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ABSTRACT

Background and Objective: Catharanthus roseus is a valuable medicinal plant known for its alkaloid
compounds with therapeutic properties. This study investigates the variability of alkaloidal compounds
in the roots of Catharanthus roseus (periwinkle) and their hybrids at different growth stages. Alkaloids are
of significant interest due to their pharmaceutical properties, and understanding their variation across
generations can inform breeding strategies. Materials and Methods: Alkaloid concentrations were
analyzed in the roots of parental plants at the flowering stage, F1 hybrids at the flowering stage, and F2
hybrids at the fruiting stage. Alkaloid profiling was conducted using appropriate biochemical methods to
quantify and compare alkaloid levels across the different generations. Results: The analysis revealed
significant variability in the alkaloid profiles among the different generations. Isovindolinine and
vindolinine were prominent in the parental plants, but were absent in F1 hybrids and re-emerged
in F2 hybrids, with isovindolinine at 38.28% and vindolinine at 35.70%. Alkaloids like vincoline and
tetrahydroalstonine were either absent or present in trace amounts in the hybrids, indicating complex
genetic regulation. Ajmaline, which was abundant in the parental plants (53.57%), decreased in F1 hybrids
and showed a slight recovery in F2 hybrids. Conclusion: The study highlights the significant influence of
genetic inheritance on alkaloid production in Catharanthus roseus and its hybrids. The findings
underscore the potential of hybridization in increasing alkaloid variability, which could be valuable for
optimizing alkaloid production for pharmaceutical applications. This research provides insights that could
support breeding programs aimed at enhancing alkaloid yield in periwinkle.
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INTRODUCTION

Catharanthus roseus, a member of the Apocynaceae family, is renowned for producing terpenoid indole
alkaloids that have significant medicinal value. It is known for a variety of therapeutic properties, including
antidiabetic, antibacterial, and antihypertensive effects. Among its notable compounds, the dimeric
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alkaloids such as vinblastine and vincristine have gained considerable attention for their anticancer activity,
with some already being used in clinical settings'.

This plant is also recognized for its hypoglycemic and cytotoxic effects, which have led to its use in treating
conditions like diabetes and high blood pressure, in addition to its disinfectant properties. Vinca alkaloids,
particularly vinblastine, vinorelbine, vincristine, and vindesine are vital for cancer treatment®.

Catharanthus roseus has been extensively studied since the discovery of the potent anticancer alkaloids
vinblastine and vincristine in its leaves over 50 years ago. These alkaloids remain in clinical use today and
are still sourced exclusively from this plant, along with their precursors, catharanthine, and vindoline’.

Given its pharmaceutical importance, Catharanthus roseus has been the subject of many studies, especially
due to the low yield of vinblastine and vincristine in the plant. It has become a model for biotechnological
research on plant secondary metabolism®.

In plant breeding, the genetic inheritance of secondary metabolites, such as alkaloids, is often complex,
controlled by multiple genes with both dominant and recessive alleles. Heterosis, or hybrid vigor, in which
hybrid plants exhibit superior traits compared to their parents, can influence alkaloid content. However,
the molecular mechanisms behind heterosis remain poorly understood, though gene interactions such
as dominance, overdominance, and epistasis are believed to play a role in improving biomass and yield".

Hybridization is a key factor in the diversity of secondary metabolites in plants. It has been suggested that
hybridization contributes to the generation of chemical diversity and could result in the development of
novel defense mechanisms against herbivores. Despite decades of phenotypic studies, the exact
mechanisms behind the origin, maintenance, and evolution of plant secondary metabolite diversity remain
unclear. Understanding the genetic architecture of phytochemical traits and how hybridization impacts
plant chemical diversity is critical for deciphering the ecological interactions and selective constraints of
these traits®’.

The aim of this study was to investigate the variability in alkaloid profiles between the roots of parental
periwinkle plants and their F1 and F2 hybrid generations.

MATERIALS AND METHODS
Study area: The experiments were conducted at the Horticulture Administration, Ministry of Agriculture,
Kassala State, Sudan, from January, 2016 to September, 2019.

Plant material: The research material consisted of Catharanthus roseus (L.) G.Don (periwinkle) herb (leafy
flowered stems).

The field experiment was carried out at the experimental station, Department of Horticulture of the Kassala
State, Eastern Sudan. The method of plant propagation was a conventional method of cultivation from
seeds. The seedlings of periwinkle were produced in the greenhouse. During the growing season, crop
management was carried out. It included mainly irrigation, weeding, and pot cultivation. The plant harvest
was done at the flowering and fruiting stages. For the laboratory analysis 100 g samples (periwinkle herb),
for each experimental plot, were taken. The obtained plant material was dried in the shade.

Experimental design: Two genetically distinct parental pure lines of periwinkle (white and pink). The F1
hybrids (resulting from the cross between whitexpink). The F2 hybrids (derived from the self-pollination
or inter-cross of F1 hybrids). The investigation of the variability in alkaloidal compounds was carried out
in the roots of periwinkle (Catharanthus roseus) and their hybrids®®.
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Extraction of monoterpene indole alkaloids: Chemical analysis was performed at the Alawia Imam
Pharmaceutical Research and Development Institute, University of Medical Sciences and Technology
(UMST), Khartoum, Sudan. The indole alkaloids were extracted according to the methodology described
by Misra et al.”® with a small modification.

The 2.5 g of dried root powder from each genotype was weighed and placed into a 100 mL beaker. The
sample was transferred to a 100 mL volumetric flask, and 50 mL of 96% ethanol was added. The sample
was manually shaken for five minutes and left to stand for 24 hrs. The next day, the extract was filtered
using filter paper. The residue was re-extracted with ethanol, and the pooled ethanolic extract was
evaporated to dryness at room temperature.

The residue was dissolved in 25 mL of ethanol, diluted with 25 mL of distilled water, and
adjusted to pH 1 using 3% hydrochloric acid. The sample was extracted three times with n-hexane, and
the hexane layer was discarded. The remaining extract was cooled to 10°C and basified to pH 10 with 25%
ammonia solution. It was then extracted three times with 25 mL of dichloromethane. The dichloromethane
layer was collected, washed with 25 mL of brine, dried with anhydrous sodium sulfate, and evaporated to
dryness. The alkaloid extract was dissolved in 2 mL of methanol and stored in a refrigerator for subsequent
Gas Chromatography-Mass Spectrometry (GC-MS) analysis.

Gas Chromatography-Mass Spectrometry (GC-MS) analysis: The qualitative analysis was performed
usinga GC/MS-QP2010 Ultra system (Shimadzu, Japan) equipped with a capillary column (Rtx-5 ms,
30 mx0.25 mmx0.25 pm). A 4 L sample was injected in split mode, with helium as the carrier gas at a
flow rate of 1 mL/min. The temperature program started at 40°C for 5 min, then increased to 60°C over
30 min and further increased to 230°C over 6 min, where it was held for 10 min. The final temperature of
230°C was maintained for 30 min. Mass spectra were recorded at 70 eV, with a mass range from
40 to 550 m/z. The total run time for each sample was 76 min. The injector temperature was set to 280°C,
the ion source to 230°C, and the interface temperature to 250°C. The identification of the alkaloid was
achieved by comparing retention indices and mass spectra with the National Institute of Standards and
Technology (NIST) Library.

RESULTS AND DISCUSSION

The F1 plants were produced by crossing pink-flowered plants with strong violet-purple eye colour with
white-flowered plants that had yellow and greenish eye colour. The F2 progeny consisted of 485 plants
scored for flower colour. Among them, 125 plants exhibited pink corolla and strong violet-purple eye
colour, resembling the parental stock. Another 227 plants displayed light pink corolla and pale red eye
colour, similar to the F1 generation, while 133 plants had white corolla with yellow and greenish eye color,
showing a phenotypic ratio of 1:2:1 observed in study of Abdelmageed et al.®.

The F1 plants from the cross between pink-flowered, strong violet-purple-eyed plants and white-flowered,
yellow-greenish-eyed plants all exhibited light pink flowers and pale red eyes. This suggests that the F1
plants showed an intermediate flower color, likely due to incomplete dominance or the influence of a
minor modifier gene.

However, in the case of alkaloid compounds and chemical traits, there may be incomplete dominance,
where neither parent fully dominates, and the hybrids exhibit intermediate or new chemical traits, such
as the new compound that appeared in the first generation.

The new compound in the hybrid could result from the interaction between the genes responsible for
producing alkaloids. This suggests that the interplay between the white and red genes influenced gene
expression, leading to the production of a new compound.
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Table 1: Variability in alkaloidal compounds in parental plant roots of periwinkle and their hybrids

Parents (flowering stage) F1 (flowering stage) F2 (fruiting stage)
Alkaloids (%) R'R RR RR’ RR RR’ R'R’
Isovindolinine 10.88 0 0 38.28 28.75 31.28
Vindolinine 10.96 0 0 35.70 34.75 3333
Vincoline 00.00 0 0 00.38 00.00 00.00
Tetrahydroalstonine 21.89 0 0 01.25 07.96 06.80
Ajmaline 53.57 0 0 07.98 12.59 16.63
Pleiocarpamine 02.70 0 0 05.44 09.61 00.00
19-Epivindolinine 00.00 0 0 01.10 03.56 01.63
20-Epivindolinine 00.00 0 0 00.22 00.00 00.00
16-Epivindolinine-N-oxide 00.00 0 0 00.51 00.00 01.09
Pericycline 00.00 0 0 01.20 02.78 00.00
Desipramine 00.00 0 0 07.08 00.00 00.00
Teberosnine 00.00 0 0 00.80 00.00 00.25
Coronaridine 00.00 0 0 00.00 00.00 08.99

Parental taxa at onset flowering = After 140 days from seed cultivation crossing, at flowering stages after 80 days from parental
selfing crossing at fruiting stage = After 160 days from self-crossing of F1 individuals. Parental taxa roots were collected at the
fruiting stage after 65 days from cultivated seeds, parent (white-flowered plant RR and pink-flowered plant RR) and their hybrids
in F, fail to express any alkaloidal components

The results of the experiment shown in Table 1 explore the variability of alkaloidal compounds in the roots
of Periwinkle (Catharanthus roseus) and their hybrids, focusing on the presence and concentration of
specific alkaloids.

A total of 13 different alkaloids have been identified (Table 1), among which isovindolinine (10.88%),
vindolinine (10.96%), pleiocarpamine (2.70%), tetrahydroalstonine (21.89%), and ajmaline (53.57% were
the most abundant. In contrast, no alkaloids were detected in the pink-flowered parent (RR).

The experiment lists various alkaloids with their concentrations in the roots of parental plants (both at the
flowering stage), F1 (hybrids at the flowering stage), and F2 (hybrids at the fruiting stage). The alkaloids
detected include: Isovindolinine, Vindolinine, Vincoline, Tetrahydroalstonine, Ajmaline, Pleiocarpamine,
19-E, 20-E, 16-E, Peri, Desi, Teberos and Coronaridine.

In the parental plants (white, R'R’), isovindolinine and vindolinine are both found in significant amounts,
with concentrations of 10.88 and 10.96%, respectively, at the flowering stage. In the F1 hybrids, however,
both alkaloids are absent (0%). In the F2 generation, the alkaloid concentrations are significantly higher
than in F1, with isovindolinine reaching 38.28%, and vindolinine at 35.70% in the (R'R") hybrid, suggesting
that these compounds re-emerge in the F2 generation, possibly due to recombination and genetic
segregation.

This alkaloid is absent in all parental and hybrid samples except for a very small trace in the F2 (R'R’)
hybrid at 0.38%. This suggests that vincoline is not a major component of the parental plants’ alkaloid
profiles, and its appearance in F2 may be a result of genetic variation or environmental influence.

The parent plants (R'R’) show a high level of tetrahydroalstonine (21.89%). However, the alkaloid is almost
absent in F1 hybrids, and only small amounts are seen in F2 hybrids. This could indicate that the genetic
makeup influencing the synthesis of this compound is not consistently inherited or expressed in
F1 hybrids, but it reappears in the F2 generation due to genetic recombination.

Ajmaline is found in high amounts in the parental plants (R'R) (53.57%). In F1 hybrids, the concentration
drops significantly to around 7.98% R'R’ in, and slightly higher in the F2 generation, indicating that this
alkaloid might be regulated by complex genetic factors, and its synthesis is likely influenced by both
dominant and recessive alleles.
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Pleiocarpamine is present in small amounts in the R'R" parent (2.70%), and it increases in the F2 hybrids
(5.44 to 9.61%), indicating some genetic influence in the expression of this compound.

Alkaloids like 19-E, 20-E, 16-E, Peri, Desi, and Teberos appear in trace amounts in some of the hybrid
generations, suggesting that their synthesis is influenced by specific hybrid combinations and genetic
interactions.

The variability observed in the alkaloidal profiles between the parental plants and their F1 and F2 hybrids
could be attributed to both genetic inheritance and environmental factors: The differences between the
F1 and F2 generations in terms of alkaloid content likely result from genetic recombination. The
F1 hybrids, being the first filial generation, often exhibit heterosis (hybrid vigor) but can also show altered
or reduced expression of certain traits due to dominant and recessive alleles.

The significant variation in alkaloid concentrations between the generations and hybrids suggests that
hybridization can lead to both increased variability and potentially enhanced or diminished levels of
desired compounds. For example, the re-emergence of alkaloids like isovindolinine and vindolinine in the
F2 generation could make certain hybrids more valuable for pharmacological uses®™.

Current findings were consistent with those of previous studies in showing that hybridization can produce
new alkaloid compounds and alter production patterns across generations'®'". However, differences in the
focus on color traits and the genetic ratios of alkaloid distribution suggest that the current study
introduces new insights into these processes, warranting further research.

The chemical behavior of alkaloid compounds, especially in hybrid plants can be influenced by various
factors including genetic, biochemical, and environmental interactions. It can be explained through a
combination of genetic, enzymatic, epigenetic, environmental, and transport factors. Hybridization alters
gene expression and metabolic pathways, leading to new alkaloids, changes in alkaloid levels, and
modifications in their distribution. These changes are crucial for understanding how chemical traits evolve
and are inherited in hybrid plants™,

Catharanthus roseus is a key source of terpenoid indole alkaloids, which are utilized in the production of
drugs for diabetes, cardiac conditions, hypertension, and cancer treatment by the pharmaceutical industry.
Additionally, some of these therapeutic compounds are produced through semi-synthesis, using natural
precursors extracted from the leaves of C. roseus.

CONCLUSION

The study demonstrates the genetic variability of alkaloid production in periwinkle plants and their
hybrids, with notable changes in alkaloid concentrations from parental plants to hybrid generations.
Thirteen alkaloids were identified, with ajmaline (53.57%), tetrahydroalstonine (21.89%), and others being
the most abundant, while no alkaloids were detected in the pink-flowered parent (RR). This variability
underscores the complex inheritance patterns of alkaloid biosynthesis in Catharanthus roseus, providing
insight into potential breeding strategies to optimize alkaloid production for pharmaceutical applications.
This study focused on the inheritance of two flower colors. Further research should investigate other
flower colors and shades. Additionally, the study primarily examined alkaloid content in the roots; further
research is needed on other plant morphological parts.

SIGNIFICANCE STATEMENT

This research investigated alkaloid profiles in white- and pink-flowered plants and their hybrids, revealing
distinct metabolite patterns. While the white-flowered parent expressed multiple alkaloids, none were
detected in the pink-flowered parent. The F1 hybrids showed no parental alkaloid expression, but in the
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F2 generation, both parental and new alkaloids emerged. This suggests hybridization impacts alkaloid
biosynthesis and the expression of secondary metabolites. The study highlights the complexity of genetic

regulation in hybrids, with novel pathways and polymorphisms in loci influencing metabolite diversity and
accumulation.
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