
84 Specialia EXPERIENTIA 24/1 

D e t e r m i n a t i o n  of  the  Water  C o n t e n t  of  N e m a t o d e  W o r m s  by  In ter ference  M i c r o s c o p y  

The  ab i l i t y  to  e s t i m a t e  cell solids a n d  cell w a t e r  b y  
in t e r f e rence  mic roscopy  depends  on  2 t h i n g s :  first,  t h e  
fac t  t h a t  t h e  specific r e f rac t ive  i nc remen t ,  ~ ( the  increase  
in r e f rac t ive  i n d e x / l %  increase  in concen t r a t i on )  is 
essen t ia l ly  c o n s t a n t  ove r  a wide  r a n g e  of c o n c e n t r a t i o n ;  
second,  t h e  specific i n c r e m e n t s  for  t h e  m a i n  cell cons t i t -  
uents ,  p ro te in ,  a m i n o  acids,  a n d  l ipo-pro te ins ,  are  v e r y  
s imilar .  I r r e spec t ive  of t h e  r e l a t i ve  p r o p o r t i o n s  of t he se  
subs tances ,  therefore ,  t he  s ame  v a l u e  of a can  be  used, a t  
a n y  c o n c e n t r a t i o n ,  to  e s t i m a t e  cell solids a n d  w a t e r  f rom 
re f r ac t ive  index.  The  v a l u e  genera l ly  used, 0.00181,2 , is 
s o m e w h a t  lower  t h a n  t h e  i n c r e m e n t s  for  t h e  classes of 
s u b s t a n c e s  l i s ted  ; t h i s  a l lows to  some e x t e n t  for  t h e  lower  
i n c r e m e n t s  for  fats ,  c a r b o h y d r a t e s ,  a n d  sal ts .  Unless  one  
k i n d  of s u b s t a n c e  is solely p resen t ,  t h e  e r ror  is cons ide red  
to  be  of t h e  o rde r  of 5% s,4. 

E s t i m a t e s  are  overa l l  assessments ,  for cells are  n o t  
un i fo rm  in s t r u c t u r e  a n d  c o n s t i t u t i o n ;  indeed,  t h e  m e t h o d  
ga ins  in  a c c u r a c y  f rom th i s  fact ,  for t h e  v a l u e  of ~ used  
m u s t  be  a n  a v e r a g e  figure.  T h e r e  is no  reason  in pr inciple ,  
the re fore ,  w h y  t h e  m e t h o d  shou ld  n o t  be  app l i ed  to  whole  
o rgan i sms ,  a l t h o u g h ,  as  far  as I a m  aware ,  th i s  ha s  n e v e r  
b e e n  done.  Grea t e r  c a u t i o n  in  t h e  i n t e r p r e t a t i o n  of t h e  
resu l t s  is cal led for, b u t  t h e  s ame  cr i te r ia  are  app l i cab le ;  
t he  m a i n  diff icul t ies  are  of a p r ac t i c a l  n a t u r e :  w h e t h e r  
indeed,  i t  is poss ible  to  use t he  t e c h n i q u e  w i t h  me tazoa .  
I n  fact ,  I h a v e  found  t h a t  n e m a t o d e  worms ,  w i t h  t h e i r  
c i rcu la r  cross sec t ion  a n d  t r a n s p a r e n t  bodies ,  a re  v e r y  
su i t ab l e  ma te r i a l ,  a n d  t h e  i n t e r f e r ence  microscope  h a s  
been  used to  i n v e s t i g a t e  p r o b l e m s  of p a r t i c u l a r  r e l evance  
to  t he  ab i l i ty  of c e r t a i n  fo rms  to  w i t h s t a n d  p ro longed  
des icca t ion  in c ryp tob ios i s  (anabiosis)  ~,e. A full  a c c o u n t  
of some of t h e  resu l t s  will soon b e  pub l i shed .  I n  t he  m e a n -  
t i m e  i t  was  t h o u g h t  t h a t  i t  wou ld  be  he lpfu l  to  p u b l i s h  
de ta i l s  of t h e  t e c h n i q u e s  in  o rde r  to  i nd i ca t e  some of t h e  
poss ib i l i t ies  of t h e  m e t h o d .  

E a r l y  a t t e m p t s ,  us ing  a 1/4 w a v e  p la t e  a n d  ana ly se r  
w i t h  t he  S m i t h - B a k e r  i n s t r u m e n t ,  were of l i t t l e  use. 
A p a r t  f r om t h e  diff icul ty ,  n o r m a l l y  exper i enced  I u n d e r -  
s t a n d ,  of a c c u r a t e  m a t c h i n g  a t  ex t inc t ion ,  in  m u c h  of t h e  
work  op t i ca l  p a t h  d i f ferences  of 2 or e v e n  more  wave-  
l eng th s  were  e n c o u n t e r e d .  T h e  i n s t r u m e n t  was  the re fo re  
used  w i t h  a f r inge  field eyepiece  usua l ly  w i t h  × 40 shear -  
ing ob jec t ive .  L iv ing  a n i m a l s  were e x a m i n e d  in m e d i a  of 
d i f fe ren t  r e f r ac t ive  index .  W a t e r ,  a n d  b o v i n e  ox  p l a s m a  
f r ac t ion  V a t  va r ious  c o n c e n t r a t i o n  in w a t e r  4, were 
c o m m o n l y  employed ,  s o m e t i m e s  w i t h  p r o p y l e n e  p h e n -  
oxe to l  narcos is  7. I f  all  superf ic ia l  w a t e r  was  r e m o v e d  f rom 
a spec imen ,  i t  could  be  e x a m i n e d  in l iqu id  pa ra f f i n  
(mine ra l  oil). Th i s  m e d i u m ,  a n d  b e n z y l  b e n z o a t e  w i t h  t h e  
h i g h  re f rac t ive  i ndex  of 1.568, were also v e r y  useful  for 
t he  e x a m i n a t i o n  of d ry  an imals .  T h e  l a t t e r  m e d i a  could 
be  ' d i sp laced '  f rom the  spec imens  b y  t he  a d d i t i o n  of 
w a t e r :  t h e y  were a p p a r e n t l y  h a r m l e s s  a n d  a n i m a l s  
r ev ived  even  a f t e r  1 h i m m e r s i o n  in  then) .  

A t u n g s t e n  l i gh t  source  was  used,  t o g e t h e r  w i t h  a g reen  
f i l te r  w h e n  m o n o c h r o m a t i c  l i gh t  was  needed :  w h i t e  l i g h t  
was  of g r ea t  he lp  in the  i den t i f i ca t ion  of f r inges w h e n  
t h e r e  was cons ide rab le  r e t a r d a t i o n  b y  the  spec imen.  W i t h  
a n i m a l s  wh ich  were  s o m e t i m e s  moving ,  s o m e t i m e s  chang-  
ing in w a t e r  c o n t e n t ,  i t  was  f o u n d  t h a t  m e a s u r e m e n t s  
f r o m  p h o t o g r a p h i c  p r i n t s  a t  s t a n d a r d  m a g n i f i c a t i o n  gave  
m o s t  s a t i s f ac to ry  d e t e r m i n a t i o n s  of p h a s e  c h a n g e  a n d  
spec imen  th ickness .  Spec imens  were  the re fo re  p h o t o -  
g raphed ,  as a rou t ine ,  w i t h  a 35 m m  ref lex  camera .  T h e  
in t e r f e rence  f r inges  do  no t  possess s h a r p  l imits ,  b u t  t h e i r  
cen t res  are  eas i ly  p i n p o i n t e d  a t  t he  mid  l ine of t he  a n i m a l  ; 
on  t he  o t h e r  h a n d ,  e s t i m a t e s  of spec imen  th i cknes s  m a y  

be  di f f icul t  a n d  i t  is the re fo re  i m p o r t a n t  to  focus on  t h e  
a n i m a l ' s  marg ins .  

F igure  1 shows a spec imen  of Pangrellus redivivus, 
m o u n t e d  in  w a t e r  a n d  p h o t o g r a p h e d  t h r o u g h  a f r inge  
field eyepiece  us ing  m o n o c h r o m a t i c  l i gh t  (4 = 0.546 /,). 
T h e  i n t e r f e r en ce  f r inges  a re  d i sp laced  b y  a m o u n t s  w h i c h  
v a r y  w i t h  t h e  t h i cknes s  of t h e  a n i m a l  across  i t s  d i a m e t e r .  
A t  t h e  midl ine ,  where  i t  is 31/~ th ick ,  t h e  d i s p l a c e m e n t  is 

Fig. 1. Larva of PanagreUus redivivus in water. Photographed 
through fringe-field eyepiece of interference microscope. 
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Fig. 2. Water uptake of a single larva of the potato-root eelworm, 
Heterodera rostochiensis. The first determination was made im- 
mediately the larva was freed from the egg-shell, 5 min after the dry 
egg had been immersed in bovine ox plasma. The broken line, 
indicating the probable water uptake during the first 5 rain, is 
based on measurements of the water content of other dry larvae. 
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a lmos t  exac t ly  2 wave- lengths .  The  re f rac t ive  index  of 
the  spec imen a t  t h a t  po in t  is therefore  1.370. I f  the  specific 
re f rac t ive  inc rement  of 0.0018 is used, as is usual  3,4, the  
re f rac t ive  index  would correspond to a va lue  for 'cell 
solids'  of app rox ima te ly  20%, or  a wa te r  con ten t  of 
ap p ro x ima te ly  80%. This  is in good agreement  w i th  
p re l iminary  de te rmina t ions  by more  conven t iona l  
me thods  8, Changes in wa te r  con ten t  m a y  also be s tudied 
cont inuous ly  on the  same specimen (Figure 2)9; apa r t  
f rom other  considerations,  the  compara t ive  na ture  of such 
observat ions  make  assumpt ions  about  the  va lue  of e of 
less impor tance .  

The  n e m a t o d e  body  is not  homogeneous  across its 
longi tudinal  axis, so t h a t  a m e a s u r e m e n t  of ref rac t ive  
index  a t  a pa r t i cu la r  po in t  combines  t he  separa te  values  
for cuticle,  hypodermis ,  body  fluid, gut,  and wha teve r  
o ther  organs are in line. Yet ,  clearly, the  regular i ty  of the  
fringes inside the  animal ,  as shown in F igure  1 is con- 
s is tent  wi th  considerable un i fo rmi ty  in re f rac t ive  index;  
the  re t a rda t ion  curve  of each fringe inside the  animal  
corresponds to  t he  increase in th ickness  of the  specimen 
to  t he  mid  line. An even  be t t e r  example  is shown in 
F igure  3a, for a la rva  of the  v inegar  eelworm, Turbatrix 
aceti, which compares  f avourab ly  in regular i ty  wi th  a 
glass fibre (Figure 3b). This, however ,  is not  a lways the  
case:  in cer ta in  stages of some species, the  intestine,  filled 

with  food reserves, is a region where the  fringes are  
difficult  to follow. Occasional  local differences are clearly 
shown (note the  cut icular  l ining of the  gut  in F igure  1) 
and m a y  be exploi ted.  Fo r  example,  the  wate r  con ten t  of 
the  larvae  inside the  body  of the mother  in such forms as 
Turbatrix and Panagrellus has been es t imated  and the  
surv iva l  va lue  of the  ' v iv iparous '  habi t  c lear ly  demon-  
s t r a t ed :  af ter  d ry ing  for 10 rain a t  40% re la t ive  humid i ty ,  
the  wate r  con ten t  of the  female was abou t  12% while 
t ha t  of the larvae was abou t  33% (Figure 4). 

W h e n  an an imal  is so wide tha t  the  secondary image 
over laps  the  pr imary ,  measuremen t s  may  somet imes  be 
made  on th inner  regions. Measurements  on the sharp ly  
de l imi ted  ta i l  of the  mar ine  Enoptus brevis indicate  a 
wa te r  con t en t  of 80%, due al lowance being made,  of 
course, for the  ref rac t ive  index of the  sea-water  in which 
it  is immersed  x0. 

Fig. 4. Dried female of Turbatrix  aceti, with larva in utero. The 
higher water content of the larva is indicated by the lower displace- 
ment of the fringes where the larvae are present. In liquid paraffin. 

Zusammen[assung~ l )as In terferenz-Mikroskop ist hier 
zum ersten Male bei Metazoen, nAmlich lebenden Nema-  
toden, zur Messung des Wassergehal ts  benu tz t  worden.  
Die Resu l t a t e  werden beschrieben und die M6glichkei ten 
weiterer  Anwendung  diskutiert .  
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Fig. 3. (a) Larva of vinegar eelworm, Turbatrix  aceti, in vinegar. 
(b) Glass fibre in bovine ox plasma. 
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