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A comparat ive microspec t rophotomet r ic  study showed that in adenomatous hyperplasia  and 
adenocareinoma there is a much higher concentration of SH-groups in the cytoplasm of the 
epithelial cells than in the normal  endometr ium and in cystadenomatous hyperplasia .  The 
int racel lular  distribution of the SH-groups is disturbed and the nucleo-cytoplasmic  index r e -  
duced. 

Exper iments  on p r i m a r y  cultures of a malignant glioma and on Ehr l ich ' s  asci tes  carc inoma cells [2- 
4] have shown that the thiol mechanism of assembly  of the mitotic sys tem is disturbed in tumor cells and 
these disturbances lead to the formation of pathological mitoses and to the excessive number of meta -  
phases typical of malignant tumor cells.  

Cytophotometric studies [5] confirm these experimental  findings�9 In Ehr l ich ' s  carc inoma cells, un- 
like in normal  amniotic cells,  not only is there no increase  in the concentration of thiol groups in prophase,  
but on the contrary ,  the content of sulfhydryl groups is slightly reduced. In malignant gl ioma cells, unlike 
in normal  cells,  the relat ive proport ions of SH- and SS-groups are  severe ly  disturbed in prophase.  

The connection between disturbances of mitotic cell division and carcinogenesis  makes the study of 
protein thiol groups par t icu lar ly  important  in the case of pathological hyperplasia and tumors of different 
t i ssues .  

The few studies which have so far  been made of the intracel lular  content and distribution of sulfhy- 
dryl groups in hyperplasia  and tumors in man [7] have been based on visual a s sessment  of the intensity of 
the histochemical  reaction.  They showed that during precancerous  hyperplasia  and carcinoma of the l a r -  
ynx, by contrast  with normal  s t rat i f ied squamous epithelial cells, there is a decrease  in the intensity of 
the Barrnet t  and Seligman reaction in the cytoplasm but an increase  in the nucleoli. 

This paper descr ibes  a microspec t rophotomet r ie  study of the content and distribution of SH-groups 
in interphase epithelial ceils of the endometrial  glands under normal  conditions, in pathological hyper -  
plasia,  including adenomatous (atypical), and in carc inoma.  

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

The mater ia l  examined consisted of 20 endometrial  scrapings obtained during diagnostic curet tage 
(5 cases of cystadenomatous hyperplasia,  5 of adenomatous hyperplasia,  5 of adenocarcinoma).  In 5 cases,  
normal  endometr ium obtained from healthy women on the 9th-10th day of the menst rual  cycle,  as a suction 
scraping during insertion of intrauterine contraceptive devices, was investigated�9 The scraping was fixed 
in a mixture of glacial  acetic acid and 96 ~ alcohol (1 : 6) and embedded in paraffin wax. The Barrne t t  and 
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TABLE 1. Concentration of Sulfhydryl Groups in Endometr ial  
Epithelium (results of comparat ive microspect rophotometry)  

Int~acel- Normal 
calizatio~lUlar Io- endometrium hyperplasia 
tion D• _+a I D• 

I 

Cyl:o- ]0,t42+0,004 0,0220,1664-0,005 0,0220,214~-0,006 0,0270,278~0,010 
plasm [ 0,521+0,022 

Nucleus 0,1414-0,006 0,025 0,1464-0,006 0,0250,1364-0,005 0,021 0,2074-0,005 
0,019 0,328=i:0,016 0,022 0, 1924-0,004 Nucleolus 0, 1984-0,004 0,022 0,198• 

Note. 1) Mean optical density per  unit a rea  of section in areas  of 
prol i fera t ion of tumor cells.  
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Fig. 1. Changes in concentration 
of SH-groups in endometr ial  epi-  
thelium. Abscissa ,  mean optical 
density per  unit a rea  of section, 
in relat ive units [D; log(q~0/q~)]. 
1) Normal  endometr ium; 2) c y s -  
tadenomatous hyperplasia;  3) ade- 
nomatous hyperplasia;  4) adeno- 
carc inoma;  5) prol iferat ing a reas  
of adenocarcinoma.  Black col-  
umns represen t  cytoplasm, 
shaded columns nucleus, un- 
shaded columns nucleolus. 

Seligman reaction (with DDD and staining with diazotized or thodianis-  
idine) was ca r r i ed  out in sections 5 ~ in thickness,  all t reated at the 
same t ime. Corresponding to the intensity of the reaction, the color 
of the t issue s t ruc tures  var ied f rom pale pink to reddish-purple ,  and 
was homogeneous (nucleolus, less commonly the cytoplasm) or  fine- 
ly granular  (nucleus, cytoplasm) in charac te r .  

To determine whether the diazotized orthodianisidine was sui t-  
able for  microspec t rophotomet ry ,  absorption curves were plotted for 
different concentrations of the dye in the 450-600 nm waveband. 

Comparison of these curves showed that the absorption of di- 
azotized orthodianisidine reaches  a maximum between 525 and 550 
nm, but at these wavelengths, in the presence  of high concentrations 
of the dye, the possibil i ty of e r r o r  (overestimation of the results) 
may reach 20% because of the metachromat ic  proper t ies  of the dye 
due to its containing two azo groups.  

The value of 510 nm was therefore  chosen as the working wave-  
length, for the absorption of the dye is about 95% and the possible e r -  
ror ,  even with a sharp increase  in concentration, does not exceed 8- 
10%. 

The microspec t rophotomet ry  was ca r r i ed  out in an integrating 
scanning mic rospec t rophotomete r  [1]. The concentration of dye was 
determined as the mean optical density (D) per  unit a rea  of the sec -  
tion, in the cytoplasm, nuclei, and nucleoli of the cells.  A stat ist ical  
analysis was made of the numer ica l  results  of microspec t rophotome-  
t ry .  

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

The resul ts  of comparat ive mic rospec t rophotomet r i c  investigation of the content of sul thydrylgroups  
(Table 1, Fig. 1) showed an approximately equal level of SH-groups in the cytoplasm and nucleus of the epi-  
thelium of normal endometr ia l  glands, with a slightly higher  concentrat ion in the nucleolus. In cys ta -  
denomatous hyperplasia  the concentration and distribution of SH-groups in the cytoplasm, nucleus, and nu- 
cleolus of the epithelial cells were unchanged; the slight increase  in concentration of SH-groups in the cyto-  
plasm is not s ta t is t ical ly  significant.  

In areas  of adenomatous hyperplasia  there was a marked increase  in the concentration of SH-groups 
in the cytoplasm of the epithelium of atypical glands (P < 0.01), whereas in the nucleus and nucleolus it 
was only very  slightly different f rom normal  and the concentration in cases of cystadenomatous hyper -  
plasia (difference not s ta t is t ical ly  significant). 

An even more  marked increase  in the concentration of SH-groups in the cytoplasm of the epithelium 
was observed in adenocarc inomas of the endometr ium, especial ly in areas  of active prol iferat ion of tumor 
cells (zones of growth), where the concentration of SH-groups was more than 3 times higher than in the 
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normal  endometr ium or  in cases of cystadenomatous hyperplasia  (P < 0.01). The concentration of SH- 
goups was also increased  in the nucleus and nucleoli of the cancer  cells (P < 0.05), but this tendency was 
less marked  than in the cytoplasm. 

During malignant t ransformat ion '  there is thus not only an increase  in the total concentration of sulf-  
hydryl groups in the epithelial cells of the endometrial  glands, but also a disturbance of their quantitative 
intracel lular  distribution. For  example, whereas under normal  conditions the mean nucleo-cytoplasmic  
index is 0.98, and in cystadenomatous hyperpiasia  it was 0.88 (P > 0.1), in adenomatous hyperplasia  and 
carcinoma it was sharply reduced to 0.63 and 0.64 respect ively  (P < 0.01). Consequently, the resul ts  show 
that in p recance r  and cancer  there is a shift in the distribution of SH-groups between proteins of the nu- 
cleus and cytoplasm. This agrees  in some measure  with the experimental  findings of Ikeda [10], who con- 
s iders  that there are  two independent cycles of changes in SH-groups,  a nuclear  and a cytoplasmic cycle, 
and that synchronization of the two cycles is essential  for the normal  course  of mitosis .  

The considerable disturbance of the normal  relationship between sulfhydryl groups in the nucleus 
and cytoplasm of the epithelial cells in p recancerous  hyperplasis  and in carc inoma of the endometr ium 
may  be one of the causes of the disturbances of mitosis in these pathological states [8], which are  cha rac -  
te r ized  by an increase  in the number of metaphases and a sharp increase  in the number of pathological 
mi toses .  
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