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[29, 31). We here evaluated consumption and plasma
concentrations of FAs, calculated their .correlations;
and assessed magnitude of seasonal differences using
data from the JADE Study referred to above [9].

Subjects and methods

Subjects and design

In order to validate an evidence-based senii—quanti-
tative food frequency questionnaire (SQFFQ) deve-
loped on the basis of multiple regression and
contribution analyses [32], we executed 28 day
WDRs, as described elsewhere [9]. Briefly, in autumn

1996, we first mail-administered the SQFFQ to 106

{21 male and 85.fernale) middle-aged Japanese dieti-
tians living in Aichi Prefecture, in Central Japan; and
self-administered 7 consecutive day WDRs approxi-

mately a week later, and at about 3 month intervalsin -

winter, spring and summer of 1997, Overnight fasting
" "venous blood was collected on the next morning of the
last day of the respective 7 day WDRs [9, 33].

- Male dietitians were excluded because they were

rather small in number. The data presented in this -

paper were based on the 28 day WDRs provided by
71 female dietitians without overt fat-related diseases
who gave informed consent. Characteristics of the

Table 1. Characteristics of 71 Japanese fernale-dietitians on
enrollment compared with the National Nutrition Survey in
1996

This study NNS* (1996)

"Height® (cm) 156.0 (5.2 154.7 (5.3)
Weight {(kg) 52.4 (5.6) 54.6 (8.1}
BMI¢ (kg/m?2) ) 215 (2.2) 22:8 (3.2)
Age (Years of age) 47.7 (8.2) 40-49

30-39 years (Number) 13 :

40-49 years 30

50-59 years 21
60 years i

" Drinking

Non/former/fcurrent

Number 52/1/18

Y ) 73.2/1.4{25.3 ' 88.5/1.6/9.9
Smoking C- .
Non/former/current -

Number 6632

% 93.0/4.2/2.8 88.1/2.0/9.9
Exercise
Non/current .

Number 2843 -

Y . - 39.4/60.6 81.4/18.6

i‘Nahonal Nutrition Survey. .
Hﬂght and weight were measured at the enrollment hcalth
checkups.
®Mean (5D),
% Body mass index.
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study subjects on enrollment were shown in Table 1
as compared with those for 40-49 years of age in the
National Nutrition Survey in 1996 [34].

Fatty acids selected '

For intake and plasma concentrations for FAs, the

" following 13 FAs were chosen: 14:0 (myristic acid);

16:0 (palmitic acid); 18:0 (stearic acid); 16:1 {palmi-

- toleic acid); 18:1 (oleic acid); 18:2 n-6 (Jinoleic acid:

LA); 18:3 n-6 (y-linolenic acid); 20:3 n-6 (dihomo-y-
linolenic acid); 20:4 n-6 (arachidonic acid: AA); 18:3
n-3 (o-linolenic acid: ALA); 20:5 n-3 (eicosapentae-

- noic acidi EPA); 22:5 n-3 (docosapentaenoic acid:

DPA) and 22:6 n-3 (docosahexaenoic acid: DHA).
Furthermore, total FA (SFAs + MUFAs + PU-
FAs), saturated FAs (SFAs = myristi¢ acid + pal-
mitic acid + stearic acid), monounsaturated FAs
(MUFASs = palmitoleic acid + oleic acid), n-6 poly-
unsaturated ~ FAs  (PUFAs = LA + y-linolenic
acid + dihomo-vy:-linolenic acid- + AA), n-3 PUFAs
(=o-linolenic acid [ALA]+ EPA + DPA + DHA)
and n-3 highly unsaturated FAs (HUFAs = EPA +
DPA + DHA) were also computed.

Calculation of fauty acid intake

We assessed average daily consumption of the 13 FAs,
contributing 79.1'% 3.7% of the total FA intaKe, by
multiplying the food intake (in grams) or serving/
portion size and the nutrient content per 100 g of food
as listed in the Standard Tables of Food Composition, |

“Version4 [35-37] and the Follow-up of the Standard

1

Tables of Food Composition [38].

. Fatty acid analysis

As reported in detail elsewhere [33), in brief, plasma
prepared in tubes with EDTAz2Na was stored at
—80 °C until analysis of FAs by gas chromatography.
We measured FAs in the whole plasma, inéluding
cholesterol ester, phospholipid and triglyceride frae-
tions. The 13 FAs, mentioned above, were deter-

- mined using heptadecanoic acid as an internal

standard [39]. Each FA value was expressed as an
absolute concentration (mgjdt).

The precision of FA measurements in plasma was
also covered elsewhere [33]. In brief, coefficients of
variation within the series ranged from 1.8 to 4.8%
for the 13 FAs and coefficients for day to day- vari-
ation ranged from 2.5 to 7.2%.

Statistical methods

As is well known, intake of FAs is related to energy,
adjustment for energy was made according to re-
gression analysis [7]. In order to detect confounding
effects, we computed Pearson’s correlation: coeffi-
cients {(CCs) betwceen age, BMI, excrcise, alcohol and



smoking habits vs. energy-adjusted consumption and
plasma concentrations, respectively. Using age- and
energy-adjusted intake and age-adjusted plasma
concentrations for éach scason,. we made compari-
sons with ANOVA for repeated measures [40], fol-
jowed by Tukey's multiple r-test. Spearman’s partial
rank CCs were calculated between age- and energy-

adjusted consumption and age-adjusted plasma con-

centrations of FAs for each season [7]. Furthermore,
initer-seasonal Spearman’s partial rank CCs were
computed for age- and energy-adjusted intake and
age-adjusted plasma concentrations of FAs. All tests
were two-sided and.p values of 0.05 or less were re-
garded as statistically significant.

Results.

Relations of age with consumption and concentrations

There were inverse Pearson’s CCs for energy-adjusted.

intake of FAs, except for dihomo-y-linolenic acid and
FAs provided by fish/marine foods (but not statisti-
cally significant), with age, while consistently positive
CCs for plasma concentrations (Table 2).. Inconsis-
tent Person’s CCs were observed for BMI, exercise,

alcohol and smoking habits with consumption and -

plasma concentrations, respectively (data not shown).
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Seasonal differences in consumption and concentrations

Statistically. significant seasonal differences were
observed in age- and energy-adjusted -consumption
for most FAs, except for myristic acid, MUFAs, oleic
acid, n-6 PUFAs, LA, ylinolenic acid, ALA, PU-
FAs/SFAs, and n-6 PUFAs/n-3 PUFAs (Table 3),
and in age-adjusted plasma concentrations for
most FAs, except for 'stearic acid, -linolenic acid, n-
3 PUFAs, ALA, EPA, DHA. and n-3 HUFAs
(Tgble 4y,

Spearmian’s partial rank CCs between intake and
plasma concentrations

Statistically significant Spearman’s partial rank CCs

between age- and energy-adjusted consumption and
age-adjusted’ plasma -concentrations of FAs were
noted for EPA, DHA, »-3 HUFAs, n-6 PUFAs/n-3
PUFAs and n-6 PUFAs/n-3 HUFAs for almost all
‘seasons (Table 5).

Inter-seasonal Spearman's partial rank CCs for
consurnption and plasma concentrations

There were statistically significant inter-seasonal

Spearmran’s pariial rank CCs for most selected

FAs, not only in regarding age- and energy-adjusted

Table 2. Pearson’s correlation .coefficients between age vs. energy-adjusted intake and plasma concentrations of fatty

acids ;
Intake Plasma concentrations
Auturnn  Winter Spring  Summer Autumn Winter Spring  -Summer

Total FA o =037 ~0.29 —0.43 0.50 " 0.47 - 051  0.49%9

SFAs - =0.32 —0.33 0.49 0.46 0.50 0.48
Myristic acid . (14:0) . 0.45 0.45- 0.45 .48

. Palmitic acid (16:0) —0.35 —036 0.46 0.45 0.48 0.46

- Stearic acid . (180 —0.38 - 037 0.55 0.43 0.53 0.48

MUFAs . ) -036 ~ =052 042 0.34 0.41 037"
Palmitoleic acid (161  —031 0.46 0.435 0.51 0.49
Oleic acid o (1&1 - -046 ~0.37  -0.53 0.40 0.32 039 - 0.34

PUFAs . : 0.52 0.49 0.51- 0.52

n-6PUFAs 045 0.36 0.45 0.39
Linoleic acid (18:2n-6) 0.43 0.33 0.41 0.32
y-lidolenic acid (18:3n-6) 0.46 0.26 0.40 0.50
Dihomo-vy-linolenic acid (20:3n-6) 0.26 0.39 0.32 036 _ 0.32
Arachidonic acid (20:4n-6) : C0.27 0.32 038 037

n-3PUFAs . 049" 0.6 .53 0.62-
e-linglenic acid - (18:3n-3) ~0.26  —0.37 0.27 032
Eicosapentacnoic acid  (20:5n-3) 0.46 0.58 047 - 0.58

Docosapentagnoic acid  (22:5n-3)
Docosahexacnoic acid  (22:6n-3) -
n-3HUFAs

PUFAs/SFAs
n-6PUFAs/n-3PUFAs

n-6PUFAs/n-3HUFAs ~0.23

0.46 - ,0.54 0.52 . 049
0.44 0.58 0.50 0.60
0.48 . Q.62 0.52 0.62 .

_ . =027 ' 048  —037 048
-027 —026 -049 -0.35 —048 .

Only statistically significant values for |r| = 0.234 {at p < 0.05), || = 0.309 (at p < 0.01), and Ir| 2 0.386 (atp < 0.001)

are listed. -

Oy
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Table 3. Comparison of age- and energy-adjusted daily intake of falty acids by season

Autumn’ Winter Spring Summer
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Total FA (mg) 46,751 (9820 43,908 (8627)° 44,484 (9543) . 43,389 (9303)°
SFAs : (mg) 14,554 (3598 13,730 (3175) 13,451 (2814}  13;181 (2904)%
Myristic acid (14:0) (mg) 1348 (510) 1235 (493) . 1190 (399) 1237 (410)
.Palmitic acid (16:0) {mng) 9461 (2211)° 8920 (1943). © 8850 (1781) 8601 (1815
Stearic acid ~ (18:0)  (mg) . 3744 (1002¢" 3572 (901) 3411 (740)° '3343 (810)>
MUFAs (mg) 18,547 (4455) 17,566 (3998} 17,882 (4182) 17,420 (4363)
Palmitoléic acid- (16:1)- (mg) 1048 (321" 990 (304) 940 (243)° . 913 (288)°
Oleic acid {18:1) (mg) 17,498 (4201) 16,576 (3826) 16,942 (4008) 16,507 {4163)
PUFAs ' (mg) 13,651 (3182)* 12,611 (2781 13,150 (3308) 12,788 (3145)
n-6PUFAs (mg) 11,052 (2823) 10,231 (2340) 10,805 (2804) 10,477 (2676)
Linoleic acid (18:2n-6) (mg) 10,878 (2815) - 10,074 (2333) 10,648 (2787) 10,332 (2660)
y-linolenic acid (18:3n-6) (ug) 104 (287) 145 (324) 108 {257) 117 (215}
Dihomo-y-linolenic acid (20:3n-6)  (mg) 26 (7% 23 (6 N (5 21 (6
" Arachidonic acid {20:4n-6}  (mg) 148 (37)°> 135 (34 134 (39)° 124 (40)*
n-3PUFAs (mg) 2599 (655)™ -2380 (643) 2346 (704) 2311 (725)°
c-linofenic acid (18:30-3)  (mg) 1615 (448) 1524 (477) 1591 {580) 1552 (529)
Eicosapentaenoic acid  (20:50-3)  {mg) 320 (179)** 277 (136) 277 (13)° 239 (156)°
Docosapentaenoic acid  (22:5n-3)  (mg) 87 (46)°% 75 (38) 67 (36)" 70,(47)° -
Docosahexaenoic acid  (22:6n-3) (mg) 577 (251 504 (204) 457 (197 449 (235)°
n-3HUFAs {ing) 984 (467)° 856 (369) 755 (357)° 758 (431)°
PUFASs/SFAs 1.0 {0.3) 1.0 0.2 1.0 (0.2 1.0 (0.3}
 n-6PUFAs/n-3PUFAs 4.4 (1.2) 4512 4.8 (1.2) 4.8 (1.3)
" n-6PUFAs/n-3JHUFAs 15.1 (12.1)*° 155117 18.6 {i2.8)° 19.1 (12.8)°
Statistically significant according to ANOVA for repeated measures.
2bed gratistically significant at least at P < 0.05 among the respective superscript values,
Table 4. Comparison of age-adjusted plasma concentrations of fatty acids by season
Autumn . Winter Spring Summer
Mean. (SD) Mean (SD) Mean (SD) Mean (SD)
Total FA (mgfdl) 299.2 (39.5° 2851 (49.5)°° . 299.2 (62.8)>  297.0 (57.4)
SFAs . (mg/dl) 902 (221 847 (16.6°%  89.2 QL7 9.5 (20.3)°
Myristic acid - (40) © (mgfdl) 21-(1.08° L9 (o7 2.1 (1. 2.1 (0.9}

- Palmitic acid (16:0) . (mg/dl) 644 (15.8)° 59.8 (12.2°*  63.4 (16.0)° 63.6 (i5.1)°
Stearic acid (18:0) (mg/d)  23.6 (4.5) 23.0 (4.2) 23.8 (5.0) 23.8 (4.9)
MUFAs. - (mg/dl)  63.3 (164 58.5 (13.1)%° 62.3 (17.6) 63.6 (16.1)°
Palmitoleic acid (16:1) (mg/dl) 62 (2.4 5.6 (2.1 6.0 (2.4) - 6.4 (2.5°
Oleic acid (18:1) (mp/dl)  57.1 (14.2)™ 529 (11.3¥° 6.3 (15.5) §7.2 (14.0)°

PUFAs - (mg/dl) 1458 (24.9) 141.9 (2270 147.7 (26.9"° 143.9 (24.7)
n-6PUFAs © (mg/dl) 1193 (20.5) © 1154 (17.8)* 1219 (21.3)*®  117.0 19.5)
Linoleic acid (18:2n-6) (mg/dl) 94.1°(17.6) 90.4 (15.2)* - 957 (18.0)°° 91,7 17.2)°
y-linolenic acid (18:3n-6)  (mg/dl) 25(1.0) 2.4 (1.9) 25(.1 2.5 (0.8)
Dihomo-y-linolenic acid (20:3n-6) (mg/dl) 3.0 (1.0) 2.8 {1.0)® .000.28 3.0 1L.L)°
Arachidonic acid  (20:4n-6) (mg/dD 197 382 19.9(3.5) WEGIFT 196340
n-3PUFAs (mgfdh) 283 (B.0) - 282 (8.0) 21.6 (9.2) 28.6 (9.1)
w-linolenic acid ~ (18:3n-3} (mg/dD) 0.7 (0.5) 0.6 (0.5} 0.7 (0.6) - 0.7 (0.6)
Eicesapentaenoic acid  (20:5n-3) -(mg/dl) - 7.7 (3.3) 8.1(37 7.4 (3.9) 7.9 (4.2) rE'F /d :
Docosapentaenoic acid  (22:5n-3)  (mg/dly . 2.1 (0.6) 2.0 (0.6 - 200.7 22070
Docosahexaenoic acid =~ (22:6n-3) (mg/dl)  16.0 (4.1) 157 (4.0) 15.6 (4.5) 16.1 (4.3} PHA
n-3HUFAs ) (mgfdf) 258 (1.5 258 (7.6) 251 (8.6 . 26.1 (8.8) '
PUFAs/SFAs 1.6 (0.2) 1.7 (0.1° 1.7 (0.3) 1.6 (@2
n-6PUFAs/n-3PUFAs 48 (1.4) 4.7 (1.3 5.1 (1.4)%° 47 (13",
n-6PUFAs/n-3HUFAs -4.9 (1.4) 4.8 (1.4 5.2 (1.4)2" 48 (1.3)%

Sgcatislically significant according to ANOVA for repeated measures.
*>* Statistically significant at Icast at p < 0.05 among the respective superscript values,
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Table 5. Spearman’s partlal rank correlation coefficients belwccn age- and energy-adjusted intake and age-adjusted plasma

concentrations of fatty acids by season

Antumn Winter Spring Surmer
Total FA
SFAs :
Moyristic acid (14:0)
Palmitic acid - - (160)
. Stearic acid (18:0)
MUEAs -
Palmitoleic acid (16:1)
Qleic acid ©(181)
PUFAs
n-6PUFAs .
Linoleic acid (18:2n-6)°
vy-linolenic acid- (18:3n-§)
Dihomo-v-linolenic acid  (20:3n-6) 028  * :
Arachidonic acid (29:4n-6) 0.30 * .
n-3PUFAs - . , 0.38 *
o-linolenic acid (18:3n-3) .
Eicosapentaenoic acid 0.51 HE 0.51 ik 0.58 ek

(20:50-3)  0.63  #x
£ 3

Docosapentaenoic acid (22:50-3) 0.27

Docosahexaenoic acid (22:60-3) . 033 **
n-3HUFAs . 0.50 ok
PUFASs/SFAs
n-5PUFAs/n-3PUFAs - ' . 044 *E¥
n—6PUFAsjn—3HUFAS 0.64 e

0032 % 030 .+
041 ° ok 0.43 ¥4 0-45 : k%

0.30- * 0.40 TrE 047 = e
0.50 w40 LEEE 0.58 =

Only statistically significant values for * p < 005 *p

intake but also age-adjusted plasma concentrations

(Table 6). Furthermore, the vaiues-for plasma con--

centrations were almost consistently greater than
those for consumption.
Discussion

Above all, we assume that our WDRs are accurate
because they. were provided by female dietitians. We

formerly reported the existence of great within-indi-

vidual variation in consumption of energy and 30
nutrients, Including FAs [10]. The next greatest dif-
ferences were caused by season, followed by sequence

of days and day of week. We here demonstrated

magnitude and patterns of seasonal variance in
plasma concentrations as well as intake of FAs,
suggesting that we should take into account seasonal
variation in case-control and cohort studies.
There were discrepant patterns in seasonal variance
between intake and plasma concentrations of FAs,
This illustrates the fact that there is great within-in-
dividual variation in food consumption in free-living
people. Furthermore, there niay be time lag between
7-day diet intake and plasma concentrations of FAs.

On the other hand, plasma concentrations are not .

entirely modified by day-fo-day within-individual
variation since there is a homeostatic system in ac-
tion, depending on intake, absorption, metabolism
and excretion [41, 42).

< (.01, and ***p < 0.001 are listed.

In’ the present investigation there were significant.
CCs between consumption and -plasma concentra-

tions of FAs related to n-3 PUFAs, EPA, DHA and

n-3 HUFAs taken specifically from fish/maring foods

for almost all seasons [12; 13, 15-17, 30, 43-45]. Both
n-6 PUFAs and n-3 PUFAs are essential FAs; how-
ever, no significant positivefinverse CCs were ob-

_ served for n-6 PUFAs parily because n-6 PUFAs

ubiquitously exist in foods, including vegefable oils
and plants. SFAs and MUFAs are deposited in"our
organs/tissues, metabolized into energy or biosyn-
thesized from dietary nutrients including carbchy-
drates and proteins. Thus; it appears plausible that
no direct relationship may be evident. ‘
There were seasonal differences in age- and energy-
adjusted intake as well as age-adjusted plasma con-
centrations of FAs, but were positive inter-seasonal
age- and energy-adjusted Spearman’s partial rank
CCs for most FAs. Thus, ranking people according

to consumption as well as plasma concentrations may -

be possible if we match season between cases.and
controls. Because the values of age- and energy-ad-
justed Spearman’s partial rank CCs for plasma con-
centrations were pgreater than- those of intake,

homeostasis in plasma concentrations is mdu:ated as '
mentioned above. Furthermore, individual appetite

appears (o be maintained throughout the year.
While we noted here that age could be a crucial
confounding factor inversely associated with intake

of FAs, it has been found to be positively related to

18
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Table 6, Inter-seasonal Spearman’s partial rank correlation coefficients between age- and energy—adjusted intake and age-adjusted plasma concentratiqhs of fatty acids

056

Autumn vs. winter Winter vs.-spring Spring vs. summer Autumn vs, springg  Autumn ‘\fs. summer Winter vs, summer
Intake  Plasma’ Intake’ Plasma  Intake Plasma  Intake  Plasma  Intake . Plasma  Iatake Plasma
Tota] FA - 0.62. 076 0.67 078 - 053 0.75 053 . 074 0.60 0.69 0.5 Q.78
" SFAs ‘ Q.52 0.78 - 0.53 0.79 0.42 078 . 040 0.74 0.53 . 0.74 0.53 | 0.84
MUFAs . 0.56 0.71 0.65 0.67 0.51 0.64 0.54° 0.72 0.52 0.65 o055 0.72
PUFAs : 0.53 0767 . 059 0.74 0.56 a.72. 51 Q.75 0.54 0.69 0.43 0.67
© n-6PUFAs . : 0.56 0.66 0.56 . 0.72 0.55 0.60 048 074 - 0.55, 0.63 043 - 061
_ _n—3PUFAs - 0.52 060 053 - 055 036 0.63° 045 " 0.61 D 0.29 0.67 0.29 0.57
n-3HUFAs ) 0.26 0.58 . 0.54 . 0:62 } ! 0.61 . 0.66 0.56-
PUFAs/SFAs 047 0.52 044 042 0.44 0.43 027 059 0.35. 0.61 042 0.51
n-6 PU’FAS/n-3 PUFAs ©0.37 0.53 037 G.56 0.27 0.45 . 0.57 0.33. 0.58 0.35 0.44
n-6PUFAs/n-3HUFA : . 0.53 0.31 0.55 0.43 0.54 Q.25 ©0.56 A - 0.46

Ounly statistically sigm'ﬁca'nt values for [r|20.234 (atp < 6.05), [r]20.309 (at p < 0.01), and {r|>0.386 {at p < 0.001) are listed.



plasma concentrations [33, 46-50]. For the former, it
may be due. to the fact that consumption of animal
proteinffat, except for fishfmarine FAs, as well as
energy is relatively low and a traditional Japanese
diet is maintained by elderly people. The finding of a
positive correlation between plasma concentrations
and age, despite this reduction in intake according to
age, is intriguing and clearly. deserves further atten-
tion. The role played by the physmloglc system also
warranis more stress,
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Dietetics Association for their participation in this
study, and to Ms Y. Kube, Ms Y.-Tto, Ms K. Ni-

shiyama and Dr M.A. Mpore for their technical and

Since we carried out this stedy in women, effects of*

smoking and drinking’ were not detected because
these habits are not so prevalent in Japanese female,
as mentioned above. It scems to us that smokers tend
to consume less energy and fatsjcn]s In contrast,
drinkers are likely to eat fish/marine foods as appe-
uzers/hors d’oeuvres to alcchol. These.factors are
important in terms of interactions and/or confound-
ing in epidemiologic studies on diet and health [51,
52].

There may be crmque that the results cannot be
- generalized because the study subjects were dietitians.
‘We respond that internal validity is prerequisite for
external validity (generalizability) - [53]. In .other
words, external validity is not attained unless the

method is internally valid, which is particularly the

case for dietary studies because to secure dietary in-
formation from the general public is problematic.
Bearing those strengths and weaknésses in mind, we
proposed the JADE Study and delivered a self-ad-
ministered SQFFQ) and lifestyle questionnaire to die-
titians to assess the relations between diet and health/
disease, which is, to our knowledge a worldmde new
_approach
In summary, seasonal’ discrepancies among intake
and plasma concentrations of FAs were found-in the
present study; patterns substantially differing be-
tween intake and plasma concentrations. Thus, we
should keep in mind scasonal effects, although the
impact did not seem so great compared with within-
individual variation and there were positive inter-
seasonal Spearman’s partial rank CCs in intake and
" plasma concentrations for most FAs. Matching/ad-
Jjusting of seasons is recommended when classifying

language assistance in preparing this manuscript.
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increases arachidonic acid contents in plasma
phospholipids, but does not increase their
metabolites and clinical parameters in Japanese
healthy elderly individuals: a randomlzed -
controlled study .
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Abstract - - ' . ' . R

Background: The importance of arachidonic acid (ARA) among the elderly Kas recently gained increased attention.
The effects of ARA supplementation in the elderly are not fully understood, although ARA is considered fo be
associated with various diseases. We investigate whether ARA sUpplémeéntation to Japanese elderly subjects affects
clinical parameters involved in-cardiovascular, inflammatory, and allergic d|seases We also examine the levels of
ARA metabolites such as prostanoids during intervention,

Methods: We conducted a randomized, double-blind and placebo- controlled parallel group mterventlon trial..ARA- |
enriched ol (240 or 720 mg ARA per day) or placebo was administered to Japanese healthy men and women
aged 55-70 years for 4 weeks followed by a 4-week washout pericd. The fatty acid contents of plasma
phospholipids, clinical parameters, and ARA metabolites were determined at baseline, 2, 4, and 8 weeks.’

Results: The ARA content in plasma phospholipids in the ARA-administrated groups increased dose-dependently
and was almost the same at'2 weeks and at 4 weeks. The elevated ARA content decreased to nearly baseline
during- a 4-week washout period. During the supplementation and washout periods, no changes were observed in
eicosapentaenoic acid and docosahexaenoic acid contents. There were no changes in clinical biood parameters
related to cardiovascular, mﬂammatory and allergic diseases. ARA supplementation did not alter the level of ARA
metabolites such as urinary 11-dehydro thromboxane B, 2,3-dinor-6-keto prostaglandin (PG) F14- and 9,15-dicxo-

1 1a-hydraxy-13,14-dibydro-2,3 4,5-tetranor-prostan-1,20-dioic acid {tetranor-PGEM), and plasma PGE; and lipoxin A,.
ARA I plastma ph05phohp|ds was not comrelated with ARA metabolite levels in the blood or urine.

Conclusion: These resu]ts indicate that ARA suppiementanon even at a relatively high dose, does not increase
1. ARA metabolites, and suggest that it does not induce cardiovascular, inflammatory or allergic diseases in Japanese
elderly individuals. - -

Keywords: arachidonic acid, thromboxane A, prostacyclin, prostagll'a_ndih E,, cardiovascular. diseases, inflammation
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Background

- Arachidonic acid (ARA) is an n-6 essentml fatty acid
that is a major constituent of biomembranes. It is con-
verted into lipid mediators that exert various physiologi-
cal actions. ARA is synthesized in the body from dietary
" linoleic acid {LA) and additionally most adults consumsé
- 50-250 mg/day of ARA from foodstuffs [1-3].

The consumption of ARA in breast milk is very impor-
tant for infant development since the activity from LA
conversion to ARA is low in'infant [4}. The conversion of
LA to ARA declines with age [5], and the importance of

ARA supplementation among the elderly has recently
gained. increased attention. It has been reported that sup-

plementation with ARA among the elderly improves cog-
nitive response [6] and coronary flow velocity reserve {7]
and some animal studies support these findings [8-11].
However, many studies show that lipid mediators
derived from ARA aré associated with various diseases.
For example, thromboxane A, (TXAj) is associated with
cardiovascular diseases via its activation of thrombogeni-
city and vasoconstriction, whereas prostaglandin E,
(PGE,) leads to inflammation and might enhance tumor
growth [12-14]. Levels of the urinary TXA, metabolite,
11-dehydro TXB,, have been shown to be highér in
patients with heart fdilure (3.4-fold),- ischemic heart dis-
ease (1.4-fold} [15] and essential hypertension [16].
Plasmma PGE, levels are also high in patients with ulcera-

-tive ‘colitis [17] and advanced periodontitis [18], and

levels of its urinary metabolite, tetranor-PGEM, are epi-
demiologically higher in colofectal cancer [19]. The rela-

tionship between lipids mediators and diseases is-

speculated based on the fact that cyclooxygenase (COX)
inhibitors are effective against these conditions {14,20].
Many clinical trials 6f ARA supplementation have been
done on infants [4], but there are a few reports describe
the administration of ARA or ARA- -¢containing oil to
adults [21-23]. Among healthy males who consumed 1.5
g/day of ARA (as free ARA) for 50 days-[21,22] or.838
mg/day of ARA for 4 weeks [23] in randomized controlled
studies, platelet aggregation did not change and adverse
effects did not occur. Both.urinary 11-dehydro TXB; and
‘2,3-dinor-6-keto PGY,, slightly increased in the former
study [22]. However, it remains unclear whether ARA
intake evokes the clinical parameters in the speculated dis-

eases in the elderly. It is also unclear whether ARA intake

increases lipid mediators derived from ARA in the elderly.
The present study investigates the effects of 240 or
720 mg/day of ARA, which is much more than that
derived from food, on Japanese healthy elderly indivi-
duals. We determined clinical parameters of cardiovas-

~ cular, inflammatory, and allergic diseases in blood as
well as ARA content in plasma phospholipids and urin-
ary and plasma lipid mediators. Correlations between

24
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ARA content in plasma phospholipids and llpid media- .

tor concentrations wére also determined.

Materials énd methods

Study design

This randomized, double- blmd and placebo-controlled

parallel group intervention trial evaluated the effects of
daily ARA supplementation on cardiovascular disease
and/or inflammation. The Ethics Committee on Human
Experimentation of Suntory Holdings Lid. approved the
stidy, which conformed to the-principles set forth in
the Declaration of Helsinki. Written informed consent
was ‘obtained from the participants of. this-study:-Physio-
logical parameters and blood and urine were sampled at
the time of recruitment starting in August 2010. One
hundred and eighteen participants were screened and

" randomly assigned to placebo, low-ARA or high-ARA

groups. Participants received 10 gelatm capsules con-
taining either ARA or a placebo every morning for 4
weeks followed by a 4-week washout period. Blood and

- urine were sampled, a study diary was distributed and

collected and dietary intake was assessed at baseline
(week 0, within 4 weeks of recruitment) and again at 2,
4 and 8 weeks later. The fatty acid composition of the

oils used in this study is shown in Table 1. The placebo

. Table 1 Fatty acid cbmpcsition of test capsules

Fatty acids' . Group
%) - " Placecbo | Low-ARA High-ARA
140 00 62 05
150 00 00 02
16:0 122 ne 13,
16:1 12 Y 00
170 0.0 o 03
180 28 - 45 8.1
18 723 503 63
182n-6 96 g4 89
"183n-6 00 " 09 26
“183p3 07 06 04
200 04 06 .09
- 200 03 . 03 . 04
20206 00 02 . 07
20306 00 14 < 4D
20406 . 00" . 142 429
220 o1 12 33
12406 00 02 » s
24:0 00 26 75
Crthers 04 06 1.2,

T340, myristic acid; 15:0, pentadecanoic acld; 16:0; palmitic acid; 16:1,
palmitoleic acid; 17:0, heptadecanoic acid; 18:0, stearic acid; 18:1, oleic acid;
18:2n-6, linoleic acid; 18:3n-6, T-linolenic acid; 18:3n-3, a-linolenic acid; 20:0,
eicosanoic acid; 20:1, eicosenic acid; 20:2n-6, eicosadienoic acid; 26:3n-6,
dihemo-y-linolenic acid; 20:4n-6, arachidonic acid; 22:0, behenic acid; 22:4n-8,
docosatetraenoic acid; and 24:0; lignoceric acid.

.
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group consumed 1700 mg/day of commercially available
olive oil. The high-ARA grotip consumed 1700 mg/day
of an ARA-enriched edible oil derived from Mortierella
alpina (SUNTGA40S; 720 mg/day of ARA) [24]. The
low-ARA group received 570 mg/day of ARA-enriched

-0il and 1130 mg/day of olive oil (240 mg/day of ARA).-

Blood and urine samples were obtained after an over-
night fast for > 10 hours on the morning of each assess-
ment. Cardiovascular risk parameters: included
prothrombin time (PT), activated partial thromboplastin
time (APTT), antithrombin II (ATIII), high-sensitivity
C-reactive protein (hs-CRP) and adiponectin. Allergic
" parameters included nonspecific immunoglobulin E
* (IgE) levels and eosinophils (EO). Inflammatory para-
meters comprised C-reactive protein (CRP), interleukin-
6 (IL-6) and tumor necrosis factor-o. {TNF-o} levels.
Urinalysis was conducted for quantitative analysis of
creatinine (Cre) and qualitative analyses of protem, glu-
cose and urobilinogen.

_Participants .
Healthy men and women aged 55-70 years living in
Tokyo and its environs were recruited. Exclusion .criteria

* were as follows: allergy to.gelét’m or olive oil; continuous

consumption of drugs or supplements that affect lipid .

metabolism; continuous intake of non-steroidal anti-
inflammatory or anti-allergic drugs; a history of serious
disorders such as cardiac infarction, cerebral infarction,
stroke, cancer, asthma; and clinically significant systemic
diseases. Participants were randomly assigned to the
three groups matched by gender, age, hs-CRP, PT and
estimated ARA content (%) in plasma phospholipids. To
- quickly estimate the ARA content in plasma phospholi-
pids at the recruitment, the estimated ARA content was
calculated from triglycerides (TG, mgldL} phospholipids
(PL, mg/dL) and the ARA content in total plasma faity
acids as: (ARA content in total plasma fatty acids)x(TG
+ PL)/PL..This rough estimation is based on the fact
that the ARA content is much smaller in. plasma TG
than in plasma PL (the ARA in plasma TG is negligibly-
small for the rough estimation), and used only for quick
assignment to the three groups. -

.Chem[cals and apparatus
We purchased 11-dehydro TXBZ, 9,15-dioxo-11a-

hydroxy-13,14-dihydro-2,3,4,5-tetranor-prostan-1,20-

dioic acid (tetranor-PGEM) lipoxin A4 (LXA4), 11-dehy-
dro TXB,-d4; 9,15-dioxo-11ct-hydroxy-2.3, 4,5-tetranor-
. prostan-1,20-dioic-13,13,14,14,15,15-d6 acid (tetranor-
PGEM-d6), and LXA,-d5 from Cayman Chemical {(Ann
Arbor, MI, USA). Fatty acid methyl esters were chroma-
tographically separated and detected using an Agilent
6890 GLC system (Agilent Technologies, Santa Clara,
CA, USAY equipped with a Supelco SP-2330 column (30
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m x 0.32 mm x 0.2 pm, Sigma-Aldrich, St. Louis, MO,
USA). Lipid mediators were chromatographically sepa-
rated and detected using.an Agilent 1200 HPLC system
(Agilent Technologies) equipped with a Cadenza CD-
C18 column (3 pm, 2 mm jid. % 150 mm, Imtakt,
Kyoto, Japan) and a 4000 Q TRAP with electrospray
interface (AB SCIEX, Foster City, CA; USA).

Fatty acid analysis

Lipids in plasma were extracted and purtfled by the:
method of Folch et al. [25]. Patty acid residues in lipid .
fractions were analyzed by the method of Sakuradani et

al. [26]. In brief, each:fraction was incubated with an

internal standard (pentadecanocic acid) in methanolic

HC! at'50°C for 3 h to transmethylate fatty acid residues

to fatty acid' methyl esters, which were extracted with n- -
hexane arid analyzed by capillary gas-liquid ‘chromato-
graphy. Plasma was directly transmethylated without
extraction or fractionation when we calculated the esti-
mated ARA content 1n plasma phospholipids.

Analysis of urinary metabolites of lipid mediators -
Urine samples were stored at -80°C for 5-41 days before
measurement of metabolites.
Urinary 11-dehydro TXB; was measured by LC-MS/
“MS. Urine samples (0.5 mL), to which 11-dehydro
TXBy-d4 was added as an internal standard, were
diluted with 1 mmol/L HCI to a final volume of
approximately 3 mL and léft for 1 h at room tempera-
ture. The mixtures wére applied to preconditioned SPE
cartridges (Empore disk cartridge C18-SD, 3M, St. Paul, '
MN, USA); and the cartridges were washed -with 1
mmol/L HCl, water and hexane. 11-Dehydro TXB, and
11-dehydro TXB,-d4 were then eluted with 1 mL of
hexane/ethyl acetate (1/1, v/v). The eluates were.dried
by centrifugal evaporation, re-dissolved in 0.1 mL of
acetonitrilefwater/formic acid (250/750/1, v/v/v) and
then transferred to brown glass vials at 10°C. Portions
of these elute (20 pL) were injected into LC-MS/MS.
Solvent A was 5 mM ammonium acetate (pH 5.5) and
solvent B was acetonitrile. The separation was per-
formed in an’isocratic mode with 35% solvent B at a

flow rate of 0.2 mL/min and a column temperature of . -

40°C. The mass spectrometer was operated in the nega-
tive ion meode. 11-Dehydro TXB, and 11-dehydro
TXB;-d4 were detected in selected reaction monitoring
(SRM) mode by monitoring mass transitions of m/z 367
305 for 11-dehydro TXB,, and m/z 371 — 309 for
‘11-dehydro TXB,-d4 at a collision energy of -23 V.
Urinary tetranor-PGEM \»\-r'as measured by LC-MS/MS
+according to the modified method of Murphey et al.
[27]. Urine saxﬁples (0.1 mL) to which tetranor-PGEM-
d6 was added as an internal standard were diluted with
1 mmol/L HCl to a final volume of approximately 1 mL.
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The diluted samples were mixed with 0.5 mL of O-
methylhydroxylamine hydrochloride in 1.5 M sodium
acetate buffer pH 5 (16%, w/v) and left for 1 h at
room temperature. The mixtures were applied to SPE
cariridges as described above, and the cartridges were
washed with 1 mmol/L HCl. Tetranor-PGEM and tet-
ranot-PGEM-d6 were then eluted with 1 mL of ethyl
acetate. The eluates were dried, re-sblved and trans-
ferred as described above, Portions of these elute (20
ul) were injected into LC-MS/MS. Solvent A was

water/formic acid (100/0.2, v/v} and solvent B was
acetonitrile/methanol/formic acid (95/5/0.2, v/v/v). The.

separation was performed at a flow rate of 0.2 mL/min
and a column temperature of 60°C using the. following
linear gradient: 0-4.8 min, 30 to 94% solvent B; 4.8-
5.75 min, 94 to 30% solvent B; 5.75-14.8 min, 30% sol-
vent B. The mass spectrometer was operated in the
negative ion mode. Tefranor-PGEM and tetranos-
PGEM-d6 were detected in SRM mode by monitoring
mass transitions at m/z 385 — 336 for tetranor-PGEM,
and m/z 391 — 342 for tetranor-PGEM-d6 at a colli-
* sion energy of -25 V,

Urinary 2,3-dinor-6-keto PGF,, was measured using
an enzyme-linked immunosorbent assay (EIA) kit (2,3-
_dinor-6-keto Prostaglandin Fy, EIA Kit, Cayman Cherni-

cal Company). Urine samples (0.5 mL) were diluted

with 1 M sodium citrate buffer pH 4 to a final velume
of approximately 1 mL and then vigorously miked with

4 mL of ethyl acetate. The mixtures were separated by-
¢entrifugation and the upper phases were collected. The -

liquid-liquid extractiory with ethyl acetate was performed
three times and three upper phases of one urine sample

were pooled. The pooled extracts were dried by centri-’

fugal evaporatlon and re-dissolved in assay buffer for
. analysis.

Analysis of plasma lipid mediators

Blood samples for lipid mediators were collected in
. vacuum blood collection tubes containing EDTA-2Na
and a final concentration of approkimately 18 uM of
sodium indomethacin. Plasma separated within' 1 h was

then stored at -80°C for 10-93 days before measurement

of mediators.

Plasma.PGE, was measured using an EI’A kit (Prosta-
glandin E; EIA Kit - -Monoclonal, Cayman- Chemical
'Company). Plasma samples (1 mL) to which 5 pL of for-

mic acid was added were diluted with 1 mmol/L HCl to-

a final volume of approximately 3 mL. The mixtures
- were applied to preconditioned SPE cartridges {BondE-
* lut C18, Agilent Technologies), and the cartridges were
washed with 1 mmol/L HCl and hexane. PGE, was then
eluted with 1 mL of ethyl acetate/methanol (99/1, v/v).
The eluates were dried by centrifugal evaporation and
re-dissolved in assay buffer for analysis.
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Plasma. LXA, was measured by LC-MS/MS. Plasma

- samples (1 mL) to which LXA,-d5 was added as an’
. internal standard were diluted with water/acetic acid
~ (1000/5, v/v) to 4 final volume of approximately 3 mL

and applied to preconditioned SPE cartridges (FOCUS,
20 mg/3 mL, Agilent Technologies). The cartridges were
washed with water/acetic acid (1000/5, v/v) and water.

LXA. and LXA4-d5 were then eluted with'1l mL of -

methanol/acetonitrile/acetic acid (600/300/1, v/v/v}. The
eluates were dried, re-solved and transferred as
described above. Portions of these elute (20 pL) were
injected into LC-MS/MS. Solvent A was water/formie
acid (100/0.2, v/v) and solvent B was acetonitrile/metha-

_nol/formic acid (95/5/0.2, v/viv). The separation was '
performed at a flow rate of 0.2 mL/min and a column

temperature of 60°C using the following linear gradient:
0-3.75 min, 50 to 98% solvent B; 3.75-5 min, 98% sol-
vent B; 5-5.75 min, 98 to 50% solvent B; 5.75-14.8 min,

. 50% solvent B. The mass spectrometer was operated in

the negative jon mode. LXA, and LXA,-d5 were

detected in SRM mode by monitoring mass transitions:

at m/z 351 — 115 for LXA, and m/z 356 —> 115 for
LXA,-d5 at a collision energy of -22 V.

Dietary assessment and study diary

Dietary habits during the preceding month were
assessed using the brief se)f-administered diet history
questionnaire (BDHQ) [28]. Dietary intake was esti-
mated using an ad hoc computer algorithm for the
BDHQ based on the Standard Tables of Food Composi-
tion in Japan [29,30]. Participants were asked to keep a
record throughout the study about intake of the test
capsules, the presence of symptoms, amount of exercise,
amount of food and alcohol consumed and the use of
medication. :

Statistical anélysis
Results are expressed as means +
that exceeded the upper limit of detection (1000 pg/dL)
were rounded down to 1000 pg/dL and comprised of
one measurement in the low-ARA group at baseline,
one in the placebo group, one in the low-ARA group at
2 weeks and two in the high-ARA group at 4 weeks.

For physxologlcal parameters, blood biochemical para-
meters except hs-CRP, hiematological parameters, fatty

acid composition of plasma phospholipids, urinary meta- -

bolites of lipid mediators and plasma-lipid mediators,
intra-group comparisons at 2, 4 or 8 ‘weeks versus base-
line were analyzed by repeated ANOVA and Dunnett’s
test using the actual values; inter-group comparisons at
2, 4, or 8 weeks were analyzed by ANOVA and the
Tukey-Kramer test using the changes from baseline
values. For hs-CRP, intra-group comparisons were ana-

lyzed by Friedman -test and Steel test; inter-group

SD. 'Hs-CRP values _

PN
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comparisons were analyzed by Kruskal-Wallis test and
Steel- Dwass test. For dietary intake of nutrients, intra-
group comparisons at 4 weeks versus baseline were ana-
lyzed by a paired student t-test; inter-group comparisons
at 4 weeks were analyzed by ANOVA and Tukey-Kra-
mer test. For compliance rate, inter-group comparisons
were analyzed by ANOVA and Tukey-Kramer test. For
adverse events, inter-group comparisons were analyzed

by Kruskal-Wallis test. All p values were two-tailed, and-
a p value of < 0.05 was considered statistically

significant.

.Results

Characteristics of the participants

One participant in the placebo group withdrew for per-
- sonal reasons and another was excluded due to meeting

“one of the exclusion criteria. Thus, we analyzed data

generated from 64 participants in three groups (placebo,
n = 20; low-ARA, n = 22; and high-ARA, n = 22}
(Figure 1). The mean compliance rate was > 95% across
the three groups and did not differ significantly among

them. Side effects did not arise. The numbers of adverse *

events that developed were six among five participants
in the placebo group, eight among six in the low-ARA
group and twelve among six in the high-ARA group.
None of these adverse events were severe and their fre-
_ quency did not significantly differ among the groups.
The adverse events were common cold (all groups),

"eczema {placebo and low-ARA groups), diarrhoea (high-

| Assessed for eligibility (n=118) . |

Excluded {n=52}

~Not meeting inclusion
criteria (n=43)
-Eligible but not

recruited (n=7) -

I Randomized (n=66} ] B
Placebo group Low-ARA group High-ARA group
| (n=22) - .| {n=22) : (n=22)

J.ost to follow-up- | | Lostio follow-up Lost to follow-up )

(n=0) (n=0) (n=0)
Discontinued Discontinued Discontinued
(n=0) . lo=0

(0=1)-
Analyzed (n=22) | Analyzed (n=22)
Excluded (n=0) Excluded (n=0

Andlyzed (n=20)
Excluded (n=1)

Figure 1 Flow diagram of participants included in the present
analysis,

.
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ARA group), toothache (low-ARA group), and bone
fracture (placebo group).

Baseline characteristics of the three groups are shown
in Table 2. All groups wére balanced with respect to
gender, age, BMY, aleohol consumption, smoking status
and exercise. Neither hs-CRP, PT nor cardiovascular
risk parameters differed significantly among the groups.
The mean ARA content in plasma phospholipids ranged
from 8.2-8.8% among the three groups and other poly-
unsaturated fatty.acids also did not differ among them. -
Macronutrierit intake duxing the preceding month at
baseline or at 4 weeks later did not differ among the
groups-or-at any time point {Table 3). The daily ARA
intake derived from food ranged from 170-200 mg/day
in all three groups with no significant differences. The .
daily intakes of DHA and EPA were 300-500 mg/day
and 500-800 mg/day, respectively. - '

Fatty acid profiles of plasma-phospholipids.

The ARA content in plasma phospholipids in-the high- -
ARA group increased from 8.77 + 1.32% (means % SD)
at baseline to 14.02 % 1.50% at 2 weeks, and was almost
the same at 4 weeks (14.33 t 2.14%). The elevated
ARA content declined almost to the initial level-during

Tab!e 2 Basehne characteristics of the participants’

Group
Characteristics” Placebo Low-ARA  High-ARA .
. . (n=20) =22 - h=22)
Gender (Female) n 12 13 12
Age Ty 63138 62843 62942
B © kg/m® 215%24 225+20 225%3)
Alcohol consumption ’ .
Pasitive n 1 13 9
Negative .0 G 9 Co 13
..Smoking status
Paositive n 4 3 "3
Negative ‘n 16 13 19
Exercise
Habitial -~ n . 11 RT3 14 -
Nonrhabitual n 9 7 8 .
his-CRP po/dl 113+98 1062153 104+ 116
PT % 91485 D4£86  95+65
HbATC %_ 49+02 4903 . 4904
FA composition .
182n-6 % 1833+ 264 1891 :: 216 1778 £ 262
204n-6 % 8274126 861+082 877132
205m-3 % 285130 317 +£142 359+215
22:6n-3 % 783+£142 810x127 B4 £229

"Values are means + SD. No significance among the groups [ANOVA and
Tukey-Kramer or Xruskal-Wallis tests). .

%hs-CRP, high-sensitivity CRP; PT, prothrombin time; HbAic, hemogiobin Al
FA, fatty acid; 18:2n-6, linoleic acid; 20:4n-6, arachidenic acid; 205n-3,
eicosapentaendoic acid; 22:6n-3, docosahexaenoic acid.
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Table 3 Calculated daily nutrient intake at baseline and after four weeks of supplernentation v
Nutrient ) * Baseline {week 0) . Supplementation {week 4)
' Placebo Low-ARA High-ARA . Placebo Low-ARA High-ARA
Energy keal/d 1871 + 483 1779 + 439 2017 + 636 1973 + 550 1748 = 410 1945 + 457
Protein g/d 734+ 216 670 £ 172 780 + 222 746 + 214 635+ 178 770 £ 214,
Carbohydrate  g/d 256 + 68 234 4 82 260 % 91 278 = 76 227 + 63 259 + 74,
T0$a| fat a/d _56.0 + 191 528 £ 165 610+ 219 565223 524 +.148 575+ 1638
SFA g/d 16.2 £ 63 147 £ 50 163 + 67 155 = 81 141 + 44, 152 £52
MUFA g/d 193 %70 184 & 64° 218+ 82 19676 184 £57 204 £ 61
PUFA g/d 131 £ 46 127 +£36 148 £ 47 13.8 4.3 128 + 34 141 £ 40
18:2n-6 gid | 986+352 076+ 285 . 1112 £ 360 1059 + 334 571 + 256 1074 + 3.05
204n6 - ma/d 174 % 56 170 £ 71 199 + 74 267 17473 189 + 66
.183n-3 g/d 161+ 061 1.52 + 0438 1.79 £ 062 Y67 2 Q.57 1.51 £ 00 1.71 £ 051
20:5m-3 ma/d 377 £ 215 315172 447 + 163 386 +197 367'i 190 399 % 202
226n-3 ma/d 616 323. 538 x 267 728 4 261 600 + 289 611 % 301 658 + 306

*Yalues are means 5D (n = 20, placebo group; n = 22, low-ARA; n = 22, high-ARA). No significant dlfferences between time points (Student's ttest} or groups

[ANOVA and Tukey-Krarner test).

25Fp, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; 18:2n-6, lincleic acid; 20:4n-6, arachu:iomc acid; 18:3n-3, a-

hno|emc acid; 20:5n-3, elcosapentaenocic acid; and 22:6n-3, docosahexaenoic acid.

the 4-week washout peripd (10.00 1.39%) {Figure 24).
The time course of the'ARA increase tended to be simi-
lar in the low-ARA group. The ARA content in the.low-
ARA group was 8.61 £ 0.92% at baseline, 11.30 + 1.55%
at 2 weeks, and 11.15 * 1.52% at 4 weeks; the value
declined during the washout period. The ARA content.
in the placebo group remained unchanged throughout
the study.

In the high-ARA group, the LA content in plasma
phospholipids inversely declined from 17.78 * 2.62% at
baseline to 14.10 + 2.36% at 4 weeks and then increased
almost to baseline levels during the 4 week washout per-
iod (17.41 % 2.73%) (Figure 2B)..The EPA and DHA
contents in- plasma phospholipids were unchanged

throughout the study permd in all'groups (Figure 2C

. and 2D)

Clinical parameters of cardiovascular diseases and -
inflammation :

Changes in clinical parameters associated with cardiovas-
cular risk, allergy and inflammation are shown in Figure 3.

Although some parameters the groups or time points dif-

fered significantly, all values were within the normal
ranges and did not change according to ARA supplemen-
tation. Physiological, blood biochemical and hematological
parameters were also within normal ranges and were unaf-
fected by dose of ARA (Additional file 1, Table $1). Urin-

_ary findings were normal in all groups {data not shown).

(A) ARA (B)LA {C)EPA" (D} DHA ¥
20 257 15 15
gg:' [ Supplementation —Suppi_emenf.ation L Supplementation 3 upplementatlon
o . [ L i
& 15} 201 i0} 10
= L - I L
o
Q B -
3 i I
o B r -
o 10} 15 g
2z 1or 5 5[ M High-ARA
o L - - & Low-ARA
woor i [ Q Placebo
5 ] (] i 1 I 10 L L] L L L- D 1 L - ] 1 1
D -2 4 B 8 0 2 4 8 8 0 2 4 4] 3 6 -2 4 6 8
Time (week) " Time (week) . Time (week) Time (week)

Figure 2 Fatty acid content in plasma phospholipids ({A) ARA, (B} LA, (C} DHA and (D) EPA} during 4-week supplementation and 4-
week washout. Placebo, low-ARA and high-ARA groups are indicated by open circles, closed diamonds and closed squares, respectively. Values

are means + 50 (n = 20 {placebo) and n = 22 (in each low- and high-ARA group)). *p < 005, **p < 0.01 vs, baseline in group {repeated ANOVA
and Dun_nétt's test), *p < (.05, vs, placebo group and $p < 0.05 vs. low-ARA group, when ameount of change from baseline significantly differed at
each time point (ANCVA and Tukey-Kramer test). T -
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Figure 3 Plasma parameters for cardiovascular {A-G),. allergic (H-1} and inflammatory (J)-1) diseases durin-g 4-week supplementation
~and 4-week washout. Placebo, low-ARA and high-ARA groups are Indicated by open circles, closed diamonds and closed squares, respectively.
Values aré means ' SO (n = 20 (placebo} and n = 22 {in each low- and high-ARA group)). *p < 0.05, **p < 001 vs: baseline in group (ANOVA
and Dunngtfs test). Values withaut a common [etter are significantly different at p < 0.05 (ANOVA and Tukey-Kramer test).

—/

Levels of ARA metabolites in urine and blood
Concentrations of ARA. metabolites in urine -and blood

are shown in Figure 4. Initial concentrations of urinary

metabolites in the placebo, the low-ARA and the high-
ARA groups were not mgmficantly different. After the
supplementation for 4 weeks, none of the urinary meta-
bolites in the low-ARA and high-ARA groups signifi-
cantly increased from initial levels; there were no
differences among the groups at 2 and 4 weeks. At 4

“weeks; the concentrations of 11-dehydro TXB,, 2,3-

dinor-6-keto PGF,, and tetrancr-PGEM in the low-
ARA group were 0.160 + 0,156 (Figure 4A), 20.6 + 16.7
(Figure 4B) and 8.41 * 3.63 ng/mg Cre, respectively
(Pigure 4C); those in- high-ARA group were 0.222 %
0.215 (Figure 4A), 16.4 £ 14.1 (Figure 4B} and 16.4 +
14.1 ngfrng Cre, respectively (Figure 4C).

Plasma ARA-metabolites were also unchanged from
the initial levels during the supplementation and showed
no differences at 2 and 4 weeks among the three groups.
The initial concentrations of PGE; in the placebo, the

low-ARA and the high-ARA groups were 8.12 + 1.96,
9 52 + 2.48 and 10.9 + 3.79 pg!fnL respectively (Figure

4D), and those of LXA, were 11.9 + 10.8, 25, 4 + 50.0
and 19.9 + 18.7 pg/mL, respectwely (Figure 4E), respec-
tively. After the supplementation for 4 weeks, the con-
centrations of PGE; and LXA, in the low-ARA grodp
were 8.37 + 2.40 (Figure 4C) and 20.4 £ 17.1 pg/mL,
respectively (Figure 4E); those in the high-ARA group
were 8.44 % 2.33 (Figure 4C) and 17.7 + 10.7 pg/mL

. respectively (Figure 4E).

_None of the ARA metabolites measured in urine and
blood measured was correlated with ARA contents in
plasma phospholipids at 4 weeks of ARA supplementa-
tion (Figure 5).

Discussion

The preserit study clanfled that in spite of the increase
in ARA levels in plasma phospholipids, plasma clinical
parameters of cardiovascular, inflammatory and allergic
diseases and levels of ARA metabolites in urine and
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(A) 11-dehydro TXB, (C) Tetranor-PGEM

(B) 2,3-dinor-6-keto PGF,,
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p < 0.05 (ANQVA and Tukey- -Kramer test).
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Figure 4 Change in ARA metabolites during 4-week supplementatlon and 4-week washaut, (A) Urinary 11- dehydro TXBs, (B) urinary 2,3-
dinor-6-keto- PGF,q, (C) urinary tetranor-PGEM, (D) plasma PGE, and (E) plasma LXA.. Placebo, low-ARA and high-ARA groups are indicated by
| open circles, closed dismonds and closed squares, respectively. Values are means = SD {n = 20 {placebo) and n = 22 (in each low- and high-
ARA group)). *p < 005, **p < 0.01 vs: baselire in group (ANOVA and Dunnett's test). Values without acommon Ietter are significantly different at-

blood were not altered among the healthy e}derly parti-
cipants whose diet was supplemented with an ARA-
enriched oil (240 or 720 mg/day ARA) for 4 weeks.

In previous studies, ARA content in plasma phospholi-
pids increased by 0.7% in young females supplemented
with 80 mg/day of ARA for 3 weeks [31], 2.0% in elderly
males given 240 mg/day of ARA for 4 weeks [6], and by
4.3% in adult males given 838 mg/day of ARA for 4
weeks [23]. In the present study, supplementation with
240 and 720 mg/day of ARA increased ARA content by
2.54% and 5.56%, respectively (Figure 2), which was con-
sistent with these findings. These results suggest that
age or gender of participants has little effect of ARA
supplementation on the increase in plasma ARA con-
tent. The results also suggest that the plasma ARA con-

tent increases dose-dependently with ARA up to at least

around 800 mg/day. The ARA content in plasma phos-
phoIipids increased at 2 weeks and was almost the same
between at 2 weeks and 4 weeks. The elevated ARA
content decreased to almost the initial level durmg the
4-week washout period regardless of an intake of 240

30

"both plasma ARA and. LA contents

mg/day or 720 mg/day of ARA. These results were simi-
lar to findings seen during intake of 838 mg/day of ARA
[23]..The intake of ARA .caused a rapid increase in
plasma ARA levels but more than 2 weeks of supple-
mentation did not result in any further increases. This is
different from DHA, because the velocity of both
increases and decreases in plasma DHA-content seems
slower when fish oil is administered and discontinued
during a washout period [32]. The changes in the other
fatty acids were also characteristic since plasma DHA
and EPA contents remained unchanged throughout the
period. "Thé relatively high intake of DHA+EPA
(approximately 1 g/day) in the present study (Table 3}
might also have contributed to maintaining plasma
DHA and EPA levels.. The plasma LA content changed
in parallel with the plasma ARA. content (Figure 2). A

previous. study also noted this phenomenon [23]. -

Although ARA and DHA are considered to compete
against each other, ARA intake does not reduce plasma
DHA content, whereas intake of DHA and EPA reduces

(32,33]. The
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Figure 5 Correlation between plasma ARA content and ARA metabolites in blood and urina. (A) Urinary 11-dehydro TXBZ, {B) urinary 2.3
dinor-6-keto- PGF,g, (C) Lrinary-tétranor-PGEM, (D) plasma PGE; and (E) plasma LXA, after 4-week supplementation. Placebo, low-ARA and high-
ARA groups are shown as-crosses {n = 20}, open dircles, (n =22) and closed squares (n = 22). No correlations were identified in any of these
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L

specificity of incorporation into plasma, phospholipids
from dietary fatty acids seems to-be in the order of
DHA, EPA > ARA > LA. The reason for the difference

between ARA and DHA incorporation is unclear, but

the specificity of some enzymes associated with acyla-
tion and/or deacylation of each fatty acid might:be
involved. . )
Platelet aggregation remains unaffected by an ARA
intake of 1.5 g/day or 838 mg/day in randomized con-
" trolled studies [21,23]. The present study found that
parameters of the coagulation system (PT, APTT and
ATIN) remained unaltered and within the normal range.
Parameters of chronic inflammation such as plasma hs-
CRP, TNFa and IL-6, which are risk factors for cardio-
vascular disease, remained unchanged, as did plasma
adiponectin, which is thought to reduce the risk for car-
diovascular diseases. These results suggest that ARA
intake does riot affect the risk for cardiovascular disease.
The pafameters for inflammatory diseases (CRP, TNFa
and IL-6) and allergic diseases (IgE and eosinophil) were
similarly unchanged, suggesting that ARA intake does
‘not evoke " inflammatory or allergic diseases.

Furthermore, general blood biochemical and hematolo-
gical parameters remained within. normal ranges (Addi-
tional file 1, Table S'_l). Thus, ARA intake appears to be
safe under the conditions described here.

In this study, we measured TXA,, PGIl,, PGE,; and
LXA,. TXA; causes platelet aggregation and vasocon-
striction, which are considered to lead to cardiovascular
disease, PGl, competes against TXA, and suppresses
*cardiovascular disease and PGE, has various physiologi-
cal roles, one of which is an inflimmatory trigger in
addition to possible involvement in cancer growth.
LXA, has-effects opposite to PGE,, and reduces inflam-
mation and cancer growth [34]: Considering their asso-
ciation with diseases, we estimated TXA, and PGl
production as urinary 11-dehydro TXB, and 2,3-dinor-
6-keto PGFy,, respectively. The reported urinary con-
centration of 11-dehydro TXB, is 1.489 ng/mg Cre in
patients with heart failure, 0.632 ng/mg Cre in those
with ischemic heart disease, 0.44 rig/mg Cre in healthy
controls [15] and around 0.6 ng/mg Cre in patients with
essential hypertension and retinopathy [16]. The mean
concentration of 11-dehydro TXB, throughout the
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present study was < 0.4 ng/mg Cre, which wis Jower
than the levels in these patients and did not significantly

differ among the groups. Urinary 2,3-dinor-6-keto.

PGF,, was similarly unchanged and did not differ signif-
icantly among the groups. These results show. that an

"increase inthe ARA content of plasma phospholipids
from 8% to 14% did not affect TXA, and PG, contents.
This is consistent with the finding that parameters for
cardiovascular disease did not change. However, these
findings seem to-differ from those of a previous study in
which both urinary 11-dehydro TXB, and 2,3-dinor-6-
keto PGF,, were slightly increased by intake of 1.5 g
ARA/day for 50 days {22). The larger dose and longer
study duration might explain the discrepancies between
that study and ours, but the actual reason for the differ-
ence remains unclear.

Several reports have described that plasma PGEZ
increases in inflammatory diseases. For instance, the
ptasma PGE, concentration increases to > 40 pg/mL in
patients with ulcerative colitis [17}, and to 54.5 pg/mL
in patients with advanced periodontitis [18] compared
with about 10 pg/mL in- controls. The plasma PGE,

" concentration in the present study was about 10. pg/mL,
which was below the values associated with inflamma-
tory diseases. This value did not change or significantly
differ throughout the study. Urinary concentrations of
tetranor-PGEM, another marker of PGE, production,
are higher in patients with cancer. The reported level is
11.6 ng/mg Cre in patients with colorectal cancer and
7.0 ng/mg Cre in matched controls [19]. Another study
indicated a urinary tetranor-PGEM concentration of
15.0 ng/mig Cre in patients with colorectal cancer and
7.17 ng/mg Cre in polyp-free controls [35]. The mean
concentration of tetranor-PGEM in the present study
was 8 ng/mg Cre in the placebo and the low-ARA
group, and 14 ng/mg Cre in the high-ARA group which
seems relatively higher compared with normal levels
reported previously. The high level of tetranor-PGEM in
the high-ARA group was due to the three participants
with levels > 30 ng/mg Cre. The higher levels in these
participants were not changed by ARA supplementation

or during the washout period. Thus, tetranor-PGEM
concentration was not significantly changed by ARA .

supplementation, indicating that ARA intake does not
affect a candidate marker of colorectal cancer. Plasma
LXAs in the high-ARA groups was significantly
incréased after the washout period (Figure 4E). It was
considered to be unrelated to ARA supple'r_ner;tatiéit
because the increase was also observed in the placebo
group. Plasma LXA, level may be more variable com-
pared to the other metaholites, but the details are
unclear. The increase was slight and considered not to
affect the state of the participants.
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Next, we analyzed correlations between plasma ARA
content and ARA metabolites concentrations after 4
weeks of ARA administration (Figure 5). Concentrations
of each- ARA metabolite were distributed across a wide
range, although all participants were healthy volunteers.
Noene of the values correlated with plasma ARA. content
or ARA dose. Several individual values were high, but
these values seemed normal for these patients, because

the high levels in those participants were not changed at

baseline and at 2 and 8 weeks. These results indicate
that the increase in plasma ARA content from 8% to
14% does not increase the production of TXA,, PGI,,
PGE, and LXA, The production of lipid mediators is
not determined primarily by ARA content and seems to
be-controlled by other factors.

Diet was assessed to ensure that dietary intake of ARA
and related fatty acids did not differ among the groups
or as a result of the intervention. Participants consumed
170-200 mg/day of ARA from daily meals (Table 3),
which is within the normal reported range [1-3] and
values did not differ among the groups or with time.

The intakes of DHA and EPA were 300-500 mg/day and. -

500-800 mg/day, respectively, and also did not differ

ameng the groups. Although these values are within the -

commeon range in Japan, they are much more than
those in Western countries. ([2], [36]). Energy and
macronutrient intake did not differ among the groups
(Table 3), and did not seem to affect the present data,
The eifects of ARA supplementation on healthy

-elderly were clarified here, but studies of patients with

specific’ diseases are needed. In summary, bloed para-
meters of cardiovascular, inflammatory and allergic dis-
eases, as well as urinary and plasma ARA metabolites
did not change in Japanese healthy elderly participants
who consumed ARA-enriched oil (240 or 720 mg/day of
ARA) for -4 weeks although plasma ARA levels 51gmfi~
cantly increased.

Additional material

Additional file 1: Supplemental Table 51. Physiological parameters
and blood biochemical and hemartological parameters
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Tnlle 51 Physiological parameters and blood bigchemical and hemat_ologlical parameters’

\

2144

— T Group Supﬁlemenlation Weashout
. Ow 2w, 4w 8w
Piryxinfogical parameters
Body weight kg Placebo 55.7£9.7 55.7%9.7 55.719..6 56.0£9.5
. Low-ARA 56.7:8.4 56.9+8.5 ’ 56.9+8,7 §7.248.6%
High-ARA SB8£ILG 59.0w114 58.94:11.4 59.0411.4
BMi kg/m®  Placebo 21.6%2.5 21,6425 2i.6£2.4 -21.7:1;2.3
LDW-AM 225820 22.6+£2.1. . 22.6%2.1 22.742.1
HighARA 225632 22,6632 226430 22.6432
- Pulse rate bpm  Placebo 70x12 73410 72+£10 72+ 9
Low-ARA  71:ll 73413 73811 71410
High-ARA 7280 76410 72410 73:10
Blaod hiochemica! parameters l
T g/l Placebo 7.1#0.4 7.1£0.3 7.140.4 7.120.4
Low-ARA | 7.2+0,2 7.1x0.2 7.120.3 71203 )
High-ARA 7.240.3 7303 71203 72204
ALB gL Placebo 4.540.2 44402 43803 44203
i.,ow-ARA 4.5+0.2 4.4&0._2 4.340.2+* 4,4+0.2*%
 High-ARA £.5=0.1 4.420,1%* 4.3:40,2%* 4.4+0.2%*
T-1305. mgfdl. Placebo 0.79=0.29 0.78+0.29 0.79£0.30 - 0.73:0.22
LUW:—AR}I\ 0.87£0.36 0.384:0.32 0.85+0.35 0.83+0.26
High-ARA. ' 0.8220.29 0.81+0.28 0.90+0.29 0.75%0.24
ALP TU/L Pl.accbu 227£82 23684 T 218£70% 2lZ’.":!=70
LUW-AR.A 22654 215£56 224456 238451
High-ARA 212'=E6 1 204255 208x60 215%57
AST /L Placebo 21x4 2_0:’:4 2043 214
Low-ARA 2154 2143 238

Y T T 7524 7553
ALT WL Placebs - 1847 1746 1644 1756
o Low-ARA 19410 . 2011 18410 22413
High-ARA 2046 2045 2147 1945

LDH UL Placeho 186432 150233 186230 184224
LowARA  196i26° 19326 193225 - 190425

High-ARA 20326 197225 19820 152:21*

1-0TP UL Placebo 28426 27426 264354 26418+
' Low-ARA 29425 10427 28424 32425
HighARA 25412 23410 29491 2414

CPK UL Placebo i11439 - 112:40 103433 109435
Low-ARA 1 18455 12354 11850 131470

HighARA 131264 116240 130£61 118253

T-CH.O mg/dL  Placebo 223428 22730 218429 220225
Low-ARA 218434 220431 214434 216+33

High-ARA  218429. 219426 215430 216433

6 mgdl  Placebo 120241 112245 97436 grL29%
i..ow-ARA 11 1:{:53 o644 ' 30450 96457

High-ARA 85439 9170 74534 86252

HDL-CHO  mgldL Placsbo  50l4 Ga1 8% G216+ Gax19%>

Low-ARA 62415 GaLlEr | GGITS . gealee

HighARA - GSA1S 67516 67215 67414

LDL-CHO  mgdL’ P[ace!:'o 134424 (37:22 . 133424 128523
Low-ARA 128427 120425 123424 122426

| HighARA 12029 121227 | 121428 120430+

GLU mgdl Placcbo 9349 9329 93210 909+
' Low-ARA 9416 9447 946 9349
High-ARA 95510 95411 96212 94x13




g¢

BUN

CRE

UA

=

mgfdL

' mgfdL

mgfdL

mg/dL

mEq/L

mEq/L

mEqg/L

mg/dL

Placebo
Low-ARA
High-ARA
Placebo
Low-ARA

High-ARA

.Placebo

Low-;"\RA
High-ARA
Piacebo
Low-ARA
High-ARA
Placebo
Low-ARA
High-ARA
Placebo

Low-ARA

High-ARA .

l;'lace.bo
Low-ARA
High-ARA
Placebo ‘

Low-ARA

High-ARA.

Hematolagical parameters

WL

10%L

Placebo
Low-AﬁA

High-ARA

235428
236531
229223
13,7435
15.0£3.5
14,4425
0.720.17
0.680.14.

0.69+0,15

© 4914

4913
4.8+0.9*

- 14052

13543
13943
4.4420.50
4.41:£0.35

4.37+0.32

" 1021

10252
10142
9.62+0.34

9.50:40.27

9.50£0.23

4.92=1.49
4.80:£1.13

4.73+1.18

239£29

- 230+30

233223
13.843.3
14.6+3.6 _. B
14.6x3.8
0.71£0.17
0.67+0.18
6.69&0.16
5.1£1.5
5.0%1.6
4.640.9
141x14#
141x1%*
I41d31 hd i
4,38+0.33
4.50¥U.37
4.40+0,30
102+1*
10341
102k1*
9.360.45%*
9.39+0.23

9.39+0.29"*

4.81+1.13
4,94+1,57

5.01+1.42

228429

22831

" 23030

13,8433

13,353, 1244

T 13.1£2.5*

0.68+0.16%
0.65+0.15%
0.6620.16*
5.0£1.3
4.3£1.2
4.6x0.9
141&1%*
14123
141;1“‘*
4.55£0.43
4.56£0.44*
4,49:£0.40

1031+

10342%

103+]1**
9.5320.36
9.455025

9.49+0.25

5.22+1.74

5.1741.44

5.75%1.90%*

23126
232433
229428
13.9:3.0
13.9+3.0%
14.142.5
0.690.17
D.ﬁl’l'i().lj
0.70£0.17
47614
4.7+1.3
4.7+0.9
1411 **

1411+

141E1**

4.51£0.37

4.6350.48%*

" 4.70£0.56%*

103x1%*
103£1%*
103z **

9.45+0,30*

9.45:0.28 |

$.514029

5.19£1.34
5.14£1.27

5.26£1.36

0L

442245

)

RBC - Plecebo 337239 433215 133230
Low-ARA 434429 4204415 42632 436437
High-ARA agss45 433449 43454504 444347
HOB g/dl.  Placebo 13.141.4 133213 ;_3.1&1.5' 13.421.64+
- Low-ARA = 13.120.8 13.0£1.1 13.120.9 13.40.9%
‘High-ARA 134413 13.321.4 13.341.3 13.6%1.3
HCT % " Placeba 40.544.2 40,523 .4 -40.2:I:4.'0 ! 41.124,2
Low-ARA 41,142.6 40,0427 404827 41,5429
High-ARA 41.553.7 40.9x4,1 40.9:4.2 417240
‘MCV L Placebo 92.946.6  93T%ETH 93.347.3 93.447.2
Low-ARA  94.9:4.7 953ea4 T osipAl | 9Se4lt
High-ARA 93.4£3.9 04,864,055 O4.drALFE 94343 8%
MCH PE Piacebo 30.1+2.5 30.442.5% 30.322.7+ 30.522.6*
' Low-ARA. 30.3+1.4 31.1&1.5":” .. 30.8£1.4%% 30,8144
High-ARA 302416 30741 5%+ 3_0.5#1.6** C o 30.6E]5M
MCHC % Placebo 32.4£0.9 32.450.8 12507 - 326208
Low-ARA 32.040.6 32750554 3248054 3234060
. High-ARA 32.30.8 32,4207 32.540.7 32.540.8
PLT 10%L Placebo 22,5642 23.4¢4.3 23.44.6 24,7453
Low-ARA 22.5£4.1 22,843 22,8448 24,545,444
High-ARA = 218437 22.244.0 22.244.3 23.63.9%
NEUT % Placebo 61438 546 638 6210
" Low-ARA 6010 §2+8 6217 " 64y
HighARA 5740 - 6129 609 5049
B_Asb % Placebo 0.340.6 0.4£0.6 0.440.8 0.320.5
Lmn:'-‘ARA 0.50.7 0.6:09 0.320.6 0.340.6
High-ARA 0.4+0.6 0.440.7 5.120.3 0.340.6
MONO % . Placebo 48452 49516 43412 5.3:41.4
~
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TowARA - 483 | 48E1Z 47510 S04
High-ARA 52415 54414 55510 5.1%1.5
LYMPI CBlaccho 3l . 2926 3047 3149
Low-ARA . 3129 2943 2946 3047
HighARA . 3549 3149 388 3B

"Walues are means % SD (n = 20, placebo group; n = 22, low-ARA; n = 22, high-ARA). * p< (.05, **p >3 0.0
versus baselin in the groui: {ANOVA and Dunnett’s test). “p < 0..05 versus placebo group and *p<0.05 versus
low-ARA group iﬁ the case that the amr.Jum of change from i;asaline is signiﬂéamig different in each time point
{(ANOVA and Tukey-Kramer test). ) .

P, lotal protein, ALB, albumin; T-Bii, totai bilirubin; ALP, alkaline phosphatase; AST, as;partate
aminolransferase; ALT, alanine aminotransferase; LDIH, lactate dchydru};enase; ¥-GTP,. y-glatamyl
trnuspeptidase; CPK, creatine phosphokinage; T-CHO, total choIest.eroi; TG, trigi.ycerides;-I,DLfC,I-IO, low-
dunsity lipoprott.zin cholesterol; GLU, glucosé; PL, phospholipids; BUN, blood urea nitrogen; CRE, creatinine;-
LJA, wric acid; WB.C, white blood cells; RBC, red blood cells; I'I_GB, hem-ugiubin; I:ICT, hematocrit. MCV, mean
cell volime; MCH, mean cell hemoplobin; MCHC, m‘c.an cell hemoglobin concentratiofi; PLT, platelets; NEUT,

neitrophils; BASG, basophtls; MONO, menocytes; LYMPH, lymphocytes.
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Absﬂact

Polyunsaturated fatty acids, including docosahexaenoic acid (DI-IA) are natural constituents of the human diet, DHA-algal oil is
produced throngh the use of the non-toxigenic and non-pathogenic marine protist, Ulfenid sp. The safety of DHA-zlgal oil was assessed
in a subchronic toxicity study and in genotoxicity studies. In a 90-day study, rats were orally administered water or DHA-algal oil at
concentrations of 0, 500, 1000, and 2000 mg/kg in combination with 2000, 1500, 1000 or 0 mgfkg DHA-containing fish ofl, respectively.
Additional animals were adrainistered water, 2000 mg/kg DHA-algal oil, or 2000 mg/kg fish ol for 90 days, followed by a 4-week recov-
ery phase. No treatment-related effects were observed in clinical observations, food and water consumption, mortality, gross pathology,
and histopathology. Increased body weights and liver weights in oil-treated groups were attributed to the large lipid load and were not
regarded as toxicologically significant. Furthermore; no treatment-related differences in the measured parameters between the DHA-algal
oil and fish oil groups were detected. In genotoxicity experiments, DI A-algal oil excrted no mutagenic activity in various bacterial
strains, nor did it induce chromosomal abemrations in Chinese hamster ﬁbrobiast u:lls These Tesults support the safaty of DiA-algal
oil as a dietary souree of DHA.
© 2007 Elsevier Inc. All rights reserved.

Keywords; DHA-rich oil; 0-3 ponunsatu.tated fatiy acld Docosahexaenom acid; DHA; Tox:clty, Saﬁ:ty Subchronic; Genotoxicity; Food ingredient;
Marine protist .

‘1. Introduction ) tured through a multi-step fermentation process and a

_ . standard edible oil refining method. DHA-algal oil con-
Polynnsaturated faity acids (PUFAS), such as docosa-  tains approximately 45% (w/w) of DHA, as well as smaller
hexaenoic acid (DHA), are natural components of the diet,  amounts of palmitic acid (~35%) and the PUFA docosa-

but dietary consumption of these fatty acids is generally  pentaenoic acid (DPA) {~11%). The FUFAs identified in

below recommended values, The dietarysources of PUFAs ~ DHA-algal oil are similar to those in fish oils and other
include fatty fish, fish oils, shellfish, marine mamumals, ahd ~ microalgal oils already consumed by the human popula-
‘organ meats (Connor, 1997). Recently, various marinemic-  tion, such as menhaden oil and docosahexaenoic acid-rich
‘yoalgae have also been identified as source orgamsms of  microalgal oil from Schizochytrium sp., respectively (U.S.
DHA-containing oils. FDA, 1997; Hammond et al., 2001a). Palmitic acid is also

DHA-rich oil, hereafter referred to as DHA-algaloilisa  a natural constituent of the diet, and is found primarily in

refined food grade oil that is derived from Ulkenia sp.  meat, poultry, fish, grain products, milk, and milk products

SAM2179, a thraustochyind microzlgae H is manufac- ~ {Jonnalagadda et al., 1995}
. ) : In the United States, DHA-algal oil is intended for use
as a nutritional food ingredient and as a dietary source

* Corresponding author. Fax: +4161 31691 11. of DHA in various food products. The mean and 90th per-

E-maiil address: teneblum@lonza.com (R, Blum). centile intakes of DHA-algal oil under the conditions of

0273 2300[$ see front matier ® 2007 Elsevier Inc, All ngth resarved
doi:10.1016/.yriph.2007,08.005 .
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intended use are estimated to be 1.3 and 3.0 g/person/day,
corresponding to 0.7 and 1.5. £ DHA /person/day (Kroes
et al., 2003).

Several studies have been conducted in animals to eval-

uate the potenfial toxicity of fish oils that have a similar
composition and DHA content as DFHA-algal oil. Gener-
ally, oral administration of these oils to mice, rats, and pigs
at dietary concentrations up to 15% is well tolerated, with
no treatment-related adverse effects on mortality, body
weight gains, food consumption or clinical observations
(Danse and Verschuren, 1978a; Ruiter et al., 1978; Willum-
sen et al., 1993; Hempenius et al., 1997; Rabbani et al.,
1999; Hempenius et al., 2000; Oarada et al., 2000).
. In some studies, microscopic evidence of yellow fat dis-
" ease in animals treated with DI—L*&—contammg fish oil was
reported; however, this mainly cccurred in cases where
the dietary vitamin E content was low (Dznse and Verschu-
cen, 1978a,b; Ruiter et al, 1978; Chamock et al.,, 1987;

Verschuren et al., 1990; Farwer et al., 1994). Yellow fat dis- .

ease is 4 disorder that is kmown to occur naturally in wild-
life and domestic species, as well as in various laboratory
animals administered diets rich in ©-3 PUFAs combined
with a vitamin E deficient state (Jones et al,, 1969; Helge-
bostad and Ender, 1973; Danse and Steenbergen-Bot-
terweg, 1978; Danse et al,, 1979).

Organ weight changes in the liver and spleen of rats trea-
ted with high doses of fish oil containing DHA have also
been reported (Danse and Verschuren, 1978a; Hempenius
et al.,, 1997, 2000; McGuire et-al., 1997; Rabbani et al.,
1999; Qarada et al., 2000). However, no histopathological
effects were observed in these organs, and the increases in

organ weights were hypothesized to be physiological adap-

tations to accommodate the large dietary lipid load.

In addition to studies conducted on DHA-containing
fish oils, a number of acute, subchromnic, reproductive,
and developmental toxicity studies have been conducted

~~with DHA-containing ocils produced by iarine -algae,

including Crypthecodinium cohnii and Schizotrichivm sp.
{Boswell et al.,, 1996; Wibert et al, 1997; Bums et al,,
1999; Arterburn et al, 2000a,b; Hammond et al,
2001a,b,c). Overall, no adverse effects attnbutable,to
DHA-containing oil treatment were reported. Increased

spleen (Boswell et al,, 1996) and liver (Bums et al., 1999)

weights in animals treated with DHA-containing oil were
. teported in some studies, as well as increased hepatic vac-

uolization due to accumulation of lipids and increased car- -

diomyopathy primarily In male rats (Duthie et al., 1988,
Burps et al., 1999). These changes are considered adaptive
rather than adverse as they are commonly observed in rats
fed vegetable and fish oils (Burns et al., 1995).

In the present study, the safety of DHA-algal oil, in
terms of subchronic toxicity and potential genotoxic activ-
ity, was assessed. A 90-day toxicity study comparing the
effects of DHA -algal oil, a fish oil containing 27% DHA
{DHA-fish oil), -or combinations of the two oils was con-
ducted in rats, and an Ames assay and chromosomal aber-
ration test were employed to Fvaluate' genotoxicity.
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2. Matexials and methods’
. !
2:1. Materialy

DHA-algal oil (99.5% pure lipid) was composed of DHA (45% wiw),

+ palmitic acid (~35%), DPA (w-6) (~11%}, and contained 6.3-2.9% each of

tetradecanoic acid (myristic acid) (14:0), pentadecancic acid {15:0), hepta-
decanoic acid (17:0), octadecandic acid (18:0), eicosatetrasnoic acid (20:4,
@-6), eicosatetraencic acid (20:4, w-3), and DPA (@-3). The unsaponifiable

_ fraction of DI A-2lgal ofl consisted primarily of sterols at a level helow

1%, The thres main sterols identified in DHA-rich oil were: cholesteral,
24-ethyl-cholesta-5,7,22-trien-3-0l, and 4.methyl-24-ethyl-cholesta.7,22-
dien-3-0, Vitamin B was present in ihe oil at a level of 0.1%. Purity was
determined using The American Oil Chemists’ Society Official Methods.

‘The source of food-grade DHA-fish oil in the subchronic toxicity study
was tuna, produced by Maruha Co. (Tokyo, Japan). It was composed of .
the following fatty acids: 26.7% DHA (22:6n-3), 11.4% EPA (20:5 ©-3),
10.7% palmitic acid (16:0), 3.3% myristic acid (14:0), 2.5% arachidonic
acid (20:4 ©-6), 2.1% DPA (22:5 @-3), 1.4% DPA (22:5 w-6), and 41.9%
other fatty acids. The oil also centained 0.3% vitamin E.

In the snbehronis toxicity study, DHA-algal cil was packed in vials at
acquisition and stored at —20 °C {and at —80 °C for 4 days at the begin-
ning of ireatment) as the ol is semi-solid at room temperature and is easily
oxidized in contact with air. The oil was analyzed for peroxide value and
DHA conitent using gas chromatography and iodometry methods at the

" beginning and completien of the study. Levels remained constant over

the guration of the study {data not shown).

2.2, Subchronic toxicity study”

2,2.1. Animals
Male and femele Sprague-Dawley Ch:CD {SD) IGS- rats were
obtained from Atgusi Breeding Center, Chailes River Japan (Kanaga-

" wa-Ken, Japan} at 5 weeks of age, and quarantined and acclimatized for

12 days. Animals were assessed for health conditions and allocated to
groups by a stratified random sampling method based on body weight.
Rats' were housed individually in stainless brackel cages and provided
food (ATN-76A compound feed, Oriental Yeast Co., Ltd., Tokyo, Japan}
and water (household 1ap water) ad libigrun, AIN-76A. tompound feed -
contained 55.0% (w/w) corn starch, 20:0% casein, 10.0% sucrose, 4.0% cel-
Tulose powder, 5.0% com cil, 3.5% AIN-76A mineral mix, L.0% AIN-76A
vitamin mix [containing 0.5% vitamin E], 0.3% vL-methionire, and 02%
choline bitartrate. During the study, animals were housed in a facility
designed {o mainiain appropriate environmental conditions’ {1925 °C,.
12-h light/dark c.yclc, 30-70% humidity, ventilatfon frequency of 210

_ times/h).

2.2.2. Animal treatiment’

Groups of 15 male and 15 female rats were administergd, by daily oral
gavage for 90 days, distilled water or various combinations of DHA-algal |
oil and DHAfish oil (99.7% purity). DHA-fish oil was included as a
source of DHA {control for the higher level of PUFA/DHA level in the
diet), as well as a control for the higher level of fat consuimed by the rats,
while the water control was used as a normal fat control, The combina-
tions of DHA-algal oilfDHA-fish ol were 0/2006 (DHA-fish oil group),
50041500 (500 mg/kg group), 1000/1000 (1000 me/kg group), and 2000/
0 mg/kg body weight/day {2000 mpfkg DHA-algal oil group). These dos-
ing regimens provided daily doses of 540, 630, 720, and 900 mg DHA/kg

! Studies were conducted in accordance with the OBCD Principles of
Good Laboratery Practice {GLP) {Organisation for Economic Co-
operation and Development, OECD Principles of Good Laboratory
Practice (as revised in 1997)), Paris, BNV/MC/CHEM(93)17 (OECD,
1998). ' ’
2 The subchronic tox;clty study was conducted at Nippon Expcnmenta.l
Medical Research ]nsntute Co., Ltd. Japan

1
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body weight, respectively. Additional groups of 10 rats (5/sex/gronp) were
administered distilled wafer or 2000 mg DHA-algal ol or DHA-fish oilfkg
body weight/day for 90 days and were 2ilowed a 4-week recovery period,
All dose groups received a total DHA-algal oil plus DHA-fish oil dose of
2000 mg/kg body weight/day to equalize lipid content. The estimated
increase in fat intake in the oll-treated animals compared to water-treated
controls was approximately §7% in males and 58% in females. The dosing
regimcns and corresponding doses are summarized in Table 1.
223 Animal obsea'bauam

Animals were observed for clinical signs, including mortality 2nd mor-
ibundity, twice daily during the treatment period (onee before and once

after treatment), and once daily during the recovery period. Body weights

were measured priox to treatment on the first day of treatment and once
weekly during the treatment and recovery perieds. Food and water con-
sumption measurements were takea once at pre-ireatment and once
weekly during the treatment and recovery periods. .

Neurotoxicological observations were made once before treatment
commenced and once weekly during the treatment period. Functional tests
(reactivity to silmnh grip strength; and spontaneous moveirient) were con-
ducted on 10 rats of each sex in week 13 of treatment, Spontaneous move-
ment was assessed wsing an automated aciivily box {(Animex-antd MK
110, Muromachi Kikai Co., Ltd., Tokyo, Japan). Due to the lack of treat-
ment-related abnormatities observed, neurotoxicological sbservations and

. functional tests were not performed for the recovery gionps.

Ophthalinoscopic examinations of the antetior portion of the eye, the
optic mediz end the oclar fundus following dilation of the pupil with a
;-nydriatic agent were performed once before treatment comumenced, in
week 13 of (reatment, and in week 4 of recovery.

2.2.4. Urinalysis

At the end of the treatment or recovery penods, animals were admin-

istered 5 ml of water by oral gavage and transferred to metabolic cages.

Fresh urine was collected for approximately 3 h with food and water with-
held. Usine was also contirinously collected For approximately 17 h {cumu-
lative urine) with food withheld but water allowed. For fresh urine, ocenit
blood, ketone bodies, glucess, protein, pH, urobilinogen, and bilirubin
were assayed with Multistix reagent strips {Beyer-Sankyo Co., Lid.), Sed-

iment (optical microscope), and color (color cards, standard eolor cards -

230, Nippon Shiki-ken Jigyo XKX) were also eiamined. For cumulative
ucine, vrne volume (measured in graduated cylinders), specific gravity
{clinical reflectometer A~405 A, Elma Co., Ltd.), sodium, potassiuvm,
and chloride (ion-selective electrode, 7070 autoanalyzer, Hitachi Co.,
Ltd.) were examined.

Table 1
Summary of dosing reglmea in subchronic toxieity study
Group No. Nomber Dose of  Dose of Total dose
animals/ DHA-fish DHA-algal of DHA
grovp il (mg/kg) cil (mg/kg) (melke)
90-day dosing period only ]
Control ’ 30 ¢ 0 -0
DHA-fish oil 30 2000 R 0 340
500 mgfkg DHA-algal 30 1500 500 630
oil ' ; .
1000 mgfkg DHA-2lgal 30 1000 1000 720
oil :
2000 mg/kg DHA-algal 30 0 2000 900
oil
S0-day dosmg period and additional 4-week recovery pcnod
Conirol 10 o . 0 0
DHA-fishoil 107 2000 0 540
DHA-algal oil o L0 2000 960
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225 H ematology and serumiplasma chemistry

Prior to necropsy, while the animals were under ether anesthasla blcod
samples for hematology and clinjcal chemistey were collected from the
abdominal aorta. In EDTA-2K-treated blood, hematology parameters
measured using an Antomated Multiple Hematoanalyzer K-4500 (Sysmex

Co., L1d.) included erythrocyte counts (RBC); white blood cell counts

{WBC), platelet counts, hematocrit (Ht), bemioglobin (Hb), mean corpus-
calar volame (MCH), and mean corpuscular hemoglobin concentration
(MCHC}. Differential leukocyte peicentage and reticulocyte ratio were
measured Using an antomated hematooyie analyzer (HEG-120 A, Omron
Cu., Ltd)). In sodium citrate-treated blood, prothrombin time (PT) and
aclivated partial thromboplastin time (APTT) were measured using an
automated hemiatocoagulation analyzer (KC-4A, Amehing Co., L1d.).
Bloed cotlected for serum chemisiTy was treated with heparin sodium,
or untreated and centrifuged at 3000 rpm at 15 °C for approximately

~ 10 min.. The serum obtained was examined for the following parameters,

using a 7070 automatic analyzer (Hitachi Co., Ltd.): glutamic-oxaloacetic
transaminase {GOT), glotamic-pyruvic transaminase {GPT), alkaline
phosphatase (ALP), y-glutamy! transpeptidase {y-GTF), telal protein,
albumin, ghicose, total cholestero), triglyceride, phospholipids, free fatty

" acid, total bilirubin, blood urea nitrogen (BUN), creatinine, toial Bile

acids, inorganic phosphorus, calcium, sedivm, potassium, and chloride,
Proten fraction was assayed by electrophoresis and analyzed with a den-
sitometer (Chiniscan 2, Herena Research Institute Co., Ltd.). Albumin/
globulin (A/G) ratio was calculated from total protein and albumin.
The plasmd obtained from ceatrifogation was analyzed for lactate dehy-
drogenase (LDH) and creatine phosphokinase using a Mozmarch 2000
dutomatic-biochemical analyzer (IL Co., Lid.).

2.2.6. Clmical pathology and Insroparlzalogy :
At the end of the treatment o1 fecovery periods, ammals Were exsan-

] guinated by transecting the abdominal aorta,-The body surface, and the

intracranial, intrathracic, and intrz-abdominal organs and tissues were
observed macroscopically, Organ weights were obtained for the brain,
pituitary gland, thyroid (including parathyroid), thymus, salivary gland
(submandibular and sublingual glands), heart, lung, liver, spleen, kidneys,

- adrenal glands, festes, epididymis, prostate, seminal vesicles, ovaries, and

uterus, The left and right Lidneys, adrenal glands, {estes, epididymis, and
ovaries were weighed separately. Relative organ weights were calculated
based on body weights measured on the day of sacrfice. In addition to
the above-mentioned organs, the trachea, bronchus, tongue, esophagus,
stomach, duedenum, small intestine including Peyer’s patches (fejunum

. and ileumn), large intestine {cecurn, colon, and rectum), pancreas, urinagy

bladder, bone and bone marrow (stermum and femuar inchuding jointy; skel-
etal muscle (femoral muscle), thoracic acrta, spinal cord (cervical, tho-
macic, and lombar regions), sciatic nerve, deferent duct, vagina,
mammary gland, skin, and Iymph tode (submandibular and mesenteric
lymph node) were resected and fixed in 10% neutral bofiered formalin.
Both eyeballs {including optic nerve) and Harderian glinds were pre-fixed
int glutaraldehyde/formalin fixative, while the testes were fixed in Bouin’s
fixative. Whole organs. were dipped in fixative iwith the exception of the
Jung, which was fixed by instillation through the trachea.

All stored organs and tissues from the control, DHA-fish oil and
2000 mgfkg DHA-algal oil male and female groups were sectioned,

- embedded in paraffin, sliced and stained with Hematoxylin 2nd Eosin,

and subjected to microscopic examination.

2.2.7, Statistical analysis
For quantitative data, means and standard deviations were calculated
and statistical tests were performed as deseribed below. All statistical tests

- were performed at the p <0.03 and p <0.01 levels of significance.

Data distribution was tested by Barilett’s test for homogeneity of
variance, and if positive, one-way Iayout analysis of variance was applied,
If a significant difference was observed between groups, means of each
{reatment group were tompared pair-wise to those of the conirol and
DHA-fish oil gronps by Dunnett’s method, In cases of non-homogencus
variance, Kruskal-Wallis H-test was applied, and if a significant difference
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was observed between. groups, means of the treatment groups were com-
pared pair-wise with those of the control and DHAfish oil groups by
Dunnett’s test of rark order.

For comparison of the DHA-fish oil and 2000 mg/kg DHA-algal cit
treaiments in the recovery groups, data distribulion was evalnated by

the F-test. In the case of homopenous variance, the Student’s t-test was -

performed, and. in the case of heterogeneous variance, Aspen—Welch's
Htest was applied,

Statistical analyses ‘were not performed for clinical obscrvations, neu-
Totoxicological observations, qualitative values in urinalysis, ophthalmol-
opy, necropsy or histopatholegy.

2.3, Genotoxicity studies

2.3.1. Ames a.s'say”"

Tn the first mulagenicity experiment, the histidine-requiring Salmonella
ryphienuriunt (S, typliinmrium) strains TAST, TASS, TAL00, and TAIG2Z
were cuftured in nutrient broth at 37 °C ovemight, The Ames assay {pre-
incubation method) was pexrforined with or without metabolic activation
by the S9 fraction from the livers of Aroclar-induced rats. The test sample
0.1 xl) was mixed with 0.5 ml of 89 mix or 0.1 M sedium phosphate buf-
fer (pH 7.4) and 0.1 ml of bacterial culture, The mixture was jncubated at
37 °C for 20 min with shaking, followed by the addition of soft agar. The
mixture was then poured onto a minimal plucese agar plate. The number
of 1evértants was counted after incubation at 37 °C for 2 days. The test
sample was assayed at five doses (0.5, 1.25, 2.5, 3.75, and 5 mg DHA-algal

" oilfplate}, with two plates for each dose. Negative {vehicle) and positive

control experiments wese conducted simultaneously. 2-{2-Furyl)-3-(5-
nitro-2-foryl} acrylamide, tert-butylhydsoperoxide, 2-aminoflisorene, and
benzolalpyrene were used as positive controls.

A twofold or grealer increase in the mean number of revertants in' the
test sample compared Lo the mumber of revértants on negative control

. plates was considered a positive Tesult for mutagenicity.

In the second mutagenicity experiment using the histidine-requiring S,
typhinpriune strains TAIS35, TA1537, TASS, and TA100, and the trypto-
phan-requiring Escherichia colt (E coli} mutant WP2 uword, the Ames
assay (plate incorperation method) was performed with or without meta-

E bolic activation by the S8 {raction from the Jlivers of Arocler-induced rats.

P

Just before use, the test substance was suspended in dimethylsulfoxide
{DMSO) vehicle at 50 mgfml, warmed to 37°C and mixed by shaking
for 1 k. This ‘suspension was nsed to prepare serfal dilutions in water,
The test substance suspension (0.1 mi); 0.1 mi of fully grown bagterial cul~
ture and 0.5 m! $9-mix or 0.5 mt of 100 mM sodium phosphate (pH 7.5)
were added to 2 ml molien top agar {containing 0.6% agar, 0.5% sodium
chloride and 0.05 mM L-histidine'HCI/0.05 mM biotin for the S, typhimu-

* rhwn strains and supplemehted with 0.05 mM tryptophan for the E. colf

strain) maintained at 46 °C, The ingredients were thoroughly mixed and
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2.3.2. Chromosomal aberration experiments

The ability of DHA-algal oil 10 Induce chromesomal aberrations with
or without metabolic aptivation was evaleated in Chinese hamster fibro--
biast cells. The cvlture medium was prepared by dissobving 9.6 g Bagles
minimum -essential medium powder in puwre water confaining 2.2 ¢
NaHCO;, adjusting the pH to 7.2 by adding 0.1 N hydrochloric acid
(HCl), sterilization by passing through Millipore of pore size 0.2 uM,
and adding 100 md of heat inactivated calf serum fo 906 ml of sterilized
medium. Subcultured cells were adjusted to 13 10 cells/mi of cell colture
medium, placed into 60 mm sterile 1issue culture dishes at 2 volume of 5 ml
‘in each dish, and cuitured in a CO; incubator for 3 days,

" For the contimous treatment, ‘the test snbstance (dissolved in 1%
CMC-Na solution) or negative control {solvent) were added to the plates
al a volime of 8.} mi/ml, while the positive control (10 pg/m! mitomyein
C dissclved in distilled, water and dilated in physiclogical saling) was
added to the plates at a volume of 0.01 ml/ml, and mcubated for 24 or
48 h,

For the short-time treatment, the test su‘bstance ar neg-rmvc contro}
was added to the plates at a volume of 0.01 ml/ml. Mitomycin C, which
was used as a positive control for lreatmient with 59, was added at a vol-
ume of 0.01 ml/ml, and benzola]pyrene {dissolved in DMSO to 2 concen-
tration of 4 mgfmi), which was vsed as a positive control for treatment
without 59, was added to the plates at a velume of 0.005 ml/mlb.. 89 mix
{final concentration of 5%) or physiological saline was then added to the
plates and incubafed for 6 h, after which the 59 and test substance were -
washed out with physiological saline, followed by the addition of fresk cul-
ture medium and ferther incubation for 18h, Similar procedures as the
short-time treatment with 89 were also followed to perform a conﬁrmatlon
test with an incnbation period of 24 h

To arrest the cells in metaphase, colcemid at a final cuncentrauon of

. 0.2 pgfml was added to all dishes 2 h before the end of the incubation per- .

fod. Cells were then treated with 0,25% trypsin solution {adjusted to
37 °C}, harvested by centrifugation at 1000 rpm for 5 min, and treated
with hypotonic potassium chloride (0.075 M) at 37°C for 10-15 min.
Supernatants weré then removed and the cells were fixed by suspension
in Camoj’s fixative, Fixed cell susperisions were dropped on clean glass
slides and slained for 15 min with 1.5% Giesma solution prepared in phas-
phate buffer (pH 6.8). Slides were then rinsed in water, air-dried and zna-
lyzed under microscope (BHS-323N, Olympus Optical Co., Ltd) at a -
magnification of 750. Blind analysis was conducied for one hundred
well-spread metaphases per specimen, All experiments were conducted -
in duplicate at concentrations of 1.25, 2.5, and 5 ing DHA-algal oil/ml.
For the classification of chromosomal abertations, the metaphases
with numerical aberration were recorded as “polyploidy™ and the meta-

" phases with chromatid break, chromatid exchange, chromosome break,

immediately poured onto minimal glucose agar plates {1.5% apar in Vogel )

and Bonner medium E with 2% glut:ose) Following incubation at 37°C
for 3 days, the mumber of his” and trp revertants were counted. The test
sample was assayed in triplicate at five concentrations (0.062, 0,185, 0.556,
1.667, and 5 mg DHA-algal oil/plate). Negative (solvent) and positive con-
trol experiments were alse conducted. Positive control mutagens included
sodium azide, 9-aminoacrdine, 2-nitrofluorens, N-ethyl-M-nitresurea, 2-
aminoanihracene, and benzola]pyrene.

If a twofold or greater increase in the mean number of reverfanis was
observed compared 1o the number of revertants on negative control plaies,
the test substance was considered to be mutagenic.

3 The first mutagenicity experiment was conducted at the Instinute for
Fundamental Research, Suntory Ltd., Japan, The second mutagenicity
experiment was condueted at TNO MNutrition and Food Research, The
Netherlands. .

4 The second mulagenicity experiment was conducted according to the
OECD guideline 471, Genetic Toxicology: Bacterial Reverse Mutation
Test, adopted 21 July 1957,

chromosome exchange, and others were classified as “structural aberra-
tions™, The metaphases with a number of gaps and breaks were recorded
as “others”, The chromatic area that was narrower than the width of 2
chromatid was identified as gap, whereas chromatid-iype and chromo-
some-type gaps were recorded separately and mot included I the
judgment,

A cell having any one of the mentioned aberrations was recorded as an
aberrant cell. The mean incidences (%) of chromosomal aberrations were
recorded with and without gaps. Cells were evalnated based on either
structural or numerical mean (%} incidence of chromosomal aberrations,
The {est substance was considered posilive when the incidence of chromo-
somal aberrations increased dose-dependently as compared to those of the
negative control, or when there was a reprodacible increase in the inci-
dence of chromosomal aberrations at one or more concentrahcms

¥ The chromosomal aberration study was conducted at the' Nlppon
Experimental Medical Research Institnte Co., Lid., Japan, in compliance

. with the OECD Principles of GLP {Orgamsatlon for Beonemic Co-
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2.3.3. Statistical analysis :
For the chromosomal aberration expe.nmsnt, the Fisher procedure was
used to evaluate the significance of a dose-related increase.

3. Results
3.1. Subchronic toxicity study
Compared to the water control group, treatrment with

DHA-algal oil dlone or in combination with DHA-fish
cil did not affect mortality, clinical signs, responses to
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stimuli, ophthalmology examination, or food and water
consumption, with the exception of a significant decrease
in food consumption on day 79in males from the
1000 mg/kg group. One female of the 2000 mg/kg DHA-
fish oil group had an ulcer in the neck on days 12-23 and
incrustation in the neck on days 24-28.

A tendency for increased body weighis was observed in

males in the DHA-fish oil and 500 mg/kg DHA-algal oil .

groups and in all oil-ireated females during the 90-day
treatment phase (Figs. 1 and 2). During the recovery per-

iod, a tendency to increased body weight was observed in

80007 & Control -
~%-2,000 mg/kg DHA-fish oil
—4—500 mgikg DHA-algal off + 1.500 mgfkg DHA-fish ol
7000 =-8--1,000 mg.fkg DHA-algal oll + 1,000 mgfkg DHAish Dil
—E—-2 008 mgrkg CHA-algal ot
600.04
. 500.04
=2
=
o
'g 49094
-
' E]
9 300,84
N
£
200.04 -
00.0 < Treaimant: < — R ¥
O, T T T T T T e T T T T T T T T T T S e T T O T LT T T TN T T T T O T T T T T T T T R TR TN T T T e T

] T 4 21 2w 3w 42 49

% 5 710
Days

T o84 WO T 44 2

Fig. 1. Body weights of male rats treated with leA oil for 90 days.
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males in thc DY A-fish oil group. In females, a significant
increase iy body weight was detected for the DHA-fish
oil group and a tendency to increased body weight was
observed for the DHAalgal oil group compared to the
control. group (Fig. 2).

Urinalysis results following tho 00-day treatment pericd
indicated a s1gmﬁcantly decreased or a lendency to lower
sodium excretion values in males from all oil treatment
groups and decreased potassium excretion in males from
the 1000 mg/kg group and 2000 mg/kg DHA-fish oil group

In compatison to the DHA-fish oil-ireated animals, no
parameters were affected. in animals from any of the
DHA-algal oil_treatment groups.

After the recovery perod, females freated with DHA-
algal oil had higher total excretion values of sodium and

- compared with the water control group (data not shown). "
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potassium compared to controls and higher urine volwne .
and potassium excretion compared to DHA-fish oil-treated
fernales (data not shown). _
Hematology results after the treatrient period revealed a
significantly higher lymphocyte ratio and a significantly
lower segmented neutrophil ratio in males in the DHA-fish
0il group and 2000 mg/kg DHA-algal cil group, while a-
significantly lower RBC count was observed in females in
the D¥A-fish oil and 1000 mg/kg groups (Table 2a). No
hematology parameters were affected in males or females |
from any of the DHA-algal oil groups in comparison td
the DHA-fish oil group. Furthermore, following the recov-
ery period, a significantly piolonged prothrombin time was
observed in males in the DHA-fish oil group, and a signif-.
icantly decreased activated partial thromboplastin time was
detected in females in the DHAfish oil and DHA-algal oil

Table 2a
Hematology (90-day tmuclty)
Contrel DHA-fish oil 500 1000 DHA-algal
mg/kg mgfkg oil
Males . ) : .
RBC (x10%uL) 860 27 82552 829 &+ 51 850 == 40 823+ 34
Bt (%) 47616 45823 46326 T46441.6 - 45433
Hb (g/dL) 16.120.5 156+ 0.7 15707 158405 155407
MCV (fL) 554425 55622 559416 54.6+2.0 551::18
MCH (pg) 18.7 0.9 189110 1894056 126+0.9 T 18804
MCHC (%) 33805 34007 338105 34.0::0.6 341405
Reticalocyte (%5) 20%7 W6 21%3 20+5 2346
Platelet {x10%uL) © 92898 884183 873+8.5 928+ 10.1 90.5+11.5
BT (5) 149405 153£05 153204 - - 15306 15204
_APTT (s) 19815 21+17 - 214418 213+1.5 206+13
WBC (x10%/pL) 11623 107 £ 16 125427 113 24 122432
Lymphocyte (%) 76.1£7.1 ‘824520 78.94:5.5 79.8 % 5.7 837 6.1°
Eosinophil (%) L7212 1612 1.54+08 1.7&1:4. IEESH
Monocyte (%5) 66£26 _58%25 6:5£22 6019 64+18
Basophil (%) 0.0£0.0 0.0+ 0.0 0.0+ 0.0 0.0+0.0 0.0=0.0
Stab (%) 06206 0403 04106 0.5£0.5 03304
Seg (%) 15162 9.7+ 33" 126455 120336 16540
Fenales ) N : \ )
RBC (x10%/pL) 316133 788 +£26° 796 £+ 18 783 +22° 795 4 37
Ht (%) ’ 460420 451+ i4 453420 C A48+ 15 451 +£15
Hb {g/dL) 158 £0.7 15505 15606 155+ 0.4 155404
MCV (L) . 564416 572 1.9 56920 572412 5684156
MCH (pg) 193 +£0.6 19.7:£07 196407 19.8:£0.4 19.507
MCHC (%) . 343403 34.5:5 0.6 344£05 347405 34306
Reticulocyte (%) 188 16+4 45 . 1344 165
- - Platelet (<0%/L) §72:£103 86.0+89 83.8:£6.5 26.7::8.7 86.3+13.0
PT(5) 151 411 150+ 10 . 153+£00- 151 +1.0 15211
APTT (s) - 1724 L1 172:k12 177410 173 £1.0 172409
WBC (x10%/1L) 63215 7619 73120 6516 17428
Lymphocyte (&) +78.0153 80.9 1 8.0 824151 825%5.5 322462
Eosinophil (%) 20:£12 CLeE LI 1910 2.0 409 85£12
Monocyte (%) 6.0+27 44£17 51428 43 %19 . 60+2.1
Basophil (%) 0.0+0.0 0.0:£00 00400 0.0 0.0 0.0:£00
Stab (%) 0.7:£0.6 05::07 0.6£05 0.6 £0.6 04403
Seg (%) L 132436 127268 10032 107 £4.38 9660

All values presented as means = 8D,

Males: N =15 for contro} and groups 1-3 (i.e,, DHA-fish oil, 500 mg/kg, and 1000 mg/kg sroups, respectively), N =

Females: N= 15 for every dose group. '
* Significantly different from control, p <0.05.
® Significantly different from control, p <0.0L.

483

14 for group 4 (DHA-dlgal oil).
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groups {Table 2b). Cormpared to the DHA-fish oil-ireated
animals, females in the DEA-algal oil group displayed a
significantly higher reticulocyte ratio,

Clinical chemistry resulis revealed significantly Iower or
tendency to lower serum concentrations of total choles-
terol, phaspholipid and free fatty acid levels in males and

‘fernales of each treatment group in comparison to water-

treated controls at the end of the treatment period (Table

3a). In males; additional changes included significantly’

bigher alkaline phosphatase levels in all treated groups, si g
nificantly higher A/G ratio and albumin fraction ratio in
the DHA-fish oil, 500 and 1000 mg/kg groups, a tendency
_ to higher A/G.ratio and albumin fraction ratie in the

2000 mg/kg DHA-algal oil group, significantly lower -

BUN levels in the 500 and 2000 mgfkg DHA-algal oil

Table 2b

" Hematology {90-day toxicity -+ 28-day recovery)

' Control DHA-fish o1l DHA-algal oil

Males : )
RBC (x16°/pL} $12:£21 802 : 45 841 £33
Ht (%) 44.7+12 444424 46.1+32
Hb {g/dL) 15204 150+07 155510
MCV (L) 55113 554309 548:+£22

_MCH (pg) 188405 18.74+03 18407
MCHC (%) 34,1403 338406 © 33605
Reticulocyte (%0) 1848 2949 27X18
Platelet (x10%uL) * 922127 103793 1001213
PT{s) 150402 154 £02 -15.2307

.APTT (5) 19315 1891.7 20118
WBC (x10%ul) = 106421 115+10 99423
Lympheeyte (%) $46+28 79.54+17.3. 85188
Eosinophil (%4) 124038 09205 L7+11
Monocyte (%), 33439 26+12 4424
Basophil (%) 0.0+08 0.0+£0.0 - 0.0£00
Stab (%) 03403 0.8:£08 0.24: 04
Seg (%) 106+ 1.7 162+7.1 87495

- Females . o ‘ ’

RBC (x10%puL) 807418 81626 8294136
Bt (%) 45811 462424 46422
Hb {gfdL) © 156404 155407 . 157208

" MCY (fL) . 5684-18 565421 56.04- 1.3
MCH (pg) 19.4 £ 0.4 190£06, . 190307
MCHC (%) 34,1403 33605 33.84+03
Reticulocyte (%) 2047 1341 18+3°
Platelet (x}0'ful) 8464, 30.3%11.7 87.54 8.2
PT (s) 156403 15503 15.9:£ 03
APTT (5) [84+08 17.1 £ 0.6° 171+ 07
WBC (x16%/uL) 522412 58+ 16 53412
Lymphocyte (%) $5.04 34 82672 89.6::2.7
Fosinophil (%) 23409 19413 1.3:£06
Monocyte (%) 28424 26209 2615
Basophil (%) 0,0 0.0 0.0:£00 0.0 0.0
Stab (%) 0.4 £03 0.3+04 0404
Seg {%5) 9.6£29 127457 C61£32

. All values presented as means % 8D,

Males: N=35 for all groups.

Females: N =4 for control; A= 75 for gronps 1 and 2 (DBA-fish oil and
500-mgfkg groups, respectively).

® Significantly different, from control, 7 < 0.01.

Y Significantly different from group | (DHA-fish oil), p < 0.05.

© Significantly different from control, p < 0.05.
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" groups, -a significantly lower o2-globulin fraction i in the

DHA-fish oil group, 500 mg/kg group, and thé 2000 mg/
kg DHA-algal oil group, and a significantly lower p-glob-

“ulin fraction ratic in the DHA-fish oil and 500 mg/kg

groups. In females additional changes included a signifi-
cantly lower total bilirubin level in the DHA fish oil, 500
and 1000 m/kg groups, and a tendency to lower bilirubin
levels in the 2000 mg/kg DHA-fish oil group. Compared
to the DHA-fish oil group, males treated with 2000 mg/
kg DHA-algal oil had significantly lower BUN levels and
albumin fraction ratio, as well as a significantly higher
p-globulin fraction ratio.

At the end of the recovery period, females treated with
DHA:algal oil had significantly lower. total chelesterol
and phospholipid levels compared to controls, while
females in the DHA-fish oil group had significantly lower
BUN levels (Table 3b). Compared to controls, significantly

levels were detccted in males from the DIA-fish oil group.
Further changes included significantly higher sodium levels

- in the DHA-fish oil and DHA-algal oil groups, and signif-

icantly higher chloride levels in the DHA-algal oil group

_compared to controls. In comparison with the DHA fish

oil group, significantly higher total bilirubin and chloride
levels and significantly lower B-globulin fraction ratio and
inorganic phosphate levels were observed for males in the
DHA-algal oil group, and significantly elevated urea nitro-
gen and sodivm levels' were recorded for females in the
DHA-algal oil group. _ '
Following treatment, a tendency to increased absolute

higher. CPK, B-globulin fraction and inorganic phdsphate L

and relative liver weights was recorded in inales treated -

with DHA-fish oil compared to controls (Table 4a, data
not shown for absolute weight). Weight changes in other
organs were not dose-dependent {i.e,, no significant differ-
ences at the 1000 and 2000 mgfkg doses) and were limited
to relative weights only. In females, a significant increase in
absolnte and relative liver weights was found in each trea-

- ted group in comparison to conirols. Other weight changes

were limited to absohuite weights only. In comparison with
the DHA-fish oil group, relative liver weight was reduced
in males from the 1000 mg/kg group and 2000 mg/kg

DHA-algal oil group, while absolute and relative liver .

o~

oA

weights were decréased in fernales from the 2000 mg/kg -

- DHA-algal oil group. Similarly, at the end of the recovery

pericd, significant changes were recorded for absolute or
relative organ weights only, and these were not dose-depen-
dent (Table 4b, data not shown for absolute weight).
Gross necropsy findings after treatment included: liver
discoloration in one control male, diaphragmatic hernia
of the liver in one male of the 500 mg/ke group, yellow-

. gray plaque in one male of the 2000 mgfkg DHA-algal

oil group, yellow-gray nodule in the epididymis for two
males of the 2000 mg/kg DHA-algal oil group, atrophy

in the salivary gland for one female of the DHA-fish oil

group, and swelling of the uterus for one female of the
1000 mg/kg group and 2000 mg/kg DHA-algal oil group,
respectively. At the end of the recovery period, swelling
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Table 3a
“Blood biochemistry (90-day toxicity) .
Control DHA-fish eil 500 mglkg 1000 mg/kg DHA-algal oil
Males ' .
GOT (TUfL) - 1694181 9812 10419 107416 119136
- GPT (IU/L) ' TO5547 2343 344 2616 288
LDH (QU/L) C ATk 157 1433 110438 102427 95411
+GTP (1U/L) 0.48 £ 051 0.38 £ 0.45 032 035, 0.26:£043 031 £ 044
ALP (IU/L) _ 164 £ 27 207+ 38" 210 & 57° 219 & 44% 205 £39°
CPK. (TUfL) 11329 10222 12438 110£19 H4:22
" Total bilirabin (mp/dL) 0.08-0.05 006+ 0.02 0.06 %001 0.0 0,02 0.07£0.02

NEFA (uEqg/L) | 525497 432 4 74° 440 % 77 423 = 842 486+£127
Total cholesterol (mg/dL) 9284356 64.7:£ 2027 62.5:£107 66.5417.8° 68,6217
Phospholipid (mg/dL} 137.9£ 438 0L 2487 9944 11.52 10274 19.5 106.0 £25.0
Triplycedide (mg/dL) 89.0 550 6204235 609161 586221 68.6320
BUN {mg/dL) T 124421 11.5:+ 1.4 07513 11415 1044135
Creatinine {mg/dL} . 0.29 + 0.03 0.28 +0.03 0.29::0.02 0.30 =+ 0.03 0.30 £ 0.04
Glucose (mg/dL} ‘ 1498228 151.2::20.8 15491210 1508 4 13.1 15114143
Totzl protein (g/dL) ' 63403 63104 62402 60+03 6.1£03 .
Albumin (g/dL) 47032 49404 48102 47 202 4.7£03
AfG (ratio} 29404 3.7£0.7 36050 3.7L0.7% 34£0.6
Albumin (%) 565+ 1.7 60.7£2.6° 59.7+2.1° 59.642.0° 57923
ul-Globulin (%) 153£17 142423 14.8 2:1.7 141+20 14.8%21
«2-Globulin (%) 6610 55:06" 5.7 +0.7° 6008 58%06
B-Globulin {%) 174+1.5 157+ 17 160112 166410 172& 119
+-Globulin (%) : 41408 39412 38406 38+07 43:4£08
Ca (mgfdLY - 105404 105404 10403 102 03 10302
Inorganic ph D;phbms {mg/dL) 6408 70406 6.7 £0.3 68106 6.6:06 .
Ma {mBq/L) 14394 11  144.6£10 1439409 1442415 144411
K {mEq/L) 450037 4,55 40,22 4.55:£0.21 471 £034 4.54£039. "
Cl{mEg/L} - : 1070 11 1067416 1063 1.1 1070514 T 107.0x1a
TBA (umol/L) : 16.9::203 11.7+£113 90457 10582 © 74195
Females R . : )
GOT (IG/L} : 84114 - 7R23 78414 78413 8514
GPT (IU/L) , : © 1943 2046 2045 19£3 20 +4

. LDH Uy . 5716 60220 53411 54+ 14 5815
+-GTP (TU/L) 1.08 047 1.06 = 0.60 104 040 101 % 0.61 1.23:40.36
ALP (IU/L) 91 +27 117436 - 119438 112431 118444
CPK (IU/L} 77:12 69+ 14 67411 71+10 0+£12 .
Total bilirubin (mg/dL) _ 0.10 =003 0,07+ 0.02° 0.07 £ 0.02° 0.07 & 0.02° 0.084:0.02
NEFA (yEq/L} ' 634 £ 154 538 & 102° 493 -1 79° 5393: 81 565+ 128°
Total cholestero! (mg/dL} 18.7£172 579+114° 57341327 624413.9° 682127
Phospholipid {mgfdL) 1514289 " 115.1 £17.9° 113.6:228° 121.9 % 24.8° 130.1 F21.1
Toglyceride (mgfdL) - . T 460219 39.3+262 29.54:153 5064453 4134283
BUN (mg/dL} 12421 1204+ 2.0 Ho+13 24 £23 131423
Creatinine {mg/dL) 1511104 139.5+238 . 1382 164 13435177 133.64:63
Glucose (mp/dL} 1511194 130.5 +-23.8 1382164 1343+ 17.7 133663
Total protein (g/dL) ' 6704 68102 6504 67£03 67404
Albumin {gfdL} . 57£05 58203 57205 58 £035 S.6+05
A/G {ratio) 6.7%2.7 60120 7429 83 50 57421
Albumin (%) 65527 647434 657425 66.5 L3 64.613.0
el-Globitlin (%) ) i06+13 12415 105 +1.3 102421 105420

. «2-Globulin (%) 514+06 50+09 52405 4304 53406
B-Globulin {%) : ' 137414 14.1+20 138 +11 C135£3.2 14,608
y-Globulin. (%) ' 50412 49+1.1 4811 50%13 5111
Ca (mp/dL) : 10604 10.5:4:03 1042:0.5 105 03 10.5+04
Tnorganic phosphorus (mg/dL) 52314 57307 58 +10 . 54407 52406
Na (mEq/L) 144,0=14 143713 143.6 £1.6 1440513 144.5£08
K. (mEq/L) . 4374061 . 4152037 434029 420 £029 o 4224034
Ci (mEg/L) 109.0+23 108.0£ 1.4 108.11.6 108515 109,24 1.3
TBA (umolfL) C123 i 6.1 M.1L£100 14.8+1L7 136100 112475

All values presented as means = SD,

Males; N'= 15 for control and groups 1-3 fi.e, DHA-fish oil, 500 mg/kp, and 1000 mg/kg groups, rcspccuve]y) N=14for group 4 {DHA-&Jga) oil}.

Females: N=15 for every dose group.
* Significantly different from control, p<0.05.
® Significantly different from control, p<0.01.

® Significantly different from group [ (DHA-fish oil), p<0.05,
d Slgmﬁcantiy different from group [ (DHA-fish ofl), p <0.61.
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Table 35
"Blaod biochemistsy {30+ day toxicity -I- 28-day recovery)

Control DHA-fish ol DHA-algal oil
Auales
GOT {IU/L) 1424 53 133 £ 28 141 435
GPT (IU/L) 32222 B4 4019
LDH (IU/L) lo4%32 - 1210 - 117431
v-GTR (IU/L) 1.074:0.65 099044 1362050
ALP (IU/L) 140414 133421 128422
CPK (IUfL) 99414 136+ 25% 112420
Total bilirubin {mg/dL) 0.06£002 005001 0.07£001°
. NEFA (xEqfL) 647466 601107 60895
Total cholesterol {mg/dL) 1192:£153 1371151 1111£411
Phospholipid (mg/dL) 1704237 15172241 15504490
Trighyceride (mg/dL) 11454360 1083281 109.8+533
BUN (mg/dL) 11.8+10 1L1+13 1.9+ 1.1
Creatinine {mg/dL) 0304004 031006 030001
Glucose (mgfdL) 15874269 14144139 13924231
Tetal protein {(g/dL) 65103 6502 644403
Alburmin {g/dL) 43:1+04 43103 47403
ASG (raiv) 2.9:£05 29403 30406
Albumin {%) 58.0:£21 580415 538116
al-Globalis (%) ", 13612  126+14  133%14 -
o2-Globulin (5 6105 6007 60503
B-Globulin (%) - 1824069 1954057 176+ 1Li*
v-Globulin (34) 4,003 40+£0.9 44207
Ca {mgfdL) 1055£03 102£02 . 104302
Inorganic phosphorus (mg/dly 53403 6.0+£0.2° 544028
Na {inEq/fL) . -1432:405 1442408 14484 10°
X (mBq/L) 4494024 464043 457018 -
1 (mEq/L) 1062408 1063410 107800
TBA (umol/L) 1732152 126k61 - 1714131
Females . T
GOT (IU/L) 104k 14 BE14° 10222
GPT(Iu/Ly . 20+6 1842 © 2444
LDH (IU/L) 867 68118 9637,
¥-GTP (IUfL) 374034 T 108116  0.87+0.53
ALP (TU/L) 9744 L ESL 103451
CPE (IU/L) 1417 BE15 . 83423
Total bilirubin (mg/dL) 010004 008003 0084004
NEFA {uEq/fL) . 684:-285  682:£105 695 %78
/ Total cholestercl {mg/dL) 9164126 863+130 699+ 149"
! Phospholipid (mg/dL) 16644191 1640::288 138.6:%132°
\Triglyceride (mg/dL} 3265146 - 521200 4124193
BUN (mg/dL} 129412 112:%08° 13718 -
* Creatining (mg/dL} © 030003 029%003 027003
Glucnse {mg/dL) 12016173 1400162 137452
Total protein (g/dL) 7006 70£05 6.5+03
Albumin (g/dL) 5809 59%£03 5506
AfG {ratio) 5422 S.TEL0 65228
Albumin (%) 64026 HABZE£13 642429
wl-Globulin (%) L1207 10.7:£0.7  106+£12
&2-Globulin (%4} 50:£0.7 48:+0.7 52403
B-Globulin (%6} 13813 142+1.1 142::07
+-Globulin (%) 6109 55410 5817
Ca {mg/dL) 103504 104404 101404
Inorgenic phosphorus (mg/dL} 55£06 - 54X08 . 48104
Na {mEq/L) 143710 1436205 ° 144540.6°
K {mEq/L) 463036 . 440016 4531037
Cl (mEq/L) 1094208 1084417 1099413
TBA (pmol/L) 130264 108477

17.5£10,1

Al values presented 2s means 2= SD,
Males: N=5 for all groaps.
Females: V=4 for control; N = 5 for groups 1 and?.(DHA fish oil and 500 mg/
okg groups, respectively),
2 Significantly differen! from coatrol, p < 0.05,

b Significantly different ffom group 1 {DHA-fish oil}, p < .05,

© Significantly different from contrel, p <0.01.

9 SigniSicantly different from group 1 (DHA-fish o), p < 0.0,
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in the uterus was observed for one female in the control,
DHA-fish oil, and DHA-algal oil groups, respectively.

Histopatliological examination did not reveal adverse
changes attributable to the dosage of DHA-fish oil and
DHA-algal oil (dala not shown).

3.z Genotoxfciry studies
3.2.1. Ames assay . )

In the first experiment, DHA-algal oil did not increase
the number of revertants per plate of any S. fyphimurium
strains with or without metabolic activation in comparison
to the spontaneous reversion rate in the negative control

" (Table 52). No dose-response relationship was observed.

The positive control mutagens induced increases in revert-
ant colonies in each sirain, as expected, while the vehicle
control showed no increase in revertants per plate (Table
sb).

In the second experiment, DHA-algal oil did not cause a
twofold or greater increase in the rmean number of revert-
ant colonies compared to the background spontaneous
reversion rate observed with the negative control (Table
6). There was no evidence of a'dose-response relationship.
The mean number of reverlant colonies of the negative
controls was within the acceptable range, and the positive
control mutagens save the expected increase in the mean
number of revertant colonies. The test substance was not

- toxic to any strain tested, as evidenced by the absence of

a decrease in the mean number of révertant colonies.
3.3. Chromosomal aberrations

The- incidence of cells with chromosomal aberration,
evaluated structurally or numerically, were within the

“ range of 0-1% and were similar to incidences observed with
- concurrent negative controls (Table 7). In contrast," the

incidences of structurally aberrant cells were mcreased in
the positive controls of all groups.

Because negative Tesulls were obtained in the chromo-
soma] aberration tests, a confirmation test was conducted
using the short iime treatment with S9 with a 24 h recovery
period instead of 18 h. Similar to negafive control, inci-

dences of cells with either structural or numerical chromo- -

somal aberrations were within the range of 0-0.5% (Table
7., - : ‘

A cell growth inhibition test revealed that the test sub-
stance did not inhibit cell growth by 50% or more at con-
centrations up to 5 m,:/ml

4. Conclusion

The resuits of the 90-day toxicity study in rais demon-
strate a lack of toxicologically significant adverse effects
following oral administration of DHA-algal oil at doses
up to 2000 mg/kg. :

Significant differences in hematolog gy and blood bio-
chemnistry values were observed between the DHA-fish oil
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Table 42
Relative organ weights (50-day toxicity] - ] .
‘ Coatrol DHA-fish oil 500 mefkg 1000 mgtke DHA-sigal oil
Males .
Final body weight’ (@ 57371 617170 629 % 60 58950 - 609 57
Brain {g) 0.40: 0.04 0.38 £ 0.04 0.37+0.04 0.38 4 0.03 .38 +0.05
Pituitary {mg) 22403 20402 2.0+04 2.0 £0.3 2003
Thyroid (mg) 37406 36+09 34408 3.7 409 36408
Salivary gland {(mng) 13616 LA3016 120:£22 127 215 130425
Thymus {mg) 59.5+15.6 4834100 - 5274104 611+ 113" 5854144
Heart {g) 0.28 2= 0.02 0.26 +0.01* 0.254:0.02° 0.27 4+ 0.02 0.27 £ 0.02°
Tung (g) 0.31:£0.02 0.29 £ 0.03 0.28 £ 0.02" 8304003 - . 0.31 £0.05
Liver {g) 2.34:£0.19 2454018 2324002 229 £0.14° 2254 0.15°
"Spleen (ng) 160+ 14 148+ 21 159 £23 1554 19 151k 16
Right kidney (g} 0.26 0.02 0.26 +0.02 D.25+0.02 025+002 0.25 £ 0.02
Left kidney (E) 0,26+ 0.02 0.26 4:0.02 0.025 £ 0.02 026+ 0,02 0.26 £ 0.02 .
Right adrenal gland {mg) 52410 4.6+0.7 45506 48404 50408
Left adrenal gland (mg) . 55109 48£05 4908 52407 52408
Right testis (g) 0.304+0.04 028 4:0.03 0.2740.02 0.28 + 0,03 0.29 = 0.03
Left testis {g) 0.25 £ 0.04 0.27%0.04 0.27£10.02 0.28 & 0.03 0.28 4: 0.03
Right epididymis {g) 0.11£0.01 0.11 £0.02 0.11:£0,01 0114002 0.11 +0.02
Left epididymis (g) 0.11+0.02 000001 0.10£0.01 0.11 4+ 0.02 0.11 0,01
Prostate (mg) 109 £ 31 106 + 32 10534 109 +27 118 34
Seminal vesicle (g) 0.43 £ 0.07 0412009 0.40 = 0.08 0.45 = 0.08 041+ 0.06
Females . ’ ' . ’
Final body weight (g) 313422 340147 34 4£31 332429 330 4 30
Brain (g)- 0.66 £ 0.04 0.62:£0.07 0,65 £ 0.06 0.6¢ £ 0.06 . 0654006
Fituitary {mg) 45407 4306 49407 43 £0.7 43408
. Thyroid (mg) 5215 49409 5507 47313 5311
Salivary gland {(mg) 139+ 14 143 28 152417 151418 1434: 16
Thysmus (mg) 8164277 11.1£134 77.6L 189 904 4279 799+ 156
Heart (g} 0,324 0.03 0.30 £ 0.03 031 £0.02 030 £0.02 0.31 4 0.03
Lung {g) 0.40 3 0.04 0.39 £ 0.04 0.39 £ 0.04 040 £0.03 0414004
Liver (g) . 2234011 2.624+0.18" 254 £ 0.18° 251+ 0.12° 239+0,16%
Spleen (mg) 160+ 16 165+ 19 173£20 195417 176+ 22
Right idney (g) 0.28£0.03 0.31 £ 0.04 0.30£0.02 ¢ 0304002 030+ 0.04
Left kidney (g) 028 0.03 0.30£0.03 030002 - 0.30:£ 0.02 0.30+0.04
Right adrenal gland {mg) 94415 9.7k 1.7 10.5%1.5 97414 103:£08
Left adrenal gland (mg) T 9714 102419 - 10.8:£1.8 10313 103413
Right ovary (mg) 12825 123+£2.7 13.1£25 11921 119+21
Left ovary (mg) 13.1£238 115418 135430 124+ 19 L124413
Uterus (g) 0,17 0.03 0.17£0.05 0.19£0.07 0.18 £ 0.06 0.21 4 0.07

"~ Number of animals = ]5.

All values presented as means == SD.

*-Significantly different from group L (DHA-fish cul), p <0.05.
¥ Significantly different from control, p <0.01.

© Significantly different from group | {DEA-fish oil}, p <0.01.
¢ Significantly different from control, p <0.05.

and the water control group, as well as bétween the DHA-

algal oil and the control group; however, no significant dif-

ferences in hematology and blood biochemistry values were

~ observed between the DHA-fish oil and-the DHA-algal oil -

groups. The findings were considered to be of no toxicolog-
ical significance since the changes were small, were not
dose-dependent, were not observed in both sexes, and were
not related to histopathological changes

Although there was a significant increase in absolute
and relative liver weights in DHA-algal oil-treated animals,
no corresponding histological changes were observed. Fur-
ihermiore, ithe magnitude of change was small, Increases in
liver weights were likely the result of the large lipid load, as
previously reported in several feeding and gavage studies in
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which rats were administered fish and marine algal-derived
oils at levels of 25-9500 mg/kg body weight/day for 4-13
weeks (Boswell et al., 1996; Hempenius et al., 1997; McGui-
ire et al,, 1997; Wibert et al., 1997; Burns et al., 1999; Rab-
bani et al., 1999; Hempenius et al.; 2000). In these studies,
bistopathological changes in the liver were not observed.
At necropsy and histopathology, the main microscopic
observations included: liver discoloration, diaphragmatic
herma of the liver, and a yellow-gray plaque in one male
in each of the control, 500, and 2000 mg/kg DHA-algal
oil groups, respectively. A yellow-gray nodule was
observed in the epididymis for two males of the 2000 mg/
kg DHA-algal oil group, while atrophy in the salivary
gland for one female of the IXHA-fish oil group, and swell-
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ing of the uterus for one female of the 1000 and 2000 mg/
kg DHA-algal oil groups, respectively. Swelling in the
uterus was observed at the end of the recovery period for
one female in the control, DHA-fish oil, and DHA-algal
oil groups, respectively. These histological effects. were
not reported in other studies conducted with fish oils
(Danse and Verschuren, 1978a,b; Rabbani et al., 1999;
Hempemus et al,, 2000; Oarada et al., 2000) or aIual oils
rich in DHA (Bosweli et al.,, 1996; Wlbert et al, 1997,

- Arterburn ef al, 2000a,b; Hammond et al, 2001abc)

The observed changes were considerad unrslated to treat-
ment because they were found only in controls or in a small
nimber of animals, or because no differences in frequency

and magpitude of changes between tredted and control

groups were detected.
Unlike several studies conducted on DHA-containing

fish and marine-derived oils, microscopic characteristics
of yellow fat disease were not observed in rats treated with -

DHA-algal oil and/or DHA-fish 6il. The lack of effects
may be atiributed to lower daily-administered doses, strain

. and species differences, or dietaxy content of vitamin E.

The basal diets.provided sufficient levels of vitamin E -

(1.25 mg/day in males and 0.9 mgfday in females) to com-
pensate for. the elevated vitamin demand caused by
increased consumption of PUFAS, as estimated by Muggli

" (1994). Furthermore, vitamin E was present in the DHA-

Table 4b . '
* Relative organ-weights (80-day t0x1c1ty+28 day recovery)
_ Control ‘DHAfish oil  DHA-zaleal oil
Muales : ’
Final hody weight (g) 653423 N2+£103 615+ 67
Brain (g) 036001 0.33:£0.04 0.38 4= 0.03°
Pituitary (mg) 19402 204 .01 2.0-02
. Thyroid {(mg} 34404 314107 3407
Salivary gland (mg}’ 135411 112 4 g% 124410
- Thymus (mg) 4824134 50.7+57 5334163
Heart (g) 02600 0254002 - 0.2720.02
Lung {g) 030001 026:£0.02° 0292003 -
Liver (g) 2552007 2423010 2.38 % 0.37
Spleen (mg) 13628 148412 147 %17
Right kidney (g) 0.26:0.02 024:£0.02 0254002
[Left Kidoey (g) 026:2002 024+0.02 0.25+ 801
Right adrenal gland (mg) 48%0.5 3.7106° 44109
Left adrenal gland (mg) 5105 3.92:06"  49-+09 .
Right testis (g} 027001 024+0.03 0282005
Left testis (g) | 026002 0234002 0.28::005
Right epididyrmis (g) - 011002 010001 0.11£0.02
Left epididymis (g) 0114000 010£001 . GIZL£0.02
. Prostate (mg) 1420 82413 96427
Seminal vesicle {g) 043£0.03 03940.04 0.43 4+ 0.06
. Females o
Final body weight (g) I08ELI2 35027 3464:89
Brain (g) 0.69+0.05 061£0.06° 064014
. Pitvitary {mg) S0:+£08  -3.9%07 4805
- Thyroid (mg) 52410 - 45+05 52%24
¢ Salivary gland (mg) T 163:£39 133218 - . 147+15 -
.. Thymus (mg) ) 180497  75.7£126  80.5+139
" Heart (g) 0334£0.03 030+0.01 031002
Lung (g) 043£0.02 037%0.04° 038005
Liver (g) 238%001 233+£0.102 2321016
" Spleen (mg) . 1724620 154%19 174 424
Right kidney (g) 0324002 028+0,03° 0294002
Left kidney (g) 0314002 0284003 0284002
Ripht adrenal gland (mg) 94+ 1.1 54408 83+10
Left adrenal gland (mg) 10.1 0.8 9.1:k1.1 8.3+£13°
Right ovary (mg) 12.0+£06 10.6+£23 IZ4L LI
- Left ovary {mg) 12.0413.1 96:|:1 G 11.8x1.0°
. Uterus {g) T 0I8E0.04 017009 0.27+0.12

Number of animals = 3.

Al values presented as means & SD. ,
* Significantly different from group ! (DHA-fish oil), p < (.05,
b Significantly different from control, p < 0.01.
° Bigoificantly different from comtrol, p <0.05.

" Table 5a
Arnes assay (Bxperiment 1)

algal and DHA-fish oils, providing additional vitamin E.
Althoungh vitamin ‘E levels in DHA-fish oil were slightly
higher than in DHA-algal oil, vitamin E levels in the
diet alons were sufficient to meet minimum daily require-
ments. Given that the effects observed in the 90-day study
were not toxic in nature and that no histopathological
effects were detected, the no-observed-adverse-effects levél
(NOAEL) is considered to be 2000 mg DHA-algal oflfkg
body weight/day, which was the highést dose tested: This
value corresponds to apprommatcly 900 mg DHA/kg body
weight/day. -

The safety of DHA-algal oil was further supported in
studies which showed that this substance was not muta-
genic under the experimental conditions for S typhinmaium
TA97, TAY8, TA100, and TA102. The second experiment

Test substance concentration {pp/plate)

Number of revertants {number of colomcslplate)

Base-pair substitution type Frameshift type )
TAND TA102 TA97 TA9R
, S9mix(~) S9mix{+) SOmix(-) SImix(+) SImix(~) SOmix(H) SOmix() SO mix(+)
Solvént control {75% Tween 80 126 142 - 393 453 209 a50- 83 . 88
DMSO0 selution) ’ ' '
© 500 126 - 162 . 399 518 214 241 72 . 99
1250 i17 152 394 509 233 267 71 80
2500 i34 143 380 " 507 240 287 74 93
3750 150 162 339 482 - 258 271 20 .95
5000 - 186 . 49 382 452 260 315 53 105
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Table 5b
Positive controls for Ames assay (Experiment 1)

. TA100 TA1D2 TA97 TAS8
With (+) or without (—) 59 mix 59 . 489" ~$9 “+89 ~89 +59 - ~59 +59
Name _AF2 B(a)P +BuOOH . ND AF2 2AF - AR2 Bla)P
Concentration (pg/plate) S 0.02 5 0.5 {uL/plate) ND 0.1 1 0.1 5
Number of colonies/plate 849 1038* 1os ND 1127 732 454 . 310

Abbreviations: AF-2: 2-(2-furyl)- 3-(5—n.1tro-2 -Turyl) acrylamide, 2-AF: Z-ammoﬁuorcne, B(a)P: benzo(a)pyrene; r-BuQOH: rert-butylliydroperoxide; ND:

not determined.
* Inhibition found against growl‘h of bacteria.

1008 4- 106

Table 6
Ames assay (Experiment 2} . \
Dose (pg/pl) Number of revettants (mumber of colonics/plate)
TAI535 TAI1537 TA8 TA100 E colf
~39 - +589 —88 +59 —59 +89 -89 -89 ~39 459 °
i} ) 242 181 185 19#9 3+4 T SER 1544-12 1454 2643 31+4
"2 215 27+7 “18%1 1841 2743 3448 145412 157211 255 28k6
185 20435 152 1247 1442 28210 I7+11 156114 148+6 2345 31k8
556 18+6 266 1345 166 199 50+3 1244£37. 136 18 23k 12 2948
1667 2246 Hx6 1542 1643 - 2544 46+ 9 132414 14749 237 2546
5000 ) 2946 3042 13%7 1342 2149 IBx7 12041 160410 . 30:Xk6 2842
Posilive control 47382 37042 11144167 268 %13 6524123 533421 1509 +£59 196419 "464+%12

All values presented as means- SD.

veriﬁéd these results and also tested additional bactexial .

strains, demonstrating a lack of mutagenic activity for 5.
typhimurivin TA98, TA100, TA1535, and TAL537 and

" for E. coli WP2 wwrd. Moreover, DHA-algal oil did not

induce chromosomal aberrations in Chinese hamster fibro-~
blast cells at concentrations up to 5 mgfml, These results

" are similar to those reported in studies conducted on other
" PUFA-rich microalgal-derived oils, in which no genctoxic

activity was observed (Hammond et al., 2002; Arterburn
et al,; 2000c).

In addition to animal stuches information on popula-
tions who consume high levels of »-3 PUFAs from fish
and fish- and marine-based producis also support the
safety of DHA-algal oil. Reported dietary intakes of

" DHA in populations such as Japan, Norway, South

:  Africa, and the Portuguese Island of Madeira range
" from 0.5 to 0.7 g/day (Benaa et .al,

: 1992; Schloss
et al.,, 1997; Fluge ¢t al., 1998; Johansson et.al., 199§;-
Sugano and Hirahara, 2600; Torres et al., 2000). These
levels are higher than estimated intake levels of DHA
from DHA-algal oil under the condl'uons of intended
use (Kroes et al., 2003).

Several chmcal studies have also been conducted on
DHA-containing fish and marine oils (reviewed in Kroes
et al., 2003). Overall, these data do not indicate that
DHA, at estimated .exposures provided through the use
of DHA-algal oil, would have adverse effects on low den-
sity lipoprotein cholesterol levels, glycemic control, bleed-
ing time, platelet aggregation or other hemostatic
parameters. Additionally, there is no evidence that DHA
consumption would result in negative effects on fmmune
function or response, kidney or liver function, or lipid
peroxidation.

Although Ulkenia sp. SAM2179 has not previously been
used in the production of food products or ingredients, tha-
ustrochyirids have been found in plankion and other mar-
ine detritus and are components of the diet of filter-feeding
invertebrates in the marine ecosystem (Sathe-Pathak et al,,
1993; Azevedo and Corral, 1997;. Naganuma et al., 1998).
Thus, through. consumption of fish and other marine ani-
mals, these marine microdlgae are indirect components of

. the human diet. Moreover, it was concluded in a scientific
expert evaluation perfinent to the safety of Ulkenia sp.

" SAM2179 that “the marine fungoid protest genus Ulkenia
(i.e., Ulkenia sp.) is both non-toxigenic and non-pathogenic
to man” (Schauman, unpublished-a). An extended expert
report stated that there was a lack of evidence for toxin for-
mation in Ulkenia or related organisms, and that any ana-
Iytically determined toxins that could be transferred to the
‘0il would be destroyed under the conditions of edible oil
refinement (Schaumann, uwnpublished-b}. Analyses of
DHA-algal oil and dry algal biomass confimmed the
absence of algal-based biotoxins (Luckas, unpublished).

The safety of the soures organism for DHA-alpal oil was
further supported in an Ames-assay and in a short-term
oral toxicity study. At concentrations of 0.5-5 mg/plate,
Ulicenia sp: produced negative results in the Ames assay
in the S. typhimurium strains TAS7, TASS, TA100, and
TA102, either with or without metabolic activation (Fujii
and Suwa, 1999, unpublished). A short-term oral toxicity
study in which male ICR mice were administered
2000 mg Ulkenia sp. suspended in distilled water by gavage
for 14 days indicated no significant differences in clinical .
signs, body weight gains, or autopic observations com-
pared to the control group (Celanese Ventures, 1999,
unpublished).
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Chromosomal sberration test

Table 7

Total
_gg

Chromosoinal aberration (% 15D}

‘ Gap*

Cancentration
(mg/m})

With {-+) or

Test substance

I gh

Cse®

Polyploid cells
(% £8D)

without (—) §9 mix

Of

Csbd
0.040.00

Cte®

Cib"

1.0 £0.71

Negative conlrol {CMC)

204000
2.0+ 0.00

004000 1.0 071
0.0 % 0.00

0.0 £0.00

0.0 G.00
0.0 £ 0.00

0.0 0.00
0.0 £000 0040060

1.0 £0.71
1.0£0.71
0.0 £ 0.00

L.O+£0.71

0.0 4 0.00

1+ |

1.0 0.7
1.040.71
0.0 4 0,00

1.0 £0.71
0.0 0.00

0.0 £ 0.00
0.0 0.00

0.0+ 0.00
0.0£0.00

0.0 0.00

0.0 £000 00500

0.0 = 0.00
0.040.00 1.0x£071

1.0+ 0,71
1.04=0.71

0.0£0.00
0.0 Q.00
0.0=0.00

1.25
2.5
5

DHA-slgal oil

.

2.0 000

2,0+0,00

20000
360+ 141
95,0£3.54

2.0 .4 0.00
1,6 £0.71

20+000
34,04 141
92.0+2,83

0.0 = 0.00
0.0 £ 0.00
0.0+ 0.00
0.0+ 0.00
0.0+ 0.00
L0£ 071

0.0 0.00
1.0+0.71
0.05=0.00
0.0+ 0.00
504212
10.0 & 0.00-

0.04-0.00
0.04-0.00
104071
1.0+£0.71

0.0 £000 00£000
0.0 £000 0.0£0.00

2.0 %= 0.00

6.0+0,00 2404283

260+ 1.41

0.0 £ 0.00
710+ 3.54

0.0£ 0.00
1L.0+£0.71
1.0£0.71
0.0+ 0.00

0,0 £ 0.00
0.0£0.00
1,0E£0.71
0.0 4 0.00
2.0+0.00
1L.04 0,71

0.0 £0.00
0.04-0.00
1.0x0.71
0.0:0.00
1.0 0.71
1.0+0.71

1.25
2.5
0.0001
0.02 -

+
+

Positive control [MMC]
Positive conlrol [B{a)P]

ge.
Chromosonie break.

® Chromosome ¢xchange.

f Others.

Bap.

Chremalid break.
¢ Chremalid exchan

All values presented as means = 5D,
d

" Chromatid

Ix

ge of aberration cells except those which have only gaps.,

' The percentage of aberration calls including those which have gaps,

& the percenta

1
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In summary, the potential toxic and genotoxic effects of
DIHA-algal oil were assessed, In a 90-day study conducted
in rats, toxic effects attributed to DHA-algal oil were not .
detected. DHA-algal oil showed no mutagenic activity in-
the Ames assay and did not induce chromosomal aberra-
tions. These data support the safety of DHA- algal oillasa
potential dietary source of DHA. ’
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Abstract—Axrachidonic acid oil (ARA-oil) derived from the fungus Mortierella alpina for use in infant notri-
tion was tested in a subchronic (13-week) oral toxicity study in rats, preceded by an in ufero exposure phase.
The ARA-oil was administered as admjxture to the rodent diet at dose levels of 3000 ppm, 15,000 ppm and
75,000 ppm. An additional high-dose gronp received 75,000 ppm ARA-o0il in combination with 55,000 ppm
fish oil confaining docosahexaenoic-acid (DHA), at a ratio of ARA to DHA, comparable to the ratic in '
mother’s milk of 2:1. The {otal levels of fat in each diet were kept constant by adding the appropriate amounts
of corn oil. A concurrent conirol group received 130,000 ppm corn oil in the diet. An additional carrier control
group was fed unsupplemented rodent diet. Administraiion of the test substances from 4 weeks prior to mat-
ing, throughout mating, gestation, lactation of parental (¥p) animals 4nd weaning of the ¥; pups did not affect
fertility or reproductlve performance, nor the general condition of pups, viability, sex ratic or number of pups.
Pup weight gain in the ARA/DHA-o0il group was lower than the controls administered equal amounts of corn
oil. In the subsequent subchronic study survival, clinical signs, body weight gain and food consnmption were
not adversely affected by the test substances. Ophthalmescopic examination did not reveal any treatment-re-
lated changes, There were no treatment-related effects observed up to dietary fest substance concentrations of
15,000 ppm. The following statistically significant differences were found in the ARA high-dose group and for

_in the ARA/DHA. group compared to the corn ofl control group: decreased alkaline phosphatase activity,
decreases in cholesterol, triglycerides and phospholipids concentrafions, increased creatinine and urea concen-
trations, Furthermore, these groups showed increased adrenal, spleen and liver weights, The incidence of
hepatocellular vacuolation was increased in fefnales of the ARA high-dose group and the ARA/DHA gronp.
Oil: droplets were observed in the mesenteric lymph nodes and in the intestinal villi in the ARA high-dose
group and the ARA/DHA group. In addition, lippgrapulomas were observed in the mesenteric lymph nodes in
these groups. The observed changes in the high-dose groups may be effects of the high intake of high-fat levels,
rather than specific effects of the ARA-oil. The no-observed-effect level in this study was placed at 15,000
ppm ARA-oil. This level is equivalent to approximately 970 mg ARA-oil/kg body weight/day. ©- 2000 Else-
vier Science Ltd. Al rights veserved

Keywords: arachidonic amd oil; safety, Tat; reproducnve indices; haematology; clinical chemlstry, organ
weights; hlstopathology

Abbreviations: LC-PUFAs = long-chain polyunsaturated fatty acids; ARA = arachidonic acid;
DHA = docosahexaenoic  acid; MCHC = mean ~ corpustular haemoglobin  concentration;
MCH = mean corpuscular haemoglobin; GALT = gut-associated lymphoid tissue.

INTRODUCTION of the brain in the late foetal and carly postnatal
. Yong-chain polyunsaturated ' fatty acids (LC- period; The most abundant fatty acids in brain cel-

PUFAS) play an-i rtant role in the development [BAar membranes are arachidonic acid (20:4, n-6)
) play an impo » (ARA) and docosahexaenoic acid (22:6, n-3)

(DHA) (O’Brien and Sampson, 1965). The brain of
*Corresponding author. Tel: 31 15 2799111; Fax: 31 15 the developing human child shows a massive
2793482. . increase in weight-during the last trimester of preg-

0278-6915/00/8 - see [ront matter ©2000 Elsevier Science Ltd. All rights reserved. Printed in Great Britdin
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52

FalhiaN



128

nancy and the first period after birth. It is obvious
. that this developing tissue has a high demand for
" these building blocks (Koletzko, 1992). In addition
to the structural role, both ARA and DHA \play
instrumental roles in a variety of processes in the
human body. They act as precursors to a class of
hormone-like compounds (prostaglandins and eico-
sanoids), which have a function in the control of
blood pressure, the regulation of growth and devel-
opment, and stimulation of the immune system
(British Nutrition Foundation, 1992).
The human body can synthesize ARA and DHA
from the essential fatfy acids linoleic” (18:2, n-6),
and linolenic acid (18:3, n-3), respectively, by
elongation and desaturatién. The human foetus in-
itially obtains ARA and DHA by placental transfer
(Koletzko and Miiller, 1990). Post-natally, human
“.milk provides a source of these preformed LC-
' PUFAs.. The demand for these important LC-
PUFAs is cut short if the infant is born prematurely
or if it receives infant formula instead of being
breast-fed: in contrast to breast milk, standard
infant formulae contain only trace amounts of
ARA or DHA (Jensen et al, 1992). It has been

shown in numerous studies that the infant's LC-

PUFA status is maintained by breast feeding
whereas the LC-PUFA. concentrations decline when
the child is fed a formula without LC-PUFAs
(Clark er al, 1992; Makridés ef al, 1995). This
implies that the infant’s capacity for synthesizing
LC-PUFAs from the precursors present in- the for-
mula does not meet the demand (Demmelmair ef «l.,

1995; Saverwald et al., 1997). Therefore, there is a°

good rationale for including these preformed LC-
PUFAs in any infant milk formula that provides
the main nutrient intake of the infant. Inclusion of
these compounds in infant formulae is supported by
a pumber of expert bodies, which have rec-
ommended the addition of the preformed 1L.C-
FUFAs ARA and DHA to infant formulae. In
1992, the British Nutntion Foundation Task Force
(1992) recommended that infant formulae should
contain preformed ARA in an atiempt to replicate

* the fatty acid profile of human milk. In addition, in -

1964, an Expert Committee of the FAQ/WHO
(1994) recommended, on the basis of available data,
that all infant formulae, both pre-term forinulae,
and full-term formulae, should be supplemented
with DHA and ARA at levels normally found in
human breast milk.

For these reasons, there is an increasing interest
in highly purified oils rich in either ARA or DHA,
thus enabling the addition of thess important LC-
PUFAs directly to the infant formulae. The arachi-
donic oil {ARA-cil) referred.to in this paper is de-
rived from the fungus Moriierella alpina. Extraction
of the mycelium after submerged fermentation

yields a triglyceride oil, containing 30-50% ARA. -
This triglyceride source of ARA could be used in-

R. A. Hempenius et al.

infant formulae to previde a LC-PUFA compo-
sition, which closely matches that of human milk.

Because. the ARA-oil is intended for use as an
ingredient in infant formulae for pre-ferm and term
babies, great emphasis was placed on safety testing.
The sfarting assumption was that ARA itself is safe
at the levels found in human milk. Therefore, the
safety assessment was focused on the source from
which the oil is derived, and on possible toxic re-
sidual levels of fermentation by-products and con-
taminants in the oil preparation. The safety
assessment included a safety evaluation on the fun-
gus M. .alpina, involving an extensive lterature-
overview and HPLC analysis of metabolites pro-
duced by the production strain under various con-
ditions. It was concluded that the production
organism, M. alping, was safe for the submerged’
production of nutritional ingredients (Streekstra,
1997). In addition, mutagenicity tests and oral tox-
icity tests were carried out with the ARA-oil, ‘The
oil was not mutagenic and did not cause adverse
effects when-administered to rats for 4 wk at levels
up to 3000 mg/kg body weight (Hempenins ef al,
1997). The objective of this study was to further
evalnate the safety of the ARA-oil for use in infant
nutrition in a subchronic (90-day) oral toxicity
study. The study was preceded by an in utero ex-
posure phase to mimic the intended exposure of
infants to, the oil, namely directly after delivery. As
a' result of the fact that repeated dosing of high
concentrations of ARA may result in adverse
effects, due to its involvement in prosiaglandin syn-
thesis, the highest concentration of ARA-oil was
also tested in combination with a DHA containing
fish oil. The addition of the DHA contaiming fish
oil was intended to compensate for any adverse
effects, since fish.oil fatly acids are known to reduce
the prostaglandin synthesis by competing with
ARA for the enzyme cyclo-oxygenase (Dé Vries
and Van Nodrden, 1992). The combination ARA
and DHA was tested at a similar ratic to that
which is found for these compounds in Luman
breast milk, namely 2:1 (Kohn et al., 1994).

MATERIALS AND METHODS

_ The study was conducted at TNO Nutrition and
Food Institute, Zeist, The Netherlands, in accord-
ance with the OECD Principles of Good
Laboratory Practice and met the requirements of
the US Food and Drug Administration guidelines
for the testing of food additives (FIDA, 1982), the

 OECD guidelines for testing chemicals (OECD 408,

1981) and the EC Guidelines (87/302/EC, 1988).

Test materials

* The ARA-oil was- a triglyceride oil extracied

from the fungus Mortierella alping according to the
procedure -for commercial production. In short,
after submerged fermentation the oil was soivent-
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extracted from the dried "biomass and purified by
. traditional edible oil refining techniques. Analysis of
the antibiotic activity, microbial contamination,
mycotoxins and heavy metals showed that the oil
complied with ihe Joint FAO/WHO Expert
Committee on Food -Additives specifications
{JECFA, 1992} for enzymes derived from microbial
sources. The ARA-oil contained 38.6% arachidonic
acid and the non-saponifiable” fraction (predomi-
nanily sterols) was 1.6 g per 100 g oil. The DHA-oil
-was derived from fish oil (Pronova, Biocare a.s.
Norway) and contained approximately 26.6%

DHA. The fatty acid composmon of both oils i5°

shown in Table 1.

Animals

Wistar outbred rats (Crl:(WDWU 'BR) were
obtained from a colony maintained under SPF-con-
ditions .at Chailes River - Wiga GmbH, Sulzfeld,
Germany. The animals were acclimatized for ap-
proximaiely 17 days to the laboratory conditions.
To form the Fy group rats were allocated fo five
groups (28 females and 14 males per group, except
for the low-fat control group which consisted of 14
females and severl males, because this group served
only as historical control) by computer randomiz-
ation and proportionally to body weight. At the
start of the premating period, the rats ‘were 10-11

"wk old,

."To form the F1 groups, for the subchronic study,
')0 males and 20 females of each group were ran-
domly selected from the litters in such a way ‘that
no more than one animal/sex/liitter was included in
any group. At the start of the subchronic study the
rats were 20--31 days old.

TFable 1. Fatty acid profile of the ARA and ‘DHA-oil

Fatty acid lavel (% of total
fatty acids)

Fatty acid "o ARA-oil DHA-oil

C14:0 24 3.5
*C15:0 : 0.2 1.0
Cl60 - 164 18.0
Clé:l 01 - 52
ClL70 0.4 W
CIT1 ’ 0.0 0.6
C18:0 114 - 4.9
Ci18:1 (n-%) - 117 144
C18:2 (n-6) 6.9 . 1.4
C15:3 (n-6) 14 - 0.2
TC:0 - ' . 0.9 0.3
C20:1 (n:9/C13:3 (r-3) 04 0.9
C20:22 (9-5) . 0.3 .03
C20:3 (n-6) 36 0.1
C20:4 (n-6) 33.6 . 2.0
C10:5 {3} ol 6.8
Caxo 15 0.2
C22:1 (0-9) 0.0 0.9
C22:4 (n-6) - 02 0.2
C22:5 (n-3) ] : 0.0 3
C22:6 {n-3) 0.0 26.6

C24:0 _ 15 0.2

Animal care

The rats were housed in suspended, stainless-steel
cages fitted with wire mesh floor and front.
Housing conditions were conventional. The parental
rats were housed per cage durmg the different
stages as follows:

~premating period: three or  four rats from the

same group-per cage separated by sex;

- mating period: two females were caged with

 one male from the same group untll pregnancy

occurred,;

— gestation and lactation period: dams- were

housed individually.

In the subchronic study rats were housed five per
cage. The temperahire in'the animal room was gen-
erally between 20°C and 23°C. The relative humid-
ity was generally between 40% and 70%. Lighting
was artificial by fluorescence tubes and time switch
controlled to a sequence of 12 hr light, 12 hr dark.
Drinking water [N.V. Waterleiding bedrijf Midden-
Nederland (WMN)] was provided ad lib. The drink-

-ing water was given in polypropylene bottles, which
wére cleaned weekly and filled up when necessary.
The amimals ‘were fed: the Institute’s cereal-based
rodent diet, containing crude fat 5,6%, crude pro-
tein 20.3% and crude fibre 2.7% (SDS Special

Diets Services, Witham, UX). From the start of the -

treatment period, the Institnte’s rodent diet was
supplémented with ARA-oil, DHA-0il and/or corn-
oil.

Experimental design

The study consisted of two phases: (1) an in urero
phase, in which the ¥y animals received the test
substances during the premating, mating, gestation
and lactation periods; and (2) a subchronic toxicity

phase, in which the selected offspring (F, animals)

from the in utero phase received the test substances
for a 13-wk period.

There were two control groups incorporated in
the study, namely a carrer control group, which

received the standard rodent diet without additions.

to serve as historical reference group, and.a high-fat
control group, fed a diet with a fat level, provided
by corn oil, similar to the highest dose of test ma-
terial, Three experimental groups received low, mid
and high levels of ARA-oil and one group received
the highest level of ARA-oil in combination with
DHA-o0il at a ratio of 2:1, similar to that which is

~ found in human milk. The addition of the DHA-oil

was intended to compensate for any adverse effects

due purely to the adminstration of high level of

ARA-0il. From the start of the premating period
(Fo male and female rafs), throughout mating, pes-
tation and lactation, until termination of the ireat-
ment of the F; animals, the test substances were
administrated at constant concenirations in the
feed.
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Experimental diet

" The study comprised six- groups, namely a carrier

control group, a high-fat control group (130,000

ppm corn ¢il} control group, three groups receiving
different levels of ARA-oil, namely' 3000. ppm,
15,000 ppm or 75,000 ppm ARA-oil (made up with

" corn oil to'a total of 130,000 ppm added fat), and

one group receiving a mixture of ARA- and DHA-
oi}, namely 75,000 ppm ARA-oil and 55,000 ppm
DHA-cil. The Institute’s cereal based rodent diet
was used as carrier. The total level of added fat in
each test diet and in -the corn ail control diet was
kept constant (130 gikg diet) by adding appropriate
amounts of corn oil. As it is known that rats con-
sume food to a specific caloric intake the food con-

sumption will be reduced when fed high-fat diets.

Therefore, we used for this study a standard rodent
diet rich on the macro- and micronutrients to
ensure adequate intake of essential nutrients from

the experimental diet. The test and control diets’

were stored in a freezer. Daily, portions of the diets
were thawed and fed to the rats.

The stability of the test substance in the d1et in
the animal room and in the freezer was investigated
before the start of the study by quantitative deter-
mination of the levels of ARA and/or DHA. The
iest substances were stable in the rodent diet at all
dose levels examined on storage for up to 4 days at
room temperature, or for nearly 8 wk in a freezer.
During the study, the stability of the diets under
storage conditions in the freezer was confirmed for
each batch of dieis prepared by quantitative deter-
mination of ARA andfor DHA after the-maximum
storage period. The homogeneity and levels of
ARA andjor DHA were confirmed in the first

batch of diets prepared in the study, by analysing

five samples per test diet.

In utero phase

After a premating period-of 4 wk, during which
the rats were fed their respective test diets, two
females were caged with one male from the same
group until pregnancy occurred, or until 2 wk had
elapsed. Dhuring the mating period, vaginal smears
were made daily to' determine whether sperm were
present. The day on which either sperm or a vaginal
plug were observed was considered day 0 of preg-
nancy. Upon evidence of copulation,. the females
were caged individually for the birth and rearing of
their pups and throughout lactation.

On day 4 post partum, litters of more than eight

.pups were adjusted by eliminating extra pups by

random selection, to yield (as nearly as possible)
four males and four females per litter.. At day 21
post partum, the ¥y litters weré weaned. 20 males
and 20 females were selected randomly from 20 Iit-
ters, except for the ARA-oil low-dose group, which
comprised only 18 litters with live pups on day 21
of lactation. Two litters were not used becanse one

contained only three animals and another litter was
born 1 wk after the other litters. For the carrier
control group, .10 males and 10 females were
selected from seven litters, since this group con-
tained only eight litters and one was not used.
During the period between weaning and the start of
the subchronic study, feeding of the varous test
diets to these F; rats was continued. Parental rats
and-the remaining pups were sacrificed.

Observations: in utero phase

Clinical signs. During premating, mating, ges-
tation and lactation, the peneral condition and
behaviour of all animals were checked daily. _

Body weight. Body.weight of each animal was
recorded when starting the administration of the
test substances and omce every week thereafer, .

“Mated females were weighted on days 0, 7, 14 and

2] of gestation and on days 1, 4, 7, 14 and 21 of
lactation.

Food consumption. Food . consumption was '
measured weekly on a cage basis, during the pre- -
mating period in both males and females. Food
consumption of mated females was recorded during
pregnancy on days 7, 14, 21 and during lactation
on days 4, 7, 14 and 21,

Reproductive indices. Reproductive indices with
respect to fertility and reproductive performance
were determined for each group:

Pup observations. Pups were checked on viability
daily and observations of appearance of pups were
carried out on days 1, 4, 7, 14 and 21 of lactation,
The weight of the litters as a whole was recorded
on days 1, 4.(before and after culling), 7 and 14
post partum, mean pup weight was calevlated. The

. weight of individual pups was recorded on day 21:

Observations: subchronic study

Clinical signs. The general condition and beha-
viour of all animals were checked daily. Ophthal-
moscopic observalions were made prior to the start
of the study and towards the end of the treatment
period (day 84) in all rats in the corn.oil control
group, the ARA-oi] high-dose group and the ARA/
DHA-oil group.

Body weight. Body weight of cach animal was
recorded at the start of the subchronic study (day
0) and once every week thereafter,

Food end water consumption. Quantity of food
consumed by the animals in each cage was ~
measured weekly on a cage by cage basis and the
efficiency of food utilization was caleulated. The
water consumption of the animals was measured
per cage on 4 consecutive days in wk 2, 6 and 11 of
the study. 8

Test substance intake. For €ach test group, the
intake of ARA-oil or DHA-oil/kg body weight/day,
was. dssessed on the basis of weekly food intake,
body weight (mean of the body weights measured
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at the start and the end of each week), and nominal
dietary supplementation of the test subsiances.
Haematology and clinical chemistry. At autopsy
under amaesthesia at the end of treatment, blood
was collecied from the abdominal aorta of 10 rats/
sex/group and wused for haematological measure-
ments; blood plasma was used for clinical chem-
istry. On day 87-88 of the study, the same 10 rats/
sex/group were deprived of water for 24 hr and of
food during the last 16 hr of this period. Glucose in

: this group was determined in blood collected from

the tip of the tail after the deprivation period.

Renal concentration fest and wrinalysis. During
the last 16 hr of deprivation, the rats were kept in
metabolism cages (one rat per cage) and urine was

" collected. The concentrating ability of the. kidneys

was investigated by measuring the urinary volume
and density. In the urine collected from the rats in

- the renal concentration tést; semiquantifative deter-

minations and microscopy of the sediment were car-
ried out.

Autopsy. Aftér completion of the 13-wk treatment
period, the animals were kilied by exsanguination

" from-the abdominal aortz under ether anaesthesia

and examined macroscopically for pathological
changes. Organs of .all surviving animals were
weighed and the relative organ weights (g/kg body
weight) were calculated on the basis of the final

* body weights of the rats. Samples of the complete
¢ specirum of organs and tissues as required’ by..
OECD, EC and FDA of all animals were preserved’

in a neutral agqueous phosphate buffered 4% sol-
ution of formaldehyde. Histopathological examin-
ation was performed on the tissues and organs of
all animals of the corn oil control group and the

ARA high-dose group. The kidneys, livers, lungs,
" . small intestines, including Peyer’s patches, mesen-

teric lymph nodes and any gross lesions were also
examined microscopically in all rats of the ARA

" low- and mid-dose groups and the ARA/DHA .

group. Histopathological examination was not con-
ducted in rats of the carrier confrol group, except
for the examination of brain, spinal cord, small in-
Peyer’s patches and mesenteric lymph
nodes in both sexes and of the liver in females. )

Neurotoxicity screening. As a neurofoxicity screen
the following observations were included: histo-

pathological examination” of fissue samples repre-’

sentative of major areas of theé brain, spinal cord
and peripheral nerve, a functional evaluation bat-
tery of observations and tests selected to detect

_ signs of neurological, behavioural and physiological

dysfunction. The Screen was carried out in wk 1

and 12 of the study in 10 males and 10 females of

- each group.

Statistical analysis

Amnalysis of c':ovariancc was used for evaluating
body weights in the subchronic study. Analysis of

variance followed by Dunneif’s muitiple compari--

son tests was used for body weight and body weight
changes, food consumption, food efficiency, water
consumption, pup body weight, red blood cell and
clotiing potential, total while blood cell counts, ab-

solute differential white blood cell counts, clinical -

chemistry values, volume and density of the urine -
and organ weights. Fisher’s exact probability test.

was used for the evalvation of the numbers of
mated and pregnant females, females with liveborn
pups, females surviving delivery, females with still-

.born pups or lost litters, liveborn and stillborn
pups, pups lost at various stages, pups surviving 21
days and for pathiological changes. Kruskal-Wallis
non-parametric analysis of varance followed by the
Mann~Whitney U-test was used for evaluating pre-
coital time, duration of gestation and litter size and

. for evalnating reticulocytes, differential white blood
cell connts (percentages) and semi- quantltath urin-
ary observations (or the Mann—-Whitney U-test only
for comparison between the com oil controls and
the carrier controls). The test groups and the carrjer
control group were compared separately with the
corn oil control group.

RESULTS

In wtero and lactation phase

Clinical examinations, growth, food intake. Gen-
eral condition and behaviour. of parental rats were
not adversely affected .by the test substances in any
of the groups. None of the rats died prematurely.
During premating and mating, overall body weight
-gain in females of the ARA/DHA group was stat-
istically significantly lower than in the corn oil con-
trol group. Body weight gain in females of” the
carrier control group was lower than in the “high-

fat” gronps. During the gestation period, body

weight gain in females of the ARA. high-dose group
and the ARA/DHA group was statistically signifi-
cantly lower than in-com oil control group in the
fitst week. Body weight gain in the carrer control
group was lower than in the “high-fat” groups. On
day 1 of lactation, mean body weights were

decreased in the ARA/DHA group and in the car-

der control group. At the end of the lactation
period, however, these differences had disappeared
_and maternal weights were simular in all groups.
Food consumption was decreased in the ARA/
‘DHA group in both sexes during the first week of
the premating period. Mean food consumption in
the carrier control group was higher than in the
“high-fat> groups'during mating, gestation and lac-
tation.
Reproduction indices. There were no treatment-re-

 lated differences in fertility or reproductive perform-

ance among the ARA groups, the ARA/DHA
group and the comn oil control group. Mating, ferti-
lity, gestaiion, birth and viability indices, as well as
precoital ‘and gestation times, were comparable
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among the test and control groups, and no statisii-
cally  significant differences in _these variables
occurred. All these reproduction variables were nor-

"mal for rats of this strain. None of the pregnant

females died. In the camier control group, fertility
was relatively low but the difference in relation to
the corn oil control group was not statistically sig-
nificant. In addition, the total number of pups
delivered and- the number of pups per litter before
culling was decreased in the carrier control group
(Table 2). ‘ ' :
Observations in pups. Viability check did not
reveal any treatment-related differences. The num-
ber of live pups per litter was comparable between
the ARA groups, the ARA/DHA group and the

corn-oil conirol group. Sex ratio was similar in all

groups {Table 2). At delivery, pups in the carrier
conirol group were heavier than pups in the “high-
fat” groups, probably as a result of the smaller size
of the carrier control litters. At the end of the lacta-
tion period, pup weight in. the carrier control group
was comparable to that in the corn oil control
group. Pup weight gain in the ARA/DHA group
was decreased from 'day 7 of lactation. Pup weight
in this group was statistically significantly lower
than in corn oil control group from day 14 of lacta-
tion, namely 10% lower. General condition of pups
was not adversely affecied by ARA-oil or the com-
bination ARA/DHA-oil.

Subchronic study (F; rats)

Clinical examinations, growth, food and water
infake. General condition and behaviour were not
adversely affected by the test substance in any of

. the groups. One male rat of the ARA high-dose

group was killed on day 67 of the study because of
deterioration of condition. Upon microscopic exam-
ination, this rat showed severe pyelomephritis.. As
similar findings were not observed in any other rats
in this group, the death of this male was not con-

- sidered to be treatment related. Ophthalmoscopic

examination did motl reveal any ireatment-related
changes.
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At the start of the study, mean body weight in
the ARA/DHA group tended to be lower than the
corn oil control group, but the differences were not
statistically significant. There were no dose-related
differences in body weight gain between.the test
groups and the corn oil control group. Males of the
carrier {low-fat) control group showed statistically
significant increased body weights when compared
to the corn oil control group throughout the study.
A similar tendency was observed in females of this
group in the first few weeks of the study.

Mean food intake and food conversion efficiency
did not show consistent differences between the test
groups and the corn oil control group. Food intake
tended to be higher and food conversion efficiency
tended to be lower in males and females of the car-
rier control group as compared to the corn il con-
tiol group. The intake of the test substance per kg
body weight per day decreased as the study pro-
gressed. For each’ group the mean intake and the
intake during the first and the last week are pre-
sented in Table 3.

Water intake in wk 2 and 6 was comparable
among the test groups and the corn oil controls. In
week 11, water consumption was slightly increased
in the ARA/DHA group, but the differences with
the corn oil control group were generally not stat-.

. istically significant. In the carrier control group,

water consumption tended to be higher than in the..
corn oil conirol group.

Haematology. Packed cell volume was decreased
and mean corpuscular haemoglobin concentration
(MCHC} increased in males of the ARA/DHA
group compared to the corn oil control group. In
males of the ARA high-dose group, MCHC was

. increased. The above changes were only slight and

other values obtained for red blood ¢ell variables

-did not show any significant changes. In the carrier

control group, increases were observed in pro-
thrombin time in males and in haemoglobin concen-
tration and mean corpuscular haemoglobin (MCH)
in females (Tables 4 and 5). There were no statisti-
cally significant changes. in total white blood cell

Table 2. Natural delivery and lfitter data' |

: Control Dietary concentration test substance (ppm}
ARA-oil.’ " ARA/DHA-oil

Parameter Low-fat  High-fat ' 3000 15,000 75,000 75,000/55,000
Litter size at birth (total pups)  9.00 % 1.21 1141 40.64 1021 +0.808 102430417 110040451  11.04 +0.366
Live born index® ’ 100 g 99 99 59 .. ®
Litter size at day 4 pre-cull 9004121 117140426 10610647 109640422 108230425  10.73+0.398
Viability index day 4-21% 100 100 5 . . 99 100 100

Sex ratio® . . .

birth ) 50 55 47 - 58 * 51 53

day 21 - 52 5 47 53 32 50

"Results are mean per litter 4: standard deviation with between 18 and 26 litters per group, except for the low-fat control group (eight lit-
ters). Liveborn index: number of pips born alive *100/total number of pups born. *Viability index days.4-2F: munber of pups sur-
Vivix:lg 21 days/rumber of Hveborn pups are culling at day 4. *Sex ratio: number of male pups date n *100/total number of pups,
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Table 3, Méan intake of ARA-oil or DHA-oil over a 13-wk petiod

Intake of ARA-0il or ARA/DHA-o1 (g/kg bwjdayj ‘ ] ’ o

Male rats .Female rats
Mean .Firét week—last week Mean First weele—last week

Low-fat controls CNAY * NA NA NA
High-fat controls: 130,000 ppm com oil NA NA NA NA -
Low-dese: 3,000 ppin ARA-0il + 127,000 ppm corn oil 0.19° 0.38-0.12% 0.1%% 0.38-0.1%
Mid-dose: 15,000 ppm ARA-oil + 115,000 ppm corn oil 0.96> 1.96-0.56> n.58? 1.88-0.647
High-dose: 75,000 ppm ARA-0il + 55,000 ppm corn oil 4747 9.39-2.932 4.86° 9.17-3.297

4.38%3.587  9.42-294%691-2.16  5.00%3.67° 9.17-3.31%/6.72-2.43°

High-dose: 75,000 ppm AR A-o0il + 55,000 ppm DHA-oil

"N A: not applicable. *ARA-oil. *DHA-oil.

" counts or in differential white.blood cell counts in
any group.

Clinical chemistry. A~ number of stanstlcally sig-
- nificant differences ‘between the test groups and the
corn 01l control group were observed in the clinical
chemisiry variables, as shown in Table 6 (males)
and Table 7 (females). Alkaline phosphatase activity
was dccreascd in. males and females of the ARA
_ high-dose “group. Cholesterol concentration was
" decreased in the ARA high-dese group in females
and in the ARA/DHA group in both sexes. Trigly-
cerides were decreased in males of the ARA high-
dose group and the ARASDHA group. A similar
tendency was observed in females of these groups.

., Phospholipids were decreased in the ARA high- .

. dose group and in the ARA/DHA high-dose group
in both sexes. Creatinine concentration was
increased in males of the ARA high-dose group and
the ARA/DHA group. Urea concentration was

. increased in males of the ARA/DHA group. In the
carrier group, decreases. were observed in alkaline
phosphatase activity and urea concentration in both
sexes, while .the albumin/globulin ratio was
_decreased in males, and the bilimbin, triglyceride
and phospholipid concentration and alanine amino-

control group, the weiglits of the kidneys and liver

transferase activity were increased in females, as
compared to the corn oil control group.
Renal concentration test -and urinalysis. The renal
concentration test showed an increased volume and
decreased density in the ARA high-dose group in LT
both sexes and in the ARA/DHA group in malesas . N
compared to the corn oil control group. The urin- '
ary volume was also higher in males and females of
the carrier control group than in corn oil control
group, but the density was not affected in this
group. There were no significant differences in semi-
quantitative observations in the urine or in the mi-
croscopy  of the urinary sediment among tht
Eroups. )
Organ weights. The relative weight' of the spleen
was increased in males and females of the ARA
high-dose group and the ARA/DHA group (not

. statistically. significant in males of the ARA high-

dose group) as shown in Table 8 (males) and
Table 9 (females). The relative weight of the' liver
was increased in females of the ARA high-dose
group and the ARA/DHA group. The relative
weight of the adrenals was increased in females of
the ARA/DHA group. In females of the carrier

Table 4. Haematological parameters in 10 male rats/group after feeding ARA-oil or ARA/DHA-oil for 13 wk (mean +SEM)

Control Dietary concentration test substance (ppm)
" ARA-oil ARA/DHA-0il '
Perameter Low-fat High-fat 3000 15,000 75,000 75,000/55,000
Red blood cells (10/litre) 769+005 7864008 7881008 R00XO0l1 7714007 7.67:14009
Haemoglobin (mimollitre) 54 +0.1 9.2+01 9.040.1 92401 9.0+01" Eo+0.0
Packed celf volume (litreflitre) 0.421 40004 0.4164-0.007 0.4024+0.005 0.408 3 0.003 0.397 4+ 0.006 0.394 4 0.006*
Retionlocytes/1000 126119 144128 28+10 120+12 140417 1404232
Mean corpuscuiar volume (8) 529405 529408 511104 510+07 514%05 51.4 +£0.7
Mean corpuscular haemnoglobin concentration 22,24 0.1 221402 224401 | 225+02  22740.1* 22,7 40.1»
(rmmol/litre) : :
Thromboeytes (10°/litre) 983423 '921 27 924 + 26 973 +32 961-4 25 896424
Prothrombin time {sec) 41.8 +0.5% 393%05 388408 393407 39.8+08

398104

Statistically significant differences between the test groups and the high-fat {com oil). Control group are indicated with *P < 0.05.
Stat:stlcally swmﬁcant differences between the low-fat (carrier) control group and the high-fat (corn oil) control group are indicated
with #P < 0.05; ¥p < 0.01.
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Table S.'Hacmato]ngical pafamet:rs' in 10 female ratsfgroup after feeding ARA-oil or ARA/DHA-ol) for 13 ;vk {mean +SEM)

Control Dietary concentration test substance (ppra) |
ARA-oil ARA/DHA-oil

Parameter Lowfat’ High-fat . 3000 15,000 75,000 75,000/55,000
Red blood cells (10/litre) 716008  7.64010 7162015 7224010 6871021 7.04+0.10
Haemoglobin (mmelflitre) : 9,0+0.1% 8.7+ 0.1 “8.740.1 8.9+01 285101 8.5+0.1
Packed celt volume (litee/litce) 0.4024+0.005 0.388 +0.006 0.387 4 0.007 0.396 4+ 0.006"0.376 £ 0.010 0.372 4+0.005
Mean corpuscular volume (f1) 562+0.7 543409 542406 54.9.+0.6 548 4.0.6 529407
Mean corpuscular haemoglobin (fmol) 1264 0.01% 1213001 1224001 1.23+0.0F 1244001 1224002
Mean corpuscular haemoglobin concentration 224402~ 224402 22.540.1 225402 2264101 230402
(mrolflitre) - .
Thrombocytes (10 fitre) 875 +27 85849 861 1 24 828+ 16 891 +35 B34 +24
Prothrombin time (sec) 372107 349 :!-__0.8 3606405 346403 347406 347404

0

'Reticolocytes were not counted for females. Statistically significant differences between the test groups and the high-fat (corn oil) control
group are indicated with *P < 0.05; **P < .01, Statistically significant differences betwzen the low-fat {earsier} control group and
the high-fat (corn oil) control group are indicated with P < 0.05; #P < 0.01.

were increased as compared to the corn oil contro]
group. ' '
Pathology—macroscopic  exammation.  Gross
examination of ‘the surviving rats at autopsy did
not reveal any treatment-related changes.
Pathology—microscopic examination. The mesen-
teric lymph nodés of most males and several
females of the ARA high-dose group and the ARA/
DHA -group contained focal aggregates of oil dro-
plets. Oil droplets. were also present in the tips of
the villi of the small intestine of many animals of
the . ARA high-dose group and the ARA/DHA
group.. This histopathological changé was not pre-

gent in any animal of the other groups, except for |

one male in the corn oil group. Oil droplets were
also observed in the Peyer’s patches of the small in-

testine in several rats of all groups, including the .
corn oil conirol group, but not in the carder con- .
trol group. In addition, a -number of the animals
had lipogranulomas in either the Peyer’s patches or
in the mesenteric lymph nodes. A rare animal in the

‘ARA high-dose group or in the ARA/DHA group

had focal, slight inflammation in the Peyer’s
paiches. Some rats of the carrier control group
exhibited mineralisation of the Peyer's patches. It
appeared that mineralization was almost absent in
the treated animals. The significance of this con-

“dition is unknown; but it is apparently not due to

the administration of ARA-oil or DHA-oil.

Several males and females of the corn il control
group and the ARA high-dose group exhibited
vacuoles in the brain, especially in the White matter

Table 6. Clinical chemistry in plasma in 10 male ratsfgroup after t'ecdirig ARA-oil or ARADHA-0il for 13 wk (mean + SEMY

Contral Distary concentration test substance (ppm)
ARA-oil ARA[DHA-oi]

Parameter Low-fat High-fat 3000 15,000 75,000 75,000455,000
Glucose (mmol/litre)* 3934009 3.8740.10 380::0.09 3.58 £0.09 4.04+0.13 4.134: 0.05
Alkaline phosphatase {Uflitre) 134 -+ 8% 227+ 14 22413 192411 °  179%6* 248 %9
Alanine aminotransfercass (Uflitre) 3043 3342 it+1l 2841 2041 Rt
Aspartate aminotransferase {U/litre} 73+4 T2+3 7043 6843 6916 79%+4
Gamma-glutamy] transferase (Uflitre) 0000 0.0+ 00 0.0+0.0 0.0+ 0.0 0.0:£ 0.0 0.0+0.0
Total protein (g/litre) 6710 66+ | 6441 66+1 661 65+1
Albunin (gflitre) 3540 36440 35+£0 . 3540 3540, Rt
Albwnin/globulin ratio 1134001F 1.194+0.02 1174002 1164+0.62 . 1134001 1.21 £0.02
Urea (mmol/litre) 1+0% 53402 $540.1 5402 56401 6.0+ 0.1%
Creatinine (frmol/flitre) 284t 27+1 2941 040 IR 324 e
Total bilirubin (mol/litre) 16101 20+0.2 1.6+ 0.1 L7408 14400 1.6%£0.2
Cholesterol (mmolffitre] - LSl 2024007 210011 2214008 1.82 10407 1.37 4 6.08**
Triglycerides (mmol/litre) 2734019 3.984:038 1514012 1581011 1.00 4-0.05%* - 1.0040.18**
Phospholipids (nmelflitre} 2.28 1+ 0.09 2.04+0.10 2044010 2131006 1.66 1 0,05¢* '1.43 4: 0.05%*
Calcium (mmolflitee) 2794002 2754004 2744003 2764003 2741003 2.73£0.03
Potassium. (mmol/litre) 36401 3.7+0.1 39401 39401 38401 © 41401
Sodivmn (mmol/litre) 147D 14741 146 0 14740 14750 146 +1

.. Chloride (mmolflitre} 106 +0 10740 0740 10710 10710 106+ 0
Inorganic phosphate {mmolfitre) 1784010 1.63+0.0% 1.7240.12 1.61 £0.08 1.68 +0.08 1.834+0.10

'Fasting glucose was determined in blood collected after overnight fasting in wk 12, Statistically significant differences between the test
groups and the high-fat {corn oil) contro) group aze indicated with =P < 0.05; **P < 0.0). Statistically significant differences between

the low-fét {carrier) control group and the high-fat (¢orn ofl} control group are indicated with ¥P-< 0.05; #Hp < 005
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Table 7. Clinical chemistry in plasma in 10 fenale rats/group after feeding ARA-oil or ARA/DHA-oil for 13 wk {mean +SEM)

Control Dietary concentration test substance (ppm)
ARA-oil ARA/DHA-oit

Pzrameter . Low-fat High-fat 3000 15,000 75,000 75,000/55,000
Glucose (mmiolflitre)! 3.91+0.11 3.81+015 3.834+008 400+013 3.97+0.08 4.25£0.13
Alkaline phosphatase (Uflitre) 130 + 67 199+ §9 200+ 14 186 £ 10 - 145 7 172411
_Alanine aminotransferease (U/litre) 414 5% 30+2 2841 2941 2T+ L2742
Aspartate-aminotransferase (Uflitre) © 6944 6442 61+2 - 62413 8343 T 67+3
Garmuna ghutamyl transferase (Uflitre) ~ 0.0 0.0 0.0+00 00400  06%00 01+01 0.0-4-0.0
Total protein (g/flitre) 641 6441 64+1 6441 6541 66+0
Albumin (g/litre) . 3640 37+0 3710 740 37+1 39+1
Albumin/globulin ratio 1.334:0.02 1394002 138+0.02 1324003 1.324+0.03 - [.40 4 0.63
Urea (mmo)/litre} . 8.3 107 57403 63103 71404 74405 6.8+06
Creatinine (umol/litre) 2941 0+2 33+2 3542 3742 342
Total bilimbin (uemol/litre) - 63+27 13+0.2 23105 18404 13401 1.51+0.3
Cholesterol (immollitre) 177 008 1762007 1684007 1871008 1.48 £0.07* 1.39 1 0.08%=
Triglycerides (mmo)/litre) L4240.17%  0820:£009 0851015 0894012  0.72:008 0.58+0.05
Phospholipids (mmol/litre) 2284 0.00%  1942006- 1914006 2092008 168007 1.54 4 0.06"*
Caleium (mmolflitre) . 2664002 2611003 266002 2651003 264003 2.6040.03
Potassiom (imolflitre) 32401 32401 32401 32401 - 3401 3.3440.1
Sodium (mmol/litre) 146 31 14530 14640 1464 0 14630 14640
Chioride (mmol/litre) . 10720 10840 1080 10840 1090 109+1
Inorganic phosphate (munoi/flitre} - 1.68 +0.14 1.30£0.15 . 1394015 141+0.15 1.33+0.19

1.344:0.16

'Fasting glucose was determined in blood coliected after overnight fasting in wk 12,.Statistically significant differences between the test
groups and the high-fat (corn oil) control group are indicated with *F < 0.05; **P < 0.01. Statistically significant differehces betwccn

of the cerebellum, and in the spinal cord. On
account of these findings it was decided to process
and examine the brains and spinal cord of the car-
" ger (low-fat) control group as well, but vacuolation
was not szen in these organs in any rat of this
group. In addition, frozen slides of the brain were
made and stained with Cong Red for two animals

that showed clear vacuolation in haematoxylin/

eosin stained brain sections. The result was nega-
tive, implicating that the vacuoles did not contain
fat. As vacnoles occurred boih in the ARA high-
dose group and in the. corn oil (high-fat) control
. group, and their incidence was lower in the ARA

the low-fat (carrier) control group and the high-fat {com oil} control group are mdlcatcd with ¥P < 0.05; #p < 0.01._

high-dose group than in the corn oil control group,
they are not ascribed to treatment with ARA-oil.

~ In females, a dose-dependent increase of heplo-
cellular vacuolation in the hiver was observed, being
siatistically significant in females of the ARA high-
dose group and the ARA/DHA  group.
Hepatocellular vacuolation was not present in any
femnale of the carrier control group. Vacuolation
was also present in the liver of about one-third of
‘the males of all ARA groups and the corn oil con-
frol group, but surprisingly, absent in the ARA/
DHA group. The incidence of mononuclear-cell
infiltration in the liver was slightly increased.in

z

Table 8. Terminal body wclghis and relative organ weights in 20 male ratsfgroup after feeding ARA-oil or ARA/DHA-o0il for 13 wk

o

(mean +SEM)
- Control Dietary concentration test substance (ppm)
ARA-oil ARA/DHA-o0il

Parameter Low-fat High-fat 3000 15,000 75,000 75,000/55,000

Mcar; weights (g} ) . .

Terminal body weight 445.1 +7.4% 3956467 411.4 4 9.6 4141 £ 1.7 4112 %72 400.3 6.6

Testes . 7751 0.15 782 +0.35 7.89 £ 0.16 764+ 0.17 8403 0.15 816+ 015
* Adrenals 011240004  0.117+£0004 01063 0.004  0.109+0.003 - "0.108 - 0.003 0.113 ¥¢.002

Kidneys 490+0.12 47312007 4,66+ 0.09 4.53 1 0.0% 46241007 4.67 +0.07

Thymus 145+ 0.09 [.28£0.05 1,314+ 0.07 142 +0.07 1.26 £0.07 1.4 4 0.07

Brain 4.45 +0.07% 472006 4.65+0.10 4.56 1 0.08 4.6740.10 4.68 +0.07

Spleen 1.524:0.05 1.59 4 0.04 1.504+0.03 1.52 +£ 0.04 1.68 +0.04 1.77 £ 0.04%=

Heast 28640.09 2824007 2.64 +0.05% 2.72 £ 004 2804 0.04 2.89:+0.04

Liver ' ) 3534 1.1 33.3140.6 320403 335x06 327403 336204

Statistically significant differsnces between the test groups and the high-fat {corn oil} control group are indicated with *P < 0.05;
#*P < 0.01. Statistically significant differences between the low-fat (carrier) control group and the high-fat {corn eil) control group

are indicated with #P < 0.05; P < 0.0L.
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Tabl: 9. Terminal ‘body weights and relative organ weights in 20 female ral‘.s,’gmup after feeding ARA-oil or ARA/DHA-OH for 13 wk

_ (mean £5EM)
Control Dictar:v conceniralion test substance (ppm)
ARA-0il ARADHA-ci]
Parameter Low-fat High-fat - nno 15,000 75,000 - - ) ;75,000]55,000
Mean weights (g) . : .
Terminal body weight 2475+ 69 2452455 244.5 4 4.6 253.7% 5.0 12429+ 4.1 246.1 +£3.7
Ovaries -0.296 £ 0.014 03170012 0.303 - 0.010 0,295 +0.011 0.317 £ 0.012 0,308 +£0.0i2
"Adrenals 0.232 £ 0.012 0.221 + 0.008 0.224 ++ 0.005 0.209 £ 0.008 (1.244 3 0.006 (.268 £ 0.009*
Kidneys. 5.84 £ 0.14%% 511 £0.09 © 5224008 5162011 5144 0.08 5.28 +:0.09 .
Thymus . CL54£007 1574007 1.47 4-0.06 1.56 + 0.06 1.60 % 0.06 1.50 £ 0.05
Brain 720+ 0.16 107+0.16 " 709+ 0.11 6.7540.15 . 1340011 7072 0.11
Splesn 1.52 4 0.06 1.824+0.05 1.80 + 0.06 L8[ +0.04 2.03 4 0.05% 2,11 4 0.06%*
Heart > 3.29 4 0.06 3.20 +0.07 3.04 4-0.05 320 1006 3.1940.05 3.28 +0.06
Liver 3154087 "219.0+ 0.5 287404 20.14:0.6 3174 04%%, 3.5+ 0.5%*

Statistically significant differences between the test groups and Lh: high- fat (corn oil) cnmrol group are indicated with *P < .05
*P < 0.01. Statistically sngmﬁcant differences between the low:fal (carries) control group and the high-fat (corn ail) contral group

are indicated wuth #p < 0.05: ¥P < 0.01.

males of the ARA/DI-IA group. In view of the fluc-

tuation in incidence of this lesion, this-finding is.

probably coincidental.

In all test groups as well as in the' corn oil control
group, several males showed inereased hyaline dro-
plet nephropathy. This phenomienon is characteristi-
cally found in male rats and encountered very
often, and iis incidence may vary considerably. In
the present study, statistics show that the incidence
was significantly increased in the ARA high-dose
group and the ARA/DHA. group. The changes were
not accompanied by signs of cell damage and regen-

erative features. All other histopathological changes
.are common findings in rats of this strain and age,
and were about equally distributed among the var-
ious groups, or occurred in one or a few apimals
only; they were, therefore, not ascribed to treat-
ment. In Table 10 a summary is given of the inci-
dences of the relevant microscopic ﬁndmgs of the
target organs involved,

Neurotoxicity screening. Func’uonal observation
and motor activity assessment did not reveal any in-
dications of neurotoxicity of the test sibstances. In
addition, hislopathological examination of tissue

Table 10. Summary of incidences of only 1h|: relevant microscopic observations in rats afier feeding ARA-oil or ARA/DHA-ml for .
13 wk! :

+

Incidence of lesions (nomeric)

Males Famales
ARA-cil - ARAJDHA-oil ARA-0l  ARA/DHA-oil
(ppm) (ppm) (ppm} (ppmm)
Changes Corn 0il 3000 15 000 75,000 75,000/ Control Corn oil 3000 15 000 75,000 75,000/ Control
control 35,000 cantrol 55,000
Brain (20) (20) )] (20} (20) (10}
Extracellular vaculoation 8 . 5 0 13 6" o=
Kidney (20} (200 (200 (20) (20) . (20 (200 (200 (20 (20}
Increased hyaline droplet 5 b 10 16%%  14%% 0 0 0 0 0
nephropathy .
Liver . 20)  (20) - (200 (20} .- (0) 2B (20 (0} - (200 @B 10
+  Hepatoceflular vacuolation T . 6 7 7 [l : 2 3 7 {ia Li== 1}
Focal mononuclear-cell 1 5 2 3 7 6 7. 7 2 6 3
infiltrate o -
Mesenteric lymph nodes (203 (200 (200  (20) (20} 9)- RO Q0 @0 (20) 20) {10)
Qi droplets . i 0 0 [3ee qeed 0 a 0 "0 6% T ]
Lipogranuoma(ta} S0 L] 4] r3 §* { Q -0 i) 1 3 0.
Inflaminatory rezction 0 ] 0 0 1 ] 0 0 0 ] 0 0
Peyer’s Patches (i) (19) (200  (20) (20} (10} 20y 20y (20) (20 (20) (10)
Oil droplets 7 5 12 il 13 0 4 10 5 9 10 B
Histioeytic infiltration 1 [ 1 1 5 1 0 0 0 0 2 D
Inflammalory reaction 1) 0 0 .2 1 0 0 1] 0 1 1 i
Mineralisation : 0o - 2 i} 0 0 Aok 0 0 1 0 1] 3
Small intestines @0 @O (19 (20 (20 (10} @0} (20) (20) (207 (20) (10}
Qil droplets . 1 0 0 l4¥E 0 BqEer ] 0 0 0 6% 1684 ]

Figores in parentheses repressnt the number of animals from which the tissne was examined microscopically. Asterisks indicate the stai-
istically significance of the incidences (*P < 0.05; **P < 0.01; ***P < 0.001); two-sided Fisher's exact test.
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samples representative of major areas of the brain,
spinal cord and peripheral nerve did not reveal any
changes that pointed to neurotoxicity of ARA-oil
or DHA-oil.

DISCUSSION

Previous studies with ARA-oil derived from the
Tungus Mortierella alping have shown that the lethal
dose for ARA-oil is greater ‘than 20 g/kg body
weight, the maximum dose physically possible in
rats {Boswell et al., 1996; Hempenius et al., 1998).
In a 4-wk oral toxicity study in rats with ARA-oil,
the no-observed-adverse-effect level (INOAEL) was
. 3000 mg/kg body weight /day, the highest dose level
tested (Hempenius ef al., 1996). The study described
in this paper was conducted to assess further the
safety of the oil for use in infant formulae. The
dose levels clwosen were based on the following fac-
tors: (1) the human milk content of arachidonic
_acid (ARA) averaged out between.the United
States, Europe and Africa is 0.6% of total fatty
‘acids (British Nutrition Foundation, 1992; Jensen
et al., 1992); (2) infant intake is about 100 kcal/kg
" body weight; (3) fat content in infant formulae is
3.56 g fat per 100 keal (or 50% of total calories);

. dnd (4) formulae will be supplemented to attain the

dverage ARA level in human milk.- Thus, the
amount of ARA-oil (containing 38.6% arachidonic
acid), which should be added to infant formula to
"obtain the same ARA concentration as in human
_milk-is 86 mg ARA-0il/100 kcal infant formula.

Taking into account a caloric content for rat feed.

of 350 kcal/100 g, the mean doses of ARA-oil per
100 kcal rat feed for the low-, mid- and high-dose

groups corresponds respectively to approximately 1,

5 or 25 times the anticipated intake in imfant for-
mulae. Calculated one body weight basis, the actual
mean intake of the ARA-cil was in the low-, mid-
and high-dose groups 2, 11 and 55 times, respect-
tvely, the anticipated exposure via infant formula.

Administration of ARA-oil as such, or in combi-
nation with DHA-oil to parental rats, did not affect
Dhealth, fertility, reproductive performance or pup
characteristics. The only chinge observed was
. growth retardation in parental females of the ARA
" high-dose group and ARA/DHA group during pre-
maling, mating and gestation periods, accompanied
by a decrease in pup weight in the ARA/DHA
group. The lower pup weights were, however, not
reflected in significant effects on body weight of the
F) rats in the subchronic study.

The subchronic study. showed that adm1mstrauon
of an over abundance of ARA-oil did not have any
effect on food intake -or growth in rats. The
" decreases in cholesterol, triglycerides and phospholi-
pid concentrations in plasma of rats of the ARA

high-dose group andfor the ARA/DHA group can .

be ascribed to the lowering effects of polyunsatu-
rated fatty acids on blood lipids (Harrs,. 1989,

_Herzberg, 1989). Although unsaturated fatty acids
of the n-3 series have been reported’ to be more
effeciive - than the n-6 fatty acids (Geelen er al,
1995; Lu et al., 1996; Saynor et al., 1986}, the pre-
sent resulis indicate that high levels of both ARA-
oil and DHA-oil are about equally effective in low-
ering blood lipids as compared to the corn oil-fed
gronp.

In the present study, increases in spleen and liver
weight were observed in the ARA high-dose group
and the ARA/DHA group. The effect was most
pronounced in the ARA/DHA group. Burns ez al.
(1999 also reported an increase in spleen and liver
weights in rats fed diets containing high levels of

ARA/DHA (131 g/kg feed). Previous studies with

rats fed diets high in (n-3) polyunsaturaied faity

acids also showed increases in spleen and liver .

weights (Alexander ez al, 1995; Lina, '1996). In the
present study, the increase in spleen weight was not

associated withh morphological changes.” Further--

more, although it is known thai polyunsaturated
fatty acids can alter the immune system, routine

measurements on haematology and clinical - par-

ameters related to the immune system did not reveal
any evidence of immunotoxic effects of the ARA-
oil. Therefore, the increased spleen weight appears
tobe a phys;ologxcai adaptation rather than a toxic
effect.

The relevance of the vacuolation in the brain
and in the spinal cord in the corn oil control group
and the ARA’ high-dose group is not clear.
Conventionally prepared paraffin embedded sections
of the brain from most laboratory animal species
may show moderately-sized round vacuoles in white
matter. This phenomenon js not uncommen and is
generally regarded an artefact (Greaves, 1990). To
determine whether this was also the case in the pre-
sent study, the brains and spinal cords of the cagrier
conirols were processed and examined as well, but
vacuolation was not seen in these organs in this
group. Congo Red staining of frozen brain slides
from two rats that showed clear vacuolation in
haematoxylin/eosin sections was negative, indicafing
that the vacuoles did not contain fat. Furthermore,

in the frézen sections it appeared to be much more

difficult to recognize the vacuoles, The relevance of
the presence of vacuoles in the brain and spinal
cord remains unclear, but since the incidence of

these findings was lower mn the ARA high-dose-

group than in the corn oii control group, they are
not ascribed to treatment with ARAoil.’
The presence of oil droplets in the mesenteric
"lymph nodes and intestinal villi of rats fed high
doses of ARA-oil or ARA-0il in combination with
DHA-oil did not have adverse physiological effects,
as determined by their normal growth, weight gain
and absence- of significant abnormalities jn their
biochemical or haematologic parameters. Therefore,
it is concluded that it is a harmless finding.
Meoreover, -this conclision is supported by the lit-
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erature data (Boinott ef af., 1966a,b; Dincsoy ef al.,

1932; Kelsall and. Blachwell, 1969; Stryker, 1941; -

" Wanless and Geddie, 1985), in which the frequent
occurrence of off droplets and lipogranulomas in
human lymph nodes is described in the absence of
any evidence of an adverse effect, such as mﬂam-
mation, on the tissue,

In the present study, the dietary administration
of 75,000 ppm ARA-oil, both with and without
55,000 ppm DHA-oil, resulted in a number of ireat-
" ment-related changes. The majority of the changes
obgerved are effects related to the infake of high
levels of fats, rather than specific effects linked to
the ARA-oil. No treatment-related changes were
observed up to dietary dose levels of 15,000 ppm
ARA-oil. Therefore, the no-observed-effect level
(NOEL) in the present study was placed.at 15,000
ppm ARA-cil in the diet. Based on this and the
results of the previous studies (Hempenius et al.,
1997, Streekstra, 1997), it is concluded tliat it is safe
to supplement infant formulae with ARA-oil de-
rived from Mortierella alpina to provide levels of
arachidonic acid similar to those in human breast
milk.

Acknowledgements—The authors thank Juliet Grifliths for
assistance in manuscript preparation,

REFERENCES . _

Alexander D. W., Mecguire 5. Q., Cassity N. A. and
Fritsche K. L. (1995) Fish oil lower plasma and hepatic,
but not immune cell (-tocopherol concentration. Journal
of Nutrition 125, 2640-2629.

Boitnott J. K. and Margolis S. (1966a) Mineral 011 in
human tissue I.. Detection of saturated hydrocarbons
using thin-layer chromatography: Bulletin of the Johns
Hopkins Hospital 118, 402-413.

Boiinott J. K. and Margolis S. (1966b) Mineral oil in
human tissue II.. Oil droplets in Iymph nodes of the
porta hepatitis. Buffetin of the Johns Hopkins Hospital
118, 414-422.

Boswell K., Koskelo E-K., Carl L., Glaza S., Hensen

DI, W:H:amsK D. and '‘Kyle D. J. (1996} Prechmcal“

evaluation of single-cell oils that are highly enriched
with arachidonic acid and docosahexaenoic acid. Food

. and Chemical Toxicology 34, 585-593.

British Nutrition Foundation (1592) Recommendations
for intakes of unsaturated [atty acids. In Unsarurated
Fatty Acids: Nutritional and Physiological Significance,
pp: 152. Chapman and Hall, London.

Burns R. A., Wibert ‘G. J.,, Diersen-Schade D. A. and
Kelly C. N. (1999) Evaluation of single-cell 'sources of
docosahexaneoic acid and arachidenic acid: 3-month rat
oral salety study with an jin wfero phase. Food and
Chemical Toxicology 37, 23-36.

Clark X. J., Makrides M., Neumana M. A. and -Gibson
R. A. (1992) Determmatmn of the optimal ratio of lino-
leic acid to e-linolenic acid in infant formulae. Journal
of Pedriatrics 120, S151-158.

Demmelmair H., Von Schenk U., Behrendt E,, Sauerwald
T. and Koletzko B. {1995) Estimafign.of arachidonic

. acid synthesis in [ullterm neonates using natural vari-
ation of '"C-abundance. Jowrnal of Pediatric

. Gastroenterology and Nutrition 21, 31-36.

De Vries C. E. E. and Van Noorden C. J. F. (1992)
Effects of dietary fatty acid composition on turhor

growth and metastasis. Anticancer Research 12, 1513—
. 1522,

Dmcsoy H P, Weesner R ‘B, and MacGee J. (1982)
Llpogranulomas in non-fatty human livers: a mineral oil
induced environmental disease. American Journal of
- Clinical Pathology T8, 35-41.

EC- (1988) EC Guideline 87/302/EC. FAO/WHO Expert
Committee (1994) Fats and oils in human nutrition,
Official Journal of the European Communities 1.133.
Food and Nutrition Paper, No. 57, FAQ, Rome.

Geelen M. 1. H., Schoots W, 1, Bijleveld C. and Beynen
A. C. (1995) Dietary medium chain faity acids raise and
(n-3) polyunsaturated fatty acids lower hepatic triacyl-
glycero]l synthesis m rats. Jownal of Nutritien 125,
24492456,

Greaves P. (1990) Histopathology of Preclinical Toxicity
Stuclies, pp. 769, Elsevier, Amsterdam.

Harris W. S. (1989) Fish oils and plasma lipid and lipo-
protein metabolism in humans: a critical reVJew Journal
of Lipid Research 30, 785-807. .

Hempenius R. A., Van Delft J. H. M., Prinsen M. and
Lina B. A. R. (1997) Preliminary salety assessment of
an arachidonic acid-enriched oil derived {tom
Morticrella alpina: Summary of toxicological data. Food
and Chemical Toxicology 35, 573-581.

Herzberg G. R. (1989) The mechanism of tnacylglycerol
lowering by dietary fish oil. In Heaith Effects of Fish
and Fisk Oils, ed. R. K. Chandra, ARTS Biomedical
Publishers & Distributers. St. Johns’s.

JECFA (Joint FAO/WHO Bxpert Committee on Food
Additives) (1992) Genéfral specifications for enzyme
preparations used in food processing. FAO Food and
Nutrition Paper 52/1. Annex 1, Rome.

Jensen R. G., Ferris A. M. and Lammi-Keefe C. J. (1992)
Lipids in human milk and infant formulae. Annual
Review of Nutrition 12, 417-441.

Kelsall G. R. H, and Blackwell J. B. (1969) The oceur- -

" rence and significance of Tipophage clusters in Iymph
node and spleen. Pathology 1, 211-220.

Kohn G., Sawatzki G., Van Biervliet I. P, and Rossenue
M. (1994) Diet and the essential fatty acids status of
term infants. Acta Paediatrica (Supp). 402), 65-74.

Koletzko B. (1992) Fats for brains. Buropean Journai of
Clinical" Nutrition 46, S51-562. .

Koletzko B. and Miller J. (1990) Cis-and trans-isomeric
[atty acids in plasma lipids of newborn infants and their
mothers. Biglogy of the Neonate 57, 172-178.

Lina B. Al R. (1996) Sub-acute (4—wk) oral toxicity study.
with polyunsaturated fatty acids in rats. TNO report
No V85. 678, Zeist, The Netherlands,

Lina B. A. R. (1997) Sub-chronic (13-week) oral toxicity

- study, preceded by an in utero exposure phase, with
polyunsaturated fatty acids in rats. TNO report No
V6. 833, Zeist, The Netherlands.

Lu 8. C, Lin M. H. and Huang P. C. (1996) A high cho-

" lesterol, (n-3) polyunsaturated .fatty acid diet “induces
hypercholesteralemia more than a high cholesterol (n-6).
polyunsaturated fatty acid diet in hamsters. Jowrnal of
Nutrition 126, 1755-1763,

Makrides M., .Neumann M., Simmer XK., Pater J. and
Gibson R. (1995) Are long-cham polyunsaturated fatty
acids essential nutrients in inlancy? Lancer 345, 1463—

- 1468. .

O’Brien J. S. and, Sampson E. L. (1965) Fatty acid and
fatty aldehyde composition of .the major brain lipids in
normal human gray matter, white matter, and myelin. ~
Journal of Lipid Research 6, 541-555.

OECD (1981} Guidelines for Testing Chemicals. Section 4,
Health Effects, No 408, Organisation for Economic
Cooperation znd Development, Paris.

Sauerwald T. U., Hachey D. L., Jensen C. L. and Heird
W. C. (1997) New insights inio the metabolism of long-

63



Subchronic study with ARA-oil in rats 139

chain polyunsaturated fatty acids duxing infaney. Stryker W. A. (1941) ‘Absorption of liquid petrolatum
- European Journal of Medical Research 2, 88-92. . {(“mineral oil") from the intestine. Archives of Pathology
Saynor R., Gillott T., Doyle T., Allen D., Field P. and 31, 670692,

Scoit M. (1986) Clinical studies on the effects of dietary ' US Food Drug Administration Burean of Foods (i982)'

n-3-and n-b falty acids on serum lipids, haemostasis and Toxicological Principles for the Safety Assessment of
GTN consumption. Progress in Lipid Research 25, 211— Direct Food Additives and Color Additives Used in
217. ’ c

. Food “Redbook,” 1982.
Streekstra H. (1937) Review on the safety of Mortierella  Wanless I. R. and Geddie W. R. (1985) Mineral oil lipo-

alpina for the production of food ingredients, such as granulomata in liver and spleen. Archives of Pathology
arachidonic acid. Journal of Biotechnology 56, 153-165. and Labioratory Medicine 109, 283-236.

64



