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Pharmacological Activities of Flavonoids(II)
Relationships of Anti-inflammatory and Antigranulomatous Actions

Chang-Johng Kim, Soo-Kyung Su, Jae-Hyun Joo and Seung-Kil Cho

College of Pharmacy, Chumg-Ang University, Seounl 156-756, Korea

Abstract— ‘The relationships of inhibitory activities of inflammation and wound healing of flavonoids
were studied 7z ¢7#r0 and /n rivo. Generally flavonoids have not only significantly anti-inflammatory activi-
ty in carrageenin-induced paw edema and Freund’s complete adjuvant-induced arthritis, but also inhibitory
activity of wound healing. The more inhibitory activities of wound healing flavonoids have, the more they
have the anti-inflammatory activities; apigenin > guercetin > flovone >rutin > hesperidin > naringin.
Their inhibitory mechanism seems to be inhibition of the inflammatory cell infiltration and fibroblast proli-
feration, and so they decreased the granulomatous activity and tensile strength.

Keywords U Flavonoids, carrageenin-induced paw edema, Freund’s complete adjuvant arthritis, granulo-
matous action, fibroblast growth, tensile strength, histology of wound healing.
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Table I — Anti-inflammatory activity of flavonoids on
carrageenin-induced paw edema in mice.

Dose

p.o.)
Control - 6 23.1+2.92)
Flavones
Flavone 50 6 20.3+3.5
100 6 16.7+4.2*
Apigenin 50 .6 12.44+3.1**
100 6 7.54+2.8%*
Flavonols
Quercetin 50 6 11.4+4.2%*
100 6 17.3+3.2*
Rutin 50 6 16.142.5*
100 6 11.741.7**
Flavanones
Naringin 50 6 21.3+2.9
100 6 18.6+5.4
Hesperidin 50 6 15.7+3.8*
100 6 11.742.7%*
Aspirin 100 6 6.1+2.3**

1) Drugs were administered orally 1 hour before 1% car-
rageenin injection (0.02 ml/mouse, s.c.).

2) Each value represents the mean+ S.E.

Significantly different from control (*p<0.05 and
**p<0.01).
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Table II —Effects of flavonoids on the Freund’s complete adjuvant-induced arthritis in rats.
P
Dose  No. Swelling (%)
Drug? (mg’kg, of ani-
p.o.) mals 1 3 5 7 9 11 13 15 17 19 21 (days)
Control _ 7282 8712 734 659 672 740 758 844 866 967 1066
+06 +11 +20 +46 +50 +22 +31 +08 +02 +38 +64
Flavones
Flavone 25 6 643 785 656 591 608 654 681 734 782 817 712
+60 +19 +16 +01 +39 +49 +41 +23 +20 +26 +24*
50 6 625 731 632 563 633 679 731 734 751 693 665
+1.7 450 +47 +09 +21 41 16 22 28 +35** +3.6%
Apigenin 25 6 551 568 510 561 505 539 602 737 738 743 628
+2.1*% +4.0** +27** +13 +24* +1.6* 136 +17 +16 +50* +2.7**
50 6 519 516 497 492 454 485 536 60.0 628 63.0 66.1
+4.8%*% £34** £7.1** +4.0* +5.0** +24** +1.6%* +59** +38% +2.8** 4+50**
Flavonols
Quercetin 25 6 534 618 725 631 613 622 754 8.7 8.0 75 718
+7.5*% +40* +21 +18 +76 +99 +76 +87 +65 +42 +51*
50 6 532 547 530 468 494 529 565 675 599 586 60.3
+1.0% +9.9** +50 +5.0** +52* +7.3*% +63% +7.8% +84* 120%* +74**
Rutin 25 6 585 720 576 559 627 669 718 834 8.3 88 718
+134 +84 +65 +17 +45 +39 +16 +49 +39 +43 +3.6**
50 6 549 654 549 471 568 613 651 70.0 765 799 63.6
+31 +09* +1.8* +0.8* +13 +43 +01 +26 +1.7 +34* +b56**
Flavanones
Naringin 25 6 585 629 682 673 632 648 748 805 825 898 86.8
+16 +26* +19 +18 +27 +28 +23 +82 +52 +69 156
50 6 557 575 579 617 564 629 673 734 783 716 70.6
+31  +1.1** +28 +21 +39 +46 +16 +23 +48 +53* +11.8**
Hesperidin 25 6 702 767 656 582 571 645 715 784 841 823 67.0
+17 +23 +16 +36 +13 +27 +07 +06 +17 +39 +1.1**
50 6 618 698 570 480 500 527 561 613 645 683 60.8
+40 +14 +83 +14* +24* +09* +1.1* +18* +28* 10.8* 125*
Phenylbu- 100 6 526 617 550 418 455 474 505 540 556 571 60.8
tazone +1.6%* +2.8% +3.8%% £3.4%* £3.3%% 13.8% 129%* £2.9%* 13.4%* £33** +3.8**

1) Drug were administered orally for 21 days.
2) Each value represents the mean+ S.E.

Significantly different from control (*p<0.05 and **p<0.01).
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Table III — Effect of flavonoids on granulomatous action by cotton pellet method.

Drugs Dose Nf" of Wt. of dry Inhibition (%) of gra-
(mg/kg, p.o.) animals granuloma (mg) nuloma formation
Control - 6 42.6+1.8D -
Flavones
Flavone 25 6 422419 ‘ 1.1
50 6 35.2+4.2** 174
Apigenin 25 6 39.3+8.4% 7.9
50 6 35.443.1%* 16.9
Flavonols :
Quercetin 25 6 35.3+1.8** 17.2
50 6 32.0+4.9%* 24.9
Rutin 25 6 37.5+3.8* 12.1
50 6 39.81+3.6 6.6
Flavanones
Naringin 25 6 38.5+0.6* 9.6
50 6 41.54+8.3 2.6
Hesperidin 25 6 41.8+1.7 1.9
50 6 42.3+3.6 0.8
Prednisolone 10 6 27.0+1.6** 36.6
acetate 20 6 23.5+1.3** 44.8
1) Each value represents the mean + S.E.
Significantly different from control (*p<0.05 and **p<0.01).
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10, 20 = 50 ug/ml FEANA tizre Dzt ]
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Table IV —Inhibitory effects of flavonoids on fibroblast (1.-929) growth in monolayer culture.

Inhibition (%)

Drugs explix(r){rr?ints 5 Concli)ntratm (#g/;?)l) 50 IC50 (ugmi)
Controll) 6 - - - - -
Flavones

Flavone 6 39.3+0.8**2)  66.7+0.4** 85.2+0.2** 95.84+0.2** 6.5

Apigenin 6 17.7+0.6* 18.5+0.9* 63.1+1.0%* 88.1+04** 15.0
Flavonols

Quercetin 6 40.7+1.3** 68.2+1.0** 96.3+0.3** 98.3+0.1** 6.0

Rutin 6 15.8+1.3* 34.9+0.6%* 475+1.1** 60.4+£0.7** ©29.0
Flavanones

Naringin 6 55+38.3 17.5+4.6* 21.2+2.4* 44.8+2.0** 57.0

Hesperidin 6 7.44+3.8 15.74+6.4* 16.1+1.4* 22.84+1.2** 110.0
Prednisolone acetate 6 57.6+0.9** 61.1+1.2** 67.2+0.5** 70.6+2.0** 3.0

1) No. of fibroblast was 6.25 x 105 cells/ml after 72 hr incubation.
2) Each value represents the mean+S.E.
Significantly different from control (*p<0.05 and **p<0.01).

Table V—Inhibitory effects of flavonoids on tensile strength in wound healling.

Tensile strength (g)

Drugs Dose Nf)' of Days after wounding
(mg/kg, p.o.) animals 2 4 6 9 12
Control - 6 64.1+1.10) 1054+14.8 1314424 180.0+14.9 374.41+27.0
Flavones
Flavone 25 6 47.3+0.8* 87.8+4.3 108.5+6.5 150.1+13.0 311.5+17.3
50 6 49.0+2.0 82.9+4.4 107.0+2.5 132.5+2.0* 300.0+2.5
Apigenin 25 6 51.1+4.6 77.8+8.8* 92.3+1.8 169.8+1.8 342.5+4.5
50 6 42.5+0.56**  70.8+3.3** 110.3+9.3 134.9+0.3* 310.3+7.8
Flavonols
Quercetin 25 6 59.6+0.7 83.3+2.3 101.3+14.3 180.0+11.0 334.5+7.0
50 6 52.0+3.2 71.0+£2.0** 96.0+6.5* 167.8+12.3 324.81+5.8
Rutin 25 6 54.5+7.1 98.8+12.8 118.3+1.8 17C.0+5.0 317.8+1.8
50 6 47.3+2.5* 90.0+4.0 107.5+1.0 158.3+8.8 271.3+17.3*
Flavanones
Naringin 25 6 49.8+3.1 96.3+13.8 112.5+2.3 167.0+3.3 355.0+7.0
50 6 56.1+4.1 101.0+4.8 107.0+ 1.5 172.3+2.5 362.3+2.0
Hesperidin 25 6 56.9+2.1 100.3+7.8 121.3+7.0 174.8+15.3 263.0+13.0*
50 6 58.0+10.56 103.2+7.3 129.3+2.3 169.3+2.3 296.8+5.3
Prednisolone
acetate 10 6 46.0+6.0**  52.0+3.3** 71.83+4.3** 112.8+7.5** 223.6+10.0**

20 6 405+5.0** 48.0+7.8** 64.5+2.5** 98.71+3.0** 183.7+3.3**

1) Each value represents the mean+S.E.
Significantly different from control (*p<0.05 and **p<0.01).
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Fig. 1—2 days after wounding in control group. Cell in-
fitration and fibroblast proliferation are noted
around the wound margin. (H & E, x100)

Fig. 2—4 days after wounding in control group. It shows
marked fibroblast and endothelial cell prolifera-
tion. (H & E, x100)

Fig. 3—6 days after wounding in control group. It shows
marked endothelial cell proliferation and colla-
gen fiber formation. (H & E, x400)

Fig. 4—12 days after wounding in control group. Replace-
ment of collagen fiber and new capillarization in
the wound margin are seen markedly. (H & E,
x 400)

Fig. 5—12 days after wounding in apigenin or quercetin-
administered group. All of wound healing are less
than that of control. (H & E, x100)
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