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Abstract. Background/Aim: Traditional Chinese medicine
(TCM) Brucea javanica (BJO) has shown anti-proliferation
efficacy on human carcinoma cells in vitro. The aim of the
present study was to evaluate for the first time the efficacy of
BJO combined with the first-line chemotherapeutic drug
gemcitabine (GEM) on tumor growth-inhibition and survival
in a pancreatic cancer patient-derived orthotopic xenograft
(PDOX) mouse model. Materials and Methods: The
pancreatic cancer tumor fragment originated from a patient
at the Hefei First People’s Hospital (Anhui, PR China). The
surgical specimen was transplanted orthotopically in nude
mice using surgical orthotopic implantation (SOI). All mice
were randomized and assigned to 5 groups: G1: saline vehicle
(0.Iml per mouse, oral, once per day); G2: GEM [100 mg/kg,
intraperitoneal (i.p), twice per week]; G3: GEM+BJO [100
mglkg GEM, i.p, twice per week+1g/kg BJO, oral, once per
day (qd)]; G4: BJO (1glkg, oral, qd). Group 5 and Group 6
were used to observe survival [G5: saline vehicle (0.1ml per
mouse, oral, qd), G6: BJO (1g/kg, oral, qd)]. Body weight and
tumor volume were measured twice per week. TUNEL staining
was used to determine apoptosis. Results: The combination of
GEM + BJO resulted in a reduced tumor growth rate
(p<0.05) and greater apoptosis (p<0.05) compared to the
vehicle control and GEM monotherapy. In addition, the BJO-
treated group showed a statistically significant increase in
survival compared to the vehicle control (p<0.05).
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Conclusion: BJO is a promising non-toxic TCM to effectively
treat pancreatic cancer, both as monotherapy and in
combination with first-line GEM therapy.

Pancreatic cancer has the lowest 5-year relative survival rate
(6%) among all the malignant cancers in the United States due
to resistance to first-line therapy, including gemcitabine
(GEM) (1). In China, traditional Chinese medicine (TCM) has
been used as an important adjuvant to cancer treatment (2).
Brucea javanica is an evergreen shrub that is widely
distributed from southeast Asia to northern Australia (3).
Brucea javanica oil (BJO) has been used in vitro against cell
lines from gastrointestinal cancer (4-6), encephalophyma,
lung cancer and lung cancer brain metastasis (7). Moreover,
it has been reported that Brucea javanica fruit induces
cytotoxicity and apoptosis in pancreatic adenocarcinoma cell
lines in vitro (8), however its role in vivo has not been
studied In this regard, a pancreatic patient-derived orthotopic
xenograft (PDOX) nude mouse model (9-15) was established
for in vivo anti-tumor evaluation of BJO in the present study.

Materials and Methods

Patient-derived tumor collection. The tumor specimen originated
from a 74-year-old woman with advanced pancreatic
adenocarcinoma and diagnosed as pT4NOMO stage, according to the
AJCC cancer staging manual (16). Informed written consent was
obtained under the IRB of Hefei First People’s Hospital (Anhui, PR
China), where surgery was performed (Figure 1A). Fresh samples
were obtained from surgery and placed in RPMI 1640
(C11875500BT, Gibco, USA) culture medium for subsequent
transplantation to the laboratory at the Anhui Medical University
(Anhui, PR China) (17).

Animal care. Athymic female nude (nu/nu) mice, 4-5 week of age,

18-23g, were used in this study. All mice were obtained from
Cavens Inc. (Changzhou, PR China). All mice were maintained in
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a HEPA-filtered environment throughout the experiment, at a
constant temperature of 24-25°C and humidity of 50-60%. All mice
were fed with laboratory rodent diet. Cages, food and bedding were
autoclaved.

Preparation of tumor stock. Mice were anesthetized by
intramuscular injection of 0.02 ml of a solution of 50% ketamine,
38% xylazine, and 12% acepromazine maleate (18). The fresh tumor
specimen in RPMI 1640 medium was cut into small pieces (3-5mm
in diameter) and immediately transplanted to nude mice
subcutaneously (s.c.). The subcutaneously-growing tumor stock was
harvested and inspected when the volume reached 500 mm3 (10 mm
in diameter); any suspected or grossly-necrotic tissue was removed.
Healthy tumor tissues were subsequently cut into small fragments
of approximately 1 mm3 and used for surgical orthotopic
implantation (SOI) (19).

Test agents. Gemcitabine (GEM) was purchased from Hansho
Pharmaceutical ~ (Lianyungang, Jiangsu, PR China, Lot
#619191013). Brucea javanica oil (BJO) capsule was purchased
from Vanguard Pharmaceutical (Haimen, Jiangsu, PR China, Lot
#1901061).

Establishment of PDOX nude mouse model. The pancreatic tumor
fragments, harvested from the stock tumors, were transplanted by
surgical orthotopic implantation (SOI) in nude mice. All surgical
procedures were performed under an 8x magnification microscope
using a HEPA-filtered laminar flow hood. Animals were
anesthetized (18) and the surgical area was sterilized using iodine
and alcohol. An incision of approximately 1 cm long was made in
the left upper abdomen of each nude mouse using surgical scissors.
The tail of the pancreas was exposed through this incision (20), the
capsule at the transplantation site was stripped, and two tumor
fragments (1 mm?3) were transplanted and secured with 8-0 surgical
sutures (nylon). The abdomen was closed with 6-0 surgical sutures
(21). The schematic procedure for PDOX establishment is illustrated
in Figure 2.

Treatment study design. Treatment was initiated 19 days after surgical
orthotopic implantation (SOI). PDOX mice bearing tumors (n=30)
were randomized and assigned to 6 groups of 5 mice based on tumor
size: Group 1-Group 4 were used to evaluate tumor growth inhibition.
G1: saline vehicle (0.1ml per mouse, oral, once per day); G2: GEM
(100 mg/kg, intraperitoneal, twice per week); G3: GEM+BJO (100
mg/kg, i.p, twice per week+1g/kg, oral, once per day); G4: BJO
(1g/kg, oral, once per day). Group 5 and Group 6 were used to
observe survival. G5: saline vehicle (0.1 ml per mouse, oral, once per
day); G6: BJO (1 g/kg, oral, once per day). Body weight of the
PDOX mice was weighted twice per week using an electronic scale.
In G1-G4, an exploratory laparotomy was performed every 10 days
to monitor primary tumor growth. Tumor volume was measured using
a vernier caliper and estimated by measuring the perpendicular minor
dimension (W) and major dimension (L). Approximate tumor volume
was calculated with the formula (W2xL)/2. Data are presented as
meanzstandard deviation (SD) (22). All animals were euthanized 30
days after initial treatment. At autopsy, the abdomen was opened and
the primary tumor was removed and weighed. The tumor growth
inhibition (TGI) value in each group was calculated with the formula:
TGI (%)=(1-mean tumor weight of the treated group/mean tumor
weight of the control group)x100%. In G5 and G6, the animals were
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observed for survival and the date of death or euthanasia was
recorded (23). A survival curve was drawn based on the date of death
for survival evaluation.

Histopathological analysis. Hematoxylin and eosin (H&E) staining
was performed on fresh tumor specimens collected from the patient
during surgery and tumor tissue obtained from PDOX mice. Fresh
tissue samples were fixed in 10% formalin and embedded in
paraffin before sectioning and staining. Tissue sections (4 pm) were
deparaffinized in xylene and rehydrated in an ethanol series. Finally,
the sections were counterstained with hematoxylin and examined
and images captured using a microscope (BX53F, Olympus Corp.,
Tokyo, Japan) equipped with a Q-IMAGE CCD digital camera
(Teledyne Photometrics, Tucson, Arizona, US) (18).

Cell death detection (TUNEL). TUNEL staining was performed to
determine apoptosis in each group, according to the manufacturer’s
instructions. The sections were deparaffinized with xylene and
rehydrated using gradient ethanol. The permeable solution was then
added for incubation at 37°C for 8 min. After rinsing with PBS,
mixed TdT (50 pl) + dUTP (450 pl) were added to the treatment
group, dUTP (50 ul) was added to the negative control group, 100
ul DNase I was added to the positive control group and then
incubated at 25°C for 10 min. The slides were then rinsed with PBS.
The converter-POD (50 ul) was added and incubated at 37°C for 30
min. After washing with PBS, the IDAB substrate (100 ul) was
applied on the slides and reacted at 25°C for 10 min. The slides
were then rinsed with PBS. Hematoxylin was added as a counter
stain and sealed with neutral gum. The slides were observed using
an optical microscope and the representative images were captured
with a digital camera. The apoptosis index (AI) was analyzed using
image Pro 6.0 software (Media Cybernetics, Silver Springs, MD,
USA).

Statistical analysis. All data are represented as meanzstandard
deviation (SD). Statistical analysis was performed using GraphPad
Prism 8.0 software (GraphPad Software, Inc. La Jolla, CA, USA).
The analysis of one-way variance (ANOVA) followed by
Bonferroni correction was used to compare mean tumor volume,
tumor weight and body weight among the experimental groups. The
Log-rank (Mantel-Cox) test was used to compare survival among
the experimental groups. Data from animals that died or were
sacrificed prior to the completion of the study were included in
analyses up to the time of death. A p-value less than 0.05 was
considered statistically significant.

Results

Establishment of the pancreatic PDOX mouse model. Tumor
growth was monitored after the fresh patient-derived specimen
was transplanted to 5 nude mice subcutaneously. Four of them
had tumor growth. Forty-two days after transplantation, the
mean tumor volume reached over 523.4 mm? (Figure 3A). A
tumor growth curve was then plotted (Figure 3B).

Forty nude mice were used for pancreatic PDOX
implantation, 27 mice were found to develop tumors (67.5%).

Histopathological analysis. H&E staining was performed on
both the original patient sample and PDOX tumor to confirm
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PDOX tumor (x200)

Figure 1. Histopathologic comparison of the PDOX tumor with the fresh patient tumor. (A) Fresh patient tumor obtained from surgery. (B) PDOX
specimen of the vehicle control group. (C) Comparison of fresh patient tumor and xenograft tumor using H&E staining. The arrows show the

abnormally abundant eosinophils (100x magnification).
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Subcutaneous transplantation
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Figure 2. Schematic representation of the establishment of patient-derived orthotopic xenograft (PDOX) of pancreatic cancer.

the replication of the histopathologic characteristics in the
PDOX model (Figure 1A, Figure 1B) (24). PDOX tumor
sections showed that the glands were compromised of ductal
structures with different degrees of differentiation,
accompanied by abundant fibrous stroma and abundant
eosinophilic cytoplasm. The pathological morphology was

consistent with the clinicopathological diagnosis of
moderately differentiated ductal adenocarcinoma in the
original tumor (Figure 1C).

Combination of GEM with BJO inhibits primary tumors.
Treatment was initiated when the orthotopic tumors were
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Figure 3. Establishment of the patient-derived subcutaneous tumor mouse. (A) The yellow arrow shows the patient-derived tumor grown
subcutaneously in the nude mouse. (B) Growth curve of the subcutaneous tumor in nude mice.

approximately 100 mm> (5-6 mm in diameter). Primary
tumor volume was measured on day 1, 10, 20, 30, 40 by
exploratory laparotomy after initial treatment. A tumor growth
curve was plotted (Figure 4C). As shown in Figure 4A and
Figure 4B, both Groups 2 (GEM) and 3 (GEM + BJO)
demonstrated a statistically significant smaller tumor volume
compared to the vehicle control during the entire treatment
period (p<0.05). Moreover, Group 3 (GEM + BJO) had
greater inhibition efficacy and showed a statistically
significant difference compared to Group 2 (GEM) (p=0.035).
Group 2 (GEM) and Group 3 (GEM + BJO) showed a
statistically significant lower tumor weight compared to the
vehicle control group (p<0.05). GEM combined with BJO
had a statistically-significant tumor inhibition compared to
GEM alone (p=0.0059) (Figure 4D). There was no difference
between Groupl (Vehicle) and Group 4 (BJO) for either
tumor volume or tumor weight. The tumor growth inhibition
(TGI) values are listed in Table I.

BJO prolongs survival in the pancreatic cancer PDOX
mouse model. Treatment of BJO (G6) in the PDOX mice
showed a statistically significant increase in survival
compared to the saline vehicle control (G5) (p=0.0374)
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Table 1. Efficacy of treatment on tumor weight in the pancreatic cancer-
PDOX mouse model. The statistical-analysis was performed by one-way
ANOVA. A p-Value <0.05 is considered to be statistically significant.

Group Tumor weight (g) T/C (%)* p-Value
Mean+SD

G1 Vehicle 2.70+0.60 - G1vsG2: 0.0272

G2 GEM 1.68+0.33 37.82% G1vsG3: 0.0079

G3 GEM+BJO 1.08+0.43 60.10% G1lvsG4: 0.9999

G4 BJO 2.49+0.45 7.92% G2vsG3: 0.0059

*TGI (%)=(1-mean tumor weight of the treated group/mean tumor
weight of the control group)x100%.

(Figure 5). The medium survival days in Group 4 and Group
5 was 81 and 95 days, respectively.

BJO reduces GEM side-effects and improves general
conditions in PDOX mice. Combination of BJO and GEM
showed significantly lower body-weight loss rate than GEM
monotherapy during the whole treatment period (p<0.05)
(Figure 6A, Figure 6B). BJO treated groups showed better
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Figure 4. Brucea javanica oil (BJO) can synergistically enhance the inhibition of gemcitabine (GEM) on tumor growth. (A) Images of orthotopic
xenograft tumors in each efficacy evaluation group at autopsy. (B) Images of excised primary tumor in each efficacy evaluation group at autopsy.
(C) Tumor growth curve after treatment. *p<0.05 (BJO+GEM compared to GEM alone), **p<0.05 (GEM compared to vehicle), ***p<0.01
(BJO+GEM compared to vehicle). (D) Mean tumor weight in each efficacy evaluation group at the end of treatment. Data are represented as
Mean+SD (n=5). *p<0.05 (GEM compared to Vehicle), **p<0.01 (GEM+BJO compared to Vehicle, GEM+BJO compared to GEM). All data was
analyzed using one-way ANOVA followed by Bonferroni correction.
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Figure 5. Effect of Brucea javanica oil (BJO) and gemcitabine (GEM) on body weight in the PPC-PDOX mouse model. GEM combined with BJO
could reduce body weight compared to GEM treatment alone. (A) Body weight observing curve in each group containing each measurement point.
*p<0.05 (GEM compared to GEM+BJO), **p<0.01 (GEM compared to Vehicle). (B) Medium body weight in each group during treatment. *p<0.05
(GEM compared to GEM+BJO). All data was analyzed using one-way ANOVA followed by Bonferroni correction.

activity and smoother skin during the treatment period
indicating that BJO could improve the general condition in
pancreatic cancer PDOX mice.

BJO synergistically enhances the apoptotic effect of GEM in
vivo. The result of TUNEL staining demonstrated that BJO
treated alone did not significantly induce apoptosis compared
to the saline vehicle (p>0.05). However, in combination with
GEM, it showed significantly higher apoptosis than GEM
monotherapy (p=0.044) (Figure 7A, Figure 7B).

Discussion

Brucea javanica was first recorded as a TCM approximately
250 years ago in Chinese medical books (25). It has been
reported to have many biological properties including anti-
malarial, anti-leukemic, antiviral, anti-inflammatory and
antitumor (5, 26-28). In China, it has been used as an
adjuvant treatment for lung, liver and stomach cancer in the
clinic (6, 29, 30). It was reported that BJO can induce
apoptosis in a variety of cancers including pancreatic cancer
(4, 8, 25, 31-33). However, most of the studies were
performed on cell lines in vitro. In the present study, for the
first time the efficacy of BJO was evaluated in vivo using a
pancreatic cancer PDOX mouse model. Compared to the
traditional orthotopic xenograft mouse model, PDOX models
are established with fresh histologically intact human tumor
tissues that closely resemble the human patient and can
facilitate optimal individual therapy (34).

We designed two parallel trials, one to evaluate tumor-
growth inhibition and the other to monitor survival. In the
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Figure 6. Log-rank survival analysis of mice treated with Brucea
Javanica oil (BJO) versus saline, using the pancreatic cancer-PDOX
mouse model. The medium survival was 81 days for the Vehicle group
versus 95 days for the BJO group. *p<0.05 (compared to vehicle).

efficacy evaluation groups, we found that the group treated
with BJO alone had limited tumor-growth inhibition. When
BJO was combined with GEM, it could significantly
decrease tumor growth compared to GEM alone. The
TUNEL assay showed levels of apoptosis consistent with
tumor inhibition. These results indicate that BJO could
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Figure 7. Brucea javanica oil (BJO) combined with gemcitabine (GEM) enhanced apoptosis compared to GEM monotherapy in vivo. (A-D)
Representative TUNEL images for cellular apoptosis in each group (200x magnification). A: Saline vehicle; B: BJO; C: GEM; D: BJO+GEM. (E)
Apoptosis Index (Al) in each group. Date are represented as Mean+SD and analyzed by one-way ANOVA. *p<0.05 (GEM compared to GEM+BJO).

*#%p<0.001 (GEM compared to Vehicle, GEM+BJO compared to Vehicle).
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synergistically enhance GEM monotherapy on pancreatic
cancer growth. In the survival evaluation groups, BJO
significantly prolonged survival in the pancreatic cancer
PDOX model. The molecular mechanisms of BJO efficacy
may be related to the activation of mitochondrial pathways
to induce apoptosis (25), its effect on autophagy via the
PI3K/Akt/mTOR pathway (4), its action on the cell cycle
(35), reversing drug resistance (36) or inducing cell
differentiation (37). All these mechanisms will be evaluated
in the future. We also found that mice had obvious
improvements in their physical condition in all BJO treated
groups, which may be related to the anti-inflammatory
effects of BJO (28).

In conclusion, we demonstrated the power of PDOX mouse
model for verifying the efficacy and the potential of BJO for
synergistic treatment with first-line chemotherapy for
pancreatic cancer. However, because of the extremely
complicated components in BJO, which component plays a
major role is not clear. In future studies, more experiments
need to be performed on the intrinsic molecular mechanisms,
including signaling transduction pathways and gene expression.
Our laboratory has previously shown that orthotopic models
are very appropriate for evaluating TCM (38-41).
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