
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

High-Speed Video Densitometry: Principle and Applications
S. Pongora

a Institute of Enzymology, Hungarian Academy of Sciences Budapest, Hungary

To cite this Article Pongor, S.(1982) 'High-Speed Video Densitometry: Principle and Applications', Journal of Liquid
Chromatography & Related Technologies, 5: 8, 1583 — 1595
To link to this Article: DOI: 10.1080/01483918208062854
URL: http://dx.doi.org/10.1080/01483918208062854

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918208062854
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 5 ( 8 ) ,  1583-1595 (1982) 

HIGH-SPEED VIDEO DENSITOMETRY: PRINCIPLE AND APPLICATIONS 

S. Pongor 

I n s t i t u t e  of  Enzymology, Hungarian Academy o f  S c i e n c e s  

Budapest P.O.Box 7 ,  Hungary 

1 5 0 7  

I n  t h e  p a s t  few y e a r s ,  T V - t y p e  m u l t i c h a n n e l  d e t e c t o r s  

/Vidicon- ,  Plumbicon- and Or th i con  t u b e s  e tc . /  found a p p l i -  

c a t i o n  i n  s e v e r a l  f i e l d s  o f  a n a l y t i c a l  chemis t ry  111. Re-  

c e n t l y ,  v ideo - t echn ique  w a s  i n t r o d u c e d  t o  t h e  d e n s i t o m e t r i c  

e v a l u a t i o n  of t h i n - l a y e r  chromatoqrams as w e l l  1 2 1 ;  t h e  

t e r m  ' v ideo  dens i tome t ry '  i s  used i n  t h i s  c o n t e x t .  

TIT-type m u l t i c h a n e l  d e t e c t o r s  r e v e a l  s e v e r a l  pro-  

p e r t i e s  unusual  t o  commercially a v a i l a b l e  d e n s i t o m e t e r s .  

The main d i f f e r e n c e  o r i g i n a t e s  from t h e  working p r i n c i p l e :  

t h e  scann inq  i s  c a r r i e d  o u t  e l e c t r o n i c a l l y  r a t h e r  t h a n  

by r?echanical  movement of  t h e  specimen a n d / o r  l i g h t  sou rce .  

The scann ing  i s  ve ry  f a s t  and i t s  geometry i s  d i f f e r e n t  

from t h o s e  used i n  t r a d i t i o n a l  d e n s i t o m e t e r s .  These new 

* P r e s e n t e d  at t h e  F i r s t  Symposium on Advances of TLC and HPLC, 
May 14-15, 1982, Szeged, Hungary. 
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f e a t u r e s  c a l l e d  fo r  nove l  t e c h n i c a l  s o l u t i o n s  i n  i n s t r u -  

mental  des ign ;  on t h e  o t h e r  hand t h e y  a l lowed  t o  a d a p t  

d e n s i t o m e t r i c  e v a l u a t i o n  t o  new a p p l i c a t i o n  f i e l d s .  The 

p r e s e n t  r e p o r t  d e a l s  w i t h  t h e o r e t i c a l  and p r a c t i c a l  a s p e c t s  

of  u s i n g  TV-type d e t e c t o r s  i n  d e n s i t o m e t r y ,  w i t h  s p e c i a l  

r e g a r d  t o  novel  f e a t u r e s  and new p o s s i b i l i t i e s  o f  a p p l i -  

c a t i o n .  

General  a s p e c t s  

The working p r i n c i p l e  o f  TV-type d e t e c t o r s  can be  

s h o r t l y  d e s c r i b e d  a s  fo l lows :  t h e  image of t h e  specimen 

/chromatographic  s p o t /  i s  p r o j e c t e d  t o  a t a r g e t - p l a t e  

which i s  a two-dimensional a r r a y  of u n i t  d e t e c t o r s  con- 

izinuously scanned by an e l e c t r o n  beam. The u n i t  d e t e c t o r s  

behave l i k e  c a p a c i t o r s  whose charcje i s  p r o p o r t i o n a l  t o  in -  

c i d e n t  l i g h t  i n t e n s i t y  and t h a t  a r e  p e r i o d i c a l l y  d i s -  

charged by t h e  e l e c t r o n  beam / F i g .  11 .  O p t i c a l  magnif i -  

c a t i o n  /d/w us ing  t h e  t e r m s  o f  F ig .  1/ can  be s e l e c t e d  i n  

a wide ranqe acco rd ing  t o  t h e  s i z e s  o f  t h e  chromatographic  

specimen. A t  ' u s u a l '  m a g n i f i c a t i o n  /when a 200X200 nun 

chromatoplate  f i l l s  t h e  f i e l d  of  v i s i o n  of t h e  camera / ,  

d/w i s  about  0 .05 and s e v e r a l  hundreds of u n i t  d e t e c t o r s  

t a k e  p a r t  i n  t h e  measurement of a s i n g l e  chromatographic  

s p o t  o r  band. 

For  t h e  pu rposes  of mathematical  t r e a t m e n t ,  t h e  

scann ing  scheme of video-densi tometry c a n  be cons ide red  

as a s t e p w i s e  two-dimensional scanning.  The s i g n a l  d i s -  
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VIDEO DENSITOMETRY 1585 

scanning 

FIGURE 1 

tortion of the spot density integral will thus contain t w o  

terT,s: the first one - common to all scanning geometries- 
originates from finite detector size 1 3 1 ,  the second one 

is a result of the stepwise nature of the scanning. Accordinq 

to our results 1 4 1 ,  in the case of an 'average chromato- 

graphic spot' /w = 5 mm, peak heiqht = 0 . 5  absorbance/ the 

over-all signal distortion is below 1% of the spot den- 

sity integral, and in the 'useful range' of quantitating 

a given component, it is nearly independent from spot-size 

data, indicating that the new scanning geometry is not a 

source of non-linearity. 

Spectral sensitivity of Vidicon-type detectors 

allows quantitative determination in the visible range, 

extending the range to UV would need special detector de- 
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1586 PONGOR 

sign /quartz face plate and camera optics/. Detection limit 

for amino acids stained with ninhydrin lies in the nano- 

molar range 12-5  nanomoles depending on layer quality and 

spot shape/, as measured with a commercially available 

Vidicon tube /"OR-1" 2255 Heimanl. A further character- 

istic feature of Vidicone-type detectors as ccjmpared to 

conventional ones is the variance of detector response 

along the field of vision. This fenomenon originates 

partly from inhomogenities of the target plate and part- 

ly from that of illumination, and can be corrected for by 

shading correctors as used in video-techniques. Finally, 

it should be noted that the output signal of the TV- 

camera /the so called video-signal/ is toa fast to be 

integrated by an ordinary integrator like those used in 

liquid and gas chromatography. On the other hand, com- 

bined with a high-speed integrator and data processing, 

TV-type detectors can drastically reduce measurement 

time as compared to conventional densitometers. 

Application 

Although the ide of building a Vidicon based den- 

sitometer dates back to the late sixties / 5 / ,  the first 

commercially available video densitometer /6/ /Telechrom 

OE 976 ,  Chinoin-Budapest/ appeared only in 1 9 7 6 .  The 

schematic diagram of this instrument is shown in Fig. 2. 

The instrument works according to a quasi double-beam 
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VIDEO DENSITOMETRY 1587 

El- 
FIGURE 2 

p r i n c i p l e :  t h e  background intensit17 is  sampled i n  each 

l i n e  of t h e  scanning.  

The new v e r s i o n  of t h e  i n s t r u m e n t  / F i g .  31 can  be 

used both  i n  r e f l e c t a n c e  and i n  t r a n s m i t t a n c e  mode and 

FIGURE 3 
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1588 PONGOR 

i s  equipped w i t h  UV l i g h t - s o u r c e  f o r  f l u o r e s c e n c e  measure- 

ments. The c o n t r o l  u n i t  of t h e  i n s t r u m e n t  f u l f i l l s  two funk- 

t i o n s .  I n  c o n t a i n s  t h e  h igh  speed i n t e g r a t o r  working 

acco rd ing  t o  a d i g i t a l  p rocedure  1 6 1  t h a t  can be  re- 

garded as a th ree -d imens iona l  e x t e n s i o n  of t h e  a rea -  

measurement used i n  image a n a l y s i s .  The i n t e g r a t o r  is  

adap ted  to perform two i n t e g r a t i o n s  c o n c o m i t t a n t l y ,  

one of which i s  t h e  component i n  q u e s t i o n ,  t h e  o t h e r  

one can  be t h e  t o t a l  / c o l o u r e d /  m a t e r i a l  of  t h e  sample 

o r  an i n t e r n a l  s t a n d a r d .  Another f u n c t i o n  of  t h e  c o n t r o l  

u n i t  is  t h e  s e l e c t i o n  of  t h e  area of  measurement. T h i s  

i s  c a r r i e d  o u t  by t h e  o p e r a t o r  w i t h  t h e  a i d  of t h e  

monitor .  Fig.  4 shows a schemat i c  p i c t u r e  of t h e  moni- 

CONSTANT 

*TO INTERFACE I,,,,,,/ 1 1 1 
'ODE OF CONSTANT TOTAL 
WSlTlON SIPJGLE 

FIGURE 4 
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VIDEO DENSITOMETRY 1589 

t o r  d u r i n g  measurement, i n d i c a t i n g  t h e  f low-cha r t  of 

t h e  d a t a - t r a n s f e r .  

The measurement i s  c a r r i e d  o u t  e i t h e r  i n  manual o r  i n  

au tomat i c  mode accord ing  t o  a p r e - s e t  program. Geo- 

m e t r i c a l l y  uniforn! chromatograms c a n  b e  e v a l u a t e d  auto-  

m a t i c a l l y ,  w i t h  s m a l l  r e a d j u s t m e c t s  of t h e  measurement 

program. The measured d a t a  are d i s p l a y e d  on t h e  mon i to r  

and a l s o  t r a n s f e r r e d  t o  a n  o n - l i n e  connec ted  programmable 

c a l c u l a t o r  IHewlett-Packard H P  971. The c a l c u l a t o r  c a n  

be  programmed t o  c a r r y  o u t  t h e  s i m p l e r  c a l c u l a t i o n s  d i -  

r e c t l y  connected w i t h  t h e  measurement, such as c a l i b r a -  

t i o n  cu rve  f i t t i n g  / r e a d i n g  from c u r v e / ,  t h e  u s e  o f  i n -  

t e r n a l  and e x t e r n a l  s t a n d a r d s ,  c a l c u l a t i o n  and con- 

c e n t r a t i o n  p e r  c e n t s ,  e tc .  171. I t  i s  i n t e r e s t i n g  t o  n o t e  

t h a t  a dens i tog ram i s  n o t  r e q u i r e d  f o r  t h e  measurement. 

However, i t  calz be  d i s p l a y e d  on the moni to r  and also on  

an o p t i o n a l  r e c o r d e r .  As can  be  s e e n ,  t h e  Telechrom v i d e o  

d e n s i t o m e t e r  is adap ted  t o  l a r g e  scale r o u t i n e  work and 

i s  e s p e c i a l l y  s u i t e d  t o  t h e  d i r e c t  d e t e r m i n a t i o n  o f  con- 

c e n t r a t i o n  p e r  c e n t s  and component r a t i o s .  These pro-  

p e r t i e s  made it p o s s i b l e  to  app ly  TLC methods i n  new 

f i e l d s  of a p p l i c a t i o n  a s  s h o r t l y  summarized below. I t  

shou ld  be mentioned f i n a l l y ,  t h a t ,  i n  a d d i t i o n  t o  t h e  

hardware approach described above, t h e  v i d e o  s i g n a l  may 

be p rocessed  a l s o  by s o f t w a r e  means t o  y i e l d  q u a n t i t a t i v e  

in fo rma t ion .  The f u l l y  computer ized way is  e s p e c i a l l y  

a t t r a c t i v e  s i n c e  it may i n c l u d e  a l l  phases  o f  s i g n a l  pro- 

c e s s i n g  / such  as  shad ing  c o r r e c t i o n ,  s p o t  s e l e c t i o n  and 
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1590 PONGOR 

i n t e g r a t i o n ,  d a t a  p r o c e s s i n g  etc.1, w i t h  a s u b s t a n t i a l  de- 

crease i n  o p e r a t o r  t i m e .  

D e t e r m i n a t i o n  of e s s e n t i a l  amino acids i n  p l a n t  p r o t e i n s  

The c o n c e n t r a t i o n  of t h e  n u t r i t i o n a l l y  l i m i t i n g  

amino a c i d  / u s u a l l y  l y s i n e ,  t r y p t o p h a n  o r  m e t h i o n i n e /  

i s  a d i r e c t  i n d e x  o f  t h e  n u t r i t i o n a l  q u a l i t y  and is u s e d  

as a coarse r a n k i n q  i n d i c a t o r  i n  p l a n t  b r e e d i n g  programmes. 

Ion-exchange TLC on c h r o m a t o s h e e t s  p r e c o a t e d  w i t h  s t r o n g  

c a t i o n  exchange  r e s i n  / a /  makes it p o s s i b l e  t o  s e p a r a t e  

e a c h  common / p r o t e i n  bound/  amino acid w i t h  a one-dimen- 

s i o n a l  r u n .  A few /ul o f  p l a n t  h y d r o l y s a t e  is chromato-  

g raphed  a c c o r d i n g  t o  t h i s  t e c h n i q u e  / u s i n q  d i f f e r e n t  so- 

dium c i t r a t e  b u f f e r s / ,  t h e  chromatograms s t a i n e d  w i t h  

n i n h y d r i n  a r e  s u b s e q u e n t l y  u s e d  f o r  q u a n t i t a t i o n  by v ideo-  

d e n s i t o m e t r y .  The c o n c e n t r a t i o n  i s  e x p r e s s e d  i n  p e r  c e n t  

o f  t h e  t o t a l  amino a c i d  c o n t e n t  of t h e  sample which is 

d e t e r m i n e d  from t h e  same chromatogram. F i g .  5 shows t h e  

d e t e r m i n a t i o n  o f  l y s i n e  i n  whea t .  The s p o t  d e n s i t y  i n t e g -  

r a l  o f  l y s i n e  /L/ and t h a t  of t h e  t o t a l  amino ac id  c o n t e n t  

/T/ are l i n e a r i l y  re la ted t o  t h e  sample  s i z e .  However, 

t h e i r  r a t i o n  / t h e  p e r c e n t a g e  of l y s i n e  i n  t h e  t o t a l  amino 

a c i d  c o n t e n t /  i s  i n d e p e n d e n t  o f  t h e  sample  s i z e  w i t h i n  

a broad range .  Consequen t ly ,  accurate w e i g h i n g  and  sample  

a p p l i c a t i o n  are n o t  n e c e s s a r y  p r o v i d e d  t h a t  t h e  amount of 

sample p e r  s p o t  i s  w i t h i n  t h i s  r ange .  A l l  t h i s  r e n d e r s  

sample  p r e p a r a t i o n  s i m p l e  and  p r o d u c t i v e  which  i s  o n e  of 
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WHEAT 

FIGURE 5 

t h e  u l t i m a t e  r e a s o n s  why t h e  method c a n  b e  a p p l i e d  econo- 

m i c a l l y  i n  l a r g e  scale s c r e e n i n g  programs.  The video den- 

s i tometr ic  method showed good c o r r e l a t i o n  w i t h  t h e  amino 

a c i d  a n a l y z e r ,  a compar ison  i s  shown i n  F i g .  6 .  The re- 

p r o d u c i b i l i t y  o f  t h e  method i s  c h a r a c t e r i z e d  by  a c o e f f i -  

c i e n t  of v a r i a t i o n  o f  a b o u t  3-4%, i n c l u d i n g  ch romatography  

and  h y d r o l y s i s  / r e p r o d u c i b i l i t y  o f  t h e  d e n s i t o m e t r i c  measure-  

ment i s  below 1% c .v .1 .  

The method h a s  been  a p p l i e d  i n  s c r e e n i n g  f o r  l y s i n e  

/ 2 /  i n  cereals / b a r l e y  191 ,  wheat  / l o / ,  maize  1131, r y e  

and  sorgum / 9 /  1 by d i f f e r e n t  laborator ies .  The d a i l y  o u t -  

p u t  was u s u a l l y  300-800 a n a l y s e s .  F i n a l l y ,  a p r a c t i c a l  

r e s u l t  s h o u l d  be ment ioned:  a t  t h e  l a b o r a t o r y  o f  t h e  In -  

t e r n a t i o n a l  A t o m i c  Energy Agency /FAO/IAEA S e i b e r d o r f ,  
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FIGURE 6 

Austria1 about 16 000 wheat lines were analyzed in 1977 and 

a mutant was selected which contained about 3 0 %  more lysine 

than the control variety 191. 

The same system lion-exchange TLC and video densi- 

tometry/ was used to determine biogenic amines in feed 

meals 1161 and diaminopimelic acid 1171. 

Free amino acids in blood. and in tissue samples 

Amino acid metabolism disorders, such as phenyl- 

ketonuria /phenylalaninaemia/, histidinaemia, lysinaemia, 

ornithinaemia, tyrosinaemia are manifested by an elevated 

level of one /or more/ of the above amino acids in the blood, 

curability of these diseases depends primarily on an early 
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VIDEO DENSITONETRY 1593 

+ diagnosis. Ion-exchange TLC in a pH = 4.2 ; Na = 0.4 M so- 

dium citrate buffer 1141 makes it possible to separate ell 

of the above amino acids in one dimension, using 50-100 

of blood dried on filter paper. Video-densitometry provides 

an adequately rapid quantitative answer and helps to idcn- 

tify even the mild forms of the above disorders] extending 

thereby significantly the scope of the screening. 

I u1 

A similar system was used to detect individual amino 

acid transforming enzymes in micro amounts of tissue samples 

1121. Aliquots /a few /ull 

reaction mixture and spotted directly to the chromatographic 

plate. The developped and stained chromatograms were ana- 

lyzed by video-densitometry, the enzyme activity was cal- 

culated automatically from the slope of the progress curve. 

The sensitivity of this method offers new pcssibilities for 

clinical diagnostics. 

were withdrawn from an enzyme 

Analysis of drugs 

TLC technique is routinely used in many fields of 

the pharmaceutical industry. At the Chinoin Pharmaceutical 

V70rkS, Budapest, TLC combined with video densitometry is 

used in the content uniformity test of multicomponent drugs 

IPernovin, Amidazophen, Efedrin, ascorbic acid, Drotaverin 

etc.1 /15/. Determination of D-Penicillamine in blood samples 

1111 can be mentioned as an eqample of clinical application. 

Although examples quoted in the present report 

- reflecting the author’s scope of interest - con- 
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1594 PONGOR 

c e n t r a t e  ma in ly  on amino a c i d  a n a l y s i s ,  w e  have  t o  

emphas ize  t h a t  v i d e o  d e n s i t o m e t r y  may b e  employed i n  

most cases when g e n e r a l  c o n d i t i o n s  o f  d e n s i t o m e t r i c  

a u a n t i t a t i o n  are f u l f i l l e d .  TLC and o t h e r  f l a t  bed  

ch romatograph ic  t e c h n i q u e s  p r o v i d e d  s i m p l e  and e f f i -  

c - - en t  means f o r  t h e  s e p a r a t i o n  o f  a w i d e  r a n g e  of 

s u b s t a n c e s  and  are i d e a l l y  s u i t e d  f o r  l a r g e  scale 

r o u t i n e  work. However, t h e s e  t e c h n i q u e s  are now 

bccorning n e g l e c t e d  i n  many f i e l d s  o f  c h e m i c a l  a n a l y s i s  

f o r  l a c k  o f  a n  a d e q u a t e l y  p r o d u c t i v e  q u a n t i t a t i v e  method. 

WE f e e l ,  t h a t  v i d e o  d e n s i t o m e t r y  may o f f e r  a v i a b l e  a l -  

t e r n a t i v e  t o  s o l v e  a number of problems / s u c h  as the  

a n a l y s i s  c f  p e s t i c i d e s  and food a d d i t i v e s ,  s c r e e n i n g  

f o r  a l k a l o i d  p r o d u c i n g  p l a n t  l i n e s  e tc .1  where b o t h  t h e  

r e s o l v i n g  power of a ch romatograph ic  t e c h n i q u e  and a n  

a d e q u a t e l y  f a s t  q u a n t i t a t i v e  answer  are e q u a l l y  i m -  

p o r t a n t .  

REFERENCES 

1. Ta lmi ,  Y .  119751: A n a l y t i c a l  Chemis t ry ,  42, 7. 658A 

2 .  Devknyi,  T .  119761: A c t a  Biochim. Biophys .  ASH 11, 1: 
3 .  Goldman, J .  and  Gooda l l ,  R.R.  119681: J .  Chrom. 2 

24: 

4 .  Pongor ,  S . ,  C a n d i d a t  t h e s i s ,  1980  

5 .  Hannig,  K .  and H .  Wir th  119681: Z .  Anal .  Chem. 243, 
522:  

6.  KerBnyi,  Gy., T .  P a t a k i  and J. Dkvknyi 119761: Hung. 
P a t e n t  NO. 170-287 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



V I D E O  DENSITOMETRY 1595 

7. Pongor ,  S., A. Vdrad i ,  G i s e l a  Heves i  and  H .  Glas- 
s c h r o d e r  /1978/: Hung. S c i .  I n s t .  GI 1; 

8. DGvBnyi, T., Haza i ,  I .  F e r e n c z i ,  S .  and J. B S t i  
/1971/: A c t a  Biochim. Biophys .  ASH 6,  385; 

9. S i g u r b j o r n s o n ,  B . ,  K.D. Brock and  T .  Herme l in  119781: 
IAEA-SM 2 3 0  / J o i n t  FAOlIAEAlGSP Program of G r a i n  
P r o t e i n  Improvement / ;  

10. Belea, A .  and F. S d g i  /1978/:Cereal. R e s .  Comm. 6, 15; 

11. Pongor ,  S., J. Kovdcs, P. K i s s  and  T .  D6v6nyi /1978/: 
A c t a  Biochim. B iophys .  Ash 13, 123; 

12. E l B d i ,  P. and  T .  Karsai /1980/: J. L i q u i d  Chrom. 3 ,  
809-831 

13. S z i r t e s ,  V., Pcngor ,  S. ,  P e n c z i .  E .  119771: Nov6nyter -  
melgs  26, 49; 

14. Pongor ,  S . ,  J. Kovdcs, F. K i s s  and T.  D6v6nyi 119781: 
A c t a  Biochim. Biophys .  ASH 13, 117; 

15. Ddvid, A .  119791 p . c .  

16. Pongor ,  S . ,  J. Krdmer and  E.  Ungar /1980/: C h i n o i n ,  

17. Pongor ,  S.  and  K .  B a i n t n e r  /1980/: Acta Biochim. B i o -  

Budapes t ,  J.  HRC + CC 3, 93-94 

phys .  ASH 15, 1-4. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


