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Most research into the effect of adrenalin on mitochondrial metabolism has been undertaken on mito- 
chondria of the liver, which constitute a convenient and stable preparation [3, 5, 8, 15]. Functional character- 
istics of mitochondria of other, more reactive tissues and the effect of regulating factors on them have re- 
ceived much less study. One of the most reactive tissues is the small intestinal mucosa (SIM), which is sen- 
sitive to changes in the sympathieoadrenal system [6], Probably on account of its increased reactivity, it is 

difficult to isolate mitochondria from this tissue [I]. 

In the investigation described below this difficulty was overcome by using new techniques to isolate mito- 
chondria and to work with them. In this way the action of adrenalin on mitochondria of SIM and also on more 

native liver mitochondria could be studied. 

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

During work with the animals and isolation of mitochondria f rom the l iver and SIM, a combination of con-  
ditions was adopted whereby organelIes with proper t ies  closest  to native could be obtained [1, 9]. Experiments  
were car r ied  out on male Wlstar  ra ts  weighing 200-220 g. The final dilution of the suspension during keeping 
was 70-80 mg p r o t e i n / m l  for l iver mitochondria  and 30-40 mg p r o t e i n / m l  for SIM mitochondria.  

The effect of adrenalin on energy metabol ism was assessed  by pHI-metric recording  of oxidative phos-  
phorylation [4] and of Ca ++ uptake in mitochondria [13]. The incubation medium for  the l iver mitochondria (26~ 
consisted of 4-5 mg mitochondrial  protein in 1 ml, 150 mM sucrose ,  50 mM KC1, 1 mM Ktt2PO 4, and 3 mM T r i s -  
HC1, pH 7.4; fo r  SIM mitochondria (28~ it consisted of 2-2.5 mg mitochondrial  protein in 1 ml, 250 mM suc-  
rose ,  40 mM KC1, 3 mM KH2PO 4, and 5 mM Tris -HCl ,  pH 7.4. Succinate (6 mM) was used as oxidation subst ra te .  
The pH of the incubation medium was recorded  with an LPU-01 pH-mete r  and E Z-2 automatic wr i te r .  The ac -  
tion of adrenalin on the rate  of phosphorylat ion of added ADP [14], the rate of uptake of Ca ++, and the calcium 
capacity (CC) of the mitoehondria was studied [13]. Prote in  was determined by Lowryls method. Adrenalin was 
injected intraperi toneal ly  15 and 30 min and 3 h before sacr i f ice  of the animals ,  in a dose of 5 pg or 25 pg per  
i00 g body weight. The fl-adrenoblocker inderal, in a dose of 1 rag/100 g body weight, was injected intraperi- 
toneally 30 rain before injection of the hormone. Control animals received an injection of an equal volume of 
0.9% NaCl solution at the corresponding times. 

The results were subjected to statistical analysis by the comparison of pairs method [2]. 
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TABLE 1. Development of Stimulating Effect of Adrenalin on Oxidative Phosphorylat ion (in 
nanomoles A T P / m g  pro te in /min)  in Mitochondria f rom Rat SIM and Liver  (M ~ m, n = 5) 

Time of action SIN Liver 
of adrenalin control 

15 min 
30" 
3h 
15 min (inderal) 

50,4+_5,7 
48,3-+4,4 
46,3--I-_4,6 
52,5-+6,2 

15 min 
30 min 
3h 

15 min (inderal) 

47,6+__3,1 
45,7• 
47,5-+4,5 
47,2-+5,2 

Legend. *P < 0.05, * * P  

experiment changes, ~/o , control ] experiment ]changes, % 

60,4:k6,0 
60,54-5,4 
49,8-+3,4 
55,4-+4,3 

71,7-+6,8 
67,1• 
57,0-+2,9 
53,3-+5,4 

Adrenalin, 5 ~g/lOOg 
120" 87,6• 107,7+__9,4 
125" 88,0--+5,9 110,1 -+ 10,3 
109 88,2-+6,4 90,0• 
106 89,8-+7,3 88,9-+7,8 

Adrenalin, 25 tlg/100 g 
151"* ] 86,2-+9,4 112,0-+7,2 
147"* 1 8 6 , 9 •  100,4-+11,7 
120" 87,6-+5,5 85,8-+7,1 
113 89,2-+5,7 88,9-+5,6 

< 0.01 compared with control.  

123" 
127" 
102 
99 

130" 
115 
98 

lO0 

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

The native charac ter  of isolated suspensions of mitochoadria  f rom the l iver and SIM enabled thei r  p rop-  
er t ies  to be compared under different physiological conditions and, in par t icular ,  after  injection of adrenalin, 
a powerful act ivator of energy metabolism, into the animal.  Changes observed in the velocity of phosphoryla-  
tion of added ADP in l iver and SIM mitochondria during oxidation of succinate are given in Table 1, which shows 
values of the velocity of phosphorylation of the f i r s t  quantity of ADP added, so that changes in the oxidative 
phosphorylation sys tem could be detected by a g rea te r  degree than subsequent changes. As Table 1 shows, a 
physiological dose of adrenalin (5 Pig/100 g) caused an approximately equal increase  in the rate of phosphoryla-  
tion as ear ly  as 15 min after  injection compared with the control in liver and SIM mitochondria  (23 and 20% 
respect ively) .  After 30 min the activation effect remained at about the same level, and after  3 h normal izat ion 
of the process  was observed in both cases .  Injection of adrenalin into rats  15 min before sacr i f ice ,  after  p r e -  
l iminary f l -adrenoreceptor  blockade by inderal,  abolished the activating effect of adrenalin in mitochondria 
f rom both t i ssues .  

A fivefold increase  in the dose of adrenalin potentiated the effect of an increase  in the rate of phosphoryla-  
t ion 15 min after  injection. However, whereas in l iver mitochondria the velocity of phosphorylation increased 
only by 7%, in mitochondria of SIM it increased by 31% compared with the rate after  injection of the smal le r  
dose. After 30 min the stimulating effect of adrenalin was reduced in the l iver ,  but in SIM it continued at the 
same level as that observed after  15 rain of activation. The rate  of phosphorylation in the SIM mitochondria of 
the experimental  animals 3 h after  injection of the l a rge r  dose of adrenalin was 20% grea te r  than in the controls,  
whereas in the l iver an activation effect could no longer be observed at this t ime.  Inderal,  as Table 1 shows, 
completely blocked the 15-min activation effect caused by injection of the large dose of adrenalin only in the 
l iver ,  whereas in SIM mitochondria the adrenalin effect was only part ial ly removed  by inderal.  Activation of 
oxidative phosphorylat ion in the l iver is probably mediated principally through f i -adrenoreceptors ,  whereas  in 
SIM a more  complex receptor  s t ructure  is involved. 

Mitochondria are  important  regula tors  of the int racel lular  calcium concentration.  In SIM, "rapid pene t ra -  
t ion of Ca++ into the mitochondria and the consequent creat ion of a sink of these ions f rom the intestinal contents 
into the cell accelera tes  the process  of Ca ++ uptake in the intestine" [4]. Investigations [11, 12] using labeled 
45Ca during perfusion of organs and incubation of cells with adrenomimet ics  showed that calcium metabol ism in 
the mitochondria of the hear t  and l iver is controlled by the sympathicoadrenal  sys tem.  We studied the action of 
adrenalin in vivo on the maximal quantity of Ca ++ which the mitochondria can take up (their CC) without i r r e v e r -  
sible functional dis turbances .  To est imate CC the mitochondria were t i t ra ted  with small  quantities of CaC12 
(100 nM at a time) until spontaneous re lease  of Ca ++. The resul ts  of these experiments  are  given in Fig.  1. CC 
of mitochondria of the control animals was 55.4 • 5.0 nmole H+/nag protein,  and in the l iver 56.2 • 3.9 nmole 
H + / m g  protein. Injection of adrenalin in a dose of 5 pg /100  g caused an increase  of CC after  15 min in SIM 
by 25% (Fig. 1A, 1), whereas in the l iver no change compared with the control was observed.  The l a rge r  dose 
of adrenalin (25 pg/100 g) caused an increase  of CC after  15 min by 38% in SIM, but by only 19% in the l iver  
compared with the control, i.e., SIM mitochondria a r e  more  sensit ive to the action of adrenalin.  Accordingly,  
the effect of adrenalin on the rate of Ca ++ uptake by SIM mitoehondria also was investigated. 

It will be clear  f rom Fig. 2 that the smal le r  dose of adrenalin (5/zg/100 g) increased  the rate of Ca ++ up- 
take by 23%, the l a rger  dose by 54%, compared with the control.  The increase  in the rate  of inflow of Ca ++ into 
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Fig. i. Effect of adrenalin on CC of mitochondria 
from rat SIM (A) and liver (B). Ordinate, CC of 
mitochondria (in nmole H+/mg protein). 15 rain 
before sacrifice animals received injection os physi- 
ological saline (C - control) or of adrenalin 5 pg/100 
g (i) and 25 pg/100 g (2). Concentration of mito- 
chondria in samples: for SIM 2.5 mg protein/ml, 
for liver 4.7 mg protein/ml. 

Fig. 2. Stimulation of rate of Ca ++ uptake by SIM 
mitochondria by adrenalin. Ordinate: rate of Ca ++ 
uptake by mitochondria of control animals taken as 
100%. Legend as to Fig. I. Concentration of mito- 
chondria in sample 2.4 mg protein/ml. 

the mitochondria is direct ly  related to the increase  in their  CC [13]. Another contr ibutory factor  may be s t a -  
bilization of the mitochondria membrane by adrenalin, which other workers  have observed [8, 11]. Activation of 
the rate of ATP synthesis  by adrenalin may also stabilize the mitoehondrial  membrane  [5]. The resul ts  are  evi -  
dence of activation of energy functions in the initial period (15-30 rain) of action of adrenalin both in l iver mi to-  
chondria and in SIM. This direct ion of the react ion is in agreement  with data obtained by other workers  [3, 5, 
8, 15]. However,  the effect of adrenalin in stimulating oxidative phosphorylation and Ca ++ uptake (especially in 
s t ress - induc ing  doses) is more  marked in the mitochondria  of SIM. Fu r the rmore ,  whereas the activation of 
phosphorylat ion induced by injection of adrenalin was not observed in the l iver  mitochondria af ter  3 h, it was 
still  present  in the SIM mitochondria  even after  injection of adrenalin in a dose of 5 pg/100 g, but especial ly  in 
a dose of 25 pg /100  g. This confirms previous conclusions that more  sensit ive,  but poorly energized sys tems 
such as mitochondria of SIM compensate their  s t ruc tu ra l -metabo l ic  changes in response to various factors  more  
slowly than the more  res is tant  and highly energized sys tems  such as l iver mitochondria [7, 10]. 

The authors are  grateful  to P r o f e s s o r  M. N. Kondrashova for  help with the work and with its prepara t ion 
for  publication. 
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In recen t  y e a r s  highly specif ic  immunologic  methods have been used on an increas ingly  wide sca le  to  study 
mechan i sms  of bra in  function [1, 3, 4, 8, 9]. However ,  the molecu la r  mechan i sms  of act ion of bra in  antibodies 
have not been adequately studied. 

In the invest igat ion desc r ibed  below the effect  of i n t r a c e r e b r a l  inject ion of an t i synaptosomal  antibodies on 
synap tosomal  prote in  me tabo l i sm was studied. 

EXPERIMENTAL METHOD 

Rabbits were immunized by subcutaneous injection of a suspension of synaptosomes from rat cerebral 
cortex [6] in physiological saline (75 mg protein per animal in 2 ml of solution) with Freund's complete adjuvant. 
The animals were reimmunized 3 times with intervals of 1 month, without adjuvant. Blood was collected 7-12 
days after each reimmunization. The antibody titer in the serum was determined by Ouchterlony's method of 
microprecipitation in agar [2]. The y-globulin fraction was isolated by the method in [2]. 

The y-globulin fraction for control experiments was isolated from nonimmune rabbit serum. 

Experiments were carried out on male laboratory albino rats weighing 180 g, divided into three groups: 
control group i) animals not receiving 7-globulin, control group 2) animals receiving nonimmune y-globulin, 
experimental group 3) animals receiving injections of immune antisynaptosomal y-globulin for 3 days (45 pl 
of dialysate in 1 min into the lateral ventricle). 

Labeled precursor of protein synthesis, namely [14C]protein digest of Chlorella (30 pl/min per animal) 
also was injected into the lateral ventricle of the rats. The animals were killed 2 h and 3 days after injection 
of the labeled precursor. In the first case the label was injected immediately after the antibodies, in the second 
case three daily injections of antibodies were given after the label. The synaptosomal fraction was isolated [6] 
from the brain of the decapitated animals and radioactivity counted in a dioxane scintillator system [5] on an 
Intertechnique SL-30 liquid scintillation counter. The significance of differences between the values was cal- 
culated by Student's test. 

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

Values of specif ic  radioact iv i ty  of synaptosomal  prote ins  f rom the bra in  of the control  an imals  and animals  
rece iv ing  nonimmune 7-g l~  when sac r i f i ced  2 h and 3 days af ter  injection of labeled Chlore l la  digest ,  were  
s i m i l a r  (Table 1). Meanwhile it was found that  i n t r aven t r i cu l a r  injection of an t i synaptosomal  y -g lobu l in  into the 
r a t s  caused a significant  i nc rea se  in specif ic  radioac t iv i ty  of the prote ins  studied 2 h af ter ,  and a dec rea se  in 
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