
Journal of Biosciences and Medicines, 2026, 14(9), 124-147 
https://www.scirp.org/journal/jbm 

ISSN Online: 2327-509X 
ISSN Print: 2327-5081 

 

DOI: 10.4236/jbm.2026.149007  Sep. 7, 2026 124 Journal of Biosciences and Medicines 
 

 
 
 

Medicinal Flora of Socotra Island as a  
Source of Novel Anti-Infective Agents:  
Diversity, Ethnopharmacology, Bioassays,  
and Lead Optimization 

Ahmed Al-Shawafi1*, Rehab Al-Shawafi2, Ali A. Al-Thuraya3 

1Biotechnology Institute, Department of Environmental Science and Engineering, Dalian Jiaotong University, Dalian, China 
2Sadaa Branch, High Institute of Health Sciences, Sadaa, Yemen 
3Department of Environmental Science and Engineering, University of Science and Technology of China, Hefei, China 

 
 
 

Abstract 
The concept of antimicrobial resistance (AMR) has become one of the most 
pressing concerns in the current public health agenda, underscoring the ur-
gent need to find new anti-infective agents in nature. Medicinal plants have 
traditionally been central in the process of drug discovery, and biodiversity 
hotspots are untapped sources of new bioactive compounds. Of these, the So-
cotra Island in Yemen is a rare site of endemic plants, with close to 30 percent 
of the flora not found elsewhere on the planet. This unmatched endemism, 
along with a long tradition of ethnomedicinal activities, makes Socotra an un-
precedented bioprospecting location. The current review identifies the pro-
spect of Socotra medicinal flora as a source of anti-infective leads, extending 
beyond ethnopharmacological documentation toward rigorous scientific val-
idation of traditional medicinal knowledge. Using a synthesis of available evi-
dence on phytochemical diversity, bioassays, and mechanistic understanding, 
the paper evaluates antibacterial, antifungal, and antiparasitic drug-discovery 
evidence for key endemic species, including Dracaena cinnabari, Aloe perryi, 
and Punica protopunica, while distinguishing direct species-specific findings 
from indirect evidence. In addition, it highlights the significance of lead opti-
mization methods, structure-activity relationships, semi-synthetic alterations, 
and computational methods in the conversion of natural compounds into 
drug-like molecules. Finally, the paper establishes the endemic flora of Socotra 
as a strategic frontier in combating infectious diseases and AMR globally.  
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1. Introduction 

Antimicrobial resistance (AMR) is a single of the most significant 34 health chal-
lenges of the 21st century. In the 21st century, there is a risk of jeopardizing dec-
ades of infectious disease treatments [1]. 35 Effectiveness of 36 has decreased sub-
stantially because of the alarming increase in the number of multidrug-resistant 
pathogens. However, no new anti-infective agents have been discovered and the 
existing antibiotics are urgently required [2]. Natural products 37 have tradition-
ally been a central product in the discovery of anti-infective drugs and many lead-
ing drugs are currently in use. The fact that the source of the therapeutics is nat-
ural, as in the case of artemisinin and quinine extracted from plants and 39 other 
medicinal plants, is a crucial point. The filamentous fungus Penicillium is the 
source of the antibiotic penicillin [2]-[4]. However, in spite of the importance of 
biodiversity, many regions with extraordinary botanical diversity in developing 
countries are still underutilized in the development of pharmaceutical innova-
tions, in the development of which they played a pivotal role. insufficiently stud-
ied. Figure 1 shows Dracaena cinnabari, the dragon’s blood tree, one of the most 
iconic resin-producing endemics of the archipelago and a recurring example 
throughout this review. 
 

 

Figure 1. Dragon’s blood tree, also known as Dracaena cinnabari [5] [6]. 
 

Figure 2 situates the Socotra Archipelago geographically, showing the main is-
land alongside the three satellite islands of Abd al Kuri, Samha, and Darsa. 

The geological history, geographic isolation and climatic conditions are key fac-
tors in shaping Socotra’s biological richness [6] [7]. Insular taxa are also important 
for biogeographic study of colonization and speciation but do not necessarily give 
direct clues to medicinal-plant relationships [7] [8]. Around one-third of Soco-
tra’s flora is endemic, and native plants that have a broader range of distribution 
in the region’s medicinal flora are also included [6] [7] [9]. Table 1 thus differen-
tiates Socotra-endemic, native non-endemic and native broadly distributed taxa. 
The accepted names and biogeographic status were mainly sourced from Eth-
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noflora of the Soqotra Archipelago and were cross checked through the current 
taxonomic databases [9]. Figure 3 shows a schematic phylogenetic overview of 
the considered medicinal taxa, self-elaborated and is a visual illustration of the 
broad family level comparison instead of a phylogenetic reconstruction. 
 

 

Figure 2. The Socotra Archipelago “The Jewel of Arabia” is located in the Arabian sea, off 
the coast of the Yemeni peninsula. It includes the main island of Socotra (12˚30'36''N, 
53˚55'12''E), three satellite islands (Abd al Kuri, Samha and Darsa) and some small rocky 
outcrops [5]. 
 

 
Note: Taxonomic and biogeographic classification was done mainly according to the Eth-
noflora of the Soqotra Archipelago [9] with cross checking through the IUCN Red List and 
Kew’s Plants of the World Online. The species mentioned with “Socotra-endemic” means 
those species that are naturally distributed only in Socotra Archipelago; “native non-en-
demic” means those species naturally distributed in Socotra and other geographical re-
gions; “native broadly distributed” means species with broad natural distributions includ-
ing Socotra. This entry was formerly known as “Hyoscyamus socotranus” but the accepted 
taxonomy and distribution of that species on Socotra proved difficult to confirm. The ad-
justed table thus has 14 species. 

Figure 3. Socotra medicinal flora phylogenetic tree (Source: Self-elaborated). 
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Table 1. Medicinal plants recorded from the socotra archipelago: Biogeographic status, phytochemistry, pharmacological evidence, 
and traditional uses. 

No. Species 
Common 

Name 
Family 

Biogeographic 
Status 

Extraction 
Method/Material 

Major Reported 
Constituents 

Reported Biological 
Evidence 

Traditional 
Medicinal Use 

1 
Dracaena 
cinnabari 

Balf. f. 

Dragon’s 
Blood Tree 

Asparagaceae 
Socotra-

endemic [9] 

Methanolic or 
ethanolic resin 

extracts prepared 
by maceration or 
Soxhlet extraction 

Flavonoids, 
phenolic 

compounds, 
proanthocyanidins, 

and tannins 

Antibacterial, 
antifungal, 

antioxidant, and 
wound-healing 

activities have been 
reported for the resin 

[16] [20] [22] [23] 

Wounds, ulcers, 
bleeding, 

diarrhoea, and 
dysentery [9] 

[16] 

2 
Aloe perryi 

Baker 
Socotrine 

Aloe 
Asphodelaceae 

Socotra-
endemic [9] 

Aqueous, 
ethanolic, or 
methanolic 

extracts of leaf 
exudate, gel, or 

resin 

Aloin-related 
anthraquinones, 

aloe-emodin-related 
compounds, and 
polysaccharides 

Phytochemical and 
preliminary 

pharmacological 
activities have been 
reported, but direct 

species-specific 
antimicrobial 

evidence remains 
limited [17] [21] 

Laxative or 
purgative; topical 

treatment of 
wounds and 
some skin 

conditions [9] 

3 
Punica 

protopunica 
Balf. f. 

Socotran 
Pomegranate 

Lythraceae 
Socotra-

endemic [9] 
[18] 

Methanolic or 
hydroalcoholic 

extracts of fruits, 
peels, or seeds 

Phenolic 
compounds, 

flavonoids, tannins, 
and ellagitannin-

related constituents 

Species-specific 
antibacterial and 

antiprotozoal 
activities have been 

reported 
[15] [18]-[20] 

Diarrhoea, 
dysentery, sores, 

and intestinal 
complaints [9] 

[18] 

4 
Boswellia 
elongata 
Balf. f. 

Socotran 
Frankincense 

Tree 
Burseraceae 

Socotra-
endemic [9] 

Resin extracts and 
essential oils 
obtained by 

solvent extraction 
or 

hydrodistillation 

Terpenoids, 
monoterpenes, and 

boswellic-acid-
related constituents 

Direct species-
specific anti-infective 

evidence remains 
limited; findings 

from other Boswellia 
species should be 

considered indirect 

Respiratory 
complaints, 

inflammation, 
and incense-

related 
traditional 

practices [9] 

5 

Commiphora 
ornifolia 

(Balf. f.) J. B. 
Gillett 

Socotran 
Myrrh Tree 

Burseraceae 
Socotra-

endemic [9] 

Resin or plant 
extracts prepared 

using organic 
solvents; essential 

oils where 
reported 

Sesquiterpenes and 
other resin-
associated 
terpenoids 

Direct antimicrobial 
evidence for this 
species remains 
limited; findings 

from other 
Commiphora species 

are indirect [24] 

Wound care and 
traditional 
resin-based 

applications [9] 

6 
Dendrosicyos 

socotranus 
Balf. f. 

Cucumber 
Tree 

Cucurbitaceae 
Socotra-

endemic [9] 

Solvent extracts of 
relevant plant 
parts, where 

reported 

Cucurbitacin-
related compounds 

and flavonoids 

No sufficiently 
verified 

species-specific 
anti-infective activity 
value was identified 

Digestive 
complaints [9] 

7 
Croton 

socotranus 
Balf. f. 

Socotran 
Croton 

Euphorbiaceae 
Socotra-

endemic [9] 

Organic-solvent 
extracts of leaves 

or other plant 
parts, where 

reported 

Diterpenoid- and 
flavonoid-related 

constituents 

Species-specific 
anti-infective 

evidence remains 
insufficient and 

requires 
confirmation from 

primary studies 

Skin-related 
traditional 

applications [9] 
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Continued 

8 
Euphorbia 
arbuscula 

Balf. f. 

Socotran 
Spurge 

Euphorbiaceae 
Native, non-
endemic [9] 

Latex or 
plant-part extracts 

prepared using 
organic solvents, 
where reported 

Diterpenoid-related 
compounds and 

triterpenes 

Direct 
species-specific 
antimicrobial 

evidence remains 
insufficiently 
characterized 

Traditional 
topical 

applications for 
skin lesions [9] 

9 
Ziziphus 

spina-christi 
(L.) Desf. 

Christ’s 
Thorn Jujube 

Rhamnaceae 
Native, broadly 
distributed [9] 

Aqueous or 
organic-solvent 

extracts of leaves 
or fruits 

Saponins, 
flavonoids, tannins, 
and other phenolic 

compounds 

Antimicrobial 
activity has been 
reported for this 

broadly distributed 
species; the 

geographical origin 
of the tested material 
should be specified 

Digestive 
complaints and 
wound care [9] 

10 
Withania 

somnifera (L.) 
Dunal 

Ashwagandha Solanaceae 
Native, broadly 
distributed [9] 

Organic-solvent 
extracts, 

particularly root 
extracts 

Withanolides and 
alkaloids 

Immunomodulatory 
and other 

pharmacological 
activities have been 
widely reported, but 
these findings do not 

constitute direct 
anti-infective 
evidence from 

Socotran material 

General health, 
stress-related 

conditions, and 
immune-related 
traditional uses 

11 
Teucrium 

socotranum 
Vierh. 

Socotran 
Germander 

Lamiaceae 
Socotra-

endemic [9] 

Solvent extracts of 
aerial plant parts, 
where reported 

Flavonoids and 
terpenoids 

Direct species-
specific antibacterial 

evidence remains 
limited and requires 

primary-study 
confirmation 

Respiratory 
complaints [9] 

12 
Buxus 

hildebrandtii 
Baill. 

Socotran 
Boxwood 

Buxaceae 
Native, 

non-endemic 
[9] 

Organic-solvent 
extracts of bark or 
other plant parts, 
where reported 

Steroidal alkaloids 
and other Buxus-

associated alkaloids 

No sufficiently 
verified 

species-specific 
anti-infective 
evidence was 

identified 

Traditional 
treatment of 
fever, where 

ethnobotanically 
documented [9] 

13 
Hibiscus 

micranthus 
L. f. 

Wild 
Hibiscus 

Malvaceae 
Native, broadly 
distributed [9] 

Aqueous or 
organic-solvent 
extracts, where 

reported 

Flavonoids, 
anthocyanins, and 

other phenolic 
compounds 

Anti-inflammatory 
and antimicrobial 
activities require 

confirmation using 
primary studies and 
correctly identified 

plant material 

Digestive 
complaints [9] 

14 
Salvia 

socotrana 
Balf. f. 

Socotran 
Sage 

Lamiaceae 
Socotra-

endemic [9] 

Essential oils 
obtained by 

hydrodistillation 
or solvent extracts 

of aerial parts 

Essential-oil 
constituents and 

phenolic 
compounds 

Direct 
species-specific 
antimicrobial 

evidence remains 
limited; quantitative 

activity values 
require confirmation 
from primary studies 

Colds, coughs, 
and respiratory 
complaints [9] 

Note: Taxonomic and biogeographic classification was done primarily based on the Ethnoflora of the Soqotra Archipelago by Miller 
and Morris [9] and was cross checked from IUCN Red List and Plants of the World Online maintained by Kew. “Socotra-endemic” 
means a species found naturally only on Socotra, “native non-endemic” means a species found naturally on Socotra and other 
geographically separate areas and “native broadly distributed” means a species with broad natural distribution including Socotra. 
This entry was formerly called “Hyoscyamus socotranus” but the taxonomic identity and occurrence on Socotra could not be con-
firmed. The modified table now has 14 species because the one that was eliminated from the original table appears again in the new 
one. 
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This review aims to give an introduction to the ethnopharmacological im-
portance of Socotran plants and their current utilization in the discovery of new 
drugs. The 14 species selected were those that have been documented on Socotra, 
their traditional medicinal use and the availability of phytochemical or pharma-
cological evidence, as well as representative of different biogeographic categories. 
Therefore, the endemism of species was not the only criterion used in selecting 
them. They are organized generally from the ecologically and culturally significant 
trees, like Dracaena cinnabari, to shrubs to herbaceous species. This is a logical 
botanical and ethnopharmacological progression, which this organization offers. 

Based on the adopted floristic classification, Dracaena cinnabari, Aloe perryi, 
Punica protopunica, Boswellia elongata, Commiphora ornifolia, Dendrosicyos so-
cotranus, Croton socotranus, Teucrium socotranum, and Salvia socotrana were 
classified as Socotra-endemic. Euphorbia arbuscula, Buxus hildebrandtii were 
classified as native but non-endemic, and Ziziphus spina-christi, Withania som-
nifera, and Hibiscus micranthus as native but broadly distributed. The entry for 
Hyoscyamus socotranus was removed due to an inability to confirm its taxonomic 
identity and occurrence in the Socotra Archipelago through Miller and Morris [9] 
or through Kew’s Plants of the World Online. 

Phylogenetic and spatial approaches can help identify patterns in medicinal-
plant chemistry and prioritize taxa for drug-discovery research [8] [10]-[12]. The 
prism perspective, which integrates plant phylogeny, chemical composition, and 
medicinal efficacy, provides a related framework for prioritization [13] [14]. 

Ethnopharmacological studies and preliminary phytochemical investigations 
have revealed significant medicinal potential in species like Dracaena cinnabari, 
Aloe perryi and Punica protopunica [15]-[21], but there are limited empirical ev-
idences for their anti-infective activities. Additionally, bioassays have not fre-
quently been combined with other modern drug design approaches, limiting the 
use of this unique flora for drug development. The main research gap that was 
identified and targeted in this review is the lack of systematic approaches for the 
characterization and prioritization of medicinal plants of Socotra, focusing on en-
demic species as potential source of novel anti-infective compounds. In accord 
with this, the present review critically summarises the available ethnopharmaco-
logical, phytochemical and pharmacological data and considers the application of 
lead-optimisation strategies in the post-genomic era of drug discovery. In doing 
so, it positions Socotra’s medicinal flora as a promising but underdeveloped re-
source for combating AMR globally. 

Ethnopharmacological surveys and preliminary phytochemical investigations 
have confirmed significant medicinal use of species like Dracaena cinnabari, Aloe 
perryi and Punica protopunica [15] [21], but empirical studies of these plants for 
their anti-infective activity is limited. Furthermore, the data from bioassays have 
not frequently been used in conjunction with modern drug design approaches, 
limiting the potential of this unique flora to be translated into drug development. 
One of the main gaps highlighted in the review is the absence of systematic ap-
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proaches for characterization and prioritization of medicinal plants of Socotra, 
especially endemic taxa, as a source of novel anti-infective compounds. Thus, the 
present review critically consolidates existing ethnopharmacological, phytochem-
ical, and pharmacological data, as well as evaluating the potential of applying lead-
optimization strategies in a contemporary drug-discovery process. It does this, 
putting Socotra’s medicinal flora in the spotlight as a viable yet untapped potential 
source to combat AMR at the global level. 

2. Study Design and Literature Search Methodology 

The purpose of this review was to provide a structured narrative review addressing 
the available evidence about the medicinal flora of Socotra and its significance in 
the fields of antimicrobial resistance, ethnopharmacology, phytochemical diver-
sity, anti-infective drug research, and conservation-based bioprospecting. The rel-
evant literature was identified from major scientific databases and academic 
sources using various combinations of the keywords Socotra, medicinal plants, 
endemic flora, ethnopharmacology, phytochemistry, antimicrobial activity, anti-
infective agents, natural products and drug discovery from PubMed, Scopus, Web 
of Science, ScienceDirect, and Google Scholar. The literature cited included 73 
references that were representative of the major thematic areas of the review. Rec-
ords from January 2000 until July 2026 were searched using the Medline/PubMed, 
Scopus, Web of Science, ScienceDirect and Google Scholar databases, in English 
language only. Representative search strings were those involving the use of Bool-
ean operators between Socotra-specific terms, such as “Socotra” OR “Soqotra” OR 
“Socotra Archipelago” and a pharmacological term, for instance: “medicinal 
plant*” OR “ethnopharmacology” OR “antimicrobial” OR “antibacterial” OR “an-
tifungal” OR “antiparasitic” OR “phytochemistry” OR “natural product*”, or spe-
cies-specific searches, e.g., “Dracaena cinnabari” AND “antimicrobial”, “Aloe per-
ryi” AND “antibacterial” or “Punica protopunica” AND “activity”. The titles and 
abstracts for all records retrieved were first screened for duplications and obvi-
ously irrelevant records, and then the full text of all potentially relevant records 
were evaluated based on the eligibility criteria below. A two-stage identification 
and eligibility screening process is summarized here to aid in the search’s repro-
ducibility, which is similar to that of a narrative (non-systematic) review design. 

Research and reviews related to Socotran medicinal plants, traditional applica-
tions, phytochemical profile, bioactivity, antimicrobial activity, toxicity, phyto-
pharmacology, drug development potential, conservation, access and benefit 
sharing were considered. Authentic evidence from the named species was deemed 
to be direct species specific evidence. The evidence that did not support species-
specific activity or mechanistic claims was considered to be either congruent with 
the species or general review evidence, or indirect evidence, or evidence from the 
related taxa, and these evidence types were not used individually in the species-
specific activity or mechanistic claims. If there was no information on the under-
lying primary study, quantitative activity values were not included. Evidence was 
gathered from all the manuscript tables and sections, such as the 14 medicinal 

https://doi.org/10.4236/jbm.2026.149007


A. Al-Shawafi et al. 
 

 

DOI: 10.4236/jbm.2026.149007 131 Journal of Biosciences and Medicines 
 

plant species represented in Table 1 and the three important species (Dracaena 
cinnabari, Aloe perryi and Punica protopunica) enlisted in Table 2. 
 

Table 2. Comparison of three key endemic medicinal plants of socotra. 

Plant Name 
(Scientific) 

Common 
Name 

Family 
Ecological 

Environment 
Key Chemical 
Composition 

Key Active 
Compounds 

Traditional 
Uses 

Pharmacological 
Activity 

Dracaena 
cinnabari 

Dragon’s 
Blood Tree 

Dracaenaceae 

Found on 
limestone 

plateaus and 
rocky cliffs; 
adapted to 
arid, high-

altitude areas. 

Flavonoids, 
proanthocyanidins, 

and phenolic 
compounds 

[16] [22] [23]. 

Dracorhodin-, 
loureirin-, and 
tannin-related 
constituents 
reported in 

dragon’s-blood 
literature [22] [23]. 

Wounds, 
ulcers, 

bleeding, and 
gastrointestinal 
complaints [9] 
[16] [45] [47]. 

Species-specific 
antifungal, 

antibacterial, 
antioxidant, and 
toxicity evidence 

[16] [20] [48]. 

Aloe perryi Socotrine 
Aloe 

Asphodelaceae 

Grows in dry, 
rocky habitats; 
tolerates harsh 
sunlight and 

low water 
availability. 

Anthraquinone- 
related constituents 
and polysaccharides 

[17] [21] [32]. 

Aloin- and 
aloe-emodin-related 

constituents; 
evidence from 

isolated derivatives 
is indirect [17] [21] 

[32]. 

Laxative or 
purgative use 
and topical 
applications 

[9]. 

Phytochemical 
and preliminary 
pharmacological 
evidence; direct 
species-specific 
antimicrobial 

validation 
remains limited 

[17] [21]. 

Punica 
protopunica 

Socotran 
Pomegranate 

Lythraceae 

Thrives in 
valleys and 
areas with 

limited water; 
adapted to 
semi-arid 

conditions. 

Ellagitannin-related 
constituents, 

flavonoids, and 
phenolic compounds 

[18] [19]. 

Ellagic-acid- and 
tannin-related 

constituents [18] 
[19]. 

Diarrhoea, 
dysentery, 
sores, and 
intestinal 

complaints [9] 
[18]. 

Species-specific 
antibacterial and 
antiplasmodial 

activity [15] [18] 
[20]; anthelmintic 

data from P. 
granatum are 

indirect [49] [50]. 

 
The variability in the studies in terms of plant species, extraction method, phy-

tochemical analysis, antimicrobial assay, and result of the outcome, were the rea-
sons why all the evidence was processed qualitatively. The literature gathered has 
been classified into seven main groups: traditional use, phytochemical composi-
tion, antimicrobial and anti-infective activity, toxicity and in vivo evidence, opti-
mization of lead compounds, computational potential for drug discovery, and 
conservation and access and benefit sharing. This approach enabled the integrated 
assessment of the therapeutic potential of medicinal plants of Socorro, as well as 
identification of gaps in standardization, safety assessment and translation of 
some medicinal plants. 

3. Phytochemical Diversity and Classification 
3.1. Major Compound Classes 

Medicinal flora present in Socotra has a number of significant classes of special-
ised metabolites such as terpenoids, steroids, flavonoids, alkaloids, phenolics, qui-
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nones and anthraquinones [10] [11] [25]. The literature on Boswellia and Com-
miphora describes terpenoid rich resins and related pharmacological activities, 
but there is indirect evidence for the activity of Boswellia elongata and Commi-
phora ornifolia [24] [26] [27]. A number of natural compounds can have both 
antimicrobial and anti-inflammatory properties [28]. Dracaena cinnabari resin 
has been reported to possess polyphenolic compounds like flavonoids and proan-
thocyanidins and exhibit antioxidant and antimicrobial properties [16] [20] [22] 
[23] [29]. Species-specific evidence for constituents related to phenolics and ellag-
itannins has been found in Punica protopunica [18] [19], while common pome-
granate, Punica granatum is congener, but the findings should be considered as 
such [30]. The bioactive constituents of Direct phytochemical studies conducted 
on Aloe perryi have identified [17] [21] but the results of antimicrobial or safety 
studies from other Aloe species and isolated hydroxyanthracene derivatives re-
main indirect [31]-[33]. When considering the connection between phytochemi-
cal composition and traditional use and drug-development potential, plant-spe-
cific evidence is important. Dracaena cinnabari resin has been reported with fla-
vonoids, phenolic compounds and proanthocyanidins [16] [22] [23] and specific 
studies show antifungal, antibacterial and antioxidant properties [16] [20]. In a 
broader survey of anti-skin and anti-wound medicinal plants, it was found that 
they had beneficial effects, but not those of a particular medicinal plant, Dracaena 
[34]. Preliminary pharmacological properties and phytochemical profile have 
been characterized from direct analyses of Aloe perryi [17] [21]. Persons claiming 
with Aloe vera, aloe-emodin (isoflavone), aloin or other species of Aloe should 
make indirect claims and/or claims based on aloe-emodin, aloin or other species 
of Aloe. The plant traditionally known as Socotrine aloe is still Aloe perryi [9]. 
The Aloe perryi is illustrated in Figure 4. 
 

 

Figure 4. Perry’s aloe (Aloe perryi). 
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Phenolic and other bioactive components have been reported in species-spe-
cific Punica protopunica material using phytochemical investigation [19]. The an-
tibacterial activity of extracts from P. protopunica was confirmed in a primary 
survey of medicinal plants collected from Socotra [20] and an in vitro antiplasmo-
dial activity against Plasmodium falciparum was reported in a separate study of 
the species [15]. A species-specific review of traditional uses and general medici-
nal properties has been provided [18]. There is no direct information on terpenoid 
and pharmacological activity for B. elongata and C. ornifolia, based on the other 
Boswellia and Commiphora species [24] [26] [27]. Figure 5 summarizes some 
representative representatives of the three important endemic species.  
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Figure 5. Representative phytochemical constituents of three key endemic medicinal plants of 
Socotra Island [19]-[21]. Panel I: Major bioactive compounds of Dracaena cinnabari resin, com-
prising flavonoids (flavones((2S)-7,4’-Dihydroxy-8-Prenylflavan (CAS: 271770-94-6), 5-Hy-
droxy-7-(4’-hydroxy-3’-methoxyphenyl)-1-phenyl-3-heptanone (CAS: 79559-61-8), 2-(3-Ben-
zoylphenyl)-3,5,7-trihydroxychromen-4-one (CAS: 832-83-7)), proanthocyanidins (Procyanidin 
(CAS: 4852-22-6), Proanthocyanidin A1 (CAS: 103883-03-0), Proanthocyanidin B4 (CAS: 51196-
38-4)), and phenolic acids (Phenol (CAS: 108-95-2), Phenylmandelic acid (CAS: 450-52-2), Sal-
vianolic acid (CAS: 96574-01-5)). Panel II: Principal constituents of Aloe perryi, including An-
thraquinones (Anthraquinone (CAS: 84-65-1), 10-anthraquinone HTM-anthraquinone (CAS: 
872360-77-5), Purpurin anthraquinone (CAS: 81-54-9)), aloin, aloe-emodin (Propan-2-yl di-
propoxyphosphorylformate, 1-(3-Naphthalen-1-ylprop-2-enoylamino)-3-phenylurea, 7-chloro-
2-[[(3S)-3-methylpiperidin-1-ium-1-yl]methyl]-3H-quinazolin-4-one, and polysaccharides 
(Zosterin (CAS: 11113-95-4), Capsular polysaccharide(CAS: 133957-16-1), Capsular polysaccha-
ride type 6 (CAS: 119903-55-8)). Panel III: Key phytochemicals of Punica protopunica, including 
ellagitannins (Ellagitannin (CAS: 133145-19-4), ellagic acid (CAS: 476-66-4)), flavonoids (Amor-
phin Flavonoid (CAS: 4207-90-3), Ternatin (CAS: 571-71-1), Flavonoids Duyiwei (CAS: 64421-
28-9)), and phenolic compounds (2,4-Bis(4’-hydroxybenzyl) phenol (CAS: 34826-64-7), 
Kaempferol (CAS: 520-18-3), kaempferol 7-O-glucoside (CAS: 16290-07-6)). 

3.2. Chemodiversity and Drug Discovery Potential 

Socotra’s floral chemodiversity is related to the unique island habitat of the island 
and consists of structurally diverse constituents, such as those of Dracaena, Aloe 
and Punica species [19] [22] [32]. The diversity results in hypotheses for drug dis-
covery, but novelty and efficacy against infectious diseases must be proven exper-
imentally and not just on the basis of endemism [2] [4] [10]. The compounds iso-
lated from D. cinnabari and A. perryi can be used as potential lead compounds 
for future studies [16] [17] [21]-[23] [32]. However, the combined effects of mul-
ticomponent preparations and biomaterial combinations may be observed; this 
does not prove that there is synergy between the components unless quantitative 
testing is undertaken [35] [36]. Bioactivity guided fractionation and pharmaco-
logical profiling, followed by structure-activity analysis is suitable next step [37] 
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[38] and structure-activity analysis [39] [40]. The anti-infective effect of extracts 
of combined D. cinnabari and A. perryi is not supported by a recent study that 
reported anticancer activity [41]. A review of aloe-emodin likewise provides con-
stituent-level evidence on pharmacological activity, safety, and formulation, but it 
does not establish species-specific activity for the plant extract [42]. In general, 
Socotra’s chemical diversity is an interesting pool of hypothesized antimicrobials 
that could be tested. 

4. Ethnopharmacological Heritage of Socotra 
4.1. Traditional Healing Practices 

The Socotra has a long ethnopharmacological history that can be found in social 
and ethnopharmacological sources including floristic, island-specific ethnophar-
macological and Yemeni herbal-medicine literature [9] [43]-[45]. Traditional 
healers use decoctions, powders, resin and paste and a lot of knowledge is passed 
down orally [43]-[45]. There is a principal floristic and ethnobotanical reference 
for the medicinal taxa recorded from the archipelago by Miller and Morris [9]. 
There are factors, such as geographic isolation, and local ecological practices, that 
have played a role in developing this knowledge system [6] [7] [43]. However, 
traditional use should not be equated with experimental antimicrobial data, as in 
the case of species testing reported in selected Socotran plants [20] [46]. Table 2 
compares three well-known medicinal plants which are found only in certain re-
gions of the world and the evidentiary boundaries of each profile. 

4.2. Plants Used for Infections 

Traditional use of Socotran plants for infections is significant part of the eth-
nopharmacological record of the island and traditional use is different from ex-
perimentally proven activity. The use of Dracaena cinnabari resin has been well 
documented ethnobotanically [9] [16] [45] [47] and in species-specific studies, 
antibacterial and antifungal activity has been reported [16] [20]. The Ag/Ag2O 
study is an example of extract-assisted synthesis of the silver containing nano-
material and not proof of the intrinsic activity of the resin [51]. Although there 
are direct phytochemical and preliminary pharmacological evidences supporting 
the use of Aloe perryi as a traditional medicinal species, the evidence for use of 
Aloe vera, isolated aloe-emodin, aloin or other Aloe taxa remains indirect [9] [17] 
[21]. Traditional uses of Boswellia elongata are reported from Socotra [9] [45] 
while indirect reports concerning the pharmacological properties of Boswellia ser-
rata and general Boswellia literature are reported for B. elongata [26] [27].  A ge-
nus-level review of Commiphora provides indirect phytochemical and pharma-
cological context, but it does not establish species-specific evidence for the Soco-
tran taxon [52]. The traditional uses documented for Punica protopunica [9] [18] 
[45] and the antibacterial and antiplasmodial evidences found in Punica granatum 
should not be automatically transferred to Punica protopunica [30] [49] [50]. 
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These differences are crucial for the application of ethnomedicinal knowledge in 
controlled bioassays, elucidation of mechanisms [3] [53]. 

4.3. Broader Therapeutic Applications 

Medicinal plants of Socotra are used for infections and health concerns at a 
broader level as mentioned in the sources from various regions and islands [9] 
[43]-[45]. In general reviews, the broader therapeutic use or effectiveness of me-
dicinal plants is described, but these data can be relevant to any specific Socotran 
use or effect. The gastrointestinal and respiratory applications are mainly due to 
the ethnobotanical records of Yemenites and Socotrians [9] [44] [45]. Gastroin-
testinal and anthelmintic uses have been reported for Punica protopunica [9] [18] 
and the anthelmintic data of Punica granatum has been indirect in vivo [49] [50]. 
A more extensive literature on the antibacterial properties of plant compounds is 
available, but does not offer evidence of a local practice [54]. Similarly, the evi-
dence derived from Ayurveda around inflammatory joint disorders is compara-
tive and should not be used as evidence of Socotran use [55]. More broadly, re-
views of natural products summarize antimicrobial and anti-infective activity 
across diverse compounds but do not replace species-specific validation of Soco-
tran materials [56]. The importance of direct validation of local materials is evi-
dent from the species-specific phytochemical and antimicrobial screening of 
Vernonia amygdalina collected in Socotra [46]. 

5. Pharmacological Validation 
5.1. In Vitro Antibacterial, Antifungal, and Antiparasitic Activities 

The findings obtained in vitro must be confirmed and evaluated in vivo for ther-
apeutic translation and safety [52] [57]. Traditional uses and biological activity 
have been reported for Dracaena cinnabari [16] [22] [23] and its direct acute and 
sub-acute oral toxicity has been assessed in rats [48]. More comprehensive studies 
of wound infection can be used to make decisions about models, but should not 
be confused with studies of D. cinnabari [34] [58]. There is no species-specific 
metabolite evidence for Aloe perryi and only constituent level evidence exists for 
safety and formulation of isolated aloe-emodin [33]. It was not found any in vivo 
anthelmintic study in Punica protopunica, and the available in vivo data is avail-
able in animal studies, which is indirect [49] [50]. In the same way, in vivo anti-
inflammatory activity of other Boswellia and Commiphora species cannot be di-
rectly attributed to Boswellia elongata or Commiphora ornifolia [24] [27]. The 
restrictions facilitate dose standardization and authentic materials and systematic 
follow-up studies. 

5.2. In Vivo Studies and Toxicity Data 

In vitro findings require in vivo confirmation and safety assessment before thera-
peutic translation [52] [57]. For Dracaena cinnabari, the literature reports tradi-
tional use and biological activity [16] [22] [23], while direct acute and sub-acute 
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oral toxicity has been evaluated in rats [48]. Broader wound-infection studies can 
inform model selection but should not be misattributed to D. cinnabari [34] [58]. 
Aloe perryi has species-specific metabolite, in vitro, in vivo, and computational 
profiling [21]; safety and formulation evidence for isolated aloe-emodin remains 
constituent-level evidence [33]. No direct in vivo anthelmintic study of Punica 
protopunica was identified among the cited sources; available animal evidence 
concerns Punica granatum and is therefore indirect [49] [50]. Similarly, in vivo 
anti-inflammatory findings from other Boswellia and Commiphora taxa cannot 
be assigned directly to Boswellia elongata or Commiphora ornifolia [24] [27]. 
These limitations support dose standardization, authenticated materials, and sys-
tematic follow-up studies. 

5.3. Mechanistic Insights into Bioactivity 

Mechanistic explanation of medicinal activity of plants demands supporting evi-
dence associated with an accepted species or the isolated compound [3] [42] [52] 
[54] [59] [60]. The species-specific antimicrobial evidence reported for D. cinna-
bari resin [16] [20] is based on inhibitory effects on membranes, nucleic-acid pro-
cesses, adhesion, biofilms or fungal sterols, which are hypotheses based on general 
phytochemical mechanisms and constituent literature [22] [23] [42] [54] [59] 
[60]. There is also a lack of mechanistic evidence for Aloe perryi [17] [21]. Isolated 
aloe-emodin, hydroxyanthracene derivative studies or synthetic phosphorami-
date analogues do not provide evidence of the mechanism of A. perryi extracts 
[32] [33] [40] [61]. There is species-specific evidence on antibacterial and an-
tiplasmodial properties for Punica protopunica [15] [19] [20] and the proposed 
mechanisms of action of tannins were mainly represented by those of Punica 
granatum or by the tannin literature [30] [50] [62]. Mechanistic claims have not 
been made for Commiphora ornifola and Boswellia elongata from other species. 
Although traditional co-use of resins or bark or leaves gives an ethnopharmaco-
logical basis for investigation [43]-[45] it does not show synergy. Future studies 
should involve integration of bioactivity-guided fractionation and chemical pro-
filing [37] [38] with controlled membrane, enzyme, biofilm, omics, docking and 
ADMET approach [63]-[66]. 

6. Lead Compound Optimization and Drug Design 
6.1. From Extracts to Bioactive Leads (Isolation, SAR) 

Isolation and characterization of active constituents are central to progression 
from crude extracts to candidate leads [37] [38]. Whole extracts and multicom-
ponent materials can show combined biological effects, but pharmacological syn-
ergy must be demonstrated quantitatively [35] [36]. Direct profiles of Dracaena 
cinnabari and Aloe perryi identify flavonoid-, proanthocyanidin-, and anthraqui-
none-related constituents [16] [17] [21]-[23] [32]. Bioactivity-guided fractiona-
tion can then associate individual constituents with measured effects [37]. Struc-
ture-activity relationship analysis evaluates how functional groups and stereo-
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chemistry influence potency, selectivity, and safety [39]; the aloe-emodin deriva-
tives and broader anthraquinone literature illustrate this principle [40] [61]. The 
prism and pharmacophylogenetic perspectives can further assist in prioritizing 
taxa and scaffolds [11]-[14]. 

6.2. Optimization Strategies (Semi-Synthetic, Nanoformulation) 

Once bioactive leads have been identified, optimization may be required to ad-
dress potency, solubility, stability, and pharmacokinetic limitations [4] [67]. Sem-
isynthetic modification is a general strategy for improving natural-product scaf-
folds [4]. For Boswellia, however, relevant chemistry and pharmacology derive 
largely from Boswellia serrata or general boswellic-acid literature and should not 
be attributed directly to Boswellia elongata [26] [27]. Modification of Punica pro-
topunica ellagitannin-related scaffolds remains a prospective strategy; the rapid 
biotransformation of dietary tannins provides a rationale for investigating stabil-
ity and metabolism but does not demonstrate an optimized P. protopunica deriv-
ative [62]. Nanoformulation may improve delivery of poorly soluble plant com-
pounds, as discussed for aloe-emodin and natural products more generally [4] 
[33]. 

Plant extracts may also serve as reducing and stabilizing agents in the green 
synthesis of metal-based nanomaterials. In one study, dragon’s blood extract so-
lution derived from Dracaena cinnabari was used to synthesize Ag/Ag2O 
core/shell nanostructures, as Figure 6 illustrates [51]. However, the resulting 
product is a synthetic silver-containing nanomaterial rather than a naturally oc-
curring constituent of D. cinnabari resin. Therefore, any antibacterial activity ob-
served for the final Ag/Ag2O material may arise from the silver component, its 
nanoscale properties, or interactions between silver and plant-derived molecules. 
This study should consequently be interpreted as an example of extract-assisted 
nanomaterial development and not as evidence of the intrinsic antimicrobial ac-
tivity or mechanism of D. cinnabari resin. 
 

 

Figure 6. Dragon’s blood extract solution used in the extract-assisted synthesis of Ag/Ag2O 
core/shell nanostructures [51]. The resulting product is a synthetic silver-containing nano-
material and should not be interpreted as evidence of the intrinsic antimicrobial activity of 
Dracaena cinnabari resin. 
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For example, nanoparticle formulations of aloe-emodin may improve antimi-
crobial activity while limiting gastrointestinal irritation. Nevertheless, such for-
mulations are engineered delivery systems and do not establish the activity or 
mechanism of constituents naturally isolated from Aloe perryi. Aloe-emodin may 
also serve as a chemical scaffold for semisynthetic lead optimization. α-Amino 
phosphoramidate derivatives of aloe-emodin, shown in Figure 7, have been syn-
thesized and evaluated for DNA interaction and biological activity [61]. These de-
rivatives are designed synthetic analogues and are not constituents isolated from 
Aloe perryi. Consequently, their reported DNA-interaction, antimicrobial, or cy-
totoxic effects illustrate the optimization potential of an anthraquinone scaffold 
but do not establish the efficacy, potency, or mechanism of A. perryi extracts or 
of the naturally occurring constituents present in the plant. 
 

 

Figure 7. Synthesis and DNA interaction of synthetic aloe-emodin α-amino phosphorami-
date derivatives [61]. These compounds are designed synthetic analogues and are not con-
stituents isolated from Aloe perryi; therefore, the findings do not establish the activity or 
mechanism of the plant or its naturally occurring constituents. 
 

Advanced delivery systems can enable targeted release, reduce systemic tox-
icity, and improve therapeutic outcomes. The integration of semisynthetic chem-
istry and nanotechnology therefore provides a powerful set of tools for converting 
plant-derived molecules into clinically useful drug candidates. 

6.3. Computational Approaches (Docking, ADMET, AI) 

Computational methods can help prioritize plant-derived compounds for experi-
mental testing. Published docking studies illustrate approaches for evaluating 
plant compounds or peptides against microbial targets [63]-[65], while in silico 
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polypharmacology provides a framework for assessing interactions across multi-
ple targets [68]. These studies are methodological analogues and do not establish 
species-specific binding of Dracaena cinnabari or Aloe perryi constituents unless 
the named compound and target were examined directly. ADME and toxicity 
properties can be estimated using herbal-medicine pharmacokinetic principles 
and tools such as SwissADME and pkCSM [66] [67]. Machine-learning methods 
can support pattern recognition, activity prediction, and structure optimization 
[69]. Computational predictions should guide, not replace, biochemical and in 
vivo validation. 

7. Conservation, Bioprospecting, and ABS 

Socotra’s medicinal flora is exceptionally endemic and faces documented pres-
sures from habitat degradation, climate, limited regeneration, and unsustainable 
resource use [5]-[7] [47]. Evidence from threatened medicinal plants in other re-
gions is useful for comparison but is not direct evidence of conditions on Socotra 
[70]. Conservation strategies should protect both biodiversity and local eth-
nopharmacological knowledge. Indigenous and local knowledge can make an im-
portant contribution to stewardship and conservation [43] [71] [72], while spatial 
phylogenetics and biocultural analysis can help identify priorities [73]. Ethical bi-
oprospecting should involve local stakeholders and equitable benefit-sharing. In 
this context, the Nagoya Protocol provides the relevant international framework 
for access to genetic resources and fair and equitable sharing of benefits. 

8. Conclusion and Outlook 

The available evidence supports the medicinal importance of Socotra’s flora but 
varies substantially by species and endpoint. Species-specific anti-infective evi-
dence is strongest for selected Dracaena cinnabari and Punica protopunica ex-
tracts [15] [16] [18]-[20] [22] [23], while Aloe perryi has stronger phytochemical 
and preliminary pharmacological evidence than direct antimicrobial validation 
[17] [21]. Claims concerning Boswellia elongata and Commiphora ornifolia 
should remain cautious when they derive from related taxa [24] [26] [27]. Future 
work should use authenticated materials, standardized bioassays, bioactivity-
guided fractionation, mechanistic validation, and safety testing [37] [38] [48] [52]. 
Phylogenetic and spatial prioritization [11]-[14] [73], followed by docking, AD-
MET, and machine-learning workflows [63]-[66] [68] [69], may accelerate lead 
identification but cannot substitute for experimental confirmation. Conservation, 
community stewardship, and equitable bioprospecting remain essential to sus-
tainable development of this resource [71]-[73]. 
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