
METHODS 

A M E T H O D  OF Q U A N T I T A T I V E  A N A L Y S I S  O F  M O N O A M I N E S  

IN T H E  A R C U A T E  N U C L E U S  O F  T H E  H Y P O T H A L A M U S  

V. A.  G r a n t y n '  a n d  V. S. C h e s n i n  UDC 612.826.4:612.398.19-087.4 

A simple and reliable method of detecting monoamines in the arcuate  nucleus of the rat hypo- 
thalamus is descr ibed and the c r i te r ia  enabling changes in the content of monoamines in this 
nucleus are  established. The need for a differential approach to the cell composition of the 
arcuate nucleus of the hypothalamus when its functional state is a ssessed  is demonstrated.  

The level of the monoamine content is one of the most important  indices of activity of the hypothala- 
mic nuclei. Determination of changes in the monoamine level in the nerve cells of the parvocel lu lar  hypo- 
thalamic nuclei is par t icu la r ly  interest ing because of the difficulty in est imating their  activity as the result  
of the absence of suitably refined techniques. 

The histochemical  method of detection of monoamines suggested by Falck and Hillarp [7] is highly 
complicated [4]. The simplified method developed by Sakharova and Sakharov [2, 3] cannot be used to detect 
monoamines in the mammalian  brain. Methods by which changes in the level of the monoamine content can 
be determined are  not yet at a sufficiently high level of development. For  instance, the method based on 
counting the total number of luminescent cells of the arcuate  nucleus does not allow changes in the; mono- 
amine content to be determined accura te ly  [9]. Quantitative microphotometry  of luminescent  compounds 
formed by condensation of monoamines with formaldehyde is res t r ic ted,  as several  workers  [8, 10, 11] have 
pointed out, by the relat ively short interval during which the content of monoamines is direct ly proport ional  
to the intensity of their  f luorescence.  

The object of the investigation descr ibed below was, f irst ,  to develop a simple and reliable histo-  
chemical method of detecting monoamines in the hypothalamus and, second, to use it to determine changes 
in the monoamine level in the arcuate  nucleus of the hypothalamus. 

EXPERIMENTAL METHOD 

The method is based on the principle suggested by Er~nk5 [5, 6] - on the possibil i ty of formation of 
luminescent compounds by monoamines if the t issue is t reated with aqueous formaldehyde solution. Atten- 
tion was concentrated on the choice of optimal conditions of the his tochemical  reaction, for they have a de- 
cisive effect on the quality of luminescence.  Rat hypothalamus was used as the test object. The animals 
were  decapitated, the hypothalamic region of the brain  was quickly removed, and the isolated fragment was 
immersed  for 20-25 sec in freon cooled to the tempera ture  of liquid ni trogen (-210~ The frozen blocks 
were  then cut into sections on a c ryos ta t  b e t w e e n - 1 2 a n d - 1 5 ~  the thickness of the 1 0 - ~  serial  
sections was verif ied on the interference microscope  the difference between them was • and this was 
allowed for during photometr ic  analysis),  and the sections were mounted on covers l ips  and t reated with 
10% formalin solution made up in R i n g e r - L o c k e  solution (pH to adjusted to 7.4) for 15 min at 30~ The 
sections were then placed in an exs iccator  with a known weight of phosphorus pentoxide and dried in an in- 
cubator at 40~ for 45 min. After drying and subsequent mounting in nonluminescent immers ion  oil the 
sections were examined in the ML-4 luminescence microscope  and then photographed under standard 
conditions. 
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Fig. I. Photomicrograph of arcuate nucleus of hypothalamus (90• Modified 
method of Falck and Hillarp: i) cells with intensity of luminescence of 30-40 
microphotometer scale units; 2) cells with intensity of luminescence of 20-30 units; 
3) cells with intensity of luminescence of under 20 units. 

Fig. 2. Change in content of monoamines in nerve cells of parvocellular hypothal- 
amic nuclei: A) change in total number of cells (in conventional units); B) change 
in relative proportions of groups of cells with different intensities of luminescence 
(ordinate, number of cells in conventional units). Shaded parts of columns denote 
intensity of luminescence of 10-20 microphotometer scale units, black areas re- 
present intensity of luminescence of 20-30 units; white areas intensity of lumines- 
cence of 30-40 units; C) change in mean intensity of luminescence of an individual 
cell of the nucleus (in conventional units); D) change in meaa intensity of lumines- 
cence of the whole nucleus (in conventional units), i) Reserpine (50% of mono~- 
amines); 2) control (100% of monoamines); 3) nialamide (150% of monoamines). 

To study the level of monoamines in the arcuate  nucleus, substances giving r i se  to predictable changes 
in the monoamine content in the t issue were  injected into the rats .  Nialamide, in a dose of 50 mg/kg,  in- 
c reases  the monoamine content after 4 h by 50%, while reserpine,  in a dose of 2 mg/kg,  reduces the mono- 
amine concentration by 50% over  the same period [1, 12]. 

For  each ser ies  of experiments  five animals were taken and sacr i f iced when the specified period had 
elapsed af ter  injection of these drugs. After  t reatment  of the sections of the hypothalamus, the arcuate  
nucleus was photographed under standard conditions. The films were then examined on the MF-4 mic ro -  
photometer,  when the intensity of the background and of all cells of the frame,  i.e., of vir tually the whole 
arcuate  nucleus, was measured.  The numerical  results  were subjected to stat is t ical  analysis  in o rder  to 
determine the significance of the difference between the mean values, using the standard value of Student's 
cri terion.  

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

By treatment  of the mater ia l  as described above, sections of high quality were obtained, not infer ior  
to those t rea ted  by the method of Falck and Hillarp (Fig. 1). By analysis  of the resul ts  it was possible to 
detect changes in the total content of luminescent cells in the nucleus depending on their  monoamine content 
but degree of these changes was very  small, not more  than �9 15% (Fig. 2A). 

Photometr ic  analysis  of the cell composition of the nucleus showed that the intensity of luminescence 
differed in all the cells (Fig. 2). It was accordingly possible to subdivide the cells of the nucleus into three 
groups, between 20 and 50 units on the logari thmic scale of the microphotometer :  cells with a low intensity 
of luminescence (under 20 units), those with average intensity (20-30 units) and those with a high intensity 
of luminescence (over 30 units). Most cells belong to the group with luminescence of average intensity; 
this group can be defined as basal, for the number of cells in it showed relat ively little change to c o r r e s -  
pond with changes in the content of monoamines (the number of cells was slightly reduced only after  injec-  
tion of nialamide). In the groups with a low and high intensity of luminescence,  there were  considerable 
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changes in the number s  of cel ls .  For  instance,  if  the monoamine content in the nucleus was  increased ,  
the number  of cel ls  with a high intensity of luminescence  was inc reased  sharply,  and there was a c o r r e s -  
ponding dec rea se  in the number  of cel ls  with a low intensi ty of luminescence .  Conversely,  if the mono-  
amine  content was  reduced,  the number  of weakly luminescent  cel ls  was  sharply  inc reased  and the number  
of s t rongly luminescent  cel ls  was  reduced.  The total  number  of weakly and strongly luminescent  cel ls  r e -  
mained re la t ive ly  unchanged f rom the initial  value,  despite  the changes in the individual groups  (Fig. 2B). 

The mean intensi ty of luminescence  of the individual cell va r i ed  within re la t ive ly  nar row l imi ts  
(Fig. 2C), but the change in the intensi ty of luminescence  of the whole nucleus was  more  marked  and c o r r e s -  
ponded approx imate ly  to the change in the monoamine content in the hypothalamus following the injection 
of r e se rp ine  o r  n ia lamide (Fig. 2D). The mean intensi ty of luminescence  of the cell  thus cannot ref lec t  
the t rue  change in the content of monoamines  in the hypothalamus sufficiently accura te ly :  the intensity of 
luminescence  of the whole nucleus is the re l iable  cr i ter ion.  Stat is t ical  analys is  conf i rmed the difference 
between the quantitat ive indices of the functional s ta te  of the a rcua te  nucleus in each of the th ree  s e r i e s  of 
exper imen t s  (nialamide, r e se rp ine ,  intact  animals) .  

A re la t ive ly  s imple  and re l iab le  h i s tochemica l  method of detecting monoamines  in the a rcua te  nucleus 
of the hypothalamus has thus been developed. It has been es tab l i shed  that the pr incipal  h i s tochemica l  index 
of the monoamine content is  the total  intensi ty of luminescence  of all  cel ls  of the nucleus. It has  also been 
shown that during a change in the monoamine content in the a rcua te  nucleus,  there is a definite change in i ts  
cell  coraposition. The change in the level  of the monoamine  content in the nucleus was  mainly re f lec ted  by 
a change in the number  of s t rongly and weakly luminescent  cel ls ,  while the number  of cel ls  with an ave rage  
intensity of luminescence  (known as  the basa l  cell) r emained  re la t ive ly  unchanged. When the functional s tate 
of the a rcua te  nucleus of the hypothalamus is  a s se s sed ,  a different ia l  approach to i ts  cell  composi t ion is  
t he re fo re  neces sa ry .  
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