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Abstract. Adenocarcinoma of the duodenum comprises 
50‑70% of duodenal tumors. There is an increase in extracel-
lular matrix metalloproteinases in this disease and it has been 
suggested that they play an important role in the development 
and pathology. Therefore, new therapeutic recommendations 
based on inhibitors of these enzymes, such as doxycycline, 
are under investigation. The cytotoxic effect of doxycycline 
was evaluated in the HuTu‑80 duodenal adenocarcinoma cell 
line and its antitumor effect was determined in an immunode-
ficient murine model. A 10‑µM (4.4 µg̸ml) concentration of 
doxycycline was capable of causing apoptosis in 90% of the 
culture cells. Doxycycline was also responsible for a decrease 
in tumor growth and an increase in the survival of the mice 
with HuTu‑80‑cell tumors. These results suggest that doxycy-
cline is a potential cytotoxic and antitumor agent effective in 
the treatment of adenocarcinoma of the duodenum.

Introduction

Adenocarcinoma of the duodenum comprises 50‑70% of 
duodenal tumors; however, it has an overall low incidence rate, 
as it represents only 0.3‑0.4% of all intestinal tumors (1,2), and 
it has not been extensively investigated. Adenocarcinoma of 
the duodenum is usually detected at an advanced stage, due 
to its non‑specific clinical presentation. Curative attempts are 

based on surgery, but the overall survival rate is very low (25% 
at 5 years) (1). Chemotherapy and radiation are considered to 
make a minimal contribution to disease‑free survival (2). As 
this disease is uncommon, there has been little investigation 
on new treatments, which are necessary for these patients.

The true etiology of adenocarcinoma of the duodenum is 
not yet known. However, it has been suggested that the extra-
cellular matrix metalloproteinases (MMPs) play an important 
role, as they are overexpressed in tumor tissue and participate 
in histological remodeling, which is a characteristic of this 
disease. New therapeutic recommendations based on MMP 
inhibitors are currently under investigation. Such is the case 
of doxycycline, which is considered to be a potent inhibitor 
of MMP activity (3). Likewise, doxycycline may also inhibit 
the proteins associated with inflammation  (4), which may 
also exert an antineoplastic effect. Therefore, doxycycline and 
other MMP inhibitors are considered as potential antineo-
plastic agents. The aim of the present study was to determine 
the cytotoxic and antitumor effects of doxycycline in in vitro 
(cell culture) and in vivo (immunodeficient mice) models of 
adenocarcinoma of the duodenum.

Materials and methods

Antineoplastic effect. HuTu‑80 human duodenal adeno-
carcinoma cells (1x104; American Type Culture Collection 
number:  HTB‑40) were plated in 96‑well dishes, with 
Dulbecco's modified Eagle's medium (DMEM) with 2 mM of 
L‑glutamine (Sigma‑Aldrich, Saint Louis, MO, USA), supple-
mented with 2% fetal bovine serum (Gibco, Grand Island, NY, 
USA). After 12 h, doxycycline (Sigma‑Aldrich) was added to a 
concentration of 5 and 10 µM, in a total volume of 200 µl̸well. 
To determine the antineoplastic effect, an assay was performed 
at 72 h, in which metabolic activity was measured with a redox 
agent (Alamar Blue®). There was reduced cellular activity in 
the presence of doxycycline, compared with unexposed cells 
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(100% viability reference). These experiments were performed 
in triplicate, according to the manufacturer's instructions 
(Biosource, Nivelles, Belgium). The incubation conditions 
were 37˚C, 5% CO2, and 97% relative humidity.

In vivo assay. A total of 16 male mice were used for the duodenal 
adenocarcinoma murine model. The animals were Foxn1 nu 
strain mice (Harlan Laboratories, Mexico City, Mexico) and 
were 4 weeks old, athymic and immunodeficient. The mice 
were inoculated in the dorsal region with 1x105  HuTu‑80 
human duodenal adenocarcinoma cells. After 10‑15 days, when 
a tumor of ~4 mm in diameter was detected, the mice were 
randomly selected and assigned into two groups of (n=8 per 
group). A daily intraperitoneal dose of 40 mg̸kg doxycycline 
in 100 µl DMEM was administered to the experimental group, 
whereas only 100 µl of the medium was administered daily 
to the control group. According to previous studies on rats or 
mice, this dose of doxycycline is capable of inhibiting proin-
flammatory cytokines and MMPs (5,6). It should be mentioned 
that doses that are 5 times higher are commonly used in these 
animal models (7). This treatment was continued for 25 days 
and tumor volume was measured every 5 days (the length, 
height and width of the tumor were measured with a vernier). 
Tumor volume was calculated as previously described (8). The 
tumor volume that was determined immediately prior to treat-
ment initiation was considered as the 100% value. The survival 
of the mice was analyzed up to day 80. Following the protocol 
and ethical considerations, the animals were euthanized by 
cervical dislocation when the tumor reached 25 mm in any of 
its dimensions. All experiments were conducted with respect 
to animal rights, and the mice were treated humanely, ensuring 
their general well‑being. The study was approved by the 
Institutional Bioethics Committee and followed the Mexican 
Official Guidelines NOM‑062‑ZOO‑1999 that regulates the 
use of laboratory animals for research.

Statistical analysis. Tumor growth curves were analyzed 
through statistical comparison with non‑parametric tumor 
growth curve methods (free distribution) (8). Animal survival 
was evaluated using Kaplan‑Meier curves, which enabled the 
proportion of events observed on a given day to be calculated 
for each day (MedCalc program version 10 for Windows Vista; 
MedCalc Software, Mariakerke, Belgium).

Results

In vitro assay. After being exposed to doxycycline for 72 h, 
a cellular viability of 55±2% and 10±1.6% at 5 and 10 µM, 
respectively, was determined. These concentrations corre-
sponded to 2.22 and 4.44  µg̸ml. The maximum plasma 
concentration attainable in humans varies from 1.5 to 3.6 µg̸ml 
after therapeutic doses of doxycycline. Thus, the concentra-
tions employed in this study were similar to those that can be 
obtained in human plasma at therapeutic doses.

In vivo assay. Starting on day 15 of the experiment, a statisti-
cally significant reduction in the percentage of tumor growth 
was observed in the doxycycline group, which increased over 
time (P=0.0001) (Fig. 1A). This result was in accordance 
with the higher survival in the mice of the doxycycline 

group (Fig. 1B) (P=0.03). The Kaplan‑Meier curve shows that 
after the last day of follow‑up (day 80), ~50% of the experi-
mental group animals remained alive, whereas the animals in 
the control group were euthanized before the tumors reached a 
size of 25 mm in diameter.

Discussion

The in vitro and in vivo assays demonstrated that doxycycline 
exerts a significant antineoplastic and antitumor effect on 
duodenal adenocarcinoma. These data are consistent with the 
study by Sagar et al (9), which demonstrated cytotoxic activity 
of doxycycline in colorectal cancer cells (HT29 cell line). To the 
best of our knowledge, there are no other studies on intestinal 
neoplasias. However, doxycycline has been tested in vitro in 
different neoplasias. It has been demonstrated that sensitivity 
to doxycycline varies depending on the type of cancer. In HT29 
colorectal cancer, a concentration of 10 µg̸ml induces G0̸G1 
cellular arrest, whereas a concentration of 20 µg̸ml causes 
apoptosis through the mitochondrial pathway (10,11). However, 
prostate cancer and glioma cells must exceed these concentra-
tions in order to cause cell death (12,13). In the in vitro assays of 
the present study, apoptosis of duodenal adenocarcinoma cells 
was caused even at the low concentrations of 2.2 and 4.4 µg̸ml 
(5 and 10 µM, respectively). These concentrations are lower 
compared with those reported for other types of cancer and 
may indicate that duodenal adenocarcinoma exhibits a greater 
sensitivity to the cytotoxic effect of doxycycline. In contrast to 
previous reports, the concentrations of doxycycline used in this 

Figure 1. Tumor volume growth and survival curves of immunodeficient 
mice implanted with human duodenal adenocarcinoma cells. (A) The group 
treated with doxycycline presented with a lower rate of tumor growth com-
pared with the control group (P=0.0001). This graph shows the median and 
standard error. (B) The mice in the group treated with doxycycline presented 
with higher survival compared with that of the control group (P=0.03).
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study are attainable in human plasma (1.5‑3.6 µg̸ml) following 
administration of therapeutic doses of the drug.

Various action mechanisms of the antineoplastic effect 
of doxycycline have been proposed. One is the induction 
of apoptosis  (14), possibly due to caspase‑3 elevation and 
inhibition of the action of different MMPs. These enzymes 
are implicated in the growth, invasion and metastasis of 
multiple neoplasias, as they degrade the extracellular matrix 
in addition to facilitating the release of growth factors (3). 
Doxycycline has been shown to inhibit the activity of different 
MMPs and the in vitro proliferation of cells in breast cancer 
(MDA‑MB‑435 cells) (15), prostate cancer (LNCaP cells) (14) 
and osteosarcoma (U20S cells) (16).

MMP inhibitors (MMPIs), including doxycycline, are 
drugs that are currently being evaluated in the treatment of 
cancer. The results of the present study support the use of 
doxycycline as an adjuvant therapeutic agent for carcinoma 
of the duodenum. This type of cancer, in particular, is an 
uncommon disease, with a limited chemotherapy options 
(docetaxel, cisplatin and 5‑fluorouracil) (17). Although doxycy-
cline did not exert a curative effect in the animal model, it did 
reduce the speed of tumor growth and increased survival. This 
suggests that doxycycline and other MMPIs may be potential 
therapeutic options for adenocarcinoma of the duodenum.

In conclusion, doxycycline was shown to be a potential 
cytotoxic and antitumor agent for adenocarcinoma of the 
duodenum. However, further studies are required to evaluate 
the clinical usefulness of this drug and other MMP inhibitors 
in this type of cancer.
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