
Peptide l igands of opiate r e c e p t o r s  can thus exe r t  an inhibitory action on activi ty of the SAS. Cons ider -  
ing data showing e levat ion of the opioid peptide level in the body in ex t r ema l  si tuations [8], it can be postulated 
that, through depress ion  of function of the SAS, they can l imi t  the pathogenic action of s t r e s s  developing under 
conditions of hypere rg ia .  F u r t he r  a rguments  in support  of this hypothesis  may be given by the exis tence of 
opiate r e c e p t o r s  in the adrena l s  [10] and inhibition of NA r e l ea se  f rom sympathet ic  neurons  under the influence 
of opioid neuropept ides  [7]. 

Normal iza t ion  of cer ta in  constants  of homeos ta t i s  in r a t s  with AMI following the i r  injection with en- 
kephalins m a y  part ia ' l ly  explain the weakening of the cardiotoxic  action of an excess  of ad renomimet ic s ,  which 
the w r i t e r s  demons t ra t ed  p rev ious ly  [3]. 
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S T R U C T U R A L  C H A N G E S  IN T H E  G A S T R I C  M U C O S A  

IN E X P E R I M E N T A L  H Y P E R T H Y R O I D I S M  

S. N. F e d c h e n k o  UDC 612.33-018.7:612.018.092.9 

KEY WORDS: gas t r i c  juice; chief ceUs of the stomach; thyroxine;  corre la t ion .  

The s e c r e t o r y  function of the s tomach is known to depend on the functional s tate of the endocrine glands 
[1, 4, 11]. Data on the c h a r a c t e r  of the digest ive d i s o r d e r s  a r i s ing  in pat ients  with thyrotoxicos is ,  obtained by 
dif ferent  inves t iga tors ,  a re  highly cont radic tory .  Some w o r k e r s  have observed  reduced proteolyt ic  act ivi ty of 
the gas t r i c  juice in pat ients  with toxic goi te r  [10, 12], whe reas  o the r s  found increased  act ivi ty [13]. 

The essen t i a l ly  con t rad ic to ry  nature of different  i t ems  of information about d i s tu rbances  of the s t ruc tu re  
of the gas t r i c  mucosa  in thyrotoxicos ts ,  which cannot yet  be explained, has  led to a sea rch  for  object ive c r i -  
t e r i a  for  evaluating the morphologica l  changes  in this d isease .  

The a im of the p r e s en t  investigation was accordingly to study the morphologica l  subs t ra te  lying at the 
bas i s  of the dis turbed peps i n - fo rm i ng  function of the s tomach in r a t s  with exper imenta l  hyper thyro id i sm.  

E X P E R I M E N T A L  M E T H O D :  

Expe r imen t s  were  c a r r i e d  out on m a t u r e  male  Wis ta r  r a t s  weighing 180-200 g. Thyroxine (from Reanal,  
Hungary) was injected in t raper i toneal ly  into the an imals  in doses  of 0.1 mg /kg  (small)  and 2.5 mg /kg  (large) 
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TABLE 1, Secretion of Gastric Juice in Rats Receiving Thyroxine in Different Doses 

Parameter studied 
Experimental conditions proteolytic activity, mgq~ 

[hydrolyzed per minute P pepsin output, rag/rain P 

Control 3,29-+0,10 12,54-+0,52 

Thyroxine 
(0,1 mg/kg)- 

10 days 
20 daiz s 
30 days 

5,68-+ O, 17 
3,51-+0,2l 
2,50-+0,29 

0,001 
0,1 
0,05 

29.075=0,68 
11,55=f=0,37 
7,25-+0,24 

Control 3,48_+0,19 11,55-+ 0,64 

.Thyroxine 
(2,5 mg/kg): 

I0 days 
20 days 
30 days 

4,68=k0,17 
2,54-+0,39 
2,44-+0,15 

0,001 
0,1 
0,01 

29,07-+0,68 
I2,11+ 1,91 
6,07-+--0,9 

0,00 I 
0,1 
0 , 0 0 1  

0,00 I 
0,1 
0,001 

daily for 10, 20, and 30 days. At each stage of the experiment 24 animals  were used. For  each experimental  
group there were nine control animals, kept under identical conditions and receiving intraperi toneal  injections 
of the corresponding volume of solvent (0.05 N KOH) at the same t imes.  Each se r ies  was divided into two 
groups: the s tomachs of one group underwent histochemical  and e l ec t ron -mic roscop ic  study, whereas  in the 
second group the gast r ic  juice, collected through a fistula f rom the ra t s  10 days after  formation of the fistula, 
was studied. Proteolyt ic  activity was determined by a mic roexpres s  method [3]. 

The following oxidoreduetases were determined histochemical ly:  succinate dehydrogenase (SDH), NADH 
dehydrogenase (NADH-DH), and lactate debydrogenase (LDH) [6]. Paraff in sections 6 p thick were stained with 
galtocyanin and chrome alum by Einarson ' s  method to determine RNA. An integrating cytospect rophotometer  
(Institute of Morphology, Academy of Medical Sciences of the USSR) was used for  quantitative analysis.  En- 
zyme activity was expressed in relative optical density units. The significance of differences was determined 
by Student's test. 

Fo r  electron microscopic  investigation the gas t r ic  mucosa was fixed in 2~o glutaraldehyde solution in 
phosphate buffer and then postfixed in 1% OsO 4 solution. Morphometr ic  analysis  of the chief cel ls  of the ra t  
stomach was car r ied  out by the method in [15], using a multipurpose test  system. The surface area of the mem-  
brane components of the cells  per  unit volume of cytoplasm was determined, and dimensionMlty (in cm2/cm 3) 
was calculated from the number of intersect ions of membrane  of the organelie studied with test  lines [6]. The 
resul ts  were subjected to statistical analysis  and coefficients of corre la t ion  were calculated. Of the total num- 
ber  of corre la t ions ,  moderate ly  strong (coefficient of corre la t ion  r = 0.5-0.69), s trong (r = 0.70-0.89), and 
strongest ,  or  "functional" (r = 0 .90-1 .0)were  selected. 

EXPERIMENTAL RESULTS 

Injection of thyroxine in the small dose for  10 days led to an increase of 73% in the proteolyt ic  activity 
of the gas t r ic  juice, whereas  if t hepe r iod  of injection of the hormone was lengthened (30 days) activity fell by 
24~. A s imilar  time course  was observed also when targe doses of thyroxine were injected (Table 1). 

Changes in activity of oxidoreduetases in the chief glandulocytes of the stomach after  administrat ion of 
thyroxine were described previously [6]. Activity of the enzymes  in the chief cei ls  was shown to change insuf- 
ficiently depending on the duration of injection of thyroxine. When thyroxine was given in a dose of 2.5 mg/kg  
for  10 days a significant increase of 48~ (P < 0.05) in SDH activity and of 23% (P < 0.01) in NADH-DH activity 
was observed, but changes in eytoehrome oxidase (CO), LDH, and glueose-6-phosphate  dehydrogenase (G6PDH) 
activity were not stat ist ically significant. The sharp increase  in activity of these dehydrogenases  may be con- 
nected with swelling of the intracellular  organel les  and increased permeabi l i ty  of their  membranes ,  which the 
wr i t e r s  described previously [7] and regard  as  a compensatory response  to injection of an excessive quantity 
of the hormone into the animal, and also with activation of one of the mos t  energy-yie ld ing pathways of glucose 
ox ida t i on -  the Krebs cycle. After injection of the hormone for  30 days SDH activity fell to 58% (P < 0.01) and 
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TABLE 2. Correlat ion between P a r a m e t e r s  
Studied 

Parameter studied 
Proteolytic activity 

SDH 
NADH-DH 
G6PDH 
LDH 
CO 
RNA 
Snrface area of mitochondriaI 

cristae 
Area of membranes of rough 

cytoplasmic reticulum 

0,51 
0,60 
0,05 
0,13 
0,20 
0,95 

0.68 

0,98 

0,94 
0,98 
0,18 
0,24 
0,15 
0,85 

0,87 

0,95 

NADH-DH activity to 53% (P < 0.01), which we regarded as increasing exhaustion of the enzyme sys tems  as a 
resul t  of the collapse of adaptation. 

Correlat ion analysis  of SDH and NADH-DH activity in the chief cells  of the stomach and preteo[ytic ac- 
tivity of the gas t r ic  juice of the ra ts  showed moderate iy  strong corre la t ion  between these p a r a m e t e r s  (r = 0.51, 
r = 0.61) after injection of thyroxine in a dose of 2.5 mg/kg  for  10 days, and the strongest ,  or  "functional ,T cor -  
relation (r = 0.90, r = 0.98) after  injection of the horr~ene for 30 days (Table 2). Meanwhile CO, LDH, and 
C,6PDH activity did not cor re la te  with p ro teo l~ ic  ac t i v i t y ,  

Comparison of the RNA content in the chief cells with proteo[yt[c activity of the gas t r ic  juice of ra t s  
receiving thyroxine for 10 days revealed strong corre la t ion  (r = 0.95). An increase in the RNA content (by40%) 
corresponded to an increase in proteolytic activity of the gas t r ic  juice (by 35%). After injection of thyroxine 
for  30 days, the reduced RNA content in the chief glandulocytes corresponded to reduced proteolyt ic  activity 
of the gast r ic  juice (strong correlat ion;  r = 0.87). 

Ul t ras t ruc tura l  analysis  showed that in the ear ly  stages of hyperthyrotdizat ion most  of the chief cells  
were in an enhanced functional state. This was shown by their  well developed rough cytoplasmic ret iculum (its 
c i s te rns  in the basal par t  of the cell were dilated by 2.8 times). 

Strongest, or  "functional" corre la t ion  was established between the a rea  of the membranes  of rough cyto- 
plasmic reticu[um (in the basal part) and proteolyt ic  activity of the gas t r ic  juice at different t imes  of thyroxine 
administration. For  instance, in the ear ly  per iods  of hyperthyroidization,  the increased a rea  of the membranes  
of the rough cytoplasmic ret iculum corre la ted  with increased proteolyt ic  activity of the gas t r ic  juice (r= 0.98), 
and in the late stages, the reduced area  of the membranes  of the rough cytoplasmic ret iculum corre la ted  with 
reduced proteolyt ic  activity of the gas t r ic  juice (r = 0.95). 

Moderately strong corre la t ion  (r = 0.69) was found between the surface area of the mitochondrial  c r i s tae  
and proteolyttc activity of the gast r ic  juice after injection of thyroxine for 10 days, and strong cor re la t ion  (r = 
0.87) after injection of the hormone for 30 days. Examination of the specific cha rac te r  of the action of thyrox- 
ine (in the ear ly  stage) on organel les  of the chief cells  indicates that the mos t  important  changes among cellu- 
lar  s t ruc tures  were those undergone by the prote in-synthes iz ing apparatus.  

Whereas  the chief point of application of thyroxine [n the par ie tal  cel ls  at the organel le  level is the mit-  
ochondr[a [7], in the chief ceils  the most  important changes are undergone by the protein-synthesizing appar-  
atus of the ceil, and changes in the mitochondrta are less  marked.  This conclusion is confirmed by the mod- 
era te ly  strong corre la t ion  observed between SDH and NADH-DH activity, the surface area of the mitoehondrial  
c r is tae  of the chief cells, and proteolytic activity of the gas t r ic  juice of ra t s  receiving thyroxine for  10 days 
(r =0.51, r = 0.60, and r = +0.68 respectively).  

After injection of thyroxine for 30 days corre la t ion  analysis  revealed strong corre la t ion  between enzyme 
activity and proteolyt ic  activity. For  instance, the coefficient of corre la t ion  between SDH and NADH-DH ac- 
tivity and the proteolyt ic  activity of the gas t r ic  juice was 0.94 compared with 0.51 and 0.98 compared with 0.60 
in the ear ly  stages of hyperthyroidization.  Equally strong corre la t ion  was found between the surface area of 
the membranes  of the rough cytoplasmic retieulum, the RNA content in the chief cells, and the proteolyt tc  ae- 
tiv[ty of gas t r ic  juice. 
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It can be concluded f rom these data that the increase  in proteolyt ic  act ivi ty of the gas t r i c  juice in the 
ea r ly  s tages  of hyper thyroidizat ion may  be the resu l t  of an increase  in the intensity of b iosynthes is  in the 
chief  ce l l s  of the stomach.  The reduction of proteolyt ie  activity-, on the other  hand, during prolonged hyper -  
thyroidizat ion may  be due to a decline equally in energy  production and b iosynthes is  in the chief cel ls .  

Consider ing all the fac ts  descr ibed  above, and also data published by the w r i t e r s  p rev ious ly  [8], show- 
ing that in the ea r ly  s tages  of hormone injection prote in  b iosynthes is  in the gas t r i c  mucosa  rose  to 387% and 
the RNA concentra t ion to 112%, it can be tentat ively suggested that the dominant mechan i sm respons ib le  for  
the inc rease  in enzyme activi ty in the chief glandulocytes is evidently st imulation of enzyme prote in  synthes is  
by thyroxine. This hypothesis  is supported by the r e su l t s  of b iochemical  invest igat ions [5, 14], according to 
which, during s h o r t - t e r m  exposure  to thyroxine,  synthes is  of m e s s e n g e r  and r ibosomal  RNA is intensified, 
and aggregation of r i b o s o m e s  into po lysomes  is inc reased  in the l iver  t i s sues ,  leading to increased  eff ic iency 
of the p ro te in -syn thes iz ing  appara tus  of the cell. 

Cont radic tory  data in the l i t e ra tu re  on dis turbance of the enzyme activi ty of the gas t r i c  juice in pat ients  
with thyro toxicos i s  may  be explained on the grounds that many invest igat ions f requent ly  did not take into ac-  
count the sever i ty  and durat ion of the d isease .  
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