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Wetenschüt

5. Wetenschappelijke onderbouwing
Infarct Rupture is a iife threatening complication of Ml and cause of death that occurs within the
first week after M! (Julian, 1991), (Pretre, et al., 2000). Infarct rupture accounts for 10% of the
mortality from acute M! (Reeder, 1995) and is most frequent in the left ventricular wail, leading to
cardiac tamponade and instant death (Antman & Braunwaid, 1997). The matrix metalloproteinases
(MMPs), a group of extracel lular matrix (ECM) degrading proteins thai contain 28 known proteins
are of major importance in the process of the ECM degradation in a variety of cardiovascular
diseases, including rupture and remodeling of the heart tissue post-MÏ (Creemers, et al, 2001).
Severa! studies have investigated the role of MMPs in the development of infarct rupture following
ML The up-regulation of MMP-2, MMP-8 and MMP-9 is believed to be of major importance in
cardiac rupture occurrence after myocardial infarction (Hayashidani, el al., 2003), (Matsumura, et
al., 2005), (van den Borne, et al., 2009a). After Ml occurs, inflamrnatory celis infiitrate the infarct
area. The presence of neutrophils correlates to an increase in MMP-9 levels within 24 hours after
MI. The MMP-2 levels are induced at day 4 and they are associated with macrophages, fibroblasts
and myocytes (Vanhoutte, et al., 2006). Furthermore, the group of Heymans at al. demonstrated that
mice lacking the MMP-9 plasminogen act i vator gene, had a significant lower incidence of infarct
rupture during the first week after Ml. Another important finding was also a diminished TIMP-1
protein expression. This suggests that MMP activation (direct but also via TIMP suppression) and
thus collagen degradation, plays a crucial role in the pathogenesis of infarct rupture (Heymans, et al.,
1999).

ind are used for several conditions such as respiratory infections
(Albertson, et ai., 2010), (Gotfried & Grossman, 2010) or serious urinary tract infections (Carson &
Naber, 2004) and others. Numerous studies have demonstrated that the use of !eads
to an increased risk for Achilles tendon rupture. In vitro data show that various can
affect severa! MMPs and TIMPs (Corps, et al, 2002), (Tsai, et al., 2011), (Sendzik, et al., 2ulO),
(Deng, et al., 2011) in tendon celis. Hence, mediate their ECM-degrading effects
on tendon celis/tendons via MMPs and TIMPs.

on the other hand, drug agent used in the treatment of Aizheimer's Disease was shown
to reduce the incidence of infarct rupture following MI (Arikawa, et a!., 201 1). The incidence of
infarct rupture at days 3 and 4 was significantly lower in the < i group vs the untreated
group (8.7% vs 30.6% respectively) and this beneficial effect of is mediated via a
suppressive effect on MMP-9 expression.

The aim of this study is to expand our knowledge on the roles of the MMPs in the occurrence of
infarct rupture and investigate whether can have a detrimental effect on its
incidence. Moreover, another aim of this experiment is to ascertain whether other MMPs (other than
MMP-9) are implicated in the actions o' and whether this can serve a realistic protective
role. Hence, valuable conclusions can be drawn about the molecular and cellular alterations
occurring during infarct remodeling and rupturing, as we!l as important information about the actual
role of MMPs and TIMPs in these complex processes.



6, Wetenschappelijke beoordeling
The scientiffc quaiity of this project has been approved by a non-participating article 9-qualifled
researcher of our research group ( , University of Maastricht).
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Proefdier

7. Proefdier keuze
7a. Soort, stam / herkomst / eindbestemming
The use of laboratory animals is mandatory, since an in vivo experiment is necessary in order to
prove the hypothesis. The development of infarct rupture is necessary in order to answer our
research question. Infarct rupture is the result of a complex interplay of protein-degrading enzymes
produced by inflammatory cells that cannot be monitored otherwise than by its result, i.e. infarct
rupture. Hence, without the development of infarct rupture our hypothesis cannot be answered.

The choice of the two specific strains of mice (Swiss and 129S6) can be justified by a previous
study from our group (van den Borne, et al., 2009b). Swiss mice show a myocardial rupture
incidence of 23%, while 129S6 show a high incidence of 62%. The choice of Swiss mice is the
optimal in order to study the possible increase in the incidence of rupture with , while
the choice of 129S6 would be more convenient in order to study the protective effect of

Male Swiss and 129S6 mice will be used (aged 10-12 weeks). These animals are bred in Jackson
Laboratories (Bar Harbor. ME, USA) and housed in the University of Maastricht Animal Facility.

After the completion of the experiment, the animals will be sacrificed by bleeding under urethane
anesthesia. Their hearts will be removed, in order to conduct immunohistochemical and
biochemical (zymography, western blotting, qPCR) measurements.

7b. Sexe
Only male mice will be used for the experiment. The reason for this is that there is a significant
difference in the myocardial healing after an MI, between male and female mice. The incidence of
infarct rupture in males is considerably higher than in females and the cardiac function of males is
poorer compared to females. Hence, the mixing of populations of both sexes is not reasonable
(Cavasin, et al., 2004). Moreover, The sex-related variable in tendinopathy in humans is 4:1, with
male predominance (Childs, 2007).

7.c. Aantallen
Hearts of Swiss and 129S6 mice are expected to rupture around the 3rd-4th day post-MI. Readout
parameter for the animals sacrificed on day 3 is presence of MMPs and the parameter for the
animals sacrificed on days 6-7 is rupture vs not-rupture.

In order to calculate the numbers needed for the day 3 MMP investigation, the equation of Sachs
was used. Our estimation of the variance is based on mouse data from a previous study in our
group. In this study» the variation in the tyfMP-9 activity was found to be approxiraately 45% for
the Swiss mice and 49% for the 129S6 mice (van den Borne, et ai, 2Q09b).

As regards to the numbers needed for the days 6-7 investigation, the Kaplan-Meier survival curve
was used to calculate the group size for the animals.

Overall mortality (combination of peri-operative plus early HF mortality) for both strains is
estimated to be 20%, based on several previous experiments in our lab. It includes the acute
mortality (<24 hoursi_p_ogt-MI),, the result of acute heart failure, arrhythmias and animals that cannot



be weaned from the ventilator. By having the surgery performed by skilied technicians, we have [
minimized the peri-operative mortality. Depending on its effects (see hypothesis),
might be expected to show increased mortality due to infarct rupture (approx. 2x) while
should show decreased infarct rupture incidence and mortality due to this reason (approx. half).

Fprmula of L. Sachs for day 3 s.ub-group:
a=0.05; Discrimination 7t=80%. Hence, F O S O ™ 15.7
n=15.7x(<r/6)2

Swiss mice: Variation o=45%; DifFerence 5=50%, so n=15.7 x (0.45/0.5)2= 12.7
129S6 mice: Variation cr=49%; DifFerence 5=50%, so n=15.7 x (0.49/0.5)2= 15.1

Swiss (Ctrl 1) treatment group size: (<x-0.2*a)=12.7
Hence, n=16

129S6 (Ctrl 2) treatment group size: (a-0.2*a)= 15.1
Hence, n~19

Swiss (
Hence, n=16

129S6(
Hence, n=19

n) treatment group size: (a-0.2*a)-l2.7

treatment group size: (a-O.2*0)= 15.

Calculatiojj of animaS numbers for days 6-7_sub-grou.p:
A statistician was contacted in order to make this calculation. The Fisher's Exact Test was
recommended, in order to estimate the correct number of animais needed. The resuits of the tests
are attached in the end of the document. The usual rupture incidence of previous experiments
conducted in our group was also taken into consideration (20% for Swiss mice and 60% for 129S6
mice). So, the numbers needed for the days 6-7 sub~group are:

Control group Swiss: Needed 44 animais, but taking into consideration the 20% drop-out, this is 53.
However, we have data from 20 historical controls from our previous study (van den Borne, et al.,
2009b) which can be added in the current study, in order: i) to confirm our past resuits and ii) to
drastically reduce the amount of animais needed for the current study. Hence, oniy 33 Swiss mice
(instead of 53 wil! be needed for the control group.

i group Swiss: Infarct rupture incidence is expected to doublé. The number of animais
needed should be 40, according to the Fisher's Exact Test, but taking into consideration the 20%
drop-out, this is 48.

j
i Conti-o[ group 129S6: Needed 30 animais, but taking into consideration the 20% drop-out, this is l
' 36.

£IOM!L.l29S6j Infarct rupture incidence is expected to be halved. The number of animais
needed (according to the Fisher's Exact Test) should be 30, but taking into consideration the 20%
drop-out, this is 36. _ _ _



Total number of animals:

Anima! group I (Controi Swiss): 16+ 33 = 49
Animal group 2 (Coatrol 129S6): 19 + 36= 55
Anima! group 3 (' s): 16 + 48 :

Anima! group 4 129S6): 19 + 36 = S<

_Dierproef_

8, Experiment
Three days before the initiation of the experiment, a 3D-echocardiography will be performed (SOP

), in order to get a baseline reading. On day "zero" (t=0) of the experiment, a myocardial
infarction wii l be induced to the animals, by occlusion of the coronary arteries (SOP
These tvvo interventions cannot be combined, because the duration of the isoflurane anesthesia
wouid be around 1.5 hours (3D-echo 30 min, followed by Temgesic injection which takes 30 min
to become active and M! procedure 30 min) which will cause a significant increase in peri-
operative mortal ity.

Treatment with - /day) (Brunner & Zeiler, 1988), (Shasha, et al., 1992),
(Piercy, et al., 2005), (Toda, et al., 2009) which is the most commonly used " , or

mg/kg/day) (Arikawa, et al., 2011) via the drinking water will be initiated immediately
alter MI, while control animals will receive just water (without any additives). Both groups will be
subdivided into two further sub-groups: one sub-group sacrificed on day 3 (3D-echocardiography
will be performed before the animals are sacrificed). The second subgroup wili be sacrificed on
days 6-7 post-Ml (animals will be subjected to 3D-echocardiography and hemodynamic
measurements before the sacrifice).

The diagnosis of infarct rupture wi l t be confirmed based on the presence of a wall perforation at
the left ventricular infarct area.
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9, Experimentele condities
9a. Anesthesie
Anesthesia will be introduced by 4% isoflurane and rnaintained by 1.5-2% isoflurane.

9b. Pij0bestrijding
At 30 min before the operation, 0,1 mg/kg of the opioid temgesic (buprenorphine) will be
administered by s.c. injection. By the end of the day of operation another dose will be given and
then, for the following 2 days, temgesic (0.1 mg/kg) wiil be administered twice daily to provide
adequate pain-relief for the animals.

9c. Euthanasie en Humane eindpunten
The sacrificing of an animal without any means of anesthesia of analgesia is ethicaily
unacceptable. When specific criteria are met, an anima! should be sacrificed, in order to prevent it
from feeling excessive discomfort or unnecessary pain. The criteria are the following:

General cachexia, severe lack of activity when handled
Severe iack of exploration of the surrounding area
Breathing problems (the animal's respiratory fiinction will be monitored in order for a
diagnosis of a probable Pulmonary Oedema to be made) or cyanosis
Extreme loss of weight (>20% of original weight before the initiation of the experiment)

The euthanizing of the anima! in these cases will be done by isoflurane anesthesia fbllowed by
cervical dislocation.



r
IQa. Ongerief
intervention

3D-echocardiography

MI induction

Living with MI *

Final hemodynamics

Myocardial rupture development **

duration

10 min

30 min

6-7 days

45 min

seconds

frequency

3x

lx

lx

lx

lx

discomfort

02

05

03
02

02

Total discomfort for the animai: 05,
In case the animals develop severe heart failure during the cause of the experiment, the animal
will be sacrificed when the humane endpoints are reached as listed under 9c.

* Foilowiög the induction of MI, and due to the remodeling of the myocardium that is
imtwsfed-s^e^y after MI, the animals migbt experfeöce moderate discomfort (03), which may
lastfbf 6-ï'days.

** The dpYelaiföent of rayaca|dial nipteo i^a phei?,omenop that occurs instantiuaeously.
••«SE. * \ * ««" \~^ft''^'. . ' ""~ » ' A »•• 'iwJ1" '.' .;*'*>' *" i 't, *'•£&*"> r *' ' i,,-^ '.' TV'4f '''', * ' * < * • " . A ft-. ' t * ' * * aooiifpi/dd y,t v

,
(discomtó levöl 02).

lar to the orte tnat i'sVxpéHencéd wüen an anfenal is put into anesthesia

lOb. Welzijnsevaluatie
The Verantwoordelijk onderzoeker will be responsible for the well-being of the animais
throughout the experiment. He wil! be in close liaison with the Animal Facility Veterinary
Doctors, in order to spot any unusual deterioration to the animal 's health and act immediately
as required. The distress caused to the animals will not be greater compared to the one caused
during the experiments of our group in the past.

11, Verzorging en huisvesting
Animals will be socially housed in the Animal Facility of the University of Maastricht. No
special conditions are needed for these laboratory animals. in a case of an emergency an
"Article 14 accredited" persen (ar his representalive) will be called. All experiments will bc
executed in the ;. Animal Facility.

12. Deskundigheid
Au experiments wiil be under the responsibilily of the verantwoordelijk onderzoeker (or his
representative) and will be conducted in the " Animal Facility. AH
persons that will be involved in the experiments and the handlmg of ' the animais are "Article 9
certifïecf' (technicians assisting in the operations are all "Article 12" certified).



13. Standard öperatioa Procedures (SOP)
- Echocardiografie bij de muis (SOP Far-02-M)
- Terminale hemodynamische karakterisatie van de (SOP Far-07-M)
- Myocardinfarct bij de muis (SOP Far-05-M)
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Onginal version posted May, 2001. We vvish to tnar* Frank Tola for extensive and thorouah
testing. Free JswaScriqts provided bv ' • •? "?-aScnct Snurre and'ohn c Pezrute.



Fscui ty oi' Health, Mstiicïfu

and Life Sc iences

Dierexperimenten Commissie

m*
Aan:

loratter

p/a secretariaat DEC-lïivi
Postbus 616
NL-6200 MD Maastricht
Telefoon:

Uw referentie: Onze referentie! Maastricht, 24-11-20! l

Geachte Onderzoeker,

Uw projectaanvraag: "Modulation of the cardiac, rupture incidence füHowing myocardial
infarction, by and \s op de DEC vergadering van 18 november
2.011 besproken.

De DEC heeft een aantal vragen en opmerkingen:
1) De DEC verzoekt het privételefoonnummer van de vervangend verantwoordelijke

onderzoeker nog toe ie voegen op het voorblad.
2) Op het voorblad en bij punt 6, verzoekt de DEC het woord "onafhankelijk", te

verwijderen (evt vervangen door 'niet-deelnemend1).
3) Bij punt 7c ontbreekt de onderbouwing voor de (hoge) variantie van 50% en

eveneens het verschil van 50%.
4) Bij het 2C deel van punt 7c- de Kaplan Meier curves, die de basis vormen voor de

groepsgroottes, dienen te worden toegevoegd. In deze powerberekening kan niet
reeds worden uitgegaan dat de behandelingen inderdaad het verwachte effect hebben.
De DEC adviseert contact op te nemen mei een statisticus teneinde de groepsgrootte
te bepalen van deze studies.

5) Punt 9c- Humane eindpunten. De DEC merkt op dat de dood geen uitleesparameter
kan zijn. Deze dient gebaseerd te zijn op humane eindpunten. Gaarne onderbouwen
als dat niet mogelijk is.

Gelieve eventuele v<agen te beantwoorden in een brief c-' wt ':r^ •-•":;,. ' l > ". c/;*
lijk de aanpassingen grijs te Hiarkeie^

Uw project staat bij de DEC geregistreerd onder nummer ?.ö« M 56, gelieve dit nummer in
verdere correspondentie te vermelden.

Hoogachtend,



Faculty of Health, Medicine & Life Science

To,

Dier Experimenten Commissie (DEC)

Faculty of Health, Medicine & Life Science

Reference number: : Maastricht, 02-1 2-201 i

Dear

Thank you very much for your comrnents regarcling our protocol application with the

title: "Modulalion of the cardiac rupture incidence following myocardial infarcüon,

by and _ ' which has the DEC protocol number 2011-056,

Our research team has taken ali your posnts into serious consideration and we are in a

position to send the revised DEC protocol for approval.

Regard ing your potnts/eomments:

l i The private (mobile) telephone number of the "Vervanger VU" has been added i»

the protocol (Part 1).

2) The title of the person indicated in Poini 6 of the protocol,, is novv indicated as

"niet-deelnemend", instead of "onafhankel i jk" .



3) The selection. of the 50% variation (Point 7e of the protocol) has been based on

data from human samples acquired in previous experiraents of our group that have

been published in a scientific Journal. These experiments compared infarct rupture

vs non-infarct rupture in patients that had suffered MI. Two MMPs (MMP-8 and

MMP-9) were investigated in these experiments and the variation was found to be

approximately 50% (please see DEC protocol revision for publication details).

4) Regarding the comment for Point 7e. a statistieian was contaeted as it was

recomraended by DEC. The statistieian recommended the use of the "Fisher's

'Exact Test", in order to make an estimation of the number of animals needed. The

calcuiation was done online (please see attached files in the end of the DEC

protocol) and revealed that the numbers of the Swiss and 129S6 mice requireci for

the experiment are al most equal to the numbers indicated by the Kaplan Meier's

curve. We have adapted the numbers accordingly in the DEC protocols.

5) Regarding the comment on Point 9c of the protocol, about the end-point of the

study, we would like to clarify that we use infarct rupture as an end-point rather

than death. Infarct rupture is a phenomenon that occurs instantaneously. During the

development of infarct rupture, the ventricular wall ruptures, the blood pressure

falls very rapidly, the cardiac output falls to zero within seconds and the animal

ioses consciousness within seconds, since the bram is nol receiving adequate

amounts of blood. Henee, the development of infarct rupture is a phenomenon that

is not regarded as one that is eausing excessive distress to the aniniai. The purpose

of our proposal is to study the development of infarct rupture ibllowing MI and

investigate wheiher specifïc factors (iViMPs, TIMPs) piay a rol e in ils development

and whether the i r levels can explain or predict the occurrence of the rupture.

Hence, the development of the infarct rupture is absolutely cruciai, in order for the

study to answer its scientific questions.

We are l ook i n u, forward to the verdict o f ' t h e !)!•!(''. regardmg the res'isions of our

protocol.



Kind Regards,

(on behalf of the research-team)
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Frorfi: Dec Secretariaat v

Sent dinsdag 3 januari 2012 20.31
To:

FW: DEC protocol 2011 -<$56

Attachroersts: DEC Part i (2011-156} rev.doc; DEC Part il (2011-156) rev.doc; Letter to DEC (
i) rev.doc; ; t Test (calculation of ! t treated-

untreated).JPG; Test (calculation of treated-untreated).JPG

DEC Part I DEC Part II Letter to DEC Exact ,'xact
1-156) rev.docOll-156) rev.doör i .Test (calculati... Test (calculati...

Geachte onderzoeker., beste

De beste wensen voor 2012!

Allereerst mijn excuses dal. dit hel wat langer heeft geduurd dan normaal gebruikelijk is. Dit heeft te maken,
met het overlijden van mijn moeder voor de kerst en de drukte van de laatste commissievergadering meteen
erna.

De DEC heeft wederom de herziene versie besproken en heeft nog de volgende vragen en/of opmerkingen:
Ad l. (met betrekking tot de groepsgroottes): aangezien de onderzoekers voornemens zijn de vraagstelling
mbv proefdieren te onderzoeken, is het raadzaam om de sigma en delta te schatten op basis van bestaande
literatuur van Ml-infaction/rupture modellen in muizen in plaats van de humane data, omdat daarmee
wellicht een kleinere spreiding (delta) voor de te bepalen primaire uitleesrnaat gewerkt kan worden

Ad 2. (ongerief/dood): de alinea waarin wordt gesteld dat de dieren geen ongerief ondervinden (aan ruptuur)
dient te worden verwijderd. Tevens verzoekt de DEC om het leven met de gevolgen van Ml en het toch
mogelijke (zeer tijdelijke) ongerief ten gevolge van ruptuur beter te omschrijven, gezien het ongerief code
05

Graag je reactie,

Mei vriendelijke groei namens DEC-UÏVf:

Ambte l i jk secretaris

Postbus 616- , 6200 MD Maastricht ï
E-mail:
Werktijden: iv

Original Message- -
From:
Sent: vrijdag 2 december 2011 20:36
'ro: Dec Secretariaat
Subject: DBC protocol 201 l -056

uear

a m sending vou the revised DEC' profocols, the 2 extra documents about the test utilized for the statistics



)eparlment oi
Faculty of Health, Medicine & Life Science

Dier Experimenten Commissie (DEC)

Faculty of Health, Medicine & Life Science

Reference number: l Maastricht, i 1 -Ol -2012

Dear

Thank you ver/ mach for the latest commenis regarding our protocol application vvith

the title: " Modulaüon of the cardiac rupture incidence föllowing myocardial

Infarction, by >• and "' which has the DEC protocol number

2011-056, uur research team has taken the extra points into serious consideration and

we are sending the revised DEC protocol for approval.

Regarding the posnis/commenfs:

l ) We have removed the hurnan data where vve had originally based our iab-animal

number cstimation on, Instead, we have used data frorn a rmmse study that was

conducted by our group and was published in a sc ient i f ic journai in 2009. The

numbcrs of the animals needecl,, according to the new calculation, are reduced

slightly.



2) Regarding to the 2"d comment we have revised the text accordingly, with a

rnotivation on the possible discomibrt of the animals in the days ibllowing MI

induction, as well as a molivation of the discomfort experienced during the

myocardial rupture development.

We hope that these adaptations are sufficient for the DEC to approve our proposal.

Please contact me in case there are any questions that remain.

Kind Regards,

>

(on behaif of the research-team)



Ons kenmerk Doorkie.snummc!' Maastricht
19-01-2012

Project; Modulafion of the cardiac ruplure inciüence fbllowing myocardial
infarctïon, by t : and

Namens de Vergunninghouder van de DEC-LIM, delen wij u mede dat
voornoemd project aan de ethische toetsingscriteria voor proefdiergebruik
voldoet.
De DEC maakt geen bezwaar tegen uitvoering van dit project zoals
aangevraagd en geeft een positief advies.

u i •;(.:-u M
Voorzitter DHC-UM

i

p/a secretariaat Dl'iC-UM

Secretariaat O KC- V M

Bezoekadres

Postadres

Postbus 6 i 6

6200 M D Maastricht

U \ project staat b i j de i.) H C' en (TV geregistreerd onder bovenstaand
nummer. Gelieve dieren, die voor dit project bestemd z i j n , ook onder dit
nummer aan te vragen.

Voorzitter DKC-l ÜVJ VTeeyyód'iUer IJHC-UM


