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Abstract

Preservation of animal specimens is an essential component of veterinary, zoological, and biological education, allowing
repeated demonstration of anatomical structures while minimizing dependence on freshly euthanized or deceased animals.
Conventional preservation techniques rely primarily on immersing specimens in formalin-based solutions, which require
large volumes of preservative and expose students and laboratory personnel to prolonged formaldehyde vapors. The present
study describes a practical fluid injection technique for preserving whole animal specimens through localized infusion of a
preservative solution rather than complete immersion. The preservative consisted of 10% formalin, glycerine, and thymol
crystals. The solution was injected systematically into different anatomical regions, including the head, neck, thoracic cavity,
abdominal cavity, pelvic cavity, vertebral region, and limbs, after proper cleaning and positioning of the specimen. Glycerine
maintained tissue pliability and reduced dehydration, whereas thymol prevented fungal growth during storage. Preserved
specimens retained their external morphology, flexibility, and anatomical details for extended periods while exhibiting a
marked reduction in formalin odor after several days. The technique minimizes chemical consumption, reduces occupational
exposure to formaldehyde, simplifies storage and transportation, and provides durable teaching specimens suitable for
museums and anatomy laboratories. This preservation approach represents an economical and practical alternative to
conventional immersion methods, particularly for educational institutions.
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Introduction

Preservation of biological specimens is a fundamental
component of veterinary anatomy, zoology, wildlife
biology, comparative anatomy, and medical education.
Well-preserved specimens provide indispensable teaching
resources for demonstrating anatomical structures,
facilitating repeated practical instruction, supporting
museum collections, and serving as valuable reference
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materials for research and biodiversity conservation. The
long-term preservation of animal specimens is therefore
essential for maintaining high-quality educational and
scientific collections while minimizing the need for
repeated specimen acquisition (Alvites et al., 2026;
Nachman et al., 2023).
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Conventionally, whole animal specimens are preserved by
complete immersion in aqueous formaldehyde (formalin)
solutions. Immersion fixation effectively stabilizes tissue
architecture by cross-linking proteins, thereby preventing
autolysis and microbial decomposition. Despite its
widespread use and proven effectiveness, this method
requires large volumes of preservative solution,
substantial storage space, and continuous maintenance of
fluid levels. Moreover, specimens stored in open or
partially ~ sealed  containers  continuously  emit
formaldehyde vapors, creating an unpleasant laboratory
environment and increasing occupational exposure among
students, instructors, museum personnel, and technical
staff (Azari et al., 2012; Bhat et al., 2019).

Formaldehyde remains the most extensively used
biological tissue preservative because of its excellent
tissue penetration, antimicrobial activity, affordability,
and ability to preserve gross anatomical relationships with
minimal distortion. However, prolonged or repeated
exposure to formaldehyde has well-documented adverse
health effects, including irritation of the eyes, skin, and
respiratory tract, allergic sensitization, and adverse effects
on pulmonary function (Khoshakhlagh et al., 2023;
Mathur &  Rastogi, 2007). More importantly,
formaldehyde has been classified as carcinogenic to
humans (Group 1) by the International Agency for
Research on Cancer (IARC), with sufficient evidence
linking occupational exposure to nasopharyngeal cancer
and leukemia (Kang et al., 2021; Protano et al., 2021).
Consequently, reducing formaldehyde exposure has
become a major concern in anatomy laboratories,
museums, and veterinary teaching institutions worldwide.

To overcome these limitations, numerous alternative
preservation techniques have been developed, including
ethanol-based preservation, glycerination, plastination,
Thiel embalming, and modified embalming solutions
(Hammer et al., 2015; Toy & Secgin, 2022). Although
these methods can reduce formaldehyde exposure or
improve specimen handling, many require specialized
equipment, expensive chemicals, prolonged processing
times, or sophisticated technical expertise. Furthermore,
several techniques are better suited for surgical training or
soft-tissue flexibility rather than the routine preservation
of museum specimens intended for repeated educational
use (Rakusa & Kocbek Saherl, 2023; Srivastava &
Nagwani, 2019) .

Injection preservation represents a practical and
economical alternative in which preservative fluid is
delivered directly into the vascular system or body
cavities, allowing the fixative to diffuse throughout the
tissues without the need for complete immersion
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(Brenner, 2014). Because only a relatively small volume
of preservative is required, this approach substantially
reduces chemical consumption, storage requirements, and
environmental contamination. Following adequate
fixation, the residual odor of formaldehyde gradually
diminishes, making preserved specimens safer and more
comfortable to handle during practical demonstrations. In
addition, injection preservation better maintains the
natural external appearance of specimens and facilitates
long-term storage with minimal maintenance, making it
particularly suitable for educational museums and
anatomy teaching laboratories.

The present study describes a simple, economical, and
effective fluid injection technique for preserving whole
animal specimens using a preservative formulation
consisting of formalin, glycerine, and thymol. Formalin
serves as the primary fixative, glycerine acts as a
humectant to maintain tissue flexibility and reduce
desiccation, and thymol functions as an antifungal
preservative to inhibit microbial growth during long-term
storage. The proposed method aims to produce durable,
odor-reduced museum specimens while substantially
decreasing the quantity of formaldehyde required for
preservation. This technique offers a practical solution for
veterinary anatomy departments, zoological museums,
and educational institutions seeking an affordable, safe,
and effective alternative to conventional immersion
preservation.

Materials and Methods

Study Design

The study was conducted to standardize a practical fluid
injection technique for preserving whole animal
specimens intended for anatomical teaching and museum
display. Freshly 6 dead animal specimens (4 squirrels, 1
monitor lizard and 1 mongoose) free from advanced
decomposition were selected for preservation.

Materials Required
e 10% Formalin
e  QGlycerine
e Thymol crystals
e Disposable syringes (20—-50 mL)
e Needles (18-20 gauge)
e Disinfectant solution

e  Gloves and protective equipment
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e  lass jars or preservation platform
Preparation of Preservative Solution
A preservative mixture was prepared consisting of:
e 10% Formalin — primary fixative

e Glycerine — to maintain tissue softness and
prevent excessive hardening

e Thymol crystals — antifungal agent to inhibit
fungal contamination during storage

The ingredients were mixed thoroughly until a
homogeneous preservative solution was obtained.

Preservation Procedure

The preservation process consisted of four sequential
steps.

Step 1. Cleaning of the Animal

Freshly dead animals were washed thoroughly using
disinfectant water to remove dirt, blood, mucus, and other
contaminants from the body surface. Cleaning minimized
microbial contamination and improved preservation
efficiency.

Step 2. Preparation of the Preservative

The preservative solution containing formalin, glycerine,
and thymol was freshly prepared before use.

Each component served a specific purpose:
e Formalin fixed tissues by cross-linking proteins.

e  Glycerine prevented dehydration and maintained
flexibility.

e Thymol inhibited fungal growth during long-
term storage.

Step 3. Orientation of the Animal

The animal was positioned carefully in the desired
anatomical posture before injection.

Proper orientation ensured:
e Natural appearance
e Correct limb positioning
e Easy demonstration of anatomical structures

e  Attractive museum display
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The specimen was placed either on a flat preservation
platform or inside a glass display jar.

Fig.1 The squirrel was positioned carefully in the desired
anatomical posture before injection

Step 4. Infusion of the Preservative

The preservative solution was injected systematically into
different regions of the body.

Injection sites included:
e Head
e Around the eyes
e Base of the ears
e  Neck muscles
e Forelimbs
e Hind limbs
e  Thoracic cavity
e  Abdominal cavity

e Vertebral region

Pelvic cavity

Special attention was given to the abdominal and pelvic
cavities because these regions undergo rapid postmortem
decomposition. A relatively larger quantity of
preservative was infused into these cavities to prevent
tissue maceration.

The preservative was injected slowly to allow uniform
distribution throughout the tissues while avoiding
excessive leakage.
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Fig.2 The preservative solution was injected
systematically into different regions of the body of
squirrel

Results

The fluid injection technique successfully preserved the
external morphology of whole animal specimens without
requiring complete immersion in preservative solution.

Major observations included:
e  Excellent preservation of body shape.
e Retention of natural posture.
e Soft and pliable tissues due to glycerine.
e Absence of fungal growth during storage.

e Significant reduction in formalin odor after
several days.

e Reduced quantity of preservative required
compared with immersion methods.

e Easy handling during practical anatomy classes.
e  Suitable specimens for museum display.

The specimens remained suitable for repeated educational
use while requiring minimal maintenance
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Fig.3 The final preserved specimen.

Discussion

The present preservation technique demonstrates that
whole animal specimens can be effectively preserved
through localized injection of a formalin-based
preservative rather than conventional immersion. The
approach substantially reduces the volume of preservative
required while maintaining excellent anatomical integrity.

Formalin remains one of the most effective tissue
fixatives because it rapidly penetrates tissues and
stabilizes cellular proteins. However, continuous exposure
to formaldehyde vapors is associated with irritation of the
eyes and respiratory tract and has long-term occupational
health implications (Tesfaye et al., 2021). By confining
most of the preservative within body tissues rather than
storing specimens in open formalin containers, the present
method markedly reduces environmental formaldehyde
exposure.

The incorporation of glycerine improves tissue quality by
preventing excessive dehydration and hardening,
problems frequently encountered with prolonged formalin
fixation (Harris et al., 2025; Setayesh et al., 2013). The
resulting specimens remain flexible and more closely
resemble fresh anatomical material, thereby enhancing
teaching effectiveness. Thymol serves as an effective
antifungal agent and prevents fungal colonization during
prolonged storage, especially under humid environmental
conditions (Awlqgadr et al., 2026; Escobar et al., 2020).

Injection into multiple anatomical regions ensures
uniform diffusion of the preservative throughout the body.
Greater volumes administered into the abdominal and
pelvic cavities are particularly important because these
regions contain digestive organs that undergo rapid
autolysis and microbial decomposition following death.

Compared with immersion preservation, the injection
technique offers several practical advantages. It requires
considerably less formalin, reduces storage costs,
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eliminates the need for large preservation tanks, facilitates
specimen transportation, and minimizes occupational
exposure to harmful vapors. Furthermore, preserved
specimens can be displayed openly in anatomy museums
without being submerged continuously in preservative
solution, thereby improving their educational value.

Although the present method is highly suitable for gross
anatomical teaching and museum display, periodic
inspection of specimens is recommended to detect any
localized drying or fungal contamination. Supplemental
injection may be required after prolonged storage in
exceptionally dry environments.

Conclusion

This technique represents a simple, economical, and
effective preservation method that can be readily adopted
in veterinary colleges, medical institutions, zoological
museums, and biological teaching.

Future Scope

Future studies should compare this fluid injection
technique with conventional immersion preservation and
alternative fixatives by evaluating tissue integrity, color
retention, flexibility, microbial resistance, and long-term
durability.  Quantitative  assessment of  airborne
formaldehyde concentrations before and after preservation
would further validate the occupational safety benefits of
this method. Optimization of preservative composition
using lower formaldehyde concentrations or less toxic
alternatives may further enhance the technique for
widespread use in veterinary, medical, and zoological
institutions.
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