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Abstract: Anti-tumor intervention using a combination of drugs shows unique advantages in research and
clinical practice. Active ingredients of Chinese herbal medicines can offer many advantages, such as high efficiency,
low toxicity, wide effect and multiple targets. At present, the combination active ingredients of Chinese herbal
and chemotherapy drugs have attracted increased attention. Nano-drug delivery system provides a good carrier
platform for anti-tumor drugs. Nano-carrier-mediated drug combination is a promising strategy. In this paper, we
review the mechanisms of the anti-tumor effects of active ingredients of traditional Chinese medicine combined
with chemotherapeutic drugs and consider the advantages of drug-loaded nanoparticles, the types and charac-
teristics of carriers. The aim is to provide a reference for the research of effective regimen for anti-tumor therapy.

Key words: nanocarrier; co-delivery; Chinese herb; active ingredient; chemotherapy drug

S P g = B R RS N 2R R B T R —, WIT R BT I EE TR, (B RZ B IT

YK Z YR E AN G, HRT PR

VR 2016.0749, 121 20180614 il i) 8 24360 7 0 P 358, G 1900 P T 85 980
W H: BR BRI GHER SIS VB (81703718).

LTl 8098, 61800101 £l araminat87 oot o flAR R UL, S B2 07 B B 2 26

DOI: 10.16438/j.0513-4870.2018-0659 —é/:j (mul“drug resistance’ M DR) . E[P y_g'-ﬂg E ﬁ & *ﬂ_‘ »ﬁg Z: E



A R P2 O VD FAR ST 25 I K S AR R B UG PR 70 ¢ 259 -

S ST F 24 LR IR VR T I B v S, R
& 245 B i 3l 159 S A0 K 2 M5 5 E R IR AR
HENG YT RO, AR > MDRBLG R AE, TS R 4T
HA R RN, | N7 74077 258 1 Bk
5 P25 S W A4 LUR LRI SR RYEL /gy T A6 )7 259
ZIE) IR £ R R 25 5 /N0 T IR A L R T B LA
/NP 8GR 2 (RAR) W 5/ 7k T
JTAMIER G o Hoh, gy (RER) 3 Pk 7 R
Z, HATCRBLZ MR B SO A 1E L, A2 SR
SR LG RIS S NN 2/ 63 i R 5 NN e
PE 8, AT TR B R A SG HLER ) 2 2 L 2 0l
R P00 PR, AT OR B DR AR 24 v e
BOR M HE ORI B 78 AL T 259 (I8 45 182 H
Xt R T S TRy, AR & HEAT IRR T

S VR 2 I 245 05 SRAE VRSN B ) s B F 7 o
JEBL R 2E R YT O0 S, (HAE I R S B b AR AR WOREL AR,
ERGERAMTRE N Z . FEIHRBAE T8 Z 2L
MR 251k . BEAE 9K BORTE 254 1% 3 AUk X AR
ARZR, A 25 PUR AR 1 B . 9oKokiE
PR AR AR ) 45 H) SOE ANR T B MR S8 AR, AT B AT BLR
(B 24 BE 7 < R AR OE A b8 2 A 0 3/ 3 Bl E 1 25
Fr i, BEA WA geRRE R, AT ASCE A A S 1T
JE (UK VA 22 A A I PN TR 4 55), o5 241 18] AN T
2B 15T N R 22 A AR 0, 3R R AL
Ly JENE A, AT I 55 245 W) (06 T ORI R 7
PESE . H B2k T 9K BAR AL 35 1K) 250 & U R H
H 3F 7 A T W 9 oKRRL G K AN R 259K
AR A BB G HEG, - AMamkeRES
HA o 25 G o v, 28 180y S0 A TR SR
35K T 24590 213 o 87 2L 43 b i) 25 D Ee A, S e e E
B R AR X P 2535 1 7 5 AT 29I T 245 1Y
AR I MG, AT T TTBLIRAN B 4 5 1 £ 38 AN
i, BRI R R T YR B A 2 3L IR B UM
RTINS
1 PAEER S ST AME & eIt

vh 23 R R B 2 4 s OO A TS A, T
5 3 e 4 4 T e L £ A R 1 3 R
I 5 WG PR % PR A 85 55 2 Ty T R 2 24 B 5 A
(K1),
1.1 MGIBhEBARIETE bR 4 i R A T IR B
Rtk 25 (RIRE) /N or 7 S5 A0TT 2k £ 45 25 ]
KNARE TEE ik JE 240 PR T U M 4 5 AP
AR 32 484 SOV Lt 4 6 0 90 45 75 T 490 o) i 88 440 i 4 B
M35 Z36 57 R (K AE F . Meng 5005 5E 48 T &
O3 TR TR R AR 2 T B TR B 4 2, L UMOR AL O

R A R R T, 8L I % PP2A $51 ERK .p38 . MAPKS
HAKt {5 5l . 1A 5T DL ABA9 1 iy S X &, 4R
FUTE 2 R R R R B RG-S F 25 10 4 T LD, A
2 55 PP2A £l [f1 MAPKs Fl1 AKU(5 5@ B 2047 7 5256
Wt . 5RKW, BCE A 2R s g g, B
AR B 55y 38 5% caspase-3 Fl caspase-9 25 [ 3 14 18
5% Bax/Bcl-2 Lt Z AU i cytochrome C &5, & BRI T
Akt {5 53 B, {23 T ERK 1 p38.MAPKS {5 5 i #
TR AL T — A R R R B R S 2
AL JE A, M PP2A I PP2A 2 il (15 5 8 o HE R
FEAT UM IR AT AT o

1.2 HDHIBFhEREEER e 40 M i B 2 T iR
(1) EAHFAE, 2 ol i E BT E RN R e
A R TS P 2 1 K AR, T R L 26 PR A6 P 2H 24, B
T R 44 B 71 ik S R IfL A B 1) 6 SR, S ILIR R A S A
AR U AR B0, TR — I AR R, R 4 B
Z % (matrix metalloproteinase, MMP) % 4101 1] 751 4 4%
TEZEREM. Zhang SFEIETEARE 7T 1 M40 1=
L 3 A 7 9 TS 30 22 B W AN 2 R L R BB R
FFE R, RBLH S S Roh s SR E T, RIFEI#
) g I A RS PRI P B 0 o) N R K L PN R
4l (human umbilical vein endothelial ceils, HUVEC)
B RS AR 22 AN P B AR K R F (vascular endothe-
lial growth factor, VEGF) il % . Zhang Z:0M4H} 7% 4 i
A B BRI IR B G 25 240 e IR MDR, 1Bk
S5 2 ANURT LA ) i g B2 AT AR 28, I HO AN MMP2 Al
MMP9 & H (1) 238 77 [0 e 3k 1 1016 s MDR (AL -
1.3 ImMEBZAMZE % MDR J2 18 /M8 41 i 76 %
LHP AT 2477 AL 24 (R 1 100 [R) IS X — R A1 AN [ 45 44
AIAS R HLHI AT 25 7= AT 25 LA, 2 Il PR B 53K
b7 2R W ) B B JR (R 0s18], MDR & AE ML 2, AL 35
2 B P DAL firh e P i R ) LR AR LR B B 2
SR o IR P98 T 245 7 SR Bk AR A8 . SR P 4 oK Ak R e ik
AT 25 AN T 238 M A B — RO Sl A B e e 1
% MDR. Zhang 551V 57 2% B ok 25 15 A IUEA B & H
25 0] N 2 2510 245 A1 5< 8 A 2 (multidrug resistance -
associated protein 2, MRP2) Al fili ifif 24 & 4 (lung resis-
tance protein, LRP) [k, B RWG 7 MR rIERH . H
r e B R T LV 4 AR 30 GO/G A, JF H._E i caspase-3
Al Bax & [ (% ik, § i pro-caspase-9 ll Bel-2 & (1%
I M G, A M T B G RN B R
29N 25 F8 0. Zou SRR 5L T KUK B 5 R AZ IR
I F 18 5 MDR, 1R 740 i S 56 % B, 164 F 25 7
PR AL BELE A2780/PTX 4H A P4 F 9% 255 41 AR F B
SH M E I 0, U5 MMP 2R R G R 4 L



- 260 - 222224 Acta Pharmaceutica Sinica 2019, 54(2): 258 —268

A ] mlml B
@ . ?; " e
an P — Cyclis ' —{ ; »—u-=
-~ w
i 1 \ M
e P
v —i NExB B S VEGE ) 1—( TN —w e
» @ F:;
'3 .\‘“ L2 T
3 —
L

miOR  ~—  AKT

T

e =

Tr @ —= Capave-d Bel2
L Gak-d
‘ T Erk 12 FAK
U X ]
"'.-—- Caspane-9 w® (.J 'J. “,T.
Ber B @
||||| - Re®
L]

g Qe
P £ L L
NF-xB -8 IL-19
|
Antagonize/slow down H‘H‘H‘“‘X l \/
the toxic side eflect Immunoregulation
SOD | MDA  HYP T
I T T stes l—  TGE-p
andro [l Asdro [l Andio [ / ] \
g 6 1 TNFa
T
i |
Que
Sodium cantharidi Rapamy Triptolide Tp Parthenolide Ptl
® Hydroxy camptotheci M Lapatini Curcumin Cur Tetrandrine Tet
@ Sorafenib 1 Irinotecan Berberine Ber Oridonin Ori
® 5-Fluorouracil M Capecitabi R | Res Gambogic acid Ga
® Doxorubicin M Docetaxel Celastrol Eagar Bomeol Bn
® Paclitaxel M Bleomycin Wogonin Won Mangiferin Mg
Cisplatin Oxaliplatin Matrine Mt Quercetin Que
@ Salinomycin Andrographolide Andro

Figure 1

The advantages of combining active ingredients of Chinese herbs with small-molecule anticancer drugs. A: Proliferation

inhibition; B: Metastasis inhibition; C: Antitumor resistance; D: Antagonize/slow down the toxic side effect; E: Immunoregulation
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Table 1  Antitumor of active ingredients of Chinese herbs combined with chemotherapeutic drugs. IGF: Insulin-like growth factor; EGFR:

Epidermal growth factor receptor; COX: Cyclooxygenase; VEGF: Vascular endothelial growth factor; PTEN: Phosphatase and tensin homolog

deleted on chromosome ten; MMP: Matrix metalloproteinase; LRP: Lung resistance protein; SOD: Superoxide dismutase; MDA: Malondial-

dehyde; HYP: Hydroxyproline; ROS: Reactive oxygen species

Mechanism Drug Cell type Pathway Ref

Proliferation inhibition Triptolide + SMMC 7721 Down-regulated the expression of NF-«B p65 and up-regulated the [24]
sodium cantharidinate expression of caspase-3

Triptolide + A549 Up-regulated the expression of caspase-3, caspase-9, Bax/Bcl-2,  [11]

hydroxycamptothecin
Triptolide + sorafenib
Curcumin + 5-fluorouracil

Curcumin + doxorubicin
Curcumin + paclitaxel
Berberine +doxorubicin
Berberine + cisplatin
Resveratrol + doxorubicin
Resveratrol + salinomycin
Resveratrol + rapamycin
Celastrol + lapatinib
Celastrol + paclitaxel

Wogonin + sorafenib

Matrine + irinotecan

Andrographolide + bleomycin

HuH-7, PLC/PRF/5

MIA-PaCa-2
MCF-7, B16F10

MIA-PaCa-2, MCF-7

MCF-7
MIA-PaCa-2

MCF-10A, MCF-7

TSC1" MEF
MDA-MB-453
8505C, SW1736

Hep3B, Bel-7402,
HepG2, SMMC-7721

HT29
H22

Parthenolide + 5-fluorouracil SW620
Tetrandrine + paclitaxel MCF-7/ADR
Tetrandrine + paclitaxel BGC-823
Tetrandrine + paclitaxel A2780/PTX
Oridonin + capecitabine MDA-MB-231
Metastasis inhibition ~ Curcumin + doxorubicin SMMC 7721

Matrine + sorafenib
Oridonin + cisplatin

HepG2, Hep3B
AML

Antitumor resistance  Gambogic acid + cisplatin A549/DDP
Borneol + paclitaxel A2780/PTX
Gambogic acid + docetaxel ~MCF-7/ADR
Oridonin + cisplatin SGC7901/DDP
Antagonize/slow down Andrographolide + H22
the toxic side effect  bleomycin
Curcumin + cisplatin HepG2
Immunoregulation Andrographolide + H22
bleomycin
Mangiferin + oxaliplatin HT29
Quercetin + rapamycin MCF-7

release cytochrome C

Decrease NF-«B activity [25]
NF-xB, IGF-1, EGFR, COX-2, phosphatase and tensin homolog  [26]
and Bcl-2

Modulate the activities of the PI3K/PTEN/AKT/mTORC1/GSK-3 [27]

NF-xB, Akt, G2/M [28]
Modulate the activities of the PI3K/PTEN/AKT/mTORC1/GSK-3 [27]
Increase capase-3, caspase-9 activity, decrease Bcl-2 activity [29]
Modulate the activities of the PIBK/PTEN/AKT/mTORC1/GSK-3 [27]
Modulate MAPK pathway [30]
Inhibiting mTOR and P13K signaling [31]
HER2/neu-overexpressing [32]

Down-regulated the expression of Bcl-2, modulate the activities of [33]
the NF-xB and Akt
Apoptosis potentiation and autophagy inhibition [34]

Upregulation of the TOPO I, Bax and caspase-3 protein expression [35]

P53/P21/cyclin pathways [21]
Down-regulated the expression of Bcl-2 [36]
Gland G2 [37]

Down-regulated the expression of p-Akt and Bcl-2, up-regulated  [38]
the expression of Bax

Down-regulated the expression of p-Akt, Akt and Bcl-2, [39]
up-regulated the expression of Bax

S and G2/M [40]
Modulate VEGF pathway [13]
Decrease PTEN [41]
Down-regulated the expression of MMP2 and MMP9 [14]
Downregulating MRP2 and LRP expression [19]
Downregulating P-gp expression [42]
Downregulating P-gp expression [42]
Downregulating P-gp, MRP1, cyclin D1 and PP2A expression [43]
SOD, MDA and HYP [21]
ROS [22]

Decrease IL-1f, TNF-a, IL-6, TGF-$1, downregulating TGF-g, [21]
a-SMA, p-Smad?2/3 expression, increase Smad7 activity
Downregulating NF-xB [44]
Downregulating IL-8, IL-6, IL-19, decrease VEGF, downregulating [23]
MMP2, MMP9 expression, decrease CD44
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Figure 2 Schematic illustration of blood-brain barrier (BBB)-penetrating andtumor-targeting delivery via the T7-mediated and magnetic-
guided, dual-targeting MNP/T7-PLGA NPs (A). Synthesis of PLGA-PEG-T7 polymer (a) and drug-loaded MNP/T7-PLGA NPs (b) (B).

PTX: Paclitaxel; CUR: Curcumin
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Figure 4  Synthesis of citronellol-cabazitaxel (CIT-ss-CTX) con-

jugate self-assembled noparticles (CSNPs). It has a promising per-
spective as a multifunctional nanomedicine for combination thera-
py and theranostics attribute to its long circulation property, redox-
sensitive mechanism and high drug co-loading capability!®
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Table 2 The researches of several nanoparticles used to co-deliver two different drugs. EPR: Enhanced permeability and retention effect;
DSPE-PEG: 1, 2-Distearoyl-sn-glycero-3-phosphoethanolamine-N - [methoxy(polyethylene glycol)]; PLGA: Poly(lactic-co-glycolic acid);
PEI-IPDI-PEA: Branched polyethylenimine-isophorone diisocyanate-poly(L-lactide)-PEI; PAA: Polyacrylic acid; GMS-TPGS-SA-FA: Glyc-
eryl monostearate-D-alpha tocopherol acid polyethylene glycol succinate-stearic acid and folate; PVDF: Poly(vinylidene fluoride); PAE: Poly-
amide epichiorobydrin; PVA: Polyvinyl alcohol; PLMS: PEGylated lipid bilayer coated mesoporous silica; ETP-CUR-NLC: Etoposide and
curcumin loaded nanostructured lipid carriers; mPEG-PBLA-PVIm: Poly(ethylene glycol)-benzoic imine-poly (y-benzyl-L-aspartate)-b-poly

(1-vinylimidazole); Tf: Transferrin; MePEG/PCL: Methoxy poly(ethylene glycol)-¢-poly(caprolactone) diblock copolymers

Nanoparticle Nanocarrier type Nanocarrier composition Feature Drug Cell type Ref
Liposome Liposome DSPE-PEG2000 EPR Temozolomide + quercetin U87 [46]
Liposome PEG EPR Paclitaxel + curcumin subG1 [72]
Nanoparticle PLGA-lipid nanoparticle DSPE-PEG2000, PLGA EPR Docetaxel + gambogic acid MCF-7/ADR [42]
Phytosome nanoparticle Phytosomes EPR Doxorubicin + quercetin ~ MCF-7 [73]
PLGA nanoparticle CHO-hyd-PEG-AA/ EPR Doxorubicin + resveratrol MDA-MB-231/ADR [74]
PLGA and MCF-7/ADR
PLGA nanoparticle PEI-IPDI-PEA EPR Doxorubicin + curcumin ~ 4T1 [75]
Polymer-lipid nanoparticle DSPE-PEG2000 EPR Paclitaxel + curcumin MCF-7 and B16F10 [28]
Lipid-polyacrylic acid calcium PEG-PAA-CaCO, pH-sensitive Doxorubicin + curcumin ~ HepG2 [63]
carbonate nanoparticle
Lipid nanoparticle GMS-TPGS-SA-FA Folate receptor Paclitaxel + curcumin MCF-7/ADR [53]
targeted
Lipid-polymer hybrid PLGA/PEG-DSPE EPR Cisplatin + curcumin HelLa [76]
nanoparticle
Lipid nanoparticle PVDF EPR Doxorubicin + curcumin ~ BEL7402/5-FU [77]
Polymeric nanoparticle TPGS-PAE pH-sensitive Doxorubicin + curcumin -~ SMMC7721 [13]
Polymeric nanoparticle PLGA/PEG-DSPE EPR Cisplatin + curcumin HelLa [76]
Polymeric nanoparticle PLGA-PVA EPR Camptothecin + curcumin  Colon-26 [78]
Mesoporous silica nanoparticle PLMS EPR Paclitaxel + curcumin 7364 [79]
Magnetic nanoparticle FeCl,-6H,0/FeCl,-4H,0 Magnetic targeted Temozolomide + curcumin T-98G [80]
Lipid nanoparticulate ETP-CUR-NLC EPR Etoposide + curcumin SGC7901 [81]
Polymeric Micelle mMPEG-PBLA-PVIM pH multistage Paclitaxel + curcumin MCEF-7 [57]
micelle responsive
Micelle (PEG-PE)/vitamin E EPR Paclitaxel + curcumin SK-OV-3 [82]
Micelle Tf-PEG-PE Transferrin- Paclitaxel + curcumin SK-OV-3 [65]
targeted
Micelle TPGS-PEG-DSPE EPR Doxorubicin + curcumin ~ MCF7 and MCF7/Adr [83]
Amphiphilic copolymeric PEG-PLA EPR Doxorubicin + curcumin -~ MCF-7/ADR [61]
micelle
Magnetic micelle PVA/PAA Lactoferrin (Lf)-  Doxorubicin + curcumin ~ RG2 [66]
tethered magnetic
targeted
Magnetic micelle MePEG/PCL Magnetic targeted Rapamycin + curcumin T98G [84]
Polymer-drug Prodrug nanoparticle PEG-DOX-CUR pH-sensitive Doxorubicin + curcumin ~ HepG2 [69]
conjugate Prodrug nanoparticle Tf-PEG-CUR pH-sensitive, Doxorubicin + curcumin -~ MCF-7 [70]
transferrin-targeted
Prodrug lipid nanoparticle Tf-PEG-hz-GMS pH-sensitive, Docetaxel + baicalein Lung cancer [85]
transferrin targeted
Other types mPEG-PLGA copolymer MPEG-PLGA EPR Doxorubicin + quercetin -~ MDA-MB231 [86]
Nanohydrogel FA-HA CD44 targeted Rapamycin + quercetin MCF-7 [23]
Lipid-polymeric nanocarrier ~ PLGA-cholesterol-stearic EPR Vincristine + quercetin Human Burkitt's [87]
acid-PEG2000-DSPE lymphoma
Gold nanocage Biotin-PEG-SH Near-infrared Doxorubicin + quercetin ~ MCF-7/ADR [71]
(NIR)-responsive
Nanostructured lipid HA, solid lipids, liquid ~ CD44 targeted Doxorubicin + baicalein ~ MCF-7/ADR [88]

lipids
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