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Immudological and antioxidant effects of the widely used hepatoprotective agent (+ )cyanidanol-3 were 
studied in a complex in v i m  test system using isolated peripheral blood lymphocytes of patients with 
chronic alcoholic liver disease and of healthy donors. In both groups in v i m  treatment with 
( + )cyanidanol-3 inhibited lectin-induced lymphocyte blast transformation and chemiluminescence in a 
dose-dependent fashion and increased the superoxide dismutase-expression of lymphocytes without 
influencing the percentage of T and active T cells and antibody-dependent and spontaneous lympho- 
cytotoxicity. The originally lower Con A-induced T cell mediated lymphocytotoxicity of patients was 
completely abolished, while no  significant effect was seen using healthy donors' lymphocytes. ( +)cyanida- 
nol-3 markedly decreased the Con A-induced suppressor activity of patients' lymphocytes, without 
influencing that of normal cells. These results suggest that both antioxidant and immunomodulatory effects 
play an important role in the mechanism of action of (+)cyanidanol-3. 

KEY WORDS: (+)cyanidanol-3, cellular immunoreactivity. superoxide dismutase. alcoholic liver 
disease. 

INTRODUCTION 

(+ )cyanidanol-3 (Catergen@, Col) is widely used in the treatment of chronic hepatic 
diseases. Its beneficial effects have been demonstrated in acute and chronic viral 
hepatitis, in ethanol-induced liver disease and in drug-induced hepatotoxicity.' Its 
main mechanism of action involves membrane and antioxidant 
a ~ t i v i t y . ~ . ~  Recent studies, however. suggested an immunological effect, as well."' 
Under in vitro conditions it  has been shown to increase the reduced T cell number of 
patients with chronic liver diseases.' to amplify LIF production,' and to enhance 
antigen - specific blast transformation.' This immunomodulatory effect of 
(+)cyanidanol-3 is no surprise since most of the potent hepatoprotective agents have 
immunological activity. Furthermore. scavengers of free radicals are known for their 
capability to alter immune functions in various ways." l 3  They can inhibit the cytoly- 
sis mediated by human NK cells," and LDCC effector ~e1ls . l~  Therefore we studied 
the effects of the free radical scavenger hepato-protective agent ( +)cyanidanol-3 on 
a panel of cellular immune reactions while demonstrating its antioxidant activity 
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52 I .  LANC et a/ .  

under similar in vitro conditions in patients with chronic alcoholic liver disease 
(CALD). Immunological mechanisms may be important in CALD,16 and according 
to some data (+)cyanidanol-3 can be of benefit in the management of CALD”.’’ 
although contradictory results were also p ~ b l i s h e d . ’ ~ . ~ ~  

PATIENTS AND METHODS 

Thirty-two patients with chronic alcoholic liver disease (CALD), 20 men and 12 
women, mean age 46 f 8 years and 28 age and sex matched healthy volunteers were 
involved in the study. Histological diagnosis was cirrhosis in 14 patients and fatty liver 
in 6 patients out of 20 patients with liver biopsy. All patients were heavy drinkers. 
Daily alcohol consumption exceeded 60 g in men and 30 g in women. Mean duration 
of alcoholism was 9 f 3.6 years. Their general nutritional status was sufficient: no 
symptoms of hypovitaminosis or excessive weight loss were seen. 

( +)cyanidanol-3, ( +)-3’4’5,7-tetrahydroxy-flavan-3-01: Catergen@, Zyma-Biogal, 
Nyon-Debrecen was used in various in vitro tests in a concentration range of 
0.1-10.0 pg/ml (0.3448-34.48 pmol/l), including the concentration corresponding to 
the usual therapeutic dose, calculated according to the formula of Hirschaut.” 
( + )Cyanidanol-3 was dissolved in phosphate buffered saline. 

Peripheral blood mononuclear cells (PBMC) were separated from heparinized 
venous blood on Ficoll(Pharmacia)-Uromiro (Bracco) gradient.’’ For rosette tests, 
cytotoxicity assays and flow cytofluorimetry phagocytic cells were removed by 
carbonyl-iron treatment or plastic adherence. 

The percentage of total T cells have been determined according to the method of 
Jondal et al.:” lo6 lymphocytes were mixed in the presence of 1OOpl fetal salf serum 
(FCS) with 10’ sheep red blood cells in TC 199 medium (final volume 400yl) and 
centrifuged at 1200 rpm for 10 minutes. Rosetting cells (binding 3 or more erythro- 
cytes) have been counted following overnight incubation on ice. 

“Active” rosettes have been determined following the method of YuZ4 with slight 
modifications: lo6 lymphocytes mixed with lo8 sheep erythrocytes in 40Opl TC 199 
medium were centrifuged as above and counted immediately for rosetting 
lymphocytes. 

ADCC assay was performed according to the original method of Perlmann and 
Perlmann2’ with slight modifications: ”Cr labelled chicken RBC (2.5 x lo4) were 
added to plastic V-bottomed microplate (Greiner) and mixed with an appropriate 
amount of effector cells according to the desired effector/target cell ratio (10: 1, 5: 1 
and 2.5: 1). Anti-CRBC serum (final dilution 1 : 10.000) was added and the volume 
made up to 0.125 ml with medium. Appropriate controls for spontaneous release were 
included in each experiment. After 4 hrs incubation at 37°C radioactivity of the pellet 
and the supernatant was determined. Cell damage was expressed as per cent isotope 
release into the supernatant. 

Briefly, 2 x 104”Cr labelled K-562 targets were mixed with lymphocytes at  an 
effector/target ratio of 50: 1, 25: 1 and 12.5: 1, and incubated at  37°C for 4 hrs. Target 
cell damage was expressed as test tube isotope release minus spontaneous release. 

LDCC activity was measured by the method of Per1 et al.’? Target cells derived from 
Cincinnati HEp-2 adherent human epipharynx carcinoma cell line (National Institute 
for Public Health, Budapest) were labelled with 3H-thymidine. Effector to target 

Natural killer (NK) assay was performed by the method of Jondal and Fr
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IMMUNOLOGY OF (+)CYANIDANOL-3 53 

ratios were 50: 1 and 25: I .  LDCC cultures contained Con A at a final concentration 
of 25 pg/ml. Appropriate controls were included in each experiment. Culture plates 
were incubated for 24 hrs at 37 C. Detachment from the monolayer was used as 
indication of cell damage. 

For the blast transformation assay separated PBMC were resuspended in TC- 199 
medium supplemented with 10”h heat-inactivated fetal calf serum (Human, 
Budapest), antibiotics, and 25 mM HEPES (Serva). 2 x 30’ cells in 5 replicates were 
placed into flat-bottomed microplates (Greiner). Con A (Calbiochem) or PHA 
(Pharmacia) was added to a final concentration of 25 pg/ml and 2 pg/ml, respectively. 
Thecultures were kept in humidified atmosphere at 3 7 ~ C  for 72 hr. Eight hours before 
harvesting, 0.5 pCi ‘H-thymidine (UVVR.  Czechoslovakia) was added to each well, 
the cultures were sucked off onto glass fibre filters (Whatman GF/c). Isotope deter- 
mination was made in a Nuclear Chicago Isocap 300 counter and the results were 
expressed in cpm. 

In the suppression test Con A stimulation was performed as described above. 
Details of the assay were published el~ewhere’~. Suppression was calculated according 
to the formula of Shou.” 

Zymosan-induced luminol-amplified whole blood chemiluminescence was deter- 
mined according to the method of Tono-oka et Results are given as percentage 
of the control sample without ( + )cyanidanol-3. 

For the flow cytofluorimetric evaluation of superoxide dismutase, lo7 lymphocytes 
were incubated at 4°C with 100 pI monoclonal mouse-anti-human CuZn-SOD anti- 
body diluted to 1 :200 in PBS for 90 mins. Following two washings in PBS cells were 
stained with 5 pl rabbit anti-mouse immunoglobulin conjugated with FITC (DAKO) 
for 30 mins at 4°C. After three washings in cold PBS lymphocyte counts were adjusted 
to 2-3 M cells/ml and fluorescence patterns of cell suspensions were evaluated using 
an FC 4800 A cytofluorograph (Bio Physics System. Inc.). 

Statistical analyses were performed with Student’s t test. 

RESULTS 

Eflect of ( + ) cyanidanol-3 on !,,mpiiocj,te viabilirv and on the spontaneous release of 
target cells 

In order to exclude direct toxicity of the drug on lymphocytes and on ADCC, NK and 
LDCC target cells. we studied the effect of the highest concentration used on lym- 
phocyte viability (trypan blue exclusion test), on spontaneous chromium release 
(CRBC and K-562). and on spontaneous detachment of HEp-2 cells from the mono- 
layer. No changes in these values. compared to those obtained in the absence of 
(+)cyanidanol-3. indicated that the drug exerted no direct toxic effect on these cells 
(data not shown). 

EfSect on T and “active” T lymphocvtes 

PBMC-s of healthy individuals and patients with CALD were incubated with 
(+)cyanidanol-3 for 6hrs at 37 C in vitro. Its effects on total and early rosette 
formation are summarized in Table I. No significant effect on the percentage of T and 
Ta lymphocytes in a concentration range of 0.1-10.0 pg/ml were observed. 
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54 I. LANG et a/. 

TABLE I 
Effect of (+)cyanidanol-3 on T and “active” T lymphocyte subpopulations in vitro 

~~ ~ 

( + )cyanidanol-3 healthy subjects alcoholic liver disease 
Pg/ml T(%) T,(%) T(%) T a w )  

0.1 
1 .o 

10.0 

61 f 2 33 f 2 65 k 2 31 f 4  
68 f 3 35 f 3 66 k 3 33 f 2 
69 f 4 32 f 4 61 k 3 34 & 4 
65 f 3 31 f 5 68 4 30 f 3 

Mean f SD 

TABLE I1 
Effect of (+)cyanidanol-3 on ADCC and NK activity in vitro 

(+)cyanidanol-3 healthy subjects alcoholic liver disease 
Pg/ml ADCC’ NK” ADCC’ N K ~ ~  

23.4 k 6.2 34.1 k 2.6 27.0 k 4.5 33.6 f 2.1 
0.1 24.2 + 6.7 38.6 k 4.1 25.4 f 4.9 34.0 f 3.1 

10.0 23.9 f 5.8 36.4 f 5.0 24.9 f 4.4 31.2 f 2.9 

- 

1 .o 25.3 f 7.1 35.9 f 4.6 26.1 f 5.2 33.4 * 3.3 

Mean SD 
: YO cytotoxicity, effector: target cell = 5 :  1 

t t :  % cytotoxicity, effector: target cell = 50: 1 
ADCC: antibody-dependent cell mediated cytotoxicity 
NK: natural killer cell activity 

Effect on antibody-dependent and spontaneous lymphocytotoxicity 
The drug was present in both test systems during the whole incubation period. Results 
are shown in Table 11. ADCC and NK activities of the patients were not significantly 
different from those of the healthy control group. Col had no significant influence on 
K and NK cytotoxicity in the concentration range used. Similar results were obtained 
using other effector: target ratios, as well (data not shown). 

Effect on direct T cell mediated cytotoxicity 

The effect of (+)cyanidanol-3 on the Con A - induced cytotoxicity of T lymphocytes 
of healthy subjects and of patients with CALD is demonstrated in Fig. 1. Ten pg/ml 
Col completely abolished the Con A - induced lymphocytotoxicity of patients with 
CALD (empty columns) without influencing the LDCC activity of healthy lympho- 
cytes (spotted columns). “Negative” cytotoxicity i.e. an increased survival 
(= decreased detachment) of target cells can be explained with a feeder layer effect in 
the absence of cytotoxic potential. Mean LDCC activity of patients was significantly 
lower than that of the healthy control group. 

Effect on lectin-induced blast transformation 

( + )cyanidan013 decreased both PHA- and Con A- induced blastogenesis of healthy 
lymphocytes in a dose-dependent fashion (Fig. 2). Basically similar effect was seen on 
lymphocytes of patients with CALD (Fig. 3). Mean PHA-induced blastogenesis was 
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FIGURE 1 Effect of (+)cyanidanol-3 on LDCC activity in vitro. hiean k SD 
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FIGURE 2 Effect of (+)cyanidanol-3 on lectin-induced blastogenesis of healthy lymphocytes in vifro. 
Mean k SD. 
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FIGURE 3 
chronic alcoholic liver disease in v i m .  Mean f SD. 

Effect of (+)cyanidanol-3 on lectin-induced blastogenesis of lymphocytes from patients with 

markedly (p < 0.01) lower, mean Con A-induced blast transformation was some- 
what lower than the corresponding mean values of the healthy control group. 

Eflecr on suppressor ceN activity 

In concentrations of 1 and 10 pg/ml (+)cyanidanol-3 exerted no significant influence 
on Con A-induced suppressor activity of healthy lymphocytes. On the other hand 
10 pg/ml significantly decreased the Con A-induced suppressor activity of lym- 
phocytes with CALD (Table 111). 

Efect on whole blood chemiluminescence . 
The effect of (+ )cyanidanol-3 on Zymosan-induced, luminol-amplified whole blood 
chemiluminescence is shown in Fig. 4. The dose-dependent inhibition of chemilumine- 
scence indirectly indicates the free radical scavenger capacity of drug in vitro. 

TABLE 111 
Effect of (+)cyanidanol-3 on con A - induced suppressor cell activity 

~- 
( + )cyanidanol-3 
d m l  

healthy subjects alcoholic liver disease 

- 
1 .o 

10.0 

32.2 & 8.6 
31.4 _+ 6.4 
33.1 4.3 

42.1 & 3.9 
45.3 f 4.4 
73.9 f 3.2' 

~ ~~~ 

Mean f SD, ': 73.9 
Results given as percentage of the control value, i.e. cpm without suppression = 100% 

3 . 2 ~  42.1 f 3.9: p < 0.001 
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P<O.Ol 
I I 

p < 0.01 

T 

10 10.0 100.0 (+)cyanidanol-3 - 

w/m' 

FIGURE 4 
given as percentage of the control. Mean i- SD. 

Effect of ( + )cyanidanol-3 on Zymosan-induced chemiluminescence in v i m .  Results are 

LC 

FIGURE 5 Effect of (+)cyanidanol-3 on the SOD-expression of healthy lymphocytes measured by 
flow-cytofluorimetry. Fluorescence histogram. LC lymphocyte count. F: fluorescence intensity. 
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LC 

cirrhosis hep. I y.  
c i r r  hos Is hep.1 y . 
+ (+) cyanidanol-3 

------ 

lOpg/mI  

FIGURE 6 ERect of (+ )cyanidanol-3 on the SOD-expression of lymphocytes from patients with chronic 
alcoholic liver disease measured by flow-cytofluorimetry. Fluorescence histogram. LC: lymphocyte count, 
F: fluorescence intensity. 

Efect on the superoxide dismutase expression of lymphocytes 

Ten pg/ml ( + )cyanidanol-3 moderately increased te superoxide dismutase expression 
of healthy lymphocytes (Fig. 5): unbroken line as compared to dotted line. The 
superoxide dismutase expression of the patients' lymphocytes was originally 
decreased (dotted line of Fig. 6, as compared to dotten line of Fig. 5). The same 
concentration of (+)cyanidanol-3 restored this parameter (unbroken line of Fig. 6 as 
compared to dotted line of Fig. 6). 

DISCUSSION 

The flavonoid derivative ( + )cyanidanol-3 has been widely used in the treatment of 
several hepatic disorders.' It was demonstrated to decrease the liver damaging effect 
of various toxic mainly by its membrane stabilizing activity and strong 
radical scavenging ability.2.5.32.34.25 It promoted the elimination of HBsAg from the 
blood,'6 and its beneficial effect was histologically proven in chronic active hepatitis, 
as Considering the immunological response, it was demonstrated to inhibit 
Con A induced T suppressor cell activity," and NK cytot~xicity, '~ to increase the 
reduced T cell number of patients with chronic liver diseases,' to amplify LIF 
production,6 and to enhance antigen-specific blast transformation.' Lectin induced 
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IMMUNOLOGY OF ( + )CYANIDANOL-3 59 

immunoglobulin synthesis and blastogenesis was depressed in the presence of 
( +)cyanidanol-3. 

These initial results prompted us to further investigate the immunological and 
antioxidant mechanisms of action of (+)cyanidanol-3 in a complex in virro test 
system. In our hands both in healthy subjects and in patients, in vitro treatment in a 
concentration range including the concentration corresponding to the usual in vivo 
dosage inhibited lectin-induced lymphocyte blast transformation and whole blood 
chemiluminescence in a dose-dependent fashion, and increased superoxide dismutase 
expression of lymphocytes without influencing the percentage of T and active T cells 
and antibody-dependent and spontaneous lymphocytotoxicity. Con A-induced T cell 
mediated lymphocytotoxicity (LDCC) of patients was completely abolished by the 
drug, while no significant effect was seen using healthy donors’ lymphocytes. 10 pg/ml 
( + )cyanidanol-3 markedly decreased the Con A-induced suppressor activity of 
patients’ lymphocytes without influencing .that of normal lymphocytes. 

Summarizing these in vitro effects of ( +)cyanidanol-3 on cellular immunoreactivity 
one can conclude that most of them are immunosuppressive with the exception of the 
decrease in suppressor activity. ADCC and NK activities were not influenced by 
(+)cyanidanol-3 in the in vitro concentration range used. On the other hand Duwe 
and Sutantiran reported an inhibitory effect on NK a ~ t i v i t y . ’ ~ . ~ ~  These contradictions 
might be explained by the different concentrations used. Concerning the inhibition of 
lectin-induced blast transformation and suppressor cell activity, our results are in 
agreement with those of Melinn and McLaughlin” and of Kakumu et a/.” Our 
findings that (+)cyanidanol-3 inhibits mitogen induced blast transformation of 
healthy and patients’ lymphocytes and also LDCC activity of patients’ lymphocytes 
might be explained by the inhibition of the lipooxigenase pathway of arachidonic acid 
metabolism as suggested by Goodwin et a/.” concerning the mechanism of action of 
glucocorticoids via leucotriene B, and by Melinn and McLaughlin discussing the 
action of other hydroxyl radical scavengers.15 

Under in vitro conditions Sipos et a/.’ have demonstrated that (+)cyanidanol-3 
could normalize the reduced T cell number in patients with chronic liver diseases. In 
our hands the originally normal percentage of T cells was not influenced by 
incubation with ( +)cyanidanol-3. The inhibition of chemiluminescence can be 
explained either by a direct free radical scavenging activity or through the elevation 
of CAMP concentration.” The decreased superoxide dismutase expression of patients’ 
lymphocytes might reflect the exhaustion of the enzyme caused by the prolonged 
excess of reactive oxygen intermediates in alcoholic patients. In this respect the fact 
that ( + )cyanidanol-3 restored the low enzyme expression indirectly suggested it’s free 
radical scavenging activity. 

Further studies are under way in our laboratory to elucidate the possible in vivo 
significance of these in vitro observations. 
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