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Hydrolysis  of g lycyr rh iz ic  acid (I) and its salts makes it possible to obtain g lycyrrhe t in ic  acid (II), having 
ant i - inf lammatory  activity [3]. Up to the present  t ime, the conditions of the hydrolysis  have not been developed 
in detail. A prolonged res idence  of II in a mineral  acid medium leads to the isornerization of/3-11 into the 
pharmacological ly  inactive ce-isomer of II, and other der ivat ives  [5]. Compound II can be preserved  and iso-  
lated, using mi lder  conditions, for  example, enzymatic  hydrolysis  [8]. 

The study of the kinetics of the enzymatic  hydrolysis  of ammonium g lycyr rh iza te  (III) by the action of 
f l -glucuronidase (IV) was carr ied  out on the " F e r m e n t - l "  apparatus [1, 2]. In the experimental  work, we used 
a technical  grade  salt III as the substrate,  which was produced according to the regulat ions for  the production 
of the g lycy r rham preparat ion,  containing 97.2% of 11. Grade B enzymatic  preparat ion of IV, produced at the 
Olainsk fac tory  of chemical  reagents,  with an activity of 58500 ED, TU 10P 408-70 was used. Acetate buffer 
solutions with pH values f rom 4.4 to 5.2 were used as the medium. 

EXPERIMENTAL 

To select  the optimal conditions for the enzymatic  hydrolysis ,  we carr ied  out a calibration of the ap-  
paratus  with re fe rence  to II. For  this, a se r i e s  of experiments were  car r ied  out, recording  changes in the 
e lect r ical  conductivity, corresponding to the chemical conversion of III by the action of IV. A 155 ml portion 
of a 0.003 M solution of III in an acetate buffer solution at pH 4.6 was prepared.  Port ions of 2.5 ml of this solu- 
tion were poured into a pair  of cuvettes for  measur ing the e lectr ical  conductivity, and the cuvettes were placed 
into housings in the thermos ta t  at 40~ The remaining 150 ml of the subst ra te  were  placed at 400C into the 
thermosta t .  The enzymatic  react ion was started simultaneously in the cuvette, by adding 0.2 ml of 1% solution 
of the enzyme into the experimental  cuvette and 0.2 ml of the acetate  buffer into the control cuvette, and inthe 
flask, whereto 12 ml of a 1% solution of IV were  added. Every  10 man (in the course  of 60 min), 25 ml aliquots 
were  withdrawn and heated to 80-85~ to stop the enzymatic  reaction.  After cooling the solution was acidified 
by 0.1 N hydrochlor ic  acid. The precipi ta te  of II was separated and washed on the f i l ter  with hot distilled water  
to r emove  unreacted III. The precipi tates  obtained on the f i l ter  were  dried, and then dissolved in 10-15 ml of 
95% alcohol. The solutions were  f i l tered into 100 ml volumetr ic  f lasks and brought to the mark with ethanol; 
a 50 ml portion of the solution obtained was t r ans fe r r ed  into a 100 ml volumetr ic  f lask and again brought to the 
mark with 95% ethanol. A quantitativ~ spect rophotometr ic  determinat ion was car r ied  out at the wavelength of 
248 nm. 

After 60 min, the sensors  were  disconnected, and on the s e l f - r e c o r d e r  tape of the mil l ivol tmeter  the 
value of the deviation was measured  (in mil l imeters)  at the same periods of t ime at which the aliquots were  
withdrawn. 

TABLE 1. Determination of Calibration Coefficient N during En- 
zymat ic  Hydrolysis  of Ammonium Glycyr rh iza te  III 

Time of 
thermostattng, 
rnm 

c O f f t i c a l  density I Glycyrrhetirdc 
sotutions at . . . . .  

self-recorder, 
aem eoment, Deviation of 

280 n i ~  mg Ff lm 

M Nmean 

I0 
20 
30 
40 
50 
60 

0,280 
0,520 
0,820 
0,870 
0,950 
1,030 

2,6046 
4,7878 
7,5262 
7,9976 
8,7866 
9,6256 

18 
31 
49 
50 
57 
62 

0,1447 
0,1544 
0,1535 
0,1599 
0,1541 
0,1553 

0,153 
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Fig.  1. Graph for  re la t ionship  between the amount of the  enzymat ic  p repa ra t ion  introduced and the 
yield of II. On absc i s sa ,  t i m e  of the rmos ta t ing  (in rain); on ordinate,  amount of 1I separa t ing  out in 
the hydro lys i s  of a 0.003 M solution of III (in mg). Amount of 1% enzyme p repa ra t ion  of IV in t ro-  
duced: 1) 0.1 ml; 2) 0.2 ml; 3) 0.3 ml; 4) 0.4 ml; 5) 0.5 ml; 6) 0.6 ml.  

Fig.  2. Graph for  the dependence of act ivi ty  of enzymat ic  p repa ra t ion  of IV on pH. On absc i s sa ,  pH; 
on orginate ,  amount of II separa t ing  out (in rag). 

Fig.  3. Dependence of logar i thm of r a t e  constant of hydro lys i s  of HI by f l -glucuronidase  (IV) on 
1 / T .  

TABLE 2. Yields of Glycyr rhe t in ic  Acid II 
a f t e r  Enzymat ic  Hydro lys i s  of Ammonium 
Glycyr rh iza te  III 

Number of 
flask 

2 
3 
4 
5 

6 

W~i~ht of p~- 
cipifate afi~ 
hydrolysis, g 

0,0726 
0,0731 
0,0725 
0,0720 
0,0718 
0,0012 

Yield of purified II 

g % 

0,0634 47,49 
0,0642 48,08 
0,0638 47,47 
0,0630 47,t9 
0,0640 47,94 

F r o m  the amount of II  which sepa ra t ed  out (M) and the dis tance by which the  s e l f - r e c o r d e r  pen had de- 
viated (P) during the s a m e  period of t ime,  the amount of H was de te rmined  which co r re sponds  to a 1 - m m  devia-  

t i ono f the  s e l f - r e c o r d e r  pen f r o m t h e  fo rmula  N -- M ---p-. The  data a r e  l isted in Table  1. It is seen that a l - r a m  

deviation of the s e l f - r e c o r d e r  pen co r r e sponds  to 0.153 mg of II. 

The above cal ibrat ion of the appara tus  made it poss ib le  subsequently during the se lect ion of the optimal  
hydro lys i s  conditions to exp res s  the yield of II in acco rdance  with the g raphica l  r ecord ings  obtained. 

Dete rmina t ion  of Opt imal  Concentra t ions  of Subs t ra te  and Enzyme.  The enzymat ic  reac t ions  a r e  usual ly 
c a r r i ed  out by using a concentrat ion of the subs t r a t e  in the  range  10-2-10 -3 M. We used 0.003, 0.006 and 0.012 
M solut ions of HI. The  ana lys i s  of the e x p e r i m e t a l  data obtained showed that with i nc r ea se  in the subs t ra t e  
concentrat ion,  the yield of the hydro lys i s  products  d e c r e a s e s  at all  pH values  f r o m  4.5 to 5.2. This  is  explained 
by the fact  that the solut ions of III have a v i scous  consis tency,  and t h e r e f o r e  at concentra t ions  of 0.006 and0.012 
M, the r a t e  of the enzymat ic  r eac t ion  d e c r e a s e s .  The  opt imal  r e su l t s  w e r e  achieved during the hydro lys i s  of 
0.003 M solut ions of III, and fu r the r  d e c r e a s e  in the concentra t ion of the subs t r a t e  did not lead to an inc rease  
in the  r a t e  of hydro lys i s .  

To find the opt imal  amount of the enzyme prepara t ion ,  0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 ml of a 1% solution 
of IV w e r e  added into the exper imenta l  cuvet tes  each containing 2.5 ml  port ions of the subs t r a t e  at different  
concentra t ions .  F igu re  1 shows graphica l ly  the re la t ion  between the amount of the enzymat ic  p repa ra t ion  in t ro -  
duced and the compound H separa t ing  out. It is seen  that the opt imal  concentrat ion of the enzyme in the reac t ion  
solution is r eached  when 0.3 ml  and m o r e  of a 1% solution of IV a r e  added to a 0.003 M solution of IH. 
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During the hydro lys i s  of 2.5 ml  of a 0o012 M solution of III  by a sma l l  amount of the enzyma t i c  p r e p a r a -  
tion (0~ ml), the yield of the hydro lys i s  products  is 2-3%; i n c r e a s e  in the amount of the enzyme in t ro-  
duced to the reac t ion  up to 0.6 ml i n c r e a s e s  the yield of the hydro lys i s  products  threefold.  

De te rmina t ion  of the Optimal  Value of pH oi ~he Medium. The  opt imal  value of pH fo r  sl ightly purif ied 
p repa ra t ions  of IV obtained f r o m  animal  t i s sues  v a r i e s  f r o m  4.5 to 5.2 [4, 6, 7]. We ca r r i ed  out a hydro lys i s  
of a 0.003 M solution of III by a 1% solution of the enzymat ic  p r epa ra t i on  of IV in an ace ta te  buffer  at different 
pH values  f r o m  4.5 to 5.2 f r o m  the data obtained a graph  was plotted, shown in Fig. 2, which shows that the 
opt imal  pH value  for  the p repara t ion  IV is 4.6; at this  pH value the m a x i m u m  yield of II  was  obtained. 

Dete rmina t ion  of Opt imal  T e m p e r a t u r e  of Enzymat ic  P r o c e s s .  Por t ions  of 2.5 ml  of a 0.003 M solution 
of III w e r e  placed in cuvettes~ Into the exper imenta l  cuvette,  0.3 ml of a 1% solution of IV was introduced and 
into the control  cuvette  0.3 ml of the ace ta te  buffer .  The  the rmos ta t ing  was ca r r i ed  out fo r  120 rain at 30, 37, 
40, 45, 50, and 60~ 

The hydro lys i s  r a t e  constants  were  de te rmined  at different  t e m p e r a t u r e s  and were  calculated according  
to a f i r s t - o r d e r  reac t ion  equation. 

- -  2.303 C 
K = - - - - 7 - - - - . ~ g - - C j  ' 

where  C O is the initial concentrat ion of III; C is the amount of III  which did not undergo a hydro lys i s  during 
t ime  t; t is t i m e  of ca r ry ing  out the hydrolys is .  

A graphica l  dependence of log K on 1/37 is shown in Fig.  3. The graph  has the f o r m  of a line with inf lec-  
tion. This  f ea tu re  of the influence of the t e m p e r a t u r e  on the reac t ion  kinet ics  is explained by the acc le ra t ion  
of the denaturat ion of the pro te in  molecule ,  leading to inactivation of the enzyme at elevated t e m p e r a t u r e s .  In 
the 37-50~ range  the yield of 1I is the highest .  

With the data on the kinet ics  of the enzymat ic  hydro lys i s  which we obtained, it was  poss ib le  to develop a 
method of hydro lys i s  of I and isolat ion of IL Por t ions  of 100 ml  of 0.003 M solution of III in an ace ta te  buffer  
at 4.6 we re  placed in 6 f lasks ,  and the f lasks  we re  held fo r  2-3 h at 40~ Then 12 ml por t ions  of 1% enzyme 
solutions were  introduced into 5 f lasks ,  while 12 ml  of an ace ta te  buffer  (control) we re  added to the 6th f lask,  
and the f l asks  w e r e  the rmos ta t ed  for  2 h. At the  end of the react ion,  the solutions w e r e  heated to 80-85~ to 
inact ivate  the enzyme,  and were  acidified with a 0.1 N solution of hydrochlor ic  acid to pH 3.0-3.5.  The p r e -  
cipitate was separa ted ,  washed with hot dist i l led water ,  and then dr ied,  and the pure  II was c rys ta l l i zed  f r o m  
an a l c o h o l - w a t e r  (1: 1.5) mix ture .  Data on the yield of the purified II a f t e r  drying at 80-85~ a r e  given in 
Table  2. 

The enzymat ic  hydro lys i s  c a r r i ed  out in an opt imal  r e g i m e  makes  it thus poss ib le  to obtain II in a yield 
of 48%. 
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