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Effect of Dietary Fats and Tomato on the Immune Functions of
BALB/c Mice

Sang-Dong Lim*, Chan-Kyu Han, Kee-Seung Sung, and Kee-Sung Kim
Korea Food Research Institute

Abstract Effects of dietary fat and tomato on immune functions were investigated using BALB/c mice. Sixty male BALB/c
mice weighing 16-17g were divided into two dietary groups. Control group was fed experimental chow (AIN-76 purified diet)
supplemented with saturated fat (beef tallow) and unsaturated fat (safflower oil) at 5% level (weight basis), while treatment group
was fed chow added with 0.5% (dry matter basis) of tomato (moisture content 95%) for 10 weeks. Organ weights, delayed-type
hypersensitivity test, plaque-forming cell test, agglutination test, differential white cell count, and histological examination were
performed at 4th, 7th, and 10th week after dietary treatment. Weight of spleen and spleen index of tomato group increased with
increasing experimental period. Thymus index of tomato group was significantly higher than that of control group at 7 and 10
weeks (p <0.05). In delayed hypersensitivity test at 4th, 7th, and 10th week after dietary treatment, tomato group showed more
significant increase in footpad swelling reaction 24 hr after challenge than control group (p <0.05). In plaque-forming cell test,
tomato group fed 7 weeks increased more significantly than control group, while no significant difference was found between
two groups at 10 weeks. Agglutination test decreased with increasing experimental period; tomato group at 10 weeks was higher
than control group in antibody response to SRBC. In tomato group, lympocyte percentage was slightly higher than that of control
group, and spleen tissue showed active immune reaction caused by severe proliferation of white pulp.
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Table 1. Composition of basal diet

Ingredient Contents (%)

Casein (feed grade CP 85%) 20
Corn starch 15
Sucrose 45
Cellulose (fiber) 5
Tallow 5
Safflower oil 5
DL-methionine 0.3
AIN-vitamin mixture” 1.0
AIN-mineral mixture® 35
Choline bitartrate 02

Total 100

UContained per kg mixture; Thiamin - HCl 600 mg, Riboflavin 600
mg, Pyridoxine - HC1 700 mg, Nicotinic acid 3 g, Vit. A 400,000 1U
(Retinyl acetate), Vit E (dL-a-Tocopheryl acetate) 5,000 IU, Vit. D,
2.5mg, Vit. K 5.0 mg and sucrose.

IContained per kg mixture; CaHPO, 500 g, NaCl 74 g, K,C,0,"H,0
220 g, K,SO, 52 g, MgO 24 g, 48 Mn 3.5 g, 17% Fe 6.0 g, 70% 7n
1.6 g, 53% Cu 0.3 g, KIO, 0.01 g, CrK(SO,),- 12H,0 0.55 g and sucrose.
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Table 2. Proximate analysis of experimental diets (Unit: %)
Group Moisture Ash E.E Ca (mg%) P (mg%)
Tomato 1047+ 0.14 10.64 +£2.96 19.94 +0.41 24.52+0.17 1.61 +0.09 0.82+0.01
Control 10.76 £ 0.21 14.96 +2.30 21.21+0.86 14.45+0.05 1.65 +0.07 0.84 +£0.02

Values are mean = SD (n=3).
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Table 3. Body and organ weight of BALB/c mouse fed experimental diets (Unit: g)
Group Organ Body Liver Kidney Heart Lung Brain
4 wks 35.16 £ 6.76"" 2.05+0.68° 0.31+0.05° 0.19£0.03* 025+ 0.07* 0.42 £ 0.05*
Tomato 7 wks 3713 £4.83" 2.51+0.29° 035+0.04 0.23+£0.03* 0.37+0.03* 0.41+0.07*
10 wks 1569+ 157 2.02+1.02* 044x0.12° 0.21+0.08 0.56£0.21* 043 +0.07*
4 wks 39.92+1.07° 245+0.21° 0.32+0.04° 0.22 £0.03* 0.27 £0.02¢ 0.43 £ 0.03°
Control 7 wks 38.02 +£2.26 2.13+0.14* 0.32+0.04* 0.23£0.03° 0.25+0.03" 043 +0.04*
10 wks 20.03+3.01* 1212017 0.19+£0.02° 0.17 £0.02° 041027 0.38 £ 0.02°
YValues are mean + SD (n=5).
Significantly different among weeks at the same dietary group (p <0.05) by r-test.
Table 4. Lymphatic organ weight and its index of BALB/c mouse fed experimental diets (Unit: g)
Group Organ Spleen Spleen index” Thymus Thymus index”
4 wks 0.32+0.31™ 091027 0.28 +0.25° 0.79+0.18*
Tomato 7 wks 0.39+0.08" 1.05+0.45° 0.11 + 0.04° 0.29 + 0.06*
10 wks 0.44+0.12% 2.80£0.76" 0.14 £ 0.10° 0.89 +0.02*
4 wks 0.25+0.09° 0.63+0.12° 0.21£0.04° 0.51+0.18°
Control 7 wks 0.21 +0.06° 0.55+0.08" 0.78 £ 0.03* 0.20 + 0.06°
10 wks 0.26+001° 0.63+0.14° 0.07 £ 0.04* 0.51£0.26°
YValues are mean £ SD (n=5).
f)Spleen index = spleen wt. x 100-+body wt.
IThymus index = thymus wt. x 100-+body wt.
**Values with different letters are significantly different at p <0.05 by r-test.
Table 5. Effect of dietary fats and tomato on DTH reaction to SRBC (Unit: % increase in footpad thickness)
Time after 4 week 7 week 10 week
challenge Tomato Control Tomato Control Tomato Control
3hr 21.1+£10.8 19.9+83 28.4 +8.5% 19.7+7.6 25.6+82 171+53
24 hr 50.1 £27.4%* 389+17.7 337+ 13.2*% 124+8.9 49.8 +7.0* 23.1+89
48 hr 31.6 £ 14.0* 22.8+62 16.7+3.7 10.5+8.0 31.6 £ 13.5% 13.6+4.9

Mice were fed experimental diets supplemented with beef tallow, safflower oil and dried tomato before SRBC immunization. Footpad thickness
was just measure before (T,) challenge of SRBC and 3 h (T;), 24 h (T,,), 48 h (T,) after challenge. Values are mean= SD from 5 BALB/c mice.

*p <0.05 as compared with corresponding control.
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Table 6. PFC test to SRBC of BALB/c mouse fed experimental

diets (Unit: number of PFC/10° spleen cell)
Week Tomato Control
7 3723 +47.5%» 265.6+37.2°
10 72.8 + 6.48" 759+4.19

DValues are mean = SD (n=5).

Significantly different among weeks at the same dietary group
(» <0.05) by r-test.

“not significant

FelFASle WS of7|AIZ] & XA FANINESHAL A3 A
AH oz BEulgEgo] gFdrt; SV8IATh 3A17ke] w-ERE
=27)9) F718)S ENLEZO] 4, 7, 1059 2z} 21.1, 284,
25.6%% VERE ¥ tIERE ZH2 199, 197, 17.1%E 4]0]7]
Zho] 7S ¥hgol st 752 3417k HhEgte] B
ulERH dlEZE7h] Sog zkelzt At (p <0.05). 24117k
HHSgke EntERo| gzt B3l 4, 7, 10579 felsiAl A

VRS (p < 0.05), 3A)7F whggkae ke AaE F 2 BE
750l ZEAsta, 1050 F7FetA T 48A17ke] whg-ghe 2447
o SR E sl e L= 2 /Uﬂﬂ_é ErEze] wheghe 4,

7, 105F0lA 25 24x]7%] thzzdl wls) FAHoR Ei

(p<0.05).

US| CHEH AL HEzT FH

”01304 T 78 10700 238 EAAAL A EZPFC) HF}
Table 63} 7o) 759] EH A= ErfEFo] d2FRT B4

o8 T2 H(p<0.05), 1035 d2Fo] EnER Hu} o
=& AAE B 2 A0 Ayt oz Holg] Fol7)

o] AAdSE ErnfEdd Rzl FAYL AZF7E &

s aE Ae® Ueded(p<005) ole FHel 371

= A U] Thelper celld Bcelle] ZHAg oz AUA Wy
Hollthe B 7t dXlgte o2 Algdrh

ﬁrir:iﬁrl

7«?

L

g0l chst MY SHIL 54
ARl AY7)52 sk Aste] FHET ol i
AYT SHAINAGGE 45 ErkEse] Aolwel tix
= Boh =R, 75 105 A EviEde] tiEs Hoh w3k
ThFig. 1). AolAez X9 ALRE THUN=2 47 5%
7HelE Fod £ Afelde d¥7Ike] dojdsE It
T WAL Ay AR vl dashe B2 el
= 7T9‘r 107 W3 201300, e 4,

A7 BAlE+2
7, 105 Al&BA F3leAl st 53] 1057 Ve B

8 4 week
B 7 week
010 week

Log, 2

Control

Tomato

Group

Fig. 1. Antibody response to SRBC in BALB/c mice fed
experimental diets. All mice were immunized intra-footpad with
0.03 mL SRBC suspension and bled 7 days after sensitization. Each
column and bar represents the mean = SD.
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Table 7. Differential white cell counts of BALB/c mouse after 4 weeks fed experimental diets (Unit: %)
Neutrophil .
Group Cell type Eosinophil Lymphocyte Monocyte
Band Segment

4 wks 0.60 £ 0.54" 9.80+7.04 0 89.00 +7.31 0.75+£0.50

Tomato 7 wks 0.50+0.50 9.00+2.40 0.50+£0.20 89.50+2.20 0.50 +0.05

10 wks 0.30+0.10 1.25+0.22 0 95.25+1.50 320+1.20

4 wks 1.00£0.71 10.8 +£5.06 0 87.20+5.89 1.00+0.71

Control 7 wks 0.00 + 0.00 7.80 +5.08 0.50+0.20 90.50 £2.22 1.20+0.02

10 wks 0.50+0.20 6.55+2.38 0 91.22+3.34 1.73 +£0.02

DValues are mean + SD (n=5).
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Fig. 2. The photograph of spleen in BALB/c mice. x100 (H&E staining). C (Tomato): Mild hyperplasia of the white pulp in spleen. F

(Control): Normal tissue of white pulp in spleen.

Fig. 3. The photograph of liver in BALB/c mice. x100 (H&E staining). C (Tomato): Focal mononuclear cell infiltration around of central vein

in hepatic cells. F (Control): Normal tissue in liver.
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