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Effect of High Protein Diet and Resveratrol Supplementation on the Nutritional Status
and Immunoreactivity in the Irradiation-induced Inflammatory Rats®
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ABSTRACT

Most cancer patients are treated with surgery, chemotherapy or radiation as anticancer therapies. Especially in the

case of radiation, these treatments produce adverse effects such as vomiting, weight loss, anorexia, normal cell damage
and malabsorption. The major goal of this study was to determine the effect of irradiation on the nutritional and immune
status in irradiated rats. A secondary goal was to determine the effectiveness of high protein diet (HP) and resveratrol
(Res) in minimizing the adverse effects of radiation. Rats were divided into four groups: normal diet (NP), HP, NP +
Res and HP + Res groups. Each group was further divided into subgroups that received radiation (RT group) and one
that did not (non-RT group) . Each diet was supplied from 12" day prior to irradiation treatment with irradiation dose of
17.5 Gy. The diets were continued until 10th day after radiation treatment and animals were sacrificed. The radiation
treatment showed decreased body weight, serum protein and HDL levels and increased TG and LDL levels in nutri-
tional status. HP, NP + Res and HP + Res groups reduced the level of serum LDL and TG in irradiated rats. NP + Res
and HP + Res groups increased reduced albumin level of serum in RT group. In case of immune status, the radiation
treat-ment showed decreased WBC, lymphocytes and increased neutrophil and eosinophil levels. The levels of serum
IL-2 and IL-6 were significantly increased by radiation, however the cytokine levels decreased in all dietary treatment
groups. These results showed that high protein diet and resveratrol supplementation seem to minimize the adverse
effects of radiation on lipid nutritional status and inflammation response in the rat model. (Korean J Nutr 2009; 42(7):

605~614)
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Table 1. Diet composition of each experimental group in Non-RT group” (%)
Groups NP (Normal diet)” HP (High protein diet)” NP + Res HP + Res
Casein 14 30 14 30
Dextrose 15 10.5 15 10.5
Sucrose 10 10 10 10
Corn starch 46.5692 35.2392 46.5692 35.2392
Cellulose 5 5 5 5
Soybean ol 4 4 4 4
Mineral mix 3.5 3.5 3.5 3.5
Vitamin mix 1 1 1 1
L-Cystine 0.18 0.51 0.18 0.51
Choline bitartrate 0.25 0.25 0.25 0.25
Tert-butylhydroquinone 0.0008 0.0008 0.0008 0.0008
Resveratrol - - + +

1) RT group has same diet composition as above, 2) Composition of the AIN-93M for maintenance of adult rodents, 3) Modified
AIN-93M purified rodent diet with 30% protein by weight, 4) Oral administration of 50 mg/kg b.w resveratrol in saline every other day

or not
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Fig. 2. Total protein in serum of rats was measured 10 day after
radiation. Each diet was supplied from 12 day prior to iradia-
fion treatment with irradiation dose of 17.5 Gy in experimental
groups, and was continued until 10t day after radiation treat-
ment. Means with different letters are significantly different from
each other at p <0.05 as determined by Duncan’s multiple test.
a<b<c<d.

Fig. 3. Lipid status in serum of rats was measured 10t day after
radiation. Each diet was supplied from 12th day prior to iradio-
fion treatment with irradiation dose of 17.5 Gy in experimental
groups, and was continued until 10t day after radiation treat-
ment. Means with different letters are significantly different from
each other at p <0.05 as determined by Duncan’s multiple test.
a<b<c<d.
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Table 3. Measurements of blood cell counts for the conditional
diefs in radiation-induced injury

WBC (K/x#) RBC (M/y)  Platelet (K/ L)

Non-RT group

NP 3.0 +0.7% 6.9 +0.2 756.5 + 72.2°

HP 2.4+0.1° 7.1 +0.1 579.5 + 37.5%

NP + Res 4.1 +0.4° 6.7 +0.4 7455+ 52%

HP + Res 3.2 +0.9% 7.4+ 0.1 610.5 + 78.8°°
RT group

NP 6.1 +0.8° 69+ 1.4 535.0 = 135.9°

HP 54+ 1.2° 73+09 779.2 + 89.7°

NP + Res 64+ 1.1° 6.6+08 692.1 + 169.0°°

HP + Res 2.9+ 1.1% 68 +0.7 538.2 + 159.8°

NP, AIN-93M Diet HP, Modified AIN-93M with 30% protein; NP +
Res, oral administration of 50 mg/kg b.w. resveratrol in saline
every other day; HP + Res, Modified AIN-93M with 30% protein
plus oral administration of 50mg/kg b.w. resveratrol in saline
every other day. Values are mean = SD. Means with different
letters are significantly different from each other at p <0.05 as
determined by Duncan’s multiple test. a<b<c

Table 2. Anemia-related indexes for the conditional diets in radiation-induced injury

Hb. (g/dL) Hct. (%) MCV (fL) MCH (pg) MCHC (g/dL)

Non-RT group

NP 13.5 £ 0.3%° 36.7 £ 0.9 53.3 +0.2 19.6 £ 0.2 36.7 £ 0.2

HP 14.5 £ 0.1 39.3 £ 0.4 558 = 1.4 20.5 + 0.2 369 +0.5

NP + Res 13.2 £ 0.9%° 36.4 + 2.1 539 +0.3 19.6 £ 0.3 36.3 +0.4

HP + Res 14.8 +0.5° 38.7 +0.3 525+0.5 20.1+1.0 382+ 1.6
RT group

NP 13.3 + 1.3%° 372+77 542 + 0.9 197 £1.9 36.4 + 3.9

HP 14.1 £ 1.0° 38.5+ 3.5 527 £25 193+ 1.5 367 £2.5

NP + Res 12,6 +1.3° 358 + 3.9 54.4 + 3.7 191 1.2 352+ 25

HP + Res 12.8 £0.9% 36.8 £ 4.2 543 + 3.9 189 + 1.3 350+ 1.8

NP, AIN-93M Diet HP, Modified AIN-23M with 30% protein; NP+Res, oral administration of 50 mg/kg b.w. resveratrol in saline every
other day; HP + Res, Modified AIN-23M with 30% protein plus oral administration of 50 mg/kg b.w. resveratrol in saline every other
day; Hb., hemoglobin Hct., hematocrit MCV, mean corpuscular volume MCH, mean corpuscular hemoglobin MCHC, mean
corpuscular hemoglobin concentration. Values are mean * SD. Means with different letters are significantly different from each
other at p<0.05 as determined by Duncan's multiple test. a<b<c<d
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Table 4. Proportion of WBC for the conditional diets in radiation-induced injury

Lymphocyte (%) Monocyte (%) Neutrophil (%) Eosinophil (%) Basophil (%)

Non-RT group

NP 703 + 1.1° 56 +07 212 +1.2° 1.8+0.1° 12+04°

HP 65.9 + 9.2 49 +0.9 28.3 + 7.6° 0.5+ 0.0° 0.5+0.1°

NP + Res 60.9 + 5.1° 55+08 30.9 +3.3° 1.7 +0.4° 1.1 +04°

HP + Res 59.4 +0.1° 46 +03 34.8 + 0.6 0.7 £ 0.0° 0.6 =0.1°
RT group

NP 46.6 +2.9° 46+ 1.5 40.9 + 40 68+ 1.5° 1.1 £0.2°

HP 479 + 5.4° 48+ 1.2 42.4 + 7.2 41 +1.5° 0.8 + 0.2%

NP + Res 469 + 4.5° 40+ 1.6 42.4 + 7.6 56+ 1.2° 1.2+02°

HP + Res 43.6 + 7.6° 4.1 +0.6 475+ 7.9¢ 41 +09° 0.8 + 0.2%

NP, AIN-93M Diet HP, Modiified AIN-93M with 30% protein; NP+Res, oral administration of 50 mg/kg b.w. resveratrol in saline every
other day; HP + Res, Modified AIN-93M with 30% protein plus oral administration of 50mg/kg b.w. resveratrol in saline every other
day. Values are mean * SD. Means with different letters are significantly different from each other at p <0.05 as determined by
Duncan’s multiple test. a<b<c<d

Table 5. Measurements of immunoglobulin for the conditional diets in radiation-induced injury

Ig A (mg/dL) Ig G (mg/dL) Ig M (mg/dL)

Non-RT group

NP 449 + 0.4 31.5 +0.8% 99 +18°

HP 428+ 28 31.5+04% 7.9 +0.4%°

NP + Res 457 + 0.6 31.4+01% 67 +£1.2°

HP + Res 439 +0.3 324+ 1.6° 7.8+ 1.2%
RT group

NP 43.1+23 30.5 + 2.1° 8.5+ 1.8%°

HP 439 + 4.4 31.4+05% 6.8 +0.9°

NP + Res 443+ 1.6 312+ 1.2% 7.9 +22%

HP + Res 452 + 4.1 309 +1.2% 7.0 £29°

NP, AIN-?3M Diet HP, Modified AIN-93M with 30% protein; NP + Res, oral administration of 50 mg/kg b.w. resveratrol in saline every
other day; HP + Res, Modified AIN-93M with 30% protein plus oral administration of 50 mg/kg b.w. resveratrol in saline every other
day. Values are mean * SD. Means with different letters are significantly different from each other at p <0.05 as determined by
Duncan's multiple test. a<b
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Fig. 4. IL-2, IL-6, IL-10 and IL-12 productions in serum of rats were-
measured 10t day after radiation. Each diet was supplied from
12th day prior to irradiation treatment with irradiation dose of 17.5
Gy in experimental groups, and was continued until 10th day
after radiation treatment. Means with different letters are signifi-
cantly different from each other at p <0.05 as determined by
Duncan’'s multiple test. a<b<c<d.
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