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Fuzheng Jiedu Quyu formula suppresses cisplatin resistance in non-small cell
lung cancer by modulating glutamine metabolism
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Abstract Objective To elucidate the mechanism by which the Fuzheng Jiedu Quyu formula (FZJDQYF) overcomes cisplatin resis-
tance in non-small cell lung cancer (NSCLC) through the modulation of glutamine metabolism. Methods A549 cells were cultured
in media containing glucose or glutamine, and then treated with 0.15 pmol/L cisplatin for 14 days. The Seahorse XF cellular emergy
metabolism analyzer was used to measure the mitochondrial oxygen consumption rate (OCR) of A549 cells and A549/DDP cells. Levels
of reduced NADPH/NADP" and reactive oxygen species (ROS) were quantified using commercial assay kits. Mice were administered
FZJDQYF at doses of 1.5,7.5,and 15 g/kg via oral gavage. The drug-containing serum was obtained from the mice and used to treat A549/
DDP cells for 48 hours. Cell viability was evaluated using CCK-8 assay. In subsequent experiments, A549/DDP cells were maintained in
elutamine-supplemented medium and classified into three groups : control group (Con, untreated), cisplatin group (DDP, treated with 0.15
wmol/L cisplatin for 14 days),and FZIDQYF group (co-treated with 0.15 pmol/L cisplatin and drug-containing serum from mice admi-
nistered 15 g/kg FZJDQYF). Colony formation capacity ,OCR, glutamine uptake, NADPH/NADP" ratio,and ROS levels were assessed in
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each group. Protein expression levels of glutamine transporter SLC1AS, glutaminase (GLS), multidrug resistance-associated protein 2
(MRP2), multidrug resistance protein 1 (MDR1), P-glycoprotein (Pgp),and lung resistance-related protein (LRP) were analyzed using
Western blotting. Results  Colony formation assays demonstrated that A549 cells cultured in glutamine-enriched medium exhibited
resistance to cisplatin-induced cytotoxicity. Compared with parental A549 cells, A549/DDP cells displayed significantly higher OCR
(P <0.05), elevated NADPH/NADP" ratios , and reduced ROS levels following 14-day cisplatin treatment (P < 0.05). CCK-8 assays revealed
that FZJDQYF markedly suppressed A549/DDP cell viability in a dose-dependent manner,with the most pronounced effect observed at
15 g/kg. Compared with the Con group,the DDP group exhibited increased glutamine uptake , enhanced OCR and NADPH/NADP" levels,
decreased ROS production (P < 0.05), and upregulated expression of SLC1A5,GLS,MRP2,MDR1,P-gp,and LRP (P < 0.05). Compared
with DDP group, the FZJDQYF group showed reduced glutamine uptake ,lower OCR and NADPH/NADP" levels , increased ROS levels (P <
0.05), and significant downregulation of SLC1AS5,GLS,MRP2,MDR1,Pgp,and LRP compared to the DDP group (P < 0.05). Conclusion

FZJDQYF effectively attenuates cisplatin resistance in NSCLC cells by suppressing glutamine uptake and reprogramming glutamine

metabolism.

Keywords Fuzheng Jiedu Quyu formula; glutamine metabolism; non-small cell lung cancer; drug resistance
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7E 20 pmol/L. DCFH-DAH T°37 “CI & 4 if230 min,
FFEEROSA SR A A2, 7 - — R (27,
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R :1.5.7.5.15 g/mL FZIDQYF/)NELUE & i 45
() 5 245 1MLV 356 4600.15 wmol/LIT 411 420 A 549/DD P4
Ji LA Kz B0 {6 FH0.15 pumol /LI A &b BEA 549/DD P4
148 h, CCK-SKMZE S R , HAm A7 =551k
(61.56 +£2.54) % (50.14 +3.43) % (43.23 + 1.78) %!l

No Gln and Glu

o bl
2.5 mmol/L Gln and 25
mmol/L Glu

DMEM+DDP

(70.32 + 1.06) % 5 Bl i P U1 4b B A549/DDP
20 BER b, AN TR] v B2 24 15 B MU A 4 1 4
FERR IR (P < 0.05,P < 0.01,P < 0.001), H 555
WA L PRI, 61115 ¢/mL FZIDQYF/)N BLE 5 (02
2y T IR 255

5 mmol/L Glu 25 mmol/L Glu

Gln, glutamine ; Glu, glucose ; DDP, cis-dichlorodiammine plalinum ( 11 ).
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The colony formation of A549 cells cultured through the colony formation assay

s A 549

HoyAA e A549/DDP
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Time/min

FCCP, carbonyl cyanide 4- (trifluoromethoxy) phenylhydrazone ; Rot/AA , rotenone/antimycin A.
B2 A549, A549/DDP#iAIOCRAIZEL
Fig.2 Change of OCR values of A549 cells and A549/DDP cells

%1 A549, A549/DDP4EAEOCR. NADPH/NADP*#IROSK L8
Tab.1 Comparison of OCR, NADPH/NADP* ratio and ROS levels between A549 cells and A549/DDP cells
OCR (pmol *min™")
Group NADPH/NADP ratio ROS
Basal Max
A549 100.15 +7.25 150.23 + 8.16 0.001 + 0.000 1 0.45 +0.02
A549/DDP 303.24 + 6.98" 395.26 + 10.32" 0.003 + 0.000 2" 0.10 £ 0.03"

1)P < 0.05 vs. A549 cells.
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2.2.2  FZIDQYFXT 4117 S 1 A549/DDPAH il 7% 24
P R AR AR 52 1) < 5 ConLAH EE , DDPZH B T TE R
TEH AR (P> 0.05), 45 I e 8 B 35 (P <
0.05),0CR .NADPH/NADP*F & (P < 0.05), ROSF#

= 2A
o

Con group

DDP group

ik (P < 0.05) ; 5DDPALAH Hb , FZIDQYFZH £ 7% T il
RFEAL (P < 0.05), A Z B BCE AL (P < 0.05),
OCR .NADPH/NADP'[% I (P < 0.05),ROST} & (P <
0.05) ILEI3 K2,

FZJDOQYF group

=

¢
]

B3 &ML MAS49/DDPL S LT AL IE R

Fig.3 The colony formation of A549/DDP cells in each group by colony formation experiment

F2 34A549/DDPHIAEA S EAZIRENE. OCR. NADPH/NADP f1ROS7K FEL
Tab.2 Comparison of glutamine uptake, OCR, NADPH/NADP* and ROS levels of A549/DDP cells in each group

Group Colony formation  Glutamine uptake OCR (pmol *min™) NADPH/NADP' ROS
rate (%) (wmol) Basal Max ratio
Con 4424 +11.21 678.33 +3.54 500.65 = 3.78 350.78 + 4.34 0.034 +0.000 5 0.551 +0.012
DDP 46.88 = 13.13" 130055+ 122" 76824 +6.98" 495.26 = 8.12" 0.223£0.0002"  0.304 0.003"
FZIDQYF 1.88+1.017 1100.15+2.78”  358.12+7.32” 431.35 +5.35” 0.113£0.0005”  0.417 0.004”

1) P < 0.05 vs. Con group;2) P < 0.01 vs. DDP group.

2.3 FZIDQYF A4 Z WA G A DG I8 B 1 il A549/
DDPZ T 245

Western blottingf il 25 4 it 7, 55 ConZHAH L, DDP
ZHSLCIAS5 .GLS \MRP2 MDR1 PgpMILRPZ ik ¥ T+

= (P <0.05) ; 5DDPAIAHLEL , FZJIDQYFZISLCIAS .
GLS.MRP2 MDR1.PgpHILRPZEIAFI AR (P<0.05)
W33 K4,

%3 3£HA549/DDP4HAESLC1A5. GLS. MRP2, MDR1. PgpfLRPZE B &k Ltk
Tab.3 Comparison of protein levels of SLC1A5, GLS, MRP2, MDR1, Pgp and LRP of A549/DDP cells in each group

Group SLC1AS GLS MRP2 MDR1 Pgp LRP
Con 0.08 £ 0.01 0.13 £0.02 0.14£0.03 0.09 +0.02 0.08 +0.01 0.18 £ 0.04
DDP 1.44 £0.13" 1.25 £0.05" 1.67 +0.03" 2.15+0.12" 3.25+0.02" 256 £0.12"
FZIDQYF 0.82 +0.03” 0.78 +0.03” 0.98 +0.05” 1.56 + 0.05” 1.15 +0.02” 0.87 £0.02”
1) P <0.05 vs. Con group;2) P < 0.01 vs. DDP group.
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% [12-13] .
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7R (epidermal growth factor receptor, EGFR) 5 7% g
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o A Z B AR = W] LUE ALEGFR R 5, 2
FHmTOR \ERK1/2 STAT3%5 , il NSCLCXEGFR#%
A A TS A ) AR AR oy 2 SN SR T
KT R B 5 NSCLCIEATH 245 D HGE BT I
B AR FE K B, UNSCLCITHA TR 24 18 3515
AT TS 24 2 76 g [m] Bsf i 1 XA e 7 Can 4 240k
JHE 25 ) 3 o o

1 2 3
LRP wewss s s | [[0x10’
Pep  smse mmm s 170x10°

MDR1 [SEE— 172 x 10’
MRP2 - - i 176 x 10°
CLs WS SR e  59x10°
SLCIAS e wmmme s 64x10°
Braclin e w— _— 42X 10

1, Con group;2,DDP group;3,FZJDQYF group.
El4 &ZHA549/DDPZHAESLC1A5, GLS., MRP2, MDR1. Pgp
MLRPEARIZ
Fig.4 Expression of SLC1A5, GLS, MRP2, MDR1, Pgp and
LRP proteins of A549/DDP cells in each group
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KT, 490 6l e 8 240 B 355 P , el AT RS T R
B I3 7 TE N BRIV & A R B EE R Ak
YER

AWFFEER R, 5 S BRI RS 33 7 A5
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Jits 5 240 LGB i 245 o AR F 90 & B, FZIDQY Fil 3o 1)
il A549/DDPAH L XoF 75 2 Bk i 11 45 L, B AIROCR |
NADPH/NADP*LA K Ft i ROS/K -, #ll i A549/DDP
20 JH BT 24 o (e A1 , 4  Tk frie 4 35 R 5C 2 1 ARG T
45 R R FZIDQYF W 2 A 1 L4155 3 i A 549/
DDP#H JfISLC1AS \GLSH R ik, X i — LUl T
FZIDQYFHE % 410 4] A549/DDPAH g i 511 i 24, 7] G
SR AT SRR A SR EOR A A AR 3, D i it 245 410
ML TCVE R B B AR A RE R RT K, SE TS TN 2y
£, A549/DDPAH Jifd i) i 245 AH 5C 2 FIMRP2 \MDR1
PepAILRPEY A5 I 25 4 8 7R, FZIDQYFRE % B I 417
il A549/DDPAH il it 245 AH 5 85 FIMRP2 .MDR1 . Pgp
FILRPAYFRIA

25 b ik, FZIDQYFRE S HINSCLCAH i X 7%
R RIHEIC, BB Z A, A HINSCLCH Y
AT 2% o AW 5% HFZIDQY FHE 50 4134 77 NSCLC
PRAE T A B B ARE AR T AS T 78 25 R A T
RSN ST AT 1Y, A 1F T IR RAR N BRI i — 20 it
Eo
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