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A method of determining gravlmet r ic  indices of the zona glomerulosa  and~the combined zona 
fasciculata  and zona re t icu la r i s  and the medulla of spher ical  adrenal glands is described. As a 
resul t  of mathematical  analysis  of resul ts  obtained with a plastieine model of the adrenal, w~th 
close to actual charac te r i s t i cs ,  it was found that the e r r o r  of the method when used to de te r -  
mine the weight of the zona fasciculata  et re t tcular is  is 0.6-0.9%, of the zona glomerulosa  
2.7-3.5%, and of the medulla 5.3-6.4%. 
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Quantitative methods are being used increasingly frequently in morphology by r e sea rch  workers .  How- 
ever,  as has rightly been said [ 1, 2], the investigator must know the limitations of the method and the degree 
of accuracy  with which a given quantitative analysis is made. 

At the present  time the adrenal glands of ra ts ,  mice, and golden hamsters ,  which are spherical  in shape, 
are frequent objects for morphometr ic  analysis.  In part icular ,  a very widely used morphometr ic  index is the 
width of the adrenal zones. Unfortunately, this index has been absolutized and it :is regarded as a valid morpho- 
metr ic  feature of the morphofunctional state of the organ without taking the overa l l  size of the adrenal into ac-  
count. Where such an approach can lead will be c lear  f rom the following examples in which, in order  to s im-  
plify the analysis,  the adrenal is regarded  as a true sphere and the calculations are made for the cort ical  and 
medullary layers  only. 

Example 1. Let us assume that in case No. 1 the width of the cor t ical  layer  (La.c 1) is 2 and in case No. 

2 (La.c2) it is also 2. It would seem that the degree of development of the cor t ical  layer  is the same in both 
cases.  However, let us assume that in case No. 1 the radius of the medulla (Ra.mt) is 1, whereas in case No. 2 
Ra.m~ =2. In that case, if the volume of the cortex (Va. c) is calculated by the equation Va. c =V a -  Va.m, the 

following resul ts  are obtained: 

4 R 3 4 4 ~ 4 4 
"( a . c l~  a,rna) - - - f f - n ' R S a . m l : - f f - n ' ( 2 1 )  - - - ~ - n ' l S = 2 6 " - - ~  " n ;  Va.cl = -~--n L = 

4 3 4 4 4 4 
V a . c z - - - 3 -  n ( L a . c 2 - ~ R a . m 2 )  - - - ' 3 -n 'R 3 .m 2  = 3 n . 4 3 - - - ~  n .2  s = 56.--~- n, 

i.e., Va.cz is more than twice as great  as Va.cl. 

Example 2. In case No. 1 La.cl  =2, in case No. 2 La.c~ = 3, i.e., it can be stated that the degree o f d e -  
velopment of the cor t ical  layer in case No. 2 is 1.5 t imes grea te r  than in case No. i. However, let us assume 
that in case No. 1 Ra.ml= 3 a n d l n c a s e  No. 2 H a . m s =  1. Then 

4 4 4 
V a . c l - -  3 n ' 5 8 - - 3  - n ' 3 3 = 9 8 " - g  - n ;  

4 4 4 
Va.c2 =-- -  if- n . 4 ~ - -  ~--~ -- n . l S = 6 3 . - ~ - n .  

i.e., on the contrary ,  Va.cl is more than 1.5 t imes grea ter  than Va.c2. 

These examples show that the index of width of the zones of the adrenal glands, when spherical  in shape, 
has no meaning when used independently. It is essent ial  only on conversion into an objective index of the 
amount of t issue in a given zone, expressed in volumetric or gravimetrLc units. In the writerTs view, the index 
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of the g r e a t e s t  p r a c t i c a l  i m p o r t a n c e  is  g r a v i m e t r i c ,  for  i t  is  t e c h n i c a l l y  e a s i e r  to d e t e r m i n e  the quan t i ty  of 
t i s s u e s  in the na t ive  a d r e n a l  g land  of s m a l l  l a b o r a t o r y  a n i m a l s  by the u se  of g r a v i m e t r i c  i n d i c e s  than  v o l u -  
m e t r i c .  C a l c u l a t i o n  of the vo lume  of the a d r e n a l  zones  o r  of g r a v i m e t r i c  i n d i c e s  of the a d r e n a l  zones  b a s e d  
on the r e l a t i v e  weight  and d a t a  fo r  the width  of the zones ,  a s  h a s  been  done by K o v a c s  e t  al .  [3], a l s o  r u n s  the  
r i s k  of e r r o n e o u s  c o n c l u s i o n s ,  for  d u r i n g  p r o c e s s i n g  of the  a d r e n a l  t i s s u e s  they  a r e  c o m p r e s s e d ,  and th i s  
g i v e s  the f i g u r e s  fo r  the width  of the a d r e n a l  zones  p u r e l y  r e l a t i v e  s i g n i f i c a n c e .  The  r e s u l t s  a r e  d i s t o r t e d  
even  m o r e  by the  fac t  tha t  i t  i s  d i f f i cu l t  to  p r o c e s s  the  m a t e r i a l  i d e n t i c a l l y  in d i f f e r e n t  c a s e s .  However ,  s i n c e  
when c a l c u l a t i n g  the  g r a v i m e t r i c  index  fo r  the a d r e n a l  zones  r e l a t i v e  v a l u e s  for  the width  of the a d r e n a l  zones  
a r e  su f f i c i en t ,  the  d i f f i c u l t i e s  m e n t i o n e d  above  d i s a p p e a r .  

The  w r i t e r  has  d e v e l o p e d  a method  of s u c c e s s i v e  d e t e r m i n a t i o n  of g r a v i m e t r i c  i n d i c e s  of the  c o m p o n e n t s  
of the  a d r e n a l  g l ands  f r o m  the c a p s u l e  to  the  medu l l a .  In t h i s  c a s e  c a r e f u l  d e t e r m i n a t i o n  of the  weight  of the 
a d r e n a l s  in the  na t ive  s t a t e  i s  s t r i c t l y  e s s e n t i a l .  

The  o r d e r  of the  o p e r a t i o n s  of c o m p u t a t i o n  i s  as  fo l lows :  1) d e t e r m i n a t i o n  of the g r a v i m e t r i c  index  of 
the  c a p s u l e ;  2) d e t e r m i n a t i o n  of the g r a v i m e t r i c  index  of the  zona  g l o m e r u l o s a  (z :g . ) ;  3) d e t e r m i n a t i o n  of the 
g r a v i m e t r i c  index  of the  c o m b i n e d  zonae  f a s c i c u l a t a  e t  r e t i e u l a r i s  ( z . f . r . ) ;  and 4) d e t e r m i n a t i o n  of the g r a v i -  
m e t r i c  index  of the  m e d u l l a .  

E x a m p l e .  Weigh t  of the a d r e n a l  g land  P = 30 mg; t h i c k n e s s  of the  c a p s u l e  L c = 10 ~; width  of z.g. 

Lz.g" = 40 ~; wid th  of z . f .v .  L z . f . r .  = 300 ~ ; r a d i u s  of the m e d u l l a  Ra .  m -- 300 ~; t o t a l  r a d i u s  R = 650 ~ .  

4 s 4 
-~-nR --- '~- n(R--Lc'r~ 

1) Weigh t  of c a p s u l e  = p .  4 = P ' R 3  - -  (R - -  Lc)3 650 ~ --  6403 
-3-  n . R  s R 3 = 30. 6503 = 1.3 rag; 

2) Weight of z.g. = (30--1,3) x 
(R--/-c) ~ - -  (R - -  Lc - -  Lz.g. )8 6403 - -  6003 

(R__L.c)3 = 28 .7 .  6403 -- 5.04 mg; 

(R--- Lc--  Lz~.) 3 - -  Ra3.m 6003- 300.~ 
3) Weigh t  of z . f . r .  =(28,7--5,04) (e_Lc)~ =23,66 .... 6003 120,71 mg; 

4) Weight of medulla = 23.66 - 20.71 = 295 mg. 

To establish the basis of the method, to determine its accuracy, and to elucidate some of the technical 
recommendations when determining the gravimetric indices for the adrenal zones a series of calculations was 
made on a plasticine model of the adrenal simulating the three chief components of the adrenal: z.g., z.f.r., 
and the medulla. As a first step the materials composing the model were weighed separately, after which a 
cast was made of the adrenal. The gravimetric indices were found by the formula P(R 3- l~1)/l~ 3 . The initial 
calculations of the gravimetric indices on the plasticine model showed that the truest results were obtained 
when maximal total sections of the plasticine model and also of the medulla were analyzed. However, the plane 
of maximal total section when the medulla is disposed eccentrically does not coincide with the plane of maxi- 
mal section of the medulla, and this must be taken into account during mathematical analysis of the results. 

What is the accuracy of determination of the gravimetric indices of the components of the adrenals? To 
answer this question data obtained on 20 plastieine models of spherical adrenal glands, the maximal plane of 
section of which was chosen with the models in different random positions, were analyzed mathematically. The 
true weight of z.g. was 5.0 rag, of z.f.r. 21 mg, and of the medulla 3 mg. The ratio between the gravimetric in- 
dices was close to the actual ratio characteristic of female sexually mature rats. The results of the analysis 
are given in Table 1. 

As Table 1 shows, the mean statistical error of the method when used to determine the gravimetric index 
for z.g. was 2.7%, for z.f.r. 0.6%, and for the medulla 5.3%. 

On mathematical analysis of six randomly chosen models the maximal areas of cross section for which 
passed through the greatest, smallest, and middle axes, it was found that the mean probable error  of deter- 
ruination of the gravimetric index for z.g. was 3.5%, for z.f.r. 0.9%, and for the medulla 6.4%, i.e., the results 
obtained by two methods of mathematical analysis were very close. It is another interesting fact that even 
when the r a t i o  be tween  the a r e a s  of m a x i m a l  c r o s s  s e c t i o n  c o i n c i d i n g  with  the l a r g e s t  and s m a l l e s t  axes  of the 
s p h e r i c a l  m o d e l s  was  1:2, the e r r o r  d id  not e x c e e d  5-5.5% for  d e t e r m i n a t i o n  of the  g r a v i m e t r i c  index of z.g.  
and 0.95% for  d e t e r m i n a t i o n  of the  g r a v i m e t r i c  index for  z . f . r .  In s e x u a l l y  m a t u r e  r a t s  t h i s  r a t i o  i s  1.17 ~= 0.3, 
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i.e., significantly less. An increase in the accuracy  of determinat ion of the grav imet r ic  index for z.g. can be 
attained by allowing for the theoret ical ly expected e r r o r  which, according to our calculations, when the rat io 
between the areas  of maximal c ross  section coinciding with the larges t  and smal les t  axes was 1.1-1.25, is 3%; 
if the ra t io  is 1.26-1.49 the e r r o r  is 4%; and if the rat io is 1.5-2, it is 5%. Under these c i rcumstances  the 
adrenals  must lie in a s t r ic t ly  assigned position when cut into sections.  If the maximal  plane of section coin- 
cides with the longest axis the sign of the e r r o r  will be plus; if it coincides with the shor tes t  axis, it will be 
minus. 

Mathematical  analysis  of the ptasticine model of a spherical  adrenal gland and the ra t io  between the 
g rav imet r i c  indices of the component e lements  s imi lar  in actual re la t ive  proport ions to the adrenals  of sexu- 
ally mature female ra ts  thus revealed that the method of quantitative determinat ion of gravimet r ic  indices of 
the adrenal cor t ica l  zones and medulla is par t icular ly  accura td  for measur ing  the weight of z.f .r ,  and z.g., and 
less accurate  for determining the weight of the medulla. This method has some disadvantages. However, in 
the w r i t e r ' s  view its use will give resul ts  c loser  to the actual values than those obtained on the basis of any 
other morphological  feature,  such as the width or a rea  of the zones of the adrenals.  

1, 
2. 
3. 
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T H E  T E C H N I Q U E  OF R E S I S T O G R A P H Y  
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To abolish the e r r o r  in res i s tography  connected with fluctuations in the animaP s a r te r ia l  p r e s -  
sure an automatic s tabi l izer  of the input p ressu re  (an e lect romagnet ic  valve) is suggested. To 
switch off the res i s tograph  pump automatical ly when the blood flow into the apparatus is ob- 
s t ructed or stops, a monitoring device is proposed. A p res su re  s tabi l izer  and monitoring de-  
vice are  controlled by eleqtr ical  contact m e r c u r y  manometers  connected to the input channel 
of the res is tograph.  

KEY WORDS: res is tography;  design of the res is tograph.  

Even if all the requi rements  of a r es i s tograph  with external  e lect romagnet ic  valves are s t r ic t ly  met [ 3], 
the possibil i ty that its flow rate depends on the input p ressu re  of the apparatus cannot be ruled out. This leads 
to a definite e r r o r  which, according to data given by different workers  [ 1, 3], may be 5-8%. 

To reduce the e r r o r  it is suggested that the external  e lectromagnet ic  valves be replaced by internal 
valves [1] ,  which can reduce the e r r o r  in a single-channel res i s tograph  to 1-1.5% and in a two-channel instru-  
ment to 2-3~. F r o m  the design point of view, internal va lves ,  working compulsor i ly  [ 1], are much more com-  
plicated than external  e lect romagnet ic  valves, and it is par t icular ly  difficult to ensure that they operate in 
phase with the pump of the instrument in the extension working head. Disadvantages of internal "automatic" 
valves have been examined in detail by Khayutin [ 2, 3]. 
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