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CODE FOR LABORATORY ANIMAL USE AT UCLA

UCLA recognizes that the use of animals for teaching and research is fundamental
to biology and medicine.

UCLA recognizes that laboratory animals are sentient creatures. Their use is a
privilege accompanied by a moral and legal obligation for their humane care.

UCLA accepts as mandatory the U.S. Government Principles for the Utilization
and Care of Vertebrate Animals Used in Testing, Research and Training; has
implemented the requirements of the Guide for the Care and Use of Laboratory
Animals, National Research Council, 1996 (Guide); is committed to implementing
the recommendations of the Guide; and is complying, and will continue to comply,
with the Animal Welfare Act and other applicable statutes and regulations
concerning the care and use of laboratory animals.

In compliance with the above:

• Only animals that are lawfully acquired will be used at UCLA.

• Animals at UCLA will be treated humanely, properly fed, and their
surroundings kept in a sanitary condition.

• Anesthetics and analgesics, appropriate to the experimental design, will be used
to eliminate unnecessary pain during scientific procedures.

• The postoperative care of animals will be such as to minimize discomfort and
pain.

• Animals will be euthanized, using approved methods, at the conclusion of the
observations.

• Students using animals for their education or the advancement of science will
work under the direct supervision of an experienced teacher or investigator.

• The Chancellor's Animal Research Committee (ARC), composed of
experienced biologists, professional staff and individuals who are not affiliated
with the University, reviews the policy pertaining to laboratory animal use at
UCLA.

• The research protocol will be designed so as to utilize the minimum number of
animals needed to provide reliable data. Details of the statistical basis on which
the number of animals is determined must be included in the application to the
ARC.



INTRODUCTION

In October 1984, the President of the University of California issued an updated statement of
policy on the use of animals in teaching and research at the University. At that time a new version
of the UCLA Animal Care and Use Manual (renamed Laboratory Animals in Teaching and
Research) was prepared and subsequently revised in 1989. The present manual incorporates
currently relevant sections of the 1989 version together with changes in policies since that time.

This manual has been prepared for all personnel as a guide to the current policy on the care and
use of laboratory animals at the University of California, Los Angeles (UCLA). The information
provided includes summaries of procedures for the submission and approval of animal use
application forms, the procurement and use of laboratory animals, as well as the general rules and
regulations. A brief description of the organization and management of the various UCLA animal
care facilities is encompassed. It is expected that everyone involved in research with animals will
be familiar with these guidelines.

April 1994
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ANIMAL CARE AND USE

INVESTIGATOR RESPONSIBILITIES

Individual investigators who use vertebrate
animals in their teaching or research (including
those whose research consists of field work
involving animals) are responsible, by law, for
conforming to the basic regulations and policies
governing animal use on the UCLA campus.
These regulations and policies cover: (a) the
acquisition, care and use of animals, (b) efforts to
minimize animal pain and distress, (c) the
training of personnel using animals, and (d)
consideration of alternatives to animal use.

As a matter of educational policy, even faculty
who do not themselves use animals should be
aware of these regulations and policies since their
students may use animals at a later time.
Similarly, instruction of students in proper animal
use is an essential component of education in the
biological sciences.

REGULATIONS AND POLICIES

Animal Welfare Act

The Animal Welfare Act of 1966 and its subse-
quent amendments regulate the transportation,
purchase, care and treatment of animals used in
research, for exhibitions, and sold as pets. The
Act defines 'animals' as any live or dead dog, cat,
nonhuman primate, guinea pig, hamster, rabbit,
and wild animal species intended for use in re-
search. To date, the Act does not cover farm
animals, birds or laboratory rats and mice.

Recent amendments to the Animal Welfare Act
address such issues as exercise for dogs; care of
nonhuman primates to ensure their psychological
well-being; the composition and duties of the
Institutional Animal Care and Use Committee;
responsibilities of the attending veterinarian; and
training of all personnel using laboratory animals
in experimentation. They also require the
Institutional Animal Care and Use Committee to
review all protocols using vertebrate animals to

make certain that they meet the criteria listed in
the amendments and to conduct semiannual
inspections of all animal study areas and animal
facilities.

The Animal Welfare Act is administered by the
United States Department of Agriculture
(USDA). Research facilities are subject to un-
announced inspections by USDA veterinarians,
and are required to file an annual report listing
the species and numbers of animals used in re-
search, and certifying that anesthetic, analgesic,
and tranquilizing drugs were used appropriately
during research and testing.

Failure of an investigator to comply with USDA
regulations may result in civil or criminal prose-
cution and withholding of funding for, and sus-
pension of, animal research activities.  Any
person observing a violation of the Animal
Welfare Act should report this to the Animal
Research Committee or the Campus
Veterinarian. Under the Act "...no facility em-
ployee, committee member, or laboratory
personnel shall be discriminated against, or
subject to any reprisal, for reporting violations
of any regulation or standard under the Act..."

Public Health Service Policy (PHS Policy)

The Public Health Service (PHS) Policy on
Humane Care and Use of Laboratory Animals,
otherwise known as the NIH Policy, requires
each institution which receives PHS funds for
research involving animals to file an approved
Animal Welfare Assurance Statement with PHS.
This commits the institution to comply with the
Animal Welfare Act, the NIH Guide for the Care
and Use of Laboratory Animals, the Principles
for the Utilization and Care of Vertebrate
Animals Used in Testing, Research, and
Training, and other applicable laws and
regulations. The assurance must describe in
detail the institution's program for the care and
use of animals (including all vertebrates) and its
program for assuring compliance with the PHS
Policy.
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The PHS policy requires institutional animal care
and use committees to approve the care and use
of animals as proposed in PHS grant applications
before funds will be awarded.  Animal care and
use committees also are required to conduct
semiannual assessments of the institution's
program, using the Guide as a basis for evalu-
ation. Significant deficiencies in the institution's
program must be identified, and the institution
must adhere to an approved plan and schedule for
correction of such deficiencies.

The failure of an institution to comply with
these policies may lead to various actions,
including the termination of PHS support for
all projects at the institution which involve
animals.

Accreditation

The UCLA campus is continuously working
to maintain full accreditation of its animal
care and use program by the Association for
Assessment and Accreditation of Laboratory
Animal Care International (AAALAC).
AAALAC is a non-profit organization
established by scientific and educational
organizations to ensure high standards of
laboratory animal care and use. The
accreditation process involves periodic
inspections in which the animal program and
facilities are evaluated for compliance with
the requirements and recommendations of the
NIH Guide.

ADMINISTRATIVE OVERSIGHT OF
ANIMAL CARE AND USE

Authority and Responsibility

At UCLA, institutional responsibility for
compliance with animal welfare regulations
and policies has been delegated by the
Chancellor to the Vice Chancellor for
Research.

The Chancellor's Animal Research
Committee (ARC)

Members of the ARC are appointed by the Vice
Chancellor for Research to whom the ARC is
advisory on matters of policy on the use of
laboratory animals for research and teaching.
The ARC, through the experience and expertise
of its members, oversees UCLA's animal pro-
gram, facilities and procedures. The ARC's pri-
mary responsibility involves review of research
applications proposing the use of laboratory
animals.

The ARC is constituted of UCLA faculty and
staff and members of the public. It comprises:

• Three to five members of the Academic
Senate with experience in the care and use
of laboratory animals.

• The Campus Veterinarian or his/her
 designee.

• A representative from the Office of
Laboratory and Biological Safety.

• At least one member who is not affiliated
with, and who is not a member of the
immediate family of a person who is
affiliated with, UCLA.

• Additional members may be appointed as
deemed necessary.

The Chairperson is appointed by the Vice
Chancellor for Research.

The Vice Chancellor for Research designates an
Executive Secretary [the ARC Administrator]
who is responsible for the overall management
and record keeping of the animal care and use
program, as well as the decisions made by  the
ARC.

The ARC meets monthly to review animal
research proposals.  At least every 6 months it in-
spects all of UCLA's animal facilities, animal
surgeries and study areas, including satellite
facilities located off the main campus.
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In addition, the ARC inspects and reviews ran-
domly selected research programs on a continual
basis.

Reports of these reviews and inspections are
submitted to the Vice Chancellor for Research.

THE TRAINING PROGRAM

In order to meet statutory requirements, while
also serving broad educational objectives, the
ARC has instituted a training program (a.k.a.
Certification Program) for all those who wish to
use animals for teaching and/or research.

All investigators who conduct animal research in
their laboratories will be provided with a copy of
this manual and its appendices. They are
expected to review this material and to sign a
statement (which is incorporated in the AC-2
form) acknowledging responsibility for being
familiar with applicable rules and institutional
policies and for ensuring that all staff and
students under their supervision also know and
comply with these regulations and policies.

Animal Use Certification

Principal investigators, research personnel and
staff who have contact with live animals for the
purpose of research and/or teaching will be
required to be participate in the Species-Specific
Certification Program prior to initiating contact
with animals.  This certification requires (1)
completion of a written examination based on
this manual and appendices and (2) participation
in a species-specific session involving the use of
videotape and discussion with the veterinarian.
Faculty who employ animals in their research but
do not themselves have "hands-on" contact may
not be required to obtain such certification.  For
example, faculty using rabbits and mice for
antibody production may not be obliged to be
certified if all animal procedures are performed
by DLAM technical staff.

Special Procedures

Animal users employing specialized procedures
(e.g., surgery, implantations, etc.) may be  

required to demonstrate proficiency in these
procedures by means of an individualized review
conducted by DLAM staff or by a person
approved by DLAM. In some cases, specialized
training arranged by DLAM may also be
required.

ARC Information and Education Workshops

All faculty, graduate students, postdoctoral
fellows, undergraduates and staff who participate
in research and teaching involving animals will be
invited to attend workshops addressing a variety
of topics related to animal care and use.

ANIMAL USE PROTOCOLS

Who Must Submit a Protocol?

Any research or instructional use of animals by
UCLA faculty, students or staff requires the
submission of an animal use protocol to the
ARC. The protocol must be fully approved
before an animal user may acquire, house or use
animals. Copies of the protocol form (AC-2) may
be obtained from the ARC office or from the
following website:  www.oprs.ucla.edu.

Information Required for the Protocol

The protocol form requires a non-technical
description of the research, a justification for the
use of animals, a description of all procedures to
be performed on animals and precautions to be
taken to guarantee humane care and treatment.
Thorough preparation of protocols facilitates the
review process and reduces the chance of delay in
initiating projects and in review of applications
by extramural funding agencies.  Once approved,
the protocol becomes a public document.
Accordingly, investigators should anticipate that
copies of the protocol may be requested by
members of the general public and should make
every effort to prepare protocols that are
appropriately non-technical and clear.

Timetable for Protocol Submission
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NIH, NSF and most other federal and private
funding agencies require verification that an
applicant requesting funds for animal research
has an approved animal use protocol for the
proposed project.

In the case of NIH, NSF and other federal
agencies this verification must be received
within 60 days after the agency's  application
receipt dead-line. To allow sufficient time for
protocol review and verification of approval,
applicants should submit protocols to the
ARC no later than the funding agency's
proposal submission deadline. If verification
of ARC approval is not received by funding
agencies within the allotted 60 days the
application will be considered incomplete and
may be deferred to the next review cycle.

All other protocols should be submitted at
least 8 weeks before the use of animals is to
begin. This lead time is required because the
ARC meets only once per month, and
protocols frequently require revision before
they can be approved.

The Protocol Review Process

After an initial screening by the ARC staff,
protocols undergo preliminary review by a
DLAM staff veterinarian and the ARC
Chairperson. This first review ensures that the
proposal is complete and that housing, source
of animals, drugs and their doses, and animal
use procedures conform with NIH Guide
standards and comply with requirements of
the Animal Welfare Act and UCLA guidelines
and policies.

Following this preliminary review, the ARC
will contact the applicant by letter or phone if
clarifications or revisions are necessary (a
majority of the protocols received require
some clarification or revision).

The protocol is then distributed to all ARC
members for review. The Committee may
approve, give provisional approval subject to
minor changes, defer a vote until more

information is provided, or disapprove the
protocol.

ANIMAL ACQUISITION AND HOUSING

Arrangements for Acquisition and Housing

All arrangements for acquiring and housing
animals from any source must be made through
DLAM (in the case of investigators in the Center
for the Health Sciences and other departments
whose animal care is serviced by DLAM) or
through the departmental purchasing office for
investigators in other departments (Biology,
Psychology, Laboratory of Biomedical and
Environmental Sciences, School of Public
Health) who use the Life Sciences, Franz Hall,
Warren Hall or School of Public Health vivaria.
Arrangements for housing must be made before
an order will be placed. Animals may not be
purchased or otherwise acquired until a fully
approved protocol is on file. If wild animals are
to be used, arrangements for any necessary
quarantine must be made through DLAM before
animals are acquired. The investigator is respon-
sible for determining if permits (such as from US
Fish and Wildlife or California Fish and Game)
are required and any necessary permits must be
obtained before animals are acquired. DLAM can
advise investigators whether permits are needed
and help in obtaining them.

Users requiring special care, equipment, or sup-
plies for their animals or exemptions from
standard animal care procedures must inform
DLAM in writing so that appropriate
arrangements can be made. Users must notify
DLAM if their animals will be exposed to
materials or procedures which may be hazardous
to personnel.

Animal Identification and Record Keeping

The Animal Welfare Act and the NIH Guide
require appropriate identification of animals and
maintenance of animal records. Accepted
methods of animal identification include room,
rack and cage cards; collars and bands; ear
notches and tags; implantable microchips;
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tattoos; and freeze brands. Toe clipping is only
acceptable for rodents and lower vertebrates
when other methods of identification cannot be
used.

Investigators are responsible for maintaining
appropriate records on rodents, bats, birds and
ectotherms. Cage or rack cards should indicate,
at a minimum, the source of the animal, strain or
stock (if pertinent), and names and telephone
numbers of responsible investigators, the proto-
col reference number and its expiration date.
Written records of procedures, drug use, illnesses
and  injuries,  and  date of  death,  euthanasia,  or
disposition should be noted in separate record
books.

DLAM maintains individual clinical records for
all rabbits and higher mammals. All animal
manipulations and drug use, as well as objective
observations on health status, should be recorded
by research and animal care personnel.

Animal records must be maintained for 3 years
and are subject to inspection by the USDA, NIH
site visitors and accrediting bodies, such as
AAALAC.

OCCUPATIONAL HEALTH AND SAFETY

Infectious Disease Screening Program

Certain animals and animal materials carry
disease agents transmissible to humans. For their
own protection, staff, faculty and students in the
following categories are required to participate in
the Occupational Health Service's screening
program: (a) contact with warm blooded animals
or unpreserved autopsy specimens for 8 hours or
more per week; (b) any contact with non-human
primates; (c) any contact with quarantined warm
blooded animals; (d) any employment primarily
in the care or maintenance of warm blooded
animals or insects.

Toxic and Hazardous Chemicals

To protect animals and humans, the use of
hazardous biological, chemical or physical agents
must be approved by the appropriate safety
committee. Animals exposed to hazardous agents
must be clearly identified and animal wastes and
carcasses must be disposed of according to
procedures established by the campus Office of
Environmental Health and Safety (EH&S). For
information about the appropriate use and
disposal of hazardous agents, contact EH&S.

Safety Procedures in the Use of Laboratory
Animals

Laboratory hazards may occur naturally, or may
be induced accidentally or experimentally.
Hazards include those causing physical injuries,
such as bites, scratches, cuts, abrasions, etc. to
personnel; those causing injuries to laboratory
animals; those causing disease in personnel; those
causing disease in animals; and those causing
damage to equipment and facilities.

Principal Investigators or Instructors are respon-
sible for the activities of their staff and for the
conditions in the rooms within their jurisdiction.
These responsibilities include:

• Being conversant with the requirements
needed to provide a safe working environ-
ment

 
• Educating personnel on potential hazards

associated with specific tasks and on the ap-
propriate precautions to be taken

 
• Monitoring staff to assure compliance with

safety procedures
 
• Investigating the causes of accidents and

initiating procedures to obviate their reoccur-
rence

 
• Maintaining records of accidents and

associated corrective actions and staff
training

Every individual is responsible for:
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• Being familiar with the hazards associated 
with their duties

• Instituting appropriate safety practices

• Reporting accidents and unsafe conditions 
to the principal investigator

Principal Investigator or Instructors shall instruct
personnel in the proper handling of animals and
the correct use of equipment, chemicals and
biohazardous agents, including their safe dis-
posal. Such instruction should include discussion
of applicable State regulations. Accurate records
relating to training of personnel, whether this in-
volves formal training or on-the job instructions,
shall be maintained by the principal investigator.

All personnel handling animals should be immu-
nized against tetanus. In addition, it is recom-
mended that all personnel working with domestic
or wild carnivores be immunized against rabies.
Periodic tuberculin testing of individuals working
with non-human primates is also strongly
recommended. These inoculations and tests may
be arranged through the Occupational Health
Facility (X56771, X55036, or X53226).

The effectiveness of any sanitation program is
dependent on the proper control of the actions
and movements of personnel and authorized
visitors. Principal Investigators should instruct
their staff in disease prevention procedures and
ensure compliance with the regulations of the
animal housing facility.

Principal Investigators and Instructors should
instruct their staff concerning procedures in case
of animal bites.

• Immediately upon being bitten, thoroughly
cleanse and irrigate the full depth of the
wound with surgical soap and running
water. Allow at least 5 min direct contact of
the solution with the wound.

• Follow current "PROCEDURES IN CASE
OF ACCIDENT TO PERSONS ON CAM-

PUS" issued by the Chancellor. [Report the
injury to your supervisor; then, if an em-
ployee, go to Emergency Service (Occu-
pational Health Facility, 17-064 CHS), or if
a student, go to Student Health Service (A2-
130 CHS) for treatment.]

• Identify the biting animal and all associated
animals. If possible, preserve the life of the
biting animal for diagnostic purposes.

• Report all bites to the veterinarian who will
examine the animal and institute the proper
quarantine measures.

• During the period of quarantine, a quar-
antine notice, signed by the examining
veterinarian, shall remain on the cage. The
animal shall  not  be  removed  from the
cage or room, and shall not be used for
experimental purposes until the period has
expired.

• Notify DLAM (X57281) if there is any sign
of sickness or altered behavior in the biting
animal during the quarantine period.

• In case of death of the biting animal before
or during the quarantine period, DLAM
(X57281) must be notified, and the whole
carcass shall be refrigerated. Do not freeze
the carcass, as this interferes with
diagnostic procedures.

• Animals surviving the quarantine period
will be released to the investigator for
further use.

• Scratches are not a mode of rabies transmis-
sion unless there is also salivary contact.
Animals are not quarantined for scratches.
Such injuries should be cleansed and re-
ported as indicated above.

ANIMAL HUSBANDRY AND VETERINARY CARE
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The animal care facilities currently located on the
UCLA campus are the Division of Laboratory
Animal Medicine of the School of Medicine
(DLAM), the Life Sciences Vivarium, the Franz
Hall Vivarium, the School of Public Health
Vivarium and the Warren Hall Vivarium.

Animals may not be housed in research laborato-
ries for periods of longer than 12 hours without
prior approval of the study area.

Personnel in each of these facilities have respon-
sibility for the procurement of animal cages, feed,
bedding, and other supplies. They also provide,
and are responsible for, the daily husbandry and
the general health of the laboratory animals under
their care.

Division of Laboratory Animal Medicine
(DLAM)

DLAM is an organization within the School of
Medicine located in the north wing in the Center
for the Health Sciences. DLAM provides labora-
tory animal care for investigators in the Center
for the Health Sciences and the satellite facilities.
The services provided by DLAM are available to
all investigators at UCLA.

DLAM space is used primarily for the housing of
laboratory animals, animal procedure laborato-
ries and ancillary services, such as receiving,
storing and issuing of supplies, animal procure-
ment, admission and quarantine, waste and car-
cass disposal, cage and bottle cleaning, and re-
lated activities.

The Division provides facilities and employs
personnel trained in diagnosis, clinical pathology,
necropsy, histopathology and other related
veterinary services. X-ray and radiotherapy
facilities are available through the Division of
Radiology (X56561) and surgical facilities are
provided by the Department of Surgery
(X55363).

Other locations supported by DLAM include
animal facilities in the Brain Research Institute,
the Jules Stein Eye Institute, the Reed Neu-
rological Research Center, the MacDonald

Research Laboratories, the Rehabilitation Center,
the School of Dentistry, and the Slichter
Hall/Physiological Science Laboratory.  Space
allocation in these facilities is under the control
of the Dean or the Director of the particular
laboratory, who must be contacted to verify
availability of space.

Other Vivaria

The vivarium in the Life Sciences building pro-
vides laboratory animal care for the faculty in the
Departments of Biology, Physiological Sciences,
and Molceular, Cell & Developmental Biology.
The Director of the Life Sciences vivarium is a
faculty member appointed by the Dean of the
Division of Life Sciences. The Campus
Veterinarian is responsible for the animal health
care and surveillance in this facility.

The Franz Hall vivarium provides laboratory
animal care for the faculty in the Department of
Psychology. The Department Chair appoints a
committee responsible for the operation of the
facility. The Campus Veterinarian is responsible
for the animal health care and surveillance.

The Warren Hall vivarium provides laboratory
animal care for the Laboratory of Biomedical and
Environmental Sciences as well as the Jonsson
Cancer Center Nude Mouse Facility. The
Campus Veterinarian is responsible for the
animal health care and surveillance.

ANIMAL HUSBANDRY

Caging

Personnel in the several vivaria are responsible
for the selection of appropriate cages for
laboratory animals and for ensuring that housing
conforms to NIH Guide standards and Animal
Welfare Act requirements while meeting research
needs.  They are also responsible for maintaining
cages in good repair. Investigators who require
special housing should contact the vivarium
manager to discuss their needs. Exceptions to
Guide standards must be justified on the basis of
experimental or species requirements.
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Environmental Factors

Temperature and humidity: The Guide has
defined requirements for the proper maintenance
of laboratory animals. Environmental factors
such as temperature and humidity must be care-
fully monitored because they affect metabolism
and behavior. Improper temperature and humid-
ity levels may adversely affect research results.
Relative humidity should be maintained at 30-
70%. The following table, taken from the Guide,
shows the recommended temperature for
commonly used laboratory animals. As can be
seen, there is a marked difference in temperatures
recommended for various species. DLAM is
responsible for maintaining and monitoring
appropriate temperature and humidity in animal
facilities.
______________________________________

Recommended Dry-Bulb Temperature for Common
Laboratory Animals
______________________________________

Dry-Bulb Temperature
Animal °C °F
______________________________________
Mouse, Rat, Hamster, Gerbil, 18-26 64-79
  Guinea Pig
Rabbit 16-22 61-72
Cat, Dog, Nonhuman Primate 18-29 64-84
Farm Animals and Poultry 16-27 61-81
______________________________________

Micro- and macroenvironments: The design of
the cage or primary enclosure can greatly influ-
ence the animal's environment.  The environment
in the cage (the micro-environment) may differ
from the environment of the animal room (the
macroenvironment). Some of the newer caging
systems for rodents, for example, incorporate a
microbiological barrier. This may result in sub-
stantially higher temperature, humidity, carbon
dioxide and ammonia levels in the cage than in
the room. Since such factors may adversely
affect research results as well as animal health,
they should be considered in the experimental
design and animal housing.

Ventilation: The long-accepted ventilation
guideline of 10-15 room air changes per hour is
based on the observation that this figure provides

sufficient ventilation to keep odors below
objectionable levels. Heating, ventilation and air
conditioning (HVAC) systems in animal facilities
require constant monitoring to assure proper
ventilation and appropriate temperature and
humidity levels. DLAM is responsible for
maintaining these conditions, and any departures
from appropriate levels should be reported to the
DLAM office immediately. Facility problems
noted after working hours should be reported to
the veterinarian on call. Vivaria personnel work
with the Department of Facilities Management to
ensure that environmental control systems in
animal facilities are functioning properly.

Illumination : The lighting in an animal room
must meet several needs. It must meet the
animals' biological needs with regard to quantity
and periodicity, and must also provide adequate
illumination for daily observation and care of the
animals. In addition, lighting should be sufficient
to ensure safe working conditions for animal care
personnel. Regular diurnal light cycles are
provided by time controlled lighting systems in
most facilities. Special research needs which
require departures from normal light cycles can
be arranged.

Feed

Standardized commercial diets are available for
most laboratory species. The vivaria are respon-
sible for providing appropriate diets and for
ensuring that food is fresh and free from       con-
taminants. For special research needs, certified
diets that have been assayed for commonly
encountered environmental contaminants may be
necessary. DLAM can assist with selection of
specialized diets and provide information on their
availability.
Bedding

Pine shavings may be used as bedding material.
It has been documented that aromatic
hydrocarbons from pine shavings or cedar
bedding can induce hepatic microsomal enzymes.
Accordingly, such bedding may be inappropriate
for animals involved in certain kinds of
experiments. Other types of bedding, such as
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hardwood chips, corn cobs and paper, are
available on request.

Sanitation

Cleanliness: The Animal Welfare Act and the
NIH Guide have established schedules for
frequency of cleaning animal rooms and for
changing cages. In some cases frequent cage
cleaning may be disruptive to research
objectives, as in the case of reproductive studies
where frequent changes may eliminate
pheromones necessary for reproduction. Adding
a small portion of bedding from the soiled cage
to the fresh cage may prevent such problems
while maintaining sanitation. Schedules can be
altered to accommodate special research needs
with prior approval of the Veterinarian.

Waste disposal: Radioactive or biohazardous
carcasses and animal wastes must be disposed of
according to procedures established by the
campus Office of Environmental Health and
Safety (EH&S). Freezers are maintained in
several animal facilities for deposit of animal
carcasses which are periodically removed by
vivaria personnel. No food, supplies or materials
other than animal carcasses or tissues shall be
placed in these freezers.

Vermin control: The presence of pests in animal
colonies can result in contamination of feed and
bedding, and the introduction of disease. EH&S
is responsible for the pest control program in
animal facilities. Pesticides are used in animal
areas only when necessary, and then only after
consultation with the investigator(s) whose
animals will be exposed to them.

VETERINARY CARE

DLAM provides a complete program of
veterinary care including: daily assessment of
animal health; prevention, control, diagnosis and
treatment of animal disease and injury;
consultation with researchers on handling,
restraint, anesthesia, analgesia and euthanasia;
training of research personnel in appropriate
surgical techniques and procedures; monitoring

surgical procedures and post surgical care.
DLAM personnel also perform surgical proce-
dures as a research service.

Preventive Medicine

Animal procurement: Newly acquired animals
can introduce disease into established colonies. In
addition, production colonies maintained by
suppliers occasionally experience outbreaks of
disease. DLAM monitors animal health quality
from different suppliers and maintains quality
control data provided by vendors. This informa-
tion can be provided to investigators to assist in
choosing appropriate sources of animals.

To minimize the possibility of introducing
disease into campus animal facilities, all
arrangements for acquiring and housing live
animals must be made through the vivaria.
Animals may not be purchased or otherwise
acquired until a fully approved animal use
protocol is on file. If wild animals are to be used,
arrangements for any necessary quarantine must
be made before animals are acquired. The
investigator is responsible for determining if
permits (such as from US Fish and Wildlife or
California Fish and Game) are required and any
necessary permits must be obtained before
animals are acquired. DLAM can assist
investigators in determining when permits are
needed and in obtaining them.

In general, common laboratory species and
strains can be obtained within 2-3 working days.
Procurement of mammals other than rodents and
less  common  strains or species of   rodents
may require more time. All animals are delivered
to the receiving department. Each shipment of
animals is inspected to verify that order
specifications have been met, and that the
animals have arrived in good health. At the time
of this inspection a decision is made either to
introduce the arriving animals into established
colonies or to quarantine them. Animals arriving
from vendors with known in-house disease
prevention and monitoring programs can
generally be introduced without quarantine.
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Quarantine and stabilization: With some
species of laboratory animals, quarantine is
necessary to minimize the introduction of disease
into established colonies. The extent of the
quarantine period is determined by the species
and by knowledge of the animals’ source and
previous history. Arriving animals, regardless of
source, should be allowed a stabilization period
before use. Such a period allows the animal to
recover from shipping stress, adapt to the new
surroundings, and become physiologically stable.
Terminal procedures do not usually require a
stabilization period.

Separation of species: Physical separation of
animals by species is generally recommended to
reduce the possibility of transmission of latent
diseases. This separation is usually accomplished
by housing different species in separate rooms.
When animals of the same species are obtained
from multiple sources, their microbiological
status may differ, in which case separate housing
may be advisable.

Surveillance, Diagnosis, Treatment and
Control of Disease

Vivaria personnel check all animals daily,
including weekends and holidays, for signs of
illness, injury or abnormal behavior. In cases
where such observation will interfere with ex-
perimental objectives, prior arrangements must
be made to ensure adequate monitoring of ani-
mals and environmental systems.

Emergency Care

Any health problem noted by any animal user at
any time, including evenings, weekends and
holidays, should be reported immediately to the
on-call veterinarian. Veterinary care is provided
24h a day, 7 days a week. This procedure should
be used to inform the veterinary staff of facilities
malfunctions (e.g., excessively hot or cold animal
rooms) which appear to directly  threaten animal
health, whether or not the Department of
Facilities Management has been notified.

Anesthesia and Analgesia

Animal procedures are reviewed by both DLAM
and the Animal Research Committee (ARC) to
ensure that proposed anesthetics and analgesics
are appropriate for the species and research
objectives. DLAM veterinary staff is available to
provide assistance with, or training in, the proper
administration and use of anesthetics. A list of
approved anesthetics and analgesics is provided
in Appendix A. Other drugs may be approved in
consultation with the veterinary staff. Muscle
relaxants and paralytics are not anesthetics and
cannot be used alone for surgical restraint; they
can be used only in conjunction with other drugs
which produce adequate anesthesia.

Campus policy requires written documentation of
all survival surgical procedures on animals, and
the types and amounts of anesthetic, analgesic or
tranquilizing drugs used. This documentation
should be maintained in or near the animal
procedure area, and is subject to inspection by
USDA veterinary inspectors and the ARC during
its semiannual inspections of animal facilities and
animal study areas.

The NIH Guide requires that any proposal to
conduct painful procedures without anesthesia or
analgesia must be supervised directly by the
responsible investigator.

Surgery and Postsurgical Care

Survival surgery: Survival surgery is defined as
any surgery from which the animal recovers
consciousness. Major surgery is defined as any
surgical intervention that penetrates a body
cavity or has the potential for producing a
permanent handicap in an animal that is expected
to recover. Minor surgery is any operative
procedure in which only skin or mucous
membrane is incised (e.g., vascular cut down for
catheter placement or implantation of pumps into
subcutaneous tissues). Also included are
procedures involving biopsies or placement of
probes or catheters requiring entry into a body
cavity through a needle or trocar in combination
with a minor surgical procedure. Because they
are minimally invasive, gonadectomies on rodents
and lower vertebrates are usually considered
minor surgical procedures. Multiple major sur-
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vival surgery is defined as two or more major
survival surgical procedures on a single animal.
It is permitted by the ARC only under special
circumstances, such as when the surgeries are
essential and related components of a single
study. Cost considerations are not an adequate
reason for performing multiple survival surgeries
on an animal.

Major surgical procedures on animals other than
rodents must be conducted in surgical facilities
intended for that purpose, using aseptic
techniques. These techniques include wearing
sterile surgical gloves, gowns, caps and face
masks, using sterile supplies and instruments and
maintaining an aseptically prepared surgical
field.

Minor surgical procedures on animals other than
rodents may be performed in a suitably located
and equipped laboratory area, subject to approval
by DLAM. Appropriate aseptic techniques for
these procedures include a clean uncluttered work
area, preparation of the surgical site including
clipping of the hair, disinfection of the skin and
draping of the surgical site with sterile drapes,
the use of sterile supplies and instruments and the
use of sterile gloves and a surgical mask by the
surgeon and any assistants working in the
surgical field.

Surgical procedures on rodent and non-
mammalian species may also be conducted under
similar conditions in a laboratory.

Presurgical care: Animals should generally be
fasted overnight prior to anesthesia and surgery
to prevent vomiting, aspiration, and problems
associated with a distended intestinal tract.

Postsurgical care: Animals must be observed to
ensure uneventful recovery from anesthesia and
surgery.  The animal must be monitored until it
regains sternal recumbency and is capable of
holding its head up, and should be returned to its
regular cage only when it is alert, mobile, and
breathing normally.  The animal should be kept
warm and dry and fluids, analgesics and antibiot-
ics administered as required. Surgical wounds
should be kept clean, and bandages or wound

dressings changed as frequently as necessary to
keep them clean and dry.

Subsequent care may include supportive fluids,
analgesics, and other drugs as required;
monitoring of the animal including clinical
observation for signs of pain, abnormal behavior,
appetite and excretory functions; providing
adequate care of surgical incisions; and
maintaining appropriate medical records.

CAUTION: Use of heat lamps and electric
heating pads can result in severe burns or hyper-
thermia in animals that are anesthetized or
otherwise unable to escape from the heat. Close
observation is required. The use of circulating
water blankets is recommended whenever possi-
ble.

Non-survival surgery: Non-survival surgery is
defined as any surgery in which the animal will
not regain consciousness. Such procedures may
be performed in a suitably located and equipped
laboratory, subject to DLAM evaluation and
approval.

Euthanasia

The NIH Guide defines euthanasia as "...the
procedure   of    killing   animals    rapidly   and
painlessly..." Campus euthanasia guidelines,
provided in Appendix B, follow those established
by the American Veterinary Medical Association
Panel on Euthanasia. Proposed euthanasia
techniques must be approved by DLAM and the
ARC during review of animal use protocols.

Euthanasia should be carried out by personnel
correctly trained in the method being used.
Measures should be taken to ensure that
euthanasia is performed in a way that minimizes
reactions among other animals that may be
present. Proper euthanasia includes a follow-up
examination to confirm the absence of a heart-
beat, which is a reliable indicator of death.
Monitoring respiration is not considered suffi-
cient since the heart may continue to beat after
visible respiration has ceased.
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SELECTION OF ANIMALS AND ANIMAL MODELS FOR USE
IN RESEARCH AND TEACHING

GENERAL CONSIDERATIONS

The use of animals in research and instruction
generally occurs in one of two contexts: the
animals serve as model systems for the investi-
gation of phenomena and processes which cannot
be studied directly, or the animals are being
studied to investigate a problem specific to the
particular species. Most biomedical research falls
into the first category.  Examples of the latter
include field studies of behavioral and ecological
adaptations of animal species, studies of taxo-
nomic relationships among species, or captive
studies of physiological or behavioral processes
which form an important part of the adaptations
of one or more species.

This section reviews scientific, ethical, and hu-
mane considerations in experimental design and
model selection for research involving animals.
Ethical and humane considerations should be
viewed as compatible with good scientific prac-
tice. There is a body of literature that supports
the premise that animals which are humanely
cared for are healthier, both physically and psy-
chologically, and therefore make better, more
predictable, subjects.  Similarly, unless a re-
search project is intended to study pain itself,
pain and suffering on the part of the animal sub-
ject will rarely, if ever, contribute anything posi-
tive to the experimental procedure. Thus, ethics
and humane considerations can be viewed as in-
tegral parts of the process of experimental design
and model selection.

SELECTING A MODEL FOR RESEARCH

Types of Models

Selection of an appropriate model must be based
on extensive familiarity with the problem or
system to be studied, so that the researcher can
determine the range of biological responses
necessary to the experimental design. Once this

familiarity is developed, either by extensive re-
view of the published literature or from pilot
studies, the researcher can proceed to select an
appropriate model, whether a whole animal,
animal-derived material or a non-animal model.

Whole animal models are usually chosen when
the system being studied can be best (or only)
understood in the context of its interactions with
other systems in the organism (e.g., sexual differ-
entiation in embryonic development) or when it is
the organism as a whole which is the system to
be studied (e.g., the ontogeny of aggressive be-
havior). Some systems are better studied in iso-
lation in animal cells, tissue or organs. For ex-
ample, a number of biochemical and cellular
processes can be studied in tissue or organ cul-
tures derived from animal material. For other
kinds of studies, biostatistical or computer mod-
els may be appropriate. It should be obvious,
however, that the data generated from such non-
animal models are only as good as the data upon
which the models are based; thus, animal studies
of some kind are prerequisite for developing and
verifying all models.

Factors Affecting Choice of Species

An animal model is a living organism in which
normal biological processes can be studied, or in
which a spontaneous or induced pathological
process can be investigated. To be effective, the
process being modeled should closely resemble
the analogous process in human beings or some
other species in one or more ways (cf. Held,
1983). Some important criteria of animal models
are: relevance to the problem being studied; the
accuracy with which the model reflects all or
some important aspects of the problem; the
model's predictability; and the model's
availability to researchers. In addition, general
species characteristics such as life history
parameters, behavior and diet can be as
important as physiological parameters in  species
choice.    Some  ways  in  which these factors
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may affect a species' suitability as a model are
discussed below.

Life history: Aspects of life history patterns
which may influence species choice include de-
velopmental rate, age at first reproduction, fre-
quency and timing of reproduction, gestation
length, litter size and life span. These parameters
can be important in and of themselves, e.g., spe-
cies with relatively short life spans are sometimes
the most useful choice for models of the long
term effects of early ontogenetic factors. Life
history parameters may also combine with other
species characteristics to influence the appropri-
ateness of model choice, e.g., litter size is an
important consideration when studying a natu-
rally occurring genetic condition since a large
litter will increase the likelihood that some off-
spring will carry the trait.

Behavior: The normal behavioral patterns of a
species can be important to model choice,
whether or not the researcher is interested in the
animal's behavior per se. The normal social or-
ganization of a species affects such variables as
how animals must be housed or fed and under
what circumstances they will reproduce success-
fully. Social and individual behavioral character-
istics may influence research variables in both
obvious and subtle ways.  An example of an ob-
vious behavioral constraint is that, with many
species, placing more than one adult male in a
social group under the relatively confined condi-
tions of captivity will result in serious aggression
that may disrupt research. A more subtle, in this
case positive, effect of social variables is the
finding that female Macaques with irregular
menstrual cycles can be induced to cycle nor-
mally, and thereby improve their breeding per-
formance, when housed with conspecific females
with regular cycles (Wallis et al., 1986). Even
more subtle effects have been observed, e.g., as a
result of behavioral sex differences in mice,
females, not males, show enhanced immune
responses when housed in groups (Riley, 1981).
Such behavioral effects may introduce uncon-
trolled variables into experiments if they are not
anticipated by the researcher.

Diet: Knowledge of the normal nutrient require-
ments of a species is an important factor in se-
lection of an appropriate model. Potential effects
of diet on experimental variables can be evalu-
ated for common laboratory species whose nutri-
ent requirements are well known but this may not
be possible for rarely used, or seldom studied,
species whose normal diet may be unknown. Use
of poorly nourished animal subjects, or subjects
which lack some critical dietary component, may
introduce extraneous, uncontrolled variability
into experiments.

Genetics: Genetic factors are important in model
selection in several respects. The species selected
should have a well known background, since
some species may develop naturally occurring
genetic diseases or conditions which can provide
useful spontaneous models. In research areas
where no spontaneous animal model has been
identified, extensive knowledge of a species' ge-
netic properties is essential to selection of a likely
candidate for an induced model.

In some common laboratory species, mutant or
inbred strains have been developed with well
documented and often highly specific genetic
properties. Catalogues and bibliographies of such
models provide a useful source of information for
researchers (e.g., the NIH Rodent Catalog,
Hegreberg and Leathers, 1982 a, b; Greenhouse,
1984; the National Research Council's Animals
for Research, 1979.)

ALTERNATIVES TO THE USE OF
ANIMALS IN RESEARCH

Critics of animal research have suggested that
most, if not all, uses of animals in research and
education could be eliminated by the use of alter-
natives, such as tissue culture or computer mod-
els. In 1986, the U.S. Congress Office of
Technology Assessment produced an extensive
study of the use of animal models and options for
alternatives to animal use in research, education
and testing.  The general conclusion of the report
was that the very nature of the research in many
areas makes it highly unlikely that reasonable
alternatives to  animal  use will be  developed.  In



-14-

some areas, however, alternatives to use of ani-
mals exist, or could feasibly be developed, and in
some cases such alternatives may be more eco-
nomical than the use of whole animals.
Alternatives can be divided into four broad cate-
gories:

• Modification of existing use of animals
 
• Use of animal derived material in place of

whole animals
 
• Replacement of living systems with nonliving

ones
 
• Use of mathematical or computer models

Each of these categories is discussed in more
detail below. It should be noted that many of
these alternatives are not new. Indeed, the entire
history of the use of animals in research can be
viewed as an ongoing process of the refinement
of use of animal models with many factors
(ethical, humane, scientific and economic) driv-
ing the refinement process.

Modification of Existing Animal Use

It is sometimes possible to substitute one species
of animal for another. For example, lower verte-
brates or invertebrates may be substituted for
higher vertebrates, or so-called "laboratory spe-
cies" (such as mice or rats) may be substituted
for "companion animals" such as dogs or cats.
Such substitutions are usually advocated on the
grounds that species differ in their capacity to
suffer pain or distress and it is assumed that in-
vertebrates or lower vertebrates will suffer less
than higher vertebrates, and laboratory species
less than companion species.

If the research is to yield useful results, the ani-
mal species selected must be the one which will
fulfill the requirements of the model and closely
mimic the condition being studied. The relative
capacity of different species to suffer pain or
distress is intensely debated by animal welfare
advocates and scientists alike. In addition, selec-
tion of a particular species for a research project

is constrained by many considerations and there
may be few or no other species which satisfy all
the requirements of the model. In biomedical
research, where the models are often of human
diseases, invertebrates or lower vertebrates may
share so few relevant characteristics with humans
that substitution is impossible. In basic biological
research, the problem being studied may be spe-
cific to a particular species or group of species
and may not occur in other groups.

Plants and microorganisms have been suggested
as substitutes for animals. For example,
Salmonella is used in mechanistic studies in ge-
netics, and the active steroid hormones found in
yeasts are used in some endocrinological and
immunological research. Use of plants and mi-
croorganisms as substitutes is limited by their
evolutionary differences from humans and other
higher vertebrates, and by their own unique char-
acteristics.

Improvement in experimental design, or in the
statistical analyses of results, may reduce the
number of animals needed. Knowledge of statis-
tics, or consultation with a statistician, can
improve experimental design by including
consideration of such factors as randomization,
confounding variables, sample size and statistical
power, and the problems associated with testing
multiple hypotheses (Geller, 1983). Animals are
expensive to use, so experimenters usually
employ the minimum number of subjects, raising
the possibility that improved design or statistics
may increase, rather than decrease, the number of
animals used. If too few animals are used,
experimental results may be statistically invalid
and therefore useless. Improved design and
analysis could reduce animal use if more robust
or clearer results reduced the total number of
experiments, or eliminated unnecessary
duplication of experiments (Still, 1982).
Reproducibility of results is a key component of
the scientific method.  Therefore, all repetition of
experiments cannot, and should not, be
eliminated.

Alternative designs may reduce the numbers of
animals used. For example, a two-stage screening
process may replace a single pass design, cross-
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over designs may be able to replace parallel de-
signs  for  studies of  short-term effects, or group
sequential controls can be used in which subjects
are divided into equal sized groups and the ex-
periment performed in stages with additional
groups  being  added until cumulative differences
reach significance (Elashoff & Beal, 1976;
Geller, 1983).

In some cases, experimental design can be modi-
fied to reduce or eliminate pain and distress of
the animal subject. For example, noninvasive
systems for sampling physiological parameters
are sometimes used to replace invasive methods.
In behavioral research there is some evidence that
allowing a subject increased control over painful
or unpleasant stimuli reduces distress for some
species (e.g., Lea, 1979).

Use of Animal Derived Material

Although critics of animal research see alterna-
tives as a way to eliminate animal use in re-
search, many suggested "replacements" consist of
animal derived material. Examples of use of ani-
mal derived material include cell, tissue and or-
gan cultures. Working with culture specimens
avoids potentially painful manipulations of live
animals, although these materials must originate
in a living animal. Use of such models may re-
duce the number of animals needed for research,
as when several researchers needing small tissue
samples or different organs are able to share a
single animal. In some cases cell culture studies
can utilize cell lines derived from propagation of
relatively few cells. Tissue or cells can also be
obtained from human donors, cadavers or placen-
tas. Ultimately, however, hypotheses and data
derived from these must be checked in the whole
organism.

Chemical, Physical and Mechanical Models

In some instances it is possible to use physical
or chemical models to study living systems.  The

study of many biochemical mechanisms, for
example, make use of materials isolated from
organs or tissues. Some physical and
mechanical models have been developed mainly
for educational uses, like Resusci-Dog, a canine
cardiopulmonary resuscitator training
mannequin used for veterinary training.

Mathematical and Computer Models

Whenever a function or a relationship within a
living system can be described mathematically,
the possibility exists for developing a mathemati-
cal model. Scientists have long employed such
models in biological and medical research be-
cause they provide the opportunity to vary the
parameters involved and to predict what effects
different parameters will have on the system. A
complete inventory of information and parame-
ters that should go into a model is not available
until after extensive experimental work has been
done on a living system.  In addition, the final
stage of this process must be to go back to the
organism to check the accuracy of the model's
predictions.

It has been suggested that computer technology is
now so advanced that computer based models
can completely substitute for the use of animals
in research. Computers analyze data; they do not
generate it. To make use of a computer model a
researcher or instructor must supply the com-
puter with whatever information is needed for the
model. If a living system is being modeled, the
only source of this information is the living
system itself.  The more detailed the information
supplied to the model, the better the model is
likely to be.  Based on information derived from
animal studies, computer models have been
developed to analyze relationships within and
between living systems. Computer models have
been particularly useful in modeling feedback
systems. In animal behavior, for example, game
theory has been used to construct computer
models which would predict how animals might
behave during aggressive encounters. Biomedical
applications of computer models include aspects
of kidney, cardiac and lung function, regulatory
systems, endocrine function, sensory physiology,
neurophysiology and developmental biology.
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Biochemical applications of computer models
include recognition programs to identify toxic
substances. Similar attempts to identify carcino-
gens by computer have, so far at least, been less
successful.

Legislative Mandate for the Development of
Alternatives to Animal Use

Congress has been urged to provide funds spe-
cifically to develop alternatives to animal use in
research, testing and education. Legislation has
included requirements that alternatives be consid-
ered (e.g., the Health Research Extension Act of
1985 and the amended Animal Welfare Act) and
NlH has a funding program for the development
of methods which reduce or replace animal use.

ETHICAL AND HUMANE CONSIDERA-
TIONS IN THE USE OF ANIMALS FOR
RESEARCH AND TEACHING

Ethical Positions on Animal Use

Questions concerning the ethics of animal use in
research and teaching have been debated by sci-
entists, theologians, philosophers and the lay
public since the use of animals for these purposes
began. Even when consideration is restricted to
recent discussions of the issue, there are almost
as many ethical positions as there are writers on
the subject. The prevailing view is that animals
can and should be used in research which bene-
fits humans and the ecosystems provided there is
no acceptable alternative to such use. Implicit in
this view is the expectation that research animals
will be treated humanely. Extreme views are held
by small minorities. On the one hand are those
who believe that humans have no responsibility
to other animals and, therefore, any use of ani-
mals is permissible. On the other hand are those
who believe that all animals, human and non-
human, have the same rights and, therefore,
humans have no right to use animals for any
purpose. There are many variants of each of
these views and even among those who hold that
animals have legal rights there is disagreement
about whether all species should be accorded the
same moral or legal status.

Following the prevailing view, laws and regula-
tions at many levels require the humane treatment
of animals used in research and teaching.
Essential elements of humane treatment include
that animals be housed in clean, comfortable
quarters, that they be fed an adequate diet, and
that they be maintained in good health. There is
no general agreement as to what additional fac-
tors might be necessary for humane treatment.
Most conscientious researchers and the agencies
which regulate animal care accept that an ani-
mal's well-being is dependent on its mental state
as well as its physical state. It is also recognized,
however, that it is much more difficult to estab-
lish objective guidelines for the assessment of the
psychological well-being of an animal than it is
to monitor physical well-being. Some of the
factors involved in assessing an animal's well-
being are discussed below.

Subjective Experience in Animals

Early views on the capacity of animals to experi-
ence pain and other sensations were often predi-
cated more on philosophical positions than on
scientific observation. Followers of the mind-
body dualism of Descartes denied the existence
of mental states in non-human organisms. The
Romantic tradition of the l9th century attributed
elaborate anthropomorphic thoughts, feelings and
intentions to animals. Behaviorists of the early
20th century side stepped the issue: because psy-
chological states were private, they could not be
characterized objectively, even in humans.

Recent evidence regarding subjective experience
in animals comes from neurophysiological and
ethological (behavioral) studies (e.g., Lorenz,
1971). Physiological evidence indicates that
animals which possess a central nervous system,
or which show evidence of receptors for en-
dogenous opioids, have the potential to experi-
ence pain. Behavioral evidence of pain in many
higher vertebrates is similar to its manifestations
in humans, including screaming, squealing and
struggling. Behavioral evidence of pain in species
more remotely related to humans (e.g., fish), and
of less obvious forms of distress like fear, frus-
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tration, exhaustion and anxiety in all nonhuman
animals is more difficult to identify.

Captivity and Suffering

Some opponents of the use of animals in research
have suggested that captivity alone causes
suffering for animals. They argue that distress is
indicated whenever an animal shows behavior
that deviates from the behavior exhibited by wild
conspecifics. This concept of suffering is based
on unfounded assumptions about the relationship
between behavior of wild and captive animals.
Behavior of wild and captive or domestic mem-
bers of the same species may differ for a number
of reasons. For example, many species commonly
used in research have been subject to many years
(in some cases, thousands of years) of artificial
selection by humans. The genetics and the normal
behavior of these animals may now be very dif-
ferent from those of their wild progenitors. In
addition, many ethological studies, such as the
pioneering work of Konrad Lorenz, have shown
the importance of early experience on later be-
havior. Animals of wild parentage, which are
born and raised under captive conditions, may
behave differently than wild born and raised con-
specifics. Such genetic and environmentally de-
termined behavioral differences do not automati-
cally indicate suffering.

Is it legitimate to interpret all behavioral differ-
ences between wild and captive animals as nega-
tive ones? Animals in captivity are free from the
need to watch for and to escape from predators.
It is difficult to interpret this alteration in the
animal's environment as a negative one, or to
conclude that animals suffer by not having to
avoid predators (cf. Hediger, 1968).  It has been
argued that safety alone does not constitute psy-
chological well being, especially for normally
social animals housed alone. This is an important
consideration, and in this case, knowledge of the
behavior of wild animals may be useful in
designing research environments which promote
psychological well-being.

It is often assumed that wild animals live in a
kind of natural paradise and that it is only the
appearance and intervention of human agencies

that bring about suffering. This essentially
Rousseauian view is at odds with the wealth of
information derived from field studies of animal
populations. Scarcity of food and water, preda-
tion, disease and intraspecific aggression are
some of the factors which have been identified as
normal parts of a wild environment which cause
suffering in wild animals on a regular basis.

Recognizing Signs of Distress in Laboratory
Animals

As is the case with pain, physiological parame-
ters and behavioral responses provide important
cues to distress in animals, although distress is
more difficult to define and identify than pain.
Physiological parameters include hormonal re-
sponses (e.g., changes in the levels of adrenal
hormones), increased susceptibility to disease
(which may indicate an impaired immune system)
or weight changes. Any unusual behavior in an
animal which shows physiological signs of stress
may be such a cue. Some behavioral changes,
however, may be normal adaptive responses
which help the animal cope with a new
environment or moderate stress, so behavioral
changes should not automatically be considered
pathological.  Behavioral changes which occur in
the absence of physiological signs of stress may
also indicate suffering. For example, conflict
behavior, in which an animal exhibits conflicting
tendencies to perform different or incompatible
behaviors, may indicate fear or frustration.
Conflict behavior can, however, result in positive
stimuli also, such as conflict between the desires
to eat and mate. Finally, the appearance of ab-
normal behavior, such as the pacing of big cats in
zoo cages or the self-biting of monkeys housed
alone in small cages, can signal stress. Even
clearly abnormal behaviors may help animals
cope with the conditions of captivity, however.
For instance, chimpanzees which throw feces at
zoo visitors may be enhancing the psychological
condition of their captivity; thus, this might be
considered an adaptive behavior.
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INTRODUCTION

In compliance with the Animal Welfare Act, the Guide for the Care and Use of Laboratory
Animals and in the interest of good science, the Division of Laboratory Animal Medicine,
University of California, Los Angeles, has compiled the information included in this manual
to serve as a guide for the administration of tranquilizers, analgesics, and anesthetics in
animal species used in research at U.C.L.A..  Federal legislation has mandated that the
laboratory animal medicine community take the responsibility of ensuring that scientists
who use animals for experimentation know and understand their responsibilities and
obligations to the Chancellor's Animal Research Committee, granting agencies, local and
state governments, as well as to the welfare and benefit of the animals they use.

The use of three classes of drugs; Tranquilizers, Analgesics and Anesthetics, shall be in
accordance with the currently accepted veterinary medical practice as cited in appropriate
professional journals or reference guides which shall produce in the individual subject
animal a high level of tranquilization, anesthesia or analgesia consistent with the protocol
or design of the experiment to effectively minimize pain and discomfort of the animals under
experimentation.

If a procedure must be conducted without the use of an anesthetic, analgesic, or
tranquilizer because such use would defeat the purpose of an experiment, the procedure
must be approved by the Chancellor's Animal Research Committee and supervised directly
by the responsible investigator and/or a veterinarian.

Muscle relaxants or paralytic drugs (e.g., succinylcholine or other curariform drugs) are not
anesthetics, and should not be used alone for surgical restraint.  They must be used with
drugs known to produce adequate analgesia.  The proper selection of a tranquilizer,
analgesic or anesthetic agent can mean the difference between success and failure.  The
veterinary staff invites all investigators to discuss the selection of drugs to be administered
to experimental animals.

The primary effect of the three classes of drugs is to the central nervous system, but will
affect other organ systems as well and, therefore, may influence research findings and
results.  It is strongly recommended that investigators be familiar with the pharmacology of
these drugs, as the effect will vary with species, age, sex, size, and health of the animal.

This manual is designed to provide valuable information to investigators and technicians
and to serve as a basis for teaching anesthesiology to those who are just starting their
careers in animal experimentation.  The classification of P.L. Lees, 1977, as cited in C. J.
Green's Animal Anesthesia, Laboratory Animals Ltd., London 1979, has been utilized to
define the action of these three classes of drugs.
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FACTORS TO CONSIDER WHEN ADMINISTERING ANESTHESIA

The following general factors must be considered prior to the administration of an
anesthetic agent:

1. Proper handling of the animal.
2. Variations of individual and interspecies response to anesthetic agents.

a. Age.
b. Sex.
c. Weight.
d. Strain or genetic background.
e. Time of day.
f. Ingesta content.

3. Preanesthetic agents.
4. Route of administration.

a.  Intramuscular injection.
b.  Intraperitoneal injection.
c.  Intravenous injection.
d.  Inhalation.
e.  Subcutaneous.

5. Monitoring the surgical patient.
a.  Heat loss.
b.  Fluid loss.
c.  Heart rate.     
d.  Respiratory rate.
e.  Pedal reflex. 
f.  Corneal reflex.
g.  Muscular relaxation.

1.  Proper Handling of the Animal.  It is not only important that the animal be handled in a
proper fashion to reduce stress and allow for the safe administration of the anesthetic,
but to prevent injury to personnel as well as the animal.  If there is any doubt as to the
best method for the handling of the species in which you are working please contact the
veterinary staff for instruction.

2.  Variations of Response to Anesthetic Agents.  The investigator must acknowledge and
recognize the importance of variations in response that may exist between individual
animals to any given anesthetic agent.  Factors that may play a role in the variation of
responses are:

a.   Age.  Very young animals, especially rodents and rabbits, and older adults
are most sensitive to barbiturates.  Similar results have been reported in
dogs.  The basal metabolic rate will be lower in the young, the aged and the
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obese.  As the basal rate falls so will the rate of detoxification, and less
anesthetic agent will be required.

b.  Sex.  Sex differences in dose response does not occur in rats or mice before
the age of four weeks, but they then develop quickly.  Female rats are more
sensitive to hexobarbital and pentobarbital than males. (Moir 1937),(Crevier
et al 1950),(Collins & Lott 1965). Pregnant rats are more susceptible to
amylobarbital than non-pregnant females whereas males are less susceptible
than both.  This is explained by a 7% higher Basal Metabolic Rate in males
than in the non-pregnant females. (Nicholas & Barron 1932). Female rats are
also much more sensitive to the neuromuscular blocking activity of
d-tubocurariline than males of similar age (Wolf et al 1964). Conversely, male
mice are more sensitive to pentobarbital than females (Brown 1959).

c.  Weight.  Body fat may take up high concentrations of thiobarbiturates only to
release them when the plasma concentration falls.  This can be a potentially
serious  threat during the post-surgical period in that the animal may have a
prolonged recovery period or die.

d.  Strain or Genetic Background.  As a result of genetic variances it has been
shown that there is a wide difference in the response to various anesthetic
agents.  A strain sensitivity to nitrous oxide has been shown (Green
1968) in rats.  Some breeds of swine are susceptible to hyperthermia in
response to muscle relaxants and volatile anesthestics.  Certain breeds of
dogs such as the Greyhound, Dalmation and Whippet are more sensitive to
the short acting barbiturates, in that narcosis may be more profound and
recovery delayed up to 48 hours.  These differences are probably related to
differences in liver and plasma enzyme activity.

e.   Time of Day.  Cyclic rises and falls in the Basal Metabolic Rates are
associated with diurnal, hiberatory and seasonal sexual behavior.  It has
been shown that mice are more sensitive to pentobarbital at 0700 hours than
at noon or early afternoon hours. Circadian cycles have been shown to alter
the minimum alveolar concentrations of halothane and cyclopropane when
administered to rats by as much as 5-10%. (Munson 1970).

f.   Ingesta Content.  As a general rule it is advisable to fast animals prior to the
induction of a general anesthetic.  The animal should then be weighed prior
to the calculation of the anesthetic dosage.  If weighed without fasting this
could lead to a miscalculation of the anesthetic dose.  It must be remembered
that the intestines and their contents account for up to forty percent of the
total body weight after feeding and only eighteen percent after fasting.  The
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fasting period should range from six to forty-eight hours depending on the
species. Dehydration and hypoglycemia may appear after a twelve hour fast,
therefore, it is important that replacement therapy with dextrose and fluids be
administered promptly after induction.  As previously mentioned the period of
fasting prior to the administration of an anesthetic agent is important for the
correct calculation of dosages and preventing the chances for the
regurgitation of food. The following is a guide for the fasting periods prior to
the administration of general anesthetics.

Species and Length of Fast

Baboon ......................................................................................................................... 24 hours

Bird (Caged Small)......................................................................................................... 2 hours

Cat ...........................................................................................................................12-24 hours

Chicken (Adult)..........................................................................................................6-12 hours

Dog ..........................................................................................................................12-24 hours

Duck (Adult)...............................................................................................................6-12 hours

Goat .........................................................................................................................24-48 hours

Guinea Pig...................................................................................................................... 6 hours

Guinea Pig  (Barbiturate) ............................................................................................. 12 hours

Hamster .......................................................................................................................... 6 hours

Macaque (Adult) ........................................................................................................... 24 hours

Marmoset........................................................................................................................ 6 hours

Mouse ............................................................................................................................. 6 hours

Rabbit ............................................................................................................................. 6 hours

Rat .................................................................................................................................. 6 hours

Sheep ......................................................................................................................24-48 hours
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Squirrel Monkey ............................................................................................................. 6 hours

Swine .......................................................................................................................24-36 hours

Animals should be allowed to drink water up to the time that the preanesthetic drugs are
administered.  It is important to emphasize the need for watering because swine are prone
to sodium chloride toxicity if deprived of water for long periods, especially combined with a
high ambient temperature. 

Swine need a long fasting period because they are prone to easy vomiting after induction
and are also prone to develop severe gaseous gastrointestinal distention which interferes
with the animals ventilation and venous return. It also predisposes the animal to
cardiovascular failure.  Sheep and goats need a long fast to reduce rumen contents, the
amount of ruminal regurgitation and to help alleviate ventilation depression resulting from
ruminal pressure on the diaphragm when the animal is in lateral or dorsal recumbency.  It is
best to keep a ruminant in a sternal position whenever possible.  Ruminal tympany can be
prevented by passing a stomach tube soon after induction.  Replacement therapy with
dextrose and fluids should be administered promptly after induction.

g.   Health Status.  This is a point which can not be overly stressed, because
most animals which are conventionally raised suffer from low grade or
sub-clinical infections which result in pulmonary, hepatic or renal dysfunction.
 These conditions can have a profound affect on the uptake and elimination
of anesthetic agents.  All animals should undergo a careful examination for
the detection of disease.  Only those animals which are determined to be
healthy should be administered anesthesia.

3. Preanesthetic Agents.  A variety of drugs fall under the heading of preanesthetic
agents, which include anticholinergics, tranquilizers, opiate and non-opiate
analgesics and tranquilizer-narcotic combinations.  These agents are administered
to prepare the patient for the administration of an anesthetic agent.  They are used
to:

a. Reduce fear, apprehension and stress, thereby producing smoother 
induction to anesthesia.

b. Reduce the amount of anesthetic needed to produce anesthesia thus 
lessening the side effects of the anesthetic agent.

c. Reduce the volume of salivary and bronchial secretions which could cause 
blockage of airways.
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d. Reduce gastric and intestinal motility and prevent vomiting while the animal 
is under anesthetic.

e. Reduce or block the vagovagal reflex which can cause bradycardia as the 
result of endotracheal intubation.

f. Reduce post operative pain, struggling, and crying during the recovery 
period.

One should take into consideration the complexity of the procedure to be done and the
possible stressful effects the animal may be subjected to when choosing a preanesthetic
agent so as to minimize any distress or pain that may be caused.  A good example can be
seen in working with rabbits which are generally excitable animals.  The utilization of a
sedative/analgesic to a rabbit while it's in its cage and allowing the medication to take full
effect will substantially reduce the stress when the animal is removed from its cage and
taken to surgery.  This procedure, in addition to careful handling, is essential for humane
preanesthetic management.

Other factors to take into consideration in choosing the preanesthetic agent are the species
of animal to undergo anesthesia, the anesthetic agent, and the duration of surgery.

4. Route of Administration.  Anesthetics may be given by the following parenteral r
routes:

a. Intramuscular Injection.  Non-irritant solutions or suspensions in an aqueous 
solvent usually are absorbed to give a quick response do to the vascularity 
of the muscle. It is advisable to administer these solutions through the 
finest gauge needle as possible to reduce any pain or discomfort.  Care 
must be taken not to insert the tip of the needle into a blood vessel.  A good 
practice is to pull the plunger of the syringe back after the needle has been 
inserted into the muscle and watch for the presence of blood entering the 
syringe.

b. Intraperitoneal Injection.  Non-irritant solutions or suspensions in an aqueous
solvent may be administered by this route.  Generally, this route is used in
very small animals where intravenous administration is difficult, such as mice,
rats, etc.  The animals are held in a ventrodorsal position with the head down
at about a forty five degree angle. The needle is placed in the posterior
abdominal quadrant off the midline approximately one-half inch so as to miss
the urinary bladder.  Absorption of drugs is faster if given close to the
diaphragm but this approach is more hazardous and is therefore less
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desirable.  Remember that control of anesthetic agents administered by this
route is lost once they are given.

c. Intravenous Injection.  Nonprecipitable solutions may be given intravenously
to produce a rapid response to the tissue upon which the agent acts. 
Intravenous injections should be administered rather slowly so that
momentarily high concentrations which could exert a toxic action upon the
responsive tissue do not occur.  Those agents which are known to be irritants
can be injected into the blood stream without causing any toxicity
because the agents are diluted upon entering the blood stream and are no
longer irritants.  If extravasation of an irritating agent occurs accidently, tissue
necrosis may be a problem, therefore, the injection site should be infiltrated
with water for injection along with 1% xylocaine.  This will dilute the irritant
and provide a local anesthestic effect to the area.

d. Inhalation.  Volatile liquids and gaseous anesthetics may be administered by
inhalation.  Higher concentrations are utilized for induction and lower
concentrations for maintenance.  Absorption of these volatile substances is
rapid and extensive.

e. Subcutaneous Injection.  Small quantities of non-irritant drugs usually in an
aqueous solution may be injected subcutaneously.  The injected material
diffuses into the capillaries and is distributed via the blood stream to affect
the responsive tissue. Moderate massage over the injection site will increase
the absorption rate by increasing blood flood and diffusion into the capillaries.

5. Monitoring the Surgical Patient.  

a. Heat Loss.  Body temperature regulation is abolished during general 
anesthesia, therefore it is important to remember that:

1) The operating room should be kept at a temperature ranging from 
70-75° F.

2)  Esophageal or nasopharyngeal temperatures should be monitored
during major surgical procedures.  Rectal temperature is accurate as
long as the lower colon has been cleared of fecal matter which could
lead to an inaccurate reading.

3) Intravenous fluids should be warmed.
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4)  The animal should be placed on a heating pad with a probe or 
thermometer in it or a pad should be placed between the metal table 

and the animal.

5)  Animals coming out from under anesthesia should be kept warm. 
Blankets, heat lamps, heating pads and circulating warm water
(temperature 40.5° C) are satisfactory in keeping the animal warm.  It
must be remembered that these animals cannot escape excessive
heat at this time and can be burned or even killed with the injudicious
use of heating pads and other heating devices.  Small animals, such
as rodents, may be kept warm by wrapping them in cotton batting until
recovery, as well as when placed on or under heating devices.

Mean Normal Rectal Temperature (C)

Cat ...................................................................................................................................... 38.6°

Dog ..................................................................................................................38.3° (38.1-38.9)

Domestic Fowl .................................................................................................................... 40.0°

Goat .................................................................................................................39.4° (38.5-40.0)

Guinea Pig.......................................................................................................38.6° (37.2-39.5)

Hamster ...........................................................................................................37.4° (36.1-38.9)

Mouse ..............................................................................................................37.4° (35.5-39.0)

Nonhuman Primate .........................................................................................38.9° (38.4-39.6)

Rabbit ..............................................................................................................38.3° (37.0-39.4)

Rat ...................................................................................................................38.0° (36.0-39.5)

Sheep ..............................................................................................................39.0° (38.2-40.0)

b. Fluid Loss.  Loss of fluids is high during anesthesia partly due to continuous
evaporation from the operative site and the skin and partly due to the
evaporative loss from the respiratory system where exhaled gases are often
being continuously displaced by dry gases.  This evaporative loss will be
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intimately related to heat loss.  It is important that the animal be supplied with
measured volumes of fluid by intravenous infusion to maintain total body fluid
volume. 

c. Heart Rate.  Heart rate can be obtained by means of a stethoscope taped to
the patient's chest in the area of the apex beat, inserting an esophageal
stethoscope in the esophageal lumen to the cardiac region, or by
electrocardiography.  In small animals such as rodents, palpation or
observation of the chest wall will be helpful.  Heart rates and pulse rates are
not always the same, since a pulse deficit may exist.  A fast weak pulse is
present in shock and is a sign of impending vascular collapse. The pulse in
most animals may be felt in one or more of the following arteries; mandibular,
radial, carotid, digital, femoral and coccygeal.

d. Respiratory Rate.  Excursions of the chest or a rebreathing bag on an
anesthetic machine indicate respiratory rate, but do not indicate tidal volume.
 Tidal may be measured by using a ventimeter in conjunction with anesthetic
breathing circuits. 

e. Pedal Reflex.  To assure that the animal is not feeling any pain and is
completely under an anesthetic agent one may apply noxious stimulation
between the toes.  If a response is positive, the animal should receive more
anesthetic.       

f. Corneal Reflex.  Like the pedal reflex, if a positive response is elicited by 
touching the cornea, the animal should receive more anesthetic.

g. Muscular Relaxation.  In general, when adequate surgical anesthesia is
reached, complete relaxation should be present.  However, not all anesthetic
agents will provide complete muscle relaxation, e.g. Ketamine. Barbiturates
and volitile liquids provide good muscle relaxation.
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CAT
(Felis domesticus)

A preanesthetic examination to evaluate the health status of this species is essential.  Any
animal exhibiting a purulent discharge from the eyes or nose, coughing, having a rectal
temperature above 102° F or having diarrhea should be eliminated from the experiment
and treated accordingly.

Animals should be fasted for twelve hours, but access to water should be allowed.  It is
important to remember that after fasting, the animal may be dehydrated or hypoglycemic,
therefore replacement fluids should be administered promptly after induction.

Cole type endotracheal tubes (2.5 - 3.5 mm I.D.) work well, but the cat is prone to laryngeal
spasm.  Should this occur, application of a local aerosol anesthetic spray to the larynx is
useful for suppressing laryngeal reflexes.  Tracheal tubes should be left in place until the
cough-gag swallowing reflex returns.

It is recommended that an ophthalmic ointment be placed on the cornea of the eyes to
prevent corneal drying during anesthesia which could result in an ulcer.

Antibiotics may be given prior to and/or after surgery, but it should be remembered that
some antibiotics are affected by anesthetics and vice versa.

It is important to avoid hypothermia as it will increase the depressant effect of drugs
administered and prolong recovery.

The animal should be rotated every half hour from side to side during recovery to improve
ventilation and oxygenation of blood.

Anticholinergics
Atropine Sulfate 0.05 mg/kg im, sc, iv (Kirk 1977)
Scopolamine 0.01 - 0.02 mg/kg im, sc, iv (Kirk 1977)

Central Nervous System Stimulants
   Medullary Stimulants

Doxapram HCl (Dopram) 5 - 10 mg/kg iv (Kirk 1977)

Non-Selective CNS Depressants
   Sedatives

Xylazine HCl 1 - 2 mg/kg im, sc (Soma 1971), (Flecknell 1987)
1 mg/kg iv (Soma 1971)             
1 - 4.4 mg/kg im, sc, iv (Moye et al 1973) 
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Xylazine is not recommended for use alone to produce analgesia or anesthesia, but it is
commonly used with Ketamine HCl.

General Anesthetics
   Volatile Liquids MAC Values of Anesthetic

(% End - Tidal Alveolar Concentration)*
Ether 2.10
Enflurane 1.20 These agents to be administered with oxygen and
Halothane 0.82 maintained at 0.5 - 1.5%
Methoxyflurane 0.23
Isoflurane 0.82

*Lower MAC values in % end-tidal concentration indicate greater potency (NRC 1992)

Nitrous oxide is not commonly used as an anesthetic for laboratory animals and probably
should not be for two reasons:  1) Its analgesic potency is low (MAC exceeds 100% end-
tidal concentration of the anesthetic for most species (Stimpfel and Gerskey 1991) and 2) It
is potentially toxic to the reproductive system and bone marrow of personnel when used
alone or in combination with other volatile agents without appropriate ventilation. (Stoelting
1987)

  Solids (Water Soluble)
Pentobarbital 25-30 mg/kg iv (Russell & David 1977),(Soma 1971),(Warren 

1983)
Thiopental  8-30 mg/kg iv (Warren 1983)
Methohexital  5-8 mg/kg iv (Green 1979)
Thiamylal Na 10-20 mg/kg iv (Kirk 1977)

15-25 mg/kg iv (Russell & David 1977)
6-25 mg/kg iv (Warren 1983) 

        
The above are to be administered to effect.

  Solids (Not Water Soluble)
Alphaxalone-Alphadolone 9 mg/kg iv (Green 1979), (Flecknell 1987)
Alpha Chloralose 60 - 85 mg/kg iv (Hughes et al 1975)

40 - 80 mg/kg iv (Van Citters et al 1964)

Alpha Chloralose does not produce adequate depth of analgesia for surgical procedures
(Flecknell 1987), (Holzgrefe et al 1987) and its use for this purpose requires clear
justification. When combined with adjunctive drugs such as opioids, tranquilizers or
cyclohexamines it may be used for non-survival surgical procedures. 
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Urethane 1600 - 2000 mg/kg iv (Soma 1971)

Urethane has been reported to be both mutagenic and carcinogenic and is now widely
regarded as a potential hazard to staff.  The safe handling of such material should include
the use of gloves, face masks when handling the substance and the use of a fume hood for
preparing solutions from the dry powdered drug.  Like Alpha Chloralose it should be used
only in non-survival surgeries.

Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 1.0 mg/kg iv (Lumb & Jones 1984)
2.0 mg/kg im (Lumb & Jones 1984)

 Acetylpromazine 0.1 - 0.2 mg/kg im, sc (Kirk 1977)
0.5 mg/kg im (Flecknell 1987)

  Minor Tranquilizers
Promazine 2 - 4 mg/kg im, iv (Kirk 1977), (Soma 1971)

2 - 6 mg/kg im, iv (Lumb and Jones 1984)            
 Diazepam 0.4 mg/kg iv (Vanderlip & Gilroy 1981)

  Anticonvulsants
Phenobarbital 4 mg/kg every 12 hr po (Kirk 1977)

15 - 60 mg/kg iv/day total dose (Kirk 1977)
Diazepam to abolish Ketamine induced seizures 2 - 10 mg iv given 

slowly then wait ten minutes; if seizures continue administer 
5-60 mg iv (Kirk 1977)

  Analgesics Narcotic or Sedative
Morphine 0.05 - 0.1 mg/kg iv (Harvey & Walberg 1987)
Pentazocine 1.5 - 3.0 mg/kg im, sc (Harvey & Walberg 1987)
Oxymorphone 0.2 mg/kg iv, im (Harvey & Walberg 1987)

0.2 mg/kg sc (Short 1987)
.05 - 0.2 mg/kg iv, im (Whorton 1992)

Butorphanol 0.1 - 0.8 mg/kg im, iv (Sawyer & Rech 1987)
Buprenorphine 0.005 - 0.01 mg/kg iv, sc (Flecknell 1985)
Meperidine 5 - 10 mg/kg iv (Sawyer & Rech 1987)

2 - 4 mg/kg im (Kirk 1971)
Nalbuphine 0.75 - 3.0 mg/kg iv, im, sc (Flecknell 1987)

  Antipyretic Analgesics
Acetylsalicylic acid 10 mg/kg every 48 hrs (Jenkins 1987)
Dipyrone 25 mg/kg im, sc (Kirk 1971) can cause severe hypothermia
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  Dissociative Anesthetics   
Ketamine 10 - 20 mg/kg im (Flecknell 1987)
Ketamine 4.4 - 6.6 mg/kg iv plus Diazepam 0.44 mg/kg iv (Muir et al 

1989)
Ketamine 10 - 20 mg/kg im, sc + Xylazine 1.1 mg/kg im (Flecknell 1987)
Ketamine 2.2 - 6.6 mg/kg iv + Xylazine 0.66 mg/kg iv (Muir et al 1989)

  Neuroleptanalgesics
Innovar Vet 0.10 ml/kg iv (Muir et al 1989)

  Miscellaneous
Propofol 7.5 mg/kg iv (Brearley 1987) Provides approximately 10

minutes of surgical anesthesia.  Incremental doses can be
used to prolong anesthesia without unduly prolonging recovery
time. 

DOG
(Canis familiaris)

A preanesthetic examination to evaluate the health status of this species is essential.  Any
animal exhibiting a purulent discharge from the eyes or nose, coughing, having a rectal
temperature above 102° F, or having diarrhea should be eliminated from the experiment
and treated accordingly.

Antibiotics may be given prior to and after surgery, but it must be remembered that some
antibiotics are affected by anesthetics, e.g., chloramphenicol activity is reduced by
methoxyflurane.

Animals should be fasted twelve to twenty-four hours, but access to water should be
allowed.  This is important not only to reduce the risk of vomiting but also the risk of
intussusception. The latter may otherwise present problems after extensive intra-abdominal
surgery, especially when the intestines and mesentery have necessarily been handled or
retracted for long periods. After the fasting period the animal should be weighed to
calculate an accurate dosage of preanesthetics as well as anesthetic drugs.  It is important
to remember that the animal may be dehydrated or hypoglycemic after fasting, especially if
fasted for twenty-four hours, therefore, replacement therapy with dextrose and fluids should
be administered promptly after induction.

All animals undergoing a general anesthetic should be intubated with a cuffed tracheal
tube.  A guideline for tube size is as follows:
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BODY WEIGHT I.D.
 7 kg 9 mm
 9 kg 10 mm
11 kg 11-12 mm
13 kg 11-12 mm
15 kg 12 mm
18 kg 12-16 mm

Tube size can also be judged by palpating the trachea.  Tubes should be left in place until
the cough-gag swallowing reflex returns.  It is recommended that ophthalmic ointment (e.g.,
ophthalmic base), be placed on the corneas to prevent corneal drying which could result in
ulceration.

It is important to avoid hypothermia as it will increase the depressant effects of the drugs
administered and prolong recovery.  To improve ventilation and oxygenation of the blood,
the animal should be rotated from side to side every half hour during recovery until the
animal can right itself.

Anticholinergics
Atropine Sulfate 0.05 mg/kg im, sc, iv (Kirk 1977)
Scopolamine 0.01 - 0.02 mg/kg im, sc, iv (Kirk 1977)

Central Nervous System Stimulants
  Medullary Stimulants

Doxapram (Dopram) 5 - 10 mg/kg iv (Kirk 1977)

Non-Selective CNS Depressants
  Sedatives

Xylazine 1 -2 mg/kg im, sc, iv (Kirk 1977), (Russell & David 1977) and (White 
& Holmes 1976)

General Anesthetics
  Volatile Liquids MAC Values of Anesthetic

(% End-Tidal Alveolar Concentration)*
Enflurane 2.20 These agents to be administered with oxygen and
Ether 3.04 maintained at 0.5 - 1.5%
Halothane 0.87
Methoxyflurane 0.23
Isoflurane 1.50

*Lower MAC values in % end-tidal concentration indicate greater potency (NRC 1992)
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  Solids (Water Soluble)
Pentobarbital 25 - 30 mg/kg iv (Russell & David 1977),(Soma 

1971),(Warren 1983)
Thiopental 15 - 30 mg/kg iv (Hughes et al 1975)

8 - 30 mg/kg iv (Warren 1983)
Methohexital 11 mg/kg iv (Stunkard & Miller 1976)
Thiamylal Na 6 - 25 mg/kg iv (Warren 1983)

  Solids (Not Water Soluble)
Alpha Chloralose 100 mg/kg iv (Hughes et al 1975)

Alpha Chloralose does not produce adequate depth of analgesia for surgical procedures
(Flecknell 1987), (Holzgrefe et al 1987) and if used for this purpose requires clear
justification.  When combined with adjunctive drugs such as opioids, tranquilizers or
cyclohexamines it may be used for non-survival surgical procedures.

Urethane 600 - 2000 grams iv (Lumb & Jones 1984)

Urethane has been reported to be both mutagenic and carcinogenic and is now widely
regarded as a potential hazard to staff.  The safe handling of such material should include
the use of gloves, and face masks when handling the substance, and the use of a fume
hood for preparing solutions from the dry powdered drug.  Like Alpha Chloralose, it should
be used only in non-survival surgeries.

Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 1 - 2 mg/kg q 12 hr im, iv (Kirk 1977)
2 - 4 mg/kg q 8 hr po (Kirk 1977)
0.5 mg/kg iv as Alpha blocker in shock (Kirk 1977)
0.5 mg/kg im, iv as antiemetic (Kirk 1977)

Acetylpromazine 0.1 - 0.5 mg/kg im or slow iv (Green 1979)
5 - 10 mg/kg po (Kirk 1977)

  Minor Tranquilizers
Promazine 2 - 4 mg/kg im, iv (Kirk 1977), (Soma 1971)
Diazepam 1 mg/kg iv, po maximum total dose 20 mg (Kirk 1977)

  Anticonvulsants
Phenobarbital 2 mg/kg q 12 hr po (Kirk 1977)

3 - 300 mg/kg iv to effect/day total dose (Kirk 1977)
Diphenylhydantoin 6 mg/kg q 8 - 12 hrs po (Kirk 1977)
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  Analgesic Narcotic or Sedative
Morphine 0.5 - 1.0 mg/kg im, sc (Harvey & Walberg 1987)
Codine 2 mg/kg q 6 hr sc (Kirk 1977)
Oxymorphone 0.2 - 0.4 mg/kg iv, im (Harvey & Walberg 1987)

0.2 mg/kg iv, im (Kirk 1977)
Meperidine 2 - 6 mg/kg sc (Copland et al 1987)

6 - 10 mg/kg im (Kirk 1977)
Fentanyl 0.04 mg/kg im, sc (Harvey & Walberg 1987)
Pentazocine 1 - 3 mg/kg im, sc, iv (Kirk 1977)

1.5 - 3 mg/kg im, iv (Harvey & Walberg 1987)
Butorphanol 0.2 - 0.8 mg/kg im, sc (Sawyer et al 1987)
Buprenorphine 0.01 - 0.02 mg/kg im, sc, iv (Flecknell 1987)

  Sedative - Analgesic Antagonists
Naloxone 0.01 - 0.05 mg/kg im, iv (Flecknell 1987)

Naloxone (Naracan) reverses the effects of Oxymorphone and other narcotics such as
Morphine, Meperidine and Fentanyl.  Because it does not produce analgesia or respiratory
depression when used alone, it is a specific antagonist for Pentazocine.  (Green 1979),
(Lumb & Jones 1984)

Yohimbine 0.11 mg/kg (Lloyd Laboratories 1991)

Yohimbine (Yobine) blocks central alpha 2 adrenoreceptors and partially antagonizes
Barbiturates, Ketamine, Xylazine, Pentazocine, Benzodiazepines and Phenothiazines.
(Lumb & Jones 1984) It is specific antagonist for Xylazine.

Nalorphine (Nalline) is antagonistic to morphine like drugs including Codeine, Morphine,
Fentanyl, Innovar-Vet, Thiambutene, Pethidine, Heroin and Methadone.  It has no effect on
respiratory depression caused by other CNS depressants.

Nalorphine 1 mg is recommended to every 10 mg of morphine or 20 mg of Meperidine used
originally as a preanesthetic.  A total dosage of 2 mg/kg should not be exceeded in a 4 hour
period.  Duration is 1.5 - 4 hours. (Green 1979), (Lumb & Jones 1984)

Levallorphan (Lorfan) 1 mg is recommended for every 50 mg of Morphine or 100 mg of
Meperidine 5 mg/kg should not be exceeded in a 4 hour period. (Lumb & Jones 1984)

These drugs should not be used as general analeptics, because they will produce CNS
depression. The antagonism action of these drugs for narcotics is by competitive inhibition.

Antipyretic Analgesics and Nonsteroidal Anti-Inflammatory Agents
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Aspirin 10 mg/kg po every 6-8 hours (Booth & McDonald 1982)
Ibuprofen 10 mg/kg po every 24-28 hours (Jenkins 1987)
Acetaminophen 15 mg/kg po every 8 hours (Jenkins 1987)
Phenylbutazone 15 mg/kg po every 8 hours (Booth & McDonald 1982)

  Dissociative Anesthetics
Ketamine 5.5 - 22 mg/kg im (Wright 1982)
Ketamine 4.4 - 6.6 mg/kg iv plus Xylazine 0.33 mg/kg iv (Muir et al 

1989)
Ketamine 6.6 mg/kg iv plus Xylazine 0.66 mg/kg iv (Muir et al 1989)
Ketamine 11 mg/kg iv plus Xylazine 1.1 mg/kg iv (Kolata & Rawlings 

1982)

  Neuroleptanalegesics
Fentanyl-droperidol 1 ml/7-10 kg im, iv reversed by Nalaxone dose to 

effect.  Usually 0.2-0.4 mg total dose (Green 1979)
Fentanyl-droperidol 0.01 - 0.02 ml/kg im (Soma & Shields 1964)
Fentanyl-droperidol 0.03 - 0.7 ml/kg iv (Muir et al 1989)
Penthidine 10 mg/kg plus Xylazine 2 mg/kg im (Green 1979)
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DOMESTIC FOWL
(Gallus domesticus, Anas platyrhynchos, Columba liva)

Bird physiology differs from those of mammals in many areas, therefore, their response to
drugs vary.  Proper restraint must be utilized because birds can easily injure themselves
during induction and recovery.

Hypothermia must also be considered during the recovery period, so the bird must be
wrapped or insulated.

Intubation can be performed easily by the use of a pediatric Cole tube (2.5 - 3.5 mm I.D.).

Large birds should be fasted for six (6) to twelve (12) hours prior to anesthesia to prevent
regurgitation from the crop.  Small birds should only be fasted for two (2) hours.

An incomplete drug classification is presented here because either the drug is not used or
dosages are not available.

CHICKEN
(Gallus domesticus)

Anticholinergics
Atropine Sulfate 0.05 mg/kg im (Green 1979)

Non-Selective CNS Depressants
Sedatives

Xylazine 25 - 60 mg/kg im (Green 1979)
10 mg/kg im (Jones et al 1977)

General Anesthetics
Volatile Liquids

Methoxyflurane 0.2 - 0.4 ml on cotton cone (Green 1979)
Halothane 2 - 3% with oxygen for induction then maintained at 1 - 

1.5% (Green 1979)

Solids (Water Soluble)
Pentobarbital 15 - 60 mg/kg iv (Green 1979)

5 - 21 mg/kg iv (Soma 1971)
Equithesin 2.5 ml/kg iv (Green 1979)

The above are to be administered to effect.
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Solids (Not Water Soluble)
Urethane 1500 mg/kg iv (Soma 1971)

Urethane has been reported to be both mutagenic and carcinogenic and is now widely
regarded as a potential hazard to staff.  The safe handling of such material should include
the use of gloves, face masks when handling the substance and the use of a fume hood for
preparing solutions from the dry powdered drug.  It is to be used only for non-survival
surgeries.

Partially Selective CNS Depressants

  Major Tranquilizers
Chlorpromazine 1 - 1.5 mg/kg im (Vanderlip & Gilroy 1981)

0.5 mg/kg po (Lumb & Jones 1984)

  Minor Tranquilizers
Promazine 0.5 mg/kg im (Vanderlip & Gilroy 1981)
Diazepam 5 - 10 mg/kg im (Lumb & Jones 1984)

  Dissociative Anesthetics
Ketamine 20 - 100 mg/kg im (Boever & Wright 1975)

30 - 250 mg/kg im (Green 1979)

DUCK
(Anas platyrhynchos)

                            
Anticholinergics

Atropine Sulfate 0.05 mg/kg im (Green 1979)

Non-Selective CNS Depressants
  General Anesthetics

Volatile Liquids
Methoxyflurane 0.2 - 0.4 ml on cotton cone (Green 1979)
Halothane 2 - 3% with oxygen for induction maintained at 1.0 - 

1.5% (Green 1979)

Solids (Water Soluble)
Pentobarbital 16 - 28 mg/kg iv (Soma 1971)

15 - 60 mg/kg iv (Green 1979)
Equithesin 2.5 ml/kg im (Green 1979)
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Solids (Not Water Soluble)
Urethane 1500 mg/kg iv (Soma 1971)

Urethane has been reported to be both mutagenic and carcinogenic and is now widely
regarded as a potential hazard to staff.  The safe handling of such material should include
the use of gloves, face masks when handling the substance, and the use of a fume hood for
preparing solutions from the dry powdered drug.  It should be used only in non-survival
surgeries.

Miscellaneous Agents
Tribromoethanol "Avertin" 100 mg/kg po (Vanderlip & Gilroy 1981)

PIGEON
(Columba liva)

Non-Selective CNS Depressants
General Anesthetics
  Volatile Liquids

Methoxyflurane 0.2 - 0.4 ml on cotton cone (Green 1979)
Halothane 2 - 3% with oxygen for induction maintained at 1 - 

1.5% (Green 1979)

  Solids (Water Soluble)
Pentobarbital 12 - 16 mg/kg iv (Soma 1971)

30 - 40 mg/kg iv (Green 1979)
Equithesin 1 - 1.5 mg/kg iv (Fed. Proceedings 1969)

  Solids (Not Water Soluble)
Urethane 1500 mg/kg iv (Soma 1971)

Urethane has been reported to be both mutagenic and carcinogenic and is now widely
regarded as a potential hazard to staff.  The safe handling of such material should include
the use of gloves, face masks when handling the substance, and the use of a fume hood for
preparing solutions from the dry powdered drug.  It should be used only in non-survival
surgeries.

Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 1.0 - 1.5 mg/kg im (Vanderlip & Gilroy 1981)
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Minor Tranquilizers
Promazine O.5 mg/kg (Vanderlip & Gilroy 1981)

  Dissociative Anesthetics
Ketamine 50 - 100 mg/kg (Boever & Wright 1975)

GUINEA PIG
(Cavia porcellus)

A preanesthetic examination to evaluate the health status of this species is essential.  Any
animal with a discharge from the nose, eyes, or with diarrhea should be eliminated from the
experiment.  Animals should be fasted for six (6) hours prior to induction of anesthesia
since they are liable to vomit during early sedation.  If barbiturate anesthesia is to be
utilized, a twelve (12) hour fast is recommended.

Animals are weighed after the fasting periods to calculate an accurate dosage of injectable
agents per weight.  It must be remembered that intestines and their contents account for
40% of the total body weight after feeding and only 18% after fasting.  It is also important to
remember that the animal may be dehydrated or hypoglycemic after a twelve (12) hour fast,
therefore, replacement therapy with dextrose and fluids should be administered promptly
after induction.

Intravenous administration can be accomplished through five different routes in this species
utilizing a 3/8" 27 gauge needle:  1. Marginal ear veins, 2. Pudic vein (male guinea pigs)
lying along the dorsolateral border of the extruded penis, suitable analagesic should be
given prior to procedure, 3. Lingual vein on the ventral surface of the tongue, 4. Dorsal
metatarsal vein, and 5. Anterior cephalic vein.  The last two vessels require a cut down,
good light and magnification.  Intramuscular injection should be given with a 25 gauge
needle.

Anticholinergics
Atropine Sulfate 0.05 mg/kg im, sc (Flecknell 1987)

Medullary Stimulants
Doxapram (Dopram) 5 mg/kg iv (Flecknell 1987)

Non-Selective CNS Depressants
  Sedative-Hypnotic

Chloral Hydrate 170 - 180 mg/kg ip (Mulder & Mulder 1979)
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General Anesthetics
  Volatile Liquids

Methoxyflurane To be given with oxygen and maintained at 0.5 - 1.5%
Halothane
Isoflurane

  Solids (Water Soluble)
Thiopental 12-20 mg/kg iv (Barnes & Etherington 1973), (Hughes et al 

1975), (Kirk 1977)
Thiopental 20 mg/kg ip (Mulder & Mulder 1979)
Methohexital 31 mg/kg ip (Flecknell 1987)
Pentobarbital 37 mg/kg ip (Flecknell 1987)
Pentobarbital 15-30 mg/kg iv (Hughes et al 1975), (Russell & David 1977)

  Solids (Not Water Soluble)
Alphaxolone-Alphadolone(Saffan) 40 mg/kg im (Green 1979)  Inject at 

separate sites because of high volume. 
Alphaxolone-Alphadolone 10 - 20 mg/kg iv (Gilroy & Varga 1980) 
Urethane 1500 mg/kg iv, ip (Flecknell 1987)

Urethane has been reported to be both mutagenic and carcinogenic and is now widely
regarded as a potential hazard to staff.  The safe handling of such material should include
the use of gloves, face masks when handling the substance, and the use of a fume hood for
preparing solutions from the dry powdered drug.  It should be used only in non-survival
surgeries.

Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 0.5 - 2.5 mg/kg im (Russell & David 1977)

  Minor Tranquilizers
Meprobamate100 mg/kg po (Russell & David 1977)
Diazepam 2 - 5 mg/kg ip, im (best given ip) (Green 1979)

  Anticonvulsants
Phenobarbital 15 - 30 mg/kg ip (Hughes et al 1975), (Russell & David 1977)

  Analgesics Narcotic or Sedative
Morphine 10 mg/kg im, sc (Wright et al 1985)
Meperidine 2 mg/kg im, sc (Barnes & Etherington 1973), (Hughes et al 

1975), (Jones et al 1977)
Pentazocine 1 - 3 mg/kg im (Hughes et al 1975), (Vanderlip & Gilroy 1981)
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Buprenorphine 0.05 mg/kg sc (Flecknell 1987)

  Dissociative Anesthetics
Ketamine 22 - 64 mg/kg im (Hughes et al 1975)
Ketamine + Diazepam 44 mg/kg : 2.5 mg/kg im (Green 1979)
Ketamine + Xylazine 45 mg/kg im : 5 mg/kg sc (Flecknell 1987)

  Neuroleptanalgesics
Fentanyl-droperidol 0.08 - 0.66 mg/kg (Green 1979), (Hughes 1981)

HAMSTER
(Mesocricetus auratus, Cricetulus griseus)

There is a need for constant handling of the Golden hamster (Mesocricetus auratus) to
prevent them from becoming vicious, while the Chinese hamster (Cricetulus griseus) is
tamer and generally more docile.  This aggressive behavior is more likely to occur in older
animals and those which are not handled frequently.

To examine a hamster, the open hand technique may be used and the animal will generally
remain docile as long as the eyes are covered.  Restraint for injections may be made after
the animal has been gently pressed down with the palm of the hand and then grasped by
the scruff of the neck between the forefinger and thumb before being turned over on its
back.  Intraperitoneal injections are best made with a 27 gauge needle about 3 mm lateral
to the umbilicus.  Intravenous injection on the sedated animal can be accomplished without
too much difficulty utilizing the anterior cephalic vein and a 27 gauge needle.  The area
over the vessel should be shaved and good light with magnification used.

Anticholinergic
Atropine 0.04 mg/kg sc, im (Flecknell 1987)

Central Nervous System Stimulants
  Medullary Stimulants

Doxapram (Dopram) 5-10 mg/kg iv (Flecknell 1987)

Non-Selective CNS Depressants
  Hypnotics

Chloral Hydrate 10% sol 200-300 mg/kg ip (Green 1979)
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General Anesthetics 
  Volatile Liquids

Methoxyflurane These agents to be administered with oxygen and maintained
Halothane at 0.5 - 1.5%
Isoflurane

  Solids (Water Soluble)
 Pentobarbital 50-90 mg/kg ip (Flecknell 1987), (Hughes 1981) 

Pentobarbital 36 mg/kg ip (6 mg/ml) (Green 1979)
Thiamylal 30 mg/kg iv (Russell & David 1977)
Thiopental 20 mg/kg iv (Hughes et al 1975), (Vanderlip & Gilroy 1981)
Thiopental 40 mg/kg ip (Russell & David 1977)

     
  Solids (Not Water Soluble) 
     Alphaxolone-Alphadolone 150 mg/kg ip (Green 1979), (Flecknell 1987)                  
                                        
Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 0.5 mg/kg im (Russell & David 1977)

  Minor Tranquilizers
Meprobamate100 mg/kg po (Green 1979)
Diazepam 5 mg/kg ip (Green 1979)

  Analgesics Narcotic or Sedative
Meperidine 1-2 mg/kg im, sc (Jones et al 1977), (Russell & David 1977) 
Pentazocine 2-3 mg/kg im (Hughes et al 1975)

  Sedative - Analgesic Antagonists
Naloxone 0.01 - 0.1 mg/kg ip, iv (Flecknell 1987) Naloxone (Narcan)

reverses the effects of Oxymorphone and other narcotics such
as Morphine, Meperidine and Fentanyl.

Dissociative Anesthetics                               
Ketamine 44-100 mg/kg im (Hughes et al 1975), (Russell 

& David 1977)
Ketamine 200 mg/kg ip (Flecknell 1987)
Ketamine + Acepromazine 150 mg/kg : 5 mg/kg im (Flecknell 1987)
Ketamine + Xylazine 200 mg/kg : 10 mg/kg ip (Flecknell 1987), (Curl 

& Peters 1983)
Neuroleptanalgesics

Fentanyl-Fluanisone 1 ml/kg im, ip (Green 1979), (Flecknell 1987)
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MOUSE
(Mus musculus)

Mice are probably the most frequently anesthetized animals in research, and yet are still
the most difficult in which to achieve true surgical anesthesia without some mortalities.  This
is due to several factors:  1) narrow air way which is easily obstructed by excessive
secretions or pharnygeal accumulations of saliva,  2) excessive heat loss and hypothermia
(related to high surface : mass ratio, and rapid alterations in gas exchange (related to high
metabolic and respiratory rate)  3) size and the visibilty of veins which are fragile and
difficult to enter, therefore, many investigators avoid administering drugs to effect but give a
single calculated dose ip, which is clearly a less controlled technique (no control at all).

The animal is restrained easily if lifted from its cage by the base of the tail, held between
the thumb and forefinger and immediately transferred to the grid of the cage or to a cloth
surface.  As it attempts to escape it is grasped by the scruff of the neck, between the thumb
and forefinger and the tail is gripped between the 4th and 5th fingers.

Antibiotics are contra-indicated during anesthesia and surgery, but there may be a value in
adding tetracyclines to drinking water at 55 micrograms/ml after surgery.  (Tarin & Sturdee
1972)

Anticholinergics
Atropine Sulfate 0.04 mg/kg sc, im (Flecknell 1987)

Central Nervous System Stimulants
  Medullary Stimulants

Doxapram (Dopram)   5-10 mg/kg iv (Flecknell 1987)

Non-Selective CNS Depressants
  Sedatives

Xylazine 50 mg/kg im (Vanderlip & Gilroy 1981)

General Anesthetics 
  Volatile Liquids
     Methoxyflurane Administered with oxygen and maintained
     Halothane at 0.5 - 3.0%
     Isoflurane
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  Solids (Water Soluble)
 Pentobarbital 30-70 mg/kg ip (Russell & David 1977) 

Pentobarbital 40 mg/kg ip iv (Flecknell 1987), (Wixson 1990)
Pentobarbital 40-90 mg/kg ip (Hughes 1981), (Clifford 1984)
Thiopental 25-50 mg/kg iv (Hughes 1981), (Clifford 1984), (Lumb & 

Jones 1984)
Thiopental 30-40 mg/kg iv Sedation (Wixson 1990)
Thiopental 50-90 mg/kg ip (Wixson 1990)
Thiamylal 25-50 mg/kg iv (Harkness & Wagner 1983), (Clifford 1984)
Hexobarbital 60-100 mg/kg ip (Melby & Altman 1974)
Inactin 80 mg/kg ip (Wixson 1990)

  Solids (Not Water Soluble)
 Alphaxolone-Alphadolone 60-90 mg/kg ip (Green 1979)

Alphaxolone-Alphadolone 10-15 mg/kg iv (Wixson 1990)(Flecknell 
1987)

Tribromoethanol (Avertin 2.5% conc) 125 mg/kg ip (Wixson 1990)
Tribromoethanol (Avertin 2.5% conc) 125 mg/kg ip (Green 1979)

Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 12.5 mg/kg ip, 25 mg/kg sc (Barnes & Etherington 1973)
Chlorpromazine 50 mg/kg im (Russell & David 1977)

  Minor Tranquilizers
Promazine 5 mg/kg ip (Barnes & Etherington 1973)
Promazine 15 mg/kg sc (Lumb & Jones 1984)
Diazepam 6 mg/kg ip (Barnes & Etherington 1973)

     
  Analgesics Narcotic or Sedative

Morphine 2-5 mg/kg ip (Clifford 1984)
Morphine 10-20 mg/kg sc (Flecknell 1984)
Meperidine 20-60 mg/kg im, sc (Hughes 1981)
Pentazocine 2-3 mg/kg im (Hughes et al 1975), (Vanderlip & Gilroy 1981)
Pentazocine 10 mg/kg sc (Harvey & Walberg 1987)
Butorphanol 5.4 mg/kg sc (Harvey & Walberg 1987)
Buprenorphine 2.5 mg/kg ip (Harvey & Walberg 1987)
Buprenorphine 2 mg/kg sc (Flecknell 1987) 

  Sedative - Analgesic Antagonists
Naloxone 0.01-0.1 mg/kg ip, iv (Flecknell 1987)
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  Nonsteroidal Anti-Inflammatory, Antipyretic Analgesics
Acetylsalicylic Acid 120-300 mg/kg po (Jenkins 1987)
Ibuprofen 7.5 mg/kg po (Jenkins 1987)
Acetaminophen 300 mg/kg ip (Jenkins 1987) 

  Dissociative Anesthetics                                
Ketamine 100-200 mg/kg im (Wixson 1990), (Flecknell 1987)
Ketamine 200 mg/kg im + Xylazine 10 mg/kg ip (Wixson 1990), 

(Flecknell 1987)
Ketamine 100 mg/kg im + Acetylpromazine 2.5 mg/kg im (Wixson 

1990), (Flecknell 1987)
Ketamine 200 mg/kg im + Diazepam 5 mg/kg ip (Wixson 1990), 

(Flecknell 1987)
  Miscellaneous

Propofol 12-24 mg/kg iv (Wixson 1990)
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PRIMATE
(Nonhuman)

Primates can present problems of restraint and of public health.  They should undergo a
period of quarantine.  During this period they should be weighed, tuberculin tested, have
fecal bacteriology for Salmonella, Shigella and Campylobacter as well as parasitology, and
closely observed for any symptoms of disease, particularly herpes virus B.  This quarantine
period allows time for the primate to become conditioned to its environment and adapt to
many stressors which may otherwise affect the experiment.  Handling and anesthesia
should not be attempted by inexperienced investigators.

Small primates, such as marmosets and squirrel monkeys, should be fasted for six hours
while larger animals, as adult macaques, should be fasted for twenty four hours.

Intubation may present some degree of difficulty in these species because of poor
visualization of the larynx and the tendency to laryngospasm.  It is essential that a
laryngoscope be utilized in this procedure.  Care should be taken not to intubate one of the
stem bronchus, so the cuff of the endotracheal tube should be placed just distal to the
larynx, and both lung fields should be auscultated for lung sounds.

Smaller primates are susceptable to hypothermia.  Providing insulation to the surface on
which the animal is placed and keeping a warm environment will reduce the incidence of
hypothermia.  It is recommended that an ophthalmic ointment be placed on the cornea of
the eyes to prevent corneal drying during anesthesia which could result in an ulcer.

Atropine sulfate should be administered prior to the administration of Ketamine, to minimize
the excessive salivary and bronchial secretions associated with Ketamine as well as to
minimize the bradycardia produced by neuroleptanalgesic combinations.

Blood samples may be taken from the anterior cephalic vein, saphenous vein or the high
femoral vein generally with very little difficulty.

Anticholinergics
Atropine Sulfate 0.04 mg/kg im, sc, iv (Russell & David 1977)
Atropine Sulfate 0.05 mg/kg im, sc, iv (Flecknell 1987)

Central Nervous System Stimulants
  Medullary Stimulants

Doxapram HCl (Dopram) 2 mg/kg iv (Flecknell 1987)
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Non-Selective CNS Depressants
  Sedatives

Xylazine HCl (rompun) 0.5 - 1 mg/kg im, sc, iv (Russell & David 1977) 

General Anesthetics
  Volatile Liquids

Enflurane These agents to be administered with oxygen 
Isoflurane and Methoxyflurane maintained at 0.5 - 1.5%

   Solids (Water Soluble) 
Pentobarbital 20 - 33 mg/kg iv diluted 1:2 or 1:4 (Hughes et al 1975)
Thiopental 25 - 30 mg/kg iv (Green 1979)
Thiamylal 25 mg/kg iv (Russell & David 1977), (Vanderlip & 

Gilroy 1981)

  Solids (Not Water Soluble)
Alphaxolone-Alphadone "Saffan" 12 - 18 mg/kg im in Macaques and Baboons

18 mg/kg in Marmosets and Squirrel Monkeys
(Green 1979)

Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 1 - 6 mg/kg im (Russell & David 1977), (Vanderlip & Gilroy 
1981)

Acetylpromazine 0.5 - 1 mg/kg im, sc (Russell & David 1977), (Vanderlip & 
Gilroy 1981)

  Minor Tranquilizers
Meprobamate180 mg/kg po (Green 1979)

 
  Anticonvulsants

Phenobarbital 15 mg/kg im, ip (Green 1979)
Diphenylhydantoin 15 mg/kg im (Green 1979)

  Analgesics Narcotic or Sedative
Morphine 0.1 - 2.2 mg/kg sc (Hughes et al 1975)
Morphine 1 - 2 mg/kg im, sc (Flecknell 1987) 
Pentazocine 2 - 5 mg/kg sc (Harvey & Walberg 1987)
Meperidine 2 - 4 mg/kg im (Harvey & Walberg 1987)
Fentanyl 0.05 - 0.1 mg/kg iv, im (Field et al 1966)
Buprenorphine 0.01 iv, im (Flecknell 1987), (Harvey & Walberg 1987)
Buprenorphine 0.01 - 0.03 mg/kg im (Bacher 1990)
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Oxymorphone 0.15 mg/kg im (Macaca) (Bacher 1990)
Oxymorphone 0.075 mg/kg im (Saimiri) (Bacher 1990)
Butorphanol 0.025 mg/kg im (Bacher 1990)

  Sedative - Analgesic Antagonists
Naloxone 0.01 - 0.05 mg/kg im, iv (Flecknell 1987)

Naloxone (Naracan) reverses the effects of Oxymorphone and other narcotics such as
Morphine, Meperidine and Fentanyl.  Because Naloxone does not produce analgesia or
respiratory depression when used alone, it is a specific antagonist for Pentazocine. (Lumb
& Jones 1984), (Green 1979)

Yohimbine 0.11 mg/kg iv (Lloyd Laboratories 1991)

Yohimbine (Yobine) blocks central alpha 2 adrenoreceptors and partially antagonizes
Barbiturates, Ketamine, Xylazine, Pentazocine, Benzodiazepines and Phenothiazines.
(Lumb & Jones 1984)  It is a specific antagonist for Xylazine.

Nalorphine (Nalline) is antagonistic to morphine like drugs including Codeine, Morphine,
Fentanyl, Innovar-Vet, Thiambutene, Pethidine, Heroin and Methadone.  It has no effect on
respiratory depression caused by other CNS depressants. 

Nalorphine 1 mg is recommended to every 20 mg of morphine or 20 mg of Meperidine used
originally as a preanesthestic.  A total dosage of 2 mg/kg should not be exceeded in a 4
hour period. Duration is 1.5 - 4 hours. (Green 1979), (Lumb & Jones 1984) 

Levallorphan  (Lorfan) 1 mg of Levallorphan is recommended for every 50 mg of Morphine
or 100 mg of Meperidine.  A total dosage of 5 mg/kg should not be exceeded in a 4 hour
period (Lumb & Jones 1984)

These drugs should not be used as general analeptics, because they will produce CNS
depression. The antagonism action of these drugs for narcotics is by competitive inhibition.

Antipyretic Analgesics and Nonsteroidal Anti-Inflammatory Agents
Acetylsalicylic Acid 20 mg/kg po (Flecknell 1987)
Acetaminophen 10 mg/kg po (Bacher 1990)

 
Dissociative Anesthetics

Ketamine 5 - 25 mg/kg (Green 1979), (Flecknell 1987)
Ketamine + Diazepam 15 mg/kg : 1 mg/kg im (Flecknell 1987)
Ketamine + Diazepam 10 mg/kg : 0.5 mg/kg im (Bacher 1990)
Ketamine + Xylazine 10 mg/kg : 0.5 mg/kg im (Flecknell (1987)
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Ketamine + Xylazine 7 mg/kg : 0.6 mg/kg im (Bacher 1990)
Ketamine + Acetylpromazine 11 mg/kg : 0.55 mg/kg im (Bacher 1990)
Ketamine + Oxymorphone 10 mg/kg : 0.15 mg/kg im (Bacher 1990)

  Neuroleptanalgesics 
Fentanyl-droperidol 0.3 ml/kg im (Green 1979) 
Fentanyl-fluanisone 0.3 ml/kg im (Green 1979)     

      
 RABBIT

(Oryctolagus cuniculi)

This species presents some problems when it comes to anesthesia, due to the fact that
there is a wide variety of responses to any given drug between the various strains.  This is
best exemplified by the animal to animal variability in response to antichlorinergics and
barbiturates, as well as other classes of anesthetic agents.

Any animal showing signs of respiratory disease, sneezing, lachrymal discharge from the
eyes, nasal discharge, matted hair on the medial side of front paws, diarrhea or mucoid
feces should not be considered for anesthesia.

Rabbits should be approached quietly, talked to, and stroked prior to removal from their
cage to a restraining box or carrier to prevent excitement.  Excitement can cause the
release of catecholamines which increase the possibility of cardiac arrhythmias and
subsequent anesthetic failure.  Secondly, the excitement causes the animal to kick and
thump its hind legs which can result in vertebral column injury and irreparable posterior
spinal paralysis.

Rabbits should be fasted for six hours prior to surgery but allowed to have water up to the
time of anesthesia.

Anticholinergics
Atropine Sulfate 0.05-0.5 mg/kg im, sc (Russell & David 1977)
Atropine Sulfate 1-3 mg/kg im, sc (Green 1979)
Atropine Sufate 0.2 mg/kg im (Flecknell 1987)

Central Nervous System Stimulants
  Medullary Stimulants

Doxapram (Dopram) 2-5 mg/kg iv (Flecknell 1987)
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Non-Selective CNS Depressant
  Sedatives
 Xylazine 3.0 mg/kg iv (Green 1979), (Flecknell 1987)

Xylazine 3-5 mg/kg sc (Clifford 1984)

General Anesthetics
  Volatile Liquids

Ether
Enflurane 4-5% induction, Maintenance 0.5-1.5%
Halothane 4-5% induction, Maintenance 0.5-1.5%
Methoxyflurane 1-3% induction, Maintenance 0.3-1.0%
Isoflurane 4-5% induction, Maintenance 0.5-1.5%

  Solids (Water Soluble)
Pentobarbital 15-40 mg/kg iv (Russell & David 1977)
Pentobarbital 15-45 mg/kg iv (Green 1979)
Pentobarbital 20-45 mg/kg iv (Clifford 1984)
Pentobarbital 40 mg/kg ip (Vanderlip & Gilroy 1981)
Thiopental 20-25 mg/kg iv (Sedgewick 1980), (Clifford 1984)
Thiopental 20-50 mg/kg iv (Hughes et al 1975)
Thiopental 30 mg/kg iv (Green 1979)
Thiamylal 30 mg/kg iv (Fed. Proceedings 1969)

  Solids (Not Water Soluble)
Alphaxolone-Alphadolone 6-9 mg/kg iv (Green 1979)
Alpha-Chloralose (1% sol) 80-100 mg/kg iv (Flecknell 1987) 

Alpha Chloralose does not produce adequate depth of analgesia for surgical procedures
(Flecknell 1987), (Holzgrefe et al 1987) and its use for this purpose requires clear
justification.  When combined with adjunctive drugs as opiods, tranquilizers or
cyclohexamines it may be used for non-survival surgical procedures.

Urethane 1000 mg/kg iv, ip (Flecknell 1987)

Urethane has been reported to be both mutagenic and carcinogenic and is now widely
regarded as a potential hazard to staff.  The safe handling of such material should include
the use of gloves, face masks when handling the substance and the use of a fume hood for
preparing solutions from the dry powdered drug.  Like Alpha Chloralose it should be used
only in non-survival surgeries.
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Partially Selective CNS Depressants
  Major Tranquilizers 

Acepromazine 1 mg/kg im, iv (Green 1979), (Lumb & Jones 1984), (Kirk 
1977)

Acepromazine 5 mg/kg im (Flecknell 1987)

  Minor Tranquilizers
Diazepam 1 mg/kg im, iv (Green 1979)
Diazepam 5 mg/kg im (Flecknell 1987)
Meprobamate50-100 mg/kg iv (Green 1979)

Analgesics Narcotic or Sedative
Morphine 2-5 mg/kg iv (Lightowler & Smith 1963)
Morphine 5 mg/kg im, sc (Flecknell 1984)
Meperidine 10 mg/kg sc (Hughes et al 1975), (Flecknell 1984)
Pentazocine 10-20 mg/kg im, sc (Flecknell 1984)  
Buprenorphine 0.02-0.05 mg/kg im, iv (Flecknell 1987)

Sedative - Analgesic Antagonists
Naloxone 0.01-0.1 mg/kg im, iv (Flecknell 1987)

Antipyretic Analgesics and Nonsteroidal Anti-Inflammatory Agents
Aspirin 500 mg/kg po (CCAC 1980)

Dissociative Anesthetics
 Ketamine 44 mg/kg im (Weisbroth & Fudens 1972)

Ketamine 45mg/kg im + Xylazine 8.8 mg im (Gayek 1988)
Ketamine 35mg/kg im + Xylazine 5 mg/kg + Acepromazine .75 mg/kg sc 

(Hobbs 1990)
Ketamine 25-35 mg/kg im + Diazepam 5-10 mg/kg im (Harkness & 

Wagner 1983)

Neuroleptanalgesics
 Fentanyl-droperidol 0.15-0.17 ml/kg im  (Hughes et al 1975)

Miscellaneous
 Propofol 10 mg/kg iv (Flecknell 1987)
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RAT
(Rattus norvegicus)

The need for animals free of chronic respiratory disease is a must in this species, as it is in
mice, in order to accomplish successful anesthesia.  Animals should be anesthetized 
immediately upon arrival from a barrier maintained colony and prior to being housed with
conventionally raised animals. 

Specific pathogen free animals present minimal anesthetic risk, while those animals which
have been housed in conventional conditions are often unable to withstand more than one
or two hours of anesthesia without difficulties and increased mortality.

Animals should be handled frequently prior to experimentation as this keeps stress to a
minimum and thereby makes anesthesia easier.  Handling and restraint are similar to that
of mice.

Food, but not water should be withheld for six hours prior to intra-abdominal surgery. 

Young animals and females are more susceptible to pentobarbital, hexobarbital and ether
than are males.

Anticholinergics
Atropine Sulfate 0.04 mg/kg im, sc, iv (Flecknell 1987)

Central Nervous System Stimulants
  Medullary Stimulants

Doxapram (Dopram) 5-10 mg/kg iv (Flecknell 1987)

Non-Selective CNS Depressants
 Chloral Hydrate (10% sol) 200-300 mg/kg ip (Green 1979)

General Anesthetics
  Volatile Liquids 

Halothane These agents to be administered with oxygen and maintained
Isoflurane at 0.5 - 1.5%
Methoxyflurane
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  Solids (Water Soluble)
Pentobarbital 30-70 mg/kg ip (Russell & David 1977)
Pentobarbital 40 mg/kg ip (Flecknell 1987)
Thiopental 25-50 mg/kg iv (Hughes et al 1975), (Lumb 1984) 
Thiopental 30-40 mg/kg iv (Flecknell 1987)
Hexobarbital 60-100 mg/kg ip (Melby & Altman 1974)          
Thiamylal 20-50 mg/kg (Sedgewick 1980), (Clifford 1984) 
Inactin 80 mg/kg ip (Wixson 1990)

  Solids (Not Water Soluble)  
Tribromethanol 300 mg/kg ip (Flecknell 1987), (Wixson 1990)
Alpha Chloralose 55 mg/kg ip (Barnes & Etherington 1973), (Russell & David 

1977)

Alpha Chloralose does not produce adequate depth of analgesia for surgical procedures
(Flecknell 1987), (Holzgrefe et al 1987) and its use for this purpose requires clear
justification.  When combined with adjunctive drugs such as opioids, tranquilizers or
cyclohexamines, it may be used for non-survival surgical procedures.

Urethane 780 mg/kg ip (Barnes & Etherington 1973), (Russell & David 1977)

Urethane has been reported to be both mutagenic and carcinogenic and is now widely
regarded as a potential hazard to staff.  The safe handling of such material should include
the use of gloves, face masks when handling the substance and the use of a fume hood for
preparing solutions from the dry powdered drug.  Like Alpha Chloralose it should be used
only in non-survival surgical procedures.

Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 25 mg/kg im, sc, ip (Russell & David 1977)

  Minor Tranquilizers
Diazepam 0.5-15 mg/kg ip (Russell & David 1977)
Meprobamate150 mg/kg im, ip (Russell & David 1977)

Analgesics Narcotic or Sedative
Morphine 10 mg/kg im sc (Flecknell 1984)
Meperidine 25-50 mg/kg im, sc (Clifford 1984), (Hughes 1981)
Pentazocine 10 mg/kg sc (Wright et al 1985)
Pentazocine 2-3 mg/kg im (Vanderlip & Gilroy 1981)
Butophanol 23.3 mg/kg sc (Harvey & Walberg 1987)
Buprenorphine 0.02-0.08 mg/kg sc, ip (Harvey & Walberg 1987)
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Buprenorphine 0.1-0.5 mg/kg iv, sc (Flecknell 1987)

Sedative - Analgesic Antagonists
Naloxone .01-0.1 mg/kg ip,iv (Flecknell 1987)

 
Antipyretic Analgesics and Nonsteroidal Anti-Inflammatory Agents

Aspirin 100 mg/kg q 4 hr po (Flecknell 1987)
Ibuprofen 10-30 mg/kg po (Jenkins 1987)
Acetaminophen 110-300 mg/kg po (Jenkins 1987)
Phenylbutazone 30-100 mg/kg po (Kruckenberg 1979)
Phenylbutazone 7.5-15 mg/kg sc (Kruckenberg 1979)

Dissociative Anesthetics
Ketamine 100 mg/kg im (Flecknell 1987) 
Ketamine 60-100 mg/kg im (Wixson 1990)
Ketamine 75 mg/kg im + Acepromazine 2.5 mg im (Flecknell 1987)
Ketamine 80 mg/kg ip + Acepromazine 2.5 mg/kg im, ip (Wixson 1990)
Ketamine 90 mg/kg im + Xylazine 10 mg/kg im (Flecknell 1987)
Ketamine 40-80 mg/kg im, ip + Xylazine 5-10 mg/kg im, ip (Wixson 

1990)
Ketamine 40-80 mg/kg ip + Diazepam 5-10 mg/kg ip (Wixson 1990)

Neuroleptanalgesics
Fentanyl-droperidol (10%) 0.2-0.3 ml/kg im (Lumb & Jones 1984)
Fentanyl-droperidol (10%) 0.02-0.06 ml/100 g ip (Wixson 1990)

Miscellaneous
Propofol 7.5-10 mg/kg iv induction; 44-55 mg/kg/hr infusion (Wixson 1990)
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RUMINANTS
(Capri hircus, Ovis aries)

These two species are excellent biomedical models, for studies including open heart
surgery, heart lung preparation, investigatory pregnancy and fetal physiology, and
immunological studies, but present many problems with regards to general anesthesia.

It is generally preferred that surgery be done in the standing position whenever possible
and that regional and local anesthesia be utilized.  The reason for this is that these two
species have a forestomach (Rumen) which is an extremely gaseous vat that can interfere
with ventilation when general anesthesia is administered.

A twenty-four to forty-eight hour fast is recommended prior to the administration of a
general anesthetic to reduce rumen contents, to reduce amount of ruminal regurgitation
and to help alleviate ventilation depression resulting from ruminal pressure on the
diaphragm when the animal is in lateral or dorsal recumbency.  In many cases it will be
necessary to assist with ventilation.  The high probability of regurgitation indicates the need
for a rapid, smooth induction and endotracheal intubation with a cuffed endotracheal tube. 
Sheep and goats usually need a 6-10 mm I.D. tube.  Ruminal tympany can be prevented by
passing a stomach tube soon after induction.

Anticholinergics
Atropine Sulfate 0.05 mg/kg im, sc (Flecknell 1987)

Central Nervous System Stimulants
  Medullary Stimulants

Doxapram (Dopram) 2 mg/kg iv (Flecknell 1987)

Non-Selective CNS Depressants
  Sedatives

Xylazine 1 mg/kg im (SHEEP), 0.05 mg/kg im (GOAT) (Flecknell 1987)

General Anesthetics
  Volatile Liquids

Methoxyflurane 1-3% induction, Maintenance 0.3-1.0%
Halothane 4-5% induction, Maintenance 0.5-1.5%
Isoflurane 4-5% induction, Maintenance 0.5-1.5%

 
  Solids (Water Soluble)

Pentobarbital 30 mg/kg iv (Green 1979), (Flecknell 1987)
Thiopental 20 mg/kg iv (Lumb & Jones 1984)
Thiopental 15 mg/kg iv (Green 1979), (Flecknell 1987)
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Methohexital 4 mg/kg iv (Green 1979), (Flecknell 1987)
Thiamylal 6.6-8.9 mg/kg iv (Carwile & Simpson 1977)

  Solids (Not Water Soluble)
Alphaxalone-Alphadolone 2.2 mg/kg iv (adult) 6 mg/kg iv (Lumb & Jones), 

(Flecknell 1987)
Alpha Chloralose 50-60 mg/kg iv (Hughes et al 1975)

Alpha Chloralose does not produce adequate depth of analgesia for surgical procedures
(Flecknell 1987), (Holzgrefe et al 1987) and its use for this purpose requires clear
justification.  When combined with adjunctive drugs such as opioids, tranquilizers or
cyclohexamines it may be used for non-survival surgical procedures.

Partially Selective CNS Depressants
  Major Tranquilizers

Chlorpromazine 1.0 mg/kg iv, 1.0 mg/kg im (Goats), (Lumb & Jones 1984)
Acetylpromazine 0.05-0.1 mg/kg im (Green 1979)
Acetylpromazine 0.04-0.06 mg/kg im, iv (Soma 1971)

  Minor Tranquilizers
Diazepam 2mg/kg im, 1 mg/kg iv (Green 1979), (Flecknell 1987)
Promazine 0.44 - 1.1 mg/kg im, iv (Soma 1971)

Analgesics Narcotic or Sedative
Morphine up to 10 mg im total dose every 4 hours (Flecknell 1987)

 Meperidine up to 200 mg im total dose every 4 hours (Flecknell 1987)
Buprenorphine 0.005 mg/kg im every 4-6 hours (Flecknell 1987)

Dissociative Anesthetics
Ketamine 20 mg/kg im (Flecknell 1987)
Ketamine 4 mg/kg iv + Diazepam 2 mg/kg iv or 1 mg/kg iv (Green 

1979), (Flecknell 1987)
Ketamine 4 mg/kg iv + Xylazine 0.1 mg/kg im (Sheep) 0.05 mg/kg im 

(Goat)  (Flecknell 1987)
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SWINE
(Sus scrofa)

Swine are excellant models for biomedical research, but they also present some problems
when it comes to anesthetics.  They have a very small trachea for their size combined with
a long oropharynx and are prone to laryngeal spasm.  A long bladed laryngoscope, cuffed
endotracheal tubes (5-15 mm I.D.) with appropriate stylet are essential to intubate this
species.

Ear veins are the recommended veins to use for intravenous injections after the animal has
been chemically restrained.

Swine also have a variable response to some drugs e.g., Morphine at higher levels than
those recommended in this guide stimulate rather than sedate.  Methoxyflurane and
Flurothane can produce hyperthermia.

It is advisable to fast this species for twenty-four to thirty-six hours, but allow water until the
first preanesthetic drug is administered.  It is important to emphasize the need for watering
because swine are prone to sodium chloride toxicity if deprived of water for long periods,
especially combined with a high ambient temperature.  The fast is necessary because
swine are prone to easy vomiting after induction and they also can develop severe gaseous
gastrointestinal distention which interferes with the animal's ventilation and venous return
which predisposes the animal to cardiovascular failure.

Anticholinergics
Atropine Sulfate 0.05 mg/kg im (Flecknell 1987), (Swindle 1990)
Atropine Sulfate 0.02 mg/kg iv (Swindle 1990)

Central Nervous System Stimulants
  Medullary Stimulants

Doxapram (Dopram) 1-2 mg/kg iv (Flecknell 1987)

Non-Selective CNS Depressants
  Volatile Liquids

Isoflurane 4-5% induction, Maintenance 0.5-1.5%
Halothane 4-5% induction, Maintenance 0.5-1.5%
Enflurane 4-5% induction, Maintenance 0.5-1.5%
Methoxyflurane 1-3% induction, Maintenance 0.3-1.0%
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  Solids (Water Soluble)
Pentobarbital 24 mg/kg iv (Swindle 1990)
Pentobarbital 10-30 mg/kg iv (Russell & David 1977)
Pentobarbital 25 mg/kg iv (Green 1979)
Thiamylal 10-20 mg/kg iv (Russell & David 1977)
Thiamylal 3-4 mg/kg iv (Green 1979) 
Thiamylal 6.6-8.8 mg/kg iv (Swindle 1990)
Thiopental 10-11 mg/kg iv (Lumb & Jones 1984)
Thiopental 8-10 mg/kg iv (Green 1979)
Thiopental 6.6-8.8 mg/kg iv 50-75 mcg/kg/min continuous iv infusion rate 

(Swindle 1990)

  Solids (Not Water Soluble)
     Alphaxolone-Alphadolone 6-8 mg/kg im (Green 1979)
     Alpha Chloralose 60 -75 mg/kg iv (Hughes et al 1975)
     Alpha Chloralose 55-86 mg/kg iv (Swindle 1990)

Alpha Chloralose does not produce adequate depth of analgesia for surgical procedures
(Flecknell 1987), (Holzgrefe et al 1987) and its use for this purpose requires clear
justification.  When combined with adjunctive drugs such as opiods, tranquilizers or
cyclohexamines, it may be used for non-survival surgical procedures.

Partially Selective CNS Depressants
  Major Tranquilizers 

Acetylpromazine 0.5 mg/kg im (Green 1979) 
Acetylpromazine 0.2 mg/kg im (Flecknell 1987)
Chlorpromazine 1 mg/kg im (Jones et al 1977)
Azaperone 2.2 mg/kg im (Swindle 1990)

  
  Minor Tranquilizers

Promazine 1-2 mg/kg im, iv (Green 1979)
Promazine 2 mg/kg im (Jones et al 1977)
Diazepam 0.5-1 mg/kg im, iv (Lumb & Jones 1984)
Diazepam 1-2 mg/kg im, iv (Green 1979), (Flecknell 1987)

Analgesics Narcotic or Sedative
Meperidine 1-2 mg/kg im (Russell & David 1977)
Meperidine 2 mg/kg im (Flecknell 1987)
Meperidine 2-10 mg/kg im (Swindle 1990)
Morphine 0.2-0.9 mg/kg im (Jones et al 1977)
Morphine up to 20 mg im total dose every 4 hours (Flecknell 1987)
Buprenorphine 0.1 mg/kg im every 12 hours (Flecknell 1987)



43

Buprenorphine 0.005-0.01 mg/kg im every 12 hours (Swindle 1990)
Oxymorphone 0.15 mg/kg im every 4 hours (Swindle 1990)
Pentazocine 2 mg/kg im every 4 hours (Flecknell 1987)
Pentazocine 1.5-3.0 mg/kg im every 4 hours (Swindle 1990)
Fentanyl 0.02-0.05 mg/kg im every 2 hours (Swindle 1990)
Fentanyl 30-100 mcg/kg/hour iv drip (Swindle 1990)
Butorphanol 0.1-0.3 mg/kg im every 4 hours (Swindle 1990)
Sufentanyl 5-10 mcg/kg every 2 hours (Swindle 1990)
Sufentanyl 10-15 mcg/kg/hour iv drip (Swindle 1990)

Sedative-Analgesic Antagonists 
Naloxone 0.01-0.05 mg/kg iv, im (Flecknell 1987)

Naloxone (Naracan) reverses the effects of Oxymorphone, Morphine, Meperidine and
Fentanyl.  Because it does not produce analgesia or respiratory depression when used
alone it is a specific antagonist for Pentazocine (Green 1979), (Lumb & Jones 1984)

Antipyretic Analgesics and Nonsteroidal Anti-Inflammatory Agents
Aspirin 10 mg/kg po every 4 hours (Swindle 1990)
Phenylbutazone 10-20 mg/kg po every 12 hours (Swindle 1990)
Phenylbutazone 1000-2000 mg total dose po every 12 hours (Russell & David 

1977)
Phenylbutazone 2-4 mg/kg iv (Russell & David 1977)

Dissociative Anesthetics
Ketamine 10 mg/kg im (Flecknell 1987)
Ketamine 11-33 mg/kg im (Swindle 1990)
Ketamine 19-21 mg/kg im (Hughes et al 1975)
Ketamine 20 mg/kg im + Xylazine 2 mg/kg im (Kyle et al 1979) (Swindle 

1990)
Ketamine 5 mg/kg im + Xylazine 1 mg/kg im (Flecknell 1987)     
Ketamine 10 mg/kg im + Diazepam 2 mg/kg im (Flecknell 1987)
Ketamine 15 mg/kg im + Diazepam 2 mg/kg im (Swindle 1990) 

Neuroleptanalgesics 
Fentanyl-droperidol 0.1 mg/kg im (Hughes et al 1975)



44

Miscellaneous
  Antiarrhythmics

Bretylium Tosylate 3.0-5.0 mg/kg iv (Swindle 1990)
Lidocaine 2-4 mg/kg iv, 50 mcg/kg/min continuous iv infusion (Swindle 

1990) 

  Calcium Channel Blockers 
Diltiazem 2-4 mg/kg po t.i.d. (Swindle 1990)

 
  Paralytic Agents

Pancuronium 0.02-0.15 mg/kg iv (Swindle 1990)
Succinylcholine 1.1 mg/kg iv (Swindle 1990)

  Coronary Vasorelaxant 
Nitroglycerine 200 mcg diluted in 2 ml saline and infused slowly into 

coronary sinus (Swindle 1990)

  Malignant Hyperthermia Treatment and Prophylaxis
Dantrolene 5 mg/kg iv (Swindle 1990)
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CAT
(Felis domesticus)

Physiological Data (Resting Values)

Measurement Values

Respiratory rate/min 26 (20-30)

Tidal volume (ml) 12-18

Minute volume (l/min) 0.3-0.4

Mean heart rate/min 150 (110-240)

Arterial blood pressure (mm Hg) 120/75

Arterial blood pH 7.35

Pa O2 (mm Hg) 120

Pa CO2 (mm Hg) 36

Hematocrit (%) 40  (30-50)

Hemaglobin (g/dl) 11  (8-14)

Blood Volumes  (ml/kg)

Total 75

Expected terminal exsanguination 35

Safe maximum single sample 7

Mean rectal temperature (C) 38.6

(Archer 1965)
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DOG
(Canis familiaris)

Physiological Data (Resting Values)

Measurement Large (30-40 kg) Small (10-15 kg)

Respiratory rate/min 15-18       30

Tidal volume (ml) 350-450                  200-250

Minute volume (l/min) 5-7 3.5-4.5
                                                          
Mean heart rate/min 70-100         100-200

Arterial blood pH 7.36     7.36

Pa O2 (mm Hg) 90       90

Pa CO2 (mm Hg) 38       38

Hematocrit (%) 45 (38-53)      45 (38-53)

Hemaglobin (g/dl) 15 (11-18)      15 (11-18)

Blood Volumes (ml/kg)

Total 90

Expected terminal exsanguination 45

Safe maximum single sample 9

Mean rectal temperature (C) 38.3 (38.1 -38.9)

(Archer 1965)
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DOMESTIC FOWL
(Gallus domesticus, Anas platyrhynchos & Columba liva)

Physiological Data (Resting Values)

Measurement Values

Respiratory rate/min 15-35

Tidal volume (ml) 35

Minute volume (l/min) 0.7

Mean heart rate/min 300

Arterial blood pressure (mm Hg) 138/85

Arterial blood pH 7.54

Pa O2 (mm Hg) 85

Pa CO2 (mm Hg) 29

Hematocrit (%) 35 (25-45)

Hemaglobin (g/dl) 10 (7-13)

Erythrocytes (106/mm3) 3 (2-4)

Blood Volumes (ml/kg)

Total 60

Expected terminal exsanguination 40

Safe maximum single sample 9

Mean rectal temperature (C) 40.0

(Archer 1965)
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GUINEA PIG
(Cavia porcellus)

Physiological Data (Resting Values)

Measurement Values

Respiratory rate/min 90-150

Tidal volume (ml) 1.0-4.0

Minute volume (l/min) 0.1-0.4

Mean heart rate/min 155 (130-190)

Arterial blood pressure (mm Hg) 90/56

Arterial blood pH 7.35

Pa O2 (mm Hg) -

Pa CO2 (mm Hg) 40

Hematocrit (%) 40 (35-42)

Hemaglobin (g/dl) 14 (11-17)

Blood Volumes (ml/kg)

Total 75

Expected terminal exsanguination 35

Safe maximum single sample 7

Mean rectal temperature (C) 38.6 (37.2-39.5)

(Archer 1965)
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HAMSTER
(Mesocricetus auratus & Cricetulus griseus)

Physiological Data (Resting Values)

Measurement Values

Respiratory rate/min 80 (30-140)

Tidal volume (ml) 0.8 (0.4-1.2)

Minute volume (l/min) 0.06

Mean heart rate/min 350

Arterial blood pressure (mm Hg) 150/110

Arterial blood pH 7.39

Pa O2 (mm Hg) -

Pa CO2 (mm Hg) 59

Hematocrit (%) 49 (39-59)

Hemoglobin (g/dl) 16 (12-30)

Blood Volumes (ml/kg)

Total 78

Expected terminal exsanguination 30

Safe maximum single sample 5

Mean rectal temperature (C) 37.4 (36.1-38.9)
(Archer 1965)
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MOUSE
(Mus musculus)

Physiological Data (Resting Values)

Measurement Values

Respiratory rate/min 180 (100-250)

Tidal volume (ml) 0.15

Minute volume (l/min) 0.024 (0.011 - 0.036)

Mean heart rate/min 570 (500-600)

Arterial blood pressure (mm Hg) 113/81

Arterial blood pH 7.4

Pa O2 (mm Hg) -

Pa CO2 (mm Hg) 50

Hematocrit (%) 40 (35-45)

Hemaglobin (g/dl) 15 (10-20)

Blood Volumes (ml/kg)

Total 80

Expected terminal exsanguination 35

Safe maximum single sample 7

Mean rectal temperature (C) 37.4 (35-5 39.0)

(Archer 1965)
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PRIMATE
(Nonhuman)

Physiological Data (Resting Values)

Measurement Values

Respiratory rate/min 38 (30-50)

Tidal volume (ml) 39

Minute volume (l/min) 1.4

Mean heart rate/min 192 (165-240)

Arterial blood pressure (mm Hg) 160/127

Arterial blood pH 7.4

Pa O2 (mm Hg) 96

Pa CO2 (mm Hg) 43

Hematocrit (%) 42

Hemaglobin (g/dl) 12

Blood Volumes (ml/kg)

Total 75

Expected terminal exsanguination 32

Safe maximum single sample 5

Mean rectal temperature (C) 38.9 (38.4-39.6)

(Archer 1965)
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RABBIT
(Oryctolagus cuniculi)

Physiological Data (Resting Values)

Measurement Values

Respiratory rate/min 50 (35-60)

Tidal volume (ml) 20 (19-25)

Minute volume (l/min) 1.1 (0.8-1.2)

Mean heart rate/min 222 (205-235)

Arterial blood pressure (mm Hg) 110/80

Arterial blood pH 7.35

Pa O2 (mm Hg) -

Pa CO2 (mm Hg) 40

Hematocrit (%) 40 (30-50)

Hemaglobin (g/dl) 12 (8-15)

 
Blood Volumes (ml/kg)

Total 70

Expected terminal exsanguination 35

Safe maximum single sample 7

Mean rectal temperature (C) 38.3 (37.0-39.4)

(Archer 1965)
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RAT
(Rattus norvegicus)

Physiological Data (Resting Values)

Measurement Values

Respiratory rate/min 90 (70-150)

Tidal volume (ml) 1.6 (1.5-1.8)

Minute volume (l/min) 0.22 (0.16-0.24)

Mean heart rate/min 350 (260-450)

Arterial blood pressure (mm Hg) 116/90

Arterial blood pH 7.35

Pa O2 (mm Hg) -

Pa CO2 (mm Hg) 42

Hematocrit (%) 40 (35-45)

Hemoglobin (g/dl) 15 (12-18)

Blood Volumes (ml/kg)

Total 50

Expected terminal exsanguination 20

Safe maximum single sample 5

Mean rectal temperature (C) 38.0 (36.0-39.5)

(Archer 1965)
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RUMINANTS
 (Capri hircus & Ovis aries)

Physiological Data (Resting Values)

Measurement Goats Sheep

Respiratory rate/min 20 20 (12-30)

Tidal volume (ml) 300-350 280-330

Minute volume (l/min) 5.7-6.2 5-6

Mean heart rate/min 80 (70-125) 75 (70-80)

Arterial blood pressure (mm Hg) 120/84 114/90

Arterial blood pH 7.4 7.4

Pa O2 (mm Hg) - 100

Pa CO2 (mm Hg) 38 38

Hematocrit (%) 34 (29-38) 34 (29-38)

Hemaglobin (g/dl) 11 (8-14) 11 (10-12)

Blood Volumes (ml/kg)

Total 70 60

Expected terminal exsanguination 30 25

Safe maximum single sample 7 6

Mean rectal temperature (C) 39.4 (38.5-40.0) 39.1 (38.2-40.0)

(Archer 1965)
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SWINE
(Sus scrofa)

Physiological Data (Resting Values)

Measurement Adult (200 kg) Young (20-40)

Respiratory rate/min 12 (8-18) 14 (12-18)

Tidal volume (ml) 800 420

Minute volume (l/min) 36 6

Mean heart rate/min 60-70 70-85

Arterial blood pressure (mm Hg) 170/108 170/108

Arterial blood pH 7.35 7.35

Pa O2 (mm Hg) - -

Pa CO2 (mm Hg) - -

Hematocrit (%) 40 (30-50) 40 (30-50)

Hemoglobin (g/dl) 13 (10-16) 11 (10-13)

Blood Volumes (ml/kg)

Total 65

Expected terminal exsanguination 25

Safe maximum single sample 6

Mean rectal temperature (C) 39 (38.6-39.5)

(Archer 1965)
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Preface

In 1992, at the request of the AVMA Council on Research, the Executive Board of the AVMA
convened a Panel on Euthanasia to review and make necessary revisions to the fourth Panel
Report, published in 1986.1 Since 1986, the panel has become aware of a need for additional
information on some aspects of euthanasia. In this report, the panel has updated information on
euthanasia of animals in research and animal care and control facilities, expanded information on
poikilothermic, aquatic, and fur-bearing animals, added information on horses and wildlife, and
deleted methods or agents considered unacceptable. Some euthanasia methods and agents are not
discussed, because this report is limited to those methods and agents supported by data from
scientific studies. Predator control and depopulation and slaughter of animals for food are not
addressed in this report. The report is intended to be used primarily by veterinarians, but will be
understandable by a broad segment of the general population. Although the interpretation and use
of this report cannot be limited, the panel's overriding commitment is to give professional
guidance for relieving pain and suffering of animals that are to be euthanatized. The
recommendations in this report are intended to serve as guidelines requiring the use of
professional judgment for application to the various settings where animals must be euthanatized.
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Introduction

The term euthanasia is derived from the greek terms eu meaning "good" and thanatos meaning
"death."2 A "good death" would be one that occurs without pain and distress. In the context of
this report, euthanasia is the act of inducing humane death in an animal. Euthanasia techniques
should result in rapid unconsciousness followed by cardiac or respiratory arrest and ultimate loss
of brain function. In addition, the technique should minimize any stress and anxiety experienced
by the animal prior to unconsciousness. Stress may be minimized by technical proficiency and
humane handling of the animals to be euthanatized.

Emotional uneasiness, discomfort, or distress experienced by people involved with euthanasia of
animals may be minimized by assuring that the person performing the euthanasia procedure is
technically proficient. Uninformed observers may mistakenly relate any movement of animals with
consciousness and lack of movement with unconsciousness. Although these are not adequate
criteria, euthanasia techniques that preclude movement of animals are those aesthetically
acceptable to most people. Pain must be defined before criteria for painless death can be
established. Pain is that sensation (perception) that results from nerve impulses reaching the
cerebral cortex via specific nociceptive neural pathways. The term nociceptive is derived from
noxious stimuli, which threaten to, or actually do, destroy tissue. The stimuli initiate nerve
impulses by acting on a specific set of receptors, called nociceptors. Nociceptors respond to
mechanical, thermal, or chemical stimuli. Endogenous chemical substances such as hydrogen ions,
serotonin, histamine, bradykinin, and prostaglandins as well as electrical currents are capable of
generating nerve impulses by nociceptors.

Nerve impulse activity generated by nociceptors is conducted to the spinal cord or the brain-stem
via nociceptor primary afferent fibers. In the spinal cord or brainstem, nerve impulses are
transmitted to two sets of neural networks. One set is related to nociceptive reflexes that are
mediated spinally, and the second set consists of ascending pathways to the reticular formation,
thalamus, and cerebral cortex for sensory processing. The transmission of nociceptive neural
activity is highly variable. Under certain conditions, both the nociceptive reflexes and the
ascending pathways may be suppressed, as, for example, in deep surgical anesthesia. In another
set of conditions, nociceptive reflex actions may occur, but the activity in the ascending pathways
is suppressed; thus, the noxious stimuli are not perceived as pain, as, for example, in a light plane
of surgical anesthesia. It is incorrect to use the term "pain" for stimuli, receptors, reflexes, or
pathways because the term implies perception, whereas all of the above may be active without
consequential pain perception.3-7

Pain is divided into two broad categories: (1) sensory-discriminative, which indicates the site of
origin and the stimulus giving rise to the pain; and (2) motivational-affective in which the severity
of the stimulus is perceived and the animal's response is determined. Sensory-discriminative
processing of nociceptive impulses is most likely to be accomplished by subcortical and cortical
mechanisms similar to those utilized for processing of other sensory-discriminative input that
provides the individual with information about the intensity, duration, location, and quality of the
stimulus. Motivational-affective processing involves the ascending reticular formation for
behavioral and cortical arousal. It also involves thalamic input to the forebrain and the limbic
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system for perceptions such as discomfort, fear, anxiety, and depression. The motivational-
affective neural networks also have strong inputs to the hypothalamus and the autonomic nervous
system for reflex activation of the cardiovascular, pulmonary, and pituitary-adrenal systems.
Responses activated by these systems feed back to the forebrain and enhance the perceptions
derived via motivational-affective inputs. On the basis of neurosurgical experience in human
beings, it is possible to separate the sensory-discriminative components from the motivational-
affective components of pain.4

For pain to be experienced, the cerebral cortex and subcortical structures must be functional. An
unconscious animal cannot experience pain because the cerebral cortex is not functioning. If the
cerebral cortex is nonfunctional because of hypoxia, depression by drugs, electric shock, or
concussion, pain is not experienced. Therefore, the choice of the euthanasia agent or method is of
less importance if it is to be used on an animal that is anesthetized or unconscious, provided that
the animal does not regain consciousness prior to death.

An understanding of the continuum that represents stress and distress is essential for evaluating
techniques that minimize any distress experienced by an animal being euthanatized. Stress has
been defined as the effect of physical, physiologic, or emotional factors (stressors) that induce an
alteration in an animal's homeostasis or adaptive state.8 The response of an animal to stress
represents the adaptive process that is necessary to restore the baseline mental and physiologic
state. These responses may involve changes in an animal's neuro-endocrinologic system,
autonomic nervous system, and mental state that may lead to overt behavioral changes. An
animal's response varies according to its experience, age, species, breed, and current physiologic
and psychologic state.9

Stress and the resulting responses have been divided into three phases.10 Eustress results when
harmless stimuli initiate adaptive responses that are beneficial to the animal. Neutral stress results
when the animal's response to stimuli causes neither harmful nor beneficial effects to the animal.
Distress results when an animal's response to stimuli interferes with its well-being and comfort.

As with many other procedures involving animals, some methods of euthanasia require physical
handling of the animal. The amount of control and kind of restraint needed will be determined by
the animal species, breed, size, state of domestication, presence of painful injury or disease,
degree of excitement, and method of euthanasia. Proper handling is vital to minimize pain and
distress in animals, to assure safety of the person performing euthanasia, and, frequently, to
protect other animals and people.

Personnel who perform euthanasia must have appropriate certification and/or training and
experience with the techniques to be used, to assure that animal pain and distress are minimized
during euthanasia. This training and experience should include familiarity with the normal
behavior of the species being euthanatized, how handling and restraint affects that behavior, and
an understanding of the mechanism by which the selected technique induces unconsciousness and
death. Prior to being assigned full responsibility for performing euthanasia, all personnel must
have demonstrated proficiency in the use of the technique in a closely supervised environment.
References provided at the end of this document may be useful for training personnel.11-13
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An in-depth discussion of euthanasia procedures is beyond the scope of this report; however,
several excellent euthanasia procedural manuals are particularly applicable to animal care and
control agencies.11,13,14

Selection of the most appropriate method of euthanasia in any given situation depends on the
species of the animal involved, available means of animal restraint, skill of personnel, numbers of
animals, and other considerations. This report deals primarily with domestic animals, but the same
general considerations should be applied to all species.

This report includes four tables that summarize information from the text. Table 1 lists acceptable
and conditionally acceptable methods of euthanasia, categorized by species. Tables 2 and 3
provide summaries of characteristics for acceptable and conditionally acceptable methods of
euthanasia. Table 4 provides a summary of some unacceptable euthanasia agents and methods.
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General Considerations

In evaluating methods of euthanasia, the panel used several criteria: (1) ability to induce loss of
consciousness and death without causing pain, distress, anxiety, or apprehension; (2) time
required to induce unconsciousness; (3) reliability; (4) safety of personnel; (5) irreversibility; (6)
compatibility with requirement and purpose; (7) emotional effect on observers or operators; (8)
compatibility with subsequent evaluation, examination, or use of tissue; (9) drug availability and
human abuse potential; (10) age and species limitations; and (11) ability to maintain equipment in
proper working order.

Several issues were discussed by the panel as a result of comments solicited from a broad
spectrum of individuals with special expertise in the many and varied settings in which euthanasia
must be performed. Inasmuch as an in-depth consideration of these issues was beyond the
expertise of the panel members and not directly related to the panel's charge, they were not
included in the body of the report, but will be mentioned briefly in this section.

The panel discussed the definition of euthanasia used in this report as it applies to circumstances
when the needed control over the animal makes it difficult to assure death without pain and
distress. The slaughter of animals for food, fur, or fiber and techniques commonly used to control
wild and feral animal populations may represent such situations. While recognizing these
interactions with animals, the panel does not believe the term euthanasia is appropriate in some of
these cases.

Animals for food should be slaughtered as specified by the US Department of Agriculture.15

Painless death can be achieved by properly stunning animals, followed immediately by
exsanguination. Preslaughter handling of animals should be as stress-free as possible. Electric
prods or other devices to encourage movement of animals should not be used. Chutes and ramps
should be properly designed to enable animals to be moved and restrained without undue
stress.16,17 Animals must not be restrained in a painful position before slaughter.

Animals raised for fur are not included in the Humane Slaughter Act, but will be addressed in this
report.

The ethical considerations that must be made when euthanatizing healthy and unwanted animals
raises both professional and societal issues.18,19 These issues are complex and warrant thorough
consideration by both the profession and all those concerned with the welfare of animals. While
the panel recognizes the need for those responsible for the euthanasia of animals to be cognizant
of these issues, it does not believe that this report is the appropriate forum for an in-depth
discussion of this topic.

It is the intent of the panel that these recommendations be carried out in accordance with
applicable federal, state, and local laws governing drug acquisition and storage, occupational
safety, and methods used for euthanasia and disposal of animals. However, space does not permit
a review of current federal, state, and local regulations.
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The panel is aware that circumstances may arise that are not clearly covered by this report.
Examples are euthanasia of neonatal or prenatal animals or uncommonly encountered species.
Whenever such situations arise, a veterinarian or other experienced professional should use
professional judgment and knowledge of clinically acceptable techniques in selecting an
appropriate euthanasia technique. Essential to the application of professional judgment is the
consideration of the animal's size and its species-specific physiologic and behavioral
characteristics. In all circumstances, the euthanasia method should be selected and used with the
highest ethical standards and social conscience.

It is imperative that death be verified after euthanasia and before disposal of the animal. To a
casual observer, an animal in deep narcosis following administration of an injectable or inhalant
agent may appear dead, but may eventually recover. Death should be confirmed by examining the
animal for cessation of vital signs. Professional judgment should be used, in consideration of the
animal species and method of euthanasia, to determine the means of confirming death.
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Animal Behavioral Considerations

The facial expressions and body postures that indicate various emotional states of animals have
been described.20-22 Behavioral and physiologic responses to noxious stimuli include distress
vocalization, struggling, attempts to escape, defensive or redirected aggression, salivation,
urination, defecation, evacuation of anal sacs, pupillary dilatation, tachycardia, sweating, and
reflex skeletal muscle contractions causing shivering, tremors, or other muscular spasms. Some of
these responses can occur in unconscious as well as conscious animals. Fear can cause immobility
or "playing dead" in certain species, particularly rabbits and chickens. This immobility response
should not be interpreted as unconsciousness when the animal is, in fact, conscious.

The need to minimize animal distress, including fear, anxiety, and apprehension, must be
considered in determining the method of euthanasia. Distress vocalizations, fearful behavior, and
release of certain odors or pheromones by a frightened animal may cause anxiety and
apprehension in other animals. Therefore, whenever possible, other animals should not be present
when euthanasia is performed, especially euthanasia of the same species. This is particularly
important when vocalization or release of pheromones may occur during induction of
unconsciousness. Gentle restraint, preferably in a familiar environment, careful handling, and
talking during euthanasia often have a calming effect on companion animals. However, some of
these methods may not be effective with wild animals or animals that are injured or diseased.
When struggling during capture or restraint may cause pain, injury, or anxiety to the animal or
danger to the operator, the use of tranquilizers, analgesics, and/or immobilizing drugs should be
considered.
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Human Behavioral Considerations

The psychologic issues involved with euthanasia of animals are within the purview of this
discussion. Moral and ethical imperatives associated with individual animal or mass euthanasia
should be consistent with acceptable humane practice. Grief at the loss of an animal's life is the
most common reaction.23 There are three circumstances in which we are most aware of the effects
of euthanasia on people. The first of these is the clinical setting. The owner will have had to make
the decision about whether and when to euthanatize, and, although many owners rely heavily on
their veterinarian's judgment, others may have misgivings about their own decision. This is
particularly apt to be the case if the owner feels responsible for allowing an animal's medical or
behavioral problem to go unattended so that euthanasia became necessary. Counseling services
for grieving owners are now available in some communities24 and telephone counseling is
available at some veterinary schools.25 Owners are not the only people affected by euthanasia of
animals. Veterinarians and their staffs may also be attached to patients they have known and
treated for many years.

The second circumstance in which people are affected by euthanasia is at humane societies and
animal control facilities where unwanted, homeless, diseased, and injured animals must be
euthanatized in large numbers. Distress may develop among personnel directly involved in
performing euthanasia repetitively. Constant exposure to, or participation in, euthanasia
procedures can cause a psychologic state characterized by a strong sense of work dissatisfaction
or alienation, which may be expressed by absenteeism, belligerence, or careless and callous
handling of animals.26 This is one of the principal reasons for turnover of employees directly
involved with repeated animal euthanasia. This should be recognized as a bona fide personnel
problem related to animal euthanasia, and management measures should be instituted to decrease
or eliminate the potential for this problem. Specific coping strategies can make the task more
tolerable. Some of these strategies are: adequate training programs so that the method of
euthanasia is performed competently; peer support in the workplace; focusing on animals that are
successfully adopted or returned to owners; devoting some work time to educational activities;
and providing time off when workers feel stressed.

The third setting in which people are affected by euthanasia of animals is in the laboratory.
Researchers, technicians, and students may become attached to an animal that must be
euthanatized.27 The same considerations given to pet owners or shelter employees should be
afforded to those working in such facilities.

Human attitudes and responses should be considered whenever animals are euthanatized,
including animals in zoos, at sites of roadside or racetrack accidents, and in cases of stranded
marine animals. However, these considerations should not outweigh the primary responsibility of
using the most rapid and painless euthanasia method possible under the circumstances.
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Modes of Action of Euthanatizing Agents

Euthanatizing agents cause death by three basic mechanisms: (1) hypoxia, direct or indirect; (2)
direct depression of neurons vital for life function; and (3) physical disruption of brain activity and
destruction of neurons vital for life.

Agents that induce death by direct or indirect hypoxia can act at various sites and can cause
unconsciousness at different rates. For death to be painless and distress-free, unconsciousness
should precede loss of motor activity (muscle movement). This means that agents that induce
muscle paralysis without unconsciousness are absolutely condemned as sole agents for euthanasia
(eg, curare, succinylcholine, gallamine, strychnine, nicotine, magnesium or potassium salts,
pancuronium, decamethonium, vecuronium, atracurium, pipecuronium, and doxacurium). With
other techniques that induce hypoxia, some animals may have motor activity following
unconsciousness, but this is reflex activity and is not perceived by the animal.

The second group of euthanatizing agents depress nerve cells of the brain, inducing
unconsciousness followed by death. Some of these agents "release" muscle control during the first
stage of anesthesia, resulting in a so-called "excitement or delirium phase," during which there
may be vocalization and some muscle contraction. These responses do not appear to be
purposeful. Death follows unconsciousness, and is attributable to hypoxemia following direct
depression of respiratory centers and/or cardiac arrest.

Physical disruption of brain activity, caused by concussion, direct destruction of the brain, or
electrical depolarization of the neurons, induces rapid unconsciousness. Death occurs because of
destruction of midbrain centers controlling cardiac and respiratory activity or by adjunctive
methods (e.g. exsanguination) used to kill the animal. Exaggerated muscular activity can follow
unconsciousness and, although this may disturb some observers, the animal is not experiencing
pain or distress.
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Inhalant Agents

Any gas that is inhaled must reach a certain concentration in the alveoli before it can be effective,
therefore, euthanasia with any of these agents takes some time. The suitability of a particular
agent depends on whether an animal experiences distress between the time it begins to inhale the
agent and the time it loses consciousness. Some agents may induce convulsions, but these
generally follow unconsciousness. Agents inducing convulsions prior to unconsciousness are
unacceptable for euthanasia.

Certain considerations are common to all inhalant agents. (1) In most cases, onset of
unconsciousness is more rapid, and euthanasia more humane, if the animal is rapidly exposed to a
high concentration of the agent. (2) The equipment used to deliver and maintain this high
concentration must be in good working order. Leaky or faulty equipment may lead to slow,
distressful death and/or be hazardous to other animals and to personnel. (3) Most of these agents
are hazardous to the health of personnel because of the risk of explosions (eg, ether), narcosis (eg,
halothane), hypoxemia (eg, nitrogen, carbon monoxide), addiction (eg, nitrous oxide), or health
effects resulting from chronic exposure (eg, nitrous oxide, carbon monoxide). (4) Alveolar
concentrations rise slowly in an animal with decreased ventilation, making agitation more likely
during induction. Other non-inhalant methods of euthanasia should be considered for such
animals. (5) Neonatal animals appear to be resistant to hypoxia, and because all inhalant agents
ultimately cause hypoxia, neonatal animals take longer to die than adults. Therefore, these agents
should not be used in neonates unless the animal can be exposed long enough to ensure death.
Glass et al28 reported that newborn dogs, rabbits, and guinea pigs survived a nitrogen atmosphere
much longer than adults. Dogs, at 1 week of age, survived for 14 minutes compared with 3
minutes at the age of weeks or as adults. Guinea pigs survived for 4.5 minutes at 1 day of age,
compared with 3 minutes at 8 days and as adults. Rabbits survived for 13 minutes at 6 days of
age, 4 minutes at 14 days, and 1.5 minutes at 19 days and as adults. Until more reliable data are
available, the panel recommends that inhalant agents not be used alone in pups and kittens less
than 16 weeks of age. Inhalants may be used to induce unconsciousness, followed by use of some
other method to kill the animal.(6) Rapid gas flows can produce a noise that frightens animals. If
high flows are required, the equipment should be designed to minimize noise.(7) Animals placed
together in chambers should be of the same species, and, if needed, should be restrained so that
they will not hurt themselves or others. Chambers should be kept clean to minimize odors that
might distress animals subsequently euthanatized.

INHALANT ANESTHETICS

Inhalant anesthetics (eg, ether, halothane, methoxyflurane, isoflurane, and enflurane) have been
used to euthanatize many species.29 Ether has high solubility in blood and induces anesthesia
slowly, is irritating to the eyes and nose, and poses serious risks associated with its flammability.
Although ether is acceptable for euthanasia, other agents may be preferable. Methoxyflurane also
has high solubility and the slow anesthetic induction with its use may be accompanied by
agitation. It is more acceptable than ether, but other agents may be preferable. Halothane induces
anesthesia rapidly and is the most effective inhalant anesthetic for euthanasia. Enflurane is less
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soluble in blood than is halothane, but, because of its lower vapor pressure and lower potency,
induction rates may be similar to those for halothane. At deep anesthetic planes, animals often
have a seizure. It is an effective agent for euthanasia, but the seizure activity may be disturbing to
personnel. Isoflurane is the least soluble of the potent inhalant anesthetics and it should induce
anesthesia more rapidly. However, it has a slightly pungent odor and animals often hold their
breath, delaying the onset of unconsciousness. Isoflurane also may require more drug to kill an
animal, compared with halothane. Although isoflurane is acceptable as a euthanasia agent,
halothane is preferred.

With inhalant agents, the animal is placed in a closed receptacle containing cotton or gauze
soaked with the anesthetic.30 The anesthetic also may be introduced from a vaporizer, but this
usually results in longer induction time. Vapors are inhaled until respiration ceases and death
ensues. Because the liquid state of most inhalant anesthetics is irritating, animals should be
exposed only to vapors. Also, sufficient air or oxygen must be provided during the induction
period to prevent hypoxemia.30 In the case of small rodents placed in a large container, there will
be sufficient oxygen in the chamber to prevent hypoxemia. Larger species placed in small
containers may need supplemental air or oxygen.

Nitrous oxide (N2O) may be used with the other inhalants to speed the onset of anesthesia, but it
alone does not induce anesthesia in animals, even at 100% concentration. If N2O is used as a sole
euthanasia agent, hypoxemia develops before respiratory or cardiac arrest, and animals may
become distressed prior to unconsciousness.

Occupational exposure to inhalant anesthetics constitutes a human health hazard. Spontaneous
abortion and congenital abnormalities have been associated with exposure of women to trace
amounts of inhalation anesthetic agents in early stages of pregnancy.31 In human exposure to
inhalant anesthetics, the concentration of ether, halothane, methoxyflurane, enflurane, and
isoflurane should be less than 2 ppm, and less than 25 ppm for nitrous oxide.32 There are no
controlled studies proving that such concentrations of anesthetics are "safe", but these
concentrations were established because they were shown to be attainable under hospital
conditions. Effective procedures must be used to protect personnel from anesthetic vapors.

Advantages - (1) Inhalant anesthetics are particularly valuable for euthanasia of smaller animals (<
about 7 kg) or in animals in which venipuncture may be difficult. (2) Halothane, enflurane,
isoflurane, methoxyflurane, and N2O are nonflammable and nonexplosive under ordinary
environmental conditions.

Disadvantages - (1) Struggling and anxiety may develop during induction of anesthesia because
anesthetic vapors may be irritating and can induce excitement. (2) Ether is flammable and
explosive and should not be used near an open flame or other ignition sources. Explosions have
occurred when animals, euthanatized with ether, were placed in an ordinary (not explosion proof)
refrigerator or freezer and when bagged animals were placed in an incinerator. (3)Nitrous oxide
will support combustion. (4) Personnel and animals can be injured by exposure to these agents.
(5) There is a potential for human abuse of some of these drugs, especially N2O.
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Recommendations - In order of preference, halothane, enflurane, isoflurane, methoxyflurane, and
ether, with or without nitrous oxide, are acceptable for euthanasia of small animals (< about 7
kg). Nitrous oxide should not be used alone, pending further scientific studies on its suitability for
animal euthanasia. Although acceptable, these agents are generally not used in larger animals
because of their cost and difficulty of administration.

CARBON DIOXIDE

Room air contains 0.04% carbon dioxide (CO2), which is heavier than air and nearly odorless.
Inhalation of CO2 in concentrations of 7.5% increases the pain threshold, and higher
concentrations of CO2 have a rapid anesthetic effect.33-37 Leake and Waters35 reported the
experimental use of CO2 as an anesthetic agent in dogs. At concentrations of 30% to 40% CO2 in
oxygen, anesthesia was induced within 1 to 2 minutes, usually without struggling, retching, or
vomiting. The signs of effective CO2 anesthesia are those associated with deep surgical anesthesia,
such as loss of withdrawal and palpebral reflexes.38 In cats, inhalation of 60% CO2 results in loss
of consciousness within 45 seconds, and respiratory arrest within 5 minutes.39 Carbon dioxide has
been used to euthanatize groups of small laboratory animals, including mice, rats, guinea pigs,
chickens, and rabbits,3,40-44 and to render swine unconscious before humane slaughter.15,45,46

Several investigators have suggested that inhalation of high concentrations of CO2 may be
distressing to animals45-48 because of mucosal irritation and ventilatory stimulation. However, the
degree of distress appears to be mild, and it is unlikely that it is anymore than inhalation of volatile
anesthetics. The combination of 40% CO2 and approximately 3% CO has been used
experimentally for euthanasia of dogs.47 Carbon dioxide has been used in specially designed
chambers to euthanatize cats50,51 and other small laboratory animals.30,40,49

Studies in day-old chickens have shown that CO2 is an effective euthanatizing agent. Inhalation of
CO2 caused little distress to the birds, suppressed nervous activity, and induced death within 5
minutes.41 Because respiration begins during embryonic development, the unhatched chicken's
environment may normally have a CO2 concentration as high as 14%. Thus, CO2 concentration
for euthanasia of newly hatched chickens and neonates of other species should be especially high.
A CO2 concentration of 60% to 70% with a 5-minute exposure time appears to be optimal.41 A
similar technique was used in mink and, although 70% carbon dioxide induced unconsciousness, it
did not kill the animals.52 These and other diving animals may have physiologic mechanisms for
coping with high concentrations of CO2. It is necessary, therefore, to have a high enough
concentration of CO2 to kill the animal by hypoxemia following the induction of anesthesia with
CO2.

Carbon dioxide is used for preslaughter anesthesia of swine. The undesirable side effect of CO2, as
used in commercial slaughterhouses, is that swine experience a stage of excitement with
vocalization for about 40 seconds before they lose consciousness.45,46,53 For that reason, CO2
preslaughter anesthesia may appear less humane than other techniques.

Advantages - (1) The rapid depressant and anesthetic effects of CO2 are well established. (2)
Carbon dioxide may be purchased in cylinders or in solid state as "dry ice." (3) Carbon dioxide is
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inexpensive, nonflammable, and nonexplosive, and poses minimal hazard to personnel when used
with properly designed equipment. (4) Carbon dioxide does not result in accumulation of tissue
residues in food producing animals. (5) Carbon dioxide euthanasia does not distort cellular
architecture.54

Disadvantages - (1) Because CO2 is heavier than air, incomplete filling of a chamber may permit
tall or climbing animals to avoid exposure and to survive. This appears to be very distressful to
the animals. (2) Some species may have extraordinary tolerance for CO2.

Recommendations - Carbon dioxide is acceptable for euthanasia. Compressed CO2 gas in
cylinders is preferable to dry ice because the inflow to the chamber can be regulated precisely. If
dry ice is used, animal contact must be avoided to prevent freezing or chilling. Carbon dioxide
generated by other methods such as from a fire extinguisher or from chemical means (eg, Alka-
Seltzer) are unacceptable. With an animal in the chamber, an optimal flow rate should displace at
least 20% of the chamber volume per minute.55 Unconsciousness may be induced more rapidly by
exposing animals to a CO2 concentration of 70% or more by prefilling the chamber. It is
important to verify that an animal is dead before removing it from the chamber. If an animal is not
dead, CO2 narcosis must be followed with another method of euthanasia. Larger animals, such as
rabbits, cats, and swine, appear to be more distressed by CO2 euthanasia; therefore, other methods
of euthanasia are preferable.

NITROGEN, ARGON

Nitrogen (N2) and argon (Ar) are colorless, odorless gases that are inert, nonflammable, and
nonexplosive. Nitrogen comprises 78% of atmospheric air, whereas Ar is present at less than 1%
of atmospheric air.

Euthanasia is induced by placing the animal in a closed container into which N2 or Ar is rapidly
introduced or prefilled at atmospheric pressure. Nitrogen/Ar displaces oxygen in the container,
thus inducing death by hypoxemia.

In studies by Herin et al,56 dogs become unconscious within 76 seconds when N2 concentration of
98.5% was achieved in 45 to 60 seconds. The electroencephalogram (EEG) became isoelectric
(flat) in a mean of 80 seconds, and arterial blood pressure was undetectable at a mean of 204
seconds. Although all dogs hyperventilated prior to unconsciousness, the investigators concluded
that this method induced death without pain. Following loss of consciousness, vocalization,
gasping, convulsions, and muscular tremors occurred in some dogs. At the end of a 5-minute
exposure period, all dogs were dead.56 These findings were similar to those for rabbits57 and
mink.52,58

With N2 flowing at a rate of 39% of chamber volume per minute, rats collapsed in approximately
3 minutes and stopped breathing in 5 to 6 minutes. Regardless of flow rate, signs of panic and
distress were evident before the rats collapsed and died.55 Insensitivity to pain under such
circumstances is questionable.59 Tranquilization with acepromazine, in conjunction with N2
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euthanasia of dogs, was investigated by Quine et al.60 Using ECG and EEG recording, they found
that these animals had much longer survival times than animals not given acepromazine before the
administration of N2. In one dog the ECG activity continued for 51 minutes. Quine also addressed
the issue of distress associated with exposure to N2 by removing cats and dogs from the chamber
following unconsciousness and allowing them to recover. When these animals were put back into
the chamber, they did not appear afraid or apprehensive.

When Ar was used to euthanatize chickens, exposure to a chamber prefilled with Ar, with an
oxygen concentration of euthanasia in chickens.

Advantages - (1) Nitrogen and Ar are readily available as compressed gases. (2) Hazards to
personnel are minimal.

Disadvantages - (1) Unconsciousness is preceded by hypoxemia and ventilatory stimulation,
which may be distressing to the animal. (2) Reestablishing a low concentration of O2 (ie, 6% or
greater) in the chamber before death will allow immediate recovery.

Recommendations - Nitrogen and Ar can be distressful in some species (eg, rats), therefore, this
technique is acceptable only if oxygen concentrations

CARBON MONOXIDE

Carbon monoxide (CO) is a colorless, odorless gas that is nonflammable and nonexplosive until
concentrations exceed 10%. It combines with hemoglobin to form carboxyhemoglobin and blocks
the uptake of oxygen by erythrocytes, leading to fatal hypoxemia.

In people, the most common symptoms of early CO toxicosis are headache, dizziness, and
weakness. As concentrations of carboxyhemoglobin increase, these signs may be followed by
decreased visual acuity, tinnitus, nausea, progressive depression, confusion, and collapse.63

Because CO stimulates motor centers in the brain, unconsciousness may be accompanied by
convulsions and muscular spasms.

Carbon monoxide is a cumulative poison.64 Distinct signs of CO toxicosis are not evident until the
concentration is 0.05% in air, and acute signs do not develop until the concentration is
approximately 0.2%. In human beings, exposure to 0.32% CO and 0.45% CO for one hour will
induce unconsciousness and death, respectively.65 Carbon monoxide is extremely hazardous for
personnel because it is highly toxic and difficult to detect. Chronic exposure to low concentrations
of carbon monoxide may be a health hazard, especially with regard to cardiovascular disease and
teratogenic effects.66-68 An efficient exhaust or ventilatory system is essential to prevent accidental
exposure of human beings.

In the past, mass euthanasia has been accomplished by using three methods for generating CO: (1)
chemical interaction of sodium formate and sulfuric acid; (2) exhaust fumes from idling gasoline
internal combustion engines; and (3) commercially compressed CO in cylinders. The first two
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techniques are associated with a number of problems, such as production of other gases,
inadequate concentrations of carbon monoxide achieved, inadequate cooling of the gas, and
maintenance of the equipment; therefore, the only recommended source is compressed CO in
cylinders.

In a study by Ramsey and Eilmann,69 8% CO caused guinea pigs to collapse in 40 seconds to 2
minutes, and death occurred within 6 minutes. Carbon monoxide has been used to euthanatize
mink52,58 and chinchillas. These animals collapsed in one minute, breathing ceased in 2 minutes,
and the heart stopped beating in 5 to 7 minutes.

In a study evaluating the physiologic and behavioral characteristics of dogs exposed to 6% CO in
air, Chalifoux and Dallaire70 could not determine the precise time of unconsciousness.
Electroencephalographic recordings revealed 20 to 25 seconds of abnormal cortical function prior
to unconsciousness. It was during this period that agitation and vocalization occurred. It is not
known whether animals experience distress; however, human beings in this phase reportedly are
not distressed.64 Subsequent studies have shown that tranquilization with acepromazine
significantly decreases behavioral and physiologic responses of dogs euthanatized with CO.71

In a comparative study, CO (gasoline engine exhaust) and 70% CO2 + 30% O2 were used to
euthanatize cats. Euthanasia was divided into 3 phases. Phase I was the time from initial contact
to onset of clinical signs (eg, yawning, staggering, or trembling). Phase II extended from the end
of phase I until recumbency, and phase III from the end of phase II until death.33 The study
revealed that signs of agitation before unconsciousness were greatest with CO2 + O2. Convulsions
occurred during phases II and III with both methods. However, when the euthanatizing chamber
was prefilled with CO (ie, "exhaust fumes"), convulsions did not occur in phase III. Time to
complete immobilization was greater with CO2 + O2 (approximately 90 seconds) than with the CO
alone (approximately 56 seconds).33 In neonatal pigs, excitation was more likely to precede
unconsciousness if the animals were exposed to a rapid rise in CO concentration. This agitation
was decreased at lower flow rates, or when CO was combined with N.72

Advantages - (1) Carbon monoxide induces unconsciousness without pain and with minimal
discernible discomfort. (2) Hypoxemia induced by CO is insidious, so that the animal appears to
be unaware. (3) Death occurs rapidly if concentrations of 4-6% are used.

Disadvantages - (1) Safeguards must be taken to prevent exposure of personnel. (2) Any
electrical equipment exposed to CO (eg, lights and fans) must be explosion proof.

Recommendations - Carbon monoxide used for individual animal or mass euthanasia is acceptable
for small animals, including dogs and cats, provided that commercially compressed CO is used
and the following precautions are taken: (1) Personnel using CO must be instructed thoroughly in
its use and must understand its hazards and limitations. (2) The CO source and chamber must be
located in a well-ventilated environment, preferably out of doors. (3) The chamber must be well lit
and have viewports that allow personnel direct observation of the animals. (4) The CO flow rate
should be adequate to rapidly achieve a uniform CO concentration of at least 6% after animals are
placed in the chamber, although some species (eg, neonatal pigs) are less likely to become
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agitated with a gradual rise in CO concentration.72 (5) If the chamber is inside a room, CO
monitors must be placed in the room to warn personnel of hazardous concentrations.
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Noninhalant Pharmaceutical Agents

Intravenous administration is the most rapid and reliable method of performing euthanasia with
injectable euthanasia agents. It is the most desirable method when it can be performed without
causing fear or distress in the animal. Sedation of aggressive, fearful, wild, or feral animals should
be accomplished prior to intravenous administration of the euthanasia agent.

When intravenous administration is considered impractical or impossible (eg, in animals weighing
ó7 kg, intraperitoneal administration of a nonirritating euthanasia agent is acceptable, provided
that it does not contain neuromuscular blocking agents. Intrahepatic administration has also been
described for use in cats.73 Intracardiac administration is not considered acceptable in awake
animals, owing to the difficulty and unpredictability of performing the injection accurately.
Intracardiac injection is acceptable only when performed on heavily sedated, anesthetized, or
comatose animals. Intramuscular, subcutaneous, intrathoracic, intrapulmonary, intrarenal,
intrasplenic, intrathecal and other nonvascular injections are not acceptable methods of
administering injectable euthanasia agents.

When injectable euthanasia agents are administered other than intravenously, animals may be slow
to pass through stages I and II of anesthesia. Accordingly, they should be placed in small cages in
a quiet area to minimize excitement and trauma.

BARBITURIC ACID DERIVATIVES

Barbiturates depress the central nervous system in descending order, beginning with the cerebral
cortex, with unconsciousness progressing to anesthesia. With an overdose, deep anesthesia
progresses to apnea, owing to depression of the respiratory center, which is followed by cardiac
arrest.

All barbituric acid derivatives used for anesthesia are acceptable for euthanasia. Induction of
unconsciousness by barbiturates results in minimal or transient pain associated with needle
puncture, therefore satisfying the basic criterion for classifying an agent as acceptable for
euthanasia. Barbiturates have rapid onset of action, which is a desirable characteristic for a
euthanasia agent. Desirable barbiturates are those that are potent, long-acting, stable in solution,
and inexpensive. Sodium pentobarbital fits these criteria and is most widely used, although others
such as secobarbital are acceptable.

Advantages - (1) A primary advantage of barbiturates is speed of action. This effect depends on
the dose, concentration, and rate of injection. (2) Barbiturates induce euthanasia smoothly, with
minimal discomfort to the animal. (3) Barbiturates are less expensive than many other euthanasia
agents.

Disadvantages - (1) Intravenous injection is necessary for best results, necessitating trained
personnel. (2) Each animal must be restrained. (3) Current federal drug regulations require strict
accounting for the barbiturates and these must be used under the supervision of personnel
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registered with the US Drug Enforcement Administration (DEA). (4) An aesthetically objectional
terminal gasp may occur in unconscious animals.

Recommendations - The advantages of using barbiturates for euthanasia in small animals far
outweigh the disadvantages. The intravenous injection of a barbituric acid derivative is the
preferred method for euthanasia of dogs, cats, other small animals, and horses. Intraperitoneal
injection may be used in situations wherein these approaches would cause less distress than
intravenous injection.

PENTOBARBITAL COMBINATIONS

Several euthanasia products are formulated to include a barbituric acid derivative (usually sodium
pentobarbital), with added local anesthetic agents or agents that metabolize to pentobarbital.
Although some of these additives are slowly cardiotoxic, this pharmacologic effect is
inconsequential. These combination products are listed by the DEA as Schedule III drugs, making
them somewhat simpler to obtain, store, and administer than Schedule II drugs such as sodium
pentobarbital.

The pharmacologic properties and recommended usage of combination products presently
available (which combine sodium pentobarbital with lidocaine or phenytoin) are interchangeable
with those of pure barbituric acid derivatives. A combination of pentobarbital with a
neuromuscular blocking agent is not an acceptable euthanasia agent.

CHLORAL HYDRATE

Chloral hydrate depresses the cerebrum slowly; therefore, restraint may be a problem in some
animals. Death is caused by hypoxemia resulting from progressive depression of the respiratory
center, and may be preceded by gasping, muscle spasms, and vocalization.

Recommendations - Chloral hydrate is acceptable for euthanasia of large animals only when
administered intravenously, preferably after sedation to decrease the aforementioned undesirable
side effects. Chloral hydrate is not acceptable for dogs, cats, and other small animals because the
side effects may be severe and are aesthetically objectionable.

COMBINATION OF CHLORAL HYDRATE, MAGNESIUM SULFATE, AND SODIUM
PENTOBARBITAL

A commercially available combination of chloral hydrate, magnesium sulfate, and sodium
pentobarbital has been used for anesthesia of large animals, and is an acceptable large animal
euthanasia agent when an overdose is administered intravenously.
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T-61

T-61 is an injectable nonbarbiturate, non-narcotic mixture of three drugs used for euthanasia.
These drugs provide a combination of general anesthetic, curariform, and local anesthetic actions.
T-61 has been withdrawn from the market and is no longer manufactured or commercially
available in the United States, although it is available in Canada. T-61 should be used only
intravenously, because there is some question as to the differential absorption and onset of action
of the active ingredients when administered by other routes.1

UNACCEPTABLE INJECTABLE AGENTS

The injectable agents listed in Table 4 (strychnine, nicotine, caffeine, magnesium sulfate,
potassium chloride, and all neuromuscular blocking agents), when used alone, are unacceptable
and are absolutely condemned for use as euthanasia agents.
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Physical Methods

Physical methods of euthanasia include captive bolt, gunshot, cervical dislocation, decapitation,
electrocution, microwave irradiation, exsanguination, stunning, or pithing. However, some of
these procedures, namely exsanguination, stunning, and pithing, are not recommended as a sole
means of euthanasia, but are adjuncts when used in association with other agents or methods.
Some consider physical methods of euthanasia aesthetically displeasing. However, some of these
methods cause less fear and anxiety, and may be more rapid, painless, humane, and practical than
other forms of euthanasia when properly used by skilled personnel with well-maintained
equipment.

Physical methods are appropriate in three general situations: (1) easily handled small animals with
anatomic features compatible with the method used; (2) large farm, wild, or zoo animals; and (3)
in research when other methods might invalidate experimental results or interfere with subsequent
use of tissues or body fluids.

Given that most physical methods involve trauma, there is inherent risk for animals and human
beings; therefore, extreme care and caution should be used. Skill and experience of the personnel
are of paramount importance when using physical methods. If the method is not accomplished
correctly, animals may be injured and may have varying degrees of consciousness, resulting in
pain and distress. Before using physical methods, inexperienced persons should be trained by
experienced persons and should practice on carcasses or anesthetized animals to be euthanatized
until they are proficient in performing the method properly and humanely. In general, physical
methods are recommended for use only after other acceptable means have been excluded; in
sedated or unconscious animals when practical; and when scientifically or clinically justified.
Consequently, the panel considers all physical methods, except microwave irradiation,
conditionally acceptable.

PENETRATING CAPTIVE BOLT

A penetrating captive bolt is used for euthanasia in ruminants, horses, and swine and has recently
been developed for use in laboratory rabbits and dogs.74 Its mode of action is concussion and
trauma to the cerebral hemisphere and brain-stem.75,76 Captive bolts are powered by gunpowder
or compressed air. Animals must be adequately restrained to ensure proper placement of the
captive bolt. The correct placement of the captive bolt on the animal's head is critical. It is
imperative that a cerebral hemisphere and the brainstem are sufficiently disrupted by the projectile
to induce sudden unconsciousness and subsequent death. Accurate placement of captive bolts for
various species has been described.75-78 A multiple projectile has been suggested as a more
effective technique, especially on large cattle.75

A nonpenetrating captive bolt only stuns animals and, therefore, should not be used as a sole
means of euthanasia. See the section regarding stunning.
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Advantage - The penetrating captive bolt is an effective method for use in slaughterhouses and in
research facilities when the use of drugs is inappropriate.

Disadvantages - (1) It is aesthetically displeasing. (2) Death may not occur.

Recommendations - Use of the penetrating captive bolt is a practical method of euthanasia for
horses, ruminants, and swine when chemical agents cannot be used. It is strongly recommended
that other adjunctive measures (eg, exsanguination) be used to ensure rapid death. Except for
unusual circumstances, there are more acceptable methods of euthanasia for dogs and rabbits. The
nonpenetrating captive bolt is not recommended as a method of euthanasia.

GUNSHOT

In some circumstances, gunshot may be the only practical method of euthanasia. It should be
performed by highly skilled personnel using a firearm appropriate for the situation. For captive
animals, the firearm should be aimed so that the projectile enters the brain, causing instant
unconsciousness.30,78-80 For wildlife and other freely roaming animals, the preferred target area
should be the head or neck.

Advantages - (1) Unconsciousness is instantaneous if the projectile destroys most of the brain. (2)
Under field conditions, gunshot may be the only effective method available.

Disadvantages - (1) It may be dangerous to personnel. (2) It is aesthetically unpleasant. (3) Under
field conditions, it may be difficult to hit the vital target area.

Recommendations - When other methods cannot be used, an accurately delivered gunshot is an
acceptable method of euthanasia. When the animal can be appropriately restrained, the penetrating
captive bolt is preferred to gunshot. Gunshot should not be used for routine euthanasia of animals
in animal control situations, such as municipal pounds or shelters.

CERVICAL DISLOCATION

Cervical dislocation is used to euthanatize poultry, other small birds, mice, and immature rats and
rabbits. For mice and rats, the thumb and index finger are placed on either side of the neck at the
base of the skull or, alternatively, a rod is pressed at the base of the skull. With the other hand, the
base of the tail or hind limbs are quickly pulled, causing separation of the cervical vertebrae from
the skull. For immature rabbits, the head is held in one hand and the hind limbs in the other. The
animal is stretched and the neck is hyper-extended and dorsally twisted to separate the first
cervical vertebra from the skull.40,77 In poultry, cervical dislocation by stretching is a common
method for mass euthanasia, but unconsciousness may not be instantaneous.81

Advantages - (1) Cervical dislocation is a technique that may induce rapid unconsciousness.82 (2)
It does not chemically contaminate tissue. (3) It is rapidly accomplished.
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Disadvantages - (1) Cervical dislocation may be aesthetically displeasing to personnel. (2) Data
suggest that electrical activity in the brain persists for 13 seconds following cervical dislocation.82

(3) Its use is limited to poultry, other small birds, mice, and immature rats and rabbits.

Recommendations - When properly executed, manual cervical dislocation is a humane technique
for euthanasia of poultry, other small birds, mice, rats weighing Until additional information is
available to better define the nature of the persistent EEG activity,82 this technique should be used
in research settings only when scientifically justified by the user and approved by the Institutional
Animal Care and Use Committee.

Those responsible for the use of this technique must determine that personnel who perform
cervical dislocation techniques have been properly trained to do so.

DECAPITATION

Decapitation is most often used to euthanatize rodents and small rabbits. It provides a means to
recover tissues and body fluids that are chemically uncontaminated. It also provides a means of
obtaining anatomically undamaged brain tissue for study.54

Guillotines that are designed to accomplish decapitation in a uniformly instantaneous manner are
commercially available.

Advantages - (1) Decapitation is a technique that may induce rapid unconsciousness.82-84 (2) It
does not chemically contaminate tissues. (3) It is rapidly accomplished.

Disadvantages - (1) The handling and restraint required to perform this technique may be
distressful to animals.85 (2) Data suggest that electrical activity in the brain persists for 13-14
seconds following decapitation. (3) Personnel performing this technique should recognize the
inherent danger of the guillotine and take adequate precautions to prevent personal injury. (4)
Decapitation may be aesthetically displeasing to personnel performing or observing the technique.

Recommendation - Until additional information is available to better define the nature of the
persistent EEG activity,82,86 this technique should be used in research settings only when
scientifically justified by the user and approved by the Institutional Animal Care and Use
Committee. Decapitation of amphibians, fish, and reptiles is addressed elsewhere in this report.

Those responsible for the use of this technique must determine that personnel who perform
decapitation techniques have been properly trained to do so.
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ELECTROCUTION

Electrocution, using alternating current, as a form of euthanasia has been used in species such as
dogs, cattle, sheep, swine, foxes, and mink.79,87-92 Electrocution induces death by cardiac
fibrillation, which causes cerebral hypoxia.89,91,93 However, animals do not lose consciousness for
10 to 30 seconds or more after onset of cardiac fibrillation. It is imperative that animals be
unconscious before being electrocuted. Therefore, euthanasia by electrocution must be a two-step
procedure. First, an animal must be rendered unconscious by any acceptable means, including
electrical stunning. If electrical stunning is used, the electrical current must pass through the brain
(see the section addressing this procedure in Adjunctive Methods).

Advantages - (1) Electrocution is humane if the animal is first rendered unconscious. (2) It does
not chemically contaminate tissues. (3) It is economical.

Disadvantages - (1) Electrocution may be hazardous to personnel. (2) It is not a useful method
for mass euthanasia because so much time is required per animal. (3) It is not a useful method for
dangerous, intractable animals. (4) It is aesthetically objectionable because of violent extension
and stiffening of the limbs, head, and neck. (5) It may not result in death in small animals (< 5 kg)
because ventricular fibrillation and circulatory collapse do not always persist after cessation of
current flow.

Recommendation - Electrical stunning and euthanasia by electrocution require special skills and
equipment that will assure passage of sufficient current through the brain to induce
unconsciousness followed by electrically induced cardiac fibrillation. Although the method is
conditionally acceptable if the aforementioned requirements are met, its disadvantages far
outweigh its advantages in most applications. Techniques that apply electric current from head to
tail or head to foot are unacceptable.

MICROWAVE IRRADIATION

Heating by microwave irradiation is used primarily by neurobiologists to fix brain metabolites in
vivo while maintaining the anatomic integrity of the brain.94 Microwave instruments have been
specifically designed or modified for use in euthanasia of laboratory mice and rats. The
instruments differ in design from kitchen units and may vary in the maximal power output from
1.3 to 10 kw. All units direct their microwave energy to the head of the animal. The power
required to rapidly halt brain enzyme activity depends on the efficiency of the unit, the ability to
tune the resonant cavity and the size of the rodent head.95 There is considerable variation among
instruments in the time required to induce unconsciousness and euthanasia. A 10-kw, 2,450-MHz
instrument operated at a power of 9 kw will increase the brain temperature of 18- to 28-g mice to
79øC in 330 msec, and the brain temperature of 250- to 420-g rats to 94øC in 800 msec.96

Advantages - (1) Unconsciousness is achieved in less than 100 msec, and death in less than one
second. (2) This is the most effective method to fix brain tissue in vivo for subsequent assay of
enzymatically labile chemicals.
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Disadvantages - (1) Instruments are expensive. (2) Only animals the size of mice and rats can be
euthanatized with commercial instruments that are currently available.

Recommendations - Microwave irradiation is a humane method to euthanatize small laboratory
rodents if instruments that induce rapid unconsciousness are used. Only instruments that are
designed for this use and have appropriate power and microwave distribution can be used.
Microwave ovens designed for domestic and institutional kitchens are absolutely unacceptable for
euthanasia.

ADJUNCTIVE METHODS

Stunning and pithing, when properly done, induce unconsciousness but do not ensure death.
Therefore, these methods should be used in conjunction with other procedures such as
pharmacologic agents, exsanguination, or decapitation to kill the animal.

Exsanguination

Exsanguination can be used to ensure death subsequent to stunning, electrical stunning, or in
otherwise unconscious animals. Because anxiety is associated with extreme hypovolemia,
exsanguination must not be used as a sole means of euthanasia.97 Animals may be exsanguinated
to obtain blood products, but only when they are sedated, stunned, or anesthetized.98

Stunning

Animals may be stunned by a blow to the head, use of a nonpenetrating captive bolt, and electric
current. With stunning, evaluation of unconsciousness is difficult, but it is usually associated with
a loss of the menace or blink response, pupillary dilatation, and a loss of coordinated movements.
Specific changes in the electroencephalogram and a loss of visually evoked responses are also
thought to indicate unconsciousness.38,99

Blow to head - Stunning,9,100-102 by a blow to the head is used primarily in small laboratory animals
with thin craniums. A single sharp blow must be delivered to the central skull bones with sufficient
force to produce immediate depression of the central nervous system. When properly done,
unconsciousness is rapid.

Nonpenetrating captive bolt - A nonpenetrating captive bolt may be used to induce
unconsciousness in ruminants, horses, and swine. The signs of effective stunning by captive bolt
are immediate collapse and a several-second period of tetanic spasm, followed by slow hind limb
movements of increasing frequency.38 Other aspects regarding use of nonpenetrating captive bolt
are similar to use of a penetrating captive bolt. Refer to the captive bolt section for additional
information.
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Electrical stunning - Alternating electrical current has been used for stunning in species such as
dogs, cattle, sheep, goats, hogs, and chickens.87,88,103-105 Experiments in dogs have shown the
necessity of directing the electrical current through the brain in order to induce rapid loss of
consciousness. In the dog, when electricity passes only between fore- and hindlimbs or neck and
feet, it causes the heart to fibrillate but does not induce sudden unconsciousness.93 For electrical
stunning of any animal, an apparatus that applies electrodes to opposite sides of the head, or in
another way directs electrical current immediately through the brain, is necessary to induce rapid
unconsciousness. Attachment of electrodes and animal restraint can pose problems with this form
of stunning. The signs of effective electrical stunning are extension of the limbs, opisthotonos,
downward rotation of the eyeballs, and tonic spasm changing to clonic spasm, with eventual
muscle flaccidity.

Electrical stunning should be followed promptly by electrically induced fibrillation of the heart,
exsanguination, or other appropriate methods to ensure death. Refer to the section on
electrocution for additional information. Water jet stunning - A stunning and slaughter method for
swine using water under high pressure has been described recently.106

Pithing

In general, pithing is used as an adjunctive procedure to ensure death in an animal that has been
rendered unconscious by other means. For some species, such as frogs, with anatomic features
that facilitate easy access to the central nervous system, pithing may be used as a sole means of
euthanasia, but anesthetic overdose is a more suitable method.
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Special Considerations

EQUINE EUTHANASIA

Pentobarbital or a pentobarbital combination is the best choice for equine euthanasia. Because a
large volume of solution must be injected, a catheter should be placed in the jugular vein. To
facilitate catheterization of an excitable or fractious animal, a tranquilizer such as acepromazine,
or an alpha-2-adrenergic agonist can be administered, but these drugs may prolong the time to
unconsciousness because of their effect on circulation. Opioid agonists or agonist/antagonists in
conjunction with alpha-2 adrenergic agonists may further facilitate restraint.

In certain emergency circumstances, it may be difficult to restrain a dangerous horse or other
large animal for intravenous injection, and the animal might cause injury to itself or to bystanders
before a sedative could take effect. In such cases, which might include euthanasia of a horse with
a serious injury at a racetrack, the animal can be given an immobilizing agent such as
succinylcholine, but an anesthetic must be administered as soon as the animal can be controlled.
After the animal is anesthetized, an overdose of the anesthetic can be used to accomplish
euthanasia. Succinylcholine alone or without sufficient anesthetic must not be used for euthanasia.

PRECAUTIONS CONCERNING USE OF EUTHANATIZING AGENTS IN ANIMALS
INTENDED FOR HUMAN OR ANIMAL FOOD

In euthanasia of animals intended for human or animal food, agents that result in tissue residues
cannot be used, unless they are approved by the US Food and Drug Administration.107 Carbon
dioxide is the only chemical currently used in euthanasia of food animals (primarily swine) that
does not lead to tissue residues.

Carcasses of animals euthanatized by barbituric acid derivatives or other chemical agents may
contain potentially harmful residues. These carcasses should be disposed of in a manner that will
prevent them from being consumed by human beings or animals.

EUTHANASIA OF NONCONVENTIONAL SPECIES: ZOO, WILD, AQUATIC, AND
POIKILOTHERMIC ANIMALS

Compared with objective information on companion, farm, and laboratory animals, euthanasia of
species such as zoo, wild, aquatic, and poikilothermic animals has been studied less, and
guidelines are more limited.

In selecting a means of euthanasia for these species, factors and criteria in addition to those
previously discussed must be considered. The means selected will depend on the species, size,
safety aspects, location of the animals to be euthanatized, and experience of personnel. Whether
the animal to be euthanatized is in the wild, in captivity, or free roaming are major considerations.
Anatomic differences must be considered. For example, amphibians, fish, reptiles, and marine
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mammals differ anatomically from domestic species. Veins may be difficult to locate. Some
species have a carapace. For physical methods, access to the central nervous system may be
difficult because the brain may be small and difficult to locate by inexperienced persons.

Zoo animals- For captive zoo mammals and birds with related domestic counterparts, many of the
means described previously are approprIate. However, to minimize injury to persons or animals,
additional precautions such as handling and physical or chemical restraint are important
considerations.108

Wildlife- For wild and feral animals, many of the recommended means of euthanasia for captive
animals are not feasible. In field circumstances, wildlife biologists generally do not use the term
euthanasia, but use terms such as killing, collecting, or harvesting, recognizing that a distress-free
death may not be possible.

For many field studies, the only practical means of animal collection are those involving direct
killing of the animal.12,109-113 Under these conditions, methods must be as age- species- or
taxonomic/class-specific as possible. Commonly used methods include gunshot and kill trapping.
Gunshot is the most effective or only way to collect some species. When shooting is used as the
means of animal collection, the firearm and ammunition should be appropriate for the species and
purpose of the study. Personnel should be sufficiently skilled to be able to accurately hit preferred
target organs for the particular species of animal. Personnel should be experienced in the proper
and safe use of firearms and must comply with laws and regulations governing their possession
and use. For killing larger wildlife with gunshot, preferred target areas are the head or neck.

Kill traps are practical and effective for animal collection when used in a manner that minimizes
the potential for attraction and collection of nontarget species. Traps should be checked at least
once daily. In those instances when an animal is wounded or captured but not dead, the animal
must be killed quickly and humanely.

Amphibians, fish, and reptiles- When euthanasia of poikilothermic animals is performed, the
differences in their metabolism, respiration, and tolerance to cerebral hypoxia may preclude some
procedures that would be acceptable in homeothermic animals. Additionally, it is often more
difficult to ascertain when an animal is dead. Euthanasia of amphibians, fishes, and reptiles has
been addressed.12,30,114

Sodium pentobarbital (60 mg/kg of body weight) or other barbiturates can be administered
intravenously, intraabdominally, or intrapleuro-peritoneally in most cold-blooded animals,
depending on anatomic features.

Tricaine methanesulfonate (TMS, MS-222) may be administered by a variety of routes to induce
euthanasia. For aquatic animals, including amphibians, this chemical may be placed in the water.
Large fish may be removed from the water, a gill cover lifted, and a concentrated solution from a
syringe flushed over the gills. This is an effective but expensive means of euthanasia, and is not
hazardous to personnel. Benzocaine hydrochloride, a compound similar to TMS, may be used as a
bath or in a recirculation system for euthanasia of fish113,115 or amphibians.12
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Species such as snakes, lizards, turtles, frogs, and toads may be killed by over-exposure to
gaseous anesthetics such as halothane or methoxyflurane in a chamber or via face mask. Carbon
dioxide gas may be used for terrestrial animals. Some reptiles can stop or reduce their breathing
for long periods without overt ill effects, and may not die even after prolonged exposure.

It has been suggested that, when using physical methods of euthanasia in poikilothermic species,
cooling to 4øC will decrease metabolism and facilitate handling, but there is no evidence that it
raises the pain threshold. Line drawings of the head of various amphibians and reptiles, with
recommended locations for captive bolt or firearm penetration, are available.12

Most amphibians, fishes, and reptiles can be euthanatized by cranial concussion (stunning)
followed by decapitation or some other physical method.

Decapitation with heavy shears or guillotine is effective in some species that have appropriate
anatomic features. It has been assumed that stopping blood supply to the brain by decapitation
causes rapid unconsciousness. Recently, this view has been questioned because the central
nervous system of reptiles and amphibians is tolerant to hypoxic and hypotensive conditions.12
Consequently, decapitation should be followed by pithing.

Severing the spinal cord behind the head by pithing is an effective method of killing some
poikilotherms. Inasmuch as death may not be immediate unless both the brain and spinal cord are
pithed, double pithing is recommended. Pithing of the spinal cord should be followed by
decapitation and pithing of the brain or other appropriate procedure. The anatomic features of
some species preclude effective use of this method. Pithing requires dexterity and skill and should
be done only by trained personnel.

Snakes and turtles, immobilized by cooling, have been killed by subsequent freezing. However,
this method is not recommended.12 Formation of ice crystals on the skin and in tissues of an
animal may cause pain or distress. Quick freezing of deeply anesthetized animals is acceptable.

Crocodilians and other large reptiles can be shot through the brain.30

Marine mammals - For smaller pinnipeds and cetaceans, barbiturates or potent opioids (eg,
etorphine hydrochloride [M 99] and carfentanil) are recommended. An accurately placed gunshot
may also be an acceptable method for euthanasia of stranded marine mammals.30 For beached
whales or other large cetaceans or pinnipeds, succinylcholine chloride in conjunction with
potassium chloride, administered intravenously or intraperitoneally, has been used.116 This
method, which is not a method of euthanasia as defined in this report, should be used only as a
last resort. Although it leads to complete paralysis of the respiratory musculature, and death due
to hypoxemia, it may be more humane than allowing the stranded animal to suffocate over a
period of hours or days.

EUTHANASIA OF ANIMALS RAISED FOR FUR PRODUCTION
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Animals raised for fur are usually killed individually at the location where they are raised.
Although any handling of these species constitutes a stress, it is possible to minimize this by
euthanatizing animals in or near their cages. For the procedures described below, please refer to
the previous sections for a more detailed discussion.

Carbon monoxide - In the case of the smaller species (eg, mink), CO appears to be an adequate
method for euthanasia. Compressed CO is delivered from a tank into an enclosed cage that can be
moved adjacent to holding cages. Using the apparatus outside reduces the risk to human beings;
however, people using this method should still be made aware of the dangers of CO. Animals
introduced into a chamber containing 4% CO lost consciousness in 64 ± 14 seconds and were
dead within 215 ± 45 seconds.52 In a study involving electroencephalography of mink being
euthanatized with 3.5% CO, the animals were comatose in 21 ± 7 seconds117. Only one animal
should be introduced into the chamber at a time, and death should be confirmed in each case.

Carbon dioxide - Carbon dioxide (CO2) is also a good euthanasia method for the smaller species
and is less dangerous than CO for personnel operating the system. Using compressed CO2 from a
tank is likely to be more reliable and efficient than using solid CO2. When exposed to 100% CO2,
mink lost consciousness in 19 ± 4 seconds and were dead in 153 ± 10 seconds. When 70% CO2

was used with 30% CO2, the animals were unconscious by 28 seconds, but they were not dead
after a 15-minute exposure.52 Therefore, if animals are first stunned by 70% CO2, they should be
killed by exposure to 100% CO2 or by some other means. As with carbon monoxide, only one
animal should be introduced into the chamber at a time.

Barbiturate overdose - Barbiturate overdose is an acceptable procedure for euthanasia of many
species of animals raised for fur. The drug is injected intraperitoneally and the animal slowly loses
consciousness. It is important that the death of each animal be confirmed following barbiturate
injection. Barbiturates will contaminate the carcass; therefore the skinned carcass cannot be used
for animal food.

Electrocution - Electrocution has been used for killing foxes and mink.89 The electric current must
pass through the brain to induce unconsciousness before electricity is passed through the rest of
the body. Use of a nose-to-tail or nose-to-foot89 method may kill the animal by inducing cardiac
fibrillation, but the animal may be conscious for a period before death; therefore, these techniques
are unacceptable. Electrical stunning may be followed by cervical dislocation in mink and other
small animals. It is recommended that cervical dislocation be done within 20 seconds of electrical
stunning.118
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Postface

This report summarizes contemporary scientific knowledge on euthanasia in animals and calls
attention to the lack of scientific reports assessing pain, discomfort, and distress in animals being
euthanatized. Many reports on various methods of euthanasia are either anecdotal, testimonial
narratives, or unsubstantiated opinions and are, therefore, not cited in this report. The panel
strongly endorses the need for well-designed experiments to more fully determine the extent to
which each procedure meets the criteria used for judging the methods of euthanasia. Each means
of euthanasia has advantages and disadvantages. It is unlikely that, for each given situation, any
means will meet all desirable criteria. It is also impractical for this report to address every
potential circumstance in which animals are to be euthanatized. Therefore, the use of professional
judgment is imperative.

Failure to list or recommend a means of euthanasia in this report does not categorically condemn
its use. There may occasionally be special circumstances or situations in which other means may
be acceptable. For research animals, these exceptions should be carefully considered by the
attending veterinarian and the Institutional Animal Care and Use Committee. In other settings,
professional judgment should be used.

The references cited in this report do not represent a comprehensive bibliography on all methods
of euthanasia. Persons interested in additional information on a particular aspect of animal
euthanasia are encouraged to contact the Animal Welfare Information Center, National
Agricultural Library, 10301 Baltimore Blvd, Beltsville, MD 20705.

The Panel on Euthanasia is fully committed to the concept that, whenever it becomes necessary to
kill any animal for any reason whatsoever, death should be induced as painlessly and quickly as
possible. It has been our charge to develop workable guidelines for addressing this need, and it is
our sincere desire that these guidelines be used conscientiously by all animal care providers.

Acknowledgment: The panel acknowledges the assistance of Jennifer Klages in coordinating the
preparation and circulation of various drafts of the report. The panel also acknowledges and
thanks the 130 individuals and organizations that provided valuable review, criticism, and input to
the panel through the many drafts of the report. The research and humane communities were
especially helpful in shaping important changes and additions to the report.
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Table 1
Agents and methods of euthanasia by species

(Refer to Table 4 for unacceptable agents and methods.)

Species Acceptable
(Refer to Table 2)

Conditionally Acceptable
(Refer to Table 3)

Amphibians Inhalant anesthetics, CO, CO2,
barbiturates, tricaine
methanesulfonate, double pithing,
benzocaine

Pithing, gunshot, penetrating
captive bolt, stunning and
decapitation, decapitation and
pithing

Birds Inhalant anesthetics, CO, CO2,
barbiturates

N2, Ar, cervical dislocation,
decapitation

Cats Inhalant anesthetics, CO, CO2,
barbiturates

N2, Ar

Dogs Inhalant anesthetics, CO, CO2,
barbiturates

N2, Ar, electrocution, penetrating
captive bolt

Fish Tricaine methanesulfonate,
benzocaine, barbiturates

Stunning and decapitation,
decapitation

Horses Barbiturates, chloral hydrate,
chloral hydrate/
MgSO4/pentobarbital

Penetrating captive bolt, gunshot,
electrocution

Marine mammals Barbiturates, etorphine
hydrochloride

Succinylcholine chloride and
potassium chloride, gunshot

Mink, fox and other mammals
produced for fur

Inhalant anesthetics, CO, CO2,
barbiturates

N2, Ar, electrocution followed by
cervical dislocation

Non-human primates Barbiturates Inhalant anesthetics, CO, CO2, N2,
Ar

Rabbits Inhalant anesthetics, CO, CO2,
barbiturates

N2, Ar, cervical dislocation,
decapitation, penetrating captive
bolt

Reptiles Barbiturates, inhalant anesthetics,
CO2

Gunshot, penetrating captive bolt,
stunning and decapitation,
decapitation and pithing

Rodents and other small mammals Inhalant anesthetics, CO, CO2,
microwave irradiation, barbiturates

N2, Ar, cervical dislocation,
decapitation

Ruminants Barbiturates Penetrating captive bolt, gunshot,
electrocution, chloral hydrate

Swine Barbiturates, CO2 Inhalant anesthetics, CO,
penetrating captive bolt, gunshot,
electrocution, chloral hydrate

Zoo animals Inhalant anesthetics, CO2, CO,
barbiturates

N2, Ar, penetrating captive bolt,
gunshot
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Table 2
Summary of acceptable agents and methods of euthanasia - characteristics and modes of action

Agent Classification Mode of
Action

Rapidity Ease of
Performance

Personnel
Safety

Species
Suitablity

Efficacy/
Comments

Barbiturates Hypoxia due to
depression of
vital centers

Direct
depression of
cerebral cortex,
subcortical
struc- tures and
vital centers;
direct depression
of heart muscle

Rapid onset of
anesthesia

Animal must be
restrained;
personnel must be
skilled to perform
IV injection

Safe except
human abuse
potential;DEA
-controlled
substance

Most species Highly
effective when
appropriately
administered;
acceptable IV
and IP in
small animals

Inhalant
anesthetics

Hypoxia due to
depression of
vital centers

Direct
depression of
cerebral cortex
and subcortical
struc- tures and
vital centers

Moderately
rapid onset of
anesthesia,
some excitation
may occur
during
induction

Easily performed
with closed
container; can be
administered to
large animals by
means of a mask

Must be
properly
scavenged or
vented to
minimize
exposure to
personnel

Amphibians,
birds, cats,
dogs, fur
bearing
animals,
rabbits,
reptiles,
rodents and
other small
animals, zoo
animals

Highly
effective
provided that
subject is
sufficiently
exposed

Carbon dioxide Hypoxia due to
depression of
vital centers

Direct
depression of
cerebral cortex,
subcortical
struc- tures and
vital centers;
direct depression
of heart muscle

Moderately
rapid

Used in closed
container

Minimal
hazard

Small
laboratory
animals, birds,
cats, small
dogs, mink,
zoo animals,
am- phibians

Effective, but
time required
may be
prolonged in
immature and
neonatal
animals

Carbon
monoxide
(bottled gas
only)

Hypoxia Combines with
hemoglobin,
preventing its
combination
with oxygen

Moderate onset
time; but
insidious so
animal is
unaware of
onset

Requires
appropriately
operated
equipment for gas
production

Extremely
hazardous,
toxic and
difficult to
detect

Most small
species
including
dogs, cats,
rodents, mink,
chinchillas,
birds, reptiles,
amphibians
and zoo
animals

Effective;
acceptable
only when
equipment is
properly
designed and
operated

Microwave
irradiation

Brain enzyme
inactivation

Direct
inactivation of
brain enzymes
by rapid heating
of brain

Very rapid Requires training
and highly
specialized
equipment

Safe Mice and rats Highly
effective for
special needs

Tricaine
methanesul-
fonate

Hypoxia due to
depression of
vital centers

Depression of
CNS

Very rapid,
depending on
dose

Easily used Safe Fish and
amphibians

Effective but
expensive

Benzocaine Hypoxia due to
depression of
vital centers

Depression of
CNS

Very rapid,
depending on
dose

Easily used Safe Fish and
amphibians

Effective but
expensive
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Table 3
Summary of conditionally acceptable agents and methods of euthanasia -

characteristics and modes of action

Agent Classification Mode of
action

Rapidity Ease of
performance

Safety Species
suitability

Efficacy/com
ments

Cervical
dislocation

Hypoxia due to
disruption of
vital centers

Direct
depression of
brain

Moderately
rapid

Requires
training and
skill

Safe Poultry, birds,
lab mice and
rats less than
200g or rabbits
less than 1kg
Irreversible.
Violent muscle
contractions
can occur after
cervical

dislocation

Decapitation Hypoxia due to
disruption of
vital centers

Direct
depression of
brain

Moderately
rapid

Requires
training and
skill

Guillotine
poses potential
employee
injury hazard

Lab rodents,
small rabbits,
birds, fish,
amphibians,
reptiles

Irreversible.
Violent muscle
contraction can
occur after
decapitation

Penetrating
captive bolt

Physical
damage to
brain

Direct
concussion of
brain tissue

Rapid Requires skill,
adequate
restraint and
proper
placement of
captive bolt

Safe Ruminants,
horses,swine,
dogs,
rabbits,zoo
animals,
reptiles

Instant
unconsciousnes
s but motor
activity may
continue

Gunshot Hypoxia due to
disruption of
vital centers

Direct
concussion of
brain tissue

Rapid Requires skill
and appropriate
firearm

May be
dangerous

Large domestic
and zoo
animals,
reptiles, and
wildlife

Instant
unconscious-
ness but motor
activity may
continue

Electrocution Hypoxia Direct
depression of
brain and
cardiac
fibrillation

Can be rapid Not easily
performed in
all instances

Hazardous to
personnel

Used primarily
in foxes, sheep,
swine and mink

Violent muscle
contractions
occur at same
time as
unconscious-
ness

Pithing Hypoxia due to
disruption of
vital centers,
physical
damage to
brain

Trauma of
brain and
spinal cord
tissue

Rapid Easily
performed but
requires skill

Safe Some
poikilotherms

Effective but
death not
immediate
unless double
pithed

Nitrogen,
Argon

Hypoxic
hypoxemia

Reduces partial
pressure of
oxygen
available to
blood

Rapid Use closed
chamber with
rapid filling

Safe if used
with ventilation

Cats, small
dogs, birds,
rodents,
rabbits, other
small species,
mink, zoo
animals

Effective
except in
young and
neonates; an
effective agent,
but other
methods are
preferable; not
acceptable in
most animals
less than 4
months old
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Table 4
Summary of some unacceptable agents and methods of euthanasia

Agent Comments
Exsanguination Because of the anxiety associated with extreme

hypovolemia, exsanguination should be done only in
sedated, stunned or anesthetized animals.

Decompression Decompression is not a recommended method for
euthanasia because of the numerous disadvantages. (1)
Many chambers are designed to produce decompression
at a rate 15 to 60 times faster than that recommended as
optimum for animals, resulting in pain and distress due
to expanding gases trapped in body cavities. (2)
Immature animals are tolerant of hypoxia, and longer
periods of decompression are required before respiration
ceases. (3) Accidental recompression, with recovery of
injured animals can occur. (4) Bloating, bleeding,
vomiting, convulsions, urination, and defecation, which
are aesthetically unpleasant, may occur in the
unconscious animal.

Rapid freezing Rapid freezing as a sole means of euthanasia is not
considered to be humane. If used, animals should be
anesthetized prior to freezing.

Air embolism Air embolism may be accompanied by convulsions,
opisthotonos and vocalization. If used, it should be done
only in anesthetized animals

Drowning Drowning as a means of euthanasia is inhumane.
Strychnine Strychnine causes violent convulsions and painful

muscle contractions.
Nicotine, magnesium sulfate, potassium chloride, all
curariform agents (neuromuscular blocking agents)

When used alone, these drugs all cause respiratory
arrest before unconsciousness, so the animal may
perceive pain after it is immobilized

Chloroform Chloroform is a known hepatotoxin and suspected
carcinogen, and therefore hazardous to human beings.

Cyanide Cyanide poses an extreme danger to personnel and the
manner of death is aesthetically objectionable.

Stunning Stunning may render an animal unconscious, but it is
not a method of euthanasia. If used, it must be followed
by a method to ensure death
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University of California, Los Angeles
CHANCELLOR'S ANIMAL RESEARCH COMMITTEE

GUIDELINES

Estimating the Number of Animals

Questions concerning the numbers of animals to be used in certain studies frequently arise during the
review of protocols. The number of animals to be used in the study must be adequately justified and
should be the minimum needed.

Not infrequently, the number of animals is dictated by factors other than that predicted necessary to
attain statistical significance, e. g., the amount or yield of tissue which can be extracted from each
animal, the duration for which the tissue is viable, and the amount needed for each experiment. In such
cases this information should be detailed in the application.

Statistical methods have been developed for estimating sample sizes in order to assure that one will
study enough subjects to (1) identify a difference if it does exist, and (2) determine that the difference
will be statistically significant at the chosen level of certainty. Basically, one must estimate ("guess") the
results of the study before one can determine how many subjects will be required. Sometimes a pilot
study will be needed to obtain a reasonable estimate of the parameters. The statistical method to be
used, the expected variance and the chosen level of certainty must be included in the proposal where
appropriate.

Many research protocols are simply testing a null hypothesis, i.e., that something occurs or does not
occur. In such instances the 95% confidence limit often can be determined by a non-parametric test
using smaller groups sizes, e.g., 10 control and 10 experimental animals. Again, in such cases the
relevant statistical data should be included in the proposal.

An alternative approach is to evaluate the data as they are being collected (e.g., Wald's sequential
Probability ratio test). This allows one to terminate the experiment as soon as a significant result is
obtained.

In some experiments a threshold for an 'all or none' response is determined (e.g., studies calculating the
ED50 or LD50 for a drug or radiation treatment). In such cases, sequential or staircase designs may
provide equivalent information with fewer experimental animals than traditional multiple group designs.
When feasible the ARC encourages such designs. Additionally, the ARC encourages the use of
endpoints other than lethality when possible (see Guidelines for Euthanasia as an End Point).
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University of California, Los Angeles
CHANCELLOR'S ANIMAL RESEARCH COMMITTEE

GUIDELINES

Freund's Complete Adjuvant

Freund's complete adjuvant (FCA) can cause inflammation, induration or necrosis. The following
guidelines are intended to reduce animal discomfort to a minimum. Departure from these guidelines
requires adequate justification in the proposal.

· Consider the use of incomplete Freund's adjuvant, or another adjuvant1.

· FCA should be used only for the first antigen dose. The use of two or more doses of the complete
adjuvant is rarely warranted and must be adequately justified.

· Injections containing FCA should be subcutaneous or intraperitoneal. Intradermal injections can
cause skin necrosis and sloughing. Intramuscular injections may lead to temporary or permanent
lameness. Intravenous injections have been known to produce pulmonary lipid embolism.

· Foot pad injections are not recommended. Injection of the hind limb foot pads in mice, or intradermal
injections in rabbits, may be approved if injections at other sites are shown not to produce significant
antibody titers to weak antigens. Foot pad injections must be carried out under general anesthesia.

· The injection should be divided into fractions so that no more than 0.1 ml is injected subcutaneously
at any one site in rabbits or more than 0.05 ml in mice.

· The inoculum should be free of extraneous microbial contamination. Millipore filtration of the
antigen prior to mixing with adjuvant is recommended. Injection sites should be cleaned, but need not
be aseptically prepared.

______________________________

1Commercial alternatives to FCA are available, e.g., TiterMax and RiBi adjuvants, which could produce
higher titers of antibodies, with less toxicity, than those usually induced by FCA.  Investigators are
encouraged to consider these alternatives to FCA and the ARC would be grateful for reports on your
experience with such adjuvants.
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University of California, Los Angeles
CHANCELLOR'S ANIMAL RESEARCH COMMITTEE

GUIDELINES

Euthanasia as an End Point

Legal, regulatory, and moral guidelines require that animal pain, distress, and suffering be minimized in
any experiment. For these reasons, investigators are encouraged to administer euthanasia in death end
point experiments prior to the actual death of the animals if experimental validity will not be
compromised. These objectives assume that investigators can differentiate between animals which are
found morbid (i.e., affected with disease or illness), and those which are found moribund (i.e., in the
state of dying).

Investigators must be able to judge and perform euthanasia on moribund rodents based on objective
signs of dying, depending on experience with the animal model, professional judgment, and the
experimental protocol. Some of the known signs of illness or dying which may be applied are listed
below to assist investigators in decision making. The use of this information is encouraged with the
understanding that the combination of signs indicating euthanasia may vary with experimental end
points.

Animals that are found in moribund state should receive euthanasia. If death itself is the required end
point of the experiment, the investigator may receive approval to conduct such studies by providing
appropriate justification in the AC-2 Form. Inconvenience or increased cost are not justifiable reasons.
Investigators are expected to make a good faith effort to justify their end points, or assure that they can
judge animals found moribund and agree to perform euthanasia.

In summary, all investigators are expected to monitor experimental animals at least daily (including
weekends and holidays), to perform euthanasia on any animals which they judge should receive
euthanasia, to use alternative end points to death when possible, and to minimize animal numbers within
statistical constraints in general, but especially in death end point protocols.

Signs for Judging Morbidity (disease/illness) in Rodents

· rapid respiration
· respiration very slow, shallow, and labored
· rapid weight loss ruffled fur (rough hair coat)
· hunched posture
· hypothermia or hyperthermia
· ulcerative dermatitis or infected tumors
· inappetence
· diarrhea or constipation



Guidelines:  Euthanasia as an End Point (Continued)

Signs for Judging the Moribund Condition (state of dying) in Rodents

Signs for morbidity plus:
· impaired ambulation (unable to reach food or water easily)
· evidence of muscle atrophy or other signs of emaciation (body weight is not always proportionate)
· any obvious prolonged illness including such signs as lethargy (drowsiness, aversion to activity, lack

of physical or mental alertness), prolonged inappetence, bleeding, difficulty breathing, central
nervous system disturbances, chronic diarrhea or constipation

· inability to remain upright

Signs of Pain in Animals

· animal not alert abnormal movement or abnormal postures
· inappetence or dehydration
· guarding reaction when likely areas of pain are palpated
· vocalization when palpated or moved
· self mutilation restlessness or lethargy
· shock
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Blood Collection in Laboratory Animals

RODENTS

· Up to 20% of blood volume may be removed. For example, for a mouse of 30 g - 0.4 ml; for a rat
of 300 g - 4.0 ml.

· Periorbital bleeding must be carried out under general anesthesia by highly experienced personnel.
Frequency must not be greater than once every 2 weeks. Bleeding by cardiac puncture must also be
carried out under anesthesia.

RABBITS

· The total blood volume of rabbits is approximately equal to 6-8% of the lean body weight. Allowing
for 5% in the capillary bed this translates to about 67 ml/kg (1 kg x 0.07 x 0.95 = 67 ml/kg).

· Acute loss of 25-30% of the blood volume is fatal in 50% of rabbits undergoing hemorrhage.

· Up to 15% of the blood volume may be removed at one bleeding. For example, for a 4 kg rabbit: 4 x
0.07 x 0.95 x 0.15 = 0.0399 liter (40 ml). This volume may be extracted weekly. For animals
producing antibodies, however, such bleeding should be restricted to once every 2-4 weeks.

· If greater volumes are removed the hematocrit and serum proteins must be monitored
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Survival Surgery in Rats, Mice and Birds

These guidelines are for survival surgery in rats, mice and birds only.  Survival surgery is defined as any surgical
procedure following which the animal regains consciousness for any period of time.

Aseptic Techniques

 Aseptic technique is required and is accomplished by observing the following:

· The area in which the surgery is to be conducted must be clean, uncluttered and away from doorways and
other heavy traffic areas.

· The area must be sanitized with an appropriate disinfectant prior to the surgical procedure.
· Instruments must be sterilized by autoclave or ethylene oxide gas. Alcohol  alone is NOT sufficient for

instrument sterilization.
· Chemically sterilized instruments should be rinsed thoroughly in sterile saline and wiped dry with a sterile

gauze pad before use.
· When performing surgery on more than one animal, instruments which were initially sterilized by one of the

above methods may be disinfected in a sterile tray containing 70-90% ethyl alcohol between animals,
PROVIDED THAT (1) enough sterile instruments are available to allow 15 minutes of contact time before
previously used instruments are used again, (2) disinfected instruments are wiped dry with a sterile gauze pad
and (3) the ethanol solution is changed when contaminated with blood or tissue debris.

· The surgical site on the animal must be closely clipped of hair in a wide margin around the site.  Use a #40
clipper blade.  Birds should have feathers removed.

· The surgical site must be scrubbed with a povidone-iodine or chlorhexidine gluconate surgical scrub solution.
Three scrubs with an alcohol wipe between each scrub application is the standard.  Alcohol alone is NOT
sufficient.

· Sterile drapes should cover all parts of the animal except the surgical site.
· Sterile gloves must be used.  Examination gloves are acceptable PROVIDED THAT they are sterilized by

dipping in 10% bleach prior to use.
· A clean lab coat or surgical gown must be worn.

Anesthesia and Post-operative Care

· All personnel must be familiar with the use of anesthetics and other drugs required for the studies.
· Expired drugs must be disposed of properly.
· Level of anesthesia must be monitored to assure adequate analgesia.  The withdrawal reflex (toe pinch) is

frequently used to assess pain response.  Respiratory rate is also used to monitor animal well-being and
anesthetic depth.

· All anesthetics induce hypothermia.  A heating pad  or some other external heat source should be used during
surgery and recovery to prevent heat loss.  Substantially prolonged anesthetic recovery and death are
complications of hypothermia. CAUTION:  Monitor the temperature of the heat source at all times to prevent
hyperthermia and/or burning of the animal.

· Analgesics and antibiotics must be given as stated in the ARC-approved protocol.
· Animals should be housed individually and monitored frequently until fully recovered.  This is best

accomplished in the lab before returning the animal to the vivarium.
· Sutures or wound clips must be removed 10-14 days following surgery.
· Accurate records of anesthetics given, and medications given as part of post-operative care, must be

maintained and available to ARC representatives and the Attending Veterinarian.
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Good Laboratory Practices

Investigators proposing to conduct "nonclinical laboratory studies"1 that support, or are intended
to support, applications for research or marketing permits for products regulated by the Food and
Drug Administration (FDA) must familiarize themselves with applicable FDA regulations
governing good laboratory practices in nonclinical laboratory studies (Federal Register 21 CFR
Part 58, September 4, 1987). Copies of this document are available from the Chancellor's Animal
Research Committee office. Please call 206-6308 should you require further information.

Additionally, it is strongly suggested that investigators work-closely with the veterinarians when
conducting nonclinical laboratory studies (see §58.43, §58.45 and §58.90 of the Good Laboratory
Practice Regulations).
______________________________

1A "nonclinical laboratory study" is defined as an in vivo or in vitro experiment in which test
articles are studied prospectively in test systems under laboratory conditions to determine their
safety. The term does not include studies utilizing human subjects or clinical studies or field trials
in animals. The term does not include basic exploratory studies carried out to determine whether a
test article has any potential utility or to determine physical or chemical characteristics of a test
article.
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Neuromuscular Blocking Agents

The use of neuromuscular blocking agents (such as, tubocurarine chloride, metocurine iodide,
pancuronium bromide, vencuronium bromide, atracurium besylate, gallamine triethiodide) may be
approved for research procedures where the animal needs to be completely immobilized. These
drugs may not be used alone for restraint, but only in conjunction with drugs which produce
surgical analgesia.

Since these drugs readily cross the placental barrier the use of pregnant bitches will not be
considered.

Due to the inherent difficulties in assessing the level of surgical anesthesia in paralyzed animals,
the use of these drugs will be approved only if it is clearly established that they are essential for the
proposed research, and that the investigator is able to monitor the animals appropriately.

The Chancellor's Animal Research Committee (ARC) has adopted the following guidelines for the
review of protocols which include the use of paralyzing drugs:

· Surgical anesthesia must be induced, and the animal intubated, prior to administration of the
neuromuscular blocking drug.

· The use of an analgesic (e.g., xylazine) is recommended, in addition to the general anesthetic.

· Controlled ventilation should be established prior to injection of the neuromuscular blocking
drug.

· During the period of paralysis, the heart rate and electroencephalogram must be monitored
continuously for signs of reaction to pain and stress due to lightening of the anesthesia.

· Core temperature, blood gases and fluid, and electrolyte balance must be maintained within
normal levels during the period of paralysis. Provision must be made for periodic voiding of
the urinary bladder.

· In cases of uncertainty concerning the experience of the investigator to monitor the animals the
ARC may require the veterinarian to observe the procedure using the proposed methods of
anesthesia and analgesia, but without administration of the neuromuscular blocking drug, to
assure that the anesthetic technique is sufficient to relieve any pain and stress associated with
the procedure.
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Research with Pregnant Sheep

If a pregnant sheep is found unable to stand on the morning following surgery and if the fetus is
dead or has abnormal blood gases, the sheep will be euthanized immediately. If the fetus is
apparently in good health, the following protocol will be followed:

· The veterinary staff will be notified immediately.

· If the ewe appears to be in any distress as determined by the veterinarian and the investigator,
she will be euthanized immediately.

· If the ewe appears to be comfortable and in no distress whatsoever,

· Food and water will be made readily available.
· The cage will be cleaned and hosed taking care that the sheep does not become wet.
· The sheep will be evaluated at least 4 times during the day to assure that she has easy

access to food and water, that she is clean and not lying in excrement, and that she still is
not showing any signs of discomfort or distress. This evaluation will be by investigators
and veterinary staff.

· If the ewe becomes paralyzed, a study may be performed if the fetus appears to be in good
health. However, the ewe must be euthanized on that day.

· Any departure from this protocol will be allowed only if a specific protocol to do so is
approved by the Chancellor's Animal Research Committee.
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Maintaining Tumor Cell Lines and Hybridomas in Rodents

· Cell lines should be tested for murine virus. Untested mice, or those contaminated with murine
viruses, must be isolated.

· Mice inoculated with cells producing solid tumors must be observed regularly (minimally 3 x
per week) to ensure that they are euthanized before the tumors ulcerate, or achieve a size so as
to interfere with normal activity.

· After inoculation with ascites producing tumor lines mice must be observed at least 3 x during
the first week and daily thereafter (including weekends and holidays) to monitor the degree of
abdominal distention and for signs of illness. Ascites fluid must be removed before abdominal
distention is such as to cause discomfort or interference with normal activity. Animals must be
euthanized if they exhibit signs of poor condition (ruffled coat, huddling, etc.).
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Euthanasia of Rodents by Decapitation

In accordance with the Report of the AVMA Panel on Euthanasia, 1993 "...this technique should
be used in research only when scientifically justified by the user and approved by the
Institutional Animal Care and Use Committee."  Those carrying out the method must be properly
trained to do so.  There is an inherent danger in the use of the guillotine and personnel should take
adequate precautions for their own safety.  If the method is to be used on animals weighing more
than 200 g they should be sedated or anesthetized since the technique causes considerable distress
to the animal.
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Policies for Reporting, Receiving and Handling Allegations of Mistreatment or
Other Noncompliance Issues

Definitions:

Mistreatment:   Any action, physical or psychological, which results in wrongful or abusive treatment
of an animal (e.g., inadequate or improper care or housing of animals).

Noncompliance: Violation of University procedures or policies, which encompass those of the Public
Health Service and the Animal Welfare Act.  Examples include unauthorized use of animals for an
activity or procedure; failure to have an active ARC approval for an activity involving animals;
continuing an activity past its authorized expiration date.

Reporting allegations:   It is not always obvious at what level of alleged mistreatment or
noncompliance the Animal Research Committee should become involved. Frequently the attending
veterinarian, animal care personnel and investigators can work together to prevent or resolve a
problem.  However, serious or repeated problems always require the involvement of the ARC. If in
doubt it is better to submit a report, as this may well protect the institution, the complainant, the
alleged violator(s) and, of course, the animals.

Reporting Procedures:

Allegations maybe reported in conversation with, or correspondence (letter, fax, eMail) with members
or staff of the ARC, the veterinary staff or the Institutional Official (Vice Chancellor-Research).
There shall be no restrictions on who can report an alleged incident and there can be no threat of
reprisal against anyone reporting the perceived mistreatment or noncompliance. Any information
should quickly be relayed to the Chairperson of the ARC for action.  All complaints brought to the
attention of the ARC will be fully documented under signature. There must be sufficient substance to
the complaint for the Chair to proceed further.  An allegation has no substance until proven, and
should remain confidential to the extent possible to protect all concerned.  If the complainant has
freely identified him/herself, it is appropriate that receipt of the allegation be acknowledged.

ARC Procedures for the Investigation of a Complaint:

The chairman may elect to bring the matter as a whole before the committee or he may appoint a
subcommittee to investigate the complaint. In either case the results of the investigation must be
considered ARC actions and all members must have the opportunity to present their views. The
person(s) against whom the complaint has been raised should have an opportunity to explain their
position. As much documentation as is reasonably needed will be collected. This may include animal
receiving records, housing and health records, billings, memos and other written materials. It may
also be necessary to interview persons or to carry out an inspection of the facilities. The results
should be made available to all parties involved, including the Institutional Official who is ultimately
responsible for instituting corrective action.



Guidelines: Policies for Reporting, Receiving and Handling Allegations of
Mistreatment or Other Noncompliance Issues (continued)

Institutional Responses:

This is influenced by legal requirements, institutional policy and the nature of the investigative
findings.  If the violation is verified by the ARC, the ARC is empowered under USDA Regulations
and PHS Policy to suspend a previously approved project. If the activity is supported by PHS funds,
the ARC through the Institutional Official must file a full report to the National Institutes of Health,
Office for Protection from Research Risks (OPRR).  In cases where there is sufficient evidence of
serious noncompliance, it may be prudent for the ARC to suspend an activity pending the outcome of
a full investigation.  In these cases, a preliminary report will be sent to OPRR and the United States
Department of Agriculture, through the Institutional Official, on the understanding that a full report
will be submitted upon completion.

The Institutional Official, in consultation with the ARC, has the power to impose further sanctions on
an investigator found to be responsible for mistreatment or noncompliance. Each case must be
considered individually and all cases will result in precedents being set, and the implications of these
should be considered. The institution must also consider whether to announce its findings publicly.
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Personnel Working in Non-Human Primate Areas

It is strongly recommended that personnel (including veterinarians, animal care technicians, investigators,
research technicians, students, maintenance workers and security personnel) in contact with non-human
primates comply with the following federal occupational health guidelines.

Personnel who have direct contact with non-human primates:

· Have a pre-employment physical examination including collection of serum for banking.
· Be vaccinated against hepatitis B before working with these animals.
· Be immunized against tetanus every ten years, or following injury on the advice of a

physician.
· Have a Tuberculin test every six months.
· Have a post-employment physical examination including collection of serum for banking.

Personnel who have no direct contact, but occasional exposure:

· Have a Tuberculin test every six months.

Recommendations for protective clothing:
 
When entering a room housing non infected animals or handling non-infected animals wear the following
protective clothing:

· outer garments, gloves, masks, face shields, booties and caps.
 
When entering a room housing infected animals or while handling non-infected animals wear the following
protective clothing:
 
· Tyvek suit, double gloves, arm protectors, respirator and hood.

Always follow the instructions from the Office of Environmental Health & Safety on the use and
handling of materials prior to entering or handling infected animals.
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PREVENTION OF B-VIRUS (HERPESVIRUS SIMIAE) INFECTION
IN NONHUMAN PRIMATE HANDLERS

Although the risk of acquiring B virus infections from macaques is low (there have been less than 30
documented cases of transmission of the B virus from macaques to humans), due to the associated
morbidity and mortality of human B virus infection, it is extremely important that the following safeguards
be followed and all macaque bites and scratch injuries be reported immediately:

· Macaque monkeys should be used for research purposes only when clearly indicated.

· When feasible, monkeys that are required for research purposes should be free of B virus infection and
should be maintained under conditions that are appropriate to assure their B virus-free status.

· All macaque monkeys not known to be free of B virus infection should be regarded as
infected because viral shedding is intermittent and can occur in the absence of visible lesions.  Direct
handling of macaques should be minimized as much as possible. Capturing, restraining, or otherwise
handling fully awake macaques should be accomplished using acceptable chemical restraint  (e.g.,
ketamine HCl) methods.  All non-group housed macaques should be housed in squeeze back cages to
enable personnel to safely administer the chemical restraint injection before restraining.  When a
number of animals are caged together, tunnels or chutes should be provided, whenever feasible, so that
individual monkeys can be separated and restrained before handling.  Exceptions to chemical restraint
may be considered when animals weigh less than 1.5 kg or when animals have been behaviorally
conditioned to leave the cage.

· Macaque handlers should remove physically active animals from cages only with reinforced leather,
latex or vinyl gloves. Handlers should be additionally protected with long-sleeved garments to prevent
scratches and a face shield (or surgical mask and goggles or glasses) to prevent exposure of eyes and
mucous membranes to macaque secretions.

· Cages and other equipment that may be contaminated with virus should be free of sharp
edges and corners that may cause scratches or wounds to workers. Cages should be
designed and arranged in animal housing areas so that the risk of workers being accidentally grabbed or
scratched is minimized. Access to areas where macaques are maintained and used should be limited
either to workers who are properly trained in procedures to avoid risk of infection or to those
accompanied by such workers.

The routine screening of macaques for evidence of B virus infection is not recommended.  Even animals
previously found to be negative for virus or antibody might be positive at the time of a human exposure.
Also, screening may increase the risk of infection to workers. In situations in which laboratory studies may
cause immunosuppression of the animals, the investigator may elect to determine the infection status of the
animals to be used, since virus shedding might be enhanced under such circumstances.  Macaques with oral
lesions suggestive of B virus infection should be quarantined until the lesions have healed to reduce the risk
of virus transmission to workers and other macaques.



Guidelines:  Prevention of b-virus (herpesvirus simiae) infection in nonhuman primate
handlers (continued)

· Persons who handle macaques, including primate veterinarians and scientific investigators, should be
trained in proper methods of restraint and in the use of protective clothing to help prevent bites and
scratches.  Such persons should be acquainted with standard operating procedures and other available
training materials before handling animals. Training should be followed up with continual observation
for lapses in these procedures as they occur. Macaque handlers should also be educated concerning the
nature of B virus infection; the need to prevent bites, scratches, and other exposure to macaque
secretions; and the need to clean wounds immediately. They should be educated concerning the early
symptoms of B virus infection and the need to report injuries and/or symptoms suggestive of B virus
infection to supervisors immediately.  Animal handlers should be advised that persons who are
immunosuppressed because of medication or underlying medical conditions may be at higher risk for B
virus infection.

· Personnel having contact with non-human primates must wear (at minimum) the following  personal
protective equipment:
 -shoe covers -eye protection (mucous membrane protection)
 -disposable gown -head cover

-surgical mask -disposable gloves

· Personnel should immediately report any scratch or bite to their supervisor and the Campus
Veterinarian for follow-up medical evaluations of both the injured party and the animal, respectively.

(Source: Guidelines for Prevention of Herpesvirus simiae (B Virus) Infection in Monkey Handlers,
Morbidity and Mortality Weekly Report, Vol. 36 (No. 41) : 680-89, October 23, 1987.)
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CARE OF NONHUMAN PRIMATE BITES AND SCRATCHES

This information must be posted in any area where nonhuman primates are housed or studied.

An exposure is not limited to a bite or scratch directly from the monkey. An exposure also includes a cut or
scrape from primate cages, a needle stick, or saliva contamination of an existing wound. Exposure can also
occur at necropsy (e.g., a cut from a scalpel blade used to perform the monkey necropsy). If you are
exposed, take the following steps:

1.  CLEAN WOUND IMMEDIATELY !  DO NOT DELAY!

For wounds or scratches, thoroughly scrub or irrigate the wound or exposed area for a minimum of 15
minutes with a disinfectant solution (e.g., Betadine Scrub) that should be available at a sink in or near
the monkey room. Wound cleansing should be started as soon as possible or within two to five minutes
after the injury. (With macaques, it has been shown that the Herpesvirus Simiae, a virus similar to
human herpes simplex virus, can enter host cells within five minutes of exposure.)

2. REPORT INCIDENT TO SUPERVISOR AND VETERINARIAN

After the immediate wound cleansing, contact the supervisor and the veterinarian on duty to report the
incident.  Your supervisor will direct you to go the clinic during normal working hours for blood and
wound virology sample collection, as necessary.

3.  REPORT TO OCCUPATIONAL HEALTH FACILITY OR EMERGENCY ROOM

The physician in Occupational Health and Safety or, during after hours, the Emergency Medicine
Center will examine the exposure and collect blood samples and prescribe medication as necessary.
The Veterinarian will examine the animals, collect any necessary cultures samples, and make
arrangements for testing of samples, as necessary.

4.  FOLLOW-UP SYMPTOMS OF B-VIRUS INFECTION FROM MACAQUE MONKEY
The supervisor should follow up on the health status of the handler at weekly intervals for at least one
month after the incident.  Any of the following symptoms suggestive of B-virus infection should be
immediately reported to the Occupational Health and Medicine Facility:

-Small blister-like eruptions (vesicles) or ulcerations at or near the exposure site
-Eye redness and inflammation (conjunctivitis)
-Severe pain, itching, Numbness, tingling, muscle weakness or paralysis at the exposure site
-Inflamed lymph nodes, especially in the armpit or elbow of the injured arm
-Double vision, difficulty speaking, difficulty swallowing, dizziness, muscle weakness or
  partial paralysis on either side, headache lasting more than 24 hours or other symptoms of
  brain stem dysfunction (altered mental activity)
-Other symptoms include: Fever, neck stiffness, persistent hiccups, nausea or vomiting

(Adapted from Table 1 in Guidelines for the Prevention and Treatment of B-Virus Infections in Exposed
Persons by Gary Holmes, et al.)
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ANIMAL TRANSPORT AND USE
IN CLINICAL AND PUBLIC ACCESS AREAS

This document contains information concerning animal transport through public access areas.  Public
access areas include roadway, and areas outside the animal facilities.  All personnel involved in animal
care and use are required to follow this guideline to ensure that animal transport is conducted in a safe
and appropriate manner.  Investigators and their research associates are reminded that all transferring
and/or transporting animals between institutions, facilities, investigators, or protocols requires completion
of certain forms to assure regulatory compliance and to maintain the colony health status.  Contact the
Campus Veterinarian’s office (ext. 57281) for detailed information regarding the required forms.

ANIMAL TRANSPORT THROUGH PUBLIC ACCESS AREAS
All transportation of animals should be planned to minimize transit time, reduce the risk of zoonoses,
avoid the visibility of animals to the public, and protect the animals against physical trauma.  Use Service
elevators when available.   This includes the transportation of empty carriers, restraint chairs, transport
cages, shoebox cages, etc.  Follow the following guidelines when animals are transported through public
areas:

Requirements for Transport Equipment

Species Transport Equipment
cats, dogs, pigs covered large animal transport cage
non-human primates covered primate transport carrier or restraint chair*
rabbits covered transport cage
rodents covered transport cage or shoebox cage
sheep filtered transport cage
dead animals opaque durable plastic bag of appropriate size**

* Special requirements for the non-human primate transport equipment:
• prevent any inadvertent contact (grabbing, reaching, touching) between the animal and

personnel;
• enclosure needs to be constructed strong enough to contain the animals securely;
• interior must not have any sharp points or edges;
• provide adequate ventilation by having ventilation openings located on at least two opposite

walls;
• provide sufficient space to allow the animal to turn around freely in a normal manner or to

sit in an upright position without its head touching the top of the enclosure.
 
 ** Use double bags to transport dead animals.  If the animals were used in research involving

biohazardous materials, follow the disposition procedures as recommended by the Environment
Health & Safety Office (ext. 63929) and/or the Radiation Safety Office (ext. 47365).



 
 Requirements for Transport Vehicles:
 Transporting animals in vehicles not specifically designated for animal transportation (e.g.,  personal
or rented vehicles) is strongly discouraged.  Contact the Division of Laboratory Animal Medicine
(ext. 57281) for details concerning animal transport in vehicles.  The following contains general
guidelines when a commercial transport company is not used:

 
• the cargo space must be constructed and maintained in a manner that protects the health and

well-being of the animals, including precluding the entry of exhaust fumes;
• the animal cargo space must have a supply of air that is sufficient for the normal breathing of

all animals;
• the air supply to the animal cargo space shall not be shared with the air supply of the

operator(s) to minimize the transmission of zoonotic agents by aerosol;
• the ambient temperature of the vehicle must be maintained between 450F and 850F;
• it is required to sanitize the transport vehicle after transportation of the animals; if a

passenger vehicle is used, place plastic or similar material on the floor under the transport
cage to minimize contamination;

• for transporting large species of animals, a cargo van is preferred provided the transport
cages can be adequately secured to prevent movement.

 
 
 ANIMAL USE IN HUMAN CLINICAL AREAS
 When animal procedures must be performed in human clinical areas (e.g., MRI or PET Clinics):
 

• patients and non-essential employees must not be present;
• include employees participating in the procedure involving hands-on contact with live animals in

the Chancellor’s Animal Research Committee approved protocol;
• close door and interior window shades in the clinical room to avoid view and/or intrusion of the

conduct of the procedures;
• after procedures have been performed thoroughly clean and disinfect countertops, floors,

equipment, and other areas of the procedure room where animals were used;
• comply with applicable federal, state, and local laws concerning medical waste disposal and

protection of the environment and pollution control to dispose animal waste, trash, and debris.
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Core Contents of UCLA’s Assurance of Compliance with Public Health Service
(PHS) Policy on Humane Care and Use of Laboratory Animals 1

The University of California, Los Angeles (UCLA), hereinafter referred to as institution, hereby
gives assurance that it will comply with the Public Health Service Policy on Humane Care and
Use of Laboratory Animals, hereinafter referred to as PHS Policy.

I. APPLICABILITY

This Assurance is applicable to all research, research training, experimentation, and
biological testing and related activities, hereinafter referred to as activities, involving live or
dead, vertebrate animals which are conducted at this institution, or under the direction of
any employee, student, or agent of this institution regardless of funding sources or location
of the activity.  This Assurance is also applicable to research conducted at another
institution as a consequence of subgranting, subcontracting, or any other means of support
provided by this institution.

"Institution" includes the following major components of UCLA:
· Division of Laboratory Animal Medicine (DLAM)
· Life Sciences Vivarium
· Franz Hall Vivarium
· UCLA Ocean Discovery Center

II. INSTITUTIONAL POLICY

A. This institution will comply with all applicable provisions of the Animal Welfare
Act (AWA) and other Federal statutes and regulations relating to animals.

B. This institution is guided by the "U.S. Government Principles for the Utilization
and Care of Vertebrate Animals Used in Testing, Research, and Training" and
other applicable statutes and regulations concerning the care and use of laboratory
animals.

C. This institution acknowledges and accepts responsibility for the care and use of
animals involved in activities covered by this Assurance.  As partial fulfillment of
this responsibility, this institution will make a reasonable effort to ensure that all
individuals involved in the care and use of laboratory animals understand their
individual and collective responsibilities for compliance with this Assurance, as
well as all other applicable laws and regulations pertaining to animal care and use.
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D. This institution has established and will maintain a program for activities 
involving animals in accordance with the Guide for the Care and Use of  
Laboratory Animals (Guide).

III. INSTITUTIONAL PROGRAM FOR ANIMAL CARE AND USE

A. The lines of authority and responsibility for administering the program and
ensuring compliance with this Policy are outlined in attached Appendix A2.

B. The qualifications, authority, and percent of time contributed by veterinarian(s)
who will participate in the program are:

1. Gregory B. Heisey, D.V.M.  Campus Veterinarian and Director of the Division
of Laboratory Animal Medicine (DLAM).  23 years experience.  Licensed in
Ohio State.  Diplomate, American College of Laboratory Animal Medicine.
100% time commitment. Dr. Heisey is a voting member of the Chancellor's
Animal Research Committee (ARC) and responsible for ensuring that the
institution's animal facilities and veterinary care meet established standards.  As
Campus Veterinarian, Dr. Heisey has the appropriate authority to ensure the
provision of adequate veterinary care and to oversee the adequacy of other
aspects of animal care and use including animal husbandry, nutrition, sanitation
practices, zoonosis control, and hazard containment.  In fulfilling his duties and
responsibilities he: (a) maintains current information on regulations, licensing,
registration, and accreditation; (b) maintains liaison with pertinent professional
organizations;  (c) implements institutional policies; (d) obtains and maintains
all necessary licenses, registrations, permits, certificates required for the
institution; (e) maintains records pertaining to the acquisition, transport, and
clinical care of animals; (f) acts upon ARC-generated reports of deficiencies in
animal care, and submits written reports in response to such noted deficiencies;
(g) offers continuing guidance to all personnel involved in the care and use of
animals with respect to appropriate handling, immobilization, sedation,
analgesia, anesthesia, and euthanasia; (h) provides veterinary and professional
consultation for all institution-sponsored projects including the design,
construction and repair of animal facilities; (i) ensures that necessary facilities
and technical staff are available to perform a wide range of clinical,
radiological, pathological and diagnostic services; (j) ensures that training
programs in animal care are provided for DLAM employees; (k) provides
guidance and oversight to surgery programs and post-surgical care; (l) ensures
that daily monitoring of all animals is conducted to assess their health and well-
being; (m) ensures that surveillance is maintained over all animal facilities and
animal care and use,

                    
2 Available from the ARC upon request
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and that deficiencies are corrected in a timely manner; and (n) in the event of
an emergency, acts as the official responder within the institution.

2. P. Timothy Lawson, D.V.M. Senior Clinical Veterinarian.  Licensed in
Washington State.  Diplomate, American College of Laboratory Animal
Medicine.  100% time commitment. 27 years experience.  Dr. Lawson is a
voting member of the ARC.  Dr. Lawson oversees the American College of
Laboratory Animal Medicine (ACLAM) approved Laboratory Animal
Medicine Post-Doctoral Training Program.  As an attending veterinarian, Dr.
Lawson provides clinical care to multiple species involved in the research
program.  Dr. Lawson is primarily responsible for the species-specific training
component of the UCLA Animal User Certification Program.  He is also the
ARC’s designee responsible for the semiannual inspection of all rodent survival
surgery areas. Throughout the year, Dr. Lawson participates in workshops and
offers one-on-one, hands-on training to personnel with respect to various
topics of humane animal care and experimentation including:  aseptic surgical
methods and procedures, handling of animals, anesthesia, analgesia,
tranquilization, pre-procedural preparation and post-procedural care of
animals, and euthanasia.

C. The Chancellor or his designee (Vice Chancellor-Research Programs) appoints the
Institutional Animal Care and Use Committee - Chancellor's Animal Research
Committee (ARC), which is qualified through the experience and expertise of its
members to oversee the Institution's animal program, facilities, and procedures.
The ARC consists of at least five members, and its membership meets the
compositional requirement set forth in the PHS Policy at IV.A.3.b.  Attached
Appendix B3 is a list of the names, position titles, degrees, and other credentials of
the ARC chairperson and members.

D. The ARC will:

1. Review at least once every six months the institution's program for humane
care and use of animals, using the Guide as a basis for evaluation.  The ARC
procedures for conducting semiannual program evaluations are as follows:

The semiannual program evaluations shall describe the nature and extent of the
institution's adherence to the Animal Welfare Act (AWA), PHS Policy, the
Guide and the institution's policies.  The evaluations will specifically identify
any departures from the provisions of such policies, and review the reasons for
each departure.  Programmatic deficiencies will be identified and handled in
accordance with the procedures described in III.D.3.

                    
3 Available from the ARC upon request
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The semiannual program evaluations shall include a copy of the semiannual
animal facility inspections as described in III.D.2.  The ARC shall also evaluate
any changes or updates with respect to the following aspects of the animal
program:  (a) institutional components covered by the Assurance; (b)
veterinary support; (c) ARC membership; (d) ARC procedures; (e)
occupational health and safety program; (f) training or instruction of personnel
involved in animal care, treatment or use; and (g) monitoring of investigators’
compliance with approved protocols.

2. Inspect at least once every six months all of the Institution's animal facilities,
including all satellite facilities, using the Guide as a basis for evaluation.  The
ARC procedures for conducting semiannual facility inspections are as follows:

The ARC shall be responsible for inspecting all animal facilities including areas
outside the Institution’s core facility in which animals are housed for more than
12 hours, survival surgery areas and, when deemed necessary, specific surgery
areas where non-survival surgery will be conducted.  No ARC member shall be
excluded should he/she wish to attend a particular inspection and additional ad
hoc consultants may be used as necessary.  The inspection teams will inspect
all aspects of the facilities using the recommended standards as described in the
Guide including: animal environment, housing, and management; veterinary
medical care; and physical plant.

Deficiencies will be identified and handled in accordance with the procedures
described in III.D.3.

3. Prepare reports of the ARC evaluations as set forth in the PHS Policy IV.B.3.
and submit the reports to the Vice Chancellor-Research Programs. The ARC
process for developing reports and submitting them to the Institutional Official
are as follows:

The ARC shall conduct evaluations of the facilities and program, as described
in III.D.1. & III.D.2. at least once every six months and submit these reports to
the Vice Chancellor-Research Programs. The reports shall be reviewed,
approved and signed by a majority of the ARC members and will include any
minority views.  Semiannual reports will categorize any deficiencies found
during the review as either minor or significant.  A significant deficiency is one
that, in the judgment of the ARC or the Institutional Official, is or may be a
threat to the health or safety of the animals.  If any program or facility
deficiencies are noted, the reports shall contain a reasonable and specific plan
and schedule for correcting each deficiency.  Any failure to adhere to the plan
or schedule that results in a significant deficiency remaining uncorrected will be
reported in writing within 15 business days by the IACUC, through the
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Institutional Official, to the USDA and OPRR.  Copies of the report will be
maintained by the Institution and made available to OPRR upon request.

4. Review concerns involving the care and use of animals at the Institution.  The
ARC procedures for reviewing concerns are as follows:

In accordance with the ARC Policy for Reporting, Receiving, and Handling
Allegations of Mistreatment or Other Noncompliance Issues (see attached
Appendix C4 - “UCLA Animal Care and Use Training Manual”), established
February 1995, concerns may be brought to the ARC’s attention by any
interested party including (but not limited to):  the Veterinarian, the ARC
Compliance Officer, Biosafety Officer, Radiation Safety Officer, research
personnel, University staff, or animal care technicians.  The policy shall be
made available to all personnel in the UCLA Animal Care and Use Training
Manual (available either in print or on the World Wide Web) and will be
discussed at various ARC-sponsored trainings and workshops.  The policy
states that there can be no threat or reprisal against anyone reporting perceived
mistreatment or noncompliance.  All complaints and relevant documentation
will be brought before the ARC.  Verified violations and subsequent actions
will be reported to the Institutional Official, OPRR and USDA.

5. Make written recommendations to the Vice Chancellor-Research Programs,
regarding any aspect of the Institution's animal program, facilities, or personnel
training.  The ARC procedures for making recommendations to the
Institutional Official are as follows:

The ARC shall make recommendations as necessary for correcting and/or
improving any aspect of the Institution’s animal program, facilities, or
personnel training.  Recommendations will be submitted to the Vice Chancellor
in writing and will include a description of the actions endorsed by the ARC to
make such improvements or corrections and a suggested timetable for action.
Recommendations forwarded to the Institutional Official will be included in the
semiannual program evaluations and the annual report to OPRR.

6. Review and approve, require modifications in (to secure approval), or withhold
approval of those activities related to the care and use of animals as set forth in
the PHS Policy at IV.C.  The ARC procedures for protocol review are as
follows:

                    
4 Available from the ARC or on the World Wide Web at http://www.oprs.ucla.edu
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a. The ARC shall evaluate all components related to the care and use of
animals to determine that the proposed research and/or teaching protocols
will be conducted in accordance with institutional policies.  In making this
determination, the ARC shall confirm that the research project will be
conducted in accordance with the PHS Policy and the Animal Welfare Act
insofar as it applies to the research project, and that the research project is
consistent with the Guide, unless an acceptable justification for a departure
is presented in writing.  Furthermore, the ARC shall determine that the
research protocol conforms with the Institution’s Assurance and meets the
following requirements:

i. Procedures with animals will avoid or minimize discomfort, distress,
and pain to the animals, consistent with sound research design.

ii. Procedures that may cause more than momentary or slight pain or
distress to the animals will be performed with appropriate sedation,
analgesia, or anesthesia, unless otherwise justified for scientific
reasons in writing by the investigator.

iii. Animals that would otherwise experience severe or chronic pain or
distress that cannot be relieved will be painlessly sacrificed at the end
of the procedure or, if appropriate, during the procedure.

iv. The living conditions of animals will be appropriate for their species
and contribute to their health and comfort.  The housing, feeding, and
nonmedical care of the animals will be directed by a veterinarian
trained and experienced in the proper care, handling, and use of the
species being maintained or studied.

v. Medical care for animals will be available and provided, as necessary,
by a qualified veterinarian.

vi. Personnel conducting procedures on the species being maintained or
studied will be appropriately qualified and trained in those
procedures.

vii. Methods of euthanasia used will be consistent with the
recommendations of the American Veterinary Medical Association
(AVMA) Panel on Euthanasia, unless a deviation is justified for
scientific reasons in writing by the investigator.

viii. The principal investigator has considered alternatives to procedures
that may cause more than momentary or slight pain or distress to the
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animals, and has provided a written narrative description of the
methods and sources used to determine that alternatives were not
available.

ix. The investigator has provided a written assurance that the proposed
research does not unnecessarily duplicate previous experiments.

x. No animal will be used in more than one major operative procedure
from which it is allowed to recover, unless it is justified in writing for
scientific reasons by the principal investigator, required as routine
veterinary procedure, or to protect the health or well-being of the
animal as determined by the attending veterinarian.

b. To obtain animal use approval investigators must submit an Application to
Use Laboratory Animal Subjects in Research and/or Teaching and/or an
Application to Establish and/or Maintain a Breeding Colony.  (See
Appendix D5.)

Once the ARC receives an application it is reviewed by both the Chair (or
his designee) and the attending veterinarian.  Applications will be assigned
either to Designated Member Review or Full Committee Review by the
Chair and the attending veterinarian.  Applications eligible for Designated
Member Review may involve: (i) euthanasia and harvesting of tissues only;
(ii) injection of drugs or antigens for polyclonal antibody production;  (iii)
collection of superficial biopsies;  (iv) collection of blood samples;  (v)
feeding of special diets;  (vi) non-invasive procedures (e.g., radiography);
(vii) behavioral observations and training not require punitive procedures;
or (viii) sharing of tissues with other investigators.

If a protocol is designated to Full Committee Review, a copy of the
application is distributed to all ARC members for review no later than
seven days prior to the next planned meeting.  Approval of an application
presented for Full Committee Review may only be granted after the
following conditions have been met: (i) the application has been reviewed
at a convened meeting of a quorum of the ARC; (ii) a majority of the
quorum has voted to approve the application; and (iii) all modifications and
corrections requested by the ARC have been made by the investigator.  No
member may participate in the ARC review or approval of a research
protocol in which the member has a conflicting interest except to provide
information as requested by the ARC;  nor may a member who has a
conflicting interest contribute to the constitution of a quorum when voting.

                    
5 Available from the ARC or on the World Wide Web at http://www.oprs.ucla.edu
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For applications that are eligible for Designated Member Review, a written
description of the research protocols will be circulated on a weekly basis to
all ARC members.  Any member of the ARC may request Full Committee
Review of those research protocols.  If  Full Committee Review is not
requested, at least two members of the IACUC qualified to conduct the
review shall review those research projects and have the authority to
require modifications in (to secure approval) or request Full Committee
Review of those research projects.  When a majority (51% of voting
members) of the ARC members have returned their vote in writing, and all
requested modifications have been made, an approval will be issued.  If a
request for Full Committee Review is received after an approval for a given
research application has been issued, the objections will be presented for
resolution at the next convened meeting.

c. The ARC may invite consultants to assist in the review of complex issues.
Consultants may not approve or withhold approval of an activity or vote
with the ARC.

7. Review and approve, require modifications in (to secure approval), or withhold
approval of proposed significant changes regarding the use of animals in
ongoing activities as set forth in the PHS Policy at IV.C.  The ARC procedures
for reviewing proposed significant changes in ongoing research protocols are
as follows:

Investigators shall submit requests for changes to a previously approved
protocol in writing to the ARC.  The Committee shall review changes based on
the requirements set forth in III.D.6.  Written notification of ARC approval
will be required before significant changes can be made to an approved
protocol.

Amendment applications will be assigned either to Designated Member Review
or Full Committee Review by the Chair and the attending veterinarian.
Amendment applications eligible for Designated Member Review will be
reviewed in accordance with the guidelines set forth in III.D.6. and may
involve: (i) requests to substitute one strain for a different strain of the same
species;  (ii) a change in rodent species provided there are no changes in
experimental procedures;  (iii) a scientifically justified increase or decrease in
number of animals;  (iv) minor modifications to previously approved
experimental and/or surgicalprocedures.

In some “emergency” circumstances, as determined by the Campus
Veterinarian or his/her designee, investigators may initiate significant changes
to an approved protocol prior to receiving the approval of the ARC.
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Emergency modifications to procedures and/or drugs may be initiated if, in the
professional judgment of the Campus Veterinarian, such changes in protocol
would prevent an animal’s welfare from being severely compromised.
Investigators who have been authorized by the Campus Veterinarian to make
“emergency” modifications to a protocol will, nevertheless, be required to
submit an amendment application to the ARC for review and approval.

8. Notify investigators in writing of its decision to approve or withhold approval
of those activities related to the care and use of animals, or of modifications
required to secure ARC approval as set forth in the PHS Policy at IV.C.4.
Notification will also be sent to the Institution’s designee responsible for
verifying that extramurally funded applications and proposals involving the
care and use of animals have been approved.

If the ARC decides to withhold approval of an activity, it shall include in its
written notification a statement of the reasons for its decision and give the
investigator an opportunity to respond in person or in writing.

9. Conduct continuing review of each previously approved, ongoing activity at
appropriate intervals as determined by the ARC, including a complete review in
accordance with the PHS Policy IV.C.1-4, at least once every three years.  The
ARC procedures for conducting continuing review are as follows:

a.   The ARC shall conduct a continuing review of each previously approved
protocol not less than once a year.  Investigators seeking continuing
approval will be asked to: verify active status; verify that completed
activities were conducted in accordance with the approved protocol;
describe any proposed changes to the approved protocols; and report
adverse treatment effects or unanticipated problems.

b. The ARC shall conduct a complete de novo review (renewal) not less than
once every three years.  Investigators seeking renewal of a previously
approved protocol shall submit a completed Application to Use Laboratory
Animal Subjects in Research and/or Teaching.  Renewal applications shall
be subject to all review procedures as set forth in III.D.6.

10. Be authorized to suspend an activity involving animals as set forth in the PHS
Policy at IV.C.6.  The ARC procedures for suspending an ongoing activity are
as follows:

a. The ARC may suspend an activity that is previously approved if it
determines the activity is not being conducted in accordance with the
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Institution's policy and applicable provisions of the Animal Welfare Act, the
Guide, or IV.C.1.a. - g. of the PHS Policy.  The ARC shall suspend an
activity only after review of the matter at a convened meeting of a quorum
of the ARC and with the suspension vote of a majority of the quorum
present.

b. If the ARC suspends an activity involving animals, the Vice Chancellor-
Research Programs, in consultation with the ARC, shall review the reasons
for suspension, and take appropriate corrective action, and report that
action with a full explanation to OPRR and USDA.

c. Applications and proposals that have been approved by the ARC may be
subject to further appropriate review and approval by officials of the
Institution. However, those officials may not approve an activity involving
the care and use of animals if it has not been approved by the ARC.

E. The individual authorized by this institution to verify ARC approval of the
extramurally funded applications and proposals related to the care and use of
animals is the Director of the Office of Sponsored Research, or his/her designee(s).

F. The occupational health and safety program for personnel who work in laboratory
animal facilities or have frequent contact with animals shall be comprised of  the
following components:

1. Occupational Health Care Facility

The Occupation Health Care Facility shall provide outpatient clinical services
to all employees. The clinical staff is comprised of highly qualified doctors,
physician assistants and nurses.  Services shall be made available at no cost to
the employees or students including: (a) pre-employment physical
examinations; (b) in-service physical evaluations; (c) diagnosis, treatment,
documentation and follow-up of work-related illness or injury; and (d)
immunizations.  When the Occupational Health Care Facility is closed,
employees will be directed to the UCLA Emergency Medical Center for
treatment.

Employees should immediately report all injuries and exposures to their
supervisor and the Occupational Health Care Facility for the purposes of risk
management.  Injury reports should also be forwarded, in a timely manner, to
the ARC, the Campus Veterinarian, the Biosafety Officer and/or the Radiation
Safety Officer, as appropriate.
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2. Occupational Health and Safety Program

The Institution shall provide an occupational health and safety program that is
consistent with federal, state and local regulations.  All personnel involved in
the care and use of research animals or their tissue shall be enrolled in the
program.  In most cases, effective use of good animal-care and occupational
health and safety practices will be sufficient to protect the health and safety of
employees; however, in some cases, higher risk of occupational injury or illness
may exist.  In those cases, the determination of risk and need for health care
services shall be the collaborative professional judgment of all interested parties
including: the Campus Veterinarian who is familiar with zoonotic risks
presented by the research animals; a specialist from the Office of Environment
Health and Safety who is knowledgeable about occupational hazards common
to animal care and use, as well as relevant hazard control strategies; a medical
care provider from Occupational Health Care Facility; and the principal
investigators who can assess the health risks associated with their planned
experimental protocols.  The type of participation in the occupational health
and safety program will depend upon various factors including: frequency and
intensity of exposure; hazards associated with the animal(s) being handled;
hazardous properties of agents used in research; individual susceptibility; and
the occupational health history of previous employees.

a. Division of Laboratory Animal Medicine (DLAM) Personnel

DLAM personnel shall comply with the mandatory DLAM Standard
Operating Procedures for the Occupational Health Program. (See attached
Appendix E6.)

b. Research Personnel

All personnel having contact with live animals shall be immunized for
tetanus every ten years or following injury upon the advice of a physician.
Personnel may be subject to specialized evaluations and/or immunizations,
depending upon the species and overall level of risk posed by contact with
animals, including: annual Q-fever titers (sheep); ova and parasite testing
(non-human primates); rabies vaccination and follow-up titers; hepatitis B
vaccination (non-human primates); and smallpox vaccination (animal
infected with vaccinia viruses).

Routine medical surveillance may be required for research personnel who
have animal contact as dictated by the various factors of exposure.

                    
6 Available upon request from the ARC
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Evaluations may include: medical history; physical examination; complete
blood count (including differential white cell count); urinalysis; PPD skin
test for tuberculosis (if negative prior history); and chest x-ray.

Personnel having contact with non-human primates shall have an annual TB
test (or chest x-ray if positive reactor) and fecal examination (both
microscopic and culture).  The ARC will provide personnel with the
following guidelines: Guideliness for Personnel Working in Non-Human
Primate Areas, Guidelines for the Prevention of B-Virus (Cercopithecine
herpesvirus 1) Infection in Monkey Handlers and Guidelines for the Care
of Nonhuman Primate Bites and Scratches.  The Guidelines will be
distributed to research personnel, as applicable, and will be available to all
animal handlers on the World Wide Web or in the “ARC Animal Care and
Use Training Manual”.

3. Information Management

The Office of Environment Health and Safety will provide campus-wide access
to a database, the UCLA Health Protection Tracking System, that provides
information to animal users about the various components of the occupational
health and safety program including: (a) animal handling requirements; (b)
services provided by the Occupational Health Care Facility; (c) protocols for
handling and reporting work-related injuries; (d) guidelines for protection from
exposure to biohazards; and (e) information about the prevention of zoonoses
transmission.

The Health Protection Tracking System will track information for all personnel
involved in the care and use of animals, including the species handled and the
occupational health requirements for handling the specific species.  If
applicable, personnel will be notified of required and/or recommended pre-
employment immunizations and medical evaluations.  The database will also
track continuing requirements (e.g., booster immunizations) required for
personnel after they begin work with a specific animal species.  The data base
manager shall notify persons in writing when follow-up medical evaluations or
immunization boosters are needed.

4. Procedures for Risk Assessment and Hazard Identification

The ARC has established the following procedures for conducting a health and
safety review of research activities that involve infectious agents, recombinant
DNA molecules that are not exempt from the Federal guidelines, hazardous
chemicals, and the use of ionizing radiation.
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a.  The Radiation Safety Officer or his/her designee shall review all animal use
applications involving ionizing radioactive materials.  The ARC will issue
approval of animal activities involving radioisotopes only after which time
the Office of Radiation Safety has provided written authorization of such
activities.

b. The Biosafety Officer or his/her designee shall review all animal use
applications involving biohazards including: recombinant DNA molecules
that are not exempt from the Federal guidelines, infectious agents,
carcinogens, and highly toxic chemicals.  The ARC will approve animal
activities involving hazardous agents only after which time the Biosafety
Officer or his/her designee has authorized the use of such agents.  For
applications involving the use of infectious agents or recombinant DNA,
the ARC will issue approval of animal activities only after which time the
use of such agents has been approved by the Institutional Biosafety
Committee.

c. Before authorizing activities involving biohazardous materials or
radioactive materials, the Radiation Safety Officer (or his/her designee) or
the Biosafety Officer (or his/her designee) shall confer with the principal
investigator and, in some cases, the Campus Veterinarian to assess the
potential risks involved and to ensure the placement of safeguards which
minimize potential risks to research personnel and DLAM animal care
technicians including: guidelines for the acquisition, transport, and handling
of biohazardous materials;  housing and special care requirements; periodic
exposure surveillance; waste disposal management and cage cleaning
practices; spill clean-up procedures; use of safety equipment and personal
protective gear; any applicable occupational health and safety program
requirements; appropriate containment in accordance with the Center for
Disease Control and National Institutes of Health’s Biosafety in
Microbiological and Biomedical Laboratories (Latest Edition) or as
deemed necessary by the Institutional Biosafety Committee (IBC); and
bloodborne pathogen standard requirements (if applicable).

5. Training of Research Personnel

The principal investigator and facility supervisor shall be primarily
responsible for overseeing the operational and day-to-day safety practices
in the workplace.  Supervisors are responsible to ensure that their
employees have acquired the necessary skills and information to work
safely.  Personnel at risk will be provided with clearly defined procedures
for conducting their duties and implementing the use of engineering
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controls, work practices, and personal protective equipment.  If
deficiencies are discovered, the supervisors shall provide on-the-job
training until appropriate standards of proficiency are demonstrated.

The Division of Laboratory Animal Medicine and/or the Office of
Environment, Health and Safety (Division of Radiation Safety or Division
of Biological and Laboratory Safety) shall provide research personnel with
one-on-one, laboratory, or annual trainings, as necessary, with respect to:
prevention of zoonosis transmission;  chemical safety; microbiologic and
physical hazards (including those related to radiation exposure and
allergies); handling of waste materials; personal hygiene practices; use and
scavenging of anesthetic gases; and precautions to be taken under special
circumstances (including pregnancy, illness, or decreased
immunocompetence).

6. Equipment Performance

The Institution shall be responsible for certifying and monitoring safety
equipment to ensure that it is capable of providing the necessary protection
including: chemical fume hoods, biological safety equipment, HEPA
filtration units, autoclaves, and fire protection systems.

7. Emergency Procedures

The Institution has adopted and disseminated a campus-wide emergency
response plan.  The response team for the animal facility will have rapid
access to health and safety, veterinary and animal care personnel. The
Institution periodically conducts drills to test the efficacy of the emergency
response plan.

Each laboratory will be required to keep accessible a copy of the UCLA
Chemical Hygiene Plan, Laboratory Safety Manual, and Radiation Safety
Manual (as applicable) in the event of a spill or work-related injury.

G. The total gross number of square feet in each animal facility, the species of animals
housed therein, and the average daily inventory, by species, of animals in each
facility is provided in the attached Appendix F7.

H. The training or instruction available to scientists, animal technicians, and other
personnel involved in animal care, treatment or use includes the following
components:

                    
7 Available upon request from the ARC
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The ARC shall ensure that all scientists, research technicians, animal technicians,
and other personnel involved in animal care, treatment, and use are qualified to
perform their duties. This responsibility shall be fulfilled in part through the
provision of training and instruction to those personnel. Training and instruction
shall be made available, and the qualifications of personnel reviewed, with
sufficient frequency to fulfill the research insitution’s responsibilities.

1.  Animal Care and Use Training Manual

All investigators involved in the care and use of animal subjects shall have
access to a copy of the “UCLA Animal Care and Use Training Manual” (see
attached Appendix C).  Investigators will be required to keep a copy of the
Manual in his/her laboratory for the use of all personnel.  The manual will be
available both in print and on the World Wide Web.  Investigators are expected
to review the Manual prior to completing an Application to Use Laboratory
Animal Subjects in Research and/or Teaching and to ensure that all staff and
students under their supervision are also familiar with the regulations and
policies outlined in the Manual.

The Manual is a key component of the ARC’s training program as it describes:
(a) applicable regulations and policies governing the use of animal subjects; (b)
animal acquisition, housing and husbandry practices; (c) the occupational
health and safety program; (d) available veterinary care; (e) guidance on
selecting the most appropriate animal models; (f) the availability and
consideration of alternatives to the use of laboratory animals; and (g) ethical
and humane considerations in the use of animals for research.

The Manual is also an important reference tool for animal researchers with its
various supplements including: (a) Guidelines for the choice and utilization of
tranquilizers, analgesics and anesthetics in laboratory animals; (b) the 1993
Report of the AVMA Panel on Euthanasia; (c) ARC guidelines of acceptable
standards for various commonly used procedures involving animals; and (d) a
copy of the Institution’s Assurance of Compliance with PHS Policy on
Humane Care and Use of Laboratory Animals.

2.  Training for DLAM Animal Technicians

A mandatory nine month comprehensive animal care training course is
provided to animal technicians where the Division of Laboratory Animal
Medicine (DLAM) Standard Operating Procedures (SOPs) are discussed as
well as presentation of animal husbandry information geared toward AALAS
(American Association for Laboratory Animal Science) certification.  DLAM
provides Occupational Health and Safety (see attached Appendix E) training
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to its animal care staff as part of its ongoing AALAS training program.
DLAM staff are given classes on potential zoonotic diseases, as well species-
specific and biohazard-specific SOPs.  Before a new study involving a
biohazardous agents and animals begins, the investigator or laboratory
manager is invited to make a presentation to DLAM personnel to educate the
staff about the safety precautions that should be practiced while handling
exposed animals and, if applicable, the proper use of safety equipment.

3. ARC Animal Certification Program

The ARC has instituted a mandatory training program whereby research
personnel involved in the care and use of laboratory animals shall be “certified”
prior to working independently with animal subjects.  The ARC will maintain a
database of all such personnel and a record of their certification status. To
become certified, one must pass a written examination based upon the UCLA
Animal Care and Use Manual and complete the appropriate species-specific
training component.

The attending veterinarian shall assess each trainee’s prior experience with the
proposed animals model(s) and provide training accordingly.  Trainees may be
required to watch a video demonstrating species-specific handling techniques
and basic research procedures.  Trainees who will be conducting surgery may
be asked to watch a video describing aseptic surgical techniques.  If a trainee
does not have any prior experience handling the proposed animal(s), the
attending veterinarian will provide hands-on training for the specific species.

If a previously certified person elects to work with a new species, he/she may
be required to complete the training component as described above prior to
being certified to work with the new species.

4. One-on-one Training Sessions for Investigators/Research Personnel:

One-on-one veterinary assistance or training will be available upon the request
by the investigator or the recommendation of the ARC.  Frequently, during the
review of an application, the ARC may designate the veterinarian to counsel an
investigator and to ensure that he/she and his/her personnel involved in animal
care, treatment, and use are experienced and qualified to conduct the  research.

5. ARC Newsletter

The ARC will periodically distribute a newsletter to all research and
administrative personnel involved in the care and use of laboratory animals.
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The newsletter will notify the research community, in a timely manner, of
pertinent information such as any changes in the laws and/or the Institution’s
policies governing the use of laboratory animals and forthcoming ARC-
sponsored Information and Training Workshops.  The newsletter may also
focus in-depth on one or more specific aspects of the animal use program in
order to provide continuing education to the research community.  The
newsletter will be distributed by mail and through email and will be archived on
the ARC’s homepage on the World Wide Web.

6. ARC Information and Training Workshops

The ARC regularly offers workshops dedicated to provide continuing training
and instruction to the research community.  Workshops may be dedicated to
the following areas:  (i) humane methods of animal maintenance and
experimentation; (ii) the intent and requirements of the AWA, PHS Policy and
Institution’s policies governing the use of laboratory animals; (iii) the concept,
availability, and use of research methods that limit the use of animals or
minimize animal distress; (iv) the proper use of anesthetics, analgesics, and
tranquilizers for specific animal species; and  (v) the utilization of services
(e.g., National Agricultural Library, Animal Welfare Information Center, and
University of California Center for Animal Alternatives) available to provide
information on appropriate methods of animal care and use or alternatives to
the use of live animals in research.

IV. INSTITUTIONAL STATUS

As specified in the PHS Policy at IV.A.2., as Category 1, all of this institution's programs
and facilities for activities involving animals have been evaluated and accredited by the
Association for Assessment and Accreditation of Laboratory Animal Care International
(AAALAC).  All of this institution's programs and facilities for activities involving animals
have also been evaluated by the ARC and will be reevaluated by the ARC at least once
every six months.

All ARC semiannual reports will include a description of the nature and extent of this
institution’s adherence to the Guide. Any departures from the Guide will be identified
specifically and reasons for each departure will be stated.  Reports will distinguish
significant deficiencies from minor deficiencies.  Where program or facility deficiencies are
noted, reports will contain a reasonable and specific plan and schedule for correcting each
deficiency.  Semiannual reports of the ARC evaluations will be submitted to the Vice
Chancellor- Research Programs.  Semiannual reports of ARC evaluations will be
maintained by this institution and made available to the Office for Protection from Research
Risks (OPRR) upon request.
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V. RECORDKEEPING REQUIREMENTS

A. This institution will maintain for at least three years:

1. A copy of this Assurance and any modifications thereto, as approved by PHS.

2. Minutes of ARC meetings, including records of attendance, activities of the
committee, and committee deliberations.

3. Records of applications, proposals, and proposed significant changes in the
care and use of animals and whether ARC approval was given or withheld.

4. Records of semiannual ARC reports and recommendations (including minority
views) as forwarded to the Vice Chancellor-Research Programs.

5. Records of accrediting body determinations.

B. This institution will maintain records that relate directly to applications, proposals,
and proposed changes in ongoing activities reviewed and approved by the ARC for
the duration of the activity and for an additional three years after completion of the
activity.

C. All records will be accessible for inspection and copying by authorized Office for
Protection from Research Risks (OPRR) or other PHS representatives at
reasonable times and in a reasonable manner.

VI. REPORTING REQUIREMENTS

A. At least once every 12 months, the ARC, through the Vice Chancellor-Research
Programs or his/her designee, will report in writing to OPRR:

1. Any changes in the status of the institution, any changes in the description of
the institution's program for animal care and use as described in this Assurance,
or any changes in ARC membership.  If there are no changes to report, this
institution will submit a letter to OPRR stating that there are no changes.

2. Notification of the date that the ARC conducted its semiannual evaluations of
the institution's program and facilities and submitted the evaluations to the
Vice Chancellor-Research Programs.
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B. The ARC, through the Vice Chancellor-Research Programs or his/her designee,
will provide the OPRR promptly with a full explanation of the circumstances and
actions taken with respect to:

1. Any serious or continuing noncompliance with the PHS Policy.

2. Any serious deviation from the provisions of the Guide.

3. Any suspension of an activity by the ARC.

C. Reports filed under VI.A. and VI.B. above shall include any minority views filed
by members of the ARC.


