
THE E F F E C T  OF P A I N  S T I M U L A T I O N  ON THE M I T O T I C  A C T I V I T Y  

OF THE E P I T H E L I U M  OF THE S M A L L  I N T E S T I N E  IN 

H Y P O P H Y S E C T O M I Z E D  R A T S  

S. S. R a i t s i n a  

Laboratory of  Growth and Development (Head, Professor L. D. Liozner), Institute of 
Experimental  Biology (Director, Professor I. N. Maiskii) of the AMN SSSR, Moscow 
(Presented by Act ive Member AMN SSSR N. A. Kraevskii) 
Translated from Byulleten'  Eksperimental 'noi  Biologii i Meditsiny, Vol. 55, No. 3, 
pp. 109-113, March, 1963 
Original ar t ic le  submitted June 5, 1962 

The s t imulat ing effect of pain on the mi to t ic  ac t iv i ty  in the epi thel ium of the crypts of Lieberk~hn in the smal l  
intestine has been reported by several  workers after experiments on rats [2, 3, 9]. In other m a m m a l i a n  tissues, also 
character ized by a high level  of mi tot ic  ac t iv i ty  (epi thel ium of the tongue and cornea, epidermis of the ear), the ef -  
fect of pain is to cause a react ive inhibition of ce l l  division, at tr ibuted by most workers to s t imulat ion of  the secre-  
tion of adrenalin [1, 5 - 8 ]  This view of the important  role of adrenal in in the development  of the reac t ive  inhibi t ion 
of mi tot ic  ac t iv i ty  is based on considerable exper imenta l  evidence,  and may now be considered f i rmly established.  

Meanwhile the problem of the mechanism of s t imulat ion of the mi to t ic  ac t iv i ty  in the mucous membrane  of 

the smal i  intestine by pain has not been spec ia l ly  investigated.  Since the increase in the number of ce l l  divisions in 
the epi the l ium of the cryptsofLieberk~hn occurs only when the pain is intense, such as, for example ,  a burn in the 
region of the thigh [9], division of the sciat ic  nerve [2], or resection of the tip of the tongue [3], causing stress, it may  

be assumed that this s t imulat ion is a manifestat ion of the general  adaptat ion syndrome and is d i rec t ly  dependent  on 
the system of the pituitary and adrenal  cortex. In order to verify this assumption, experiments were conducted on 
hypophysectomized animals.  

E X P E R I M E N T A L  M E T H O D  
The investigation was carried out on 25 mongrel  albino male  rats weighing 160-180 g, from which the pi tui tary  

was removed by the usual parapharyngeal  method. The same operation was performed on control rats, but the p i tu i -  
tary was left  in situ. Three weeks after hypophysectomy, the scia t ic  nerve was divided in 6 control and 7 exper imen ta l  
rats; this was regarded as a strong pain stimulus. All  the rats fasted for 8 h before the exper iment  began.  The animals  
were sacrif iced 40 mix after division of  the scia t ic  nerve, by decapitat ion;  6 control rats and 6 hypophysectomized 
rats not undergoing pain st imulat ion were sacrif iced at the same t ime.  During postmortem examinat ion  of the animals  
(which lasted from 8 h 20 mix to 10 h), at tention was paid to the body weight and to the weight of the testes and 

adrenals, from which the completeness of hypophysectomy was judged. Only those animals in which the pi tui tary  was 

comple te ly  removed were used in the exper iment .  

To study the mi to t ic  act ivi ty,  an area of the small  intestine taken at a distance of 9 cm from the pylorus was 

fixed in Bouin's fluid. Mitoses were counted in phases in 50 crypts, divided longi tudinal ly  in transverse paraff in-wax 
sections cut through the intestine in a thickness of 7 p stained with hematoxyl in-eos in .  The intensi ty of mi to t i c  ac -  
t ivity was judged by the number of mitoses present in 1000 cells.  The number of cel ls  in al l  the crypts in which mi -  
toses were counted was determined.  This procedure was necessitated by the fact that in previous work [4] we found 
a s ta t is t ical ly  significant difference between the number of cel ls  to a crypt in the control  and exper imen ta l  animals .  
The results of the present counts confirmed previous findings of a reduction in the number of ceils  (by an average of 
15) in the crypts of the small  intestine 3 weeks after hypophysectomy. 

Because of this shortening of the crypts in the hypophysectomtzed animals,  the question arises whether the dis- 
tribution of mitoses in the crypts is changed after hypophysectomy. To answer this question, the number of ce 11 d i -  

visions occurring in the superior (adjoining the villus), middle ,  and inferior thirds of the crypt, including its base, was 

counted separately in the control and hypophysectomized rats. The numerica l  results we re analyzed s ta t i s t i ca l ly  by 

the Fisher - Student method. 
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E X P E R I M E N T A L  R E S U L T S  
The results of the counting of the cel l  divisions, showing their distribution by phases and the local iza t ion  of the 

mitoses along the length of the crypt  in the control and hypophysectomized animals,  are shown in Tables 1 and 2. 

The results in Table  1 show that control rats undergoing no manipulat ion other than the operation (similar in 
nature to hypophysectomy) had an average mi to t ic  ac t iv i ty  of 64 mitoses per 1000 cells,  or 4 mitoses per crypt,  and 
that 63.7% of the total  number of  mitoses were found in the middle  third of the crypt, 31.5% in the inferior third, and 
only 4.8% in the superior third of the crypt.  The mi to t ic  ac t iv i ty  in the control rats rose s ignif icant ly  40 min after 
division of the scia t ic  nerve to 80.3 per 1000 cells,  or 4.9 per crypt. The corresponding values of P were 0.002 for the 
mi tot ic  coeff ic ient  and 0.009 for the number of mitoses per crypt.  Analysis of  the distribution of mitoses by phases 
showed that the increase in the number of ce l l  divisions in the epi thel ium of the small  intestine after division of the 
scia t ic  nerve took place on account of an increase in the number of the first two phases of mitosis. 

The figures relat ing to the mi to t ic  ac t iv i ty  in the epi thel ium of the crypts of Lieberk~hn of the hypophysectomize~ 
animals showed that the mean number of mitoses per crypt  was 2.8, i .e . ,  much below the figure in the control animals 
(the difference was s ta t i s t ica l ly  significant:  P=0.001), although this difference was due to the difference in the number 
of cells  per crypt  in the control  and hypophysectomized animals  and i t  disappeared when the mi tot ic  coeff ic ient  was 
calculated;  in the hypophysectomized rats this was 58.% and was not different from that in the control rats (difference 
not s ta t i s t ica l ly  significant:  P=0.2). The topographical  distribution of mitoses in the crypt of the hypophyseetomized 
rats was similar  to that in the crypt of the control  animals,  i .e . ,  most mitoses were found in the middle  and inferior 
thirds of the crypt  and only 4.0%0 in the superior third. 

TABLE i .  Effect of Division of the Sciat ic  Nerve on the Mitotic Act ivi ty  in the Crypts of Lieberk~an of the Intestine 
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TABLE 2. Effect of Division of the Sciatic Nerve on the Mitotic Act ivi ty  in the Crypts of Lieberkfihn of the Intestine 
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It wil l  be seen from Tables 1 and 2, and from the figure that 40 min after division of the sc ia t ic  nerve the 
number of dividing cei ls  in the crypts of Lieberk/ihn did not increase in the hypophysectomized animals ,  in contrast  
to the controls, but a significant (P=0.004) decrease was observed in the number of ce l l  divisions to an average leve l  
of 42.3 per 1000 cells,  or of 2.08 per crypt.  This fall  in the number of dividing cells in the crypts of the hypophy-  
sectomized animals after division of the scia t ic  nerve resulted from a decrease in the number of the first two phases 
of mitosis and was regarded as evidence of  inhibit ion of mitot ic  act ivi ty .  

Hypophysectomy thus had no signif icant  effect  on the restorative phase of physiological  regenerat ion of the in-  
testinal  epi the l ium,  as shown not only by the mainanence of the level  of mi tot ic  ac t iv i ty  in the hypophysectomized 
animals by comparison with the controls, but also by the constancy of the topographical  distribution of the mitoses. 

This fully confirmed our ear l ier  findings [5]. Meanwhile the present research gave further evidence that  intense pain 
has a s t imulat ing action on the mitot ic  ac t iv i ty  in the epi the l ium of the small  intestine in normal  rats. In hypophy- 
sec tomized rats, on the other hand, pain was found not to s t imulate  mi tot ic  act ivi ty .  The fact that  after hypophy-  
sectomy there was no increase in the number of ce l l  divisions after pain s t imulat ion was evident ly  associated with the 
loss of essential  s t imuli  rather than with loss of reac t iv i ty  by the intest inal  ep i the l ium.  

In a previous report we presented data indicating that 3 weeks after hypophyseetomy considerable atrophy of  the 
mucous membrane of the smal l  intestine takes place,  although the level  of mi tot ic  ac t iv i ty  is unchanged and its di -  
urnal rhythm is mainta ined.  Consequently, the intestinal  ep i the l ium of hypophyseetomized animals  also remains  cap-  
able  of increased mitot ic  ac t iv i ty  at cer tain times of the day. 
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Changes in the number of mitoses (in %0) in the 
crypts of Lieberk/ihn of control  (a) and hypophy- 
sectomtzed (b) rats not otherwise manipulated 
(1) and 40 rain after division of the sciact ic  
nerve (2). 

The suggestion that the system of the pi tui tary and adrenal 
cortex plays an important  part in the increase in the number of 
ce l l  divisions in the intestine after pain st imulat ion is thus ap- 
parently confirmed. 

A fact of  part icular  interest is that in the hypophysectomized 
animals 40 min after division of the scia t ic  nerve mi tot ic  act ivi ty  

in the epi thel ium of the crypts of  Lieberk~hn became inhibited. 
This inhibition was possible due to an increase in the secretion of 
adrenalin.  The ceils of the adrenal medul la  are known to main~ 
tain the normal secretion of adrenalin in the absence of the pi- 
tuitary [10]. Reports have recent ly appeared indicat ing that in- 
hibit ion of mi tot ic  act ivi ty  in the intest inal  epi thel ium of mice 
under the influence of adrenalin may be found in experiments in 
which the duration of the mitot ic  cyc le  is measured. These facts 
suggest that the increased secretion of adrenalin by hypophysec- 
tomized animals in response to pain st imulation may lead to in-  
hibition of ce l l  division in the epi thel ium of the smal l  intestine 
in the absence of regulating influences from the pituitary.  

S U M M A R Y  
A study was made of the effect  produced by pain stimulus on the mi tot ic  act ivi ty  in the Liberk~hn crypt epi thel-  

ium of the small  intestine in control and hypophysectomized rats. 40 minutes after division of the sciat ic  nerve there 

occurred st imulation of the cel lular  mitosis in the Lieberk~hn crypt epi thel ium in control animals and inhibition of 
mitot ic  ac t iv i ty  in the intestinal epi thel ium of hypophysectomized rats. 

L I T E R A T U R E  C I T E D  
1. I . A .  Alov, G. Ya. Pavlenko, and M. V. Sukhinina. Byull. ~ksper. biol . ,  4, 63 (1955). 
2. S .L .  Blyakher, M. A. Vorontsova, and S. S. Raitsina. Byull. Moskovsk. obshch, ispyt, prirody. Otdelenie biol.  

62, 2, llO (1957). 
3. L.N. Zhinkin. Doklady Akad. Nauk SSSR 134, 3, 694 (1960). 
4. S.S. Raitsina. Byull. dksper, biol., 4, llO (1961). 

5. A.K. Ryabukha. Doklady Akad. Nauk SSSR 122, 3,493 (1958). 
6. L.V. Suvorova. Doklady Akad. Nauk SSSR ii0, 2, 293 (1956). 
7. W.S. Bullough and E. B. Laurence, Proc. roy. Soc. B., 1961, v. 154, p. 540. 
8. J.S. Friedenwald and W. Buschke, Am, J. Physiol., 1944, v. 141, p. 689. 
9. H. Klein, Arch. path. Anat., 1951, Bd. 320, S. 93. 

I0. H. Sdye. Essays on the Adaptation Syndrome [Russian translation]. Moscow, 1960. 

344 


