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t I I S T O C R E M I C A L  C H A R A C T E R I S T I C S  OF C O R P U S  L U T E U M  C E L L S  

N. I. F o m i c h e v  UDC 612.63.031.1.014.1 

The RNA and ascorbic acid content is low in the lutein cells from the f i rs t  until the 17th day 
of pregnancy and also from the 1st until the 20th day of lactation. Succinate dehydrogenase 
(SDH) andnonspecific es terase activity during these periods is high. From the 17th day of 
pregnancy until birth and during involution of the corpus luteum, the content of RNA and as- 
corbic acid in the lutein cells r ises ,  but SDH activity and nonspecific es terase activity fall 
sharply. Alkaline phosphatase activity, which is detected only in the interstitial cells, r i ses  
considerably before parturition. 

Studies of the histochemistry of the corpus luteum [1, 2, 8-19] have mainly been concerned with the 
individual stages of its development in different mammals. The fragmentary data obtained by a variety 
of methods are frequently contradictory and they do not paint a complete picture of the function of the cor-  
pus luteum during pregnancy and lactation. 

The object of the present investigation was to make a histochemical study of the corpus luteum cells 
in different stages of its development during pregnancy and lactation. The dynamics of changes in RNA, 
ascorbic acid, succinate dehydrogenase (SDH), nonspecific esterase,  and alkaline phosphatase, all of which 
participate in hormone synthesis and reflect  the functional activity of the cell, was studied. 

EXPERIMENTAL METHOD 

Adult albino ra ts  weighing 180-200 g, consisting of 50 pregnant and 70 lactating females, were used 
in the investigation. The material  was taken on the 1st, 7th, 12th, 17th, and 21st days of pregnancy and on the 
1st, 5th, 10th, 15th, 20th, and 25th days of lactation. RNA was detected by the method of Brachet and 
Einarson. Before staining, control sections were treated with deoxyribonuclease and ribonuclease. The 
method of Schneider and Meibaum was used for the quantitative biochemical analysis. SDH activity was 
detected by Naehlas's method with nitro-BT, and it was determined quantitatively by means of an MF-4 
photometer. Nonspecific es terase  activity was detected by the use of a-naphthyl acetate after preliminary 
fixation of fresh sections in cold acetone for 2 rain. Alkaline phosphatase was detected by the azo-coupling 
reaction and ascorbic acid by the method of Giroud and Leblond. 

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

Previous work [6] showed the principal periods in the development of the corpus luteum during preg- 
nancy and lactation: the pre-implantation period ( ls t-7th days of pregnancy), the period of active function 
of the corpus luteum of pregnancy (7th-17th day), the prenatal period (from the 17th day of pregnancy until 
parturition), and the period of lactation and involution of the corpus luteum. 

Changes in the RNA content could be used to assess  the intensity of progesterone synthesis by the 
lutein cells during these periods of functions of the corpus luteum. In the period of preimplantation and 
active function of the corpus luteum of pregnancy, only single RNA granules could be seen in the cytoplasm 
of the lutein cells.  In the prenatal period the RNA content rose sharply to reach a maximum by the 21st 
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Fig. 1. Changes in RNA con- 
tent  in the corpus  lu teum at 
va r ious  s tages  of pregnancy  
and lactat ion.  
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Fig.  2. Changes in SDH ac-  
t ivi ty (in re la t ive  units based  
on photomet r ic  readings) in 
lutein ce l l s  during pregnancy  
and lactat ion.  

day of pregnancy.  The RNA level  r o s e  to 2.5 t i m e s  i ts  value in the prev ious  per iods  of pregnancy .  At the 
same t ime  the RNA granules  in the cy top la sm of the lutein ce l l s  f o rmed  c l u s t e r s  r e s e m b l i n g  the m a s s e s  
of t ig ro id  substance in the neuron.  At all  s tages  of pregnancy the nucleoli  in the lutein ce l l s  we re  deeply 
stained.  After  per tur i t ion  and for  15-20 days of lactat ion,  p rac t ica l ly  no RNA could be detected in the lu- 
rein ce l l s .  The b iochemica l  control  showed that  during this  per iod  the RNA content fel l  a lmos t  to one-s ix th  
of i ts  level  before  par tu r i t ion  (Fig.  1). During the f i r s t  days  a f te r  par tu r i t ion  the nucleoli  of the futein 
ce l l s  we re  weakly stained, but toward  the end of lacta t ion the intensity of the i r  staining inc reased .  Single 
basophi l ic  granules  r e a p p e a r e d  in the cy top lasm of the lutein ce l l s  on the 20th day a f te r  par tur i t ion ,  i .e.,  
f r o m  the t ime  when lactat ion ceased  and with the beginning of involution of the corpus  lu teum.  The RNA 
content during the per iod  of involution of the corpus  luteum was  twice that obse rved  in the preceding  days  
of lactat ion.  

The lutein ce l l s  contained ascorb ic  acid during the f i r s t  17 days  of pregnancy in the f o r m  of a few 
granules  located around the pe r iphe ry  of the nuclei  and in the region of the i r  cell  m e m b r a n e s .  In the p r e -  
natal  per iod,  numerous  a sco rb ic  acid granules  accumula ted  in the cy top la sm of the lutein ce l l s .  Af ter  
par tur i t ion ,  during the f i r s t  days of lac ta t ion the a sco rb ic  acid content again fel l  sharp ly .  During involu- 
t ion of the corpus  lutein, so l i t a ry  l a rge  and i r r egu l a r l y  d is t r ibuted  granules  of a scorb ic  acid w e r e  seen  in 
the cy top lasm of the lutein ce l l s .  The pe r iods  of waxing and waning of the a sco rb ic  acid content in the lu- 
rein ce l l s  coincided with those  of RNA. 

Di f fe rences  in the functional s tate  of the lutein ce l l s  in the course  of pregnancy and lac ta t ion  were  
a lso  demons t r a t ed  by  changes  in SDH act ivi ty.  SDH is  connected with the r e s p i r a t o r y  act ivi ty  of the mi to-  
chondria .  The reac t ion  for  SDH in the lutein ce l l s  during the f i r s t  day of pregnancy  was  mani fes ted  by 
deposit ion of d i fo rmazan  granules  in the i r  pe r inuc l ea r  zone, and in some of them it r eached  a high level .  
The g r ea t e s t  SDH act ivi ty in the c o r p o r a  lutea of pregnancy occu r r ed  in the per iod f r o m  the 7th to the 12th 
day, when it was  1.6 t imes  h igher  than on the f i r s t  day of pregnancy (Fig. 2). Activity of the enzyme de-  
c r e a s e d  until  b i r th  and reached  the level  of the f i r s t  days of pregnancy.  In the per iod of lactat ion,  a sharp  
i nc rea se  in SDH act ivi ty  took place in the lutein ce l l s .  During the f i r s t  days a f te r  par tur i t ion ,  d i fo rmazan  
granu les  were  mainly  located around the lipid drople ts ,  while on subsequent days they were  m o r e  un i formly  
d is t r ibuted  throughout the cy top lasm of the lutein ce l l s .  SDH act ivi ty  r eached  its  m a x i m u m  on the 10th- 
15th day of lacta t ion and fell  gradual ly on the following days.  In the per iod  of involution of the corpus  111- 
t eum the act ivi ty of the enzyme fell  st i l l  more ,  but individual groups  of lutein ce l l s  st i l l  r e ta ined  a high 
content of the enzyme.  

Nonspecif ic  e s t e r a s e  is concerned  with the hydro lys i s  of e s t e r s  of fat ty acids [12], the components  
of which a r e  used  in p roges t e rone  synthes is .  I ts  act ivi ty in the cy top lasm of the lutein ce l l s  d i f fe rs  at dif- 
fe ren t  s tages  of pregnancy and lactat ion.  It was  lowest  on the 1st day of pregnancy .  On the following days 
the act ivi ty  of th is  enzyme inc reased  and it r eached  a m a x i m u m  on the 12th-15th day of pregnancy.  Before  
pa r tu r i t ion  and during the f i r s t  two days of lacta t ion the nonspecif ic  e s t e r a s e  act ivi ty  was  lowered,  but 
l a t e r  it again began to r i s e  until the 10th-15th day. During involution of the corpus  luteum, ha rd ly  any non- 
specif ic  e s t e r a s e  could be seen.  The dynamics  of the changes  in nonspecif ic  e s t e r a s e  act ivi ty  during p r eg -  
nancy and lacta t ion c lose ly  r e s e m b l e d  those of SDH, but the f o r m e r  was  h igher  during pregnancy  and lower  
during lactat ion.  
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Fig.  3. Alkaline phosphatase  act ivi ty in in te rs t i t i a l  ce l l s  
of the corpus  luteum: a) 17th day, b) 21st day a f t e r  p r e g -  
nancy.  Stained by azo-coupl ing method, 850 • 

In teres t ing  r e s u l t s  w e r e  obtained during invest igat ion of alkaline phosphatase  act ivi ty.  Alkaline phos-  
phatase  is concerned in the synthes is  of f ib r i l l a ry  pro te ins ,  in the t r a n s p o r t  of metabol i tes  through the cell  
m e m b r a n e ,  and in the synthes is  of es t rad io l  [1, 7, 9, 11, 15, 17]. In the r ipe  ovar ian  foll icle alkaline phos-  
phatase  was  detected only in the cel ls  of the t tmica interna,  which synthesize  es t rad io l  [13], whe reas  in the 
fo l l icular  epi thel ium the r e su l t s  of the reac t ion  for  this  enzyme were  a lways negat ive.  After  ovulation, in 
the per iod of fo rmat ion  of the corpus  luteum the ce l l s  of the tunlca in terna p ro l i f e ra te ,  invade the g ranu-  
l o s a - c e l l  l aye r ,  and a re  conver ted  into in te rs t i t i a l  ce l l s .  Because of the i r  posi t ive  reac t ion  for  alkal ine 
phosphatase  act ivi ty in the in te rs t i t i a l  ce l l s  of the co rpus  Iuteum di f fers  at  d i f ferent  per iods  of pregnancy 
and lactat ion.  In the ea r ly  per iods  of development  of the corpus  luteum, alkaline phosphatase  act ivi ty  in 
the in te rs t i t i a l  t i s sue  is slight. Toward the per iod of act ive  function of the corpus  luteum (the 7th-17th days 
of pregnancy) ,  when the in te rs t i t i a l  t i s sue  is well  developed, the alkaline phosphatase  content was  inc reased  
(Fig.  3a). A sharp  inc rease  in the intensity of the reac t ion  for  this  enzyme in the in ters t i t ia l  ce l l s  took 
place in the p rena ta l  per iod (Fig.  3b), at a t ime  when function of the lutein ce l l s  was  sharp ly  depressed .  In 
the s tages  of lactat ion,  alkaline phosphatase act ivi ty  in the in ters t i t ia l  ce l l s  fell  again, although it continued 
to be detected during the per iod of involution of the corpus  luteum. 

Most inves t iga tors  nowadays consider  that  the co rpo ra  lutea function only during the f i r s t  th i rd  or  
half  of pregnancy [2, 3, 18]. According to cl inical  evidence [4, 5, 8, 15], the highest  p roges te rone  content 
in the blood is  detected in the f i r s t  hal f  of pregnancy,  whe rea s  in the second ha l f  it gradual ly  fal ls  to reach  
a min imum at b i r th .  It is impor tan t  to note that  the highest  p roges t e rone  concentra t ion in the blood c o r r e -  
sponds to the lowest  accumulat ion of l ipids in the lutein cel ls ,  and the lowest  concentra t ion  occurs  at a t i m e  
of cons iderable  accumulat ion of l ipids in the lutein ce l l s  [6]. The blood es t r ad io l  level  r i s e s  gradual ly  
throughout pregnancy  and i n c r e a s e s  sharply  jus t  before  bi r th  [3-5, 14]. 

The p resen t  invest igat ions show that  the dynamics  of the h i s tochemica l  changes in the corpus  luteum 
a re  d i rec t ly  re la ted  to the ine re to ry  act ivi ty  and functional s tate of i ts  cel ls .  In the pre implanta t ion  period,  
and a lso  during the per iod of act ive function of the lutein ce l l s  of the corpus  luteum of pregnancy,  there  is 
a dec rea se  in the content of RNA and of granules  of a sco rb ic  acid, while the act ivi ty  of the r e s p i r a t o r y  
enzyme and of nonspeeif ic  e s t e r a s e  is at its max imum.  The corpus  lu teum at  these  t imes  is  exer t ing  i ts  
function of p roges t e rone  synthes is  at m a x i m u m  intensity,  as  the r e s u l t s  of c l inical  and b iochemica l  inves-  
t igat ions have shown [4, 5, 16]. 

In the p rena ta l  per iod,  hormona l  changes connected with the impending par tur i t ion  takes  place in the 
body. As the resu l t ,  the blood p roges t e rone  concentra t ion fal ls  sharply ,  while the es t rad io l  concentra t ion 
r i s e s  [4, 5, 8]. Subs t ra tes  par t ic ipa t ing  in p roges te rone  synthes is  (RNA, ascorb ic  acid) accumula te  in the 
cy top la sm of the lutein cel ls  at this  t ime,  while the act ivi ty of the enzymes  cata lyzing this  p r o c e s s  (SDH, 
nonspecif ic  esterase} is lowered.  The same changes a r e  obse rved  during involution of the corpus  luteum, 
although to a l e s s  ma rked  degree .  

During lactat ion,  p roges t e rone  s t imula tes  development  of the m a m m a r y  glands and mi lk  secre t ion  
[3]. In this  same  period,  the function of the lutein ce l l s  is  s t imulated,  as  is shown by the rapid  ut i l izat ion 
of RNA and ascorb ic  aeid andthe  inc rease  in act ivi ty  of the r e s p i r a t o r y  enzyme and nonspeeif ic  e s t e r a s e .  
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The gradual increase in alkaline phosphatase activity in the interstitial cells in the preimplantation 
period and the period of active function, with a sharp increase in the period immediately before parturition 
are in agreement with results [1, 4, 5, 9, 13-15] showing an increase in the blood estradiol concentration. 

The histochemical changes observed are thus connected with differences in the incretory function 
of the corpus luteum (synthesis of progesterone and estradiol) in the period of pregnancy, parturition, 
and lactation. 
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