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Welcome Message from  

the Organizing Committee Chair 
 
Dear Colleagues 

 

 It is our great pleasure to welcome you to the 

44th Pharmacological and Therapeutic Society of 

Thailand Meeting: “Frontier in Precision Medicine 

and Targeted Therapy” to be held in Bangkok during 

May 24-26, 2023. This meeting has been organized  

on-site for the first time in 2 years after the COVID-19 

pandemic shut-down and is an opportunity for all 

participants to attend the meeting in person. In order to 

expand our roster of outstanding speakers, presentations 

in this meeting will be hybrid of teleconference and  

on-site ones.  We ask for your patience should we have 

any technical issues from this arrangement. 

 This 44th annual meeting upholds a long legacy 

and reputation of the Pharmacological and Therapeutic 

Society of Thailand in strengthening the up-to-date knowledge and future challenges in 

pharmacological sciences. This meeting features a scientific program in precision medicine and 

targeted therapy, particularly in pharmaco-genomics, cardiovascular diseases, cancer, senescence 

and immunotherapy, clinical pharmacokinetics, and gene and cell therapy. Equally important, 

the meeting is an excellent platform for networking and collaboration in the pharmacologists’ 

community.  Hopefully, all attendees can benefit from this meeting.   

 Finally, we would like to express our heartfelt gratitude to all the assistants and staff 

who have been working diligently to make this meeting possible.  Our sincere appreciation also 

goes to the committee of the Pharmacological and Therapeutic Society of Thailand for granting 

and supporting this meeting.   

 

 

Associate Professor Suree Jianmongkol, PhD 

Chair of the Organizing Committee 
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Welcome Message from the President of PTST 
 
 
 

Dear PTST members and all participants, 

 

The 44th Annual Meeting of the Pharmacological 

and Therapeutic Society of Thailand is organized by 

Chulalongkorn University (Multidisciplinary Pharmacology 

Program) during 24-26 May 2023 under the theme of 

“Frontiers in Precision Medicine and Targeted Therapy”. 

The meeting venue is the Rembrandt Hotel Bangkok. I am 

pleased to welcome all PTST members and participants to 

this first on-site meeting since the COVID-19 pandemic in 

2019. The conference focuses on advanced knowledge and 

technologies in precision medicine, which covers pharmaco- 

genomics and pharmacometrics, particularly in important diseases such as cardiovascular 

diseases, cancer, and infectious diseases. This 3-day conference consists of plenary lectures, 

symposiums, poster presentations and laboratory visits. 

It is a great opportunity and exciting for the researchers in pharmacology and related 

fields to meet on-site again after three years. I am pleased that the Journal of Basic and Applied 

Pharmacology (JBAP) can be a platform for researchers and students to publish their work. 

 

 

Kesara Na-Bangchang 

Professor in Pharmacology 

President of of the Pharmacological and Therapeutic Society of Thailand (PTST) 
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Chiravat Sadavongvivad’s Memorial Lecture 

 

The Power of Pharmacogenomics in 

Precision Medicine 
 

Wichittra Tassaneeyakul 

 
Department of Pharmacology, Faculty of Medicine, Khon Kaen University,  

Khon Kaen, Thailand 

 
E-mail: wichittra.tassaneeyakul@gmail.com 

 

Abstract 

 

Inter-individual differences in response to drugs, both in terms of efficacy and safety, 

are common and may become a growing issue globally due to the increasing aging population 

requiring drug therapy. Genetic factors are a significant contributor to such  variability. 

With the increasing availability and decreasing cost of genetic technologies, implementing 

pharmacogenomics in clinical practice is widely recognized as an essential step in precision 

medicine. By conducting pharmacogenetic testing, healthcare professionals can identify 

patients who are more likely to respond to specific drugs, enabling them to prescribe the most 

effective treatment from the beginning. Additionally, pharmacogenetic testing can help 

identify patients at higher risk of experiencing adverse drug reactions, allowing physicians to 

adjust dosages or prescribe alternative drugs as necessary. Furthermore, pharmacogenomics 

can assist pharmaceutical companies in identifying which patient subgroups are most likely to 

respond to a particular drug, facilitating the development of more efficient and cost-effective 

clinical trials. Lastly, it can also be utilized for drug discovery and development, assisting in 

the identification of new drug targets. This lecture will provide examples of the use of 

pharmacogenomics in clinical practice as well as drug development. 

 

Keywords: Pharmacogenomics, precision medicine, drug development 

 
  

https://www.hindawi.com/journals/ijad/2012/728983/
https://www.hindawi.com/journals/ijad/2012/728983/
mailto:wichittra.tassaneeyakul@gmail.com
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Plenary Lecture I 

 

Decoding, Building, and Manipulating  

of the Human Blood-Brain Barrier:  

Perspectives on Brain-targeting Drug 

Delivery Systems 
 

Masanori Tachikawa  

 
Graduate School of Biomedical Sciences, Tokushima University, Japan 
 
E-mail: tachik-dds@umin.ac.jp 

 

Abstract 

 

The number of patients with neurological disorders and neurodevelopmental 

disorders has been increasing worldwide. These central nervus system (CNS) diseases 

significantly reduce the patients’ quality of life and so novel CNS-acting drugs are much 

anticipated. Attracting attentions are now being paid to development of macromolecular 

drugs such as enzymes, antibodies, and nucleic acids for the CNS therapeutics. However, the 

blood-brain barrier (BBB), which is formed by brain microvasculature network, is an 

impregnable obstacle for brain-targeting drug delivery. This would be a reason for the low 

success rate of human clinical trials for CNS therapeutics. It is thus important to establish the 

novel brain-targeting delivery systems of the macromolecular drugs at the BBB. To achieve 

the goal, we are devising three research streams of decoding, building, and manipulating of 

the human BBB. 

Emerging evidence has shown that the BBB possesses a variety of transport systems 

such as transporters, channels, and receptors, so called “the BBB logistics”, to transfer 

nutrients, essential proteins, nucleic acids-containing extracellular vesicles, and cells from the 

circulating blood to the brain. From this viewpoint, decoding the human BBB logistics at the 

molecular levels would lead to discovery of the new drug delivery route at the BBB. We have 

created a quantitative protein atlas of the human BBB transport systems using quantitative 

targeted absolute proteomics (Cells 11:3963, 2022). We have also succeeded in reconstructing 

a three-dimensional human brain microvasculature model on a microfluidic device for  

predicting the human BBB permeability. This is being conducted as a project of “building the 

human BBB on-a-chip” which can mimic the BBB logistics. We are now trying to manipulate 

the BBB transport systems using the BBB-penetrating extracellular vesicles. In this symposium, 

I would like to discuss how our knowledge can be applied to the development of the brain-

targeting drug delivery systems. 

 

Keywords: Blood-brain barrier, logistics, quantitative proteomics, microfluidics, extracellular 

vesicles 
  

https://www.hindawi.com/journals/ijad/2012/728983/
https://www.hindawi.com/journals/ijad/2012/728983/
mailto:tachik-dds@umin.ac.jp
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Invited Speaker (Symposium I) 

 

Patient-Friendly Stratified Drug Therapy 

Based on Pharmacogenomic Testing 
 

Taisei Mushiroda  

 
Laboratory for Pharmacogenomics,  

RIKEN Center for Integrative Medical Sciences, Japan 

 
E-mail: mushiroda@riken.jp 

 

Abstract 

 

Adverse drug reactions (ADRs) such as skin rash, drug-induced liver injury, and 

agranulocytosis have long been analyzed in relation to human leukocyte antigen (HLA) that 

is an important molecule involved in human immunity. HLA is composed of many genes, 

each of which has dozens of different types (alleles), and many HLA alleles associated with 

ADRs have been reported. The odds ratios in the association with HLA alleles range from 

approximately 5 to several thousand, indicating a very large impact on the risk of ADRs. 

Since it is necessary to prospectively show the effects of medical interventions based on the 

genectic test results, we conducted GENCAT study, a prospective, multicenter, single-arm 

clinical trial to investigate the impact of a therapeutic intervention based on the HLA-

A*31:01 test on the incidence of carbamazepine-induced skin rash. HLA-A*31:01-positive 

patients were treated with an alternative drug such as valproic acid, and the study showed an 

approximately 60% reduction in the incidence of carbamazepine-induced skin rash. 

As indicated by the fact that drug-metabolizing enzymes and transporters account for 

approximately 50% of the 310 germline PGx biomarkers described in the U.S. drug inserts, it 

is important to evaluate pharmacokinetics (PK)-related genetic variants in the realization of 

stratified medicine based on pharmacogenomics. We have developed a comprehensive 

targeted next-generation sequencing (NGS) analysis panel, PKseq, for 100 PK-related genes, 

including 62 drug-metabolizing enzymes and 37 drug transporters. Sequencing of the 100 

genes using PKseq resulted in improved accuracy compared to whole genome sequencing 

(WGS) and whole exome sequencing (WES), as well as reduced cost, time, and analysis 

burden. PKseq will become a powerful tool for discovery research on common and rare 

variants that cause inter-individual differences in drug efficacy and ADRs, and clinical 

implementation of pharmacogenomics testing. 

 

Keywords: HLA, carbamazepine, clinical utility, CYP2D6, NGS 

  

https://www.hindawi.com/journals/ijad/2012/728983/
https://www.hindawi.com/journals/ijad/2012/728983/
mailto:mushiroda@riken.jp


 
 

 

Proceedings of 44th PTST Annual  Meeting, 24-26 May 2023      4 

Invited Speaker (Symposium I)  

 

HLA Genotypes with Highly Accurate  

Long-Read SMRT Sequencing and Its 

Association to Anti-rHu-EPO-Associated  

Pure Red Cell Aplasia 
 

Pajaree Chariyavilaskul 
 

Center of Excellence in Clinical Pharmacokinetics and Pharmacogenomics,  

Department of Pharmacology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand 

 

E-mail: pajaree.l@chula.ac.th 

 
Abstract 
 

Pure red cell aplasia (PRCA) is a rare hematological disorder characterized by the 

absence of erythropoiesis, the process by which red blood cells are produced. The most 

common cause of PRCA is the development of neutralizing antibodies against erythropoietin 

(EPO), a hormone that regulates erythropoiesis. These antibodies interfere with the action of 

EPO, leading to a decrease in red blood cell production and resulting in anemia. PRCA can 

also occur as a side effect of EPO therapy in patients with chronic kidney disease, as well as 

in patients with certain types of cancer. Treatment options for PRCA include discontinuation 

of EPO therapy, immunosuppressive therapy, and blood transfusions. Human leukocyte 

antigen (HLA) has been found to play a role in the development of PRCA in patients 

receiving EPO therapy. Studies have shown that certain HLA alleles, such as HLA-A02 and 

HLA-B44, are associated with an increased risk of developing PRCA. Additionally, it has 

been observed that patients who develop PRCA while receiving EPO therapy are more likely 

to have HLA haplotypes that are different from those of the general population. This suggests 

that HLA may play a role in the immune response to EPO, leading to the development of 

neutralizing antibodies and resulting in PRCA. However, it is important to note that the exact 

mechanism by which HLA alleles influence the development of PRCA is not fully understood. 

Long read Single Molecule, Real-Time (SMRT) sequencing is a powerful tool that 

can be used to study the HLA in relation to PRCA caused by EPO therapy. This technique 

allows for the accurate and comprehensive characterization of the HLA region, which is 

important as HLA alleles have been found to be associated with an increased risk of 

developing PRCA. Long read SMRT sequencing can provide ultra-long reads of the HLA 

region, which allows for the detection of structural variations and copy number variations that 

may not be captured by other sequencing methods. This can provide a more detailed and 

accurate picture of the HLA region in patients who develop PRCA while receiving EPO 

therapy. Additionally, long read SMRT sequencing can also enable the identification of rare 

HLA alleles, which may be important in understanding the genetic susceptibility to PRCA. 

This can help to identify potential biomarkers for predicting the risk of PRCA in patients 

receiving EPO therapy. It's worth noting that, this technology is relatively new and more 

studies are needed to confirm its clinical utility in PRCA. It's also important to note that the 

cost of this technology might be high and it is not yet widely adopted in clinical settings. 

 

Keywords: Pure red cell aplasia, erythropoietin, chronic kidney disease, HLA, long-read 

sequencing   

mailto:pajaree.l@chula.ac.th
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Invited Speaker (Symposium II) 

 

New Mechanisms of Anti-cardio-metabolic 

Disease Drugs 
 

Yu Huang 

 
Department of Biomedical Sciences, City University of Hong Kong, 

Hong Kong, China 

 
E-mail: yu-huang@cityu.edu.hk 

 

Abstract 

 

Healthy vascular endothelium is the critical player in maintaining vascular homeo-

stasis through releasing several vaso-protective substances called endothelium-derived relaxing 

factors (EDRFs) such as nitric oxide. By contrast, loss of EDRFs in diseased endothelial 

cells unmasks the vaso-harmful impact of endothelium-derived contracting factors (EDCFs) 

such as vasoconstrictive prostanopids. Such disrupted balance between EDRFs and EDCFs in 

endothelium is referred to endothelial dysfunction, an important initial pathological event that 

triggers pathogenesis of vascular diseases in hypertension and diabetes. Increased production 

of reactive oxygen species (ROS) or raised oxidative stress in the vascular wall is probably 

the key factor to inactivate nitric oxide within endothelial cells. Understanding and targeting 

the sources of ROS is effective to increase the bioavailability of endothelium-derived nitric 

oxide, thus improving endothelial function in cardio-metabolic diseases. For example, a 

number of drugs clinically used to treat cardiovascular and metabolic diseases are able to 

reduce vascular oxidative stress so as to augment endothelial function in arteries from animals 

of diseases and from patients. In addition, targeting endothelium is also useful to inhibit 

vascular inflammation and disturbed blood flow-associated development of atherosclerosis. 

 

Keywords: Endothelial dysfunction, diabetes, hypertension, atherosclerosis 
  

mailto:yu-huang@cityu.edu.hk
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Invited Speaker (Symposium II)  

 

Biomarkers and Targeted Therapy for 

Cardiac Fibrosis: Pathogenesis, Diagnosis, 

and Therapeutic Approaches 
 

Supachoke Mangmool 

 
Department of Pharmacology, Faculty of Science, Mahidol University, 

Bangkok, Thailand 

 
E-mail: supachoke.man@mahidol.ac.th 

 

Abstract 

 

 Cardiac fibrosis contributes to the abnormality of cardiac functions, leading to the 

development of cardiac remodeling and progression of heart failure (HF). After cardiac 

injury, cardiac fibroblasts can be induced by many profibrotic mediators (e.g., angiotensin II, 

endothelin-1, and transforming growth factor-β1) into the activated form, resulting in 

increased fibroblast proliferation, deposition of extracellular matrix proteins, secretion of 

cytokines and growth factors. Inhibition of myofibroblast differentiation may serve as an 

effective means to prevent the progression of fibrosis. However, the molecular mechanisms 

of these profibrotic mediators on the myofibroblast activation and differentiation is not fully 

understood.  

 Cardiac fibroblasts possess the potential to differentiate into myofibroblasts, which 

are distinguished from fibroblasts by their expressions of many pathological markers, including 

α-smooth muscle actin and stress fiber formation. Thus, identification of these pathologic 

markers for myofibroblast activation and differentiation are seemed to be the potential tools 

for early diagnosis of cardiac fibrosis. 

  Unfortunately, patients with fibrotic disorders expressed signs and symptoms and 

reached clinical care after significant fibrosis has already advanced. Interestingly, many 

studies have reported that myofibroblast differentiation process can be reversed. For these 

patients, reversal of myofibroblast differentiation (also called dedifferentiation) represents 

attractive targeted therapeutic strategies to already established myocardial fibrosis. However, 

factors affecting on the reversibility of myofibroblast are unclear. 

 

Keywords: Cardiac fibroblast, cardiac fibrosis, biomarker of fibrosis, myofibroblast 

differentiation, reversibility of myofibroblast 
  

mailto:supachoke.man@mahidol.ac.th
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Plenary Lecture II 

 

Crafting Originals via TechBio Platforms 
 

Trairak Pisitkun  
 
Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand 

 
E-mail: trairak@gmail.com 

 
Abstract 

 

In this talk, we will focus on the power of TechBio platforms in developing unique, 

original products that can create competitive advantages and deliver high-impact values in the 

fight against infectious diseases such as COVID-19, influenza, and RSV. By utilizing these 

platforms to identify and isolate antibodies from elite responders who have recovered from 

these diseases, we can develop new treatments and therapies that can make a significant 

difference in the healthcare industry. We will discuss how these original products can lead to 

more effective and efficient treatments and how they can provide an edge in the competitive 

healthcare market. The talk will provide an in-depth look into the potential of TechBio 

platforms in creating innovative medical products that can have a real impact on patient 

outcomes and the future of the healthcare industry. 

 

Keywords: Human monoclonal antibodies, COVID-19, TechBio  
  

mailto:trairak@gmail.com
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Invited Speaker (Symposium III) 

 

Acquired Resistance Mechanism of  

Cancer Cells to Anti-tumor Immunity 
 

Yoshihiro Hayakawa 

 
Section of Host Defences, Institute of Natural Medicine,  

University of Toyama, Toyama, Japan 

 
E-mail: haya@inm.u-toyama.ac.jp 

 

Abstract 

 

While a primary immune resistance of cancer cells might be caused by their low 

immunogenicity and/or expression of immune-suppressive phenotypes, acquired resistance 

mechanisms of cancer cells to anti-tumor immunity is unclear. To establish effective cancer 

immunotherapy, it is important to overcome such cancer cell resistance against anti-tumor 

immunity. Therefore, in this study, we aim to understand an acquired resistance mechanism 

of cancer cells to antigen-specific T cells. By using B16 melanoma cell line expressing 

ovalbumin (B16-OVA) as a model tumor antigen, we established variant cell lines after 

exposing to the different immunological conditions in vivo. The immune resistant (IMM) cell 

lines, but not parental B16-OVA or other control cell lines, showed different in vivo 

behaviour along with losing the expression of model tumor antigen. Moreover, we further 

found the expression of particular genes were significantly altered in the immune resistant 

(IMM) cells compared to the parental B16-OVA or other control cell lines. Of particular 

interest, there is a significant change in the gene expression, which is known to involve in 

cellular redox responses, and importantly IMM cell lines tend to be more tolerant to oxidative 

stress responses induced by several different condition including IFN-γ treatment. To further 

determine a functional role of the redox-related gene (RRG) in protecting the immune-

resistant cancer cells from the oxidative stress, we established the B16-OVA cell line 

overexpressing RRG or IMM cell line knocking down RRG. While the over-expression of 

RRG in B16-OVA cell line was not solely responsible to inhibit oxidative stress induced 

intracellular ROS level, RRG over-expression protected from cellular damage induced by 

oxidative stress. Contrary, the knockdown of RRG in IMM cell line by using shRNA 

sensitized to oxidative stress responses. Collectively, these results indicate the importance of 

cellular redox system in cancer cells for acquiring resistance to immunity. 

 

Keywords: Anti-tumor immunity, IFN-γ, oxidative stress  
 

 

  

mailto:haya@inm.u-toyama.ac.jp


 
 

 

Proceedings of 44th PTST Annual  Meeting, 24-26 May 2023      9 

Invited Speaker (Symposium III) 

 

The Role of DNA Protection of  

HMGB1-Produced DNA Gap REDGEM) 

in the Reversal of Irreversible Senescence-

Associated Diseases and Conditions 
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Chulalongkorn University, Bangkok, Thailand 

 
E-mail: mapiwat@chula.ac.th, apiwat.mutirangura@gmail.com  

 

Abstract 

 

HMGB1 release causing deprivation of intranuclear HMGB1 and accumulation of 

DNA damage in the elderly promotes cellular aging. Cellular aging is the core mechanism of 

degenerative diseases. Inhibiting the upstream cellular aging process may be an approach to 

cure degenerative diseases. Our research group reported that cells contain naturally occurring 

DNA gaps to protect DNA, similar to the gaps left between successive rails on a railway 

track. The DNA gaps, youth-DNA-gaps, are reduced in the old. Reducing the youth-DNA-

gaps causes DNA damage accumulation. We identified a gene called HMGB1 functioning as 

molecular scissors producing DNA gaps. We used gene therapy technology to add the Box A 

of HMGB1 (Box A) molecular scissors into old rats' cells. The molecular scissors-produced 

DNA gaps protected DNA, reduced DNA damage, increased DNA durability, and ultimately 

rejuvenated old rats. In other words, we introduced Box A to strengthen DNA and restore 

organ structures and functions, which deteriorated due to old age. We named Box A expression 

plasmid via its role as REDGEM, which stands for rejuvenating DNA by genomic stability 

molecule. We successfully used REDGEM to treat two models, naturally aging and    

d-galactose induced, of senile dementia rats. We also have a promising treatment outcome, 

including evidence of neurogenesis in Rotenone-induced Parkinson's rats. In addition, we 

will report the high efficacy of REDGEM in treating diabetes wounds, burn wounds, insulin 

resistance, liver fibrosis, lung fibrosis, and kidney failure. For safety purposes, we finished 

the test and analysis of REDGEM in baby porcine and premenopausal cynomolgus 

macaques. In addition, these large animal tests also provided promising outcomes regarding 

the future drug for wellness improvement of learning, heart function, and muscle function. In 

conclusion, REDGEM protects DNA and inhibits the upstream process of degenerative 

disease pathogenesis.  
 

Keywords: REDGEM, degenerative disease, rejuvenation, DNA damage, youth-DNA-gaps  
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Molecular Pharmacology of Novel Lead 

Compounds for Targeted Cancer Therapy 
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Abstract 

 

Advances in the insights regarding cancer cell biology and cell signaling lead to the 

discovery of novel drug targets for cancer including cell signals in the regulation of cancer 

cell growth, metastasis, and cancer stem cells. Several molecular targeted compounds have 

been revealed to have a potential benefit for cancer management via the activities involving 

specifically interaction with the molecular targets in the cancer cells regulating growth and 

metastasis. 

As c-Myc is an important transcription factor facilitating cell growth, survival, 

metastasis, and reprograming that have been found to be dysregulated or aberrantly expressed 

in 70% of human cancers, making it one of the most important human onco-proteins and a 

promising molecular target for anti-cancer drugs. We investigate the novel compound EMD 

(N, N-bis (5-ethyl-2-hydroxybenzyl) methylamine) that can interact and induce c-Myc 

degradation via ubiquitin-proteasomal mechanism, and the modifications of molecular 

moieties of their structure provide the insight of pharmacophore important for the c-Myc 

targeting action. In addition, the modification of the compound structure with the knowledge 

of SAR offers its better activity against the cancer stem cells population in lung cancer cells. 

Furthermore, we investigated the effect of several compounds derived form natural products 

for their potentials in regulation of other cancer signal directing cancer growth and 

metastasis. Norcycloartocarpin, ovalitenone, and pongol methyl ether, a plant derived 

pharmacological active agents were demonstrated to interact with Protein kinase B (Akt) 

molecule in lung cancer cells and inhibit the protein function. The utilizing of molecular 

docking offers the information of the affinity and binding energy of the compound and the 

protein with further information useful for the structure design as a lead compound. As 

cancer is a disease depending on the status of gene alterations that related to the defected cell 

signaling, inhibition of cancer aggressive signals that specific to the patient’s gene 

information could be the promising way to personalized treatment designed and benefit the 

clinical outcome. 

 

Keywords: Drug discovery, c-Myc, Akt, EMD, structure-activity relationship (SAR) 
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Model Informed Precision Dosing for 

Personalized Pharmacotherapy 
 

Jae Gook Shin 

 
Inje University College of Medicine, Busan Paik Hospital, Busan, Korea 

 
E-mail: phshinjg@gmail.com 

 

Abstract 

 

It is well known dogma of pharmacology that therapeutic drug response varies among 

the individual patients with same therapeutic dose regimen. The drug response variation is 

caused by many factors of individual subjects such as pharmacogenotype, drug interaction, 

age, body weight renal/hepatic dysfunction, ethnicity etc. In order to implement the clinical 

practice of precision medicine, we have to predict the phenotype and clinical decision making 

of personalized prescription from the genotype of an individual, but it is not an easy process 

in diverse clinical setting. Although we know the genotype to phenotype relationship of many 

PK related genes, it is not always easy to validate the clinical relevance of genetic variants, 

especially in the case of rare genetic variants. In this case, it is not easy to conduct a 

translational clinical trial to validate the clinical relevance, because it is very hard to recruit 

those study subjects who have very rare genetic variants.  In addition, the drug response of 

subjects will be much more complicated to predict the individualized precision dosing based 

on pharmacogenotypes if it is influenced by many combined factors, e.g.  genetic variants + 

old age + drug interaction + renal dysfunction. All these issues are a big scientific hurdle to 

implement the genotype guided personalized medicine in the given individual patient.   

The model informed approaches including physiologically-based pharmacokinetic (PBPK) 

model may be a potential tool to solve these issues in the implementation of pharmaco-

genomics based precision medicine. The presentation will cover the concept and example of 

model based personalized precision medicine/ dosing of therapeutic drugs to predict the 

clinical PK and optimum individualized dose of an individual patients whose drug response is 

influenced by many genetic and non-genetic factors. 

 

Keywords: Pharmacogenomics, clinical implementation, model informed precision dosing  
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Clinical Applications of PK/PD in  

Pediatric Antimicrobial Drug Dosing 
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Abstract 

 

Pharmacokinetics (PK) and pharmacodynamics (PD) are crucial in optimizing anti-

microbial drug dosing in pediatrics similar to adults. However, in pediatrics, PK parameters 

can vary significantly compared to adults due to factors such as differences in body size and 

composition, organ function, and drug metabolism. Moreover, even among the pediatric 

population, there are variations regarding ontogeny. In addition, pathophysiologic changes 

such as sepsis and augmented renal clearance can also affect PK parameters in such 

populations. These variations can lead to subtherapeutic or toxic levels. Inappropriate drug 

levels can then lead to unfavorable treatment outcomes. Apart from PK, PD is also vital for 

drug dosing. PD of antimicrobial agents refers to the relationship between the concentration 

of the drug in the body and the antimicrobial effect on the target microorganism. Currently, 

multidrug-resistant organisms with increased minimum inhibitory concentrations (MICs) 

are rising and compromising the PK/PD target achievement. Therefore, historical dose  

recommendations in package inserts might not be suitable for the current situation. 

The application of PK/PD principles in pediatric antimicrobial drug dosing can 

improve treatment outcomes, reduce toxicity, and decrease the emergence of resistance. In 

addition, population PK modeling can be utilized to predict optimal dosing regimens for 

children based on their PK parameters. Furthermore, therapeutic drug monitoring (TDM) 

in line with a proper microbiological workup such as MIC could improve individualized 

antimicrobial drug dosing. 

In conclusion, PK/PD principles are essential in pediatric antimicrobial drug dosing to 

optimize treatment outcomes and reduce the emergence of resistance. However, further 

research is needed to improve our understanding of PK parameters in children and to develop 

practical PK/PD-guided dosing strategies. 

 

Keywords: Pharmacokinetics, Pediatrics, multidrug-resistant organisms, antimicrobials  
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Current Use and Promising Future of  

Gene Therapy in Thailand 
 

Oranee Sanamaneechai  
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Bangkok, Thailand 

 
E-mail: oranee141@gmail.com 

 

Abstract 

 

Since gene therapy’s proof-of-concept was demonstrated as early as 1990. In 2017, 

US FDA approved voretigene neparvovec-rzyl for the treatment of patients with confirmed 

biallelic RPE65 mutation-associated retinal dystrophy. In 2019, onasemnogene abeparvovec 

had been approved  for the treatment of pediatric patients less than 2 years of age with spinal 

muscular atrophy (SMA). The author had experience of using gene therapy for SMA patient 

over the last 2 years and going to share the result of treatment.  

Gene therapies introduce or modify genetic material, treating disease by editing or 

replacing the underlying genetic code. With gene therapy, new genes can be added, deleted, 

turned off or even replaced. Route of gene therapy can be various according to the organ of 

targeting to treat or prevent disease. Gene therapy is a technique that modifies a person’s 

genes to treat or cure disease. Gene therapies can work by several mechanisms: 

• Replacing a disease-causing gene with a healthy copy of the gene 

• Inactivating a disease-causing gene that is not functioning properly 

• Introducing a new or modified gene into the body to help treat a disease 

 

Keywords: Gene therapy, spinal muscular atrophy, vector  
 

 

  

mailto:oranee141@gmail.com
https://www.evernorth.com/articles/understanding-gene-modification-and-cellular-therapies


 
 

 

Proceedings of 44th PTST Annual  Meeting, 24-26 May 2023      14 

Invited Speaker (Symposium IV) 
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Therapy for Blood Cancer in Thailand 
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Abstract 

 

Chimeric Antigen Receptor (CAR) T-cell therapy has become a new standard of care 

for refractory and relapsed lymphoma patients. Viral vector-based CAR T-cells is considered 

the standard manufacturing method; however, high costs and complex manufacturing 

processes have limited the widespread use of CAR T-cell therapy. Currently, we are developing 

the state of the art of the transposon-based gene transfer using PiggyBac transposon system 

for CAR T immunotherapy, as a valid cost-effective and safe alternative to the viral vector-

based systems. We recently completed the first cohort of phase I clinical trial on CD-19 

PiggyBac CAR T cell in relapse and refractory lymphoma patient with good safety profile 

and promising treatment outcome.  
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Abstract 

 

Alzheimer's disease (AD) is the most common type of dementia that gradually 

impairs a person's thinking and memory abilities to carry out even the most basic tasks and 

daily activities. Cholinesterase inhibitors (ChEIs) have been proven to alleviate AD symptoms 

and might even reduce the disease course, in which acetylcholinesterase inhibitors (AChEIs) 

represent a prospective area of AD drug development. However, the medication could have 

adverse side effects and cannot entirely halt the progression of the disease, limiting its 

efficacy. As a result, numerous attempts have been undertaken to search for alternative 

medicines with various structures and inhibitory actions using several computer techniques. 

A potential field of research is naturally derived-AChEIs because of fewer side effects on 

humans. In this study, candidates for AChEIs are found using a ligand-based virtual screening 

based on deep learning algorithms from a database that contains bioactive compounds from 

mushrooms (bacmushbase.sci.ku.ac.th). The evaluation metric, so called AUC (area under the 

curve), is predicted to be 0.98, suggesting the model’s performance in identifying AChEI 

candidates. Following that, the top ten predicted compounds are further validated using docking 

and molecular dynamics (MD) simulations. Then the binding energies and modes of the 

AChE and the inhibitors are compared with that of the FDA-approved drug (donepezil). 

These methods can accelerate the development process by assisting with screening and 

directing the selection of new inhibitor candidates. 

 

Keywords: Alzheimer's disease, deep learning, acetylcholinesterase inhibitors, natural 

products, molecular dynamics simulations 
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Abstract 

 

Lung cancer has been the most common cause of cancer-related death. Most of the 

patients were diagnosed in an advanced state and displayed an aggressive progression. The 

lack of effective biomarkers is the main problem for lung cancer treatment. Therefore, the 

essential biomarkers for the diagnosis and treatment of lung cancer are urgently needed.  

Microtubule-associated proteins (MAPs) have been shown to govern several cellular processes. 

Interestingly, the expression level of MAPs was found to correlate with cancer progression. 

In this study, the diagnostic and prognostic biomarkers hinge on the differentially expressed 

MAP genes (DEMGs) were identified and validated across the Cancer Genome Atlas (TCGA) 

data, clinical samples, and Gene Expression Omnibus (GEO) data. The expression of 320 

MAP genes, identified from the UniProt database, was compared between normal and tumor 

lung tissues using the data obtained from TCGA database which lung adenocarcinoma 

(LUAD) (56 normal and 451 tumor tissues) and lung squamous cell carcinoma (LUSC) (51 

normal and 417 tumor tissues) subtypes were included. The prognostic significance was 

determined by Kaplan–Meier and Cox regression methods using the overall survival data. 

The expression profile of candidate genes was validated in patient lung tissues by quantitative 

reverse transcription-polymerase chain reaction (qRT-PCR) and in three independent datasets 

by GEO data analysis. Differential expression analysis demonstrated 47 upregulated and 

41 downregulated genes. Survival analysis of the genes displayed high fold changes suggested 

5 upregulated (NUF2, KIF4A, KIF18B, DLGAP5, and NEK2) genes and 1 downregulated 

(LRRK2) gene tightly associated with overall survival, providing potential molecules as lung 

cancer biomarkers. The six candidates can be used as diagnostic biomarkers in LUAD and 

LUSC. NUF2, KIF4A, KIF18B, DLGAP5, and NEK2 for LUAD and LRRK2 for LUSC can 

be used as prognostic biomarkers.  
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Abstract 
 

Due to unhealthy eating habits and a sedentary lifestyle, the prevalence of type 2 

diabetes mellitus (T2DM) has increased rapidly worldwide. Intracellular glucose uptake 

stimulation is known as an important target to prevent T2DM progression. The present study 

aimed to discover the novel compounds and their chemically modified derivatives containing 

the glucose uptake stimulating effect from fungal diversity in Thailand. Our results  

uncovered the secondary metabolite of Aspergillus nidulans known as nidulin and its semi-

synthetic derivatives which is the chemical modification with a pyridine ring at the side chain 

called pyridylnidulin. Briefly, the cytotoxicity and glucose uptake activity of nidulin and 

pyridylnidulin at 5-100 μM were evaluated in 3T3-L1 adipocytes. The results indicated that 

nidulin promoted the 2-DG uptake activity in a dose-dependent manner at 5-50 μM with 

151.97%, and enhanced glucose transporter 1 (GLUT1) and 4 (GLUT4) translocations into 

the cell membrane. Also, pyridylnidulin promoted the 2-DG uptake activity in a dose-

dependent manner at 5-10 μM with 129.30%, which provided more potent glucose uptake 

stimulation when compared to nidulin at the same concentration. In summary, the present 

study exhibited the glucose uptake stimulating effect of nidulin and pyridylnidulin in a dose-

dependent manner which should be interesting for T2DM drug discovery. A further study 

will be established to determine the pharmacological effect of both compounds in the T2DM 

animal model. 
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Abstract 

 

Oxidation of low-density and high-density lipoproteins (LDL and HDL) has been 

implicated in vascular complications in -thalassemia. Our previous studies demonstrated 

that the core lipids, cholesteryl esters, were the major target of lipid peroxidation in 

lipoproteins. This study aims to evaluate the effects of a 2-week intermission of deferiprone, 

an iron chelator, on the changes of the oxidized cholesteryl esters (CEs), including  

cholesteryl linoleate (CE18:2) and cholesteryl arachidonate (CE20:4). LDL and HDL were 

separated from the serum of thirteen -thalassemia patients and four healthy volunteers.  

A liquid chromatography-tandem mass spectrometry (LC-MS/MS) method was developed to 

analyze the lipids extracted from LDL and HDL. The results demonstrated the significantly 

higher concentration of CE-hydroperoxides (CE-OOH), but not their reduced form CE-OH, 

in LDL of thalassemia patients. On the other hand, both CE-OOH and CE-OH were 

significantly higher in the HDL of the patients.  The production of oxidized CEs was 

pronounced after a 2-week intermission of deferiprone therapy, mainly oxidized CE18:2-

OOH. Moreover, the decrease in the concentration ratio of CE-OH/CE-OOH suggested that 

the reaction preferentially moved towards oxidation rather than reduction. In conclusion, 

chelation therapy with deferiprone is a mainstay treatment in -thalassemia. It delayed the 

lipid peroxidation chain reaction in the lipoproteins. 

 

Keywords:  -Thalassemia, deferiprone, iron overload, oxidized lipoproteins, lipid hydro-
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Abstract 

 

It is known that alcohol exposure causes disturbance of neuronal functions associated 

with oxidative stress and altered balance of neurotransmitters in the brain. Mucuna pruriens 

has long been used in traditional medicine for various neurological diseases as it has 

antioxidant property, neuroprotective and neurorestorative effects which help promote brain 

health. In the present study, we aimed to investigate the effects of Thai Mucuna pruriens  

(T-MP) seed aqueous extract on animals' behaviors and motor coordination during acute 

ethanol consumption in mice. Mice were randomly divided into 9 groups of 8 animals each 

and forced fed with either water or T-MP extract (300 or 600 mg/kg). Then one hour after, 

fed with either water or ethanol (2 or 6 g/kg). Thirty minutes after the second treatment, mice 

were subjected to the exploratory, elevated plus maze (EPM), tail suspension (TST), and rota-

rod tests. the results were analyzed with one-way analysis of variance (ANOVA) followed by 

Tukey’s post hoc test and 𝑃 < 0.05 was considered as statistical significance. Ethanol-treated 

mice significantly increased anxiety-like behavior in the exploratory test, decreased time 

spent in open arms in the EPM test, increased immobility time in TST, and decreased time on 

the rod in the rota-rod test. Pre-treatment with T-MP, especially at 600 mg/kg, significantly 

alleviated the effects of alcohol in inducing abnormal behaviors and impairment of motor 

function in all tests. In conclusion, these data indicated that T-MP has a beneficial effect in 

controlling hyperactivity, impaired motor coordination, depressive-like and anxiety-like 

behavior induced by acute ethanol consumption in mice.    
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Abstract 

 

Cholangiocarcinoma (CCA) is a malignant tumor with a poor prognosis and unsatisfied 

treatment efficacy. Fibroblast growth factor receptor (FGFR) is one of targetable mutation 

in CCA. Recently, at least two FGFR inhibitors including infigratinib, have been approved by 

the US.FDA. to treat the metastatic CCA. However, many patients who initially respond to 

infigratinib develop resistance and relapse, with the activation of PI3K/mTOR pathway. 

Therefore, we aimed to investigate the effect of dual PI3K/mTOR inhibitors (PKI-402) 

combined with FGFR inhibitor (infigratinib), to suppress the oncogenic phenotypes in CCA 

cell lines. KKU-100 and KKU-M213A showed highly expressed FGFR2 and mTOR levels, 

were employed. The cytotoxicity of PKI-402 and infigratinib, was determined by Sulfo-

rhodamine B (SRB) Assay. The antiproliferation and apoptotic cell death, were determined 

by Acridine Orange/Ethidium Bromide (AO/EB) staining assay and AnnexinV/PI flow 

cytometry. Cell cycle arrest and autophagic cell death were determined by flow cytometry 

and AO staining assay. The protein expression of downstream effectors was determined by 

immunoblotting. The combination group of infigratinib and PKI-402 significantly induced 

antiproliferative effect through G2/M cell cycle arrest when compared to the single inhibitors. 

In addition, the combination group markedly induced apoptotic effect in CCA cells when 

compared to the single inhibitor. Moreover, the combined inhibitors also promoted CCA cell 

death through the induction of autophagy, as indicated by the upregulation of LC3B-II 

expression which is an important autophagic protein. Our study demonstrated that the 

combined inhibition of FGFR and PI3K/mTOR pathways potentiated the suppression of 

oncogenesis in CCA cells. Thus, this combination regimen could be a promising therapeutic 

strategy to be further evaluated in vivo models as well as in clinical studies. This work was 

financially supported by the granted by Faculty of Medicine, Khon Kean University, Thailand 

(grant no. IN65135) and the NSRF under the Basic Research Fund of Khon Kaen University 

through Cholangiocarcinoma Research. Narumon Mahaamnad was supported by postgraduate 

study support grant of faculty of medicine, Khon Kaen University. 
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Abstract 

 

 Acute alcohol intoxication is a clinically harmful condition that usually follows the 

ingestion of a large amount of alcohol. The acute central nervous system (CNS) effects of 

alcohol are result of increasing inhibitory GABAergic and reducing glutamatergic functions, 

leading to sedation, uninhibited behavior, impaired sensory and motor skills, and cognitive 

dysfunction. Polycepholomyces nipponicus (P. nipponicus) contains many active ingredients, 

especially adenosine. Adenosine can inhibit the release of glutamate by inhibiting Ca2+ 

channels which may help relieve the acute neurobehavioral effect of alcohol. However, the 

effect of this fungus on alcohol consumption has not been studied, so the aim of this study is 

to assess the effects of P. nipponicus extract on animal’s motor and behavior in acute ethanol 

consumption. Mice were orally fed with either distilled water or P. nipponicus (200 or 600 

mg/kg) extract, and one hour later, fed with either distilled water or ethanol (2 or 6 g/kg). 

Thirty minutes after the second treatment, motor and behavioral assays, including exploratory 

test, rotarod test, footprint analysis, and tail suspension test (TST) were performed Mice that 

received 6 g/kg of ethanol showed impaired motor functions as seen by a significant 

reduction in time on the rod in the rotarod test and a significant increase in both forelimb and 

hindlimb stride lengths when compared to normal control. The TST shows a significant 

increase in immobility time and anxiety-like hyperactive behavior was seen in exploratory 

test but mice that received 2 g/kg of ethanol showed the results same but not as good as the   

6 g/kg group when compared to the control group. Oral treatment with P. nipponicus extract, 

especially at 600 mg/kg, could significantly reduce the acute effects of alcohol in all tests 

performed. In conclusion, the results of this study provide evidence that oral administration 

of P. nipponicus extract helps reduce the acute effects of alcohol on both motor functions and 

neurobehavior in mice. In at 200 mg/kg show could reduce the acute effects of alcohol in all 

tests performed but not significantly when compared to control group. Therefore, P. nipponicus 

may be one of the promising products to be used in treating the acute CNS effects of alcohol 

in the future. 

 

Keyword:  Polycepholomyces nipponicus, alcohol-treated mice, ethanol, motor, neuro-

behavior 
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Abstract 

 

DNA damage response (DDR) mutations are one of the hallmarks contributing to the 

carcinogenesis of cholangiocarcinoma (CCA). Poly (ADP-ribose) polymerase (PARP) and 

ataxia-telangiectasia mutated (ATM) are the major proteins in the DDR pathway. DNA repair- 

deficient tumors are more sensitive to PARP inhibitors (PARPi) through the mechanism of 

synthetic lethality. Furthermore, DDR pathways mediated by ATM, are hypothesized to be 

essential survival pathways in response to PARPi. Therefore, this study aims to evaluate the 

antitumor effect of PARPi (olaparib, niraparib) and ATMi (AZD0156), on CCA cells 

harboring DDR mutations. Genomic alterations of DDR genes in CCA tumors were retrieved 

from the cBioPortal database. DDR gene mutations in CCA cell lines were assessed by whole 

exome sequencing. The relative cell viability and proliferation were assessed by MTS and 

colony formation assays. Cell death was determined using AO/EB staining and flow cytometry. 

Mutations were observed in 35.8% of cases from 684 CCA samples had alterations in at least 

one of four genes (ARID1A, BAP1, BRCA2, and ATM), suggesting their susceptibility to 

PARPi. High frequency of DDR gene mutations in 11 CCA cell lines showed the mutation of 

BRCA2, CHEK1, FANCA, and ATR. Of note, KKU-023 and KKU-100 (with BRCA2, 

CHEK1, ATR, and ERBB2 mutation) showed the highest sensitivity to AZD0156 (IC50 2.3 

and 2.6 M, respectively) while KKU-023 showed the highest sensitivity to olaparib (IC50 6.3 

M) and niraparib (IC50 4.3 M). Moreover, the combination regimen of PARPi and ATMi 

showed a synergistic effect (combination index <1) on CCA cells to inhibit cell proliferation 

and promote cell apoptosis by 80% compared to the drug treatment alone which was less than 

5% of apoptotic cells. Hence, combining PARPi and ATMi could be the potential therapy 

combating CCA harboring DDR mutations. This work was financially supported by the 

NSRF under the Basic Research Fund of Khon Kaen University through Cholangiocarcinoma 

Research and the Research Fund for Supporting Lecturer to Admit High Potential Student to 

Study and Research on His Expert Program, Khon Kaen University (651H220). 
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Abstract 

 

Metabolic syndrome (MS) is a common metabolic disorder that is a condition 

characterized by the existence of several risk factors for diabetes mellitus, nonalcoholic 

fatty liver disease and cardiovascular disease. Dapagliflozin (DAPA) is a sodium-glucose 

cotransporter-2 (SGLT2) inhibitor widely used to lower blood sugar levels in diabetic 

patients and has cardioprotective effects in congestive heart failure patients. However, few 

studies have investigated the underlying mechanism DAPA for vascular function. The aim of 

our study was to investigate the effect of DAPA on the hemodynamic status, alterations 

metabolic profile and mechanism of vascular function in high-fat high-fructose diet (HFFD) 

induced metabolic syndrome rats. Male Wistar rats were fed a normal or high-fat high-

fructose diet for 10 weeks, and the metabolic syndrome animals were then treated with 1 and 

5 mg/kg/day DAPA, 200 mg/kg/day metformin or no treatment for next 6 weeks. After the 

experiment, body weight, fasting blood glucose (FBG), oral glucose tolerance (OGT), serum 

insulin, lipid profile  and hemodynamic parameters were measured. The vascular reactivity 

was measured by using mesenteric vascular bed technique. The metabolic syndrome rats 

showed significantly increased body weight, FBG, OGT, homeostasis model assessment of 

insulin resistance (HOMA-IR) scores, systolic blood pressure (SBP), mean arterial pressure 

(MAP), impaired lipid profile and vascular tone compared to normal control rats. DAPA 

significantly reduced body weight from 104.75±8.79 to -31.11±15.82 g, FBG from 115± 2.83 

to 90.88±2.84 mg/dl, OGT from 19566±1447 to 15155±490 mg.min/dl of area under the 

curve (AUC) of blood glucose from 0-120 min, HOMA-IR from 3.32±0.45 to 0.9±0.09 

scores, and systolic blood pressure from 128.96±5.80 to 88.37±2.46 mmHg relation to MS 

control group. Additionally, DAPA significantly improved lipid profile and vascular tone, 

with an upward trend of vasorelaxation and a downward trend of vasoconstriction on 

mesenteric arteries in relation to MS control group. In conclusion, our data provided evidence 

that DAPA appears to be an effective treatment for metabolic syndrome, as it alleviates 

diabetic phenomena and improves vascular function. Therefore, DAPA may be a potential 

treatment option for patients with metabolic syndrome to prevent the development of pre-

diabetes and cardiovascular disease. Mr. Nattawut Chaisuk and this research were 

financially supported by a postgraduate scholarship, Faculty of Medicine, Khon Kean 

University, Thailand, and Khon Kaen University Faculty of Medicine invitation research 

grant. 
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Abstract 

 

Introduction: Monoamine oxidases (MAOs) in humans have two isoforms: MAO-A 

and MAO-B, which are found in neurons and astroglia. Inhibiting these enzymes can increase 

neurotransmitter levels and relieve symptoms of depressive disorder. The Suk Sai-Yad (SSY) 

remedy was effective in treating sedative-hypnotic, analeptic, tonic, and panacea conditions 

from the forty-fourth traditional medicine recipe recorded in "The Royal Scripture of King 

Narai's Medicines". However, there have been no scientific reports of its inhibitory effect on 

the MAOs enzyme, which plays an important role in serotonin neurotransmitters. Objective: 

This study aimed to investigate the antidepressant-like effect of SSY on the inhibitory effect 

on MAOs and on behavioral models of depression, a forced swimming test (FST), and a tail 

suspension test (TST). Materials and Methods: In vitro studies using human recombinant 

MAO-A and MAO-B enzymes were performed for screening MAOIs in the SSY remedy. 

IC50 values were determined for these chimeric enzymes compared with MAO-selective 

substrates, clogyrine and deprenyl. For in vivo studies, mice were induced to depress by 

unpredictable chronic mild stress for 6 weeks. At week 3, the stress-mice were administered 

the SSY extract (20, 100, and 500 mg/kg/day, p.o.) and a reference antidepressant, imipramine 

(IMP, 20 mg/kg/day, p.o.) for 6 weeks. A behavioral test was started in week 5. The FST and 

TST were performed to evaluate depressive-like behavioral. Results: The SSY inhibited 

MAO-A and MAO-B activity with IC50 values of 49.72 ± 9.42 and 329.23 ± 50.80 μg/ml, 

respectively. Moreover, the SSY and IMP significantly decreased the immobility time 

compared with a control group in both TST and FST. Conclusion: The results of this study 

suggest that SSY ameliorates depressive-like symptoms, and the possible mechanism may be 

its inhibitory effect on MAOs enzymes. 

Keywords: MAOs, MAOIs, depression, Suk Sai-Yad (SSY), depression-like behavior 
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Abstract 

 

Background and Objective:  Quetiapine ( QTP)  is a common atypical antipsychotic drug 

used worldwide to treat schizophrenia, acute mania, bipolar depression, and dementia.  This 

study developed and fully validated to measure QTP and norquetiapine ( NQTP)  in human 

plasma using a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method by 

US-FDA guidelines.  Method:  One-step liquid-liquid extraction is used a small plasma 

volume for extraction with acetonitrile. The analytes were separated on an XBridge BEH C18 

column ( 3. 0 x 50 mm, 2. 5 µm) .  The mobile phase was 0. 1%  formic acid in 10 mM 

ammonium formate with 100%  acetonitrile (pH 3.0). The chromatogram was performed in 

gradient mode at a flow rate of 0.3 ml/min, with a short analytical run time of 6 minutes. 

Multiple reaction monitoring (MRM) in positive ion mode was used to quantify QTP, NQTP, 

and risperidone as internal standards.  Results:  The calibration curve was 2.0-600.0 ng/ml 

linear range for QTP and NQTP in human plasma. The lower limit of detection for QTP and 

NQTP was 2 ng/ml. The coefficient of variation for intra-day and inter-day precision of QTP 

was within 3.6-11.2%, and accuracy was within 96.7-111.7%, whereas NQTP precision was 

within 5.3-12.9% and accuracy was within 93.2-110.5%. This method assessed the QTP and 

NQTP levels of 20 samples in dementia patients.  The mean dose of QTP was 216. 25 ± 

284.04 mg/d (dose range 25-1100 mg/d). The mean concentrations of QTP and NQTP were 

50. 07 ± 53. 68 and 29. 25 ± 35. 47 ng/ ml, respectively.  Conclusions:  The validated LC-

MS/MS method was successfully applied to evaluate the QTP and NQTP levels in dementia 

patients. 

 

Keywords: Quetiapine, norquetiapine, atypical antipsychotic drug, LC-MS/ MS, liquid-
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Abstract 
 

The rate of bacterial drug resistance has been increasing rapidly over the past few 

years.  There are approximately 700,000 and 38,000 deaths annually from drug-resistant 

infections worldwide and in Thailand. The economic loss is estimated up to 3.5 trillion baht 

globally and 42 billion baht in Thailand. The synergy approach, combining two or more 

agents, has been recently emphasized to conquer this problem and to delay the development 

of antimicrobial resistance. Stephania suberosa Forman has traditionally been used to treat 

cancer, asthma, hyperglycaemia, inflammation, and bacterial infection for long time. 

However, the combination of Stephania suberosa extract (SSE) and chlorhexidine gluconate 

(CHG) against pathogenic bacteria has not been investigated. Hence, the objectives of this 

study were to investigate the synergistic activity of ethanol crude extract of SSE and 0.5% 

CHG in water (CHG 0.5W) and 2% CHG in alcohol (CHG 2A) against carbapenem-resistant 

A. baumannii (CRAB), Pseudomonas aeruginosa and Streptococcus spp. (S. pyogenes, and S. 

mutants) by the minimum inhibitory concentrations (MICs), checkerboard and time-killing 

curve determination. The results showed that MICs of CHGs (CHG 0.5W and 2A) and SSE 

against these strains were 128->2048 ug/ml and 0.063-0.5 mg/ml, respectively. The 

synergistic activities were observed in both CHG 0.5W+SSE and CHG 2A+SSE with an FIC 

index between 0.5 (synergism) in CRAB and 0.75-1 (partial synergism or addition) in 

Pseudomonas aeruginosa and Streptococcus spp. The time-killing assay confirmed the 

synergism activity of combinations killed CRAB from 6 h compared to CHGs alone. These 

findings support the use of the combination of SSE+CHG as an alternative antiseptic or 

disinfectant in hospital for slowdown bacterial resistant rate and decreased skin irritation 

when using antiseptic or disinfectant alone. For this reason, mode of action from synergistic 

activity should be further evaluated.  

Keywords:  Carbapenem-resistant Acinetobacter baumannii, chlorhexidine gluconate, plant 

extract, Stephania suberosa Forman, synergistic effect  
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Abstract 

 

Mescaline is a psychedelic alkaloid found in peyote cactus (Lophophora williamsii 

and Anhalonium lewinii). Mescaline has been used it as a traditional medicine by Native 

Americans and is currently being developed as a treatment for psychological disorders. 

However, there have been reports of misuse and the safe dosage for its therapeutic use is 

unknown.  This study aimed to develop a physiologically based pharmacokinetic (PBPK) 

model of mescaline to describe the concentration-time profiles of mescaline in rats and 

humans. A PBPK model structure consists of six organ compartments (i.e., lung, brain, liver, 

kidney, slowly, and rapidly perfused tissues). All the compartments were assumed to follow a 

flow-limited model, except the brain, which follows a diffusion-limited model. Parameters 

used in the model  were derived from previous studies, calculations, or estimations based on 

available data from animals. A model validation was performed by comparing data from rats 

and humans. This developed PBPK model was able to predict mescaline concentration levels 

in the blood and brain of Wistar rats after a single subcutaneous injection of mescaline (20 

mg/kg BW). Coefficient of determination (R2) and mean absolute prediction error (MAPE) 

were 0.8515-0.9963 and 1.62-16.50%, respectively, In Sprague Dawley rats given a single 

Intraperitoneal injection of mescaline injection (40 mg/kg BW), The PBPK model could 

predict concentration-time profiles of mescaline in blood (R2=0.72, MAPE=32.45%), brain 

(R2=0.72, MAPE=18.69%), and liver (R2=0.86, MAPE=29.09%). In addition, the model was 

able to predict mescaline blood concentration-time profiles in 5 human subjects following 

a single oral administration of mescaline (300 mg) with R2 and MAPE ranging between 

0.6088-0.9264 and 11.01-229.40%, respectively. In conclusion, the model could describe 

concentration-time profiles of mescaline in tissues of rats and humans. The developed PBPK 

model could the useful for predicting brain concentration levels and determining appropriate 

mescaline dosage regimens in humans. 

 

Keywords: Physiologically based pharmacokinetic (PBPK) model, mescaline, peyote cactus, 
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Abstract 

 

Cholangiocarcinoma (CCA) is a cancer of the bile ducts and liver with a low survival 

rate. Development and progression of the disease involve many changes to gene expression, 

including genes involved in Notch signaling. The Notch signaling pathway is a highly 

conserved pathway that regulates differentiation, proliferation, and apoptosis among other 

things, mediated through direct cell-to-cell contact, and is implicated in many kinds of cancer 

including CCA. Atractylodes lancea (Thunb.) DC. (AL) is a plant used in traditional Thai 

medicine that has been shown to have anti-CCA activity. In this study, Notch pathway gene 

expression was analyzed from venous blood samples taken from Thai patients with advanced-

stage CCA, participating in a phase II clinical trial. Patients were given either standard 

palliative treatment (control) or oral capsule pharmaceutical formulation of standardized 

crude ethanolic AL extract with 1,000-1,500 mg daily. In total, 15 patients were included in 

the study. Twenty-four genes were analyzed for differential gene expression by using 

nCounter® Analysis System, Nanostring Technology and data was analyzed by performing 

fold change analysis. Patients’ gene expression on day 28 of treatment was compared against 

day 1 of treatment (baseline) for each treatment group. Data analysis revealed 20 genes had a 

significant fold change in expression from day 1 to day 28. Of these 20 genes, 7 genes had a 

significant fold change in expression in two treatment groups (DLL4, DTX4, HES1, HES5, 

HDAC1, APH1B, and LFNG), and 2 genes had a significant fold change in all three 

treatment groups (JAG1 and CREBBP). In conclusion, oral administration of standardized 

crude ethanolic AL extract affects the expression of Notch signaling pathway genes; most 

notably, JAG1 expression was down-regulated in response to this treatment, in a dose-

dependent manner. Future research should observe how patient outcomes correlate to the 

expression of these genes. 

 

Keywords: Cholangiocarcinoma, Notch signaling, Atractylodes lancea, differential gene 
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Abstract 

 

 To date, the drug resistance of Plasmodium falciparum is the major serious problem 

for malaria treatment worldwide. Dihydroartemisinin (DHA) and piperaquine (PPQ), the 

artemisinin-based combination therapies (ACTs), have been the first-line drug treatment for 

falciparum malaria in Thailand since 2016. Since P. falciparum Kelch 13 (Pfk13) has been 

established as a reliable molecular marker for surveillance of artemisinin and derivatives 

efficacy, the objective of this study was to investigate the prevalence of Pfk13 in P. falciparum- 

infected patients after DHA/PPQ implementation (2016-2019) in Thailand. A total of one 

hundred P. falciparum isolates were collected from malaria patients in malaria endemic areas 

of Thailand. Nested polymerase chain reaction and sequencing were performed to detect the 

mutations in Pfk13. Of these, two different non-synonymous (16%) and one synonymous 

(1%) mutations were revealed. The presence of two novel non-synonymous mutations 

corresponding to partial artemisinin resistance were detected, including C580Y (13%) and 

R561Y (3%). Therefore, low frequency of Pfk13 mutation suggested that the current drug 

regimen is probably suitable for treatment in this population. Continued surveillance of 

antimalarial drug resistance markers could be provided. 
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Abstract 

 

Alzheimer's disease is the most common neurodegenerative disease, which has 

become a major social issue in recent years. This work aims to find new acetylcholinesterase 

(AChE) inhibitors, a target for Alzheimer's disease, by using computer-aided drug discovery 

approaches. Seven sets of ligands from the PubChem database were chosen for this  

investigation, including phenothiazines, phenoxazines, phenazines, acridones, acridines, 

xanthones, and carbazoles. A total of 17,330 ligands were submitted for high-throughput 

virtual screening to identify hits. Eight novel AChE inhibitors were identified, and then 

screened their physicochemical and pharmacological properties via SwissADME and pkCSM 

webserver. The outcome of in silico studies has suggested, all novel AChE inhibitors have 

shown promising drug-likeness, with better safety and efficacy profile for anti-Alzheimer's 

activity. Moreover, the hits have the potential to cross the blood-brain barrier (BBB), making 

them candidates for AD drug development studies. However, M5 belongs to carbazole and is 

the only ligand not showing hepatotoxicity. Therefore, further studies focusing on synthesis, 

in vitro pharmacological activities, and molecular dynamics simulations of M5 are required 

to confirm a better understanding of the efficacy, binding conformation of the identified 

compound. 
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Abstract 

 

 In searching for a promising candidate for the treatment of Alzheimer’s disease (AD), 

the effects of ethanol extract of Mesua ferrea Linn. flower (MFE) on a pathological cascade 

of AD were determined by in vitro, and in vivo models. The results exhibited that the MFE 

extract showed antioxidant activity by both 2,2-azino-bis-3-ethylbenzthiazoline-6-sulphonic 

acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) assays. The result from the Ellman 

method indicated that the extracts could inhibit acetylcholinesterase (AChE) function. In 

addition, MFE extract inhibited Aβ aggregation in thioflavin T assay and reduced human 

neuroblastoma cell (SH-SY5Y) death induced by H2O2 and Aβ. The result from western 

blotting analysis showed that the MFE extract inhibited H2O2-induced neuronal cell damage 

by downregulating the pro-apoptotic proteins, including Bax, cleaved caspase-3, and by 

increasing the expression of anti-apoptotic markers including MCl1, BClxl, and survivin. 

Moreover, MFE extract enhanced the expression of neprilysin and inhibited the expression of 

APP, presenilin 1, and BACE. MFE extract also showed activity in an in vivo model by 

improving scopolamine-induced memory deficit in mice. The overall results exhibited that 

the MFE extract possesses a multimode of action involved with the AD pathology cascade 

including antioxidant, anti-AChE, anti-Aβ aggregation, and neuroprotection against oxidative 

stress and Aβ. Thus, the M. ferrea L. flower might be a potential candidate for further 

development as a drug for Alzheimer’s disease. 

Keywords: Antioxidant, acetylcholinesterase inhibition, beta-amyloid aggregation, neuro-

protection 
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Abstract 

 

 β-Thalassemia is among the most common inherited hemoglobin disorders found in 

Thailand. Due to their iron overload inducing oxidative stress, patients have manifested a 

variety of serious clinical presentations and complications, including neurodegenerative 

disorders, which cause cognitive dysfunction. A decreased expression of cellular iron export-

related protein may increase brain iron accumulation and impair brain tissue and function. 

Centella asiatica extract has been widely known for its neuroprotective effects, besides its 

anti-inflammatory and antioxidant properties. The present study aims to investigate the 

mechanism of C. asiatica extract (ECa 233) on iron-accumulated brain involving the 

expression of ferroportin (FPN) and neuropathology in β-thalassemic (BKO) mice. The 

animal was induced to have an iron overload by the total injection of 100 mg of iron dextran 

followed by 200 mg of ECa 233 treatment in order to observe iron levels, histopathological 

changes, and FPN expression in the brain. The result showed that ECa 233 treatment 

upregulated the FPN protein with slightly a decreased brain iron level. In addition, the 

improvement of brain lesions was detected. This result suggested that ECa 233 may have the 

neuroprotective effect on iron-accumulated brain in the thalassemic mouse model. 

 

Keywords: Centella asiatica, ECa 233, brain iron overload, neurodegeneration, thalassemia 

 

 

Introduction 

 

 β-Thalassemia is among the most common inherited hemoglobin disorders found 

worldwide, including Thailand.1,2 The mutation of hemoglobin genes can result in several 

severity degrees of clinical manifestation, including iron overload, which causes the majority 

of morbidity and mortality in thalassemia patients.3 An excess accumulation of iron in vital 

organs due to either life-long blood transfusion or ineffective erythropoiesis generates reactive 

oxygen species (ROS) and induces oxidative stress, leading to a variety of complications, 

especially the dysfunction of the liver, heart, and endocrine glands.2 Thalassemia patients can 

develop neurodegenerative complications, contributing to a cognitive impairment and a poor 

performance of motor functions.4 Despite the fact that the mechanism of neurodegeneration 

remains unclear, the excess of iron deposit in the brain is considered one of the important 
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factors that cause the pathogenesis of complications.5 A deregulation of iron transport-related 

proteins, e.g. a decreased activity of ferroportin (FPN), an increased activity of transferrin 

receptor 1 (TfR1), and divalent metal transporter 1 (DMT1), as well as hepcidin manipulation 

have been reported that may increase brain tissue iron levels and induce neuronal death.5-7 

 Centella asiatica (L.) Urban (Gotu kola) is a plant from the Apiaceae family that is 

commonly found in tropical areas, including Southeast Asia.8 Since ancient times, the plant 

has been used as a traditional therapy for various conditions.9 The in vitro and in vivo studies 

have demonstrated that the majority of active compound in the plant; asiatic acid, asiati-

coside, madecassic acid, and madecassoside, have many pharmacological effects, such as 

anti-inflammatory, anti-oxidant, and neuroprotective effects.9-11 Besides therapeutic effects, a 

standardized extract of C. asiatica (ECa 233) has been proven in rodents and humans that 

have a safety profile for use.11,12 However, there were no reports about the effect of ECa 233 

on neurodegeneration associated with brain iron overload in β-thalassemic mice. Therefore, 

this study aims to investigate the mechanism of ECa 233 on iron-accumulated brain involving 

the expression of FPN and neuropathology in β-thalassemic mice. The result from this study 

may clarify another neuroprotective effect of ECa 233. Additionally, this extract may be a 

promising alternative compound for relieving thalassemia complications in patients as well as 

improving their quality of life. 

  

Methods 

 

Drugs and reagents 

 ECa 233, which consists of triterprenoids glycosides not less than 80% and the ratio 

between madecassoside and asiaticoside was kept at 1.5 ± 0.5:1, was prepared by using a 

well-defined procedure (patent pending). The solution of ECa 233 was suspended in distilled 

water. Iron dextran was obtained from Sigma-Aldrich (Saint Louis, MO, USA).  

 

Animals 

 The 12-month-old β-globin knockout mice (BKO) were bred at the Laboratory Animal 

Unit, Institute of Molecular Biosciences, Mahidol University, Salaya, Nakhon Pathom, 

Thailand. Three to five mice from the same groups were kept together in polystyrene cages at 

the room temperature of 22±2 ºC and the humidity of 55±15% under 12/12 h light/dark cycle. 

They were fed with regular chow and ultra-filtrated (UF) water ad libitum. All procedures in 

this study were approved by the Institute of Molecular Biosciences Animal Care and Use 

Committee, Mahidol University (Protocol No. 2020/014).  
 

Experimental design 

 BKO mice were randomly divided into 4 groups (n=4-5 per group) and treated 

differently as follows: Control (BN), receiving only normal saline (0.2 ml/mouse) daily 

for 5 days; Iron overload (BI), receiving iron dextran (20 mg iron/mouse/day) for 5 days, 

following by normal saline (0.2 ml/mouse) daily for 10 days; Control ECa 233 (BE), receiving 

normal saline (0.2 ml/mouse) daily for 5 days, following by ECa 233 (20 mg/kg/day) for 

10 days; Iron overload with ECa 233, receiving iron dextran (20 mg iron/mouse/day) for 

5 days, following by ECa 233 (20 mg/kg/day) for 10 days. All treatments were given by 

intraperitoneal (i.p.) injection. At the end of the experiment, mice were euthanized with an 

overdose (50-60 mg/kg) of i.p. injection of Nembutal®. The brain in each group was quickly 

collected and fixed in 4% paraformaldehyde solution at the room temperature (n=1-2) or kept 

at -80 ºC (n=3) for later analyses. 
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Brain tissue iron content 

Iron contents in the whole brain tissues were determined using a modified ferrozine-

based colorimetric assay reported by Foy et al.13  

 

Histopathological analysis  

In brief, all fixed brains were embedded in paraffin and cut into 4 µm sections by 

using a microtome. The tissue sections were deparaffinized, dehydrated, and stained with 

hematoxylin and eosin (H & E) for histopathological change or with Perls’ Prussian blue for 

detection of brain iron accumulation. 

 

Measurement of iron transport-related proteins in brain tissues by Western blot method 

 FPN were measured by Western blot method. Briefly, the whole brain tissues were 

homogenated with RIPA buffer mixed with protease inhibitor cocktail. Proteins (25 µg) were 

separated by 10%  SDS-PAGE gel and then transferred to PVDF membranes.  Membranes 

were blocked with 5%  bovine serum albumin in TBS-T solution. The interested protein was 

detected using the anti-ferroportin/SLC40A1 antibody (ab58695, Abcam). 

 

Statistical analysis 

Data was shown as median and range analyzing by IBM SPSS Statistics (version 21.0) 

software. Kruskal-Wallis test was used for determination of statistically significant differences 

between groups. Statistical significance is considered at p < 0.05. 

 

Results 

 

Brain tissue iron content 

 The result of the modified ferrozine-based colorimetric assay indicated the changes in 

total iron levels in the brain, as shown in Figure 1. The total loading of 100 mg of iron 

significantly increased the concentration of brain iron in the BI mice (p < 0.05), compared 

with that in the control groups. However, compared with the iron-loaded mice, the brain iron 

levels in the BIE groups were unchanged after ECa 233 treatment. 

 

 

 
 

Figure 1. Effect of ECa 233 treatment on brain iron content in BKO mice. Values are median 

and range (n=3). *Significant difference from the control group (p < 0.05). 
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Brain histopathological change 

 Perls’s Prussian blue staining was used to observe iron accumulation in brain tissue. 

The blue positive area indicates the tissue iron deposit. In the control groups, the Prussian 

blue positive areas were detected in the cerebral cortex and lateral ventricles at the caudal 

diencephalon. The spontaneous iron deposits were rarely observed in cerebral parenchyma 

and capillaries (Figure 2, 1A and 1B). After loading, multiple areas of iron accumulation 

were clearly increased, especially in the lateral ventricles, cerebral parenchyma and capillaries 

(Figure 2, 2A and 2B). In the ECa 233 treatment groups, the Prussian blue positive areas 

were reduced compared with the iron overload groups (Figure 2, 4A and 4B).  

 H & E staining was used to observe brain tissue histopathology. At the cerebral cortex 

(Figure 2, column C), iron overload caused significantly more brain damage (Figure 2, 2C), 

compared with that in the control mice. Multifocal of degenerating neurons, death cells, and 

vacuolization were distinctly observed. The treatment with ECa 233 gradually decreased 

neurodegeneration and ameliorated cerebral tissues (Figure 2, 4C). At the hippocampal 

region (Figure 2, column D), an increase of dark neurons, ghost cells, and vacuolization were 

found in the tissues of BI mice (Figure 2, 2D). In iron overload mice that received ECa 233 

injections, those lesions were slightly improved (Figure 2, 4D), compared with the BI groups. 

 

 
 

Figure 2.  Effect of ECa 233 treatment on iron accumulation (column A-B) and histo-

pathological changes (column C-D) in brain tissues of BKO mice. (Column A and 

B) The blue positive areas (black arrow) indicated the tissue iron deposit at the 

lateral ventricle (A, magnification 100x), and at the cerebral cortex (B, magnific-

ation 200x). (Column C and D) The H&E staining showed that, besides, neuron 

degeneration and neuronal death (black arrow), vacuolization (yellow arrow) were 

observed at cerebral cortex (C, magnification 400x), and at the hippocampal 

region (D, magnification 400x).   
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The expression of ferroportin in brain 

 Western blot analysis was used to examine the expression levels of the iron export-

related protein, FPN, in the whole brain. The results were shown in Figure 3. In the BI mice, 

the levels of FPN expression were obviously decreased (p < 0.05), compared with that in 

control groups, which might produce the increased levels of brain iron tissues. After treatment 

with 200 mg of ECa 233, the expression levels of FPN in BIE mice were significantly 

upregulated (p < 0.05). Interestingly, the increased expression levels of this iron exporter 

were observed in mice treated with ECa 233 alone (p < 0.05), compared with that in the BN 

mice which were untreated. The significant difference of FPN expression levels between BN 

and BIE; BE and BIE was not observed.    
 

 
 
Figure 3. Effect of ECa 233 treatment on the expression of ferroportinin BKO mice.  

 Values are median and range (n=3). *Significant difference from the control group 

(p < 0.05); #Significant difference from the iron overload group (p < 0.05). 
 

 

Discussion 

 

 C. asiatica is a traditional herb that has been known for its high therapeutic value. The 

plant and its extract have been used for ages as a medicine in many countries and cultures.14 

Besides its anti-inflammatory and anti-oxidant properties, C. asiatica and its extract, including 

ECa 233 have been widely known as a “brain tonic” agent due to the protective effect of its 

bioactive compounds on neurodegenerative disorders such as Alzheimer’s disease.9,15,16 

 The previous study has suggested that the excessive iron deposit in the brain under 

iron overload condition in thalassemia patients may cause cognitive impairment since cellular 

labile iron could produce ROS and induce oxidative stress, resulting in neuronal death.4,6 

Thus, this means that a decreased iron brain level may partly protect against neurodegeneration 

and improve cognitive function, in addition to other commonly known mechanisms, e.g. an 

increased anti-oxidant and anti-inflammatory activity. An increased expression of FPN, a 

cellular iron exporter, and an improvement in iron metabolism, e.g. a decreased expression of 

iron-uptake protein and a lower level of hepcidin in the brain may be another useful target for 

reducing iron deposit. 

 The present study demonstrated that an administration of iron to induce iron overload 

in thalassemic mice obviously decreased the expression of FPN and increased brain iron 

accumulation, leading to a serious brain injury. After treatment with ECa 233, the upregulation 

of FPN in the brain was definitely observed, even if the level of brain iron and neuro-

degeneration were slightly reduced. It was suggested that ECa 233 may increase the cellular 
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iron export by inducing the expression of FPN and improving iron metabolism in the brain. 

This action may partly involve the neuroprotective mechanism of ECa 233. 

 Although the present study may not show a significant improvement in neuro-

degeneration related to levels of brain iron accumulation due to a limitation of number of 

samples, this is the first investigation to reveal another possible effective mechanism of ECa 

233 associated with its neuroprotective effect during iron overload. However, further studies 

with adequate numbers of total samples to confirm the effect of ECa 233 on brain iron 

metabolism involving the iron associated proteins (e.g. TfR1 and DMT1) and the related 

mechanisms (e.g. anti-oxidant and anti-inflammatory) against brain injury during iron 

overload need to be investigated. The investigation of hepcidin may be included in the study. 

 

Conclusion 

 

In summary, this study revealed the possibility for ECa 233 exerting protective effects 

on neurodegeneration associated with iron overload in the brain of thalassemic mice. Besides 

anti-oxidant and anti-inflammatory properties, the underlying mechanism at least partly 

involved decreasing brain iron accumulation through regulating an iron export-related 

protein, including FPN, by decreasing its expression. ECa 233 may become an additional 

treatment for the management of iron overload and complications in thalassemia patients. 
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Abstract 

 

Melanin is a pigment that is present in many living organisms, including humans. 

Melanogenesis is a process of melanin production, which requires the enzyme tyrosinase. 

Therefore, manipulation of this particular enzyme can affect the melanin production. Several 

plants have gained attention as a natural source of tyrosinase inhibitor due to the bioactive 

functions of phytochemical constituents such as phenolic compounds, as these compounds 

have been reported as one of the antioxidant molecules that can reduce the risk of oxidative 

stress-related diseases. C. indica, known as marijuana, has become one of the interesting 

plants due to their therapeutic effects of phytochemical constituents such as phyto-

cannabinoids, and phenolic compounds. In this experiment, antioxidative compounds such as 

phenolic and flavonoid were measured in the water-soluble ethanolic extract of C. indica 

inflorescence and leaf. DPPH scavenging activity and tyrosinase activity were also 

investigated. The data showed that the amount of total phenolic contents in the inflorescence 

and leaf extract of C. indica was 0.0507 ± 0.034 mg GAE/mg, while the amount of flavonoid 

content was 0.0168 ± 0.024 mg QUE/mg. 𝐼𝐶50 of DPPH scavenging activity was 0.137 ± 

1.46 mg/mL, and C. indica expressed a dose-dependent anti-tyrosinase activity. However, 

further experiments are needed in order to test the cytotoxicity, and the effect of the extract at 

cellular levels. 

 

Keywords: Tyrosinase, antioxidant, Cannabis indica, marijuana, melanogenesis 
 

 

Introduction 

Melanin is a pigment that is present in many living organisms, including humans. It is 

responsible for the coloration of the skin, hair, and eyes, as well as other parts of the body, 

and it also protects the skin from the damage of UV radiation.1 Melanogenesis is a process of 

melanin production, which requires the enzyme tyrosinase. Therefore, manipulation of this 

particular enzyme can affect the melanin production.2 The process of melanogenesis involves 

several enzymatic and chemical reactions that take place in specialized cells called 

melanocytes, which are primarily located in the skin, hair follicles, inner ear, bones, heart, 

and brain.1 Several plants have gained attention as a natural source of tyrosinase inhibitor due 

to the phytochemical compounds such as polyphenols, as these compounds have been 

reported as one of the antioxidant molecules that can reduce the risk of oxidative stress-

related diseases.3 Marijuana (Cannabis indica), famous for its psychoactive effect, is the plant 

originally found in India and Persia. There are many groups of phytochemical constituents that 

exist in C. indica, the specific group is phytocannabinoids. Phytocannabinoids have gained a 
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lot of attention due to their wide range of medical benefits. The most well-known phyto-

cannabinoids are ∆9-tetrahydrocannabinol (THC) and cannabidiol (CBD), the other phyto-

cannabinoids such as cannabinol, cannabidivarin, cannabigerol, and cannabichromene also 

have been studied for their therapeutic effects.4 These compounds react with special signaling 

systems that are found throughout the body called endocannabinoid system, it regulating the 

physiological function of the body.5 Among all phytocannabinoids, THC has a psychoactive 

effect while other phytocannabinoids do not. The studies of phytocannabinoids revealed that 

they potentially can be used as drugs for anti-inflammatory, anti-tumor, and anti-obesity.6 

Other phytochemical compounds such as polyphenols, flavonoids, and terpenes in C. indica 

had been investigated7,8, and reported to have therapeutic effects including antioxidants, anti-

inflammatory, anti-diabetic, and anti-tyrosinase properties.9-11 Recent findings reported that 

CBD increased melanogenesis in the melanocytes through the upregulation of tyrosinase-

related protein 1 (TRP-1) and, tyrosinase-related protein 2 (TRP-2).12 TRP-1 and TRP-2 are a 

group of enzymes responsible for melanin production in melanosomes, an increase of these 

enzymes results in more pigmentation on the skin.13 This finding suggests that CBD could be 

an optional treatment for hypopigmentation disorders. However, the investigation of C. indica 

extracts on melanogenesis has not been reported.  

 Therefore, this present experiment is designed to evaluate the antioxidative activity of 

ethanolic extracts of C. indica in water-soluble fraction obtained from inflorescence and leaf 

and its effect on tyrosinase enzyme to provide additional scientific data for further development 

as a natural source of antioxidants and skin treatment.    

 

Methods 
 
Plant Material and Extraction  

 C. indica inflorescence and leaves were collected from Phusangtong farm, Chaiyaphum, 

Thailand. Dried inflorescence and leaves (26 g) were powdered and extracted with 500 mL of 

70% ethanol for 3 days by sonicator bath at 55 ºC with a frequency of 80 kHz. The extract 

was filtered and dried by the rotary evaporator with 50 ºC of bath temperature.14    

 

Total Phenolic Content (TPC) 
The total phenolic content was determined by the Folin–Ciocalteu method with 

modifications.15 Briefly, 30 µL of gallic acid (reference), or extracts were added with 2,370 

µL of distilled water, then mixed with 150 µL of 10% (w/v) Folin-Ciocalteu reagent. The 

solution was mixed and incubated for 4 mins. Then, 450 µL of saturated (w/v) Na2CO3 was 

added. The sample was then mixed and incubated in the dark at room temperature for 40 min. 

All photometric measurements were performed by UV-VIS Spectrophotometer (Jasco V530) 

at 765 nm. The results were expressed as gallic acid equivalent (GAE) mg/mg extract. 

 

Flavonoid Content (FC) 

The flavonoid content was measured by colorimetric method15 with modifications 

using aluminum chloride to react with quercetin and create a stable, color-signature complex. 

Briefly, 100 µL of quercetin standard solutions (reference), or extracts were added with 1,650 

µL distilled water, and then mixed with 90 µL potassium acetate. Subsequently, 60 µL of 

10% aluminum chloride (AlCl3) and 900 µL of 95% ethanol were added. The samples were 

incubated in the dark at room temperature for 30 min. All measurements were measured by 

UV-VIS Spectrophotometer (Jasco V530) at 415 nm. The results were expressed as quercetin 

equivalent (QUE) mg/mg extract. 
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DPPH Free Radical Scavenging assay 

The antioxidative activity of ethanol extract C. indica extracts was determined by the 

2,2-diphenyl-picrylhydrazyl (DPPH) assay with modifications.16 Briefly, 120 µL of trolox 

(positive control) or water-soluble fraction extracts in various concentrations were added with 

1,080 µL of DPPH solution (whereas PBS was added instead of trolox or extracts as a control), 

then shaken and incubated in the dark at room temperature for 15 sec. All the measurements 

were measured by UV-VIS Spectrophotometer (Shimadzu) at 515 nm. The % inhibition was 

calculated using the following equation. 
 

%𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑆𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝐶𝑜𝑛𝑡𝑟𝑜𝑙
 × 100% 

Tyrosinase activity  

Mushroom tyrosinase activity was determined by the rate of oxidation of L-DOPA. 

The assay was performed according to the reported method17 with modifications. Briefly, 

30 µL of kojic acid (positive control) or water-soluble fraction of the extracts in various 

concentrations (whereas the PBS was added instead of kojic acid or extracts as a control), 

70 µL of PBS, 50 µL tyrosinase enzyme (50 units/mL), and 50 µL of L-DOPA (1 mg/mL) 

were mixed. The plates were subsequently incubated at 37 ℃ for 10 mins, and the reaction 

was measured by a microplate reader (VarioskanFlash) at 492 nm. The % inhibition was 

calculated using the following equation. 
 

%𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑆𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝐶𝑜𝑛𝑡𝑟𝑜𝑙
 × 100% 

Statistical analysis 

All experiments were repeated at least two replicates. In vitro studies of phenolic and 

flavonoid contents, antioxidative activities, and tyrosinase inhibitory activities were presented 

as mean±SD. The statistical analysis was determined by using One-way ANOVA (GraphPad 

Prism program version 9). P-value less than 0.05 was considered statistically significant. 

 

Results and discussions 

 

The results demonstrated that the water-soluble ethanolic extract contained total 

phenolic content at 0.0507 ± 0.034 mg GAE/mg, while the flavonoid content was 0.0168 ± 

0.024 mg QUE/mg (Table 1). The free radicals scavenging activity as measured by the 

DPPH assay appeared to follow a dose-dependent manner. The 𝐼𝐶50 of trolox was 0.0735 ± 

1.93 mg/mL, while the 𝐼𝐶50 of the ethanolic extract was 0.137 ± 1.46 mg/mL (Figure 1). 

This result demonstrated that the ethanolic extract of C. indica inflorescence and leaf was 

approximately 50% less potent when compared with trolox (as a positive control). Antioxidative 

properties including the presence of total phenolic compounds, flavonoid compounds, and 

DPPH scavenging activity in the ethanolic extract of C. indica in water soluble fraction were 

compared to the previous studies. Results obtained from C. indica leaf extract by the microwave 

extraction methods using water solution contained total phenolic contents at 218.9 ± 0.9 mg 

GAE/g, the flavonoid contents at 88.6 ± 3.4 mg QUE/g and DPPH inhibition were 39.3 ± 

6.1%. On the other hand, the maceration extraction method using methanolic solution 

contained total phenolic contents at 17.7 ± 1.1 mg GAE/g, the flavonoid contents at 10.5 ± 

1.9 mg GAE/g, and DPPH inhibition was 38.0 ± 0.5 %.18  

In addition, C. indica inflorescence and leaf extract dose-dependently exhibited anti-

tyrosinase activity (Figure 2B).  Importantly, the anti-tyrosinase activity of the water-soluble 

fraction ethanolic C. indica inflorescence and leaf extract contradicted with an increased 

ability in melanogenesis of CBD.12 The observed phenomenon could be due to the contributory 
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effect of phytochemical compounds such as phenolic compounds and flavonoids, which can 

also inhibit tyrosinase activity, found in leaves of this plant. In addition, other unidentified 

bioactive compounds from the extract may have had the anti-tyrosinase effect. Moreover, 

the pro-melanogenesis effects of CBD at cellular levels were observed in a culture of 

melanocytes.12 Therefore, it cannot be concluded that the whole ethanolic extract of C. indica 

could reduce melanin contents in melanocytes from the in vitro results, necessitating further 

studies to observe its effects at the cellular level. 
 

Table 1. Total phenolic and flavonoid content were expressed as the mean ± SD of two 

replicates from ten independent experiments. The value of total phenolic content 

was demonstrated as amounts of gallic acid equivalent (GAE) per amount of crude 

extract, and the flavonoid content was shown as amount of quercetin equivalent 

(QUE) per amount of crude extract. 
 

Extract Solvent 
Total phenolic content 

(mg GAE/mg) 

Flavonoid content  

(mg QUE/mg) 

Inflorescence and Leaf 70% ethanol 0.0507 ± 0.034 0.0168 ± 0.024 

 

 
 

Figure 1.  DPPH radical scavenging activity of trolox (A) and C. indica inflorescence and 

leaf extract (B). The results were expressed as the mean ± SD of two replicates 

from three independent experiments. 
 
 

 
 

Figure 2. Tyrosinase inhibitory activity of kojic acid (positive control) (A) and C. indica 

inflorescence and leaf extract (B). The data was showed as mean ± SD of three 

independent experiments performed in two technical replicates. All results were 

significant at p< 0.001 compared to the control using the One-Way ANOVA.  
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Conclusion 

 

The present data demonstrated that the water-soluble fraction of the ethanolic extract 

of C. indica inflorescence and leaf contained phenolic compounds and flavonoids. Moreover, 

the extract exerted the ability of free radical scavenging and anti-tyrosinase activity, albeit 

modest. These observed properties of C. indica are of interest as it could potentially be used 

as an alternative treatment for oxidative-related diseases and skin pigmentary disorders. 

However, the antioxidative effect and anti-tyrosinase activity of the ethanolic C. indica  

inflorescence and leaf extracts needed to be investigated in different soluble fractions. 

Additionally, further experiments are needed to determine the cytotoxicity and detailed 

mechanism of action at a cellular level.  
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Abstract 

 

The development and regression of mammary epithelial tissue during the menstrual 

cycles driven by progesterone and estrogen over a woman's lifetime have been associated 

with the risk of breast cancer. The present work develops an ODE-based model to investigate 

the impact of periodic hormone fluctuations on the intracellular signaling of mammary 

epithelial cells. The main question is to understand at the molecular level how progesterone 

and estrogen promote cell proliferation and apoptosis. The ~28-day cycles of the hormones 

were modeled by periodic functions, while the complexity of molecular processes with 

kinetic equations. Model simulations can capture the change in molecular processes and 

biological phenomena that agree with experimental data. The rise in progesterone promotes 

the proliferation of epithelial cells, starting from day 11 and reaching its maximum on day 24 

in the luteal phase. Meanwhile, estrogen induces apoptosis via caspase activation, reaching a 

high level on day 28. The model can be extended by considering other conditions (irregular 

menstrual cycles, irregular protein activities, etc.) that may lead to an imbalance between 

mammary epithelial cell proliferation and apoptosis. 

 

Keywords: Caspase-3, cyclin e, estrogen, progesterone, ordinary differential equations 

 

 

Introduction 

 

Fluctuations in the ovarian hormones (e.g., estrogen and progesterone) during the 

menstrual cycle regulate the normal development and regression of the tissue architecture of 

the mammary gland. For example, the mammary epithelial cells are highly proliferative, and 

the epithelial tissue volume expands during the luteal phase when the progesterone level is 

high. Conversely, when the progesterone level becomes low and the estrogen level is 

increased during the follicular phase, the epithelial cells undergo apoptosis, and the tissue 

reverts to its basic architecture.1 
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An imbalance between the proliferation and regression of the mammary epithelial 

cycle has been linked to increased breast cancer risk in women.1 For example, excessive 

stimulation of mammary epithelial cell growth enhances the possibility of random genetic 

mutations, which play a significant role in the development of cancer. To understand the 

factors affecting the risk, the present study aims to construct an ordinary differential equation 

(ODE)-based model that governs the complex interactions between molecular machineries 

that respond to the fluctuations of the ovarian hormones. The model equations describe the 

dynamic activities of signaling proteins regulating cell proliferation and cell death and the 

periodic functions of hormone fluctuations during the menstrual cycle.2,3  

The complexity of molecular processes underlying the proliferation and apoptosis 

pathways has been captured by mathematical modeling techniques, such as ordinary 

differential equations (ODEs) that describe the biological phenomena from the kinetic 

equation theory. For example, a previous study4 used a set of ODEs to describe the dynamic 

interactions between key molecular components in the G1-S transition, including cyclin D, 

cyclin E, Rb, E2F, and p21. On the other hand, another study focused on the apoptosis 

execution explained by a caspase activation pathway.5 

Additionally, some studies included the effects of estrogen on the proliferation of the 

cells. A mathematical model was previously developed to explain the mechanism by which 

estrogen affects proliferation in normal breast cells and early-stage breast cancer cells.6 The 

authors developed an ODE-based model that described the role of estradiol in regulating the 

G1/S transition. The model predicted that estradiol could induce DNA damage and delay the 

G1/S transition by increasing the levels of p21 and p53. In another study, estradiol was 

assumed to induce the proliferation of the MCF-7 breast cancer cells; however, under the 

setting of the study, it was concluded that its effect would not lead to a clinically detectable 

size of tumor.7 

However, none of the mentioned models investigated the proliferation and apoptosis 

of breast cells under the influences of both estrogen and progesterone. Therefore, the current 

study aims to investigate the complex interactions between signaling components in 

mammary epithelial cells and the ovarian hormones during the menstrual cycles. We 

hypothesize that the fluctuations in progesterone and estrogen levels during the menstrual 

cycles affect cell proliferation and death of the mammary epithelial cell population. In 

addition, the perturbation of the menstrual cycles and protein activities may result in the 

accumulation of cell mass, which may lead to tumor development. 

 

Methods 

 

Network reconstruction 

 We gathered genes and proteins in the signaling network regulating proliferation and 

regression of the MCF10A cell line (normal mammary epithelial cells) from the literature 

(Table 1), which is summarized as a diagram in Figure 1.  
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Figure 1.  A schematic diagram illustrating the impact of estrogen (E2) and progesterone 

(P4) on the signaling network of the mammary epithelial cells. The figure includes 

the signaling networks of two sub-populations: progesterone receptor negative 

(PR−) (surrounded by the cell membrane colored in blue) and progesterone 

receptor positive (PR+) (surrounded by the cell membrane colored in pink).  

 

 

Table 1. Abbreviations of entities in Figure 1. 
 

Abbrev. Full name 

E2 

P4 

uERK 

pERK 

DUSP 

uRSK 

pRSK 

c-Fos 

CycD 

uRb 

pRb 

E2F 

CycE 

p21 

pAkt 

pPRB 

RANKL 

Cytoc 

Apaf-1 

XIAP 

Casp3 

Casp3* 

Casp9 

Casp9* 

Estrogen (17-β-estradiol) 

Progesterone 

Unphosphorylated extracellular signal-regulated kinase 

Phosphorylated extracellular signal-regulated kinase 

Dual-specificity phosphatase 

Unphosphorylated ribosomal S6 kinases 

Phosphorylated ribosomal S6 kinases 

Protein c-Fos (proto-oncogene) 

Cyclins D (D1, D2, and D3)  

Unphosphorylated retinoblastoma protein 

Phosphorylated retinoblastoma protein 

E2 promoter binding factor (E1A gene) 

Cyclins E 

Potent cyclin-dependent kinase inhibitor 

Phosphorylated Ak strain transforming 

Phosphorylation of PR-B (progesterone receptors-B) 

Receptor activator of nuclear factor-κB ligand 

Cytochrome C 

Apoptotic protease activating factor 1  

X-linked IAP  

Pro-caspase-3 

Cleaved caspase-3 

Pro-caspase-9 

Cleaved caspase-9 
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Periodic functions of hormone fluctuations  

 The menstrual cycle patterns in women have a median cycle length of 28 days, and 

the highest percentage of ovulation in cycles is estimated at day 14.8 The hormone estrogen 

(E2) and progesterone (P4) fluctuations were simulated by periodic functions.3 The equations 

are:  

 

where 𝑃4(𝑡) and 𝐸2(𝑡)  are the concentration of progesterone and estrogen, respectively. 

𝑝𝑟0, 𝑝𝑟1, 𝑝𝑟2, 𝑒0, 𝑒1, 𝑒2, 𝑒3, and  𝑒4 are estimates for the parameters in the ovarian input 

functions provided by clinical data of blood levels of hormones of healthy women (Table 2).3 

The functions assume that the menstrual cycle period is 28 days, the ovulation date is on day 

14, the highest peak of P4 is on day 19, and the first and second peaks of E2 are on days 11 

and 20, respectively. 

 

Table 2. Estimates for the parameters in the menstrual cycle input functions. Parameter 

values were modified from Harris LA (2002).3 
 

Parameter Value Unit 

𝒆𝟎 62.48 ng/L 

 𝒆𝟏 230 ng/L 

 𝒆𝟐 5 day2 

 𝒆𝟑 115 ng/L 

 𝒆𝟒 20 day2 

𝒑𝒓𝟎 0.8 nmol/L 

 𝒑𝒓𝟏 52.24 nmol/L 

𝒑𝒓𝟐 19.25 day2 

 

ODEs of signaling proteins 

 The rate of each protein's activity/level change is described by an ODE with the 

kinetics rate laws depending on the types of biochemical reactions the protein participates in. 

 

The proliferation pathway 

 We based the proliferation pathway on the model proposed by Imoto et al.4  The 

model described a signaling pathway leading to the stimulation of the G1-S transition driven 

by E2F and cyclin E/CDK2. We expanded the model to represent the proliferation of the 

mammary epithelial cells in response to estrogen and progesterone. Our model assumes that 

estrogen is the upstream signal of the pathway.9 In addition, as most of the mammary 

epithelial cells lack the progesterone receptors, PR(−) cells, the population does not respond 

to P4.10 However, it is believed that P4 induces the expression of RANKL in the PR(+) 

population. Then RANKL acts as a paracrine to stimulate the growth of the PR(−) 

population11,12 through the phosphorylation and activation of IκB kinase (IKK)13 , leading to 

IκB degradation and allowing the NF-κB (p50/p65) to enter the nucleus.14 Inside the nucleus, 

NF-κB acts as a transcription factor that promotes the expression of cyclin D1.15,16 Because 

RANKL activates the downstream IKK/IkB/NFkB/cyclin D1 signaling pathway11, we simplified 

the multistep process into a single kinetic reaction. Therefore, in our model, P4 stimulates 

RANKL, which relays the signal to activate cyclin D. The model equations are shown in 

𝑃4(𝑡) =  𝑝𝑟0 + 𝑝𝑟1𝑒
−

(𝑡−19)2

𝑝𝑟2  
(1) 

𝐸2(𝑡) =  𝑒0 + 𝑒1𝑒
−

(𝑡−11)2

𝑒2 + 𝑒3𝑒
−

(𝑡−20)2

𝑒4   
(2) 
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Eq. (3)–(13) with reaction rates listed in Table 3. We estimated the model parameters from 

experiments measuring RANKL expression induced by P417 and cyclin D expression induced 

by RANKL.18 Other parameter values were obtained from Imoto and Okada.4 The full table 

of parameters in the proliferation pathway can be found at https://github.com/Piyanut-Ratp/ 

MathModelMammaryCellMenstrualCycle/blob/main/01_Parameters/01_ParametersOfProlife

ration.csv. 
 

Table 3.  Equations for the proliferation pathway. 

Index Reaction rate 

𝑣𝑝1 𝑘𝑜𝑛𝑝𝐸𝑅𝐾 ∙ [𝐸2] ∙ ([𝑡𝐸𝑅𝐾] − [𝑝𝐸𝑅𝐾]) 

𝑣𝑝2 𝑘𝑎𝑠𝑠𝑜𝑝𝐸𝑅𝐾𝐷𝑈𝑆𝑃 ∙ [𝑝𝐸𝑅𝐾] ∙ [𝐷𝑈𝑆𝑃] − 𝑘𝑑𝑖𝑠𝑎𝑠𝑠𝑜𝑝𝐸𝑅𝐾𝐷𝑈𝑆𝑃 ∙ [𝑝𝐸𝑅𝐾𝐷𝑈𝑆𝑃] 

𝑣𝑝3 𝑘𝑜𝑓𝑓𝑝𝐸𝑅𝐾 ∙ [𝑝𝐸𝑅𝐾] 

𝑣𝑝4 𝑘𝑝ℎ𝑜𝑝𝑅𝑆𝐾𝑝𝐸𝑅𝐾 ∙ [𝑝𝐸𝑅𝐾]

𝐾𝑀𝑝ℎ𝑜𝑝𝑅𝑆𝐾𝑝𝐸𝑅𝐾 + [𝑝𝐸𝑅𝐾]
− 𝑘𝑜𝑓𝑓𝑝𝑅𝑆𝐾𝑝𝐸𝑅𝐾 ∙ [𝑝𝑅𝑆𝐾] 

𝑣𝑝5 𝑘𝑠𝑦𝑛𝑐𝑓𝑜𝑠 ∙ [𝑝𝐸𝑅𝐾] ∙ [𝑝𝑅𝑆𝐾]

𝐾𝐷𝐹𝑜𝑠 + [𝑝𝑅𝑆𝐾]
− 𝑘𝑑𝑒𝑔𝑐𝑓𝑜𝑠 ∙ [𝑐𝐹𝑜𝑠] 

𝑣𝑝6 𝑘𝑠𝑦𝑛𝑐𝑦𝑐𝐷𝐹𝑜𝑠 ∙ [𝑐𝐹𝑜𝑠] 

𝑣𝑝7 𝑘𝑑𝑒𝑔𝑐𝑦𝑐𝐷 ∙ [𝑐𝑦𝑐𝐷] 

𝑣𝑝8 −𝑘𝑜𝑛𝑝𝑅𝑏𝑐𝑦𝑐𝐷 ∙ [𝑐𝑦𝑐𝐷] ∙ [𝑢𝑅𝑏] 

𝑣𝑝9 −𝑘𝑜𝑛𝑝𝑅𝑏𝑐𝑦𝑐𝐸 ∙ ([𝑡𝑐𝑦𝑐𝐸] − [𝑝21𝑐𝑦𝑐𝐸]) ∙ [𝑢𝑅𝑏] 

𝑣𝑝10 𝑘𝑜𝑓𝑓𝑝𝑅𝑏 ∙ ([𝑡𝑅𝑏] − [𝑢𝑅𝑏]) 

𝑣𝑝11 𝑘𝑝ℎ𝑜𝑝𝑅𝑏𝑐𝑦𝑐𝐷 ∙ [𝑐𝑦𝑐𝐷] ∙ ([𝑡𝐸2𝐹] − [𝐸2𝐹]) 

𝑣𝑝12 𝑘𝑝ℎ𝑜𝑝𝑅𝑏𝑐𝑦𝑐𝐸 ∙ ([𝑡𝑐𝑦𝑐𝐸] − [𝑝21𝑐𝑦𝑐𝐸]) ∙ ([𝑡𝐸2𝐹] − [𝐸2𝐹]) 

𝑣𝑝13 −𝑘𝑎𝑠𝑠𝑜𝐸2𝐹𝑅𝑏 ∙ ([𝑢𝑅𝑏] − [𝑡𝐸2𝐹] + [𝐸2𝐹]) ∙ [𝐸2𝐹] + 𝑘𝑑𝑖𝑠𝑎𝑠𝑠𝑜𝐸2𝐹𝑅𝐵 ∙ ([𝑡𝐸2𝐹] − [𝐸2𝐹]) 

𝑣𝑝14 
𝑘𝑠𝑦𝑛𝐸2𝐹 + (

𝑘𝑠𝑦𝑛𝐸2𝐹𝐸2𝐹 ∙ [𝐸2𝐹]

𝑗𝑠𝑦𝑛𝐸2𝐹 + [𝐸2𝐹]
) 

𝑣𝑝15 −𝑘𝑑𝑒𝑔𝐸2𝐹 ∙ [𝑡𝐸2𝐹] 

𝑣𝑝16 −𝑘𝑑𝑒𝑔𝐸2𝐹 ∙ [𝐸2𝐹] 

𝑣𝑝17 𝑘𝑠𝑦𝑛𝑐𝑦𝑐𝐸𝐸2𝐹 ∙ [𝐸2𝐹] − 𝑘𝑑𝑒𝑔𝑐𝑦𝑐𝐸 ∙ [𝑡𝑐𝑦𝑐𝐸] 

𝑣𝑝18 𝑘𝑎𝑠𝑠𝑜𝑝21𝑐𝑦𝑐𝐸 ∙ ([𝑡𝑝21] − [𝑝21𝑐𝑦𝑐𝐸]) ∙ ([𝑡𝑐𝑦𝑐𝐸] − [𝑝21𝑐𝑦𝑐𝐸]) − 𝑘𝑑𝑖𝑠𝑎𝑠𝑠𝑜𝑝21𝑐𝑦𝑐𝐸

∙ [𝑝21𝑐𝑦𝑐𝐸] 

𝑣𝑝19 −𝑘𝑑𝑒𝐶𝑦𝑐𝐸 ∙ [𝑝21𝑐𝑦𝑐𝐸] 

𝑣𝑝20 −(𝑘𝑑𝑒𝑝21 + 𝑘𝑑𝑒𝑝21𝑐𝑦 ∙ 𝑠𝑘𝑝2 ∙ ([𝑡𝑐𝑦𝑐𝐸] − [𝑝21𝑐𝑦𝑐𝐸]) + 𝑝𝐴𝑘𝑡) ∙ [𝑝21𝑐𝑦𝑐𝐸] 

𝑣𝑝21 𝑘𝑜𝑛𝑟𝑎𝑛𝑘𝑙 ∙ [𝑃4]

𝐾𝑀𝑟𝑎𝑛𝑘𝑙 + [𝑃4]
 

𝑣𝑝22 𝑘𝑜𝑛𝑐𝑦𝑐𝐷𝑟𝑎𝑛𝑘 ∙ [𝑟𝑎𝑛𝑘𝑙]

𝐾𝑀𝑐𝑦𝑐𝐷𝑟𝑎𝑛𝑘 + [𝑟𝑎𝑛𝑘𝑙]
− 𝑘𝑜𝑓𝑓𝑟𝑎𝑛𝑘𝑙 ∙ [𝑟𝑎𝑛𝑘𝑙] 
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The apoptosis pathway 

 The apoptosis pathway was described based on the activation of caspase induced by 

the mitochondria from a model proposed by Legewie et al.5 Here, we assume that estrogen 

induces the cytochrome C release from the mitochondria, which acts as the upstream signal 

of the apoptosis pathway. On the other hand, progesterone inhibits apoptosis by deactivating 

caspase.19 The model equations are shown in Eq. (14)–(27), with reaction rates in Table 4. 

Most parameter values in the model were obtained from a previous model5 when available. 

Other extra parameters were estimated from experiments in the literature.20 The full table of 

parameters in the apoptosis pathway can be found at https://github.com/Piyanut-Ratp/ 

MathModelMammaryCellMenstrualCycle/blob/main/01_Parameters/02_ParametersOfApopt

osis.csv. 
  

𝑑[ 𝑝𝐸𝑅𝐾]

𝑑𝑡
= 𝑣𝑝1 − 𝑣𝑝2 − 𝑣𝑝3 

(3) 

𝑑[ 𝑝𝐸𝑅𝐾𝐷𝑈𝑆𝑃]

𝑑𝑡
= 𝑣𝑝2 

(4) 

𝑑[ 𝑝𝑅𝑆𝐾]

𝑑𝑡
= 𝑣𝑝4 

(5) 

𝑑[ 𝐹𝑜𝑠 ]

𝑑𝑡
= 𝑣𝑝5 

(6) 

𝑑[ 𝑐𝑦𝑐𝐷 ]

𝑑𝑡
= 𝑣𝑝6 − 𝑣𝑝7 + 𝑣𝑝22 

(7) 

𝑑[ 𝑢𝑅𝑏 ]

𝑑𝑡
= −𝑣𝑝8 − 𝑣𝑝9 + 𝑣𝑝10 

(8) 

𝑑[ 𝑡𝐸2𝐹 ]

𝑑𝑡
= 𝑣𝑝14 − 𝑣𝑝15  

(9) 

𝑑[ 𝐸2𝐹 ]

𝑑𝑡
= 𝑣𝑝14 − 𝑣𝑝16 + 𝑣𝑝12 + 𝑣𝑝13 + 𝑣𝑝11  

(10) 

𝑑[ 𝑡𝑐𝑦𝑐𝐸 ]

𝑑𝑡
= 𝑣𝑝17  

(11) 

𝑑[ 𝑝21𝑐𝑦𝑐𝐸 ]

𝑑𝑡
= 𝑣𝑝18 − 𝑣𝑝19 + 𝑣𝑝20 

(12) 

𝑑[ 𝑟𝑎𝑛𝑘𝑙]

𝑑𝑡
= 𝑣𝑝21 

(13) 
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Table 4.  Equations for the apoptosis pathway 

 

Index Reaction rate 

𝑣𝑎0 
(

𝑘𝑜𝑛𝐶𝑦𝑡𝑜𝑐𝐸2 ∙ 𝐸2

𝐾𝑀𝐶𝑦𝑡𝑜𝑐𝐸2 + 𝐸2
) − 𝑘𝑜𝑓𝑓𝐶𝑦𝑡𝑜𝑐𝐸2 ∙ 𝐶𝑦𝑡𝑜𝑐 

𝑣𝑎1 𝑘1 ∙ 𝐴∗ ∙ 𝐶9 − 𝑘−1 ∙ 𝐴∗𝐶9 

𝑣𝑎2 𝑘2 ∙ 𝐶3 ∙ 𝐶9 

𝑣𝑎3 𝑘3 ∙ 𝐶3 ∙ 𝐴∗𝐶9 

𝑣𝑎4 𝑘4 ∙ 𝐶9 ∙ 𝐶3∗ 

𝑣𝑎5 𝑘5 ∙ 𝐴∗𝐶9 ∙ 𝐶3∗ 

𝑣𝑎6 𝑘6 ∙ 𝐶3 ∙ 𝐶9∗ 

𝑣𝑎7 𝑘7 ∙ 𝐶3 ∙ 𝐴∗𝐶9∗ 

𝑣𝑎8 𝑘8 ∙ 𝐶9∗ ∙ 𝐴∗ − 𝑘−8 ∙ 𝐴∗𝐶9∗ 

𝑣𝑎9 𝑘9 ∙ 𝐶9 ∙ 𝑋 − 𝑘−9 ∙ 𝐶9𝑋 

𝑣𝑎10 𝑘10 ∙ 𝐴∗𝐶9 ∙ 𝑋 − 𝑘−10 ∙ 𝐴∗𝐶9𝑋 

𝑣𝑎11 𝑘11 ∙ 𝐶9∗ ∙ 𝑋 − 𝑘−11 ∙ 𝐶9∗𝑋 

𝑣𝑎12 𝑘12 ∙ 𝐴∗𝐶9∗ ∙ 𝑋 − 𝑘−12 ∙ 𝐴∗𝐶9∗𝑋 

𝑣𝑎13 𝑘13 ∙ 𝐶9𝑋 ∙ 𝐴∗ − 𝑘−13 ∙ 𝐴∗𝐶9𝑋 

𝑣𝑎14 𝑘14 ∙ 𝐶9∗𝑋 ∙ 𝐴∗ − 𝑘−14 ∙ 𝐴∗𝐶9∗𝑋 

𝑣𝑎15 𝑘15 ∙ 𝐶3∗ ∙ 𝑋 − 𝑘−15 ∙ 𝐶3∗𝑋 

𝑣𝑎16 𝑘−16 − 𝑘16 ∙ 𝐴∗ 

𝑣𝑎17 𝑘−17 − 𝑘17 ∙ 𝐶9 

𝑣𝑎18 𝑘−18 − 𝑘18 ∙ 𝑋 

𝑣𝑎19 𝑘19 ∙ 𝐶9𝑋 

𝑣𝑎20 𝑘20 ∙ 𝐴∗𝐶9𝑋 

𝑣𝑎21 𝑘21 ∙ 𝐴∗𝐶9 

𝑣𝑎22 𝑘−22 − 𝑘22 ∙ 𝐶3 

𝑣𝑎23 𝑘23 ∙ 𝐶3∗ 

𝑣𝑎24 𝑘24 ∙ 𝐶3∗𝑋 

𝑣𝑎25 𝑘25 ∙ 𝐶9∗𝑋 

𝑣𝑎26 𝑘26 ∙ 𝐶9∗ 

𝑣𝑎27 𝑘27 ∙ 𝐴∗𝐶9∗ 

𝑣𝑎28 𝑘28 ∙ 𝐴∗𝐶9∗𝑋 

𝑣𝑎29 𝑘𝑜𝑛𝐶3𝑃4 ∙ 𝑃4 ∙ 𝐶3∗

𝐾𝑀𝐶3𝑃4 + 𝐶3∗
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Model simulation 

 The model was written using Python (version 3.9.10). We solved the system of ODEs 

by Euler's numerical integration method to yield the time-series dynamics of each variable 

(protein activity or level). We considered the level of cyclin E as a proxy for the proliferation 

activity as the protein drives the G1/S transition that commits cells into the cell cycle. The 

activity of caspase-3 was considered a proxy for apoptosis. 

  

𝑑[ 𝐶𝑦𝑡𝑜𝑐 ]

𝑑𝑡
= 𝑣𝑎0 

(14) 

[ 𝐴∗ ] = 𝐶𝑦𝑡𝑜𝑐 (15) 

𝑑[ 𝐶9 ]

𝑑𝑡
= −𝑣𝑎1−𝑣𝑎9−𝑣𝑎4 + 𝑣𝑎17 (16) 

𝑑[ 𝐶9𝑋]

𝑑𝑡
= 𝑣𝑎9 − 𝑣𝑎13 − 𝑣𝑎19 

(17) 

𝑑[ 𝑋]

𝑑𝑡
= −𝑣𝑎9−𝑣𝑎10−𝑣𝑎15−𝑣𝑎11−𝑣𝑎12 + 𝑣𝑎18 

(18) 

𝑑[𝐴∗𝐶9𝑋]

𝑑𝑡
= 𝑣𝑎10 + 𝑣𝑎13−𝑣𝑎20 

(19) 

𝑑[ 𝐴∗𝐶9 ]

𝑑𝑡
= 𝑣𝑎1 − 𝑣𝑎10 − 𝑣𝑎5 − 𝑣𝑎21 

(20) 

𝑑[ 𝐶3 ]

𝑑𝑡
= −𝑣𝑎2−𝑣𝑎3−𝑣𝑎6−𝑣𝑎7 + 𝑣𝑎22 

(21) 

𝑑[ 𝐶3∗]

𝑑𝑡
= 𝑣𝑎2 + 𝑣𝑎3 − 𝑣𝑎15 + 𝑣𝑎6 + 𝑣𝑎7 − 𝑣𝑎23 − 𝑣𝑎29 

(22) 

𝑑[ 𝐶3∗𝑋]

𝑑𝑡
= 𝑣𝑎15 − 𝑣𝑎24 

(23) 

𝑑[ 𝐶9∗𝑋  ]

𝑑𝑡
= 𝑣𝑎11 − 𝑣𝑎14 − 𝑣𝑎25 

(24) 

𝑑[ 𝐶9∗]

𝑑𝑡
= 𝑣𝑎4 − 𝑣𝑎8 − 𝑣𝑎11 − 𝑣𝑎26 

(25) 

𝑑[ 𝐴∗𝐶9∗]

𝑑𝑡
= 𝑣𝑎5 + 𝑣𝑎8 − 𝑣𝑎12 − 𝑣𝑎27 

(26) 

𝑑[ 𝐴∗𝐶9∗𝑋]

𝑑𝑡
= 𝑣𝑎12 + 𝑣𝑎14 − 𝑣𝑎28 

(27) 
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Results 

 

The simulation of hormone fluctuation 

 Figure 2 shows the fluctuation levels of the ovarian hormones over three cycles from 

Eq. (1) and (2) with the parameters listed in Table 1. Progesterone exhibited one peak on day 

19 during the luteal phase of each cycle, while estrogen showed two peaks: the first peak on 

day 11 during the follicular phase and the second peak on day 20 during the luteal phase. The 

simulation results are comparable with the experimental data of the menstrual cycle period.21   

 

 
 

Figure 2.  The fluctuations of progesterone and estrogen during 90 days of menstrual cycles 

using periodic functions (Eq. 1 and 2). 

 

 

The simulation of the proliferation and apoptosis based on the ODEs of signaling proteins 

 Periodic ovarian hormones intricately regulate the downstream expression of the 

protein during the menstrual cycle. For example, progesterone and estrogen stimulate the 

mechanism of the early phase of the cell cycle (the activation of cyclin E to complete the G1-

S transition of the proliferation phase). On the contrary, estrogen stimulates the mechanism of 

apoptosis (the activation of caspase-3), but progesterone inhibits it. First, we studied how the 

proliferation and apoptosis pathways respond to the peak concentrations of estrogen and 

progesterone in the menstrual cycles. Therefore, we selected the hormone concentrations on 

days 11 and 19 as the constant upstream signals and simulated the dynamics of cyclin E and 

caspase-3. 

In the menstrual cycle, the first estrogen peak is on day 11 (Figure 2) with a 

concentration of 1.08 nmol/L (the highest level throughout the cycle) and a concentration of 

progesterone at 2.65 nmol/L. The concentrations were used as the constant inputs of the 

ODEs to investigate the dynamic activities of cyclin E and caspase-3 in Figure 3a and b. The 

result showed that cyclin E accumulated and reached its steady state within 18 hours with 

approximately 2.74 a.u. Meanwhile, caspase-3 barely increased within 1.5 hours but abruptly 

activated to a high level at 3 hours and approached a steady-state level of around 131.78 nM 

after 7 hours. 
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Figure 3.  The dynamic activities of cyclin E and caspase-3 from the ODEs in response to 

the concentrations of progesterone and estrogen on days 11 and 19 of a menstrual 

cycle. (a, b) Cyclin E and caspase-3 respond to the hormone levels (1.08 nmol/L 

and 2.65 nmol/L for estrogen and progesterone, respectively) for 24 hours. (c, d) 

Cyclin E and caspase-3 respond to the hormone levels (0.63 nmol/L and 53.04 

nmol/L for estrogen and progesterone, respectively) for 24 hours. 
 

The second peak of the hormones is on day 19, with the highest level of progesterone 

at 53.04 nmol/L and the estrogen concentration at 0.63 nmol/L. The simulation in response to 

the concentrations (Figure 3c and d) showed that cyclin E accumulated and reached a steady 

state within 18 hours with approximately 3.15 a.u. Caspase-3 was activated at around 5.3 

hours to approximately 50.61 nM, significantly lower than the caspase-3 level in response to 

the hormone profiles on day 11 (Figure 3a and b). The reduction of the caspase-3 level was 

due to the inhibition by progesterone. 

We next simulated the model with periodic cycles of progesterone and estrogen by 

combining the periodic functions of hormones with the ODEs of signaling proteins to 

investigate the proliferative and apoptotic signals during the menstrual cycles. The result 

showed that the downstream signal, including RANKL, cyclin E, and caspase-3, exhibited 

periodic levels coordinating with the ovarian hormones (Figure 4). RANKL showed the 

highest peak on day 19 (Figure 4a), the same as the peak of progesterone (Figure 2a), 

because the RANKL is a direct target of progesterone (Eq. 13). On the other hand, the signal 

regulating cyclin E derives from both estrogen and progesterone (Eq. 3–11). Estrogen 

activates the downstream ERK/RSK/c-Fos/cyclin D/E2F/cyclin E signaling pathway, while 

progesterone activates the downstream RANKL/cyclin D/E2F/cyclin E signaling pathway 

(Figure 1). Thus, we observed cyclin E initially accumulated during day 11 due to the 

increase in estrogen. Then, it was continuously boosted as the increase in progesterone added 

more activation effects. Until day 24, when both estrogen and progesterone declined, cyclin E 

lowered to its basal level (Figure 4b). The simulated result is consistent with an experimental 

study reporting the mitotic activity starting around days 11 to 2422 (orange shaded in Figure 

4), with a peak on day 24.  
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In the apoptosis pathway, we assume estrogen stimulates cytochrome C, resulting in 

the increase in Apaf-1, which consequently increases caspase-3. The simulation result showed 

a slight rise of caspase-3 before day 11, following an increased estrogen level (Figure 4c). 

This result is supported by the experimental data that the breast volume dropped during days 

6–12.23 Then caspase-3 declined during the increase in progesterone from days 12 to 19 and 

then surged back after progesterone declined. The result can be explained by the inhibition of 

Fas-mediated apoptosis by progesterone, which is evident in normal breast epithelial cells.19 

A similar result with the experimental data reported that the peak value for apoptosis was at 

day 27.5.22    
 

 

Figure 4.  The fluctuation of the levels of RANKL, cyclin E, and caspase-3 regulated by 

progesterone and estrogen during 90 days of the menstrual cycle. 

 

Discussion and Conclusion 

 

 We sought to develop a mathematical model explaining mammary epithelial tissue's 

development and regression during the menstrual cycles driven by progesterone and estrogen. 

Several previous studies have discussed the ovarian hormones influencing the normal breast 

in mammals; however, the experimental data were not apparent at the intracellular level of 

signal transduction. Here, we gathered biochemical interactions and parameters from the 

literature and used mathematical methods to depict the dynamics of molecular processes in 

the mammalian epithelial cells that possess biological phenomena that agree with experimental 

data. The rise in progesterone promotes the proliferative signal, cyclin E, by RANKL paracrine 

signaling and inhibits apoptosis by deactivating caspase-3.  
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During the proliferation phase, cyclin E serves as a representative marker of mitotic 

activity (indicating the G1-S transition). Our simulation showed that cyclin E accumulated 

between days 11 and 24. Consistently, there is supporting data on the number of cells 

undergoing mitosis during days 11-24.22 The signal of caspase-3 represented the apoptotic 

activity that showed a decline during days 12-19 due to progesterone accumulation. Our 

model assumed that progesterone decreased the apoptosis signal, which is supported by data 

from an experimental study.19 Then the rise in estrogen promoted the apoptotic signal 

(caspase-3). The first wave of estrogen induced caspase-3 activity, but the influence of 

progesterone dominated until day 19. Consequently, caspase-3 was raised by the second wave 

of estrogen, reaching a high level on day 28. The simulation results are consistent with the 

reported number of cells undergoing apoptosis on day 27.5 from an experiment.22  

In conclusion, our model demonstrated the balance between proliferative and apoptotic 

signals of mammary epithelial cells under the fluctuation of progesterone and estrogen during 

the menstrual cycles (Figure 5). In future work, we plan to investigate how perturbing each 

parameter affects the dynamics of mammary epithelial protein activities. This will help 

identify important factors, such as irregular menstrual cycles or irregular protein activities, 

affecting a balance between the proliferation and recession of the mammary epithelial cell 

population that may lead to tumor development. One limitation of the current model is the 

parameter values were mostly estimated from breast cancer cultured cell lines, which may not 

represent the actual values of the in vivo mammary epithelial cells. 

 

 

Figure 5. The summary of the fluctuations in the activities of cyclin E and caspase-3 

regulated by progesterone and estrogen within 28 days relating to mammary 

epithelial cell proliferation (green; living cells) and apoptosis (pink; dead cells). 
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https://li01.tci-thaijo.org/index.php/JBAP/ 
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