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Abstract (] Effects of twenty-one different flavonoids and their related compounds on
the phagocytosis of colloidal carbon by macrophages in liver and spleen, humoral im-
mune responses against bacterial a-amylase and cellular immune responses against oxazo-
lone and dinitrofluorobenzene were studied in vivo and in vitro. It was shown that most of the
flavonoids accelerated significantly the phagocytosis, and they suppressed significantly not
only humoral and cellular immune responses but also the development of immunological
memory after the antigenic stimulation. Especially. malvin was the most active in phagocy-
sis, and disodium cromoglycate and morin were the most active in humoral and cellular
immunosuppression, respectively. Daidzein had the most potent inhibitory activity in the
development of memory cells. The structure-activity relationships of the flavonoids in
immunosuppression became apparant from these results: 1. The presence of C.: double
bond and C, ketone group in C-ring was important for their immunosuppressive activity.
2. Flavonoids with benzene ring at 2 or 3 position in C-ring showed the almost same
activities. 3. The opening of C-ring did not affect their immunosuppressive activity. 4.
The glycosylated flavonoids at 3 position in C-ring were less potent than their aglycones.
5. Di- or tri-hydroxylated flavonoids in B-ring were more potent than mono-hydroxylated.
6. Chromanochromanone also had the immunosuppressive activity.

Keywords [ Structure-activity relationships. flavonoids. phagocytosis, carbon clearance, im-
mune responses, immunological memory. bacterial a-amylase. oxazolone, dinitrofluoroben-

w’ene.

Flavonoids comprise a large group of naturally
occurring low molecular weight substances widely
distributed in the vegetable kingdom". They have
been shown to possess anti-inflammatory. antialler-
gic. antiviral. spasmolytic and anti-carcinogenic acti-
vities™"”. Recently, the isolation of immunomodula-
ting constituents from medicinal plants such as fla-
vonoids'™'®,  polysaccharides””, saponins™~? and
triterpenes®™* has been studied. All flavonoids are
derived from the basic structure flavone (2-phe-
nylchromone or 2-phenylbenzopyrone) which is struc-
turally related to the antiallergic drug cromolyn.
Quercetin and other flavonoids inhibit histamine
release from rat mast cells, basophils and neutro-
phils induced by antigens, concanavalin A and
Ca’* ionophore A23187%7.

In the previous studics, we reported that structure-
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activity relationships of twenty-one flavonoids and
related compounds in anti-hypersensitivities: most
of the flavonoids have the inhibitory activities of
type L IL III and IV hypersensitivities induced by
antigenic stimulation®, and also most of the flavo-
noids have anti-inflammatory activities, but they
inhibited the wound healing in accordance with
anti-inflammatory activity™.

In the present study, we examined eftects of sev-
eral flavonoids of different chemical classes on pha-
gocytosis, immune responses and development of
immunological memory against antigenic stimula-
tion. The data indicate that flavonoids inhibited hu-
moral and cellular immune responses depending
on the antigenic stimuli and particular structures
of the flavonoids.
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EXPERIMENTAL METHODS

Animals

Male Sprague-Dawley rats weighing about 120g
and male ICR mice weighing about 16 g were used.
They were supplied with the laboratory pellet and
tap water ad libitum.

Conditions of irradiation

Mice used as recipients were irradiated in a plas-
tic container placed on a revolving turntable. The
dose rate was 71.9 r/min. The source of X-rays was
Philips MG-320D operated under the following
conditions: 180 kVp at 15 mA, target distance of 50
cm, and added filtration was 1.0 mm Al The preli-
minary experiments showed that the exposure of
600 r X-irradiation to the recipients just before the
cell transfer was most suitable to the survival of
animals and the antibody titer obtained in the reci-
pients. A fixed radiation dose of 600r was given
to mice 5 hours before cell transfer throughout the
experiment.

Materials

Twenty-one flavonoids and their related compounds
were purchased from Sigma Chemical Co.. Carl
Roth, Fison plc Pharmaceutical Division, Wako
Pure Chemical Co. and Aldrich Chemical Co. (Ta-
ble I) and purified by column chromatography with
the mixture of chloroform-methanol in silica gel.
Bacterial a-amylase. oxazolone. dinitrofluoroben-
zene, cyclophosphamide and zymosan were also
purchased from Sigma Chemical Co. Freund's in-
complete adjuvant was obtained from Difco Co..
Pelikan drawing ink 17 black was from Pelikan
AG. and prednisolone acetate was from Roussel
Uclaf Co. Other reagents were of first grade. Flavo-
noids were suspended in 5% arabia gum solution
and orally administered at a dose of 50 and 100 mg
per kg body weight.

Determination of carbon clearance

Flavonoids were administered 1 hour before
i. v. injection of colloidal carbon (Pelikan drawing
ink 17 black 3 m/: physiological saline solution 8 m/)
0. m/ per 10g body weight. In 5, 10, and 15 minu-
tes after carbon black injection, blood was obtained
by retro-orbital venous puncture with a heparinized
capillary tube, and suspended in 2m/ of 0.1%

Na;CO; solution. Optical density (O.D.) was deter-
mined at 675 nm wave length*. The carbon clearance
was calculated according to the formula:

(t—t) 1, ODt,

Carbon clearance (t2)= ODt—ODt
[ 2

where, t; is Smins, t, is 10 or 15mins, ODt, and
ODt are optical densities at time t, and t, respecti-
vely.

Hematoxylin-eosin staining of liver and spleen

Liver and spleen were fixed in 10% formalin so-
lution and stained with hematoxylin and eosin by
Harris method™".

Phagocytosis of Kupffer cells

Numbers of Kupffer cells that phagocytized col-
loidal carbon were counted microscopically by he-
matoxylin-eosin staining according to the method
of Kubo et al™.

Primary humoral immune response

Mice were immunized by a intraperitoneal and
subcutaneous injections of 100 pg bacterial a-amyl-
ase (BaA) with Freund's incomplete adjuvant, re-
spectively™ and then antibody titer’™ was measured
from 5 to 60 days after antigenic stimulation. Drugs
were given once a day for 13 days from 3 days
before immunization.

Development of immunological memory after humoral
antigenic stimulation

Lymphocytes suspensions were prepared from sp-
leen and lymph node (LN) of mice 4 weeks after
primary BeA immunization. The organs were gently
chopped with fine scissors in chilled Hank's balan-
ced salt solution and forced through a stainless steel
screen. The tissue was pipetted vigorously to free
cells and then passed through a 80 mesh/cm stain-
less steel cytosieve. The collected free cells were wa-
shed once by centrifugation for 10 minutes at 1,000
rev/min. More than 90% of spleen and lymph node
cells were viable as judged by Tryphan blue exclu-
sion test™. The cell suspensions were adjusted to
appropriate cell concentration and mixed with BaA
(100 ug/m/). One ml of this single cell suspension
(7.1 X 10° cells/m/) was transferred intravenously into
the tail vein of the previously X-irradiated recipient
mice and the size of immunological memory was
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estimated by the determination of antibody produc-
tion in the recipients 7 and 11 days after the same
antigenic stimulation. Drugs were given orally once
a day for 9 days from 3 days before cell transfer.

Measurement of antibody titer

Blood was collected from the retro-orbital venous
plexus with a heparinized capillary tube. Serum was
diluted with physiological saline solution two-fold
serially and inactivated by heating at 58C for 49
mins. This serum (0.5m/) was mixed with 0.5 m/
of BaA solution (1 pg/m/) dissolved with physiologi-
cal saline containing 0.01% of bovine serum albu-
min and 1 mM of calcium acetate. After incubation
of them at 37C for 50 mins, 1m/ of 04M acetate
buffer (pH 6.0) and 2.0 m/ of 1% starch solution were
added and further incubated for 15 mins. After this
incubation, Sm/ of 1 M acetic acid was added. The
residual amylase activity was measured by determin-
ing amount of reducing sugar”®. This mixture 0.5 m/
was transferred to another test tube and mixed with
10 m/ of 0.1% 1./0.1% KI solution. Optical density
was determined at 660 nm wave length.

Antibody titer’® was calculated according to the
formula :

Dh_ D
Dy

Enzyme units= X 40

D  O.D. after enzyme reaction

D, : O.D. of blank solution

Antibody titer=(E.U.psa — E.U.niserum) X %

E.U.pua - Enzyme units of control group

E.U.nisenum - Residual enzyme units after neutral-
ization with antiserum

N : Dilution number

Secondary cellular immune response
Ozxazolone-induced dermatitis-Rats were sensiti-
zed by painting 50 W/ of a 10% oxazolone in acetone
to the shaved right flank. Nine days after the sensi-
tization, 10 of 1% oxazolone in acetone was app-
lied to the dorsal surface of the right ear' and
cellular immune responses were elicited by the swell-
ing of ear by means of cell-mediated hypersensiti-
vity. Baseline measurements of ear thickness were
made immediately prior to challenge with an engi-
neer’s micrometer. Reaction to oxazolone was mea-

sured 24, 48, 72 and 120 hours after challenge as
an increase in ear thickness. Drugs were given oral-
ly once a day for 9 days after the sensitization.

Development of immunological memory after cellular
antigenic stimulation

Dinitrofluorobenzene- induced dermatitis- mice.
given flavonoids once a day for 2 days. were sensi-
tized twice a day with 25/ of 0.5% dinitrofluoroben-
zene (DNFB) in acetone by painting on the shaved
abdomen, and challenged with 5/ of 0.5% DNFB
on the footpads and ears. Single cell suspensions
of lymph node cells (40X 107 cells/m/) were prepa-
red 72 hours after first sensitization as same as the
above development of immunological memory in
humoral immune response, and I m/ of this single cell
suspension was injected intravenously into the tail
vein of the recipients. The recipients were challenged
1 hour after cell transfer by applying with 20 W of
02% DNFB in acetone on the dorsal surface of
each ear, and cellular immune responses were elu-
cidated by the swelling of ear by means of cell-me-
diated hypersensitivity’”. Baseline measurements of
ear thickness were made immediately prior to chal-
lenge. Ear swelling was measured with an engineer’s
micrometer 24 hours after cell transfer.

RESULTS

Acceleration of carbon clearance

Generally flavonoids accelerated significantly the
carbon clearance as compared as the control group
(t;,»=13.24 min) as shown in Table II. Malvin was
the most active flavonoid. Disodium cromoglycate,
baicalein, daidzein, quercetin, flavone and hespere-
tin at doses of 50 and 100 mg/kg also shortened
the half-life of colloidal carbon in blood dose-de-
pendently, and their activities were the same as zy-
mosan which is known as a stimulating agent of

macrophages™.

Enhancing activity of phagocytosis by macrophages of
liver and spleen

Colloidal carbons were phagocytized by macro-
phages of liver and spleen (Fig. 1-1 and 2) and
so we could elucidate microscopically the number
of colloidal carbon-phagocytized Kupffer cells of the
liver with the hematoxylin-eosin staining. It was
shown that flavonoids increased significantly the
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Table II. Effects of flavonoids on the clearance and Kupffer cell uptake of carbon black .

Dose No. of Carbon clearance’ Cell no. per 100 mm* of
Drugs' Kupffer cells
(mg/kg) animal (t,, min.) phagocytized carbon’
Control - 9 13.24%+ 299 1185+ 64
Flavone 50 6 6.68% 2.69% 1332+ 4.7*
100 6 457+ 1.11* 142.5+ 5.3*
Chrysin S0 6 4204 1.12+* 1434+ 52*
100 6 7.55+ 1.68 129.2+ 3.6*
Baicalein 50 6 4.504: 1.02** 1421+ 4.1*
100 6 382+ 0.92** 157.6+ 5.1*+*
Apigenin 50 6 1222+ 365 1206+ 28
100 6 14.13+ 234 1047+ 2.1
Fisetin 50 6 3.52+% 1.08** 161.1+ 5.7**
100 6 4341 2.69%* 1427+ 4.6*
Kaempferol 50 6 947+ 1.57 1256+ 3.6
100 6 6.85+ 1.08* 1313+ 29*
Morin 50 6 776+ 2.34 1267+ 5.1
100 6 6.17+ 2.69* 137.2+29*
Myricetin 50 6 858+ 446 129.3+ 3.3*
100 6 3324 0.35% 162.6+ 4.0%*
Taxifolin 50 6 1341 1.16 1190+ 24
100 6 10874 1.78 1203+ 25
Quercetin 50 6 6.67+ 3.25* 1317+ 3.6%
100 6 212023+ 168.6+ 4.3%*
Rutin S0 6 1243+ 098 119.7+ 3.6
100 6 10.38+ 1.35 1208+ 19
Hesperetin 50 6 684+ 1.16* 1314+ 38*
100 6 450+ 2.42%* 142.5+ 50*
Naringin S0 6 8.38+ 2,62 1312+ 6.3*
100 6 4.09% ().85** 1439+ 2.5*
Hesperidin 50 6 6.644 1.08* 134.1£ 3.1*
100 6 7.15%+ 142* 129.3+ 4.0*
Daidzein 50 6 St 1.25* 139.2+ 3.3*
100 6 4,17+ 0.97** 148.5+ 2.8*
Cyanin 50 6 4061 0.43** 145.5+ 4.3*
100 6 377+ 0.63%* 1564+ 3 9%*
Malvin 50 6 324+ 0.57** 163.7+ 4.5%*
100 6 398+ 0.68** 146.5+ 5.7*
Catechin 50 6 794+ 095 1314+ 37
100 6 949+ 149 1247+ 28
Neohesperidin 50 6 482+ 1.17* 138.7+ 3.5%
100 6 604+ 4.11* 1359+ 3.0*
Rotenone 50 6 326+ 0.36** 159.1% 3.9%*
100 6 5224 1.40* 136.5+2.7*
Disodium cromoglycate 50 6 4.85+ 1.20* 1379+ 3.3*
100 6 400+ 111** 1451+ 2.8*
Cyclophosphamide 50 6 554+ 1.21* 1360+ 1.9*
100 6 487+ 1.15* 137.1£ 43*
Prednisolone acetate 10 6 1723+ 1.75 98.7+ 3.6
20 6 19.45+ 2.11 91.6+25
Zymosan 50 6 481+ 0.62* 1387+ 2.3*
100 6 4051 0.72** 1447+ 2.8*

'Mice were orally treated (but zymosan. i.p.) with drugs 1 hours before the Lv. injection of carbon suspension
(Pelican drawing ink 17 black 3m/: saline 8 m/) at a dose of 0.1 m/10g.

*Carbon clearance calculated as follows:

(t:“tl) 1/2 ODtg
ODI|_ODI3

trand t represent 5 and 10 or 15 minutes. respectively. after the injection of carbon suspension and ODt, and
ODt. are their optical density at that time.

}Carbon-phagocytized Kupffer cells were microscopically counted by H & E staining

Each value represents the meant S.E: Significantly different from control (*p<0.0S and **p<001).

Carbon clearance(t)»)=
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Table IIL. Inhibitory activities of flavonoids on the antibody production in primary humoral immune response against
bacterial a-amylase'.

Antibody titer'

Drugs? Dose No. of Days after injection of antigen
(mg/kg) animal 35 40 45 50 S5 60
Control - 6 1526+ 114 2301+ 196 2482% 175 2697+ 184 2935+275 313.1+175
Flavone 50 6 10912106 13781 154% 1703+ 15.6% 18671 164* 2157+ 196 25211236
100 6 - - - - -
Chrysin 50 6 783+ 145% 1801+ 142 2013+ 107 2352162 2852+ 153 3011+ 196
100 6 1099174 1668+ 196 1942+ 195 2218+ 235 2635+ 192 2960+ 315
Baicalein 50 6 972+ 74*% 17172154 1967+ 75 2045+ 197 2156+ 197 2467+ 24.3*
100 6 857+ 114* 1503% 169* 1707+ 157* 191.5%£164* 199.7+20.6* 211.5+204*
Apigenin 50 6 921£167* 15671234 1829+ 215  1756£267* 2114+ 187% 2249+ 274*
100 6 1039+ 156 17141213 2283+ 167 2165+ 214 2390+ 284 2534+ 254
Fisetin 50 6 1306+ 142 19751162 2053+ 142 2354+ 194 2615+236 2947+297
100 6 1053+ 133 1305+ 143*% 18701215  2054+204 2305+ 197 2415+ 396*
Kaempferol 50 6 115.6£126 1967+ 143 2105+ 143  2254+267 2453+314 27871315
100 6 9651 11.5% 12754 164* 18451196  1995£215 21671243 23054+ 19.7*
Morin 50 6 130.5€ 114 19052175 1964+ 143 20151254 2245+ 196 2334+ 31.2*
100 6 1214+ 156 17252197 1943+ 165 1997207 2164+ 187 2305+ 274*
Myricetin 50 6 14871 151 2305t 156 23721105 2401+ 197  260.5+243 2706+ 184
100 6 12152173 1805+ 254 1964+ 164 20851176 22194215 2305+232*
Taxifolin 50 6 1306+ 142 19471143 2115+ 97 22061 151 2307314 241.5+ 29.6*
100 6 984+ 153% 13571 156% 18421105 2057+ 196 2105+ 214% 2153+ 234*
Quercetin 50 6 1203+ 143 1651+ 157  177.12 196 190.5£214* 209.7+ 20.6* 2344+ 28.5*
100 6 T1.7£164* 1344 197* 15704 184* 1750+ 20.5% 1952+ 23.6% 2134+ 31.4*
Rutin S0 6 13124172 1964+ 151 2206+ 164 2296+ 184 2435+ 316 2456+ 36.7*
100 6 1043+ 152 1435+ 21.5% 18772209 1965+ 19.6% 2154+ 243 2305+ 28.7*
Hesperetin 50 6 1023£ 11.6* 191.8% 135 2148+214 2326+ 194 2850+ 294 308.1%+314
100 6 1238+ 196 1652+ 146 19112305 2141+274 2679+254 2944+ 275
Naringin 50 6 1109+ 152 1467 11.5% 1710+ 14.7% 1959+ 214* 2087+ 19.6% 247.7+ 30.5*
100 6 ISLIE£ 167 15671142 1951+ 145 2257+ 164 231.0% 184 2464+ 357*
Hesperidin 50 6 1278+ 157 2064+ 194 1869+ 157 2218+ 194 2250+ 157 2506+ 274*
100 6 855+ 173* 1472£214* 1690+ 21.3* 193.6% 184* 201.5+ 19.7* 236.0x 31.4*
Daidzein 50 6 1104% 76 14351 184* 17431 102* 1943+ 16.7% 210.5% 19.6% 230.5+ 174*
100 6 904+ 11.4* 11562 17.2% 1356+ 157 161.7+ 184* 190.1+21.4* 2057+ 20.5*
Cyanin 50 6 1496+ 115 21961214 2357234 2655+ 305 2754+296 2854+ 196
100 4 1336+ 97 1994+ 154 2247+243 25174215 2634%197 267.7+233
Malvin 50 6 14474153 1967+ 184 2247+ 305 2405% 164 2754+ 74 27944247
100 6 1305+ 143 1785+ 164 1994+ 197 2302+ 179 2394+ 119 2445+ 2] 6*
Catechin 50 6 143.6+214 21571196 22071335  2545+297 3014+375 31571401
100 6 1506+ 197  2087+214 2214+ 196 2404+ 305 2857+ 196 2975+ 287
Neohesperidin 50 6 1267+ 196 1864+ 214 22111356 2364+ 315 2589%+293 303.1%357
100 6 1293+213 1740+ 197 2058+ (85 2238+274 2643+293 2788+ 314
Rotenone S0 6 12371196 16771217 1880+ 194  1884% 186* 210.6+ 276% 2292+ 294*
100 6 - - - - - -
Disodium S0 6 942+ 143* 14574 19.6% 1764% 114 1963+ 157* 2157+ 144 2204+ 203*
cromoglycate 100 6 094% 95%* 987+ 134%* [157+ 58%* 1314% 196% 1646+ 15.1* 1879+ 15.7**
Cyclophosphamide 50 6 842+ 193* 1235+ 21.5% 150.7+243* 1779+ 29.7% 1935+ 31.4* 211.7+29.8*
100 6 7761 125% 987187+ 1156+ 15.1* 140.7% 19.6* 1754+ 23.6% 1987+ 314*
Prednisolone 10 6 887+ 97* 1205% 155*% 1657 154  183.5£ 187* 201.5% 184* 2257+ 19.6*
acetate 20 6 805 11.5* 10471 19.6% 12351167 1645+ 194* 1889+ 167 210.1+ 21.5%

'Mice were sensitized with ip. and sc. injection of bacterial a-amylase at a dose of 100 ug. respectively.

*Drugs were orally given once daily for 13 days from 3 days before sensitization of antigen.

‘Antibody titer was measured by assay the amount of reduced sugar according to the Nakashima method.
Each value represents the meant SE. Significantly different from control (*p<0.05 and **p<0.01]).
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Fig. 1-1. Liver of control mouse given carbon black ink.
Carbon particles were diffusely phagocytized
by Kupffer cells (H & E, X400).

Fig. 1-2. Liver of mouse treated by malvin at a dose of
50 mg/kg.
Flavonoids enhanced phagocytosis of carbon
particles (H & E. X400).

phagocytosis of Kupffer cells as the same pattern
as carbon clearance (Table II). It can be shown
that flavonoids act as stimulating agents of macro-
phages such as zymosan™. Simultaneously. the
phagocytosis of colloidal carbon by macrophages
in the marginal zone of spleen was also potentiated
as same pattern as that of Kupffer cells in liver

(Fig. 2-1 and 2).

Suppressive activity of humoral immune response

The time course of the immune response in mice
immunized with BaA in Freund’s incomplete adju-
vant was shown in Fig. 3. The detectable anti-BaA
activities in the serum appeared about 7 days after
the primary antigenic stimulation and increased
sharply from 35 days after the primary antigenic

% S

Fig. 2-1. Spleen of control mouse given carbon black ink.
Carbon particles were phagocytized by the
macrophages on marginal zone in spleen (H
& E . X100).

R RN N O e N CRU
Fig. 2-2. Spleen of mouse treated by malvin at a dose
of 50 mg/kg.
Flavonoids potentiated markedly phagocytosis
(H & E, X100).
stimulation.

Most of flavonoids were found to act as immu-
nosuppressive agents in humoral immune response
against BaA as shown in Tables III and IV. Gen-
erally flavonoids inhibited the primary humoral im-
mune response. Disodium cromoglycate was more
suppressive in the antibody production against BaA
dose-dependently than others, and daidzein, querce-
tin and baicalein also significantly suppressed the
antibody production 35 days after immunization of
BoA in Freund's incomplete adjuvant as shown in
Table III. Their activities at doses of 50 and 100
mg/kg were less than that of cyclophosphamide.
but were the same as prednisolone acetate at doses
of 10 and 20 mg/kg.
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300
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Antibody titer (units/m/ blood)

10 20 30 40 50 60 days
Fig. 3. Antibody response against bacterial a-amylase
(BaA) in mice.

(a) non-trradiated mice primed with BaA

(b) X-irradiated mice challenged with BoA after
transfer of primed cells

(c) X-irradiated mice challenged with BaA after
transfer of non-primed cells

(=)

Inhibitory activity of the development of immunological
memory after humoral antigenic stimulation

The BaA and single cell suspension from the
spleen and lymph node cells of mice primed 4 weeks
before were injected intravenously into X-irradiated
mice. It was shown that all of the recipients gave
the secondary type of antibody response as shown
as Fig. 3. The anti-BoA activity could be detected
on day 5, increased sharply. reached the maximum
on day 10-12 and then decreased gradually. The
results of this experiment suggest that immunologi-
cal memory cells developed gradually with the lapse
of time after the primary antigenic stimulation up
to 6 weeks.

Disodium cromoglycate, baicalein. quercetin, daid-
zein and flavone also suppressed significantly the
antibody production of the X-irradiated recipient
on day 7 and 11 after challenge with BaA after
cell transfer as shown as Table IV. It was shown
that flavonoids inhibited the development of immu-
nological memory and their activities were less than
those of cyclophosphamide and prednisolone
acetate.

Suppressive activity of cellular immune response

Cell mediated immune (CMI) response was eva-
luated by assessing the ability of rats to respond to
oxazolone, which is the thymus cell (T-cell) depend-
ent contact sensitizing agent™. In 24 hours after

challenge of oxazolone, ear thickness increased
sharply, reached the maximum on day 2 and then
decreased gradualily.

Most of the flavonoids significantly suppressed
the cellular immune response (Tables V and VI).
Morin at a dose of 100 mg/kg suppressed the ear
swelling at 24, 48, 72 and 120 hours after challenge
of oxazolone. Quercetin and disodium cromoglycate
at a dose of 100 mg/kg also suppressed significantly
the oxazolone-mediated ear swelling as shown as
Table V.

Inhibitory activity of the development of immunological
memory after cellular antigenic stimulation

The lymph node cell suspensions from mice pre-
viously sensitized DNFB were injected intravenously
into the recipients and challenged 1 hour after cell
transfer by painting of DNFB on each ear. The
ear of the recipients swollen 24 hours after the chal-
lenge with DNFB because of immunological me-
mory after antigenic stimulation™. Flavonoids signi-
ficantly suppressed the ear swelling as shown as
Table VI. These results suggest that flavonoids inhi-
bited the development of memory cell against
DNFB. Morin, quercetin, myricetin, baicalein, fla-
vone, daidzein and chrysin at doses of 50 and 100
mg/kg suppressed significantly the ear swelling
dose dependently as compared as the control group.
They have the same activity as cyclophosphamide.

DISCUSSION

Flavonoids, benzo-y-pyrone derivatives, structural-
ly resemble necleosides. isoalloxazine and folic acid™’,
and this similarity is the basis of many of the
current hypothesis of their physiological action. Our
studies have shown that on the whole flavonoids
had the immunosuppressive activities as same as Lx
(polysaccharides) from Licorice root™. Most of the
flavonoids we tested potentiated the phagocytic acti-
vity of Kupffer cells in liver and macrophages in
spleen. On the other hand. they suppressed not only
the humoral and cellular immune responses but also
the development of immunological memory.

We reported that flavonoids inhibited fibroblast
proliferation™ and hypersensitivity types 1-IV which
were mediated by B or T-lymphocytes™. On the
basis of our results, it is possible to suggest that
flavonoids inhibited the proliferation and the devel-
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Table IV. Inhibitory activities of flavonoids on the antibody production through the development of immunological me-
mory in humoral immune response against bacterial a-amylase’

Antibody titer®

Drugs® Dose No. of Days after challenge
(mg/kg)  animal 7 11
Control - 6 1904+ 154 3160+ 394
Flavone 50 6 1344+ 21.5* 243.6+ 34.7*
100 6 130.3+ 24.7% 2216+ 28.5*
Chrysin 50 6 1633+ 30.5 299.7+ 295
100 6 148.1+£ 29.1 2743+ 314
Baicalein 50 6 126.7+ 21.4* 2357+ 23.1*
100 6 119.5% 19.6* 2154+ 26.5*
Apigenin 50 6 1254+ 30.7* 2413+ 39.7*
100 6 1543% 196 288.6% 31.5
Fisetin 50 6 1544+ 233 2889+ 245
100 6 157.2% 187 2704+ 21.1
Kaempferol 50 6 157.6x 23.7 2854+ 223
100 6 141.6+ 30.1 2724+ 19.1
Morin 50 6 1479+ 19.7 3143+ 319
100 6 1354+ 205 3113+ 347
Myricetin S0 6 181.5+ 157 2479+ 30.6
100 6 1726+ 11.5 2353+ 214
Taxifolin 50 6 1758+ 20.5 284.6+ 184
100 6 1453+ 21.5 2746+ 214
Quercetin 50 6 132.5+ 19.6* 2434+ 244*
100 6 1223+ [54* 2149+ 232*
Rutin 50 6 156.7% 19.6 2947+ 16.7
100 6 179.6% 143 2085+ 154
Hesperetin 50 6 190.7+ 18.8 304.5+ 346
100 6 159.0% 16.7 2902+297
Naringin 50 6 128.5+ 21 4* 2415+ 40.5*
100 6 167.31 19.7 2903+ 374
Hesperidin 50 6 1356+ 214 2537+ 357
100 6 129.6% 19.6* 2427+ 37.9*
Daidzein 50 6 1343+ 17.6* 2236+ 21.3*
100 6 105.7+ 15.4* 184.7+ 25.7*
Cyanin 50 6 1694+ 154 3014+ 200
100 4 1558+ 195 2957+ 225
Malvin 50 6 1745+ 235 2537+ 196
100 6 136.6+ 26.7 2164+ 304*
Catechin 50 6 1847+ 16.7 3175+ 365
100 6 124.1%+ 154* 3154+ 314
Neohesperidin 50 6 1767+ 179 3004+ 37.5
100 6 148.3% 14.3 2965+ 414
Rotenone 50 6 1227+ 13.7* 2435+ 17.6*
100 6 - -
Disodium cromoglycate 50 6 1214+ 17.5* 230.6% 28.7*
100 6 8321 164* 2014+ 24.6*
Cyclophosphamide 50 6 105.7£ 10.5* 184.5+ 27.6*
100 6 67.8+ 94** 1649+ 254*
Prednisolone acetate 10 6 169.7£ 17.5 2157+ 21.7*
20 6 101.5+ 15.4* 198.5+ 154*

'Recipient mice were sensitized with a iv. injection of 7.1 X10° spleen and lymph node cells from donor mice.

?Drugs were given orally to recipients from 3 days before cell transfer once daily for 9 days.

*Antibody titer was measured by assay the amount of reduced sugar according to the Nakashima method.
Each value represents the mean* S.E.. Significantly different from control (*p<005 and **p<0.01).
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Table V. Inhibitory activities of flavonoids on the secondary cellular immune response in oxazolone-induced

der matitis
Dose No. of Swelling (%)
Drugs!
(mg/kg)  animal 24 hr 48 hr 72 hr 120 hr
Control - 6 584+ 1.97 1021+ 235 775172 8.84+ 1.75
Flavone 50 6 472+ 125 924+ 2.04 724+ 144 7451214
100 4 445+ 1.04 827+ 197 707175 731+ 154
Chrysin 50 6 532+ 1.09 10.05+ 1.84 751+ 1.74 8431236
100 6 507+£2.10 897+ 210 7.12+ 146 749+ 1.72
Baicalein 50 6 472+ 0.75 925+ 1.76 7.15+£ 1.87 731+ 136
100 6 435+ 143 8751 143 6431 1.76 691+ 1.75
Apigenin 50 6 544+ 1.87 10.12+ 1.74 737+ 137 775t 144
100 6 499+ 135 9.84* 1.56 721+ 128 7.57% 1.69
Fisetin 50 6 565t 1.27 10.18+ 1.94 745+ 1.54 8.12+ 1.66
100 6 527+ 2.15 894+ 1.69 715+ 135 7.54+ 1.71
Kaempferol 50 6 5451% 1.88 10.04% 1.78 764 1.64 795+ 145
100 6 517175 9.88+ 1.51 693+ 137 7.14% 1.65
Morin 50 6 418+ 1.36 727%137 609+ 1.27 6.51+ 1.88
100 6 325+ 127 6.75% 146* 543+ 1.14* 592+ 1.75*%
Myricetin 50 6 471+ 1.51 8.89+ 231 697+ 1.69 736t 1.44
100 6 424+ 1.13 7.84+ 198 643+ 1.61 6.88+ 1.36
Taxifolin 50 6 5361 1.92 9.89+2.54 7831 175 812+ 154
100 6 507+ 1.57 9.79+ 1.74 745+ 147 7.80+ 1.47
Quercetin 50 6 4651+ 143 795+ 1.76 615+ 144 6.78+ 148
100 6 409+ 1.17 6.90+ 1.64* 404+ 1.35% 6.13+ 1.79*
Rutin 50 6 535+ 1.36 10.13£ 196 7.54% 136 8.12+ 1.36
100 6 495+ 1.73 945+ 231 711+ 127 797t 1.75
Hesperetin 50 6 470+ 1.64 851+ 1.87 696+ 1.27 7311236
100 6 436+ 1.57 7.14% 1.54* 6.40x 1.54 6.85% 1.75
Naringin 50 6 487t 131 9.15+ 148 635t 1.75 698+ 2.14
100 6 471+ 1.27 885+ 199 6.11+ 136 641+ 1.75%
Hesperidin 50 6 462+ 1.51 841% 136 717+ 1.64 794t 146
100 6 4.19+ 136 775+ 127 695+ 1.07 743+ 1.73
Daidzein 50 6 481+ 0.75 967+ 3.11 647+ 143 695+ 1.54
100 6 3.841 0.98* 741+ 197 5.75% 1.05* 6.03% 1.56*
Cyanin 50 6 498+ 1.72 9.57+ 1.69 7.57£ 133 836+ 2.10
100 4 441131 875t 1.75 698+ 1.57 745% 1.96
Malvin 50 6 505+ 207 937+ 1.76 7.53+ 1.4 8.12+2.14
100 6 437+ 146 8.25% 1.51 641+ 1.77 709+ 1.85
Catechin 50 6 481+ 132 841% 1.36 6.28% 1.54 7.12+ 141
100 6 427+ 1.54 8.05+ 1.44 584+ 1.36 6.8711.35
Neohesperidin 50 6 564+ 127 1011+ 1.94 731+ 2.10 775+ 1.64
100 6 507t 144 849+% 175 6.84% 1.75 743+ 197
Rotenone 50 6 575+ 147 10.14t 144 7.57%+ 1.36 852+ 1.36
100 4 564+ 1.69 1005+ 1.57 712+ 197 809+ 1.57
Disodium cromoglycate 50 6 441+ 1.4 7211 1.64 637+ 1.54 6.721 194
100 6 405+ 1.64 6.89+ 1.75* 545+ 1.14* 6.15+ 1.87*
Cyclophosphamide 50 6 464+ 136 8.17% 1.88 6911 1.36 721+ 1.36
100 6 418+ 1.54 705t 191* 631%1.27 6.75£ 1.75
Prednisolone acetate 10 6 497+ 1.88 8631 1.74 725+ 1.64 745+ 146
20 6 4431097 805+ 1.55 6.89+ 1.31 704+ 1.14

'"Drugs were orally administered for 9 days.

*Rats were sensitized by applying 50 W/ of 10% oxazolone in acetone solution to shaved right flank and at Day
9. given a challenge by applying 10/ of 1% oxazolone in acetone solution to the dorsal surface of the right
car and the thickness of ear was measured with engineer's micrometer.

Each value represents the mean* SE. Significantly different from control (*p<0.05).
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Table VI. Inhibitory activities of flavonoids on the development of immunological memory in cellular immune response
after transfer of dinitrofluorobenzene-primed lymph node cells'

Drugs’ Dose  No. of Ear Drugs’ Dose  No. of Ear
(mg/kg) animal  swelling(%)’ (mg/kg) animal swelling(%)’
Control - 12 362+ 26 Naringin 50 12 209+ 34*
Flavone 50 12 17.6120* 100 12 1941 4.7*
100 12 1181 1.5+ Hesperidin 50 12 169+ 3.1*
Chrysin 50 12 215+ 1.3* 100 12 14.1+ 1.8%*
100 12 19.6%2.1* Daidzein 50 12 193+ 24>
Baicalein 50 12 1574 2.3%* 100 12 17.7£2.0*
100 12 1424:19**  Cyanin 50 12 208+ 0.5*
Apigenin 50 12 243%21 100 12 162+ 2.0*
100 12 218+ 24* Malvin 50 12 238+ 18
Fisetin 50 12 2713+ 15 100 12 13.14+ 2.0%*
100 12 358+ 21 Catechin 50 12 163+ 1.1*
Kaempferol 50 12 258130 100 12 125+ 0.6**
100 12 257140 Neohesperidin 50 12 280+ 49
Morin 50 12 13.61 4.3%* 100 12 16.6+ 1.9*
100 12 931 [.4** Rotenone 50 12 303%19
Myricetin 50 12 15.6% 1.7** 100 12 314t 14
100 12 141+ 20**  Disodium cromoglycate 50 12 13.5% 1.4%*
Taxifolin 50 12 239+ 34 100 12 114+ 1.6**
100 12 302158 Cyclophosphamide 50 12 142+ 1.7+*
Quercetin 50 12 13.5% 1.5%* 100 12 125+ 0.6**
100 12 11.1£1.3**  Prednisolone acetate 10 12 162+ 2.3*
Rutin 50 12 233112 20 12 12.5+ 1.9
100 12 19.0+ 1.3*
Hesperetin 50 12 15.6+ 3.1%*
100 12 137+ 1.3*%*

'"Mice as donor of DNFB-immune LN cells were sensitized by twice daily with paintings of 25 W/ of 0.5% DNFB
on the clipped abdomen and 5/ on the food pads and ears, and DNFB-immune LN cells were taken 3 days
after the last painting. Single cell suspensions (4X 107 cells) were injected iv. into normal syngeneic recipients.
The recipients and controls were challenged within | hour after cell transfer by applying 20w/ of 0.2% DNFB
on the dorsal side of ech ear.

“Thickness of ear was measured 24 hour later with engineer's micrometer.

‘Drugs was orally treated once daily 2 days before antigen painting in donor mice.

Each value represents the mean® S.E.: Significantly different control (*p<0.05 and **p<0.01).

opment of memory cells of B-and T-lymphocytes
and also inhibited the releasing of lymphocyte-acti-
vating factor from macrophage. These results were
in agreement with the reports of Suzuki er al.'",
lto er al.’¥ and Schwartz et al.'”,

On the other hand, the potency of flavonoids
varied depending on their structure. Based on our re-
sults, the following observations can be made : 1.
The abolition of the double bond between C, and
Cs leads to decreased inhibition. This is apparent
from the lower potency of 23-dihydroquercetin,
known as taxifolin, than that of quercetin itself. This

is in agreement with the results of Varma™, Midd-
leton®”, Landolfi*’, Hsu*', Mora® and Kim er al.®
2. Flavones (flavone, baicalein) and flavonols
(morin, quercetin), which have a ketone group at C..
were more potent than anthocyanins (cyanin. mal-
vin) and catechins (catechin) in humoral and cellu-
lar immunosuppression. 3. Isoflavones (daidzein)
which have a benzene ring at C;, have the almost
same activity as those of the flavones (baicalein)
and flavonols (morin, quercetin, myricetin), which
have a benzene ring at C,. 4. The extent of inhibi-
tion by hesperidin and neohesperidin are similar,
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pointing out that the activity is not lost when the
C-ring is opened. 5. Rutin, which is glycosylated
at C; with rutinose in C-ring, was significantly less
potent than the parent aglycone, quercetin, 6. The
inhibitory activity of hesperidin (hesperetin-7-O-rham-
nose) was lower than that of its aglycone in cellu-
lar immune reaction, but not in the humoral im-
mune reaction. 7. The inhibitory activity of flavones
(flavone, baicalein) and flavonols (quercetin, morin,
myricetin, fisetin) were silimilar. This fact suggests
that the hydroxy group at C; dose not affect the
activity. 8. Chromanochromanones (disodium cro-
moglycate) also have the immunosuppressive acti-
vity. 9. Increaing the number of -OH group in B-
ring from one (kaempferol) to two or three (querce-
tin, myricetin) enhanced the inhibitory activity. 10.
In the flavonols, quercetin, an orthohydroxylated in
B-ring (3'4'-dihydroxy) was more potent than mo-
rin, which is metahydroxylated (2'4'-dihydroxy) in
humoral immune response, but the potency was si-
milar in cellular immune response.
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