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Summary

This is the first part of a series of three articles on trim-
ming instructions of rat and mouse protocol organs and tis-
sues in regulatory type toxicity studies. It is based on the
experience made in the European RITA and American
NACAD working groups and is an extended revision of
trimming guides published in 1995 (BAHNEMANN et al.).
The optimum localization for tissue preparation, the sample
size, the direction of sectioning and the number of sections
to be prepared is described organ by organ. These descrip-
tions are illustrated for each organ by a schematic drawing
and a macro-photograph showing the plane of section as
well as a low power view of the H&E stained slide demon-
strating the optimum “end-product”.

This revision will improve the quality and efficiency of
routine procedures and facilitate daily work in the his-
totechnical lab. It will promote intra- and inter-study repro-
ducibility and comparability and thus lead to a further co-
herence within each study and improvement of the validity
of historical control data.
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Introduction

The first publication of the RITA group on the stan-
dardization of sampling and trimming procedures of or-
gans in carcinogenicity studies was issued in 1995 (BAH-
NEMANN et al.). These guides were established based on
the experience of pathologists and technicians from 20
pharmaceutical and/or chemical companies and research
institutes in Europe working together in the RITA pathol-
ogy data base project (MorAawIETZ et al. 1992; MoRA-
WIETZ and RITTINGHAUSEN 1992; MoHR 1999; DEscHL et
al. 2002). The primary goal of this approach was to stan-
dardize the laboratory techniques of tissue sampling and
trimming procedures in terms of defining the sites at
which samples should be taken, the amount of tissue
which should be trimmed, the number of sections taken
and the orientation of tissues on the slide. Beside the use
of standardized nomenclature and diagnostic criteria (as
also published and based on an initiative of the RITA
group: MoHR 1992-1997, MoHR 2001), the application
of standardized histology techniques is essential when
comparing historical control data derived from different
studies performed at different laboratories.

The RITA paper of 1995 (BAHNEMANN et al.) covered
only the sampling and trimming of rat tissues, but was
very positively received. With the kind permission of
Urban & Fischer Verlag, that version of the RITA Trim-
ming Guides has been available free on the Internet since
1998 (http://www.item.fraunhofer.de/reni/trimming).
Other publications (e.g. Bono et al. 2000) followed the
basic criteria as outlined in the RITA paper.

In 1994 the North American Control Animal Database
(NACAD) project was established and is operating in a
way similar to RITA. In particular, the same data base
structure is used, the data is stored on the same Fraun-
hofer ITEM data base server in Hannover, Germany, and
NACAD is also based on standardized nomenclature and
standardized diagnostic criteria (KEeNAN et al. 2002). The
companies involved in the NACAD project largely adapt-
ed their tissue trimming to the RITA trimming guides.

Although the initial idea was to standardize the trim-
ming of tissues for carcinogenicity studies, the guides
have also been successfully used for short term studies.
Since different national or international guidelines re-
quire the processing of different protocol organs
(LEBLANC 2000; BREGMAN et al. 2003), we attempted to
include the full set in this paper, knowing that not all or-
gans are necessary for a particular study type.

Importance of standardization

The organs which must be routinely processed in a
specific type of study (e.g. sub-chronic or carcinogenici-
ty) are defined in various guidelines, regulating the ap-
proval/registration of pharmaceutical, chemical or agro-
chemical compounds. However, the guidelines usually
do not mention which part of an organ should be exam-
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ined histopathologically. Trimming differences among
groups may result in poor comparability of incidence
data obtained from different groups of a study, but also in
comparing incidences from different studies, particularly
if derived from different laboratories. Since the probabil-
ity of detecting lesions is primarily related to the amount
of the tissue examined, the need for standardization be-
comes clear. For larger organs (like lung or liver) it is
necessary to define the number of sections and the spe-
cific lobe/area sectioned (e.g. left lateral lobe, right me-
dial lobe of the liver). The cutting direction, either as a
longitudinal or a transverse section, is in particular of im-
portance for hollow organs (like the urinary bladder,
uterus) in order to provide comparable areas of tissue for
examination. Other technical procedures, such as instil-
lation of fixative, decalcification, and the type of fixative
used for particular organs influence the probability of de-
tecting lesions in the final histological slide. A thorough
understanding of the anatomic features (sub-sites) of all
organs sampled (e.g. renal cortex and pelvis, adrenal cor-
tex and medulla, seminiferous tubules and rete testis) is
important to ensure an adequate histologic evaluation of
all potential target sites in a given organ.

All these requirements were set in the frame of cost
effectiveness, i.e. to gain a maximum of information
with an acceptable investment of resources. It is not
within the scope of this article to present sophisticated
trimming procedures which may be required for special-
ly designed mechanistic studies.

Revised and enhanced trimming guides

A number of reasons triggered the revision and en-
hancements of the criteria published in 1995. The main
three are outlined below:

« In the last couple of years, a large number of mouse
studies have been entered into the RITA and NACAD
data bases, and the tissues have been histotechnically
processed at the participating companies primarily fol-
lowing the guides established for the rat. The experience
gained in the laboratories and the consideration of cur-
rent literature showed that in some cases, an adaptation
according to the anatomical situation in the mouse is
necessary.

» The original (1995) trimming guides have been inten-
sively discussed by the participants of the NACAD
group and several modifications have been proposed,
based on their practical experience. These proposals and
suggestions for improvement were incorporated into the
current paper, so that it now presents an international
harmonization among both groups.

* The involvement of technicians in the information ex-
change stimulated the enhancements from a practical point
of view. This resulted in the inclusion of macroscopic im-
ages of the organs and scans of the histological slides.
Such histological images demonstrate how the final “prod-
uct” should look, if the current guides have been applied.
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Instructions and illustrations in individual
organ guides

The revised and enhanced trimming guides are pub-
lished in a series of three papers of which this is the first.
The instructions are presented according to organ sys-
tems, organ-by-organ. In general, each organ description
is valid for rat and mouse tissues but most of the gross and
histopathological images are taken from the rat. If differ-
ences between the two species must be considered, they
are mentioned in the text and/or in the figure legends.

For each organ the following information is usually
presented:

1. Localization: anatomical site or part of an organ
from which a sample should be taken (i.e. lobe).

2. Number of samples: number of organs (i.e. both for
bilateral organs) or organ pieces prepared for evalua-
tion (not necessarily identical with the number of
slides/blocks).

3. Direction: direction (plane of section) in which an
organ should be cut at trimming or microtome sec-
tioning (see also the remarks at the end of this chap-
ter). The proposed direction is shown in green color
and optional sections (if defined) are shown in blue
(see fig. 1 for an explanation of the symbols used).

4. Sample size: the size (area) of an organ or part of an
organ which is sampled in a cassette for processing.
The sample size is determined by the size of an
organ. For optimal fixation, sample thickness should
not exceed 3-5 mm. In general, the examined area
should be as large as possible and should contain the
relevant anatomical structures. The tissue can be
adapted to the size of cassettes by trimming the mar-
gins off.

5. Optional remarks are used to present additional in-
formation, such as the instillation of fixative into the
lung or the urinary bladder, optional recommended
sections, placements of organs in cassettes, etc.

6. Schematic drawings and/or gross photographs are
given. The plane of section is usually indicated in
both images. Some of the gross photographs show
the organ and trimming direction in situ. However,
this is just for orientation purposes and it is recom-
mended to remove the organ or tissue first. Trim-
ming is performed as the next step, either on the
fresh wet tissue or, in most cases, after fixation of the

a b C

Fig. 1. Symbols used in the drawings and/or gross pho-
tographs to indicate the plane of section. a: cutting level
parallel to the plane of the picture, b: cutting level perpen-
dicular to the plane of the picture, c: cut level, 3-D.

organ. Most of the gross photographs were taken
from fresh unfixed organs. After fixation, tissue
shrinkage and changes in color may lead to slight
variations from the photos presented here.

7. An image of a Hematoxylin and Eosin (H&E)
stained tissue section is shown for the recommend-
ed section level (sometimes also for optional levels).
Typical structures included in this section are indi-
cated as necessary. As a routine, 10% buffered for-
malin (i.e., approx. 4% formaldehyde solution) is
recommended as the fixative of choice. For some of
the scans, the organs were fixed with Davidson’s
fluid. This is not indicated in the figure legend, since
it usually does not influence the appearance of tis-
sues at the low magnification used in the scans. If a
special type of fixative is appropriate for a particular
organ (e.g., eye or testis), it is mentioned in the organ
manuscript.

8. If helpful, images on histotechnical utilities (e.g.
special cassettes, tools) are included.

9. If appropriate, further information stating the rea-
sons for specific sectioning levels or multiple sec-
tions, as recommended by the RITA/NACAD
groups, is included.

10. References to literature specific to a particular organ
are included where appropriate and summarized at
the end of each paper.

In the descriptions the following terms are used for the
determination of the trimming directions (see also fig. 2
with a schematic presentation of the related cut levels):

* transverse: perpendicular to the long axis of an organ
or part of an organ

« longitudinal vertical: in the direction of the long axis
of the body, an organ or part of an organ in the dorsoven-
tral axis or parallel to it (in the text also referred to in
short as “longitudinal”)

« longitudinal horizontal: in the direction of the long
axis of the body, an organ or part of an organ, perpendic-
ular to the dorsoventral axis (in the text also referred to in
short as “horizontal”)

By defining either the “body”, the “whole organ” or a
“part of an organ” (for example a liver lobe or a certain
part of the brain), as a unit of reference, it is relatively
simple to precisely characterize a trimming direction by
using only the three above defined terms and avoiding
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Fig. 2. Schematic presentation of the plane of section.
a: transverse, b: longitudinal vertical, c: longitudinal hori-
zontal.
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therefore the vast amount of anatomical terms and confus-
ing synonyms present in literature. The schematic draw-
ings and/or the gross images of the organs both include
the trimming directions as colored lines or symbols to aid
in orientation and identification of the correct sections.

Conclusion

The authors believe that this revision will assist in im-
proving the quality of routine necropsy and trimming
procedures, facilitate daily work in the histotechnical lab
and advance group and study comparability. It will also
contribute to a further improvement of the validity of
historical control data. As in the first paper (BAHNEMANN
et al. 1995), these revised trimming guides consider rele-
vant scientific data for the detection of induced lesions,
easy intra- and inter-study reproducibility and the rela-
tionship of cost and benefit. We hope to make these trim-
ming guides available on the Internet similarly to the
first version.

Suggested reading

Besides the references mentioned in the individual
organ guides, the authors suggest the following publica-
tions, if more or general information regarding anatomy,
biology, histology or trimming of rodent tissues is need-
ed. However, if chapters of these books are of particular
interest for a certain organ guide, they are included in the
related references.

A detailed anatomical description of the organ sys-
tems of the rat is given by HeBeL and STROMBERG
(1986), BoormAN et al. (1990) provide valuable infor-
mation on the embryology, anatomy, histology and
pathology of the Fischer rat, for some organs also with
trimming proposals. For the mouse, comparable infor-
mation can be found in the book by MaronpPOT et al.
(1999). Extensive information on normal anatomy, his-
tology and physiology and their implications on toxico-
pathological aspects can be derived from the publica-
tions by KrINKE (2000) and HAscHEK et al. (2002).
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1 Integumentary system
1.1 Mammary gland and Skin

Localization: Inguinal region
Number of sections: 1
Direction: a) Transverse
b) Longitudinal vertical to the
direction of the hair flow
Sample size: lcmx3cm
Remarks: Transverse section: includes the

nipple and the lateral iliac lymph
node.

Longitudinal section: the nipple is
not included if the lymph node is
enclosed.

Both sections: ensure a high
amount of mammary gland tissue.

The mammary gland is a paired organ. Due to the dif-
fuse distribution of mammary gland tissue it is of no con-
cern whether one or both sides are in the section. The in-
guinal region is the recommended area for harvesting
mammary gland. Sections of mammary gland should be
taken with associated nipple and skin. The result of his-
totechnique may be improved by shaving the skin at
necropsy or removing the hair with scissors at trimming.
Orientation of a shaved skin specimen is possible by the
nipples in female animals. In male animals, the inguinal
region is also preferred to examine skin and mammary
gland tissue. The section will be embedded on the cut
edge so that it reveals skin, subcutis and mammary gland
close to the nipple. In the longitudinal section, the hair
follicles will be visible in full length.

Relevant differences between rats and mice

Rats have 6 pairs of mammary glands while mice have
only 5 pairs. This difference is not of practical impor-
tance since mammary tissue is abundant in the inguinal
region of both species. In females, the mammary tissue
extends from the salivary gland region to the base of the
tail.

Related references

BoormAN et al. 1990b, DEerBERG et al. 1986, ELWELL
etal. 1990, KovatcH 1990a, KovatcH 1990b, MiLITZER
etal. 1990, Russo et al. 1989
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Fig. 1.1b. Skin, inguinal region: transverse and longitudi-
nal cutting direction.

Y
iy O S

e
I-l.|"l I..F? :_‘l .:3'::”'.;

w ¥ Ve

S
g
ol - L-\.

Fig. 1.1c. Skin and mammary gland (M), section trans-
verse to the direction of the hair flow.

Fig. 1.1d. Skin, longitudinal section in the direction of the
hair flow.
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1 Integumentary system
1.2 Zymbal’s gland

Localization: Adjacent to the auditory canal
Number of sections: 1

Direction: Transverse

Remarks: A preparation of the Zymbal’s

gland is not advisable, instead a
transverse section across the base
of the decalcified skull at both
ethmoidal bullae is performed.

The Zymbal’s glands are made up of several lobules
of modified sebaceous glands which are located at the
base of the external ear (anterio-ventral). A section
through the base of the skull at the level of the external
ears generally results in a section plane through one or
more lobules of Zymbal’s glands tissue.

Related references

ALTMAN and GoobMaN 1979, CopeLAND-HAINES and
EusTis 1990
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Fig. 1.2b. Head, dorsal aspect after removal of skull cap
and brain: Zymbal’s gland (Ma: meatus acusticus externus,
P: pituitary gland, Eb: ethmoidal bullae).

Fig. 1.2c. Zymbal’s gland (Z), ethmoidal bullae (Eb).



1 Integumentary system
1.3 Clitoral/Preputial gland

Subcutaneous adipose tissue,
lateral to penis/cranial to vulva
Number of sections: 1

Direction: Longitudinal horizontal

Localization:

Clitoral/preputial glands are modified sebaceous
glands. The whole organs are removed at necropsy and
embedded in toto.

Related references
Reznik and WARD 1981a, RezNik and WARD 1981b

Fig. 1.3a. Rat: preputial
glands (P), testis (T),
penis (Pe).

Fig. 1.3b. Mouse: pre-
putial gland (P), testis
(T), penis (Pe).

Fig. 1.3c. Mouse: clitoral
glands (C) and wvulva

V)

Fig. 1.3d. Rat: clitoral glands (C), vulva (V), vena femo-
ralis (VF), abdominal muscle (M).

Fig. 1.3e. Rat: clitoral gland (left) and preputial gland
(right).

Fig. 1.3f. Mouse: preputial glands with typical dilated
ducts.

Fig. 1.3g. Mouse: clitoral
glands.
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2 Digestive system
2.1 Tongue

Number of sections: 1

Direction: Longitudinal vertical
Optional: transverse section of
mid-portion

Remarks: Tip removed if organ does not fit

into the cassette

The longitudinal vertical section of the tongue covers
a large part of the dorsum including the dorsal promi-
nence. Well developed papillae are found rostral to the
dorsal prominence. The section also includes the lingual
lesser salivary glands and should be slightly lateral to the
median sulcus.

The transverse section is recommended if blood sam-
pling from the tongue is performed.

Related references
BrownN and HARDISTY 1990, KociBa and KEYES 1985
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Fig. 2.1a. Tongue, longitudinal section.

Fig. 2.1b. Tongue, formalin fixed, dorsal aspect. Longitu-
dinal (green) and transverse section (blue).

Fig. 2.1c. Tongue, longitudinal section.

=

Fig. 2.1d. Tongue, transverse section.



2 Digestive system
2.2 Salivary glands

Localization: Cranio-ventral throat region
Number of sections: 1

Direction: Longitudinal horizontal
Remarks: Mandibular gland through largest

surface
Optional: together with
mandibular lymph nodes

The three salivary glands and the mandibular lym-
phatic center, which consists of two or three lymph
nodes are removed in one piece. At necropsy it is not
necessary to prepare each organ individually. The ex-
traorbital lacrimal gland may be removed separately or
in conjunction with the other glands.

All three salivary glands should be present in the sec-
tion.

Related references
HeBEL and STROMBERG 1986

mandibular
lymph rodes

extreorbital
lacrimat gland

suilimguial

gland

parolid

gland
mandibular
gland

Fig. 2.2a. Schematic drawing of the position of salivary
glands, extraorbital lacrimal gland and mandibular lymph
nodes.

Fig. 2.2b. Ventral head/
throat region: man-
dibular, parotid and
sublingual glands and
mandibular lymph
nodes.

Fig. 2.2c. Head, ventrolateral aspect: extraorbital lacrimal

gland.
A

K3
£

r

Fig. 2.2d. Salivary glands (ML: mandibular lymph nodes,
PG: parotid gland, SG: sublingual gland, MG: mandibular
gland).

Fig. 2.2e. Extra-
orbital  lacrimal
glands.
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2 Digestive system
2.3 Pharynx and Larynx (oral study)

Localization: Middle of the larynx

Number of sections: 1

Direction: Transverse

Remarks: If necessary, decalcified for one

day. Nasopharynx is included in
the most caudal localization of the
nasal cavity

Section contains larynx and pharynx.

See also:
Larynx (inhalation study)

Related references
BoormAN et al. 1990a

2 Digestive system
2.4 Esophagus and Trachea (oral study)

Localization: Region of thyroid gland
Number of sections: 1

Direction: Transverse

Remarks: Together with trachea

This procedure is recommended if the thyroids are re-
moved for weighing or for performing a longitudinal
section of the thyroid gland.

See also:
Thyroid gland
Trachea (inhalation study)

Related references
BrownN and HARDISTY 1990
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Fig. 2.3a. Larynx (dorsal
view) indicating the level in
the region of the ventral
pouch.

Fig. 2.3b. Larynx (L)
(with ventral pouch and
vocal processes) and
pharynx (P).

Fig. 2.4a. Tongue base and cranial esophagus/trachea:
esophagus (E) and trachea (T) with tongue (To), hyoid
bone (H) and thyroid gland (Th).

Fig. 2.4b. Esophagus (E) and tra-
chea (T) at the level of the thyroid
glands.




2 Digestive system

2.5 Stomach
Localizations: 1) From cardiac region through
pyloric sphincter to the duodenum
2) Across the limiting ridge with
forestomach and the fundic part of
the glandular stomach

3) Optional: section through the

fundus
Number of samples: 2 (3)
Direction: Longitudinal vertical
Remarks: Opened along the greater

curvature, mounted and fixed

The stomach of the rat is opened along or paramedian
to the greater curvature and placed on cardboard or a flat
piece of styrofoam. The ingesta are removed and, if nec-
essary, the mucosa is cleaned carefully with saline solu-
tion or fixative. The stomach is spread out and fixed with
about six pins. This is a prerequisite for the macroscopic
orientation and the reproducible microscopic evaluation
of the gastric mucosal height or actually the measure-
ment of the mucosa by morphometric means as it avoids
folds in the mucosa.

The first section is cut from the cardiac region of the
stomach across fundus and antrum and the pyloric
sphincter to the duodenum. If the piece is too large for
the normal cassette, the tissue can be cut in halves. The
second section is taken from the forestomach through the
fundic area, allowing the best evaluation of the limiting
ridge between the forestomach and the glandular stom-
ach. Optionally, a third section can be made through the
fundic area, where the fundic glands are most bulky.

The fundic area is the thickest part of the mucosa and
can vary under acid suppressing conditions or other
drug-induced influences. ECL-cell hyperplasia and neu-
roendocrine tumors are found in the fundic mucosa.

Related references
BeTTON et al. 1988, BRownN and HARDISTY 1990, HAKAN-
soN et al. 1984, MATsuKURA and AsAaNo 1997
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Fig. 2.5a. Forestomach and glandular stomach.

Fig. 2.5b. Stomach
spread out before
fixation.

Fig. 2.5¢c. Section at location 1: Forestomach (FS), gastric
fundus (GF), antrum (A), pylorus (P).
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Fig. 2.5d. Section at location 2: Forestomach (FS), gastric
fundus (GF).

Fig. 2.5e. Stomach: optional section at location 3 through
fundus.
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2 Digestive system

2.6 Intestine
Localizations: 1) Duodenum: 1 cm distal to the
pyloric sphincter

2) Jejunum: central section

3) lleum: 1 cm proximal to cecum
4) Cecum

5) Colon: central section

6) Rectum: 2 cm proximal to the

anus
Number of sections: 6
Direction: Transverse
Remarks: Duodenum in conjunction with an

adjacent piece of pancreas
Jejunum containing Peyer’s patch
or lymph follicle.

Optional: additional longitudinal
vertical and/or transverse section
through Peyer’s patches

Cecum: due to the large diameter
it is advisable to open the
specimen

Rectum optional: longitudinal
vertical section to include the anus

During necropsy or after fixation, the intestine is care-
fully separated from the mesentery. Peyer’s patches of
the jejunum are mostly visible as slightly elevated lighter
fields in the intestine’s wall or are even discernible as
prominent areas when activated. One transverse section
from each part of the unopened bowel is taken. The re-
maining intestine should be opened and examined for ab-
normalities. At necropsy, the ingesta should not be re-
moved vigorously but only gently rinsed with physiolog-
ical saline if necessary.

Swiss roll technique: This technique is sometimes re-
quired for examination of the whole intestine and the gut
associated lymphatic tissue (GALT). The intestine is
stripped off the mesentery, opened with a pair of scissors
and gently rinsed. The intestine except cecum is recoiled
on cotton swabs and fixed. After fixation, the spooled in-
testine is detached and embedded. This procedure is
technically challenging and not recommended for rou-
tine purposes, as the intestinal mucosa and the lymph fol-
licles will often be found cut tangential. However, trans-
verse sections as described above will often provide a
better histoanatomy.

The jejunum and ileum or the distal colon and rectum
cannot readily be differentiated microscopically. For
consistency in routine examination of each required site,
accurate sampling is necessary. In this case, the colon
differs from the rectum by a thinner muscle layer and a
larger lumen. For dehydration and embedding, cassettes
with a subdivision are helpful.

Please note that the magnification of the histological
images is not the same for all parts of the intestine.
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Related references

EtweLL and McConNeLL 1990, Kurer et al. 2000,
MooLENBEEK and RUITENBERG 1981, SMINIA and JEURIS-
SEN 1990, SouL 1987

2 jajunum

4 Cecurm

Fig. 2.6a. Intestine in situ with mesentery and mesenteric
lymph nodes.

Fig. 2.6b. Intestine: for the collection of specimens, the
mesentery is removed (explanations of numbers see fig.
2.6a).



Fig. 2.6g. Rectum.
Fig. 2.6¢c. Duodenum.

Fig. 2.6h. Rectum, longitudinal section (optional).

Fig. 2.6f. Colon. Fig. 2.6j. Tissue Tek Cassette, Fa. Vogel, Giessen, Germany.
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2 Digestive system

2.7 Liver and Gall bladder (mouse only)
Localization: 1) Left lateral lobe

2a) Rat: right medial lobe

2b) Mouse: left and right medial
lobe including gall bladder

3) Optional: caudate lobe

Number of sections: 2 (3)

Direction: 1, 2a, 3) Transverse,
2b) longitudinal-vertical
Remarks: Sample sizes should be as large as

possible but can be adapted so that
all pieces fit into one cassette. For
identification purposes,
standardized shaping of one of the
larger lobes can be performed.
Sampling from other locations is
also appropriate, if consistency is
provided.

If major bile duct is required, the optimal section is the
one through the left lateral lobe.

Relevant differences between rats and mice

Gall bladder in mice: the longitudinal section is pre-
ferred to the transverse one. In the longitudinal section,
the gall bladder will be in anatomical conjunction with
the liver lobes, whereas in the transverse section, the
slice of the gall bladder is prone to lose its connection to
the liver tissue.

Related references

GARCIA-MoORENO et al. 1994, Poresko et al. 1992,
RuBARTH 1958, FrITH et al. 1994, YosHITomI and Boor-
MAN 1994
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Fig. 2.7a. Liver, visceral aspect, indicating the cut levels
for rats and m