
SHORT COMMUNICATIONS 

The protective action of glycyrrhizin against saponin toxicity 

(Klwir~cd 26 Mud1 I976; uc~ccyml I4 .~0lX~IIlhcr. 1976) 

Saponins are knom n to be of potential medical value. ah 
;~ntiinIlammatorq [I]. anticxudativc. and antiviral agents 
[‘, 3] and even ;IS tumor inhibitor, [4-h]. Their thera- 
pcutic applications a~-c howcbcr vcrl limited. bincc when 
taken orall, .thq arc poor]! absorbed from the intestines 
and when nljected. c~peciall> intravenously. most of them 
arc vcrq’ toxic and induce marked hemolys~s. It is thcrcfore 
of great interest to lind wa!a of inhibiting saponin-induced 
hemolysis. 

Kccmtly [7] some purified nonhemolytic ginseng sapo- 
nins were reported to protect washed erythrocytes against 
the deterring cfLct of other hemolytic ginseng saponms. 
Glyqrrhirin was found to possess the 51,111~ capacity 
against “saponin (Merck)“. WC wish to report the results 
of our investigations which shop that gl\cyrrhizin is a 
general inhibitor of saponin and snpogcnin hemolysis. 

The 111 rifro cxperimcnts were performed on washed 
bovine erythrocytey (l”,, \ v). Isotonic phosphate buffer 
pH 7.4 and hemolqsin (saponms and sapogenins as given 
in Tables I and 2) ?olutlons were prepared as previousl) 
described [Xl. Ammoniated glycyrrhizin (Fluka) was dib- 
\ol\cd In bull‘cr solution. 

InhibitIon of hemolvsis by glycqrrhiLm was detcrmincd 
bq running two sets o? cxperitnents in parallel: 

(a) The erythroqte suspension (7 ml) was incubated at 
37 with glycyrrhi7in solution and buffer to Eive a final 
vol. of 3 ml. Aftel- I hr buffer and then hcmolysm solution 
wee-e added to give ;I final vol. of 4 ml. (In those cwperi- 
ments in \+hich dimcthvl aulfoxide-HI0 \$as the solvent 
for the hemolysin. this mixture was added instead of bul?er 
lo give the final vol. of 4 ml.) The mixtures ~erc incubated 
at 37 for another hr (the standard time of incubation for 
hcmolqsis tests) and the percentage of hcmolqGa was dcter- 
mined by standard mcthoda [Xl. 

(b) Et-! throcytc suspension (2 ml) was incubated with 
bull’ct- (I ml) for I hr at 37 . then bufl’cr solution (or 
dimcthyl sulfoxidc-HzO) and hcmol!sin ucrr added to give 
a final vol. of 4ml. The mivturca were incubated for 

another hr and percentage hemolysis was determined. Per- 
ccntage inhlhition was calculated as: 

( 

“,, hcmol>~~~ \\lth inhibitor ’ 
I- ~~~ -1 X 100. 

“I) hemolysis without inhibitor 

A plot of percentage inhibition versus glycyrrhizin con- 
centration gave a straight line for l&90 per cent Inhibition. 
The protective activity. P,“. defined as the glycyrrhizin 
concentration giving 50 per cent inhibition of hemolysis. 
was determined from this plot and these values were repro- 
ducible to within IO per cent of their value. 

The results which are summarized in Table I show that 
gl!cyrrhizin is a common inhibitor for all saponins tested. 
although it is effective only when its concentration greatly 
exceeds that of the hemolysin. For each particular saponin 
tested there is a direct relation between the concentration 
of hemolysin used and the concentration of glycyrrhizin 
required to achieve 50 per cent protection. 

Our previous investigations [S. 91 have shown that most 
saponins induce hemolysis only after the glycosidic bonds 
have been hydrolyscd by appropriate membrane glycosi- 
dases to the active aglqcones. We considered the possibility 
that the protective effect exerted by glycyrrhizin is a result 
of the inhibition of the membrane glycosidases. We there- 
fort tested whether glycyrrhizin affects the hemolysis 
obtained by the aglycones as well. From the data in Table 
2 it is obvious that sapogenin-induced hemolysis is inhi- 
bited by glycyrrhizin as effectively as that of the corre- 
rponding saponins. Moreover, protection is not confined 
to this group of hemolysins. but is observed for the cationic 
surfactant NJ-dimethyl-N-( I,l-dlmethyl-2.hydroxyethyl) 
ammonium bromide as well. 

The possibility was considered that glycyrrhirin exerts 
its inhibitor) activity by reducing the effective conccn- 
tration of hemolysin through complex formation, similar 
lo the mechanism by which cholesterol inhibits saponin 
hemolysis [lo. 1 I]. The following experiments were carried 

Table I. Glycyrrhizln inhibition of saponin induced hemolysis in washed erythrocytes 

Concentration 
of sapot1,n 

Saponin (M) I’,, Hcmolysis P:(, mg:ml P,,, (M) 

digitonin 3.3 X IO_” 50 2 2.4 X 10~~ 
digitonin 2.8 X IO_ (’ 30 0.75 9 X 10-4 
cscin 2.2 X IO ~6 90 24 >4.5 X IO J 
cscin I.9 X IO (’ 65 >4 >‘I.5 X 10-3 
escin 1.x X IO /’ Xl >3 >4.5 X lo- 3 
csci I1 I.3 X IO_” 13 3.75 4.5 X IO 3 
lomatm X X IO (’ ;; 0.75 9 X loml’ 
tomatin 5 X IO (’ 30 0.56 6.7 X 10-j 
saponin A 2.7 X IO_ 55 2.x 3.3 X lo-” 
saponin A 2.4 X 10~’ 26 I 1.2 X 10-J 

*Pj,, = the concentration of glycyrrhi/-in giving 50”” inhibition of hemolysis. 
This value was obtnincd from the plot of percentage inhibition versus glycyrrhizin 

conccntr~~tion. The P ‘ 50 \aluea were reproducible to within IO per cent of their value. 
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Table 2. Glqcyrrhirin inhibition of sapogenin induced hemolysis In washed 
erythrocytes 

Sapogenin 
Concentration 
sapogenln (M) 

0 

0 P io 
Hemolysis mg :ml Pi,,(M) 

dlgltogenin 
tomatidine 
tomatidinc 
sapogenin A 
%lpogenm A 
sapogcnin A 
,V..V-dimcthyl-,V- 

hexadecyl- 
.2’-( I .I -dimethyl-?- 
h>droxqethyl) 
ammomum bromide 

30 0.375 4.5 x IUi 
60 0. I5 1.x x IW’ 
4X 0. I5 1.X x I()_’ 
90 >2.5 >3.2 x IO A 
57 > 2.5 >3.2 x IO z 
25 1.7 9.4 x IO J 
50 4.3 5 x IV 

out: (a) the hcmol~sm and glycyrrhlrin wcrc incubated fog 
I5 min at 37 before they were added to erythroqtes. (b) 
first glycyrrhizin and then hemolysin here added to eryth- 
rocytes. (c) erythrocytes were preincubated for I hr with 
glycyrrhizin before the hemolysin was added. The extent 
of inhibition obtained in these experiments for a number 
of hemolysins is summarized in Table 3. The results 
exclude the possibility of complex formation. since preincu- 
bation of hemolysin with glycyrrhizin did not increase pro- 
tection. The fact that greatest inhibition was obtained by 
preincubation of glycyrrhizin with the erythrocytes (experi- 
ment c) might indicate that the glycyrrhizin, which is 
known to be absorbed by the erythrocytes. prevents the 
access of the hemolysin to its receptor. This explanation 
would also account for the fact that glycyrrhizin is a non- 
specific inhibitor to the hemolysis of saponins and sapo- 
genins as well as cationic surfactants. Moreover, the inhibi- 
tion was found to be reversible. since washing of the eryth- 
rocytes which had been incubated with glycyrrhizin elimin- 
ated any inhibitory effect. 

On the basis of these results it was decided to investigate 
the influence of glycyrrhizin on the toxicity of saponins 
in riro. Digitonin, a commercially available saponin. was 
used as model hemolysin. Since it has been established 
that the fatal effect of saponins cannot be ascribed solely 
to their hemolytic activity, we investigated the effect of 
glycyrrhizin on two parameters of digitonin toxicity: (a) 
mortality rate and (b) hemolysls. Digitonin is only spar- 
ingly soluble in water and thus a cosolvent system of pro- 
pylene glycol, dimcthyl sulfoxide and water (7: I :2) wah 
used. The intravenous injectIon of 0.1 ml of this solcent 
produced no toxic effects in mice neighing ZZg each (I5 
animals tested), The experiments uere conducted at digi- 
tonin concentration5 which produce 50 per cent mortality 
(I.D~~,) bq i.v. inlcction of 0.05 ml digitomn solution 
(10.1 mg/ml) into the tall of mice weighing exactly 22g. 

(LD~~, = 23 mg;kg). For the inhibitory tests glwyl-rhi7in 
(13 mg/ml and 25 mg:ml) was dissohed in the dlgitonin 
solution to gike final dosages of 30 mg;kg and 57 mg/kg 
when injecting 0.05 ml.* At the lower glrlqcyrrhyzin dosage. 
mortality was not reduced (40 animals tested): at the 
higher dosage. however. a 40 per cent decrease m mortalit) 
was observed when a group of 45 animals was tested 
(P < 0.01 ). 

The influence of glycyrrhi7in on the hemolytic elfcct of 
digitonin irl riro was investigated at the same concen- 
trations of saponin and glycyrrhizm as in the mortalit> 
tests. The cxtcnt of hc’molysis ~a$ determined on hepar- 

* Toxic effects (such as convulsions. slight hemolysis etc.) 
occurred in animals receiving 70 m&/kg glycyrrhizin, below 
which, however. glycyrrhirin proved to be non toxic. 

Table 3. Extent of glycyrrhizin * inhibition under various 
experimental conditions 

Hemolysin 

0 

0 

Concentration Inhibition in experiment 
of hemolysin (a) (b) (cl 

digitonin 
digitonin 
tomatin 
escin 
tomatidine 

3.3 x IW h 45 43 55 
7.8 x IO_“ 30 31 50 

x x IO_” 26 ‘5 
1.4 x IO_” 32 G 

50 
17 

5.3 x IO_’ 49 4X 50 

*The glqcyrrhizin concentrations arc as outlined m 
Tables I and 3. 

inLed blood collected from animals decapitated immedl- 
ately after injection. Tests performed on 40 animals shoued 
that at both dosages glycyrrhizin did not reduce hcmot!sis 
(which was about 30 per cent). 

The discrepancy between the I!I rilro and the iu I !UJ 
inhibitory influence of glycyrrhirin against hemotysis. 
apparently has to be ascribed to the large excess of inhibi- 
tor needed to prevent the hemotysis. I/I rilr.o the ratio of 
inhibitor to hemolysin was 400 whereas iri [Vr’o the Iratio 
could not exceed 2.5 because of the toxicity of the glycyr- 
rhizm. On the other hand. glyqrrhizin markedly affected 
the second toxicity parameter investigated. i.e., mortalit). 
although the same saponin-inhibitor ratio was used as m 
the hemolqsis tests. These results further support former 
ohscrvations [I’] that there need be no relationship 
between the lethal and the hemolytic effect of ~ponms. 

Our results indicate that non-hemolytic saponins. \\hich 
protect agamst if1 vitro hemolysis. might prove to be ell’ec- 
tive inhibitors to the toxic effects of saponins. 

.~~l\tto,l/cdr/r,,rerrt -The authors wish to thank Professor 
1. Nir of the Department of Applied Pharmacology fool 
valuable discussions. 



Short communications 645 

REFERENCES 6. W. C. Liu. M. Kueelman. R. A. Wilson and K. V. 

I. R. Tschesche and G. Wulff. in Pmyress in rhe Chernis- Rao, Phyrochemistr~ 11, 171 (1972). 

try’ of Or(qrr,lic ,%‘\;trrura/ Products (Eds. W. Herz. H. 
7. T. Nambra. M. Yoshizaki. T. Tomimori. K. Kobashi, 

Griesbach and G. W. Kirby) Vol. 30. p. 461. Springer, 
K. Mitsui and J. Hase, Plnnra hfrdic,n 25, 28 (1974). 

Wien (1973). And references cited therein. 
8. R. Segal, P. Shatkovsky and I. Milo-Cioldzweig. Bio- 

2. J. E. Sinsheimer. Experienfia 24, 302 (1968). 
chrm. Pharmuc. 23, 973 (1974). 

3. G. S. Rao and J. E. Sinsheimer, J. Phrrrm. Sci. 63, 
9. R. Segal and I. Milo-Goldzweig. Biochern. Phtrrmtrc~. 24, 

471 (1974). 
77 (1975). 

4. S. M. Kupchan. R. J. Hemingway. J. R. Knox. S. J. 
10. E. Schlosser. Can. J. Ph\,.siol. Ph~rrmtrc. 47, 487 (I 969). 

Barboutis, D. Werner and M. A. Barboutis. J. Phun. 
11. S. Shany. A. W. Bernheimer. P. S. Grushof and K. 

Sci. 56, 603 (1967). 
S. Kim. M&c. (,(,/I. Biochc~r~l. 3. 179 (1974). 

5. S. M. Kunchan. M. Takasuwi, R. M. Smith and P. 
12. G. Vogel. Pkmta Mdica 1 I. 362 (1963). 

19-72 (1971). 

Effect of gamma-butyrolactone and baclofen on plasma 
prolactin in male rats* 

(Received 19 Januaq 1976: accepted 14 Jutw 1976) 

Gamma-hydroxybutyrate (GHB), which occurs as a 
natural metabolite in mammalian brain [I], or its precur- 
sor gamma-butyrolactone (GBL), given systemically. can 
increase dopamine levels in the neostriatum without affect- 
ing norepinephrine or serotonin levels [2]. GHB or GBL 
does not inhibit monoamine oxidase or catechol-o-methyl- 
transferase indicating that the increase in dopamine is not 
due to interference with its metabolism [Z]. GHB causes 
a marked decrease in the utilization of dopamine [3]. Unit 
recordings of dopamine neurons in the zona compacta of 
the substantia nigra indicate that GHB administered syste- 
mically decreases the firing of these neurons [4]. These 
studies are consistent with the thesis that GHB inhibits 
impulse flow in dopamine neurons in the neostriatum [S]. 

It has been proposed that the effect of GHB on dopamine 
neurons may be due to a direct or indirect stimulation 
of an inhibitory gamma-aminobutyric acid (GABA) 
mechanism in the substantia nigra 161. 

Dopaminergic neurons of the tuberoinfundibular region 
of the hypothalamus inhibit prolactin release from the 
anterior pituitary by a direct inhibitory effect of dopamine 
on the pituitary [7] or by promoting the release of prolac- 
tin inhibitory factor [Xl, or by both mechanisms. Drugs 
such as dopamine receptor blockers, e.g. chlorpromazine, 
which decrease the dopaminergic influence on the pitui- 
tary, increase plasma prolactin [9]. Alpha-methylpara- 
tyrosine (AMPT) which inhibits the synthesis of dopamine 
also increases plasma prolactin [lo]. Intraventricular injec- 
tion of GABA raises prolactin on the morning of proes- 
trous in intact female rats and in ovariectomized rats [I I]. 

*This research was supported, in part, by USPHS We were Interested in determining of GHB inhibited im- 
MH25116 and by Research Scientist Award MH47,808 to pulse flow in the dopaminergic neurons of the hypotha- 
H. Y. Meltzer. lamus and thereby increased plasma prolactin. We report 

Table 1. Effect of drugs on rat plasma prolactin* 

Saline 

Gamma-hydroxybutyrolactone 

Baclofen 

Alpha-methylparatyrosine- 
methyl ester 

Trifluoperazine 

Dose 

(mgikg) 

200 
400 
750 

1500 

20 
25 
50 

125 x 2 

2.5 

Duration 

30 min 

30 min 
30 min 
30 min 
30 min 

I hr 
I hr 
I hr 

4.24 hr 

I hr 

Plasma prolactint 

(ng,/ml) 

10.4 f 3.6 

10.8 * 4.5 
14.4 k 3.6 
42.4 * 14.6 
61.7 k 14.6 

9.7 + 2.5 
47.2 ) 23.4 
57.6 i 21.7 

33.8 * 7.1 

68.4 + 12.7 

P 

NS: 
NS 

< 0.0 1 
< 0.0 1 

NS 
CO.01 
co.01 

co.01 

CO~OI 

* All groups consisted of five male rats 
t Mean 4 S. D. 
$ Not significant. 


