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Case Report: Cross-reaction of phencyclidine in
immunochromatographic tests for rapid drug
detection using in silico analysis for investigation

Relato de Caso: Reacao cruzada de fenciclidina
em testes imunocromatograficos para deteccao
rapida de drogas utilizando analise in silico para
investigacao

Marcelo Henrigue Nascimento Santana, Leonardo Corréa Cardoso, Rachel
Santos, Miguel Roehrs, Sarah Carobini Werner de Souza Eller Franco de
Oliveira, Tiago Franco de Oliveira, André Valle de Bairros

Abstract:

Phencyclidine (PCP) is a dissociative drug previously used as an anesthetic
agent but caused hallucinations due to its neurotoxic effects. A 49-year-old
male farmer attempted suicide at home due to a massive intake of prescription
drugs. Toxicological analysis was performed with an immunochromatography
testand detected PCP (an uncommon drug in Brazil). Liquid chromatography-
tandem mass spectrometry (LC-MS/MS) and in silico models were employed
to elucidate this case. Despite the presence of midazolam, fentanyl and
lidocaine in urine and serum samples by LC-MS/MS, these drugs and
respective metabolites were not able to promote a cross-reaction with PCP
as demonstrated by in silico models as well as our practical experience. In fact,
doxepin, trimipramine and promethazine and their respective metabolites
showed a high correlation interaction in the binding site of 2PCP, especially
promethazine. Predicted results obtained on docking show a high correlation
interaction between PCP and promethazine, indicating a possible cross-
reaction in the immunochromatography test.

Keywords: Immunochromatography, Case report, Phencyclidine, In silico
analysis, Cross-reaction.

Resumo:

A fenciclidina (PCP) é uma droga dissociativa usada anteriormente como
agente anestésico, mas causava alucinacdes devido aos seus efeitos
neurotdxicos. Um agricultor de 49 anos tentou suicidio em casa devido a
uma ingestdo macica de medicamentos prescritos. A analise toxicologica foi
realizada com um teste de imunocromatografia e detectou PCP (uma droga
incomum no Brasil). Cromatografia liquida-espectrometria de massa tandem
(LC-MS/MS) e modelos in silico foram empregados para elucidar este caso.
Apesar da presenca de midazolam, fentanil e lidocaina em amostras de urina
e soro por LC-MS/MS, essas drogas e seus respectivos metabdlitos ndo foram
capazes de promover reacao cruzada com o PCP, conforme demonstrado por
modelos in silico e também por nossa experiéncia pratica. De fato, doxepina,
trimipramina e prometazina e seus respectivos metabdlitos apresentaram
interacao de alta correlacao no sitio de ligagdo do 2PCP, especialmente
prometazina. Os resultados previstos obtidos no docking mostram uma
interacao de alta correlagao entre PCP e prometazina, indicando uma possivel
reacao cruzada no teste de imunocromatografia.

Palavras-chave: Imunocromatografia, Relato de caso, Fenciclidina, Analise in
silico, Reacao cruzada
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INTRODUCTION

Phencyclidine (PCP) is a dissociative drug formerly used as an anesthetic agent. Its
use causes hallucinations, and its medical use was suspended in the 1960s'. We reported
a cross-reaction of PCP in the immunochromatographic test for screening drug detec-
tion during an investigation of a patient’s suicide attempt. In recent decades, some cases
of false-positive results for phencyclidine and other drugs in immunochromatographic
assays have been reported?*. However, none of the reports of these cross-reactions were

used in silico analysis for their investigations.

CASE REPORT

A 49-year-old farmer was admitted to the University Hospital of Santa Maria (HUSM)
with a sharp force laceration in the cervical region and mental confusion, for which the
medical team requested a toxicological analysis. The patient’s urine and serum samples
were tested by immunochromatography screening for 12 drugs (Abon Biopharm™) which
serum sample demonstrated reagents for tricyclic antidepressants (TCAs) while benzo-
diazepines, TCAs and PCP were reagents in the urine sample. The presence of PCP, an
unusual illicit drug in Brazil, required specific analyses employing liquid chromatography
coupled to tandem mass spectrometry (LC-MS/MS) and two distinct methodologies*s
were used to confirm PCP in these samples. The methods did not detect PCP in the
patient’s samples. However, it was detected the presence of midazolam, fentanyl, and
lidocaine in both samples by LC-MS/MS. So, in silico studies were performed to analyze a
possible cross-reaction in the immunochromatographic test. The iGemDOCK™ softwa-
re was used for the docking analysis to predict the main pharmacological interactions
such as hydrogen bonds (H-bonds), Van Der Waals and electrostatics binding energies
between active sites and the respective molecules. For the docking analysis study, it was
employed binding site 1PC of the antibody FAB model complexed with PCP (PDB ID:
2PCP) according to the structure code from the software. Docking accuracy settings and
genetic algorithm parameters (CA Parameter) were set at 200, 70, and 10 for population
size, generations, and the number of solutions, respectively. In addition, it was calculated

hydrophobic and electrostatic set score functions at 1:1°. Considering the immunochroma-
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tographic screening, LC-MS/MS results and probable drugs ingested by the patient and
respective metabolites, in silico evaluation was applied for clomipramine, desmethylclo-
mipramine, desmethylmaprotiline, desmethyltrimipramine, doxepin, fentanyl, lidocaine,
maprotiline, monoethylglycinexylidide (MEGX), midazolam, nordoxepin, norfentanil, 4-hy-
droxy-midazolam (4-OH-midazolam), promethazine, promethazine sulfoxide Dextrome-
thorphan, Diphenhydramine, Desvenlafaxine, Tramadol, Lamotrigine and trimipramine
compared to PCP and 4-hydroxy-phencyclidine (4-OH-PCP). These molecules have the
3D structure geometries that were optimized in ORCA™ 5.07, using def2-SVP basis, DFT
method and B3LYP data. BIOVIA Discovery Studio®® was used to visualize 3D interactions

between molecules and binding sites (Figure 1-C).

DISCUSSION

The result of the statistical calculations found in the in-silico evaluation is converted by
the software into a dendrogram format. Dendrogram (Figure 1-B) graphically shows the
interactions similarity between our target molecules in groups based on his correlations
and amino acid residues of the binding site TPC from 2PCP structure by consensus (term
used where the data from the samples are statistically chosen). So, this approach allows
the visualization of the clusters and thus informs which molecules are closest to the PCP.
Our study is based on residues that showed some binding and that are common to all
molecules where all of them showed some binding, and which are common to all suspect
molecules. Using a color scale from green to red for negative and positive energy values
respectively, light colors represent the high values and black for zero. After docking analy-
sis, it was observed a high correlation between PCP, promethazine, doxepin and nordo-
xepin (Cluster 1) interactions with the most important amino acid residues of the 2PCP
bidding site®. In cluster 2, the Tramadol and its metabolite showed a correlation with the
4-OH-PCP, considering this correlation with Phencyclidine metabolite, the Tramadol was
tested in the immunoassay. Midazolam has a considerable correlation and is closer to
Cluster 1. However, midazolam as well as fentanyl does not cross-react with said immu-
noassay according to the immunochromatographic test data sheet (Abon Biopharm™).

Also, midazolam and fentanyl are common drugs utilized in various medical protocols'©
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and it was applied to the patient as soon as he was admitted to the HUSM. In addition, we
observed that these drugs do not promote the aforementioned cross-reaction with PCP
based on our laboratory tests and practical experience in toxicological analysis for hospital
purposes. In 3D molecule design, it is possible to visualize the pharmacophore groups of

ligands interacting with amino acid residues in the binding site.
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Figure 1. General scheme for in silico analysis. A) Chemical structure of PCP. B) Dendrogram. The dashed
line defines the 2 main clusters closer to PCP and 4-OH-PCP according to amino acid residues 2PCP and
1PC binding site. Cluster 1, PCP, Promethazine, Doxepin and Nordoxepin. Cluster 2, Tramadol, O-Desme-
thyltramadol and 4-OH-PCP. C) 3D molecule design and respective interactions between the molecules
and the active site (1PC). All images are projected at the same angle for visualization. Dashed lines indi-
cate these interactions. Yellow, pink and red interaction indicates pi-sulfuric, pi-pi and carbon-hydrogen

bonds, respectively.
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Immunochromatographic screening from Abon Biopharm™ can detect doxepin,
trimipramine and their metabolites as TCAs, however, LC-MS/MS methodologies did
not detect these analytes as well as promethazine and its metabolites. Incidentally,
these molecules showed a high binding capacity at the PCP site of the immunoassay
available according to in silico evaluation.

Nevertheless, the limitation of the in silico model employed in the study is the ina-
bility to assess whether the molecule concentrations may have some influence on the
cross-reaction to PCP as well as the possible interaction of these molecules together in
the same active site. To verify the results obtained in the in silico studies, it is necessary to
test the possible molecules that interact with the antibody in the immunoassay obtained
in the docking process. It is worth mentioning that the docking was performed using a
crystallographic model of FAB antibody in a single software, so future studies are needed
using more in silico methodologies for a more accurate statistical evaluation of possible
ligands. Furthermore, the in silico study was realized using the major suspected compou-
Nnds and their metabolites. The closest compounds to PCP in the dendrogram were tested
in immunoassay, and all of them are negative. It is possible that the molecule responsible
for the positive result comes from an in vivo reaction in the patient and/or a molecule that

has not been tested in the immunoassay.

CONCLUSIONS

The predicted results obtained on the docking analysis study show us high a corre-
lation interaction of tramadol, o-desmethyltramadol, promethazine, doxepin and nordo-
xepin in the TPC biding site. However, these molecules do not have a positive result in the
immunoassay test. Considering these results, more studies are necessary for knowledge

of the positive sample for PCP in the immunoassay.
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