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[Abstract] Objective: Colorectal cancer (CRC), a prevalent malignancy worldwide, has prompted extensive research 
into anticancer drugs. Traditional Chinese medicinal materials offer promising avenues for cancer management due 
to their diverse pharmacological activities. This study investigated the effects of Notopterygium incisum, a traditional 
Chinese medicine named Qianghuo (QH), on CRC cells and the underlying mechanism. Methods: The sulforhodamine 
B assay and colony formation assay were employed to assess the effect of QH extract on the proliferation of CRC 
cell lines HCT116 and Caco-2. Propidium iodide (PI) staining was utilized to detect cell cycle progression, and 
PE Annexin V staining to detect apoptosis. Western blotting was conducted to examine the levels of apoptotic 
proteins, including B-cell lymphoma 2-interacting mediator of cell death (BIM), B-cell lymphoma 2 (Bcl-2), Bcl-2-
associated X protein (BAX) and cleaved caspase-3, as well as BIM stability after treatment with the protein synthesis 
inhibitor cycloheximide. The expression of BAX was suppressed using lentivirus-mediated shRNA to validate the 
involvement of the BIM/BAX axis in QH-induced apoptosis. The in vivo effects of QH extract on tumor growth were 
observed using a xenograft model. Lastly, APCMin+ mice were used to study the effects of QH extract on primary 
intestinal tumors. Results: QH extract exhibited significant in vitro anti-CRC activities evidenced by the inhibition 
of cell proliferation, perturbation of cell cycle progression, and induction of apoptosis. Mechanistically, QH extract 
significantly increased the stability of BIM proteins, which undergo rapid degradation under unstressed conditions. 
Knockdown of BAX, the downstream effector of BIM, significantly rescued QH-induced apoptosis. Furthermore, the 
in vitro effect of QH extract was recapitulated in vivo. QH extract significantly inhibited the tumor growth of HCT116 
xenografts in nude mice and decreased the number of intestinal polyps in the APCMin+ mice. Conclusion: QH extract 
promotes the apoptosis of CRC cells by preventing the degradation of BIM.
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Colorectal cancer (CRC) is characterized by the 
malignant growth of cells in colon tissues. As the third most 
prevalent cancer worldwide, CRC carries a significant 
mortality burden[1]. Current clinical treatments for CRC 
include targeted drugs, surgery, and chemotherapy. 
However, the efficacy of these treatments is far from 
satisfactory, with low cure rates and a propensity for 
relapse noted. Additionally, some anti-CRC drugs cause 
severe toxicity, debilitate patients and reduce their quality 
of life. Consequently, effective drugs against CRC have 
always been desirable.

Traditional Chinese medicinal materials have 
received considerable attention in the field of anticancer 
research. The genus Notopterygium incisum is a 
perennial herb belonging to Umbelliferae, Apioideae, 
and Smyrnieae, and it is endemic to China. Within this 
genus, 5 plant species exist: Notopterygium franchetii H. 
de Bioss, Notopterygium incisum Ting ex H.T. Chang, 

Notopterygium pinnatiinvolucellatum Pu et Y.P. Wang, 
Notopterygium forrestii H. Wolff and Notopterygium 
tenuifolium Sheh et Pu. The Chinese medicinal herb 
Qianghuo (QH) refers to the dried rhizomes and roots 
of Notopterygium or broad-leaved Notopterygium. 
The main chemical constituents isolated from QH are 
volatile oils, coumarins, alkaloids, etc[2]. Pharmacological 
investigations have revealed that QH possesses anti-
inflammatory, antibacterial, antioxidant, antiviral, and 
anticancer effects and has antipyretic and analgesic 
effects[3]. Furthermore, QH has significant effects on the 
cardiovascular and cerebrovascular systems, digestive 
system, respiratory system, and central nervous system[4]. 
However, limited research has explored the potential of 
QH in anticancer therapy, and no attempts have been made 
to use QH to treat CRC. 

B-cell lymphoma 2-interacting mediator of cell 
death (BIM) was reported to play a pivotal role as a 
potent proapoptotic protein within the B-cell lymphoma 
2 protein family[5]. BIM exhibits distinct properties that 
distinguish it from other BH3-only proteins. Notably, 
alternative splicing produces multiple BIM isoforms, 
each possessing varying intrinsic pro-apoptotic activities 
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and regulatory mechanisms[5–7]. Under stress conditions, 
c-Jun N-terminal kinases phosphorylate BIM Long (BIM 
L) and BIM Extra Long (BIM EL) isoforms, promoting 
apoptosis[8, 9]. However, under unstressed conditions, BIM 
undergoes phosphorylation and ubiquitination-mediated 
degradation. Oncogenes use these degradation pathways 
to inhibit or neutralize BIM, thereby promoting tumor cell 
survival. Therefore, BIM inhibition has been suggested 
to be an important target in the tumorigenesis of CRC[10]. 
In this study, we investigated the antitumor activities of 
QH in CRC and explored its impact on the proapoptotic 
protein BIM.

1 MATERIALS AND METHODS

1.1 QH Extracts
The QH extracts were obtained from the China 

National Institutes for Food and Drug Control (610006). 
Their quality was detected by high-performance 
liquid chromatography (HPLC) with reference to the 
characteristic map of QH chinensis in the 2015 edition of 
the Chinese Pharmacopoeia.
1.2 Cell Culture

The human CRC cell lines HCT116 and Caco-2 
were purchased from the American Type Culture Centre 
(ATCC). HCT116 cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM), and Caco-2 cells in 
minimal essential medium (MEM) supplemented with 
10% fetal bovine serum and 1% penicillin-streptomycin-
glutamine at 37°C in 5% CO2. All media, serum, and 
antibiotics were purchased from Gibco (Thermo Fisher 
Scientific, USA).
1.3 Cell Viability Assay

The sulforhodamine B (SRB) assay was used to 
assess cell viability as previously described[11]. HCT116 
cells and Caco-2 cells were seeded into 96-well plates 
(5000 cells/well), incubated overnight, and subsequently 
treated with QH at 0, 5, 10, 20, 40, 80 μg/mL for 48 h 
(dose-response), or at 40 μg/mL for 3, 6, 12, 24, 48 h 
(time course). After indicated treatment time, 50 μL of 
50% trichloroacetic acid was added to the cells, which 
were subsequently washed with tap water and stained with 
100 μL of 0.04% (w/v) SRB. The cells were washed 4 
times with 1% acetic acid and then air-dried. Two hundred 
microliters of 10 mmol/L Tris base solution (pH 10.5) 
were used to dissolve the bound SRB, and the absorbance 
at 515 nm was measured. 
1.4 Colony Formation Assay

HCT116 cells and Caco-2 cells were seeded into 
6-well plates (500 cells/well) and incubated overnight. 
They were then treated with 3 mL of medium containing 
QH at 0, 2.5, 5, 10, 20, 40 μg/mL for 10 days. The cells 
were stained with 1 mL of 0.2% crystal violet overnight, 
washed with 10% PBS, air-dried, and imaged using BIO-
RAD ChemiDocTM MP Imaging System. 
1.5 Apoptosis Assay

HCT116 cells were seeded into 6-well plates (2×105 
cells/well) and incubated overnight. Subsequently, the 
cells were treated with 2 mL of medium containing QH 

at 10, 20, 40 μg/mL for 48 h. Apoptosis was measured 
using the PE Annexin V Apoptosis Detection Kit I (BD 
Biosciences, USA). Briefly, the cells were washed twice 
with cold PBS and resuspended in 1× binding buffer at a 
concentration of 1×106 cells/mL. A volume of 100 μL of 
the cell suspension (1×105 cells) was transferred to a 5 mL 
tube. To this, 5 μL of FITC Annexin V and 5 μL PI were 
added. The cells were gently vortexed and incubated for 
15 min at room temperature (25°C) in the dark. Following 
this, 400 μL of 1× binding buffer was added to each tube. 
The apoptotic cells were analyzed within 1 h using a 
CytoFLEX flow cytometer (Beckman Coulter, USA), 
and the data were analyzed using the CytExpert software 
(Beckman Coulter, USA). 
1.6 Cell Cycle Analysis

HCT116 and Caco-2 cells were seeded into 6-well 
plates (2×105 cells/well) and incubated overnight. 
Subsequently, the cells were treated with 2 mL of medium 
containing QH at 10, 20, 40 μg/mL for 24 h. After 
harvesting, the cells were washed twice with precooled 
PBS and fixed in 70% precooled ethanol at –40°C for 
4 h. The cells were then washed with cold PBS and 
resuspended in 500 µL of a solution containing PI (50 
µg/mL) and RNase A (50 µg/mL) for 30 min at room 
temperature in the dark. Cell cycle analysis was performed 
using a CytoFLEX flow cytometer (Beckman Coulter, 
USA), and the data were analyzed using the CytExpert 
software (Beckman Coulter, USA).
1.7 RNA Interference

RNA interference was performed by packaging 
lentiviruses. Two shRNAs were cloned separately 
into a linearized pLKO.1-puro. The shRNA and 
lentiviral packaging vectors were cotransfected into 
293T cells (ATCC) using GenJet reagent (SignaGen, 
USA) according to the manufacturer’s instructions. 
Lentiviral supernatants were collected 24–48 h after 
transfection to infect the targeted cells. The knockdown 
efficiency of the lentivirus was confirmed by Western 
blotting. The shRNA sequence for BAX (shBAX) was 
5′-GACGAACTGGACAGTAACATG-3′.
1.8 Immunoblot Analysis

Cells were lysed in RIPA buffer supplemented 
with protease inhibitor cocktail tablets (cOmplete Mini, 
Switzerland) and phosphatase inhibitor cocktail tablets 
(PhosSTOP, Roche Diagnostics). The total protein 
concentration of the lysates was measured by a direct 
detection spectrometer (Sigma-Aldrich, USA), and equal 
amounts of protein were loaded on 8%–12% PAGE gels. 
The following antibodies were used for the detection of 
the corresponding proteins: BIM (1:2000, Abcam), β-actin 
(1:10000, Sigma), BAX (1:1000, Santa Cruz), cleaved-
caspase 3 (1:1000, Cell Signaling Technology), and Bcl-2 
(1:1000, Cell Signaling Technology).
1.9 APCMin+ Mice

BALB/c-nude mice (aged 5–6 weeks) and APCMin+ 
mice (aged 6–8 weeks) were obtained from the Jackson 
Laboratory (Cambridgeshire, UK). Mice were housed 
under specific pathogen-free conditions with controlled 
temperature and humidity and fed on rodent chow (PicoLab 
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Rodent 20-5035, LabDiet, USA) and reverse osmosis 
water. The genotype of APCMin+ mice was confirmed 
using the KAPA Mouse Genotyping Kit (Roche). The 
APCMin+ mouse studies were approved by the Division 
of Animal Control and Inspection of the Department 
of Food and Animal Inspection and Control of Macau 
(Original approved #:130/DICV/DIS/2019, Renewed #: 
087/DICV/DIS/2021). All the experimental procedures 
were conducted within the approved guidelines of the 
Ethics Review Committee for Animal Research of Macau 
University of Science & Technology (SKLSOP/AD003/
V3/20180619). 

Following genotyping, mice aged four weeks were 
divided into an experimental group and a control group. 
The mice in the experimental group were administered a 
daily dose of 0.1 mL 100 mg/mL QH via gavage, while 
the control group mice received a daily gavage of 0.1 
mL 0.5% CMC-Na daily. Body weight measurements 
were taken weekly. Upon reaching the age of 16 weeks, 
the mice were euthanized. The whole intestines of the 
mice were stained with methylene blue, and polyps were 
counted under a microscope. Pathological sections were 
prepared from colorectal sections for H&E staining and 
immunohistochemistry analysis.
1.10 Tumor Xenografts

A total of 5×106 HCT116 cells were subcutaneously 
implanted into the hind limbs of each nude mouse. Ten 
days later, the mice were randomly divided into an 
experimental group and a control group, each containing 
5 mice. The experimental group mice were administered 
a daily dose of 0.1 mL 100 mg/mL QH via gavage, while 
the control group mice received a daily gavage of 0.1 mL 
0.5% CMC-Na daily. Gavage was carried out daily, and 
the tumor size was measured with a digital caliper every 
4 days. Four weeks later, the mice were sacrificed, and 
the tumors were harvested for further measurements. 
Ten monitoring points of tumor volume in the mice were 
collected. The average tumor volume was calculated 
using the following formula: Volume = (width)2×length/2. 
The nude mouse studies were approved by the Division 
of Animal Control and Inspection of the Department 
of Food and Animal Inspection and Control of Macau 
(Original approved #:073/DICV/SIS/2016, Renewed #: 
087/DICV/DIS/2021). All the experimental procedures 
were conducted within the approved guidelines of the 
Ethics Review Committee for Animal Research of Macau 
University of Science & Technology (SKLSOP/AD003/
V3/20180619).
1.11 Histological Examination

Hematoxylin and eosin (H&E) staining and 
immunohistochemistry were performed using standard 
procedures with 5-µm thick frozen sections for staining. 
Hematoxylin and eosin dyes were obtained from Dako 
(Denmark). The colorectum tissues of mice were taken 
to observe the morphological structure of the lesions 
with a Leica microscope, and photographed with a 
supporting camera (DFC310FX, Leica, Germany) 
and software (Leica Application Suite Version 4.4.0, 
Switzerland).

1.12 Statistical Analysis
Statistically significant differences were analyzed by 

two-tailed Student’s t-tests using GraphPad Prism 6.00 
(GraphPad Software, USA). The data are presented as the 
means ± SEMs of n (n≥3) determinations. A P value of 
<0.05 was considered to indicate statistical significance.

2 RESULTS

2.1 QH Inhibits the Viability of CRC Cells
We utilized the SRB assay to evaluate the impact of 

QH on the proliferation of CRC cells. We observed that 
QH treatment resulted in a dose-dependent inhibition on 
CRC cell proliferation. Specifically, the IC50 values were 
determined to be 36.14 µg/mL for HCT116 cells and 38.68 
µg/mL for Caco-2 cells (fig. 1A). This inhibitory effect 
was further substantiated by a time-dependent response 
observed when both cell lines were treated with QH at 
a concentration of 40 µg/mL (fig. 1B). Additionally, the 
colony formation assay revealed a substantial reduction 
in cell survival following QH treatment (fig. 1C). Given 
that disruption of cell cycle progression is a primary 
mechanism underlying the inhibition of proliferation, we 
employed flow cytometry to detect alterations in the cell 
cycle. Our analysis revealed a cell cycle arrest in the G1 
phase for HCT116 cells and in the S phase for Caco-2 cells 
following QH treatment (fig. 1D).
2.2 QH Inhibits Cellular Activity by Inducing Apoptosis

Flow cytometry revealed that a medium concentration 
(40 µg/mL) of QH induced 50% cell apoptosis in HCT116 
cells (fig. 2A), which was more remarkable than that in 
Caco-2 cells (data not shown). Therefore, HCT116 cells 
were selected for the rest of the study. Additionally, our 
experiments demonstrated that caspase 3 underwent dose-
dependent cleavage (fig. 2B). To validate the apoptotic 
process, we pretreated cells with the caspase inhibitor 
Z-VAD for 6 h and conducted apoptosis assays. The results 
indicated that HCT116 cell apoptosis could be rescued (fig. 
2C). Specifically, the proportion of viable cells under QH 
treatment at a concentration of 40 µg/mL exhibited an incr-
ease from 54.6% to 70.0% upon pretreatment with Z-VAD.
2.3 QH Prevents the Degradation of BIM

 Western blot analysis revealed after QH treatment, 
there was a significant increase in the proapoptotic 
protein BIM in HCT116 cells (fig. 2B). Notably, BIM 
undergoes ubiquitination and proteasome-mediated 
degradation, maintaining a low cellular level under 
normal conditions[12]. Consequently, we hypothesize that 
the induction of BIM protein by QH could potentially be 
attributed to the inhibition of the proteasome-mediated 
degradation pathway. To test this idea, we treated cells 
with the protein synthesis inhibitor cycloheximide (CHX) 
for varying durations. QH was found to prevent rapid BIM 
degradation over time, resulting in BIM accumulation 
within the cells and a decreased degradation rate (fig. 3A 
and 3B). We propose that this phenomenon contributes 
significantly to QH-induced apoptosis in HCT116 cells. 
Furthermore, considering the ability of BIM to oligomerize 
BAX, we hypothesize that BAX also plays an important 
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role in QH-induced apoptosis[13]. To validate this, we 
employed lentivirus-mediated knockdown of BAX and 
observed subsequent inhibition of apoptosis, ultimately 
enabling cell survival (fig. 3C and 3D).
2.4 QH Inhibits Tumors In Vivo

By employing a xenograft model, we found that 
QH administration led to a significant reduction in 

tumor volume (fig. 4A). Subsequently, we further tested 
the in vivo antitumor effect of QH using the APCMin+ 
spontaneous CRC model. The QH-fed mice exhibited a 
substantial decrease in the number of intestinal polyps 
(fig. 4B). Histological examination via H&E staining 
revealed that the intestinal villus morphology in QH-
fed mice closely resembled that in normal mice (fig. 4C 
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Fig. 1 Effect of QH on the viability of CRC cell lines
A: In HCT116 and Caco-2 cells, the effect of treatment with different concentrations of QH for 48 h on cell viability was determined 
by the SRB method. B: the effect of different durations of treatment with a fixed concentration of QH (40 µg/mL) on the viability of 
the two cell lines; C: The effect on the survival of the two cell lines was examined by a clonogenic assay. D: cell cycle analysis by flow 
cytometry after QH treatment. Statistical analysis was performed by Student’s t test (mean±SEM, n=3).
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and 4D). Importantly, QH treatment did not adversely 
impact overall mouse health, and body weight remained 
comparable to that of the control group. Moreover, 
we found that the protein levels of β-catenin and Bcl-2 
in the intestine were significantly decreased after QH 
administration (fig. 5A and 5B).

3 DISCUSSION

The anti-cancer properties of QH extract and its 

constituents have been previously demonstrated across 
a variety of cancer cell lines, including hepatocellular 
carcinoma, breast cancer, pancreatic cancer, lung 
carcinoma, and ovarian cancer[14, 15]. However, its potential 
effects on CRC cell lines remain to be explored. Moreover, 
the existing literature is primarily focused on in vitro 
studies, leaving the question of whether QH could inhibit 
tumor growth in vivo largely unanswered. In the present 
study, we provide evidence of the anti-CRC effects of QH 
extract in both in vitro and in vivo settings. 
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In this study, we have demonstrated that the potential 
mechanism underlying QH-induced apoptosis is primarily 
through the increase of BIM stability. BIM is typically 
degraded via the ubiquitin-proteasome pathway under 
unstressed conditions[16, 17]. When activated, BIM binds 
to pro-survival proteins via its BH3 domain, effectively 
neutralizing their function[6]. This is substantiated by our 
observation that QH decreased Bcl-2 in a dose-dependent 
manner (fig. 2B). Additionally, the BH3 domain peptide 
of BIM can directly bind and induce BAX oligomerization 
and membrane permeabilization[18, 19]. In both scenarios, 
the apoptosis executioner BAX undergoes conformational 
changes without altering its overall protein content in the 
whole-cell lysate. This is consistent with our observations 
of the unchanged BAX protein levels under QH treatment. 
However, the complex interplay between BIM, Bcl-2, 
and BAX, and the potential involvement of other Bcl-
2 family members in mediating QH-induced apoptosis 
warrant further investigation. The activation of the BIM/
Bcl-2/BAX pathway eventually triggered the cleavage of 

caspase 3, the active form of the protease, which serves 
as the executioner and marker of apoptosis. Moreover, 
our findings revealed that pretreatment with the caspase 
inhibitor Z-VAD effectively rescued QH-induced 
apoptosis. Taken together, these results suggested that QH 
induced apoptosis through the regulation of BIM/Bcl-2/
BAX/caspase 3 pathway.

Nonetheless, the precise mechanism by which QH 
enhances the stability of BIM remains to be elucidated. 
The stability of BIM is governed by several pathways. 
For instance, the phosphorylation of BIM at Ser169 by 
the MAPK kinase ERK1/2 is known to expedite its 
degradation[8, 20]. Conversely, the phosphorylation of 
Bim at Ser83 by protein kinase A (PKA) enhances BIM 
stabilization[21]. The interaction of BIM with dynein 
light chain 1 (DLC1) protects BIM from proteasomal 
degradation[22], while its interaction with β-TrCP1, Cyclin 
B1, or APCCdc20 results in the ubiquitination and subsequent 
degradation of BIM[23–25]. Further research is warranted to 
explore the potential influence of QH on these pathways.
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Fig. 3 QH induces the apoptosis of HCT116 cells through BIM
A: Before sample collection, 20 μg/mL CHX was used for 1, 2, 3, 6, and 9 h, and then, the degradation of BIM was assessed by Western 
blot analysis. B: The relative BIM level was visualized using line chart. C: After knocking down BAX in HCT116 cells using lentivirus, 
the expression level of BAX in cells was detected by Western blotting. D: After QH treatment, the apoptosis of HCT116 shBAX cells 
was detected by flow cytometry, and shNC was used as the experimental control group. Error bars represent ± SD (n=3 independent 
experiments). The data were analyzed using an unpaired Student’s t-test (two-tailed). *P<0.05 vs. QH group. Ctrl: control
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A further unresolved issue pertains to the specific 
components within QH that contribute to its anti-CRC 
activities. This is particular significant given the intricate 
diversity and complexity of traditional Chinese medicine 
ingredients. In the case of QH, 4 primary chemical 
components were analyzed: notopterol, phenethyl 

Fig. 4 QH inhibits tumor proliferation in vivo
A: Nude mice were implanted with HCT116 cells. After 10 days, QH was 
administered to the xenograft mice daily. Tumor size was measured with 
digital calipers on the indicated days. The graph shows tumor growth in the 
mice. Representative images of xenografts are shown after the mice were 
sacrificed. Error bars represent ±SEMs (n=10 independent experiments). 
*P<0.05. Scale bar: 1 cm. B: The intestinal polyps of the APCMin+ mice 
were counted under an operating microscope after staining with methylene 
blue. Statistical analysis was performed on the total number of polyps. 
Error bars represent ±SD (n=7 independent experiments). The data were 
analyzed using an unpaired Student’s t-test (two-tailed). **P<0.001. C: H&E 
staining of mouse intestine showing polyp morphology. The microscope 
magnification was 10×. Scale bar: 25 μm. D: The line chart showed the 
changes in APCMin+ mice body weight during the experiment. Ctrl: control

Fig. 5 QH decreases BIM-associated proteins in the intestinal tissues of APCMin+ mice
A: Immunohistochemical analysis of mouse intestinal polyps was performed using an anti-β-catenin antibody. Low magnification, 10×; 
high magnification, 40×. Scale bar: 25 μm. B: Immunohistochemical analysis of mouse intestinal polyps was performed using an anti-
Bcl-2 antibody. Low magnification, 10×; high magnification, 40×. Scale bar: 25 μm. Ctrl: control
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ferulate, iso-impemtorin, and falcarinol. However, the 
precise component responsible for BIM stabilization 
within the QH remains elusive. Investigating this matter 
through approaches such as network pharmacology and 
experimental validation is crucial for advancing anticancer 
drug development.
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Given the high homology between the mouse and 
human genomes, along with similarities in anatomy and 
physiology, mouse models play a crucial role in cancer 
biology and drug development. Nude mice, while useful 
for assessing the inhibitory effects of drugs on tumor 
growth, have limitations in observing early tumor stages, 
such as primary tumor growth. To address this issue, we 
used APCMin+ mice, a genetically engineered mouse model 
that closely mimics human colon cancer and polyps. 
This model allows for the observation of intestinal polyp 
evolution and local proliferation into adenomas without 
the need for additional chemical induction.

In conclusion, our study demonstrated both in vitro 
and in vivo activities of QH extract against CRC by 
promoting apoptosis via stabilization of BIM protein. This 
highlights the potential of the QH extract as a promising 
option for treating CRC.
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