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Morphine injected subcutaneously in a dose of 2 mg/kg body weight exerted an analge- 
sic effect in some Wistar rats (morphine-sensitive animals), as was indicated by a sig- 
nificantly prolonged latency of the tail-flick response, but failed to produce analgesia in 
others (morphine-insensitive animals). In morphine-sensitive rats, the striatum had the 
highest enkephalinase A activity, followed in decreasing order by the mesencephalon, hip- 
pocampus, pons, cortex, medulla oblongata, and hypothalamus. Thirty minutes after in- 
traperitoneal administration of naloxone (0.3 mg/kg body weight) to morphine-sensitive 
rats, enkephalinase activity fell significantly in the hippocampus, striatum, and cortex, 
remained unchanged in the pons and medulla oblongata, and rose significantly in the 
meseneephalon and insignificantly in the hypothalamus; generally similar differences in 
enkephalinase activity from naloxone-untreated morphine-sensitive rats were recorded in 
the brain structures of morphine-insensitive rats given saline instead of naloxone. 
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Naloxone inhibits the analgesic effect of morphine 
[7] mediated by increased release of endogenous 
opioids [4]. However, individual animals, and up to 
30% of rats in particular, are insensitive to mor- 
phine and to acupuncture [5,6]. Such rats were 
found to contain lowered levels of endogenous 
opioids [6], as were morphine-sensitive (MS) rats 

State Center of Addiction, Ministry of Health and Medical In- 
dustry of the Russian Federation, Moscow; *Department of Higher 
Nervous Activity, Moscow State University; **P. K. Anokhin 
Institute of Normal Physiology, Moscow (Presented by K. V. 
Sudakov, Member of the Russian Academy of Medical Sciences) 

following administration of naloxone alone [3]. 
These findings may be accounted for either by re- 
duced release of endogenous opioids or by height- 
ened activity of the endopeptidases that inactivate 
them [3]. d-Phenylalanine, which inhibits enkepha- 
linase A, wes shown to restore the analgesic effect 
of morphine in morphine-insensitive (MI) and acu- 
puncture-insensitive animals [2,6]. 

It was therefore decided to compare enkepha- 
linase A activity in different parts of the brain in 
MI and MS rats and in naloxone-treated and -un- 
treated MS rats. 
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MATERIALS AND METHODS 

A total of 20 male Wistar rats weighing 250-300 g 
were used. Alterations in nociception were estimated 
using the previously described procedure [2] of the 
tail-flick test, in which the latency of the tail-flick 
response to a nociceptive thermal stimulus was recor- 
ded with an automatic analgesimeter (Ugo Basile). 

Enkephal inase  A activity in different brain 
structures was measured as previously described [1]. 

Morphine hydrochloride was injected subcuta- 
neous ly  in a dose o f  2 m g / k g  and naloxone 
(Sigma) intraperitoneally in a dose of  0.3 mg/kg. 
All rats were decapitated 30 rain after the admin- 
istration of naloxone or of  saline in the same vol- 
ume and by the same route. 

The results were treated statistically by the 
unpaired Student 's  test. 

RESULTS 

In 15 of the 20 rats tested, morphine prolonged the 
latency of their tail-fiick response to the nocicep- 
tire thermal stimulus from the initial (preinjection) 
value of 16+0.2 sec to 40 sec 10-15 rain postinjec- 
tion, and the analgesic effect persisted for 30-40 
min (MS animals). In the remaining rats, with an 
initial tail-flick latency of 16.3+0.3 sec, morphine 
administration was not  followed by a significant 
prolongation of  the latency, which increased only to 
16.9+0.4 sec 10-15 rain postinjection (MI animals). 
In 5 of  the MS rats with an initial tail-flick latency 
of 17.6+0.4 sec, naloxone produced a hyperalgesic 
effect 10-15 min postinjection, reducing the latency 
to 9.3+0.4 sec (2<0.001). The remaining 15 rats, 
which received saline in the same volume, did not 
show a significant change in the response latency 
(this increased to 18.2+0.4 sec). 

Enkephalinase A activity in the MS rats var- 
ied from one brain structure to another,  being 
highest in the striatum and progressively lower in 

the mesencephalon,  hippocampus,  pons, cortex, 
medulla oblongata, and hypothalamus (Table 1). 
After naloxone administrat ion to MS rats, the 
highest enkephalinase A activity was shown by the 
mesencephalon,  followed by the pons, striatum, 
medulla ,  hypotha lamus  and h ippocampus ,  and 
cortex, in that order. As a result of naloxone, 
enkephalinase A activity fell significantly in the 
hippocampus, striatum, and cortex, remained vir- 
tually unchanged in the pons and medulla, and 
rose significantly (by 20%) in the mesencephalon 
and insignificantly (by 15%) in the hypothalamus. 

In the saline-injected MI rats, the brain struc- 
tures studied can be arranged (Table 1) in order 
of decreasing enkephalinase A activity as follows: 
mesencepha lon ,  pons,  s t r ia tum, h ippocampus ,  
medulla and hypothalamus, and cortex, i.e., in the 
same order as in the naloxone-injected MS rats 
with the exception of the hippocampus. Differ- 
ences in enkephalinase activity between the MI 
rats and the naloxone-untreated MS rats were also 
similar to, though less marked than, those between 
the latter rats and the naloxone-treated MS ani- 
mals. Thus, the enkephalinase activity of MI rats 
was s ignif icant ly  lower in the  h i p p o c a m p u s ,  
striatum, and cortex (on average by 52, 35, and 
45%, respectively), insignificantly lower in the 
medulla (by 36% on average), nearly the same in 
the pons, and insignificantly higher in the mesen- 
cephalon (by 11%) and hypothalamus (by 8%). 

The results presented above show that enkepha- 
linase A activity in MS rats varied from one brain 
region to another and that the changes in this ac- 
tivity in MI rats were similar to those recorded 
for MS rats after naloxone administration. 

The levels of  enkephalins are known to be un- 
equal in different structures of the rat brain, being 
high and more or less the same in the hypothala- 
mus, mesencephalon, and medulla and 1.5 to 2 
times lower in the cortex and hippocampus [3]. In 
the present study, enkephalinase activity in the con- 

TABLE I. Enkephalinase Levels in Different Brain Structures of Morphine-Insensitive (MI) and Morphine--Sensitive (MS) Rats 
(pmol/rng protein/rain) 

Brain structure MS rats (n=15) MI rats (n=5) MS rats injected with 
naloxone (n=5) 

Pons 

Hippocampus 

Striatum 

Hypothalamus 

Mesencephalon 

Medulla oblongata 

Cortex 

41.20• 

52.45• 

64.61• 

17.36• 

61.70• 

29.44• 

31.37• 

42.37• 

25.22• 

42.31• ** 

18.73• 

68.31• 

18.83• 

17.t5• 

43.68• 

20.25• 

34.79• 

20.41• 

76.60• 

29.33• 

17.19• 

N o t e .  "p<O.05, "*p<O.01, "**p<O.O01 in comparison with MS rats. 
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trol (saline-injected) MS rats was found to be high- 
est in the striatum, mesencephalon, and hippocam- 
pus; lower in the cortex and medulla; and lowest 
in the hypothalamus. Among the brain parts stud- 
ied, the major role in mediating the analgesic ef- 
fects of morphine and acupuncture is played by key 
structures of the endogenous antinociceptive system 
such as the central gray matter within the mesen- 
cephalon (higher values of  enkephalinase activity 
could probably be obtained if it were measured in 
this matter separately) and the hypothalamus. Acu- 
puncture-induced analgesia has been shown to be 
associated with considerable rises of enkephalins in 
the hypothalamus, central gray matter, and striatum 
and smaller rises in the cortex, hippocampus, and 
thalamus [8,10]. The ratios that exist between en- 
kephalin levels and enkephalinase activity in the 
hypothalamus, central gray matter, and thalamus 
probably account for the high levels of enkephalins 
in situ and for their release in response to morphine 
[4] or acupuncture [8,10] with a resultant blockade 
of the nociceptive impulse traffic. 

Morphine and acupuncture were previously re- 
ported not to produce an analgesic effect in MI or 
in MS rats injected with naloxone [5,6]. In such 
animals, the ratios between enkephalin levels and 
enkephalinase activity in the key structures of the 
endogenous antinociceptive system appear to be 
substantially altered. Rats injected with naloxone at 
5 mg/kg body weight were found to have reduced 
enkephalin levels in virtually all of the brain struc- 
tures mentioned above [3]. In the present study, 
naloxone administered to MS rats at 0.3 mg/kg, 
i.e., in a dose that blocks the analgesic action of 
morphine [7], lowered enkephalinase activity in the 
hippocampus, striatum, and cortex, which, together 
with the decline of  enkephalins, probably preserved 
the former balance between enkephalins and en- 
kephalinase activity. On the other hand, enkepha- 
linase activity remained unchanged or even rose in 
the key structures of the endogenous antinociceptive 
system (mesencephalon,  hypothalamus, and me- 
dulla), and this undoubtedly accentuated the differ- 
ences in the ratio between enkephalin and enkepha- 
linase levels. Similar, though less marked, differ- 
ences were observed for MI rats. The high enkepha- 

linase activity and low enkephalin levels [3] in the 
key structures of the endogenous antinociceptive 
system are evidently responsible for the inadequate 
release of  endogenous opioids or for their rapid 
inactivation by endopeptidases in MI rats exposed 
to morphine or acupuncture and, consequently, for 
the failure of these to induce analgesia. This possi- 
bility is supported by the finding that administration 
of the enkephalinase inhibitor d-phenylalanine re- 
stored the analgetic effects of morphine and acu- 
puncture in MI rats [2,6] and tripled the level of 
enkephalins in the hypothalamus [9]. 

It may be concluded that MI rats and naloxo- 
ne-injected MS rats develop similar changes in en- 
kephalinase activity in practically all of the brain 
structures examined, but that this activity is higher 
in some structures and lower in others, which re- 
sults in unequal ratios of enkephalinase activity to 
endogenous enkephalin levels in different structures. 
One reason for the failure of morphine and acu- 
puncture to produce analgesia in MI rats may be 
elevated enkephalinase activity and a correspond- 
ingly reduced release of endogenous enkephalins in 
the mesencephalic central gray matter and hypo- 
thalamus, i.e., in the key structures of the endog- 
enous antinociceptive system. 
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