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C H A R T : *  I

RUTOBICAL AMD CLAMinCATIOH



l^ e  concept o f  In h e r i te d  m etabolic  e r ro r  le ad in g  to  d isea se  

i s  about f i f t y  yea rs  o ld ,  bu t only  w ith in  the  l a j t  decade has in t e r e s t  

been thoroughly aroused  In such inborn  e r ro r s .  With the  steady  

development o f  biochem ical techn iques and t h e i r  in c re a s in g  ap p lic a tio n  

to  c l in ic a l  m edicine, a  s u rp r is in g ly  la rg e  number o f  d isea se s  have 

been shown to  a r i s e  from f a m il ia l  tran sm ission  o f  some biochem ical

abno rm ality . U sually  i t  has been p o ss ib le  to  dem onstrate an abso lu te

o r  v e la tiv e  d e fic ien cy  in  a p a r t ic u l a r  enzyme system , and to  r e l a t e  

th i s  to  the  pathogenesis  o f  ,h# d isea se  In a more o r  le s s  d ire c t  manner.

The porphy rias are  m etabolic  d is o rd e rs , some o f  which are

h e re d i ta ry  in  o r ig in .  They are  d iso rd e rs  o f  th e  porphyrin  chem istry 

o f  th e  body, the s t r ik in g  c l i n i c *1 expression  o fte n  being  the passage 

o f  dark u r in e . The h e re d i ta ry  forms belong to  tn a t  la r g e r  fam ily  o f  

d isea se s  c a lle d  by Oarrod (1923) “ inborn e r ro r s  o f  m etabolism *. I t  I s

known that th e  m etabolism o f  th# body i s  reg u la ted  by an i n t r i c a t e  mosaic 

o f  #ngy*#e, th# syn th esis  o f  which i#  under gen etic  oontr*!. A defW t 

in  th is  control may re su lt  in the d efectiv e  formation o f  one or more 

s p e c if ic  snmymes and thus lead to an inborn e m r  o f  m etabolsla. Tbs 

error may be revealed  as # 1  abberration o f  molecular stru ctu re , as in  

the heemoglobinopathiea. I t  may .ad to  the inade<y&ata projection  o f



1,

** protalm ## for  oxm pl# in  hwmophillm, or o f  an Imports*I

am yma m:oh a# gluco##-6 phoaphata dahydroganaae in  tha rad c a l l .

Savaral o f  lha 'primary' amantlaa ara new d lad oaad  aa bain# in  r e a lity  

inborn arrora o f  matabollam, for  axmapla phanylkatonaria*

Iba h iatory o f  tha porphyria# began whan Soberer (LBdl) aboaad 

th a t tha rad ^olour o f  blood waa not due to  iron . Holder (I8 4 4 ) amrrlad 

oat a aim llar atudy and daacribad a 'purple-r#c f lu id ' daaoid o f  iro n , 

Wiloh ha named 'iro n -free  haamatin'. Thi# rac aubatanca waa oallad  

'oR iantina' by Thudichum i  1867), and ha defined it a  qxaotrum and noted 

i t ' a  ram ark able fluoraacanca. Roppa-SaylaT ( I f / l )  found th a t tha  

ir o n -fr ee  haamatin described by A ildar, waa a mixtara o f  two eahe+aneea 

tl*a main conaituant o f  which ha ca lled  'namaatcpoiphyi' i i , ' (Oraak poaphmro*- 

p u rp le). Three yeare la te r , Shulta ( 1 /  w) nubllahad c l in ic a l  data!la  

o f  a caae o f  ao-cailad  'Pa«^)higua Laproaua' m r hia doctorate tnaatn.

Iba urine o f  th le  p a tien t waa axtanalvely atudiad by Baumatark 

W*o named two pigmanta derivad from i t ,  urorubrohaaa&atin mtd am - 

A&eoohaamatln. I t  la  now c le a r , th at tna p a tien t o f Shul t a d bmimcTaM 

waa a daocription  o f  what we now c a l l  con gen ita l porphyria, anc waa in  

fact tha f l r e t  aaaoclation  o f  th la  p ifaan t in  urine with a diaamaa in  

mmi. Iba diagnoela waa made almomt certa in  by tha autopa) record 

o f  in tenae rad-brown d iacolouration  o f  tha **eleton .
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In  1880, MacMimn desc rib ed  a daric-pigBent, idiich he named 

u ro h a» ta td p o rp h /r ln . This was exc re ted  in  th e  u r in e  o f  a  p a t ie n t  

with sub -acu te  rh eu aw tim , idio had b e« i tak in g  sMium s a lic y la te *  

l a  Nobel (1887) confirm ed th i s  f in d in g , a lso  l i s t i n g  a number o f  

d ise a se s , in c lu d in g  lead  po ison ing , in  which he had found th e  pigment.

S h o rtly  a f t e r  eulphonal was in troduced  as  a  h ypno tic , S tokttie * 

in  1889 rep o rted  th a t  an e ld e r ly  woman who had taken su lphonal excre ted  

a dark red  urine and had le v e r  d ie d . H arley (3890) rep o rted  a f a t a l  

case o f  an unusual form o f  nervous d is tu rb a n c e , a s so c ia te d  w ith dark 

red  u rin e. fb r  th e  nex t twenty to  t h i r t y  y e a rs , many o th e r cases 

were recorded o f  ' haamatoporp h y rinur ia ' a sso c ia te d  with % d e f in i te  

p a t te rn  o f  symptoms, Qflnther (1911, 1922) c a re fu l ly  l i s t e d  and 

c l a s s i f i e d  th ese in d iv id u a l ea ses . Oarrod (1923) c r e d i ts  ORnthar 

w ith t i e  f i r s t  reco g n itio n  th a t  th i s  d ise a se  was an 'inborn e r ro r  o f  

m e tab o lism '.

One o f  Qflnther* a p a t ie n t s  was a man named F e try . Hans T iseher 

commenced a study o f  th e  ex c re ta  o f  t h i s  p a t ie n t  and between th e  years  

1915 end 1945 made monumental contribution# to  porphyrin ohsmtdtyy.

Qy th e se  resea rch es  th e  n a tu ra l ly  occu rrin g  po rphyrins o f  excreta, 

u roporphyrin  and ccproporphyrin were found to  d i f f e r  s t r u c tu r a l l y  from 

h asmatoporphyrin, Wilch waa considered to be a ch m le a l a r te fa c t .

F ischer (1915 a , b ) ,  L ald lav  (1904) and Schusw (1924) d iffer en tia ted



thti n a tu r a l ly  occu rring  porphyrin of haem i t s e l f  fror haematoporphyrin 

and th e  name p ro toporphyrin  was suggested fo r  th i s  by F isch e r. Thu# 

i t  was th a t  th e  d isea se s  o f  porphyrin  m etabolism came to  be termed 

the- p o rp h y ria s  by Waldenstrdm (1937) r a th e r  than  haematoporphyrlaa 

(M a th e r  1911).

Many a u th o r i t i e s  in  th e  f i e ld  o f porphyria  hare  attem pted 

a t  some tim e o r  o th e r  to  a r r iv e  a t  e s a t i s f a c to ry  c l a s s i f ic a t io n  of  

th e  porphyria# (Table I ) .  However, no t u n t i l  s p e c if ic  enzyme o r  

o th e r  d e fe c ts  in  th e  various  d is o rd e rs  o f  porphyrin  metabolism have 

been u n rav e lled  w ill  a wholly s a t i s f a c to ry  c la s s i f i c a t io n  be achieved .

Hans Ifln ther (1911, 1922) published  th e  f i r s t  c la s s i f ic a t io n  

ooa*)rising fo u r types o f  'haematoporphyria* (Table IA).  In hi# 

c l a s s i f i c a t io n  i t  i s  noteworthy th a t  he recognised  acu te  and chron ic 

forms and that h Firut d e fined  and named co n g e n ita l ( e ry th ro p o ie tic )  

porphyria. From a study o f  103 oases o f  acute porphyria In 1937, 

Waldenctrflm d istin gu ished  f iv e  c l in ic a l  sub-type# (Table IB). I t  i t  

now re a lised  th a t  these rep re sen t d i f f e re n t  m a n ife s ta tio n s  o f  the  

seme d isea se .
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Th# o l###lflcm tion  o f  Schmid, Sohwmrtm and W#t#on (1954) 

(Tabl# IC ), w## th# firm t c la # # lf ic # tlo n  la  Wdch in  addition to  

purely c lin iom l m #nlf##t#tion#, blochamlcal finding# ##r# taken in to

accoun t. The## au tho rs  dem onstrated th a t  th e  porphyria# are c le a r ly  

d iv is a b le  in to  eryth rop oietic  and h ep a tic  types from ana ly ses  o f  th e  

porphyrin  and porpnobilinogen con ten t o f  bone marrow and l i v e r .  

Waldenstrom ( 1 9 # )  (Table ID) revised  h ie  o r ig in a l 1937 concepts, but 

s t i l l  held  the view th at the le s io n  in  acute porphyria  was present  in  

a l l  haem syn th esisin g  c e l l s  rather then a disturbance o f  hepatic 

A m ctlon. Thle concept la  however, not accepted in  more recent 

c la a a lf ic a tlu n a . Of mom# In te rest in  th is  c la s s if ic a t io n  i s  the 

recognition  o f  an acquired form o f  porphyria, termed porphyria cutanea 

tarda symptomatica.

WSteon (I960) (Table IE) suggested an extension o f  the 1954 

c l fa e if lc a t lo n  a lso  c lea r ly  recogrlsing hereditary and acquired forme 

o f  hepatic porphyria. The c la a a if le c t io n  recoaaeended by Goldberg *ew& 

Rimington (1962) (Table IF) has a composition aim llar to  th a t put 

forward by Watson, and r e f le c t s  the d i f f i c u l t i e s  encountered in  the 

c la a a lf lc a t lo r  o f  these d isea ses . Ihe more recen tly  published  

c la s s if ic a t io n  o f  Eales (1963) (Table 10) and Techudy (1965) (Table M ) 

are o s sa n t la l ly  s im ilar . These recognise eryth rop oietic  and hepatic  

forms, the la t t e r  being d ivided in to  three major typ es , v ia . acute
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In te rm it te n t  p o rp h y ria . South A frican  g en e tic  p o rphy ria , and 

aymptxmmtic porphyria. Th# major aubgroup o f  aympt omati c  porphyria

i s  recogn ised  aa th a t  a sso c ia te d  w ith iive .r d isea se  and a lcoholism , 

th i s  fo ra  occu rring  in  high inc idence  in  th e  Bantu o f  South A frica . 

E xperim entally  induced porphyrias a re  reco^rused  aa a s ep ara te  subgroup 

in  th e  Goldberg and Rimington c la s s i f i c a t io n  (Table IF ) and mould 

presumably f a l l  in to  th e  symptomatic porphyria groups o f  Bales and 

Tchudy, As in d ic a te s  rev ioualy  i t  i s  shown th a t  a wholly s a t i s f a c to ry  

c l a s s i f i c a t io n  w il l  only be a r r iv e d  a t  w ith th e  d e ta i le d  e lu c id a tio n  

o f  tha m etabolic aberrations in  theae d leeaaea.

By far  the moat common type# o f  porphyria fbmnd in  Scmth Afriam 

today, are the so -ca lled  South African gen etic  type o f  poiyhyria vmrlagmt* 

found mainly in  the White population , and th e Bantm type o f  p o^ h yr io  

Wilch ie  thought to  be an acquired a f f l ic a t lo n  and la  ca lle d  porphyria 

cutanea tarda ay itom atlca.

The rarer eryth rop oietic  porphyria# have however, a le e  bean 

reported in  South A frica. The f lr e t  case o f  con gen ita l erythropoietic  

porphyria in  South A frica waa reported by Finlay and Bamee (1990).

The same caae end a fbrther caae in  an e ld e r ly  male were reported and
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f u l l y  c h a ra c te r iz e d  by Kramer and h is  co-workers (Kramer e t  a l .  1965). 

Sweeney and h is  co-w orkers (1963) f i r s t  rep o rted  e ry th ro p o ie tic  

p ro to p o rp h y ria  in  an A frican and se v e ra l fa m ilie s  have s in c e  been 

d iscovered  (P inlay e t  a l .  1966$ Learning and Kramer, 1968). H ered itary  

copropo rphy r if .  has been rep o rted  in  a fam ily  by Dean, Kramer and 

Lamb (1969).

in  a p a in stak in g  and b r i l l i a n t  s tu d y . Dean (1963) was ab le  

to  t r a c e  th e  o r ig in a l  fo reb ea rs  o f  th e  v as t m a jo rity  o f  White porphyric  

s u b je c ts  in  th i s  coun try . According to  Dean, A d riaan tjie  Jacobs 

(A d r ia a n tjie  A driaanse) one o f  a  number o f  orphans se n t o u t by th e  

Dutch E ast In d ia  Company in  1668, as p ro sp ec tiv e  wives fo r  th e  f r e e  

h*r*heie, m arried  G e r r i t  Jans who had come to  th e  Cape in  1685, and 

were th e  o r ig in a l  fo reb ea rs  o f  th e  d ise a se  in  th e  White p o p u la tio n .

The f i r s t  record  o f  th e  d ise a se  only  appeared in  th e  l i t e r a tu r e  

in  1939 (Kooy 1939, E ales and C hair 1931). At present i t  i s  estim ated  

th at th e re  a re  about 10,000 White South A fricans who have in h e r i te d  th e  

gene fo r  p o rphy ria  v a r ie g a te , accounting  fo r  th e  h ig h e s t incidence of 

po rphy ria  in  the  w orld. Porphyria  v a r ie g a ta  e x i s t s  in  two forme, 

th e re  l a  a la te n t  form a sso c ia te d  with r e l a t i v e ly  few c l in i c a l  symptoms 

o th e r  ' han p h o to s e n s i t iv i ty ,  bu t w ith th e  e x c re tio n  o f  inc reased  

amounts o f  p ro toporphyrin  a'jd copropo rphyrin  in  th e  fa e c e s . P ro toporphyrin
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u s u a lly  exceeds coproporphyrin In  th e  f a e c e s , and th e  u r in e  shows 

no abno rm ality . The m an ifest o r  acu te  form i s  a sso c ia te d  w ith  acu te  

abdominal p a in  and n eu ro lo g ica l d is tu rb a n ces  tdiich may r e s u l t  In  d ea th . 

T achycard ia , hyp erten sio n , and in  some cases  sk in  p h o to e e n ti t iv i ty  a re  

marked fe a tu re s  o f  th e  d is e a se . In  ad d itio n  th e se  p a t ie n t s  ex c re te  

in c rea sed  amounts o f  £  -amino laevu l i n i  c ac id  and porphobi linogen in  th e  

u r in e  in  th e  acu te phase.

th e  inc idence  o f  symptomatic po rphy ria  in  the Bantu peoples 

o f  South A fr ica  i s  a lso  xreiy h igh  indeed , although accu ra te  f ig u re #  

a re  n o t a v a i la b le .  The c l i n i c a l  and b iochem ical fe a tu re s  o f  th e  

co n d itio n  have been ex ten s iv e ly  s tu d ie d  and ch aracterised , p articu la r ly  

by Barnes (F in la y  and B arnes, 1950; flam es 1955, 1959), Lament (1961) 

and Bales (1963). The fe a tu re s  o f  Bantu po rphy ria  are sk in  s e n s i t i v i ty ,  

h y p e r t r ic h o s is ,  excessive  p igm enta tion  o f  th e  sk in , and e x c re tio n  o f  

g re a t ly  in c reased  q u a n t i t ie s  o f  u roporphyrin  In  th e  u r in e  and in c rea sed  

amounts o f  copix^nrphyrin  exc re ted  in  th e  faec es . Almost a l l  th e se  

p a t ie n t s  have deranged h e p a tic  fu n c tio n  with s id e ro s ie  and a  h is to ry  

o f  ex cess iv e  consumption o f  a lc o h o l.
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a )  A m a r a l

Porphyrins a re  w idely d is tr ib u te d  throughout th e  animal 

and p la n t kingdoms. In  the  fre e  form, they occur in  sm all amounts, 

b u t th e  iro n  complexes o f p o rphy rin s , o r  haems are  q u a n tita tiv e ly  

roost im portan t and play a v i t a l  ro le  in  th e  l iv in g  c e l l .  F e rrop ro to ­

pe rp h y rin  IX i s  the  , e s th e t ic  group o f  s e v e ra l im portan t ensymea such 

aa fo r  example, c a ta la s e ,  pe rox idase , and cyioehr me b , w h ils t haem# 

d erived  from prophyrins o f  s l ig h t ly  d i f f e re n t  s t r u c tu r e , occur in  

c h lo ro c ru o rln , cytochrome c , and cytochrome ox idase . The m acrocytic 

r in g s  of ch lo ro p h y lls  a and b are  derived  from th e  same parent s t r u c tu r e , 

p o rp h y rin , «nd recen t evidence shows th a t  they  a re  b u i l t  up in  a way 

comparable to that o f  arima) porphyrin# (Bogorad 1955). Chlorophyll- 

lik e  pigment# aleo  occur in  brown and red alga# end in  eosia b acteria  

mad although experimental evld*ica i#  at i l l  lack ing , i t  aeema l ik e ly  

that th e ir  b loaynthesia follow# the #mme general pattern . F in a lly , 

haeemoglobln and myoglobin are t* :  chroeeoprotein# whoae pro#thetlc  

group la  ferropro topo rphyrin IX. Thu# Amotion# o f  oxygen transport, 

pho to  syn t h e s is ,  and in tr a c e llu la r  oxidation  are dependent on th i#  group 

o f  cmpounds. Porphyrin synth esis  w u ld  appear to  be one o f  th# moat 

fundamental a ttribu te#  o f  c e l l# .  R ela tively  aimple m aterial# are 

employed and the step# Involved aeem to  fo llow  a general plan. Although
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th# bulk o f  knowl#dg# ha# b*#n gained o h la fly  from #tudy o f  th#

b io s y n th e s is  o f  the hftem o f  haemoglobin th e  r e s u l t s  a re  applieabl#  

in  a much wider context.

A# a reau lt o f  th e work o f  Maoher e t  a l .  (1939), o f  Im terg  

# t ml. (1949) and o f  MacDonald e t  a l .  (1953, 195*, 1956; Jaokwm w d  

MacDonald 1957; Moreingh end MacDonald 1960 and Tarlton, MacDooald 

and B altaaa l, I960), the cnealatry o f  p o i^ y r in e  ia  w ell known, #nd 

m at o f  th e n aturally  occurring porphyrin# have been prepared. There 

are many ie o a er ic  forma o f  the porphyriaa, naeely 4  oroporphjrln#, 4 

coproporphynnm end 15 pi^ rphyrine. However, onl^ th e a in g le  

protoporphyrina IX, e ith er  in  the free e la te , or aa the irr-n oomplea 

haem, and only ccproporphyrin I end H I  and uroporphyrin# I  and H I  

have eo far been encountered In n a tw e (F ig . I ) .

Preeent knowledge concerning th e pathway o f p o n ty f if .  end 

haam ayntheele h i been aceuauiated during the pa#t 20  y#ar# and 

represent# a major accompli eh* en+ o f  modem biooheKlatry. The f in a l  

aeheme haa been pieced together from d iecoverlee made a t  d iffe r e n t  tlm ##, 

and there # t i l ]  rwaain # ig n ifica n t d e ta ils  to  be f i l l e d  in . N everthel###, 

the way in  whicn th i#  co^ )lica ted  yet v i t a l  eyntheaia i#  a^deved e  ' 

be regarded a# firm ly eetablle^.ed (Rlaington 1958; Heilmeyer 1966)

( Mg.  1 : ) ,
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Th# u n rav e llin g  o f  th e  porphyrin  b io ^ n th e s ie  chain began 

w ith  th e  e a r ly  s tu d ie s  in  S hen tn '#  la b o ra to ry  in  1945. Sheein and 

M ttem bei^  (1945, 1946) u sing  la b e lle d  g ly c in e  f i r s t  showed th a t  

th i#  amine ac id  i s  a  s p e c i f ic  p recu rso r o f  haest protopoi^rfiyrin in  both 

aan  and th e  r a t .  Subsequently in  v i t r o  s tu d ie s  dem onstrated th a t  

1 so to p i c a l ly  la b e lle d  g lyc ine  i s  in co rp o ra ted  in to  haest by n uclea ted  

dude o r  chicken e ry th ro cy te s  (Shesdn e t  a l .  1948, D rese l and Falk 3954) 

and by th e  non-nucleated  e ry th ro cy te  o f  th e  r a b b i t ,  wade anaemic by 

b leed ing  o r  fidrainis t r a t i on o f phenyIhydraeine (London e t  a l .  1950).

The nex t s te p  was to  e s ta b l is h  th e  d is t r ib u t io n  o f  th e  C end 

N atoms o f  g lyc ine  in  th e  porphyrin  m olecule. P ro toporphyrin  I I  i s  an 

asymmetric te tr a p y r r o le  c o n s is tin g  o f two types o f  p y r ro le  u n i te  aa 

shown in  F ig I  through various  d eg rad a tiv e  s te p s ,  r in g  a  a rd  b can 

be convoi ted  to  methylm eleimide and r in g s  C and D to  haem atin ic ac id .

On degrad ing  ^ - l a b e l l e d  haem p ro toporphyrin  p repared  in  th e  r a b b i t ,  

(Muir m d Neuberger 1949) o r  duck, o r  human (W ittenberg and 8h«Bin 1949) 

by th e  a d m in is tra tio n  o f g ly c in e -1*#, i t  was found th a t  th e  conr 

c e n tra tio n n  o f  th e  porphyrin  m olecule and th e  two breakdown product# 

were eq u a l. Thus i t  was e s ta b lis h e d  th a t  g lyc ine  provided th e  N-atoms 

p re se n t in  a l l  fo u r p y rro le  u n i t s .  The f a t e  o f  th e  C atom# o f  the 

g lyc in e  m olecule in  po.-pAyrln biom ynthwi# * a #  elocid atad  In mim&lar 

fa sh io n . Using and 15N -lab e lled  g ly c in e  and o th e r  p recu rso rs
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Radln e t  ml. (1950) and Bttlr and Neuberger ( 1950) found th a t  ei^R t o f 

th e  C-storas o f  g ly c in e  were in co rp o ra ted  in to  th e  porphyrin  reo lem le , 

imd th a t  fo u r o f  th e se  la b e lle d  C atoms were p re sen t in  th e  methene C 

f r a c t io n .  F u rth er s te p  id e e  deg rada tion  ( W ittenberg ard Sheain 1950) 

rev ea led  th a t  th e  o th e r  4 C atoms a re  s i tu a te d  in  comparable p o s it io n s  

in  th e  p y rro le  r in g s .  On th e  o th e r  hand, experim ents w ith  ea rb o x y  

la b e l le d  g ly c in e  d id  n o t lead  to  la b e l l in g  o f  pro toporphyrin  o r  haem 

(O rin s te in  e t  a l .  1948, Radin e t  a l .  1950).

The o r ig in  o f  wie rem aining 36 C atoms o f  p ro topo rphy rin  was 

lik ew ise  tra c e d  w ith  the  a id  o f  i s o to p ic a l ly  la b e lle d  oc»¥<mndJi. Using 

■^C -acetate  la b e lle d  e i th e r  In  th e  methyl o f carboxyl p o s it io n , Sheeln 

and V ftttenberg (1951) found th a t  a c e ta te  could supply a l l  26 C atoms In  

q u e s tio n . F urtherm ore, in  d ^g rada tive  s tu d ie s  o f  th e  type  mentioned 

above, they  d e tec te d  equal amounts o f r a d io a c t iv i ty  s im ila r ly  d is tr ib u te d  

among th re e  C atoms in  each o f  th e  two re s id u e s  re p re sen tin g  th e  two 

s id e s  o f  th e  nonopyrrole m olecule. I t  seemed then  h igh ly  l ik e ly  th a t  

th e  b a s ic  monopyrrols u n i t  was formed by condensation  o f  two m olecules 

o f  th e  same compound w ith g ly c in e  (Shemin and W ittenberg 1951). Shesdn 

and W ittenberg  (1951) reasoned th a t  th i s  p r t cu rso r w is t o f  n e c e s s i ty  be 

a  th re e  o r  fo u r carbon compound, most probably  an u n s y m e tr ie a l  fo u r 

carbon m olecule. In  a serif)*' o f fu r th e r  experim ents u s ing  o th e r
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PIO. I l l

Diayam representing Knerr condensation 
of 2 molecules o# ALA to yield FBG,



a .

la b e lle d  in te r a e d la te s  o f  the  TCA cyc le  inc lud ing  earbox^l- la b e l ie d  

m ic d n a w - ^ c  «<

l -K to g lu t m r m f - l .Z - ^ c  «nd o ltrm t, ah««ln «nd o M w k er#

(uAMlm mw: Amla 19K, NMMon «t ml. 19W) idmUAW th» f w  w»t—

compound in  question  as a d e r iv a tiv e  o f  s u cc in a te , p o ss ib ly  a iu«5cinyl~  

comsyeie ccmplez which could a r i s e  from su cc in a te  o r  <K -K e to g M ta rs ta .

Follow ing the  e a r l i e r  o b se rv a tio n  (W ittenberg end Shenin 1930) 

th a t  th e  -C atom o f  g lyc ine  i s  used equa lly  fo r  both th e  methm e 

i x ld g i and th e  p y rro le  r in g  end th a t  no d e r iv a tiv e  o f  th e  -0  atom 

oould be #ub#tituted fbr glycine i t  became ^paraot that the abol# 

g ly c in e  m olecule roust p a r t ic ip a te  in  th e  i n i t i a l  condensation w ith th e  

"active" su cc in a te  (Shemin 1955) • This le d  to  th e  p o s tu la te  that 

su c c in a te  condensed w ith th e  C atom o f  g lyc ine  to  form <X -aadLne- 

^-K etoad ip ic  ac id  which then underwent decarboxyla t io n  to  remove th e  

carboxy group which does not a -pear in  th e  porphyrin m olecule. The 

r e s u l t in g  haem ' cu rso r would be 6  -  amino laevu l i n l  c ac id  (A la ). I t  

#as #u%geat#d that, by means of a Koorr type oondenmatiom, tm* mlaoala#  

o f  th i#  a d d  oould y ie ld  a pyrrole which m e ld  f i t  th# requiramenta  

U fo sa d  by the know d istr ib u tio n  o f  the C atom o f  g lycin e in  proto- 

po rphy rin  o f  haem (Shemin 1955) (F ig . I I I ) .
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The f a c t  th a t  ALA ie  indeed a p h y s io lo g ic a l haem p recu rso r 

was 8vbse<piently shown by a  number o f  w orkers. D resel and Falk 

(1953) dem onstrated th e  b io sy n th e sis  o f porphobilinogen (PBQ) from 

ALA incubated  w ith  chicken red  c e l l  haeato lysates. PBO the  mono-

p y rro le  which had p rev io u sly  been is o la te d  by W este ll (1952) from 

th e  u r in e  o f  a  p a t ie n t  w ith acu te  po rp h y ria , on incu b a tio n  in  a 

chicken red  c e l l  haem  ly s a te  system gave r i s e  to  a  m ixture o f  PROfO, 

COPRO and URU (Palis, D iese l and R M n g to n  1953).

Shesdn and R ussel (1953) a lso  dem onstrated th a t  u n la b c llw i 

ALA d ilu te d  In  th e  r a d io a c t iv i ty  o f  haem i s  sy n th es ised  by chick red  

c e l l  haem olysates from g ly c in e -^ C  o r  su cc in a te  ^ C ,  T h is would be 

expected i f  th e  n o n -rad io ac tiv e  ALA were d i lu t in g  XLA-^C ftomedi in  

th e  in c u b a te  from th e  la b e lle d  g ly c in e  o r  s u c c in a te . F in a l ly , 

a p a r lM u t*  w ith ALA-;-*C (8h«min, m iw .1  «md A m w k y  1935) Lod

(SchYfAwn ind ghmdn M H ) g m  p r w iw l f  t h .  pr*dl«Wd 

W w llln ,  Air h w l n ,  1 . . .  l a  t h .  )  r  .lU «m  in  W*

fw hlon  w  th .  C -.tc*  of g ly d n . ,  *id thmt in  tf*  1 «ad * p e ^ t lm i.  

1m U i. wm» w y w  th .  a a r tw g l group. ^  m eoinm t..



23.

b)

Hie form ation o f ALA from succinyl-CoA and g ly c in e  i s  the  

f i r s t  s te p  lead ing  s p e c i f ic a l ly  to  the b io sy n th e sis  o f  th e  porphyrins 

Neuberger (1961) proposed a mechanism whereby a s ta b le  carbanion i s  

formed from g ly c in e  an i py rid o x a l phosphate which re a c ts  w ith th e  

e l e c t r o p h i l ic  carboxy l carbon atom o f  sueeiny l CoA to  produce *

^ -k e to au iip ic  ac id . This compound then  lo se s  CO. to  g ive ALA. The 

forma t l m  o f  ALA i s  c a rr ie d  out by th e  ensyroe $  -ALA mynthet### vftiich 

u t i l i s e s  p y rid o x a l phosphate as a coenzyme, crt - am ino-^ -k e to a d ip ic  ac id  

decarboxy la tee  v iz > u a lly  spontaneously  In n e u tra l  so lu tio n  (Laver, 

Neuberger and S co tt 19=9). Thue i t  1# not known whether i t  occur# &# 

an '• .Eyme-bound in te rm e d ia te  o r  f r e e  in  s o lu tio n , o r  indeed whether 

i t  i a  an in te rm e d ia te  at a l l ,  s in ce  i t  i s  p o ss ib le  th a t  condensation and 

decarb o x y la tio n  occur to g e th e r in  a concerted  re a c tio n . This i n i t i a l  

#tep in  th #  porphyrin b ioeyn th etlc  pathway h*# been #Kt#nmiv#)y #tudi#d  

in  a number o f  d iffe n m t system s, including m icro-organim# (Klkuchi 

# t  #1. 1950, Olbeon 19)8, Lancelle# 1959), avian erythrooyt##, (Bforn 

1956a, Wv#r e t  a l .  1958, Grmnlck 1958) and # "####l i en l i w  (OMudek 

and Urata 1963, Tochudy #t a l .  1964, Marver e t  a l .  1966). In ##ch



s ^ s t m  th e  «#ym lo form ation o f AU by condensation of g lyc ine  end 

■uccinyl CoA has been d w o n e tra te d . Kikuchi e t  a l ,  (1958) Qibaon 

e t  a l ,  (1958) tod  Oran^ek and U rata  (19o3), in  examining th e  Induction  

o£  gu inea p ig  U v e r  ALA~synthetase by DDC c le a r ly  deeao/tstrated th e  

In tra s iito c h o n d ria l lo c a liz a tio n  o f  th i s  enzyme.

Brown (195db,”) working on p a r t ic t i le t s  p re p a ra tio n s  of 

ch icken  e ry th ro c y te  showed that fe rro u s  iro n  was involved a t  some 

In th e mynthemi# o f  iLA, but Bantam and L aacelle# (1963)

woricing on Bhodopseudoroonas spheroldea found tb -c  iro n  does not 

p a r t i c i p a t e  in  th e  ac tio n  o f  ALA-synthetase from th i s  source. Thus 

i t  would appear tn a t iro n  i s  !$ot ir»rolved in  a l l  AM-sy n th es is in g

A requirement for  the coenmym#, pyridoxal pboaphate 1# no#

u n equ ivocal. Sbu^an and Richert ( 1957), s tudying  vitamin d e f ic ie n t  

d u ck lin g s , fourd s decrease* rate o f  red  c e l l  h a w  s y n th e s is , fu rtherm ore , 

pyrldo%al-5-phoBohata added in  v itr o  tc  red c e l l s  from the## duck lin g# 

mtlmulated haem formstion from la b e lled  g lyc in e  sad euccinat#. Kld#r 

and #W i*ell (1965) induced a pyridozine deficiem ey in  a p a tien t su ffer in g  

from acute Interm ittent porphyria, and found a deer#### In urinary 

excretion  of AIA ar î PEG. Sub##q*#nt pyridoxin# loading o f  the p a tien t  

markedly increased exc re tion  o f  these p re cu rso rs .



as.

i m & t t  s tu d ie s  w ith a lc ro b io lo g lc a l ( la s c e l le s  1957), 

mvimm #rythrooyt## (Olbsoo #t *1. 1958/, mmd mmmtlim liv # r

(O raiiick and D tata  1963) p rep a ra tio n s  have a l l  shown th a t  ALA o r  

p rophy rin  fo m a tio n  i s  s u b s ta n t ia l ly  Increased  when py ridoxa l phosphate 

i s  added. Conversely th e  reac tio n  i s  s tro n g ly  in h ib ite d  by substances 

such as  L -p e n ie il la n in e  (Laver e t  a l .  1958) which i s  thought t o  in t e r a c t  

w ith  p y rid o x a l phosphate . I t  has suggested th e  mechanism whereby 

th i s  c o fa c to r  promotes th e  b io sy n th e sis  o f  ALA, i s  th e  fan aa tio n  o f  

l  S e h if f  base between th e  m ln o  group o f g ly c in e  and enzyme-boun 

p y rid o x a l phosphate . This would have th e  e f f e c t  o f  ’a c t iv a t in g ' 

th e  O-atom o f  g lyc ine  to  condense w ith succ in y l CoA (G ranick 1958#

Gibson e t  a l .  1958).

o) dehfdrosena#* mmd th e  mvathmeia o f  P K

Soon a f t e r  PBO was f i r s t  I s o la te d  from th e  u r in e  o f  a  p a t ie n t  

w ith  ac u te  in te i  i t t e n t  porphyria  by W et a l l  (1952) the  p o s itio n  o f  

th is  mumopyrrols as % porphyrin pr#cur#or i*a  ##tsblimh#d (Pmlk e t  ml. 

1953, Bogorad and G ranick, 1953). G ranick (1954) dem onstrated th a t 

ALA cou ld  be ensyiaati c a l ly  converted  to  PM toy c h id t« i e ry th ro cy te  

M t r w t .  0 1 b#on * t  a l .  ( i  ,5 )  confirm#* th i*  on m h igh ly  solmbl*

#%#rw prsparmtlon from ox l i t e r .  W d d  and Nwmln (1955) dm* 

eryth rocyte and Nandi s '  aL  (196A) <m j W a u m k m n M



The cytoplasm ic enzyme (ALA dehydratase) which req u ire s  

reduced g lu ta th io n e  (OSH) fo r  a c tiv a t io n  befo re  I t  can e f f e c t  sy n th e s is  of 

PBG (Gibson e t  a l .  1955# Schmid and Shemin 1955), baa now been p u r if ie d  

f r w  a number o f  sources? from ox l i v e r  ( Qibaon e t  a l .  1958), cow l i v e r  

( B a t l le  e t  a l .  1967), human e ry th ro cy tes  (C alisano e t  a l .  1966), y east 

(C la ra  De B arieco , 1967), soybean c a llu s  t i s s u e  (T ig er e t  a l .  1968),

Wioat (Nandi and Waygood, 1967), and R. arheroidmm (B unA m

and L a e c e l le s , 1963).

Shemin e t  a l .  (1955), on th e  b a s is  o f  th e  p o s itio n s  o f  the  

la b e l le d  C-stores in  p ro toporphyrin  syn thesized  from g ly c in e -2 -C ^  a m  

su cc in y l CoA, proposed th e  fo m a tio n  o f  a monopyrrolu by cuM enaation  

o i  two m olecules o f ALA via a Knorr type  o f  mechanism P igs. I l l  & IV.

The proposed stru c tu r 'd  cT th i s  monopyrrole was a )so  id e n t ic a l  w ith 

th a t put forward by C c^eon and Rimington (1953) for PBO. Nrtfiarmor#, 

ad d ition a l gupport for th# condensation idea came from th# fla d ia g  th at  

th e  m olar a c t iv i ty  o f  PBG syn th esised  from ALA-5-^C was ex a c tly  tw ice 

th at c*" th# la t te r  moleoul# (Schmid and Shw&ln, 195)).

Tb# Knorr reaction (Mg. I l l )  Involve# an aldol oond#n##tlon 

followed by the elimination o f  H.O between the f  -Cartxm of one 

molecule of ALA and the carbonyl group of the ##ccnd moleaile, pirn#
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The mecNmsm  a# PBS synthesis from 2 m e t t l e s  of A t A 
•e  cording to Nandi and SNmin IIMSl.



th e  form ation o f  a S eh iff  base w ith e lim in a tio n  o f  w ater between 

th e carbonyl group o f  the f l r e t  molecule and th* m lnn group o f  

the eeoond.

Nandi and Shemin (1968) have re c e n tly  ob ta ined  fu r th e r  

evidence on th e mechanism o f  PBQ s y n th e s is ,  using  a p u r if ie d  p rep a ra tio n  

o f  AIA dehydratase. This evidence in d icatee th at i n i t i a l l y  on# 

m olecule o f  A1A fo m s a S eh iff  base with th e enmyme, as a r e su lt  o f  

which the A -methylene C o f  ALA i e  eon ve iled  to s  earbanion %Ai*h can 

then make s nuclm ophilic attack on the osrbonyi roup o f  the second 

m olecule. Following th is  a ld o l condensation, a molecule o f water i#  

lo s t  (F ig . IV) and uhe amino group o f  the second ALA molecule d isp laces  

the amino group o f  the eneyme by a 11 aneimination or transa ld i mination  

to  c loae  the pyrrole ring (Nandi arl Shemin 1966).

The ALl-d»hydratase enmymes in  a l l  systems so far examined, 

are SR ensymes, and, with almost a l l  a c t iv ity  can on ly  be dmonatrat+d  

in  th s  presence o f  added th io l compounds. With s  number o f  extract#  

prelncubaticn  with th io l compounds has to  be performed for maxima* 

m ctiv lty  to  be observed (dibeon e t  a l .  1955* Bumhem and I w c e lla # ,  

1 % ]). This requiresent o f  h igh ly  reducing conditions for assaying



a*.

tt ia  enzyme, suggests  th a t  th e  o x id a tio n  reduction  p o te n t ia l  in  e e l la  

m&y p la y  a p a r t  in  determ ining  th e  expressed a c t iv i ty .  When th e  

o x id a tio n  red u c tio n  p o te n t ia l  i s  high th e  enzyme may only be ab le  to  

fu n c tio n  a t  •  f r a c t io n  o f  i t s  miimm  a c t iv i ty  ( f a i t  1968).

<*) JtBSSbtitmaaMML-*. U r o p o r p h y r i n o g e n  JXL
W esta ll (1952) had deerynstrated th a t  PBG on h ea tin g  in  d i l u te  

ac id  i s  e a s i ly  converted to UBO; and se v e ra l author# had shown th i#  

mt>mpyrrol@ to  be an e f f e c t iv e  porphyrin  p recu rso r in  b io lo g ic a l 

p re p a ra tio n s  (F alk  e t  a l .  1953$ Bogorad and Granick 1953). I t  was 

a  lo g ic a l  assum ption th e re fo re  th a t  in  vivo a s im ila r  condensation 

of four PBG molecule# yielded ORO with #ub##qu#nt decarboxylation# to 

COPRO and PROTO.

However, Schwartz (1955) working on r a t  l i v e r  homogenat# and 

bon# marrow, and Dreael m d f# lk  (1956) w rk ln g  on cMck#a red c e l l  

haemoly##t##, d#mon#tr#ted th at DRO could not r#plmo# PBO #e ##Wtrmt# 

fb r  COPRO and PROTO formation. Th# tru# int#m #di ate# were #mb#e# #mt]y  

#hown to  b# th# oolourle## reduced or hex#hyilr#porpbyria# (porphyrlnegm #), 

by # nu*b#r o f  work#r# on a v#ri#ty  o f  d iff#r#n t ti##mee. D oored (1955) 

workin* on #pin#ch leave# , end Neve e t  #1. (1956) o* * b#m oly##d A##k 

red c e l l  preparation, d#wen#tr#t#d th at OMOgen md not PRO we# eonverted



to  b a n . W w r m ll  md Ormolok (1958) eonflnw d th—.  fin d in g , 

with ribW t M tim lo a y t# # , mud k p rm d  (1958) on chlar.H m  

p n p w m tion # . B n  por#qrrlm thrm for# inmt— i  o f  b«lmg tr«*  

in te rm e d ia te s  In  b io sy n th e sis  o f  heem, rep re sen t by-products formed 

7  lr r* T T « ib l#  o%ld#tlcn o f  porphyrlnogm  (Mmlngtcm 1956).

Th# oonvwmicm o f  four PBO molooul## in to  th# t#tr^pyrrol#  

Drogec I I I ,  r # v ir # #  ,*o #ney%#e, n o  dwmlna*# (0R0g#o I  Tynth#t#m«) 

m d UXtOg#n l#o##rmm# (OMOgm I I I  oo#ynth#tm##). In th# #b#mo# o f  

th# ##cond #nMym* th# symwtrjgml DROgsm I 1# fon w d , Th### t*o 

mnmym## hmv# b##n ##p*rmt#d and p artly  p *rlfl#d  fro# p lant ##11#

(Bogorad 1 9 )8 ). In #%traot# from animal oall# th# #y#t«i W&lah 

mak## th# I I I  l#cm«r, aftar haatlng to 6 (fc  no# only form# th# I  

l#om#r (Rlmlngton and k d j ,  1 9 n ) ahomlng th#t th# ##ocod mmym#

1 # h*at ]& 11« . Th##a t#o m»r«## bar# alao r#o#n tlf b##n #«p#r«t#d 

from extract#  o f  moua# apl##n ( Wvln and ODl«#n 196/7). & # f lr # t

#n^m# cm  b# Tlamall»#d i  o a ta ly ln g  « f o m t lo o  o f  a l ln amr 

t# tr#p yrro l#  th at 1# oond#mMtlon b#t*»m  th# «  -* in om #th yl g m p  

o f  on# ML moloeula and th# fr## i - p o l t l o n  o f  th# n#«t with th#

M l#### o f  m y . R n a i u ,  # t  th# W tM pyM ll# t a g #  th# 

m#thyl group o f  Ui# Amrth m a t  oend— #* «dth th# fr## al - ^ I t l o m  o f  

th# f l r # t  n i l t ,  to  fo m  th# po^hyrlnog#n r in g . & # ^ # t l # l  an  ngm m t  

o f  th# t ^ m v r r o l #  1" " « *  W»#t tM . oondawatlon 1# fa « w # d  r^ h # r



than  fo rm ation  o f  longer l in e a r  p y r ro le s , s in ce  models show th a t  

th e  o* -smlnoBtethyl group i s  in  cloae proxim ity to  th e  f r e e  *  -p o s it io n  

( f a i t  196S). This porphyrinogen has a sym m etrical arrangement o f  

s id e  g roups, i . e .  type I .  The problem i s  tc account f o r  th e  fo ra a t lc n  

o f  th e  I I I  isom er in  which one o f th@ PBO u n it s  I s  in s e r te d  'bcnk +9 front* 

a s  i t  w ere. This i s  obviously th e  fun c tio n  o f  th e  second entyne, but 

how i t  does i s  unknown. Many hypotheses have been p u t forward (Bullock  

e t  a l .  1958; W ittenberg 1959; Bogorad 1960; Mathewson and Corwin 1961) 

Bogoard 1963j G om ford, 1964), but a number havu been ru led  out by 

experim en tal work and th e re  i s  no d ir e c t  evidence to  support any o f  

th e  o th e r s .  UHOgen I I I  co -syn the tase  by i t s e l f  has no ac tio n  on PBO 

o r  on DlOgen I  o r  on any o f  th e  products o f  PBO deaminase -  tn a t  i s ,

I f  i t  i s  added to  th e  reac tio n  mixture a f t e r  PBQ and PBO deaminase 

have been incubated, OOgen I I I  i s  not formed (Bogorad I960). So 

in te rm e d ia te s  have been id e n t i f i e d ,  although th e  presence o f  eone in  

re a c tio n  m ix tu res  has been in d ic a te d  (Bogorad I960).

e )  UroDorDfavrinojen..Hl XPRQgT. 111).-* 0 » jrp p c u « ta r tn a « p ._ lll

( OOPROeen 1 1 1 )

Uhder normal condition* uroporphyrinogena ere metebolimed 

in  two d i f f e r e n t  ways. They are  e i th e i ox id ised  U> uroporphyrins, 

o r  enaymatl r a l ly  deoaytoxylated to  coproporphyrinogen (M m eerall 

md OMnick I W i  k p r W  19*1 N o w  md Mwth 1 9 * ) .  m



32.

ks&II f r a c t io n  o f th e  UROgen formed in  th e  c e l l  undergoes i i  i-cverslb le  

s tepw ise  o x id a tio n  to  CJRO and i s  thereby l o s t  to  th e  haem b io sy n th e tic  

pathway. The o x id a tiv e  process has been observed to  occur e i th e r  

en zym atica lly  (Qogoiad 1958), o r  by means o f  p h otocatalytic  au to - 

x ld a tio n , ##ooitim#6 by th# product URO IM m w rall and Ormnick 1950).

S eq u en tia l LA&ym#tic dec&rboxylation o f  most o f  Uie u ro - 

porphyrinogen# fbr*#d fro* PBO l##d# to th# fb r a t io n  o f  a ##ri##  

o f  porphyrinogens w ith le s s  than 8 carboxyl groups (H suzera ll and 

Ormnick 1953). Hie enzyme uroporphyrinogen decarboxylase has been 

etudied  in  preparation# from rabbit reticu locyt## (M#u#erall end 

(k-mnick 1956), duck er /tnrccyte#  (Neve e t  #1. 19)6 ), ChloreellA  

(Bogorad 19y8) ar î R. aaLaroldee (Hoane and Heath 19)6).

Both ae rie#  I  and I I I  e r f  ac ted  upon by th i#  aomym# tm t a t  

d i f f e r e n t  ra te #  - UROgen I  i#  decarboxylated  a t  on ly  one th i r d  o f th e  

ra te ft> r UROgen I I I .  P a r t i a l  p u r if ic a t io n  haa been achieved , and as 

f a r  a# in  known, a s in g le  eniyme i s  resp o n s ib le . This eneyae i s  found 

in  th e  oyboplaam. :# o ,e r#  I ,  n ,  H I  aod IV o f  uroporphyrinogen 

t r e  a u b s tra te e ,  whereas th e  corresponding uroporphyrins, a re  not 

(M m m erall and O rm lck 1956). lb #  *%a*t m echan ic  o f  d eoax tw y la tiom  

o f  m o , *  (8 w r t o v l  *  " P ™ * " ' rm rtm jrl ) 1 '

k ro * . * h ll. « « tlc  "W" <*"1" """ propMoni,

M id ^ d .  ^ i n ,  . r .  not. N m w r ^ l md Ormlck ( » * )  ^  h n



do Vi&le and O rin s te in  (1968) have been stole to  i s o la te  porphyrina 

w ith  7 , 6 and 5 carboxyl groups as w ell as eeproporphyrins vfomt 

uROgmn 1# Incabatad with the mmyme. m en th e ie  porphyrin# are 

reduced to th e porphyrloogeae end relncubated with th e enmy**, N rth er

d e c a iis o ^ la tic m  occu rs , suggesting  th a t  th e  carboxyl groups a re  removed 

one a t  a tim e . However, i t  i s  not known in  what o rd er the a c e tic  

a c id  a id e  cha in s  are decarboxylated  o r  indeed whether th e re  i s  any 

preferred ordar. C onsidering a l l  th e se  in te rm e d ia te s  and th e i r  

pos& ible laom err there would be a l to g e th e r  34 d i f f e re n t  s u b s tra te s  

f o r  th is  enzyme. Since i t  has n o t been e s ta b lish e d  w ith any c e r ta in ty  

j u s t  how many ensymes a re  invo lved , i t  rem ains convenient to  d e sc rib e  

th e  " c o l le c t iv e  enzyme" as UROgen decarboxylase (Mausera l l  end Granick

1 9 * ) .

f )  Cmrm»n]hYMnn«m TTTW frotooon trrlm  I I

(m o ro  u l

TL. m * a a t ic  oonMmloo of COMOgm H I  to  pr)%<*on«Vrlm 

n  I w  b .m  d m o M tf t* :  mod w t w l w l ,  »t*dl#d 1m a m b *  o f 

in o k d in ,  ohlokm .nrWrnNqrtw (Omnlck «md M m m w ll 19Wm), a M lm #  

(armHok «md 19Mb), b w f MWobomdfi. «nd O n l *

1961), md .  p u r l f l l  f " "  U w r  I t w W d f i .

Bm»nn #nd Rlmington 196))»
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Th* m»y«. "oproporptvrlno**, (ocpnvorphyrlno***—)
1 .  lo w w : lntM m ltochoodrl.ll,, hw «  f ',r  « n « ,

#nd nnljk# ORO*m iWc*rto%ylm«« 1« wb«trmt, «p#oiflc fbr C*IK%#n H I 

md do*# not met on the I  l* c w . Chly two «p»ciA« proprionio mold 

groqp* mr« oxidmtlMlf deomrboiylmtod to Ylnyl group# yi,ldln* pmto- 

PorpAyrinogon (PROTOgm). krrm  #nd f&lk (1964) hmv# found ccpnr- 

porphyrlnogon IV to bo « mb t r o t# ,  albeit a Ter? poor one.

The ezaot #*chanlm(») iMolfed are a t i l l  uncertain, but the 

available efldance Kggeeta Uiat the '  «o propriomie acid aide ehaina 

appear to be acted on Independently  ainoe Seno end _,/anl«k (1961) found 

tha t a porphyrinogen with three carboxyl # roup# waa formed and thm

disappeared aa th# reaction proceeded. Or the other hand Maumerall

(1964) haa publiehed evidenc#, which euggpat# that decarboxylation  

and oxid ation  by molecular oxygen o f  the proprionic acid group# are 

elm iltaneou#.

PROTOg#n lik e  th# oth#r porphyrinogeoa can undergo #utc*id#i%lon. 

In the pr##«ic# o f  l i ^ i t  protoporphyrin I I  i#  r#ad lly  formed but in  the 

dark th i#  i#  not th# ca## uni### mitochondria ar# preeent. I t  >## 

th erefore  been #ugg##ted that, an enmyw# (protoporphyrinogen oxidaee) 

operate# in  the c e l l  to  convert PROTOgen to  PROTO I I  (Sano end Omni ok

1961; Parra and Falk 1964)*



of into Protoport^ivrin

Ba«K i s  f in a l ly  syn th esised  from fe rro u s  iro n  and p ro to ­

porphyrin  by & p a r t ic u la te  enzyme. fe r ro e h e la ta s e  (haem s y n th e ta se ) , 

iM eto I s  lo c a ted  in tra R ito e h o n d r ia l ty . c u rre n t a v a i l* l »  evidence 

favou rs  th e  in s e r t io n  o f  t!.@ fe rro u s  ion  a t  th e  s tag e  fo llow ing th e  

<w '.dation o f  th e  hexahydroporphyrin i . e .  PROTO IX, although th i s  

ooald o o w  at th# PROTpgen stag#. (M#a#*rall and OranWc 1 W ,

M eikel e t  a l .  1958).

Early atudie# using avl#n erythrocyte preparation# muggeeted 

th a t th# blo#ynth##i# o f  ha#m from MMTO #nd farrcm# Iw n  *## #n#ym# 

d#»endent alnc# th# a c t iv ity  wa# sboll#hed by C*- #nd # lg n lf lo # a tly  

A f* lb it#d  by preheating o f  th e haemolyaate for 30 minute# a t  56*C 

(Goldberg e t  #1. 1956).

More rece n tly  th e  enzyme ha# been p urified  from m itochondria 

o f  avian erythrocyte# (Oyams e t  a l .  1961), mmm#1i#r l iv e r  (N r r *  amd 

Jones 1963), b a c te r ia  ( l ^ c e l l e s  1964). th e  ensyme from most e e l la  

ha# a reD atlvely  wide a p e d f lo lt y  for  the metal and fa r  th# pMfbyAm, 

a lthough  i t  i s  n o t c e r ta in  W iether a l l  th e  re a c tio n s  are c a ta ly s e d  by 

ft s in g le  on syne ( Johnson and Jones 1964). 4 p* rt from JN2 , Zo2 and C#* 

are uaed by moat my#*### Nowever, Porr# #od Boa# (1965) #* la#  & 

e e B  f r e e  e x t r a c t  o f  trldium tetaKmmndm#, 'A ich  doe# n o t make
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ha#*, but do** mak* vitamin found that cobalt *aa ine*rt#d 

*h#r#a* Iron ima not. Ontll recently matal protoporphyrin in 

oomflax#*, othar than ha#m, w*r* not thought to occur in oalla.

Ho##v#r, mine protoporphyrin haa b<an found in yaaat, and oartaln 

mutants a c c u m la to  la rg e  (mount*, (P retlow  and Sheman 1967). th e

poaalbl# ralavar ca of thi* ia not clear. j&ddition of raduda*

aubat*nc*a -  aaooAic acid, OGH mod oyatain* - haa baan mboan to 

markedly pntantift* iron-Incorporating mayma activity in r*bhit 

bona marrow but not in liver prep* ra ti cna I Lockheed at a] 1963).

S h * ln  (1 9 ;;)  d i w o w d  hmt th# (  -carbon atom o f  f  "Imn- 

l a m l l n i c  acid  could ba » t ll la # d  aa a 'on# oaAou fra»w m t' Bar th# 

ur#ldo group o f  purln#L, ^  -carbon o f  aarina, and th# m#thyl g fw #  o f  

matulomlna. Bhaula thaa dmwnatratad th a t po^hyrln  a p th —l a  w  

met t h .  on ly  m tab oU o fa t#  o f  A U . I t  0 0 .M  a k o  h# o w a f W  to  

fom dc acid  (*#**&  at a l .  1 W ) .  Mae# th# f  oaAom o f  * U  1 .  

darivod from th# K -ea rto n  g^ralna, J ^  a l .  (19M ) prapoaao a

'a w o m a t r g ^ d n a  v = la '  to  . p l a i n  th a w  phaw— a (M «. ^ ). 

amd hia e o - « ^ a r a  p n vo .ad  th at . «  o f  A a  AU A m ad W t h .  a o ^ « t l .  

^  ^ i n y l - C A  « d  i .  t r a n a ^ a t ^ ,  to  ^ . - k a t o ^ a t « U # ^

tha la t ta r  ia  than d a o a M ^ l ^ .  )1 a ld in , t h .  «  w A .  f r a m *
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#bo*«* ""d aucclnat# which r#-*nt#rm the pool. ALA trmem*inwe 

a c t iv ity  h&e eubeequantly oeen demonatrmted in  eeverml Jiffererit 

eyeteme (B&gdaac*rceir 3S5&; Neuberger end Turner 1963). In edditiom, 

Shemin e t  e l .  (1955) ehoved th at duck red c e l l  heemolyeetea on inoube t ioo  

w ith  ALA- j - y i e l d s  la b e l le d < -k e to g lu ta r ic  ac id , and Nemeth e t  a l.

(195?) eiibeequentiy demonetrated th* appearance o f  euccinie acid -1 ,

4 - ^ C  in  th e  u r in e  o f r a ta  a f t e r  in je c t io n  o f ALA-1, 4 -^ C . I t  aeeoe 

t h a t  ,h i*  pathway do*e o p e ra te , although Tacbudy and h ia  eo-%mrkera 

(Techudy e t  a l .  1962, Techudy 196)) have ob ta ined  evidence Wdeh *ugge#t# 

t h a t  in  m w mallan l i v e r  th i*   ̂athway i*  prob*bly n o t vary a c tiv a .

i )  The Source o f  G lvclnj  A inalm rl Col

i )  O lvainei The eource o f moet o f  th i*  m in e  mold im animal# 

1 * probab ly  d ie ta ry  although g lyc ine  can a lso  be formed from iterlne by 

tl 3 a c tio i , o f  hydroxyw ethy ltransferase  (L aacellea  15U ) .

i  ) A ĝ^tnvl CoA: H ere are louf immediate ecurcee of

w w l n y l  C ui ^  w w r l L W  in  T ^ , l .  * .  w t r i m * .

o f  wwh o f  t b * .  .OUT.W 1 . M t  know, with m y  c r U l n t y ,  b u t t h .  M j» r  

o n .  In  M l w l .  1 . p ro * ,* ! ,  o x l ^ l Y .  d w r tM y U t lA ,  o f ^  - k ^ o g h t M t .  

( I w o .U w  196 t) (M V) ( T A l .  2 M K tio n  1 ). K  K ^ o g k W m t. I#  »  

l n t . n « d l . t .  o f  t h .  t M . w t o v l l e  (TCA) V " ! '  ^



T A B L E  II  

THE SCOMZS OF SUCCIXTL-9-CoA

wo. R E A C T I O K : * : i * m

1
w  Ketoglutmrmt* CoA-SH + NAD*

TPP, aicclnyl-B-OoA  + CC' * X M L 
1% 2 2 (oom plw )

2
aucclnm t# * OTP * CoA-H:i 

(ATP)

Succtnyl-S-TuA » H O * P i + OOP (ADP)

*ioeinyl»0*A

3
Ae#taac#tyl-5-CoA + f :c c ln * t*  

— - & A icd n y  1-S-CoA *

A c#boA #ety ir# ii 
&  ucinyl-0»A

4
M#thyl**lonyl-5-CoA  

-  — — *  3ucclr\y]-S-CoA

L ..........
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s u c c in y l toA f o r  haesn b io sy r,th e sis  may normally a r i s e  from TCA 

cy c le  a c t iv i ty .  I t  has been show  th a t  th e  la b e ll in g  p a tte rn #  in  

protoporphyrin and hae* fbllow ing incubation o f  rad c a l l  haamolyaat## 

u lU l ^ - k . t o g k tm r .W - 1 ,  2 - ^ C ,  d t r t * -

1* -^ C  md w#r# In oonplnt# #gr#nm#at

lAth th« pattm nn p fn d ic t^  on t » .  bmnin nf nneel^rl Co* orA hooln .* #  

o k ld o tiir . TC* c y o l .  a c t iv ity  (P  Ndn end w ittm borg M R , Wrimoem 

t  ml. M )R .

duocineta was ahoan to  be an immadiata precurao% o f  au odn yl 

CoA (Table 2 reaction  2) by Jbemin mod Kumin (1952), uaing caitoayl"  

xabelJM  e u c c in a te -^ C  which cannot g ive r i s e  to  ^ C - la b e lled  auco iny l- 

Co* v ia  an oxld ativ#  turn o f  the TCa oyola. %j&bba and him ao-wo%t#ra 

(Labba at a l ,  1965, Kunmada and Labba 1966, and t abba 3967) baea 

produoad evldenoa that oonvaraion o f  pyruvate to  aueainyl-CoA vim a 

raduotlva d ica A o x y lic  a d d  patbadf (Mg* 1%) involv ing m aleta, Amaarat# 

and aucoinata oocur# both in  nom ai ana poTphyric mmmmlian liv a r .

Theaa amp acta w il l  be conaiderad in  mora d e ta il  in  Chapter IT. In tea  

th ird  reaction  (Table j ) ,  a trw a fa r  o f  3oi from acetoaoatyl CoA to 

muocinate doea not oocur in  l iv a r  ainca the xalavant anmyma la  not 

fbund in  th ia  organ (harper W ? ) .
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Th# fourth po#mibl# Imwdi&t# #oure# o f  mucoiAyl OoA i#  

w t h y l  molonyi CoA Wdoh mndorgo## l#o*#ri#atlon under th# in flu eoe#  

o f  methylmmlonyl CoA Immorm## (Tmbl# 2 reectloo  4 ) . &1# r e w tlo o

provld## a m#vAaniam * #r#b y  propriooata can ba oonvartad to  TCA 

cyc le  in term ed litea  and thereby act am a carbon eoorce for  gleocoeb* 

gan eele. In ruminant#, Wiere proprionat# le  a major acmroe o f  

glu coee, th ie  la  obviouely an Important pathway. Nowever, there 

i e  av preeent no information on the r e la t iv e  importance o f  mwthylr 

malooyl CoA ae a aource o f  euccinyl CoA for  haem ayntheeie in  

ardmala and man.



C H A P T E R  H I 

BMRIMBfTAL POVHTRIA
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#) G *nar*l

Ooldberg (1968) ham recently w rlttm  m comprehemeive r#vi#w  

on expeMmentml porphyrlm. %xpcrim#ntml mtt#*»ta, to  m a lo te  th#  

plotur# o f  porphyrlm mnd url.imry porphyrin #«:r#tion  in  man, go b##h 

t o  th e  end o f  th e  l a s t  omntury. S tokvle (1895), who made th e  f l e e t  

obeervmtion o f  'eulpbonml haematnpnrphyrlnorim' in  men mnd ml## 

p r o c e e d  th e  f l r e t  ooproporphyrlnurlm by the mdminimiration o f  

(diethylmolphonedimethylmethmne) to rabbit# mnd doga. Mmehar ##d 

Dueeberg (1932) confirmed theme finding# and mlmo reported tree#  mnonat# 

o f  ether-m oluble porphy^ne, now pramumad to be eroporphyrin, in  the  

-rln#  o f  rabbita treated  with mulphonml,

WaldmnatrOm mnd Wendt (1939) were unmeooemefhl in  an a t t # y t  

to  produce an experimental porphyria by the nxm-hypnotlc deM vetlee  

o f  mulphonalj dimethyl-#ulphone-dimethyla*thane. KUdngtom mod 

Namminga (1938; 1939) found th at amveral mulphonamidee, including  

mulphanilaad.de, caumed a high r erecion o f  coproporphyria in  re t# , 

a h lle  Dent and Klmlngton . ) observed a marked copropoiTexyrlnurla

in  rat# fed  on a d ie t  Inc la  J ig  oxidlmed cam# n. Coprcparpbyrln H I  

we# the predominant porphyrin axcretwl in  t' i u rine o f  rebbit# gleen  

lead by W s*tat r a i l  and Comfort (1952), b u t in  addition  t r l -p e n ta -a n d  

h exaoarb o^ lic  porphyrin# were detected  by paper ohr omet cgraph lc * "th#d#. 

There we# alao an increaa# in  t o t a l  fa e c a l porphyrin# (ik a th e r e ll 195#),
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mnd Schmid, Schw rt# mrxi WW&mon (1950) dtmnmtrmtmd mlmvmtlmn# o f  

copro- mnd pruto* po^hyrinm in  th# ben# mmrrw mod o ir co lm tl^  

mrythrooyt##, o f  Immd poimonmd rmbbltm. In mddltlon mropozphyria

I  worn d e tec te d  in  th e  c i r c u la t in g  blood c e l ls  end is o la te d  fro *  bon# 

marrow o f  l#md-poimcn#d rsubitm in  th# moat# stag# o f  Intoaioa&ion 

(Schmid, Hmmon and Sohwartm, 1952).

Schwarts at ml. (1952) found th a t  th e  treatment o f  r a b b i ts  

w ith pbaqylhydrasinm, lead and u ltra  v io le t  l i * ) t  produoad a ta^ orory  

con d itio n  which warn chem ically sim ilar  to  congen ita l p o rphy ria  ia  

humana, mince t! e anima]# axe rated mich URO I in  tha urina WAla tha  

br^e marrow DRO and (X?R0 porphyi'ina war# maxtadly almvmtad, but the  

l iv e r  porphyrin concm trationa war# genarally normal.

Stimulated by a mingl# report by Ik&aabir* (1933), * o  reported  

the premance o f  porphyrlm in  a p atien t treated  with large amount# o f  

madonmid (allyll#opropylacetyloari>am%ld#), Schmid mnd Schmarta (1952) 

found th a t  aadormid induced an 'h ep atic ' form o f  porphyria In mormml 

rabbitm. Large amounts o f  PBO end uroporphyrin  m  ware emorotad 

in  tha u rin e , mnd tha liv a r  contained much MO, WO- and MCFO

porphyrins. Thama obmervmtion# ware confirmed and repeated cm many 

o th e r  types of anim als ( Brockman and Gray 19531 Bernard a t  ml. 1953$
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OolAwrg 195); S tlch  :9 X f Caa* ^  ml. 195); Talmm at ml. 1955).

Ooldbar* and Rimlngton (Ooldbar* 1953; Ooldbmrg mod Rlmlngtoa 1955) 

found th a t  tha c l in ic a l  aaaaamant o f  rabbi ta  traatad with Badoimld 

uaa obacurad by tha profound hypnotic a ffa c t  o f  tha drug. They 

in v e s t ig a te d  re la te d  d ru g s , one o f  which might produce th e  same 

chamloal featuraa in  aaparimantal animal#, but yat not ba hypnotic.

They found auch a drug to  ba allylimoproyyl**atamide (AIA) #a*d ahmrad 

f^irUiaraora th at tna AIA a ffa c t  produoad in  rabbit# could a lco  be 

dneonetratad in  rat# and fowl# (Ooidherg and Rimlngtco 1955) (F ig . 91).

At tha beginning o f  tha century, barbituratae wara introduced  

to  m adidna, and aoon a fter  aara aaaodatad  with tha onoat o f  acuta 

attack# o f  porphyria. Waldenatrfm (1937) put fbrwurd tha thec^r that 

tha barbiturate# could p rec ip ita te  la te n t porphyria in to  the active  

form. Early experiment# on tha a ffa c t  c f  barbituratae on porphyrin 

m etabolic* ware however unaucceeaAil, but QolgRwrg (1954) found th at  

Oi 9 barbituratae given to  rabbit#, 6 had a e ig n if io m t  a f fe c t  oa the 

urinary excretion  o f  porphyrin#, thoaa containing one or more a l l y l  

group# beiny p a rticu la r ly  e f fe c t iv e .  Fbrtberrnorm, i t  i#  a le e  n o te ­

worthy th a t the 3 which had no e ig n if ic a n t  a ffa c t have been aeeooletcd  

w ith provocation o f  tha human dieaaaa. Moore and hi# eo-wox*are (19bd) 

have recen tly  dmaxuatratad e ig n if io e n t  increase in  hepatic & -AM



in  rata givan pantotbal. S o lo * ,, *)d Mgga (1959)

reported an eaperim en tal type o f  po rphy ria  in  m ica, rats and 

rabbi ta  with 3 ,  5-dlathoxyoa%tonyl- 1,4-diahydrooollid lna (DDC).

Tha a ffa c t  In rata and rabbi ta  ia  p rec ise ly  aimilmr to  th at o f  AIA

and S edom id , but in  sd.ce they  a lso  found accuBailaVion o f  p ro to - 

porphyrin In tha rad c a l l .

The outbreak o f  cutaueoua hepatic porphyria in  Tbx#v 

brought to  l ig h t  the  to x ic  propartiaa o f  tha fungioida baza- 

chlor 'wnaane, and s tim ileL ad  an axparimantal approach In animala. 

Ockner end Schmid (1961) owed th at rata fad 0 .2$  baxachlorcbanaa## 

in  th e ir  d ie t  for ome tim * excreted large amount# of uroporphyrin 

and copmporphyrin and a lso  MB.

O riaaofulvin haa bean axtanalvaly uaad in  tha paat fe e  year# 

for  tha treatment o f  fungal in f  action# in  s*an and animala, Vaatom- 

Huret and Paget (1963) and De M atiaia  m d Blmlngtc- ( 1% 3) found th a t 

i t  produced a q u ite  raaaarkable a^wrlm antcl porpfiyria if. -tea. Ihah 

protoporphyrin 1 # found in  tha liv a r  and faeeea and alao la  th# 

o a lla , and there are inoraaaad aawunta o f  f  -aasinolaavulinie a d d  and 

prcphobilinogan in  tha liv a r  and urina.

prate at a l .  (196*) found that tha drug 2 -a lly l-cuy-3-m atkyl- 

banaaaaida produced a diaturbano# o f  porphyrin metaboll am in  man, and
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#t *1. (1966) #how#d that tLla dwg Wwn 

glvan to rat# proAxc^d a marked iDcraaaa in #xcration o f in lnai j  

AIA, PBG and ooproporphyrin and faacal porph/rioa. Cb tha Wxola, 

tha drug atmdiaa in  a^arimantal animala and livar c e l l  omltmr# bar# 

oonflrmad tha o lin io a l avidanoa of au paotad drug# (Ormoi ck 1965; 

da Nattaia 1967).

Tha adminiatraUon of AIA to rabbit# In a doea of about 

200 m&/kg./oay waa found to eaha# an jmmadiate riaa in tha e r i^ r y  

copmporphyrln a%cration mounting atapaiaa u n til tha 6th to ?th nay 

W*en uroporphyrin and P% appaarad in tha uMma (Ooldbarg and Mmlagtoa

1962). From thia point, tha urinary ooproporphyrin a w a tio n  ramalmad 

approximately ccnatmit, but tha P3G and uroporphyrin# mount ed t* raaah 

maadmum level# two to three day - latar. I f  tha dnag uue aontimuad, 

uroporphyrin and PdO level# uauall/ f a l l  after aavaral day# of maaiaum 

amcration. Withdrawal o f tha drug lad to rapid eeeaation o f urinary 

prophyrin and MX) excretion mithin forty-eight hour# u n til hnrmal level#  

of ooproporphyrin wara regained within four day#. faecal oorpo- and 

proto- porphyrin la vela roaa and f o i l  in accordance with uMmary 

oopropo phyrln.
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There wee m mezked inereaee in  oopro- end protoporphyzdn 

le v e l#  in  the l l # e r ,  xdiile eone rebbit# ed iib ited  inereeeed uro­

porphyrin end MO a# w ell. The epleen, kiAxey and bone marrow 

showed a lig h t ly  raleed  le v e l#  o f  -opro- and protoporphyrin, xdxila 

the kidney mnd flaama o f  moma rabbit# ehowwd a l i^ i t ly  inoraaaad  

le v e l#  o f  ooproporphyrin end MO.

Goldberg and Plmi .gton (1955), found th a t in  thoaa rabbit#  

traatad with AIA .iiich  were high axzretor# o f  PbG, a fourfold  radaat&ha 

in  the ur'nwfy excretion  o f  glyuina wa# noted a t tha and o f  tha drug 

course a# compared with th at before the dnxg wee given. Three rabbit# 

Wiich were poor ekcretora o f  PBO, end war# la ta r  ehown to  have hapato- 

c e llu la r  demoge, void mmiy mdno acid# a t tha end o f  tha drug courua.

11) C T n t r . l  f ln d iw ,,

Uhllke a ado raid treated  rabbit# which lo e t  oonaciouenaaa 

for  about 10 houra a fter  drug e& rln iatM tioo, AIA treated  rabbit never 

became unconaicisua and a t th e  moat showed only a a lig h t ly  daaed 

appearance for 1 - 1# hour# a fte r  drug adain iatration  (Goldberg and 

Madngton 1962).

limb p a n ly a ie  o f pareaia never occurred, end AIA traatad  

rabbit# remained " ctlve even though excreting mount# o f  uroporphyrin
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a#  h ig h  a#  7 mr r%r d a y  o r  m or# f o r  many o a y # . Th# AIA t r e a t #4  

r a b b i t  how avrr i. u c k l y  lo a #  m p p e tit#  and w a lg b tj  b u t  b ^ a m a to lo g lo a l  

I n d io # #  r m a ln  n o r m a l. T har# i a  a la o  no  a v id a n o #  o f  p b o t o a a n m it lv l t y ,

i)e M attel s e t  a l .  (1961) inco rpo ra ted  0.5#  o f  hexsdilxsror 

b a n a a n #  i n t o  W n fa a d  o f  r a b b it #  and d a m on atratad  in o r a a o a d  u r in a r y  

u r o p o r p h y r in  a a ^ ie  io n  a f t a r  a b o u t ai% a a a k a . Tha u r o p o r p h y r ln a r ia  

bdcama p r o g r a a a lv a ly  mora a a v a r a  and a a #  a o c c a p a n ia d  b y  a  r i a a  i n  

u r in a r y  o o p r o p o r p h y r in . T hara a a a  no a i g n i f l c a n t  r i a a  i n  u r in a r y  

AIA o r  PBO a x o r a t io n .  M aaaiva  q u a n t i t i a a  o f  o r o p o q p h y r  a  a u r a  fo u n d  

i n  t h a  l i v a r ,  b u t  o n ly  a l i g h t  inm raaaaa  In  o o p ro p o rp h y r in  and p r o t o ­

p o r p h y r in  wara n o t  a d . U r o p o r p h y r in  warn a la c  J a ta o t a d  i n  t h a  a o ru u  i n  

a p p r o o la b la  am ount# a r d  a la o  i n  aoma o t h a r  o rg a n a  a t u d ia d .

Tha q u a l i t a t i v e  r e a c t i o n  f b r  p o r p h o h llin o g a n  i n  t h e  l i v a r  

a aa  n a g a t l v a .  Cb p a p e r  ch rom atograp h y  o f  th e  URO f r a c t i o n  from  l i v a r ,  

B a t te ls  a t  a l .  (1961) showed t h a t  i t  aaa  m a in ly  uroporphyrin  111 with 

acm e 'p a u a d o -u r o p o r p h y r in ' .
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A ll the  e n in a ls  a tu d led  by M etteie  e t  e l ,  (1961), although 

vary ing  In  amounta o f  porphyrins ex c re ted , ex h ib ited  th e  eaae A n a l  

n e i ro lo g ic a l p ic tu r e .  % a anim ala lo s t  w eight. B u f f e r e d  from o lig u r ia

«nd c o n s tip a tio n , u l t b  d im inished in ta k e  o f  food and w t e r .  fb e  

haemoglobin le v e l re ^ d n e d  unchanged. U nless e a e r lflood e a r l i e r ,  a l l  

th e  r a b b i ts  d isd  a f t e r  8 -  12 t#eeks having shown fo r  th e  l a s t  week e r  

eo b e fo re  d ea th , n m ro lo g ic a l ey^p tm s in  to e  form o f  trem or m

d )

Eaqperimental Induction  o f  po rphy ria  in  animala by various 

d ru g s , produces In  euwe oaaea a s t r ik in g  chem ical resem blance to  

se v e ra l forms o f  p o rphy ria  fot-td In  man (De M a t t ie  1967). Rme

AIA-in<ticed po rphy ria  in  th e  r a b b i t  produces a  chem ically  s im ila r  

p a t te r n  t o  v a r ie g a te  po rphy ria  during  a t ta c k s . This i s  p e ttu p s  to e  

most fundam ental s im i la r i ty  between th e  two cond itions  and suggests  

a  s im i la r  mechanism of porphyrin  p recu rso r overproduction . th e  major 

d if f e re n c e  between th e  human and th e  experim ental d is e a se , i s  in  toe  

n eu ro lo g ic a l s t a t e s  asso c ia ted  w ith  b o th . In  A ll induced porphyria  

i n  th e  r a b b i t ,  th e re  i s  no ev idence, c l i n i c a l  or h ie to p a th u lo g ic a l, o f



to y  • e le o t lv e  damage to  ncrvoue U aaae, rmd th e  main s l i n i e a l  

■ a n ife a ta t io n  o f  acu te  porphyria  i . e .  p a r a ly s is ,  hyperten rion  aaa 

ta ch y ca rd ia  a re  ab sen t.

Ob %h&* b a s is  m  im portan t qu estio n  which might be asked t s  

how re le v a n t to  th e  human d ise a se  a re  the  r e s u l t s  o f  s tu d ie s  on 

expe rim en ta lly  produced porphyria  in  an im als. The d if f e r* # # #  in  

th e  two d is e a se s  could o f  course be exp lained  on th e  b a s is  o f  a 

qpeeiea d if fe re n c e . However i t  can a lso  be argued th a t  i f  an animal 

i s  exposed to  a chem ical perp h v ria  f o r  l i t t l e  more than  th e  2 to  3 

weeks, th i s  may n o t be a s u f f ic ie n t  tim e to  produce th e  e l i a i e a l  

m a n ife s ta tio n s  o f  the human d is e a se , s in ce  ii . man th e  m etabolic  

abnorm ality  w i l l  have been o f  long stan d in g  b efo re  th e  o n se t o f  

symptoms. In  I960 De M attel# dem onstrated both  abnormal porphyrin  

sy n th e s is  and d is tu rb a n ces  o f  the  nervous system such as p a ra ly s is  

in  p an to th en ic  ac id  d e f ic ie n t  r a t s  tr e a te d  w ith AIA (De M attel# I960). 

Ooldberg and Rimington (1962) have suggested  th a t  experim en ta lly  induced 

p o rp h y ria  by drugs auch as AIA and sedom id  may indeed re s m b le  th e  

ac u te  forms o f  o o rphy ria  in  man from th e  chem ical p a th o lo g ic a l p o in t 

o f  view more n e a rly  than  has been p rev io u sly  supposed.

Hexaehlorobensene induced porphyria in  r a b b its  has an uncanny 

chem ical resem blance to  human acqu ired  symptomatic p o rp h y ria , such as



i s  eOBBton in  th e  Bantu people o f  South A frica . Ooldberg and 

Rimington (1962) have compered hecsdilorobenM ne poij<^iing in  

cnlia*!" and found th e  type o f  le s io n  produced to  resem ble th e  

m tan eee s  p o rphy ria  o f  chron ic a lc o h o lic s  (G cnivet and Himlngtoa 

1953)• Again as  in  AIA in d e e d  p o i ^ r i a ,  th e  neurology a s so c ia te d  

w ith  the  two d ise a se s  d i f f e r .  In  hexachlorobenaene poistm ing o f  

r a b b i t s ,  th e  development o f  n eu ro lo g ica l symptom* i s  a c h a ra c te r is t ic  

fe a tu re  more rem in iscen t o f  th e  human acu te  po rp h y rie s. However, i s  

an ou tbreak  o f  p o rphy ria  in  Turkey which was pu t down to  hexachlorc* 

bensene in g e s t io n , and involved about 5,000 m m , unman and o M ld n it  

(Cam 1959), no n eu ro lo g ica l m an ifes ta iio n a  w ire ev id en t. I t  would 

seem th e re fo re  th a t  i n  t h i s  case  a d is t i n c t  specie*  d if fe re n c e  may 

be invo lved  and fu r th e r  work w i l l  c le a r ly  be req u ired  to  c l a r i f y  

th e  s i tu a t io n .
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*) Q u a r a l

A U rg e  body o f  rece n t experim ental m r 1,? oa th e  porphyrias 

hee been concerned w ith th e  study o f  c o n tro l mecha,uaw governing 

tb e  r a t e  o f  h em  b lo iqm thesle . % e  porj^y rinogen lc  drugs h a re  been 

ft * ftj* r to o l  in  th e se  e tu d le e , as a ied iaidsas o f a c tio n  o f  th e se  

p o r ^ y r i ^ g w d e  substances and th e  c o n tro l o f  haem sy n th es is  a re  

in t im a te ly  connected.

An unequivocal f in d in g  to  d a te  has been th a t  one o f  th e  

s i t e s  o f  c o n tro l I s  a t  th e  s tag e  o f  6  -ALA sy n th e s is , g  -ALA- 

sy n th e ta se  has beam shorn to  be th e  r a te - l im it in g  ensyme f o r  ham  

b io sy n th e s is  in  a numoer o f  experimental system s. These Include 

the  bacterium  meAmmMommmm sohsroides ( Laecellea I960, Bumhar 

and L aace llee  1963), guinea p ig  l i v e r  (Q ranlek 1963, Qrenicdt end 

G rata  196?). chick embroyo l i v e r  c e l ls  (Oranick 1966), and chick 

e ry th ro id  p recu rso r  c e l l s  (Levers and O ranick 1v65, 1967). fb e  

s t r u c t u r a l  d iv e r s ity  o f substances ospsble o f  incladdng $  -ALA 

"m th e ta sa  i s  esrt.remely wide, and ranges from drugs such as a l ly  l i e  s- 

psvpylacetamidm vilA) (Oranick 1966), to  s te ro id s  (Qranlek and Kappas 

196Z. »s>, as and Qt anicl; i.968), and s t r u c tu r a l ly  sm all m olecules, o f  

which e'liancL la  an example, (^ a n laq r, Z a il and Jo u b e rt 1968). This 

stm o k ira l dlverw ity as resu lted  in  a number vf heonsuisms o f  (-ALA 

synthetase induction being proposed.



54.

In  1963 L a a e e lle s , working o r  th e  b a c te r iu n  Bh. unhT o ldaa . 

fonwi t h a t  two mechaniaas were involved in  U* c o n tro l o f  ALA- 

ey n thetaee  a c t iv i ty .  f i r e t l y  haem a l lo s te r l c a l l y  In h ib i te d  & -iIJk- 

ay n tn e tase  ( I . e .  end-product in h ib i t io n ) ,  and secondly haaa rep ressed  

th e  fo rm ation  o f  6  • ALA-synthetase ( i . e .  w d -p ro d u c t rep re ss io n  

(L a aee lle s  1960, Burnham and L aacellee 1963).

In  1967, Levers and O ranick working on th e  e a r ly  d i f f e r e n t ia  ting  

e ry th ro b la e t o f  th e  chick found th a t  haem form ation was lim ited  only  

by a la ck  o f  ALA- sy n th e tase  which they  proposed was under th e  contro l 

o f  a  re p re s s o r  mechanism. End-product in h ib i t io n  was '.Iso  dem onstrated 

in  r a b b i t  r e t ic u lo c y te s  by London e t a l .  (1964). G ra n i cl and G rata

(1963) dem onstrated a 40 -fo ld  in c rease  in  the 6  - i 'A -sy n th e ta s e  a c t iv i ty  

o f  g u inea-p ig  l i v e r  on trea tm en t w ith 3 . $ -d icarbethoxy -1 ,4 , -d ihydro- 

co lU d in e  (DDC). Oranick (1963) fourZ th i s  in c re a s e  to  be due to  

in d u c tio n  o f  enzyme sy n th es is  r a th e r  than to  a c t iv a t io n  o f  performed 

enzyme. QranicL (1966) confirmed th e se  r e s u l t s  on chick es&ryo l i v e r ,  

md fu rthe rm ore dem onstrated , th a t  in  th i s  system haem in h ib i te d  the  

Ind u c tio n  p ro c e ss , bu t th a t  no end-product in h ib i t io n  o f  6  -ALA- 

sy n th e ta se  took p la ce .



b) 'b a a i t k ' l  B a i m t o r  m c h m lm  f o r  £  -ALA a-/nth«t»a«

O im nick's f in d in g s  on gfjinea-pig l i v e r  cw lls  and chide 

aobroyc l i v e r  led  him to  p o s tu la t .  a rep re sso r mechanism fo r  6  -.UA- 

eyn thetaae  (O ranick 1966) (P ig . V IH ). He p o s tu la te d  the  p resence 

o f  a  p ro te in  &porepressor and a co rep re sso r tdiieh i s  haem. To exp la in  

th e  a c tio n  o f  porphyrinogentc substances, he found i t  necessary to  

suggest th a t  such substances compete w ith end-product (haem) fo r  an 

a c tiv e  s i t e  on th e  ap o rep re sso r, which re g u la te s  th e  a c t iv i ty  o f  a 

s t r u c tu r a l  gene coding f b r  £  - ALA- sy n th e tase . Hie combination o f  

apo rep reaso r and inducer f a i l s  to  rep ress  th e  o p e ra to r gene f o r  $  -&LA 

sy n th e th aae , consequently  lead ing  to  aceele ra tm i p ciphy rin  b io s /n t i te s is .

As a l - ta d y  m entioned, (Oranick 1966) found th a t  a r id e  v a r ie ty  

o f  chem icals and drugs in c lu d in g  s te ro id s ,  were capable o f  inducing 

eoccessivft porphyrin  sy n th e s is  in  chick mabroyo l i v e r .  The inducing  

p o te n t ia l  o f  the n a tu ra l  s te ro id s  was shown to  be equal to  o r exceedsd 

th a t o f  even th e  most p o te n t porphyrinogenic drugs (O ranick and Kappas 

1967). Furtherm ore Kappas and Oranick (196$) dem onstrated, th a t  the 

p a t te r n  o f  induc tion  by th e se  n a tu ra l s te ro id s  was very s im ila r  to  

th a t  o f  fo re ig n  drugs and chem icals. This dem onstration  o f  porphyrino- 

genesia  in  th e  l i v e r  by a  group of p h ysio log ica l compounds allowed Kappas



•fid S r s ^ d t  (1967) to  propose th a t  th e se  s ta r  <4s p «./ e ro le  l a  

a o r a s l  co n tro l o f  hsem b io s y n th e s is . Yh< • oroposed, thet, under 

p h y s lo lo g ic e l c o n d itio n s , th e  f r e e  s te ro id s  compete w ith heeo fo r  

e  e l t e  on the ^ o re p re e e o r  the reby  ceuelng  derep reeslon  o f  1 U - 

• jm th e ta se .

Q ren lek 's  hypo theele, however. I s  based on evidence obtained  

fro® non-mammalian s c  r e e s ,  and u n t i l  r,ere d ir e c t  evidimee l e  obtetned  

from mammalian l i v e r  i t  cannot be assumed th a t  th e  hypo thesis  ap p lies  

eq u a lly  to  humans.

S ince a 13 known functions  o f haem a re  d i r e c t l y  re la te d  to  

o x id a tiv e  p ro cesse s , i t  has been suggested th a t  th e  s ta t e  o f  c e l lu la r  

o x id a tio n  might in flu en ce  th e  m etabolic reg u la tio n  o f porphyrin and 

ha«*m b io sy n th e sis  (Margoliaab 1961). E a r l ie r  trork produced a number 

o f o b se rv a tio n s , which in d ir e c t ly  linked  porphyrin and haem sy n th es is  

w ith  b io lo g ic a l  o x id a tio n . For example, Falk e t  a l .  (1959) have shown 

th a t  d ec reasin g  oxygen te n s io n , w ith in  l im i t s ,  would r e s u l t  in  Increased  

porphyrin  form ation by avian e ry th ro cy tes  in  an in  v i t r o  system. 

Rhosepseudomonas BBharoldaa, an organism which can be Induced to  

s y n th e s ise  porphyrins at a g re a t ly  a c ce le ra ted  r a te  by growing i t  

anaerobically  in th e  l i g h t ,  has been used to study th e  re g u la tio n  of
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porphyrin  sy n th es is  (L aaee lles  1 9 5 % Sheoin e t  a l .  I960, Kikuchi 

e t  a l .  1961 and CHbeor e t  a l .  1962). Moat o f  th e se  s tu d ie s  w ith 

A., sh p erc ld es  have been cemcerned w ith th e  tr ic a rb o x y l!  -  ac id  cycle 

(fCA-c y c le ) ,  and w ith  the  a c t iv i ty  o f  ALA-synthetese. However, in 

an ex ten s iv e  in v e s t ig a t io n  o f fa c to rs  a f fe c tin g  pigment formation in  

th i s  organism , Cohen-Baalrra e t  a l .  (1957) concluded th a t  th e  rate of 

porphyrin  form ation in  th e  c e l ls  i s  governed by th e  s ta t e  o f  oxidation 

o f  a c a r r i e r  in  th e  e lec tro n  tra n sp o r t ay a tm .

Many workers have since suggested th a t  the  redox environment 

in  th e  l i v e r  may play an im portant ro le  in  determ ining  both  p a t te rn s  

of porphyrin  exc re tion  and th e  ex ten t o f  porphyrin ex c re tio n  and th a  

ex ten t o f  porphyrin form ation (Lockwood e t  a l .  1958, Rimington, 1963b). 

Based on r e s u l t s  ob ta ined  from work on pyruvate u t i l i s a t i o n  and re la te d  

fa c e ts  o f o x id a tiv e  metabolism in  symptomatic porphyric  p a t ie n t s ,

Joubert e t  a l .  ,963) suggested a fu n c tio n a l d e fic ien c y  in the mito­

ch o n d ria l energy t r a n s f e r  system re s u lt in g  in  d e fe c tiv e  ox id a tio n  of 

NADH2 in  th e se  patients. D epression of NADĤ o x id a tio n  by porphyrino- 

genic drugs has been dem onstrated e i th e r  d i r e c t l y  or in d i r e c t ly  by a 

number of d if f e re n t  w orkers. Using mouse f ib r o b la s t  c e l l s  grown Jn 

t i s s u e  c u l tu r e ,  Cowger e t  a l .  (1963) found decreased oxygen uptake 

by cells u tilis in g  endogenous substrates which were '^ i s e d  largely
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through th e  m ediation  o f  NADH.,. Furtherm ore, th e se  workers showed 

a  decreased  c e l lu l a r  ATP co ncen tra tion  In mouse f ib ro b la s t  c e l ls  

t r e a te d  w ith  porphyrinogenic drugs presumably due to  a depression  o 

o x id a tiv e  phospho ry la tion , fo llow ing an in h ib itio n  o f m itochondrial 

MADHjj o x id a tio n . Oa dos e t  a l .  (1966a) have described  an in v e rse  

c o r r e la t io n  between ATP and porphyrin co ncen tra tion  In th e  l iv e r s  o f 

r a t a  t r e a te d  w ith Aprons!. Oajdoe e t  a l .  ( l Qb6b) a lso  found • 

c o n s is te n t dec rease in  l iv e r  ATP a f t e r  trea tm en t o f m t#  w ith  a a lo n a te , 

a porphyrinogenic  substance and known in h ib i to r  o f  su cc in a te  dehydrogenase.

O ran ick 's  hypothesis  o f A L A -syn the tase  induc tion  i s  g en e ra lly  

accepted  today , but the wide s t r u c tu r a l  d iv e r s i ty  o f  substances capable 

o f  induc ing  ALA-aynthetase has led  to  the  n e e s s s ity  us p o s tu la te  the  

e x is ten ce  o f  a l te rn a t iv e  mechaniema o f  ALA-syn the tase  ioA xctitm . One 

su g g estio n  o r ig in a l ly  p u t forward by Rimington (1962, 1963a, 1963b) holds 

th et th e common property o f  porphyrinogenic subetameee ia  the a b il i t y  

to  change l i v e r  redox s ta t e s .  Labbe and h is  or-wosbera (labbe e t  a l .

1965, Kurumada and Labbe 1966, Labbe 1967) have fo n m le te d  a p re c is e  

hyp o th esis  on ALA-eynthetase Induction  as a r e s u l t  o f in c reased  

in tra e d  toeho ld  r i a l  NADHytiAD r a t io s .  Labbe has tem tetively  linked  

the overproduction o f  porphyrins or p o n * y r in  precursors to depres sed



o x id a tio n  of NADK̂  (F ig . n > .  Lebbe and co«#crkor8 (1 % $ ), observed 

g re h ie r  su cc in a te  u t i l i s a t i o n  In  the form o f  Increased  succinyl-CcA 

sy n tk s taae  a c t iv i ty  in  mouse U v e r  M tcc h o n d ria , a f t e r  trea tm en t id th  

th e  purphyrinogenic drags AIA and DDC. In  is o to p ic  experiments 

u s ing  fu m ra te  1-4-C14 Kurumada and Labbe (1966) dem onstrated th a t  

f u m ia te  red u c tio n  and oo tfers ico  to  suecinyl-GoA was a c ce le ra ted  

in  r a t  l i v e r  made porphyria  by drug-inchtction. They furtherm ore 

showed th a t  f tum rate  reduction  to  su cc in a te  was mediated v ia  the  

enmyms ftm urate  reductase  which i s  NADĤ  dependent. Following on 

tram th i s  work Lebbe a lso  c a rr ie d  out experim ents in  which th e  

in c o rp o ra tio n  o f C ^ - la b e l? e d  pyruvate and o th e r la b e lle d  d icarbT xylic  

ac id s  in to  l i v e r  haem in  normal and porphyric  animals was determ ined. 

Being th e se  d learboxyU c ac id s  tA id i were la b e lle d  in  p a r t ic u la r  

p o s itio n s  in  th e  m olecule, la b e ll in g  p a tte rn *  v a ried  in  such a way 

th a t  perm itted  s e le c t iv e  assessm ent o f th e  u t i l i s a t i o n  o f th e se  ac id s 

f o r  haem form ation  through e i th e r  th e  red u c tiv e  (n a la te - fu a n ra te -  

eu c c in a te ) pathway o r through th e  o x ifa tiv e  (fCA cyc le) pathway 

(H aining and Labbe 1967). These experim ents le d  Lebbe to  th e  ocmslttslou 

th a t  in  th e  porphyric  anim al, pyruvate conversion to  succinyl-Co/. ami 

in c o rp o ra tio n  in to  haem through the red u c tiv e  pathway re a c tio n s  was 

in c reased  w hile tr ic a rb o x y lic  ac id  pathway tu rnover remained unchanged. 

Labbe had a lread y  furtherm ore sh o w , th a t  the  enzyme succinyl-HoA



ay n th e tase  e x is te d  in  both  a c o n itita it jv e  and an inducab le fo ra , 

and th a t  th e  e f f e c t  o f  drags such ae AIA and DDC was to  induce th e  

n a n -c o n e titu tlv e  succlnyl-CoA eyn theteae (labbe e t  e l ,  1965).

In  m  ex tena ive  atudy Cowger and Labbe (1967) in v e s tig a te d  

th e  e f f e c t  o f  30 drugs i*dch Included a wide v a r ie ty  o f  m olecular 

•p e c ie s  on NADHg oxidase p u r if ie d  from b ee f l i v e r  m itochondria and 

g ly c o ly s is  in  cu ltu red  mouse f ib ro b la s t  c e l l s .  Most o f th e  drugs 

were chosen because o f  th e i r  known a sso c ia tio n  w ith  th e  p re c ip ita tio n  

o f  ayaptons in  c l in ic a l  cases o f porphyria  o r t h e i r  a b i l i t y  t o  induce 

p o rphy ria  in  an experim ental system. T he ir r e s u l t s ,  in d ic a te d  a 

con stan t r e la t io n s h ip  between th e  in h ib i t io n  o f e le c tro n  tr a n s p o r t  and 

th e  ex acerbation  o f indu c tio n  o f p o rphy ria . These f in d in g ; supports  

th e  th e s i s  o f a d i r e c t  m etabolic  l in k  between im paired te rm in a l ox ida tion  

and po rphy rinogenesis .

Based on th e se  fin d in g s  th e n , Lebbe has proposed th a t  fac to r#  

which le ad  to  an in c re a se  in  the  in tram lto ch o n d rie l MUMy'tllD* r a t io  

s tim u la te  fu n u ra te  red u c tase  a c t iv i ty ,  lead ing  to  in c reased  sy n th es is  

o f  to e d n a te ,  which in  tu rn  induces n o n -c o n s ti tu tiv e  suodayl-CoA  

sy n th e ta se . The succinyl-CoA thus  genera ted , then  a c ts  as  depressor 

o f  A lA '8 )n the tase  sy n th e s is  by s u b s tra te  induc tion  (F ig . IX ).



H ow ver, as in  th e  c u s  of O ran ick '« hypo thesis  (sec tio n  b ) , 

th e re  i s  v i r t u a l ly  no info rm ation  as to  th e  a p p l ic a b i l i ty  o f  the  

p ro p o sa l to  human p rophy ria .

The mammalian l i v e r  has th e  a b i l i t y  to  in a c t iv a te  p o te n t ia l ly  

to x ic  compounds and render them s u i ta b le  fo r  ex c re tio n . These substances, 

which in c lu d e  l i p id  so lu b le  drugs and n a tu ra lly  occurring  compounds 

(e .g .  s te r o id s )  a re  m etabolised  in  th e  microeTmal f r a c t io n  o f  th e  l iv e r  

by o x id a tiv e  enzyme systems t u i l l e t t e  1963). These enzyme systems 

re q u ire  microsomal cytochrome, cytochrome P-450, and a re  unusual in  

th a t  th e y  a lso  re q u ire  atm ospheric oxygen and SADPH ( G i l le t t e  196j*

Cor.ney 1967, Cteura e t  a l .  1965 and Cooper e t  a l .  1965).

Harver and Schmid, (1968) have proposed a hypo thesis  lin k in g  

th e  h e p a tic  d e to x if ic a tio n  mechanisms w ith the  pathogenesis  o f  a a i te  

Kid experim en tal p o rphy ria . They have based th e i r  hypothesis  on a 

number o f  rece n t o b serv a tio n s . f i r s t l y ,  haem i s  involved in  the  

rep re s s io n  o f h ep a tic  A U -syn the tase  (Oranick 1966, Tschudy e t  a l .

1966 and Marver e t  a l .  1966). Secondly compounds th a t  s tim u la te  

drug m etabolism  in c lu d in g  th e  b a rb i tu r a te s , s te ro id s  and AIA, induce 

A LA -synthetase. This subsequently  provides the  ham  needed fo r
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in c reased  forraaticm o f  microscmal cytochromes. f a r th e r  evidence 

f ° ‘ tM s  in terdependence i s  provided by th e  observation  o f  Marver 

sr^l Sctesid (1968) th a t  haem blocks th e  drug m ediated indu c tio n  o f 

ASA sy ru n e ta se  and microsomal cytochromes. T h ird ly  a la rg e  nuaber

o f  coapcunde in c l  d ing  AIA, th e  b a r t iitu ra te a  and n a tu ra l ly  oectirring  

s te r o id s  a re  capable o f  producing chemical porphyria  in  e t tlta red - 

eebryonie chick l i v e r ,  and they a lso  aggravate g ene tic  porphyria  in  

man. (O ranick , 1966, Schmid, 1966, Q ranick, 1965). However, by 

c o n t r a s t , only a fev  o f th e se  compounds, o f  which AIA ic  a  good example, 

can induce po rphy ria  in  th e  in t a c t  experim ental anim al. ffeeuobazfeitone 

does nô v induce po rphy ria  in  th e  in t a c t  anim al. Yet both  th e se  c la s se s  

o f  compounds, rep resen ted  by phroobarbitone and AIA, induce h ep a tic  

6  -AM sy n th e ta se  and enhance l i v e r  haem sy n th esis  in  th e  in ta c t  anim al. 

K anrer and Schmid (1968) have explained th e  d iffe re n c e  in  th e  t if f  s e t  

o f  th e se  two c la s se s  o f compounds by th e i r  d if f e re n t  e f f e c t  m  th e  

feedback re p re ss io n  mechanism o f  AIA sy n th e tase . Indu c t i  o h  o f  £  -AIA- 

sy n th e ta se  r e s u l t s  from in te r fe re n c e  w ith th e  normal feedback rep ress ion  

o f  th e  snxyee* Phenobartitone in  ad d itio n  to  in te r fe re n c e  w ith th e  

feedback c w itro l mechanism, a lso  in d ice s  th e  drug det -iia f ic a tio n  

mechanisms in  th e  U v e r . Thus in  th e  in t a c t  anim al, th e  Induction  

o f  < -A U  sy n th e tase  prov ides th e  in c reased  haem needed f o r  sy n th es is  

o f  hep#Lie cytochromes, and conssquently  porphyria  does not develop.
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c<M itrast, AIA and and some o th e r  porphyrinogenic coepounde have 

th e  ca p a c ity  to  promote ham  deg rada tion  in  ad d itio n  to  s tim u la tin g  

h am  sy n th e s is  (Haver e t  c l .  1968, Callahan e t  a l .  1968). Harver 

and Schmid have th e re fo re  postulated th a t  th e se  eoeqx ands induce 

6  ALA sy n th e ta se  excess iv e ly  because in  ad d itio n  to  in te r f e r in g  

w ith  enzyme re p re s s io n , they  enhance th e  breakdown o f  ham . In  

c u l tu re d  embryonic U v e r , and in  g en e tic  acu te  porphyria  Harver and 

Schmid have p o s ta l; d th a t a c o n s t i tu t io n a l  d e fe c t may not allow  the  

U v e r  to  respond adequately  to  s tie a iia tlo n  by drugs. The d e fea t may 

be in  th a t  one o r more component)! o f drug d e to x ific a^  • mechanism are  

b locked , and th e re fo re  d e to x if ic a tio n  does n e t ta k e  p la ce . Under th s se  

c ircum stances , S  -ALA synthetaee i s  induced ex c ess iv e ly , thereby 

producing porphyria  o r  aggravating  p re -e x is t in g  d ise a se . However, a t  

p re s e n t ,  more data  i s  s t i l l  req u ired  to  e s ta b lis h  whether an op era to r 

c o n s t i tu t iv e  m utation o r a gen e tic  d iso rd e r o f d etox ifica tio n  i s  the  

un derly ing  d e fe c t.

The porphyrinogens, being th e  tru e  in te rm ed ia te s  o f  ham  

b lo « p ,tb w i., T .  bUhlr md .t, U  th ra ftr*  mnlwtmWibl#

thmt they re<plr. reducing ooodition. to p r m o l lr r M r .lb l#  mtorldmtlom. 

W k .l  «t ml. ( 1958) hm« put fo n w d  th . mggMtlom that th#
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porphyrin  appearing  in  the  l iv e r  in  cutaneous porphyria  may be 

derived f r m  porphyrinogens ^ i c h  have become ox id ized  and have thus 

'e scap ed ' from the  b io sy n th e tic  pathway. Goldberg * R iaington (1962) 

have proposed th a t  norm ally, ox ida tio n -red u c tio n  systems in  th e  l iv e r  

such aa MAD -  HASH, and NADP* -  MADPĤ  systems p rese rv e  an o x ida tion - 

reduction clim a te  tA lch keeps .he p ig n m t in  the reduced s ta t e .

However, in  the  d iseased  l i v e r ,  th e  balance o f th e se  o r o th e r  systems 

i s  s u f f ic i e n t ly  u pset fo r  ox ida tion  o f porphyrinogens to  porphyrins 

to  occur. Ctace formed th e  porphyrins you'd accumulate and s u f fe r  

ev en tual ex c re tio n  as u se le ss  p roducts.

In  th e  symptomatic porphyria  o f th e  Bantu, d i f f i c u l t i e s  have 

a r is e n  in  fo rm ula ting  an approach, L . an f a r  m  th e  underly ing  b io ­

chem ical b a s is  o f th e  d isea se  i s  concerned. S ince no evidence can be 

found o f  g en e tic  in h e r ita n c e , t h e n  i s  no b a s is  fo r  a hypothesis  invoking 

th e  enzymes m ediating  haem sy n th e s is . la  a r e s u l t  th e  p o s tu la te  th a t  

th e  ‘redox s t a t e 1 o f th e  l iv e r  u n d e rlie s  the  b iochem ical le s io n  in  

symptomatic porphyria  has gained some stand ing .

This s i tu a t io n  i s  however q u ite  d iffe re n t, fro *  th e  invisaged 

by Labbe (s e c t io n  c) who holds th a t  porphyrin sy n th es is  i s  promoted 

by co n d itio n s  (w ith in  th e  m itochondrion) favouring reduction .
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•)  maazn&b*#!* of th .  Nicotinaald. Nuelaotld.a

Th* bloeynthesia o f th e  nlcotinemildti nucleotidea hsi. Leen 

ext«iaively studied in  the laat twenty years, and I t  has become 

obvious, that I t  1# a  very complex p a r t  of the metabolism of a 

variety of organisms. More than one biosynthetic pathway eesaa 

to  be operative and the significance and control of th e s e 's  s tiU  

fa r f r e e  tm derstood. However a number of the pathways have seen 

w ell documented and a re  summarized in  f i g .  V II.

O oldberger and Tanner (1922) r«gx>rtW teat under normal dietaiy 

eondititms, th e  r a t  d id  n o t re q u ire  nicotinic acid. Wbrk*iig f r a a  

th is  observation, Krehl and t i s  co-workers (1945) f ira t  demmmtmtW 

th a t  there was a metabolic relationship ' sii m. nicotinic ac id  and 

tryptophan, and that in  fact tryptophan was the dietary faeter which 

substituted f o r  nicotinic acid in th e  ra t. Subee^iently, a nueber 

of gm etic and isotopic studies were carried out which elucidated the 

mechanism of th is  conversion . Rosen e t  a l. (19*6) to d  S inga l e t  a l. 

(19*6) demonstrated increased u rin a ry  excretion of 8-methylnicotlwide 

a f t e r  th e  a d m in is tra tio n  o f tryptophan to  th e  r a t .  Nutritional studies 

by Bindley (19%;) and Henderson et a l .  (1949) daM atrated that s u i ta b le  

le v e ls  b f  tryp tophan  could replace tee requirement f o r  n ic o t in ic  acid



no. ra
The «>ym w  iM ch  c« ta lyz«  th e  r ro c t io n  C apleted

o p p o site

1. Tryptophan p y rro la se

2. Kynurenune flrm ykasa

3. Kynurenine -  3 -  hydroxy U s e

4. K ynureiinase

5. 3 -h y d ro x y an th ran ili c a c id  ox idase

6. Spontaneous

7.
8.

|  Q ilnoU nate  t .n r  -IboayU se

9.
)

Deeamlno -  SAD pyrophosphory laa .

10. NAD* ayn thetaae  i

11. Nicotinam ide deamlnMe

12. N ico tin ic  ac id  r lb o a ic le o t id a  p y ro phoepbo iT lW

13. 111 co t In  ssdde rib o n u c le o tid e  pyrophoaphorylase

14. NuD* pyrophosphorylaa e

s )  The "HAD* paihm jr o f  tryp tophan  nartabaliim * * f  
H iahisiika and Hnyalshl invo lves  r e f ' t i o n s  1 - 1 0  'I

b )  The "F re ias-H and le r pathway*’ Invo lves  r e e « W | |

15, 9 end 10
c)  The pathway suggested  by D ie t r ic h  e t  ml. isW * 

re a c tio n s  13 p.nd U

(*) The hypo thesis  o f  Oreengard e t  a l .  in v o lv e! 

en trance  o f  n ico tinam ide in to  th e  "P re ia s-H an d le r 
th ro u ^ i re a c tia n

e) The incom pletely  c h a ra c te r is e d  'd e  novo1 
grouped in  re a c tio n s  15

The fo llow ing symbols a re  used 

P •  Phosphate
R •  Ribose

A •  Adenine
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In th# ra t, dog, rabbit, pig, Monkey, chick duck and several oiher 

tlmt «W l«d. «Mag

•nd the ra t have led to the compomda kynurenine (Beedle e t  el. 1947)

)  m d  % « , M *#, « . # ! . ,  « <  M #»),

«W 3 AydMwmAhrmlll: m«i« ( M w r  1 W ) hedag d w  W « -

in  th# pethmy of tryptcpbea to  nl##t«ul« *«u (Mg. TH 

n as tlo n  1-4). tTMng Isotoplc procedures, Meldelberger and other 

writers found direct eel dance for the Mtdbelle relatlonaMp between 

and mlootinlo *aid (Ĥ d a lkar gar #t a l. 1*4%, 1*4#,

Nmdimim and M*ka#, 1 9 * . h r tiid g #  «t a l. 19M). Tha#a aeAam 

A#md, that ahan lab#U#d "ptcphec or 3 Kfdramyanthramllle #aid a## 

a*WMatered to ra ta , Mootlnle maid recovered from th# mMm# and 

tlaaaea a## labelled la  th# o w ta rjl aaAam pcaltlea. They k r th e f  

more deeonstrated, th a t  I t  a#a the esrben la  p o e t t ie e  J o f  the lodole 

r in g  th a i  became th e  carbonyl carbon of n ic o t in ic  a d d .  Schayer a t  a l .  

(1*49) and fartrldga at a l. (IWa) alao dmamatratad that tha ait*###  

of th# imdola ling , aa# aamvaatad to th# pyrldlm# Mag 

of n lactin ic  ad d .

3*rlag tha na«t fa* raw# meet raemareh aa# dlraated a t tiylag 

t*  ehaidat#  th# m#ch«l em of the ammaamlae of )  hyhaqrm attM llie 

—"  to  miemtimla aald. Heat aM mara mdfomly anawa##a»l,



and only  th e  p y rld inecarboxy llc  a c id s , <pilnollnlc eoid and p lc o lln ic  

m r e  found to  be derived  from 3-hydroxyanthrani 11  c ac id  and u lt im a te ly  

tryp tophan  i.n_v itro - However, n ie th e r  o f  th e se  eompmirids gave any 

in d ic a t io n  o f being  p recu rso rs  o f n ic o t in ic  a d d  in  v i t r o  d e s p ite  th e  

f a c t  th a t  q u in o iin ic  ac id  was foimd to  eervt aa a p recu rso r o f  both 

W -*ethyln icotinaadde in  ra te  (Hankes and Segal 1959), and n ic o tin ic  

a d d  in  chi ok mahrnyn tiaaue# (Wllaon Mid Handermon 1960). 

however, N lahizuka and Hayalehl (1963) found the  rale s ing  atap by w h i#  

tryp tophan  i s  converted to  n ic o t in ic  ac id  in  r a t s .  These workers 

dem onstrated th e  conversion o f q u in o lin ic  ac id  to  n ic o t in ic  acdd rib o ­

n u c le o tid e  and no t a f r e e  n ic o tin ic  a d d  aa had been looked fo r  up to  

th a t  tim e. They used a so lu b le  r a t  U v e r  enayme q u in o lin a te  t r t o s -  

rlbo#ylaae which they #uppl#mamted d t h  g-p^.iapborlboeyl-l-^yropboephat e .  

A #  'NAD pathway o f  tryptophan metabolism' Mhioh they proposad we th# 

b a d s  o f  t h d r  obaerratiooa has mubaeqoaotly bean fam d ia  a mWber o f  

orgmdama (P ig . VII Reactlona 1-10) (Kcno et a l .  1965; Ahmad ard N w t  

1966* Haddger e t  a l .  1963; Tang and Whlker 196); A&abman and Jw ety  

1965, Andreoli e t  a l .  1963).

The pathway originally  proposed by Prleee and Handler (1958), for  

the doaynthesls of NAD* from d c o t ld o  add by human erythrocytes and 

y e a s t a u to ly s a te s  i s  s t i l l  accepted today (Pig* VII React!one 12, 9 & 10)•
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W * e e # # n tly  work has indicated th a t  th e  'Prieaa-Kandler' pethvay 

I t  o p e ra t iv e  In  s e v e ra l wieeallan t i s s u e s  and a number o f  different 

organisms Including b e e f  U v e r  (Imeande and Handler 1961), R. coll 

(Imsande 1961) tuberculosis (Dudley end M illet 1964),

Burlieh seel tee tumour ce lls  (Qrunicke et s i .  1966) (P sllln lc  m d 

R ic c i 1965) • F r ie s s  end Handler dl s<x>vered th e  exxstenc* o f an 

snsyme n ic o t in ic  ac id  r lb o n u c le c tld e  jAyrophoephorylase whidi eonverted 

n ic o t in ic  ac id  to  n ic o t in ic  ac id  r ib o n u c leo tid e . The n io o t in l ; soitf 

r ib o n u c le o tid e  th u s  produced i s  converted to  deaaino-NAD in  the presence 

o f  ATP, and then areldated in  th e  presence o f  ATP m d  glutam ine to  g lw  

m*D* (Prlw* mod 1W ) (fig . d  *«m^l«n« U , 9 & 10).

In  a d d itio n  to  th e  ' F ries-H and ler pathway' and th e  'HAD pathway 

o f  W yptepbm  m e tab o ll;* ' o f  X leldm ke end gap eH M , W djli iaarrpnT etee  

p a r t  o f  th e  ' Prtese~H andler pathway' • e r e r a l  a l te rn a t iv e  pathways o f  

m ie^lm am lde n ec le o tld e  ep iU w ele here  Wem m *  Nmmmd. I l t k m gh  1m 

th e  two pethmeym a lread y  dleoeeeed m lee tln le  ee ld  l e  % e p r e o w  ^  

mm* ^ m th e e le ,  n leo tlnem lde hex W en law ei fo e  mem, yeere t e  he em 

ede*M te form of the  tlW m ln fo r  m eeting th e  g enera l me^mllem d le W y  

r e w r m e m te  fo r  p m eerao re  o f  th e  m leetieem lde eeem e^ee. M emtimmWe 

baa elm , b w  ehosn to  be the  predcm lnant fo m  o f  th e  T i f l s  1m h k e d  

and o th e r  mama 11 an t i s s u e  (Q taykin e t a l .  1965 a #b ) .  Hughe# and
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KUUamson (1953) leoonatrated  deaminase enzymes, which cam convert 

tbe amide to  th e  a d d . In  a v a r ie ty  o f  b a c te r ia .  These enzymes can 

therefore p erm it th e  deamidated nicotinamide to  e n te r  Into th e  1 Prless- 

H endler pathway'. Klrchner et a l .  (1966) however, in contrast, to  the 

findings with the nicotinamide u tilis in g  bacteria, found that very few 

fflam&lian ce lls  possessed  th e  ability  to convert nicotinamide to 

n lso tin ic a d d . Oreengard and h is  e<rworkers (Petrack a l. 1963) 

did f in d  th e  dearaidase in  m a m a llw  l i v e r ,  but only partia lly  resolved 

the problem because they  found the activ ity  of th is enzyme was masked 

in c e l l  homogenates by an endogenous inhibitor. They suggested that 

th is phenomenon could o f fe r  a means for the control of NAD* biosynthesis. 

Recent evidence however obta ined  by Oreengard and his co-worke?s support 

th e ir  prev ious p roposal th a t  th e  in i t ia l  step in the biosynthesis of the 

eoensyeie frees n ico tinam ide In  mammalian liver involves the deamination 

o f  n ico tinam ide to  nicotinic a d d ,  which i s  then converted to  NAD* v is  

the • Priees-Handler pathway ' (Pig VII Reaction 11) (Petrack e t  s i .

MM, N tm d i «t ml. 190 , ^  #1. 190).

Ih . A tM w r? b , « d  h i. «« w A ir .  (1965, 1966), m

n lK tin m ld . rUMmwlMtld. 

n . m r r m n .  h w  w lw d  th , p w d b l l i t ,  ^  y #  « U w r  *  * 6 *
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n ic o tin ro d d e  might be conTerted to  HAD*. Thla p ithnay  p e rm it, th e  

e t iU e e t io n  o f  n lc o t ln m ld .  e l th o a t  th e  p r io r  need f . ,  d o m in a tio n

(M # . m  m— w e a  1 3 ) .

f l n e l ly ,  much w#*- hes been e a rr le d  out In  leeMm# to r  » poee ib l*  

'd e  nmro1 pathway f a r  th e  M o e y ith e lH  o f the  p y rid in e  r in g .  W e  

pathway would u t i l i s e  r e l a t i v e ly  em ail and sim ple moleculea r a t t e r  than 

a  com plei p rac u rso r  such aa tryp tophan . At p re s e n t, d e r i v a t i v e  o f  

a e p a r t ic  a d d  end g ly c e ro l have b e e  im p lica ted  aa th e  condenelng 

p a r tn e r s  In  a re a c tio n  y ie ld in g  q u in o lin ic  ao id  in  ee v e ra l organlane 

(Chandler e t  a l .  1966, Is q u ith  and Moat 1966a, droea e t  a l .  1965i .  

However, th e re  have been se v e ra l organisms its * i e h  o th e r  em ail moleeulee 

have h em  sh o w  to  be p re fe r re d  p re c u rso rs , and aa y e t  th e  'd e  novo1 

pethw ay(e) i e  n o t e t  a l l  c le a r ly  understood (S co tt end Hussey 1965, 

l e q s l t y  end W ot 1*666) ( f ig .  TH  h a e t i e c  15).

I t  e e w a  th e n , th a t  m e t  c e ll#  have p o te n t ia l  f o r  s y n th e e l i t a t  

BAD* by more than  one m etabolic  pathway. S ince th e  n ico tinem ide 

eoem^me ccm oertra tlone  In  theme e e l la  a re  i m eA A ly  e e m tm t .  I t  eeeee 

aa themgli th e  epwmtlcm « f  emy glwem pethemy m e t  b* r e# ,1WW 

rw pm et t o  bo th  e a le t ln *  m o le o tid e  le v e ls  and th e  d e f e e  o f  i , em * l m  

eg th e  o th e r  p m theey  (ChmyMm 1 * 7 ) .  &  « d » tiem  I t  mowm fe w lW e
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th a t  th e  co n c en tra tio n s  o f  nicotinam ide eoenzymee in  c e r ta in  animal 

t ie e u e s  such as  th e  U v e r  might be under th e  in flu en ce  o f  th e  genera l 

s ta b o llo  etate o f  the anim al ae well. For example many o f  th e  

o x id a tio n -re d a c tio n  fu a e t le a s  o f  th e  U v e r , which a re  d i r e c t l y  re la te d  

to  o th e r  s e ta b e U c  and n u t r i t io n a l  f a c to r s , could w ell be under ti.e  

c<m trol o f  yiiMie f a c to r s  through hormone a c tio n , o r  deranged by drugs 

o r  o th e r  chem icals which e f f e c t  th e se  f a c to r s .

In  summary th e re  seem to  be a number o f  pathways lead ing  to 

the b io sy n th e s is  o f  th e  n ico tinam ide coengyses in  mammalian and other 

v e i l s .  The enzymes o f  th e se  pathways could be r e f l a t e d  i n  d v o  but 

th e  ex te n t to  which one o r o t t e r  o f  the  pathways predom inate, and the 

s ig n if ic a n c e  o f & number o f pathways in  th e  same animal or t i s s u e  which 

s e « d n g ly  a l l  accomplish th e  same end, i s  n o t c le a r .

» )  M WM M lnw M T m  m w i t r

n f  t f r  X lrm M n f  1 -

h *  b * n  t .  b .  U .  p r^ M O T  c l

Wwc « d .r tm k in #  Im w ltln *  t h .  o iw l ln m M .

K o U r n r  « * l  ( 1 * 1 )  t h t  t h .  u l w t i n m W .  o f

U w r b w i .  Ub.Uod ^ tor m i»ti=*i*o-C^ to Iho imtwt



r a t. Work has aUo been published in lAich nicotinamide has be#i 

shown to  Induce a  considerably g re a te r  Increase in th e  concentration 

of liv e r  MAC* than  does nicotinic acid (Fiegeleon e t  a l. 1951;

Saplan e t  a l. 1956; Oreengard e t  a l. 1964) .  Oreengard and Ms co- 

workers (1966) hare shown th is apparent contradiction to  be dae to 

th #  f a c t  t h a t  nicotinamide has a  such longer ha lf-life  than nicotinic a d d , 

both in  liver and in  blood. Mae&syme aynthesis ia  thus permitted to  

ca itim e for a longer period, following administration of the aside*

( e )  MAD* »  IM P *

The convem lon o f  SAD* to  NADP* la  e a r r l ^  o a t by th e  m t f t x  

HAD k in a se  (ATP : NAD z1- pboephe trM nferase). The en^m e i»  Mg** 

depend-nt end hea bee- is o la te d  and s tu d ie d  in  yeast autolyeatee 

(Sornberg  1950), rabbi*, kidney and U r e r  (b te taaa  e t  a l. 19*1), and 

pigeon l i v e r ,  (Wang and Kaplan 1% 4). The eniyme catalyses the synthesis 

o f  HASP* by a d i r e c t  pbospho trU U eo  o f  HAD* by ATP in  th e  prweeoe o f  

Umiber, md M e *  (19*) hwa t h t  th# U  * * -  

phorylated a t  th e  5 - c a rb n  p o s itio n  oi th e  ribose moiety o f  the 

aden ine  p o r tio n  o f  th e  m olecule.

(« ) man* ^  MAW* y  e « i « m

Th, irw  r -  —  be rWeoed b, differeet im

iW  ef the "MW, are kmm as «*fdra, a.MM
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w  * »  muf*. W t w r  W b . fwrnr
« » * —  M ^ b l .  ^  r ^ . l . ,  W  % .  ^  ^  —

tor the coenyme cnneemsd, and those •nzyrnne i*iich reduce US* do net 

emmlly ntiue* SWP 404 vice versa, though there are exceptions, es 

tor example glutacdt dehydrogenase (Williamson et a l. 1967). The 

*”  c°eniymee are also reduced by eertala chemical reducers, for 

examile dltMonste.

B»e reduced feme of coenzymea are n e t rod dl zed a t  any elgnlflcent 

rates by 02, or by cytochrome C, or by dyes such ss methylene blue.

They a re  however oxidized by many o f  th e  dehydrogenase* acting In  

r e v e r s e . In  th e  c a ta ly s is  o f anaerobic ferm en ta tio n s , by dyes In  the 

presence o f  se v e ra l f la v o p ro te ln s , by cytochrome C or i a  the 

p.'ssence o f  th e  re sp e c tiv e  cyto  chrome re d u c ta se s , by c y s tin e , 

g lu ta th io n e  o r  llpoami de in  th e  p resenes o f  th e i r  re sp e c tiv e  reductases, 

and by K̂CV. in  th e  p resence o f  th e  s p e c i f ic  peroxidases. to addition 

they a re  a lso  ox id ised  ncr-enzym atically by » v a r ie ty  of substsnceo 

1 no lading phemmmlnee, ponAyrldlnee sm# pwrphyrddse (Mdial l snherg 

««d Kel 1 ermmr 19#).

Th# t*o wesmsfmes mre sidely ditrlhmW d in Helm# —Ms*.

Oloek smd Mslemn (1W)), meeeersS the smmrn*# of r eA»oed sm* e rlA eed 

NAD* XW* in vmrloms tlseuse of the re t. Thsy fmmd 1m 

m e t of the d iffe r* *  tfpe #f se ll  Wwor swdled, *he M* * #  i " *

1m mob larger mmants thsn W f  *, bmt that the rs tlo  of *ho m f
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o f  reduced and m id i  le d  fon t*  m s  much h ighe r f o r  NABP* th ro  fo r  

m n * . For a x s q ile  they  found th a t  th e  t o t a l  MB* In  r a t  l i v e r  m a 

o f  th e  o rd e r  o f  570/u* p e r  gn w t  * i « h t ,  m th  m  being in  th e  reduced 

t o m ,  in  c o n tra s t  to  210 ug p e r  p i n e t weight o f  ilADP* w ith 97* b tin g  

found in  th e  reA iaed fo ra . Subsequent to  th i s  study* many o th e r  

u o rk ers  h a n  estim ated  tb e  d is tr ib u t io n  o f  th e  reduced and oxidised 

M B* end HAW* by v atic**  methods. H o lie r e t  a l .  (1958) found h ighe r 

W tm l W * — than  O le *  and N alem  (1955). Oalag r a t  j i i w  fSmmd 

a  t o t a l  HAD* c<m c«ntratlon o f  697 ugma/gm n e t m ig h t ,  u i th  27.81 being  

to  th e  reduced fo ra ,  end 234 u p e / p i  wet weight at EADP*, w ith 97# 

bein g  in  th e  re* iced  form. In  1962 S la te r  and S a«fer u e lz ^  a  edc ro - 

mmyme method on r a t  U v er obta ined  s im ila r  r e s u l t s  to  t to e e  p rev io u sly  

m entioned as f a r  as HAD* i s  concerned. However, they  found a  t o t a l  

MADP* co n c en tra tio n  o f  312 ugms/gm wet veigh4 o f  l i v e r ,  w ith  being  

in  th e  reduced fo ra . Krebs and h is  co-workers measured th e  redox s t a t e  

o f  f r e e  n i ootL i« ti.de adenine d iim e lec tid e  in  th e  c / to p la sa  and a i t o -  

ehondrla  o f  r a t  l i v e r ,  by measuring th e  r a t i o  o f  th e  co n cen tra tions  o f  

th e  o x id ized  *nd reduced m e tabo lites  o f  NAD-linked dehydrogenase syatnns 

lo c a te d  In th e  two c(»partin«itse They found th e  r a t io

%* W  7 .2  i n  t h .  s y t ^ l —  «ud 2 . :  1= W  m itc ^ e rSTi .  ( * 1)1 m am  

^  ml. 19W ).
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Th* on ly  p rev io u sly  published re s u l ts  as to  th e  d is tr ib u t io n  of 

MAD in  th e  r a b b i t  l i v e r ,  a re  those o f Jedelk in  and Wetnhouae (1955)

* °  f0,tod * t o t a l  ot 563 u y to /p i wet weight o f HAD*, with 27.8% 

being  In  th e  reduced term.

The a t ru e tu r r  1 d iv e r s i ty  o f  substances capable o f <n^i, 4ne  AU- 

sy n th e tsa e , and th e  n e c e ss i ty  to  p o s tu la te  th e  ex isten ce  o f  » hypo­

th e t i c a l  a p c re p re s rc r  In  mammalian t i s s u e ,  have kept s p e c u la te  l iv e  

aa t o  a l t e r n a t iv e  mechanisms o f A IA-synthetase induc tion  o th e r thaa 

t h a t  p o s tu la te d  by Qrertic* (1966) (Chapter IVb). Che ruggestion , 

o r ig in a l ly  p u t fo rw rd  by Rlmlngtcm (1963), holds th a t  tb e  common 

p ro p e rty  o f  porphyrinogen!c substances i s  th e i r  a b i l i t y  to  change l i v e r  

redox s t a t e s .  labbe and h is  co-workers (lebbe , Kurm ncia and Qnisawa, 

196); Kurumed# and le b b e , 1966$ Labbe 1967) have Indeed form ulated a 

p re c is e  hypo thesis  exp la in ing  A IA-synthetase induc tion  as a  r e s u l t  o f 

In c rea se d  in tra a d to c n c ^ d r ia l  HADHy'NAB* r a t io s ,  as described  In 

C hapter IVc.

However, suoh evide? ® aa e x is ts  o f hep a tic  redox s ta t e s  a f t e r  

a d m in is tra tio n  o f porpiiyrinoganic substances i s  c o n f l ic t in g . S la te r  

and Z ieg le r  (1966) d id  not fin d  m a te r ia l changes in  HABHy'HAD r a t io s  

o f  th e  whole H r e r  fo llow ing a w d n is t r a t l a i  o f a v a r ie ty  o f porphyrtnogenie
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substances  to  th e  r a t .  By co n tra s t Gftjdoa and h is  co-worker#

(1966b, 1969) found in c rease s  i a  the  r a t io  o f  reduced to  oxid ized  

oof a c to r  In  th e  l i v e r  o f  ra ta  a f t e r  porphyri nogeni c eubatanees were 

e ^ r in is te re d .

C onsequently , th e  major purpose o f  th i s  s tudy  was to  seek store 

d i r e c t  ev idence in  th e  in t a c t  anim al, aa to  the  r a te  o f reduced oof*eto r 

g en e ra tio n  under th e  in flu en ce  o f  a po ten t porphyrinogen!r substance .

Such an approach i s  p o ss ib le  because o f th e  observation# o f S to l l a r  and 

Kaplan (1961), Gordon m d  B eich lin  (1962) and Gordon (1963) who showed 

th a t  n i co tinbM  d e -C ^  i s  inco rpo ra ted  in to  th e  n icotinam ide-adenine- 

d ira ic le o tid e s . By studying  th e  r a te  o f  inco rp o ra tio n  In  th e se  ec fa c to rs

and t h e i r  reduced p ro d u c ts , a  measure o f  th e  l a t e  o f  reduced co fac to r 

g en e ra tio n  i s  pot -ib le .

In  th e  p re s e n t study two po ten t po rp h rrin o g « iic  drugs have been 

u sed . F i r s t l y ,  hea^chlorobenzene was adm inistered  to  th e  r a b b i t ,  beeauss 

th e  p a t te rn  o f  porphyrin  e x e re tie a  c lo s s ly  resenb les th e  p a t te rn  found 

1= Ww h o t ,  p o n tM * . TW etlwr

w W A d #  (jU *) WAoh « w  « * d n l^ T m d  to  rmbWW, h w mw i  1= M d , — # 

th# p#tt«m  of porMvrln — mtimr f  W il— th* P tW m

fomd in th i  aouth ifrlcmi gnwftlo "f porptyM*.





*• WTBODS AMD M m u u

1.  TmAwMm nf

lo m g  e a le  and tm * U  Albino r ib b i te  (Nav Zealand s t r a in )  

m r a  used  f o r  a l l  experim ents. The ra b b its  were m aintained on a 

s to ck  d ie t  u n t i l  coRBsenceRent o f drug B d R in is tra tian , and w ater

'a d  M b lto is '.

a )  Hejuiehlorobene«ie (technical grade) was obtained f r e e  

B.D.H. (L abora tory  Chemicals D iv is lc n ) . T hexachlorobenzene was 

administered as part of the d iet. J ^ ro x ls u ite ly  0 . hexachlorobensene 

ms thoroughly mixed In  with the stock d ie t ,  moistened, pressed into 

cakes, and dried a t  60° -  70°C. The dried cakes were than powdered 

and approximately 500 g./day fed to  th e  rabbits for 50 -  60 days,

(Be M a tte is , ^ . i ? r  and R ladngtm  1961). Daring th e  hexayhlore^mzeme 

feed in g , th e  r a b b its  ware allowed a m a l l  amount o f greed  food (g re s s , 

C M vets, e t c . ) and w ater ad l ib i tu m '.

b ) *X» (2 - a l l y l - 2 - ie ^ ru p y U c e ta * id e )  was k ind ly  supp lied

es  a g i f t  i r e s  Hoffmann -  te  Roche and Company, The AIA was adm inistered 

by g a s tr ic  In tu b a tio n  in  a dose o f 200 mg./Kg. bodyw igh t p e r  day, fo r  

7 - 1 0  d«fs (Goldberg and Rlsdngton 1962).



i l l  th e  r a b b its  were weighed e t  th e  beginning  and end o f  

in d u c tio n  p e r io d , and u r in e  and e t f o ie  co n tin u a lly  assayed fo r  

porphy rin s  o r  porphyrin  p recu rso rs ,

2  Jh& m au& lon o f  Radioactive Lmhml

m eotlnafld.de (CwrbonyVC14) w ith  * s p e c i f ic  a c t iv i ty  o f  

I06yuc/mg was ob ta ined  from the  Radiochemical C entre , toeraham , England. 

The n leotlnam ide-C 2*  was d isso lv ed  in  0.9% HaCl s o lu tio n , and 0 .5  ml, 

o f  th i s  s o lu tio n  rep re sen tin g  an a c t iv i ty  o f  iOyue was in je c te d  In to  

th e  r a b b its  th rough a vein  in  th e  e a r . The ra b b its  were s a c r i f ic e d  

s t  a p p ro p ria te  tim e in t e r v a l s ,  by in je c t io n  o f  a i r  in to  a vein  i n  th e  

ea r.

3 . E x trac tio n  u f Nicotinam ide N ucleotide* SAD* * NADP*
and SADH2 » (Gordon 1963).

immmAiutmlv a f t e r  dea th , th e  U v e r  was rap id ly  removed and 

p laced  in  l iq u id  n it ro g e n . The whole procedure from death  to  freez in g  

Wok no lo n g e r than  30 seconds.

Two p o rtio n s  o f th e  frozen l i v e r ,  w i l l i n g  # m z h t m m  

taken  fo r  th e  two methods o f  e x tra c tio n .

M P* r n d m f *



Bw  frozen  l i v e r  m s  cu t in to  sm aller p ieces  and homogenized 

6 up end dmm movemmtu o f  t h ,  p e e t le  in  u f u t t u r - C e e e jm  

h—o g m lz T  u i t t  # « * ( ;  U m r )  m  0*C.

Hie sedim ent m e cen trifuged  o f f  in  a re f r ig e ra te d  c e n tr ifh g e , 

m shed  m th  a fu r th e r  10 ml. o f  5* TCA (co ld ) end cen trifu g ed  again .

th e  pooled e u p e m a ta n t'e  mere added to  5 volumes o f  acetone 

a t  -20°C and allow ed to  stand  overnight (12 -  U  hours) a t  -20°C, in  

o rd e r  to  p r e c ip i t a te  th e  nicotinam ide n u c leo tid es .

The re s u l ta n t  p r e c ip i ta te  was c o llec ted  by c e n tr ifu g a t io n , 

washed w ith  2 changes o f  fresh  cold acetone , and d ried  under a stream  

o f  n it ro g e n , in  an le e  ba th . The powder was f in a l ly  washed in  one o r  

two changes o f  co ld  e th e r and again d r ie d  under a stream  o f n itrogen  

in  an ic e  b a th  u n t i l  no sm ell o f  e th e r  remained.

The r e s u lt in g  s l ig h t ly  yellow -w hite powder contained th e  

MAD* and NABP*, and was s to red  in  th e  deep-freeze  in  an atmosphere o f  

n itro g e n  u n t i l  used .

b )  A lkaline  e x trac tio n  o f  MADRg and NADPĤ

The reduced forms were e x trac te d  w ith a l k a l i ,  ox id ized , and 

I s o la te d  as  th e  ox id ised  forms, HAS* and HASP .



f r o z m  l i v e r  was Immersed in  hot 0 .1  M C0^ (Temp 8 (fc )  

f o r  30 -  60 seconds, and then homogenized w ith 6 up and dow  movements, 

o f  th e  p e s t l e ,  in  a P o tte r-E lve rJen  homogwiiser with hot 0 .1  M Hag 00^ 

(5 m l . / # ,  l i v e r ) .

A fte r  homogeni s a tio n , th e  l i v e r  was lariBdi a t e l r  cooled in  

an Ic e  b a th . The sediment was cen trifuged  down, and th e  supernatan t 

removed. The sedim ent was washed with a fu r th e r  10 ml. o f so ld  

NSg C03 0 .1  K Mid the  sediment again cen trifu g ed  down. The combined 

a lk a l i  e x t ra c t  was then Incubated in  th e  dark , a t  room tem perature 

w ith  -

0 .4  v o le , o f  phosphate buffer-TM pH 7 .4  
0 . 0 4  v o la . o f  phenosine m ethosulphate-1 mM 
0 .36  vo la .  d i s t i l l e d  m te r

fo r  20 m inu tes , in  o rder to  o x id ize  the  reduced HAD* and MABP*

( S to l l a r  1960), A fte r incu b a tio n , th e  e x tra c t was added to  0 .2

o f  i t s  volume o f  100* TCA. The p r e c ip i ta te  was cen trifuged  o f f  in

th e  co ld , and th e  supernatan t added to  5 vo le , o f cold (-20°C) acetone

and allow ed to  s tan d  overnight (12 -  14 hours) a t  -20°C. The re s u lt in g

p r e c ip i t a te s  were c o l le c te d  by c e n tr ifu g a t io n , washed with 2 changes

o f  co ld  f r e s h  ace to n e , 1 o r 2 changes o f cold e th e r  and d rie d  under a

stream  o f  n itro g e n  a f t e r  each wash.



»M  renm lting  b u ff -n h lte  ponder contain* th e  ox id ized  M U L 

* * ^ * * 2  end w »  s to re d  In  e deep-freeze In  an atnoaphero o f  n itro g en  

u n t i l  used .

C H P O K A T O Q H a P H I

*• * • 3 m a l i a a ,a t  f a s ls o t id e s  on an Ion exchange Resin

1 )  Preperation o f  Columns (H albert et e l .  1954).

The re s in  used was obtained a s  Bewsx 1 (C h lo rid e ),

*  8 o r  x  10 , 200 -  400 mesh. The extremes o f  f in e  and coarse  p a r t ie le s  

ware removed by sed im en ta tion . In  o rder to  p repare th e  form ate form, 

la rg e  columns o f  th e  r e s in  (5 a t .  x  25 cm.) were washed w ith  3 H sodium 

fo rm ate  u n t i l  no more ch lo rid e  ions were e la te d  o f f .  (C hloride io n s

t a t a d  for in  almta, with # 0 .  aid Idlvmr # l t re te ). »wm the realm

was f r e e  o f  ch lo r id e  io n s , i t  was washed w ith copious volumes o f  w ater.

1 realm oohaai for ehrwmatogrwghg was ag g srtsd 1m a glass 

laka ky a oaatrle ticm  cm ^ ic h  rwated a wad of fibre glams. Iha raala

was poured a s  a th in  aqueous s lu r ry  and packed with low a i r  p ressu re  

lm a mo*er of wnlfxrw glass eohasia, tdth 1 am. arose ssstlam sad 10 am.

Itmg.
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B»for» tt« -, th e  celuim « a  eeehed with 5 to  10 bed v o lieee  

o f  a  m ix tu re  o f  6 « formic a d d  and 1  M aodiua formate (1* l a  form ate 

in  6 1 form ic a d d ) ,  then d t h  e e re ra l  bed rolnmee o f  88* ( y  ») 

form ic a d d ,  and then  d t h  deionized  e a te r ,  u n t i l  th e  e ff lu e n t ea# 

no lo n g e r  a c id ic .  (Thla m ah d t h  concentrated  form ic a d d  rcmorea 

c o n s id e rab le  coloured  m a t e r ia l  from th e  r e s in ,  and reduces th e  u l t r a  

d o l a t  l i g h t  a b s o r p t io n  h a d g r m s i i  o f  t h e  n h r « t a g r m )

A sample (acetone ponder d isso lved  In  c o ld  d i s t i l l e d  e a te r )  

an a  p i t  o n to  tb a  oolnm n a t  th a  r a t a  o f  0 .6  m l. p a r  d m u t a  p a r  a q . ma. 

e r o a a  a e o t lo n  and r in s e d  l a t e  t h e  ooisrm i d t h  a b o u t 1  had s o b m a  o f

d i s t i l  ed H_0a Before chromatography th e  column was u su a lly  washed 

w ith several more volumes of d i s t i l l e d  e lg a s ta t  w ate r, to remove 

l i g h t ly  absorbed compounds.

2) Elution

The elution was c a rr ie d  out in two ws’ s -  G radient 

e lu tio n  and step-wise e lu tio n :

a )  e lu tio n . The apparatus f o r  g rad ien t e lu tio n

c o n s is ts  o f  a re s e rv o ir  ( |  t r e  suc tio n  f la s k ) ,  (§00 ml. Erlenffieyer 

f la s k )  w ith  magnetic s t i r r e r ,  and the  g la ss  tub ing  con tain ing  th e  re s in  

aehami, a l l  jo in  ad by , mall mmsbad T nou  tubing  in  an s l r - t l * t  b f a f .
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A ir n itro g e n  p re ssu re  app lied  to  th e  sid e -an a  o f th e  r e s e rv o ir  was 

used  to  fo rce  th e  concen tra ted  e lu en t through a g la ss  o u t le t  tube 

•A* in to  th e  side-arm  o f  th e  mixing f la s k ,  idtere th e  s o lu tio n  from

th e  m ixing f la s k  was aim lltaneoualjr fo rced  through a g la ss  o u t le t

tu b e  in to  th e  r e s in  column (H urlbert e t  a l .  1954). The re s in  ool<smn 

was p ro te c te d  from being  fo rced  dry by ad d itio n  o f 10 ml. w ate r, which 

a ls o  has th e  e f f e c t  o f  a second ‘mixer*. The so lu tio n  was begun with 

w ater in  th e  mixing f la s k ,  and concentrated  e lu en t in  th e  r e s e rv o ir .

The co n c en tra tio n  o f  th e  e lu en t r is e s  smoothly and asym ptom atically 

approaches th a t  o f th e  re s e rv o ir  so lu tio n . The ra te  o f  flow  e lu e n t, 

through th e  column was reg u la ted  by a i r  p re ssu re  up to  se v e ra l I b e ./ s q .  

i n s .  to  g ive  about 0 .6  ml. o f e lu en t pe r minute p e r  sq . cm. o f  c ro ss - 

s e c t io n  o f  th e  column. The e lu a te  was c o l le c te d  in  5 ml. o f  f r a c t io n s ,

b) S tyn-w iae e lu t io n . This was found to  be a  much qu icker and

n o r .  . 11* 1 .  M U * d . M Bf* m l  MB* «r« . l* tW  # 1 $ .  .  I " * *  

d l f f w i e .  In  K nnm trm ticm  o f  t b .  . l w t « ,  mW U m f o r .  mwhod 

n w d  In  t h .  m j o r l t ,  of

71 ml. o f  0 .1  II MOON .I n tW  o f f  t h .  O n '  f r w  t b .  o o l ^ : .

M id 2.0 M MOON t h .  U D P * .



no. %n

nm m



Xt was found th a t  AMP i s  e lu ted  between HAD' and NABF*, 

when th e  concentration of fomic add reaches about 1.0 M (F ig . H I)

1) P repara tion  o f  Se^pleet The pooled e lu a te # , 

corresponoing  to  th i recpiired n u c leo tid e  were sub jec ted  to  b o ilin g  

under reduced p re s su re  a t  37°C -  40°C to  get r id  o f  th e  f o n d c  a d d .  

This p rocess was c a rr ie d  o u t. u n t i l  th e  odour o f  fo ra ie  ac id  fumes 

were n o t longe r d e te c ta b le . The samples were re -d isso lv e d  In 

d i s t i l l e d  w ater and i f  formic a d d  s t i l l  d e tec te d  b d le n  aga in . When 

th e  form ic a d d  was no longer d e te c ta b le , th e  samples were f re u s e  

d r ie d  and again d isso lv ed  in  a minimum o f  distilled w ater. The eaagilei

were than spotted  onto %hatr- Mo. 1 chrnnatograpay paper. 0 ,06  ml.

(6 0 y u l.) were sp o tte d  on with a  S ah ll adans 20yal. haemoglobin p ip e t te ,  

and d r ie d  under a stream  o f air.

2) Development of Ghroaatogrrmi The chromatogrems were 

developed by ascending chromatography in one d ire c tio n  for 8 - 1 0

iiours w ith th e  fo llow ing so lve .t Smith i960).



m. HI

Is o -b u ty r ic  a d d 100 125
Water 55.8 m .7
Ammonia 4 .2 5.25
0 .1*  (27 g . / l )  E.D.T.A. 1 .6 2 .0

161.6 201.95

A fte r  8 -  20 hours th e  chromatograms were allowed to  dry  

i n  a i r ,  and w e re  studied for nicotinamide nucleotide#  under  DV 

l i g h 1 254 au wavelength.

R A D I O A C T I V g A 8 8 A I

Six sp o ts  were run o f  th e  asm# nucleo tid e , each w ith  0,06  # 1 .  

o f  t h e  wample s p o t t e d  o n . Three o f  the spo ts  were cu t mi. o f  th e  

p^per as d is c s  w ith  a mime U cork b o re r  en d  th e  n u c leo tid e  e l a t e d  

o f f  t h e  paper w ith 0.01  M HC1, T heee were read in d iv id u a lly  a t  

2b0 eu in  * Oni S .P . 600 spectrophotom eter m d  th e  absorbance



90.

measured. Tha q u an tity  p resen t was estim ated  u s in g  an e x tin c tio n  

« f  j . . ;  *  U " *  m f / W .  t  ^ 0  « ,  ( M

C irc u la r  OR -  10 (1956)), the  average o f  th e  th re e  readings was 

taken  as th e  n u c leo tid e  ccm centration on th e  remaining th re e  dttses 

idtlch were used  fo r  rad io  a c tiv e  assays.

The ra d io a c t iv i ty  of th e  th re e  rem aining spo ts  in  each ease 

was determ ined in d iv id u a l ly  and th e  mean a c t iv i ty  ca lcu la te d . the  

paper d is c s  were d rie d  in  an w en  a t  feĈ C and p laced  on th e  bottom o f  

stan d a rd  Packard v ia ls .  F ifte en  ml. o f a standard  phosphor ( 5  gas, FtO 

and 300 mg. POPOP made up to  1 l i t r e  w ith a n a ly t ic a l  grade to lu e n e )  were 

added and th e  d isc s  were then counted in  a Packard T ricarb  l iq u id  

s c i n t i l l a t i o n  counter ( s e r ie s  3 0 0 0 1  (benching was foimd to  be constan t 

th r o u g h o u t  t h e  range o f q u a n tit ie s  o f  n icotinam ide nu c leo tid es  counted, 

he mean a c t iv i ty  o f  th e se  samples was ta k e n  as th e  a c t iv i ty  in  co u n ts / 

a in u te / 5 0  mu moles fo r  th a t  tim e in te rv a l .

5. E q u ilib ra tio n  .of

Porphyria  was induced in  th re e  ra b b i ts ,  as a lready  described . 

Three normal r a b b its  and th re e  porphyrie ra b b its  were in je c te d  with 

0 . 5  m l. o f  n ic o t in e  ide-CU  ( 1 0 me) in  normal s a lin e  and then e a c r if ie e d  

a f t e r  20 m inu tes. The l iv e r s  were ra p id ly  removed and washed in  1*#- 

oold 0.25 M sucrose . Weighed a liq u o ts  were homogenised in  f re s h  ie* r



co ld  0.25  M sucrose . A ll subeeoum t s tep  were c a rr ie d  out a t  0°0.

A f te r  a  p re lim in ary  10 minute c e n tr ifu g a l 'o n  a t  700 x  g. th e  sep er- 

a a ta n t  s o lu tio n  was ce n trifuged  a t  6000 x g . fo r  iO edm itw . Tha 

su p e rn a tan t from th i s  ce n tr ifu g a tio n  i s  re fe rre d  to  as th e  cytqplaM de 

f r a c t io n ,  and th e  p e l le t  as th e  m itochondrial f r a c t io n .  The NAD* oi 

each f r a c t io n  was ex tra c te d , I s o la te d , and i t s  speed n c  a c t iv i ty  

determ ined as described  in  th e  te x t .

If r t...im tlo _ c iL ji^c M _ to ..o x id iied  m e la o t id M  l n  th e  i l v e r  M . r a t t

m o le o tid e s  were determined in  th e  l i v e r s  o f  normal r a t s  of th e  I f is ta r

r a t io s  were determined a t various tim e in te rv a ls  by th e  methods 

d esc rib ed , except th a t  only one sm all po rtio n  o f  l i v e r  was used per 

e x tra c tio n .

The r a t i o  o f  th e  s p e c if ic  a c t i v i t i e s  o f  reduced to  oxLdtevd

s t r a i n  a f t e r  i n t  rape r l  too  e e l in je c t io n  o f n io o tin sm id e -C ^ . The

(BAPTITATIV: EBTIMATIQM OF K A T IC  
micoriMAMiDK m x a g o n rn a

o f  IL (1% 3)

1) . in *  »inP* -  IkW rim l.

h M h lc r io  («C1 0 ^) -  I h t w i . l .  0.& M ml. KIO^ 

( » .  1 .67 ) A lm tW  to  ICO ml. m i*  .l#m ^ #» - W -



B ipo taaa iua  hydrogen pho^jhet*  (K^ HPO^) -  1  M. 17.4 g.

K2HP°4 d isso lv ed  In  d i s t i l l e d  e lg a s ta t  water end made up to  100 ml.

Ib ta ss im a  hydrcad.de (*0B) - 3 M.

Methods

A fte r  s e c r i f l o e ,  th e  l i v e r  was ramoved end im m ediately, 

'q u ic k - froseai* fey p la c in g  in to  i id  n itro g e n . In  th e  fresco  

s t a t e  th e  l i v e r s  were p laced  in  a m ortar, con ta in ing  li<*tid d t r o ^ o  

and ground to  a f in e  powder. The ox id ised  n u c leo tid e  in  th i s  f in e  

powder was e x tra c te d  as fo llow s?-

A stoppered  ce n tr ifu g e  tube con tain ing  2 ml. o f  N re h lo r le  

a c id  (0 .6  M) %ms weighed, and to  th i s  was added approxim ately 0 .B gms, 

o f  fro san  l i v e r  powder. The tube was then re-w eighed and th e  r a t io  

o f  a d d  to  t i s s u e  ad ju sted  to  5«1 (approx. 4 ml. a d d ) .  The stoppered  

c e n tr ifu g e  tube was then shakes vigouroualy in  o rd er to  e x tra c t the  

n ic o tinam ide  n u c leo tid es .

This was then cen trifu g ed  fo r  5 d n a .  a t  3000-5000 xg. and 

2 ml. o f  su p ern a tan t removed and p laced  in  a c lean  een ti ifUge babe.

To th i s  s u p e m a tn a t, which i s  cor led  on ic e ,  0.2 ml. o f 1 M. 

m s  f i r s t  added, and then + 1 27 m3 "  K<M (per 4 ml. HCIO^) tu i t i l



th a  pH r@aci.ad 7 . a -  7 .4 . W i le  th e  a lk a l i  waa being  added, th e  

tube  "a s  shaken vigouroualy to  prevent any lo c a l concen tra tion  of 

mlkmli W ish may deurture the oaldiaed nucleotides.

The «C104 m a  oe itrifU ged  down, and th e  c le a r  supernatan t 

u sed  f o r  a n a ly s is .

: )  W M , and HAD ML, -  W te rla le

A lcoholic  ECH - (0 .5  N) 2 .8  gas. KCH d isso lved  in  a mixture 

o f equal parte  by volume of ethanol (aha .) and d is t i l le d  e lg a sta t eedaa I 

nado up to  100 ml. w ith th i s  m ixture. Tileth.noia-nine -H el -  Phosphate 

(O .;  M Triethsnolamlne, 0 .4  M n^PO  , 0 .1  9 . )  g. trietbenelaedna

hyita-oehiorlde, 5.4A g .  BgPO , and 1 .74  g. IggPO ) dlaaolead In  d le tg llad  

e lg a sta t water, and Bade up to 100 ml.

A stoppered ce n tr ifu g e  tube  contadnirg a ml of a lc o h o lic  ~

MB was oai#»ad, saw to this was added sppwowinetely 0.1 g. froem 

liver powder. The tube was quickly st^pered, re-imigbed and the 

setlo  of alkali - tisane adjusted to #prcainately i l l  (appros. 4 *1. - 

MB). The tube ms ahakm vigorcealy (vortm etdrrer) fbr a fw  

aaocnda, so that tha alochollc Ml covered a ll  parte ef the oantrifbge 

Ww. The alooholic M* deataoye a ll  the IMane the# preventing



deoeeqpoeition o f  a f t e r  n e a tra l lM tio n .  The t i g h t 3 7  etoppered

W># w  then  h#at#d fo r  60 eeoondm In  » 7 ( fC *mt#r b a la  end 

v i g o u r o u s 17  a h s k e h  e g a l m  T h e  e x tre e t w m  then c o o l e d  b y  p l a c i n g  

In  an ie # -b # tb  end n e n tre lle e d  tc  epproadmetely 7.8 * ltb  trle them o- 

le n lo e  -HC1 - p h o s p h a t e  ( a m o u n t  ca lcu la ted  b e f o r e  h a n d  -  approx.

+ 0.5 ml. per ml. ol estreat). The trlethenolenine-HCl pbeepbete 

me# added very elomly with vigorom# ehmking to prevent local ocn- 

oentratlon, and denaturing of reduced nucleotldee. The mtraot em# 

a l l o w e d  to  a tend for 2 0  w i n s ,  at room tem perature t o  o b t a i n  f lo c c u la tio n  

of the denatured protein. The extract wee then centrifhged at 20,000 - 

60,000 g. for 10 mine, end the almoet clear mpematant need fbr enalyeie. 

In order to prevent auto-oxidation the eolation aaa flushed ae often ee 

poeelble with nitrogen end tightly aealed.

B. Color*metrjg  of MicpUm—id .  "gnlnTillW
Method of S la te r and Samyer (1962).

M a te r ia ls :

1. Ph—n . l n .  -  1 m # /W . f fM h lf  pM *.rW

end kept in dark.

M nalomnh-ae ' .o la tiim  -  3 :  m *./aC 0 ml.

D ilated 10 x with ea te r before w e .

3 . Buffmr -  0 .1  M pH 7 .4 .

4. Trl. R ilfK  - P« *"1 *"



*. -  » « i. « * it  0 . 1  m ( c w im w  f w

a # *  (& = . 0 * . ,  a .  i d , ,  w , . ,  D .a .* . ; .

6 . A.m.

7 . t n n n m .^ k - r k « - ^ . . .  .  i  , * v b l .  1 ,  M

™ ™ 1"  " d p W t,  dm tiom  pg 6 .0  «6W w d  f rm  C .f. B W «in«K - 

O M lm ,, N #m lW , (Owmrnqy).

m. Akmbsi-dAzAamKAmm -  30 i ,  z.A  m

p# m.o 06d w d  from C .f . m o d in g m -m d m e , Nm dAm  

(Oormmij).

1 )  m *

Kohlorophmol Indophmwl a . 5 ml.
A m om ln# M#tho#mlphmt# 0.05 ml.
Rioephate b u ffe r 0 ,5  ml.
Ab#oiut# ethmol 0 ,1  ml.

Aetd eact.'mot f /  ,.t#d  i .5 ) 0 .1  ml.

f o l l o w i n g  reeg# ; s  were wised in a  1  can s i l l a s  suvette

md th , d u g ,  i ,  mtlJMtim «* 600 % folia,#! »#»1 d  a d l l ^  

m W r ,  m t i l  o , n r m i „ ^ l n .  m ,  m , 1 1  « m d  M w t m t .



0.0; ml. Al***l W rtepum w  «W thmo WOW to mm* mmll, 

mi«m Md th , Ohm# U, Mtlmmtlm b m t ^  th i .  « U  md mmthm. 

dichlerophmol imd^hmml m il mmmrmd mt 10 m  20 mm. imtmnml* 

lm m dmimm ^mtrm phm tom ^. Th. dlffmrmm 1. pmportlmml to 

tho mmmt o f  Mo* pr w m t in th* mold mmtrmmt.

U )  MBf*

Diohlorophenol indophenol 2.5 ml.
Phenosine methoaulphafce 0.05 ml.
T rie  b u ffe r 0 .5 ml.
Gluccs e - 6 -phosphate 0 . 1 ml.
A dd  e x tra c t (u nd ilu ted ) 0 . 2 ml.

1. The fo llow ing in g re d ien ts  were mixed in  a 1 c o b  s i l i c a  c e l l

and th e  chan jc in  e x tin c tio n  followed a t  600 au ag rin e t d i s t i l l e d  

w ater u n t i l  decreeee/inln. was sm all and co n s ta n t,

2 . 0 ,05  Glucose-• 6 -phoephate dehydrogenase was added to  one c e l l ,

mixedj and th e  change, in  e x tin c tio n  between th i s  c e l l  and ano ther 

d ich io ropheno l indophw ioi c e l l  measured a t  1 0  -  2 0  win, in te rv a ls  in

a  Unicam spectrophotom eter.

i l l ,  NADH2  -  HJU)Pti2

The eetlmationa o f re c c e d  di and t^phoephopyrlaine 

mmmlmotidmm in  thm mlhmllmm mtrmot wrm cmrrimd m t mmimg thm mmmm 

mmmditiiiom m. for  #10* md #tDf* rmmpmmtiMly. K th  thm mlhmllmm



e x t r a c t  however, a la rg e r  period  o f  e q u ilib ra tio n  was req u ired  b efo re  

adding the s p e c i f ic  enaymes to allow  th e  reduced n u c leo tid e  to  be 

o x id ized  by phenazine m ethosulphate. Thus, i s  th e  a lk a lin e  e x tra c ts  

co n ta in in g  KADĤ  and NADPHg, the  reduced forma were converted non- 

e n a jw a iie ttl ly  to  HAS* and HADP*. The Bmminta o f  NAD* and NABP* were 

th e n  measured by adding ADH and tw irc h m fe rae n t re s p e c tiv e ly .



a  m 5  u L T ,



1* Ifldtectlon oX.Porptarrin S i o s i m t h e a i s

a) Th# imdp tlom of p of|*'fri# by

h#*moh loroh#i##o# mdmlolotrmtlor ## iotmilod lm tb# t##* m #  mot

su c c e s s fu l. Fro* a s e r ie s  o f 4 8  r a b c i ta ,  only one excreted la rg e  

ammmt# o f  porphyrin# in  th# urln# and sto o l# , a f ts r  #1% *##k# o f  

drug a # lA l# tr a tio n . The majority o f  th# remaining rabbit# dl#d 

bafor# #1% week#, showing neurological sy stem # , or from 

In fe c tio n , poemlbly due to  dec reamed reeimtanee to  th# organism 

caused by th e  drug. The condition o f th e  porphyrie  rabbit ar,i 

porohyrin  exc re ted  are  shc^n in  Fig. X. After 50 day# o f heata- 

ohlorobmn:«n# ed a ln istra tio n , th# rabbit showed 5̂% lo ss  o f  mslgW, 

urn# Ymry weak, and ahowed h y p eraxd tab illty  and a l* a  o f  tem lm al 

paralymla. Urinary PM warn ralaed, and amtramely large ammmata 

o f  uropoxphyrin and cfproporpbyrlr %f#r# found. Paeoal Oopro- #a*d 

Pro t ope rphy'dna ear# only moderately raised.

p o rphy ria  was very euecaeafsl using A1A, and n ea rly  100# in<toetion 

man obtained. Ae meulta of a t.p ioal IwWstlm parisd are sbem 

in Pig, (XI)« The rabbits receiving AU shewed lose.

b )
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b u t remained r e l a t i v e l y  a l e r t  and hea lth y  throughout th e  drug co-^ree. 

Ccn5r%orphyrln appeared in  the  u r in e  cm th e  2nd ^ day reached 

a  peak o f  around icX5 aq g /lltre  on th e  8 th  day, m ainta in ing  th la  le v e l 

u n t i l  d*t g  attid n l a t  r a t i  on teased  o r  th e  animal was s a c r i f ic e d .

U rinary  PBQ and uroporphyrin appearea in  th e  u r in e  on the 5 th  o r  6th 

day m i  in c reased  enormously by th e  9 th  o r 10th day vh m  th e  animal 

was s a c r i f i c e d .

2 . In co rp o ra tio n  o f N lcotlnaadde-C1̂  in to  H epatic HAD*, HADĤ ,

NADP* and HADPH  ̂ of logmal and AIA-indaced Porptqrric Rabbit#

A fte r  In je c tio n  o f  10 c f  nicotinam ide-C 1^  in trav en o u sly , 

the  s p e c i f ic  a c t iv i ty  o f the hepatic MAC* c f  normal r.-bb ite  inc reased  

p ro g re s s iv e ly  w ith  tim e u n t i l  15 m inutes, i d l e th e  in c o rp o ra tio n  of 

th e  lab el reached a maximum le v e l and than f e l l  s l ig h t ly  by 25 minutes 

( l i g .  X I I I j .  At each tim e p e rio d , the  s p e c if ic  a c t iv i ty  o f  th e  HADP* 

am# ocmalderably leaa than that o f  NAD*, Indicating th# r e la t iv e ly  

alow rate  o f  # < * 1  librium o f  NADP* with NAD*, in  agreemmt with the 

date md finding# o f  Gordon (1963), and S to lla r  and Kaplan (1961). In 

contrast to  Gordon (1963), who found that the in crease in  incorporation  

o f  n lo o tin m ld e -C ^  in to  NADP* did not vary a lg a if lu e n tly  between 2 .5  

md 2 0  m inutes, we found a sm all t * t  progressive Increase a t b  time
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IKE RA1E OF MCORBO*A?ION OF mCOTWOMOE - C K  M M  HEmmC 
MAC O  AND NAOF #  OF NORMAl NA8#IT# T*€ HEIGHT OF EACH #*R 
REMTESEN1S  3 RABBITS, EACH ESTIMATED M T%FUCATE % STD ERROR
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FIG. IT

KCpKPONAnON OF WCOW
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HEPATIC NADH 
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THE RATE OF INCORPORATION OF NICOTINAMIDE -C M  M O  
HEPATIC NADH 8  AND NADPM 8  OF NORMAL RABBITS 
THE HEIGHT OF EACH BAR REPRESENTS S RABBITS EACH 

J N  TRIPLICATE i  STD ERROR



in  npnnifio m ntivi'y  o f  Ik* in o o ^ o r t lo n  in  n iooW nm W *-^*

in to  Iwpntio MD* v*d MOD* o f  iIA-in6mo*d poifkyrio r*Dbit* M lm W  

*  p nttw n  MML.. to  t h * ' * * «  in  normal wimmln ( f ig .  n f ) .  Th* 

inoorpormtiJT o f  th* l« 0 * l m th  t in * , in to  th* r * t* * d  mlootlnmmia*

A deline d im -n leo tides o f  both  groups o f s n ls a la  follow ed a p a t te rn  

n in ila r  to  th a t o f  thm onidie*d MD* ( f ig * , n  * X fl) nxaept th nt * t

a l l  tin *  in te r v a l s  the s p e c i f ic  a c t iv i ty  was lam* than that o f  th e  

ox id ised  NAD*. In c o n tra s t  however th e  in c o rpo ra tion  o f th e  la b e l 

In to  reduced NADP* in c reased  q u ite  considerab ly  in  tim e in  both groups 

o f  anim als as compared to  th e  oxieti sed forms (F ig s , XV & XVI),

3. Th* ratio of th , specific ao tle ltf of MDK/MD* md MDMiyMDf*

of earlou* " f — - r — intrnMnml* .W nem ^teao of m^tm«nddn. 
^  1 -V  lTl-1'whcad nornhnla raMlit*

Th* r a t i o  o f  th* s p e c i f i c  a c t iv ity  o f  KUX^UD* in  ncm nl 

r*hhit* i n o r w s d  w itL  t in *  from «ppro%imnt*ly 0.21 at 2 . )  mlunt** to  

0.32  a t  i  ninntea to  0 .60  » t ? ; ninnt** a fte r  in jcc tin a  o f  nim otlnW d*

( f ig .  M i l ) .  By o o n trw t, in  porphfrl* rabbit* th* rnte o f  generation  

o f  BiDDg an* s ig n if ic a n t ly  greater, th e ra tio  o f  th* apeoif i*  a c t im ty  

o f  ggDMVMD* being approainately 0.8B at 2 .3  agnate* and 0.B ) a t  3 

agnate* a fte r  in jec tio n  o f  n iootlnanlda C** ( f ig .  a  t i l l )  (a t  2 .3  niiaatca 

f  *  0.01  and 3 nlnatea f  <  0.001 ).
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THE RATE OF IgEOfiPOItATiON OP NICOTINAMIDE -  C *  INTO 
HEPATIC NADM 8  AMD NADFH O  OF A1A INDUCED POWWWC 
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110.

THE E0UU8RAH0N OF NKOTINAMOE OWUClEOTlOe* ## UVEM OF
NORMAL AND PORPHYRiC RABBITS

.he livers were removed and frozen B minutes after adm irastr*K ^ of 
nicotinam ide-C4,The values represent the mean each
e s tim a te  in tr^ ic a te ,  1Std. erro r

CONDITION OF 
RABBITS

SPECIFIC ACTIVITY w t o
NAD NADP NADH WAOM* HMD

NmKm.
NORMAL

CONTROL m m nn% 2616 &mm

AIA-INDUCED
T O PH Y R JA

m m 23$ 6 imm •**# D 8B $00?

MEXACMLOmO- 
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EqwillbmUon of inko- and wlromilodiondhul NAD In Ihmr# 1/  mufmul 
and *1* pofphyrk rabbNi
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The ra te  o f  g ena rs tion  of WADML from NADP* in  m m & l 

r a b b i ts  w s  mere than th a t  o f NADĤ  i'/ob NAD*, as In d ic a ted  by

tho  h ig h e r r a t . os o f  the  s p e c i f ic  a c t iv i ty  o f  HADPHyNAPP* a t  a l l  time# 

up to  20 minuter) (M g, XVII). In  th e  por, ^v ric  r a b b i ts  th e  genera tion  

c f  NCMlg w a  again  more rap id  than th a t  o f #*D*L, and fu rth e m o re  th e  

g en e ra tio n  o f  NADMIg m s  a ig n if ic n a t ly  h ighe r than in  nonaal ra b b its  

(F ig . XVIII) ( a t  2 .5  minutes P * 0.001 end a t  5 idnu tea  P <  0 .001 ).

In  oontrasit to  th e  rap id  r a te  o f genera tion  o f  HAKPHg f r m

NADP in  normal ra b b it# , th e  r a te  o f  genera tion  o f  NADPHg in  n o m a l r a te  

waa much s low er, being even slow er than th e  r a te  o f  genera tion  o f  MAMt, 

roa  NAD* in  th e se  r a t s  (F ig . X U ). The l a t t e r  f in d in g  i s  i s  aeoo. d 

w ith  the  data o f Gordon (1963) in  normal r a t s .

4 • Tb# eailllb rm tlcn  .of aieotlnam iie diimcleotidee i a  tha  l iv e r

Five minutes a fv e r a d m in is tra tio n  o f  n ic o tin s # id e -C ^  nonaal 

ra b b ite  th e  r a t io  o f  s p e c if ic  a o t i r i t i e a  W 'Hy/^AD* wee 0 , 3 0  ♦ 0 ,04  and 

that of MADPH/̂ ADP 0.96 * 0.CT7. B%r ow/rw t th# rmtdo of the «pe#lfl#

a c t iv i t i e s  o f #AD*/kAD and HADPH/NADP were s ig n if ic a j i t ly  in c reased  in  th e  

l i v e r  o f th e  r a b b i t  made porphyric with hexaohlorobw sene (Table 3 ) .  This

ta b le  a ls o  shows the  r a t io s  obta ined  in  th e  AIA~induced porphyric  aoimml.' 

f o r  conparison .



Of 1 s tr tn i to e h oM jrla 1 a a i  extgaBiitcohgRdrlal
.MP I n  l iv e r a

Twenty idnu tea  a f t e r  in je c t io n  o f  n ico tinandde-C '^  In  two

normal and two porphyric r a b b i ts ,  th e  s p e c if ic  a c t iv i ty  of m itochondrial

Indicating a fa irly  rapid rata of aqoilibration batwaan th , t*o oo*

partm en ts. These fin d in g s  a re  in  c o n tra s t to  t.x>s«i o b t^ ie d  in  r a ta  

by Gordon (1963), who found th a t  th e  e p e c if ic  a c t iv i ty  o f mitodboodr?,al

■dnutes a f t e r  in je c t io n  o f th e  la b e l.

6 . & a n t i t a t iv  —tim atlon Of nrrid lnm a c la o t ld . .  $n

can be seen , th a t AlA produces s  s ig n if ic a n t change In SUB* and 

under th e  conditions used, w ith a markad tren d  towards Increased  

reducing  p o te n t ia l  (P<0.001 fo r  both NAD* and NADĤ )• The r a t io  o f  

HaMI, in c re a se s  from 0.279 + 0.095 in  th e  normal r a b b i t ,  to  O.4 G5  * 0.042 

in  the porphyric rabbit repreaenting an incraaaa of 45% (PK0 . 001).

The sum o f  NAB* ♦ NADĤ  decreases to  t  sm all but no t h ighly  s ig n if ic a n t 

dagrae in tha porphyric rabbit. AIA alao produoaa a small ohanga in 

NADP* and a s ig n if i c a n t  in c re a se  in  NADPĤ  (P*0.02 fo r  NADP end 

P<0.001 fo r  NADPHg). The 'a t i o  o f NADfĤ  to  NADP* in c reases  f r m

1 1 .0 5  + 1 .9 4  in tha nrm al rabbit to 20.31 * l.@3 in %ha porphyria 

r a b b i t , re p re sen tin g  an in c rea se  o f  83 .#$ (P4® 0 .0 0 1 ) . The t o t a l

SAD* m s  a lm ost equal to  th a t  o f  ex t re a l toohond ria l HAD* (Table 4 )

KaD w s  a l i t t l e  over one third  of th a t  o f ex tram itochandria l MAD 20

The re s u l t s  o f th i s  study are summarised in Table 5. I t
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oxidised and reduced raicleottdea ( i .e . NAD* * NADP* * SADBL, * 

doe# not ohmg# (P<0.5). Of p«rh^# N rthor int#r##t, 1# thml Uw 

r a t i o  o f  NADHg ♦ SADPĤ  to NAL* * NADP* increases from 0.547 in thr normal 

ra to it, to 0.836 i n  the porphyric rabbit. The on!/ previously published 

figure# a# to the ratio  of NADM to MAD* In rabbit 11 w. , are tho#e of 

Jmdelkin and Weinhruae (19)5). Theme eorkere obtained lower *»aetl%e*le# 

mounta of oxldiaed WD* than thoee obtained in the preeant  atady, eo# 

oon#e<#*ent]y a higher MADH. to NAD ratio , bnt e t i l l  not a# hl^* a# the## 

obtained with porph/rio rabbit# In the preeamt atudy (Table 5). A 

poeeible explenation for theee difference# i# the m#e cf different 

teehnlqiee and experimenta l  aonditlona.

7 . The oeloulatlon of 'tumorer time#' o f NABe, in the lieere

Of nonmal and AIA-.r,,*:c« 21: ITElG M hw y  

yrom the equilibration data (fig* . ITT & ITU ), It be

poeelble to cmloulmte ' turnover time#' for NAKg In the liver  em^m of 

g*n%al and porphyrio rabbita, providing tne following #aa;^tlm K . 

according to Oordon (1961) can be mode.

1) The rate of labelling of nicotinamide aucleutlda* m*& not 

be Umltod by the ep ed fic  ac tiv ity  o f th# ocmroe. In 

the preem t experiment# the ep ed fic  activity o f the meotlammMe-C** 

3.96 % 10^ c.p .m ./*) #* Mol##, #hlch greetly «ooa#e that of 

the mootinemide nucleotide# r.t a l l  time intorvol#.
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l i )  a ,  of of th* miooWamAde

m d e o t ld e s  should no t change during  th* coura* of th e  experliM it. 

Gordon (1963) h »  dm ontrA od no dotoeWM# «h«#» 1m

MB* ""d NADP* a f t e r  in je c t io n  o f  0 .5  eg of nlcot<n«mtde to  t# e

r e t .  In  th e  p re sen t experim ents th e  o rder o f  0 .1  mg o f  n ioo-

MmWile i« injooted Into tho me# l f | « r  md 1% 1«

th e re fo re  fe l t  h i g h l y  u n lik e ly  t h a t  m y change i n  h ep a tic  MAD 

and NADP t a k e s  p la ce ,

i l l )  The ImwiMat# proooroor molooele MD-0^ ebomld b# dlmtMhated

wnifoimlf in a haeogenou* eoeparbemA Wwre hjdiogeo %m«#fer

betweei oxidized and reduced n ico'.inenide nucleotide occu rs . In  

th# prwent et#dy rapid eqalllbrlmm m# fiwmd to tak# plaoe hatmmm 

mito&iondrlal and oytcplaanio lltho*^: 1* mot peeeihla

to  laolata amfflolent MON. to meaawe tho ImtremdtoahemdMml mt* 

of generation I t  i« reeanrahl* to n f  n# that I f  aitnekmngrlel 

panw ablllty barTiara to MB* are mal l  In tha MhWt, th# aa«« 

w ill be trae of th# radeoad oofaotor (Tabl# *).

1*) A# rat# of low  of C* from my of th# nlooUnmid# #nole#tWa« 

ahomld ba nagllglbla relative to th# mwhan## b a t* *  W dlw d md 

iiorraaprndlng radara< fonee, Th* data indlaata tha fat# *f
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-T T m lM , o f MD+-C* t«  m*DP-C^ 1 , ,1m, to  W* M t,

o f w w n l a ,  of to  M D ^-C ^  (Mg. n n ) .  I f  w orn

w e r e  a p p r e c i a b l e  b re a k d o w n  o t  t h e  l a b e l l e d  B i c o t i r i a m l d e  m i e l e o t i d e s ,  

«xereti«»i o f  t h e  l a b e l  i n  t h e  u r i n e  m i g h t  b e  expected. S ince I n  

t h e  p re s e n t s t m #  n o n e  o f  t h e  l a b e l  w as  d e t e c t W  i n  th e  u r i n e  o f  

e i t h e r  n o roa l o r  porphyric rabb i t a ,  a f t e r  m e  hour i t  e w  

«nlik#ly that there *aa mlgpiflomt lo## of C^-lmb#U«d nlnirllnml## 

moleotld## In the f l r e t  25 mlxxutee.

Z H verem it, te ts rsw rn  and F is h ie r  (1943) hare derived  th e

sp ecific  a c t i v i t y  o f  P r e c u r s o r

f o r  t h e  s i t u a t i o n  e h e i  t h r  s p e c i f i c  a c t iv i ty  o f  th e  i s m e d i a t e  preettrsor 

v a r i e s  l i n e a r l y  w ith t i m e .  A p l o t  of t h e  ratio  of r e c c e d  to  oxidised  

niootlnsedde rmolootide# Wddi reprweot# the r«tlo of th# mpodfle 

a c t iv i t y  o f  t h e  product to  ih a t  o f  th e  p recu rso r, i s  seen in  H g s .  X 7 1 I 

& I V III . F o r  e a c h  e x p e r i m e n t a l l y  d e t e r m i n e d  r a t io  n m a y  h e  c a l c u l a t e d  

from t  ho above equa tion . I f  n  i s  known for t h e  r a t io  a t  each t i m e  

I n te r v a l ,  t ,  then t h e  ' tu rnover tim e ' can b e  ca lcu la ted  Jhrcm 

t h .  t  ^  .  m .t).

I f  «m. « irt<  out t h .  rmtio w t l t n u i l y  h r  miwi#wd wlmw

o f n , mm M pow otl#! oorv. w y  t h #  b .  p lo t tw ,  (Rg< 1%) f r *  lAio#

t h .  o f n f t r  t h .  m porlm m W lf d ^ m l n ^  m tlo .  k .



fh #  c a lc u la te d  average ' tu rnover tim e ' f o r  HAHĤ  in  th e  l iv e r  

o f  n t r a a l  r a b b its  In  te e  preew it s tudy  i s  5-82 * 0.566 e lm te e .  In  

th e  AIA~indkieed po rphy ric  rmbblt l i v e r  however, em average ' tu rn o v e r ties*  

cannot be worked o u t fo r  th e  reason th a t  by 2 .5  m inutes equ ilib rium  had 

a lread y  been e s ta b lis h e d  i . e .  we d id  n o t and could n o t make th e  observation  

e a r ly  enough to  o b ta in  a range o f  tu rnove r t im e s '.  Therefore In  t i l l s  

in s ta n c e  ' tu rnover tim e ' has been c a lcu la ted  a t  2 .5  m inutes. This 

r e s u l t  i s  0.2'i m inu tes, b u t b e ;rin g  in  mind th e  con sid e ra tio n  th a t  

equ ilib riu m  has a lread y  been reached, i t  would seem more c o rrec t t e  

re p o r t th e  r e s u l t s  as  «  0.27 minute*.

#. Th. rm tl. of th .  o f md

T h. rm tlo . o f  th»  o f

o f  n o n m l m d  p o n * * r l«  rmbbit# w p w d  w r y  fm<M*mhly the##

« b W a .d  by Oordon (196?) in  t h .  l i w  o f momml f t # .  # * # .« # ,  th#  

m t io #  o f  th#  #p#«in<: w t l v l t y  . f  WDMIg/IUDP* l a  th #  i l w r  # f  # # m # l 

p o rp ly T i. rn b h it#  # # r . In  « lr« e t o m t r * t  t#  th### p » « l« « # ly  chW mW  

In  m oa»1 rm t. (Oordon 1963). 1= o rd# r t h *  t*  e h # *  th#  pn m m t —» e # i

mod th#  #iq). r lm#n4a  w r#  r#p##tW  In  ##*##! r# t# . Th# M mM #

(F ig . I H )  e c n f lm  O ordon '. p r# r l« i#  f in d in g  o f  * l««mr 

r a t i o  in  normal r a t e .
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b ) A u r a l

Tht eiq>erlRental approadi in  th e  p re sen t study i s  based on th e  

aaeamption th a t  th e  fo llow ing reao tlo n s  and e q u i l ib r ia  a re  v a l id .

S lco tin am ld e-^G  — -  » W D *-^C  *  NADH-^C

MADP*-U C

fUssults o b ta ined  in  th e  c o n tro l ra b b its  a re  e n t ir e ly  o o cs ie ten t w ltb  to e  

above schemes as f a r  as th e  Inco rpo ra tion  o f  r a d io a c tiv ity  from n icotiiw aiide 

in to  th e  o x id ise d  co fac to rs  a re  concerned ( f ig .  H U ) .  f l r t b e m e r e ,  aa i a  

U « * r fn m  f i g .  XYH, #*D* ^ u i l i b m t w  In  t im i «iWi M M , im thm t th#  

m t l*  o f  t h .  m o t lv l t i .#  *rm dw l]y  oM IlM t

%h* r a t i o  o f  «p«« lflo  a o t l f l t l i i #  o f T o .# #  a n i ty  a f t « r  10

a i a a t *  Thl» f ln d la #  1« o la a r ly  ImeoaalaW nt id th  M a r

la b o U ia #  to  MOP* o a fa q w rn tl j  a l t*  km a#

th #  r# # a l t#  In  th#  p ro w n t i t # #  on th*  ra t#  # f  # ia ira * l« a  o f  MB*** 

fn m  M M * do n o t In d la a t*  th*  f a U  p i t a r # ,  m *  "»  ##«" t#  W, m— aM a# 

ta o  d l f f w a n t  tW n #  In  wW WBMg w n w a tlo a .
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b j NADĤ  Qetieratlort

Such evidence as e x is ts  on h ep a tic  redox s ta te s  a f t e r  a d a d n is tra tio n  

o f  a porphyrinogen!c substance a re  c o n f l ic t in g . A iiueber o f  w crken  

have measured to t a l  SAD* and NADĤ  le v e ls  in  r a t  a s c i te s  c e l ls  and th e  

l i v e r s  o f  anim als a f t e r  adm in ista tion  o f  porphyrinogenio drugs. Eohee 

(1963) found th a t  asqrlobarbitone, a ty p ic a l  NADH^oxidase in h ib i to r ,  esosed 

a  r i s e  in  HADĤ  confined to  th e  m itochondrial in  ae rob ic  c e l l s ,  and th a t  

anaerob io sj s o r  ad d itio n  o f  glucose in c reased  WAML in  th e  eactrasdto- 

eho n d ria l reg ion  o f  the  c e l l s .  Gajdos e t  ml. (1966b) found th a t  m  

in c rea sed  HADHy^AD* r a t io  accompanied porphyrinogeneb s in  irouse l i v e r  

a f t e r  ad m in is tra tio n  o f  >orphyrinogenie substance , and (kijdos and Gajdos 

Tflrflk (1969) found a s ig n if ic a n t  Increa se  in  SADHj co ncen tra tion  i s  th e  

l i v e r s  o f  r a t s  6 hours a f t e r  a s in g le  dose o f  AlA. By c o n tra s t S la te r  

and Z ie g le r  (1966) found no s ig n if ic a n t  change in  NADĤ /KAD* r a t i  3 in  

th e  l i v e r s  o f  r a t s  made porphyric  by a number o f d if f e re n t  drugs.

Ih  th e  p re se n t stu d y , tiie r e s u l ts  obtained in  L'-e co n tro l rab M ts  a re  

c o n s is te n t w ith th e  sdieeie as rep resen ted  a t  th e  beginning o f  th e  

d ism iss io n  mm fa r  as th e  inco rp o ra tio n  o f  r a d io a c tiv ity  f r m  n icotinam ide 

In to  th e  o x id ise d  n u c leo tid e s  a re  concerned (F ig . X III) , and f a r th e r ,  

th a t  MAD* e q u i l ib r a te s  in  tim e id th  HMM^ in  th a t  th e  r a t io  o f  th e  s p e c if ic



m a W titlM  gr»* i«n y  m l t ,  (M *. n i l ) .  I t  1# « i—

frem t h ,  r —u l f  ( f t p .  n n  *sd HV) t^ x t  *1* «ow  w t  m ffw t t h ,

r a t e  o f  incorp ura 11 on in to  U v e r  NAD and cor.i ecjuenL Lj ariy Qh#tg#

i a  t h ,  i w r p m t i o c  a f  r W i w A iT i t ,  in to  #W*g mwt b ,  b ,

m «hM#« in  t h ,  r # t ,  o f  , * i l l b r a t l c u  Iw tw e i MB* « d  X II* ..  T *  

o # i n l « t r , t i o n  o f  *1* i* a a o *  t h ,  tlmm WM= A r  * * ll lb T * t lo n  W W » «

o x ic litsd  and reduced NAD* to  le s s  than 2 .5  e lra ites  as oompared w ith 

the  c o n ti .  ra b b its  tAich took 20  ndraites befo re  eqi$illbraticm  m m  

approached. According to  Z ilvenm dt e t  ml. (1943) th e  "teroover tinm* 

o f  a substance  In a t i s s u e  i s  th e  tim e requ ired  fo r  the  appearance o f  

dlmmppmarmn re o f  an amount o f  th a t  substance equal te  th e  amount o f  that, 

substance  p reeen t in  the  t i s s u e .  In  th e  p re sen t study* the  

tim e’ f o r  HADK̂  w ti i i p i l f l c a n t ly  a ffe c te d  by AlA? being reduced 

5.82 ♦ 0, 57 m inutes in  the  con tro l ra b b its  tsk ^  0 .27  minutes In  th e  

l i v e r  o f  r a b b i ts ,  tr e a te d  w ith AIA. I t  I s ,  however, im portant to  

recogn ise  th a t  th e  ’ tu rnover tim e' c a lc u la tio n s  a re  approximate because 

o /  p o s s ib le  d e v ia tio n s  from th e  assumption th a t  have been made. Iter 

th i s  re tso i th e  values have th e i r  g re a te s t  u seftiU ness l a  a  oomparativ# 

ra th e r  thmr in  an a b so lu te  sense .

I t  m b  a reasonab le ex pecta tion  th a t  I f  the  r a te  o f  IttSBg g m e m U m  

1 ,  m m AW l, inoTM M d. w  p r w w t l f  Axmd, t h *  t h .  ^ t i U t i w  «mW«



w

o f  M Mg/W D m a id  i n o r w  in  r —p c n ,,  to  *11, m d th m f o r *  Mw 

q w n t l t o t lT ,  » tn d lw  «&-« u n io rto k m . Tb« rw u l t*  (TWbl* {) h aw

oor.firaed th i s  ex p ec ta tio n , as th e  adbd.nlB tra tion  o f AlA, s ig n if ic s n t ly  

iA cr#w #d th*  rm tio  o f  KADHyllAD*. AIA do## not &ff*ot th*  t o t a l  o a d l# * d  

*md reduced NAD* to  & H y i f i c a n t  *% tm t, although tb*r*  1# a  # l l ^ t  

dear**** in  r*#pon#e to  th#  drug. T o ta l li rm r  eo fac to r ( I . : .  MAD* +

8 ADH2 * NADP* + NADPH2 ) I s  not a l t e r e d  a t  a l l  by AIA . Theee re s u l ts  

suppo rt th *  f  ding u f  Oajdo# and him oo-worker# (Oajdo# # t ml. 1966k, 

Oajdo# and Oajdo#-T8r6k 1969), b u t do not w nfirm  th e  re a a lt#  obtained 

by S la te r  and Z ieg le r (1966). In  view o f  th e  p u e a ib i l i ty  t t a t  the 

# p e c lf ic  a c t iv i ty  o f  the  MADHg in  AIA-induced porphyrio r e b b it  oeeld be 

da# to  a deoreaae In MAD #yn*^##i#, th#  q u a n tita tiv #  re e e lt#  (Tabl# 9) 

a re  o f  im portance. In  o o n traa t to  S la te r  and Z ieg le r (1966) W*o fbend 

d e c r e a s e d  t o t a l  n u c leo tid es  ( i . e .  HAD* * NADH^ ♦ NADP* * NADPH^) ,  in  the  

p re e e n t atudy +he t o t a l  n u c leo tid e  concent ra t io n  in  both th e  nonaal and 

th e  AJA-lnduced prophyric  r a b b it  ea# the  a awe (Table 5 ). Therefore a 

decreeae in  MAD* avn theeia in  r a b b i t  l iv e r  under th e  in flaen ee  o f  AIA 

doe# n o t ta k e  p la ce  under the  experim ental condition# a#ed in  th l#  etedy.

In  th e  r e b b j t ,  w i d  e q a i l lb re t ic n  between qyteplaem le MAD* end 

m ito ch o n d ria l HAD* m e  found (Table A). W #  i*  W t e  w Uik# th e  

find ing#  in  th#  r e t  (Oordon 1963) * e r e  minimal e W H b r e t io a  b e teem



V tcplam lo md UD* eam m d m *  rnftr M It

— * »* "w t thl« 1,  m »p«<A«. d lf f« r « w , « d  i t  * «

no t p o s s ib le  to  I s o la te  s u f f ic ie n t  SADĤ  to  iseasure th e  in tram itochond ria i 

geoera tiom , i t  i e  raaacnab le to  e q w e t th a t  i f  m itochondrial p e m e e h il i ty  

barriers to  MAD* a re  sm all In  th e  r a b b i t ,  th e  eems Mill be tru e  fo r  

reduced c o fa c to r . Krebs and h is  co-norkem , working on r a t  kidney c o r tA ,  

r a t  l i v e r  and mouse l iv e r  have stud ied  the  rejtox s ta te  o f th e  cytoplasm 

and m itochondria , and th e  genera tion  o f extraad.toohondrial reducing power 

(Krebs e t  a l .  1967, Williamson e t  a l .  1967), They have suggested th a t  

th e  NAD* + NAM. pool in  the ex te rn a l compartment o f  the  mitochondria 

ooBKunic a te s  f r e e ly  w ith th e  NAD* + NADĤ  pool in  th e  cytoplasm. F ertlie r-  

more, th e y  p o e tu la te  th a t  s  t r a n s f e r  o f  MADH_ i s  p re b a b lj n o t d i r e c t ,  W t 

m ediated v ia  s p e d s l  c a r r i e r  m#cbani«mf such as the  melat# -cga loaoe ta te  

system,

Ft%m th e  obeervatione in  theee  experiment# i t  i#  e le a r  the*  In  th#  

I n ta c t  anim al a po ten t porphyrino*#nie w b#t#n## profoundly iaflm#**## th #

r a t s  o f reduced c o fac to r g en e ra tio n , and consequently th e  q u a n tita tiv e  

mm2t NAD* r a t io  in  the  l i v e r .  In  th e  p a r t ic u la r  species  used th e re  

1 ,  M l ,  M—cn to  b«ll«T# u m t Ww d t w t i c o  o m o n trm to d  fo r  t h .  W k !, 

U m r , 1 ,  Tmlld In  t h .  Intm M toobondM & l c c m w * " "*  — —U "



a m  h ig h ly  » ig n if lc a n i m etabolic dev iation*  and Rinse to e  e f fe c t  o f  MA 

m  th e  haem b io sy n th e tic  pathway in  th e  l i v e r  i s  no t in  doubt, i t  seems 

reapenab le to  suppose th a t  th e re  i s  some re la tio n sh ip  between theee two 

m etabo lic  even ts . For th i s  reason the  hypothesis  proposed by Let**

(1967; as to  th e  mechanism whereby increased  in tram itochond rie l NABB̂ /fcWD* 

im tio s  could g ive r i s e  to  industicm  o f  A lA -synthetase, i s  worthy o f  

thorough te s t in g .

Th* very Intm 't in g  ******tlou  put forwmid t j  

(M mington 1962, 196ja ,  1963b j th a t  th e  redox environment in  th e  M v*r 

may p lay mn important rol* in  d*t*rminlng boUi th# p#tt*m  o f *%er*tlem 

amd soctemt o f  accussilation o f  porphyrin# in  #y#ptomatlo porphyria, prM*t#d 

th e  a ttem p ts  in  th i s  ctudy to  measure tu rnover r a te  o f  KABĤ  aiui WIDPĤ

In  b#%aohlorob#n##n# poi#on#d r#bb it#  a# th i#  typ# o f  « p # rlm # n ts l pw phyrlm  

olo## ly  r###d»l## th#  #y#ptom#tie porphyria fbmnd in  hmam#. % )#  #W4y 

wm# n o t #uoo#*#fbl in  th a t  only on# ra b b it  #%or#t#d im#r #a##d 

porphy rin s  and porphyrin  p recu rso rs  out o f a t o t a l  o f  48 rab b it#  a tad i# d . 

T herefo re  no conclusions as to th e  r e s u l t  can v a l id ly  b# d r # # .

m#MV*r, I t  1# in t# r # # t in i  to  mot# th # t  a l t lw # *  a d##M###« MAWm# 

clim a t#  in  th e  l i v a r  might have b##n #ap##t#d om W&# W## i# 

th e o ry , in  f a c t  q u it#  th#  *'#v#ra# *## fmmd in  th#  # ie# l#  M th l t  #W # # d



bm w M m rcbm *#!# p r o a w d  «m i w w ,  i r  mw

mW *g/1UDf * « a l f l o  M tiT ity  rm tiM  # t ;  W sm tw  ( T » l*  3 ) .  %im 

M » l t  w ,  I n d lM t .  t h w  t h .  w w w n lm  o f l * ™ h l c r o t « w n r l K k —« 

porrhyrlm  1m mloo oo^m W bla «i«h th e  lahbe l ^ o t h w i # .

d ) HADPH2 OgngratiQR

k  p o s s ib le  m plaom tioo fo r  te e  very hign r a t io  o f  th e  ipseS-fie 

a o t i v i t /  o f  MADPH^ADP e t  e a rly  times a f t e r  in je c t io n  o f  th e  la b e l i e  

th e  normal r a b b i t  (F ig . XVIIj ia  the  opera tion  o i a k inase  id th  

a# w b o tra t#  m ia ila r  to  th e  kinaa# demoribod in  y aa a t ( b n f  #rg 1961, 

Bsm ofsky e t  a l .  1968, Bemofeky 2969) and in  S»ccham#yc«8 c a re t ls ia e  

( I t  d d le ton  and Appe, 1969). Such e k inase i s  sbeent trm> pigeon M var 

( t e j ;  te d  Kanlan 1954, Appe 1968, 1969, 1970) doee not Awwtioo i a  th e  

r a t  (Oordon 1963, Oka and F ie ld  1968), could not be d e tec te d  i s  wplmxM} 

(Tamomoto 1966) o r  Azobaeter (Omng 196?) ,  and m  pub lished  in fo im td o n  

as to  i t s  e x is ten ce  in  the  r ib b i t  could be found. The p resen t work 

su g g ests  th a t  as f a r  as  N4BPH2 genera tion  i s  concerned, we mey be 

■easuri ng NADĤ  — *■ HADPH .̂ I f  th i#  reac tio n  i s  f a s t  coepareii

w ith NADML ■■ ■»■•"> NtoP*, SADPHy^ADP* r a t io s  have qu it#  # A f f e r e n t  

meaning in  th at #wb#tr#t# do## not d#t#m in# th# ratio# .
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In  t h e i r  ca lco U U o n  o f  'tu m o r e r  tim e ' vfaleh have been used 

in  th e  p reee n t s tudy w it*  re sp e c t to  th e  KADH^AD* r e t i e s ,  Z llversad th  

e t  e l .  (1943) have I l l u s t r a te d  th e  's p e c if ic  e c t lv l ty - t im e ' re la td e n sh ip  

o f  a  p re c u rso r  to  i t s  p roduct. Their 1 llu s tre fc io n , i s  reproduced 

in  Pig. H I .  These au thors p o in t out# th a t  during  the e a rly  in te r v a l  

a fte r  th e  a d m in is tra tio n  o f  a la b e lle d  substance , th e  s p e c i f ic  a c t iv i ty  

o f  a p recu rso r o f  a co%»ound must be h igher than that o f  the cocpou&d - 

i t s e l f .  Fro* Fig. XXI i t  can be noted that th e  s p e c i f ic  a c t iv i ty  o f  

th e  p recu rso r  (S .a . A.) i s  g re a te r  than th a t  o f th e  product (S .a . i . ).

In  tim e th e  s p e c i f ic  a c t iv i ty  o f  the  p recu rso r becomes c o n s ta n t, and 

th e n  g rad u a lly  begins to  f a l l ,  w hile the s p e c if ic  a d t v i t y  o f  p roduct 

in c re a s e s  and eventually  eq u ilib ra tes with th e  p recu rso r. However, in  

tim e , th e  s p e c i f ic  a c t iv ity  o f  th e  p roduct w ill  exceed th a t  o f  th e  

p re c u rso r . Applied to  the p re sen t case th i s  ©mild mean a rap id  form ation 

o f  HADFH2 from NADP* in  normal ra b b it  l i v e r ,  and a r e la t iv e ly  slew  

breakdown o f  NADPĤ .

In  euw iary th s n , what a re  f e l t  to  be v a l id  observations on th e  

r a t io s  o f  th e  s p e c i f ic  a c t iv i ty  o f  KADPH^ADP* In n o m a l and porphyric  

r a b b its  have been ob ta ined  in  th e  p re sen t study . However, thee#  observation* 

may not b .  oooeietso t with p rior le v e ll in g  « f



F iS L S X l

a. A

S.a.B

Time
Illustration of the 'Sa.-tlm e relation of 

precursor A and product B

after ZllversmR etal(1943)



T
exp lana tions  have been p u t forw ard, b u t a fu r th e r  study i s  necessary 

to  c l a r i f y  t h e  HADFH^ genera tion  f i n d i n g s .

W hatever th e  explanation  fo r  the  high KADPKg/NADP* s p e c if ic  activity 

ratio# may b#, tb# r*+ ) in the porpbyrio rabbit i# mtill 

higher than in the nom&l rabbit (Figm. IVII & r r r n  p < 0.001 a t 2.)

and 5 m in u tes ). A p o s s ib le  explanation  i s  in  th e  ro le  th a t  th i s  

n u c le o tid e  p lays  in  th e  d e to x if ic a tio n  mechanism o f the  l i v e r  (d e ta ile d  

in  Chapter IV ). Reduced n icotinam ide adenine d in u c leo tid e  phosphate 

has been shown to  be an e s s e n t ia l  component o f  d e to x if ic a tio n  mechanism.

In r e c e n t y ea rs  many workers have shown ox id a tiv e  enzyme system* concerned 

w ith d e to x if ic a tio n  to  be dependent on atmospheric oxygen and reduced 

n ico tinam ide adenine d in u c leo tid e  phosphate (G i l l e t t e  1963, G il l e t t e  

*t *1. 196?; omra «t *1. 196;| Oocpr *t ml. 196)1 C am f 19W).

Of Itr th T  in tT M t, mn th* itn d l— rf Conn*, X w  (WW), I #  

«ho—d that Moh M pbm otwbltal ftUulmWd non

w t iT it ,  o f mlmoot «r«ry dipmdait l o r o w a l  w # "

thoy otudiod. furthormor#, otudlo# by Qlllotto *t *1. (195?) 

th« pr«#«»ic« in 11 w r mioroaom— of «n «:#"« m y*"  o^dimmd 

MDML to WLBP* (*jU)PMg-o%idi»»), W" rowltim t femmtiom of 

w  .  p m h ot o f th . r « t i o = .  &—  Inw tlgm tor. # w h m d m



w

vtoereby p h en o b a rb ite l ami o th e r  drag# ■ tiou la ted  n o n -s p e e l iie a lly  the  

oxld& tioo o f  m Mlde rmnge o f  e*b#teaoea in  the  l i v e r  mlLrneomme by

Inducing  the  sy n th es is  o f  th e  HABPH^oxldMe eystee . The inc reased  

a m e n ts  o f  a c tiv e  oxygem formed from MADPĤ  could then be u t i l i s e d  $&r

th e  o x id a tio n  o f  drugs by s p e c if ic  m syaes in  l i v e r  e&erosotaes.

In  the  p re sen t study equ ilib rlm n  between NADPĤ  and MABP* I s  th e  

normal r a b b i t  i s  approached a t  about 15 minutes ( f ig ,  m i). Hie 

a d m in is tra tio n  o f  A1A r e s u l t s  in  equilibrium  being already  read ied  a t

2 .5  m inutes (F ig . X XIII). Furtherm ore, a t  equilibrium  the  r a t io s  in  

th e  r a b b its  adm in istered  k l k  a re  poised a t  a h igher reA icing le v e l than  

th e  r a t io s  in  th e  normal ra b b it (P ig s . XVII & XVIII).

The ex p ec ta tio n  o f a  h igher q u a n tita tiv e  r a t io  o f  MADPKylUDP* in  

reeponme to  A ll ww borne o u t by th e  q R & ltlte tlve  mt#dy **m #ri#ed i t  

T m b l, ) .  T h , HADML i XJUf * o o u p l ,  # 1 *  l a  *&* m m l  M h W t 1*  

p e l w d  th «  » l d ,  o f  M d w t lo c  ( M D M y h W *  r m tlo  1 1 . 0 )  .  1 .% )  h—  

b o m  dm onm trm W d b , f o r ,  b y  w a y  Id b o r m to r lo o  e . g .  rm t l i w

ml. 1964, Olook and McLwm 1 9 )) ) .  & ,  oW n l ^M M am  * f  i l l  i a  o w  

I n o r w o *  tb« n d a o la g  p o W itlo l o f  Uw ' ****

to  20.31 j  1 .8 3 . A .  t ^ l  o f  U W ' * M * * :  —  l a w w d  Ww 

I n f l a w  o f  *1*. T b w , r w a l f  T #  la  oom trw t to  the— o b t l a #  l a
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ra t liv * r  by S la ter  and Zlaglmr (1966). Th##* aorkara found l i t t l a

change In  th e  r a t io  NADPHy îADP* in  rat l i v e r  under th e  in ila e n e e  of  

A lt . P urthnm ore , a e ig n if lc a n t  decrease in  th e  to ta l NABP* ♦ MADPH- 

m s  observed, in  rat l i v e r  under th e  in f lu en ce  of MA. These oonfHot&a* 

raaalte coaid perhaps be explained on the b aa is  o f  speed es d iffe re n ce# , 

o r  perhaps oo the d iffe re n c e s  in  experim ental eondi ions.

I t  aeema reasnnsbly c lear  then, that the axMlni s t r a t i  cm o f  dx*#e 

sue* as phen<A>*rbital «uid allyllscpropylacetam ide to  an in t a c t  animal* 

r e m it s  1m stim ulation  o f  a number o f  sy stm e s l l  r e t ir in g MMLg. The 

r e su lts  obtained in  th is  study confirm the idcreaeed req&ir m m ta for 

redaoed #ADP*, a fter  the adalnlstratucn o f  a potent rorphyrmgsolo 

sunstaacs such as AIA to  the in ta c t rabbit.



rmt U v r  ty  BlaWr (1966). Th### «m**r# fe#w  UW1#

W##og# In  %h# m t lo  MADM^UDf* in  rmt ilT # r  m # # r  th#  Irfhrnm ir, # f  

m .  *rlk#m #r#, # # i# U l« # » *  d#cMW. in  th #  t« * # l WU** *

**» «h##n#*, in  l lw r  wwWr u #  Infl#*## of &Ii Th### #onfli«Mug

r e s u l t s  could perhaps be explained  on th e  b a s is  o f  specios d if fe re n c e s , 

o r  peA sp#  on th e  d iffe re n c e s  in  experim ental co n d itio n s .

I t  semis reasonably  c le a r  th * , ,  th a t th e  adm in is tra tio n  o f  drugs 

such as p h en o b a rb lta l and a l ly l i s o p ro p f ia e e t t t id s  to  m  in t a c t  n n ii t t l ,  

r e m i t#  in  e t im le tio m  o f  e m m ter o f  #y#tm #  #11 W M L , A #

r e s u l t s  o b ta ined  in  th i s  s tudy  c o n fira  th e  in c reased  req a ireeen t#  f ttr  

reduced SATP*, a f t e r  th e  a d m in is tra tio n  o f a  po ten t porphyrogealc 

sunstance  such ## A2A to  th e  in t a c t  %%bbit.
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S 0 M H A R T

1. krphyrinogw##!# ww mtl"*lat#d in rabbit# omlag th# dmg# 
H#%aohlor(*m##n# mod #llyli#Qpropyl&o#t«d.d#.

2 . Th# r a t i o  o f th e  s p e c i f ic  a c t iv i ty  o f UAM^ to  HAD* and MADPHy 
to  MADP ### m#m#or#d #t w io u #  tim# interval# aft#r th# 
aA«inl#tration of niootin#mld#-C^ tv oomal #od porphyrio
r a b b i ts .  I t  was found that AIA produced a s ig n if ic a n t 
a c c e le ra tio n  in  the  genera tion  o f MAM and WADPHg. Th* 
r e s u l t s  ob ta ined  from one rabbit suggest that hexachlorobenesene 
a ls o  inc reaaed  the  r a te  o f NADĤ  and SADPĤ  generaticm .

Rapid #<*1 librium between cytoplaemio end mitoohondriml NAlTuw 
ob##rv#d in  both normal and AlA-lndaoed porphyrlo rabbit liver.

AIA wa# found to aigplfioantly influeoo# th# *^ ntita tiv#  amount 
of reduced NAD* and KADP* in rabbit liv er . Thi# w * e e# mtly
rw u lt .  in incrw .Kl miDBg i MB* « d  i MDf* rmtiw.
H o w rr, th . to ta l nloetlnmdd. nuolw tld*  In th . l iw r  rw in W  
Loohmnged.

W n g  th .  c le n la t io n .  of n iY « rm it K  (1*0 ) *1* w  
to  A p l f lw m t l f  In o rw . th .  V u n o w  tlm .' of MM, In th .  

n h h lt  Uvmr.

&. Th. rmtio. of th .  w t lf ity  »f md mUg^UD
. t  « r lo u . tim . in t . ,m l ,  ^ t . r  th .  *W nlM M ti«  of mwW nmUrO 
to nom al rat liv e r  calculated by <*r teokA^a# &r, . t i M l y
w ith  th e  r e s u l t s  obta ined  by Gordon (1963).



Th# r w a l ta  bev# b#0o in t« p r# t# d  ## w idm oe fb r & link  b#t* ##o
in o re * se d  r# dac#d niootinamid# m ieleo tide  g e a e ra tlm  to d  porphyrin 
o r po rphyrin  pv#o&r#or or#rprod*ctlon #nd#r %h« infhwao# o f # 
p o tm t  p o rp h y ro p n ie  dm *.

th e  r e s u l t s  o o o flm  th e  tn  creased  re q » lr# m * ts  to r  WAOFĤ  uaS sr 

th #  I n f  haeoo# o f  m pofphyiinogeelo dn&g.
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