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Fig.1 Chemical Structure of Safflomin A
Glu=Glucose
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Table 1 Composition of the diets (%)

Diet
20C  20C+PQ  20C+Sa  20C+PQ+Sa  20C+Se  20C+PQ+Se
Casein 20.0 20.0 20.0 20.0 20.0 20.0
e Comstarch: 65.5 65.48 65.45 65.43 64.67 61.65
Sucrose(2: 1)

Cellulose 5.0 5.0 5.0 5.0 5.0 5.0
Cornoil 5.0 5.0 5.0 5.0 5.0 5.0
Mineral mixture' 3.5 3.5 3.5 3.5 3.5 3.5
Vitamin mixture* 1.0 1.0 1.0 1.0 1.0 1.0
Paraquat - 0.02 - 0.02 - 0.02
safflomin A (Sa) - - 0.05 0.05 - -
Safflower extract (Se) - - - - 0.83 0.83

20C, 20% casein diet; 20C+PQ, 20% casein diet with 0.02% paraquat; 20C+Sa, 20% casein d|ez with safflomin

A; 20C+PQ+Sa, 20% casein diet with both 0.02% PQ and safflomin A; 20C+Se, 20% casein

iet with safflower

extract; 20C+PQ+Se, 20 casein diet with both 0.02% paraquat and safflower extract. ‘' AIN-93G-MX and “AIN-
93-VX were obtained from Oriental Co., Tokyo, Japan.
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Fig.3 ESR spectra of spin adducts of +OH generated by

Fenton reaction in the presence of safflomin A or
safflower extract.
(a) without sample, (b) in the presence of safflomin
A, (c), in the presence of safflower extract. Measure-
ment conditions: power, 4 mW; center field, 336.0 mT;
sweep time, 2 min; modulation width, 79« T; time con-
stant, 0.3 sec.
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Fig.4 ESR Spectra of spin adducts of +O; generated by
hypoxanthine-xanthine oxidase system in the presence
of safflomin A or safflower extract.

(a) without sample, (b) in the presence of saffiomin
A, (c), in the presence of safflower extract. Measure-
ment conditions: power, 4 mW; center field, 336.0 mT;
sweep time, 2 min; modulation width, 79xT; time con-
stant, 0.3 sec.
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Table 2 Effects of safflomin A on the organ weights, serum and liver antioxidative enzyme activities, and
TBARS of rats fed on the diets with or without paraquat.

Diet group ANOVA (P value)
20" 20C+PQT  20C+Sa”  20C+PQ+Sat  PQY Sa®  PQxSa*t
Initial body weight (g) 58.7=1.9 58.8+1.9 58.7+0.9 58.7+1.1 NS NS NS
Liver weight "
+ + +0.03 +
(2/100 g of body weight) 4.08+0.22 3.89+0.06 3.96+0.03 3.81£0.15 NS NS NS
Lung weight & o
0,015 0,088 +0.00° +0.08" ; ,
(6/100 g of body weighy  OFEOOT  LIBZ0.08 056001 0.94:0.08 <0002 <0028 NS
Antioxidative enzyme activ-
ities in erythrocytes
SOD (U/mg of Hb) 4.49+0.12 4.32+0.41 5.04+0.55 6.00+1.23 NS NS NS
Catalase (U/mg of Hb) 10 10128 1264110 13326 NS <0.02 XS
GSH-Px (U/mg of Hb) 0.24+0.03  0.240.03  0.2840.02  0.34=0.08 NS NS NS
in liver
in cytosol fraction
SOD(U/mg of protein) 3.14+0.16  3.01£0.12  2.97+0.08  3.35=0.08 NS NS <0.037
Catalase (U/mg of protein)  265=18 262+3 249+23 26030 NS NS NS
GSH-Px(U/mg of protein) ~ 0.70+0.06  0.580.05  0.63+0.05  0.79+0.07 NS NS <0.035
GSSG-R
+ +i 54+0.5 +0.4 B
(Un10-4/mg of proteiny  SB1E0-42  10.150.4 9.5440.5 10.8+0.4 NS NS NS
in mitochondria fraction
SOD(U/mg of protein) 148+0.52  2.92+0.28 3.04+0.2  <0.002 NS NS
Catalase (U/mg of protein) 28138 887 11649 <0.002 NS NS
Seqmmisans L7013 1.8040.21 2114022 1.92+0.24 NS S NS
(nmol/m! of blood)
TveseaRs 0.85+0.04  1.32£0.10'  0.87+0.03  1.19£0.07°  <0.002 NS NS

(nmol/mg of lipid)

Values are Means+SE of 5 or 6 rats per group. *'See legend to Table 1. **Effect of paraquat (PQ) in diets. **Effect of safflomin
A (Sa) in diets. *Interaction between PQ and Sa. Within rows, means with different superscript letters are significantly different

(P<0.05).

Table 3 Effects of safflomin A on the serum and liver lipid concentrations of rats fed on the diets with or without paraquat.

Diet group ANOVA (P value)
200+ 0C+PQT  20C+Sat  20CHPQ+Sat  PQU  Sa*  PQxSa*t
Serum lipids
Total cholesterol (mmol//)  1.86+0.06  1.96=0.23  1.98+0.06  1.75%0.21 NS NS NS
HDL-cholesterol (mmol//)  1.47+0.03  1.58+0.18  1.70£0.09  1.38+0.18 NS NS NS
Triacylglycerol (mmol/f)  0.55+0.12  0.23£0.03°  0.38+0.03  0.25=0.01°  <0.027 NS NS
Phospholipid (mmol/() L4550.100  119£0.17%  151+0.04# L0100  <0.002 NS NS
Liver lipids
Total cholesterol 4744019 4.58£0.15  4.830.13  4.5430.34 NS NS NS
(umol/g of liver)
Triacylglyeerol L6170 1.94£0.49°  10.6+1.0°  2.31£0.2°  <0.002 NS NS
(umol/g of liver)
Phospholipid 16.7+0.2 17.440.2 16.5+0.3 16.5+0.54 NS NS NS

(umol/g of liver)

Values are Means=SE of 5 or 6 rats per group. *'See legend to Table 1. **Effect of paraquat (PQ) in diets. **Effect of safflomin
A (Sa) in diets. **Interaction between PQ and Sa. Within rows, means with different superscript letters are significantly different

(P<0.05).
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Effects of dietary safflomin A (Sa) on the food intake
and on the body weight of rats fed on a diet with or
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C+PQ+Sa diet.

Each symbol is expressed as mean
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Effects of dietary safflower extract (Se) on the food
intake and on the body weight of rats fed on a diet with
or without paraquat.

5 O, 20C+PQ diet; [J, 20C+Se diet; <, 20C+

symbol is expressed as mean+SE. Values not
sharing a common letter are significantly different at
P<0.05 within each indicated day.

Table 4 Effects of safflomin A on the liver glutathione and cysteine contents of rats fed on the diets with or without paraquat.

Diet group ANOVA(P value)
20C*! 20C+PQ*! 20C+Sa*! 20C+PQ+Sa*'  PQ*? Sa**  PQxSa**
GSH (umol x10-*/g of liver) 2 .40 67 3.21£0.77 2 .51 NS NS
Cys (gmolx10~*/g of liver) 2.960.40 2.78+0.52 2.61+0.72 NS NS

Values are Means=SE of 5 or 6 rats per group. *'See legend to Table 1. **Effect of paraquat (PQ) in diets. **Effect of safflomin
A (Sa) in diets. *‘Interaction between PQ and Sa. Within rows, means with different superscript letters are significantly different
(P<0.05).
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Table 5 Effects of safflomin A on the lung TBARS content and antioxidative enzyme activities of rats fed
on the diets with or without paraquat.

Diet group ANOVA (P value)
20C*! 20C+PQ* 20C+Sa*t  20C+PQ+Sa*  PQ*  Sa  PQxSa*t
TBARS (nmol/g of lung) 13147 12045 13341 120+8 NS NS NS
SOD (U/mg of protein) 2.990.08 3.45+0.23 3.3920.16 2.9840.14 NS NS <0.016
Catalase (U/mg of protein)  33.8+1.5 27.5%1.6 34.9+2.3 32.6+3.6 NS NS NS
GSHEx 6.7+1.2 6.320.6 5.620.5 5.8+1.0 NS NS NS

(Ux10-*/mg of protein)

Values are Means+SE of 5 or 6 rats per group. *'See legend to Table 1. **Effect of paraquat (PQ) in diets. **Effect of safflomin
A (Sa) in diets. **Interaction between PQ and Sa. Within rows, means with different superscript letters are significantly different
(P<0.05).

Table 6 Effects of safflower extract on the organ weights, serum and liver antioxidative enzyme activities, and
on the TBARS of rats fed on the diets with or without paraquat.

Diet group ANOVA (P value)
200+ C+PQY 20C+Se  20CHPQESe  PQT  Se  PQxSett

Initial body weight () 58.7+1.9 58.841.9 38.741.6 58.8+2.0 NS NS NS

Liver weight 4.08£0.22  3.89£0.06  3.96=0.14  3.66+0.11 NS NS NS

(g/100 g of body weight)
Lung weight

(g/100 g of body weight)
Antioxidative enzyme activ-
ities in erythrocytes

0.58+0.01¢ 1.18+0.08* 0.55%0.01¢ 0.68+0.01> <0.002 <0.002 <0.002

SOD (U/mg of Hb) 4494012 4324041 5.08£0.43  6.1550.78 NS <0.041 NS
Catalase (U/mg of Hb) 851 101+8 110413 120418 NS <003 NS
GSH-Px (U/mg of Hb) 0245003 0.2440.03  0.2650.04  0.37%0.06 NS NS NS

in liver
in cytosol fraction
SOD(U/mg of protein) 34006 3.0140.12  3.04£0.08  3.11£0.09 NS NS NS
Catalase(U/mg of protein)  265+18" 22430 2u3+8 208+9° NS <0021 NS
GSH-Px(U/mg of protein) ~ 0.70+0.06  0.58+0.05  0.68£0.02  0.620.05 NS NS NS
GSSG-R
(Un10/mg of proteiny SBIE0A4Z 10108 104202 12,0207 NS <0.016 NS
in mitochondria fraction
SOD(U/mg of protein) 148+0.52  2.92£0.8  3.72+0.37  3.54£0.40  <0.047 NS NS
Catalase (U/mg of protein)  281=38" 8847 226423 176+ 36* <0.002 NS <0.02
Secum, TBARS 1.87+0.13  1.8040.21 1733013  1.6420.16 NS NS NS

(nmol/m/ of blood)
Liver TBARS

. 0.85+0.04° 1.32£0.10* 0.95%0.04> 0.92:+0.07° <0.006 NS <0.002
(nmol/mg of lipid)

Valuesare Means+SE of 5 or 6 rats per group. *'See legend to Table 1. **Effect of paraquat (PQ) in diets. **Effect of safflower
extract (Se) in diets. **Interaction between PQ and Se. Within rows, means with different superscript letters are significantly
different (P <0.05).
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Table 7 Effects of safflower extract on the serum and liver lipid concentrations of rats fed on the diets with or without paraquat.

Diet group ANOVA(P value)
20C* 20C+PQT  20C+Set  2C+PQ+Set  PQUT Set  PQxSett
Serum lipids
Total cholesterol (mmol/l)  1.86+0.06  1.960.23"  1.99+0.08°  1.65+0.04 NS NS NS
HDL-cholesterol (mmol//) ~ 1.47£0.03  1.58+0.18  1.64£0.09  1.420.07 NS NS
Triacylglycerol (mmol//) 0 L 0.23£0.03" +0.11* 0.360.07* <0.012 NS
Phospholipid (mmol//) L5000 1.19£0.07 1524005 1.1620.10  <0.012 NS
Liver lipids
Total cholesterol - " - - o -
; 4745019 4.58+0.15  4.63£0.15  4.92+0.18 NS NS NS
(umol/g of liver)
Tracilglycerl 11.6+1.7 1912049 8.03+0.91"  5.9+0.88  <0.002 NS <0.004
(umol/g of liver)
Phospholipid 16.7+0.2 17.4+0.2 16.8+0.3 17.940.6 <0.025 NS NS

(umol/g of liver)

Values are MeansSE of 5 or 6 rats per group. *'See legend to Table 1. **Effect of paraquat (PQ) in diets. **Effect of safflower
extract (Se) in diets. *‘Interaction between PQ and Se. Within rows, means with different superscript letters are significantly
different (P<0.05).

Table 8 Effects of safflower extract on the liver glutathione and cysteine contents of rats fed
on the diets with or without paraquat.

Diet group ANOVA (P value)
20+ 20C+PQ 20C+Se"  20C+PQ+Set  PQE Set  PQxSert
GSH (umol X10-*/g of liver) ~ 2.790.40%  2.09+0.67* £0.23*  2.15+0.15  <0.033 NS NS
Cys (umol X10*/g of liver)  2.96+0.40  2.02+0.31 250,72 2.36+0.55 NS NS NS

Values are Means+SE of 5 or 6 rats per group. *'See legend to Table 1. **Effect of paraquat (PQ) in diets. **Effect of safflower
extract (Se) in diets. *‘Interaction between PQ and Se. Within rows, means with different superscript letters are significantly
different (P <0.05).

Table 9 Effects of safflower extract on the lung TBARS content and antioxidative enzyme activities of rats fed

on the diets with or without paraquat.

Diet group ANOVA(P value)
20C*! 20C+PQ* 20C+Se*! 20C+PQ+Se** PQ*? Se**  PQxSe**
TBARS (nmol/g of lung) 1317 120450 138+1¢ 126+8* NS NS NS
SOD (U/mg of protein) 2.99%0.08 3.45+0.23 3.02£0.10 2.84£0.17 NS NS NS
Catalase (U/mg of protein) 33.8+1.5% 27.5+1.6¢ 35.8+2.1° 42.8£3.4° NS <0.002  <0.010
GSHx 6.7£1.2 6.3%0.6 4.61.0 5.840.8 NS NS NS

(Ux10-?/mg of protein)

Values are Means £ SE of 5 or 6 rats per group. *'See legend to Table 1. **Effect of paraquat (PQ) in diets. **Effect of safflower
extract (Se) in diets. *‘Interaction between PQ and Se. Within rows, means with different superscript letters are significantly

different (P <0.05).
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Development of Functions of Safflower Pigments as Food Material
Availableto Prevent Disease

Kiharu Igarashi and Satoe Yaginuma

(Department of Bioproduction, Faculty of Agriculture, Yamagata University)

Safflomin A, which is the most abundant yellow pigment contained in safflower
petals, and an extract prepared from petals by extracting them with boiled water
(safflower extract) was analyzed for its radical scavenging activity in vitro. The protec-
tive effects of safflomin A and safflower extract from oxidative stress were also deter-
mined by measuring their effects on serum and liver lipid peroxidation and on the serum
and liver lipid levels, as well as the antioxidative enzyme activities in rats with or without
paraquat-induced oxidative stress.

Both the safflomin A and safflower extract showed hydroxyl radical and superoxide
anion scavenging activities, with higher scavenging activity in the safflower extract than
in the safflomin A, suggesting that it have other compounds which scavenge radicals or
strengthen the radical scavenging activity of safflomin A.

Safflomin A tended to suppress a decrease in food intake and body weight, and to
suppress an increase in the lipoperoxide (TBARS) content which was caused by paraquat
feeding late in the feeding periods. Safflomin A also tended to suppress a decrease in the
catalase activity in liver mitochondrial fraction and to suppress decreases in liver triacylg-
lycerol and reduced glutathione levels in rats subjected to oxidative stress by paraquat.
Safflower extract also acted preventively against paraquat-induced oxidative stress the
same as did safflomin A. However, the activities of safflower extract were stronger than
those in safflomin A, suggesting that other active compounds which may prevent oxidative

stress 7n vivo or enhance the effects of safflomin A in vivo, may be involved in the extract.



