
INTRODUCTION
Dios genin chemi cally known as (25R)-5 -spirosten -

-3-ol is a natu rally oc cur ring ster oi dal sa po genin. It has
a sig nifi cant me dici nal value. Dios genin is a source of
ster oi dal hor mones mainly es tro gens [11]. Be sides es tro -
genic ef fect and in flu ence for cho les terol me tabo lism,
dios genin and its de riva tives in di cate an ti tu mor ac tivi ties,
be cause it in hibits re pro duc tion of tu mor cells by in duc ing 
apop to sis (e.g. in the case of hu man leu ke mia) [4].

Hence, it is ne ces sity to de velop a suit able ana lyti cal
method for de ter mi na tion of dios genin as a bio ac tive sub -
stance in pure sam ple and in form of dif fer ent pharma-
ceu ti cal for mu la tions.

Some of the meth ods so far for the es ti ma tion of the ra -
tio of dios genin mostly in plant sam ples are based on
spec tro pho tome try, im mu noen zyme method (ELISA as -
say), liq uid chro ma tog ra phy in clud ing: TLC, HPLC-UV
and HPLC-ELSD [3,5,13]. As has been re ported in lit era -
ture among meth ods used in dios genin analy sis con tent,
TLC- densitometry has emerged as an ef fi cient tool for the 
si mul ta ne ous quan ti fi ca tion of dios genin in plant sam ples
and herbal drugs [1,10,12,13]. 

In this work, a quali ta tive and quan ti ta tive TLC-
 densitometric analy sis of dios genin in pure sub stance was

per formed. Den si tomet ric analy sis was car ried out un der
dif fer ent chro ma tographic con di tions such as: vari ous
chro ma tographic plates for TLC (alu mi num and glass)
precoated with sil ica gel 60 and sil ica gel 60F254: Art.
1.05553, Art. 1.05554, Art. 1.05715 (E. Merck), dif fer ent
vol ume com po si tion of both mo bile phases used:
chloroform- acetone and n-hexane -ethyl acetate- acetic
acid and us ing two visu al iz ing agents (10% etha nol so lu -
tion of sul fu ric acid and 10% etha nol so lu tion of
phos pho mo lyb dic acid). These chro ma tographic con di -
tions were sat is fac torily ap plied in our de part ment in
pre vi ous TLC analy sis of an other ster oi dal com pounds
e.g. bile ac ids [2,6-9]. Com pari son of the ob tained re sults
es pe cially LOD and LOQ val ues with those pre sented in
lit era ture re ports al low to es ti mate the use ful of the chro -
matographic sys tems pro posed in this study for quali ta tive
and quan ti ta tive analy sis of dios genin in pure sam ple.

MATERIALS AND METHODS
Chemi cals

Dios genin min. 99% was pur chased from Sigma–Ald -
rich, (St. Louis, MO, USA). The fol low ing com po nents of 
mo bile phases: chlo ro form, ace tone, n-he xane, ethyl ace tate,
ace tic acid and metha nol used for pre par ing of stan dard
so lu tion of dios genin at a con cen tra tion 2 mg·mL-1 were
from POCh (Gli wice, Po land). All chemi cals were ana -
lyti cal grade. Sul fu ric acid 95% and phos pho mo lyb dic
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acid used as the visu al iz ing rea gents were from POCh,
(Gli wice, Po land). Etha nol (96%) with its chemi cal grade
(POCh, Gli wice, Po land) was ap plied to pre pare the so lu -
tions of above- mentioned visu al iz ing agents. 

Ap pa ra tus
Den si tome ter: TLC Scan ner 3 Ca mag (Mut tenz, Swit -

zer land) op er ated in ab sor bance equipped with  win CATS 
1.4.2 soft ware. The source of the ra dia tion was deu te rium
lamp. Chro ma togra hic cham bers (Ca mag, Mut tenz, Swit -
zer land).

Chro ma tographic plates 20cm×20cm (E. Merck, Ger -
many) for NP-TLC analy sis: alu mi num plates pre coated
with sil ica gel 60F254 (Art. 1.05554), alu mi num plates pre -
coated with sil ica gel 60 (Art. 1.05553) and glass plates
pre coated with a sil ica gel 60F254  (Art. 1.05715). Mi cro -
pi pettes 5μL Ca mag (Mut tenz, Swit zer land).

NP-TLC analy sis 
Firstly, in or der to de ter mine the suit able chro ma -

tographic con di tions for TLC analy sis of dios genin 2 L of
metha nol so lu tion of dios genin at a con cen tra tion
2 mg·ml-1 were spot ted on chro ma tographic plates
4cm×10cm (cut from 20cm×20cm): Art. 1.05715, Art.
1.05554 and Art 1.05715. The chro ma tographic plates
were ac ti vated for 30 min utes at tem pera ture 120°C prior
chro ma tog ra phy. A mix ture con sisted of: 
– chloroform- acetone in vari ous vol ume com po si tions

(Fig. 1);
– n-hexane -ethyl acetate- acetic acid in dif fer ent vol ume

com po si tions (Fig. 2) were ap plied per chro ma tog ra -
phy run. 
Fifty mL of re spec tive mo bile phase was used in all

cases. The chro ma tographic plates were de vel oped to
a dis tance of 8 cm at tem pera ture 20±2°C in the chro ma -
tographic cham bers satu rated prior to analy sis with the
mo bile phase va pors for 30 min utes. Af ter de vel op ing, the 
plates were dried in a fume cup board for 24 hours. The
spots were visu al ized with the use of 10% etha nol so lu tion 
of sul fu ric acid. This visu al iz ing agent was sen si tive for
TLC de tec tion of dif fer ent ster oi dal com pounds e.g. bile
ac ids [6-9]. Visu ali za tion of the spots was made by dip -
ping the plates into etha nol so lu tion of sul fu ric acid for 15
sec onds. Next, the plates were heated at tem pera ture
120°C for 15 min utes. On the ba sis of ob tained chro ma -
tograms, the RF val ues of dios genin were de ter mined.
Cal cu lated RF val ues were used to search the op ti mal mo -
bile phase for dios genin TLC analy sis on all ap plied
chro ma tographic plates. 

Op ti mi za tion of the NP-TLC den si tomet ric method 
The aim of this stage was to de velop the next chro ma -

tographic con di tions that would en able ef fi cient
quali ta tive and quan ti ta tive analy sis of dios genin such as:

a proper visu al iz ing agent and a suit able wave length
(λmax) for den si tomet ric scan ning of the chro ma tograms
af ter de vel op ing the plates us ing mo bile phases:
chloroform- acetone 40:10 (v/v) and n-hexane -ethyl
acetate- acetic acid 24:25:1 (v/v/v). These mo bile phases
were pre vi ously de scribed as the best, be cause al lowed
sat is fac tory iden ti fi ca tion of dios genin on all ap plied
chro ma tographic plates. Be fore TLC- densitometric
analy sis, the plates were ac ti vated at 120°C for 30 min -
utes. A quan tity of 2 μL of metha nol so lu tion of dios genin
at a con cen tra tion 2 mg·mL-1 was spot ted on chro ma -
tographic plates used in ex peri ment. The mo bile phase
was run up to a dis tance 8 cm. Af ter dry ing at room tem -
pera ture for 24 h us ing a fume cup board, the spots were
visu al ized by dip ping the plates into re spec tive visu al iz -
ing agent: 10% etha nol so lu tion of sul fu ric acid for 15
sec onds or into 10% etha nol so lu tion of phos pho mo lyb dic 
acid re spec tively for 15 sec onds. Then af ter heat ing at
120°C for 15 min utes, the chro ma tograms were den si -
tomet ri cally re corded un der the fol low ing con di tions: 
– the slit di men sions were 8.00×0.40 mm Macro,
– the scan ning speed was 20 mm⋅s-1,
– the data reso lu tion was 100 m·step-1.

Den si tomet ric scan ning was per formed at mul ti wave -
length in the range from 200 to 800 nm at in ter val 25 nm
in or der to se lect the ap pro pri ate wave length for dios genin 
quan ti ta tive analy sis. 

As say and quan ti ta tive de ter mi na tion of dios genin
Prepa ra tion of cali bra tion plot. Stock so lu tion of ex -

am ined dios genin at a con cen tra tion 2 mg·mL-1 was se rial
di luted us ing metha nol to the con cen tra tion: 1 mg·mL-1,
0.66 mg·mL-1, 0.4 mg·mL-1, 0.2 mg·mL-1, 0.1 mg·mL-1,
0.04 mg·mL-1 and 0.02 mg·mL-1. These di luted so lu tions
of dios genin and a stock so lu tion at a con cen tra tion
2 mg·mL-1 were spot ted on chro ma tographic plates 4cm x
10cm (Art. 1.05553, Art. 1.05554, Art. 1.05715) in quan -
tity 1μL us ing mi cro pi pette equiva lent to: 2, 1, 0.66, 0.4;
0.2, 0.1, 0.04 and 0.02 μg·spot-1. Chro ma tograms were run
up to dis tance 8 cm. Next, af ter dry ing the plates at room
tem pera ture for 24 h us ing a fume cup board, the spots were
visu al ized by dip ping them into 10% etha nol so lu tion of
phos pho mo lyb dic acid and 10% etha nol so lu tion of sul fu -
ric acid re spec tively for 15 sec onds. Den si tomet ric
evalua tion of the spots was per formed at re spec tive wave -
length, suit able for each chro ma tographic sys tem, af ter
prior heat ing the plates at the tem pera ture 120°C for 15
min utes. Each analy sis was re peated three times. 

On the ba sis of the den si tomet ric meas ure ments of the
spot sur face area ob tained for re spec tive amount of dios -
genin a line ar ity of the re la tion ship be tween the spot area
ra tio of dios genin against cor re spond ing amount of this
sub stance (μg of dios genin per spot) was de ter mined. Im -
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por tant pa rame ters of the ob tained cali bra tion curves
type: Y=a·x+b, were de ter mined. On the ba sis of each
cali bra tion plot pa rame ters, the small est amount of dios -
genin de ter mined un der re spec tive chro ma tographic
con di tions were es ti mated in term of limit of de tec tion
(LOD) and quan ti fi ca tion limit (LOQ).

RESULTS 
The aim of this pa per was to use the TLC- densitometry

for quali ta tive and quan ti ta tive analy sis of dios genin in
pure sub stance. In or der to search an ap pro pri ate mo bile
phase, sev eral runs were ex er cised us ing the fol low ing
sol vent sys tems: chloroform- acetone and n-hexane- ethyl
acetate- acetic acid mixed in dif fer ent vol ume com po si -
tions. Graphi cal re la tion ships be tween the RF val ues of
dios genin ob tained on all ap plied chro ma tographic plates
(Art. 1.05554, Art. 1.05553, Art. 1.05715) and vol ume
com po si tion of both mo bile phases used in ex peri ment
were pre sented in Fig. 1 and Fig. 2.

To com pare the RF re sults ob tained us ing both mo bile
phases on all ap plied chro ma tographic plates, the simi lar -
ity analy sis  was per formed (Fig. 3 and Fig. 4). 

Fur ther step in this study re ferred to search the next op -
ti mal chro ma tographic con di tions nec es sary for
den si tomet ric analy sis of dios genin. Hence, to find a sen -
si tive visu al iz ing agent for de tec tion of ex am ined
dios genin, the chro ma tographic plates were de vel oped us -
ing both op ti mal mo bile phases: n-hexane -ethyl
acetate- acetic acid in vol ume com po si tion: 24:25:1
(v/v/v) and chloroform- acetone 40:10 (v/v) re spec tively.
Visu ali za tion of the dios genin spots ob tained un der above 
de scribed chro ma tographic con di tions were achieved us -
ing 10% etha nol so lu tion of phos pho mo lyb dic acid and
10% etha nol so lu tion of sul fu ric acid. Chro ma tographic
char ac ter is tic of the spots in clud ing the RF val ues and the

color of the spots pro duced by the stud ied visu al iz ing
agents with dios genin on all chro ma tographic plates are
listed in Tab. 1.
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Fig.1. The relationship between the RF values of diosgenin
determined using chloroform-acetone in different volume
compositions as a mobile phase on various chromatographic
plates (Art. 1.05554, Art. 1.05553, Art. 1.05715) and volume
composition of mobile phase

Fig. 2. The relationship between the RF values of diosgenin
determined using n-hexane-ethyl acetate-acetic acid in different
volume compositions as a mobile phase on various
chromatographic plates (Art. 1.05554, Art. 1.05553, Art. 1.05715) 
and volume composition of mobile phase

Fig. 3. Dendrogram of the similarity of the RF values for diosgenin 
obtained using chloroform-acetone in different volume
compositions as a mobile phase on various chromatographic
plates (Art. 1.05554, Art. 1.05553, Art. 1.05715)

Fig. 4. Dendrogram of the similarity of the RF values for diosgenin 
obtained using n-hexane-ethyl acetate-acetic acid in different
volume compositions as a mobile phase on various
chromatographic plates (Art. 1.05554, Art. 1.05553, Art. 1.05715)



Table 1. Chromatographic characteristic of the spots produced
by the studied visualizing agents for diosgenin investigated on
different chromatographic plates: Art. 1.05554, Art. 1.05553 and
Art. 1.05715 using applied mobile phases

Mobile 
phase used

chloroform-acetone 40:10
(v/v)

n-hexane-ethyl
acetate-acetic acid 24:25:1

(v/v/v)
Substance Diosgenin
Chromatogra-
phic plates 1.05554 1.05553 1.05715 1.05554 1.05553 1.05715

RF  value 0.78 0.72 0.75 0.94 0.76 0.80
Visualizing agent 10% phosphomolybdic acid 

Spot color dark
blue

dark
blue

dark
blue

dark
blue

dark
blue

dark
blue

Chromatogram 
backround green green green green green green

Visualizing agent 10% sulfuric acid

Spot color grey-
green

grey-
green

grey-
green

grey-
green

grey-
green

grey-
green

Chromatogram 
backround

light
pink

light
pink

light
pink

light
pink

light
pink

light
pink

Next, to search the op ti mum wave length for TLC-
 densitometric analy sis of dios genin us ing phos pho mo lyb -
dic acid and sul fu ric acid, the mul ti wave length spec trum
of dios genin was re corded in the range from 200 to 800
nm in both cases. The re sults of the maxi mum wave -
lengths for dios genin spec tra ob tained un der ap plied
chro ma tographic con di tions are shown in Tab. 2. 

Ta ble 2. De tec tion of the op ti mal wave length (λmax) for
TLC- densitometric analy sis of dios genin ex am ined un der
different chro ma tographic con di tions

n-hexane-ethyl acetate-acetic acid 24:25:1 (v/v/v)

Visualization 
of the spots

Chromatographic plates
1.05715 1.05554 1.05553

Maximum wavelenght λmax [nm]
Without visualizing
agent 200 200 –

10% phosphomo-
lybdic acid 800 716 699

10% sulfuric acid 422 396 277
chloroform-acetone 40:10 (v/v)

Visualization 
of the spots

Chromatographic plates
1.05715 1.05554 1.05553

Maximum wavelenght λmax [nm]
Without visualizing
agent 200 200 200

10% phosphomo-
lybdic acid 800 756 745

10% sulfuric acid 396 598 200

Ex em plary den si to grams of dios genin ob tained un der
the op ti mal chro ma tographic con di tions: us ing mo bile
phase chloroform- acetone 40:10 (v/v) and n-hexane -ethyl 
acetate- acetic acid 24:25:1 (v/v/v), which were visu al ized
with the use of phos pho mo lyb dic acid are pre sented in
Fig. 5 and Fig. 6. 

On the ba sis of the re sults of the spot sur face area of
dios genin meas ured den si tomet ri cally, a line ar ity of the
re la tion be tween spot sur face area and dios genin con tent
was de ter mined. In Tab. 3 the re sults of the lin ear re gres -
sion analy sis of the quan ti ta tive TLC- densitometric
method of dios genin in terms of: line ar ity, the limit of
quan ti fi ca tion (LOQ), the limit of de tec tion (LOD) are
per formed. 

DISCUSSION OF THE RESULTS
The first stage in these in ves ti ga tions was to search the

op ti mal chro ma tographic con di tions ena bling sat is fac tory 
iden ti fi ca tion of dios genin such as: mo bile phase com po -
si tion, type of the chro ma tographic plates and the kind of
visu al iz ing agent. Fig. 1 shows that the RF val ues change
much when the con tent of ace tone in mo bile phase:
chloroform- acetone is in creased. To ob tain a sat is fac tory
RF value of dios genin (0.30≤RF.<80), the con tent of ace -
tone in mo bile phase: chloroform- acetone should be equal 
to 10%. Less con tent of ace tone in this mo bile phase than
10% in flu ences ob tain ing a very small RF val ues (about
0.10). On the other hand, the amount of ace tone of more
than 10% gives very high RF val ues (above 0.9), es pe -
cially in the case of chro ma tographic plates Art. 1.05554.
For this sta tion ary phase, a strong in flu ence of ace tone
con tent in mo bile phase used for TLC study of dios genin
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Fig. 5. TLC-densitogram of diosgenin examined on chroma-
tographic plates Art. 1.05715 developed using chloroform-
acetone 40:10 (v/v) and visualized by phosphomolybdic acid

Fig. 6. TLC-densitogram of diosgenin examined on chroma-
tographic plates Art. 1.05715 developed using n-hexane-ethyl
acetate-acetic acid 24:25:1 (v/v/v) and visualized by
phosphomolybdic acid



is ob served (Fig. 1). On the ba sis of the RF re sults ob tained 
us ing chloroform- acetone as a mo bile phase, it was sug -
gested that of all com bi na tions em ployed, a mix ture of
chloroform- acetone 40:10 (v/v) en ables ob tain ing the op -
ti mal RF val ues of dios genin, which were lo cated in the
range 0.72-0.78 on all types of chro ma tographic plates
used. For this rea son, a sol vent sys tem: chloroform-
 acetone was rec om mended for fur ther quan ti ta tive analy -
sis of dios genin as the op ti mal mo bile phase. 

Fig. 2 shows the re la tion be tween RF of dios genin ob -
tained on vari ous chro ma tographic plates (Art. 1.05554,
Art. 1.05553, Art. 1.05715) and the vol ume com po si tion
of mo bile phase: n-hexane -ethyl acetate- acetic acid. On
the ba sis of this re la tion ship, it can be ob served that simi -
larly like in the case of Fig.1, the RF val ues ob tained on
chro ma tographic plates Art. 1.05554 in crease much
(RF>0.9) with the con tent of ace tic acid in mo bile phase:
n-hexane -ethyl acetate- acetic acid. Of all ap plied vol ume
com po si tions of this mo bile phase, only mo bile phase in
vol ume com po si tion 24:25:1 (v/v/v) al lows ob tain ing the
sat is fac tory RF val ues on all ap plied chro ma tographic
plates to gether. With the use of this vol ume com po si tion
of above- mentioned mo bile phase, the RF val ues of dios -
genin are: 0.76 for Art. 1.05553, 0.80 in the case of Art.
1.05715 and 0.94 for Art. 1.05554. An other vol ume com -
po si tion of a mix ture: n-hexane -ethyl acetate- acetic acid
gives the RF val ues of dios genin more than 0.94 es pe cially 
for Art. 1.05553 and Art. 1.05554. The RF val ues ob tained 

on chro ma tographic plates Art. 1.05715 simi larly like in
the case of above de scribed chro ma tographic con di tions
change slowly from 0.67 to 0.99 with in creas ing the con -
tent of ace tic acid in mo bile phase: n-hexane -ethyl
acetate- acetic acid (Fig. 2). The re sults de picted in Fig. 2
in di cate that the mo bile phase: n-hexane -ethyl acetate-
 acetic acid in vol ume com po si tion 24:25:1 (v/v/v) is the
best of all used and can be ap plied in quan ti fi ca tion of
dios genin by TLC- densitometric method. 

Den dro gram of the simi lar ity of the RF val ues de ter -
mined on all ap plied chro ma tographic plates de vel oped
us ing mo bile phase: chloroform- acetone in vari ous vol -
ume com po si tions (Fig. 3) in di cates that the RF val ues
ob tained on chro ma tographic plates Art. 1.05554 and Art.
1.05553 (the small est Euclid ean dis tance is ob served) are
very simi lar. Fig ure 4 shows that in the case of mo bile
phase: n-hexane -ethyl acetate- acetic acid, the big gest
simi lar ity is ob served be tween RF val ues ob tained on
chro ma tographic plates Art. 1.05715 and Art. 1.05554. It
can be sug gested that the simi lar ity analy sis can be use ful
in se lec tion of the proper chro ma tographic con di tions
needed for dios genin TLC analy sis e.g. the kind of chro -
ma tographic plates. On the ba sis of the re sults pre sented
in Tab. 1, it can be con cluded that both visu al iz ing agents:
10% etha nol so lu tion of phos pho mo lyb dic acid and 10%
etha nol so lu tion of sul fu ric acid are suit able for TLC
analy sis of dios genin, be cause they form with char ac ter is -
tic spots this com pound. The color of the spots is blue in
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Ta ble 3. Cali bra tion curves pa rame ters, cor re la tions, de tec tion limit (LOD) and quan ti fi ca tion limit (LOQ) of ex am ined dios genin
stud ied on dif fer ent chro ma tographic plates de vel oped with the use of chlo ro form–ace tone in vol ume com po si tion 40:10 and
visu al ized us ing 10% etha nol so lu tion of phos pho mo lyb dic acid and 10% etha nol so lu tion of sul fu ric acid

Substance
Chroma-
tographic

plates

Visualizing
agent

Calibration curve
parameters
Y=a·x + b

Linearity 
range

[μg·spot-1]

ta= a/Sa

ta≥tα,f 
(2.571)

statistically
significant

tb= b/Sb

tb≤tα,f 
(2.571)

statistically
insignificant

 tcalc r
r

n=
−

⋅ −
1 2

2

tcal≥tα,f (2.571)
linear relationship
between Y and x

LOD
[μg·spot-1]

LOQ
[μg·spot-1]

Diosgenin

1.05554

10% ethanol 
solution of
phosphomo-
lybdic acid

a=5439.52±760.96
b=2212.33±683.49
r=0.954, p=0.0008
F=51.10, S=1291.73

0.04 – 2.00 7.148 3.237 6.364 0.784 2.375

1.05553

a=7127.2±819.82
b=1454.16±688.82
r=0.962, p=0.0001
F=75.58, S=1467.81

0.02 – 2.00 8.694 2.111 7.048 0.680 2.059

1.05715

a=4981.36±604.92
b=1475.18±543.33
r=0.965, p=0.0004
F=67.81, S=1026.84

0.04 – 2.00 8.235 2.715 7.068 0.680 2.061

Diosgenin

1.05554

10% ethanol 
solution of
sulfuric acid

a=2124.54±237.84
b=420.80±213.62
r=0.970, p=0.0003
F=79.79, S=403.73

0.04 – 2.00 8.933 1.970 7.980 0.627 1.900

1.05553

a=3177.07±257.34
b=407.83±231.14
r=0.984, p=0.0001
F=152.42, S=436.83

0.04 – 2.00 12.346  1.764 11.046  0.454 1.375

1.05715

a=2381.99±261.16
b=591.44±234.55
r=0.971, p=0.0003
F=83.19, S=445.15

0.02 – 2.00 9.121 2.522 8.123 0.617 1.869

Y – area of spot, a and b – regression parameters, x – amount of analyzed anabolic [g], r – correlation coefficient, p – significance level, F – value of Fisher 
test, S – standard error of estimate, Sa – standard error of the slope, Sb – standard error of intercept, t,f – t-value in Student’s test for =0.05 and f = n-2,
where n=7



the case of phos pho mo lyb dic acid and grey- green in the
case of sul fu ric acid. Heat ing the chro ma tograms to
120oC for 15 min utes im prove visu ali za tion of the dios -
genin spots.

The data pre sented in Tab. 2 in di cate that the maxi mum 
wave length of dios genin spec trum ob tained in the pres -
ence of phos pho mo lyb dic acid is lo cated from 700 nm to
800 nm for all chro ma tographic plates used and both mo -
bile phases ap plied. The maxi mum wave length of
dios genin spec tra ob tained in the pres ence of sul fu ric acid
un der above- mentioned chro ma tographic con di tions is
vari ous for re spec tive chro ma tographic plate and ex ists in
the range from 200 nm to 598 nm. It could be as sumed that 
pho spo mo lyb dic acid is much ade quate visu al iz ing agent
for quan ti ta tive analy sis of dios genin than sul fu ric acid
be cause, in the same wave length range, all chro ma -
tograms to gether (in one track) can un dergo den si tomet ric 
analy sis. In the case of sul fu ric acid used as a visu al iz ing
agent, each chro ma togram (ob tained un der dif fer ent chro -
ma tographic con di tions) must be re corded at the
in di vid ual wave length. For this rea son, den si tomet ric
meas ure ments of dios genin us ing sul fu ric acid re quire
more time to per form this analy sis and they are time con -
sum ing. Moreo ver, on the ba sis of the data pre sented in
Tab. 2, the fol low ing chro ma tographic con di tions such as: 
chloroform- acetone 40:10 (v/v) as a mo bile phase and
10% etha nol so lu tion of phos pho mo lyb dic acid as a suit -
able visu al iz ing agent for quan ti ta tive TLC- densitometric 
analy sis of dios genin in pure sam ple was cho sen. The
quan ti ta tive TLC- densitometric analy sis of dios genin pre -
sented in this pa per was vali dated in terms of: line ar ity,
the limit of quan ti fi ca tion (LOQ) and the limit of de tec -
tion (LOD). The cali bra tion plots were con structed by
plot ting spot ar eas against the cor re spond ing amounts of
dios genin in g·spot-1. A line ar ity of the re la tions be tween
spot ar eas and con tent of dios genin was veri fied for the
fol low ing amount ranges: 
– 0.04-2.00 μg·spot-1 in the case of chro ma tographic

plates Art. 1.05554 and both visu al iz ing agents,
– 0.02-2.00 μg·spot-1 for chro ma tographic plates Art.

1.05553 and phos pho mo lyb dic acid, 
– 0.02-2.00 μg·spot-1 for chro ma tographic plates Art.

1.05715 and sul fu ric acid,
– 0.04-2.00 μg·spot-1 for chro ma tographic plates Art.

1.05715 and phos pho mo lyb dic acid,
– 0.04-2.00 μg·spot-1 for chro ma tographic plates Art.

1.05553 and sul fu ric acid.
The LOD and LOQ val ues cal cu lated on the ba sis of

the cali bra tion plots and stan dard er ror of es ti ma tion de -
ter mined for all ap plied chro ma tographic con di tions are
given in Tab. 3. The data pre sented in Tab. 3 in di cate that
the low est LOD and LOQ value of dios genin could be de -
ter mined for the chro ma tograms visu al ized with the use of 
sul fu ric acid. In the case of the chro ma tograms visu al ized

with phos pho mo lyb dic acid the level of LOD val ues are
simi lar to the LOD val ues ob tained with the use of sul fu ric 
acid but the LOQ val ues in this case are much higher. 

Com pari son of the ob tained re sults es pe cially of LOD
and LOQ val ues with the data pre sented in lit era ture re -
ports [1,10,12-13] in di cate that a proper choice of the
chro ma tographic con di tions such: mo bile phase com po si -
tion, kind of the chro ma tographic plates and the type of
visu al iz ing agent in flu ence the ef fect of quan ti ta tive
analy sis of dios genin. The mo bile phase chloroform-
 acetone in vol ume com po si tion 40:10 de scribed in this pa -
per as the best of all ap plied gives simi lar RF val ues (about 
0.76) like in the case of the sol vent sys tem: petro leum
ether- isopropanol 12:1 (v/v) used for dios genin analy sis
in rhi zome of Dioscorea del toi dea [1]. How ever, in this
case a lower LOQ value of dios genin in com pari son of
chloroform- acetone mix ture is ob served. The re sults pre -
sented in the next pa per con cern ing dios genin study in
plant sam ple show that simi larly like in our pa per n-he -
xane and chlo ro form as a mo bile phase com po nent are
suit able for quan ti fi ca tion of dios genin in metha nolic ex -
tracts from Al lium ursinum. A mo bile phase n-hexane-
ace tone in vol ume com po si tion 4:1 (v/v) and sul fu ric acid
as a visu al iz ing agent enabled suc cess ful TLC- dens-
itomet ric analy sis of dios genin from Al lium ursinum ex -
tract [10]. The limit of de tec tion is simi lar to the LOD
value pre sented in this pa per, but LOQ value de ter mined
us ing this mo bile phase is much lower [10]. Based on the
data pre sented in an other pa per it can be con cluded that
the modi fied visu al iz ing agent: anisaldehyde- sulfuric acid 
im proves de tec tion of dios genin in dif fer ent prepa ra tions
(ex tract from plants and herbal drugs), but the cor re la tion
co ef fi cient for this method is only 0.988 [12]. Based on
the con ducted com pari son, it can be con cluded that the
method elabo rated in this pa per is suit able only for in di -
vid ual analy sis of dios genin in pure sam ple.

Fur ther quan ti ta tive den si tomet ric analy sis of dios -
genin e.g. in phar ma ceu ti cal for mu la tions con tain ing
dios genin is pos si ble, but re quires prior elimi na tion of the
in flu ence of the ex cipi ents pre sented in dios genin com -
mer cial prod ucts for iden ti fi ca tion and quan ti fi ca tion of
dios genin as a bio ac tive sub stance in these phar ma ceu ti -
cal prod ucts like was de scribed in sci en tific pa pers
[1,10,12-13]. 

CONCLUSIONS
An TLC method de scribed in this pa per en ables iden ti -

fi ca tion and quan ti fi ca tion of dios genin as a bio ac tive
sub stance in pure sam ples. Op ti mi za tion of the chro ma -
tographic con di tions based on an se lec tion of an ap pro-
pri ate mo bile phase, type of chro ma tographic plates, visu -
al iz ing agent and wave length range for den si tomet ric
scan ning, in di cates that the sat is fac tory quali ta tive and
quan ti ta tive analy sis by means of all ap plied chro ma -
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tographic plates (E. Merck, Art. 1.05553, Art. 1.05554,
Art. 1.05567) guar an tees a mix ture of chloroform- acetone 
in vol ume com po si tion 40:10. Dios genin can be iden ti fied 
chro ma tographi cally by re ten tion fac tor (RF) or ab sorp -
tion spec tra but only af ter prior color re ac tion of the
dios genin spots with two visu al iz ing agents: 10% etha nol
so lu tion of phos pho mo lyb dic acid or 10% etha nol so lu -
tion of sul fu ric acid. Den si tomet ric analy sis of dios genin
chro ma tograms with out visu al iz ing agent is not ef fec tive.
Big simi lar ity in lo ca tion of the maxi mum ab sorp tion of
dios genin spec tra ob tained on vari ous chro ma tographic
plates de vel oped with chloroform- acetone (40:10) af ter
visu ali za tion with phos pho mo lyb dic acid in di cate that
dios genin can be den si tomet ri cally ex am ined us ing
a phos pho mo lyb dic acid at the simi lar wave length range
(from 700 to 800 nm) re gard less of chro ma tographic
plates used. The LOD and LOQ value of den si tomet ric
quan ti fi ca tion of dios genin de ter mined un der dif fer ent
chro ma tographic con di tions show that the elabo rated
method is suit able for dios genin analy sis mainly in pure
sam ples. 

Fur ther in ves ti ga tions could be re ferred to ap pli ca tion
of de scribed TLC- densitometric method for dios genin
analy sis as a com po nent in phar ma ceu ti cal for mu la tions. 
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