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Establishment and Clinical Application of the Analytical
Method for Plasma L-citrulline and L-arginine Concentration
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(1. Department o f Medical Oncology ,Shanghai Punan Hospital ,Shanghai 200125,China;
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Abstract: Objective To establish a method for simultaneously measuring L-citrulline and L.-arginine concentration in plasma
using reversed-phase high performance liquid chromatography (RP-HPLC) with ultraviolet detection,and the novel method
is applied to the patients with digestive system tumor. Methods Plasma samples were deproteinized by trichloroacetic acid
with heating method. Phenylisothiocyanate (PITC) was used as derivatization reagent and a gradient elution was adopted.
The feasibility verification of method was carried out by detecting plasma L-citrulline and L.-arginine acid concentration in 21
cases of advanced digestive tract malignant tumor patients, 21 cases of non malignant tumor patients and 39 cases of healthy
people. Results  The linearity for L-citrulline and L-arginine ranged from 0 to at least 1 000 pmol/L. r=0.999 95 for both.
The lower limits of quantification for L-citrulline and L-arginine were 0. 240 pmol/L and 0. 448 pmol/L respectively. The in-
traday and interday coefficients of variation (CVs) were less than 3.4 % and 7. 2% ,respectively. The average recovery rate
was from 95. 2% to 104. 1%. The ratio of plasma L-citrulline /L-arginine in patients with digestive cancar was significantly
higher than that in the healthy control group,z-test, P=0. 009. The sensitivity and specificity of plasma L-citrulline/L-argi-
nine ratio in the malignant tumor of digestive system were 81% and 71.4 % respectively. Conclusion This method can pro-
vide a reliable and efficient method for the clinical determination of the L-citrulline and L-arginine concentration in plasma.
The ratio of plasma citrulline/arginine increased obviously in patients with digestive cancer, suggesting that this ratio is a
more sensitive index than single concentration of L-citrulline or L.-arginine when evaluating patients with digestive tumor.

Keywords: plasma; L-citrulline; L-arginine ; RP-HPLC; PITC; trichloroacetic acid

T R I — e b ity SRR > A RE A 45 B i
FEAT MY 5 2 PR T A 4R R
WAL, AR TR RS AR B R —
N LB ZA AT SRR BN N B A
SR Z TR - I DA B A 52 HC, 2R T 7 B I 194 3 /)N

AN M PR A ORS R i R [ A9 36 5 2D R A R
MR ARENS L2 T E 5 8. H AT IF 58 3R WA 24 R
e HGF BACH ™ W1 N A R K A2 5 VF 2 B0 A
K ALFRG IR A R R 1 4 BT AR
Z 1) R SRR 3 T A 55 07 T AELR S B 43 #

» BEWB . REWHAN X LAERESEAA EFRHTH (PWRL2014-0D) 5 WA X LA R G ¥R K AK 731 H (PWRA2014-03)
EEB A B FHQ973—) . L Bk @ AT B0 D16 AR e 27
BIRAEE LB BALHI IRIEOE. B 22 . E-mail : mhuim@163. com,



AR E e 31 FH1W 201641 H ] Mod Lab Med, Vol. 31,No. 1,Janua. 2016 29

RGBS 5 . TR L, A 06 2 4 5T — 7T B B U T
b A 00 HORG 2 R RN N S BR MR B ) ik . B TR
RAR KN TR R T B A sl e A L A [ A
Fi HPLC L@ DL Al 8 7 B e A e b 3. %
FH AT 5 A A2 46 3200 G PF BE 4 (Dansyl-CD | 5 6
TR RHR (PITC) ,9-25 H B W R B (FMOC) L 4,
A= i AR A R -4 -1 5k S (DABS-CD fI4B 28 —
H % (OPA) %, Dansyl-Cl,DABS-Cl % FMOC ##
FE— SIS A7 AR R TP S R I
OPA A B RNFGE - 75 5y B i 5 B4 A8 7™
Yyt A g Fa g B i PITC 3 K1 3 I 26 i
It HLAT A Ak R BEURR L A7 A P W Re e s I 3K B
B KA A 1Y SCHR i &SR B — ik, A,
FATH PITC fEf A FIB R =H &
iR 25 A AT B 2 B 1, ST T O R R A
T (RP-HPLC) 48 A A5 I 32 [] B 3000 2 i ¢ LA 22
e A L-JN SR 10 8 7 i, o N A F T Ak &R 5
e

1 #R5A%

L1 #AFzst & A4l 21 63 £k 1 e 3 0
JifdEg B ok B b v I e B B R R DL SR O BE
5 Jie 96 0 Ak IS 22 R AT BE i N L AR IS 48~83 %, F-
B4R 63 2 B0k 14 ), Lotk 7 . Hodr, R S
i B 7, S IE R 4 B S5 3 R B R 2
] 5 21 51 X b g B A RN ) S O Ak TR
P IR s ARH DC T S Ry 7R T B B Y Ak B 2 3 43 B
Iz A Hrp gl & 3 4. BBtz 2 1, 1
i 3 L e g 1 B, R WL 2 B s T 2
B /N3 A 3 ), RS R A 3 L B
K48 2 B, fEREXTHRZH 39 M, B¢k 21 4], &t 18
B AR 23~T73 & CEAERY 46 & S AR 5 R B fd
R A A S A6 A 35 TG B B A5 T MR R AR

1.2 &XANFME

12,1 BB LR R M LK 20 b o i LA
K WA K (PITC) H Sigma-Aldrich
(St. Louis. MO, USA) 24 Al 2 4t . HPLC 2% H B
NG b it [ 24 4 Ak 2% 3 0 A R A w4 4t
HPLC i 4l /K i Merck (Darmstadt, Germany)
O EERAE . A BT o A R 5 i v I 2 4R
Ak 2R A IR m 4R s . AR AR g = &
Bt s = s Mgk :=PITCHG6:1:1:1:1,
MECE . WalA A:500 ml KIFWE 4.77 g
NaAc,12.5 ml Zf§,125 1 10 mmol/L EDTA, iF
UE AR WS A Bl 75 ml B, 225 ml &
Ji& & 200 ml FE 2l KR A 4 . 1 8 B A . UE
PARE LN R A LKS 2 W2 br e » F§ HPLC 2%
Al K S A A BC Gk B2 1.0 mmol/ L (1) it

AW A4 CORAF . BT HPLC 9088 4k 7 B 2
Frits W

1.2.2 FEUER LC-10A B & 8508 A 35 40 (43
i B~ LC-10AT i %€ (SIL-10AD A shibFE 4%
SCL-10A #: % #% .CTO-10A #: 45 . SPD-10A %
ANAT UL 3 56 0 BE R DU g% . B BE IR G 2% . CLASS-
VP 3% T8 . H A SHMADZU A& 77

1.3 Fi%

10301 I FRAF o AR T o 1) T Ak B - s il BB
kI, 5 A EDTA SR BUE . 2.0 70 55 M3 . B
M3 200 gl I 80 pwl WeEH 0.1 g¢/ml ZH LR
BEWIRS], T 75~80CHEHE 15 min, 2R 5 E il &
£,10 000X g,15 min, B F3§ K 50 pl 5 —ik
B 100 pd 17 A A ) TR AT % N 20
min, K& TG HRSIH A @45 % 150 pl,0.2
pm EHTEUESR UG RE O . FH R A KK B b v A
TR A S B 0.7, 81,15. 62,31, 25,62. 5,125,
250,500 BL K 1 000 pmol/L ¥ B & 51, #5 U fh 19
Ab 3N 53 BT A5 A8 ) I SRR AR

1.3.2 A&, %A PICO-TAG(300X3.9 mm
i.d. 5 pum partical size, Waters, Milford, MA,
USA) B BEVER . 0~13.5 min, 0% ~97% A;13.5
~20 min, 97% ~96% A; 20 ~ 20. 5 min, 96 % ~
20% A3 20.5 ~22.5 min, 20% ~ 0% A; 22.5 ~
30.01 min 0% A, i 46 C. ¥ K 254 nm, JEEE
20 plL, W 1. 0 ml/min,

1.3.3  JrEERRE SR EE CBREE H O R AR AT AR AL
PR RS S M R PR R BR L H YL H T
5 5 RS O 5 B — I ISR AR A — o =
o — 3 I A KR AE S s — 03 A, L8 135 0 1) A
b, [R5 LR R A LR 22 R b o b £ 335 141 1L
BT AR R R . R CE VB g
DI R = PR ES G IR B 1 07 i WL 483 0 1Y)
Al B R AR E O k. B AR ik
A°C R AR B 43 0 WS AR U i A I A A ) 4
AR R AR . R R S HPLC 43 #r i)
oy BT = A WG 5 55 T IR S 3 A Y s 8 X
E i FRR S HPLC 22 & 43 B B 5 B8 LG 55 F 10 B
M IR EE . H— 0y IE 3 NIR & M — RN &2
SRR UL R R A B R E S i A TAEH
SrAlTHE H AR H A8 S R . R R LR R
LK &R Wk BE 1 = 0y I 2K RE A R, A i A
17.5,35 F1 70 pmol/L ¥ & i A5 4 & o B4 A i °F-
A0 =R AR 24 RO

L4 w%#tFosm AR FHH KRN
SPSS14. 0 Wt . F /> = 3¢ i 1 58 e Ty FRUFH ik
FEZ MR R . MK LR R A LN 2R ik



30 DA 48 P2 2 A ik

931

1M 201641 H ] Mod Lab Med, Vol. 31,No. 1,Janua. 2016

JEVIE B E R 2 (x£5) Row, T fBr &
Kolmogorov- Smirnov 1EZPER 36 & A4 i . B
HIMEZ B 1 LR ¢« K, P<<0. 05 225 A
A Gt w2 . 12 Wi U R AR R R 4 A
A[TP/TP+FN]X 100 fi[ TN/TN+ FP ] X 100
T LA 4 R OR (TP B M, FN: AR B Pk,
TN HHMFP R BHME) . #4E receiver operating
characteristic curve(ROC) il £& 23t 4 Fi & FL R b
{EOX T 1k 28 8 i g 19 12 W 1 1AL

2 HR

2.1 oA kAT 7R SR B
B FTs o Hy AT A [ 1 £ B I ] BB X 9 Ao
Yy 5 1 €03 04 R St MO0 T R . IR R — 2k g
T I P A R U {EL SR 35K 4 A R I AN T I X
IR A E

0.06 | A
0.04
&
s
0.02
0.00 A A ) : : : ) : A
00 25 50 75 10.0 125 15.0 17.5 20.0 22.5
Time(min)
0.06 | B
0.04 |
5
s
0.02 |-
| AT
0'00 L 1 1 il il

1 L 1 L
10.0 12.5 15.0 17.5 20.0 22.5
Time(min)

00 25 50 75

0.04 |-

Volst

0.02 - 1

0.00 —J . L ) A h N : . .

00 25 50 7.5 100 125 15.0 17.5 20.0 22.5

Time(min)
Al LA R A L 2R bR o i i 0 35 P L 0 1 0y LR R
U 2 Jy L-KSRR LN FR AN LW 2 AR Y P& B I ] 23 531 g 15. 975
min Al 20. 358 min;B. RAMA L-JRZ B AN LK 2 8 b o it A 2
FEA G Co A LR B A LK 2B br v f )5 B9 I 2R A
AP
Bl SWAENERERE

2.2 mBREFOFENEEENY R KK

Jil B BB UE DL K =R ORGSR T
RIH G RRE E A 2R B T80 W RR & 1 e b
P4 0 U R A TG R T B A 1 Y 0 v R
WA = A CRBRE A - AEBR & 95 %0 By I3
EE MR ZE CRESAmIGE, By &0 i 2% &
F1i5 9820, &g, A LY A LR & A
BCR Bl MR FEAS LN R A LK & R 1 o0 5
FEAY IR AR F] 3. 03 1 4. 70,/ T HE =F 5k
(H 2),

0.03 | 2A
0.02 |
s
0.01 | 1
LAJ “ !
0.00 [— L‘“ L‘
" ' L "
0.0 5.0 10.0 15.0 20.0
Time(min)
2B
0.03 |
0.02 |
g
0.01 | \
2
0.00 ,_J
s " ' N
0.0 5.0 10.0 15.0 20.0
Time(min)
2C
0.03 |
0.02 |
7}
2
0.01 |
1
2
0.00
s ' ' s
0.0 5.0 10.0 15.0 20.0
Time(min)
2D
' .
0.03 |
1
0.02 |
3
= 2
0.01 |
0.00 —J
0.0 5.0 10.0 15.0 20.0

Time(min

2A. Eﬁlﬁéﬁ%ﬂﬂ%ﬁ%‘ﬁ%méﬁ%mL‘JEH’J@%;213. Z
5 B3 0 3 A 19 A A €33 s 2C. BRI 3% AR 1 LA 0 €3 1
2D. S IEERR MK E A LU R @I A . B, g 10 LR R , 1
2 9 LA 2R
B2 AEMLEBREEHEIREENFMN



WK AR 3l H 1M 201641 A

J Mod Lab Med,Vol. 31,No. 1,Janua. 2016 31

2.3 AN FHGREE ALY EE
G E RS LN B A LA S R b ofE
AT EEAL T IAE 4 C AT 20530 WA 5 I 3 A
KA A CHRT T REREM K,

2.4 TAEWMZK DL LJNE R LK 2 0 Ar i &
WA T R R AR A L R B D R AR AR s T AR 2. i
SR R B R R AR SRR 1 A o 22, DA S (]
VAR b o 22 . R ol 2 i TR 1) W 1 R AU R 2 (]
BAMEXR.PHE r=0.999 95; KM EMN 0~1
000 pmol/L, L-JRZMR Lk RIH 7 #28 Y=15
531. 0244 272. 13X (5,, =30 160,5, =13 345,5, =
33. 99550550051, 20 AR IR bR HE AR 2%, R 345 U
i 25 R AR A M O 22 ) 5 LKS 20 IR 19 42 [l 51 o
HY=892.17+4 278. 03X (s5,, =6 767.05,5, =2
757.27,5,=7.167), IfL% L-JNE R A LK & R
B H A il ke s I 09 5 R AT 3 1) 45 5 O ofe LU AR

BRABEL 1. 4 J5 315,
2.5 ®MBATE TR LIKNARM LEER
4 K I BR 43 51 R 0.020 1 pmol/L F1 0. 047 6
pmol/L; L-JRZ R LK 2 R 1 & & F R 43 514
0. 240 pmol/L #1 0. 448 pmol/L,
2.6 HEEAEKEKE LJNEARM LK AR
) H PR H ] A 5 R B (CVs) 40 Bl << 3. 4% Fl
720 D, EEH LN E B A LK & R
JE Y I3 b AR L P bR U S PR R A R
- 25 [ e R AE 95. 2% ~104. 1 % Y5 Bl 22 i), L%
2

®1 BAMEHANBEERRE(pmol/L M%)

HN(=10) ] (n=20)
L CV(%) L
F = )

N X N

PRt CV(%)

L-RER  64.58  2.16 3.34 56.99  2.78 4,89
L-RER 2323 0.72 3.11 37.58  2.70 7.19

®2 M3 L-INEER AN L5 S B 0 X\ 47 B Ui 36
P A Cumol /L fi13%) S (umol /L 1) Ty () RO SR 2 (%)
L M H L M L M H L M H
L-NE 8 17.5 35 70 18.2 34 104. 1 97.2 95.2 0.6 0.8 0.4
LKA 17.5 35 70 17.6 33.5 103.5  95.8 97. 8 0.1 0.4 0.4
VI = WO S S K
2.7 AR EA FHARJENET 39 85X
FEAS By I 3 PG b 2 R R vk B L) 2 R v B A
60. 774 9. 18 pmol/L, LK % M vk By 58.19 + eer
16. 43 pmol/L,L-JNE R/ L-K &R L M 1. 11+ Zoof
0. 28 pmol/ L, P4 B2 I B Wk B AN bE (B 33 TG 4 1) 22
.21 {9 1 7R 0 R R I G o R J
0.00

LA DT TE A 14 ] fa B 0F B BE AR (4R 8% 50~ 73
%P AR 59 ) B (ILER 3) 25 R R, 78 it
JEE I R LR LI 2 TR A 2 8¢ I R N B
I 3% LK 22 R e B 50 1E N R R AL (H 22 57
GEit s T S0, AR M 3K LN 2 IR/ LS 2 R 1Y 1L
1B R s 20 22 35 v T BRELL 18T 3 2 —IEH A
B T R IR A (033 AT e s 21 il i
Jo AR A I LW SR LR IR vk T Y L
EHS @Y BA BRI R 2]
17 1 28 G i e A6 LA I S 7 b 2 S TR Ak JE 22
ST G B S H LR R/ LK 2 R 1 L
B MR 2 s TR MR A, 2 R A e B
®3 HUETMEMEANR L NER. L-EERAT
RESERREEMEARM LS (L, pmol/L)

i REHEG=10)  BEREG=1D  FREEEG=D)

L& iR 65.00410.97  71.85+29.64  69.23420.91
LA 66.734£12.50  53.00423.05  67.82424. 31
LAR/ LA 0.9840.13  1.5440.73"  1.0540.34%

e Sd R R, c=2. 984, P=0.009; % 5 R k4
A, t=2. 490, P=0. 022,

1 1 L L 1 :
10.0 12.5 15.0 17.5 20.0 225

Time(min)

0.00E
00 25 50 75

1 1 I 1 1

1
10.0 12.5 15.0 17.5 20.0 225

Time(min)

A —IEH A @RI B — £ R M G L
i 1k LR g 2 O LR

B3 ExAMEMEKRETEMESENQIEELLR
2.8 ROC W& 44 ROC &k rim ¢ LR
MR /LK 2R L AE X 1 1k 2 458 % 1 M i a2 W i
i, ROC 4 T (AUC) K 0.847, 4 cutoff
fH R 2.83 Bf . 3% L-)R 2[R/ L-AE 24 IR LL A8 12 W
TH AL 2 G0 3% Pk I R A SRR B Ry 8100 FR SR
71.4%, LA 4,



32 AR E e 314 $H1W 201641 H ] Mod Lab Med, Vol. 31,No. 1,Janua. 2016

ROC Curve

1.0

0.8

0.6

Sensitivity

04r

02

1 1 1 1
0'00.0 02 04 06 0.8 1.0

AL 7 4 W B 1 1 P BRI 6

B (14552
B 4 ROC phzk

3 i A XK A HPLC ¥ [w) B 2 i W F1
TR N R FURS 22 B S W D7 ik B A #iGE . mT
&K ER A R DA I % 55 SR B A A= 4k
AL SRR E AT ER SR EARSY . AR,
FoATT R £ A A 2% 5 F PITC VR AT A= 4k 50, 457
Y B RRE s R ZE CBRUTTESS & e 7
%o TR AT DLBR L3R R s AL 2 TR
L2 EE P RCR .

FEARBON A] DA LN &R AN LK 2= R vk JE
0 A . S R B I 2R AR AT A AR T W R E
AN AR T TR B IR Y o B AN T [ i
1 B B[R] 3 86 22 51 Al g f AR ROV 51 .

AR N ML 3K LK & R vk 1 4% SCHik i 8 A 5¢
22—, H B SCEHGE R ] HPLC 3%, Sk N
49.80 pmol/L. 13 4 4% 3t F # ¥ J& K 117.75
umol/L BLJ% 236 pmol/L1*) s 5 Fi 4 3 62 4 H7 X
Pes MK AL AR R R Y ¥k B AE 70,76 ~ 93,54
pmol/L Z[8M . Fe AT 45 - A F 49. 80 ~70. 76
pmol/L XM . W0, M L-JR & 1R 4k
R TR A e E" . ik, AT E T &
L8 bR UE 5 IR A& W (sigma product no A6407,
physiological) . L-JI\ 2 & #5 U i B9 1R B 49 ) #i
BN 25 & 50 pmol/L, SEFRaAras KB, L&
W 10 Vi 4 W 22, 99 2. 79 pmol /L i
50.1040.16 pmol/L (& — ¥ B M & P K 19 3
). T B E., dub#EM, M LA R
YUK S A O HE 1 22 31 T RE 5 RE AN 5 B b
VR E I RERRA L,

MRS MR E MK LR E R/ L-H &
TR LA B 25 & TR R I Rl R S
T o G W e AR EE L R Y BL (BN 12 2 VA TR AL
FR 50 e T IR FE A . [R5 1 D 4=
FE R e B 0 EUARL 12 W T Ab 2R 5 MR A i R B R R
SRR, - RRAX—H TR AT IERA 1T
M.

iR 0 & A IR T AN EE RS R B AR A R 2

Byl 1 2 B 2 R 0 IR 1 L =R A — R Y

B T Dt 5 PR AR TG D S o e PR RO L 4T 5

AR L A G N SR AR Y MR AR T

TEA I 5 R A W B2 A Z i, B 24850 1 S A

IR T S ek AR DR b B e ) %

5T A R R — 25 T BT MR B A AR R e KRR

P HAEEE X,

TEAH I N — AL A B (NOS) 10K (1R

Az i — A AL A (NO)  FEBE R A 7™ W1 A TN IR

JIN R 308 3 VP A PR R0 B Tl B BT 3 R

CASS) FIAR 20 L 3% FA IR 2R A g CASLD) 28 3 N -

NO 8 #% 20K 22 BRI 24 B2 8 B% 15796 35 5 RS 2

BRE . At — Ak A (NOD - R 58 % R IR 2 1

W AERRAE 77 E NOURZE R . S 2R R E L

W 2 e il 2 R S AR . RS SE R WD R R

S Ji R 0 Y A A A Y R TR e R A L ) A K

TR AR . 7E R R FRRK & #R-NO i g%

H RS &R 2 NOS Kok 2 IR i i) 2L [/ e . A S

Bk B AETH AL 2R G000 1R R AR P R LR

M/ LG 28 R LU AL SR 38 s T E T NOS 36 PR3

SRETEC, SR, LN TR A AL LK 2 R A5 AY

PR T A 5 SR A T BRI R RS T S S AR A

P71 5 A T SR o B 355 R L IR i 2] it 0 2%

A Jf 5 151 B 98 72 PN £ e 96 40 i b RS ik ASSL N

REAN LR R A i LK 20 ATl 5 8 LK

LR L-HE 2R 2Z 8] 4 A -5 5[] I 5 52 R 1 it

i 2 R A 5 PRS2 R 5 8 — EL RS 28019 18 475

AL WRE S FEOX A, Sz K LK

T2 /LK 2R Lo (A 08 B e 1O 2 R 1 36 (% v

— ROVEE R P L I & (] B 0 5 AH O 1Y i

RAEMR L2 HAR ™ Wy ) 3 A 75 ik i BT

e PR 1 FH 4

SE K

[1] Marini JC,Didelija IC. Arginine depletion by arginine
deiminase does not affect whole protein metabolism or
muscle fractional protein synthesis rate in mice[ ] ].
PLoS One.2015,10(3) :e0119801.

[2] Rodriguez PC,Ochoa AC. Arginine regulation by my-
eloid derived suppressor cells and tolerance in cancer:
mechanisms and therapeutic perspectivel J ]. Immunol
Rev,2008,222(1) :180-191.

[3] Oliverius M, Kudla M, Baldz P, et al. Plasma citru-
lline concentration-a reliable noninvasive marker of
functional enterocyte mass[J ], Cas Lék Cesk, 2010,
149(4) :160-162.

[4] Lam TL, Wong GK, Chong HC,et al. Recombinant
human arginase inhibits proliferation of human hepa-
tocellular carcinoma by inducing cell cycle arrest[ J].

Cancer Lett,2009,277(1):91-100.
(F 4 37 )



DA 48 P2 2 A ik

$31% H1M 201641 H

J Mod Lab Med,Vol. 31,No. 1,Janua. 2016 37

[14]

[15]

[16]

plasminogen activator inhibitor-1 level in Chinese
patients with and without hypertension[ J]. Am J
Hypertens,2005,18(4 Pt 1) :517-522.

VR4 2P0 5 Ag A R-6 R 2
P 5 IR P R IR 1 06 AR LT 1. I RO 1 A S A
2003,19(12) .714-716.

Fu HX.Li Y.Li GS.et al. Association between in-
terleukin-6 gene polymorphisms and primary hyper-
tension in Hubei Han population[J]. J Clin Cardiol
(China),2003,19(12) :714-716.

Pola R,Flex A, Gaetani E,et al. The -174 G/C poly-
morphism of the interleukin-6 gene promoter and es-
sential hypertension in an elderly Italian population
[J].J Hum Hypertens,2002,16(9) :637-640.

Jenny NS, Tracy RP,Ogg MS, et al. In the elderly,
interleukin-6 plasma levels and the -174G>C poly-
morphism are associated with the development of

cardiovascular disease[ J]. Arteriosclerosis Throm-

[17]

(18]

(19]

bosis and Vascular Biology, 2002, 22 (12): 2066-
2071.
Humphries SE. Luong LA.Ogg MS,et al. The inter-
leukin-6-174 G/C promoter polymorphism is associ-
ated with risk of coronary heart disease and systolic
blood pressure in healthy men[J]. European Heart
Journal,2001,22(24) :2243-2252.
Tonet AC, Karnikowski M, Moraes CF,et al. Asso-
ciation between the -174 G/C promoter polymor-
phism of the interleukin-6 gene and cardiovascular
disease risk factors in Brazilian older women[] ].
Braz ] Med Biol Res,2008,41(1) .47-53.
Rivera-Chavez FA, Peters-Hybki DL, Barber RC, et
al. Interleukin-6 promoter haplotypes and interleu-
kin-6 cytokine responses[]]. Shock (Augusta, Ga) ,
2003,20 (3): 218-223.

Wi A HF:2015-10-17

& B B #1:2015-12-23

(332 7))

[5]

(6]

7]

[8]

[9]

[10]

[11]

Schrader H, Menge BA, Belyaev O, et al. Amino acid
malnutrition in patients with chronic pancreatitis and
pancreatic carcinomal J]. Pancreas, 2009,38(4) ; 416-
421.
Geng D, Sun D, Zhang L, et al. The therapy of ge-
fitinib towards breast cancer partially through revers-
ing breast cancer biomarker arginine[ J]. Afr Health
Sci,2015,15(2) :594-597.
R, B 0 I L B SOWE &5 AR SR I 58 40 4] 4
o A B I U R TR AR LT . AR g B 2
J475,2015,30(1) :46-51,54.
He GZ,Tao ZB,Zhang WH et al. Establishing physi-
ological body fluid method to evaluate the normal val-
ue of plasmic free amino acid in normal healthy volun-
teers[ ] ].J Mod Lab Med,2015,30(1) :46-51,54.
Zhang W, Kaye DM. Simultaneous determination of
arginine and seven metabolites in plasma by reversed-
phase liquid chromatography with a time-controlled
ortho-phthaldehyde precolumn derivatization[ J ]. Anal
Biochem,2004,326(1) :87-92.
Perez-Neri 1, Castro E, Montes S, et al. Arginine, cit-
rulline and nitrate concentrations in the cerebrospinal
fluid from patients with acute hydrocephalus[J]. J
Chromatogr B,2007,851(1/2) :250-256.
Tk M AR O SRR R Y 43 B i B HG I R
(1] 3% 24 4 . 2004,22(3) : 210-215.
Ding YS, Mou SF. Development of analytical meth-
ods for amino acids and their applications[J]. Chin J
Chromatogr,2004,22(3) :210-215.
Wu G, Meininger CJ. Analysis of citrulline,arginine,

and methylarginines using high-performance liquid

[12]

[13]

[14]

[15]

[16]

[17]

[18]

chromatography[ ] |. Meth Enzymol,2008(440) :177-
189.
Wuyts B, Stove V, Goossens L. Critical sample pre-
treatment in monitoring dried blood spot citrulline
[J]. Clin Chim Acta,2007,386(1/2):105-109.
W1 W0 AL 43 B R B 0 R s U7 E AT B E
(M. b - B R BT R 2 Rk - 1998 :497.
Jiang ZG, Gu XM. Qualitative Guarantee and Meas-
ure Demonstration of Analysis & Test[ M]. Shang-
hai: Publishing House of East China University of
Science and Technology,1998:497.
Crenn P, Messing B, Cynober L. Citrulline as a bio-
marker of intestinal failure due to enterocyte mass
reduction[ J]. Clin Nutr,2008,27(3) :328-329.
Jiang ZM, Cui YZ, Wang L, et al. Investigating cit-
rullinated proteins in tumour cell lines[]]. World
Journal of Surgical Oncology,2013,11(1):260.
Stadler SC1, Vincent CT,Fedorov VD, et al. Dysreg-
ulation of PAD4-mediated citrullination of nuclear
GSK3p activates TGF-§ signaling and induces epi-
thelial-to-mesenchymal transition in breast cancer
cells[ J]. Proceedings of the National Academy of
Sciences of the United States of America,2013,110
(29):11851-11856.
Feun L. You M, Wu CJ, et al. Arginine deprivation
as a targeted therapy for cancer[J]. Curr Pharm
Des,2008,14(11) :1049-1057.
Wangpaichitr M, Wu C, Bigford G. et al. Combina-
tion of arginine deprivation with TRAIL treatment
as a targeted-therapy for mesotheliomal J]. Antican-
cer Res,2014,34(12):6991-6999.

W B 88 :2014-06-25 f&E B H:2015-08-18



