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Effects of Repeated Oral Administration of Sardine Oil and Cotton Seed
Oil on Blood Coagulation and Platelet Aggregation in Rats

1

Teruo Matsushita®', Shin-ichi Inoue™' and Ryusuke Tanaka™'

Effects of repeated oral administration of sardine oil and cotton seed oil on blood coagulation and
platelet aggregation in rats were examined. Treatments of rats with 3.0g/kg/day of sardine oil and cotton
seed oil for 28 days changed in the fatty acid composition of lipids in their liver and blood. The levels of
n- 3 and n- 6 unsaturated fatty acids showed the tendency to increase and decrease in the rats treated
with sardine oil (sardine oil group) in comparison with control rats. Meanwhile, the change in fatty acid
composition into the opposite direction was observed in the case of rats treated with cotton seed oil
{cotton seed oil group). Treatments of rats with sardine oil and cotton seed oil changed in the parameters
of thromboelastogram reflecting that whole blood coagulation system was slightly inhibited and enhanced,
respectively. These results support that feeding of fish oil including n- 3 unsaturated fatty acids especial-
ly eicosapentaenoic acid (EPA) demonstrated anti-thrombus effect due to change in fatty acid composition
of lipids. In the present study, adenosine 5 -diphosphoric acid (ADP) -induced platelet aggregation and
inhibition of platelet aggregation by a prostaglandin [: derivative were not influenced by the treatment of
rats with sardine oil or cotton seed oil, unexpectedly. Further examination should he needed to clarify the

anti-thrombus effect of fish oil.
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Fig. 1 . Body weight of the rats administered orally with
sardine oil or cotton seed oil.

Rats were divided to 3 groups. The first group
of rats (N=5) was not treated as a control (Intact)
and the other 2 groups of rats(N=4x2) were tre-
ated with 3.0g/kg/day of sardine oil or cotton
seed oil for 28 days, respectively. Body weight of
each rat was measured every day in the morning.
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Table. 1 . Effects of repeated oral administrations of sardine oil or cotton seed oil
on the blood cells counts and hemoglobin concentration in rats.

Group White blood cell | Red blood cell | Hemoglobin Platelet
(Treatment) {x 10%ul) (x 10°%ul) (g/di (x 10%ul)
I
104 = 14 6.74 = 044 | 126 == 0.7 | 453 £ 10
(Intact)
I
o 9.1 =04 624 = 035 | 124 =06 | 460 = 31
(Sardine oil)
I
(Cotton seed 75 *x20 692 =049 | 128 * 0.6 | 695 * 277
oil)
Ovs I NS NS NS NS
Mvs I NS NS NS NS
I vs II NS NS NS NS

Each result represents mean = standard deviation. NS means statistically not significant.

Number of rats: Intact; n=5, sardine oil; n=4, cotton seed oil; n=4.
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Fig. 2. A typical thromboelastgram of rat whole blood
with continuous recording of clot formation and
firmness after the addition of Ca?* (13.3mM).

The following parameters are measured:coagula-
tion time (CT) (sec), clot formation time (CFT)
(sec), maximum clot firmness (MCF) (mm) and
clot formation rate (CFR) (2. Horizontal length
shows time and vertical length shows amplitude of
clot firmness.
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Table. 2 . Effects of repeated oral administrations of sardine oil or cotton seed oil on
the thromboelastgram of blood in rats.

Parameters of thromboelastogram
Group
(Treatment) A B
cT CFT MCF | CFR cT CFT | MCF | CFR
(sec) (sec) (mm) . () (s) (s) (mm) )
I 440 + 400 = 61 &= 39 = 278 = 206 = 53 = 57 =
(Intact) 513 158.2 9.1 100 51.6 1345 49 136
I 605 | 300 | 66% 145+ | 260+ 271 3£ 4T x
(Sardine oil) 153.8 94.2 43 8.2 65.5 55.5 29 6.1
i 341+ | 222+ | 65* Sl x| 328+ | 232+ 46* | 53 =%
(Cotton seed oil) 26.9 479 14 8.2 92.1 93.7 3.6 6.4
ODvs I NS NS NS NS NS NS P<0.01 NS
I vs 1 P<0.05 NS NS NS NS NS NS NS
I vs I P<0.05 NS NS NS NS NS | P<oOt NS

A: in the absence of BPS

B: in the presence of BPS (100 1 M)
Abbreviations: CT: clotting time, CFT: clot formation time, MCF: maximum clot firmness,
CFR: clot formation rate

Each result represents mean =+ standard deviation. NS means statistically not significant.
Number of rats: Intact; n=5, sardine oil; n=4, cotton seed oil; n=4.
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Fig. 3 . Concentration response curves of the platelet

aggregation reactions induced by ADP.

Platelet rich plasma (PRP)obtained from rats
treated with sardine oil or cotton seed oil was
used(N=4). PRP from non-treated rats was used
as a control (Intact) (N=5). Each PRP was
pre-incubated with 3 mM CaCl» (added) at 37C
for 2 - 3min and ADP (2,6, 20, 60 # M) was added
for the start of aggregation reaction. Platelet
aggregates were measured with a particle counting
method using laser-light scattering for 10 min
after the addition of ADP and aggregation curves
(x-axis: time, y-axis: counts of aggregates) were
obtained. Intensity of aggregation of each PRP
was indicated by “area under the curve (AUC)”
of each aggregation curve. Each point and vertical
bar in the figure represents the mean and stan-
dard deviation of 4 - 5 rats of each group.
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Concentration response curves of the inhibitory
effect of beraprost sodium (BPS) on platelet
aggregation induced by ADP.

Platelet rich plasma (PRP) obtained from rats
treated with sardine oil or cotton seed oil was
used (N=4). PRP from non-treated rats was used
as a control (Intact) (N=5). Each PRP was
pre-incubated with 3 mM CaCl: (added) at 37C
for 2 -3 min in the presence of vehicle or BPS
(3.3, 10,33, 100nM) and ADP (20 #M) was added
for the start of aggregation reaction. Platelet
aggregates were measured with a particle counting
method using laser-light scattering for 10min
after the addition of ADP and aggregation curves
(x-axis: time, y-axis : counts of aggregates) were
obtained. Intensity of aggregation of each PRP
was indicated by “area under the curve (AUC)”
of each aggregation curve. Each point and vertical
bar in the figure represents the mean and stan-
dard deviation of 4 -5 rats of each group.

Table. 3 . Fatty acid compositions of sardine oil, cotton seed oil and feed

(CRF-1) used.

Composition (% )
Fatty acids
Sardine oil Cotton seed oil | Feed (CRF-1)
Palmitic acid (16:0) 27.24 19.40 16.09
Stearic acid (18:0) 5.91 2.40 2.97
Oleic acid (18:1 n-9) 15.35 18.30 25.43
Linoleic acid (18:2 n-6} 1.71 58.40 47.33
Linolenic acid (18:3 n-3) 0.00 0.40 3.74
Arachidonic acid {20:4 n-6) 1.88 0 0
EPA (20:5 n-3) 11.42 0 1.01
DPA (22:5 n-3) 3.28 0 0
DHA (22:6 n-3) 9.60 0 1.76
Total 100.00 100.00 100.00
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Fig. 5. Fatty acid compositions of the lipids in rat liver.

Each liver obtained from rats treated with sardine oil or cotton seed oil was used (N
=4). Liver from non-treated rats was used as a control (Intact) (N=5). Fatty acid
composition of each liver was determined by the method as indicated in the Method sec-
tion. Panel A, B, C and D show the % levels of saturated fatty acids, n- 9 unsaturated
fatty acid, n -6 unsaturated fatty acids and n -3 unsaturated fatty acids, respectively.
Each column and vertical bar represents the mean and standard deviation of 4 -5 rats
of each group.

**P<0.01 vs Intact group, *P<C0.05 vs Intact group,
#¥P <001 vs Cotton seed group, *P<0.05 vs Cotton seed group.



50 7N N o i e s

FTHEMARD SN, 2B, FETICETh s BEER (&
=%) &, FEHRS (BRE) B4.12£0.51% (h=5),
A7 RS H4.4620.31% (n=4), MWIEMIZTH4.46
10.36% (n=4) THH, ThoLOEMICEEIASKLE
Mol

Fig. 6 (2P OIEE O IBIEBEA R OB EAE R R T,
BIFIIBIFEECH L /L 3 F Vi (16:0) BLUAFTY
Y (18:10) TUEA 7 mik G TE D MIFEMIE S TS SR
5 OENE) BrOBMIZEZASIE o7, n- 9 R
B REER DA LA VBE (1811 n-9) 22w CiF, 1
7R S BEECAEIEML, MEMESECIIAEILH
LTz, n- 6 RATRHMRHEEIC BT, WLER
WHE L TREMESHEO7 I X KU (20:4n-6)
AEBIEINL 2, 47 MRS HOT I % F U (20
4n-6) EERS (BLE) IO LARTE 2N
DTLMEANCH D, A7 ISR L REIRE SO
WABENAED BN, n- 3 RANEHBFEEIZ DWW T
i3, EPA (20:5 n-3) 23RS (BALE) BIZLL T,
ARG ETARICEML, BEMXSHECEE T
VAR T AEMICH oo, Lo T, FFRO%E &

FREDOZALSMANIC BT HEIE S, 4 7 o SREEE
WEMESHETIEN-6 2 &n- 3 RAHISEEEE DRI
BWTHOFIANC BB L BT TEN 220 S,

4 E

477 if% Y, EPASRDHAIM R S An-3 REER
HaF1IERGEL % BB ICE O AMOIBIO LI b 7 % R
BETEIC OV THEZ COMEPERENRTWD ), FIED
WL/IMETSESE e LSRR R 70 &I+ LBRLZAT S 2 PER &
BIROEIUC X ) RIS ICELD A i on - 3 RAEE
FIBHEEE, #O74H» TLEPADERELL O &AM T 5
LW RGNS T 0 e

AW BT BT v FAOBBOETREICOWTIEIUT
DENCEETE D, EERICH WV WistarT v MIFHL
fﬂ@mw)t W70~ 8Og7f£ DEE (CRF-1) %

BN 5, CORFHIEEERI%EIR TR0
T,;wﬁﬂ%kktf7/ﬁﬁﬁﬂiéﬁwwmilB
B2, H3g ke KB LR EN D, KHIFEICBVT,
A7 VREMEROIZTICLYD, Ty MAERTAIRE S

% A B
40 * ##
30
20 @ Intact
/
‘0 Sardine oi
palmitic acid stearic acid oleic acid Cotton seed oil
% o
30 T C 507 D
K
40 |
3.0 |
20 1
20
1.0 F
10 . ‘ : 1 1
linoleic acid arachidonic linolenic DHA
acid acid
Fig. 6 . Fatty acid compositions of the lipids in rat blood.

Each blood obtained from rats treated with sardine oil or cotton seed oil was used (N
=4). Blood from non-treated rats was used as a control (Intact) (N=5). Fatty acid
composition of each blood was determined by the method as indicated in the Method
section. Panel A, B, C and D show the % levels of saturated fatty acids, n-9 unsatu-
rated fatty acid, n-6 unsaturated fatty acids and n- 3 unsaturated fatty acids, re-
spectively. Each column and vertical bar represents the mean and standard deviation of

4 -5 rats of each group.

*P<0.05 vs Intact group, **P<0.01 vs Cotton seed group.
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