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msaaga ci’ tba aoﬂ:ic mﬁia, at ‘one.-tine prednminantly
N mmn.tw, 1s at,ﬁl not infmqmnﬂy seen deapito the fast |
_;that'. advanaged syphilm ira now unqmmn, tut in the great mjori.ty ’

3 cases its aatialogy m ﬁnimmm. Inmstigatim of the dtaaasa_." ‘ -

_ in man :l.a @11‘{‘5.&&1%. for although hh‘b&l@{’iml mthcde most )
often roveal the ploture of Erdh@im‘m-iﬁmml Ilagammtion they -
Coure by théir nature unsuitabile far.ﬁamori&tmting tﬁa diapn?amd |

| p!‘xysiﬁlb_éy mit' leads to the sonditions -in addition néﬁher o
- ﬁxwrimntal reprofuction nor chssrvation of the progross. of
the dldease 1n life 1u posoible, , |

‘l‘hs altamative uppmach aeemed to be tm Pind in aniuala ,‘

@ uodel in which te mvastifgate disaasa of the aortiﬁ med:lu. _ |
Several naturally cqgsurring discases and axperzmqntal leaiona
have b_ée"n described, but the. ﬁén@i&mn which seemed clozost in B
| ito bisi;ology to th;;: hum;n :dia,eaée wag the -;im:.‘ti(: lasion which

has often ‘:;Héti found in young mﬁs suffering from cx;ﬁarimntal
| lathyrism, | 1% wug therefore deoided to use this type of
 luthyrisn as 8 model, though fuily rualiainp that it was prebahly

nob causally or bimhaminally the aama a3 '!:ha hunan ﬁiaaaao.
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tiden pmsanted gome obvious advantsges over rats in

the avallability of an inbred strain, cheapricss ard euse of
hamii;lg,f,. and this made them my first ohofce of experdmental
aninmfx‘.g avan alt’haugb thore ;flaa, at thé tine the oxpariments
were started. (1956) no evidenas thaﬁ mieo eould in fach develop
lathyrxam. leimimry axparimnta to produce lathyrvism in
mice wers howaver so Suscosaful that mioco wore used for all
'aﬂimal exr»rimenta.

| Tho early oxporimonts with mice and some of the '&ioaua
culture exporimonts havs already been ;ubliah*‘"‘, the latter in
¢ollaboration with Dr, John Paul of the 'Bi-mhmiatgy Dapuriment,
$lagpow University, In this aollaboration Do, Paul ’tgught me
rany of thoe m;eéimsﬁﬂ technidoen requived and ‘augﬁplied the
factlitden of ﬁis"mbomtory,l The -éésﬁsaing of the experiments,
tho ideas undexlying thair planning and the actunl éxacut!.on
~ were, howavur,my oWm. .\

My thmks am dne to ﬂr. Ge tf. Groszbia of the Niow
chamisﬁry ﬁemﬂmm, (alas,t?m Un&mmity who pmpa“ed t‘ra ﬁmﬂtn@—
pmpionitr&la arx,i uminodipmpionmrila, to Dr, A, Szewezuk, of
tt;e Ingtitute of Immunol«:gw,' Yroalaw, Polund, who supplied soveral
of thé dther hitri.le'; to Dr, IRV, Lominski of tha Bactorlology
Iéapartﬁent, {{laggow i?nivaraiiy for his conztant encouragement
ard helpful oriticism and finally to Professor D,F, Cappell who
firat es_uggzc_sétad thet I should work on lathyrism and vhe has
8llovsd me the Afaci.'lit.tas of hiat dap;xz"tment for my reseaych,



I BTRODECTION

I% hag been mowm for over 2000 years that whan the

aeadn of cortain 1¢gumir-ous plants constitute a larpe

proportim of tha hupan dlet, neurologieal symgtms demlop of
| which the most constant 1a a spaatic mrlegta, often with an
aees.ta onset,  Outbreaks of gmif:‘oning of this type have baen
reported from North Africa, Indis, Spein and parts of Italy,
and ﬁha poua moot commonly implicaterd aro the vetehlings -
stthyrua aati.ws,; L, oleera und L, olymenunm, . These votchlings
are very hardy and are widely groun for cattim fodder and
- nom&lly to a lesser oxtont for humsn e@naumptlen. ~ 'Then
homwr other crops fail, they my bacowe -tha otuple dlet and
aymptons of polaoning ocour, ’rhe:. noage lathyrism was intro-
duced to desoribe this condition bidai’atani (Naples) in 1873,
and the symptoms in man aﬁ ‘_mlly» deseribed hy Meﬂaﬁbiél - Young | |
(192?5 3 it hag, houovor, béon aug’gg&sﬁeﬁ that ‘aomo of the
gynptons geon in these caéaa aro the result of avitaninoals 0,
vhich is 1likely to te prosent in the pone. patients, | At‘;
intoreating point in raz.*oi'ts of the human disease is that maleg
are sald to be 10 to 12 tiues more- froquently affected than

fomalen,



mama‘bibnuy ta 1<mwmr peas varics widely from
- at;;x‘ciaa tn B wi@a. tigeana, Tens and e rtrmger aro
‘inaasmmime, sd:ﬂa ducka, goese and ma«cmkﬂ urﬁ highly |
o a&sca;:sﬁihle. : ﬁim‘}.]m-lv mtsﬂe, wipe and a‘nae;} san aately be
- g&.vc:x _s(n, of L. aatims in the diet, anc!, although death frrm
aeute k@oiscnin ia possible, h.wa on mc&s:len eaten a mach
highm' propuman withaut 111 erfeota. o
- hxperimantally, Stcmman (1931) was nble ta pr oduce
’ ‘cannlsiana and p.zratics symptoms in mnkey;x gri.van extructs of
‘h. aati.ms, L cieem, Birvun lens (1lentils), Plaug sati.vum -
(adib:le poa), aaya bean, Via.’m sativa (tams), ‘and Brew
4 ewﬁi& (bitter mtch ), ’b}m:;gh whether ‘bhame gynptoma were tho
aam ag those whieh mmr ;Ln mm&n .'mthyrim 15 open to drmbt.
‘l’ sa w,}orlty ef labcmtor;? awimla am nmwr quite maf‘{‘ectod
S by ony of theso 1@31@@::.
B E From - 1‘333 it iﬂanam e,lear that car‘bain 8 miaa nf
. .i‘e:;thyrsz W&s contatriad t:mic fx:mtam aapahla of M‘fectim'
f matam other than the mrvoua svfatem. . Goiper, Stecentock imd
o &mons (1933). uhﬂs attmmpt-ingg to produaa nervons wx«p-tsmq in
rata* ftmmi ﬁhat. htmy ‘baai.ona w0 - in ;zartimhr }cy;hosia
a@ccmpaniaci the hindelinb mmlyaia wh&ch (kamlopaﬁ following
- foocding wiﬁh Ly cdc:'mbua (tha gnrﬂan aueat ;:ea}. Lewis ot gl
(3.@""4“*) ard Ise (19'42’3) u‘spc,srtﬂ"‘i sinilar effects vith L odoratus, .

Los' hiavtus s:m& 3&. tingitunus; T!, m‘h:!.vus and i e&czem, wore
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llahn'bt}‘.'!iﬁ m tvhm a;:'ecies. Iavizs mlmved tha ky;hosis to bo
'jtha arimury ccndition, uith rasultant corﬂ-coumressian and parte
| ;wlﬁgiag he thougm t’ham vas tio ovidance. of a dlrect effect on
‘ﬁhe mmua svateam. This mw has mom mnently bee:m mvﬂ.aod
by Selye (195?) wha haa tnrmmé the ywimaxdlv nar?gnq tyrn of!

| ﬁiseaae mumlathwim, and“tha type of dimeauﬁ m.th ’bcnv lesions

| (una enly - sanonﬂarv p&rup&agia) nstuoﬁnthvrisma o “He and most

othor wi.tem fm::’t tzm.t ‘theso aro two aite d;!.stimt ‘conditions,
. ?v1wnnrn and. Jimenaz ﬁiaa (La51) dinke the opposing viawn they'
‘liZWﬂrfawmaﬁ ;am;negtemias egwthair.ratsfhefare fﬁad&ng_tham with
sw&at s aﬁ&-ﬁ@é&p@?@iﬁ‘ﬁéﬁﬂlﬁgeﬂfin“tha- way an in
* . unoperatod ¢ «aﬁﬁr@i rata, * - They therefore concluded that thore
o u&é,=in.aiaitiov 4o the hany 1¢rinna, a direct effect on the
nervous afﬁtam. u_ ‘

Eha«a dagartpticns m? bnny 1¢ai¢na in lethyrion lad

, ';?ﬁnséti und ﬂg;rd (19&2) to reed weamling rabg with a diet
éanﬁ&i&inwiféﬁrsu$eﬁ‘§aa gocds in the hope of produeing o
condd don con mmhfia wm szmami kyphoseoldonis,  Unoxpeotedly
& high vy.‘n*::emx*tim of ﬁhair ratio mm:g of wﬁtm Wp?:;mfs, and the .
;htqtalwuieal piat&ra of the aorka showed & ﬂ&grvrﬁin? of the
~1Q1&ﬁtiﬁ fﬁbv&m and & markﬁﬁ Snaroease of waﬁﬂvhrmnatia eround
: ugbatanca. . Thiﬁ report immaﬁiumaly aﬁtraated u&tenﬁien because
; of thavétriking a;milar&ty tp;brdhaim‘a mﬁﬁiul.ﬂﬁgﬂﬁﬁf@tiﬂh,‘and
) iﬁs_pﬁblieatign'h&afgreatly accelorated ihe fﬂéﬁhrehﬂon,lathyfiau

- over the past ton yoars.
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‘ In 1954 !'}upuy and m isolatod f:mn Lathyrus pasillus
aeeéa a exyatall&m aubstance cambla of produsing the bmy
legions of a:;;ar;mantal lathyriam, ‘and lator ‘i:s the same yeay
Send1Mng and Strong (1054) identified tho crystalline material
_1@@1&%& Sm ;ath‘ym odoratus as B( »Iw-glutml) - aminoe
grx;cglmitﬂm, and shoved that 1% was capable of proéuuing
iathyriam, It vas soon olear that the astive part of the

- molacule was Baninoproplonitrile (RAFN) and that both bony and
aortio lasiona aould be produoed ues:lw this la‘bter ccmpmm
(E}a»hhubar _35_,;1. 1955, Lalich 1956).

With the aim of datemining the atruature smd cheml. cal :

; vmuwing mmgsm rm:' lathyrogenic activity a number of workers
inmatigam a proat many ommically related compounds aither
for thedr aﬁility to produce bony or sortic lesions in rata, or
k hv a'?sirietj‘é::r assay mothoda believed ¢o give poaralleld i:aau‘.!.ts;
tho lattér x&aﬁhm]a mcim‘{é teratopenesls in toads (Ghiang* ot al,
'%.t‘a*s 5) :m't loss of tensile ntrength and inereased aalubiutv of
collagen in chicks (Gross, Levens and Orloff, 1960),  The

~ differont mothods usod d4d not in faok always givo identieal
repults, and 1% soems wisest to éamider an lathyrogenic only
those whioh give either hono or sortic symptms"oi‘ the type seen
with BARN,  Thedo ares- sminoacctonitrile -(AAN) (!‘!aw;omk
ob.al. 1956), anincdipropionitrile (Puchhuber ot gl. 1955),

B marcaptwthymma (Dagler. 1955), cystamine (Dasler and
Mi1lisor 1958) and wethylene amincacebonitrile (Ponsoti gt al.



1956}, éminodipmpionitﬂla Wiﬂ found tn pmduca, 111 addition, ;_\ :

| sovers “‘3?"&5 symgtms bt 91’13’@ (19'%”7) f‘an»d tu confim :
’ mch!m‘mr ..Ji..!ll..ﬁ £ indinp,; 'bhat aymptoms of ostaelathyrism wm

pmemt ot al’i., and auggeated that the' 1mer miym B8 dua o f-;fi_-_i e

immrs.t;iesx in thei,r mﬁaﬂa}:

The mnwing ure among ‘tho:m mmpo!ms maich mm non--_ .. e ';.--'

;la‘thyroganicsm_ L e SO YR
Wﬂmwﬁiﬂ& ;"(Rammurtl ana 'raylor 1959)
. Yomtnotutyrontteile - (Ramssirtt and Taylor 1@-‘49)
a(umlnapropionitrne - (Mawaonsk. gt al. 1955) WAL
?rs:spmnﬁrile R 'l-?<m11¢h 1958)
. Mhyl&mine _ ‘  e {!l-nilich 1958)

| The Tormulae of ﬁheae antiw ard inactim cmpmnda
» 'am shmm in fi.e. 1 From this it- nppears that tha ncttva
“ uompwrx}s have in common & basie stmctm of a short atmight
hydrocarbcn chain (or two short chains joined) wlth no more. t.han
2 GR p‘roupe in tha chain, Om anﬂ of the chain nust ba un " .
‘mnina group, and tha other end my ba eithar a nﬁsri‘le mup o‘r
a sulpbydryl or 8 = 3 gmuping. : .
_ ’m:.a nn the above subatama aro chamiaally mlnmd
Iv'!.n 1958 Baslar found that aomianrbnzma, a aubstanoe. er quite
ﬂ diﬁ:emnt chemieal strmoture, produued 1n raf-s ‘both almletal md
anrtic 1ee1tms irﬂistinguishable frm thosa nt‘ mtaolatbyrism; |
subaequantly Daalar and Qtonar (1959) and. mtlliaur and Qasler
(1959) havs shown that a;nunb,sr_ ofzgmpaunia mlatod ‘tuam.u.-
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eurbazide h:avé‘ o similar offects  Thaos are acetone G R |
esrbazide, parahydrozinabonzole actd, 4, 4 diphenyl semicarbazids,
1, 5 dirhenyl earbozide, 1, 3 aiethylthic;mma, gnd thiosenie
carbazide. Semlearbaulde and its related conpounds ave hichly
toxis to the roervous s&aﬁam and rapidly Iﬁthnl sthen ,r;;!.ﬁm '
parentorally and ean boe taétad only vhon given hy nmouth, It
seemg oloar howover that though both semicarbazido and aninow
ﬂimd@mnitr;lu produce rervous oympbtomg, these are oithor
convulsiono or physical disoriontation and are of quito o
different raturs from the paraplogia of buman lathyriom,.

| haihyms odoratug und the. various lathymgﬁnic- c&imﬁicalé
have now teen sﬁovm to zzeroduce aymptoms of lathyrlasm not ‘only in
rats but In é varioty of animal and avian gponias; - mico
(Dagler and Milliser 1957, McCallum 1058); rabbits (Castellant
and OantellanieBisl 1958), chlcks (Neuman 19%56), turkeys
(Barnottod al. 1957) ond toads (Chang et al. 1955) have all
aﬁmgn changes in bones or sorta or both, - The rat hag however |
been byﬂ far the most thoroughly investipated, and the murﬁhblagy
of the loaions in this species has been deacribed in detuil many
tinea, notebly by Ponseti and Shepard (1964) and lenzfes amd
Mille (1957 - thile tho dezmrw#ienzs in goveral agres, thore
'ﬁ.ss ddoagraoent ag to ‘bhw pathosonesia of the condition,
:Ponmti und Bhepard eqwziﬁ&md that al;?,"the logiona were due to
defective formation or oxaanalvo .aeutmqtion'nf the chondroltin:

sulphute of ground substanco, Menziss und 1118 more
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| 'gau‘l}iously ccmclwiod that there m “an mmﬂum connection s
R - 'betman the lathyrus fnctnr and snlphated mcopolysnceharmgs”
: '~‘\':j_'“‘hey alsc obeerwd ohangaa in. tha elmtic lamim o!' tha aorta, |
: “"‘:'_mﬂ thought that the alastln hroka dawn into amorphnus granulas, |
mi mccnstitum 1tself alcng *bha nnaa of atrsas. '; Wulkﬁr SR
B (195’?) csmidarad that there wvas @ ﬁecnaae in tha amcmnis of
o ﬁlaatics tissue throughcut the boﬁ;y und thaught thnt the aor‘bic
. lestona could bo explatned by this,  Van den Hooff, Levone amd
-""‘_-AGraas (1959) who' uwd chick smbrym, thought that the lesi.o’n was
»::_‘1:-‘_j'?v;dua to an abnomality in tho uellagan. Another view ims |
’,.."/\‘j-.,suggestad tgy the: s!nﬂmtias between lnthyrian and Mari'uu's | _
i 'aynﬂm (mn a:ﬂ Ponsety. 1955, Annmum, The Lancet 1955) fm.' -
' this horeditory conittion in pan is thonght to be. the result of
- '!_a dafect involvi.ng all neaenchyuul tiama (MaKustck 1‘355).~ | O
N Many writers baliﬁvad that. htlwr!.sm m or c-ouid be & dapenemtion,
| ’cm; Gillnan and Hathorn (1958) 1miatad that. it waa a diaturbanoe |
_of tha muldinp b!' both bona und anm uhich mours 1n nomal
8 'gx-mn.

_ Biochemiaal analyses af' apiphyaeal a&rtilage ot‘ 1nthy.,

ri,ti.e animals ‘uy Gastall&ni and Gaaiaalhni-mul (195&} ana Folls
ff mﬂ '.l‘auam:ls (1958) ahmd a markad £411. in hexosamine 1n*11aat$.ng;
Ca fall in mucomlymehmae. [This wes later shown by
raamm, Gasmhm-ﬂm and Frigorio. (2959) to be main]y a

fall in galactoamim, ant! thamrom tha mucopolysuceharide "



Involved 1o rreswably chondroltin 'mzlfhatng | ’*‘hafa m no t‘aii | |
in hydrexypreline and thorefore no decrease in cs‘ilagcan, mb
b 'o114n and Tousimis were ablo o show a murked dacmaao An the.
m:mh{ar of collagen £ibrils and @omltx!aﬁ t?mt th& z}efnat -agxpaagaﬂ'
tobe failzzz?n of tho tmppcnitlngaﬁ-maiélmm to form "qallagaq_
flbres,  To investigabe further the fall in tho hsm.m
lovel, Pedrini and Padeinl-iille (1959) atud.{ad tho anz;gmatiu
aynth@sia of hmmzmina in nmal, and Inthyritie apiphysaal
plateg,  They found there was a mkaﬁ i‘all in the maunt of -
hexosnmine synthesised in a atmﬂard timo, ~ The wasala oo
lathyritic animals have vob, so {‘e:r, ’oaan nnal:/sad bim%mically. o
Studiea of oplphyseal carhilaya neing mdiomtiw | |
lgoctopes (Xonnedy and Kennody 1062) aonfirm t&e bimhaniaal
- findings in thad they show a deoreass in aul;:hm;ad muco;mlyu .
sagcharide tut no alteration in protein mgtnbomm. This '
inberpreted by the anthors as slymifying éx fallurs nr c‘nmﬂro&tm‘
s:ulphatess A and C to combine with nom-collwanma prdte!.n and a '
' qonsequent fallure by fibrillogenesis,  Similar studies on - |
lathyritic aortas chowsd no varistion from nowmal (Ponuti. M
1956\%3, Kennody and Kennedy 3.962). A o ’

“ Exporimental Qatanmlatbyrim is thua man ta be a
condition which can bo produced &n a varlesty of zaammuan am
avian gpeaies, by any ona of a mm‘mr of dif?amnt cbemi.cal _
compoundss 1o aymptmgxtaia@' is ddvorse, tub apmam ‘to dapand',
on soma abnormality of connective tissua, thc:ugh whathar of all



~ conneetive tlasuos, ér[‘oftgné speedfic component cf.‘:_#gnnégtiw_

t1ssue 1d not cleary neither in it cortain whethor it isa

o degereration or a c}eredﬁivé fni‘mtlm.‘ Tha imsaﬁt -;tudy-mﬁ

confined almost entirely to the anrtic lesions und vas desimd_
.t demonstrate the ‘nature of tha fault in the wsml mll and

to repmmae this lo wibro. | | S
" The fimt atagﬁ in mvaaﬁigatimr th!.s cnndition waa ta
: gmﬂwa aortic Jeslons in a aui.‘babla laMratow anirml. asat- :
other workara had ur ad ra'ba, smd whan theoe experimntq mre
atarted the avallable 1ni‘<:mat.t¢n aamwd tn azwg,,em t.hat mlce
were insusceptible (Lewis and Schilert :w;a, Pelay gu; 195?).
however the advuntapes of chea;xmas* eugo of handnm" zmd the
m anaaion of a hipghly mbmzi atrain sngreatad that thes mmwa, _
if susceptible, voudd be a more avituhle animal, and : "
imeatfiga\tima mm began in ‘rhia animl; whan T had demonstra’hed
the xnhamnh at:scepbibility of* mi.ca thoy uam used exc)uaivaly. N
The results m cuntained in tho seetion on Animal ixperimanta .
(pama 3) = 59) , A | S ,

These exswrimanta lad to t‘ha conelusion that the ‘haain |

lesion is not damage to, but a fa:llure cf famtion oi‘ elaatim._'
u.tnms elastiea is belloved to be. fomad by the aeticm ot‘ ceila -' |
N probably fibroblasta (Lanaimr 1959) - a.n nttzempt waa mde to '
study in ti.saua culturé ﬁha aaticn cf m‘hhyrogenic aubﬁtuncas oﬁ o
‘tha c:alis ;;mducimv elacztica. ‘ Mmrd:lngly an attempt ws mda |

o obtain Qlas‘-‘-h: f’i‘oms in tissue nuitma, anr% to. tas‘b the . o



VA
"cz.%‘i‘i:tcﬁ of ﬁm sddition of ﬁﬁthyfégania aubntancos 4o %hé"éaltum |
s, The section z:ﬁ Tioouwe Culture Ex;‘éerinﬁﬁﬁs"(mges 60
0102} deasyibes: ’ﬁh{%‘ successful produstion of olsstic fibros in
'eﬁitxraw of eubryo nouse and chick tiasuﬁg and also that the
fem&ticn of @laatic fibres iz inhibitad by known Jathyrogonie
'nubatancaa, But - not: - by rolated nanalathyrc:ganm gompounds,
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ANIMAL TXPERYIMERTS .

The 'isx!.aa uded were Fortion pure bwad _mtoa,m*igmgily_ 2
abtatmed from Porton and kopt hi;boms\ of G to 17 ‘;mi.ae,
?regna.hﬁ mice or mice with young litters were kept in boxes
 individually,  Mice referred %o as weanling mice were aged
21 to 23 daya, and veighed between 17 and 23 gms.  Fregnant
pice weighed 25 to 30 gud, at the tim of mating,  Water
ardfoad ware supplied od Jibs tho stook diet wus diet 86
in the earlier experiments, and th.an&ftar diat 41, (UFAW 1957)

In aome experiments tho miee were fod with special
diots, in others lathyrogenie substancos ere givon by injection,
The apocis) diets were made up a3 follovas= Stook dieh (86 or
41) and sweet pea seeds were ground separately in a soffee mill,
To mzke the sweat péa éi!,etss 20 = 507 w/v of swest pos meal was
mixoc vith the groumd stock diet and bound with water into s
mash, ﬁhere chemical uompognda wore giien-by_méuth these
. ﬁiéf.a wers wa .up-by adii!.ﬁga lmm weight (fm‘ in fha ocnge of
iiqui&si, volume) of tho chemicnl to tap wator e form a solution
or suspension, k welghed amount of groufxi d#ke WAY ﬁhﬁn uﬁdgd

to form a mash as befors,  The diots were renewed dally,



ammm yasd in maatiam wore disnolwd m starm |
distﬂled wat;er und gi.van subeutammaly. . Bafm g&ving tha
lnjecﬁon, 1\‘::; pli m, g1d mwasaxy, ad;)uated vitb 1161 nr Nnm

irxiimﬁor pa;:em.

Ml miﬁe which vere. kﬁl&d, and tha majority nf 'ﬁhqsa T

Whﬁ.tﬁl died during i;im soaran of: t}*e amrimnta wm dx sa::ted
pmt«mo*tem, bk :ﬁrz & fou cszsxaa 'bhi.s wag nab ;:-ma:lhl# whan mios
Wileh dled were eaten or pMiﬂh* eaten bafore mmg disﬂzmam.

Thansvey ;maiblai hcwmr, a.utupay ‘was perfgmacz and hia’balog*ical

K . goations mﬁ of tha uom at Y mmber ei' 1@*@1&. B aranswraa -

- amobions «am*d maiﬁsﬁ 'tc mtarpmi‘. and were uwd :in maﬁ aa*aes. -

| In nﬂdi‘bmn tc; vasculw preparations, the m:a j&inﬁ ei‘ & |

: pmpms.on of mide was esxumimd after dmalcifi.caﬁm. In the
ense of infont mise Transvorse arﬁ ocaaaienany aagittal m*etions

ware eud bthrough the wholo mouse, Fixa.tian was hy‘ Tormalin in

all cases, hut tha infant mice mm paat-fim im Heidenhain's

SIBA fimtim. AlL the pmpamtims mm paraﬂ'&n ambedded,

smﬁim; wam out at 5 o 7 }z. ant. mm stnim uaed ‘were %zaamluu

and am:kn, Haloertts @lwsbiaa mmutwst&im& mut.ml redy.

- Vorhoeff's olastida aot mtesmtelma van ﬁlaaon, vain eontore

atalmd haenaln, snd in 8 far eages the allvew igpnmgrm'ﬁim

wathedo for retieulin {Gordon ond Swest, 193 and S1idders, Frasor

ard Lenim:fa 1958), phosphotungstie acid haama“z‘:w:tgni (rian) |

(L4cbts 1948 ond Mallory's 1060), ptoro-tialloy (Londrem,

1049), porlofin acid Schiff (P.A.S,) (Pearss, 1949), and



S "A’tolumine blm.

'L‘he pmnem of lealom or lathyrlau und thoi.r uemrityi

uara judgod b,y the gmns a.nd hlatolaglcal tppommeu ct' t‘w

| ;aom and boms. B I“ the “M"" t}“’ 1””“ uere gm.d

;-:j;a::cordi.ng to aaverity mm.- o S e -
= g_mg__; - i’ vh!.ch abmmnma af emue mxm m preaant, o

_ : ':but them ia no nppmnt ruptura ar d&lutation or tha wnll. B
- E:M - smuuhr or fuaitom muryu or healed disaouting

amuryam. B T it Lt T A

I m;;u’, mpture or- muta diaaanting am@uryam af the aam.

- ':ha amm ‘Zesions’ aro dascrl.bad f‘ul]:r on page 35,

Tha bbne luiona Ware uaoam mral;v na pmaaut or

o absent, anﬂ wera ot one of' two typs. | .
. (1) In a&ulta a 1esicn of the aartilage platas of,' tho kneo 3oz.nt AN

o wi.th :lmgulaﬁ.ty nf thé aartilago uoltmna, ‘toars in the

".'»_.,jf,-sf'ﬁi';darbilage, amd the maame or :u.m»r 3hmnks of PAS poattiw

matariai (:l‘iﬁ'. 3)- _ ‘I‘hia appoamoe i.a :ldantica.l with thm sem o S

;;.‘,;m tm. knaa ;oint of n&ldl;y mnmm ram (f1g, &),

S (2) In mmn xt&l nic:a one or awre typiﬁﬂl 3"“? k"@“’“" tnthe

‘-"f.-uppnr thoracic spine (ﬁ.za 5).




Fig. 2 Epiphyseal plate from upper end of tibia of a normal

young adult mouse to show regular columns of cartilage
cells. (X60H. &E.)

u

Fig. 3 Epiphyseal plate from upper end of tibia of female

mouse which died of aortic rupture aged 40 days,

after
18 days of 10J BAFN.HC1l diet, to show disorganisation
of cartilage columns. (X60 H. & E.)



» » U |

Fig. 4 Kpiphyeeal plate from upper end of tibia of a male rat
killed aged 12 weeka after 9 weeks on 20" sweet pea
diet. To show disorganisation of tho cartilage
similar to that in fig. 3. (X 40 H. £5S.)

1
Fig. 5

Sagital section through newborn mouse.

The mother
received 0.3 ml.

of a 1* solution of BAFK.HC1
subcutaneously 4 times in the 6 days preceding delivery.
The typical iqgiper thoracic kyphosis is clearly seen.

(X 3* Veigert’s elastiea counterstained neutral red.)



Tha i‘irsﬁf ymup oi‘ ax;erimnts ws ‘daaigned : to

o ‘mvaatig;ate uhether hthyrogﬁnlc ugants oam rroduau diaeaqe m
g 'tha mouaa, and it‘ so uhethe*r 1t. dirf'ers signimcnntly frcm tha

: ;pict%:m aean m tha m’o in uhich the two min fau.tuma are bcny

| ";::-"ilasims and aortin diaaection nr "mzptm.

. i“ W In omar ta datemina whathar lathyrim could L
' produqed 1n mlce, 31 wanlinp‘ mm (?s:.a aala and. 11 fem&la)
vere fed on the. 50% awoot p poa. aiet, " Thres male mleo-dled,

.lamd 10 (‘? male smd 3 femla) uarﬁ kllled durim' the- course: of -

"':‘thcx ex;ﬂrlmant. I)f the. thma whic:h died, twn, d?ing ai'ter Lo

. emd 8 ueaks raspactiwly, had mpturad aortaa. : Ztn one mcu:ae
 ‘whieh ﬁiad after 6% we&ka, no nhvious cauge of death vas found,
The e:i:let was diacc:ntinumi m“ter 18 waaka, and the' remainingf ridos’

were killed ut intam'!s frm 3 to 1? maks themaft.ar. '
'She histnloz*ichl appeamnma at' the norta were (graded

s fo‘llcms:n LI

| tormal | Grade I | Grade I | Gride TII| Total

wale | 10 | 6 N 2. | 2 20

CEemaze | & | 3 | o | o | m

| rotar | 18 | 9 2 ? R S -
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From thoan mgam- it \;;gpé&ra __t%ﬁ:-i’cgi‘ with swdet pes ‘gmng. sortie
lasions siuilar o tﬁqs@ :@Um,fﬁ.‘? .Qc;cui' in th# rat_can ba
produced in the mouse, - R . | - |

. Bueerisemt T To shew vhother, 4n mice, DAY has & sfmilar
effect to that of sweet poas, 66 weunling mice (41 male and 25
fomale ) mm treatad ui;th DAPN 0, In 37 {21 nale and 16 fomale)
it was gil._vfen: by dally injects,nn of D¢l mle of & 1 in 10 /v
solution, In the ronaining 29 nice th; BAPI 0L vas added to
the diot in concontrations of fron Ua750 %o L.0%.  Thirtyone
n;i,»::e {24 male snd "? .temala) died during tho courae of the
éxpariment'. Of thuge 22 (1e ml% and 4 female) had amortic
ruptures  In tho other 9 no cause of death was found, Six
wale and 4§ ramhia wice wore oaten and unflt for examination,
The atate of the aorta :!.n the 55 ;inimls examined 1g showzﬁ in
table II, |

TABLE XTI

Hormal | Grade I | Grade X1 | Grade IIX| Total

HMale 2 14 1 18 35
| Fenmle 5 | n o | L | %0
| Total 7 a5 R 55

Theso results show that nortic lesions of luthyrise can be
produced with DAY, and thoat with the dosss uged tho lesions ore

both more frequent and more severo than with swoet pea diet,



RECa -

i

‘I‘he affeetive dose :mnge whiah will produae

,-_s**mptams ;;{' 1&“&}*;3:'1,;:1 mg thcn invaatigatad. : *5.mtea’n wanlinp

. mica wam ;rivcm e;lther SO:; aweat pan diat plun an Lnjeetinn of -

- BARI %531,, cr n 15 t"s‘:l”« HG‘ diet. Twl‘w’ of‘ t.hoaa (‘7 mle and -

- 5 femle) éiea w:i.t‘hin 3'3 duys atxi wara found ta have max'tic
.mpture. The remining '? wm killed -&ftfar 20 waka. ; I_ |
this gmup typioai ‘Yiony .waions or lmhyr.lm (rig. 3. ) wera roundf -
in the knﬂa jain%s of 3 mice (1 ma:!.a and. 1 ramala). .

adﬂition 5 mica (all male) had wrv mild buny lasiams. The |
histalogiml gmciing ci‘ th@ aorti.n &ppaamnces 15; aummariami in A

- :'.tﬁbla I]:r. O o . e
| pe

| *‘?omai Grade I f”imde II ﬂrude I1I| Total

2%~
-3

@zalc A

o .f‘méfe-- BET B T R S9

L% B

Ta | 3 e | 8-_,"_? 1z ;“..,'19:’

It apgzﬂaara from thaaa ma\xltq that with a hi.ghnr dcae or _.
lathyrcyani.c agent thare 19 a h:lghar ;;\roporﬂon of‘ m:lce uit.h

' aamaged aortas. Tham is also 8 hiphar prcportion c;f mice
' ulth the moro serious grades of damago,. -

Twenty-sewn manlxng mice wssm fed on l&f or

20,&: Mat ma diat to disumrer tha minimal affeab.tve ﬁcaa. o



Qi;hh a;;mtifmx* 'dbaaa fém:‘ a2 ﬂavaiéim‘:l aortie lesions, and
55411 fowar tho ae‘aveé:é' grade IX or IXT leglons, but oven with
only 205 Qlot one malo mouoo died of aortie rttg:d.um. |
!:8 i aimar rrm the reaults of orxperdments I and IT
uhﬂ"b when & mﬁambé doge of a 131,}:3»%9:&1': substance ig glmn
o veanling wlce, snalaa axe more frequentlv and mor: mri.owly
‘affectm‘i than femaled « 18 oub of 61 nales developed rupture
ard only f; cub off 32 fomales, This sey différoncs i%a- not -
- apparent with tho high doces used in experiment IXL, It wag
’h‘z‘zaught thot the a‘éifferer}m‘: iﬁ.ight be tho rosult of the mles‘
m;mixig moye than. t@&a females, so that gmen glven a lathyrien
| pmwaina diet the male would abaorb more of the ﬂéiﬁié, The
folloving experdmont way deslgned to teat this theory,
- Expapd Fiftoen wuole ‘ané 5 fomale weanling mice were
fed with o ddet conbaining 0,753 BARNI01,  The mice were
‘ dhmad into 4 groups of 5 mice, 2ach group being housed in a
-s&nglc bux. flox ) contained 5 female mico fed m }"sox
< eonbained 5 nale mi.ée whose diet was restricted to e'qu;l that
aten bv the mi,m in box 1o §§ox 3 econtained 5 male mlce fod
M Box A corbained 5 male mice with dlet reatrlated ag’
in box 3, but supplinented by ordinsry stock diet M. 80
that the Intake of Hﬁ?ﬁ JICL ecuals thit of boxes 1 and 2, bub
tho ca‘lox*i& intake was higher ond prosumed equal to hox 3,
(e was confiried by tho fact that the woighta in boves 3 and
4 inoreased equally and more rapidly than \'thesa'in box 2s)
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Thé vemults of this experimont are shown in table IV,

L | Altve at end |

leaxg e - R R
F. ﬁic*tm . 3 e 2

Box ? | : o

5 M gair feﬂ with box 1 5 I 0

o fﬂéﬁ'f‘:‘ ' ' a - o
5 euetm.m s s 0

Rox 4 . | .

| & Mo pode fad with box 3. SR o
|+ atosk meuw S A 1)

It :t.:; a8on th.z‘;t; tha groatest proportion of aortic rvptnrés '
acc:umﬂ in the twe boxes whoare the animola wore pivan tho hirher
_ »rmlnric ﬁmt, and uhem m cenatauence the w@ighﬁ ;vuixz ma

. *matar. In i;hn mm’iitim:s of this axmrmmt tha mors rapid
‘N:.-atc ca:l:‘ gwrmeth ap;aeam to E:a of mere cmmcmanm in ;"mduumg
'Aac:rtic: mptum than ﬁoaa 'bha :urfemnm in dosage, In 9 rice
no mmaa Qf death uafs faund: th:ls may indica.te that BARI, hag
& general toxia atfont 1n\addittnn to ito specific action on

»- ‘. \mrta tmd bmaa. }

| CIt i kmmt}zat in m‘tza 5.15 is diffimslt to produue the

acrbie lasitme m‘: lnthvrism in unim’la ovar 2 wontha of apge |

(}’mﬁatﬁ. ansd S&fap mi, 1@5&, {vﬂlmn and lathorn,  1959) no natter

how hig!z» dous af_?‘ lath;gmggonia s}ﬂbﬁtanm is piven, Oertain

-~ oxporinents were. thoroforo dealgned to diacover the age limits



L fﬁ?f r.emm uhivh aomc ,‘h 'bh:rrlam ccnld be @roﬁmd in the m‘s"* c

sxpexd In an .xttemgt t-i:a diacwer if thgre wws, ﬁn
m.tce* m* upﬂer age nm‘.!.‘h mr t\zﬁ rmdactim s:af .'i.uthwim, 15

o j_:,, .mle mic:e urfed 8 months and weighing 39 55 ms. ﬂere f‘ec? on ;

 the 5% swaet« pea amt for. m maks. Two mice. ﬂied of mer. |

'.,,,.' '\-,gv'mnt diaeastra at tm enﬂ at‘ t!m 10 waka, 'l.he rominder were’

| Mlled 53 non‘hha aftar mamsm of diet. B Hone demloped
.':.:’{rra{xa IIIZ 1eaicma, & s‘l{lf-’lﬁ nouge ha& a Frade II lesten and 12
| hs.d ymda I lesitma. _ "‘h:ls last- f:lgum 15 pmbabiy ncat S

. aimifimnt aa erade I leaions am emcm in nice. over 10 mvnths

"”,__-nf Aaga. (Saa aaotion on higtology of *bha noml mnu'*a aorta '

o paga 36 .} It 13 ap;mmnt th..dz :ln mie::e, as in mt—s, 11; s

mueh mora ditﬂeul% tn pmduce aorhin 1ass.ms in oldar animla. -
- Wm ’l‘n find the lmr age it gt was. dac.ided tc:
| -lteat the emect c:f’ 1athyrogenic aubatancas on foatal mice by -

- f vfeadi,np' ar in;}aating the mnthara during yregmnay. :,mnty- »

. .tw xemia mica mrﬁ traatod ror fm 2 ta 21 d&ya durdng

o : ?pregnancy, tha age ot t;hes pregnmay at the t&m of treatment was A

| ,"laatimtad 1n xatmspect i’m tim date of delivery or in soms
- t:.a'ssa ti»z:; pariod of m‘t.&.mg vaa lira!.tad to 2& hours. ﬁf those .

i;gz, a wem gi.ven ttm swoet. pa& dlet. (4 wore given &U‘ﬁ’ fmﬂ 4 508) -

_-[amd 14 vere tmted ith PAFI or BARLICL (by defly injection of

i‘m {).15 r:l. to ().3 ml. af 1 in 10 BAFN, or from 0.2 nl, to

“ou e of 1 1n'10 BAMLHGL), ~ A11 nice wero allowed to.
cmn*tg.mm 44117 spo@wqug ﬁalim_rsr or abortion, and the young



:.ewere then examinad. *

,-ﬂ'f‘g}_ﬂ '

i l“~c3iad uuhin 48 hmrs wam axamineﬂ hiatulas*iaally.

Inrant miee. uhi.ch mre atin-hum or

o addltion ali bmiaed miaa and' a proportinn m‘? agparently noml

‘mica wera killeé during the first 48 houra unﬁ e:mmined

!xishalogicully.

" The msulﬁs obt.sined wra simil&r whetber the mothera .

: 'we:na givan the aueot pea tliat or 1njactian

of BAPN or mw.ncl.ﬁ e

A ﬁarini:ha Wriaﬂm m\q evidant demnﬁing on’ the staga of

development of the fcetuses at the tine’ they vers treut.ed - thus :i.’-

- treatment conﬂnad to the Pirst. v days of: pmgnnmy g

'imm‘enﬁw, whila tmatmnt durinp' the last 2 ﬁ da:gs of -

: pregmmy w.u in &tmlr mxrﬂcienh to produca typicul *vascular

fjflaai.ma. |

‘The mmma of this uxmriment are’ ahwn :!.n Table V.

Tame V ahcwing the affect on :mrant mica of trantment\ "

- of the mathm- during all ar mrb of prcgmncy‘ e

| Duya of . . R B -
“gestation on” Etho11th | 11thaaeen | Furing 3md)o,

-.«hmzl :;natmant Sth-llth | 11Eh-AEEh | eek only | 1°
‘me n- .o .

Ist-élsi 1o ,' 5 :

ﬁb; O!.' lldthal‘a

NO. ot ymg 3 16 », " P

(3 Ttters |
' eatcn) i B

| rupbured

"Nmﬁf ,;oung -

T |

- avrtic domags -
histolog&eauy

No, of young wi‘bb

(8 Qm* &
. twed) |

(lﬁ}' e X8

ined)




-»‘}3!1:3 tzmaapa uae:é nlac; mmm t‘he fraquamy and type of loaion
‘mmd. . Thus when & high dosey 1400 40 = 50% sweet rea
et rofr.vthe Mt 6 days: or more 'Q? m-egmmy, or 4 or mors daily
injections of Ouf wl. of 1 in 10 DAEHHCL n the Zast doys of
Prognancy, vaa g!.wn to.8 mice, 4 a}mrhd}‘ The ramining L
gradum m.u t:lm lj.ttars sontaining 4 total of 38 young of .
| whioh 26 were bbrn dea.d ’ am} died :!.mmdiataly after birth. L
Atheugh abnormal &orﬁic laninas vere alvays pregent, in only 12
© of the mfemt miee Wit them any ncsrhm mpturé, and vhemwr -
lcngimaiml aactitma were oub thrc:ugh the mme there wag: rm
to be cno or more shnrp, upper thamlc -lqv;houes {fig. 5 )
mher ﬁrﬁinvs wore spall aapulnry ha&morrhuges am:l genemnead __
badamu. | 4

A mbdemm total &mé - 8oy 307 auéet @éﬂhﬁ or -
only 3 injaoi’.ibm of Ouk w1, 1, 4n 16 mm,uci in the: Iast 3 - 6
days of pmgmnny “ WA g!.vun tn 11 pragmnt mice. Nme abortod |
* and the 11 tters. contatnod €8 nm. of thase # only me |
' .atin«bom, 12 aiad d.uring thfa mm 48 hcmm o!' 3.11'0, and 7 of
these had. anr’oln mptura. ) Nu kyphmiu m preaant. i'

Low dm;ga AR 0.2 ml. J. £n 10 mm.nc:. dail;,r ror

“the lgst 3 deys or 20% sueat- ;:an d.’mt !nr less. thm 4 daya -wey

" given to 3 m:!.ce. The- thm littars born aoniaimd 29 young,
all of sﬂziﬂh 1091:0& nomal, but in thoeo examimd histaoloniunlly,

mild abnomaliti.eg were pregent in the aorta, ?hars-vus mmr' '

' 'an& dci-ti‘a rupture, | The 'foauta of ﬁhééa ditférént doses. ira



sgaon in Table ‘&'I. ‘ .
Table vx’_. Bffoot of dossge on infant mict both of
mothers treated during later part of pregnansy,

b E‘ 3

Lj;!mzﬁ - High Modiom Low

Ho, of mmn 's_‘ 11 3

;ﬁa. of mothers A N1 Nl
‘almrbing ; \ e

Ho. of full-time 38 | 68 29
zm . RS _
No. of ntillbir‘bhs 26 8 Nil
Kyphoaia o preaan‘tw_ absent | absent |
No. of young with | 12 7 M1
aortic rupture B
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The :t‘acta that 1t 18 posoible to produde severe lasions
of lath}rriam in as uttla an three days in nlec during 'b%xe Jast
days of pregnancy suggaatad that this might bo a convenient way
of testing compounds for theiy abllity to produce lathyrism,

The wothod used was sananﬁaily the same as that
desorited in Fxporiment VII,  Femsle mico wers givon the
substance to be teated during the iast wesk of pragnancy, smd
the yaﬁng wore axémimd the samo day if born dupring the day, or
the next morning if born at night,  The mode of administration
vag usually by sutcutanecus injection of an aqueous aolution,

o glutanyloaninotutyronitrile andol glutamylosminopropionitrdile
were hoth poorly goluble and tha dose montioned way injsoted as
# sugpension,  Semlcarbazide and its related compounds and

" Yaninotutyronttrile, vhich all proved to be rapldly leth) to
the mother when given parenterally, were glven mixed with the
food as daseﬂb@d on pago 15, -

For ench subatance tasted a rumbar of prepnant mice
was vsed, The first one or two were given a dose which was
approximatoly the molewequivalent of that found a!'fa&tiw with
BARPN,  Where no evidencs of lathyrism was obtained the dose
was 1&1&:«%&&_&0:%3 maximum that could ba tolerated by the
gathar beforg 1t was reported as nogative in its lathyroganie
effects,  Whero the initial dose produced abserption of the



oew e

j‘ i‘oatua, m m-tmn m* nhhm: nonnawrtﬁc af‘fmts, the dq 16 o

- ‘___;_aubmq.\ent tas‘b unimla wag Q.mmma unti:l. tbe typwal bony or .

E aorbic hﬁicma of ,.emhyriwm wers nhtamd _ _
fmm m ahws the uhemmula teatm} with. mr 3

L :».f’st‘amm, t!m ranga of ﬁoae med, and the mault in tems af?

qmm rupture and of apina‘?. &vp!‘mslm L
Tt ean te soen that swmm, AMNL80, und memde
cm:puaidg Hea rm}um batb mrt.ia mpbum and kyphoais; in

B , -bi.g!zer ﬂeaﬁsfa OM? mg-) mﬁ.s% maad ahanrbtion of tha mbryon.

. -'csmumyxwm and ammodipmpimurlla produce nortic mmm :

s "‘*;wlthmrh kyphmia, tab t-:i.th heth only & amall doge t.*tmm be plven, .

~In the cuse of gmmlmw onily & Latted anount of matorinl
o waa umilabl&. ;' !n thr;: mae faf min&impimitrﬂa tha toﬂnity
‘ '_ta the uothor MMM i}m fose, p«memaﬁtmthvm&m ad '
Xunmm mymmtx-m mm ulso iven in low dosage boosine of
i mxi.cs.ty ta the mtham In m!éimm ﬁnmemapmethymim
,deuw;:oaed readily and this muy acwmt for the rmt that althngh
~ sortilo mghm waa. prorlnoa& in one. tant, this rosult could not

i ) fbﬂ Mpmdnmd. r:}thear aubstamaﬁ pmducmi neithey vaamlnr nor

'almlatal ta}mnpeu at doses which were ccmpaﬁibl& with the 1ife of ”

"b}m mc:thet‘. R
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| TRISVIT

Range of dose

g@&

ehloride

- sub - cut

, ne.- of R muogﬁg Hol. m».,, , . Result
| chemicsl Forsula used | o or | vested, stated e
B S . muﬂﬂmﬁadﬂg a3 A ose Doss to -1 Dose to
, sasd to mother in producs produce
| last smek. aortic rupturs | kyphosis
¥ CH : _ ,. .
Propylunine o - 59 0.1 = 0,15 81 | negative negative
A : 12 subecut
- ” G .Mlzmm -
| Yeminow M2 uﬁm&aen wmﬁ o u.m_m - 250 Bg ,ummﬁ«e..i, nepative
o a
CHy
m&bo.. \@m_ NHg bydro- | | 110,56 20 - 32C ug vapative .sawmﬂda
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TAEIE TII (comtimed)

Feme of Preparation| Moel, Wk, mﬁmam.« 2 o, Result
chemical Fornuls used of - eI%0C, I
» . tion | 2% total doge Tioae 4o Dose to
w&muﬂn to wothsr in roduce produse
last week sortic rupture kyphosis
X {glutanylo) glutasylo
apince CHy - 213 30 - 5,0 ng  |[mesgative negative
| butyronitrile CH | subecut
. cum,
+
&ﬁagp& glatasylo | y ,
. aminoe ﬁmw - 199 uummsﬂammm ng | negative negative
it .E. . _ «
wu&&bu rile mmm H, .
, CH
imtnciigroptoe | SHom Clfp= CN 1. .
a»wﬂﬁaw _m» ‘ 1 . - 123 0,12« 0,2 ul 0,12 ml1 rapative
_., CHgm CHym CN 4 | subecut
‘ B asinoprorio- ¥jia 5 . :
 ‘nitrile - CBy BAPN,IC1 106,5 4C = 280 mpr 120 mg | 280 ng
{5 wws %& _ subecut




Yawe of , @ﬁw.gpﬁg mo,u. wﬁ. .m“m_uw&m mwn. MMMM& , Besult .
: _ _ PI ﬂwwm to mother in su&umn Né&ﬁc
- last wagk ﬁadam.n rupbure | kyphosis
iminoe o | -
{ acotonitrile Gl saM, T, 80, 154, 1 30 = 850 mg i5 mp 30 mg
- {Ral) V k)  guv=cut |
| Glutamyloe glutaeylo |
aminoacstoe HHa - 128 20 - 9O mg 80 me negative
| nitrile cH | subeout
o 2
™ N "1
b nauonuooo me . B sereatos 113.5 % - 60 mg X g + negative |
ethylanine w2 athylamine , subsent
o GHy o
” E T - | o ) ‘ . :
. | “emicarbazide ﬁm\ =2 1 agmmmgmm. 115.5 150 = 180 mg 180 mg 150 ng
(I "N coamt, 1 orally = | orally orslly

+ In one test only.
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TASIE II {continued)

Range of dose

o} mﬂoﬂi_ﬁw

Name of Preparation | Mol. W, - Result ,
chomtcal Forauls used of Yosted, stated -—
preparation | 38 total dose Dose to Doge to
: used 4o mother in produce produce
last wveok aortic rupture| kyphoais
| Ethanolamtne wm» - 61 60 - 90 mg negative | negative
R 2 subecut :
Gliy. o8 206 mg orally
Soliumm - CHg - 9% 150 = 400 mg negstive  |nogative|




n"rné; vasqulay lesions 'produoed in laﬁ}ﬁﬂ.am 'i.n ﬁﬁb

mouge have mn‘daat:.rxbed as of thma rmaam (pag!s 1'7) - awﬂ_sie“
- mgxbum {tig. 21), aortio aneuryom (fig, 19); and las:lm |
muognisabla only on histologloal ammimtiun (ﬂgs. U and 15Y,
‘It vas noted thot aortle aneuryems were confined to the ‘aseending
aorta und arch of the mﬂaum wore -riuvég seen in the dogeanding

sorts, . Aortle rupt}zm@!,gbﬁ saour in sny part of the aorte,
- mt was a’.ls‘a commoncat in the sasending sorta mi ‘a‘mﬁum ‘the arch,
tha majnritv of mice bai.ng fwnﬂ st poat nortan to have one or
bath plbural cavities’ ﬁ.lled with blood. : '.!‘Ms prupondamoo
ai’ thoraoie leslons was not ao marked in tha momtal uioe uhare
tha numbera with lesions at the arch and in tha abdon!.ml rsgion .
wore more avenly di.vidud. | | _ _ |
, - In a vory few nninala, a lesion was sesn 11: at J.uat
- one’ artery gthar than th& am‘ 'rha wsaal mvelved was
- aither lzmomimte, 1ot aubclnﬂ.m ‘or garotid, supsplor
_mwntaric oy a raml arbary, nd the lesion wag alms an
extansion rm the aorta ﬂ;saif. No mllar nrteri.es or vains
 were evor involved, though Qapillary hnamorrhage vas mt
uneommon, | o , ‘
| lxafarn deaoribing tha hiatolcgical appemnoa of the
wssaxs in hthyrlm ther hiatology of the noml MOUIO aorl-.a
will be conaiderad.



| -"i‘%tés intim.s x::i:rirai abs of a simv},a “Ja;mr of f‘lautemd
éndott Aelma ykng direstly on this Inneraos’ alastin i’iamim. - A
Pibwosmuacalar subeordotholial doayor such as ia meen in wan,’
.r;@a:r &éval@pa in & normal mougos . The zm&ia %me a }aantmlly
R gbriioturo ag in man, with aiﬁeermmm;r almtic antnas '
-oand 'i&yék"s ol smookh musele, the eolis of wﬁaich rtm from an

g:»ri; in .in ong lmim dm{'mm"ly pound: 'bhfa aorba t.c an: {mhacbmenb'
in. t_haa ngaxt, - fhe eiastic_ lamingo can Iivat §7§;,cigmms‘bmted

| 'M%a}.@gieully ab the 14th day of intra-ﬁmrim 'iii‘a; ‘when f-be‘y o

- rappam* as & hotwork of interlacing & Tastio fi.brsa which xia

_Aln hhe plams bﬁa’&)ﬁﬂﬂ bhe musele. ‘!.ayera (rig. 8). . .‘heaa-shaots
‘ﬁuu i’im_ﬂs bocdome progreseively densey wiﬁh.imrausimg uge and :
the i"ibwa ag:apaai‘ to g0 to fora sheots of ,_éinsﬁiés‘ fhlésaxia with
e oma:sioml #paoes - the fanostrated nném’tsrahafa.‘ 5‘
| L I*n mice of’ 1ncmasir~gg agas, hiatnlwical appeamncea :
in tm&wma sectimas ai‘ aortas st tainad by Weigertis glantie
) tiam& stain, raflanb 'bnca development of the atmﬁt\zre of the
lestio Mime. In #he footus the laminas are sesn %o bo thin,
aft&n with ar uaadtaﬁ appoaranw, and thmwn into mny small
‘irmg,ul\..r i‘clda {i’ig. i}). iy the tme the mouae is 'mm, .
iwmeew.ar, the alaiatica is tbiekﬂr, noye ewen :in 'ﬁhﬁ.cimas d.nd . |
tha all off 'bhe conbracted muac.ics ecally t&:m m irﬂm mgular

and m‘bhervf.awar folds (fige 10). I the youny aﬁuﬁlﬁ nonge

the elastios ie still even, und regular .{’63.&;1 are soon.on eross~




."aaoti.m. ,En aﬁui.tion fim Leig‘ert msitiv@ fihrcs o.m now be . .

S :mem axtcnﬂing i‘m the main aminge at an ungle ct“ about 30°

& (tig. 1?). 'i‘hasa fi.bms aeen to and abruptly smcmg‘ the muscle;”’,., ,

0118, :_ In a !'ew auges small Takes. of. tigqrt posi.t:!.m :
- matax-ial are present in asac:ciation uith thas:a fibmﬁ. In the |

S oldar mousa - (cwsr 10 nontha} immlarities are ap'a!.n acan- L

’ gtmaae take the foru of or'casimal intem;:tinns in the elastic |
© laninse (fige: 13) uith, in soma oases, arx apg:arent attempb at
a mg:ed.r in. the rom of many fim !\Teigert poaitoiva ﬂbrea f o

5+ briﬁg;ing tha gap from one “tzmken end '!:n the csthc:sr.

. Althowh the aimmr arx‘s’ thickmaa of t;hc alaatic

'lamtm inmase with ap‘a tho number c:!? lnminaa aems to be
: mnﬂtanh. = ’m the aaoem‘%;lng aerta thfar& m fmm 6 to '?
‘~1amime, uhile m t‘km atxf!ams.ml aom tba nmhar 15 rmm a tn 5. o
- wgan‘il&as of apes R .
N A fibro«-elﬁstic m‘iventitial coat 15 pmv«snt at all | L
‘ages, ﬂlth{)ugla menlnff thicker with mcrmainp age. |

| ~ The ehangea m tbe meuaea norta in 1athyrism are |
| cs:nfimd m; f:trat to tha :,edie.; tho intim and asvenuua ure
\. 'only aemndari‘ly involvaﬂ In young adtzl*h mica given 1atbym- .

- Eﬁn:!.c snb::t:maes tha ohangea have :rm* cm\mnienm been ﬂividad LR,

_ _acsocrdmg to qavarity 1ntn 3 mﬂea. In the mildeai; rorm

| (ng._‘;) thcare 13 no naked eye. altemation in the sortie Vﬂllg e

Tbm;_ th«am .is_ mcmiaable ,!mat:elogiml c¢hango c!zamctarxped by
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intorraptions of iﬁ@iviaual'alastic lamdnoe (fig, 14), an
inereasa in tﬁa-amsunt‘mflmetachrﬁmutia ground subétanca, un&
often on ineremse in the sige and number of the lakes efvweigerﬁ
positive noterdal (fige 15) which can ofton ha seen in amall
anounta in normal vﬁssala {page 37 Yo Some laminae, while nob
neaessarily 1ﬁtorruptad,‘are thicker ard stain move deeply with
Uolgertts stain and with orceln than do thelr seighbours, ard
thase abnormal laminae also fail to take a purple eolovr with
Malloryts PTAL staln, but are otalned orange an are the lokea
of Uelpgert positive matorial which lie between the luminane -
(f1g, 17)s (¥4 waz found that only sertain mte:._ms of Mallery's
PTAN ataln gawe a gurple eolour to normal elaztic laminae and
gtriot use of control sections 1é necaasary before interproting
this o tatn,)

The Intorruptions in the laminoa ggy'ba of ene of two
types. In sowe ecasos the lamina appeurs to have ruptured and
the two ends to havoe retracted, for a short distance (fig, 14),
In othera a length of elastic lamina is seen to bhe irrepulur in
thickneas and a plooo may be miasing entirely (fis, 18), This
1s ospeclally common in the innermost elastic luyer and may
Involvo & 1§rge part of the circumfexencs§ Yhere this happena
there ia proliferation of anﬁathaliai‘cella and fibreblasts and
ney "elustie" fibres are laid down.,  Those take the form of a
rathor ﬁhin aod frrogular alestico lamina ginilor to thot geen in

footal mice, and many lrregular fine elastic fibres lying
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;mmllel ’bo tha aur.t‘aaa. .1\11 thia new ela tic 'h:!.aﬂua at&ins J
-”'j'omnga and nst purpla wi.th Mallory'a F!‘AII. _ Thfa famaﬁion mcura .
"V_;";avun thovgh tmatment with lathyrogenm agenta ia mntinuad up .
"v-""to tm tne of uaa‘t‘.h. - ST s '_ ,' o
A 1es'!.c>n is grmec‘t as II wben the dm&g& 13 g0 gavere j
as m n.sult 1n the fcmatiun car an amar.ysm. E In the mauser thia
) ‘13 almoz:t always a sacmlar am&rysm (i‘ig. ?) and 13 most comﬂonly -

» aaan amund tha arch of tha aam. : ‘I‘hese aneurqus am intsr-a

; Arreteﬁ as being the mault m‘.‘ a haaleci mccnpl@te ruptura, at

_‘;'«_l'ktypﬁcal aneurysm (i‘;lg. 19'? tham tsan Ha aaen tu ba lass or

':-:laast 1n tha maaerity of uasaa. fna -aectinn thmugh a’’. ‘»
continuity of‘ the shatic laminw uhich a.pmar tn hawa mptured
Lanc} mtmctach . i&any “im Waimrt paqit w0 :{‘ibraﬁ dan almys be “

"faaen in tha :’ap mtwaen *m onds. of t!m ncsrmi!. lamim. Thers: |

o m mwr t‘ha wry markedly cel:mar medtal mpnir uhich ocours

" ) !.n mta. fi*hem 5.:3 hmmr cmpenaatory hvporplasia of: the o
] udventitia 1!'1 relatim te tha daf‘eativa m&i.a. Thm advantitia : -
. contai.ns both oonagen m vgaigart msitive fibma.

1&51@:&5 invqlva mpttm of theu acsrta (ﬁ?. |

| : 20), ﬁll ths mme mptnm amd thaw is haemarrhaga which

k | m;y extand tar a shcrh diatame wttbin the hounda cf' the

’ :,l_adetitia, bnt uaually burst-a through this barr!.ar elma to tho
,‘je.last‘lc mpture. 3 mssectim between t‘hn layers of the media

- fiia mre, and m d:l.sioction Qf nore than a fw houm' c‘iwatim

T has beem recap‘nisad.



- In m@nﬂ%;eﬂ o, no. whovre the ‘ffa’ci'f;}fraé:éziic« ’-ii#ent' has teon

C plvan ‘bt& the m%::tsh’sr, the ms;ﬁamﬁm 8 fre «115.5?;1;3;@ ‘H florvent,

IR al‘* ‘La h:\,ms ‘tmatea mvn»s,tzﬂ nioy thnre 40 an almwtien in

 the mmmm of the elastiea which 1o nove irregular thun is

| tmmal in a full tem TS, (ampgﬁ? figs, 10 and 21}, amd the
folds in o transvorse #&Eﬁim of the sorte ore sore tm@mﬁ -
pore wmn thun “ tn 66!11’.;_‘013. 'B*’zt} overall afzgzextfm. ‘. |
&p;sﬁa:timatgs &;&S?&? o tho aoﬂ;&' éi‘" a normal -mausa of 17 duys
gestation (fig, 9), | Thers 15 no notieeahlo momasa in ground
am}atﬁnw. Sna prapamian of the danaged mice the zx&riba |
- ruptures, ﬁsuali& barsting xui*éﬁtl;sr into the 'si;rwmﬂing tsmues
bub in maf ‘inétaﬁéea f;ziasaamng for o short _amm‘é'emeg
batvoon the iﬁéd&& and the sdventitia, mr iaam*frémiantl‘? batween
 tho layam m‘ the. mﬁia. | ,

Animz;h which diod weeks or evon menths w‘:ta* lathymn
. gonde agento had been withdrawn atill shoved atnormalibiss in |
the norba, ‘maix}iy in the fom of Intermupbion of aértix; Jaminas.
Thie opplisd net only vhore o grade IX losion was presont hut
alﬁ#' followed prade 1 loslons, It wan geen m a ;?mpartimn‘qr
animals tmwm 83 mmingcs ned alm:!.ﬁ thoue treated in utero
wvhon tha x%aaaga bad baefx suffifictent to aauaé sorbic mpﬁum in
the ?Jibli.hgﬂbvi
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Fig. 6 Male mouaa which died of rupture of the aortio aroh.
Both pleural oavitiee contained blood olot, hut this
has been removed from the right side to show the
ooUapsed lung. This animal was fed on a 50% sweet
pea diet for weeks from the age of 12 days.
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Fig. 7 Aneuryam of the aroh of the aorta (A) in a male mouse
vhioh received the 50% sweet pea diet for 12 weeks.
There %rere no obvious symptoms from this condition.
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Pig. 8 Tangential aeotion through endothelium (right) and

innermost elastic lamina in the aorta of a 17 day
mouse foetus, shoving the early development of an

elastic lamina from a mass of elastic fibres running
in all directions in the one plane.

(X 800 Weigert's elastioa)

Fig. 9 Fart of aorta of normal 17 day mouse foetus to show

the finely irregqgular folds and uneven thickness of
the elastioa laminae.

(X 315 Weigert's elastioa)



Fig. 10

Fig. 11
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Transverso section through the upper abdominal aorta
of a normal one day old mouse. The uniform
thickness and regular folds of the elastic laminae
are clearly shown. (X 170 Veigert’s elastioa)

Transverse section through the upper abdominal aorta
of a day old mouse. The mother was fed on a 40%
sweet pea diet for the last 5 days of pregnancy. The
elastic laminae are thinned and their folds are small

and irregular. There is also interruption and in
ces absenoe of elastic laminae.

170 Weigert'’s elastioa) Compare with fig. 10.



Fig. 12 Part of wall of aorta of a normal young male mouse
showing fine elastic fibres between the elastic
laminae. (X 1050 Weigert's elastioa)

Fig. 13 Part of the wall of the aorta of an 11 month old
mouse showing rupture of the innermost elastic
lamina and hyperplasia of the endothelial cells.
(X 590 Veigert's elastica)



>

Fig, 14 Example of a Grade I lesion. There is interruption
and retraction of elastic laminae with hyperplasia of
the endothelium. This male mouse was fed on the

50% sweet pea diet for 7” weeks from the age of 3 weeks
It was then killed.

(X 455 Verhoeff's elastica counterstained van Giessen)

Fig, 15 Another example of a Grade I lesion. Section of the
aorta of a 28 day male mouse which had 10 mg. of
BAFN.HC1l daily for 14 days preceding death. The large

lakes of Weigert positive material between the laminae
are well seen. (X 660 Weigert's elastica)



Fig, 16 Section through aorta of a 28 day male mouse which
had 10 mg. of BAPN,HCl daily for 14 days preceding
death (litter brother of that in fig, 14).
Stained with orcein to show the presence of 5 elastic

laminae at the left side, Weigert*a elastica gave a
similar picture, (X 225)

Fig, 17 Adjacent section to that in fig, 15, stained by

Mallory*s PTAH, Much of the "elastic tissue" fails
to stain by this method, (X 225)



Fig.

18

Section through the aorta of a 28 day fenalo mouee
which had 10 mg. of BAFNJICI daily for 1A daye
preceding death (litter mate of those in figs. 1A#
16 and 17). To show absence of a length of the
innermost elastic lamina with formation of irregqular
new elastic tissue.

(X 550 Weigert's elastica)



Fig, 19 Example of a Grade Il lesion showing disintegration of

the elastica, aneurysm formation, and hypertrophy of
the adventitia. Same mouse as fig. ?e

(X 50 Verhoeff counterstained wvan Giessen)

«

Fig, 20 Another smaller Grade II lesion showing formation of

new elastic fibres in the gap left by the retracted
elastic laminae. From an 8 month old mouse which

received a 1A week 50" sweet pea diet from 3 weeks of
age. (X 550 Weigert*s elastica)



o

Fig, 21 Example of a Grade III lesion. There is dissection
between the two outermost layers of the elastica
with rupture and retraction of the inner layers. The
outer layer has ruptured at another level and blood
can be seen in the surrounding tissues. This male
mouse was fed on $(% sweet pea diet for one month

before its spontaneous death. (X 65 Verhoeff
counterstained van Gieséen)
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Fig, 22 Enlargement of part of previous figure to show
ruptured laminae, dissection between outer two layers,
and slight increase in interlaminar ground substance,
(X 315)
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7 Qig mm 1049 P

Tn m-*’!;m* thats tha m'aultm in miue my be aamiﬂam!

' _m cmjtmotmn mth oi*zhar mrkem' rersults in mtsa, 3.t wm’tid

f seen mmqaaw fimiz to ahfm tmt lathyrngenm cmmuﬁ

: ?Wuna the HANO ﬂis_@aaa in the J&wo.‘sg::gqiea.

| At the tm mm imqtagﬂ.’xm m@s begun them auemd |
m'to ba wn mmxosa&ad &htxra;amcy ‘in the mm&ta mpcm&, i 'bhm_ ?
xms.:m :lathyxiam of the :mt, bqt-h ot‘ tha bma wnd nf tsha anm, 3
wan emia;y {vmtiumd ana m:il dmmntad (Ga:!.mr aw 3.03;, )
| %‘maati srd Bain'l 1950 and Im:in m 3,'?48) %a !‘aw m'm'ted
attmu’aa %0 pmduae mthyrim m loe. mm unmmea ,ﬁzi {‘fmda
- ﬂ,nﬁ Scbulerb 3.9&8, ,l?elag ot 3],. ...’3523. That there gs?*:mld be
: suc!w a diffemma betwoen tw npccma 10 atmi.‘mr inother.
mtzmatn seoned aumming ané! 1. centimeﬂ amwmmd to nﬂ'er 2 o
’*rmitm}. J.im of inﬁatimﬁm, _ .
I bua baem demmtmm 1:1 axparimta I ani II tbaﬁ |
'the::s a,(srt;ia t‘aatuma of lathyrim eun de produm in mice, - The -
ok amsanae of hony Ieainna in thag,s experiumnta pmbamy explaim -
| tha awviws failnm to pm:luoa 1a‘bhyrisu fm m!.ca sinoe. the \

reported attamyta ook plav:a before Pongots and mm mwrtmi o

eortin mgtura £9 @ fmtvm of o*ten-—:l.atbyrlm. | xmu and
‘ -‘Schulart- fed 5% sweet rea mnﬁ. to younp mlcs mice fcr - |
wmeks b they. maﬁ, aa _thair G:&terima for lathyriom, the A
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progonce of bony losions which do not ocour with this dose in
the mouse (Dasler and,t»iiiliser l‘?S'J' and Bxperiments I and II |
shove ), Dolay et gl. nsed DAPN | 1njecteﬁ into mj.ca: but ki1led |
them after 6n1y 4 days, Their i)ur,gﬁo:ae wan to test the compouhd' ‘
~ for neurctoxie aeffects, Since f.he minimun time taken to .
develop aortic rupture in my series was 14 doys it s not
Cavrprleing that they dld not obasrve any aortie or bony 1esions.v. -
Bxporiments I und II show that mice do develop one |

aspact of la%hﬁism and in order to produce in the mouse tho other
najor feaatu.re of lathyrism - thoe bony lesions - &ll “tb'z';t was
found neocagury was to inez'easa tho dowe as in oxperivent ‘IiI;

| From ﬁhéscs experiments 1t would seem that %h;a only -
difforence in the reactions of mice and rats to latbyrogenic. .
aubatancos is one of degres of sﬁaaepﬁibility, and that mice
whon ggivén & hipghoy c'ioaa; wil.’l roact exaotly 1ike iats. This
4s farther shown by cémpaﬁnfgg tho 1!}...3&9.29 experiments in mice
with those reported by other workors using rata, In my mioe
1t :LJ clear that only with the highest {inse of the most potent
lathyrogenic subatunce - AM&.SQA ~ 1s abacrption of the émbr;évaa
the result, yot Walkey and Wirtachafter (1956) uvaing én‘ly "
50% sweet pea dlet found thab "'che. result in rats was uniformly
absorption, Stamler (1955), to obtain rats which proée‘adad
to tern and were aﬁﬂ;l.-ﬁbm or dded of aortic rupbure, used &
diet containing 20) sweet poa seed,  This result cbrr'espcr.zdla‘

with that in wy wice which veceived 40 - 507 awoet ;ea';’!ieb. :




“6hw
CThore yemoding e:;xzé" ifﬁint on whioh thomo nighd smi:i.

gaom to Lo a's;‘imi&mgsanéy' tatimen the youults tn rats and those
in nico, and ibis is in the sox rabio.  I% has alroady been
pointed ont {pape 23) that therve is & wueh hipher ':zm_fﬁia;iity

fron eortic rupture in malec than in fomales, and this has nevar‘
&a@n‘rapart&d-iﬁ-tha‘raﬁi In exporixent IEI; howeveyr, whero
the dose 1o highor and the lesion ia’ therePors move coupurable
'Qiih’tbai usualiy;:epurﬁa& iﬁ the rat, the Sox difference is not
aq-markéﬂ;< Jin‘aﬁdiﬁign in & aﬁall.exgﬂrim&nﬁ 5 wole and 3
Penale weaniing rats vore given 407 instoad of 505 - ;seaé
-'(5Q$ kills iagaréléss of gex)sa gox difference becuxe apgaraﬁt -
afber 10} weeks all nalos wepa ﬁaaﬁ'oflaartié'ru@%urai and &;1_

- fonelos wore alivég one femalo éi@ﬂwaﬁ\aertis r#pﬁuﬁa afiar 12
R m:,vk‘,, and the rowdining 2 r&m&iﬂm} alive mntsil‘kj.fiim; B
It weons thorefovs that thove s no quﬂlitaﬁiﬁa 

diffareonce betwnbn'ﬁhe digsese produee by sweet pean or DAVILHCL .
in the mouse and in the rat, only quantitatives  for t!a@' aake
of drawing couclupions it w111 e ussuaed that theso ave one and
e sune disease, | |

1 B 300 Pro

The not 'axf:raating fosture of vascular lathyrism is the
aortic rupture, which may be ;mp?ogé{‘%- to éap‘emﬁ on & conbination -
-of the strength of the vesgel wall and the \praasum’ of the blo,od- .
within 16, and 1t {0 the case that a number of thé 6baamd facts

ean mont easily be explained on the hypotheais that a rise or
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£a1l &n B,0% Wil deteraine whother ow nca*s g ali{,ht&b, impwf‘ecﬁ
Coorbe will supturo,  The fﬂ imuingg faaba Ay porh this
aonmrtion.
17 T nefordty of Jestons aro dn tho o v*m:aé&m, Mrrt. hotween

oo govble dmupg and thd origln of the fnrculinato artorys the

'!f.l"f

s off “‘*‘W* agrba which bhos of tetoueity tho }xif*‘m,,h P Lk

Vs

2) ko Issfons dre alucsh entiuoly confined to the aovts, {only -

'_'& Low axmzx”i frou tho am*m for o shoib t}iﬁ'&;;ﬁéé .into o rajor
Coraneh)e 1% 36 probeble that the hi{-‘iiar-ﬁ..?. in the *:.m»fu'
-v:zl'%:z:; 3% mora i’éiahla to pupture (though not neeesswny to the - .
Igmhaz- lc:siam of lathyrism) than tho losgor alw:sti.u maaels.

;-,4} o wytm of ¥he uopta in Infont mico wmag &m,mtm* only ab
o 'weuéx‘z the %iuo of birth; on fnpregelon stutlar fo '?ahat of
:ii*emmx- (1955)s  Tupture ds nover soen whtam tho-mother abm'ts )
| :33 hg i@:mrfb 1n elthex fcmwi ly:lmt wi:bbin the membr“mz; or.
when 3.:& 58 Gals.ww& by Coosurlen soobion and MMlled ﬁximdiataly.
Alae :h & metsn surelves the first twoutyelour \i(ﬁam ‘without
visiblo bradsing, mptzm: deas nob dowolop %Ezsamai’tw, unless
tho mothor 1o plvon lathyeopenls agenbe durdng loctubion,

| | Thet nlterations in footal elyroulation cecuring ab 3
N »ih :!.s,,,:ﬁ"s e)' ohanges in mm"z prosame g eviden'@ fm;;z the work
of Nawog _s:zn,g;i. {3535:33 who foarl that in foctal mmw, while
| afsmblintmm cf bmai:hing haa 1ittle effect on ﬁh{a aycstenio

Bele o ;:s.‘i,ggmly ;mmm 15, thore ds o ﬁietizzct. rige, whon,
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thoreaftor the unbilical coxd io tied, and they assume that ﬁhia
regults from inerease in perirheral reciotonce, It may be
gupposed that a simllar rige in systomic blood progcure ocours
in the ciouse with the result that o weakoned aorta thouph able
to withetand the feetal blood prossure burate yhen the normal
progsurs rlee ocours ab birth,

This hypothesis would also explain why Helye und Dois
(1956) were able to produee sortic rupture in lathyrus treated
adult rats by preliminary unilateral nerhrectomy and DOCA, weil
known to raige the D.P. (Selys, Hall and Rawley 1943).

In congidering the naturs of the aortic lesion in
lathyrisn, two outatanding fasta must be noted, Firstly the
voagseulay lesions are eonfined to elastie weasels, and almost
alwayz to the aorta itaslf,  New while tha’ﬁain atvength of a
mugenlay artery 1s in the smooth musels, tho atrongth of an
elogtic vessel is In tho elastic mim, and it 1s even possible
to ohsorve at postmorten neorosis of all the muselo oells 4n an
slastic artery without any apperent weakening of the wall in the
form of ancurymm, dinscetion or rupture, It is thorofore nob
In the muscle that we must expoct to Cind the lesion, but in the
elagblo laminae and possibly also In tho other "eonmeetive tiscues”
(retionlin, eollupen and ground substance) which bind the aorta
topether,  This impression is confirmed by the histolopical
appearances, for in lathyrism no lesion of the muscle can be

recopniced, and, though changes in the reticulin and in the ground
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guibatanee, are undeubtedly prosont in Vx;;&h};r 'ﬁfiﬁmg, t@ noot
monshant featurs in the sortas umimzﬁ y ospecially in the
. reonatal nice, 18 in the olaastiea {aéé ragel0 )e It in
obvious that a defeet invelving the aortie B.Mime‘zimm be
1izelf enough to cmze:;é aaxbic_ rupture 4f it took place t."m
rapldly bo allov tie for compensatory fibrosis, and it was
thorefors aeeiéaé to wrs&# farther the nature of the é;!:a.:;,tia _
tiasue defect as ‘miﬁg pmbably the chief, thouph garhabé- nét
th'q enly cavae of tho sortie m&kneas.

A gaeond fact which emergos both frem my own work with
mice, and i’mm the reports of other workers (Ponseti and Shepoard,
" 1954) on réﬁs, ia thot only in young animals is it ém;‘ssi,bla to
? pfmium -agsrtiq mﬁftum in lathyridn, although thero 1a no li.mﬂ.

. to tha age ab uhich tho beny loslons may bo profused.  The
period ab which it in easiest to gtrbduw‘_amm:mpmm 13 in
tha last fcm"dby;:_ of rt‘:étallliffal (ﬁxparm;nt VII.); - Atithia
tine it is posaibla to produce aortie rupture in ag 1little as 48
hours whéreas when the 1athyrogériipltr@atmaht 3o started ab 21 |
days 1t tokes & ninfuum of 14 days boefore the aorts ruptures,’ .
Eajoe {quoted by .Gillmgn and Hathorn 1958) has shown that, in -
“‘rats,“_tha rate of increass of gmwi'.h of the sorta is wory rapid
immadiétély aﬂar birth, decreases grﬁdmuy m_;t:!.:!.‘ thé ?C\th day,
and ‘becones very much less thamaﬁar. If 1% ocan be. a:’asum@d.
that tﬁ;lss _poétmaﬁxi eurve 1s merely zz: cuntimmtioﬁ of thepre-' .

natal Sgrﬁ\:&th curva, thon jmeéa rate Jn hierg must be more vapdd yet,



) "‘—bertainly thra mte of growth of‘ tho whale raetua 15,; verv mps.d E
N -‘tﬁuﬂnp tha laqt few daya m:q (IJalker anc! Uirbschafter 19.:6); |

‘ :.and pmstmb:ly ‘hhe grawth of the aorta kaape pace with 1‘!’.. It

%-.'-,;aeams clear tben tha’ﬁ t-h& eage with vhich mrt.!.t: mpbum ean b _
| _ produeed is :gwport-ional tn the mte Of growbh of‘ the aom at

| ",'_'.,tm tine..

e : Another example c:f thia is tn he found 1n tha aax )
_ ;..aiffemnce alraady notad 1n the raspcmae or miea to 1uthyriam
- (page 23). Ita 1a clear tmm tha maulba f.:f experimnt VI:I: thnt;f -

J-tham 15 no diffemnm i.n tha inc!.danw nf aortic mpture m

\ -‘.Ml& amd femle neonatal mice bom or mthom gh'en Bﬁrrw.llﬁl

f:%ur!.nfr pragnenoy. On the ather hand in the wanling miee used
tn expermanta I nd v the a;trremoe s mama - 357 of. males
i ‘and onl:f 14,5 uf remales damlopinp grada i amd III lesicma. N |

V- This dirfemnca 1a statistically aimﬁem (x = c w, p =

. | {0.@)1)6 If cnly 'tahoaa wlth thn :louer das.;pre ape consideme e |

' ‘."'i‘the pmporticn af' remales dro;:s to aluoest (%. | ‘A masible *

explanation 13 nf‘fez«ad 'by axmriment V rx‘m uhiah 1t oa.n ha aaen

-thut the inaidenea of‘ ams.a rt:ptura dapends nof. cm the enmount

R . :'nnimala which ata moat mm Msa shm to be tha haaﬂesﬁ ard ao

‘ ‘af BALY, conammd, hut on the weigrht of ro:xi nomumed  ‘ Thoﬂe

RS

, ';_thia uould aup'eest that tha maam that males am more prone. to S

" ‘A:aortm rupture is thaﬁ *hhay prmr MOTS rapidly. - It haa beoen |
, ‘}f{i-shm in rats that whille at b:lrtb the' mles weigh the same as

- >"the. ia aalas, by 2‘\6 daya th&y wie'h alightly nom (Ka;yaa). -
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..1 ¥ imia:s ﬁ.t um“{mm tba{, -L",he so% ﬁii’ferema is merely o mmzlt ,

- csf‘ the ,mm **.mi& rfmwth of the mulcs - ami part of the general -

abmamxtion thwh the froquency of aovbic: m*mzm in z;romrticml

© %o tho mtes nf.‘ grwt-h. Fyon ‘bhs:s % folloun 't.ha.t tho fault. :tn

i‘m m;:-ta 6 mta a deponeration for fhia micht crmur in the
ahoones of gm,_rth,-mt is an érror in formation = a mult whie}; -
would bo puch mor diésxétmzag ﬁéﬁm a pardod of ropid {?ﬁﬁ‘(l’fih i
than vhan tho only symfheﬂis 1o the 510': '*weam and teap® |
mpla_}eemenh of tiasve. mm may be presumec! to oscur in tha mult. _ :
If thia deduction g eorrect, that tlw uortic defect 3
is ﬁue to imperfact formation und if, as has been .srge:eﬁ abcve,
the weﬁunsfs in tho sorta responaidble for tha mpturw is maivlzr
that of the elagtic laminge, thon it follows that tho main cause, .

of that mﬁm woakneas 1o defective formation of ala.atig‘. Taminae,
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'L'be pxrpou cf’ thess axperinants was to teat j.n

- ,mm the hypothaais vhich hed arisen from the 4n wivo works -
| that‘-, .‘m lathyriau, them is a fault in tho fcmati.on of alastic
“tasue, " For this reason s ﬁaaroh ms mado t‘or soms form of

- \tisaua cultura vm.ch would fom elastia f.tbma. Alﬁoaﬁ n‘ll

raports ax‘ aonnent!.w tisaua fibres in tisouwe cultura rafer to.

) ‘;ai.thar cellagen or ratlaulin. hut in 1929, Hloom deaer&bed 'bhe |
- prcductim in tis:aue cultura of -fibres hnving the staining

praperties of elaatic t1ascue, Thuge he produuod by groving
guima-pig embrxc heart in plasma olot In a malture nedivm
conaisti.ng allmst entirely of Tyrode £1uid, After 10 - 6

. 6ays diatimt fibres could be aaen. whiah stainad with omin and

waigert's elaatica stain, . and thaae he beliewed to be elasti.ca.

‘ m«:w thoughf- thsf. his success in grawing alastic& va:: aus to

the low. mtritiw valut of hia culture modiwn uhich, ty slom.ng
tha rate of mltiplicaﬂ.on of the cells might be axpuoted to

" encourage their dzrrmntms.un. This bellef was shared by

odiette (1932) vho olaimed to have produaod by this method,

4s1&st1¢ ftbrea in tiasue culture of "all ti.asuea nontaining

qlastiaa"

§1ngo ﬁhe;-m:l& tAasue used successfully ty both workers

- was _mbryo'hmrﬁ;and ‘gsi.nce 1t vas my intention to use ‘the



tachniqm a:) a modei i'or vasnalar elastm ti.qaue, f.he emhryo

. hearb s aaad aa tha aourge of axnlants in tsha great ma;!ority of
'exparimnts but, in a fow, explanta wore: tahan fmm the mat |
wasalu. . ',l!he fi.tﬂinga of E%J.om that alasttc le.bus can be - |

| produaad j.n_ﬁm hava been cenfimd 1n tha pmsant expari.mnta._ ‘

hurlier axperimnta ware further haso& on ﬂlom'ts and fﬁlatta'a

werk in that thay uabd wodia or poor nutriti.w valua, buf; this

‘m later fom! to he cx‘ no advantaga. ‘

A bﬁar account of these imstiyaticns has ah'udy
baan wbliahod (mm anmd Paul 1%61), - T’ an indebted tony ::
- cc-mxbhor fv:r adviae and guidame on tissue culture technimzea
- and for the taciuﬂea of his dopartwant for sose of the
: '~cxpor$.mnts, tmt ths mtual axplmtatim mﬁ amination nf all

o tha ti,aaues wag. camw out by e alone. i
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Ws ~ _Ei.ther '?/8 sqy.gaié or 1 by '?/8 '"tﬁhaﬁqe’? cover

slips wers umd*;ifor all mlturéa gfrmn in planma oloty  The |

Potyd diahéﬁ’ﬁaéé;_'mra Honax 50 mm, The same type of covere -

glipe and ai&ﬁas ware algo uged for aomé of the trypainised

cultures, but in addition 4 x § tnoh soft glass tubes veve used

for siany of the experiments, | : |

W * Various different média of which the composition

s piven by Px,.ul (1963) were used, -

(1) Waymuth*s maﬁium-te kls/2 calf semm.

- L(Q) Hunk?s' B.,%,S. + 1% aalf aorum,.

| (3) . hagle'g modivm + 10 eslf serum,

(4)  T.C. 299 (Glaxo) + 107 culf sorum, | |

»The volune uged’ depandsd on the type of vecsel, | ?Iith the I*etri

, ﬁiahes it vas 4 ml., while wif;h the test tubes l.u or 2 ml. was

used. . The ;H of tho med Lun waa aﬂjustaa usmg 10,‘.% w/v

Vz@éncos, ‘Yo glve a rather alkaline m&tﬁ&‘. reaction --‘fumlly'

 around 7.85 this ‘luval fell during ireubation. Ina few |
caoes & lower initml Hl wus used but this mm fmuﬁ to be lass‘ B

| satiafactory. V |

= VW: : Most ohiak cultms tm‘e yrm at. 39'3(1 ‘buj. ins

mw tho temmmture was 3'703, thmsgh thiz was .'m;ar Pourd to ba -
less aatiafaotary. SN '

: | Atwoachepas 4‘ i“anv oi‘ the aulturaa mm m*m in qtop*emd




gldss tﬁbes, bu& uhare Patri diahaa uara ﬁﬁ@d abie means of
~controlling the atNQSEhPrﬁ was rquired in crﬂer to. maintntn tha ,
gi of the madium. " This was achieved elthor by p&acing tho .
~dishaa inan incabaxar‘uitb an atnosphore satarnted uith water
and containin? 5 GG;, or by ineﬁbatinr the dishes in a ¢laosed
-atmoaphore 1n a plaatic box in an ordinary incubﬂter.
.L’W.m’ For most experiments haarta frm chick
_ embryos vere useds ‘bhere wero a fey axmrlmnts u,_,ing mouse
énbryo tissue, but no aignificant difference vas:dbsarvgd;hotuaﬁn -
';.iha tvo, thé?afbfe aince chiek:embfyo heérta‘aré technically |
"~more ennrnniant heuause of the 1argar aiaa, they*nere preforred,
Thn chink embryas uare a& ahouh tba lﬁth. to 12th, day of
devwlapuentnn heurta from eabryoa of ovnr 14 days werc genorally

: _nnsatiaraqtagy aspacially 1nvtrypainiaad enltures, aince they

. often faile& to adhere to the glass.  Tho mwb vosgels und
| aurleles uuv@ remawud and. diacarded, and thoreaftor ona Qf tha -
N fcllnwing techniquas-uas ugad, o

(1) Gmliures ﬁsing plaqma clot. : The. vaniridiea Q@Td;éut’
‘Eatween twa kn&ves into exy&ants of uniform slze (ag@raximatoxy
1 mm, cuhe).-~ ?he exﬁaan&s wers uuShed with Hank’a BatleBe and
arraﬂged in a olot nf chiek plaama on @ cnvaralip. | The cavar- :
-Slirs wvare then placaa 1n Petri diahes and covered u&th a 1ayer
- of fluld medium, ‘ _ .
(?) Gulture grovn dirﬂntly’on glass, The vantriélés*ﬁere cut

into explants of rather less. unifarm ‘wize, hut apain ta

- @




‘ia;@roximqtely 1 mm. nuhed, and ﬁlaced 1n 10 timas their voline
 '¢f O,QJﬁ trynsin aalutien at gﬁ ,.6 for«a half to two hours. at
"37¢ﬁ | The expianta were then waahaﬁ tuice in Hankﬂs u.h.k.; '
"suspendad in the fludd nedium, and alloued to settle onto the
| "surface af tha dish or tube, or anto a enverslip on.tha ‘bottom
.@fmamm.,“ -
: hxpianta of erea$ vaasels wers. taken Prom lamﬁay ald
"fchick aﬁbryoa. f The gwagaration.w&q the sane as for tha h@art ’
axplanta grawn ﬂirectly on glaeu, but tha graat vaasel explanta
. stiouad 1ittle i.mlimtian o adhors to tho plose and wre .
'?"diacouraga& rrnm dniug sc by accasianal agitaﬁion . »
' Ina single ewpavimant the trvgsinlsationruaa reriaced
| ?by inet.mﬁicn w:l.th 2% aryatallim F‘l&”ﬂb‘mﬁ (mtritlbml iﬁioehmical; o
L ﬁbG.) in. cterilﬁ H. 3ol at e 7.8 for 45 mimibes at. P00,

 :f Initi&ily haarﬁ onlture% wevn fived

>for hiaﬁalngiaal examin&ticn uftar ?;3,&,?;&9 wmd U, days, The
nﬁdt uatiafactgrv length of in*ubatian'uas found ¢ be 10 daya
;amd m&q* Lator nul&uras wera yrawn for this foriaﬁ‘ - A1) proat

. va$s@1 caltnras wura examineﬁ after sithar 3 or 10 days.

0o , _ aliures. TI% uae ﬂeairable .
thw&, w%en_tnatiny unknnwn Qamyounda, a ainplo ponstaﬂt tacbniqye .
shealﬁ be a}haraﬁ ta, andt from the ccmparlson {s&a rﬁeﬁ 68) of

~tha diffarﬁnt mﬂthnda tested 1t vas geaaiblm to choosz the moat

» reliatla in groéueing.ela@txaa;  The Following taqhni%na wag

thereforo vsed in g1l experiments Involving test aubotunces.
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(1) Fima nedivn - waymmth '8 mdm . 10:% o m MM‘ Wit

2y -@ryminiaatim mr axplanta' L
“(3) Tonperature of 39, - _‘ o
(g@) A oi' awprmlnately '?.S .’s.n tbe init.ia.l mltura wdim...
(5)  Ineubation for, and exstnation atter 10 dnya mv teart. R
| mltumam thm days f‘ov groat vsml mzltums. ’ ‘
| rhm remained a qingle mriahla m that both tuba
and cmml&p nultuma were uged, ut ‘the maults ohtuimd by
thesa two methods wam entimly umparable. | \
| The subatances tu be tested were mude up w!.th BaSeSs
tu form a stosk aolution the stmngﬁh of whioh dapendad an the
molacular wolght of the- taa‘t anhatm. e ntmngth c»f 20 mg/ml |
~ 'wag chosen empir:lcany for the stoek aalutiun of BAPN,HC1, and
~ thayoaftey other stock unlutlms wm :mle up an 4 1olow- |
scuivalont basis, 'rnbla VIX uhmm a Ust of the aubatanuaa |
tested together wi.t.h the molﬁcu:lar weights and aﬁrangths ot the
stook solutions, . The a’bwk aolutim vaa addud to tho tnedium ,
© of the first culture to u final dilutian or 1 4n 104 thernftar .
f1vo-gold diluttons wero made in culture medium to a totel of 6
0 8 dilntlons,  The a1utions vers made imadhtely berm o
.f.he axplants vare addeﬁ to the mdiuu.
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| 2?511'%?3&&&3 ‘ - ,- 3‘551,.‘_'#-\1@;._.? | ntmk omﬁiox*- ’
Ny mziﬁcpropionitsﬂ.le mz 306.5 | 20,0 mifnle
ﬁminauaetonitrila Rgbﬂ& "154.0 ‘\29.§’méfﬁ1.
,B.marcaptaethylamina;hbl_ 113;5‘ ?1;3”&@/%12
Aé:inodipmpioﬁiﬁrile -"_ 123».0_ . N 24,1 ‘iné/ml
| emi.cmrbazide Ho1- | 118 | 20,9 wefe
R thunel&mina ';1.ji?:.t .6l.G . -ll.5ﬁﬁg/m1
3adinm propionuta ":iij;"‘j; né.G  _  _;;é;é'mg/ﬁl.' )
k__:,_lﬁ'ropylamim AR ‘59. ."iil.lzn;gr/ml.
'i"‘.\:‘bﬂsﬁﬁa Moltgs OF R - WO T TS
1oL, n«ﬁ.czzp.ucm? 10005 | 2005 nedde

., : g Tlealthy prowth of tving
mﬂt‘ms “uus agceosed at ﬁxﬁbﬁélﬁ- using an inwrtéd hiemscapa,l_
hut in addi.ticn all satisrantorzr cultums were f'ixed, and either
o sectﬂcmsd histolavieally, or exanimﬁ us shained surfdon
'pmmrationa. In tha case cr the tea:tu-tuhe culttsrea fimtion N
‘zmci qta&nin,, took pl.ma in the taat-tube, and the aleared

;'}?mmmtien s axamimd thrc:ugb xylol under an Inverted mioro-

scom. _, The fimﬁivas uged waye 10;?: i‘ormol sali.m an& (:arnoy’s 5

fltxi&, ana ataina inelw?aﬂ &’aieort‘s mrathm% i'or ala-atim, Omin,". o

Gamnri’n al@ahydaq-mchain, PTAH, 1, X L., ailwr mthods for

| ;;g%i*cuun, mg (with und without dlastase )‘, sglumim blua und
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Sudan IET emd IV, In addition somo n*csy&ratiam wors treated
ovornight with ﬂustwez, (?’Mrit* enal Biochemical Co,) 4n

‘i;'ris ("&rimnthyl amine mothane) lmi‘i?ar ab gl 8.8 ataina& by

WYaigert?s wathod and sonpored with serial control sections

alnilorly stalneds

The usunl mﬁhods foi-- |

S.cianﬁifymg- elagbic tiasue \m‘ by teans of oupirdeni s tains,

It is posolible that 'bhesa st«im giws a positive resuld with more
than one svbotance, Fnr "hh(a ;rurpa ian of this thasia thts term
elastic ti{mu‘% hag been msd to ueaorlbe any naterdsl vhieh is
in the i‘am of i‘ibres, and staim with Weipgort's elastien stuin.
‘The furthex: m-oparbies of the ﬁlasmr fibyes ohssrved are
Acseribad on page 74,
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}’relimium oxperiments astabliahed that slostica |
eould e produced in tlasue cultms of chiok embryo heartn.
bk its rcmtinn was 1mgu1ar, mcurrina in only & praporticn
of cultures, and. even then not meesanﬁly m every axplant m
.8 giwn eultux:g. In an attons;st to aiaamr a mthcﬂ uhioh
could be relied upon to give alasti.o tissve in all cultums
mxmr&mnﬁs wers set up to provide a cmparison of reaults ty
e::urfarent taehniques.

~ The rautora were umpnmd 1n ZEOUDS t-
(1) Plaesma clot prepamtim were compared with trypa&nlaad
prapamti.ons. . Elastie tiague nou:m o prodused in !mth, hat,
a3 tho pmsamm of the plnm viot tended to intexfere with

some staining teehnims the wypuiniution sethod wag pmfeﬁod :
(2)  Four Medis - Wsymouth'a tanks DeSeSe, Baglets and T, cs |
199 (Glaxo), ¢ach sdth 108 sdded ealf serun were compared, In
each aasaﬂaléaﬁd fibres were grown , tut in the 'é:'uljhnraa with
: wayuégiﬂ_x*s- wedium the frovth was more rapld, ‘the-prui'iwtion of
elaétiéa wis mm A’nomﬁant, and the “elmaux;ts procluueﬁ mm to |
be hrmr. | 'A | ,
(3) Fil: eultures set up vith a p of '7.8, Tol ard 7,0 vere
compared after 10 duys, Ms pH 7.0 growth WAS poor, una the
éizlmma failed %o produse alust;ua. The two more alkaline
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gmui:a. Agmw well, ond ,aln ti.c fi.‘hma wore formed In bath. ‘
(4) Teriod of Inaubaﬂim. - Un#dl 7 days no elastio t‘ibraa
were aééﬁ; &fter 7 days @ i‘ew e.‘lasti.c fibres oould ba aaan m
o amall proportien of cultures. By 10 days thege rihms were -
much more prominent and were pmaant in nmany more culturea.
'Ihamai‘tar the amount of alastioadid not appaar to 1ncmase to
amr narked extont, an& sinee in a&dition gome of the cultums
terded to ‘becomo detac}mﬁ rram the. glaas after tm.s tine, 1t wa
felt. f.h&t‘. 10 daya WAz the most satlsrautory parioﬁ of 1ncuhntion. .
{5) Tammmtgre. This ceoms. t-a ve a most fiportant factor,
Cultures grown atb 39%6 -prodm gond elaéﬁ:!.f: tiasue' :t’.ﬂ%ms iu: 10
daya. »:imilar eultures grown ah 3'?"6 have the ‘gume morpholopy
after 10 daya, bnt no alastic ﬁbma &m aaen. | I the 37°0
aultures are grm for a i‘urthar 2 days, a Tew expiants produee
fine elastic fibras. It appeays that althouéh cellular growth
io ﬁnarfectad aynthesls of elastios hag o highor _.ﬁmpemtuiia
o{sti;n;:anz.

* Mthovgh olagkie fibros could be cbtatnod by the methods
deamm:ed, thelr production was newr ccmstant. wi.th any method

and thore must therefors be other factors involved which are not

umzarét_md.

 Sections stained with H, & B, (fig, 23) uhov the explunts o
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andy whore the ani- or unr!@carﬁial strface iy :r-mfsant, endo-

C gheldum, - There ure aluo a fay hleod vessols mosh of which.
are oapillories with no smooth muScle in thelyr walls, btut thore
are somebliong rroaont a few larg:zr yvansels which can he
xeeagnisefl as wall formod arteries or wins,

An ati}.ampt wag pade to ldentify wvarious types of
soimestive tissus fibves iﬁ anitably vtained sections. The van
{iisaon stuln shouws vory Iittlo collapon espeeially in the 20
day chick hoarts, bubt in the older ones up to 14 days fino
£ibron can be seen which give the red staining resction of
gollagen, | Phose ave mﬂsﬁx eonnon ingediatoly under the epla
and endocardial nurfacop,  Silver impregonation teshniono shows
roelatlvely 1ittle metienlin, What ris pregsent ln nainly In
tho forn of shord brunehing fibros which yun batuesn tho hoark
;mm;z.é eolis.  In addition finer loes vell definsd #lbres ean
b 5een in the subwepicardial tinsue and around the larger
coronary vossels,

Blaatle tlssue as ju‘igad by Velpertts astaln, iz alnost
conpletely absent. - I% i3 osen only in the walls of the larper

aorenary arterics. There is no elastic tioaue in the endo-

cardium at thia apgo,

'Ga:lla werg sesn groving out from thoe explants vsually

within the first 24 hours, and always In sucesgsful cultures,
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within the first 48 hours, whether the culture was grown in
fibrin clot or directly on the e;lass, - If no oubgrowth was
geon within 48 hours growth wags never satisfactory, The
gource of theso spreading cells 19 not clear, btut they have the
morghological characteristie of fibroblasts, At first the
colls sproad outwards in a radial manner, but after 3 days-,tfha
fivroblasts nearer the explants alter shaps and mm\e, olongated
tangentielly instesd of radially and so come to form a circle
round, and a short distance from, the original explant (fs.r_.g; %Y.
The cells outaide this alrale continue to prow radielly and the
ring itaclf énlargas by proliferation within, Smalley
explants froquently apread complotely on the glass 'ao that tho
ring of fibroblasty surrounds a monolayey of eells with no
reoognisable oripinal explant, In tho snallost explants no
ring formation nay be yecopnlasabla, 'Sggtions of the growing
oxplants out at 90° to tho glass surface show that within 48
hours a singlo layer of flattened endothelium-iike cells has
formed on tho surface of the explant at tho fartheat, .poi.nt from
the glass,  The endothelial cells are continuous with the
fibroblusts, the difference in morphology being apparently
relatod to the presence or abdencs of 'z:-qﬁrfarlying aolls,

Tho axtracellular elemonts were examined in similar
cultures, In seetions of 48 hour cultures it 1s possible to
sen thut the total retioulin has inéroased and that the
‘dmty,-&mﬂm' i3 ohanged,  Inotoad of short £ibros. running in



| :\ﬁxﬂoun direcﬁmm, 1n;gez,-s c)? raticalin ean ba saen lylng
‘betwaen luytam of cana. ?y 3. days tham aan he. sean in | |
.'mzrfaua ymwmt&cm typicml curvinp e;heawa nr raticumn ribma o N
(fig. 27), apd thqaa inorease in ammmt a8 the cul'buras age, .
The raticulin fibms are nuinly man ovar the origiml explant _ ;
and thelir ai.ta and t:!m of ap;vamnm hum no aapnmnt ralat!.on o
to those pr the fibmblast ring, nmmc rihrau by centraab, 2
do not appear before the '?ih day,: and nm not cloarly amm wlth
arw"mgulari.ty untll tim .lﬁbh day,. . i‘he&r a:!.‘ba 1!; hrgar |
explants 1a tgpioally in bha fibmblast ring, t‘ha fm-as ying
'hetwam the éells of thia ring (rig. 26). In anﬂl axplantss |
vhere no r:lng h.ia fomd, the !'it:rﬂn am nﬁranmd haphaaardly-]

' 'Lx’hes fibros ere quito ﬁnls.kn mticulin fihran in that thay are
. both finer, and, (ﬁxoapt m the, mlloat ﬂx;alantss) atras.pht of
- ape shaped and dn mt form aimcmsly nurvimr skains. _ _Ifn |

‘ aaatimms the aluatia ﬁbres are seen to be oonfimd to a layer
immedlatoly hamath the suri‘ace enlothelivn (fig. 28) wa
 position corresponding to. that of the internal olastic lantna
of a omall waael. "

A nuuhar of cu:!.tures of. explams cut fm gmu.t wasels
were examimd.—.. ALl culturaa were umtmd as pamrfin aects.ons.
" h.xplants ww examined both hefore. and after trypainisation.
Before hrgpainisaﬁ@n the sppearance wag that of & short Jength
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of »eiaﬂ:ti.h ‘zirtéxry (sew. fig.- a0) with ccﬁeén’eﬂu 1ayers of ahética

- "altférnwting with ameaish muscla,  After tmpamisatim (fi#. 31)

Ktha alastsic ‘himu& neurest t’hs‘: periphexy of the axplant bacomes

*ncm-stai;ﬂ.ng, whim tha--mt‘icunn, anllagsn fand ‘eolla ‘are | |

”»unchangad. R 'Eha msmc& of an cala:::ta*a 83 an 1mpar1.ty 1n the

twmin mpmmian s ﬁhaught to bo tha cauae, .

| - In t!m si.ng:m axparimnt uham alaatma was wsed

Instead of twmm *h!m hiatology of tbe @xglantes &ftﬁr alnsﬁm
treatuent wus. the sano a8 urtar trmmz«smm. o

" The appénmnces aftor amm .' wero the aame: jﬁsather

the explants were trypsintsed or trosted with elustase,  After
_t'bm.a ﬁays tha e:éplanta uan be sesn 4o hawe rwndaé aff and to

be aur; rutxieei by ? or. 3 lnyam of! f'ibmbla.etwlika eallﬂs with a -
surface andoth_c}j._az. loyer, .Im a'}.l,mgl‘!;i;ma a:_l_.@:f'alr o: now

- rotieulin (ﬂg{. | ) ia pm:‘ssntﬁ juat dmsﬁa to the emiotheutm. |
_The old mticulin An ‘the .contre of t.ha explant 5.3 tandinp' to
hmak up. . Vt:m 11%1& t*ollagan seeps tc: ho rfreatmt and it ia
‘&fi‘icvlt to. dlstinguish ¢3af3.nitu aollapen rihras. th

'iw‘e&gevh‘n elast-ica s’anin the central mrﬁ of the axplamt can be B

Mm to mntain tho zmehang'ed a:}.aﬂt!,a Jaminae wh&.:!.e *n the outar
*xzrt whiah m c“laared of ‘!Ieigerﬁ rmitiw matarial by tha
twpain, apets of Y"eigax't. maitive mtarial can now ha aeen

' _hetween the eells, nftan in: rms, and’ «m&timas aoaleqaing tn
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fcmr; mmﬁ aggﬂwa to by 3 ms‘mbrzmn {"’u,, 3@. . Thlﬁ ‘fr‘siyert / I b,
g:a ;itiw m mmﬁ s maﬁt prmimnt, in: thz m“!tﬁ,& ;‘mf’i ia .mldcm o
goum. -:!,:a tha n"*fwam‘bh. : It wa\; bo noon. in h}m m r ’“’mma« :

’_‘%:;1:1%1» rtorial if’ thio 49 co ﬁ*.:lgumm wm t}m mﬂiﬁ m‘, mﬁ

- O xse“miuw fron tho mw’!m hy Ty of ﬁmmiﬁta. - o

wmle?ﬁ uifmmmm M mtaﬁ batyaon 3 gn_t& 20 days oulburos,

- 'i‘hﬁm m mm},ﬁamb‘?ﬂ avmmm t’ha} ﬂm stmcmm oi‘

nz mman oy rf?ﬂs dn di:msmnb s:&t‘*n ana in “Hho an ai‘m at, |
| ‘-d f“‘ﬁmn’c *b!ma {fxmai.n;' 1959% I$ hf:xs a?m Lman mwf;fgmtm}
th m them a:ri.xst mt»r!..a.’is miﬁw hatwm col’l&mn smd alaction
zmd hmd,n nm& m;ﬁrties of ?Jmth Haﬂl 1951);  thaao ha\m hem_n o
o termad pamxianelag‘qiaa. - I% thﬂzmmra am\ma necesaary tu

- exaning .nove cioaal;g tba vmparhiaa of thea elmmoa &‘nmed j,n_,
| yltxo and to conpers 45 with acoepted clastle tlaow,  This
#mmm&.nm m&y be: fady %mder *hma headdnms pe mrph@lom,

| estai;xinm ‘maeﬁi ong :md rapction tnalmtasa-. :

| " ﬁ? ' [ ﬁfbe morchologmy can buat ba atudied in surface
" gsx'e;:emmionr r:f murt, themgh Ko anrti.c ﬁxglant;a are allm& tu

- adhem to t-ha g&asr;, a wathoy azimla'b pleture can ta am:m. 35!1 e
the aurtaae prapamticna the new mﬁrrial is in the j‘qrm of

| atmight or altght}.y curved Pibres which are parallel to the
;'Langmudiml ax:la af the aolls . in ‘the ring which typ:mally Lorms
in Mm,w heart e'cplants. I!h&:m, a0 in smaller explar:ﬁ;; ,‘»m,‘ ;

~anch wing has. f-emt@d,»- ﬁm ivz'eéi,ge:‘rh posibive fibres csm be gesn
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i&in‘”* in e h#:ﬁazard-amﬁ@mﬂ.— Each ::,sﬁ thono morpholosioal .
. pyrangonents ifs fcmn? to have A clom mmllel :m the rnmatim
of yasenlar e:tamc tiamue in vivo, ‘
. The fonmtion of a ring of ml‘b; wwd tha oﬁginal.

‘explant hus ‘wm noted in o rumbor of tisaue oultures trm
Aiffarent -sonrmg, notahly rﬂ,.bmbls.g 5. elther in m'imary m: 1n
pure 1ine culture, and skeletal musple, While tho reason for
this orgonisation 1o undertain the mont widely held viev is that.
of Uslas (1959) n’m contends tﬁm;.,it s the msﬂlﬁb?i rhyaical
' st&?&aaag aet up m.tism thn pqlﬁtam; ‘ K.z: t!{iasa m.s;:s:mf; tha growth i
in ti.aaua cultm‘x\uﬁy ha cuﬁmﬁﬁ -um' thea -behem,mx‘ of ﬂbm-
tlaots in mmns‘ h&aling (iﬁuir‘q ?aﬁhalﬁm, %h @ditmn} in tha:b
in both a healing wound and in a tissue oulture the original
\ Tongituiinal ax.ts of the t‘thmb:lar;t<a r:hanc,k 8 mplats:;r and ort«:gri-
thrmgh AP ;va,zg,m this allm, ‘bhﬁifirbmblﬁﬁtﬁ to 12 at
richt anpglos %o the line m" the .mmi, and Lo prosunably & |
responae to the stress p‘iut'e’d oni the fibroblasts by the laok dt-‘
support at this gipint. | Ry aml_égy 1t .aaéms_ reagomable to.
suppone thad the reorientotion of tém #lovoblasts in Hlasue )
culiure 1o also a responss to yh:;'af.éal- stross, . Tt wonld them
gsgmtmb_ t.hﬁ} Yatpart positive fibres are baing Iald dowm slong
Mnas of 5 treas, and thia haé:alﬂady teon noted %o happen 4n .
lszthyriﬁia aomsy vhere, as o mag{a&naaj _im the runture of the
laninaay, neu elastde fibros eaﬁ be seon brideing the g«p batwean -
the 01d (m Yo | | '
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m : Tha hapbamrd ammmnt of ?Ioigart pora!.the ﬂ.bras
aeen in smaller axplanty my be umpumd with the. Qrigtml
fcmatian of an elastio Mim wm It‘ a dawlopl'ng
aorta 1s cut tangentiany the earliost ala,stin ts.asua ig-asen
to be in the ;t‘om of iy elagtie fi.bras running in an rli.rmtions
bub in omd plane, althcugh the amallent. axplmta have nat
| -baen satlsfactorily aectiamd, exaninabion caf amtiona ot hmr'
axplmta shows that tht alast!.c tlnam in thaaa, rom ina N
singla plane bensath the endothelial aurfaae. In aﬁﬁltion t‘he
small explants aye rx'emzently only t.wo colls thiok'at ths mt
and thavefore it geems that here, as in the damlop!.ng wrtic
- laminae the tibns yon in a1l ﬁiracuma b in om plnna. ‘

© A3 well as auggqating sinilar:l.tiea to nlasts.u tissua
m t.he m mrphalo@ of the. Waigart pmiﬁw :‘S.brea
' diftamntintaa them sharply from the mtimlin ﬂbma \.Mch m
ba demonstrated by allwr mthais. - Tha ratiaulin can b seen 'A
~ to e nuch eoaratr, unr,! to be manwd in tmlatcd akeina whioh
‘ara not related to the ae.uular rig, S
Wt The staining propertms of th« nw ahat}.n | -
‘mturi.nl wore amimd in aaﬁionu lmd aurrm pmparatiom cr
bath heart and grent Wssal cultma. In the grnt mssnl
mxmms caupariam wis aaas batwm tﬁa roantiom of f.ha
'mmﬁniug noml elastios nnﬁ thu mla' fnmd mtars,al. .
It ves £ound th&t tha m chst!.a fibms, vhuthar 1!\ R
' ‘ham or mat waml cultma, stain with ?Jaigar&'s alustiou, j

¥,
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oraein and‘ﬂcmériis aﬁﬁahgﬂaaxﬁnhsin,”tha% 1o té say‘theéiatain
with the tzaditinﬁallyiaaenptaa staing for elastion, Yopegwer
thoy do not stain with the ai&ver;sfaina for rotiondin, -~ The
PAS reastion is g&ab&bly positive, bub thm‘aultm§n§ cent#in 80
wuch PADS posltlve matorlal, even affor traatm@n# with diastuse,
that idenbification is AAfficult, Mallory's triohrome nd van
Giegon ara also unhelpful,  Malloryts PTAH has haon recornended |
a5 ﬁiﬁ%;ngniﬁhing between true and pgauﬁerlaatica (Gillman
2k al. 1955), bub in ny experience does naﬁ Qhaw any difference
botween old and new elastieca In tdsoue cultures, :
'Eggggagahjgkglgggggg It hao been demonstrated bw'ﬁalo and
Bonma {1949) thet porifled panarﬁatic elaabasy will deatrey
alnstie fitves; unfortunatoly thay bawe sines shoun that it
wlll algo dostroy denstured eollagen {1955),  The enzyme oan
bo uged on pavalffin gsetions, and compnrdson of alastasemtreameﬁ
sacblons with control sactlons shows thot tho Yelgort positive
materdal hag boon enoved, In aﬁﬂiﬁi&n in the sortle explants
1% was posslble to sce that the ordginal eiaatiﬁ Janminas u@i&
removad ab the same tire, |

Fron the above evidencs w2 may cqneiude thot there 1s
formation of fibres having the morchology, ﬁtéining rﬂacticna and
roastion to elastase identloal with elastiea, ;?hera soens
therafora no reason at presont to assﬁma that they are not

plastic Tibres,

[
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K "éJH a'”'Eif"w 2 A few uxparimanﬁa uera cavried cmt using
’ hcarts from 19 or za ‘day mguse embryoa as tba aource nf axpiants.
“The hiaﬁology cf the explunta hefhre aalture was thm sam& ua for
 ehiek enbryo heart,  The ta¢hniqpaa used wore aimilnr it B N
touperature of 37°C was found to be as aff‘mtim as 39% Growth
tended to b more exuberant than in the dhick eulturas, and tha
colis aro. 1arger ROXE danaely ataining and hnwa a more hizaxra
BpjeATANCS (i‘ig. 36)s A fibroblast ring usually foms thcmgh
somatimﬁs with very few ealls within it, and elastion 1s praaucad
| in a mumber of cases (fipg. 37)e  The elaﬂtim tissue has the

SRl pndpéritiaa a5 that formed in chick cultures,



5 sories of expeﬂmntﬂ was next aset np to ﬁeétl the
offect of lmown 1uthyrogemo and related non-lathyrogenm
substunces on the produeti.on of elm‘bie tisaue in tis ssue cultuﬁ.
Hach axgariment. amprised a ntzm“rmr eﬁ' cantral aultuma with no |
added chmicul, Plus gradaﬁ tast aulturea. In qme axpariments'
no cs‘lasticu ms pmﬂuced 1n any of the contrala and- thesa :
exp:sr&manta hwe ‘besn omitted,  In addition & mmbar of
individual ﬁultums died or wers contaninatod, and the% alao
have been mltted. The culturez were usnaarseﬂ a9 ;mi.tive or
neg&tims Positiw signifies that elastm fibma eculzi bo smm
in Veipors atameﬁ mmraﬁiona, and nopative that aﬁ:ar mm
mieroscopde search no such fibres could be founds |
}:WJ oot of DAPN,N0L,

In ardor to denonstrate vhathor the produation or
elaqtica cwm be inhibited by a known lathyrogenio aubatanca, :
cultures of chick: embryo heart were sot up with DARN,CY added
to tho wedium in graded five-fold dﬁ.iutiona descending trom

 Inall thesra were 109 sucoesstul culturea - 1.6
c:ontmla and 63 test cultures, Thore was only one live
' eulture. with the highest concentration used (2000 ug/ul) because
this concentration or DAFNLHCL 19 almost alvays lathal to the
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" 5.'  'wmian%a« b rme 1&% mmum i:hﬂm m acm 1nh§,b1ti.m

) "m 't;hs ngh a.txl swsaﬁing mt‘ thea axplmﬁa. : ’Eizis: .;mmmma

‘ 'was al;sa ;:fmaent in sm aultms vith "'ha aecmﬂ dilution o

‘;,(&G@ ;xg/ml), tmt ab lmx cmntm’ainna there m no c‘iff‘amnce

S § s Y t}m ﬂmfercla 1n tha mormnlm 01:‘ tha axplanta aa :Migod

_'by uithar thair gms appurme ex- tha :ppeamma in c:mr-. ;. :'

-jsli.p prﬁpamtiom (i'ig. ?9) nr in purafrm a&ctions

Thﬁ rcaulta am shmm in tabla IX and t)m pementagté_ =

oi‘ pcsi‘biw aﬂltms m s,raphml in fig. 38 againat‘r th'
‘:'v_‘cnmantmtim of B&Ht.ﬂm. o R R
| ‘A | - T:bla IXZ.- Tha ert‘auﬁ ‘on alastiaa production m e
_}‘Ghic:k ambtyu haurt tissue culturaa of’ the addi.ti,en nf graded N
 doses of Bms.ml m tha mdiwn. R '
PRALE PTX
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| Blastien o {WO|malmal a2 0 | a2 {Tas |
|raestea | 1laofarfaal o | 6 | o | om0

R _.zvagmm L

S Pamntaaa Sl op| o) o || s 62& L e R
- Bt | | | Ll e



w BR -

elustic fibres completely in the higher concentration and #ith
deoreasing frequenocy ag the concentration is roduced,
Bxeriuent II  Effect of PAFN,HCL en mouse heart cultures,

A few oultures of mouse embryo heart were toatsd by
the aﬂditian of mm.zm to the medium to seo w‘hethar in thia |
spooies olastica formation was :l.rﬂaibueﬂ j,n_ﬁ.&m | ,';fhﬁ

‘tachnique wes s for ohick test mxlturaa, but the imubatim
temporature was 37°0, -

There was & total of 20 live cultures - 8 controls and
12 test céltma. The higmst”c‘nmentrgtim {2000 ng/ml) .'
killed the explamts, The histé;ogiual appearance of ﬁh‘av
other test cultures was similar tb' that of the unntréls. : 'i‘hu
results are given in table X, | SN i

Table X, The effect on eiastiua producﬂ.on‘jir;_mm;sa
heart tiasue oultures of the uddﬂi.an.ni' graded doses of Ié_;s_m. B
HCL to the medium, .

TANLE X

Conoentrablon of | ermm | aom ] o Control | .-
BAPHLHOL tn pg/md | 2000 | 400 | 80|36 170,557 Total
Flastica SR ISR A B 5 6

Positivo | .

Rlostles mil o 2 |ma| 3 | m
Negative | N |

Total mil o | 2| 1| 8 20




I'h vill bo aeﬁm that the hbhrar des@s of Bﬁl’ﬁ.hﬂl 1nhihi.t
'elsmtie tisaue produstion, but that o deaa of loss them £0 pg/ml
15 nob etfcnﬁw.
| wm Hffect of 8 non-lathyrepenm subatame (n-proz).-
yz#ﬁﬁina'}. | |
| | To toat vhe\'ther- tho offoot of inhibiting the formation
of elagtic tiasue in ﬁiasm oulture was specific to lathyromenio
| E ampbunda or was shared hy. othar cherziinally mla.ted buf tiori- -
lathyraganie compounds, such a gubstance = n-gmpgrlamina was A
' taatc«d in ehiok tisrsurs culmres and. fts erfmt cnmparaﬂ uith |

- thaw of BAP,HOCL, n-ﬁ’mmlamine had alrendy been %hmm to -

have 1o lathyrogenic antion in mieo in vivo (see table m)

AL cultumg cantai.nmg ths h!.ghast comantrs.tiun |
(1200 ng/ml) dieds  There were 51 live cultures - 18 eantm‘l
culturos and 33 tost mlturea. N !n the thrae lim eultums \
uith the sooond concontration (220 pg/ml) thera was aame
altaration in ce" 1111&1' mrzﬂhc:logy but 1n the remining cultms
the sorphology wag similur to that geen in the contrels,
| Table HI Effeat of 5&3&6«1 cemantmticm of
negropylanine on olastica prodastion in ohick enmbryo haart

ciultures.
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TABIE XTI

Coneen - ‘ . |
Syl |20 {22044 6817|0435 Contvon|Totad

23

Blastioa positive | miilmii| 2| % | 3] 3] 11 | 2

Elastlea nogative | pil| 3|1 8| 3| 2| 2 rd 25

Potal AIna|lslolwl 6| 6| 18 | ;

Paxcentage positive| OF) Q3 ROZITON] 607 604 618 -

Tho rosults are given in table XT. It 18 seon from
eonparison vith table VIII that while the colls ave killed by
n-propylanine in the same molar concentyration as hy BARIICL,
elu;é*.}ia tigsue produation is pogsible Qi’bh a :mbst_fmtially higher
relative concentrabion of & nepropyluming in the culture medium,

" In contyast with lathyrogenic substances where apurk
from conpentrations which inhibit prowth there is a wide zone
of cénnentraticna conpabible with prowth but incompatible with
. olagtica formation, n-propenylamine either prevents growth or
allows both growth and the synthasis of elastie tissus, It is |
an 81l or nething response witheut apecific inhibition of
elastica aynthesis,
mu Lffeet of other luothyrogenie and non«lathyropsnie
substances. |

In crder to show whethor the difforvonce batwesn

BAFHLHOL ond nepropylamins in irhibiting slastie producticn
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;m 13 ) mnction of thair hthvmgenic aﬁtivit;r, #’ nwnmr
o nf‘ ot}mr aubﬁm&aa whaaa l.ithymgenic nativity m vay

- alma«:}v Imo'm, waﬁ tasted to aasess the' miuir:m concantmticn |
. at uh&nh ‘tb&y frhibited f(zmmoxa of elaatic- tﬁ.a;ma :I.n m}; Qt‘«--" .'

| cmltms. _ The results ays z:hmm in table XIT along with
the ﬁms for nm,nm and mprowlamim t’or commrism.

o ‘.L‘able Xili. To ahoy the minimum camentmtiona of

varicus. aubstanms uhi.ch will i.nl*:ibit alafsti.ca prcﬂnation in
'amak smbryo hoart eultures, |

mAME L
N A Mi.nium qmntration to gha |

Test subs *'m“ Lo 100;; inhlbitian of almmmsis
*;-;m.-s% o o 0.19 ug/mli
| Semicarbazide HOL | 0466 np/ml

- Beusrsapto ethylanive HOL C 170 pgfel
| vapw o1 | 800 pg/ml

nepropylonine EG pefml
: mﬂi.m xﬁro;:simte S 1320. m‘;/sl -

It will b seen ishat the mbatanaas 1u tha uppox purt. of the

table s.nhibi.t the i‘omt!.an or alaattca at & mh lover
ccmntrat.tan than those in tha :!.mr pnrt. _It haa alraady
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hean ‘ghown. (see puge 3_1) that th‘ase. in the upper part- are &thy—-
ropenie in vivo and those in the lovor part are nct,  Of the
lathyropgenie aubatanuea | th_ﬁ‘ rolative toxieity is rbﬁghly
parallel to that seen m althouph sineo semcéfbuzide has

~ boen glven only by mouth 1t ia :‘:‘:t_._ﬂ;‘i?:ult to produce a somparative _
- figwe (soe pﬁggngg,tablam Yo -

In czrs!ez- to test a largar mwher of aubatanoes nore
wick:!y, mltures of preat wsae.’m wore used,  In these alastioa
13 formed in enly_ ‘three days and Lt yroduction is more constant
beth botwoen differant batches cﬁg‘ cultures van@dﬁétmcin differont
individual sultursa, - Gniy a single eoncentration was used and
the cultures were seb up in duplicate, a‘léng with control
 oultures to whioh no test substances had beer addeds  Ths ovlture
' tac!miqua, and gwrapamtion and ‘htainim@; ot‘ the exp’lants vere |
- the same &5 had koon ﬁmmma for gmaﬁ Waaal cultires on
' Daeclsonk - Dffect of BARLICL,
| In e Sirst eulturos DAFN,HOL we added to tentt
;lmmt‘hm Lt wendd .Znhibit elastlen. i‘muxfim in great wasel |

exltires as 1t baﬁ almady boon shmm to do in hemvt m‘ltnres.'
The- poncentration Tued ‘&'&?‘ 80 e/l daoe o dﬁ"%ﬁ vhioh in heart
- enltures t:zmm‘? inhibition of ?"m‘b#,m gm;«"im&im bt 4Q nok

.s}ffbﬂw eollulur geowthe - - T
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1~ It ap;:earﬁl‘-'thti‘i; iﬁﬁm,ml ﬁné;a‘ mrovont elagtica
:i;‘t,sma‘iiién in euldires of ‘grcaa% vasaela, Ii;. oty nc;i; _hm any -
ql@atgiﬁm éétiyi‘tgy',( and 16 &ée;;f 'n'm*h"’ g&%aﬁéht tho ﬁ‘éﬁﬁﬁiéﬁ' of
wotiteinkin ab Ghis concentration,  Tho eolluler wowpholery is
he sfiﬁr&‘ ag fm o ‘gantmls. | "wai.gert é:'kainiug}: shmraii that
whide e “contral mm Tomined z}hich wore’ not affectod by
§ ‘t-mv);ainl,da‘hien am atlll strong 1y stained no mv; '@.‘iastica hdu
Irorwd aroum :tt ag. is the oase :I.n tha r-ontrola (’figs. 32 arﬂ -
‘:;3).. | La leyay of new mmcunn deseribed m tshe can'brol
mz,mams (puguyg ) ia also ;:mesc:rxt in theae toat oultures. (ﬁg.
B __ |
w Effeet of other compounds, ‘

| Unce the effect of PAPN.HCL on these oultures was
known a number of ether cm;:ourﬁs wore tested ‘miér thé sme |
’Acmﬂitioné. ~ In oach sase the dme used was the mole ergsivalent
 of the affeatiw doem of HAPILHOL 1.8 of €0 e/, The .
sonsentrationa usan ‘and the effeat on alastica formation are -
 shown .’m tabla XIL I. In no came m there any a?aviuua alastow
‘lytic antivity, noY Was thera inhibition of retioulin formation
exce;:st vhen the aultura ws killed: by tho tost substahce,
7 tuble XIIL axjfect of mole equivalent concentration
‘_ of & muwber ai; substunoces in }.nhi‘fbiting' tha formation of now
Welpert posdtive material in chick embryc and mreat vessel
cultures, |



niE QLT
. | o mm Volgort
"Ggg;‘pmmd. - |Concontration in Modium positive t‘;&mﬁaw
PARL O 80,0 pz/nl | aveent
AMN, 50 o 128,0 pg/md ' abgont .
Sointoarbazide HOL - - 80,3 pg/m abaent
nmnnﬁﬂnnwnwlhuﬁuuu-mwﬂmm—u-n-'-nqhn-vn‘nw
CHq GO, WHCHg GH O ng/ml prement -
163 Hat = Oiip GOtilly 80,2 pg/ml. progent |
Chloracotanide 70,8 ngful | Fxplent killed

| It will to ssen that thode. substances above the dovted line
inhibit elastica romaﬁon i.éi.thout dlaturbing oeliuiér 'prbwt.h.
These substancea have all beon shown tr:: hmm 3.athyropenic ;
aotivity An yive and bave also been ahmm to irhihit elustica
fnmatlon in heurt tlasue culturea, " Yone of the subatanoea

balow the lino 1nhi.‘n£ts slaotica fomation; chlomtamida is

cytotoxie. Nore of the i@ lattey commurﬂa hsa heen shmm ts
have an;r Iathyrogenic sotivity. m |

| m_gmw.- - It has now been shown that elastic timm
can be found in tlasue cultures and that this t’omti.an can bo
inhibited by the presence in the mediun of subatances h\mm‘} to
produce hthyriam Jn vive but ﬁot’ by comsmri&mg " ébncéﬁt;atiéns-
éf chemieally related nonelathyrogenic mbstémes." - ,Gmpaﬁaqn-
of tables VII, XXl and XIXI which give the effect of lathyrogenis

agents in mice, in cardiac tiaaue cultures and in aortle tisaue



L afge
M’i.!mm:g x'e ;v-ant’iﬁr“‘ly showss o wry c‘lasa avmmaﬁt batneen ,g,n,
M and m aetim:y, A i’w cmmmda toated Ag_m

| ‘wm nat tasted Jdnxitre mmz,ga tbam mﬁe no matrarial 1ei't,
1 .‘::onvnmaly & fow substanaaa appear in the m tablen uhich :

S coam not bo tested j.g_xj.gg hecaues ﬁhay aroe pmrml muro- L

toxins, Bxeluding these !wmver, i’b will b seen 'bhm; thaae
subsstanma whieh produca 1athyrism, alau canat:mtly inhlbit
elas 31710& famation.

Q.ngﬁnjxatm:-_ If the mchaniam of tnhi.bitlon z:f alafstica

formation jn. witrg is the same aa that occuming in tha corta in

mioe with lathyrism thon it umla ba mascnabla to axcapt that |
the requiml cmeentmt&on of lathyrogeni.c agsnt mwmld :
oorrespond approximately vith the tissuo comemmim,- oi‘tha o
aano gubstances in the muae. . An attenpt vao themfnm made
to caleulate the 'bissue ecnaentmtim uhi,eh oceurs in hthmtie
_mim. : F'or thia the animals uspd wm the pramnt m!,ca, arnd
the calculaticn wag made fmm the mintmm dose which produaed

aortic mptm in the young, - The Aotal dose was then Sivided - |

by tge‘nmg of daya that tho treatment lasted sinee the high

exoretion rate, ab loast with AN and POPY (Ponseti o ,__LQL 19%a,

| Lnlich '1958) moans there . can o no cumulative effaet The
'batal welght of the mouse Was talmn as 60 gma, = an uverage
iwight for female micc c"iuring tha 13313 two days of pregnancy -
ancl the ooncentmﬂon axpmased per gram of body wolght assaming



LA ﬁnifdr:}a ﬁiétﬂmuon thx-o&ghmt the ‘ Macmss. 'i’he figure tor
:aamimbaaide HOL 4s; of gourae 1asa accurate than the o‘bham
mcause 1t vas glvan orally, Thege figuras are  shown m table )
XI V fw cmmﬁsm uith the effect:we dogeg 1n ohwk an(i nmz.sa L
" tisawo culturea. : |

| Tahla XLV, | Oompar:lﬁm of the astimatad pinimum
‘effeutive concantmticn er varmua cmx:ourﬁs m the moussa uith
the minimum effecti.w concentraticns 1n ch:lck and mmse heart

mzltms.
‘ L [yatimated MAn. o liin. ofoctive |tn, 1%§f_£‘ect.i.v§'*
Compound . = Coneentration in Gona, in Chiek|Cone, in ous
| 7 [touse G&ltuma . Oultures | . Cultures
BARLICL | 600 pgfem | 80.0 - fml o0 e
prooroagto- | 166 pgfem | 27,0 pe/il -
othylamine - | . o -
o ‘eminarbu ide I"Gl - 500 pg/em - | €3.663xg/m3. .

It w11 be scen thut the n ¥ivo figure excseds the 1n yitre one
by at loast P times: and in noat cmaas by mr 10 umea. Si.noe
at loast 80 = 95,5 of MF! ond BARN ia excmted 1!1 2!. hcm'a o
{Pongetl m; 19‘56a, Lalich 1@58) bhe f.’spure tmlculuted will )
only bo ach:laved immadiutely follwing; 1njauticm, and 1!111 £211 -

o am*roximtaly o tanth ar that figure berora the next injeation,b-'

on tha athcar hand Ln_xﬁm the explant 1d axpc»sed to thca Lull -



e L v

coneantration thmdghout. Tt doaa not aeejml_ theigtgré ‘thv‘at_‘ the
'i‘i‘g:m:es are innmmti_.bieﬁ‘mdtham aae,maj no maﬁoﬁ 'h'g uuppoaa |
that the samo mechanism eannok bo involved both luviveamd o
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Fig. 23 Section of explant from heart of 12 day ohiok embryo*
Most of the oelle present are muscle oells*
X 630 H* & E.)



Fig* 24

i I ;-

The same ohiok heart culture photographed after 7 and

9 days culture respectively* In both a fibroblast
ring can be seen with radially arranged fibroblasts
outside it. Spreading continues inside the ring which
has a greater diameter in B. than in A*

(Unstained, both X 23)



Fig. 25 A ohiok heart explant grown on glass without any
plasma olot for 10 days* There is some

detatohment from the glass at the lower part of the

picture* The fibroblast ring is well seen.
(X 30 Weigert's elastioa)

Fig* 26 Detail of fig* 25 showing elastic fibres running in
the fibroblast ring* (X 200)



Fig* 27

- 05 -

KI

Part of a ohiok heart expiant grown directly on glaee
in Vaynouth's medium for 10 days* The curving ekeins
of retioulin fibres are seen to be much coarser than
the elastic fibres in fig*26 taken at the same
magnification* (X 200 Silver stain for retioulin)
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Pig. 28 Section through expiant of chick embryo heart grown
for 10 days in plasma clot with B3S ¢ 10% calf serum
as the fluid phase¥* A layer of elastic tissue can

be seen immediately beneath the surface cells*
(X 630 Orcein)

Fig* 29 Surface preparation of chick embryo heart culture
grown for 10 days in Vaymouth's medium with added
BAFN*HC1 (80 ;og/ml)* The oellular morphology is
similar to that in the control cultures (figs* 22 and
23) but no elastic fibres are present*
(X 22 Veigert's elastioa)
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Pig. 30 Explant of great vessel from 14 day ohiok embryo
before trypsin!sation. The elastic laminae are
clearly seen.

(X 210 Veigert's elastioa)



trypslnlsatlon, the one out transversely and the other
longitudinally. The periphery no longer stains for
elastioa,

(X 360 Weigert's elastica)

Fig. 31 Explants of groat vassal of 14 day ohlok embryo after



Fig, 32 Section of great vessel explant grown for 3 days in
Waymouth*s medium. The original elastic laminae
have not been altered, and in the peripheral zone
spots of Weigert positive material have appeared, most
dense immediately beneath the surface cells.

(X 270 Weigert*s elastica)

5»

Fig, 33 Section of great vessel explant grown for 3 days in
Waymouth*s medium with added BAFN, HC1, The original
elastic laminae are still present, but no new Weigert
positive material is present in the peripheral zone,

(X 270 Weigert*s elastica)
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Fig. 34 Section through game explant as fig. 32 stained for

retioulin. Layers of newly formed retioulin oan be
seen immediately beneath the surface.
(X 270)

Fig. 35 Section through same explant as fig. 33 stained for

retioulin. There is no evidence that the presence
of BAFN.HCl1l in the culture medium has inhibited the
formation of retioulin which is similar to that seen

in the control section (fig. 34)-e
(X 270)



Fig. 36 Periphery of mouse embryo heart tissue culture to
show the bizarre appearance of the cells.
(X 160 Weigert*s elastica)

Fig. 37 Chick embryo tissue culture to show attempt at ring
formation. Elastic fibres are present at part
marked E.
(X 55 Weigert*s elastica)



“m‘z‘&ﬁm

' E’i; is aloar :rm thesa reﬁulta '&'hat mteriul clwely' |
- 're.zumblinh alastic tiaaua aan be i'c:rmod in tlssua aulture, and
that j.ts fcmation 1a inhi'bitaa by mhhymgenic au‘batarma but .

' not by chenically related non-lathyrogente aubstamas.. " Frow

thia 1t .fcllws %aﬁ mhymanm anbstanm m. (at least tn -

the tiosues teatod) act on qe.m autwith ‘:.be cmplax 1nter91ay f
- of. tha arganian. 'I'he aution oam 'ba ei.ther by irmib.tting the

syntheaia at‘ m aiaatica pracumor m tha call ar on ‘an axtn—-i

ca‘llular intemdinh elment. R -

anh (3.958} ha.a nug?asted on tha baaia a!' ahudiea _3 |

| vt e*""* labelled BAFR, tht the aative prmcip:.a m!.ghf- not
| be tha oriyiml cmpmnd but ane ai,‘ :lts mahbontas. uhila
my findings do. not axclude thia poss!.b:lluy they show. that suah
a metabelite would havs to be eu;nble of‘ !xaimr rnmed not cmly
at some &istnnt atta e.g. the :U.wr, hut nlso 1ocully m t.ha
affaotod mlls. | ¥ ‘




Lgaag; h;scagg;

- Iu thia aention I mem to diacuws (1) m m

o of Botive lathngenic umpmnaa in tm hnpa that ma

vacafmi.ﬁon ar a amon gmupiny mny suggaat a passibla cmmn ’

node of Autm, and (2) the fdentifieation of the. gm or sites

of ac'bion m tha produatim cf hthymm (‘) m the a om and
‘ (b) :ln the eni;ira syrﬁrome of ‘imny hthyrj_am. R

‘ since awﬁ or the cmpwnﬁe test.ed rar lathyreganio
uatiﬁty in miae mm the game ag those testm} rar their a'bnity _

to if.ﬁ?ibit elastie tissue romatio'n in tiasus cu).tura_mﬁ aines - ey

1% has baen shown (page 90 ) that activity in vitxo'is clossly
porallel to mﬁﬁt}f in.vivo the mauita" 'of these two sets of
exparimnts w now be dlgoussed togathar. - The chemiocals
'Imwn tu px'odm 1athyrisn fall nonwniantfw into two: grbupu. |

Al‘. Bam and mlatad conpounds, ,.

24 .aemicarbazlde ml rehted omp«:ﬂmﬁa. -
Phose two groups m a0 ﬁir:amnt chm!.ﬁany thwh it seoned
r-ossj.ble ﬁhat soaio difforencs uight e obserwed in their actlion;
. no such difforence has hovever boen dotected in thase
oxporinents, In smte m‘ thia t‘ha chamical ditfareme ia auah
that even if the arfmta proﬁuaed m 1dant1cn1 the mode of |
aat:lon may sti1l be da.ff'arent, and the two gota of compmnds will
“therefore be cii.acasaud sepayately, |



QAR 34 (sea i‘ig. 3.) The fact
thaii TAPL and m “which aentain 2 ana 1 mz yrmpe respootiwly |

are pos:ttive uhne 2{ amim‘butywnitﬂlu mh 3 cH? gmps, is
negative auggasta that ﬁha ohain lcngth :.n [ atmight c‘izain
_ mush not &xceaa :23 OHE gr@ups. , *mia ia hom cmt by the
axgarieme of ather imasiigators *whc hm failed to prcduce
o lathyrim with w dmwm uontaining mre 'hhm 2 GH2 grcmpa
o in & straighis chsin. , G;yamiﬂs with cul:sr om narhan aton haa |
alﬁa ‘besn shown to be imrfuutiw (Rsmamurti. mi Tn;ylor 1959);
The poaitiw wault n‘btained *:i'bh ammwipropimitrilo
ahovs that two ahm ahaim w ba pmaanﬁ. Ay rosult hers
.aqnfims that of Bachhuber 3&_51 (1955) and is in oppoaltion to
Selyets (3.95‘7) findi.ng. - The poaai.bﬂity, augpﬁsted by Selye,
~ ‘thut the mterial might ‘ba mpm and aontain sme m.m hau bmm
aonsidersd, but will be nnen tu ba an unawbiﬂtactory axplmtim.
I the iuth;vrogenm aotiﬂty is tn be aﬁtribtttad lolelgr 4o the
"‘pruaenca of ﬂAPN, and 1f, as ia w tin!ine (page 32) a miniwum
of 120 ng, of BAPN.HG]. mt be ginn tts tha mather ta praduce
mrki.a ruptm in tha young, mﬂ 0512 ul. or minndipmpimltrne
also prqdu.oaa ruptm, then thare nua‘b ba approxiutcly 120 ng-
‘ ‘nr BAPN pzaaent as . uontauimnt m 0.12 nl. or mlnoﬁipropio-
n.ttrllo (paga 32) whioh Iy alurly untambla. It is thua alear
" that aninodiproplonttrils 1s active when glven parenteraily, bt
it 19 stild probable thsf,§ th_a effective compounds are ‘breakdown



... 195, .‘... : .

..jlpraduota derivad i’.‘rcn Mz. R 'rha twc wry diffamm actium |
,mmm by tms dmg mm m aﬂecyutely eaxp‘.lnlmd 1w

© eould be asaumad that the neural ayaptows result from the antnom

" ;dipropinnitﬁla i‘bmlf, am i;ha mtao-la*hyrogenic mtitm from

‘m?n. or A&, dorived fromab,
| g It mld up;:aar hmmr *.hat a stra!.ght chain r,sr &
: __ambimtian af tuo straighﬁ -thains 1s aasanﬂal, a!.nce ni.trnes
h.mlng an. amim«-grmp qttached latorally 1n tha o( poai.ti,nn as -
X miuomtyronitrne and ,;(aminaprapimitrﬂo are. mmm( -
{'.rhs.s ﬁ.g ahwn bcth m my mm axperimnta whera thaau ampmnds
‘:A_:wrﬁ uand attachad io a glutmla rad!.anl,. and m tha wr‘k: of
wmumx _,3__.1 (1955). o | ‘j |
_ It 15 thua estabiiahad f.hat thnse .mthyrqgenie |
- _"mters.a:ta are short atmghmmn ommnda, m thetr .
:”“{--uomtttuant grcupnlng mxst nw be emsidered. " The chagn 13
- -baaica:uy hyérmrbcn ahain w!.th at m enﬂ a nitrila {on)
and a:h the athar an anino (ﬂﬁg) grmp. 1 iha oN grmp 1a
;mphaed t;,r an SH grmp, Pt in ;hempﬁu ethylmlm, it mta’.m

flita laﬁbyrogeniq wamtr. If tha Gﬁ gmup m mplmd y ;myl ‘

| . other grauplng (a.g.; GH:, in propylamim (page 31) or GB?W in
. atmnos.uum (pae'a ) ). the aativity s lest, Amough this
- has only be&n ahmm using twe aubatitutea tor the nitr:lla |
| l"‘"gmxping, nany othera haw been taat&d in rats by ather worlwrs
? and on]y when tha sn grou;:e !.s usad is the awciﬂ.c acttﬂty ar tbo




: uompoum :mtainaﬁ. - ﬁs w.tth tha: 6}3 g*ronm in amimdipropia-
N ns.m:*m, ‘the pmaame c»f tyo- shora chaa.na ams not’ ammsh

uut;t.vlty cf‘ t}m :BF gmuping nim:a Qaaler has ahwn thafa cya'bau R

ming. is mthyrogania. : 'Ehis ecmpmmd ma;y b axpmtad to hx-eak L

- down in tha “body ta forn two ml@culas oft ﬁ-mempta-ethylmim.

-}'xt should ba notad hmwr, that tham 13 song’ airrmnae of
- 'apinion a8 to whether pmemupta-etbylamine 18 indeed efmctm -
. ‘Lawna (1961) coum rind no aﬂdanm or hthymgenio wtivity. .

.?5whza ‘question has. mt hacn clurified v the: prewnt iuveatipati.on

a.tnw a poa:l.ti.w raault vas obtud.md 1:: om tast onl;r (Tubla ‘&YII).'

It seems poaaible that tha tandamy of this ompound to daanmposa :

o rapidly w acaount tor the contraﬁict-ory rasulta.

The teatmg ar ni'brilaa having. a shm straight ahain, L

,'and sma gmuping other thnn NB at t.he ‘othar end is ncm A

g di.rﬁ.culﬁ since’ mny of theaa aze taat ncting Mural poism. ”
'Hethy:une Mﬂ in which tha HH ymp is replaoed by - GH? = ﬂ

: gmuping haa bam reported by, Pmu M (1956) a9 baing

© lathyrogenis, I have 50 far been unable to confime thia.

4% 10 indesd mm 1t seems probable that Lt 18 conyorted tnto

AAN In the body Suouinonitrile \mara the !m,. grcup of AAN

has been mplnood !:y . GH haa Men uhoun to ba maotive |

‘(Rmaumrti and Tuylor 1959)- o : o

| © The criteria of stmetum or an ac:ti.w ompowu!l of the :

—amino-nitrile type weuld thus aem t’.a tea ahnrt stnight carbm .



' chatn having Lor 2, bub pefther fover nor hore, Olly grovpsy en
minn-gréup at {:«ne' izrﬁ and @ cyhnidé or ?ﬁs‘aibl;f ammaptc- |
” ~ group ot the other, - Atﬁinodipmpibnitrilé' dnid methylim AR

- are prebn‘*ly Gmrhed int:: elthor mm er MH m"‘ wvatmim

. irrbo ﬁmewapta obhylamire, a:md 80 need . nat cmﬁxsa the pictum. ‘
| 3 e dls (ﬁnﬂ fi@“ 3’9‘3 %
TS dEr50RIE Yo wake o elmiler mwesmm of tho chomlesl

shructure mq&imﬁ in order 'b‘m’h s compound Ay aﬁ‘h 1 fre *emi«
: carba«i.de. In 1ma.xtigatim only mmicarbuaide I“Gl hos
been used u.nd this hue ‘baen shm to be a!fentim in p*aﬁucing
 hoth aortde and bony 1&51%; @hem i3 houever a long ldot
of compounds relsted to aMoarbazme uh!.ch have been tented by e
| ~ othor wrkera. ?hoaa Mated by Ba.aler aod “tcmr (1959) sm
. Millger am Basle»r (1959) us yraﬂueing L,zphoai.; and hietelog‘tul
aortie lesions when fed to-rats oun be conpored uith- the idst
of cenpounds teated and fmmd ineffective ‘by Rammurti. and |
Taylor {1959). | |
Tt would appenr frm these results that mh more

aubstitubion is pwai.b:te vith the amicarbasm& grmp of aubatanaea
than with the mm groups It secma pqsﬁibly to replaco or
;:artial&y mpft.ma alther tamimi iy group. m! H gmup
without ajtering the sctivilty and mal;v when the NL. in the 2
, position is mplaeed a3 in G i,yeimmide, is the oompound

aetmcam. |
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Semtsarbaatde HO 0,3% nngcmrmn 2 L e
Paruhydmsinu bammi.c mi& 0.1% GOCﬁ(:) mg -:--"++-'_ |
hetono semtcarbazons 0,1 NHGO,NH NiG. (o) e
| _.V‘.'A, 4 dtchenyl somtcarbastde 1,06—) NCOMLN v
5 d4phenylearbazide 0,2¢ CO(NH,NH.C )a e
:L, 3 diethyl 2 thicurea 0,15 CS (M "z“s)z R R

Thiosomioarbaside 0,1 Nip OS NI, W, s
Glyoineaside 2,0% Ny 0o OHy Mg e e

‘Gumlux‘en :z.m NH, 0 mza on mxz o | . -

fiydrazine 0.2 Hy N m? S o ~ " R

. _Hydmlmim 2:0% Hg N | m,~ -
 Phorylhydraatns 0,7% H N NH c::> Ll
: ‘Mothy:mm z.ox nz N Gﬁa w;._'j Co L e

Fig, 39 8Muarbnzida mﬁ! relu.tad ooupmnﬁa. . To'ahew
C toﬁa\vail:, pamntaga in ﬁs.et mﬁ rapcmad hthyrogenio
e Yo . O T |
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It is oleny then thul sdveral ‘s.abat'amga are capahls
off pmimizig Zm?;yriam. Thase may v alvided ini:o'ﬁw' najor
asetions having in common only the presones of ong or unore snino
groups.  The firsi seation g choracterised by having in
addition u shorh chodn length and the prosence of a ovanlde or
moreapho=group, The sonon? Sroup sppewrs i»:’; z’iapahd; far::tts '
activity on the posueasion of a i, M ~ grouping,

Identie )

- It has already boan shown that tho main cause of
aortde mpture in lathyrism is a failure in the fornation of #la-
ptie lominoe (paze 59)¢  Flastio tissue I gonerally agived
- to conzind of two parts, ome a chnpalysaccﬁaﬂéa and the other
a protein - probably elsatin {Thonss and Partridge 1960)s It
follawn thut fallure $n the foruation of elther of these |
somponents uoizlg:% rosulb in weakness of the lanina, Sines one
of the components s aarbohydrate end the obher protein it
gooin that they must be ayntheéiaéd by two different meéhmims
1t also seans thab the two synthéaf}'#' eould ocour aimﬁtnneaouély
ov aocessivelys | | -

Thizg hypothesis would explain the upparent contra. .
dlotion vetveen ‘tha ohaeyvod facts that while in heart oultures
which provicusly contained no elastic tissue 10 days is.
raquired mfara elastic fibres are fomwnd, yot in great vesael
eultures *x@ﬁm somd of the elastica has been removed by



o ; _110 - .‘ ’

' alas; aﬁa, \mll mmeé nm.mm ti_ssua cgm ba sam ﬂm 3 daya,

b.2a va:i“ Ynewn. that in, fer mammle, haaﬁl&ng un,m-‘z;;, m;QQm]y,. S

P aaehm.ac, is ae;mnaa mry rapiﬂl,v; 15 10 lso vell lmown that -

| ‘almtm ‘ibmta ke mua}a langar tao agpnar {G iuman, H\mwm zm;i

 vein, wsv). | I£ 1% 1s anshuod thab in the. proat vesosl cultures

elasts; :a ammm hha elmtim tios ue,- mis that thm conpenent

gmhﬁ mvaain in t&ha *biaauea in mnmtaining i'om, then uhcmever

. : fit‘iw mnmly am‘hhmimd m-:m}mnsaa{:ehari&a smff‘alf‘ing 39 i‘omc»a,__f

o l’mluatin w’lll o ma&.la‘me m ba ﬁagwitaa s.,m iﬁ,  In tho. haaris -

o m}‘l.ttw By “on:the othex‘ ha*ﬁ, thaugh xuuc::;\a‘.!sanachﬂrma wﬁl
;, sarm m i‘omad qminuy, “ﬁz 8, speau‘ically ﬁtuinir mtain :
frmti.en wxll hz:w& th ba - oran ’caz‘% Mg .zmti ﬁhi«z uin m:nmnt kxS
‘%"w 'htscs 10 ﬂszgs ﬁesluy' hafnm pedl :i‘emeﬁ aiastiv ﬁbrea can e .
an0n,. This hymthmis is in kesping with t‘ae werk ef Eaammg ’
{295 ) and Adedx sh.aly (19‘33.) w’w i‘eun:’t that the auhmttanam e
: Viinaartim of! ?L:mtm a;’m\gﬁs aanﬁaining elastin or Bl ta'bc:‘l.y%hﬂ o
-\mxcmmgm tho mpiﬁ daw a;:maxm csf,“ mw a&a:atic ’i’éidﬂ%m o |
- From this o,rgmnt 1 fnllm ‘that in Yabhyrisn the
o “ailnr»:a of i‘umtim nf alaai‘:.v fihresa mw be t’ha von alt af: an‘
| ;;mhé,biti.m ei‘ ei‘bher the {'tama‘hian oi' wmcmlys:awhariﬁa m' “the
'uninn of nmepc:lyaacehariﬁa ua.th aluﬁtin ’(m mm visihla fibrea .-
’”’xia iatter scnoaption is ampﬁrlb’ta wi.t‘: that of | |

-- ﬁenmd_f and zzanmay (:ms?) who beldeve thet in mmxaga Aathyro- : -

© genle fastora aet by blocking the combs.mzm nr namm |



ol zm&diz e ‘iarmaa‘hmimm wi.‘bh xﬂen«muliﬁmmmg" pz't;%ﬂin, L

P rﬁ.iz;g, fihrili:mmtssia; o

Sk vy

- 1"*3{1?5‘*3&5&33&&3“ ‘ﬁ: mw ia%hymm am 8t :’?j.rsn Jiqxﬂ.

m:ximgﬁy diwraés, bk o e&aser ixwz:mﬁion *ﬁ?iway are soen to
sonsiak oi" i%}.aas of aimtica (mi)ﬁbﬁ.ﬁ mﬁmm, pag%z 39) lestons
Bl fm.imgeﬁ amﬁ pﬁshm}y ratimzlin %im*mamau aem%:xi lﬁy,
‘&nf..mamﬁ E’ragﬂit; eaf aoﬁagan, éfsvam mﬂ isrm% 1635?) an}
1{3&31{3&%&‘ of gmm:’a 3“‘1“?5?3&&1“&{3 {&l*hﬁmﬁiaw iz; mﬁ-&ihge* ;mg\a
aud in aﬁrta 3 gxaga 28)e Bt seona m&m Iikely that thies ove
ail :Li"wmrﬁs aﬁsﬁmtﬁ i:st €i‘i€3 mﬁamhb z,.“ai“aaﬁ, ﬁvwz that
la%hgmg&nic aa{:wzbamea mﬁa aﬁwﬁh eag...ammly and :31&‘1‘& mmys
a hyi.zcﬁ.ahmm wm.:;ﬁx ww:?.ci fzxgmin all tho ahaﬁ:gass ef iai;hvfism
By t?ze daféctiw i’@mﬂm of o «zms;m aup of mzmtuma;a 45

f’lﬁ)“n of fi’%m-

It has aim.ﬁy ’f:mra &a&ﬁw& %haﬁ the: maaim off alastma
may be & fauld Ln the unicd of eiusﬁizz wiﬁh mmemlmsm:sharme, :
m& By aqnm?.?.}, wi}. bea a fzm}.% in tht& *‘cmati.m c;f mmawily-
L rawmri&a :i*hva}.f.. ~5 .sha "&m n’txﬂer fi.‘bres pmxsib‘ly msr@im in ‘
‘lathyrim alsa da 'sfm'i fop hhaia.* &nw‘-rrity on mccpalgmecbmi&e.

" Gollagen ocure in the forn of perallel bundles (‘m‘hi@h aro. %”“ﬁ‘t |

et S s DT g T

to e 'ﬁwm tagathar by swm ‘samonting Hubkatame) d.n § 5 utrlx ot‘

mucapelyamchaﬂde (Fam’iall 1948); mtiualin fibraa on tha ather o



‘,ama are emmaaed in she«aizs ni‘ amrphma carbdwydtata marm, -

U tho mbrea running sm ewx:g dimtmn 1n om plam (Kmer and .

R Lattle 1953). ‘ The poss.tm memn gmn by mticuun w!.th

T S .PAS 1s prssmbl}f 'the N’““ °r th“ cm-bohy drate mtﬁx’ and

B atxgngly auggeetn tmt :!.t contains muccpolymahariﬂe-

whare is no audeme of fai.}.um of rornat‘.lon or o!.thar' L ':.

oi' theae twe ﬁ.‘hms from m:r experimntal raaultm na e‘zatxnita

'ff,jﬁ'gcomlusi.cn aould ha mmhed atsmt tho synthﬂﬂiﬂ Gf 6011531‘1‘» ﬂ"“ Sk
T '5",,.,.5.'555_’,mti.cunn rmtion m ncd'. 1nhib£tod mm (P‘B" 3‘7)° B
\.'.“-?,;’_j,,.;'rhere m hmvvar aﬁdemm frm eleutrm nlnrqgraphm 9*-1‘”-‘53

.....

:'Mm'b upiphymnl nartihge bi‘ hthyritie mﬁs is ﬂrhuuny navoid': »'
. . | cf t!w rmml collagen f!.brila (Fall:ls and Tuusinia 1958). L ) o
e ,.;-;-»m asmo authors, and Gastslluni. and Gastallmi-f}iai (:mss) have

S 7:3130 fahmm thaf-, pumdoxicany, tham is no rall in bba sm
o ctartﬂuga 1n the 1m1 of hydroxym'oline, an. amino aold which

- dms not ocaur te w apwacinble axtent 1n w neml t.tsm
.excepb conagen and mtinuli.n. o Frm thia 11; sama tba& a
a "'c!emonsizratad abseme of aollugan tibraa docs not mceaaaﬁly
= ~_,sa:m m abanma of tha trapocullagen mleuule. o
R 'rha only mmmn m mmmn whieh has been reporteﬁ
I? iia ‘of & s,n imrensa and coaraening qr tho raticulin mtwork :m o
_the acrta m m&mm (mmaa ml mms 1@57). This m

G mtimated by ami.natim at a:l.lwr prepumtiam wﬁtc’n, like the

de [AffPﬁ,S m!;hud nay éamonaismta the oarbohydrata compomnt (Glynn 105"'}.
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) ;ham mmina one saubatnma minh S.s rtrﬁingly
ai!.tnre:‘l in mt?wrimp that .{a thsz grmmd mbsbama ns 1%: me‘m

" in both tho aerba ax\d ‘hha aarti:mvee, i,n both: {:f' whinh si.tas S.t

?.'r.s anm to ucswi.s*b larguiy of chonéroitin aulphata (ﬁcarmr,

"1995). 'J.‘ha nhanga wbich cmurs my mst, hmvw, ba the ﬁm. a =

for :ln the aorha, thare :ls gamrally w*mad to bo an 1mr¢ase .tnr
- mtunhrmatia graund aubsﬁmce (i!ﬁnziea mnd E'&i.l’ls .i.*;-l‘??) anrl

- wmmm alsc of a ¢ iffamnt ms posi.t:lw polyswﬁhﬂﬁ»d“ s
 (chiwehi1) gt ale 1%5), Vhils in the spiptyseal Plate, though

 the total ground substance present nuat be. aush 1n¢mnsod, the - :

:sulphate& muﬁagolysadcharida contmt xxar uuit wtght; gpg,aws “ SR

| 5o voduoed (Rsuer, Qurlaaon ad L:i.ndquiat 1@55}‘ Tt apparent e
. um*hradintian batuean thia mi iahe mstologionl 1n¢mase in e
polysaccharide in t‘ne amm wnll pay poasihl;y be axplaimd ,
when bimhcmmal eaﬁimations m? lathyritw nortas am availabla. “

A% the mosent the- culy ﬁaﬁnite i‘mt 1a tha% a ::xhang&

. oocurs in the mnopelyaaachaude prmnd aubntame :m both thq

~ sites vhers lathyrion is nwt dmaging. - ‘ PR

| Tk évens thien that. since all the cmmctive tissve

N fibma probahly ﬂapﬁnﬂ for ﬁhns.r integruy ‘on muoopolysmuh&ﬁd&, -
- amnd mme macpolyawchaﬂ&a i‘om A 1arga part ef grounﬁ subat- .

ance; & single rmzlt n the fomaum of maqpolyancahaﬁdg ight .

easily axplnin all ﬁha divem symptmatolwgy of luthyr.tu. _



' k"saﬁ a i"w;it haﬁ ah'aa&y besn aemcna%mted in hthvritia
' apiﬁwﬁaa& maﬁ&imge tzgf l‘*od:ri,ni. ami Faéz*ini-miih {1959? vho
showd & ﬂmatic m:z 1 the 4n.3 {4

p.lurg farmatim m‘i“ hm:mam&m._
: uinae hexmmma if! u usjor mxi ts:ssantinl z:urt ai‘ bcth aaid m
rieutral mucapolyamc&hnﬁda mimm iﬁwai;j,gatiqm Mye ghw that -

it ls by thia aihgla rzml*& that ail ‘khe mptms of hth?rim
ore pm&uced.' ‘ -




ST g

:gw§

lj--:;f; t0 ;~au¢:emm tmm-— .

L. ‘?m’ﬁ#ﬁfﬁi steo-lathyrtom oun be produced in the
T T
2ot he S;afsi.cm in the am‘ﬁu ia o :‘mli‘ﬁmaﬂon and nob &

caf.emm&rm{;iun bﬂﬁmae £”’ 1:5 mwh imsﬁ.ly E}rfx&uct‘rs c'iwinr !xht:
exiol of ma:»:'mw'; rrwbh. ' |

3 | In.m:n the aynthea:.a of mstm 1s mmm by

e tha ame aubstanms that pm!uqe hthy:dm ln..nn

he ahis.; ii,nm}\i.ﬁion u!,‘ aynt!*aais ssﬁre-!s witsh t&m t}\swy
of *'uslrcermuﬁim, and thepofers, tho mmpﬁm i *va;tifieﬂ t,hatf
- tha amm mcclmnism uhich hm haem ::hom tn operate j,n_mm

al'-‘!::@ u;:ﬁmiaa jn_ﬁxg



R, 1.15 hnn been 9r¢duued m mi.oa and haa bam o

L shmm ta m %he am diauaae u in mts, though mim m slightly

e leﬁs uuacapﬁble. g Histoléﬁlcally the ma!.n cauau ar the aorisi.a

| 'ruptm 1s *‘-hwxht ‘bc be a dafect m the amtiu, m )

. E ‘jv‘mmga hnﬂing tu tha dareat j.s . Ml!ormt!.on m no‘b ‘ Cn
] deaeneratiom the pﬁﬂud ut whieh mpturﬂ Qau uost muﬁth N : Rt

R mmm eoxmim wm the pma pf malmm grmm aam |

‘ RN ‘_ ﬂnimla m alamt am:plntaly retmtm.

‘m fmnd tu bm 1nhibited b,y hthyrogen&c aubsta:ma. R In
blmk umtmla m! 4n th& prasoma n:t cmg&nﬁa n.lmi.lar m
N y atrunture tm lmm ﬁe ha nm—ht‘_:_
fpm R o

‘_diamsad. R ey

| It is augpesteﬁ tha.i; hmbﬁ;ian or synthasis ar ham» S

o amm w ancwm ror m darm m elastiea ma mm ny
,} axplam the uhole .syndrm of lathyrj.an. e

t%m aynthesm of emma by tis:me axplmts Cu i

) “1‘5 J.n.m. amttca m : > o

Tha chonioal “wmm Of hthvmgenin auba‘be.maa is R
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