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Introduction

Type II intrauterine growth retardation
(IUGR), seen in the growth restricted human
fetus, s characterised by asymmetric
growth. In this condition body weight 1s al-
fected more than length. and the brain and
heart are developed at the expense of the
abdominal organs (Evans & Lin 1984). A
number of animal models of [TUGR have
been developed using the sheep and labora-
tory rodent, in which growth retardation is
induced by a reduction of the placental
blood supply, achieved by uterine artery
ligation (Wigglesworth, 1964, Lafeber 1981,
Jansson et al. 1986, Carier & Detimer 1990),
placental embolization (Creasy et al. 1972,
Clapp et al. 1984) or carunclectomy (Alex-
ander 1964, Robinson et al. 1985, Owens et
al. 1986).

Much recent research on IUGR has used the
guinea pig model developed by Lafeber
(1981). If the uterine artery is ligated early in
pregnancy (30-32 days), some of the sur-
viving fetuses have their growth retarded.
An important feature of this model is the
asymmetric growth of the fetus with the
typical brain sparing pattern, resembling the
type I TUGR human fetus.

The number of guinea pigs included in pub-
lications on [UGR is low when compared to
the number allocated for study. A large part
of the loss is due to unsuccesstul outcome of
the uterine artery ligation (Lafeber 1981).
When combined with a complex sequence of
surgical procedures, fetal/experimental loss
is compounded. For cxample, Jansson &
Persson (1990) ligated the uterine artery in

135 animals but only 14 % ended as success-
ful experiments.

We have addressed the issue of whether the
number of animals used can be reduced by
taking account of factors that may influence
the outcome of uterine artery ligation. Fac-
tors considercd were day of pregnancy at
ligation, the ligation technique and maternal
weight on the day of ligation.

Materials and methods

Animals: Guinea pigs of outbred stock
(Ssc:AL), were housed under controlled en-
vironmental conditions (21 + 1°C, 55 =
5% relative humidity and a 12 hour light/
dark cycle) and given free access to a guinea
pig mainicnance diet (Altromin 3120) and
tap water. Selenium/vitamin E and vitamin
C were added to the tap water each time the
water bottle was changed. The animals were
kept in Macrolon®-IV cages on beechwood
shavings that were changed three times a
week, at which time they also were given
autoclaved meadow hay.

The female guinea pig usually has a regular
estrous cycle with a mean interval between
ovulations of 16 days at 10-12 weeks of age,
at which time body weight is about 500
grams. Two females and one male were
housed together. Pregnancy was determined
by daily inspection of the vaginal membrane
as described by Elvidge (1972). Day 0 of
pregnancy was defined as the first day on
which the vaginal membrane was fully open.
Mating usually occurs on the following day
(Reed & Hounslow 1971).



Scand. J. Lab. Anim. Sci. No. | , 1992, Val. 19

Surgical technique. At day 29-33 of preg-
nancy the guinea pigs were anaesthetized
using xylazine 4 mg/kg bw and ketamine 60
me/kg bw (Rompun® and Ketalar®). Xyla-
zine was administered either sc or im and
ketamine given either ip or sc. In our expe-
rience subcutaneous administration of these
drugs is less traumatic for the animal. Atro-
pine 0.05 mg/animal was used as premedi-
cation to reduce airway secretion, The skin
of the lower abdomen was clipped, treated
with 70 % cthanol and wrapped with plastic
film. If necessary the skin was infiltrated
with 1% lidocaine (Xylocain®). Access Lo
the lower abdomen was gained though a 2
cm midline incision caudal to the umbilicus.
The mesometrial fat pad of one uterine horn
was exposed, lifted and turned and the ute-
rine artery or the uterine artery and vein
embedded in it were ligated from the dorsal
side with surgical silk at the level of the cer-
vix (sce fig. 1). This could be done without
disturbing the opposite horn. Finally 1-2 ml
of sterile physiological saline solution was
instilled before closing the abdominal wall
in 2 layers (fascia and skin) with continuous
stitching. Aseptical technique was used
throughout the operation, which lasted
10-15 minules. During the postoperative pe-
riod the animals were kept under an infrared
lamp. The guinea pigs were fully awake and
could be returned to their cages after 2-3
hours.

Methods: The data used in this study were
collected from 3 periods of rescarch in [ctal
physiology (Carter & Detmer 1990, Detmer
et al. 1991 and in preparation). A total num-
ber of 235 pregnant guinea pigs was used.
We included guinea pigs with at least one
normally grown fetus in the control horn
and/or a fetus showing retarded growth in
the horn on the ligated side. A growth re-
tarded fetus was defined as a fetus from the
ligated side with a brain/liver weight ratio of
> 0.85. The liver was weighed with the gall
bladder intact, the brain was cut loose from
the spinal cord, so that it included the me-
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dulla oblongata. Natural runts were not in-
cluded (in our animals they were not com-
mon). For bilateral pregnancies, the mean
weight of fetuses from the control horn was
used as a reference [or fctuses from the liga-
ted horn. For unilateral pregnancies, the
mean weight of the control [ctuses for that
day of pregnancy was used as a reference.
We made note of fetuses that were wholly or
partially resorbed and distinguished between
these and fetuses that had continucd to grow
afler vessel ligation yet died before the final
examination.

On the day of ligation the following were
noted: maternal weight, position of the liga-
ture (right or left, artery + vein or just ar-
tery), date of ligation and day of pregnancy.
Additional information was registered on
the day of the subsequent experiment: day of
pregnancy, maternal weight, fetal and pla-
cental weights, fetal location in the ute-
rus, and brain and liver weights of all fetuses
on the ligated side. The site of the ligaturc,
and its success or failure, were also checked.

Statistics: For slatistical calculations the
normal test for comparing two proportions
or the Student’s t-test were used (Kirkwood
1988). The outcome of ligating on difterent
days was tested using Fisher’s exact test.
Significance was accepted at the 5 % level (p
< 0.05).

Results
The 235 pregnant animals included 187 bi-
lateral and 48 unilateral pregnancies. The

Tuble 1. Overall results of uterine artery or utc-
rine artery and vein ligation at day 29-33 of preg-
nancy. The terminal experiment was performed
on day 60-64,

Fetal outcome Number of %
per experiment animals

No surviving fetuses 80 34
No IUGR fetuscs 56 24
One/several IUGR fetuses 99 42
Total number of animals 235 100
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Figure 1. Uterine artery and vein supplying the
right uterine horn of a guinea pig of the 30th day
of pregnancy. To provide intrauterine growth rc-
tardation. the artery, with or without the accom-
panying vein, was ligated at the level indicated by
the forceps. The procedure was performed
through a small incision in the abdominal wall
and did not require exteriorization of the uterus.
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vessels supplying the left horn were ligated
in 120 of the bilaterally pregnant animals.
Twenty-three of the unilateral pregnancies
were in the left horn. The overall results of
ligating the uterine artery or the uterine ar-
tery and vein are presented in table 1. In
42 % of all guinea pigs used, a growth retar-
ded fetus was available for experiment.

There was a significant difference (p <
0.002, normal test) in thc outcome of liga-
tion (irrespective of ligation technique) be-
tween unilateral and bilateral pregnancies.
The 48 ligations in unilateral pregnancies
gave 21 % with I[UGR fetuses compared to
48 % for bilateral pregnancics. The differ-
ence between ligating just the artery or both
artery and vein was significant (p < 0.01,
normal test) in bilateral pregnancies but not
in unilateral pregnancies. However, the
number of unilateral pregnancies was small.
In fig. 2 the influence of the ligation techni-
que on the outcome of the experiment is
presented graphically. The artery and vein
were ligated in a total of 142 animals preg-
nant in both horns; in 45 % of these experi-
ments, all fetuses on the ligated side were
resorbed, whercas in 42 % at least one
IUGR fetus was available for experiment.
When just the artery was ligated, all fetuses

Table 2. Fetal outcome following ligation of the uterine artery alone or to-
gether with the accompanying vein in bilateral and unilatcral pregnancies.
Guinea pigs were operated on day 29-33 and the terminal experiment perfor-

med on day 60-64.

Tetal outcome Bilateral Unilateral Total

per experiment pregnancies pregnancies

A. Ligation of uterine artery alone

All dead 3 (7 %) 0 (0 %) 3 (5 %)
No IUGR fetuses 13 (29 %) 8 (62 %) 21 (36 %)
One/several IUGR fetuses 29 (64 %) 5 (38 %) 34 (59 %)
Total 45 (100 %) 13 (100 %) 58 (100 %)
B. Ligation of uterine artery and vein

All dead 63 (45 %) 14 (40 %) 77 (43 %)
No IUGR fetuses 19 (13 %) 16 (46 %) 35 (20 %)
Qne/several IUGR fetuses 60 (42 %) S5 (14 %) 65 (37 %)
Total 142 (100 %) 35 (100 %) 177 (100 %)
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Figure 2. Influence of the ligation technique on fetal outcome following uterine artery ligation analyzed
by experiment in unilateral and bilateral pregnancies. Guinea pigs were operated on day 29-33 and the
terminal experiment performed on day 60-64.

on the ligated side were resorbed or dead in Outcome by maternal weight is shown in
7 % of the guinea pigs whilst 64 % had at table 3. There was a significant (p < 0.03,
least onc IUGR fetus. For unilateral preg- normal test) difference between animals
nancies, ligating the artery alone gave no weighing less than 600 grams and animals
experiment in which all the fetuses had weighing more than 600 grams in the pro-
died and 38 % of the animals had an IUGR portion of animals with al least one TUGR
fetus. Ligating both artery and vein in uni- fetus.

lateral pregnancies pave 40 % where all the We also analyzed our data for seasonal dif-
fetuses died and 14 % with IUGR fetuses. ferences. The percentage of IUGR fetuses

Table 3. Fetal outcome [ollowing uterine artery or uterine artery and vein
ligation in guinea pigs weighing morc or less than 600 grams on the day of
ligation. Guinea pigs were operated on day 29-33 of pregnancy and the ter-
minal experiment performed on day 60-64.

Malternal weight in grams

Fetal outcome

per experiment < 600 grams > 600 grams Total
All dead 13 (47 %) 67 (32 %) 80
No IUGR fetuses 9 (32 %) 47 (23 %) 56
g)lle/’seV'era] IUGR fetuses 6 (21 %) 93 (45 %) 99
Total 28 (100 %) 207 (100 %) 235
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Table 4. Fetal outcome following uterine artery or uterine artery and vein ligation analyzed by day of liga-
tion. Guinea pigs were operated on day 29-33 and the terminal cxperiment performed on day 60-64.

Day of ligation

Fetal outcome

31 32 33

per cxperiment 29 30 Total
All dead T@4%)  19Q27%)  24(37%) 16 (50 %) 0 66
No TUGR fetuscs 3 (19 %) 11 (16 %) 14 (22 %) 4 (12 %) 0 32
One/several IUGR [eluses 6 (37 %) 40 (57 %) 26 (41 %) 12 (38 % S (100 %) 89
Total 16 (100 % T0(100%) 64 (100%) 32 (100 %) S (100 %) 187

With Fisher’s cxact test the proportions of IUGR fetuses on the different days of ligation were each com-

pared to day 30. The differences were not significant.

among the survivors was 60 % (32/54) in
Spring and 85% (57/67) during the Au-
tumn. The difference was significant (p <
0.005, normal test).

The statistical analysis of outcome by day of
ligation for bilateral pregnancies (table 4)
revealed no significant difference (Fischer’s
exact test) in the number of animals with at
Icast one ITUGR fetus on days 29 or days
31-33, when each day was compared with
day 30.

The fctal weight/placental weight ratios
were calculated for all surviving fetuses on
days 60 and 62. No significant difference in
this ratio was found between fetuses in the
control horns and those on the ligated side,
between control fetuses and thosce defined as
IUGR, or between IUGR fetuses and fetuses
from the ligated side that did not satisfy our
definition of IUGR (Student’s t-test).

Discussion

Definitions of IUGR vary greatly. In pedia-
tric medicine, 2 SD below normal weight or
less than the 10th percentile for gestational
weight at birth is often used (Lin & FEvans
1984). Not all children classified as small for
gestational age (SGA) are growth rctarded
(Vilbergsson 1991); some of the SGA babies
are small but well proportioned and thus not
included in type Il IUGR. In this guinea pig
model of IUGR we define a growth retarded
fetus as one on the ligated side with a brain/
liver weight ratio = 0.85. Lafeber (1981)
reported growth retardation, defined as at

least one live fetus with < 60 % of the nor-
mal body weight, in 30 % of the 372 guinea
pigs that were operated. If we had used La-
feber’s (1981) definition of IUGR we would
have classified 28 % as successful, whereas
with one of Jansson’s (1990) criteria (<
80 % of mean bw) 48 % would have been
usable. The easiest way to achieve higher
numbers of TUGR pregnancies is to change
the definition of IUGR. However, we feel
our definition of IUGR is optimal since it
ensures that only growth retarded fetuses
with asymmetric growth are included in a
study. Human type IT ITUGR is typified by
asymmetric growth and therefore we find it
of questionable value to include fetuscs
lacking the typical brain sparing feature.

In our experience guinea pig fetuscs close to
the cervix arc more prone to resorption than
fetuses implanted at the tubal end. If there
werce scveral fetuses on the ligated side, the
largest one was usually at the ovarian end of
the uterine horn (36 of 42 bilateral pregnan-
cies with > 1 surviving fetus, 86 %). In
Wigglesworth’s (1964) rat cxperiments, fetu-
ses close to the ligature died, and those at
the ovarian end were largely unaffected,
whereas the fetuses in the midsection of the
horn exhibited various degrees of IUGR.
Thus, fetuses implanted at the ovarian end
of the ligated horn have a greater chance of
surviving the ligation.

The site of implantation is an important fac-
tor, but not one that the experimentator can
control. This applics also to unilateral preg-
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nancies. The discouraging results in out-
come of uterine artery and vein ligation in
unilaterally pregnant animals are particular-
ly noteworthy. Ligating the artery alone in
unilaterally pregnant animals yielded a
higher number of survivors, but many of
them were too large to satisfy our definition
of IUGR. To save animals it is better to
identify unilateral pregnancies (this is easily
done by palpation from the outside before
the ligation procedure), and use them as
sham operated controls or allocate them to a
parallel project that requires only normally
grown [ctuses.

Each horn of the guinea pig uterus is sup-
plied by a uterinc and an ovarian artery
(Egund & Carter 1974). Total blood flow to
the uterus increases 15-20 fold during preg-
nancy in the guinea pig (Hart et al. 1985),
and if the supply from the ovarian artery
can be increased to an even greater extent,
this will partly compensate for ligation of
the uterine artery. We saw a significant dif-
ferencc in fetal outcome with respect to liga-
tion technique, in that all fetuses were resor-
bed or dead in 43 % of experiments where
both artery and vein were ligated compared
to 5 % when only the artery was ligated (uni-
lateral and bilateral pregnancies pooled).
This suggests that, in the acute phase imme-
diately following uterine artery ligation, the
ovarian artery has a better chance of main-
taining blood flow when the venous drainage
is left undisturbed. Once the new pattern of
circulation has been cstablished, the pre-
sence or absence of a uterine vein makces no
difference to the incidence of TUGR fetuses.
This interprelation is in accordance with our
observation that the proportion of fetuses
that die later in gestation was similar in both
groups (7-8 %).

It should be noted that many fetuses on the
ligated side (especially in unilateral pregnan-
cies) were too large to satisfy our definition
of IUGR after ligation of the uterine artery
alone. Moreover, it is often rather difficult
to ligate just the artery without disturbing
the vein, since the artery is in close apposi-
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tion to, and interwoven with, the uterine
vein. Therefore, we recommend ligating the
artery alone when this is possible without
traumatizing the fat pad, otherwise both ves-
scls should be ligated.

The analysis by day of ligation does not give
any reason to change the standard procedure
of performing the uterine artery ligation on
day 30 of gestation. It would. however, be
interesting to see a follow-up study on the
outcome of uterine artery ligation later than
day 32 of gestation, since the 5 animals
operated on day 33 of pregnancy all had a
growth retarded fetus.

The mother’s weight at the time of mating 1s
important. There was a significant difference
in outcome between guinea pigs weighing <
600 grams on the day of ligation and those
that had attained a weight > 600 grams. We¢
conclude that mating should not start until
the female guinea pig weighs > 500 grams.
The male guinea pig reaches sexual maturity
later than the female and should be corres-
pondingly larger, about 600 grams.

The unaltered fctal weight/placental weight
ratio for the IUGR fetuses in this and pre-
vious studies (Jansson & Persson 1990) is in
accordance with data for the growth retarded
human infant at the time of dclivery (Ny-
lund et al. 1983).
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Summary

In a retraspective study the outcome of uterine
artery or uterine artery and vein ligation in 235
prcgnant guinea pigs was reported. The aim of the
study was to reduce the number of animals used in
studies of ILGR, by identifying factors influencing
the outcome of uterine artery ligation that could
easily be changed. Differences in outcome by liga-
tion technique, day of ligation and maternal
weight on day of ligation were analyzed. Ligating
only the artery gave better results in bilateral preg-
nancies, and animals with bilateral pregnancies
had [UGR fetuses morc often than unilaterally



pregnant animals. No significant difference in
number of IUGR fetuses per experimental animal
between different days of ligation (29-33) was
scen. Betler results were obtained with animals
weighing > 600 grams at the time of ligation.

Sammanfatning

Utfallet av underbindning av arteria uterina pé
235 driktiga marsvin analyserades i en retrospek-
tiv undersdkning. Syftet med undersGkningen var
att minska antalet djur som anvédnds i forskning
om tillvAxthimning. Detta genom att identifiera
dandringshara faktorer som paverkade utfallet.
Skillnader mellan ligeringsteknik och tidpunkt f&r
ligering liksom skillnader av moderns vikt pa lige-
ringsdagen undersOkles. Att ligera endast artdren
gav bittre resultat vid dubbelsidiga driktigheter.
Djur driktiga 1 bdda horn hade TUGR foster oftare
dn enkelsidigt driktiga djur. Ingen signifikant
skillnad 1 antal erhallna TUGR foster vid ligering
pa olika driktighetsdagar (29-33) sdgs. Biiltre
resultat erholls med djur som vigde > 600 gram
vid tidpunkten tor ligeringen.

Yhteenveto / K. Pelkonen

Tassd retrospektitvisessd (yossid selvitettiin koh-
tuvaltimon ja toisaalla sekd kohtuvaltimon ettd
kohtulaskimon sitomisen vaikutuksia 235:114 kan-
tavalla marsulla. Tutkimuksen tarkoituksena oli
vihentdd kasvun vihentvmisen tutkimiseen kiy-
tettdvien eldinten madrdad tunnistamalla nc val-
timositomisen vaikutuksiin liittyvit tekijit, joihin
voidaan helposti vaikuftaa. Tydssd selviteltiin si-
tomistekniikan, sitomisajankohdan ja emon pai-
non atheuttamia eroja. Molemminpuolisessa tii-
nehtymisessi valtimonsitominen antoi parhaat tu-
lokset ja ndissd eldimissd poikasissa havaittiin kas-
vun hidasturmista useammin kuin toispuoleisesti
tiineissd clédimissd, Sitomispdivd ei vaikuttanut
kasvussa hidastuneiden poikasten miairdin vililla
29-33 péivid. Parempia tulkosia saatiin eldimissi,
joiden paino oli sitomishetkelld yli 600 g.
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SCANBURS PRIS
FOR TEKNISK PERSONALE

Dommerkollegiet har nu afsluttet sin be-
demmelse af ansogningerne og det indsendte
materiale vedr. Scanburs pris 1991. Et fler-
tal voterede til fordel for Lennart Kurland.
Kgbenhavn, som fik overrakt prisen pé
DKK 5.000 ved en reception hos Scanbur
A/S d. 18. december 1991.

Der var enighed om, at det indscndte mate-
riale generelt var af meget haj kvalitet, men
meget forskelligt. Besvarelserne kan inddeles
1 2 grupper og navnes her i tilfeldig rekke-
folge, idet dommerkollegiet og Scanbur A/S
finder anledning til at takke og uddele ros til
alle deltagerne for c¢n kvalificeret indsats.

Praktisk anvendelse.

Vicki Winslev, Biomedicinsk Lab. v/ Oden-
se Universitet: "Forslag il forbedring af
marsvin og kaniners burmiljs™.

Ole Serensen, Patologisk Inst. v/ Aalborg
Sygehus: ”Plasmaferering af kanin”.

Eigil Frank, Levnedsmiddelstyrelsen, Sg-
borg: "Vejeprogram dyrvej 907",

Teoretisk anvendelse:

Lennart Kurland, Panuminst., Kebenhavn:
"Pmn-NMRI musenes avlsplan™.

Pcter Jensen & Eva S. K. Krgyer, Novo-
Nordisk A/S, Gentofte: “Effektvurdering af
temgesic? pa ascitesproducerende mus”.

SCANBUR A/S udskriver hermed konkur-
rencen om prisen for 1992 pid DKK 5.000.
Der enskes ansegninger fra dyreteknikere,
som gennem nytenkning, produkiudvikling
eller pa anden mdde har bidraget til forbed-
ring af bure og bursystemer sdledes, at dyre-
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nes milio er klart forbedret samtidig med, at
der kan opretholdes en rationel drifi i dyre-
afdlelingen.

En kortfattet ansogning med en beskrivelse
af projektet, evt. bilagt tegninger og referen-
cer, indsendes senest [. oktober 1992 til for-
manden for bedemmelseskomiteen, Hans-
Jorgen Skovgaard, Dyrcafdelingen, Panum
Instituttet, Blegdamsvej 3, DK-2200 Kaben-
havn N. (TIf. +4531350307). Yderligere
oplysninger kan indhentes fra Hans-Jorgen
Skovgaard cller Henrik Mellegaard, Scanbur
A/S. (TIf. +45 53 8202 21).

SCANBUR'S AWARD
FOR ANIMAL TECHNICIANS

The 1991 award was won by Lennart Kur-
land, Copenhagen, Dcnmark, for his paper
entitled: “"Breeding Plan of Pmn-NMRI Mi-
B

SCANBUR A/S invites you to compete for
the 1992 award, DKK 5.000 if you are an
animal technician who — through innovative
thinking, product development or otherwise —
has coniributed to improving cages and cage
systems with a view to animal welfare with-
oul compromising the rational operation of
the animal department.

A brief application with a description of
the project, maybe including drawings and
references, must reach the chairman of
the Jury, Mr Hans-Jergen Skovgaard. Direc-
tor, D.V.M., The Panum Institute, Blcg-
damsvej 3, DK-2200 Copenhagen N. (Tel.:
+4531350307) by Ist October, 1992. For
further information, please contact Hans-
Jorgen Skovgaard or Henrik Mollegaard,
Scanbur A/S. (Tcl.: +45 53 8202 21).



