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I ntroduction

1. OECD Guidelines for 28 or 90 day inhalation studies (TG 412 and 413) were adopted in 1981 and draft
updates of these two documents were published in 2009 (OECD, 2009&hd)purpose ofhis draft
Guidance @cumentis to provide pathologists, toxicologists, and associated scientistsastimmended
guidelinesfor performing the pathology tasks requiredthg specifications of G 412 and 413, and for
optimizing the value of pathologglated tasks in these studie$his draft document is structured to
follow the specifications in 412 and 413 and andptovide recommendations and supplementary
informationto these specificatioris the temporal sequence one would encounter in planranticipating

in, and reporting the results of pathology tasks in a 28 or 90 day inhalation toxicology study ufiGzing

412 and 4131t is also intended to conform to the recommendationsspadifications provideth GD 39,
Guidance Document on Acutehlalation Testing

2. General guidelines and recommended practices for histopathological tasks in toxicology studies have
been published in the open literature (Hildebrandt, 1991; Crissman et al, 2004). Followmg thes
published practices will serve the pathologist well in avoiding the potential pitfalls associated with
performing and reporting pathology tasks in inhalation studies. drafé guidancedocument provides
pertinentinformation on each aspect of the gty tasks for inhalation studies in rodents, and references

to additional publications with details on methods and anticipated results.

Tasks Prior to Necropsy
Consideration of the potential effects of the physicochemical properties of the test article

3. As indicated in paragraph 3 oG 412 and 413tiis important tautilize all available information othe

physical and chemical characteristics of the test articlplanning andmaking preliminary decisions
regarding specific proceduras inhalatbn toxicity studies. This is especially trirethe necropsyelated

and histopathology taskshere once animals are necropsied and tissues processed, choices may be very
limited. Test articles with high water solubility and caustic properties are tikest to induce lesions in

the uppermost areas of the respiratory tract (see more details below in the Tissue Trimming and Slide
Preparation section)The mainstem bronchi and their immediate distal bifurcations are a primary location
for goblet cell hypdarophy and hyperplasia induced by irritant aerosols such as acrolein or cigarette smoke
(see also comment below under Special Staiff$)e anount of impact and/or deposition in airways or
alveoli and clearance from the lung are dependent on partickerasch droplet sizand respiratory rate

and volume Knowledge of these and other physical/chemical characteristics of the inhaled material are
useful for the pathologist in determination of likely sites and types of effects in the airways and lung
parenclyma. Critical decisions orthe use ofbronchioalveolar lavage, cell cycle studies, and other
necropsy or histopathologglated tools may be made more accurately by the judicious use of information
on the solubility, pH, aerosalharacteristicsand othermphysicochemicabata onthe test material as it
enters the respiratory tract of the animals being exposed.

Review of pertinent study data
4. It is recommended thatl gertinent data generated on the study be avaitaltlee pathologist,
toxicologist,and other appropriate stadfior to scheduled necropsieghis may include but is not limited

to available data required by the study protagol

9 Clinical signs, clinical pathology, pulmonary physiologpdany other tasks performed during
the exposte or recovery phase of the styalyor to thescheduledecropsy

4
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1 Necropsy and histopathologgté from unscheduled deaths or moribund sacrifices during the
exposure or recovery phase of the stpdgr to the scheduled necropsy

1 Records indicating suffient training in necropsy procedures by prosectors, technicians, and
other staff involved in the pathology/clinical pathology tasks.

Clinical Pathology:

5. Guidelinesfor clinical pathology tasks are providedparagraphs 36 and 3f TG 412 andparagraps
37 and 3&f TG 413. Followingis supplemental information for performing clinical pathology tasks:

6. Clinical pathology is a key tool in detection, quantitation, and interpretation of effeetpo$ure to
toxicants in rodent toxicology studiesAn extensive database of clinical pathology data on laboratory
rodents generated from toxicology studies by pharmaceutical and chemical industries, regulatory agencies,
contract research organizations, and academic institutions is available in the eguardit(Loeb and
Quimby, 1999; Moore, 2000; Car et al, 2006). These and similar literature souwagdse utilized to
optimize the value of clinical pathology data for specific study protocols and for other criteria such as
gender, stock/strain of theiarals and diet status (restricted or ad libitum).

7. Prior to collections of samples,i# recommended to confirthat collection methods, fluids, containers,
diluents, or vehicles to be used are correct and consistent for the clinical pathologgdgasies in the

protocol. Standard proceduresay beutilized for randomization of samples and periodic insertion of
guality control sera as described in the literature (Loeb and Quimby, 1999; Car et al, 2006) and in study
specific protocols. If blood sanples are to be collected without anesthedlee saphenous or
submandibular veins are recommended as the collection site. Anesthesia is recommended if blood samples
are taken from the retrarbital sinus or by cardiac puncture.

8. As mentioned inTable 1 in TG 412 and 413, wernight fasting prior to blood samplingay be
consideredo insure uniformity of clinical chemistry and hematology dddae optimal time from last
exposure to removal of food (fasting), blood and/or urine collection, euthanadiaaBé necropsy may

vary with the physical or chemical characteristics of the test article and available information on the effect
of the exposure on study animals. In typical inhalation studies animals are fasted for 16 hours (overnight)
following the last exposure, although fasting prior to necropsy is not done universally. If data available
from clinical signs, clinical pathology, or other information obtained during the study or from the literature
indicate fasting maylecrease rather than increase ttalue of clinical pathology or other data, fasting
parameters may be changed or fasting deledéot fasting prior to necropsy may impact body and organ
weight ratios, histology of liver (glycogen in hepatocytes), blood glucose, and other clinicalbggath
values when compared with data from the literature.

9. Methods of statistical analysis of clinical pathology data are provided iB%Guidance Document on

Acute Inhalation Toxicity Testingn assessing the results of clinical pathology dedajparisonsnay be

made to concurrent cage, vehicle, excipient, or other control groups, and to a range (95% interval) of
normal values based on samples from a large number (~50) of animals of similar age, stock/strain,and
receiving simlar feeding and Huendry practices. Interpretation of statistically significant differences
among groupsnay be tempered by the realization that many clinical pathology parameters have wide
ranges and are affected by a number of variables. Similarly, a lack of stasgiinficance does not

imply a lack of effect of exposure, and interpretation of the resudtg requirecareful evaluation and
correlation of clinical pathology parameters with all other available toxicology data.
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10. The use of metabonomics tools ormnerhas proven useful to detect outliers prior to initiation of the
study (Car et al, 2006), and to detect nephrotoxicity earlier than standard histopathologic methods
(Boudonck et al, 2009). Collection of urine samples free of external contaminatioof armiume
adequate for testing may require special collection containers and caging and an overnight sampling
period. Analysis of urine samples for cellular contents (red blood cells, inflammatory cells, casts, uroliths)
is recommended to add to the lidtitems in Table 1 iTG 412 and 413.

11 If collectable samples are availapt#inical pathology measurements are recommended in moribund
animals prior to unscheduled necropsies, in order to determine cause of moribund condition and possible
relationdip to exposure to the test article.

12. Hematology data collected using automated instrumentatiybe routinely confirmed by manual
counting and enumeration of cell types (Moore, 2000). Histologic examination of bone marrow, spleen,
and liver is reommended to evaluate hematopoietic elements and detect fibrosis or necrosis. Flow
cytometry may be used to differentiate hematopoietic lineages (Criswell et al., 1998), and may also be
utilized to quantify micronuclei (Torowet al 20(B).

13. Evaluationof clinical pathology data in inhalation studiegmy need toconsider the impact of stress

related to exposure to the test material and to handling and change of environment during cage transfer and
specimen collection. The most consistently affectedirpaters related to stress in rats are increased
lymphocytes, glucose, adrenalin, aadrenocorticotrophic hormon@CTH) and decreased eosinophils

(Car et al, 2006)Published methods are recommended to acclimate animals to specialized housing and
equipmen (Damon et al., 1986).

Supplemental/Optional Tasks Prior to Necropsy
Ophthalmoscopic Examinatio

14. Ophthalmological examination is described in paragraph 40®f413, but not inTG 412. Several
additional details and taskse recommendedgith regardto ophthalmoscopic findings:

15. Ophthalmoscopic examination should be conducted by a suitably trained and experienced
ophthalmologist, preferably using indirect fundoscopic examination addrsiit evaluation.When ocular
abnormalities are detected aphthalmoscopy, collection of eyes at necropsy and histopathologic
examination of the eyes is recommended to attempt to identify the morphologic correlate of the
abnormality. If ocular abnormalities are focal, it is recommended to perform histologic aexamiof
additional sections. Appropriate sections from all groups are recommended for adequate comparison with
untreated controls and to establish a possible dose respbmsestudy report should contain an integrated
interpretation of all ocular findgs (ophthalmoscopic, macroscopic, and microscopic examinations) along
with pertinent individual animal data.

Respiratory Physiology

16. Pulmonary function measurements are recommend@adriagraph 89 oD 39 for acute inhalation
studies, and may be codsred for subacut€TG 412) and subchroniqTG 413 inhalation studies.
Respiratory rate and tidal volume measurementwide useful information regarding inhaled dose and
may indicate the primary respiratory tract site of effect of the inhaled mai@agys, 1992; Costa et al,
1992;Gad and Chengelis, 1998ad, 200%.
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Bronchoalveolar Lavage

17. Methodsand rationaldor performance of bronchoalveolar lavage, providedaragraph 9®4 of GD
39, are referenced MG 412 and 413. Following is supplemtal information for consideration in
performing bronchoalveolar lavage:

18.  General methods for BAL in rodents are available in the literature (Henderson 1984, 1988). Details
of methods used for BAL will depend on animal species and parameters wabaradSome potentially

useful indicators of damage available in BALF are presented in Tgbtedified from Henderson, 1984).
Quantitation of types and numbers of granulocytes and macrophages in BAL fluid will provide an
indication of severity and dation of inflammation (Henderson, 1984J:00d technique is important to
avoid leakage of blood into lavage fluid, which will confound assays for total protein, spectroscopic
endpoints, or cell populations in the lavage fluid. Cell recovery from BAL fié&y be improved by
performing and pooling several-8 lavages on the same lung prior to centrifugatdat/dry lung weight

ratios may be obtained using an alternative method of tying off the right mainstem bronchus at the tracheal
bifurcation, lavaginghe left lobe, removing the lobus cranialis and using it for wet/dry weight ratio, and
the remaining right lung lobes for histopathology. This alternative method obviously decreases the total
amount of lung available for histopatholog@orrelation of quatitative BAL data with qualitative
histopathology data provides a compelling scientific argumergffects of inhaled test articles.

Table 1. Indicators of Acute Injury in Bronchoalveolar Fluids (from Henderson, 1984)

Parameter Location Possiblendication if elevated

LactateDehydrogenase | Cytosol (glycolysiy | Cell damage(increased membrane permeability to

frank cell lysis)

Glucose6-phosphate Cytosol (hexose Cell damage;leakage from cells undergoing repair
dehydrogenase monophosphate

shunj
Lysosomal acid Lysosomes Release during phagocytosiganulocyteand/or
hydrolases macrophage damage

Alkaline phosphatase | Plasma membranes,| Type Il cell damage or increased secretions;
Type Il cell lamellar | transudation of serum proteins

bodies, serum

Glutathione peroxidase | Cytosol Protection mechanism activated againstlip
Glutathione reductase peroxidation

Angiotensin converting | Endothelial cells Endothelial cell damage

enzyme

Total Protein Extracellular Transudation of proteins across alvealagllary
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barrier
Sialic acid Mucus Increased mucus secretion
Glycoproteins Transudation of serum glycoproteins
Lymphocytesmast Inflammation

cells, granulocytes

Macrophages

Cytokinetic Studies

19. Changes in cell turnover rate are a useful Wwoich may be utilizedto detect and quantify short or

long term changes in tissues in response to toxicants, and may yield insight into their mechanism of action
(Evans et al, 1991). Cagtlroliferation (Melnick et al, 1993and cell deatfzhang et al, 1995; Goez
Angelats et al, 2002; Kai et al, 2Q0&Imore, 200y have long been recognized as key fastdn
carcinogenesis, budre also dso useful too$ to detect and quantify cellular changes in short term
toxicology studies. Cell kinetics studies are basedhenuse of compounds that label cellular DNA and
allow the microscopic detection and quantitation of cells undergoing DNA synthesis at the time of tissue
fixation. Immunohistochemical detection using a monoclonal antibody to bromodeoxyuridine (BrdU) is
the most widely accepted tool for this assay. Cells in the DNA synthesis (S) phase can be labeled over
short (single pulse via intraperitoneal or intravascular injection) or long (subcutaneously implanted osmotic
pump or oral dosing in water) periods of &niGoldsworthy et al, 1993). Endogenous markers of cell
cycle status such as proliferating cell nuclear antigen (Eldridge et al, 1993) and Ki67 (Gerdes et al, 1983;
Ignatadis and Sotiriou, 2008; Challen et al, 2009) may also be measured using immumemisaic
techniques. Cell proliferation studies have provided much useful information in studying toxicity of nasal
(Monticello et al, 1993) and pulmonary (Haschek and Witschi, 1991) epithelium. However, analysis of
these data requires caution and sarsfde is an important factor (Morris, 1993).

20. Programmed cell death (apoptosssqa normal biological process which may be altered by exposure to
toxicantsor other pathologic events (Elmore, 2007). Apoptosis occurs via several pathways, and may be
detected and quantified using light or electron microscopy, DNA fragmentation, detection of caspases
using immunochemistry ddNA polymerase chain reaction (PCR) microarray technology (Elmore, 2007).
The Terminal dUTP NiclEndLabeling (TUNEL) assay is a NDA fragmentation method frequently
utilized to quantify apoptosis in rodent toxicology studies.

Necropsy

21. Methods for necropsy and weighing of tissues are providgxhiagraphs 381 of TG 412 andand
paragraphs 443 of TG 413. The following paragraghare recommended additional details and
procedures related to the necropsy task:

22. An exception tathe statedequirementin TG 412 and 413or a complete necropsyay be animals

found dead or sacrificed due to moribund condition during the first fere ofea study in which the study
protocol specifically requires replacement of animals accidentally killed or injured early in the study by
replacement animals. In this case the necropsy of the animal to be replaced may be a less complete
necropsy to detemine cause of death or moribundity but not intended to generate tissues for
histopathology related to the goals of the study.
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23. TG 412 and 413 state that necropsiesarly death or moribund animadbould be performed within
a day or twoThis draft Guidance document recommensterageof these animalf a refrigerator at -8
degrees centigradmdnecropsyno later tharl8 hours following removdtom the study

Methods of euthanasia

24. Animals should be euthanized using a method appropriate fopl@nce with current local animal
welfare licensing regulationsMethods of euthanasia for laboratory rats are described in a recent
publication (Everitt and Gross, 2006 American Veterinary Medical Associatiod{MA ) Guidelines
provide a general desption of euthanasia methods and issues on a wide variety of animal species
(AVMA, 2007). Inhalation studiemayrequire increased attention paid to the effect of the anesthetic and
method of administration on the respiratory tract and associated ti§dheemost frequently used methods

of euthanasia of laboratory rodents are inhalation of halogenated ether anesthetics, inhalation of carbon
dioxide/oxygen combinations in a closed chamber, Eniivenous or intraperitoneal injection of a
barbiturate aneletic Exsanguination of the animal via incision of tteudalvena cava or axillary
vesseldollowing complete cessation of heartbeat is recommendadpmove the quality of fixed tissues

for examination by removal of a portion of the circulating blobtkartbeashouldbe completely stopped

prior to start of the necropsy.

25. The choice of individual anesthetic/chemical agents for euthanasia may depend in part on the material
being tested and the clinical pathology parameters being measured. Rtelatuesthetics may have an

effect on cytochrome P450 levels with particularly important effects in liver (Popp and Cattley, 1991) or
nasal epithelium (Dahl and Hadley, 1991). Halogenated ether anesthetics are commonly used in rodent
toxicology studies idluding inhalation studies, but have the potential for effects on the respiratory tract
since they are administered via inhalation, and care must be taken to avoid exposure to humans.

26. A variety of halogenated ether anesthetics have been recommeneéethfinasia of rodents including:
halothane, enflurane, isoflurane, sevoflurane, methoxyflurane, and desflurane (AVMA, 2@0@on
dioxide/oxygen combinations are useful for short term anesthesia to collect blood samples, and are used in
combination wih exsanguination for euthanasia prior to necropsy. However, failure to maintain a ratio of
70% carbon dioxide/30% oxygen may induce multiple small hemorrhages in lung parenchyma (Renne et
al, 2007)makingthe use of carbon dioxide inhalatipotentiallyunacceptable for euthanasia in inhalation
toxicology studies.This draft Guidance Document recommends the us&rafvenous injection of kthal

dose of darbiturate anesthetiollowed by exsanguination following cessation of heartbeat.

Necropsy Teclique

27. A document providing an excellent description of the background, preparation and planning,
equipment, and procedures for a general rodent necropsy as part of a toxicology study is available in the
literature (Everitt and Gross, 2006), aigdreconmendedbe used as the basic text in preparing for
necropsy of rodents in toxicology studies.

28. Well trained, conscientious prosectors thoroughly familiar with the anatomy and dissection procedures
of the animals to be necropsied and the requireméite apecific study protocol arecommended an
essential tool for success in the necropsy task (Bucci, 1991). Tramdoddemphasize attention to detalil

and consistency combined with efficiency and appreciation of the importance of this aglcal which
mistakes are almost never correctable. Training of these staff mestimrsl be in the hands of an
experienced supervisor and/or patholodistving sufficient bench/lab experience to appreciate the
disastrous results of mistakes made in opsy. The supervising pathologist and other staff supervising the
necropsyshouldbe active, informed participants in the generation and approval of the study protocol, and
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should beesponsible to provide all protoespecific necropsy, trimming, and osigy information to the
other staff involved in the necropsy.

29. Table2 in TG 412 and 413lists the organs and tissuesbe weighed and/opreserved in a suitable

fixative (see below) during necropsy for histopathological examindt®ner tissues fdixation are listed

in TG 412. The preservation of other organs and tissues depends on the test article being studied and is at
the discretion of the study directof.his draftGuidance document recommends as an option the fixation

of all the tissuedisted for preservation iTG 413 to be included in the tissue list for 412, and also
recommends the fixation of the following tissues in addition to those listE@ #1.3 in both 412 and 413:

Superficial and deep cervical lymph nodebls)
PoplitealLNs
Mesenterid_Ns

This draft guidance document also recommends weighing organs from animals at unscheduled necropsies
when feasible.

30. This draft Guidance document recommends weighivgg ltingsof rats after removal of the lung
associated lymph nodesALN; cervical, mediastinal, and tracheobronchial lymph nodes) and, lagakt
before inflation with fixativeThe tracheobronchial LN of mice may be left on the lungs during the process
of removal and weighing of the lundSther organs to be weighethy be specified in the individual study
protocol. Tissues and organs should be fixed in 10% buffered formalin or another suitable fixative (see
below) as soon as necropsy is performed, and fixation should continue for no less than 48 hours prior to
trimming dgpending on the fixative to be used. Special attergioyuld be paido insure that tissues to be
weighed are kept moist, and that time from removal from the carcass for weighing to placement in fixative
is minimized to avoid autolysis.

31. Examination ad recording of gross observations and dissection and placement in fixative of all
protocotrequired tissues is a critical part of every necropsy in toxicology studies. Standard proigcols
require theprosector and theathologist supervising the nepgy to ensure byheir signature on the
necropsy form that all protocoéquired tissues were examined and placed in fixative by the prodactor.
cases of questionable gross findings the responsible pathologist should confirm and/or improve upon the
desciption of findings by the prosector

32. During scheduled necropsies responsible pathologishouldbe available to supervise the prosectors.
Unscheduled death or moribund animal necropsies may not be under the direct supervision of a

pathologistHigh quality animal husbandry and observation of animals by experienced animal care staff
utilizing information available in GD 19 will minimize the number of unscheduled necropsies.

Figure 1

10
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33. One item geful in assuring that all tissues were collected and examined is a tray divided into numerous
compartments (Figure 1). The prosector can place tissues small enough to be contained in individual
compartments in preset compartments within this tray, whachiamns fixative solution that allows the
tissues to begin fixation within the tray. When the prosector has completed the necropsy he/she can call
the pathologist to examine the tissues within the tray to confirm that they have been collected. Photographs
of pertinent findings at necropsyay betaken if required by the study protocol or if necessary for the
documentation of unusual findings.

34. The recommendedhecropsy procedurdocument (Everitt and Gross, 2006) lists dissection of the
thoracic viscea following dissection of the head and abdominal viscera. For inhalation studies the most
crucial target organs are the upper and lower respiratory tract; thetei®réraft Guidance document
recommendslissection of the thoracic viscera immediafelyowing dissection of the head.

35. Special attention during dissection of the head and thoracic visberdd be paid to dissection,
fixation, and identification of the mandibulaNs andLALN, since these are the terminal collection sites

of lymphatic drainage for the respiratory tract (Hebel and Stromberg, 1986). The mandibular LNs are
usually easily visible craniolateral to the mandibular salivary glands. The cervical LNs are less obvious;
the superficial cervical LN is attached to the ventral mgsofethe neck; the deep cervical LN is just
lateral to the trachea. The mediastinal LNs are attached to the thymus and the precordial mediastinum. If
the study protocol requires thymus weights, the mediastinal LNs should be removed from the thymus prior
to weighing the thymus. The tracheobronchial LNs are located just cranial to the bifurcation of the trachea
into mainstem bronchi and between the mainstem bronchi. All the LNs described above can be placed in
individually labeled cassettes to insure theg available for microscopic examination.

36. After the thoracic viscera are removed from the carcass as a single unit, the cranial surface of the

larynx may be examined visually for the presence of foam, blood, or other material. The traahba
transected midway between the larynx and the tracheal bifurcation and its lumen examined for foam or

11
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other fluids, and the larynx and attached tongue placed in fixafite. nasal cavity should be fixed by
retrdflushing fixative through the nasopharyngeglening and out thexternal naresthen placed in
fixative.

37. Most protocols of 2&lay or 90day inhalation toxicology studies require weighing of lungs, heart,
thymus, and other selected tissues at necropsy. Thus, theshealdbe dissected freedm the other

thoracic viscera prior to weighing. Special cslneuldbe taken when removing the heart from the thoracic
viscera to avoid cutting through the wall of the trachea or mainstem bronchi. Perforation of the tracheal or
bronchial wall will maketiimpossible to fully inflate the lungs with fixative or maintain the inflated state.

Due to problems such as this and other inconsistencies in trimming tissues for weighing, only thoroughly
trained and experienced necropsy stéaff recommended tam tissues for weighing (Bucci, 1991; Everitt

and Gross, 2006). In this method, prosectors dissect out tissues to be weighed but do not finely dissect
surrounding tissues. Tissues to be weighed are transferred to person/s trimming the tissues to be weighed
weighing tissues and recording weights using a computerized balance system. This system has decreased
the problem of leakage due to accidentally punctured airways and concurrently improved consistency of
organ weight data, as well as decreased thelighgeen removal of lungs from the carcass and instillation

with fixative.

38. As indicated inTG 412 and 413,tiis recommended thatimgs to be processed for histopathology be
inflated with fixative at a pressure of -30 cm of water This draft Guidace document recommends
inflation usinga gravity flow apparatus such as that illustrated in Figure 2 (Renne et al, 2001; Everitt and
Gross, 2006). ). This apparatus consists of a clear glass bottle containing fixative solution and sealed at the
top with arubber stopper containing a pipette. The tip of the pipette is set at a precise vertical distance
(20-30 cm; see below) above the level of the lungs to be inflated with fixative. Flexible tubing connected
to a spigot on the side of the bottle carriesatiive to the tracheal opening. Proper operation of this
apparatus requires an airtight seal of the stopper and a patent pipette lumen. This apparatus should be
tested for accuracy and consistency of pressure prior to and at intervals during its useptimak
pressure for instillation varies with the species and size of the animal and could also vary with the effects
of exposure to the test material. The degree of inflation should be closely observed, starting with a pressure
of 20 cm and not exceedir@® cm of water, and continuing inflation until the lungs fill but do not protrude

from the thoracic cavity, i.e., until complete expansion but not overexpansion of all lobes. Regardless of
the set target pressure for inflation, close attensioouldbe pad to consistent inflation of each set of

lungs at the same pressure to assure that all lobes are inflated to full expdha@nscopic assessment

of lung surfaceshouldbe carried ouprior to the instillation of the fixative as minor pulmonary lesicas
disappear during fixation. .

39. Once inflation to complete normal in vivo expansion is complete, the transected traghbeligated

near its cut end, and all lobes closely examined for gross lesions. If the study protocol requires
morphometry orlung sections for detection and quantitation of changes in airway or alveolar size, lungs
should be held under constant inflation pressure for a period of at least two hours to allow fixation to occur
in the presence of potential leaks caused by minutssfio the pleural surface. This can be accomplished
using a series of manifolds holding groups of lungs under the correct pressure (Figure 2).
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Figure 2
40 The standard fixative for l i ght mi croscopy i s
fixative is opti mal for fixation of rodent eyes

utilized for tissues to be emaned with electron microscopy. Various fixatives are discussed in the
referenced document (Everitt and Gross, 2008)few drops of eosin dye added to the fixative solution
turns it a faint pink color and identifies it as the fixative, avoiding thenpialey disastrous mistake of
accidentally placing tissues for fixation into saline solution, plain water, or othefixabine solutions.

An additional method for preserving lung tissues intended to be utilized for immunohistochemical analysis
with immunofluorescence is slow intratracheal inflation to full expansion with Optimum Cutting
Temperature (OCT) medium followed by ligation of the trachea, freezing and holding in liquid nitrogen at
-70C.

Supplementary/Alternative Methods for Necropsy

Fixation of tissues by vascular perfusion

41. Vascular perfusion of fixative provides superior tissue fixation avay beused when electron
microscopic(EM) examination is a primary goal. Whole body perfusion of glutaraldehyde or other EM
fixative via the &ft ventricle or abdominal aorta is the standard technique. A flushing satetidaining
heparinis used to remove blood from the circulation prior to infusion with fixative (Nyska et al, 2004).
The time and technical expertise required for vasculaiugien make it impractical fomost routine
toxicology studies.

Fixation of lung by immersion in fixative
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42. An alternative method of lung fixation is immersing the lungs in fixaive covering the lungs with
gauze to assure immersion in fixativehi§ method avoids movement mmovalof exudates anthhaled
test materialsleposited in the respiratory airways and alvesbociated with intratracheal instillation of
fixative, and mayincrease the ability to detect and quantify edema compared tontfatracheal
instillation method. However, thmajority opinionof a group of experienced pathologists was that the
intratracheal instillation method, by inflatinige lungs to expandlveoli, provides a closer approximation
of the lung in vivo than theimmersion only methgdand the immersion methadakes evaluation of
cellular inflammatory responses or interstitial responses much more diffiReifine et al, 2001)The
consensus of this group was thhe advantages of intratracheal instillation ofafixe outweigh the
increased ability to detect subtle edemsing the immersion method This draft Guidance document
recommends intratracheal instillation of fixative fayutine inhalation studies. The immersion only
method may be considered to use inleating lungs in which pulmonary edema is the principal issue.

Tissue Trimming and Slide Preparation

43. The task of trimming tissues obtained at necropsy has the same requirements for close attention to
detail, consistency, efficiency, and powers of obaston that were described for the necropsy task (Bucci,
1991). Errors made during trimming are also seldom repairable and can also have an impact on the quality
of the pathology data. Training of staff for tissue trimmgmguldbe done by supervisonyersonnel
experienced in the procedure and very familiar with the protocols. Staff trimming ti¥snddpay close

attention to the necropsy findings as well as the study protocol, and close communication among the
necropsy and trimming technical stdfistology supervisor, and pathologistviery helpful inobtaining

tissue sections that accurately reflect the necropsy findings and provide the pathologist tissue sections need
to interpret the results.

44. Publications providing specific techniques tissue trimming are available in the literature (Young,
1981; Sminia et al, 1990; dih and Maronpot, 1990; Morgan,1991; Lewis, 1991; Renne et al, 1992;
Sagartz et al, 1992; Bahnemann et al, 1995; Harkema and Morgan, 1996; Plopper, 1996; Germann et al,
1998; Hardisty et al, 1999; LeBlanc, 20yehtFehlert et al, 200Xittel et al, 2004;Morawietz et al,

2004; Kaufman et al, 2009) and on the internietty://reni.item.fraunhofer.desni/trimming/index.php.

Specific guides from the internet website listed above for trimming tissue sections from the nasal cavity,
larynx, trachea, and lungs are presented below in Figures 3, 4, 5, Bhd iBiformation provided in this
internet sie is the product of a large effort by a number of toxicologic pathologists and histologists with
extensive experience in performing toxicology studies for industry and regulatory agencies. It provides a
detailed introduction and excellent descriptions gnaphics of specific techniques for trimming rodent
tissues, including the respiratory tract. The internet site document cited above should be used as a basic
text for trimming rodent respiratory tract tissues, although there are other methods stilimedyf which

are described below. THhghtparagraphs below also provide amplifications, additions, and exceptions to
the methods presented in the internet dceaum

45, The internet site trimming guide recommends four transverse nasal sections &odrdisee for mice

and provides excellent text and graphics for obtaining sections at those sites. However, the appropriate
choice for number and location of nasal sections may depend on the physical and chemical characteristics
of the test article andrevious knowledge of its effect on the respiratory tract. Highly water soluble or
caustic test compounds may have a profound effect on the squamous epithelium of the nasal vestibule,
requiring additional nasal sections through the nasal vestibule (Gra$s1©94; Harkema et al, 2006).

Test compounds suspected or known to have an effect on olfaction, olfactory epithelium, or the central
nervous system may require additional sections through the caudal portions of the nasal cavity containing
olfactory epihelium and the olfactory bulb area of the brain. Excellent publications providing detailed
methods for preparation of multiple sections through the olfactory area of the nasal cavity and
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nomenclature for describing lesions in olfactory epithelium arseptein the literature (Morgan, 1991,
Brenneman et al, 2002; Mery et al, 1994).

46. Poor choices in methods and materials for decalcification of rodent nasal tissues may result in less than
ideal quality of stained slides due to overexposure to relgtatrong acid chemicals. Use of formic acid

and a commercially available ion exchange resin to decalcify the skull prior to trimming nasal cavity
sections may provide optimal cellular detail as well as faster decalcification (Sheehan and Hrapchak,
1980)

47. Consistency in trimming and embedding nasal and laryngeal tissues is critical for interpretation of
mucosal changes related to exposure. The zones of transition from squamous to transitional to respiratory
to olfactory epithelium are relativelyarrow in rodents and errors in trimming or embedding can easily
result in the pathologist being unable to examine these critical areas. Staff undertaking the trimming and
embedding of these important tisssd®uldhave the training and experience necgsgaensure that the

tissues are available to the pathologist, and excellent communication between the pathologist and histology
laboratory staff imn important factor in a successful inhalation study.

48. ThegoRENIinternet site recommends threartsverse laryngeal sections in rats and two in mice and
provides excellent graphics for obtaining these sections in both species. The internet site text indicates the
most sensitive laryngeal site for an effect of inhaled toxicants is the ventral pulitheamedial surface

of the arytenoid cartilages. However, according to several papers, the most sensitive site in rats or mice to
inhaled toxicants is the transitional epithelium at the base of the epiglottis (Renne et al, 1992, 2007; Renne
and Gideon,2006; Kaufmann et al, 2009). This is important because it is somewhat challenging to
consistently provide a precise section through the base of the epiglottis and it is possible that only one
section of larynx (including the ventral pouch) will be avd#édah some inhalation studies.

49  Most published reports utilize the multiple transverse sections method for larynx described in the
internet site publication for routine inhalation studies. An alternative methbd considered an option
utilizing longitudinal sections of larynx has been described (Germann et al, 1998). These authors found
the longitudinal sectioning method advantageous for detection of laryngeal or tracheal cartilage
degeneration and granulomatous inflammation in the oropharyoge) of Fischer 344 rats in a chronic
gavage study. The longitudinal method provides a different perspective of the ventral pouch area at the
expense of a full transverse view of the base of the epiglottis and the medial surface of the arytenoid
proceses

50. The internet site publication provides an excellent description and graphics for preparing longitudinal
sections of tracheal bifurcation. In most studies in which the protocol also requires sections of thyroid
parathyroid, a transverse sectiohtrachea at the level of the thyroid gland will also be available. The
internet site publication also correctly describes the requirement for careful microtoming until the required
section containing the carina is available for embedding. Howeveprtitedure may result in loss of the
tissue containing one or more of the tracheobronchial lymph nodes present adjacent to the tracheal
bifurcation. For this reason, it is recommended (see in Necropsy section above) to remove all
tracheobronchial lymph nodeand place them in labeled cassettes for histologic processing either at
necropsy or trimming, prior to trimming and embedding the trachea.

51. The internet site publication provides an excellent description and graphics for preparing multiple
sectbns from all lobes of the lungs of rats and mice, resulting in five separate sections. An optional
method for mice is also described in which all lobes are detached from the trachea and embedded together
in one cassette. This method has been used sfidhessid is recommended for consideration as an
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optional method, depending on the size of the lungs and the presumed degree of importance of the
peripheral lung tissues.

52.  An alternative method utilized successfully in preparing lung sections droatler (Fischer 344)

rats is separating the right and left lungs at the tracheal bifurcation and embedding each lung dorsal surface
down, in two separate cassettes. The microtomer cuts through each coronal longitudinal section until the
mainstem bronchus clearly visible in the section, then takes a section for microscopy.

Figure 3. Trimming Guide, Nasal Cavity (frafmtp://reni.item.fraunhofer.de/reni/trimming/index.php

NASAL CAVITY, NASOPHARYNX and PARANASAL SINUS

Species: Rats and Mice
Organs: Nasal cavity
Nasopharynx
Paranasal sinus
Localizations: 1) Posterior part of upper incisors

2) Incisive papilla
3) Second palatine crest
4) First molar teeth

Number of sections: 1 (oral toxicity study: third level)
4 (inhalation study)

Direction: Transverse
Remarks: Embedded with the rostral faces down
Decalcified

Nasal cavity, rat, 4 trimming locations.

2.

Nasal cavity, rat, 4 trimming locations.
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Nasal cavity, rat, Iocati 2.
Nd: nasopalatine (incisive) duct,
NI: nasolacrimal duct.

Nasal cavity, rat, location 3.  Nasal cavity, rat, location
Ps: paranasal sinus. 4. Pd: pharyngeal duct
(nasopharynx).

1. 2 3
Nasal cavity, mouse, 3 trimming locations.
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L2\ ! :
Nasal cavity, mouse, location 1. Nasal cavity, mouse, location
2. Ps: paranasal sinus.

The structures of the palate and the teeth are used for orientation to achieve transverse sections through
the nasal cavity at certain levels.

In inhalation studies, four transverse tissue levels should be taken, because the examination of these
sections at defined levels assures consistent recognition of degenerative and proliferative lesions of all
different epithelial cell types of the nasal cavity and paranasal sinus. Typically in oral toxicity studies, only
the third level is examined. Neoplastic lesions occur more frequently in the anterior and middle portions of
the nasal cavity, whereas some non-neoplastic and neoplastic lesions are observed exclusively in the
olfactory epithelium. The third level includes respiratory and olfactory epithelial cells. The resulting slices of
tissue are embedded with the rostral face down, because non-neoplastic lesions have been found to be
most severe at the more rostral borders of the affected epithelium. Slight differences of the cut level may
occur depending on anatomical variations in different strains.

If more squamous epithelium is required for examination, a section rostral to level 1 should be performed.
For examination of the olfactory bulb, a section caudal to level 4 is recommended.

Relevant differences between rats and mice

Mice should be trimmed in the same manner as rats. However, in inhalation studies with very young or
very small mice (e.g., transgenic strains), it can be difficult to cut the nose in four levels. For those
exceptions, the following three level-procedure is recommended:

1) Immediately posterior to the incisors,

2) At the level of the incisive papilla,

3) Through the middle of the second molar tooth.

For non-inhalation studies level 3 is recommended for examination.
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Figure 4. Trimming Guide, Larynx (frofittp://reni.item.fraunhofer.de/reni/trimming/index.php

LARYNX
Species: Rats and Mice
Organ: Larynx

Localizations:

Number of sections:

Direction:
Remarks:

4\

40

otlile!
LPAN .

1) Base of epiglottis
2) Ventral pouch
3) Cricoid cartilage (rats only)

Inhalation studies: rats 3, mouse 2

Optional for rats and mice: if necessary, the larynx can also be embedded in one
block and step sections are taken at the predilection sites.

Oral studies: 1

Transverse

Since the larynx of mice is very small, only two pieces (level 1 and 2) are trimmed.
For oral studies the organ is cut at level 2 to include the most sensitive parts:
ventral pouch and vocal processes (medial surfaces) of arytenoid cartilages.

A s

Larynx, inhalation studies.

Rats: levels 1-3, mice:

and 2.

Larynx, level 1.
Sg: seromucinous
glands at the base of
the epiglottis.

levels 1

Larynx, level 2. Vp: ventral pouch, Larynx, level 3. C: cricoid cartilage.

A: processes of the arytenoid
cartilages, U: u-shaped cartilage.

19


http://reni.item.fraunhofer.de/reni/trimming/index.php

OECD Guidance Document on Histopathology for Inhalation Studies, 28 September 2009 Draft 20/36
ENV

Only the cranial portion of the epiglottis is removed to ensure inclusion of the major predilection site for
induced lesions. This site is primarily represented by the epithelial lining of the ventral and ventrolateral
luminal surface of the larynx (cranial to the ventral laryngeal pouch). The remaining larynx is trimmed
according to the proposed scheme at three levels including base of epiglottis, ventral diverticulum and
cricoid cartilage. The three pieces are embedded with the cranial cut surface downwards. The three levels
assure recognition of all different epithelial cell types of the larynx and underlying seromucinous glands.

Figure 5. Trimming Guide, Trachea (frqimtp://reni.item.fraunhofer.de/reni/trimming/index.php

TRACHEA (inhalation Study)

Species: Rats and Mice

Organ: Trachea

Localization: Including the bifurcation

Number of sections: 1(2)

Direction: Longitudinal horizontal
Optional: transverse

Remarks: Embedded in toto; careful microtome sectioning until recommended cutting level is
obtained.

LU A —r

Trachea with bifurcation, C: carina.

Trachea with bifurcation.

In inhalation studies, tracheal epithelium including the epithelial lining of the bifurcation should be
examined, because this is known as the most sensitive area to respond to inhaled particulate irritants. For
this purpose, a longitudinal horizontal section should provide a long distance of the epithelial surface and
the tip of the carina. For optimal estimation of e.g. mild hyperplasia, it can be helpful to have an optional
transverse section (see alternative trimming technique for oral toxicity study under thyroid
gland/parathyroid gland/trachea

Figure 6. Trimming Guide, Lung (frofhttp://reni.item.fraunhofer.de/reni/trimming/index.php

LUNG
Oral study:
Species: Rats and Mice
Organs: Lung
Bronchus
Bronchiole
Localizations: Recommended procedure:
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Number of sections:
Direction:

Remarks:

ENV

1) Left lobe
2) Optional: right caudal lobe
3) Optional: right cranial lobe

1(3)
Longitudinal horizontal
Optional: transverse

Instillation strongly recommended.

Sectioning to the axis of the lobar bronchus. Longitudinal section comprising the
lobar bronchus and its main branches.

Sample size(s) adapted to the size of the cassette(s).

Alternative procedure:

Rat: right lobes embedded ventral surface down.

Mouse: whole lung embedded, ventral surface down.

<7

&1
)
right cranial lobe §
A
3.
2,
left lobe
1.
right caudal lobe
Lung, ventral aspect, oral study. Lung, ventral aspect, oral study.
Inhalation study:
Species: Rats
Localizations: 1) Left lobe

Number of sections:
Direction:

Remarks:

2) Right caudal lobe
3) Right cranial lobe
4) Right middle lobe
5) Accessory lobe

5

Sections 1, 2: longitudinal horizontal
Sections 3, 5: transverse
Section 4: longitudinal vertical

Instillation obligatory.

Longitudinal horizontal section comprising the lobar bronchus and its main
branches.

Sample size(s) adapted to the size of the cassette(s); preferentially, the
diaphragmatic margin is trimmed off.

Alternative procedure: right and left lobes (separate blocks) embedded ventral
surface down.
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(R
right cranial lobe E
C

LA A

left lobe
accessory lobe
right caudal lobe
Lung, rat, ventral aspect, inhalation study. Lung, rat, ventral aspect, inhalation study.
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Lung, rat, location 4, right middle
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