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Introduction

Colorectal cancer (CRC) is one of the most commonly 
malignant tumors worldwide, and over one million new 
cases were confirmed yearly (1). Liver is the most common 

site of metastases from CRC, to which over half of CRC 
will metastasize (2). Nowadays, surgical treatment in 
combination with systemic chemotherapy provide the best 
chance of long-term survival for colorectal cancer liver 
metastasis (CRCLM) patients, with the overall median 
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survival of 3.6 (range: 1.7–7.3) years (3). Unfortunately, 
nearly 65% of patients may suffer a relapse after 
hepatectomy, the majority of which will thoroughly lose the 
opportunity of cure (4). Therefore, there is a great need to 
develop a novel way of postoperative adjuvant treatment 
for patients with CRCLM which can kill off residual 
micrometastasis, prevent the occurence of liver metastasis 
and decrease the metastatic recurrence rates.

Colon cancer cells spread to the liver mainly through 
the mesenteric veins and portal system. The newly growing 
liver metastases less than the size of 0.5 mm receive their 
blood supply via the portal branches, and they are supplied 
by hepatic artery until the size of micrometastasis is greater 
than 0.5 mm (5). Therefore, postoperative intraportal 
infusion chemotherapy could be an efficient way to prevent 
the occurrence and progression of liver metastases, by 
delivering higher concentrations of anticancer drug 
to local tumour cells at the initial phase of metastatic 
invasion. Intraportal 5-FU alone, or in association with 
other chemotherapy drugs in different schedules are the 
commonest. However, current results of these schedules 
are clinically inconclusive and remain controversial. 
Ramirez et al. (6). summarized the effect of intraportal 
5-FU from a few clinical trials and found that some trials 
have displayed a reduction in the hepatic recurrence rate 
without differences in overall survival, instead others have 
showed an increase in overall and disease-free survival with 
no benefit for the hepatic recurrences rates. These findings 
indicated that 5-FU has a more limited value for patients 
with CRCLM undergoing postoperative intraportal 
infusion chemotherapy, the possible cause of which was 
the hepatotoxicity of 5-FU. Thus, finding a new drug with 
limited hepatic toxicity is extremely urgent.

Oridonin, a bitter tetracycline diterpenoid compound 
mainly isolated from Rhodamnia rubescens, displays 
many therapeutic effects, such as anti-inflammatory, 
neuroprotective, anti-bacterial, anti-neoplastic and anti-
tumor effects (7). Recently, Shen et al. (8). indicated 
that oridonin exhibits antitumor activity by directly 
and allosterically inhibiting STAT3. Moreover, Kwan  
et al. (9). demonstrated that oridonin-induced apoptosis 
was associated with inhibited FAS and SREBP1 mRNA. So 
oridonin can block the development of malignant tumors 
through targeting multiple signaling pathways. However, 
to our best knowledge, there is no report about the 
preventive and therapeutic effect of intraportal oridonin on 
CRCLM. In the present study, we aimed to investigate the 
preventive and therapeutic effect of intraportal oridonin on 

CRCLM by establishing BALb/c nude mice hemispleen 
model of colon cancer liver metastasis (CCLM). We 
present the following article in accordance with the 
ARRIVE reporting checklist (available at: http://dx.doi.
org/10.21037/tcr-20-3042).

Methods

Cell culture 

The human colon cancer cell line HT29 were purchased 
from American Type Culture Collection and cultured in 
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (Invitrogen; Thermo 
Fisher Scientific, Inc.) and 1% penicillin-streptomycin 
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37 ℃ in a 
humidified atmosphere under 5% CO2. 

Cell viability and cytotoxic assays

H T 2 9  c e l l s  w e r e  s e e d e d  i n t o  a  9 6 - w e l l  p l a t e  
(3×103 cells/well) for 24 h at 37 ℃ in an incubator under 
5% CO2, following which they were treated with different 
concentrations of oridonin (5 and 10 μmol/L) for 24 h. 
Cell viability was measured using Cell Counting Kit-
8 (CCK-8). CCK-8 (10 µL) reagent (Beyotime Institute 
of Biotechnology) was then added to each well before a 
microplate reader (Bio-Rad Laboratories, Inc.) was used 
to measure the absorbance in each well at 450 nm. Cell 
viability was calculated using the following formula: Ratio 
(%) = A450 (study group)/A450 (control group) ×100%. A half 
maximal inhibitory concentration (IC50) value was calculated 
as the concentration of oridonin that inhibited cell growth 
by 50%.

HT29 cells (3×104 cells/well) were treated with the indicated 
concentrations of oridonin (10 µmol/L) for 12, 24, 48 and  
72 h before cell cytotoxicity was measured using the MTT 
assay. In total, 100 μL MTT (1 mg/mL) was added into each 
well at 37 ℃ and the absorbance was measured at 490 nm 
using an automated microplate reader (BioTek Instruments, 
Inc.). Cell inhibition rate (%) = (1-A490 test sample/A490 control) 
×100%.

Hemispleen model 

A total of 30 female BALb/c nude mice (age, 6 weeks; 
weight range, ~18–20 g) were purchased from The 
Laboratory Animal Center of Dalian Medical University. 

http://dx.doi.org/10.21037/tcr-20-3042
http://dx.doi.org/10.21037/tcr-20-3042
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After 1 week of stabilization, hemispleen models were 
established by reference to the study of Kasuya et al. (10). 
and Soares et al. (11). After 12-h fasting with drinking 
water provided, these animals were firstly divided into 
blank control group (n=6) and hemispleen model group 
(n=24). All of mice were anesthetized with xylazine  
(10  mg/kg ) /ke tamine  (70  mg/kg )  mix ture .  The 
t o e  p i n c h  w i t h d r a w a l  r e f l e x  w a s  a b o l i s h e d  t o 
demonstrate that the mouse was fully anesthetized. A 
median incision of upper abdomen (~1–1.5 cm) was made 
through the skin and through the peritoneum using a 
scalpel. The spleen was exteriorized through the incision 
by applying simultaneous digital pressure along the cranial 
and caudal aspects of the incision. Then the spleen was split 
into two relatively equal parts, each with its own vascular 
pedicle, by placing two titanium clips in the center of the 
spleen. HT-29 human colon cancer cell lines suspension 
(2×106/100 µL) or Hank’s balanced salt solution was slowly 
injected into the middle point of the proximal hemispleen 
of the mice in the hemispleen model or blank control 

group using 33-gauge needle, respectively. And a slight 
pressure was applied to compress the injection point with 
Surgicel for 10 minutes. Then the proximal hemispleen was 
removed from the abdominal cavity to prevent subsequent 
tumor growth in the spleen after its vascular pedicle was 
ligated by a titanium clip. And the distal hemispleen was 
transposed to a s.c.pocket with its vascular pedicle intact for 
the administration of oridonin. Additionally, the abdominal 
incision was closed step by step a few minute later (Figure 1). 

Afterward, these mice in the hemispleen model group 
were then randomly divided into four subgroups according 
to the different time and components injected through 
spleen-portal vein (n=6 mice per group): (I) oridonin 
group for prevention (7.14 mg/kg·d-1, OD-P group); (II) 
control group for prevention (0.5% dimethyl sulfoxide, 
DMSO; Control-0D group); (III) oridonin group for 
treatment (OD-7.14 mg/kg·d-1, OD-T group); and (IV) 
control group for treatment (0.5% DMSO, Control-2W 
group) (Table 1). Dosage administration of intraportal 
oridonin (7.14 mg/kg·d-1) was determined according to our 

A

F

B C

D E

Figure 1 Modeling procedure. (A) Express the spleen through the incision. (B) Divide the spleen into two relatively equal parts, each with 
its own vascular pedicle. (C) Tumor Injection. (D) Ligate the vascular pedicle from the proximal hemispleen. (E) Remove the proximal 
hemispleen. (F) Transpose the distal hemispleen to a s.c.pocket with its vascular pedicle intact.
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preliminary experiment (Table S1). Repetitive portal venous 
injections of oridonin (7.14 mg/kg·d-1) via percutaneous 
injections into the s.c. hemispleen were performed in the 
blank control and OD-P group and the mice in the control-
0D group received 0.5% DMSO on the day of finishing 
models. Yet the other two groups for treatment were 
similarly treated after 2 weeks. After the administration of 
oridonin, the general condition of the model mice, 
consisting of active state, weight, fur color and mortality, 
were recorded once a day during the 2/4-week observation 
period. In order to minimize animal suffering before the 
experiment was over, mice were sacrificed by general criteria 
for euthanasia including pain that cannot be alleviated, 
notable loss of weight (>20%), refusal to eat or drink, or 
abnormal general condition (auricles, feet, eyes and mouth 
mucosa turn blue) and behaviour (continuous convulsions, 
last gasping breath or making noises). All living mice were 
also euthanized to harvest the tumors four weeks after 
modeling, following which the extent of metastasis of 
mice  in  each group were  recorded.  Parameters , 
including liver quality, cured scars, depth of infiltration, 
necrosis of tumor and irregularly distributed cells were 
observed. All operations were performed under light 
microscopy (SZ61; Olympus Corporation, Tokyo, Japan). 
All animal experiments were approved by the Animal Ethics 
Committee of The Affiliated Xinhua Hospital Dalian 
University of Dalian in China (1905009), in compliance 
with all national or institutional guidelines for the care and 
use of animals.

Blood sampling collection 

A l l  m i c e  w e r e  a n e s t h e t i z e d  w i t h  x y l a z i n e  
(10 mg/kg)/ketamine (70 mg/kg) mixture at the end 
of the 4-week modeling period before blood samples  
(~0.2–0.4 mL) were collected from the retroorbital plexus 
of each mouse. The absence of toe pinch withdrawal reflex 

was regarded as the parameters monitored to ensure that 
anesthesia induction was successful. The samples were then 
centrifuged (10,000 rpm) for 20 min at room temperature, 
immediately aliquoted and processed on the same day. 

Macroscopic and microscopic analysis of pathology 

After blood samples collection, all of BALb/c nude mice 
from each group were sacrificed and assigned metastasis 
scores based on the following criteria: 0, no liver metastasis; 
1, minimal infiltration (<0.5 cm2 area of metastasis); 
2, mild infiltration (0.5–1.0 cm2 area of metastasis); 3, 
moderate infiltration (1.0–2.0 cm2 area of metastasis); 
4, severe infiltration (>2.0 cm2 area of metastasis) (12) 
(Figure 2). Then specimens from liver were fixed with 4% 
formaldehyde in PBS, dehydrated with ethanol, embedded 
in paraffin blocks, sectioned in 4 µm increments and stained 
with hematoxylin-eosin staining (H&E staining). The 
histological material and metastasis scores were assessed by 
two pathologists, and their findings were in concordance.

Immunohistochemistry 

To assess cell proliferation, four-micrometer sections of 
the paraffin-embedded sections were stained for CK20 
(DAKO, Tokyo, Japan). Fresh-frozen sections of the tumor 
tissue were deparaffinized, rehydrated in a graded series of 
alcohol and microwave-treated for 10 min in a citrate buffer 
(pH 6.0). Endogenous peroxidase activity was blocked 
using 0.3% hydrogen peroxide. Before immunostaining, 
antigen retrieval was performed by incubating the slides 
for 15 min with pepsin at a concentration of 1 mg/mL for 
CK20. The slides were incubated for 60 min with primary 
antibodies to CK20 (1:100) at room temperature. The 
avidin biotin immunoperoxidase technique was performed 
and diaminobenzidine was used as the chromogen. 
Sections were then counterstained with hematoxylin. The 

Table 1 The hemispleen model group names with the corresponding treatments

Group No. Mice Administrating time Treatment

Control-0D 6 On the day of modeling 0.5% DMSO

OD-P 6 On the day of modeling 7.14 mg/kg·d-1 oridonin

Control-2W 6 Two weeks after modeling 0.5% DMSO

OD-T 6 Two weeks after modeling 7.14 mg/kg·d-1 oridonin

Control-0D, control group for prevention; control-2W, control group for treatment; OD-P, oridonin group for prevention; OD-T, oridonin 
group for treatment; DMSO, dimethyl sulfoxide.

https://cdn.amegroups.cn/static/public/TCR-20-3042-Supplementary.pdf
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results of the bluish-violet were taken as an indicator of 
proliferative tumor cells. CK20 positive cells were counted 
in three random fields per slide and six slides each group 
were analyzed at 40/400× magnification (SZ61; Olympus 
Corporation). Cell death ratios were calculated using 
the following equation: cell death ratios = (1-CK20 positive 
cell number)/total tumor cell number. All the slides were 
examined independently by two pathologists, and their 
findings were in concordance.

Terminal deoxynucleotidyl transferase (TdT) dUTP Nick-
End Labeling (TUNEL) Staining 

Oridonin was found to kill malignant cells by inducing 
cellular apoptosis (13). TUNEL, as first described by 
Gavrieli (14), is an assay for localization of apoptotic DNA 
fragmentation in situ. Therefore, fresh-frozen sections of 
tumor tissues were tested by TUNEL staining according 
to the manufacturer’s instructions. In situ cell apoptosis 
detection kit was purchased from Boster Biological 
Technology (Wuhan, Hubei, China). The results of the 
bluish-violet were regarded as an indicator of apoptotic 
cells. TUNEL-positive nuclei, a pyknotic nucleus with 
bluish-violet granules, were visualized and analyzed under 
a light microscope (SZ61; Olympus Corporation, 40/400×). 
Cell numbers were counted in 5 random fields and apoptosis 
indexes (AI) were calculated by the following equation as: 

AI = positive cell number/total tumor cell number. All the 
slides were examined independently by two pathologists, 
and their findings were in concordance.

Serum liver function enzymes

To evaluate potential hepatotoxicity caused by intraportal 
oridonin, serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and alkaline phosphatase (ALP) 
were tested by using the Hitachi automatic biochemical 
a n a l y z e r  ( c a t .  n o .  7 6 0 0 ;  H A N G Z H O U  R U I X I 
TECHNOLOGY CO., LTD., Hangzhou, China). 

Tumor markers 

The expression of carcinoembryonic antigen (CEA) and 
α-fetoprotein (AFP) was measured using an Roche full-
automatic immunoassay analyzer (cat. no. 601; Beijing 
Marin Medical Device Co., Ltd., Beijing, China).

Statistical analysis 

SPSS version 20.0 software (IBM Corp., Armonk, NY, 
USA) was used for the statistical analysis of data. All results 
from measurement and ranked data in the present study 
were expressed as the mean ± SD. Comparisons between 
two groups of measurement data were assessed using 

A B C D E

Figure 2 Determination of metastasis scores. (A) 0, no liver metastasis; (B) 1, minimal infiltration (<0.5 cm2 area of metastasis); (C) 2, mild 
infiltration (0.5–1.0 cm2 area of metastasis); (D) 3, moderate infiltration (1.0–2.0 cm2 area of metastasis); (E) 4, severe infiltration (>2.0 cm2 
area of metastasis). Examples of mice receiving each score in representative images.
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Student’s t-test, whilst the one-way ANOVA followed by 
Bonferroni’s post hoc test was used to evaluate statistical 
differences among multiple. Kruskal-Wallis test followed 
by Dunn’s test was used to evaluate statistical differences 
of ranked data. Differences among multiple groups of 
categorical data were evaluated for significance using 
fisher’s exact test followed by Bonferroni adjustment. 
P<0.05 was considered to indicate a statistically significant 
difference. 

Results 

Oridonin exerts an anti-proliferative effect on HT29 
human colon cancer cells in vitro 

HT29 cells were first treated with different concentrations 
of oridonin before cell viability was measured using CCK-
8 assay. It was found that oridonin reduced the viability 
of HT29 cells in a concentration-dependent manner 
(P<0.001; Figure 3A). The IC50 values of oridonin were 
calculated to be 30.309 µmol/L for HT29 cells. HT29 
cells were next treated with 10 μmol/L oridonin before 
being subjected to cell cytotoxicity assays, where cell 
viability at different time points (0, 12, 24, 48 and 72 h) 
were analyzed. Oridonin was found to effectively reduce 
the cell viability of HT29 cells in a time dependent 
manner (Figure 3B), where it was demonstrated again 
that oridonin significantly exerted an inhibitory effect on 
HT29 cells (Figure 3C). 

Morphology manifestation of the preventive and 
therapeutic effect on CRCLM in vivo treated by intraportal 
oridonin 

A hemispleen model of CRCLM, generated by injecting 
HT29 human colon cancer cells into BALb/c mice, was 
used to test the efficacy of intraportal oridonin therapy 
in vivo. The success rates to establish the hemispleen 
model of human CRCLM were 100% (24/24). Four 
weeks after modeling, the mice were euthanized and the 
livers were examined to determine the extent of tumor 
burden. The mice in the control-0D group had an average 
metastasis score of 3.33±0.52. In contrast, OD-P group 
had an average metastasis score of 1.17±0.41, indicating 
a significantly decrease in tumor burden in the treated 
mice for prevention. Mice in the control-2W and OD-T 
group had scores of 3.50±0.55 and 1.83±0.75, respectively, 
suggesting that a decrease in tumor burden can also be seen 
in the treated mice for treatment (Table 2, Figure 4). No 
lung and portal lymph node metastases were found in either 
group. Taken together, the mouse experiment showed 
morphologically that intraportal oridonin has an effect on 
the prevention and treatment of liver metastasis.

Pathological characteristics of the preventive and 
therapeutic effect on CRCLM in vivo treated by intraportal 
oridonin 

The significant difference was not seen between the OD-P 

Figure 3 Inhibitory effect of oridonin on HT29 human colon cancer cells. (A) The inhibitory effects of oridonin on HT29 cells, as 
analyzed by CCK-8 assay. (B) The inhibitory effects of oridonin on HT29 cells, as analyzed by MTT assay. HT29 cells were treated with  
10 µmol/L oridonin for 12, 24, 48, and 72 h. The inhibitory effects of oridonin were time-dependent. (C) This subfigure was taken at 72 h 
after the HT29 cells were treated. Values are the means ± SD from three independent determinations. #, μmol/L. OD, oridonin.

A B C

#

#

##



1330 Yang et al. Prevention and therapy of CRCLM

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(3):1324-1335 | http://dx.doi.org/10.21037/tcr-20-3042

and OD-T group, whereas detected between the mice 

treated with intraportal oridonin and the mice receiving the 

control injection. Thus, in order to better understand the 

interventional effects of intraportal oridonin on CRCLM, 

OD-P and OD-T group were fused into the OD study 
groups, meanwhile control-0D and control-2W group 
into the control groups. The statistical significance of 
the macroscopic and microscopic difference of pathology 
between the OD study and control groups were evaluated 
(Figure 5 and Table 2). When compared with control 
groups, OD study groups showed lighter liver quality 
(2.05±0.20 vs. 1.61±0.10 g, P<0.05) and tumor infiltration 
(1.20±0.15 vs. 0.33±0.17 mm, P<0.05) and less irregularly 
distributed cells (83.3% vs. 25.0%, P<0.05), whereas 
more cured scars (0% vs. 75%, P<0.05) and tumor cell 
death ratios (17.92%±4.98% vs. 59.58%±9.64%, P<0.05) 
(Figure 5A,B,C,D). Metastatic liver nodules were confirmed 
histologically (Figure 5E,F,G,H). The inhibitory effect 
of intraportal oridonin on tumor cells proliferation was 
demonstrated by immunohistochemistry (Figure 5I,J,K,L). 
On the other hand, a small number of apoptotic cells were 
present in the tumors of the untreated control groups; 
however, a large number of bluish violet apoptosis was 
detected in tumors treated with the indicated concentrations 
of intraportal oridonin (Figure 5M,N,O,P). Additionally, 
compared with the control groups, intraportal oridonin 
significantly increased the values of AI (15.42%±3.96% vs. 
56.25%±9.15%, P<0.05) (Table 2). These results suggested 
that intraportal oridonin inhibits tumor growth through the 
induction of apoptosis in vivo. 

Changes of liver enzymes and tumor markers 

After testing, there was a normal serum level of ALT 
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Figure 4 Liver metastasis scores. Values are the means ± SD 
from three independent determinations. **, P<0.01, comparisons 
among multiple groups. Control groups, control-0D & control-
2W group; OD study groups, OD-P & OD-T group. Control-
0D, control group for prevention. Control-2W group, control 
group for treatment. OD-P group, oridonin group for prevention. 
OD-T group, oridonin group for treatment.

Table 2 Comparison of morphological and pathological difference between the mice treated with intraportal oridonin and the mice receiving 
control injection in hemispleen models

Groups Mice (n)
Metastasis 

score
Liver weight 

(g)
Cured scars, n 

(%)
Depth of infiltration 

(mm)
Cell death 
ratios (%)

Apoptotic 
index (%)

Irregularly distributed 
cells, n (%)

Control-0D 6 3.33±0.52 2.10±0.14 0 (0.0) 1.20±0.18 17.50±5.24 14.17±3.66 5 (83.3)

Control-2W 6 3.50±0.55 2.00±0.25 0 (0.0) 1.20±0.13 18.33±5.16 16.67±4.18 5 (83.3)

OD-P 6 1.17±0.41* 1.57±0.10* 5 (83.3)* 0.27±0.10*# 60.83±8.01* 57.33±8.80* 2 (33.3)*

OD-T 6 1.83±0.75* 1.65±0.08* 4 (66.7)* 0.40±0.09* 58.33±11.69* 55.17±10.21* 2 (33.3)*

Control groups 12 3.42±0.52 2.05±0.20 0 (0.0) 1.20±0.15 17.92±4.98 15.42±3.96 10 (83.3)

OD study groups 12 1.50±0.67** 1.61±0.10** 9 (75.0)** 0.33±0.17** 59.58±9.64** 56.25±9.15** 4 (25.0)**

Control-0D, control group for prevention; Control-2W, control group for treatment; OD-P, oridonin group for prevention; OD-T, oridonin 
group for treatment; Control groups, control-0D & control-2W group; OD study groups, OD-P & OD-T group. *, compared with Control-0D 
or Control-2W, P<0.05; #, compared with OD-T, P<0.05; **, compared with Control groups, P<0.05.
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(10.17±3.764 U/L), AST (26.83±6.765 U/L) and ALP 
(54.17±16.485 U/L) in the blank control group (15), 
while these indicators in other groups increased. 
Compared  w i th  con t ro l -0D group ,  s e rum ALT  
(58.83±4.708 vs. 43.00±6.033 U/L, P<0.05) and AST 
(83.00±11.967 vs. 64.33±3.830 U/L, P<0.05) levels in the 
OD-P group were revealed to be significantly lower. More 
interestingly, OD-P group also had a lower serum ALT 
(43.00±6.033 vs. 53.67±8.406 U/L, P<0.05) and AST 
(64.33±3.830 vs. 70.00±3.847 U/L, P<0.05) levels than 
OD-T group. In addition, serum ALP levels were found 
to be markedly lower in the OD study groups compared 
with those in the control groups (P<0.05 for both). The 
serum levels of AFP and CEA in the OD study groups 
were markedly lower compared with those in the control 
groups (P<0.05 for both). Moreover, an obvious reduction 
of serum AFP (0.13±0.029 vs. 0.21±0.029 ng/mL, P<0.05) 
and CEA (4.40±0.374 vs. 5.87±0.398 pg/mL, P<0.05) 
levels was seen in the OD-P group than that in the OD-T 
group (Table 3). 

Discussion 

Liver metastasis is the major reason of high mortality 
in patients with CRC (2). For a liver metastasis to form, 
cancer stem cells with metastatic potentiality must detach 
from the primary tumor, intravasate into portal system, 
travel in the circulation, extravasate from vessel, reattach 
to liver mesenchymal and develop into a new focus after 
the development of neovascularization (16). Thus, killing 
these cancer cells that have spread to liver and inhibiting 
the development of neovascularization become the keys 
to prevent the occurrence of CRCLM. Developing novel 
therapeutic agents that selectively kill cancer cells while 
sparing healthy cells and tissues will obviously increase 
the likelihood of achieving cure in patients with CRCLM. 
Although solitary primary CRC may be amenable to surgical 
treatment, metastatic disease is often incurable. Current 
efforts to treat metastatic CRC primarily dependent on 
radiotherapy and chemotherapeutic drugs, which may cause 
significant side effects, such as hepatotoxicity of 5-FU (17) 

Figure 5 Intraportal oridonin inhibits tumor growth in hemispleen models. Scale bar =100 µm. OD, oridonin. H&E, hematoxylin-eosin 
staining; CK20, Immunohistochemistry; TUNEL, Terminal deoxynucleotidyl transferase (TdT) dUTP Nick-End Labeling Staining.
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and oxaliplatin (18), et al. Oridonin has been previously 
reported to confer a number of advantages compared with 
conventional anti-cancer agents, one of which is reduced 
toxicity. In a previous study, oridonin has been found 
to exhibit moderate cytotoxicity towards SGC7901 and 
SGC7901/DDP cells in vitro (19). In addition, oridonin 
has also been demonstrated to selectively induce tumor cell 
apoptosis without affecting other vital organs, including the 
bone marrow, liver and kidney (13). The similar result was 
obtained in the present study. Herein, in order to evaluate 
the hepatotoxicity of oridonin, the serum ALT, AST and 
ALP levels were tested among groups. Intraportal oridonin 
was demonstrated to possess non-hepatotoxicity by the 
normal serum levels of ALT, AST and ALP of mice in the 
blank control group (15). Intriguingly enough, the fact that 
there were lower serum ALT, AST and ALP levels in the 
groups treated by intraportal oridonin than in the control 
groups indicated that intraportal oridonin may effectively 
prevent liver injury from tumor and even have a certain 
protective effect on liver.

Previous studies have demonstrated that oridonin 
possesses a powerful anticancer effect on a large-scale 
cancer cell types, including breast cancers (20), non-small 
cell lung cancer (21), acute leukemia (22) and pancreatic 
cancer (23), et al. Recently, oridonin was also found to 
exert an anti-cancer effect on CRC by targeting BMP7/
p38 MAPK/p53 signaling (24) and inhibiting glucose 
metabolism via downregulating the protein levels of 
GLUT1 and MCT1 (25). Meanwhile, oridonin displayed 
inhibitory effect on tumor growth and metastasis through 
anti-angiogenesis by blocking the Notch signaling (26). 
Therefore, oridonin can effectively kill off colon cancer 
cells through targeting multiple signaling pathways and 
inhibit the development of neovascularization. This finding 

was similar to our in vitro results that oridonin reduced 
the viability of HT29 cells in a concentration and time 
dependent manner. However, to our best knowledge, there 
is no report about the preventive and therapeutic effect of 
intraportal oridonin on CRCLM. In our hemispleen model, 
intraportal oridonin given on the day of finishing models 
seemed to effectively inhibit metastasis to the greatest 
extent. Although the mice receiving intraportal oridonin at 
two weeks after modeling seemed to have a larger metastatic 
liver nodules compared with those receiving an initial dose 
of oridonin on the day of finishing models, there was still an 
indication that they had a lower metastasis score compared 
with those that received the control injection at both times. 
On the other hand, the mice in the control-0D group had 
an average AI of 14.17%±3.66%. In contrast, OD-P group 
had a higher average AI of 57.33%±8.80%, indicating a 
large number of apoptotic cells were seen in the treated 
mice for prevention. Mice in the control-2W and OD-T 
group had AI of 16.67%±4.18% and 55.17%±10.21%, 
respectively, suggesting that a significant increase in the 
apoptotic tumor cells can also be found in the treated mice 
for treatment. The ability of intraportal oridonin to inhibit 
metastasis whether given on the day or two weeks after 
modeling demonstrates that intraportal oridonin can kill 
both recently metastasized cells and established tumor cells 
by the induction of apoptosis, indicating that intraportal 
oridonin may be able to exert a preventive and therapeutic 
effect on CRCLM. Encouragingly, intraportal oridonin 
was found to possess more effective anti-metastasis effect 
on CRCLM than intravenous injection in our preliminary 
experiment (Figure S1).

Tumor markers are widely applied to evaluate tumor 
diagnosis, treatment and prognosis. Relative studies 
indicated that the levels of tumor markers can be changed 

Table 3 Effects of intraportal oridonin on liver enzymes and tumor markers in BALb/c nude mice serum of hemispleen model

Groups Mice, n ALT, U/L AST, U/L ALP, U/L AFP, ng/mL CEA, ng/mL

Control-WT 6 10.17±3.764 26.83± 6.765 54.17±16.485 – –

Control-0D 6 58.83±4.708 83.00±11.967 120.83±2.317 0.71±0.092 9.75±0.822

Control-2W 6 60.33±5.428 81.17±15.092 119.33±1.211 0.70±0.100 9.75±0.794

OD-P 6 43.00±6.033*# 64.33±3.830*# 109.67±4.412* 0.13±0.029*# 4.40±0.374*#

OD-T 6 53.67±8.406 70.00±3.847 114.83±4.070* 0.21±0.029* 5.87±0.398*

Control-WT, blank control group. Control-0D, control group for prevention; Control-2W, control group for treatment; OD-P, oridonin 
group for prevention; OD-T, oridonin group for treatment; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline 
phosphatase; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen. *, compared with Control-0D or Control-2W, P<0.05; #, compared 
with OD-T, P<0.05.

https://cdn.amegroups.cn/static/public/TCR-20-3042-Supplementary.pdf
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before and after treatment, which may be associated with 
decreased tumor burden (27). Hence, finding effective 
tumor markers for the evaluation of therapeutic effect is 
very important for patients with CRC (28). Interestingly 
enough, Hu et al. revealed that the levels of TSGF, CEA 
and AFP obviously decreased one month after operation, 
indicating that radical resection for CRC can effectively 
alleviate the tumor burden in patients (29). Thus, CEA 
and AFP are proper tumor markers for the evaluation of 
therapeutic effect in patients with CRC. In the current 
study, the serum levels of AFP and CEA in the groups 
treated with intraportal were markedly lower compared 
with those in the control groups. It was also found that 
there were significant reductions in the levels of AFP and 
CEA in the OD-P group compared with those in the OD-T 
group. These findings suggested that intraportal oridonin 
effectively reduces the tumor burden, but unexpectedly, 
early prevention seem to be more effective than delayed 
treatment. 

On the other hand, although complete resection of 
CRCLM is the best chance of cure, up to 85% of patients 
are unresectable at diagnosis (30). For the majority of CRC 
patients with unresectable liver metastasis, preoperative 
conversion chemotherapy is the most ideal option. The 
goals of conversion chemotherapy are to control the 
progression of liver metastasis, downsize the size of tumor 
to convert the unresectable to resectable and improve 
the sensitivity of tumor cells to chemotherapy drugs,  
etc. (31). In the current study, in order to simulate the liver 
environment after forming unresectable liver metastasis, 
oridonin and 0.5% DMSO were respectively injected into 
all of mice in the OD-T and Control-2W group through 
spleen-portal vein 2 weeks after modeling. The lower 
liver metastasis score in the OD-T group than that in 
the control-2W group (1.83±0.75 vs. 3.50±0.55, P<0.05) 
suggested that intraportal oridonin seemed to alleviate 
metastasis to the greatest extent. Additionally, compared 
with control-2W group, there were lighter liver weight 
(2.00±0.25 vs. 1.65±0.08 g, P<0.05) and tumor infiltration 
(1.20±0.13 vs. 0.40±0.09 mm, P<0.05), whereas more 
cured scars (0.0% vs. 66.7%, P<0.05), tumor cell death 
ratios (18.33%±5.16% vs. 58.33%±11.69%, P<0.05) 
and AI (16.67%±4.18% vs. 55.17%±10.21%, P<0.05) in 
the OD-T group, suggesting that intraportal oridonin 
can effectively downsize the size of tumor through the 
induction of apoptosis in vivo. More importantly, there 
were markedly lower serum levels of AFP and CEA in 
the OD-T group when compared with the control-2W 

group. Overexpression of CEA was found to induce 5-FU 
resistance (32), so blocking CEA using a CEA aptamer 
could enhance the sensitivity of CRC cells to 5-FU (33). 
These findings suggested that intraportal oridonin may 
also be able to improve the sensitivity of CRC cells to 
5-FU by decreasing serum CEA levels. Hence, intraportal 
oridonin seem to provide a efficacious way for the 
preoperative conversion chemotherapy of the unresectable 
CRCLM. 

However, the clinical application of oridonin is limited 
because of its low solubility, poor bioavailability (34) 
and rapid plasma clearance (35). Previously, surfactants 
and organic solvents were usually added in the injection 
formulation to overcome these drawbacks. For example, 
aminopterin was synthesized to induce remissions in 
children with acute leukemia using oridonin (36). But 
the unpredictable side effects of aminopterin such as 
mucosal toxicity, myelosuppressive effect, tumor lysis 
syndrome, etc., caused it to be withdrawn from the market 
in the early 1950s (37). Encouragingly, for purpose of 
overcoming the aforementioned disadvantages, recently 
many useful strategies have been explored including 
structural  modification (38 ) ,  new pharmaceutical 
formulations (39), nanoparticles (40), etc. It was reported 
that structural modification remarkably boosts its solubility 
and bioactivity (38), and the development of new dosage 
forms also promotes the regulation of oridonin delivery by 
pharmaceutics techniques (39). All these strategies chart a 
brighter course for the clinical application of oridonin.

Conclusions

In a word, this study firstly described the preventive and 
therapeutic effect of intraportal oridonin on CRCLM 
in vivo. Intraportal oridonin can effectively inhibit the 
formation of liver metastatic tumor, exert a certain degree 
of preventive and therapeutic effect on CRCLM and a 
protective effect on liver, but a further study need to be 
carried to clarify the specific anti-metastasis mechanism 
and reasonably present the quantitative index. Meanwhile, 
our group will also further determine whether intraportal 
oridonin improve the sensitivity of CRC cells to 5-FU.
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Supplementary

Acute animal toxicity test 

According to the LD100 and LD0 from preliminary 
experiment, the administration dosage of oridonin was 
determined by a geometric series of 1:0.76 (21.40, 16.26, 
12.36, 9.39, 7.14, 5.42, 4.11, 3.12, 2.37, 1.79 mg/kg·d-1). 
55 female and 55 male BALb/c nude mice (6 weeks of age, 
18~20 g) were purchased from The Laboratory Animal 
Center of Dalian Medical University (Dalian, China). 
All of BALb/c nude mice were randomly divided into 
11 groups by their weight and sex: 10 dose groups of 
oridonin and a control group. 10 BALb/c nude mice were 
included in each group. After 12-hour fasting but drinking, 
different dose of oridonin or 0.5% dimethyl sulfoxide were 
respectively injected into all of mice in administered group 
or control group via intraspleen or intraportal vein. Then 
the common status including active state, weight, fur color, 
toxic reaction, death etc were recorded during the 2-weeks 
o b s e r v a t i o n  p e r i o d .  L a s t  b u t  n o t  l e a s t ,  t h e 
half lethal dose (LD50) was determined using probit analysis, 

meanwhile the maximum safe concentration of intraportal 
oridonin were determined, which was used as the dosage of 
subsequent treatment group and preventive group. 

The acute toxicity evaluation of intraportal 
oridonin 

To better pinpoint the toxicity, maximum safe concentration 
of intraportal oridonin, 11 groups of BALb/c nude 
mice were treated using the acute animal toxicity test. 
In order from top to bottom, all of BALb/c nude mice 
administrated with 21.4 mg/kg·d-1 oridonin via intraspleen 
or intraportal vein died during 2 weeks experiment. Then, 
7.14 mg/kg·d-1 was the maximum dose in this experiment, 
where no mice died. Thus, the maximum safe dose of 
intraportal oridonin were respectively 7.14 mg/kg·d-1, 
which can be used as the administrated dose of treatment 
group and preventive group. On the other hand, LD50 of 
intraportal oridonin was calculated using probit analysis and 
it was 13.61 mg/kg·d-1 (Table S1).

Table S1 The acute toxic effect of intraportal oridonin on BALb/c nude mouse

Drug Groups Route of exposure Dose mg/kg·d-1 Mortality LD50 mg/kg·d-1

oridonin 1 Intraspleen or 
intraportal

21.40 10 13.61

2 16.26 8

3 12.36 4

4 9.39 1

5 7.14 0

6 5.42 0

7 4.11 0

8 3.12 0

9 2.37 0

10 1.79 0
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Figure S1 The comparison of liver metastasis scores between 
intraportal and intravenous OD. Values are the means ± SD from 
three independent determinations. OD, oridonin.


