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Gas Chromatographic Analysis  of Ecdysone 

Moul t ing  a n d  m e t a m o r p h o s i s  in  insec ts  is cont ro l led  
b y  s te ro id  h o r m o n e s  of t he  ecdysones  group.  One of these,  
e-ecdysone,  is t he  p r inc ipa l  m o u l t i n g  h o r m o n e  in insects  1. 
Fo l lowing  t he  isola t ion,  e luc ida t ion  of i ts  s t r u c t u r e  s a n d  
syn thes i s ,  t h i s  h o r m o n e  is now commerc ia l ly  avai lable .  

T h e  level  of ecdysone  in insec ts  has  un t i l  now been  
d e t e r m i n e d  b y  b ioassays  w i t h  Calliphora erythrocephala a, 
Musca  domestica ~ a n d  o the r  insects.  A l though ,  these  
assays  are  v e r y  sensi t ive,  t he i r  e v a l u a t i o n  is b a s e d  on  
t he  p e r c e n t a g e  of p u p a r i u m  f o r m a t i o n  in t r e a t e d  animals .  
An  a t t e m p t  was m a d e  to  deve lop  a m e t h o d  w h i c h  would  
p e r m i t  a q u a n t i t a t i v e  ana lys i s  of e-ecdysone.  Fo r  th i s  
pu rpose  gas- l iquid  c h r o m a t o g r a p h y  was used. 

a -ecdysone  was ana lyzed  as a d e r i v a t i v e  of Bis  (Tri- 
methyls i ly l )  A c e t a m i d e  (Appl ied  Sci., Pa .  USA) .  Up  to 
1 m g  of e-ecdysone ( H o f f m a n n - L a  Roche,  BaseP) was 
c o n v e r t e d  in to  t he  above  d e r i v a t i v e  us ing  0.5 ml  Bis  

(Trymethyls i ly l )  A c e t a m i d e  w i t h  0.1 ml  pyr id ine .  The  
so lu t ion  was h e a t e d  to  80~ for r m i n  a n d  d i rec t ly  
in jec ted  w i t h  t he  r eagen t  i n t o  t he  gas c h r o m a t o g r a p h .  

The  sample  was ana lyzed  on  a P a c k a r d  gas c h r o m a t o -  
g r a p h  equ ipped  w i t h  a f l ame  ion iza t ion  de tec tor ,  us ing  
a n  all glass co lumn (3' x 1/8") packed  w i t h  3% SE-30 on  
gas -Chrom Q (Applied Sci.). O p e r a t i n g  t e m p e r a t u r e s  for 
t he  inlet ,  co lumn  a n d  de tec to r  were 290, 250, a n d  280 ~ 
respect ively .  N i t rogen  was used as a car r ie r  gas a t  a flow 
r a t e  of 100 ml /min .  

The  ecdysone  peak  appea red  16 m i n  a f te r  in ject ion,  
as shown  in t he  Figure.  All  o the r  s te ro ids  inc lud ing  
choles terol  and  phy to s t e ro l s  c ame  ou t  w i t h  t he  peak  of 
t h e  so lven t  a n d  did  no t  in te r fe re  w i t h  t he  analysis .  Us ing  
th i s  p rocedure  50 ng  of c~-ecdysone could be  de tec ted .  

F u r t h e r  i nves t iga t ions  are in  progress  to  d e t e r m i n e  t h e  
c o n c e n t r a t i o n  of th i s  h o r m o n e  in insects.  
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Gas chromatogram of 100 ng ~-ecdysone. 

Rdsumd. Nous  avons  d6velopp6 une  m 6 t h o d e  d ' a n a l y s e  
m i c r o - q u a n t i t a t i v e  de l ' ecdysone  (ho rmone  de la m u e  des 
insectes) p a r  c h r o m a t o g r a p h i e  gazeuse.  El le  p e r m e t t e r a  
l ' ana lyse  ch imique  de l ' ecdysone,  qu i  a 6t6 dos6e j u s q u ' ~  
p r6sen t  p a r  des m6 thodes  biologiques.  
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An Apparatus for Investigation of Heterogeneous Reactions in a Flow System 

Devices  of d i f fe ren t  types  h a v e  been  r epo r t ed  for t he  
s t u d y  of he t e rogeneous  r eac t ions ;  a 'one  sho t '  micro  
reactor1,  a one  b a t c h  r eac t ion  device 2, a pulse r eac to r  a 
a n d  a flow s y s t e m  reac to r  4. Of these,  assembl ies  of t he  
las t  t y p e  are  especial ly  useful  in  the  s t u d y  of ca t a ly t i c  
r eac t ions  5. 

The  a p p a r a t u s  descr ibed  here  is a s imple  a n d  versa t i l e  
device  for t he  s t u d y  of r eac t ions  in a c o n t i n u o u s  flow 
s y s t e m  a t  t e m p e r a t u r e s  up  to 700 ~ I t  can  be  used for 
l iquids,  gases or a m i x t u r e  of t he  two in t he  presence  of 
a solid c a t a l y s t  or an  i n e r t  suppor t ,  w i t h  or w i t h o u t  
d i lu t ion  w i t h  su i t ab le  carrier .  The  r e a c t a n t s  m a y  be  fed 
s epa ra t e ly  in to  t he  r eac t ion  c h a m b e r  a t  va r ious  f low ra te s  
so t h a t  m i x i n g  t akes  place on ly  in the  r eac t ion  chamber .  
The  r eac t ion  t i m e  can  be  p r e d e t e r m i n e d  a n d  t he  l iqu id  
h o u r l y  space  ve loc i ty  (LHSV) 6 can  be  measured .  

Method. The  a p p a r a t u s  is composed  of 3 m a i n  p a r t s  
(Figure).  1. A feeding device,  2. a r eac t ion  c h a m b e r  a n d  
3. a collector.  

1. The  feeding device  is composed  of a B i rd  K y m o -  
g r a p h  (A) (Ph ipps  a n d  B i rd  Inc.,  R i c h m o n d ,  Virginia ,  

USA,  Cat. No. 70-060), in which  t he  sha f t  is rep laced  b y  
a t h r e a d e d  one (B) connec t ed  to  a p l a t f o r m  wh ich  can  
t hus  be  ra ised  or lowered.  A syr inge  (c) is loca ted  b e t w e e n  
t he  p l a t f o r m  and  t he  u p p e r  sha f t  ho lde r  so t h a t  t h e  
ra i s ing  of t h e  p l a t f o r m  depresses  t he  p lunge r  a n d  t h e  
sample  in t h e  syr inge  is i n t r o d u c e d  in to  t he  r eac t ion  
c h a m b e r  (M) a t  a p r e d e t e r m i n e d  ve loc i ty  t h r o u g h  t h e  
cap i l la ry  (D) a n d  h y p o d e r m i c  needle  (F). I f  a car r ie r  
gas is used, i t  is i n t r o d u c e d  t h r o u g h  a second cap i l l a ry  
whose  t e r m i n u s  (G) is p laced  a b o u t  20 m m  a b o v e  t h e  
ou t l e t  of t he  sample  needle  in order  to  p r e v e n t  t he  con- 
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densa t ion  or evapora t ion  of the  sample  in the  upper  p a r t  
of the  react ion chamber .  The syringe is held in posi t ion 
wi th  out le t  downward ,  and a bubb le  of air or any  o ther  
gas above the  sample  in the  syringe insures t h a t  the  
whole sample  is t r ans fe r red  to  the  reac t ion  chamber .  Ill 
a similar m a n n e r  a n u m b e r  of r eac tan t s  m a y  be in t roduced  
into the  chamber  s imul taneous ly  in va ry ing  ratios.  

2. The react ion chamber  is a cyl indrical  brass  block (M) 
(length 115 ram;  O.D. 20 m m ;  wall  2 mm) which  has 
2 s t anda rd  ground male jo ints  (10/19 at  the  upper  end (I) 
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Scale diagram of the apparatus. (A) Kymograph; (B) threaded shaft 
with platform; (C) syringe; (D) sample capillary; (E) carrier gas 
feed; (F) hypodermic needle; (G) capillary for the carrier gas; 
(H) female joint with rubber septum; (I) upper male joint; (K) heating 
elements; (L) receiver side arm; (M) reaction chamber; (N) lower 
male joint; (N') receiver female joint; (O) conical receiver. 

and  14/24 at  the  lower end (N)). The ca ta lys t  is inser ted  
or r emoved  f rom the  react ion ch amb e r  by  removing  the  
upper  end (P) of the  block, which  is f i t t ed  in place wi th  
a ground joint .  A s t an d a rd  ground female jo in t  capped  
wi th  a rubber  s ep tum (H) is connec ted  to the  inlet  of the  
reac t ion  chamber .  The in ject ion needles (F, G) pass 
t h rough  the  rubber  s ep t u m into the  cyl inder  (M). The 
react ion chamber  is located in a cyl inderical  hea t ing  
block (length 120 ram;  I .D. 20.5 mm) which  is wound  
wi th  2 Cr-Ni wires (K). One of these  (100 W at  220 V; 
to ta l  res is tance 400 D), connec ted  to a var iable  resistance,  
is used for coarse a d j u s t m e n t  of t he  t e m p e r a t u r e  ( •  2 ~ 
while the  o ther  (170 W at  220 V, to ta l  res is tance 270 ~),  
connec ted  to a v a r i a b l e  c o n t a c t - t h e r m o m e t e r  (W) ( Jumo 
Inc.,  Fulda,  Germany,  Cat. No. MS-DBP.12.64) serves 
for fine control  (-4-0.25 ~ at  500~ A var iab le -con tac t  
t h e r m o m e t e r  and an o rd inary  t h e r m o m e t e r  (U) are 
pos i t ioned  ill 2 sockets  located at  equal  d is tances  of 
10 m m  from the  reac t ion  c h a m b e r  and  at  a d e p t h  of 
60 mm.  The hea t ing  block is insula ted  wi th  a l ight  
magnes ium oxide housing (200 m m •  200 m m  • 120 mm).  

3. The collecting device is connected  to the  lower jo in t  
of the  react ion chamber .  I t  is a conical receiver (O) wi th  
an S shaped  side a rm (L) (total  vo lume  15 ml) and  a 
bulb  in its upper  par t .  The la t t e r  was found to p r e v e n t  
escape of p roduc t s  t h ro u g h  the  side arm. The lower p a r t  
of the  receiver  is e x t e r n a l l y  cooled, and a p ro tec t ing  
tube  is connec ted  to  t he  side arm. Gases no t  t r a p p e d  in 
the  reciver  m a y  be collected by  connec t ing  the  side a rm 
to  a gas collector (a rubbe r  bulb  or a d i la tometer) .  

An example  of a typ ica l  reac t ion  t h a t  has  been  s tudied  
wi th  th is  appa ra tus  is the  base ca ta lyzed  isomer iza t ion  
and  concur ren t  a romat i za t ion  of men thad ienes .  The 
resul ts  of r epea ted  expe r imen t s  in which  50 tzl of l iquid 
r eac t an t  was in jec ted  into the  reac t ion  ch amb e r  a t  a r a t e  
of 31.2 ~1 per  mill and carried in a s t r eam of oxygen-f ree  
n i t rogen (flow ra te  1.3 ml  per  min) t h rough  28 g of CaO 
(15 mesh) cata lys t ,  are shown in Tables I, I I  and I I I .  
Mater ia l  recovery  (in ace tone-dry  ice cooled trap) was 
above 99~o in all cases. 

As can be seen, the  reproduc ib i l i ty  of the  resul ts  is 
very  good, be ing m u c h  b e t t e r  t h a n  those  r epor ted  for 
o t h e r  flow sys tem in s t rumen t s  ~. In  mos t  cases the  
s t an d a rd  dev ia t ion  is in the  range of • 0-4~o. Only in 
few cases, pr imar i ly  those  ill which the  p ro d u c t  in ques t ion  
appears  in very  smal l  amounts ,  is i t  in the  range of 
j= 5-10%.  Tile grea ter  var iab i l i ty  is t he  resul t  of uncer-  

Table I. Isomerization and aromatization of terpinolene over a CaO 
catalyst at 380 ~ 

% Products~ Run Run Run Run Run Average 
Products No. 1 No.2 No. 3 No.4 No.5 andS.D. 

Table II. Isomerization and aromatization of terpinolene over CaO 
catalyst at 300~ 

% Products ~ Run Run Run Run Average 
Products No. 1 No. 2 No. 3 No. 4 and S.D. 

c~-Terpinene 19.0 18 .5  20 .0  19.0  20 .0  19.3 ~= 0.5 
2,4(8)-Menthadielle 12 .0  12 .0  13 .0  12 .0  13 .0  12.4 • 0.5 
Limonene 0.5 0.5 0.5 0.5 0.5 0.5 4- 0.0 
3,8(9)-Menthadiene 5.0 5.0 5.0 5.0 5.0 5.0 • 0.0 
Terpinolene 2.0 2.0 2.0 2.0 2.0 2.0 • 0.0 
~,-Terpinene 5.0 6.0 5.0 6.0 5.0 5.4 -4- 0.5 
p-Cymene 47.0 48 .0  47 .0  48 .0  47 .0  47.4 4- 0.5 
p-Isopropenyltohene 0.5 0.5 0.5 0.5 0.5 0.5 4- 0.0 
Pyrolitic Products 8.5 7.5 6.5 7.0 6.5 7.2 q- 0.7 

Determined from the area ratio of the products as obtained on a 
v.p. chromatogram (5% tetrachlorophthalate and 10% Carbowax- 
20M on Chromasorb-W columns). 

c~-Terpenene 24.4 24.0 24.0 24.0 24.1 4- 0.3 
2,4(8)-Menthadiene 30.0 30.0 30.0 30.0 30.0 4- 0.0 
Limonene 1.0 1.0 1.0 1.0 1.0 =~ 0.0 
3,8(9)-Menthadiene 9.0 9.0 9.0 9.0 9.0 :t_ 0.0 
Terpinolene 1.0 1.0 1.0 1.0 1.0 4- 0.0 
p-Isopropenyltohene 2.5 2.0 2.5 2.0 2.3 ~ 0.2 
y-Terpinene 9.0 9.0 9.0 9.0 9.0 • 0.0 
p-Cymene 16.0 17.0 16.0 17.0 16.5 • 0.5 
Benzene -t- Toluene 2.0 2.0 2.0 2.0 2.0 =~ 0.0 
m-Xylelle 1.0 1.0 1.0 1.0 1.0 • 0.0 
Pyrolitie products 4.0 4.0 4.0 4.0 4.0 4- 0.0 

See footnote Table I. 
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Table III. Isomerization and aromatization of limonene over CaO t a i n t y  in m e a s u r e m e n t  of small areas in the  v.p. chro- 
catalyst at 475 ~ m a t o g r a m s  L 

% Products �9 Run Run Run Average 
Products No. 1 No. 2 No. 3 and S.D. 

Limonene 45.0 44.5 44.5 44.7 ~ 0.2 
~-Terpinene 5.5 6.0 6.0 5.8 ~: 0.3 
Terpinolene 3.5 3.5 3.0 3.3 ~: 0.2 
2,4(8)-Menthadiene 5.0 5.0 5.0 5.0 ~: 0.0 
y-Terpinene 2.5 2.5 2.5 2.5 =k 0.0 
p-Cymene 23.0 23.5 23.0 23.2 -4- 0.2 
p-Isopropenyltohene 3.0 3.0 3.0 3.0 q- 0.0 
Benzene 2.0 2.0 2.0 2.0 -4- 0.0 
Toluene 1.0 1.0 1.0 1.0 -- 0.0 
m-Xylene 1.5 1.5 1.5 1.5 • 0.2 
Pyrolytic products 7.0 6.5 7.0 6.8 • 0.2 

See footnote Table I. 

Zusammen/assung.  Es wird  eine A p p a r a t u r  zum Stu- 
d ium he te rogener  und  pyro ly t i scher  Reak t ionen  in Fliess- 
Sys tenlen  beschr ieben,  die fiir fliissige und  gasf6rmige 
Ausgangsstoffe ,  Reak t i o n s p ro d u k t e  sowie fiir deren  Mi- 
schungen geeignet  ist. 
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Rapid Microestimation of Proteins by Membrane 

In  a previous  communica t i on  we descr ibed a s imple  
and rap id  m e t h o d  for t he  q u a n t i t a t i v e  e s t ima t ion  of 
pro te ins  by  radia l  c h r o m a t o g r a p h y  on nitrocellulose mem-  
b rane  fi l ters 1,2. However ,  t h a t  t echn ique  had  the  fol- 
lowing l imi ta t ions :  Low-molecular  p ro te ins  (mol wt.  
below abou t  100,000) could be adsorbed  to ni t rocel lulose 
only a t  acid p H  values,  e.g. 3.7, and for p ro te ins  hav ing  
tool wt.  below abou t  40,000 t h a t  e s t ima t ion  usual ly 
failed because of the i r  insuff ic ient  adsorp t ion  on the  
carrier  3. 

The l imi ta t ions  men t ioned  above seem to be su rmoun t -  
able in a s imple way  by  using polyvinylchlor ide  (PVC) 
m e m b r a n e  fil ters ins tead  of nitrocellulose,  since our  
p re l iminary  expe r imen t s  w i th  PVC m e m b r a n e s  4 revealed 
t h a t  t h e y  adsorb  pro te ins  qui te  feasibly in a range of 
tool wt .  abou t  12,000-400,000 and  p H  3.7-9.06. The 
p resen t  pape r  br ings  more  da t a  conf i rming  the  above 
findings,  repor t s  new detai ls  of m e m b r a n e  chromato-  
g raphy  on PVC and  presen ts  a series of ca l ibra t ion  curves 
of var ious  proteins .  

Material and methods. PVC m e m b r a n e s  Sar tor ius  (GSt- 
t ingen,  Germany)  SM 12801 were used in s t r ips  3 - 4 •  
10-20 mm,  we t t ed  in 40% aqueous  e thanol  and  washed  
tho rough ly  by  a 0 .1M p h o s p h a t e  buffer  p H  7.2 which  
had  been di lu ted  wi th  0.9% NaC1 1:1. The same buffer  
was used for one-d imens iona l  ascending  c h r o m a t o g r a p h y  
as descr ibed in reference 4. Bovine  serum albumin,  h u m a n  
y-globulin and  f ibrinogen,  ova lbumin ,  horse myoglobin  5 
and bovine  r ibonuclease  (Reanal) d i luted in the  developing 
buffer  to  0~2% concen t ra t ion  were appl ied by  means  of 
a t h in  capi l lary ca l ibra ted  by  1 ~zll, ~ s tepwise to  t he  
surface of a plexi  glass slide in successive por t ions  of 
abou t  0.3 ~1. One ca l ibra ted  capi l lary was used in all 
exper iments .  The drople ts  were quan t i t a t i ve ly  soaked 

Chromatography on PVC Ultrafilters 

in to  the  s t a r t ing  edge of the  wet  m e m b r a n e  which  s tuck  
spon taneous ly  to a suppor t ing  glass a t  the  o ther  end 
(Figure 1) and was then  gent ly  pressed wi th  the  f ingers 
be tween  t h a t  glass slide and a d ry  f i l ter  paper  wick 
W h a t m a n  No. 1. The s t r ips  were then  immed ia t e ly  
developed for abou t  1-3 rain unt i l  the  flow marker ,  e.g. 
10% po tas s ium b ichromate ,  reached the  upper  end. Af ter  
s ta in ing the  m e m b r a n e s  w i th  0.5% amidob lack  10B in 
5 % t r ichloroacet ic  acid and  des ta in ing  in wa te r  (Figure 2), 
the  area of t he  p ro te in  layer  was measured  by  means  of 
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Fig. 1. Application of the sample to the PVC strip, p, dry filter 
paper wick; g, supporting glass plate; m, PVC membrane filter; 
(p, g and m are gently pressed together by fingers); s, sample; 
pl, plexi glass. 
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Fig. 2. Stained protein fihn developed chromatographically on a 
PVC membrane. 2 ~xl of 0.2% bovine serum albumin was developed 
in phosphate buffer pH 7.2 on PVC membrane SM 12801 for about 
2 min. Stained with amido black 10 B. The transparent scale is 
placed upon the strip. 


