fixative effects of natural 
fixatives. This study systematically reviews the evidence 
comparing natural fixatives’ types, dilutions, fixative 
properties and staining quality in normal tissues and 
histopathological specimens.  
 
Materials and methods: A comprehensive search was 
performed for studies comparing the natural fixatives- and 
formaldehyde-fixed tissues using databases from inception 
to January 2022: PubMed, Ovid Medline and Google Scholar. 
Two independent reviewers did data extraction. The data 
were pooled for the type of natural fixatives, their 
concentrations and fixative qualities compared to 
formaldehyde.  
 
Results: Fifteen studies were included in this systematic 
review. Nine studies used one natural fixative with different 
dilutions, while six used several natural fixatives to compare 
their fixative properties with formaldehyde. The most used 
natural fixative was honey (n = 12) followed by jaggery (n = 
8), sugar (n = 3) and others (n = 1). Honey showed the most 
promising results in fixation and staining, which are 
compatible with formalin. Jaggery and sugar also showed 
the possibility of replacing formaldehyde in tissue fixation 
and staining in smaller tissue samples.  
 
Conclusion: Natural fixatives showed promising results in 
tissue fixation. However, optimising the concentrations and 
conditions of natural fixatives is difficult because of the 
different chemical constituents and production steps. More 
comprehensive studies are necessary for application.  
 
KEYWORDS:  
Natural fixatives; sugar-based fixatives; honey fixatives; 
histopathological practice 
 
 
INTRODUCTION 
Fixation is a crucial step in any histopathology setting. 
Fixation allows tissue sections to be studied microscopically 

by preserving tissues and preventing bacterial putrefaction or 
autolysis.1 Discovered in the 18th century, formaldehyde is 
used as a gold standard fixative in routine histopathology, 
with excellent preservative properties. Antiseptic and 
antiperspirant features were also observed in formalin, 
encouraging its use in anatomical and histological settings.2 

As formalin is cost-effective and highly efficient, there is 
hardly a need to seek an alternative to the ‘gold-standard’ 
fixative.3 Despite its benefits, formalin has been known for 
many years as a potent irritant of the skin and nasal cavity, 
and it is cytotoxic at high doses. It is considered a carcinogen 
for nasopharyngeal,4 and lymphatic and haematopoietic 
cancers, including leukaemia.5 Due to its hazardous nature, 
numerous natural fixatives have been studied to seek an 
alternative to formalin fixatives. The Occupational Safety 
and Health Administration (OSHA) has greatly encouraged 
ongoing research to look for a safer and eco-friendly 
replacement to formalin fixatives.6  
 
Natural products such as honey, sugar and jaggery have 
preservative properties.7 Natural fixatives are low-cost, non-
toxic and eco-friendly, making them suitable for routine 
laboratory usage.6,8 Honey has antibacterial and dehydrating 
properties.9-11 Anti-autolysis and tissue hardening qualities 
were also highlighted in the use of honey.9 In addition, 
scientific studies have proven that natural fixatives can 
preserve tissue morphology similarly to formalin with no 
interferences to routine processing and staining.6  
 
As theorised based on the study made by Patil et al., fructose 
present in natural fixatives creates a low pH environment 
which would result in a breakdown process to form aldehydes 
which then cross-link with tissue amino acids present for 
tissue fixation to occur. This possible fixation mechanism is 
similar to the action of formaldehyde, providing evidence 
that natural fixatives can be used as an alternative to 
formalin.7,12  
 
A study conducted by Chittemsetti et al. compared the 
fixative ability of both khandsari and jaggery, sugar cane 
derivatives. Their results showed that tissue sections fixed in 
khandsari provided promising results regarding cytoplasmic 
staining, nuclear details and staining quality. This 
demonstrates that natural fixatives can replace the use of 
formalin.13 There are several studies regarding alternative 
fixatives, and some of them showed promising results. 
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However, formaldehyde is still used in daily clinical practice 
because most studies’ results are obscure and conflicting and 
need robust research. 
 
In modern health care, systematic reviews are used to 
appraise evidence, and information policy, construct 
guidelines and assess the cost-effectiveness of interventions.14 
This systematic review aims to elucidate the spectrum of 
natural fixatives and their efficacy in tissue preservation. 
With scientific evidence, this study can establish safer, eco-
friendly natural fixatives alternatives to formaldehyde. 
 
 
MATERIALS AND METHODS 
Literature Search 
The search strategy followed the Cochrane guidelines, 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA), for systematic review.14 The articles 
included in this review were extracted from PubMed, Ovid 
Medline and Google scholar databases, and backreferences of 
the articles till 31st March 2021. The internet search was also 
done to enhance the inclusion of the relevant articles. The 
studies which assessed and compared the efficacy of natural 
fixatives, such as honey, sugar, cane and khandsari, were 
included in this study. The titles and abstracts of articles were 
systematically screened by two independent researchers at all 
stages and identified eligible studies. The search included 
terms (‘natural fixatives’ OR ‘sugar fixatives’ OR ‘honey 
fixatives’ OR ‘Jaggery fixative’ OR ‘sugar cane fixatives’ OR 
‘khandsari fixatives’) AND (‘tissue morphology’) AND 
(‘nucleic acid’ OR ‘DNA’ OR ‘RNA’) AND (‘protein’). In 
addition, an internet search was also done using the above-
mentioned keywords. 
 
Study Selection 
Studies were included if: (1) they were original studies that 
evaluated the use of natural fixatives in tissue samples (both 
human and animal) as an alternative to formaldehyde; (2) 
they were published in English. Studies were excluded if (1) 
they were review articles, case reports, case series, conference 
abstracts, editorials, letters to the editor and commentaries; 
(2) they were published in languages other than English. 
 
Two independent authors (AYWL and PSO) screened titles 
and abstracts of all collected articles and then evaluated the 
full text of studies that met inclusion criteria. A third author 
(SNA) resolved disagreements at both screening stages. 
Eligible articles were included based on the pre-specified 
criteria, and references were screened to retrieve additional 
studies.  
 
Quality Assessment of Included Articles 
All studies were evaluated for quality assessment with NHLBI 
Study Quality Assessment Tools. The credibility of the 
knowledge produced, and the product’s usefulness 
determined the quality of the evidence recorded. 
 
Data Extraction 
Extracted data included the name of the first author, 
publication year, country of the study, tissue type, fixative 
type, morphological analysis and protein and nucleic acid 
(DNA/RNA) level. One reviewer (AYWL) extracted the data 
and confirmed it by an independent reviewer (PSO). 

RESULTS 
Study Selection Process 
Initially, 468 studies were recovered from three databases 
(PubMed: 295, Ovid Medline: 83, google scholar: 90). A total 
of 450 articles were excluded based on the exclusion criteria 
by screening the title and abstract. A total of 18 relevant 
articles were collected after excluding the duplication. Three 
articles were added from the google search. After reviewing 
full articles, six were excluded, as formaldehyde was not used 
as a control experiment, lacked histological analysis, 
deviated from standard tissue processing, or had incomplete 
result interpretation. Fifteen articles were finalised to review; 
data were collected and tabulated from each article, and 
results were verified and interpreted (Figure 1).  
 
Study Characteristics  
The present review included the studies published between 
2008 and 2021. Based on geographical location, nine studies 
were from India, two from Oman and one from Nepal, 
Nigeria, Thailand and Turkey. All articles described the 
results of cross-sectional studies (Table I, Figure 2).  
 
Nine studies (60%) tested the natural fixatives in human 
samples, while 6 (40%) studies used animal samples. Human 
tissue samples included oral mucosa, gingiva, lymphoid, 
salivary gland, fat, muscle, skin, endometrium, breast, 
placenta, uterus, omentum, suprarenal gland, stomach, 
lung, etc. Animal samples included the liver, kidney, brain, 
lung, heart, intestines, stomach, spleen, tongue, buccal 
mucosa, and brain. Sample sizes are from n = 5 to n = 90. 
One study did not mention the sample size. Eleven studies 
tested the fixation for up to 24 hours; two studies tested 24 to 
72 hours, and two studies tested for a duration of stability of 
up to 6 months. Thirteen studies were conducted at room 
temperature except for milk, but two papers did not mention 
the temperature. Table I illustrates the studies’ (n = 15) 
characteristics. 
 
Natural Fixatives Used in Studies 
Six out of 15 studies used more than one natural fixative in 
each study,7,13,15-18 while nine used one fixative with different 
concentrations or diluted in different solutions.6,8,12,19-24 The 
natural fixatives used in the studies were honey, jaggery, 
sugar and khandsari sugar, and their fixative efficacy 
excelled compared to formalin-fixed control specimens. Milk 
and ice were used as transport media as well. Twelve out of 
15 studies included honey as a natural fixative alternative to 
formalin. The second most studied natural fixative was 
jaggery (n = 8) which is followed by sugar (n = 4) and other 
fixatives like milk or ice (n = 1) (Figure 3).  
 
Different grades of commercial honey were used in the 
studies and were prepared with distilled water (DW), neutral 
buffer and ethanol. Dilutions from 1% to 100% were used in 
the studies.  
 
Natural Fixatives in Tissue Fixation 
Five out of 15 studies described gross fixation or changes 
during tissue microtoming (Table II). Chittemsetti et al. 
described the tissue folding and difficulty in preparing the 
sections,13 but other studies revealed the brownish 
discolouration of fixed tissues by jaggery without interfering 
with histological findings.6,7 For longer fixation time, Inyang 
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and Udonkang described that 20% and 50% of honey showed 
poor fixation after 72 hours, while 70%, 90% and 100% 
revealed good preservation for up to 6 months.21  
 
Honey as an Alternative Fixative in Histopathology 
Eleven out of 15 studies examined the histological features of 
tissues by Haematoxylin and Eosin (H&E) staining alone 
(Figure 3). One study examined the histological features of 
tissue by special stains19, and three studies used both H&E and 
special stains.18,20,23  
 
Four studies used 10% honey to determine the histological 
analysis by H&E staining in rat tissues (liver, kidney and 
stomach) and human tissues (oral mucosa, endometrium, 
breast, placenta, uterus, omentum, suprarenal, stomach and 
lung).8,12,20,23 The nuclear and cytoplasmic staining by H&E 
revealed a similar demonstration to that of formalin-fixed 
tissues. However, Lalwani et al. revealed more artefacts in 
processed and unprocessed honey-fixed tissues compared to 
formalin-fixed tissue samples. Out-of-focus areas and 
hyalinised tissues were reported in Lalwani’s and Srii’s 
studies8,12 (Table II). 
 
Six studies used 20% honey to demonstrate the histological 
feature by H&E staining. 20% honey-fixed tissues revealed 
good nuclear details and staining quality after 24 hours of 
fixation. However, after 6 months of fixation, cellular and 
nuclear clarity were decreased in 20% honey-fixed tissues 
compared to 10% formalin-fixed tissues. Cellular and nuclear 
shrinkage was also observed in H&E staining. The connective 
tissue staining by PAS and Mason Trichrome stains also 
revealed adequate but not optimal.18 Even though other 
researchers stated that a higher concentration of honey 
caused tissue shrinkage, a higher concentration of honey 
(50%-100%) was used in two studies. The nuclear and 
cytoplasmic staining revealed similar staining qualities of 
formalin-fixed tissues.21,24 Sabarinath et al.24 reported 
connective tissue homogenisation and background staining 
in honey-fixed tissues (Table II).  
 
In the case of tissue fixation, Udongkang (2018) reported that 
20% and 50% of honey revealed poor fixation after 72 hours, 
although nuclear and cellular staining revealed promising 
results. However, after 6 months, 70%, 90% and 100% honey 
demonstrated good tissue preservation (Table II).21 The 
overall findings suggested that honey was a promising 
fixative for histological examination in routine 
histopathological practice. 
 
Jaggery as an Alternative Fixative in Gross and Histological 
Examination 
Eight out of 15 studies (53%) used jaggery as an alternative 
fixative and compared the tissue fixation efficiency and 
histological interpretation using H&E and special stains 
(Figure 3). One study used 20% jaggery diluted in DW,16 and 
the remaining seven used 30% jaggery in human specimens 
and goat buccal mucosa tissues.6,7,13,15,17,18,22 Patil (2013), 
Kuriachan (2017) and Sinha (2017) revealed that 30% of 
jaggery-fixed tissues demonstrated similar or superior results 
in H&E staining compared with that of formalin after 24 to 
48 hours of fixation. 30% of jaggery-fixed tissues revealed 
good overall morphology with good nuclear and cellular 

outlines.6,7,16 In shorter durations (1, 6 and 12 hours), 30% of 
jaggery-fixed tissues demonstrated superior to formalin-fixed 
tissues in histological examination.17 However, other 
researchers revealed contrasting results on the fixation 
efficiency of jaggery in 20% or 30% in DW compared to 
formalin-fixed tissues. Chittemsetti et al.13 revealed that 30% 
of jaggery-fixed tissues demonstrated significant differences 
in cellular outline, cytoplasmic and nuclear details, staining 
quality and overall morphology compared with that of 
formalin-fixed tissues. Imran et al.15 also revealed that 30% of 
jaggery demonstrated cellular swelling and tissue autolysis 
after 24-hour fixation. Lam-ubol et al.22 revealed that 30% of 
jaggery-fixed tissues demonstrated satisfactory stroma 
staining after 24-hour fixation, while there was mild nuclear 
condensation in inflammatory cells and separation of 
epithelial cells from each other and underlying connective 
tissues. 72-hour fixation with 30% jaggery revealed fibrous 
stroma hyalinisation. The staining integrity was reduced 
after a 6-month fixation with 30% jaggery with cellular and 
nuclear shrinkage. The connective tissue staining was not 
optimised with PAS and mason trichrome stain.18 The fixative 
efficacy of jaggery was controversial in the studies (Table II).   
 
Sugar as an Alternative Fixative in Histological Examination 
The study’s third most used alternative fixative (n = 4) was 
sugar. One study used 30% khandsari sugar, which is 
unrefined cane sugar,13 while the other three studies used 
20% sugar syrup in DW.7,15,16 Human oral tissue specimens 
and goat buccal mucosa specimens were fixed with 20%–30% 
sugar solutions for 24 hours, and histological examination 
was done with H&E staining. Chitttemsetti et al.13 revealed 
that 30% khandsari sugar-fixed tissues revealed promising 
staining quality except for cellular outline compared with 
formalin-fixed tissues. A similar result was reported with 20% 
sugar syrup as a fixative.15 Patil et al. and Kuriachan et al. 
demonstrated controversial results with 20% sugar syrup. In 
those studies, sugar-fixed tissues revealed poor overall 
staining with a lack of cellular outline clarity and uneven 
staining.7,16 Additionally, tissue folds and difficulty in 
preparing sections were reported in khandsari-fixed tissues13 
and in 20% sugar-fixed tissues7 (Table II).  
 
Other Natural Fixatives  
Milk and ice were also used as instant transport media for soft 
tissue biopsy, and the diagnostic value of tissues was assessed 
with H&E staining. Milk was kept at 5°C, and fixation was 
done at the same temperature. Fixation with milk and ice 
was done for 1, 6, 12 and 24 h, followed by 10% buffered 
formalin for 24 h. Milk-fixed tissues revealed poor tissue 
structures after 1 h fixation, while ice-fixed tissued revealed 
deterioration and loss of morphological details after 12 h 
fixation.17 
 
Natural Fixatives with Special Stains in Histopathology 
Four studies used special stains to demonstrate the 
extracellular matrix staining in natural fixatives fixed tissue. 
Al-Maaini and Bryant revealed that 1% honey demonstrated 
poorly stained collagen, reticulin, elastin and keratin, while 
5%, 10% and 20% honey demonstrated a compatible 
staining quality with 10% formalin.19 Alwahaibi et al.20 also 
demonstrated similar results with 10% honey diluted for 
connective tissues; however, reticulin staining intensity with 
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Gordon and Sweets method. However, Özkan et al. and Patil 
et al. revealed that 10% honey, 20% honey and 30% jaggery 
syrup demonstrated weak collagen and reticulin staining 
intensity compared to that of 10% formalin18,23 (Table II).  
 
Natural Fixatives in Immunohistochemistry 
Two studies reported the vimentin and Ki-67 staining by 
immunohistochemistry in honey-fixed tissues showing 
similar findings to that of 10% neutral buffered formalin.20,23  
 
 
Natural Fixatives and Artefacts 
Seven studies addressed the artefacts in natural fixatives-
fixed tissues compared to 10% formalin (Table II). Honey-
fixed tissues failed to demonstrate red blood cell staining in 
liver and kidney samples.20 Out-of-focus area in epithelial 
tissues, slit-like spaces at the epithelium basement 
membrane8 and homogenisation of collagen fibres8,12,24 were 
found in honey-fixed tissues compared to 10% formalin-fixed 
tissues. In contrast with the findings of Patil et al., three 
studies addressed the artefacts in jaggery-fixed tissues; 
homogenisation of tissues, loss of tissue structure 
differentiation,13 and epithelial separation from each other 
(acanthosis) and underlying connective tissues.22 One study 
described tissue fold artefacts in sugar srup-fixed tissues7 
(Table II). 
 
 
DISCUSSION 
This is the first study to evaluate the natural fixatives as an 
alternative to formalin in a systematic review to the best of 

our knowledge. Fixation is a critical step in tissue processing 
for histopathological examination and archival preservation 
by preserving the cellular architecture and composition of 
cells in the tissues. Fixation also preserves proteins, 
carbohydrates and other bio-active components in their 
relationship to cells.25 An ideal fixative should be able to 
harden the tissue components and prevent decomposition, 
bacterial putrefaction and autolysis. Routinely used 10% 
formalin contains 3.7% formaldehyde in water with 1% 
methanol. When the tissues are immersed in formalin, 
methanol initially causes dehydration, hardening the tissues 
and membrane, followed by a cross-linking phase with 
protein, mediated by aldehyde.26 Formalin is the most widely 
used fixative in histopathological practice worldwide because 
of its convenience in handling, accuracy, adaptability and 
cost-effectiveness. However, as formalin is considered a toxic 
and carcinogenic substance to humans, many questions 
have been raised to seek an alternative fixative to replace 
formalin in histopathological practice. 
 
Natural fixatives act by various mechanisms to best preserve 
the tissues. A higher level of fructose composition in honey, 
jaggery and sugar suggested the possible fixation mechanism 
by breaking down fructose into aldehyde and developing the 
cross-link with tissue amino acid.7 Moreover, honey’s 
antibacterial, acidic and dehydrating properties, whilst the 
cytoprotective and antioxidant activity of jaggery, supported 
the potential fixating properties of natural fixatives.6  
 
Honey was the most frequently used alternative fixative to 
replace formalin because of its antibacterial effects. Bacteria 

Fig. 1: PRISMA flow diagram for included studies
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cannot survive in honey because of acidic pH and high sugar 
content, which dry out the bacteria with an osmotic effect.27 
Moreover, glucose peroxidase is released in diluted honey 
and oxidises glucose to produce hydrogen peroxide, 
inhibiting certain bacteria’s growth.27  
 
Eleven studies showed that honey provided the proper tissue 
fixation and compatible staining intensity with formalin in 
H&E stain, special stains and immunohistochemistry 
staining.7,8,12,15-19,21,23,24 However, the concentration of honey was 
inconsistent in the studies. The argument may be due to the 
different chemical compositions of honey depending on the 
botanical and geographical origin.27 Honey was diluted in 
distilled water, neutral buffer and alcohol from 1% to 90%. 
The studies agreed the lower concentration of honey gave 
better antiseptic actions because of the slow-release hydrogen 

peroxide at low concentrations. Honey also showed 
inhibitory effects on gram-positive and gram-negative 
bacteria, with a minimum concentration of 0.5% to a 
maximum concentration of 40%, depending on the type and 
production of honey.28 The fermentation process was 
produced in diluted honey at room temperature. However, 
mould development was found on paraffin block and in 
diluted honey solution at room temperature.19 Thus, more 
studies are required to optimise the honey concentration for 
tissue fixation based on kill kinetics against microorganisms 
in honey or keep the process in cold storage.  
 
 Fixation is a complex series of chemical events and differs for 
the different groups of chemical substances found in tissues.29 
The fixation speed depends on the rate of diffusion of the 
fixative into the tissue and the rate of chemical reaction with 

Fig. 2: Geographic distribution of studies included in the systematic review

Fig. 3: Natural fixatives used in the systematic review
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various components. In practice, it is estimated that the 
fixation process requires at least 1 hour/mm of tissue 
thickness; however, the tissues are routinely fixed for 24–48 
hours.1 All included studies used the small piece of tissue 
samples (5 mm) in their studies with a 1:10 ratio of tissue and 
fixatives for 24–48 hours. It provided that natural fixatives 
could penetrate the small tissues and complete the fixation 
process. However, larger tissue samples were not pointed out. 
Piątek-Koziej et al.30 revealed that 10% honey in DW was 
unsuitable for fixing large tissue samples like whole swine 
hearts, but 10% honey in absolute alcohol gave satisfactory 
fixation with tissue shrinkage. These findings suggested that 
an alcohol-based honey solution would provide a more 
promising result, but optimal alcohol dilution needs to be 
figured out.  
 
Jaggery and sugar are mainly composed of sucrose. It was 
hypothesised that jaggery and sugar might preserve the 
tissue by breaking down sucrose at low pH, producing 
aldehydes and cross-linking with tissue amino acids.7 This 
hypothesis explains why sugar and jaggery are best to fix at 
low pH (3.6–5.8) while formalin is best to fix at neutral pH.6,15 
The studies revealed promising results in tissue fixation with 
20% or 30% jaggery or sugar diluted in DW.6,7,13,15-18,22 30% of 
jaggery fixatives showed superior cellular and nuclear 
staining compared to formalin or other natural fixatives.6,7,16-

18,22 Still, their findings were not aligned with Chittemsetti et 
al. and Imran et al., who showed cellular swelling and tissue 
autolysis in jaggery-fixed tissues.13,15 It may be due to the 
different techniques used in cane processing to remove colour 
and impurities, which affect the number of polyphenols in 
sugar and jaggery.31  
 
With natural fixatives, the authors focussed mainly on tissue 
fixative and histological staining. Only two studies tested the 
protein expressions by immunohistochemistry,20,23 but protein 
levels and nucleic acid levels were not tested. Although six 
studies were conducted with human tissue biopsies, only 
histomorphological examinations were demonstrated. 
Specific disease and diagnostic variation were not evaluated 
between formalin-fixed and alternative fixatives-fixed 
tissues.  
 
All the natural substances, honey, sugar, jaggery and 
khandsari sugar, gave promising results in small tissue 
fixation. Pricewise, honey is more expensive than formalin, 
but jaggery is cheaper and costs 1/6th of honey. Because of 
economic reasons, jaggery is more favourable than honey 
even though its chemical composition on antibacterial effects 
is limitedly known.6,7,13,15,16,22 
 
 
CONCLUSION 
Natural substitutes like honey, jaggery and sugar are boons 
when the health hazards of formalin are considered. Those 
natural fixatives provided promising results in small tissue 
fixation and histological staining. More studies should be 
done to explore the optimal dilutant and dilution for locally 
available natural fixatives. There are no studies regarding 
nucleic acid and protein levels in natural fixatives-fixed 
tissues, and these areas need further exploration. The 
penetrating power of the natural fixatives in different tissues 

also needs to be examined, and larger tissue samples should 
be tested for fixation. No disease tissue or diagnostic 
interpretation was made for alternative fixatives-fixed 
tissues. Future studies should be done in disease tissues to 
determine whether alternative fixatives can overcome the 
formalin pigments and artefacts or not. The authors of this 
article are currently working on an ongoing project that 
evaluates the effect of natural fixatives in histochemical 
staining as an alternative to formalin. By using natural 
fixatives, we aim to derive a safe and pleasant working 
environment for healthcare professionals. 
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