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1 INTRODUCTION

1.1 Natural products: Promising alternatives to Synthetic drugs

with the body’s metabolic processes. 

–



1.2 Medicinal Plants

–



1.3 Potential of Angiosperms in the Medicinal Field



“ ”

Alzheimer’s disease models by enhancing neuronal survival and modulating 



1.4 Laticifer cells and latex

“laticifers” 

These specialized cells produce a viscous emulsion known as “latex”. Most 





1.5 Himatanthus drasticus as a Medicinal Plant

belonging to the Apocynaceae family and was previously classified as “

” (Plumel



Additionally, triterpene lupeol and steroids β

α β

1.5.1 Pharmacological properties of H. drasticus



1.5.2 Clinical trials and applications of H. drasticus latex



α β

Lucetti et al. (2010) investigated the anti-inflammatory, antinociceptive, and 

analgesic properties of lupeol acetate, a triterpene extracted from the latex of H. 

drasticus, using a carrageenan-induced edema model. The study revealed that lupeol 

acetate inhibited the release of myeloperoxidase (MPO) from activated neutrophils, 

reduced the production of iNOS by decreasing the number of iNOS-releasing cells at 

the edema site, and influenced the functioning of the opioid system.

Santos GJL et al. (2017) evaluated the wound-healing potential of H. 

drasticus latex in a mice model. The latex promoted significant wound contraction, 

granulation tissue formation, collagen fiber reorganization, and moderate expression 

of CD68+ and mast cells, indicating a mild inflammatory response. The wound-healing 

effects of latex were attributed to the presence of triterpenes (lupeol and α/β-amyrin).



In another study, Santos and coworkers investigated the phytochemical 

composition and antitumor effects of H. drasticus latex using ascitic and solid Sarcoma-

180 tumor models in Swiss mice. Results of phytochemical analysis revealed the 

presence of flavanones, flavonols, phenols, free steroids, and cinnamoyl derivatives of 

α/β-amyrin and lupeol in the latex. The latex reduced oxidative damage by significantly 

lowering the serum malondialdehyde levels in the ascitic model. In the solid tumor 

model, it modulated immune responses by reducing the expressions of CD4+ and CD8+ 

in the paw and CD4+, CD8+, FoxP3+, and HSP-60+ in popliteal lymph nodes. They linked 

the observed effects to the triterpenes identified in the latex, demonstrating its potential 

for modulation of oxidative stress and immune pathways (Santos GJL et al., 2018).

 et al., (2019) studied a triterpene-rich (FJNB) fraction of H. 

drasticus latex in acute nociception and inflammation models using Wistar rats and 

Swiss mice. FJNB (n-butanolic fraction of janaguba) demonstrated significant anti-

inflammatory and antinociceptive effects, reducing paw edema by 25% in the 

carrageenan-induced paw edema test and inhibiting nociception by up to 52% (1st 

phase) and 67% (2nd phase) in the formalin test at a dose of 10 mg/kg. Additionally, 

FJNB inhibited the expression of iNOS, COX-2, TNF-α, HDAC, and NF-kB, highlighting 

its mechanism of action in modulating key inflammatory mediators.

H. drasticus 

latex 

α

α α

H. drasticus latex 

lupeol acetate, α/β

50 and 100 μg/mL concentrations



1.5.3 Therapeutic applications of H. drasticus latex proteins (HdLP)



“ ”

“ ”

H. drasticus latex 



1β, and IL

–100 μg/mL) and did 

1β release, 





2 OBJECTIVES

2.1 General Objective

2.2 Specific Objectives

•

• H. drasticus latex

•

•

•

•



3 STUDY I: PARTIAL TRANSCRIPTOMIC ANALYSIS OF H. DRASTICUS LEAVES 
AND BARK

3.1 Introduction

H. drasticus is a plant species with no genomic and transcriptomic data 

available, despite its potential biological and pharmacological relevance. To expand 

the molecular understanding of this species, we conducted a partial transcriptomic 

analysis using RNA sequencing (RNA-Seq) of its leaf and stem tissues. This study 

represents the first RNA-Seq–based investigation of H. drasticus, providing a 

foundational overview of gene expression patterns in these tissues. 

3.2 Materials and methods
3.2.1 Plant material

3.2.2 RNA extraction, library construction, and sequencing

Total RNA was extracted from 0.1 g of ground tissue per sample using the 

Concert “℠Plant RNA Reagent (Invitrogen, Darmstadt, Germany) following the 

manufacturer’s instructions. The DNase digestion step was applied during RNA 

extraction to remove genomic DNA contamination using RNase-Free DNase Set 

(Qiagen, Hilden, Germany) according to the manufacturer’s instructions. RNA 



purification was conducted by SV Total RNA Isolation System (Promega, Madison, 

USA). Total RNA quantity was estimated by absorbance at 260 nm in a Nanodrop 2000 

spectrophotometer (Thermo Scientific, Waltham, USA), and the quality was verified in 

a 1.5% agarose gel stained with ethidium bromide. Furthermore, the Bioanalyzer 2100 

(Agilent Technologies, Santa Clara, USA) confirmed total RNA integrity and quantity. 

Total RNAs (1 μg) with RNA integrity number (RIN) values above 7 were used for 

library construction and sequencing for each sample.

manufacturer’s instructions. A paired end (2 × 150 bp) sequencing library was 

3.2.3 Reads quality check and de novo transcriptome assembly

quality bases (< Q20) and short sequences (≤ 75 bp) were trimmed by 

https://sourceforge.net/projects/bbmap/


3.2.4 Transcriptome annotation

3.2.5 Differential expression analysis

(CPM) ≥ 2 in at least one sample were selected for differential expression analysis. 

change|≥ 1 

https://github.com/TransDecoder/TransDecoder


The RNA-Seq analysis yielded 42.06 – 59.85 million raw reads per cDNA 

library with an average read length of 151 bp (Table 1). Raw reads were filtered to 

obtain high-quality reads by removing reads containing adapter or poly (N) sequences, 

low-quality sequences (Q < 20) from 5′ and 3′ ends of the reads, and sequences shorter 

than 75 bp. After this first filtration, on average, 40.47 – 56.35 million clean reads were 

obtained for each sample. Then, additional filtration was performed to remove rRNAs 

that yielded, on average, 181.81 million reads of mRNAs. The percentages of Phred 

scores at the Q30 level (error probability less than 0.1%) ranged from 92.9 to 94.2%, 

and the GC content ranged from 45.2 to 47.9%.

–

• Sample ID: Sample name.
• Total Bases (bp): Total number of bases sequenced.
• Total Reads: Total number of reads. For ilumina paired-end sequencing, 

this value refers to the sum of read 1 and read 2.
• GC (%): ratio of GC content.
• AT (%): ratio of AT content.
• Q20 (%): ratio of bases that have a Phred quality score of over 20.
• Q30 (%): ratio of bases that have a Phred quality score of over 30.



The transcriptome assembly of Himatanthus drasticus was performed using 

181,81 million reads of mRNAs, which produced 146,221 transcripts. After removing 

redundant transcript sequences, a total of 92,935 transcripts remained in the analysis. 

Basic statistics of the assembly evidenced the high quality of H. drasticus 

transcriptome (Table 2). The transcript length varied from 283 bp to 13,627 bp, while 

the N50 sizes of the assembly were around 1,666 bp.

Table 2. De novo transcriptome assembly statistics.

CD-HIT-est Statistics

Total transcripts 92,935

Smallest transcript (bp) 283

Largest transcript (bp) 13,627

Mean transcripts length (bp) 1,130

N50 (bp) 1,666

GC content (%) 0.40502

Source: Self-authorship

The high quality of transcriptome assembly was also determined according 

to the number of reads from cDNA libraries that mapped back to the assemblies. In 

this study, the alignment rate ranged from 65% in the Leaf-2 library to 72% in the Leaf-

1 library. A large proportion of reads mapping back to the assembly (i.e. above 60–

70%) indicates proper quality sequence reconstruction and a representative 

transcriptome (Haas et al., 2013).

Among 92,935 transcripts from transcriptome assembly, only 74,451 

transcripts presented ORFs, which were translated into the predicted peptide 

sequences. Thereafter, 33,099 (44.45%) and 48,285 (64.85%) predicted peptides 

were annotated using Pfam and SwissProt databases, respectively (Supplementary 

file 1 & file 2). In addition, the InterProScan software identified Gene Ontology (GO) 

terms for 29,397 predicted peptides (Supplementary file 3).



• TRINITY_DN4219_c0_g1_i11

• TRINITY_DN21688_c0_g1_i1 

• TRINITY_DN56725_c0_g1_i1 

• TRINITY_DN9738_c1_g1_i12 

• TRINITY_DN13853_c0_g1_i1







• TRINITY_DN9574_c0_g1_i1

• TRINITY_DN1091_c0_g2_i3

• TRINITY_DN11108_c0_g1_i4

• TRINITY_DN649_c0_g1_i13

• TRINITY_DN4086_c0_g1_i12

• TRINITY_DN2115_c0_g1_i2

• TRINITY_DN4834_c0_g1_i16

Functional annotation of the DETs between tissues (leaf and stem) was 

carried out to decipher the general profile related to the biological functions 

represented in the transcriptome of H. drasticus (Fig. 7). Gene Ontology (GO) terms 

were assigned after BLASTX search against the UniProt SwissProt database and the 

transcripts were classified into biological processes (BP), molecular functions (MF), 

and cellular components (CC) (Supplementary file 6).

In the biological process (BP) category, several processes were significantly 

overrepresented. Highly significant overrepresentation was observed in categories 

“photosynthesis, light harvesting (GO:0009765, GO:0009768, GO:0015979), 

translation (GO:0006412), response to light stimulus (GO:0009416), cell fate 

commitment (GO:0045165), proton motive force-driven ATP synthesis (GO:0015986), 

photosynthetic electron transport in photosystem I (GO:0009773), aerobic respiration 

(GO:0009060), photosystem II assembly (GO:0010207), glycine decarboxylation via 

glycine cleavage system (GO:0019464), photosynthetic electron transport chain 

(GO:0009767), abaxial cell fate specification (GO:0010158), mitochondrial electron 



transport: cytochrome c to oxygen (GO:0006123), multicellular organism development 

(GO:0007275), and regulation of secondary shoot formation (GO:2000032)”. These 

categories had p-values ≤ 0.001, ranging from 10−18 to 10−5. Furthermore, an additional 

84 categories demonstrated statistically significant p-values (< 0.05) and were also 

deemed overrepresented (Supplementary file 6).

Several processes demonstrated strong overrepresentation in the cellular 

component (CC) category. Notably, the categories “chloroplast-thylakoid 

(GO:0009535, GO:0009507, GO:0009579, GO:0009543, GO:0009570), ribosome 

(GO:0005840, GO:0022625, GO:0022627, GO:0015935), plastoglobule 

(GO:0010287), photosystem I (GO:0009522, GO:0009538), chitin-based extracellular 

matrix (GO:0062129), apoplast (GO:0048046), photosystem II (GO:0009523, 

GO:0009654), glycine cleavage complex (GO:0005960), mitochondrial respiratory 

chain complex IV (GO:0005751), proton-transporting ATP synthase complex, catalytic 

core F1 (GO:0045261), and respiratory chain complex I (GO:0045271)” exhibited 

highly significant p-values ≤ 0.001, ranging from 10−23 to 10−5. Additionally, 20 more 

categories with p-values < 0.05 were also recognized as statistically significant 

(Supplementary file 6).

And in the Molecular Function (MF) category, the following terms 

demonstrated significant overrepresentation with p-values ≤ 0.001, ranging from 10−23 

to 10−5, “structural constituent of ribosome (GO:0003735), acyltransferase activity, 

transferring groups other than amino-acyl groups (GO:0016747), proton-transporting 

ATP synthase activity, rotational mechanism (GO:0046933), structural constituent of 

chitin-based larval cuticle (GO:0008010), oxidoreductase activity (GO:0016491), 

glycine binding (GO:0016594), oxidoreductase activity (GO:0016620, GO:0016616), 

proton-transporting ATPase activity (GO:0046961), C-4 methylsterol oxidase activity 

(GO:0000254), and guanylate kinase activity (GO:0004385)”. In addition to the 

aforementioned categories, 74 more categories with p-values < 0.05 were also found 

to be statistically significant (Supplementary file 6).

Along with gene ontology analysis, pathway enrichment highlights key 

metabolic processes in the stem and leaf of H. drasticus, suggesting its potential for 

various therapeutic applications. The analysis of gene expression in the stem (Fig. 8A) 

and leaves (Fig. 8B) of H. drasticus reveals a significant enrichment of metabolic 



pathways associated with diverse therapeutic potentials, particularly those associated 

with immune-modulatory, neuroprotective, and metabolic regulation activities.

Figure 7: Gene ontology (GO) enrichment analysis of DETs between leaf and stem 

samples of H. drasticus.

Source: Self-authorship

GO: Gene ontology, BP: Biological processes, CC: Cellular components, MF: 
Molecular function. The Gene Ontology (GO) analysis of differentially expressed 
transcripts (DETs) between H. drasticus stem and leaf revealed key biological 
processes, cellular components, and molecular functions associated with highly 
expressed genes. The BP analysis highlights the dominant functions of 
translation, transmembrane transport, and photosynthesis-related activities. 
The CC analysis shows a strong presence of genes associated with 
membranes, cytoplasm, nucleus, and chloroplasts. Meanwhile, MF analysis 
indicates genes involved in oxidoreductase activity, RNA binding, 
transmembrane transporter activity, and DNA-binding transcription factor 
activity.
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Figure 8A: Metabolic pathways enriched in the stem of H. drasticus



Figure 8B: Metabolic pathways enriched in the leaves of H. drasticus

Metabolic pathways enriched in the leaves. Each row represents an enriched 
function, and the length of the bar represents the enrichment ratio, which is 
calculated as "input gene number"/ "background gene number". The color of the 
bar represents different clusters. For each cluster, if there are more than 5 
terms, the top 5 with the highest enrichment ratio were displayed.



contribute to the latex’s 



supports the stem’s role in antioxidant and cytoprotective activities (Gęgotek & 

presence of linoleic acid and α

commitment, and secondary metabolite regulation, highlighting the plant’s complex 





4 STUDY II: EVALUATION OF TOXICITY & THERAPEUTIC POTENTIAL OF H. 
DRASTICUS LATEX PROTEINS

4.1 Introduction

Despite the extensive research on the bioactive compounds of H. drasticus, 

the protein fraction of its latex has remained largely unexplored. Understanding the 

composition of the protein fraction of H. drasticus latex (HdLP) is essential as it may 

hold the potential for novel therapeutic applications, especially given its distinct 

biological effects. The characterization of these proteins will not only fill a critical 

knowledge gap in the molecular profile of H. drasticus but also provide a foundation 

for future research into their mechanisms of action and possible contributions to 

immunomodulation, regenerative medicine, and other biomedical fields. In this study, 

which was divided into three parts, we aimed to characterize the proteins present in 

the HdLP fraction of Himatanthus drasticus latex through HdLP fractionation, in vitro 

toxicity assessment, and evaluation of in vivo biological effects, to better understand 

its complex biological roles and support the exploration of its full therapeutic potential.



4.2 PART I: Fractionation and characterization of HdLP

4.2.1 Materials and methods
4.2.1.1 Latex Processing

H. drasticus 

“HdLP” (

4.2.1.2 Fractionation and characterization of HdLP



α

β

4.2.1.3 Digestion of proteins for LC-MS

₄ ₃



4.2.2 RESULTS
4.2.2.1 Ion Exchange Chromatography and Electrophoresis

4.2.2.2 LC-MS analysis



(A) Ion exchange chromatography in DEAE-Sepharose Fast Flow column at pH 
5.0 of H. drasticus latex proteins. 70 mg of HdLP per 5 mL of Na-acetate buffer 
loaded in the column, Hd-1 and Hd-2 were eluted by increasing the ionic 
strength by adding 0.05 M and 0.25 M of NaCl to the elution buffer, respectively. 
(B) Protein profiles of HdLP, Hd-1, and Hd-2 were revealed by one-dimensional 
SDS-PAGE. MW-Molecular weight markers: 97.0 kDa phosphorylase β, 66.0 
kDa albumin, 45.0 kDa ovalbumin, 30.0 kDa carbonic anhydrase, 20.1 kDa 
trypsin inhibitor, and 14.4 kDa α-lactalbumin.



ATP binding, DNA binding, 3’ 5’ DNA 



ATP binding, DNA binding, 3’ 5’ DNA 



4.2.3 Discussion and Conclusion



4.3 PART II: In vitro cytotoxicity assays

4.3.1 Materials and methods

In vitro assays were conducted using three distinct cell lines: RAW264.7 

(macrophages), L929 (fibroblasts), and C2C12 (myoblasts), to evaluate the biological 

effects of HdLP and sub-fractions: Hd1 and Hd2. These cell lines were chosen for their 

ability to represent a broad spectrum of biological functions, allowing for a 

comprehensive evaluation of the potential therapeutic and cytotoxic effects of HdLP in 

various biological contexts.

4.3.1.1 Culturing of cells

₂
colored, fluorescent compound “resorufin”

4.3.1.2 Preparation of cell plates



4.3.1.3 Resazurin assay

₂

4.3.1.4 Data analysis

(%) ݕݐ݈ܾ݅݅ܽ݅ݒ ݈݈݁ܥ = (ݏ݈݈݁ܿ ݈݋ݎݐ݊݋ܿ ݂݋ ݁ܿ݊݁ܿݏ݁ݎ݋ݑ݈ܨݏ݈݈݁ܿ ݀݁ݐܽ݁ݎݐ ݂݋ ݁ܿ݊݁ܿݏ݁ݎ݋ݑ݈ܨ)   × 100
4.3.1.5 Statistical analysis



4.3.2 Results

μ

μ

μ

biphasic response, with increased viability at 1 to 31.3 μg/mL concentrations

μ

μ

μ

μ

μ

μ

μ





4.3.3 Discussion and Conclusion





4.4 PART III: In vivo assays

4.4.1 Experimental design

• Experiment I: evaluate the protective effects of HdLP against 

hyperglycemia and lethal Salmonella infection in an animal model.

• Experiment II: assess the potential hematological and histopathological 

impacts of HdLP, Hd1, and Hd2 in an experimental model.





4.4.2 Materials and methods
4.4.2.1 Animals

4.4.2.2 Experiment I

4.4.2.2.1 Induction of hyperglycemia

4.4.2.2.2 Treatment with HdLP



4.4.2.2.3 Induction of infection

4.4.2.2.4 Survival analysis

4.4.2.2.5 Statistical analysis



4.4.2.3 Experiment II

4.4.2.3.1 Hematology and Histology



4.4.3 Results
4.4.3.1 Results of Experiment I

• The tested proteins have no effect against hyperglycemia and infection,

• They may show some effect at higher doses,

• The selected animal model was not suitable for this kind of study.

4.4.3.2 Results of Experiment II

I. Hematological Analysis

μ μ

μ

μ

μ



μ

μ μ

II. Histological Analysis





4.55  0.15*







4.4.4 Discussion and Conclusion





5 STUDY RESTRICTIONS

• There is currently no accurate method to effectively purify HdLP from the 

latex of H. drasticus, as the presence of impurities hampers the protein extraction 

process, leading to a significantly reduced yield of proteins after multiple elutions.

To resolve this, future approaches could focus on optimizing the purification 

process by improving the separation of impurities from the desired proteins. This could 

involve refining the extraction conditions to enhance selectivity and efficiency, 

exploring alternative techniques to target specific proteins, and minimizing the loss of 

protein yield. Additionally, further investigation into the biochemical properties of the 

latex and proteins may reveal better strategies for isolating HdLP with higher purity and 

quantity.

• Regarding protein dosing, the doses used may not be optimal for the 

mice's physiology, leading to rapid mortality following Salmonella infection.

To address this, conducting a dose-response experiment could help 

determine the threshold that maximizes immune response without overwhelming the 

animals.

• The Salmonella infection model may be too harsh for hyperglycemic 

mice, leading to quick mortality due to their compromised immune systems. 

Using a less virulent strain of Salmonella or choosing a different pathogen 

with a more gradual disease progression could provide a better window for the immune 

response to develop.

• The use of Specific Pathogen-Free (SPF) Swiss male mice in this study 

appears to be an unsuitable model for investigating the protective effects of H. 

drasticus latex proteins against infection in hyperglycemic conditions. SPF mice are 

bred in highly controlled environments, resulting in underdeveloped immune systems 

with limited exposure to pathogens. This immunological naivety may render them more 

vulnerable to infections, particularly in a hyperglycemic state where immune function 

is already compromised. The rapid mortality observed post-Salmonella infection 

suggests that these mice lacked the necessary immune resilience to withstand the 



infection, making it difficult to assess the potential protective effects of the tested 

proteins.

As an alternative, I propose using outbred or conventionally raised mice, 

such as CD-1 or non-SPF Swiss mice, which have more diverse microbiomes and 

robust immune responses due to natural exposure to environmental antigens.

• Finally, the variability in protein composition, particularly the 

concentration of cysteine peptidases in the HdLP fraction, may limit its effectiveness, 

as previous studies have linked the hypoglycemic and immune-boosting effects of latex 

proteins to the presence of these enzymes.

Modifying protein extraction methods, such as using affinity 

chromatography specifically targeting peptidases, or conducting enzyme-specific 

assays to measure peptidase content more accurately, could improve the purity and 

therapeutic potential of the protein. 
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