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Early Ultrastructural Changes of Aor-
ta and the Possible Cause in Experi-
mental Non-insulin-dependent Dia-
betes Mellitus Rats
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loge, Hengyang 421001, Hunan, China)

ABSTRACT The ultrastructural changes of aor-

ta in adult Wistar rats with streptozotocin (SZ) -in-

duced non-insulin-dependent diabetes mellitus were
observed- Meanwhile, plasma lipid, lipid perox-
ides (LPO) and supperoxide dismutase (SOD) levels
The results showed that both dia-

betic group and fat group had ultrastructural patho-

were measured.

logic changes in their wall and the situation in dia-
betic group is severe than in fat group and the dif-
ferences in subendothelial depth, numbers of layers
of smooth muscle cells in intima and points scored
for damage in intima were very significant (P <C
0.01). The plasma triglycerides, total cholesterol
and low density lipoprotein cholesterol levels were
increased (P<C0.01), but high density lipoprotein
cholesterol/low density lipoprotein cholesterol was
decreased (P <C0.01) in fat group and diabetic
group.  The plasma LPO levels in diabetic group
and fat group were increased (P<C0.01), the pias-
ma SOD levels in diabetic group was decreased but
increased in fat group (at the forth week, P<C0.05;
at the tenth week. P<<0.01) . The results above

indicate that the experimental SZ-induced non-in-
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sulin-dependent diabetes mellitus rats have the early
ultrastructural pathologic changes in aorta wall,
which ‘would be associated with the increase of
LPO, decrease of SOD and the disorders of lipid
metabolism.
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£, REERBEERAN CILE H R AEIR I
HiLiKiE.
1 #BHB*
1.1 HERHH4AE

50 R M4 Wistar X 8 (A& 150~210 g) K4
HZ24d, 1, 144108, T30, N4%F4
Jitk & & (streptozotocin, SZ), #% 25 mg - kg~ 14k
EMEEA, 1. 1ALEHEISHRRESRE
HABRF_RIAKF 1T RAABUERY.
AEAER4, BHEREESHAX VT R
E.TAXLBHEIRY A ALAFE, 14851
ANEEREAH (19.70] g, 1ABE¥E
#, XR104. XRTEHRAE, BHE. KE
E. 3£ 5K Uipid peroxide, LPO) B4 b4y
B4t B (superoxide dismutase, SOD), X% & X &
SRR R o B
1.2 FHi&k

LERERRMERALS TR, b EKSE
MERERMEEATE, DEMEANE;: ol
LPFO X SODRE A &; ULHEHLERNA S
B CERARFOEREEZEERY AR Y
ERAFHAHEZHIOBERIHEERL, 53

EEIXSTORHEARATENEM-109 WS &
BTRAERER.
2 %
2.1 #ETL

KRF4F, TAfEREN (5148
B, P<0.05), EBFEIOF T, 1 AEEY
¥ (5 1A, P<0.0D),
2.2 mERmESFEEL

ERPIAELRFENE 2. 4. 105
BEAEWERY, MIANEEGEEES
KFE2HARBEM,. T AMPBESRAEM,
2.3 migEx{t

I, IAHEM=AS (trigtycerides, TG).
B HBE R (total cholesterol, TC) 0, T
HEFERECBER (high density lipopro-
tein cholesterol, HDLC) S EFEE SN
[ BE (low density lipoprotein cholesterol,
LDLO WETR, S5 THHUBERERNBE
(P<0.01), A5 1 A, HHDLC TR
i LDLC F+&, ZRIEWEF (Table 1),

Table 1. The plasma lipid concentrations in three grucp (z=s)
groups n TG TC HDLC LDLC HLDC/LDLC
1 10 90.5+7.5 141.9+£9.6 32.6x2.6 85.6+5.3 0.3811+0.024
I 10 161. 1+20.9* 312.5423.7° 52.8+%5.5° 214.8%12.0" 0.2454+0. 013"
) | 17 127.5+18. 62 282. 0%21.72 40.2+6. 54 261.6£26.94  0.19840. 0262
* P<0.01, compared with control group; A P<0.01, compared with fat group.
Table 2. The plasma SOD and LPO concentrations in three groups (z=s)
LPO SOD
groups n
4 weeks 10 weeks 4 weeks 10 weeks
I 10 4.2240.39 6.99+1.24 74.0]1+6.20 70. 64+6.70
1 10 4.55+0.33° 8.13+1.67" 80.16+7.78° 80.55+11.19°
) | 17 7.47+11.29° 2 11.2941.12° 24 63. 45115, 92744 60.96+9. 08" * 24

» P<0.05, » » P<0.01, compared with control group;

AP<0.05, AAP<O0.01, compared with fat gruop.
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2.4 M3¥LPO R SOD ik

1, TALPO Bithn, x A5 1 @,
EAUS A HGR (554 e, P<0.05; 810
i, P<C.01), ¥ 41 SOD FREM 1 AR
& (Table 2),
2.5 ELEATEE

TSI TR | BHEHM (endothe-
hial cell. EC) B, MMM, HETE
(Figure 135 141 EC H#RM, /MBS MK
BE. AT @ERRTEHME (Figure
2): DASHECHS. KhA—, fAREE
TRARTBEALER KRR, (Figure 3).
EHUHET |AECRT. BE, ANEER
¥ SoMEEEER. REKETERE. A
# iR EE T H (Figure ¢); 1 1 EC %,
o AN R . AREIER. BETE
Wy MRAERTN, BRTFRRAENR
t-month mascle cell. SMC), IM iR B8
{8 (Figure 5): 18] R EC R28 . K
EEEY. AETEHMERE, o )L SMC 3
. KEERAEERFEAH. ARAHESF
¥ 5 P SMC B AWNBAIHR (Figure 6a,
b.cr. BMARTERE#ITHE. HHE
TR R UL R S R R
BEHITIESTAIS TS RN Table 341
Table 4, AHATR 1. EANKETEEEM
WERGREES . EEAXETI
4, ZREXBE (P<0.01), TATHEMN
ARBPEE. S 14ER. XREFDE
(P<0.001).

Figwe 2. SEM of endothelial cells showing craters ( ¢ @
Inits surtace. (<2 000

Figure 2. SEM of endothelial cells showing drop ¢ 4 1 in
its sur surface. (<2 000)

= %

(TEM)

Figure 4. slactron or
of normal. intact endothelial ceils. the siight subendothetial
space and intact internal plastic iamina. (X7 000

Figure 1. slectron
the normal , intact endothelial celis. <2 000>

«SEM) of

Figure 5. TEM of edematic subendothelial space. ,
(X7 000»
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Table 3 The soore for intima, depth of subsndothelium and layers of SMC of subendohelium in three groups

G+
groups " depth of SE layers of SMC of SE score for intima
4 5 2.56%0. 23 (pm) 0.067+0.253 0. 80+0. 88
¥ 5 5.5440.68 (pm)* 0.067+0.253 2.07%£1.17
) 4 $ 8.60%1.22 (um)*2 0.767£0.568° 4.77%1.48°

compared with control group, * P<<0.01, = » P<C0.001; compered with fat group, AP<0.01; SE=subendothelium-
Data are derived from at least three regions from each aorta of five animals in each group at ten weeks.

Figure 6a. TEM of endothelial cells with drop ( ¢ ) in its
surface and intimal smooth muscle cells (A) with fibrin
aaround it. (X7 000)

TEM of intima showing subendothelial ede-
(X7 000)

Figure 6 b.
ow, lipid droplet ¢ #) and fibrin (A} .

TEM of intima showing brokeq internal plas

Figure 6 ¢.
tic lamina and migration of smooth muscle cell from media

tointima ($)-. (X7 000)

Table 4. App of the endothelium in TEM
score
Injury to the endothelial cell layer (0-3)
continuous endothelial cell layer 0
signs of loosening of the 1
endothelial contacts
complete detachment of 2
neighbouring cells
exfoliation of endothelial ceil 3
Expansion of the subendothelial space (0-3)
endothelial cells immediately on TEL* [
slight expansion 1
subendothelial edema 2
blood cells in subendothelial space 3
Brokening IEL (0-1)
yes 1
no 0
# JEL =internal elastic lamina
3 wig
AEAUMRRANENTLE ERR

Bk (atherosclosis, As), AR
W, LHEARMEARTIHEXEAMRL
T.HEMZWTRLEC HFIREERE. A
B SMC %, HBUEEEAETERRR
BUEY, ARFEXLRHLH/IIFR, T
LA, &R 1A X ENKNEASE
TERERRE As,
TRPFVAHREFEZ—HE SMC
A9 75 B HAE M ARATIE 4 . Ross™® ik SMC
TEAs FREXREM, LHRIEEEHK
P SMC B As FRETIRJNGIES
Bipr—. ARELNXBATHE SMC A
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PRIV ENEHENEEE, MIIEXH
AR ATIR & SMC it G 8l & L B Ay 5%
. SEEAHA. SARIEERERIE
FWAIRES . BIR EAREMLAEES L, MEC
. REEKAFROL/ M EEEE KRBT
%% SMC H Bt U AERAWAFIER
Bi—84KkETFRIEE FOEHE. W
B & FE M AEXT SMC 8938 4 R — E A9 fE
fEl. REGHERREEMIIEREH
T . &R SMC A3 FHBMEH. T 4H SMC
KERESHECHE. aESEXMESEH
EHHWER AL,
ERTEGE I A MERN™ERE
Z—. X5 14 LDLC #&#f1 HDLC/LDL-
C, WETREYMEX. BEMAETSHAT
LDLC 7§ SMC %4, TiEH® A LDLC
TRBEERY. Fet LDL A8 EC, i E1E
4k SMC &4, f256{L4Y LDL @ iFE
REZEHEREFHEERNT LA, 7 HDL
A4 LS LDL Y HfifERM . & HDLC
THEELDICHESERAEXREY.
SHHEECOEFHEAERZIIA
a9 EW ., LPO @ S @R LA B H A
WMEHBREREABRS S, SIERAIET
B @B EREYESS. LPO H3l&
A_oEARE, E&ETIZM LDL AL #E
LDL 2454891 LPO K& ml W] bk
MmEs ¥ iFHERSIE PGL RS, 20
BREMR,. HHM As IR, TARTHERE
E5LPOMEHER M, FAT, SOD F
Rt EEH. SOD RILAEA I EL
#l, RiEER LPO BYEEEE, ©a[[H1E LPO
FERFB LPO B9 HE1EAE . 14 SOD F

ERET G —EaREDRE, THASOD T
M, TTREL SZ M| SOD i& 71 R ¥l &t
FALEIEZIWH SOD FEMAE LS, AN, §
HAFSHKFRER 1 AR, 5H SOD THm
1 4SOD AEEBEYXER.

Bz, 1HBERFEKOLERESRSH
HE. aXERT HANEZEY 1 BERRK
KRAFZNKAESB S HSE., XHHE
A5 52 i B fo H 2 HDLC/LDLC W TR
HX, LPOME R SOD TRERTRER
ERPEEEEM. Bit, BIRYERRE
LRk 8 S A EE X BRI R AR
K ERETEREEER.

s AXAERSHER BRI FRBFENL
B REBRACHBEORAF.

EE R

1 W, SR, RAE, eral ETRHEEMRASERK
KEMR. SR, 1985, 20 Q). 801~9.

2 Pesonen E, Kaprio E, Rapulu J, et al. Effect of repeat-
ed endotoxin treatment and hypercholesterolemia on
preatherosclerotic lesions in weaned pigs. Part 1. Scan-
ning and transmissions electron microscopic study.
Atherosclerosis, 1987, 65: 89~98.

3 Ross R. The pathogenesis of atherosclerosis:a perspec-
tive for 1990s. Nature, 1993, 29 (362): 801~809.

4 Kuo FYF, Wiss RW. The proliferative of platelets and
hyperlipidemic serum on stationary primary cultures.
Atherosclerosis, 1983, 47 35~45.

5 FAR, EXRES, ABHESE, L. BE4RT,
1989; 276

6 s, HEEWRHAKLEHTER. FS5KA,
1986, 5: 305.

(F 3L 1994-08-06 YL E]





