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The pharmacological properties of a number of novel glycopeptides of glycyrrhizic acid containing fragments
of methyl esters of L-amino acids and dipeptides were studied. The compounds were found to have a low
toxicity with anti-inflammatory activity combined with an anti-ulcer effect. This distinguishes these com-
pounds from known anti-inflammatory agents. The syvnthesis of three novel glycopeptides containing the
fragments L-Glu(OMe),, L-Pro(OMe). and NHCH,(CH),COOMe is described.

The main shortcoming of the popular anti-inflammatory
steroidal and nonsteroidal drugs [ortofen, indomethacin,
prednisolone, Butadion (phenylbutazone), Brufen (ibupro-
fen), etc.] is their ulcerogenic effect on the gastrointestinal
tract [1]. This is why the search for novel anti-inflammatory
drugs devoid of this undesirable property is urgent.

Glycerrhizic acid (GA) and its derivatives are known as
anti-inflammatory and anti-ulcer compounds [2 - 6] having a
low toxicity.
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To find novel chemical compounds in the series of GA
derivatives having a high anti-inflammatory activity com-
bined with an anti-ulcer effect, we studied the pharmacologi-
cal properties of a number of novel glycopeptides of GA of
the general formula (II) prepared from the glycoside (I) by
the activated ester method in {7].

The synthesis of glycopeptides Ila, llc, Ild, Ith, and IIf
was described in {7, 8]. The compounds IIb, Ile, g, and Ili
were prepared by the activated ester method by treating the
GA without preliminary protection of the hydroxy! groups of
the hydrocarbon chain with N-hydroxysuccinimide (HOSu)
and N,N’-dicyclohexylcarbodiimide (DCHC) in tetrahydro-
furan or dioxane followed by condensation of the hydroxy-
succinimide ester of GA formed with the methyl esters of
L-glutamic acid, L-proline, and g-aminocaproic acid as the
hydrochlorides in the presence of an excess of triethylamine.

PHARMACOLOGICAL EXPERIMENTAL PART

The acute toxicity of the series of compounds was deter-
mined on white mongrel mice with a mass of 15 —20 g using
intraperitoneal injection. The toxicity parameters were calcu-
lated according to the technique of Litchfield and Wilcoxon
[9]. The values of LDsg are given in Table 1.

On the basis of the decision of the State Committee of
Standards of the USSR Council of Ministers of March 10,
1976 No. 579, the given compounds are assigned to class
III - IV of low toxicity compounds.

The anti-inflammatory effect of glycopeptides of GA was
studied on white mongrel mice using two inflammation mod-
els: induced by a 1% solution of carrageenan and a 3% solu-
tion of formalin. The inflammatory agents were injected into
the aponeurosis of the foot of hind paw in a dose of 0.05 mi.
The compounds under study were administered to the ani-
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TABLE 1. Acute Toxicity of Glycopeptides of GA*

Compound LD;o, mg/ kg
IIb 500 (350 - 600)
I1d 135 (100 - 180)
lle 1050 (£92)
lig 2000 (1666 — 2400)

* For LDsq of compound Ila see [9].

mals through a probe into the stomach in doses of 25, 50, and
100 mg/kg one hour before introducing the inflammatory
agent and one and two hours after the formation of edema.
The anti-inflammatory effect of the compounds was deter-
mined by the percent of increase in edema of the leg in com-
parison with a control animal. The value of EDs, was calcu-
lated by the technique of Litchfield and Wilcoxon [9]. Or-
tofen (Voltaren or diclofenac sodium) (LDsq 380 mg / kg, in-
temally) and purified GA [1] (LDsg ~ 5000 mg / kg, inter-
nally) were used as the comparison compounds.

For the carrageenan model inflammation, all the gly-
copeptides of GA in the studied doses exhibit a pronounced
anti-inflammatory effect in comparison with the control ani-
mals (Table 2). The glycopeptides Ha, IIb, and IId were the
most active. They contain fragments of methyl esters of L-
alanine, L-glutamic acid, and L-phenylalanine. Compound
IId was more active when introduced in doses of 25 and
50 mg / kg. The anti-inflammatory effect of these GA deriva-
tives is similar to that of ortofen (taken in EDsy) and more
pronounced than the effect of GA. The glycopeptides Il¢, IId
(except for the dose of 100 mg/ kg), Ilg, IIf (except for the
dose of 50 mg/kg), and IIh (except for the dose of
25 mg / kg) exhibit an anti-inflammatory effect similar to that
of GA, but less effective than that of ortofen.

Elongation of the amino acid fragments lowers the anti-
inflammatory activity (glycopeptide Ili).

We determined the effective doses (EDsp) of the series of
glycopeptides and the glycoside itself for the carrageenan in-
flammation model (Table 3).

For inflammation produced by formalin, all the studied
compounds inhibit the development of edema statistically
significantly in comparison with the control animals (Ta-
bie 4). The anti-inflammatory effect of glycopeptides IIa, IIc,
I1d, e, I1g, and ITh is not inferior to the effect of GA, while
the glycopeptide IIi containing fragments of the Me ester of
g-aminocaproic acid is the least active in the given inflamma-
tion model.

The antiulcer effect of the GA derivatives was studied on
white mongrel rats using models of experimental stomach ul-
cers caused by indomethacin and acetylsalicyclic acid. The
disodium salt of glycyrrhetic acid (carbenoxolone) [10] and
GA in equal doses were used as the comparison compounds.
The animals were not fed for two days before producing the
ulcers. The mucous membrane of the stomach was destroyed
by the intraperitoneal injection of indomethacine in a dose of
20 mg/kg and intragastric administration of acetylsalicylic
acid in a dose of 150 mg / kg twice a day. The day after simu-
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TABLE 2. Anti-Inflammatory Activity of GA Glycopeptides for Car-
rageenan-Induced Inflammation

Dose, Increase
Compound(R) mgke egz ::v% )4
Ila L-AlaOMe 100 362+1.7 < (.001
50 38827 <0.001
25 418443 <0.00!
IIb L-Glu(OMe), 100 38.8+53 < 0.001
50 378+4.8 <0.001
25 313220 <0.001
IIc L-LeuOMe 100 43.0+44 <(.001
50 445%33 <0.002
25 555%4.6 <0.05
1Id L-PheOMe 100 50.0+2.7 < 0.001
50 348+54 <0.001
25 35.6+4.6 < 0.001
Ile L-ProOMe 100 58835 <0.02
50 53.7+4.0 <0.02
25 482 +1.7 <0.01
iIg L-Asp(OMe), 100 4821438 <0.001
50 47.5%3.0 <0.001
25 523+44 <0.02
1ih B-Ala-GlyOMe 100 455+48 <0.001
50 526%1.6 <0.001
25 61.0+3.2 <0.5
1If Gly-L-ValOMe 100 430+5.8 < 0.002
50 57.5+43 <0.05
25 53.1+24 <0.002
I1i NHCH,(CH,),COOMe 100 66.5+2.6 <0.05
50 593+34 <0.01
25 593420 <0.01
GA 100 51.5+39 < 0.001
Ortofen 8 393+2.7 < 0.001
Control 74.92 +3.45

lating ulcers of the stomach, the animals were killed under
chloroform narcosis, dissected, and the state of the mucous
membrane of the stomach was studied. The anti-ulcer activity
of the drugs was determined by the decrease in the number of
destructions of the mucous membrane of the rats’ stomachs.

A glance at Table 5 shows that for the indometacine ul-
cers model, the glycopeptides Ila, I1d, and ITh lower the de-
gree of damage to the mucous membrane of the rats’ stom-
achs more than two-fold and do not differ in their anti-ulcer
effect from carbenoxolone. The other compounds have low
efficacy.

For the model of ulcers produced by acetylsalicylic acid,
the studied compounds (except for compounds IIb and IIf)
statistically significantly lower the degree of damage to the
mucous membrane of the stomach, similar to the effect of
carbenoxolone.
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TABLE 3. Effective Doses of GA and lts Glycopeptides for Carrageenan-
Induced Inflammation

TABLE 4. Anti-Inflammatory Activity of GA Glycopeptides for Formalin-
Induced Inflammation

Compound ED;, mg/kg
Tl 85 (47.8 - 98.8)
Ile 30(16-35.5)
Itg 70 (56 - 87.5)
GA 82 (51-131)

The glycoside Ith and GA have the most pronounced
anti-ulcer effect.

Consequently, the introduction of amino acid fragments
into a glycoside molecule does not change its anti-inflamma-
tory anti-ulcer properties appreciably, unlike other classes of
GA derivatives [2 - 5].

CHEMICAL EXPERIMENTAL PART

Thin-layer chromatography was performed on Silufol
plates (Czecho-Slovakia) using chloroform-alcohol systems
of solvents, 7:1 (A), 4:1 (B), and chloroform-methanol-
water, 45 : 10 : 1 (C). The spots for the compounds were de-
tected with a 20% solution of phosphotungstic acid in alcohol
with heating to 110 — 120°C for two or three minutes.

The IR spectra were recorded on a UR-20 spectro-
photometer in a mull with vaseline oil. The electronic absorp-
tion spectra were obtained on a M-40 spectrophotometer in
methanol. The optical activity was determined on a Perkin-
Elmer 241MC polarimeter in a tube 1 dm long.

The compounds N,N'-dicyclohexylcarbodiimide from the
Ferak company, L-amino acids from Reanal, and €-amino-
capronic acid from Chemapol were used for this work.

The methyl esters of L-glutamic and L-aspartic acids and
L-proline were obtained as indicated in [7, 11].

1-0-[3B,20p3}-11,30-diox0-30-desoxy-30-(N-L-gluta-
mic acid dimethyl ester)-olean-12-en-3-yl]J-2-O-[B-D-6-
0x0-6-desoxy-6-(N-L-g lutamic acid dimethyl ester)-gly-
copyranosyl]-o-D-6-0xo-6-desoxy-6-(N-L-glutamic  acid
dimethyl ester)-glucopyranoside (IIb). To a solution of
1.64 g (2 mmol) of glycyrrhizic acid in 50 m! of dry tetrahy-
drofuran at 0 - 5°C we added 1.15 g (10 mmol) of N-hy-
droxysuccinimide (HOSu) and 1.3 g (6 mmol) of N,N'-dicy-
clohexylcarbodiimide (DCC) and stirred the mixture at this
temperature for 3 h and at room temperature (20 — 22°C) for
6 h, and held it for 12 h in a refrigerator at 4 — 8°C.

We filtered the precipitate of dicyclohexylcarbamide, and
to the filtrate cooled to 0 — 5°C we added with stirring 1.4 g
(6.5 mmole) of the hydrochloride of the dimethyl ester of L-
glutamic acid, 1.2 ml (8.9 mmole) of triethylamine, and kept
it at room temperature for 24 h with periodic stirring. We
evaporated the solvent under vacuum, dissolved the residue
in 200 ml of methylene chloride, and washed it with a 5%
solution of HC], water, a 5% solution of NaHCOs3, again with
water, and dried it over MgSQO;. After evaporation of the sol-
vent under vacuum, we obtained 2 g (76.9%) of the target
glycoside (IIb) that was reprecipitated from the system chlo-

Increase of paw

Compound Dose. mg/kg edema. % p

Ila 100 35.6+24 <0.001
ITb 100 480+33 <0.001
Il 85" 455£22 <0.001
11d 100 390+28 < 0.001
e 39° 442+14 <0.001
g 70° 44.6+36 <0.001
ITh 100 383+2.1 <{.001
It 100 41.5+24 <0.001
i 100 51.0+14 < 0,001
GA 100 41.5+39 <0.00!
Ortofen 8 33524+32 < 0.001
Control 70.0+2.7

* The anti-inflammatory activity of the glycopeptides was assayed in doses
corresponding to the values of EDjsg.

TABLE 5. Anti-Ulcer Activity of Glycopeptides of GA When Introduced in
a Dose of 100 mg/kg

Average number of stomach destructions caused by

Compound indomethacin acerylsglicylic
acid

la 63+09 <0002  41+08 <0.05
Ib 10310 0.05 58£09 >0.5
igil 58+06  <0.00!
ITh 5806  <0.002 35+04 <0.002
11f 166+20 >005 48+06 >035
Iii 123£17 >05 42+1.0 <0.03
GA 121£15  >03 31408 <0.002
Carbenoxolone 58+04 <0.001 36+04 < 0.002
Control 140£18 7.0+£09

roform-alcohol (5:1, v/v) with ester. [a]%)0+32° (c 0.06.
MeOH), R; 0.8 (B).

IR spectrum, Vg, cm ™' 3600 — 3200 (OH, NH), 1740
(COOMe), 1660 (Cy,-0), 1540 (CONH), 1210 (C-O-C es-
ter).

UV spectrum, Ay, tm (log €) (MeOH): 250.5 (3.95).
Ce3HggN30,5. The results of elemental analysis correspond to
the calculated values.

1-0-[(3B3,2083)-11,30-diox0-30-(N-L-proline methyl es-
ter)-olean-12-en-3-yl)-2-O-|3-D-6-0x0-6-desoxy-6-(N-L-
pro line methyl ester)-glucopyranosyl]-3-D-6-oxo-6-
desoxy-6-(N-L-proline methyl ester)-glucopyranoside
(Ile). To a solution of 1.64 (2 mmole) of glycyrrhizic acid in
50 ml of dry dioxane at 0 — 5°C we added 1.2 g (10.4 mmole)
of HOSu, 1.4 g (6.5 mmole) of DCC and stirred the mixture
with cooling for 1.5 h, at room temperature for 6 h, let the
mixture stand overnight in a refrigerator, and filtered off the
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precipitate of dicyclohexylcarbamide. To the filtrate, we
added 1.6 g (12.2 mmole) of the hydrochloride of the methyl
ester of L-proline in 20 ml of dry dimethylformamide and
1.8 ml (13.1 mmole) of triethylamine and held the mixture
with periodic stirring for 48 h at room temperature. We di-
luted the mixture with water, acidified it with citric acid,
separated the viscous precipitate, washed it with water by de-
canting, and dried it.

We chromatographed the dry residue (1 g) in a column of
silica gel L (40/100 pm), eluting with a chloroform-alcohol
mixture in the ratio of 25 : 1 to 1 : 1 (v/v). With a mixture of
4:1to0 2:1, we washed out 0.6 g (26%) of a glycopeptide
(Ile) in the form of an amorphous cream-colored substance,
[a]2 + 50° (c 0.02, EtOH). R;0.58 (C).

IR spectrum, vg,, cm~': 3690 -3200 (OH), 1740
(COOMe), 1650 (Cy,—0), UV-spectrum, Ay, nm (log €)
(EtOH): 248 (4.10). CgHggN3O19. The results of elemental
analysis correspond to the calculated values.

1-0-[(30,2083)-11,30-diox0-30-(N-L-aspartic acid di-
methyl ester)-olean-12-en-3-yl}-2-O-[3-D-6-0x0-6-desoxy-
6-(N-L-a spartic acid dimethyl ester)-glucopyranosyl]-f3-
D-6-o0xo0-6-desoxy-6-(N-L-aspartic acid dimethyl ester)-
glucopyranoside (IIg). To a solution of 1.64 g (2 mmole) of
glycyrrhizic acid in 50 ml of dry dioxane at 0°C we added 1.2
g (10.4 mmole) of N-hydroxysuccinimide in 1.3 g (6 mmole)
of dicyclohexylcarbodiimide and stirred the mixture at this
temperature for 2.5 — 3 h, at room temperature for 6 h, left the
mixture overnight in a refrigerator, filtered off the precipitate
of dicyclohexylcarbamide, added 1.7 g (7 mmole) of the hy-
drochloride of the dimethyl ester of L-aspartic acid and
1.4 ml (10.2 mmole) of triethylamine, and kept the mixture at
room temperature with periodic stirring for 24 h. We evapo-
rated the solution under vacuum, dissolved the solvent in
methylene chloride (200 ml), washed it with 5% HCI, water,
5% NaHCOs;, and water, and dried it over MgSQOy. By evapo-
rating the solvent under vacuum, we obtained 1.9 g (76%) of
the glycopeptide (1Ig). We chromatographed it in a column of
silica gel L (100/250 p) and eluted it with a mixture of chlo-
roform-methanol in the ratio of 50 : 1,25 : 1,and 10 : 1 (v/v).

We used a mixture of 50 : 1 and 25: 1 towashout 1.5 g
(60%) of the analytically pure product (1Ig) in the form of an
amorphous yellowish substance. [a]3 + 60° (¢ 0.02, MeOH).
Re 0.5 (O).

IR spectrum, vy, cm ™! 3600 - 3200 (OH, NH); 1740
(COOR); 1660 (C;;—0); 1540 (CONH).

UV spectrum, A.., nm (log €) (MeOH): 248 (4.07).
CoHgoN;045. The results of elemental analysis correspond to
the calculated values.

1-0-[(3[3,208)-11,30-diox0-30)-(N-L-e-aminocaproic
acid methyl ester)-olean-12-en-3-yl}-2-O-[B-D-ox0-6-
desoxy-6-(N-L- 28Me-aminocaproic acid methyl ester)-
glucopyranosyl]-B-D-6-0xo0-6-desoxy-6-(N-L-e-aminocap
roic acid methyl ester)-glucopyranoside (I1i).
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(a) Methy! ester of L-e-aminocaproic acid. To 5 g of &-
aminocaproic acid in 200 ml of methanol at 0°C, we added
dropwise 20 mi of distilled thionyl chloride and stirred the
mixture for 1 h with cooling, 1 h at room temperature until
dissolution, and left it overnight. We evaporated the solvent
under vacuum at 40°C, ground the residue with dry ester, fil-
tered off the precipitate, and recrystallized it from the system
methanol-ester. The yield was 5.9 g (91%). The melting point
was 128 — 130°C.

(b) To a solution of 1.64 g (2 mmole) of glycyrrhizic acid
in 50 m! of dry dioxane at 0-5°C, we added 1.2 g
(10.5 mmole) of N-hydroxysuccinimide and 13 g
(3.2 mmole) of dicyclohexylcarbamide and stirred the mix-
ture for 1 h with cooling, 6 h at room temperature, and left it
overnight in a cooler. We filtered off the precipitate of dicy-
clohexylcarbamide, to the filtrate we added 1.7 g (10 mmole)
of the hydrochloride of the methyl ester of L-e-aminocaproic
acid and 1.5 ml (6.3 mmole) of tributylamine, and held it with
periodic stirring for 48 h. We diluted the solution with cold
water, acidified it with citric acid to pH 3, filtered off the
white precipitate of the glycopeptide, washed it with water,
and dried it (1.66 g) (68%). After reprecipitation from the
system chloroform-alcohol (5:1) with ester, we obtained
0.95 g (35.2%) of the glycopeptide (I1i), homogeneous after
thin layer chromatography (a white powder). [cx]zDo +27° (c
0.022, EtOH, R;0.45 (C), 0.3 (A).

IR spectrum, v, cm ™~ !: 3600 — 2300 (OH, NH), 1730
(COOMe), 1660 (C;,—0), 1530 (CONH).

UV spectrum, Ap,, nm (log g) (EtOH): 249 (3.99).
CeoH10sN304;. The results of elemental analysis correspond
to the calculated values.
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