NECROPSY OF RODENTS
(Rat, mouse, guinea pig, and hamster)

Henrik Elvang Jensen, Department of Veterinary &atiogy,
Royal Veterinary and Agricultural University, Copagen, Denmark

Live animals are killed by an appropriate method exsanguinated.
The necropsy starts with an external examinatiath@fanimal where the following parameters
are determined:

. Identity (species, strain/stock, sex (Figureatjg, body weight, individual identity marking).
. Body condition (over-/underweight, emaciatioc) et

. Skin and haircoat condition (reduced/increassrtbat, scales, wounds etc.).

. Subcutis condition assessed by palpation (tusetar).

. Accessible mucous membranes and natural bofigesriwounds, secretion etc.).
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. In females the mammary glands, and in maleseitecles are examined (tumours, swellings
etc.).
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Figure 1.

The following materials are usually adequate fatertt necropsy:

1. Styrofoam "Flamingo” tray and 4 pins 7. Largelamall anatomical forceps
2. Scalpel 8. Large and small surgical forceps
3. Large knife 9. Movable precision illumination

4. Large and small straight scissors
5. Large and small curved scissors

6. Small bone scissors



Tissues and organs from small rodents should bdl&éanvith forceps as far as possible. Do not
pinch organs or tissues directly with the forcdps, hold on to the surrounding connective tissue
in order to avoid harming the delicate organs. @sgshould either be immediately transferred
into formalin solution, or must be kept moist byaghg them on a tissue moistened with
physiological saline. Physiological saline is als@d for rinsing organs, e.g. the cavities of the
heart and the opened gastrointestinal tract.

A common necropsy procedure, based on the ragsed for the post-mortem examination of the
small rodents. The present description will notgomant differences between the rat and the
other species (mouse, guinea pig, and hamster).

Removal of skin and superficial glands

Eye and glands of the head:

The animal is placed on its side, and the skin kogehe side of the head, and the outer ear is
removed. The tissue surrounding the eye is seizédthe forceps, and the eye is circumcised
with the small curved scissors along the bony fatiod of the eye orbit (orbita) (Figure 2). The
eye is extirpated by transecting the optical neRalowing removal, the eye is inspected, and
the attached glands are identified. The largestHarderian gland, is light yellow and positioned
ventrally to the eye. The somewhat smaller intraardacrimal gland (gl. lacrimalis intraor-
bitalis) is light brown and positioned laterally tiee eye. The intraorbital lacrimal gland is not
present in the guinea pig and is difficult to seacroscopically in the mouse. The guinea pig,
however, possesses a larger salivary gland, glomwicus (also called gl. lacrimalis
zygomatica). The gland occupies the deepest patheoforbit. The flat, circular extraorbital
lacrimal gland (gl. lacrimalis extraorbitalis), posned caudo-ventrally to the orbit in regio
zygomatica, is identified. This gland is not prdsenthe guinea pig. Gl. parotis (the large
parotid salivary gland) is identified. The pink-coted gland is situated caudally and caudo-
ventrally to the external auditory tube. Ventralbythe auditory tube the smaller ear glands (gll.
zymbali) are situated. The glands produce ear waru(nen) and are very difficult to localize
with the naked eye.

Figure 2.

The eye of the rat is circumcised.
GLE: Gl. lacrimalis extraorbitalis.
GP: GI. parotis.




Neck and abdomen:

Place the animal on the Styrofoam tray on its kmuk fixate it by pinning each foot to the tray.
The skin covering the entire abdomen and the mesligiace of the legs is moistened with
alcohol, and an incision is made through the slangthe midline from the tip of the chin (regio
mentalis) to the anterior edge of the pelvic bgpec{en ossis pubis). In males the incision is
placed on one side of the penis, which is loosdred the abdominal wall and moved caudally.
In females the skin incision is extended to theitgéopening. Subsequently the skin is dissected
to each side, including the skin on the proximat jgd the legs, which can be removed after
making a medial skin incision. Following removaltbé skin the subcutaneous skin is examined,
and the lymph nodes of the groin (Inn. inguinalefigen embedded in fatty tissue, are identified.
In the hamster brown fat is found between the deapand ventrally on the neck.

Cranially on the neck the connected salivary glafgissublingualis and gl. submaxillaris (s.
mandibularis)) and the attached lymph nodes antifted (Inn. mandibularis cranially and Inn.
cervicales caudally) (Figure 3).

Figure 3.

On the ventral side of the neck different
glands of the rat are identified.

LNN: Lymph nodes.
GSL: Gl. sublingualis.
GSM: GI. submaxillaris.

In females the mammary glands and the pink clitdrgland (gl. clitoridis) are examined. The
latter is positioned subcutaneously and craniaddie to the genital opening on both sides
(Figure 4). In males the preputium, penis, andstifecutaneous preputial gland (gl. preputialis),
positioned latero-caudally on both sides of thepptem, are identified (Figure 5). None of
these sexual glands are found in the guinea pithdmmale hamster a large sebaceous gland is
found on each flank, the "flank organ” (gl. costaeéralis).

Figure 4.

Female rat with clitoridal gland (GC: Gl.
clitoridis).




Figure 5.

Male rat with preputial gland (GP: Gl.
preputialis).

Abdominal and thoracic organs

Opening of the abdominal cavity:

The abdominal cavity is opened by cutting througdhdbdominal wall in the midline (linea alba)
from the tip of the breastbone, sternum (processpboideus) to pecten ossis pubis. The
abdominal wall is cut with scissors on both sideanially along the rib curvature, and caudally
along the groin until the uppermost part of the aabohal cavity (Figure 6). The ventral
abdominal muscles are removed, and the skin suliogrthe genital opening/the retroflexed
penis and the anus is circumcised along the bosg bhthe pelvic cavity. By this procedure the
genital opening/penis and anus are dissected $reeuait. The pelvic floor is removed following
cutting of the pelvis on each side of the midlittee cut is made laterally on each side through
the hole in the pubic-ischiatic part of the hipbof@amen obturatum. Alternatively, cutting
through the symphysis sagittally can open the pdloor.

Figure 6.

The opened abdomen of the rat with
exposed organs.

Sexual organs and urinary bladder:

In males, the testicle with attached epididymiseanh side is pushed via the inguinal canal into
the abdominal cavity (Figure 7). The ligament ditag the testis to the scrotum (gubernaculum
testis) is cut. The ductus deferens (vas deferiens)t on each side, allowing removal of testes
and epididymides for inspection and transsectiogufé 8). Following cutting of the ureter on
each side, the remaining parts of the lower urdgenrgans on each side are removed as a unit.
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This is done by dorsal and lateral incision alohg brgan attachments in the abdominal and
pelvic cavities (Figure 9). Subsequently to remafahe urogenital organs, the accessory sexual
glands are localised (gl. vecicularis, s. semiregicle (vesicula seminalis), coagulating gland
(gl. coagulationis), prostate gland, and gl. bubethralis), along with the urinary bladder, the
urethra, and penis (Figure 10). Urine may be okthinom the urinary bladder, which is opened.
In guinea pigs, the urine is normally cloudy dueatbigh concentration of mineral crystals. If
possible; the urethra is opened with the scisdarsodents, a plug in the proximal part of the
urethra is a common finding, the plug may extend the urinary bladder.

Figure 7.

The testicles are returned to the abdominal
cavity through the inguinal canal.
DD: Ductus deferens.
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8 Figure 8.

Testicle with attached epididymis and
ductus deferens.

Figure 9.

Removal of the urogenital organs of a
male rat.




Figure 10.

Identification of accessory sexual organs
in a male rat.

P: Prostate gland.

GC: Gl. coagulationis.
GV: Gl. vecicularis.
GB: Gl. bulbourethralis.

U: Urinary bladder.

In females, the attachment between anus/rectumvahd/vagina is cut. The free-dissected

vulva-vagina is lifted cranially, and the mesentatfachments of the uterine horns, oviduct
(salpinx) and ovaries on both sides are cut, sgadaudally (Figure 11). The ureter in both sides
is cut, and the sexual organs and urinary bladaehe removed together as a unit for inspection
and opening.

Figure 11.

Organs of the abdominal and pelvic cavity
of the female rat.

R: Rectum
OV: Ovarium.
SP: Symphysis pelvina.

Gastro-intestinal tract and spleen:

The spleen is dissected from the surrounding tsdaye cutting the omentum majus and the
attachment (lig. gastrolienalis) to the stomachla®ong removal of the spleen, the intestines
are pushed forward or laterally to expose the mc{&igure 12). The rectum is fixed with
forceps, and the dorsal attachment (mesenteryti;nadhe cranial direction. The cutting of the
mesentery is continued in the cranial directiorthe stomach, thereby freeing the small and
large intestine from their attachment to the uppmstpart of the abdominal cavity. In the cranial
end it must be ensured that the pancreas acconsp#meduodenum in its mesentery. The
ventricle is grabbed with forceps and pulled slhglm the caudal direction; the oesophagus is
identified at its exit from the diaphragm and deig(re 13). The ligaments between the stomach
and liver are cut, and the stomach and intestinashe removed as an entity for inspection and
opening (Figure 14).



Figure 12.

The opened abdomen of a rat with exposed
organs following removal of the spleen,
and lateral displacement of the intestines.

Figure 13.

The opened abdomen of a rat with exposed
organs. The oesophagus (OE) is cut in
order to remove the gastro-intestinal trag
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CX: Cartilago xiphoidea.
L: Liver.

All fibrous connections between the intestinesaute and the following structures are identified:

1) mesenterial lymph nodes (Inn. mesenterialesyt@nach (ventriculus), which in the mouse,
rat, and hamster is divided into an oral white gtandular part and an aboral grey glandular
part (Figure 15). The stomach of the guinea pignsrely glandular, 3) the small intestine

(intestinum tenue) consisting of the duodenum, koctv the pancreas is attached, the jejunum
and ileum with Peyer patches (not macroscopicabljbke in mice), 4) the caecum (caecum),

which is very big in the guinea pig, is locatedtla transition to the colon, and 5) colon and
rectum are found at the aboral end (Figure 14)hEBangle section of the gastrointestinal tract is
cut open in their entire length opposite to theenésrial attachment.

Figure 14.

The gastro-intestinal tract and spleen of the
rat.




Figure 15.

The ventricle of the rat.

Liver, kidneys, and adrenals:

The ligaments extending from the diaphragm (lidgcifarme hepatis) and the dorsal abdominal
wall (lig. triangulare dex. et sin.) to the livereacut. The liver can then be removed for
inspection and transsection. Note that the ranbagall bladder.

From each side the kidney and adrenal gland (positi craniomedially to the cranial kidney
pole on each side) is removed as a unit for ingpeeind transsection (Figure 16).

Figure 16.

Identification of adrenal glands and the
kidneys of the rat.

Oral cavity, neck, and thoracic cavity:

The external masticatory muscles are transseateidth@ jaw is moved caudo-ventrally (opened)
for inspection of the oral cavity. In the hamsthe tcheek pouches (bursae paraorales) are
inspected, located laterally in each cheek. Theclpoentrance is placed quite rostrally. The
larynx, trachea and oesophagus are exposed by gqakinincision from the larynx to the
thoracic inlet (apertura thoracis cranialis) (FEyut7). The glands, which are split by this
procedure, and possibly the thymus, are pusheddb gide. The diaphragm is cut along its line
of attachment to the rib curvature, starting vdhtré.e. at the sternum) (Figure 18). The
thoracic cavity is opened by removing the breastb(@ternum), by seizing the bone with the
forceps and transecting the ribs in the cranio-ahddection along the sternal attachment. For
bone marrow examination, the sternum is suitablee Tongue is seized with forceps and
separated from the mandibular bones by cuttingotlaé mucosal membrane along the tongue
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and the inner surface of the mandibular bones. fbhgue is pulled ventrally between the
mandibular bones and then pulled caudally, allowtragnsaction of the soft palate (palatum
molle). The transection is continued caudally onheside of the pharynx. Subsequently, the
larynx together with the trachea and oesophagu$oasened by incision laterally and dorsally
to the structures. The procedure is continued tinéothoracic cavity where the mediastinum is
cut in the cranio-caudal direction by simultanegugulling the tongue. Now the "plucks"
(tongue, oesophagus, trachea with attached thyglaid (visible to the naked eye in all of the
species), gl. parathyroidea (located in/at theiatgrart of gl. thyroidea — the gland is normally
not visible to the naked eye), and possibly thanihy, mediastinum with lymph nodes (Inn.
mediastinales), lungs and heart) is removed astdanrtioser examination (Figure 19).

Figure 17.

The ventral part of the neck with exposed
organs in the rat.

GT: GI. thyreoidea.

L: Larynx.

T: Trachea.

M: Musculus masseter.

Figure 18.
Opening the thoracic cavity in the rat.

CX: Cartilago xiphoidea.
DI: Diaphragma.

Figure 19.

The “plucks” of the rat, i.e., organs
removed as a unit from the oral cavity,
neck, and the thoracic cavity.




The pericardial sac is opened and inspected, antid¢hrt is then separated form the lungs at the
heart base, whereby part of the large vessels (gama caudalis and cranialis, v. pulmonis,
truncus pulmonalis and aorta) accompany the h€hd.surface of the heart (the epicardium) is
inspected, and the cavities of the heart are opbpexitting along the walls: Septum interatriale
and interventriculare. The direction of the blotmiM must be followed when opening the heart.
Start on the right side following the sequence: &eava — atrium cordis dex. — ventriculus
cordis dex. — truncus pulmonalis. The heart is¢draround, and on the left side the sequence is:
V. pulmonalis — atrium cordis sin. — ventriculugdis sin. - aorta. Coagulated blood in the heart
cavities is removed, and the endocardium, valved,myocardium are inspected. If necessary,
additional incisions are made in the myocardiume Tachea is separated from the oesophagus,
leaving only a connection at the larynx, wheretigyroidea is identified. Now the oesophagus
and trachea are opened in their full length byimgtwith scissors. The tracheal incision is
continued to the main bronchi of the lungs. Finadiyngle incisions are made in the lobes of the
lung, and the lymph nodes surrounding the bronetiia the mediastinum are identified.

The thymus, which is markedly larger in young arisr@mpared to older animals, where only
remnants may be found in the mediastinum, is inréihdocated along the trachea extra- as well
as intrathoracically. In the mouse, hamster andaaupig the entire thymus is located inside the
thoracic cavity, cranio-ventrally in the mediastimu

Nervous system, muscles, and joints

Cranium and brain:

The animal is liberated from the tray and turnedtsmelly. The head is detached from the body
by making an incision along the back of the head,oider to cut the medulla spinalis

immediately after its exit from the cranium viadaren magnum. Skin and musculature of the
dorsal and caudal part of the cranium is removegu(e 20). The cranium is opened on each
side of the head by cutting the cranial bone fréva foramen magnum to the middle of the
caudal rim of the orbita, which is the extent oé @avity of the cranium. Now the top of the

cranium can be lifted rostrally and removed. Thairr on which the cerebellum and the

cerebrum are identified (Figure 21), is removedrfrihe caudal end, cutting the brain nerves on
both sides in the rostral direction, holding thedhevith the dorsal surface downwards towards
the palm of the hand.

Figure 20.

Opening the cranium of the rat.
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Figure 21.

The opened cranium of the rat with the
cerebellum and cerebrum exposed.

Following removal of the brain, the hypophysis t&nobserved, lying in a cavity (sella turcica)
ventrally in the cavity of the cranium (Figure 2R).rodents, the hypophysis is covered by dura
mater, which must be incised and removed beforéypephysis can be lifted up.

Bulla tympanica (a part of the middle ear) is idged caudo-laterally on the ventral surface of
the cranium. The bulla tympanica, which is thinded) is opened with the tip of the scissors or
knife, and inspected. The nasal cavity is inspetddwing longitudinal cutting of the cranium
in the midline.

Figure 22.

The hypophysis is situated in the bottom| of
the cranium.

The medulla spinalis may in large animals be expdsealternatingly cutting the right and left
part of the dorsal bony arches (arcus vertebraff)eofertebrae (columnae vertebralis). Medulla
spinalis is removed by seizing it with forceps, sitaneously cutting the lateral nerves. In mice
and young rats, guinea pigs and hamsters the naedai only be removed without damage if
great care is taken. In these animals medulla kpisiaould therefore be fixated situ.

Muscles, joints, and peripheral nervous system:

Following removal of skin and facia the muscles akamined by external inspection and
comparison with the opposite corresponding musiceisions in muscles should always be
made longitudinally as well as transversely witkpect to the orientation of the muscle.
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Before the large joints (shoulder, elbow, hip ameéd&) are opened, they must be inspected for
obvious changes and mobility.

On the hind leg n. ischiadicus is found by splgtthe muscles caudally and parallel to the femur
on the medial side of the thigh (Figure 23).

Figure 23.

The nervus ischiadicus (NI) of the rat is
found by splitting the muscles on the
medial side of the thigh.

Necessary equipment for sampling:

1. Sterile cotton-tipped applicators and Petri ésstior microbiological examinations

2. Vacutainer tubes, rack and needles for cherbicald analyses etc.

3. Various single-use syringes (1-10 ml) and nexe(lldG, 19G and 27G) for collection of fluids
4. Fixatives (10% buffered neutral formalin and Digen's fixative)

5. Plastic or glass containers (100 ml) with adamgening and tightly fitting screw caps

6. Self-adherent labels
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Removal of tissue for histology

At the beginning of a necropsy the animal’s postiera condition must always be noted (fresh,
cadaverous to a light, moderate or severe degaselhe state understandably will influence the
certainty by which macro- and microscopic cond$i@an be evaluated.

Following death all organs will be subject to aysid caused by liberation of endogenous enzymes.
Since especially intestines, liver and pancreassalgect to rapid autolysis, a speedy fixation of
these organs is particularly important.

If an animal, where the registration of pathologicanditions has the highest priority, is not
examined immediately following death, then it sliblé stored at refrigeration temperature (app. 5
°C), until examination can take place. However nifaggptimal microbiological examination is most
important, it may often be appropriate, dependingh® time gap between death and examination,
to store the animal in a freezer (app.°@P

Immersion fixation:

As stated in relation to the exvisceration, itngortant not to grab, squeeze or in any other nranne
physically damage the tissue, which is removed doamination, especially for histology, as
artefacts are easily induced. By immersion fixatisere pieces of organs are placed directly in
the fixative, the penetration occurs by diffusion.

When macroscopically changed tissue, processesietemoved, the transitory zone to the
surrounding normal tissue should always be included

From organs intended to be examined histologicallgcks or sections are taken, the thickness of
which should not exceed approximately 1 cm, aspéretration of the fixative otherwise will be
too poor. During fixation the amount (volume) oétfixative should be at least 10 (formalin) or 20
(alcohol-based fixation (e.g. Davidson's fixativéjhes the amount of the tissue. For fixation of
eyes, Davidson's fixative is used, as formalintiotacauses detachment of the retina. For sufficien
fixation the tissue must be kept in the fixative & least 24 hours.

Perfusion fixation:

In this technique, which is especially used forafign for electron microscopy, the fixative is
introduced via the circulatory system to an isalabegan. When this type of fixation is used, the
animal must be generally anaesthetized. The teabkmaggay often require great technical expertise,
and before the fixative is injected, the organ nafstn be rinsed with a heparin solution to prevent
intravascular coagulation. For fixation of the larg modification of the technique is used, as the
fixative is introduced via the trachea followingvesceration. A parallel procedure, resembling that
used for the lungs, may be used for fixation of til@pened ventricle, where the fixative in this
case is introduced via the oesophagus.
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