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Effect of Chronic Inhibition of Nitric Oxide on Blood Pressure and
Apoptosis in the Blood Pressure-Associated with Organs

Hyung-Joon Bae'

Department of Laboratory, Georgia Medical Center, Doraville, GA, 30340, USA

Sprague-Dawley(SD) rats were orally administered with NC-nitro-L-arginine methyl ester(L-NAME) which inhibits
or blocks the production of nitric oxide from L-arginine in vascular endothelial cells and vessel tissue to statistically
examine the effects of nitric oxide on some physiological changes such as blood pressure and heart rate, and to confirm
the apoptosis induced by the suppressed nitric oxide activity in some related organs under light microscope. Systolic
blood pressure significantly increased 28.5% by the chronic treatment of L-NAME for 8 weeks (P<0.001), no significant
difference, however, was observed in heart rate between the control group and the L-NAME-treated group regardless of
their age. Hematoxylin-eosin staining showed some histological alterations only in kidney among the examined organs;
heart, liver, pancreas, and adrenal gland from the L-NAME-treated group. TUNEL (terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling) test showed a strong positive reaction, representing that the chronic
treatment of L-NAME facilitates apoptosis, in the cortex and medulla of kidney, but not any significance detectable in
the other organs. These results conclude that chronic treatment of L-NAME significantly increases blood pressure, and
that the followed inhibition of nitric oxide synthesis occurs a typical inducement of apoptosis in kidney.

Key Words: L-NAME, Nitric oxide, Chronic inhibition, Blood pressure, Apoptosis, TUNEL test, PCNA

M E

AV3bE A (nitric oxide, NOYE AFld 4 FAEAN
nitric oxide synthase (NOS)ll 9] 3] E¢ Ao 2|
3 e L-ot27del A FajEE AA e de] HA
A AEe dREFEdoln AAAGEFIZA W]
7} 5~10& BER wle BeHge v1A e aka A}
Fr7lolth gt A 8 WaFEg AR 71
22} (Moncad and Higgs, 1995) % A& &
Soll thEt 71% (Busse et al, 1995), Z2EE

| 213k 18 2 (Kelly et al, 1998), Ak3ka

29 F<lol 23t A ndetel A (Yin et al, 2009)
2 YaS FIAA e 2dsted 998 &
7t Qe AoR deA vk AstAsAY nEge]
BAE F9Ysks #H oA LNAME (Nnitro-L-arginine

o 1 ofN

o g fo
™
S

e 20009 108 59/ AL 20009 129 169
AL 20094 129 299

VAR W E (530340 1T FA|o}FE Fapula]
A ofulti W AE] ZekziAbe] ek

e-mail: pbkor2009@gmail.com

methyl ester)’} AFehda A AR ZHI gt
og-o] gHEAHA ool tigh B AUt ePH= 3
Alolt} (Bursztyn et al., 1997; Zou and Cowely, 1997; Erdely
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Table 1. Changes of systolic blood pressure and heart rate in L-NAME-treated SD rats

Time (weeks)

Systolic blood pressure (mmHg)

Heart rate (bpm)

Normal control L-NAME-treated Normal control L-NAME -treated
0 120.8+9.3 117489 41244399 412.8+13.6
2 144.2%10.0 167.4%+20.6 411.2+674 361.8426.3
4 157.8%6.1 181.6+15.4" 348.81+27.0 335.6121.7
6 150.0+7.2 193.6+£27.0” 347.6125.8 345.41+19.8
8 155.0+9.3 199.249.1™ 341.2425.1 319.0£14.5
Values are mean & SD, *P<0.05, **P<(0.01 and ***P<0.001 vs respective control group
Table 2. Apoptotic changes of renal cells in L-NAME-treated SD rats (H-E stain)
Normal control L-NAME-treated
Organs 2 weeks 4 weeks 6 weeks 8 weeks
C M C M C M C M C M
Kidney - - - - - + + ++ + A

H-E stain (Hematoxylin-eosin stain), C (cortex), M (medulla), — (negative), + (weak, 1~2 cells/field), ++ (moderate, 3~4 cells/ field),

+++ (strong, 5 or more cells/field)
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Fig. 1. Histological finding for kidney of L-NAME-treated SD
rats (H-F statin). A: Renal cortex of normal control group. B: Renal
medulla of normal control group. C: Renal cortex of L-NAME-
treated group for 8 weeks. D: Renal medulla of L-NAME-treated
group for 8 weeks. Apoptotic eosinophiles (red cells indicated by
arrows) were observed in C and D. Light microscopy. ><400.

o7 YJEh Fof7)zte] F7|ZF A&EHS4= L-NAME
Folzte] dehdslrt gizdol wiste] @AEA Ftst
= AL B 5= 29T (Table 1). 28+ LNAME 7
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L-NAMEEZ 5o3l4] @& dzdxE AEALA &
A ure-& JeRlE A7} BEE A FUTH (Table ).
A7l HE G4 73}, Fo 87 o 3 AbA Tt} LNAME §9f 2589 4aFAd e g3 5
o] 7|ATte) gkl YEHE SO Wyt dojdth  HoM BF 1+ AR oF ¢ el e ow,
5 tx77 LNAME 50 23774305 528% 518 LNAME Fol7} yshEss TUNELYoIlA 34 08
B0 A MEAEA (apoptotic) WSO AANE AE o] AHA wiAY sFAN T vdH A JE KB
A A (apoptotic cell)7t HHF A ekgkort LNAME A 3+ Axe] Fd U4 B8 HSITh (Fig. 2, Table 4).
Eo 4ZAolE 23 2o FiE AEAe) & LNAME Folxel HIM= oFst A WIS B
ARE AT FHEA 328 & dgx AXAEd gou gxTdAxs 22 4R B8-S Hol F 7t
(apoptotic body) S AEZAEA} 24L& Yehs AZE o FHE Aol AR = It (Table 5). A2,
o] 1+ A%l PA wrgow AXEIL (Table 2). T 2 FAAME g 3 Pl gl |
A e o2 gk MEAEAL el MEEC] AFFA AL AAE HelA %
A7 WAL, And AIAE, 282 EAZ § 9
A (1HF F2 2 oA st #2EeH,
mtA et g Aole AASA T7tEE @ 1+, 5
A: 3002 ASHUTH (Fig 1, Table 2). 22 A%, 24,
HA aela Rale] 49 25oA LNAME 59 §F 8
FFEe grTo Hlele] R A Wi BF
HA %Skt (Table 3).
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Table 3. Apoptotic changes of heart, liver, pancreas and adrenal
gland in L-NAME-treated SD rats (H-E stain)

Organs Normal control L-NAME-treated
Heart ” _ Fig. 2. Immunohistochemical stain against TUNEL in kidney
. of L-NAME-treated SD rats, A: Renal cortex of normal control
Liver - - group. B: Renal medulla of normal control group. C: Renal cortex
Pancreas - - L-NAME-treated group for 8 weeks. D: Renal medulla L-NAME-
Adrenal gland - _ treated group for 8 weeks. Many apoptotic cells (dark brown cells
- ‘ indicated by arrows) were observed in C and D. Light Microscopy.
~ (negative) X200.

Table 4. Immunoreactivity against TUNEL and PCNA in kidney of L-NAME-treated SD rats

Normal L-NAME-treated
Ttems control 2 weeks 4 weeks 6 weeks 8 weeks
C M C M C M C M C M
TUNEL - - + + + + o+ ++ ++ +++
PCNA + +H+ + + ++ -t + + + +

C (cortex), M (medulla), — (negative), + (weak, TUNEL: 1~4 cells/field, PCNA: 1~2 cells/field), ++ (moderate, TUNEL: 5~9 cells/
field, PCNA: 3~4 cells/field), +++ (strong, TUNEL: 10 cells or more/field, PCNA: 5 cells or more/field)
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Table 5. Immunoreactivity against TUNEL and PCNA in heart,
liver, pancreas and adrenal gland of L-NAME-treated SD rats

Fig. 3. Immunohistochemical stain against PCNA in kidney of
L-NAME-treated SD rats. A: Renal cortex of normal control
group. B: Renal medulla of normal control group. C: Renal cortex
L-NAME-treated group for 8 weeks. D: Renal medulla L-NAME-
treated group for 8 weeks. Proliferating cells (dark brown cells
indicated by arrows) of PCNA were observed in C and D. Light
microscopy. <200.

Fig. 4. Immunohistochemical stain against PCNA in pancreas of
L-NAME-treated SD rats. A: Normal control group. B: L-NAME-
treated group for 8 weeks. Proliferating cells (dark brown cells
indicated by arrows) were observed in both groups. ><200.
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Normal
Organs control L-NAME-treated

TUNEL - -
Heart

PCNA - -

. TUNEL - -

Liver

PCNA + +

TUNEL + +
Pancreas

PCNA =+ -

TUNEL -
Adrenal gland

PCNA + +

- (negative), + (weak, TUNEL: 1~4 cells/field, PCNA: 1~2
cells/field), ++ (moderate, TUNEL: 5~9 cells/field, PCNA: 3~4
cells/field), +++ (strong, TUNEL: 10 cells or more/field, PCNA: 5
cells or more/field)

(Fig. 4, Table 5). 22t} Aol = PCNA 4ol Tt
Hkg-o) thz7H LNAME FololA A8 vehtA] &
4T} (Table 5).
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