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The effects of dietary proteins (casein or soybean protein) and fats (perilla oil high in a-linolenic acid or
safflower oil high in linoleic acid) on the fatty acid composition of liver microsomes and the aortic prostacyclin
production were studied in stroke-prone spontaneous hypertensive rats. The stimulating effects of casein compared
to soybean protein on linoleic acid and a-linolenic acid metabolism and prostacyclin production were confirmed
in this rat model. The ratio of (20:3n-6 + 20:4n-6)/18:2n-6, the linoleic acid desaturation index, of liver
microsomes was reflected in that of aorta. In addition, there was a highly positive correlation between the linoleic
acid desaturation index of phosphatidyicholine and the prostacyclin production of the aorta. Thus, the results
of the present study indicated a significant role of dietary protein in the regulation of polyunsaturated fatty acids
and hence, the eicosanoid production. The data showed a possible preferable effect of casein in relation to

soybean protein. (J. Nutr. Biochem. 5:248-255, 1994.)
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Introduction

Hypertension and thrombosis are well-known factors that
lead to stroke. Diets high in protein, especially animal pro-
tein, and high in fat prevent the incidence of stroke.' The
mechanism of preventing hypertension and thrombosis
through interaction of prostaglandins (PGs) within the vascu-
lar tissues has been established. One of the PGs such as
prostacyclin (PGI,) causes vasodilation and prevents platelet
aggregation, thus exerting a preventive effect on hyperten-
sion and thrombosis.? It has been reported that linoleic acid
desaturation and PGI, synthesis decrease hypertension in
humans and experimental animals, although the causal rela-
tionship between the two phenomena is not known.>* The
production of PGs depends not only on the supply of sub-
strate fatty acids, polyunsaturated fatty acids (PUFAs), but
also on the kinds of dietary PUFAs, either n-6 or n-3. The

Address reprint requests to A. lkeda at the Research Laboratories, Roussel
Morishita Co., Ltd., 1658, Oshinohara, Yasu-cho, Yasu-gun, Shiga 520-23,
Japan.

Received November 9, 1993; accepted December 21, 1993.

248 J. Nutr. Biochem., 1994, vol. 5, May

latter interferes with the production of the 2-series PGs.5®
Dietary protein, especially casein (CAS) and soybean protein
(80OY), also influences desaturation of PUFASs in normal and
diabetic rats.”® However, no information is available regard-
ing the effect of dietary protein on fatty acid desaturation and
aortic PGI, production in stroke-prone spontaneous hyperten-
sive rats (SHR-SP), a model suitable to examine hypertension
and thrombosis. We describe here the interaction of dietary
protein and fat on fatty acid desaturation of tissue phospholip-
ids and aortic PGI, production in SHR-SP.

Methods and materials
Animals and diets

The diets were prepared according to the formula recommended by
the American Institute of Nutrition® as follows (g/100 g diet): protein,
20; fat, 5; vitamin mixture, 1; mineral mixture, 3.5; choline bitartrate,
0.2; pL-methionine, 0.3; cellulose, 5; corn starch, 15; and sucrose
to 100. Four experimental diets were prepared by combining two
proteins with two fats. Either casein (CAS, Wako Pure Chemicals,
Osaka, Japan) or soybean protein isolate (SOY, Fujipro R, Fuji Oil
Co., Osaka, Japan) served as the protein source. Perilla oil (PER,
edible grade; Ohta Oil Co., Okazaki, Japan) and safflower oil (SAF,
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Rinolu Yushi Co., Nagoya, Japan) were used as the fat source. Total
PUFA contents of each of these fats were made comparable by mix-
ing palm olein (Fuji Oil Co., Osaka, Japan) with safflower oil (Table
1). Therefore, the composition of PUFAs was practically the sole
variable. Vitamin and mineral mixtures (AIN-76) were purchased
from Oriental Yeast Co., Tokyo, Japan.

SHR-SP were kindly provided by the late Prof. K. Okamoto,
Kinki University School of Medicine (Osaka, Japan), and bred in
our animal facility. The male rats, 4-weeks-old, were acclimatized
for 1 week on a commercial non-purified diet (NMF, Oriental Yeast
Co., Tokyo, Japan) in a room with controlled temperature (20 to
22° C) and a 12-hr light/dark cycle. The eight rats were each fed
experimental diets ad libitum for 8 weeks.

The systolic blood pressure of prewarmed, conscious rats were
measured weekly by the tail cuff method (Blood Pressure Monitor,
MK-1000, Muromachi Kikai Co., Tokyo, Japan). On the last day
of feeding, the rats were fasted for 5 hr (8:00 am. to 1:00 p.m.)
and blood (9 mL) was collected under light diethylether anesthesia
from the abdominal aorta in a syringe containing 1.0 mL of 3.8%
trisodium-citrate. The blood plasma was used for lipid and amino
acid analysis. The brain, liver, and thoracic aorta were excised
immediately.

Lipid analyses

Lipids were extracted according to the method of Folch et al.'®
Phosphatidylcholine (PC), phosphatidylethanolamine (PE), phos-
phatidylinositol (PI), phosphatidylserine (PS) and cholesterol ester
were separated by thin-layer chromatography." The fatty acid com-
positions of liver microsomes, plasma, aorta and brain were ana-
lyzed by gas-liquid chromatography in a Silar 10 C column.'? The
ratio of the metabolites to parent molecules, (20:3n-6 + 20:4n-6)/
18:2n-6 and 20:5n-3/18:3n-3 (eicosapentaenoic [EPA}/a-linolenic
acid [ALAY]), were used as a desaturation index for linoleic acid
(LA)and ALA, respectively. Plasma and liver lipids were measured
as described previously.”"?

Measurement of prostacyclin production

The thoracic aorta was excised, adhering blood cleaned off, and
used for the measurement of PGI, production by a radioimmunoas-
say as 6-keto-PGF,, (NEK-008, New England Nuclear, Boston,
MA USA) under the condition of production being linear with
respect to the tissue weight (25 mg) and incubation time (30 mi-
nutes) at 25° C.#14

Measurement of plasma amino acid concentration

Plasma amino acids were measured by an automatic amino acid
analyzer (JLC-300, Japan Electric Optical Laboratory, Tokyo,
Japan) in samples deproteinized by sulfosalicylic acid."

Statistics

An analysis of variance and the multiple comparison procedure of
Tukey were adopted to test the statistical differences.®* Differences
with P < 0.05 were considered as statistically significant.

Table 1 Fatty acids composition of dietary fats

Fatty acids (weight %)

Dietary fat 140 160 180 181 182n-6 18:3n-3
Perilla oil — 6.5 1.5 18.3 16.1 575
Safflower oil* 0.2 9.6 2.0 14.0 74.2 —

*Saffiower oil : palm olein = 9 : 1, wi/wt.
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Figure 1 Effects of dietary proteins and fats on blood pressure in
SHR-SP. Each point and vertical bar represent the mean + SE for
eight rats. CAS: casein, SOY: soybean protein, PER: perilia oil, SAF:
safflower ail. *Significantly different at P < 0.05.

Results
Growth parameters

The food intake and body weight gain of the rats were similar
among the groups (data not shown). The relative liver weight
was significantly lower in the rats fed SOY diets than in
those fed CAS diets, irrespective of the fat source 39 *
0.1, 3.5 = 0.1, 3.8 + 0.1, and 3.5 = 0.0 g/100 g body
weight for CAS-PER, SOY-PER, CAS-SAF and SOY-SAF,
respectively).

Blood pressure

The magnitude of the increase in systolic blood pressure
during the 8 weeks feeding tended to be higher in the rats
fed with SAF than in those fed with PER irrespective of the
protein source. The difference between the CAS-PER group
and the CAS-SAF group at 8 weeks, and between the CAS-
PER group and the SOY-PER group at 7 weeks was signifi-
cant (Figure 1).

Concentrations of plasma and liver lipids

As shown in Table 2, the concentrations of plasma total and
high density lipoprotein cholesterol were significantly lower
in the SOY-PER group than in the CAS-PER group, while the
protein-dependent difference was less marked when dietary
fat was SAF. The concentration of plasma phospholipids was
significantly lower in the rats fed PER than in those fed SAF.
A similar trend was also observed in plasma triglyceride, but
the difference was not statistically significant.
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The concentrations of liver cholesterol and triglyceride
were also significantly lower in the rats fed SOY except for
cholesterol of the SAF groups (Table 2). The concentration
of liver phospholipid was similar among the groups.

Fatty acid compositions of liver microsomal
phospholipids

The fatty acid compositions of liver microsomal PC, PE, and
PI are shown in Table 3. In PC, the proportion of palmitic and
stearic acids tended to be lower, while that of palmitoleic and
oleic acids tended to be higher in the CAS than in the SOY
groups when comparing the same fat groups. Consequently,
the ratio of 16:1/16:0 and 18:1/18:0 in PC decreased signifi-
cantly when the dietary protein was SOY, suggesting a de-
crease in A7 and A9 desaturation, respectively (Figure 2). A
similar, but a less marked trend, was observed with PE and PI.
These results were similar to those observed with exogenous
hypercholesterolemic (ExHC) rats."’

Dietary protein also affected the proportion of LA, while
dietary fat affected that of arachidonic acid (AA) in PC. The
proportion of LA was significantly lower in the CAS group
than in the SOY group, while that of AA was not significantly
influenced by dietary protein. Thus, the desaturation index
for LA expressed as (20:3n-6 + 20:4n-6)/18:2n-6 tended
to be higher in the CAS than in the SOY groups (Figure
2). In the same protein groups, PER feeding, compared with
SAF feeding, resulted in a lower percentage of AA, while
the proportion of LA in PC remained unchanged (7able 3).
Thus, the LA desaturation index was significantly higher in
the SAF than in the PER groups (Figure 2).

The proportion of eicosapentaenoic (EPA), docosapentae-
noic, and docosahexaenoic acids (DHA) in PC was influ-
enced by the type of dictary fat. These ALA metabolites
were significantly higher in the PER than in the SAF groups
(Table 3). Dietary protein also affected ALA metabolism,
and the proportion of EPA tended to be higher in the CAS
than in the SOY groups, while that of ALA was the same

Table 2 Effects of dietary proteins and fats on the concentrations of plasma and liver lipids in SHR-SP

Plasma {(mmol/L}

Groups Cholesterol HDL-cholesterol Phosphotipid Trigtyceride
CAS-PER 1.81 + 0.04 1.39 + 0.03 1.45 = 0.04 0.65 + 0.07
SOY-PER 1.60 = 0.042 1.19 + 0.052 1.34 £ 0.03 0.54 + 0.05
CAS-SAF 1.74 + 0.03 1.52 + 0.08 1.74 = 0.042 0.79 + 0.11
SOY-SAF 1.64 = 0.04 1.41 + 0.04° 1.68 + 0.03° 0.69 = 0.07
Liver (nmol/g liver)
Groups Cholesterol Phospholipid Triglyceride
CAS-PER 6.4 + 0.3 441 + 0.5 129 + 0.8
SOY-PER 52 + 0.12 451 + 0.8 8.9 = 0.52
CAS-SAF 58 = 01 430 + 0.8 10.7 + 0.32
SOVY-SAF 52 + 01 442 + 1.3 7.3 £ 0.6°
Values represent means + SE for eight rats. CAS: casein, SOY: soybean protein, PER: perilla oil, SAF: safflower oil.
abcGignificantly different from the CAS-PER, SOY-PER, and CAS-SAF group at P < 0.05, respectively.
Table 3 Effects of dietary proteins and fats on the fatty acid compositions of liver microsomal phospholipids in SHR-SP
Fatty acids
18:2 18:3 20:3 20:4 20:5 22:5 22:6
Groups 16:0 16:1 18.0 18:1 n-6 n-3 n-6 n-6 n-3 n-3 n-3
weight %
Phosphatidylcholine
CAS-PER 244 + 08 30 01 204 %06 113 + 0.6 113+09 0800 1.1=01 9.0 + 05 1.7 12 18 * 01 39 + 04
SOY-PER 251 + 0.6 24 £020 216+ 05 93+03 149+08 08=01 1100 9.3 + 06 87 + 0.7 2.1 + 01 35 + 0.3
CAS-SAF 217 £ 050 22 = 012 208 * 0.4 9.2 + 0.3 96 = 0.7 — 06+ 00° 306« 13 — 02 %01 11 *0&
SOY-SAF 236 + 0.8 20+ 02 230z 04 82 + 03 12.7 * 0.6° — 062010 256 2.0° — 02 +00° 08=01°
Phosphatidylethanclamine
CAS-PER 185 + 07 15+02 265+ 10 92 + 07 50+06 1001 04=+00 95 + 0.6 129 % 12 40+03 95x10
SOY-PER 216+ 06 1202 270 %07 79 + 06 70+12 11+01 04=00 100 *09 10.1 = 09 47 £03 83208
CAS-SAF 176 + 0.4 1401 251 %07 9.0 * 05 75+ 06 — 0.4+00 283=x14° 0.2 % 0.0° 07 + 020 30 %08
SOY-SAF 204 + 1.4 12 £02 274 +08 81+ 05 88+ 1.1 — 0.4 + 00 250+ 2.4° — 07 +01° 22+ 04
Phosphatidylinositol
CAS-PER 62 + 06 05+00 491 %16 36 + 0.2 13+01 03%00 42+02 20916 23 =02 60+06 3605
SOY-PER 68 + 0.7 05+ 01 496 13 2.7 + 0.2 15+01 03+00 38+01 22918 1.8 = 0.1 54 +04 3004
CAS-SAF 56 = 0.4 05+00 477 +14 35 + 03 1.9 = 02 — 11 +01 362+ 2.0 — 05+01: 03+02
SOY-SAF 6.4 + 06 05+00 501 %16 28 + 0.2 23 +03 — 11+ 01 338 % 2.7° — 05+02 02201

Values represent means + SE for eight rats. CAS: casein, SOY: soybean protein, PER: perilla oil, SAF: safflower oil.
abeGignificantly different from the CAS-PER, SOY-PER, and CAS-SAF group at P < 0.05, respectively.
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Figure 2 Effects of dietary proteins and fats on fatty acid ratios of liver microsomes in SHR-SP. PC: phosphatidylcholine, PE: phosphatidylethanolam-
ine, Pl: phosphatidylinositol. [ : CAS-PER, [4 : SOY-PER, E] : CAS-SAF, B : SOY-SAF. Each column and vertical bar represent the mean + SE
for eight rats. CAS: casein, SOY: soybean protein, PER: perilia oil, SAF: safflower oil, ***Significantly different at P < 0.05 and P < 0.01, respectively.

(Table 3). Thus, the desaturation index for ALA expressed
as EPA/ALA was significantly higher in the former than in
the latter (Figure 2). In addition, the ratio of EPA/AA was
significantly higher in the CAS group than in the SOY group
(1.28 + 0.08 and 0.95 + 0.07 for CAS-PER and SOY-
PER, P < 0.01, respectively). A similar dietary effect was
observed in liver PE and PI. These results were similar to
those observed with the normal rats.®

Fatty acid composition of plasma and aorta

The same trend observed in the liver microsomal PC was
observed in the fatty acid composition of plasma PC (7a-
ble 4). In the cholesterol ester fraction, a relatively high
proportion of AA and EPA was observed compared with
the PC fraction (Table 4). The proportion of ALA in choles-
terol ester in this rat model was lower when compared with
that in ExHC rats'” but similar to that in normal rats.

In aortic PC, the proportion of LA was not significantly
different between the PER and SAF groups, while that of
AA was significantly lower in the former than in the latter
(Table 4). Therefore, the ratio of (20:3n-6 + 20:4n-6)/18:2n-
6 was significantly higher in the SAF than in the PER groups
0.92 + 0.04, 0.79 = 0.07, 290 += 0.34, and 2.07 *
0.27 for CAS-PER, SOY-PER, CAS-SAF, and SOY-SAF,

respectively). In addition, the ratio tended to be higher in
the CAS group than in the SOY group. The proportion of
EPA and DHA was higher in the rats fed PER than in those
fed SAF, but the protein effect was not observed (Table 4).

Fatty acid composition of brain

The fatty acid compositions of brain PC and PI were
comparable between the groups, except for the proportion
of arachidonic acid, in contrast to other tissues (Table 5).
In PE and PS, the proportions of AA, 22:4n-6, and 22:5n-
6 were significantly high in the SAF group, while that
of DHA was high in the PER group, reflecting the type
of dietary fats. The protein-dependent difference in the
fatty acid composition was not observed in these phospho-
lipids.

Prostacyclin production by aorta

The results of the aortic production of PGI, are shown in
Figure 3. The production of PGI,, measured as 6-keto-PGF,,,,
was higher in the rats fed SAF than in those fed PER. There
was also a tendency for greater production when CAS was
the protein source than when SOY was the protein source,
though not significant due to a relatively large deviation.
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Table 4 Effects of dietary proteins and fats on the fatty acid compositions of plasma and aorta phosphatidylcholine and plasma cholesterol ester

in SHR-SP
Fatty acids
18:2 183 20:3 20:4 20:5 22:5 22:6
Groups 16:0 161 180 181 n-6 n-3 n-6 n-6 n-3 n-3 n-3
Weight %
Ptasma phosphatidylcholine
CAS-PER 21.0 £ 0.2 18 = 0.1 209 = 03 10.5 = 01 16.1 + 0.4 1.0 + 0.2 14 + 0.0 9.6 + 0.3 8.8 + 0.2 2.7 =01 47 + 01
SOY-PER 214 £ 03 14 +£ 01 222 02 8.3 + 0.1° 184 = 0.22 0.6 £ 01 13+ 00 10.2 + 05 6.9 + 0.32 31+ 01 47 * 02
CAS-SAF 19.4 + 0.42 15+ 000 209 =02 7.7 £ 02 140 + 0.5° 0.2 + 01 0.7 = 0.0? 303 £ 0.72 — 02 £ 012 12 2 0.3
SOY-SAF 196 £ 0.3° 12 + 0.0 223 = 0.2° 6.3 + 0.1vc 147 + 0.5° — 0.7 = 0.1° 20.7 + 0.6° — 0.2 £ 0.0° 1.1 + 01v
Cholesterol ester
CAS-PER 54 £ 02 45+ 02 04 + 00 7.2 +03 16.3 + 0.3 3.2 + 0.1 04 + 0.0 253 + 06 335 = 08 04 x 0.1 14 + 00
SOY-PER 56 = 0.3 3.3 + 0.2¢ 0.4 £ 00 59 + 03 209 +0.6° 25 + 012 04 + 00 280 + 1.3 28.4 + 0.6° 0.5 + 0.1 1.5 = 01
CAS-SAF 50 %03 29 + 0.1 03 + 0.0+ 41 £ 012 143 = 0.5¢ — 0.2 + 0.0 69.6 + 0.72 — 0.4 = 01 0.3 + 0.1°
SOY-SAF 44 * 0.2° 21 £ 02 0.3 + 0.0° 3201 159 = 0.56° — 02 * 0. 70.4 = 0.9° — 0.4 = 01 0.4 + 0.0°
Aorta phosphatidyicholine
CAS-PER 320 = 09 2.0 + 01 132 £ 03 141 £ 03 113 £ 1.1 0.5 + 0.1 1.4 = 01 88 + 0.6 27 02 27 + 06 9.1 21
SOY-PER 305 + 14 1.8 = 0.1 135 £ 05 13.0 + 0.22 135 + 1.4 0.8 + 0.2 1.4 = 01 86 + 05 27 +03 26 £ 086 94 + 22
CAS-SAF 270+ 15 1.5 £ 0.2° 151 + 0.4 109 = 0.3 94 +18 — 0.7 + 0.12 229 + t.20 — 16 + 03 6.9 + 2.1
SOY-SAF 269 £ 16 14 + 01 151 £ 0.3 104 £ 0.20 122 £ 19 — 08 + 0.1° 215 = 1.6° -— 1.3 =03 6.0 + 20
Values represent means + SE for eight rats. CAS: casein, SOY: soybean protein, PER: perila oil, SAF: safflower oil.
2eeSignificantly different from the CAS-PER, SOY-PER, and CAS-SAF group at P < 0.05, respectively.
Table 5 Effects of dietary proteins and fats on the fatty acid compositions of brain phospholipids in SHR-SP
Fatty acids
18:2 18:3 20:3 20:4 22:4 22:5 22:5 22:6
Groups 16:0 16:1 18:0 18:1 n-6 n-6 n-6 n-6 n-6 n-6 n-3 n-3
weight %
Phosphatidylcholine
CAS-PER 429 = 0.6 1.0 + 01 132 £ 01 334 £ 05 09 = 0.1 16 +00 04 =00 3302 03 + 00 — 0.1 =00 1.8 + 0.2
SOY-PER 427 = 04 1.0 + 01 13.2 + 01 329 * 05 1.2 £ 02 16 00 04 x00 34 £ 02 02 + 0.1 — 0.2 = 01 1.7 £ 02
CAS-SAF 422 + 0.9 0.8 + Q.1 131 £ 0.1 329 x 04 1.1 = 0.1 16+ 00 0300 45 > 0.3 05 + 00 0300 01x00 1.4 = 01
SOY-SAF 425 + 0.6 09 = 01 13.1 = 041 329 £ 05 1.0 = 01 15+ 00 03 =000 43 *x02° 05 00 03 +00 0Ot1t=x00 1.4 + 01
Phosphatidylethanolamine
CAS-PER 4.5 + 01 154 =+ 0.2 231 £ 18 -— 30+01 0800 101 £0.2 42 + 01 02 =00 11 01 184 + 06
SOY-PER 44 + 01 — 153 = 0.2 226 + 1.6 — 30+01 0700 102 £0.2 43 + 0.1 02+00 10+x01 188 =06
CAS-SAF 45 + 0.2 — 156 = 0.3 201 £ 1.6 — 28+ 01 07 +00 127 +£02° 6.2 + 0.1° 2101 0200 156 0.6°
SOY-SAF 4.4 = 01 — 16.7 £ 0.3 192 = 1.8 — 2801 06 +00 126 02 6.1 =02 21+ 01 0200 157 = 06°
Phosphatidylinositol
CAS-PER 48 + 04 — 365 = 1.0 49 = 03 — — — 381 15 1.1 £ 04 — 2108 71+ 1.0
SOY-PER 56 + 03 — 384 + 0.7 51+ 02 — — — 399 10 0.4 £ 03 — 1.3 + 0.6 8.7 + 07
CAS-SAF 51 + 02 — 37.7 £ 05 46 = 01 — 05+ 02 — 403 = 05 12 £ 04 — 14 £ 05 56 = 05
SOY-SAF 47 £ 03 — 382 + 08 48 = 0.2 — 04 + 01 — 417 £ 08 13 +04 — 1.7 £ 04 56 = 0.6
Phosphatidylserine
CAS-PER 1.2 = 0.1 — 417 £ 0.2 184 * 06 — 1300 11 +x00 39 + 03 27 + 01 0400 12=x01 249+ 08
SOY-PER 1.2 = 01 — 417 + 03 182 + 05 — 14 +01 12+00 4.0 + 01 26 + 01 0300 12=x01 254 +08
CAS-SAF 1.2 + 01 — 418 + 0.3 165 £ 0.9 — 13+01 10x00 49 + 0.22 4.0 = 012 356 02 05 %01 221 x07°
SOY-SAF 12 = 01 — 423 + 0.3 166 + 0.4 — 1300 11x00 4.8 + 0.1° 40 = 0.1° 33 +01° 05 +00 218 + 05°

Values represent means + SE for 8 rats. Fatty acids less than 1% were omitted. CAS: casein, SOY: soybean protein, PER: perilla oil, SAF: saffiower
oil. 2»Significantly different from the CAS-PER and SOY-PER group at P < 0.05, respectively.

Relationship between desaturation index and
prostacyclin production

A highly significant positive correlation was observed be-
tween LA desaturation index, the ratio of (20:3n-6 + 20:4n-
6)/18:2n-6, in liver microsomal PC and in aortic PC, and
between PGI, production by the aorta and the LA desatura-
tion index in aortic PC (Figure 4). As a result, there was
also a statistically significant positive correlation between
PGI, production by the aorta and the LA desaturation index
in liver microsomal PC.

Plasma amino acid concentration

As shown in Figure 5, plasma concentrations of isoleucine,
proline, serine, threonine, and valine were significantly
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higher in the rats fed CAS than in those fed SOY when
dietary fat was PER, while the concentration of glycine was
higher in the latter.

Discussion

The impaired desaturase-elongase system for PUFAs or the
imbalance in the eicosanoid production may be related to
the development of hypertension.>*!8 Thus, increased dietary
intake of PUFAs, particularly n-3 fatty acids, is recom-
mended for hypertensive animals more than normotensive
animals."

Dietary protein influences desaturation of PUFAs. CAS
in relation to SOY promotes the desaturation of LA and
ALA in normal rats.” The present study also confirmed the
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Figure 3 Effects of dietary proteins and fats on aortic PGI, production
in SHR-SP. Each column and vertical bar represent the means + SE
for eight rats. PGl, was measured as 6-keto PGF,,,. CAS: casein, SOVY:
soybean protein, PER: perila oil, SAF: saffiower oil. ***Significantly
different at P < 0.05 and P < 0.01, respectively.

regulatory action of dietary protein in the metabolism of the
fatty acids, even in SHR-SP. From the results of the ratio
of (20:3n-6 + 20:4n-6)/18:2n-6 and EPA/ALA of liver mi-
crosomal PC, CAS appeared to stimulate the desaturation
of LA and ALA. Thus, CAS, compared with SOY, is thought
to be useful for improving the impaired desaturase-elongase
system of hypertensive animals.

PGI,, which is produced from AA, causes vasodilation
and inhibits thrombosis. The protein-dependent change in
the fatty acid composition was also reproduced in the aorta,
and the ratio of (20:3n-6 + 20:4n-6)/18:2n-6 of aortic PC
was correlated significantly with the prostacyclin produc-
tion, indicating a positive association between the LA desatu-
ration and prostacyclin production. While the PGI;
production from n-3 PUFAs was not determined, it is reason-
able to consider that the same is true in that case, also.

Although we did not analyze the fatty acid composition
of the platelets, the ratio of EPA/AA in liver microsomal
PC was higher in the rats fed CAS than in those fed SOY.
TXA,; (thromboxane) from EPA does not exert an aggrega-
tory effect in contrast to TXA, from AA. Thus, it is suggested
that CAS may influence the balance of 3- and 2- series
PGs in favor of preventing thrombosis, because the similar
protein-effect was observed in various tissue lipids.

In brain PE, LA and EPA were very low, while DHA
was markedly high as compared with that in liver, plasma,
and aorta. However, the effect of dietary protein on the brain
fatty acid composition was not observed. The fatty acid
composition of brain phospholipids has in general been
shown to be relatively resistant to this type of dietary fat
compared with other tissues.?°

Hypertension is one of the common aggravating factors
for stroke and atherogenesis. While hypertension is a direct
cause of arterionecro-thrombogenic stroke, it accelerates ath-
erogenesis in cerebral arteries more than hyperlipidemia.?'
A significant inverse correlation has been noted between
blood pressure and the ratio of low density lipoprotein to
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Figure 4 Relationship between aortic PGI, production and desaturation index in SHR-SP. Each point and vertical bar represent the mean + SE
for eight rats. CASE: casein, SOY: soybean protein, PER: perilla oil, SAF: safflower oil.

J. Nutr. Biochem., 1994, vol. 5, May 253



Research Communications

1

VAR AR R R R R RN R R U AR RN NN

Plasma amino acids (umoi/ll)
B 8§ 88 888 8 8

NN RN

8

W W W TN W . W . A U W W W T W . L W WA LAY
W RN SRR NN

o W T, WV T W T W W N
N

Lo e ) ]
RS
L e

N a ANy

]

Asp Thr Ser Asn Glu Gin Gly Ala Val Met lle Leu Tyr Phe His Lys Tip Pro

[oad g |

OLVURNRARRR AN

0 (7 | A o T

Figure 5 Effects of dietary proteins and fats on plasma amino acid concentrations in SHR-SP. [] : CA3-PER, [ : SOY-PER, [ : CAS-SAF, :
SOY-SAF. Each column and vertical bar represent mean + SE for eight rats. CAS: casein, SOY: soybean protein, PER: perilla oil, SAF: safflower

oil. ***Significantly different at P < 0.05 and P < 0.01, respectively.

high density lipoprotein (atherogenic index).! In this study,
the concentration of plasma cholesterol was lower in the
rats fed SOY than in those fed CAS. However, the concentra-
tion of plasma HDL cholesterol in the SOY group was also
low, thus the atherogenic index was comparable between
both protein groups. In addition, no correlation between the
concentration of plasma cholesterol and that of amino acids
was observed in contrast to the case of ExHC rats,'” in which
the concentrations of plasma arginine and glycine, one of
the possible regulatory factors responsible for the plasma
cholesterol level, were higher in the SOY-fed rats than in
the CAS-fed rats, suggesting the effect of the amino acid
composition of dietary proteins on plasma cholesterol.?

CAS or ALA attenuated the development of hypertension
compared with SOY or LA, respectively. These results were
consistent with previous reports.'? The protein-dependent
difference could be attributed in part to the difference in the
amino acid composition. It has been reported that there was a
significant negative correlation between dietary methionine
and blood pressure or stroke incidence, and that tyrosine
administration decreased blood pressure.! CAS contained
these amino acids more than SOY (2.77 and 1.22 g/100 g,
and 5.45 and 3.86 g/100 g for methionine and tyrosine,
respectively). Thus, CAS may ameliorate hypertension in
part by affecting the central blood pressure regulation
through increasing the supply of these amino acids.’

In summary, the protein effect on the metabolism of n-
6 and n-3 PUFAs was confirmed, even in SHR-SP. CAS
promoted the desaturation of LA and ALA in liver micro-
somal and aortic phospholipids and the prostacyclin produc-
tion by the thoracic aorta. There was a highly positive

254 J. Nutr. Biochem., 1994, vol. 5, May

correlation between the prostacyclin production by the aorta
and the LA desaturation index in liver microsomes and the
aorta. These results indicate a significant role of dietary
protein in the regulation of the fatty acid metabolism and
prostacyclin production in SHR-SP.

References

1 Yamori, Y. (1981). Environmental influences on the development of
hypertensive vascular diseases in SHR and related models, and their
relation to human disease. In New Trends in Arterial Hypertension,
(M. Worcel, J.P. Bonvalet, S.Z. Langer, J. Menard, and J. Sassard,
eds.), p. 305-320, Elsevier/North Holland Biomedical Press, Amster-
dam, The Netherlands

2 McGiff, J.C. (1981). Prostaglandins and hypertension. In Prostaglan-
dins, Platelets, Lipids: New Developments in Atherosclerosis, (H.L.
Conn, Jr., E. De Felice, and P.T. Kuo, eds.), p. 49-73, Elsevier/North
Holland, New York, NY USA

3 Singer, P, Jaeger, W., Voigt, S., and Thiel, H. (1984). Deffective
desaturation and elongation of n-6 and n-3 fatty acids in hypertensive
patients. Prostaglandins Leukotrienes Med. 15, 159-165

4 Soma, M. (1986). Fatty acid metabolism and PGI, synthesis in mesen-
teric arterial beds in spontaneously hypertensive rats. Prog. Lipid
Res. 25, 323-326

5  Needleman, P, Raz, A., Minkes, M.S., Ferrendelli, J.A., and Sprecher,
H. (1979). Triene prostaglandins: Prostacyclin and thromboxane bio-
synthesis and unique biological properties. Proc. Natl. Acad. Sci.
U.S.A. 76, 944-948

6  Weber, P.C. (1989). Modification of the arachidonic acid cascade by
long-chain w-3 fatty acids. In Dietary w3 and w6 Fatty Acids. Biologi-
cal Effects and Nutritional Essentiality, (C. Galli and A.P. Simo-
poulos, eds.), p. 201-211, Plenum Press, New York, NY USA

7  lkeda, A., Koba, K., and Sugano, M. (1993). Impact of dietary protein
on polyunsaturated fatty acid desaturation in rats fed diets rich in «-
linolenic acid. Biosci. Biotech. Biochem. 57, 61-64

8 Ikeda, A. and Sugano, M. (1993). Interaction of dietary protein and



10

11

15

17

Dietary protein and fatty acid metabolism in SHR-SP: Ikeda et al.

alpha-linolenic acid on polyunsaturated fatty acid composition of
liver microsomal phospholipids and eicosanoid production in strept-
ozotocin-induced diabetic rats. Ann. Nutr. Metab. 37, 101-109
American Institute of Nutrition. (1977). Report of the American
Institute of Nutrition ad hoc Committee on standards for nutritional
studies. J. Nutr: 107, 1340-1348

Folch, 1., Lees, M., and Sloane-Stanley, G.H. (1957). A simple method
for the isolation and purification of total lipides from animal tissues.
J. Biol. Chem. 226, 497-509

Takamura, H., Narita, H., Park, H.J., Tanaka, K., Matsuura, T., and
Kito, M. (1987). Differential hydrolysis of phospholipid molecular
species during activation of human platelets with thrombin and colla-
gen. J. Biol. Chem. 262, 2262-2269

Ikeda, L., Tomari, Y., and Sugano, M. (1989). Interrelated effects
of dietary fiber and fat on lymphatic cholesterol and triglyceride
absorption in rats. J. Nurr. 119, 1383-1387

Nagata, Y., Imaizumi, K., and Sugano, M. (1980). Effects of soya-
bean protein and casein on serum cholesterol levels in rats. Br. J.
Nutr. 44, 113-121

Bruckner, G.G., Lokesh, B., German, B., and Kinsella, J.E. (1984).
Biosynthesis of prostanoids, tissue fatty acid composition and throm-
botic parameters in rats fed diets enriched with docosahexaenoic
(22:6n3) or eicosapentaenoic (22:5n3) acids. Thromb. Res. 34,
479-497

Block, W.D., Markovs, M.E., and Steele, B.F. (1966). Comparison
between free amino acid levels in plasma deproteinated with picric
acid and with sulfosalicylic acid. Proc. Soc. Exp. Biol. Med. 122,
1089-1091

SAS Institute Inc. (1985). SAS User's Guide: Statistics, Version 5
edition, SAS Institute Inc., Cary, NC USA

Ikeda, A., Imaizumi, K., and Sugano, M. (1993). Interaction of dietary

18

19

20

21

22

23

protein and fat on plasma cholesterol and amino acid levels, fatty
acid desaturation, and prostacyclin production in exogenous hyper-
cholesterolemic rats. Biosci. Biotech. Biochem. 57, 1867-1872
Soma, M., Manku, M.S., Jenkins, D.K., and Horrobin, D.F. (1985).
Prostaglandins and thromboxane outflow from the perfused mesen-
teric vascular bed in spontaneously hypertensive rats. Prostaglandins
29, 323-333

Mills, D.E., Ward, R.P, Mah, M., and Huang, Y.-S. (1990). Fatty
acid metabolism in normotensive and hypertensive rats. II. Distribu-
tion and oxidation of dietary [1-“C]-18:2n-6 and [1-'*C]-18:3n-3.
Nutr. Res. 10, 675-681

Watanabe, Y., Huang, Y.-S., Simmons, V.A., and Horrobin, D.F.
(1989). The effect of dietary n-6 and n-3 polyunsaturated fatty acids
on blood pressure and tissue fatty acid composition in spontaneously
hypertensive rats. Lipids 24, 638-644

Yamori, Y., Horie, R., Akiguchi, I., Nara, Y., Ohtaka, M., and Fukase,
M. (1977). Pathogenic mechanisms and prevention of stroke in stroke-
prone spontaneously hypertensive rats. In Progress in Brain Research
Vol. 47, Hypertension and Brain Mechanisms, (W. De Jong, A.P.
Provoost, and A.P. Shapiro, eds.), p. 219-234, Elsevier, Amsterdam,
The Netherlands

Sugano, M. (1983). Hypocholesterolemic effect of plant protein in
relation to animal protein: Mechanism of action. In Animal and
Vegetable Proteins in Lipid Metabolism and Atherosclerosis, (M.J.
Gibney and D. Kritchevsky, eds.), p. 51-84, Alan R. Liss, New York,
NY USA

Hoffman, P., Block, H.-U., Beitz, J., Taube, C., Forster, W., Wortha,
P., Singer, P., Naumann, E., and Heine, H. (1986). Comparative study
of the blood pressure effects of four different vegetable fats on young,
spontaneously hypertensive rats. Lipids 21, 733-737

J. Nutr. Biochem., 1994, vol. 5, May 255



