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The well-known ability of barbiturates to induce 
the synthesis of the liver microsomal enzymes re- 
sponsible for the metabolism of xenobiotics is the 
main cause of the development of resistance to 
these compounds [2,12]. However, some authori- 
ties do not  consider this as the chief mechanism 
even for actively metabolized barbituric acid deriva- 
tives [5]. For instance, adaptive shifts in the brain 
have been established to play an important  role 
[4]. The kidneys are also surmised to contribute 
toward the genesis of  tolerance to these substances 
[11]. Barbiturate resistance is evidently a multicom- 
portent p h e n o m e n o n  which involves many  organs 
simultaneously. 

In the present study we attempted to define 
the leading componen t  by using the method of 
exogenous RNAs (eRNAs) and directly estimating 
the contribution of protein synthesis in different 
organs to the development of the organism's re- 
sistance to the hypnotic effect of barbiturates. This 
method  is based on a well-documented (for re- 
views see [8,9]) organo- and phenomenospecificity 
of eRNAs. Briefly, RNAs isolated from a particu- 
lar organ (or tissue) of  a donor animal in which 
some process accompanied by transcriptional acti- 
vation of protein synthesis occurs, when injected 
parenterally into an intact animal, may reproduce 
this process in the homologous organ (tissue). The 
eRNA method has not  been applied to the inves- 
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tigation of barbiturate resistance. However, it was 
proposed and used by us for exploring the mecha- 
nisms of  resistance (adaptation) to severe physical 
loads [6] and altitude hypoxia [10], as well as for 
the analysis of the complex effects of pharmaco- 
logical drugs [7,101, which allowed us to clarify 
the key elements in the phenomena  studied. 

MATERIALS AND METHODS 

Experiments were conducted on outbred male rats 
weighing 180-220 g. Each exper imental  group 
comprised 8-10 animals. Elevated barbiturate resis- 
tance was induced with a standard drug, pheno-  
barbital (80 mg/kg i.p., single injection). The de- 
gree of resistance was assessed after 24 hours ac- 
cording to the duration of hexenal-induced sleep 
(80 mg/kg i.p.) and the content of cytochromes b s 
and P450 ill the liver microsomal fraction [14]. In 
the next experimental series RNA was isolated 
from the liver, brain, and kidneys, i.e., from the 
organs which possibly contribute to barbiturate re- 
sistance, using the rou t ine  m e t h o d  of  phenol  
deproteimzation [1]. The total cytoplasmic RNA 
fraction capable of reproducing different phenom- 
ena was isolated [8]. Two groups of donors, intact 
and experimental (i.e., resistant to barbiturates), 
were used, and, correspondingly, two groups of 
recipients received RNA isolated from a particular 
organ of  either control or experimental donors. In 
the experimental group RNA was isolated 24 hours 
after injection of phenobarbital,  i.e., at the time 
point corresponding to that in the hexenal test and 
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the onset of resistance. RNA was injected in a 
dose of 0.05 mg/kg.. The liver RNA was injected 
intraperitoneally, while RNA isolated from other 
organs was injected subcutaneously for the appro- 
priate RNA to reach the target organs bypassing the 
potent metabolizing systems of the liver. RNA was 
injected into recipients 24 hours before the hexenal 
test or evaluation of the biochemical parameters. A 
special series of experiments was designed for in- 
vestigation of the nature of the active principle and 
the mechanism of the eRNA effect. To this end 
the RNA preparations were pretreated with ribonu- 
clease (0.3 rag/rag) at 37~ for 30 rain, or, in 
another experiment, one hour prior to RNA in- 
jection, a highly selective protein synthesis inhibi- 
tor, act inomycin D, was injected to recipients in 
a dose of 100 mg/kg, which is optimal for inhi- 
bition but has no general toxic effect. The data was 
processed statistically using the standardized Z test. 

RESULTS 

The data suggest (Fig. 1) that even a single injec- 
t ion of phenobarbi ta l  reduces the durat ion of  
hexenal-induced sleep by 35%, while preliminary 
injection of actinomycin D completely prevents this 
effect from developing. Thus, the processes respon- 
sible for the development of hexenal resistance are 
mediated mainly through the induction of protein 
synthesis. The experiments with RNA confirmed 
and expanded upon  this assumption. The liver 
RNA from experimental donors was found to re- 
produce completely the increased resistance of the 
organism to the hypnotic effect of phenobarbital. 
This effect was phenomenospecific,  since the liver 
RNA from intact animals did not affect the dura- 
tion of sleep. RNA from the kidneys and brain 
from both experimental and control donors did not 
affect hexenal-induced sleep either, thus confirm- 
ing the key role of activation of protein synthesis 
m the liver. This activation is undoubtedly directed 
toward producing the enzymes of microsomal oxi- 
dation, since liver R N A  from the experimental 
donors induced, along with resistance, the accumu- 
lation of cytochrome P450 in the liver microsomes, 
which is character is t ic  for this p h e n o m e n o n ,  
whereas liver RNA from the control rats did not  
exert an analogous effect. Thus, using this new, 
direct, approach,  we confirmed the well-known 
premise that activation of protein synthesis in the 
liver, leading to increased resistance to barbiturates, 
notably hexenal, represents stepped-up synthesis of 
the cytochrome P450-related monooxygenases. A less 
expressed unreliable effect of phenobarbital (and, 
correspondingly, liver RNA from the experimental 
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Fig. 1. Activity of organospecific eRNAs in reproducing the 
e f lec t  of phenobarbi ta l  (basal and under  the influence of  
r i b o n u c l e a s e  and a c t i n o m y c i n  D). Ord ina te :  dura t ion of 
h e x e n a l - i n d u c e d  sleep, % of control; abscissa: i) control, 2) 
phenobarb i ta l ;  3) a c t i n o m y c i n  D; 4) a c t i nomyc in  D + 
phenobarbital; 5-I2)  RNA recipients: 5,6,11,12) RNA from liver; 
7,8) RNA Item kidneys; 9,I0) RNA from brain; 5,7,9) RNA from 
intact  donors (RNA); 6,8,10, i1,12) RNA from experimental  
donors (RNAe); i i )  RNAo pretreated with ribonuclease; 12) 
ac t i nomyc in  D + R N A o .  As ter i sk  (here and in Table 1): 
differences are reliable (p<0.05) in comparison with the control. 

donors) on the content  of cytochrome b 5 was a 
finding not unanticipated, since published data re- 
port  the absence of  any react ion of  this cyto- 
chrome, despite the marked increase of cytochrome 
P450 in response to either phenobarbital or other 
phenobarbital-like inductors of the monooxygenase 
system, for instance, benzenal [3]. 

Further investigation of the eRNAs corrobo- 
rated their role as transmitters of specific infor- 
mation:  the r ibonuclease t rea tment  completely  
abolished their specific effect (Fig. 1), thus con- 
firming that it is the ribonucleic acid molecules 
that are responsible for this effect, since ribonu- 
clease selectively attacks RNA exclusively. The ef- 

TABLE 1. Central Immunosuppress ive  Effect of Rimorphine 
Amide Obtained in CBA Mice on the 5th Day el  Experiment 
after SE Immunization (b/__+m, n =  10) 

E x p e r i m e n t a l  
c o n d i t i o n s  

S a l i n e  (control)  
R i m o r p h i n e  a m i d e  

T r a n s e c t i o n  of 
h y p o p h y s e a l  p e d u n c l e  
O p e r a t i o n  + 
r i m o r p h i n e  a m i d e  

Dose PFC per 
(mg/kg) 106 cells 

55.7-----216 
1 21.0-----1.4" 

10 30 . •  
100 34.0•  

100 

RFC per 
10 3 cells 

12.1---0.9 
6.0---0.9" 
4.0---0.8" 
3.6---0.7" 

13.2---1.1 

13.2---0.9 

Note. Asterisk denotes p<0.05 in comparison w~th control. 
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fects of eRNAs were also completely blocked by 
the transcription in~'bitor actinomycin D. It fol- 
lows that the active principle of the eRNA prepa- 
rations is ribonucleic acid; however, it does not act 
as a translation matrix in the protein synthesis 
like informational RNA. The primary mechanism 
of the effect of eRNA evidently consists in acti- 
vation of the celt genome, triggering the synthesis 
of its own RNAs and proteins. The specificity of 
the reproducible effects suggests that the RNAs and 
proteins synthesized in the recipient 's target cells 
are functionally similar to the donor's. Our results 
are consistent with published data on the speci- 
ficity and mechanisms of action of eRNA [8,15]. 
In line with the data available it may be assumed 
that the active principle of the eRNA preparations 
consists of a fraction of "small" nuclear RNAs 
(snRNAs). In this fraction, molecules with differ- 
ent regulatory functions are detected, in particu- 
lar, metabolically stable snRNAs, which may func- 
tion as tissue-specific transmitters. Some snRNAs 
may be released f rom the nucleus to the cyto- 
plasm, probably being responsible for the detected 
specific activity o f  the cytoplasmic fract ion of 
eRNA used in our experiments. Other investiga- 
tors have also found this activity in the nuclear 
fraction of eRNA [13]. Some "small" RNAs have 
been found capable of leaving the "mother"  cell; 
there are numerous  experimental data on the en- 
try of eRNA into homologous target cells, fol- 
lowed by induct ion of the synthesis of  specific 
RNAs and proteins in this cell as a result of their 
interaction with the genome. 

Thus, the investigation confirmed the useful- 
ness of the eRNA method  for the analysis of the 

intricate biological phenomena connected with the 
activation of protein synthesis, in particular, the 
p h e n o m e n o n  of resistance to pharmacologica l  
drugs. Moreover, the study of the properties of 
eRNA provides additional evidence of the existence 
of cell-cell communicat ions mediated by nucleic 
substances. 
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