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Zellen, also dorthin, wo die Oxydat ionen  s ta t t f inden 
(Fro MIESCHER ~, O. WARBURG~). 

5. ES liel3 sich zeigen, dab das Thyroxin  yore Blur aus 
zun~ichst in das Zentra lnervensystem -- wahrscheinlich 
in das Zwischenhiru -- e indringt  (SCHITTENHELM und 
EISL~R 3) und  yon dort  aus auf dem Wege der peripheren 
Nerven in das Innere  der Zelle gelangt, woes  im sauer- 
stoffarmen Zellbereich Gelegenheit hat,  die G~irungs- 
vorg/inge zu katalysieren.  Dies~ Nervenwanderung des 
Thyroxins lieB sich nicht  nu r  unmi t t e lba r  am Frosch- 
ischiadicus nachweisen (MANSFELD . u n d  HORV~TH ~, 
JANCS6 und NovAKn), sondern auch .  dadurch, dab 
in t ravends injiziertes Thyroxin  schon nach 16 S tunden  
in der Parotis, aber erst nach 24 S tunden  in der Leber 
and  nach 46 S tunden  im Hoden die Verbrennungen 
steigert. 

I n  Kenn tn i s  dieser Tatsachen muBte gefragt werden, 
ob nicht  auch am ganzen Tier  das Thyroxin  vom Blur  
aus, also ohne Latenzzeit ,  seine Wirkung  entfaltet ,  falls 
die Organzellen durch irgendeine Noxe gesch~idigt sind. 
Dies zu priifen schien auch deshalb wichtig, weil man 
bei einer ganzen Reihe yon Krankhei ten  -- so bei An- 
~£mien, inkompensier ten Herzleiden, Tumoren  usw. - elne 
starke Beschleunigung der Verbrennungen und  dem- 
entsprechende Abmagerung,  ja  Kachexie beobachtet ,  
welche ungekl~rt  ist, aber  mdgticherweise yon dem im 
Btut  zirkulierenden Thyroxin  bewirkt  wird, welches bei 
Sch~digung der Zellen unmi t t e lba r  und  ungehemmt an 
der Zelloberfl/iche seine Wirkung entfal ten mag, 

Zur Pri i fung dieser Frage ba t t en  wit weiBe Ra t t en  
teils durch Blutentnahme,  teils mittels Phenylhydraz in  
an~misiert  und  fortlaufend im Stoffwechselapparat den 
zeitlichen Verlauf der Thyroxinwirkung geprfift. 

Es zeigte sich, dab sobald man die Zahl der Erythro-  
zyten auf etwa die H£1fte -- also an  der Ra t t e  auf  
4 -  4.½ Millionen - reduziert, Thyroxin  schon ½--  1 
Stunde  nach seiner Eingabe zu einer m£chtigen Be- 
schleunigung der Verbrennungen ffihrt, die bis zu 50 % 
betragen kann,  was man  am Normalt ier  niemals vor Ab:  
lauf yon 24 S tunden  beobachtet.  DaB es sich in der Ta t  
um eine dutch  mangelhafte  O~-Versorgung bewirkte 
Zellsch~digung handelt ,  zeigte die weitere interessante 
Tatsache, daft ihrer Schilddriise beraubte  R a t t e n  bei 
dem erw~hnten Grad yon  An~mie das Ph~nomen der 
Sofortwirkung des Thyroxins  nicht  zeigen, da ein Ver- 
lust  yon 50% der Sauerstofffibertr~ger bei ihrem ge- 
ringeren O~-Bedtirfnis und  ihrer geringeren Empfind-  
lichkeit gegeniiber O~-Mangel (S~REUL~ s, DU~AN ~) noch 
keine Zellsch[idigung bedeutet .  E n t n i m m t  man  aber 
diesen schilddrtisenlosen Tieren soviel Blur,  dab die 
Erythrozytenzahl  sich auf  2 ½--  3 Mfllionen vermindert ,  
so sehen wir die gleiche latenzlose Thyroxinwirkung wie 
am Normaltier.  

Von klinischer Seite wurde empfohlen, bei dem schwer 
kachektischen Zustand Herzkranker  durch Verkleine- 
rung  der Schilddrtise den Zus tand  zu bessern. Es ist 
n icht  unwahrscheinlich, dab bei allgemeiner Zellsch~- 
digung beobachtete  Abmagerung,  die mi t  gesteigerten 
Verbrennungen  einhergeht, Arzneimittel ,  welche ent-  
weder eine Minderproduktion yon  Thyroxin  bewirken, 

1 FR.M1EscHER, Die histochem, u. physiol. Arb., Bd. 1, S. 95, 
F.C.V.Vogel, Leipzig 1897. 

8 O. WARBUR~, Bioch. Z. 119, 134 (1921). 
3 SCHITTENHELM und  EISLER, Klin. Wschr. ,  1935 (1927). 
4 G. MAN$I:ELD und HORV,[TH, Pfl. Arch. 235, 520 (1935). 
a M.JANCS5 und tLNov,~K, Orvosi Hetilap, S. 858 (1935). 
• STnEuLx, Bioch. Z. 66 (1918). 
v Du~AN, Bioch. Z. 106, 254 (1920). 

wie das Thiourazil  (HUGHES und  ASTWOOD ~, GASCHE2), 
oder die die Stoffwechselwirkung des Thyroxins  ant -  
agonisieren, wie die Thermo~hyrine (MANSFELDa), eine 
giinstige We ndung  des kachektischen Zustandes be- 
wirken k6nnten.  Die ausftihrliche Mitteflung der Ver- 
suche erfolgt in den cc Hungar ica  acta physiologica r. 

G. MANSFELD 

Institut fiir exp. Pathologic und Pharmakologie der 
Universit~t P6cs (Ungarn), den 27. M~rz 1946. 

Summary  

Former  investigations have shown, tha t  Thyroxine 
does not  accelerate directly oxidations bu t  the fer- 
menta t ions  and  tha t  combust ions are increased by  the 
breakdown products  only. Tha t  is why Thyroxine can- 
not act from the blood, for on the surface of the cells 
fermentat ions are stopped by  the oxidations because 
of the Pasteur  reaction. Therefore Thyroxine must  reach 
the O~-poor interior of cells by means of the peripheral 
nerves. I f  it is so then in case of the damage of the 
cells--which is followed as known by the paralysis of 
the Pasteur  r eac t ion- -Thyrox ine  must  act  directly 
from the blood wi thout  any  latency, for then  fermen- 
ta t ions  are no longer stopped at  the surface of the cells. 
The experiments  have shown indeed, t ha t  if you pro- 
duce by  anemia  on white rats  a lack of oxygen, Thy- 
roxine increases the oxidations up to 50% already in 
about  30 minutes  which in the case of normal animals 
cannot  be expected before 24 hours. I t  is probable tha t  
in the case of the general damage of cells (serious 
anemia, uncompensated  heart  defects, tumors) the 
noticeable loss in weight and  cachexia are conditioned 
by  tha t  Thyroxine  which circulates in the blood-stream 
and  they  may be cured by  remedies such as Thiouracil 
or Thermothyrine.  

x A.M. HvcHss und E. B. ASTW00D, Endocrinology 3t, 138 (1944). 
2 PAUL GASCHE, Exper. 2, 24 (1946). 
a G.MANsFELD, Schweiz. reed. Wschr.,  7"2, 1267 (1942), 

V i s i b l e  ~ H o t  S p o t s  o n  S l i d i n g  S u r f a c e s  

I t  has been shown elsewhere 1 tha t  the local tempera- 
ture at  the surface of sliding metals may reach a high 
value. The tempera ture  may be measured by using the 
surfaces themselves as a thermometer :  tha t  is by placing 
two different metals in contact  so tha t  they form a 
thermo-couple a n d  measuring the electromotive force 
generated on sliding. As would be expected, the tem- 
peratures reached depend upon the load, speed and  
thermal  conduct iv i ty  of the metals, bu t  even under  com- 
parat ively gentle conditions of sliding the temperatures  
may  be high. Wi th  the lower melt ing metals the tem- 
perature readily reaches the melt ing point  and  does 
not  rise above this. Wi th  higher melt ing metals tem- 
peratures of the order of I000 ~° C are at tained.  These 
temperatures  are confined to the surface layer and  the 
mass of the metal  appears to be cool. Also the tempera= 
ture  fluctuates very violently dur ing sliding. Even  if the 
surfacds are flooded with water or other l iquids the tem- 
perature is still high. Some recent results obtained with 
cons tan tan  sliding on a flooded steel surface are shown 
in Figure 1. These measurements  were made by  Mr. 
G. K. TUDOR using electrical appara tus  developed and  

x BOWMEN and RIDLER, Proc. Roy. Soc., London, .A 154, 640 
(1986). 
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constructed by Mr. A. E. FERGUSON and R. W. MUNC~Y. 
The magni tude  of the tempera ture  rise and the rapid 
fluctuations in it  are apparent.  

Visual observation o[ hot spots. Since the tempera ture  
depends upon the thermal  conduct ivi ty  we should expect  
tha t  these high temperatures  would be reached much 
more readily on non-conducting solids such as glass and 
quar tz  a n d  other non-metall ic solids. Unfor tunate ly  
the thermo-couple method cannot  be used with these 
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Fig. 1. Surface temperature, coustantan slider on flooded steel sur- 
face. Load 3"7 kg/mSec speed of sliding 600 cm/sec. 

solids, but  i t  is possible to  show the  existence of these 
hot  spots by  visual means. If  polished surfaces of glass 
or quar tz  are used and the  apparatus  so ar ranged tha t  
a clear image of the  rubbing surfaces can be seen, i t  is 
found that ,  when sliding starts, a number  of t iny stars 
of l ight appear  a t  the interface between the  rubbing sur- 
faces. The  points of l ight are reddish in colour at  low 
speeds and become whiter  and brighter  as the  speed 
or the  load is increased. I t  is clear t ha t  they  correspond 
to small hot  spots on the surface and their position and 
distr ibut ion over  the surface change from instant  to 
instant  as the  high points in in t imate  contact  move or 
wear away and new points come into contact .  The me- 
thod is not  quant i ta t ive ,  but  by making one of the sur- 
faces of metal, and using metals or metallic alloys of 
different melt ing point, it is possible t o  fix approximate-  
lY the tempera ture  a t  which hot  spots first become 
ffisible. Exper iment  showed tha t  when metals or alloys 
melt ing below 520 ° C were slid on glass or quar tz  no hot 
spots could be seen even at  the highest speeds and loads. 
With  a gold aluminium alloy melt ing at 5700 C, however, 
and with all metals melt ing above this the hot  spots 
were readily seen. This would fix the tempera ture  at  
which the hot  spots first became visible to the eye, at  
between 520--570 ° C 1. 

Thermal conductivity k and the incidence o[ hot spots. 
A series of experiments  was carried out with metals of 
different thermal  conduct iv i ty  sliding on a glass disc. 
The sliding speed was kept  constant  and the load varied 
until hot  spots first became visible. At  the same t ime the 
coefficient of friction was measured so t h a t  the frictional 
force necessary to give hot spots (at any given speed) 
could be determined. The  resul ts  obtained for sliders of 
constantan (k = 0.05) steel (k = 0.10), nickel (k = 0.16) 
and tungsten (k --- 0-35) are shown in Figure 2. I t  will be 
seen tha t  hot  spots occur more readily the lower the 
thermal  conduct iv i ty  of the  slider. For  example,  a t  a 
surface speed of l l 0  cm/sec a tungsten slider on glass 
gives visible hot  spots when the frictional force is 
2600 g/msec, while with the constantan slider hot  spots 
can be seen when the frictional force is only 350 g/msec. 

I f  the  surfaces are flooded with a l iquid (e. g. with a 
mixture  of glycerine and water) the hot  spots still occur 

1 The possibility that the points of light are due to some form of 
triboluminescence ottmr than temperature must be considered, but 
the evidence is against this, 

and the  results for metals of varying thermal  conducti- 
v i ty  are similar to  those given in Figure  2. The main dif- 
ference is tha t  all the  curves are shifted upwards and a 
higher frictional force (six to  seven t imes as great) is 
necessary to produce hot spots when the surfaces are 
flooded. This difference is considerable, bu t  it is clear 
tha t  the presence of the liquid film is not  able .to p reven t  
the occurrence of high local tempera tures .  

Photographic, recording o[ hot spots, Although the  oc- 
currence of a t ransient  hot  spot is readily observable,  the  
intensity is usually too low to affect a photographic  
plate. If, however, the  slider is run over  the  same t rack  
a number  of t imes the cumulat ive  effect is enough to  
produce a record. A sensitive photographic p la te  
(Super XX) was held in a frame mounted  on the  tu rn  
table. A glass disc was clamped over it  and the meta l  
slider rested on top of this glass disc. A given load was 
applied, the  turn  table was ro ta ted  a t  constant  speed, 
and the slider allowed to run for two minutes on the same 
track. It was then moved in, about a centimeter, to- 
wards the centre of the disc and again ran for two 
minutes.  The  process was repeated and in this way a series 
of concentric tracks was obtained of decreasing radii and 
therefore of decreasing sliding speeds. On developing 
the pho tograph ic  plate a number  of concentric dark  
rings appeared (see Figure 3). The innermost  visible 
ring on the p/ate gave the  lowest sliding speed at  which 
the  hot  spots were recorded. The  results obtained with 
this t e c h n i q u e  were  very  similar to  those obtained by 
visual observat ion of the hot  spots. The  effect of thermal  
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Fig.2. Frictional force (ktL) in g/msec necessary to give visible hot 
spots with sliders of constantan (k = 0-05), steel (k = 0.10), nickel 

(k = 0.16) and tungsten (k = 0.3,5). 

conduct iv i ty  was the same (the curves obtained closely 
resembled those given in Figure 2) and the  actual  values 
of the  min imum loads and speeds necessary to  give 
detectable h o t  spots were very similar. 

For  any given combinat ion of surfaces, the  incidence 
of hot  spots is determined pr imari ly  by the  ra te  of 
l iberation of frictional heat, i.e., by  the  product  p Ls 
where/~ is the coefficient of friction, L the load between 
the  surfaces, and s the speed of sliding. I t  is not  greatly 
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inf luenced  by  t h e  size and  shape  of the  slider. I f  a large 
f la t  s l ider  is used the  condi t ions  of load  and  speed ne- 
cessary  are  much  the  s a m e  as for a smal l  c u r v e d  one. 
T h e  m a i n  difference is t h a t  w i t h  large f ia t  surfaces  t h e  
ho t  spots  m a y  be  t h in ly  d i s t r i bu t ed  over  a wide a rea  
ins tead of be ing  c o n c e n t r a t e d  in to  a smal le r  one. Th is  
is in h a r m o n y  wi th  t h e  v i ew I t h a t  c o n t a c t  b e t w e e n  t h e  
solids occurs  on ly  loca l ly  a t  t h e  s u m m i t  of t h e  surface  
i r regular i t ies  s o  t h a t  t he  real  a r ea  of c o n t a c t  is v e r y  
small  and  bears  l i t t l e  re la t ion  to  t h e  a p p a r e n t  a rea  of 
t he  surfaces. I t  means  t h a t  even  w i t h  l igh t  loads t h e  
pressure  a t  t h e  po in t s  of  real  c o n t a c t  is h igh  and it  is j u s t  
a t  these  po in t s  t h a t  t h e  rubb ing  and  t h e  l ibera t ion  of 
f r ic t ional  hea t  occurs.  I t  is, of course, c o m m o n  know-  

Fig. 3. Photographic hot spot trace of steel slider on glass. Load 
1.~ kg/msec. Speed of sliding at innermost visible track 70 cm/sec. 

ledge  t h a t  if surfaces  are  rubbed  ha rd  enough  t h e y  get  
hot,  b u t  a po in t  b rough t  ou t  by  these  e x p e r i m e n t s  is t h a t  
t h e  loads and  speeds  necessary  t o  g ive  d e t e c t a b l e  h o t  
spots  a re  v e r y  low. F o r  example ,  w i th  c o n s t a n t a n  sl iding 
on glass wi th  a load  of a b o u t  1 k g / m  vis ible  ho t  spots  
( temp,  520-- 5700 C) can be  seen w h e n  the  sl iding speed  is 
• s low as one  or  two  feet  per  second.  I f  t h e  upper  sl ider 
of me ta l  is rep laced  by  a poor  conduc to r  such as q u a r t z  
(k = 0.0035), t h e  ho t  spots  a p p e a r  even  more  readi ly.  

E x p e r i m e n t  has shown t h a t  t hese  local ho t  spots  a re  
i m p o r t a n t  in a n u m b e r  of phys ica l  processes,  such  as t h e  
pol ish ing and  surface  f low of solids 2, t h e  seizure of me t -  
als, t h e  "' f r ic t ional  w e l d i n g "  of plas t ics  and  o the r  ma-  
terials .  T h e y  also p lay  an  i m p o r t a n t  p a r t  in t he  chemica l  
decompos i t i on  which accompan ie s  t h e  rubb ing  of some 
solids and  in t he  in i t ia t ion  of chemica l  react ions  which  
are  b r o u g h t  abou t  by  fr ic t ion and  by  impac t .  An in- 
t e res t ing  e x a m p l e  of th is  is t he  in i t i a t ion  of some ex- 
plosives  by  fr ict ion.  E x p e r i m e n t s  w i t h  n i t ro-g lycer ine ,  
for example ,  r u b b e d  b e t w e e n  m e t a l  surfaces  show t h a t  
t he  load  and  speed necessary  to  cause  in i t i a t ion  is de- 
t e rmined  p r imar i l y  by the  t h e r m a l  c o n d u c t i v i t y  of t he  
sliding metals .  W i t h  a poor  t h e r m a l  conduc tor ,  such as 
cons tan tan ,  in i t i a t ion  occurs  more  readi ly  t h a n  wi th  a 
good conduc to r  such as tungs ten .  I t  is also found  tha t ,  
unless the  mel t ing  po in t  of t he  meta l s  exceeds  ca. 
480 ° C, explos ion of t he  n i t ro -g lycer ine  does no t  occur  
even  a t  ve ry  high loads a n d  speeds.  The  in i t i a t ion  is 

1 13OWDE,n andTnno~, Proc. Roy. Soc., l.~mdon, A. 169, 391 (I939). 
2 l~owoz.n and HUGUES, Proc. Roy. Soc., London, A. 160, 575 

(1937). 

a p p a r e n t l y  b rough t  a b o u t  by  local ho t  spots  on the  sur- 
face of t he  rubb ing  solids. 

F . P .  BowDEN and  M.A.  STO~E 

Tribophy.sics Sect ion,  Counci l  for Scient i f ic  and  Indu -  
s t r ia l  Research ,  U n i v e r s i t y  of Melbourne ,  a n d  

Resea rch  Group  on  t h e  Phys ics  and  C h e m i s t r y  of 
R u b b i n g  Solids. D e p a r t m e n t  of Phys ica l  Chemis t ry ,  
U n i v e r s i t y  of Cambr idge ,  March  28, 1946. 

Zusammen lassung  

I n  der  Beri ihrungsf lAche e iner  an  verschiedenen 
Meta l len  ger iebenen  po l ie r ten  Glas-  oder  Q u a r z p l a t t e  
werden  helle,  punk t fS rmige  L ich tb l i t ze  schon bei  ver -  
hi~ltnismiiBig schwachen  Re ibungse f f ek t en  beobach te t .  
D ie  lokale  T e m p e r a t u r  muB mindes tens  550 o C be t ragen .  
Die B e o b a c h t u n g  d e u t e t  au f  k le ins te  Kon tak t f l / t chen  
a n d  is t  yon  B e d e u t u n g  ftir die Kenn tn i s  der  Re ibungs -  
vorgl inge.  

Sulfamid~s et acides nucl~iques 

L ' a c t i o n  bac t6 r io s t a t i que  d ' u n  sul famid6 est  g6n6rale- 
m e n t  exp l iqu6e  ~ l ' a ide  de la  th6or ie  du d6p l acemen t  de 
FILDES, qu i  se jus t i f ie  lo rsque  le sulfamid6 e t  la v i t a -  
mine  d6plac6e p r6sen ten t  une  s imi l i tude  de cons t i tu t ion .  
U n  ce r t a in  n o m b r e  de fairs ne cad ren t  pas  avec  ce t t e  
concept ion .  

P a r t a n t  de ta cons t a t a t i on  que  le su l famid6 d6 te rmine  
une stase,  m e t t a n t  l ' o r g a n i s m e  dans  l ' imposs ib i l i t6  de  
se mul t ip l ie r ,  nous  avons  admis  q u e  des c o n s t i t u a n t s  
essentiels  du c y t o p l a s m e  e t  du n o y a u  d e v a i e n t  ~tre 
a t t e in t s .  E n  p remie r  lieu, nous  avons  pens6 aux  acides  
nucl6iques.  Si te l  est le cas, les acides  nucl6iques  d o i v e n t  
pouvo i r  fonc t ionner  c o m m e  ant i su l famides ,  ce qu i  a 6t6 
d6mont r6  chez Eremothecium Ashby i i .  Cet effet  n ' e s t  
pas  dfl au nucl6otide,  mais  u n i q u e m e n t  a u x  pur ines  
qu ' i l s  con t i ennen t ,  a v a n t  t o u t  h l ' ad tn ine .  L ' e f f e t  an-  
t i su l famide  de  ce t t e  derni~re  repr6sen te  env i ron  le ~/xo de  
celui  de  l ' ac ide  p - a m i n o b e n z o i q u e  (PAB),  mais  peu t ,  
dans  cer ta ins  cas, lu i  ~tre 6gaP.  

U n e  p r6pa ra t ion  d ' ac ide  t h y m o n u c l 6 i q u e  pur  (poids 
mol6cula i re  500000 h 1000000),  due  ~ l 'ob l igeance  du 
Professeur  R.  SIGNER 8 (Berne) est 6ga l emen t  ac t ive .  
E n  pr6sence de 2 mg  de cibazol  pour  25 cm ~ de milieu,  
1 0 0 7  d ' ad6n ine  ou I m g  d ' ac ide  t h y m o n u c l 6 i q u e  
r e s t i t u e n t  une  croissance no rma le  (voir  f igure).  Seule  
une  f rac t ion  de  la macromoI6cu le  d ' ac ide  t hymouuc l6 -  
ique,  co r re spondan t  a u x  pur ines ,  est ac t ive .  

U n  second mic roo rgan i sme  (Saccharomyces, souche 
n o 1) nous p e r m e t  de  conf i rmer  nos premieres  observa-  
t ions (voir  t ab leau  1). 

Tableau 1 

m i l i e u s e u t  50 53 52 5 2  52153 53 

m i l i e u + 2 m g c i b a z o l . . .  4 5 6 14' 161191 42 

mil ieu i 5 m g c i b a z o l  . .  t r .  t r .  4 4 9 1 7  14 

1 Ces faits ont 6t6 exposds le 27 janvier 19.16 h l'assemblde de la 
Soci6t6 suisse des Physiologistes et des Pharmacoiogues (Lausanne). 
Voir W.H. ScttoPeER et M. Gun.LOVD, Itelv. physiol, acta, 4, C ~4 
(1946). 

2 R. SIGNER, T.CASPERSSON ulld E.~{AMMARSTEN~ Nature 12- ° 
(193S). 


