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[ Abstract]
rats with brain injuries and its possible mechanism. Methods

method. The rats were randomly divided into model, DAHP, NOS activator [ tetrahydrobiopterin ( BH4) ], and DAHP +

Objective To investigate the neuroprotective effect of 2,4-diamino-6-hydroxypyrimidine (DAHP) on

SD rat models of brain trauma were prepared by the Feeney

BH4 groups with 12 rats in each group. Another 12 rats were used for the sham operation group that only underwent bone
window opening without percussion. Two hours after modeling, the DAHP group was injected with 0.5 g/kg DAHP through
the caudal vein, the BH4 group was injected with 0.3 mg/kg BH4 through the caudal vein, the DAHP+BH4 group was
injected with 0.5 g/kg DAHP and 0.3 mg/kg BH4 through the caudal vein, and sham operation and model groups were
injected with the same volume of normal saline at an injection volume of 10 mL/kg once a day for 1 week. After the last
treatment, rat behavior was assessed by positioning navigation and space exploration experiments. Hematoxylin-eosin
staining was used to observe histomorphology of the rat brain. TUNEL staining was used to observe apoptosis of brain cells.
The Griess method was used to measure the level of nitric oxide (NO) in brain tissue, and expression of neuronal nitric
oxide synthase (nNOS), inducible nitric oxide synthase (iNOS), nuclear factor-kB ( NF-kB), tumor necrosis factor-a
(TNF-a) , cyclooxygenase-2 (COX-2), Caspase-3, and B-lymphoma-2 (Bcl-2) in brain tissue was detected by Western
blot. Results In the sham operation group, the morphology of nerve cells in brain tissue was normal and nuclei were
stained evenly. In the model group, nerve cells had swelled, deformed, and underwent nuclear pyknosis, which were
accompanied by inflammatory cell infiltration. Compared with the model group, the morphology of nerve cells in the DAHP
group was improved to some extent and the degree of inflammatory cell infiltration was reduced. The number of necrotic
nerve cells was increased and the degree of injury was aggravated in the BH4 group. Morphological changes of nerve cells in
the DAHP+BH4 group were not significant. Compared with the sham operation group, escape latency was prolonged; the
proportion of space exploration time and Bel-2 protein in brain tissue were decreased; and the apoptosis rate, NO level, and
nNOS, iNOS, NF-kB, TNF-a, COX-2, and Caspase-3 protein expression were increased in brain tissue of the model group
(P < 0.05). Compared with the model group, escape latency was shortened; the proportion of space exploration time and
Bcl-2 protein in brain tissue were increased; and the apoptosis rate, NO level, and nNOS, iNOS, NF-kB, TNF-a, COX-
2, and Caspase-3 protein expression in brain tissue were decreased in the DAHP group (P < 0.05). Compared with the
model group, escape latency was prolonged; the proportion of space exploration time and Bel-2 protein in brain tissue were
decreased; and the apoptosis rate, NO level, and nNOS, iNOS, NF-kB, TNF-a, COX-2, and Caspase-3 protein
expression in brain tissue were increased in the BH4 group (P < 0.05). The escape latency; apoptosis rate in brain tissue;
NO level; and nNOS, iNOS, NF-kB, TNF-a, COX-2, and Caspase-3 protein expression in the DAHP+BH4 group was
lower than those in the BH4 group and the proportion of space exploration time and Bcl-2 protein expression in brain tissue
were higher than those in the BH4 group (P < 0.05). Conclusions DAHP alleviates neurological impairment and reduces
neuronal apoptosis in rats with brain injuries and its mechanism may be related to inhibition of the iNOS signaling pathway.

[ Keywords] brain injury; nerve injury; 2,4-diamino-6-hydroxypyrimidine; nitric oxide synthase; nitric oxide
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<0.05) ; DAHP+BH4 A1k R0 T BH4 41, =%
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Table 1 Comparison of escape latency and proportion of
space exploration time of rats in each group

23 [ R N T Lol ( % )

— HEBE DRI () Proportion of space
Groups Escape latency p] b [:p ’
exploration time
1 \Q
ﬂ%z%a/[%,ﬁ 37.47+4. 64 58.65+4.51
Sham operation group
o
i 61. 64+8.75* 37. 18+3. 46*
Model group
DAHP 41 45.24+4. 68" 44.89+3. 42
DAHP group B B
4]
BH 2 72.16+7. 43 29. 87+3. 41
BH4 group
DAHP+BH4 21 acd acd
62.58+8. 13* 36. 11+4. 38

DAHP+BH4 group

T ST ARLA L, P<0. 055 SR AL, " P<0. 05; 15 DAHP 4
HIHL,P<0.05; 5 BH4 414, *P<0.05,

Note. Compared with sham operation group, *P<0.05. Compared with
model group, "P < 0.05. Compared with DAHP group, °P < 0.05.
Compared with BH4 group, ¢P<0. 05.
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Table 2 Comparison of apoptosis rate of brain
tissue in each group
2] Groups JHT-3R (%) Apoptosis rate

R FAR4 Sham operation group 0

HERIZH Model group 38. 19+4. 36*
DAHP # DAHP group 27.87+3. 64
BH4 41 BH4 group 47. 644, 97"
DAHP+BH4 #§ DAHP+BH4 group 38.73x4. 13"

I ST ARAA L, P<0. 055 SHAILLMILL, " P<0. 05; 5 DAHP 41
I, ©P<0.05; 55 BH4 AiAf L, P<0. 05,

Note. Compared with sham operation group, *P<0.05. Compared with
model group, "P < 0.05. Compared with DAHP group, °P < 0.05.
Compared with BH4 group, ‘P<0. 05.
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Note. A, Sham operation group. B, Model group. C, DAHP group. D, BH4 group. E, DAHP+BH4 group.

Figure 1 HE staining was used to detect the morphological changes of brain tissue
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o, COX-2 BN

ST AR LA L, A5 R 2 K B 4H 21 NF-kB |
TNF-a ,COX-2 #5135 T+ (P<0.05) ; S5 4
A, DAHP 20K U 2H 4 NF-kB \ TNF-a ,COX-2 2§

50 um

50 um

335 B AL, BH4 41 K Bk 41 21 NF-«B |, TNF-a
COX-2 H £ THE (P<0.05) ; DAHP +BH4 41 K
FUIRZH 2 NF-kB . TNF-a ,COX-2 & 4%k {% T BH4
4 (P<0.05), VLK 4 figk 4,
2.6 DAHP ¥ KERNALAT &R FRIEFIFN
SRFARAAM L, BRI KR4 2 Caspase-3
BEARIETHE , Bel-2 B FARIEREL (P<0.05) ; 515
RUZHAH EE, DAHP 21K UINZH 2N Caspase-3 & 138K
KA, Bel-2 2 (&35 7 &, BH4 41 K Bl 4 28
Caspase-3 £ & 15 F+ 5, Bel-2 8 H R A AL (P<
0.05) ; DAHP+BH4 ZH K U212 Caspase-3 85 H K
MET BH4 4, Bel-2 S5 1 £ 55 T BH4 4 (P<
0.05), WLIE S fZks,

50 um
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TE: A BTFARA ;B BIHY;C. DAHP 41;D. BH4 41;E. DAHP+BH4 41,
B2 Tunel Je (RG220 A I 715 50
Note. A, Sham operation group. B, Model group. C, DAHP group. D, BH4 group. E, DAHP+BH4 group.

Figure 2 Tunel staining was used to detect apoptosis in brain tissue

R3 FUAKRENLAL

nNOS (iNOS NO 7K U8 (x+s,n=12)

Table 3 Comparison of nNOS, iNOS and NO levels in brain tissue of rats in each group

ZH 5| Groups nNOS/B-actin iNOS/B-actin NO( pwmol/L)

fRF A4 Sham operation group 0. 19+0. 03 0.21+0.04 1.03+0. 03

FEAIZH Model group 0. 38+0. 05° 0. 82+0. 08" 1.64+0. 11°
DAHP 41 DAHP group 0.26+0. 04 0.51+0. 05 1.39+0. 05
BH4 % BH4 group 0. 51+0. 06 1. 04£0. 132 1.92+0. 07
DAHP+BH4 #1 DAHP+BH4 group 0. 40+0. 05 0. 79+0. 08 1. 62+0. 12

0 SR TFAREMIL,  P<0. 05; SHAIH AL, > P<0. 05; 5 DAHP ZHAH L, ©P<0.05; 5 BH4 ZHAH L, ' P<0. 05,

Note. Compared with sham operation group, *P<0. 05. Compared with model group, *P<0. 05. Compared with DAHP group, ¢P<0. 05. Compared with
BH4 group, ¢P<0. 05.

R4 BAKRBEMAL F NF-kB  TNF-a,COX-2 25 ARk [LEE (74s,n=12)
Table 4 Comparison of protein expression of NF-kB, TNF-a and COX-2 in brain tissue of rats in each group
2H %] Groups NF-kB/B-actin TNF-a/ B-actin COX-2/B-actin

fRF- A4 Sham operation group 0.16+0.03 0.15+0.03 0.16+0.03
FEHIZH Model group 0. 95+0. 09* 0.61£0. 07" 0. 66+0. 09*
DAHP #{ DAHP group 0.33£0. 04* 0.28+0. 05 0. 43£0. 08%
BH4 41 BH4 group 1. 14£0. 11 0.89+0. 122 0. 87+0. 07
DAHP+BH4 2] DAHP+BH4 group 0.97+0. 07*¢ 0. 63+0. 09 0. 68+0. 06*¢

SR FARAME, *P<0. 05; SEBLIA L, P P<0. 05555 DAHP 44 1, P<0. 05; 5 BH4 AHIH,*P<0.05,
Note. Compared with sham operation group, *P<0. 05. Compared with model group, "P<0. 05. Compared with DAHP group, ©P<0.05. Compared with
BH4 group, ¢P<0. 05.
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Note. A, Sham operation group. B, Model group. C,
DAHP group. D, BH4 group. E, DAHP+BH4 group.
Figure 3 Western blot was used to detect the protein

expression of nNOS and iNOS in rat brain

B C D E

Caspase-3 s m— — S  ——

BC1'2—-—- ——

Pactil m— — — — —

AT AR B AL ; C. DAHP 41;D. BH4 41;
E.DAHP+BH4 4,

Bl 5 e NI IEAG DN R UM ZL b A T2 2 P R T L
Note. A, Sham operation group. B, Model group. C,
DAHP group. D, BH4 group. E, DAHP+BH4 group.

Figure 5 Western blot was used to detect the

expression of apoptotic protein in rat brain
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Note. A, Sham operation group. B, Model group. C,
DAHP group. D, BH4 group. E, DAHP+BH4 group.
Figure 4 Western blot was used to detect the

protein expression of NF-kB, TNF-a and COX-2 in brain tissue

F5 KAKRBMALH Caspase-3,
Bel-2 R IE K (x+s,n=12)
Table 5 Comparison of Caspase-3 and Bel-2

protein expression in brain tissue of rats in each group

ZH 5| Groups Caspase-3/B-actin Bel-2/B-actin
fEF- A4 Sham operation group 0.25+0.03 1.25+0. 15
HRIL] Model group 0. 63x0. 08" 0. 41+0. 06°
DAHP ZH DAHP group 0.45+0. 05 0.55+0. 05*
BH4 4| BH4 group 0. 78+0. 06" 0.22+0. 03"
DAHP+BH4 21 DAHP+BH4 group 0. 61+0. 09°*¢ 0. 42+0. 05

T ST ARAMIE, P<0.05; GBI L, P<0. 05; 15 DAHP 4
L, ©P<0.05; 5 BH4 i, 1P<0. 05,

Note. Compared with sham operation group, “P < 0.05. Compared with
model group, "P < 0.05. Compared with DAHP group, °P < 0.05.
Compared with BH4 group, ‘P<0. 05.

IR RN AL 2L 32 408, P T Rk A e i, il 0455 K
BRB AR il 28 BRCT)

NOS {5538 [ 55 Bk 453 7 (%) A A= 25 VI A G, oo
IEAIE B NO, e 7 5% i 21 22 4 28 1 O 3 sk 4 4
YER . MUARH R NOS F B4 46 N i 8 — JAL A A
fifi (eNOS) .iNOS Jz nNOS, i3 £E#F 78 & PLAE Mg 451 47
HUH eNOS Rk , i LAz B NO & 345 I 2
2Nl 2 O VR F, T AR R 8 4 TP S B aNOS |
INOS B 2 3k D) £ 8 il o Jiki #ih 22 45 3 19 NOM |
Yong %51 HF 5 22 BR e i P A 400405 K BRUIN 4 40
eNOS 7KFEREAK, INOS /K- FH, 45 T AR YT ),
BEf% 3 EIH eNOS, T iNOS /K-, 25l vl 2T g
B PR T IR T, IS Y CXC195 3@ it fil
il NADPH %8 ALHEA iINOS (K335, K 44 XA B 5k
MR ER G ER . AR A, 5HF
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ARLHAH L, BRIZH R UK ZH 28 H nNOS (iNOS & H 3%
ik NO ZKFFFEn  BR NOS {5538 B 0930 5 i oh
Pl & ARG

BH4 R 5 P R K il 22 386 o 45 B %) 5 B TR 7
Il GCH1 & BH4 & & & 2 BR s il , — 3% 5 pi & 4
17 PR KA AH5E, DAHP i GCHI #I3 , 7] 3
A GCHY WA BGHE T FEAIE BHA 45 B, BF9E & R
K DAHP fefig il GCHI1 3k, BET FEAR INOS
IR, F W NO [ A a1 A B 5T R
DAHP g% it & iNOS ik, 5 i 48 A1 i dole 1 -
VR 351075 R BV B8 1T R, 98 M 7K i, % 44 T ik 4
SUNRYER  Li 2 iF98 & B DAHP 38 i 1
L T G W B IR LB - 3 RS ( PI3K) /2R K
fiti B(AKT) /i L2 % T 5 R ¥ 1 (mTOR ) i@
S8 Kok R AT SRy e e i o, B R B R TS AR AR
KR BH4 A FRAR ALK FUS , 26 80 R I
25 [B)ER R B () L A9 BRI, iy 20 2 4 47 A 3 n 2 ; i
X1 BH4 BE4 DAHP b FRFE AR §US , 55 BH4 41
P, oA Bk Jht vk OR 30 4 2, 25 [RD 4 2% 1o [ L 461
i, I S 05 78 B A i 2%, $2 78 DAHP 7] 3 i
PO INOS {5 538 % 19 2235, 2 177 9% #f 1 105 K B
L2 b 2 5477, A B 180403 i o o R A e Bl £
E COX-2,iNOS ik Ity , it 11 A 5% & BLAE I 433 473
J& 24 h N, COX-2 ik B KAE , HoKF- 59 1% ™ &
REREHYIA " BN 5 NF-«B ik ki
Fhg, P —2 3% iNOS & B 1) NO, e &
JEHF TNF-o 35, INE RAEB G AHFIE K
PUALRIZH K U 40 21 7P COX-2 NF-«kB  TNF-a 25
TR W TR L AT BHA RREB I — ST m Bk R
i AT 3855 B4 DAHP J5 RS H] 1R 48 i A
F 1A, $E75 DAHP 7] G i ] NOS ik i 1
G 108 XoF Hili 0 K BRI 4493

MMM TS 500 L4 kKRR,
YA T £, 5 R A
X AT E T Tunel Ye o K6 K PR AR 4 K
UG ZH bl 2 20 M R T B B T, 45 T BH4 4b
RS A0 TN, S DAHP A2 40 M 0 T
i, #8475 DAHP AT 3 5o yok 5 1 2 40 i R 1, AR 9 A
U4, Caspase-3 SEANMIAE T M & HMAT 4, T Bel-
2HENPUAT-E FIREE WD Caspase-3 ¥4I, FH Wi
Bax &5 8 T2 25 B9 300G, A9 R BRI 405 J5 24 h
Caspase-3 & ik ik Bl f% /& W, 1 Bel-2 3 3k W £
IR0 B & B R 20 A B 2 2 rp Caspase-3

HARILTHE, Bel-2 H A RIARFK, 44T BH4 J5fE
% Caspase-3 #E[1K N — T, Bel-2 H I KIA
HE— LRI, B DAHP J5 Caspase-3 5 FH 3% ik [%
fi%, Bel-2 # FH R 3A T, 4275 DAHP A fE i i 4 il
PR T2 IO, R BT TR, AR i 0 R B
MZTIRE

25 BTk, DAHP BES 22 fif fiki S0 R BN 20 21
MNP BRAR R VE A7, G20 il 22 D BE R A
HAHLH AT e 530 INOS (55l A &, SRMmADF
FAMAFTEA L ISMEHLHIE S 4%, DAPH 2514 id
b HAWRAR AR Bl 2R 2 R4 VR ot 5 ) 2
AT
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