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The biological  impor tance  of the ra t io  between the in ternal  ( reabsorb ing  colloid) su r face  of 
the fol l ic les  of the thyroid gland and the volume of colloid contained in the fol l ic les  as a 
c h a r a c t e r i s t i c  of the functional s tate  of the organ is examined.  The use  of the s te reo log ica l  
method of random sect ions in conjunction with the l inear  method for  the de terminat ion  of 
this ra t io  is  descr ibed .  
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The dynamics  of the accumulat ion and l iberat ion of colloid in the thyroid gland is de te rmined  by the 
functional s tate  of the organ,  one index of which is the rat io  between the inner  ( reabsorbing  colloid) sur face  
of the fol l ic les  and the volume of in t ra fo l l icu la r  colloid. Hypofunctional s ta tes  a re  cha rac t e r i zed  by foll i-  
c les  of spher ica l  shape,  for  which the ra t io  between the inner  su r face  (S) and the volume of colloid (V) is 
min imal .  In this s ta te  la rge  fol l icles a re  seen as a rule.  Converse ly ,  hyperfunct ional  s ta tes  a re  cha r ac -  
t e r ized  by the sma l l  s ize  of the fol l ic les  in the gland, and the ra t io  between the total  r eabsorp t iou  sur face  
and the volume of colloid contained in the fol l icles is re la t ive ly  high. 

An inc rea se  in the reabsorp t ion  su r face  during marked  intensif icat ion of colloid l ibera t ion can a lso  
take p lace  on account of a d i r ec t  i nc rease  in  the a r e a  of the sur face ,  on which numerous  pro jec t ions  of the 
epithelial  wall  appea r  into the lumen of the fol l ic les ,  giving them an i r r e g u l a r  configuration; in this case  
the fol l ic les  mainta in  the i r  previous  volume for  some t ime.  S imi la r  p r inc ip les  govern  the changes in the 
ra t io  S/V in different  spec ies  of an imals  known to di f fer  in the i r  level  of thyroid act ivi ty.  F o r  instance,  
spher ica l  fol l ic les  with a min imal  S/V ra t io  a re  cha r ac t e r i s t i c  of the gland of the guinea pig; converse ly ,  
the ve ry  act ive thyroid gland of the h a m s t e r  cons is t s  of numerous  i r r e g u l a r l y  shaped fol l ic les .  

A coeff icient  cha rac t e r i z ing  the ra t io  S/V was used by Levenson [1] in the study of the ra t  thyroid 
gland; however ,  this w o r k e r  used the concept  of a "mean"  foll icle,  for  which the index was calculated.  Be-  
s ides  the evident  invalidity of the concept  of a "mean"  foll icle used in this case  (not the d i a m e t e r s  of the 
fol l ic les ,  but the l inea r  dimensions  of the i r  random sect ions were  measured) ,  another  defect  of this ap-  
p roach  is the assumpt ion  of the ideal shape of the fol l ic les  and a lso  of the negligibly smal l  quantity of s t r o m a  
and ve s se l s  in the gland. 

The w r i t e r  uses  a s te reo logica l  method to de te rmine  the ra t io  S/V, which does not requi re  any such 
assumpt ion .  Calculat ion of the index, for  which the name s te reo log ica l  r eabsorp t ion  index (SIR} is sugges t -  
ed, is based  on the method of random sect ions in combinat ion with the l inear  method [2]. 

The p ropor t ion  of colloid by volume in the gland is propor t ional  to the total length of the segments  of 
l ines in te rsec t ing  the fol l ic les  (Fig. 1). The volume of colloid can be calcula ted by the equation EV = h-z /L,  
where  L is the total  length of the secants  (in ~), z the number  of chords  pass ing  through colloid, and h the i r  
mean  length. The number  of in te rsec t ions  of the secants  with the su r faces  of sect ion of the colloid, e x p r e s -  
sed as a ra t io  of the length of the secants ,  is 2z/L.  The total  in ternal  sur face  of the fol l icles is de te rmined  

Depar tment  of Histology and Embryology,  I.  P. Pavlov F i r s t  Leningrad Medical Inst i tute.  Depar tment  
of Pathological  Anatomy, Leningrad Pos tgraduate  Medical Inst i tute.  (Presented  by Academic ian  of the 
Academy of Medical  Sciences ot the USSR V. G. Baranov.)  Trans la ted  f rom Byulleten '  ]~ksper imental 'noi  
Biologii i Meditsiny,  Vol. 79, No. 6, pp. 123-125, June,  1975. Original  a r t i c le  submit ted July 24, 1974. 

�9 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, iV.. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

722 



6 (in %) 
7 

5 

4. I o 

i i �9 

1 ~ 2 1 �9 

1 i 
i i  , i 1 1 ~ i 

50 IDO 150 200 2.~n ooo 350 400 n 

Fig. 1 Fig. 2 

Fig. 1. Determinat ion of ratio S/V in thyroid gland by combined s tereological  meth-  
od. AB, CD, EF) Random sections with total length L; h~-h6) segments of them be-  
longing to colloid (chords). Points of intersect ion of colloid by lines are  marked by 
dOtso 

Fig~ 2. Relative e r r o r  (5) as a function of number of measurements  (n) during de- 
terminat ion of SIR. Dots represent  resul ts  of determination of 5 for a fixed number  
of measurements .  Continuous line - approximating curve; broken lines i l lustrate 
method of using graph when planning the number  of measurements .  

by the basic equation for the method of random sections: ES = 2o2Z/L. (~2/~3), By dividing ES by ~.V the size 
of the specific reabsorpt ion surface is obtained f rom the volume of colloid: SIR = ES/EV = 2 .2Z �9 L / L "  Z "h 
4 / h  (u2/~)o To determine SIR, it is therefore  sufficient to measure  the mean length of the chords.  

In prac t ice  the suggested method is ca r r ied  out as follows: straight  lines are  drawn by means of an 
ocular  m i c r o m e t e r  or  on a project ion sys tem in different a rb i t r a ry  directions through the section of the thy- 
roid gland, and in that way the length of the chords,  i.e., par ts  of the scale (lines) belonging to colloid is 
determined.  The mean length of the chords is then calculated and the resul t  obtained expressed in microns .  
By substitution in the equation, the value of SIR can be determined and, as will be c lea r  f rom the equation, 
it is direct ly  dependent on the activity of the gland. 

To determine the neces sa ry  number  of measurements ,  it is best  to plot a special  graph of the relative 
e r r o r  as a function of the number of measurements~ By the use of such a graph the required number  of 
measurements  can be determined on the basis  of a preass igned value of the e r r o r  (Fig. 2). It will be c l ea r  
f rom the example given ~ with 100 measurements  the relative e r r o r  does not exceed 5%. If a s t r i c t e r  
level, for example 3%, is required,  about 160 measurements  will have to be made. 

Model tests of the usefulness of the index under experimental  conditions showed that when thyroid 
function was inhibited in rats  by administrat ion of exogenous thyroxine in a dose of 10 ~g for  3 weeks, the 
value of SIR fell (on the average  f rom 0.143 to 0.072 ~2/~s). 

To study the histophysiology of the thyroid gland, the best  method is evidently to use the s tereological  
index not by itself, but in combination with other morphomet r ic  es t imates  of the functional state of the or -  
gan. Corre la t ion  between the p rocesses  of reabsorpt ion and accumulation of colloid, calculated by the above 
method, with the biochemical  and his tochemical  c r i t e r i a  connected with these p roces se s  and, in par t icular ,  
with the activity of cer ta in  proteolyt ic  enzymes,  such as acid phosphatase and leucineamino peptidase, is of 
definite interest .  
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