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Ability to synthesize porphyrobilinogen (PBG) from 5-aminolevulinic acid (ALA) was determined 
in homogenates of tissues of the lungs, heart, liver, kidneys, spleen, pancreas, and small intes- 
tine of 77 albino rats. All these organs were found to be able to synthesize PBG. Highest ALA 
dehydratase activity was found in the liver tissue, followed in descending order by the kidneys, 
lungs, pancreas, small intestine, heart, and spleen. On the addition of a lead solution to the 
synthesizing system a significant decrease in enzyme activity was observed in the liver tissue, 
but in kidney tissue its activity was unchanged. On the addition of lead and D-penicillarnine 
simultaneously no changes were found in the toxic effect of lead. 
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The biological role of heme and heme-containing compounds is exceptionally great. Functions such as 
participation in oxygen and electron transport require the presence of heine-containing compounds in every 
cell of the body. Whether porphyrins and heme also are formed in every cell or whether they are transported 
to the cells from the organs which synthesize porphyrins has not yet been finally settled. 

Barta [I] considers that porphyrin is synthesized in the erythroeytes and liver. Idel'son [2] considers 
that porphyrin biosynthesis takes place in all cells of the living organism. There are few reports in the liter- 
ature on the comparative study of the ability of different tissues to synthesize porphyrins. In particular, the 
synthesis of porphyrobilinogen (PBG) from 5-aminolevulinic acid (ALA) by homogenates of various rabbit or- 
gans and also by the liver, kidneys, and Harder's gland of rats [5] has been studied. The results have shown 
that the liver, kidneys, and bone marrow have the highest activity as regards PBG formation from ALA in both 
species of animals. According to the same workers, ALA dehydratase, an enzyme converting ALA into PBG, 
is widely distributed in nature and is evidently present in all cells with aerobic metabolism. 

ALA dehydratase is known to be inactivated by lead; moreover, this action in vivo is abolished by var- 
ious complexones ,  including D-penie i l lamine  (D-PAM) [6-10]. The mechan i sm of the therapeut ic  action of 
D-PAM in lead poisoning is l inked with the "exposure"  of SH groups n e c e s s a r y  fo r  r es to r ing  the act ivi ty  of 
the enzymes ,  and the chelat ing reac t ion  of the compound with lead and its subsequent  el imination.  The study 
of the more  p r e c i s e  m e c h a n i s m  of act ion of D-PAM could be a s s i s t ed  by an invest igat ion of whether  D-PAM 
can in te rac t  with lead in v i t ro ,  but this p rob lem has rece ived  v i r tua l ly  no attention in the l i t e ra tu re .  
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TABLE 1. Quantity of PBG Synthesized 
f rom ALA by Tissue  Homogenates of Vis-  
ce ra  of Albino Rats (M * m) 

PBG, in pg/rng protein. Organ 
2 h of incubation 

Lungs 
Heart 
Liver 
Kidneys 
Spleen 
Pancreas 
Small intestine 

3,62__0, 35 
2,7___0,49 

15,5+0,84 
4,314-0,25 
2,47-+0,2 
2,89-+0,48 
2,88--+0,35 

The object of the presen t  investigation was to study the local izat ion of porphyrin  biosynthesis in the 
animal organism with specific re fe rence  to the formation of PBG f rom ALA by homogenates of the v i sce ra  of 
ra ts ,  and also to examine the effect of lead, added to the synthesizing sys tem either alone or  s imultaneously 
with D-PAM on this p rocess .  

EXPERIMENTAL METHOD 

Experiments  were  ca r r i ed  out on 77 noninbred male  albino ra ts  weighing 250-300 g. ALA dehydra tase  
activity in the t issue homogenates was determined by the method descr ibed in [2, 4]. Before weighing, the 
lumen of the smal l  intestine was thoroughly washed with water.  Lead was added to the synthesizing sys tem in 
20 experiments as a 1 mM solution of lead acetate in a volume of 0.1 ml; D-PAM was added in a volume of 
0.1 ml of the f resh ly  prepared solution containing 1.5 mg of the compound in 1 ml. Activity of ALA dehydratase  
was expressed in mic rog rams  synthesized per  mi l l igram protein during 2 h of incubation. Prote in  in the 
homogenates was determined by Lowry ' s  method. 

EXPERIMENTAL RESULTS 

PBG was found after incubation of homogenates of all the organs mentioned above with ALA. 

As Table 1 shows, highest ALA dehydratase activity was found in homogenates of liver tissue, followed 
by the kidneys and lungs (approximately one-quarter of the activity inthe liver), and itwas present in about equal 
amounts in the other tissues. 

The results obtained after the addition of lead and D-PAM to the synthesizing system containing homog- 
enates of the most active organs (the liver and kidneys) are given in Table 2. 

As Table 2 shows, the addition of lead was followed by a significant decrease in ALA dehydratase activity 
in liver tissue homogenate but had no effect on its activity in the kidney tissue homogenate. Addition of lead 
together with D-PAM to the synthesizing system did not change the experimental results. 

The absence of any reaction to the addition of lead to the kidney homogenate can be explained by the dif- 
ferent responses of the organs to the specific action of lead. This suggestion is confirmed by the observations 
of Gibson et al. [5], who studied PBG biosynthesis by homogenates of organs of animals with experimental 
anemia and porphyria: In anemia ALA dehydratase activity was increased threefold in the blood and spleen but 
unchanged in the liver; in porphyria the activity of this enzyme in the liver and kidneys was doubled but in the 
blood and spleen it was unchanged. 

TABLE 2. PBG Biosynthesis in L iver  and 
Kidney Homogenates af ter  Addition of Lead 
Acetate and D-PAM (M • m) 

PBG content, Quantity of Quantity Of 
Organ pg/mg protein: PBG after tPBG after addi- 

addition of tion of lead 
2tionh of incuba- lead land D-PAM 

I 
Liver 15,5__+0,84 12,35___1,33"[ 12,654-1,67 

4,44-0,51 ! 4,514-0,58 Kidneys 4,31 ___ 0,25 

* P ~ 0 , 0 5 .  

1614 



The re su l t s  of the p re sen t  exper imen t s  thus  show that porphyr in  synthes is  takes place  in all the organs  
studied in the albino ra t s ,  despi te  d i f fe rences  in the i r  functions.  In re la t ion to ALA dehydra tase  act ivi ty  the 
v i s c e r a  of albino ra t s  can be a r r anged  in the following descending order :  l i ve r  > kidneys > lungs > panc reas  > 
smal l  intest ine > h e a r t  > spleen.  
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Blood of no rma l  rabbi t s  and of rabbi ts  on an a therogenic  h igh-cho les t e ro l  diet was incubated 
with sodium aceta te-2-[14C].After  incubation, cho les te ro l  and its p r e c u r s o r s  (squalene and 
lanosterol)  we re  found and identified in the unsaponified f rac t ions  of leukocytes  and p la te le ts .  
Both in no rma l  rabbi t s  and in rabbi ts  with a t h e r o s c l e r o s i s  the highest  specif ic  act ivi ty  in the 
leukocytes  was found in cho les te ro l ,  followed by lanos te ro l  and squalene; in the pla te le ts  the 
label  accumula ted  main ly  in lanos te ro l .  

KEY WORDS: exper imenta l  a t h e r o s c l e r o s i s ;  blood; leukocytes;  p la te le ts ;  choles te ro l  b iosyn-  
thes is .  

The biological  ro le  of cho les t e ro l  is l a rge ly  de te rmined  by the fact  that it is a key  compound in the b io-  
synthes is  of the mos t  impor tan t  s t e ro ids .  Since choles te ro l  is a component  of the lipid pa r t  of the cel l  m e m -  
brane ,  ideas exis t  on its functional ro le  as t r a n s m e m b r a n e  c a r r i e r  of var ious  biological  subs tances  [8]. 
Final ly ,  the role  of cho les te ro l  in pathology is genera l ly  f ami l i a r ,  e spec ia l ly  in a t h e r o s c l e r o s i s  and i schemic  
hea r t  d i s ease  [1, 2]. Elevat ion of the cho les t e ro l  level  under these  c i r c u m s t a n c e s  is one of the main r i sk  f a c -  
to r s .  

I t  is genera l ly  agreed  that the p r inc ipa l  s i te  of cho les te ro l  b iosynthes is  in the body is the l iver  and sma l l  
intest ine,  although nea r ly  all o rgans  and t i s sues  a r e  capable  of fo rming  this s te ro id  compound [4]. It is diff i-  
cult  at p r e s e n t  to decide whether  the blood is a s i te  fo r  the b iosynthes is  of cho les te ro l  o r  its specif ic  p r e c u r -  
s o r s .  Yet the solution to this p rob l em  is of cons iderab le  impor tance  not only f r o m  the theore t ica l ,  but also 
f r o m  the p rac t i ca l  point of view, in connection with the development  of new b iochemica l  t es t s  fo r  the diagnosis  
of a t h e r o s c l e r o s i s  and the product ion and tes t ing  of hypocho les t e remic  drugs. 
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