Summer (2025) 14(53): 11-21

DOI: 10.30473/eab.2025.75818.2009

Received: 16 Sep 2025

ORIGINAL ARTICLE

Accepted: 14 Dec 2025

Experimental Animal Biology ==

Mathematical modeling to determine key regulators of hypoxia
effect on succinate production in the krebs cycle

Jaber Hashemzadeh?, Reza Hajihoseini'*{*, Sedaghat Shahmorad?

'Department of Biochemistry, Payame
Noor University, Tehran, Iran.
“Department of Applied Mathematics,
University of Tabriz, Tabriz, Iran.

Correspondence
Reza Hajihoseini
Email: hosseini@pnu.ac.ir

How to cite

Hashemzadeh, J., Hajihoseini, R.,
Shahmorad  Moganlu, S. (2025).
Mathematical modeling to determine
key regulators of hypoxia effect on
succinate production in the krebs cycle.
Experimental Animal Biology, 14(53),
11-21.

ABSTRACT

Introduction: Hypoxia can cause aberrant expression of transcription factors and
genes, which leads to abnormal biological functions such as altered energy
pathways in cancer cells. The Krebs cycle in glucose metabolism is an important
part of this phenomenon, which under hypoxic conditions, changes in the
expression levels of metabolites and enzymes involved in this pathway, including
the accumulation of some metabolites such as succinate, as well as changes in the
composition of the tumor microenvironment, can lead to increased invasion and
metastasis of cancer cells.

Method: In this study, for the first time, using computational modeling, the effects
of hypoxia (HIF-1) on the functional expression levels of all enzymes and
metabolites involved in the Krebs cycle have been investigated. For this purpose, a
system of equations consisting of 16 equations was designed that relates all
components of the Krebs cycle to each other and to hypoxia. The main goal of the
present study is to establish a quantitative relationship between the severity of
hypoxia and the levels of intracellular metabolites and identify key regulators of the
Krebs cycle.

Result: The results of the study indicate a direct relationship between the severity
of hypoxia and increased succinate production, as an important factor driving
metastasis. Consequently, based on a sensitivity analysis study, Our proposed
model predicts that the succinate dehydrogenase enzyme probably plays the most
important role in regulating the Krebs cycle under hypoxia conditions.
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