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Abstract

The lipids of Tropaeolum speciosuifT. speciosuinare a rich source of naturally occurring nervonic acid (24:1n-9). We report that
adding aT. speciosunoil supplement to a semi-purified diet significantly increased the amount of 24:1n-9 in liver and heart, but not brain,
sphingomyelin (SM) of young rats. The bioavailability of 24:1n-9 from the lipid$ .afpeciosumvas similar to that of 24:1n-9 ethyl ester
in this rat bioassay. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction The lipids of Tropeaolum speciosum (T. speciosum),
commonly named the “perennial flame flower”, are the

The nervonic (24:1n-9) and/or lignoceric (24:0) acid richest known natural source of 24:1n-9 and 26:1n-9 in
content of various tissues has been reported to be altered irtriglyceride form [19] with 24:1 n-9 located primarily in the
peroxisomal disorders [1-3], diabetes [4], alcoholism [5], 1,3 position of glycerol. In this study we investigate the
undernourishment [6], cataracts [7,8], cystic fibrosis [9], effect of aT. speciosunoil supplement on the content of
multiple sclerosis [10] and other conditions [11-15]. Ner- 24:1n-9 and the 24:1/24:0 ratio in the sphingomyelin frac-
vonic acid supplementation has been proposed to prolongtion of liver, heart and brain of growing rats. In order to
functionality in both children and adults with demyelinating establish the bioavailability of th&. speciosuniipids rel-
diseases [10] and to enhance neurodevelopment in formula-ative to purified fatty acid standards, we fed additional
fed and in premature infants [16]. However, the dietary and groups of rats the basal diet supplemented with 20:0, 20:
physiological factors which control the nervonic acid con- 1n-9, 22:0, 22:1n-9, 24:0 or 24:1n-9 in ethyl ester form and
tent of tissue, and regulate its molecular form and function, analyzed the 24:1n-9 content of SM in rat liver and heart.
have not been defined.

Previously we have reported that dietary 18:1n-9, 22:
1n-9 and 24:1n-9 influence the nervonic acid content and 2. Materials and methods
the ratio of 24:1 to 24:0 fatty acids in rat liver sphingomy-
elin based on testing with 21 common fats and oils as a Male weanling Wistar rats (45-509) were fed, for 14
source of dietary fat [17]. The results of this study indicated days, a semipurified diet consisting of vitamin-free casein
that dietary 24:1n-9 was the most potent effector of 24:1n-9 (20%), DL-methionine (0.3%), glucose hydrate (65%), ol-
in rat liver. Subsequently, Cook et al. [18] reported that ive oil (5%), cellulose (5%), choline bitartrate (0.2%), vi-
weanling mice fed diets enriched in 22:1n-9 and 24:1n-9 tamins and minerals as previously described [20], but pro-
(Lunaria biennisoil supplement) had significant increases viding 30 mg Zn/Kg diet. The rats were housed under
in 24:1n-9 in liver and erythrocytes. controlled conditions of temperature (22C), humidity

(50%), and lighting (12 h day/night) and were provided with

Abbreviations:Sphingomyelin (SM); Tropaeolum speciosum (T. spe- food and Q|st|lled W‘.’ﬂer ad libitum. .
ciosum): Very long chain fatty acids (\'/LCFA)_ In th flrs_t experiment the rgts (#® 4) were feq diets

* Corresponding author. Tel.+519-824-4120 ext 3747; fax+519- containing either 5 wt% olive oil (control) or a diet con-
763-5902.- taining 4.875 wt% olive oil with 0.125 wt%. speciosum
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Table 1 analyzed by gas liquid chromatography as previously de-

Fatty acid composition oTropaeolum speciosuseed oil scribed [22]. Briefly tissues were homogenized in chloro-
16:0 2.0 form:methanol (2:1), then washed with 0.88% KCI ip(H
16:1 tr. spotted on Merck silica gel 60 thin layer chromatography
18:0 tr. plates (EM Science, Gibbstown, NJ), which were developed
18f1 29.9 in chloroform:methanol:aceticacid;@ (50:37.5:3.5:2),
18:2 33 : - X .
18:3 14 sprayed with 0.1% 8-anilinonaphthalene-1-sulfonic acid
20:0 tr. (ANS), visualized with UV light, scraped, transmethylated
20:1 0.5 with 6% H,SO, in methanol, extracted with hexane, dried
22:0 tr. under a stream of }\ resuspended in carbon disulfide and
24215(1) 18"2 analyzed on a Hewlett-Packard 5890 GC with a flame ion-
041 38.7 ization detector. Data were analyzed by general linear mod-
26:1 9.3 eling followed by a t-test or Tukey’s test as indicated in the

table footnotes.
Values are means of & 3, expressed as mol%.

Tr. < 0.5 mol%.

3. Results

lipids. Seeds fromT. speciosumwere purchased from
Thompson and Morgan Inc. (Jackson, New Jersey). The At the end of the two-week feeding trials all rats ap-
seeds were ground to a fine powder and lipids were ex- peared healthy. Body weight gain was not significantly
tracted by the method of Folch et al. [21]. The final lipid different between the different groups of rats.
phase was prepared by extensive evaporation of residual The results of experiment 1 are shown in Table 2. Sup-
chloroform under a stream of nitrogen. The fatty acid com- plementation of the diet witll. speciosunipids had no
position of the lipid extract is given in Table 1; the com- effect on brain SM fatty acid composition. However, the
position was found to be comparable to that reported pre-rats fed diets containing. speciosunlipids had signifi-
viously for T. speciosum[21]. The T. speciosumlipid cantly decreased 20:0, 22:0, 23:0 and 24:0 levels in SM of
extract was mixed with the dietary fat (olive oil) overnight liver and heart. This dietary group also had a significant
prior to incorporation in the diets. Fatty acid ethyl esters increase in 24:1n-9 SM, and in the ratio of 24:1 to 24:0 SM
(99% pure) were purchased from Nu-Check-Prep. Inc. (Ely- of both the heart and liver. The fatty acid 26:1n-9, which is
sian, Mn) and pre-mixed with the dietary fat in a similar contained in thd. speciosunfipid extracts at a level of 9.3
fashion. mol%, did not accumulate in the SM of either brain, liver or

In the second experiment the rats£n3) were fed diets  heart.
containing either 5 wt% olive oil or diets containing 4.9 The results of experiment 2 on the liver are shown in
wt% olive oil plus 0.1 wt% 20:0, 20:1n-9, 22:0, 22:1n-9, Table 3. We found that the rats supplemented with the 20:0
24:0 or 24:1n-9 ethyl esters. ethyl ester had a significantly higher level of 20:0 and 22:0

The fatty acid composition of tissue sphingomyelin was species of SM. Those supplemented with 22:0 had signifi-

Table 2
Sphingomyelin composition of liver heart and brain of rats Tedpaeolum speciosum

Liver Heart Brain

Control T. speciosum Control T. speciosum Control T. speciosum
16:0 23.5 25.1 20.0 21.0 3.6 3.8
18:0 10.2 9.9 19.1 19.0 75.9 75.8
18:1 0.5 0.5 0.7 1.2 tr. 0.8
18:2 tr. 0.6 tr. tr. tr. tr.
20:0 2.8 2.4 17.9 15.2 45 4.6
22:0 10.9 6.0 13.8 11.6 3.0 3.0
22:1 tr. tr. 0.5 tr. ND ND
23:0 6.7 2.8 4.F 2.7 0.6 tr.
iso 24:0 4.3 3.2 22 1.6 ND ND
24:0 23.9 13.3 12.0 8.3 35 3.2
24:1 16.6 35.8 9.4 18.8 8.5 8.2
Total 100.0 100.0 100.0 100.0 100.0 100.0
24:1/24:0 0.70 2.70 0.79 2.27 2.42 2.53

Values are means of & 4, except for the liver control which has=a 7. All values are means expressed as mol%. Significant differences are indicated
by a as indicated by the t-test (P 0.05). 26:1 was less than 0.5 mol%. Fr.0.5 mol%. ND< 0.1 mol%.
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Table 3

Sphingomyelin composition of livers of rats fed various fatty acid ethyl esters

Dietary FA 20:1 22:1 24:1 20:0 22:0 24:0
Tissue FA

16:0 31.5 22.6 20.5 26.3 24.9 25.9
18:0 6.7 6.3 6.0 9.7 4.6 9.0
18:1 1.4 1.8 1.8° 0.7 3.0 4.4
18:2 2.3 2.0 1.1 2.7 1.4 2.2
20:0 1P 1.6° 1.5 3.2 1.5 1.4
22:0 7.5 7.5 5.1° 12.8 17.6 4.6
22:1 2.0 0.8 1.2 0.6 tr. 1.2
23:0 5.7 5.6 4.2 5.7 45 3.4
iso 24:0 6.0 3.5 2.2 2.4 2.0 2.5
24:0 18.8 20.3P 15.8 21.6*° 25.8P 3.8
24:1 16.6 28.3 40.9 14.4 14.3 10.1°
Total 100.0 100.0 100.0 100.0 100.0 100.0
24:1/24:0 0.92 1.4¢ 2.64 0.674 0.567 0.3

All values arc means of i 3. All values are means expressed as mol%. Significant differences are indicated by different letters according to Tukey’s
(P> 0.05). 26:1 was less than 0.5 mol%. &.0.5 mol%. ND< 0.1 mol%.

cantly higher levels of 22:0 SM. Those supplemented with cantly higher level of the 24:1n-9 species of SM. The ratio

24:0 had a significantly higher level of 24:0 SM. Those of 24:1n-9 to 24:0 SM was the highest in the 24:1n-9

supplemented with 24:1n-9 had significantly higher levels supplemented group and lowest in the 24:0 supplemented

of 24:1n-9 SM. The 23:0 species of SM was significantly group. The 16:0, 18:0, 18:2n-6, 22:1n-9, 23:0 and iso 24:0

higher in both the 24:0 and 24:1 supplemented diets. The species of SM did not vary significantly with any dietary

ratio of 24:1n-9 to 24:0 SM was the highest in the group treatment.

supplemented with 24:1n-9 and lowest in the group supple- A summary of the data generated in experiments 1 and 2

mented with 24:0. The 16:0, 18:0, 18:2n-6 and iso 24:0 speciesis shown in Table 5. The effect of feeding a diet supple-

of SM did not vary significantly with any dietary treatment.  mented withT. speciosuniipid extract closely resembled
The results of experiment 2 on the heart are shown in the effect of feeding a diet containing a 24:1n-9 ethyl ester

Table 4. Rats supplemented with 20:0 had a significantly supplement in both heart and liver.

higher level of 20:0 SM. The group which was supple-

mented with 22:0 had significantly higher levels of 22:0

SM. The group which received 22:1n-9 had significantly 4. Discussion

higher levels of 22:1n-9 and 24:1n-9 SM. Those supple-

mented with 24:0 had significantly higher levels of 24:0 Dietary very long chain fatty acids [(VLCFA) - 22 or

SM. The group supplemented with 24:1n-9 had a signifi- more carbons chain length], when saturated or monounsat-

Table 4

Sphingomyelin composition of hearts of rats fed various fatty acid ethyl esters

Dietary FA 20:1 22:1 24:1 20:0 22:0 24:0
Tissue FA

16:0 22.2 16.5 22.2 14.3 17.3 20.2
18:0 15.8 18.0 15.9 13.6 12.8 17.4
18:1 2.5 1.5 1.3 1.3 1.6 6.3
18:2 3.4 0.7 1.8 0.7 14 4.9
20:0 14.8° 18.3*° 15.5° 25.¢¢4 10.2 10.8°
22:0 12.4° 13.7°¢ 11.1p¢ 16.2 29.8 6.8
22:1 trP 1.2 tr. tr. tr.P tr.P
23:0 5.3 55 5.1 4.4 3.4 5.2
iso 24:0 1.9 15 1.9 3.0 1.3 2.3
24:0 9.6¢ 9.0°¢ 7.1° 11.2¢ 12.2 19.2
24:1 11.4¢ 14. 2P 17.¢ 10.0°¢ 9.9 7.0
Total 100.0 100.0 100.0 100.0 100.0 100.0
24:1/24:0 1.19 1.57 2.54 0.9 0.8 0.36°

All values are means of & 3. All values are means expressed as mol%. Significant differences are indicated by different letters according to Tukey’s
(P > 0.05). 26:1 was less than 0.5 mol%. F&r.0.5 mol%.
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Table 5
Sphingomyelin composition of livers and hearts of rats fed various fatty
acid ethyl esters ofropaeolum speciosum

effect of dietary fatty acids on SM fatty acid composition
[17]. The fatty acid 20:1n-9 was not detectable0(1
mole%) in SM in liver or heart even when it is fed as ethyl

Dietary Fat Olive 22:1 24:1 T. speciosum esters at 0.1 wt% of the diet (data not shown). The fatty acid
Tissue EA Liver 22:1n-9 is not a major fatty acid in heart or liver SM, even

when it is fed at levels of 1g/kg diet. Dietary 22:1n-9 does
24:1 158 283 40.9 B8 cause a small, but statistically significant, increase in rat
24:1/24:0 0.68 140 2.6 2.70 u , but statistically significant, increase in

Heart heart SM when fed at these test levels [1g fatty acid/kg diet].

The fatty acid 20:0 in the diet resulted in elevated 20:0 and
24:1 9.3 14.2 17.9 18.8° ST . .
24:1/24:0 0.79 157 258 2 o7 22:0 in liver and, to a lesser extent, in heart SM. Dietary

22:0 ethyl ester increased the 22:0 content of SM in heart

Values are means of ## 3 for dietary 22:1 and 24:1 dietary ethyl ester, and liver.

n = 4 for olive andT. speciosum (Ethyl ester supplemented diets . . .
contained 4.9% olive oil plus 0.1% ethyl estdr; speciosumsupple- The fate of the dletary 26:1n-9 from the speciosum

mented diet contained 4.875% olive oil plus 0.125%speciosunseed lipid is more difficult to discern. It did not accumulate in
extract.) All values are means expressed as mol%. Significant differencesliver, heart or brain SM. Neither did it accumulate in liver,
are indicated by different letters according to Tukeys>(R.05%). heart or brain triglycerides (data not shown). We found it
remained a trace componenrt@.5%) of the fatty acids of

urated, are potent modifiers of SM fatty acid composition in SM and triglycerides in these tissues.
some tissues [11,18,23-29]. The results of these experi- In conclusion, these results demonstrate fhaspecio-
ments demonstrate that the nervonic acid found inTthe  sumlipids are a rich source of the trace nutrient 24:1n-9 for
speciosuntipid extract directly influences the 24:1n-9 con- the young rat. The 24:1n-9 of. speciosumnipids has a
tent and the 24:1/24:0 ratio in liver SM, consistent with our similar bioavailability compared to the 24:1n-9 in common
previous work on other dietary fats and oils in this rat dietary oils [17]. Under these assay conditions, brain SM
bioassay [17]. These data demonstrate that the heart has &atty acid composition is not influenced by dietary nervonic
similar sensitivity to dietary 24:1n-9; however, the brain, at acid. The bioavailability of dietary 26:1n-9 frofih specio-
least under the conditions of this bioassay, is not sensitive tosumlipids could not be determined as the 26:1n-9 content of
dietary VLCFA. This lack of effect on brain is consistent tissue SM did not rise with dietary intake of 26:1n-9.
with a report from Cook et al. [18] that brain SM fatty acid
composition is not altered in weanling mice fed very high
levels of VLCFA.

Previously [17], we had reported that the ratio of 24:1 to
24:0 SM of liver, in a two week feeding trial of weanling,
male Wistar rats, is directly related to their intake of
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