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The Immunomodulatory Effects of Ganoderma tsugae Supplementation on

Immune Responses of BALB/c Mice
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To investigate the immunomodulatory effect of fruit body of Ganoderma tsugae on immune responses
in animal model, BALB/c mice were tube-fed with different Ganoderma tsugae products YKO1 and YKO7
- daily for 6 weeks and killed for further analysis of phagocytic activity, natural killer cell activity, serum
antibody, and cell proliferation and cytokine secretion of splenocytes. The results showed that the low
dosage YKO1 group significantly increased NK cell activity, the percentage of granulocyte, immunoglobulin
(Ig) G and M. T cell proliferation and IL-2 secretion of spenocytes were significantly higher but IL-4 secretion
was lower in the Ganoderma tsugae YKO1 group. Furthermore, Ganoderma tsugae could decrease the lipid
peroxidation level in mice liver. The YKO07 group had significantly higher serum IgG and IgA, T cell
proliferation and IL-2 secretion of spenocytes, but lower IL-4 secretion. In addition, both YKO01 and YKO7
significantly decreased hepatic TBARS values, suggesting their antioxidant effect. Therefore, different
Ganoderma tsugae products may exert different effects on immune responses. However, the products used
"in this study both showed antioxidant effect and immunomodulatory effect on adaptive immune response.

Key words: Ganoderma tsugae, NK cell activity, Phagocytosis, Immunoregulation.
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Ganoderma tsugae YKO01 F1 Ganoderma tsugae
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U 04 g WIRFBE M A VKR Ry 0.01 M
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10% Trichloroacetic acid (TCA)E &394 »
1,500 x g B0 10 3 8ELIERREEE » HU1 mL
FERSRZEEERER 1,1,3,3-tetra-metheoxy
propane (TMP ¥5¥&) » MUA 1 mL 2-thiobar-
bituric acid (TBA) ¥& ¥ (Sigma) & 0.1 mL
butylated hydroxytoluene (BHT) 5K E &1
2] 1A 50 T/KIB IE—/INEE » B Al N A 2 mL

- isobutanol {85 * LA 1,500 x g B0y 10 238% -

BV ¥ DIAE YE Y6 BE 5t (Hitachi F-2000, Tokyo,
Japan) ] %€ excitation 515 nm J emission 550
nm ZAg °
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7% 3, B £ P9 PHAGO-TEST kit (ORPEGEN®
Pharma, Heidelberg, Germany) 37745l i 2
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oo B A 50 uL BY quenching B E&ITS
B washing B8 1.5 mL » 250 x g &l 10
SEBTE X 0 A 1 mL lysing AR =EIR
TIFE 20 4388 - L1250 x g B0y 10 4> $ETE L
—K » JOA 100 uL Z DNA staining ¥{RVKIR
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Diego, CA)HY 0.1 M carbonate buffer 100 xL/
well » BRER 4T - B{&LL PBST B8 > 0
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Fig. 1. The effect of Ganoderma tsugae products YKOI1
and YKO7 on hepatic TBARS values of female
BALB/c mice. Data are mean + SD of 12 mice
per group. *Significant difference at the 0.05 level
compared with control group by Student's #-test.
(L: low dose, H: high dose, see Table 1)
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Table 1. The effects of Ganoderma tsugae
products YK01 and YKO7 on phagocytosis
of granulocytes from peripheral blood
of female BALB/c mice

Group' n Granulocyte %°  Phagocytic activity
Control 10 48.66 £ 16.49° 9.74 £ 5.30
YKO1-L 10 66.20 + 17.36* 11.14 £ 4.02
YKO1-H 10 45.73 £ 18.07 7.49 +3.89
YKO7-L 10 47.34+£17.63 8.72+4.87
YKO07-H 10 54.61+17.54 10.81 +£6.06

C BISEIE L R R DI RS

1 YKO1-L, low dose group (11.7 mg/mouse/day Ganoderma
tsugae YK-01). YKO1-H, high dose group (58.5 mg/mouse/
day Ganoderma tsugae YK-01). YK07-L, low dose group
(19.7 mg/mouse/day Ganoderma tsugae YK-07). YKO7-H,
high dose group (98.5 mg/mouse/day Ganoderma tsugae
YK-07).

2 Granulocyte % was gate percentage of total cells collected
by FACScan analysis. Phagocytic activity were FITC-mean
obtained by FACScan analysis.

3 Values are mean + SD. *Significant difference at the 0.05
level compared with control group by Student's s-test.
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Fig. 2. The effect of Ganoderma tsugae product YKOI
and YKO7 on the activity of natural killer cells
from the peritoneal exudate cells. The effector-
to-target (E:T) cell ratio was 80. Data are mean +
SD of 10 mice per group. *significantly different
at the 0.05 level compared with control group by
Student's t-test. (L: low dose, H: high dose, see
Table 1)
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Fig. 3. The effect of Ganoderma tsugae YK01 and YKO7
on serum IgA, IgG and IgM antibodies content of
BALB/c mice. Data are mean + SD of 12 mice
per group. *Significant difference at the 0.05 level
compared with control group by Student's r-test.
(L: low dose, H: high dose, see Table 1)
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Fig. 4. The effect of Ganoderma tsugae YKO1 and YKO07
on the PHA and LPS stimulated splenocytes
proliferation of BALB/c mice. Data are mean +
SD of 10 mice per group. *Significant difference
at the 0.05 level compared with control group by
Student's s-test. (L: low dose, H: high dose, see
Table 1)
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Table 2. The effect of Ganoderma tsugae YKO 1

and YKO7 on cytokine productions
from splenocytes of BALB/c mice

Group! Mitogen
Spontaneous PHA10
IL-2 (units/10° cells)
Control 0.90 + 0.09 1.68+0.36
YKO1-L 1.00 = 0.14% 1.99 + 1.12
YKO1-H 1.12+0.10° 2.28 +0.60°
YKO7-L 1.07+£0.17° 2.85+1.342
YKO07-H 0.89+0.10 2.55 + 0.64°
IL-4 (pg/10° cells)

- Control 4.46 + 0.24 7.40 +1.13
YKO01-L 430+ 0.68 7.50+ 1.81
YKO!-H 3.80 + 0.44° 5.06 + 1.06%
YK07-L 4.12 £ 0.50° 934+422
YK07-H " 4.02+0.20° 7.08 + 1.49

1 Splenocyte at a concentration of 5 x 10° cells/mL were
cultured with medium in the absence or presence of 10
ug/mL PHA for 48 hrs. Values are mean = SD of 10 mice

per group.

2 Significantly different at the 0.05 level compared with
control group by Student's #-test. (L: low dose, H: high
dose, see Table 1)
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