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a b s t r a c t

We intended to determine whether or not dietary canola oil (CO) elevates plasma lipids and oxidative
stress, since both of these are, possibly, related to the CO-induced life shortening through exacerbation
of hypertension-associated vascular lesions found in stroke-prone spontaneously hypertensive rats
(SHRSP). Spontaneously hypertensive rats (SHR) were used in this study to avoid a potential bias in
the results due to the irregular death by stroke seen in SHRSP. SHR were fed for 26 weeks on a chow con-
taining either, 10 wt/wt% of CO or soybean oil (SO), i.e., the control. Elevated plasma lipids and glucose-6-
phosphate dehydrogenase (G6PD) activation in the liver and erythrocyte were found in SHR fed CO com-
pared to that fed SO, while anti-oxidative enzymes other than G6PD were not activated. The CO diet
brought about significant vascular lesions in the kidney, in which abundant cyclooxygenase-2 (COX-2)
positive foci were immunochemically located in the juxtaglomerular apparatus. These results suggest
that dietary CO induces a hyperlipidemic condition, in which G6PD may serve as an NADPH provider,
and aggravates genetic diseases in SHR (also, probably, in SHRSP). The increased COX-2 expression indi-
cates a role of renin-angiotensin-aldosterone system activation in the increased vascular lesions, whereas
the effects of oxidative stress remain unclear.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Huang et al. (1996, 1997) reported that certain vegetable oils,
including low-erucic acid rapeseed (canola) oil (CO), shortened life
in stroke-prone spontaneously hypertensive rats (SHRSP) as com-
pared with the control animals given soybean oil (SO) when each
oil was added to a diet of standard rat chow. These authors also
examined the effects of butyl, phenethyl and allyl isothiocyanate

at concentrations comparable to those found in CO on the survival
time of SHRSP, since it had been reported by Minetoma et al.
(1975) that laying hens given rapeseed meal revealed thyroid
hypertrophy and the amounts of isothiocyanate and oxazolidin-
ethione, catabolic products of glucosinolate in the meal were
propotional to the thyrotoxicity. In SHRSP, however, the sulfur-
containing compounds did not shorten survival time (Huang
et al., 1996). The study by Minetoma et al. (1975) also indicated
that some other factor(s) than the sulfur-containing compounds
in the rapeseed meal cause hemorrhage and vascular abnormalities
in the liver of the hen. In 1998, Miyazaki et al. found that neither
the fatty acid fraction obtained by lipase-treatment of low-erucic
rapeseed oil nor unsaponifiable fraction of the oil shortened the life
of SHRSP. Thus the life shortening was though to be attributed to
contents other than fatty acids or unsaponifiable substances.
Although in our recent study we tried to fractionate the causa-
tive(s) in CO by super critical gas extraction technique and ob-
tained a less toxic fraction than CO, we could not find fractions
containing the causative(s) (Ohara et al., 2006).
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While phytosterols are included in the unsaponifiable fraction
of the oil and considered not to possess life shortening effects
(Miyazaki et al., 1998), the amount of phytosterols in CO was re-
ported as one of the causes for the life shortening, since replace-
ment of cholesterol with, or accumulation of, CO-derived
phytosterols in cell membrane possibly makes the membrane frag-
ile and leads to tissue rupture (Ratnayake et al., 2000a,b; Naito
et al., 2003; Ogawa et al., 2003). However, conflicting results have
been reported (Tatematsu et al., 2004; Ohara et al., 2006), and very
recently a potential stroke-stimulating substance, dihydro-vitamin
K1, in CO has also been suggested as a candidate causative (Okuy-
ama, 2007). Considering that decisive substances have not yet
found despite of the efforts mentioned above, it is worthwhile to
examine further the physiological and pathological changes due
to CO ingestion in the rat in order to find a clue to identify the
causatives.

In a previous study intended to survey the CO-induced patho-
physiologic changes in spontaneously hypertensive rats (SHR) in
comparison with their normotensive genetic counter part, Wistar
Kyoto (WKY) rats, it was demonstrated that a 26-week ingestion
of CO as the sole dietary fat increased plasma lipids in rats of both
strains compared with those in the control groups given SO (Naito
et al., 2000a). Similar changes were also observed in WKY rats fed
on CO diet for an even shorter period, i.e., 13 weeks (Naito et al.,
2000b). In both studies, CO ingestion elevated blood pressure in
the animals compared with the control animals. Moreover, in the
13-week feeding study, CO ingestion significantly increased glu-
cose-6-phosphate dehydrogenase (G6PD) activity in the liver of
WKY rats (Naito et al., 2000b). If the increase in G6PD activity is
a general consequence of CO ingestion in rats, the activation of
G6PD may play a role in the observed aggravation of hyperten-
sion-related conditions, especially in SHR or SHRSP, because
G6PD, the first enzyme in the pentose phosphate pathway, pro-
vides nicotinamide adenine dinucleotide phosphate (NADPH) for
lipogenic enzymes (Salati and Amir-Ahmady, 2001) and because
the hyperlipidemic state accelerates inflammatory events, includ-
ing hypertension (Park et al., 2006; Lloyd et al., 2007; Savoia and
Schiffrin, 2007).

In the 26-week feeding study mentioned above, histological
examinations revealed significant lesions, especially in the heart
and the kidney, in SHR given CO (Naito et al., 2000a). Similar tissue
injuries were also found in WKY rats given CO, but those injuries
were far less severe than that in SHR. In addition to the facilitation
of lipogenesis, an increase in oxidative stress by G6PD may play a
role in the more severe lesions in SHR given CO, since decreased
NADPH production by G6PD deficiency may reduce NADPH oxi-
dase-derived superoxide anion and lower vascular atherosclerotic
lesion growth in mice (Matsui et al., 2005, 2006). This suggests that
the increased NADPH production by G6PD possibly results in an
enhanced production of superoxide anion. Therefore, the increased
NADPH production by G6PD may lead to atherosclerotic lesions,
since superoxide anion inactivates nitric oxide and reduces biolog-
ically available nitric oxide for endothelium-dependent vasodila-
tion (Gryglewski et al., 1986). Such an increase in oxidative
stress by G6PD is paradoxical, because G6PD has also been thought
to be an anti-oxidative enzyme (Salvemini et al., 1999; Leopold and
Loscalzo, 2000; Salati and Amir-Ahmady, 2001) that provides
NADPH to maintain glutathione in a reduced form and is upregu-
lated by oxidative stress (Ursini et al., 1997). However, the CO-in-
duced exacerbation of hypertension and vascular lesions with an
increased G6PD arouses our interest in finding whether or not
the fact that CO ingestion-induced greater tissue injury in SHR than
in WKY rats was due to some effect of CO to enhance oxidative
stress, with that effect being synergistically augmented in SHR
(and SHRSP), since the genetic hypertension-related vascular le-
sions have been reported to be closely related to increased oxida-

tive stress via uncoupled nitric oxide synthase in SHR (Racasan
et al., 2005; Paliege et al., 2006; Li et al., 2006) and SHRSP (Hamil-
ton et al., 2004).

In the above mentioned 13-week study in WKY rats, on the
other hand, the activities of the anti-oxidative enzymes, superox-
ide dismutase and catalase were examined in addition to G6PD,
for compensatory increases in oxidative stress, since such compen-
satory changes had been considered to be a possible consequence
in animals given CO. In that study, however, WKY rats given CO
showed even lower activities of superoxide dismutase and catalase
in the liver than animals given SO (Naito et al., 2000b). Therefore, it
is of interest to determine whether or not a longer CO ingestion in
SHR changes lipogenesis or oxidative stress, or both, and whether
or not changes in the activities of anti-oxidative enzymes are re-
lated to the more severe vascular lesions seen in SHR (and ulti-
mately, also in SHRSP) given CO compared with that given SO.

In the present study we intended to confirm whether or not a
26-week CO ingestion-induced elevation of plasma lipids is repro-
duced and to examine whether or not concomitant changes in anti-
oxidative enzyme activities including G6PD occur also in SHR.
Besides, in this study the kidney, the organ in which the vascular
lesions due to CO ingestion were most evident in the previous
studies in SHR (Naito et al., 2000a) and SHRSP (Ohara et al.,
2006), was histologically examined by means of immunochemical
staining for cyclooxygenase-2 (COX-2). It has been reported that
COX-2 expression in the kidney is regulated by nitric oxide (Cheng
et al., 2006; Yang et al., 2006), and NADPH provided by G6PD is uti-
lized for nitric oxide generation (Leopold et al., 2003). On one hand,
COX-2 stimulates renin release (Paliege et al., 2004; Harris et al.,
2004), which plays a role in hypertension and peripheral vascular
lesions via the renin-angiotensin-aldosterone system.

2. Materials and methods

2.1. Animal husbandry

Twenty males, SHR (Charles River Japan, Tsukuba), 5 weeks of age, were used.
Ten animals were assigned to the CO group; and 10, to the SO (control) group. Ani-
mals in the CO group were fed with a fat-free AIN-93 diet (Oriental Yeast, Tokyo,
Japan) supplemented with 10 wt/wt% CO (Japan Oilseed Processors Association, To-
kyo); and the animals in the SO group were fed with the same diet containing, in-
stead, 10 wt/wt% SO (Japan Oilseed Processors Association, Tokyo). In this study the
single concentration of 10 wt/wt% (24.8 energy percentage) was adopted because
the purpose of the study was not to find any dose-dependent change due to CO
ingestion. In this study we intended to confirm whether 10 wt/wt% CO-induced
hyperlipidemia and lesions in the kidney that were found in both, previous 13-week
and 26-week feeding studies in SHR and WKY rats (Naito et al., 2000a,b) and sur-
vival time studies in SHRSP (Huang et al., 1997; Naito et al., 2003; Ohara et al.,
2006) in which 10 wt/wt% supplementation of the oil was adopted. The mean daily
intake of oil calculated from daily food consumption that was measured once a
week throughout the experimental period, without considering the amount spilt,
was 6.5 ± 0.5–7.9 ± 0.6 g/kg day for CO and 6.6 ± 0.5–7.8 ± 0.7 g/kg day for SO.

Fatty acid compositions of the oils are shown in Table 1. These animals were gi-
ven distilled and deionized water containing 1% NaCl for drinking. Such NaCl load-
ing is known to enhance the development of hypertension in the rat (Sapirstein

Table 1
Fatty acid compositions (%) of soybean oil (SO) and canola oil (CO)

Fatty acid SO CO

14:0 Myristic acid 0.1 0
16:0 Palmitic acid 10.5 3.8
16:1 Palmitooleic acid 0 0.2
18:0 Stearic acid 3.6 1.9
18:1 Oleic acid 23.2 59.0
18:2 Linoleic acid 54.5 21.2
18:3 Linolenic acid 7.2 11.2
20:0 Arachidic acid 0.3 0.5
20:1 Eicosaenoic acid 0.2 1.5
22:0 Behenic acid 0.4 0.3
22:1 Erucic acid 0 0.4

2574 N. Ohara et al. / Food and Chemical Toxicology 46 (2008) 2573–2579



Download English Version:

https://daneshyari.com/en/article/2586599

Download Persian Version:

https://daneshyari.com/article/2586599

Daneshyari.com

https://daneshyari.com/en/article/2586599
https://daneshyari.com/article/2586599
https://daneshyari.com

