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posals  are  s u m m a r i z e d  in f o rmu la  I X ;  c lear ly  t h e y  are 
app l icab le  to  a n y  s u b s t i t u e n t s  27. 

t?dsumd. U n  sys t~me de n o m e n c l a t u r e  t r iv i a l e  des 
h i s t a m i n e s  subs t i tu6es  est  propos6.  Les pos i t ions  des 

s u b s t i t u a n t s  son t  ident i f i6es  sans  a u c u n e  a m b i g u i t 6  d a n s  
la formule  IX .  Le n o y a u  p e u t  ~tre subs t i t u6  en pos i t ion  
N~, 2, N * . e t  4, e t  la cha lne  la t6ra le  en pos i t ion  N~, ~, e t  ft. 
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PRO EXPERIMENTIS 

A S imple  L o w - C o s t  T e n s o m e t e r  for B io -Mater ia l s  

I t  has  become  a p p a r e n t  ove r  r ecen t  years  t h a t  a need  
exis ts  to  a u g m e n t  b iochemica l  and  s t r u c t u r a l  s tud ies  of 
biological  ma te r i a l s  w i t h  accura te  m e a s u r e m e n t s  of t h e i r  
mechan ica l  p roper t ies .  The  r e q u i r e m e n t s  of sys t ems  for 
mechan ica l  t e s t i ng  of po lymer i c  f ib rous  ma te r i a l s  h a v e  

Tensometer showing various features mentioned in text. A, specimen; 
K, pneumatic grips. Insert: specimen of regenerated chitin in pro- 
cess of fracture. 

Tes t ing  

been  rev iewed b y  BUTTERWORTH an d  ABBOTT ~. Com- 
merc ia l  devices  exis t  for these  m e a s u r e m e n t s  b u t  t h e y  
are expens ive  a n d  suffer  f rom t h e  def ic iency of h a v i n g  
been  des igned for use w i t h  samples  wh ich  are of ten  large 
an d  s t rong  c o m p a r e d  w i t h  ava i l ab le  biological  specimens.  
The  i n s t r u m e n t  descr ibed  be low overcomes  these  diffi- 
culties, an d  i ts  co n s t ru c t i o n  is well  w i t h i n  t h e  ab i l i ty  of 
a n y  c o m p e t e n t  m a c h i n e  shop.  

Basical ly ,  t h e  t e n s o m e t e r  (Figure) consis ts  of a s t r a i g h t  
op t i ca l -bench  (P) h a v i n g  an  accu ra t e ly  g round  t r i a n g u l a r  
cross-section.  A 6 m m  t h i c k  steel  p l a t e  (Q) ca r ry ing  an  
e lect r ica l ly  d r iven  m i c r o m e t e r  screw s y s t e m  is f i rmly  
p i n n e d  an d  screwed to one end  of t h e  f la t  u p p e r  face of 
t h e  op t i ca l -bench  an d  a saddle  (L) ca r ry ing  a force 
t r a n s d u c e r  (M) is free to  move  over  t h e  r e m a i n i n g  length .  
The  saddle  fi ts t h e  profi le  of t h e  op t i ca l -bench  accu ra t e ly  
an d  can  be  locked f i rmly  in to  pos i t ion  b y  m e a n s  of two  
large screws wh ich  press  in to  a groove on  one of t he  
faces of t h e  op t ica l -bench .  All  l oad -bea r ing  c o m p o n e n t s  
are co n s t ru c t ed  of mi ld  steel  a n d  are des igned for m a x i m u m  
r igidi ty .  The  whole  device  can  be m o u n t e d  e i the r  ve r t i ca l ly  
on a wal l  or hor izon ta l ly ,  as required .  

A smal l  i n t e g r a t e d  gea rbox  an d  revers ib le  s y n c h r o n o u s  
m o t o r  (D) ( type Mul tur ,  E. H a l s t r u p  an d  Co., K i rch-  
zar ten ,  W. G e r m a n y )  h a v i n g  10 pre-se t  a d j u s t a b l e  
speeds b e t w een  0.0t  an d  10 rev / in in ,  dr ives  a 12 rnm 
d i a m e t e r  screw (C) h a v i n g  16 t u r n s  pe r  cm wh ich  is 
s u p p o r t e d  f i rmly  b e t w een  two  20 m m  O.D.  t h r u s t  
bea r ings  (F.A.G., Schweinfur t ,  W. Ge rmany) .  These  
al low the  screw t o  t u r n  r e l a t ive ly  freely whi le  p e r m i t t i n g  
negl igible  l a te ra l  d i sp lacement .  T h e  ex tens ion  of t he  
spec imen  is p roduced  b y  t h e  ac t ion  of t h i s  screw on one 
of t h e  c ros s -members  of a f r ame  (J) wh ich  slides freely in 
4 b rass  bea r ings  (E) accu ra t e ly  m a c h i n e d  to s u p p o r t  i ts  
l o n g i t u d i n a l  member s .  The  motor ,  t h e  suppo r t s  for t he  
t h r u s t - b e a r i n g s  (13) an d  t h e  4 b rass  bea r ings  are  m o u n t e d  
r ig id ly  on to  t h e  s teel  p l a t e  wh ich  is in  t u r n  a t t a c h e d  to t he  
op t ica l -bench .  M e a s u r e m e n t  of d i s p l a c e m e n t  is effected 
b y  a l inear  va r i ab l e  d i f fe ren t ia l  t r a n s f o r m e r  h a v i n g  a 
5 m m  l inear  response  region ( type  175 XSA,  Shaevi tz ,  
P e n n s a u k e n ,  N.J . ,  USA),  whose  p l u n g e r  is a t t a c h e d  to  an  
a d j u s t a b l e  a r m  (R) c l amped  on to  t h e  s l id ing  frame.  The  
body  of t h e  va r i ab l e  t r a n s f o r m e r  (H) is m o u n t e d  on a car-  
r iage (N) a t t a c h e d  to a m i c r o m e t e r  screw gauge.  This  
l a t t e r  device  enables  t h e  zero of t h e  s y s t e m  to  be set a t  
a n y  poin t .  

The  m o t o r - g e a r b o x  opera tes  a t  a d j u s t a b l e  p re -se t  
speeds a n d  r e m o t e  con t ro l  is used to min imize  m e c h a n i c a l  

1 G.A.M. BIJTTERWORTIt and N. J. ABBOTT, J. Materials 2, 3 (1967) 
487-518. 
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p e r t u r b a t i o n s  w h e n  swi tching.  The  ra t e  of ex tens ion  is 
a d j u s t a b l e  f rom 7 v m / m i n  to 3500 ~ m / m i n  and  ca l ib ra t ion  
is effected b y  means  of a bu i l t  in  d ia l -gauge (G) w i t h  a 
r ange  of 5 m m  and  a reso lu t ion  of 1 ~m (Tenso, Huggen-  
berger,  Ziirich). T he  c o n s t r u c t i o n  of t he  s y s t e m  is 
suff ic ient ly  accu ra t e  to  ensure  s m o o t h  m o v e m e n t  a t  t he  
mic ron  level, a n d  a compressed  a u t o m o b i l e  va lve - sp r ing  
(F) (c. 5 kg/cm, BMC, Covent ry ,  U.K.)  is used to e l imina te  
b a c k l a s h  in t h e  screw sys tem.  

The  force t r a n s d u c e r  (4.5 kg max. ,  t y p e  UF2,  Pye-  
E the r ,  S tevenage ,  U.K.)  is r ig id ly  m o u n t e d  on  a brass  
p la t e  a t t a c h e d  pe rpend icu la r ly  to  t he  s l id ing saddle.  The  
m o u n t i n g  holes in  th i s  p l a t e  are s lo t t ed  so t h a t  accura te  
a l i g n m e n t  of t h e  sys t em is possible.  The  compl iance  of t he  
t r a n s d u c e r  is such  as to  p roduce  an  error  of on ly  0.04 m m  
a t  m a x i m u m  loading.  

Two types  of spec imen  grips  are used, depend ing  u p o n  
t he  n a t u r e  of t he  specimen.  Fo r  ho r i zon ta l  ope ra t ion  w i t h  
v e r y  fragile specimens,  t h e  spec imen  ends  are c e m e n t e d  to 
2 f l a t t e n e d  rods  which  screw in to  t h e  force t r a n s d u c e r  and  
s l iding f r ame  respect ively .  Fo r  rou t ine  m e a s u r e m e n t s  on  
less fragile samples,  I n s t r o n  p n e u m a t i c  grips (K) ( type 
2710-002, I n s t r o n  Ltd. ,  H igh  W y c o m b e ,  U.K.)  are used, 
and  t h e  device is ope ra t ed  in t he  ve r t i ca l  mode.  The  
u p p e r  gr ip  is suspended  on  g imbals .  

E a c h  measu r ing  sys tem,  for force and  d i sp lacement ,  
ut i l izes a cohe ren t  ampl i f i e r  des igned and  descr ibed b y  
C-ERARD 2. The  t r an s duce r s  are a c t i v a t e d  b y  s tab le  
aud io - f r equency  oscil lators,  wh ich  also supp ly  t h e  refer- 
ence s ignals  for t he  cohe ren t  ampli f iers .  The  o u t p u t  

f rom each  t r a n s d u c e r  is fed in to  a cohe ren t  ampl i f i e r  a n d  
a D.C. vo l t age  is o b t a i n e d  w h i c h  is a ccu ra t e ly  p ropor -  
t i ona l  to  t h e  p r o p e r t y  be ing  measured .  These  rec t i f ied  
o u t p u t s  d r ive  t he  a p p r o p r i a t e  channe l s  of a n  X - Y  
recorder .  I n  t h i s  way,  accu ra t e  m e a s u r e m e n t s  of force 
versus  ex tens ion  are recorded  c o n t i n u o u s l y  over  wide  
ranges  Of s ens i t i v i t y  a n d  w i t h  a l i nea r i ty  of b e t t e r  t h a n  
1% ~. 

Zusammen/assung. Es  wi rd  eine e infache  u n d  6kono-  
mische  V o r r i c h t u n g  zur  k o n t i n u i e r l i c h e n  Aufze i chnung  
yon  D r u c k b e l a s t u n g s -  u n d  S p a n n u n g s - K u r v e n  biolo- 
gischer  Baus to f fe  beschr ieben .  
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A Microtube Oscillation Method for Cellular Reaggregation 

Cell aggrega t ion  has  been  used to  s t u d y  b o t h  h i s t o t y p i c  
r e a r r a n g e m e n t  (MosCONA 1) and  t he  s t r e n g t h  of cel lular  
adhes ion  (EDWARDS 2). A compar i son  is m a d e  in  t he  Table ,  
be tween  var ious  me thods ,  c o n t r a s t i n g  n u m b e r s  of ceils 
needed,  t he  in te r fe rence  of a solid surface,  a n d  t he  faci l i ty  
for o b s e r v i n g  t he  f o r m a t i o n  of i nd iv idua l  aggregates .  
(CURTIS and  GREAVES 8, CUNNINGHAM a n d  HIRST 4, 
JONES and  KEMP 5, OPPENHEIMER and  OLDENKRANTZ 6, 
HENKART and  HUMPHREYS 7, ~OUX s a n d  HERBSTg). 

Th i s  p a p e r  descr ibes  t he  use of an  acous t ic  p u m p  for 
s t u d y i n g  agg rega t ion  of v e r y  smal l  n u m b e r s  of cells in  
suspension,  u n d e r  d i rec t  obse rva t ion .  

Materials and methods. H e L a  cells, CBM17 cells, 
(FRANKS and  HENZELL 1~ or p r i m a r y  mouse  e m b r y o  cells 
were suspended,  a t  a dens i t y  of b e t w e e n  104 and  10 b per  
ml  in cu l tu re  m e d i u m  w i t h  Hepes  buffer  a n d  calf serum. 

Aggrega t ion  c h a m b e r s  were m a d e  f rom t h e  f ine ends  
of d isposable  P a s t e u r  p ipe t tes .  These  were b e n t  t h r o u g h  
90 ~ a b o u t  1 cm f rom the  end, a n d  aga in  in a p lane  per-  
pend icu la r  to  t he  f i rs t  b e n d  a f u r t h e r  3 cm a long  t he  tube .  
T h e y  were cu t  3 cm b e y o n d  t h a t  and  were f l ame  pol ished.  
E a c h  t u b e  was f i t t ed  w i t h  a minu te ,  cen t r a l ly  bored,  
sil icone r u b b e r  bung ,  and  was s ter i l ized b y  d ry  hea t .  

The  bungs  f i t t ed  in to  a shor t  p las t i c  t u b e  connec t ed  to 
t he  ear  m o u l d  connec t ion  of a Madresco  OL 575 hea r ing  
aid earpiece.  The  l a t t e r  se rved  as a pressure  t r ansduce r ,  
d r iven  b y  an  osci l la tor  ope ra t i ng  a t  low audio  f requencies  
(20 to 200 Hz).  

The  open  end  of t he  t u b e  was s u b m e r g e d  in l iquid  
pa ra f f in  in  a P e t r i  d ish ;  t h e  en t i r e  a p p a r a t u s  be ing  held  
w i th  P las t i cene  u p o n  a n  a l u m i n i u m  p l a t e  w i t h  a cen t r a l  
hole. A second tube ,  no t  connec t ed  to  a t r a n s d u c e r  was 

Method Direct Cell Third 
observation of numbers phase 
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Principle References 

Shaker flask None High None Cell 1 
collision 

Turbidimetric None High None Cell 3-5 
collision 

Miniature shaker None Moderate None Ceil G, 7 
collision 

Settling Satisfactory Low Dominant Cell s, 9 
rearrangement 

Microtube oscillation Satisfactory Low None Cell 
collision and 
clustering 


