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t ion of the  lipid or  l ipo-protein  bodies 4. The present  
author,  in confo rmi ty  wi th  the  views of GATENBY and 
MoussA s, and  ISSIDORIDES and SHANKLIN 6, considers 
these bodies to  be some secret ion products  (endo- 
erdonous~). 

(3) Pale-yellow substance : This is seen as a pale-yellow 
diffuse substance in the  cy top la sm and in the  duplex  
bodies of the  l iving spinal  neurones  of the  frog, t he  toad,  
and ra re ly  in those  of Natrix and Eryx. This  substance 
corresponds to a s imilar  p roduc t  described by  TttOMAS 3 
and MALHOTRA 7 in the  neurones of Helix and the  frog 
respect ively.  The  views regarding the  e labora t ion  of 
secret ion products  in the  cores of the  duplex  l ipid bodies 
have  been advanced  and bolstered for di f ferent  animals  
by HIRSCH s BAKER9 etc. 

(4) Hyaline spheres: T h e y  or iginate  f rom the  nucleus 
and measure  0.2/~ to 5/~ and even  more  in d iameter .  Af te r  
the i r  discharge into the  cy toplasm,  they  grow (Figure 2.) 
A l though  the  chemical  na tu re  of the  hyal ine  spheres re- 
mains  unde te rmined ,  ye t  in the  Lissemys nerve  cells, a few 
spheres, which  h a v e  in thei r  v ic in i ty  an area  of v e r y  small  
phosphol ipid  granules,  reac t  feebly for the  acidic tipids in 
ti le cor t ica l  sites. Somet imes,  as seen in the  Eryx and Lis- 
semys neurones,  ex t r eme ly  small  phosphol ipid  granules 
have  also been seen a t t a ched  to t he  ou te r  borders  of these 
spheres. All th is  t e n t a t i v e l y  suggests  t he  par t ic ipa t ion  of 
lipids as one of the  'bu i ld ing  mater ia l s '  of these bodies. 
Feeble  acid phospha tase  ac t iv i ty  has been recorded in the 
cort ical  sites of a few hyal ine  spheres of the  Natrix nerve  
cells. The  hyal ine  spheres have  been seen migra t ing  into  
the  in te r -neurona l  spaces in the  case of the  toad,  Lissemys, 
Eryx and Periophthalamus nerve  cells (Figure  3). Axonal  
t r anspor ta t ion  of these spheres has been demons t ra t ed  
only in one or  two Lissemys nerve  cells. These bodies have  
been considered as some secret ion products ,  bo th  endoer-  
donous  and exoerdonous  3. PALAY 10 has also described the 
nuclear  origin of the  secretory products  in cer ta in  fishes. 
Secret ion in the  form of vacuoles  has been described by 
HAMMARll I~AZIARSKY 12.13 SMITH14 GRZYCK115, etc. 

A l though  i t  is no t  possible, w i th  the  p reva len t  histo-  
chemical  techniques  or  wi th  t he  methods  alleged to be 
' se lect ive '  for the  neurosecre tory  substances,  to de tec t  the  
presence of the  h o r m o n e s - - a  fair  indica t ion  of neuro- 
s e c r e t i o n - - t h e  var ious  in t ra -neurona l  as well  as inter-  
neuronal  inclusions described above,  canno t  be dismissed 
as ' o rd ina ry '  cy top lasmic  inclusions, par t icu la r ly  when 
t h e y  exhib i t  so m a n y  physiological  character is t ics :  some 
significance, in t he  sense of the i r  being 'neurosecre tory '  
substances,  seems essential .  

The v iew t h a t  only  those cells which show cer ta in  
morphological  special izat ions x6A7 can secrete the  neuro-  
secretory substances  (NSS), seems un tenab le  in the  
mater ia ls  s tudied,  a l though  i t  m a y  hold  good for t he  
o ther  ac t ive ly  secretory centres,  such as the  mid-bra in ,  
hypophysis ,  etc. Also, the  var ious  s t a i n s - - p a r t i c u l a r l y  
the C H - - w h i c h  are alleged to be ' se lec t ive '  for the  N S S  
fail to  war ran t  any  subs tant ia l  s t a t e m e n t  as to  the  his to-  
chemical  background of the  secret ion products .  E v e n  the  
' se lect iv i ty '  of these stains is f raught  wi th  m a n y  pit-falls.  
Thus, in teleosts, skates, and amphib ians ,  even  some 
chrome h a e m a t o x y p h o b e  substances  have  been label led 
as the  N S S  ~. 

In  the  author ' s  opinion, i t  is more ra t iona l  to  pursue 
the problem of neurosecret ion in the  l ight  of cel lular  
physiological events  ra ther  t han  to a t t a c h  unqua l i f ied  
impor tance  to cer ta in  par t icu la r  stains.  

RdsumL Des recherches effectudes sur les neurones  
spinaux de quelques Poissons, Amphib iens  e t  Rept i les  
out  amen6 l ' au teur  ~ considdrer c o m m e  substances  neuro-  
s6cr6toires les 4 types &inclusions tel les que  les spheres  
lipides, les sph6res hyalines,  la subs tance  jaune-p~le  et  
les corps pigmeut6s dits  lipofuscins en se basan t  sur leurs 
caract6res originels, leur foncton vra i semblable ,  leur r61e 
probable e t  leur dest in final. Le chrome h d m a t o x y p h i l e  
ou l 'a lddhyde fuchsine posi t ive n ' on t  pas 6t6 observds. 
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P R O  E X P E R I M E N T I S  

D e t e r m i n a t i o n  of M a s s  Spectra  
of  Non-Vo la t i l e  S u b s t a n c e s  1 

The  ma in  restr ic t ion to the  wide appl ica t ion of mass 
spec t rome t ry  in organic chemis t ry  has been the  inabi l i ty  
to vola t i l ize  in undecomposed  form m a n y  organic sub- 
stances. The  use of hea ted  inlet  sys tems 3,3 (preferably all- 
glass) has  g rea t ly  increased the  use of  this physical  tool 
in the  pas t  few years  as demons t r a t ed  especially by  the  
v e r y  recent  appl icat ions  in the  field of na tura l  prod- 
ucts 4-8. Never theless ,  the re  exists  a large number  of 
in teres t ing organic  compounds  which have  resisted unt i l  
now mass spec t romet r ic  inves t iga t ion  because of their  
non-vo la t i l i ty  even  in such hea ted  inlet  systems. 

One way  around this diff icul ty is the  di rect  insert ion of 
the substance near  the  electron beam. Such a sys tem is 
avai lable  3 in the  Bendix  T ime-of -F l igh t  mass spectro-  
meter ,  bu t  the  la t te r  suffers f rom the  serious l imi ta t ion  

l This paper represents part X X I I in the series Mass Spectrometry in 
Structural and Stereochemical Problems. For preceding article, see 
E. LUND, H, BUDZIKIEWICZ, J. M. WILSON, and C. ])JERASSI, 
J. Amer. Chem. Soc., in press. 

z j .  H. BEYNON, Mass Spectrometry and its Applications to Organic 
Chemistry (Elsevier, Amsterdam 1960), p. 161. 

n K. BIEMANN, Mass Spectrometry (McGraw-llill, New York 1962), 
p. 20. 
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73, 566 (1961). 
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in t h a t  the  mass range does not  ex tend  as far as the con- 
ven t iona l  magnet ic  ins t ruments .  REED et  al. 7 have  des- 
cribed a direct  inlet  sys tem for the  Metropol i tan  Vickers  
(A.E.I.)  M.S.2 mass spec t rometer ,  bu t  the  absence of a 
v a c u u m  lock makes  its use somewha t  inconvenient .  W e  
should now like to describe a simple, all-glass inlet  sys tem 
which permi t s  the  d i rec t  insert ion of the  mate r ia l  near  
the  ion source in a conven t iona l  Consol idated Elec t ro-  
dynamics  Corp. mass spec t romete r  mode l  23-103C. As a 
result ,  we h a v e  been able  to  de te rmine  the  molecu la r  
weights  and  mass  spec t ra l  f r agmen ta t ion  pa t t e rns  of 
organic  substances,  which h a v e  h i the r to  been outs ide  the  
scope of prac t ica l  mass  spec t romet ry .  

T h e  glass sys tem is reproduced  in F igure  1 and  is sealed 
d i rec t ly  t o  t h e  in le t  t u b e  (F) of the  CEC mass spectro-  
meter ,  which  is be ing  cont inuous ly  evacua t ed  by  the  
v a c u u m  sys tem of t he  mass spec t rometer ,  s topcock  A 
being closed. A smal l  a m o u n t  of t he  subs tance  (less t h a n  
1 mg) is p laced a t  the  end of t he  glass sample  holder  (C), 
which is inser ted th rough  the  jo in t  (E). This  sys tem is 
now evacua ted  for less t h a n  1 min  by  opening s topcock 
(I3) which is t hen  closed and s topcock (A) opened.  Since 
the  l a t t e r  has  a bore  of 8 ram, while  the  sample  holder  (C) 
consists  of a 3 m m  glass rod, the  sample  can be moved  
v e r y  easi ly by  means  of the  magne t  ho lder  (D) in to  the  
inlet  t ube  (F). The  posi t ion of the  sample  in the  inlet  tube  
(F) is governed  by  the  vo la t i l i ty  of the sample  and  is 
usual ly  be tween  1-2 cm away  f rom the  repel ler  plate.  
Fo r  t he  m a j o r i t y  of samples,  spectra  are  ob ta ined  w i thou t  
a n y  hea t ing  of the  inlet  tube  (F), b u t  the  hea t ing  coil (G) 
is used to  subl ime the  last  t races of mate r ia l  f rom the  
inlet  tube  a f te r  the  spec t rum has been  run  and  the  sample  
ho lder  (C) wi thdrawn.  

As an example  of t h e  r emarkab le  u t i l i ty  of this s imple 
system, we ci te  he rewi th  examples  of  substances,  the  mass 
spect ra  of  which  could no t  be  de te rmined  b y  a n y  of t h e  
h i the r to  ava i lab le  procedures.  Thus  in our  recent  paper  S 
on the  re la t ion  of mass  spect ra l  f r agmen ta t i on  pa t t e rns  
and s t ruc tu re  among  pentacycl ic  t r i terpenoids ,  i t  was no t  
possible to  use d i rec t ly  free carboxyl ic  acids and i t  was 
necessary to handle  t he  corresponding esters. By  means  
of  the  present  sys tem,  we were  able to ob ta in  t he  mass 
spec t rum,  including the  molecular  ion peak  a t  rn/e 486 
of even  the  t r i t e rpenoid  dibasic acid qu inovic  acid (I) 
(m.p. 298 ° (dee.)). No dif f icul ty  was encountered  in 
observing the  molecular  ion peak  (role 630) of macro-  
phyl l ic  acid (II) (m.p. 238 ° )~a and the  re la ted podoto-  
ta r in  9b d ime thy l  e ther  (m.p. 294 °) or  even  t h a t  (role 802) 
of the  s teroid d imer  cholestenone pinacol  oxide  (III)10. 
Dimer ic  indole  alkaloids of molecular  weight  above  800 
have  been handled  wi th  ease and so have  var ious  por-  
phyr ins  in t he  mass range above  700 n.  

A par t icu la r ly  s t r ik ing i l lus t ra t ion  of the  use of this 
new inlet  sys tem is p rov ided  by  the  s teroid ant ibiot ics .  
The  s t ruc tu re  of fusidic acid  (IV) has  recent ly  been 
establ ished 1~ and  we found t h a t  i ts  empir ica l  formula  
(C31H~sOs) could be  conf i rmed readi ly  t h rough  t h e  mass 
spec t rum of its m e t h y l  ester,  which exh ib i ted  a peak  a t  
m]e 530 corresponding to the  molecular  ion. Cephalo-  
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Heating coil(G) ~.~ '~,~' ' C ~  3Mm LO. 7ram Ma.~ holdedO} 

I " ,=, II U J l tel 

( B ) ' ~ ,  3Ira, iro~lug , 
II 8ample holder(O) 

Fore vacuum 

sporin P t  has  been assumed la to possess the  empir ica l  
formula  CszH480s; in v iew of the  addi t iona l  ace ty l  func- 
t ion this  would  require  t h a t  i t  conta in  one less m e t h y l  
group than  fusidic acid (IV). Recent ly ,  Dr. T.  G. I-IALSALL 
of Oxford Un ive r s i t y  supplied us wi th  cephalosporin P~ 
and several  of its der ivat ives .  I n  each instance,  i t  was 
possible to ob ta in  e i ther  a molecular  ion peak  or  a M-60 
peak  (loss of acet ic  acid) which  demons t r a t ed  t h a t  
cephalospor in  ac tua l ly  corresponded to the  empir ica l  
formula  C3aHs00 s and hence conta ined  one addi t iona l  
m e t h y l  group x~ Similar ly,  we find a M-60 peak  a t  m/e 508 
for helvol ic  acid  (supplied by  Drs. T.  G. HALSALL and  
P.  CRABBE), which  makes  un tenab le  the  earl ier  assi- 
gned s t ruc ture  ~ for th is  ant ib io t ic  since the  mass spec- 
t r u m  requires  the  empir ica l  formula  CazH4,O S r a the r  t h a n  
Cs~H~sOs is. 

~ O,zH 

I I l co~, 

I 
COzH 

-OH 

HOzC. 

The  pr incipal  d i sadvan tage  of  t he  presen t ly  descr ibed 
in le t  sys t em is i ts  use of a lubr ica ted  s topcock (A). The  
hydroca rbon  grease employed  gives a fa i r ly  intense spec- 
t r u m  a t  lower mass numbers ,  b u t  above  m/e 150 the  inten-  
s i ty  of these  peaks is negligible.  Since the  present  inlet  
sys tem will  be used largely  for non-vola t i le  substances,  
no t ab ly  na tu ra l  products ,  of much  h igher  mass range,  
this does no t  present  any  difficulties for molecular  weight  
de terminat ions ,  a l though  i t  m a y  interfere  in the  evalu-  
a t ion of mass spectra l  f r agmenta t ion  pa t t e rns  in the  lower 
mass range. W o r k  is cur ren t ly  in progress ill our  labora-  
to ry  to deve lop  a grease-less jo in t  to subs t i tu te  for s top- 
cock (A) (Figure). 

The above  examples  included substances  16 wi th  molecu-  
lar  weights  in excess of 800. W e  h a v e  found t h a t  whi le  di- 
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rec t  c o u n t i n g  of the  peaks  f rom the  pho tog raph i c  records is 
feasible to  a b o u t  600, b e y o n d  this  range,  i t  is necessary  to 
use t he  t e chn ique  of measur ing  accura te ly  the  ion accel- 
e ra t ing  vo l tage  x7. 

Zusammen[assung. Ein  e infaches  Glas -E in lass -Sys tem 
wird beschr ieben,  das  die d i rek te  E in f i ih rung  von orga- 
n i schen  Subs t anzen  in die I o n i s a t i o n s k a m m e r  eines Mas- 
s e n s p e k t r o m e t e r s  ges ta t t e t .  Es  ist  somi t  m0glich Massen- 

spek t r en  von  Subs t anzen  zu b e s t i m m e n  die m a n  b isher  
n ich t  a u f n e h m e n  konnte .  Beispiele werden  angef i ihr t .  

J. F. LYNCH, J. M. WILSON, 
H. BUDZlKtEWlCZ, and  C. DJERASSI 

Department of Chemistry, Stan[ord University, Stan/ord 
(CaliJornia, U.S.A.), Dezernber 27, ~962. 

x~ See p. 40 in ref. a. 

DiinnschichtchromatoI~raphischer  N a c h w e i s  
der Aminos i iur e n  i m  Urin  

D f i n n s c h i c h t c h r o m a t o g raph i e  ist  ein vorziigl iches 
I n s t r u m e n t  zur  qua l i t a t i ven  Analyse  von  Eiweiss-  
h y d r o l y s a t e n  u n d  ande ren  re la t iv  sa lza rmen  Aminosl iure-  
gemischen  1 3. Sie ve r sag t  aber  oft,  i thnlich wie die 
P a p i e r c h r o m a t o g r a p h i e ,  bei  de r  U n t e r s u c h u n g  yon  Urin,  
Blu tp lasma,  Prel3sliften und  ~ihnlichem Material .  Die in 
so lchen  F~llen du rch  den  Salzeffekt  bed ing te  StSrung 
l/isst sich umgehen ,  wenn  die Aminos~iuren in Der iva te  
u m g e w a n d e l t  werden ,  die sich vor  der  Ch roma tog raph i e  
d a n k  ihrer  L6sl ichkei t  in organischen  Solvent ien  yon  den  
Salzen a b t r e n n e n  lassen. Besonders  geeignet  is t  die U m -  
w a n d l u n g  der  Aminos/ iuren in D i n i t r o p h e n y l - ( =  DNP- ) -  

Nr. DNP-Aminos~iure Abkfirzung fiir die 
zugehSrige Aminos'/iure 

1 DNP-Alanin Ala 
2 DNP-fl-Alanin fl-Ala 
3 DNP-~-Aminoadipinsfure Aad 
4 DN P-ct-Aminobut tcrs~iure Abut 
5 DNP-~-Aminobut tersliure ~,-Abut 
6 DNP-ce-Aminocapryls/iure Acy 
7 DN P-fl-Aminoisobut tersfiure fl-AiB 
8 DNP-Asparagin Asp (NH2) 
9 DNP-Asparagins/iure Asp 

10 Di-DNP-Cystein Cys 
11 Di-DNP-Cystin (Cys)~ 
1~ DNP-Glutamin Glu (NH a) 
13 DNP°Glutaminsfiure Giu 
14 DNP-Glycin Gly 
15 Di-DNP-Histidin His 
16 Di-DNP-Hydroxylysin Hylys 
17 DNP-Hydroxyprolin Hypro 
18 DNP-Isoleucin Ilcu 
19 DNP-Leucin Leu 
~0 Di-DNP-Lysin Lys 
~21 DNP-Methionin Met 
22 DNP-Methiononsulfon MetO 2 
~3 Di-DNP-Ornithin Orn 
24 DNP-Phenylalanin Phe 
25 DNP-Prolin Pro 
~6 DNP-Sarkosin Sat 
27 DNP-Serin Ser 
28 DNP-Threonin Thr 
29 DNP-Tryptophan Try 
30 Di-DN P-Tyrosin Tyr 
31 DNP-Valin Val 
32 2, 4-Dinitrophenol DNP-OH 
33 % 4-Dinitroanilin DNP-NHz 
34 cc-DNP-Arginin Arg 
35 DN P-Citrullin Cit 
36 DNP-Cysteins~iure CySO3H 
37 DNP-Taurin Tau 

Aminosl iuren mi t te l s  2, 4-Dini t rof luorbenzol  (DNFB) .  Sie 
ist auch in vc rd f inn te s t en  L6sungcn  ohne  langwier ige  
Vorbere i tungen  rasch  und  p rak t i s ch  q u a n t i t a t i v  du rch -  
fi ihrbar.  So haben  zum Beispiel  GERBER und  GERBER 4 
den  f l -Amino-isobutters~.ure-Gehalt  von  Ur in  mi t t e l s  
Pap ie rch roma tograph ie  des e n t s p r e c h e n d e n  D N P - D e r i -  
va tes  e rmi t t e l t ;  PERAINO und  HARI'ER 5 besch re iben  die 
Din i t rophenyl ie rung  von HC104-ente iweiss tem Blu t -  
p la sma  und die p a p i e r c h r o m a t o g r a p h i s c h e  B e s t i m m u n g  
der  e rha l tenen  gther l6sl ichen DNP-Aminos i iu ren .  Ahn-  
lich, aber  d i i nnsch i ch t ch roma tog raph i sch ,  h a b e n  sich 
einige Aminos~iuren in GAransiitzen von  T r a u b e n m o s t  
nachweisen lassen L 

Die Verwendung  der  D t i n n s c h i c h t c h r o m a t o g r a p h i e  bie- 
t e t  in der  Ta t  grosse Vortei le  7,s. Es  ist  uns inzwischen  
gelungen, 
(a) du tch  Modif ikat ion der  F l iessmi t te l  und  der  Chroma to -  
g raph ie r techn ik  den Trenne f fek t  bei den  /~therlSslichen 
DNP-Aminos i iu ren  noch wel te r  zu s te igern,  u n d  
(b) durch  Ess ige s t e r /Bu tano l ex t r ak t i on  auch  die s/iurelSs- 
l ichen DNP-AminosAuren  yon  den  Salzen a b z u t r e n n e n  
und  dami t  c h r o m a t o g r a p h i e r b a r  zu machen .  Somi t  l iegt 
j e t z t  ein Ver fahren  vor, das  es ges t a t t e t ,  die 37 in der  Ta-  
belle aufgeff ihr ten Verb indungen ,  die bei der  Din i t ro-  
phenyl ie rung  yon biologischem Mater ia l  a u f t r e t e n  k6nnen,  
nebene inander  nachzuweisen .  

Dinitrophenylierung der Urinaminostiuren. Die i ibl ichen 
Din i t ropheny l ie rungsver fahren  9 bez iehen  sich auf  L6sun-  
gen mi t  re la t iv  hoher  Aminos i iu rekonzen t ra t ion .  I m  vor-  
l iegenden Fall  a rbe i t en  wir  in A n l e h n u n g  an  eine Vor-  
schrif t  von PERAINO und  HARPER 6. 

Die ve rwende te  Menge D N F B  (5facher 13berschuss) 
haben  wir a n h a n d  b e k a n n t e r  D a t e n  1° fiber die  oberen  
Grenzen der  Aminos i iu remengen  in 24-h-Urin  fes tge leg t ;  
die ZweckmAssigkeit  dieses Vorgehens  is t  d u t c h  Ver-  
gle ichsversuche mi t  der  0,1-, 0,25-, 0,5- und  2fachen 
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