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Cardioactive and vasoactive drugs as aids to diagnosis (•) 

\wo A. UJISAI>A 

/Jivishm of ( :urdivt•<~scular HP.,.' Urt'lt , 
The Utirngo .\lrdicol Schoo/ , U 11 it•ers i1y of Ilealth .'icit•llrt•s , Chicago, (_, .), 1 

Tht· po~<si l tilit;- of surgical •·orr!'et.ion of eon~t·nital ahnormalit i•·s an d 

aequìrcd valvular lesinns lw~> incrt•ased the intPrf•:< t of a uscultation a~ onc 
of tht~ most intportant diagno:; ti!' lltPthods . E ven t lwng h eardiac eathnll·ri

:~. ation a nd a ngioeanliography are nften mwd in tlw fina! evalua tion of 
n• rtaìn cases, not ali paticnts art• ,.,ubrnittcd lo tlw~!' proc('durl's . TIH·rr fon·. 

auseultation and its l•~chnical <·ountf'rpart (phonocardiograpb y) ltavt• hasic 

irn portancc among the physical and technical diagnostic rn•~thods . 
. \useultatinn s u ppl ies inforrnatio n concerning loud ness of hPart snunds, 

"Piitting of hl'art sounds, prPst'nce of additional ~ystolic: or diastolic sounds, 
o.111d the c harar.tPristics of munnurs . AIL thi':W data are usually co llt•ctcd 

whill' tht> patì<·nt is a t rt>s t a nel l'anliac output is a t a rdatiYdy low le' el. 

l t is ohvious 1 ha t the hcart sounds nn d tlw rnurmurs arf' rnodifìt>d b y dtanges 
in h1~art ral(' , IJiood prPSSHre and blood flow. This i:. l' •. hy several dru gs have 
lu:c•u <· rnployed in tiH' study of murrnurs in ordt·r Lo 'improve thr· aeeuracy 
uf tliagnosis aud fnr their diff't~ n·utial diagnositl . 

J-;f!Pct nf drtlf{S on hnnnd_v ,amit·s and clwnxP.~ of murmurs 
n·.~ rtlting .from th(•i r action (Tablc•s l , :!, 3) 

/Ji!{italis. 

Digitalis iucrc•ases tlw eo n i raer ility of t ile hPart an cl this is c·vidc•ncecl 
1.,. an inrn·a:w ul' rapidity and magnitud c of (,·ft \'e ntrif' ular t:ontrac tion. 

lt d ccrea;;cs tllc: automaticit y of thc! hcart and :-: timulau·s the \ 'agub. thus 
p rolouging vc·utrtcttlar diast oli';,. lt incn·ascs r anliac o11tp11t and tlc•<•n •a-;e 
'PIIIIIIS pressurc· in patients witll ('ongPsti' P fail11n' . 

Tlw r llang\'R of c·ardiac d y nantics Pan sed h y digitalis slwuld n•srdt in an 

ir11·n•a ><e nf ali ~:-'R tn l ir murrnur:; . hntll in c :on~enìtal and in acquìrnd val\'11lar 

(*) l.edurc• ht' ld a t t he [, t itu to "'Htpt• rinrl' rli • a ui t it "" Uf'luhr r l ~th . [ lJIJII. 
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1 Alll . l l 

Condition~ cuus ln 11 mur murs in the lclt hcurl 

( ' H J1 d l l l li Il 'l~ Pt' o l lllll l'lllllt 

.\Ili ~ l 
f ) IJ:ll :d i,.. 111t rit. 

( Ialo·) 

~ l e111u· l "lll•rtt 

!\ltltii iH.' lt •t'i ' IHtl 

Mitrul iusuAicieucy (or!(UIIÌt-) l'uu>v• tuli r 

J\1 itrul S l CIIOS Ì8 (Ofj!llliÌI' ) l >•a~ tulct· · pr1'')'8Lol i• · 

Mtlral ~lt'IIO•Ì- (relati' 1') l l ) iu• t ohr-pre•rstoli• 

A orti•· ins11fficienq Enrl) -di n~ l uli•· 

Aurtic s teuosib ( valvul;-.r) . Sy>tolic, rjection LYI'~' l 
Aortit· stcnosi~ (nmsculur) Syblol ic , ejec tio u t ypr l -l ·l l -l 

Aortit- ~tenosis (rela tivi') l • yHolit· , l'jl'cti-on typr 

dist'ases whilc diastolic murlllurc an· 'ariuu~-oh afl'crtecl. Tlw full efft'rl uf 

di tritalis on murmurs is usuali) ohtained after a few òay:- of trratmrnt unlf·~ 

largc doses arr administt' rc·d in travrnously. Thi;. dna~ ib nnt rurn'n tl ~ 

ust'd for functional tcstin~. 

In dctail, tbc pansys tolie rnunnur 11f organi c mi t rnl iusuflit~Ì ••nry s l10ul d 
be increas•~d hy djgitalis . On tlw otht'r hand , that of '' relativi' » mitra! insufT,. 
rien r.y might bave a vurial,le· lwluwior. The pausyl' tolit· rnurmur of nrgaui C' 

tricuspid insufl1cir.ncy Ahou ltl ile incn·ast·d lty digi tali!' hut t ha t of r r lat i"' 
tricuspid insufficienr~ shuuld lw d<~crcased. duf' to ht•ltt•r left Ycntrif'ular 

fu nction \\ hich is followl'd h) dccrea~ed pulmonar) an d right H ntricular 

prcssun·~o. 

Tbe murmur of mitra! st cnosis (urganir or n ·la ti\1·) Ìb dt•crt!a~oeJ ),~ 

rligitalis on account of lon ger dias tole;; tl.tat camw u lt·s:-; tumultuuu~< fl tl\\ 

through thc mitral valvr and lowcr lc-ft atrial prt'bbUrt·. Tlll' oamt· is tnw 

fnr tricuspid s lcnosi~;. Tlw lt·rr11s <( rdativ•·" mi t ral or tricuspid stmwsis 

applies to those (( funrtioual » dias lolic or presystolic murnn11·s whicl1 occur 

during uvcrload of orw \Cntriclc·. Thus 11 relative " mitml i! lcnnsis is <· ueolln· 
t r red in h' ft wntricular fnilun ·, myuearditis, aurtic' insuflìcicncy (A . Fliut 

murmur), or mitra) insuflì cicury . .. J{ .. JatÌ\1' " tricuApid Atc·nos i,. is obsrrvctl 
in c hronic ur a cui c pulmona ry h e art cliscasc, m i l ral s tt•nubÌ!-. t ricuspiù in su f. 

fi cicncy, or atrial sc·ptal dcfrr t . 
In r cgard t o basa l murn1ur,, the murmur of aurtir iusurlieit•ncy shnulJ hc 

increased IJy digitali iS bccausl' tht· l:' lron gcr contraetiou t•lt•,·atr;. aortic systoli t• 

prt'ssun·. Thr longPr duratiou uf lliastolt: s hould mah.P t h e murmur mon· 

. lu11. Jsl. iSHJICr • .'iu11ilu (I!JG!J) 5. i:H II . 
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di::H·t·rua!.lt·. T l11• murrnur of aurtit• :< lt'll" ~ ' "' , lwuld al ,;u l ~t• incrt·a,..;e•d ile·ea u:-;t: 

of ~ lrongl' r ld't \t'lltrit•ular Ctlntnu:tiou,.: (*). Tlt t• sauw applit•s tu pu lnwnar y 

insurticit•nry an d :' Lt•no;. is, with tltc t•-xrt'ption of tlw dias tolic tnurntur of' 

·' n · lativc " pulmonary ius ulli c ieti<'Y (C. S tt•t•ll murmur). w hie h ~hould Ili:' 

de·ct•t•ast·d !Jy di~ i tali:- du\' lo lmn·riu~ nl' pulnwuary arlrrial pn·:o.surt'"· 

Conditiuns ..:ausing tnurmurs in the righi ht:a rt 

('. , Il d i t i .. u 

l'u lttr o aa ar) irt~utli<· lelll'Y 
(ur~anir ) 

l'uluwuan iu o ullit·it·ut· ~ 
( r~lati' ~) 

Pullunnarv ~lt-'nW··l:
('.t h otl.;r) 

PuhtHHtttr) :-- ttnu:-i"' 
( lltllot'ttlnr) 

l'uluronar\' ... tt•uu .. i" . 
( rdatÌ\'t~) 

Trir · u~pid i '"ullil'i~"''' 
( or;.:aotil') 

Tri•·u,pid ; .. ,utlic·ie•ucv 
( r~latiH) 

l'ric·u~pitl :- tt•uo:-i :
( nr;.:auu·) 

l'rÌf'IH•pitl ""h'I1U""I~ 
( rt'la t i H ) 

T ) l'P u f l lllll'ltll ll' 

IO::orly-tliu~Ln l i c 

l•: :ori y-diu> tu lic 

l li a> tolic·-pn·~ ) -tulit· 

,\"'·'l 
uitrlll' 
(o•arly ) 

'l \Ili. i> :!. 

l""~opr·••lc · 

lt' IIU) 

In t•on;,r•·nital ~hun l ,.., cligitalis sh11uld ittt' rt·a;-.e· 1111' rllllfllllll' cd' \i 'Htri

,.,dar li<'llla l d el'n·t an tl thal of palt•nl dnctus. ll o\\t'\1'1". if llwn· "' pulnw· 

nar\ h~ po·rlt'll li ttlll , t lw..;p lltttrmur;; 111ight de•t·t·o·a:-.e·. Digi tal i;; ,.,lt ould ttol 

a ll'.-t ·l tlw mur11n11· .. r atrial ;;t·pta l d PfPet. 

l'lw ahn' c• t•on,:idnations o n l hl' proltablt· di'e't'l .. r digitali ,., ~~~ l'oside·~ 

\\t'l'l' ha,.:e·d on tlll' plty;;iulop:ic .-fl'l'l'll:' ol' llw;.t• ,;ub;.tant•t•;., \Vt• ha\1' ro·t'Pnth 

initiale·d a pro:.:rant ttl' -. ttHh un tltt ' lwh:t'\ inr ttf lllllrmur:-. duri11g and :d'tc·r 

( ) l'llt' .. , ~ t o lu.· ruunuur •• l .. u h aortw ttHI:--4·ul.tr -te·uu ... •~ , ... ru crea ... t•d rttu r~· l han tltal u l 

' ah ular .tol'l i t· ... ft•uo:-o i~. 

---------------------~-----~ 



Il 1 "" n11 ·v .1 1 -.1 "" 1111 

.t li 11111.1\ 1'111111~ IHII'I ' (IIIII .. r nu.dlilllll' (O,;! :; lltg.) . \\ 1111 "III"JII'I"' '" ' Ila \ l ' 1\0io•d 

tloat a li 111111'111111'., on;.:i11ati11;! 111 1h1 l..tt lw:trl olo•t'l'o'.t t-o alto·r .. ll.thalltt. '' 1tlo 

.t 1"'·''- of ;to· ltllll .Il :!O· {(l 111111 lntlll Ilio lltjo·o· (t lt ll Tlll · l· l roto · 11111 1111h !111 

' 11111111 l t • l 

\1 t o.d 'l'pia l do•lo·o· t 

\ l'IIIIH'III,II •t' pl:ol ritlo•o l 

\ l ' llllll ' llllll ···ptlll dt·f,.,., 
11ith f'lllollllllolr\ ~~ ~ l'l'l • 
lt•n-..aun 

tungcuilal shuuts l'ausinl! murmur~ 

l\''' ul lllllltu•u 

:"'l\ ~ ~ nl11 . t' l t'( li Hl l l ~ Jll 

Pau .. , ... t, ,J., ur t'ft 't ' l lull 

''l"' 

Pa~t•u1 thu· lu~o. '"itJ1 Jllll - :"'l\'-'lnl11 
111uuar) h~ fWrlt•tt-Htll 

\Ili \ l 

ltJIIII• 

••·ar t, 

l 1111 l 

J .. t •lfl'tl 

lolf"lt~tl 

tlw 111111'111111' n i' 111i1 raJ >' 11 '1111;.1~ . but alt-n lnr 1l1 :11 o l r11i 1 r:ol tii,.,Uflll ' ll·llt ' \. tl1.11 

ol' aortit· 111-.ullll'it·llt'\ auol tl1al ul' :wrtio· _, ,,.ll., ,., i ... . 

'l'lw ... tud, j,.. o·o11l ÌIIIIÌII;.! a11ol ,.houlol l w o'otl..lntll·d 11 ttl1111 llllt ' '1':11 . 

lnt\ l """''. 

\11111 11Ìit' ll1 ' t' att ... o•:- b~tlh ,.~,.lt•fltll' a11d l'"l1111•11ar~ '""'"lolataltllll. Il 

do·cro·a ... ,.,.. arlt'rial ,~,.,lt'llti1· ,.,., .... ,.111'1 ' : 11 Ìllt'I'Pa.;c·-. 1 l'ltwit ~ o l' aort Ì1· """ aud 

rapidit~ ol' lrf't \l'lllril'lllar t',Ì•TIÌIIII: ti itH'n·at-o '" tl11· ho·arl r.tlt' llll'lllt/!le 

.tcarotid ""'Il"' rc·ll~·'· h a n ·,..ult. \1'111111" ro·turn 111 tlw ri~ht lwarl i,., ittl'rt'at-o·d 

withi11 tlw lin .. t :w lo loO :..t'l ' "hilo· t l1al 111 lltt• l1 •1'1 lwarl i, ittt ·ro·:~:-o ·d all1 ' t 

al~tolll -;-:; 111 1)(1 ,., ,., . . 

'l'l11· pali >-:" -.tu li1· llltll'tttltr o l orl!atttt· 111i1 ral ill-.ulltl'll'lll'\ j,. oll 'l'/'l'a:-ot•d 111 

tlw l'ar·h plra :--1 · 1,~ aul\1 tlllrill ' , Tltal of • n·latilt ' 11111ral triHtllt~·i•·llt ' \ 

uta\ .. i tlr n .J,.,·n · a~•· .. ,. in,·n·a-~·. 'l'Ili' clia-.tulic 111urnrur .. r "rf!allit· ruitwl 

:..lt•Jl o,_j., j,.. ÌIH'I'I'OI!'OI'd lo~ 01111~ l IIÌlrÌI I', Jaq,:t·l~ 1111 UI'I'OIIIII nf :-ohurll' l' dra;.l11l1 ·~ 

l ' all,.lll~ hi~.d11· r· lt .fl .ttrial pn· ... :..un· aliti nwn· l11111111tu1111:- 1!1111 thr"llf!.ll 1111' 

lltÌiral \ah1·. )tt t'O IIInt ,.. l . tlll' 111111'111111':.. t'a \1 -.l'd lt\ ,, r..latÌ\1'" ttlitral :..lo'll""'' 

(m11rtt1ur:- of C. Courult~. 111' •\. Fliut. ol' lll~lll'artliti:-. of' lc·ft \l'lllric·ular l'ai

luro•) rna~ dt•cn·a::,t·. duo· In do•('l't•;t,.l' nl' lc·f't \l'lllric·lllar pn·:--,.,111'1':-o. Jl '"'""' l' . 

thi:- 1'11a11g1' i~ 1111l :dlla\ .... fouttd. ''"lll'<'i:dh if tlwr1• i,:lc·ft \l ' lllrio·ular f'ailun· . 
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Jo:, f' ll tllt' bwk of inc rea ~:w ul' t lw lllllfiiiUr during 1!11: ph a::w of tarhycanlia 

('aused by amy l nitrite! may ht• in fa, or nf a funrt ional dias tolic rumblt·. 

Tlu· sys tolic ltlllrBIUr of valvular aortie :5 te ·nos is ma v e itlwr ine:rl'ai'P o r 

dt•nt•a ;;C \1 !Ji[e: tJJat of lllUSt: lllar s uJ.aortÌc >< lt'IIOSi::ì w·nnaJh· ÌIIC rt~aSt'S . 

Tlw a e tion of this d r u g on murnlllrS uf tlw rig ht lll'art Ì;.; uf parlie ular 

in t n e s t. 

Tlu· IJiowing dìa;; tolit· murnurr o f pulnwnar) irts ufli l' it :nt·y, "lwt hn 

urgan ic or r..l a tì,· ~· (C; . S tt·l'll) , i;.; u s ually innea,.w d IJ) amvlnit ritt~ within 111., 

lirs t l :i to :lO .se·e dttt• to 1-! rt'att•r Vt:nnus rl'turn and g re·atn pulrnonary fl o w . 

Tht• lwn; h , t•j•·e tion-t y pl' , systolic rnu rn•ur of pulnwnary s te·no:o;Ìs , w lwtlw r 

urganie o r n· lati' f' (pulnwnary liow rnurmur inrluding t ha t of sorlll' ÌIIIIOI't'nt· 

nwrnnrrs), is a ls o irH' f f' H>i t•d by a rn y l nitrit.t· thmugh tfw sanw nwc hani >< lll. 

Tht• s )'·s tolie lliUrtnllr of tric us pid ins uflì r it'ney (oq~a n ie o r n·lat.i,·e·) and 

t h e dias tol ir murr11ur of tric u,.;pid slt·nos is (organie or rl'lati,·.,) an· l!•·rw 

rally inl-re·a st•d l•y arny l nitrite in an t•a rh· Jll'riod. 

l11 n •gard t.o t'on gc·n ita l s hu11t s, he:r n atra in a rn~ l nitrite· ltas a signi

lie•; llll diag11ost ic , ·,tiul'. The ~;~· s tolit·, t'jt·t: t ìon-ty jw, pulmo11ary llow lll lHilHir 

n l' a trial s1·ptal d t· fpc t i>' illtTI'a ::wd " ·hile t.lw pa nsy;;; t o lic lllurmnr of \ t'll l ri

n dar s e· p l a l de• l'i·c t Ì:< d t·en·a;.;i•(l. ln \ t'ntri l' ular :·wpt a l dt'l'ect \\ ith pu bn omlr} 

h~· JH' rte·n ,., iou , tht• m u rmur l)t'h a vi'S like in a ny pulrnon a r y flo w m u r rnu r 

a nd t llt'n·for«' Ìlle rt·ast!s. l n te tralogy o f Fallot, tlw IIIUI'Illlll' IJaha\l'i< a;.; in 

' e·11t r ic ula r sqHal de.f1·et a nd t.lu:n ·fon d een •asl's. 1'11 ro>~ard t o patt·nt ductus. 

t i w nnt:orn p l i t~ a t: ed fo rrn s hows a d f·cn· a:5e o l' t !H· llllll'lllllr w h i l t• 1 ha L a,.:so

·· i;~tt·d w ith pu1111011ar~· h y pt•rlt•fl!; io u rna\ 1·itht•r de·crt 'il -"t' or i uc n·a"l'. 

\lt•llroxamim· ( l ·11so.rvl). 

\le ·tlwxamine' e·aust'"' a t•on,.; tr il' l iuu uf 1111' S\'>< l•'lllit· n·,.;i,., t ;lne·t• 'I'S:' I' I,.; 

a ntl illl i ru :n·as t~ o f l1·ft v t·ntrie ular sy~tolil' p rcssun·. Lt·ft 'e·nl ri .,nla r d ia 

..;t oli f~ p n·ss trrt· is o f LI'll a l!'o innt•a ;.;1·d hv largt• dost'S o f this d ru).!. Tht• ra pi

d it v of Jpft \l' lll.ri t:ular c on t rar tio n i,_ de•rn ·as1:d . 

T h l' sv,: tolie rnurmur of ni Ìtral iu ,.; ll flìe it> u c , . (orgauie or rl' lat i\ e·) is 

in crt'<l><l'd h v t h1: ri ,_,. o f lt: ft '•~ ntricnla r ,.. , ·,- to!i l: pn·s,..un·. 'l'h t• di a,.: l o ]Ì('· 

jll't'!'Y" tol it: murmur o l' organie n1itr;~l ,.; lt•fl o;; is is dt' l'rt·aso•d lo \' t lll' IJraeh·

o· a rd ia tlwt caust·s a lo wt• ring of l1· ft a t r ia l pr c:<su n ·s . On tb c I'Ot\lrary, tha t 

, f ,, n· latÌ\ l' ·> mi t r a l s t taw,..i;;; i;.: in 1' n ·a,.;1·d hv l lw ld't 'o•u tr in d a r o\·e· r load 

c·;w s nl h~· IIH'I hox amin1·. l n e•a st·,..; w ith at.y piea l s v s to li e llllll'llllii"S, t ht• llllll'· 

tll nr n" u a ll \ l!t'e:o tiii'S 1111!1'1 ' ~ ~· pi l' al a nd 1·asit· r t.o di agnosi'. 'l'l w 11111rm u r ul' 

""h nl a r aortif' l< tPno;; i:;; is dt•(•fi'a ,..;t·d Il\· IIH' Iho'< a lllill l' , and tlw ,.:anw is t r u t· 

in '' n· la ti\1· ·• aorlit'. s t t·nosi,.; (aortie 1\n \1 m u n nur). Tht• lnllrrll u r o f II IU ,..t'Hia r 

-uhaortil' ,.; t t·nos i,.; is a lsu d e•cre·ase·d l1v mt· l hoxamint• b n t t n a ~ rPatt•r o•xte·nl 

l>t•t·au :; t· t lw illf'rt'iiSI' tl n·>'i,.,ta n eo• 11·n d s l o olt•t•n·as•· l lw grael i,·nl lwl\\1 '1' 11 

int lm,· a n d ou tllow trae ts n f l h l' l1·ft 't'IIIT il' lt' . 
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Tifi' pulntorlft• ~~ :-tolu· llow uturruur of' al riai :< t'JIIal tll•lt•t•l IIH'rnl:-t·~ 111 

'Oitll' raM·:-. Tlu· pan~~ :-lolit rllllflllllr of 'e11tricular ,.,t•ptal clt•ft•cl i~ eo nq 

allth incr1•a,;nl {int-rt·a;;o· o l' 11'1'1 \t'Ili rindllr pn·:-:-un·,..). Au ,.,,Te· p l ion :-t't'lll:-

1" tH't:ur wllf'll llw \l'ltlrÌ<'IIIar :-t· jllal tlt·ft•t•l j , a:-,oC'iat1·tl ,,·ilh pulmouar~ 

11, p<'rlt'll:-ioll . In :-ul'h t'a!'l':-. Llw nsur11111r ha,., lwt•n found lo do•t•rt•ll:-t · )., 

:-om•· aulhor,.. 

Thl' g~<.; lolic · llllll'ltlllr of lPI ndog\ of Fallo1 Ìl' l!''llt·rall~ Ìlll'rt·mwd tlu•· 

lo hilatc· ral \PIIIrieulat h)flt 'l" lt'llhlttll lhal III«'Cf' ,IM ' '> th1 flm, thruu!!ll lh• 

!'lt•nolie pulnwnan 'H h o·. 

Tht· murrunr of pal<'nl dul'llt t- j ,.. lllCrt ' a'-t·tl lo~ nwlho:\.amllll '. t''\t' t'J'I 

111 !'aRt·~ w i l h pul mo11<1 r~ h~ 1'<' r11· 11 ~ion wl ~t · ro· l'i llu·r IIJt' r('UI' t' 11 r tll·t· ro·a~l · 

Il !il\ ),.• ol,;;t·n·t>d. 

TI j,.. Ìlllf'rt'sling lo lllt'lllÌon thal , whilt· i11 1111181 t·a~C'>' of pulmo11ar) 

Ìrr~>uflicit•nc) ("·lwtllt' r urgallit· or n•lali,c) tht• hlowin,.: dia t- lolic rnurrnu r 

i:- llttl afl't·clt'tl by nwthoxarr1i rw. a markt•d incn~a~c· nf tht• murrnur i~ nott·d 

111 cai'P:- nf Eiscnnwn~c-r·, ~~·ndro111f'. I n thf' lattt'l', tht• inrn•af:f' nf anrti1· 

pn•!',;urc· ca11:.1'8 an int·r1·a;w nf' prc~~Url' iu hotl1 Vl'nlriPio·"· ;111 illf'rt'll l'f>tl Ilo" 
l'lll'ough tlw pulrnonar~ 'ah c•. an d an inc·n·a;.t•d rrguq~1tal i un . 

I·:JIÌtwphrÌIIt ' ( l rln•twlitll' ). 

EpinPphriut· rau!'t''- uu·b ~ c·artlia , a11 iurn·a,.,,·d rapidi l~ of ll'fl 't•ntri

n d ar t'tllllra~tiou. and an inrn·as•· uf cardiae output. E\1'11 tlw ugb iL ca u~t·;. 

JH' ripbf'ral 'a,.,odilatation. rardiar outpul isso augnu·ntf'd tlwl lt•ft 't•utri<·ular 

;111tl anrtic ~')' ~ lolir· prc·~~urc;. an· int·n·a:-l·tl. 

Tlw dtaugl''- t•aus1·d hy ••piucphrirw are· lt ·:-;,., l~ pie· al t han t hoso• t·au,;l'd 

lt) otl1o•r drug~ du;• Ili ÌIICrt'<.ilil' of hntlt lc•ft \(' Ili rÌt:uJar t'IH'f!.,(l'lil'i'> (:;imi)ar 

111 thal catrs NI ~~~ Ìl"ttf'rtlt!'rt'IJOI) antl aortir prf's,;un• (~'i lllilar lo that cau:.t'd 

), \ nwl boxa 111 i n1·). For t h ili rca,;nn . c·pi n t• p h rint· i:- 1wl ('Il rrrntl) t• m pio ~· ,.d 

111 our l alJOrator~ a ::. a dia~nusl it· tes i . 

\orl'pÌtt!![lhrillt' ( \or-atlrt•traliw·). 

:'llon·piuPphrin<· has chidl y n JH'riphc:ral t~ A.t:<'l t:ll ll i->Ì II~ t·un:-.lriclioll of 

lsuth tlu· rcAis t a n cc• ancl tlw c·aparitancc• , -f'ssc•l". l 1 is rwl usually f'rnpl"y~"d 

a ,.: a diagnnHic tc·~<l bui tho· r hangp;: <·awwtl hy liti~ drug wnuld IH' ~<imilur 

lo tho!'t ' c·au~o·d J,, nwtlwxamino·. 

J .~OJifOII' fl'tiOf (/SII jlfl•/). . ·' • 

l~"prolt·n·nol iut•ro•a,_,,.,.. tlw rapitlil~ and )"'~~'''~' of cuntrac liun of tlw 

m~·ocardiu rn. I1 rau:-t•:- larhyranlia, shortcr :.ystuh·:., and s hnrtN dia!'t()lt•!.. 

li caiiSl'S dilatatiou nf tllf' sy:, t pn1ic· n ·si;..tHIH'I ' vt'sl'wls and a lso of tlw pulnw

IWry \'f'I-Scls. Thu;, i t causes gn·at .. r flm~ , higlwr sy!;to lic prCS~>un·. a111l low1·r 

tlias lnlir pn·>.Hlrt ' in IJHth tlll' pulmo11nry art~·r) a nd lht' aorta. 
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\Vhile isnprot<·rcnol increases t lw systo lic murmur of vah ular aortic 

s t enosis, of rnuscular aortic s tt>nos is and of « n·lati ve » aortic s t c•nos is (aortic 

flnw m u rmu r) , thc incrl'aSt> is gn•a test in muscular s t cnos is . For t h Ì!> rc•ason, 

tlw U Sf' of this drug h as diagnostic ~·alue for thc clin ira l rccugnition uf thi!> 

furm of obstructiou. A s imilar b ehavior is r n countt>rc•d on thc right ~id e 

lwcausc thi' systolic murmur uf muscular subpulm onic s tcnosis is t>nhanrc•cl 

rn twh nwr<• than that of valvular or " n•lativc n St l'nos is . 

Diffm>ntinl diap,nosis 

Ct>rtain diagnnstic possihilities are nut aicled by thc usc• uf drugs. Thus, 

thc pansystoli c ntUrmur of vent ricu lar scptal llefec t is afl'ct: tc•d in the sa11w 

way aH t·hat of mitral insuffieic:ncy and that of thn t c:tralogy of Fallot. 

1-~ nitrilt'. 

~frthoxuminr 

l h oprole'rrnol 

Dlffe,·entlal dlagnosls 

~ "' 
g_ ~ -

1~ , ~j e o f ~ 
.~ - ~
"i l ~ 

Tlw following cl i ffert'ntial diagnosc•s. nn tlu• utlwr hancl , arP c·urrl'r.,th

aid ccl hy drug Ws ts (Table 1). 

l) Orp,anic mitml stt>nosis t>ersu.~ relntit>P mitml .w•nosis. - Thc: dias tolic 

rmnblc: i;; incrl'uscd by umyl nitrite~ in thc oq~anie s tcnnsi:-;; it rua y decrc~mw 

(or al l1:a11t fai! lo inen·a~c) in relativi' s tcnosi!'l (A us tin Flint a nd otlll'r 

funrtinnal dias tnlie mnrmurs). Ylethoxamint· dc·c:rc· aRc's tlw rrrurnr11r ctf 

oq:;anic: s trnw;is, incn·asc•fl t·lrat of rf'lati vt' s tc;uos is. 

2) .Witml .~tnw.~is r·1•rsus aortic insu.ffìciPtH'Y· - Thc' din ,., tolic rnurrnur 

'"' iuc·rc•asc•cl by aory l nitriti' in tnitra l Stl'noRis. d ('Cft'U"I'd in aorti1• insuffi

l' icn cy. On the contrary, ·rnl'lhoxamirw ciPerc•a>ws thc• nrurmur of rni tral 

... rc nosis w hil1· it inrrt'asf's th a t of anrt iC' insuffiC'ÌI'ncy. 

:\) lnrtic insu.ffìcic>ncy rersus pulmmwrr i llsnljìril'ncy. T lll' cliastolic 

rnurrnur is dl"crcast>cl by amv l nitrite in anr tic insulfi cil'nc·y, irll'rc•as;•d in 
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pulmonary insuilic:icur~ . .MI'tlwxamiue in crc•a~;f" tlw munnu r of aortie insuffi 
c· ic ~ ll r~, dorF. 1101 chungr thul of pnlmo nary insuflìr:irut'\. 

4) PulmonatY stPIWsis ·vr•rsl/8 1'f'ntriculnr sr.ptnl clt:fì•rl or trtralogy of 
Fallo/. - Amyl n itrite• inrrc•a~o,~•;; t Ili' murrnur of pulnwrHJr~ s t enosis. d Pcreasc·;.. 
tlaal nf tlu· oth('r t wn conditiunF- . MPthoxamiut· incn-asc•t- tlw murrnur of 
\l'lllrieular Rrptal dc·frct a:- Wl'il H'- that uf ùw tNralog:. 

!)) Anrtir or pulmnnary rnusrular .~tl'1lO$is t'f'rsu~ aortir or pulmonm:' 
t'aluular stPnosis. - Tllt" murmur i., incrcased hy Ìboprc•tf' r('nol in a li theM· 

furru" of si <'nnsi,.. : huwl'vc•r, tlw incrl'aS<' is muc!J gn·atc•r iu tlw muscu lar 

than iu tlw valvular form . A similar rPsuh ÌR olJtairwd with digitalis. 

6) Organir versu.~ relativf' pnlmnnary insujficù•ncy. rn orgauie pul-
rno nur) ins ufficicnc), digitali ;.. causo•:, an in creat.w of tlw murm ur by 
augnac•nting th c powrr of right Vl'ntricular contractionb. Ou thl' contrar). 
in u r<• la ti' c• >> pulmooary ÌnbullH:ÌPu cy. d.igitalis oftcu dccrc·ast'!< tlw murruur. 

This is pa rticu larly trur of 1 lw rrla ti H pulmoual) in&uflicicncy causecl L~ 
ldt lwart ohstruction (mitral s t enosis) or left ht>art failurt• through decrf'a!'o' 

of ll'ft atrial a nd pulmonar) pr(•ssurrs. lt may nnt O<'Cur if tlw iusu flìci ent·~
occurs in pulmonary heart disea~c· wh rn• thl' pulmonary pr<'Sl'Ur<' is le!>;, 
alfl·ctcd. MPthoxaminc incrctuws the murmur of pulmomtr) insuflicienc) 

only in E isenmcngPr's syudrou ll' whilt· it does nnt chungo· th ut of other 
furms, \\· h<'tiH•r ca usNl by orguu ic or r e lati ve in su ffi cit•u (') . 
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The need for a standardised celi substrate for vuus 
vaccine production (*) 

FnANK T. PETIKJì'\S 

Natiunal lnstitutc fur Mt>dicul l<l'sNm:h , London, Etl!(lamf 

Durinp: tlw lasl 15 ycars tbcrc havc Leen sucll enormous advance;. 
made in virology, largely due to the development of ce11 culture technique~. 
t hat it is pertinent fnr u s tu tak<' stock of tlw signifìcant milrstones ancl 
e.nquirc into tbc futu r<·. 

F ift y years ago the only thr<a· virus vaccirws usetl werc prepared in 
or on living animals. Smallpox virus was grown on tbc skin of animals and 
the vaccine madr from the lymph scraped from the infected tissues . RahieR 
virus was grown in thc: hrains of s usc.-ptibl.- animab and tbl· vaccinc· con8i~lc·tl 
of the virus killed by pbenol in the. presencc- of the hraiu tisstw. Ydl.ow 
ff'vf'r virus was growu iu f4·rLil<' C!ggs from lif'ns antl tbe vaccinr m adP 
from thl' infected embryos. No test s werP dorw (trl tlH' anim a) ;~ or cgp:"' 
used in tbe prnduction of tlu~se vaccirws and ind.-ccl little was knn\1'11 
ahout tlw virusc·s infccting or inLereutly endemie in thr hirds a ucl animai~-. . 

Although some small modifications have heen madP in proùuction n r ellwd~-o. 

th~rf' has b~en little cha ngc: iu thefw vaccinel' to thc prcsent da). 

When a vaccin e against poliomyclitis was urgently r~qtJÌrPd tlwrc> wa;., 
no kuuwn easily avaiJable suscepti]Jlr laiJoratory animai and thc productiun 
of this vaccine had to await furt hcr lcchnical drvclopments . Tberf' wcr~ two 
major advanc(•s made at aLout the same timc. E nders, Hohuins aud Weller 
plact~d thf' growtb of celi cultures in vitro ou a finn footing and showed that 
poliomyelitis v irus could be; grown in tbe tissue on a com merciai sca le . Thil' 
was indced a signiiìcant developmcnt hut it woulù not bave ]Jeen of such 
universal application if penicillin, discovered by Flcmiug, Chain am1 F lorcy, 
haèl not so successfully suppressed tbe hactcrial contaminants thal had 
hrdevilled tissuc~ cult ure for so many years. Thn t issue clwscn for poliomy1·-

(•) Lecture held al thl' l stitu to Supl'riore di Sanità 011 October 24th, 1968. 

A'll1i . /Al. Suprr. Sm1itù (l!)fifl) &, 82·8!!. 
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litis vaccine production was grown from monkcy kidneys and the cradicatior1 
of the disrase in many countrics is now ltistory. Thc developrnrnts in v iro
logy, howrvPr, as a r esult of the opening of new frontiers in tissue cultures 
have not on ly shown the presence of hitlu;rto unde tected viruses, but they 
have also show11 the effects of both virus/celi and virus/ virus interaction. 
'The pn~snnt fìndings demand thf~ usc of a virus free substrate so t hat thcre 
shall he no possihility of intrrac tion with tho vaccine virus. lt is a lso rssential 
to avoid the possibility of an endt>mic infcctious ugr•tt in the vaccinc escaping 
detection hy our safety trs ts. 

Thc modero trend has bren to use ccii cultures prepared from tissue 
of clt>an animals o r birds. Thus, mcasles virus is grown on chick ccll fibro
hlasts dcrivcd from the fert ile eggs of chickens known to be free from and 
eontinuously rnonitorcd for t he prt~Stmce of fowl 'eucosis viruses. Measles 
vaccinf' is a lso preparrd on kidney tissur obtained from dogs hred under 
clean condi tions. Furthe rmorr, rubella vaccine is currently heing prepared 
in ct>ll cu ltures from dog kidneys, rabbit kidnrys and duck t> mbryos. Although 
,.,uch l' tf•ps tu ohtain a c•lf'aner suhs trate must be e ncouragcd, they catmot 
he rq:(ardrd as tht~ ultimate answer. One ;, train of rubella virus is grown 
in human (• rnLryo fibrob last cells propagawd in ~;eries, which is a rnuch 
cleaner l issue than any prirnary tissue. 

When Wl' look at thf• f' normous devf'lopments that havf' taken piace 
in ,·irus 'accine production i t is surprising that so little attf'ntion has bcen 
gi'·"n Lo tbc s tandanlisation of the celi substrate . T here is a weaJth of 
information on the growth rcquirements of flifferent cell cu lturi'S and much 
has becm done to ob tai11 ff~ [WJtlucibility hotween ba tches of culf serum. 
The virus used fc1r vaccinc production is sd ected with the ut.mos t caution 
rt·quirin g carefully controllcd clinica! t rials to ensure that it is both safe 
and immunogenic. lndccd t he 'irus seed poni used as the s tarting point 
for tht• production of each batch of vacciue is thoroughly chcckt'd to ensure 
its frct'dom frorn extraneous agen ts and untoward charactcristics. Finally, 
c·ach batd1 nf vaccine undt'rgoc·s the most stringen t tests to cnsurc: its safety . 
[t SN'rn ~> logica! to suggc:st that just as much care ami a ttcntion should 
lw giv.-11 Lo thr srlect ion , tt•s ting and s tandanlisa t ion of the Cl' ll 'iuhs trate 
us!'d fo r t h e propagation of the Yirus to be incurporated in the vaccine . 

\Vhat nre the alternativ•·s to primary nwnkt·y kidney tissue ·? Severa! 
havP. IJf'('ll !'luggested : F.arle's rnuuse L r.-lls, t•ootinuous monkcy kidney 
re lls and •'VI'n chick cmbry u .~hroblast rdl linf•s . [n making a ehoiet· sevt>ral 
nmditions rnust he satis fi cd . 

i 

L. Thc: et> H must rf'main normal throughout l ife. 

:!. f t l'l ~IOuld be l'mhrvonic tissue since thPsf' are thc• lr nst likelv to 
hP- inhf'rt>ntly rontnrninated. 

lnn. 1.•1. Sllt•f'r. SC111ii1Ì ( l !ll)!) ) !'>. ~ 2 ·39. 
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3. lt ~>hould h•• tisl'tu t· fruru a nun-ùiflen ·ot•a tm!! ur!!<HI . 

4. l t uauRt lte a t issur undergoiu~ a sufii c iPnt uumiH•r of rell doultlin !!" 

Lo pro viùt· an I' ('(IJlUmi c sourcf' of tissut· to thc mauufartllrf'r. 

S. Il should lw u lÌRI'Hi e s uscc>pt ihlt• to rum-t hunaau 'irust· ~. 

Su ch a Cl'i l lint: wa~ s turted h ) Pruft·s.,or L. .Ì:ill) fl ic1. a n d D r. P . Muo r

ht·ad wlwu t lw y estaLii!iht•Ù a po pulation of hum a n embryn lun g fihrohla~< t 
crlls . Otlt: 8 tH' h ecU lint· is knnwu as " ' J-3fl. Man y Ju l ,o raLOri~~> ha vt• cxumined 

this tissuc UJI(I nont· has found a Cfmlaruinatiug viru;,, wlwn:as ali havr fuun d 

th r ceU10 lo rt•main n or111al tbroughou t 30 to 3') cdi douhling~. V\ c· ha' •· 

lt'arnt a g n ·a t dt•al about tht· practical limits of handling sudr cdi, !:>O that 

wt: are now in a positiou to propust' r«'cornmendu tion;. lo tJamw wishinl! 
to t•s tablish thei r own et• li l in<'. 

ln gt:rwral the r rÌt(' ria are con cernetl w itl1 uiHaiuing uucontaminated 

tissue from a norma! JWrson . pro viug il;.. normalil~ througbout i t~> finit •· 

lifC' and sbowi ng Lhat tbcn • are not lilrly ltl Le ex traneouR agent R or un

toward react ions occurrin g in USC'. Man y of tht· teAts may S\'CIII souwwhat 

tcdinu!:! but thcrr are uo tes tE> proposccl l'or a n e \o\ cdi suhstrat r· t la a t ha' 1· 

not h eru satisfiNI alrracly h y ùw WJ-3H ct'll lirw. 

11 i story ali(/ W'TIRalogy n.f thf' celi li m•. 

I t is mnRt important tn know tiH• hiAtory of thl' celi lint· and t hr- dat a 

rt·quired iuclud1• tlw agf' and sex of tla r durwr. H ay()iC" k s tartNI "itl1 fot'tal 

ti11su c becau~t· this "a" nw~> l likPiy lo br frrt' from conlaminanl!'. Thr- p os,;i

},j)ity of t h l· prt·Frn ct• of I'X lraneous agt·nts would l H· much rPdm·t•d hy tlw 

placenta! lwrrier and takin~ tl1e fn etu t- b) cat>sa riau srctiou would s tili 

furthcr prt' w•nt contanainutiou l1 y i'Xlcrnnl sourt:!'l- . A furtl1 er commcnl nn 

tlw sourrt· of tissu e \\ BI- madc b~ Jl oyfti ck w hn purposcl~ cho .. t· non

fun r t ional celi<. an d avoided llu- u se of kidnt'y hrcauAc of it~ likclihnotl 

uf heing a n 'sPrvoir for lat Pnl virusrs . This r edu r1·tl tbt· c hoicw lo skiu . 

mu sclc, lung C' le. aml tlw dwi<'l' of lung in thc cast: ofWJ-3H w l!R arl,itrar) . 

rxcept Ùutt i t waR ar1 innf'r orgau prutt•cl t>d from ron taminat Ìtlll hy tlw 
C'xtc rnal skcl1•ton. 

The St'X of lh1· donor is nwrr ly lo net as a rnarkr r in tlu· rvrnt of r ros;. 

cnntaminatiou of tlw ct·ll lin1· sinct· tlw st•x chrmnosornl' cau lw d ct rclctl 

"" casily . Knnwing tl1t' t:WX of tltc donor, howcvcr, iR requircd rnort' for hnv ing 

a complr lc rerord than for any sci('ntifì c rcasou . Whcre appl icallll' it Ìl' 

inaportant tu havC' a fu ll and dt· tail l'tl famil y his tory of tbc donor, parti

cularly wi th rr sp rcl to congenita] ahnormalitic>s or genrt i c tlefeclA, absen ct' 

of evidcnce of n~oplaslic disca sP in llw donor, par1•nt s and liv in g s i!Jlings 

Hl tlt(' tiull' thr celi liut· is estaL,Iishcd . It is a pprecintctl tbat thcsf• data 

A1111 . /si . ti111•1r. Sauil•l (I!Jfl!l ) &, !12·!!!1. 
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are particularly applicable for t bc establishment of a buman celi line, hut 
even if an a nimai cellline is being considered i t is essential to ha ve an accurate 
record of tbe health of the stock . 

Finally, in tb'is section it is ncct:ssar y to havc the full record of the 
cu ltura! h is tor:y of the ccll linc including the rnethod uscd to cstablish the 
initial outgrowth of cells from the t issuc picces . 

Culture media. 

Therc an: many culture met..lia usNI fo r celi growth, so me of which 
are more toxic than othc rs . Parkcr always considcred his L99 mcdium to 
he too toxic for optimal growth of cells :md proposed its rcplacement by 
1066 medium, but tbc Yirology world did not make the change. Eagle, 
Ea r le, C uy ha vc a.ll put forward sa tisfactory halanccd salt solutions and 
whl'n thest: are supplcmcotcd witb amino acicls, v itamins, nuclcotidcs and 
serum, a eomplete m edium is obt ained. Tbe medium used for thc initia l 
nutgrowth of the cclls from the tissue picces is the best for the continucd 
prupugation of t hn cells . For this rcason, it is most important that a n accu
rate dcscription of t he mcdium composition is recorded, since a suddcn 
e hun ge of medium during propagation may cause chrornosome ahnorma
litirs. lt is a lso important to bave a large batch of fully trsted scrum 
in stock since deficiencics or toxicitics nf serum may a lso cause changcs 
in t he karyology. A scrum has no t bcen fully tc!!ted until it has becn 
uscd to support the grO\\'th of the cells for a t least 5 celi doublings. [t 
is uf intercst to learn that a new s terile powdered Eagle' s medium incor
porating sterile serum and full y st andardised before USI! will be available 
in thc next ycar . 

Growth characteristics. 

The lime taken for ccll duublings as well as t hc numher of duublin gs 
uccurring in the finite !ife of the ccii line a re criticai charactcristics. An 
infcction of the cells most oftt>n destroys t he ccUs o r causes them lo grow 
mort: slowly . Furtherrnore, a t ransforrnation of the ccii may occur by infection 
with a n oncogcnic "irus and a lthougb this may no t cause a change in ccii 
tlouhling ti mc it will certainly give the cc·ll indefinite life. Both t hese para
rnetcrs are goud markers, thcrefore. 

fl'm>:ing uf celi seed. 

The greatcst ad vantagc 111 thc u~:~c uf a c111l linu for v1 rus vaccint~ pro
duction is the faci lity to freezc t he celi population inrlt>finitr ly in !'mali 
al icpw ts until such lime as a sample is 1·xhaust ively examined and s howo 
1 ht! Ct' ll populatiuo to he frre from extra neous agr•nts and untownrd rr·actions. 

. 111 11 . h l . Sv~r. Salti/ti 11!169) S. ~~ ·IW . 
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lt I» importaut tu lrceZl' thc· ceU~ in Sll<'h u m a nnc·r tlaat Lite• hit.dw"l 
proportion survive both tlw frccziug cyclc• ami tht• thawin~ pruc:c~'- · lt i ~ 

nt'cessary to prot<>c t tiH' ccii from damagc· tlurin~ tiH· fnt·zin~ anJ tlai ~ i· 
don(' with f!lyccrul or dil11 r. th) l sulplwxidr (Cll;1)1 · SO. T hero · uro· 1111 rral 
ud,·antagt>s of OIH' O\' t•r tlw othcr, but '' ~' find that ,,ith D)1SO tbt·rc· j ,. u 
highcr survival ratf' uf celi!>. 

Tlrt· ct.> lls must b r coolt>d for th<' lirt" l 2ooc to 30UC a t a rate· of Ju pPr 

minute, aft<·r wldcL they may Ire pltm~ed into a V<"ry rold LC111JH' rutun·. 
The bighcst trrnpcraturc at whicb thl'~· shoulcl hc Aton·d is - iooc. lmt 
tlwy will stort' for mnch longer periods of ti11rc in f'i thcr liquiu nitrogt·u 
(-l900C) or tbc gas phast' of a liquid nitrOfWD cuntainc·r. Ccrtainl~ tlw ha ll' 
life of cells is significanti) decreasetl liy t'very J cgn•c· abcJ\'c· - 70•lC until 
at - sooc tbr half lifc· is a~ short aA thrc•c• wt><•l,.. 

Just as much attention should Le· paid to tlw tlra'" inf! of t lw ct'lit- al' 
to tbP freezing. (.;clls frozt'll in ampoules in liquid nitrog<"u shou ld alwa) " 
Le bandlt>d with carr and a fac•• vizor mubl L(· ueNI in case thl' ampolÙP,. 
explodt. As soon as it is remowd from tbc liquid nitro~c11 thc ampoult· 
sbould b e immcrscd in warm alcohol and tltawcd rapidly. Alcobol is used 
so that tlw outsidr of thf' ampoule will remai n steril i' aud con tamiuation 
dQring tbc transfer of thf' thawed crlls tu a g rowth bott il· w ili no t occur. 

Karyology. 

At tbc• onset it shuuld Ile· mudr ch·ar th a t a normul karyolo~') d~tl'l' nnt 
neccssarily fre<• a tissue from ha,·ing an y Qllt<t~ard propl'rtif's . Tbe impor· 
tancc of monitoriug cells h y karyolo~ical studit·~">. ho\\ l'Hl\ i ~ tu sbow that 
therc has lwen uo drarnatir cbangt>s Juriu~ propagation. Furtlrrrmono, tlw 
sampling of ccii~ for studies i~o. n compronti!'r IH·twcell tlu· idPal and tlw 
practical. Tbcse f'Xaminations ar1· ex t remcly timr-consuming an d tediou >- ~ 

8 fu))y trained karyoJogist has to S]Wnd manr bours at thi1. routlnl' wori.. 
and much tbought has 1Hlrl1 put intH tlrf' celi samplt• su that a r ralistit· 
answcr of Lire normality of tbt' cclls will h(• ohtained without an excr 'AJ\' t' 
amount of \\"Orl. 

A certain amuQnl of discrcpancy hctwecu labora tori•·,. ha1- arr;,e11 a,. 
a result of using diffcrf'nt criteria of almormalitics. TIH· crit eria of acm·ptn· 
bility for the various analyses are sh o,~o in Tahlt• l. Tbc limits of at·c••pta
Lility hav(• brrn selecteù ns a rt·sult of m uuy years obsrrvatiou and it i» 
known that thf' \VJ-38 cclls, for exampl(' , can m rf'l tbe ... e rf'quirenwnl". 
It is worth emphasising tbat thc su~gestPd Limits of abnurmulity a ho~, . 

wbich tbc celi substrate musl h <" rrjrcted are LaAcd on frequencÌt'8 of almur· 
mality tbat ma y occur. It is mercly a vcry scnsitivt' chrck tlwt tht celi 

has rc•mained norma! througboul pr(Jpagation . 
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T-'RLE l. 

C..t terta of acceptablllty based on karyological analyses. 

~:x l\ Jll i n(\ t l o n :'\o. or odi~ tukun 

l. Exact counts. . . . 100 welaphase c~lls 

2 . . \.nul y~is uf karyotype 20 of the abuve •·ells 
in (l) 

3. Chromosouu: breaka 
an d ga ps . l 00 cells m (l) 

·L Structural chromoau· 
mal abnorrnalities. . 100 cells 

Ob•orv>\tioud 

::):> 2 °0 2n + l + 2 or +- 3 etc. 
not acceptable 

Photographic reconstruction 
should show crlls nornml 

Tabulated us open break arhro
mn tic gn ps, e tc. ; should no t be 
more t han 2 °i, 2.l% to 9.4 o~ 

l ' nstable structural abnormolities 
(dicentrics, rings , exchange 
•·onfìguratiou, quadrirudials, 
e tc.) s tuble st ructural abnor
malities (dcletions, inversions, 
reciproca! translocations) 

T h ese should not exceed l "{J 

5. Polyploidy . . . . . 300 unselected 
phuse cells 

meta- :'l'ormai range about l 0
0 lO 5° 0 

if upper st atistica! limit 

Tests Jor Jreedom .from ad~:entitious agents. 

(l' = 0.(!25) is > lO 0~ reject 
cells 

It is understanda blc that aoy ncw celi s ubstratc t> uggestcù for w;e ou 
a largc scale must be thoroughly checked fo r the prcsencc of adventitious 
agents. Thus any sysll•m uniqucly ca pable uf detecting a conlaminant must 
he includeù in tbc multiple tcsts. 

Tahle 2 summariscs the tcsts applied tuday in urder tu have a t'tHnplett~ 

cover uf known hactt· ria, fungi, mycoplasma und viruses. 

T\ULE 2. 

Tes t for freedom from adventltlou s a~rcnts 

Tbe test uded to deteet the pos~ibility that u new t't'Il sub~trute harlwurs au 
.tùventitious a~ent .tre multiple. 

l. Di ree t oh~ervation: ' 

2. \fedia for hacteria, fungi o~nù myt·uplasma . 

. l. Celi cultures of Il ~:K , )t K, RK, llurnan n• li li n e ( ll rl.a). 

l. Laborutory animuls. embryonated t'ggs, s/t·, i/f' in ur" horn hum8ten·. i 11' iuto 
-urkling mice, aùul t micr. I'UÌuea pigs and rahbit.. 

'""· lsl. ·'i"fler. San!llt 11\169) 5, ~2-~0. 
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Iu atiJitiou tu tltC@t' lt!Sl~, Stuubrid!-(t ' uud l UU\ •• ueen atlemptin~ 

t o est a!Jlish a test capaule uf rcscuin~ incomplctt· viruse!> ~>iucP tlwse ma) 
ulso Ll' a hazard. Tht· lt'Fi l i::> Lasf'd on tlw work of Harris in Oxford autl 
in volves thP fusiou of two ct•lls whiclt tab..es piace in tlw presenet· of a viru:
(Sendai) kiUed b y ultraviolt•t irracliation. Tlt~ • work i~ in its infan cy, ln~t 

a ccii replicating 'J' antigt'll and nnt complt ~ ll' viru ~ cau bt· induccd intu 
doing so by the fusion tf'chniqu c. lf this tes t conlinut '!-. to sltow promise it 
will certainly Llecome cstablisht•ù aH a meuns of ckllcctinp: incomplett· vtru~;e" 

ur cwU sulJstrates. 

A further test of tlw future will IJt ' f'luon•t.~.• t•ut mit·ruscopy. und~>r· 

stancl that at a reccnt << work sbop " hcld at tlw ational lnstitult'S of H ealtlr 
in Bctbesda this techniqut• sbowcd that a hi~h percentagt' of monkey kidnc·~ 

aod dog kidney tissues werc· shown lo lw cuntaminau·d. 

A further tes t that bas been suggesH·d it. examination uf tlw celi -. 
under tbe electron microscope, looking for virus-Likf' particles. Altbough 
this may bt' a useful t est , thl' obsrrvation~ must h l! interpreted witl t 

exlremc caution. 

ff rterolransplant studie~. 

One of the greatest diUicultics in ohtainÌJI~ appruval firr a UC\\ ccii 
t> HIJstratc is tbc challenge mad•· thaL it may carr~, a canccr factor. ubod~ 

has been ahlc to explain what this is, Lut it is an unanswerablc criticism 
sincc many thousands of vaccines would ha vP to be under surveillance 
for many ycars before tbe criticR wou ld be satit>fiPd. In view of tbe known 
high incidence of contaminants in sonw ccii suhstrates, part·icularly monkey 
kidoey, a full)' characterised und non-contaminated celi substrate would 
Lt' an enormous step in thP right dirrctiun in spilf· of our inabil..ity tu answ<·r 
thc critics ful ly on tbis poitH. 

A test that is avaiJaLie 1~1 us, lwwt'vcr, is inuculutiuu into tlw hams ter 
check poucb to observc wht•ti"Lcr ccii!, estahlish and develop into a tumour. 
Here again, therc is not absolutc· correla tion betwccn tbc inabilit)· tu 
estahlish a tumottr in thc check pouch ami safct) for man. but if a 
tumo\lr is estahlisht>d tbcn tbc celi suhstratt• cannut ut· consiÙE'rPd fur 

further usc. 
l t must Lr empbasised that tuis Ìb u rrlatively imwnsiti' c test an t! 

StanLridge and l are attempting tu makc lalrurator) animai~: murc 
scnsitivc to the inoculatiou uf forcign cclh, hy trcating thl' animals witlt 
antilymphocytic serum. Alrcad) we ha vr obtained largc tumours in mice 
b y inoculating H eLa cells, which arr rapidly rejf•ctcd by an untreated 
mouse . H ere again thesc test s may prove mosl uscful in testing a new celi 

substralc. 

t11111. 1~1. Hup(•r. /:irw.ilù (196!!) li, 1!2·8U. 
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S pt•cies specificity. 

It seerns almost snperfluous to su ggest that a species specificit y t est 
mus t he includ~>d . The most important measurement of this test is t he proof 
t ha t the ct>ll popu lation is homogeneous and has not lH•comc contaminated 
with uuother cell during the establishm(mt of the frozen reserve of cells . 
There seems little to choose bctw('en the four tests available. The celi subs trate 
must be registered witb the licensing authority witb results of nll tcsts 
bPfore it may be cons idered as a subs trate for virus vaccine production. 

AH the t ests we have been considering are those applicd to a new celi 
:;uhs t rate to estahlish its suitubility fo r virus vaccine pro•luction. When 
it has hc>en approw•d then there ar•~ additional test s on the particular batch 
of tissue used, t.o ensure freedom from contamination or ubnormality, as 
well as tests o n the virus harvest which are similar to those in force toduy. 
The advantage of using a standanlised ccii substrate thc•refore is not in 
rr tlucing work hut in making vaccines safer by knowing a clcan substrate 
has bel'n used. lt is also of cnormous economie importance lo the manufac· 
turer to know tbat thc discard of a contaminatc~d virus pool nr substrate will 
be n rare c:vent rather tban a fref!UCnt disappointment that is h~>ing li ved 
\\f ith today. 
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