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on the Metabolism of Streptozotocin-Induced Diabetic Rats
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ABSTRACT

This study was aimed to observe dose-response effects of sduid liver oil enriched in n-3
polyunsaturated fatty acids(n-3 PUFA) on the metabolism of streptozotocin(STZ)-induced diabetic
rats, In this experiment, 24 STZ-induced diabetic male rats of Sprague Dawley strain were divided into
4 groups and fed for 4 weeks with basal diet(0%), 33%, 67% and 100% squid liver 0il(SLO) of total fat
content, and 6 normal rats were fed with 0% SLO diet at the same time. The results obtained were as
follows :

1. Rat group fed with 33% SLO diet showed the least body weight loss and changes in blood glucose,
while ones of 100% SLO diet showed the highest level.

2. Serum total protein and ratio of albumin to globulin of all the groups were below the standard level,
but did not show significantly different among diet groups.

3. Serum creatinine concentration of all the groups were stayed whthin normal range, but BUN were 3
to 4 times higher than normal rats. BUN concentration of rats fed with 0% and 33% SLO diet was sig-
nificantly lower than those of others,

4. Total-cholesterol level of serum increased in all the groups except 33% SL.O diet, but since HDL-
chol. levels and TG concentration went up with an incerase of SLO in the diets, the ratio of HDL-chol.
to total-chol. of rats fed with 67% and 100% SLO diet showed higher than those with 095 and 33% SLO,
and TG concentration of rats fed with 67% and 100% SLO diet decreased significantly.
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U x] 30% < fat2 KA o]F-A B]:= corn st-
arch 60%, casein 15%, fat 15%, vitamin mix. 1%,
mineral mix. 4% 2] 3 cellulose 5% T43).

I Fol A A e fat@F F A AR A
EUA &1 lard®t S-S £ groupE BE
Fo2 &1, UnAE LANFE, FAY &3
33%, 67% 1813 100% 9] 3GA 2 FE 3o 218
Diet 1, Diet 2 Z18] 3L Diet 322 A} =& &
alx] Fe AFH FAe dxTH go] 23} 3t
7t E0lUA &2 2olE FAH(Table 13} 2).
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Table 1. Composition of experimental diets g/kg-diet

Control _. . .

Normal Dietl Diet2 Diet 3
Corn starch? 600 600 600 600
Casein? 150 150 150 150
Vitamin mixture® 10 10 10 10
Salt mixture? 40 40 40 40
Cellulose® 50 50 50 50
Lard 100 50 30 0
Fat Corn oil 50 50 20 0
Squid oil o+ 502  100¢ 150

1) ul9: &=

2) North Western Cooperative Co.: &5

3) AIN-76 Vit. Mix.: &

4) AIN-76 Mineral Mix.: 4 &

5) Sigma Co. Ltd.

*1:0% squid liver oil of total fat contents.

* 2:33% squid liver oil of total fat contents.
* 3:67% squid liver oil of total fat contents.
* 4 :100% squid liver oil of total fat contents.

n-3 D2 B ¥ 3 YUk 532 gl ¢ 2 o)7) Streptozotocine 2 2 xS Al Pl = FE 3

W3R Bt 7t 2,500rpm e g serumS Y4l E g

HAT = AYAF @A 2 B,

3) EYEHN

Total-cholesterol, triglyceride, HDL-cholestero],
blood glucose, total-protein, albumin, BUN3}
creatinineZ%3 R =yW o) S Y35} AFEA
7191 Beckman-Astra 8(U.S.A)E, &3 ALTS}
AST+x COBAS-MIRA(ROCHE Co. Swiss) & o] &
3l 4 st

4. SHX2|
APZAde Yo+ BEUAE Jeie, 4 &

Table 2. Fatty acid composition of total lipids of the
diets used in the experiments(area % as

methylester)detergents

Fatty Control

acid Normal Diet1 Diet2 Diet3
Cit:0 0.9 2.3 3.9 5.4
Cis:0 21.1 16.2 14.7 12.1
Cisa 1.7 2.9 4.6 6.1
Cis:2 0 0.3 0.7 1.0
Cir:o 0 0.2 0.3 0.4
Cis:o 8.9 5.0 3.3 0.9
Cis:1 38.0 28.0 22.2 15.1
Cis:2 27.5 24.5 12.2 2.7
Cie:s 1.2 1.1 0.9 0.8
Cis:4 0 0.8 - 1.6 2.4
Cis:4+Con:0 0 1.6 3.2 4.8
Ca20:1 0 1.5 3.0 4.5
Cao:2 0 0.5 1.0 1.5
Ca:5(EPA) 0 6.4 12.8 19.2
Caz 0 0.6 0.1 1.8
Ca:6(DHA) 0 5.0 10.1 1.5
Others 0.4 2.2 4.2 6.2
Total | 99.7 100.0  98.8  100.0
SFA* 30.9 23.7 22.2 18.8
PUFA 28.7 39.5 39.3 42.7
P/S 0.9 1.7 1.8 2.3
n-6 PUFA 27.5 25.4 12.2 2.7
n-3 PUFA 1.2 13.3 25.4 37.5

* SFA(S) : Saturated fatty acid.
PUFA(P) : Polyunsaturated fatty acid
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Table 3. Body weight gain, feed intake and feed ef-
ficiency ratio of rats fed the experimental
diets for 4 weeks

Net weight gain Feed intake/day F.E.R

g g *
Normal 45 10.9+2.8%" 0.15
Control —57 13.0+0.8™ —0.12
Diet 1 —40 15.9+1.1°2  —0.09
Diet 2 —45 13.7+2.1° —0.15
Diet 3 —60 134+1.6® . —0.16

* F.E.R.: Net weight gain/ total feed intake

1) Mean+S. D.(n=6)

2) Means in the same column not sharing a common
superscript letters are significantly different(p<
0.05).
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Fig. 1. Body weight changes of rats fed the exper-
imental diets for 4 weeks.
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Fig. 2. Blood glucose changes of rats fed the exper-
imental diets for 4 weeks.
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FL-12 o 9} gro] AuFE QAo ZH{T F A o]l
Diet 3NN E b7 H T2 S XA &1 =F
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& Diet 15_%0] 5 %—4:*4?1 x}ol—,_—: ARA R 7+
X7} =k (Table 4).

Table 4. Concentraions of albumin, globulin and
total protein and albumin/globulin ratio in
serum of rats fed the experimental diets for
4 weeks

Albumin Globulin Total protein

gdl gal g O
Normal 2.8 +0.2°Y 3.8+0.3*? 6.6+0.3* 0.74°
Control 23+0.2° 35+0.3° 58%0.4* 0.70°
Diet1 25+0.3 36+02® 6.1+04° 0.69°
Diet 2 24+0.2° 35+0.3* 6.0+02° 0.71°
Diet 3 2.4+0.3° 35+0.4°> 59+04" 0.69°

1) Mean+S. D.(n=6)
2) Means in the same column not sharing a common

superscript letters are significantly different(p<
0.05).
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9 FAA5AR 075+0 39 FZEET foRow 7
A=, AolFtlls F2FHU Zolrt gl E3,
2 &l zol= 312]‘3} Diet 173} Diet 370] A/G
Hlgo] 4% R Aoz drigth A7 B o
B.E albumin X7t ojale AL AW FHL S
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FA S3uns] e A9 Ao Table 5
ol VehH At
Creatinine$#2 B & TSN = §93<1 Ao
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20~60mg/d/ B=Y W= protein FJPHAY F
GEeA, AdFH 52 Fxe/d acidosis, 52 143

Table 5. Concentraions of BUN and creatinine in
serum of rats fed the experimental diets for

4 weeks
BUN Creatinine
mg/dl mg/dl
Normal 13.0+2.519 0.65 % 0.06*%
Control 44.3+5.2% 0.62 +0.05
Diet 1 44.3x2.9° 0.65+0.17%
Diet 2 52.8 +5.7% 0.61 +0.08
Diet 3 50.5 + 5.2%° 0.60 +0.14°

1) Mean £ S. D.{n=6)
2) Means in the same column not sharing a superscri-
pt letters are significantly different (p <0.05).
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aAd HEZF Diet 170) 42422 Diet 23
7} Diet 329 ¥s|A BUNSA7F ¥22 & 4 g},

5. L=CHl(Urinary protein )2} =<

Ag2 o] FAqF A 45 T Wy FL Diet 17
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o 270 7HF =@ Fo] B 1 i3 Diet 3
2, 22} 2 Diet 229 €M 2 B tH(Table 6).

Table 6. Concentraions of total protein in urine of
rats fed the experimental diets for 4 weeks

Urinary protein

mg/d/
Normal 26.25 +2.63°V
Control 84.75 +6.02°%
Diet 1 73.75+5.85°
Diet 2 80.33 +4.69%°
Diet 3 82.15+6.03

1) Mean+ S, D.(n=6)
2) Means in the same column not sharing a common
superscript letters are significantly different(p<

0.05).
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etase AFHAE N L Y= S97} o= E77F UM
l:]—_23>
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ERmLRen

g Al 4573 T S o proteinuriag 2 W3
F& 4 2371 dslvke A7 AU A B
E AFAME 2o FE FA &2 R Z9
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6. Total-cholesterol & HDL-cholesterol®t 11 H|E

Total-cholesterol& Diet 1% AjLdtas R
T 27 283 3T FAd ¥lE & FHE Y
Bl oL}, HojFEtoe #F942 FHole gy
(Table 7).

Table 7. Concentrations of total-cholesterol, HDL-
cholesterol and total - cholesterol/HDL - chol -
esterol ratio in serum of rats fed the exper-
imental diets for 4 weeks

HDL-chol.
X

Total-chol. HDL-chol. 100
Total-chol.
mg/! mg}/! %
Normal 73.8+5.1% 24.5+21%  322+1.5"
Control 88.8+4.9° 24.9+23® 30.3+1.9°
Diet 1 85.0+7.4*" 27.2+45 32.0+25
Diet 2 90.3+3.8° 29.8+2.7 33.0+0.7°
Diet 3 91.8+84* 31.2+3.6° 34.2+1.4°

1) Mean+S. D.(n=6)

2) Means in the same column not sharing a common
superscript letters are significantly different(p<
0.05).

&3 cholesterol sy =+ AAY, E9733F, 1A
Y 53 22 AATcEA A AHS AV UL
o o] AL FAHA g HolxA 9] g} FF/o
9l8) FFS W, 53 R E X3 P4 chol-
esterol ¥ 5 AEATH/ Z Aog geiA YI® P,
Peifer® %o AFo]A n-3 PUFAZ} 83 choles-
terol 358 ¥&oa ¥ a8y Gl s
7% A3l vls] ¥A cholesterolo] 453l A=
A7 €8 2ol Ued 2 BEANE B Wl FsES
a2 "R gou, o] A5 foeze A
cholesterol A 3Ad e} o]Atel] 9J&l7] Hof T

+ cholesterol 2 2 B&4to] 2 o] A& 2
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84 =] o glycerol-phosphateA] A o] o511, & =3
UM insulin®] FAd RFoz o] Zu¥
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TGEH7T FXH0] FAAYHEFFA)o] BFoz
g HEE Fo] Feg 79 EF glycerol-phos-
phate®} ZA3ste TGAAMel &€l lipoprotein
lipase(LPL) 2] &4o] Asl=o] 85 TGE A3t
o APERAYR &7le HAFo] A=) wFojr},
30w}z =l 2 8 (peripheral -arterial disease)e] u
A fish oil H& g 3}of] h§ A3 Z, Max EPA(15
g/d) B-8A] plasma TGE 2.0110.98m.rn01/l°ﬂ*1
1.46 +0.79m.mol/ o2 ¥FE9n XY=L JIA

YT G A Ao 7]-—-"-- a5 244 BLENZ
2 W ¥FH TGE A3 AFAARY, G}
A RojM F3) AAZZH 4F TYF e} ge ¥
o gsiol] anrt ke A7 Eo] 2ol AU
oA &3] fish oile] NIDDM A} 9] platelets <]
fatty acidE WHIA|713 3 TGE YFo] 2=
DrAMAEH, & AQoMxE 83 TG Waie
o], Blonk 59 A3 A 3 TGL fish oil &4
@ zlolo Y3t F3}, = capsule’d 300mg EPAS}
200mg DHAZ}Y 349 A& 5838 v 3, 6, 9 cap-
suleE ¢S SEFF A TG/} Rolx = A A
Fort Qe =2dx= E3 . Phospholipid ¢
&5 %X Himazaki 5] 477 % EPAE o} g4/
AAGE A Aol A phospholipide] 744 #
a3 frAFEHA YRS

Table 8. Concentraions of phospholipid and TG in
serum of rats fed the experimental diets for

4 weeks
Phospholipid Triglyceride
mg/d/ mg/d!

Normal 117.5+ 7.6° 83.3+ 4.4%
Control 243.5+17.9° 229.0+14.6°
Diet 1 185.8+ 5.9 202.2 +18.7%
Diet 2 172.5+16.3° 184.2+ 9.4%
Diet 3 160.3+ 8.4° 162.5+ 8.5°

1) Mean+S. D.(n=6)
2) Means in the same column not sharing a superscri-
pt letters are significantly different (p<0.05).
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8. AST(GOT)2}t ALT(GPT) &AM T EX

ASTe} ALT¥E keto .acid®} amino acid7}e]
amino7| & W& Eulstes AAEA 3 AR 2 g
Ag, 538 FA Bde HSo] AR Ay,
ASTE A4 w Zrlstan ALTE 7+ 28 A9
o o $-83H ALgEnt.

2 A= ASTY 3%, @=F7F A Ao v)
A 2.8~3.58) Ax 45L& BY1, FaFENIg=
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(Table 9).

Tabie 9. Effects of aspartate aminotransferase( AST)
and alanine aminotransferase(ALT) activity
from serum of rats fed the experimental
diets for 4 weeks

AST(GOT) ALT(GPT)
U/l U/I
Normal 43.0+3.9°V 23.3+4.8°?
Control 145.0 +13.2° 67.3+9.0°
Diet 1 142.0 +14.3 61.3+7.9°
Diet 2 136.3+18.5° 44.5+8.2°
Diet 3~ 139.8 +14.1° 50.5+8.1°

1) Mean+S. D.(n=6)
2) Means in the same column not sharing a superscri-
pt letters are significantly different(p<0.05).
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HFE Alolol& =2 F 7 Diet 17014 Fa3 4
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Fo FEo) gt FolHol oy Yol & B &

At
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WEECEEE
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Z Sprague DawleyAl &3 FANA 453 AS3
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oz gyich,
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