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INTRODUCTION

The proper processing of  tissue as soon as it is removed 
from the biopsy site will form the foundation of  all good 
microscopic preparations. Immediately, after removal, the 
tissue should be put into suitable fixative solution that will 
fix all the cells of  the tissue in a “life‑like state.” If  the tissue 
is unfixed or dried out, then the necessary details of  the cell 

and its components will be lost and it will be difficult for the 
pathologist to make a proper diagnosis.[1] An ideal fixative 
should possess the following characteristics: (1) It should 
fix the tissue in the life‑like state by preventing autolysis 
and bacterial contamination/putrefaction;  (2) It should 
not change the volume or shape of  tissue; (3) It should 
prevent shrinkage, osmotic damage and swelling; (4)  It 

Objectives: The art of microscopy is only appreciable in well‑fixed tissues. We conducted this study to 
determine the effectiveness of Aloe vera as a tissue fixative and compare its results with the natural fixatives 
already studied in the literature.
Materials and Methods: A pilot study was tried out using commercially available fresh chicken and fish 
with Aloe vera, and then after getting the promising results similar study protocol was carried out using 
10‑autopsied human tissue. Four natural fixatives‑30% jaggery solution, 20% honey solution, 20% sugar 
solution, 20% Aloe vera solution and 10% formalin were used for fixation in the study. Fixation of tissues 
was carried out at room temperature for 24 h. All pre‑ and postfixation measurements were recorded using 
stereomicroscope and its software. The difference between pre‑and postfixation was calculated and later, 
all pieces were kept for routine tissue processing followed by routine staining. The tissue sections were 
assessed for quality, and the whole procedure was blinded among three oral pathologists who scored them.
Results: The mean percentage of shrinkage in each bit with different reagents was calculated. The shrinkage 
seen with 10% formalin and 20% Aloe vera were more likely similar. Among all the natural fixatives, qualitatively 
also Aloe vera excelled and its results were comparable to that of formalin.
Conclusion: The use of Aloe vera in the present study as fixative is the first of its kind, as exhaustive search 
of the literature shows only its use as transport media in dentistry.
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should harden the tissue, allowing easy tissue sectioning 
and should convert semifluid consistency of  cells to an 
irreversible semisolid consistency; (5) It should allow clear 
staining of  sections;  (6) It should allow optimal optical 
differentiation.[2,3]

“Formalin is the universal and well‑established fixative 
used in routine histopathology” that possesses all the 
characteristics of  an ideal fixative. The major benefit 
stems from its regular and worldwide use for more than 
100  years and all the scientific knowledge gathered on 
it.[1] It is easily available, cost‑effective, allows long‑term 
storage, preserves lipids well and fairly convenient to use 
and store. It is acknowledged as the closest thing, which is 
available as the perfect fixative with no clear “all‑purpose” 
substitute found to date.[4]

In contrast, formaldehyde has been classified by the 
International Agency for Research on Cancer as a potential 
cancer‑causing agent, which can cause nasopharyngeal 
cancer in humans.[5] A study by Lu et al. provides strong 
evidence which corroborates that both the cytotoxicity and 
genotoxicity contribute to the carcinogenesis of  inhaled 
formaldehyde in respiratory nasal epithelium.[6] Second, the 
chemical action of  formalin binds severely to DNA, RNA 
and proteins, which makes them difficult or impossible 
to extract them for any molecular studies.[7] Since then, a 
variety of  chemicals have been tried to compete with the 
standards set by formalin. Literature reported that bee 
honey as fixative preserves morphology of  the tissue as 
done by formalin.[8] As jaggery and sugar have the same 
composition as that of  honey, so they have also been 
tried and tested for fixation by various researchers.[9] 
While searching the literature for natural substitute of  
formalin, we came across Aloe vera, which possesses 
many benefits. Aloe vera extract has been used in healthy 
food and beverages. It has been used topically to heal the 
wound and has been tried as a laxative. It is also found in 
skin products such as cosmetics and sunblocks due to its 
antioxidant properties. It acts as immune booster, antiviral, 
anti‑inflammatory agent as well as possesses antifungal 
properties.[10‑12]

The primary aim of  fixation is to preserve the tissues, 
prevent bacterial putrefaction, autolysis and increase the 
refractive index of  the tissue.[13] With this aim, a study 
was conducted to compare the tissue fixation capability 
of  jaggery, honey, sugar solution and Aloe vera with 
that of  formalin and qualitatively compare their results 
microscopically using routine processing and staining. 
There is always tissue shrinkage once the tissue is immersed 
in the fixative overnight. Ideally, it should be minimum to 

enhance the viewing of  the maximum tissue removed by 
the surgeon. Hence, this criterion of  minimal shrinkage 
by ideal fixative was also evaluated in this study using 
stereomicroscope and its software.

MATERIALS AND METHODS

The present study was conducted after obtaining ethical 
permission from the institutional ethics committee vide 
letter no. PGIDS/IEC/2016/45 dated 07.10.2016.

Preparation of fixatives
Fixative I  (30% jaggery solution) was prepared using 
30  mg of  commercially available jaggery, which was 
broken down into small pieces and then hand mixed 
with 100 ml of  distilled water. Fixative II (20% processed 
honey) was prepared by mixing 20 ml of  pure processed 
honey  (commercially available, pH‑4.6) with 100  ml of  
distilled water. For Fixative III  (20% sugar solution), 
20 mg of  cane sugar (commercially available) was mixed 
with 100 ml of  distilled water. For Fixative IV, the external 
surface of  Aloe vera leaf  was washed and disinfected with 
70% ethanol. The gelatinous transparent substance was 
cut off  from the external shield and triturated to get a 
homogeneous gel. For 20%, 20 mg of  gel was mixed with 
100 ml of  distilled water. Fixative V that was 10% formalin 
was prepared by mixing 100 ml of  formaldehyde solution 
in 900 ml of  distilled water. All the fixative solutions were 
freshly prepared and stirred well to get homogeneous 
solutions. The pH of  all fixative solutions at the used 
concentrations ranged from 4.5 to 5.7. Over the period, 
molds are likely to grow on all these natural substances; 
hence, thymol crystals were added to inhibit microbial and 
fungal activity.

Procedure
In this study, before using the autopsy tissue, the study 
protocol was tested with commercially available fresh 
chicken leg as well as commercially available fish. Each 
tissue was cut into five pieces of  approximately equal 
size and a suture was tied on its one end to confirm its 
orientation under stereomicroscope. Each bit was measured 
along its length (X‑axis) and width (Y‑axis) with the help 
of  stereomicroscope (Radical Steromicroscope‑9) and its 
software  (DGI size‑50.1). All prefixation measurements 
were recorded and each bit was placed into five different 
containers containing (I) 30% Jaggery solution, (II) 20% 
Honey solution,  (III) 20% Sugar solution,  (IV) 20% 
Aloe vera solution and  (V) 10% formalin. Formalin was 
taken as positive control and distilled water as negative 
control. Tissues were fixed at room temperature for 24 h 
and after that, tissues were removed from the fixatives 
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and postfixation measurements were noted again. The 
tissue was placed in the same manner as it was put during 
prefixation with the help of  suture. This suture helped in the 
proper orientation of  tissue under stereomicroscope. The 
difference between pre‑ and postfixation measurements of  
each bit in each fixative was recorded [Figure 1].[14] After 
these measurements, the tissues were kept for routine 
tissue processing followed by routine hematoxylin and 
eosin  (H  and  E) staining. Since chicken tissue showed 
only muscles microscopically, so similar protocol was 
repeated with commercially available fish. After getting 
satisfactory results with them, 10 autopsy samples of  skin 
from 10 different deceased bodies within 3  h of  death 
by the Department of  Forensic Medicine were procured 
and similarly, they were also cut into five pieces each and 
prefixation measurements were taken. After 24 h of  fixation 
in each fixative, postfixation measurements were noted. 
Fifty tissues, i.e., 5 pieces of  each 10 autopsy samples 
fixed in five types of  fixatives were qualitatively assessed 
under microscope after routine processing and staining. 
The criteria for qualitative comparison of  tissue sections 
used were (a) staining quality, (b) cellular outline, (c) nuclear 
details,  (d) absence of  tissue foldings and (f)  overall 
morphology under light microscopy. Each criterion was 
scored with the range of  0–2, poor being 0 and 2 being 
good by three oral pathologists who scored the results of  
the stained slides and the whole procedure was blinded. 
Individual score for each criterion in each fixative was 
recorded and the mean was calculated. The Kruskal–Wallis 
test was used for statistical analysis.

The difference in the measurements, i.e., pre‑and 
postfixation along X‑axis  (length) and Y‑axis  (width) 
were tabulated, and the mean percent shrinkage for each 
fixative was calculated. Normality test was applied to the 

results. Since the data were nonparametric so the Mann–
Whitney test was used for statistical analysis. Qualitative 
and quantitative results for each sample were compared 
among various fixative groups used in this study.

RESULTS

All natural fixatives used in this study were able to preserve 
the tissue morphology during fixation. Best results in 
fixation, both qualitative and quantitative were obtained in 
10% formalin followed by Aloe vera, sugar solution, honey 
and then jaggery. Tissue shrinkage in formalin was almost 
similar to that of  Aloe vera. More shrinkage was seen in 
sugar solution in comparison to Aloe vera and formalin. 
Jaggery showed maximum shrinkage along both X‑and 
Y‑axis  [Table  1]. Tissues after fixation were processed 
under routine protocol and stained with hematoxylin 
and eosin. Formalin‑fixed tissue sections after processing 
showed the best nuclear and cytoplasmic details under 
microscope. The second best results were seen with 
Aloe vera followed by sugar solution and then honey and 
jaggery  [Table  2]. Aloe vera showed good nuclear and 
cytoplasmic staining as well as good overall morphology 
with no tissue foldings [Figure 2]. Results of  staining with 
sugar solution [Figure 3] were also good and better than 
that of  honey [Figure 4] and jaggery [Figure 5]. Honey and 
jaggery also displayed satisfactory staining in nucleus and 
cytoplasm but overall morphology of  tissues was poor and 
exhibited abundant foldings.

Table 1: Tissue shrinkage seen in different fixatives
Reagents X% (SD) Y% (SD)

20% Aloe vera 2.57 (3.37) 1.61 (0.81)
10% formalin 2.43 (1.61) 2.07 (0.89)
20% honey 2.12 (3.2) 0.93 (0.38)
30% jaggery 2.64 (1.18) 3.7 (2.7)
20% sugar solution 2.38 (1.2) 2.12 (2.6)

SD: Standard deviation

Figure 1: Steremicroscope software (DGI size‑50.1) window showing 
orientation as well as the shrinkage of tissue along X‑axis and Y‑axis

Figure 2: Aloe vera fixed tissue sections showing good cellular details 
and minimal tissue folding under microscope (H&E × 4)
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staining methods.[16,17] Jaggery and sugar, derivatives of  
sugarcane juice, are well known for their preservative 
properties. Harish Nayaka et al. in their study, confirmed 
the antioxidant and cytoprotective activity of  jaggery.[18] 
Patil et al. conducted a study using honey, jaggery and sugar 
solution as fixative and this was the first attempt to do so as 
no existing literature shows the use of  jaggery and sugar as 
formalin substitutes. They compared the fixative property 
of  all these natural substances, as they do not require 
additional equipment, are nonhazardous and compatible 
with routine processing and staining. It was suggested that 
these natural substances can be used where formalin may 
not be available at the time of  biopsy and as well as on 
large scales such as screening camps.[9]

The use of  Aloe vera gel extracts in health foods, beverages 
and moisturizing cosmetics is well known. Historically, 
Aloe vera has been used topically to heal wounds and for 
various skin conditions and orally as a laxative.[19] Aloe vera 
is a member of  liliaceae family. This medicinal plant is 
green with tapered leaves that are filled with a transparent 
viscous gel.[20] The inner gel of  Aloe vera contains more 
than 75 active ingredients. About 98%–99% of  gel is made 
up of  water and the remaining 1%–2% contains active 
compounds including aloemannan, naphthoquinones, 
aloesin, acemannan, aloin, aloe emodin, aloeride, 
methylchromone, saponin, amino acids, flavonoids, sterols 
and vitamins.[21] Glucomannan, mannose derivative, 

Table 2: Mean qualitative score of individual characteristics for each fixative solution
Characteristic Mean (SD) P

20% sugar solution 20% Aloe vera 10% formalin 30% jaggery 20% honey

Staining quality 1.50 (0.707) 1.80 (0.422) 2.00 (0.000) 1.30 (0.823) 1.10 (0.876) 0.029
Cellular quality 1.10 (0.876) 1.90 (0.316) 2.00 (0.000) 0.30 (0.483) 0.80 (0.789) 0.000
Nuclear detail 1.20 (0.789) 2.00 (0.000) 2.00 (0.000) 0.80 (0.789) 0.80 (0.789) 0.000
Absence of tissue folding 1.70 (0.675) 1.80 (0.632) 1.90 (0.316) 1.00 (0.816) 1.40 (0.843) 0.022
Overall morphology 1.60 (0.699) 1.70 (0.675) 2.00 (0.000) 0.90 (0.876) 1.10 (0.876) 0.007

SD: Standard deviation

DISCUSSION

Ideally, it is the fixative, which decides the fate of  the tissue 
section. If  the biopsied tissue is not fixed properly, its poor 
fixation will be reflected in its architecture and cytoplasmic 
details. Neutral buffered formalin is a well‑known fixative 
and widely used in histopathological laboratories for 
routine histopathology and immunohistochemistry. 
Numerous studies have been conducted insurge of  an ideal 
fixative but to date, there is not even a single fixative that 
can substitute formalin. As it is hazardous in nature and 
potential carcinogen that can cause nasopharyngeal cancer, 
several attempts have been made in the past also to find a 
natural compound which can replace it for tissue fixation.

“For centuries, honey has been shown to be a successful 
antibacterial agent having the potential to preserve 
compounds without any harmful effects on users.” Al 
Maaini and Bryant found that tissue fixed using honey at 
low concentrations at room temperature give results that 
are as good as seen in formalin‑fixed control tissues.[15] 
Antioxidative and antibacterial effects of  honey could be 
attributed to its properties such as low pH, high osmolarity 
and the presence of  components, i.e., phenol inhibine 
and hydrogen peroxide.[9] After this, many studies have 
confirmed that honey could be used as a safe substitute 
to formalin for conventional and immunohistochemical 

Figure  3: Sugar solution fixed tissue sections under microscope 
(H&E × 4)

Figure 4: Tissue sections fixed with honey under microscope (H&E ×4)
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cellulose, hemicelluloses and acetylated compounds are 
the major polysaccharides found in Aloe vera gel, which 
possess linear chains of  glucose and mannose molecules.

The majority of  biological activities of  Aloe vera can be 
attributed to the polysaccharides present in it, which 
have a synergistic action with other components of  
Aloe vera.[22] The pharmacological actions of  Aloe vera 
gel include antioxidant, immune‑boosting, antibacterial, 
anti‑inflammatory and hypoglycemic properties.[21,23]

A number of  studies have been reported emphasizing Aloe 
vera’s role in dentistry for various purposes such as:
1.	 Being a good antiseptic and anti‑inflammatory, it is 

used in the treatment of  gingivitis and periodontitis
2.	 Owing to its antiviral and antifungal properties, it is 

used in the treatment of  oral herpes and candidiasis 
in denture wearers

3.	 The absence of  abrasive content in Aloe vera tooth gel 
makes it a good substitute for normal dentifrices in 
sensitive teeth

4.	 Aloe vera is a viscous gel that acts as a lubricant during 
biomechanical preparation in root canal treatment[24]

5.	 Aloe vera extract acts as a good transport and 
storage media for avulsed tooth as it preserves the 
periodontal ligament  (PDL) cell viability. Badakhsh 
et al. recommended Aloe vera as suitable storage media 
for avulsed teeth.[25] Literature search revealed another 
study which stated that periodontal fibers near the 
cementum of  the avulsed tooth stored in Aloe vera 
were intact and thick.[26] Chantarawaratit et al. observed 
the effect of  acemannan  (potential component of  
Aloe Vera) on periodontal regeneration and found 
that it significantly increased PDL cell proliferation, 
vascular endothelial growth factor, Type  I collagen 

and alkaline phosphatase activity. The potential of  Aloe 
vera toward successful replantation can be attributed to 
the periodontal cell proliferating potential of  its active 
components such as acemannan.[27] The high success 
rate of  Aloe vera in protecting the cell viability when used 
as storage media might be attributed to its antibacterial 
and antifungal properties

6.	 The role of  Aloe vera in tissue engineering could be 
attributed to the synergistic mode of  action of  many 
bioactive compounds present in it. They can infiltrate 
into tissues and increase the transport and activities of  
biological factors involved in tissue engineering, thus 
promoting cell migration, proliferation and growth.[22]

To the best of  our knowledge, the present study appears 
to be the first attempt in dentistry, where Aloe vera has 
been used as tissue fixative and not as storage or transport 
media. The proposed mechanism of  action of  Aloe vera 
as tissue fixative is that the presence of  fructose and 
mannose (aloemannan and acemannan) in inner clear gel of  
its leaf  when exposed to adequate pH, i.e., acidic converts 
these components into aldehyde and they further behave 
like routine formaldehyde in fixation. Aloe vera gel having 
good infiltrative property makes the tissue fixed uniformly 
and evenly. Other qualitative properties of  Aloe vera such as 
antibacterial, antifungal make it a good choice for fixing the 
tissue by preventing its putrefaction and decomposition.

CONCLUSION

Natural fixative is the arena, which requires further 
exploration and more such studies need to be conducted 
in future to establish Aloe vera as a potential substitute. 
Since the qualitative results of  Aloe vera with routine 
H and E staining have been promising so even areas of  
histochemical and immunohistochemical markers can be 
tried with Aloe vera in future times.
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