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JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 6 (7) ,  129 1- 1317 (1983) 

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY OF 

DITHIOLTHIONES 

Asaad N. Masoud and Ernest Bueding 

Departments of Environmental Health 

Sciences and Immunology and Infectious 

Diseases, The Johns Hopkins University, 

Baltimore, MD. 

ABSTRACT 

Sixteen dithiolthiones including oltipraz 
(5-(2-Pyrazinyl)-4-methyl-l-l,2 
dithiol-3-thione) and anethol dithiolthione 
(P-methoxyphenyl-1,2-dithiol-3-thione) have been 
studied using an isocratic high performance 
liquid chromatographic system. The retention 
characteristics of these compounds were 
determined using a conventional C 18 reverse 
phase column and a I.I Bondapack phenyl column. 
The mobile phases used consisted of several 
concentrations of methanol and water. All 
compounds studied were adequately detected in 
the nanogram range (30-100 ng on column) using 
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1292 MASOUD AND BUEDING 

ultra violet detection (UV) set at 300 nm. 
Several analogs and isomers were separated. The 
retention characteristics of the 16 compounds 
studied are reported for both columns using 4 
mobile phases and chromatograms of reference 
standards are presented. 

Oral administration to mice of 

dithiolthiones results in chemoprotective and 

radioprotective effects (1) . This is 
associated with significant elevations in 

tissue glutathione levels and in the activity 

of a number of enzymes, such as 

glutathione-S-transferases, catalyzing the 

inactivation of carcinogens and other toxic 

products (1) One dithiolthione, oltipraz, (5- 

(2-pyrazinyl) -4 methyl-l,2 dithiol-3-thione) 

has antischistosomal activity (2,3,4,) and 

anethol dithiolthione (ADT) (3- (p- 

methyoxyphenyl)-1,2-dithiol-3 thione) has been 

reported to stimulate salivary secretion and 

to antagonize the dryness of the mouth, 

produced by certain antidepressant drugs ( 5 )  
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DITHIOLTHIONES 1293 

Because of t he  numerous biological 

a c t i v i t i e s ,  and because of t he i r  presence in  

several edible plants  (m ' species) (6) 

t h i s  c l a s s  of compounds is assuming 

considerable in te res t .  

No methods have been reported i n  t h e  

l i t e r a t u r e  for t h e  separation of 

dithiolthiones by high performance 

l i q u i d  chromatography (HPLC). I n  t h i s  paper w e  

a r e  describing conditions for  the separation 

and detection of 16  

dithiolthiones using two reverse phase 

columns and four mobile phases. Absorption 

maxima and the extinction coeff ic ients  (a0 

of these compounds i n  t h e  W and v is ib le  

regions a re  reported also. 

JiZmQDs 

IllaxuQcn- 
An i soc ra t i c  HPLC system assembled i n  our 

laboratory consisted of a Milton Roy 
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1294 MASOUD AND BUEDING 

reciprocating minipump, model 396; a 

s t a i n l e s s  steel t u b e ,  1 / 4  inch (0.64 cm) 

outer diameter by 1 meter as a pulsat ion 

damper; a 5,000 pounds per square inch (34.5 

megapascal) pressure gauge; a Rheodyne 

in jec tor  model 7125 and a var iable  wavelength 

u l t r av io l e t  (W) detector ,  model 

Spectro-Monitor 111. 

from Laboratory Data Control (Riviera Beach, 

Florida). A Hewlett Packard computing 

integrator  model 3390A (Avondale, 

Pennsylvania) was connected t o  the  detector . 
A Brownlee RP 18, Lichrosorb 3 cm guard 

column (Santa Clara, Cal i fornia)  was connected 

t o  t h e  ana ly t i ca l  column. 

columns were used i n  t h i s  study; a Whatman, 

P a r t i s i l  PXS 10/25, ODs-2 microparticulate,  

reverse phase column (Clifton, New Jersey) 

which w i l l  be referred t o  as column A, and a 

Waters, p Bondapack phenyl (Milford, 

Massachusetts), which w i l l  be referred t o  a s  

A l l  parts were obtained 

Two ana ly t i ca l  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DITHIOLTHIONES 1295 

Column B. Columns were kept inside a 

Bioanalytical Systems heater model LC-23A 

(West Lafayette, Indiana) and column 

temperature was maintained at 35OC 

throughout this study. 

I!tk&aiu: 

The compounds investigated were obtained 

courtesy of Dr. Baronnet of Laboratoires 

Therapeutique Moderne, Suresnes, France 

(Latema), Dr. Benazet of Rhone Poulenc, (a), 
Research Division Vitry Sur-Seine, France and 

Dr. R. Gyurick of Smith Kleine and French, 

USA. 

purification. The sources of these compounds, 

their structures, absorbance maxima, 

excitation coefficients and 

their company identification numbers are 

listed in Table 1. These compounds were 

arranged in order of their 

column A with 70% methanol as a mobile phase 

They were used without further 

their names or 

elution on 
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1302 MASOUD AND BUEDING 

and assigned a Roman numeral based on t h a t  

order for the  purpose of re fer r ing  t o  these 

compounds throughout t h i s  paper. 

Methanol, (Glass-dis t i l led)  was 

purchased from B u r d i c k  and Jackson 

labora tor ies  (Muskegan, Michigan). Water was 

d i s t i l l e d ,  deionized and demineralized. 

Individual reference standards were 

dissolved i n  methanol and fur ther  d i lu t ions  

and mix tu res  were a l s o  prepared i n  methanol. 

Solutions were s tored i n  v i a l s  provided with 

teflon-lined caps and the v i a l s  were wrapped 

with aluminum f o i l  t o  pro tec t  t he  samples 

from l i g h t .  

nitrogen and kept re f r igera ted  when not 

i n  use. No decomposition was observed 

under these conditions fo r  a t  least two months. 

Samples were gassed with 

I ! l Q u k & -  

FOUK mobile phases containing 75, 70, 65 

and 60% methanol i n  water were used. These 
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DITHIOLTHIONES 1303 

mobile phases w i l l  be referred t o  throughout 

t h i s  paper a s  75%, 70%, 65% and 60% methanol 

respectively. The mobile phases were 

degassed under vacuum immediately pr ior  t o  use 

and kept a t  approximately 4OoC during 

chromatography t o  prevent the  introduction of 

a i r  bubbles in to  t h e  system. The flow ra t e  

was kept a t  1.1 m l / m i n  throughout t h i s  

study. 

The absorption c h a r a c t e r i s t i c s  of t h e  

compounds were studied using a Varian 

scanning spectrophotameter model Cary 219 i n  

the  W and v i s ib l e  range ( Table 1). A l l  the  

compounds were found t o  possess a maximum a t  

a wavelength close t o  300 nm. Thus when the 

W detector was set a t  t ha t  wave length, a l l  

the  compounds were adequately detected when 

nanogram amounts (30-100 ng on column) were 

chroma togr aphed 
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1304 MASOUD AND BUEDING 

The W detector  provided a constant 

s igna l  t o  the  computing in tegra tor  of 1 

absorbance uni t  (AU)/volt. Thus height counts 

provided by t h e  in tegra tor  were constant for 

a given peak ,  regardless of t h e  a t tenuat ion 

s e t t i n g  of the integrator .  The actual s i z e  

of the peaks as they appear on the 

chromatograms however a r e  determined by t he  

a t tenuat ion of t h e  in tegra tor .  Throughout 

t h i s  study, the  at tenuat ion was set  a t  3 

which equals t o  8 mV f u l l  scale. 

detector provides 1 AU/V, the  s e n s i t i v i t y  of 

the  system was 0.008 absorbance u n i t s  f u l l  

scale ,  (AUFS) . 

Since the  

m T S  JllxXsm 
Working standards of individual 

compounds were chromatographed t o  determine 

t h e i r  re tent ion time (tR) and the i r  

detector response. The amount introduced 

onto the  column was i n  t h e  range of 3 t o  9 pl 
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DITHIOLTHIONES 1305 

of so lu t ions  containing 1 0  pg/ml. 

capacity fac tor  (k') for each compound was 

determined using t h e  4 mobile phases on each 

column according t o  t h e  equation K' = 

The 

tR-to/to where to represents  

the  solvent f ron t  which was 2.70 min. on 

column A and 3.35 min. on column B. Table 2 

lists the  K' values of these compounds. 

Figures 1 and 2 provide a graphic 

representation of these data. 

As expected the compounds were 

generally retained more on column A than 

on column B. Also their  re tent ion was 

increased as t h e  percentage of methanol was 

decreased in  the  mobile phase. The order of 

e lu t ion  was consis tent  for  most of t h e  

compounds with a l l  mobile phases used. 

few compounds reversed order as t h e  amount of 

Only 

methanol was decreased and t h e  degree of 

reversal  was not very s igni f icant .  
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1308 MASOUD AND BUEDING 

O !  1 I 1 
75 70 65 60 

Percent Methanol I n  Mobile Phase 

FIGURE 1 

Capacity f a c t o r s  (k') of t h e  compounds studied 

when chromatographed on column A. 
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DITHIOLTHIONES 1309 

O J  I I 

75 70 65 60 
Percent Methanol In Mobile Phase 

FIGURE 2 

Capacity f a c t o r s  (K') of the  compounds studied 

when chromatographed on column B. 
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1310 MASOUD AND BUEDING 

For column A, compound I11 was eluted 

s l i g h t l y  earlier than compound I1 when 60% 

methanol was used. Compound V I  was eluted 

e a r l i e r  than V wi th  65% methanol and e a r l i e r  

than IV with 60% methanol. Compounds X and 

X I  a l s o  reversed order i n  a similar fashion 

when the  concentration of methanol in  t h e  

mobile phase was reduced t o  60%. I t  is 

d i f f i c u l t  t o  i n t e r p r e t  w i th  ce r t a in ty  t h i s  

difference i n  response t o  a lower methanol 

concentration by compounds 111, V I  and X I .  

However, t h e  only s t r u c t u r a l  cha rac t e r i s t i c  

common t o  the  th ree  compounds is the  presence 

of two ni t rogens i n  t h e  ring of the  side 

chain of the dithiocyclopetene thione. This 

effect could not be observed i n  compounds I1 

and XV possibly due t o  the  presence of a 

reasonably la rge  side chain which could have 

overcome t h a t  effect. The order of e lu t ion  

from column A could be used a s  an index of t h e  

l i p o p h i l i c i t y  of these compounds. 
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DITHIOLTHIONES 1311 

The order of e lu t ion  from column B was 

s ign i f i can t ly  d i f f e r e n t  from t h a t  of column A. 

Retention on column B was no longer dependent 

on the  l i poph i l i c i ty  of the compounds and t h e  

a f f i n i t y  of the compounds t o  t h e  phenyl 

function of the s ta t ionary  phase resulted i n  

a d i f f e r e n t  pattern of separation. 

column A, few compounds reversed t h e  order of 

As with  

e lu t ion  as  t h e  concentration of methanol i n  

t h e  mobile phase was reduced, however t h i s  

phenomenon was less pronounced than with column A. 

The choice of t h e  column and of the  

mobile phase t o  be used for  the separation of 

a given mixture is c l e a r l y  dependent on t h e  

components of the mix tu re  and the  pa r t i cu la r  

compound(s) of interest. Figures 3 and 4 

i l lus t ra te  the  separation of t h e  same mix tu re  

containing the  1 6  compounds studied using two 

d i f f e r e n t  chromatographic systems. 

Figure 3 reproduces t h e  separation 

obtained on column A using a mobile phase 
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I 1 1 I 1 

0 5 10 15 20 25 30 35 
TIME (min.) 

FIGURE 3 

A chromatogram representing the separation f the 
compounds studied on a reverse phase column. The 
chromatographic conditions are as follows: column, 
Whatman PXS, 10 /25  ODs-2  (column A); mobile phase, 
70% methanol in water; detection, UV, 300 nm at 
0.008 AUFS; flow rate, 1.1 m l / m i n ;  chart speed 0.2 
cm/min . 
The compounds chromatographed and the amounts on 
Column are as follows: I = 60 ng; 11 = 30 ng; 
111 = 30 ng; IV = 60 ng; V = 60 ng; VI = 60 ng; 
VII = 60 ng; VIII - 30 ng; IX = 60 ng; X = 30 ng; 
XI = 60 ng; XI1 = 60 ng; XI11 = 1 2 0  ng; 
XIV = 60 ng; XV = 90 ng; XVI = 90 ng. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DITHIOLTHIONES 1313 

I0.001 
AU 

' I  
t 1 1 1 I i 

0 5 10 15 20 25 30 35 40 

TIME (min.) 

FIGURE 4 

A Chromatogram r e p r e s e n t i n g  t h e  separa t ion  of 
t h e  compounds s t u d i e d  on a p h e n y l  column. The 
chromatographic condi t ions  a r e  as i n  Figure 3 except 
the column used was Waters p Bondapack Phenyl and 
t h e  mobile phase con ta in ing  60% methanol  i n  water. 
The components and amounts were the same as i n  Figure 
3.  

containing 70% methanol. Under these 

conditions compounds V and VI; VIII and IX 

and X and X I  co-eluted. Also, most of e a r l y  

e lu t ing  compounds, I1 through VII, d i d  not 

produce adequate separations.  
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1314 MASOUD AND BUEDING 

Figure 4 represents  t h e  separation of 

the  same mixture obtained on column B using a 

mobile phase containing 60% methanol. 

these conditions, compound V (which co-eluted 

with V I  under t he  previous conditions) was 

c l ea r ly  separated from V I  b u t  not from IV. 

Compound V I I I ,  s imi l a r ly  was adequately 

separated from I X  b u t  co-eluted with V I I .  

Final ly  compound X was adequately resolved 

from X I  bu t  co-eluted wi th  X I I I .  

I n  summary, the  use of t h e  

Under 

combination of two columns and four mobile 

phases allowed most of t h e  compounds s tudied 

t o  be separated adequately. 

Lkt- 

Peak height counts computed for  the 

compounds chromatographed on column A using 

75% methanol as a mobile phase by t h e  

computing in tegra tor ,  were converted t o  MV's 

using the  conversion fac tor  provided by the  
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H e w l e t t  Packard Ins t ruc t ion  Manual for t h e  

instrument. These values were used t o  

ca lcu la te  the  milli-absorbance u n i t s  (mAU) 

per pg on the  column which is reproduced i n  

column 1 0  of Table 2. This value is a u s e f u l  

indicat ion of t h e  s ignal  produced by each 

compound and can provide an approximation of 

the  detect ion l i m i t s  of the  method for  each 

compound. Assuming t h a t  a s e n s i t i v i t y  s e t t i n g  

of 0.01 absorbance u n i t s  f u l l  scale (AUFS) is 

a reasonable s e t t i n g  for a routine operation 

of most instruments, thus a s ignal  of 1 mAU 

would represent 10% of the  f u l l  scale which 

would ce r t a in ly  be considered a detectable  

s igna l  ( the  chrmatograms reproduced i n  

Figures 3 & 4 a s e n s i t i v i t y  s e t t i n g  of 0.008 

AUFS was used). Based on these data and those 

recorded i n  column 10 of Table 2 ,  t h e  lowest 

detectable amounts on column can be 

calculated by dividing 1000 by the  mAU 

produced by 1 y g  on column t o  result  i n  t he  
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1316 MASOUD AND BUEDING 

amount i n  nanograms necessary t o  produce a 

s igna l  of 1 mAU. The range of s e n s i t i v i t y  of 

t he  compounds studied w i l l  then be 

approximately 100 ng on column f o r  compound 

XI11 t o  5 ng on column f o r  compound 111. 
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