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markets, several studies have examined this effect in various fields. However, the
issue of the impact of economic sanctions on the life cycle of pharmaceutical
products, as one of the important elements of the health sector, has not yet been
the focus of researchers. In this regard, the present study examines the effect of
economic sanctions on the life cycle of pharmaceutical products and uses a
system dynamics approach for this purpose. Also, the life cycle of amoxicillin, as
the most important antibiotic consumed in the country during the period 2002-
2023, has been used as a case study. The results of the present study show that
economic sanctions, by creating obstacles to the import of raw materials,
technology, and medical equipment, cause the product life cycle to shift
downward and reduce drug sales. Sanctions also reduce investment in research
and development and reduce the total factor productivity as well as product
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dynar{licsf o quality. Finally, as drug prices have increased due to sanctions and restrictions
339]“1 %gfsié%atlon. on imports, consumer satisfaction has declined sharply, helping to accelerate the

decline of the drug's life cycle.
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Extended Abstract

1. Introduction

The Product Life Cycle (PLC) is used as a
model to analyze the different stages of a
product’s life, from market entry to
decline. This model serves as a vital tool
for strategic decision-making in areas
such as production, marketing, and
investment. In the pharmaceutical
industry - which is directly related to
public health and whose importance is
determined by government interventions,
mandatory consumption, and high
sensitivity to product quality - the analysis
of the life cycle of drugs is of great
importance, especially in crises such as
sanctions.

Economic sanctions, which are used as
humanitarian tools to put pressure on a
country, have emerged as one of the most
important economic and humanitarian
challenges in Iran in recent decades.
Although the sanctions began in 1979, they
have been significantly intensified since
2011 and especially in 2018, severely
affecting vital sectors such as health and
pharmaceuticals. While medicines and
medical equipment are officially classified
as humanitarian goods and therefore
exempt from sanctions, in practice, severe
financial, foreign exchange, insurance, and
transportation restrictions have limited
the country’s access to these goods. This
has disrupted the pharmaceutical supply
chain, increased prices, reduced quality,
and caused shortages of essential
medicines. In addition, sanctions have
undermined domestic production,
reduced the  competitiveness  of
pharmaceutical companies, and shortened
product life cycles.

The present study focuses on the
product life cycle of amoxicillin - one of
the key pharmaceutical products and the

most widely used antibiotic in Iran - and
the effects of sanctions on the life cycle of
this drug during the period 2002-2023. For
this purpose, a system dynamics (SD)
approach has been used. The innovation of
this study is to study the effect of
sanctions on the PLC of amoxicillin.

2. Method

The methodology is based on system
dynamics modeling, which was chosen
due to the complex and multidimensional
nature of the phenomenon under study -
the life cycle of amoxicillin under
sanctions. System dynamics enables the
analysis of causal relationships between
variables and feedback loops - both
positive and negative - and allows for the
modeling of nonlinear structures and
endogenous variables.

In this study, four key subsystems—
supply, demand, distribution, and
competition—were designed and modeled
for amoxicillin. Data were collected from
reliable sources such as the Tehran Stock
Exchange, the Iran Food and Drug
Administration, and the Statistical Center
of Iran. A dummy variable for sanctions
was used, with a value of 1 assigned to
years with sanctions and a value of 0 to
years without sanctions.

After modeling, cause-and-effect loop
diagrams and stock-flow diagrams were
developed, followed by structural and
behavioral tests, and finally, simulation
and scenario analysis were performed
using Vensim software. The model was
validated  through  structural and
behavioral tests to ensure its accuracy in
reflecting the realities of the Iranian
pharmaceutical market.

3. Results and Discussion
The simulation results show that
economic sanctions have had direct and
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indirect effects on all stages of the product
life cycle of amoxicillin. Based on the time
analysis, the stages of the product life
cycle of this drug in Iran were identified as
follows:

Growth stage: 2002 to 2010
Maturity stage: 2011 to 2018
Decline stage: 2019 to 2022

Based on the findings of this study,
economic sanctions, especially in the
period 2011-2018, have led to a decrease in
sales growth rates, disruption in the
supply of raw materials, increased
production costs, and reduced innovation.
These factors have caused the studied
drug to enter the decline stage earlier than
expected. In other words, sanctions have
shortened the economic life of this
product and accelerated the transition
between stages of the product life cycle.

On the supply side, sanctions have
negatively affected production efficiency
and product quality by increasing import
costs, making financial transactions more
difficult, and limiting access to advanced
equipment and technology. On the
demand side, rising drug prices - driven by
currency fluctuations, devaluation of the
national currency, and inflation - have
reduced patients’ purchasing power and
led to a decline in drug sales. In addition,
reduced patient satisfaction due to
reduced quality or delayed access to drugs
has had a negative impact on drug sales.

In terms of distribution, banking and
transportation barriers have slowed down
product circulation and disrupted drug
access in different regions. On the
competition side, the entry of new brands
or alternative drugs has been limited due
to sanctions, weakening the domestic
competitive aspect.

Analyzing the feedback loops between
variables shows that supply and demand
loops are mutually reinforcing, and
disruption in one loop disrupts the entire
cycle. Thus, sanctions have simultaneously
engaged multiple subsystems and diverted
the product life cycle from its natural path.

4. Conclusion

This study conducted a comprehensive
review of the effects of economic
sanctions on the product life cycle of
amoxicillin in Iran. Findings show that
sanctions have not only disrupted
production and distribution processes but
also significantly shortened the drug life
cycle by increasing prices, reducing
quality, reducing consumer satisfaction,
and limiting research and development
activities.

The study shows that the most
significant impacts of sanctions have
occurred during the maturity and decline
stages of drugs. Given that in the absence
of effective support policies, many
essential drugs in the country enter the
decline  stage prematurely, it is
recommended that policymakers adopt
two distinct approaches: (1) active
diplomacy to reduce the severity of
sanctions as a long-term strategy and (2)
domestic compensatory and supportive
policies—such as increasing R&D budgets,
reforming the foreign exchange system,
improving supply chains, and facilitating
the import of raw materials.

In parallel with these measures, the
deployment of decision-making support
systems, such as knowledge management
and analysis, along with PLC analysis, can
help pharmaceutical companies design
smarter production and marketing
strategies.

Finally, the results of this research show
that the application of the system
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dynamics approach is an effective
analytical tool for better understanding
the nonlinear  behavior of the
pharmaceutical industry and evaluating
appropriate policy responses to sanctions,
and this approach can be extended to
similar strategic sectors in the country.
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