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sciousness, abnorma l  behaviour  wi th  catatonic features, 
and floccilation. As far as somatic  symptoms  are con- 
cerned, hypodynamia ,  a taxia ,  apraxia,  dysarthria,  and 
mydrias is  were in the  forefront.  
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Changes in the  5 -HIAA excret ion of one subject  are 
shown in F igure  1. The  changes found in the other  experi- 
menta l  persons were of similar  na ture  as far as the H I A A  
excret ion and its re lat ion to psychot ic  changes is concern- 
ed. Changes in the  17-ketosteroid excret ion are shown in 
Figure  2. 
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Discussion.-- Doses of 50 mg and 200 mg Benacty-  
zine caused in all instances  a symptoma t i c  psychosis of 
the  exogenous  t y p e  as described by  BONHOEFER, with 
hal lucinat ions,  illusions, impaired consciousness, and ca- 
ta tonic  features  in the  behaviour .  Motor  changes were of 
a s imilar  t ype  as described in o ther  publications after 
smaller  doses of the  drug.  

According to the  con tempora ry  theory  on psychoses s, 
the  observed psychotogenic  effect of Benactyzine may  be 
explained by  its interference wi th  the  synapt ic  transmis- 
sion due  to i ts  cholinergic act ion as well as its interference 
with serotonin metabol ism.  Evidence  of an impaired sero- 
tonin metabo l i sm is provided  by the  lowered 5-HIAA ex- 
cret ion in the  ur ine and the  marked  agreement  of these 
changes wi th  the  psychot ic  symptoms.  So far it remains 
hypo the t i ca l  whe ther  the  decarboxyla t ion  of 5-hydroxy- 
t r y p t o p h a n  is impai red  or  whether  the  oxidat ive  deamina-  

tion of serotonin is blocked. These considerations require 
further experimental evidence. The total excretion of 
5-HIAA in 24 h was, however, not substantially affected. 
Factors of diuresis do not play any role under our condi- 
tions. Our results do not agree with those observed by 
BERGER et al. in animals 7. 

The decrease of 17-ketosteroids in the two cases investi- 
gated also runs parallel with the maximum of psychotic 
changes. It can probably be explained by the potent anti- 
cholinergic action of Benactyzine. The subsequently in- 
creased excretion of 17-ketosteroids is probably due to 
stress, commonly found also in other experimental psy- 
choses s. 
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Institute/or Human Nutrition Prague (Laboratory /or 
Higher Nervous Activity) and Department/Or Experimental 
Therapy o/ the Chair o/ Internal Medicir~, Institute o/Post- 
graduate Medical Training, Prague, June 5, 1958. 

Znsammen/assung 

Benactyzin in Dosen 50-200 mg  10ate bei 7 Versuchs- 
personen experimentel le  Psychose mi t  gleichzeitiger Her-  
absetzung von 5-Hydroxyindolylessigs~ure im H a m  aus. 
Die psychotogene Wirkung wird mi t  dem Eingriff  in 
den Serotonin- und Acetylchol inmetabol ismus erkl~trt. 

F. N. BER6SR, G. L. CAMPBt~LL, C. D. HZl~DL~V, B.J. Luv- 
win, and T. E. LVNES, Ann. N. Y. Acad. Sci. 86, 686 (1957). 

s H. HOAGLAND, Ann. N. Y. Acad. Sci. aS, 445 (1957). 

PRO LABORATORIO 

A c c e l e r a t i o n  o f  D r y i n g  o f  B i o l o g i c a l  M a t e r i a l  

f r o m  the  F r o z e n  S t a t e  b y  t h e  U s e  o f  H i g h  

F r e q u e n c y  D i e l e c t r i c  H e a t i n g  

In vacuum drying from the frozen state, of either histo- 
logical specimens or large volumes of biological materials 
such as plasma proteins, it is necessary to supply the ther- 
mal energy needed for the sublimation of ice, Otherwise, 
the continued removal of heat (more than 600 calories/g 
of water) lowers the temperature of the material to a point 
where the vapor pressure of the ice is so low that drying 
proceeds at an extremely slow rate, possibly lengthening 
the drying time from a few hours to over a day. Systems 
of supplying energy that are dependent on the conduction 
of heat through the material or on the contact of electro- 
des have the disadvantage of possible ~ local overheating 
and rapid drying near the origin of the energy, creating a 
layer of dried material that acts as an insulating barrier 
which prevents the further penetration of energy. Some 
of these problems can be overcome by supplying the nec- 
essary energy in the form of infra-red radiation i which 
will penetrate the walls of the container without heating 
them unduly and yet heat the sample, but energy sup- 
plied in this way may still heat the already dried material 
sufficiently to damage it. In theory, an ideal method of 
supplying energy would be the use of ultra high fre- 

6 M. RtNKEL and H. C. SOLOMON, J. olin. exp. Psychopathol. 18, 1 W. H. ZAMZOW and W. R. MARSHALL, JR., Chem. Eng. Progr. 
313 (1957). 48, ~l (|95~). 
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q u e n c y  rad io  e n e r g y  2 to  h e a t  t h e  ma te r i a l ,  s ince no  con-  
t a c t  w i t h  a h e a t i n g  e l e m e n t  or  e lec t rode  is n e e d e d ;  a n d  
if  t h e  p r o p e r  w a v e l e n g t h s  a re  employed ,  t h e  r e su l t i ng  di- 
e lectr ic  h e a t i n g  shou ld  occur  on ly  in those  po r t i ons  of t he  
m a t e r i a l  c o n t a i n i n g  w a t e r  a n d  n o t  in  t h e  d r ied  m a t e r i a l  
or  in t h e  walls  of t h e  con ta ine r .  
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Fig. 1.- -Die lectr ic  heating of H20 , f rog Ringers solution, and frog 
sartorius muscle at different temperatures produced by 30-cm radio 
waves. At each temperature the high frequency power was turned 
on for 1 rain and the change in temperature recorded. Power to 
antenna, 10 watts. The materialwas initially frozen in liquid nitrogen. 

The  d r y i n g  a p p a r a t u s  was s imi la r  in  des ign  to  t h a t  used  
b y  JANSEN 3. I t  cons i s t ed  of a U t u b e  t r a p  wh ich  was  
i m m e r s e d  in l iqu id  n i t r o g e n ;  one  a r m  of t h e  t r a p  led to  a 
v a c u u m  p u m p ,  whi le  t h e  o t h e r  was  c o n n e c t e d  to  a vac-  
u u m  guage  a n d  ca r r ied  in t he  t h e r m o c o u p l e  wires  w h i c h  
ted to  a r eco rd ing  g a l v a n o m e t e r .  I n  ope ra t ion ,  a t i ssue  
s a m p l e  w i t h  a d i a m e t e r  of a b o u t  3 m m  was  i m pa l ed  u p o n  
t h e  t h e r m o c o u p l e ,  a n d  f rozen in l iqu id  n i t r o g e n  or  cold  
i s o p e n t a n e ;  t he  a p p a r a t u s  was r a p i d l y  assembled ,  a n d  t he  
v a c u u m  p u m p  s t a r t ed .  T he  h i g h  f r e q u e n c y  rad io  e n e r g y  
was  g e n e r a t e d  b y  a ' R a d a r '  osc i l la tor  wh ich  was  t u n e d  to  
a w a v e l e n g t h  of a b o u t  30 c m  (1 × 109 cycles/s).  T h e  
p o w e r  was  conveyed  t h r o u g h  a coaxia l  cable  to  a sma l l  
a n t e n n a ,  one  end  of w h i c h  was  hooked  a r o u n d  t h e  d r y i n g  
a p p a r a t u s  a t  t h e  s ame  level  as t h e  t issue.  T h e  power  b e i n g  
t r a n s m i t t e d ,  as i n d i c a t e d  b y  a w a t t  m e t e r  in  t h e  cable ,  
was  con t ro l l ed  b y  c h a n g i n g  t h e  power  i n p u t  to  t h e  t r a n s -  
m i t t e r .  

I n  a n  a t t e m p t  to  e luc ida te  t h e  m e c h a n i s m  of d ie lect r ic  
h e a t i n g  of b iological  m a t e r i a l s  a t  t hese  w a v e l e n g t h s  a n d  
t e m p e r a t u r e s ,  u n c o m p l i c a t e d  b y  t he  e x t r a c t i o n  of h e a t  
t h a t  occurs  in vacuo, h e a t i n g  ra t e s  were s t ud i ed  a t  a t -  
mosphe r i c  p ressure  as a f unc t i on  of t e m p e r a t u r e .  T h e  
h e a t i n g  of muscle  does  n o t  a p p e a r  to  be due  on ly  to  t h e  
a b s o r p t i o n  of ene rgy  b y  pu re  ice, wh ich  is v e r y  small ,  or  
to  t h e  a b s o r p t i o n  w h i c h  occurs  in  sa l t  so lu t ions  due  to  
ionic c o n d u c t i v i t y  (Fig. 1). T h e  f r equency  is r a t h e r  h i g h  
a n d  t he  t e m p e r a t u r e  too  low for t h e  a b s o r p t i o n  to  be  due  
to t he  r e l a x a t i o n  of p r o t e i n  dipoles,  P r o b a b l y  t h e  be s t  

R. I. N. GREAVES, in Biological Applications o[ Freezing and 
Drying (Academic Press, New York 1954), p. 87. 

3 M. T. JANSEN, Exp. Cell Res. 7, 318 (1954). 

e x p l a n a t i o n  for  d ie lec t r ic  h e a t i n g  u n d e r  t he se  condi t ions  
is t h a t  t h e  e n e r g y  is b e i n g  a b s o r b e d  b y  b o u n d  water ,  as 
FREYMANN 4 h a s  sugges ted .  Th i s  is f u r t h e r  s u p p o r t e d  by  
t h e  f ac t  t h a t  b o t h  w e t  cel lulose as well as s u g a r  solut ions 
h a v e  h e a t i n g  c u r v e s  s imi la r  to  muscle .  

T h e  a m o u n t  of h e a t i n g  t h a t  occurs  a t  a f ixed power  in- 
p u t  a n d  a f ixed  t e m p e r a t u r e  in  t h e  process  of d r y i n g  is a 
f unc t i on  of the  r a t e  a t  w h i c h  h e a t  is be ing  r e m o v e d  b y  tile 
s u b l i m a t i o n  of ice (Fig. 2 ) . . a t  a p ressu re  of 1 a tmosphe re ,  
t he  h e a t i n g  is v e r y  r a p i d  s ince  t h e r e  is l i t t l e  sub l ima t ion .  
However ,  a t  low pressures ,  d u r i n g  t he  ea r ly  p h a s e s  of 
d r y i n g  w h e n  t h e  escape  of w a t e r  v a p o r  f r o m  t h e  surface 
is v e r y  rap id ,  the  h e a t i n g  effect  is m u c h  less m a r k e d  due 
to  the  r a p i d  e x t r a c t i o n  of hea t .  L a t e r  in  t h e  d r y i n g  pro- 
cess, t he  shell  of d r y  m a t e r i a l  w h i c h  s u r r o u n d s  t h e  remain-  
ing ice i nh ib i t s  t h e  r a t e  of sub l ima t i on ,  a n d  r ap id  hea t ing  
occurs  w h e n  t he  power  is appl ied.  F ina l ly ,  w h e n  t he  ma-  
t e r ia l  is c o m p l e t e l y  dry ,  t h e r e  is no  h e a t i n g  a t  all. I n  prac- 
tice, t h e  power  is a d j u s t e d  so t h a t  t he  t i ssue  is he ld  a t  a 
f ixed t e m p e r a t u r e  d u r i n g  t he  course  of dry ing .  

His to logica l  e x a m i n a t i o n  of t i ssue  sec t ions  t a k e n  f rom 
m a t e r i a l  w h i c h  h a d  been  dr ied  w i t h  t he  a id  of dielectric 
h e a t i n g  showed  no ev idence  of a r t i f a c t  f o r m a t i o n  due  to 
exposure  to  t h e  rad io  energy.  T h e r e  was no  ev idence  of 
localized o v e r h e a t i n g  e i t he r  a t  t he  sur face  or  in  t h e  center .  
The  t i ssue  d id  n o t  show a n y  t e n d e n c y  to  exp lode  due  to 
i n t e r n a l  v a p o r  pressure  n o r  was  t h e r e  a n y  ev idence  of 
i on iza t ion  d i scharge  seen, two t echn i ca l  d i f f icul t ies  which  
GREAVES 2 sugges ted  m i g h t  occur  w i t h  t h e  use  of dielectr ic  
hea t ing .  The  poss ib i l i ty  t h a t  h e a t i n g  in t h i s  w a y  m i g h t  
cause  p ro t e in  d e n a t u r a t i o n  was i n v e s t i g a t e d  b y  dry ing  
smal l  frog muscles  w i t h  t he  aid of d ie lect r ic  h e a t i n g  and  
s t u d y i n g  t h e  c o n t r a c t i o n  w h i c h  occurs  w h e n  t h e y  are re- 
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Fig, $,-- Superimposed tracings from a recording galvanometer show- 
lug variation in heating rates of nluscle produced by a 1-min exposure 
to radio energy at - -  50 ° C at different times in the drying cycle. 

Power to antenna, 30 watts. 

h y d r a t e d .  I n  all  cases, t he  r e h y d r a t i o n  c o n t r a c t i o n  was 
iden t ica l  w i t h  t h a t  seen in  musc les  w h i c h  h a d  n o t  been 
h e a t e d  in th i s  w a y  d u r i n g  d r y i n g  a n d  s imi la r  in  mos t  
respec ts  to  the  c o n t r a c t i o n  of l iv ing  musc le  5, ind ica t ing  

4 M. FREYMANN and R. I*'REYMANN, J. Phys. Radium 1,~, 165 
(195.4). 

5 A. L. HOPKINS, Fed. Proc. 14, 75 (1955); J. cell. comp. Physiol. 
51, 67 (1958). 
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t h a t  exposure  to h igh  f requency radio energy has not  de- 
na tu red  the  prote ins  of the  contract i le  system. The pos- 
s ibi l i ty t h a t  this  m igh t  occur  due to resonant  absorpt ion 
of t he  d ry  prote ins  ~ led to  the  abandonmen t  of the use 
of mic rowaves  which were employed  in the  prel iminary 
phases of th is  s t u d y L  Most  rout ine  drying of tissue and 
p lasma prote ins  can  be  done in the  t empera tu re  range of 
efficient  hea t ing  for these  wave leng ths  a l though it  is some- 
wha t  h igh  to p r even t  comple te ly  the  format ion of histo- 
logical ar t i facts .  I f  the  same re la t ionship  exists between 
wave leng th  and t empe ra tu r e  of m a x i m u m  absorpt ion as 
exists in silica geD, then  the  use of an oscil lator generat-  
ing longer  wave leng ths  should be capable  of hea t ing  tis- 
sues a t  lower tempera tures .  E v e n  wi th  the  present  equip- 
men t  i t  has  been possible to  reduce the  t ime  required to 
reach comple te  dryness by  more than  one half, as indi- 
ca ted  by  a modif ica t ion  of the  t echn ique  described by  
PATTEN s. 

This work was made possible by the generous loan of the necessary 
equipment from the Bird Electronic Corporation of Cleveland (Ohio). 

A. L. HOPKINS 

Department o/ Anatomy, Western Reserve University, 
Cleveland (Ohio), June 12, 1958. 

formed by the wall  of the  tube.  Thi rd ly ,  the  lens effect  
also introduces an impor t an t  focussing error  in measure-  
ments  of the positions of part icles wi th in  the  cell 3. I t  is 
highly desirable to de termine  the ve loc i ty  of par t ic les  a t  
a series of accura te ly  known depths  from top  to b o t t o m  
of the celt in order  to obta in  a correct  e l iminat ion  of 
electro-osmotic flow (for theory  and examples  see 
ABRAMSON et al.t). 

A modified cylindrical  cell which overcomes these diffi- 
culties wi th  l i t t le loss of precision and which can  readi ly  
be constructed in any labora tory  is described below. 
Excep t  for a t iny  cemented  window, i t  is cons t ruc ted  
throughout  of sealed 'Hysi l '  or similar  resistance glass. 

Zusammen/assung 

Die dielektr ische He izung  mit te ls  30-cm-Funkwel len  
kann gebrauch t  werden,  u m  die Trocknung  yon biologi- 
schem Mater ia l  in gefrorenem Zus tand  zu beschleunigen.  
Diese Wel lenl~ngen heizen nu t  jenen Tell  des Materials,  
welcher  "Wasser enth~tlt, und erw~rmen oder  ver le tzen  das 
trockene Mater ia l  nicht.  

C 

Fig, 1,--Construction of electrophoresis cell 

6 B. CO~t.~tON~R, J. TOVCNSEND, and G. E. PAKE, Nature 174, 689 
(1954). 

7 A. L. HoemNs, Anat. Rec. 127, 310 (t957). 
8 S. F. PATTEN, JR., and A. L. HOI'mNS, Exp. Cell Res. 14, 6:17 

(1958). 

P R O  I , A B O R A T O R I O  

A Convenient Cell for the Determination of the 
Electrophoretic Velocity of Microscopic Particles 

Two forms of cell  h a v e  been  c o m m o n l y  used for deter-  
min ing  the  e lec t rophore t ic  ve loc i ty  of suspended part icles 
by  t h e  microscopic method .  The  all-glass ]lat cell of 
ABRAMSON ~ is excel lent  b u t  is v e r y  difficult ,  and there-  
fore expensive,  to  cons t ruc t  and is fragile. (Cemented f lat  
cells a re  unsa t i s fac tory  because of the  considerable dan-  
ger of contamina t ion . )  The  cyl indrical  all-glass cell of 
MATTSON = is easier to  cons t ruc t  bu t  has cer ta in  disadvan-  
tages. Firs t ly ,  an opt ica l ly  clear  'window'  mus t  be ground 
and polished on the  upper  side of the  cell and,  unless the 
gr inding is carr ied a lmost  to  the  inner  bore and the polish- 
ing is of good s tandard ,  i t  is impossible  to get  particles 
near  the  b o t t o m  of the  cell in c lear  focus. Secondly, the 
opt ica l  resolut ion for ve ry  small  part icles is necessarily 
poor because of the  presence of the  plane-cyl indr ical  lens 

x H. A. ABRAMSON, t .  S. Morv.n, and 3I. II. GOmN, Eh'ctropho- 
resis oJ Proteins (Reinhold Publishing Corp., New Y0rl~ 1942). 

2 S. MATTSON, J. phys. Chem, 32, 1532 (1928); 37, 2~3 (1933). 

A 5-cm length of precision-bore (e.g. 1 mm) capi l lary 
tube is first joined to wider tubing, as in Figure l a ,  and 
tile length of capil lary l determined.  The capil lary is then 
bent  a t  the middle into an are of radius about  2.5 cm un- 
til the  two ends make an angle of about  120°C {Fig, 1 b). 
Grea t  care is taken to avoid constr ict ing the bore, and to 
this end a close-fi t t ing soft copper  wire can be inserted 
before bending and be pulled out  afterwards.  

Next ,  the corner  of the bend is ground away along tile 
plane xx by  pressing it against  a rota t ing glass plate car- 
rying coarse ca rborundum powder moistened with water. 
When  the glass has been ground almost  down to tile inner 
wall, the  ca rborundum is changed to a fine grade and the 
grinding carried on cautiously,  wi th  f requent  insPections, 
unti l  a ve ry  small hole is pierced into the  inner bore, when 
the grinding is stopped. The hole should be no larger than  
will fill the  field of view of the microscope to be used (e.g~ 
4-mm object ive,  wi th  20 × eyepiece). On to this hole a 
small  piece of th in  microscope cover-glass is s e a l e d - f o r  
example,  wi th  Canada ba lsam-- to  form a window. This  
allows part icles to be seen a t  any depth with perfect  de- 
finit ion and no focussing error. 

The cell is completed by bending the side tubes and 
f i t t ing cylindrical  plat inized p la t inum foil electrodes,  
small stopcocks and ar rangements  for filling and empty -  
ing as shown in Figure 1 c. Two glass rods (not shown) are 
also sealed across ei ther  side of the bend to s t rengthen  it. 
I t  is convenient  to connect  the electrodes to plat inized 
bands deposited on the outsides of the tubes and to solder 
l ight connect ing leads to these bands.  

a A. M. BUSWELL and T, 11. LARSON, J. phys. Ch('n]. 40, 8.'13 
(1936). - D. C. HENRY, J. chem. Soc. 1938, 997. 


