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1. INTRODUCTION 

 

Genus Tabebuia is the largest genus of Bignoni-

aceae family1-2, with more than 100 species in tropical and 

subtropical areas3. Members of this genus are famous as 

a therapeutic alternative by rural or remote populations 

and widely applied in traditional medicine for cutaneous 

infections, stomach disorders, inflammation, depression, 

diabetes, allergies, and even for controlling cancer2,4-7. 

The biological activities reported, were proved to be asso-

ciated with the presence of several classes of secondary 

metabolites such as; naphthoquinones, phenolic com-

pounds, iridoids, lignans, coumarins, and flavonoids3,8-10. 

DNA fingerprinting studies of Tabebuia species are 

somehow limited till now, however, such information is 

valuable for breeding programs, differentiation between 

plant species and cultivars, identification of plants in very 

small amounts, or identification of plants containing a 

gene of interest to produce genetically engineered plants 
11. Specially, traditional botanical identification methods 

by taxonomists, are often difficult, time-consuming, and 

unavailable during field survey12. DNA barcoding tech-

nology has become reliable bioinformatics and the most 

stable tool that does not vary seasonally or with the age of 

the plant13. The most common examples of DNA markers 

are restriction fragment length polymorphism (RFLP), 

amplified fragment length polymorphism (AFLP), simple 

sequence repeats (SSRs), single-nucleotide polymorphism 

 
*Corresponding author: 
*Elham Amin Email: elham_bns@yahoo.com 

 
Pharmaceutical Sciences Asia © 2022 by  
Faculty of Pharmacy, Mahidol University, Thailand is licensed under CC BY-NC-ND 4.0. To view a copy of this license, visit  
https:// www.creativecommons.org/licenses/by-nc-nd/4.0/ 

 

ABSTRACT 
 

Tabebuia is the largest genus of the Bignoniaceae family, with great importance due to its beautiful decorative 

flowering trees, as well as, its remarkable biological activities. The exact identification of Tabebuia species is 

important, not only, for cultivation purposes but also for exploration of their phytochemical and biological potential. 

DNA fingerprinting technology is now considered an easily accessible, quick, and accurate method of species 

identification. The current study investigated the genetic diversity among five Tabebuia species, using start codon 

targeted (SCoT), and inter simple sequence repeats (ISSR) markers. Results indicated the efficiency of both markers 

for genetic fingerprinting of the five tested Tabebuia species with ISSR analysis being more polymorphic than 

SCoT analysis. The dendrogram generated from the combination of ISSR and SCoT analyses classified the tested 

species into two main clusters. Cluster I included T. guayacan, while Cluster II was separated into sub-cluster I 

comprising T. rosea and sub-cluster II that was further subdivided into sub-cluster IIa (T. pulcherrima) and sub-

cluster IIb (T. argentea and T. pallida). Furthermore, the antitrypanosomal activity of the alcohol extracts of stems 

and leaves of the five tested Tabebuia was evaluated. Results revealed a variation in activity between extracts from 

different species. The highest antitrypanosomal activity was recorded for the stem and leaf extracts from T. 

pulcherrima, with IC50 (6.4-7.2 µg/mL) and (8.3 and 8.9 µg/mL) after 48 and 72 h respectively, followed by T. 

pallida leaf then T. rosea stem extracts. 
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(SNP) and diversity arrays technology (DArT) markers14. 

However recently, promising marker techniques have 

been developed such as Inter simple sequence repeat 

marker (ISSR) and Start Codon Targeted (SCoT) marker. 

Inter simple sequence repeat marker (ISSR) is a PCR-

based marker that is highly polymorphic and useful for 

genetic diversity, genome mapping, and evolutionary 

biology15. It also overcomes many defects of other marker 

methods, such high cost of amplified fragment length 

(AFLP) and the low reproducibility of random amplified 

polymorphic DNA (RAPD)16. Also, the start codon tar-

geted marker (SCoT) is simple and popular for its high 

polymorphism and better marker resolvability17. ISSR 

and SCoT markers were reported to be useful in genetic 

diversity studies because they are highly reproducible 

and have great power for polymorphism detection18. 

Thus, further analysis of the genetic diversity and varia-

tion among Tabebuia species cultivated in Egypt gives 

a better understanding of the distribution of genetic 

diversity among this genus. 

African trypanosomes are medically important fly-

borne neuro-inflammatory parasites that cause sleeping 

sickness in humans and are fatal if left untreated19-20. 

During the last 6 years, only one drug has been approved 

for African sleeping sickness. In this regard, natural 

products are still considered as a good source for drugs 

with optimized biological activity and minimized-sided 

effects, or at least they can provide chemical structures as 

prototypes for new drugs21. The current study seeks to 

explore the antitrypanosomal potential of the genus 

Tabebuia. 

This study aimed to assess the genetic diversity and 

similarity among five Tabebuia species using two effec-

tive PCR-based markers (ISSR and SCoT markers); as 

well as to evaluate the antitrypanosomal activity of alco-

holic extracts from different organs of the five tested 

species. 

 

2. MATERIALS AND METHODS 

 

2.1. Plant material 

 

The leaves and stems of five Tabebuia species were 

collected during March 2018 from two different 

locations; (T. argentea Britton and T. guayacan (Seem.) 

Hemsl.), were collected from Al-Zohriya garden, Zama-

lek, Cairo Governorate, Egypt; (T. pulcherrima, T. pallida 

L. and T. rosea (Bertol.) DC.) were collected from El-

Nabatate island garden, Aswan, Egypt. All plant samples 

were identified and authenticated by Prof. Dr. Abdel-

Halim Mohammed (Professor of Agriculture, Flora 

department, Agricultural museum, Dokki, Giza, Egypt) 

and collected according to plant collections guidelines of 

Alberta Native Plant Council 2006. Voucher specimens 

were kept in the botanical garden in Aswan, Aswan, 

Egypt. The leaves were deposited with the number (Ta 

1-Ta 5) corresponding to T. guayacan, T. pallida, T. 

argentea, T. rosea, and T. pulcherrima. respectively. 

while the stems were deposited with the numbers (Ta 6-

Ta 10) corresponding to the stems of T. guayacan, T. 

pallida, T. argentea, T. rosea, and T. pulcherrima. 

respectively. Plant materials were washed separately 

with fresh water. A part of fresh leaves collected, were 

stored at -5°C for DNA study. While, for the anti-

trypanosomal assay, the leaves and stems collected (Ta 

1-10) were dried in the shade for several days. The dried 

materials were ground into a coarse powder using a 

grinding machine and the materials were stored at room 

temperature. 

 

2.2. DNA analysis 

 

2.2.1. DNA isolation procedure 

 

Approximately 100 mg of young and healthy leaf 

tissue of each plant sample was collected and ground by 

liquid nitrogen to a fine powder which is either imme-

diately used for DNA extraction, or stored at -30°C 

before DNA isolation. The DNA extraction was done 

using DNeasy plant Mini Kit (QIAGEN) on Agriculture 

Research Centre of Cairo University, Giza, according to 

method22-23. 400 µL of buffer AP1 and 4 µL of RNase a 

stock solution (100 mg/mL) were vigorously vortexed 

with a maximum of 100 mg of ground plant tissue and 

the mixture was then incubated for 10 min at 65°C and 

mixed 2-3 times during incubation by inverting tube. 

130 µL of buffer AP2 was added to the lysate, mixed, 

and incubated for 5 min on ice. Lysate was applied to 

the QIA shredder spin column sitting in a 2 mL collection 

tube, centrifuged for 2 min at maximum speed (10,000 

rpm) and the supernatant was transferred to a new tube 

without disturbing the cell-debris pellet. 450 µL of lysate 

was recovered and 0.5 volume of buffer AP3 and 1 

volume of ethanol (96-100%) were added to the cleared 

lysate and mixed by pipetting. Afterward, 650 µL of the 

mixture was applied through a DNeasy Mini spin column 

setting in a 2 mL collection tube, centrifuged for 1 min 

at 8,000 rpm and flow-through was then discarded. 

DNeasy column was placed in a new 2 mL collection 

tube and 500 µL buffer AW was added onto the DNeasy 

column and centrifuged for 1 min at 8,000 rpm and 500 

µL buffer AW was added to the DNeasy column and 

centrifuged for 2 min at maximum speed (10,000 rpm) 

to dry the column membrane. DNeasy column was 

transferred to a 1.5 mL microfuge tube and 100 µL of 

preheated buffer AE (65°C) was pipetted directly onto 

the DNeasy column membrane, incubated for 5 min at 

room temperature, and centrifuged for 1 min at 8,000 

rpm to elute. Elution was repeated once as described. A 

new microfuge can be used for the first eluting. Alterna-

tively, the microfuge tube can be reused for the second 

elution step to combine elutes. 
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2.2.2. Polymerase chain reaction (PCR) condition for 

both ISSR and SCoT markers 

 

The PCR amplification of ISSR and SCoT markers 

were carried out using 20 µL of reaction mixture contain-

ning 10X PCR Buffer, 200 µM each of dGTP, dATP, 

dCTP, and dTTP; 2.0 mM MgCl2; 100 pM Primer; 30 ng 

genomic DNA and 1 U Taq polymerase. The PCR sche-

dule followed was 94°C for 4 min followed by 45 cycles 

of 94°C for 1 min, 57°C for 1 min, 72°C for 2 min, and a 

final incubation at 72°C for 10 min. The PCR product 

was resolved on a 2.0% agarose gel in TBE buffer (89 

mM Tris-HCl, 89 mM Borate, 2 mM EDTA) at a constant 

current of 200 mA for approximately 4 h, and visualized 

with ethidium bromide (0.5 µg/mL) under UV light primer 

selection24. 

 

2.2.3. Agarose gel electrophoresis 

 

1.50 g agarose was mixed with 100 mL TBE buffer 

and boiled in the microwave, after the temperature 

reached 55°C Ethidium bromide (5 µL) was added, and 

then melted gel was poured into the tray of mini-gel 

apparatus and covered by the electrophoretic buffer 

(1xTBE). DNA amplified product (15 µL) was loaded 

in each well and DNA ladder (1Kbp) mix was used as 

standard DNA with molecular weights of 3000, 1500, 

1000, 900, 800, 700, 600, 500, 400, 300, 200, and 100 

bp. The run was performed for about 30 min at 80 V in 

mini-submarine gel BioRad. 

 

2.2.4. Data analysis 

 

Every band generated by ISSR and SCoT amplifica-

tion with every primer was counted. The clear constant 

repetitive amplified bands were transformed into a 

binary matrix (presence “1” and absence “0”) (Table S1 

and S2 in supplementary data). The data were used for 

estimating the genetic similarity coefficients, following 

the methods of Nei and Li25, which is stated as 2Nij/ 
Ni+Nj, where Nij is the number of common bands in i 

and j varieties and Ni and Nj are the number of bands 

for accessions i and j, respectively. Cluster analysis was 

carried out with dissimilarity matrices using UPGMA 

(Unweighted Pair Group Method using Arithmetic 

average), a clustering program that compresses the 

patterns of variation into branch diagrams (dendrogram) 

using the PHYLIP 3.5c software program. Robustness 

of the dendrogram was tested by estimating the cophe-

netic correlation values for each dendrogram and com-

paring them with the original genetic dissimilarity matrix 

using Mantel’s matrix correspondence test26-27. Estimates 

of the differences between the dendrograms based on 

SCoT and ISSR markers were also assessed by compu-

ting the cophenetic values and constructing the cophe-

netic matrices for each primer set and for the combi-

nation of both markers (Table S3-S5 in supplementary 

data). 

In order to test the genetic variability further, multi-

dimensional scaling of the data was done using the SPSS 

windows (Version 10) program. DICE computer package 

was used for the pairwise difference matrix calculation 

and plotting the phenogram among cultivars28-29. 

 

2.3. Anti-trypanosomal assay 

 

300 g of powdered material of each plant sample 

(Ta1-10) was macerated separately in 500 mL of 70% 

ethanol in sealed amber-colored extraction bottles. Kept 

for 3 days with occasional shaking and stirring. Filtered 

through a fresh cotton plug and the filtrates were 

concentrated using a rotary evaporator under reduced 

pressure at 40°C. The anti-trypanosomal bioassay was 

done following Huber and Koella technique30-31. Briefly, 

104 trypanosomes per mL of Trypanosoma brucei 

brucei strain TC 221 were cultivated in Complete Baltz 

Medium. Trypanosomes were tested in 96-well plate 

chambers against different concentrations of test extracts 

at 0.1-100 μg/mL in 1% DMSO to a final volume of 200 

μL. For controls, 1% DMSO as well as parasites without 

any test extracts were used simultaneously in each plate 

to show no effect of 1% DMSO. The plates were then 

incubated at 37°C in an atmosphere of 5% CO2 for 24 h. 

After the addition of 20 μL of Alamar Blue, the activity 

was measured after 48 and 72 h by light absorption 

using an MR 700 Microplate Reader (Dynatech Engi-

neering Ltd., Willenhall, UK) at a wavelength of 550 

nm with a reference wavelength of 650 nm. The quan-

tification of the IC50 values of the examined extracts was 

processed by interpolation in triplicate. 

 
Table 1. List of the primers names and their nucleotide sequences used in ISSR and SCoT techniques. 
 

SCoT  ISSR  

Sequence 5ꞌ..............3ꞌ Name Sequence 5ꞌ..............3ꞌ Name 

ACG ACA TGG CGA CCC ACA SCoT 3 CTC TCT CTC TCT CTC TTG 14A 

ACC ATG GCT ACC ACC GCA SCoT 4 CTC TCT CTC TCT CTC TGC 44B 

CAA TGG CTA CCA CTA CAG SCoT 6 GAG AGA GAG AGA GG HB-8 

ACA ATG GCT ACC ACT ACC SCoT 8 CAC CAC CAC GC HB-12 

ACA ATG GCT ACC ACT GCC SCoT 9 GTG GTG GTG GC HB-15 
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Table 2. Total bands scored by ISSR markers. 
 

Primer name Total band   1   2   3   4   5 

14A 10   7   7   9   5   5 

44B   8   5   3   4   2   5 

HB-8   4   4   3   3   4   4 

HB-12 10   6   5   7   7   9 

HB-15   7   4   3   4   5   3 

Total 39 26 21 27 23 26 
 

1: T. guayacan, 2: T. pallida, 3: T. argentea, 4: T. rosea, 5: T. pulcherrima. 

 
Table 3. The distribution of monomorphic and polymorphic bands generated by ISSR marker. 
 

Primer  Size of Bands Number of Monomorphic Unique bands Polymorphic % 

Name (bp) bands bands  Bands Polymorphism 

14A 1425-260 10   0   6 10 100% 

44B   860-280   8   1   4   7      87.5% 

HB-8   635-345   4   3   0   1   25% 

HB-12 1270-300 10   5   1   5   50% 

HB-15 1070-360   7   0   1   7 100% 

Total  39   9 12 30  

Mean  7.8 1.8 2.4   6  

Percentage   23.07% 30.76% 76.92%  

 

3. RESULTS 

 

3.1. DNA analysis 

 

Two different PCR-based molecular markers (ISSR 

and SCoT) were used. The two molecular markers were 

able to distinguish and identify the five species from 

each other. Data matrices of ISSR and SCoT marker 

profiles were generated by scoring (1) for presence and 

(0) for the absence of individual allele (Table S1 and 

Table S2 in supplementary data). Salient features of the 

fingerprint database obtained using the different markers 

are given in (Table 2-5) and (Figure 1-5). 

 

3.1.1. ISSR analysis 

 

Out of fifteen primers used, five primers produced 

scorable bands and were selected for species identifica-

tion and genetic relationship analysis (Figure 1). ISSR 

primers generated a total of 39 bands ranging from 4 

(HB-8) to 10 (14A) and ranging in size from 260 bp to 

1425 bp. Among the scored bands, 30 were polymorphic, 

yielding a polymorphism rate of 76.92% indicating that 

the examined species exhibited a high level of polymor-

phism, and 9 were monomorphic, yielding a monomor-

phism rate of 23.07%. The percentage of polymorphism 

revealed by the different primers ranged from 25% for 

primer (HB-8) to 100% for primers (14A and HB-15) 

(Table 2-3). ISSR dendrogram classified the five species 

into two main clusters (Figure 2). Cluster I included only 

T. guayacan and cluster II is differentiated into two sub-

clusters IIa (T. pulcherrima and T. rosea) and IIb (T. 

argentea and T. pallida). 

 

 

3.1.2. SCoT analysis 

 

Similarly, fifteen SCoT primers were tested, among 

them the best five were selected for species identifica-

tion and relationship analysis of the five Tabebuia species 

(Figure 3). As shown in (Tables 4-5); a total of 27 bands 

were detected ranging from 2 (SCoT-8) to 9 (SCoT-3). 

Thirteen were polymorphic yielding a polymorphism 

rate of 48.14% and fourteen were monomorphic, yielding 

a monomorphism rate of 51.85%. The percentage of 

polymorphism revealed by the different primers ranged 

from 0% for primer (SCoT-8) to 66.66% for primer 

(SCoT-9). The primer (SCoT-8) was monomorphic with 

a monomorphism rate of 100%. The dendrogram gene-

rated for SCoT marker showed two main clusters 

(Figure 4). Cluster I included only T. rosea) DC., Cluster 

II is separated into sub-cluster I including (T. guayacan) 

and sub-cluster II that is further divided into sub-cluster 

IIa (T. argentea) and sub-cluster IIb (T. pulcherrima 

and T. pallida). 

 

3.1.3. Similarity Index Combination of SCoT and ISSR 

Analysis 

 

The reproducible patterns and amplification pro-

files of both markers were screened for polymorphism 

among the five species. The number of amplified 

products was 39 bands for ISSR and 27 bands for SCoT. 

The molecular size of the produced bands revealed the 

presence of a wide range of sequences. The total number 

of polymorphic bands was 43 (30 from ISSR analysis 

and 13 from SCoT analysis) and the total number of 

monomorphic bands was 23 (9 from ISSR analysis and 

14 from SCoT analysis) as dictated in (Tables 2-5). 

Unique markers are defined as bands that are present 
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Table 4. Total bands scored by SCoT marker. 
 

Primer name Total band 1 2 3 4 5 

SCoT  3   9   8   7   7   6   7 

SCoT  4   7   5   7   3   5   7 

SCoT  6   6   3   4   4   3   6 

SCoT  8   2   2   2   2   2   2 

SCoT  9   3   2   2   3   2   3 

Total 27 20 22 19 18 25 
 

1: T. guayacan, 2: T. pallida, 3: T. argentea, 4: T. rosea, 5: T. pulcherrima. 

 
Table 5. The distribution of monomorphic and polymorphic bands generated by SCoT marker. 
 

Primer Size of bands Number of Monomorphic Unique bands Polymorphic % 

Name (bp) bands bands  bands Polymorphism 

SCoT-3 1280-475   9   5   4   4 44.44% 

SCoT-4 1370-260   7   3   1   4 57.14% 

SCoT-6 1200-340   6   3   2   3 50% 

SCoT-8   425-375   2   2   0   0 0% 

SCoT-9   600-360   3   1   1   2 66.66% 

Total  27 14   8 13  

Mean  5.4 2.8 1.6 2.6  

Percentage   51.85% 29.62% 48.14%  

 

 

Figure 1. Photograph of DNA electrophoresis. Showed the ISSR bands of the five species using five primers; 1: T. guayacan, 2: T. pallida, 3: 

T. argentea, 4: T. rosea, 5: T. pulcherrima. 

 

 

Figure 2. Dendrogram analysis of the five Tabebuia species. Using ISSR analysis; 1: T. guayacan, 2: T. pallida, 3: T. argentea, 4: T. rosea, 

5: T. pulcherrima. 
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Figure 3. Photograph of DNA electrophoresis. Showed the SCoT bands of the five species using five primers; 1: T. guayacan, 2: T. pallida L., 

3: T. argentea, 4: T. rosea, 5: T. pulcherrima. 

 

 

Figure 4. Dendrogram analysis of the five Tabebuia species using SCoT analysis; 1: T. guayacan, 2: T. pallida, 3: T. argentea, 4: T. rosea, 5: 

T. pulcherrima. 

 

(Positive Unique Marker (PUM)) or absent (Negative 

Unique Marker (NPM)) in one species and are specifi-

cally useful in identifying species. They facilitate the 

discrimination between the studied species. The total 

number of unique bands was 20 bands 12 from ISSR 

analysis and 8 from SCoT. In ISSR analysis, 14A primer 

scored the highest number of unique bands (6), while 

SCoT-3 primer in SCoT analysis scored (4) unique bands. 

The distribution of unique markers is dictated in (Tables 

3 and Table 5). The dendrogram generated from the 

combination of both ISSR and SCoT analysis is 

composed of two main clusters (Figure 5), cluster I 

composed (T. guayacan) Cluster II is separated to sub-

cluster I including T. rosea and sub-cluster II that is 

further divided into sub-cluster IIa (T. pulcherrima) and 

sub-cluster IIb (T. argentea and T. pallida). 
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3.2. Anti-trypanosomal activity 

 

The anti-trypanosomal activity of alcoholic 

extracts from leaves and stems of the five Tabebuia 

species was investigated. Among the 10 tested extracts, 

only four were active against T. brucei brucei strain TC 

221 with IC50 values < 20 μg/mL (Table 6, Figure 6-7). 

T. pulcherrima stem exhibited the most potent inhibi-

tion, with IC50 values 6.4 and 8.3 μg/mL after 48 h and 

72 hr incubation, respectively. Leaves extract from, T. 

pallida and T. pulcherrima, showed very close IC50 

values; 7.2 and 7.8 μg/mL after only 48 hr. Also, T. rosa 

stem extract displayed activity evaluated as IC50 13.4 

and 16.2 μg/mL after 48 and 72 hr, respectively. On the 

other hand; the remaining six extracts displayed IC50 

>100 μg/mL, after 48 h and 72 hr incubation. 

 

 

Figure 5. Dendrogram analysis of the five Tabebuia species. Using a combination of ISSR and SCoT analysis; 1: T. guayacan, 2: T. pallida, 

3: T. argentea, 4: T. rosea, 5: T. pulcherrima. 

 

 

Figure 6. Dose-response curves of the tested extracts show the concentration required to inhibit 50% growth of Trypanosoma brucei TC 221, 

following incubation for 48 h. A= The dose-response curve of T. pulcherrima leaf, B= T. pulcherrima stem, C= T. pallida leaf, and D= T. 

rosea stem. 
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Figure 7. Dose-response curves of the tested extracts show the concentration required to inhibit 50% growth of Trypanosoma brucei TC 221, 

following incubation for 72 h. A= The dose-response curve of T. pulcherrima leaf, B= T. pulcherrima stem, C= T. pallida leaf, and D= T. 

rosea stem. 

 
Table 6. The anti-trypanosomal activity of plants extract. 

 

Plant samples Trypanosoma brucei TC 221, SD± Trypanosoma brucei TC 221, SD± 

 IC50 (µg/ml, 48 hr)  IC50 (µg/ml, 72 hr)  

T. guayacane leaf >100 --- >100 --- 

T. guayacane stem >100 --- >100 --- 

T. pulcherrima leaf     7.8 0.023     8.9 0.074 

T. pulcherrima stem     6.4 0.008     8.3 0.012 

T. rosea leaf >100 --- >100 --- 

T. rosea stem   13.4 0.007   16.2 0.023 

T. pallida leaf     7.2 0.011   10.3 0.034 

T. pallida stem >100 --- >100 --- 

T. argentea leaf >100 --- >100 --- 

T. argentea stem >100 --- >100 --- 

 

4. DISCUSSION 

 

DNA fingerprinting of genus Tabebuia was 

previously reported, using SNPs and INDELs markers 

that proved to be useful for genetic diversity and phylo-

geography within the genus32. However, this is the first 

time for SCoT and ISSR markers to be reported for genus 

Tabebuia. Both markers have proven efficacy in several 

previous studies e.g. for identification and genetic com-

parison analysis of 23 mango germplasm accession33 

and for fingerprinting of 40 varieties of bread wheat34. 

Archak et al., reported that the efficiency of a molecular 

marker technique depends upon the amount of polymor-

phism it can detect35. Herein, the two markers represented 

sufficient information for diagnostic fingerprinting of 

the five Tabebuia species, however depending on the 

total number of polymorphic and unique bands, obtained 

from these two markers, ISSR marker (76.92% poly-

morphism and 12 unique bands) was more effective for 

identification and assessment of the genetic diversity 

among the tested Tabebuia species. 

The  antitrypanosomal  activity  of  the  leaves  and 
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stems of five Tabebuia species was investigated. Results 

revealed significant differences in activity among tested 

extracts from different organs. The highest activity was 

observed for the stem extract of T. pulcherrima followed 

by the leaf extracts from T. pallida. and T. pulcherrima, 

then the stem extract of T. rosea. Interestingly, were the 

results, indicating inactivity of T. pallida stem and T. 

rosea leaf extracts. This could be attributable to the 

difference in the metabolic content of the leaf and stem 

in each of the two species. On the other hand, alcoholic 

extracts from the stem and leaf organs of the two 

species, T. guayacane and T. argentea, displayed no 

antitryoanosomal activity (Table 6). 

The antitrypanosomal activity of the bark of T. 

serratifolia was previously investigated, where, the 

chloroform extract was found effective against Trypa-

nosoma cruzi with inhibition percent greater than 96%, 
36-37. However, no previous records were found regarding 

the antitrypanosomal activity of any of the five tested 

species. 

According to our previous published work38, the 

metabolic profiling of the five Tabebuia species was 

performed using LC-HRMS. Results indicated that 

iridoids, phenyl ethanoids and furanonaphthoquinons are 

the major classes of metabolites present in the five tested 

species. Reviewing the antitrypanosomal activity of these 

metabolite classes, revealed that the identified furano-

naphthoquinones like 2-(1-hydroxyethyl)-4H,9H-naphtho 

[2,3-b] furano-4,9-dione along with 2-acetyl-naphtho 

[2,3-b]furan-4,9-dione, had significant antitrypanosomal 

activity33. While, the iridoids derivatives ajugol, aucubin, 

and catalpol had mild activity against T. brucei39. 

It is worth noting that; despite the recorded biolo-

gical efficacy of leaf and stem of T. pulcherrima, whether 

antitrypanosomal activity (current study) or the cytotoxic 

activity38, no phytochemical investigation was reported 

for T. pulcherrima. Accordingly, this species is strongly 

recommended for more phytochemical and biological 

future research. 

 

5. CONCLUSION 

 

In the present study, the genetic diversity of five 

Tabebuia species was studied using the two markers; 

SCoT and ISSR. Both markers were found efficient in 

genetic fingerprinting, with ISSR marker being more 

polymorphic. The antitrypanosomal activity was also 

assessed where T. pullcherima was shown to be the most 

active. The study suggests the species; T. pulcherrima, 

as a promising candidate for more bioassay-guided 

phytochemical investigation. 

 

6. ACKNOWLEDGEMENT 

 

We would like to thank the Associated Professor, 

Dr.  Sayed  Youssef  Mohamed  for  his  help  in  DNA 

statistical analysis. 

 

Conflict of interest 

The authors declare that they have no conflict of interest. 

 

Funding 
None to declare. 

 

Ethics approval 
None to declare. 

 

Article info: 

Received August 14, 2021 

Received in revised form February 18, 2022 

Accepted April 12, 2022 

 

REFERENCES 
1. Grose SO, Olmstead RG. Taxonomic revisions in the polyphy-

letic genus Tabebuia s. I. (Bignoniaceae). Syst Bot. 2007;32(3) 

:660-70. 

2. Ferraz-Filha ZS, Ferrari FC, Araújo MC, Bernardes AC. Effects 

of the aqueous extract from Tabebuia roseoalba and phenolic 

acids on hyperuricemia and inflammation. Evid Based Comple-

ment Alternat Med. 2017;2017:2712108. 

3. Bussmann RW. Tabebuia avellanedae Lorentz ex Griseb. In: 

Medicinal and Aromatic Plants of South America. Dordrecht: 

Springer; 2018. p. 439-51. 

4. Park BS, Lee HK, Lee SE, Piao XL, Takeoka GR, Wong RY, et al. 

Antibacterial activity of Tabebuia impetiginosa Martius ex DC 

(Taheebo) against Helicobacter pylori. J Ethnopharmacol. 2006; 

105(1-2):255-62. 

5. Sichaem J, Kaennakam S, Siripong P, Tip-Pyang S. Tabebuial-

dehydes AC, cyclopentene dialdehyde derivatives from the roots 

of Tabebuia rosea. Fitoterapia. 2012;83(8):1456-9. 

6. Cragg GM, Grothaus PG, Newman DJ. New horizons for old 

drugs and drug leads. J Nat Prod. 2014;77(3):703-23. 

7. Ferreira-Júnior JC, Conserva LM, Lemos RP, de Omena-Neta 

GC, Cavalcante-Neto A, Barreto E. Isolation of a dihydrobenzo-

furan lignan, icariside E 4, with an antinociceptive effect from 

Tabebuia roseo-alba (Ridley) Sandwith (Bignoniaceae) bark. 

Arch Pharm Res. 2015;38(6):950-6. 

8. Barbosa-Filho JM, Lima SA, Camorim EL, de Sena KX, Almeida 

JR, da-Cunha VL, et al. Botanical study, phytochemistry and 

antimicrobial activity of Tabebuia aurea. Phyton. 2004;73:221-8. 

9. Hamed AN, Mahmoud BK, Samy MN, Kamel MS. An extensive 

review on genus “Tabebuia”, family Bignoniaceae: phytoche-

mistry and biological activities (1967 to 2018). J Herb Med. 

2020;24(6):100410. 

10. El-Hawary SS, Taher MA, AbouZid SF, Amin E, Mohammed R. 

Genus Tabebuia: A comprehensive review journey from past 

achievements to future perspectives. Arab J Chem. 2021;14(4): 

103046. 

11. Mihalov JJ, Marderosian AD, Pierce JC. DNA identification of 

commercial ginseng samples. J Agric Food Chem. 2000;48(8): 

3744-52. 

12. Pathak MR, Mohamed AA, Farooq M. DNA barcoding and 

identification of medicinal plants in the Kingdom of Bahrain. 

Am J Plant Sci. 2018;9(13):2757-74. 

13. Selvakumari E, Jenifer J, Priyadharshini S, Vinodhini R. Appli-

cation of DNA fingerprinting for plant identification. J Artif 

Intell Res. 2017;5(10):149-51. 

14. Nadeem MA, Nawaz MA, Shahid MQ, Doğan Y, Comertpay G, 

Yıldız M, et al. DNA molecular markers in plant breeding: 

current status and recent advancements in genomic selection and 

genome editing. Biotechnol Biotechnol Equip. 2018;32(2):261-85. 



SE.-Hawary et al.  Pharm Sci Asia 2022; 49(4), 323-332 

 
332 

15. Joshi P, Dhawan V. Assessment of genetic fidelity of micropro-

pagated Swertia chirayita plantlets by ISSR marker assay. Biol 

Plant. 2007;51(1):22-6. 

16. Reddy MP, Sarla N, Siddiq EA. Inter simple sequence repeat 

(ISSR) polymorphism and its application in plant breeding. 

Euphytica. 2002;128(1):9-17. 

17. Satya P, Karan M, Jana S, Mitra S, Sharma A, Karmakar PG, et 

al. Start codon targeted (SCoT) polymorphism reveals genetic 

diversity in wild and domesticated populations of ramie (Boeh-

meria nivea L. Gaudich.), a premium textile fiber producing 

species. Meta Gene. 2015;3:62-70. 

18. Etminan A, Pour-Aboughadareh A, Mohammadi R, Ahmadi-Rad 

A, Noori A, Mahdavian Z, et al. Applicability of start codon 

targeted (SCoT) and inter-simple sequence repeat (ISSR) markers 

for genetic diversity analysis in durum wheat genotypes. Bio-

technol Biotechnol Equip. 2016;30(6):1075-81. 

19.  Kuboki N, Inoue N, Sakurai T, Di Cello F, Grab DJ, Suzuki H, 

et al. Loop-mediated isothermal amplification for detection of 

African trypanosomes. J Clin Microbiol. 2003;41(12):5517-24. 

20. Bashir L, Shittu OK, Sani S, Busari MB, Adeniyi KA. African 

natural products with potential antitrypanosoma properties: A 

review. Int J Biochem Res Rev. 2015;7(2):45-79. 

21. Scotti MT, Scotti L, Ishiki H, Ribeiro FF, Cruz RM, Oliveira MD, 

et al. Natural products as a source for antileishmanial and antitry-

panosomal agents. Comb Chem High Throughput Screen. 2016; 

19:537-53. 

22. Williams JG, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV. 

DNA polymorphisms amplified by arbitrary primers are useful 

as genetic markers. Nucleic Acids Res. 1990;18(22):6531-5. 

23. Douet JP, Castroviejo M, Mabru D, Chevalier G, Dupré C, Ber-

gougnoux F, et al. Rapid molecular typing of Tuber melanos-

porum, T. brumale and T. indicum from tree seedlings and 

canned truffles. Anal Bioanal Chem. 2004;379(4):668-73. 

24. Thakur J, Dwivedi MD, Sourabh P, Uniyal PL, Pandey AK. 

Genetic homogeneity revealed using SCoT, ISSR and RAPD 

markers in micropropagated Pittosporum eriocarpum Royle-an 

endemic and endangered medicinal plant. PloS One. 2016;11(7) 

:e0159050. 

25. Liedloff A. Mantel nonparametric test calculator, Version 2.0. 

1999. 

26. Mantel N. The detection of disease clustering and a generalized 

regression approach. Cancer Res. 1967;27:175-78. 

27. Nei M, Li W. Mathematical model for study the genetic variation 

in terms of restriction endonucleases. Proc Natl Acad Sci U S A. 

1979;74:5267-73. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

28. Dice LR. Measures of the amount of ecologic association bet-

ween species. Ecology. 1945;26(3):297-302. 

29. Yang X, Quiros C. Identification and classification of celery 

cultivars with RAPD markers. Theor Appl Genet. 1993;86(2): 

205-12. 

30. Huber W, Koella JC. A comparison of three methods of estima-

ting EC50 in studies of drug resistance of malaria parasites. Acta 

Trop. 1993;55(4):257-61. 

31. Abdelmohsen UR, Cheng C, Viegelmann C, Zhang T, Grkovic 

T, Ahmed S, et al. Dereplication strategies for targeted isolation 

of new antitrypanosomal actinosporins A and B from a marine 

sponge associated-Actinokineospora sp. EG49. Mar Drugs. 

2014;12(3):1220-44. 

32. Meyer-Sand BR, Blanc-Jolivet C, Mader M, Paredes-Villanueva 

K, Tysklind N, Sebbenn AM, et al. Development of a set of SNP 

markers for population genetics studies of Ipe (Handroanthus 

sp.), a valuable tree genus from Latin America. Conserv Genet 

Resour. 2018;10(4):779-81. 

33. Luo C, He XH, Chen H, Ou SJ, Gao MP, Brown JS, et al. Genetic 

diversity of mango cultivars estimated using SCoT and ISSR 

markers. Biochem Syst Ecol. 2011;39(4-6):676-84. 

34. Hamidi H, Talebi R, Keshavarzi F. Comparative efficiency of 

functional gene-based markers, start codon targeted polymor-

phism (SCoT) and conserved DNA-derived polymorphism 

(CDDP) with ISSR markers for diagnostic fingerprinting in 

wheat (Triticum aestivum L.). Cereal Res Commun. 2014;42(4): 

558-67. 

35. Archak S, Gaikwad AB, Gautam D, Rao EV, Swamy KR, Kari-

haloo JL. Comparative assessment of DNA fingerprinting tech-

niques (RAPD, ISSR and AFLP) for genetic analysis of cashew 

(Anacardium occidentale L.) accessions of India. Genome. 

2003;46(3):362-9. 

36. González-Coloma A, Reina M, Sáenz C, Lacret R, Ruiz-Mesia L, 

Arán VJ, et al. Antileishmanial, antitrypanosomal, and cytotoxic 

screening of ethnopharmacologically selected Peruvian plants. 

Parasitol Res. 2012;11(4):1381-92. 

37. Jiménez-González FJ, Veloza LA, Sepúlveda-Arias JC. Anti-

infectious activity in plants of the genus Tabebuia. Univ Sci. 

2013;18(3):257-67. 

38. El-Hawary SS, Mohammed R, Tawfike AF, AbouZid SF, Taher 

MA, Abdelmohsen UR, et al. Metabolic profiling of cytotoxic 

metabolites from five Tabebuia species supported by molecular 

correlation analysis. Sci Rep. 2021;11(1):8405. 

39. Ogungbe IV, Setzer WN. Comparative molecular docking of 

antitrypanosomal natural products into multiple Trypanosoma 

brucei drug targets. Molecules. 2009;14(4):1513-36. 


