
M E T H O D S  

D E T E R M I N A T I O N  O F  A C T I V I T Y  O F  

S C A T T E R I N G  M E T H O D  

I .  M.  A r e f t e v ,  A .  P .  E s ' k o v ,  
a n d  G.  G. K o z l o v  

S P E R M  BY T H E  L I G H T  

UDC 612.616.2-087.5 

The  possibi l i ty  of determining the activity of sp e rm  by means  of spec t ra  of sca t t e red  light was 
studied. A homodyne l a se r  optical  mixing spec t rome te r  was used for  the measurement s .  Solu- 
t ions of bovine s p e r m  were  used  as the t es t  object .  The  activity of the sperm,  de termined  f ro m 
the motil i ty of the spermatozoa ,  may be de termined f rom the half-width of the spec t rum of 
sca t t e red  light. 
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The  activity of s p e r m  is de te rmined  by the motil i ty of the spermatozoa .  A method of analysis  of the ac -  
t ivity of spe r m  under  the mic roscope  is known [2-4], which includes sampling the sperm,  dilution, application 
of a drop of s p e r m  on a supporting film, followed by visual analysis  under the mic roscope  using a 10-point 
sys tem.  The opera tor  counts the number  of moti le  spermatozoa  in every  10 cei ls .  This  known method has 
ce r t a in  important  disadvantages.  The  quantity of sp e rm  which can be tes ted is insufficient to allow the objec-  
t ive  analysis  of  act ivi ty.  To obtain reproduc ib le  r e su l t s  the drop of s p e r m  must  be of a s t r ic t ly  definite volume. 
The  method of applying the drop of s p e r m  i tself  causes  death of some of the spermatozoa  and this introduces 
additional e r r o r  into the measu remen t .  When the method is put into use, difficulties a r i se  in the stabil ization 
or control led change of the conditions under which the spermatozoa  a re  kept ( temperature ,  pH of the medium, 
p r e s s u r e ,  and so on). Asses smen t  by a point sys tem is subject ive and r equ i r e s  the use of highly t ra ined opera-  
t o r s .  

The  possibi l i ty  of de termining the act ivi ty of s p e r m  by the use of spec t ra  of l a se r  light sca t te red  in it 
was studied in the investigation descr ibed  below. Scat ter ing of light in solutions of spermatozoa  has been in- 
vest igated previous ly  both exper imenta l ly  [6] and theore t ica l ly  [7]. However the measu remen t s  in [6] were  
qualitative in c ha r a c t e r  and the resu l t s  were  not compared  with the usual method of m easu rem en t  of sperm activity.  

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

If living spermatozoa  in physiological  sal ine a r e  examined under the mic roscope  they can be seen to 
p e r f o r m  movements  in a s t ra ight  line at constant velocity.  The t ime  of the t r a j e c to ry  until a change in the 
d i rec t ion  of movement  is of the o rde r  of 1 sec.  This  t ime  is long compared  with the cha rac te r i s t i c  t ime of 
decay of  fluctuations in the concentra t ion of spermatozoa  because  of o rd inary  diffusion; for that reason,  mono- 
chromat ic  l ase r  light, s ca t t e red  on these  moving par t ic les ,  will undergo a Doppler f requency shift equal to 

1 
f = ~ -  v~q, (1) 

4~n 0 where  q is the vec to r  of sca t te r ;  vq the pro jec t ion  of veloci ty on this  vector ,  when q= -y-~ in-~ ,  n the r e f r ac t ive  

index of the sperm,  T the wavelength of the lase r  light, and 0 the angle of sca t te r .  The  solution contains dead 
(nonmotile) and living (motile) spermatozoa;  the living spermatozoa  have a ce r ta in  dis tr ibut ion by velocity.  
The  spec t rum of light sca t te red  in such a sy s t em  l ies in the region of undisplaced f requency and usually has 
a maximum at an undisplaced f requency.  The width of the spec t rum is de te rmined  by the mean velocity of 
movement  by the spermatozoa .  The more  numerous  the moti le  spermatozoa  and the higher the i r  velocity,  
the wider the spec t rum.  
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Fig.  1. Block d iag ram of appa ra -  
tus: 1) LG-38 l a s e r ;  2) d iaphragm 
3 m m  in d iamete r ;  3) lens,  focal 
length 150 ram; 4) d iaphragm 2~ 
m m  in d iamete r ;  5) cuvette with 
s p e r m  solution; 6, 7) d iaphragms  
0.5 m m  in d iamete r ;  8) Fl~U-79 
photoelec t ronic  mul t ip l ier ;  9) $4-44 
spec t r a l  ana lyzer ;  10) N- 110 auto-  
mat ic  wr i t e r .  
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Fig.  2. Spec t ra  of photocurren t  induced b y  
light s ca t t e r ed  in sample  of  spe rm ,  r e c o r d -  
ed a t  succes s ive  in te rva l s  of 1 h. 

The  width of the s p e c t r u m  can be es t imated  by equation ( l b  When }, = 6328 ~ ,  h = 1.33, 0 =30 ~ and vq = 6 
m m / m i n ,  we have f=  260 Hz. Spect ra  of this width can be m e a s u r e d  by the method of optical  mixing s p e c t r o -  
scopy [5]. 

The appara tus  shown schemat ica l ly  in Fig.  1, giving m e a s u r e m e n t s  in the r eg ion  of the spec t rum between 
20 and 20,000 Hz, was built  for  the m e a s u r e m e n t s .  The  appara tus  can be used to under take  va r ious  m i c r o -  
biological  invest igat ions and was desc r ibed  in detail  p rev ious ly  [1]. 

Measu remen t s  we re  made on bovine s p e r m  f rozen  in granules  at  - 196~ The  granules  were  thawed at  
40~C in a w a r m  2.9% solution of t r i sod inm c i t ra te  (+ 5H20). The following solution was used as  diluting agent: 
100 ml  dist i l led water ,  11.5 g lac tose ,  20 ml  hens '  egg yolk and 5 ml  g lycero l .  Act ivi ty  of the spe rma tozoa  
af ter  thawing of the f rozen s p e r m  was a s s e s s e d  visual ly  at  5 points .  The solution of s p e r m  was poured  into a 
2 -ml  cuvette  at  39 ~- 0.5~C. The emis s ion  power  of the l a s e r  used  was chosen so as  not to cause  a change in the 
act ivi ty  of the s p e r m  during the exper iment ,  as  conf i rmed by visual  point a s s e s s m e n t  of the mot i l i ty  of the 
s p e r m a t o z o a  before  and a f t e r  i r rad ia t ion .  Spect ra  were  obtained with an angle of sca t t e r  theta  = 30 ~ 
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Fig.  3. Graph of co r respondence  
between half-width of spec t r a  and 
r e s u l t s  of v isual  10-point ana lys i s  
of act iv i ty .  Absc i s sa ,  points  (1-5) 
o5 act ivi ty ,  D) dead, nonmoti le  
spe rma tozoa ,  O) nonmoti le  s p e r m a -  
tozoa with osc i l l a to ry  movement ,  
S) single s p e r m a t o z o a  with forward  
l inear  motion; ordinate,  half-width 
H (in Hz).  

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

Spect ra  of the photocur ren t  induced by l ight s ca t t e r ed  in the sample  of s p e r m  and r eco rded  at success ive  
in te rva l s  of 1 h a r e  shown in Fig.  2. C lea r ly  the spec t rum became  n a r r o w e r  with t ime .  The spec t r a  we re  
c h a r a c t e r i z e d  by the i r  half-width (H), equal to the width of the n o i s e - a v e r a g e d  s p e c t r u m  at half  the maximal  
intensi ty (see Fig.  2a). The  value of the half-width a t  t = 0 was about 400 Hz.  With the cou r se  of t ime  it d imin-  
ished, so that  a f te r  4 h it was  about 100 Hz, t h e r e a f t e r  r ema in ing  unchanged. P a r a l l e l  obse rva t ions  under the 
m i c r o s c o p e  showed that  this  t ime  i n t e rva l  co r responded  to comple te  loss  of moti l i ty  of the spe rma tozoa .  It 
follows f r o m  these  r e s u l t s  that  the change in act ivi ty  of the s p e r m  during t ime  can be de te rmined  f r o m  the 
s p e c t r u m  of s ca t t e r .  

Fur the r  expe r imen t s  we re  c a r r i e d  out to study matching between the half-width of the spec t r a  and a c -  
t ivi ty e s t ima ted  v isua l ly  in points .  The  r e s u l t s  a r e  shown in Fig.  3, f r o m  which it is c lear  that  higher  values  
of the half-width co r respond  to higher point r a t ings  of act iv i ty .  The  sca t t e r  of the points  for  S may have been 
due to the fact  that  the t rue  mot i l i ty  of the s p e r m a t o z o a  in the volume of s ca t t e r  was higher than in the drop 
under  the mic roscope .  

On the whole the r e s u l t s  show that  the  act ivi ty  of s p e r m  can be de te rmined  f r o m  the half-width of the 
s p e c t r u m  in Hz.  

The  method of ana lys i s  of s p e r m  act ivi ty  based  on spec t r a  of sca t t e r  p o s s e s s e s  s e v e r a l  advantages  over  
the o rd ina ry  visual  method: 

1. More accu ra t e  informat ion  can be obtained by record ing  the spec t r a  of sca t t e r ,  for  in the p r e s e n t  case  
about 10 4 s p e r m a t o z o a  were  contained in the sca t t e r ing  volume, whereas  in the ord inary  method the 
es t imat ion  of act ivi ty  is based  on t0 spe rma tozoa .  

2. M e a s u r e m e n t  of the half-width of the s p e c t r u m  H faci l i ta tes  the quanti tat ive and object ive  ana lys i s  
of s p e r m  act ivi ty .  

3. The cuvette contains 1-2 ral of diluted spe rm ,  and the spe rma tozoa  within the  sca t t e r ing  volume tes ted  
a r e  not exposed to the act ion of any marg ina l  effects  modifying the t rue  act ivi ty of the s p e r m .  

4. By means  of this  method s p e r m  can be analyzed under different  conditions ( t empera tu re ,  p r e s s u r e ,  
pH of medium,  and so on) and these  conditions can be s tabi l ized with g rea t  accuracy .  

The  dis t r ibut ions  of the s p e r m a t o z o a  by veloci ty can be obtained f r o m  the spec t r a  of sca t t e r .  Exac t  m e a -  
su remen t s  of ve loci ty  r equ i r e  i m p r o v e m e n t  of the theore t i ca l  model and of the technique used to p r e p a r e  the 
spec imens  of s p e r m  for  analys is ,  so that  they co r respond  to s imp le r  phys ica l  models .  The development  of 
th is  new method makes  automat ion of the ana lys i s  of s p e r m  act ivi ty poss ib le .  The method of de termining  ac -  
t ivity of s p e r m a t o z o a  as desc r ibed  above mus t  play a pos i t ive  ro le  in the diagnosis  of infer t i l i ty  and i m p r o v e -  
ment  of the eff ic iency of a r t i f i c ia l  inseminat ion.  
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MODIFIED METHOD OF DIFFERENTIAL STAINING 

OF SISTER CHROMATIDS 
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A modif ied method of obtaining d i f ferent ia l  s taining of s i s t e r  ch romat ids  is desc r ibed .  It  is 
s imple ,  quick, and highly reproduc ib le ,  but a t  the  s a m e  t i m e  is cheap and read i ly  access ib le ,  for  
the r eagen t s  used  a r e  widely avai lable .  When 5 -b romodeoxyur id ine  was added to a Chinese  
h a m s t e r  cel l  cul ture  24 h before  fixation the p ropor t ion  of me taphase s  with d i f ferent ia l  staining 
of ch romat ids  was 95-98%, but if the subs tance  was added 28 h before  fixation to a cul ture  of hu- 
man lymphocytes  the p ropor t ion  va r i ed  between 75 and 90% depending on the  individual. The 
mean  number  of  s i s t e r  ch romat id  exchanges in human lymphocytes  was found to be independent 
of the fixation t ime .  

KEY WORDS: different ia l  staining; s i s t e r  chromat ids ;  chromat id  exchanges.  

The ef fec t  of 5 -bromodeoxyur id ine  on dif ferent ia l  s taining of regions  of the c h r o m o s o m e s  was f i r s t  
demons t r a t ed  by  Zakharov  and Egolina [4]. Using this p r o p e r t y  of 5-bromodeoxyur id ine ,  Lat t  [2] developed 
a method of d i f ferent ia l  s taining of s i s t e r  chromat ids ,  which was improved  by P e r r y  and Wolff [3]. The method 
was  based  on the use  of p r e l i m i n a r y  s taining of c h r o m o s o m e  p r e p a r a t i o n s  with the dye Hoechs t  33258. La te r ,  
Korenbe rg  and F r e e d l a n d e r  [1] developed a method of d i f ferent ia l  s taining of s i s t e r  ch romat ids  in which the 
p r e p a r a t i o n s  were  heated in alkal ine solut ions.  The  final s tage in these  methods was staining by the Giemsa  
method in buffered solution. If the method of di f ferent ia l  s taining of s i s t e r  ch romat ids  in cytogenet ics  is to 
be widely used, it mus t  be s imple ,  cheap, and highly reproduc ib le .  A method sa t is fying these  conditions and 
t e s t ed  on cu l tu res  of  human lymphocytes  and Chinese h a m s t e r  ce l l s  is desc r ibed  below. 

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

A t ransp lan tab le  cu lk t re  of  Chinese  h a m s t e r  ce l l s  of clone 2372a with 18 c h r o m o s o m e s  in the karyotype  
and a s h o r t - t e r m  cul ture  of human p e r i p h e r a l  blood lymphocytes  were  used. 5-Bromodeoxyur id ine  in a con-  
cent ra t ion  of 10 ~ g / m l  was  added 24 h be fo re  f ixation to the cul ture  of Chinese h a m s t e r  cel ls  and 28 h before  
fixation to the lymphocyte  cul ture .  The  lymphocyte  cul ture  was fixed 72 and 96 h a f te r  addition of phy tohemag-  
glutinin. Colchicine was added to the cul tures  2 h be fo re  fixation in a concentra t ion of 0.5 ~ g / m l .  Hypotonicity 
was  produced when Chinese  h a m s t e r  ce l l s  we re  used by means  of 1% sodium c i t r a t e  (20 rain) and when human 
lymphocy tes  we re  used, by means  of a 0.55% p o t a s s i u m  chloride solution (10 min) at 37~ The  cu l tures  were  
fixed in a r a ~ e  of methanol  and acet ic  acid (3 : 1). The  spec imens  were  p r e p a r e d  by applying the cel l  s u s -  
pens ion to cold wet  s l ides  which were  then dried in the a i r .  Af ter  staining, the p r epa ra t i ons  were  k e p t  in a 
t h e r m o s t a t  (37~ for  not l ess  than 24 h. 
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