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SAMBUTAN KETUA PANITIA PELAKSANA

Para peserta seminar dan workshop serta para undangan yang saya hormati

Saya ucapkan selamat datang dan terima kasih atas kehadiran Bapak/Ibu sekalian untuk
berpartisipasi dalam seminar dan workshop “Aplikasi Etik dan Bioteknologi pada Hewan
Coba” yang akan dimulai hari ini tanggal 4 Nopember 2011 dan akan berakhir besok
petang tanggal 5 Nopember 2011.

Puji Syukur kita panjatkan ke Hadirat Tuhan Yang Maha Esa yang atas karunia dan
izinNya seminar dan workshop ini dapat terlaksana dan Bapak/Ibu dapat datang dalam
keadaan sehat untuk mensukseskan acara kita bersama di Fakultas Kedokteran Hewan
Universitas Airlangga Surabaya.

Tujuan seminar dan workshop ini adalah meningkatkan pengetahuan dan ketrampilan
penggunaan hewan laboratorium dalam berbagai riset. Adapun luarannya adalah (1)
memberikan pemahaman etik pada hewan coba; (2) Peningkatan pengetahuan dan
ketrampilan dalam pengendalian hewan coba; (3) Peningkatan pengetahuan dan
ketrampilan dalam memberikan perlakuan pada hewan coba.

Ucapan terima kasih kami sampaikan kepada Ibu Dekan Fakultas Kedokteran Hewan
Universitas Airlangga yang telah berkenan memberikan ijin penyelanggaraan kegiatan
ini sekaligus sambutan. Terima kasih kepada Ketua Lembaga Penyakit Tropis
Universitas Airlangga atas perkenan kerjasama terkait IbIKK TDDC sebuah unit LPT
yang didirikan sebagai unit pengembangan layanan kepada masyarakat berbasis
bioteknologi. Kepada para pembicara kami sampaikan penghargaan setulusnya atas
dukungan yang diberikan demi suksesnya acara ini. Juga kepada sponsor tunggal kami
yaitu Life Science Division ITS Science Indonesia, kami sampaikan penghargaan dan
~ terima kasih atas dukungan 2 (dua) narasumber yaitu Mr. Jonathan Ward dan Mr.
Dennis Tan serta dana yang diberikan sehingga memungkinkan acara ini dapat
terlaksana. Kepada segenap panitia terutama teman-teman sejawat dari Departemen [lmu
Kedokteran Dasar Veteriner FKH-Unair, saya sampaikan terima kasih dari lubuk hati
yang paling dalam, kiranya Tuhan Yang Mahas Esa jugalah yang mampu membalas
amal ibadah kalian semua. Amin.

Akhir kata, Atas nama Panitia Pelaksana mohon maaf atas segala kekurangan yang
terjadi baik sebelum maupun selama seminar dan Workshop in berlangsung.

Salam Sejahtera,
Ketua Panitia

Dr. E. Bimo Aksono H, Drh., M.Kes
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SAMBUTAN DEKAN FAKULTAS KEDOKTERAN HEWAN
UNIVERSITAS AIRLANGGA

Assalamualaikum Wr. Wb
Selamat siang dan salam sejahtera

Terlebih dahulu marilah kita panjatkan puji syukur ke Hadirat Allah SWT karena berkat,
rahmat, hidayah dan karuniaNya pada hari ini 4 Nopember 2011 bertempat di Kampus
Fakultas Kedokteran Hewan Universitas Airlangga, kita dapat berkumpul bersama dalam
rangka Seminar dan Workshop ”Aplikasi Etik dan Bioteknologi pada Hewan Coba” .

Pada kesempatan ini perkenankan saya atas nama pimpinan dan sivitas akademika FKH
Unair mengucapkan selamat datang kepada para peserta dan penghargaan juga
disampaikan kepada panitia Seminar dan Workshop yang dengan penuh dedikasi mampu
menghimpun berbagai pihak dan menjalin kerjasama dengan IbIKK TDDC Lembaga
Penyakit Tropis Unair serta berbagai pihak untuk menyelenggarakan kegiatan ini.

Dengan tema “Aplikasi Etik dan Bioteknologi pada Hewan Coba” kita mengharapkan
agar pertemuan ini menjadi sarana komunikasi ilmiah dan barometer perkembangan etik
dan perkembangan bioteknologi pada hewan coba di Indonesia. Apalagi perkembangan
ilmu pengetahuan menuntut peningkatan kompetensi bagi para peneliti dalam
penggunaan hewan coba. Berbagai penelitian di bidang kesehatan telah banyak
dilakukan, termasuk penelitian yang menggunakan subyek manusia dan hewan dengan
berbagai perlakuan. yang penggunaannya akhir-akhir ini cenderung meningkat. Semua
hal tersebut tertuju pada arah yang sama, yaitu mencari alternatif pengobatan yang paling
praktis dan efektif. Bahkan lebih dari itu di beberapa jurnal juga mulai menggunakan
persyaratan etik sebagai bagian dari seleksi naskah yang akan dipublikasikan. Meskipun
demikian tidak semua peneliti memahami dan menguasai berbagai pengetahun terkait
hewan coba tersebut.

Akhirnya, perkenan saya atas nama pimpinan dan sivitas akademika FKH Unair sekali
lagi mengucapkan terima kasih kepada semua pihak, panitia dan sponsor yang telah
membantu bagi suksesnya pertemuan ini. Semoga Seminar dan Workshop “ Aplikasi
Etik dan Bioteknologi pada Hewan Coba” memberikan manfaat yang tinggi bagi kita
semua dan berlangsung dengan lancar. Dengan mengucapkan Bismillahirohmanirrahim,
Seminar dan Workshop “ Aplikasi Etik dan Bioteknologi pada Hewan Coba” saya
nyatakan dibuka.

Sekian, Billahi-Taufiq wal hidayah. Wass. Wr. Wb

Dekan,

Prof. Hj. Romziah Sidik B, Drh., Ph.D
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Pelindung : Prof. Hj. Romziah Sidik. B, drh, Ph.D

Penasehat : Dr.Anwar Ma’ruf, drh., M.Kes
Dr. Pudji Srianto, drh., M.Kes
Dr. Suwarno, drh., MS

Ketua : Dr. E. Bimo Aksono H, drh., M.Kes
Wakil Ketua Dr. Iwan Syahrial Hamid, drh.,MSi
Sekretaris 1 : M. Gandul Atik Yuliani, drh.,M.Kes
Sekretaris 2 Ratna Damayanti, drh.,M.Kes
Bendahara : Nove Hidajati, drh.,M.Kes

Sie Acara : Lilik Maslachah, drh.,M.Kes

Rahmi Sugihartuti, drh., M.Kes
Kadek Rachmawati., drh.,M.Kes
Rochmah Kurnijasanti, drh., M.Si

Sie Ilmiah : Prof. Dr. M. Lazuardi, drh.,M.Farm
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SUSUNAN ACARA SEMINAR DAN WORKSHOP
APLIKASI ETIK DAN BIOTEKNOLOGI PADA HEWAN COBA

Surabaya, 4-5 November 2011

Hari Pertama : 4 Nopember 2011

07.30 - 08 30 Registrasi Peserta

08.30—-09.00 | Pembukaan :
MC : Lilik Maslachah., drh., M.Kes
e Laporan Ketua Panitia
e Sambutan Dekan Fakultas Kedokteran Hewan Unair
Rehat Kopi / Break

09.30-10.30 | Materi 1 :
Transgenic Animal Models
(Mr. Jonathan Ward, AAALAC Consultan Life Science Division,
ITS Science , Singapura )
10.30-11.30 | Materi 2 :
Capital and Research Equipments
(Mr. Dennis Tan, ITS Group Business Development Director,
Malaysia)
11.30 - 13.00 Istirahat, Sholat dan Makan Siang
SESI 2
Moderator : Rohmah Kurnijasanti., drh., M.Kes.
Notulen : Ratna Damayanti., drh., M.Kes.
13.00 — 14.00 | Materi 3 :
Etik Pada Hewan _
(Dr. E. Bimo Aksono H., drh., M.Kes)
14.00 - 15.00 | Materi 4 :
Pemeliharaan, Pembiakan dan Penggunaan Hewan Coba Di
Daerah Tropis
(Prof. Dr. Kusnoto Supranianondo., drh.,MS)
15.00 - 15.30 Rehat Kopi / Break
15.30-17.00 | Sesi Praktikum
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Hari Kedua : 5 Nopember 2011

08.00' 08 30 Reglstra31 Peserta

SESI 3
Moderator : R. Budi Utomo., drh., M.S
Notulen : Tutik Juniastut.i, drh., M.Kes.
08.30 - 09.00 | Materi 5 :

Handling dan Cara Pemberian Perlakuan

(Dr. Ngakan Made Rai Widjaja., drh., MS)
00.90 —09.30 | Materi 6 :

Penyakit dan Nutrisi pada Hewan Coba

(Prof. Dr. M. Lazuardi., drh., M.Farm)
09.30-10.30 Rehat Kopi / Break
SESI 4
Moderator : Kadek Rachmawati., drh., M.Kes
Notulen : M. Gandul Atik Y., drh., M.Kes.
10.30—11.00 | Materi 7 :

Animal Model for Influenza Vaccines

( Dr. Chairul Anwar Nidom., drh., MS)
11.00-11.30 | Materi 8 :

Pengambilan Darah dan Jaringan Tubuh serta Model

Angiogenesis

(Dr. Iwan Sahrial Hamid, drh., M.Kes)
11.30-12.00 | Materi 9:
. Anesthesi dan Euthanasia

(Prof. Dr .Dewa Ketut Meles, drh., MS)
12.00-13.00 Istirahat, Sholat dan Makan Siang
13.00—16.00 | Sesi Praktikum
16.00 —16.30 | Penutup dan Penyerahan Sertifikat
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BLOOD COLLECTIONS

By:
Dr. Iwan Sahrial Hamid, drh.,M.Kes
Faculty of Veterinary Medicine, Airlangga University

IN MOUSE

It is important to select the proper method of blood collection that corresponds to
the volume required for your research purposes. Some methods are intended for survival
and others are not.
Retro-orbital Sinus Blood Collection

The retro-orbital sinus is the site located behind the eye at the medial or lateral
canthus. This venous sinus is located just underneath the conjunctival membrane. This
method is intended for survival blood collection. No more than 10% of the blood volume
should be removed at one sampling. The blood volume of a mouse is approximately 8%
of the body weight. For example, a 25 gram mouse has a blood volume of approximately
2 ml, so no more than 200 il of blood can be removed at a single bleeding without
scientific justification and approval of the Animal Care and Use Committee. Mice should
not be bled more frequently than every 3 weeks unless smaller volumes are collected.

Restrain the mouse by the scruff method. It is imperative that the mouse be
properly restrained. If the mouse is allowed to move its head, severe injury to the eye or
surrounding tissues could occur. A topical ophthalmic anesthetic must be used prior to
performing this procedure. Apply one drop of an anesthetic such as proparacaine or
tetracaine hydrochloride to the eye. Be careful not to touch the tip of the applicator to any
part of the mouse. This will cause contamination of the anesthetic. Wait 5 - 10 seconds
after the anesthetic is applied before attempting this procedure. Gently blot away excess
anesthetic with a clean gauze pad, being careful not to scratch the cornea. An alternative
to topical anesthesia for this procedure is general anesthesia. With a gentle rotating
motion, insert the tube through the sinus membrane. Continue rotating the tube at the
back of the orbit until blood flows. Collect the appropriate volume of blood. Upon

completion, ensure good hemostasis with a clean gauze pad before returning the animal
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to its cage. Be careful not to scratch the cornea with the ganze pad. To become proficient

at this technique, additional training outside the scope of this text is required.

Blood Collection Via the Lateral Tail Veins

Tail nicking is a survival procedure that can be used to collect up to 200 il of
blood from the lateral tail veins. This method must be used with caution, as when
improperly performed, permanent tail injury or amputation may occur. Warm the animal
under a heat source, being careful NOT to overheat. The temperature at the level of the
animal should not exceed 85 - 90° Fahrenheit. Place the mouse in a restrainer. Prep the
tail with 70% ethanol. Stabilize the tail with the thumb and forefinger of the hand that
will not be used to nick the tail. Using a #11 scalpel blade, gently nick the lateral tail vein
in the general area around the midline of the tail. Start at least half way down the tail so
that if there is a problem, you can nick the tail above the initial site and still obtain your
blood sample. Allow the blood to flow into an appropriate receptacle. Do not squeeze the
tail or attempt to milk blood from the tail. This may cause tissue damage and

contamination of the blood sample with tissue fluids.
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Intracardiac Puncture

Intracardiac puncture must be performed under deep anesthesia and is considered
a nonsurvival procedure. Once the mouse is deeply anesthetized, prep the ventral chest
area with 70% ethanol.When an appropriate volume has been collected, ensure good
hemostasis with a dry, sterile gauze pad, surgical glue or silver nitrate. Insert the needle at
the base of the sternum, bevel up, into the thoracic cavity at a 15 - 20° angle directed just
to the left of the midline. Aspirate slowly. If blood starts to flow into the syringe,
continue to aspirate with steady, even pressure. If no blood is seen, reposition the needle
and attempt aspiration. Once the required blood volume is collected, the mouse is
euthanized while still deeply anesthetized. Up to one milliliter or more-of blood may be
collected from an adult mouse using this method. Alternatives to the methods described
here include collecting blood from the saphenous vein. A description of this method can

be found in the reference section.

IN RABBITS

Intravenous administration of con;lpounds is mostly commonly done via the
marginal ear vein. Most rabbits must be sedated for this procedure. The hair over the vein
should be carefully clipped. The vein can be dilated by applying methylsalicylate or
warm water or by occluding the vessels at the base of the ear. Carefully insert the needle -
with the bevel facing up and parallel to the vessel - into the vein and slowly inject the
compound. If the vessel blanches or clears of blood, the material is going intravascularly.
If a bleb forms at the injection site, the material is not going into the vessel. Following

injection and removal of the needle (23-gauge, butterfly catheter), gentle pressure should
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be applied with dry gauze for 1 to 2 minutes to prevent hematoma formation. If a
vasodilator is used, clean the area with water to avoid skin irritation. Other less common
sites include the lateral saphenous and external jugular veins.

The auricular artery is often used to collect blood samples in rabbits. It can easily
be seen on the dorsal surface of the ear in the center between the two marginal ear veins.
As a general rule, it is safe to withdraw about 20% of an animal’s blood volume at
weekly intervals (blood volume in liters = 6% of body weight in kilograms). Animals in
which larger quantities of blood are removed should be monitored frequently to ensure
that the animal is replacing its blood components. As for IV injections, rabbits should be
sedated beforehand. Hair on the ear should be gently clipped. The vessel may be dilated
by applying warm water or methylsalicylate solution to the skin overlying the vessel.
Using a 23-g butterfly catheter or 21-gauge needle with the hub removed, one can easily
collect up to 30cc of blood at one time. The needle should be inserted with the bevel
facing up and oriented parallel with the artery only a few millimeters. After removing the
needle, apply firm pressure to the artery to avoid hematoma formation.; then, if
methylsalicylate was used, wash the ear completely to avoid damage to the skin.

Cardiac Puncture - To collect large samples of blood, cardiac puncture can be
performed, but only on a fully anesthetized animal and as a terminal procedure. This
technique is commonly used for exsanguination of rabbits that are used for polyclonal
antibody production. The anesthetized rabbit is placed on its back and a 20- or 22-g
needle with syringe or similar sized vacutainer needle is placed through the abdominal
wall, lateral to the xiphoid process. The needle is angled 10-30° above the horizontal
plane and slowly advanced. Once the heart is contacted, you will feel the syringe move

with the beating of the heart. Between 90 -120cc of blood can usually be obtained with

this technique.
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Necropsy of the Mouse

1. Subcutaneous

The presence of a glossy, gelatinous and clear liquid filled subcutaneous space
confirms the diagnosis of oedema, Small, more or less numerous, haemorrhagic petechia

can moreover be observed more frequently in mice affected by an infectious disease.

2. Superficial and deep lymph nodes

In normal conditions, the lymph nodes of the mouse are easily detectable. They

are numerous, of variable size in different strains of animals, greyish, and shaped as a

small pea or bean.

R 7
/—-\ /
7

tﬁ,ﬁ-\%‘c-
3

Opening of the mouse skin: external examination of subcutaneous tissues, = muscles,
lymph nodes and mammary glands

3. Spleen

The spleen is an organ of predominantly lympho-erythropoietic function. The
parenchyma of this organ contains: a) a tissue with erythropoietic function called red
pulp, constituted by vessels and cords of various types of red cells (haemocytoblasts,
erythrocytes, leukocytes, megakaryocytes); b) a lymphoid tissue called white pulp.

The spleen is situated in the left superior abdominal quadrant; it has a lengthened, oval,
slightly curved shape. In a young-adult mouse the spleen measures approximately 15
millimetres in length, 3 millimetres in width, 2 millimetres in thickness. Its average

weight is approximately of 100 mg.

86



Seminar dan Workshop Nasional "Aplikasi Etik dan Bioteknologi pada Hewan Coba” Surabaya, 4- 5 Nopember
2011. Diselenggarakan oleh Fakultas Kedokteran Hewan dan IbIKK TDDC Lembaga Penyakit Tropis Unair

Spleen extraction

3. Pancreas

The glandular pancreatic tissue in the mouse is completely enclosed in the
mesenteric adipose tissue and does not appear as true compact organ as in the human
being. Frequently, in the old animals, the pancreas is atrophic, because it is completely
lacking in acini. The atrophy of the pancreas can also be the consequence of a chronic
pancreatitis or nodular polyarteritis. In some cases, the pancreatic ducts can be found
enlarged as cysts due to stenosis of the pancreatic duct, and its rupture may cause a

disease such as fat necrosis (steatonecrosis).

4. Liver and biliary ducts

The liver is a large glandular organ which occupies a a large portion of the
abdominal cavity of the mouse. With its superior convex surface, the liver adheres to the
diaphragm, while its inferior concave surface is in contact with the stomach and the
duodenum. The liver has four large lobes which join themselves in the dorsal region
around the hilum. It can be distinguished a median lobe, two lateral (one right and one
left), and one caudal lobe, subdivided into dorsal and ventral half. A thin transparent

capsule, called the Glisson capsule, covers the organ. At the macroscopic examination,
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the cut surface shows a granular aspect due to a typical lobular structure. In fact, the
lobules constitute the most important entity of the liver and they are composed by several
cords of epithelial cells, arranged in a radial pattern around a vessel. The normal colour
of the liver is dark-reddish. The liver is hard, but friable when one exerts pressure on the
parenchyma. The weight of the liver is of approximately 1.34 g in a mouse of three

months of age.

Stomach and gut extraction Liver extraction

The cholecyst, also called gall bladder, is visible on the inferior surface of the organ
where it appears like a small a bag of a few millimetres in diameter. The bile, produced
by the liver, reaches the gall bladder via the hepatic duct, where it is concentrated; the

bile reaches the intestine through the cystic and the common bile ducts.

5. Urinary apparatus

The urinary apparatus consists of kidneys, ureters, bladder and urethra. The
variation in dimensions or position of these organs might be easily appreciated by
comparing the two kidneys. In fact, the right is usually larger and heavier that the left
one, and it is also positioned more cranially. The weight of the right kidney is
approximately 210 milligrams, and that of the left is 200 milligrams. The kidneys show a
hard compact consistency, and a reddish colour that sometimes turns to yellow. The

ureters are two thin small ducts that connect the kidneys to the bladder. Their main
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function is to allow the urine, produced by kidneys, to be collected in the bladder. The
ureters end up separately in the posterior part of the bladder, close to the neck. The
bladder appears as a small oval bag, covered by a thin greyish wall, and lies in the
anteromedial area of the abdominal cavity. In its inferior part, this bag shrinks and

continues in the neck and then in the urethra.

Kidney and ureter extraction Uterus Removal

6. Female genital apparatus

The genital apparatus of the female mouse includes the uterus, the ovaries, the
oviducts and the vagina. The uterus is formed by a tubular median part (body of the
uterus) and two lateral formations (lateral horns). The caudal part of the uterus body is
called the neck. The uterus is found in the inferior part of the abdominal cavity and
adheres to the posterior wall of the abdomen. In particular, the body of the uterus is
placed anteriorly to the urinary bladder and is covered by a serosa adherent to the
posterior wall of the abdomen. In normal conditions the colour of the organ is greyish.
The ovaries lie close to the inferior pole of the kidneys and are tied to the posterior wall
of the abdomen by means of the mesovarium. They are small bilateral spherical organs
with smooth surfaces. During the period of the sexual maturity, the ovaries assume a

nodular aspect due to the presence of follicles and corpora lutea.
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Beyond their role as endocrine glands, the ovaries have the fundamental function of
production of the oocytes that, once expelled, pass into the uterus through the oviducts,
and there are fertilized. The oviducts are two tight and small tubes, wrapped around
themselves as a ball; they connect the ovaries to the horns of the uterus. Finally, the
vagina is a short channel that begins from the neck of the uterus and ends externally in
front of the anal opening. In the abdominal cavity, the vagina lies in front of the rectum

and behind the urethra.

7. Lungs and heart

The lungs are two large organs of the thoracic cavity and are composed of lobes.
The right lung of the mouse, like that of all other small rodents, is larger than the left one.
This is due to the fact that the heart occupies, with its diameter, the greater part of the left
thoracic cavity. While the right lung is composed of four lobes (the superior, the mean,
the post-caval, and the middle), the left lung shows a single lobe. In normal conditions,
the colour of the lung depends on the amount of air and blood present, usually it is pale
rose-coloured. The lungs are elastic and have a spongy consistency. A thin and
transparent serosa membrane, called visceral pleura, covers the lungs. At the level of the
median wall, in proximity of the hilum of the lung, the pleura is reflected and covers the
inner wall of the thoracic cavity and then becomes the parietal pleura. A thin space is
present between these two membranes (pleural cavity).

The heart has a pyramidal triangular shape, with its greater axis oriented
obliquely to the left. It is divided, by the septum, in one left and one right half with no
communication between them. An atrium and a ventricle form each half of the heart. The
blood from the atrium goes into the ipsilateral ventricle and then into the circulation,
either pulmonary on the right hand side or systemic on the left. The atrioventricular
canals are supplied with a valve that allows the blood to flow from the atrium to the
ventricle, but not vice versa. The tricuspid valve lies between the right atrium and the

ventricle; the bicuspid valve is found between the left atrium and the ventricle. T
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Through the vena cava, the non-oxygenated blood arrives in the right atrium and
then passes in the ipsilateral ventricle. Through the pulmonary artery, the blood reaches
the lungs where it is oxygenated, and it returns to the left atrium, through the pulmonary
veins; then it goes into the ipsilateral ventricle and finally it is distributed to all regions of
the body through the aorta.

In the mouse, the length of the apical-basal diameter of the heart is of approximately 9
millimetres, while its transverse diameter, at the level of the ventricles, is approximately
5-6 millimetres. A serosal membrane called the pericardium covers the heart; the heart is

of reddish colour and weighs around 130mg,.

Lungs and heart observatio

ANGIOGENESIS MODEL

Angiogenesis Mechanism
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Diseased or injured tissues produce and release angiogenic growth factors.

The angiogenic growth factors bind to specific receptors located on the
endothelial cells (EC) of nearby preexisting blood vessels.

Once growth factors bind to their receptors, the endothelial cells become activated.
Signals are sent from the cell's surface to the nucleus. The endothelial cell's

machinery begins to produce new molecules including enzymes.

Enzymes dissolve tiny holes in the basement membrane surrounding all existing
blood vessels.

The endothelial cells begin to divide, and they migrate out through the

dissolved holes of the existing vessel

Specialized molecules called adhesion molecules, or integrins (avb3, avb5) serve

as grappling hooks to help pull the new blood vessel sprout forward.

. Additional enzymes (matrix metalloproteinases, or MMP) are produced to dissolve

the tissue in front of the sprouting vessel tip in order to accommodate it. As the

vessel extends, the tissue is remolded around the vessel.

Sprouting endothelial cells roll up to form a blood vessel tube.

9. Individual blood vessel tubes connect to form blood vessel loops that can circulate

blood.

10. Finally, newly formed blood vessel tubes are stabilized by specialized muscle

cells (smooth muscle cells, pericytes) that provide structural support.

Chemical stimulation of angiogenesis is performeg
by various angiogenic proteins, including several 0

Stimulator

EGE
VEGE : Affects permeability
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cphrin Determine formation of arteries or veins
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The fibroblast growth factor (FGF) family with its prototype members FGF-1 (acidic
FGF) and FGF-2 (basic FGF) consists to date of at least 22 known members' Most are 16-
18 kDa single chain peptides. aFGF (FGF-1) and bFGF (FGF-2) are important players in
wound healing. They stimulate the proliferation of fibroblasts and endothelial cells that
give rise to angiogenesis and developing granulation tissue, both increase blood supply
and fill up a wound space/cavity early in the wound healing process. FGF-2 is a more

potent angiogenic factor than VEGF or PDGF (platelet-derived growth factor), however,

less potent than FGF-1.

The principal methods now in use:

Most studies of angiogenesis inducers and inhibitors rely on various models, both in vitro
and in vivo, as indicators of efficacy. In this report we describe the principal methods now
in use: the in vivo Matrigel plug and corneal neovascularization assays, the in vivo/in
vitro chick chorioallantoic membrane (CAM) assay, and the in vitro cellular (proliferation,
migration, tube formation) and organotypic (aortic ring) assays. We include description of

two new methods, the chick aortic arch and the Matrigel sponge assays.

The Chick Embryo Chorioallantoic Membrane (CAM)

The CAM is an extraembryonic membrane formed on day 4 of incubation by fusion of
the chorion and the allantois. Since it mediates gas exchanges with the extraembryonic
environment until hatching, it has a very thick capillary network that forms a continuous
surface in direct contact with the shell. Rapid capillary proliferation continues until day
11; the mitotic index then

declines just as rapidly, and the vascular éystcm attains its final arrangement on day 18,

just before hatching.
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