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It has  now been  es tab l i shed  that  glucose,  t r a n s m i t t e d  f r o m  mothe r  to fetus through the placenta,  is the 
pr inc ipa l  physiological  s t imula to r  of development  of the B-ce l l s  of the fe ta l  pancreas  [9]. 

It has  been  shown exper imenta l ly  that  m a t e r n a l  hype rg lycemia  induces hype rp l a s i a  of the fe ta l  i s le t  
t i s sue  [12]. Clinical  data,  in ag reemen t  with the r e su l t s  of the study of the action of expe r imen ta l  hyperg ly -  
cemia ,  demons t r a t e  the p re sence  of hype rp la s i a  of B - c e l l s ,  an inc rease  in the total  weight of the i s le ts  [11], 
and e levat ion of the insulin level  in the i s le t s  of Langerhans  and in the umbil ical  blood [4] in fe tuses  of dia-  
bet ic  mo the r s .  However ,  it is not yet c l e a r  what is the m e c h a n i s m  of the s t imulat ing action of glucose on the 
fe ta l  insu lar  appara tus  or  how the reac t iv i ty  of the B-ce l l s  of the developing panc reas  changes .  

The impor tan t  ro le  of the hypotha lamie-hypophysea l  s y s t e m  in the fo rma t ion  of the functions of many 
endocr ine  o rgans  is well  known [2]. As r e g a r d s  the pancreas ,  th is  quest ion r e m a i n s  unresolved.  F o r  instance,  
no d i f fe rences  have been  found in the insulin concentra t ion in the panc reas  of normal  and decapi ta ted  r a t  
fe tuses  [5]. However ,  the insulin level  in the blood of newborn infants of diabet ic  mo the r s  is higher  than in 
anencephal ic  infants of such m o t h e r s  [6]. 

The object  of the p resen t  invest igat ion was to study the s e c r e t o r y  abil i ty of the fe ta l  panc reas  developing 
under  conditions of expe r imen ta l  m a t e r n a l  d iabetes  and also in the absence  of the higher  regula t ing cen te r s  of 
the fetus (as a r e su l t  of decapi ta t ion in utero) .  

EXPERIMENTAL METHOD 

Fetuses of Wistar albino rats were used. Experimental diabetes was induced in the sexually mature 
animals before the beginning of pregnancy by intraperitoneal injection of alloxan hydrate in a dose of 180 mg/kg 

body weight. The maternal blood glucose level was monitored by the glucose oxidase method [i]. 

The fetuses were decapitated in utero at the 17.5-day stage of pregnancy and the pancreas of the fetuses 
was investigated at the 21.5-day stage. Intact fetuses of the same litter served as the control. The reactivity 
of the fe ta l  insu lar  s y s t e m  was de te rmined  by m e a s u r i n g  changes in the ra te  of insulin s ec re t i on  into the incu- 
bat ion medium in r e sponse  to injection of s t imula t ing  agents  (glucose - 3 mg /ml  and t h e o p h y l l i n e -  10 mM). 
F r a g m e n t s  of fetal  panc reas  were  incubated by the method desc r ibed  previous ly  [3]. Immunoreac t ive  insulin 
was de te rmined  in the incubation medium by rad io immunologic  a s say  [8]. The r e su l t s  were  p roces sed  by the 
"Mul t i -Mat"  s y s t e m  and the i r  s ignif icance a s s e s s e d  by Student ' s  t - t e s t .  

TABLE 1. Concentra t ion of Immunoreac t ive  Insulin (IRI) in Incubation Medium before  (basal  
level ,  A) and af ter  (B and C) Addition of St imulat ing Agent ( fetuses  of normal  ra ts )  

Age of fetus, 
days 

t9,5 
20,5 
21,5 

Legend.  

IRI, microunits/ml 
Weight of B (glucose - 3 I 
fetus, g A (basal level) P rng/ml) P 

I 

3,2_+0,08 78,2++_ 12,0 (7) >0,05 64,7+21,9 (7) } >0.5 
4,3• 96,2• (9) >0,05 92,0T-25,1 (9) <0105 

i 5,6• 91,3• (6) <0,05 147,4+13,2 (6) 

Here  and in Tables  2 and 3, number  of f e tuses  given in pa ren theses .  

C (theophylline - 
10 raM) 

I 69,3+10,0 
152,0• 
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TABLE 2. IRI Concentration in Incubation Medium before and afterAddit ion of Stimulating 
Agent (fetuses of ra ts  with alloxan diabetes 

Age of fetus, days 

18,5 
19,5 
19,5 
20,5 
21,5 
21,5 

Weight of fetus, g 

1,7• 
3,7_+0,1 
2,7+-0,09 
4,9+-0,07 
6,1+-0,04 
4,9+-0,06 

Blood sugar, 
rag% 

127,5 
119,3 
502,0 
120,0 
131,1 
500,0 

IRI, microunits/ml 

A (basal level) 

31,9+-7,6 (6) 
32,5--+7,9 (8) 
106,0+-26,7 (4) 
125,4+- 14,5 (6) 
28,5___7,43 (9) 
60,8-+ 10,8 {5) 

<0,05 
<0,01 
<0,05 
<0,05 
<0,05 
>0,05 

B (glucose- 3 rag/ml) 

63,7+_ 10,2 (6) 
144,8+-36,4 (8) 
192,0+--31,1 (4) 
198,8_+ 13,7 (6) 
52,5+-6,9 (9) 
78,6+- 17,4 (5) 

Legend. Here and in Table 3, P represents level of significance of differences betweenbasal 
and stimulated levels. 

TABLE 3. Insulin Release into Incubation Medium f rom Pancreas  of Decapitated Fetuses  of 
Normal  Rats and of Rats with Alloxan Diabetes 

Mother Fetuses A (basal level) 

IRI, microunits/ml 
B (after addition of 
glucose- 3 mg/ml) 

Normal Decapitated 53,2+--6,7 (i0) >0,05 42,0+--8.7 (10) 
Control 43,1--+6,5 (10) <0,05 68,5+-- 12,3 (10) 

With alloxan diabetes  Decapitated 49,9-+8,4 (8) >0,05 47,8+-5,5 (8) 
Control 36,4+-3,4 (10) <0,05 51,6+-6,1 (10) 

E X P E R I M E N T A L  R E S U L T S  

Incubation of f ragments  of pancreas  showed that the insular  sys tem of rat  fetuses is r e f r ac to ry  to glu- 
cose until the 21st day (Table 1). However, addition of theophylline to the medium together  with glucose 
caused increased l iberat ion of insulin af ter  the 20th day. This is evidence in support of the view that a sub- 
threshold level of cycl ic  AMP is maintained in the B-ce l l s  during fetal life [10]. 

The problem of maturi ty  of the developing fetal insular  sys tem is important  in the light of changes which 
may ar ise  in response  to a disturbance of the materna l  blood sugar level. F o r  instance, the pancreas of rat 
fetuses f rom mothers  with alloxan diabetes was found to respond to glucose loading after  the 18th day (Table 2). 
However, if materna l  diabetes was severe  (blood glucose above 300 rag%), the fetal pancreas  was less react ive 
and the body weight of the fetuses was lower than if maternal  diabetes was mild. Similar  resu l t s  were obtained 
by Er iksson  et al. [7], who showed that in severe  s t reptozotocin- induced diabetes most  of the fetal B-ce l l s  were 
degranulated,  and insulin biosynthesis  in the gland and the body weight of the fetuses were reduced. 

We now know that neural and neuroendocrine centers  can influence the morphological  and functional 
matura t ion of islet cells in the fetus. Decapitation of rat  fetuses does not disturb histological  differentiation 
of the pancreas  [12]. The present  resul ts  are evidence (Table 3) that after  decapitation the fetal pancreas does 
not respond to a change in the glucose concentrat ion in the incubation medium, even if the fetus develops in the 
presence  of an increased blood glucose concentrat ion (decapitated fetuses f rom animals with diabetes). In 
decapitated fetuses f rom diabetic mothers ,  incidentally, hyperplas ia  of the islets or  B-ce l l s  is not observed [12]. 

The resul t s  of the present  investigation showed that materna l  hyperglycemia  induces a premature  
increase  in react ivi ty  of the B-ce l l s  of the rat  fetus, and that for normal  development of the sec re to ry  activity 
of the fetal pancreas  and regulat ion of the blood sugar  level the presence of higher  regula tory  centers  (in the 
pituitary and, perhaps,  in the hypothalamus) is essent ial .  
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PARTICULAR FEATURES OF PORPHOBILINOGEN SYNTHESIS 

FROM 6-AMINOLEVULINIC ACID IN VISCERAL TISSUES OF RATS 
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The b iosynthes is  of porphobilinogen, a p r e c u r s o r  of heine, begins  with a reac t ion  of condensat ion of two 
6-aminolevul in ic  acid (ALA) molecu les ,  ca ta lyzed by ALA dehydra tase .  The mos t  intensive fo rma t ion  of the 
porphyr in  t akes  place in bone m a r r o w  cel ls ,  followed by l iver  and, at a lower  level ,  the remain ing  organs  of 
an imals  [2, 9]. 

Act ivi ty  of ALA dehydra tase  is inhibited by lead by a noncompeti t ive m e c h a n i s m  [13]. ALA dehydra tase  
of e r y t h r o c y t e s  is the mos t  sens i t ive  to the inhibi tory act ion of lead [10]; the enzyme of the l ive r  and kidneys 
[7, 14] and of o ther  v i s c e r a  [11] is l e ss  sens i t ive .  

This  paper  d e s c r i b e s  a compara t ive  study of porphobil inogen b iosynthes is  f rom ALA by homogenates  of 
ra t  v i s c e r a l  t i s sue s ,  using admin is t ra t ion  of lead as a method of revea l ing  the par t i cu la r  f ea tu res  of porphyr in  
fo rma t ion  in d i f ferent  organs .  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  we re  c a r r i e d  out on 145 noninbred ma le  albino r a t s  weighing 260-310 g, of which 77 ani-  
ma l s  we re  cont ro ls  and 68 were  poisoned with lead ace ta te  by subcutaneous inject ion in a dose of 25 mg  
lead/kg body weight. The poisoning continued for  5-6 weeks,  with th ree  injections a week. Control  r a t s  were  
given inject ions of dis t i l led water .  

The development  of lead poisoning was judged f r o m  the genera l  condition of the an imals ,  changes in the 
red  blood pic ture ,  and d is turbance  of porphyr in  me tabo l i sm.  The hemoglobin level  and re t icu loeyte  eountwere  
de te rmined  in the usual way, and the number  of e ry th roey t e s  with puncture basophi l ia  was counted a f t e r  
"en r i chment"  in a moi s t  chamber .  The ALA concent ra t ion  in the urine was de te rmined  by the method in [12] 
in the w r i t e r s '  own modif icat ion [3]. I ron  in the p l a s m a  was de te rmined  by the or thophenanthrot ine  method.  
The r a t s  we re  killed by decapitat ion.  

ALA dehydra t a se  act ivi ty  was e s t ima ted  f r o m  the quantity of porphobil inogen (in pg /mg protein/2 h of 
incubation) synthes ized  by v i s c e r a l  homogenates  f r o m  a 0.1 M solution of ALA added [1, 4]. Pro te in  was 
de te rmined  by L o w r y ' s  method.  Squash p repa ra t ions  f rom the l iver ,  kidneys,  and spleen for cytological  inves-  
t iga t ion  were  stained with azu re - eos in .  

EXPERIMENTAL RESULTS 

It will  be c l e a r  f rom Table  1 that in the r a t s  rece iv ing  lead aceta te  there  was a tendency for  body weight 
to fal l  and anemia  to develop,  accompanied  by an inc rease  in the number  of reticuloc:y~es and st ippled e r y t h r o -  
cytes  and a m a r k e d  inc rease  in the ALA concent ra t ion  in the urine.  These  obse rva t ions  indicated the develop-  
ment  of s e v e r e  lead poisoning in the r a t s .  The p l a sma  iron level  showed no signif icant  change under these  
c i r c u m s t a n c e s .  
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