
Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
270

Original Article J Clin Med Res. 2025;17(5):270-284

Anti-Breast Cancer Effects of Thymoquinone-
Chemotherapeutic Combinations:  

A Systematic Review of the Latest In Vitro  
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Abstract

Background: Breast cancer is a leading malignancy among women 
globally, with chemotherapy as a cornerstone of treatment. However, the 
side effects and toxicity associated with chemotherapy necessitate the 
exploration of adjunctive therapies to improve efficacy and reduce ad-
verse effects. Thymoquinone (TQ) has shown potential anti-cancer prop-
erties. This systematic review aimed to evaluate the effectiveness of TQ 
in combination with chemotherapeutic agents in treating breast cancer.

Methods: This study thoroughly reviewed and synthesized existing 
research following the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) 2020 guidelines. The selected da-
tabases, including PubMed, ProQuest, ScienceDirect, Epistemonikos, 
and Google Scholar, were searched over the past 10 years. Eligibility 
criteria were based on the PICOS framework, focusing on experimental 
studies involving TQ-chemotherapy combinations. Data extraction and 
quality assessment were performed using SYRCLE and SCIRAP tools. 
This review included 18 in vitro and six in vivo studies.

Results: Findings revealed that TQ enhances the efficacy of chemo-
therapeutic agents by inducing apoptosis, enhancing autophagy, in-
hibiting tumor growth, and regulating cancer cell signaling pathways 
as well as multiple phases of the cell cycle. Additionally, TQ reduced 
chemotherapy-related toxicity, such as heart, blood, liver, and kidney 
damage, and also improved patient tolerance. Nanoparticle-based de-
livery systems further amplified these synergistic effects.

Conclusions: The TQ-chemotherapy combination shows significant 
potential as a therapy for breast cancer, enhancing treatment efficacy 
while mitigating side effects. Future clinical studies are needed to es-
tablish its safety and therapeutic applicability.

Keywords: Anti-cancer effect; Breast cancer; Thymoquinone; Ni-
gella sativa; Systematic review

Introduction

Breast cancer is a leading malignancy among women globally, 
significantly impacting public health and socioeconomic struc-
tures [1]. According to the World Health Organization (WHO), 
it constitutes about 24.5% of all cancers diagnosed in women, 
with annual case numbers rising [2]. Currently, chemotherapy 
remains a vital part of breast cancer treatment, often combined 
with surgery and radiation therapy [3]. Several drugs have also 
been developed for breast cancer management, such as anti-
body-drug conjugates (ADCs) and immune checkpoint inhibi-
tors (ICIs) [4-6]. Chemotherapy, while effective in targeting 
tumor tissues, is associated with significant side effects that 
cause discomfort and burden for patients. These drugs also af-
fect normal cells, leading to adverse effects that can hinder 
patient adherence to cancer therapy [3, 7]. Therefore, there is 
a critical need for alternative or adjunctive therapies that can 
provide practical anti-cancer effects with minimal toxicity [8].

One potential solution is integrating natural compounds 
with established chemotherapeutic drugs. Thymoquinone (TQ) 
is recognized for its medicinal properties and potential anti-
cancer effect [9, 10]. The ability of TQ to induce apoptosis, in-
hibit cell proliferation, enhance immune response, and reduce 
cell viability in cancer cells makes it a candidate for combina-
tion therapy in breast cancer treatment [11]. It is supported by 
evidence that cancer is a multifactorial disease influenced by 
metabolic dysregulation and inflammation, with markers such 
as the neutrophil-to-lymphocyte ratio underscoring the pivotal 
role of immune modulation in treatment [12, 13]. Leveraging 
TQ may lead to more effective and less toxic breast cancer 
treatments, with studies exploring its synergistic effects with 
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chemotherapeutic agents to enhance efficacy and reduce side 
effects [14]. TQ, a primary compound in black cumin (Nigella 
sativa), can regulate redox systems and inhibit cell prolifera-
tion, migration, and tumor growth through various signaling 
pathways [15, 16]. Additionally, TQ may alleviate chemother-
apy-induced complications, such as kidney damage, enhancing 
its therapeutic benefits [15, 17].

The extensive research on TQ has laid a robust ground-
work for its anti-cancer properties, particularly in breast cancer 
therapy. Despite the valuable insights from these studies, there 
are still gaps in understanding TQ’s full therapeutic potential 
and mechanisms of action of TQ when used in combination 
with standard chemotherapeutic agents [18, 19]. This system-
atic review analyzed the recent effects of TQ-chemotherapeu-
tic combinations in breast cancer treatment. It combines the 
latest in vitro and in vivo findings to provide a comprehensive 
understanding of TQ’s efficacy and mechanism of action in 
treating breast cancer. This study is also intended to be a refer-
ence for advancing to clinical trials.

Materials and Methods

Source of data and search strategy

The PRISMA 2020 guidelines were used to structure this sys-
tematic review [20]. The data source comprised accessible 
studies from five databases: PubMed, ProQuest, ScienceDi-
rect, Epistemonikos, and Google Scholar, utilizing a combi-
nation of search terms: “((“Thymoquinone”) OR (“TQ”) OR 
(“Nigella sativa”) OR (“Cuminum”) OR (“Black cumin”) OR 
(“Black caraway”) OR (“Kalonji”) OR (“Black seed”)) AND 
(“Breast cancer”) AND (“In vivo”) AND (“In vitro”)”. The 
approval of the Institutional Review Board and adherence to 
ethical guidelines concerning human or animal subjects are ir-
relevant to this study.

Inclusion and exclusion criteria

The studies included in this systematic review must meet spe-
cific criteria based on the PICOS framework: P (population): 
in vitro and in vivo studies; I (intervention): treatment with 
TQ-chemotherapeutic combinations; C (comparison): nega-
tive (saline or untreated cell) and positive (chemotherapeutic 
alone); O (outcome): anti-cancer effects; S (study): experi-
mental studies.

Clinical trials, protocols, conference proceedings, news 
articles, editorials, posters, review articles, presentations, and 
studies without a control group were excluded. Moreover, 
studies without full-text access, non-English publications, and 
those published before 2015 were excluded.

Data extraction and quality assessment

Basic data were extracted, including 1) the corresponding author 
of the selected study, 2) the year of publication, and 3) the coun-

try where the study was conducted. Subsequently, the table of 
characteristic results was divided into two tables: one for in vitro 
studies and another for in vivo studies. Data extraction and qual-
ity assessment were performed independently by four investiga-
tors (MBI, RSD, FS, and PMA) using the Systematic Review 
Center for Laboratory Animal Experimentation (SYRCLE) risk 
of bias tool for in vivo studies [21] and Science in Risk Assess-
ment and Policy (SCIRAP) tool to evaluate the methodologi-
cal quality of in vitro toxicity studies [22-25]. Furthermore, the 
Grades of Recommendation, Assessment, Development, and 
Evaluation (GRADE) Working Group’s Guideline Develop-
ment Tool (GRADEpro GDT) was utilized [26, 27].

Results

Study selection

Through the use of several databases, a total of 2,138 articles 
were obtained. After removing 436 duplicate entries, 1,702 
articles were filtered by examining their titles and abstracts, 
excluding 1,594 articles. Additionally, specific inclusion and 
exclusion criteria were applied, leading to the elimination of 
87 articles. Consequently, this systematic review focused its 
analysis on 21 original articles [28-48]. The process and results 
of the literature screening are shown in Figure 1.

Characteristics of the studies

All included studies used an in vivo and in vitro study, pub-
lished in English, and occurred between 2015 and 2023. The 
characteristics and primary outcomes are presented in Table 
1 [28-37, 40, 42-47] for in vitro studies and Table 2 [29-31, 
38, 39, 41] for in vivo studies. The in vitro studies examined 
data concerning cell viability, the apoptosis/DNA fragmenta-
tion rate, autophagy rate, necrotic rate, gene expression, tu-
mor stem cell detection, cell cycle distribution, wound healing 
rate/cancer cell migration, cell invasion, and side effects of 
TQ and chemotherapeutic agent treatments. Meanwhile, the in 
vivo studies examined data concerning inhibitory effect, tumor 
gene expression, CD4+ and CD8+ expression, myeloid cell 
count, apoptotic effect, and antiangiogenic effect.

Quality evidence and risk of bias

This review uses the SCIRAP tool to evaluate the quality of in 
vitro study reports analyzed via Microsoft Excel™. The review 
focused on five main areas: test compounds and controls, test 
systems, administration of test compounds, data collection and 
analysis, and funding/competing interests, covering 23 topics. 
Of the 18 studies reviewed, two did not meet solubility and 
control vehicle criteria [28, 46], while 14 exhibited a high risk 
of bias related to contamination screening [28, 29, 32-37, 40, 
43-47]. Additionally, seven studies lacked detail on metabolic 
competence [28, 32, 34, 37, 45, 46, 48], one did not specify 
cell passages [28], two had a high risk of bias associated with 
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compound administration [28, 37], and one study presented a 
high risk of bias related to funding and competing interests 
[48]. Nonetheless, over 60% of the studies demonstrated a low 
bias risk, particularly in data collection and analysis (Supple-
mentary Material 1, jocmr.elmerjournals.com).

In vivo studies’ bias risk was assessed using the SYRCLE 
tool, supported by RevMan 5.4. All studies showed a high risk 
of bias related to blinding (performance bias) and an unclear 

risk regarding allocation concealment. Among the six stud-
ies, three exhibited a high risk of bias in random housing and 
blinding (detection bias) [29-31]. Three studies also showed an 
unclear risk of bias concerning blinding (detection bias) [38, 
39, 41] and sequence generation [29-31]. However, all studies 
showed a low risk of bias regarding baseline characteristics, 
incomplete outcome data, selective reporting, and other biases 
(Supplementary Material 2 and 3, jocmr.elmerjournals.com). 

Figure 1. Flowchart illustrating the article selection procedure in accordance with the PRISMA 2020 guidelines for performing a 
systematic review.

https://jocmr.elmerjournals.com
https://jocmr.elmerjournals.com


Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com 273

Qodir et al J Clin Med Res. 2025;17(5):270-284
Ta

bl
e 

1.
  C

ha
ra

ct
er

is
tic

s 
an

d 
M

ai
n 

O
ut

co
m

es
 o

f I
n 

Vi
tro

 S
tu

di
es

 In
cl

ud
ed

A
ut

ho
r 

(y
ea

rs
)

C
ou

nt
ry

In
te

rv
en

-
tio

n 
gr

ou
p

C
on

tr
ol

 g
ro

up
C

el
lu

la
r 

ty
pe

C
ar

ri
er

D
ur

at
io

n
O

ut
co

m
es

So
ni

 e
t a

l, 
20

15
 [2

8]
In

di
a

TQ
 +

 P
TX

PT
X

 a
lo

ne
M

C
F-

7 
br

ea
st

 
ca

nc
er

 c
el

l
PL

G
A

 n
a-

no
pa

rti
cl

e
24

 h
1)

 T
Q

 +
 P

TX
 si

gn
ifi

ca
nt

ly
 sh

ow
ed

 lo
w

er
 c

el
l v

i-
ab

ili
ty

 c
om

pa
re

d 
to

 P
TX

 a
lo

ne
. P

 <
 0

.0
01

.
2)

 T
Q

 lo
w

er
s t

he
 e

ffe
ct

iv
e 

co
nc

en
tra

tio
n 

(I
C

50
) o

f P
TX

.
3)

 T
Q

 +
 P

TX
 sh

ow
ed

 0
.6

88
 (s

yn
er

gi
st

ic
 e

ffe
ct

).
Sa

ka
la

r e
t 

al
, 2

01
6 

[2
9]

Tu
rk

ey
TQ

 +
 P

TX
PT

X
 a

lo
ne

, u
n-

tre
at

ed
 e

m
br

yo
n-

ic
 fi

br
ob

la
st

s c
el

l 
(P

M
EF

C
FL

-P
1)

4T
1 

(A
TC

C
 

C
R

L-
25

39
) b

re
as

t 
ca

nc
er

 c
el

ls

-
48

 h
1)

 T
Q

 +
 P

TX
 si

gn
ifi

ca
nt

ly
 sh

ow
ed

 lo
w

er
 c

el
l v

i-
ab

ili
ty

 c
om

pa
re

d 
to

 P
TX

 a
lo

ne
. P

 <
 0

.0
00

1.
2)

 L
ow

er
 d

os
e 

TQ
 sh

ow
ed

 h
ig

he
r a

po
pt

o-
si

s c
om

pa
re

d 
to

 u
nt

re
at

ed
 c

el
ls

. P
 <

 0
.0

5.
3)

 T
Q

 m
od

ul
at

ed
 a

po
pt

os
is

-r
el

at
ed

 g
en

es
, c

y-
to

ki
ne

, a
nd

 p
53

 si
gn

al
in

g 
pa

th
w

ay
 g

en
es

.
B

as
hm

ai
l 

et
 a

l, 
20

18
 

[4
0]

Sa
ud

i 
A

ra
bi

a
TQ

 +
 G

C
B

G
C

B
 a

lo
ne

, 
un

tre
at

ed
 c

el
l

M
C

F-
7 

an
d 

T4
7D

 b
re

as
t 

ca
nc

er
 c

el
ls

-
24

, 4
8,

 
an

d 
72

 h
1)

 T
Q

 lo
w

er
s t

he
 e

ffe
ct

iv
e 

co
nc

en
tra

tio
n 

(I
C

50
) o

f G
C

B
.

2)
 T

Q
 +

 G
C

B
 sh

ow
ed

 0
.1

5 
(s

tro
ng

 sy
ne

rg
is

tic
 e

ffe
ct

).
3)

 T
Q

 +
 G

C
B

 sh
ow

ed
 si

gn
ifi

ca
nt

ly
 h

ig
he

r a
po

pt
os

is
, 

in
cr

ea
se

d 
ce

ll 
de

at
h 

in
 th

e 
pr

e-
G

 p
ha

se
, a

nd
 c

el
l c

yc
le

 
ar

re
st

 a
t S

 p
ha

se
 c

om
pa

re
d 

to
 G

C
B

 a
lo

ne
. P

 <
 0

.0
5.

4)
 T

Q
 +

 G
C

B
 si

gn
ifi

ca
nt

ly
 in

cr
ea

se
d 

au
to

ph
ag

ic
 c

el
l 

de
at

h 
co

m
pa

re
d 

to
 c

on
tro

l u
nt

re
at

ed
 c

el
ls

. P
 <

 0
.0

5.
Zi

da
n 

et
 a

l, 
20

18
 [4

2]
Eg

yp
t

D
O

X
 +

 T
Q

 +
 

F2
 g

el
, D

O
X

 
+ 

F2
 g

el
, T

Q
 

+ 
F2

 g
el

Fr
ee

 D
O

X
, 

fr
ee

 T
Q

, 
un

tre
at

ed
 c

el
l

M
C

F-
7 

br
ea

st
 

ca
nc

er
 c

el
ls

F2
 g

el
 

na
no

fib
er

s
24

 h
1)

 D
O

X
 +

 T
Q

 +
 F

2 
ge

l s
ho

w
ed

 lo
w

er
 c

el
l v

ia
bi

l-
ity

 c
om

pa
re

d 
to

 o
th

er
 tr

ea
tm

en
ts

. P
 <

 0
.0

5.
2)

 D
O

X
 +

 T
Q

 +
 F

2 
ge

l i
nd

uc
ed

 th
e 

hi
gh

es
t a

po
p-

to
si

s, 
88

.6
%

, c
om

pa
re

d 
to

 th
e 

co
nt

ro
l g

ro
up

.
Ib

iy
ey

e 
et

 
al

, 2
01

9 
[4

3]

M
al

ay
si

a
D

O
X

 +
 

TQ
-A

C
N

P,
 

D
O

X
-A

C
N

P,
 

TQ
-A

C
N

P

Fr
ee

 D
O

X
 +

 T
Q

, 
fr

ee
 T

Q
, f

re
e 

TQ
M

D
A

-M
B

-2
31

 
br

ea
st

 c
an

ce
r 

ce
ll,

 M
C

F1
0A

 
no

rm
al

 b
re

as
t 

ce
ll,

 3
T3

 n
or

m
al

 
fib

ro
bl

as
t c

el
l

A
C

N
P

24
, 4

8,
 

an
d 

72
 h

1)
 T

Q
 +

 D
O

X
 sh

ow
ed

 lo
w

er
 c

el
l v

ia
bi

l-
ity

 th
an

 o
th

er
 tr

ea
tm

en
ts

. P
 <

 0
.0

5.
2)

 F
re

e 
TQ

 +
 D

O
X

 sh
ow

ed
 0

.8
 a

t 4
8 

h 
(s

lig
ht

 sy
ne

rg
is

m
), 

w
hi

le
 T

Q
 +

 D
O

X
-A

C
N

P 
sh

ow
ed

 0
.5

 a
t 4

8 
h 

(s
yn

er
gi

sm
).

3)
 F

re
e 

TQ
 in

cr
ea

se
d 

th
e 

la
te

 a
po

pt
os

is
 in

 
TQ

 +
 D

O
X

 c
om

pa
re

d 
to

 D
O

X
 a

lo
ne

.
4)

 D
O

X
 +

 T
Q

-A
C

N
P 

ha
s t

he
 h

ig
he

st
 p

er
ce

nt
-

ag
e 

in
 S

ub
G

0 
(d

ea
d 

ce
lls

) a
nd

 S
 p

ha
se

 a
t 4

8 
h.

5)
 T

Q
 h

as
 b

ee
n 

sh
ow

n 
to

 si
gn

ifi
ca

nt
ly

 in
hi

bi
t c

an
-

ce
r c

el
l i

nv
as

io
n 

an
d 

m
ig

ra
tio

n 
in

 T
Q

 +
 D

O
X

 
co

m
pa

re
d 

to
 o

th
er

 tr
ea

tm
en

ts
. P

 <
 0

.0
5.

K
ha

n 
et

 a
l, 

20
19

 [4
4]

Sa
ud

i 
A

ra
bi

a
TQ

 +
 c

yc
lo

C
yc

lo
 a

lo
ne

, 
un

tre
at

ed
 c

el
l

SK
B

R
-3

 a
nd

 
M

D
A

-M
B

-2
31

 
br

ea
st

 c
an

-
ce

r c
el

ls

-
48

 h
1)

 T
Q

 e
nh

an
ce

d 
th

e 
gr

ow
th

 in
hi

bi
tio

n 
of

 H
er

2+  a
nd

 H
er

2-  
br

ea
st

 c
an

ce
r c

el
ls

 in
 c

om
bi

na
tio

n 
w

ith
 c

yc
lo

, i
nh

ib
ite

d 
p-

54
73

-A
kt

, i
nc

re
as

ed
 th

e 
ex

pr
es

si
on

 o
f i

ts
 in

hi
bi

to
r P

TE
N

, 
an

d 
de

cr
ea

se
d 

cy
cl

in
 D

1 
co

m
pa

re
d 

to
 c

yc
lo

 a
lo

ne
. P

 <
 0

.0
01

.
2)

 T
Q

 +
 c

yc
lo

 in
cr

ea
se

d 
ce

lls
 to

 a
rr

es
t i

n 
su

b-
G

1 
an

d 
G

1 
co

m
pa

re
d 

to
 u

nt
re

at
ed

 c
el

ls
. P

 <
 0

.0
5.

O
de

h 
et

 a
l, 

20
19

 [4
5]

Jo
rd

an
TQ

 +
 D

TX
D

TX
 a

lo
ne

M
C

F-
7 

br
ea

st
 

ca
nc

er
 c

el
l

-
72

 h
1)

 T
Q

 lo
w

er
s t

he
 e

ffe
ct

iv
e 

co
nc

en
tra

tio
n 

(I
C

50
) o

f D
TX

.
2)

 T
Q

 +
 D

TX
 sh

ow
ed

 0
.5

52
 - 

0.
80

3 
(s

yn
er

gi
st

ic
 e

ffe
ct

).



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com274

TQ-Chemotherapeutic Combinations for Breast Cancer J Clin Med Res. 2025;17(5):270-284

A
ut

ho
r 

(y
ea

rs
)

C
ou

nt
ry

In
te

rv
en

-
tio

n 
gr

ou
p

C
on

tr
ol

 g
ro

up
C

el
lu

la
r 

ty
pe

C
ar

ri
er

D
ur

at
io

n
O

ut
co

m
es

A
lk

ha
tib

 
et

 a
l, 

20
20

 
[4

6]

Sa
ud

i 
A

ra
bi

a
TQ

 +
 D

TX
 

+ 
B

-N
E

Fr
ee

 T
Q

 
an

d 
D

TX
M

C
F-

7 
an

d 
M

D
A

-M
B

-2
31

 
br

ea
st

 c
an

-
ce

r c
el

ls

B
-N

E
48

 h
1)

 T
Q

 +
 D

TX
 in

 B
-N

E 
ex

hi
bi

te
d 

a 
lo

w
er

 IC
50

 
th

an
 fr

ee
 D

TX
 a

nd
 o

th
er

 tr
ea

tm
en

ts
.

2)
 T

Q
 +

 D
TX

 in
 B

-N
E 

sh
ow

ed
 0

.6
-0

.9
 (s

yn
er

gi
st

ic
 e

ffe
ct

).
3)

 T
Q

 +
 D

TX
 in

 B
-N

E 
si

gn
ifi

ca
nt

ly
 sh

ow
ed

 h
ig

he
r 

ap
op

to
si

s c
om

pa
re

d 
to

 D
TX

 a
lo

ne
. P

 <
 0

.0
5.

4)
 T

Q
 +

 D
TX

 a
nd

 fr
ee

 T
Q

 o
r D

TX
 si

gn
ifi

ca
nt

ly
 sh

ow
ed

 
hi

gh
er

 a
ut

op
ha

gy
 th

an
 u

nt
re

at
ed

 c
el

l. 
P 

< 
0.

05
.

B
as

hm
ai

l 
et

 a
l, 

20
20

 
[4

7]

Sa
ud

i 
A

ra
bi

a
TQ

 +
 P

TX
PT

X
 a

lo
ne

, 
TQ

 a
lo

ne
M

C
F-

7 
an

d 
T4

7D
 b

re
as

t 
ca

nc
er

 c
el

ls

-
24

 a
nd

 4
8 

h
1)

 T
Q

 d
id

 n
ot

 e
nh

an
ce

 P
TX

 p
ot

en
cy

 b
ut

 si
gn

ifi
ca

nt
ly

 e
lim

i-
na

te
d 

tu
m

or
-a

ss
oc

ia
te

d 
re

si
st

an
t c

el
l c

lo
ne

s t
o 

PT
X

. P
 <

 0
.0

5.
2)

 T
Q

 +
 P

TX
 sh

ow
ed

 1
.6

 - 
4.

6 
(a

nt
ag

on
is

tic
 e

ffe
ct

).
3)

 T
Q

 +
 P

TX
 si

gn
ifi

ca
nt

ly
 in

cr
ea

se
d 

ap
op

to
si

s, 
pr

e-
G

 
ph

as
e 

po
pu

la
tio

n,
 a

ut
op

ha
gi

c 
ce

ll 
de

at
h 

flu
or

es
ce

nc
e,

 a
nd

 
re

du
ce

d 
C

D
44

+ /
C

D
24

-  c
om

pa
re

d 
to

 P
TX

 a
lo

ne
. P

 <
 0

.0
5.

B
aw

ad
ud

 
et

 a
l, 

20
20

 
[4

8]

Sa
ud

i 
A

ra
bi

a
N

E-
D

TX
 

+ 
TQ

, f
re

e 
D

TX
 +

 T
Q

Fr
ee

 D
TX

 a
lo

ne
, 

fr
ee

 T
Q

 a
lo

ne
, 

dr
ug

-f
re

e 
N

Es

M
C

F-
7 

an
d 

M
D

A
-M

B
-2

31
 

br
ea

st
 c

an
-

ce
r c

el
ls

N
E

48
 h

1)
 D

TX
 +

 T
Q

-N
E 

an
d 

fr
ee

 D
TX

 a
lo

ne
 si

gn
ifi

-
ca

nt
ly

 in
cr

ea
se

d 
D

N
A

 fr
ag

m
en

ta
tio

n 
co

m
pa

re
d 

to
 

fr
ee

 T
Q

 a
lo

ne
 a

nd
 d

ru
g-

fr
ee

 N
Es

. P
 <

 0
.0

5.
2)

 D
TX

 +
 T

Q
-N

E 
si

gn
ifi

ca
nt

ly
 re

du
ce

d 
C

D
44

+ /
C

D
24

- , 
SN

A
IL

-1
, a

nd
 T

W
IS

T-
1 

co
m

-
pa

re
d 

to
 o

th
er

 tr
ea

tm
en

ts
. P

 <
 0

.0
5.

3)
 D

TX
 +

 T
Q

-N
E 

ca
us

ed
 si

gn
ifi

ca
nt

 a
rr

es
t a

t t
he

 
G

2/
M

 p
ha

se
 (P

 <
 0

.0
00

1)
 a

nd
 th

e 
S 

ph
as

e 
(P

 <
 0

.0
02

1)
 

co
m

pa
re

d 
to

 u
nt

re
at

ed
 c

el
ls

 a
nd

 fr
ee

 T
Q

 a
lo

ne
.

Za
fa

r e
t a

l, 
20

20
 [3

0]
In

di
a

D
TX

 +
 T

Q
 

in
 U

LN
C

s 
an

d 
C

LN
C

s

Fr
ee

 D
TX

 a
lo

ne
, 

fr
ee

 T
Q

 a
lo

ne
, 

D
TX

-L
N

C
s

M
C

F-
7 

an
d 

M
D

A
-M

B
-2

31
 

br
ea

st
 c

an
-

ce
r c

el
ls

C
LN

C
s a

nd
 

U
LN

C
s

24
 a

nd
 4

8 
h

1)
 T

Q
 +

 D
TX

 in
 C

LN
C

s a
nd

 U
LN

C
s s

ig
ni

fic
an

tly
 

sh
ow

ed
 lo

w
er

 c
el

l v
ia

bi
lit

y 
an

d 
hi

gh
er

 c
el

l i
nh

ib
iti

on
 

th
an

 fr
ee

 D
TX

, f
re

e 
TQ

, a
nd

 D
TX

-L
N

C
s. 

P 
< 

0.
05

.

Za
fa

r e
t a

l, 
20

20
 [3

1]
In

di
a

D
xT

q-
LN

C
s

D
TX

-L
N

C
s, 

fr
ee

 D
TX

 a
lo

ne
, 

fr
ee

 T
Q

 a
lo

ne

M
C

F-
7 

an
d 

M
D

A
-M

B
-2

31
 

br
ea

st
 c

an
-

ce
r c

el
ls

Lo
ng

 c
irc

ul
at

-
in

g 
su

b-
10

0 
nm

 m
PE

G
-

D
SP

E-
 V

ita
m

in
 

E 
TP

G
S-

LN
C

s

24
 a

nd
 4

8 
h

1)
 D

xT
q-

LN
C

s s
ig

ni
fic

an
tly

 sh
ow

ed
 lo

w
er

 c
el

l v
ia

bi
l-

ity
 th

an
 fr

ee
 D

TX
 a

lo
ne

 a
nd

 D
TX

-L
N

C
s. 

P 
< 

0.
05

.
2)

 T
Q

 lo
w

er
s t

he
 e

ffe
ct

iv
e 

co
nc

en
tra

-
tio

n 
(I

C
50

) o
f D

TX
 in

 L
N

C
s.

3)
 D

xT
q-

LN
C

s s
ho

w
ed

 0
.5

3-
0.

79
 (s

yn
er

gi
st

ic
 e

ffe
ct

).
El

-F
ar

 e
t a

l, 
20

21
 [3

2]
Eg

yp
t

TQ
 +

 D
O

X
D

O
X

 a
lo

ne
, 

un
tre

at
ed

 c
el

l
M

C
F-

7 
br

ea
st

 
ca

nc
er

 c
el

l
-

5 
da

ys
 

af
te

r D
O

X
 

tre
at

m
en

t 
an

d 
24

 h
 

af
te

r T
Q

 
tre

at
m

en
t

1)
 T

Q
 +

 D
O

X
 a

nd
 T

Q
 a

lo
ne

 si
gn

ifi
ca

nt
ly

 in
cr

ea
se

d 
ap

op
to

si
s c

om
pa

re
d 

to
 u

nt
re

at
ed

 c
el

l c
om

pa
re

d 
to

 u
n-

tre
at

ed
 c

el
ls

 (P
 <

 0
.0

01
 a

nd
 P

 <
 0

.0
5,

 re
sp

ec
tiv

el
y)

.
2)

 T
Q

 si
gn

ifi
ca

nt
ly

 in
cr

ea
se

d 
th

e 
B

ax
/B

cl
2 

ra
-

tio
 a

nd
 c

as
pa

se
-3

 a
ct

iv
ity

 c
om

pa
re

d 
to

 D
O

X
 

al
on

e 
an

d 
un

tre
at

ed
 c

el
ls

. P
 <

 0
.0

1.

Ta
bl

e 
1.

  C
ha

ra
ct

er
is

tic
s 

an
d 

M
ai

n 
O

ut
co

m
es

 o
f I

n 
Vi

tro
 S

tu
di

es
 In

cl
ud

ed
 - 

(c
on

tin
ue

d)



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com 275

Qodir et al J Clin Med Res. 2025;17(5):270-284

A
ut

ho
r 

(y
ea

rs
)

C
ou

nt
ry

In
te

rv
en

-
tio

n 
gr

ou
p

C
on

tr
ol

 g
ro

up
C

el
lu

la
r 

ty
pe

C
ar

ri
er

D
ur

at
io

n
O

ut
co

m
es

Zh
en

g 
et

 a
l, 

20
22

 [3
3]

C
hi

na
TQ

 +
 5

-F
U

5-
FU

 a
lo

ne
B

T-
54

9 
an

d 
M

D
A

-M
D

-2
31

 
br

ea
st

 c
an

-
ce

r c
el

ls

-
24

 a
nd

 4
8 

h
1)

 5
-F

U
 +

 T
Q

 si
gn

ifi
ca

nt
ly

 sh
ow

ed
 lo

w
er

 c
el

l v
i-

ab
ili

ty
, h

ig
he

r c
el

l i
nh

ib
iti

on
, a

nd
 in

cr
ea

se
d 

ap
o-

pt
os

is
 th

an
 5

-F
U

 o
r T

Q
 a

lo
ne

. P
 <

 0
.0

1.
2)

 5
-F

U
 +

 T
Q

 w
as

 m
or

e 
ef

fe
ct

iv
e 

in
 p

ro
lo

ng
in

g 
th

e 
S 

ph
as

e 
of

 th
e 

ce
ll 

cy
cl

e 
th

an
 o

th
er

 tr
ea

tm
en

ts
.

A
na

nd
an

 
et

 a
l, 

20
23

 
[3

4]

In
di

a
TQ

 +
 P

TX
PT

X
 a

lo
ne

, 
TQ

 a
lo

ne
M

C
F-

7 
br

ea
st

 
ca

nc
er

 c
el

ls
-

24
 h

1)
 T

Q
 +

 P
TX

 si
gn

ifi
ca

nt
ly

 sh
ow

ed
 lo

w
er

 c
el

l v
i-

ab
ili

ty
 th

an
 P

TX
 a

nd
 T

Q
 a

lo
ne

. P
 <

 0
.0

5.
2)

 T
Q

 lo
w

er
s t

he
 e

ffe
ct

iv
e 

co
nc

en
tra

tio
n 

of
 P

TX
.

B
aw

ad
ud

 
et

 a
l, 

20
23

 
[3

5]

Sa
ud

i 
A

ra
bi

a
N

E-
D

TX
 

+ 
TQ

, f
re

e 
D

TX
 +

 T
Q

Fr
ee

 D
TX

 a
lo

ne
, 

fr
ee

 T
Q

 a
lo

ne
, 

dr
ug

-f
re

e 
N

Es

H
um

an
 d

uc
ta

l 
ca

rc
in

om
a 

ce
lls

 T
47

D

N
Es

48
 h

1)
 N

E-
D

TX
 +

 T
Q

 h
ad

 a
 lo

w
er

 IC
50

 th
an

 fr
ee

 
D

TX
 a

lo
ne

 a
nd

 o
th

er
 tr

ea
tm

en
ts

.
2)

 F
re

e 
TQ

 +
 D

TX
 sh

ow
ed

 7
.9

 (a
nt

ag
on

is
tic

 e
ffe

ct
), 

w
hi

le
 N

E-
D

TX
 +

 T
Q

 sh
ow

ed
 0

.7
5 

(s
yn

er
gi

st
ic

 e
ffe

ct
).

3)
 N

E-
D

TX
 +

 T
Q

 si
gn

ifi
ca

nt
ly

 in
cr

ea
se

d 
ap

op
-

to
si

s (
P 

< 
0.

00
01

) a
nd

 re
du

ce
d 

C
D

44
+ /

C
D

24
-  (

P 
< 

0.
00

02
) c

om
pa

re
d 

to
 fr

ee
 D

TX
 a

lo
ne

.
4)

 N
E-

D
TX

 +
 T

Q
 h

ad
 th

e 
hi

gh
es

t r
at

e 
of

 a
ut

op
ha

gi
c 

va
cu

ol
e 

fo
rm

at
io

n 
co

m
pa

re
d 

to
 o

th
er

 tr
ea

tm
en

ts
. P

 <
 0

.0
00

1.
Lo

o 
et

 a
l, 

20
23

 [3
6]

M
al

ay
si

a
TQ

 +
 G

C
B

, 
in

 L
LC

N
s, 

fr
ee

 T
Q

 
+ 

G
C

B

Fr
ee

 T
Q

 a
lo

ne
, 

fr
ee

 G
C

B
 

al
on

e,
 d

ru
g-

fr
ee

 L
LC

N
s, 

un
tre

at
ed

 c
el

l

M
C

F1
0A

 n
on

-
m

al
ig

na
nt

 b
re

as
t 

ep
ith

el
ia

l a
nd

 
M

C
F-

7 
br

ea
st

 
ca

nc
er

 c
el

l

LL
C

N
s

24
, 4

8,
 

an
d 

72
 h

1)
 T

Q
 +

 G
C

B
 in

 L
LC

N
s h

ad
 a

 lo
w

er
 IC

50
 

co
m

pa
re

d 
to

 d
ru

g-
fr

ee
 L

LC
N

s.
2)

 F
re

e 
TQ

 +
 G

C
B

 a
nd

 T
Q

 +
 G

C
B

 in
 L

LC
N

s s
ig

-
ni

fic
an

tly
 sh

ow
ed

 th
e 

lo
w

es
t c

el
l v

ia
bi

lit
y 

co
m

-
pa

re
d 

to
 o

th
er

 tr
ea

tm
en

ts
. P

 <
 0

.0
5.

3)
 T

Q
 +

 G
C

B
 in

 L
LC

N
s s

ho
w

ed
 0

.8
7 

(s
yn

er
gi

s-
tic

 e
ffe

ct
), 

w
hi

le
 fr

ee
 T

Q
 +

 G
C

B
 sh

ow
ed

 0
.9

2 
to

 1
.4

0 
(a

dd
iti

ve
 to

 a
nt

ag
on

is
tic

 e
ffe

ct
).

M
ou

sa
vi

-
na

sa
b 

et
 a

l, 
20

23
 [3

7]

Ir
an

TQ
 +

 C
is

TQ
 a

lo
ne

, 
C

is
 a

lo
ne

M
C

F-
7 

br
ea

st
 

ca
nc

er
 c

el
l

-
24

, 4
8,

 
an

d 
72

 h
1)

 T
Q

 +
 C

is
 si

gn
ifi

ca
nt

ly
 sh

ow
ed

 lo
w

er
 c

el
l v

i-
ab

ili
ty

 c
om

pa
re

d 
to

 C
is

 a
lo

ne
. P

 <
 0

.0
5.

2)
 T

Q
 lo

w
er

s t
he

 e
ffe

ct
iv

e 
co

nc
en

tra
tio

n 
of

 C
is

.
3)

 T
Q

 +
 C

is
 si

gn
ifi

ca
nt

ly
 in

du
ce

d 
th

e 
hi

gh
es

t c
as

-
pa

se
-9

, c
as

pa
se

-3
, P

PA
R

, p
53

, B
ax

, a
nd

 th
e 

lo
w

es
t 

B
cl

-2
 c

om
pa

re
d 

to
 o

th
er

 tr
ea

tm
en

ts
. P

 <
 0

.0
00

01
.

AC
N

P:
 a

ra
go

ni
te

 c
al

ci
um

 c
ar

bo
na

te
 (C

aC
O

3)
 n

an
op

ar
tic

le
; B

ax
: B

cl
-2

-a
ss

oc
ia

te
d 

X 
pr

ot
ei

n;
 B

cl
-2

: B
-c

el
l l

ym
ph

om
a 

2;
 B

-N
E:

 b
or

ag
e 

na
no

em
ul

si
on

; C
is

: c
is

pl
at

in
; C

LN
C

s:
 c

hi
to

sa
n-

co
at

ed
 li

pi
d 

na
no

ca
ps

ul
e;

 C
yc

lo
: c

yc
lo

ph
os

ph
am

id
e;

 D
O

X:
 d

ox
or

ub
ic

in
; D

TX
: d

oc
et

ax
el

; G
C

B:
 g

em
ci

ta
bi

ne
; 5

-F
U

: 5
-fl

uo
ro

ur
ac

il;
 L

LC
N

s:
 ly

ot
ro

pi
c 

liq
ui

d 
cr

ys
ta

llin
e 

na
no

as
se

m
bl

ie
s;

 
LN

C
s:

 li
pi

d 
na

no
ca

ps
ul

es
; N

E:
 n

an
oe

m
ul

si
on

; p
-5

47
3-

Ak
t: 

ph
os

ph
or

yl
at

ed
 A

kt
; P

LG
A:

 p
ol

y 
la

ct
ic

-c
o-

gl
yc

ol
ic

 a
ci

d;
 P

PA
R

: p
er

ox
is

om
e 

pr
ol

ife
ra

to
r-a

ct
iv

at
ed

 r
ec

ep
to

r; 
PT

EN
: p

ho
s-

ph
at

as
e 

an
d 

TE
N

si
n 

ho
m

ol
og

; P
TX

: p
ac

lit
ax

el
; T

Q
: t

hy
m

oq
ui

no
ne

; U
LN

C
s:

 d
ru

g-
lo

ad
ed

 u
nc

oa
te

d 
lip

id
 n

an
oc

ap
su

le
.

Ta
bl

e 
1.

  C
ha

ra
ct

er
is

tic
s 

an
d 

M
ai

n 
O

ut
co

m
es

 o
f I

n 
Vi

tro
 S

tu
di

es
 In

cl
ud

ed
 - 

(c
on

tin
ue

d)



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com276

TQ-Chemotherapeutic Combinations for Breast Cancer J Clin Med Res. 2025;17(5):270-284

Ta
bl

e 
2.

  C
ha

ra
ct

er
is

tic
s 

an
d 

M
ai

n 
O

ut
co

m
es

 o
f I

n 
Vi

vo
 S

tu
di

es
 In

cl
ud

ed

A
ut

ho
r 

(y
ea

rs
)

C
ou

n-
tr

y
Sa

m
pl

e
R

ou
te

In
te

rv
en

tio
n/

do
se

C
on

tr
ol

 g
ro

up
A

ni
m

al
 (a

ge
)

W
ei

gh
t 

(g
)

D
ur

at
io

n
O

ut
co

m
es

Şa
ka

la
r 

et
 a

l, 
20

16
 

[2
9]

Tu
rk

ey
To

ta
l 2

0 
(c

on
tro

l 
= 

6,
 lo

w
 d

os
e 

TQ
 =

 6
, h

ig
h 

do
se

 T
Q

 =
 8

)

In
tra

pe
ri-

to
ne

al
 

in
je

ct
io

n

0.
64

 m
g/

kg
 T

Q
 +

 1
.2

5 
m

g/
kg

 P
TX

, 2
.4

 m
g/

kg
 

TQ
 +

 1
.2

5 
m

g/
kg

 P
TX

PT
X

 a
lo

ne
, 

D
M

SO
 a

nd
/

or
 5

0%
 e

th
an

ol
 

in
 d

dH
2O

Fe
m

al
e 

ba
lb

/c
 

m
ic

e 
(8

 - 
12

 
w

ee
ks

)

26
 - 

28
8 

da
ys

 
(lo

w
 d

os
e 

gr
ou

p)
, 

11
 d

ay
s 

(h
ig

h 
do

se
 

gr
ou

p)

1)
 T

Q
 si

gn
ifi

ca
nt

ly
 

de
cr

ea
se

d 
tu

m
or

 g
ro

w
th

 
(w

ei
gh

t) 
in

 P
TX

 +
 T

Q
 

co
m

pa
re

d 
to

 P
TX

 a
lo

ne
. P

 
< 

0.
00

7 
in

 lo
w

er
 d

os
e 

an
d 

P 
< 

0.
00

1 
in

 h
ig

he
r d

os
e.

El
-A

sh
-

m
aw

y 
et

 
al

, 2
01

7 
[3

8]

Eg
yp

t
Te

n/
gr

ou
p 

(n
or

m
al

 c
on

tro
l, 

tu
m

or
 c

on
tro

l, 
F2

 
ge

l, 
fr

ee
 D

O
X

, 
D

O
X

 +
 F

2 
ge

l, 
fr

ee
 T

Q
, T

Q
 +

 
F2

 g
el

, a
nd

 D
O

X
 

+ 
TQ

 +
 F

2 
ge

l)

Su
bc

ut
an

e-
ou

s i
nj

ec
tio

n
D

O
X

 +
 F

2 
ge

l (
20

0 
µL

 
w

ith
 1

00
 µ

g 
of

 D
O

X
), 

TQ
 

+ 
F2

 g
el

 (2
00

 µ
L 

w
ith

 3
 

m
g 

of
 T

Q
), 

an
d 

D
O

X
 +

 
TQ

 +
 F

2 
ge

l (
30

0 
µL

 w
ith

 
10

0 
µg

 o
f D

O
X

 a
nd

 3
 m

g 
of

 T
Q

), 
fr

ee
 D

O
X

 (5
 m

g/
kg

), 
fr

ee
 T

Q
 (3

 m
g/

m
ou

se
)

N
or

m
al

 c
on

tro
l, 

tu
m

or
 c

on
tro

l, 
F2

 g
el

 (1
00

 
µL

/m
ou

se
)

Fe
m

al
e 

al
bi

no
 m

ic
e 

(6
 - 

8 
w

ee
ks

)

18
 - 

22
28

 d
ay

s
1)

 T
Q

 si
gn

ifi
ca

nt
ly

 
de

cr
ea

se
d 

tu
m

or
 g

ro
w

th
 

(v
ol

um
e)

 a
nd

 in
cr

ea
se

d 
in

-
hi

bi
tio

n 
ra

te
 in

 D
O

X
 +

 T
Q

 
an

d 
TQ

 a
lo

ne
 c

om
pa

re
d 

to
 D

O
X

 a
lo

ne
. P

 <
 0

.0
5.

2)
 D

O
X

 +
 T

Q
 +

 F
2 

ge
l 

de
cr

ea
se

d 
B

cl
-2

 a
nd

 P
53

 
ex

pr
es

si
on

 c
om

pa
re

d 
to

 
ot

he
r t

re
at

m
en

ts
. P

 <
 0

.0
5.

3)
 T

Q
 re

du
ce

s t
he

 si
de

 
ef

fe
ct

s o
f D

O
X

 o
n 

th
e 

he
ar

t a
s e

vi
de

nc
ed

 b
y 

de
cr

ea
se

d 
ca

rd
ia

c 
m

ar
k-

er
s w

he
n 

co
m

bi
ne

d 
w

ith
 D

O
X

. P
 <

 0
.0

5.
G

om
aa

 
et

 a
l, 

20
18

 
[3

9]

Eg
yp

t
Fi

ve
/g

ro
up

 (P
B

, 
go

ld
 n

an
op

ar
tic

le
s 

(A
uN

Ps
), 

A
uN

Ps
/

TQ
 c

on
ju

ga
te

, 
A

uN
Ps

/T
Q

 +
 

C
is

pl
at

in
 1

0,
 a

nd
 

A
uN

Ps
/T

Q
 +

 
C

is
pl

at
in

 4
0)

In
tra

pe
ri-

to
ne

al
 

in
je

ct
io

n

A
uN

Ps
 (2

1.
4 

µg
/m

ou
se

) 
(A

uN
Ps

 g
ro

up
), 

A
uN

Ps
/

TQ
 c

on
ju

ga
te

 (1
 m

g/
m

ou
se

) 
(A

uN
Ps

/T
Q

 g
ro

up
), 

A
uN

Ps
/

TQ
 (1

 m
g/

m
ou

se
) p

lu
s 

ci
sp

la
tin

 (1
0 

µg
/m

ou
se

) 
(A

uN
Ps

/T
Q

 +
 C

is
10

 g
ro

up
) 

or
 A

uN
Ps

/T
Q

 (1
 m

g/
m

ou
se

) 
pl

us
 c

is
pl

at
in

 (4
0 

µg
/m

ou
se

) 
(A

uN
Ps

/T
Q

 +
 C

is
40

 g
ro

up
)

PB
S

Fe
m

al
e 

Sw
is

s 
al

bi
no

 m
ic

e 
(6

 - 
8 

w
ee

ks
)

25
 ±

 2
6 

da
ys

1)
 T

Q
 si

gn
ifi

ca
nt

ly
 

de
cr

ea
se

d 
tu

m
or

 g
ro

w
th

 
(w

ei
gh

t) 
an

d 
in

cr
ea

se
d 

C
D

4+ , 
C

D
8+ , 

gr
an

ul
o-

cy
tic

, a
nd

 m
on

oc
yt

ic
 c

el
l 

po
pu

la
tio

ns
 in

 A
uN

Ps
/

TQ
 +

 C
is

 c
om

pa
re

d 
to

 
un

tre
at

ed
 c

el
ls

. P
 <

 0
.0

5.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com 277

Qodir et al J Clin Med Res. 2025;17(5):270-284

A
ut

ho
r 

(y
ea

rs
)

C
ou

n-
tr

y
Sa

m
pl

e
R

ou
te

In
te

rv
en

tio
n/

do
se

C
on

tr
ol

 g
ro

up
A

ni
m

al
 (a

ge
)

W
ei

gh
t 

(g
)

D
ur

at
io

n
O

ut
co

m
es

M
os

al
am

 
et

 a
l, 

20
20

 
[4

1]

Eg
yp

t
Te

n/
gr

ou
p 

(E
C

is
, 

EC
is

 +
 E

TQ
, E

C
is

 
+ 

ET
Q

 +
 E

PT
X

, 
LC

is
, L

C
is

 +
 

LT
Q

, a
nd

 L
C

is
 

+ 
LT

Q
 +

 L
PT

X
, 

tu
m

or
 c

on
tro

l)

C
is

 a
nd

 T
Q

 
w

as
 g

iv
en

 
in

tra
pe

rit
o-

ne
al

 in
je

c-
tio

n,
 P

TX
 

w
as

 g
iv

en
 

su
bc

ut
an

e-
ou

s i
nj

ec
tio

n

7.
5 

m
g/

kg
 C

is
 (o

n 
12

th
 

an
d 

18
th

 d
ay

s f
or

 e
ar

ly
 

gr
ou

ps
, w

hi
le

 o
n 

19
th

 a
nd

 
25

th
 d

ay
s f

or
 la

te
 g

ro
up

s)
, 

20
 m

g/
kg

 T
Q

, 1
5 

m
g/

kg
 

PT
X

 (T
Q

 a
nd

 P
TX

 in
-

je
ct

ed
 d

ai
ly

 fo
r 1

0 
da

ys
)

EC
is

 a
lo

ne
, L

C
is

 
al

on
e,

 tu
m

or
 

co
nt

ro
l P

EG
 2

00
 

µL
/m

ou
se

/d
ay

Fe
m

al
e 

al
bi

no
 m

ic
e 

(6
 - 

8 
w

ee
ks

)

20
 - 

22
28

 d
ay

s
1)

 T
Q

 si
gn

ifi
ca

nt
ly

 
de

cr
ea

se
d 

tu
m

or
 g

ro
w

th
 

(w
ei

gh
t),

 in
cr

ea
se

d 
in

hi
bi

-
tio

n 
ra

te
, C

D
4+ , 

C
D

8+ , 
an

d 
ap

op
to

si
s r

at
e 

in
 E

C
is

 +
 

ET
Q

 +
 E

PT
X

 a
nd

 L
C

is
 +

 
LT

Q
 +

 L
PT

X
 c

om
pa

re
d 

to
 E

C
is

 o
r L

C
is

 a
lo

ne
 a

nd
 

un
tre

at
ed

 c
el

ls
. P

 <
 0

.0
5.

Za
fa

r e
t 

al
, 2

02
0 

[3
0]

In
di

a
Te

n/
gr

ou
p 

(c
on

tro
l a

nd
 

TQ
 g

ro
up

s)

D
ire

ct
 

co
nt

ac
t

3.
3 

µM
 D

TX
 +

 6
.6

 µ
M

 
TQ

 in
 C

LN
C

s c
ar

rie
r

D
TX

 a
lo

ne
, 

TQ
 a

lo
ne

, N
S

C
hi

ck
 E

m
br

yo
 

C
ho

rio
al

la
n-

to
ic

 M
em

br
an

 
(C

A
M

) (
9 

da
ys

)

-
1 

an
d 

2 
da

ys
1)

 T
Q

 in
cr

ea
se

d 
va

sc
ul

ar
 

in
hi

bi
tio

n 
(a

nt
ia

ng
io

ge
ni

c 
ef

fe
ct

) i
n 

TQ
 +

 D
TX

-
C

LN
C

s c
om

pa
re

d 
to

 D
TX

 
al

on
e 

an
d 

un
tre

at
ed

 c
el

ls
.

Za
fa

r e
t 

al
, 2

02
0 

[3
1]

In
di

a
To

ta
l 9

 (N
S 

= 
3,

 2
 

D
TX

 =
 3

, D
TX

 +
 

TQ
 c

o-
en

ca
ps

ul
at

-
ed

 li
pi

d 
na

no
-

ca
ps

ul
es

 (D
xT

q-
LN

C
s)

 =
 3

)

In
tra

ve
no

us
 

ta
il 

ve
in

 
in

je
ct

io
n

D
TX

 +
 T

Q
 - 

LN
C

s 
(e

qu
iv

al
en

t t
o 

0.
3 

m
g 

D
TX

 
an

d 
0.

6 
m

g 
TQ

) c
on

ta
in

-
in

g 
2 

m
g/

kg
 D

TX

D
TX

 a
lo

ne
, N

S
Fe

m
al

e 
ba

lb
/c

 m
ic

e
20

 - 
25

14
 d

ay
s

1)
 T

Q
 si

gn
ifi

ca
nt

ly
 

in
cr

ea
se

d 
in

hi
bi

tio
n 

ra
te

 (v
ol

um
e)

 in
 D

TX
 +

 
TQ

 - 
LN

C
s c

om
pa

re
d 

to
 

D
TX

 a
lo

ne
. P

 <
 0

.0
5.

2)
 T

Q
 si

gn
ifi

ca
nt

ly
 

re
du

ce
s l

iv
er

, k
id

ne
y,

 a
nd

 
bl

oo
d 

to
xi

ci
ty

 o
f D

TX
 

as
 in

di
ca

te
d 

by
 e

le
va

te
d 

SO
D

 a
nd

 G
SH

 le
ve

ls
, 

re
du

ce
d 

M
D

A
, A

ST
, a

nd
 

A
LT

, a
lo

ng
 w

ith
 d

ec
re

as
ed

 
B

U
N

 a
nd

 c
re

at
in

in
e,

 
an

d 
in

cr
ea

se
d 

W
B

C
 a

nd
 

R
B

C
 c

ou
nt

s i
n 

D
TX

 +
 

TQ
 - 

LN
C

s. 
P 

< 
0.

05
.

AL
T:

 a
la

ni
ne

 tr
an

sa
m

in
as

e;
 A

ST
: a

sp
ar

ta
te

 tr
an

sa
m

in
as

e;
 B

U
N

: b
lo

od
 u

re
a 

ni
tro

ge
n;

 C
K-

M
B:

 c
re

at
in

e 
ki

na
se

-M
B;

 C
LN

C
s:

 c
hi

to
sa

n-
co

at
ed

 li
pi

d 
na

no
ca

ps
ul

e;
 D

O
X:

 d
ox

or
ub

ic
in

; D
TX

: 
do

ce
ta

xe
l; 

EC
is

: e
ar

ly
 c

is
pl

at
in

; G
C

B:
 g

em
ci

ta
bi

ne
; G

SH
: g

lu
ta

th
io

ne
; L

C
is

: l
at

e 
ci

sp
la

tin
; L

D
H

: l
ac

ta
te

 d
eh

yd
ro

ge
na

se
; M

D
A:

 m
al

on
di

al
de

hy
de

; N
S:

 n
or

m
al

 s
al

in
e;

 P
BS

: p
ho

sp
ha

te
 

bu
ffe

r s
al

in
e;

 P
TX

: p
ac

lit
ax

el
; R

BC
: r

ed
 b

lo
od

 c
el

l; 
SO

D
: s

up
er

ox
id

e 
di

sm
ut

as
e;

 T
Q

: t
hy

m
oq

ui
no

ne
; W

BC
: w

hi
te

 b
lo

od
 c

el
l.

Ta
bl

e 
2.

  C
ha

ra
ct

er
is

tic
s 

an
d 

M
ai

n 
O

ut
co

m
es

 o
f I

n 
Vi

vo
 S

tu
di

es
 In

cl
ud

ed
 - 

(c
on

tin
ue

d)



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com278

TQ-Chemotherapeutic Combinations for Breast Cancer J Clin Med Res. 2025;17(5):270-284

The certainty of evidence was analyzed using GRADE crite-
ria with the GRADEpro GDT tool, focusing on five aspects: 
risk of bias, inconsistency, indirectness, imprecision, and other 
considerations presented descriptively [26, 27]. Four results 
were rated high certainty [29, 38, 39, 41], while two were rat-
ed moderate certainty [30, 31]. Further details are available in 
Supplementary Material 4 (jocmr.elmerjournals.com).

Overall outcomes of the studies

The in vitro studies summarized in Table 1 reveal important 
interactions between TQ and conventional chemotherapeutic 
agents. Eleven studies on cell viability demonstrated that TQ 
combined with chemotherapeutics consistently resulted in the 
lowest cell viability [28-31, 33, 34, 36, 37, 42-44]. Among 
10 studies assessing half-maximal inhibitory concentration 
(IC50), six indicated that TQ effectively reduced the required 
concentration of chemotherapeutics, enhancing their antican-
cer efficacy [28, 31, 34, 37, 40, 45]. However, four studies 
found no significant enhancement in potency, although the 
TQ-chemotherapy combinations still yielded the lowest IC50 
values [35, 36, 46, 47]. One study noted that TQ could over-
come resistance in paclitaxel (PTX)-resistant cancer cell lines 
[47]. Furthermore, nine studies evaluated the combination in-
dex (CI), with five showing a synergistic effect between TQ 
and chemotherapeutics [28, 31, 40, 45, 46], particularly when 
TQ was in carrier form [35, 36, 43]. In contrast, one study ob-
served an antagonistic effect in its free-drug form [47].

In a review of nine studies on apoptosis rates, eight showed 
that TQ combined with chemotherapeutic agents significantly 
increased apoptosis compared to either treatment alone or un-
treated cells [32, 33, 35, 40, 42, 43, 46, 47]. At the same time, 
one study noted that TQ alone also heightened apoptosis [29]. 
The TQ-chemotherapeutic combination further enhanced DNA 
fragmentation compared to chemotherapeutics alone [48] and 
showed notable improvements in wound healing and cell inva-
sion [43]. Among four studies on autophagy, three indicated 
that chemotherapeutics enhanced autophagy when combined 
with TQ [35, 46, 47]. In contrast, one study reported that TQ 
significantly increased autophagy compared to chemotherapy 
alone and untreated cells [40].

Six studies analyzing the cell cycle found that TQ com-
bined with conventional chemotherapeutic agents significantly 
increased cell death across several phases, including pre-G, 
sub-G0, S, sub-G1, and G1 [33, 40, 43, 44, 47, 48]. Addition-
ally, four studies on tumor stem cells and breast cancer stem 
cells (BCSCs) showed that TQ significantly decreased CD44+/
CD24- when combined with chemotherapeutics compared to 
either treatment alone [35, 40, 47, 48].

Five studies on gene expression demonstrated that TQ 
significantly regulates genes in breast cancer treatment when 
combined with chemotherapeutic agents. TQ upregulated ap-
optosis-related genes, cytokines, p53 signaling pathway [29, 
37], and tumor suppressor genes such as p21 and BRCA [29]. 
It inhibited phosphorylated Akt (p-5473-Akt), increased phos-
phatase and TENsin homolog (PTEN) expression [44], and 
decreased SNAIL-1, TWIST-1, and cyclin D1 levels [44, 48]. 
Additionally, TQ enhanced the B-cell lymphoma 2 (Bcl-2)-as-

sociated X protein (Bax)/Bcl-2 ratio [32, 37] and boosted the 
activities of caspases 3, 7, 9, 12, and peroxisome proliferator-
activated receptor (PPAR) [29, 32, 37].

The in vivo studies summarized in Table 2 indicate that 
TQ significantly enhances the efficacy of conventional chemo-
therapeutic agents. Five studies found that the combination of 
TQ and chemotherapy notably inhibited tumor growth com-
pared to other treatments [29, 31, 38, 39, 41]. Two studies 
revealed TQ’s crucial role in regulating breast cancer-related 
genes by reducing Bcl-2 levels, increasing P53 levels, and 
enhancing IL-2 expression while suppressing Notch 1 and 
vascular endothelial growth factor (VEGF) [38, 41]. Safety 
analyses showed that TQ mitigated chemotherapy-related side 
effects, reducing heart toxicity [38] and increasing splenocyte 
counts [39]. One study noted liver and kidney minimal toxic-
ity with TQ-lipid nanocapsules (LNCs) compared to docetaxel 
(DTX) [31]. Additionally, the TQ-chemotherapy combination 
increased CD4+ T cells compared to chemotherapy alone and 
showed varying effects on CD8+ T cells [39, 41]. The combi-
nation also enhanced the presence of granulocytic and mono-
cytic cells [39], and improved apoptosis rates [41] and antian-
giogenic effects compared to either treatment alone [30].

Discussion

Breast cancer has overtaken lung cancer as the most frequently 
diagnosed cancer and is the fifth leading cause of cancer-related 
deaths globally [2]. To date, research into effective therapies to 
reduce mortality from this disease continues to grow and remains 
a significant concern. One of the challenges in its management is 
that each chemotherapy drug has its limitations and potential side 
effects. This systematic review analyzed the recent effects of TQ-
chemotherapeutic combinations in breast cancer treatment. The 
findings from the conducted identification and analysis reveal 
that combining TQ with chemotherapeutic agents consistently 
led to the lowest levels of cell viability. In addition, this study 
found that most studies showed that TQ effectively reduced the 
concentration of chemotherapy required and showed a synergis-
tic effect between TQ and chemotherapy agents.

Multiple studies across various cancer cell lines have 
documented a synergistic effect of TQ, indicating its poten-
tial to enhance the efficacy of conventional chemotherapy [49, 
50]. For instance, the TQ-cisplatin combination significantly 
increased cytotoxicity against oral squamous cell carcinoma, 
helping to address cisplatin’s limitations, such as drug re-
sistance and toxicity [51]. Mahmood and Hamaamin (2022) 
highlighted TQ’s ability to induce apoptosis and inhibit cell 
proliferation, supporting its combined use with other chemo-
therapeutic agents [52]. Additionally, research by Celebioglu 
et al (2022) demonstrated that combining TQ with etoposide 
reduced cell viability and exhibited a potentially synergistic 
effect, improving therapeutic outcomes [53].

However, some studies indicate that TQ may not enhance 
the potency of chemotherapeutic agents and can even exhibit 
antagonistic effects in breast cancer cell lines. For instance, 
Bashmail et al (2020) found that TQ increased PTX’s anti-
breast cancer activity despite mathematical antagonism, poten-

https://jocmr.elmerjournals.com
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tially due to its reduction of BCSCs (CD44+/CD24-), associ-
ated with drug resistance. TQ increased apoptotic and necrotic 
cell death in T47D cells with PTX and induce autophagy in 
MCF-7 cells [47]. Moreover, Motaghed et al (2014) reported 
that TQ’s combination with certain chemotherapies could di-
minish efficacy, especially in estrogen receptor-positive breast 
cancer, likely by downregulating the epidermal growth factor 
receptor (EGFR) pathway [54]. These findings underscore the 
complexity of integrating natural compounds like TQ with 
conventional chemotherapy in breast cancer treatment.

This review emphasizes that TQ synergizes with chemo-
therapeutic agents to enhance therapeutic outcomes by improv-
ing DNA fragmentation, inducing autophagy, inhibiting tumor 
growth, and promoting apoptosis. TQ supports apoptotic body 
formation and increases histone H2A.X phosphorylation, an 
early indicator of DNA damage [55, 56]. It can induce necrosis 
by activating reactive oxygen species (ROS) and modulating 
key signaling pathways like p38 MAPK, which are vital in me-
diating cell death responses [57-59]. In breast cancer models, 
TQ depletes tumor-associated stem cells through autophagy, 
sensitizing them to apoptosis and improving treatment efficacy 
[46, 60]. Furthermore, TQ downregulates anti-apoptotic pro-
teins like Bcl-2, promotes apoptosis across various cancer cell 
lines, and affects their migratory and invasive abilities, under-
scoring its therapeutic potential [46, 60-62].

This study demonstrated that TQ combined with chemo-
therapeutics significantly enhanced the inhibitory effects on 
wound healing and cell invasion in in vitro models. Consistent 
with previous research, TQ effectively inhibits breast cancer 
cell migration and invasion by downregulating epithelial-to-
mesenchymal transition (EMT) markers such as Twist1 and 
Zeb1 while upregulating E-cadherin, which is essential for 
maintaining epithelial integrity [63, 64]. TQ also inhibits EMT 
in prostate cancer by negatively regulating the transforming 
growth factor-beta (TGF-β)/Smad2/3 signaling pathway [65] 
and reduces renal cancer cell migration and invasion by down-
regulating matrix metalloproteinase-2 (MMP-2) and uroki-
nase-type plasminogen activator (u-PA) [66]. Additionally, 
TQ increased antiangiogenic effects by inhibiting key signal-
ing pathways, such as VEGF, reducing pro-inflammatory cy-
tokines, and directly affecting endothelial cells [67, 68].

Current evidence indicates that TQ effectively inhibits 
tumor cells during various phases of development. The cell 
cycle’s progression through the G1, S, G2, and M phases is 
regulated by cyclin-dependent kinases (CDKs) and cyclins 
[69, 70]. Recent studies show that TQ induces cell cycle ar-
rest in breast cancer cell lines, particularly in triple-negative 
breast cancer, affecting G0/G1, G1/S, or G2/M phases depend-
ing on the cell type [16, 71]. Our findings support previous 
research that TQ induces G2/M arrest in doxorubicin-resistant 
breast cancer and spindle carcinoma cells, which is linked to 
decreased levels of cyclin B1 and cell division cycle 25/Cdc25 
phosphatase, along with increased p53 expression [72].

Our review highlights that the combination of TQ with 
chemotherapeutic agents significantly decreases the population 
of CD44+/CD24- BCSCs, a phenotype linked to chemoresistance 
and poor prognosis. This reduction is vital since CD44+/CD24- 
cells contribute to tumor initiation and recurrence due to their 
stem-like properties [73]. By targeting this population, TQ may 

help overcome the challenges posed by cancer stem cells, po-
tentially leading to improved patient prognostic outcomes [74].

This study found that TQ can overcome resistance in PTX-
resistant cancer cell lines, addressing a significant challenge in 
breast cancer treatment. TQ sensitizes resistant cells by modu-
lating key signaling pathways related to cell survival and apo-
ptosis. For instance, Khan et al (2023) reported that TQ inhib-
its the Akt signaling pathway, promoting pro-apoptotic protein 
expression while downregulating anti-apoptotic proteins like 
Bcl-2 and X-linked inhibitor of apoptosis protein (XIAP) [75]. 
Additionally, Woo et al (2013) emphasized TQ’s role in induc-
ing ROS production, which contributes to cancer cell apoptosis, 
suggesting a mechanism to counteract resistance [55]. Further-
more, Abdelfadil et al (2013) demonstrated that TQ induces ap-
optosis in various cancer cell lines via the p38 mitogen-activated 
protein kinase (MAPK) pathway [76]. Collectively, these find-
ings indicate that TQ enhances the efficacy of existing chemo-
therapeutics and offers a promising strategy to overcome drug 
resistance, potentially improving patient outcomes.

The in vivo results of this study indicate that TQ plays a 
vital role in regulating breast cancer-related genes by reducing 
Bcl-2 levels, increasing P53 levels, and suppressing genes like 
Notch1 and VEGF while enhancing interleukin 2 (IL-2) ex-
pression. Consistent with in vitro findings, TQ influences gene 
expression and cell behavior in breast cancer by inducing apo-
ptosis and modulating the p53 signaling pathway and tumor 
suppressor genes like p21 and BRCA. TQ inhibits p-5473-Akt 
and increases PTEN expression while decreasing SNAIL-1 
and TWIST-1 levels, thereby enhancing the Bax/Bcl-2 ratio 
and increasing caspase-3 activity. By downregulating Bcl-2, 
TQ promotes apoptosis and restores normal apoptotic path-
ways disrupted in cancer [77, 78], while its upregulation of 
P53 further supports tumor suppression [60, 79]. Additionally, 
the suppression of Notch1 and VEGF expression highlights 
TQ’s ability to inhibit tumor growth and angiogenesis [52], 
and the enhancement of IL-2 suggests a potential boost in im-
mune responses against tumors [43]. Collectively, these find-
ings underscore TQ’s potential as a therapeutic agent in breast 
cancer treatment by modulating key regulatory pathways in-
volved in tumor survival and progression.

This study found that the combination of TQ and conven-
tional chemotherapy enhances anti-breast cancer effects by 
increasing helper T cells and myeloid cells. The elevation of 
CD4+ and CD8+ T cells indicates a strong adaptive immune 
response vital for effectively targeting and eliminating tu-
mor cells [80, 81]. TQ likely contributes to this immune en-
hancement by promoting T-cell activation and proliferation, 
strengthening the body’s defenses against breast cancer [82]. 
Additionally, the increase in myeloid cells suggests that TQ 
facilitates the recruitment of these immune cells to the tumor 
site, amplifying the anti-tumor response [83, 84]. Granulocytic 
and monocytic cells are crucial for inflammation and immune 
surveillance, supporting tumor suppression [85]. These find-
ings highlight TQ’s potential as an immunomodulatory agent 
that targets cancer cells directly and boosts the immune sys-
tem, presenting a promising strategy for combination therapies 
that integrate cytotoxic effects and immune activation [86].

The combination therapy of TQ and conventional chemo-
therapy for breast cancer has shown potential safety benefits 
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and reduced side effects in various studies. This review in-
dicates that TQ mitigates chemotherapy-related toxicities by 
lowering cardiac injury markers like lactate dehydrogenase 
(LDH) and creatine kinase-MB (CK-MB), which are the in-
dicators of heart toxicity. This cardioprotective effect is cru-
cial, given the frequent cardiotoxicity associated with specific 
chemotherapeutic agents, especially anthracyclines [87]. Ad-
ditionally, TQ may help protect immune cells during treat-
ment, although specific evidence regarding splenocyte counts 
is limited. TQ also exhibits minimal toxicity to the liver and 
kidneys, evidenced by normal liver enzyme, blood urea nitro-
gen (BUN), and creatinine levels, highlighting its potential as 
a safe adjunct therapy. These findings underscore TQ’s role in 
enhancing chemotherapy efficacy while improving safety pro-
files, making it a promising candidate for combination thera-
pies that minimize adverse effects and maximize therapeutic 
benefits (Table 3) [28, 29, 31, 34-41, 43, 45-47, 54, 88].

This systematic review has certain limitations, as it in-
cludes only in vivo and in vitro (preclinical) studies, which 
highlights the need for clinical studies. Additionally, the data 
encompass a wide range of variables, complicating the ability 
to perform a thorough meta-analysis for all variables. Further-
more, more than 50% of the in vivo studies exhibit a high risk 
of bias related to blinding and random assessments. However, 
despite these limitations, this systematic review has signifi-
cantly contributed to the provision of preclinical evidence re-
garding the efficacy of TQ in treating breast cancer.

Over the next 5 years, we anticipate progression to phase 
I/II clinical trials, particularly targeting triple-negative breast 
cancer subtypes, where therapeutic options remain inade-
quate. Advancements in pharmaceutical technology may ad-
dress TQ’s hydrophobicity and stability limitations through 
sophisticated liposomal or polymer-based delivery systems. 
TQ may set a precedent for integrating traditional medicinal 
compounds into contemporary oncology protocols. However, 
critical questions regarding optimal dosing regimens, specific 
chemotherapeutic combinations, and patient stratification cri-
teria must be resolved through rigorously designed clinical tri-
als with comprehensive safety and efficacy endpoints.

Conclusions

The systematic review suggests that based on in vitro and in 
vivo studies, the TQ exhibits significant anti-cancer properties, 
particularly in breast cancer treatment. TQ effectively induces 

apoptosis, enhances autophagy, inhibits tumor growth, and reg-
ulates cancer cell signaling pathways as well as multiple phases 
of the cell cycle. Combined with chemotherapeutic agents, TQ 
enhances efficacy, reduces required drug dosages, and mitigates 
side effects such as healthy cell toxicity. Furthermore, advanced 
delivery systems such as nanoparticles and lipid carriers amplify 
these effects, ensuring targeted action and improved therapeutic 
outcomes. Despite its promising role in improving breast cancer 
treatment outcomes and reducing chemotherapy toxicity, fur-
ther clinical trials are needed to validate its safety, efficacy, and 
mechanisms in human applications.
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Table 3.  Summary of Beneficial and Adverse Effects of TQ-Chemotherapy Combination in Clinical Practice

Benefit Adverse effect
TQ itself has a direct anticancer effect and in-
creases the immune response [29, 39-41].

Potential drug interactions and toxicities depend on the concentra-
tion of TQ, drug carrier, and combination chosen [35, 36, 47, 54].

Enhance the efficacy of various chemothera-
peutic agents [28, 31, 34, 37, 40, 45].

Possible variability in patient response [88].

Reducing chemotherapy-induced toxicity [31, 38, 39].
Improve cost-effective adjunct chemotherapy by reducing the required 
doses of conventional treatments [28, 31, 34-37, 40, 43, 45, 46].
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