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SECTION l. 

INTRODUCTION. 

The group of disoroers chaI8cterised by disturbances of 

porphyrin metabolism pose .many fascinating problems. The drug-

induced porphyrias in an.imal.s provide a model whereby these 

problems may be investigated by techniques which cannot be 

applied to man. 

The consumption of alcoholic beverages or other che.-nical 

substances has been associated with the developi,ient of por­

phyrinuria and porphyria, but it is controversial whether these 

agents are of primaiy aetiological importance. or 'Whether they. 

preeipi ta te the· disease in genetically predisposed ind~ viduals. 

The Turkish epidemic of porphyrl.a has shown conclusively· 

that this disease may occur as an acquired condition in man. 

and a variety of compounds has been shown to be aap,..ble of in­

ducing porrhyr1.a in animals. 

It is a far cry from the drug-induced porphyrias in 

anim.al.s to the inherited porphyrias in man. and there .tre ob­

vious limitations to the extent to which the two conditions may 

be usefully compare:l. Many points or similarity are neverthe­

less ap~rent. 

In the so-called 11hepa ticn fonns of the disease - and it is 
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mainly with. these ~orms that this thesis is concerned ... 

haemotological disturbances have not been significant in 

either. 

Gastro-intestinal and neurological disturbances are 

prominent in both. al though precise manifestations may differ. 

Al though cutaneous lesions have been described in the 

rat. pbotosensitivity has not been· a feature. and it is or in­

terest that whereas it was a pronounced symptom in the Turkish 

epidemic• hexachlorobenzene (HCB)-induced porphyria in 

animals has NOT had this association. As regards the in-

herited fonns of porphyrl.a. photosensitivity has been noted in 

certain forms, only, in man, and in cattle,,but not in pigs. 

Such differences may be as a. result of different 

mechanisms of the disease process, or may reflect species 

variabil.ity. A consideration of the literature on the drug .. 

induced porphyrias reveals marked species differences as 

regards their biochemical and clinical manifestations .• a.rd also 

a significant influence of the :nature of the drug used. 

One important. common feature is aha.red. In both experi-

mental and naturally occurring porphyrl.a there is an excessive 

exaretion of haem precursors. This alone is sufficient jus­

tification for studying animals trl.th the drug-induced disease 

in the hope that a pattern of metabolic abnormality wou:Ld 

emerge to serve as a basis for a :r9.tional approach to research 

2 



on the disease in man. and which might C?Ontribute to-v.iatds an un­

derstaming of the pathogenesis of the porphyrias. 

Early studies in the field of eX'flerimental porphyri:a. were 

directed principally towa?tls dooumenting the :patterns of por­

phyrin and porphyrin. precursor a.ccunralation and excretion. and 

the clinical and pathological changes which occurred: Other 

parameters have also been investigated. a.rid bi:ochemical de­

rangements have been demonstrated which have no apparent direct 

relationship to haem synthesis. 

The existence or an inverse relationship between the'level 

of dietary carbohydrate and the clinical and/or biochemical 

severity of the porphyric state in both allylisopropylacetamide 

(AIA)-inducoo (249), and acute intermittent porphyria.()40) has 

been one such obsel"'ITation. 

The present investigation was stirnulatEd partly by this 

finding. and partly by demonstJQtions of the inf1uence of various 

substrates of the centl'Ql glycolytic pathway. the citric acid 

cycle and certaln amino acids on porphyrln rnet.abolism in vitrsh 

The activities of some of the enzymes concemai in carbohydrate, 

protein, citric acid cycle and porphyrin metabolism·ha.ve been 

measured in the livers of rats rendered porphyrlc with several 

drugs. 'Iiiese have been eomparoo with l.evels obtaining in cOn­

trol groups of animals. 

A l;:il.lmmary of the parameters studied is shown in Figure l. 

3 
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These comprised a measurement of:-

( 1). Urinary excretion of ascorbic acid. 

( 2) .• Liver glucose-6-phosphate dehytlrogenase (G-6-P .• D.) 
activity. 

( )) • Liver pyruvate kirlAse activity,. 

( 4). Liver lactic dehydrogenase activity. 

( 5). Liver isocitric dehjldrogenase (I.C .• D .• ) activity. 

( 6). Liver glutamie~oxaloacetic transaminase (G-0.T.) 
activity. 

( 7). Oxidation of glycine-1..c14 and glycine-2..clil- by liver 
homogenates. · 

( 8). Aminoacetone synthesis by isolated liver ·mitochondria. 

( 9}. delta-Aminolaevulie acid (ALA) synthesis by isolatei 
liver mitochondrla. 

(10). Liver delta-ami.nolaevulie acJd d-ebydrase activity • 

. (J.l). O'o/gen .. conStllllption by liver homogenates respiri.ng on 
endogenous substlQte, and by isolated liver .mitochondria 
respirl..ng on exogenous subst?Q te .. 

(12). L.iveI" catalase activity. 

Liver porphyrin concentrations were meas.urro as 

an index of the developuent of the pol1l'lyric state. _ 

Three drugs known to be capable of. inducing porphyrl.a were 

used ini tia.lly. These were dicarbetho~dihydrocollidine (DOC)• 

AIA, and HCB .. 

1'he 'levels of activity of a number of these enzymes were 

also measured in the livers of several patients with porphyria.-

4 



The findings are presented in the full awareness that 

measurement o.f enzyme activity in vitro may in no way re£lect 

the physiological conditions obtaining within the cell. 

However, there do seem to be grounds for believing that such 

measurements may be relevant to metabolic processes m vivo, 

Moog (209) demonstrated that a decreased activity of cyto­

chrome ox:idase in embryonic tissues was associated with a 

decreased. GJf;Vgen uptake by the intact embiyo, and she cited 

seveNl examples suggestive of a rel.a tionsbip between measui•e­

ments of enzyme activity in vitro and function in vivo., 

Many of the examples of changes in enzJme activity des­

cribed consequent upon various dietaey regimes seem to be 

logically. predictable on .a functional basis. Hepatic G-6-P.D., 

hexokinase, and the 3-phosphoglyce~te-w:ruvate sp;i.n were 

diminished in activity with fasting, or a lor.t carbohydrate diet 

(325) .. when the supply ot glucose was diminished. G-0.T. and 

glutamic-wruvate transaminase (G-P .T.) activities, conversely • 

. were increased with fasting {250) ·- when tissue·proteins were 

being eatabolised. 

Moreover., inc.reased levels of ALA syntbetase activity as 

measured in yij,rg have been associated with the accwnul.ation of 

porphyrins in the intact animal.! 

It is felt that these examples, while by no means conclusive. 

do justify the presentation or data obtained from measurements or 

enzyme activity made in vitro, 5 



In Seet.1011 2 the porpnyrin bio51nthotiQ pa th~y is con.., 

sidet•ed rdth :speata.l emphasis on ti:lQS6 of its ~speote with \-thi<:b 

the pr.eaent invsst1;ation .has been p.rtio~.arl.y ootiet,:tm-$d. · 

Dmt&i: X"elating to th:i.e ·,;ath•way t·rhioh hnve emerged froin tbit.i invea-

. In S!!otion J tho l.itei'Qturt -rol.atJ.ng to the drug ... ind.uc<d 

potphyrl.as ts :reviewed. 111.e va.ri..oua o¢mpouoo.s t-th.ich nave been 

~ssocia ted with the ind:uction 0£ po?T.,hfrinttria e.ud porphyrl.a 

are ecinsidered, and, ir1 p-.:n-ttcula·r1 th.El influences o;t Sedormid. 

Al.A, DDC, nca :ar.:a grl:seofulvin adminiGtl'Qtion on potpbycin. 

mew. bolism. ~rid a S!;lG¢ts of mcrt:Aboltsm ir1 aer1al".lll, a re &nal.;:,S$.i it 

zy:me activi v as ineaeuirtd in vi tra •. and these factor,s... bQth as 

rei:,-0rte:i 1n tb:e lite.tnture. arid .~.:s, thE1Y have manifested ita the 

pre.sent investiiation a.re consid~.lt'Elli in Section .5,.· 

Section 6 com.p1'1.ses a detai:.l.ed present.a tion or the data 

chtainet.i in these i1w(:st.igations~, 

J:n S<:'!Ction ? tbe signU'!ee.nce r;,f t'be experimental. ~niing.s 



is discussed, with part1oul4r emphasis on their oontnbuti<>n to 

an un1erstanding of the p.thogenesis of the porpbyrias. 
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§ECTION 2,. 

Recen.t reviews of this subject include those by Watson (:)29). 

She?tlirl (2t'>ih 286)~ Rim.in-gt.on (239). Sohlnid (262), Eales (86), 

Gibson et al (ll:'.3). Bogorad (21) and l"eut:erall {201). 

l. A,IOCHEiUCAfe PRECURSORS •. 

In 194.S Shari.in and Rittenbsrg {294) wrote:- "The nature ot 

the precursors employed for the fomatio:n. or the protoporphyrin 

.of haemoglobin. bas been the subject. of much speculation'•. 

'l'hey then demonstrated ~ exPSrlments with N15 ... labell«t . 

glycine. leuoine am anmonia £Ed in the d1et. that glyeine was 

utilised d.iraetly for hae,,"!i syn.thesis. 

In the same volume of the Joul"ilal of Biological Chemistry:. 

Bloch and Rittenberg (18) had shown - while investigating the 

metabolism ot acetate am ite relationship to cholesterol atd 

fatty acid metabolism - that the ha.emi.11 isolated from the blood. ot 

rats fed d.euterioacetate contained si.gn1ficant amount.5 of deutecl.um. 

They noted that condGnsations involving a.cetoa.cetic ester and 

ammonia had been shown to yield pyrroles (Knorr synthesis) • 

With ttde kno1'.tledge.· Shemin and Rittenberg (294) postulat~ in 

their original article on the subject that glycine might condense 

with an acetic acid deriv.itive in a Knorr type ot synthesis to 

yield pyrroles. 
: ..... / ... ·s ., 



The role or glycine ~a -con.f'inuai by subsequent 'tlOrk from 

this 1$bOtetory (2)5. 29J4 295. 2.96• )44.) and ·by Muir an:i 

Nceuberger. (210• 2ll).,: lt ldas .sl;iom that the nitrogen atoms, of' 

haem. •were all derf;v~. from gltc1n~ and wen not contributed to by 

p:rol·ine, lEUeine.' ammoriia,. .. ~utatll1c ari1d. (295}·.or et;hanola.mine 

(210).' ~cept a a non.specific ,~nner; ·am Oranick (1:34) :f'ciiid 
. .· . ··. ! . ' "'· .,. ' . '. . . ... . - ·', 

tha.t, dnly :glycy:Lgly;<:1n~ a~ •etbylgl.ycinate ·could replace gl.yei~ , 
. ' ., .• •• . "it . - - . 

and rabbit~.: • .tn :19'4S Shemi~ ~t al (~:;) repo~ta! the· :tieveio~ent 

of an· 1n "!'4tt9; ··~$tern roi-, tile ·tnvestigation • ,Qf. haem s;rntl3i~sis. 
" . ' . - . 

'_' -: . . ; ' ·-,, : .. ,; ·, .. _-····, -:.. .. ·~. ·_ ··:·(. _:_ : .. . -~. -~. . . . ~~: .· ' ·. .,_ -. 

They . :b:i.eubate,;:t• ·:rea .ce11:s ·f:ro~- the periph~iial blqoo:~ of ducks -: . 
. . - - . .· -.. - ' . . ..,· ·, . ,.· 

. chtisen b~aau~e o.f _their high content ot nucleated. cell.s. :and.-
- -

_aecord.~ng to--legem~ ·'becS:us~.'ot sn·~n-1s .pa.~iality_for-·roas~ duck ... 

Thith _gl.5-giycine. and dm;~n~f.~ ii~·-· ~ts 'incorpora·tion . into .. haem. 
, . •' . . ' ,· .. •" . . . ' . 

fhi:s e?CPE'ir.,lm.ent provided a :prototype for :muoh of' the suhse-=iuent Worl( 

·on po:rpbyrl.n. metabolism.-·· 

'I!hrough t.racer ·studies and d:egmdat1on teahniq~es the al.Pl& 

· carbon of gl.yi:!ine ws shQWn )to eontri~te. 8 of the .:,~ carbon atoms 
. ' 

of prot-o:porz;byri.n,o, 'fmile the oarboJWl· atOln _ was not utilieed for 

porphyd.ri synthesis (2ll. 2:35. 284 .• 286).. These carbon atoms were 

al 'k~:,Vs to be foun:i in· the· mo:1:.hene brldgia,. ani in corresponding 

,paeitions ln eaeh -of the four. wrrole . rings (21!4. 345). 
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1'be remaim.ng 26 carbon atoms were shar.m to be entirely de­

rived from .acetic aeid (299) ard f'or this purpose the mettvl. ea:rbon 

atom was more :ef.£ic1ent1y utilis'ld (2llj 299),. This 1-rork, tn a 

negative .manner,., contime:1 the distributiaon of the carbon atoms de­

rivai from glyein.e. 

P.adi,oaotlve st,.uUes and. calculations pointed to acatate being 
I 

utili~ed thr:ough the trl.earboxyl1e acid cyele(Jq)'J.'he distribution 

of activity eliminated the dica.rboqlic acids ard pyruvic acid as 

d1rect p,:,ecursors .• but was in aecom with that theoretically pre. 

dieted should ~lpha-ketogl.uta.rate be the "preoursor. · Th8$e studies 

sugrsested the participation of an unsyrnmetrleal compound 'arising 

from both alpha-ketoglutarl:c and si1ceinio acids. lt 1<ras necessal7 

to postulate such a derl.wt1ve in older to explain the pattern or 
%Gdioai.ctive distributton unless the eonvers!on of alpna. ... ketQglutarle 

acid to suceinie acid t-rere reversible. and in 1uammals this had been 

this eompound was probably a miccinyl-aoenzymefA complex - an inter-

Support for this concept 'Has derived from the demonstration 

or the formation of sucoirryl..-eoenzyme.f..Afr.om ~lpha-ke~~luta.rate in 

the presenee of coenzyme A and Dff1 {2.54) and. from studies by Shem.in 

and Kumin (291, 292) ,mo shot.red by differential labelling ot 

suaainate 11 and inhibition b,?- maltmate, that succinat-e f'o.rmr.!ld 

eucoin¥l~coenzyme A direatly from suceinate, and via the 
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trlcarboJey"lic aeid cycle through a:lpha-ketogluta.rate. ,Several 

year.a later,, in 1958, La·ver ,Gt al (191) demonstrated ALA synthesis 

from S"J.ccinyl ... coentyme A, ar.d Kikuchi ,et al (176, 177) and Shemin 

and. 'f'dkuehi {289) show@.:! t.'lat the :rate of eynthesis of Ju.A in the 

'l'hu.s the concept emerge:.i of an: ini ti.al .step in porphyrin 

biosyntbesis in whi.1ch there \t,/aEl a condensation of 8 molecules of 

glyeirae with 8 raolecul.ez ,Qf en a·cetio aei-d derivativ,e - nactiva11 

the method of this condensation am several suggestions were put 
' 

fonoa:ttl to account for the nextra.0 carbon a.to.,is -of gl.yai:ne - in 

excee@ of the 4 nitrogen atoms - in the f,rotoporph,yrin moleouleo 

In l.9.53, Shem.in and Russell (297) demonstrated that the com­

pound delta-aminol.aevulic acid. could replace the t.~ro substrates. 

nactive1
' suooinate and glycine, in porpbyrin synthesis. 

ff - u 

denScl tion of active euccinate wi tb ,gl,ycine .• 

N,eube?'ger am Saott (21.S) set out in 1952 °to synthesise a 

number of products f:mnally derivable fro1n glycine condensed idth 
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one or two :molecules ot su:cointe acid which m1ght be inte:renediatre 

in the conversion of glycine and succinate d~rl:vatives to 

porphy:dns''. · One euoh product was ia~pba-amino.-beta--keioadipic 

acid ·and it 1-1as thought that to.is compound, would undergo 

deearboxyation to y~eld At.A. 

2. ALA.SINT~4SE •• 

The conden;sation of :naetiv.e0 1succinate and glyoinl!Y is believed 

tQ be en~ymatically controlled by the enzyme ALA synthetase, whi.eh 

cat..l.ly.ses the >;"eact:l,ont ... 

Sueein,yl-coenzyme A + Glya:tne ~ alpha-.~"li:tno-oeta-kstoa.dlpio acid + 

coenzyme A. 

Alpha-amino ... bet&-ketoadipic acid is then thought to undergo 

spontaneous deaa:rbox;rlation to delta-aminelaevulic acid :and. carbon 

di,oxide. 'l'n1s enzyme is thought to be present in all eelle con­

t~ining ei t.her haem-proteins or cblorophyl1 {113) • 

(1ntil the ·tt.-ork of Laver, Neuberger and· Udenfriend (191). 

e,videnc'3 for the existence of this ,enz;vm.e and knov1ledge of t.be 

£actors 1nt1u~cl.ng it:s a.ati,rit, was largely indiref.?t and in.;. 

fer.ential. a.s a:11 -the available w .rl,tm s7"stsms pr:oduoed ve'r'Jf 

1,ittle ALA and metabolised it so ta!,"idly that it ~ouJ.d not be 

measured. Work •s thus ,mainly concerned w"ith factors affecting 

ha,em and porphyrl.n eyntl:1es-i.s. 

In 1958 Laver §it.:11 (191) showed that the superrJtta .or re! 

cell hsemo1ysa tes from ,cbiekens t.rea too wl th phe.nylhydt-azine and 
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acetyl-phenylbydzazine, had. after centri.f1Jgation at ·3500 g. :f'or 

jO minutes, ~nly 1oi of the aotivlty of t.he ;uhole bomogenate for 

· haem synthesis. Tne washed. p'artioles sej.'arated. by eentd­

i'ugation could synthesi.se ALA frotn gl.ycine and succinate •. and it 

eas not metabolised further. 

In 19.$4 .• , Shemin. Abram.sky and Russell (287) had shown that. a 

solub1e .. , cell-free ext:rac~ of duck er,ythrocytes could synthesise 

protoporphyrin from l>LA. but. that on homogenisation of. the c,ene 

the functional activi.ty ,of the en-aymes involved in the eonrlan­

sation 0£ suceinate with gl.,vcine ,as lost. 

· That ALA is act'l1ally synthesised. in yiv;,o was suggested 'by 

the observation of Graniok and Vandem Schneck (l4J) who i.solatei:i 

Al.A .from the urine .of a {Qtient 'With acute porphyria. .. an 

observation Trih1ch has since been repeatedly oonfu,r.ed,. 

. ·(a) .• Locati;on of the enz;me. 

Granick (1.34) and Granick and Mauzer.all (1.38) considered that 

.since elect~n t1'3nsport s:;v:stems., oxidative phosphor.ylating systems,, 

and c1 tric acid cycle enzymes were concerne;i in ALA synthesis,, and 

since mitochondria had been ,shown to be concernoo with these 

.a.spects of metabolism, m1tochorr.1ri.a must be acti.vo in ALA .synthesis. 

Grenick and Urata (Lf.1.2) were able to synthesise fi:LA using 

mit.oehondrl.a from the liver.a of guinea pigs acutely po1eone1 with 

one.. Miyakoshi and Ki,fmchi (208) detect.Ed enzyme activity in 

trJ.tochondrl.a from the livers of AIA-poisoned rats .• ,Ginsburg and 
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Dowdle (u6) demonstrate.cl t~ synthe~.Siai aeti.Vity in ttd.techondri.a 

from DOC-poisoned rat. livers., and enzyme activity has been detee-, 

t.ed 1n the liver mitochondrla of HCB- and AIA-po1sonm iats.(th1s 

thesis) .. 

Laver ej; al (l9l) conld find no ev".t..dence to show that 

er,vthroeytes e,ontained mitochomria .. am they did not kn0tA ·wetluir 

eneyme :activity t.r.iS associated t:tith eell mt<:lei,, cell membrane or 

some other cell constituent il.td.eb m\ght be Present 1n . the nuel.ea.r 

fraction. Sano ~t Jal (op cit 257) have .si·nce de:s1Jrlbed distine't 

mitochondria n~r the nucl.ear rnembta.ne of chicken erythrocytes... 

B.t'O'Wn (27. 28) denonstmted en~;vme aotivity in the centrl­

fUga·te of washed .• lysed. fowl red cells. centrlf\tgeci e:'t 1800 g for 

15 minutes and O:ranick (1)4) showed tt1!it when rro~en and thawecl 

solutions of chick red eelle were cantrl.f'uge:i .for l hour at 2.0ilOO 

g., · the supema tant solution eould not form porphyrl.ns £rem gl:,cin~ ... 

KikucM..et~J. (1?7) coneluded that th~ enzyme system respon­

sible for ALA synthesis in .a centrifuged extl.'Set of 

Rhod~paeudomonas spheroittes im.e present. in veey small particles in 

the superne.te. but ii.t. other oommunieattons this .grou,p (1?6,,. 289) 

demonstxated the .synthesis of ALA by particle-free extracts of R:. 

.spheroides and or Rbodospirl.Uum :rab~.. Shem1.n Jrt.. al (290) 

demonstrated ALA synthe.tase ac·tivity in the supem.ate of an lt. 

spheroides preparation cmtrl.fuge:! at 100 .• 000 g tor 30 w.inut,as,., 
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I.asaelles (189} .and. Gibson {lll) alGo deAonstreted enzyme 

acts. vi ty in cell-.:f'ree extracts 0£ R. spheroid es. 

( b). ~;te of f q];>strate. 

+n .aJ.J, the J.n_n, tto systems employed to study !J,,A. ... eynti'leta.se 

activit7* ,c::ertain essential .factot"s ha.ve 11.ad to be provided. · 

Tbe,.se have included ,;lycine1. trl..earbo~;l.io acid cycle intemadiat,es, 

and a. 1rartety of .aofactors ... 

( i) • Ql,J!>C,~ 

Brown (27) in a chicr,; r~.rl ·cell systro, sno1,1Ed toot fl'J.lximurn 

synthesis of ALA OQCur.red with glyctne-~at a coneentration or )Om-

M/L. Oresel. and Falk (82) had· r.;:r.;..rlously oh·ot-m that aoov~ a 

ooneentratian of S6rr¥i/LL porp'hyrln eyn·tbesi.s ln a similar ·syoten1 

t.:ns :maximal. and independent or gl7eine aonaeo.tration, and in 

another study (81) lSnM/C wa.s re-Garded e.s the minimum ·coneen­

tration tor rna:Jtimum a.ctivity. Laver Sit al (191) found the 

optimum glycir,e coneentrstion for ft.LA .synthesis- to be 67 rrff!L/:b._. 

and sho\,ed no i'nhibj.tion by exce.ss of glycirie. Ooldber, .et al 

(125) note:.i optimum haem ~thesi,s at a glycine coneentratio.n .of 

;50 mM/J.., •• 

Graniok am Urata (l!i2) used glycine in a eoncontration of 

· 50 'rnM/J..",, as did Miyakoshi and iU.kuobi (208). In the fd.mi'lar 

studies described in this thesis. glycine was use.l in a co11em-­

tra.tion or 86 r:'.JlA/L. 

In the absence of glyc.ine from the medium. Ora.nick and 

'tlrata {142). and Gibson (ill) could detect. no ALA fomat.ion. and 
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in m;y otm studies non.e i,:a.s fo1'med under these circt..'li'!.stauces either. 

(Figul"e· :2) .• 

(u). !ncarbqnlio acid c;:vcle intermediates .. 

. tlran1ck (134) found that in the presence .of glycine all mem­

bers or the eitno acid eyele at 10 m M concentrations,. except 

oxaloacetate.. e.nhanced p.rotoporphyrin for.nation in his red cell 

Citrat-e .and 0-isoeitrate were found by Brown {27) to result 

ir. the h1.£tbest yields of l1LA, and to be superior to $llCCinate and 

alpha.-ketogluta.?9te as .substrate.. other members of the cit.rle 

acid cycle studie:i - f'uma.rate, :rimlate. artd oxal.oaeeta.te _ - resulttd 

in the formation of only minimal amounts of ALA. 

He used sucoinate .in a. 10 m M concent:ntion. and observ,e:1 no 
. . 

1.nhibiton etfoot when i.t was pre$ent 1n excess. Goldberg §t ~l 

(l.2$) ,cc;uld d.etect no inf.1.uenee of suceina:te upon haem synthesis 

in a. ehick red cell ,systezn., mi.le added sodium eit.rate at a· 6 1n M 

coneentrat.i.on enhanced haem synthesis ~ ll9%. 

Ora.nick ,and Ura\,a (lll2) found that ~ooinate in high coneen-

t:ration inhibited ALA fonnation. When Brown adda:1 succinate a.e 

a ~1ec:or;g .substro.te:o an inhibitor,' ~ction was not.ai.(2?)Ji'umarate: 

tnalate ani oxaloaeetate also depressed ALA £or.mation "t4hen so 

added - an e.ff'eet ascribed to their· suppression ct old.da. tive de­

carboxyla. t1on of a.lpha-ketoglutarie acid. 

Laver ;1f; ~ (191) found alpha-ketoglutarate to be more 

effective as a precursor ot ALA synthesis than wa.e !!NCei.nate. but 

16 



observed an inhibitory effect at hlgh concentrations:­

alpha.-Ke~glutarate 'iilaS observed by several authors to inhib1.t 

the eondensat,ion cf su.cetnyl-ooenzyme A -..:i:th glycine (27, 176. 

177. 290). 

Succinyl'-coenzyms A itself had a slightly inhibitory effee~ 

when add(>.d to an intact partiele system (112). but was readily 

utilised. for J.iU,,. synthesis by ft'Ozen and thawed particles. (112, 

142) - a system that was incapable of utilising other members of 

the cycle for this purpose even .in the presence of added coenzyme 

A. 

BrOWA (27) found that when a tricarboxylic e,c.id ey:ele inter-. 

mediate was ,excluded f'rotn the system,. virtually ,no ALA i~s i'o'rtnea. 

In rrw o~"n investigations I found that this :reduced ALA formation 

by only [1)1,, (Figure 2) - which presu.tnabl,y, indicates the presence. 

of endog;e:nou.s substrate. 

Cc)" Qgtaetors;. 

(i} htr,idoxal pho.sphate. 

In 1957 Schul.man and Ri.ehert (273) imile studying the incor~ 

poration of :radioactive glycine.~. succinate, Al.Jt. a.Id. i?BG into haem 

by avian cells 1,n Yi,t,m,. show-ea that blood .samples' f'rom vitamin 

56-deficisnt ducklings incorporated glycine and succinate into haem 

at a reduced rate, u-bile ALA inco1"Pl)ration t-ras essentially no,:mal. 

Addition of pyrl.doxal phosphate~ or pyridoX?...mi.ne phosphate restore:! 



th·e rate of ineot"PO?etion to nomal. Other pyri.doxal compounds 

W'el'e witho~t effect. 

The importance of pyrldo~l phosphate in porphyrln metabolism 

was ~lso show by l,;;iscelles (l88)it4ho studied. porphyrin synthesis 

by cell-suspensions of Tetrahyrnena vorax (a. protozoon), and by 

Laver @t al, (191) ani Gibson et al (ll.2), who demonstrata::l directly 

its infl.u,enoo on ALA synthetase activity in chick haemolysate sys-

tems. Its role in chick haemolysate .systems was also demonstrated 

by 0:rflnick (1:34) and by Brown (27) ~ who showed that exclusion of 

pyridoxal pho.sphat.e resulted in a 401> reduction in the yield. of ALA. 

Its importance in bacterial systems bas been deo:non.strated too. 

(27, l.11, 177,. 289. 290). 

In mammalian systems its significance wa.s demonstrated by 

Oranick am Ura ta ( 142). The absence of added Wrl,d,oxal phospba te 

resul tel in a. 'Yr? reduction in tho arno1mt of ALA synthesised. I 

found a reduction o't 29i in .ALA formation. when pyrldoxa.1 phosphate 

was excluded from the medium. (Figure 2). 

The mechanism of pirtieipation of rurl.dox&l phosphate t,.ras 

discussed extensively by Kikuchi et al {175). Neuberger (216) an:i 

also by Gibson et al .• {112. 11)). 44dded P.Y~.do:xal phosphate is 

so bound that. it is not ranoved by dialysis. It is beli~e:i that 

it combines with a specific enzyme protein - possibly through its 

pho.sphate group - and that it ean react with the amino group of 

glyaine to form an aldimine ( or Sehl.ft' s base ) which can then 
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(ii) 9Yler a· &:?UP xi t.amins., 

These were studied as regards th~ir influence on porph,yrin 

eynthesi:s by Laseelles (1871 188) who showed that' the addition 

folic acid,, .. thiootie. acid a.oo· pyrldox.al .• with th.e except.iw or 

pyrldoxal. did. not irwnase porphytln.· synthesis. Ho-w:ever-. a de­

ficiency bi tl'llofla.vine resul.ted in decreased porphyrin synthesi.,s 

fro111 both glycine and . .KLA. Defi.ciencie:S in pantothenate.. ni~otinlc 

acid, thiamine and thioctio ac1d .resulted in ,some reduction in. 

porphyrin biosynthet'ic activity from glycine. but not from JJ...A. ·-

an effect. most matke:j in pantothenate det'ioieney. No effeet tr:ra:s 

observed in folio acid deficiency-.• 

Bioticn was at. one stage regatded by iv-eu~erger (216) as a· 

faetor E".xercising an effec.t on ALA synthetase activity., but de­

creased porphyrin synthesis by hiotin-de.f'icient organisms (187,. 

190)., ,~s subse~uently shown to be unrelated to ALA synthetase ac-

. tivi.ty. (l'.lJ) .• 

Nicotinamide had previ.ousl.y been shal>."ll (8lJ to exert no 

in:f1.uenoe on porpbyr:tn s-ynthesis, and thtoetic acid was shown by 

Brorm (27) t.o increase ttla synthesis o.f .. AL/l when 

ketoglutarate or isocitrate served as the substtate. but to have 

no. effect when succ1nate was used. 
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In 19.54 Dresel and. Falk (Bil) had demonstrated ~n enhanced . 

synthesis of Cu* protoporphyrin ester on the addition or boiled 

yea.st extra.et to their systsn. and t.his may .have rE"1fl.ectai - in 

part at least - an influence of :B 8t"OUP vitamins upon AJ .. A s.;vn ... 

thetase activity.,. 

(iii) ~d~q~.ine. Trip,bospba.t<t .. (ATPl. 

ATP was shown to stirrr11l.ate the synthesis of porphyrlns (81). 
" 

It was found to stimulate ALA synthesis when su.ccimte serv,ed :a.s 

the substrate. but. t-o produce slight; yet reprodueible inhib'it.ion 

when e.1pr.a-ketoglutarate or isocitrate were used as s1;1bstrat.es. 

(27). Increa.sEd synthesis of M.A. 'tiy bacterial syste'r1S tn the 

presence of added ATP tr.as observed by seve~l authors'" (176., 1.??. 

269, 290). 

I observed a al.ight decrea~e in ALA synthesis on fhe :ilddition 

of ATP to the medium, ci-t:,.rate serving as the snbst:rste. (Figure 2). 

Coem.yme A 'i'.~S sho1iom by Brotm (27) to stimulat.e ALA sy:nthesls 

from ea.oh of the Krebs' cycle intemed~Q.tes .and its stim:ul~.tory 

e.ffect was also obse~eci by others. (lll .• l'.,4, 191, 289). 

Graniek and Urata (lli,2) did .not add .it to their cyotem, and 

.I have also not used add1ticmal coenzym.e A. 

Dr!;}sel am Falk (Bl) observed no effect on porphyrln for­

mation ,on tile addition of DPN to their chick red. aell systen .. 
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Gibson et al (11.2) could deroomstrate only a .ernall effect of addei 

DPN, altheugll mth :frozen am t.ha:wed tnrtioles it :iestQf',ea, some­

t1.tlat. their ability to utilise alpha ... ketoglutarate.. An enhancing 

effect was demonstratei by Ora.nick .. (lJ4),.. I 1:.as able to demon-
. ~' 

etrate. only a very rn,.all r.eduetiem. in activity on ·excluding .Dl'li 
. . 

.from the medium~ {.Figure 2)., 

(rl} ~gnesium1 

·.Magnesi1:1m ohloride was shown by Dresel and .Falk (81) to 

exert no e,rect on. p'Orphyrin sy.rl'thesia-, but Mg++ions bave 

repeat~ly ?aeen shewn to st.1mulate ALA ·syn~esis(~76 .• 187. 19:1..-,,: 
. .. 

289) and were added to tbei.r media .by Oraniek and U;tll3.te. (ltl2) :am 
by Gtbscm {lllJ.. .Add}tbnal 11g++ions were ·$pp;Lied _·to ·:the ~pr.e;... 

pa. ra ti ens in the present study too. 

Gibson Jrt. ,al (112) could dete.ct no a.ctivati.<m by Mg++:ions in 

a frozen a:nd thawed r€d cell system •. 
. 

C vii). GltsYJ.mid,iaminetet.,;:a....a,c~tic ac~.f!lPTA) .• 

Laver .et !l (191) showied JID.TA to oause considerable acti­

vation of IJ,,A synthe:s.is by an intact ·r·ed cell system, but only - - _, . 

slight aeti:vation t-ta.s ,observ(d by Gibson et .al (112.) in a pre­

P!trat.i.on ,.;!here the calls bad been frozen and thawed.. Oranii:ck 

,and Urata (lf'2) ·d~onetrat~ a marked sti.mulatoey .ef.fect 0£ EDTA 

on the tJ.A ..... synthetase aot1-ri.t7 ,-or guinea pig liver mitochondrla, 

and l have demonstrate:! a similar pronounced et.feet on the a.o­

tiv.ity or 19t liver mitoahordd.a. (Figure '.)), . ., Miyakosid. and 
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Kikuehl (208) found tbe exclusion of '.E'DTA from a rat liver mi·to­

ebondrl.al prepaia tion to re:luoe tbe yield ·Of ALA b,y 10$.~ 

DTA is thoaght to act through maintaining the structwral 

integrity or the mi tocbond.:ria • and experl.m~tal. evidence in 

support of this· postulate was discussed by Ora.nick and Urata(l42). 

( viii} lren". 
the role et iron is somewhat contentious. Lascelles (188) 

demonstrated al.most complete inhibition, by' tron .salts, Qf 

porpbyrin synthesis .from glycine and alpha-ketoglutara te by R. 

also showed that iron increased bacterl.ochlorophyll synthesis but 

dimin1sbei po$yr1n synthesis. by R. spbero1des grow a.erobically 

in the light (1S,). With Tetrahymena vol'Qx prepa19t1ons, .iron 

salts decrease:i, but did not abolish,. porphyrin synthesis from 

both glycine mJ1 ALA. (188). 

1n a later article Bumham and Lascelles (J.S) suggeste:I that 

the inhibitor., effects or iron might be mediate:! th:roagh tbe tor­

matifffl. of an iron-porphyrl.n complex, which, through such an effect 

en Al.A syntheta.se activity might provide for a biolog.109,l control 
. :.,, . 

mechanism of porpbyrln synthesis, 

Dresel and Falk (82. 8.)) showed that below a concentration 

of 2 x 10-3 M. ferrous sulphate resulte:J in some increase in ba• 
production. but. with an equivalent fall in the amount of rree 
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protopo~n f'omed by' an intact chick re:l cell system.. At 

higher concentrations complete ~gglutination or the eel.le 

occurred. 

Brown (28) tel.t that iron was important am necessar.y for ALA. 

synthesis and cited several arguments 1n favour of this point of 

v1ew, namely:- tbat Duesberg had sbow:n a. decreased porpb7dn ex­

cretion in patients 'With iron deficiency; that HeUmeyer and 

Plottner after intravenous injection of ferrous asco:rbate had 

demonstJQted a synthesis of haemoglobin in emeas of that cal­

culated for complete utillsation of' the iron supplied;. that 

Pappenheimer had demonstl'Qt~ a stimulatory effect of added 

ferrous sulphate on porphyrin synthesis by C. d1ptheriae. although 

it had been inhibitor., in excess; and, that iron was known to be 

necessary tor chlorophyll synthesis ill plants, although chloro­

phyll did not ·contain this metal. 

Brown himself d,enonstrated an inhibition of ALA synthesis by 

addecl iron salts in fresh3¥ prepared systems. but in agoo pre­

pazat1ons (stored for more than 24 hours). £errQlls salts causEd 

signifi.cant stimulation. From t.ht!ise obsenations be concluded 

tba t fel"J'Olls iron was used at sCRe stage in the synthesis of ALA -

possibly in stabilising the Sohift base rozmed between glycine and 

pyrl.do:xal phosphate. He conclude:! that 1'ilen in excees tbese 

salts prove:! inhibitor.,. but when. with aging,, the endogenous 

iron bad been oxidised to the ferric form. add.i tion or ferrous 
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iron - or of a reducing agent ... restorm the activity ot the 

prepa%9.t1on. 

An inhibitory effect or d..-c<.'- dipyridyl. a potent ferrous 

iron chelating agent, was felt to E!l'lp,asise tbe significance of' 

th&.se ione in tbe reaction. 

Patwardhan (2)1) demonst?Q ted :.i role tor ferrous iron in 

enzymatic transam1nations - reactions also dependent upon 

Wridosl phosphate as cofactor. 

(ix} Ammonium ions,. 

These were toun:i to be stimula to17 in frozen and thawed pre­

para tions (112), an etfect believed t.o have been due to the 

enhancement or the foxma ti.on of DPN ca.nd glutamate from DPNBz am 

alpha-ketoglutarate. Increased amounts of DPN were believed then 

to favour the conversion 0£ alpba,,.ketoglutarato to succinyl­

coenzyme A. 

This may also explain the stimulatoz,, effect. or addei D.PN 

observed in these prepo.JUtions.(112). 

Ammonium ions were shown to be important by Lascelles.(187). 

(x) IN,tter,' 

The nature of the buffer •pl07ed in the preparation bas 

been shown to be of very great significance. Laver et 11(191) 

demonstrated optimum f'ozmation ot ALA. when phosphate buffer was 

used, and showed t.bat repl.acement by borate, barbi tone. or Tm 
buffers reduceli tbe amount or ALA fotme:l. The superiority ot 
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phosphate buffer was also demonstrated by Gibson ;et al (l.12). 

I studied. the influence which t.he buffer might have upon Al.A. 

synthesis atxi have contbmed the 'inhibitor., effect ,of 1'ri.s buffer. 

(P'igure 4). Granick am t'Ji:ata (lta) on. the other ham employed 

Tri·s buffer 1n all their studies, am sbowea a decreased liLA 

.syntbes1a - in atmospheres of nitrogen • at high inorganic phos­

,phalte conoentJ:Gtions. Miynkoshi and Kikuchi (208) f'oum the 
;·, 

exoiusion of .inorganic phosphate to increase the yield of ALA by 

60'/> under anaerobic conditions, but un:!er aerobic conditions :'the ,.._ 
' ' 

yield of' ALA, was highest when inorganic pbospiate was present. 

(xi) Oxygen; 

An absolut.Ei requirement tor oxygen was demonetrater.i {U2.1)4, 

191) for the synthesis or ALA,, an:i anaerobiosis preventei proto­

porphyrin tolffltlt.ion. (82, 188) • 

. Contrar,v to these fin:lings. in the preparation that I used. 

ALA synthesis proceeded nonnally in an atmosphere ot nitrogen 

(Figure 3),, while Oraniek an:l U.rata (1'42) d5\onstrated enbanoecl 

ALA synthesi,s in ni tNgen. Miyakosbi and Kikuchi (208) recorded 

a sl..ight reduction of ALA synthesis under anaerobie eonditions .• 

Gibson {ll2) found that frozen am thawed mitochondria c:iid not. 

require oxygen for At.A synthesis. am Sbem1n (28.S) sta:te! that 

·using a crude preparation of duck .rea blood cells both 

ketoglutarie acid am sueoinate were converted to haemin in an at­

mosphere of nitrogen. Lascelles (190) found that ALA-synthetase 
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synthesis and activity were inhibited by oxygen in cultures or 
R.spbaroides grown in the light, and Falk et al (94) round.· that 

I . 

the bi.osyntheeis of protoporphyrln and haem in· chicken e:r,ythro­

cyte pre_pa?Qtions appeared to be regulated ey ox;vgen tension, 
; . 

,and showed inereased synthesis with :rising tensions to a J'laximuin, 

and then .a. dlminished synthesis id.th further increases • 

. (xii) freezing and tba.1;4ng. 

1'he effect of freezing and thawing the .mitochondria bas been 

investigated by Gibson et al (li2}, by Gianick (1)4), by iGranick 

a.nd Urata (1"2} and by Ozanick· a:rd Mauzerall (1)8). 

Frozen and tba~"ed mitochondria lost their ability to syn­

thesise ALA from· glycine au1 al.pha ... ketoglutara te or 1succinatei 

but were able to do so when sucein;v1-coenzyme A was e:nployed as 

eubstiau,. ·Intact mitochondria. tfElre um.bl,e to utilise succinyl­

cosnzyme A £or this pu:pose. 

It was suggested (1:34, 138) that steps .in i;lle synthesis of 

At.A from glycine might require coenzymes and other substances 

which became dUuteii out on damage to the cell membrane, or might 

require enzymes readily damaged. in the process ,of freeM .. ng ant 

thawing. 

That the inability ,of frozen and tha.we:1 parti.c1es to eiyn­

thesise Ji.LA from glycine, and succina.t~ or alpha-ketoglutam t.e 

was due to enzyme defects in the frozen particles was shown by 

the restoration or activity ~n the addition to the medium of 



either bacterial suceinic thiokinase, or alpba-ketoglutaric 

dehydrogenase, glutamic dehydrogenase and a:romonia ( to reoxidise 

reducei Df'N}. (ll2). 

The inability of .intact mitochondria to utilise added 

suecinyl-eoenzyme A was attributei to pe:rrneability barriers.(142). 

(d) • lghibitgrsa 

Studies involving the inhibition of ALA and porpbyrin syn­

thesis by various compounds have added to a knowledge of the 

'biochemistry concemed. 

Several. amino acids have been shown to inhibit the .syntbe.sie 

of protopoJ1ilyrin from glycine (lJ4. 1)8). Gr1tnick (1)4) con­

eid•re:i that this might provide for a control mechanism of .ALA 

synth.eeis. lie poatulatEd that .a partial blOck might be removed 

when these amino acids reached a low concentration in the cell 

relative to glycine. Such a mechanism tn1ght have been a factor 

in the increased excreti,on of porphyrins o'bsel"V'ed by Lascelles(l87) 

in~ cultures of R. spheroides - when amino acids were probably 

depleted in the mediUlll. 

P;vruvate has also been shown to have an inhibi to17 effect 

(llJ, 1)4. 284 •. 290) - an effect that was completely overcome by 

the addition of a1pna-ketoglutarate (134) or by other members of 

the citric acid cycle. (284). It was suggested that the effect 

might bea cOl'ltpet.itive one. pyru:vate competing with succinate to 

.form aminoaeetone; or th.at there might be competition between 
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wruvate an! alpha-ketoglutarate for coenzymes. Similar 

mechanisms may be active 1n the inhlbition observed by alpha­

ketobutyrate and paz,apyruva te. 

Inhibition ot porpbyrin synthesis by inhibitors of the citric 

acid cycle emphasises the role of this cycle in porp}urrin bi.osyn­

thesis. Ora.nick (1)4) showed inhibition by transacon1tate (which 

inhibits eis...aeonitase),, by malonate (succ1n1e d~rogenase), and 

by fluoroaoeta te which .is thought. te owe its inh1bi tory action to 

nuorocitl'6te romation and inhibition of aeonitaae. Brown (27) 

also denonstrate:l inbibi't.ion by fluorocitrate. and Goldberg gt a:J, 

(125) and Wriston §t al C:347) have demonstrated inhibition by 

malonate. Ars:enite (l:)4) is beU.evi!d to combine w11tb lipoic 

acid and so inhibit alpha-keto-ac1d oxidation - and Laseelles(l68) 

demonstrated a reduction in porpbyrl.n synthesis when tbe system 

was def'ic1ent in llpoic acid. 

Factors which inhibit pyrido»il pbosphate activity have been 

show to inhibit porphyrin aJ'ld ALA synthesis ale<>. These include I,... 

penicillamine (112. 113. 142. 191). c;rsteine (112, 113, 13~. 177), 

cy;anide (112, ll3, .191, 208) and isonicotinie hydrae1de {1J4). 

In this context it is int~esting that Middlebrook (206) notoo that 

isoniazid - resistant tubercle bacilli were ca. tal.ase deficient; am 
that Fisher (99) reported that 1soniazid might affect the 

porphyrin metabolism of the tey"Cobacter.ia • Talman ()1.6) could 

demonstrate only a sl.ight effect. of isoniazld on porpbyrin 
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metabolism in chi.ck embryos. These compounds are thought to re-

act with the aldehyde group of tbe coenzyme and so prevent the 

formation or an aldimine. 

Inhibition by 2: 4 d1nitropbenol (81. 82,. l'.)4) indicates the 

necessity tor an ,oxidative Ii'1osp:1orylating system, but sueh. i.n­

hUiition was not always demonstrata1 (191). nor inhibition by 

sodium azide (ltl). 

liecessity for coenz~ A is suggested by the inhibition of 

ALA. and ·porpbyrin-syntbesis by compounds such asp. chloro­

mercuribenzoate an:1 iodoa<?etamide. (ll2, 191). 

Tba t ALA eyn.tbetase may be a sulpbyd:ryl enzyme is euggest-ed 

by the inhibition 0£ ALA formation by o-~nthroline (ill} and 

p..ohloromercuribenzoa·te. (U2). 

Lead may also exert an inhibitor., eff•et - at l.east .in p$rt -

on ALA eyntbetase activity but conversely.,. Chisolm (49} cited Sano 

a.s sl10ll."1ng that haemolyeates from t.be blood 01' lead-poisoned 

animals synthesise:! excesaive amounts of protoporpbyrin from 

gl7eine. 

). ROLE OF DELTA-AMilfi?&Aff!JLIC AClD IN FORPHYlUN S!Nm§IS .. 

Experimental evidence 1.s available in support of the role of 

ALA as an intexmediate in porpbyrin eynthesi.s:-

It could replace "activett succinate and gl,ycine. as subst~tes 

in tbe synthesis of porpbyrins and served as the eource of. all. the 

ni~rogen and carbon atoms of protoporpiyrin. (297). The delta 
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carbon of ALA was shown to have the e!lm.e distribution 1n the 

porphyrin molecule as did the alpha carbon of glycine (287) and 

ALA - l i 14, - cl4 resulted in the same cl4 protopo:rpbyrin dis­

tributicm i;atwm as did succinate - 1 , 4 - e14 .(260, 261). 

A.LA exerto:1 a dilution effect upon the :zadioactivity o'f 

haemin de~ved from labelled suocinate or glycine. (78, 84. 297) .. 

That this was not due to inhibition was evidenced by the simul­

taneous use of N15 labelled ALA, when there ·me a large 

'incorporation. of N!5 into the porp~n. Dresel (78) regarde:l 

this observation as fairly conclusive ot the role ot ALA as an 

obligatory :i.nterme!iate in tbe pathway or haem biosynthesis .. 

In .in y\,t,.m syst~e labelled ALA formed haem containing tbe 

radioactive isotope in mal'.\Y times the coneent:ration ot that formed 

from labelled glycine (80, 21s; 287, 297}. although when given to 

rats e1 tber orally/or int:raperl tonealq. or to man orally., while 

some labelling of haemin. occu~. ~s wa.s S - 7 times lower than 

with an equiva1en\ dose of Nt.5 glycine. (16,. 17, ·218, 282).. In 

the intact cluck, however, ALA was· utilised 2! timeo better· in tbe 

synthesis of both haemin an:i purines than was glycine. (21S,, .· 284.}. 

Shemin (284) a.scribed the poor utilisation of ALA in the intact 

animal to its possible rapid destNction of :to its transfomation 

to compounds not effective as porphyrln precursors; t6 it.s 

failure to penetzate to haemopoietic sites; .and to its rapid 
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excretion. Scott postulated a smal.ler ALA than glycine pool in 

the body with a c.onsequent inability to admi.nister a. true tracer 

dose. (282). 

Dresel and Falk (82) demonstiated a ready conversion of ALA. 

by chick whole blood an:l washe:1 cell prepa?Qtions to protopor­

pbyrin, and traces or uroporphyrin and coproporpbyrtn. Its 

conversion to r,orpbyrins and haem in JJl....Iilm systems bas fre­

quently been de."llonstrated. (80, 82 •. 8). 91. 134. 186. 188, 273). 

Ora.nick a.Di Varden Scbrieck (14)) deroonstra ted that on the day 

following an intxape:r.1 toneal injection of 20 mg or ALA in.to a white 

rat. the urine contained a small amount. of pigment which appeared 

to be a .z1nc-.porpbyr1n complex, and Scott {282) found that within 

half an hour of a.dlllinisterlng a dO!le ot ALA to a rat, the bile 

fluoresced a deep red ao:i contained a large excess of protopor­

pb;yrin and a .sl..igbt. excess or c~proporJbyrin. He also showed an 

increase of :Oa.ecal porphydn excretion following a dose of ALA. 

According to Gibson §t. al (113) it le ncr.q- generally accepted 

that ALA provides all the carbon am nitrogen atom.s of haemog1ob1n~ 

my"oglobin., catalase, peroxldase and the various cytochrom.es,. and 

probably also of the d~roporphyrin of chlorophyll and the tetra­

hydroporphyrin of baeteriocbloropbyll. 

4. OTHER METABOLIC P4-TRWA?S OF ALA. 

When Shemin and Russell (297) first described ALA ancl 1 ts 

possible role in porr-b7r1.n synthesis th~ also postulated 'the 
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· . existence or a usuccinate-glycine0 cycle through whieh the delta 

oarbQJl · of ALA - .tnd consequently the alpha carbon of' glycine -

could be utilised for the synthesis of methyl groups, formates. 

and the urcido groups of purines,. and could FJrC>Vide the carbon atom 

tor the beta: carbon or serine. i'hey suggested that ALA might be 

deaminated to f'o:rm ketoglutar:aldehyde .• its delta Clirbon .then being 

utilised as described. while the 4 carbon atem residue was recon­

verted to euccina.te.. Ketoglu'braldehyde m'ight also be directly 

Oxidised to alpha-ketoglutaric acid. 

Sbemin and hie grou.p (2.98) subsequently demonst:ra. te:i that the 

methyl group of methionine a:nd the beta carbon or serine ~re radio-

. active after tbe injection of ALA .... 5-cl4 into a duck; while the 

injeetien of.' ALA..;s-c14 into a rat rosul te:I ·in the e:imreti~n ot 

highly radioactive fcnnie acid. They al.so showed that al.pha­

ketoglutarate contl.'l:t.ned. cl.4 act.i"vi.ty after incubation or a duck 

red-cell haemolysate with ALA .... 5-cl4• 

In 1957 tbis group (215) pibllshed resu1 ts of radioaeti ve 

studies showing that tb.e del t,a carbon of ALA was utilise for the 

synthesis of the ureido groups of purl.nes. ard -,as comrerted to 

·fon'llic acid. while the succ1nyl ·moiety of ALA gave riso to 

suceinat.e. When. IQ.ts were injeet!d. with ALA-1 ... cl4 and the 

metaboliem cf succinate inhibited by malonate. a;;icci.nic ileid from 

the urine was tound to ba highly ?Qdioactive. 

Uric acid synthesis from ALA-_5-Cl4 was de"ll.onstratei in the 

. pigeon. 
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The role of ketoglutarg,ldehyde as an intermediate tvas 

supported by the fini:U.ng of radioaet1ve formate in .rat urine, and 

radioactive \tric a.c,id in pigeon excreta after .injection of 

ketoglutaraldebyd.e .. . 5 - 014,. This was greater tban wen either 

glycine or JiJ.A were u.sed. 

Ketogluta.raldehyde could not be converted to A.LA, contrary to 

the initial suggestion made .• men the reversibility of the ,:yele 

was postulated as a mechanism ~1here~y formate might be converti!d 

to haem. 

Thie cycle was Sh¢Wl'.l to provide a path1-,ay tor the aonversion 

of glycine to C<>i (298) - through decarbox:ylation · ot alpha a.mi.no ... 

beta-ketoadipic. acicht.men. the carbox;vl carbon \-.9.8 oxidised: while 

the a.lpha carbon ,._,as converted to CO2 subsequent to the conversion 

of ALA to alpha ... ketoglutarate, which upon oxidative deoarboxylation 

l.1bQrated a molecule of CO2. 

cl.4o2 derived trcGt glycine ... 2 ... c14 was more li\adioaet1ve than 

that de.rived from ALA ... .$ .. c14 indicating other pathways of 
metabolism o.f glycine than through this cycle .• 

. ALA has also been shown to be utilised in the synthesis. of' 

oyanocobalamin (SS) .•. 

5., ALA DE@)RASE, 

Snem:in ~t !l (297) and Neuberger et al (218) considered the 

theoretical possibility that ttfO molecules or .ALA might condense 
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in a Knorr type ot eynthesie to form a: pyff'Cle hav1ng the same 

strnoture as that propcmed for porrmobil1nogen (S2, .S)). 

Dr&sel and Falk demonstrated the 1n utm conversion of ALA. 

t.c PM (SO), am Weliq am Sben1n ()39) 1ibowe:i that edminist.rat1on 

or ALA ga:vo rise to tbe urinar, exoretion. of FBO. Berlin !:t al 

(16, 17) &td Scott (.282) reI»rtei, e1mUar fi.ndinga, 

In 19S4 Granick (lJJ) isolated an extract .f.rom chick eey .. 

throcytes that cc:mvertei ALA to PrBO. and Gibson ,It @lt (Ub) 

detected s1m1lar aat1vi.ty in aqueous ,extira~ts of an acetone powder 

ot ox liver. 

Enzyme aottvit.y has oeen detected in ch1eken eryth.rocytes(80h 

1n duck erythrocytes (211). 1n pigeon live ('.)00), in many micro­

orpniBlile ... excluding 7set ... (lllh ll.S). 1n pl.ants CU$) and in a 

wide variety of' mamma:U.an t1esues. (~9. UO, ll4; US. 116, l:39., 

14:J, 164,227. )21). 

I ha~e de:nonstrated AtA debydrase A(lti:vity in Nt and human 

li111or h~enates. ( this theal.$). 

Thie enzyme hae been isolated and partially purified by·~· 

o1p1.tatt.on techniques (llO. 114, 115, 300) and 'by zone 

electrophoras1s •. (l'.)9). It, nae the propertie.s of a euglobu.lin 

(l.lj). and is b~Uoved to be a sul.:phyd"Yl-containing enzy.ne (110_ 
. . 

114, 115, 139) ... 1t was inbibite:i by p .• -chloromereurlben~oate and 

.iodoacetnm1de (114, 115) an;S by o.-pbe:nanthroline (164) i metal.a 
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inhibited i-oughly in order or tho solubility products ot tbeir 

eulphides (115, l:)9); and reduced gluta.thione or cyet~ine were 

neeeasar,r for aativaticm or the purl,.fied etizyme. (114', ns. 1)9). 

The tnb1b1tlon or enzyme activity by lf:od (49, 8.3, ll.S) tends 

to contim :its th1ol naturo; but Koike (cited by Chieholm (49)) 

N;ort«l that in lead-poisoned. Rhb1ts there was n¢ :reduction in 

At.A debydra,13e aotivity in preparations iaolated f'ro.'n liver, spleen, 

blood end k1dney. 

The eneytne was shown t,o be specific ro1"" ALA ae S1lbstra te, and 

no Ebrliab,..reacUllS compound we formed. when A1,A dehyd.ra.ee was in­

cubated with ami:noacetone.,. al.pha..delte-diaminolaewlio aoid or 

6-amino-S-oxob.exanoic acid. (114, 115). Ite mo:le of act1<>n. was 

discussed by Oranick (13)) and O.ranick and. Mauae·rall (1)9) 

l . . . 

catalyeed an 4aldol. eondensatlcm between tw carbon 9..toms. and that 

a ketimine oondensati@n then occurr&:l sr,onf.Qnf,OU.sly.. Gibson (UO) 

euga$sted. a siaUar .mode ot action. 

No l.oes of act.ivity aeeoms;anied dialy5ts, f%'01ln which Omniek. 

(lJJ} oonelud.ed that no looeeiy-bound coenz,me was .involved. 

Gibson (110) eusgestel that the enzyme had. no Nquireme~t$ for any 

metal., but IocUee e1; .!l (16b,) showed that it contained copper. am· 
demonstrat«:1 that copper ... ,aeficieney states reeulted in the 

lo-111enng ot the a.ot:t.v1ty or tbie enzyme in the U.vere of 5te. and 
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1n the blood or dueklines. Andenon anii Tove (;) shcw1t1 that 

copper was necesS11t7 in. the eynt,her,is of haem tram glycine ~ 

xltr.Q, but suggested mon than one eite of aetion. Bumham ani, 

Laacelles {3.S) nc:orded a raquircher,t fer 1t+ lone for activation. 

Inhibition by :&.t>fA (115. 1)9, 164) m!Ji:f also 1ni1cate a metal 

Enzyme activity walS not aseocia.ted 'With m1tQchond~ or 

m1crosom.es (115) a~ the enzyme bas besi m0tm to be wa,t~-aolubl.e. 

(ll'"• 115, l)-3, 139, 300). 

The optimum pR tor 1U.,JQ.b9 a0tivtty' of this enzyme 'V4rl.ed 

between 6 • .3 and 6.8 (114, 115, lJ.3, 1)9, ;00) according to the 

tissue preparetton studied. My O".tn measurements were made a't pH 

6.8. 

Oibeon nA! (US} tound trabbit tiesue enzyme to be 1.naotive 

ln Tris wf'ter. but the prei:arations could be act1va t.ed by the 

addition of inorganic phosphate. Oraniek am Mauzerall (1)9) on 

the other hand, obsetvoo 1nbib1t.ton ot rebbit r«! oell ALA den.v­

drase activity by phospbate lmfter. although. this did not apply to 

chicken Nd ce~l enzyme. I hav& used phcspbate buffer thl'OUfitbout 

my experiments. 

The enzyme did not lose act1Vity over a abort (2 • 3 houro) 

incubation period (l'9), and activity over the first hour lW.a fouttl 

to be dir«:tly proportional to enz,m.e ooncentrotion over a wide 

range. (US. 1)9). Balance studies ea.owed that the amount of P.BG 

to:nntd wae q.uanti ta t1.vely equivalent to the amount of AJA that 



disappeared. (115. 139). 

Gibson stated (110) that even with crude preparations of ALA 

dehydrase the. porphobilinogen that was formed t..ias not metabolised 

further in vacuo - implying possible further aerobic metabolism, 

and several authors have demonstrated the conversion of PBG to 

porphyr1ns and its disappearance from tissues on incubation in 

air. (see section 2 : 6), Using a method essentially similar to 

the one that I have employed. Tsehudy et al (321) could barely du­

tect the removal of POO; and both they and Schwartz (278) stated 

that PBG production by liver in vitro far exceeded the capacity of 

the liver to metabolise it. Merchante et al (204) found that in­

creased aeration did not alter the :rQte of PBG disappearance when 

incubated with liver homogenates. My own experiments were all 

performed .ae:robiea.lly, and an experiment comparing activity aero,.. 

bically with that in vacuo is presented, and shows, if anything, 

greater apparent activity in air. 

Comparison of ALA dehydrase activity* in air and in vacuo. 
mumoles 

Formed Present** 

0 8 8 
0 8 

* Activity expressed as amount of PBG formed per hour, per mg tissue P. 

** This amount or POO was present after l hour's incubation in the absence 
of added ALA and was presumed to be preformed in the liver. 
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6. ~OifflOS.tk,IN~!Ne 'Fat'jl t 

· la.ula Sachs in 1931 (2S)} .isoh ttd a substance in the urine 

ot .a Pf,ttient vith .acate porphyria v~.toh ga:ve :a: ~- colour 1.uth 

Eti:rlieh' s. aldett:,de '~m:icb t.as not sQ!.yble in chlorotol1'ii• Th$ 

te:rm po~.bobilinoJlen was a,pplittd •to thl.s substane~ in 1939 ·or 
Walden$t~m ~ V.ahlqu1st •. ()28). · 

. lts ~e .in porphynn biosynttur.d .. s ie notf. falf'ly 'widei1 · 

... aooieJited., al.thcagb. allght evidence to t,he contral"Jt does ~>d.sto 

ln 1953 Falk ,tl:t ,!l (9)) demoru·;-~n1t.~ the ~ne~ti~ oonvt,r- , 

· "$ion of PBQ to pe.:rphyrlna, bye a cht,ekon red cell. baem.olj~te., 

· and Bogonid and G10ni<:k: (23) demonstJQt,00. !ts sitnilar eonve~lon · 

by· an gxtraut.cf chlorell.a.. · Ooldberg and Rimi.ng;ton· (127) dete'C ... 

ted small, bt.lt · slgnifioatlt in¢~Ses ib the urlnnr;y ccmt~nt ot 

u:ropo~rin )..JJ.:., and copropc~n r.lll a rte-r parenteie1 ·~amttiis• 

·tration of PSG to re.ts .. 

. Tbe ,e."le.}imat!-e fo:me ti.on of porpbyrir1s _a.mt, l!!ae fro."11 P.00 bas 

einoe been dero(?nstntect. on numea·ciu:1 oec&slons am by many 

di!'fe:re?itt p,:-eJMro.tious (19. 20,. 2ti; 26. 78, 62, 5'.J, 91, 103. 133. 

139, 1si. 162. 191:.~ 1,s. 204, 2.2s. 211. 276~ 279. 2~1. 300) •. ru'llll 

pox-~rin formation .from FEJG. by non-e.nz;vmi.d: eh~cal methods has 

.also been sht:r.m to occur. (t.J9, 53., 80" 11), 2)4. 278}. 

Falk .~l. a.l, ( 9:)) strese€d. that al th00gb. tber-e t-12S no doalJt 

tba t ttseue1; owl.d 'bring about tbe conversion of 1BQ to p,,rphyrins. · 

this dW not ~rove that i'BG was a nol'ffl&l 1ntezmed1ate 1n the· 
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biosynthesis of haem. 

Perhaps more convincing of its role as an intermediate was 

· the demonstration by Dresel (78) that the yield of haem from PBG 

as substrate 'kTSS twice that from glycine; and even mo:re con­

vin<~ing was her demonstration of the greatly reduced incorporation 

of active glycine into haem in the presence of a.dda::i. unlabelled 

PBG - which meant that very little could have bypassed the pool ... 

and the detection of radioactivity in the PBO at the end of the 

experlment. (78. 84). Schmid et al (27,1.) showed that the radio­

aotivi ty of haem synthesi,sed from ALA, or eq,uivalent amounts of 

PBG; was similar. 

Although probably insignificant in the face of overwhelming 

evidence to the contra.r,y, there are some indications that PBG may 

not be an obligatory intermediate of haem biosynthesisi-

(i). Kench (173) demonstrated an alternative route of por­

phyrin synthesis in yeasts. 

(ii). Neuberger (217) emphasised that the condensation or 

porphobilinogen was unlikely to give rise to naturally occurring 

porphyrins of types I and III, and to-day the number of !)Ostu­

lates as to ho1,r this may occur casts just a little doubt as to 

whether it does. 

(iii). Ha14kinson in 19.52 (154) presented evidence to show 

that porphobilinogen gave rise only to porphobilin once . it had been 

separated from one or more non-Ehrlich-reacting precursors which 



acaompan1Elel it i.n the uri.ne o.£ cases 1-d.th acute po,:<phyria. 

(1v),. Pot'Phobilinogen did. not cause i.rri,tabiU.ty or hypet>aemia 

in the skin of a rat injected ti..'ith it and ~sed t-o ult.raviolet­

lig.ht. whereas ALA ln the same cireumstanees did d.c eo. (i66). 

(v}. Dresel .and Falk (82) showed that whole blood formad onty 

traces of: protoporphy:rin. tro~ FOO •. wh&reas ALA i-,as mpidly conv~l'- · 

ted. by. suon a preJii'l ta tion into protcporphyrin. POO iii~s not 

convert«? to porphyrins by the hatvi!;Sted ,cell.s of R.spheroides. 
. . 

(156 •. 162, 186, 187) or by vabo).e cells of Chl.ot"ella (2)) altho\lgb 
. . 

cell-free extr..acts, or damge:l ce:J.J.s, were able to do so. 

Tbiase o:bserva. tions h!ii:ve been ascribed. to ~a t1ve cell im}ier­

meabilt tr to PBG. but it may be. possible that intact cells 

metabolise P-BG differently. 

7 • [J;iilTfll,"R S?;,t\GES Dl 1'P.E POnPffXP.P-f. B!OSYN'.l'~IO PJ\'l'Bl-1.Al\ 

As my experiments ba-ve not been directly coneemed with· these 

later stages ot porphyrtn metabolism* I shlail.'1 consider this sub­

ject only briefly. 

(1). liicbimmn .. o.t •. tee 9Qmt~3,on ot, ~BO t2 PomJttrlns, . 

The meohanisrrt whereby PB.G is converted tc porphyrins is not 

cl.ear. and several. alternatives have been postulated to account for 

1ts condensation to both the seri.es I and the se,tles III isomers ... 

particul.at'ly th~ latter. 

She:min {284) and Sbem1n .@t al (2.98) suggested that J molecul•es 

of PBG m1gllt condense to tom a radial tri.wrr.,lmethane whioh ci:Nld 
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split in two wa.y$ to · form two different dipyr~ltr.ethane eompound.s. 

and t.1'1at the structure 0£ the tinal·porphyrin meleoule v10uld de­

pend ,upon. the subse(luent condensation of these as.pyrrylmethanes 

Bogorad _ tand Graniek (2.3) postulated tbe oaeurrenoe of a 

branehe:1. "T" tetrapyrrylmetbane as an intermediate .• the splitting 

o.t which would also result ln. two unlike dipyn7l.methanes. Two· 

possible serl.es .ot steps b-/ t>faich this intenne:liate could be 

Bullook _§!,a.l {:)l) conoeived. ·of a linear build up of ~nzyme- -

aa ti. va ted P8G .moleeul.ea • an a.cti V-$ ... ca2 group rnigrn. ting .from on.e 

pyrrole ring t.o 1.1,nother via the n1trogen atom with cyel:tsation 

(191i) postulate was simile.r,0 bUt they suggestect that ~BO molecules 

might be interpol.a tEd bet}1een the enzy.me..a.ot1 va too -Cffa group ·and 

the_ pz-eviou~ attached molecule. 

Carpenter and Scott (l(j) postulated tne enzpically e<.>n ... 

troUed. conde11sa.tion of one molecule of opsopyrrole dicarboxylic 

acid with '-l linear tetr:amer derived f.rom P:00- molecules. Rupture 

of the penta.mer at the correct site wculd result in_ a eefJrles III 

isomer on ayclisst1on and the regenetation or opsoP,y1Tole cU .. ea.r .. 

boxy1ic acid. B01Jever, thes". could not confim the role of the 

compound experi.men tally. 

Copks<m and Rimington (SJ) ,postulated the initial fo!m!Jil.tlon 
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of a symmetrical dipyrrometh.ane , PBG then betni condensed 1n a 

regular fashion to £om linear tetr.amE.u·s which underwent 

c;yolisa tion. 

A possible p.a.rticipa tion of dipyrrOI11ethanes ~s suggested by 

Heath and Hoare (lS.5) but this could also not be demonstrated by 

experiment. 

Wittenberg (.343) damonstrated the ronnation of a colourles.s 

polypyrrole during ha.em synthesis and suggested the pr'JJllQ r-1 con­

densa t:ion of PBQ into linear tetra.pyrroles, two moleeules of 

which combi:rdng to f:orm a Cyelic ocrte.P,yttOle oontaitd.ng 2 

tripyrrylmetho.ne structures. Two molecules 0£ uroporphyrtnogan 

III could then .result from the rearrangement of this molecule. 

(11) • &i&mes concerned 1n this ,g§?Idensat]con.t, 

Two enzymes are thought to be conce.med ·1n this process. 

Bogorad and Gi:aniak (2)) round that preheating at 55 - 60°c·f'or JO· 

minutes destroyed the ability of frozen and that.red oblorella cells 

to convert PBO to the series 1.!J: porpbyrin i.s~ers. while the 

aeries ! isomers were readily toxmed. This effect of heat has 

been repeatealy oonfimed. (24. l,38,, 139. 194, 19;). 

Heath and Hoa.re (lS6. 162) were able to separate ti~ 

fractions :from acetone-dried pn;parations of R.sphero1des by cen­

trifugation. the superrate cata~ysing the synthesis o.f .the eerles 

! .isomer .only, an:i the residue11 of series III. Rogorad,{19, 20) 

isolated a .f':ra.ction from spinach leaf which could convert PBG 
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to the sertes I isomer only.. and descrtbsd some ot the pro,perUe$ 

(iii}• Porpb:vd,ns al}d l19fRrnt:Q1.!0gene as intem,e;i~atts, 

!t -was at one time thought that the porphyrins thelll$elves 

rnight be interm~ia.tes in the ps.th\.TQf of haem biosynthesis, and 

Falk et al (93). and Dresel. and Falk (84) iiere able to demon­

stra.t$ the oonvers1on or some uroporphyrl.n III to protoporphyrin .• 

but were unable to demonstrate aey role for oopropprphyrl.n III. 

Salomon f"J? al (251,~) aaleulated that. .'//J/p of added labelled Ur¢. 

porphyrin wa.s oonvert:€d to p:1?0topo:rphyrl.n by a ·rabbit 

bone-tr.arrow suspens1o:n, lnl't · eonaeded that al though uroporphyrin 

might ba synth.esisioo from gl.yoine and could be conV"ert~ tQ proto-

. porpbyrirr, it might not lie on the major m.etabolic pa thivay • 
. 

Eriksen (89) concluded f.:rom his expedments that uroporpb.;rri.n 

was successively dee::arboxyls.too tht'GUgh coproporphy:rin t,o;;pr.oto­

porpbyrin. wh1ob he thought combined with globin, and then ferrous 

ions. to fo:rm haemoglobin. 

However, several autbors could not demenstra te this role o.f 

porphy:rins as int$rmediates(19, 78. 12.5. 1:)8·. 1.56, 2S7tt 276; 2?9. 

298. 199, 300), am Dresel (78),Bc>gorad (19) am Shemin (284) 

suggested that the actual intermediates on this pathway might be 

colourless preeursors of i-mich the pof'.phytlns were oxida ti.on 

products.· 

The role of these Nducecl pol"PhY'rlns {porphyrinogens) has 
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sinae been con.ti med • (Slh .140, 203, 220) • 

(iv) .• U~t:Pb1QPOF;;(W deearaoma~e, 

The CQnversion of uroporphyrinogen to coproporpllyrinogen is 

bel.ieved to ~cur in a stap--w1.se fashion through compoun!ls 't!d.th 7,, 

6 and ·., carboql gr0ups, and to · be enz;ymice.lly controlled hT the 

.soluble el'J.2}111\EJ Uropol'.'PhYri.nogen dec:li.J'DO.lQ"l.ase, • a.n enzyme tefhi~b 
. . 

has been pi:rtially r,u:r1fieid and stud:Led. by Ma.u.zerall and Oranick 

(20'.3) ~ 

CV). GQmnorRbzriqggen g~tpoxglase.t., 

CGp~porphyrl.nt>gen Ill has been sh0tm to be oxt.d.ised to 

;protopo:t;phyrln by aell particulates of chick e17t-hroaytes or 

Euglena (l.40) 'Wi.th a :, oarhoxyl porpnyr1.n. being· foxmed in short 

time inaubat:tons. Suoh enz.y.rne aotiv1ty is thought to be con-

fin~ to mito¢hondrtal tl'Qctions (2.$6, 257). although Sncmin ~ 

' 
~ (287) uere able ·to synthesise prot.opo:rPhvdtl from ALA by a 

supernata11t solution· obta.S.ned from tmemolysoo duck e1:7tb.:roeytes. 

( viJ. Hawn fostion. 

Tb.ere is still some controversy as to 1.fuethe:r iron combines 

with prot.oporphyrin or its porphyrinogen in the final .$1:ages ot 

haem synthesis. 

Dre.sel (78) and Dre$el and Falk (84) could not dt:imonst:t1lte 

a role f'or protopol:"PhYrl:n i.n ha.em synthesis. and suggested that 

protoporphyrln precursor~ was the actual haem inte:m1edia.te. 
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ioi.rever., Ora.nick (l32) shot'18d that iron· was incorporated into proto­

porpb,ytln by chicken red cell baemolysates; ar4 its ro),e as a tnae 

tn.tennediate has been demonstrated on eeveral. occasions.. {1.22, l2S, 

· 147. 181, 275) •' 

The enzyme aoncemed has been :tound in the partiele ... free 

supemate .of centrifuged chick recl cell baemolysates(l22), but Sano 

· st. a,l (2.57) f'el t tna·t the mitochondria probably played an imf)orts.nt. 

role in. the tncorpoiQtion of iron into the porphyrin; . Labbe am 

Hubbatd (181) found the enz)®e to be f'i11rJ.r bourd 1.n the mito-· 

ehcndria ot rat livers., and ~ashida ani ta.bbe (22S) eh.owed the in-

. ··. oorpol'Q ti.on of' iron into protoporphyr1n. to be depenchmt. upon tba 

mitochondrtal f'raction of .ra.t liver cells. 

En~yme activity was shown to be aotivatEd 'by dehydroascorbie 

acid, ascorbic acid.. ergothione1n@ arid glutathione by Ooldbe:rg 

&at al .. (l.22} who also found dehydroasoorbic acid.,· and asco:rbie acid 

ill eXC"ess, to bave an inhibitory effeet. Ascorbic a.eid 1-riais slso 

shoi-m to have a potentiating effect by Labbe and f.ubbatd (181). a.s 

were citrate. adenosine., inosine, tbymid.i.ne, vitamirl Bu, D:FN and . 

.ALA. Activation by glutathione (reduced) a.rd homoeyst,eine. 

histidine and f'lav0..:.adenine-dinucleotide e.s also b;y both the 

reduced ard oxidisai forms 0£ OPN and Trl~ was demonstta ted '.by 

Nishida and Labbe. (22S). 

Protoporph:trl.n is also reg~rded ae lying on the chlorG>ph7ll 

b1osynthetic patnwa;,. (ll.)). · 

45 



• .A:ninoacetone synthesis has bson dem.onstra ted from acatyl 

co~eyme A, or-.wruvate, an! glyoine. (l.12, 175. 208; )22). 

Its synthesis has .also been shtn:tn from .L - threonine. (88, 

219 • 322 ), It has been detected in the urine of normal ~ndi-

v-lduals., (253, ;19),. 

Elliott. (88) postulated a metabolic cyele for e;l;reine 

cycle proposed. by Shemin. !n this cycle, gllrcine ·and aeety1-

coenz,yrne A are thought to a~b~ne t<> foi;n alpha...aminoaoeto ... aeetic 

acid 't.mleh undergoes spontan~ous deoa.rboX1"lation to aminoacetone. 

Aminoaoet¢:nc is tl'\en d.ean-.ine.ted to fo.tm methylgly:o~l which is 

converted to D ... laotic acid ~ the glyoxala.se syst.em; .and .D ... 

lactia acid is o:x:tdised. to wrov-ic acid with the ,subsequent re­

generatiori ot acet:vl-coeneyme A,. 

'I'ha t aminoaoetone mi:r;ht be imrolve.d in the o:ddattve 

metabolism ot glycine tttas suggeste1 by Nemeth ilJ. .• ~)1 (215) who 

EJh<>wed tbat._in the rat, administl'Qtion of 014 aminoacetone re-. 

sulte.l in t~e production of' e14oa• and c14 labelled puri.ne$ •. 

'Tbe carbon atom ot the aminon1ethylene g:roup 0£ atninoacetcme was 

shown by She.'Fiin ~Jl (.288) to play the same metabolic role ae 

did the alpha carbon ot glycine :.. .a.part from net -entering into 

porph:,rin biosynthests .• 
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Urata and Gram.ck (141, )22) .studiai various factors 1n­

nuencing the foa:mation of aminoacetone bf V1inea. pig liver. . . 

lf'J.toohondn,.3• e.nd postulated the existence of ~ epecitio enzyme, 

aminoacetone-synthetass, in these mitochondria. 
. ' . ( .. . ' ' ' 

glycine ineubated tdth .intact mitochondria. Suc.e1nate, male.te., 
~ \ ' ' ' . . . . . ' . . . ' 

to be inhi.bito17. 

eblorl.de inarease'.'i the ;yield. Malona.ta ale? ~noreas<id the ;ri(?ild, 
' . 

t-v'hen ei."llploying a frozen,..and.-thawed mi:toeh.ondria;t sy.stem, 1vl'ith 

acetrl-coensyme A as substrate. pyr.idoxal phosphe.te was found not 
• i ' • \ • ' .. • ' • 

to be as essential. a cofae.·tor as it t.zas for ALA syn.thetase acti.vity, 
• • • • . r . ' . 

and in the absencff or added vi ta.min. the )1.eld of amin.oacetone ms 
"' -

~educed.by only 19%. 

M.iyakoehi and Kikuchi ·(208) fou:nd. anaerobiosie ·te> inh11)it the 

ao~ivity ot rat-liver mttochondrial e:nz~e. while the addition ot 

ADP had a ma?kai stimulatory effect. 

I tiaS also able to demonst?ate amtnoacetone syntbetaeii(!) ac­

tivity in rat liver mit.ochondrla .• 

The eff'eet on tho a~ti vity of' t-bis '9n~yme of excluding. Vtlrl.®s 

substances from the :basic· medium is shotm in FlgurG ,5. 

Aminoaoe-ton0 production did not .ocou.r ln th.a a'tl$OllCe of glycine. 

Its production was erostly reduced in th~ absence of addErl. pyrnvate. 
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and that e.ey wao produced at, all is probably boat aa~ri.bcd to tbe 

presence of mes.l-l amounts of endoL;enOus pyruvate in the pre-. 

Plr!.tion. Absence <'*f .Wr1doxal phoeJ!bate, ca.used a N.lduotion of 

2?1' in t.he amount of amtnoaoetone produced. 

txclusion 0£ Dffl aleo caused a muotion in 4'm1noac~tone 

;yield, while tbe absence of at1m1onium obl.oride was without eff'.eot. 

When isocitrate o:r citrate replaced FJrUVate in the medium. 

ard.noocetonk, synthesis eould still be demanstrated. ()22). 

iiowevsr. the yield wa.s only iai ot that ,from. pyruvate. 

Xn my own studies. r;yi,.ivate was aleo en.own to 'be far superior 

to oitN te as a 1-ubatiete in the dete1'nlnation ef M synthetaae 

aeti.v1.ty. (Section 6). 

C •. ,A,$.C.Qf:'JIC AC+Q §1Jl'.tl:ffi§!S AGR l~A@&I§lli. 

In l9SO Jaokol .SS.....!l {l6Sa) brou6ht forward dir«:t. ev.1.denoe 

indicative or glucose as a. precursor or 1-aecorbic a,cid synthesis. 

o .. galaetos:e haa· ~loo been ebown to be a pN1Cursor (90) anJ a 

gluaur.onic acid t:atbwa.:, ct aao0l:'b1o acid ~thesis has beon des.., 

crl.bcd by sevC1l'Jl authors (op oit. 39). It is of interest.and 

possibly portinent to my fin,.Ungst that this ~th~y should traverse 

tbe pentc,ae ... pbosphate shtmt .• 

Enzymes eonvert1ng D-glueuronolaotone and L-gulonolacton~ into 

L ... .a.scorbio acid have been de~strated 1n liver h~.:tmoget:iatee of ra.ts 

and goa.ta and in kidne1 homogenates or the ohiek. 
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.ire absent f.rom the tissues of the primates, guinea pigs. Indian 

fruit-bat and red-vested bulbul-species, which cannot synthesise 

ascorbic. acid either. (l.7l). 

'i'he ·enzymes are said to reside in microsomal fr,actions, al­

though Isherwood et .ai (164.a) d~.monstratOd that the mi tochondrl.al 

i'ract1on of rat liver homogenates was also active. 
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The subject of the dNg-1nduced pot"Pb1rles bas been 

revievred by several authors. {48, 129. 170,. 264, '29, 3'2, .334). 

A~ H1etorJ.e:'-1" .. §ack,;mi».t 

Forphyrie, and po~yri~uria have been i?Ktueed experimen­

tally in animals. and urd.n.tent1onally in. man., by a variety or 

Shc,rtly Ei.t'ter the introduotion of sulphona.l 1:nto clinical 

medicine in. 1888; Stokvi.s ( op clt 129) reported an increas&.J 

excretion of porphyr1ns by two patients who had been poisoned 

With this drug.. 'lnis observation has subsequently been re-

pea tedl.y con£izm,ed (264) • and a similar a.bno~li ty- .ha$ bee.n 

noted following the ·use of the closely related compounds · 

'rrional and Tetronal,. (op cit: ... 129, 264, ))2). 

Prior to this. MacMunn, in 1880, had rsported the 

oceurTence of increased porphyrlne in the url.ne of a ptient 

tald..ng sal101:la.tes. ar.4 Le Nobel.; in 1ea7 • had noticed porphy­

rirn~ria· as a feature of lead poisoning. (op cit 129) .• 

.Stokvis (;0,7) was t.irst to in1uce ~n inoraas.ed porphyrin 

exeretion :ln an1mals by means of drug administration. Me used 

both leiad and $Ulphon.'ll, and in 189,S ·reported .instances of tmat 



were both hepatic and erytbropoietic forms ot experimental por­

phyria. There was subsequently .some controver~ a.a to the 
. ' 

nature or the porph;yrin excreted . .following the admini.stration or 
this compeund. Fischer and Duesberg isolated urcporphyrin in 

the urine of sulphonal-poisoned rabbits, but Waldenstr&m and . ' 

Wendt. and Stich. could detect an increased coproporphyrin ex-. ' 

creti.on only. in the urine of such rabbits. (op cit: ... 170, .264; 

332)~ 

In 19)7 Bninsting {)O) reported an increased urinary par-
, ' ' 

.,byrin excretion by patients reeci ving sulphonamides• and in 

19:38 Rimington and Herrmngs (24l1,) recorded a striking increase in 
' 

the amount of porphyrin in the urine of nearly ever.y patient in• 
' 

veetigated while receiving sulphat?.ilamide. They consequently 

1.n:ve-stiga ted the effeets o.f a.dmlnietering this drug to no~l 

adult white rats and denonst:rated a ri.sa in u.rina.ry porphyrin ex­

cretion to between 2 and 10 times the normal value. 

Brownlee ,29) • because of th1s observation, and Qlso because 

ot that. of Schreus (op cit 29) who identii'ied eopr~porphyrin III 

in the urine of patients treated with salvarsan, inv&sti.gatro the 

etf ects on the porpbyrin metabolism. of no:rmal :rats.. of adminis­

tering :some ot the chemically. related ooal tar antipyretics. 

Aeetanilide;. ph-enacetin, phenazone, am1dopyr1ne, p.aminophenol 

and aspirin all caused tho developnent of a porph;rrlnuria in these 

animals. 
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Rimington and Hemmings (24.5} showed that most drugs 

belonging to the sulphonamide series could induce a porphyrinuria 

in healthy animals, as could a number o!' simple aromatic amines 

and nitrobenzenes. 

In 1940 Rimington and Goldblatt (24.3) found increased por­

phyrin levels in the urine of workers exposed to .aromatic compounds 

containing nitro- and amino .. groups. 

In 1940, also, large amounts of porphyrins were found in the 

excreta of a ref'rigeIQtor engineer poisoned with methyl chloride. 

(46). 

In 1949, Sumegi and Putnoky found lead, bismuth, mercury, 

copper, zinc, iron, silver and gold to cause a porphyrinuria in 

white rats; and 3 years earlier Brugsch had reported increases 

of urinary coproporphyrln in patients receiving paraldehyde., 

chloralhydrate, amylene hydrate, and morphine .• (op cit 332). 

At about this ti.me too, Penew and T;ropp (op cit 170, .332) 

recorded coproporphyrinuria following nitrous oxide and ether 

anaesthesia and the use of novocaine. 

Dent and Rirnington (71) in 1947 showed that male Wistar 
' + . . . 

albin0 rats weighing - 100 O, when fed a diet oont~ining oxi-

dised casein. developed a marked coproporphyrlnuria. 

In 19'.32 Duesberg (op cit 267) reported the development of 

the typical clinical and biochemical features of a.cute porphyria 

in a patient who had received large amounts of Sedomid over a 
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long per10d of time. Stimulated by this report, B<;:hmid and 

"· Schwartz (267) inl!iuoed a disturbance in hepatic porphJtrl.n -.~ 

>\fct\etabol1sm 1n tabbits of both sexes weighing 1 • .5 ... ) Kg. by ad ... 
,, 

ministering Sedormid i:n daily doses or 200 mg/Kg. This wodt 

was briet.J.y reported in a lecture to' the American Ol.1n1aal and 

Cl.i.1\'latologioal Aesociatio.n in 19$2.(3)4). 

Goldberg QM Rimington (128) inv~stignted the potential to 

in a search for an active. nonhypnotio compound. Al11lieo­

propylacetamide was shown to induce porphyrinuria in l'Qbbi ts, £owls 

and rats; and allylisopropylacetie actd caused a slight increase 

1:n coproporphyrin excretion in some of the animals studied. 

Talman st al ()1.5. 316) investigated a similar group 0£ related 

eompoutds for their porphyrl.a-pro::iuoing properties, using the chick 

embryo as a teet. e.n1mal. Thei.r conclusion 1r.1.s that the m.olecular 

structun of compounds which can induce porphyria must inalud0 ia 

dialkyl substituted acetamide; o:r acetamide derivative, ,and tbat 

. ot,e of tbe substi tuents must be an allyl group. Stich and 

Decker ( )06) concluded that compounds eatable of in1ucing por­

Ph;rrl.-a were substituted d-erivatives of allyl acetic acid •. 

Goldberg (1.19), Kal.ow (170) cand Watson and :Lar$on ())2) have 

reviewed the somewhat controversial literature. both clinical and 

exper1111ental; ot the relationship between the barbiturates and t.he 

porf.byrias - a relationship which had been noted since the report 
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by Dcbrscbansk:r in 1906 (.op cit 119) of a typical attack of 

acute porpbyria following the prolonged admlnistration or diethyl 

barb:iturie acid. Goldberg {119) tested the etfec:ts or barbitu­

rate administration on url.nar., porpbyrl.n excretion and concluded 

that possession ot an allyl group appeared to make the 

baraiturate more effective in thls regaZ':i. Six of 9 drugs tested 

weN! oapable or producing some effect on the porphydn metabolism 

of normal rabbits. 

A purely rortui tous observation by Solmion and Figge ( )02) 

was that DDC administration resulteti in an intense red 

f'luorescenee in ultraViolet light of the liver and gall bladder • 

. At the time they were conce.rned wi:th investigating the uptake or 

orally-adm.inistere:l fluorescent substances by the lining or tbe 

forestO'ltlach of mice. DOC has a blu.e tluorescence., Invest1 ... 

gat1on cont:b.ued the oeeu:rrence ot a disturbance in porphyr.in 

metabolism. 

The epidemic of cutaneous poJ1)byr1e 1:n 'l'urkey was traced 

to the ingestion of the t\lngio1de bexaohlorobenzene ( Cam op cit 

26.)), and Ockner and Schmid (226) were abla to induce porph~a 

.i.n adult male Spre.gue-Oawley rats by f'eed.ing them a diet con­

taining 0,21> hexachlorobenzene. Rimini;t.on and Ziegler (246) 

were later able to induce porphyria in rats with stWetal 

chlorinated benzene eompoun:is. 
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In 1961 Barich et tl (7) obeerved an accumulation of a pig ... 

ment which did not sta1n positively fJr iron ln the Kuptfer cells 

of m1ce given high doses ot griseofulvin. Weston-ffuret and 

Paget ( op cit 69) were euba~uently e.ble to identify tl':is pigment 

as ma:inly proto,portbyrin. 

Porphyr1nur1a has alsQ been desoribed toll.owing cinchophen 

adm1nistJOtion (op cit 45). poisotltng with 1Uum1nat1.ng gas, 

(op cit .3)2} and BAL treatment ot hypertenei.on. (op cit 170). 

Apart from lead, the pbotodynam1c dye, Rose Bengall.{232) • 

and a conib1na tion or lead, phenylhydrazine and light (280) have 

all been shown to lnduce er,ythropoietie f()Jttle or porphyria. 

An association between alcohol consumption and copropor­

phyrl.nuria w.as first noted by Franke and Fikentsoher in 193.S {op 

cit l.29). Urinar.v eoproporpJvr1n has since been ehown to be 

tnmsiently incr-.sed following the consumption ot small amounts 

or alcohol by normal adults. and to be high 1n. ohronie alcoholics., 

but to retu.m to nonn.al within a f.eTA daya of complete abstinence 

fl'Om •lcohol. (309. J)Z). ltof'fbauer at q1 (163) could detect 

no real change 111 the porphyrln excretion of :rGts t~1ch were 

administered lo% aloob.ol in place of water in their diete. When 

the diets of these an1lllal.s were also deficient in choline., a tall 

in faeca.l porphyrin levels occurred, in association with. a slight 

rise in url:nar., levels - but not in excess of normal. 

4 correlation betiftlen excessive alcohol consumption and 
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acquired porpbyria has also been noted. ca. 108, 1.29. 1a5). 

B. Porphyria incluced by Sadormid and AIA, DDC • HCB a.rd 
!ldst~oonn, 
Seggffll1d or,: AIA have been shown to era use porphyria 1n rats 

(44, 6.5, 67, 70, 121. 127. 128., l4S, 180, 204, 20a. 246, 249, 265, 

268, 269,, 278, .321), i.n 'rabbits (l. 26, 6?. 91. 101, 10.31 10·4, 110. 

115, 128. 14.S, l.$0, 151,197, 236+ 2S7, 26.5-268. 278, 306. 320, 

.)21, )2t~. 3)4.), in chick embryos {104, 1S2, 18)., )l)...317), 1n fowls 

(128), in mice (227), in gui.nea pigs ()02), in geese (2??) and in 

dogs, {op eit 264). 

DD,Q hne b"n found to eauee porphyr1a in rats (6S, 67, 70, 

ll6, 11'2). in rabbits (lSo,151), in mice (227, J02 .. 303) and in 

guinea pigs (141, 142, .)02). 

~ lngestion has resulted in porphyria in man (Lt.l, 4S, 48. 

62 • 263 ) and has been u.sed to induce disturbances or porph:,rin 

metaboliSl'l'l in rats (32, 42. 66. 70, 7S. 104, 226. 259) and in 

rabbits, guinea p:ige and mice (66). 

9risepf\Jlyin bas been shown to cause a disturbanae ot por ... 

phyrln metabolism tn man (21J.ja) and in mice. (69, 228. Jl~2). 

A similar dieturbanoe could not be induced. in rats (311, 342). 

guinea pigs or rabbits. ()42). 

Porphyrin eynthes1s was stimulated :in chi.ok-embeyo 11.ver 

cells. cultured on cover slips in the presenoe of A.IA, DDO or 

Orieeofulvin (lJ6, 1)7), and Cowger .et\ al, (57) noted an increased 
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porphyrin content of Foley mous~ leµknem1a cells cultured 1n the 

presence of AIA. 

Ca5e. e\ a.:& (~4) emphasised the variability of the response 

of indiv.i.dual rets to Sedonnid administrstion, and such intra­

epeo1es variability is apparent in the work cf most authors 

investigating the influences of these various drugs. 

In the following sections the •tteots of the admi~istra tion 

of these d.rugs on various aspects ot porphyr1n metabolism will 

be considered. These include: .... 

l. Pa~tems of porphyrl.n and porphyrin precursor excretion 

in the urine. 

2. Patterns of porpbyrl.n excrotion in taflees and bile. 

3. Pa ttems of porpcy'rl.n and porphjrrin precursor .aocumul.a tion 1 

in the liver. 

t~. Pattems of PQI'.Pb7rin and porp~yri.n precursor aceumulation 

in other o_rgans. . 

5. Clinical and Patho).ogical mam.festations. 

6. Other biocbe:nic~l studies. .In this sect.ion .some studies 

in the inherited £oms of porphyr.1.a will al.so be con­

sidered. 

1. PATTEBNS OF fOru1frRIN AND PORPUYRIN FRECtmson &'.<CRETION IN 
TRE ORXNSi 

(a). St!'.1Qmi4• AL\ §00 ,DDC • 

. PgtphJ;rP)§. 

Coproporphyrl.n excretion bas been found to increase early .i. 
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', 

'. 

within l-2 days of the admlnist?9ti,en ot these d.rugs ... and to 

progress rapidly to .ia constant level., atter :).8 days., in the 

urine of rats .JU: rabb.its ad.mintstend Sedorn,J.d or Al.A( 1, 44-. 67,, 

10), 128., lSl, 2bo, 26.$. 267, 278). or WC.~ (6?. 1SO~ 151). 

Schmid and Scht$rt.z (267} noted a delay of sevenl dafs be ... 

fore urinar,, uropor:phy:rin levels were increased .in ~bl:tits 

treated m.th Sedo:rm1d. A wr.v sharp increafie occurred betH~en 
. 

the .Sth and 8th days of. suoh treatment. to levels su.fficien.t to 

tmpart to the. urine a Burgu.rdy eel.our. and a br1.ll1ant, red 

fluoresceno~ in ul travlolet · lig;ht. This delay and eubsequen.t 

mG.rked .increase in ur~porphyrtn excretion l:)y rats or rabbits 

d'.u)!".ing Se~o~, AIA, or ~ admin1stra. tion, is also etrid.11.1nt in 

tbe work .of Gold.berg and R:lnlington (1.28}, Sohwar"~ (27.S)t Sc:bmid 

.&t-..il (26S). Case et al, {44),. and Haeger-Aronson (l.51}., 

~jdos a:nd Oajdos .. r&~kClO:)) • .however, detected an increased 

uroporphyrin exoreti,on within 7 ... 18 hours of the administra tilll>n of 

AIA to rabbits, i\."hioh, nevertheleSl!ia sUQcee:ied tha appMranee of 

increased coproporphyr.tn levels in the urine or these animals •. 

pbyri.n excretion t.o .inare.E1Se at muob the same time, and >w1.thin 2 

days of the administration of a s.ingle dosa or either Sedotmid or 

DOC to rabbits. The increase in uroporpeyrin excretion was 

greater than was that of coproporphyrin.: .Abbott ar.d Ru:iolph 

(l) round these two substances to reach maximum levels more or 

less simultaneously in rabbits receiving Sedomid. 
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In guinea pigs t.reated with DDC there wa; a del&y of 4 days 

before coproporph,yr.ln levels increas(d in the ud.na, bu.t these, 

nevertheless, reacha2. ina.ximu.1t1 levels i-:ithin 6 days. (:)02). 

Several authors have sh0t-m the ino:reased coproporphyr1n to 

be largely of the series III lso.iier.(44, 128, 18), 2t,6, 267). 

De Matteis am Prior (67) fourrJ .511 of the copropo:r~rin in 

the urine collected frQn AU-treated ?Gbbits to be present in the 

reduced form·, and all occurred ai{ the porpbyrinogen in the urine 

collected during DDC treatment. 

nie e:ircretion or uroporphjl'rin in tbe reduced tom was noted 

by Schmid and. Schwartz (267} and by Case @St al (44,) in the urine 

of animals ~ceiving Sedormld. 

P9rm:n:;tn . RatL1ursg a r 

Stich {op cit 150) reported that the level of ALA ex­

cretion in the urine of Sedomid ... intoxica ted rabbi ts was nonnal. ~ 

However. Haeger-Aronsen (150) and Abbott and Rudolpi (l) observed 

rabbits to bave increased urinax,r levels of A.LA mth:tn 24 hours 

of Sedormid or WC administration, which progressed to maximum 

levels over 6-7 days• 

De Matteis and Pr1or (67) no'ted an early increase in' ALA ex­

cretion in both AIA- and DDC--trea ted ·%fJ. ts and rabbits,. while the 

rise with Sedotmid was very muc.h smaller. Increased urinary ALA 

excretion by rabbits treated with AIA was also reported by GJ'Q;r · 
' 

i!t al,. (ltiS). 

An increa~ed urinary PBO 'exeretion during tho administration 
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ct these drugs has been .frequently reported .• 

'I'be ur-ine of. rabbits treated 14th AU. was sham to ,contain 

increased amounts or PBG by Gray gt al 1 (ll+,S). Goldberg arui 

Rimin3ton (128) detected PBG in the urine of nbbits aftet' ti.bout 

7 d&yEi ot AIA. or SedoM1d -administration, and in the urine ot ? 

of 9 rats,. similarly treated, after intervals varping between. 2 

and ll days. · They also noted the ocmurrence of a.n atypi,aal 

FB~ ec.mpou.nd. in the urin·e of' AU- or Sedormid ... treated rabbi.ts. 

but .not in the urin.e ·Of s.imil.arly treated .ra. ts. A delay in the· 

. app,earance ot porphobilinogen during AIA or Sedomid t"reatment 

wae also noted by, Schmii! and ~cb"1!1rtz (26?), by Schwartz (278); 

and ·ay Case et @il• (41,1,). 

Conversely, increases in urinar.v PBG ex~retion beginning 

within 21.,. hours of Al.A; Sedorm1d o.r ~DC a~inistra.tion to rats 

or rabbits, 't-tere reported by Haegev-Aronsen (1.50), by Abbott and 
. . 

Rudolph (1.).; by Oajdos and Gajdos-Ti1'k (103), by Rimington · and 

Ziegler (246). Qnd by De Matteis and .Prl.or.(6?) .• 

Solomon and Figge (:,02) noted the appearance ot PBQ in- the 

urine of guinea pigs treated with DDC e>1l onl,y a .rew occasions am 

in low concentration. and Graniek and Urata (142) .round that 

guinea pi.gs acutely poisoned with DDQ (l-2 G .1.n 2 days) exeretei 

traces of PBG in tee urine after 7 hours; and maximal amounts 

after 214 hours. -v1hi.le when the animals ·were less G1.e:ut.ely poisoned., 
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the urine did not contain fl.BG. 

ml! adm1nistrat1.on also resulted 1n G.n inc:rensm copro-, 

porrpnyrin eJ.-cretion ·~ rats and rabbi1;s, . but this was apparent 

only after l-2 weeks and prograssecii slot:ly .• {Jl, 66, ''l!h Z:26). 

O.ckner .and Schm4d (226), ai,d Burnett '1nd Pathak (33) found 

pe.rallel increases .in uropo:rphyrin and copropoZ"PhYrin exoreti<;>n 

to occur in rats tZoeaW with this drug. In l;"Jot-h tbese studies 
•. ' 

levels of tl?'('lpe>rphyrln were about twice thoee or cop,roporphJrrl.n • 
. / 

Pe .lf.a~tets AA a}. (66) re,ported a l~ter tna:ru.se in ura.por~ 

· phyrin than in oopropor.~hyrln &xoreUon in rats tri'.sted with !{CB. 

Dcrwdl,e ans1 Ee.lee (7.5) found a ve?1( marked increase in urinary 

ttroporphyrl.n excretion ,bY' !Qts treated with HOB for 8 t-teeks -
' ' 

· but to levels ~mich weire sli.gb~ly ~ t~an were those of . ' . . 

II' IT \ Cajdos and Oajdos-Torok(lOZi, noted an increased Uri.fl»J:7 

uroporphyrin level in tti.ts fed a diet GOntaining 2%(o.fja~, 'C\lhile 

:i.n rabbits a moderate increase only; in uroporphyrl.n excretion 

occurred.· 

increases in the levels of v.rcpcrphyrin precursor. 

Guinea pigs treated td. th HOB sbO\tea no significant increase 

in porphyrln excretion apart from a slight pretenninal rise :in 
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urinaey coproporphyrin. Mice treated h""i th this compound also 

showed only a preterminal increase in urinary coproporphyrln ex­

o retion. (66). These animals showed no increase in their 

urinary uroporphyrin levels. 

ti ii ) Gajdos and Gajdos-Torok(l04 observed a greatly increased 

excretion of A.LA in the urine of rats treated with UCB in the diet 

for 2 weeks. but De Matteis @t al., {66) could detect no increase 

in urinary ALA excretion by rats or rabbi ts poisoned with this 

compound. 

Striking increases in the urinary excretion of PBG by rats 

treated l-."1th HCB were observed by Ockner and Schmid (226) and by 

Conversely De Matteis (6.5) could 

not detect an ir,oreased PBG excretion by rats treated with HCB. 

al though he had observed such an increase in the urine of these 

animals after poisoning tdth sulphonal. DDC, Sedormid or ALA. 

De Matteis and Rimington (66) found such an increase to be a 

terminal event in rats, and not to oocur at all in rabbits, mice 

and guinea pigs treated with HCB. They noted an early increase 

of an "ALA-like11 substance in the urine of guinea pigs poisoned 

with this drug. 

Jluman cases •. 

In persons poisoned with HCB during the Turkish epidemic of 

porphyria, ooproporphyrln excretion was moderately increased 
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,.mile striking Jlnereaees .ifi the levels .of urir.i.ar;v u.1"0porphyrin. 

occurred. (41, li.S; 26:;). PBG was said to have been eonsistentt:, 

absent £rem the urine of peirsone invol.'V'ed in this epidemic ( J,4,5. 

62. 26::;) although cam a.rd 2:igogoeyan (41) detected PBG in the urine. 

RelgJ,ed .... Qompoµodll.i 

Rimingto:n a.nd Ziegler (246) noted a:n incr~asei udnazy copro .... · 

porphyrin excretion in rats poisoned i.rith var,1.oua chlori~ated 

benzenes. P.BG· and ALA. excretion ocot.n:•red late in th~ course o.r 

such intoxications. 

Mice of the Alderley Park .albino strai.11.; -w'tlen treated with 

griseofulvin.. showed an early slight increase in ~rina.ey ,copro ... 

porphyrin levels. This t~as transiently more striking after about 
• r 

9 daye of drag adtnimi.st:ration. Females of the U.O.M. strain showed 

a. ro.ot-e pors:tstent, additional increase in urinary copropoi"peyrtn ex­

cretion after al>cut )0 days of treatment, tmloh was asaociated with 

the develo1.,i').'llent or featu,:res or toxlcity and liver da.mag.e, an.1 a re­

duction in faecal· porphyr:Ln excretion. (69). 

urine i-,ias noted. 

urine o:£ these an.imals a. .fter a f et•1 dayth 
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f'ot'lrdjne .and Po":lie (101) found Pl"olonc~ e.dministration ot 
,. 

Sedormid to result in the disapp.E:!at"ance of' PBG and porpl:tyrln ex ... 

oess !'rem the ur.i?l.e .. 

A return to ttonnal levels despite continued dru,g adminh:t,:a.tion 

was also demonstrated by De Mattei:s and Prloir (67}, end hy llaegerr:.. 

ti.:ronsen (1,0. l.Sl). · Arter t-..ii thdt1at,ial er the drug$ for l day, r.ats 

t"espondw to their rm1.nst1tution. wtth the exci.retion of: large 

amounts af por;phyrlns a:ncl porphyrin precursors in t,heir urine. 

(6?). Yet despite an irr~gula·r dosage scheme employat lr,1 Haeger .. 

neverth~.J.ess, ob~orved.. (1.50). 

of drug has led to a rapid retu:rn to nor.nsl levels of these sub ... 

stances, the decrease in coproporphynn el(:Cretion tald.ng sorn.ef.mat 

longer than that of uroporphyrln ol'" no. (l28j 226 .• 267, 302). 

phyrie state .bec,a,«,e Lrreversible despite oessatton of drug 

despite tr1e patients receiving no further HCB, w.tth exacerbations 

occurring in tl:le ~1;nimer. ( i~l. 62 , 22'6:,: 26 J) • 

FJ1ctors .... H1Ji!l?r1z~nrr, ia¢me ,o£,'.t~ • .2l'>s.e~ aMtlat{!DSHlL. 

Apart. ir¢m obviou$ .species differences, and varl.ations in 
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the actionsi o.f tbe drugsf other factors may al.so have contdb>uted 

to eomo o.f' these ol'Jaerved diff.ereneea. 

. ' 

tra tion, the excretion of .PBO and porphyrins was veey 1r.regula:r, 

larie amounts being det.eated o.n certain r,la:y.s, while on othe;r days 

they were almost or totally .absen·t. A clear-cut periodicity 

could be observed .in some instanees. 

Sohv..~rtz (277) stated ·tha·t while no PBG could be detected in 

the urine of ·ra 't$ during the first two days of Se::tonnid adminis ... 

Ehr.lien-reseting material which dif'feree:t .in several properties 

from those of' PBG itself. 

Conversely, Ri:ming't-<:m ( 2.JS) stA t~d tbs t when c irysta.ll ine 

PBG v.-as added to the urlne of: a no:rmal rabbit; 1nh1bt.tion •.of the 

colou1.,-reaotion w1 th Ehrlich's reagent oeeurrs'J t--ihicb. could be 

overcome by the a6di tion of ar, oxidising agent. H'..e .stre;sed 

that many subat""nces had been shmm to inhibit the primatlY eo~our. 

Prunt)" {234) four.d u~ to inhibit the rate of re.action 0£ 1SG witb 

Eh_rli.ch 's reagent. · Ascorbic acid was found to have a. ,marked in­

hibitor., effect on tb.i~ reac,tion. and to acoele!Qte f);i;ding of the 

oolc::mr compound. Glutathione .. 4\nd other sulphydeyl comp9und.s 

have also been shavm to interfere t-1.th the determination of PBG 

.. rl. tb Erlich' s reagent .. an 1nld.bi t1on which eould be overcome by 
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the presence of heavy met.ale auch as mercuey (lJ9). 

2. tA.TTEl~NP., 0[ 1:QRfflmR! ~XCRFrJ.'.iON IN TH§ FJ\EQES Jih1) .Blt.!11• 

(a). S$!1t2m2.4.. AT.A apg rma. 

Ooldberg and Rimington (128) reported an increase in eopro-
' ' 

porphyrln excretion in the faeces or rabbits treated with 

Sedotmid or AlA, and a oo.nsiderable in~rease in their f'aeeal 

· protoporphyrln content. The levels of the faecal fJOr.pbyrins 

were ehoi-m to var.1 pe.ri passu mth those of urinaey eoprcporphyrtn. 

The bile of' these rabbi ts contained strikingly increased 

amounts of copropo~1J.'in an! protoporphyrin; and uropo:phyrl.n, 

which did not norrrAlly occur. ~"BS present in large quantities. 

They detected small amounts of' PBO in the stools of treated .rats. 

Schmid and Schwarte (267) aleo reported high coproporphyrl.n 

srd protopol.'"Phyrln contents, with smaller amounts of uropor­

phyrl.n in the b1le and faeces · or rabbi ts trea t-ed td th Sedormid. 

Small amounts of PSG were present in the bile. 

Haeger-Aronson. (1.51) shc:1ed an increase 1n protoporpbyrin• 

and e. slight increase in coproporphyrin content of the stools ot 

rabbits treated with roe. Small:er inerenses occurred in 

content preceded by 3-4 days the increases in urinacy porpb7rin 

excretion. Gajdos and Gajdos-1'~:a•ik(lOJ) found eopro- and 

protoporphyrin to be inareasEd :tn the bile within )-l.J. days ot 

the administration ot 2 O of AIA to rabbits. Although this 



increase was e:onsiderable a.tter 24 hours.; uropor:phyrin and .. 

porphobilinoaen ·could.not be deteettd., 

(b)., JlCB., 

Oekner ard Schmid (226) .noted slight im~ses in both the 

copropor:phyrin QD.d protopcrphyrl.n faecal oontent of rat$ adminis­

tered HGB for sever.al weeks •. and Burnett a1:ld Pathak ())) 

demonst1'9. t~ an i.ne~ased u.roporphy.rln content, a. ma.:rkedly 

1ncr.~sed cop.roporp'.qyr:i.n aontsnt. and no ohangc in the proto ... 
' ' 

days. Tne changes were not progressive over the next two weeks .. 

In persons ~11th HOB-induced porpbyria Oetingil and Ozen ( 1i.5) 

det{tlcted a moderate increase in botb the eop.rClporphy:rin and. uro­

porphyri.n content of the faeces, while in cases reported· by Cam 

and Nigogosyan (41) and by Dean (62) faecal porphyrin cont11tnt 

copropcrphyrin content moderately
1 

1n mice treated with griseo• 

ful vin. The oharige occurred ea.rl;v, and in a step-wise .f'ashion 

to reach iiYlximum levels within j d~ys,., The temalea of' the 

u.o.a. strain lmich developed toxic features a.n:i died showed a 

prQgresaive assoaiated reduction in. their ftlecal porphy.nn con­

tent,. (69} •. 

two fowls trea. ted t-ti th Sedortnid b.r Goldberg an..'1 Rimington 
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(128) ahowea an immediate rlse in tne coproporphyrin .and proto ... 

porpbyrin ~ontent of thei.r GXCNit.Q. PorphobUinogen was :noted 

on the l+tll day, and uropowhy:rin on the 7th da.y. Uroporphyrin 

· , ·.. and ooproporphy"rln were of the s.el"'ies III isomer. 

~: 

The all.ant.oic fluid o:f eh!ok embr,iJ'os troo tej with Sed.omid · 

shewed a progressive inei'ease· in coproporphyri.n and. uroporphyrin 

uropcn."Pl1Yrin being sQl'llewhat less than tbQSe of aoprt\'Jporphy'rin. 

Porphobllinogen appsa.r~ after 4 days, ttas r_naximal on the 6th day, 

and had di-sappeared from the fluid by the 9th day. (313), '. 

An increase in the aUa,ntoie fl:u1d content ot both uropor.r,. 

phyrin and ether soluble por,pbyrlns, in equal amou·nts.- vr.ae founi 

1-n fertilised duck am chick eggs trea tei:1 with AIA. (101th 

.PA:TTEP.l~S OF PORP!:i?RIN AND IJ()1WHYRIN PP.Eeu"RSOR ACCUMULATION 
:™ T® tTt?SR. . ' . '~ ~-b:.~=--·-··~------------.-..-------
(a)• §edomt,(j. and, AU., · 

~gd)y,ttne,, 

o.oldoerg and Rin)ington (128), and De Matteis and Pnor 

( 67) reported a mode!Q te preponde~nce of p:rotoporpnyrin over 

coproporphyrin in the livers or rabbits treated w.i.th these drugs. 

A marked excess o.f protoporphyrin was :reoomed by Schmid am 

St:hwartz (267). by Haeger-Aronsen (1.st) and by Lottsfeldt et .. al 

(197} in the livers of web animals.. Ga.jdos and Gajdos~T~rik 

(.104) detected an .increased liver ocmtent or ether-soluble 
'. 
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rabbi.ts. 

Sano at.,,!;t. {256) tound much of. the protopor.phynn which 

accumulated in the l:l.vers or rabbits tl!d Sedormid or AI.A to he 

present in the mitGchondrl.a., while little Wiil.s roum in the super-

Uroporf;lhy:nn t\'.las present in only 2 o,f' 14 rabbit 11:,,ers 

studiecl. by Goldberg and :Rimingto~ (128) • I~ one of these. how- · 

ever, 1 t was greatly in ali.-Cess of. both oop,ropotphy~ and proto .. 

pot$byrln., l'.t could not be detected by Gaj~os and Oajdoa .. T!br?>k 

(10)) in tbe livers of rsbbits acutely poieoned with ,tIA, or ~ 

De Matteis am Prlo:r. (67). 

Schmid a:nd Sehwartz (26?) show~ that while only a sU.gbt 

inorease in uropo~yrl.n content was appa:rent in the livers of 

.rabbits .treata1 'With Sedonnid; heating of these livers resultt'd 

in the ccmvs:rsion of ~uch uropot'llb;-rri.n precureor to uroporphyrl.n, 

tihich 1>.-a.s thesm noted to be pre.eent in. amounts only .slightly 

smaller ~an was pl'Qtoperpbyrin. 

1"he work ot Goldberg and Rimington (J.28) revealed only a 

slight excess ot protoporph;yrin. ()Ver ,coproporpb;yrin. 1n the livers 

ot rats receiving these drugs al'id Sohmid st !1, (26.S) showed an 

equal inereaae in 'oot~ protoporphyri.n and oop:roporphjrrin content., 

Sobwa::rtz (27$) descrioetl a i"apid rise 1n cop?Oporl)hyri.n content to 
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peak values over 2 ... :) 4ays. am only a. slight increase ln that 

De Matteis ard Prior (67) on the other han:i, 
. ) . 

found protopo~phyrin content to increase to ve'f!'IJ much higher 

· levels than a.id cGproporphyri.n. Another £ea ture cf their o'bser­

·va t.ion was the rapid return tQ · nor.nal. lev~ls of both these: 

su.bsta.nces despite eonttnu<d drug admin1stta tion. Maximum por­

phy1"1.n content was apparent a.rter 5 da~s and after 10 days it 

. . 

Rimington and Ziegler (2t1,6) found raarkenly increased levels 

of both proto.,. and coproporphyrln in the livers or ra~1 , 

receiving A.IA ~i'licb t-1ere in exce.ss of the uroporphyrin ocmtent. 

In Sedoffiid ... treated rats, the increa.se in uroporphyrln eoncen­

trati-?n exceeded that of protopcrpl'l7:rin or cop1"01)0rphytlri. 

Sehwarte (27e) found. the uroporphyrln conoentIS ta.on to itt­

erease only after several days. Schmid ,et al (26.5) demonstrated 

a progre$sive i:ncre>.nse in hepatio u:roporphyrin oontent until in 

the later stages of their experiments this substance wa,s pret:Ient, 

in a.mounts greatly in excess ( tenfold} of either ccproporphTtln 

or pr-otoporphyrin. 

Goldberg am ltimi:ngton (128) also noted the .aP1,')ea?Q.nQ0 ot · 

uroporphyrin after several days of drug administx-a,ti.on; and hez-e 

too, uroporphyrln was present in excess of the other pc>rphyrl.ns 

£1,om about the 13th day of drug admini.stration onWll.rds. 

Q.nisat~ and Labbe (22'7) reported a prEIJ)Onder.ance of 
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protoporpbyrin .in the 11 vers of mice trea tat with AIA. There 

wa.e only a var, slight inc>:ease in the uropot"Ph}rrin content or 

these livers. 

'l'he livers ,of duck embr,vos treated with Al.A contatn'!d in ... 

creased amounts of porphyrlns. Al though the major 0001pon.ent 

1,,.ras (:H1mprtsed of ~ther-soluble porr.ihyrins. the major relative in-
' ' 

crease occurre.t .in urapo~phyrin. (104) .• 

SQb.wart~ am lkeda (279) and Sohv>.-artz (278) noted tl',le, . 

. occu:rrence of ce>naidefflble amount;s of ngreem porp~yrin.s" in the 

livers of' ~ ts and rabbi ts treated with SedonrJ.d• ani Haeger­

Aronsen {l.$0) also rePQrted s. 10 ... 20 fold increase in"green 
11- . . . 

porpl:1yrlns in the livers of rshbits treatf.d with this compound.. 

Porphol:iil.inogen was detected in 4 of the 14 rabbit 

li.vers studie-J by Goldberg and Rimi:ngton (l2S). Gajdos am 

Gajdos..:'.I:gr;k(lOJ) could nc>t detect any. PBG in the livers of 

?Gbbits acutely poisoned with a large dose cf AIA, 'vthile De 

Matteis and Prior (6?) found latge amounts of FBG in the livers 

o.r siiQh rabbits. They also found the ALA oontents of these 

livers to be markedly increased• 

Goldberg ari.d Rimington (128) found lQt livers to show Q 

progressive inereaae :ln PBG contGnt after 13 days of drug ad­

ministration. Merehante et al (204) could detect no PB(l i:n the 
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livers or tats during the first ) days of drug adminietJat.ion, 

wt found lncrea.secl amounts between the .Stb ... .l)th days. There 

was a marked variation in 1txiividual. livers. 

Rimlngton a~ Ziegle·r {246) noted a markedly ine:teassd PBG 

content in th.s livers of ta ts tNa te:i id.th A'IA or Sedottn1d for 

6-10 day:s. 

No ina.rease occurred in the 11 vers of mi,ce trea. te1 t-ri th J~ 

(227). 

{ b) • :Q!C.e. 

DDC t.dminist.ra tion was aocomp.-in1ed by a. thange in po~hyrl.n 

content very simUar to that occu.rrtns after AIA t~ tment in rats 

studied by De Matteis a.trl Prior. (67). The extent oi' the inerease., 

and the duration. were somewhat less td.th thts OQmpound., a.rd 

oceurred e.arlier. they e.lso noted a strlld.ng inerease in the 

hepatic prot.o,PQrphyrin content of rabbits poisoned. 'lil,1.tb DDC. am 
a. marke1 r,mt less striking coproporphytln increase. :?BG and >.LA 

were a.lso found to be present .in large amounts. 

Haeger'-.Aronaen (l;Sl.) repoTted. a 10-50 fold irllOrease in "green 

i=,0rpl'lyr1.nsl' in the livers or 'rabbits treatat witl1 DDC; ~.-hi.le 

Solomon and Figge (303) oou.ld detect no inereaee in the hepatic 

coritent ot II green pol'phyr1ns" of DDO-intoxioated rnioe. These 

mice showecl a progressive increase in the pro:toporphyrin am 

c;:opropoJ:1.)hyrln contents ot tbei.r livers, with the increase in 

protcpe,rphyrl.n beit.1.g about 10 times greater than that of ,cpro .. 

po~J;h-yr.in. (:302, :;03}. Ons.sawa am Labbe (2.27) reported a 
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similar pattern of change in miae t,rooted ~1.th this com.pound. 

ana also noted a fourfold inarease in AU content, wbile nQ 

ohange uas detected in the amount o.£ PBG Present, 

(a). HC:B. 

·when he,....achlorol>Rmsene was administered to ma.le Sprague• 

.Dawley risits; a fllir1y marked increa.se: in uroporpbyrl.n ccmten'ti 

,;.tas evtd~nt after 14 days., and. an 1;,--ven more strikirig relative 

inorease occurred in t.he protoporphyrin an'i de-uteropor-ph;rrin 

contents of the livers. In a~solute figures, uroporpb;yrin was 

. greatly in exo$SS of the latter compounds. (J)),. Oekner a.nd 

Schmid ·c.226) also noted a ver:.t striking increase in the uropor-­

phyrin content of the livers ot rats treated with Men over 2-8 

weeks; \r.i,.tli a slight increase in botb eoproporph:,rin a.rd prot.o­

i:,orphyrin .content, while Gajdos aml Gajdos ... Tir:bk (104) found . 

ether-soluble porphyrlns to be i.n e,reess o.t uropQrphyri.n. 

,De Matteis and Ri.mir.gton (66) reportt!d the, occurrence of 

.massive t;tuan:tities of a u.ro-,type porphyrin; with only slight 1n­

ereases in the coprciporphy:rin and protopo:rphyrin rraot1.oms in 

the livet"S of rabbits administered P.CB. Qualitative tests for 

PBO were negative. 

&lated 2om22um 1a .. 

Rimington and Ziegler (246) noted increased liver coneen ... 

trat1on$ of uro-. copro-. and protoporphyrin in rats tt'aated w'ith 
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less tht:'4n that of _proto- or eoproporphyrin... Ho increase .in 

the POO content of these livers tl.'l'iS detected. 

Ori.seotul.vin administra.ti<:m to :mice tqas sbot-m. to result 

1n the .accumulation of la.rge amounts of protoporph;rrin in tlte 

liver. associated with .slight increases in tbe coproporphyrin 

content, and even smaller ine1~ses in ·the amount of' uropor­

phyrin present. Porphobilinogen also appeared in the l.ivers 

in increased amounts.(69). 

An ine~a.sed protoporphyrin oontent in tha livers of \'d(!e 

Paget. (:342) •. 

. 4 • PATTEtiNS. OF FORPlu'hlN Ii.ND FOPJ?n1'Rn~ FRF'.£URSOR ACOUMU!,A:TION 
IN OTH?m ORGANS •. 

(a) • .S«,Scpnid and . s:tA, 
Sob.mid am Schwartz (267) noted inereaaed levels 0£ copro­

porphyrin, am ,slightly smaller .in.creases of uroporpn1nn and 

protoporphyrin content in the kidneys of rats trea. ted with 

Sedo~.id. 1.'his t-:.11:\s the only organ in which a ooproporphyrin in­

c :rease predominated. In the spleen, the brain, a.nd the plasma, 
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the plasua ef ·:iome of the rmbb.its t-thieh t:bey had treated t<1.tith 

Sed.onnid or AU, which was au~ to tl-ui presence of coproporph1't'in 

llI am som.e uro:porphyrtn !. They also not:ed; an i.ncre4\.se in 

·the renal oontent of uroporphy-t'in whieb was in some inst..ances 

grei.ter than· the ino:r~ee s:.n ht.i!patic u.:roporphyrin contmt. In ... 

creases in r-enal oopropo:rp.1\yri:n ,content weire .of similar 

magnitude to those oaeu.rr:'mg in the live:" and smaller increases 

.in both protoporpllyrin and f'Ba ware also noted. De Matteis 

and Prior (67) noted a .rnode:tat.e inerease in the rena.l content 

of copro-,., proto ... fillf! uroporphydti or rabbits poisonl:1d with AIA 

o:r DDO and also detected increased ainounts ct I.LA and PBG in th$ 

ld.dn&ys ,of these animals. N.o ehange o~ourrel!, in the bone· 1na.rr0ti1. 

Case e·tal (l~l,i) note:i a. btil11ant band .of red nuorasoenoe 

at the oortic.H>•me:'i:ull:a.ey junction of the kii:fo.ey of ra"c.s treated 

Chick embryos developed a :f.'1.uorescenoe in the mesone~rl:c 

and m(?.tanephtlc ducts. in the ealeii'i.ed portion of bones. in the 

stoma.oh. tn the intestines and in the cloacae. after l? aays of 

Sedorm:id administration. {.)13). 

(b). DDCA 

Solomon and Figge. (302) noted that after 7 days of DOC 

administration to mice, a line of intense red fluorascenee 

developed midway beti.zeen the renal oot'tex and the pelvi.s l4hich 

was a.$ a result{of' the presence of large a.mounts of protoporphyr.bl 
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a.nd much smaller amounts of uroporphyrin.. A pink :f'luoresctsnce 

wai, evident in the serum, The nature ot the respon.sible por ... 

pbyfin was :not elicited. 

Ce). HCB. 

Burnett aw Pathak (Jl) fou:nd HOl3 ... ad.ministration to oe 
assod.ated iti th an lnareasai uropo:r:p'lvrm content in the skin 

afte.r llJ. days .. 

Ockner and Schmid (226) deteote.d an intense :red t:'l.uorescence 

in the oo~te..~ of long bone,. but not in the tr.a.rrow:; of rat,s treated 

with HGB over long pieno:is. A red tluoresaence at t-he meta• 

physeal region of long bones and along the d1aphyeea.l inse,stion 

of muscles. ·with a lack of rtuorrt.seence .in the marrow, i~s also 

noted by De t<i'iatteis ;ftt al, .. (66). Rea fluoresaenoe in the 

epiphyseal line. the shaft of bones. ·1.UN! the marrot:t ca.vi ty 1.tas 

.noted by Carn;pbell (42) in HCB .. f~ rats after tMo we~.ks.i Cetingil 
u 

and Osen tound an increased trotoporphytlr:t level in tile bone 

marrow and plasma of a ,few r-atients with acB ... indueed porphyrta., 

and a slight increase in the copropo:rph;yrin eontent. (45). 

Oajdos and Gajdos-'fbr~ (104) recca:ded an increased porphyrin 

content in the kidneys ia.nd lunge of HG'S-poisoned iats. 

Griseo.fulvin administration ,.r.as associated tditb tbe 

appoorance 0£ moderately increased amounts of protoporpbyrin and 

copropo:rphyrtn in kidney and spleen, a~ Nith. very .striking 
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inc reasos of protoporphyr.in. ,and• less st:rik1ng, of copropor­

pbyrln. 1n the red blood cells of intoxicatm mice, ·far in 

excess of the .increases which occurNd in the li.ver. A red 

fluorescence was 4lso visible in cartilage,. and less markedly in 

ephiphys5l bone marrow. (69). 

j. CLINICAL A.ND PAHTOLOOICAL ~..ANIFF.STATIONS. 

('i) • Seaom;&d a!)d AI.A. 

ll!ts. 

Ra.ts treat~ wi tb AIA were noted to show some l.oss cf 

appetite, to be som~t constir..ated. and to lose weight. No 

cutaneous photosensitivity occurred. For gane hours after the 

administ.1ttion of each dose they. appeare.i to be daze::l. but, there 

was no clinical evidence or paralysis. (128). Case et 'il, (l14) • 

· on tho other hand, noticed the developnent of lethargy., a,nd 

weakness whi.ch was most marked in the hind legs, ani which pro­

gressed to pa.?G.lysis and death in CQma, in animals treat«l with 

Sedo:rmid. Weight loss was also a reat.ure. 

Rabbil§," 

Gastro-1.ntestirnil disturbances were Olirl.y Etriking in 

rabbits treated with these drugs. Anorexia, weight, loss and 

constipation were noted by Goldberg and Rimington (128) • and a 

progressi ,rely increasing gaseous distension of loops ot bowel 

occurred in oM of two rabbits studied .radiologically .. 
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Schmid and Sehwartz (26?) not~ tabhits treated with 

Se:.io:nuid to show gastric dilatation on X-~y. to1ith pyloric· and 

upper small bowel constricti.o.n. The large bowel ~ra.s di,ste-nae:t­

td th gas. Sudden death often occurred due to rupture or the 

stomach.· Stieb and Deeker (J06) m,ted the occu.r.r$nce .of ab;. 

dominal spasms ·and ~ra],yt1c ileus in so.ob animals.· 

Sedo:xmid was found t-o oove a px"'ofou.nd hypnotic ef.feet., 

wbile n0 loss of consc:101.isnEiss foll<>vred AI!li-ad.min1st!Q tion,, 

al though a few- :rabbits s.ppemr~ dazed £or l ;.. lt bou:rs after 

each dose. No p.3.r.alyses or par·eses 00011rred b11t seve1is.l ;rabbits 

developed t,ret'lors .of theS.r l!mbs •. en.ii violent comfulsions t?hiob 

preae(.'l.ed thei·r deaths.. (128) •. Schmid and ,S,chwartz (26·7) not4d 

. the dwelop.-nEint of lethargy., and! a transient ps.ml;rs1e of the 

hind legs am bladd.Err dul."ing Scdo:rm.SA admir.i.stratioih A 

pa.,:,al;ys:ts of the le:e;s in suob animals ms also notetil by Stich 

and Decker.. (S06). 

Although De Mattei.s and ftirn:i.ngton (68) did not normally 

obaerve neurological symptoms in laboratoq animals du:t'ing 

Sedormid or At.A administration, ishen the diet i-as det'a.ci.ent in 

pantot.henic acid. nEiurolagi,cal symptoms :follo-"'1ed the Qdnd.nis- · · 

tra.tion ot AIA. 

F':!tbql~ (Rabbits. Rats .• Mice). 

Saht,r.irtz (27a) noted an olive-green d.isaolouration 0£ th,e 

livers ot rabbits treate:i t-tl.th Siidoimid .for a rev., days, and 
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hepa U.c enl-a rgement in rabbit~ tr-ea ted td th A!A 1-Jas noted by 

Tschudy r;1j; alt (:)21).. Gol<iberg and Ilimtngton (128) dei;-aribed 

.are.as or necrosis in the·livers o:t rabbits treated 'tltith eitbEYr 

Sedorroid or AIA .• 

Fen.ton (95.) did not detect histological e:vidence or .myelin 

degenem.tion in the peripheral or central nervous systE;flls of 

r.a. ts treated. with AI.A. 

The li.vers of mice treat.ad Nith .Jt:tA we:re eoViewhat en ... 

l.arged, and tragile., &r:4 had a ireenish•grsy discolouration .. (227). 

Ol3i,gt .:.~.Jaey:os. e.ng J"o~ 

Chick e.,ubr.vos troa te:i with Setiotmid :v.-ere significantly 

smaller than controls from the .5th to 9th days of: treactm.ent; and 

a defin1 'Le retardation ot growth occurred fo.r at least :)Odays 

after hatching. (Jl:;). This retaid.a.tion of weight gain was 

also noted .in chick enbr.yos t.rea. t'1d with AlA, {l04). 

After l.S days of emb1?<.mic life gross external abnozmalities 

appeared in embeyos treated with Sed.onrd.d - wil:i.eh we:re 

it"Cminiscent. of those occurring in embr,yos developing in egg.s from 

ribo.fl.avin-deficlent hens. (JJ.j). 

Chicks were un.abls to leave the shells una.ssisted. 

Neurological involvement then manifestltd in the form of tremo~ 

or the wings and an inability to maintain an eq,u.il:.tbrium.(.31.3} .• 

:lhe l:tvers varie:i in ~olour fr-om olive to dark gree.i·i. 

\mi.to necrotic areas -w-ere a:pp;i.rent. l"iariced fri.abil!ty was 
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l'l'Ot<!lS treated with AU showed a loss <:>£ 111etght and became 

waak and lethargic:. (12.8). . 

(o). noo. 

n.ess in ~bbits irregularly tr-eated. with DDC ov,e1~ ;3 weeks,. 

of paralysis did not occur. 

Signs 

· DDC...administration in mice r~sulted i.n a rr..atting and d.is­

colou~tion of ·the llair art.er 4-6 da.;rs. Loss or t-reight a.r.d 

abdominal. distension also ocourred, bu.t no neurological eymptoms 

developed. (227). 'l'he livers o:t these ani:irials were larger than 

those found followin.g AI.A administration. ThE:i7 werta vary finn 

to palpation and t1ere da.rlc rm in colour. 

Guinea pigs acutely poisoned with DDO lost 50 .. 75·0 body 

t-re1ght in 48 hours. , When less acutely poisoned, the ad.rsnals 

beca~ne enlarged, and cirrhosis ot the 1iver developed sUb$equentl;r. 

Livet- mitochondria from such animals were sh0tm to be in­

creased· .in diameter, .and the area of th~ crlstae was also .. 
incretteed. (142) • 

Ockner and Senmid (226) n<~ted a high rnortality amongst 

:Jl ra.ts treated with HOB... l) d.ied ~r.tthin one month with tremor. 

po~iti J:Qetabolisn having oceur~A. A high mortality was also 

ol3servEd by Ga.jdos· and Gajdoa ... Torok (104) • who described the 
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oecurrence of pareses am generalised tremors in such tnts. 

Terminal neurological disturbances occurred 1n rats 

treated with HOB by De Matteis :tit gl.(66). Baby iats were par­

ticularl,y auaoeptible to the nervous effects of this poison,. 

The young ot HCB ... poisoned mothers died with convultions within 

1 - 8 days of birth, arxt foster rats died after 3 - l.t. da7s. 

fretfibling with being handled ()). 42) and the asoumption ot a 

humped postu.ro (Jj) were other features commented upon during 

HOB-administration. Campbell {tt2) did not detect -the develop.. 

ment of pat,alyses 1n r.ats treated with HCB ever 1) weeks,. 

Bur.nett and iathak. (:))) tound l:Qts treated vi.th, HCB to be 

:smallbr and mor,e docile than control animQls; am retardation 

of normal veigbt gain in such aninlals was also reported. by 

11 Ir . . ' Oajdos and Oajdoa-Torok(l04) am by Campbell (1.12). who cOllm'lented 

as well on the absence ot signU'ica.nt skin lesions, Bu.mett 

and Pathak C:33) found that while cutaneous photoscnsitivtty was ,, 

not a feature, deptlation csuu;ed cutaneous injury which did not 

occur in ,aont~l animals. De Matteis .!:tit Al (66) found quan­

titative tests for pbotoaensittnty to be entirel;r nepU.ve, but 

noted the ocourrence of outanc,ous lest.ans in the form: of depi­

la ted sores with haemorrbag1e eruats - oft~n epmotrically 

placed near the shoulders. They also noted signs of prurt tus. 

ti " Oajdos .and Gajdos-Torok (lO!i) reported the development of a 

cutaneous syndrome comprl.s1ng poor quality and browni&b dis­

colouration or the hair, and the presence or cutaneous eNptions 
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on the bead. feet am back. 

HCB-adminietration to rabbi.ts al.so resulted in anorena, 

weight loss and conet1pation. Death occurred after 8 - 12 

weeks. and during the last week or so neurological eymptoma 

developed in the fom of tremors and pareses. (66). 

HepatOt'll~galy was common; liver cell-degener..tion occurred 

around the ocntN.l veins; and the o1ze am nutnber of Kupf'f'•r 

cells were increased ln ?Qt& treated with HCB.(226). Campb•ll 

(42) also noted a hepatomegaly in HCB-ftd animals. rna:dmuro 

aft.er .S .. 9 wettks ot drug-a.dm.inistrat1on. (The livers of 

an~ls treated for 13 wttek:s were often normal. or smaller than 

normal in size). The livers ot these anitr.al.s were noted to 

develop a eboeolate brown colour. Histology revealed tbe 

pNsenee ot greatly enlarged liver celle tcr.,a,rds the centre of 

the lobule. wtiile more peripberall1 . a trophy had occurred. 

Single cell necrosis, focal. necrosis ~m nydrop1e ch1:1-nge vere 

evident. Fa. tty chimge ,md areas of necrosis were dcsori.bod 

0 l'IA Ji'tfl, n ( 0'·) by ajdos and Wllljdos-,.orok. . l .., • 

Campbell (42} comented upon. the appearance of i.ran 

granules in parenchymal cells after th,e .5th week. and upon the 

absenc• of wear and tear pigment and c'ir.rhosis. 

No demyel.ination or otbor histological lesion w.ae observed 

;in tbe centnil nervous system. (tr.2). 
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De Matteia: ,et al (66) rocontod the presence cf fatty change 

and patchy necrosis :tn the U.vers of ?llbbite treated with HOB. 

Mice a!JI suinl!. mo, 
Marked. neurological symptoms followed a .. 10 days ot ilGB-ad­

ministration to mice, in the natu);'e of tine tremors involving 

the whol.e bMy inclusive of head and taU, Dnd clonic contr.ac­

tions involviflg mainly the hind legs (66). Clu1nea pa.gs treated 

fil"i th MOB developed a. continuous coarse tremor of the extremities 

with occasional clcmic convulsiona. Weakness. more pronounced 

along one side of the body. was a reature. (128). 

Buman 9illUMh. 

In forsons w1 th HCB-induced porpbyria photosensi ti vi ty was 

a marked feature. and sk.1n lesions were pr=1nent in the fotm of 

bulloue eruptions. with seoondar., pyodenn1c infection, 

ulceration •. and extensive scarr1.n.g, hyperptgmentation. eype,r ... 

trichosis and alopecto.. (bl. 4S. tie, 62; 26:). 264). 

Uepatomegaly was common, as wasw,igbt loss. 

tleurological and abdominal symptoms were in:frequen.t. (62 .26)). 

(d >. Qrl.612tl!b:in1 

Female mice of the u.c.a:. strain lost weight, became pro­

gressively weaker 1.nd died after several weeks of. receiving 

gri.seofulv1rt. (69). 

'lbe livers of mice treated wi.tb tbis drug were enlarged (7, 

69. )b.2). and ;a.c~uired a progressive greenish-brown diecolouration. 
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In the later stages hepatomata were, common. ()42). Microsaopie­

ally there w.a.o extensive cellular necrosis, w1 th roum cell 

1nf1ltra.t1on, p1pent accumulation in li:11er cells and Kupffer 

cells, and bile duet )ir<>liferation with bile thrombi in the billar., 

canaliculi. 

6. QtimR BIOPPt:1IOAL .. §T,lJOIES, 

(a). Ham Protein§• 

Because of the high hepatic porphobilinogen and porphyrin 

· concentration in Sedoi,nid-poisoned aninmls, Schmid ot !! (269) in­

vestigated the aetivi ty or concen.traticn of some of the. haem. 

proteins in the liver - and other organs - ot saeh animals. 

Catal~use activity was measured in. the livers or rabbits given 

Sedormid orally, and a decrease vas noted after 2-) days, which 

upon further treatment was pN>g:ressi. ve to the point were the ac­

t.1 vi ty of this enzyme was r«.htoed tc lees than SI:, th& normal 

level. 

Thie effect en liver ca.talase activity was subsequently t'e­

peatedly confirmed ... in rabbits treated with Sedormid (10). 151, 

26.S). AIA (320. )2J.). or DDC (1.Sl) ... ~ts treated with Sedosmid 

(21!6. 265, 268. 269), AIA (67, 246) or 000 (61, 116) al.so showed 

a ll!Arked reduct.ion in tbe1r liver c&1tal.ase activity, as did mice 

treated with A.IA or DDC (227) or griseofulvin (69), and chick 

em.br.,oo (Jl)) and geese (277) treated with Sedomid. 
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Ookner and Schmid (226) could not detect a. e1gn11'1eant re­

duction 1n the heptic catalase activity of rats treated for 

several weeks with hexa.cblorcbenzene. and no td.gn1f'i:cant e.f'tects 

on the levels of activity or tbis enzyme were noted in rats 

treated with var1o\ls chlorl.nat,ed benzenes. (246). · 

An analysis of Haeger-Aronsen•s (1SJ.) inv&1t1gations of 

hepatic ca.ta.lase aetivit.y reveals much variation in the levels of 

aettvity which obtained at different intervals after drug adm1nls-

tr.ation. This may merely reflect the irregular dosage schema 

which she employed. 

De Matteis and Prior (6?) tound heIJQtic eatala.ee a,cti.vitT to 

return to notmal after about 2 weeks desp1t.e continued. drug ad­

ministration. 

In vivo studies Vi.th glycine-2 ... clb. suggest.ed tbat Sedomid 

i.nterfeNd 'W1th the formation or cat.a.lase. 48 haurs atter the in­

jection of labelled glycine into tG.ts, no tadioactiv1 ty could be 

detected in the prosthetic haem group of' the liver c•talase or 
Sedormid-poisoned animals, ·while significant activity was present 

in that from control groups, (265, 268). 

Catalase activity in the t*t kidney w.10 shown to decrease 

slightl.1' during tbe first few da:,·s of Sedorm1d feeding, wt 

thereafter the pattem was no longer consistent or progress:\.ve, 

although an overall slight reduction in activity was apparent.. 

(26S. 2~). 'l'schudy et al ()21), conversely, could detect. nQ 
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alteration 1n renal ca.talase activity in rabbits treated with 

AIA. Er;ytb.rocyt.e catalase activity was uncmtnged in Sedomid-

treated rats (26S. 268} and. 1n grl.eeofulv1n-treated mioe.,(69). 

Gray (l!J.4) did not detect any change in tbe hepatic 

catalase activity of a pati.ent with acute intefflittent porphyrta. 

Find.la7 (9S) found a reduction to 10,t of control values in the, 

catalase activity of the bullous epidermis or the sun.exposed 

dorsal surtaoea of' the ror&arms of pi tients 'With porpnyrl.a 

cutanea tarda. In the n-0:mal skin of these patients (back and 

tlexor surfaces of forearms) the oat.lase levels were noi:mal. 

Tissue culture cells grown in the presence of AIA showed a 26" 

r«iuetion in. their. catalase activity. (57) • 

~jjocbrome C; c;ytocha,me ruMAs~, a)ld rmru;tni& debxdreaffllsse, 

Cytochrome C conaentrat.ion in mt livers was shown to be re­

duced (26S, 268) during Seaomid adn\i.nistration although. it ~s 

felt that the effect while apparently significant might have been 

.related to excessive weight loss.. Where weight loss was not 

marl(ed• cytochrome C concentration did not di:ffer greatly from 

tbat in control animals .• 

Varmotti ()24) round cytochrome C concentratioos in tba livers 

of Sedo%'l'llid-trea t«1 tlilbbi.te to be significantly decreasod atte:r 3 

week&. He alao f'ound daily intravenous protoporpbyrln injections 

into rabbits for 1c .. 1s days to result in an incr-eased c)'tcehromo C 
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concentration in the l1ver. 

No sign1fican.t change occurred in the activities of hepatic 

cytochrome oxidase or suac1Dic debydrogenase ln Sedomid-treated 

rats. (265). 

ffemmob1n. 

Haemoglobin levels have trequentl;y been shown t.o be unatfee­

ted 1n the "hepatic forms" or the drug.induced porphynas. {66. 

67. 128. 26.5). 

(b). Enzpea of 1,he Pomrun Blg@l!Dthet!;. Pat;hyay. 

ALA syntt.eta.se activity was ebown 1.?y 0,..;niek (l)S} and 

by Oran1ck and UAta (141. 11'2) to be inere0ised in the liver 

mi tocbondria ot guinea pigs QeCUtely poisoned w1 th OOC,. while 

such activity was NO! detectable in t.be livers of less, acut,ely 

poisoned or normal guinea pigs. An inoreased At.A synthetase ac­

t1\tit7 in the liver mitoohondriia ot tats flsuba<,utel:,u poisoned 

with DDC wae demonstrated by Ginsburg ani Dowdle. (116). 

Miyakoshi and Kikuchi (:208) found AU. synthetase activi.ty to be 

mancedly increased in. th.e liver mitochomr:ta of rats po1aonecl 

with Ali. 

Granick (lJ6, 1)7) demonstratecl that an increase in the ac ... 

tivity of' this enzym.e could be induce:J in liver parenchyma.1 cells 

in v1tr9 by a number of chemicals capable of induc1ng aoute 

porpbyria in animals. AU was meat effective. and 000 and 
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griseofulvin less so. Chlorotone and aminopyrl.ne were also 

tQund to be effective in this respect. 

AL! dfflh!dAPA:. 

,'U.A. dehydrase $Cti vi ty was sb.01m to be inereased in the 

livers or rabbits renders! porphyrio with Sedomid or AIA (110, 

11:S, .320, )21). while in rats treated with AIA. Tscbud:, u 1J. 

()21} found tho activity of this enzyme to be decreased when 

the results were expressed per unit. weieht ot livel", although 

the total. bepat.ic aet1vit7 w:ks granter than tbat of the control 

animal livers. Rindngton ard Ziegler (21,.6) noted an increased 

level of ALA dehydrase activi t:, in the livers ot ~ts treated 

w1 th various chlorinated benzene compounds. 

Ord.saw.a and Labbe (22?) found little change in ·the hepatic 

Activity ot At.A dehydrase 1n .mice treate:! with AU, wh1.le in 

mice treated with ODC they found a REDUCTION in eneyme Activity 

to 11i the nor.mal level. 

O·ranick and Urata (l!J2) detected n.o change 1n ALA d6hy ... 

d!Qse activity in the livers of guinea pigs treated with DDC., 

amt Oe Matteis aid Rimington (69) presented evidence suggestive 

of increased JtLA dehydrase activity in liver hanogenates from 

gr1seot\tlvin-treated mice. 

l,evel..s of $Ctiv1ty ot thie ens,yme in the kidney have also 

been ehown to be increased in animals trea te:i w!. tb AI.A. or 

Sedomid. (llO, 11.5, J21). 
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Treatment with I,:benylh,Jd.raeine .resu.ltel in anaemia. am 

in an increased activity or AL.A, debydl'Qse ln bleed ant.1 sp,leem 

whereas the activity in bone.marrow spleen. tilooct, 'braift,hecu·t 

muscle· and small intestine ns nonia1 in Seti<tttnid-treated 

rabbits. (110. 11.s). 

fhe effects of lead on ALA dehydrase activity have been re­

viewed by Chisolm (49). who quoted evidence in favour of its 

having an ir.lhibitor.y influence. 

Scott (282) re:ported on 2 c.:iu,e:a of acute intermittend por,.. 

pbyria wh~ sbewfld an .increased rate 0f conversion of ALA to P80. 

and be postulated that this might reflect .Qn increased. hepatic 

ALA deb7drase activity in this cond1.t1on~ 

. i!otm! Rtei<?POfflb;g:,ri,g. Qbtif tf§L, 

Ferroiprotoporphyrin cnela.tase activity was shown t.o be · · 

greatly- reduced ln the livers of 000 .. trea ted fld.ce. (227). · 

(e). JAti.Pe Htttuo11em .. 
A Nd.need excretion of uric acid into the allantoic 

t'1u1d of chick tmib?7os treated nth Se1!oJtn1d .or AU has been 

demonstrated .. (182, 183. )l.S, 317). That this was not due to 

impaired oxidative catal>oliem of purines was shown by the demon­

stra. tien of noimal oxidation .. arid excretion ,of exogenous. adenine. 

(l83t Jl.S, 317). Aleo, incorporation Gf glycine-2-ol.4 into 

~rines by these embryos wile sbown to be reduced (18J, 31.S) 

suggesting pro~'bl6 1.nhibition of purine syntb.esis .. 
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De flatteie and Prior {67). however, did n.ot deteot any al­

teration in the uri:nar,r all.antoin excretion of nts treated tid.th 

ei the:r Sedoimi-d.. AL\, or DDC. 

Labbe et al (182) demonstrated a :reciprooal · relationship 

between the amounts of. uric acid an:! porphyrin excret.Ed into tho 

aJ.lantoic fluid of porphyrtc chick e:nb17os. It was also .shown 
I. 

that the addition ot exogenous adenine or adenosine resulted in 

an increased uric aoid excretion.. a reduced porphyrin excretion, 

and a marked improvement in the ,u,;sociated physical signs. ()l?J. 

h.nthine ar:d guanine uere without similar effect. 

In DDC- and HCB-intoxicated l'GtG, De Ma.tt·eis gt aJ. (70) could 

detect no significant. change in the liver nucleotide content as 

compared with norm.al control anitnals. AIA and also 

2prop71 ... 2isopropylacetamide (a substance that has been repo:rted 

m to i~uce poi:pbyrla} adm.1n1stra tton, resul. W in a decrease: 

1.n liver ATP with an increase .in liver AMP concentrations - with 

the result that tho ATP :. AMP ratio fell. al.though the total 

nuclNtide content remained vitbin noiml lim1.ts. Similar 

changes wen noticed in the guanine nueleotides, but uridine 

nucleotide pg. ttems were unchanged., AIA waa .tound to decrease 

the ATP concentration or both BeLa cells ard "L" cells in 

tia8Ue culture-prep.rations. (.S?). 

Merchaote 1:t, al (204) found no significant alteration in 
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tb.e concenttQtion of ri.bo- or desoxyrl.bonucleic acids (RNA.ONA) 

in the livers of Sedomid-treated rats. Cowg•r et al (57) 

f'ourd the RNA phosphorus content or tissue culture cells grown 

in the presence ot AIA to be maricmly increased.. fbere ,.as 

only a A'J; increase 1n the 1lNA p,osphol'Qs content of these cells, 

but this 1'18 consist.mt and r-eproducible. 

ru.mington and Ziegler (2"'6) noted :t sl1.ght decrease in the 

overiall wrldine nucleotide content of the livers of rats 

treated with var1 .. ous chlorinated benv:enes. and an increase in 

changed in the livers of these animals. but was incNased 1n 

the 11. vars ot animals poisoned w1 th 4IA or Sedormid. The 

NA'D;NAOH2 ratio :i.n such animals was 1£ an:,thi.ng, lowered. 

Lottsteldt a~ al,(197) showed that When rabbits were treat«l 

with both AlA .!ld. inosino. uropo:r,piyrin and coproporpby'rin 

accumulation. in the liver did. not occur (as did occur with treat­

ment w1 th .AIA alone) and the accumulation of protopo~in was 

to onl7 30,-& the levels that obtained in the absence of addd 

inos1ne. 
.. ff~ ( .) Oajdos :trd Oa.jdoi, ... Torok 104, 105 demonstrated an in-

hibitor., effect of. AMP and inosine on the increased biosyntbesis 

of por,phyrins in the drug-induced porphyrlas in the :rat, iabbit 

and chick embI70, am demonstrated a beneficial effect of tneee 

two compounds on the signs of t.he ,U.seaee. Tbq (106) also 
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show a.n inbib1 tor,y effect of purine nucleotides am nucleosides. 

but net or the corresponding pyrimidine derivatives, on porph)'·rin 

synthesis i.D .. yitro by Rhodopscudomonas spheroides: am an actual 

inhibition of: ALA synthesis. 

AMP administration to humans in attacks of acute porphyrl.a 

'rtas shown to be beneficial .in 8 of 10 cases where it wae en­

plo,yed.(104). 

De Matteis and Ritni:ngton (69) were unable to demonstrate a 

bene.t'icial effect or AMP upon griseofulvin-induced porpbyria in 

mice. 

(d}. Pr9tein and Mlino AoW Metabolism, 

Welland pt al ( 340} demonstr,a ted that in pa. ttent.e with 

acute intermittent porphyrla the .feeding of a diet de.ficitrmt in 

protein resul tt..'d in porphobil1nogen excretion bein.g increased 

deepi te the maintenance ot the caloric intake vi th added tat. 

Richards am Scott (237) demonstrate.I .a substantially in­

creased outpi1t ot KL.A an:! PUG in the urine of 7 of 9 patient~ 

with acute porphyri.a after the ingestion of a large dose ot 

glycine. while the l"Qte of e.mretion in nounal subjects remained 

within nor.mal limits. Olyeine-Qdministration was also Ghovn to 

facilitate the induction ot porphyrl.a by Sedo:rmid in rats. (l). 

Histidine and beta .. al.anine were w1 thout similar effect. 

Richards and Scott (237) aleo demonstrated an iJnpaired con-
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version or glycine to :serine in ) patients with "English .. 

porphyria, while in :; patients with Swedish genetic porphyria 

the 1nc:reaee in serum serine concentrati<>n !'ollcming oral 

glycine-administJG.tion was normal. or greater tban nonnal. and 

its subsequent fall dela;yc. 

Impaired incorporation of glyci:ne-2 ... cl4 into turlnes by 

chick emb17os treated w1 tb Bedormid or AIA has been demon­

strated (18), 317) but Oow:tle (?4) could detect no d.efect in 

the incorpol'Qtion of glycine.,.2.Cl4 into url.c acid oy J porpnyrio 

su.bjects. 

Tbe j.n. vJ,t,t2; oxidation of the alpha ca.:tbon atom of glycine 

to CO2 bae been shown to be impaired in the livers or rabbits 

treated with AIA (320.321) and of J:G..ts treated with HCB (75) 

or DDC(l16) ~ Dowdle (74) eould not detect any defect in the 

conversion or glycine-2 .. c14 to 002. eit.ber, in :, patients with 

porphyria. 

Goldberg and Rimington (128) showed that while a glycine 

spot could be detected on chromatography of normal rabbit urine. 

this spot showed at least a· fourfold reduction in intensit,- in 

tbe urine from .5 rabbits severely affected by Sedorrnid or AIA. 

The,- a.ls<> demonstrated that whereas onl.7 a glycin.e ,spot could be 

detected trom. nonna.l JSg})i,;$: urine. .) l'Qbbi ts treated with 

Sedomid or AU voided several. other amino '3.cids as well. 
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Changes in the pattern ot amino acid excretion could not be 

detected in the urine of porP}\yric ra:t:O• 

G:m7 & il (11•5) noted an. in.c.reased incorporation o.t cl4 

from labell«l aoeta te or suecina te into glutamic aeid by the 

livers or rabbits pNWiously treated w1tb AI.A, am also an in­

creased ineorpc>ratton intoalanine wen label.lei succinate was 

used. 

Qeva t-ed blood. ammonia levels were shown to be a constant 

finding in BC.8-induced por~ri.a in guinea pigs ard mice., (66). 

( e). OarbohYd1'!.U&1 Metabol,isn in, Porph;y;ria, 

Tscbudy' s group (249. )40) found increased dietary 

aarooh7(1rates to ditnin1eb the excretion of urinaxy PBQ in both 

experimental ant human porph7rta. and De Matteis (65) f'ourd 

glucose a.dministration to repress the development of porphyrla 

in rats treat«l with A.IA. Wellard .flt a). ()40} cited un ... 

published work of their group de::nonstxat1ng an inhibit.or., effect 

of or.al sucrose upon hepatic ALA. synthetase activity tNhicb was 

found to be markedly increased in starved rats given A.IA. 

Joubert td,_.a:J, (169) found a decreased rate of clearance of 

exogenous wru.vata trom tbe blood of porpb;rric Bantu patients 

as ca.npare:l with n.omal. controls. Goldberg and Ri.mington (129) 

foun:! the pyruv:ate toleJQnee ·test to be frankly abnormal in l of 

2 patients with acute intexmittent porphyria in. wham this test 
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was performed. Blood pyru.vate levels were greatly in excess of 

normal 90 minutes after the ingestion of glucose. · Hierons (161) 

a.lso foum. an abnormal pyruvate tolerance test in two such 

patients. 

Tsehudy et al (320, 321) could detect no altel'Qtion in the 

capacity of liver tissue from porphyric animals to oxidise the 

l and 6 ca.rbon atoms of' glucose, and the alpha carbon of pyruvate 

to CO2. Lactic dehydrogenase activity in these livers was found 

to be reduced. 

Cowger ct al (57), working with sevent.l strains of tissue 

culture cells, found that AIA resulted in a markedly increased 

excretion of lactate, and a smaller increased pyrovate excretion 

by these cells. AIA increased their rate of glucose utilisation, 

and :. stoichiometric relationship existed between the excess 

glucose utilised and the excess lactate produced. They also 

cited unptiblished data indicative of an increased lactic acid 

concentration of \d'lole chick embryos poisoned with A.IA. 

Parke and Will.iams (229) noted an increased excretion of 

glueuronic acid in the urine of HCB-treated rabbits (signs of 

porphyria were not sought or commented upon) • and De Ma tte1S .§!.t 

.!J.. ( 66) found a prompt and sustained rise in glucuronic acid 

excretion in the urine ,0£ Nts receiving HCB. A !ill in glu­

cu ronic acid excretion was noted in the ur.ine of :,:gbbi ts 

receiving this drug. 
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Oran1ck (l.36) fourxt that drugs kn.own to be oai;:;.ible ot in­

ducing an increased urinary ascorbic acid. excretion in animals 

(chloretone and atu1nowri.ne) caused an increas«i pol.'"Pb;!rin syn.. 

thesis by chi.ck embryo liver eel.ls cultured in 'ii,\1$h A 

pronounced incr-ease in urt.nar., ascorbic acid excretion by rats 

rendered porphyrio 'Hi.th noc. was dem.onstrated. by Ginsburg and 

Dowdle. (ll6). 

De Matteis (65} subsequently demonstrated an increased 

ascorbic acid synthesis in rats as a result or the administration 

of several d r11gs known. to ca.use porpbyria. 

(r). l!t f:1etab2\i$ll,iD P2mut.1, 

Schwartz (278) demonstrated a progressive inarease in 

phosphollpid am total lipid. content of the livers of rate 

treated w1 th Sedo:rmid. .L.abbe ct 1:6 (180) also den.onstr.ated '1 

toto.l ltpid increase in porpbyric rat livers (AU). They 

showed that the 1ncorpor.at:1on ot acetate into tatty acids was 

more than doubled; atxi the rate of incorporation ot sucoinate 

into :t:Qtty acids was also felt to indicate a greater fatty acid 

synthesis in the porphyrl.c rat liver. 

{g). I13m Metagolism., 

Serwn iron levels have been shown to be raised in 

symptomatic poi,:hyria in the Bantu (172 •. 181"'• l8S, 2,59). in 

coloured subjects ()2)) and i.n whites. {op cit 1?9). 
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Increased lev~s have also been detected in subjects with 

variegate porpbJ"?'ia during the acute attack (2S). and in patients 

with acute intermittent porph7ria. (op cit 179). 

:i.ron 1n both the Kupffer eel.la ard tbe parenchynlal cells of the 

liver has been descri.bcd 1n these conditions in a high percen• 

tage or cases. (l8lJ,. 1as. 323). 

An increased. rate of absorpM.on of orally ad.ministered iron 

b7 subjects w1 th ayroptoma tic porphyrla was suggested by ~unders 

(259). ,altllough it has also bean suggested that these subjects 

ingest e:KCesrd.ve amounts o.f iron in the alcoholic bevel'Qges to 

which tbey are prone. (1?9, 2.$9). 

Vannotti ()24) deinonst?Qted a "very real .inerease" of iron 

fixation in the bone marrow and spleen· of rabbi ts rendered pore,. 

phyrl.c with Sedormid, am Lottsfel.dt et al (197) demonstf\'ilted. an 

increased uptake or re59 by the liver'S of such ?Qbbits. 

Livers of mice treated w1 th cri.seof'ul vin were also sh.ow to 

have an increased uptake of Fe-59 - in yjvg ... ( 69) , cs did li. vers 

from mice treated with AIA. (227). Conversely. when ,mice were 

treated With DDC there was an 8li r«tuet1on in the ab111ty ot 

their livers to take up iron. (227). 

An inoreased incorr.oration of iron into liver haem was shown 

in livers tram AIA-treat«i roice (227). fr= Sedormid-treated 

rabbits (197), from AIA .. treated rats (180) and from ;riseofulvtn­

treated mice. (69). 1'.ben mice were treater! "11th. DDC there was a 
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marked Nduct1.on in the ability of their liven to 1ncorpo~te 

iron into haem. (227). 

Cowger Iii ,il. {57) found that cells gt'O".m tn tissue culture 

in the presence of AIA showed a 6'JJ greater uptake of Fe'J9 than 

did control prep;.tl'lt.ions. When these cells were grow in the 

presence of AL\; there was a l4i inare:lse in their iron conten.t. 
. . 

Theron ot, &Ji ()07) showed that rate tt'd an iron-enriched 

maize-meal diet bad a nigh content of ir<m. in the liver paren­

cb3'Ul cells after 16 da:,s, whiah later af.tectecl the Kuptfer 

cells also. In the live.rs of' these animals there was a rtiluco.i 

activity of isoaitric dehydrogenase, malie dehydrogenase al.'Y.i L. 

glutamate dehydrogcnaee, and ot Df}JR diaphorGse, lthile DPtlJ:1-

cytochrom.e C reductase and PPNH o.ndase activities ware 

considef'G.bly increased. 

Dowdle and Oinsburg (?Sa) fed weading rats a similar diet 

but were unable to detect any increase in the porp."iyrin content 

ot their livers. · 

(h). Mi.ec;elde!leous data, 

Rimington and Zieglecr (246) showed that the induotlon 

of porphyria by chlorinated benzenes w:is prevented by the ad­

rn1ni.,stre. t1on ot glutathione, and Owens (228) c:i.ted. the 

unp:tblisbed work of De Matteis showing that glutathtone was not 

effective in reversing the effects of an established intoxi­

cation with MCB. 
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Owens himself (228) demonst!Qted a retardation in the ro.te 

af devolopnent ct porPbyri.a in tw strains ot mice treated vi.th 

g.lutatbione 4nd reoeinng griseot\llvin in the diet. ?orphy2"1n 

precursor excretion increased less quickly, but eventually reached 

the same levels as tllose in the url.ne ot control animals not re­

eei ving glutath1one. No mueti.on 1n the initial excretion of 

protoporphyrin 1n the faec,es was observed, but glutathione 

lesoened th.e amounts excreted after 100 hours. 

Rimington am Zieglcer (2ll6) could not detect any change in 

th.e hePQ.Uc gl.utath1one concentration of rats receiv!.ng Sedormid, 

AIA or HCB. Trichlorobemtene resulted in a definite f'al.l in he­

p!\tie alutathionc concentration. 

9umett and f'atbak (3)) found the levele or uroporphyrti, to 

be markedly inct'eased .in the urine ot ~ome HCB .. intoJCica tG'! rats 

on the day following a 20 minute ether anaesthetic-. fney also 

found II period of exposure to radia.nt energy to result in an in ... 

creased excretion ot ooproporphyrin by RCS-poisoned rats. am 

talso ot uroporpb,yrin b;y some of the animals6 An increased uro ... 

and coproporphyrin ti!xcrotion .in tho faeoes was noted in J or 4 

euch rate, and of protoporphyrin in l or these animals. The 

uroporpbyrl.n content of the skin and liver of such HCB-

poisoned xats wae found to decrease following this exposure • 

. Ru.nge and Watson ( 251 ) could de:11onstrete porphyrins in 
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the skin of the hands of only ) of 6 porpbyria p;ititSntts. In 

skin fran areae not usuall,7 exposed to sunlight. po)"pbyrl.n.s were 

de.'l!lonst~ble in all 6. 

Bellman e\ aJ. (160) deteet«t an elevatior, .c;.f the protetn.... 

boun:l. iodine in the serum or patients in various stages of acute 

intermittent porphyr1a. Levels wereusually highest duri:ng the 

active phase or the c.iisease. In, 1939 Sumegi am Futn.oky ( op 

cit 332 ) had reported. intense thyroid hyperfunoticn in l'Qts 

renderat porphyr:ic with various heavy metals or injected wit.h por­

pbyrins. 

A disturbance of zinc metabolism in the .acute J:base of acute 

intermittent porphyri.a has been dcm.onstJ'Q.ted in the form of an 

increased urinary excretion of zinc ar.d zi.n.c-porphyrin CO?llple.xe.s. 

an inorease:l zinc content o.f er,ytbrocytes, and a·n increased ao­

ti v1 ty of tho zinc-contai.ning enzyme carbonic anhydrase. (op cit 

170). A derangement of tt)1Ptophan metaboJ.ism under these e1rcum... 

stances has also been demonstrated. 

Cowger 2t al (.56) detected an inhi'b1toq effect of various 

compound.s on beet heart Dt111! o:ddase activity. They were str11ck 

by the structural simila.rl.ty of these compou?lds and compounds able 

to iriQUCe porphyr:1.a. They investigated the influence ,of these 

compounds on the acttvi ty of this enzyme in cul tum cells, and 

found AIA, and also Affli,Vtal am seconal to be ,.nhibi tor.,. 
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None of theae compounds inhibited suceinate oxidas~ ac­

tivity .• 

'i'beise eo::n.pourd.s vere also round to 1:nhibi t oxygen 

utilisation by the cells respi.ring en endogan~ua substrate. 
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Wistar albino rats. of both sexes, were used tbrougbcut 

the invest1gati.one. 

They were treated with a number of c®pourds known t0 be,· 

or suspected of being, capable of inducing porJ)hyria. 

The following compounds were administered. in the manners, and 

to the groups. indi.cated:-

(1). Oigargft!.hQiQl•!JibXdrggollidin@ ,noo), This was prepared 

according t,o the method described by De Matteis and Prior (67) 

and gi,ten to temale rate. (i), as a 12,i~ ,f/v emulslon in ii 

Edi.fas (I.a.I.) by twice daily ( 6 a.m. and 4 p.m.) intragastric 

administration. ilr a dose of 250 mg/Kg. body weight. end (ii). 

as a 0.2}/, mixture in the diet. 

(2). AU!;U.§Gproa;ycetamid,e CAIAl, which was received as a 

gift from Roche prod:uot.s, was given to male rats as a l2t' w/v 

solution in proP3lenegl7col by twic::e dally intrattrustrlc adminis­

tration in a dose of 2 . .50 mg/'ff..g b:xiy ~:eight. 

(J). Hmcbl.orot,enzeog (HCBl,,. This compound was bought from 

British Drug Houses (B.O.H.) and givEin to female rats (i) • as a 

o.2i miltture in the di.et. am {U.). by twice daily int:ragastrtc 
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adm1nistra tion. as a 12~ emulsion 1n U, Edifae in a dose of 

250 mg/Kg l:D:ny weight .. 

(4) • ,Qlal,gret,one {Qblorl;mt@ntll, This compound was reoeived 

as a Gift from the Groote Schuur Hospital dispenst\.ey :and was 

Biven to rate or both sexes as a o.s'1 mixture in the d1et. 

T.he animals were bred 1n the animal house of tbe University 

ot Cape T'own Medical School •. and were transferred to a.n animal 

room adjacent to the laboratories 0;.s required. The1 were 

housed. in iron and zinc cages w1th steel bottoms. The tem .. 

perature and humidity wore ma1!3tained at constant levels. 

The rats ffl'"re £ed. a diet of rat-biscuit cubes (Vereeniging 

Consolidated Mille) and tap water AU1le. When the drugs were 

to be administered. in the diet, tbe cubes were c:rueh~ and. the 

drug admi:Ked in the proportions indicated. 

Animals trom some groups ~ere normally tect until their re,. 

rnoval to the laboratory just prior to being killed. while those 

from ct.her group$ were placed 1n metabolitmi cages at 4 p.m. on 

the day before their being killed. These animals were starved, 

but .tllowed free aoeess to water. Their urine was collected 

over an 18-hour period. and they were then transferred to the 

laboratory and, killed. 

Control animals were mlitched for sex. weS.ght, dietary status 
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and season. Tbe importance of' those f'aotors is d.1.scusaed in 

Section 5. 

They were housed in the same animal room. but in seplrate 

cages, and received the same diet '1S the test animal.a. 

The parameters which were studied ere summarised in Figure 

The animals were killed by guillotine, and their liv6.rs 

immecU..ately ranoved., waehecL1n the approprl.ate ice-cold bomo­

gen!.sing solution,, placerl 1n a Petri dish eurrour.ded by cracked: 

In order to investigate the levels er activity ,of hepatic 

pyru.vate kinase. G-6-P.o •• I.c.o •• G-O.T •. , lactic debydrogenase. 

and catalaee. the livers wore homogenised 1n ice ... cold 0.1 M fri.s 

buffer (2-amino-2-(Hyd:rox;r-me~l)-l:) Propanediol), buffered to 

pR 7.4 at room temperature in 1,.5 w/v ratio, Hom.ogenisation 

was obtained by means .of a power driven Teflon homogeniser 

( Gallenkamp} followed by tbe use .of a Potter-Elvehjiem glass 

homogeniser. 'l'he homogenates we:re kept in cracked ice whenever 

possible. 

Aliquots were removed :for determinations of cat.a.lase ac ... 
' 

tiv1t_y, and total phosphorus concentration. which was m.eaw:red 

according to t.he method or Fiske and Subba Rau. (100) ~ 
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The homogenates were centri!uged in a Heka model centri ... 

fuge • set to position 3 for 10 minutes. The supema tea were 

then tnfisferred to tubes where the7 were suitably' diltlt«i 
. .' 

with cold 0.1 M Tri$ buffer ( pH 7 .4). 

Dilutions of l:l with tbie but.fer were used f'or the measure­

rnants of the activities of P,YJ'llVAte kinase. and G-6-P.D. For 

determination.a of the levels of activity of Q ... O.T. am ICD a 1:) 

dilu.tion was used. and of h\ctic dehydrogenaee a 1,79 dilution. 

All these enzyme activities t.1ere studied by follO'h-"ing the 

change i'n optical densi~ at )tiO mu. ot :a. DPNtDPNfl system in 

coupled reactions. 

'l'be methods are ba.sed on those described. in "Methods in 

.Enzymologri ( Sl). as rttodU'ied by Me~oft (20,S). 0...6-P .o. ac-
. '' ' 

tivity was measured accotding t.o the method of Marks (200a). 

'l'ho compost tion of tbe reagent mixtures is detail Ed in the 

app,.mcU.x. l(a). 

After an equilibration period or J minutes tbe reaet1ons 

were int Uated by the addition of homogenate to the reagent 

roixtuNs in q,ue.rtz miorocmvettes ma1ntained Q.t )70.::: in a 

Beekman rnod,e'l .DU Speotropbotometer equipped with a circulating 

water blil. th. 

The percentage light tr.ansm1. tted wae au tom.a tic.ally re­

corded eve17 2 .n seconde by a YSI model 80 laboratory recorder. 

(The recorder was 'bu.11 t to respond every 2 seconds to an 
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alternating current of 60 cycles per secord. South Atncan 

current altt1m:itos at So c,cl.as p«,r socond). 

1'he rate of change o.f optical d.ent1lt7 vas calculated.. atd 

ene:,me acttri.ty 1s expressed ae the- number of 11moles ot sub .. 

e.trate. converted per minute ~r ;ig. total ti.esue phosphorus. 

Stoichiometry ot the react.ions WJIS a6sueed ao was an. extlnction 

coefiietent tor DPtm o.f 6.22 x 106 tor a oolution of 1 m.ole in 

l ml in a light path ot l cm a,t 31JO mu. 

!a\:tiiLJUl!& 

Catal-ase ~tivity was determlned by a modit'1cation ot the 

method ot Sumner am Dounce. (:]08). Details are described in 

Apiondix 1 (:b). In principle; the rate of destruction of 

hydrogen.. peroxide .atter the a~ditton ot bomogmnato was measured. 

· Activity lo e:Kpressed in arbitrary units, l unit betns tbat 

am9unt ot em1roe w1ch. under the exP&rl.mental conditions. wuld 

aive a first order velocl.ty conotcant of l. 

'For measurement of ALA de~r.aso activity 1 tr.l of a 1:.$ 

·w/v bomogtmata of liver in 0.2s M sucrose (pa 7.b.) was add«! to 

0.5 ml ·of potassium thospbate buffer (O.ll M" pl 6.8) al.Id 0.2 

ml or o.6 M rmeed glutathi.one. Arter 30 minutes ot pre­

incubation in a ·water bath at J?°C, 0.2 ml of 0.02 M ALA were 

added and, tbe contents of the tubes were tneubated .for a further 
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60 minutes at 37°0 in air. The reaction was stopped by the 

addition of 2 ml of O.J N triahlcro-acet1c acid {TCA). and the 

P.BO concentration in the prote1n~rree .supernatant was detemined 

by the method ot i1au.zerall and Oranick. (202). The POO con­

centrations of the l.iver h.Oll'logenates were measured in control 

tubes to which ALA was not addecl, and w.ol!le volume was completed 

by additional phosphate buffer. 

PBO concentration is expressed as mlunoles/mg total tifJSUe 

phosphorus. and liLA dehydrase activi \y as the number of mumoles 

or PBO t'orme:i per hour per mg total tissue phosphorus. 

L1.ver w"as homogenised in 10 volumes of 0.25 M sucrose 

(pH 7.4) in the cold, and m1tochondr1a were isotate.1 by re­

frigerated cen.trif\lgat.1on techniques. (Details ere described 

in the Appendix 1 (c). 

Mi.t0chondria from approximately 0~75 O or liver were incu ... 

b.lted in 'Warburg flasks containing 2.SO µmol~s of sucrose. 86 

pmoles cf glycine. o.u pmoles of mTA, o.a µmoles of MgCl.2. l.? 

pmoles of each of pyridoxal phosphate, DPN. ar:d Qmmonium 

chloride, ll.7.4 µmoles of pot:lss1um pbospbate (pH 7.1.1) ant either 

172 \tmoles or sodium pyruvate. or 86 µmoles of sodium citrate,; 

in " final volume or 2cc. 

The fla.sks were inaubated f'or exactly 2 hours in air at. 

)?0c, after an 1n1 tial perl.cxi. of' 8 minutes allowed for equ111-

bra tion pu.rposes. Oxygen consumption was recorded 
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manometrically over the first 20 minutes of the 2-hour incubation 

period, carbon dioxide being absorbed by one drop of 1.si KOH on 

a square of Watt.man No. 3 filter paper in the cen.tre well of the 

r.Lasks. 

The reaction was stopped by the addition of 2 ml of 0.3 N 
{ 

TCA. and the aminoacetone and delta-aminol.aevulie acid eonten.ts 

of the protein-free superna tants were detennined accoroing to 

the methcxis of Uratacamr.Granick Oi2·) - by set=aration on ion 

exchange columns, conversion to pyrroles by boiling with acetyl­

aaetone, .and measurement of the optical density of the colour 

compound formed on addition of Ehrlich's mercur., reagent. 

Aliquots of the final mitochondrial suspension were also 

taken for determination of total nitrogen content. 'The results 

are expressed as the number of mumoles of ALA ( or M) fo:nned in 

the 2-hour incubation period, per mg mitochondrial N • or as the 

number or uliters of OJ:cy'gen consumed per hour per mg mitochondrial 

N. 

Ura ta ~and :.Granick ()2'2) had reported a molar extinction co­

efficient for the compound formed between ALA pyrrole and 

Ehrlich's mercury reagent of 5.3 x 104 at 552 mu. I adopted an 

essentially similar technique for its measurement. and found it 

to be markedly different. It was. therefore., considered im-

port.ant to establish the molar extinction coefficient of ALA in 

ou.r labol'Qtories; to investigate possible reasons for the 

difference; and to investigate the innuence of various 
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environmental f4etors upon the meaeu,rement ot this substance. 

The details or these investigations are shown in the Apr..endix 

l(d). 

The molar extinction coeffieiont as measured was 2.87 xi,:/J,,. 

and, this is the figure which bas been used in all measurements 

or ALA concmt~tion. 

ALA pyrrole 1,13:s shown to be fully formed within 10 minutes 

of bolling ALA with acetylaceto:ne at buffered pH 4.8. 

The colour..;eompound f omed between: an aqu.eous solution of' 

.U.A pyr.role and Enrlich'•s mercury :reagent GS found to be re-

1.at-ively stable over 15 minutes and then to lessen gradu~lly in 

intensity over a 2~bour period. Wn-en the ALA pyrrcle was 

d.issolved in a methanol: glacial acetic acid solution, the in~ 

si ty of the colour o,f ·the com.pour.cl formed wi t.b Ehrlich's mercury 

reagent ~•a less (6S~) th'1n was that formed b;r ALA pyrrole in 

aqueous solution. Moreover. 'L<t"hereas the intensi.ty of. the 

aqueous solution colour-,eompound lessened on staming. that or 
the metb-.nol:glac:Ui.1 acetic ~eid solution increased steadily 

w1. th standing9 tho maximum increase occurring in the first 10 

mimites after the Qddi tion of the Ehrlict 's reagent. In the 

experimental studies. the optical density of the colour-compound 

was always de'temined exactly 15 minutes .after the addition ot 

tbe Ehrlich's reagent. 

'lhe intensity of the colOU!'-CC>ml)Ound was less when freshly 

prep.red Ehrlich• s mercury :reagent ·was used than wen a month-
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old preparation was used. In all the present e,q;.eriment.s. 

Ehrlich• s mereur., reagent was nm1er more th.an one week old. 

and was kept in a bottle., surrounded by aluminium foil to pro­

tect it :from the light-. 

ALA. pyrrole was fourd not to be completely eluted from the 

Dowex-1-'il.cetate eolumn, am the optical densi.ty ef equivalent 

amounts of ALA pyrrole before and after passage through the 

column differed by about .281,. 

Washing with water, or with l H acetic ac.id did not result 

in the loss of appreciable amounts of ALA pyrrole from the 

column. 

'l'he optical density' of the colour-compound w.s shown to be 

proportional to the amount of ALA pyrrole present whether or 

not i. t w-.s passed through a 001'Aex,-l-acetA te column • 

.Qb~~Dli'! oxidaU,on,. 

Glycine oxidation by hor.togena.tes of liver was studied with 

clll labell«i glycine by the method of Dowdle and Bales. (7.5). 

These results ,a re expressed in teims of micro-a toms of 

glyei·ne converted to COa per mg tissue phosphorus, per hour. 

onll!n: ascorbic as;id, 

Orina17 ascorbic acid content was mea_sured by the method. 

or Roe am Kuether. (24?). The urine was collected over an 

18-bour period,. · and t,he results have been extl'Qpo.la ted so as to 

be expresse:i as the number of mgs, of ascorbic acid excretei in 
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the urine per 24 hours. 

Liver porphyrins, 

Liver protopori:nyrin and total porphyrin concentJO.tions 

were measured according to the unpublished methods of Sweeney 

and Eales. These are described in detail in the Appendix' 1 ( e,) • 

Total nitrogen content was measured by the method or 

Ka.nchukh •. (170a). This was preferred (as a reference base) 

to total protein content because the protein was found to be 

unstable if kept too long. 

Total tiss1ue phosmorus as reference base. 

A very s1gni ficant article on the subject of reference 

bases i.s one by Weber a.rd Cantero (:337). who emphasised that re­

sults expressed on a wet weight basis do not reflect the total 

enzyme activity of the whole organ, and that activities which 

are apparently increased when expressed on such a basis ma:y ac­

tually be decreased when considerai per total weight of organ,. 

should the organ have undergone a reduction in weight. The 

reverse would also apply. 

In the present investigations total organ l-:teights were 

not used because of the delay that would have been entailed in 

weighing the liver. and because it was al.so planned to investi­

gate activities in human livers. 

The choice of a reference base in these studies was 
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directed towards enabling the influence of metabolically inert 

substances on the apparent concentration of parenchym.al. ee~l 

enzyme activity to be reduced, and towards per:nitting of an 

accurate assessmMJ,t of. the actual amount of tissue hanogenised. 

It was felt that wet weight or dr:, weight references. both 

obvious choie~s. would be inadequate. 'l'hese are: satisfactory 

for tissues in which the mt1o of active tissue to storage 

material remains reasonably constant. {40). However, in liver, 

variations in glycogen, in rat. and, particularly in these ey.,.. 

periments, in pol1)hyrin. and perhaJ:'e also in iron. content t-tere 

to be expected - all factors t....ili.~h might be expected to alter 

tllis ratio. Furthermore,. it was anticipated that :necrotic 

and fibrous tissue raigbt spuriousl,y lC"Jer the apparant .enzyme 

activity as expressed on~ weight basis. 

It was felt., too. that errors mi.gilt arise du.ring the pre­

paration ot the homogenate - especially as far as the 

completeness or the process "was eoneemed. Biopsy s~oimens 

f.ro:n r,atimts with cirrhotic. li.vers homogenised with difficulty 

and never ccnpletely., and a wet weight basis woul~., therefore,, 

again have provoct ina~eg,uate - but baa been empl.o;yed initially 

'beca\tse of difficulties i,n establishing a micro method for total 

phosphorus determinations. 

In 1946,. liO?Zl!i.nd., (op eit 193) wrote:- "The problem ot 
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adequate bases of reference for constitu.ents ot d1eoased tissue 

in general is one of the Fri,ncip,il ba mcrs to the developnen.t 

.of a r.ationa.l discipline of chemical pa.thologyt. Tb.e extent .of 

this problem. is emfhasised by the many reference bases that have 

been er1ployed .• (15, 40, as. 19). ;37). l'ne choice in these 

exper.unents is not ideal. 

'total t-issue phosphorus presented certain. advantages and 

enzyme, activities have been expressed on the basis of the activity 

obtaining in relation to the a.mount oft.issue containing one mg. or 

phosphorus. 

It was chosen because of its ease and .accuracy ot deter­

mi.nation.. Enpeeted varl.ations in glycogen content were well re-

11.eeted and collagen was shom: to have a lower phosphorus content. 

than did norma.1 l.iver (1.9 m;;/0 li."et weight as opposed to t 4.0 

mg/G ~~t weight) • 

. Hu.man ma terlal. 

Several of the parameters described have also been measured 

in tbe livers of lJ p;.tients with porphyria admi.t.ted to Oroote 

Schuur Hospital during l96J/Zi. 

These included 4 eases with variegate porphyri.a of whom 2 

were fenalee; 8 with ,acquired porphyria 0£ whom 6 were males. 

and 1 femal.e ~"1.th congenital porpnyri-. 

) control subjects wero also studi«i. 
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In the majority of insta.nees liver was obtained by needle 

biopsy. but f'rom c.P •• C.K •• .and s • .P •• larger pc>rtions of 

liver were obtained -.t abdominal. operation. 

Specimens or liver weighing bet1-xeen 15-JO ms were obtaind 

by needle biopsy. They were blotted dry on filter paper. and 

bnmediately placEd 1n weighed. glass homogenisers kept in iee. 

The banogenisers were reweighed. to determine the exact weigb.t of 

liver obtained. and this was homogenised with 5 volumtts of cold 

O.l M Trie buffer (pH ?.,~). 25 lanibda were utilised for deter­

mi.nations of ca. talase. acti v1 ty • and in experiments perfotmed 

towa!ds the end of 196.3 10 lambda were kept .for determinations 

of total p;osp.bons concent?G tion.s .• 

The rar..aind.er uas dUuted so that the activititlS of py­

ruvate kinase and 0-6-P.D. were measured in a 1:1 dilution of 

this original hcmogmate: of I.c .• n. and G-O.T. in a l:) 

dilution; and of. lactic d$hydrogenase .in a 1:19 dilution. 

Where larger specimens (± J G) were available at oper:atiQn. 

the ll"ll'er was immediately •shed in cold 0.25 R sucN>se (pH 7.4), 

cubed in a. smal.l beaker surroond«i by ice., and l'Qpidly' t"d.ns­

ported f1-om the theatre to the labor.ator:,. 

! JOO mg were homogenised with 10 volumes of cold sucrose 

(0.25 M; pi ?.4) and utilised fer ALA dehydrase determinations. 

An aliquot was kept f'or total phospboras detflfflina ti ems. 
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'! Fif'ty mg were homogenised mth cold O.l M Tris buffer 

(pH 7.1;1,t 4\nd used for me~Stlrernents or the activity of' catab.se. 
\' 

'f'he remainder iras h.omogen1se.i w"i th 10 ,rolumes of eold 
\ . 

0 .. 25 M sucrose {pH 7.4) and mitachondrial suspensions irere pt'$­

pa rei in the usu,il way(ApPentiix 1 (c)). tahieh v.ere util.ised for 

tbe measurement. of ALA and AA syntheta.se activities,. for oxygen 

uti.lisa ti.on ~rd tor total ni tregen eontent. 
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Phyei.eo-chemical environ.tnenta.l £aetors, and tbe metabolic 

status of animals being studied, have be-en shotm markedly to in­

nu.enee i1,n rltrg measurenents of ti$sue t1mzym.e activity. 

A considerati.on of these factQre is ftl'lt t.o be prerequisite 

to the· consideration of changes occurring in le'l!els of enzyme no .. 

tivity in the drug-induoed pori,h7rl.as, and in persons m,th · 

porphy.rla. 

'This su.bject has been extensively reviewed b:, I<nox, . .Auer·bach 

and Lin (178). · 

1 •. ~;f'SJ;CQ .. Cij!M!CAL JFltiflQ1iSNTAL,. J,:NFLUENCE:s (lli y;;cmc1':. 

l'.n vitro detenninations of enzyme activity at-s suhjeot to a 

numbfJr o.f t!nv5.ronments1 infl:ueneea. Th~se to.elude t.anpera.t~:re, 

pH,. buffer eystem, •. substrate a.rid cofactor ooncentrat,ion. <'~lee• 

trolyte concentration an..1 the r,resenoo of notiva tor$ or 

inhibitors. 

It ~"\'a,S attempte:d to elirrJ.nate these variables and to $tan­

da.;xliee the expariment~l conii t:1-ons as far as fossible. 

Tempe?,G. tur.e 'l:{'.Gi.S maintain«l at 37oC' l:zy' t,hermostat:i.c.lllly 

controlled t-r.i ter baths. 

pH was .:tn most instances hufff1rEd to 7.4 l.'1.th t:l:"eshly pr<S .. 

pare:i Tris buffer. The activities or earta.in en~ymes were 
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studied in phosphate butter and at different pff's. but this was 

constant tor a pa?"tioular enzyme. 

Stock reagen.ts were kept in the deep freeze ( .. 1.5oe) until 

required .and were made up 1.nto solution at frequent, but 

i%1'egular i:ntervals.. Tbeee solutions were also kept in the deep 

tteeze and were tbatv-.d just prior to the prei:aration or the re­

agent systems on the day of the experiment. 

Th.e final solutions were kept in m.eltil'!g ice until they were 

. finally transferred either to cuvottea in the Beckman speotro -

photometer where two minutes were allowEd for temperature 

equ1li.bJtt1on before liver homogenate was added to initiate the 

r&action, or to the Warburg apparatus where an 8-minute period 

was allowed for equilibration purposes, 

In this way it was hoped to avoid variations ae th·e result 

or deter10J!Gt1on ot tba reagents, and each reagent syet-em was 

prepared according to a etandant technique whenever req.u1red • so 

that the nature and the amoun.t of factors present were: constant 

as far as they could b~ crontroll«t. 

A possible cause of nonspecific variation in the measur«t 

levels of enzyme activity is evident in that the Trl.s buffer •s 

adjusted to the desired pH at room temper.a.tu.re while tbe deter­

m1nat1ons were ma.de at 37oC. Variations in room temperature 

over the several months during which the experiments were per­

tormed might havo result&:! in slight. d.1f'ferences in the pH ot the 

bu.ffer at yt>C. 



Factors of particular importance which are operatlve 

in yiyo an:i which 'have been .shown to influence in y1:t,r.g measure ... 

men.ts of enzyme activity includet-

(i). Nutritional status. 

(11). Sex. 

( iii) .Homonal function. 

( 1 v} • Age and body weight.. 

and (v) • Seasonal and climatio conditions. 

The relevant literature as it relates to tho enzymes which 

were studied 1n the present investigation will be briefly re­

viewed. 

As the ef':teets or several of these variables have been 

apparent 1n this i.nvestigation. such data will also b~ included, 

In the studies on the dwg-induced porphyrl.as. control 

animals were ma·tched for sex. weight. am nutritiorJSl status and 

were studi.«t over the·same period as.the corresponding experi­

mental group. 

Someeat fortuitously. individual groups differed as 

regards some of these variables, which ha.a per.m.itted of stati.s­

tioal analy1tes concerning their inf'luences on the pt.rameters 

studied. Si.nee t.b1s tt.<as not a planned part or the imrestigation 

these groups are not always strictly comparable. The oonolusions 
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drawn must,, therefore. for the most. rs.rt. be tentative .• arrl these 

findings ;a.re presented and discussed in this light. 

Nally ot these factors have been shown to influence the mani­

festat.lons ct the various porpbyr.ias., am aueh influences w.i.ll 

also be briefly considerei. 

( 1). NµtJ.iY,onal S9~1u21 

Niemeyer et al (221-224) have investigated the effects of 

variations in tbe nature of the diet am 1ts composition. am 

aliso tne effect or etat"V~tion, upon. vartous rat liver en~yme 

levels of activity. 

Amongst other en2y.1Des studied. thE!Y demonst?G.ted. in the 

livers of male albino J:Qts weighing ± 200 o. a decrease in the 

activity or glucose-6-phosphate d.ehyd:rogenase o:f Sflfo after a tia~bour 

· period of fasting. Glock and McLean (U8} also sho~ a signi­

fie~nt !'Eduction .in the activity of this enzyme in the livers ot 

rats fasted tor 48 hours. 

Vaughan et &l (325). working with .male Spya.gue-fl~J!le.Y rG.ts 

weighing 100 - 12,S G,. de:monstra,t.ed a depressed activity of' bep:itic 

glucose-6-pbosi;i1ate debydrOgenase. 2nd o.f the 3-ph.osphoglyeerate­

pyrmrate si:an. in animals mainta1n«l on a bigb ... r.t. carbohyd.ra,te­

free diet for 40 d..i.ys. A high-protl;!l1n. cnrbohyclrate-frea di~ 

resulted in increase activity o! these enzy:mes. 

Olutamie-oxaloaeetic t!Qnsa."llinase acti.\.'i.ty was shown by 

Rosen §t al (250} to be ve17 :slightly increasei 1n the livers of 
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rats tasted for 48 hours. while gluto.mic-pyruvate tninsaminase 

actjvity was doubled under these conditions. Bartlett and Gl.ynn 

{ll) showed that in nor.n.al .rt1ts maintained on. a greatly restric­

ted food intake there was an increase· 1n b@Peti9- transam~na,se 

activity, while that o.f renal txensaminaee was unaf.t'ectf:d. 

Conrl.1ct1ng reports are a:vailable oonoerni:ng the 1nf1u.ence 

o.f tasting on. liver caw.lase act1:ri.ty. Some ot the ditferenoes 

.may be asertbed to species variation. and the influence of the 

sex ot the animals bas also been prominent. 

Greenstein· et alt (lt~) :reported tba t a three-day period ot 

starvation caused no decrease tn the activi'tg ot rut liver 

cat.a.lase, and Sohrdd and Schwartz (26.5, 266) ,could demonstrate ,no 

change in the activity 0£ this enzyme in the livers of .mbbite 

starved for ) days. Miller (20?) demonstrated no significant 

alteration in tlle·level of liver catalase activity in mal.$ :rats. 

but showed a fairly marked decrease in activity in female rats 

starved tor eeven days. Oline et Ai (50) :reported a deereasc in 

hepatic cat.alase activity .of zsfJ 1n two strains of mice of 'both 

sexes folloid.ng .a 24-hour period of food and water deprivation. 

Appleman 1t al (6) round that ~ts fed a protein-free diet 

toi' 7.10 days had a liver oatalase aotivi ty of 501> the normal 

level; and a reduction in acti"Vity on euoh a diet was reported 

by Borgoni ( op cit 178). while no change was. observed by Begg 

et el (14) or by Weil-Malherbe and Schade. (J'.38). 
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fhe. influence on liver cats.lase activity of iron, oopper. manganese 

and several amino acids has been studie:i. (4, 2741 ,OS). 

Mr tin:11.ngs as regan1s the influence ot an 18-haur period of 

starvation upon tbe mean level or aetivit:, ot various liver enzymes 

are summarised in the accernpanylng !igures. (6 .. 9) 1. 'Which '\lSO in­

dicate values one standard error on either sid, or the mean. JThe 

number of animals 1n ea.ch group is shown at the base ot tbe columns. 
I 

Fed animal. groups are ini:ll.1.cated by stippling. 

The etfeet.s ot fa.sting a.re shown 1.n both no?ffl8.l a.nd DDO-treatEd 

animals. All the animals were f'ema.les am weighed betv1een 164 and 

242 grams. All investigations were undertaken over the period 

21st &y. 1963 to 16th July. 196). Detailed results are given in 

the tables indicated tn brackets. 

Py~vat., kinase (Table 1) and Oluoose-6-phospnate ciehydrogenase 
.··. · · · T · f · . · · · ·. ·. · . · · · · . ··. !~a;ple a). 

?formal rat livers ebowed a· reduction in the ac:ti.vity ot wruitate 

kinase ot 47' (p =: < O.OOJ.) and ot glucose-6-pboephate· dehydrogenase 

cf "j4i (p = <. 0.05). In the DOC-treated animals the r«iuoti<m in 

pyruvate kinase activity was 1"61.i (p = <. 0.01) am in o ... ~p.J:> ac­

t.ivi t1'1 36i (p C: <.. 0.001). 

Isooitrlo debydrogenaee (Table 27) ani glutamic-oxaloacetic 
Ja:QD1amir@c,g CT.able lti.). . . .. . . .· . 
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in normal iat livers. but by oni,, 121 (p = <:.. 0.02) in DDC ... 

trea te:1 animal livers. This difference may be meaningless and 

due to expermental artefact, but a possible interprQtaticm is 

that the drug itself caused a reduction in the en~yrne activity 

wilich was aggxQvat~ only ~ightly by starvation. 

Olutamio-oxaloaoetic tie.nsaniinase aet111-"ity showed a slight 

and non-significant iJlgmtJ! in both .groups of animals. t.mioh is 

in accord with the fin.d1nga of Rosen.~ (250). 

Noxmal rat livers shoved an increase in lactic- dehydrogena1e 

activity of 12% (not signifioant) em the P<>t"PhYric an1roal livers 

showed· a significant increase in th.e activity of thi.s enzyme or 
l2~ (p = <... 0.05). The reason for this d.i.fferenoe ie not clear .. 

but it is probably be~t a.scribed to the ver:v "1.de ?Qng~ :ln act1 vity 

obtaining in individual livers,. and. as such, n9t important. 

Catalase activity was reduced by )1% (p = ~ 0.001} in .nor­

mal rat l:i.vers, am by 29'1, (p = <- 0.001) in the DDO-t·reated 

animal l1ven. 

There is a suggestion of a greater protoporph7rin .content in 
• 

"ttarved animal livers, both normal arrl drag-treated, than in tbe 
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livers of normally fed ani:mals. However, this is not supported 

by statistical analysis in either inst.a.no~ - poe5ibJ.y, because of 
the veey wide range of protopol'.Phyrin eoneent.ra tion in. the indi­

vidual .livers. Moreover, in noimal livers the protoporphyr1n 

eon tent wa.e so. low tba t the .aoeuraey or the method was probably 

excee::i ed • 

Vannott1 round that 1n ?llbbits starved for 48 hours there 

was a significant increase in the hepatic cytoa'hrome c content.(321,:.). 

Nytrltl9Jl!1. etGctua and twt.P2mb:lrtaa, 

W'aldenatr'ckn (op cit )40) in 191,14 suggested that porphyrl.n 

precursor excretion. in. acute inte:mi ttent I)Orphyria might be in­

f'luenceci by the diet. Welland et ,a.,l ()40) studied the effects 

or variations in the di.et on urinary ALA and PBG excretion in 

patients with acute inte:mittent porphyrla, and foum an acute 

re1uotion 1n cal.one intake. an 1socalor1c diet deficient in 

carbohyd:rete .!Di1, protein, and an tsoealorio diet deficient in 

protein a.lone, all to result in an increased excretion of these 

precursors. Tbq also reported brlef.Ly on unpublished work of 

their group which had shown that the feeding or sucrose to rats 

given AIA prevent«l the market rise in hepat1,c ,W. synthetaee ac ... 

tivity which occurr«t 1n starved animals given tb1s drug. 

Rose ct al (249) found tba t when AIA-trea tEd animal a were 
• 

starved there was a greater ease of induction or porphob111no­

genurla. 
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Weight loss has been a feature of all the drug-induced por­

phyr1.a.s (see Section 3(7)). and the majority of patients in the 

'l'u:rld.sh epidemic of porphyr.i.a showed signs or mal.nutri tion. (41. 

45. 48; 62. 263). 

(ii), .!a.. 

Variations in enzyme aotivity according to the sex or the 

animal have been well documented. 

Glook'and Mclean (ll7) reported a mean level of 0 ... 6.P.D 

activity of 104 units in the livers of adult femaie' rats. and of 

only i+6 uni ts in the livers of their male counterparts .• 
l 

· ·The level of liver catalase activi.ty has beendemon.st'.l':ated 

by a number or authors to be about Joi higher in the male .. (-J, 

A variety of other enzymes having this sex ditfer<Sn'ttia:tton 

are reviewed by Knox et al. (178). 

I have reco:roed def'ini te and significant differences in the 

liver activities or pyruvate kinase and catalase. Both enzymes· 

had greater mean le"Vels of aot1vity in male then in female rats. 

That of wruvate .ktnase, ·was 91.J.% higher (p = L.. 0.0.5) and o.f 

catala.se, 9!/1, higher (p = <. 0.001). · Male animal livers a.lso 

showed a greater but statistically non-significant I.C.D. 

acti. vi ty, while the differences apparent fer G-0-T and o ... 6 .. P ... D 

activities are not statistically significant either. There 

were no dif.ferenoe in mean hepatic lactic dehydrogenase activities 

· in the two sexes. 124 



These results are shown graphically in Figure 10. t-mich is 

a composite graph summarising data from Tables l and 2 (pyruvate 

kinase}. 8 and 9 (G .. 6-P.D.), 20 and 21 {Lactic dehydrogenase). 27 

and 28 (ICD), 34 ard 35 (G-O.T.} and 54 and 5S(Catalase). 

All animals were no:rm:11. and were starved for 18 hours 

before being killed. Male animals weighed 162 - 218 G. and 

female animals weighed 164 - 198 G. 

It should be noted. that these findings are not strictlyeom­

parable, as the rr.ale anim:als were studied during the period 15th 

October., 1963 to 15th lfovember, 1963 and the fema.l.es during the 

period 10th June, 1963 to .5th July, 1963. This may account for 

some of the observed differences. 

Sg differences and !,he po1J?h.mi§: 

Acute intermittent porphyria has been shown to affect more 

females than rriale$ in a ratio of about 3 : 2 (107. 123. 1.52, 326) 

and variegate porphyrla was found to be more common in the female 

(87) or to affect the sexes equally. (62). 

Symptomatic porphyria has been fourd to affect males pre­

dominantly (87. 1.52, 323, J26) except amongst. the Bantu races 

where the sexes have been equally affected. (87, 185), Barne~• 

however., noted a marked female prepcnderance.(8). 

The Turkish epidemic showed a marked male predilection. (41, 

45, 263). 

Few workers in the field of the drug-induced porphyrias have 
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commented upon a sex difference in rela.'tion te the. induction of 

the d.1:sease. or lts ir.anitestations. De Matteis And Rimtngton 

(69) ·noted a different response to grlseorulvin administ%8,tion · 

in .female miae of the U,C.M. strain t9 that. oeourrlng in their 

male counterparts. (See Sectj.on 3). 

(iii). llom9Ds\l .. f\mc&l?l!i,... 

ib.e va rla. tions according to , sex may probably be largelyc 

a ttrlbuted to oestrogGntc and androgemio hormones, an:1 .. tt,e 

effects of ~a adrntnistrntion ot these honnones; as of cas-

. tration, h.ave been stui:tteS. Adams (;) inv&st1gat«t ~tiir 

i.np.uenoes on catala.se aotivi ty ~nd demonstta ted a tall in ac­

ttvi ty in ca~trat~ young adult mice, whiob 111as restore:l by the 

injection of testos~erone. T,estostwone injecW into t~le$ 

.resulted in an elevation of the level, of .catal.ase-·aetivity to 

male lG;rels. 

A.d~alec~ in both sexes resulted in a loweri.ng ·<>f 
' . ' 

catalase.aotivity.. Conversely. Begg ~Aal, (ll1;) could detect no 

signifi~ant al,t$~ ti:<m in the hepatic catalase ¥activ1 ty ot 

adr&nalectpmi.sed. rat,1.!h while admbuetl'ati.on of ,eo:rttsone resul'ted 

in a lowering of activity •. Stil.boestrol ad~n1stration al.$¢ 

caused a deorease in ca.ta.lase activity .• 

Rosen n Jll (2S0} denionstratEd n marltai .ina.rease 1n hepatic 

glutmnic .. wruvat(:I transaminase activity in rats treated ,dth 

hydrocortisone and shot-red a simllar rise tn tbe aet1rlty ot this 

12 '~ 
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enzyme .in al.loxan-diabetic .··:rats. Gl,oak am Malean (ll8) studied 

the .induence ot homonal control on hexose .m<m.ophospha te shunt 

a.1:tivi. ty. Se>,atio G-6-P...D act1v-U,y was redttc«l in alloxan 

diabetes .• .an.d art.er administration or thicurao11,.. Thy.rotcxioosts 

resulted in a tv10£ol.d tncmse 1.n the activity ,0r this eni11ne. 

tH.enteJl'$r ~t ili. (223)· sugl$ested that some ot the ~:t8t~u;s, 

e.ff:eots on enzyme e.otivt ty might be medls.teaa through. en endoetlnal. 

intluence. 

~omonat. [&~t9rs and .. the r..o;mhmafh 

A correla ti@n between menetl:"lla: ti.on., 1'11.i ttelschmert~ an:i preg­

nancy, and attacks of $Oute intermittent porphy.ri.a ha.$ been 

reportecl11 (l~). l24t 1$2 .• ).Jl• ;341). 

Adverse e£fee:ts following the administration ot oestrog.ens 

to patients m.th aeute porpllyr:i.a :have be~n reported by Redeker 

(2:,.5a), and Levi t e~ ,a.;b,,,,(l:92) reported on .a. case of .acute lnter­

:m:tttent porpby:r.la in. whom exacerbationia had been caused .:tw· the 

adlministra t.icn of progesterone. Welland 4.t al ()IA) noted an 

increased u.ri.naey e>,,"(lretion or .ALA. ~nd l?13G b;y patients with ac\lte 

intermittent porpnyrla in remission 1>1hen they t1ere administered. 

~tbin;rl oestrediol:. Watson it .al, (;):)) showed that S mg .• ot 

etilboestrol daily resulted in a significant :increase in t.he 

urinar., excr-etion of P!O an;} urt>pOJ'PhYri:n by a ~.ti.,mt with latent 

hepatic porphfrla.~ .· 
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The:, also reported. on 6 cases 0£ hepati.o cutaneous poir­

pbyrl.o. in wbom manifestations ,of the diseaee £1:rst .appeared. a.fter 

the adminiatratton of stilboestrt>l. 

fheologides {op ei.t 33)) stu4led tho eff'eots of prolonge!i 

stilboest.rol admiru.stvation on a numuer ot ncm .... porpbyrio inat~ 
vtdua.ls and in none did serial determinations of urinary ALA, 

PBO. ~roporphyrin am ooptopolf'PhY:rin sho1, .6.Tr$ ebange. 

Gold.berg (l.24) described lnh:i .. bition ot exacerba1iions or 
acute por,phyrla. eoincidtng with ,menstruation; by the adminis­

tra ti.on or testoster()ne. 

Haeger-Aronson (2.52) .• however., reporte.1 ·the prevention, of 

such exacerbations by·; t.reatment wi.th 11 Anovla:rt1. 

Otber h1:>xmonal faetors have also been .shown to be concerned .. 

Diabetes bas frequently been reported in a.ssoi::i.ia tion td.th the 

porphyrias - especially the symptomatic toxm! (op cit S6, 248}~ 

Acute exacerbations ot porphyria have been report.Ed in 

assQei.ation 11.d.th. an "inappropr1at.e secretion of iamtidlu.retio 

homone" {lJO. l:S9) an! M.S. a patient with viuiEiga,;te porphyria 

+ . 
(studied during an aoute attack ) had. ·ti se~m Na o~tloentli'Qtion 

ot ll.8 m. eq/t, (Appendix 2) .. 

Figge a.rd Davidhetser (96) shOt>t~ that th.e amwnt of pc~yri.n 

formed by ltver homogenates ff'Om hypopbysect.OD1.ised. animals was 

double that f'otmed by homogenates from con.trol animal live~~ 
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{iv}. Ait am ~Qil1. met1 
Changes in the level of enzyme activity are said. to occur 

during the enbryonic period, and iu.rther changes t.o~ .oecur·:-during · 

the post-emo17e>nio period, when the general tendenay is for en­

zyme '1Ctivity to in•rease with age until a plateau is reachtd. 

(102. 178). InnU!lle:rable factors may be opel'Qtive. 

Glock and Mclean (117) showeci a higher level of hepatic 

0-6-P...O activity 1n adult than in young female rats. Adult 

W$} rats, however, b.a4 a lower level .of aqtivi.ty of this enzyme 

than did young males. 

Growth hormone was shown by Bartlett and Glynn (lO) to de­

crease traneaminaee activity in the ntibiali.s antieustt muscle of 

iJ!lmature hypophysectomisecl rate, •. and the act1vitles ot these 

mu.sele enz;,mes were sbown to be lower in rapidly growing nonnal 

:rats than they were in no:rmal adult.s, or in immature, hypopbysec­

tomis«! an1.ma.ls. 

Treatment of noimal adult fen.a.lo rats with growtll hornione 

. produced no ohang~ in tb.e level of either hep.it1e or renal trans• 

aminase aotivi.ty, but an inerease .in the activity of hepatic 

transaminase wa.s observed in hypophysectomised rats treated with 

gro1irth hormone; {ll). Deaton f;lt, a}. (12) demonstrated a 

higher level of acti:vi ty of the traneaminases in the li vere or 

adult male rats (.322.4290) than 1n those or younger males (107 ... 

l:lSG); 
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Catalase activt tQ· was found to be scme\-mat reduced (274.) in 

the tissues of old.er rats of both sexes. 

· . In the majority ot 91 measurements. 1:n different tissues, or 

41 spea.itio .Proteins, reviewed by Knox t1t il (178). no change was 

found w--ith age in 15 instances •. and in· only 9 1nstanaea were de­

creases 1n aotivi ty observed. 

In my studies two groups -or fanale re.ts are available .for 

comj,Qriscm, ... t>ne gl"Oup ranging in weight from 16'1-198 a .. anc( the 

other f.rcm 110 to 1,4 G-. 

Comparison ot enzpe activities in these two gt"O\lps is shown 

in Figure U. . Detaila! data are presented 1n Tables l and .3 

( fyruva te kinase) • 8 an.i l.l ( 0-6-P-D) • 27 and 29 fICD) • 5tJ. and .S6 

(Catalase), :;tl, and 36 (GO'l') and 20 am. 22 (L .• D.). 

As regards the majort~;, ot the en~ymes, the level of activity 

was found to be higher in the smaller animals. Pyruvate ki.nase 

activity was ne~ higher (p = <.. o.OOJ.). 0-6-P-D act1vity 114~ 

higher (p = <. 0.001.) and I.o.n. activity :,4i (not s:tgnU'icant) 

bi.gher. Catalase activity was 2'2$ higher. o.o. 'r. afld L.D. 

aetiv:i. ties sbowf:d only negligible dif!'e:rm.oee between tbe two 

groups. 

All the animals were· fasted :f'or 18 hours before being killed, 

but tbe larger anlmals were investigated during the portod 10th 

June to 5th July. 1963. while the smaller ones were investigat«t 

between the lM·.b of October and the Jtd of Deoember,196:3. 
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All the animals weighed more than 100 o. ~mieb is the weigb.t 

at wniob Freedland at, al (102) · found hep,3tto phetwlale.ntne hydroxy .. 

lase activity to became constant. in :female rats. In these animals 

a steady increase .ln the aeti vi.'t;y· of this enzyme was observed until 

tbe mts wet:,e 40 days old and we1ghe:.t 100 O. Acti v1 ty tb:en re­

mained. at. a constant level. and even deoreasect slightly. In ir~1e · 

rats the level of activity continued 'to 1neres.se until they were 

7? day$ old and weighed 316 G. 

Al@ amt th~· potphzria.1 .. 

St:tch and Decker ('.)06) emphasised the importance ot the age or 

the animal in experi.m~nte.l 1,rork on po:rpb .. :,ria. They ,ire:re unable to 

induce porphyri..a with Sedormid in .rabbits if' tbe animals we1'.'e more 

than 5 i1nonths old.. Rimington an.d Goldberg (242) agreed with 

this obse!'V'a t1on. 

Schmi.d and Schwartz (267) .found that they obta.\lned t,heir. best 

results wen the rabbits they ~ere studying weighed less than 2 Kg. 

Oa Matteis anti iitmington (69) found young a.nimals to rea.ot 

more promptly to griseoful'V'in adminiat~t.ion tba..fl did olde'r ortt!'ls. 

Rose §t .M (2f.i,8). t'tere un~ble to induce poi·phobilin~genurl.a 

with AI.A in rats weighing more than .. 200 G. 

'I'.he 'I'urki.sb epidemic involved mainly the younger age groups 

{.l,t,l, li.fjj 48, 62) an($. the rare eeythropoietic forms of por.pbyrl4l 

have be®n £outad to manifest in the very ;young. (107. l:99,. 269a). 

By contrast. the various forms ,of her.a.tic porphyd.a in man 
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have usually manifested 1n some*.ma t older age groups. 

Acute intennittent porphyrl& has been. f'ound to be rare be• 

fore puberty, and has usually presented for the first time in 

the .3rd and 4th deoades.. (10?,. l~. ,326). 

Variegate polJ)hyrta, 1.'iblle· fairly common in tho 2rA dec:ade, 

has been found 'to h:ive a peak onset in the .3rd ,decade. (87, 107) .• 

Ac~uire:i porptw:r1a he.e usually appoor<d for the .first time 

in even older age groups, having a peak on.set in tbe 5th deeade. 

(87, 10?, l.52, 306). 

(v). affi!.§OMl and_cliroatio condition§.a 

Glock and Mclean (118) noted that hepatic 0-6-P-D activity 

in rats was ,eignif'icantly higher in summer than. it ;.,as in "11.n• 

te.r. 

Figure 12 .comp.res mean levels of enzyme activity obtain­

ing in. J groups ,of animals, one of which was investigated i.n 

the winter, and the other two .in t~o spring. , 

The open columns show the mear1 levels of act:lvi ty obtaining 

in female animals investigat~ over.· the period tOth June to 5th 

3ul:y,l96); and ranging i.n. weight from 164 to 198 G. The shaded 

columns show the mean levels of act1v1ty in two groups or· 

animals studied over the period llith October ·to ,;lrd December, 

1963, the middle column bei.r.g comprteed of fomale animals weighing 

f'rom 110 to 1.34 G, and tne otner column of male rats varyins in 

weight. between l62 and 218 o. 
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All the animals t<Tete starved for 18 hou:rR before being 

killed. Details a.:re reao1"1Ed in Tables l ... ) (P1ruvate ld.nase),. 

e ... 10 (0 .... 6-P-D), 20 -22 (T...actic dehydrogenase), 27 ... 29 (!®), 

34 ... J6 (Gi?T.) and ,5ti ... .56 (Catta.~se). 

1..ovels of py:ruvate kinase acftiv.1.ty were sirnlla.r in. the grou;pe 

. whi.ch. were studi.ed over the same perlod despi~e d~fferenees ·.in sex 
' 
a.nd weight range; and were much greater 1.n. theee ·two gJ'IOups 

studied in. the spring than they were 1n a g.roup studied. 1n the 
. -. . .. 

t:11n~er .. a (Il"OUP which might otherwise have been cotnpa.rable ,as 

regatds ei tber sex or welgh.t range. 
I 

It seem,.s probable,,, therefore, that the major ,ifl.;f.l.uence on 

the level. of ·aetivit,y of. this enzyme ·was a seaso~l on.e and that 

differenoea appa·rently ooqurrh1g as a result of variations in 

weight range or s~x. are largely to be accounted for on such a 

. isis.' 

Levels of hepatic 0-6-P .. D aotivit;r ll..'ere his}lost in a.111all0r 

females studied in spring, and were low in larger females st11dted 

in ,.tinter, and in ,males stud.ied in spring. Interpretation is 

diff'ioul t, but these f'indinge a.re :i.n e:cnortt t.11 th Glock and 

Mclean'a (11.8) observations or higher G-6 ... P-D activity in tbe 

greater aot1vity in the e.chilt, as oppdised to the young, female. 

Differences in catala.se activity seem fairly defin1telty to 
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seasonal. inrl.uences. Its ~reater level of activity in the male 

Staggesied if' difi'erenoes .in t'feight are accepted as unimportant 

in. the two female groups .• 

Olutam1c-oxaloacttie transaminase activity and lactic de ... 

hydrogenase activity seem to have been largely .uninfJ.ueneed by 

Isoci tric deb,at-ogenase activity was h1.ghest in the group 

of small :females studied in the .spring.. 1£ interpretation is 

permitted these findings would suggest a greater aotivi ty in the 

~prlng and in the female sex.- although they may squall:, imticate 

a more marked ll'lfluenoe of bo:iy weight on the activity c>f this 

enzyme than o.f either sex or Sf'...asonal ractot>s .. 

Seasooo.'..\, .. ap.i C:U.t§at1rc. ;Ca.gt<:uzs ,and: tlu~ PaEPlJl:riab 

Schwartz §~ il (280) reported that ,ecytnroayte eop:ropo.r­

ph;ydn val11es 1n lead-treated rabbit& we~ much lower in th1;:1 

autumll of 1951 than in the .t;pring .. · they eited th$ t-TOrk .of 

Sumeg:i and Putnoky who describe:! ·1.nereased. porpbyrt:nurla in lead"':' 

poison«I 1'9.Dbi.ts in the sprl.ng •. but not in the autumn; and (}f 

Seggel who described .a similar phenomenon for fluoroeytes. 

The ini'luence of sunlight and season-S on tne aourse 0:t the 

11ariws porphyr.ias is 1,.1'8ll-known, contt'G"ltersi.al, and outside the 

scope o:f' tb1$ tbesis~ 

/ 
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Utimttr 4scorJ:d.p Mi4 . exeretiAA, 

The rate .of exeretion cf ascorbic acid in the u..rine is the 

on.e pars.meter uhich has been .measured waic:h seems to rcf'l.eot 

directly in vivo metabolic proceaees in the aniinals studied.' 

Musulin et al (212) sho~..ed a striking :tnfluence or the nature 

of the d1et, ard of inanition upon the urlnar,y ex.crotion ·of e.sc:or .... 

bic aei.d by albi'no %1\ts. The!'e ~s a. considetable vadaUon in 

the excretion IGtes ot individual animals. which depended in pa.rt· 

on theit> diets pr1or to the .experimen.ta1 oiraumtl"tqnces .• 

Inanition cauf:ed a rapid am. marked deerea.se in tbe asoorbie a,eid 

As al'l the animals in the present inveatiga tion 'ii,,'?l1Ch 1rrare 

studied as regarcls urinary ascorbic acid excretion rates :r,;rere 

starved tor th1e eightee.n ho,ar.e during which the urlne was collec .... 

ted • the int.luenae of their d1etaey status cannot be een:sidered .. 

However; three groups of normal .nnirr~ls are av~Ua.ble for com ... 

parative studies, and the f'indi.ngs a:re summarlsed in Figure :!3<t 

In this figure th!$ first column .shows the mean exeratorJ! rate 

' ot ascorbic: acid' in the urine of a grou.p of female :t:Qts ranging 

in weight from 164 to 204-"G am' :investigated ever the peti9d 
'· 

10th June to ,5th July,, 196:,.. lfhe rniddl~ oolumn shows that of a 

group or female rats t-roighing 85 - ll7 a. and the th1rd oolumn 

that o.t male ra ta weig,.'1.ing 1.$1 . - 241 o. The latter groups were 

· tnve;tigated over t.he period lti,th October to ):rd December, 1963. 
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It 1s evident that the two groups of animals studi«l in 

the wazmer month!i excreted mo:re ascorbic acid per 24 hours 

than did the grcu.p studied in winter. This f'i.n:U.ng lessens 

the significance 0f the alternate observations (i) • that · 

heavier females excreted less ascorbic acid in their urine than 

d.id the sr.r.aller animals or (ii)• that females excreted less as­

cor~ic ·acid than· did malea ot an equi va.lent weight range., 

· Even in the inta,ot animal. therefore. a seasonal influence 

upon a m.an1 testa ticm ot enity.roe aoti-vi ty has been observ«t. 

&LA- a:mtbat.ase,_ AJcA_ dJlb;vdmee.. AA vD.th.etaae, and Q'.ICJ'.gen 
u.til1,MtA.9D, 

The effects or nut:n tional st.a tus, sex, body weight am 

:seasonal 1nnuences on bepatio ALA. syntbetase, ALA debydtQae, 

and AA synth~tase activities, and on ox:,gen utiµsation by 
~ . . 
-mi tochond.r1a cannot readily be assessed. as these ;.axameters have 

not betin studied in nt all ccxnp.J"able groups. 'lhe groups -oom­

pr~aedc ... (i),nol'ffl&l male animals weighing between 198 an:.i 209 G, 

starved for 18 hours be.fore being killed• and invest1ga ted dur.t.ng 

the perio.:t 29th,Ootober 1963 to 11 tb December, 196) .. (11).-

normal tanale re ts weighing between 160 ... 209 O, all<>we'l tree 

access to food to the time of death, and 1nvest1gate:l during the 

period 6th August, 196) to 23rd Ausust, 1963, and (iii), a group 

or normal female r<ats ranging in weight from uo to 145 a, 

starve:! tor 18 hours before death_. and investigated over the 
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period 16th October to Jn:1 December, 1963 and in which o:nly Al.A 

dehydrase activity was rnea.sura:!. 

The results obtaining are shown in Figure 1th 

ALA. synt.hetase QCtivi ty (Tables 41., 4)) was minimal -

approaching the l1mi ts of the experimental technique., imd :no con­

elusi.ons at all may be draun as to the innuence of these various 

factors. 

AA synthetaso activity (Tables 61. 6j) was much greater in 

the female ani.mlills. but the variables .of season .and nutritional 

status may h.1:ve been eq,ually or more ·important. fiery .tew ani.mals 

were studied .. 

:No significant cU . .fferences are .ai.,-parent betwetm the abilities 

of mitochondria from male and femal.e livers., respiring on either, 

pyruvate or citrate. to utilise oxygen (Tables 65., 66). This 

simil-1rity occurred despite differences 1n the diet.azy status of' 
. . 

-the groups complred. and :i:n the season in which they were inves-

tigated. Kiessling and 1'ilan1er (l ?IJ.) could detect no di .fference 

betwee.n the r:.t sexes a.s regards the -.bU.ity of normal liver 

:mitochondria to oxi.di.ee either pyruvate or succinate. 

?;on-e of these factors- ;.-..as found to 1nnt1Emce ALA dehydrase 

a.cti.v:i.ty either and it was maintained at muah the sam.e level in 
J J 

all J groups compared. ('I'ables ·45. ti.6. 47). 

Davidheiser and Troyer (61) commented upon variations in 

the ability of tissue 



homogenates from various species to convert delta-aDlinolaewlic 

acid to porphyrl.ns as a result or the 1ntluenaee of age am 
hormonal tac tors. 

Tbq f'ouni that the le,rel or euch aotivit,y 1n the liver ot 

the hibernating bat•• much lower than it was 1n the livers of 

non-hibernating rodenta. 

A large number ot drug• and many d1aeasea have been shown 

to innuaice levele or tissue enz,me activity. This subject 

was reviewe:S by Knox et al (178} 1n 1956. 

The innuence of alcohol on liver enzyme activities is 

possibly pertinent to the subject of acquired porphyria. Of 

some interest 1a the work or Wartburg and Rothlisberger ( op cit 

16.5) who dtlllonatrated that chronic adminiatration ot alcohol re­

sulted in a marked iUQteaOI in liver catalase activity. 

Figueroa am Klotz (97) showed that in o1rrho1.ic pat1ait8 

with heavy chronic alcoholic histories. 1aoc1tr1a deh::,drogenaae 

activity was reduced, while glutamio-oaloacetic transaminase 

activity was unchanged. 

Alcohol treatment vae also ahown to cause a 'J01, reduction 

in the ability or rat liver mitochomria to oxidise pyruvate. 

(1?4). The impaiment which such treatment caused in the 

abillt.7 to oxidise aucoinate was cnly apparent 1n male animale, 
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while mitcebt>ndria from female livers respire:! at ·abou.t the same 

rate whether from alcohol-treated or control animal.a. 

Isselb9.cher and Greenberger (l6S) recently reviw«l the 

litetGture relating to the metabolic et!'eots ot alcohol. 

H$patic catalase, lactic dehydrogena.se am glutamlc. 

oxaloacetic transaminase aottvities ~re foutd .to be model'8tely 

deereaeed ()48) in &\Cu.te hepatitis ard Dale (SS) toun4 eatalase 

activit:, to be decrea_sEd in lntectioua hepatitis. Scbmidt anri 

Sohmldt (272) found. significant reductions in the. activities of 

seve~ enzymes in acute hepatitis, but sho~ that .s1gntf1cant 

i.ucrsu occurred in o ... 6,..f' D aetivit, 1n this disease. 

Yoshida {)48) reported an iDQtfaitd ll'\Ter catal&.ee activity 

1n patients with chronic inact1v$ hepatitis. 

A large number or druge has been sh~m to be capable of in­

creasing urinary ascorbic acl.d excretion in many ard.malth (37. 

JS. 39, 90, l.96, 213). These drugs are apparently structurally 

unrel.a tad, 

'l.'he major theme of this thesis conc<n:'tls the in.fluence or 
drugs known. to 'bo aal,\able or inducing porphyria on various liver 

enzyme acti vi, ties in the rat.. The~e findings are present,oo. 

separately in Section 6. 

Many drugs and chemicals have beer; associated i,n,th the 

developnent ot coproporphy-rinu.rl..a,. ar.cI als(? porphyrl.a, in man. 

These are briefly considered in SeQti.on :). 
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Kalow (170) has discussed the relationship of such drugs 

to the porphyriae_, and in particular the controversial topics 

of whether such agents are capablv (i). of prcducing t.'1-le 

equivalent of an hepatic r-orphyrii. in the absence of a specific 

genetic defect, (ii), of pr<,,Cipitat.ing an attacl< of porphyria 

during a state of :re..'llission or latency, or (ii.i), of 

agg:r:Qvating a manifest acute attack. 

A variety of disease states. notably diseases of the liver 

and the haemopoietic system, have been asaocia ted with the de­

velop,.ent of"'- coproporphyrlnuria (op cit 129. 332), and Tio 

~t a}. ( J18a) have describt!d the occurrence of a porphyrin­

producing benign he.atic edenoma. 

Goldberg .ind Rimington (129) described the precipitation 

or aggrava ti.on. of attacks of acute intermittent porphyria. in the 

course of intorcurrent infections .. 
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S1'.CTI~ 

RESULTS. 

The major theme of this thesis concerns the influence of 

DDC. AIA, and HCB on the levels or ~ctivi ty of several hepatic 

enzymes in the rat. 'Ihe results or the investigation are pre-

sented in part A or this Section. 

The infiuence of chlorbutanol administration on porphyrin 

and ascorbic acid synthesis is shown in part B. It w.as ad-

ministet'E'rl because of the observed innuenco of DDC. AIA -.nd 

HCB on urinary levels of ascorbic o.cid excretion. 

'l'he levels of aeti,ri. ty of the enzymes studied obtaining 

in the livers of a number of patients with porphyria are presen-

ted in pa.rt C. Clinical details of these patients are 

presented in appendix 2. 

A. COMPARISON OF THE LEVELS OF LIVER ENZYME Ai:rrvn·ms. XND 
RA1ES OP' URINARY ASCORBIC ACID EXCRETION IN NORMAL RATS. 
AND rn RATS mmERl':.D PO_!tPn'YR!C WITH DDC. ~IA. an.d HCB. 

Findings in four groups of drug-treated animals. a.11 with 

disturbances of porph7rin metabolism, are available for eom-

r..a rison with those in normal control groups matched for sex. 

weight, dietary status and season. 

factors i:s discussed in Section 5. 

The !'our groups include:-

The import:.nce of these 

l. Normally ftrl female rats administered DDC by sto;r.aeh 

tube in a dose of 2.50 mg/K6 body weight twice daily. 
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2. A similar group, but starved :for 18 hours before being 

killed. 

J. Male ra.ts administered AIA by stomach tube in a dose of 

250 mg/Kg body weight, and starved for 18 hours before being 

killed. 

4 .• Female rats administered RCB as a o.2j mixture in their 

diet, and staffed for 18 hours before being killed. 

All starved animals were allowed free access to water. 

The pal\'imeters which have been studied are summarised 

on page 4 • And in Figure l. 

In this section tables are prosentt'id wh:i.eh show the results 

of the measurements of these parameters in in11vidual animfll.s in 

+ 
. each group, the mean f'or the group - the standard error of the 

meani and the range of activity in each g·roup. The results or 

statist.ical com:i;:arisons made between each group and its corres­

ponding control group are indicated .• (Students "t" test - see 

appendix:)}. The vaiue for Prefers to the probability that the 

two means are drawn fro:n the same population, 

The weight r:ange and sex of the animals. the dietary status 

'1.n.d the period. over 'Which the determinations were made are shown 

with each table. 

The ccm.parlsons are deiri.onstr.ate::i gr.af)hically in figures 

which show the mean values for the groups indicated !: the stan­

dattl error of the moan. The number of animals in each group 
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is indicated at the foot of the various columns. 

fables and graphs are presented showing the levels of en­

zyme activit:, and the rates of urinary ascorbic &Cid excretion 

after ~rying periods of drug treatment. 

As can. be seen from the prelimina?Y experiments summarised 

in Figure l.5, liver ca.ta.lase activity had fallen to low levels 

after 6 days of DOC adminietration; a.rd liver protoporphyrin 

concentration. although r1sing steeply between the 6th and '9th 

days of administration of this drug w:u; already signif'ican'tly in-

creased after 6 days too. Investigations ror statistical 

purposes were made at this stage. 

Rats treated with AU shO'.red similar pat.terns of change of · 

their liver ca ta.lase activities and porpbyrin. concentrations, 

and. -in the main. the various pa~meters were compared tn animals 

treated for 6 days in ·this group too. 

HCB administration had previously been ehown to induce por­

phyria after between 2 and 8 weeks of its administr,a.tion as a 

0.21' mixtuN in the diet. (226). In the present investigation 

the various parameters were studied at weekly intervals. and 

statistical comparisons are shown between norm.al animal!!.> and 

animals receiving the drug for between 1'+ and 57· days. 

The effeets of· feeding DDC as a 0.2~ mixture in the diet 

for lit9 days, and of HCB administration 1n a dosage of 2.50 mg/Kg 

body weight twic& daily over a period of 6 days are also 1ndieate:1. 
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P1RUVATE .. KINASE ACTIVITY. 

> 
Animals administered DDC b7 stomach tube tor 6 days sbowecl 

a re:luction. 1n the1r levels of hepatic p;vruvate kinase actlvi.t7 

{measure;I in yitz:g). as ~ompared with· those in corresponding con-

trol gl'Ollpa.. (Table 1) • 

. The mean level ot activity in the live.rs ot control animals 

in the 6 ted" group wae 1.88 : 0.19 ,imoles/mtn/mg. total tissue 

phosphorus. In the drug-treatfd animals this was 1.39 ! 0.10 

)lJAOles/m1n/mgP. - a reduction to 716 the notml. level. 

i The control group ~ich vas staffed for 18 bOl.11'8 before 

death ehor..red a mean level_ ot activity ot l.~ ! 0.10 JJffiDln/ 

mtn/mgP. • vhile the correepon:l.1ng DDC-trea tecS group bad a mean 

level ot acti•itq ot 0.76 ! o.06 )lmbla/mln/mgP., whicb rep.. 

resm1ts a reiuction 1n activity to 76'/, of the control level. 
. ' 

While a period of ~tamt1on in itself :resulted 1n a lowering ot 

'the level of ac.t1YS.ty of this enzyme, DDO-adm1n1strBt1on 

resulted 1n a turther reduction in activity proportionately t'Jqual 

to t.hat which occurred in the nozmally ted animals. 

This reduction ln. actin.ty is atat1et1cally aigniticant in 

both fed and etarved groups or JG.ta. (p = L.. 0.0.5). 

Animals adminiatend AIA tor 6 days (Table 2) ehowed a re­

duot1on in the lettel ,or activity 0£ this ~yme to 51/, the 
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.noima1 level. In control animals the mean wais 1.94 ! o.;7 

pmolea/trd.n/mgP., and in the treated animals it. was 1.03 t 0.1.5. 

(p = ~ 0-;0,S). 

Aa,, 

A grou:p o·f ani.mals tel 008 as a. O .2.t, mtxture in the diet ter 

~riods va!7hig between 16 and 57 days (Tabl,e 3) shOWEd a mea.11 

level of activity ,ot hepatic wruvate kinase ot o.66 !: o.os 
pmoles/min/mgP. In the control group the mean vas 2.18 t 0.37 

JJmoles/min/mgF. · The ·ra1uet1on in act.1vit,, was thu$ to 'J<1/, the 

.· normal lwel. (p = ~ 0.001) • 

1:hen NSUlts are eummadse.t graphicall7 in Figure 16. 

It 1.s evid:ent that w1 th each ·of the drugs used there was a 
. ' 

signifioant Nduotion in hepatic wruvat;;e klnase activity,. 'l'bis 

was most matk«l during HCB administration .• 

Time studl,es, 
. ' 

:The influence of the du.ration of drug administration hi 

large doses by ,etanacb tube upon the development ot changes in 

hepatic wru•te kinase act1v1\V' is shown ln. Tables 4 • 6; .•• and 

· these findings are summariser! gl'lphicall:, 1n .Figure i7. 
. . 

· In both DDC- and AU-treat.Ed :rats there waa .an initial rise 

ln the activity or the enzyme. In the DDC-treat«l rats there 

was then a marital tall .in enz.,me activ1 ty after ) ·days of drug ... 
adminis~ra tio11 atter whlcb the level renained constant until the 

end or the experiment. In the AIA-tnatei anlEle there was 
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..... 
similarly a Ml. in activity after 3 days of treatment, U:. ;as 

mor'e marked atter 6 days atd then also remained constant UDtil 

the. ·end ot tbe ~eriment. 

Ne uaetly co~ control animals are availabl-ia tor 

comparison' with the ilIC&.treatsi ani,mnls. As shown in Sec.tion j 

. (v) despite a dift•rence ~n sex arid weight range •. nomal. mal.e 
If' 

animals .studi«l over the ·same period bad similar levels· o.t 

wruvate kinase activity ani probably provide·an aaee,pta.bl.e eon-• 

trol gl"OUp in this ·stuay-.~ It. is tbs evident tbait. a sligh·t ·· 

reduction in the activity ot this enzyme occurred a.tter 6 days 

of drug administration. 

Ra ts tel UCB in the diet sbow«i a marl(e:i reduction 1n tb, 

actlvity of' this enzyme after 7 days of treatment. 1'hls was 
- . . . 

more pronounocd after 16 ,days, and then the level .raained 

tairly con.stut until the end · of tbe experiment. · ('table 3). 

ef.fects ,of feeding D1'JC .as a o.2i m.t&ture in the dlet for a pel'i:od 

0£ 49 days. (?.able 7). 

Prolongei DDC-a.dm1:nistI9t1on result.Eld 1n a redu.ction in the 

level of act1v1-ty or ·1m1s enzyme from a ·mean o.f 2 .• 18 ! 0 • .37 to 

one of 8.8? J;>.mOles/min/.mgP. - a muotien 4.Wen more strlJdl'JIJ 

than that. obtaining in the animals administered DDC 1n la~ 

Too tew ammal.s have been etudi~ ~-

to &11ow ot .statistically valid cMclusions being drawn. 
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· Those time :studies, mile not suitable for at;atlsti:Qal 

~nalys1&,. suffice to b1dicate a trend and to suggest . cert.al~ 

time Nl~tio~shlpl! im t.be c:h~velopment ot experimental po~ .• 

'The7 ebow that cllangff . oceurrat" early ~ wi thtn ,3 days or' 
DDC and ·AIA· admtnist111 tion, and: somewhat more slowly in' BC&. 

treated a.ntroal$~ Prolonge.1 drug t~tmerrt. especially notiee-

abl.e in' the HOB.fed group,. did not Nwlt :ln further decreases 

in enzyme ti'ctt'Vity despite the progressive accumul.aticm ot 

pot'Pll,yrins in the liver.. 
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Talile 1, 

fyruvate kinase activity in tbe livers of rats administered DDC 
by stomach tube for 6 days. 

JJffiOlcs/min/mgP. 

t3ormall.y fed Starved tor 18 hrs. 

Controls rreated Controls 'l'N&ted 

1.53 1.27 0.7) o.ll6 
2.30 1.48 0.19 0.50 

Level of aotivi\y 2.6.) 1.90 1.)6 0.75 
in 1nd1vi.dual 2.92 1.33 o.aa l.~ 
livers o.aa 1.)9 0.98 0.78 

l.).S 1.09 1.11 0.19 
1.46 1.27 1.15 0.6) 
2.12 0.91 
l.60 0.92 
1.98 o.86 

tJumber in group 10 7 7 10 

+ + + + + 
Mean - s.~. 1.88 - 1.)9 - 1.00 - 0.76 -

0.19 0.10 0.10 o.06 

Il.a.nge 0.88 - 1.09 - 0.73 - 0.46 -
2.92 1.90 1.)6 l.~ 

P• < o.os < 0.0.5 

All temale rats. Height range 16h - 2"2 o. 

Deteiminations made over i;eriod 21st t1ay to 16th Jul:,.196). 
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Pyruva te k:l.naee activity in the livers ot rats adm1n1eter«1 AIA 
by stomach tube for 6 days. 

·--, --/.,., -... J.,..,p. 

Controls Treated 

1.37 0.69 
1.27 0.87 

Levels of act1:v1 ty 1.17 0.57 
in inU vi.dual 1.84 1.33 
livers. 1.66 1.4) 

2.19 1.30 
4.06 

Number 7 6 

+ 1.94 !' 0.37 1.0, t 0,1.S Mean - s.e. ' 

" 

Range, 1.17 .... 4.06 0.57 ""1-.43 

P• <0.0.5 

All .male rats. 

Weight range 147 •. 241 o. (Majorlt:, 170 ... 210 0), 

DeteJ!lllnations made over period lStb·October to 15th November. 
196:3. 

All rate starved tor 18 houris :before being killed, 

I . 



1 , ~ Table 3, 

Pyruvate kinase activity- in the livers of rats given HCB as a 0.2 i mixture in the diet over a period or S7 
days, Statistical compirisons are shown between control an:lmals am animal.s fed HCB for 16 - 57 days. 

pmoles/min/mgP . 
. 

' 

Controls 7 days 16 days 23 days Jl days 35 days 43 days .51 days 57 days 

' 
0.97 1.10 0.72 0 • .56 0 • .52 o.si 0.45 

Level of 2.09 l.45 0.63 · · 0.66 0.60 0.54 0.45 
activity 1.93 0.93 0.75 l.24 0.57 0.75 
in indi- 2.96 I 

vid.ual 2.97 
livers 

_ Mean 2.18. i..l? O .. '}() 0.82 o .. « 0-~~ o. r;i:; 

Nnmber i:; 18 
, Mean i s.E. 2.18 ± 0.37 

. .... , 

' , . . .. 0.66 - 0.05 

.Rani:!'e O .. c:>? ... 2·.Q7 O~h~ - 1.24 
p .. <. 0.001. 

All female rats • Weight range:- 85 - 177 o.(Majority 100 - 1.500). 

Determinations made over period 14th October to )td December.196). 

All1'9:tS starved for 18 hours before being killed. 

o.60 I 0.65 
1.02 o.66 

' 

O .. Al 0 .. 6r; 

In a similar investigation perfonned on 30th September1.196J 1 with somewhat heavier animals. the mean level. 
or activity in. two rats fed HCB in. the diet for 40 days was 0.50 Jl!rlOles/min/mgP.. The· iniividual levels 

i-­
w 
C, 

were 0.21 am 0 •. 79 ymioles/min/mgP. and a control rat studied on the same day had a level of activity or 
l.62 Jlffl,oles/min/mgP 



table 4, 
P7ruvate kinase aotb1.ty 1n the livers of rst1 administered DDC 
by stomach tube over a period or 9 days. 

Da 0 D 

Lev•l of activity' 1.s, 1.87 1.u5 1.27 
in individual 2.)0 3.00 1.65 1.48 
11vors 2.63 2.99 1.28 1.90 

M•n 2.15 2.62 1. 1.ss 

,Ul female 1'&t8 

Weight zenge1- 198 • 2S4 O. 

Determinations made over period 21st Ma7 to JOtb Ma7,1963. 

All rats normally ted. 

Ja)Jle S, 

1.29 
1.69 
1.18 

1.39 

fyruvate kinase activity 1n the livers or nts administered AU 
by stomach tube OYer a period of 9 days. 

Level of activity- l.)7 1.97 1.67 0.69 0.89 
in individual 1.27 2.13 1.13 0.87 o.so 
livers 1.17 l.62 1.os 0.57 

M•n 1.27 1.90 1.28 0.71 .69 

All ale rats 

Weight range: ... 168 - 241 O~ 

Determ1nat1one made over per1.cd 15th October to 24th October,196). 

All rata etarved tor 18 hours before bc.ng killed~ 
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Pyruvate kinase activity in the livers ot rats administered HCB 
b7 stomach tube over a per1cd of 6 da7s. 

Lewl. st activity 
, in ~1v1dual 
l1vors 

All :femalce rat.a 

1.10 
1.2, 
0 

Weight range:- 166 - 198 o. 

1.00 
1.06 

Determinations made over period 2nd October to 7th Ootober.196). 

All rats starved for 18 hours before being killed. 

tablo 2, 

l'Jl'Uvate kinase activity in livers ot rats fed DDC as a o.2i 
mixtuN 1n diet for 49 days. 

Level of activity 
1n individual 
livers 

All female lQta 

Wei~ht range 153 - 160 o. 

0.53 
l.)7 

0 

Oetexminat1ona made on 25th November.1963. 

All rate etanted tor l8 bours before being killed. 

• The mean tor a series ot normal female mts of equivalent. weight rans, 
investigated over the pertod 14th October to J:rd Dece.nmer.1963 wae 
2.18 i: 0.37 and the range 0.97 - 2.97 Uf40les/m1n/mgP. 

152 



Figure 19,. 
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GLUCOSE - 6 ,- PHOSPHATE DEHY.DROGENASE ACTIVITY .. 

Table 8 shows the Jeffeet on the level of liver gluoos~ - 6 -

phosphate dehydrogenase activity ~f administering DOC by stomach 

tube to rats for 6 days. 

Fed controls had a mean level of activity of 0.:84 ! 0.10 

p.moles/min/mgP. The treated an1.mals had a mean activity ,of 1.:)4 

t 0.12 p:moleeJrnin/mgP. - an incr•_§e to r5(J$ the contr0l level. 

The s"t;,arved. control animals had a mean level or activity of 

0.:56 !o .06 p.moles/min/mgP •. , while the _treated animals showed an 

increase of activity. proportional to that of the fed group •. to 

128% the control level ... the mean being o. 72 :t 0.05 · )lmOles/min/ 

m.gP .• 

These changes are not statistically significant ( p =<O.l) 

but they are important in that (a); the change was opposite to 
' . 

that fourd for pyruvate kinase activity. (b), it was consistent 

and (o), there was a wide 19nge of noxmal activity (also re­

ported_ by Glock am Maclean (11!7) witp. much overlap, wbich 

renders. the results statistically non.;rslgm.fioant, although a 
I 

real change is suggestei, 

This increased activity which was only sugg,estei in the 

ipDC-fed animals 1as strikingly tsign1£icant in rats trea tad with 

AIA for 6 days. (Table 9). In these the mean level of activity 

was more than ·double that ot the control group (21~). In the 
153 



control 1roap the ._n lev-1 or activity •• 0.64 ! O.lJ paolu/ 

'ld.n/agP. TN&t.d anillal• •how«l a ••n ot 1.3.5 t O.l) 

paolu/ain/91,P. (p • <. O.OJ.). 

JJ&L 

, In the HOB-treat«! aniMle (Table 10) this 1nereas.S activity 

was ap.in evident - to 166~ the control level. The control 

an1.Jlal• bad a mean lnel of act1.Yitc, of 1.20 t 0.21 JJ*'l•/min/ 

qP. while the anillals treated for period• • ¢I'll betWNn 16 d.,-. 
. + 

and 51 days had a a.an level or acti'Yity of l.~ 0.26. (p =< 0.05}. 

A vi.de ranc• ot acti'Yity 1n th• nri.ous croups was acatn evident.. 

These results an 11U111111ri.Mi in 1"1cure 19. 

T1ft tt\JdiM, 

Tb• 1nnuence ot th• du1&t1on or treataent on the devalop. 

111mt ot these cb&nau ia •bom 1n Tabl.u 10, 12, lJ am 14 ard 1• 

•t1111&r111td grapbicall.7 in FiprM 20 ard 21. 

In the DDC-tnated an1lllals th•re was a fairly- •t.eady in­

crease in aotirlty over 6 daye. The level droppc ali,tltly atter 

the 9th day ot trea taet. In the 4IA-tna t«l aniuls there •• 

a definite, urked am rec,ilar incrase in activiV ewer the first. 

6 da7• ot trataent atter 'Which there•• al•o a alight fall 1n 

act.irlt.7. 

Rats treated with HCB by atoaach tube OYff a 6-day period 

above a tairl7 •rked increase 1n activity betvnn the tint and 

the third days ot tre&taent after which_ the level Nll&ined con­

atant. The •iani t.lcanc• ot tbia cbani• ie doubtful ••peo1.al.17 
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when considering the small numbers am the wide range .. of ~~1ri:tq 

or. ln11vidual :rat :livers and more especially when conside.rl.ng the 

changes summarised in .Figun .21. tlhicb indicate a 11.ight. reiluctlon 

in the activl ty, or this •~yme .in .rats fefi HOB as a 0~2'/, mtxture 

in the diet f<>r 7 days. 

:fta·ts fed HCB in tbe di-et, .after an initial fall after 7 days, 

showai a fai·rly striking increase .in ,G-6-P D ac:ttvlty- attar l.6 . 

days of treatment. This was followeci' bye slip't but progressive 

den-ease 1~ activity (but remabdng above the. nomal 'level) until. 
' . 

the 42nd day cf treatment. After 51 days on the drag tbeire ·1r,1Qs, a 

furt1:ler striking increase in activity to J.10 p,.noles/mln/mg. 
\. 

tissue P ·which wae maintain-Ed until the end of the expe~mt one 

'Wee'!, later. (Table 10) .• 

.Animals treatei with DDe i-n the diet <Tier a period of~49 da,-s 

showed vet7 11 ttle, or no change in their level of hepatic 

~ueose-6-P04 deb,vdrogenase actlvi ty. (Table 14 and Figure 23..}. 

These ·time studies indicate that a progressi'V'e r'ise in fal'i­

eyme activity over thG first 6 da,-s o.f treatment witb-eitber DDS 

or AIA occurred .• 
• 

The -results with HCB are sU.ghtly contradlcto17. hut it t.10Uld 

seem that an initial rlse oceurred in tbe 2nd. week -of trest!nent,. 

after whlob ~he level of ac-t-ivit,, remait1ecl more or less constant 

ror tbe next fesw weeks, and that. there uae a secondary ri.se in en­

~yme activi t., after 1 wrieke ot drug treatmentr 
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.ta~§ a. 
Qluoose-6-phosphate deh,arogcnase activity in the U.vore or rats 
administered DDC by stomach tube tor 6 da~. 

o.ss 1.00 0.)8 0.71 
0~96 1.4) 0.54 0.67 

Level of' o.ss l.LJ.) o.84 0.74 
activity in 1~4.5 1.,s 0.1.12 0.89 
1ldividual 0.58 o.aa 0.47 0.67 
livers O~S) 0.98 0.57 0.49 

0.78 0.77 0.68 0.56 
0.66 0.87 
1.19 0.65 

0 

l!umber in 
0 0 

llean ! s.E. + ... 
0 • .56 t + 

0.84 - 1.)4 • 0~72 ... 
0.10 O· 2 0 00 

Ranze 0.53 - 0.77 • o.)8 - 0.49 -
1.4.S 1.4, 0.84 0.94 

P• ~ 0.1 ~ 0.1 
(not significant} (not e1gn1ticant). 

All rats female 

t-Ieight range*- 164 - 2"'2 a. 
Detem1nat1ons made over period 21st May to 16th Jul.1',1963• 
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Tal?lt 21 

Ol.uoo,e-6-pbospbate deh1drocena•• activity in the liven of rat• 
adffliniet•Ncl J.IA by at.ouch tube tor 6 da:,e. 

umoles/m'J n/.,,p .. 

(\ ,. . 'i. Treat.ad 

0.44 1.6:;. 
Lenl ot 0.53 l.).S, 
activity in Q.42 1.69. 
in:11 vidual 0.98 1.44 
l1••re 0.40 1.2,. 

o.66 0.1,. 
1.09 

Nwaber 7 6 

+ Kean - S.E. + 0.64 • O.l) + 1.35 • 0.13 

Rana• 0.40 - 1.09 0.75 - 1.69 

p. ~0.01 

' 

All male iata 

Weight x-nae,- 147 - 241 o. (Majority 170 - 210 O). 

Determtnatione ude OYer pel"iod 1Sth October to 15th Noveber, 
196:,. 

All rats starved tor 18 boun betore being killed. 
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Table 10, 

Olucos•-6-pboat,bate dehydro,enas• activity in the livera of rats gifln HCB as a o.d mixture in the diet over 
a period ot 57 da79. Stat11Jtica1 comparisons are shown between control anilllals. am a.niaals ted BCB tor 
16 - 57 days. 

LeYel ot 
activit7 in 
1Di1v1dual 
livers 

M 

N 

+ Mean - S.E • 

0.52 
1 • .57 
1.18 
1.17 
0.99. 

Q 

0 • .53 
o.ss 
0.71 

0 

2.18 
2.0) 
2.40 

1.18 
1.06 
:,~ss 

f 

1.06 
1 • .35 
l.81 

1.99 _!. 0.26 

0 

<. o.o 

2.00 
1.11 

1.77 
1.os 
0.84 

All r..ale rats. Weight range:- 85 - l?7G.(Majority 100 • l.50 G). 

Determinations 11&de over period 14th October to )rd Deccber. 196). 

All rats •tarved tor 18 hours before being killed. 

1.14 
4.9() 

2.64 
) .. "4 

20 

In a silllilar investigation pe:rtoftlled cm 30th Septebff, 196). with eaaewba t h1'Rrler illlimla. the mean level 
ot activity 1n 2 rats fed HCB in the diet tor 40 days •• 2.00 JllAOles/.S.:r//m.gE.. The imividual lnel.s were 
1,75.ard 2.42 ~oles/=1n/acP.. A control anilllll studied on the sate day had a leffl of activity ot o.86 
y.aolu/tain/mcP • 

... 
~ 

00 

-



,1.ablt1:~ ll ,, 

Gl.:tteose~6-phospbate dehydrbgenase a.<tt5.vity .in the livers ot rats 
a.dministered DOO b7 stoma.ch tube over a period ot 9 days., 

level or activity 
1n 100:.i vidual 

M 

Da 

o .• s.s 
0 ,n.J!: 

e7,U o_··. 

Weight range=:- 198 - .2.$4 G. 

0.,76 
lt36 
0 

0 80 

Determinati;ons ma.de over period 2.lst. May to :)0th llxay,196) •. 

All rats ru.>rmally fed. 

Glueose-6-pho;phate dmyd.rogenaso activity 1n the ·liver!i of rats 
administered AIA by stomach tube over a period of' 9 • da,;vs._. 

· Level of activity 
in indi.-vidual 

Al.l male irats 

Weight I&nge 168 - 241 o. 

DeteJ'fll.inatlons .made over period l.Sth October to 24th October.,196;.h 

m J'Gts .starved tor 18 hours before being killed ... 
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:!Aile •l.1. 

Glucoae-6-phosJ;hat• 4en,Yd:ogemse ~ct1v1ty in tbe liven ot 19-ts 
adminlet.era:t BO& by etcmach tube over a. per~ed. of 6 da7s,. 

Level of aotiv1 ty 
in individual 

1.v s 

We1sht. raJJge•· 166 ... l.98 a. 

Detemina ticma m:uie ovff period 2nd October to ?th Ootok}t!!r,196). 

All rat.a •taJ:"llfld for 18 hwrs before being ktUed. 

:table li!.ta 

Olucoee,.6 ... phospha.te debydrog4fflase activity in the livers or :ate. 
tea roe as a 0 .• 2,t mixtu:re 1n the dtet .for a period 0£ 49 daz,e. · 

. Le11el ot act1vity in . 
1ndiv1dua1 llvera 

All temale rats 

·• 
·1 J .. J. p ..... . ;fflntLl§Lmi!'llRJi: • . , 

T 

Weight r.angei- 1S! - 160 o.· 
All rats s~rv&i fol" 18 hwra before baifli kill.ed. 

• Tbe r.nea.n ror a aeries of' noimal. feni.ale rat.6 of e-4uiwlent weight 
ran.·· ge investigated' over the per.led. 14th... October to . )id »

1
. eee'l)b.· . er 

196.3. was 1.20 :t 0.21 and the ran,:e 0.52 - 1.17 ;.moles mtnbngP. 
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•. 

increase in their '1ri:n!iry GJteretl<m of aacorM.c: acid tram. a ~ean 

ot o .. 3a t 0 .• 07 .mg./24 hrs.. in ·the· control group to a ·me&m of 1.1$ 

t o,.16 .mg,../24 hraa0 Thts represent, an increase of .'392$ 

(p = L. 0;.001) ..• (table 15) .. 
•I 

Ee overlap aceurr«S bet.ween :treat.Ed and control .anitnQls •. atd 

the nnge of nor.mal 1as very r£rrow being only O.l.S ·- 0 .•. 51 ,mg.,,/?..~ 

In rats tfd Dl)C in tb:e cH.ei'. &or 7 ~s. the~' un.na17 . . 

aseorl>1c acid acretl.on rate was l..42 ! o .. ,a mg../24 hrs. {~ble 16) .• 

anct \.bat 'by a corresponding control .gl"Oltp was 0 .• 90 ! 0.1-9 

mg .• /24 bn. (fabl,e 18). 

Althou.gb. the normal. .a'!J1mal et.udled w t.he 26th lovember,;196; 

ex-ereted onl;y O.l) mg./2.4 hrs, the ,ra~ge •Of l'l<mral tor the 

corresponding control. gl"O\AP •• 0 .. 27 - 2.,04 ~./24 hn. and tour 

of the ti.vo ·trst«I am.male studied, bad a uri.mry eeoorbt-c acid 

ex~reUon ·rate falling well withi.n thu wide tw:l;e,. It 1s. there­

fore. ·no mol'e than R~estive t.bat. prolonged 000 admini.stnt.iOD 

can NS'~lt. in increaaed ur.lmr:, ascorbic aeld ncretian. 

(p= ~i:3 .. > •. 2). 

A very 8tdkin,: rise in urimr.;r ascorbic acid mi.c-reUon 

ocouned 1n animals administered .A.IA over a period ot 9 days. {'i'e'ble 17). 
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After the first day of drug administration the excreter., rate 

bad risen from a mean ot 1.17 t 0.19 mg./2ti. hrs. 1n tbe control 

group, to a. mean of 8.64 t 1.00 mg./24 hrs ..... an increase ot 7~. 

(p = ~ 0.001). .After the Jrd day it had risen to 18 .• )l ! 1.88 

mg./24 hrs. - a rise ot 1S64,;. ( p = 4- 0.001). After 6 days ot 

drug administration, the rate or ezcretion had fallen eon ... 

s1derab1y to only 4.:30 '! 0.71 mg./24 hrs., and aft~ the 9th day 

the mean level was 7.60 mg./24 brs. Only two animals were 

studie:i aft.er this time interval.. 

HCB. 

, Am.mils fEd HOB in the 41et ror periods val")'ing between 16 

and S7 clays showed a mean urtnaey ascorbic acid exoretion J8te 01' 
i 

5.16 ! 0.61 mg./24 hrs. Control animals exerete:i an average of 

0.90 ! 0.19 mg./24 hrs. This represents an increase of 57'JI, .t,n 

the HCB.fe:l anitrals • .( p = ~ 0.001..). (Table 18). 

As .'tfS.y be seen, there was a. slight increase in ascorbic acid 

excretion after one week 0£ drug feeding, an.I this had risen to a 

maximum within two weeks. af'ter which 1 t remained mere or less 

constant £or the duration of the e-xperlmcmt • 
• 

Rats given ROB b;v stomach tube over 6 days showed an in-

creased exeret1on of the vi tam1n after 6 days of drug administration. 

(Table 19). 

The influence ot the administration of these dl'Ugs on the 

rate of ur1$ry ascorbic acid excretion is shown graphically in 

F1gure 22. 
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!fb}.e lSa 

Ortnar.v &soorbi.c ao1d exoNJtton by rats adm1n1.stere4 DDO tor 6 
days. 

Rate ot e=retlon 
by 1nd1v1dual 
animala 

· Meant S.E. 

All .fsale rats 

No 

. 0.38 ! 
0 

Weight lGflSEU• 164 • 204 O. 

p 

< 

1.49 t 
0.16 

Det~rminations made ovel" period lotb .June w 16th J\ll.7,196)" 

All. rats st.arve4 tor.18 hou.N befo1"e death during which ti.mo 
t.be urin.e was acolleeted. 
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Tablp .~. 

Urinary ascorbic acid excretion by rats ted DDC as a o.2i mixture 
in the diet for 7 weeks. 

Excretion by in:fividual 
animals 

+ s. - .i.. 
All female rats 

T 

1.70 
0.17 
2.71 
1.5:, 
l 00 

1.42 + 0.42 

Weight i,ange,- 14) - 160 o. 

Dote,:minations :made on 25th atrl 26th Nove:nber.196). 

0.1:; 

Rats atat"\ted tor 18 hours before being killed, during tm1ch time 

the urine was collected. 

• The mean for a series or normal female rats or &~uivalent 

weight f\1.nge and investigated over the period 14th October to 

Jld December, 196) wae 0.90: 0.19,am the range 0.27 - 2.04 

mg/24 hrs. 
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table J.Z, 

Urinary excretion ot ascorbic acid by r& ts administered AI.A ror 
the peri.Ol!s shown. · 

ffl.t.7 I '2.t,, "''Pl -
(" - 1 Dav 1 Da- I. Da'V'A () Dnw ,.L, I 

0.92 6.73 14.67 1 • .59 6.20 
1.18 4.S6 24.82 l.16 9.00 
1.28 a.is 19.35 3.98 
0.44 7.99 18.22 2.12 

Exe ration by 2.05 8.)2 14.49 8.)J 
individual 0.97 8.21 1.72 
animals 

. 
0.74 1:,.9.5 ;.11 
0.75 11.19 12.~ 
1.04 
2_ ':t.'7 

NW1ber 10 e s 8 2 

• + C"' .... + + 1e.31 t 4.:;o! 7.60 hean • ..,.~. 1.17.,. 8.64 -
Q ,o 1.00 1.88 0-?l 

P• w. Control < 0.001 <0.001 c:.0.001 

All male rats 

Weight. renge:- 1Sl • 241 o. 

Deteminations made ovor period 15th October to 11th December,196). 

All rats started tor 18 hours before being killed, during which time 
the urine was collected. 
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'l'ablg 18. 

Urinary ascorbic acid excretion by rats administered HCB as a o.~ mixture in the. diet ro-r a :perlcd of 57 days. 
Statistical eomr,ariscns a!"G shown between ccmt:ro1 animals and animals fed. HCB tor 16 - 57 days. 

mrrl2b. 11"9:~ 

Controls 1 .. 9 I 16 - 18 2J - 24 29 - Jl J.5 - 36 43 - 45 .5l 57 
dav:'i dairs · na.vs davs davs davs dav:a dav~ 

1.54 J.81 4.:,2 ,~.sa 4.8? 3.03 5.t~7 7.09 ).20 
0.64 0.33 t l.lJ .5.21 7.82 7.12. 10 .. 84 2.58 4.1.9 
o • .;9 1.15 12.41 6.44 2.26 2 .•. 0J 10.e,. 

Sxc:retion 0.70 2.47 2 •. 60 1 .. .56 4.67 2.97 
by 1. • .,0 2,94 3.,.,.7 3.60 6.11 
:individual 2.0l:, 

l ani~...l.s 0.:34 
0.27 
O.Jrl1, 

' 0~02 
Mumber 10 ,.; l 5 '5 -~A-- ,; 2 2 
Mean O ... CJO 2.26 ! s._.~'i 4.4§. 4.02 4.21 ?.2~ ,4 .• 81 1.70 
Numl)m", 10 .. ' 22 . 
M ,,." ... 0.90 '! 0.11 5.16 ! 0.61 e.an - -.,.;:.. 
Rant.Y-e 0.2? - 2.0, .. ~~~------- il!"iil -· 

,- _ l.l] - 12s41 -n~ _<J).00~-

All female rat$.., 'l:lei~t :re;ngo:- 85 - 177 G. 

Deter.nina. tions made over perlcd 14th October to J:rd December11l96J. 

i\ll rats starved for 18 hours be-fore being kille:l •. durl.n-g which, t.itne the vrine. was eolleetErl. 

In a simi.lar investigation performed on _30th September.1963~. with sorne~hat heavier animals,, toe mean tate of 
Urinnl"Y ascoTbic acid exc:retion by 2 J'Qts fed HCB in -the diet for 40 days t.1As 4-.J.5 mg/2t.; hrs. T'ne 
ird.ividual rates itere, 4.2,5 am 4.hli m.g/2.lJ hrs. A control rat studied. on the same day had an excreto-r7 

- rat-e o.t 0~97 rrrJ21~ hrs. c 

i-­
o:,: 
~,"::> 



Table 12. 

Urinax:7 .excretion of ascorbic acid by n.ts administered HCB by 
stomach tub• over a period of 6 da7s 

Excretion by 
individual 

M 

All female 19ts 

'Weiaht l'6n;ei- 166 - 198 a. 

0 

o.se 
0.78 

0 

Determinations mad• over period 2nd October to 7th Octobel',196). 

All i,a ts atarv41d tor 18 hours be!ore being killed during \vh1ch 

t11Ml the urine was collected. 
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Animals administered DOC for 6 days (Table 20) showed a re­

duction in the activi t.7 or lactic debydrogena.se t.o 81,; the 

nomal l.evel. in the f's:i groups - from a mean level of 129 ! lO 
.. . ' . . . .+ . 

~l.es/min/mgP.. in the contr.ol animals to one of lOlJ. - 5 )llllOles/ 

min/mg'P. (p = ~ ·0.05). 

In the starve:! groups the reduction 1n activity was minimal 
. . . + : 

and not significant ·- from a mean of' 1~ 10 )lfflOles/rrdn/mgP.. to a 

mean ot 137 t 16 ye.noles/m',.:n/mgP. 

In all tour groups t.bere was a very 'l;.i.de range of activity 

in ind1Vi.dual livers which limits the value or any· compuative 

studies. It nay be merely tortu1t.o,iu1 that a .significant re-

' duction occurred in the ".fedn group 0£ animals ancl not 1n the 

tasted.. However. in both groups there is eviden.ce of a 

redug;Uo; in the ac.ti'ri. ty of this enzyme. 

•• ··1 

Rats adm.inistero:1 A.IA b7 stmach tube tor 6 days (fable 2l). 

had a mean level ot activit.:, ot the enzyme of 92. ± 6 pmoles/min/ 

. ' ' + .mgP. .• while the mean f'or the control .grwp was 144 - 12 

y.moles/min/mgP. This represents a Nducti.on in ao.ti'V'i.ty to' ·"',i 

64j the noimal level in the d~g-treated animal livers and is 

b1ghly significant statistically. (p = £.. 0.,01). 

Ra ts feel HOB 1n the diet showed a !'Eduction in the aet.S:vi t,' 

168 
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·i'J. . . - + 
of this liver enzyme to 6v~ ot non:nal - from a mean ot 1:33 - 9 

JlillOles/mln/mgP. in the control group to a mean of 80 ! S µmoles/ . . 
min/mgP. (Table 22). 

Tb~ results are sum.•risai graphically in Figure 23. 

The rate at wbich the changes occurred ts shown in Tables 22. 

24. 2.S and 26, a1d is .sumnarl.s·m grapl:d.cally tn Figure$ 24 and 2.5 •. 

Time s\µdi~Jh 

DDO-treate:1 rats showa!. a re:iuction in ·nei;atic eneytne activity 

~:dlnum aft.er :) days of receiving the drug lil'1 th a maintenance or 
this level of actt:vi ty ,over the next ,6 days. 

The AU,..trste:i animals showfid an initial rise in the level 

of enz,me act.tvity aft.er one day's treatment, but a maximal tall 

in act1v;ty had occurred by the )id day. ard tho level r-ernained 

steady ror the remainder ct the experiment. 

HCB administere:l by stoma.ch tube had little effect on the 

level of ~ct1vi ty or this •~vme until 1 t bad been administem 
• 

fo.r 6 days when a mcde?9.te re:tuotion became evident. 

Prolonged HOB a.dmini..strat.ion caused a fall iii the level. of 

enzyme act.ivity, alnady noticeable 7 ,da7s after receiving :th! 

drug. The fall 'W'rlS more marked after 16 days and the lENel then 

remained more or less constant with variations irregularly above 

and below the mean level er ao ! S pmoles/min/mgP. 

Animals which received DDC as a 0 .. 2'/, mixture in the di.et· also 

showed a fall in the level ot activity or lactic .dehydrogenase 

. . + . 
a f'ter 7 weeks of treatment - iro:m a ni.ean of 1.33 - 9 to one of 78 

16~ 
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\ 
\ 

\ 
\ . roles/min/mgP. Thie level may be too low as a resul.t or ex-

. traneous factors as the liver of the control animal investigat«l 

on the same day bad a level of activity' of lactic dehy:drogenase 

of only 92 p.moles/mi.n/'ltlg'.'P.. whereas th~ range or activity or the 

corresponding control group was 102 ... 160 p.moles/min/mgP. 
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Lact1c deh)'tlrogenase activity in the livers or rats adminietom 
.ODC by stomach tube :for 6 days. 

-
96 98 l6S 185 

128 U6 154 181 
l.24 81 lS9 194 

Level of activity 108 
in individual 166 92 160 1.51. 
live:rs 148 l2l 120 lts2 

105 106 107 128 
180 us 11) 
107 84 

77 
l 0 

!!umbe 0 

144 ! 10 

<.O 

All f cmalo rats 

Ueiaht ten3e:- 164 - 242 o. 

Determinations made over period 21st nay to 16th Ju~.196:3. 
' 
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Lactic dehydrogenase activity in the livers of rat1' admin1stend 
AIA by stomach tube tor 6 days. 

Level. or activi t,' 
i.n individual 
livers 

+ - S.E. 

.All male rats 

C 

183 
128 
107 
131 
190 
l.).S 

p 

88 
92 
90 

116 
7) 
98 

- 116 

Weicrht ~e:- 147 - 241 o .. (Maj<Jritq 170 - 210 a)_. 

Determinations made over period l.Sth October to l.Sth Novembel", 
196}. 

All rats starved tor 18 hours before being killed. 
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,d·~-\.°' .. ;,,Jc• ·i .. ~--~. ~-:, ~ '•f ?ab-1@ AA, 

.Lactic de'h~dll'Ogenstse activity in tbe livers of rats fed .!CB- as a o.2j mixtu,re in tbe diet over- a. -per.t~ of S7 
days-. Statistical comparl.sons are made between control. animals am animals. fed troa for 16 -. s, days. · 

C 

evel. ot - .www I ~ ,-~ Lt6 I 93 I 118 I 77 1 : 54 
ctivit.y ; 48 . 82 103 96 44 

'1l imi-· 64 1:06 ?8 90 '. 77 ,1 •• 

.dual 143 
it.a 

t.:z&; 

I 
88 i 15 I Sl t _ 9'.t ·-~ _J_ lll_L ___ 84 __ J.c_Jt· 

~ 

.1~· 

tt 

All female n ts 

Weight range:- 8.$ ... 11? O.{Hajority 100 "!'' l.S0 O.). -

.Oete,minat.ions ma.de over ;period 14th 0¢tooer to Jrd Oeeembt.'i!r,, 196) •. 
- . . .. 

All sats starved for 18 hours before being 'killed.: . 

..... 
-.J 

~ 

-I 
ao 

100 
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.. 
Laetb dehJ'df'Ogenase .activity in the livers ot r.ats administered 
.DOO by stomach tube OVM:' a parl:od ot 9 dayti .• 

Lwel 'of a.ct1v1 ty · 
in individual 

All female rate 

Weight range:. ,198 .... 2,5t:. G. 

. , . Jlm9!.e~/;1,l;,;J;.9g't', 

98 
116 
e1 

Detetffl.L,a.tions mad.·e o~er period. 21st Mey to )0th ~y •. l96J 

All rats nonM.lly fed. 

- ··-. 

10) 
100 

02 

Laetio dehydrog~se a~tivity in ·th$,llvers of re~ administered 
/ .. IA by stomach tube over a period (l)f .9 days. 

Level of activity 
, .tn indi vi.dual 

AU male rats 

Weight ranget- 16'3 ... !Z~l o •. 

Oe.termina.ticni' made ove:r ,perl.od lStb OoWl,er to l.,Stb fioveniber.196)., · 

All JGts starved for 18 boo.rs before being killed! 
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I,anl,,e 25,. 

Laotlc de}l.~rogenaee activity in the livers or JQts administerd 
HCB 'by stama~h tube over a period of 6 days. 

· Level of a.<:tivity 
individtJal 

148 
143 
l. 

Weiiht .JQllgE'H• 166 "" 198 O. 

. . 132 , . 111·· 

Determinations made ever period 2n:f October t.o ·?th October,.196:). 

All rats starrred for 18 hours before bcing killed. 

TabJ.e,.2§., 

Lactic d!!bydroger.iaea activity in the l1vtr1" of Nts fed DDC as a 
o.2i rru,xture i;n · the diet for a. p(:rt<Jd of /J9 dws-» 

moles/rriin/rrig.t\ ... ... . .. 

Level of activity 
in individual 

Mean 

All female ttats 

.. 

58 
93 

Weight range: - l:S) ... 160 O .• 

Detenninati011$ m&de on. 25th Moveinber.1961. 

All rats starved for 18 hours before. being killed ..• 

92 

• The mean for a 8$r1e8 of no,:ma.l fmale :rats of equivalent 
weight range i.rrvest1ga.tf1. over the peried 14th Oatober to )rd 
Ot.,cember.1963 wa.s l)) - 9 an,i the range 102 - 160 pmolee/m1n/mgP, .• 
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Obsen'ed cbangee 1n hei:,atic isoo1tri.c dehydrogenase activity 

were not as unitozm as were those ot the other enz)'ffle aet.ivi ties 

presented thus far. and the tlnal. conclusion e;uggeeited ie: that no 

rea~ change in tho activity of this enz;vme occurre:l. 

pDC.i 

The tttedn group of animals treate1 with DDC {Table 27) sho--~Ed 

a reduction in the mea.n level ot activity of this enz1J11e to fl!:i1 

the· control level from l).7 ! 0.5 y.moles/min/mgP. in t.he control 

grol'ap to n.s ! O.J pmoles/min/mgP. in the treated antma.ls. 

(p = < 0.02). !io oha.nge was evident in the fasted animals, the 

mean level of activity in both control am treated animals being 

10.4 J»O.Ol'as/mtn/mgP. 

,&IA. 

Ali administration for 6 da.1'8 resulted in a minimal. st-atis­

·tically non-significant, reduction in the actbi ty o:f' the enz,me. 

(Table 28). The mean level or activity 1n the con.trol animals 

was n.9 :: ,0.4 while that in the treated animals was 11.4 ! o.s 
pmoles/rrd.n/mgP. This represents a ra:luotion of only 41, atd 

p = "0.4. >_ 0.3. 

Bats fed HCB for periods va¢ng between 16 am 57 days bad 

a mean level of activity of 11.9 ! 0.4 p.moles/min/rogP. and the 

mean level or activity of the eont.rol group ~s 1).9 ! o • .s 
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JlM<>les/min/mgP. 'l'b1s represents a Nduction of liJ in the 

treated animals and 1s statisticall7 significant - p = <:. O.OJ.. 

These reSlil t.s · are swnma.r1eed gia.phically 1n Figure 26. 

Time s£udtes... 

Fro:u Tables Jl, ;2 and :33. am frcm Figure 27 it is evident 

that the act1vi.ty of this enzyme was not influenced by 9 days o.f 

,drug administt9.tion by stomach tube "'i'lile from Table 29 and 

Fignre 28 ·1t is evident that a ver:, slight fall in isocitrl.c de­

bydrogenase activity occurred aft-er 7 days of feeding HCB in the 
• 

diet. During the remain:ier of the experiment the mean level or 
a.etivity fluctuated fairly widely, arA no definite pattern or 

change in the activity of this enzyme e.1nerged. 

Rats fed WC in the-diet for 7 weeks had a mean lev~ of 

isocltric deb.ydrogenase activity or 14.4 pmoles/rrd:rJmgP. (fable 

)0) • which was very similar to the mean control value of lJ.9 ! 

O· • .S ;mo1es/mtn/m:gP. 

Apa.rt from a .slight..· although statistically significant, 

reduction in isoc1 tric dehyd;rogenase activity in HCB-tc rats . 
and in the fed grwp of DDC .. treated animals, the activity or 

this enzyme -was not influenced by the feeding of these dru.gs or 

t~e developaent of disturbanees of porpbyrin metabolism. 
t 

r, 
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Isocitrie deeydrogenase aetivi ty in tho livers of rats administered 
DDC by stomach tube for 6 days. 

p.rnoles/min/mgP. 
Normal . . F.e~. · , . ~ta. ed for 18 hrs. 

Level of aotivity 
in individual 
U.vers 

M 
+ • S.1i .. 

All tenale rats 

C 

12.4 
16.8 
J.a.lfi 
15.;5 
.12.2 
1).8 
1:,.5 
lJ.? 
14.0 

Weight range:- 164 - 21*2 a. 

u.6 
12.7 
ll.6 
12 • .s 
11.9 
10.2 
12.2 

0 2 -

zo .• 01 

9.2 
10.2 
12.8 
11.1 
11.0 
9.5 
a.9 

ll.4 
9.8 

11~7 
12~5 
11~5 
9.7 

10.0 
9.0 
9.6 

not signifl.cant 

n~tem1nations made over period ;..ist May to 16th Jul:,, 1963. 
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Table 2a. 

Isoo1tr1c dehydrcgena.se activity in the livers of rats administered 
AIA by etCllll4ch tube for 6 days. 

nml'\1 ~,d1r11t,/mtt_P .. 

I "'· :'iA Treat.m 

10.8 12.:, 
10.2 12.a 

Level ot aoti vi ty 10.6 ll.6 
in individual 12.'.) ll.4 
livers u.7 ll.) 

13.0 9.3 
14.7 , 

Number 7 6 

+ Hean • S,E. + u.9 - 0.4 + ll.4 - o • .s 

Rnnge 10.2 - 1z.s..7 9.3 .. 12.8 

p. not s1¢t1oant. 

All ma.le rats 

t-leiaht ranees- 147 - 241. a. (Uajority 170 - 210 o.). 

Determinations made over per.led 15th October to l.Sth liove:nber,196). 

All rate starved ror 18 hours before being kiUed. 
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~1.0 .. 29 •. 
I 

Isoci.tri.e dehydroge:nase activity in the livers of rats given HCB as a 0.-21 mixture in the diet. over a period 
of 51 days~ Sta tistica.l compriffl)ns are shown aetween cont.rol. 11\Jdu!ala am animls f«l HCB tor 16 - 51· days. 

Level of 
activity in 
individual 
livers 

'M 

'',I 

C 

lJ.6 
1.5.1 
13.4 
1.5.0 
12.6 

+. I .·+ : Mean - S.E. 13,9 -
O'"'!L 

, li.ange (12.6, -
1 

10.4 I 12,l I 11 .. 6 
12.'.3 12 .. 6 10.7 
lJ.2 1,J,l. 12.5 

0 

j 1t?. I 12.l 
14.7 

u,.9 

t 10 . i .. lJJt 

·a~-
u.9 ! o.ti 

7.9 - 1.1,.7 

.:: o .. cr 

I 7-9 8.6 
11.4 

~ 

1'.h4 
lJ.b. 

~-

All female rats. Weight range:- 85 ... 177 G.. (Majority 100 ... 150 G.) 

Dete:rminatiot'!s made over perlod ll)th October to JJ'd December,,196:3. 

All rats starved. for 18 hou:rs before being killed. 

10, .• 1 
11.7 

10.~ 

f'':;_ 

In a $irrdlax- inv-estigat;lon :P$rfomed on .JO·th Se;-ptemb&r·,196'.l. with so-:ne:w'hi!tt. bean-er animals.. the mean level of 
ae:~vi ty in two rats fed RCB in t.he diet for 40 days was lj..8 'JlMO"les/min/-ragl?. The individual levels were 
11 •. 9_aoo ll.~ . p~oles/min/mgP. A control l1tt atudied en the ~e dazr bad the rtvniirkable le1Tel or· aetivit.y 
of 21.,7 )JIDOles/m1.D/mgP., 

i,.,... 

00 
C::::'::l 



'llble; JO, 

Isoc1trla dehydrogenase activity, in livers ot rat$ administered 
me by stomach. tube ,(!Ver a perlod or 9 days .• 

,Level of 
activity in in• 

a 

. . 

Weight :range;- 198 • 2:,4 G. 

'Determimtions made ov~r pertod ~1st May to )0th May,1961. · . . . . . " ~ .. . ' '" .. . ~ ,• . . '" . . . .. 

:A].l :t"'a u normallr tect • 

. . . . ·, ·• .. ' 

Iso1titne deh:,:l~el'l$se actint.y in the "1,tvere of !'Q;~~ a,$,inis·.· 
t.e'Nd m by itomach tube ov~r a period. or 9 days.. , : . .· . 

l.'.,eV'el of · 
: act1vit.Y in in-

. J.0.2 

.11.1 

W'elght ra·nge:- 168 .... lU}l G. 

. 9.4 
U-.s 

'' ~ 

o a. 

. . 

12.3 
l2iS .. 

. .. . . i..;§!&:i'.§ • 

Determ1nat1ons ma.de over peri<d 15th Oetober to 24th Oetol.ler.,1963-~ 

AU l'Qts starvs.t tor 18 hours bef()re being ld,lle.i.. 
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Isocitric dehydrogenase activity in the livers ot rete adminis­
tered HOB by stomach tube over a period ot 6 days. 

Level or act1v1 ~ 
in individual 

M 

All tenale rats 

0 

Weight range,- 166 - 198 a. 

Determinst1ons made over period 2nd October to 7th October,1963, 

All nts starved tor 18 hours before being killed. 

Isocitric dehydrogenaee activity in the livers of rate fed DDC 
a.e a O .2$<'.i mixture in the diet tor a period or 49 days, 

Level ot activity 1n 
1nd1"1dual 

All female ra ta 

lJ.2 
1.5.4 

Weight ranges- 153 • 160 a. 

Determ1nat1one made on 25th November,196). 

AU rats etaned tor 18 hours before being killed, 

• 

• The mean tor a series ot normal tanale rate of equiwlent. 
weight range 1nveetiga~ over the period 14th October to )rd 
December, 196) was lJ,9 - o.s arrl the 1.'llnge 12,6 to 1.5,l 
p:molee/m1n/mgP. 
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GLUTAMIC - OXALOACETIC TRANSAMINASE ACTIVITY. 

Fed animals administered DDC showed a significant reduction 

.in the mean l~el of activi\y of hepatic glutamie-o.xaloa.oetie 

transaminase to 69 1, the control value. Control animals had a 

mean level of activity of 6.65 ! 0,36 )JlTI.Oles/min/mgP. while the 

+ drug-treatai animals had a mean level of activity of 4.55 - O.Jl 

p.moles/min/mgP. (p = ~ 0.001). 

In the starved animals. the control group had a. mean level 

of activity of 6.93 ! 0.53 ;pmoles/min/mgP .. 'while in the treated 

a'nimals it ~s 5.36 ! O.J4 p.moles/rm./mgP. - representing a re­

duction to 78% of the control value. ( p = < 0. 05). (Table 34). 

Ra ts administeroo AIA by stomach tube for 6 days (Table J.5) 

bad a mean level of activity of this enzyme of l;.53 ! 0.61 )llnOles/ 

min/mgP. In the corresponding control group this value was 8.70 

! 0.63 y.moles/rnin/mgP. which represents a reduction in activity 

to !32% of normal in the AIA-treated animal livers. (p = ..::.. 0.001). 

HOB. 

HCB-f ei IQ ts showed a rcluction in . the activity· or glutamic­

oxa.loacetic transaminase to 97% of normal from a. mean of 6.J4 ± 

0.70 in the control group to a. mean of 4.27 :t 0.27 pnoles/min/mgP. 

These results are summarised graphically in Figure 29. 

18 3 



~ 10 
0, 

e -C: ·-E 

-s 
II) 

• 
0 

e 
!:l 

Q; 

0>8 e 
--:-
c ·-E - .. VJ " • 
0 

E 
:\. 

···n.. .. 
.................. 

G-0 T. 

<>------- --

0 1 2 3 ., 5 I 1 
Do 1 •. 

G-0 T 

----------------

• • • 

o 1 1, 21 ,, as ,, ,, 11 

D.A Y S. 

Key. 

DOC 

• • 
AIA 

•-------o 
H C, B 

------

KEY 
D.D.C. 

•------
H .C.8. 

.·~ ,. 



Time studies, 

The influence of the dura. ti.on of drug treatment upon the de­

velopn:ent of these changes is shown in Tables )6,. 38. 39 and 40 

and is summarised in Figure$ JO am .31. 

Activity in the DDC-treated rats began to fall after the Jrd 

day of treatment and reaohed minimum levels af~r 6 days of 

treatment. There was a slight .increase in activity after the 9 

days. 

AI.A-treated animals shdt-red a. steady ft\ll in aeti vi ty from 

the onset until the .3:ro day after which a relatively constant 

level was maintained until the end of the experiment. 

HOB-treated animals showed a slight fall in activity a~er 6 

days of treatment. 

In the animals which were fed HCB in the diet a marked fal.l 
i 

1:n enzyme activity was apparent after a week, after liJhieh the 
. 

level of activity remained more or less constant for the next .5 

weeks. Then a return of activity to near normal l.evels ocou.;rred. 

The rats fed DDC in the diet for 49 days showed no appreciable 

change in their level of hei;:a tic glutamic-oxaloacetio transaminase 

activity. 

'. 

18 ,• 
Lt 



Tabl,e .3~$; 

Olutamic-oJCaloaoetio transaminase activity in the livers of l'Qte 
adminiateJ"ed DDC by etomaob tube for 6 days. 

} 

C 

7.$) 4.84 6.25 6.96 
7.14 4.84 s.1, .s.02 

Level or act.1 v1 ty- 6.65, 4.78 6.71 7.25 
in 1n:.U.vidual 6.78 4.29 5.38 4.h:3 
11:vel'a 7.50 5.78 9.10 5.32 

7.g, ).04 6.70 s.,a 
4.57 4.3'! 8.64 3.91 
7.79 4.99 
t...90 4.61 

10 7 1 10 

+ 
6.6s -

+ s.36 ... 
0 

4.90 - J.04 - 5.38 -
0 

p. .(_0.001 < o.o.s 

ill female ra ta 

Weight r.mge•- 164 - 242 o. 

Determinations made over r,ertod 21.st .May to 16th July,1963. 
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Table JS, 

Olutami.c-oxaloacet1c transaminase activity' in tbe 11.vers of rats 
adm1n1stertd AIA by stoma oh tube for 6 days. 

-- , .• w. ... i-.,/mi.,./rn-.P~ . 
I 

('l_---..0.. ---. ....... T-.. +...4 ---

7.00 4.60 
8.28 4.?0 

Level of activity 7.75 ,.03 
in in:iividual 11.41 ).24 
liven 8.)9 2.12 

10.6) 6.89 ,_,.n 
Number 7 6 

..... 
Mean• s.E. a.70: 0.63 + 4 • .53. 0.61 

Range 7.00 .. ll.41 2.72 - 6.89 

P• ~0.001 

All male rate 

Weight range:... · 147 - 241 o. (Major1t7 170-210 o..). 

D•te!'fflinatione made over period 15th October to l.$tb November.196). 

All rats starved for 18 hours before being kill«!. 
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t@:Le "36., 

Ol.u~ie-oxa.J.oaeetic trans~S$ activity in th• live-rs ot rats given HCB as a o.af, l'ldxture, in the diet over a 
peri«l of S? days. Statistical com,pirisons are shown between cont.Jool :rats am rats ree.eiv:tng HCB for 16 - 57 
day&. 

.$ .. 68 
Le,vel of , d' . J.2) 
acttvi t.,: in :t. . . 6.)2 
dividual liver· 9.u 

Z..IU I 4.-,0 I ,.l,l I J.48 I 4 , I s.11 I .• 7 
5.41 · ,.ss J.,58, . J.,)2 3.62. 4.0) 
J~:34 .. · . .s.aa J.22 . 3.16 2.90 

.. 
:,h. 4 

<O.~ 

All feinale rats. · Wei.pt range:- 8S - 177 a. (Ma.jori.ty 100-150 G.). 

Detemina.tion& made ove:r ;period l.4th October to )td t\1cember,l96J. 

All rots st.awed for 18 h-eurs. be.fore being, ldllei • 

5.29 l , .. ,s 
6.91 1.1,.93 

. In a similar inve$tigation performed on )0th Septemher.1963. with s~.t heavier animals. tb.e mean level of 
activity in two ra.ts ted liCB for 40 days was 7 .•. 32 , pmol~s/rrd:n/rngP. ~e: individual. lev$1:s wew 5 .• 45 and . 
9.10 pmoles/min/mgF. A control. rat studied on the same day had ai · 1eve1 of' activity of 10.95 pmoles/mn/mg.P. 

,-. 
00 
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Tagle JZ, 

Olutamie-oxaloacet1c transaminase ,a.ctivi ty in the livers or rate 
administered DDC by stomach tube over a period of 9 days. 

Level ot ao­
tivtty in in:!1-

All female rats 

W$1gbt range,.... 198 .. 2.54 o. 

Determinations made over pericd 21st May to )0th Ma;r.196). 

All ~ts normally t'ed. 

tablt JD. 

Qlutamic-c:xaloaoetio transaminase o.ctivity in the livers of rats 
administered A.IA by stomach tube over a period of 9 days. 

' Level or ac:- 7.00 6.9) 4.00 4.03 
tivity in ittU- a.28 7.09 j.69 5.40 

M 4 00 

All male rate 

Weight ranges- 168 - 241 o. 
Determ1nationa made over period 15th October to 24th Octobe:r.196J. 

All re.ts starved for 18 hours betot"e being killed. 
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fM4e Ji; 

Qlut.a-miil•oaloaoetlc tra.nsamlnase aeUvtty ln tu llve.t'I of rats 
edmitd.stend :BCB · ·.·by stoma.eh tube · ever a period of 6 days. 

, Level of acUvJ.ty 
in itdi:vi.dual 

All t«Gl• rats 

?.?!} 
1.1, 

.Wagb.t ranget• 166 ... 198 o. 
Detenntnatiorui m4e ovQ psrl.cd 2nd Ootobeir to ?th Otwoer.1963. 

All., t\lts Stn.l'#s. tor .18 .h.uirs Qefon being ktllm, 
' I ' • 

'l'iJalt."'°·· 
. :01:utamic-Qxtt.loaoeti" t.ransa.minase activity in tb• ltvo1f's ot :rats 
: ffd DDC as a o.2j ffib.tui;et in ~bt.t di.et tor a. peri.ad ot 49 tJ,aye~ · 

. Level of aot.ivity 
, in individual 

All female :rats 

. . . .. !!ln~l.:'!·l~rtl~!'*'!'I:\ . ·.,,.·,. ·t . '·· J I 2 ,.._ .---~-~ ~W ~ Ji-, 

'Weight t'ai'lg~H- l5J .. 160 O. 

Detex,ninatione er.a.de on 2Stb Nov~berjj1963. 

· All rats sta~ed tor lS h®N before being killed. 
' ..; .. - . 

· *. fbe 11,lflfl for fl eer1'as ot nor.ral ter.iale ~ts of iJQ,Uiva:t~t. weight 
· range .investigatec! over the peribtl · 14th Ootober.1961 t$ l~ December. 
· .1963 -.s 6.)4 '! 0.10 and the rantte ;S.23 ... 9.11 p.triOtee7min/maf\ 
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controlfh 

_'l'he level of activity of this en2.yrne in normal rat live~ 

was ver:, low as measured in v1 t.m - .approaching in fact the 

limits of acauraoy of the ,experimental techniques employei, and 

it was, theNfc;tre, not possibl$ to" assess the influe~e of' 

nu trt tional. su tus? sex. age and. tt1eight, and seasonal ~nd cli~ 

mat1c .factors µpon its ac~vity. 

The level of activity recorded in individual corANl animal 

liver~ is .sh~m lu Ta.bl.es 41 and tiJ. Sta:ttstieal comparisons 

have been made bet'lr."Gen ~ea.n levels obtaining in the varlous ·d~1g­

tr$2 ted groups and a. mean control val.ue inr:o~ra ~ing levels, in 

-fil:!. the control animals stud.1.ed ~ 

It :ls also evident that .measurements of enzyme activity .in 

~ontro1 animal l1vers -were largely independent or th~ nature of 

the substrate.. The range of activity with pynivate as suostr.a:te 

,rarioo from O - ).8 mpmoles/ ALA f'ormed / mg. 1rJ..toehoridrla; 

l11 trogen/2 hours; and the mean for the entire. group of 10 con­

. trols t'l2.S l ... .$ ! 0.4 mµmoles. 

The range of activity 'T<dtb citll3te as substrate was O ..; .9.2, 

with eight of the nine control animals falling in the range Q -

4.9. The mean tor the entire group 'Was .3 • .5 ± 0.9 m:pmoles/mg., 

m1toehondrial N/2 hrs .. 

. . In the d.l'Ug-treated a:nirrals nl ALL OF WHICH iili INCPJM.SlID 

I&"IJEL OF ACTIVITY OF THIS ENZ'IME WAS APPARlfflT, there was ver., 190 
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pronounoed evidence ot substrate dependence. 

The liver mi tocbondria of animals admiru.rt"«red -DDC by' 

stomach -tube .tor 6 days (Table Ul,. Figure 34) h~d .a. mean level. 

of activity of At.A synthete.se of 15 • .5 :t ).4 mJlmoles/mg. 

mitochond.rial N. men citrate ·eerved as ·sn:'bstre.te an:i of only 

.s.o ! 1 .• 2 with wruvate as substl'Q.te. '!'be citrate-based 

·activity was five times greater than nomal (p =-= 0.01) • while 

the pyruvate-ba.sed aotiv1ty 1iBS :1noreascd to three times the con­

trol level. (p = < 0.05). 

Statistical analyses are not permitted for the grou.pS 

trea.tei with .DDC tor differen.t periods ot time. but it is erl.dent 

from Table .q2 that enzyme activity was already increased 24 hours 

a.f'ter administering the drug for tb.e first time in one or the two 

animals etudied. and was a.lmost above the nonw range in the 

othe·r. Tbe same incr-eaea:i '.level of aet1vity vas evident in 

animals studied after :3 days o.f drug administration, and also in 
\ 

im:tmals fed DDC in the di.et for ·49 days. 

Tbe effect of admin1steri.ng AIA by stomach tube for varying 

periods of time ie shown in Table 43 and ie sammari.sed in Figure 

Maximum aotiv1ty obtai.nEd after tlte fir~t 24 hours ot treat­

m.ent wen a mean of 80 ! 10 mµmoles ot ALA were ,ynthesis«! in 2 

boars per mg. or mitochondrial N. with citrate as substrate, and 
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.a mea:n or 16 •. 5 ! S rnpmoles tdth pyru.vate as substrate. This re­

presents a tortyfoltl increase :tn activity as compared mth levels 

or activity in. control animals in the ca~e of citxate. and a. ten­

. fold .increase in the case of pyruvate., (p = ~ 0 .. 001 in 'both 

i'nstances). 

After J <iay:s o.r drug administration a mean of' onl.7 .2S . 

mum.oles was synthesised fJVJm citrate and or 4,.7 fr«n pyruvate:, 

while after 6 days. :33 mµmoles were synthesised rrom citrate~ and 

2.7 from pyruvate .... per mg. trJ.toohond.rial li/2 hrs. 

AIA administration. therefore., resulted in a very reipid ~nd 

pronounce:! increase in hepatic ALA synthetase activity- ~nica' then 

quickly fell to lowr. but nevertheless much greater than not\1'al. 

le.vels. 

Control a.nimals o.f ,equivalent sex am weight J:ange l-."6N not 

studied concurrently with the llCB-t:reated animals as regards 

measurement of A.Lt, synthetase actii1ity.. However. control :male 

.animals ttere studie1. throughwt the period of this invest.iga ti.on 

(although not on ·the same days).. As discussed previously, all 

the eont.rol animals studieci':. i rrespacti ve of sex ancl t-teight. bad 

ve,:y l,ot1 levels or activity of th.is enzyme, and 'tbe same 

corporate control. ,group bas ·been utilised tor compa.r.ative 

· analyses. 

Feeding ·Of MCB 1n the diet resuJ:ted in a mQdezgte increase 

in ALA syntbetase activity after 9 days .• mt.oh rEillliAined constant 
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to the 18th day of' drug administza tion and tibicb then increase:i 

rapidly after 24 days a,ga·i:p~:tG remain constant) hut at a greatly 

.elevated level~ ('.table 44 and FigUr:e :lJ),. 

'l'he mean levels .of activity found 1n the live.rs or' twelve 

animals studied between· the· 24th and the . .51.st· days of drug. 

feed..tng weire 66"!5 t 7-.fJ mp.moles/mg ... mitoehondrla1 N/2 hrs 

(ci'tni.t.e) and .5":J t 1-.8 (w:ruvateh , The .in.erase t-.1'it~ ~itrate 

as mibstrate ms highly significant. (p =·~ 0.001) ant it is very 

1nt~resting that .in this .group there should have been no increased 

activity wl.th pyr!lvate a·s substrate. Moreover. oxidation o.f 

pyruvate by these liver taitochondria t.r.as shotm to be impaired,. 

(Table 67),~ 

'I'be changes oi::currl.ng in. levels of ALA synthetatie ,activitJ 

with. dritg-feedi:ng a.re summa.rlse:1 graphically .in Figure ]4 .. 

ALA. syntbetase ac.tivity was increased to more or less the 

same extent in both ALA- and m:a...ted ~ts. .ln tbe DDC ... fed rat.a 

this increase ~,as very much less. This· d:U'ferenoe may have been 

due purely to intrinsic differences in the modes of acti.on of the 

drugs. but it should be noted that the DDO-trea too rats were nor­

mally f'e.i until the ta.me of being killed; mile ~ts :in each of 

tho other two groups were starved for 18 hours.. Tbroagh ove~ 

sigbt, animals studied. after .18 days ot HOB-administration were 

not fasted, and. this may have contributed towa.ids the perh~ps un­

expectmly low levels· o.f activity ln these 1-ats. 
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Tsble 41, 

ALA eyntbetase activity in the livers of' rats administered DDC b7 
stomach tube tor 6 days. 

t: 

o.s 9.1 o.o 17.J 
Level ot ac- 2.6 k.9 0 • .5 31.2 
tivit)' in o.o 14.2 
individual :,.8 1.a 3.e 6.4 
livers 3.2 5.6 4.9 l,S.4 

1'! 

+ s. + + + 
nean - .k:I. 2.0 .. s.o - 2.7 -

0.6 1.2 l 

Range 0 - 1.8 - o. 6.4 -
2 

p. not s1gn1ficnnt 0.01 

ill female rats 

Weight range;.. 177 - 207 o. 

Detnminations made over period 8th August. to 2):rd P.uguet,196.J. 

All rats normally fed 

• Statistical comparisons are shown between drug-treated a.nimala 
and the mean value in all the control arwr.a.ls. (See text). 
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ld..A synthetasc activity in the 11,vers of rats administered DDC over var,:1.ng periods or time., 
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Table 
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All female rats 
'All rats .11onrally ted. 
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Starved 
.tor l.8 
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Table 41. 

ALA synthetase activity in the livers of rats administered AIA by stoma.eh tube over a period or 
6 days. 

murn.oles/-mg mitochordrlal N/2 hrs • 

- . t.A as ~1bstra. +~, Ci t,-a +-o as s ,~ .. r.-ri ,te .. VL 

Dav 0 1 dav 1 dava 6 davs Dav 0 

2.1 Jl.2 7.9 2.5 9.2 
Level of activity 0.5 2.7 J.) J.l 2.6 
in in:iividual 0.7 9.4 0.9 2.6 2.3 
livers o.o 19.8 * 6.7 4.1 

Number 4 5 4 3 4 

+ o,s 16.5 4.7 2.7 4.5 Mean - S.E. 
±5 

p. ** .001 

All male rats 

Weight range:- 1.51 - 209 G. 

Determinations made over period 29th October to 11th December.196'.). 

All animals starvErl for 18 hours before being killed. 

l dav "\ dav.s 6 davs 

72 44 31 
ll9 21 .32 

40 12 34 
76 25 
86* 

6 4 J 

80 25 33 
t 10 

.001 

* Level of activity of pooled mitochondria from 2 rat livers - treated as two separate results 
in statistical analyses • ..... 

t!O *$ Statistical comi;arisons are shown between the mean tor all control animals (see text) and 
~~ animals administered AI.A ror one day. 
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Table 44, 

Al.A s,nthetase activity in the livers ot rats fed HCB in the diet tor periods varying up to 51 days. 

Level of activity 
1n irxUvidual 

.t-1 

Level or activity 
in individual 

Pyrovate as substrate 

~ 
5,.J :'!: ~.o 

o.o - 20 

Citrate as substrate 

.All !male rats. Weight range:- u.o - 14.5 a. 
All starved for 18 hours before being killed - except 18 day group. 
Determi:nations mado over period 16th October to 27th Uovember,196). 
• Separate experiments - perfomed on 8th October,196). 
•• Statistical comparisons are shown bet.ween the mean for all the control animals. and the mean for 
animals feel RCB in the diet for 24 ~ 51 da:,s ( see text). 
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HEPATIC ALA DEHYDRASE ACTIVITY AND PORPHOBTI,INOGEN CONCENTRATION. 

Controlstt. 

The nozmal level of hepatic ALA _dehyd:rase a.ctivity was fairly 

.constant despite variations in the nutritional status, sex and 

weight range of the animals studied; and seasonal factors seem to 

have been unimportant. 

· These results are shown in Tables t+5 - 47 and are summarised 

in Figure 14. 

The mean ;Levels of activity in :3 groups of normal rat livers 
' 

were 206 .! ·15, 215 ± 18 am 186 ? 5 m)lllloles PBO formoo./hou.r/mg. 

tissue P. The range of activity for the entire group .of con­

trols 't-Jas 163 - 257 mµmoles/hour/mgP, .and the mean 200. 

Changes in the- level, of ~c.tivity 9£ this enzyme occurrei .. . . " 

with each of the three drugs administered.. but these changes were 

very different according to the drug useci. 

Administration -of DDO (Ta'ble 45, Figure 35} resul.ted in a 

twofold INCREASE in activity. The mean l-evel of activity in the 

li \'Jers of rats administered DDC for 6 days was 374 ± 43 mµmo1es/ 

hour/mgP. (p = ~ o.or}L 

After one day there was but a slight and insigniftcant in­

crease in activity in. the liver of' only one of the two animals 

studied; and after 49 days or drug-feeding the aotivi ties in the 

livers of the two animals ~tudied were within the normal range. 
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TeeJ:m1cal error precludes the presentaticn or results after ) days 

of dn.tg administration. 

Administration of tu.A for one d~y resulted in a slight increase 

tn· the mean. lev~ of activity of this enzyme to 273 t 2.3 mp:moles/ 

hour/.mgP. (Not, significant). 

,Arter ) days ~e activity had retu:me:i to no~ levelt. 

These .results are shown i.n Table 46. anti are ~rlsed 

graphically in Figure J6. 

HCB ... fed rats ,C,rable .47) showed a striking and progressive 

· D.ECREASE. in the activ1,ty of this enzyme al..'ll.ost directly propQrtional 

to the duration or feeding tbe drug. This very strt\cing finding is 

summarised. in Figure 37. 

Aft-er 4.S d.a.ys a sudden sbacy increase· to well above ngr.mal 

levels occurred in the activity of the enzyme. .I can offer no ~­

pla.nation f.or this finding besides i:mrok1ng that or technical.. ,e;rror. 

but aJQrt £':rom this single exception, .a steady decrease uas -evident. 

The mean level o.f act-i vity of the enzyme in animals f'-ed 1-ICB tor 

bet.ween 24 and j7 days was 100 .! lS mµmoles/hou.r/mgP. - '£his i:S 
,, ,.- -~. 

:eigni.t\eantly low-er than tha.t rour.td in the corresponding control 

group. (p = "- 'C) ... 001). 
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ll!orma1 animal. livers contained neg1igible amowits ot · 

pol1)hobil1nogen. The livers of DDC-treated aniinal.s r.:ontainai a 

moder..i tEl amoimt or PBO :after the drug had. been administered tor 

6 days,. (Table 4.S. Figure J.5), and there was a very slight 1.n ... 

orea.se after l ~av in one of-the two animals studi8:i. After 49 

days of d?'llg feeding the content ot FOO ~s again very smali. 

The A.I/1 ... treatoo rats Showed a very maxked increase i:n liver 

FBG content 24 hours after the drug was adn>.inisteroo ( m.ean ?3 

m}lmoles/mgP.: range 22 - 121) .• After ; days ~he PBG content 

had tallen to a mean of .19 mp.rrLo1es/mgP. and after 6 days had al­

ma.st rettJmed to nortaal levels, being only ? frl\}Jll.oles/mg"i. (Table 

46, F1gurtt 36). 

BCB-a.dministration. resulted in .. a moderate increase in liver 

~ contait from about the 24th to the 5lst days of feeding. the 

drug. The oecurren.oe ,of PBG in the livers of these animals was 

veq variable as may be seen from Table 47 a.net Figure· 37. Tbe 

mean liver PBG content of the entire group ""~s only 9. and the 

range O - 68 mp:moles/rr,.gP., 
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fabl_e_ f.i .~. 

ALA dt:iill1dra.ee activity in. and pcrphobilinogen. content or, the livers of .n:tg a:draialst.ered :OOC by 
stomacb tube for 6 days. ·· · · · 

Level 

• 
+ 11ean • s: .. t. 

flutri t.ional 
't:t 

AU female rats 

l',.':) 

<::"...';;> 

i-.-

,.; 

163. 0 c. 
. l 197 Q 

250·, l. 
193" z 

j 228 (I, 

I + 0.6, ! . 20fs-
0.4 · 

... 

rmmie.J.es/~F - fe:r:.:uEd per ~r--
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266 8 163 · o· 
18S 0 408 87 

IJ41, . 24 
356 26 
Wi5 6S 
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table 96, 

ALA debydrase ae-U~vi~y i.n •. and porphobilinogem ccmtent of. t.he 1:i.ven: of rats administered AIA by 
stomach ·tube over a pericd t>f 6 day.s. -

Normal .. __ _ -~-Jl: ___ 'l; 

tomed 

1,, l J.98 )S 269 
257 '.) 2,5) 121. 29) 
214 z '.30'2 ?8 57 
220 2 387 35 299 

21.tS 22 
238 110 
28 

. . . + (l ' f 21.5 :t g+OA 273 ! f 73 ! 15 U 229 I Mean ...... ,.E., . .,. . .· 
18 z-: 

N.S. I <-Q_-OQl 

All ma.le• mts 

We1ght range;:... 151 - 209 o •. 

Determinations made over period 29th October to 11th December'., 196:; •. 

All. rats were atarvm for l.8 hours before being ldll~. 

F~ 

lS 2)S I 7 
l 2l.5 1) 

46 147 2 
14 

19 It 199 I 7 



tabit tiz. 

ALA debydraae act1vit7 in, nnd porphobUi.no$fm content of. tbe l1oren ot rats fed HC3 as a o.2$ mixtu:re in the 
diet over a pexlod or 57 days. 

m mol ••lnu,p - r.;;"P hnn-.. - . . .. 
0.11.-,r 0 Q dn.1:1'11 18 dnvA 21.J, rf lV~ 20 tl"l- ':t~ ~''J1'R "° if! .Y:ft 

V p V p F p F p F p ~ p F p 

191 l 165 2 151 ) 124 4 66 5 99 25 U4 0 
111 ) 16). J l5S 4 146 18 149 D 78 11 126 0 
176 2 
l.96 b, 

178 1 
201 1 

M-n 1AA 2 1~ 2 1 lli1 1 1_1Cj ,1 10A 1Q SQ ~, 120 0 

• + 186 F,~ .:lean -
s.t. ! ti 2 100 - is 
n. <. 0.001 

All tc::ialo rats 

Ueigbt r,311301. UO - 145 O. 

Oetermina.tiens mAde ovor perlcrl 16th Ootobor to 3rd Dcccmbor.1963. 

u Sep:rate ~rimcmts pertor.ued on JOU\ September. a.nd 8th October-. 196). 
189 am lSO o. 

~ 
e:, 
~ 

"'""' 
ht; ~ l'ITS LtA • ll'lv~ Cil r tYS ,:,.~, d'.lVl 

V p F p F p F p. 

21.b 68 20 ) ll8 39 S3 ) 
20) lJ9 20 2 22 22 5) 3 

20A Q'.{ 20 2 70 10 C,"\ ~ 

f~ 
9 

Rata weighei l.S5 and 19.5 o •• am 
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of the maj~rit;v c,f rats tri?.ated wi tb 'O'DC. 

As may be seen fr.om 'l'aole. fi8,, tbe protcporp?yrin .tH)litSl1 t of 

th~ livers. ot rate administered PUC for 6 da1'9 t4!1S greatly in ex-

In the l.tvers of the fed eont:r0.l t!!.nlmalst the protop~?"Pb;rrin 

concentration. l:8.nged ~1 O ... o .• 06 fi:t,_/G t..ret t~ight,. arid .. in the .. 

st.al"Ved controls the range was o ... 0.09 11g/f't... In the noo ... 

t.reatc':d g~up, thei .range in the £ad animal U.vers ·w~s from l. 70 .. 

10.90 p.g/G.• a.r.id in the star?ed animal livere i.t was f'r.em • 

0.17 ... l.ll.6? w:/o. Although it ~"Otild seem that the prot,lj.. 

· porphyri:n conoent~tion ~tas grea.te~· in the livers ,of. the starved 
• 

animals, this observat'.ton is not supi»rted. bir a.tatistia~l anal;,rsis 

coneent:rati<m obtai.n:lng in the i.:nd1.vi,(:1.ual li:trors ·- so much so, that 

Figu~ '.38, comparing pr0toporphyrl.n :eoneentrat:lons ln no:n;ial ard 
por~:ir"'rl.e animal livei:'S,; bas had· to be dra1-m to e loga.rl.thmie 

saale. 

As m.a:y be seen from Table ,Sl and Figure 1.5, the p,rotoporphyrin 

content. of :ra.t li.ver.s increased ,erarl;1 ... tnthin 2~ hou.n ... &nd pro­

gressively. tdth mo administ:r.:1tion. 
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'l"otatl liver porpbyr.ln concentration was measurEd in .AI.A- and 

HfJB- treated rats, and in :r,ats reoeiviag DDG tor 49 d1::tys. 

A.tL. 
?fonnal male rats h9.d a 1:11ean hepatic total pol1)hyrln. conoen-

tration of 0.59 ± 0.09 µg/G and t"ats receiving A.IA for 6 days 

had a mean total po:ri:-hyrin aonoentrat'ion in their livers of 

?.02 ! 2.4 pg/G. (Table 49). 

An. increased hepatic total porphyrin. eoncentr.ation was app:trent 

within. 24 hours of AIA administration, and increased progretlsivel;r 

ov~r 6 days. After 9 days of drug: administratien. in th.e two 

nnimAls stuiied the level seemed to be return.int towatd.s n.orma.l 

values. (Table .52, Figure :,9). 
JiC3.t. 

Not"rnal f enale ra. ts bad a mean. hepi tic total porPbyrl.n concen-

tration of 1. 56 :!: 0.61 ,,.s/0 wat weight. 

HCB admi.n1strat'.lon resulted i.n a mo:ier.ate incr~$e in the 
' . 

total hepatic porphyrl.n concentration only atter 16 days. In 

anlmale etudied after 9 dnys the porphy.rln conoootra tion was nozmal. 

Between the 3rd ani .5th weeks or fICB admin1strat1,;:m, hepatic 

total po'r,l)hfr1n concentration was high •. and after the 6th week ccn­

a~:nt?Qt1ons rose to very high levels .. ( ) 000 1lg/O t-ret weight). 

These resul:;ts are 'Shown in Table 50 and suml!iarlsea in Figu-re 40. 

DOC ru:lminist:ration tor 7 't-."&eks resultoo in a ver:, slight and 

nonsignifieant increase in hei;atic total porpbyrln concentration. 
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. frotoporphyrin concentration in the livers of rats administered DDC 
by stomach tube for 6 days. 

5 a 

C 

0.06 1.70 0.09 3.12 
0.05 2.76 o.oa 12.91 

Concentration o.o4 3..73 o.oa 2,8.5 
in individual 10.90 o.oo 0.17 
livers 0.01 , 2.15 o.oi 1.45 

. o.oo 7 .,J.8 0.03 l.49 
0.02 1.80 .53.11 
0.02 s .. os 
o.oo 111.67 

86 

0 

Mea 
+ - s.E. o.o + - 0.01 o.o + - .02 20. 

Ra e 000.00 1.70 -10.90 o.oo - 0.09 0.17 -lll.67 

~ 00 ~ 0 

All tern.ale rats 

Weight range:- 164 - 242 G. 

Determinations made over period 21st &y to 16th July.l96J. 
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Table 42, 

Total porphyrln cOneentration in the lS.vers of rats administered AIA 
by stomach tube for 6 days. · 

}lg/G wet weight 

Gontrol!!l -· Treated. 

0.41 J.l.4 
0.79 l,15 

•, Concentra. tion 0,61 2.05 
in ind.ividual 0.76, 4.92 
livers 0.29 6.14 

0.51 22.90 
14~50 

6.96 
1-h.2 

Number 6 () . -

! S.E. 0.59 + o.OQ + .· L Mean - 7.02 .. 2 .. tt, 

Range 0.29 - 0.81 1.15 - 22.90 

ti .. - t.0 .. 02 

All male rats 

Weight ranget- 147 .. 241. G. 

Determinations ma.de over period 15th Oetober to llth December.196), 

0 

All rats starve:! for 18 hours before being killed, 

20 7 



Table 5P, 

Total po~yrln concentmt.ion 1n the livers: of rats fed HCB in the diet over a peri<ld or !n days. 
Statistical. comparisons, are shewn between control, animal.s. am animals f-1 HC:B for 2.J ... 5'/ days. 

1.07 l.85, 3.17 42.66 122, . .51 I tie.1, 1ti6.,.76, l 106.,26 l S2J.40 
0.54 1.90 6.02 :37,.92 7l'.,Z 49.86 · ll.2.82 294.26 ll02.JO 
1.90 2.91 24.7) 
6.2) . 11)6.,0 t . 68.64 1210.30 
0.78 4.20 Sl.74 •. .$1.44 z:;~46 
·0.73 1.59 · 9:;.54, 
0.22 
0.95 

6ti 

LM.ean -·"·~ J .1:.56 . ti.as .. I '3 •. 58 l &6.76 J 116.82 , I 47~67 . 12§@,96 f 200..26 f ~ 

20 

i + '=', 1 ·· 11!.il. Mean - ...,.E. · l • .;,u t 
0~61,. 

~ 0.001 

All female ra. ts. Weight iange;- 8.5 - 177 a. 
Determinations made on livers of' animal& killed du,ring the _period 14tb :October ·to :"fad .December., 1963 •. 

All animals starved for 18 hours 'oef'ore being tdllEd; apart,. from those studied atter 18 days of drug 
adm:bds·t.19tion. 

N:) 

0 
GD 



Table s;, 

Total porphyrin concentration in the livers of rats administered 
DDC by stomach tube over a period of 9 days. 

ug/G wet weight 

Concentration in 0.06 0.40 1.62 1.70 
individual 0.0.5 l.86 2.28 2.76 

00 2 02 

M 0 0 

All female rats. Weight ranges- 198 - 254 o. 
Detenninations made over period 21st Hay to Joth 11.ay,1963. 

All %1lte normally fed. 

Table 52. 

4.89 
7.02 

Total porphyrin concentration in the livers or rats adm1nisterm. 
AIA b;r stoma.ch tube over a period of 9 daye. 

ug/ G .-ret weight 

Dav 0 1 dav "3 nA.,,S 6 davs g davs 

0.41 1.80 6.65 J.14 0.57 
0.79 J.22 4.75 1.1.5 3.20 
o.e1 1.60 6.04 2.05 

Concent:ra ti.on 0.76 J.6.5 2.84 4.92 
in 0.29 J.66 2.06 6.14 
in:iividual 0 • .51. 3.23 2.76 22.90 
livers 1.22 14.50 

6.96 
1.l.O 

JUlllbA? 6 6 7 9 2 
~ean 0.59 2.86 3.76 7.02 1.89 

All male rats. Weight range:- 147 - 241 o. 

Determinations made over period 15th October to 11th Deoember.1963. 

All rats starva:l for 18 hours before being killed. 



'l'allle 53tt 

Total porpbyrl.n concentration bl the :U.vars or rats f«l DOC as a 
e .• 2i m1x:tur.a 1n ·the di.et for $ peri.od Of 49 days. · 

Ccneentra ti<m 1n 
individual 
livere · 

D'8terminaticns made on 2Stb and 26th lilovembe:r,196). 
' . 

o .• o2·· 

1 .. t:!6• * 
. ·~ 

• 7h• me.an toi- a series of normal l$l'ale rats o,t e~ui valent weight 
ranee lmtetstigated ,over the pert.cd 14th October to 3!d December. 
l96J was· 1 • .56 arid the :ange 0.2a .. 6~23 pg/o wet. weight. · , · 
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Cat&la.se activity -was diminished in all 4 groups of animals 

investigattd. 

In animals fei DDC for 6 days. the mean level or activity 

+. . . 
in the re:S group lltis o.48 - 0.06 unite, and. in the starved .group 

it was o .. ~ ! .02 units (Table ;54) • 

. The eorrespom:U.ng levels of aeti vi ty in the oont.rol .a.n1ma.ls 
I 

were 1.80 :! 0.06 am 1.06 ± 0.09 units in the fed and fasted 

groups respectively. There was thus a reduction or cat.a.lase 

anti.vity tc 21/., the no.rmal level in ·the rm group or one.treated 

animals.. ard to ~ of norm.al i'n the rastei group. 

Treatment with AIA ror 6 days (Table 55) resultEd in a re­

duet.1on in the mean level. of the activity of this enzyme to 11i 

of no:nr.al. Control animals had a mean level ot activity o:t 

2.07 ! 0.05 units, while_ in the AU-treated group it was 0.2:, ± 

0.02. 

HCB ... t'l"e!a. ted animals. fed the dng in the diet over periods 

varying between 16 and S7 days (Table S6). had a mean level of ... 
ber,atte catalase activity or 0.70 t 0.03 and in the correspon­

ding controls it wa.s 1.29 t 0.06. This repreeents a .reduction 
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in activity to 54% the normal level in the HCB-treate:i animals. 

These results are sumrnari.sed in Figure 41. 

Time studies. 

Over a period of 9 days DDC-treated animals showed a pro­

gressive and rapid reduction in the activity of this enzyme until 

the. 6th day of treatment,. after tmich the level remained fairly 

constant. (Table 58, Figure 42). 

AI.A-treated animals showed a very similar r,attern of change, 

although the rate and extent of the reduction was greater. 

(Table 59, Figure-42). 

HCB-trea too. animals showed no change in the activity of this 

enzyme over 6 days .• (Table 60. Figure 42). 

Over ·a period of 57 days HC~-fed animals maµrtained their 

mean level of catalase activity at normal levels for the r-irst 7 

days. (Table 56). After 16 days it was reduced to 0.77 units 

{nortl'121.l 1.29 ± 0.06) and this level of activity persisted until 

t.he drug had been fed for a total of about 40 days. After 4J. 

days the J.eve1 of activity was further reduced to 0.57 units. 

and. this new lower level of activity was maintained until the end 

of the experiment. (Figure 4)). 

After 49 days of DDC-administration in the diet, activity of 

this enzyme was re:iuce::1 from. a mean level of 1.Z9 ! 0.,06 units in 

a corresponding control. group •. to one of 0.8J units. 

All uni ts are referred to a ref erenee base of 1mg of total 

tissue phosphorus. 
212 



Ca.talase activity in the livers or rata administered DDC by stomach 
tube for 6 days. 

Urr\ +. /m,;:P 

tlonna1lv fEd StArved "Qr 18 h"'"-

f"-- .. -~,.8 'f,..~+..wl Cont ....... ,"' Treafari 

2.2:3 0.50 l.54 0.39 
l.89 0.45 l~Ol O.)) 

Level or activity 1.70 0.4J 0.90 o.J7 
in irrlividual l.89 0 • .52 0.94 0.1.12 
livers 1.89 0.58 l.U o.Js 

1.72 0.41 l.06 0.35 
1.70 0.46 0.89 0.26 
1.74 O.J9 1.ss 0.25 
l.?l o.~1 

Number 10 7 7 10 

Mean: S~.E .• + J. .• 80 ... 
+ 0.48 .. + 1.06 - + 0 .• )4 ... 

0.06 o.06 0.09 0.02 

Range 1.58 - 0.41 .. 0.89 ... 0.25 -
2.23 o.se 1.54 o.ia 

-

p. <. 0.001 , 0.001 

All female :rats 

iieight range:.. 164 • 242 a. 
Determinations ma.de over period 21st May to 16th Jw.y,1963• 
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Catalase activ.ity in the livers 0£ rats administered AI.A by stomach 
tube for 6 days. 

Level of activity 
in individual 
livtt:r,s 

+ Mean - S.E. 

P• 

All male rats 

a 

2.16 
2.16 
2.16 
2.19 
1.8) 
2,00 
1.97 

1 .. 8) - 2.19 

1.. o.coi 

0 .. 20 
o.30 
0.23 
0.22 
0.27 
0.17 

02 

0.17 - o.:,o 

Weight rar1ge:- 147 ... 241 o. (~~jorlty 170 ... 210 o.). 

· Detexminattons made over perl.,cxl 15th October to l.5th November.196). 

All rats starved for 18 h®~s before being killed. 
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rab;t,e; . 56, 

Cat.!llase activity in the livers of rat$ fed HCll as a 0.2,tft mixture in the diet. over a perl.oa ot S? days .. 
Statistical eetaJQrl.sons are sbOffl 'beti'ieen c:ontrol ani.r:.als and animals fad HQB for· 16 ... 57 days~ 

el of 
"activit:, in 
individual. 
ivers 

1.21 
1.18 
1.21 
l.ilS 

l.l',5 
l.;27 

1 1.18 

0.71 .. I 
0.76 : 
o •. SJ. 

0.67 
0.,81 
o.68 I 0.91 I 0 .• 9:3 

0.65 0·.88 
0.76 

.,sn I ~ .• 22 . 11.1s~o K o,zz , I 0.22.. J--9.7a .L-Q 
l1ar 

4-· F---- f ~0 29 * o.06~ I _ o. 70 -· 0.03 

&rii·- l .. l 

<-0.0Ql 

All female rats 

°Wfi)!,ght range:.. 85 - 177 o .• {~jo:rity 100 - 1.50 a.). 
Detenninations made. over ~'eriod 14th October ·to 3rd Dece:nber,.196.) • .' 

All rats, ·starved fo1r" 18 bours before being killed .• 

I°~ I 0.73 f 0~43 • • 
.· ~:;; o.s4 , o •. 64 

0 Q..,,.5~ 

In a similar 1nves~ga,Uon pe:rforr1u.d on JOtb Se.ptember.,196:3. with someHhat hmavier ani.nlals. the mean level. 
of activ1t7 in the livers of tso tnts .fsd HOB in tho diet for 40 days ,i"3s 0.96 unit.s. The imividual levels. 
were 1 •. 00 8.M 0.9l ,unitS:;. and in' the control animal. studied on tb.e same day,. the ,level of activity WS 1.01. 
units. 

~ 
i,...i. 
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Cata.ia.se acttvi.ty in the l1vei-s ,of rats administered DOO by etomaoh 
tube over a period or 9 days. 

Level or 2.24 1.28 1.05 0.50 0.40 
activity in 1.e9 1.46 0.95 o.45 0.39 
individual 1.7zi 1.40 0.95 o.,'-3 0 • .36 

.. ~ 
All f emal0 tu ts 

Weight range:- 198 - 25l,J, G. 

Determinations made over period 21st May to )0th Ma)".,196). 

Al:l rate ncttnally t'e:I. 

'table 2§., 

Cata.Use activity in tbe livttrs. of rats administered AIA by stomach 
tube over a period of 9 da3,:;. · 

Level ot 
activity in 
individual 
l e 

All male rats 

2.16, 
2.16 
2 .• 16· 

Weight range:- 168 - 241 o. 

1.n 
1 • .51,1, 
.1.22 

0.64 
0.76 
0.72 

0.20 
·0.30 
0.23 

0.21 
. 0.21 

0 21 

'Determinat1ons made over period 1.,th October to 24th October, 196).. 

All re ts stanred for 18 hours before being kill.ed. 
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Table 59, 

Catal:.se act1Vity in the livers of rats admim.ster«l HCB by stcm:u:b 
tube over a pericd. of 6 days. 

Level of a.ctivi ty 
in individual 

M 

·· All rem.ale ra. ts. 

1.30 
1.13 

p 

0.,9, 1.27 
1.10 1.20 

22 

0'8 2 

Weight 1'9nge: .. 166 :_ 198 G:. 

, DeteJ:ffiinations made over period 2rd October to 7th October. 196:3 .. 

All rats starved for 18 hours befo:re being killed .• 

l:@.ble~. 

Catalaee activity in tlle livers of ~ts administered DDC as a O_.~ 
mixture in the diet .for A period or 49 days. 

Lovel of activity 
in individual 

U:nits/mgF& ' ... 

0.79 
0.78 1.s, 
0 l 

0 'l .· • 
All female rats .. Weight Nnge:- l.5J - 160 G. 

Dstermlna tions made on 25th November. l96J. 

All. rats starvai f.or 18 bours before being killed .• 

* The mean for .a 5eries of noi,nal female· l"Q.ts of equiwl .. t weight 
range investigated over tbe peri.rJcl 14th October to J?d December. 196) 
wae 1.29 :t 0.06 am the· range l.18 - 1.1.18. 



AMINQACETONE SYNTHETASE ACTIVITY. J 

As opposed to that of ALA syntbetase. the l.evel ot activity 

of AA synthetase in normal rat liver mitochondria was fairJ.y high. 

It is also evident that pyrnvate was superior as a substrate 

to citrate for its detennination. 

In nonna.l female 1,at livers. the mean level of activity with 

pyruvate as substrate 1vas 24.J,t 2.6 m:'rlnoles/2 hours/mg. mitochon­

drial N. With citrate. only 5.8 !' 0.9 mymoles of AA were fonn.e:d 

in 2 hours per mg. mitochondrial N. In ma.le control animals 

these figures were 6,.4 and. 2.9 respectively and the possible sig­

nificance ,of this difference between the sexes is discussed in 

Seotion !?" .. 

DDC-treate:l ani,m.a.ls, after 6 .days, had a mean level of .ao­

tivi ty of this enzyme of' 24.0 .! 2.7 (p,Jruvate) whictl i~ almost 

identical with that of the correspond.ing control group •. With 

citrate as substrate. the mean was 8.J :!: l.1 m}lfiloles/2 hours/ 

mg. mitocllondrial N. (Table 61). 

Two rats studied after l day had an activity of' 43 .mµmoles/ 

2 hours/mg. N. • arid after 3 days the level was aga.:t,n 24.7.. '.rhe 

significance of this initial rise is doubtful in the face of such 

small nwnbers. (Table 62) • 

After 49 days. the levels of activity ~n the two rsts 

studied were J.6 and 6 .• 2 mpmoles/2 hou.rs/mg. mitochondrial n. 
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It .should be stresse:i that these tt.ro IQ ts were starved before 

being killed while all the other rats in this group were fed un­

til the time of death. (er. Section .5j.). 

With ei txa te as subst?Q te the patterns of change were 

similar. (Table 62). 

AIA-adrninistrstion resulte:i in a steady increase in activity 

to the 6th day, and a fall was evident after the 9th day. (Table 

63). · 
HCB, 

In the HCB-treated animals. no fully correspording control 

group is available for comparison. but it .is evident that over 

the first 24 days of drug treatment there was no real change in 

the activity of this enzyme, ard. the mean levels for the six rats 

studied over this period was 24.6 : 4.1 myunoles/2hours/mg.N.' 

(pyruvate), and 7.J ! J.4 (citxnte) - levels not significantly 

different from those obtaining in the fed heavier normal. group 

studied in the winter. 

Animals fed the drug for between 29 and ..51. days showed a 
.... 

significant reduction in the activity of this enz;vme, to a level 

of 12.6 ± 2.6 mµmol.es/2 hours/mg.N. (pyruvate) and 5 • .3 t l.3 

mpmoles/2 hours/mg. N. (citrate). 

These results are summarised graphically in Figure 44. 

219 



~11oaoetonc synthetase a¢tivity i.r. the livers or rats administered 
DDC by stomach. tube tor 6 days. 

Level 0£ 
a.otiVity in 
individual 
livers 

+ 
Mean ... s .• E .• 

,2.1.6 
26.2 
38.2 
22.9 
15.9 
19 • .5 
18.4 
31 •. 1 

8 

19.7 
2).8 
24.0 
18.4 
33.9 

u~.4 .. 
)3.9 

not significant 

Weight rangei- 177 .... 209 o. 

.$.l 
6.0 
.4.7 
4.1 
8 .• 9 

a,.,. 
9.a 

11.6 
4.0 
6.2 

10.0. 

6 

8.) t 
1.1 

4.0 -
11.6 

not significant 

· Detennin.ations made over period 2mi. itugust to 2jxd August,l96J. 

All ra. te normally f «1. 
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Table 62, 

Aminoaeetone synthetase activity in the livers of rats administered DDC ror varying periods of 
time. 

.. ............ _____ .............. - ---··-· ... ---- -·· ,.. ........... 

- tei as substrate Ci t•Qte as substrate .. V ~ 

Dav 0 1 dav 1 davl'I h dav~ lJ:Q da"IN': Dav 0 1 rlav -:i davs 6 davs l.t.O davs 

Level of 43.0 21.2 J.6 6.5 
activity in Table 42.0 28.2 Table 6.2 Table 6.1 Table 
irrli vidual 61 61 61 ll.4 8.0 * 61 
11ve1"!': ?.0 

Number 8 2 2 5 2 5 2 4 6 

Mean 24.J l:2.5 24.,7 24.0 4.9 5.8 9.2 7.2 8.:3 

··Weight 177 ~ 2.5.50. 143 -
ranf!e 1 croo •. 

Period 2/8- 1/10/63 - 11/i~/ .8/8/63 26/11/63 
23/8 2']fJ/63 

Nutritional No:rmally f.ed Starved 
. status for 18 

bOnt's 

All female rats. 

* Level of activity in pooled m1toohondria from 2 rat livers - treated as 2 separate results when 
calculating mean. 

~ 

M 
....... 

J.8 
o.o 

2 

1.9 



Tablt 63. 

AA syn:thetase activity- in the livers of animals -~ministered Ali 'by stomach tube fo:r tbe periods shown. 

evel of 
ctivity in 

1indirl.duaJ. 
livers 

ean. 

All male :rats 

8.9 
J.4 
6.8 

6.4 

18·.1 
19.2 

9 • .5 
11.0 

1.5.0 

Weigb·t range:.. l.Sl - 209 G. 

24.8 
19·.0 
16.'.3 
)l.O 

22.8 

·ate: 

11.9 
13.5 
20.11 

15.3 

4 • .5 
l·.2 
:3.0 

2 •. 9 

Determinations made over Period 24th October to 11.tb Decem.ber.l96J. 

All animals starved for 18 hours befox·e being killed. 

~ 
l\:.) 

i--~, 

l._da 

7.0 
14·.0 
4.5 
9.5 

a.s 

, I 10.2 
. ll.4 

4.9 
5.e 

8.1 

6 _ _ds. 

lJ.4 
1 .• 0 

7.2 



AA eynthetase activity .in the livers of rats feel HOB in the diet for 
periods varying up to Sl days. 

Level of 
· activity in 
· i.ndi vidual 

Level of 
activity in 3.7 
irdividual · 6.1 

Mean 4 

Num e 
+ . Mean- s.E. 

All fem.ale rats. 

)8.2 
)l.8 

•to 
. - h 

2 

, C 

11.a 
· a.o 

4 

+ 7.) - ).4 

< • 

8.6 
J • .S 

6 O 

6 

All rats starved fo.r l~ hou.:rs before being killed - except 18 D~y group. 

:Oeteminations ma.de over p~riQd. 16th Cctobe.r to 27th November,l96J. 

$S&pal1ilte experiment fe.rf'omed on 8th Oetober.1963. 

20 

** Statistical ocmparisons are sbo1r.-n between group receiving liCB for 24 days, 
and. those receiving UCB f'or 2q ... Sl days (See text). 

223 



----------~ - . ~------- .. ~- ... -~-- .. 

· 100 
~ -·-
ic,, 

e 
-C- 50 
:, 
C) 
,C -

-

DDC 

' 

0 X Y GEN 
P yru vat• Citrate 

~ ·.·.·.·. 
.·.·.·.·. 

<·>>>-

AIA HCB DOC AIA HCB 
6 l•Z4 H·lt f I 1•24 Zl-51 

DAYS 



,index or the v1.abil1ty of the mitochondria. In $everal in-

stances~ the JlQte of o~ge.n utilisation was noted to be 

diminished,. 

in the rate of oxygen. util.1eation by any of the :r'Qt liver mito­

chondria. Mitoehondri.a from DDC ... tree.ted .r,;..t l1vers sh~ no 

a.lteration in tbe1.r ab1111;,y to oxidise pyruvate either. {T:aole 

65). H.owover. · AlA administration {Table 66) r,esulted in a 

progressive reduction in the ability of the mitoebondrl~ ·to· 
.. 

mitechonclri~ from contrPl ,;.nimai livers :utilised ox;ygen .at a 

me~n r:;i,te of 70 ul./hour/mg .. m.toehondri"-l N. and after one day 

the mean rate of utilisation -or 0X7gen 1vo1.s 80 umolea/bour. 

after J days 'this wa.s reduced to 65 ul/hou-r. and a rt.er 6 days 

it was further reduced to t'2 ul/hou1r. It is also apparent 

that w:be:reas there was no signi£icant difference in tbe 

ability or :normal-mitochondria to oxidise either pyruvate 

(70 ul/hoor) or c1 t?Qte (82 ul/hour). after 6 days or AIA ~d.­

rrdnistra tlon oxidation of eitl'.Qte .(112 ul/hour) was .truperior 

to t.:.~ t Qf pyruw te ( !J.2 ul/haur) • It. should be nGted •. however, 
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that the numbers per group a:re very_ small. 

In the HCB-treated animals. over the first 24 days ot drug 

administr.;. tion the !Qnge of oxygen utilisation by rd tochondria .. 
from individual lbters. with pyruvate as substrate. was 56 - · 

106, with a mean 'rate of 8S pl/hour/mg. mitoohon:irial N. 

Between the ?9th and 51st days of drug-feedir1g the range 

of oxygen utilisation -was )6 - 100 pl/hour/rng. mitochondrial li. 

with a mean rate of 62 ! 6 pl/hourimg. N. This rate is sig­

nificantly lesa than that over the earlier period. (p= <- 0.0.5). 

In this group of animals citr.;.te was oxidised .:.t a sig­

nificantly faster r.1te (108 ! 6 p.l/hour/~g.N) than was py~vate 

over the 9-21,. day period of dI'llg-administNtion (p = <. 0.02). 

and over the period 29-51 days. the greater rate or oxidation 
' 

with citrate as substNte flOl '!: 7 \tl/bour/mg.N) was even more 

marked. (p =~0.001). 

These findings suggest that i:n tho drug-induced por;hyrio 

state. pyruva.te oxidation was imr..aired .. 

The findings are summarised in Figure 45. 

After 6 days or DDC-admin1atr..a.tion liver homogenates 

respiring on endogenous substrate utilise::l o:x;ygen at a slightly, 

but significantly. slower r:.1te th.in did ho:nogenates from normal 

control animal 11ve.rs.(Table 68, Figurt, 46). In these studies, 

undertaken Nhile m9'lsuring zntes of glycine o:;tidation. the 

homogenates respired in an atmosphere of 411.r. as did the mito­

chondria in the studies described above. 



~ 
{\.;) 

c;'~ 

'fabl.e, 65. 

Oxygen utilisation by mitochomrla from the livers of' rats administered OOC for var,ying perl.cds or 
time. 

·.~l_J\l., 

91 
.. 

125 81 ?O 97 ll7 89 I 80 f 87 oxygen 77 
tilisation 69 91:J 76 116 98 66 98 93 98 100 

by mite- 101 
ebcndr1a 92 99 86 

iM· I l~ from eo 91 95 
individual 101 102 90 I 91 
livers 74 i 95 ~a 

L 
10 

7 .. • 
' -
4,2 

t l 10 - I I 2 
69 • 86 - I I ao •. 

0 
2Ts ,-
z 

All female animals. Weigl:rt range:- 177-2.55 O .. 

~ Oxygen utilisation by pooled mitochondria from 2 rat livers - treated as two .separa.t,e Nsults 
wb,en calculating mean. 
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Table 66,. 

Oxygen utilisation by mit.ochond:ria from the livers or tQts administ.ered A.IA for var.ring periods of 
t.ime. 

.}}litimtr.ls.- N 

.No 

o~en I 87 92 ?l 28 88 99 I 84 I 92 
utilisation 50 70 So 57 68 1:05 109 l.2C 
by mito- 91 6S 79 tiO 95 104 10,3 . l23 
ohOMri.a from I .51 61 61 ' 78 85 61 
inili vi.dual , 91 97 
livers . 94 

10 

4 4 4 

Mean 80 
, ,42 82 

+ Hean ... S.E. 
,f-

70 -
+ 

42 -
+ 82 - 112 :! 

2. ~·---·---·---i-- ---·~---~~--- .8.f+ 6.8 • 

Rat;ge. I so - I 6; - l so - 12a - 68 - 85 - 61 - 92 -- - 12 

All male rats. 

Weight range i- 151 - 209, G. 

~ Determinations trade over perl.od 29th October to 11th December,196:3. 
"'-.} 

A.tl animals stAiva;i for 18 hours before being kille:i. 



iable 6z, 
)~gen utilisation by fflitechondrl.a !'rc»n the liver~ ot t\lte f'ed HCB in the di.et. tor 
.,ar,ing perl.ods of time. 

'l'>X:,gen 
-.1tilieati.o 71 
-individual · 106 

89 
88 

56 
91 

70 
lOO 

70 
f~ 

79 
.S3 

~~&,.;.-+-~-+-~-+---.--ff--~·-~-~-+----+---""""'1~:0:--·-~2 60 ~ 

<O 

11 female re ts. W'eight range: - 85 ... 177 o .• 

ollll mts· starveid for 18 hou~s be!'o-re being killed., emept l8-da7 group. 

)eterm1Mt1ons made over period 16th October to 27th }1ovember.l96J. 

:• Statistical t.?ompa.risons are shown betl-.reen group receiv.it1g H.CB tor 2t.s. day.s, am 
.hose reoeiving HCB !o:r 2.5 ... SJ. days - Csee text). 
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Table 68,,. 

Oxygen utilisation by homogenates from the livers of normal rats~ 
and rats administerErl DDC for 6 days .• 

ul/hot rlma.,P~ 

Control 'I'rMted 

6J'.3 600 
Oxygen utilisation 666 630 
:ln individual. 64.5 645 
livers. 666 ,588 

645 495 
690 525 

Number 6 6 

+ 
Mean .... s.E. + 657 .. 8.4 

+ . 
.580 .. 2.4 

Range 633 - 690 495 - 64.S 

p.: ~ 0.02 

All female rats. 

Weight range:- 160 - 200 G. 

Determinations ma.de over period 30.:th August to 9th 
September: 196J. 

All rats normally fed. 
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Th.itre was no 5ignificant. difference i.n tihc abilities of 

nonr.al and porphyrie rat liver homogenates to oxidise the car­

~ol!;Yl ca rbo:n ot glycine to CO2 .. 

Homogan.ates .from .notmal rats c,onvert.ed -a mean of' 2c90 t 

0.15 )!At0ms -of .carbon to COz in l hour;; and those rrom porphy ... 

·rie rats converted. a mean of 2.35? 0.21 ,iatsms of' glycine to 

CO2 1n this time .. (p = < 0.1). 

The.re was, however, a significan.t reduction in the rate or 
.glyeine,,;.2-p oxidation by porphyric if\ilt liver hcnogenates .. from 

a mean of O.ba ! 0.04 µatms./mgP/bour in the noi:mal livers. to 

one of 0.)2 ! o .• 02 p.atoms/mgP/hou.r. (p =< 0 .. 01). 

Glycine oxidaticm was studied only in rats treatei with 

OOC for- 6 days. 

The results are summarised in Figure 47 and are shown in de­

tail bl raole 69 .• 
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1til!.~2t 

c14 .. Olyo1® ox1d•t.1ou to 014 Oa by liver b.cmogenatee trom normal 
aniul.e, a.nd from ani.ftilr, t~ted with DDC tor 6 days. 

µa t / P/b oms mg 

N,t'ill!l'I\A1 0 - T-+_...t ...... 

oxidation 3.)6. J.14 
oc~rring 1·n 2.90 2.{)8 
irdividu&l ,.03 1.98 

. livers 2.71 2.10 
2.48:, 2.LJ.J 

Nuttber s ' 
+ 

Mean - s.E. - + 2.90 ... + 2.35 • 
o.is 0.21 

-

Ranie 2.48 .. 1.96 ... 
.. ;6 .,. ;.14 

p. not s1gr.11"io~nt 

All r~le rats. 

'Weight rtmg.,:. 160 - 200 o. 
All fat& DO$J~ly fed• 

our 

I 
th>:m.f!..l ~ Tte;le:J, 

O .61.. . 0.36 
0.52 8.32 
0.45 O.JJ 
0.42 0.25 
0.39 0.32 

-
s s 

o.48 :t ... 
0 )2 ... . . 

0.04 0.02 

t).39 ... 0.2.s ,.. 
0.61 0.36 

< 0.01 
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SUMMARY OF FINDINGS. 

( i). DDC-trea ted animals. 

A significant redue;tion in pyruva te kinase activity 

occurred in the livers of both the fed am the fasted groups ot 

animals. This was maximum a f'ter 3 days or trea tnient. am was 

maintained at this level thereafter. A marked reduction in 

activity was also apparent after 49 days of feeding the drug in 

the diet. 

No change occurred in the ability of mitochondria from the 

livers of these animals to oxidise pyIUvate. 

A slight, but statistically non-significant. increase in 

glucose-6-phosphat.e dehydrogenase activity occurred after 6 days. 

which was .not evident after 49 days. 

A significant increase in the urinary excretion of ascorbic 

acid was apparent after 6 days of drug treatment. After 49 

days there was no real change in ascorbic acid excretion. 

Lactic dehydrogenase activity was slighUy reduet!d after J 

days but the change was not ma:zked. After 7 weeks of drug 

feeding this change was more noticeable. 

No consistently significant change occurred in isoeitric 

dehydrogenase activity. although a slight fall was apparent in 

the fed group. 

Glutamie-oxaloaeetic tJ:Qnsaminase activity was slightly 
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reduced arter 3 days, and maximally reduce:i after 6 days of drug 

treatment. No appreciable change was apparent after 49 days. 

ALA synthetase activity was PrObably maximally increased 

after 24 hours, ar.d was maintained at this level f'or at least 6 

days. 

ALA dehydrase activity was unchanged after 24 hours, but 

was strikingly increased after 6 days. After 1 day there was a 

very slight increase 1n hepatic PBG content which was increased 

to moderate amounts after 6 days. 

An increase in hepatic protoporphyri.n concentration was 

apparent after 1 day, wich progressei over the 9 days of drug 

administration. After 49 days there. was a slight, but nonsig­

nificant increase in hepatic total porphyrln concentration. 

Catalase activity was reduce:l early, and the reduction 

occurred progressively over 9 days. Arter 49 days a slight :re­

duction in catalase activity was apparent. 

Aminoacetone synthetase activity was uninnuence:l by 6 days 

or DDC administration. 

Glycine oxidation to CO2 was impaired after 6 days. 

( 11). AIA-treated aaj.mals, 

A significant reduction in pyruvate kinase activity 

occurred - but only after 6 days or AIA administration. 

Oxidation or pyruvate by mitochomria from the livers of animals 
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poisoned with this drug ~s also impaire:1 at this time • 

. Glucose-6-P04 dehydrogenase activity showed a steady and 

progressive increase from the 1st day until the 6th day. 

Ascorbic acid excretion was very markedly increased, and 

this increase was noticeable within one day of drug adminis­

tration. It t,,Ja.S most striking after J days, after which there 

was a return towaros nonnal levels. 

A significant reduction in lactic dehyd rogenase activity 

occutted which was maximal after J days. 

No change occurred in isocitric dehydrogenase activity. 

Glutamic-oxaloacetic transaminase activity was significantly 

and maximally reduced after J days of drug treatment. 

ALA synthetase activity was strikingly increased after l 

day. but was reduced from this ver, high level a.fter J and 6 

days. 

ALA dehydrase a~tivity was slightly increased a.tter l day, 

and had returned to normal levels after 6 days. PBG concen­

tration was markedly increased after 24 hours, and then fell 

progressively. 

A moderate increase in hepatic total porphyrin concen­

tration was apparent after l day. There was a progressive 

increase to the 6th day. and after 9 days the concentration had 

fall.en. 

Catalase activity fell progressively from the first day of 

AIA administration. 



Aminoacetone synthetase acti~ty seemed to increa~e with 

continued drug. administration. but- too fet,r animals were studied 

to allow of any valid. conclusions being drawn •. 

(iii). HCB-treated animals, 

Changes occurring in levels of enzyme activity in th~ 
' . 

livers of animals treated with HCB took in. general much longer 

to develop than with the two other drugs used. 

Pyruvate kinase activity was unaltered after 6 days of HOB 

administration by stomach tube. When HCB was fed in the diet 

a reduction in acti:vi ty was evident after 7 days• but it was 
·- . 

only after 16 days that this change was ma.xirnal.. Oxidation of 

wruvate by liver mitochondria from these animals wa.s impaired. 

after 29 days of drug administration. 

Glucose-6-Phosphate dehydrogenase activity showed some in­

crease after 3 days of intis.gastric administration of the drug. 

When HCB was fed .in the diet .• there was actually an initial 

diminution in the activity of this enzyme. Increased activit7 

occurred only a~er 16 days, and after 7 weeks there was a 

second; more striking increase. 

Ascorbic acid excretion in the urine was slightly increased 

after ? days, and maximally increased after 16 days with a per­

sistence at this level for the remainder of the .experiment. 

Lactic dehjldrogenase was significantly reduced after 6 days 

of intragastric administration and after 7 days of dietar,y feeding. 
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.A slight lowering of isocitrie dehydrogenase activity 

occurred .. and glutamic-oxaloacetic transaminase activity was 

maximally reduced after 7 days of drug treatment. After 7 

weeks of feeding the drug. there was a return to normal levels. 

ALA s;vnthetase activ.ity was slightly increased after 9 

days. am showed a striking increase after 24 days to a high 

level which was maintainai for the duration of the experiment. 

ALA dehydr&se activity fell progressively and signi.ficantly. 

Hepatic PBG concentration began to increase after about 24 days. 

rose progressively to a maximum after 45 days. and then seemed 

to return to normal levels. 

Total porphyrin concentration was unchanged for the first 

week, had increased slightly after 2 weeks, and then increased 

strikingly and progressively for the remainder of the experi­

ment. 

Ca talase activity was normal after one week• had fallen 

slightly after 16 days. and was further reduced after 43 days of 

drug administration. 

Each of the drugs resulted in an increased hepatic porphy­

rin concentration. ALA synthetase activity was increased by 

all 3, as were the urinary excretion of ascorbic acid, am 

G-6-P.D. activity. 
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Pyruvate kinase lactic dehydrogenase and O~O.T .• activities 

were reduced by all three drugs. No change occurred in iso­

eitric dehydrogenase activity. 

The change in ALA debydrase activity was variable. and the 

patterns of PBO accumulation in the liver also differed. 

AA synthetase activity changes were also variable. 
' . 

Catalase a~tivity was significantly reduced in the AIA and 

DDC-treated animals., the reduction in activity being less ma1ked 

following HCB administration. 
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B. COMPARISON OF URINARY ASCORBIC ACID EXCRETION· ~1) HEPATIC 
PORPHYRIN CQt;cENTRATION Jll \RATS '.tREATEO WITH . Cfil,OR8UTANOL o 

Because of the striking increase in urinary ascorbic acid 

excretion by rats with acquired porphyria, the effects on por• 
~ . . 

phyr1n metaooli:sm of a drug known to ca\leo an increase in 

~scorbic acid excretion was investigated. 

From Table 70 and .Figure 4~f it is evident that chlor­

butanol caused a progr~asive am marl(ed .increase in urinary 

· ascorbic acid excretion. but that no change occurred in the he­

patic total porphyrin concentration. 
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~ 

~o 

Tagle 29, 

Comparison or urin,aty ascorbic acid u:cret.ion and hepatic porpbyrin concentnition in 
Nts treated with chlorbutanol. 

Level in 
individual 

1· A.A, F· I ~·A~OF: .. ~L =~ ~~: I P. 

animals. ~26 .L_Q.~ _ R. o 

All female rats. 

0..s4J. t . - ~ 2 

Sh 

() 

All rats starved for 18 hours before being kllled,durl.ng which· time the urine was collected. 
Weight range:- 128 - 205 a. 
Ra ts administered cblorbutanol over period 25th February to 19th Maren .. 1964. 
* A.A. = Ascorbic acid - mg/21J hrs. 
** P. ; Total porphyrin concentration - pg/G wet weight. 
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. C.. HUtWl MATERIAL. 

.. . 

It is evident from Table 71 :and fran Figun, 49 

that in persons with acquired pon,byria there was a consistent 

marked reduction in hepatic isoeitric dehydrogenase activity. 

In the normal group, 1n the pati~nt with congonital 

erythropoietic parphyria, and in the ptients w.i th variegate por-
, • ~ .'"!" 

phyria, varlnti.oJa in·thd~levt'll cf activity of. this enzyme \...'QS . . ~ 

from 5'1-73 wnoles/min/~ wet we1ih~. _ ~ the group with .acqu~r«t 

porphyria~ the Tange was from 17-45 'WJIOles/min/a wet weight. 

fxruvate kipaoe,. 

Levels of pyruvate kinase act.ivity ranged from 2.3 - 9.5 

umoles/min/Q wet weight in the novnal, congenital and variegate 
. . 

groups and from 1.9 - 4.9 in the acquired group - suggestive of' a 

somewhat reduced level of ~ctivity in this group. 

0-6-F.D. 
•· :_:It_ ,,,. 

0..;6-1\D. actidty was consistently lw in all the livers 

studied. 

0-0.T. 

0-0.T. activity range:i from 14-58 umoles/min/G wet weight. 

with botb minimum and. maximum levels of aoti ~ ty obtaini.ng in 

the acquired group. 

M.S. while recovering r.rom an acute exacerbation of 

variegat• porpbyria showed a level of activity of this eneyme 

240 



1n her liver of only 15 pin.oles/min/O wet weight. 

~otic dehzdrogenase. 

A very "'"ide range of lactic dehydrogenase acti.vity in the 

litrers of these subjects was apparent.. There was pronounced 

overlap amongst the various gl"OUps. but it was in 2 of the sub­

jects with acquired porphyria t.>tat the lowest levele obtained. 

Catalase activity was very low in the two female patients 

vi.th variegate porphyria. and was lowest in M.s. - perhaps sig­

n.ificantly.. In the patients with acqui.red porphyrla levels 

tended towaros those obtaining in two no:nna.l patients.. It was 

only in the two female patients in this group that the lev(lls 

were markedly reduced. 

Conversely. it was only 1n tbe male patient in the variegate 

group (C.K.) that catalase activity was in the normal range., and 

he was studied in a presumably quiescent phase at an elective 

operation for the treatment of a gastric ulcer. 

ALA dehvdrase. 

ALA dehydrase aotJ.vity in the liver or S.P., a patient with 

variegate porpbyrla~ was almost twice that in C.P •• a control 

subject. Porphobilinogen was not detected in either liver. 

ALA sxnthetQse aw ox,vgen utilisation, 

Negligible activity was detected in hepatic mitochondria 

from s.P •• and none 1n those from C.P. Oxygen utilisation by 
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these mitochondrial preparations respiring on both pyruva:t,e .and 

citr~te was similar. 

•, 
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t,..:) 

~ 

c,~ 

L.S. 
•c.:r. 
J.M. 

• C.K. 
S.D. 

•s.P. 
M.S. 

F.M. 
E.N. 
o.o. 
R.L. 
J.n. 
C.P. 
L.M. 
J.J. 

.. im.11 I .I.> 

Levels or enzyme actin ty in livers rrom 
h_uman subjec!cg; .. 

Aael Sex I ~ce I I~ f 

cm;TROLS 

I 
28 1280 

l 
F. G ?1 - - -

1Q F. ·c 50 6.6 1.? 16 18Q 1.1 
12 M .. C Q 2.1 1.1 c;i 110 1.6 

F C 6'2._J_6.1.t 

VARIEGJ\'I'I!~ f'08PHTIUA. 
40 H. C c;R 6.5 1.2 ~ 2?0 1.l. 
1? M. E 64 2.9 1.2 1+6 141:i 1.4 
l!,Q F. E ~ Q .. '5 L1 2? 218 0.8 
44 F. E 64 1.6 l.Q l 'i l r;Q o .. c; 

ACQOI'RW fORFHYRIA. 
41. N. B - - - - - ? .. Iii 
lils. M. B - - -' - - ]..? 

ti? M. C 2c; 2. c; O.Q 2Q 121 2-4 
lt2 M. B 17 - ... ~ 120 2.8 
10 F. C 21 1.9 0.7 31 62 •1.2 
40 M. 4i; 4.Q - i;, 2'~ 1.6 
'57 M. B 15 h.4 1..2 r;A 121 2.8 
t;2 F. C 1A 2.0 1 , 14 c;.1 1.1 

• Specimens obtained at operation. 
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S@t1.0N 2t­

Dl8CmSS!Of!t. 

In 1952 Schmi.d and Schwartz reported the induction of 

11 hepat10 porphyrta" in tsb'bite .following the administration ot 

the sedative,, Sedorm1d. 

Following this report a relatively large literature has 

"-Ccumula te:J doeumenting tindl.ngs in sevel'Ql types .of firug­

induced porpb.yria in anima.ls .• 

'th.ese finding:e nave been reviewttl i,n Section ). i'be eon­

oluslons which ma;r be drawn Are that in the experimental por ... 

pbyriae at lea.et, e.lt.eration.s .ln carbohydrate, protein. purine 

and perhaps fat metabolism occur 1n association with distur ... 

bances of porphyrtn metabolism. T.o. what extent such changes 

are interde:pendent .• and h.cw they relate in a cause and ef:f.ect 

manner are far from clear, 

PertNlps the great~st contrlbution of the experimental 

models is to indicate avenues tor investigation 1n human subjects 

w1 th porphyria in a l'Q,tional approach. to tho detection of methods 

f:or the praven.tion, and eure or the diseases. and 1.n a ·tiea.rch for 

the explanation of thet.r pa.thogenesie. They also provide the 

biocherust ld.th a means whereby porph;yrin metabolism rn,ay be 

f\1:rtber investigated and such knowledge must certainly contribute 

to an understanding of the diseases of porphyrin metaboli&m. It 
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is stressed that tbe utmost caution is essential when attempting 

to relate data from the experimental animal to tbe human 

diseases. 

In the present investigation several alte?Qtions in levels 

of hepatic entym& activity have been documented in rats witb drug­

indu.ced porph7ria. The pt'lEiaibl.e significance of these findings 

is perhaps increas~ by the oonetancy wt th ll.'hich the changes 

occurred des.t,i'tEl the chemically unrelated nat,ur& cf' the drugs used 

to induce the disorder. \"his suggeets a relationship between the 

observed changes and tb.e dieturbanee in porphyrin metabolism .. 

Two major aspects ot metabolism ttave been shown to be a.l ... 

tered. 

'l'hese comprl.se:-

( i) Alterations in po:rphyrin metabolism 

and. (ii) Al:t.erations 1n. carboh.ydrate metrabolism. and in 

particular in the activity of the gluc~ronic acid 

cycle. ani in./ pyruvate metaboU.sm. 

1'he possible significance of these findings will be considerEd, 

and I $hall specul-ate on how they correlate with postulated 

mechanisms ot the pathogenesis of. the porphyrias~ 

(i) .. Al.:t;em.t.tons in .eltlmliD mct@llol&sn, 

Poreh:niu, 

Various patterns of hepatic porph;,rin accumulat1on have been 

reporte:l (see pages 68-?4} and the. present timings a.re in accotd 
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with previous observations. 

The changes occurring in hepatic porpbobilinogen c:oncen­

tra tion i:n tne drug-i'ridueecl po:rr..h;yrlas have been describe:! on 

pages ?l-7·4. 

In none. ·or the previ.Gus r-eports bAs an early aecumulatl.on 

ot this cGt'tlpound been noted i.n AIA-poisoned rats. ln oontra­

distincM .. on to an early rise follo-v1ed by a pr~gressi-ve deorease 

in hepatic PBG concmtration "With 1nereasins periods or df.\lg ar.t ... 

ministiNtion (fa.bl.e 46. Figure 36), both Goldberg and Rimington 

(128) ani Merchante rst a); (20,.,) could detect PBG 1n the livers 

or suob animals atter several dATS onl.7, and Rimington and 

Ziegl~?" (21~) noted high PBG concent?Qtions .after 6-10 days. 

Such differences may be <!'lXpl1eable on. the same bases ae the 

nume:rous observed dU'ferences in the PQttems of PBO excretion 

in the urine. (See pages 6t;....66) .• 

Increased levels of hepatic ALA syntbetase aetivi ty have 

been described in guin81 pigs followi.ntr DOO administtQtion (l3S. 
I 

lli2) and in rats poisoned with AIA. (208). The pr~sent 

tindings show th.at DDC is capable of causing aD elevated l~vel 

ot activity ot this enzyme in n.ts Q).soj cc.mt.inn the described 

effects of AL\ on ~t liver enzyme, and show that HCB is also 

oa.paole of stimulating ALA synthetase activit1 .in rat livers 
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A uniform. finding was that the 1ncrf;tnse in mitochondrlal 

At,A s,ntbetase aeti v1 ty preceded thQt in hepatic porphyrin 

concentrt:l t-ion. 

In. the BCB-t:rea ted Qnimals there was initially only a elight 

ine:rease in enzyme aoti.vity- - which ,ras assoeiAtoo wlth a Jnininl:ll 

riee in 't.Otl.l porph¢n concent~tion. lfhen a tn:i.l'ked increase 

in en~yine a.ettvity occurred this ~,as followed by a pr.ogressive 

rise in the porphyrin content of the U.ver. It is ~ggostet.lt 

that at the new level or synthesis, P.,l"phyrins were baing fomed 

more rapidly than the;y could be utUleed or excreted. with their 

consequent prograeeive aceumulation. 

AIA admim.stration vae aeoom:p1nied by a very sharp increase 

ill ALA synthetase activity. \-Jhich preceded hopati.c por.pbyrln 

accumul,a t1on. 'l'he subsequent reduction in onzyn:te acti. vi t.y t-1as 

followed by a fall in porphyrln concentration in the li1ter. 

In the DDC-treated anirr..als there was pl'Obably also an 

!mmedia te increase in enzyme acti v1 ty w1 th a h ter progreeai ve 

increase S.n porph1rin . .;.ccumulation. 

A cause and et.feat r~lat1.onsb1p seems probable. 

The increased ALA eynthotase QCt'iv.ity which b;.s been N• 

ported ia compitible with the hypothesis that the .ability of' the 

mitochondria to make ALA is rato-limit1ng in porphyrln synthesis 

in the liver (1)5) • but it is not clear \d'lether the efteot of 

the varioue drugs was primary and direct, or eeoondar., an.1 in­

direct, mediated p$rhape throllgh in:terterence with a control 
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meehonis:n. It is possible that the genetic defect too, is 

mediated through an increased activity of this ent.yme. although 

the general rule would seem to be for such genetic defeats to be 

associated with a Nduction in enzyme a.ctivit:,. • at.,lea&t insofar 

as the "recessive" diseases of metabolism are coneerned. 

Part of the inhlbi tot7 effects of pyruva te., acetate ca11d 

ce.rta.in amino acids (see p;:ge 27} might be through the exertion 

of a controlling in.fluence on ALA synthetaae acti.vi ty,. 

Burnh:am ()4) • and Bumnam ancl Lascelles ( 3.$) demonstra tea a 

possible negativ~ feedback control S7Stem of porpl'qrin synthesis 

vi.a iron-porfhyrin complexes. Haemin was shown to :repress ALA. 

synthetaae activity 3 ... 5 told when added to a R. spheroides cul­

ture. (190). A reduction in the concentration o:f such. com.poun:is 

consequMtt, perhaps. on a blook in their synthesis. misht thus 

result .in increased ALA syntbetase aet-i:ri. ty through the removal 

ot a control mecha.nism. 

Kikuchi. et aJ. (176) demonstrated the eccurrenee ot an un ... 

identified inhibitor of ALA synthetase activity tbat was formed 

by R. spheroid.es cells grown aerobically in. the- d.aJ1C. 

Gram.ck (l).S) considered that some or the increased activity 

of this enzyme might be oonse.:a,uent upon a~tivation. of an inactive 

form by the various drugs, but. this was not supported experi:mmtally. 

ALA sillnr.dti:Pt aqt,t:d1L. 

Previ.oue reports ·relating to llliA dehydraee activity .:..re 
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described on page 88, and it .is Eivident that opposite effects 

have 'been observed f'ollcw1.ng the "dministi'Qtion or tbEi various 

drugs to dif'f'erant animals. Ma~er, there has been no con­

stlint observed effect of a particular drug on a ~rticular 

sx>eeies .• 

The present findings indicate opposite etreots or :ODC, Alli 

and HC9 ip the ~ t. an incre.:sea level or aethi ty f.oll~ng 

DDO admin1etration, no change occurring after AIA admlni.atration. 

and a progressi'lfe decrease roll.owing HOO administration. 

Although an increa~ed level of aet~vity of this· GrMt,me may 

be of primer, importance in the a.etiology or the po~rias. it 

would seem moi-e probable thQt, in thc.ise instances where increased 

levels of activity bave oc6urred, these bave been 
1
seeond.a?7 to 

stimulation ~ ~n inct-ea.sed supply of the substrati;I. ALA. 

An observed decrease in the ~ctivity o.f "this enzyme 1a .• 

therefore,, of particulai~ interest .• 

A number of fac~ors .may have contri.but~. t.o tbis o'bsor­

va ttont ... 

(th . It is possible that. liver ho.'fl.ogenates .from such 

animal.<$ '!i.tGre remoVing PBG £aster th.an they were capable of s~ 

thesis~ng it .. as oppQseci to liver tissue from AM-treated 

rabbi ts. ~nd Scdormid-troa te:i rats in which no change i.tO, the • 

t\'ilte Qf r~oval ot FOO i{ae observed. (20!i,, 276. 321). 

(ii). Sctne factor may have inhibited tlle aotivi't:, of ·tbis 
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enzyme. Protopor~yrin haa been shown to be inhibitor., (113) 

as has haemi?1. (190}. It was ~ impression that those liver 

homoganates which showed the greatest pinlt discoloul\iti()n ot 

light. showed the loweat levels of I.LA dehydirase activit;r. 

OH.). A f'ttrther eonsid.etat.1.on is that the cievelopment 0£ 

the eolou~-cornpound formed betaraen PBG a.nd 11hrlicll 'a rea.g~nt 

might bave baan inhibited by .some substance in the livers or 

tbese animals. ,a su.bstQ.ne,a t'.illicb presumably increased ·pro­

gressivel:r in concentration over the 1,er:100. of drug a&nini.stration. 

Poss1bl,y pertinent is the observation by Ora.nick and 1~uter,a.ll (139) 

ot the· inhibitory effect .of ascorbic acid upon the dev-elopnent ot 

this eompeund. Such an inhibitoey meohanl$lll bas also been 

discn.te.sed on ~ge 65 in a conside:xstion of the factors in:f'l.uen.oing 

the detection o.r PBG in the urine. 

(iv). lt should a.lso tie considered, e.lthough ..:ii.th. great 

reserve,. that in sucb insttances an alternate route of po-rpbyrin, 

sy-nthesis. bypa.ssing PBO as ~n 1nterme.11ate, was cropl<>yed. Kencb 

(173) ha~ suggested the existence c:t sU~h a pathway in yeasts -

organisms in whtch no ALA dehydriase activity has been. detected. 

(11.$). 

~l@a@ •• 

Tbr!'I aotivtty of this en~yme has fre(lu.ent.l;Y been ,shown t.c be 

significantly reduced i.n t.be drug-.ind.ucei porphyrias (see page 

84). 
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Activity' has not. bel'n previ,Gusly reported to be reduced in 

HCB-inducai porphyria, but th1s :nay bo because previcua authors 

have not .meaeund aot1vi.ty after a su.f'ficiently long per.loci of 

drug ad~inistration. 

A reduction in ca.talase act1vi ty. and porhApl!i synthesis, 

may peJffllt of an increased A.LA $ynthetase activity through the 

reiiloval of a negative feedback oontrol mechanism'" 

Drabkin (77) considered t-bat tlle demonstration of reduced 

eatalase activity might be in support of his postulate (76) that 

the detect in the porpllyrias might be as n result of the under­

u til1sat1on rather than the overproduction of porphyrir'!S• 

Heim et a1, (1.58) (hJmcmstrated that )-am,1.no-l:2t4-tri~zole 

eausd a marked reduction 1n liver and kidneyoatalase .activity 

in the adult female rat, nnd this compound has not been 

associated with the developmEll'.lt of porPbyria - a ~etor which 

tends to lessen the .81gn1ficanoe of the observed reduction in 

activity .• 

(2). Alt~t!ti2rui !n g.i.ti)oh¥tfta.\e meYJ.bglip, 

.A.3~l!bi¢ ag~la, 

Perhaps the most important observation of tbe present inves­

tigation was of an increasei ffite of' urinar., ascorbic acid 

excretion ( a,nd hence of its G1Dthee1e (37. 38. 90. l9.$a. 196)) 

in assooiation with a disturbance of po:rphyrin metabolism. 
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This ~a a . consta.nt finding in noc.... A!A .. , ant !iCfi-.por,;tiyria. / 

.9.?ld ha.e been confirm~ by De v~tteis {6.5). 

It. may prove ot interest to comp.re l~vels of urii1ar;y 

glueuronie ne1d exoreM.,n S.n subjects ttl th porphyd.a ~i:rd notffla.l 

subj$cta, ard also in drug ... induced po,nm,1rl.a.s 1.n the guinea pig. 

Al though this i.n(n;>e.Qsa has thus far a.l~ta.;vs occurred 

follotting · the administration of po:rphyria-prooueing dnigs .• 

chlotbtrtanol adrd.nistJ:Qtion over ;) l-reeks ~e not assooiiil.ted ~"1th 

an increase in hepatic porph;rrl.n ooncent~t.'lon. Ch'lorblatanol 

is a drug tihich has pre-i.."ious~v b~en shmm t.o stlm,ulate ascorl)ie 

acid synthesifj (see pa.g~ 1)9}.. lfoi,:rever, 01:9ntek (136) ~s .able 

to show .an inerensEiid synthesis o.f porpl1yriJ'H3 by cells ¢ulturei 

in the presence or. this di'Ug and it is possible 'that the thug 

was not iadm1nister.oo tor a l!Affficiently 10.i,.g porl.od. o.f til'na. 

Oc M.atteis (6S) was able to s&parate the da-velopner,t 0£ in­

creased levels of. porphyrl.n s,nthesi$ ~nd. ,iAoeorbtc .1eicl synthesis 

.in 1'1:\\ts, ar.d suggested that they 1,1ere not closely r0latc-0, but 

this question i.s worthy of fu.rther i.nvestigati.on. 

J:n the !tIA ... t:reated rats in the present i.nve.stigat:1.on levels 

of' aseorbic acid excretion ~n4 ALA synthetase aetivity ina:rensed 

simultaneously t.0 ver-:, high levels t1.'>h1ch doee tlt!nd to sugge$t a 

close eorrelati.on. Se;v-,ral possibilit1i,s may lls postulated as 

to the nature of this relJi.ti~nshl.p.: ... 

0) .Ascorbic acid bae been shown to potentiate the 
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combination or iron vith protoporphyn.n to form hael'n. (122,181). 

It ie possible that consequent u,pon a priro~ry inhibition ot 

ferro-obelatase acti.vi'ty (.;z,fJ suggested 1,.1'.i.th fairly convincing 

evidence by O:nisawa am Labbe (227)) • asecrbic acid ~thesis 

was increased 1n a compensator., attempt on the part of the liver 

to enhance this reaction • 

.A.n alternative hypothesis is that the primary drug effect. 

lay in a stimulatoq action on ascorbic acid synthesis. Sueb. 

a mechanism nd,ght be expected to reduce pcrphyrin synthesis via 

a negative feedback effect of h&.em compounds en ALA. syntbeta.se 

activity. an:i to reduce rather than to increa;se the measured ae:­

tivi ty of this enzyme. BO't3'evar; when greatly in excess aeeor~ic 

acid was found to inhibit ferro-cbelatase aoti. vi cy. (122). 

It has been considered tha.t the de.feet in the porphyr.us 

might occur ae a. i"<!iSul t or defects 1n the redox potent,1.al of the 

cells - pe?fflitting o.f oxidation of porpbyrinogen inte:nnedi.ates to 

porpl'q'rins. 

Rtmington (240, 241) showed that aacorbio .Qcid ,or thiogly ... 

col.ate diminished auto:ddation of copn,porpbyri.nogen. The 

increasa:1 ascorbic acid synthesis whlcb has been demonstrated may 

thus hava oeaurred as .a compensatory mech:1nism towa?.de the re .. 

establishment of a mtlima favouring roduetion 1n a state where 

the redox potential Tiaas altered in the dl,:aetion o:f' ondat1on. 

Should the effect on ascorbic acid. synthesis be an important 

253-



one, observed alterations in the levels ot py-ruvate kinase ao­

Uvity might thEm be explicable on the ~sie ot glucose being 

deviated away from the Firibden-Meyexbof pathway towama ascorbic 

ao1d synthesis. 1\ reciue«l pyru.vate ktnaee activity would re­

flect 4 diminished Sttbst:rate euppl-y, as would the r«iuaec'i 

lactic dehydrogenaee aotivlty. The increased CL.6-P.t>. activit.y 

might then re!l.ect 1ncrea&e.i metabolism along the gl.ucuron1o 

acid cycle with an increa,seci sut:ply of enlogenous substrate 

stimulating enzyme aeti.vity .• (see page 48). 

ea»utec. 
Two facts' relating to the metabolism or this corapoun:i have 

«nergecl from ·tbe preaent investiga ti.on. 

(i) Pyruvate kinase activity wa..s feund to be reduced. 

and (11) 14.ver initocnowb1.a from. porphyrio .rate roapi:ring on. 

exogenous ;w-rovate showed a difflinisbed capacity to utilise w­
ruva te. If comparisons wi'th f1ndings in tissue culture, in 

isolated systems, and in human subjects are permitted. this 

finding is in agre,m,ent with the reports (i), · ot an inhibition. 

by AIA. ot wriuvate oxidation by cells grown in tissue culture 

(57) • (ii)• of an inhibition, w diugs cal')Qble ot inducing . 

porphyri.:a • of beet heart DPlni oxidase activi t:, {;6), , (iii). ot 

the decreased ze.t.e of clearance of excgenou.s pyzuvate fr<>m the 

blood of porfin7rlc Bantu subjects (169) • and (iv), of an im- · 

paired pyruva te tolerance t.est in &Ubjeots with acute 
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intermittent porphy:ria. (129, 161). 

It may also bs significant in thts r,eg&!.i,d th~t ~ile liver 

mit9,chondria fl"Clm· HCB-poiaoned rats shOlred ~ marka:S increase in 

ALA· eynthetas~ activity imen citrate was provided as substrate. 

a similar 1ncrease d1d not occur ,men pynurate formed the sub­

strate. (Table 44). 

fbe observa t-ions of a dim1nut,1on in P,T~va te kinase 

activity and in pyruvate oxidation may both have some beari.:ng on 

the pathogenesis ot t.be porphyrlas. although the1.r interpretation 

is highly speculative. 

A. re:luced activity or pyruvate kiMee might be indicative 

of a diminished synthes~.s or pyruvate in these otti.mals. 

fyruvate bas been ithown to have an inM.bitory effect on P<)Tphyrl.n. 

syntbes1s in Y1iftc• {see page 27). A ~ry d.rug effeet w.ight 

thus have· 'been to ir..hibi t the Embden-Meyerhof' p:a tb\1-1'3.Y. 

The f1nl1ngs int.iicativti of i.-n.paired pyru.vate o:ddQtion in 

these condi t1.ons might then be explicable on the basis of a 

diminished synthesis. 

Increased ascorbic acid synt..1lesis., ard inere.~sei G-6.,.:P .o. 

activity might reflect a :necessity for aJ.terru.it1ve routes of 

glucose metaboli9m other thliln through an inhibited central 

glycolytic pathway. 

Such an hypothesis would set"Ve to support the findlni;s of 
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Tschudy's group (249, 340) and of De Matteis (65) concerning 

the beneficial effects of carbohydrates upon the porphyri.c state 

( see page 94) - carbohydrates might serve to increase the ac­

tivity of this pathway, and consequently the amounts of pyruva te 

formed. In the present study it is evident that starvation re­

duced the activity of this enzyme even further. 

An obvious modification and alternative hypothesis is that 

pyruvate metabolism may be pri.mari.ly impaired, with a secondary 

inhibition or "atrophy" of the pathways leading to its synthesis. 

Such an hypothesis is supported by the finding of an in­

hibition of beef heart DPNH oxidase by drugs capible of inducing, 

or aggravating, the porphyri.c state (56), and this effect too, 

may be of aetiological significance. 

Contradictory to the suggestion of a block in the central 

glycolytic pi thway are reports of nonnal, or increased 

glycolysis in the porphyri.as. (57, 320, 321). 

Other changes have also been detected in this investigation 

which may have some bearing on the pathogenesis of the por­

phyri.as. 

These include the detection of a diminished :rate of 

oxidation of glycine to COz in DDC-induced porphyri.a, and of 

alterations in aminoacetone synthetase activity. 

(a). Glycine oxidation, 

An impaired oxidation of the alpha carbon of glycine to 
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00a in several toms·· ot the drug-induced. porphyrias has been 

previously reportEd. (75, 320, )21). 

( h) • AA . Rm:&oeJisme agJtiv;i;txa. 

0%'1niek and UJQta (142) did :n.ot d.etect any alu5tion in 

th& ltavel ot ami.noacetone syntbetase activity of hepatic 1rt1to- -­

ohondria from OOC.poisoned guinea pigs ani in the present 

investigation no alteration in the activity of this en~e wae 

noted 1n mitochondri.a from :ooc-poisonai rat livers. t-Iiyakosbi 

am Kikuobi (208) reported a similar lack of influence o.f' J\IA 

administration upon the AA synth.ett.ee activity of rGt liver 

mitochondria. Tschudy et al (319) could not detect a diminished 

excretion of am1noacetone in. the urine of sU\'>ject.s w1 th acute· 

intemittent po:rphyrla. However; De Matteis and Rimington (68) 

desc.ribed such a reduction in the urlne of _i;:at1ents with this 

disotd:er, ard of rats with experimental pcrphyr.ta. In the 

sea.treated rats in the present study a s1gn1f1cant reduction :in 

AA synthetaee aetivit:, is also evident. 

'r'ne ad1nini&t111tion of glyeine has ooen shown to increase 

porphyrin excretion in both aoute intenn:tttent, and drug-

induced porphyr:i.a (23?) am it bas been suggested that increased 

porphyrin biosynt.hes:i.s might be 1n1tiated through an availability 

of excese glycine. 

Excess glycine eould result :tram an. impairment in one or 
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seve~l of its alternate pathways of met.Q'b(!;liam. lte conversion 

to s&ritte has been shown to be impai rsE!d in certain torms ot por,.. 

phyria (23?}, a.rd. an impaired conversion to purines in 

Sedormid-induee:i por,;byrla in ebiok e'!.'l'lbryt,s bas b~ doscrihed. 

(183, ll.S). Thie may Glso const1 tute the signifiaal'lce of the 

demon1Stration of an 1rnpaired mdation of glyeine to CO;?. 

in the alternate pathways ot metabolism or thia oomp?1.Url may be 

no more signi.f'icant th~n as an. in45.cat1on of' increased glyd.n.e 

In subjects 'With l)l'}r!*!yria Dewtt1e (?I~) ros unable to detect 

alterations 1n the rates of conversion of' gl,-cine to COz - .. 

or uric acid • but he wa.s able to df!fflonstrate an inorea.sed rate 

of glycine tu mover. 

Nakada am \"lle:tnnouse (214} bavo suggested that cat.al.aee may 

play a role in the oxidation. of the alpha ea:rbon ot glycine to 

CO2. via fomates; atid the dePreased cat.a.lase activity whicb has 

been demor.ustrated in these comiti.Qne. may be pa.rtially respon ... 

sible for the observed eff ee1',s on glyct.n.e oxtda tiOrh 'tb~s may 

even constitute the mcd.e o.f action of' a control mecbanism of por­

phyrin synthesis. 

It acetyl-oaenzyme A synthesis were tmpa.ired in pof'Phyrl.a• 

as has been suggested (68), lese glycine vould be metabolised via 

the a.mlnoaoetone eycle, .and more would 'be available tor met.abolism 
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via the succ1mto-gl.yc1ne c;vc:le, and hence for porphyrl.n synthesis • 

. A reduction in AA synthet.aee .activity and ln tbs urlnar., ex­

cretion of aminoaeetone B'lfi.7 be reg~iroed as suworting such e 

postu~te. but it is evident tnrat tho~e o'bse,rvat:i.on.$ bJi'\re not been 

consi.etent. 

Somq or tbe inhi .. bitoey effeet or both pyruvato and a.estate 

upon por5hyrl..n syntbesis mi.,bt be expl.ieable upon their 

potentiating acetyl.-coGn.zy:me A synthod.s. 

The data. obtainiad in this investigatt.on may also have some 

bt'3lii.ring on other postulated mechanisms und.erlz,ing the porph7i'ias. 

Reduction in la.etie dehydrogenase. pyruva.te kinase, arxi 

glutam.\c•~l«acetia-transaminase activities might Ntleet. 

phosyhate dehynrogenase and no;rm,g.l 1sQe1trle dehydr~enase 

.activities might then he axp1 .. 11noo on the 1basi.s that they are 

TPN:·T.PNH deperuhmt enzp.es. "miob ratio .must be P1-esumed to be 

unafreoted.. Alterations in both these mt,,.oa have been des ... 

erlbai by Rim!ngton and Ziogler (246) 1n the drug ... 1:nduost 

porphy:ria:s. (Soe page 9l.). Rimington (240) oonsider-ed that 

systems normally roondisbig DPNB a.rd TPI\1f might be a.f.tected 

during exacerbations in porphyrla, and Co-.,."ger d al (.$6) have 

danonst?Qte:1 an inhibition ot DP.tut oddase 't)Y' porpb)'l'la­

producing chugs. Joubert as nJ,; (169) postulated a defieienc:, 

in the elee·tron ttQnsport chain, ar.d suggested that the in• 

tluenQe of alcohol as an aetiological f\lletor in po11>b:y14ia. might 
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be through a decrease in the DFN/D~li ratio. (See review by 

Isselbaeher am Greenberger (165)). D0mle(7J), however, 

felt that a decrease in this ratio would favour reduction 

rather than oxidation. 

It is interesting that as early as 1939 alterations in the 

oxldation-reduction system were invoked to explain the 

' ' 
occurrence of methaemoglobinaemia in intoxications with several 

aroma.tic a.mil'lo groups - compounds whieh were also shown to cause 

disturbances in porphyrin metabolism. (29). 

Sweene;1' (JlO) cons11ere1 that there might be an abn.o!ffl2.l 

permeability of the eell, or. P*-rts thereof., to porphyrl.nogcms .• 

and so allot.r of their esca pa from the enzyrna tic sequent"!e and 

further metabolism, am Sano and Gxsn1ck (2.56) conside!'Ed that 

the location of certain enzymes o;t,' the porphyrln biosynthetie 

pathway in. ?ni tochond rla, while others were present in soluble 

:form in the cytoplasm, m!ght p!"Ovide fore, control mechanism of 

porphyrin biosynthesis th?'Otlgh mitochondrial pemeabili ty 

factors. 

DOw:ile (72) feels that the defeat in porphyrl.a might lie in 

the mi.tochondrlon. GtQnick and Ura ta (ll.i2) have described .an 

abnormal appea:r.anee of' the mi tochond.ria of DDC ... poisoned guinea­

pig livers; and Mauze:rall (201) postulatoo a leak or ALA through 

a damaged rnitochondria.1 membrane as an aetiological factor. 

Al.tera tions in the structure of these particles might have 

260 



be.en respcnsible for the ,observe! changes in ALA s-rntbstase 

~otivity. 

It tJb~uld a.lso be ,considered that. rn.any ,of the observed al• 
• 

tercitions in enzyme aoti11i. ty might have been ~oi:ts<aq,uent upon 

tile presence ot :lncrMsa:i conccnt~Jtions of porphyrlns. In 

this regait:d it may 'be sigm.£ieant thtrt Pathak and FQwlks (2:,0) 

~ere able t0c shl'Y'.i a. £all in skin $tiooin.ic dehydrogGm.se activity 

in animals exposed to liaht atteir treatment w1th the ,photosen­

sitieing a.gent 8meth~-psoxalen. Baeten.a expose;! to this 

agent ar,J liuM:.. $bowed a dimini.£.Jbei ~bili ty to utilise Kreb; s 

cyole inte;rllle.U.ates. 

It would· be or intenst to repeat t.h~ pr,asent studies on 

animals homse1 in tbe dark. 

Finally, the possibility should be considered that aom~. 

a11d perhaps all the cibserved changes -Oloourred. as a nons,Pecific 

1-esponse t.o liver clanage folloid:ng drr1g adminiat:ratlon. l't 

t1.tt.ruld be nacef:isar,v to investigate the effects of ot:her hepato ... 

consido~tion. llotfbauer !ii §1 (16.'.3) w.ere unable to detect a 

.significant o-..reral.l intluen<.te of eholi:ne deficiency. 

thiot110Gtamide or carbon·tetra.ohlorlde va.pour on coproporphyri:11 

excret,ion 'by rats, am So~-nid and 5<.'lhwa,rtz (268) aoul-d dateot 

Uvity or tmbbits. 
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However. a .signi.tioant inoreaae i'n h~patic a .. 6-P,O.i aetirtt,;. 

a.s N:portsi in the prc,$cnt studies, has previ.Ollsly been 

ass~iated wltb liver d.@1.age in tbe fonn ot acut& hepatitis in 

man. (2?2°L. Hep,. ti tis has also been assocta ted with a ra!uction 

in hepatic catala.se, laetS.c dehydrogenase and a ... 0 .• 1. &ot1vitias. 

(58. ;t.t8) • 

Qgncl,usi<a1m, 

It :b1 o11gget:ittrl from th!2ise wtudies that in tl1.a drug-induced 

.. porphyd.aa inareased porp.1lyrin fomat1on is consequent upon an 

ino:reiased level of .AI.Ji S'Jnthotase aot.:i:d t,,. 

\-ihat is not cl~.ar. ia the m:echanim respone:Uile for #,he in• 

creased level. ot activity of this Meym~. 

A number or aitel.'l&llltives ar~ suggeetei by the ebse.rved data. 

Thesr.t are felt to indicate avenues tor further :reset:u•oh, 

(i). The primary drug affect niay h&ve 'beon to stimula.te ALA 

s;vnthstase synt.h$sis or tQ activate an inaoti:ve form of th.e .en,.. 

{1i.),.Tbe ioorati.se:1 levl$ls of ALA oyntl1etao~ activity, my 

have 'been secon:la.r.v to ,Qnd. dependent upon ;.., 

(a) In<tt'tm@ed ascorbic acid synthesia .• 

(b) Im im,paire:i central glyoolyt1c f£1 t11w-.ay. 

{a) An impair~>d met1.bolism of pytu11ate. 

(d) An im,pairm oxidation of glycins. 

(e.) Alte.xu.tions in the redox pot.ential of' 'the oells. 
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( r) Damage t<:> the mi ~i.lahondit:l.,:0n. 

e.l'X! (g) 9.loaks in the porphyrin b1Gs;vnthetic pa tmwar ... 
espeaially at the ferro-protGperpnyrl.n ohela.taee 

level. 

!t is alsc t'elt tlr"w.t an investigat101~ of hUt'll~n oubjects 

m th porpbyria, to det.enr.iine whether any o.t these f'dotore apply 

is of importance. 

A prelWmr, .study 6f this sQrt has already been undertaken 

and is reported in this thesis. Th.ere <11%"<:i serious limi't,lltions 

to this i10rlf oocau.se .of the small .number ot i;:,Ases, the 

varit1tbility or their diet,"ley status and sex, am a p~ssible 

,seasonal inf1uence on levels of en2:,mo a.c·ttvity. li'u.rth$rm.o:re. 

while the majority of the 11 v~r speeimens were oat.a.ind by needle 

b:top~ som(;l) -ciero obtained at opera. tion, and :C have ,mpubli.shed 

data to indicate a ,:a,pid a.nd m,ukm a.ff eo·~ of anaesthesia upgn 

·tho lev0l.e of' a:ciiV'.i. t:, ot a0mci t:111.Zyrnes ... 

?e1~naps most s1gnit'ioa.nt are the vanati,ons .in the duration 

Qf the disease in tbe dif.f'e~t pa.t-i1.mts,. and more espoolQ1ly the 

marked v.a:ri.J;1tior,s in the degree <:>t ,aetivii.7 of the disease process. 

ALA syrlthetase .activity waa baroly detectable +n the .liver .of 

the cno pot'Ph.yrie subjest in ,mom it ms :i1ell.sure:l but .At.A dehydrase 

aoti.vSJ:,Jt was doubled. 

J.yruv.tte kinase activity was low even in nomal subjects, wt 

a rt!ld.uoed aotirlty in tbe acquired group ie .suggested., 
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A f'all in ICD aotiv1ty ·1n the .acquired group ie almost in 

direct eontradietinotion to the observci findings in the drug .. 

induced porpnyrl.as ,.n the rat. HowevGW, obr.onie ,alcobclism 

has· previously been ehown to be assoeiatEd w:i th a £all in the 

activity or this enzyme .• (97). 

Catalase activity -s r«tuaed in tile livers of two subjects 

id.th '\'ctrlegate porphyria. This is at varl.ance witb the re ... 

portE:d findings of Gray (144) • and Sehmid (262) conoeming the 

activities c:t this enz,me in pcrphm,a. It is possible that 

these eases di:ffe:red in the mtur.e, aeverl.ty am pbase of' the 

dist-urhanoe in porphyri.n meta.bol.iem. 

Al.tlu'IIU'Jh the mAtjcr1:ty of the ob~nges which h;ive been des­

cribed ha.ve all been dem.onstrated 1n :z:i.tm, 1t is suggeste:i that 

they may be of s1gnifieance in the intact. animal,, and. perhaps 

even in roan. 

It is hope:i that the :f'irrlings mll prove of value in further 

in,1~stigati.ons ot the dis&'lses. or porphyrln metabolism. 
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APPENDIX. 

l (a). Composition of reagent mixtures used in measurements 
of as;tiyt ties of enzymes of intermediary metabolism., 

( i). Pyrµvate kinase, 

Tris buffer pH '?.4 {B.D.H) 
Pbosphoenolp,.vruvate­

tricyclohe~lamm.onium salt 
(Boehringer} 

DP?m (Sigma; B.D.H.) 
ADP (B.D.H.) 
Nibotinamide (B.D.H.) 
Mg S04 (B .• D.H) 
K. Cl (B.D.H.) 
Bovine serum albumin(B.S.A.) 

(Amour Phannaceutioal Co) 
Lactic dehydrogenase (Sigma) 

type 3/ 

- in a final volume of 210 lambda. 

18.0 pnoles 

170 m)mtoles 
25 • .5 m}ltiloles 
106 mµmoles 
4.25 µmoles 
1.70 µmoles 
8.49 µmoles 

0.061% 

.16.5 µ M 
units 

10 lambda of. a 1:1 dilution of the original 
homogenate were added to initiate the reaction. 

( ii). Q-6-P.D. 

Tris buffer pH 7.4 
Glucose-6-phosphate (B.D.H) 
TPN (B.D.H.) 
l'Jg C12 (B,.D .. H.) 

- 1n a final volume of 200 lambda. 

15 .. 6 µmoles 
777 ID\unoles 
97 mµmoles 
97 mµmoles 

10 lambda of a 1:1 dilution of the original 
homogenate were added to initiate the reaction. 
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(iii). I,C,D ... 

Tris buffer pH 7 ·'"' 
d-Isocitrl.c acid-trisodium 
salt (Sigma) 

TPN (B.D.H.) 
N:i.eotinamide 
MriCl.2 
B.S.A. 

- in a final volume of 200 lambda. 

18.l }!moles 

91 mv.moles 
91 mµmoles 
4.S µmoles 
113 mwnoles 
o.o68J 

10 lambda of a 1:3 dilution of the original 
homogenate were added to initiate the reaction. 

{ iv). G ... O.,T, 

Tris buffer p..1! 7.4 
Alpha-ket.oglutaric acid 

(B.D.H.) 
L-aspartic acid (B.D.H.) 
DPNH 
Nicotinamide 
B.S .• A. 

... 

- in a final volume of 200 lambda. 

17.6 pmoles 

440 m1lllloles 
l"-lf() mµmoles 
17 .. 6 mµmoles 
4.l~ lll'}Oles 
0.0£»% 

10 lambda of l.:J dilution or the original homogenate 
were added to initiate the reaction. Additional m.alic de­
hydrogenase was not providfd. 

{ v). Lactic deh;y,drggenase. 

Tris buffer pH 7.P.} 
Sodium pyruvate (Sigma) 
DPNH 
Nicotinamide 
B.S.A. 

- in a final volume of .200 lambda. 

18.4 µmoles 
460 mµmoles 
18. i~. mµmoles 
4.61 µ,moles 
0.0461, 

10 lambda of a 1:79 dilution of the original 
homogenate were added to initiate the reaction. 
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l (b). Catal,ase·. 

The reagent mixture was prei;ared by diluting 10 ml 

or O.l M phosphate bu.ff er ( pH 7 .4) and 5 ml of a l/80 dilution 

of conce:ptrated ~~ to 100 ml with glass-distilled water. 

25 lambda of a 1:5 tf/v homoge~te were added to +5 cc of 

this solution, which was constantly agitated by a magnetic 

stirrer, and at exactly 15-secom intervals l ml amounts were 
i ' •• 

pipetted into flasks· contain~g. a few drops of 2% Hz, S04 and a 

trace of Mn Cl.z. These solutions were back titra~ against 

:!' .01 N Potassium permanganate. 

'l'he presence of the manganese· chloride permitt¢ of the 

detection of a very precise end point. 

l (e).. Preparation of mit2.9hondri?a. 

A~ lease .5 G of liver were homogenised with 10 volumes 

of cold 0.25 M sucrose (pH 7.4) in the usual nBnner. 

The homogenate was centrifuged in 10 5 ml amounts. in the 

cold at 500 r.p.m. for l.0 minutes in a Beckman Spinco Model L 

refrigerated ul t:racentrifuge. 

The supernates were decanted into 10 fresh lustero.id tubes 

and centrifuged at 10.000 r.p.m. for 10 minutes. These super­

nates were discarded. the pellets were resuspended in 1.5 ml 

sucrose ar:d the tube contents combined by threes. 
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,Three tubes and the remaining single tube were again 

centrifuged at 10,000 r.p.m. for 10 minutes and the supema.tes 

discarded. The pellets were resuspended in 1.75 ml sucrose 

containing Mg Cl2 in a concentration of 20 m M/L and EDTA in a 

concentration of 10 m M/L.. The smaller pellet in the single 

tube t.ias resuspended in 0,.58 ml. 

The suspensicms were combined and homogenised in a glass 

homogeniser. 

All procedures were performed in the cold. 

l (d). Preliminary investigations relating to the measurement 
of ALA. 

( i). To detemine the molar extinction coefficient of 
ALA Pl'n:ole + Ehrlich •s mercury reagent,· 

1 ml of a 10-4 M solution of ALA hydrochloride was 

boiled in each of 8 tubes with 16 m1 of water, l ml acetate 

buffer pH 4.8, and 0.5 ml. acetylacetone for 15 minutes in a· 

water bath. 

These solutions were allowed to cool. and then passed 

through 1 x 1 cm Dowex-1-aeetate columns. The columns were 

washed with 5 ml H20 a.n::i with 5 ml 1N acetic acid and the 

ALA then eluted with 4 ml or a 2:1 Methanol:gla.cial acetic acid 

mixture. The eluate was made up to 5 ml with more or this 

mixture. 5 ml Ehrlich's mercury reagent were added, and the 
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optical de..,sity at 5.52 mu determined after 1.5 minutes. 

Tybes l 2 3 4 5 6 2 8 

o.n. .265 .281 .277 .283 .28J .292 .JOO .315 

Mean ,2§2 

The extinctioncoeffi.cient of this compound in a concen­

tration o.f l M/L at 552 mu _in a l cm light path was., therefore, ,~ 
calculated as 2 .. 87 X 1.0 • 

In subsequent experiments 10-J M solutions of ALA HCl 

were boiled with 17 • .5 ml H20. l ml acetate buffer (pH 1.4-.8) and 

0.5 ml acetylaeetone. Blank solutions were prepared by re-

( ii). Infl.uence of the duration of boiling, 

Tubes were boiled for the periods indiea tea~· 

1 ml from each 1;,ube was mixed with /4, ml 820 and 5 ml 

Ehrlich 1 s reagent. The experiment was performed in duplioa te .• 

Time (mi.ns) .• 

( i) 
(ii) 

.5 

t229 
.225 

10 

.241 

.239 

15 

.235 

.230 

20 

.240 

.243 

25 

.235 

.235 

AL.A was.. therefore. fully converted to the pyrrole within 

10 minutes .of boiling. 

~-:;I 2 6 ,f) 

eJ 

.. .., ' 



(iii) •. §,tabili ty of 2olou~ eommunds, 

{a). l ml ALA pyrrole was mixed with 4 ml HzO and 5 ml 

Ehrlich's reagent. O.D. density was detetmined at intervals 

as shown. 

Time 
min 10 l 20 2 60 120 

o.n. ( i) .229 .229 .225 . 222 .221 .221 .215 . .212 
( ii).239. .241 .239 .2'J7 .238 1 .238 .239 .225 
(iii) .227 .22? .225 .221 .220 .220 · .215 .212 

(b). l .ml ALA pyrrole was :passed through Do-t,,"ex-1-a.cetate 

column ( lxl cm)• eluted with 4 ml metl-ianol: glacial acetic acid; 

made up to 5 ml~ and 5 ml Ehrlich• s reagent added .. 

o.D. density was detennined at intervals .. 

Time 
m'ns 10 1 20 2 

o.n. ( i) .136 .1ti2 .vw .150 .154 .150 .185 
( ii) .130 .114:9 .156 .160 -163 .166 .1?2 
(iii) .132 · ·150 .157 .162 -165 .168 .194 

( iv). Inf'.l,uence of aainii of Ehrlich1 s reagent. 

l ml ALA was mixed w:i th 4 ml H20 arrl 5 ml Ehrlich 1 s 

mereury reagent .. (a) Fresh (b) l month old. 

o.n. .-....F ... res...,....h ______ o-ld...,· -

( i) .24? 
(ii) .2.3:5 

-297. 
.295 
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The blank reading was also higher with the old solution. 

o.D. Blank - (set to zero on fresh) - .02.5. 

( v). Ingompls,te elution from column, 

(a) l ml ALA pyrrole was pi,Ssed through lxl cm Dowex-

1-acetate column. eluted with 4 ml methanol:glaeial acetic acid 

and made up to S ml with HzO. 

{b) l ml ALA pyrrole solution was made up to 5 ml with 

methanol: glacial acetic acid. 

5 ml Ehrlich• s reagent added to each solution. a.nd 

0 .D. compared after 15 minutes. 

Solution 

O.D. ( i) 
(ii) 

a 

.116 

.140 

b. 

.168 

.18.5 

( vi). No loss of ALA when washing columns with t~ter 
or IN acetic acid. 

l ml !J..A pyrrole was passed through column, 

washed w:i th· 5 roJ. IN acetic acid. Washings were collected 

separately and 5. ml Ebrlich 's reagent added to each. 

o.o. was detennined after 15 mins. 

o.n. (i) 
(ii) 

Water 

.006 

.ooo 

Agetic ac.i,d 

.oos 

.009 
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( vii}. iftlatign ot 0.011 to -Q«!G!Ot:A\iPDc 

ALA solution in amount$ ot 1 ml., o.s ml. an:l 0.25 

nil were converted, to pyrrole and: o.o. of coloa:rH'!ompo,1nd rd.th 
' . 

O,.D. 

• P.assed thrftgh column 

*'* Not passed through colu:nn. 

.J.2) 

.l7b, 

0~2S mt 

.oss 

.. 08,5 

In this experiment tbe mola.r:i, ty ot the ALA was diff'or-ent 

fr• tllose deseri.bei when measuring the extinetion aooffieien.ts.­

and was net accu:rat.el-7 11-ezisure:1 .• 

1( eJ. MethOd for deterrninati~n of porph:,rin conomtrations of' 
llvtr t,iaW1e. 

The method of extriacUon has been dexcribed by Sweene:,•. 

'l'o~t.Pb,;frj,m7, 

Water ~s added to tho .aoet.one/HCP extract which was then 

repea tec.ily ext!Gcted td. th :n-Sutanol/ eth;yl acetate (1: l) 1n a 

sepa?9.ti115 funnel. 

Tbe extracts w-ere pooled am "i<!ashed with ,water .• am 
petrol ether {b0/60°) added. 

tration was measured speetrophotometr:i.cally. 
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Two volumd!s of di.stilled water wtire added to the 

acidified aeeto'l'.'ie ext.raet • .a.nd the pt! brought to 3.5 by the 

addition of satunte:i aqueous sod'.bun acetate. . The porphyrins 

were repeatedly extracted into ethe:r, and the extracts were 

pooled and washed witb water • 

. Protoporphyrin -was extracted into l.SN HOJ: and its con-

centration measured epectrophotometrlc.:illy.. Completeness of 

porpbyrin extraction was judged under ul t;tsvi.olet-light oon­

trol. 

* Sweeneyf G.D. (196J) : Ph.D. 'lbesis. page 88. (University 
of Cape 1'ovn) .. 
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oentii'ations. ar4 ·t11 sam~ instances hepatic porph;.yrtu 

coooentra.tionst .tu.~e: shown. ·i.fl. Table •. 'fbeeti ~rements weJ'le 

Nde .mt the tba wi:1er1 the liver b1ope1~ wcr& o'tJ't.a.ine:i for the 

purpoefils of thi'ii imrcstigat.1.orw desor1bed 1n tbis tbetd.1$11 Ti1e 

N$ults of tbe n11.ver :tbnct.1..on" teats a.t-$ Gh.own ;ln fable b. 

'fu.St, •• Q~:\Q)l.i:ii .fml@·!&d !.,tl,SJ;. 

fhis eub.jee'h. urdt:tn,en'li a cholGoysteatonv f~l" eall etonas. 

tbeNi iil'O':te no f:et1tures to ~iess:t t,!1>ri;.tlJrl•• am Mr 

J .n, , .. J:ol,~. &'H!~ • ...t&!i:1.;. lt.. 

inis PAti.ant iffa$ admittEd with loba~ pneumonia. 

there ws no ovidencm ot po:rpbyrla. 
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:fM~. 

The only featu.re of f.'lO~ J;Q tho l,1tre:r bi.o:pay. ,~s the 

m-esl)nce of large amounts ot :U.pot'Ust'd.n., 

rt..!t ... Ck,,!~~ 

Thle i:~ti<mt had nctieel bli~tot-$ on h&r- faeG., h.anda a.nd 

toot slma the J.ago ot 4. She had pac.seri .o. cl&$ rd ,trine .!nt&P­

mt t:t.m,U.y t.hrouJ:thwt ba1> U. f~, .~,nd bft.d tmd ~¢o~st.v,e ~i.r on her 

E,-~,mi.n.-,:tton re~ool«i ·t!les.m.no and s.~is of pi.pent,p ti® and 

dap1gmenta:Uon on. the ~ce, .bQn:t.l! a.m t'et;t., a,,,.JGrt.~chGsts ~• 

n. fi!Q~ed feature and the dit;1t".$ e:!·u,w<d e~te:r«1ac1'.¢.Y• 

fhe 11:~r «iEte couU. juet be p,lpata:l below the rl.gb,t .costal 

matgin. 

Tbet"e t{'m,S no ftffl.ily hi:11to~. of po~~.a, And an extu,~$1Ye 

alcohol consiMption. tfa$ not $U~tt:d, 

Liver biop.,,v reve-aJ..~ a :tlGt"mal. ~~M.,~tu:rnl J;Q.t~rth, S.~11 

arnount-s .of ha~os:1deri.k1 \\Tare seen • 

.fk,r ·:rw colll'. had ~. coproporphyrl.n eontmi:t of 2.? u6.- in! .a 

prot0:purph7fi.n aQntmt of s.o nr.f!;. 

&1~!..Jlltb-'Brtffit~ .a~~. 
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fhts patient was examined when his brother ;,,1as diagnosed 

as having porphyria. Scar.ring of his :nace and hands wa$ 

prominent, 

For sevet'Ql years he had noticed t-bat bis skin readily 

rome.:t blisters. 

He underwen.t a gastroenteretorny and vagotc,my f'or chrom.a 

duodenal ulceration tn Ma:,, 19.59 and at the tme of the present 

S.nvestiga tion ~s undergoing a. 1'3rther oper,a t1on bea~uso of a 

stomal ulcer, A Zollinger--Falison. s,'lldNllle was suepeoted. 

For several years he had. taken Qlcohol 1n excees. 

tissue. No li.ron could be demonet,rated. 

boon noticed since the tage of 21~ - £ollow.ng the administration 

of sulphonamides and uripirl:ns .• 

His mother and one brother had ovidenc:11 ot cutaneous lesions 

the port.al tr.acts. Nt> iron r.oo.a present, but U:pof\.tscin wns 

prominent in the J.iver cells. 
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T'tdl; patlent .bad an acutt'I G.ttac:k of pon?n~ tn 19Sl vitb 

Cull :recover.r. 
Abwunm.l. skin f~ility had been evidotlt for ~tW ;,ean,. 

A obol~steetorq uaS< perfo:=i~ in Augu.atj l~J. W.lim ·.~ 

tipe~'!m..m -o.t live:- fox- the pi.tr;;,1oseu or t1;14J -~·&a!Jlrtt itiv~$tigatiQn · 

was o'btaina1, 

fhere 1$ a. st~ong tam1ly hi.t!.!'toW ct POl'Phyii.e,. 

l~iver bi¢p:,:, l"$Vv.1.l1id ·evidence. o.i a vew $1.igbt d.~~e ot 

peripo~tal f1brOGiS., 

?hie patient t+.~ti adr:dt1*i in an liiCUW attiack ct povp~4l.. 

1l'he biopsy of her l1var wae per.fa~e.i d.url.ns ·thG Mrl;r """ 

For tho pr~'Vi1$ll& zo yei&.rs abe l~ :notifl:t'd an Lnc~sad een ... 

etttvity of her ek1n to traWM. 

Ao · the p'l,t.it.mt ·~ a tost.sr child. her ~i.l.y history ls un• 

· athe did not d.rink QJ,o<>bol.~ 

She ·t!2ii tter, ill on adr.d,a&1on. i'h~ra 1$.$ .a. m:udct7 :plftmenta tion 

or ttrn sktn of tH1'r t'r.n:oeh~. 1'4tll.i iooreaat;d. hair- grzydth cm. tb.e e.Wes 



,r:;t her faeo. Bears art! t:nilie. . tilGre evident on lu~ hands. 

Ber liver~, not enlaty;«l, illUt, eh0: ·~s tend0er in the 

upper Qt:Jdamen, 

S'ns ihowm the t-tunos SUf&ge,e;\ive er an .1:rmpp:roprl.ate 

s$¢:retiGri ot an:ti ... di:ul"etio ho:m:one .. 

foll.owing t~tm.ent ot Q. wo11U .inf'estntion .. 

F,er some Ir.onths he bar.t notioeri an ine~~s'-tl sensS.,;tim.ty or 

his skin to .sunlight and t.r,a:Ull\Q. ... 

ilia alcohol i.n'take consisted of 2 bct.tlei!! .c,f .S"'..teet w'Ane an.d 

' 
E~1.nation reveal.Ed typi<:~1 1,ot·pi~rio sk!n lesi,ms on the 

race and ·na~s. T11.e liver oo.g~ ms just ~l~blth 

Liver biopsy rovealed Gvidenora of a marl:(Ed baemosiderosts .. 

'there '1!,'/3.S f''O:l1al 1''1.t.ty ohango, ani ~ alight exeest or collagen 

tissue w.as a~re,nt .. · 
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E .•. N., . :&antu·.mi!le afffii""'.!/.4., .. 

'l'hi.s patient- wa.s aGbrJ.ttoo in cardiac hilure, a.rd a diag ... 

rioei.s of car,.tl.a-.iiyoptby of unknown origin,. was made .. 

Scree.ning tests 

E,:.mination· r~vealed a. n j fin.ger11 enlargement o:f his liver. 

A notable degree ,of haeliioa1derosi.s was e<.r..t.tient on li.ver 

biopsy.. There wa.e tto evidence or einbosis but 'there was·a 

degree of' perl.portal fibrosis. 
' 

.. 
This patient was e.dmitted for th.e investigation et 

impotence. He "rm$: noted to have typical porphyrto skin lesions 

or. the bands and face which had been p.resent for approximately 

. 6 months. 

There t.ras no fa«J.ly history suggestive of PQrphydl,1. 

His l.i vtir was palpable .:, fingers br~d th bel.1)"'4 the ri.gh t 
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R .• L.. ,ianty mal~ ... aggd ti2, 

'!his patient was admitted wi.th nonspec1fi<: complaints, an<.1 

Has noticed to be excessively pi.gm.anted. Ile deni·ed aey rooent 

For IJ. rears before the bi.opw '!las performed she had 

noticed ma.rked r.-hot.oaensi ti'vity of the ex.posed skin. 

For mar.y years before this she .Md drunk 2 bottles. of wine 

a day. 

'Ibere was no iamil.y h1story suggE:st.ive of ,po1,phyria. 

~ Liver biop.sy :revealed. the presence of small amounts Qf 

ha,~os1detln and mild fatty change.. The portal tra~te sho,;,.ted 

. Q.r;i increa.1Jed celluU.rlty. 
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.. "· 

Examina.tion Nv,e.ale.i' t1is liv~:r to be just ~lpable •. , 

L!.ver biot1s.1· 41bo'W$-d stivore side~sis wt no e-vidffl!ae Qf 

~u~ cin\t6$'t:1ga ted this P\ tien.t had a one it,onth 1 a nisto:r:y 

ot bli.etu,nng ,o.r the) skin of his hands t-0llo--11ing. ~sure to 

light am trauma. 

Fo:r sevw.ll yeiu·e he had "1:nm'k l.-2 tots o.f gin daily • 

. 
blf. , ,&.91gur«Lf~e· e.gid t.i2.a 

tt'1.e1re ·was n.e r~mfly history S"ilffgasti.ve of 1;ol"fl,yrtn • 

. Liver biopsy sh~m r~o avid,enee of ciwrhosis, but ntany cells 

ccnta1nd a mode't!,t<!:l amount. or brown ri~t, some of ·1»11!.cb 

stab1ed positively for iron .• 
2 81 



Uri:ne Stot"l Li,re"r 
-< 

.ALA PBG __ I U'l"t'\ (fonT>o Con,...o p,..nto To+..j;_l _ 

Pat-ien1 '!!JE,./.sa%_ . urtJL U"'/G no-/G 

r...s. - -- - I _ - - - -
C.P. - .. - - - .... -
J.,.M. , o.82 0.18 Neg. ,~5 .5l 29 -

M.A. 1,.82 2. 7ft. 67.5l1, 1814 64-2 301 ... 

C.K. 7.54 4.85 Neg .• 18.5 120 159 Fluorssce:l 
after heating 

s.n. o.oa 0.32 350 1007 257 223 -
mg% mg'I, 

S.P. 3,69 2.58 ti-0 104 1226 86ti, -
M0 S. f21.96 135.18 4178 1359 554 926 -
F.M. 0.05 _ 0.4J 59.5 99 l'.36 10? tt,-70 

mg$ . md, 
I 

E.N. - .. - - - - 55 

a.o .• - 3.34 J.89 1187 297 49 Jl 197 

R.L. 3.10 4.87 41:32 693 lJ.0 39 Fluoresced 

J .D. 2.51 0.70 3355 257 107 65 -
C.P. 3.57 0.59 Neg. 6.3 52 61 Fluoresced 

L.M. 5.53 1.16 J782 343 136 49 -
,J .J. 1.05 , 0.72 123ft. 68 27 63 Fluoresced 

f 
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G~ mg~. Un;i..ts 
Bi]J._rnbin 

Pa .... e .t Album·n Glob 1· Total Con Alk h. SGOT B.s.P. 

L.S .. .,. 

C.P. 3.:, .3.6 0.4 0 ~ . •.:J .5.2 .. 
J.M. 1'1ormal 0.4 ... J.6 Normal 

M.A, 3.2 J.8 0,4 0.2 10.7 28 Nermal 

C.K. N 0 RMAL ·-
s.n. 4.0 2.3 o.a 0.1-1, 11..J..8 14 24% 

remaining 

s.P. 4.0 2.1 o.s 0.3 ll 26 Normal 

M.-S. Nonnal 0 • .5 0.3 11.7 14 

F.M. 3.5 2.0 0.1 o.o 10 .• 0 23 Normal. 

E.N. 2.8 J.8 0.2 2 .. 7 

a.o. 4 J.l 1 • .5 0.5 4 35 Nonnal 

R.L. 4 .• 2 2.9 0.5 0 .• 2 57 Nonnal 

J.D. j.J 3.3 0.5 0.2 9 • .5 

C.P. j.O 2.8 o.6 8.7 27 ... 

L.M. 4.0 4.2 l.J 0.9 6.2 ,.1 
J.J. 4.0 2.6 - 5.2 Nonnal 
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3. §t,a tisitigaJ,, methods. 

(a). Calculation of (i) mean (x) and (ii) varlance (S2). 

Ci) ,t = a 
n 

where n = nunl'oer of obse:rv.a tlo:ns 

and .x = sum of all the obse~ t:tons i.n t.he sample. 

(ii) s2 = 'iJ x2 
- (E x)2 

• n 
n-l 

(b). Calculation of the standazd error (s.E.). of the mean. 

'l'he results have been expressed as 

( c) • lt"'or eompa rl.sons of two means the Student I s t with 

n1 + ll2 - 2 degrees of freedom was calculated accoxtling to 

the foxmula -

The value or P 'tltaS ascertained from tabl.es. 
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(i). fbe discu.ssion wae ~evised at a late etG:5e 1:n. the 

pre:pars.tion of the manuaoJilpt., .As a r(:llli\llt. a few r'3,fe:renccs 

have bean listed. ,-:hi.ob do not 4P.[Jear ln the tex.t. I:h~se have 

l~g.icnl. s-equQnctJ. 'l'hit:. arror ht.HJ alr.;o be1et1 .w.llowtd to runt,tin 

beaauee o:f' the d.t.rfiQultit1a t.b&t l:70Uld ba't.fti oris~n rroi.11 i.ts 

16.,a. Jackel, s.s., Mosha.ch, E.H., Bums, J .J. and 
King, c.a., (19.50) : J. Biol. Chem. 186:1950 
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