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Abstract

The Rudolf Buchheim Award is an annual prize awarded by the German Society for Experimental and Clinical Pharma-
cology and Toxicology (DGPT) to recognize outstanding work from young researchers in the fields of pharmacology and
toxicology. The 2025 Rudolf Buchheim Award recognizes advancements in understanding drug-induced liver injury. This
year’s recipient, Rebekka Lambrecht, investigated acetaminophen (APAP)-induced liver toxicity in the lab of Prof. Thomas
Brunner at the University of Konstanz. Her research highlights the role of mitochondrial damage and oxidative stress in driv-
ing hepatocyte death, revealing that metabolic reprogramming can enhance cell survival and demonstrating the mechanism
APAP toxicity inhibits apoptosis and shifts cells toward necrosis. Her findings provide a deeper understanding of APAP
hepatotoxicity and suggest potential therapeutic strategies aimed at stabilizing mitochondrial function and mitigating oxida-

tive stress in drug-induced liver injury.
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Drug-induced liver injury (DILI) remains a major clini-
cal concern, with paracetamol (acetaminophen, APAP)
overdose being the leading cause of acute liver failure in
Western countries (Stravitz and Lee 2019). Despite its
widespread use as a pain reliever, excessive doses of par-
acetamol can overwhelm the liver’s detoxification capacity,
leading to irreversible liver damage, which ends often fatal
if left untreated. While treatment options, such as N-acetyl-
cysteine, exist, their effectiveness is limited to a narrow time
window, underscoring the urgent need to better understand
the cellular processes driving APAP-induced hepatotoxicity.

This year’s Rudolf Buchheim Award from the DGPT was
received by Rebekka Lambrecht and her research in the lab
of Prof. Thomas Brunner, University of Konstanz, eluci-
dating cellular mechanisms underlying APAP-induced liver
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injury. Her work focuses on mitochondrial damage and liver
cell death and was published in Cell Death & Differentiation
and Cell Death & Disease (Lambrecht et al. 2023, 2024).
APAP overdose has long puzzled researchers with its
mixed cell death signals (Jaeschke et al. 2019)—it triggers
early apoptotic events in liver cells but ultimately results in
necrotic cell death. Cell death is commonly categorized into
apoptosis, a programmed cellular process with limited tissue
impact, and necrosis, an uncontrolled, lytic and often harm-
ful form of cell death, and other forms of programmed cell
death that share features with necrosis (Yuan and Ofengeim
2023). APAP is known to disrupt mitochondrial integrity,
causing a catastrophic energy crisis and unleashing exces-
sive reactive oxygen and nitrogen species (ROS, RNS) in
liver cells (Ramachandran and Jaeschke 2023). As mito-
chondria collapse, hepatocytes lose their ability to sustain
vital functions, culminating in necrosis that amplifies tissue
damage and can lead to fulminant acute liver failure (Fig. 1).
Lambrecht’s first study uncovered a non-canonical role for
the apoptosis regulator BIM in shaping liver cell fate during
APAP overdose (Lambrecht et al. 2023). She demonstrated
that beyond its classical pro-apoptotic role, BIM also regu-
lates energy metabolism and mitochondrial function. Delet-
ing BIM shifts liver cell metabolism from mitochondrial oxi-
dative phosphorylation towards glycolysis. This metabolic

@ Springer

Konstanze©Online-Publikations-Syste(KOPS)
URL: http://nbn-resolving.de/urn:nbn:de:bsz:352-2-y351xI1it5r


http://crossmark.crossref.org/dialog/?doi=10.1007/s00210-025-04114-x&domain=pdf
http://orcid.org/0000-0002-7717-1778

12774

Naunyn-Schmiedeberg's Archives of Pharmacology (2025) 398:12773-12775

Paracetamol overdose

Hes w P
(55 RS
C Initial apoptotic signaling ) i

Glucose

-

@ «—
Pyruvate ;:’;?l

BIM-/- 0

Glucose

Vv T Yy

Clnhlbltlon of caspases)

Glycolysis

Restored apoptotic
signaling

!

Recovery

v

Necrosis

v

Apoptosis

Fig. 1 Balancing act: how energy metabolism and oxidative stress
determine hepatocyte death in paracetamol overdose. Paracetamol
(APAP) overdose triggers mitochondrial damage in hepatocytes,
initiating apoptotic signaling, while impairing ATP production and
inducing excessive oxidative stress. This results in a self-amplifying
loop of mitochondrial injury, ultimately leading to mitochondrial col-
lapse and hepatocyte necrosis. Shifting cellular energy production

reprogramming not only boosts overall ATP production but
also lowers ROS levels, allowing cells to better withstand
mitochondrial damage. Importantly, hepatocytes relying on
glycolysis are significantly more resilient to APAP toxicity,
while those dependent on oxidative phosphorylation suffered
severe damage. Supporting experiments, including glucose
modulation and deletion of mitochondrial fusion proteins,
reinforced the centrality of energy metabolism in determin-
ing hepatocyte survival during drug toxicity. Remarkably,
even direct glucose administration, enhancing glycolysis,
conferred protection in both hepatocytes and mouse mod-
els (Fig. 1), pointing to potential therapeutic strategies for
APAP-induced liver injury.

In her second study, Lambrecht addressed the longstand-
ing paradox of initial apoptotic signaling followed by necro-
sis during APAP intoxication (Lambrecht et al. 2024). While
ATP depletion from impaired mitochondrial respiration
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towards glycolysis, either through glucose supplementation or BIM
deficiency, reduces mitochondrial dependency, alleviating oxidative
stress and energy shortage, thereby allowing hepatocytes to recover
from APAP intoxication. Additionally, counteracting APAP-induced
oxidative stress with antioxidants restores caspase activity and facili-
tates the execution of apoptosis, offering an alternative, less inflam-
matory cell death pathway

had been a suspected culprit, her findings instead identi-
fied oxidative stress as the key driver for this cell fate deci-
sion. APAP not only fails to activate caspases, the enzymes
central to apoptosis, but actively inhibits their activation,
even in the presence of classical apoptotic triggers. The
research suggests that excessive ROS levels generated dur-
ing APAP overdose chemically modify caspases, preventing
their activation, halting the apoptotic process, and shifting
cells towards necrosis. Importantly, the researchers found
that antioxidant treatment restored caspase activity, nudging
the cells back towards apoptosis (Fig. 1). This highlights
the critical role of the cellular redox state in governing cell
death decisions.

By dissecting the complex interplay between mitochon-
drial function, energy metabolism, and cell death path-
ways, Lambrecht’s research advances our understanding
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of APAP-induced liver failure and identifies novel thera-
peutic targets for mitochondria- and oxidative stress-related
intoxications. Approaches aimed at stabilizing mitochondrial
function or enhancing glycolysis could potentially mitigate
liver damage in APAP overdose patients, extending the win-
dow for effective treatment.
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