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A b s t r a c t  
 

T his  p ap er is  a cont inu at ion of  ou r p reviou s  res earch f ocu s ing  on d evelop m ent  
of  m icro-T L C  m et hod olog y . T he m ain g oal of  p res ent  p ap er is  t o d em ons t rat e 
t he s ep arat ion and  d et ect ion cap abilit y  of  m icro-T L C  t echniq u e involving  
s im p le analy t ical p rot ocols  w it hou t  m u lt i-s t ep s  s am p le p re-p u rif icat ion. I n 
p res ent  s t u d ies  com p onent s  of  int eres t  w ere is olat ed  f rom  biolog ical 
s am p les  inclu d ing  f is h bile and  s p iru lina cells . D es cribed  m et hod olog y  can 
be ap p lied  f or f as t  f ract ionat ion or s creening  of  t arg et  s u bs t ances  as  w ell as  
chem o-t ax onom ic s t u d ies  and  f ing erp rint ing  of  com p lex  m ix t u res , w hich 
are p res ent  in raw  biolog ical or environm ent al s am p les . 
 
K e y w o r d s :  p lanar chrom at og rap hy , m icro-T L C , ly op hiliz at ion, f is h bile, s ea t rou t  ( S alm o t ru t t a m . t ru t t a) , bile acid s , s p iru lina, p harm aceu t ical f orm u lat ions , f lu orim et ric d et ect ion, p hos p hom oly bd ic acid , t em p erat u re, f ract ionat ion, f ing erp rint ing . 
 S z y b k i e r o z d z i el ani e i  d et ek c j a g łó wny c h  s k ład ni k ó w z ło ż o ny c h  m at er i ałó w  b i o l o g i c z ny c h  z a p o m o c ą  m i k r o c h r o m at o g r af i i  p l anar nej  ( m i c r o -T L C)  p r o wad z o nej   w war u nk ac h  k o nt r o l o wanej  t em p er at u r y  

 
S t r e s z c z e n i e  

 
C hrom at og raf ia cienk ow ars t w ow a j es t  p ow s z echnie w y k orz y s t y w aną 
m et od ą analit y cz ną s t os ow aną w  roz d z ielaniu  s u bs t ancj i obecny ch  
w  z ł oż ony ch p ró bk ach biolog icz ny ch, ś rod ow is k ow y ch oraz  p rep arat ach 
f arm aceu t y cz ny ch. Z w iąz ane j es t  t o g ł ó w nie z  p ros t ot ą s p rz ę t u , 
m oż liw oś cią j ed nocz es nej  analiz y  w ielu  p ró bek  w  t rak cie j ed neg o p roces u  
analit y cz neg o. D od at k ow o, is t ot na j es t  m oż liw oś ć  bez p oś red nieg o 
analiz ow ania z ł oż ony ch p ró bek  bez  ich w s t ę p neg o ocz y s z cz enia. O becna 
p u blik acj a j es t  k ont y nu acj ą bad ań  d ot y cz ący ch z as t os ow ania 
m ik rochrom at og raf ii p lanarnej  p row ad z onej  w  w aru nk ach k ont rolow anej  
t em p erat u ry  ( ry s . 1) . W  s z cz eg ó lnoś ci, w  p racy  w y k az ano p ot encj ał  
analit y cz ny  m ik rochrom at og raf ii p lanarnej  w  roz d z ielaniu  z ł oż ony ch 
p ró bek , bez  p ot rz eby  ich u p rz ed nieg o w ieloet ap ow eg o ocz y s z cz ania. 
 

P ro f . dr. i nż . T o m as z  H E E S E  
 
P r o f .  T o m a s z  H e e s e  w a s  g r a d u a t e d  f r o m  t h e  A g r i c u l t u r a l  
U n i v e r s i t y  o f  S z c z e c i n  a n d  o b t a i n e d  a  P h . D .  i n  
i c h t h y o l o g y .  H e  h a s  b e e n  e m p l o y e d  b y  K o s z a l i n  
U n i v e r s i t y  o f  T e c h n o l o g y  a n d  p r e s e n t l y  i s  a p p o i n t e d  a s  
t h e  H e a d  o f  E n v i r o n m e n t a l  B i o l o g y  D e p a r t m e n t .  H e  h a s  
a  b a c k g r o u n d  i n  l i m n o l o g y ,  b i o t i c  s t r u c t u r e  a n d  w a t e r  
e c o s y s t e m s  f u n c t i o n s .  H i s  r e s e a r c h  i s  f o c u s i n g  o n  t h e  
f i s h  m o r p h o l o g y  a n d  b i o l o g y  a s  w e l l  a s  t h e  a s s e s s m e n t  
a n d  p r o t e c t i o n  o f  b i o d i v e r s i t y  i n  w a t e r  e n v i r o n m e n t s  
i n c l u d i n g  l a k e s  a n d  r i v e r s  o f  t h e  M i d d l e  P o m e r a n i a  a r e a .  
 
e-m a i l :  h ees e@ t u . k o s z a l i n . p l    
 
D r h ab . Bro ni s ł aw  K . G Ł Ó D  
 
A s s o c i a t e  P r o f e s s o r  B r o n i s ł a w  K .  G ł ó d  h a s  b e e n  
e m p l o e d  a t  t h e  U n i v e r s i t y  o f  P o d l a s i e ,  S i e d l c e .  H e  h a s  
b e e n  a p p o i n t e d  a s  t h e  H e a d  o f  D e p a r t m e n t  o f  A n a l y t i c a l  
C h e m i s t r y  a t  I n s t i t u t e  o f  C h e m i s t r y .  A / P r o f  G ł ó d  h a s  
b a c k g r o u n d  i n  a n a l y t i c a l  a n d  p h y s i c a l  c h e m i s t r y  a n d  i s  
l e a d i n g  t h e  r e s e a r c h  g r o u p  f o c u s i n g  o n  i o n  e x c l u s i o n ,  
i o n  p a i r ,  v a c a n t  a n d  i n c l u s i o n  c h r o m a t o g r a p h y .  H i s  
l a t e s t  r e s e a r c h  h a s  e x a m i n e d  n e w  R P -H P L C  a s s a y  f o r  
t o t a l  a n t i o x i d a n t  p o t e n t i a l  m e a s u r e m e n t s  u s i n g  
f l u o r e s c e n c e  d e t e c t i o n .  
 
e-m a i l :  b k g @ o n et . eu    

 
N o t k i  b i o g r a f i c z n e p o z o s t a ł y c h  a u t o r ó w  z n a j d u j ą  s i ę  n a  s t r o n i e 3 5 5 .  
 

J ak o m at eriał y  bad ane w y k orz y s t ano s p iru linę  oraz  ż ó ł ć  ry bią ( ry s . 2 - 4) . 
W y k az ano, iż  d et ek cj a analit ó w  m oż e by ć  z nacz ąco p op raw iona p op rz ez  
u m ies z cz enie u p rz ed nio roz w inię t y ch p ł y t ek  chrom at og raf icz ny ch  
w  p arach j od u  lu b p op rz ez  w y barw ienie p lam ek  od cz y nnik iem  
w y w oł u j ący m  ( k w as em  f os f orom olibd enow y m ) . N is k ocz ąs t ecz k ow e 
s u bs t ancj e z  p ró bek  ś rod ow is k ow y ch ( w od y  z  j ez ior, ś ciek i s u row e oraz  
ocz y s z cz one)  by ł y  z at ę ż ane p rz y  p om ocy  ek s t rak cj i d o f az y  s t ał ej .  
B ad ania w y k az ał y  obecnoś ć  s z ereg u  p as m  na m ik rochrom at og ram ach 
cienk ow ars t w ow y ch, k t ó re s ą s p ecy f icz ne d la p os z cz eg ó lny ch 
ek os y s t em ó w  w od ny ch Pom orz a Ś rod k ow eg o. O p is ana m et od olog ia m oż e 
z naleź ć  z as t os ow anie w  s z y bk im  f rak cj onow aniu  oraz  oz nacz aniu  
iloś ciow y m  s u bs t ancj i nis k ocz ąs t ecz k ow y ch p ochod z ący ch z e z ł oż ony ch 
m at eriał ó w  biolog icz ny ch, j ak  ró w nież  w  bad aniach p rz es iew ow y ch d u ż ej  
iloś ci p ró bek  ś rod ow is k ow y ch ( ry s . 5 - 8 ) .   
S ł o w a  k l u c z o w e :  chrom at og raf ia p lanarna, m ik ro-T L C , liof iliz acj a,  
ż ó ł ć  ry b, t roć  w ę d row na ( S alm o t ru t t a m . t ru t t a) , k w as y  ż ó ł ciow e, 
s p iru lina, p rep arat y  f arm aceu t y cz e, d et ek cj a f lu ory m et ry cz na, k w as  
f os f orom olibd enow y , t em p erat u ra, f rak cj onow anie, f ing erp rint ing . 
 1 . Int r o d u c t i o n 
 
I n  a n a l y t i c a l  p r a c t i c e  t h i n -l a y e r  c h r o m a t o g r a p h y  ( T L C )  i s  s t i l l  

c o m m o n l y  a p p l i e d  m e t h o d  f o r  f a s t  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  
a n a l y s i s  a s  w e l l  a s  s c r e e n i n g  o f  l o w  m o l e c u l a r  m a s s  c o m p o u n d s  
f r o m  c o m p l e x  b i o l o g i c a l  a n d  e n v i r o n m e n t a l  s a m p l e s  [ 1 ] .  T h i s  i s  
m a i n l y  d u e  t o  i n e x p e n s i v e  e q u i p m e n t  n e e d e d  a n d  p a r a l l e l  s a m p l e  
p r o c e s s i n g  w i t h o u t  p r e -p u r i f i c a t i o n  o f  t h e  r a w  m a t e r i a l s .  
M o r e o v e r ,  t h e  a d v a n t a g e  o f  s u c h  c h r o m a t o g r a p h i c  a p p r o a c h  i s  
s i m p l e  d e t e c t i o n  o f  s e p a r a t e d  b a n d s  u n d e r  v i s i b l e  l i g h t  a s  w e l l  a s  
b y  u s i n g  s e n s i t i v e  v i s u a l i z a t i o n  r e a g e n t s  f o r  a  v a r i e t y  o f  
u l t r a v i o l e t -v i s i b l e  ( U V / V i s )  t r a n s p a r e n t  b i o a c t i v e  a n a l y t e s  [ 2 ] .  T h e  
r e s u l t i n g  s p o t s  p a t t e r n  o n  d e v e l o p e d  T L C  p l a t e  c a n  b e  e a s i l y  
d i g i t a l i z e d  u s i n g  s i m p l e  o f f i c e  s c a n n e r s  o r  d i g i t a l  c a m e r a s  
w o r k i n g  w i t h  d y n a m i c  s i g n a l  r a n g e  u p  t o  1 6  b i t s  p e r  R G B  
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channel. To extend the separation power of the classical TLC plate 
a hig h-perform ance thin-lay er chrom atog raphy  ( H P TLC)  and/ or 
two-dim ensional dev eloping  m ode can b e easily  selected. I n 
practice ty pical separation power of non-forced flow rate H P TLC 
sy stem s lies b etween 1 0  and 2 0  spots per plate m easu red in one 
direction. H owev er,  work ing  u nder 2 D -TLC m ode the nu m b er of 
spots separated can sig nificantly  increase ev en one factor m ore 
[ 3 ] . O u r experim ental data hav e rev ealed that 2 D  dev eloping  protocol 
inv olv ing  m icro-H P TLC plate is capab le to separate of m ore than 2 4 0  
spots consisting  of low m olecu lar m ass com pou nds lik e steroids or 
colored su b stances from  cy anob acterial org anism s [ 4 ,  5 ] .  
N oteworthy ,  u nder proper experim ental conditions,  in which the 

heat ev olv ed du ring  solv ent adsorption and m ob ile phase 
“ distillation process”  is m inim iz ed,  m icro-planar chrom atog raphic 
sy stem s can b e v ery  su itab le for separation at elev ated and su b -
am b ient tem peratu res [ 6 ] . This is m ainly  b ecau se of the low flow 
rate and sm all am ou nt of the m ob ile phase that is necessarily  to 
perform  the separation process. M oreov er,  there is no J ou le’ s  
heat ev olv ed du e to electric cu rrent flow as in e.g. planar 
electrophoresis sy stem s,  therefore,  new m icro-TLC dev ices,  
cham b er u nits and m icroflu id paper-b ased dev ices are still 
constru cted [ 7 ,  8 ] . D epends on the plate siz e,  solv ent v iscosity  and 
tem peratu re,  the resu lts of H P TLC separation can b e ob tained 
within short period of tim e ev en less than 5  m in. R ecently ,  nu m b er 
of new detection m ethods lik e direct analy sis in real tim e ( D A R T)  
inv olv ing  m ass spectrom etry  ( M S )  techniq u es was introdu ced [ 9 ,  
1 0 ] . S u ch M S -b ased sophisticated analy tical tools inclu ding  
m atrix-assisted laser desorption/ ioniz ation m ass spectrom etry  
( TLC–M A LD I -M S )  or electron im pact ioniz ation m ass 
spectrom etry  ( TLC–E I -M S )  were su ccessfu lly  applied for analy sis 
of com plex b iolog ical sam ples allowing  the u se of planar 
chrom atog raphy  in m etab olom ic stu dies [ 1 1 ] . 
This paper is a continu ation of ou r prev iou s research focu sing  

on dev elopm ent of m icro-TLC m ethodolog y  [ 4 -7 ] . The m ain g oal 
of present paper is to dem onstrate the separation and detection 
capab ility  of m icro-TLC techniq u e inv olv ing  sim ple analy tical 
protocols withou t m u lti-steps sam ple pre-pu rification. Com ponents 
of interest from  b iolog ical sam ples inclu ding  fish b ile and 
spiru lina cells were isolated u sing  sing le pre-treatm ent steps lik e 
direct org anic liq u id extraction and/ or deproteiniz ation b y  freez e-
dry ing  m ethod. Low-m olecu lar-m ass com pou nds from  the 
env ironm ental sam ples ( lak e water,  u ntreated and treated sewag e 
waters)  were concentrated u sing  optim iz ed solid-phase extraction 
( S P E ) . D escrib ed m ethodolog y  can b e applied for fast 
fractionation of targ et su b stance and screening  as well as 
fing erprinting  of com plex m ixtu res,  which are present in raw 
b iolog ical or env ironm ental sam ples.  
 

2. E x p e r i m e n t a l  
 

2.1 . M a t e r i a l s  a n d  r e a g e n t s  
 
M ethanol ( LiChrosolv  9 9 .8 %  for liq u id chrom atog raphy )  was 

ob tained from  M erck ,  D arm stadt,  G erm any . A cetone ( 9 9 .9 %  
H P LC g rade)  was receiv ed from  S ig m a-A ldrich,  S teinheim ,  
G erm any  and n-hexane 9 5 %  was a produ ct of F lu k a Chem ie A G ,  
B u chs,  S witrz erland. D ou b le-distilled tap water was u sed for 
m ob ile-phase preparation. P hosphom oly b dic acid was pu rchased 
from  Chem pu r,  P iek ary  Ś lą sk ie,  P oland and iodine ( cry st.,  A CS ,  
pu re P .A .)  was a produ ct of P O CH  S A ,  G liwice,  P oland. 
 

2.2. M i c r o -c h r o m a t o g r a p h y  a n d  
c h r o m a t o g r a m s  d i g i t a l i z a t i o n  

 
S eparation experim ents were perform ed on g lass-b ased H P TLC 

R P 1 8 W  and H P TLC R P 1 8 W F 254S  plates that were produ cts of M erck  ( D arm stadt,  G erm any ) . B efore sam ple application,  the 
factory -prepared plates ( 1 0 0  ×  1 0 0  m m )  were cu t to a work ing  
siz e of 5 0  ×  5 0  m m . I n each case,  a sam ple starting  line was 
placed 5  m m  from  the plate b ottom  edg e,  allowing  a m axim u m  

elu ent front m ig ration distance of 4 5  m m . M icro-planar 
separations were perform ed u sing  a hom e-m ade tem peratu re-
controlled rem ov ab le horiz ontal m icro-TLC cham b er u nit,  
describ ed prev iou sly  ( F ig . 1 )  [ 7 ] . P articu larly ,  a chrom iu m -coated 
b rass u nit was work ing  inside a foam  insu lated m etal ov en 
connected to an external liq u id circu lating  therm ostat ( U ltra-Low 
R efrig erated Circu lator F P 5 1 -S L,  J u lab o,  S eelb ach,  G erm any )  
filled with ethanol as a circu lating  liq u id. The sy stem  prov ided  
a constant TLC plate tem peratu re,  which was set at 3 0 ° C 
( spiru lina extracts)  or 5 0 ° C ( sea trou t b ile sam ples)  with an 
accu racy  of ±  0 .0 2 ° C. To ob tain chrom atog ram s,  the following  
cham b er work ing  protocol was applied:  a TLC plate with sam ples 
spotted on the starting  line was positioned horiz ontally  inside  
a cham b er m odu le with the stationary  phase lay er placed u p side 
down. A fterward,  the cham b er m odu le was transferred into  
a therm ostating  ov en cav ity  and sealed u sing  a 1  m m  thin g lass 
cov er. Then,  the m ov ab le cov er of the ov en was slid so as to reach 
the position ab ov e the TLC cham b er m odu le and the tem peratu re 
eq u ilib ration step was perform ed for 1 5  m in. The chrom atog raphic 
process was started after inj ecting  a g iv en elu ent in a v olu m e of  
1  m L throu g h an inj ection pipe into a m ob ile-phase application 
b ar. F inally ,  the TLC plate was rem ov ed from  the cham b er 
m odu le im m ediately  after the m ob ile-phase front reached the plate 
edg e located opposite to the application b ar. 
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m o d u ł  k o m o r y  c h r o m a t o g r a f i c z n e j  u m i e s z c z o n y  w  b l o k u  t e r m o s t a t y c z n y m  
(A ) ,  z e w n ę t r z n y  t e r m o s t a t  c y r k u l a c y j n y  (B ) .   

Chrom atog raphic separations were perform ed u nder u nsatu rated 
cham b er conditions u sing  3 : 7  ( v / v )  acetone: n-hexane and 8 : 2  ( v / v )  
m ethanol: water m ob ile phases for spiru lina extracts and sea trou t 
b ile sam ples,  respectiv ely . S pots patterns were acq u ired b y  direct 
scanning  u nder v isib le lig ht conditions and after application ( b y  
dipping  m ethod)  of a v isu aliz ation reag ent consisted of 1 0 %  
phosphom oly b dic acid ( P M A )  in m ethanol. U nder su ch conditions 
b lu e-g ray  colored spots were g enerated after the plates were 
dipped in the P M A  reag ent and heated at 6 0 ° C for 2 5  m in. 
A dditional spots,  corresponding  to v isib le lig ht transparent 
su b stances,  on the plates with spiru lina sam ples were detected b y  
iodine v apor exposu re ( room  tem peratu re;  3 0  m in) .  
P ictu re acq u isition was perform ed u sing  a P lu stek  O pticP ro S 1 2  

U S B  scanner ( P lu stek ,  Taipei,  Taiwan)  with an 8 -b it per R G B  channel 
color deep m ode,  6 0 0  D P I  resolu tion,  and sav ed as TI F F  files withou t 
com pression with the help of im ag e-acq u isition software:  I m ag e 
F olio v . 4 .2 .0  ( 1 9 9 1 -2 0 0 0 ,  N ewS oft Technolog y  Corporation) .  
F lu orescence v isu aliz ation for λ E X = 2 5 4  and 3 6 6  nm  was 

perform ed u sing  a Cob rab id U V  lam p ( W arsz awa,  P oland) . F or 
that pu rpose the TLC plate was placed on the b lack  b ack g rou nd  
1 0  cm  from  the lig ht sou rce ( the ang le b etween lam p/ plate/ dig ital 
cam era lens was 4 5 °  approxim ately ) . The chrom atog raphic pattern 
ob serv ed u nder v isib le lig ht was acq u ired u sing  an O ly m pu s 
Cam edia 5 0 5 0  Z oom ,  5 .0  M eg a pixel dig ital cam era ( O ly m pu s 
O ptical Co. Ltd.,  J apan)  eq u ipped with a 4 3 -m m  U V  filter 
( M aru m i,  J apan) . The cam era lens was positioned 9  cm  ab ov e the 
TLC plate centre and dig ital shots were tak en b y  u sing  the following  
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camera settings: focusing mode manual (Super Macro Zoom), 
sh utter speed 1 / 6 s or 2 s for λ EX= 2 5 4  and 3 6 6  nm, respectiv ely , 
aperture F 8 . 0 , I SO  sensitiv ity  6 4 , recording mode R A W , image 
resolution 2 ,5 6 0 × 1 ,9 2 0 .  A ll O ly mpus R A W  files (1 6  b its per R G B  
ch annel color deep mode) w ere transformed into an 8 -b it T I F F  file 
using A dob e P h otosh op Softw are (San J ose, C A , U SA ).  
A fter data acq uisition an appropriate T L C  plate area w as cropped 

from th e original frame siz e, and sub seq uently  auto-b alance, gray  
scale conv ersion and/ or noise reduction filters w ere applied.  
Selected cross-sections of th e ch romatograph ic lanes w ere ex tracted 
from th e digital pictures w ith  th e h elp of Scion I mage freew are 
(Scion C orporation;  v er.  4 . 0 . 3 . 2 ;  h ttp:/ / w w w . scioncorp. com/ ).  
 

2.3. R a w  s a m p l e s  p r e p a r a t i o n  a n d  p l a t e s  
a p p l i c a t i o n  p r o t o c o l s  

 
R aw  b ile w as collected from th e sea trout (Salmo trutta m.  

trutta) (F ig.  2 A ).  A  liq uid content of fish  gallb ladder (F ig.  2 B ) 
w as directly  transferred to th e glass tub e and sealed w ith  P T F E  lid.  
C ollected b ile samples w ere stored at temperature of -2 0 oC , until 
sample proceeding.  U nfroz en b ile samples (1 0 0  µ L ) w ere 
ly oph iliz ed (F ig.  3 ) and deproteiniz ed b y  solv ing of dry  b ile in 
meth anol (ultrasonic b ath , 1 5  min).  I n th e resulting solution a dry  
b ile content w as 1  mg per 1  mL  of meth anol, approx imately .  Solid 
particles, w h ich  w ere present in th e samples after meth anol 
addition and sonication, w ere separated from th e liq uid b y  
centrifugation (5 8 0 0  rpm, 1 5  min).  C lear b ile solution w as 
transferred onto th e T L C  plate start line.  F reez e-dry ing procedure 
w as performed using R efrigerated V apor T raps R V T 4 1 0 4  
(T h ermo, Milford, MA , U SA ).  D eep freez e (b elow  -1 0 0 oC ) b ile 
samples in glass containers w ere dried under v acuum at room 
temperature using v acuum centrifugal ev aporator Sav ant 
SP D 1 2 1 P  Speed V ac connected to V L P 8 0  oil v acuum pump, 
w h ich  w ere products of T h ermo, Milford, MA , U SA .   
 

  
F i g .  2 .   S e a  t r o u t  ( Salmo trutta m .  trutta) ( A) a n d  i s o l a t e d  p a r t  o f  d i g e s t i v e  s y s t e m  

i n c l u d i n g  l i v e r  a n d  g a l l b l a d d e r  ( B).  
R y s .  2 .   T r o ć  w ę d r o w n a  ( Salmo trutta m .  trutta) ( A) o r a z  w y p r e p a r o w a n y  f r a g m e n t  

p r z e w o d u  p o k a r m o w e g o  w r a z  z  w ą t r o b ą  i  u w i d o c z n i o n y m  p ę c h e r z y k i e m  
ż ó ł c i o w y m  ( B).  

 
 

  
F i g .  3 .   L y o p h i l i z e d  ( A) a n d  r e -s o l v e d  i n  m e t h a n o l  ( B) f i s h  b i l e  s a m p l e   

( r a w  b i l e  v o l u m e  =  1 0 0  µL ) 
R y s .  3 .   L i o f i l i z o w a n a  ( A) i  r o z p u s z c z o n a  w  m e t a n o l u  ( B) p r ó b k a  ż ó ł c i  r y b i e j  

( o b j ę t o ś ć  p r ó b k i  ż ó ł c i  =  1 0 0  µL ).  
 

C y anob acteria material (F ig.  4 ) from th e Spirulina P acifica 
ph armaceutical formulation (5 0 0  mg tab lets consisting of 
Sp i ruli n a p late n s i s , C y anotech  C orp.  K ailua-K ona, H aw aii, U SA ) 
w as pow dered manually  using a small ceramic mortar, and 1 5 0  
mg samples w ere transferred into 5  mL  glass tub es.  T h e samples 
w ere mix ed w ith  1  mL  of th e ex traction liq uid, w h ich  w as 
meth anol.  A fterw ard, th e tub es w ere sealed and sonicated for 1  h  
at room temperature using an ultrasonic b ath .  N ex t, th e tub es w ere 
centrifuged and clear algae ex tract w as transferred onto th e T L C  
plate start line.   
 

  
F i g .  4 .   „ S p i r u l i n a ”  p h a r m a c e u t i c a l  m e d i c i n e s  ( A) m a i n l y  c o m p o s e d  o f  d r y  

c y a n o b a c t e r i a  c e l l s  ( B) i n c o r p o r a t e d  i n t o  t a b l e t s  a n d  c a p s u l e s  ( C) 
R y s .  4 .   P r e p a r a t y  f a r m a c e u t y c z n e  „ S p i r u l i n a ”  ( A) z a w i e r a j ą c e  w y s u s z o n e  k o m ó r k i  

c y j a n o b a k t e r i i  ( B) u f o r m o w a n e  j a k o  t a b l e t k i  l u b  k a p s u ł k i  ( C) 
 
Solid-ph ase ex traction of target compounds ranging w ith  

polarity  from estetrol to progesterone ex tracted from surface 
w ater, treated and untreated sew age w aters samples w ere purified 
and concentrated using Supelclean L C -1 8  solid ph ase ex traction 
(SP E ) tub es (6  mL , 0 . 5  g) and 1 2 -ports v acuum manifold ob tained 
from Supelco (B ellefonte, P A , U SA ).  E x traction procedure w as 
performed according to an analy tical protocol reported in our prev ious 
study  concerning determination of endocrine disrupting compounds 
using temperature-dependent inclusion ch romatograph y  [ 1 2 ] .  
Micro-T L C  plates w ere spotted w ith  giv en samples using 

L inomat 5  semi-automatic application instrument (C amag, 
Sw itz erland), controlled th rough  th e P lanar C h romatograph y  
Manager (w inC A T S softw are, 1 9 9 9 -2 0 0 8 , v ersion 1 . 4 . 4 . 6 3 3 7 ).  
U sing th e spray -on tech niq ue narrow  4  or 5  mm long b ands w ere 
formed along start line th at w as located 5  mm from th e b ottom 
edge of T L C  plate.  
 

3. R e s u l t s  a n d  d i s c u s s i o n  
 
I n analy tical practice, a modern h igh -performance th in-lay er 

ch romatograph y  (H P T L C ) inv olv ing rev ersed ph ase (R P ) plate is 
particularly  suitab le for efficient separation and sensitiv e 
v isualiz ation of activ e compounds from complex  mix tures [ 1 , 2 ] .  
I t is notew orth y  th at using H P T L C  plates, th e mob ile ph ase 
dev eloping distance can b e reduced to less th an 5 0  mm, w h ich  is 
w ell documented in th e literature [ 3 , 7 , 1 3 , 1 4 ] .  T h is conclusion is 
b ased on th e ob serv ation th at minimum v alues of th e plate h eigh t 
(H ) can b e ach iev ed if th e solv ent migration distance along th e 
H P T L C  plate ranges from 3 0  to 4 0  mm [ 3 ] .  U nder such  conditions 
total analy sis time can b e dramatically  reduced in comparison to 
ch romatograph ic separations performed on ty pical 1 0  or 2 0  cm 
long T L C  plates.  O ur prev ious ex perimental data h av e rev ealed 
th at tw o-dimensional (2 D ) dev eloping protocol inv olv ing micro-
H P T L C  plate is capab le to separate of more th an 2 4 0  spots 
consisting of low  molecular mass compounds lik e steroids or 
colored sub stances from cy anob acterial (Sp i ruli n a max i ma) 
organisms [ 4 -7 ] .   
Spirulina is a group of cy anob acteria th at h as attracted 

w orldw ide attention due to th eir utiliz ation as h uman and animal 
nutritional protein sources and is th e only  cy anob acteria to b e 
grow n on an industrial scale.  Spirulina possess a w ide range of 
colored sub stances, including carotenoids, ch loroph y ll, and 
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phycobiliproteins, that can be used as food and cosmetic colorants. 
A s can be seen from chromatog rams and densitog rams presented 
in F ig . 5 , micro-T L C  techniq ue w ork ing  in 1 D  mode is capable to 
separate w hole rang e of colored substances from dry cells of 
Spirulina platensis, w hich w ere isolated by simple one-step 
ex traction w ith methanol. D etection of targ et substances for e. g .  
fing erprinting  or screening  purposes as w ell as chemo-tax onomic 
studies can be sig nificantly improv ed by ex posure of dev eloped 
micro-plates on iodine v apors at room temperature ( F ig . 5 B ) . 
 

  
F i g .  5 .   M i c ro -T LC c h ro m a t o g ra m  o f  m e t h a n o l i c  e x t ra c t  t h e  Spirulina platensis 

d y e s  o b t a i n e d  f ro m  t h e  S p i ru l i n a  t a b l e t .  A n a l y t i c a l  c o n d i t i o n s :  s a m p l e  
v o l u m e  - 3 µL;  s a m p l e  a p p l i c a t i o n  - 5  m m  b a n d  u s i n g  s p ra y -o n  t e c h n i q u e ;  
s e p a ra t i o n  t e m p e ra t u re  + 3 0 oC;  s t a t i o n a ry  p h a s e  - H P T LC R P 1 8 W ;  m o b i l e  
p h a s e  c o m p o s i t i o n  - 3 0 %  ( v / v ) a c e t o n e / n-h e x a n e ;  d e t e c t i o n  - v i s i b l e  l i g h t  
c o n d i t i o n s  ( A) a n d  a f t e r i o d i n e  v a p o r e x p o s u re  i n  ro o m  t e m p e ra t u re  ( B);  
c h ro m a t o g ra m  a c q u i s i t i o n  m e t h o d  - d i g i t a l  s c a n  u s i n g  P l u s t e k  O p t i c P ro  S 1 2  
U S B  o f f i c e  s c a n n e r.  D e n s i t o g ra m s  c o rre s p o n d i n g  t o  o ri g i n a l  
c h ro m a t o g ra m s  w e re  d e ri v e d  u s i n g  S c i o n  I m a g e  

R y s .  5 .   M i k ro -T LC c h ro m a t o g ra m  m e t a n o l o w e g o  e k s t ra k t u  b a rw n i k ó w  Spirulina 
platensis u z y s k a n e g o  z  t a b l e t k i  p re p a ra t u  f a rm a c e u t y c z n e g o  S p i ru l i n a .  
W a ru n k i  w y k o n a n i a  a n a l i z y :  o b j ę t o ś ć  n a n i e s i o n e j  p ró b k i  - 3 µL;  s p o s ó b  
n a n i e s i e n i a  p ró b k i  - p a s m o  d ł u g o ś c i  5  m m  t e c h n i k ą  n a t ry s k o w ą ;  
t e m p e ra t u ra  p ro c e s u  ro z w i j a n i a  + 3 0 oC;  f a z a  s t a c j o n a rn a  - H P T LC R P 1 8 W ;  
s k ł a d  f a z y  ru c h o m e j  - 3 0 %  ( v / v ) a c e t o n / n-h e k s a n ;  d e t e k c j a  - b e z p o ś re d n i a  
w  ś w i e t l e  w i d z i a l n y m  ( A) o ra z  p o  e k s p o z y c j i  n a  p a ry  j o d u  w  t e m p e ra t u rz e  
p o k o j o w e j  ( B);  u rz ą d z e n i e  re j e s t ru j ą c e  c h ro m a t o g ra m :  o b ra z  n a  p ł y t c e  
z e s k a n o w a n o  p rz y  u ż y c i u  s k a n e ra  b i u ro w e g o  P l u s t e k  O p t i c P ro  S 1 2  U S B .  
D e n s y t o g ra m y  o d p o w i a d a j ą c e  p o s z c z e g ó l n y m  c h ro m a t o g ra m o m   
u z y s k a n o  z a  p o m o c ą  p ro g ra m u  S c i o n  I m a g e  

 
O ne of the adv antag es of planar chromatog raphy ov er its 

column counterpart is that each T L C  run can be performed using  
non-prev iously-used stationary phase. T herefore, it is possible to 
fractionate or separate complex  samples characteriz ed by heav y 
biolog ical matrix  loading . I n case of column chromatog raphy such 
samples must be carefully pre-purified and usually diluted. 
P articularly, all substances that are strong ly adsorbed by stationary 
phase must be carefully remov ed to prov ide column long  life. 
A ccording  to chromatog ram presented in F ig . 6 , w ide rang e of 
complex  sample q uantity ( fish bile)  can be efficiently fractionated 
throug h micro-T L C  process. I n such case sample pre-treatment 
protocol, especially deproteiniz ation step, w as based on simple 
freez e-drying  procedure ( F ig . 3 ) . A s it is presented in F ig . 7 , 
number of U V -V is transparent substances including  bile acids can 
be detected v ia fluorescence or staining  w ith phosphomolybdic 
acid ( P M A )  procedures. S uch method can be applied for sex -
specific studies or intra- and inter-species comparisons. 
 

  
F i g .  6 .   S e p a ra t i o n  o f  m a i n  c o m p o n e n t s  o f  s e a  t ro u t  b i l e  u s i n g  d i f f e re n t  s a m p l e s  

q u a n t i t y :  1 ,  2 ,  3 ,  5  a n d  1 0  µL ( l a n e  N o  1 ,  2 ,  3 ,  4  a n d  5 ,  re s p e c t i v e l y ) o f  
d e p ro t e i n i z e d  m e t h a n o l i c  s o l u t i o n  p re s e n t e d  i n  F i g .  3 .  A n a l y t i c a l  
c o n d i t i o n s :  s a m p l e  a p p l i c a t i o n  - 5  m m  b a n d  u s i n g  s p ra y -o n  t e c h n i q u e ;  
s e p a ra t i o n  t e m p e ra t u re  + 5 0 oC;  s t a t i o n a ry  p h a s e  - H P T LC R P 1 8 W F 2 5 4 S ;  
m o b i l e  p h a s e  c o m p o s i t i o n  - 8 0 %  ( v / v ) m e t h a n o l / w a t e r;  s p o t s  v i s u a l i z a t i o n :  
d e v e l o p e d  c h ro m a t o g ra m  d i p p e d  i n  1 0 %  ( w / v ) p h o s p h o m o l y b d i c  a c i d  
( P M A ) i n  m e t h a n o l  a n d  h e a t e d  f o r 2 5  m i n  a t  6 0 oC;  c h ro m a t o g ra m  
a c q u i s i t i o n  m e t h o d  - d i re c t  d i g i t a l  s c a n  u n d e r v i s i b l e  l i g h t  c o n d i t i o n s   
u s i n g  P l u s t e k  O p t i c P ro  S 1 2  U S B  o f f i c e  s c a n n e r 

R y s .  6 .   R o z d z i e l e n i e  g ł ó w n y c h  s k ł a d n i k ó w  ż ó ł c i  t ro c i  w ę d ro w n e j  p rz y  
z a s t o s o w a n i u  ró ż n y c h  i l o ś c i  p ró b k i :  1 ,  2 ,  3 ,  5  o ra z  1 0  µL ( ś c i e ż k a  n r 1 ,  2 ,   
3 ,  4  o ra z  5 ) o d b i a ł c z o n e g o  m e t a n o l o w e g o  ro z t w o ru  p rz e d s t a w i o n e g o  n a  
ry s .  3 .  W a ru n k i  w y k o n a n i a  c h ro m a t o g ra m u :  s p o s ó b  n a n i e s i e n i a  p ró b k i  - 
p a s m o  d ł u g o ś c i  5  m m  t e c h n i k ą  n a t ry s k o w ą ;  t e m p e ra t u ra  p ro c e s u  ro z w i j a n i a  
+ 5 0 oC;  f a z a  s t a c j o n a rn a  - H P T LC R P 1 8 W F 2 5 4 S ;  s k ł a d  f a z y  ru c h o m e j  - 8 0 %  
( v / v ) m e t a n o l / w o d a ;  d e t e k c j a  p l a m e k :  p ł y t k a  z  ro z w i n i ę t y m  
c h ro m a t o g ra m e m  z a n u rz o n a  w  1 0 %  ( w / v ) m e t a n o l o w y m  ro z t w o rz e  k w a s u  
f o s f o ro m o l i b d e n o w e g o  ( P M A ) i  w y g rz e w a n a  p rz e z  2 5  m i n .  w  t e m p e ra t u rz e  
6 0 oC;  re j e s t ra c j a  c h ro m a t o g ra m u :  o b ra z  n a  p ł y t c e  z e s k a n o w a n o  p rz y  u ż y c i u  
s k a n e ra  b i u ro w e g o  P l u s t e k  O p t i c P ro  S 1 2  U S B  

 
 

  
F i g .  7 .   D e t e c t i o n  o f  m a i n  c o m p o n e n t s  o f  s e a  t ro u t  b i l e  s a m p l e  ( 3  µL) u n d e r 

d i f f e re n t  U V -V i s  l i g h t  e x p o s u re  a n d  v i s u a l i z a t i o n  re a g e n t  c o n d i t i o n :   
l a n e  A :  v i s i b l e  l i g h t ,  l a n e  B :  f l u o re s c e n c e  ( λ E X  =  2 5 4  n m ;  λ E M  =  v i s i b l e  
l i g h t ),  l a n e  C :  f l u o re s c e n c e  ( λ E X  =  3 6 6  n m ;  λ E M  =  v i s i b l e  l i g h t ),  l a n e  D 
v i s i b l e  l i g h t  a f t e r p h o s p h o m o l y b d i c  a c i d  s t a i n i n g ;  c h ro m a t o g ra m  a c q u i s i t i o n  
m e t h o d  f o r f l u o re s c e n c e  d e t e c t i o n :  5 . 0  M e g a  p i x e l  d i g i t a l  c a m e ra  O l y m p u s  
Ca m e d i a  5 0 5 0  Z o o m  e q u i p p e d  w i t h  a  4 3  m m  U V  f i l t e r;  re m a i n i n g  
a n a l y t i c a l  c o n d i t i o n s  a re  s i m i l a r t o  t h o s e  s p e c i f i e d  w i t h i n  F i g .  6  c a p t i o n  

R y s .  7 .   D e t e k c j a  g ł ó w n y c h  s k ł a d n i k ó w  p ró b k i  ( 3  µL) ż ó ł c i  t ro c i  w ę d ro w n e j   
w  w a ru n k a c h  ró ż n e g o  o ś w i e t l e n i a  w  z a k re s i e  U V -V i s  o ra z  u w i d o c z n i e n i a  
p l a m e k  o d c z y n n i k i e m  w y w o ł u j ą c y m :  ś c i e ż k a  A :  ś w i a t ł o  w i d z i a l n e ,  ś c i e ż k a  
B :  f l u o re s c e n c j a  ( λ E X  =  2 5 4  n m ;  λ E M  =  ś w i a t ł o  w i d z i a l n e ),  ś c i e ż k a  C :  
f l u o re s c e n c j a  ( λ E X  =  3 6 6  n m ;  λ E M  =  ś w i a t ł o  w i d z i a l n e ),  ś c i e ż k a  D :  ś w i a t ł o  
w i d z i a l n e  p o  w y b a rw i e n i u  k w a s e m  f o s f o ro m o l i b d e n o w y m ;  re j e s t ra c j a  
c h ro m a t o g ra m u  d l a  d e t e k c j i  f l u o re s c e n c y j n e j :  a p a ra t  c y f ro w y  5  M p i x  
O l y m p u s  Ca m e d i a  5 0 5 0  Z o o m ,  w y p o s a ż o n y  w  f i l t r U V  4 3  m m ;  p o z o s t a ł e  
w a ru n k i  w y k o n a n i a  a n a l i z y  a n a l o g i c z n e  d o  w y s z c z e g ó l n i o n y c h  w  o p i s i e  ry s .  6  

 
M icro-chromatog raphy can be also an effectiv e tool for simple 

and rapid classification of the env ironmental samples 
characteriz ed by different sources of endocrine disrupting  
compounds ( E D C s) . S imilarly, to H P L C  U V -V is chromatog raphic 
profiles of solid-phase ex tracts obtained from env ironmental 
samples [ 1 2 ] , micro-T L C  separation inv olv ing  P M A  staining  and 
fluorescence detection is capable for efficient fing erprinting  and 
characteriz ation of env ironmental samples. P articularly, indiv idual 
band patterns for samples deriv ed from surface w ater including  
B altic S ea, selected lak es and riv ers of the M iddle P omerania in 
northern part of P oland, as w ell as hig h org anic load untreated and 
treated sew ag e w ater, can be easily observ ed on micro-T L C  
chromatog rams ( F ig . 8 ) . 
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F i g .  8 .   S c r e e n i n g  o f  e n v i r o n m e n t a l  s a m p l e s  S P E  e x t r a c t s  u s i n g  v i s u a l i z a t i o n  

r e a g e n t  - P M A  ( A )  a n d  f l u o r e s c e n c e  ( λEX =  3 6 6  n m ;  λEM  =  v i s i b l e  l i g h t )  d e t e c t i o n  ( B ) .  S a m p l e s  I . D . :  1 - L u b i a t o w o  L a k e  ( S P E  p r o t o c o l  w i t h o u t  
c l e a n i n g  s o l v e n t  s t e p ) ;  2 - L u b i a t o w o  L a k e  ( f u l l  S P E  p r o c e d u r e ) ;   
3 - u n t r e a t e d  s e w a g e  w a t e r ;  4 - t r e a t e d  s e w a g e  w a t e r  ( m u n i c i p a l  w a s t e w a t e r  
t r e a t m e n t  p l a n t  „ J a m n o ” ) ;  5 - B a l t i c  S e a ;  6 - K a m i e n n e  L a k e ;   
7 - D z i e r ż ę c i n k a  R i v e r  ( u n d e r  K o s z a l i n ) ;  8 - J a m n o  L a k e .  

 A n a l y t i c a l  c o n d i t i o n s :  s a m p l e s  v o l u m e  - 5  µL ,  s a m p l e  a p p l i c a t i o n  - 4  m m  
b a n d  u s i n g  s p r a y -o n  t e c h n i q u e ,  s e p a r a t i o n  t e m p e r a t u r e  + 3 0 o C ,  s t a t i o n a r y  
p h a s e  - H P T L C  R P 1 8 W F 2 5 4 S ,  m o b i l e  p h a s e  c o m p o s i t i o n  - 8 0 %  ( v / v )  
m e t h a n o l / w a t e r ;  c h r o m a t o g r a m  a c q u i s i t i o n  m e t h o d  - d i r e c t  d i g i t a l  s c a n  
u n d e r  v i s i b l e  l i g h t  c o n d i t i o n s  u s i n g  P l u s t e k  O p t i c P r o  S 1 2  U S B  o f f i c e  
s c a n n e r  ( P M A  p l a t e ) ;  f l u o r e s c e n c e  d e t e c t i o n :  5 . 0  M e g a  p i x e l  d i g i t a l  c a m e r a  
O l y m p u s  C a m e d i a  5 0 5 0  Z o o m  e q u i p p e d  w i t h  a  4 3  m m  U V  f i l t e r  

R y s .  8 .   P o r ó w n a n i e  e k s t r a k t ó w  S P E  p r ó b e k  ś r o d o w i s k o w y c h  p r z y  u ż y c i u  
o d c z y n n i k a  w y b a r w i a j ą c e g o  – P M A  ( A )  o r a z  f l u o r e s c e n c j i  ( λEX =  3 6 6  n m ;  
λEM  =  ś w i a t ł o  w i d z i a l n e )  ( B ) .  N u m e r a c j a  p r ó b e k :  1 - J e z i o r o  L u b i a t o w o  
( p r o c e d u r a  S P E  b e z  c i e c z y  c z y s z c z ą c e j ) ;  2 - J e z i o r o  L u b i a t o w o  ( p e ł n a  
p r o c e d u r a  S P E ) ;  3 - ś c i e k  s u r o w y ;  4 - ś c i e k  o c z y s z c z o n y  ( O c z y s z c z a l n i a  
Ś c i e k ó w  K o m u n a l n y c h  „ J a m n o ” ) ;  5 - M o r z e  B a ł t y c k i e ;  6 - J e z i o r o  
K a m i e n n e ;  7 - r z e k a  D z i e r ż ę c i n k a  ( z a  K o s z a l i n e m ) ;  8 - J e z i o r o  J a m n o .  

 W a r u n k i  w y k o n a n i a  c h r o m a t o g r a m u :  o b j ę t o ś ć  n a n i e s i o n y c h  p r ó b e k  - 5  µL ,  
s p o s ó b  n a n i e s i e n i a  p r ó b k i  - p a s m o  d ł u g o ś c i  4  m m  t e c h n i k ą  n a t r y s k o w ą ,  
t e m p e r a t u r a  p r o c e s u  r o z w i j a n i a  + 3 0 o C ,  f a z a  s t a c j o n a r n a  - H P T L C  
R P 1 8 W F 2 5 4 S ,  s k ł a d  f a z y  r u c h o m e j  - 8 0 %  ( v / v )  m e t a n o l / w o d a ;  r e j e s t r a c j a  
c h r o m a t o g r a m u :  o b r a z  n a  p ł y t c e  p o  z a s t o s o w a n i u  P M A  z e s k a n o w a n o  
s k a n e r e m  b i u r o w y m  P l u s t e k  O p t i c P r o  S 1 2  U S B ;  d e t e k c j a  f l u o r e s c e n c y j n a :  
a p a r a t  c y f r o w y  5  M p i x  O l y m p u s  C a m e d i a  5 0 5 0  Z o o m ,  w y p o s a ż o n y   
w  f i l t r  U V  4 3  m m   

 
4. C o n c l u s i o n s  
 
T h e m a i n  a d v a n t a g es  of  n on -f or c ed  f l ow  r a t e p l a n a r  

c h r om a t og r a p h y r es u l t  f r om  i t s  s i m p l i c i t y,  ea s y op er a t i on  a n d  t h e 
i n ex p en s i v e eq u i p m en t  n eed ed .  T h e r es u l t s  of  ou r  ex p er i m en t s  
i n d i c a t e t h a t  i n  p a r t i c u l a r  c a s es  f r a c t i on a t i on  a n d / or  s ep a r a t i on  a s  
w el l  a s  c h a r a c t er i z a t i on  of  c om p l ex  r a w  b i ol og i c a l  m a t er i a l s  a n d  

t h e en v i r on m en t a l  s a m p l es  via a n a l yt i c a l  p r ot oc ol  i n v ol v i n g  
t em p er a t u r e-c on t r ol l ed  p l a n a r  m i c r o-c h r om a t og r a p h y ( m i c r o-
T L C )  m a y b e s i m p l e a n d  n on -ex p en s i v e a l t er n a t i v e f or  
f i n g er p r i n t i n g  p r ot oc ol s  b a s ed  on  H P L C  m a c h i n es  eq u i p p ed  w i t h  
U V -V i s  d et ec t or s .  P a r t i c u l a r l y,  i t  h a s  b een  d em on s t r a t ed  t h a t  u s i n g  
m i c r o-T L C  p l a t es  w i t h  f l u or es c en c e i n d i c a t or  a  s en s i t i v e d et ec t i on  
of  t a r g et  c om p ou n d s  f or  f a s t  s c r een i n g  of  c om p l ex  m a t er i a l s  l i k e 
f i s h  b i l e or  en v i r on m en t a l  S P E  ex t r a c t s  c a n  b e s u c c es s f u l l y 
p er f or m ed .  
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I N F O R M A C J E  
 

Książka Wydawnictwa PAK 
 
 

Ks i ą ż k a “Pomiary cieplne (zwężkowe)   
w przemyś le”  pr z ed s t aw i a pr ob l em at y k ę  
pom i ar ó w  s t r u m i en i a m as y  i  c i epł a pł y n ó w  
pr z epł y w aj ą c y c h  w  pr z ew od ac h  pr z y  u ż y c i u  
z w ę ż ek  pom i ar ow y c h .  Ks i ą ż k a pr z ez n ac z on a 
j es t  d l a i n ż y n i er ó w  i  t ec h n i k ó w  z aj m u j ą c y c h  
s i ę  z ag ad n i en i am i  c i epl n o-pr z epł y w ow y m i   
w  pr z em y ś l e,  en er g et y c e i  og r z ew n i c t w i e.   
W  k s i ą ż c e om ó w i on o pr z y r z ą d y  i  u k ł ad y  d o 
pom i ar ó w  z w ę ż k ow y c h  s t r u m i en i a c i epł a,  
pr od u k ow an e pr z ez  f i r m ę  M et r on i c .  
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