
Evaluating the impact of using natural fixative agents as alternatives 
to formaldehyde in histopathology - A systematic review

Andreia Horta* 1, Nádia Condesso 1, Mário Maia Matos 1,2, Amadeu Borges-Ferro 1
1. Escola Superior de Tecnologia da Saúde de Lisboa, Instituto Politécnico de Lisboa, Lisboa, Portugal. 2. H&TRC – Health and Technology Research Center, ESTeSL – 
Escola Superior de Tecnologia da Saúde, Instituto Politécnico de Lisboa, Lisbon, Portugal

1. Introduction
The histological technique involves several steps to prepare tissues for 
microscopic analysis, with fixation being one of the key steps.(1) 
Formaldehyde is the most used fixing agent; however, it poses significant 
health risks and is classified as a Group 1 human carcinogen by the IARC 
and the NTP. (2) This concern has prompted the search for safer alternatives. 

This study aims to identify a less harmful natural substitute for 
formaldehyde that can reduce or eliminate exposure to this hazardous 
reagent. To achieve this objective, a systematic review explored the 
potential of natural fixatives that can perform similar functions with lower 
toxicity.

The process of selecting articles was carried out following 
the PRISMA methodology. (3) Articles were searched in the 
PubMed and Web of science databases, using 5 
combinations of the keywords “natural fixatives”; “tissue 
fixation”; “honey fixatives”; “sugar fixatives”; “jaggery 
fixatives”, and using the Boolean operators “AND” or “OR” 
(Figure 1). A filter was added so that only articles 
published between the years 2000-2024 were shown. 
Duplicate articles were removed using the Rayyan 
application and the exclusion criteria were applied. Finally, 
quality control of articles was performed based on Harden 
A. Mixed-Methods Systematic Reviews: Integrating 
Quantitative and Qualitative Findings. (4)

A total of 1030 articles were identified through the search, 
however, only 8 articles were considered eligible and 
included in the review (Figure 2). Figure 1: Flow diagram that illustrates the steps developed for the 

systematic review elaboration process.

3. Results and Discussion

Figure 2: Flow diagram of the articles included in the Systematic 
Literature Review.

4. Conclusions
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The data analyzed suggests that honey and jaggery are the most promising 
natural fixatives to replace formaldehyde, although the variability in the results 
of the studies reviewed prevents a definitive substitute from being 
determined. On the other hand, sugar showed unsatisfactory performance, 
while Aloe vera and khandsari, despite encouraging results, lack further 
validation due to the small number of studies available.
Although no particularly relevant limitations were identified, some 

inconsistencies were observed in the reproducibility of the studies and in the 
application of statistical inference, so future investigations should prioritize 
more standardized and detailed methodological approaches. They should 
also analyze different histological stains, a greater variety of 
immunohistochemical markers, the integrity of nucleic acids and proteins and 
the penetration power of natural fixatives in tissues, in order to contribute to a 
better understanding of their viability as alternatives to formaldehyde.

The articles were analysed for their natural fixative 
characteristics, fixation conditions, tissue types, and evaluation 
parameters (Table 1). Among the reviewed articles, five 
alternative natural fixatives were identified – honey, jaggery, 
khandsari, sugar and Aloe vera. 
The results obtained indicate that honey stands out as a potential 
natural substitute for formaldehyde, having performed 
comparably to formaldehyde in most of the studies analyzed. (1, 5, 

6, 7)   However, some limitations were observed, such as the 
hyalinized appearance of collagen fibres(6, 7) and inadequate 
cytoplasmic staining (1) in certain cases. Jaggery showed 
contradictory results, performing similarly to formaldehyde in 
some studies (2, 8), while in others there were statistically 
significant differences (9). Despite this variability, its advantage 
over honey is its low cost (8), making it an economically viable 
alternative. Sugar, on the other hand, performed less well than 
formaldehyde in all the studies analyzed and is considered a poor 
candidate to replace it (2, 8, 10). Aloe vera and khandsari, in 
contrast, obtained encouraging results, especially khandsari, 
which showed no statistically significant differences compared 
to formaldehyde (9). However, the scarcity of studies on these two 
fixatives (9, 10) prevents definitive conclusions as to their 
applicability as viable alternatives to formaldehyde.

Table 1: Summary table from the systematic review of the analysis of the collected articles. Legend:   there were no 
statistically significant differences; X  there were statistically significant differences

5. References

2. Methodology


	Diapositivo 1:  

