Heinrich Heine
Universitat
Dusseldorf .

Cardiac effects of 5SF-Cumyl-PEGACLONE

Nicole Esdar, Evelyn Pawlik, Simon B. Eickhoff, Annika Raupach, Stefanie Ritz-Timme & Felix Mayer

Article - Version of Record

Suggested Citation:

Esdar, N., Pawlik, E., Eickhoff, S. B., Raupach, A., Ritz-Timme, S., & Mayer, F. (2024). Cardiac effects of
S5F-Cumyl-PEGACLONE. International Journal of Legal Medicine, 138(3), 823—-831.
https://doi.org/10.1007/s00414-023-03146-3

UNIVERSITATS- UND

Wissen, wo das Wissen ist. LANDESBIBLIOTHEK
DUSSELDORF

This version is available at:

URN: https://nbn-resolving.org/urn:nbn:de:hbz:061-20241219-105850-6

Terms of Use:
This work is licensed under the Creative Commons Attribution 4.0 International License.

For more information see: https://creativecommons.org/licenses/by/4.0



International Journal of Legal Medicine (2024) 138:823-831
https://doi.org/10.1007/500414-023-03146-3

ORIGINAL ARTICLE q

Check for
updates

Cardiac effects of 5F-Cumyl-PEGACLONE

Nicole Esdar' - Evelyn Pawlik' - Simon B. Eickhoff® - Annika Raupach® - Stefanie Ritz-Timme’ - Felix Mayer'

Received: 27 June 2023 / Accepted: 6 December 2023 / Published online: 12 January 2024
© The Author(s) 2024

Abstract

Synthetic cannabinoids become increasingly popular as a supposedly safe and legal alternative to cannabis. In order to
circumvent the German New Psychoactive Substances Law, producers of so-called herbal mixtures rapidly design new
substances with structural alterations that are not covered by the law. Acting as full agonists not only at the cannabinoid
receptors 1 and 2, synthetic cannabinoids might have not only desired mental but also serious physical adverse effects.
However, knowledge of adverse effects of specific substances is sparse and incomplete. This also accounts for SF-Cumyl-
PEGACLONE, a synthetic cannabinoid, which has been detected regularly in Germany in recent years. By using an animal
model, the isolated perfused Langendorff heart, the study at hand aimed on finding out more about possible cardiovascular
adverse effects of SF-Cumyl-PEGACLONE. Hearts of male Wistar rats, which were excised postmortem, were exposed to
two different concentrations of SF-Cumyl-PEGACLONE: 13 hearts were exposed to 50 ng/ml and 12 hearts were exposed
to 100 ng/ml. Thirteen control hearts were merely exposed to an additional amount of buffer solution. Functional parameters
heart rate, minimal and maximum left ventricular pressure and coronary flow were documented at pre-defined time points
during and after the administration of SF-Cumyl-PEGACLONE/additional buffer solution. Electrocardiograms (ECGs)
were documented throughout the experiments and evaluated afterwards. Kruskal-Wallis analysis was performed for each
functional parameter as well as for the duration of the QRS complexes and the duration of RR intervals as derived from the
ECGs. Furthermore, a multivariate analysis, comprising all functional and ECG parameters, was performed. Kruskal-Wallis
analysis revealed only single significant p-values for QRS duration and minimum left ventricular pressure that did not pass
a Bonferroni test. The results of the multivariate approach were also comparably homogeneous, but still the model correctly
recognized hearts exposed to 100 ng/ml of SF-Cumyl-PEGACLONE more often than hearts exposed to the low concentration
of SF-Cumyl-PEGACLONE or additional buffer solution. Evaluation of the ECGs presented single cases of ST depression and
QT prolongation. Though certainly not unambiguous, these findings support the assumption that SF-Cumyl-PEGACLONE
can cause severe, if not lethal, cardiac adverse effects like arrhythmias or myocardial infarctions especially if it is consumed
in combination with other drugs like alcohol or if the consumer suffers from pre-existing heart diseases.

Keywords 5F-Cumyl-PEGACLONE - Synthetic cannabinoids - Cardiac adverse effects - Isolated perfused Langendorff
heart

Introduction
D4 Felix Mayer After delta-9-tetrahydrocannabinol (THC) was discovered
Felix. mayer @med.uni-duesseldorf.de as a constituent of the cannabis plant with psychoactive
' Institute of Legal Medicine, University Hospital Diisseldorf, effects, the first synthetic cannabinoids were synthesized in
40225 Diisseldorf, Germany the 1960s. At the beginning of the millennium, they were
2 Departement of Trauma Surgery, Hand Surgery increasingly sold comme.rmally as “herbal mixtures 1'1nder
and Orthopedics, Petrus Hospital Wuppertal, brand names such as “Spice” or “Fake Pot” and established
42283 Wuppertal, Germany themselves from 2008 on as new designer drugs [1], which
3 Institute for Systems Neuroscience, University Hospital are usually smoked as a joint, from a water pipe [2] or an
Diisseldorf, 40225 Diisseldorf, Germany e-cigarette [3]. Through the unhindered purchase and the
4 Departement of Anaesthesiology, University Hospital sellers’ marketing, the consumer is led to believe that the
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herbal mixtures are legal, safe and cheap alternatives to can-
nabis [4].

However, this presumption is misleading since synthetic
cannabinoids, in contrast to the partial agonist THC, act as
full agonists at the cannabinoid receptors 1 and 2 (CB1 and
CB2) with a high activity potential. Interaction with these
receptors, especially CB 1, is probably the main cause not
only of mental effects, but also of physical adverse effects
of synthetic cannabinoids which can affect the gastroin-
testinal, the cardiorespiratory and the nervous system [5].
The exact underling mechanisms, however, remain mostly
unclear. Besides CB1 and CB2, synthetic cannabinoids are
presumably also agonists at other receptors like the transient
receptor potential vanilloid-type 1 (TRVP1) and the orphan
G-protein-coupled receptor (GPRSS) [5] as well as opioid
and benzodiazepine receptors [1]. Their target receptors
are found in many organs and tissues with CB1 being espe-
cially prevalent in the central nervous system [5]. Overall,
a complex interaction of various mechanisms influencing
the adrenergic system causing physical adverse effects has
to be assumed, making the evaluation of an impact profile
rather difficult. For example, different outcomes regarding
cardiovascular effects of synthetic cannabinoids might be
obtained in animal studies depending on the study setup with
conscious or anesthetized animals [6].

In herbal mixtures, originally, a carrier substrate, e.g.
plants like “Lion’s Tail” or “Indian Warrior” [7], was
sprayed with or soaked in a liquid, in which the synthetic
cannabinoids were previously dissolved and then dried.
Today, producers of herbal mixtures typically simply add
the synthetic cannabinoids as a powder to the dried plants.
Both procedures lead to a considerable inhomogeneity of
the active ingredients and the distribution within the mix-
tures [8, 9], though it seems to have decreased over the years
[10]. Also, the brand name does not guarantee a constant
composition of the ingredients within a product [11]. The
range of variability makes it almost impossible for consum-
ers to safely dose the synthetic cannabinoids contained in
the herbal mixtures.

Initially, the German Narcotics Law (BtMG) did not
provide a sufficient legal basis in the fight against the New
Psychoactive Substances (NPS), because the inclusion of
the individual substances was too slow. Although NPS have
only few structural differences to substances already listed
in the BtMG, these were already sufficient to circumvent
penal provisions of the BtMG and thereby feign a supposed
“legality.” Due to this problem, the New Psychoactive Sub-
stances Law (NpSG) came into force in November 2016 in
Germany, which serves as an addition to the BtMG. Now,
it is no longer the individual substance that is banned, but
rather entire substance groups with defined structural char-
acteristics. The substance group of synthetic cannabinoid
receptor agonists (SCRAs) currently includes the core
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structures indoles, indazoles and benzimidazoles. However,
the rapid proliferation of other new synthetic compositions
that circumvent the defined structural features continues to
challenge national legislation.

The SCRA 5F-Cumyl-PEGACLONE (5-(5-fluoropentyl)-
2-(1-methyl-1-phenylethyl)- 1H-pyrido[4, 3-b]indol-1-one) is
a gamma-carboline-based synthetic cannabinoid, which rep-
resents one of such examples: in herbal mixtures, purchased
in online shops during the EU project “SPICE Profiling,” the
cannabinoid receptor agonist Cumyl-PEGACLONE (5-pen-
tyl-2-(2-phenylpropan-2-yl)-2,5-di-hydro- 1H-pyrido[4,3-b]
indol-1-one) was detected in about 25% of all herbal blends,
thereby leading the market [10]. After it was added to the
BtMG in July 2018, its fluorinated analog SF-Cumyl-PEGA-
CLONE was increasingly found on the German market [4].
Both Cumyl-PEGACLONE and 5-F-Cumyl-PEGACLONE
were shown to have a high CB 1 receptor activation poten-
tial [12, 13]. Considering its rising popularity, it is of par-
ticular interest which adverse effects can occur after the
consumption of SF-Cumyl-PEGACLONE. Even more so,
as terminally fluorinated SCRAs are suggested to have a
higher CB1 receptor activity [14]. Because of the possible
dramatic results, adverse effects on the cardiovascular sys-
tem are especially crucial. However, not only because of
the above-mentioned uncertainties regarding the underly-
ing mechanisms but also due to considerable differences
between single SCRAs, there is only limited knowledge of
the interaction between SF-Cumyl-PEGACLONE and the
cardiovascular system. To date, only some case reports exist
that link cases of death to the consumption of Cumyl-PEGA-
CLONE and/or 5F-Cumyl-PEGACLONE [15-18].

With the study at hand, we aimed on learning more about
the direct effects SF-Cumyl-PEGACLONE has on the heart.
Working with an animal model, the isolated perfused Lan-
gendorff heart, various cardiac functional parameters were
observed and documented when exposing rats’ hearts to
5F-Cumyl-PEGACLONE. The question concerning meas-
urable effects of SF-Cumyl-PEGACLONE on the functional
parameters was tackled by choosing two different statistical
approaches: a direct statistical comparison and a multivari-
ate model.

Material and methods
The isolated perfused Langendorff heart

In general, the experimental setup was realized as
described before [19, 20]: male Wistar rats aged 2 to
3 months with a weight between 250 g and 350 g were
used for the experiment. They were sedated with an
intraperitoneal injection of pentobarbital (80 mg/kg
body weight; Narcoren, Merial, Germany) in a final
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volume of 2 ml NaCl (0.9%) containing 0.2 ml heparin
(25,000 IU/5 ml; B. Braun, Melsungen, Germany), placed
latero-proximal to the hind legs. After 5 min, sufficient
depth of sedation was ensured by testing for the absence
of reflexes. The rats were decapitated using a guillo-
tine, followed by an immediate thoracotomy to remove
the heart and connect it to the Langendorff system. The
hearts were perfused with a previously prepared buffer
solution at a constant system pressure of 80 mmHg. The
buffer, a modified Krebs—Henseleit solution, was com-
posed of the following components:

— 118 mM sodium chloride (VWR Chemicals Interna-
tionals GmbH, Belgium)

— 25 mM sodium hydrogen carbonate (Carl Roth
GmbH + Co. KG, Germany)

— 11 mM D-glucose (Carl Roth GmbH + Co. KG, Ger-
many)

— 4.7 mM potassium chloride (Merck Chemicals GmbH,
Germany)

— 2.25 mM calcium chloride (Merck Chemicals GmbH,
Germany)

— 1.2 mM magnesium sulfate hepta-hydrate (Carl Roth
GmbH + Co. KG, Germany)

— 1.2 mM potassium dihydrogen phosphate (Merck
Chemicals GmbH, Germany)

— 1 mM L-lactic acid sodium salt (AppliChem GmbH,
Germany)

— 0.5 mM ethylenediaminetetraacetic acid (Carl Roth
GmbH + Co. KG, Germany)

During the experiments, oxygen supply was ensured
with a carbogen mixture of 95% O, and 5% CO,. The
maximal and the minimal left ventricular pressure (LVP-
max and LVPmin) was measured by inserting a balloon
into the left ventricle as a pressure gauge after removal
of the left auricle. After a stabilization period of 15 min,
electrocardiogram (ECG) electrodes were attached to the
heart to measure cardiac electrical activity and the heart
rate (HR). A total of three electrodes were placed, one
at the aorta, one around the left coronary artery in close
proximity to the location of the left auricle, and one at
the cardiac apex. Coronary flow (CF) was measured by
collecting and weighing the buffer solution that passed
through the heart during a 1-min period.

Data were digitized using an analog to digital converter
(PowerLab/8SP, ADInstruments Pty Ltd, Castle hill, Aus-
tralia) and continuously recorded on a personal computer
using LabChart Reader (ADInstruments) for Windows
v5.0. The evaluation of the records regarding the func-
tional parameters was done manually for the time points
presented below.

Study group

Based on the knowledge of concentrations of the predeces-
sor drug Cumyl-PEGACLONE and of THC, two concen-
trations were determined that served as low and high doses
of SF-Cumyl-PEGACLONE. The low dose was defined as
50 ng/ml and the high dose as 100 ng/ml.

For the high dose of 100 ng/ml, 80 ul 5F-Cumyl-
PEGACLONE were mixed with 7920 ul of the modified
Krebs—Henseleit carrier solution. For the low dose of 50 ng/
ml, 40 pl SF-Cumyl-PEGACLONE were added to 7960 pl
of modified Krebs—Henseleit carrier solution.

In total, the study group comprised 25 hearts. Of these,
13 hearts were exposed to 5 ml of the low dose solution of
5F-Cumyl-PEGACLONE (low dose group) and 12 hearts
were exposed to 5 ml of the high dose solution of SF-Cumyl-
PEGACLONE (high dose group) by using a perfusor run-
ning at 30 ml/h over a time span of 10 min (drug phase).

The recording of the relevant functional parameters (see
above) started right before the onset of the perfusor, deter-
mining the individual base line values for each heart. After
starting the perfusor, the designated parameters were meas-
ured at minutes 1, 2, 3, 4, 5, and 6 during the drug phase.
Further measurements were performed at minutes 15, 30, 40,
50, 60, and 70 while hearts were, again, perfused only by
the buffer solution (observation phase). Due to the manual
measurement of CF, it was determined only before the onset
of the perfusor and then at minutes 1 and 6 during the drug
phase; during the observation phase, like the other param-
eters, it was measured at minutes 15, 30, 40, 50, 60, and
70. An overview of the study protocol is provided in Fig. 1.

Control group

The control group comprised 13 hearts. Like in the study
group, the hearts were connected to the Langendorff system
and baseline values for each parameter were determined.
During the drug phase, control hearts were only perfused
with additional 5 ml of pure modified Krebs—Henseleit solu-
tion over a 10-min period. The measurements of the func-
tional parameters were realized in the same way as in the
study group.

Electrocardiography

Besides a general assessment of all ECG graphs in terms of
a “screening” for anomalies, the recorded data was manu-
ally evaluated by measuring the duration of the QRS com-
plexes, as markers for the excitation propagation in the heart
chambers, as well as the duration of RR intervals, as mark-
ers for the duration of an electrical heart action. They were
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Fig. 1 Study protocol of the experiments with the isolated perfused Langendorff heart

measured at the same time points as all the other functional
parameters, including the evaluation of a base line value
right before the onset of the perfusor.

A general assessment of the QT interval was not possible
because most ECGs did not show clear T waves. Therefore,
this parameter was not included in the statistical analysis.
Only two ECGs could be evaluated in this respect; the results
are presented in a descriptive way.

Statistics

One heart each from the high and the low dose group had
to be excluded from the analysis because recording prob-
lems occurred during the experiments and thus, in retro-
spect, the documented values were not considered to be
valid. Furthermore, one heart of the control group had to be
excluded since the measured values presented massive and
unexplainable deviations compared to the other hearts in this
group. In summary, 11 hearts of the high dose group and 12
hearts each of the low dose group and of the control group,
meaning 35 hearts in total, were included in the statistical
analysis.

The acquired data were first analyzed by a univariate
analysis procedure, the so-called Kruskal-Wallis analysis
(one-way ANOVA of ranks), a statistical approach based
on so-called rank sums which is suitable for the compari-
son of more than two groups. The null hypothesis assumes
that there is no difference between the groups. Thus, in our
model, the null hypothesis states that SF-Cumyl-PEGA-
CLONE has no measurable effect on the hearts’ function.
In contrast, the H1 hypothesis states that SF-Cumyl-PEGA-
CLONE has a measurable effect on the hearts’ function.

The calculations were not based on the absolute measur-
ing values, but on the deviation from the baseline as their
reference value. For each measured parameter (LVP min,
LVP max, CF, HR, QRS complex, RR interval), p-values
were calculated at each measuring time point to detect a pos-
sible effect of the administered SF-Cumyl-PEGACLONE.
p-values < 0.05 were considered significant.

@ Springer

As a post hoc analysis, a Bonferroni test was performed
on the results of the Kruskal-Wallis analysis.

In addition, a predictive model in terms of a multivariate
analysis was applied. The model was trained on the data to
learn differences in measurement patterns between the three
groups, which could then be used to assign new, previously
unseen cases (hearts) to the correct group (low dose group,
high dose group, control group). The process was repeated
several times so that different hearts could be left out and
serve as the new, unseen case. The hit rate was put into a
chart, with the X-axis showing the group which was pre-
dicted by the model and the Y-axis showing the true group
in which the heart belonged.

Results
Kruskal-Wallis analysis

An overview of the results of the Kruskal-Wallis analysis
is presented in Fig. 2.

QRS complex

The calculated p-values per time point extend in a range
from 0.03 at minute 4 to 0.99 at minute 30. The p-value of
0.03 was the only significant one, all other p-values were
higher than 0.05. In general, p-values were slightly lower
during the drug phase.

RR interval

The range of calculated p-values per time point extends
from 0.13 at minute 2 to 0.96 at minute 30. No significant
p-values were found. p-values during the drug phase were
comparably lower than during the observation phase.
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Fig.2 Results of the Kruskal-Wallis analysis for each measured
parameter. The Y-axis presents the deviation from the baseline value.
The X-axis shows p-values for each time point of measurement. The
vertical straight line marks the time point of measurement 15 min
after the start of the drug administration. Time points to the left rep-
resent measurements during the drug phase (minutes 1, 2, 3, 4, 5,
and 6) and time points to the right further measurements during the

Heart rate

For the heart rate, the calculated p-values per time point
extend in a range from 0.06 at minute 3 to 0.98 at minutes
15 and 30. No significant results were obtained. In general,
p-values during the drug phase were slightly lower than dur-
ing the observation phase.

LVP max

The range of calculated p-values per time point for LVP-
max extends from 0.13 (at minute 15) to 0.65 (at minute
1). No significant p-values were found. p-values during the
observation phase were comparably lower than during the
drug phase.

LVP min

The range of p-values per time point for LVPmin extends
from 0.02 to 0.78. The lowest value of 0.02 was calculated
at minute 60. At minute 70, a second significant p-value with
0.07 was calculated. In general, p-values were lower during
the observation phase than during the drug phase.

2 . . L \ V
046 044 027 078 033 071 028 041 027 026 002 007
p-values per time-point (kruskal-wallis)

Jry L . L . . L L L
025 NaN NaN NaN NaN 088 050 099 098 052 072 0.50
p-values per time-point (kruskal-wallis)

observation phase (minutes 15, 30, 40, 50, 60, and 70). We refrained
from a complete graph for cardiac flow during the drug phase, since it
would have resulted in a straight line between the two measuring time
points, falsely indicating a very homogeneous change. HR = heart
rate; LVP max = maximum left ventricular pressure; LVP min =
minimum left ventricular pressure; CF = cardiac flow

CF

The lowest p-value per time point for CF was calculated
at minute 1 with 0.25; the highest p-value was calculated
at minute 30 with 0.99. No significant p-values were
obtained.

Post hoc analysis

After performing the Bonferroni test, no significant results
remained.

Multivariate analysis

A graphic depiction of the results is presented in Fig. 3.

The trained predictive model allocated 6 hearts of the
high dose group correctly. However, 4 hearts exposed to
the high dose of 5F-Cumyl-PEGACLONE were allocated
to the low dose group and 2 hearts were allocated to the
control group.

@ Springer
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Fig. 3 Results of the multivariate analysis approach. Numbers show,
in which group measured values were sorted by a trained model com-
pared to the true group they derived from. Control = control group;
Low = low dose group; High = high dose group

Five hearts of the low dose group were allocated cor-
rectly, whereas 4 hearts were allocated to the high-dose
group and 3 hearts to the control group.

Results for the hearts of the control group were completely
homogeneous with 4 hearts each being allocated to the control
group, the low dose group, and the high dose group.

Electrocardiography

In addition to the statistical evaluation, the graphically derived
ECGs showed some pathological alterations in the LabChart
plots.

QRS complex

Two hearts presented ECG alterations that resembled QRS
deformities indicating cardiac ischemia.

In the high dose group, one heart presented a clear reduction
of the QRS amplitude in combination with an ST depression
of about 0.4 mV from the ascending S from second 49 after
the start of the perfusor. From minute 5, completely deformed
QRS complexes with low voltage were seen for approximately
7 min. Subsequently, this complex pattern reappeared from

minute 21 to minute 30 and then changed again to QRS com-
plexes with visible ST depression.

In the low dose group, the ECG of one heart showed
increasing ST depressions from the descending R-peak
approximately 2 min after starting the perfusor with
5F-Cumyl-PEGACLONE. Subsequently, this was followed
by increasing QRS deformity with concomitant low-voltage
approximately 17 min after start of the perfusor. Examples
of these ECG alterations are presented in Fig. 4.

QT interval

The ECGs of two hearts, one heart of the high dose group
and one heart of the control group, allowed the measurement
of the QT duration. The heart of the control group presented
a baseline QT duration of 0.057 ms. During the drug phase,
only at minute 2, one longer QT interval of 0.058 ms was
documented. All other measuring results ranged between
0.051 and 0.057 ms. The heart of the high dose group pre-
sented a baseline value of 0.053 ms. During the drug phase,
the QT durations at minutes 1 to 4 were slightly longer with
values ranging from 0.054 to 0.061 ms. Furthermore, one
QT interval of 0.54 ms was detected during the observa-
tion phase at minute 16. The other measuring results ranged
between 0.048 and 0.053 ms. At two time points, measure-
ments were not possible because a clear T wave could not
be determined.

Discussion

It is well known that synthetic cannabinoids can have
adverse effects on the cardiovascular system; however,
detailed information about the specific impact of single
substances are sparse and difficult to obtain. Cardiovascu-
lar symptoms of patients that consumed synthetic cannabi-
noids comprise not only tachycardia, being the most frequent
symptom, as well as hypertension and chest pain, but also
bradycardia and hypotension [1, 5, 21-24]. Also, arrhyth-
mic effects of acute consumption of synthetic cannabinoids
have been discussed [25] and the consumption of synthetic
cannabinoids has been linked to severe cardiac events like
myocardial infarctions [24, 26].

The model used in the study at hand, the isolated perfused
Langendorff heart, can demonstrate direct effects of a sub-
stance on the heart and its function, depicted by alterations

Fig.4 Examples of two hearts
presenting ST depressions in
the electrocardiogram graphs
suggesting cardiac ischemia: A
heart of the high dose group; B
heart of the low dose group A)

e e
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of various functional parameters. Regarding the results of
the Kruskal-Wallis analysis of these parameters, it is obvi-
ous that only single measurements came up with significant
differences between the study group and the control group
which did not even pass the Bonferroni test. These signifi-
cant differences concerned the QRS duration and LVP min.

Looking at the results of the Kruskal-Wallis analysis,
the results of the multivariate approach do not come as a
surprise. The trained model was only partly able to allo-
cate single hearts correctly to one of the three groups,
demonstrating that the differences between the groups are
not distinct enough for such a classification. This becomes
especially obvious when regarding the results of the control
group being completely homogeneous. The results of the
low dose group were only slightly better whereas the most
correct allocations were obtained in the high dose group.

Still, it is questionable if the results of this study can serve
as an “all-clear signal” for the consumption of SF-Cumyl-
PEGACLONE. Besides the possibility of a different pic-
ture in the entire organism as a “different setup”, a bolder
interpretation of the results of the multivariate approach
would mean that at least a tendency to recognizable altera-
tions of cardiac functional parameters can be seen when
hearts are exposed to a higher concentration of SF-Cumyl-
PEGACLONE. Individual risk profiles of consumers that
might lead to different adverse effects also need to be taken
into account. Only few case reports have been published
that link the consumptions of SF-Cumyl-PEGACLONE not
only to severe, but lethal adverse effects. Giorgetti et al. [15]
presented four cases in which adverse effects of SF-Cumyl-
PEGACLONE were discussed to be at least a contributing
factor leading to death. In part, the cases went along with
the consumption of various drugs being a typical risk factor
for severe adverse effects. Tiemensma et al. [16], present-
ing a series of cases of fatalities linked to the consumption
of Cumyl-PEGACLONE, claim that a concurrent use of
alcohol might increase the risk for cardiac adverse effects
as might underlying cardiovascular diseases. In contrast, a
study from England did not find any deaths related to Cumyl-
PEGACLONE in the years 2012-2019 [27], demonstrating
the difficulty of evaluating the health risk of synthetic can-
nabinoids. In a German publication on deaths in the Munich
area from 2014 to 2020 [18], SF-Cumyl-PEGACLONE was
mainly detected as part of polysubstance intoxications. Com-
pared to the unfluorinated Cumyl-PEGACLONE, a higher
toxicological significance score indicates a contribution to
the fatality.

Some authors propose that a prolongation of the QT inter-
val with the risk of cardiac arrythmias might be a serious
adverse effect of SCRAs [25, 28-30]. The question, if this
is the case for SF-Cumyl-PEGACLONE cannot be answered
with certainty by the results of our study. Only two hearts
allowed the measurement of the QT interval with one heart

of the high dose group showing prolongations during the
drug phase; the second heart, on the other hand, belonging
to the control group, presented no QT prolongation. Though
certainly very sparse and not equivalent to a clinical ECG-
evaluation, these findings might at least support the idea that
5F-Cumyl-PEGACLONE can have an impact of the electri-
cal activity of the heart with the risk of serious arrhythmias.
Furthermore, two hearts being exposed to SF-Cumyl-PEGA-
CLONE presented ECG-alterations, namely ST depressions,
that imply cardiac ischemia and a risk for consumers to suf-
fer from a myocardial infarction. Again, the risk for events
like arrhythmias and myocardial infarctions is most likely
higher if several drugs are consumed simultaneously and/or
the consumer suffers from cardiovascular diseases.

Limitations

For the study at hand, we worked with an animal model,
the isolated perfused Langendorff heart. Insofar, the results
do only reflect direct cardiac effects of SF-Cumyl-PEGA-
CLONE in an idealized, non-human setup. Furthermore, the
evaluations of ECGs of the rats’ hearts under these condi-
tions is certainly restricted compared to the evaluation of
ECGs of human patients under clinical conditions. Also,
the number of experiments is comparably low, judged from
a statistical point of view. Still, we refrained from increasing
the numbers due to ethical reasons. In addition to the low
number of experiments, the interpretation is also limited by
the low number of significant findings which did not pass the
Bonferroni test. Therefore, conclusions can only be drawn
from the tendencies of the multivariate approach. Unfortu-
nately, the hearts were not preserved after the experiments
so that histological examinations could not be performed.

Conclusion

Kruskal-Wallis analysis came up with only single statisti-
cally significant alterations of cardiac functional parameters
for rats’ hearts under the influence of SF-Cumyl-PEGA-
CLONE in the setup of the isolated perfused Langendorff
heart; none of them passed the post hoc analysis. In a multi-
variate statistical approach, a trained model was only partly
able to allocate cases/hearts correctly to the control group
or one of the study groups. Still, the results of the study
at hand imply that SF-Cumyl-PEGACLONE might have an
impact on the hearts’ function, also comprising the possi-
bility of arrhythmias or myocardial infarctions. Especially
when consumed simultaneously with other drugs or in cases
of pre-existing cardiovascular diseases a risk for severe, pos-
sibly lethal adverse effects cannot be excluded.
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