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Nicotinamide Reduces the Infarct Volume in a Rat Model of
Transient Middle Cerebral Artery Occlusion

Min Sup Lee, Young Jun Ahn, Ki Young Choi, Gu Kang, Seong Sik Kang,'
Il Young Cheong,' Kun Jai Lee' and Keun-Woo Kim'

Department of Pathology, Kangwon National University College of Medicine, 'Kangwon National
University Hospital Clinical Research Institute, Chunchon, Korea

Background : Cerebral ischemia depletes ATP and causes irreversible tissue injury. Nicoti-
namide is a precursor of NAD" and it is also a poly (ADP-ribose) polymerase (PARP) inhibitor
that increases the neuronal ATP concentration and so protects against stroke. Therefore we
examined whether nicotinamide could protect against cerebral ischemia by using a model of
transient middle cerebral artery occlusion (MCAO) (reperfusion 2 h post ischemia) in Sprague-
Dawley rats. Methods : Nicotinamide (500 mg/kg) or normal saline was administered intraperi-
toneally 24 and 0 h before and after MCAO, respectively. The infarction volumes were deter-
mined with triphenyltetrazolium chloride staining 24 h after reperfusion. The nitrotyrosine, PAR
polymer and PARP-1 expressions were examined by immunohistochemistry with using brain
slices obtained from the rats that were sacrificed at 0, 15, 30, 60 and 120 min after reperfusion.
Results : The infarction volumes were significantly attenuated (21.8%, p<0.05). The nitroty-
rosine expressions were increased at 0, 15 and 30 min, and those expressions for PARP poly-
mer and PARP-1 were increased at 60 and 120 min, respectively. Nicotinamide partly reduced
the expressions for nitrotyrosine and PAR polymer except for PARP-1. Conclusions : These
results suggest that nicotinamide may attenuate ischemic brain injury through its antioxidant
activity and the inhibition of PARP-1.
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Triphenyltetrazolium chloride 23AH
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Fig. 1. Middle cerebral artery occlusion. (A) In each rat, an incision was made along the midline from the jaw to the sternum. The digastric
muscle, tracheal muscle and omohyoid muscles were located and retracted. The head was turned 15 degrees to expose the right carotid
artery. The external and internal carotid arteries were exposed. The occipital artery were electrocoagulated. (B) The common carotid and
external carotid arteries were ligated with 5-0 black silk. The internal carotid and pterygopalatine arteries were temporarily closed with a
mini vessel clip. A 3-0 nylon suture was introduced into the bifurcation area of the common carotid artery. (C, D) After removing the clip,
the suture was advanced into the internal carotid artery for about 17 mm until it occluded the middle cerebral artery.

CCA, common carotid artery; CS, carotid sinus; ECA, external carotid artery; ICA, internal carotid artery; NS, nylon suture; OA, occipital
artery; PPA, pterygopalatine artery; VN, vagus nerve.
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Fig. 2. 3-0 Nylon suture coated with silicone rubber (left end).

WA (area, mm?) = (100X 249 HZ 9] 3424 7})/100 mm® 2 A 5 45 HIE 0]835le] 50 mL/min®] $£XZ phos-
o] 3t& FHEEF]) phate buffered saline (PBS)E IFAIA AE AAISTL

BZE2)9(edema index) = £.22 t&u1o] HA/AZ Ty I8 VYA 4% paraformaldehyde £ 250-300 mLE T
Hhe] w3 AA IS ATt AAR ¥ 4CoA 2447 59 4%

TAE HAN HA =25 AN HA/ B4 paraformaldehyde &0 Z7AS A3 the 30% sucrose

53 (volume, mm’) = ZAH 724 WA Fx2 2o 4CAH 7 ol wASYT A B¢ ARG
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3 Ak 24 dEe 24-well WE7)el 5-10704 B3, yb)
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Fig. 3. Nicotinamide
treatment 24 and O h
before and after on-
set of MCAO reduc-
ed infarction in male
Sprague-Dawley rats.
2,3,5-Triphenyltetra-
zolium chloride-sta-
ined coronal brain
sections are from rep-
resentative animals
that received a saline
(A) or 500 mg/kg IP
nicotinamide (B) in-
jection and were eu-
thanized 24 h after
MCAQ. Infarcts are
observed (pale re-
gion) involving the
cerebral cortex and
underlying striatum,
representative of the
MCA perfusion re-
gion.
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Fig. 4. The nicotinamide group (n=12) shows reduced infarct vol-
ume, compared to control group (n=14). Infarct volumes were
expressed as mm?®, and the data are represented as the mean +
SEM. *p<0.05 which was considered significant. n, number of ani-
mals. (Infarction volumes are 346.04+26.8 and 270.5+14.8 mm®
in control and nicotinamide groups, respectively).
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& Z2 7] HY oA nitorotyrosine-%A MEL FE AL
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omf SAA o)zt tHp=0.016) (Fig. 7). B3 A &#F
3 TR 0, 15, 30320l tix ] gelx S4 3

A nitorotyrosine-

Fig. 5. Immunostaining for nitrotyrosine (A), PAR polymer (B) and
PARP-1 (C).
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Fig. 6. Nitrotyrosine-positive cells in the striatum and cortex. Nicoti-
namide (500 mg/kg) or normal saline was administered intraperi-
toneally 24 h before MCAO and immediately after MCAQ. Nitroty-
rosine expression was examined by immunohistochemistry, using
brain slices obtained from the rats that were sacrificed 0, 15, 30,
60 and 120 min after reperfusion. n=5 (each group). Expressions
for nitrotyrosine were increased at 0, 15 and 30 min after reperfu-

sion in control group (* vs. ', p<0.05). Nicotinamide partly reduced
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immunoreactivity for nitrotyrosine (* vs. !, p<0.05).
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Fig. 8. Nitrotyrosine-positive cells in the cortex. Nicotinamide (500
mg/kg) or normal saline was administered intraperitoneally 24 h
before MCAQO and immediately after MCAQO. Nitrotyrosine expres-
sion was examined by immunohistochemistry, using brain slices
obtained from the rats that were sacrificed 0, 15, 30, 60 and 120
min after reperfusion. n=5 (each group). Expressions for nitroty-
rosine were increased at 0, 15 and 30 min after reperfusion in con-
', p<0.05). Nicotinamide partly reduced immunore-
! p<0.05, ¥*p<0.05).
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Fig. 7. Nitrotyrosine-positive cells in the striatum. Nicotinamide
(500 mg/Kg) or normal saline was administered intraperitoneally
24 h before MCAO and immediately after MCAQ. Nitrotyrosine
expression was examined by immunohistochemistry, using brain
slices obtained from the rats that were sacrificed 0, 15, 30, 60 and
120 min after reperfusion. n=5 (each group). Expressions for nitroty-
rosine were increased at 0, 15 and 30 min after reperfusion in
control group (* vs. ', p<0.05). Nicotinamide partly reduced immu-
noreactivity for nitrotyrosine (* vs. ¥, p<0.05).
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Fig. 9. Case numbers showing PAR polymer-immunoreactivity (IR)
in the striatum and cortex. Nicotinamide (500 mg/kg) or normal
saline was administered intraperitoneally 24 h before MCAO and
immediately after MCAQO. PAR polymer expression was examined
by immunohistochemistry, using brain slices obtained from the
rats that were sacrificed 0, 15, 30, 60 and 120 min after reperfu-
sion. n=5 (each group). Cases showing immunoreactivity for PAR
polymer in control group (8/10 cases, 80%) were increased at 60
and 120 min comapired with those at 0, 15 and 30 min in control
group (6/15 cases, 40%) (* vs. ', p<0.05).
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Fig. 10. Case numbers showing PAR polymer-immunoreactivity
(IR) in the striatum. Nicotinamide (500 mg/kg) or normal saline
was administered intraperitoneally 24 h before MCAQO and imme-
diately after MCAO. PAR polymer expression was examined by
immunohistochemistry, using brain slices obtained from the rats
that were sacrificed 0, 15, 30, 60 and 120 min after reperfusion.
n=5 (each group). Nicotinamide partly reduced cases of their
expressions (control; 5/5 cases, nicotinamide-treated group; 1/5
cases, in striatum at 60 min after reperfusion, *p<0.05).
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Mokudai £'7-& FA7} 300-330 g¢l $A Wistar S o] &
sk A =4 t)Hs8 AolA 3-Y 23 nicotinamide-
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hz+3 micotinamide-ﬂi] 9] HAM Hul= 346042683
2705+148 mm’ge}. o= TS A7kt +,1 2Jo|7} 9l B
oA 9B 2EFu.g Halalg ZQ]17] ujiel, Mokudai
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FUOR YOI SREAS FA U T8e UEE o
0] =]

uhpo] Rt Fwt
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tinamide Foj9] ¥AMN A7|= 22 & 218% %} 17% A
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Nicotinamide2| F0{7+ LAIXQI ZA5{EZ REE SF|9| =AM D|X= &
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U NOS (Nitric oxide synthase)?] JAAZ zH&-3-S Aztst
T AUTh
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ckal AxpabAAEH A (electron paramagnetic resonance
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