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The study of morphology and structural biology serves as the bedrock for modern biomedical research. For
researchers, veterinarians, and laboratory technicians, a precise understanding of the internal structures of model
organisms is not merely an academic exercise but a technical necessity. The Colour Atlas of Anatomy of Small
Laboratory Animals, particularly the seminal work by Popesko, Rajtov4, and Horak, remains one of the most
authoritative resources in this field. This guide provides an in-depth technical analysis of comparative anatomy
based on the principles established in the Second Edition of this atlas, focusing on the systemic complexities of
rodents and other small mammals utilized in scientific experimentation.

The Evolution and Significance of Anatomical Atlases in Laboratory Science

Anatomical atlases have transitioned from simple illustrative sketches to high-fidelity, topographical mappings. The
Popesko Atlas, comprising 256 pages and featuring 227 high-quality illustrations, represents the gold standard
for visual documentation of laboratory animal morphology. Published by W.B. Saunders (now a part of Elsevier),
this resource provides a spatial context that is critical for invasive procedures, imaging interpretation, and post-
mortem analysis.

The importance of such documentation cannot be overstated in the context of the 3Rs (Replacement, Reduction,
and Refinement). By providing a detailed roadmap of animal anatomy, researchers can refine surgical techniques,
thereby reducing animal distress and minimizing the number of subjects required to achieve statistically significant
results. Furthermore, accurate anatomical knowledge is vital for the interpretation of phenotypingin genetically
modified mouse models, where structural variations may indicate specific gene functions.

Comparative Osteology: The Skeletal Framework

The skeletal system of small laboratory animals provides the primary structural support and serves as a landmark
system for surgical and radiological interventions. While all mammals share a common blueprint, rodents (rats,
mice, hamsters) and lagomorphs (rabbits) exhibit significant specialized adaptations.

Axial Skeleton Specializations

The vertebral column of rodents typically consists of cervical, thoracic, lumbar, sacral, and coccygeal vertebrae. A
key technical feature is the atlanto-occipital joint, which is a frequent site for cerebrospinal fluid (CSF) collection.
The sacrumin the rat (Rattus norvegicus) is usually composed of four fused vertebrae, providing a stable base for
the pelvic girdle. In contrast, the mouse (Mus musculus) often shows greater variability in the number of coccygeal
vertebrae, which is critical for tail-related experimental procedures such as intravenous injections or blood sampling.

Appendicular Skeleton and Locomotion

The morphology of the long bones, such as the femur and humerus, is characterized by the presence of
epiphyseal plates that often remain open long into adulthood in certain rodent species. This is a crucial
consideration for bone growth studies and endocrinology research. The structure of the pelvic canal is also a major



point of interest, particularly in the guinea pig (Cavia porcellus), where the symphysis pubis fibro-cartilaginously
separates during pregnancy, a unique physiological adaptation among laboratory animals.

Detailed Systemic Analysis: Splanchnology and Myology

The internal organs (splanchnology) and musculature (myology) represent the core of physiological research.
Understanding the topographical relationship between these organs is essential for successful laparotomies and
organ-specific biopsies.

The Cardiovascular and Respiratory Architecture

The heart of small laboratory animals is characterized by a high heart rate and high metabolic demand. Technically,
the rat heart lacks a gallbladder, but more importantly, the lung structure is highly asymmetrical. In most rodents,
the left lung consists of a single lobe, while the right lung is divided into four distinct lobes (cranial, middle, caudal,
and accessory). This asymmetry must be accounted for during intratracheal instillations and pulmonary imaging.

Digestive System Specializations

The digestive tract of small lab animals varies significantly based on their dietary classification. Rodents and guinea
pigs are hindgut fermenters, possessing a massive caecum. The caecum serves as a fermentation vat where
microbial digestion of cellulose occurs. In the hamster (Mesocricetus auratus), the stomach is divided into two
distinct compartments: the forestomach (non-glandular) and the glandular stomach, separated by a distinct limiting
ridge. This ridge is a critical anatomical landmark in toxicology studies involving oral gavage, as it prevents the
animal from vomiting.



Species Dental Formula Stomach Type Gallbladder Number of Lung

(Adult) Presence Lobes (R/L)
Mouse I 1/1, C 0/0, P 0/0, M Monogastric Present 4/1
3/3
Rat | 1/1, C 0/0, P 0/0, M Monogastric Absent 4/1
3/3
Guinea Pig 11/1, C0/0, P 1/, M Monogastric Present 4/3
3/3
Hamster | 1/1, C 0/0, P 0/0, M Two-compartment Present 4/1
3/3

Technical Methodology for Anatomical Dissection

To utilize an atlas like the Popesko Volume 1effectively, researchers must follow standardized dissection
protocols. These protocols ensure that anatomical structures are preserved for observation and that the spatial
relationships between organs are not disrupted.

Step-by-Step Necropsy and Dissection Procedure

1. Preparation and Stabilization: The specimen must be properly euthanized following institutional animal care
and use committee (IACUC) guidelines. The body is typically secured in dorsal recumbency.

2. External Examination: Check for palpable masses, skin lesions, or malocclusions of the incisors.

3. Primary Incision: A midline incision is made from the mandibular symphysis to the pubic bone. Care must be
taken to reflect the skin without damaging the underlying panniculus carnosus muscle.

4. Evisceration of the Abdominal Cavity: The intestines should be reflected to expose the retroperitoneal
organs, including the kidneys and adrenal glands. Note the location of the spleen on the left side, which is often a
site for immunological analysis.

5. Thoracic Exposure: The rib cage is opened by cutting through the costochondral junctions, exposing the
thymus, heart, and lungs. The thymus is particularly prominent in young animals and is a key site for T-cell
maturation studies.

Quantitative Metrics in Laboratory Anatomy

Beyond visual inspection, technical writing in anatomy requires the application of morphometric formulas. For
instance, the Organ-to-Body Weight Ratiois a standard metric in toxicological pathology to identify organ
hypertrophy or atrophy:

Ratio = (Organ Weight / Total Body Weight) x 100

This quantitative approach allow researchers to compare experimental groups with the normative data provided in
technical atlases.

Case Study: Troubleshooting Anatomical Misidentification

In a recent pharmacological study involving the rat, researchers reported difficulty in localizing the Harderian gland
during a study on lacrimal secretions. The Harderian gland is a specialized structure located within the orbit,
posterior to the globe of the eye. Without the topographical guidance of a Colour Atlas of Anatomy, researchers
may confuse this gland with the intraorbital lacrimal gland.



Identification and Solution

e The Error: Using a superficial approach that only identified the extraorbital lacrimal gland.
* The Technical Solution: Referring to the transverse sections in the Popesko Atlas, researchers identified the

deep orbital path required to access the Harderian gland.
¢ The Result: Successful cannulation of the gland and accurate data collection on porphyrin-rich secretions.

Comparative Table: Reproductive and Urinary Systems

The reproductive anatomy of small mammals is highly specialized, particularly regarding the accessory sex glands
in males, which are far more complex than those in humans.



Organ System

Urinary

Male Repro

Male Repro

Female Repro

Female Repro

Feature

Kidney Shape

Seminal Vesicles

Coagulating Glands

Uterine Type

Placentation

Rat / Mouse

Unipapillate (Bean-shaped)

Large, lobulated, "hook-
shaped"”

Present (dorsocranial to
prostate)

Bicornuate (Duplex)

Hemochorial (Discoid)

Guinea Pig

Unipapillate (Bean-shaped)

Smooth, elongated sacs

Present

Bicornuate

Hemomonochorial (Discoid)

Imaging and Digital Integration in Modern Anatomy

While the Colour Atlas of Anatomy of Small Laboratory Animals provides the foundation through gross
dissection, modern research integrates these findings with Micro-CT and High-Resolution MRI. The atlas serves
as the "ground truth" for segmenting digital images. For example, when performing a Magnetic Resonance
Angiography (MRA) of a mouse, the technician uses the vascular maps in the atlas to identify the Circle of Willis
or the renal artery bifurcations.

The transition from the physical pages of the Saunders 2002 reprint to digital 3D reconstructions has allowed for
virtual necropsies. However, the tactile and spatial understanding gained from high-quality print illustrations,
which detail the texture and color of tissues, remains irreplaceable for surgical training.

Synthesizing the Anatomical Knowledge Base

The technical depth provided by anatomical atlases is a cornerstone of reproducible science. By standardizing the
nomenclature and providing a clear visual representation of internal structures, these resources eliminate the
ambiguity that can lead to experimental error. Whether one is studying the Ghanta Rao Memorial Collectionor
utilizing the latest edition of Popesko, the objective remains the same: the pursuit of anatomical precision.

In conclusion, the mastery of small animal anatomy is a continuous process that bridges the gap between basic
biology and advanced clinical application. The structural nuances of the rat, mouse, and guinea pig—from the
absence of a gallbladder in the rat to the complex forestomach of the hamster—dictate the parameters of
experimental design. As we move further into the era of precision medicine and genomic editing, the detailed
topographical maps provided by classical anatomical works will continue to guide the next generation of scientific
breakthroughs, ensuring that the model organisms we rely on are understood with the highest degree of technical
accuracy.
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