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Abstract. – OBJECTIVE: Doxorubicin (DOX)
is a chemotherapeutic agent widely used to
treat cancers, particularly breast cancer. DOX
has side effects, including cardiotoxicity, hepatotoxicity, and nephrotoxicity. Imipramine is
an antidepressant that increases the release of
neurotransmitters. This study aimed to investigate the effect of co-administration of imipramine and DOX on DOX-induced toxicity.
MATERIALS AND METHODS: Forty female
mice (10-12-weeks-old, 30-38 g) were divided into four groups (n = 10 per group). The animals
in the control group received a single-dose saline injection. The animals in the DOX group received a single dose of DOX (20 mg/kg) by intraperitoneal (i.p.) injection. The animals in the
imipramine group received the drug daily in
their drinking water (0.13 mg/mL) for 9 days,
starting 1 day before the DOX injection received
by the DOX group. The animals in the combination group (DOX+imipramine) received a single dose of DOX (20 mg/kg, i.p. injection), and a
daily dose of imipramine in their drinking water
(0.13 mg/mL) for 9 days starting 1 day before the
DOX injection. The animals were observed daily
to record mortality, and their body weights were
recorded every alternate day.
RESULTS: DOX treatment increased the rate
of mortality compared with that for control animals. Imipramine co-administration with DOX
increased the rate of mortality significantly (p
< 0.05) compared with DOX treatment alone.
The mortality rate in both the control and imipramine-treatment groups was zero. DOX co-administered with imipramine resulted in significantly reduced body weight compared with control animals.
CONCLUSIONS: The combination of DOX and
imipramine reduced the survival rate of female
mice, suggesting that imipramine increases the
toxic effects of DOX.
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Introduction
The survival rate is commonly used to evaluate
toxicity of a drug treatment in animals or humans
over time1. In this type of study, mortality is typically measured from the first day of treatment
for a defined period of time; a comparison is then
made between treated and untreated subjects
to understand the effect of the treatment. The
survival time is defined as the time from the
first day of treatment until death occurs2. The
Kaplan-Meier survival curve is frequently used
to analyze the effects of interventions, such as
drugs, on the survival rate of animals3,4.
Doxorubicin (DOX) belongs to the anthracycline class of chemotherapeutic agents, which
are used to treat many types of cancer, such as
breast, prostate, lung, and colon cancers5. DOX
has many mechanisms of action6. Topoisomerase II is important for DNA repair and acts by
relaxing positive and negative supercoils, thus
reducing the growth of the replication fork in
DNA7,8. DOX acts by binding to topoisomerase
II in cancer cells, which leads to the disruption
of DNA transcription and causes DNA degradation and cell death6. In addition, DOX is reported to increase the generation of free radicals that
cause damage to cellular membranes, DNA and
proteins9.
Imipramine is a tricyclic antidepressant (TCA).
TCAs exert their effects by selectively blocking serotonin (5-hydroxytryptamine) and norepi-

Corresponding Author: Ahmad Alhowail, Ph.D; e-mail: aalhowail@qu.edu.sa

Imipramine reduces the survival rate of doxorubicin-treated mice

nephrine reuptake10. It has been shown that the
hippocampus can induce significant neurogenesis
in response to chronic imipramine treatment11,12.
Although the mechanism is not well understood,
studies have shown that imipramine and other
antidepressants stimulate neurogenesis by upregulating brain-derived neurotrophic factor (BDNF), vascular endothelial growth factor, and fibroblast growth factor 2, and their receptors13-15.
Conversely, stress has been reported to lead to
BDNF downregulation, which is reversible with
imipramine treatment16. DOX treatment has also
been reported to downregulate the expression of
BDNF17.
Previous studies examining the combination
of imipramine with chemotherapeutic agents
have reported that it prevents toxicity associated
with temozolomide18 and enhances the efficacy of
DOX19. However, these studies did not indicate
the effect of the combinations of these drugs on
survival rate. This study evaluated the effect of
imipramine on the survival rate of mice when
given in combination with DOX.

Materials and Methods
Chemicals
DOX (ADRIM®) was obtained from Fresenius
Kabi Oncology Ltd. (Haryana, India). Imipramine hydrochloride (crystalline powder, Alfa Aesar) was purchased from Thermo Fisher Scientific
(Waltham, MA, USA).
Animals
Forty female albino mice (10-12-weeks-old,
30-38 g) were housed individually in a 12-h lightdark cycle (lights on at 7:00 am). The animals had
free access to food and water at all times. Animal
studies were undertaken after obtaining Institutional Ethical Approval from the research unit
at the College of Pharmacy, Qassim University
(Approval No. 2020 - CP - 6).
Experimental Design
The mice were separated into four groups (n =
10 per group): (1) a control group; (2) a DOX-treatment group; (3) an imipramine-treatment group;
and (4) a group with DOX and imipramine. The
mice in the control group received a single intraperitoneal (i.p.) injection of saline on day 1 of
the study and normal drinking water. Mice in the
DOX group received a single i.p. injection of 20
mg/kg DOX on day 1 of the study and normal

drinking water. Mice in the imipramine group
received imipramine (0.13 mg/mL) daily in their
drinking water for 9 days, beginning 1 day before the DOX injection received by mice in the
DOX group. Mice in the combination treatment
group (DOX+imipramine) received a single dose
of DOX (20 mg/kg, i.p. injection) and daily administration of imipramine (0.13 mg/mL) in their
drinking water for 9 days, beginning 1 day before
the DOX injection. The mice were observed daily
to record mortality and their body weights were
recorded every alternate day.
Statistical Analysis
All data were analyzed using one-way analysis
of variance and are represented as the mean ±
standard error of the mean. The data were subjected to Tukey’s test to evaluate the parameters,
and p < 0.05 was considered statistically significant. Survival was assessed using Kaplan–Meier
survival curves.

Results
Effect of DOX and Imipramine on the
Survival Rate of Mice
A matching mouse model was developed to
better understand the effect of imipramine on
the survival rate of mice treated concurrently
with DOX. DOX treatment increased the rate of
mortality compared with that for control animals.
Co-treatment of mice with DOX+imipramine significantly (p < 0.05) decreased the survival rate
of mice compared with DOX treatment alone. No
mortality was recorded in the control group or
the imipramine-treatment group during the study
period (Figure 1).
Effect of DOX and Imipramine on
the Body Weight of Mice
The average body weights of mice in the DOX,
imipramine, and DOX+imipramine groups were
significantly lower than the average body weight
of control mice at the end of the study period (p
< 0.05) (Figure 2).

Discussion
The primary objective of the present study20
was to determine the impact of imipramine on
the survival rate of DOX-treated mice using
Kaplan-Meier curves, which are a statistical ap12979
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was 80% on day 5, 50% on day 6, and 10% on day
9. This result revealed that the toxicity of DOX
was increased by co-administration of imipramine. Further studies are required to determine
the mechanism of this synergistic toxic effect.
Imipramine is a TCA. Our observations in this
study indicated that chronic administration of
imipramine significantly decreased the survival
rate of mice co-treated with DOX compared
with control mice or mice treated with imipramine alone (Figure 1B). Our study also showed
a reduction in the average body weight of mice
treated with DOX+imipramine compared with
control and imipramine-treated mice, and compared with DOX-treated mice during the last 3
days of the study. Previous scholars24 have indi-

Figure 1. Effects of doxorubicin (DOX), imipramine, and
DOX+imipramine treatment on the survival rate of experimental mice. A, Survival rate of mice over a period of 9
days. B, Average survival rate of mice in the last 3 days of
the study. Data are presented as the mean ± SEM (n = 10
per group).

proach widely used to analyze time-to-event data.
This approach is well-established for use in survival analysis. In particular, it is widely used in
pharmaceutical and epidemiological studies21 to
assess the survival of subjects over time in cases
where two or more of the studied groups are receiving the same or different medications4.
The dosage protocols used in this study for
DOX and imipramine were selected to be clinically relevant and were based on previous studies22,23. The survival rate of mice was measured
every day throughout the 9-day study period. The
percentage survival of DOX-treated mice was
reduced to 75% after 5 days, and this was then
maintained until the end of the study period. The
survival rate of DOX+imipramine-treated mice
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Figure 2. Effects of DOX, imipramine, and DOX+imipramine treatment on the body weight of experimental mice.
A, Body weight change (%) in mice over a period of 9 days
compared with the first day of treatment. B, Average body
weight change (%) in mice during the last 3 days of the study
compared with the first day of treatment. Data are presented
as the mean ± SEM (n = 10 per group).
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cated that imipramine has the ability to improve
the functioning of mitochondria in glioblastoma
multiforme cells. Some chemotherapeutic agents,
such as trastuzumab and sunitinib, can cause
reversible mitochondrial impairment, while others, such as DOX, can cause irreversible and
lethal mitochondrial damage25. Imipramine could
potentially improve mitochondrial function in
the case of reversible damage caused by chemotherapeutic agents. This highlights the need for
further research to elucidate the exact effects of
imipramine on mitochondrial function.
The mice in the control group showed a continuous increase in body weight throughout the
experimental period. Mice treated only with
imipramine maintained approximately the same
weight throughout the study. Mice in the DOX
and DOX+imipramine groups showed continuous declines in body weight until the end of the
study period. The average body weights of DOX-,
imipramine-, and DOX+imipramine-treated mice
were all significantly reduced compared with
the control group. Furthermore, DOX and DOX+imipramine treatment resulted in significant
decreases in body weight compared with mice
treated only with imipramine. This result shows
that imipramine alone does not significantly reduce body weight but DOX does, consistent with
the findings of other studies26.
This study had certain strengths and limitations. It was conducted using normal mice that
were pathogen free to evaluate the drug-drug
interaction without interference from other factors. It used mice of the same age and strain to
avoid any genetic effects or differences caused by
age. In addition, the dosage protocol for each experimental group was kept constant (i.e., dosage
and time of administration) and the mice were
housed in identical conditions. However, a limitation of the study was that the mice were free
of cancer and DOX is usually administered when
cancer has developed in humans or animals; thus,
cancer and its associated symptoms, such as inflammation, could potentially interfere with the
outcomes of this study.

Conclusions
There are no previous studies evaluating the
effect of combined imipramine and doxorubicin
intervention on survival rate. In this work, we
showed that the combination of DOX and imipramine resulted in a significant reduction in the sur-

vival rate of mice compared with treatment with
DOX alone or imipramine alone. DOX treatment
decreased the survival rate of mice compared
with control mice, while imipramine treatment
did not have a significant effect on survival. In
addition, DOX and DOX+imipramine treatment
resulted in significant reductions in body weight
compared with control or imipramine-treated
mice. Our findings suggest that co-treatment with
imipramine and DOX may produce an additive
effect leading to cytotoxicity and increased mortality in mice. Further research is required to
understand the precise effect of the combination
of DOX and imipramine on the metabolism and
physiology of treated subjects.
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