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National Center for Radiation Research and Technology
-Research Ethics Committee (REC-NCRRT)
Standard Operating Procedures (SOPs)
Introduction
One of the main priorities of the Egyptian Atomic Energy Authority (EAEA) is
to develop the quality of researches and scientific studies produced within the
Authority, in all aspects of medical and scientific fields related to the peaceful
uses of atomic energy. Such researches are only available through the
participation of humans or animals as subjects in all studies. So, the research
ethics are the main concerns for all researches via the policy of EAEA on the
biomedical applications of atomic energy.
Accordingly, research should be guided by the ethical principles embraced by
the Declaration of Helsinki, Belmont Report and The Council for International
Organizations of Medical Sciences (CIOMS) which involve animals guiding
principles for biomedical research. The World Health Organization (WHO)
issued guidelines for the establishment of Standard Operating Procedures
(SOPs) for Research Ethics Committees (RECs). SOPs describe the policies
and techniques that guide RECs to ensure transparency of how they operate for
both the members of their institution and the public. SOPs also serve to
enhance the consistency and efficiency of the RECs’ ethical review of
biomedical research (Appendix-D).
Furthermore, SOPs need to be established in accordance with applicable local
laws, regulations and policies of the institute as well as the customs and
cultural traditions of countries in which RECs review research. The final SOPs
should be adapted to the institutional and community context in which the REC
exists.
Research Ethics Committee of National Center for Radiation Research and
Technology (REC-NCRRT) is multidisciplinary, independent, body charged
with reviewing research involving human participants and animal subjects to
ensure that their rights and welfare are protected. The independence of a REC
is founded on its membership, on strict rules regarding conflict of interests, and
on regular monitoring of and accountability for its decisions.
REC-NCRRT that has been formally designated to review, monitor, and
approve biomedical and behavioral research involving humans and
experimental animals with the aim to protect rights and welfare of research
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subjects. Regulations have empowered committees to Approve, Require
Modifications or Disapprove.
The committee had communicated with all departments of the EAEA centers to
help all researchers in the different biomedical fields to follow the ethical
guidelines. These rules give credibility and valuing for the different types of
researches which include experiential and clinical trials to allow their
publication and dealing with the international biomedical periodicals and
journals.
Reports on human radiation experiments have highlighted the ethical issues in
this field of research. The IAEA (1996a) has argued that the radiation exposure
of humans for medical research is not justified unless it is: a) in accordance
with the provisions of the Helsinki Declaration and follows the guidelines for
its application prepared by the Council for International Organizations of
Medical Sciences and the World Health Organization, and b) subject to advice
of an Ethical Review Committee (or any other institutional body assigned
similar functions by national authorities) and to applicable national and local
regulations (Appendix-C).
Mission
*Believes in the value of research involving human participants or animal
subjects, and accepts an ethical responsibility for safeguarding their rights and
welfare
*Empowers the REC members partnering with sponsors, investigators,
volunteer subjects, institution, community to promote the highest level of
human and animal subject protection through scientifically and ethically sound
research.
*Continuously evolving our processes to match the international standards
while complying with regulations, legal, and ethical requirements.
*Advocating, with peers, regulators and the public in the interest of improving
the research atmosphere
Values
*Our REC believes in working through a teamwork manner
*Confidentiality is a superior value to our members
*Problem Solving is both value and target while reviewing research trials
* Responsiveness to the protection of human subject and experimental animals
involved in research trial is the primary target for construction of our REC.
Goals
We strive to achieve our mission and vision through the following
organizational goals:
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*Protection of human subjects involved in research clinical trials and animal
subjects involved in pre clinical trials.
*Providing ongoing lifelong refresher training of the REC members to keep
their standards competent and expert.
*Raise awareness of the community about research and the human rights in
participating in the clinical trials and animal welfare in pre clinical trials.
*Orientation of young investigators about the standards of writing, conducting
and ethical review of the protocols
*Serving as a facilitator and resource to researchers
REC-NCRRT responsibilities and authority
*The REC shall review and have authority to approve, require modifications in
(to secure approval), or disapprove initial and continuing reviews of all
research activities.
*The REC shall have authority to suspend or terminate approval of research
that is not being conducted in accordance with the REC's requirements or that
has been associated with unexpected serious harm to subjects.
*Establish channels to communicate with community to increase the awareness
of human subjects about their rights when participating in clinical research
trials.
*Extend the umbrella of human subject protection while participating in
clinical research trials by establishing a data and safety monitoring board
(DSMB) as an independent group of experts who monitor patient safety and
treatment efficacy data while a clinical trial is ongoing and establish the
regulatory framework for animal-based research protocol ethical review.
Terms of Appointment
*Duration: Each member shall be appointed for a cycle of 3 years in duration.
*Renewal: At the end of each cycle of appointment, members wishing to stay
on should make a written request to the chairperson. Subsequent renewal will
depend on prior quality of work and attendance performance and be determined
by a consensus of the full committee.
*Resignation: Members wishing to terminate their appointment prior to the 3
year cycle shall send a written letter of resignation to the chairperson 2 months
in advance in order to have enough time to appoint a another member.
*Disqualification: Members may be asked to leave the REC if any of the
following occurs:
-Failure to attend three consecutive meetings without permission or more than
half of the meetings.
-Negligence in reviewing protocols.
-Breach of confidentiality agreement.
-Termination shall be decided by a majority vote of the full REC.
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*Continuing education: REC should set standards for continuing education of
its members every three years (e.g., regularly scheduled review of published
articles in research ethics, attendance at workshops, etc.)
*Conflicts of Interest
Any a member from REC's initial or continuing review of any project in which
the member has a conflicting interest, except to provide information requested
by the REC. Examples of such conflicts of interest could include: a member of
the REC who serves as an investigator on research under consideration by that
REC; or a member who holds a significant financial interest in a sponsor or
product under study.
*Independent Consultants
The REC may, at the discretion of the chair or its members, invite individuals
with competence in special areas to assist in the review of issues that require
expertise beyond or in addition to that available on the REC. These individuals
may not vote with the REC. Consultants are not included in determining or
establishing a quorum at the meetings. REC meeting minutes reflect the
presence of consultants.
Meeting Frequency
The REC will meet at regular time intervals in accordance to the needs of the
workloads, but generally the REC should meet at least once a month on a
regularly scheduled day. For example, every two weeks, every month, etc. In
certain circumstances, RECs can meet on an “as needed” basis.
Scheduled meetings may be cancelled by the chair due to a) insufficient
number of applications requiring review at a convened meeting, b) inability to
secure a quorum for attendance, or c) other reasons as may arise that make a
scheduled meeting unnecessary or otherwise inappropriate.
Each application should consist of the following (Appendix-A):
-A signed and dated application form (developed by the REC).
-Full protocol.
-Consent form (in human subjects research).
-Animal welfare report (in animal subjects research).
-Product brochure for new drug/device.
-Time plan for the study.
-The deadline for submission will be at least 15 days prior to the meeting at
which the protocol will be reviewed by the REC.
Review of Applications of New Studies
*NCRRT-REC will use a primary & secondary reviewer system in which two
members will be assigned to lead the review and present the protocol for
discussion at the convened meeting. All REC members will be provided with
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detailed materials describing the research so that each member will be able to
discuss the protocol at the meeting.
*All members shall receive protocols for review at least 1 week prior to the
review meeting
*All members are required to review all submitted materials and be prepared to
discuss all protocols at the convened meeting.
Human subject research:
The main principles in human subject research include autonomy (respect for
persons), beneficence (protecting subject welfare), non-maleficence
(minimizing potential harms of research) and justice (avoidance of
exploitation). Justice also requires that the benefits and burdens of research be
distributed fairly among all groups and classes in a society, as well as between
the different countries who are participating in the research.
In accordance with Belmont principles, both the burdens and benefits of
research should be distributed equitably. Selection of subjects is one important
means of ensuring that the burdens and benefits of research shall be distributed
equitably. In making this assessment the REC will take into account the
purposes of the research and the setting in which the research will be conducted
and should be particularly cognizant of the special problems of research
involving vulnerable populations, such as children, prisoners, pregnant women,
mentally disabled persons, or economically or educationally disadvantaged
persons. If such vulnerable populations will be potentially enrolled in research,
then the REC will determine the appropriateness of additional safeguards to
provide added protection to vulnerable populations.
-Analysis of Risks and Benefits, the REC will identify all risks (physical,
psychological, social, and economic) involved in the research.
-Privacy of Subjects and Confidentiality, procedures to protect Subjects’ Data:
The REC will determine the appropriateness of procedures in place to ensure
subject privacy and to ensure the confidentiality of data obtained from the
subjects.
-Informed Consent: Unless specifically waived by the REC, informed consent
must be sought from each prospective subject or the subject's legally authorized
representative. The REC shall also:
.Review of the adequacy, completeness, and understandability of written and
oral information
.Determination of whether signed, written informed consent can be waived and
the validity of alternative procedures to document the provision of informed
consent
.The determination of whether informed consent could be obtained from the
subject’s legally acceptable representative.
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.Determination of whether the informed consent document contains the
required basic elements of consent (see checklist).
Vertebrate animal’s research:
In animal subject research the principles are the 3Rs:
Replacement: methods which avoid or replace the use of animals in research,
Reduction: use of methods that enable researchers to obtain comparable levels
of information from fewer animals, or to obtain more information from the
same number of animals and Refinement: use of methods that alleviate or
minimize potential pain, suffering or distress, and enhance animal welfare for
the animals used.
Any research use vertebrate animals as research subject must submit animal
welfare report include the following:
-The use, care and transportation of animals for training and for research and
testing for the purpose of protecting human and animal health and the
environment must comply with all applicable animal welfare laws.
-When scientifically appropriate, alternative procedures that reduce the number
of animals used, refine the use of whole animals or replace whole animals (e.g.,
in vitro models, invertebrate organisms) should be considered.
-For research requiring the use of animals, the species should be carefully
selected and the number of animals kept to the minimum required achieving
scientifically valid results.
-All reasonable steps should be taken to avoid or minimize discomfort, distress
or pain of animals.
-Appropriate aseptic technique, anesthesia and postoperative analgesia should
be provided if a surgical procedure is required. Muscle relaxants or paralytics
are not to be used in place of anesthetics.
-Care and handling of all animals used for research purposes must be directed
by veterinarians or other individuals trained and experienced in the proper care,
handling and use of the species being maintained or studied. Veterinary care is
to be provided in a timely manner when needed.
-Euthanasia shall be conducted according to the most current guidelines of the
American Veterinary Medical Association (AVMA) Panel on Euthanasia and
precautions for the handling of toxic and radioactive materials must be done
through the experiments (Appendix-B).
Voting and Decision making
All members who attended the meeting while the protocol was discussed will
participate in the voting unless a member has a conflict of interest. Those
members physically present for the vote should be recorded as either voting
for, against, or abstaining. Members who are excused from the vote (e.g. due to
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conflict of interest) should physically leave the room, would not be counted in
the aforementioned tally, and should be identified by name in the minutes.
According to all the previous procedures and rules, Main points and
considerations for the research revision can detected as a following:
(Appendix-A)
Protocol Components
Title:
Without abbreviations
Authors:
Principal or corresponding author and co-authors
Supervisors:
Professor -Assistant Professor - Lecturer
Introduction:
Brief 1-2 pages
Aim of research:
Problem + Solution
Place of research:
Scientific Centers– Hospital – Department – Laboratory – Radiology unit –
Operating room - Outpatient –etc..
Experimental design and subjects
Human:
-Prospective / Retrospective / Prospective & Retrospective
-Patients + Volunteers (Control Group)
-Total number, Adults or Children, Males or females
-Inclusion &Exclusion criteria
Experimental Animals :
-Type of animals
-Weight of animal
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-Sex: Male - Female
-Age
Material & Methods
Human:
-Non Invasive: Examination- Investigation- Radiological
-Invasive: Endoscopy – Catheters – Blood sample - Biopsy
-Clinical Examinations, Clinical investigations, laboratory Investigations and
medical Imaging Investigations (X-ray – CT – MRI – MRA –US)
-Treatment: Drugs (By any route) OrMaterials (Sutures + Dyes + Implants +
Prosthesis + Nails)
-Operations: Preoperative, surgical Procedure or postoperative
Experimental Animals:
-Scientific investigations, laboratory measurements for the different types of
biomedical branches (Biochemical, histological, genetic,……..).
-Procedures and techniques of each analysis
-Statistical methods
-References
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Application Form
The application questions try to verify the ethical guidelines and inform the
author what he must do through his research.
*Human application form

Application for Human use in Research
Pre conduction

Post conduction

بحث لم يبدا بعد

بحث منتهى

1. Name of Researcher:
2- Affiliation: _______
Institution: _

Department: _____

3. Mailing Address:
e-mail: ________________________________________________________
Phone number: _______________ Mobile: _____________Fax number:
4. Name(s) of Co-Investigator(s) ____
5. Title of the research in English & Arabic عنوان البحث بالعربى و االنجليزي:
________________
______________________________________________________________________
6. 1-Protocol Types:
MSc

PhD

MD

Scientific research

Scientific
Project

2-Place of practical and medical investigation
-----------------------------7. Participant:

----------------------------

------------------------

Age: Children (< 18 years) _

Vulnerable groups:

Yes: _

Adults (> 18 years) _

Sex: (M/F)

No: _

If yes, please describe:
__________________________________________________________
8. Quality of research & Sample size (check all that applies):
Sample size
Drug Trail Surgical
Technique

Blood

Review of

sample

records

Others

9. Study Design (check all that apply):
a. Type: . . . . . . . . . . . . . . . . . . . . . . . . . . .. …… .Preclinical: _ Phase: (I: _ II: _ III: _ IV:_ )
b. Duration and time of the study ……………………………………………..
c. Randomization: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes: _ No:_
d. Placebo: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes: _ No: _
e. Genetic sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes: _ No:
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Others

f. Stored Tissue Samples
 Will there be any storage of tissue samples (blood/tissues)?
 Will there be any genetic analysis of the stored tissue samples? _ _ _
 How long will the samples be stored? _______ ____________________
 Will any stored samples be shipped out of the country? _
g. Other______________________________________________________
10. The research is for the good of society: Yes: _
11. Facilities for the research are available: Yes: _

No: _
No: _

12. List the risks of the study: ------------------------------------------Additional information for clinical:
13. Request is being made to waive informed consent: Yes: _

No: _

If yes, please explain why:
__________________________________________________________________________
List the potential benefits, if any, to the subjects:
___________________________________________________________________________
15. The risks are reasonable to the potential direct benefits:

Yes: _

No: _

16. Privacy and confidentiality of subjects are assured:

Yes: _

No: _

17. It is clearly stated that the subject of the research could withdraw at
anytime without penalty or loss of any benefits to which they would otherwise
be entitled:

Yes: _

18. Informed consent forms must be attached . . . . . . .. . . .

No: _

Yes: _

If No why
…………………………………………………………………………………………………
SIGNATURE OF THE RESEARCHER

DATE
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Informed Consent
نموذج الموافقة المستنيرة
إلجراء بحث طبى على مشارك متطوع
االسم..........................................:

النوع............................:

.......................

تاريخ الميالد..................:

السن:

التليفون....................... :

العنوان................................... :
 :عنوان البحث باللغة العربية

الخلفية العلمية والهدف من إجراء البحث( ليس عنوان بحث ) :
---------------------------------------------------------------------------------مدة البحث ومكان إجرائه

ماسوف يتم إجراؤه بالتفصيل -

عدد المشاركين فى البحث ( مرضى وأصحاء) -
يذكر أسلوب إختيار المشاركين فى البحث وخاصة فى التجارب االكلينيكية -
تفاصيل خطوات البحث -
المخاطر المحتملة من إجراء البحث :مثال ( سحب عينه الدم يمكن ان ينتج كدمه بسيطه و
الم )
التعويضات فى حالة حدوث مخاطر
الفوائد المتوقعة من البحث  :الفوائد المباشرة والغير مباشرة
" إذا كانت ال توجد فوائده مباشرة للمشترك يكتب  ( .التوجد فائدة مباشرة من اشتراك فى
البحث لكن نتيجه البحث ستفيد مرضى اخريين )
البدائل المتاحة فى حالة رفضك االشتراك فى هذا البحث
ستتلقى عالجك المعتاد
يمكن االتصال:

عند وجود أى استفسار للمشارك

بالباحث الرئيسى  ..........................تليفون..............:
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من ينوب عنه ............................. :تليفون..............:
مقرر او رئيس لجنة األخالقيات .................... :تليفون ............ :
تنبيهات :
من حق المتطوع االنسحاب من البحث فى أى وقت دون أى عواقب سلبية 1-
يجب حصول المتطوع على صورة من اإلقرار 2-
هذا البحث 3-
توطئة لرسالة ماجيستير □ 
توطئة لرسالة دكتوراه □ 
بحث غير ممول

□

مشروع بحثى ممول □


الجهة الممولة



أقر أننى أطلعت وفهمت األجرآت التى ستتم من خالل هذا البحث ووافقت عليها.
المشارك فى البحث :األسم:
التاريخ:

التوقيع:

أتعهد بالحفاظ على سرية المعلومات الخاصة بالمشارك فى البحث.
ألباحث الرئيسى :األسم:
التاريخ:

التوقيع:

تمت الموافقة على هذا البحث من قبل لجنة أخالقيات البحوث بتاريخ .......
.
خاتم اللجنة:

رئيس اللجنة :
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ELEMENTS OF INFORMED CONSENT
Elements of Informed Consent:

Yes

(1) Purpose of Research:
A statement that the study involves research
An explanation of the purposes of the research
Expected duration of the subject's participation
A description of the procedures to be followed
Probability of random assignment to each treatment
Identification of any procedures that are experimental
(2) Risks and Discomforts:
A description of any reasonably foreseeable risks or
discomforts to the subject
(3) Benefits:
A description of any benefits to the subject or to others,
which may reasonably be expected from the research
(4) Alternatives:
A disclosure of appropriate alternative procedures or
courses of treatment, if any, that might be advantageous
to the subject
(5) Confidentiality:
A statement describing the extent, if any, to which
confidentiality of records identifying the subject will be
maintained and, if relevant, that other agencies might
inspect the records
(6) Compensation for Injury:
For research involving more than minimal risk, an explanation
as to whether any compensation and an explanation as to
whether any medical treatments are available if injury occurs
and, if so, what they consist of, or where further information
may be obtained
(7) Research Questions:
An explanation of whom to contact for answers to pertinent
questions about the research and research subjects' rights,
and whom to contact in the event of a research-related injury
to the subject
(8) Voluntary Participation:
A statement that participation is voluntary, that refusal to
participate will involve no penalty or loss of benefits to which
the subject is otherwise entitled, and that the subject may
discontinue participation at any time without penalty or loss
of benefits to which the subject is otherwise entitled
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No

N/A

Additional Elements of Informed Consent (When Appropriate):
(1) A statement that the particular treatment or procedure may involve risks to
the subject (or to the embryo or fetus, if the subject is or may become pregnant)
which are currently unforeseeable.
(2) Anticipated circumstances under which the subject's participation may be
terminated by the investigator without regard to the subject's consent.
(3) Any additional costs to the subject that may result from participation in the
research.
(4) The consequences of a subject's decision to withdraw from the research
and procedures for orderly termination of participation by the subject.
(5) A statement that significant new findings developed during the course of
the research which may relate to the subject's willingness to continue
participation will be provided to the subject.
(6) The approximate number of subjects involved in the study.
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*Animal application form
Research Ethics committee (REC)
Application for animal use in research
Date:
Pre conduction

Post conduction

بحث لم يبدا بعد

بحث منتهى

Name:
Affiliation:
Institution:
Department:
Co-Investigators:
Phone number:
E-mail:
Grade of Protocol
MSc

PhD

MD

Scientific research

Scientific
Project

Place of practical and medical investigation
------------------------------

----------------------------

------------------------

1-Title of Thesis / Research /Project:
Title in English:
:العنوان بالعربى
2. Summary of the thesis /research proposal (maximum 500 words):

3. Scientific importance and validity of the study
3.1. Objectives of the study or the scientific importance of your study.

3.2. Is the use of animals necessary to obtain the results?
Yes

No

3.3. Why the research cannot be carried out with non-animal alternatives?
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Others

3.4. What is the species of animals used, sex and weight?
3.5. The reason for selecting this animal model?

3.6. Is transportation of animals is necessary to the site where the research is
carried out?
Yes

No

If YES, please clarify the regulations to transport animals with optimum
care?
3.7. Number of animals requested.
3.8. Methods to calculate the sample size of animals.
3.9. Are the facilities available at the animal house adequate to conduct this
study?
Yes

No

3.10. Are the facilities adequate to provide optimum welfare to animals?
Yes

No

3.11. Who will be responsible for the care of animals during the weekdays?
3.12. Who will be responsible for the care of animals during the weekends and
holidays?
3.13. What are the housing conditions available at the site?
Single/group housing:
Temperature:
Type & size of cages:
No. of animals per cage:
Light – dark regime:
Ventilation:
Humidity:
Bedding materials:
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3.14. What is the type of food given to animals?
Humane end points
3.15. Are there any humane end points that would be expected during the
study?
(The earliest endpoint possible should be used to prevent pain or distress)
Yes

No

If YES, give details.

3.16. If you observe an animal suffering severely, will you take necessary steps
to euthanize the animal to prevent further suffering?
Yes

No

3.17. What is the method used to euthanize the animal? If a drug is used give
details.
3.18. Are you euthanizing the animals at the end of the study?
Yes

No

3.19. Who will euthanize the animal?

3.20. Study Design (check all that applies):


Randomization:



Placebo:



Genetic sampling



Stored Tissue Samples

Will there be any storage of tissue samples
(blood/tissues)?
Will there be any genetic analysis of the stored tissue
samples?
Will any stored samples be shipped out of the
country?
How long will the samples be stored?
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Yes

No

Yes

No

Experimental end points
3.21. What are the precautions for toxic and radioactive materials uses and
methods of wastes disposal?
3.22. What is the method of disposal of used animals (carcasses) after
research?

SIGNATURE OF PRINCIPAL INVESTIGATOR
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DATE

(Appendix-B)
Main principles and recommendations for handling, anesthesia,
euthanasia of experimental animals and precautions for radioactive
or toxic materials uses
The European Commission in October 1995 which defines `humane method of
killing' as `the killing of an animal with a minimum of physical and mental suffering,
depending on the species' (Close et al., 1996).
Definition of terms
The word euthanasia means a gentle death and should be regarded as an act of humane killing
with the minimum of pain, fear and distress.

Signs of pain and distress
To ensure euthanasia, it is important to recognize signs of pain, fear and distress in the
relevant species.

Depending on the species these may include:
- Distress vocalizations (not always in the human audible range),
- Struggling,
- Attempts to escape,
- Defensive or redirected aggression,
- Freezing/immobility response,
- Panting,
- Salivation,
- Urination, defecation and evacuation of anal sacs,
- Pupillary dilatation,
- Tachycardia,
- Sweating,

- Reflex skeletal muscle contractions causing shivering, tremors, or other muscular
spasms.
Some of these responses can occur in unconscious as well as conscious animals.
Pain may also be associated with deprivation and/or the psychological suffering
associated with poor treatment or an inadequate environment. It must be remembered
that many vocalizations are at high frequencies and out of the human hearing range.
Therefore, whenever possible, animals should not be present during euthanasia of
others, especially of their own species.
Recognition and confirmation of death
It is essential that all personnel are trained to be able to recognize and confirm death
in all the species with which they are working. The most important aspects in
recognition of death include cessation of heartbeat and respiration, and absence of
reflexes, and in small laboratory animals, the lowering of the body temperature to
below 25C. The method chosen will depend on the species being handled. If there is
any doubt about confirmation of death, a second method should be used to kill the
animal.
Training must include aspects such as recognition of pain, fear, distress, anxiety, insensibility
and death for all species to be used

20
Issue ( 1) Dated 03.2021

Handling and restraint
As with other procedures applied to animals, euthanasia usually requires some
physical control over the animal. Gentle but firm restraint by a familiar handler,
careful handling, stroking, and talking during euthanasia often have a calming effect
on many animals.
Carcass and waste disposal
The possible hazards to humans when animals are known to be carrying a zoonotic
agent or were treated with radioisotopes or toxic chemicals must be evaluated and
personnel handling such carcasses should take the necessary precautions to protect
themselves and others. Care should be taken when disposing of carcasses and other
waste.
Precautions for radioactive or toxic materials uses
Wear personal protective equipment. The minimum requirements include a laboratory
coat, gloves, safety glasses and close-toed shoes. Wear protective clothing
to prevent the body becoming contaminated should radioactive isotopes leak
out. Avoid contact with bare skin and do not attempt to taste the sources. Wear face
masks to avoid breathing in materials. Limit exposure time to radioactive
materials. Wear whole-body dosimeters when handling radioactive material.
General comments on methods of euthanasia
Agents may cause death by three basic mechanisms: (1) hypoxia, direct or indirect;
(2) direct depression of neurons vital for life functions; and (3) physical disruption of
brain activity and destruction of neurons vital for life (Andrews et al., 1993).
Acceptable methods of euthanasia
I-Physical methods
These methods must cause immediate loss of consciousness through physical trauma
to the brain. These methods require restraint which may cause extra stress for some
animals. If possible the animal should not be killed in the sight or smell of other
animals. Examples: Shooting, Concussion (stunning), Electrical stunning, Cervical
dislocation {Care must be taken to ensure complete separation. If carried out
correctly, it should cause extensive damage to the brainstem and instantaneous
unconsciousness (Iwarsson & Rehbinder 1993). Death must be confirmed by
exsanguination or destruction of the brain (Blackmore 1993). It may be aesthetically
unpleasant for the operator to perform and it is recommended that if the operator is
not totally confident of performing this technique quickly and effectively, that they
use another method. If possible animals should be sedated or anaesthetized prior to
dislocation} and decapitation {involves the severing of the neck of the animal, close
to the head by using a sharp instrument. The use of scissors is discouraged unless they
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are suited to the species of animal (i.e. have sufficiently long blades) and the pressure
is strong enough to sever the neck in one go with ease}.
II-Chemical methods
Many anesthetics are used in overdose as euthanasia agents. An anesthetic is an agent
that produces, in a controllable manner, a drug-induced absence of perception of all
sensation. It produces unconsciousness, analgesia, and muscle relaxation sufficient to
perform procedures painlessly.
Inhalational agents
Inhalational agents are either vaporized or delivered as a gas into chambers or
anesthetic circuits. Chambers used for delivery of inhalants should be properly
designed so as to ensure the even distribution of gas and to ensure that the animals are
rapidly exposed to a high concentration of the agent.
Carbon dioxide
At concentrations above 60%, carbon dioxide acts as an anesthetic agent and causes
rapid loss of consciousness (Green 1987). It is effective and humane for euthanasia of
most small animals above 70%. In most animals it is recommended to place the
animals immediately into 70% CO2 where the animals lose consciousness very
quickly due to the narcotic effect of the high intake of CO2 on the brain without
causing hypoxia.
Carbon monoxide
This causes rapid death as it combines with the red blood cells in preference to
oxygen, thus causing hypoxia.
Volatile inhalational anesthetics
When using any liquid anesthetic care must be taken to ensure that it is not allowed to
come in contact with the animal. Sufficient air or oxygen should be provided during
the induction period to prevent hypoxia.
Halothane, Enflurane, Isoflurane
Injectable agents
Many proprietary mixtures specifically prepared for euthanasia of animals are simply
triple strength anesthetic agents, such as sodium pentobarbitone, but others may have
neuromuscular blocking agents incorporated. It is essential that the animal should
become fully anaesthetized before the neuromuscular blocking agents take effect in
order to prevent distress to the animal.
In general where anesthetic agents are used, two times the anesthetic dose produces
respiratory arrest, while four times the dose produces cardiac arrest when ventilated
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artificially. Three times the dose usually causes death quickly and uniformly in nonventilated animals. Injection may be administered by various routes. Intravenous
administration is preferred because the effect is the most rapid and reliable.
Intraperitoneal injection is easier to administer, especially in species where the veins
are small and difficult to penetrate but it takes longer to act and may cause irritation
and transient pain and distress. Oral and rectal routes of administration are inadvisable
because of prolonged onset of action, wide range of lethal doses and potential
irritation of tissues. Intramuscular and subcutaneous routes must not be used as they
take too long to act.
Care must be taken when disposing of carcasses because of residues in the meat. Care
must also be taken to ensure personnel safety.
Barbiturates
These are the most widely used and accepted agents for euthanasia for most animals
(Hatch 1982). They include barbituric acid derivatives, oxybarbiturates (sodium
pentobarbitone, secobarbital), thiobarbiturates (thiopentone) and various barbiturate
mixtures. Sodium pentobarbitone is commonly considered the most suitable agent.
They act by depression of the central nervous system and cause cardiac and
respiratory arrest. They cause rapid euthanasia with minimal discomfort.
Sodium pentobarbitone
This is generally used either by intravenous or intraperitoneal injection of 18% (200
mg/ml) concentration in a dosage of 200 mg/kg for euthanasia
Ethanol
This method, described by Lord (1989, 1991) involves the intraperitoneal injection of
500 m1 70% ethanol into mice. Ethanol causes depression of the central nervous
system. The mice show a gross loss of muscle control before becoming comatose,
followed by respiratory arrest. It is not acceptable for euthanasia of vertebrates unless
they are anaesthetized.

Methods are not acceptable for euthanasia
-Decompression/vacuum, Hypothermia, Hyperthermia, Drowning/removal from
water, Neck crushing, Strangulation.
-Nitrous oxide
Hypoxic concentrations of almost 100% are necessary to achieve euthanasia and it is
slow acting therefore causing unnecessary stress.
-Cyclopropane
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Cyclopropane is a humane method of euthanasia for most laboratory animals as it
produces rapid and deep anesthesia. However, it is flammable in air and explosive in
oxygen which makes it dangerous to the operator which reduces its acceptability as a
general agent for euthanasia.
-Ether (diethyl ether)
Ether is irritant to the mucous membranes and at high concentrations traditionally
found in closed containers and jars; it may be stressful to the animals as it elevates
catecholamines.
If used in a vaporizer, it appeared less irritating (Baumans et al., 1991). It markedly
elevates some blood chemicals (e.g. glucose) under high concentrations. It is
dangerous to the operator because of its explosive properties. It is not an acceptable
method of euthanasia.
-Chloroform
Chloroform acts by depression of the central nervous system and causes cardiac and
respiratory failure. This is not acceptable as a euthanasia agent as it is hepatotoxic,
nephrotoxic and carcinogenic to the operator and other animals.
-Hydrogen cyanide gas
It is also very dangerous to the operator. It is not acceptable for the euthanasia of any
animal.
-Urethane
Animals may be placed in a 1-2% solution of urethane. It is commonly used as an
anesthetic. However, it is very carcinogenic and because of this potential danger to
the operator and problems of safe disposal, it is not acceptable (Summerfelt & Smith
1990).
-Sedatives
Because of the large volumes that would be necessary to cause death, sedatives are
not acceptable as euthanasia agents.
-Narcotic analgesics
Opiate derivatives such as morphine and etorphine are central nervous depressants as
well as analgesics. Over dosage causes death by depression of the respiratory centers
in the medulla. There is a large variability of reactions by different species: some
species are rendered maniacal by large dosages of these drugs. Because there is not
much information on the humaneness of these drugs, they are not acceptable as
euthanizing agents.
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(Appendix-C)
The appropriate, specific, and applicable application form for human radiation experiments
was prepared by the University of Maryland, Baltimore (UMB), Radiation Safety Officer in
the Department of Environmental Health and Safety. The Radiation Safety Officer is
responsible for planning, organizing, developing, and managing all aspects of a
comprehensive radiation safety program. The Radiation Safety Officer ensures regulatory
compliance within the university, the affiliated medical center, and other affiliated sites;
establishes protocols; plans and organizes objectives and long-range programs; and evaluates
the effectiveness of operations.
The department provides consultation and services to research laboratories, clinical areas,
facilities, and offices in the areas of chemical, biological, and radioactive materials safety;
occupational safety and industrial hygiene; fire safety; environmental and hazardous waste
management; and workers compensation and insurance.
Radiation Safety Program (RSP) of Department of Environmental Health and Safety has been
developed and implemented to ensure adequate protection of employees, patients, and
members of the public from the hazards arising from UMB’s authorized use of radioactive
materials. This RSP is intended to meet the various programmatic requirements found in
COMAR for a documented Radiation Protection Program, Radioactive Materials Program,
and ALARA

I- A Summary of Radiation Dose Guidelines and Limits Applicable to
Human Subjects in Research Studies
These guidelines and limits are applicable to radiation doses, which are “indicated for
research” and are not for the medical benefit of the subject (medically indicated radiation).
UMB RADIATION SAFETY POLICY GUIDELINES

Proposed research studies will be reviewed with respect to the following radiation dose limit
guidelines:
AGE OF SUBJECT
Under 18 years
mrem
18 years or more
annually

RADIATION DOSE LIMIT
300 millirem (mrem) to any tissue in a 13 week period and 500
annually
3,000 mrem to any tissue in a 13 week period and 5,000 mrem

NOTE: Pregnant subjects may not participate in research studies that involve radiation
exposure. It is the responsibility of the investigator to ensure that female subjects are not
pregnant prior to participation.
Radiation dose guidelines apply to the dose from all radionuclide procedures and all
diagnostic radiology (x-ray) procedures related to the research study, together with doses
from other research studies in which the subject may be participating or has participated in
during the year. The above dose limits should be observed when diagnostic and experimental
purposes permit. When it is necessary to exceed these limits because instrumentation for
required sensitivity is not available, the applicant is required to provide justification for higher
doses with due consideration of the potential risks and research benefits.
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Larger radiation doses may be considered by the Radiation Safety Committee where research
subjects have limited life expectancy (two years or less) and the applicant adequately justifies
the procedure and the importance of the anticipated scientific contribution. The limited life
expectancy provision is pertinent only to consideration of the potential increased risk of
stochastic, latent effects (carcinogenesis) that could result from radiation received as a
research subject. In any research use of radiation or radioactive materials with human
subjects, the study should be designed to minimize radiation dose to the subject as much as is
possible, consistent with obtaining the desired research information.
FDA REGULATORY LIMITS
Reference: Title 21 CFR Part 361

FDA (Food and Drug Administration) radiation dose limits are applicable only to the use of
“radioactive research drugs,” as defined by the FDA regulations, in research studies with
human subjects. Research protocols and Applications for Authorization that meet the criteria
for use of “radioactive research drugs” must be approved by the UMB Radioactive Drug
Research Committee, in addition to approval by the UMB Radiation Safety Committee.
AGE OF SUBJECT
Under 18 years
the
18 years or more

RADIATION DOSE LIMIT
300 (mrem) to the whole body, active blood-forming organs, lens of
eye and gonads from a single administration, and 500 mrem annually
3,000 mrem to the whole body, active blood-forming organs, lens of
the eye and gonads from a single administration, and 5,000 mrem
annually.
5,000 mrem to other organs from a single administration, and 15,000
mrem annually.

Radiation dose limits apply to the dose from all radionuclide procedures and from all
diagnostic radiology (x-ray) procedures related to the research study. Proposed research
studies, which require radiation doses exceeding the FDA limits, cannot be considered as the
use of “radioactive research drugs” and, therefore, reference to the FDA radiation dose limits
is inappropriate.
Pregnant subjects may not participate in research studies using “radioactive research drugs.”
It is the responsibility of the investigator to ensure that female subjects are not pregnant at the
time of dose administration.
OTHER RADIATION DOSE LIMITS
Reference: Title 10 CFR Part 20

NOTE: The following radiation dose limits are not applicable to human subjects in research
studies. They are presented here for general information and guidance.
OCCUPATIONALLY EXPOSED PERSON (RADIATION WORKER)
AGE OF SUBJECT
Under 18 years

RADIATION DOSE LIMIT
125 mrem to any tissue in a 13 week period and 500 mrem
annually
18 years or more
3,000 mrem to any tissue in a 13 week period and 5,000 mrem
annually
NON-OCCUPATIONALLY EXPOSED PERSON (“PUBLIC”)
AGE OF SUBJECT
RADIATION DOSE LIMIT
Any age
100 mrem per calendar year
RADIATION DOSE TO THE EMBRYO/FETUS FROM OCCUPATIONAL EXPOSURE TO THE
MOTHER
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Reference: National Council on Radiation Protection and Measurements (NCRP) Report No.
53 and US NRC Regulatory Guide 8.13 As recommended by the National Council on
Radiation Protection and Measurements (NCRP), and adopted as UMB radiation safety
policy, the radiation dose to the embryo/fetus resulting from occupational radiation exposure
to the mother should not exceed 500 mrem during the period of gestation (nine months).
As an operational technique, fertile female workers should limit their occupational radiation
dose to no more than 250 mrem per month, so if a pregnancy is confirmed, the total radiation
dose received by the embryo/fetus during the first two months would not exceed 500 mrem
fetal dose limit. Pregnant workers should then avoid, or reduce radiation exposure in the work
place.
I. Radiation Dose As Low As Reasonably Achievable (ALARA)
Superimposed on the radiation dose limits summarized in this handout is the requirement that
radiation dose to workers, research subjects, patients, and the general public shall also be as
low as reasonably achievable. This is referred to as the “ALARA” principle and requirement.
Conscientious effort should be made to reduce or minimize any radiation dose consistent with
obtaining necessary diagnostic or research information. Consideration should be given to the
use of as small a quantity of administered radioactivity as is practical for a research
procedure, as well as the elimination of any diagnostic radiology (x-ray) procedures or
nuclear medicine procedures that are not essential to the conduct of the research study.
II. Authorization for the Administration of Radioactive Materials to Human Subjects at UMB
A. General—Administrations of radioactive materials to human subjects at UMB fall under
the jurisdiction of the Human Use Subcommittee (HUSC). Persons wishing to become
authorized to possess and use such material in humans must first present an acceptable
application to the HUSC describing their particular use. The degree of scrutiny to which the
applicant/and or application is subject depends on the novelty of the proposed use. Thus,
research applications are examined more closely than those that involve only routine, wellestablished uses. The categories of uses which may be authorized by the HUSC includes the
following:
1. Well established medical uses
2. Investigational uses under an FDA approved protocol (manufacturer’s IND or the like)
3. Investigational uses under a protocol proposed by the investigator (these will ultimately
require FDA concurrence if they involve agents used for diagnostic or therapeutic purposes)
4. Investigational uses of radiolabeled forms of compounds for the purpose of elucidating the
biochemistry and/or metabolic fate of the unlabeled substances in humans (limited to
30 subjects) Applications in these several categories differ in kind with respect to the required
qualifications of the applicant and the quantity and source of documentation and/or evidence
required to support the proposed use.
B. Well Established Medical Uses—A medical use that is recognized as “well established” is
not normally re-examined by the HUSC although the subcommittee reserves the right to do so
(169-Yb –DTPA for example, though a well-established agent for cisternography, is not
permitted at UMB because of the risk of long term contamination due to the 32 day half-life
of 169 Yb). Ordinarily the HUSC grants blanket authorization for all well-established uses
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within the recognized competence of the physician-applicant. Competence is established by,
board certification in a medical specialty that requires training in the safe use of radioisotopes
for example, Nuclear Medicine or by equivalent evidence of an adequate level of training and
experience. The subcommittee must also be satisfied that the proposed conditions of use are
within the bounds established by the UMB Radiation Safety Committee (RSC), the
institutional license and the regulations of the State of Maryland. Approvals are for a period
of four years.
C. Investigational Uses under FDA Approved Protocol—Physicians already holding approved
authorizations to possess and use well-established radioactive agents in humans may apply for
additional authorization to conduct investigational studies under an FDA approved protocol
(IND). Similar applications from other physicians may also be approved provided that they
meet the criteria set forth in item B above. In either case, the HUSC will require:
1. A copy of the approved protocol
2. Assurance that the protocol will be followed and
3. Annual reports of all administrations made under that particular protocol
Such administrations may or may not require informed consent from the subjects, depending
on the status of the IND, but all such uses require prior approval of the UMB IRB and annual
reports to the HUSC (via the Radiation Safety Office) of all administrations made under the
protocol. In addition, the fact that the FDA approves an investigational use implies, but does
not guarantee approval by the HUSC of this institution. The proposed use may be rejected on
the grounds that it exceeds the latitude permitted in the institutional license or that the local
facilities are inadequate or for such other cause. Approvals are for a period of one year and
may be renewed.
D. Investigational Uses under a Protocol Proposed by the Investigation—Proposals in this
category do not carry with them the imprimatur of prior FDA approval. They are therefore
subject to scrutiny that searches beyond the qualifications of the investigator, the adequacy of
the facilities and the permissible limits of the institutional license. The HUSC will examine
the merits of the proposal itself with regard to the likelihood of success, given the research
plan, the magnitude of the radiation dose risk and the plausibility of the data upon which the
dose estimates are based. In general, the HUSC will not approve a proposal for an
investigational use that involves a dose to the whole body, gonads, or any critical organ(s) in
excess of 5 rads, nor one that admits of the possibility of such a dose to minors or gravid
females. The subcommittee reserves the right to impose more strict dose limitations or to
reject the application outright when, in its opinion, the submitted dosimetric data is less than
convincing or when the aims of the study could be achieved at lesser risk or by some other
means that do not involve exposure to radiation or from some similar cause. Approvals, when
granted, will particularly specify the number of subjects that may be studied (that number is
subject to negotiation, within limits) and the maximum administered dose (μCi or μCi/kg).
All such uses require informed consent form the subject, prior approval from the UMB IRB
and annual reports to the HUSC of all administrations made under the approved protocol.
Approval durations vary and may be renewed.
E. Investigations of Biochemistry and Metabolism Using Radiolabeled Substances—Under a
recent liberalization of federal regulations, the FDA has agreed to permit certain FDA28
Issue ( 1) Dated 03.2021

approved committees to act in that agency’s behalf to grant users within the institution
authorization to undertake studies of biochemistry and metabolism using trace quantities of
radiolabeled substances. The regulations attach a number of conditions to such approvals,
like:
1. Minors and gravid females must be excluded
2. No more than 30 subjects may be studied
3. The radiation absorbed dose to the whole body, gonads, and any “critical organ” must not,
in general, exceed 3 rem and
4. The quantity (mass) of administered, labeled substance must not exceed 10% of the
pharmacologically effect dose on the toxic dose if the substance is exogenous or 10% of the
amount normally present in the system being studied when the labeled compound is
endogenous. Because the last limitation above rules out pharmacologically active, toxic or
system perturbing doses, the applicant need not be a physician licensed to prescribe drugs,
although that would be the normal expectation.
Applications meeting all of the above limitations will be subject to the same sort of scrutiny
described in item D. As an aid to both applicant and the HUSC, a coversheet (enclosed and
entitled “Radioactive Drug Research Authorization Summary Sheet”) is provided on which
the applicant is to summarize the pertinent information in a concise form. The HUSC reserves
the right to reject or amend the submitted protocols described herein in item D. Uses in this
category also require informed consent from the subject, prior approval from the UMB IRB,
and annual reports to the HUSC of all administrations made under the approved protocol.
Approvals are for a period of one year and may be renewed provided that the total number of
subjects in the ongoing study will not exceed thirty (30)
F. Conclusion—It is hoped that the guidelines presented herein will clarify the procedures for
obtaining human use authorizations in the several permissible categories. While the
subcommittee will not write a user’s application for him, the members recognize that not all
worthy would be users are experts in radiation dosimetry or in the intricacies of the
regulations. Given a conscientious first effort by the applicant together with a basically
reasonable proposal, members of the subcommittee stand ready to assist applicants with the
details of the application.
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Radiation Drug Research Authorization Summary Sheet
Title of Study:
_______________________________________________________________________
Name of Applicant:
___________________________________________________________________
1. Full chemical name and/or formula with identity and position of labeling radionuclide:
____________________________________________________________________________
2. Vendor: _____________________________________________________________________
3. Route of Administration: _______________________________________________________
4. Radiotoxicity
a. Activity to be administered ______________________________________uCi
b. Whole body radiation dose ______________________________________rad
c. Gonadal radiation dose ______________________________________rad
d. Critical organ(s) dose (specify) ______________________________________rad
______________________________________rad
______________________________________rad
5. Chemical Toxicity
a. If endogenous substance, amount normally present in the system under study ____gm
b. If exogenous substance, pharmacologically active or toxic dose ____gm
c. Mass of labeled substance to be administered (not to exceed 10%of a or b) ____gm
d. Means of assurance of sterility ____________________________
e. Means of assurance of apyrogenicity ____________________________
f. Adjunctive drugs, if any (describe amount, rout of administration, etc.)
________________________________________________________________________
6. Subject Selection (minors and gravid females must be excluded)
a. Number of subjects (not to exceed 30) ____________________________________
b. Number of administrations per subject ____________________________________
c. Means of ruling out pregnancy ____________________________________
e. Other selection criteria (describe):
________________________________________________________________________
Signature of Applicant: __________________ Date: _______________________
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II- Outlines of Radiation Dose Guidelines and Limits Applicable to
Animals Subjects in Scientific Studies
Biological effects and syndromes following mammal’s exposure to high doses of ionizing or
non-ionizing radiation are associated with multiple severe systemic multi-organ failures. The
damages depend on the experimental animal (species, age and weight), modality of the
experiment, radiation sources, radiation doses and the rate of the radiation exposure. Even
low doses of whole body irradiation can severely damage the radiosensitive biological
systems (e.g., hematopoietic….etc.), while moderate high dose may lead to other systemic
effects which characterized by time and dose-dependent multi-organ injury.

*Effects of Ionizing Radiation on Animals at Levels Implied by Current Radiation
Protection Standards \ J International Atomic Energy Agency, Vienna, 1992.
Effects of acute irradiation on mammals
In the case of mammals, most work relevant to populations has involved studies of
lethality. Many studies were summarized data for numerous small mammal species.
The LD50/30 values ranged from -500 to 1100 R (-5-11 Gy). Direct mortality has
been observed in individuals at acute whole body doses down to —200 rad (— 2 Gy).
Considerable work has also been done on reproduction, and the majority of results
suggest that natality is a more radiosensitive parameter than mortality. Minimum
acute doses required to depress reproduction rates may be less than 10% of the doses
required to produce direct mortality.
The basic radiosensitivity of domestic mammals, in terms of lethality, appears similar
to that of the wild mammals which have been studied. Considerable work on the
lethal effects of acute radiation exposure of domestic livestock was completed by
several investigations. Many investigators reported that whole body LD50/6o values
for gamma irradiation in the range 4- 7 Gy for sheep, cattle, pigs and horses. One of
numerous factors affecting LD50 values is dose rate. For example, reported LD50/60
values for sheep range from > 1 kR (>10 Gy) delivered at < 1 R-h" 1 (<10 mGy-h" 1 )
to 250 R (2.5 Gy) delivered at 650 R-h" 1 (6.5 Gy-h" 1).
Acute doses of 50 R (0.5 Gy) produced slight changes in bull semen, but recovery
was virtually complete by 30 weeks after irradiation. Sheep irradiated with 25 and 10
R (0.25 and 0.1 Gy) every 28 days for 13 months appeared capable of normal
reproduction, and all lambs born to irradiated parents were healthy.
Species vary greatly in the radiosensitivity of the ovary, but mice are among the most
sensitive. In studies with mice, It is found that reproduction was impaired by doses
down to 20 R (0.2 Gy) for females. Male mice were less sensitive, requiring doses of
over 320 R (3.2 Gy) to impair reproduction. Permanent sterility in female mice was
produced by 100 R (1 Gy).
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Effects of chronic irradiation on mammals
On reviewing of the literatures that concerning the effects of chronic radiation
exposure in dogs and farm animals, at 10 R-d" 1 (0.1 Gy-d" 1), pigs and donkeys
showed some deterioration in a few weeks and died after a few months of continuous
exposure. At an exposure rate of 0.1 R-d" 1(1 mGy-d" 1) no effects were observed.
However, in other experiments chronic exposure of 3 rad-week "' (~ 4 mGy-d" 1)
produced measurable declines in the number, motility and viability of sperm in the
dog, while exposure rates of <0.1 2 R-d" 1(<1. 2 mGy-d" 1) failed to produce sperm
count changes. Experimental chronic whole body υ-radiation was applied to mice at
dose rates of 2-20 R-d" 1 (20-200 mGy-d" 1), and many parameters indicating
damage to the reproductive system were measured. Relative to controls, nearly all
parameters were affected by all dose rates, including 20 mGy-d" 1.
In contrast to the results of work on acute exposure, males were more adversely
affected than females by chronic irradiation. Continuous irradiation of ten generations
of mice at 1.3-2.6 R-d" 1 (13-26 mGy-d" 1) did not produce changes in litter sizes or
sex ratios of the progeny as compared with control mice. Exposure rates of 5 R-d" 1
(50 mGy-d" 1) for four generations of albino rats, failed to affect reproductive
capacity or any deleterious hazards.
Overall it may be concluded that a dose rate of ~ 10 mGy -d' 1 represents the
threshold at which slight effects of radiation become apparent in those attributes, e.g.
reproductive capacity, which are of importance for the maintenance of the population.
The laboratory studies tend to indicate a slightly higher threshold, but this may be due
to other stresses being fewer or less severe than those experienced by natural
populations.
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Effects of chronic irradiation on mammals*
Dose rate
(μGy h−1)

Species

Radiation

Description

End-point

<100

Mouse
Rat

Gamma
Beta

No detrimental effects have been described

Morbidity
Mortality
Reproduction

100–1000

Dog
Mouse
Mouse
Pig

Gamma
Gamma
Neutrons
Gamma

Mortality
Mortality
Mortality
Reproduction

Rat
Mouse

Gamma
Beta

Mouse

Gamma

Life shortening
Life shortening
Life shortening
Prenatal irradiation decreased the number of primitive stem germ
cells and the ovary and testis weight.
Reduction in number of A1spermatogonia.
Irradiation from conception to 14 days of age decreased the number
of primary oocytes.
Reduction of mean number of litters per female; higher mortality
between birth and weaning; reduction in number of primary oocytes.
Irradiation during three consecutive generations increased the % of
sterile mice and the % of early deaths and decreased the mean litter
size. Field study. Increased % of sterile pairs; reduced mean
offspring sired and weaned.
Natural forest. Increased number of chromosomal aberrations
Life shortening
Increased mortality ratio (the effect was dependent on the mice strain
used); decreased mean after survival.
Life shortening.
Reduced number of liveborn per female in the third generation and
reduced total sperm production.
Irradiation during the 2nd week after birth reduced the fertility and
the litter size.
Irradiation during 4–90 days reduced the fertility span, the germ
cells per ovary and the testis weight.
Prenatal irradiation reduced the litter size and increased the % of
resorptions.
Reduced number of spermatogonia and testis weight.
Prenatal irradiation reduced the number of
germ cells in females and males.
Increased mutation frequency at seven specific loci in mouse
spermatogonia.

Mortality
Mortality

(1–5) × 103

Reindeer

Gamma

Goat
Mouse

Gamma
Gamma

Mouse
Goat

Neutrons
Gamma

Mouse

Gamma

Reproduction
Reproduction
Reproduction
Reproduction
Reproduction
Mutation

Mortality
Reproduction
Reproduction
Reproduction

Rat

Beta

Rat

Gamma

Mouse

Gamma

(5–10) × 103

Sheep
Rat
Mouse

Beta
Gamma
Gamma

Reduction in the number of leukocytes in peripheral blood.
Reduced brain weight and cingulum volume.
Life shortening after exposures of 68 days or longer.
Increased paternal expanded simple tandem repeat (ESTR) mutation
rate and paternal mutation per offspring band at loci MMS10 plus
Ms6-hm plus Hm-2

Morbidity
Morbidity
Mortality
Mutation

>10 × 103

Dog
Mouse
Rat

Beta
Gamma
Gamma

Reduced survival.
Increased mortality ratio (dependent on the strain used).
Prenatal irradiation reduced the length and weight of embryos and
increased the % mortality.
Reduction in ovary and testis weight.

Mortality
Mortality
Reproduction
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Reproduction
Reproduction
Reproduction
Mutation

Reproduction

(Appendix-D)
The Declaration of Helsinki
Preamble
1. The World Medical Association (WMA) has developed the Declaration of Helsinki as a
statement of ethical principles for medical research involving human subjects, including
research on identifiable human material and data.
The Declaration is intended to be read as a whole and each of its constituent paragraphs
should be applied with consideration of all other relevant paragraphs.
2. Consistent with the mandate of the WMA, the Declaration is addressed primarily to
physicians. The WMA encourages others who are involved in medical research involving
human subjects to adopt these principles.
General Principles
3. The Declaration of Geneva of the WMA binds the physician with the words, “The health of
my patient will be my first consideration,” and the International Code of Medical Ethics
declares that, “A physician shall act in the patient's best interest when providing medical
care.”
4. It is the duty of the physician to promote and safeguard the health, well-being and rights of
patients, including those who are involved in medical research. The physician's knowledge
and conscience are dedicated to the fulfillment of this duty.
5. Medical progress is based on research that ultimately must include studies involving human
subjects.
6. The primary purpose of medical research involving human subjects is to understand the
causes, development and effects of diseases and improve preventive, diagnostic and
therapeutic interventions (methods, procedures and treatments). Even the best proven
interventions must be evaluated continually through research for their safety, effectiveness,
efficiency, accessibility and quality.
7. Medical research is subject to ethical standards that promote and ensure respect for all
human subjects and protect their health and rights.

34
Issue ( 1) Dated 03.2021

8. While the primary purpose of medical research is to generate new knowledge, this goal can
never take precedence over the rights and interests of individual research subjects.
9. It is the duty of physicians who are involved in medical research to protect the life, health,
dignity, integrity, right to self-determination, privacy, and confidentiality of personal
information of research subjects. The responsibility for the protection of research subjects
must always rest with the physician or other health care professionals and never with the
research subjects, even though they have given consent.
10. Physicians must consider the ethical, legal and regulatory norms and standards for
research involving human subjects in their own countries as well as applicable international
norms and standards. No national or international ethical, legal or regulatory requirement
should reduce or eliminate any of the protections for research subjects set forth in this
Declaration.
11. Medical research should be conducted in a manner that minimizes possible harm to the
environment.
12. Medical research involving human subjects must be conducted only by individuals with
the appropriate ethics and scientific education, training and qualifications. Research on
patients or healthy volunteers requires the supervision of a competent and appropriately
qualified physician or other health care professional.
13. Groups that are underrepresented in medical research should be provided appropriate
access to participation in research.
14. Physicians who combine medical research with medical care should involve their patients
in research only to the extent that this is justified by its potential preventive, diagnostic or
therapeutic value and if the physician has good reason to believe that participation in the
research study will not adversely affect the health of the patients who serve as research
subjects.
15. Appropriate compensation and treatment for subjects who are harmed as a result of
participating in research must be ensured.
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Risks, Burdens and Benefits
16. In medical practice and in medical research, most interventions involve risks and burdens.
Medical research involving human subjects may only be conducted if the importance of the
objective outweighs the risks and burdens to the research subjects.
17. All medical research involving human subjects must be preceded by careful assessment of
predictable risks and burdens to the individuals and groups involved in the research in
comparison with foreseeable benefits to them and to other individuals or groups affected by
the condition under investigation. Measures to minimize the risks must be implemented. The
risks must be continuously monitored, assessed and documented by the researcher.
18. Physicians may not be involved in a research study involving human subjects unless they
are confident that the risks have been adequately assessed and can be satisfactorily
managed. When the risks are found to outweigh the potential benefits or when there is
conclusive proof of definitive outcomes, physicians must assess whether to continue, modify
or immediately stop the study.
Vulnerable Groups and Individuals
19. Some groups and individuals are particularly vulnerable and may have an increased
likelihood of being wronged or of incurring additional harm. All vulnerable groups and
individuals should receive specifically considered protection.
20. Medical research with a vulnerable group is only justified if the research is responsive to
the health needs or priorities of this group and the research cannot be carried out in a nonvulnerable group. In addition, this group should stand to benefit from the knowledge,
practices or interventions that result from the research.
Scientific Requirements and Research Protocols
21. Medical research involving human subjects must conform to generally accepted scientific
principles, be based on a thorough knowledge of the scientific literature, other relevant
sources of information, and adequate laboratory and, as appropriate, animal experimentation.
The welfare of animals used for research must be respected.
22. The design and performance of each research study involving human subjects must be
clearly described and justified in a research protocol. The protocol should contain a statement
of the ethical considerations involved and should indicate how the principles in this
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Declaration have been addressed. The protocol should include information regarding funding,
sponsors, institutional affiliations, potential conflicts of interest, incentives for subjects and
information regarding provisions for treating and/or compensating subjects who are harmed
as a consequence of participation in the research study. In clinical trials, the protocol must
also describe appropriate arrangements for post-trial provisions.
Research Ethics Committees
23. The research protocol must be submitted for consideration, comment, guidance and
approval to the concerned research ethics committee before the study begins. This committee
must be transparent in its functioning, must be independent of the researcher, the sponsor and
any other undue influence and must be duly qualified. It must take into consideration the laws
and regulations of the country or countries in which the research is to be performed as well as
applicable international norms and standards but these must not be allowed to reduce or
eliminate any of the protections for research subjects set forth in this Declaration.
The committee must have the right to monitor ongoing studies. The researcher must provide
monitoring information to the committee, especially information about any serious adverse
events. No amendment to the protocol may be made without consideration and approval by
the committee. After the end of the study, the researchers must submit a final report to the
committee containing a summary of the study’s findings and conclusions.
Privacy and Confidentiality
24. Every precaution must be taken to protect the privacy of research subjects and the
confidentiality of their personal information.
Informed Consent
25. Participation by individuals capable of giving informed consent as subjects in medical
research must be voluntary. Although it may be appropriate to consult family members or
community leaders, no individual capable of giving informed consent may be enrolled in a
research study unless he or she freely agrees.
26. In medical research involving human subjects capable of giving informed consent, each
potential subject must be adequately informed of the aims, methods, sources of funding, any
possible conflicts of interest, institutional affiliations of the researcher, the anticipated
benefits and potential risks of the study and the discomfort it may entail, post-study
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provisions and any other relevant aspects of the study. The potential subject must be informed
of the right to refuse to participate in the study or to withdraw consent to participate at any
time without reprisal. Special attention should be given to the specific information needs of
individual potential subjects as well as to the methods used to deliver the information.
After ensuring that the potential subject has understood the information, the physician or
another appropriately qualified individual must then seek the potential subject’s freely-given
informed consent, preferably in writing. If the consent cannot be expressed in writing, the
non-written consent must be formally documented and witnessed. All medical research
subjects should be given the option of being informed about the general outcome and results
of the study.
27. When seeking informed consent for participation in a research study the physician must
be particularly cautious if the potential subject is in a dependent relationship with the
physician or may consent under duress. In such situations the informed consent must be
sought by an appropriately qualified individual who is completely independent of this
relationship.
28. For a potential research subject who is incapable of giving informed consent, the
physician must seek informed consent from the legally authorized representative. These
individuals must not be included in a research study that has no likelihood of benefit for them
unless it is intended to promote the health of the group represented by the potential subject,
the research cannot instead be performed with persons capable of providing informed consent,
and the research entails only minimal risk and minimal burden.
29. When a potential research subject who is deemed incapable of giving informed consent is
able to give assent to decisions about participation in research, the physician must seek that
assent in addition to the consent of the legally authorized representative. The potential
subject’s dissent should be respected.
30. Research involving subjects who are physically or mentally incapable of giving consent,
for example, unconscious patients, may be done only if the physical or mental condition that
prevents giving informed consent is a necessary characteristic of the research group. In such
circumstances the physician must seek informed consent from the legally authorized
representative. If no such representative is available and if the research cannot be delayed, the
study may proceed without informed consent provided that the specific reasons for involving
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subjects with a condition that renders them unable to give informed consent have been stated
in the research protocol and the study has been approved by a research ethics committee.
Consent to remain in the research must be obtained as soon as possible from the subject or a
legally authorized representative.
31.The physician must fully inform the patient which aspects of their care are related to the
research. The refusal of a patient to participate in a study or the patient’s decision to withdraw
from the study must never adversely affect the patient-physician relationship.
32. For medical research using identifiable human material or data, such as research on
material or data contained in biobanks or similar repositories, physicians must seek informed
consent for its collection, storage and/or reuse. There may be exceptional situations where
consent would be impossible or impracticable to obtain for such research. In such situations
the research may be done only after consideration and approval of a research ethics
committee.
Use of Placebo
33. The benefits, risks, burdens and effectiveness of a new intervention must be tested against
those of the best proven intervention(s), except in the following circumstance, where no
proven intervention exists, the use of placebo, or no intervention, is acceptable; or where for
compelling and scientifically sound methodological reasons the use of any intervention less
effective than the best proven one, the use of placebo, or no intervention is necessary to
determine the efficacy or safety of an intervention and the patients who receive any
intervention less effective than the best proven one, placebo, or no intervention will not be
subject to additional risks of serious or irreversible harm as a result of not receiving the best
proven intervention. Extreme care must be taken to avoid abuse of this option.
Post-Trial Provisions
34. In advance of a clinical trial, sponsors, researchers and host country governments should
make provisions for post-trial access for all participants who still need an intervention
identified as beneficial in the trial. This information must also be disclosed to participants
during the informed consent process.
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Research Registration , Publication and Dissemination of Results
35. Every research study involving human subjects must be registered in a publicly accessible
database before recruitment of the first subject.
36. Researchers, authors, sponsors, editors and publishers all have ethical obligations with
regard to the publication and dissemination of the results of research. Researchers have a duty
to make publicly available the results of their research on human subjects and are accountable
for the completeness and accuracy of their reports. All parties should adhere to accepted
guidelines for ethical reporting. Negative and inconclusive as well as positive results must be
published or otherwise made publicly available. Sources of funding, institutional affiliations
and conflicts of interest must be declared in the publication. Reports of research not in
accordance with the principles of this Declaration should not be accepted for publication.
Unproven Interventions in Clinical Practice
37. In the treatment of an individual patient, where proven interventions do not exist or other
known interventions have been ineffective, the physician, after seeking expert advice, with
informed consent from the patient or a legally authorized representative, may use an unproven
intervention if in the physician's judgment it offers hope of saving life, re-establishing health
or alleviating suffering. This intervention should subsequently be made the object of research,
designed to evaluate its safety and efficacy. In all cases, new information must be recorded
and, where appropriate, made publicly available.

CIOMS Guidelines
1. Ethical justification & scientific validity of biomedical research involving
human subjects
2. Ethical review committees
3. Ethical review of externally sponsored research
4. Individual informed consent
5. Obtaining informed consent: Essential information for prospective research
subjects
6. Obtaining informed consent:
Obligations of sponsors and investigators
7. Inducement to participate in research
8. Benefits and risks of study participation
9. Special limitations on risk when research involves individuals
who are not capable of giving informed consent . . .
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10. Research in populations and communities with limited resources
11. Choice of control in clinical trials
12. Equitable distribution of burdens and benefits in
subjects in research

selection of groups of

13. Research involving vulnerable persons
14. Research involving children
15. Research involving individuals who by reason of mental or behavioral
disorders are not capable of giving adequately informed consent.
16. Women as research subjects
17. Pregnant women as research subjects
18. Safeguarding confidentiality
19. Right of injured subjects to treatment and compensation
20. Strengthening capacity for ethical and scientific review and biomedical
research
21. Ethical obligation of external sponsors to provide health-care services
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