
S P E C I F I C  D E N S I T O M E T R I C  M E T H O D  O F  D E T E R M I N I N G  

D I E T H Y L S T I L B E S T R O L  IN M U S C L E ,  L I V E R ,  

A N D  K I D N E Y  T I S S U E S  

L.  F .  A d i g a m o v  a n d  M. F .  N e s t e r i n  UDC 615.256,51.07 

A densitometric method of determining diethylstilbestrol in extracts of muscles, liver, and 
kidneys is described. The compound can be determined in 250-750 g of tissue. 

Diethylstilbestrol (DES) is used in medicine for the treatment of various diseases and also in exper- 
imental research to study physiological and biochemical effects induced by estrogens. Its possible use as 
a growth stimulator for farm animals has recently been discussed. Meanwhile, before the mechanism of 
action of DES can be finally explained, its distribution and conversions in the tissues must be studied. For 
this purpose specific methods of determination of DES and its metabolic products must be worked out. 

The object of the present investigation was to develop a densitometric method of determination of 
DES whose sensitivity and specificity would be greater than those of the speetrophotometric methods de- 
scribed in the literature [7]. An increase in specificity can be obtained by using methods of chromatogra- 
phic separation of DES from various components contained in the tissue extracts. 

E X P E R I M E N T A L  M E T H O D  

Extract ion of DES on columns with 96% ethanol, hydrolysis  with 2 N HC1, and purification in a CHC13- 
H20-Na2CO3-NaOH sys tem were ca r r i ed  out by Umberge r ' s  method [9], and f luorometr ic  investigation on 
the MPF-2A spec t rof luorometer  (Hitachi, Japan) was car r ied  out by Bane's  method [5]. For  ch romatogra -  
phy on a column (0.6 • 8.0 cm) si l icagel  L, 200 mesh (Chemapol, Czechoslovakia) containing 10% water was 
used. Before use the column was washed with 30 ml chloroform. The sample for testing was applied to 
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Fig. 1. Determination of diethyl- 
s t i lbes t rol  by a densi tometr ic  meth-  
od (calibration curve). Abscissa ,  
content of diethylst i lbestrol  (in #g); 
ordinate,  a rea  of peak (in mm2). 

the column in 1-2 ml chloroform.  The elution ra te  was 0.5 m l /  
min. For  chromatography on a thin layer  of s i l icagel  KSK-2, 160 
mesh,  discs measur ing  14x 18 cm and 20 • 20 cm were used. 
(The thickness of the unattached layer was 0.5 ram, and of the 
attached layer  0.25.) Chromatography on paper (No. 7, Fi l t rak,  
East  Germany) was ca r r i ed  out in a solvent sys tem of b e n z e n e -  
m e t h a n o l - w a t e r  (5 : 7 : 3). 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Three samples (each 250 g) of bovine t issue (muscle, liver, or  
kidney) were used for extaction. The minced t issue was twice 
extracted with 96% ethanol (250 ml each time). After f i l trat ion 
the t issue was mixed with an equal weight of Celite 545 (Ferak,  
East  Germany) and fur ther  extracted with 1000 ml 96% ethanol on 
a column measur ing  6.5 x 40 cm. To 1500 ml of the ethanol ex- 
t rac t  of each sample 50 ml of 2 N HC1 was added, the volume was 
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TABLE 1. Separation of DES f rom Var i -  
ous Substances by Th in -Layer  Chroma-  
tography (twice) in a Solvent System of 
E t h e r - B e n z e n e  (1 : 4) 

Substance ~[ 

Diethytstilbcstxol . . . . . . . . . . . . . . . . .  
Estrone . . . . . . . . . . . . . . . . . . . . . . . .  I 
Cholesterol, eholesteryl caproate, triolein, I 

tributyrin . . . . . . . . . . . . . . . . . . . . .  
Estradiol, androstenedione, testosterone, 

epitestosterone, androsterone, etiochol- 
anolone, dehl(droepiandroster one . . . . . .  

Estriol, cortisol, cortisone, corticosterone, 
aldosterone . . . . . . . . . . . . . . . . . . . .  

0,5 
0,57 

70.6 

<0.4 

<-:0.2 

reduced by evaporation to 100-150 ml, and purification was 
ca r r i ed  out in a sys tem of CHCI3-H20-Na2CO3-NaOH. 

The extracts  of the three paral le l  samples (of the cor -  
responding tissue) were then pooled and evaporated to dry-  
ness in vacuo. The dry residue was dissolved in 30 m170% 
methanol and shaken vigorously with 10 ml hexane. The 
hexane layer was twice washed with an equal volume of 70% 
methanol and the hexane discarded. The methanol extracts  
were pooled and evaporated to dryness  in vacuo; after  acidi-  
fication with 2 N HC1 the aqueous res idue was twice extracted 
with chloroform (30 ml each time). The ch loroform was de- 
hydrated,  evaporated down to a volume of 1-2 ml, and applied 
to a si l icagel L column. Elution with 20 ml chloroform 
(fractionNo. 1, not containing DES) and with 30 ml 1% ethanol 

in ch loroform (fraction No. 2, containing DES) was ca r r i ed  out. F rac t ion  No. 2 was evaporated down to min-  
imal volume and applied to a silufol disc (Kavalier, Czechoslovakia). Chromatography was car r ied  out in a 
solvent sys tem of e t h e r - b e n z e n e  (1 : 4). The silufol disc was i r radiated in ultraviolet  light for 30 min, the 
s tr ip of the ch romatogram (4 x 15 cm) with developed yellow stains of the conversion product of DES was 
cut out, and densi tometry ca r r i ed  out in ref lected light on the ERI-65 densitometer .  The content of DES 
was determined f rom a calibration curve (Fig. 1). 

If the conditions are  such that densi tometry  is impossible,  DES can be est imated quantitatively by 
other methods,  using this same method of purification of the extracts :  either spect rophotometr ica l ly  or 
f luorometr ical ly .  For  this purpose,  after chromatography on a si l icagel  L column, the fract ion containing 
DES was evaporated down in vacuo and chromatography again ca r r i ed  out in a thin layer  of si l icagel  KSK-2 
or on paper.  After chromatography in a thin layer of si l icagel,  in order  to localize the DES, the chromato-  
g r a m  was i r radia ted in ultraviolet light (0.5-2 min) until the appearance of yellow stains of the photochem- 
ical react ion product.  Elution was ca r r i ed  out with 8 ml 96% ethanol, 8 ml chloroform,  and 8 ml methanol. 
The si l icagel  was separated and the eluates evaporated to dryness  in vacuo. The dry residue was dissolved 
in 2 ml 96% ethanol, 2 ml 1.8% K2HPO 4 was added, and after  further  i r radiat ion in ultraviolet  light (15 min) 
the optical density was determined at k = 410 rim. After chromatography on paper  and elution with 5 ml 
ethanol, 5 ml chloroform,  and 5 ml methanol, the f luorescent  product 3,6-dihydroxy-9,10-diethylphenanthrene 
[5] was obtained and est imated quantitatively. 

The purification method descr ibed above enables the quantity of t issue used for extract ion to be in- 
c reased  f rom the 20-200 g used in methods descr ibed previously [6, 7, 9] to 250-750 g. The photochemical  
react ion lying at the basis  of the densi tometr ic  determinations of DES, and consist ing of the formation of a 
t r icycl ic  diketone (3, 4, 5, 6, 12, 13-hexahydro-3,4-dioxo-9,10-diethylphenanthrene) under the influence of 
ultraviolet  light, according to severa l  workers  [5-8] is specific for the determinat ion of DES in biological  
mater ia l .  

Another advantage of the densi tometr ic  determination is that the photochemical  convers ion of DES and 
its subsequent quantitative determination were ca r r i ed  out direct ly on the chromatogram.  By means of this 
method about 0.2 pg  DES can be detected. Because of the difficulty of obtaining a quantitative yield for the 
conversion of the diketone into the diol and purification of the lat ter ,  the more  complex f luorometr ic  method 
has no significant advantages over the densi tometr ic  method. 

The method of purification of the extracts  f rom lipids (within the limits of the method described) is 
sufficiently effective. By chromatography on a si l icagel  M column standard prepara t ions  of DES can be 
separated f rom lipids of low polari ty (cholesterol es te r s  and t r ig lycer ides)  and also f rom more  highly polar 
fract ions (certain fatty acids, phospholipids). As Table 1 shows, th in- layer  chromatography is another 
convenient method of purifying DES f rom various substances.  A sufficiently high degree of purity is essen-  
tial because some lipid fract ions inhibit the photochemical  convers ion of DES and may lead to "incomplete 
d iscovery"  of the compound [3]. 

The method descr ibed above was used by the wri ters  for an experimental  investigation of the dis tr ibu-  
tion of DES in t issues of muscles ,  l iver ,  kidneys, and intestinal mucosa  of ra ts ,  and also for the determina-  
tion of residual  quantities of the substance in muscle t issue and organs of stimulated bulls [2]. In the last 
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s e r i e s  of invest igat ions res idua l  amounts of DES were  success fu l ly  detected in spec imens  of m e a t  products  
in which they could not be  detected by spec t ropho tomet r i c  methods [2]. 

The method of pur i f ica t ion of the ex t rac t s  descr ibed  above and the methods of quanti tat ive analysis  
of DES can be used in b iochemica l  invest igat ions to study the dis t r ibut ion and me tabo l i sm  of the compound 
in an imal  t i s sues ,  in cl inical  p rac t i ce ,  and also in agr icu l tu ra l  exper imen t s  as a means  of ver i fy ing  the 
absence  of the subs tance  in mea t  products  when the opt imal  method of s t imulat ing growth of an imals  is 
sought. 
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