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Abstract

The change of tissue lipid levels and fatty acid compositions in alloxan-induced diabetes was studied in
rats (SD, male) in order to examine the pathway of diabetic complications. Rats were injected with alloxan 20
mg/kg BW or 40 mg/kg BW to induce diabetes. In rats injected with alloxan (40 mg/kg BW), the body weight
was significantly decreased, food intake and liver weight per 100 g (BW) were significantly increased, compared
with other groups. The blood glucose levels were apparently elevated as about 2 times in rats injected with
alloxan (40 mg/kg BW) than the other groups. The concentrations of serum total cholesterol, triglyceride and
HDL -cholesterol were not significantly different among the groups. However, the levels of serum triglyceride
tended to increase according to amount of alloxan injected. Liver cholesterol levels were significantly decreased
in rats injected with alloxan (40 mg/kg BW) compared with other groups, but triglyceride levels of those were
not significantly different among groups. Concerning the fatty acid compositions of serum, liver, kidney, spleen
phosphatidylcholine, the percentage of linoleic acid in rats injected with alloxan (40 mg/kg BW) was signif-
icantly increased, while that of arachidonic acid was significantly decreased compared with the other groups.
Therefore, the ratios of arachidonic/linoleic acid in tissue phosphatidylcholine tended to be low in rats injected
with alloxan (40 mg/kg BW) and especially significant low levels were found in serum and spleen. Thus, it was
suggested that insulin deficiency can affect on fatty acid biosynthesis and induce diabetic complications.
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5 % alloxan 501
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(AIN-76) (ICN biomedicals Inc., Ohio, USA) 3.5%, vitamin
mixture(AIN-76) (ICN biomedicals Inc., Ohio, USA) 1%,
choline bitartrate(Sigma. Chemical Co., USA) 0.2%, DL-
methionine(Sigma Chemical Co., USA) 0.3%, cellulose pow-
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Table 1. Growth parameters and liver weight

5 4 Aak 24 Wste)] [ A 1275

Body weight

G Food intake (g/d Li ight (g/100 g BW)
roups Initial (g) Gain (g/4 weeks) ood intake (g/day) iver weight (/100 g

Control 239+67 141189 19.7+09° 2.84+0.11°

Alloxan 20 mg" 238+4 150+3* 19.8+0.7° 2.77%0.09°

Alloxan 40 mg" 242+ 4 88+21° 238+1.1° 3.92+041°

YAmount of alloxan (mg/kg BW) injected to rats.
“MeanSD of 6 to 8 rats per group.

FValues with different superscript letters in the same column are significantly different at p<0.05.
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20]) vhebd wiel Zokrt. Alloxan $of Aol BF Y=
85~100 mg/dL A =2 viehd=d] 3159 F8A A4 dgd
2= 110~120 mg/dL2 424321 Chung(21)2] 73 £
s) 4= 120~130 mg/dLetx B aE o] B ATl AP
o] Fdx]= HA) fﬁ”?“li 2ok AFA7E nkA g o
o] 24 % HF A= dF73 alloxan 20 mg/kg BWS
FAg FHe %9424"& Zhol 7k §lof AAFTF(150 mg/dL
olsholglr ¥ 4 g]om alloxan 40 mg/kg BWS £ &t

Table 2. Blood glucose values

Blood glucose values (mg/dL)

G

roups Initial  4th day  Final (28th day)
Control 843+34” 829%34 1489+145%
Alloxan 20 mg” 855+34 816%50 1473182
Alloxan 40 mg” 95552 1466+609  276.8179.2°

YAmount of alloxan (mg/kg BW) injected to rats.

IMean=SD of 6 to 8 rats per group.

Yvalues with different superscript letters in the same column
are significantly different at p<0.05.
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H A & cholesterol- T2t
alloxan 40 mg/kg BW-& $o13& ¢
< B9 ch(Table 3). B-& A&
F3 FH 2w Ee) FtE 59 A%
A 2.2 vebgth(13,14). HDL-cholesterol 0;»} HDL-/total
cholesterol B &-& = Ztel| §-9) A" gl 2lo]7} gl B
ol 4] & lipoprotein lipase A4 2] *&2 HDL AJ4H9)
#8171 doivt HDL-cholesterol 3tefo] ZF 4"} 81910
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Table 3. Concentration of serum and liver lipids

Lipids Control %1‘;’1‘2% ?31?;(;3
Serum (mg/dL)
Total-cholesterol  99.2+75”  101.6%54 104.0+18.9
HDL-cholesterol  52.0£4.0 57118 549x49
HDL-/Total 526%1.7 574+%35 61.1£99
cholesterol (%)
Triglyceride 106.3%£8.9 1379214 163.4%53.2
Liver (mg/g)
Cholesterol 403+032° 3781007 3.00+0.24°
Triglyceride 328%79 243*29 30.9*6.3

‘I)Amount of alloxan (mg/kg BW) injected to rats.

“Mean*SD of 6 to 8 rats per group.

¥Value with different superscript letters in the same row are
significantly different at p<0.05.
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W Z5} alloxan 20 mg/kg B Eogl F7te e 2 E A
W5 §-93ql 2ol E & F %i 2.9, alloxan 40 mg/
kg BWE& §£oig T4 stearic acid(Ciso), linoleic acid
(Cig2)7} &el9l Al S48kl a2, vk ol miristic acid(Ciao),
palmitic acid(Ciso), palmitoleic acid(Cig1)e= 28 o2 7}
Z23}eir}. Alloxan 20 mg/kg BWE& F43F & =9
W ol A 2 s B gtRo] Fio] A8 fribE A ool o
273 At 2A ol ZHo)7) e 2B AR 9}‘4. i
T 2 fto] 2413 alloxan 40 mg/kg BWS g
T2 HE2FFH vjaste] of 2] AukibEe] f93al 27&%
HojFo] o] Xubefatel of gk 9135 o 4= g3
t}. & % 9} phosphatidylcholine(PC)&] 294 ZA1-2- Table
50l v}ebd vpe} 7t} Alloxan 20 mg/kg BW-S Fo33F 2ol
v} 8} alloxan 40 mg/kg BW-& %933 F<l| A linoleic acid
(Cig2)7F frelA o2 E7v=E 9l 22, arachidonic acid(Coga)E
fFolA o g ZrAaEglon ohE AHAFEL o)A gl zfo]

= 1

2 2 £ o) waba arachidonic/linoleic acid B2 o

N

Table 4. Fatty acid compositions of adipose tissue triglyceride
(weight %)

Fatty acids Control ?011(;:23 41?(;1(;;1(23

14:0 12840032  12440.03° 0.82+0.21°
16:0 23.2+0.7 237105 190£1.7°
16:1 5.37+0.21° 5.75+0.21° 352+1.09°
18:0 2,79+ 1.11° 2.71+0.07° 3.34+0.12°
181 33.7+0.4 332+04 33.1+06

182 (n-6) 316+1.2° 308%0.9° 38.4+32°
183 (n-3) 0.65+0.07° 0.8310.07® 0940117
20:4 (n-6) 0.51+0.04 0.49+0.04 0.52+0.09

YAmount of alloxan (mg/kg BW) injected to rats.

“Mean +SD of 6 to 8 rats per group.

Yvalues with different superscript letters in the same row are
significantly different at p<0.05.
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Table 5. Fatty acid compositions of serum phosphatidyl-

choline (weight %)
o Alloxan Alloxan
Fatty acids Control 20 mgl) 40 mg]')
1610 21.8+097  21.2%10 196£1.1
18:0 23.3*16 25909 24506
181 6.14+0.69 575%£041 577%0.41
182 (n-6) 114+1.0™  103+0.4° 159+25°
20:4 (n-6) 21.0t1.6% 246x1.4 173+1.4°
unknown 477151 3.65+0.39 6.33+0.91
22:6 (n-3) 2.78+0.31 356+0.29 2.78£0.08
20:4 /182 ratio 1.84+0.11% 2.42+0.19° 1.30%=0.31°

YAmount of alloxan (mg/kg BW) injected to rats.

"Mean*SD of 6 to 8 rats per group.

Pyalues with different superscript letters in the same row are
significantly different at p<0.05.

Z7 3 alloxan 20 mg/kg BW %993} ol ¥] 3l alloxan
40 mg/kg BW 938 o] o8 o2 & 35 ey
olr}. o] Aste A B alloxan 40 mg/kg BW Fof g ol
4] linoleic acid®] #2]4 &1 Z7}2} arachidonic acid2] 2]
el 2342 A HbA A A 3] F+ desaturation ¥F-2-©] in-
sulin ¥-Zrof] 98 JA=HHEE G434 5 U} 1+
PC 294k 2A4-& Table 6l viebdl ule} zhe}, )z 7o)

H] 3] alloxan 40 mg/kg BW-S $¢3%F o} palmitic acid
(Ci0), arachidonic acid(Czq)7} Tk Hglow
strearic acid(Cigq), linoleic acid(Cig2)= 2k )&= 7 8k
< Hgoyd FoHq Aol gldvh 18 2 arachidonic/
linoleic acid®] ¥)-&2 t}& FRrl alloxan 40 mg/kg BW
T gk ol A & AL BErt Chung(2)E 2
gl 339 ZhollA £ Ao} FARRE AE B olg
#A 46-desaturase®| A AEHE viehsithy shed)
A1) PC A whak A& Table 7ol vrebdl vfe} 2e} djx
Zoll H]8) alloxan F93 T4 stearic acid(Ciso)7F QP11 A
Z7t=l 3, =& palmitic acid(Cigo)= alloxan 20 mg/kg
BW %3 F-oll B]3lod alloxan 40 mg/kg BW o 3F 7-of]
A el Al a9 ed| linoeic acid(Cige)= L v &
Z7}8} = Aol ol Arachidonic acid® th& T-of| ®] 3}t
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Table 6. Fatty acid compositions of liver phosphatidylcholine
(weight %)

Fatty acids Control ZA(}IC;:S fO“?;‘;B
16:0 183£0.4% 189=+04 165*1.0
18:0 23.7£07 236117 258+0.9
181 4.8910.21 6.90*t1.11 5.36£0.39
18:2 (n-6) 10.3*1.0 10.1+0.8 11.9%1.0
18:3 (n-3) 0.20+0.02 0.30+0.05 0.37*+1.19
184 0.22£0.02 0.25%0.03 0.37£0.10
20:4 (n-6) 33.3+1.0 30.8F1.0 30.7x1.2
22:6 (n-3) 4.24+0.41 3.940.30 4.03+£0.08
20:4 / 182 ratio 3.43+£041 324£029 2721031

YAmount of alloxan (mg/kg BW) injected to rats.
“Mean=SD of 6 to 8 rats per group.



Alloxan $% 924 374 23 F

Table 7. Fatty acid compositions of kidney phosphatidylcholine
(weight %)

Fatty acids Control ?&l?ﬁgg fOH?;(ZB

14:0 036+002Y 0312004 044%0.10
16:0 28204 206103 2721090
1611 093+0.10  096+0.04 062021
180 16.7t1.2° 197404 196106
181 955019 938010 10.1+041
182 (n-6) 11,1207 841+031° 14.1+029°
183 (n-3) 0231001  035+0.10 0.31%=0.11
18:4 0.40+0.11  026%001  0.49+0.09
20:4 (n-6) 24.8+0.7° 254+04°  212+18°
22:6 (n-3) 135010 1217004 1.09+071
20:4/18:2 ratio 231£019° 3051010 1.78+0.31°

YAmount of alloxan (mg/kg BW) injected to rats.

“Mean=SD of 6 to 8 rats per group.

Values with different superscript letters in the same row are
significantly different at p<0.05.

alloxan 40 mg/kg BW Foi 8 Tl A feA oz a9l
t}. 28] 3 arachidonic/linoleic acid ®] $-% alloxan 20 mg/
kg BWS Foig o] o} Fur} foAoz F9ioy
alloxan 40 mg/kg BW-& Fo9& o] 7} 2 A 3¢& ¥
t} u ko] PC 2|44l 249 & Table 804 ¢} o] x5
alloxan 20 mg/kg BW< g} 72t} alloxan 40 mg/kg
BWE 503t ol 4] 1m01e1<: acid(Cig2) 7t S H o 2 =7}
® 913, arachidonic acid® ZFA%¢] arachidonic/linoleic
acid ¥ &% frolH o2 gt 2 A3 insulin 52
2 a3} J6-desaturased] &Ado] 2 slE ¢SS &l 5
sidch v AN ALE 3225 A7 A 8.9, prostaglandinel]
& == (26), o)A W4k arachidonic acid =3l
o3 3-8 Fo] v) Aol A prostaglandin Al ol 3 3F-S vl Hc)
}°ﬂﬁ}(28). 7y A 2] PCol| A 46-desaturased] A&

O

011

} 4= )= arachidonic/linoleic acid ¥] €% Fig. 191 4]
7Fol) B]_u_ﬁﬂ B3 Alloxan 40 mg/kg BW Fo] & o

!~N R
N o}i

Table 8. Fatty acid compositions of spleen phosphatidylcholine
(weight %)

: 11 All
Fatty acids Control ‘90 ?;(2?) 40 C;I)EB
14:0 0720047  1.001020  0.82+0.09
16:0 36305 3641003  361%08
16:1 1.02£0.06 1.10£0.05  0.79+0.2
18:0 16.1+05 166+0.4 17.0%14
18:1 116202 11.7£0.1 11.0+05
182 (n-6) 871021 810+030° 10.7%0.79°
183 (n-3) 0.75+0.04 0.76+0.02 075005
184 1.04:0.04"°  097+005> 1.28+0.11°
20:4 (n-6) 17.3+05° 169+0.38"  14.3+1.08"
22:6 (n-3) 0.46+0.06 0471004  0.40%0.03
20:4/182 ratio 200005 2111005  1.41+021°

Y Amountof alloxan (mg/kg BW) injected to rats.

?)MeaniSD of 6 to 8 rats per group.

#Values with different superscript letters in the same row are
significantly different at p<0.05.
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Fig. 1. Arachidonic/linoleic acid ratios of fatty acid compo-
sitions on various tissues.

Values not sharing a common superscript letter are significantly
different (p<0.05).

A A2 G FAolu] 53] A v|AelA HA 3
# 818 gt} o] & 1 8}e] insulin $F L8 7+ 249 qlx] A
of 4] 21 9F4E] desaturation®] A= K-go] &=}, o]
2} zk-8- desaturation® & A+ arachidonic acid®& A TFA 2
A4 5 = prostaglandin A4k BF 8-S 24 5 gl
v} 8 insulin ¥-5F02 A3t} A "] FrtE = A
S A mejs) 2w G o2 gk XA Al o]Ako
2 g Fo] frgs 4L 5 Uk
e o
ZF AAYAA Aoz R+ dAl
6522 3| (Sprague-Dawley) 244}
457} chemical pure diet® AHS-3}43
Z} alloxan& 20 mg/kg BW =+ 40
stk A& A3 dus
“’z 7ke] A A z 248 Ay
ol 23k A A fAbe] WshE v
skl e}, Alloxan 40 mg Fojwell A AT Fa L
AFgart A ek on, Aol M= F=/100 ¢
BWE o} o v]3te] f-oH o2 st ¥ Wit
alloxan 40 mg/kg BW {38 F-o] ©}& Tl s &f <F 263
E2 FA veht guel friEdes gAsA & &
slglc}. E AR A ol 4 cholesterol 3HF-& alloxan 40 mg/kg
BW F0i%} ol o} & FEr} oA Z71d A3 ¥t
Triglyceride® 9 A] alloxan F¢FellA =& Aoz o}
eldt}, €A HDL-cholesterolS- F7te] §-212 4l o]z} ¢
%1279 HDL-/total cholesterol B] &% F-Ztol} 244l 3}
ol& glgi oyt o} FH o} alloxan 40 mg/kg BWS £ojgt
ol thar & A gkl rh 2 21 A oA cholesterol a2
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alloxan 40 mg/kg BW Fo o] o} & 7ol v]3] oA o2
uigke}. Triglyceride 8- 7ol fro Al Atz ¢l
o}, z} %2 9] Q1A A =¥kl 242 ¥4 alloxan 40 mg/kg
BW %o 7-ol| 4] lionleic acid¥= 27} ¥h4 arachidonic
acid= 7}4 ¥ o] 2 A3} arachidonic/linoleic acid$} B]-&-¢]
g2 RS Heloy B35 A v A= 2 7 e
Flsle] F-oAQl Aol viepitt. o)Ak AAE F3s)
o, Guyo] f x5 AHA 7He] FHF H A | Ao
Z7tsl g3, 232} 1R A A} desaturation®) A H gL
B2 a2 sl AA Al FAH Py Fo] = A
22 x|k
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