
4. E.A. Korneva and V. A. Shekoyan, Regulation of the Protective Functions of the Organism [in Russian], 

Leningrad (1982). 
5. L.D. Martsinkevich, in: Physiology of Immune Homeostasis [in Russian], Rostov-on-Don (1977), p. 27. 
6. K.G. Tayushev, in: Visceral Pathology in Lesions of the Central Nervous System [in Russian], V. M. 

Ugryumov, ed., Leningrad (1975), pp. 38-77. 
7. K.G. Tayushev, V. L. Devyatskov, L. A. Martynova, et al., in: Physiology of Immune Homeostasis [in 

Russian], Rostov-on-Don (1977), pp. 41-42. 
8. F. Amenta, F. Ferrante, and F. Porcelli, Boll. Soc. Ital. Biol. Sper., 5_~4, 1794 (1978). 
9. H.O. Besedovsky, A. E. del Rey, and E. Sorldn, Immunol. Today, 4, 865 (1983). 

i0. M. Fillenz, Proc. Roy. Soc. London B, 174, 459 (1970). 
II. R.I. Gross, W. R. Markesbery, W. H. Brooks, et al., Brain Res., 196, 79 (1980). 
12. S.E. Killer, M. Stein, M. S. Camerino, et al., Ceil. hnmunol., 52, 334 (1980). 
13. D.B. Konar and S. K. Manchanda, Indian J. Physiol. Pharmacol., 14, 23 (1970). 
14. M. Stein, R. Schavi, and M. S. Camerino, Science, 191, 435 (1976). 
15. J. ]VI. Williams, P. A. Peterson, and J. F. Shea, Brain Res., 197, 186 (1981). 

AUTORADIOGRAPHIC STUDY OF ONTOGENY OF 

CEREBRAL CORTICAL IMIPRAMINE RECEPTORS 

IN RATS 

M. V. Pirogova and A. S. Pylaev UDC 612.825.014.467:615.214.32].088.6 

KEY WORDS: imipramine ;  c e r e b r a l  cor tex;  r e c e p t o r s ;  ontogeny. 

Imipramine receptors, found initially in the rat brain, have subsequently been discovered in human brain 
tissue and classed with the "drug receptors" [2]. Their number has been determined in different parts of the 
brain and the highest density of imipramine receptors has been shown to be in the hypothalamic zone and cere- 
bral cortex [3]. The need for an ontogenetic approach to the study of drug receptors of this type is determined 
by the increasingly wide use of imipramine in the clinical treatment of depressive states. 

This paper describes an analysis of the number and distribution of imipramine receptors in the rat 
cerebral cortex during normal ontogeny and antenatal exposure to imipramine. 

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

Wis t a r  r a t s  were  used. I m i p r a m i n e  was injected subcutaneously in a dose of 5 m g / k g  into pregnant  r a t s  
on the 17th, 18th, and 19th days of embryonic  development .  Three  age groups  were  studied: 19th day of e m -  
bryonic deve lopment  and 3rd and 14th days  of postnata l  development  ( three an imals  in each group). Under 
pentobarbi ta l  anes thes ia  (60 r a g / k  g) the r a t s  we re  per fused  through the left  ven t r i c le  with 0.1% p a r a f o r m a l d e -  
hyde solution in 0.1 M phosphate  buffer,  pH 7.4. This  p rocedu re  does not affect  the binding level ,  while i m -  
proving  the histologic in tegr i ty  of the p repa ra t ion  a l i t t le [5]. After  r emova l  of the brain,  f ronta l  s l i ces  were  
cut to a th ickness  of 2-3 ram,  f rozen  in liquid ni t rogen,  and placed on the s tage of a f reez ing  m i c r o s c o p e .  
F rozen  sect ions  about 25 # thick were  mounted on ge la t in -coa ted  s l ides  and dried at  4~ The finished p r e p -  
a ra t ions  were  kept at -20~ A whole s e r i e s  of p repa ra t ions  was incubated s imul taneously  in medium con- 
taining 50 mM T r i s - H C l  (pH 7.4), 100 mMNaC1, 5 mM KC1, and t0 mM [3H]imipramine (814 Tbq /mi l l imo le ) .  
The sec t ions  w e r e  incubated for  2 h a t  r oom t e m p e r a t u r e ,  washed with cold (4~ buffer,  and dr ied at  4~ 
Str ips  of lavsan  f i lm,  coated with emuls ion,  we re  glued to the s l ides  with the  sect ions ,  cove red  with teflon f i lm 
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Fig. I. Autoradiograph of frontal section of rat 
brain. 
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Fig. 2. Distribution of optical density in auto- 
radiograph of parietal region of rat cerebral cor- 
tex in direction from surface (right) to deep brain 
structures. 

Fig. 3. Mean values of optical density of auto- 
radiographs of rat cerebral cortex in pre- and 
postnatal period under normal conditions (i) and 
with antenatal exposure to imipramine (2). Abs- 
cissa, time of embryonic and fetal development 
(in days) ; ordinate, optical density. 

and another slide, and fixed together by a clamp. The duration of exposure of the preparations was 7-i2 months. 
After exposure the second slide and the teflon film were removed, the film coated with emulsion was folded 
back, and the photographic layer was developed for 5 rain in D-19 developer. The sections were then fixed in 
hypo solution and washed. They were then fixed in Carnoy's fluid, stained with pyronine, dehydrated, and 
mounted in synthetic resin, joining them with the autograft. Autoradiographs intended for quantitative analysis 
were processed separately from the preparation. The intensity of labeling was estimated by measuring the op- 
tical density of the autograft. The distribution of labeling density by thickness of the cerebral cortex was es- 
tablished by scanning with the probe of the MF-4 microphotometer in a direction pei~pendicuiar to the cortical 
surface. 

EXPERI~IENTAL RESULTS 

Frozen sections through the cerebral hemispheres of the rats, after incorpora~ng [3H]hnipramine~ gave 
autoradiographs of moderate optical density after the chosen exposure times (Fig. I)~ 

Visual analysis of the autoradiographs shows heterogeneity of labeling of the brain struetllres, includhlg 
the different zones of the cortex. Besides regions with a high density of labeling (cortex, some subcortieal 
structures) there is also a series of zones with background values of intensity of labeling. Repetitive struc- 
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tures were visible in the cortex, reflecting regular variations in labeling density along the cortical layers 

(Fig. 1). 

The mean optical density of the autoradiographs of the adult rat cerebral cortex was 0.12 �9 0.02. A 
scanogram, showing the distribution of optical density of the autoradiograph along the layers of the parietal 
cortex of an adult rat is shown in Fig. 2. Marked variability of the densitograms of these regions between 
animals in the group, whereas the general character of labeling was preserved within each cortical zone, was 
observed. The density of distribution of imipramine receptors rose to an ill-defined maximum at the level of 
cortical layers IV-V (Fig. 2). 

Binding of labeled imipramine by preparations of the cerebral cortex was observed in embryos as early 
as at the 19th day of intrauterine development. After 3 and 14 days of postnatal development a gradual in- 
crease was observed in the mean optical density recorded in autoradiographs (Fig. 3). Three injections of 
imipramine into pregnant rats, given on the 16th, 17th, and 18th days of pregnancy, led to a marked rise in 
labeling intensity of the brain tissue of the 3-day-old rats. At earlier and later stages of development the 
level of [3H]imipramine binding did not differ significantly from that in intact animals of the corresponding 
age (Fig. 3). 

By this method it is thus possible to reveal not only the average level of binding of labeled imipramine, but 
also the pattern of distribution of imipramine receptors in the brain tissue. The results of the present inves- 
tigation confirm data showing a relatively high content of imipramine receptors in the cerebral cortex [3]. An- 
alysis of the distribution of serotonin receptors [1] gave results closely similar to those obtained in the pres- 
ent investigation as regards the labeling density of the cortical layers. 

The discovery of a raised level of binding of labeled imipramine by preparations of the cerebral cortex 
of animals aged 3 days, born to rats receiving imipramine on the 16th to the 18th days of pregnancy, is evidence 
of marked stimulation of receptor formation by injections of imipramine. Meanwhile the effect of stimulation 
of imipramine binding by the experimental scheme chosen was transient, possible evidence of the relative sta- 
bility of the definitive level of imipramine reception in cortical/issue. 
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