CHAPTER IV

RESULTS

This chapter of result composed of five major parts which were
served to examine the effects of vitamin C supplementation on change of

endothelial function in diabetic rats. These five major parts were listed in

Iy

followings:

ementation on
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Part 3. The antioxidwt g S ppEmentatlon on

hemodynamlqcmnge
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- systollcq"blood pressure (SBP), diastolic blood pressure (DBP) and
pdih bbbl Man 2 V1E V6 £
Part 4. Study relationship on iris blood-flow perfusion and leukocyte-
endothelial cell interaction

Part S. Histological study for transmigration of leukocyte in iris area
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Part 1. The antioxidant effects of vitamin C supplementation on
metabolic and hemodynamics changes

1.1 Metabolic changes

The tail vein injection of streptozotocin 55 mg/kg/BW into 200-
250g Wistar Furth rat resulted in polydipsia, polyuria, polyphagia and
hyperglycemia within 48 hours and showed persistent hyperglycemia

through out the experiment. In the present study, the criteria used for

diabetic rats was the blood Kc"a!é ll//yt had to be higher than 250

mg/dl. — 9 ___....-

Blood glucose, .bedy ws :flgh anakilated hemoglobin of
control, 1 S ght after streptozotocin
injection body weight w S\’:ZS& compared with non

diabetic control rats (p< and(up, to. 1‘!\3% weeks (Table 3. and
Figure 12.). Blood gl Wer'si tly elevated in STZ rats
(397.12+65.48 mg/dl t J 52) compared with non diabetic

STZ rats (9.52i1.6 : 10.13%1.88%) c non diabetic control
rats (3.9140.15 to 4. 5%10 58 %; p<0. 001) in all fivﬁj‘monitored time points

(Table 5. and Figg ﬁg%ﬂﬂj%‘ﬂqﬂﬁ

Interestmg{y at 36week v1tam1n supplemented of diabetic rats

S A TOU SR TTIE e o

decrease HbA ..

1.2 Plasma vitamin C was significantly reduced in 12, 24, and 36
weeks STZ-rats (23.01+£0.92, 21.47+1.87 and 15.954+2.02 umol/L
respectively compare with 12, 24 and 36 week of control rats (44.59+2.12,

43.58+1.19 and 44.89%+2.93; respectively). Vitamin C supplementation
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can improved the plasma vitamin C concentration in all three monitored
time points of STZ-Vit C rats (43.6613.92, 39.4442.04 and 38.65+2.02; p
<0.01).

1.3 Tissue lipidperoxidation

In this present study malondialdehyde ‘(MDA), product of

values were significant hlgh \\% , and 36 weeks diabetic rats

eyes (103.32+25.28, 107: 5,4.14 3, 137.59+ 37.88 and
; \6 weeks control rats
39 and 73.65+27.91;

eigd can reduced MDA
values in 16, 24, an it C rats 84.93+13.93,

lipidperoxidation was used as mdlc E xygen free radical. The MDA

respectively). Interesti

Jpplementation on
leukocyte-endotheli a
|

at was counted as adherent one has to remain

stationary for eﬁﬂnﬁfﬂ%ewg ﬂ a?w Bdnfﬂlfgm et al., 2001).

The leukocyte “adhesion was count per f1eld of v1ew totally of

P G R RS SRy

In tHe present video microscopic visualization showed clear image

The leukocyte

of leukocytes adhering to the endothelium of postcapillary venules in
control non diabetes and diabetes rats all five monitored time points of per
field of view. The field of view which is represent number of leukocyte
adhesion in rats all five monitored time points of STZ rats (6.14 + 1.60,

6.05 + 0.57, 6.93 £ 1.79, 12.90 £ 3.20, and 22.28 + 4.35; respectively)
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were significantly highs compared with rats all five monitored time points
of control rats (2.20 + 0.65, 2.48 £ 0.79, 2.45 £ 0.69, 2.27 £ 0.48 and;
2.56 + 1.03 respectively). Interestingly, vitamin C supplementation had
effects to reduced the number of leukocyte adhesion to endothelial of
postcapillary venule in STZ-Vit C rats. However, vitamin C supplemented
STZ-rats still had significant decreased in vitamin C plasma compared

with the controls (Table 6. and Flgure 13

Part 3. The antio@ ects t@n C supplementation on

—'J

hemodynamics chanf7‘ -y .ki:
3.1 By using lascr d6 /flowmetry the gional iris blood-flow

perfusion was eval
Yy
described previousl od-flow perfusion were
s ot “=

summarized in The T .. and'F ) ns regional iris blood-

flow perfusion of STZ ¢ _, cantly reduced to 33.64 %, 50.46
%, 57.95, 57.60 % and 5 liﬁiﬁs ly compared with control rats
P %t .

on 8,12, 16, 24, zﬂd 36 ‘Wéék’s ywever, the ﬁlgmﬁcant difference

Mﬂ m Sf-l a'lf])l STZ and STZ-Vit
e vy iR ST TR e v

effect on change of SBP and SBP in 16 and 24 weeks of STZ and control

3.2 Syst?f blooﬁ essure ﬁ dlastohc blood pressure (DBP)

and mean region

rats. The SBP and SBP were significantly different between STZ and
STZ-Vit C at 16-36 weeks.
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Part 4. Study relationship on iris blood-flow perfusion and
leukocyte endothelial cell interaction

Linear regression analysis was used to examine the relationship on
iris blood-flow perfusion and leukocyte-endothelial cell interaction. The
result of this relationship was shown in Figure 24. Iris blood-flow
perfusion values and leukocyte adhesion (cell per field of view of
postcapillary venule of all five mow ed time points of diabetic rats were

plotted and these two parameﬁ\ﬁs
32.80, r =-0.317, p<0034

ated equation y = -0.447x +

latlon was more clarified

&‘\ﬁ-ﬁézum 103, r = - 0517,
ther esences of diabetes are

Z- 1t

and supported by the res
p < 0.001. The data

necessary for measurable €] N iris ow perfusion can occur in
: -8
diabetes, not founded-relat ip m con “From the result, it can

be explained that whe raised as the iris blood-

flow perfusion was reduée

Part 5. HlStOl%lcal sty (? of leukocyte in iris

area

1 stain oﬂ}is speciments of each
groups were demo tﬁ i dicated that the
abnormality o ﬂﬁs iﬁj{‘ﬁlﬁg ﬂi’gjﬁ f specially on 24
weeks. ;T ?ﬁ T-fﬁf observed.
However, qﬁ gkgcf[-g ‘ -nnyr tion ﬂsue aréa of iris

has not seen in the histological area of iris.

The example ofBaé;ﬁatox '
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Table 3. Mean * SD of body weight (g) of control rats (CON),

streptozotocin rats (STZ) and streptozotocin rats

supplementation with vitamin C (STZ-Vit C)

Body weight (g)

(n=9)

Duration
(e CON STZ-Vit C
393£31.38 M\ ﬂ)g 75" | 2365135117 ™
8
(n= 10— (n=10)
443.07122 / 2296+47.71 "
12
(n=10)
2451243833 "™
16
(n=8)
276.88+39.25 '™
24
(n=9)
) |362.33+38.91 ™
36 i
(n=9)

ﬂ‘HEJ’ME

NINYINI

A W@mm srdvieadt

##
ns

Significantly different as compared to STZ (p<0.01)
no significantly different as compared to STZ
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Figure 12. The antioxidant effects of vitamin C supplementation

on body weight (BW)

700 +

:

L
T

Body weight (grams)
2 8 & 3

Values: meanJ
CON ; control ratS'a-

oz B AN UNTNYING

STZ-Vit C ; streptozotocin rats suﬁlemﬂatlon with \édgn G
RTINS T

Significantly different as compared to CON (p<0.05)

**  Significantly different as compared to CON (p<0.001)

++  Significantly different as compared to CON (p<0.001)

# Significantly different as compared to STZ (p<0.05)

# Significantly different as compared to STZ (p<0.01)

ns no significantly different as compared to STZ
NS  no significantly different as compared to CON
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Table 4. Mean * SD of blood glucose (mg/dl) of control rats

(CON), streptozotocin rats (STZ) and streptozotocin rats

supplementation with vitamin C (STZ-Vit C)

Duration Blood glucose (mg/dl)
(weeks) —
o 83.5111.8 PR
(n=8)
431.4%8320 ™
12
(n=10)
10 i 433.42187.98 "
/ (n=7)
106.84110.461 - 380.27168.96 "
24 = __.{}::';.a A 27/ N
ﬁ - - . (n=11)
- **,##
N 279.37177.04
36
(n=8)

##
ns

ﬂ‘lJEJ'J‘VIEJ‘W?WEJ'm
Q ARAN LRI G b

++9 Significantly different as compared to CON (p<0. 001)

Significantly different as compared to STZ (p<0. 01)
no significantly different as compared to STZ
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Figurel3. The antioxidant effects of vitamin C supplementation

on blood glucose

Blood glucose (mg/dl)

- @ug@mw%’wmm

ﬁtﬂﬂ@@@ﬂim UAIINIAE

; streptozotocin rats

STZ-Vit C ; streptozotocin rats supplementation with vitamin C

i Significantly different as compared to CON (p<0.001)
++  Significantly different as compared to CON (p<0.001)
H#it Significantly different as compared to STZ (p<0.01)
ns no significantly different as compared to STZ
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Table 5. Mean £ SD of glycosylated hemoglobin A;. (%) of

Control rats (CON),

streptozotocin rats (STZ) and

streptozotocin rats supplementation with vitamin C (STZ-

Vit C)
Duration Glycosylated hemoglobin A;. (HbA . ;%)
wechis) CON STZ-Vit C
(n=8)
" [ 4 1,55 9.13+1.76 ™
Nz n=0)
16 ?ﬁ:i'*' Nﬂ 8.711£0.90 "
i A7 Ako=6) (n=7)
” 2] -:TI-“-' 9.7510.70 ™
A (n=6)
- 6.6012.03 "
179"
11 [+

’Wﬂ AINIUNAIINE

kK

e

Hi#
ns

188

Significantly different as compared to CON (p<0.05)
Significantly different as compared to CON (p<0.001)
Significantly different as compared to CON (p<0.001)
Significantly different as compared to STZ (p<0.05)
Significantly different as compared to STZ (p<0.01)
no significantly different as compared to STZ
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Figure 14. The antioxidant effects of vitamin C supplementation

on glycosylated hemoglobin

1571
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e}
}

Glycosylated hemoglobin (%)

OCON
OST1Z
NSTZ- Vit C

g I N INTNYINT

CON ;

AETETolmainsads.

k%K

+4

#H#
ns

Significantly different as compared to CON (p<0.05)
Significantly different as compared to CON (p<0.001)
Significantly different as compared to CON (p<0.001)
Significantly different as compared to STZ (p<0.05)
Significantly different as compared to STZ (p<0.01)
no significantly different as compared to STZ

36 weeks
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Table 6. Mean = SD of plasma vitamin C of control rats (CON),
streptozotocin rats (STZ) and streptozotocin rats

supplementation with vitamin C (STZ-Vit C)

Duration Plasma vitamin C (umol / L)

(weeks) STZ-Vit C

2 y
con s/t
12 44 592040 2.0 +0:92 :
IS

43.66+3.92" "

q
Z /NS
24 43 58 / @’\\\\\\ 39.4412 04"
.;9&\\\'}\
® e . \\\" % | 38651202
L,- - ‘\
F s o |
++  Significantly different as compared ta CON (p<0.01)
w  Signifiey GSTZ (p<0.01)

NS  no signi i antly different as comparedto CON
AULINENTNEINS
RN IUNRINYIAL
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Figure 15. The antioxidant effects of vitamin C supplementation

on plasma vitamin C

60 T
I ECON
50 + NS, ## | OSsTZz
' 'l' NSTZ-vit C
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30

20

Plasma vitamin C ( umol / L)

10 +

Values @ 2591 121915 W1 7) 5

CON ; cofitrol rats

TP 11917771878 8

STZ-Vit C ; streptozotocin rats supplementation with vitamin C

++  Significantly different as compared to CON (p<0.001)
##  Significantly different as compared to STZ (p<0.01)
NS  no significantly different as compared to CON
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Table 7. Mean + SD Malondialdehyde (MDA) level in eye of
control rats (CON), streptozotocin rats (STZ) and

streptozotocin rats supplementation with vitamin C (STZ-

Vit ©)
Duration Malondialdehyde (nmole/100 mg wet wt.)
(wecks) CON ‘ STZ-Vit C
58.36127:79 103.3240628" | 67.71329.08™"
8 .
in= . (n=6)
72.95% {107, * | 8a.15+13.44™™
12 A
‘_“ [;:,,J' " \"',
84.931+13.93 "
16
(n=7)
81.70121.39™ "
24
(n=10)
80.88120.84">"
36

ama\‘mm UNIINE

+4
Hi#
ns
NS

‘j (n=8)

-

188

Significantly different as compared to CON (p<0.05)
Significantly different as compared to CON (p<0.001)
Significantly different as compared to STZ (p<0.01)
no significantly different as compared to STZ

no significantly different as compared to CON
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Figure 16. The antioxidant effects of vitamin C supplementation

on malondialdehyde (MDA) level in eye
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STZ-Vit C ; streptozotocin rats supplementation with vitamin C

+ Significantly different as compared to CON (p<0.05)
++  Significantly different as compared to CON (p<0.001)
#it Significantly different as compared to STZ (p<0.01)
ns no significantly different as compared to STZ

NS  no significantly different as compared to CON



Table 8. Mean * SD of leukocyte adhesion of control rats (CON),

63

streptozotocin rats (STZ) and streptozotocin rats
supplementation with vitamin C (STZ-Vit C)

Leukocyte adhesion (per field of view)

Duration
(weeks) CON STZ STZ-Vit C
220+ 065 ol 514t1.12 "™
8 RO
(n=8)
520+0.84 "™
12
(n=6)
547+ 152 "
16
(n=6)
933+ 268 "
24
(n=10)
11.80t277
36
(n=8)

ﬂ‘lJEJ’mEJVl‘ﬁ‘WEJ’]f

P)

*’:a ﬁmm‘m s ieh (PR I

ns
NS

Significantly different as compared to STZ (p<0.05)
Significantly different as compared to STZ (p<0.01)
no significantly different as compared to STZ

no significantly different as compared to CON
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Figure 17. The antioxidant effects of vitamin C supplementation

Leukocyte adhesion (per field of view)

on leukocyte adhesion

30 1

OCON
aOSsTZ
STZ-vit C

it

ok gy

36 weeks

Values: mean + SD,

CON ﬁiﬁd&l?"ﬂ&]ﬂ'ﬁﬂﬁﬂﬂ‘ﬁ

STZ ; streptozotocm rats

S RIRIUUBARINYA R

++  Significantly different as compared to CON (p<0.001)
¥ Significantly different as compared to CON (p<0.001)
##  Significantly different as compared to STZ (p<0.01)
ns no significantly different as compared to STZ

NS no significantly different as compared to CON
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(@)

CON 8 wks
(b)

STZ 8 wks
(©)

STZ-Vit C 8 wks

Figure 18. Intravital microscopic demonstration of leukocyte adhesion in the
postcapillary venule from 8 week of a) Control, b) STZ-rat, ¢) STZ
with vitamin C supplementation. White dots represent leukocytes

stained by intravenous injection of fluorescein marker, rhodamine

6G.
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(a)
CON 12 wks
(b)
= N STZ 12 wks
(¢)

STZ-Vit C 12 wks

Figure 19. Intravital microscopic demonstration of leukocyte adhesion in the
postcapillary venule from 12 week of a) Control, b) STZ-rat, ¢c) STZ
with vitamin C supplementation. White dots represent leukocytes

stained by intravenous injection of fluorescein marker, rhodamine

6G.
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(a)
CON 16 wks
(b)
STZ 16 wks
(©)

STZ-Vit C 16 wks

Figure 20. Intravital microscopic demonstration of leukocyte adhesion in the
postcapillary venule from36week of a) Control, b) STZ-rat, c) STZ
with vitamin C supplementation. White dots represent leukocytes

stained by intravenous injection of fluorescein marker, rhodamine
6G.
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(a)
CON 24 wks
(b)
STZ 24 wks
(©)

STZ-Vit C 24 wks

Figure 21. Intravital microscopic demonstration of leukocyte adhesion in the
postcapillary venule from 24 week of a) Control, b) STZ-rat, ¢c) STZ
with vitamin C supplementation. White dots represent leukocytes

stained by intravenous injection of fluorescein marker, rhodamine
6G.
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(a)
CON 36 wks
(b)
STZ 36 wks
(©)

STZ-Vit C 36 wks

Figure 22. Intravital microscopic demonstration of leukocyte adhesion in the
postcapillary venule from36week of a) Control, b) STZ-rat, c) STZ
with vitamin C supplementation. White dots represent leukocytes

stained by intravenous injection of fluorescein marker, rhodamine

6G.
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Table 9. Mean + SD of Systolic blood pressure (mmHg) of control

rats (CON), streptozotocin rats (STZ) and streptozotocin

rats supplementation with vitamin C (STZ-Vit C)

Biubsiion Systolic blood pressure (mmHg)
(weeks) CON STZ STZ-Vit C
. 88.57 £ 22.49 | V/) +9.75™ | 95.00+22.20™™
(n=7) % | Y (n=8)
103.00 22207184 115.0018:20"° [109.28 £ 12.39™5™
) //
(1= A £\ %\Q\\ (n=7)
03.33 12 ‘:( ‘42583 % - " 111250+ 880™™
16
(n=6)
105.55 +A4 45 103.00 + 5.70™™
24
(n=5)
104,060 111.66 = 7.52™"
36 ¥
3 g

AUINENINGINT

g_iiniﬁcantﬁli different as compa
; :

 ViSkmich v

NS

P Use ]

p
no significantly di er%n! as compared to
no significantly different as compared to CON
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Table 10. Mean * SD of Diastolic blood pressure (mmHg) of

control rats (CON), streptozotocin rats (STZ) and

streptozotocin rats supplementation with vitamin C (STZ-

Vit C)
=W
Duration "*\j'{!‘[/)' ure (nmHg)
- N, |
(Waek) * STZ-Vit C
79.28 £ 85.62 1 20.07™™
8
(n=8)
90.00 % 92.85 1+ 14.09™ ™
12
gy (n=7)
79.16 £ 20 3_:;‘ 12417 | 105.00 X 7.07™"™
16
(n=6)
: : _— NS, ns
90.0 i—96:00 5 t672 v 1| 95.00 X 8.66™
24 L,
(n=5)
1'3‘1 03.33+6.05 *
(n=6)

Significantly different as compared to CON (p<0.05)
Significantly different as compared to STZ (p<0.01)
no significantly different as compared to STZ

no significantly different as compared to CON
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Table 11. Mean * SD of mean arterial blood pressure (mmHg) of

control rats (CON), streptozotocin rats (STZ) and

streptozotocin rats supplementation with vitamin C
(STZ-Vit C)

Mean arterial blood pressure (mmHg)

STZ-Vit C

E“‘

95.12127 k-:'.“ 9’6.1

92.86124.95" ™
(n=8)

95.76%£13.93" ™
(n=6)

106. 147 74 ™
(n=7)

105.77t14.96""™
(n=8)

Duration
(weeks) CON

8

107.21%
12

99.59%
16

97.26119. 4
24

106.8
36

{n=14)

Q‘W’mﬁﬂiﬁu UNR1INE

no significantly different as compared to STZ
no significantly different as compared to CON

ns
NS

F]HEJJTIEJ'FIﬁWE] 1)

122.81t33. 82" ™
(n=7)

188
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Table 12. Mean £ SD of iris blood-flow perfusion of control rats
(CON), streptozotocin rats (STZ) and streptozotocin
rats supplementation with vitamin C (STZ-Vit C)

Duration Iris blood-flow perfusion (AU)
(weeks) STZ-Vit C
. 46.97+9.23 "™
(n=9)
33.74+6.30 "™
12
(n=8)
34.36+6.62 ™
16
(n=5)
32.06+4.72
24
(n=7)
27.99+7.07 " *
36
'j (n=8)

” INM3INAY
+gq ﬂi;lﬁ@:ﬂtladi egcyt z;s{(;nr;m’!e,d]t(;vc]ON (p<0. 001)
*k  Significantly different as compared to CON (p<0.001)
##  Significantly different as compared to STZ (p<0.01)
ns no significantly different as compared to STZ,
NS no significantly different as compared to CON
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Figure 23. The antioxidant effects of vitamin C supplementation

on iris blood-flow perfusion
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I OSTZ
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++  Significantly different as compared to CON (p<0.001)
e Significantly different as compared to CON (p<0.001)
##  Significantly different as compared to STZ (p<0.01)
ns no significantly different as compared to STZ

NS  no significantly different as compared to CON
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Table 13. Correlation factors r and p-values between iris blood-
flow perfusion and leukocyte adhesion of control rats
(CON), streptozotocin rats (STZ) and streptozotocin rats
supplementation with  vitamin C (STZ-Vit C) were

summarized.

group weeks r | p-values

CON 0.784
0.175
0.372
0.642
0.082
0.694
0.64
0.378
0393
0.557
0.983
, 0.068
STZ-VitC = 8(n= -7 0316
12(m=6) | -0338 0.512

o 16 %f'%%m 0.699
¢ H E245(n=| 1“0E)A f 0461 | ‘50.18
oK

STZ

b

L.”

2)
=9
-
o
R
=
BE
=

L=
=

0.001
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Figure 24. Correlation of leukocyte adhesion and regional blood

flow in the postcapillary venule from 8-36 week of a)
Control, b) STZ-rat, ¢) STZ with vitamin C
supplementation.
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(a)

CON 24 weeks
(b)

STZ 24 weeks
()

STZ-Vit C 24 weeks

A Y

Figure 25. Histlogical changes of iris specimens at 24 weeks of a) Control, b) STZ-
rat, ¢) STZ with vitamin C supplementation were demonstrated by
using Haematoxylin-eosin staining. The results indicated amount

increase in hyperplasia of lens epithelial formed in 24-STZ-rats.
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