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ABSTRACT
Introduction: Perampanel (PER) is a third-generation antiepileptic drug only available 
for oral administration. Regarding its potency and unique mechanism of action, PER can 
be effective beyond its approved therapeutic indications1,2. However, the oral route is not 
the best administration approach for some clinical conditions. Considering the growing 
interest of intranasal (IN) administration for brain delivery, PER could be envisioned as a 
good candidate for this route, especially if formulated in a lipidic nanosystem. 
Methodology: We developed a non-toxic self-microemulsifying drug delivery vehicle 
(SMEDDS-FH5) for PER IN administration that shown ideal pharmaceutical characte- 
ristics3. Following IN administration of the SMEDDS to CD-1 mice (1 mg/kg), PER phar-
macokinetics and brain biodistribution, together with its anticonvulsant and anxiolytic 
effects were herein studied. Additionally, olfactory and neuromotor toxicity after IN ad-
ministration were evaluated. All protocols involving animals were approved by the local 
Animal Welfare and Ethical Review Body in agreement with European and Portuguese 
legislation. 
Results: PER showed a rostral-caudal brain biodistribution pattern when administered 
intranasally. At the time that PER reached its maximal concentration after IN dosing (15 
min), high PER concentrations were found in olfactory bulbs (olfactory bulbs/plasma 
ratios of 1.266 ± 0.183 and 0.181 ± 0.027 after IN and intravenous administrations, 
respectively), suggesting that a fraction of the drug reaches the brain directly through 
the olfactory pathway. In the maximal electroshock seizure test, IN PER protected 60% 
of mice against seizure development, a substantially higher value than the 20% protec- 
ted after receiving oral PER. PER also demonstrated anxiolytic effects in open field and 
elevated plus maze tests. Neuromotor impairment was found in rotarod and open field 
tests 15 min and 2 hours after IN and oral administrations, respectively. Nevertheless, 
neuromotor performance was improved after 7 consecutive days of administration, with 
no signs of olfactory toxicity in the buried food-seeking test also after those repeated ad-
ministrations. 
Discussion: Altogether, the results suggest that the IN PER delivery through the de-
veloped SMEDDS-FH5 can be a safe and promising alternative to oral treatment, which 
support the design of clinical studies to evaluate the IN PER delivery to treat epilepsy and 
other neurological-related conditions as anxiety.
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ABSTRACT
Introduction: Lysyl oxidase (LOX) and LOX-like 1-4 (LOXL1-4) enzymes catalyze the 
cross-linking of elastin and collagen in the extracellular matrix, increasing its stiffness. 
Their activity is associated with cancer progression and the formation of metastases1. 
LOX inhibitors were recently suggested as potential anticancer drugs, especially in the 
context of breast cancer (BC). This study aims to investigate the therapeutic interest of 
targeting LOX enzymes in BC and to develop inhibitor drugs for this purpose.
Methodology: To explore the role of LOX enzymes on BC and its subtypes, a bioinformatic-
based approach was followed using the The Cancer Genome Atlas database with the 
Gene Expression Profiling Interactive Analysis 2.0 and the Tumor Immune Estimation 
Resource 2.02. A docking analysis of known LOXL2 binders was performed to unveil 
possible inhibitors’ binding modes. Docking studies were also performed using a library 
of 4-thiazolidones, aiming at finding novel inhibitors. The inhibitory activity of selected 
compounds was evaluated using an Amplex Ultra Red-based technique3. Cell viability 
(thiazolyl blue tetrazolium bromide assay) was assessed in a panel of 10 cancer and 
normal-like cells. Cell migration was evaluated in MDA-MB-231 cells, using the wound 
healing assay for collective migration, transwell assay for chemotaxis/chemoinvasion, 
and single-cell tracking for random migration. 
Results: Bioinformatic analysis showed higher levels of LOXL2 in BC compared with 
normal tissues. The overexpression of LOXL2 is associated with a negative impact on 
disease-free survival, particularly in basal BC. Docking studies allowed the identification 
of five potential LOXL-2 inhibitors. While four of those were inactive, CP5740, inhibited 
LOXL2 with an IC50 value in the micromolar range. This compound exhibited higher 
cytotoxicity for cancer cells, and particularly for MDA-MB-231 cells, than for normal-
like cell lines. CP5740 did not significantly alter collective cell migration, but it reduced 
chemotaxis and chemoinvasion. A decrease in movement directionality was observed in 
the random migration analysis.
Discussion: Our data support the potential interest of inhibiting LOXL2 to prevent BC 
progression and describe a novel inhibitor that could be optimized towards a potential 
therapeutic use.
Keywords: lysyl oxidase-like 2 inhibitors, breast cancer, cancer progression.

©Ordem dos Farmacêuticos, SRP ISSN: 2182-3340

X Congresso Iberoamericano de Ciências Farmacêuticas

Acta Farmacêutica Portuguesa



Acknowledgements: FCT-Foundation for Science and Technology (UIDB/04567/2020 
and UIDP/04567/2020); Universidade Lusófona/ILIND programs Fazer+ (LusoMod-
LOX-ILIND/F+/EI/01/2020) and Seed Funding (CoSysCan-COFAC/ILIND/CBI-
OS/1/2021).

Bibliographic References:
1. Ferreira S, Rijo P, Costa JG, Saraiva N, Santos B, Uriel C, et al. Evaluation of the 
Lysyl Oxidase-Like 2 (LOXL2) inhibitory activity of pimaranes and their glycosyl de-
rivatives. Biomed Biopharm Res 2023; 20(1):1-12.
2. Ferreira S, Saraiva N, Rijo P, Fernandes, AS. LOXL2 Inhibitors and Breast Cancer 
Progression. Antioxidants 2021;10(2):312.
3. Ramos S, Ferreira S, Fernandes AS, Saraiva N. Lysyl Oxidases Expression and Breast 
Cancer Progression: A Bioinformatic Analysis. Front Pharmacol 2022; 13:883998.



1 Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, Universidade de Lisboa, 1649-003 Lisbon, 
Portugal.
2 Joaquim Chaves Saúde, Joaquim Chaves Laboratório de Análises Clínicas, Miraflores, 1495-069 Algés, Portugal.

*Corresponding author: adriana.marques1@campus.ul.pt.

Treatment  Advances in Sepsis and Septic Shock: Modulating Pro-and Anti–In-
flammatory Mechanisms

Marques A.1*, Torre C.1, Pinto R.1,2, Sepodes B.1, Rocha J.1

  ORIGINAL ARTICLE

ABSTRACT
Introdution: Sepsis affects over 25 million people each year, resulting in millions 
of deaths worldwide. Although in-hospital mortality from sepsis has substantially 
decreased, traditional treatment strategies have been insufficient to curb long-
term mortality1. Immunoadjuvant therapy has emerged as a promising way forward 
and research focus has largely shifted into targeting specific mechanisms of sepsis 
pathophysiology, but no sepsis-specific therapies have been approved thus far2. 
Methodology: In this scoping review, we summarize the major alterations in the host 
response during sepsis, provide a rationale for potential therapeutic interventions, as 
well as biomarkers to guide treatment3. We conducted a Pubmed search using terms 
such as “sepsis”, “septic shock” and “immunotherapy” for English articles published 
in the last 10 years, and screened the reference lists of the selected papers for relevant 
articles. Given its parallels with traditional sepsis, we also explored the therapeutic 
approaches utilized to treat severe COVID-19, a sepsis-like illness characterized by an 
imbalanced immune system. We further searched four different clinical trial registries 
for completed and ongoing trials from the last 10 years that studied emergent 
therapeutic options in sepsis or septic shock. We excluded trials with terminated, 
suspended, unknown or withdrawn status. 
Results: This search yielded 30 clinical trials, 11 of which are ongoing and largely 
focus on augmenting the immune response. Importantly, research in sepsis is well-
known for highly promising studies in animals, which ultimately fail at a clinical level. 
This may be explained by the frequent omission of standard-of-care practices like 
antimicrobials, as well as the definition of outdated clinical endpoints in human trials. 
Discussion: The host response during sepsis is extremely complex and non-linear, 
often resulting in emergent behavior that cannot be captured by single time points and 
isolated analyses of specific host response features. Both the early inflammatory and 
later immunosuppressive stages lead to a high risk of mortality. Consequently, clinical 
studies employing a combination of therapeutic interventions in each of these phases 
should add significant value in the improvement of clinical outcomes. Furthermore, 
as different immune phenotypes have been identified in sepsis, it’s clear that critically 
ill patients included clinical trials should be stratified according to stage of disease 
and severity.
Keywords: sepsis, septic shock, immunomodulation.
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ABSTRACT

Introduction: Increasing evidence appoint for a differential response of the 
cardiovascular (CV) system in men and women, highlighting the relevance of gender 
in CV therapeutic strategies including the management of hypertension as a major 
CV risk factor1. Bioactive peptides, such as those derived from brewing by-products, 
are natural promising anti-hypertensive agents, acting as inhibitors of angiotensin-
converting enzyme (ACE)2. However, its efficacy in inhibiting endogenous ACE as 
well as its impact on gender responses remains to be verified. Accordingly, we aimed 
to evaluate the impact of bioactive peptides from a mixture (MIX) of brewing by-
products on the vasocontractile response to the ACE substrate angiotensin (Ang) I on 
different arteries from male and female spontaneously hypertensive rats (SHR). 
Methodology: Experiments were approved by ORBEA (number: 409/2022/ORBEA). 
Large iliac (distribution) and small mesenteric (resistance) arteries from male/female 
SHR (6.2±0.8 month-years old) were isolated and mounted at an organ bath or wire 
Mulvany myograph to measure the vascular isometric tension3. After ensuring the 
vascular function viability (with 120 mM KCl) and the endothelium integrity (with 
10-9-10-4 M acetylcholine in pre-contracted vessels), cumulative curves to Ang I (10-9-
10-6 M) were performed after a 30 min incubation with Krebs solution in the presence 
or absence of MIX (0.87 mg/mL) or captopril (1 µM, an ACE-inhibitory drug; positive 
control). Differences of means were compared using one-way ANOVA followed by 
Tukey t-test, or by Student t-test. 
Results: The contractile response obtained after addition of Ang I varied according 
to the arterial type and between sex. Thus, captopril and MIX-mediated effects 
were normalized regarding the response to Ang I. MIX revealed a vast discrepancy 
between sex, acting as an ACE-inhibitor in SHR male arteries, statistically similarly as 
captopril, reducing near 95% and 47% the constriction in mesenteric and iliac arteries, 
respectively. By opposition, in females SHR arteries, MIX surprisingly increased the 
vasoconstriction response to Ang I in a paradoxical effect. 
Discussion: MIX bioactive peptides display a sex-selective impact, being able to 
inhibit ACE in male but not in female SHR arteries, which may suggest the usefulness 
of these peptides to prevent and/or treat hypertension but only in man.
Keywords: Brewer’s spent grain, brewer’s spent yeast, renin-angiotensin system.
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Figure 1. A: Concentration-response curves to angiotensin-converting enzyme substrate (angiotensin I – Ang 
I) on the vasoconstriction of iliac and mesenteric arterial segments from male and female SHR: (a) separation 
by arterial type; (b) separation by sex on iliac arteries; (c) separation by sex on mesenteric arteries. Constriction 
expressed as a percentage of maximal contraction to 120 mM KCl. Data presents means ± SEM from ≥6 indepen-
dent experiments (animals) in each group. Significant differences between groups for each Ang I concentration: 
** p < 0.01 and *** p < 0.001 (Student t-test). B: Impact of peptides on angiotensin-converting enzyme from iliac 
and mesenteric arterial segments from males and females SHR. Constriction elicited by angiotensin-converting 
enzyme substrate angiotensin I (10-7 M). Peptides tested: 0.86 mg/mL of MIX natural bioactive peptides and 1 µM 
of captopril drug. Constriction expressed as a percentage of angiotensin I alone. Data presents means ± SEM from 
≥5 independent experiments (animals) in each group. Significant differences (p < 0.05) between different groups 
displayed as different letters (One-way ANOVA followed by post hoc Tukey t-test).
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ABSTRACT
Introduction: Triple-negative breast cancer (TNBC) is a breast carcinoma subtype with 
aggressive behaviour and poor prognosis. Current treatment options with platinum-
(Pt)-based chemotherapeutics yield unsatisfactory results due to severe toxicity/
resistance that encouraged the development of novel metal-based compounds with 
improved efficacy/safety profiles, such as palladium-(Pd)-based agents. This work 
aimed at studying the potential of Pd-Spermine complex (Pd2Spm) as an anticancer 
agent against TNBC.
Methods: In vitro assays in TNBC cells (MDA-MB-231- sensitive and resistant to 
cisplatin) and in MCF-12A non-neoplastic cells were used to evaluate the impact of 
Pd2Spm on cell proliferation, migration and cellular death compared to cisplatin. In 
vivo xenograft and pharmacokinetic studies were also performed to assess the efficacy/
safety of Pd2Spm. Data were analysed by one- or two-way ANOVA and nonparametric 
Kruskal-Wallis test. Ethics Committee of U.Porto approved the study. 
Results and Discussion: Pd2Spm selectively induced cellular death in MDA-
MB-231 cells sensitive and resistant to cisplatin, via a non-apoptotic pathway, and 
reduced cellular migration. When focusing on cell death, incubation of Pd2Spm 
with either Necrostatin-1 (necroptosis inhibitor), Z-VAD (apoptosis inhibitor) or 
3-Methyladenine (3-MA, autophagy inhibitor) showed that 3-MA can rescue Pd2Spm-
induced growth inhibition in MDA-MB-231 and MDA-MB-231/R cells. Furthermore, 
in MDA-MB-231 cells, Pd2Spm triggered higher LC3-II levels and more profound 
Beclin-1 inhibition than cisplatin. Regarding apoptotic cell death, Pd2Spm did not 
induce caspase-3 cleavage and co-incubation with both Pd2Spm and Z-VAD yielded 
only marginal effects in preventing the phosphatidylserine externalization compared 
to cisplatin. Moreover, a similar pharmacokinetic profile and efficacy to inhibit tumour 
growth in mice-TNBC xenograft were obtained for Pd2Spm compared to cisplatin. 
Notwithstanding, in vivo Pd2Spm presented lower toxicity than cisplatin. This work 
reveals an encouraging potential of Pd2Spm as an anticancer agent to treat TNBC 
(including in cisplatin-resistant TNBC). 
Keywords: TNBC, breast cancer, palladium.
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ABSTRACT
Introduction: Nowadays, Alzheimer’s disease (AD) stands as the most prevalent form of 
dementia for which a definitive cure remains unmet. Our group has already demonstrated  the 
potential of drugs targeting the renin angiotensin system (RAS) in delaying the progression 
of AD1,2. However, angiotensin receptor blockers (ARBs) have different efficacy profiles owing 
to their distinct ability to cross the blood brain barrier3. As a result, there is a pressing need 
for the development of new strategies aimed at enhancing the brain targeting of ARBs. This 
demands for pharmacokinetic studies that require the accurate quantification of ARBs in 
plasma, brain and other tissues. Therefore, it was herein developed and full validated an ultra 
high performance liquid chromatographic (UHPLC) technique with diode-array detection 
for three ARBs, losartan, irbesartan and valsartan in human plasma. A partial validation 
was also performed in mice plasma, brain and lung, in order to support future preclinical 
pharmacokinetic studies. 
Material & Methods: Blank samples (100 µL for plasma and lung tissue; 200 µL for brain 
tissue) were spiked with internal standard, perampanel and each ARB solution to prepare the 
calibration standard. The analytes were extracted by solid phase extraction (SPE) carried on 
Oasis PRIME HLB cartridges. Chromatographic separation was accomplished within 20 min 
on the InfinityLAb Poroshell® 120 C18 column (4.6 mm×100 mm, 2.7 μm) at 35 ºC with 
a mobile phase composed of water 0.1% trifluoroacetic acid (TFA)/acetonitrile 0.1% TFA in 
a gradient elution (1.0 mL/min). The method was validated according to the international 
guidelines4.
Results: The technique was linear in human plasma: 50 - 5000 ng/mL (irbesartan and 
losartan) and 100 - 5000 ng/mL (valsartan); in mice plasma and lung: 50 - 5000 ng/mL 
(irbesartan) and 100 - 5000 ng/mL (valsartan and losartan); and mice brain: 25 - 2500 ng/
mL (irbesartan) and 50 - 2500 ng/mL (valsartan and losartan). Intra- and inter-day accuracy 
was within 0.02 - 18%, while precision was lower than 16%. Recoveries were consistent and 
varied between 73 to 104%. 
Discussion: To our knowledge,the UHLPC-DAD method herein  successfully developed 
and validated was the first to simultaneously quantify 3 ARBs in 4 different matrices - 
human plasma and mice plasma, brain and lung -  making it extreme important for further 
pharmacokinetic studies.
Keywords: HPLC, angiotensin, pharmacokinetics.
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RESUMO
Introdução: Em 2022, 23,8% da população Portuguesa tinha idade igual ou superior a 65 
anos, e 6.9% ultrapassavam os 80 anos1. Estas faixas etárias estão associadas a comorbilidades 
e à polimedicação, com risco aumentando de interações medicamentosas (IM)2. Na Europa 
o problema é semelhante, com uma população expectável de 520 milhões em 2070. IM são 
responsáveis por hospitalizações geriátricas, com elevada taxa de morbilidade e mortalidade3. 
Pretendeu-se avaliar a terapêutica de idosos, em ambiente familiar, com mais de 65 anos, a 
tomar no mínimo dois medicamentos, em termos de risco de IM. 
Metodologia: participaram no estudo transversal realizado em 2023 (aprovado pela C. ética 
da Egas Moniz), idosos (≥ 65 anos), e a tomar pelo menos dois medicamentos. Foram 
recolhidos dados demográficos como idade e sexo e analisadas as cartonagens da terapêutica. 
Avaliou-se o risco de IM usando o Medscape Interaction Checker. As IM foram classificadas em 
3 graus: IM1 – Séria (usar alternativa); IM2- Monitorizar e IM3- Menor. Considerou-se uma 
partição da amostra com base nos quartis do número de fármacos tomados: Q1 = 3; Q2 = 
4; Q3 = 6. Estes quatro grupos foram comparados entre si para o número de IM1, IM2 e 
IM3, mediante aplicação dos testes de Kruskal-Wallis e Mann-Whitney com correcção de 
Bonferroni. 
Resultados: participaram no estudo 104 idosos (65,4% mulheres e 34,6% homens) com 
78,4 anos de média de idades. Identificaram-se 13 idosos (12.5%) com risco de IM1 (total 
de 15 IM1), 53 idosos (51%) com IM2 (total de 155 IM2) e 27 idosos (26%) com IM3 (total 
de 44 IM3). As diferenças no número de IM1 não atingem significância estatística entre 
grupos (p=0,065), mas a sua existência é sugerida pelos dados. Sujeitos que tomam até 3 
fármacos apresentam número de IM2 significativamente menor do que sujeitos que tomam 
mais do que 4 e até 6 fármacos (p< 0,001), e sujeitos que tomam mais do que 6 fármacos 
(p<0,001). Para além disso, neste último grupo, o número de interações é significativamente 
mais elevado do que em sujeitos que tomam 4 fármacos (p=0,006). Sujeitos que tomam até 
3 fármacos apresentam significativamente menos IM3 do que sujeitos que tomam mais do 
que 4 e até 6 fármacos (p = 0,006), e sujeitos que tomam mais do que 6 fármacos (p<0,001). 
Das 15 IM1, as mais frequentes são a sinvastatina com amlodipina (n=4); sertralina 
com quetiapina (n=2) e perindopril com ácido acetilsalicílico (AAS). Os fármacos mais 
envolvidos em IM1 são a sinvastatina e amlodipina (n=4) e AAS, quetiapina e clopidogrel 
(n=3). Relativamente a IM2, o AAS é o mais frequentemente envolvido (n=37), seguido do 
bisoprolol (n=30) e do valsartan (n=18). A terapêutica foi maioritariamente prescrita pelo 
médico (98%) e 2% aconselhada pelo farmacêutico. 
Discussão: Os resultados corroboram a conclusão de que é muito importante monitorizar a 
terapêutica dos idosos, especialmente quando o número de fármacos excede 4, para reduzir 
o risco de IM.
Palavras-chave: interações medicamentosas, idosos, polimedicação.
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ABSTRACT

Introduction: Chronic low-grade inflammation has been reported as a relevant 
mechanism in age-related diseases1. Thus, signalling pathways involved in inflammation 
are relevant targets for the development of new therapeutic strategies to tackle 
those diseases. Our previous work showed that (S)-(+)- and (R)-(-)-carvone have 
anti-inflammatory properties, namely by inhibiting the expression of inflammatory 
mediators2. Therefore, the aim of this work was to elucidate the mechanism of action 
of carvone enantiomers responsible for their anti-inflammatory effects, namely their 
effect in the two major inflammatory pathways: the Nuclear Factor kappa-light-chain-
enhancer of activated B cells (NF- kB) and Mitogen-Activated Protein Kinases (MAPK).
Methods:The murine macrophage cell line, Raw 264.7, stimulated with bacterial 
lipopolysaccharide (LPS) was used as cell model of inflammation. The effects of 
carvone enantiomers on MAPK and NF-kB activation were evaluated by Western Blot 
and immunocytochemistry.
Results: The results obtained show that carvone enantiomers inhibited LPS-
induced JNK1 phosphorylation, but not that of p38 and ERK1/2. Moreover, carvone 
enantiomers also did not affect LPS-induced NF-kB/p65 nuclear translocation. 
Nevertheless, carvone enantiomers decreased NF-kB/p65 acetylation on lysine (Lys) 
310.Deacetylation of that Lys residue is dependent on the activity of Sirtuin 1 (SIRT1). 
Using an in vitro fluorimetric assay, (S)-(+)-carvone was found to directly activate 
SIRT1 whereas (R)-(-)-carvone did not affect its activity. Both compounds did not 
interfere with SIRT1 protein levels. 
Discussion: Taking together, these results show that carvone enantiomers inhibit 
JNK1 and the transcriptional activity of NF-kB without interfering with its canonical 
activation pathway. However, (S)-(+)-carvone affects NF-kB transcriptional activity 
by directly activating SIRT1. This work highlights the relevance of enantiomerism and 
the diversity of molecular mechanisms that can be involved in the anti-inflammatory 
activity of monoterpenes. 
Keywords: (S)-(+)-carvone, (R)-(-)-carvone, NF-kB.
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ABSTRACT

Introduction: Peritoneal dialysis (PD) is a renal replacement therapy that is based on 
the dialytic properties of the peritoneal membrane (PM) and is a self-care treatment 
performed at home, facilitating patient’s autonomy1. However, loss of PM integrity 
and progression to fibrosis is still a major complication2. The PM microenvironment 
is variable among patients and reflects their systemic uremic profile, which might 
be a factor for PM integrity, patient survival and long-term PD outcomes, e. g. major 
cardiovascular events (MACE) and loss of residual renal function. Thus, the aim of 
this study was to investigate PM status, clinical data, and aging-related molecules, 
such as α-klotho and galectin-3, as predictors of PD long-term outcomes. 
Methods: A 5-year prospective study was conducted at the PD Unit of Santa Cruz 
Hospital, Centro Hospitalar de Lisboa Ocidental, where 58 incident patients with 
biopsy at the study baseline were included. This study was approved by the Ethics 
Committee of the NOVA Medical School, Faculdade de Ciências Médicas, NOVA 
University of Lisbon (Approval number 50/2019). The following endpoints were 
evaluated:(a) PD failure and time until PD failure, (b) MACE and time until MACE. 
PM histomorphology and aging-related indicators were assessed before the start of 
PD and investigated as predictors of study endpoints. 
Results: Fibrosis of the PM was associated with MACE occurrence and earlier MACE, 
but not with the patient or membrane survival. Serum α-Klotho bellow 742 pg/mL was 
related to the submesothelial thickness of the PM. This cutoff stratified the patients 
according to the risk of MACE and time until MACE. Uremic levels of galectin-3 were 
associated with PD failure and time until PD failure. 
Discussion: To sum up, this work points out galectin-3 and α-klotho as molecular 
indicators to tailor patient management in this home-based renal replacement therapy 
and potential therapeutic targets. However, further studies are needed to better 
understand the subjacent mechanisms. 
Keywords: chronic kidney disease, fibrosis, peritoneal membrane.

©Ordem dos Farmacêuticos, SRP ISSN: 2182-3340

X Congresso Iberoamericano de Ciências Farmacêuticas

Acta Farmacêutica Portuguesa



Acknowledgements: Sociedade Portuguesa de Nefrologia funded a project and 
A.R.M. (MD) Nephrology fellow for a residence at Jiménez Díaz Foundation University 
Hospital, Madrid under the scope of novel serum biomarkers of CKD.

Bibliographic References:
1. Bello AK, Okpechi IG, Osman MA, Cho Y, Cullis B, Htay H, et al. Epidemiology of 
peritoneal dialysis outcomes. Nat Rev Nephrol. 2022 Dec 16;18(12):779–93. 
2. Terri M, Trionfetti F, Montaldo C, Cordani M, Tripodi M, Lopez-Cabrera M, et 
al. Mechanisms of Peritoneal Fibrosis: Focus on Immune Cells–Peritoneal Stroma 
Interactions. Front Immunol. 2021 Mar 29;12. 



1 Departamento Sistemas Biológicos, Universidad Autónoma Metropolitana-Xochimilco, Ciudad de México, México. 

*Autor correspondiente: rmlopez@correo.xoc.uam.mx.

Comparación de Perfiles de Disolución de Amiodarona-HCl en Tabletas 
utilizando Medios de Relevancia Fisiológica
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RESUMEN
Introducción: La amiodarona-HCl es un fármaco de baja solubilidad y alta permeabilidad 
ampliamente utilizado para tratar enfermedades cardiacas1. Debido a las características 
de la molécula y a la alta variabilidad observada en humanos por efecto de primer paso 
es necesario evaluar el desempeño de liberación in vitro de las formulaciones genéricas 
disponibles2 , respecto al medicamento de referencia, a fin de contar con medicamentos 
seguros y eficaces. El objetivo del presente trabajo consiste en comparar la velocidad y 
grado de disolución de amiodarona-HCl en tabletas comerciales utilizando el Aparato 2 
USP (paletas) y medios de disolución de relevancia fisiológica.
Metodología: Se utilizaron dos formulaciones (referencia y genérico) de amiodarona-
HCl (tabletas 200-mg). Los perfiles de disolución se obtuvieron con el Aparato 2 USP 
a 75 rpm y 900 ml de medio. Se utilizó HCl 0.1 N y soluciones reguladoras de pH 
4.5y 6.8 como medio de disolución adicionadas con lauril sulfato de sodio al 1%. Se 
tomaron muestras cada 5 min durante 60 min. El grado de fármaco disuelto se calculó 
por UV (240 nm) y curvas de calibración en cada medio de disolución (1.87-30 µg/ml). 
Los perfiles se compararon con los valores de eficiencia de disolución, tiempo medo de 
disolución y porcentaje disuelto a los 60 min (t-Student). Se consideraron diferencias 
significativas valores de p<0.05. Algunos datos de disolución se ajustaron a diferentes 
modelos matemáticos y la ecuación que mejor describe el comportamiento in-vitro se 
escogió con el mayor valor de coeficiente de correlación ajustado y menor valor de criterio 
de información de Akaike.
Resultados: En la figura 1 se presentan los perfiles de disolución de amiodarona-HCl 
obtenidos bajo las condiciones previamente descritas. En HCl 0.1 N ninguna formulación 
superó el 71% disuelto al término de la prueba y al comparar los perfiles con los parámetros 
de disolución estos fueron similares. Los datos en ácido ajustaron a la función de Weibull 
y la comparación de β corrobora el resultado anterior. En los medios de pH 4.5 y 6.8 
el grado disuelto fue <76% y los perfiles de disolución no se consideraron similares 
(p<0.05).
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Figura 1. Perfiles de disolución de amiodarona-HCl en tabletas.
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Discusión: La diferencia en los perfiles de disolución entre ambas formulaciones 
sugiere variaciones en la absorción y, por lo tanto, en la manifestación del efecto 
terapéutico esperado del medicamento genérico. Es necesario llevar a cabo estudios 
en humanos para confirmar o no la intercambiabilidad de las formulaciones de 
amiodarona-HCl disponibles a la población.
Palabras clave: amiodarona-HCl, disolución, genéricos.
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RESUMEN
Introducción: El ketoprofeno es un fármaco analgésico-antiinflamatorio de baja solubilidad 
y alta permeabilidad (Clase II del SCB) que ha presentado problemas de absorción por lo 
que la información generada con estudios de disolución es una herramienta importante 
para evaluar el desempeño in vivo de medicamentos orales que contienen este fármaco1. 
Los estudios se llevan a cabo con los equipos estandarizados y los datos se tratan de 
forma matemática para generar valores hipotéticos de concentraciones plasmáticas. 
El procedimiento da una idea del nivel de absorción y de las condiciones in vitro en las 
que se predicen de mejor forma parámetros farmacocinéticos importantes2. El objetivo 
del presente trabajo es estimar niveles plasmáticos de ketoprofeno a partir de datos de 
disolución de tres productos genéricos y la referencia.
Metodología: La velocidad y grado de liberación de ketoprofeno (cápsulas 100-mg) se 
determinó con el método de celda de flujo continuo (Aparato 4 USP) en flujo laminar a 
16 ml/min. Adicionalmente, y a manera de comparación con un equipo más conocido, 
se utilizó el Aparato 2 USP (paletas) a 50 rpm y 900 ml de medio. En ambos equipos se 
utilizó solución amortiguadora de fosfato pH 7.5 como medio de disolución. Se tomaron 
muestras cada 5 min durante 45 min y el fármaco se cuantificó por espectrofotometría (260 
nm) con apoyo de curvas de calibración. Con los datos in vitro de los cuatro medicamentos 
e información farmacocinética publicada del fármaco se simularon los perfiles plasmáticos 
por el método de convolución. Finalmente se calcularon los valores de predicción del 
error para los datos de estimados de Cmax y ABC0-inf.
Resultados: En la figura 1 se presentan los perfiles de disolución de los medicamentos 
evaluados en los dos equipos de disolución. En ambos equipos los medicamentos genéricos 
A y C y el medicamento de referencia alcanzaron más del 80% de fármaco disuelto a los 45 
min. En el Aparato 4 USP el medicamento B no superó el 30% al término de la prueba. Al 
estimarlos niveles plasmáticos y calcular los valores de predicción del error en el Aparato 
2 USP el medicamento genérico C y en el Aparato 4 USP el medicamento de referencia 
presentaron valores <10% en los parámetros farmacocinéticos Cmax y ABC0-inf.
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Figura 1. Perfiles de disolución de ketoprofeno en cápsulas.
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Discusión: La predicción de niveles plasmáticos, con resultados parecidos a los reportados 
en un estudio de biodisponibilidad, del medicamento de referencia usando el método de 
celda de flujo continuo permiten establecer las condiciones ideales para la comparación 
de productos farmacéuticos orales de ketoprofeno antes que éstos manifiesten fallas 
terapéuticas por problemas de absorción.

Palabras clave: ketoprofeno, celda de flujo continuo, convolución.
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RESUMEN
Introducción: La furosemida es un fármaco diurético de baja solubilidad y baja 
permeabilidad cuya intercambiabilidad debe ser demostrada con estudios de 
bioequivalencia. Los estudios de disolución bajo diferentes condiciones son un factor 
clave en la predicción de esta propiedad. Diversos autores han documentado problemas 
en el proceso de liberación in vitro1 por lo que el objetivo de este trabajo es simular el 
desempeño in vivo de furosemida en tabletas con datos de disolución obtenidos en los 
Aparatos 2 y 4 USP y medios de relevancia fisiológica. El desempeño será expresado en 
términos de similitud de resultados con datos farmacocinéticos publicados2.
Metodología: Los datos in vitro de dos medicamentos (referencia y genérico, tabletas 
40-mg) se obtuvieron con el Aparato 2 USP (50 rpm y 900 ml de medio) y Aparato 4 
USP (flujo laminar a 16 ml/min)3. Se utilizó HCl 0.1 N y soluciones amortiguadoras de 
pH 4.5 y 6.8. Se tomaron muestras hasta 60 min y el porciento disuelto se calculó por 
espectrofotometría (274 nm). Con los datos in vitro e información in vivo se procedió 
estimar por convolución los perfiles plasmáticos. Un valor de predicción del error <10% 
en Cmax y ABC0-inf indica un desempeño muy parecido al observado en estudios en humanos.
Resultados: En la figura 1 se presentan los perfiles de disolución. Estos se compararon 
con los valores de eficiencia de disolución y tiempo medio de disolución (t-Student). Las 
formulaciones no presentaron similitud en sus perfiles en ningún medio ni con ningún 
equipo (p<0.05), incluso en HCl 0.1 N se disolvió <25%. En pH 4.5 y 6.8 los resultados 
mejoraron ya que la liberación del fármaco se explicó con la función de Weibull.  Al 
simular los niveles plasmáticos solo se encontraron valores de predicción del error <10% 
para Cmax y ABC0-inf con los datos del medicamento de referencia a pH 6.8 en el Aparato 4 
USP.
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Figura 1. Perfiles de disolución de furosemida 
en tabletas de referencia (R) y genérico(G).
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Discusión: Los estudios de disolución que involucren condiciones lo más parecido a las 
observadas en humanos son una herramienta importante en la predicción del desempeño 
in vivo de fármacos con problemas de solubilidad. El Aparato 4 USP resultó la mejor opción 
para simular los niveles plasmáticos de furosemida.

Palabras clave: furosemida, perfiles, Aparato 4 USP.
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RESUMEN
Introducción: El verapamilo-HCl es un fármaco utilizado para tratar enfermedades 
cardiacas y presenta alta variabilidad biológica debido a su baja biodisponibilidad1. Los 
medicamentos de referencia son el producto de comparación al evaluar medicamentos 
genéricos por lo que es importante documentar el desempeño in vitro que presentan estos 
productos a fin de predecir el desempeño in vivo2 y evitar problemas en la práctica clínica. 
El objetivo del presente estudio es simular los perfiles plasmáticos de verapamilo-HCl 
utilizando datos de disolución generados en los Aparatos 2 y 4 USP e información in vivo 
publicada en la literatura especializada3.
Metodología: Se determinaron los perfiles de disolución de verapamilo-HCl del 
medicamento de referencia (tabletas 40-mg) con el Aparato 2 USP a 50 rpm y 900 ml 
de medio de disolución y el Aparato 4 USP con flujo laminar a 16 ml/min. Se utilizó 
HCl 0.1 N y soluciones amortiguadoras de pH 4.5 y 6.8. El fármaco se cuantificó por 
diferencia de la absorbancia (278 y 300 nm). Se tomaron muestras filtradas a los 5, 10, 
15, 20 y 30 min. Con esta información y datos farmacocinéticos se procedió a simular los 
niveles plasmáticos de verapamilo-HCl por el método de convolución. Se calculó el valor 
de predicción del error para los parámetros estimados de Cmax y ABC0-inf. Un valor <15% 
indica parámetros estimados parecidos a los observados en estudios in vivo.
Resultados: En ambos equipos de disolución y con HCl 0.1 N así como con el Aparato 
4 USP y medio de pH 4.5 las tabletas liberaron más de 85% de fármaco a los 30 min. En 
la figura 1 se presenta los perfiles plasmáticos estimados con datos de disolución en HCl 
0.1 N (A), pH 4.5 (B) y pH 6.8 (C). En ambos equipos y con HCl 0.1 N los valores de 
predicción del error fueron <15%. Con el Aparato 4 USP y medio de pH 4.5 también el 
error no superó el 15%.
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Discusión: El Aparato 4 USP demostró generar datos de disolución que permiten simular 
de mejor forma el desempeño in vivo del fármaco. Es necesario llevar a cabo la correlación 
in vitro/in vivo con este medicamento para corroborar la capacidad del Aparato 4 USP en la 
predicción de los perfiles plasmáticos de verapamilo-HCl.

Palabras clave: verapamilo, convolución, genéricos.
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RESUMEN

Introducción: El glioblastoma es uno de los tumores con mayor incidencia y 
agresividad del sistema nervioso central (SNC), su tasa de supervivencia de 10-20 
meses. Debido a su alto porcentaje de recurrencia y a la falta de terapias efectivas por 
la dificultad de muchos fármacos de acceder al SNC1. El tratamiento actual combina 
temozolomida (TMZ) o carmustina (BCNU), como fármacos de primera y segunda 
línea respectivamente, con radioterapia2.  El cannabidiol (CBD), ha demostrado poseer 
efecto citotóxico en distintos tipos de cáncer3, por lo que su uso en el tratamiento 
del glioblastoma primario en combinación con los quimioterápicos actuales podría 
suponer un aumento en la eficacia de estos, al tiempo que permitiría reducir su dosis 
y efectos secundarios.  El objetivo de este trabajo es el estudio del efecto citotóxico in 
vitro e in ovo del CBD en monoterapia y del efecto citotóxico in vitro del CBD combinado 
con TMZ/BCNU sobre células de glioblastoma humano. 
Metodología: El efecto citotóxico del CBD se evaluó sobre las células U-87-MG 
(ATCC® HTB-14™) tanto in vitro (ensayo MTT a 24 y 48h), como en el modelo 
in ovo (CAM model) donde se aplicó el tratamiento sobre tumores formados en la 
membrana corioalantoidea de embriones de pollo, observándose el efecto tras 48h.  
Posteriormente se evaluó el efecto citotóxico in vitro (ensayo MTT a 24 y 48h) de las 
combinaciones CBD+TMZ y CBD+BCNU. 
Resultados y discusión: El CBD posee efecto citotóxico sobre las células U-87 MG 
de glioma humano con un valor de IC50 de 37.08 µM (34.00-40.44) y de 28.71 µM 
(26.25-31.41) a las 24 y 48 h de tratamiento, respectivamente (N=3). Respecto a los 
ensayos in ovo, a las 48h, se observó una reducción del tamaño tumoral de un 43% 
frente al control (N=5). La combinación CBD+TMZ presentó un efecto sinérgico a las 
24 y a las 48 h. Por el contrario, la combinación CBD+BCNU resultó ser antagónica. 
En conclusión, El CBD podría considerarse una alternativa eficaz en la terapia frente a 
glioblastoma tanto en monoterapia como en combinación con TMZ (figura 1). 
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Figura 1. Screening de combinaciones en modelos 2D. Estudio del efecto citotóxico en modelos in 
vitro 2D de las combinaciones CBD+TMZ y CBD+BCNU sobre las células U-87-MG de glioblastoma 
humano a las 24 y a las 48h de tratamiento. Los mapas 3D de las combinaciones se obtuvieron medi-
ante el software Synergyfinder. 

Palabras clave: cannabidiol, temozolomida, carmustina.
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ABSTRACT

Introduction: Colorectal cancer (CRC) is the third most common and second most 
lethal cancer worldwide. Immune checkpoint inhibitors (ICIs) have revolutionized the 
treatment of several advanced solid cancers, but only a minority of CRC patients seem 
to benefit from these innovative therapies. For this specific subgroup of patients—those 
with deficient mismatch repair or high microsatellite instability (dMMR/MSI-H)—
the FDA and EMA have approved three checkpoint-blocking antibodies1. Deficiencies 
in DNA repair cause increased mutational load, leading to a higher diversity of 
neoantigens and subsequent infiltration of immune cells. However, MSI status does 
not adequately identify all CRC patients who might benefit from treatment with 
ICIs: for example, POLE/POLD1 mutations also result in a hypermutated phenotype2. 
Tumor mutational burden (TMB), which reflects the number of mutations present 
in the genome of cancer cells, has emerged as a potential predictor of ICI benefit. In 
fact, following its approval for patients with dMMR/MSI-H tumors, pembrolizumab 
has been granted a second tissue-agnostic approval for patients with high TMB by the 
FDA. Although TMB holds promise for identifying new subpopulations of patients 
who may benefit from ICIs, current evidence is insufficient to recommend its routine 
application in clinical practice3. 
Methodology: In this review, we explore the potential of TMB as a predictor of ICI 
benefit, address the limitations associated with its widespread implementation, and 
evaluate its utility in metastatic CRC. To explore common patterns in TMB-based 
stratification in colorectal cancer, we compiled a dataset of CRC or pan-cancer studies 
utilizing numerical thresholds for high TMB. 
Results: Our research confirms the lack of standardization reported when it comes 
to TMB as a predictive biomarker: the information regarding the details of TMB 
assessment and definition was often unclear or entirely absent. The clinical application 
of TMB in this context has been further hindered by the inconsistency of stratification 
thresholds across studies, cancer types, and ICI agents. In the 45 included studies, 
TMB-H cut-offs varied from 6.88 to 41 mut/Mb, and were most often set at 10, 17 or 
20 mut/Mb. 
Discussion: Harmonization of TMB methodologies and cutoff values is critical to 
ensure adequate translation between study results and real-life applicability. 
Keywords: colorectal cancer, immune checkpoint inhibitors, tumor mutational 
burden.
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ABSTRACT
Background: P-glycoprotein (P-gp) is an efflux transporter located at the apical 
membrane of important barrier tissues, like the proximal tubular epithelium, playing 
a crucial role in the detoxification of endobiotics and xenobiotics. (Thio)xanthonic 
derivatives have been shown to enhance P-gp expression and/or activity at the 
intestinal level, promoting an increase in the amount of transported substrate, thus 
limiting the intracellular accumulation of harmful P-gp substrates and, consequently, 
reducing their toxicity1-3. However, no studies exist on the ability of such compounds 
for P-gp modulation in kidney cells, which could have therapeutic applications in 
mitigating drug-induced nephrotoxicity. The aim of this study was to assess, in vitro, 
the ability of 5 thioxanthones (TX1-5) to activate/induce P-gp at the kidney level, 
using the HK-2 cells as in vitro model. 
Methodology: Rhodamine 123 (RHO123) accumulation assay was performed to 
evaluate TX1-5 (5, 10 and 20 µM) effects on P-gp activity. Two different experimental 
approaches were used: 1) exposure to TX1-5 for 90 minutes with simultaneous 
incubation with the P-gp fluorescent substrate RHO123 (5 µM), a protocol used to 
detect immediate effects on P-gp activity (direct P-gp activation); and 2) exposure to 
TX1-5 for 24 hours, followed by their removal and exposure to RHO123 (5 µM, for 90 
minutes), a protocol used to detect effects on P-gp activity resulting from an increased 
P-gp expression (P-gp induction). 
Results: After 90 minutes of exposure to TX1-5, a significant increase in P-gp activity 
was observed for all TX, except TX4, reaching a maximum of 141% in the presence 
of TX2 (5 µM). Moreover, although less expressive, the exposure to TX1-5 for 24 
hours also induced a significant increase of P-gp activity, except for TX4, achieving the 
maximum of 121% for TX3 (5 µM). 
Conclusions: The present study confirmed that thioxanthonic derivatives can 
increase P-gp transport activity at different time points in HK-2 cells, suggesting that 
these compounds act as P-gp activators and/or inducers, potentially facilitating the 
removal of toxic P-gp substrates from kidney’s proximal tubules. This highlights their 
therapeutic potential for reducing the nephrotoxic effects of P-gp substrates. 
Keywords: nephrotoxicity, HK-2 cells, Rhodamine 123.
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