
1478 Speeialia ]~XPERIENTIA 30/12 

Influence o/ high altitude climate on cancer development. 
I n  t h e  Table  some of t he  m a j o r  physio logica l  effects o[ 
h igh  a l t i t ude  t r e a t m e n t  h a v e  been  summar i zed .  WAR- 
BURG 21 exposed cancerous  r a t s  to  a gas mix tu re ,  con- 
t a i n ing  5% oxygen,  for 40 h s i m u l a t i n g  a n  a l t i t ude  of 
12,000 m. The  t u m o u r s  b e c a m e  m a r k e d l y  b u t  no t  com- 
p le te ly  necrot ic .  The  e x p e r i m e n t  was r epea t ed  b y  CAMP- 
BELL and  I42RANIER 2~ a t  a s imu la t ed  a l t i t ude  of 5,100 m. 
R a t s  were k e p t  al ive for 2 weeks. The  t u m o u r s  did  no t  
regress b u t  t he  g r o w t h  was m a r k e d l y  inh ib i t ed .  SUND- 
STROEM and  MICHAELS 2a observed  regressions in W a l k e r  
t n m o u r s  in  all e x p e r i m e n t a l  series k e p t  a t  360 m m  >Ig 
a t m o s p h e r i c  p ressure  (about  6,000 m a l t i tude) .  The  
ave rage  regress ional  r a t e  as c o m p a r e d  w i t h  cont ro ls  was  
39%. U n d e r  300 m m  Hg i t  was 45%.  The  effect  is 
exp la ined  b y  t he  a u t ho r s  b y  s t i m u l a t i o n  of t he  ad rena l  
f unc t i on  b y  reduced  oxygen  pressure  a t  a l t i t ude  5, c h a n g i n g  
t he  level  of cor t icos tero ids  in  t he  b lood serum. Also t he  
obse rved  increase  in ca lc ium in necro t ic  t u m o u r s  and  t h e  
decrease  in ca lc ium c o n t e n t  of l ivers  d u r i n g  reduced  
a t m o s p h e r i c  pressure  m a y  be  involved .  The  i m p o r t a n c e  
of t he  ad rena l  g land  is suggested  b y  t he  fac t  t h a t  ad rena l -  
ec tomy  of t u r n o u t - b e a r i n g  r a t s  s tops  f u r t h e r  regress ion 
a f te r  low pressure  t r e a t m e n t .  In  fac t  t he  t u m o u r s  s t a r t  
g rowing  again.  

Influence o/ different complex meterologicaI conditions on 
growth o/transplanted turnouts. UNGEtlEUER, BREZOWSKI, 
WRABA and  RAGES e~ s tud ied  t he  causes of f l uc tua t ions  in  
t he  n u m b e r  of r a t s  in  pure  s t r a ins  of r a t s  in  wh ich  no  
cance r  d e v e l o p m e n t  occur red  a f te r  t u m o u r  t r a n s p l a n t a -  
t ion.  737 r a t s  of t he  W a l k e r  ca r c inoma  s t r a i n  were s tud ied  
d u r i n g  t he  per iod  J u n e  1 9 6 1 - J u n e  1963. I t  was  found  
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t h a t  the  n u m b e r  of n o n - r e s i s t a n t  an ima l s  was smal les t  
du r ing  qu ie t  h igh  pressure  a t m o s p h e r i c  condi t ions .  The  
n u m b e r  increased  d u r i n g  t he  a p p r o a c h  of cold f ron t s  and  
d ropped  aga in  a f te r  t he  f ron t  h a d  passed.  The  obse rved  
differences  (67 a n d  79%) were s t a t i s t i ca l ly  s igni f icant .  
The  effect  is g rea tes t  w h e n  t he  meteoro log ica l  s t imu lus  
t akes  place 1 or 2 days  a f t e r  t he  t u m o u r  t r a n s p l a n t a t i o n .  

Possible effect o/ meteorological /actors on viruses. The  
inc reas ing  ev idence  t h a t  l eukemia  and  var ious  types  of 
cance r  ~5-~7 m a y  be  caused  b y  ce r t a in  carc inogenic  v i ruses  
is a n o t h e r  aspec t  of possible  meteoro logica l  effects on  
cancer.  Var ious  b iometeoro log ica l  s tud ies  (TROMP 3) 
h a v e  s h o w n  t h a t  v i rus  d e v e l o p m e n t  depends  on  ce r t a in  
cr i t ica l  b o u n d a r i e s  of t e m p e r a t u r e  a n d  h u m i d i t y .  Meteo-  
rological  fac tors  inf luence  also t h e  genera l  r es i s t ance  of 
t he  b o d y  aga ins t  in fec t ions  a n d  t he  p e r m e a b i l i t y  of 
m e m b r a n e s .  T h e y  also affect  t he  a n t i b o d y  level of t he  
se rum 2a. I t  is the re fo re  no t  exc luded  t h a t  soil, w e a t h e r  
a n d  c l imate  could inf luence  carc inogenic  processes 
induced  b y  viruses.  

Conclusion. The  va r ious  physio logica l  m e c h a n i s m s  
descr ibed,  wh ich  are t r iggered  b y  meteoro logica l  s t imul i ,  
m a y  help  to  exp la in  t he  effect  of p s y c h o s o m a t i c  fac tors  on  
c a n c e #  D. W h e r e a s  in pu re ly  p s y c h o s o m a t i c  research  i t  m a y  
be  diff icul t  to  s t u d y  t he  rea l  m e c h a n i s m s  involved ,  bio- 
meteoro logica l  s tudies  on  t he  effects of meteoro logica l  
s t ress  m a y  assis t  f u t u r e  p s y c h o s o m a t i c  cance r  research .  

Var ious  s tud ies  sugges t  t he  g rea t  in f luence  of t h e r m o -  
r egu la to ry  processes on t h e  h o r m o n a l  f unc t i ons  in t he  
h u m a n  body .  D i s t u r b a n c e  of these  processes  m a y  lead to  
cancer  deve lopmen t .  E x p e r i m e n t s  b y  TROMp and  BOOMA 
h a v e  shown the  v e r y  poor  t h e r m o r e g u l a t o r y  eff iciency of 
cancer  pa t i en t s .  S tudies  b y  LEA, LEE, McVAy, KRASNOW, 
GLASER, DE SAUVAGE NOLTING and others confirm the 
effect of meteorological stresses (in particular thermal 
stresses) on thermoregulatory processes and cancer 
development, The similarity ill physiological processes 
during meteorological and psychological stresses may 
facilitate the studies on the influence of psychosomatic 
factors on cancer. 

S. W. TROMP 

Biometeorological Research Centre Leiden, 
Jan  Steenlaan 3, Oegstgeest (Leiden), 
(The Netherlands), 29 October 7973. 

P R O  E X P E R I M E N T I S  

An Electronic  Method for Measur ing  the Heart  Frequency of the Waterflea: Daphnia pulex 
So far r e l a t ive ly  few researchers  h a v e  explored  t he  

poss ib i l i ty  of e m p l o y i n g  i n v e r t e b r a t e s  for t e s t i ng  drugs.  
Two of us (R.N. and  G.N.) s t u d e n t s  of t h e  >ITS in 
Heer len ,  h a d  to p r e p a r e  a syn thes i s  of p h e n o b a r b i t a l  and  
c o m p a r e  t h e  s y n t h e t i c  w i t h  a commerc i a l  p roduc t .  

I n  a p r e l i m i n a r y  research,  Daphnia pulex appea red  to 
r e spond  specif ical ly to  a n u m b e r  of d rugs  a n d  hormones .  
W e  h a v e  found  t h a t  t he  fo l lowing a l t e red  t h e  h e a r t  
f r equency  of the  w a t e r  f lea:  oxy toc ine  ADH,  cAMP,  
ace ty lchol ine ,  t r i i odo thy ron ine .  W i t h  p h e n o b a r b i t a l  t he re  
is a sha rp  decrease  in h e a r t  f requency.  I n  t h i s  s t u d y  a clear  
co r re l a t ion  was found  be t w een  h e a r t  f r equency  and  
p h e n o b a r b i t a l  concen t r a t i on ,  wh ich  al lowed us to  t e s t  
t h e  2 d i f fe ren t  p h e n o b a r b i t a l  p r e p a r a t i o n s  m e n t i o n e d  

above .  A special  t e c h n i q u e  was devised  to  measure  t he  
h e a r t  f requency .  

Materials. The  a p p a r a t u s  used is shown  in F igure  la .  
I t  consis ts  of: 1. A p ro j ec t i on  microscope  t y p e :  K e n - A  
vis ion  model  Tech-A,  l a m p :  100 W 1A/GE.  20 V 5 A / G  
161/2/3.; lenses:  ob jec t ive  N.A. 25, ocular  8 • a n d  10 •  
2. To m a i n t a i n  a c o n s t a n t  t e m p e r a t u r e ,  a h e a t  abso rbe r  is 
placed be tween  t he  a n i m a l  spec imen  and  t he  p ro jec t ion  
lamp.  The  h e a t  abso rbe r  is a s a t u r a t e d  so lu t ion  of CuSO 4, 
chi l led w i t h  ice, wh ich  keeps  t he  spec imen  t e m p e r a t u r e  
c o n s t a n t  w i t h i n  0.5~ for a m a x i m u m  per iod  of 10 min.  
3. A l igh t  d e p e n d e n t  res i s t ance  (LDR) connec t ed  to an  
ampl i f ie r  (Figure 2), 4. A source of d i rec t  electr ical  cu r r en t  : 
2 n ine  vo l t  b a t t e r i e s  connec ted  in  series. 5. A n  oscillo- 
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1 ~  Daphnia pulex fiq.lb 

/ 
Proiected hear t  / measuring-time:1Osec. 

/ 
Amplifier 

Fig. 1. a) Schematic illustration of the required apparatus, b) A 
typical 'optical cardiogram'. 
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B.C. JO 7 

Fig. 2. Electronic diagram for amplification of the optical heartsignal 
of Daphnia pulex. 
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Fig. 3. Relation between the heart-frequency of the waterflea 
(Daphnia pulex) and phenobarbitaI concentration (data from column 
5, Table). 

scope:  t y p e  Phi l ips  X - Y  G.M. 5639. 6. An electronic 
counter :  t y p e  H ew l e t t  Packard  5245 L. Chemicals:  
phenoba rb i t a l  ob ta ined  f rom Merck. 

Method. For  measur ing  the  hea r tbea t ,  a Daphnia is 
t r ans fe r red  wi th  a pas t eu r  p ipe t t e  to a lens glass (a glass 
slide wi th  a c o n c a v e  excava t ion  in the  middle) .  The 
p repa ra t ion  is covered wi th  a normal  cover glass and  
pressure  is appl ied  to  the  cover glass unt i l  the  Daphnia is 
fixed. If the  animal  is still moving,  i t  is too smal l  and a 
larger animal  is used. Animals  measur ing  1.8-2.3 m m  
from the  mi d p o i n t  of the  eye to the  tai l  are usually suit- 
able. The slide glass is t r ans fe r red  to the  pro jec t ion  table  
of t he  microscope and  the  en l a rgmen t  is set  a t  250 •  
The projec t ion  of a p a r t  of the  hea r t  wall should fall 
upon  the  LDR.  The exposed area of the  L D R  is decreased 
wi th  black t ape  unt i l  a clear signal appears  on the  oscillo- 
scope of 0.1-1.0 V. The hea r t  f requency  is measured  wi th  
the  electronic counter  for a per iod of 10 sec. Measurements  
can be done for 10 min, a f ter  which  the  hea t  absorber  
m u s t  be renewed before addi t iona l  expe r imen t s  can be 
done. The hea r t  f requency  of each animal  is measured  for 
10 sec in terva ls  f rom which  the  mean  can be calculated.  
Af ter  measur ing  the  normal  hea r t  f requency,  the  animal  is 
t r ans fe r red  to an expe r imen ta l  solut ion for 30 rain, t hen  
the  hea r t  f requency  is measured  again, following the  above 
procedure .  8 animals  were incuba ted  in each of the  follow- 
ing aqueous  solut ions:  0.0, 2.9 • 10 -4, 2.9 • 10 -~, 2.9 • 10 -2, 
2.9 • 10 -1 g phenobarb i ta l / l .  For  each concen t ra t ion  of 
phenoba rb i t a l  one should calculate:  1. The m e a n  hea r t  
f requency  (wi thout  phenobarb i ta l ) ,  da t a  are pooled f rom 
8 animals,  each Daphnia is measured  5 t imes  and  dur ing  
10 sec (n - -  40). 2. The mean  h e a r t  f r equency  (with 
phenobarb i ta l )  n = 40. 3. The mean  % decrease in hea r t  
f requence.  The % decrease = 

normal  f requence  - f requence  af ter  i ncuba t ion  
X 100. 

no rma l  f requence  

4. Calculated % decrease (% decrease ~ 40.4 -1- 5.97 log 
concent ra t ion)  5. S.D. of the  mean  % decrease:  S.D G = 
Vz (x--~) ~ 

n--------i-- ; 7~ = calcula ted % decrease.  Abou t  1 out  of 

5 animals  canno t  s t and  an accidenta l  rough man ipu la t ion  
(a p ipe t t i ng  effect) or a la teral  body  compress ion  (a 
cover glass effect). Any  irregular  hea r t  f requency  at  t ime  
zero, due to these  effects, makes  the  an imal  no t  sui table  
for a t e s t  exper iment .  

Results and discussion. The Table  and  Figure  3 shows 
the  average decrease in hea r t  f requency  for an imals  
incuba ted  in t he  d i f ferent  p h en o b a rb i t a l  solutions.  
There  is a def ini te  l inear re la t ionship  be tween  the  con- 
cen t ra t ion  of phenoba rb i t a l  (log) and the  pe rcen tage  
decrease of hea r t  f requency  before and  af ter  incubat ion .  
The Daphnia pulex thus  d e m o n s t r a t e d  a quant i f iab le  
physiological  sens i t iv i ty  to phenoba rb i t a l  which  was 
suff ic ient  for our purposes .  However  o ther  researchers  
m a y  prefer  to use Daphnia pulex r a t h e r  t h a n  ra ts  and 
mice because the  pr inciple  advan tages  are:  1. I t  is an 
universal ly  avai lable  o rgan i sm and  as a t e s t  an imal  
it  is easy and inexpens ive  to  main ta in .  2. Tile hea r t  
f requency  of t he  an imal  is large. In  our  e x p e r i m e n t s  
100% refers to  a h e a r t  f requency  of ca. 500 bea t s /min  
for normal  animals  a t  t e m p e r a t u r e  20~ and a l eng th  of 
1.8-2.3 ram. Thus any  s ignif icant  change  can be measured  
more  accurately .  The s t roboscopic  m e t h o d  1,3. is no t  

1 j .  SCHWARTZKOPFF, Experientia iT, 232 (1955). 
2 C. L. STONO, Seient. Am. 205, 145 (1962). 
a W. L'ORTEu H. GROEN and B. VAN D~ BUSCHE, Internal report of 

the Med. Faculty R.U. Utrecht (1972). 
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Concentration of Mean frequence Heart-beats/min Mean decrease (%) Calculated decrease (%) S.D. (%) 
phenobarbital (g/l) without phenobarbital with phenobarbital 

(1) (2) (3) (4) (5) (6) 

2.9 494 282 42.9 43.2 3.4 
2.9 • 10 -1 494 300 39.4 37.2 2.6 
2.9 • 10 -~ 504 348 30.8 31.3 2.5 
2.9 • 10 -3 498 372 25.4 25.3 4.0 
2.9 • 10 -4 510 414 19.0 19.3 2.6 
0.0 510 426 17.1 -- 3.3 

In column (2) and (3) data are pooled from 8 animals, each measured 5 times during 10 sec, hence n = 40. Regression line (without zero 
concentration) : % decrease = 40.4 + 5.97 log concentration. S.D. in the coefficient: 0.16. Multiple correlation coefficient: 0.94. 

precise (S.D. • 22%, n = 4 for 1 D. pulex) and  as ye t  we 
have  no exper ience wi th  the  e lec t ro-cardiogram m e t h o d  3. 
3. The ac tua l  expe r imen t  is qui te  simple,  as is t he  elec- 
t ronic  appa ra tu s  used (Figures 1 and  2). 4. By  connect ing  
the  o u t p u t  of the  ampl i f ier  to  a recorder ,  one can ob ta in  
an 'opt ica l  ca rd iogram'  (see inlay Figure lb).  5. To d raw a 
compar i son  be tween  inve r t eb ra t e s  and m a m m a l s  con- 
cerning the  physiological  effects  of phenoba rb i t a l  is to  
invi te  more  complex  ques t ions  far  beyond  the  scope of 
th is  s tudy.  However ,  p rov ing  t h a t  the  hea r t  f requency  

4 We should like to thank LLOYD C. EDMUNDS for critical readingand 
translation aid. 

of Daphnia is useful as a biological p a r a m e t e r  in a t e s t  for 
phenoba rb i t a l  suggests  the  poss ibi l i ty  t h a t  Daphnia or 
o ther  s imilar ly  ' s imple  organisms '  would be useful in 
compar i t ive  biological s tudies  of o the r  drugs and  hor- 
mones.  

Zusammen/assung. Neue Methode  zur exak ten  Be- 
s t i m m u n g  der  Herzsch lagf requenz  t r a n s p a r e n t e r  Wasser -  
o rgan ismen (Daphnia pulex 500/rain) fiber e inen Mikro- 
p ro jek to r  bei  A n w e n d u n g  einer v o m  Lich t  abh/ingigen 
Resis ten z (LDR).  

TH. ]. POSTMES, G. NACKEN and R. G. NELISSEN 4 

St. Annadal Hospital, Department o/ Medical Physics, 
Maastricht (The Netherlands), 4 October 7973. 

Zur Synthese der m-Aminophenylboronsi iure ,  Effektor in der Affinitiitschromatografie von 
Nukleins~iuren 

Affini t~t tschromatografische Trennver fah ren  haben  in 
den le tz ten  Jah ren  auf  dem Gebiet  d e r  Polynucleot ide  
zunehmend  an Bedeu tung  gewonnen.  Hochspezi f i sche  
T rennungen  konn t en  un te r  ande rem auf Basis der 
Wechse lwi rkungen  zwischen komplemen tg ren  Nucleo- 
basen 1 sowie z w i s c h e n  Oligo- und Polynuc leo t iden  mi t  
h y d r o p h o b e n  Subs t i tuen ten  und  t r i ty l i e r ten  oder  ben- 
zoyl ier ten Cellulosen ~ erzielt  werden.  U m  aus e inem 
Gemisch y o n  Mono- oder Oligonucleot iden solche mi t  
t e rmina le r  ~is-Diolgruppe zu t rennen ,  bed ien t  m a n  sich 
mi t  VorteiI  ihrer  Wechse lwi rkung  mi t  Polymeren,  die 
Bo rona tg ruppen  en tha l ten .  Diese Ar t  yon  Affinit/~ts- 
t r e n n u n g  wurde  zum Beispiel eingesetzt ,  u m  3 ' - terminale  
F r a g m e n t e  yon  Polyr ibonuc leo t iden  zu analys ieren 8 oder  
um Desoxyol igonucleot ide  mi t  R ibo-Terminus  aus e inem 
Gemisch mi t  Desoxy-Ol igomeren  gleicher Ket tenl / inge  
abzusondern  ~. Die ben6 t ig ten  Sgulenmater ia l ien  wurden  
en tweder  durch  U m s e t z u n g  hydroph i le r  Po lymere r  mi t  
m-Succ iny laminopheny lboronsgure  ~ oder  durch  Copoly- 
mer isa t ion  yon m-Methac ry loy laminopheny lboronsgure  
mi t  geeigneten Verne tze rn  6 gewonnen.  In  be iden  Fgl len 
d ien t  m-Aminopheny lborons~ure  als Ef fek torgruppe .  
Fiir  diese Schli isselsubstanz haben  wir einen e infachen 
Syntheseweg  entwickel t ,  der  yon  preisgi inst igen Rea-  
genzien ausgeht .  

Ergebnisse. Der Weg, den wir zur Synthese  yon  m- 
Aminophenylborons / iu re  beschr i t t en  haben,  ist in Schema 
aufgezeichnet .  Als Ausgangsmater ia l  d iente  m-Bromani l in  
(I), das zun~ichst am S t icks to f fa tom mi t  Tr imethyls i ly l -  
s chu tzg ruppen  versehen  wurde  ~. E ine  Gr igna rd -Reak t ion  
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