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Synthesis and protective effect of carboxymethylcysteine L-arginate in bron-

chial epithelial cells
JIA Jian, WU Jianbing, ZHANG Yihua, HUANG Zhangjian"
Center of Drug Discovery, China Pharmaceutical University, Nanjing 210009, China

Abstract  Carboxymethylcysteine (CMC) is a common drug for the clinical treatment of chronic obstructive
pulmonary disease, yet its long-term use can cause severe irritation to the gastrointestinal tract. As the substrate
of nitric oxide (NO) synthase (NOS), L-arginine can be converted in the body into NO beneficial to the cardiovas-
cular system, the gastrointestinal tract and so on. As a basic amino acid, L-arginine can be salified with some
compounds containing acidic groups to improve the water solubility of the parent drug and may enhance the
activity and alleviate side effects due to NO release. In this study, we designed and synthesized carboxymethyl-
cysteine L-arginate (CMCA), and tested its physico-chemical properties, and the abilities to scavenge reactive
oxygen species (ROS), inhibit apoptosis and release NO in cigarette smoke-induced injury model of human bron-
chial epithelial cells. The results revealed that CMCA is superior to CMC or L-arginine in that it could capture
ROS, release NO and suppress apoptosis, suggesting that CMCA is worthy of further research and development.

Key words chronic obstructive pulmonary disease; carboxymethylcysteine; nitric oxide; L-arginine; reactive

oxygen species; apoptosis
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2 4 BH ZE M fifi 2 95 (chronic obstructive pulmo-
nary diseases, COPD ) J&— i UL i) 48 PE B 9505
HLA 8RR B R B R R 8 B
i I [E 20 & K LA A COPD 95 %0 8. 6%,
40 % DL B O R IR 13, 7%, #2271 & [ COPD
RIS I ARG W R 1 B COPD i £ %
) K, 80% ~ 90% [ COPD 3 #5 5 W 41 %5 1)
FHOG0

¥& W F] 3 (carboxymethylcysteine, CMC) 2 IIfi
PR F B P v fd 24 o I R 5% & B, 1 FH CMC
A B /b COPD B 55 1 2t in 2 0 4 K R A
[ K2 CMCRYF COPD A7 RO 5 H B i
VSR O TE 2 M 5 T Ak B R AE A
S, CMC 3 ] 3 2o 4 4R 2 B A A R
18 A0S 2 6 B IR BE I F o S5 19 25 1, sk
D R T R, DR AR P AP S e gt
PRI A, CMC b 2E 554 h 1 A R R 3k 5 30 24
Wy 6T Ak A R R T g R RS G
U N 7R =B N (| R N =Y R A

L-#% % /2 (L-arginine , L-Arg) & —Fl 2 DA 75 &
B, A B N IR NOS AR5 S NO FIRZ IR |, 7 4
FRAGH K SR REy T % HEAEH . (HA—4R
M2, HA LK 2 B2 A ReAE S NOS 1 ik ) B¢ ik
NO, ifii D-¥5 2 A B A 774 NO g 17", NO
R AR B & COPD | 12 Wity 13 14 fili 2T 24 Ak B 3
Jiti T BE G AL 1 IR R 22— A i R G,
NO W] 38 25 40 ] B R 43 i AR 1 B N A e R
By N (| R e =17/ B 1R L AL (=Y R (% |
5 PR BT 25 (NSAIDs) HA ™ 8 il N RN,
i NO & 7 NSAIDs (NO-NSAIDs ) 41 B ] JE Ak L-
K SR EE NO-F H]VEAK \NO-A7 1% 25 S AL H A 51
BT R BRI VR F I HEA NO 519 8 I Al
O M RAPPE RS

BT BiRTRLO ARG BT eMe
1) L-A5 IR ER AL &9 (CMCA) , I3 T CMCA ()
PRAAE BT b HAE N SR A (16-HBE) Pt

O
HO)KE/\S/\IrOH
NH, 0

CMC L-Arg

Scheme 1  Synthetic route of carboxymethylcysteine L-arginate (CMCA)

O
H,0
—_ HO)K/\S/\(OH . HZNJ\TI:II/\/\‘)kOH
(0]

AL BT FNO BERLAIME
B

1.1 KA E5HE

2 R IE OB AR G WAL T A5 FRA 71, Lot :
20200710) ; L-K5 2 12 [ #6 A 2 (i) A A Tk A&
JEH B2 ], Lot: 22RPO | 5 7 FH 46 48 (7 5 % 41
¥5) 3 16-HBE 2 s & . DCFH-DA 3% 1 %046 I 3 7
% Annexin V-APC/7-AAD 2 Jitg 78 746 328 7] & .
DAF-FM DA — % £k 20 I 3500 & (VL9 9L 4k 2E
Y AR B A BRZA 7)) 5 6 FLES 5% 4 (32 [ Corning
Costar 2~ 7 ) 3 AV-500 #% i 2o R 4% (15 [ Bruker 2
A]) s MATOSXP 2 55 43 B i A [ 38R G /R BHE
(DA R W) 15 X-4 05 25 1050 s D e A (b e
FEIULEAT FRA D) s pH T[4 8- 408 2 Oh )
RT3 FACS Calibur i 2040943 ( 34 [H Becton-
Dickinson A Al ) o
1.2 CMCA##) %5 &k 42

CMCA [ BLs A2 MBS 2R 1 TR 8 LK &R
(1.74 g, 10 mmol) ¥ F 721 /K 5 mL H , B & N A
CMC(1.79 g, 10 mmol ) ki Z AR5 I I Wk P T 4K
FE R 25 CRHEFE2 b, 18] S R fin oK 2B
50 mlL, JF Ui By RS PR, 25 € AR AR BT S B
P, T EE PR 0. 5 h, Sk, AR BRIk
D, 40 ‘CEZS T4, 15 111 CMCA 45 % 3. 20 g, iR
24 90. 7%, mp 203.8 ~ 205.2 ‘C; UV (H,0) A,
211.5(1ge 3. 717) nm; IR(KBr,») : 918. 6,1 223.9,
1380.0,1 690.7,3 336.9,3 438.0 cm™; MS(m/z)
175 [M,+H]*,178 [M,-H] ;'H NMR(500 MHz,D,0) :
51.86 ~1.66(2H, m),2.04 ~1.91(2H, m) , 3. 11
(1H,dd, J, = 14.6,],=8.5 Hz) ,3.23(1H,d, J =
14.8 Hz) ,3.31(2H,t,J = 6.6 Hz) ,3.39(2H,s) ,
3.84(1H,t,J =5.7 Hz),3.98(1H,d,J = 6.6 Hz) ;
BC NMR (125 MHz, D,0) : & 175.38, 172.13,
170. 66, 52.20, 51.61, 38.37, 34.83, 31.33,
25.39,21.75,

>

1 =EK
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NH 0}

NH, NH,

CMCA
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1.3 & B | %42 B4 (cigarette smoke extract,
CSE) &4 ) & BB A o 3 5
A MR8 55 10 1 1) 28 D VR an SCER TR Y .
H A B P A 25 mL PBS i FH — SZ A& JRAALE S min
DL B CSE-PBS ¥« FHH A1 0. 22 pum FLAE W3
UE AR L U8 CSE VW, A L PR B AR IBORL . SRS
W5 M0 55 9 TG pH VA Y 2= 7. 4, HOAE SN 100%
CSE, JF7ERR R S50 Th i B 28 T i VR FE
AHF5E R 16-HBE 4il fifd 5 2 37 CSE AL, 2
HESCHR TR Ik B2 3 259 55 16-HBE 4ii i 15
BEE 1 h)g, iA 10% CSE 4K 22095 18 h, AF415E
BT 3R,
1.4 DCFH-DA 3 EARAH o) fa i, 1 7 B A2
DCFH-DA J& — #8772 F T4 I ROS 1) %€
GRS o FH PBS R % 4 A 19K (540> 200 r/min,
5 min) WCHE I I L A0 M vk BE O B2 T 1 x 10014
Ji, 422 B8 121 000 FH G I ¥ 8% 3% W W B DCFH-DA
2R A 10 pwmol/L. AR ER J5 B 77 TR B Lr
i) DCFH-DA 1,37 “C4i Mu 3% 3246 N B & 20 min.
B3 ~ 5 RPETENR S — 5, A BRE R0 I 7 o3 42
fik, H G 1AL 75 400 60 35 SR VR R AR A M 3 U, DA g o 25
B4 R 2 A 40 L 9 i DCFH-DA . FH 3 =8 48 i XA
M (A, =488 nm;A,, = 530 nm) 4P B9 1% PE4
1.5 Annexin-V APC/7-AAD 3% e =46 4w L8 T
B 5 B0AE K 19 16-HBE 21 i 33 F 31 6 FL AR
oW H T 2N G BE S AR 2 ) 3 A L Y
itk RIS ST B XS BB 4L . 2590 /E T 18 h
J& , FH 0. 25% [ (R 2 EDTA) {H AL S 4E 40 i , H
PBS P& % 41 95 X (5.0 200 1/min, 5 min) & 55 41
LR B2 Ry B2 5 x10°A4 IS 5 22 1ifk 500 pl
ETFYIH, A Annexin V-APC 5 pLiB2) )5 , B0
A T-AAD 5 pLIRA), &l EEE  W5 ~ 15 mins
et T X 0 A SR 000 248 e 98] 1 o
1.6 DAF-FM DA & BARAHE M 48 16 1 NO &%
DAF-FM DA J& — F al FH T 46 00 2 At P A1 e
FENO B CHRED o W 4 M T A T 550 T i Bl vk
FE R BRZETE 5 x 10° A 24 M 1 240 M2, #2100
FUAR Y R H R 20 M s BE S, AR B 403 A
AR F) 5 25 15 772 35 A P se ST B PR X Bl . 2y
18 h i, H10. 25% JF Tt I Ak Wi 52 40 A, FH PBS PE %
S A 1R (5.0 200 r/min , 5 min) Y52 FF 9 %% 20

W AT x 104 . #2 B8 1: 1 000 F G 1fiL 7/
B 33 W B B DAF-FM DA, ffi 2% £ 4 5 pumol/LL,
A MR J5 = T M BELF (1) DAF-FM DA 1,37 °C
MRS FE 46 N BEH 20 min, 4 3 ~ 54> ShEEIIR S
— N R R A M T o ok . FH I LT A
TRV AN B 3 Uk, LAFE 4 22 bR AR E A 40 i P i
DAF-FM DA ; A 7t =C 240 I AR I (A, = 495 nmj;
Apn = 515 nm) 4L NO AY1E L o
1.7 %itzan

TR EE LU I8 + b2 (x £ ) R, P <
0.05 U HA BEM2ER . WAMGI#2E5RH
Tukey's £ %6 , 22 20 [a] B8 1 FH B0 R 28 5 22 40
(One-Way ANOVA) s Afrka B i o3 Afr flgs 1411
i S8 11414 GraphPad Prism 8.

2 & R

2.1 CMCA & & CMC %9 224U R

¥ CMC 5 CMCA BL il 5% 1 mg/mL [ 7K %5
W, pH K T pH, 5 R 1 TR,
CMCA B35 7 CMC B S s tE . DUR /KoL &
B lg PAERIEAN R AR, R 43 e R (IE 2E 7K )
PG, 45 N % 1 7N, CMCA 18 35 7K 45
CMC U,

Table 1 pH and lg P of CMC and CMCA (x + s,n = 3)

Compd. pH RSD Ig P RSD
CMC 2.18 +0.67 30.47 -1.47 +0.09 -6.05
CMCA 422 +0.25 5.92 -2.03 +0.31 -15.05

CMC: Carboxymethylcysteine; CMCA: Carboxymethyleysteine L-arginate

2.2 CMCA #7 %] CSE 5| A& #9 16-HBE %8 #& 1 #)
ROS A %

5, ARBFZEINR T CMCA %5 5 CSE 7 5 16-
HBE 411 fft N ROS /Y BE 71, LATIE B H AT S AL 1B .
WE 1R, 10% CSEJil# 18 h )5 , 16-HBE 4l Jitd N
FEAERE ROS(P<0.001) . dlid 44T 1x10™ mol/L
CMC 5% L-¥ 2 BRIG YT Ji , SR ARLZHAH LE ROS I 4
B S . SR AN R B 9 CMCA I35 J5 ROS
(A A AR 5 AT, O 2 IR s Ao M O &R, Hop
1 x 10" mol/L ) CMCA £ ROS &5 B B e A% , LA
FAEE R E R CMC 41 (P <0.001),5 1 x 10*
mol/L LK Z BR 2 AH L TGt 3 1 25 57«
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Figure 1  Effect of CMCA on cigarette smoke extract (CSE)-induced reactive oxygen species (ROS) generation in 16-HBE cells (x + s,n = 3)
P < 0. 001 vs control group; P < 0. 001 ps 1 X 10™* mol/L. CMCA group or 1 X 10™* mol/L L-Arg group

2.3 CMCA #p#] CSE 5] A2 9 16-HBE 2n it /8 =
CMCA fifi| CSE 5 [/ 16-HBE 4 a8 7155 Bl
LK 2,10% CSE Hl3# 18 hJ& , 52 16-HBE 41 jiti K
T2 (P <0.001) . 25 F 1 % 10" mol/L CMC
5% 1 x 10™ mol/L LA & IRIGIT 5 , S AYZH AR L 20
LR T B0 W 5 o SR R [R MR FE 1) CMCA IR
I Ji A ) S AR R 4 i A L T, o 1 x 107
mol/L. CMCA 36 97 &R f f£, L T 1 x 10™ mol/L.
CMC ZH (P < 0.001) F1 1 x 10* mol/L L- % W2 41
(P<0.001),
2.4 CMCA 1% 16-HBE a5, 19 NO %9 4 5%,
AT K AIE NO 78 16-HBE 40 Jifg v & 45 AUV
HE—2E 5T T 16-HBE 40 M P9 NO 1) 7% 5 15 Ol (&
3),10% CSE H3# )5 , 16-HBE 40 g N NO &5 1 1 i,
FEAR(P <0.001), #4571 % 10 mol/L CMC YA
J7 ) AL NO &5 it S RIS I (P < 0. 001) o 45
T 1 x 10* mol/L. CMCA JAJ7 J& , 4H L P9 NO 5 2 34

N, i 2 FRIZ A1 % 10 mol/. CMC 41 (P <
0.001),

3 #BR5iTiR

TS h AR Jed T2 ey A
2 AR A R A AT, AT S
A3 B, 7 AR IR TNF-o IL-8 2 11-6 5
RAEAT oL, A& 7FSE RAE , 2 T3 COPD fix £ 4 1Y
JR P o CSE D A4 25 r i B4 1 20 B 55 5 ik
T BT ARSI ST e SRS R i
FEDMI COPD J BRI R v L 4 SCHEVE T, I e
Je5 2 P fioh 5 L AT I B S8 RE SN, B4
Tl 9 90 A Joi R A0 i R, 0 T S 500 0 o R 4%
FAH DCAE R 7= A5 . ARBFFE R FH 10% CSE 1555
XA b 40 & 16-HBE 95 7%, LB 48K Ak
COPD i fh. 45 KW, BIAIZH ROS Kt LR, 41
Ji A B R T BN AR A )
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Figure 2 Effect of CMCA on CSE-induced 16-HBE cells apoptosis (x + s,n = 3)

P < 0. 001 vs control group; P < 0. 001 vs 1 X 10™* mol/L. CMCA group

ST K R H] CMCA B3 MG T CMC A &
14 5 2 14, DT T B U 2 T Y 3 1 ISP
BEAN , 72 T B HE VR R CMCA 48 CMC 2§ LK
RIRA U075 B ROS T 40 i I 7 1) fiE
I H 52 IR B RO PE OC &R, SRR TE RS CSE 5 5
() 40 B 45 5 B R CMCA %8 CMC A 5 BB U1 1R )T
e

B J5 18 FH DAF-FM DA 2¢ Y645 41 K6 I 20 i 1
NO i &, % 58 CMCA 4 i (474 F 2 754508 T
NO. WF5E & B, A 30X BRI NO S i i & T
K, T RESE T 10% CSE B A8 41 M N [ B
NO 5 CSE $l3# 7= 4= (1) ROS 1 — 2 5 v A i NO, |

N,O, F ONOO 45 HoAth 1% ¥ &8 X, o ik 9l e e i
EE RSN . CMC A I, ok 28 200 it PN 9 i AT 46
A0 A A7 R 440 L P 43 NO % £ (P < 0..001
vs BEBUZH ) , T CMCA 45 25 ) 4 i N NO &5 it ik — 20
HaIm(P <0.001 vs CMC ). DL 4278 NO Xf CSE
V5 240 M6 05 v] RE EA PR YE T o

M2 AR L) CMCA 58 CMC BA E AR
() B A B, 7E 1A A CSE 1755 1 41 i 453 405 452 4 v
B CMC A & B4 0975 Br ROS ML 40 i 0 T 194
Fo B4k, CMCA & W] B FEAR N FH CMC 2 K i B
AN KON, s B B AR, B eMC B T
Tz W FH S (EARIRAF I
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Figure 3 Effect of CMCA on CSE-induced NO concentration in 16-HBE cells (x + s,n = 3)
P < 0. 001 s control group; P < 0. 001 vs 1 X 10™* mol/L. CMC group
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