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casionally, however ,  hemorrhagic  spots  were observed in 
the  per iphera l  nerves  especially in the  sciatic. 

Histologically,  the  mos t  s t r iking change  was in the  
ganglion ceils which  showed pyenosis  of nuclei, karyor-  
rhexis  and subsequen t  lysis of the  cy toplasm.  Hemor -  
rhagic suffusions were charac ter i s t ica l ly  located  a round  
the  damaged  ganglion cells (Figure) and  a small  degree 
of leucocyte  inf i l t ra t ion was also noted .  S y m p a t h e t i c  
ganglia appeared  normal .  Other  morphological  lesions 
p re sen t  ill the  same animals  were located respec t ive ly  a t  
the  si te of the  subcu taneous  injection,  in the  liver, k idney,  
hear t ,  tes tes  and  ovaries. 

P r e l im ina ry  results  indicate  t h a t  the  same ganglion 
lesion can be reproduced  in the  guinea-pig and the  ham-  
ster.  I n  similar expe r imen t s  pe r fo rmed  in t he  ra t  wi th  the  
chlorides of mercury ,  thal l ium,  lead and indium,  the  
ganglionic changes  descr ibed above  were n o t  observed.  

Morphological  lesions p roduced  by  c a d m i u m  sal ts  have  
been descr ibed in organs such as tile liver, k idney  2 and  

Action of CdC12 on sensory ganglia 

Group Dose of % of animals % 
CdC12 (mg) with ganglion necrosis mortality 

tes tes  3. At  present ,  in re la t ion to our  work  we have  found 
in the  l i t e ra ture  only one reference concerning the  act ion 
of this  ion on nervous  conduc t ion  4. 

Cadmium is known  as a s t rong inhib i tor  of su l fhydry l  
enzymesS and  several  s y m p t o m s  of poisoning are consis-  

t e n t  w i t h  t he  t heo ry  t h a t  i ts  toxic  effects  are due to  th is  
p rope r ty ;  i t  seems difficult ,  however ,  to explain  the  
selective effect  on nervous  ganglia on th is  basis and  fur- 
t he r  s tudies  will be needed to clarify the  mechan i sm of 
th is  toxic  act ion.  

Rdsumd. Le chlorure de cad mi u m produi t  chez le ra t ,  
une n6crose h6morragique  s61ective du ganglion de Gasser  
et  des gangl ions sensit ifs  spinaux.  Dans  ces organes, on 
observe nne  pycnose  des n o y au x  et  une lyse du cy to-  
p lasme des cellules nerveuses  qui sont  entour6es d 'effu-  
sions h6morragiques .  
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P R O  E X P E R I M E N T I S  

I n f r a r e d  E m i s s i o n  S p e c t r a  of  in  v i v o  H u m a n  S k i n  

The recen t  obse rva t ion  of IR-emiss ion  spec t ra  of 
var ious  solid surfaces 1 sugges ted  the  ex tens ion  of the  
emission techniques  to the  s t u d y  of biological sys tems.  
E x p l o r a t o r y  expe r imen t s  were therefore  made  to  observe 
the  IR-emiss ion  spec t ra  of h u m a n  skin in vivo. As con- 
ven t iona l  spec t romete r s  were unsui table ,  because the  
a m o u n t  of rad ia t ion  emi t t ed  a t  b o d y  t e m p e r a t u r e s  was 
small,  an in te r fe rence  spec t rome te r  was  used. Such an 
i n s t r u m e n t  separa tes  the  c o m p o n e n t  f requencies  of inci- 
d e n t  r ad ia t ion  by  in ter ference  r a the r  t h a n  by  dispersion.  
As na r row en t rance  slits are no t  requi red  and all of the  
rad ia t ion  of in te res t  is inc ident  on the  de tec to r  s imul ta-  
neously,  the  l igh t -ga ther ing  power  and the  signal-to-noise 
ra t io  of the  in ter ference  spec t romete r  are re la t ively  high. 
This pe rmi t s  the  observa t ion  of fa int  sources. 

Tile Block Model I-4T in te r fe romete r  spec t rome te r  was 
used 2. The i n s t r u m e n t  and  its opera t ion  are descr ibed 
elsewhere 3-5. The de tec to r  t e m p e r a t u r e  was  abou t  30 ~ 
The spect ra l  region f rom 2000 cm -1 to  700 em -1 was 
scanned  repet i t ious ly  a t  a ra te  of 120 scans per  min.  The 
signal of each scan was added  digital ly and  s tored ill the  
m e m o r y  of a Block Coadder,  a coheren t  in format ion  add-  
ing device.  After  the  accumula t ion  of t he  indiv idual  sig- 
nals of 360 consecut ive  scans, the  cumula t ive  signal was 
fed f rom the  Coadder  to a wave  analyzer  coupled wi th  a 
p o t e n t i o m e t e r  recorder,  to resul t  in t races  such as those 

shown in t h e  Figures  1, 2, and  3. The resolut ion was  
20 cm -1, ind ica ted  in each Figure a t  R. The ordinates  of 
relat ive spec t ra l  emission are a rb i t ra ry ,  and  have  been  
shif ted to avoid  over lapping  of spectra .  All subjects  were 
fa i r -skinned Caucasians.  The aper ture  of the  spec t rome te r  
was s i tua ted  2-3 cm f rom the  skin of each subject ,  so t h a t  
a skin area of abou t  3 cm d iame te r  was observed.  

P lo t  A of Figure 1 shows the  IR-emiss ion  of normal  
skin near  the  r igh t  elbow of a girl, 'as is ' ,  i.e. there  was  
no a t t e m p t  to  clean or especial ly t r ea t  the  p a t c h  of skin 
in some way.  Spec t rum B was t h e n  recorded af ter  the  
same area of skin had  been  swabbed  wi th  acetone.  Spec- 
t r u m  B of the  whi tened ,  fat-free skin is seen to show dif- 
fe rent  deta i l  t h a n  spec t rum A. Spec t ra  C-G were ob ta ined  
f rom one area  of skin near  the  left  elbow of a man.  Spec- 
t r u m  C was ob ta ined  f rom the  u n t r e a t e d  skin. A smal l  
a m o u n t  of oleic acid was then  applied,  and spec t rum D 
was recorded.  The area was then  swabbed  wi th  acetone,  
and the  skin was abraded  wi th  sandpaper .  Spec t rum E of 
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the  abraded  skin was t h e n  recorded.  Abou t  12 h af ter  the  
abrasion,  numerous  small  and t igh t ly -adher ing  crusts  
abou t  50 # in d i ame te r  had  formed and do t t ed  the  rough 
and s l ight ly  inf lamed skin. Spec t rum F records  the  emis- 
sion of t h a t  skin. The sensi t ive skin was t h e n  swabbed  
wi th  acetone,  and spec t rum G was recorded.  The subjec t  
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Fig. 1. Emission spectra of norinal skin. (Ordinate: relative spectral 
emission; no abscissa.) A, normal skin of a girl, as is; B, the same 

skin after washing with acetone; C, normal skin of man I. 

of the  spec t ra  of Figure 3 was a man  affl icted wi th  acute  
psoriasis. Spec t rum H was ob ta ined  f rom an area of un- 
affected skin inside the  r ight  forearm. Spect ra  J, K, and  L 
were t aken  f rom one area on the  back of the  r ight  hand ,  
which was severely affected by  psoriasis.  The skin was 
taut ,  shiny,  a p p a r e n t l y  d ry  and  w i t h o u t  scabs or scales, 
and was a livid scarlet.  The sub jec t  had  appl ied a pe t ro-  
leum jelly o i n t m e n t  to the  h a n d  some 2 h pr ior  to the  
recording of the  first  spec t rum J. The la t t e r  shows the  
emission of the  o therwise  u n t r e a t e d  skin affected by  
psoriasis. Af te r  s p ec t ru m J had  been  measured,  the  h a n d  
was washed wi th  soap, was well f lushed wi th  water ,  and  
dried. Spec t rum K was then  measured .  A small  a m o u n t  
of the  same o i n t m e n t  was t h e n  rubbed  onto  the  skin, 
and spec t rum L was obta ined.  

The resolut ion shown is re la t ively  poor,  b u t  th is  is 
more t h a n  offset  by  the  abi l i ty  to  observe the  spectra .  
Resolut ion wi th  the  p resen t  i n s t r u m e n t a t i o n  is more  t h a n  
adequa te  to indicate  t h a t  marked  differences in b a n d  
posi t ions and  rela t ive band  in tens i t ies  are observable  in 
the  spec t ra  of d i f ferent  samples  of skin. There  are dif- 
ferences in the  spec t ra  of normal  skins of d i f ferent  sub-  
jects, shown by  compar i son  of p lo ts  A and B wi th  C and  
H. Also, marked  s t ruc tura l  var ia t ions  are shown by  the  
spec t ra  of normal  and  damaged  skin of the  same subject ,  
as indica ted  by  the  sequences  C to  G and  H to  L. The 
band  s t ruc tures  of the  various spec t ra  have  no t  been  in- 
t e rpre ted ,  and i t  is no t  known  w h a t  con t r ibu t ion  to the  
emission were made  by  the  skin per  se and by  na tu ra l  
secret ions or foreign subs tances  on the  skin surface. Also, 
it  is no t  k n o w n  to w h a t  ex t en t  emission in tensi t ies  were 
affected by  differences in skin tex ture .  The spec t ra  are 
thus  qual i ta t ive .  These exp lo ra to ry  resul ts  do show, 
however ,  the  feasibi l i ty  of the  p resen t  approach  to 
measur ing the  spect ra l  d i s t r ibu t ion  of IR- rad ia t ion  f rom 
h u m a n  skin in vivo by  means  of mul t ip le-scan interfero-  
merry.  This, and the  versa t i l i ty  and sens i t iv i ty  of the  
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Fig. 2. Emission spectra of damaged skin. (Ordinate: relative spec- 
tral emission; no abscissa.) D, skin of man I after application of oleic 
acid; E, after washing with acetone and abrading; F, 12 h after 

abrasion; G, after washing abraded area with acetone. 
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Fig. 3. Emission spectra of psoriasis-infected skin. (Ordinate: relative 
spectral emission; no abscissa.) H, unaffected area of skin of man II; 
J, skin affected by psoriasis, as is; K, after washing; L, after oint- 

nlent application. 
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ins t rumen t ,  suggest  t h a t  the  deve lopmen t  of the  tech-  
nique for the  non-des t ruc t ive  examina t ion  of skin would 
be frui tful  for s tudies  of p igmenta t ion ,  the  na tu re  of in- 
fected areas, the  presence or  absence of secretions,  and 
similar effects 6. 

Tiffs work was supported by Public Health Service Grant No. 
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Zusammenfassung. Es wird ein I n s t r u m e n t  auf  Basis 
der  In t e r f e renzmethode ,  das h~iufig wiederhol te  IR-  
Spekt ren  summieren  kann,  en twicke l t  und zur Spektral-  
beobach tung  der  IR-Emiss ion  der  menschl ichen  H a u t  
beni i tz t .  
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A Technique of Integumental Grafting for 
Aging Studies 

Skin t r an sp l an t a t i on  as a tool in aging s tud ie s  has been 
employed  in the  past1, 2. The inheren t  d i sadvan tages  in 
the  convent iona l  skill graf t ing me thods  are: a t e m p o r a r y  
s ta te  of ischemia pr ior  to vascular iza t ion  of the  t rans-  
p lant ,  an uppe r  l imit  in the  size of the  graf t  in order  to 
avoid necrosis, and the  r equ i r emen t  for a careful p repara-  
t ion of the  graf t  bed 3. The result  is t h a t  graf ts  large 
enough  for mult iple  b iochemical  analyses are difficult  to 
ob ta in  and the  effect  of t e m p o r a r y  ischemia on the i r  
chemical  compos i t ion  enters  as a variable.  

We are repor t ing  on a technique,  which  allows an ex- 
change of i n t egumen ta l  graf ts  be tween  old and young 
ra ts  and in which  the  above-men t ioned  problems wi th  
the  more convent iona l  graf t ing  techniques  can be avoided.  
I t  consists  of a 2-step procedure,  the  first  being the 
e s t ab l i shmen t  of a parabio t ic  union which is la ter  followed 
by  separat ion.  

Female  ra t s  of the  F i scher  s t ra in  were used. The  graft-  
ing process was usually carr ied out  be tween  a young (6 
m o n t h s  old) and an old (18 mon ths  old) animal.  Surgery 
was pe r fo rmed  under  chloral  hyd ra t e  anes thes ia  (270 
mg/kg  i.p.). Fol lowing the  removal  of the  hai r  a lateral  
incision was made  in b o t h  pa r t i c ipan t s  and  corresponding  
edges were un i ted  wi th  surgical clips. The more  in t ima te  
union of the  convent iona l  parabio t ic  techniques  proved  
def in i te ly  de t r imen ta l  and  should be used only if ro ta t ion  
of the  animals  and  the  resul t ing tens ion on the  skin is to 
be avoided.  The success of th is  me thod  depends  on the  
admin i s t r a t i on  of ant ibiot ics .  Each  animal  received 
60,000 U of long-act ing penicil l in (Longicil - F o r t  Dodge 
Laborator ies)  by  i.m. injection.  Clips were usual ly re- 
moved  af ter  12-14 days  and the  animals  were t he rea f t e r  
left to  themse lves  up to 2 months .  While  separa t ion  can 
be accompl ished earlier, de laying th is  s tep  seems to in- 
crease the  chances  for the  survival  of larger grafts.  Figure 
i shows a parabio t ic  pa i r  to be separa ted .  

In  the  second s tep a pai r  of incisions are made  under  
chloral  h y d r a t e  anes thes ia  in tile dorsal  and ven t r a l  layers 
of the  skin connect ing  the  animals.  The incisions curve 
away  f rom each o ther  and  f rom the  original suture  line in 
the  direct ion of parabionts .  Each  animal  is t h e r e b y  left 
wi th  an open surface to  be covered wi th  the  now com- 
ple te ly  healed flap der ived f rom its parabiot ic  pair. As a 
resul t  one of the  animals  is covered ven t ra l ly  and  the  
o ther  dorsally,  w i th  respect  to  the  original suture  line. In  
th is  s tep  the  cut  surfaces are b rough t  into apposi t ion and 
the  wound  is closed wi th  individual  st i tches.  This gives a 
larger i n t ac t  graf t  area  t h a n  closure wi th  clips would 
allow. 

Figure  2 shows the  appearance  of the  previous pa i r  af ter  
separat ion.  At  this  s tage the  same dose of ant ib io t ic  as 
before is admin is te red  again. St i tches  are e i ther  removed  
la ter  or are lost  spon taneous ly  dur ing  the  healing process. 
The final appearance  of a separa ted  and comple te ly  
healed pair  is shown in Figure 3. 

An outl ine of th is  m e t h o d  omi t t ing  exper imenta l  de- 
tails appeared  in 1964 as a news release 4. Some t ime  later  
a Russ ian  team5 repor ted  on a t echn ique  very  similar in 

Fig. 1. Parabiotic pair made ready for separation. 
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