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Each type of ce l l  is charac te r ized  by defini te  morphological  and b iochemica l  relationships between the nucleus 
and cytoplasm, and in par t icular  by the ratio between the volumes of the nucleus and cytoplasm.  Analysis of this 
rat io can be used in the performance of functional  and morphological  investigations.  

The object  of the present invest igat ion was to study the nerve cells of the superior cerv ica l  sympathet ic  gan- 
glion of the cat  and also of the adjacent  parasympathet ic  ganglion nodosum. 

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

The ganglia were fixed in Brodsldi's mixture ( f o r m a l i n - e t h a n o l - a c e t i c  acid  in proportions of 3 : 1 : 0 . 3 )  and 
then embedded in paraffin wax. Sections cut to a thickness of 5 g were mounted in dist i l led water (as they dried 
water was per iodica l ly  added beneath the cover slip), and the unstained sections were examined under the in ter -  
ference microscope with a 40 x 0.65 shearing objec t ive .  The large and small  diameters  of the nucleus and of the 
whole ce l l  were measured by means of a type MOV-1-15 ocular micrometer  mounted on the interference micros-  
cope.  The volumes of the nucleus and of the whole ce i l  were ca lcu la ted  by the equation for an el l ipsoid of rotat ion:  

~r 
V = Dd 2, 

6 

where D is the large diameter  and d the smal l .  

The volume of the cytoplasm was found from the difference between the volumes of the whole ce l l  and of 
the nucleus: 

Vcy = V c e - V  n. 

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

Before the results obtained are analyzed ,  two problems must be considered:  1) to what extent  are we ent i t led  
to judge the ratio between the volumes of parts of ceils  in sections passing through different stages of h is to logical  
t rea tment  (fixation, dehydration,  embedding in paraffin wax, straightening out on the slide,  and so on); and 2) how 
closely does the true shape of the invest igated cei ls  resemble  the el l ipsoid of rotat ion chosen as the standard of 
reference.  

In connection with the first of these problems it must be noted that the concentrat ion of solid mat ter  in unfixed 
nerve cel ls ,  according to the findings of Hyden [9, 10], is very constant, despite the difference in types. Changes 
undoubtedly take p lace  in the chemica l  composit ion of the celIs as a result of a l l  stages of h is to logical  t rea tment .  
However, these changes main ly  affect  water and part of the lipids, provided that f ixation has been adequate  and has 
led to quanti ta t ive precipi ta t ion of the proteins and nucleic  acids.  Evidently the unavoidable  losses of water and 
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l ipids from the cel ls  as a result of his tological  t reatment  are of the same order of magnitude for neurons of both 
Sympathetic and parasympathet ic  gangl ia .  This was confirmed by the results of the determinat ion of the content 
of solid mat ter  (Table  1) by means of the method of microinterferometry,  the principle of which is described e lse-  
where [3]. It is c lear  from Table 1 that the opt ical  difference of passage (in standard conditions this bears a l inear 
relationship to the concentrat ion of solid matter  in the cel l)  is p rac t i ca l ly  ident ica l  in the neurons of both types of 

gangl ia .  

There is also reason to suppose that the changes in volume as a result of shrinking of the cells following the 
extract ion of some of their  contents will  be the same on the average in the nerve cells of both sympathet ic  and 

parasympathet ic  gangl ia .  

The second p r o b l e m - t h e  degree of app l i cab i l i ty  of the equation for the el l ipsoid of rotation for ca lcula t ing  
the volumes of the nerve c e l l s - i s  of fundamental  impor tance ,  especia l ly  in the conduct of prac t ica l  quanti tat ive 

cy tochemica l  determinat ions  by the method of cytospectrophotometry.  This method only gives information concern- 

ing the concentrat ion of a substance in the section, 
TABLE 1. Content of Solid Matter in Nerve Cells 
of Autonomic Ganglia of the Cat 

Type of ganglion 

Sympathet ic  

Parasympathetic  

N u m -  

ber 
of 
ce l ls  

112 

Optical  difference of passage 

in cytoplasm in nucleus 

0.26 + 0.01 0.27 i 0.01 

0.24 ~ 0.01 0.30 i 0.01 

TABLE 2. 
(Vn) of Cells of Sympathe t ic  and Parasympathetic 

Volume of Cytoplasm (Vcy) and of Nucleus 

Ganglia of a Cat 

Type of ganglion 
'Volume of 

i cytoplasm 
(in ~a) 

3.585 i 165 

8.270 i 582 

Volume of 
nucleus 

(in ~a) 

371 • 15 

523 • 31 
Sympathet ic  . . . . . .  
Parasympathetic  . . . 

Ratio 

Vcy 
:V n 

97 :1  

158:1  

.-. b a 

, i 

tg 1.4 g6 g3 g0 g,2 g4 Z8 7.g g 3,2 3 /  
D:af 

Distribution of neurons of sympathet ic  and parasympathet ic  
ganglia of a cat according to ratio between large and small  
diameters of the cel ls .  D : d) ratio between large and small  
diameters of cel ls  in section; a) cel ls  of parasympathet ic  gang- 
lion (individual intervals are denoted by crosses); b) cei ls  of 
sympathet ic  ganglion ( individual  intervals are denoted by dots). 

and the ca lcula t ion  of its absolute content in the 
ce l l  requires knowledge of the volume of the ce l i  
or of the part of the ce l l  to be invest igated.  Usually 
in cytophotometr ic  investigations of neurons, the 
nerve ce l l  is considered purely subject ively as the 
corresponding el l ipsoid of rotation [1, 2, 8, 9] ,wi th-  
out quant i ta t ive calculat ions of any sort. Mean-  
while methods have been introduced in recent  years 
by means of which the three-d imensional  shape of 
an object  can be determined accura te ly  from its 

two-dimensional  sections [6]. For this purpose it 
is necessary to know the ratio between the large and 
smal l  diameters  of these two-dimensional  pro jec-  
tions of the ce l l  body: in the case of a lent icular  
e l l ipsoid the curve of distribution of the individual  

sections by the size of their ratio D : d will  be a 
curve with its convexity facing downward, and in 
the case of a t r iaxia l  el l ipsoid the curve will  be 
S-shaped (the first convexity facing downward, the 

second upward); f inal ly ,  in the case of an el l ipsoid 

of rotation the convexity of the curve will  face 

upward, 

During the construction of these curves, two 
conditions must be observed: 1) the thickness of 

the sections must be small  enough by comparison 
with the size of the ce l l  body, and 2) the distribu- 
tion of the bodies in space must be random. In the 
present case the first condit ion was satisfied well  
enough, for the thickness of the section was 5-7 g 
and the diameter  of the cei ls  20-50 g ; the second 
was satisfied only par t ia l ly ,  for the arrangement of 
the ganglia was not comple te ly  random during pre-  
parat ion of the sections, but was to some degree 
oriented in a cauda l - c ran ia l  direct ion.  

Curves of this type were plot ted for the cells 

of the sympathet ic  and parasympathet ic  ganglia 
(see Figure).  They both had only a single rise, 
demonstrating the good approximation of the true 
shape of the cells of both ganglia to the el l ipsoid of 

rotat ion.  
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TABLE 3. Logarithms of Volumes of Cytoplasm 
and Nucleus of Cells of the Sympathet ic  

and Parasympathetic  Ganglia of a Cat 

Type of 
ganglion 

Sympa-  
thet ic  

Parasympa- 

thet ic  

Log Vcy 

3.45 i 0.09 

3.78 i 0.09 

Log V n 

2.51 i 0.06 

2.64~ 0.03 

Log Vcy 
: log V h 

1.38 • 0.07 

1.43 :~ 0.05 

We were now able with greater confidence to ca lcu la te  
the volume of the cei ls  and of their nuclei  from the equation 

for the e l l ipsoid of rotat ion,  by measuring the l inear d imen-  

sions and introducing the appropriate corrections for the mag-  
nif icat ion of the opt ica l  system of the interference microscope 
and ocular mic romete r .  The values obtained for the volumes 
of cytoplasm and nucleus of the invest igated ceils are given 
in Table  2. 

It is c lear  from Table 2 that when the a t tempt  was 
made to find a l inear relationship between the values of 
Vey and V c no common features could be discovered between 

the cells of the sympathet ic  and parasympathet ic  gangl ia .  In this connection it is worth reca l l ing  the work of Huxley 
[7], who concludes that a l inear  relationship between the volumes of the individual  parts of a ce l l  is the except ion.  

In most cases, in his opinion, the relationship is a l lomet r i c ,  i . e . ,  the l inear relationship applies not to the invest igated 
values but to their logari thms.  Hence,  in a general  form, instead of the eq. I = kX, we have the eq. I = X k, or 
log I = k log X. The l inear  relat ionship may  thus be regarded as a special  case of the a l lomet r ic  ratio in which k = 1. 

The logari thms of the values of the volumes of the cytoplasm and nucleus were obtained for the invest igated 
ceils (Table 3). It follows from the results that the rat io between the logarithms of these values was prac t ica l ly  
ident ica l  for the two types of cel ls .  

Hence,  the nerve cel ls  of the autonomic ganglia of the ca t  obey an a l lomet r i c  relat ionship as regards the 
volumes of their cytoplasm and nucleus. A similar  conclusion was reached by authors [4, 5, 11] who invest igated the 
cells of the spinal ganglia  of the pig,  chicken,  and toad, the motor neurons of the anterior horns of the spinal cord 
of thechicken and toad, and the cel ls  of the sympathet ic  ganglion of the chicken,  They found that the value of the 

coeff ic ient  of a l lomet ry  varies between l imits  of 0.43 and 2.30 depending on the type of ce l l .  It was observed [5] 
that as a rule the value of k for the same type of ce l l  increased with age ,  although the a l lomet r ic  type of ratio be -  
tween the volumes of nucleus and cytoplasm was invariably main ta ined .  

This type of nuc leo -p la smic  rat io is evident ly  a general  rule,  at least  for nerve ce l ls .  No data are yet ava i lab le  

which would indicate  the principles underlying this rule.  Probably the values of the volumes of nucleus and cyto-  
plasm are direct ly  re la ted  to the in terconnected metabo l i c  processes taking p l ace in  these parts of the ce l l ,  but further 
study is required of the quant i ta t ive character is t ics  of these processes. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of  t h e  a b b r e v i a t i o n s  a s  g i v e n  in the  o r i g i n a l  R u s s i a n  journal .  S o m e  or all  o[  th is  per~. 

od ica l  l i t e ra ture  may we l l  be a v a i l a b l e  in Engl ish  translat ion.  A c o m p l e t e  l i s t  o f  the  c o v e r - t o .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  t h i s  i s s u e .  
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