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Cardioactive and vasoactive drugs as aids to diagnosis (*

Aroo A LUISADA

Ihivision of Cardiovascular Research,
The Chicago Medical School, University of Health S

nees, Chicago, USA

The pus.-aihi]il_\-' of Hllrgil!ill correction of congenital abnormalities and
acquired valvular lesions has inereased the interest of auscultation as one
of the most important diagnostic methods. Even though cardiae catheteri-
zation and angioeardiography are often used in the hnal evaluation of
certain cases, not all patients are submitted to these procedures. Therefore,
auscultation and its technical counterpart (phonocardiography) have basice
importance among the physical and technical diagnostic methods.

Auscultation supplies information concerning loudness of heart sounds,
splitting of heart sounds, presence of additional systolie or diastolic sounds,
and the characteristics of murmurs. All these data are usually collected
while the patient is at rest and cardiac output is at a relatively low level.
It is obvious that the heart sounds and the murmurs are modified by changes

in heart rate, blood pressure and blood flow. This is why several drugs have
heen employved in the study of murmurs in order to improve the aceuracy

of diagnosis and for their differential diagnosis,

Effect of drugs on hemodynamics and changes of murmurs
resulting from their action (Tables 1, 2. 3)

Digitalis,

Digitalis mcereases the contractility of the heart and this is evidenced
by an inerease of rapidity and magnitude of left ventricular contraction,
It decreases the automatieity of the heart and stimulates the vagus, thus
prolonging ventricular diastoles. [t increases cardiac output and decreases
venous pressure in patients with congestive failure,

The changes of cardiac dynamies caused by digitalis should result in an

inerease of all svstolic murmurs, both in congenital and in acquired valvalar

(*) Lecture held at the Istituto Superiore di Saniti on October | ith. 1968,

too, I8l Super, Saniti (1968) 5, 7351,
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Tasvrne |

Conditions causing murmurs in the left hearl

Ayl
i . i A Maetho- Leoipirn
Condition Fype ol tpremn Drigeitalis | niteit
| (late) xutuine | terenol
Mitral insufficiency (organic) | Pansystolic
Mitral stenosis (organic) . | Diastolic-presystolic
Mitral stenosis (relative) . | Diastolic-presystolic
Aortic insufficiency | Early-diastolic
| Aortic stenosis (valvalar) . | Systolie, ejection type ! | |
Aortic stenosis (muscular) = Systolic, ejection type | - i | — — ==

| Aortic stenosis (relative) . | Systolic, ejection type
|

diseases while diastolic murmurs are variously aflected.  The full effect of
digitalis on murmurs is usually obtained after a few days of treatment unless
large doses are administered intravenously. This drug is not eurrently
used for functional testing.

In detail, the pansystolic murmur of organic mitral insufficiency should
be increased by digitalis. On the other hand, that of « relative » mitral insuffi-
ciency might have a variable behavior. The pansystolic murmur of organic
tricuspid insufliciency should be increased by digitalis but that of relative
tricuspid insufficiency should be decreased. due to better left ventricular
function which is followed by decreased pulmonary and right ventricular
pl‘ﬁﬁsuﬂ‘s.

The murmur of mitral stenosis (organic or relative) is decreased by
digitalis on account of longer diastoles that cause a less tumultuous flow
through the mitral valve and lower left atrial pressure. The same is true
for tricuspid stenosis. The terms «relative n mitral or tricuspid  stenosis
applies to those « functional » diastoliec or presystolic murmurs which occur
during overload of one ventricle. Thus «relative » mitral stenosis is encoun-
tered in left ventricular failure, myocarditis, aortic” insufficiency (A. Flint
murmur), or mitral insufficiency. « Relative » tricuspid stenosis is observed
in chronic or acute pulmonary heart disease, mitral stenosis, tricuspid insuf-
ficiency, or atrial septal defeet.

In regard to basal murmurs. the murmur of aortic insufliciency should he
increased by digitalis because the stronger contraction elevates aortic systolie
pressure. The longer duration of diastole should make the murmur more

Ann. 1sl, Super, Sanita (19649) 5, 73-81.
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discernable, The murmur of aortie stenosis should also be inereased because

of stronger left ventricular contractions (*). The same applies to pulmonary

insuflicieney and stenosis, with the exception of the diastolic murmur of
wrelative o pulmonary insafficieney (G, Steell murmur). which should be

deereased by digitalis due 1o lowering of pulmonary  arterial  pressures,

I'wsre 2.

Conditions causing murmurs in the right heart

Awmyl |
: ; - ? Y L=oprrote-
| Conidlition Uy pe of mrmne Phiggitalis witrite
| rernol
(early)

Pulmonary insuthciency . Farlyv-diastolic
(organic)

Pulmonary inzuthciency . Early-diastolie
(relative)
i Pulmonary stenosis .. Systolie, ejection type !
(valvular)

Palmonary stenosis . - Systolie, ejection type
{musenlar)

Pulmonary stenosis . Svstolie, ejection tvpe
(relative)
| - N - |
Fricuspid insulliciency Pansvstolic

(nrganic)

Iricuspid insufhiciency . Pansystolie
(relative)

I'ricuspid stenosis . ; Diastolic-presystolic
(orgamec)

Pricnspid stenosis . i Iiastolic-presys=tolic
(relative)

In congenital shunts. digitalis should merease the murmuar of ventri-
cular septal defect and that of patent ductus. However, f there is pulmo-
nary  hvpertension. these murmurs might deerease, Digitalis should o
affeet the murmur of atrial septal defeet.

Fhe above considerations on the probable effect of digitalis glveosides
were based on the physiologie efiects of these substances. We have recently

mittated a program of studyv on the behavior of murmurs during and alter

(*) The =v=tolie murmur of subaortic muscular =tenos=is 15 nereased more than that ol

valvalar aortie stenosis,

Viees dsl. Super, Sapita (1T0G9) B, TH4-%
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an vy enous angection of ouabaime (025 mg) With surprise we have noted
that all murmurs onginating i the left heart decrease after ouabame. witl

a peak of action ar 20-30 mn from the injection. This = true. not only o

| IEYTT
Congenital shunts causing murmurs
Al |
g b Mat i Isopie
ol ren g ol giierining Dligsitandi= nitrity
PP Xitniinan Virreniil

Atrial septal delect Svetolivs eqection Py

\entricular ~eptal delect Pansy <talu

N entrienlir ~|'|||'.|| telieet
with pulmonary hy per-
tension

Tetralogy of Fallat

Patent ductus arteriosus=

Pansystohie or ejection
v

Svstoli

Lot -

Patent ductus with pul- Systolie

monary hypertension

the murmur of mitral stenosis. but also for that of mitral msuflhicienes. that
of aortic msuflicieney and that of aortic stenosis.

The study i= continuing amnd should bhe concluded within one vear.

Leevd ndtrite.

Ayl nitrite causes bhoth svstemic and polmonary vasodilatation. T
deercases arterial systemie pressure @it mereases veloeity of aortie low andl
rapidity of left ventricular ejection @ it inereases the heart rate through
a carotid sinus reflex. As o result. venous return to the right heart is inereased
within the first 30 10 60 see while that 1o the left heart s mercased alter
about 75 1o 90 see.

The pansvstolic murmur of organic mitral imsufhcieney s deercased
the carly phase by amyl nitrite. That of o relative  mtral insuflicieney
may  either decrcase or mercase. The diastolic murmur of organic mitral
stenosis s inereased by amyl nitrite. Largely on account of shorter diastoles
causing higher left atrial pressure and more tumultuous flos through the
mitral valve, In contrast. the murmurs caused by crelative s mitral stenosis
(murmurs of C. Coombs, of A, Flint. of mvocarditis. of left ventricular fai-
lure) may decrcase. due 1o deerease of left ventricular pressures. However.
this change is not always found. especially if there is left ventricular failure.
Seenifer (1069) B, 3-8
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Even the lack of increase of the murmur during the prhase of tachyeardia
caused by amyl nitrite may be in favor of a functional diastolic rumble.
The systolic murmur ol valvalar aortic stenosis may either inerease or
decrease while that of muscular subaortic stenosis generally inereases,

The action of this drug on murmurs of the right heart s of particular
imterest.

The blowing  diastolic murmur  of pulmonary insullicieney, whether
organic or relative (Go Steell), is usually inereased by amvl nitrite within the
first 15 to 30 see due to greater venous return amd greater pulmonary flow.
The harsh, ejection-type, systolic murmur of pulmonary stenosis, whether
organic or relative (pulmonary flow murmur including that of some innocent
murmurs), is also inereased by amyl nitrite through the same mechanism.
The systolic murmur of tricuspid insuflicieney  (organie or relative) and
the diastolic murmur of tricuspid stenosis (organic or relative) are gene-
rally inereased by amyl nitrite in an carly period.

[n regard to congenital shunts, here again amy | niteite has a signi-
fieant diagnostic value, The systolie, cjection-type, pulmonary How murmur
of atrial septal defeet is inereased while the |l;l|l.~'~}-‘:~il(l|i<‘ murmur of ventri-
cular sepral defeet is decreased. In ventricular septal defeet with pulmonary
hypertension, the murmur behaves like in any pulmonary flow murmur
and therefore inereases. In tetralogy of Fallot, the murmur bahaves as in
ventricular septal defect and therefore deereases. In regard to patent duetus,
the uncomplicated form shows a deerease of the murmur while that asso-

ciated with pulmonary hypertension may either deerease or inerease,

Vethoxamine (1 usoxvl).

Methoxamine canses a constriction of the systemie resistance vessels
and an inerease of left ventricular systolic pressure. Left ventricular dia-
stolie pressure is often also increased by large doses of this drog. The rapi-
ditv of left ventrieular contraction s deereased.

The svstolic murmur of mitral isufficiency (organic or relative) s
inereased by the rise of left ventricular systolic pressuve. The diastolie-
presvstolic mormur of organic mitral stenosis is decrcased by the brady-
cardia that causes a lowering of left atrial pressures. On the contrary, that
ol orelative o mitral stenosis is inercased by the left ventricular overload
caused by methoxamine, In cases with atypical svstolic murmurs, the maur-
i usually becomes morpe tvpreal and casier to diagnose. The murmur of
vialbvalar aortie stenosis s decreased by methoxamine, and the same is true
in o relative o aortie stenosis (aortie low murmaor), The murmor of muscular
~ubaortie stenosis is also decreased by methoxamime but 1o a greater extent
bhecause the imereased resistance tends 1o deerease the cradient hetween

mtlow and ontHow tracts of the left ventricle.

Pawe, sl Nopers Sopeefie 1 PO6Y) 5, 7608
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The pulmonie svstolic low murmur of atrial septal defeet mereases in
some cases, The pansystolic murmur of ventricular septal defeet is const-
antly inereased (inerease of left ventricular pressures). An exception secms
1o oceur when the ventricular septal defeet 1= assocrated with pulmonary
hypertension, In such cases. the murmur has been found to decrease by
some authors.

The syvstolic murmur of tetralogy of Fallot i generally inercased due
to bilateral ventricular hypertension that inereases the flow through th
stenotic pulmonary valve.

The murmur of patent ductus is mereased by methoxamime, except
in cases with pulmonary hypertension where either inerease or decrease
may be observed.

It is interesting to mention that, while in most cases of pulmonary
insufliciency (whether organie or relative) the blowing diastolic murmur
is not affected by methoxamine, a marked inerease of the murmur is noted
in cases of Eisenmenger's syndrome. In the latter, the merease of aortic
pressure causes an inerease of pressure in both ventricles, an inereased flow

through the pulmonary valve. and an inereased regurgitation,

Epinephrine (Adrenaline).

Epimephrine causes tachyeardia, an inereased rapidity of left ventri-
cular contraction, and an inerease of cardiac output. Even though it causes
peripheral vasodilatation. cardiac output is so augmented that left ventricular
and aortic systolic pressures are increased.

The changes caused by epimephrine are less typical than those caused
by other drugs due to inerease of both left ventricular energeties (similar
to that caused by isoproterenol) and aortic pressure (similar to that caused
by methoxamine). For this reason. epinephrine is not currently employed

in our laboratory as a diagnostic test,

Norepinephrine (Nor-adrenaline).

Norepinephrine has chiefly a peripheral effect causing constrietion of
both the resistance and the capacitance vessels. Tt is not usually employed
as a diagnostic test but the changes caused by this drug would be similar
to those caused by methoxamine.

Isoproterenol (Isuprel). = < -

Isoproterenol increases the rapidity and power of contraction of the
myocardium. It causes tachyeardia, shorter systoles, and shorter diastoles,
It causes dilatation of the systemie resistance vessels and also of the pulmo-
nary vessels, Thus it causes greater flow, higher systolic pressure. and lower

diastolic pressure in both the pulmonary artery and the aorta,

Ara Fal, Super, Sanifa (1068) 5, TH-51.
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While isoproterenol increases the systolic murmur of valvular aortie
stenosis, of muscular aortic stenosis and of « relative » aortic stenosis (aortic
flow murmur), the increase is greatest in muscular stenosis. For this reason,
the use of this drug has diagnostic value for the elinical recognition of this
form of obstruction. A similar behavior is encountered on the right side
hecause the systolic murmur of muscular subpulmonic stenosis is enhuanced
much more than that of valvular or «relative » stenosis,

Differential diagnosis

Certain diagnostic possibilities are not aided by the use of drugs, Thus,
the pansystolic murmur of ventricular septal defect is affected in the same
way as that of mitral insufficiency and that of the tetralogy of Fallot,

TasLe 1.
Differential diagnosis
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The following differential diagnoses. on the other hand, are currently
aided by drug tests (Table 4).

1) Organic mitral stenosis versus relative mitral stenosis. — The diastolie
rumble is inereased by amyl nitrite in the organic stenosis ; it may decrease
(or at least fail to inerease) in relative stenosis (Austin Flint and other
functional diastolic murmurs). Methoxamine decreases the murmur  of

organie stenosis, increases that of relative stenosis.

2) Mitral stenosts versus aortic insufficiency. — The diastolic murmur
is inereased by amyl nitrite in mitral stenosis. decreased in aortie insuffi-
ciency. On the contrary., ‘methoxamine decreases the murmur of mitral
stenosis while it inereases that of aortic insufliciency.

3) Mortie insufficiency versus pulmonary insufficiency. The diastolie

murmur is decreased by amyl nitrite in aortie insufliciency, inereased in

tan. Ist, Super. Sanild (1069) 5, 7151
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pulmonary msufficiency. Methoxamine increase the murmur of aortic insuffi-
cieney, does not change that of pulmonary insufficiency.

4) Pulmonary stenosis versus ventricular septal defect or tetralogy of
Fallot. — Amyl nitrite increases the murmur of pulmonary stenosis, decreases
that of the other two conditions. Methoxamirne increases the murmur of
ventricular septal defeet as well as that of the tetralogy.

5) Aortic or pulmonary muscular stenosis versus aortic or pulmonary
valvular stenosis. — The murmur is inereased by isoproterenol in all these
forms of stenosis : however, the inerease is much greater in the muscular
than in the valvular form. A similar result is obtained with digitalis.

0) Organic versus relative pulmonary insufficiency. — In organic pul-
monary insufficiency. digitalis causes an increase of the murmur by
augmenting the power of right ventricular contractions. On the contrary.
in « relative » pulmonary insuflicieney. digitalis often decreases the murmur.
This is particularly true of the relative pulmonary insufficiency caused by
left heart obstruction (mitral stenosis) or left heart failure through decrease
of left atrial and pulmonary pressures. It may not occur if the insufficiency
occurs in pulmonary heart disease where the pulmonary pressure is less
affected. Methoxamine increases the murmur of pulmonary insufficiency
only in Eisenmenger’s syndrome while it does not change that of other
forms. whether caused by organic or relative insufliciency,
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The need for a standardised cell substrate for virus
vaccine production (*)

Frank T. PERKINS

National Institute for Medical Kesearch, London, England

During the last 15 years there have been such enormous advances
made in virology, largely due to the development of cell culture techniques.
that it is pertinent for us to take stock of the significant milestones and
enquire into the future.

Fifty years ago the only three virus vacecines used were prepared in
or on living animals. Smallpox virus was grown on the skin of animals and
the vaccine made from the lymph scraped from the infected tissues, Rabies
virus was grown in the brains of susceptible animals and the vaceine consisted
of the virus killed by phenol in the presence of the brain tissue. Yellow
fever virus was grown in fertile eggs from hens and the vaccine made
from the infected embryos. No tests were done on the animals or eggs
used in the production of these vaccines and indeed little was known
about the viruses infecting or inherently endemic in the birds and animals.
Although some small modifications have been made in production methods,
there has been little change in these vaccines to the present day.

When a vaccine against poliomyelitis was urgently required there was
no known easily available susceptible laboratory animal and the production
of this vaceine had to await further technical developments, There were two
major advances made at about the same time. Enders. Robbins and Weller
placed the growth of cell cultures in vitro on a firm footing and showed that
poliomyelitis virus could be grown in the tissue on a commercial scale. This
was indeed a significant development but it would not have been of such
universal application if penicillin, discovered by Fleming. Chain and Florey,
had not so successfully suppressed the bacterial contaminants that had
bedevilled tissue culture for so many years. The tissue chosen for poliomye-

(*) Lecture held at the Istituto Superiore di Sanita on October 24th, 1968,
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litis vaccine production was grown from monkey kidneys and the eradication
of the disease in many countries is now history. The developments in viro-
logy, however, as a result of the opening of new frontiers in tissue cultures
have not only shown the presence of hitherto undetected viruses, but they
have also shown the effects of both virus/cell and virus/virus interaction.
The present findings demand the use of a virus free substrate so that there
shall he no possibility of interaction with the vaccine virus. It is also essential
to avoid the possibility of an endemic infectious agent in the vaccine escaping
detection by our safety tests.

The modern trend has been to use cell cultures prepared from tissue
of clean animals or birds. Thus, measles virus is grown on chick cell fibro-
blasts derived from the fertile eggs of chickens known to be free from and
continuously monitored for the presence of fowl leucosis viruses. Measles
vaccine is also prepared on kidney tissue obtained from dogs bred under
clean conditions. Furthermore, rubella vaccine is currently being prepared
in eell cultures from dog kidneys, rabbit kidneys and duck embryos. Although
such steps to obtain a cleaner substrate must be encouraged, they cannot
he regarded as the ultimate answer. One strain of rubella virus is grown
in human embryo fibroblast cells propagated in series, which is a mueh
cleaner tissue than any primary tissue.

When we look at the enormous developments that have taken place
in virus vaceine production it is surprising that so little attention has been
given to the standardisation of the cell substrate. There is a wealth of
information on the growth requirements of different cell cultures and much
has bheen done to obtain reproducibility between batches of calf serum.
The virus used for vaccine production is selected with the utmost caution
requiring carefully controlled clinical trials to ensure that it is both safe
and immunogenic. I[ndeed the virus seed pool used as the starting point
for the production of each batch of vaccine is thoroughly checked to ensure
its freedom from extraneous agents and untoward characteristics. Finally,
cach batch of vaceine undergoes the most stringent tests to ensure its safety.
[t seems logical to suggest that just as much care and attention should
he given to the selection, testing and standardisation of the cell substrate
used for the propagation of the virus to be incorporated in the vaccine.

What are the alternatives to primary monkey kidney tissue ? Several
have bheen suggested : Earle’s mouse [ cells, continuous monkey Kidney
cells and even chick embryo fibroblast cell lines. [n making a choice several

conditions must be satisfied.

I. The cell must remain normal throughout life.

2. It should be embryonie tissue sinee these are the least likely to
be inherently contaminated.

Iin, Fsl. Super. Sanita (1969) 5, $2-39.
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3. 1t should be tissue from a non-difierentiating organ.

4. Tt must be a tissue undergoing a sufficient namber of cell doublings
to provide an economic source of tissue to the manufacturer.

5. It should be a tissue susceptible to most human viruses.

Such a cell line was started by Professor L. Hu_\'ﬂit:L and Dr. P. Moor-
head when they established a population of human embryo lung fibroblast
cells. One such eell line is known as W1-38. Many laboratories have examined
this tissue and none has found a contaminating virus, whereas all have found
the cells to remain normal throughout 30 to 35 cell doublings. We have
learnt a great deal about the practical limits of handling such cells so that
we are now in a position to propose recommendations to those wishing
to establish their own cell line,

In general the criteria are concerned with obtaining uncontaminated
tissue from a normal person, proving its normality throughout its finite
life and showing that there are not likely to be extrancous agents or un-
toward reactions occurring in use. Many of the tests may seem somewhat
tedious but there are no tests proposed for a new cell substrate that have
not been satisfied already by the WI-38 cell line.

History and genealogy of the cell line.

It is mosgt important to know the history of the cell line and the data
required include the age and sex of the donor. Havflick started with foetal
tissue because this was most likely to be free from contaminants, The possi-
bility of the presence of extraneous agents would be much reduced by the
placental barrier and taking the foetus by caesarian section would still
further prevent contamination by external sources, A further comment on
the source of tissue was made by Hayflick who purposely chose non-
functional cells and avoided the use of kidney hecause of its likelihood
of being a reservoir for latent wviruses, This reduced the choice to skin,
muscle, lung ete. and the choice of lung in the case of WI-38 was arbitrary,
except that it was an inner organ protected from contamination by the
external skeleton.

The sex of the donor is merely 1o act as a marker in the event of eross
contamination of the eell line since the sex chromosome can be detected
so easily. Knowing the sex of the donor, however, is required more for having
a complete record than for any scientific reason. Where applicable it is
important to have a full and detailed family history of the donor, parti-
cularly with respect to congenital abnormalities or genetie defects, absence
of evidence of neoplastic disease in the donor, parents and living siblings
at the time the cell line is established, It is appreciated that these data

Ann. 1sl, Suwper. Sanila (1968) 5, 82-849.



PERKINS 85

are particularly applicable for the establishment of a human cell line, but
even if an animal cell line is being considered it is essential to have an accurate
record of the health of the stock.

Finally, in this section it is necessary to have the full record of the
cultural history of the cell line including the method used to establish the
initial outgrowth of cells from the tissue pieces.

Culture media.

There are many culture media used for cell growth, some of which
are more toxic than others. Parker always considered his 199 medium to
be too toxic for optimal growth of cells and proposed its replacement by
1066 medium, but the virology world did not make the change. Eagle,
Earle, Guy have all put forward satisfactory balanced salt solutions and
when these are supplemented with amino acids, vitamins, nucleotides and
serum, a complete medium is obtained. The medium used for the initial
outgrowth of the cells from the tissue pieces is the best for the continued
propagation of the cells. For this reason, it is most important that an accu-
rate description of the medium composition is recorded, since a sudden
change of medium during propagation may cause chromosome abnorma-
lities. It is also important to have a large batch of fully tested serum
in stock since deficiencies or toxicities of serum may also cause changes
in the karyology. A serum has not been fully tested until it has been
used to support the growth of the cells for at least 5 cell doublings. It
is of interest to learn that a new sterile powdered Eagle’s medium incor-
porating sterile serum and fully standardised before use will be available
in the next year.

Growth characteristics.

The time taken for cell doublings as well as the number of doublings
veeurring in the finite life of the cell line are critical characteristics. An
infection of the cells most often destroys the cells or causes them to grow
more slowly, Furthermore, a transformation of the cell may occur by infection
with an oncogenic virus and although this may not cause a change in cell
doubling time it will certainly give the cell indefinite life. Both these para-

meters are good markers, therefore,

Freezing of cell seed.

The greatest advantage in the use of a cell line for virus vaceine pro-
duction is the facility to freeze the cell population indefinitely in small
aliquots until such time as a sample is exhaustively examined and shown
the cell population to be free from extraneous agents and untoward reactions,
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It is important to freeze the cells n such a manner that the highest
proportion survive both the freezing cvele and the thawing process, It i-
necessary to protect the cell from damage during the freezing and this -
done with glyeerol or dimethyl sulphoxide (CHy), © SO. There are no real
advantages of one over the other, but we find that with DMSO there is a
higher survival rate of cells.

The cells must be cooled for the first 20°C to 300C at a rate of 19 per
minute, after which they may be plunged into a very cold temperature.
The highest temperature at which they should be stored is — 70°C, but
they will store for much longer periods of time in either liquid nitrogen
(—190°C) or the gas phase of a liquid nitrogen contamer. Certainly the hall
life of cells is significantly decreased by every degree above —700C until
at —50°C the half life is as short as three weeks.

Just as much attention should be paid to the thawing of the cells as
to the freezing. Cells frozen in ampoules in liquid nitrogen should always
be handled with care and a face vizor must be used in case the ampoules
explode. As soon as it is removed from the liquid nitrogen the ampoule
should be immersed in warm alcohol and thawed rapidly. Alecohol is used
go that the outside of the ampoule will remain sterile and contamination
during the transfer of the thawed cells to a growth bottle will not occur.

Karyology.

At the onset it should be made clear that a normal karyology does not
necessarily free a tissue from having any untoward properties. The impor-
tance of monitoring cells by karyological studies. however, is to show that
there has been no dramatic changes during propagation. Furthermore, the
sampling of cells for studies is a compromise between the ideal and the
practical, These examinations are extremely time-consuming and tedious :
a fully trained karyologist has to spend many hours at this routine work
and much thought has been put into the cell sample o that a realistic
answer of the normality of the cells will be obtained without an excessive
amount of work.

A certain amount of discrepancy between laboratories has arisen as
a result of using different criteria of abnormalities, The eriteria of accepta-
bility for the various analyses are shown in Table 1. The limits of accepta-
bility have been selected as a result of many vears observation and it is
known that the WI-38 cells, for example, can meet these requirements.
It is worth emphasising that the suggested limits of abnormality above
which the cell substrate must be rejected are based on frequencies of abnor-
mality that may occur. It is merely a very sensitive check that the cell
has remained normal throughout propagation,
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Tasre 1.
Criteria of acceptability based on karyological analyses.
Examination | No. of cells taken Observations

not acceptable

2. Analysis of karyotype = 20 of the above cells | Photographic reconstruction
in (1) should show cells normal

3. Chromosome  breaks

|
1. Exact counts. . . . | 100 metaphase cells P 29% 2n+ 142 or + 3 ete. ‘
and gaps |

100 cells in (1) Tabulated as open break achro- |
I | matic gaps, ete.; should not be
more than 29, 2,49, to 949

4. Structural chromoso- ‘

mal abnormalities. . | 100 cells | Unstable structural abnormalities
| (dicentrics, rings, exchange
‘ configuration, quadriradials,
‘ ete.) stable structural abnor-
malities (deletions, inversions,
‘ | reciprocal translocations)

These should not exceed 1Y

5. Polyploidy . . . . . | 300 unselected meta- | Normal range about 17, to 59,
phase cells if npper statistical limit ‘
(P = 0,025) is = 109, reject
| cells

Tests for freedom from adventitious agents.

It is understandable that any new cell substrate suggested for use on
a large scale must be thoroughly checked for the presence of adventitious
agents., Thus any system uniquely capable of detecting a contaminant must
be included in the multiple tests.

Table 2 summarises the tests applied today in order to have a complete
cover of known bacteria, fungi, mycoplasma and viruses.

TasLe 2,

Test for freedom from adventitious agents

The test used to detect the possibility that a new cell substrate harbours an
adventitious agent are multiple.
I. Direct observation.’
2. Media for bacteria, fungi and mycoplasma.
4. Cell cultures of HEK, MK, RK. Human cell line (Hel.a).
. Laboratory animals, embryonated eggs, </e, i/c in newborn hamsters, i/¢ into
suckling mice, adult mice, guinea pigs and rabbits.
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Iu addition to these tests, Stanbridge and | have been attempting
to establish a test capable of rescuing incomplete viruses since these may
also be a hazard. The test is based on the work of Harris in Oxford and
involves the fusion of two cells which takes place in the presence of a virus
(Sendai) killed by ultraviolet irradiation. The work is in its infancy, but
a cell replicating T antigen and not complete virus can be induced into
doing so by the fusion technique. If this test continues to show promise it
will eertainly become established as a means of detecting incomplete viruses
in cell substrates.

A further test of the future will be fluorescent microscopy. | under-
stand that at a recent « work shop » held at the National Institutes of Health
in Bethesda this technique showed that a high percentage of monkey kidney
and dog kidney tissues were shown to be contaminated.

A further test that has been suggested is examination of the cells
under the electron microscope, looking for virus-like particles. Although
this may be a useful test. the observations must be interpreted with
extreme caution.

Heterotransplant studies.

One of the greatest difficulties in obtaining approval for a new cell
substrate is the challenge made that it may carry a cancer factor. Nobody
has been able to explain what this is, but it is an unanswerable criticism
since many thousands of vaccines would have to be under surveillance
for many years before the critics would be satisfied. In view of the known
high incidence of contaminants in gome cell substrates, particularly monkey
kidney, a fully characterised and non-contaminated cell substrate would
be an enormous step in the right direction in spite of our inability to answer
the critics fully on this point.

A test that is available to us, however, is inoculation into the hamster
cheek pouch to observe whether cells establish and develop into a tumour.
Here again, there is not absolute correlation between the inability to
establish a tumour in the cheek pouch and safety for man, but if a
tumour is established then the cell substrate cannot be considered for
further use.

It must be emphasised that this is a relatively insensitive test and
Stanbridge and 1 are attempting to make laboratory animals more
sensitive to the inoculation of foreign cells by treating the animals with
antilymphocytic serum. Already we have obtained large tumours in mice
by inoculating HeLa cells, which are rapidly rejected by an untreated
mouse. Here again these tests may prove most useful in testing a new cell
substrate,
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Species specificity.

[t seems almost superfluous to suggest that a species specificity test
must be included. The most important measurement of this test is the proof
that the cell population is homogeneous and has not become contaminated
with another cell during the establishment of the frozen reserve of cells.
There seems little to choose between the four tests available. The cell substrate
must be registered with the licensing authority with results of all tests
before it may be considered as a substrate for virus vaccine production.

All the tests we have been considering are those applied to a new cell
substrate to establish its suitability for virus vaccine production. When
it has been approved then there are additional tests on the particular batch
of tissue used, to ensure freedom from contamination or abnormality, as
well as tests on the virus harvest which are similar to those in force today.
The advantage of using a standardised cell substrate therefore is not in
reducing work but in making vaccines safer by knowing a clean substrate
has been used. It is also of enormous economic importance to the manufac-
turer to know that the discard of a contaminated virus pool or substrate will
be a rare event rather than a frequent disappointment that is being lived
with today.
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