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The abili ty of the s p e c i a l i s t ' s  v isual  sys t em to a s s e s s  optical  p rope r t i e s  of an image  is e x t r e m e l y  g r e a t  
and, what is pa r t i cu l a r ly  impor tan t ,  i t  is capable of l ea rn ing  and development .  When visual  es t imat ion  is used  
in h i s tochemis t ry ,  s t r i c t  and object ive  control  is e ssen t ia l .  A method and appara tus  for  visual evaluation of 
optical  density in h i s tochemica l  p repa ra t ions  with instantaneous s ta t i s t i ca l  control  a r e  sugges ted  below. 

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

Sections with h is tochemical  r eac t ions  for  i soc i t r a t e  dehydrogenase  (9) and succinate  dehydrogenase  (4) 
in the myoca rd ium of  the lef t  and r igh t  ven t r ic les  (LV and RV, respec t ive ly)  of four  control  (C) r a t s  and in one 
r a t  7 days a f t e r  i igat ion of the descending branch  of the lef t  co rona ry  a r t e r y  in the juxta ischemic  zone (JI) and 
in intact  a r e a s  (IA) of the lef t  ven t r i c l e  we re  subjected to visual  es t imat ion .  These  five exper imenta l  points 
will be desc r ibed  in the text  as follows: 9 LV C, 9 RV C, 4 LV C, 9 LV JI ,  and 9 LV IA. Two s l ides  were  ex-  
amined  f rom each animal  and 50 m e a s u r e m e n t s  were  made  on each sl ide.  Altogether ,  28 s l ides  were  examined  
and 1400 m e a s u r e m e n t s  made .  

A specia l  g r id  (Fig. 1) was introduced into the ocu la r  of  the m i c r o s c o p e .  It  cons is ted  of 16 equal squares ,  
the outl ines of which fo rm ed  25 r igh t -ang led  in te r sec t ions .  Two additional l ines  A and B were  drawn, and 
their intersection distinguished the "reference probe" A B. Near each of the remainLug 24 intersections the 
operator distinguishes visually "working probes," approximately equal in area to the "reference probe" (these 
are shown in Fig. 1 by a broken line, none exist on the grid itself). Optical density, as the analog of intensity 
of the histochemlcal reaction, is estimated in the area of each probe by conventional numbers. A scale of 
4 or 5 numbers is most convenient, such as: 0) no reaction, i) low, 2) average, 3) high, and 4) very high en- 

zyme act iv i ty .  

The image  is in t roduced randomly  in the visual  f ield and the p robes  a r e  a r r anged  r e l a t ive  to it randomly  
a lso .  Visual  e s t imat ions  of density in the succes s ive  p robes  (as the eye m o v e s  a c r o s s  the g r id  f rom lef t  to 
r igh t  and f rom top to bottom) a r e  noted down so t h a t  g roups  of 10 single m e a s u r e m e n t s  a r e  fo rmed .  F o r  each 
group of 10 the arithmetic mean Mi0 is determined, and this subsequently constitutes the "counting unit." 
The groups of I0 are analyzed at the rate of about I0 groups in 3-5 rain. For convenience, the numbers are 
represented in the text by whole numbers (i.e., the recorded values are multiplied by 100). 

The necessary and sufficient number of Mi0 in each series of measurements is determined in the course 
of the work  on a s ta t i s t ica l  bas is :  The mean m u s t  be de te rmined  with a re l iab i l i ty  of c lose  to 90%. The fol low- 
ing m e a n s  were  de termined:  1) fo r  a single sl ide - Ms; 2) for  a single an ima l  - Ma; 3) for  one exper imenta l  
point (one o r  s eve ra l  an imals  under  ident ical  expe r imen ta l  conditions) - M p ,  

The  di f ference  (s imi lar i ty)  between two c o m p a r e d  m e a n s  was de te rmined  by the d ivergence  of the con-  
fidence l imi t s  for  a 95% level  of s ignif icance.  The confidence in terva l  was ca lcula ted  by S t r e lkov ' s  method 
[2]: L ~ aRn,  where  a is the ampli tude of the va r i ance  s e r i e s  (the d i f ference  between its l a r g e s t  and s m a l l e s t  
t e r m s ) ,  and Rn is S t r e lkov ' s  coeff icient  for  the given number  of t e r m s  in the s e r i e s ,  i .e. ,  the number  of  MI0. 
Rel iabi l i ty  was ca lcula ted  by the equation: 
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TABLE 1. Ratios Between Different Sections Measured  Visually and Instrumental ly  

Values of Mp compared  Visual measu remen t  Instrumental measuremen t  

9LVJI: 9LVC 
9LVJI: 9 L V I A  
9 L V C :  9 R V C  
9 L V C :  4 L V C  

1.42 t imes  g rea t e r  
1.25 t imes g r ea t e r  
No difference 
1.55 t imes  g r ea t e r  

1.38 t imes  g rea t e r  
1.45 t imes  g r ea t e r  
No difference 
1.58 t imes  g r ea t e r  
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where L is the confidence interval and M the mean. The neces sa ry  and sufficient number  of measu remen t s  
gives A = 90%; if the number of measuremen t s  is excessive A > 90%, if it is insufficient A < 90%. 

EXPERIMENTAL RESULTS 

With one slide with reaction 9 LV C, 5 values for Mi0 were obtained: 260, 250, 240, 260, and 260. This 
variance series has A = 260 - 240 ~ 20, R 5 ~ 0.55, L -- 20 • 0.55 = II, the slide mean Ms = 254 • II, and A = 96%, 

The differences between densities in the area of one section depends both on the real distribution of 
densities and on subjective errors of their estimation. Judging from the reliability of the value of M (96%), 
these are satisfactorily compensated with the method of me asurement used. The number of measurements 

(5 groups of I0) was formally insufficient for slides* (A = 82-87%), sufficient for 8 slides (A ~ 89-91%), and 
excessive for 13 slides (A ~ 92-97%). 

In all pairs there was no significant difference between the slides with a reliability of the order of 94%. 
Consequently, differences between slides due to variat ion in the conditions of  preparat ion of the sections were 
completely compensated by this method of measurement .  

Differences between individual animals a re  easi ly taken into account in this method: Nia = (Msl +Ms2) : 2. 
Within the l imits  of each reaction,Ni a of four control  animals did not differ significantly with a rel iabi l i ty of 
the o r d e r  of 92%, which proves  that the resu l t s  a re  sa t i s fac tor i ly  reproducible  by visual est imation.  

Mean values of Nip of the experimental  point were obtained by averaging of the control  for  four animals:  
9 LV C - 247-~ 10; 9 RV C - 254 �9 17; 4 LV C - 164 �9 18. The myocard ium of  a r a t  with experirnental i schemia  
had Mp =352 • I0 in JI and Mp = 282 -~ 22 in IA. All five values of Nip showed a reliability of considerably more 
than 90%. 

Values of  Nip were obtained for  the same slides on the basis of measu remen t s  made  on the TsIM-2 
mic ropho tomete r  [1]. Since the units of measu remen t  are  not comparable ,  ra t ios  between Mp obtained for  
visual and inst-rmuental es t imat ions  separa te ly  were studied (Table 1). 

It will be c l ea r  f rom Table 1 that visual est imation and instrumental  measu remen t s  were completely 
comparable .  In a real  experiment ,  when reliabil i ty is calculated in the course  of sampling of the data, the work 
is stopped when the planned levels of rel iabil i ty are achieved. Inthat  case,  the calculations were consciously 
defer red  until the end of all the measuremen t s  in o rde r  to avoid any bias in the resul ts .  Reliability for  some 
sections was thus slightly underest imated,  and for  o thers  it was overest imated.  

*The number  was omitted in the Russian original  - C o n s u l t a n t s  Bureau. 

852 



Consequently, the method of visual evaluation with instantaneous statistical control  can be used in histe- 
chemical reactions when the investigator can construct a subjective scale of gradations of the feature con- 
cerned. In reactions in which proportionality does not exist between optical density and the quantity of indi- 
cator, this method is suitable only for use in comparing standard preparations. 
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T h e r e  is  no s imple  method for  the rap id  and accura t e  detect ion and sc reen ing  of cholere t ics ,  for  p r a c t i -  
cal  pu rposes ,  under  expe r imen ta l  condit ions.  Cholere t ic  act ivi ty  of  drugs  under  acute expe r imen ta l  conditions 
is usual ly  studied in r a t s  by Heidenhain 's  method  [5]* o r  in one of its modif ica t ions  [1-4]. These  methods  
cons i s t  e ssen t ia l ly  of  the introduction of a carmula into the main  bile duct of anes the t ized  r a t s ,  through which 
the bile is col lected.  A disadvantage of these  methods  of tes t ing  cho le re t i c s  is the p r e s e n c e  of  a foreign body 
in the bile duct, namely  the cannula,  which in jures  the t i s sue  o r  causes  constant  i r r i t a t ion  of the b i l ia ry  t r a c t ,  
and this iS often re f l ec ted  in the exper imen ta l  r e su l t s .  

The method  now sugges ted  e l imina tes  these  defects  and, toge ther  with its shnpl ic i ty  in use  and i ts  a c -  
cess ib i l i ty ,  i t  a lways g ives  s tab le  r e s u l t s .  It  is e s sen t i a l ly  as  fol lows.  The exper imen ta l  r a t  is  anes the t ized  
with e the r  and u re thane ,  f ixed on an opera t ing  table ,  and l a p a r o t o m y  is p e r f o r m e d  through an ep igas t r ic  in-  
c is ion 1.5-2 cm long.  The duodenum and the point where  the bile duct en te r s  it  a r e  then located.  Above this  
point the duodenum is l igated.  Another  l iga tu re  is t ied  below the point of  en t ry  of the bile duct into the duodenum, 
into the lumen of which one end of a r u b b e r  cannula- tube 1 m m  in d i ame te r  and 4-4.5 m long is f i r s t  introduced.  
A c losed sac  with a volume of  0.5 cm 3 is  thus f o r m e d  f rom the duodenum. Bile e scapes  f rom the bile duct into 
this  sac and then into the cannula- tube (Fig. 1). The carmula- tabe  (a t r a n s p a r e n t  r u b b e r  cap i l l a ry  tube) is f i r s t  
ca l ib ra t ed  by m e a n s  of a tubercul in  o r  insulin syr inge ,  and then wound sp i ra l ly  on a s tand on which a sca le  i s  
mounted,  with divis ions cor responding  to ca l ibra t ion  of the cap i l l a ry  tube in m i l l i m e t e r s .  In the case  i l lus -  
t r a t e d ,  the value of  each  sca le  division was  0.025 ml  of  the volume of the cap i l l a ry  tube (Fig. 1). As a r e su l t  
of  p r e s s u r e  in the  bile duct and in the i so la ted  duodenal pouch, and also of  the p r o p e r t i e s  of  the cap i l l a ry  tube, 
bi le  constant ly f i l ls  the specia l  r e s e r v o i r  (capi l lary  tube) as i t  en te r s  the duodenum. Bile collect ing in the 
tube is  m e a s u r e d  hourly  according to the sca le  read ings  fo r  the n e c e s s a r y  per iod of t ime.  At the end of the 
expe r imen t  the cannula tube, fi l led with secre t ion ,  is cut  f rom the duodenum, and i ts  contents,  e i the r  as a whole 
o r  in hourly por t ions ,  a r e  subjected to b iochemica l  ana lys i s .  

To p reven t  the evacua to ry  function of the gas t ro in tes t ina l  t rac t ,  an anas tomos i s  is f o rmed  by means  of 
a r u b b e r  tube between the p rox imal  and distal  pa r t s  of  the duodenum (Fig. 1), 

The  durat ion of the opera t ion  to fo rm the i so la ted  sac,  to introduce and f ix  the cannula tube, and to fo rm 
the anas tomos i s  was 5-7 rain p e r  ra t .  In the cou r se  of one working day the cholere t ic  act ivi ty of one p r e p a r a -  
t ion can be studied in 14 r a t s  (including seven controls)  by the sugges ted  method  and the quali tat ive and quanti-  
ta t ive  c h a r a c t e r i s t i c s  of  the p repa ra t ion  can be obtained. 

*The re  is no r e f e r e n c e  5 in the Russ ian  or iginal  - C o n s u l t a n t s  Bureau .  
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