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The Influence of Polyvinyl Chloride (P.V. C.) Tubing

on the Isolated Perfused Rat’s Heart
By F. L. ﬁx_c_\‘mn, AD, AR WiLksraxps, M.Se., D Dy, MDD,

With the techuical assistance of P. tivaalf vud G, 1, Lo

Perfusion of the isolated eat's heart theough certain types of polyvinyl eblovide tubing

results o detertoration of enrdiae performanee.

Sinee plasties are eonmondy used in

heart-lung machines and transfusion-sets, this observation way be of sowme importanee.

IIE isolated heart of the rat perfused by
T!lle Langgendorft technie! can be kept beat-
ing for many hours, Over a period of several
years we have performed hundreds of such
experiments without difficulties.

In 20 consecutive perfused leart experi-
ments, the electrocardiograms and indueto-

vardiograms® of the isolated heart were found:

unchanged for periods of 4 hours or more.
Subscquent expansion of our laboratory facili-
ties made it necessary to rebuild our perfusion
apparatus. After this, over 50 successive per-
fusions proved to be unsuecessful. Premature
enrdine_nrrest and ventrienlar fibrillation oc-
cirred. Caleham,  epinephrine, strophanthin
and aminophyliline, added to the perfusion
fluid, were ineffective in combating the de-
terioration. A thorough investigation of the
perfusion finid did not reveal any change in
ehiemieal composition. Perfusion pressure was
constant  thronghout all  experiments. Tt
seemed possible, therefore, that the polyvinyl
chloride tubing which had bheen used instead
of the glass tubing in the original set-up counid
be the responsible factor 3¢

Experiments were therefore designed to test
this possibility,

Methods

White rats weighing about 230 Gm. were used
tur the experiments.  The perfusion apparatus is
depicted in digure 1 After the insertion of a
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ennuualn (O, lig, 1) i the aorta of the anesthee
tized wnd hepurinized aoiwal, the hart was .
maoved and conneeted to the perfusion appayains,
The perfusion fudd was watehed as elosely ax pos.
sible to the eomposition of the extracellnlar fuid
of the mt.* % ¥ The perfusion fluid was saturated
with 3 per cent CO4 in oxyeen (G0, fig, 1), The
pil of the pertusion fluid was 735, Gas bhubbles
were evnetnted by babble traps (B, the, 1),

The perfusion fluid resehed the heset by 2 iden-
tienl eirenits, one ineluding a hottle of 730 wl,
contnining 500 ml, glasx pearls, the other an idei-
tieal hottle containing 56 ml. of . V. C. slices with
i thickness of 2 to 3 . and a dinmeter of 8 to
12 mm. Betore every experiment the 1. V. €,
slices md the glass pearls weer rinsed with dis-
tiled water.  DPerfosion pressure was resulated
by altering the height of perfusion luid containers,

Fivery experiment was started by perfusing the
hoart via the glass eirenit for 10 to 20 min,. Simuol.
taneously the pevfusion flid was allowed to pass
through the . V. C. eirceuit. The perfusion ve-
loeity in both eircuits was aheut 20wl uin, The
fluid sooked abhout 15 min. through the PVLC, be-
fore it renched the heart.  This was estiated with
the nge of methylene blwe. By menns af the stop-
ek (K, tiz. 1), perfusion of the heart throngh
shiss or plastie wns alteranted. The wlass spirals
{8, tig. 1) were Wsed o naistain the periasiog
fluid at the desived tempernture of 38° ¢

The mechanieal aetivity ol the heart wias ro-
corded by means of s small Tieonal wagnet (M,
fir. 1) nttached to the apex of the heset (F7, tig 1)
and phieed in the eove of a eoil. Cavdine vantene-
tion enused Uhe msgmet toonove up and down, The
rosulting  potentinds o the ol pubaend by phae
movements off the magnet werr amplitied and re.
eovded by an onbinary direet-writing electroenrdio-
araph.  The veeord was stmdaetoensdio.
grom.”?
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Results and Discussion
The passage of perfusing thiid through the
polyvinyl chloride tubing reesulted inoa des
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=8 Figure 1

Dingrommatic representation of the set-up used to
wrestigate the influence of polyrinyt chloride on
the mechanical activity of the isolated perfused
rat’s hearl, For details see test.

teriovation of the heart contractions within
10 min. (.0, table 1). Figure 2 shows the in-
uetocardiogram of a henrt perfused in sue-
epssion via the glass and the P.V.C. eircuit.

During P.V.C. perfusion the contractions
of the heart diminished considerably and be-
vame irreguluar. After restoring glass per-
fusion, the mechanienl activity inereased but
did not attain the previous level

Perfusion with fuid Erom the P.V.C. reser-
voir (i, table 1) caused a progressive deteri-
oration of contraction. Resumption of por-
fusion with fluid from the xlass container did
not restore the mechanical activity of the
heart, The effects of D.V.C. perfusion were
additive,
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Table 1

Kind of P, V.C,

{nvestignied: A (] C D E Tital
Nunber of licarts: 7 B 17
Number of

investigntions: 4 4 + 4+ 6
Carliotoxie effeet:
“povitive within

13 min, 4 0 0 3 5

A totul of 17 hieavts was used to investiote
5 different types of polyvinyl chloride tubing
aud the results are summarized in table 1,

Chemical analysis of sample A (which is
strongly toxic to the heart) amd of sample I
{non-toxic) revenled the following:

PV.C. brand: A, Plastic: Polyvinyt chlor.
ide; Plasticizer: Content=—43.7 per contl. The
plasticizer voncerned is an ester of phthalie
acid, probably di-2-cthylhexyl-phthatate ; Sta-
bilizer: An organie tin componnd. The veganic
pact of the molecule is unknown. About 1 per
cettt of this stabilizer wan used.

P.V.C. brand: B. Plastic: Polyvinyl chlor.
ide, Plasticizer: Countent=34.5 per cent. An
exter of phthalie acid, probably di-2 cthyl-
hexylphthalate. Stabilizer: A bariame—cad-
minm stabilizer, with an exeess of bariumn,
This means that & mixture of barinm and eacd-
mium salts of fatty acids was used for stahbili-
zation,

From the above data the following vouelu-
sions were drawn : The polymer proper {poly-
vinyt chloride) common to hoth samples is not
respounsible for the eardiotuxic cffeet heeauxe
only sample A ix deleterions to the heart. The
plasticizer does not eause the effect either. It
should be noted thut i case the plasticizer
were the cause, it would rapidly be extracted
by the salt solution from the morve clastic tube
with the higher content of plasticizer, awd
wmueh more slowly from the hard tube with
the lower plasticizer content, In the latter case,
.o, if the plastivizer were the canse, the effect
would also be obgerved at the harder tube in
# retarded way. Ax this was not observed, the
plasticizer cannot be the eause either.
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Figure 2

The inductocdardiogram of au isolated rul's heart,
perfuged suceessively ria the gluss cireuit, the
polyvingl didovide civewit wud the glass cirewil
uguin, Paper speed 10 mm./sec.

The remaining possible cause is the stabi-
lizer. Tt appears that the barium-cadnimu
stabilizer has 1o disturbing effect, whereas the
organie tin componnd has. Furthermore the
extractability of the compounds in guestion
with a salt selution can play an importan
role. 1t is possible that both inaterials may be
toxic but only the latter can be extracted by
the perfusate.

If in both cases one added chemical would

be coneerned, the extractability is larger in
the soft elastic produect. It is possible that
traces of an emulgator likewise play a part
in the process. Further tests arc itecessary in
order to obtain better undevstanding of the
mechanism that is respousible for cardiae de-
pression,
. Summary

Sotme brands of polyvinyl chlorides ioter.
fere with cardiace econtraction, whereas other
brands do not. Chemieal investigation showed
that the stabilizer is most probably responsible
for the cardiotoxic effect. It is suggested that

MEYLER WILLEBRANDS, DURNRER

afl types of polyviast vliboride ased Yo medi-
eal ol bindagival apphications shoulit be tesged
with this technne
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Summario in Interlingua

Certe Avpox de ehlorura poiyvinylic duteslfere e
contruction eardiae duranle que alteres lug nulle tal
effecto,  T'n fuvestigation chimie provava con alie
grados de probalilitate que Je stabilisator en respias.
hile pro fe effeeto eardivtoxic. Es proponite gque
otne typos de chloruro polsvinylic usite in appliva
tiones mudieal e biologie deberen esser bestute per b
techuica hie deseribite.
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