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Changes in the number  of  cel ls  with X-ch roma t in  in the buccal  epi thel ium of four cl inical ly 
healthy women were  studied at in te rva l s  of  2-4 h ove r  a per iod of 29 h in vivo and in 3-hour ly  
cul tures  with and without hormone  (ACTH, insulin, thyroxine).  The p re sence  of individual di-  
u rna l  f luctuations in the number  of cel ls  with X-ch roma t in  (changes in the X-he t e roch roma t in  
index - X-HCI),  both in vivo and in vi t ro ,  within the range f r o m  44 to 350 %o was conf i rmed 
Individual d i f fe rences  in the mean diurnal  values  of X-HCI (X-HCImean) and var ia t ion  in 
X-HCImean  in cul tures  with and without ho rmones  were  d iscovered .  Stereotyped " m i r r o r -  
image"  changes were  found in the number  of  cei ls  dif fer ing in the i r  type of chromat in  con-  
densation during t r e a t m e n t  with hormones  in different  phases  of the individual biorhythm. In-  
cubation of ce l l s  with min imal  X-HCI values inv ivowi th  hormones  led to an i nc r ea se  in the 
number  of cel ls  with X-ch roma t in  ( f rom 50 to 240o/o0 for  example) ,  whereas  incubation of 
cel ls  with max ima l  X-HCI  values in vivo led to a d e c r e a s e  (from 190 to 70%o , for example) .  
Changes in the number  of  the different  cell  f rac t ions  co r re l a t ed  with one another  and had the 
c h a r a c t e r  of  a s y s t em i c  response .  It is suggested that  the specif ic  r e sponse  to hormone 
t r e a t m e n t  is p receded  by a nonspecif ic  s te reo typed  response  of the t i s sue  which, on the one 
hand, is de te rmined  by the s ta te  of the biological  subs t ra te  at the t ime  of t r e a t m e n t  (the 
phase  of  the individual biorhythm) and, on the other  hand, leads to sy s t emic  changes in the 
population s t ruc tu re  of the cell  f rac t ions  that may perhaps  faci l i ta te  identif ication of the 
s t imulus  and an adequate r e sponse  to it. The s te reo typed  r e sponse  is accompanied by a 
change in the degree  of condensation of nuc lea r  chromat in  and, in par t i cu la r ,  of  X-chromat in ,  
and these  p r o c e s s e s  a re  r eve r s ib l e .  
KEY WORDS: X-chromat in ;  Z - h e t e r o c h r o m a t i n  index; degree  of condensation of chromat in;  
phases  of the individual biorhythm; hormones ;  s te reo typed  sys t emic  r e sponse  of t i s sue  ceils .  

The morphology of somat ic  cell  nuclei is cha rac t e r i zed  by a definite degree  of condensation and decon-  
densation of  chromat in  and i t s . spec i f i c  spat ia l  organizat ion (the he t e roch romat in  pat tern  of the nucleus). The 
r eve r s ib i l i t y  of condensation and decondensat ion of the chromat in  of in te rphase  nuclei [5, 7, 8] and the poss ib i l -  
i ty  of induction of these  p r o c e s s e s ,  detectable  even in metaphase  c h r o m o s o m e s  [12], indicate on the one hand 
that  this phenomenon is  un ive r sa l  as a m e c h a n i s m  of regulat ion of gene activi ty [5, 8, 12], and on the o ther  
hand, that  methods of object ive  record ing  of the response  of cel ls  and the i r  genetic appara tus  to all  manner  of 
f ac to r s  can be developed. 

The hypothesis  that  cycles  of condensation and decondensat ion of chromat in  in the in te rphase  nucleus 
play a role  in the d i f ferent ia l  var ia t ion  of the metabol ic  potential  of the cell  was postulated in 1948 [8]. It  has 
nowbeen shownthat  m o s t p r o c e s s e s  de te rmin ing  the metabol ic  act ivi ty  of the t i s sues  of the body and adaptive b e -  
hav ior  a r e  also cyclic,  and that the commones t  duration of the period is  c lose to 24 h [9, 11]. If  it is a s sumed  
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during the investigation of mechanisms of adaptation at the t issue level that cells with a s imi lar  type of con- 
densation of their  nuclear  chromatin will be in a comparat ively  s imi lar  physiological state, the level of the 
metabolic potential of the t issue at different t imes of the 24-hour period and in different physiological states 
of the body can be judged f rom variat ion in the proport ion of these cells in the system. 

The method of recordin_g physiological  changes in the t issues  relative to the proportion of cells with X- 
chromatin is widely used in experimental  and clinical r e sea rch  [1, 2, 6, 10]. However, most  cytogeneticists  
have been forced to in terpre t  these and s imi la r  findings with great  caution as a resul t  of contradictions and dis-  
agreements  in the experimental  data [3, 6, 10]. Some workers  have attempted to resolve these contradictions 
[6, 10]. Inter  alia, they have studied the diurnal dynamics of buccal epithelial cells differing in the he tero-  
chromatizat ion of their  nuclei in observat ions in vivo [3, 4], in which a cr i t ica l  analysis was made by quantitative 
est imation of cells with X-chromat in  (calculation of the sex chromatin index) and a new method was suggested 
(calculation of the X-he te rochromat in  index - X-HCI). By means of the present  method it was possible for the 
f i rs t  t ime to obtain sa t i s fac tor i ly  reproducible resul ts  and to establish significant diurnal fluctuations of the 
proport ion of cells with X-chromat in  and the proportion of cells with compactly condensed nuclear  ehromatin 
(C-HCI) f rom 30 to 460%o. 

In :the present  investigation the above method was used to analyze the sys temic  response of the buccal 
epithelial cells and their  genetic apparatus to hormones in experiments  in vitro,  by taking cells f rom one donor 
and t r ans fe r r ing  them to s h o r t - t e r m  cultures at different success ive  t imes of the 24-hour period and under 
stancrard stereotyped external  conditions. The state of he terochromat iza t ion  of the cell nuclei was compared 
in vivo after  incubation for 3 h with or  without the hormone.  Paral le l  observat ions were made on severa l  in- 
dividuals over  a period of 1.5 days. 

EXPERIMENTAL METHOD 

Buccal epithelium from four clinically healthy women aged 25-45 years was used in the experiments. The 
program for the day was 8 h of sleep and 16 h of waking, with three meals at fixed times of the day. A standard 
stereotype of external conditions was maintained. Scrapings were taken from the whole of the surface of the 
mucous membrane of the cheek during the period of adaptation after intervals of 5, 7, 4, and 7 h. Buccal 
epithelium was obtained from both cheeks alternately at intervals of 2-4 h for 29 h and stained with carbol- 
fuchsin (control I). Meanwhile some cells (7× 103) were placed in medium 199 without hormone (control 2) 
and the same number of cells in medium 199 with hormone (experiment) in a final concentration of" insulin 
3 × 10 -2 IIU/mI, ACTHI0 "4 IU/ml, and thyroxine 10 -7 IU/ml, The cells were incubated at 37°C for 3 h and 
films were stained with carbol-fuchsin. In each film the structure of the nuclei was analyzed in at least I000 
cells. Structureless nuclei, nuclei with a fine chromatin pattern but without X-chromatin, nuclei with a fine 
chromatin pattern with X-chromatin, and nuclei with cbmpactly condensed chromatin (C-chromatin) were 
counted. The proportions of all four types of condensation of chromatin were calculated in the same way as the 
proportion of the total number of cells analyzed which contained X-chromatin was calculated (X-HCI). 

It was considered that successive analysis of cells at different times of the 24-hour period in the same 
individual (cells of the same genotype) would enable the error of'calculation of the proportion of cells (~-r) to be 
taken as the mean static deviation from the absolute value of the proportion of cells in the analogous physiologi- 
cal state as expected at a par t icular  t ime of day: 

~ r = ± (% of cells with X-chmmafin × %of cells without X-chrc~natin 

r : -b total number of cells analyzed 

Synchronous and heterochronous indices of X-HCI were compared in the experimental  and both control  
se r ies  individually by means of the F i s h e r - S t u d e n t  cr i ter ion.  Individual mean diurnal values of X~HCI were 
calculated in the experimental  and control  se r ies  (X-HCImean). To analyze the charac te r  of changes in the 
proport ion of cells with X-chromat in  after t rea tment  with the hormone in different phases of the individual 
b iorhythm of physiological  activity of the t issue,  WilcoxonWs nonparametr ic  cr i ter ion of signs was used. 

EXPERIMENTAL RESULTS 

According to the experimental  method, cells of the upper layer  of the buccal epithelium which, as a rule,  
have completed their  life cycle were absent f rom the films and cultures.  Cells of the middle layers  of epithel- 
ium had a var ied nuclear  s t ruc ture :  cells with a fine chromatin pattern typical of the in terphase  nuclei of this 
epithelium, cells with and without sex chromatin;  cells with a dense chromatin pattern, in which the chromatin 
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Fig. 1. Changes in number  of cel ls  with X-chromat in  in 
buccal  epi thel ium of subjects  during pa ra l l e l  observa t ion  
ove r  24-hour  period.  Here  and in Fig. 2: absc i s sa ,  t ime 
of day (in h); ordinate,  X-HCI (in ~00). 1) Subject Z., 2) 
subject  V., 3) subject  S., 4) subject  E. 

was concentrated in compact  toroid  format ions  ( f rom 15 to 50 masses ) .  Additional invest igat ions (vital staining, 
examinat ion of living and fixed m a t e r i a l  in phase contras t ,  autoradiography,  t i m e - l a p s e  microf i lming)  revea led  
the viabi l i ty  of the cel ls  mentioned above. 

At different  t imes  of the 24-hour  per iod the re la t ive  propor t ions  of cel ls  differ ing in he te rochromat iza t ion  
of the nucleus were  found to change. Fo r  ins tance,  diurnal  individual va r ia t ions  in the proport ion of cel ls  with 
X-ehromat in  and with compact ly  condensed ehromat in  ranged f r o m  44 to 333 %0, conf i rming previous  o b s e r v a -  
t ions [3, 4] on the p resence  of c i rcadian rhy thms  of the proport ion of cel ls  with X-ch roma t in  (Fig. 1). Sta t is -  
t ica l ly  significant d i f fe rences  in e x t r e m a l  and mean-da i ly  values  of X-I-ICI and C-HCI were  d i scovered  in the 
course  of the 24-hour  per iod in all  subjects  both in ~,ivo and in v i t ro  (P-< 0.01). The dis tr ibut ion of the ex t r ema l  
and mean-da i ly  values  of X-HCI over  the 24-hour  period was shown to differ  individually. 

On the bas is  of  these  and previous  [3, 4] data it was concluded that single invest igat ions of the propor t ion 
of cel ls  with X-eh roma t in  in a group of subjects  followed by averaging  of the resu l t s  leads to obl i tera t ion of 
d i f ferences  due to phase var ia t ions  in individual b iorhythms during the 24-hour  period.  The values of the mean 
g~oup indices of the physiological  s tate  of the t i s sue  in homogeneous groups now invest igated and of o ther  
s i m i l a r  indices depend on the numer i ca l  ra t io  between people differ ing in the phase of  the i r  b iorhythm.  This 
is  probably  one of the main  reasons  for  d i s ag reemen t  among r e su l t s  obtained by  different  worke r s  for  the X-  
chromat in  level  in the buccal  epi thel ium of people belonging to analogous groups.  On this bas i s ,  it seemed 
purpose le s s  to continue to inves t igate  the s tate  of the body by means  of the sex chromat in  index when es t imated  
once only in an individual in the course  of the 24-hour  period,  followed by averaging in the groups of subjects  
to be compared.  

Compar i son  of the:values  of X-HCI in controls  1 and 2 showed that t r a n s f e r r i n g  the cel ls  into incubation 
medium in different  phases  of the individual b io rhy thm was accompanied by specif ic  changes in the number  of 
cei ls  with X-chromat in :  in one phase of the b iorhythm the X-HCI index fell  during incubation of the cel ls  for  
3 h, whereas  in other  phases  it rose .  Mean-dai ly values  for  the X-HCI index in cul ture  were  15-66%0 lower 
than in vivo. 

Differences  in the mean daily values  of X-HCI in control  2 and in the exper imen ta l  s e r i e s  were  found to 
di f fer  individually. 

The buccal  epi thel ium of all subjects  (people with different  genotypes) in vi t ro  gave a s te reo typed  r e sponse  
to hormones  ( A C E ,  insulin,  thyroxine) if  t r ea ted  with t hem in analogous phases  of the biorhythm: at points 
cha rac t e r i zed  bY minimal  values  of x - I t c I  in vivo a s ta t i s t i ca l ly  significant  i nc rea se  in the number  of cel ls  with 
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Fig. 2. Variat ion in number of cells with X- 
chromat in  during incubation for 3 h with 
hormone at different phases of biorhythm of 
X-HCI in subject S. 1) X-HCI index in culture 
without hormone (control 2); 2) X-HCI index 
in culture with hormone (experiment): A) 
ACTH, B) thyroxine, C) insulin. Broken line 
represen ts  X-HCImean with hormone,  con- 
tinuous line X-HCImean without hormone;  
a r rows denote direction of react ion of change 
in number  of cells with X-chromat in  during 
incubation with hormone.  

X-chromat in  was recorded,  whereas at points with maximal values of X-HCI in vivo a decrease  was observed 
(Fig. 2). The real i ty  of this s tereotyped t issue response  to stimuli of different nature was subjected to s ta t i s -  
t ical  evaluation. The number  of maximal and minimal values of X-HCI was determined in vivo for an individual 
in the course  of the exper iment  (29 h) and the percentage of points at which a significant fall or  r i se  in the 
number  of ceils with X-chromat in  in the culture was observed during t rea tment  with the hormones  was calc-  
ulated. The coefficient of corre la t ion between the charac te r  of the cell response  to hormone in vitro and the 
number  of cells with X-chromat in  in the cell sys t em in vivo before incubation was 0.92. A change in the level 
of cells with X-chromat in  in culture with hormone in accordance with the established stereotype was recorded,  
for instance,  in the case of subject E. at 91.6% of ext remal  points of the biorhythm of the X-HCI index, in 
subject S. at 80%, in subject V. at 77.7%, and in subject Z. at 46.6% of points. At some points the react ion 
appeared to be delaying in charac te r  (delay of the s tereotyped response by 3 h). (Subject Z. took an active part  
in the observat ions and it may be that some of the differences in the react ion of her  buccal epithelial cells are  
due to unavoidable dis turbances of the p rog ram of observations.)  

Besides changes in the number  of f ract ions of cells with X-chromat in ,  changes were also observed in the 
number  of other  cell  f ract ions of the buccal epithelium: the proportion of cells with compact he te rochromat iza -  
tion of the nucleus and the proportion of cells with fine chromatizat ion of the nucleus without X-chromat in .  In 
each phase of the b iorhythm in vivo and under the influence of hormones  in vitro changes in the numbers  of 
all the above-mentioned cell fract ions cor re la ted  with each other and had the charac te r  of a systemic t i ssue  
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reac t ion  ref lect ing automatic p rocesses  of adjustment of the level and cha rac t e r  of the metabolic activity of 
the t i ssue.  Such behavior  of cel ls  can be regarded  as a ref lect ion of adaptive mechanisms of changes in func- 
tion of  the genetic apparatus of cel ls  in functional cell  sys tems .  The general ized s tereotyped response  of the 
cel l  sy s t e m to t r ea tmen t  with hormones ,  cha rac te r i zed  by a change in the number  of the different  cell  f r ac -  
t ions,  must  in all probabil i ty be c lassed  as an automatic sys temic  t i ssue react ion,  inducing or  prepar ing  the 
biological  subs t ra te  for  specif ic  identification and response  to factors  differing in the i r  chemical  and physical  
nature .  It can thus be concluded f rom these observat ions  that the specif ic  response  to hormones  is preceded 
by a nonspecif ic  s tereotyped t issue react ion which, on the one hand, is de termined by the state of the biological 
sabs t ra te  at the moment  of t r ea tmen t  (the phase of the individual biorhythm of metabolic activity) and, on the 
other  hand, leads to a sys temic  change in the population s t ruc ture  of the cel l  f ract ions responsible  for  the state 
of p reparedness  {competence) to recognize  the st imulus and to respond adequately to it. 

L I T E R A  T U l l E  C I T E D  

1. V .D.  Dyshlovoi, L. P. Barash,  G. B. Babii, et al., in. Problems  in Oncogenetics [in Russian], Kiev 
(1975), pp. 61-65. 

2. V . K .  Kanyuka, in: Methods of Investigation in Clinical Genetics [in Russian], Moscow (1973), pp. 12-14. 
3. V . K .  Kanyuka, Zh.Obshch. Biol., 36, 259 (1975). 
4. V . K .  Kanyuka, in: Prob lems  in Oncogenetics [in Russian], Kiev (1975), pp. 79-84. 
5. V . K .  Kanyuka and O. V. Golovchanskii,  in: Medico-Biological  Aspects of Human Pathology [in Russian], 

Moscow (1975), pp. 49-53. 
6. Sh. I. Mardakhiasvili  and V. Ya. Shats, The P rob lem of Sex Chromatin in Ontology [in Russian], 

Moscow (1967). 
7. A .A.  Prokof ' eva-Bel 'govskaya ,  Tsitologiya,  No. 5, 487 (1963). 
8. Yu. A. Romanov and V. P. Ryabakov, in: Some Prob lems  in the Theory  of Evolution [in l~ussian], Moscow 

(1973), pp. 47-71. 
9. A.A.  Ukhtomskii, Collected Works [in Russian], Vol. 1, Moscow-Len ingrad  (1950). 

10. A.A.  Ukhtomskii, Collected Works [in Russian],  Vol. 2, Moscow-Len ingrad  (1950). 
11. M . F .  Lyon, Am. J.  Human Genet.,  14, 135 (1962). 
12. J . N .  Mills, Physiol.  Rev., 46, 128 (1966). 
13. J. It. Taylor ,  Exp. Cell Res. ,  15, 350 (1958). 

1260 


