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It was shown previously that naloxone, a special opiate and opioid antogonist, shortens 
the life span of animals exposed to anoxic anoxia [3, 9]. It has accordingly been suggested 
that endogenous morphine-like substances (especially enkephalins and endorphins) may perhaps 
play a protective role in acute anoxia, realizing their antianoxic action through opioid re- 
ceptors. 

The aim of the present investigation was to study the antianoxic properties of endor- 
phins, enkephalins, and their synthetic analogs. 

EXPERIMENTAL METHOD 

Experiments were carried out on male mice, noninbred albino mice and (CBA • C57BL/6)F z 
hybrids weighing 14-30 g. Two models of anoxic anoxia were used: placing the animals in an 
airtight chamber and "elevating" them in a pressure chamber to an "altitude" of 10,500-10,700 
m at the rate of 30 m/sec [4]. The length of survival of the animals (until respiratory ar- 
rest) under anoxic conditions was recorded. Anemic anoxia was produced by giving the mice 
an intraperitoneal injection of sodium nitrate in doses of 200-250 mg/kg [4] (the ability of 
the test preparations to prevent death of the animals was evaluated). The endorphins, enke- 
phalins, and their analogs were synthesized in the Laboratory of Peptide Synthesis (director, 
Professor M. I. Titov), All-Union Cardiologic Scientific Center, Academy of Medical Sciences 
of the USSR. Morphine, whose antianoxic properties are well known [2, 4], was used as the 
standard preparation. All substances were injected intraperitoneally in a volume of 0.05 ml/ 
i0 g body weight 10-20 min before the mice were placed in the pressure chamber or the air- 
tight chamber. Animals of the control group received an injection of isotonic sodium chlo- 
ride solution. 

EXPERIMENTAL RESULTS 

Table 1 gives data (experiments of series I) on the effect of morphine, thyrotrophin 
releasing hormone, enkephalins, and their analogs on the resistance of the mice to hypobaric 
anoxic anoxia. Clearly morphine and Leu-enkephalin (unlike Met-enkephalin) led to a dose- 
dependent increase in the length of the survival of animals in the pressure chamber. A mix- 
ture (cocktail) of the amino acids composing Leu-enkephalin has no antianoxic action. Be- 
sides morphine and Leu-enkephalin, DADLE and the nitro-analog of tetrapeptidamine also had 
antianoxic activity (Table I). None of the other ten enkephalin analogs were found to 
possess antianoxic properties. No connection was found between the chemical structSre and 
the action of the ~eDtide compound. Of all the endorphins tested only des-Tyr*-~-endor- 
phin increased the resistance of the mice to acute anoxia. However, the antianoxic 
effect of this endogenous peptide, which exhibits neuroleptic properties but has no 
opioid activity [ii, 12], is not exhibited by thyrotrophin releasing hormone (THR) 
[i0, 13] which, depending on dose, lowered the resistance of the animals to anoxia by 11-15 
times, thus confirming the important role of these substances in protection of the animal 
against anoxia (Table i). 

The specific opioid antagonist naloxone (1.0 mg/kg) completely blocked the antianoxic 
effect of morphine~ leu-enkephalin, and the analogs. Consequently, the antianoxic properties 
of the preparations are due to stimulation of opioid receptors. The selective ~-opioid recep- 
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TABLE i. Effect of Endorphins, Enkephalins, and Their Analogs on Resistance of Mice to 
}{ypobaric Anoxic Anoxi.a (M +_ m) 

Total number Total duration of Number of mice Length of survival of 
Preparation, mg/kg of mice survival, sec dying during mice at an altitude, 

"ascent" se C 

Morphine (10.0) 
Control 
Thyrotrophine releasing hormone (1.0) 
Control 
Thyrotrophine releasing hormone (10.0) 
Control 

56 
56 
49 
30 
20 
20 

146• 
91• 
30• *5 

344_.+54 
215=9 *5 

321 • 
~n ino-Acid  "cocktail" (10.0) 
Control 
Leu-enkephalin (10'.0) 
Control 
geu-enkephalin (I.0) 
Control 
Leu- enkephalin (0.1) 
Control 
~ u -  enkephalin (0.01) 
Control 
Met- enkephalin (10.0) 
Control 
Met-enkephalin (1.0) 
Control 
Met- enkephalin (0.1) 
Control 
Met-enkephalin (0.01) 
Control 

- Endorphin (10.0) 
ontrol 

][- Endorphin (1,0) 
Eontrol 
~oEndorphin (0,I) 

ntrol 
~- Endorphin ( 0.01) 

ontrol 
Des- TyrL ~-endorphin (10.0) 
Controil .~ 
Des- TyP- y-endorphin (1, O) 
Control 
Des[tTo~-y-endorphin (0. l )  
Con 
Des-Tyrl- 7- endorphin (0.01) 
Control 
Des-T)[rt-$ - endorphin (0.001) 
~ontrol 
a ~Endorphin (10,0) 
Control 
a- Endorphin (I.0) 
Control 
a -  Endor:ph• (0.1) 

Control 
ct- Endorph• (O.Ol) 
Control 
a-Endorphin (0.001,). 
Control 

49 
30 

126 
120 
100 
8O 
90 
79 
48 
40 
98 
99 
40 
4O 
5O 
5O 
80 
69 
49 
44 
80 
78 
70 
69 
89 
88 
55 
55 

116 
118 
98 
88 
7O 
7O 
3O 
3O 
3O 
30 
3O 
3O 
5O 
50 
5O 
4O 
3O 
3O 

143-+ 14 
135• 17 
193• 
1 3 5 •  13 
197• 
175• 
165• 
222• 
1595=33 
140-+37 
2545=25 
223-+24 
272=5=41 
301• 
319=k45 
345• 
35O5=39 
315-+39 
146• 14 
139• 
356• 
30h5=31 
378• 
3954-38 
422• 
386• 
228• 
168• 
318:h26 
274+__22 
360• * 
273-+26 
226• 
245=k27 
254• 
252• 
244-+42 
245-+38 
203• 
146• 
328• 
2624-38 
3004-41 
338___45 
178• 
179• 

Tyr-D-Ala-GIy-Phe-NH 2 (10,0; tetrapeptid- 
amide )  

Control 
~Tyr-D-Ala-Gly-Phe (NO2)-NH~ (10,0; 
- nitro-analog of te~xapeptidamide) 
Control 

-D.2~!a-Gly-Phe-D-Leu (I0,0; DADLE) 
trol 

_Yor-I)-AI a-Gly-Phe-D-Leu-Arg (10,0) 
ntrol 

Tyr-D-Ala-Gly-Phe (NO~)-Leu-Arg (I0,0) 
Contro/ 
D-Tyr-~)-Ala-Gly-Phe-Leu-Arg (10.0) 

om~ol 
"fvr-D-Ala-Gly-(Me) Phe-Leu-Arg fl0.0) 
C'~ntrol 

40 
40 

68 
72 

100 
129 
68 
60 
40 
40 
4C 
55 
20 
20 

t27• 
119• 

141• 
66• 13 

305• 
207• 
71• 
68-+-8 
68• 12 
85+10 

t47-+-23 
117• 
116• 
118-4-30 

4 
7 
9 
0 

13 
0 
0 
0 
0 
0 
4 
5 
6. 
3 
5 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
1 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
5 
1 
2 
2 
1 
2 
0 

4 
9 
0 
0 
4 
6 
3 
4 
1 
0 
0 
0 

158• 
104• 14 
37• *5 

344• 
60• *5 

321• 
143• 14 
135• 17 
193+ 14"** 
135• 
205• 
186• 
176• 
231 • 
177• 
148• 
254• 
223• 
272• 
301• 
319• 
345• 
350• 
315• 
146• 14 
142• 
356• 
301• 
378• 
401 __.38 
427+_35 
386--+34 
232-+33 
172• 
318-4-26 
274• 
360• 
276• 
229• 
245• 
2544-22 
252• 
244-4-42 
245___38 
210• 
175• 
334• 
273• 
313+42 
347• 
191-+27 
179• 

137• 
125• 

150+__26"* 
75• 

305• 
207• 

764-11 
76-4-8 
74• !2 
95• 10 

151• 
117+13 
116-4-23 
! 18• 
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TABLE 1 (Continued) 

Preparation, mg/kg  

Tyr-GIy- Gly-Phe-Leu-Arg (10,0) 
Control .  
cTyr-D-Ala-Gly-Pbe-Leu-Arg (10 0) 

ontrol . 
Yor D Ala-Gly-(Me) Phe-Gly-O1 (I0,0) 

ntrol 
Phoe-Leu-Arg (10,0- -20,0)  

ntrol 
T~or-P?o-Arg (10,0) 

ntrol 

Total  number 
of mice  

Total  duration of 
survival, sec 

63 
104 
61 
57 
46 
50 
78 
70 
80 
80 

116+19 
127-4-16 
65• 
59-4-14 
984-17 

124+15 
97• 
844-16 

1454-18 
1194-11 

Number of mice 
dying during 
"ascent" 

3 
6 

11 
14 

1 
1 
4 
7 
I 
1 

Length of survival of 
mice  at an altitude, 
s e c  

122::h 19 
1344-17 
80+ I0 
79• 

100::t= 17 
126• 15 
102+16 �9 
93~17 

147• t8 
121+ll  

Legend. Length of survival of mice dying during "ascent" to an "altitude" taken as 
zero. Significance of differences compared with control (Student's test): *p < 0.05; 
**p < 0.02; ***p < 0.01; ,4p < 0.02, ,Sp < 0.001. 

TABLE 2. Effect of Morphine and Nitro-Analog 
of Tetrapeptidamine (NAT) on Length of Sur- 
vival of Mice, Treated with Various Neuro- 
transmitters, in Airtight Chamber (M _+ m) 

' ~,Tum- l Length of survival 
Preparation, mg/kg ~ r  of of n~ice in airtight 

m i c e  chamber, min 

Me t-  e nke phali n ( 10 ~0) 
Control 
Leu-enkephalin (10.6) 
Control 
Morphine (10,0) 
Contro, 
Morphine (10.0) + naloxone(1.O) 
Control 
Propranolol (5.0) + morphine (10.0) 
Control 
Phentolamine (5.0) + morphine (10.0) 
Control 
Atropine (10.0) + morphine (10.0) 
Control 
p-CPA (500.0) + morphine (10.0) 
Control 
Bieuculline (1.0) + morphine 
(1o.o) 

Control 
Nitro-analog of tetrapeptidamine 

(NAT; 10.0) 
Control 
NAT (10.0) + naloxone (1.0) 
ControI 
Propranolol (5.0) + NAT (10.0) 
Control 
Phentolamine (5.0) + NAT (10.0) 
Control 
Atropine (10.0) + NAT (10.0) 
Control 
p-CPA (500.0) + NAT (10.0) 
Control 
Bicuculline (1.0) + NAT (10.0) 
Control 

20 
21 
52 
53 
I0 
I0 
I0 

32,7-+- 1,2 
32,0+ 1,3 
25,2-+-0,5* 
23,9+0,4 
35,6• *5 
23, 5-+ 1,0 
19,8-+-0,8 

10 19,4• 
15 52,0~2,9 .5 
14 29,8-+-0,6 
10 24,74-1,5" 
I0 2 0 , 5 •  
12 39,1-+-I,3 .5 
12 25,4+2,1 
I0 46,1• .5 
I0 34,1+1,6 

I0 25,2+ 1,7 
10 24,0+ 1,2 

l0 28,04-1,5" 
l0 23,4_1,I 
l0 19,9_1,1 
l0 19,8+0,8 
10 42,1• .4 
l0 29,9• 
17 31,5• 
i5 29,6• 
10 27,0_I,0" 
15 23,9• 
10 41,2• 
10 30,7+0,9 
10 23,8• 
10 23,6-4-1,2 

Legend. p-Chlorophenylalanine (p-CPA) in- 
jected into animals 72 h, naloxone 5 min, 
and bicuculline i0 mJn, and other neurotrans- 
mitters 30 min before injection of morphine 
and NAT. Levels of significance as in Table i. 

tor blocker ICI 154,129 (30 mg/kg) prevented the antianoxic action of the ~-agonist DADLE, 
but did not abolish the positive effect of the ~-agonist morphine on tolerance to anoxia. 
It may accordingly be postulated that at least ~- and ~-opioid receptors are involved in the 
mechanism of the antianoxic effect of opioids. 
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In the experiments of series II the effect of morphine and of opioid peptides on the 
length of survival of the mice in an airtight chamber was studied. Under these conditions, 
morphine, Leu-enkephalin, and NAT exhibited antianoxic properties under these conditions 
(Table 2). Naloxone abolished the antianoxic action of the preparation. Pharmacologic 
analysis, using neurotropic agents with a mediator type of action as analyzers, showed that 
besides the opioid substrate, other neurochemical systems of the body also are involved in 
the mechanism of the antianoxic effect of these substances. For example, the antianoxic 
activity of morphine and of NAT is due mainly to opioidergic, GABA-ergic, and ~-adrenergic 
mechanisms (Table 2). 

In the experiments of series III the effect of opioids and their antagonists (naloxone, 
nalorphine, TRH) on the course of anemic anoxia in mice was studied. Of all the opioid re- 
ceptor agonists tested, only morphine (I~,0 mg/kg) increased the length of survival of the 
animals significantly (p < 0.02) by 17% compared with the control. Naloxone had the oppo- 
site action, but only in a high dose (I0.0 mg/kg), reducing this parameter by 25% (p < 0.05). 
The remaining preparations were ineffective. Consequently, in this type of oxygen defi- 
ciency endogenous morphine-like substances have no significant role to play. 

The results of this investigation thus support the hypothesis that endogenous opioids 
are involved in protection of the body against acute anoxic anoxia. It can evidently be 
postulated that Leu-enkephalin and des-Tyr~-y-endorphin are endogenous antioxidants. 

What are the possible mechanisms which lie at the basis of the protective action of opi- 
oid peptides against acute anoxia, and why do their antagonists lower resistance of animals 
to anoxia? The most probable way in which the body is protected against acute anoxia by opi- 
o:id peptides and morphine is through their ability to reduce the tissue oxygen demand. 
Whereas this has been known for a long time in the case of morphine (this analgesic reduces 
the intensity of tissue respiration [i, 4]),reduction of the tissue oxygen demand after ad- 
ministration of enkephalins has also been established recently [5]. The antistressor com- 
ponent in the spectrum of pharmacological activity of endogenous and exogenous opioids, the 
possession of which by them has now been convincingly proved [6-8], also very probably plays 
a definite role. Mobilization of endogenous opioid peptides in response to a strong anoxic 
stimulus [14, 15] is therefore biologically advantageous and protective in character. Anta- 
gonists of narcotic analgesics (naloxone, nalorphine, etc.) block opioid receptors and there- 
by prevent the protective action of endogenous and exogenous opioids against acute anoxic 
anoxia. 
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