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Abstract 
 

This habilitation thesis is a selection with comments of my 12 peer-reviewed papers that 

are focused on the determination of the biological activity of plant phenolic compounds. The 

aim was to find compounds with antioxidant, anti-inflammatory, and antidiabetic effects that 

could help in the treatment of hyperglycemia in patients with type 2 diabetes mellitus (T2DM) 

and alleviate its long-term complications. In the introduction I briefly describe my field 

“molecular pharmacy” and all my other publications. The second part focuses on the 

pathophysiology of T2DM. The third part concentrates on various natural phenolics and their 

antioxidant, anti-inflammatory, and antidiabetic effects, and a comparison of the different 

methods that are used to determine these. The last subchapter deals with the encapsulation of 

natural phenolics to improve their solubility. The concept of “one compound with a 

combination of effects” is shown on a model compound – the geranylated flavanone diplacone. 
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Abbreviations  

 

AAPH 2,2ʹ-Azobis(2-amidinopropane) dihydrochloride  

ABTS•+ 2,2ʹ -Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid radical cation  

AGEs Advanced glycation end-products 

AP-1 Activator protein 1 

ARE Antioxidant responsive element 

CAA Cellular antioxidant assay 

CAT Catalase 

CDs Cyclodextrins 

COX Cyclooxygenase 

Cul3 Cullin 3 

DCF Dichlorodihydrofluorescein  

DCFH-DA 2ʹ,7ʹ-Dichlorodihydrofluorescein diacetate  

DM Diabetes mellitus 

DMP Department of Molecular Pharmacy 

DPP-4 Dipeptidylpeptidase 4 

DPPH• 2,2-Diphenyl-1-picrylhydrazyl radical 

ERK Extracellular signal-regulated kinase 

FRAP Ferric reducing antioxidant power 

GLP-1 Glucagone-like peptide-1 

GLUT4 Glucose transporter 4 

GOSP Glucose oxidative stress protection 

GP Glucan particles 

HET-CAM Hen’s egg test-chorioallantoic membrane 

HP-β-CDs Hydroxypropyl-β-cyclodextrins 

IDF International Diabetes Federation 

IL-1β Interleukin 1β 

IR Insulin receptor 



6 

 
 

IRS Insulin receptor substrate 

JNK c-Jun terminal kinase 

Keap1 Kelch-like ECH-associated protein 

LOX Lipooxygenase 

LPS Lipopolysaccharide 

MAPK Mitogen-activated protein kinase 

MDA Malondialdehyde 

MΦ Macrophages 

MMP2 Matrix metalloproteinase-2 

NADH Nicotinamide adenine dinucleotide 

NF-κB Nuclear factor κB 

Nrf2 Nuclear factor erythroid 2-related factor 2 

PDO Protected Designation of Origin 

PI3K Phosphatidylinositol 3-kinase 

PKB Protein kinase B 

PPARγ Peroxisome proliferator-activated receptor γ 

PRDX2 Peroxiredoxin-2 

PTP1B Protein tyrosine phosphatase 1B 

ROS Reactive oxygen species 

SEAP Secreted embryonic alkaline phosphatase 

SGLT2 Sodium/glucose cotransporter 2 

SOD Superoxidase dismutase 

T2DM Type 2 diabetes mellitus 

TBARS Thiobarbituric acid reactive substances 

TLR Toll-like receptor 

TNF-α Tumor necrosis factor α 

TIRF Total internal reflection fluorescence 
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1. Introduction 
 

Diabetes mellitus (DM) is a chronic metabolic disease with high morbidity and mortality. Its 

symptoms are increased thirst, frequent urination, and slow-healing sores. On the biochemical 

level, the main characteristic of DM is hyperglycemia. There are two basic types of DM: type 

1 (T1DM), caused by an absolute deficiency of the hormone insulin, and type 2 (T2DM), in 

which the blood level of insulin is normal, but its effect is suppressed by insulin resistance. 

According to the International Diabetes Federation (IDF), 537 million adults were living with 

DM in 2021, and the number is projected to rise to 783 million by 2045.  

DM has accompanied humankind since time immemorial. The first reference is attributed to 

Ancient Egyptian medicine, specifically to the Ebers Papyrus from c. 1550 BCE. What was 

probably DM was described as “an excessive urination disease” for which the following 

treatment mixture was prescribed: “A measuring glass filled with water from the bird pond, 

elderberry, fibres of the asit plant, fresh milk, beer-swill, flower of the cucumber, and green 

dates.” 

As can be seen in the example of DM – humans have used plants for treatment for centuries 

and thus herbal medicine (phytomedicine or phytotherapy) has been part of every medical 

system in history: the Eber Papyrus in Ancient Egypt, Ayurvedic medicine in India, Shennong 

Ben Cao Jing – a book of prescriptions in traditional Chinese medicine, and the Hippocratic 

Corpus in Greece. The traditional drugs were used in different formulations and extracts, 

whereas the first active compounds were isolated from natural sources during the nineteenth 

century and entered medical practice, starting with morphine, isolated in 1805 by the German 

pharmacist Friedrich Sertürner.  

The importance of natural products for medicine can be highlighted using two recent events. 

Based on estimates by Newman and Cragg+, more than half of the medicinal compounds used 

in current practice are directly of natural origin or semi-synthetically modified.  Moreover, the 

Nobel Prize for Physiology or Medicine in 2015 was awarded to the Chinese pharmaceutical 

chemist Tu Youyou for the discovery of artemisinin, an effective antimalarial natural product 

                                                      
 https://diabetesatlas.org/  
 Sanders LJ. Diabetes Spectr 2002; 15(1): 56–60. https://doi.org/10.2337/diaspect.15.1.56. 
+ Newman DJ, Cragg GM. J Nat Prod 2020;83(3):770-803. http://doi.org/10.1021/acs.jnatprod.9b01285.   

https://diabetesatlas.org/
https://doi.org/10.2337/diaspect.15.1.56
http://doi.org/10.1021/acs.jnatprod.9b01285
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(hence her quote). Therefore, there is renewed interest in finding new medicines in nature 

nowadays.     

This work aims at determining the antidiabetic activity of natural phenolic compounds together 

with their antioxidant and anti-inflammatory activity. This approach might not only decrease 

hyperglycemia but also alleviate long-term complications associated with this disease. 

 

1.1. Structure of the thesis 

 

This thesis is a collection of 12 peer-reviewed papers published between 2010 and 2025. All 

the papers concentrate on the effects of natural phenolics on alleviating the symptoms or 

complications of T2DM. The first 5 papers describe their antioxidant effects1–5, the following 

2 papers focus on their anti-inflammatory potential6,7, 2 papers concentrate on the antidiabetic 

effects8,9, and finally, 3 papers describe the encapsulation of natural phenolics10–12 to enhance 

their solubility and biological activity.  

The key question of my research is: “Are there any natural phenolic compounds that are 

effective as antioxidant, anti-inflammatory, and antidiabetic agents?” As proof of this concept, 

the geranylated flavanone diplacone will be highlighted throughout the thesis.  

My contribution to the 12 peer-reviewed articles is summarized in the following tables: 

1) Treml, J.; Smejkal, K. Comprehensive Reviews in Food Science and Food Safety 2016, 15, 

720-738 (IF = 5.974). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

- - 75 50 

 

2) Zima, A.; Hosek, J.; Treml, J.; Suchy, P.; Prazanova, G.; Lopes, A.; Zemlicka, M. Molecules 

2010, 15, 6035-6049 (IF=1.988). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

35 - 25 25 

 

3) Treml, J.; Smejkal, K.; Hosek, J.; Zemlicka, M. Chemical Papers 2013, 67, 484-489 

(IF=1.193). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

100 - 80 50 
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4) Treml, J.; Lelakova, V.; Smejkal, K.; Paulickova, T.; Labuda, S.; Granica, S.; Havlik, D.; 

Padrtova, T.; Hosek, J. Biomolecules 2019, 9, 468 (IF=4.082). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

25 50 75 50 

 

5) Treml, J.; Vecerova, P.; Herczogova, P.; Smejkal, K. Molecules 2021, 26, 2534 (IF=4.927).  

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

75 50 100 75 

 

6) Malanik, M.; Treml, J.; Lelakova, V.; Nykodymova, D.; Oravec, M.; Marek, J.; Smejkal, K.  

Bioorganic Chemistry 2020, 104, 104298 (IF=5.275).  

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

- 50 25 25 

 

7) Molcanova, L.; Treml, J.; Brezani, V.; Marsik, P.; Kurhan, S.; Travnicek, Z.; Uhrin, P.; 

Smejkal. K. Journal of Ethnopharmacology 2022, 296, 115509 (IF=5.400). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

30 - 25 25 

 

8) Treml, J.; Nykodýmová, D.; Kubatka, P. Phytochemistry Reviews 2025, doi: 

10.1007/s11101-025-10121-w (IF=7.300). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

- 25 90 100 

 

9) Treml, J.; Václavík, J.; Molčanová, L.; Čulenová, M.; Hummelbrunner, S.; Neuhauser, C.; 

Dirsch, V. M.; Weghuber, J.; Šmejkal, K. Journal of Agricultural and Food Chemistry 2025, 

doi: 10.1021/acs.jafc.4c11398 (IF=5.700) 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

40 - 90 100 
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10) Treml, J.; Salamunova, P.; Hanus, J.; Hosek, J. Food & Function 2021, 12, 1954-1957 

(IF=6.317). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

75 - 80 25 

 

11) Salamunova, P.; Cupalova, L.; Majerska, M.; Treml, J.; Ruphuy, G.; Smejkal, K.; 

Stepanek, F.; Hanus, J.; Hosek, J. International Journal of Biological Macromolecules 2021, 

169, 443-451 (IF=8.025). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

- 50 25 25 

 

12) Nykodýmová, D.; Molčanová, L.; Kotouček, J.; Mašek, J.; Treml, J. ChemistryOpen 

2025, doi: 10.1002/open.202500209 (IF=3.100). 

Experimental work (%) Supervision (%) Manuscript (%) Research direction (%) 

- 75 25 50 

 

1.2. Molecular pharmacy 

 

I am currently the Head of the Department of Molecular Pharmacy (DMP). The term “molecular 

pharmacy” is a neologism reflecting the connection between pharmacy, medicinal compounds, 

and their effects and cellular and molecular biology. This is visible not only in the repertoire of 

the subjects taught by the DMP, but also in the research areas of its staff.  

The designation of DMF was coined by me in 2020, when the Faculty of Pharmacy rejoined 

Masaryk University and there was an interest to shorten the former name “Department of 

Molecular Biology and Pharmaceutical Biotechnology”. There were two sources of inspiration: 

The Molecular Pharmacy research group of Prof. Dr. Daniel Ricklin from the University of 

Basel, Switzerland, which aims at “drug discovery and screening of therapeutic concepts”13, 

and the Molecular Pharmacy laboratory of Univ.-Prof. Dr.rer.nat. Valery Bochkov from the 

University of Graz, Austria aiming at “the development of cellular models for screening of 

natural products as well as synthetic substances”14. 

My peer-reviewed publications include 33 peer-reviewed scientific articles – 12 of them have 

already been presented in the previous section and the remaining 21 will be briefly introduced 
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here. The first group of articles concentrates on the determination of biological activity on cell 

culture and in vitro assays. Most of the research was done with plant or mushroom extracts or 

isolated natural products. The publications are summarized in Table 1.  

Publication The main outcome 

Kuczmannová et al.15 Agrimonia eupatoria water extract – increases expression of 

antioxidant enzymes, protects plasmid DNA from oxidative stress, 

in vivo wound healing. 

Stastny et al.16 Pleurotus flabellatus methanolic extract – radical scavenging 

activity; chloroform extract – inhibition of cyclooxygenase 2.  

P. ostreatus – anti-inflammatory activity = inhibition of nuclear 

factor κB (NF-κB).  

Rybnikář et al.17 Schisandra chinensis – dibenzocyclooctadiene lignan (–)-gomisin 

J showed both antioxidant (cellular antioxidant assay, CAA) and 

anti-inflammatory (NF-κB) activity. 

Peron et al.18  Citrus sinensis PDO “Orange of Ribera” peel extract showed 

significant antioxidant (CAA) and anti-inflammatory (NF-κB) 

activity. 

Vasilev et al.19 Astragalus thracicus – quercetin-3-O-β-D-apiofuranosyl-(1 → 2)-

β-D-galactopyranoside showed the greatest inhibitory effect on 

collagenase and elastase. 

Dvorska et al.20 Aronia melancarpa fruit peel extract – in vitro and in vivo 

antitumor activity in the 4T1 mouse adenocarcinoma model. 

Malaník et al.21 Ziziphora clinopodioides subsp. bungeana – isolated triterpenes 

were able to inhibit α-glucosidase, and pomolic acid increased 

translocation of GLUT4 = antidiabetic activity. 

Dvorska et al.22 Hippophae rhamnoides fruit peel extract – in vitro and in vivo 

antitumor activity in the 4T1 mouse breast carcinoma model. 

 

Table 1 – Summary of my publications on the topic of biological activity of natural products 

in cellular and in vitro assays. 
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I have also co-authored a review article summarizing the available ethnobotanical, 

phytochemical, and pharmacological information about the traditional Amazonian medicinal 

tree Maytenus macrocarpa23. Moreover, in other three publications I have concentrated on the 

determination of antiproliferative effects of synthetic compounds, which were tested also in 

other assays: N-phenylpiperazine derivatives with potential antibacterial and antifungal 

effects24, silicon-based carbamate derivative with potential inhibitory effect on acetyl- and 

butyrylcholinesterase25, and (4-oxo-2-thioxothiazolidin-3-yl)acetic acids as potential aldose 

reductase inhibitors26. The compounds were screened to confirm whether the concentrations 

determined in other assays are safe and non-toxic for human cell culture, and thus whether their 

future development makes sense. 

The second group of articles deals with microbiological topics. Škovranová et al. determined 

antimicrobial activity, synergism with antibiotics, and membrane disruption of prenylated 

phenolics isolated from Morus alba27 and Paulownia tomentosa28 against Staphylococcus 

aureus. Helcman et al., on the other hand, concentrated on the inhibition of a bacterial process 

called quorum sensing by cannabinoids and other plant phenolics. Quorum sensing is a cell-to-

cell communication that allows bacteria to share information about population density29. The 

other four articles were based on cooperation with the Department of Plant Origin Food 

Sciences, Veterinary University. The antimicrobial effect was determined for edible films from 

carrageenan/orange essential oil/trehalose30, soaps from reused plant fried oil31, chitosan edible 

films with plant extracts32, and chitosan films with nanometals33. I have also co-authored two 

review articles – one dealing with natural products possessing antiviral effect against herpes 

simplex virus 1 and 234, and the other about sulfate reducing bacteria in gut microbiota and their 

involvement in inflammatory bowel diseases35.  

 

2. T2DM complications and treatment 
 

Hyperglycemia is the basis of the pathophysiology of T2DM and can be defined as a blood 

glucose concentration above 6.9 mM when measured after 8 hours of fasting (or above 10 mM 

two hours after eating). Persistent or uncompensated hyperglycemia may lead to chronic 

complications of DM, which manifest throughout the whole vascular system. In the retina, for 

example, a high glucose concentration causes alterations in microcirculation, capillary closures, 
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and edema. Diabetic retinopathy affects 30% of patients suffering from DM for 20 years or 

longer, and its result is blindness. A similar deterioration appears in the kidney, where increased 

glomerular pressure and hyperfiltration may end in a need for renal dialysis. Moreover, 

hyperglycemia increases the risk of cardiovascular disease and damages nerves, causing 

diabetic peripheral neuropathy with symptoms such as numbness, tingling, or pain. In terms of 

prevalence, the most common complication in patients with T2DM is chronic kidney disease 

(27.8%), followed by foot problems (pain, loss of sensitivity; 22.9%) and eye damage 

(18.9%)36. 

The pathophysiology of chronic diabetic complications is complex. One of the key factors in 

its progression is oxidative stress, also defined as an imbalance between the production of 

reactive oxygen species (ROS) and the antioxidant capacity of the cellular metabolism. A high 

concentration of glucose fully saturates the hexokinase enzymatic capacity, and the surplus is 

metabolized through the polyol pathway. As a result, nicotinamide adenine dinucleotide 

(NADH) accumulates and subsequently serves as a substrate for NADH oxidase to generate 

ROS, damaging cells. The final product of the polyol pathway, sorbitol, accumulates in the 

retina, leading to retinopathy (Figure 1)37.  

Moreover, glucose spontaneously reacts with free amino groups in proteins forming Schiff 

bases. Advanced glycation end-products (AGEs) are formed by the following complex 

reactions. The AGEs participate in tissue damage and macrophage (MΦ) activation leading to 

inflammation and oxidative stress. The production of ROS then activates certain pro-

inflammatory factors and their pathways, such as nuclear factor κB (NF-κB). These factors 

further activate innate immunity cells and lead to the formation of more ROS, thus creating a 

“vicious cycle” of positive feedback between ROS production and inflammation (Figure 1)37. 
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Figure 1 – The complications of T2DM – involvement of oxidative stress and inflammation. 

 

An important part of managing T2DM is changing one’s lifestyle and diet. The dietary 

measures include: choosing drinks without added sugar, eating wholegrain cereals, reducing 

red meat and instead eating more fruit and vegetables, being sensible with alcohol, adding 

healthier fats into the diet (unsalted nuts, seeds, avocados, olive oil), reducing amount of salt 

and getting the vitamins and minerals from food instead from tablets38. 

Subsequent pharmacotherapy is usually initiated with metformin39. This biguanide antidiabetic 

enhances the utilization of glucose in skeletal muscles and adipose tissue and decreases 

gluconeogenesis in the liver. Structurally the biguanides originate from natural products 

isolated from the plant Galega officinalis L. (Fabaceae)40. Treatment with metformin can be 

accompanied by gastrointestinal problems, such as flatulence and cramps. Another serious 

complication is lactate acidosis.  

For patients with cardiovascular disease and metformin contraindication, gliflozines (or 

sodium/glucose cotransporter 2 (SGLT2) inhibitors) are the drugs of choice. Gliflozines inhibit 

the SGLT2 proteins responsible for the reabsorption of glucose in the kidneys and thus decrease 

glycaemia. Other patients with T2DM might be given gliptins (dipeptidylpeptidase 4 (DPP-4) 
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inhibitors), pioglitazone from the group of thiazolidinediones, or a sulfonylurea derivative. If 

combinations of first-line drugs are not effective in reducing hyperglycemia, agonists of the 

glucagon-like peptide-1 (GLP-1) receptor might be offered. These drugs are administered as 

subcutaneous injections and lead to significant weight loss. This aspect is very important since 

obesity accompanies T2DM in most cases. For example, from this group, the medicinal 

compound semiglutide marketed by Novo Nordisk under the brand name Ozempic has caused 

a “revolution” in the treatment of obesity39. Another option is inhibitors of α-glucosidase, such 

as acarbose. Upon their effect, less glucose is absorbed from the gastrointestinal tract. 

Insulinotherapy is added when the patient suffers from complicated T2DM41.   

Recently, researchers started to focus on describing the changes in the composition of 

microorganisms in the gastrointestinal tract of T2DM patients, also called gut microbiota. This 

very complex ecosystem is composed of bacteria, archaea, fungi, viruses, and protozoa. So far, 

the studies have shown gut microbiota dysbiosis and loss of microbial diversity in T2DM 

patients – mainly decreased abundance of Akkermansia muciniphila, Faecalibacterium 

prausnitzii, and others. It was hypothesized (and shown in animal models) that application of 

these bacteria in in form of probiotics might improve inflammation and insulin resistance42–44. 

Although the topic of T2DM and its pharmacotherapy has been very well described, there is a 

great need to improve treatment strategies and to investigate novel drug targets45. As will be 

described in the following chapter, natural products offer great potential in terms of the 

hypoglycemic effect and also alleviate the long-term effects of hyperglycemia46. 
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3. Natural phenolics 
 

Natural phenolic compounds (or plant phenolics) are defined as natural products with at least 

one phenolic functional group. They are widely distributed in the plant kingdom, which makes 

them the most abundant secondary metabolites of plants, with more than 8,000 structures 

currently known. As secondary metabolites, natural phenolics are not essential for the basic 

growth and reproduction of plants but play important roles in their ecological interactions. 

Quideau et al. have proposed that the term “plant phenolics” should be only used for secondary 

metabolites arising biogenetically from the shikimate/phenylpropanoid pathway, the 

“polyketide” acetate/malonate pathway or both of them (Figure 2)47,48. 
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Figure 2 – The biosynthetic origin of natural phenolics throughout this thesis: flavonoids, 

stilbenoids, prenyl 1,3-diphenylpropanes, arylbenzofurans, and curcumin.  
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The capacity of plants to synthesize natural phenolics probably evolved due to their 

terrestrialization in the mid-Palaeozoic era between 480 and 360 million years ago. During the 

adaptation of life on dry land, plants had to survive solar UV irradiation and thus evolved 

pathways for the biosynthesis of phenolics. Moreover, plant phenolics exhibiting color attract 

pollinators to flowers. Since similar relations apply to other secondary metabolites as well, one 

can suggest that the basis of pharmacotherapy in human medicine started as a by-product of co-

evolution between plants and insects49. 

Throughout this thesis, one natural product will be mentioned more than once and will serve as 

an illustration of the main topic: a combined antioxidant, anti-inflammatory, and antidiabetic 

effect. This natural product is the geranylated flavanone diplacone (also known as propoline C 

or nymphaeol A). Diplacone was isolated and identified for the first time by David E. Lincoln 

in 1980 from the leaf resin of Diplacus aurantiacus (Curtis) Jeps. Phrymaceae. It was proposed 

that diplacone and its derivatives grant protection from herbivorous lepidopteran larvae50. The 

compound was later isolated from other plants: Paulownia tomentosa (Thunb.) Steud. 

Paulowniaceae51, Macaranga tanarius (L.) Muell. Arg. Euphorbiaceae52, Macaranga alnifolia 

Baker Euphorbiaceae53, Schizolaena hystrix Capuron Sarcolaenaceae54, and Diplacus 

clevelandii (Brandeg.) Greene Phrymaceae55  and it has also been found in some kinds of 

propolis56. 

O

O

OH

OH

OH

OH

A C

B

 

Figure 3 – The structure of diplacone with marked rings A, B, and C. 

 

Diplacone (Figure 3) belongs to the flavonoids, which are very common plant phenolics. The 

basic structure of a flavone is 2-phenyl-1,4-benzopyrone (C6-C3-C6). According to the 

arrangement of the structure, we can distinguish isoflavones, flavones, flavans, flavanones, and 

flavonols8. The prenyl or geranyl moiety attached to the structure increases lipophility and thus 

enhances affinity for biological membranes, leading to a stronger biological effect. 
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Stilbenoids are hydroxylated derivatives of stilbenes with the basic structure C6-C2-C6. They 

act as phytoalexins and are therefore produced to protect the plants in case of fungal infection. 

The best-known stilbenoid, trans-resveratrol (trans-3,5,4ʹ-trihydroxystilbene), is found in 

species of the genus Vitis (grapes), red wine, and other plant species57. Prenyl 1,3-

diphenylpropanes are probably biosynthesized from chalcones. Their occurrence in nature is 

rather rare. Arylbenzofurans are uncommon plant phenolics and can be found in substantial 

amounts in Morus spp. Their structure is based on a benzofuran ring substituted with a phenyl 

group58. Curcumin is a bright yellow polyphenol isolated from rhizomes of Curcuma longa L. 

It belongs among curcuminoids, or linear diarylheptanoids (Figure 2). 

According to a recent study, the average consumption of polyphenolic compounds in the Czech 

population is 1.673 g per day per person, and this value might still be underestimated. The most 

frequent sources are beverages such as coffee, tea, and juices, followed by fruits, cereals, and 

vegetables, respectively59.  

Approximately 5-10% of total phenolic compounds are absorbed in the small intestine after 

ingestion. Based on the molecular weight (and other physical-chemical properties), the 

phenolics are absorbed through passive diffusion (low molecular weight compounds, such as 

gallic acid and isoflavones, and lipophilic compounds, such as flavonoid aglycones). Other 

compounds are actively transported via P-glycoprotein or sodium-glucose cotransporters, such 

as quercetin glycosides60. 

The remaining plant phenolics are then transported to the colon, where they are subjected to 

microbiota.   The transformation of phenolic compounds depends on gut microbial composition 

and also on chemical structure and the type of food ingested. Usually, the polymeric phenolics 

are depolymerized, flavonols are decomposed into hydroxyphenylacetic acids, flavones and 

flavanones are broken down into hydroxyphenylpropionic acids, etc. The products of 

metabolism are then absorbed60.  

From the colon, the compounds are transported to the liver via the portal vein. The metabolism 

in the liver follows a similar pattern as that of other xenobiotics. During phase I, the structures 

of plant phenolics or their metabolites are modified – thiolated, hydroxylated, aminated, or 

carboxylated. The phase II is then characterized by conjugation reactions when glucuronides, 

sulphates, or methyl groups are added to enhance water solubilization and thus elimination from  

the body60.  



20 

 
 

3.1. Antioxidant activity 

 

All aerobic organisms suffer from oxidative stress, but on the other hand they gain much more 

energy from oxidative phosphorylation than from anaerobic processes. ROS are small 

molecules that are commonly produced in radical reactions and have the capacity to quickly 

interact with cellular structures. They include various chemicals: oxygen radicals (such as 

hydroxyl radical •OH) or nonradical substances (such as hydrogen peroxide H2O2). ROS are 

usually very reactive and damage the nearest biomolecules, impairing the function of the 

biological system. The antioxidant cellular capacity is represented by antioxidant enzymes, 

such as superoxide dismutase (SOD; converting superoxide radical to hydrogen peroxide) or 

catalase (CAT; converting hydrogen peroxide to water)1.  

The cellular response to oxidative stress is regulated by the transcription master regulator 

nuclear factor erythroid 2-related factor 2 (Nrf2) and under normal conditions remains in 

cytosol bound to Kelch-like ECH-associated protein (Keap1) (Figure 4). Keap1 facilitates the 

polyubiquitination of Nrf2 by the Cullin 3 (Cul3) E3 ubiquitin ligase for proteasomal 

degradation, thus allowing low basal activation. During oxidative stress, certain cysteine 

residues in Keap1 are modified and subsequent conformational change prevents Keap1 from 

mediating the ubiquitination of Nrf2 by Cul3. As a result, Nrf2 is stabilized, accumulated, and 

translocated into the nucleus where it heterodimerizes with sMaf proteins. The heterodimer then 

binds to the antioxidant responsive element (ARE) for the induction of cytoprotective genes for 

enzymes involved in the detoxication of ROS (Figure 4)61. 
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Figure 4 – The Nrf2-ARE pathway (created using Motifolio toolkit). 

 

The exact mechanism by which oxidative stress promotes inflammation and vice versa is not 

clear. A possible link was proposed by Salzano et al. The oxidative stress in cells leads, among 

other things, to protein oxidation and oxidative coupling of glutathione to cysteine residues of 

proteins. One such example is a ubiquitous redox-active intracellular enzyme peroxiredoxin-2 

(PRDX2), which is released from macrophages in oxidized form upon oxidative stress or pro-

inflammatory activation by lipopolysaccharide (LPS). The released PRDX2 then triggers other 

macrophages to produce tumor necrosis factor α (TNF-α)62. 

Compounds that can regulate oxidative stress and enhance the defensive capacities of cells are 

called antioxidants. Several different assays and methodological approaches are used to 

measure antioxidant activity5:   

1. Direct antioxidant assays are based on redox reactions and the fast scavenging of ROS: 

a. Chemical-based assays are essentially based on electron-transfer redox reactions. The 

reaction usually involves chemical radicals, such as 2,2-diphenyl-1-picrylhydrazyl 
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radical (DPPH•), 2,2ʹ -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid radical cation 

(ABTS•+). Or ferric (Fe3+) ions, as in the case of ferric reducing antioxidant power 

(FRAP) assay. Upon reaction with an antioxidant, the radical or ion undergoes a redox 

reaction (i.e. electron transfer) that leads to a change in structure and thus in the 

absorption spectrum, which can be measured and quantified. These assays are very 

popular among phytochemists because they are rapid, easy-to-do, and relatively cheap. 

On the other hand, they are very far from the natural conditions in cells, and a positive 

result does not confirm their effectiveness in cellular systems. One of the other options 

in this group is an assay based on the protection of plasmid DNA from hydroxyl radical 

produced by the Fenton reaction or protection from the lipid peroxidation of linoleic 

acid. 

b. Cell-based assays are rather time-consuming and require certain skills from the 

researcher, however their results are more relevant for in vivo conditions. Positive 

effects in such assays might also give us information about the ability of the 

antioxidant to enter the cells. An example of this approach is the cellular antioxidant 

assay (CAA). Cells are first incubated with 2ʹ,7ʹ-dichlorodihydrofluorescein diacetate 

(DCFH-DA), which is then deacetylated to DCFH in cell cytosol. After the addition 

of 2,2ʹ-azobis(2-amidinopropane) dihydrochloride (AAPH), peroxyl radicals are 

produced and DCFH is converted to fluorescent dichlorofluorescein (DCF). 

Antioxidants can counteract this reaction and thus decrease the fluorescence signal.  

2. Indirect antioxidant assays, which may involve redox activity, concern mainly the 

enhancement of the antioxidant capacity of cells, for example, the increased expression of 

antioxidant enzymes through activation of the Nrf2-ARE pathway. These methods can also 

be divided on a principle similar to the previous one – the influence on enzyme activity can 

be measured on isolated enzymes or using a cell-based approach, which obviously has 

greater informative value. Another example is a modified CAA assay, in which the 

oxidative stress is caused by a high glucose concentration in the medium (thus 

approximating the conditions of hyperglycemia) and is called the glucose oxidative stress 

protection (GOSP) assay. 

 

The discrepancies between the results of the chemical-based and cell-based antioxidant activity 

of the model compound diplacone are shown in Table 2. All the cell-based experiments were 
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done in non-toxic concentrations (verified using a WST-1 kit). Based on the results, diplacone 

can be described as a direct scavenger of radicals in chemical-based assays, but this effect was 

not confirmed in the cell-based CAA assay. On the other hand, after a longer incubation in a 

GOSP assay, a statistically significant effect was observed, probably due to the increased 

activation of catalase. 

Type Assay Result Source 

1a 

ABTS  3.2× more active than positive control (Trolox) 

Zima et al.2 DPPH 1.1× more active than positive control (Trolox) 

FRAP  0.5× more active than positive control (Trolox) 

Plasmid DNA 

protection 

at conc. of 100 μM, plasmid DNA protected from 

Fenton reaction 
Treml et al.3 

1b CAA  no activity at conc. of 5 μM after 1h 

Treml et al.5 

2 

GOSP  
1.4× more active than positive control (quercetin) 

at conc. of 5 μM after 48h 

CAT activity 
5× more active than negative control (DMSO as 

solvent) after 5h at conc. of 5 μM 

Nrf2-ARE 

activation 
no activity after 24h at conc. of 5 μM  

 

Table 2 – Results for the chemical-based and cell-based antioxidant activities of diplacone. 

 

A similar pattern of discrepancies was also observed in experiments with stilbenoids described 

by Treml et al. The compounds were first tested using a chemical-based methodology – the 

thiobarbituric acid reactive substances (TBARS) assay. In principle, the TBARS assay should 

show the ability of a compound to protect linoleic acid against lipid peroxidation using AAPH 

during a 24h incubation. Upon oxidation, linoleic acid forms malondialdehyde (MDA), which 

reacts with TBA in acidic conditions. The TBA-MDA adduct is then extracted using butanol 

and its concentration is determined by absorbance measurement. The stilbenoids were 
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subsequently tested in a cell-based assay, wherein oxidative stress was caused by pyocyanin, a 

secondary metabolite obtained from the Gram-negative bacteria Pseudomonas aeruginosa that 

is able to generate ROS4. 

Among the stilbenoids (Figure 5), trans-stilbene was the most potent in the TBARS assay, 

reducing the lipid peroxidation by almost 50%. On the other hand, the most pro-oxidant were 

trans-resveratrol, piceatannol, and piceatannol-3ʹ-O-β-glucopyranoside. Surprisingly, in the 

cell-based assay, piceatannol and piceatannol-3ʹ-O-β-glucopyranoside were able to reduce the 

oxidative stress caused by pyocyanin by c. 50% after 1h at a non-toxic concentration of 2 μM, 

and trans-stilbene was inactive. Only isorhapontigenin was able to activate the Nrf2-ARE 

pathway, but without increasing the expression of any antioxidant enzymes4.  

Trans-stilbene Trans-resveratrol

OH

OH

OH

Piceatannol

OH

OH

OH

OH

Piceatannol-3'-O--glucopyranoside

OH

OH

OH

O

O
OH

OH

OH

OH

Isorhapontigenin

OH

OH

OH

O

CH3

 

Figure 5 – The structures and effects of stilbenoids. 

 

Overall, both studies show diverse results, with one compound effective in one assay but 

ineffective in the other. As I have argued, from the point of relevance to biological systems, 

cellular antioxidant assays surpass those that are chemical-based. Thus, to designate a 

compound as an antioxidant, one should depend on results from cellular or in vivo assays.  
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Wolfe and Liu used the CAA assay to assess the structure-activity relations study for flavonoids. 

The structural elements conferring the most active flavonoids were: a 3′,4′-dihydroxyl group in 

the B-ring, a 2,3-double bond combined with a 4-keto group in the C-ring, and a 3-hydroxyl 

group. Isoflavones showed no cellular antioxidant activity. Flavanols with a galloyl moiety had 

higher antioxidant activity than those without, and a B-ring 3′,4′,5′-trihydroxyl group further 

improved their efficacy. Thus, the most active group of flavonoids are flavonols, such as 

quercetin63. These results agree with our own results – quercetin was used as a positive control 

in CAA, and diplacon (as the flavanone) lacks key parts in its structure: 2,3-double bond and a 

3-hydroxyl group. 

Esatbeyoglu et al. studied Vitis vinifera root extract and identified several stilbenoids in it, 

including resveratrol and piceatannol. In their experiments, they found the extract to protect 

against hydrogen peroxide-induced DNA damage and induce Nrf2 and its target genes heme 

oxygenase-1 and γ-glutamylcysteine synthetase64. The effects of the extract are better than those 

observed in our experiments for the compounds alone. 
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3.2. Anti-inflammatory activity 

 

Inflammation is a reaction of body tissues to various harmful stimuli, such as pathogens, 

damaged cells, or chemical irritants. It is a complex defensive response of the innate immune 

system accompanied by five cardinal signs: calor (heat), dolor (pain), rubor (redness), tumor 

(swelling), and functio laesa (loss of function). The function of inflammation is to eliminate the 

causal agent, clear out damaged cells and tissue and start the reparatory processes. Such 

processes of acute inflammation usually take a few days. However, inflammation can lead to a 

harmful dysregulated response and produce systemic damage that results in chronic 

inflammatory disorders, such as obesity, insulin resistance, and T2DM. 

There are several ways in which cells react to stimuli and inflammation develops on a 

biochemical level. One common mechanism is connected to the NF-κB pathway (Figure 6). 

The canonical form of this pathway starts with various membrane receptors, such as toll-like 

receptors (TLR) activated by LPS from the cell wall of Gram-negative bacteria. Once activated, 

the pathway leads to phosphorylation of IκB kinase and subsequently of IκB. In the normal 

state, IκB resides in cytosol and inhibits NF-κB (a heterodimer complex of p50 and RelA) 

through a bond. Upon phosphorylation, IκB is degraded, releasing NF-κB to enter the cell 

nucleus, bind to a specific responsive element on DNA and thus orchestrate the production of 

proinflammatory cytokines, such as TNF-α and interleukin 1β (IL-1β)65.  
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Figure 6 – The canonical NF-κB pathway (created using Motifolio toolkit). 

 

Another mode of cellular response might be mediated via mitogen-activated protein kinases 

(MAPK). There are several subfamilies of MAPK, such as extracellular signal-regulated 

kinases (ERK), c-Jun terminal kinases (JNK), and p38. Activated MAPKs translocate to the 

nucleus and phosphorylate transcription factors such as activator protein 1 (AP-1) and c-Myc, 

which coordinate the expression of several pro-inflammatory downstream target genes.  

Moreover, both NF-κB, JNK and ERK pathways are activated by the insulin receptor pathway. 

The insulin pathway leads to increased uptake of glucose into cells by translocation of GLUT4 

transporters on the cellular surface. Insulin mediates its action via phosphatidylinositol 3-kinase 

(PI3K) and protein kinase B (PKB or Akt). This leads to an amplification loop connecting 

inflammation and insulin resistance in T2DM66.  
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The anti-inflammatory activity in vitro can be determined with several different methods67: 

1. Cell-free assays are based on the inhibition of certain pro-inflammatory enzymes, usually 

determined using kits. Examples of enzymes used in such assays are lipoxygenase (LOX) 

and cyclooxygenase (COX). Both are involved in the conversion of arachidonic acid into 

eicosanoids. 

2. Cell-based assays involve inducing inflammation in a monocytic or macrophage cell line 

(e.g. by LPS) and then determining the outcomes: 

a. Griess reaction is used to detect the production of NO (involved in inflammation) by 

means of measuring its oxidation products, nitrites, following their diazotation 

reaction with sulfonamides. 

b. Reporter assays require genetically modified cell lines, in which the activaton of the 

NF-κB pathway is connected to the production of a certain reporter gene, such as 

secreted embryonic alkaline phosphatase (SEAP) that can be quantified upon its 

reaction with the specific substrate QUANTI-Blue™. 

c. ELISA assays are used to measure the inhibition of the production of pro-

inflammatory cytokines after activation of the NF-κB pathway.  

 

Molčanová et al. reported the anti-inflammatory effect of geranylated flavonoids isolated from 

P. tomentosa and among these was the model compound – diplacone. Diplacone, at a non-toxic 

concentration of 1 μM, was able to reduce the activation of NF-κB/AP-1 in the LPS-activated 

THP-1-XBlue™-MD2-CD14 cell line to 80% of the negative control, which was comparable 

to the positive control prednisone. The anti-inflammatory effect of diplacone was further 

established in an in vivo model of colitis in rats, where this compound ameliorated the 

symptoms (diarrhea, presence of blood in the stool) and delayed their onset. One of the 

mechanisms was decreasing the levels of COX-2 and increasing the ratio of the pro-matrix 

metalloproteinase-2 (pro-MMP2)/MMP-2 activity7,68. 

Several other compounds were even more active than diplacone, as shown in Figure 7: diplacol 

(reduced to 55%; the difference from diplacone highlighted in red in Figure 7), mimulol, 

paulodiplacone A, paulodiplacol A (60%), tomentoflavone A (65%), tomentone B (70%), 3ʹ-O-

methyl-5ʹ-methoxydiplacol, 3ʹ-O-methyl-5ʹ-hydroxydiplacol (75%). 
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Figure 7 – The anti-inflammatory compounds isolated from P. tomentosa.  

 

Results published by Malaník et al. describe the antioxidant and anti-inflammatory effects of 

natural phenolics isolated from the CHCl3-soluble part of an ethanolic extract of branches and 

twigs of Broussonetia papyrifera L. L’Hér. ex Vent. (Moraceae). Among these, prenylated 1,3-

diphenylpropane kazinol M and the prenylated flavonols broussoflavonol A and 

broussoflavonol B (Figure 8) showed inhibitory effects on the activation of NF-κB/AP-1 in the 

LPS-activated THP-1-XBlue™-MD2-CD14 cell line. At a non-toxic concentration of 1 μM the 
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activation was reduced to 75%; prednisone showed a similar effect. These compounds 

subsequently suppressed the secretion of both IL-1β and TNF-α (reduction to 50% of the 

negative control, whereas prednisone was not active) in LPS-stimulated THP-1 cells more 

significantly than prednisone. Another compound, 5,7,3ʹ,4ʹ-tetrahydroxy-3-methoxy-8,5ʹ-

diprenylflavone, showed the greatest antioxidant effect in a CAA assay (1.4× more active than 

quercetin, both at 5 µM) and significantly inhibited NF-κB/AP-1 activation (reduced to 75%, 

at 1 µM). But because the compound did not decrease the secretion of IL-1β or TNF-α, it 

probably primarily inhibits AP-1 transcription factor and not NF-κB6. 
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O
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Figure 8 – The structures of kazinol M, broussoflavonol A, B and 5,7,3ʹ,4ʹ-tetrahydroxy-3-

methoxy-8,5ʹ-diprenylflavone. 

 

From the two publications it can be assumed that the most active anti-inflammatory structure 

among the prenylated and geranylated flavonoids are flavanonols, followed by flavanones, 
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flavonols, and flavones. The most active compound was diplacol and its effects should be 

further elucidated. 

Jin et al. performed activity-guided fractionation of the methanolic extract of the flower of 

Paulownia coreana and determined inhibitory activities against LPS-induced nitric oxide 

production in murine macrophage RAW264.7 cells. In their study, the most active compound 

was 3ʹ-O-methyl-5ʹ-hydroxydiplacone with IC50 = 1.48 μM. This compound was also among 

those tested in the study by Molčanová et al.7, but was not that active – it was able to reduce 

the NF-κB activation to approximately 80%, but without statistical significance. Diplacol and 

diplacone were found very active by Jin et al., with IC50 = 4.53 and 5.02 μM, respectively69. 

Moreover, Shahinozzaman et al. tested the anti-inflammatory activity of prenylated flavonoids 

from Okinawa propolis. The effect was tested as an inhibition of LPS-induced nitric oxide 

production in murine macrophage RAW264.7 cells. Diplacone (named as nymphaeol A in this 

study) was the second most active compound, with IC50 = 3.2 μM. The most active compound 

was nymphaeol C (IC50 = 2.4 μM) or 5ʹ-geranyl-6-prenyl-5,7,3ʹ,4ʹ-tetrahydroxyflavanone70.  
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3.3. Antidiabetic activity 

 

Insulin is a peptide hormone produced by β-cells in the pancreas. It regulates the anabolic 

metabolism in the body by absorbing glucose into adipose tissue, skeletal muscles, and liver. 

The hypoglycemic effect of insulin is counterbalanced by glucagon. This fragile equilibrium 

tilts towards hyperglycemia in T2DM usually because of insulin resistance, in which insulin 

does not function properly, likely because of defects throughout the insulin signaling pathway. 

Simply put, the effect of insulin starts with binding to an insulin receptor (IR) at the membrane 

of the target cell. The IR possesses tyrosine kinase activity and phosphorylates itself. This 

results in recruitment of IR substrate (IRS), PI3K, Akt, and its substrate AS160. Based on that, 

GLUT4 transporter is translocated from cytosolic vesicles to the membrane to enhance the 

uptake of glucose. The whole pathway is strictly regulated, for example, the 

autophosphorylation of IR and its substrates is inhibited by the protein tyrosine phosphatase 1B 

(PTP1B) (Figure 9)71.    

 

 

 

 

 

 

 

 

Figure 9 – The insulin transduction pathway (created using Motifolio toolkit). 
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The antidiabetic activity of natural products can be determined in several ways. Zhang et al. 

have proposed a classification for in vitro assays72: 

1. Phenotypic assays do not rely on a specific target but determine an overall antidiabetic 

effect. We can describe them as high-throughput cellular methods and therefore useful as a 

preliminary initial check: 

a. Signaling pathway assays assess the effect of a test compound on one or multiple 

pathways related to T2DM. 

b. The glucose uptake assay is based on the accumulation of glucose analogs, either 

radiolabeled or non-radiolabeled, in cells and its quantification. 

c. Insulin secretion assays concentrate on measurements of intracellular calcium, 

insulin, cAMP, and ATP. 

2. Target-based assays, on the other hand, have a great advantage in that the precise mode of 

action is determined: 

a. α-Amylase and α-glucosidase assays are based on the inhibition of these two enzymes 

that normally digest saccharides in intestines. 

b. GLP-1 receptor and peroxisome proliferator-activated receptor γ (PPARγ) agonist 

assays. GLP-1 agonism stimulates the release of insulin from the pancreas and 

decreases food intake, whereas PPARγ agonism enhances glucose metabolism and its 

uptake by cells. 

c. PTP1B and dipeptidyl peptidase-4 (DPP-4) inhibition assay. Inhibition of PTP1B 

leads to enhanced signal transduction from the IR and thus a better effect of insulin. 

DPP-4 inhibitors stop the degradation of incretins and thus enhance their effects. An 

example of an incretin is GLP-1. 

d. GLUT4 translocation assay can be done using traditional methods, such as western 

blotting or immunofluorescence. However, there are more sophisticated methods, such 

as total internal reflection fluorescence (TIRF) microscopy. 

 

Treml et al. concentrated on identifying the geranylated flavonoids and arylbenzofurans isolated 

from Paulownia tomentosa and Morus alba as novel PPARγ partial agonists and hypoglycemic 

agents. The project workflow started with 36 different natural phenolics that were preselected 

using molecular docking to a PPARγ receptor. As a result, 8 (and in next step of selection only 

4) positive hits were assayed using in vitro cell culture assays, specifically PPARγ luciferase 
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reporter gene assay and PPARγ protein expression by Western blot analysis. Moreover, their 

ability to induce GLUT4 translocation in cell culture and lower glycemia in chicken embryos 

was determined9.  

The selected methods in this project consisted mainly of target-based assays. However, the 

hen’s egg test-chorioallantoic membrane (HET-CAM) assay is a special category on the border 

between in vitro and in vivo animal experiments. The HET-CAM assay uses chicken embryos 

at day 11 of development and therefore is not considered to be an animal experiment and does 

not require ethical approval. The model has the advantage of mimicking in vivo conditions73. 

Another example of such an approach are experiments on the fruit fly Drosophila melanogaster 

with measurements of the glucose levels in hemolymph. The advantage is that the genetic 

similarity between humans and fruit flies reaches 60% and as the latter is an invertebrate do not 

require ethical approvals74.  

The results of Treml et al.9 (Figure 10) showed that the concept of using PPARγ agonism as 

preselection for further assays of GLUT4 and hypoglycemic activity is not an optimal solution, 

because the only positive case was diplacone, the model compound. Diplacone showed partial 

agonist activity on PPARγ (40% of the effect of rosiglitazone, the positive control, at a 

concentration of 3 μM), a low effect on GLUT4 translocation (23% of the effect of insulin, the 

positive control, at a concentration of 10 μM), and a hypoglycemic effect in the HET-CAM 

assay (15% of the effect of insulin, at a concentration of 40 μM, after 120 min.). Mainly the last 

result contradicts the results reported by Zima et. al. where diplacone did not compellingly 

reduce blood glucose levels in alloxan-induced diabetic mice. The only exception was a 

significant reduction of glycemia on day 1 (p ≤ 0.05). On the other hand, diplacone showed a 

cytoprotective effect on pancreatic cells. Since alloxan induces diabetes via oxidative damage 

to the pancreas, this effect might be explained by its antioxidant effect2. Therefore further in 

vivo experiments with diplacone are necessary.  
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Figure 10 – Structures of diplacone, mimulone, moracin M, and mulberrofuran Y. 

 

Moracin M, an arylbenzofuran obtained from M. alba, showed no PPARγ agonism or 

enhancement of GLUT4 translocation. But it did show a hypoglycemic effect in the HET-CAM 

assay (29% of the effect of insulin, at a concentration of 40 μM, after 120 min.). This result is 

in accordance with Zhang et al. who observed decreased fasting blood glucose levels in alloxan-

diabetic mice after the administration of moracin M75. The proposed mechanisms of action 

include inhibition of PTP1B76, induced phosphorylation of PI3K and Akt77, and inhibition of 

DPP-478. 

The relationship between the structure of flavonoids and PPARγ agonism was described by 

Treml et al. in their review article.8 Among all the flavonoid structures, isoflavones were the 

most promising, namely 4'-fluoro-7-hydroxyisoflavone (recalculated percentage of positive 

control; %PC = 710.3%). Flavanones, the group to which the model compound diplacone 

belongs, were the 4th most active when the distribution of %PC values among different classes 

of flavonoids was compared8. 

To conclude, two compounds emerged with potential for future experiments. Diplacone with 

broader effect encompassing PPARγ agonism, GLUT4 translocation and hypoglycemic effect. 
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And moracin M with stronger hypoglycemic activity, but a different mechanism than GLUT4 

translocation.  

 

3.4. Encapsulation of natural products 

 

Finally, a well-known fact is that natural phenolics despite their promising biological effects, 

suffer from poor water solubility, low bioavailability and metabolic instability. One of the ways 

to overcome such obstacles is the application of novel delivery systems and encapsulation into 

nanoparticles79. 

For the purpose of solubilization, Treml et al. used glucan particles (GPs) prepared from baker’s 

yeast Saccharomyces cerevisiae Meyen ex E.C. Hansen (Saccharomycetaceae). Their study 

tested the effect of curcumin encapsulated in GP on the expression of antioxidant enzymes. The 

study compared the effects of encapsulated curcumin, a mixture of curcumin and GPs (but not 

encapsulated), curcumin alone, and GPs alone. The results showed that only the mixture was 

able to increase the expression of the Nrf2 protein and increase the activation of the Nrf2–ARE 

system significantly after 24h of incubation10. 

Similarly, Šalamúnová et al. incorporated artemisinin, ellagic acid, (-)-epigallocatechin gallate, 

morusin, and trans-resveratrol into GPs and tested their anti-inflammatory and antioxidant 

effects. The compounds were encapsulated using two different methods – rotary evaporation 

and spray drying – with the latter more effective in terms of biological activity. No antioxidant 

activity was detected for the encapsulated compounds. Trans-resveratrol encapsulated in GPs 

was the most active in significantly decreasing the secretion of TNF-α in vitro in THP-1 cells 

stimulated with LPS. Encapsulated trans-resveratrol was more effective than the mixture or GPs 

alone. In inhibition of the NF-κB pathway, none of the encapsulated compounds was more 

effective than GPs alone. GPs reduced the activation of NF-κB down to 15%, which was 5× as 

effective as the positive control, prednisone11.  

Both studies showed that GPs are not suitable for the solubilization of natural phenolics because 

they possess anti-inflammatory effect themselves. On the other hand, Brezani et al. used other 

type of nanoparticles, such as cationic, anionic, and pegylated liposomes to improve the 

bioavailability of the poorly soluble lipophilic compound macasiamenene F. The formulation 
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of neutral liposomes showed high cellular uptake on various cell lines while keeping its anti-

inflammatory properties80. 

Another approach might be encapsulation in cyclodextrins (CDs), which are cyclic 

oligosaccharides produced from starch, consisting of a hydrophobic interior cavity and 

hydrophilic exterior81.  For example, Zhang et al. complexed the flavonoid taxifolin with β-CD, 

which resulted in enhanced in vitro cytostatic activity against a hepatocellular carcinoma 

HepG2 cell line82. 

Based on this, Nykodýmová et al. encapsulated the geranylated flavanone mimulone into 

hydroxypropyl-β-cyclodextrins (HP-β-CDs) and anionic, cationic, and neutral liposomes and 

evaluated their PPARγ agonistic activity. The encapsulation was effective only for HP-β-CDs, 

since in this case up to 91.5% of mimulone’s activity was preserved12. Therefore, HP-β-CDs 

might provide seems to be the best option for natural products encapsulation. 

4. Conclusion 
 

This thesis aimed to explore the antioxidant, anti-inflammatory, and antidiabetic effects of plant 

phenolic compounds. The combinatory effect could be beneficial for a patient with T2DM 

because not only the main symptom, hyperglycemia, would be treated, but also the oxidative 

stress and inflammation that worsen the complications of T2DM. 

Diplacone was presented as a model compound, and throughout the thesis it was proved that it 

is the proof-of-concept. Diplacol also showed promising anti-inflammatory activity, whereas 

moracin M showed hypoglycemic activity. 

Several steps need to be taken to successfully follow up on the experiments presented in this 

thesis: 

✓ Efficient and feasible chemical synthesis. Further in vivo experiments will be very 

demanding in terms of the amounts of the test compounds, which cannot be secured 

from plant sources. 

✓ Further in vivo experiments. The effects have to be confirmed in animal models, such 

as mice, rats, or pigs. Experiments can even be done on Drosophila diabetes models. 

✓ Elucidation of the mechanism of action. It is important to map which proteins are 

upregulated and which pathways are activated. 
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✓ Determination of pharmacokinetics, metabolism in the liver, and by fecal 

microbiota. For future in vivo experiments, knowledge of how the compounds are 

metabolized is crucial.  
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