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G L U C O C O R T I C O I D  F U N C T I O N  A N D  C Y T O P L A S M I C  D E H Y D R O G E N A S E  

A C T I V I T Y  O F  T H E  A D R E N A L S  F O L L O W I N G  M E C H A N I C A L  

A N D  T O X I C  I N J U R Y  T O  T H E  L I V E R  

G.  S. Y a k o b s o n ,  V. N.  S h e r s h n e v ,  
Z .  Y a .  G i z a t u l i n ,  G.  N. S h o r i n a ,  
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A dec rea se  in the r a t e  of co r t i cos t e rone  synthes is  by adrenal  s l ices  and a d e c r e a s e  in cy to -  
p l a smic  dehydrogenase  act ivi ty of the adrenal  cel ls  were  obse rved  in male  r a t s  48 h a f te r  
pa r t i a l  hepatec tomy,  when the level  of s t e ro id  me tabo l i sm in the l iver  was low, compa red  
with the si tuation in an imals  undergoing a mock  operation.  The changes found a re  the r e -  
sult  of dep re s s ion  of cen t ra l  mechan i sms  of s t r e s s  as a r e su l t  of the lowered s te ro id  m e -  
t abo l i sm.  In t raper i tonea l  injection of CC14 into r a t s  in a dose of 0.1 ml /100  g body weight 
at these  s ame  t imes  led to a marked  inc rease  in s te ro id  product ion in the adrenal  t i s sue  
and act ivat ion of NAD-dependent cy top lasmic  dehydrogenases .  The ro le  of toxic damage  to 
the glands in the changes in the functional s ta te  of the adrenocor t i ca l  ce i l s  is d iscussed .  

KEY WORDS: CC14; pa r t i a l  hepatec tomy;  adrenals ;  dehydrogenases ;  co r t i cos te ro ids .  

Acute and chronic  l ive r  d i s ea se s  a re  accompanied by changes in adrenal  function [6, 7]. However,  the 
p rob l em of whether  these  changes a r e  the resu l t s  of indi rec t  inhibition of the adrenal  glands through the de-  
p r e s s i o n  of s te ro id  me tabo l i sm  o r  the r e su l t  of d i rec t  toxic injury to the adrenal  cor tex  sti l l  r ema ins  un- 
solved [9]. 

In this invest igat ion a c o m p a r a t i v e  analys is  was made of the s teroid  producing function of the adrenals  
and of ce r t a in  m e c h a n i s m s  of i ts  energy  prov is ion  in an imals  with mechanica l  and toxic l i ve r  damage.  

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

Exper imen t s  were  c a r r i e d  out on four  groups of noninbred ma le  albino ra t s  weighing 150-200 g. Under 
e the r  anes thes ia  l apa ro tomy  was p e r f o r m e d  on the animals  of group 1, pa r t i a l  hepa tec tomy by the method of 
Higgins and Anderson on the ra t s  of group 2, the r a t s  of group 3 rece ived  an in t raper i tonea l  injection of CC14 
in a dose of 0.1 ml /100  body weight, and the r a t s  of group 4 acted as the control .  All manipulat ions were  c a r -  
r ied  out between 9 and 11 a.m. The animals  we re  decapi ta ted 48 h la ter .  The adrenals  were  removed,  f reed  
f r o m  connect ive t i s sue  in the cold, cut into four  pa r t s ,  and incubated in a Warburg  appara tus  in Krebs  - R i n g e r -  
phosphate buffer  with 20 mM glucose at 37~ in an a tmosphere  of 02. The concentra t ion of l l - h y d r o x y c o r -  
t i cos te ro ids  ( l l -BCS)  in the p l a s m a  and incubation samples  was de te rmined  f luo romet r i ca l ly  [12]. The t r a n s -  
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TABLE 1. Characteristics of Hypothalamic-Pituitary-Adrenal System 48 h after Experi- 
mental Procedures 

Index studied 

Relativeweightofliver, g/100 g body weight 

Corticosterone metabolism, pg/100 mg l iver /h  
Corticosterone metabolism, pg/100 g body weight 

/h 
Transeortin binding power 
Plasma 11-HCS concentration, ~ qo 
Relative weight of thymus, mg / l~0  g body weigh~ 

ntact control ~ Mock opera- 

(11) 

3,32+- 0,11 

148,5~---8,2 

4,81-+0.37 
32, I x  1,0 
31,6-- + 2,8 
99,2--+-9,0 

tion ( I I )  

3,70-+0,08* 

137,1~11,7 

4,97-+ 0,42 
12,7~ 0,8" 
27,4----- 3,6 
75,7-+3,5* 

Partial heDa- 
teetomy (11) 

2,37-+0,09* 

90,4-- 1,7" 

2,1i~0,21" 
15,2--- + 1,7" 
28,9----- 0,4 
69,0-+5,5" 

Poisoning with 
CC14 (i0) 

4,89+-0,20* 

60,7-+ 13,9 ~ 

2,72--0,58" 
17,5-+2,8" 
34,1--+3,5 
78,9-----9,3* 

Legend.  Here and in Table 2, results differing significantly from the control are m a r k e d  
by an a s t e r i s k  (P < 0.05); number of animals shown in parentheses. 
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Fig. 1. Rate of cortieosterone synthesis by adrenal s l ices  
during incubation. A) Intact control; B) 48 h after mock 
operation; C)48 h after partial hepatectomy; D) 48 h after 
injection of CC14. 1) First hour of incubation; 2) 2nd hour 
of incubation after change of medium; 3) reaction to ACTH 
(1.5 i .u./100 mg). Confidence limits calculated for P -<0.05. 

TABLE 2. 
mg protein/rain) 

Activity of Cytoplasmic Dehydrogenases of Adrenal Cells (10 -4 M NADPH/ 

Index ~udied 

LD 
MD 
G6PD + 6PGD 
ID 
Protein, rag/100 nag tissue 

Intact control (9) 

384,0 ~- 15,45 
286,7 -~ 14,73 

1229,0-+---54,91 
176,2+----6,37 

6,6+--0,3 
n=4  

Mock opexation [Partial hepatec- 
(9) tomy (9) 

190,5• 18,9" 
137,4 ~" 15,21" 

1052,9 + 32,11 * 
108,1-+9,33" 
7,36+---- 1,12 

n : 4  

258,9~ 21,72" 
212,4~ 50,46 
851,8-'- 104,3" 
137,8-+ 16,42* 

11,0+- 2,88 
n = 4  

Poisoning with 
cch  (12) 

1 t 25,4 + 216,2* 
1146,5----- 190,3" 
1121,6 + 178,4 
218,4-+40.23 
7,26-+2,3 

n = 4  

cortin binding power was studied by Golikov's method. The rate of eorticosteroid metabolism was determined 
by studying the disappearance of corticosterone during incubation of 100/~1 of a 2 0% liver homogenate for 10 
min at 37~ in a medium containing 15.1 mM KC1, 1.06 mM Tris,  1 #M NADPH, and 10pg corticosterone. The 
reaction was stopped with cold 10% TCA. The fraction of adrenal hyaloplasm was obtained by differential cen- 
trifugation of the homogenates in a medium of KC1 (150 mM) + Tris-HC1 (10 mM). Activity of lactate dehy- 
drogenase (LD) [3], malate dehydrogenase (M-D) [4], glucose-6-phosphate dehydrogenase (G6PD), 6-phospho- 
glueonate dehydrogenase (6-PGD) [15], and of NADP-dependent isocitrate dehydrogenase (ID) [8] was deter- 
mined fluorometricaily. 
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EXPERIMENTAL RESULTS 

A comparative study of the glucocorticoid status of the rats with different types of liver damage gave 
the following results, i) Partial hepatectomy, likeiujectionof CC14, causes a decrease in glucocorticoid me- 
tabolism in the liver which is still present after 48 h. 2) Both procedures caused a sharp decrease in trans- 
cortin binding power. 3) The relative weight of the thymus was reduced, reflecting acute operative stress. 
4) No significant changes in the plasma Ii -HCS concentration .was present after 48 h, indicating that the changes 
observed were compensated by that time (Table i). The possible mechanism of this compensation is through 
feedback in the system controlling corticosteroid homeostasis [2, ii]. 

Investigations of the rate of cortieosterone synthesis by adrenal slices in course of incubation (Fig. I) 
revealed an increase in secretion during the first hour of incubation of material from rats undergoing the 
mock operation, possibly as a result of operative stress. In the partially hepatectomized rats a decrease in 
the rate of corticosterone synthesis was found during the first hour of incubation by comparison with rats 
undergoing the mock operation, indirect evidence of a decrease in the secretion of endogenous ACTH in the 
animals of this group. This conclusion is confirmed by the higher response of the animals of this group to 
exogenous ACTH than of the control group and of the rats undergoing the mock operation. 

Despite the extension of the operation producing stress, the steroid-producing reaction of the adrenals 
was less marked in the partially hepateetomizedrats. Themost probable reason for the special feature of 
stress in this case is a decrease in the intensity of steroid metabolism compared with animals undergoing the 
mock operation. 

Steroid production in the animals with toxic injury to the liver followed a different pattern. The writers 
previously showed an increase in the plasma II-HCS concentration 24 and 28 h after administration of a simi- 
lar dose of CCI 4 to Wistar rats. Meanwhile a sharp decrease was found in the response of the hypothalamic- 
pituitary-adrenal system to administration of ACTH to rats [6]. Even more unexpected was the increase in 
the rate of corticosterone synthesis in the experiments in vitro at these times. A marked increase in the rate 
of steroid biosynthesis and of the reaction to exogenous ACTH in vitro was observed 48 h after injection of 
CCI 4 (Fig. ID). One cause of the change in the mechanisms of steroid production could be a change in the state 
of the cells of the adrenal cortex. 

Measurement of adrenal cytoplasmic dehydrogenase activity (Table 2) showed that it was reduced in 
animals undergoing both the mock operation and hepatectomy. This dynamics of enzyme activity may reflect 
the late phases of the post-stress period [5]~ \Vhat is important is that the decrease in dehydrogenase activity 
was less marked after partial hepatectomy, confirming the earlier conclusion that the response of steroid 
production to stress in the animals of this group was of lower intensity. 

After administration of CCI 4, on the other hand, marked activation of NAD-dependent dehydrogenases 
(LD and MD) was observed and activity of the NADP-dependent enzymes remained high. Steroid production is 
known to be closely linked with the activity of the final stages of glycolysis [14] and of the pentose phosphate 
shunt [13], the power of which is determined by G6PD and 6PGD activity. Meanwhile activity of the NAD- 
dependent energy-synthesizing reactions of the cytoplasm reflects the intensity of structural syntheses in the 
cell [i0]. The distinguishing features of the enzyme spectrum of the adrenal cells of rats poisoned with CCI 4 
probably reflect their special plastic state as a rssult of toxic injury to the glands [9]. Isolated activation of 
NAD-dependent dehydrogenases combined with residual high activity of NADPH-generating enzymes evidently 
creates a favorable basis for stimulation of steroid-synthesizing reactions of the adrenals. 

The lower intensity of stress following injury to the liver than after the mock operation thus has one 
distinctive feature which depends on the mode of injury. After partial hepatectomy this effect can be ob- 
served at the level of the adrenal glands, unlike after toxic injury by CC14, when depression of steroid produc- 
tion in the adrenals is not observed. The antistressor effects associated with different types of injury may 
thus arise at the organ or system level. 
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GLUCOSE TRANSPORT IN THE SMALL INTESTINE 

OF THE BILIAIRY-PANCREATIC DUCT IN RATS 

G. I. Loginov 

AFTER LIGATION 

UDC 612.015.32-06.[612.343+612.357.2 

Muco-serosa l  glucose t ranspor t  along and against the concentrat ion gradient  (the modified 
"ever ted  sac" method) was de termined in six segments  of small  intest ine of ra t s  on the 4th, 
7th, 14th and 28th days af ter  ligation of the combined b i l i a ry -pancrea t i c  duct. The dynamics 
of modification to the t r anspor t  sys tems  in each segment  of the intest ine differed according 
to the i r  dependence on the sources  of energy. In the ear ly  per iod af ter  the operat ion t r an s -  
por t  along the concentrat ion gradient  was mainly intensified, but in the l a t e r  stages t r an s -  
por t  against this gradient  was intensified. 

KEY WORDS: smal l  intestine; glucose t ransport ;  ligation of b i l i a ry-pancrea t ic  duct. 

Adaptive and compensa tory  react ions  in different  physiological sys tems evidently obey cer ta in  general  
ru les  [5, 7, 10]. Attempts have recent ly  been made to extend ideas regarding methods of regulat ion to the 
metabolic level [1, 2]. These views must be taken into considerat ion when adaptations in sys tems of membrane  
hydrolys is  and t ranspor t  a re  studied, fo r  the metabolic p roper t i e s  of the enterocytes  va ry  along the course  of 
the small  intest ine [3, 8, 11]. Glucose t ranspor t  in enterocytes  is known to take place by severa l  mechanisms 
[6, 12, 13]. With different  d ie tary  intakes the p roper t i es  of the t ranspor t  sys tem may vary  differently along 
(TCG) or  against (TACG) the concentra t ion gradients .  No compar i son  between these two sys tems  of t r anspor t  
under pathological conditions has been ca r r i ed  out until recent ly .  Ugolev [8] has postulated that against the 
background of adaptive and compensa tory  s t ruc tura l  changes in the small  intest ine the p roper t i e s  of t r anspor t  
sys tems  cha rac te r i zed  by unequal dependence on sources  of energy may va ry  differently.  

In this investigation this problem was studied in re la t ion to glucose by comparing TCG and TACG in all 
par t s  of the small  intestine of ra t s  a f te r  ligation of the b i l i a ry-pancrea t ic  duct. 

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

Exper iments  were  ca r r i ed  out on 25 adult albino r a t s  kept on a mixed diet and s tarved for 18 h before  
being used. The ra t s  were  decapitated on the 4th-28th day af te r  ligation of the b i l i a ry-panerea t ic  duct; the 
small  intestine (without the duodenum} was removed  and divided into six equal segments.  Muco-serosa l  glu- 
cose  t ranspor t  was studied by a modified "ever ted  sac"  method [4, 12]. Two lengths (about 5 cm) were  i so-  
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