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[ Abstract] Objective To discuss the clinical significance of elevated serum citrulline levels in
patients with epilepsy, and to provide new idea for improving the curative effect of antiepileptic drugs
(AEDs). Methods Select 159 child and adolescent patients with cryptogenic epilepsy but without brain
structural damage, screen serum concentration of citrulline in these patients by liquid chromatography -
tandem mass spectrometry (LC-MS/MS), and perform citrulline metabolism-related gene testing, including
SLC25A13 gene and ASSI gene, in part of those patients with a higher citrulline level, in order to identify
the etiology of epilepsy. Results Among 159 patients, the citrulline levels of 18 cases were searched for
1.53-3.61 times higher than normal, and no causative mutation or novel mutation of SLC25A13 gene and
ASS1 gene was found in 6 cases who were performed gene testing. AEDs were given to those 18 patients
for at least one year. Seven cases (7/18) were free of clinical seizures, and 3 cases (3/18) had at least 75%
reduction in seizure frequency, 3 cases (3/18) 50%-75% reduction in seizure frequency, 5 cases (5/18)
seizure reduction below 50% . Compared with 30 cases with normal citrulline level (control group), the
efficacy of AEDs in those 18 cases were significantly lower (Z=1.759, P =0.039). There was no significant
difference between these 2 groups in basic features including sex, onset age, duration of seizure, seizure
type, seizure frequency and kind of AEDs. Conclusions Higher citrulline level (1.53-3.61 times) may
lead to a negative effect on the efficacy of AEDs of child and adolescent patients with cryptogenic epilepsy
in this study.
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Table 2. Comparison of clinical data between patients of
i K citrullinemia group and control group*
R 18 FIKGR MLAE R 14 I R 5k group group
Table 1. Clinical data of 18 patients with citrullinemia Ttem Control  Citrullinemia > "\ b e
’ (N=30) (N=18) X i ’
< . Onset age Citrulline  Duration of  Seizure Kind of
lage Bex (year) (wmol/L)  seizure (year) type AEDs Sex case (%) 0.000 1.000
1 Male 17 108.17 5 GTCS 1 Male 22(73.33)  13(13/19)
2 Male 5 76.57 1 SPS 1 Female 8(26.67)  S(5/18)
3 Male 8 72.46 4 CPS 1 Onset age (v 3, year) 6.95£5.00 847+ 547 -0.986 0.525
4 Female 12 68.41 4 CPS 1 Duration of seizure 5.13+3.69 5.00+ 3.91 -0.118 0.906
' (v x5, year)
5 Male 2 64.22 1 Absence 1 Seizure frequency 567+6.64 9.78+13.05 1.243 0.227
6 Female 9 62.10 6 Gres 2 (s, times/month)
7 Femal I5 60.88 6 CTCS 2 Seizure type case (%) 0.351 0.986
emale . g
8  Male 3 60.61 1 CPS 3 eres 8(2667) S(318)
9  Male 7 60.34 4 SPS 1 eps 14 (46.67) 8(818)
SPS 2( 6.67 2(2/18
10 Male 4 57.25 15 GRS 3 ( ) ( )
11 Female 14 611 3 CPS 5 Absence 4(13.33) 2( 2/18)
NCSE 2( 6.67 1( 1/18
12 Male 8 51.77 13 Absence 2 ( ) ( )
13 Mal 0.50 51.00 9 GTCS | Kind of AEDs  case (%) 0.156 0.925
ale b . 2
14 Male 16 50.06 1 CPS 1 ! 20 (66.67) 1)
2 7(23.33 5(5/18
15  Male 4 48.99 4 NCSE 1 ( ) ( )
3 3 (10.00 2(2/18
16  Male 8 46.20 4 CPS 2 ( ) ( )
17 Female 3 45.82 6 CPS 1 #x* test for comparison of sex, seizure type, kind of AEDs, and ¢ test
13 Mal 17 45.79 3 CTCS | for comparison of others. GTCS, generalized tonic-clonic seizure, 4> I
ale . 5

GTCS, generalized tonic-clonic seizure, 4% [ P4 5% B - M4 25 & 1 5 SPS,
slmple partial seizure, J4[H8 53 & AF ; CPS, complex partial seizure,

7% #8401k & AE ; NCSE , non-convulsive status epilepticus , 15 K 1%
iﬂﬂhﬂ'} S2RZS 5 AEDs, antiepileptic drugs, PUETZS 1)
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Table 3. Comparison of reduction degree in seizure
frequency between patients of citrullinemia group and control
group® case (%)
Decrease of seizure frequency Yozl Cizlltaouta
* ' quency (N =30) (N=18)
Seizure free 18 (60.00) 7 (7/18)
Seizure reduction >75% 5(16.67) 3 (3/18)
Seizure reduction 50%-75% 5(16.67) 3 (3/18)
Seizure reduction < 50% 2( 6.67) 5(5/18)

*7=1.759,P =0.039

P BB 25 & A ;SPS, simple partial seizure , HL4I 71 & 1E ; CPS,
complex partial seizure, & 7% ¥ 43 ¥ & 1E 5 NCSE, non - convulsive
status epilepticus , JE 150 R P IOTITRFSE AR S 5
PUZs ¥)

AEDs, antiepileptic drugs,

R4 AFRE R MUAE 2 AL AY il 2 AR Z R K F (pmol/L)

Table 4. Concentrations of ammonia and citrulline in
4 phenotypes of citrullinemia (pwmol/L)

Plasma or serum
concentration of citrulline

Plasma or serum

Phenotype (age . .
P ( 8 ) concentration of ammonia

Control 18-47 17-43

CTLN1 1000-3000 >1000

NICCD (0-6 months) 60 300

FITDCD (1-11 years) Normal or slightly elevated Normal or slightly elevated
CTLN2 (11-79 years) 152 418

CTLNI, citrullinemia type 1 , T % JK 2 & Ifil iF ; NICCD, neonatal
intrahepatic cholestasis caused by Citrin deficiency, #7142 JL I N I 7T
YA BUE s FTTDCD, failure to thrive and dyslipidemia caused by Citrin
deficiency, Citrin £ F1 B [ 5182 /9 A= K & & 18 22 il 1 Jg -
CTLN2, citrullinemia type II , T 78 JIR 20 Ifil i

R G LG S X AR RS I AEAE , BT A
AE 5¢ AR BR = BR MUAE /Y AT RE o AL, AR 20 18 4]
S £ 7 12 W O T I I A 15 0 — 2 B D

A48 E F eI JC — ] 57 W, IR R H B
b T 2 BE A0 W PR R B, kA 25 B B 24 1 T
DIRE F BT BURNZ MK Tk o o o N iR K

/T\V

F-Th s (IEH 2% H 1R 1.53 ~ 3.61 f%) /4 AT B8 J5 A
e (1) PEE S & N R Y & W) an v I 45 51k 1 %
220 (2) H A AR R 42 B 8, 51 1 7 K& BR K
T o (3) 1EH N LT R 20 R 2 25 (A 1% BN T,
& 25 LB AN [ 45 % By B N BE 22 I8 11 22 5 1 R H W)
—Z%H.




R E A 2 G2 201445 11 AS 1455 111

Chin J Contemp Neurol Neurosurg, November 2014, Vol. 14, No. 11 . 993

PATE WL A5 I A IV R LA % Hh A o 22 2R 8 1Y
S T I K B T R RS T A
- fi 5 e AR 22, G - IR R 2 A AR IR
P2, 5 B R TR G PRI W) o- B G — R /L, i ATP
B BERR N TR 22 R G BB A P
22360 T3, AT 4R R ORI % A P (] AT oF A M T 4
i T R A P T R A A, B g Al £ R Al 2 TS T A
Jif X6 e SR AL 1 SRR L It KO T R e
DR 7 e T K S B IS N S AN KU RS Tal 7V
PR A A L R 1 g L ULAK T e
A5 BRPEEE B A AR A5 P GORE MR s T 6
TE TN X 2 RGBSk i . A
W FE 45 R, L2 B0 A AR B E A i A8 A 1
NG R KT BIEH Z %1 R 1.53 ~3.61 1%
i, B e A B 2 ) 97 Ak B e 2 IR . (A 3h
SLH AR BN N TR X T N R 75 & 1Y i 2 L AE
P BN U B E A R 0, SRR A RN
FE o TR, 5 T ISR X W & A R B 25 10 4
S A R BLE, 015 5 2 B A 5T 4 2R DL IE
AW TE BT 9 A0 51 A5 (51 A i 2 ) [ e
TERRET, Kb 20130 k2w R 58 4 2k, 2 4
AT ek s AR RE ) elcss 1 AR T A PR RE
WY R o S S I A A AR U i T A 24 ) %)
R A — BT, 518 Sk 2 KR GeiZ 1 TR
SEM L IIRERIFE R, MR T N LA TE DY AR
Ry, BATYE R A0 M AR E B A R il D BE K AL
ORI B ek AP S5 A T X6 BT 2 K e SR AR a2 i
B WA B R T RO  RE, TR E R
Ze R T o W0 v il B R T 25 W, LA R U
VR FITIR A 25 7™ A 04 i A 40400 35 AR, 0 T 8
B — R DL

2 b Tk TR ILAE by I R 27 DL 4 G 40 14
Beu e 38 A% PR B, A F TR A R BN BT AR A5 SR AT
REAT7E— 5 fi fay , 14 15 RAF A ik R ATE 7 LAGIE 572

2 % x W

[1] Eriguchi Y, Yamasue H, Doi N, Nishida T, Abe O, Yamada H,

[2]

[5]

[12]

[13]

[14]

Aoki S, Suga M, Inoue H, Nonaka H, Obata T, lkehira H,
Kobayashi K, Kasai K. A
citrullinemia ~ with  comorbid epilepsy even after liver
transplantation. Epilepsia, 2010, 51:2484-2487.

Sakamoto S, Shinno H, lkeda M, Miyoshi H, Nakamura Y. A
patient with type 1l

case of adult - onset type Il

citrullinemia who developed refractory
complex seizure. Gen Hosp Psychiatry, 2013, 35:103.E1-3.

Woo HI, Park HD, Lee YW. Molecular genetics of citrullinemia
types [ and II. Clin Chim Acta, 2014, 431:1-8.

Karthikeyan G, Jagadeesh S, Seshadri S, Hiberle J.
Citrullinemia type 1: genetic diagnosis and prenatal diagnosis
in subsequent pregnancy. Indian Pediatr, 2013, 50:965-966.
Barends M, Pitt J, Morrissy S, Tzanakos N, Boneh A; Newborn
Staff.
characteristics of patients with organic acidaemias and urea
cycle disorders identified through newborn screening. Mol
Genet Metab, 2014, 113(1/2):46-52.

Zhang ZH, Lin WX, Deng M, Zhao ST, Zeng HS, Chen FP,

Song YZ. Clinical, molecular and functional investigation on an

Screening  Laboratory Biochemical —and molecular

infant with neonatal intrahepatic cholestasis caused by citrin
deficiency (NICCD). PLoS One, 2014, 9:E89267.

Kitaoka M, Sakaeda H, Suzuki M, Miki T, Saito J, Chikamori
M, Tomita H, Ichikawa H, Yoshimoto K, Takamatsu M, Okada
M, Aono R, Enzan H, Miyamoto T. A case of adult-onset type Il
citrullinemia in an elderly patient. Nihon Shokakibyo Gakkai
Zasshi, 2013, 110:432-440.

Kobayashi K, Saheki T, Song YZ. Citrin deficiency//Pagon RA,
Adam MP, Ardinger HH, Bird TD, Dolan CR, Fong CT, Smith
RJH, Stephens K. GeneReviews® [Internet]. Seattle (WA):
University of Washington, Seattle, 1993-2014.

Mock CM, Schwetschenau KH. Levocarnitine for valproic-acid-
induced hyperammonemic encephalopathy. Am J Health Syst
Pharm, 2012, 69:35-39.
Auron A, Brophy PD.
pathophysiology,
2012, 27:207-222.
Al - Hassnan ZN, Rashed MS, Al - Dirbashi OY, Patay Z,
Rahbeeni 7, Abu Amero KK.

hyperammonemia - homocitrullinuria syndrome with stroke - like

Hyperammonemia in  review:

diagnosis, and treatment. Pediatr Nephrol,

Hyperornithinemia -

imaging presentation: clinical, biochemical and molecular
analysis. J Neurol Sci, 2008, 264(1/2):187-194.

Stephens JR, Levy RH. Effects of valproate and citrulline on
ammonium - induced encephalopathy. Epilepsia, 1994, 35:164 -
171.

Pettegrew JW, Levine J, McClure RJ. Acetyl - L - carnitine
physical - chemical, metabolic, and therapeutic properties:
relevance for its mode of action in Alzheimer’s disease and
geriatric depression. Mol Psychiatry, 2000, 5:616-632.

Kalyn IaB, Kolykhalov IV, Roshchina IF,

Selezneva ND. Acetyl-L-carnitine (carnicetine) in the treatment

Gavrilova SI,

of early stages of Alzheimer’s disease and vascular dementia.
Zh Nevrol Psikhiatr Im S S Korsakova, 2011, 111:16-22.

(Wi he H 93 :2014-10-22)



