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Highlights

e Traditional medicinal plants' potential in the management of diabetes.

e Documented hypoglycaemic effects of C. roseus in diabetic-induced rats.

o P.afrais a plant with anti-inflammatory and pain-relieving properties.

e Economic advantages of cost-effective and accessible diabetic treatments in low-
income countries.

o Exploring the anti-diabetic activity of C.roseus: P.afra (1:1) in the context of their
traditional use by South African healers.

Abstract

Diabetes mellitus is a prevalent non-communicable disease affecting individuals in developed
and developing countries. However, low-income countries face significant challenges in
managing diabetes due to socio-economic factors resulting in high mortality rates annually.
The lack of adequate healthcare facilities and resources in low-income countries limits access
to synthetic anti-hyperglycaemic medication, leading to an increased reliance on traditional
medicinal plants to manage diabetes mellitus. One such traditional remedy is the combination
of Catharanthus roseus (L.) G. Don and Portulacaria afra Jacq. (1:1) used by traditional
healers in South Africa to lower blood glucose levels and manage diabetes symptoms.
Catharanthus roseus has demonstrated anti-hyperglycaemic activity in diabetic-induced rats,
while previous studies have identified various pharmacological potentials of P. afra, including
anti-inflammatory and pain-relieving properties. This review aims to explore the anti-
hyperglycaemic potential of C. roseus and P. afra in the context of their traditional use by
South African healers. By examining the existing literature, we aim to provide insights into the
potential of these medicinal plants as alternative and complementary treatments for diabetes
management. As the global burden of diabetes continues to increase, it is critical to explore
cost-effective and accessible treatments, particularly in low-income countries where healthcare
resources are limited. This review contributes to the understanding of traditional medicinal
plants' potential in the management of diabetes and provides a basis for further research into
their use as alternative treatments.

Keywords: Diabetes mellitus; Traditional medicinal plants; South Africa; Catharanthus roseus
and Portulacaria afra



1. Introduction

Diabetes mellitus is a metabolic disorder associated with the endocrine system (Li et al., 2004)
and characterised by persistent hyperglycaemia with disturbances of protein, carbohydrate and
fat metabolism (Bhutkar 2018). Diabetes is also characterised by either a diminished
production of insulin from the pancreas (type 1 diabetes mellitus) or insufficient cellular
response to adequate amounts of insulin possibly from defective receptors (type 2 diabetes
mellitus) (Cantley and Ashcroft 2015; Weinstock 2018., Egan and Dinneen 2019). Type 2
diabetes mellitus (T2DM) is the most common type of diabetes and is considered a chronic
metabolic disorder characterized by hyperglycaemia due to the body's inability to produce or
use insulin efficiently (Egan and Dinneen 2019). It is a multifactorial disease with a complex
pathogenesis, influenced by genetic, environmental, and lifestyle factors. The pathogenesis of
T2DM is complex and involves a range of factors, including genetic susceptibility,
environmental factors, and lifestyle factors such as diet and physical activity. The underlying
mechanisms of T2DM development include insulin resistance, beta-cell dysfunction, and
glucose toxicity. Insulin, a hormone produced by the pancreatic beta (f)-cells, plays a crucial
role in homoeostasis of blood glucose levels (Gaikwad et al., 2014). Insulin resistance refers to
the reduced ability of insulin to promote glucose uptake in peripheral tissues such as muscle,
liver, and adipose tissue. It is a characteristic feature of T2DM and is thought to be due to
abnormalities in insulin signalling pathways, which impair insulin receptor function and
downstream signalling events. In the event of insufficient insulin production by B-cells, glucose
will not enter the cells for further metabolism and it builds up in the blood, leading to
hyperglycaemia (Belinda 2004). The exact mechanisms underlying insulin resistance are not
fully understood, but it is thought to involve factors such as inflammation, oxidative stress, and
mitochondrial dysfunction.

Beta-cell dysfunction is another critical factor in the pathogenesis of T2DM and it refers to the
inability of pancreatic beta cells to secrete sufficient amounts of insulin to maintain normal
glucose homoeostasis (Krentz and Gloyn 2020). Beta-cell dysfunction is thought to occur due
to a combination of factors such as chronic hyperglycaemia, lipotoxicity, and glucotoxicity,
which result in beta-cell apoptosis and impaired insulin secretion (Hudish et al., 2019). Genetic
factors also play a role in beta-cell dysfunction, with mutations in genes involved in insulin
synthesis and secretion identified as risk factors for T2DM (Kettunen and Tuomi 2020).

Glucose toxicity refers to the deleterious effects of chronic hyperglycaemia on various organs
and tissues, including the pancreatic beta cells, which further exacerbate insulin resistance and
beta-cell dysfunction. High glucose levels lead to the accumulation of advanced glycation end-
products (AGEs) and activation of protein kinase C (PKC) pathways, which impair insulin
signalling and beta-cell function. Hyperglycaemia associated with glucose toxicity contributes
to the development of severe complications, such as oxidative stress, abnormally high levels
of lipids in the blood (hyperlipidaemia), retinopathy, neuropathy, and nephropathy,
cardiovascular diseases (CVDs), such as coronary artery disease, heart attacks, hypertension
and enzymatic protein glycation (Firdous 2014; Sagbo et al., 2018).

Type 2 diabetes mellitus has become a major public health burden worldwide due to its rising
prevalence, associated complications, and economic impact (Htay et al., 2019). According to
the International Diabetes Federation (IDF), the global prevalence of T2DM was estimated to
be 9.3 % in 2019, with around 463 million adults aged 20-79 years affected. The prevalence
of T2DM is projected to increase to 10.2 % by 2030 and 10.9 % by 2045, with the greatest
increase expected in low- and middle-income countries. T2DM management is responsible for



a significant proportion of global healthcare expenditures, with at least USD 966 billion spent
on T2DM treatment in 2021 alone (IDF 2021). The aim of the review was to evaluate the
current evidence on the anti-hyperglycaemic potential of Catharanthus roseus (L.) G.Don and
Portulacaria afra Jacq.This was achieved through examination of the literature which provided
insights into the potential of the two medicinal plants as alternative and complementary
treatments for diabetes management.

2. Methods

The present review article was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

2.1. Literature search strategy

A systematic search was performed using the electronic databases PubMed, Scopus,
ScienceDirect and Web of Science from their inception until February 2023. The search
strategy was developed by combining the following keywords: ("medicinal plants" OR "herbal
medicine" OR "phytotherapy" OR "traditional medicine" OR “Catharanthus roseus” OR
“Portulacaria afra”) AND ("diabetes mellitus" OR "hyperglycaemia" OR "glucose
metabolism" OR "insulin resistance"). The search was limited to studies conducted on humans,
animal models, or in vitro systems published in English language.

2.2. Study selection

Four reviewers (BdV, TN, RH and WP) independently screened the titles and abstracts of all
retrieved articles to identify potentially relevant studies. Full-text articles were retrieved for
studies that met the inclusion criteria and were assessed for eligibility. Inclusion criteria were
studies that investigated the anti-hyperglycaemic potential of medicinal plants in humans,
animal models, or in vitro systems. Exclusion criteria were studies that did not provide
sufficient data, were duplicates, or were not published in English language. Disagreements
between the reviewers were resolved through discussion or consultation with a fifth reviewer
(AN).

2.3. Data extraction

A standardized data extraction form was used to extract data from the included studies. The
following data were extracted: study design, study population, intervention, outcomes, and
results. Data were extracted independently by three reviewers (BdV, RH and TN), and
discrepancies were resolved through discussion or consultation with a fourth and fifth reviewer
(AN and WP).

2.4. Quality assessment
The quality of the included studies was assessed using the expertise of four reviewers (BdV,

TN, RH and WP) who independently assessed the quality of each study, and any discrepancies
were resolved through discussion or consultation with a fifth reviewer (RH).



2.5. Data synthesis

Data from the included studies were synthesized narratively due to heterogeneity of the studies
in terms of intervention, population, and outcomes. The studies were grouped according to their
study design, population, and intervention.

2.6. Reporting

The present review article was reported according to the PRISMA guidelines. The use of
PRISMA guidelines in this review ensured that the search, selection, and synthesis of studies
were conducted in a transparent and comprehensive manner, and that the findings were
reported in a standardized and clear way.

2.7. Diabetes management strategies

The management of diabetes focus primarily on glycaemic control since diabetes complications
increase the probability of microvascular and macrovascular complications (Imran et al., 2018;
Harding et al., 2019). The strict and intensive management of blood glucose levels has also
been shown to reduce vascular complications associated with T2DM (Cavaiola and Pettus
2017). The three most common management strategies for diabetes include adoption of healthy
lifestyle choices, oral anti-hyperglycaemic medication (glipizide, metformin, repaglinide) and
insulin treatment (Ganesan and Sultan 2019). For instance, managing dietary intake and
increasing physical exercise are two of the basic lifestyle changes that are used for the treatment
of T2DM (Marin-Penalver et al.,, 2016). Physical exercise benefits diabetic patients by
improving glycaemic control, increasing insulin sensitivity and maintaining a healthy body
weight (Phielix et al., 2010). Several pharmacological agents have also been used in the
treatment and management of T2DM (Irons and Minze 2014).

2.8. Pharmacological approaches in the treatment of type 2 diabetes mellitus

The management of type 2 diabetes mellitus (T2DM) involves various pharmacological
approaches that aim to control hyperglycaemia and prevent or delay the development of
diabetes-related complications (Padhi et al., 2020). The pharmacological treatments available
for T2DM can be broadly categorized into oral anti-hyperglycaemic agents and injectable
agents (Dowarah and Singh 2020). Oral anti-hyperglycaemic agents include biguanides,
sulfonylureas, meglitinides, thiazolidinediones, dipeptidyl peptidase-4 (DPP-4) inhibitors, and
sodium-glucose cotransporter-2 (SGLT2) inhibitors (Dowarah and Singh 2020). Biguanides
such as metformin are the first-line therapy for T2DM as they improve insulin sensitivity,
reduce hepatic glucose production, and decrease intestinal glucose absorption. Metformin is
derived from the Galega officinalis plant and is well known for its anti-hyperglycaemic effects
(Goboza et al., 2016) in vivo studies (Za'abi et al., 2021) and in vitro studies (Akinyede et al.,
2021). It is physiologically responsible for decreasing hepatic production by increasing glucose
utilisation in the gut. According to Foretz et al. (2014), the hyperglycaemic effect of metformin
is exhibited by the inhibition of hepatic gluconeogenesis (the process whereby energy is
converted into glucose). Sulfonylureas, meglitinides, and DPP-4 inhibitors stimulate insulin
secretion by pancreatic beta cells, while thiazolidinediones improve insulin sensitivity and
reduce insulin resistance (Artasensi et al., 2020). SGLT2 inhibitors lower blood glucose levels
by increasing renal glucose excretion.



Injectable agents include glucagon-like peptide-1 (GLP-1) receptor agonists and insulin. GLP-
1 receptor agonists stimulate insulin secretion, inhibit glucagon secretion, delay gastric
emptying, and reduce food intake (Feingold et al., 2020). They also promote weight loss and
have a low risk of hypoglycaemia. Insulin therapy is used when oral anti-hyperglycaemic
agents fail to achieve glycaemic control, and it can be administered via multiple daily injections
or continuous subcutaneous insulin infusion (Feingold et al., 2020). In addition to
pharmacological interventions, lifestyle modifications such as weight loss, physical activity,
and dietary changes are also important in the management of T2DM. However,
pharmacological treatments remain essential for many patients with T2DM.The choice of
pharmacological therapy for T2DM depends on various factors such as the patient's age,
comorbidities, and risk of hypoglycaemia. Individualized treatment plans should be developed
for each patient to achieve optimal glycaemic control while minimizing the risk of adverse
effects.

Despite their therapeutic value in the management of type 2 diabetes mellitus, the use of
pharmacological agents is associated with several side-effects. Due to the cost and availability
of metformin, diabetic patients in developing countries rely on the use of traditional medicinal
plants as a cheaper and safer alternative. It is for this reason, that an increasing number of
studies on alternative and complementary anti-hyperglycaemic treatments have been initiated
(ipek et al., 2018; Sunny et al., 2019).

Despite the numerous pharmacological agents available for the management of type 2 diabetes
mellitus (T2DM), there are still a number of challenges, including side- effects, patient non-
adherence, inadequate glycaemic control, high cost, comorbidities, and individual variability.
To overcome these challenges and minimize negative effects, a safe and affordable, patient-
centred strategy that takes into account patients circumstances is necessary. Medicinal plants
have been proposed as safe and affordable alternatives.

2.9. Therapeutic value of medicinal plants

Medicinal plants have been used for medicine for centuries and the knowledge of their use has
been passed down through generations. The Chinese were pioneers in traditional medicine and
their use of medicinal plants has led to their continued use today. Indigenous knowledge of
medicinal plants is important for many African communities and enhances traditional health
delivery. The therapeutic value of medicinal plants has been attributed to the presence of
biologically active phytochemicals or secondary metabolites such as flavonoids, saponins,
alkaloids and glycosides (Bacanli et al., 2019; Srivastava et al., 2019; Teffo et al., 2022). These
compounds are known to be healthy and treat or prevent diseases such as diabetes by improving
insulin sensitivity and combating complications associated with diabetes (Teffo et al., 2022;
Bacanli et al., 2019). Moreover, the combination of phytoconstituents are also known to have
synergistic effects that are useful in the treatment of several human diseases (Zhao et al., 2020).
Therefore, the medicinal and therapeutic potentials of plants are attributed to several
phytochemical constituents each comprising of numerous biological activities (Mehwish et al.,
2019).

A summary of these phytochemical compounds, found in medicinal plants and their biological
potentials, is given in Table 1, below.



Table 1. Phytochemicals and their role in health care.

Phytochemical Classes
Phenolic compounds

Phenolic compound
Nitrogen compounds
Triterpene

compounds
Phenolic compounds

glycoside

Phenolics compounds

Phytoconstituents
Flavonoids

Tannins
Alkaloids
Saponins
Polyphenols
Glycosides

Terpenoids

Role in healthcare (Biological potentials)

Anti-oxidant, anti-bacterial, anti-inflammatory, anti-cancer, anti-
hyperglycaemic and anti-microbial activities

Anti-microbial, anti-bacterial, anti-oxidant, anti-cancer, anti-viral and
anti-inflammatory

Anti-hyperglycaemic, anti-cancer, anti-malarial, anti-microbial and
analgesic

Anti-oxidant, anti-bacterial,
hyperglycaemic -inflammatory
Anti-oxidant, anti-inflammatory, anti-hyperglycaemic, anti-microbial
and metabolic regulation functions

Anti-inflammatory, anti-fungal, anti-cancer,anti-tumour, anti-oxidant,
anti-hyperglycaemic, anti-bacterial and antiviral

Anti-microbial, anti-hyperglycaemic, anti-malarial, detoxifying agents
and anti-carcinogenic

anti-microbial, anti-cancer, anti-

Reference

(Urzua et al., 2008; Olaokun et al., 2017; Koche
et al., 2018; Panche et al., 2016)

(Singh and Kumar 2019; Sieniawska 2015;
Koche et al., 2018; Urzua et al., 2008)

(Koche et al., 2018; Othman et al., 2019)

(Koche et al., 2018; Jin et al., 2017; Sparg et al.,
2004; Urzua et al., 2008)

(Ly et al., 2014; Othman et al., 2019; Wang et
al., 2018)

(Xiao et al., 2016; Khan et al., 2019; Gangasani
et al., 2022)

(Koche et al., 2018; Gutiérrez-del-Rio et al.
2018; Gaikwad et al., 2014)



2.10. Common medicinal plant-based anti-hyperglycaemic treatments in South Africa

The floral biodiversity of South Africa expanded the cultural traditions of medicinal plant use
(Van de Venter et al. 2008). South Africa encompasses over 30,000 higher plant species from
which 3000 are being used in traditional medicines (Van Wyk et al. 1997). A wide variety of
these plants have been reported to possess anti-hyperglycaemic properties (Afolayan and
Sunmonu 2010; Davids et al., 2016). Table 2 shows the most commonly used medicinal plants
in the management of diabetes mellitus. Most of these plants were evaluated for anti-
hyperglycaemic activities using only in vitro screening models. The main disadvantage of using
in vitro screening models is the use of a single cell line which may not mimic the inherent
complexity of organ systems. Over the years local South Africa communities in rural and urban
areas use different plant species in combination possibly to benefit from the potential
synergistic effects of the phytoconstituents. Some studies have shown that the combination of
phytochemicals may affect or alter the intensity of their bioactivities by modifying the
bioavailability of the compounds (Ioannides 2003; Phan et al., 2018).

3. Anti-hyperglycaemic potential of Catharanthus roseus and Portulacaria afra

Although there are many medicinal plants available (see Table 2) for the management of
diabetes, two of them, Catharanthus roseus and Portulacaria afra have not been extensively
studied in relation to their effects on diabetes. The role of P. afra and C. roseus and their
potential therapeutic effects on diabetes, such as their ability to lower blood glucose levels,
improve insulin sensitivity, and reduce inflammation is not fully understood. There is anecdotal
evidence on how these two medicinal plants have been used in combination to manage T2DM.
It is possible that P. afra and C. roseus exerts a synergistic effect when combined leading to
better glycaemic control in individuals with diabetes. Therefore, the review aims to fill this gap
in knowledge by exploring the potential benefits of using these plants individually and in
combination for diabetes management and to identify areas for future research.

3.1. The potential role of Catharanthus roseus in the management of diabetes

Catharanthus roseus (L.) G. Don, commonly known as the Madagascar periwinkle (English),
Kanniedood (Afrikaans) and Isishushlungu (isiZulu) belongs to the Apocynaceae family
(Fapohunda et al., 2018). This plant can grow 30—100 cm in diameter, the flower itself consists
of five petals, forming a variety of pink-, white- or purple-coloured flowers (Nisar et al., 2016;
Fapohunda et al., 2018). This plant has been widely used traditionally in herbal medicine for
their medicinal properties. The leaf decoction of C. roseus is used to treat a wide variety of
human diseases, such as hypertension, asthma, menstrual irregularities, chronic constipation,
diarrhoea, indigestion, malaria, dengue fever, diabetes, cancer and skin diseases (Fern 2022).
Catharanthus roseus was first discovered by the Europeans and then used as a traditional cure
for diabetes (Afolayan and Sunmonu 2010; Swanston-Flatt et al., 1989). It can be found in
South Africa near the coast and inland on riverbanks, in open forests or scrubs (Henderson
2001). Catharanthus roseus is native and endemic to Madagascar (Mishra and Verma 2017)
and can be found as an invasive species in the provinces of Limpopo (Maema et al., 2016),
Gauteng, North West Province and KwaZulu-Natal, South Africa (Henderson 2001).

In countries such as Australia, Brazil, Thailand, England, South Africa, Pakistan and Jamaica,
dried leaves of C. roseus is consumed as a water decoction for the treatment of diabetes, cancer
and menorrhagia (Nisar et al., 2016; Cock et al., 2021). In China, the whole plant is used as a
menstrual regulator, cough medicine, diuretic and an astringent (Farnsworth 1961; Virmani et



Table 2. Medicinal plants used for the treatment of diabetes in South Africa, reporting the family names, species with common names, and the part of the plants used during

treatments.

Family
Aizoaceae
Aizoaceae
Alliaceae
Anacardiaceae

Anacardiaceae
Apiaceae

Apiaceae

Apiaceae or
Umbelliferae
Apocynaceae

Apocynaceae
Apocynaceae
Asphodelaceae
Asphodelaceae
Asphodelaceae

Asteraceae

Asteraceae

Asteraceae
Asteraceae
Asteraceae

Species

Carpobrotus edulis (L.) N.E.Br.
Sceletium tortuosum (L.) N.E. Br.
Tulbaghia violacea Harv.
Sclerocarya birrea Hochst.*

Searsia burchellii (Sond. Ex Engl.) Moffett.
Heteromorphica arborescens H.
Lichtensteinia lacera Cham. & Schitdl.
Petroselenium crispum (Mill)

Catharanthus roseus (L) G. Don*

Hoodia gordonii (Masson) Sweet ex Decne*
Vinca major L.

Aloe ferox Mill. *
Bulbine natalensis Mill.
Bulbine frutescens L.

Artemisia afra Jacq. Ex Willd.*

Brachylaena discolour DC.*

Brachylaena elliptica Thunb.
Chrysocoma ciliate L.
Conyza scabrida DC.

Common names
Freeway iceplant
Kougoed?®

Wild garlic, wildeknoffel®
Marula

Karroo Kuni-bush
Parsley tree, pietersieliebos?

Parsley

Madagascar Periwinkle, Jasmine

Bitter ghaap®
Greater periwinkle or bigleaf periwinkle

Bitter aloe, cape aloe or red aloe

Bulbine, Rooiwortel®

Stalked bulbine, snake flower, cat's tail or
geelkatstert®

Wormwood or Bitterals?, Wildealsem

Coastal Silver-oak or Vaalbos®

Pepperbark tree
Bitter bush or bitterbos?®
Oven Bush

Part of plant used
Leaves, juice, fruit
Leaves, roots
Leaves, roots
Stem, bark, roots

Stem, bark

Leaves, roots, stem
Leaves, roots
Leaves, stem
Leaves

Leaves
Leaves, twigs

Inner stem
Leaves, roots, stem

Leaves/juice
Roots
Roots

Leaves, roots
Leaves
Leaves

Leaves
Leaves
Leaves, roots, stem

Leaves
Leaves, roots
Leaves

Reference

(Davids et al., 2016)
(Davids et al., 2016)
(Davids et al., 2016)
(Van de Venter et al.
2008)

(Van Wyk 2008a)
(Davids et al., 2016)
(Erasto et al., 2005)
(Davids et al., 2016)
(Thring and Weitz
2006)

(Erasto et al., 2005)
(Van de Venter et al.
2008)

(Davids et al., 2016)
(Van de Venter et al.
2008)

(Davids et al., 2016)
(Erasto et al., 2005)
(Erasto et al., 2005)

(Erasto et al., 2005)
(Davids et al., 2016)

(Thring and Weitz
2006)
(Van Wyk 2008a)

(Erasto et al., 2005)
(Van de Venter et al.
2008)

(Van Wyk 2008b)
(Davids et al., 2016)
(Thring and Weitz
2006)



Asteraceae

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae

Asteraceae
Brassicaceae
Buddlejaceae
Cannabaceae
Celastraceae
Compositae
Convolvulaceae

Crassulaceae

Crassulaceae
Cucurbitaceae

Cucurbitaceae
Euphorbiaceae

Fabaceae

Fabaceae Lindl.

Gentianaceae
Geraniaceae
Hypoxidaceae

Hypoxidaceae
Lamiaceae

Elytropappus rhinocerotis (L.f.)

Euryops abrotanifolius (L.) DC.
Helichrysum nudifolium L.
Helichrysum odoratissimum L.
Helichrysum petiolare H & B.L
Tagetes minuta L.

Vernonia oligocephala Sch. Bip.

Vernonia amygdalina Del.
Cadaba aphylla (Thunb.) Wild
Chilianthus olearaceus Burch.
Cannabis sativa L.

Catha edulis Forsk. Ex Endl.

Dicerothamnus rhinoceraotis (L.f.) Koek.

Convolvulus capensis Burm. f.
Crassula muscosa L.

Tylecodon paniculatus (L.f.) Toelken

Momordica balsamina L.*

Momordica foetida Schumach.

Ricinus communis L.

Lessertia frutescens L.*

Lessertia frutescens (L.) Golblatt & J.C.

Manning
Chironia baccifera L.

Pelargonium antidysentericum (Eckl.

Zeyh.) Kostel.

Hypoxis colchicifolia Bak.
Hypoxis hemerocallidea Fisch.*
Ballota africana (L.) Benth

Rhinoceros bush

Lace-leaf euryops, mountain resin bush

Hottentot's tea

Everlasting

Silver bush everlasting
Khaki bush
Bicoloured-leaved vernonia

English bitter leaf

Leafless wormbush, desert spray
Wild elder

Cannabis

Somali tea

Rhinoceros bush

Cape Bindweed or Bobbejaantou®

Lizard's tail

Butter bush
African Cucumber, balsam Apple

Gifappel®
Castor bean

Cancer bush
Balloon Pea, Cancer bush

Christmas berry or bitterbossie®
Rooistorm?
Broad-leaved hypoxis

Star flower, yellow star or sterblom?®
Cat herb

Leaves

Leaves, stem
Leaves, roots
Whole plant
Whole plant
Leaves

Leaves, roots, stem
Leaves

Leaves
Leaves, Stem
Leaves, twigs
Leaves

Leaves, roots, stem

Leaves, stem

Bulb

Leaves, stem, roots,
flower

Leaves, stem

Stem, flowers

Whole plant
Leaves

Leaves
Leaves

Whole plant
Roots
Corms

Corms
Leaves

(Thring and Weitz
2006)

(Davids et al., 2016)
(Erasto et al., 2005)
(Erasto et al., 2005)
(Erasto et al., 2005)
(Davids et al., 2016)
(Erasto et al., 2005)
(Thring and Weitz
2006)

(Erasto et al., 2005)
(Davids et al., 2016)
(Erasto et al., 2005)
(Van de Venter et al.
2008)

(Van de Venter et al.
2008)

(Davids et al., 2016)
(Davids et al., 2016)
(Davids et al., 2016)

(Davids et al., 2016)
(Van de Venter et al.
2008)

(Van de Venter et al.
2008)

(Thring and Weitz
2006)

(Van Wyk 2008a)
(Davids et al., 2016)

(Van de Venter et al.
2008)
(Davids et al., 2016)

(Erasto et al., 2005)
(Erasto et al., 2005)
(Davids et al., 2016)



Lamiaceae
Lamiaceae

Lamiaceae
Lamiaceae

Menispermaceae
Myrtaceae
Portulacaceae
Rubiaceae

Rutaceae
Rutaceae

Thymelaeaceae

Leonatis leonurus L.

Leonotis leonurus (L.) R.Br.

Mentha longifolia (L.) L.
Salvia africana-caerulea L.

Cissampelos capensis L.f.
Psidium guajava L.
Portulacaria afra

Galium tomentosum Thunb.

Diosma oppositifolia L.
Ruta graveolens L.

Gnidia deserticola Gilg.

* Used in vivo (evaluated efficacy using animal models).

2 Afrikaans.
¢ English.

Cape hemp

Lion's tail, lion's ear, wild dagga or
rooidagga®
Wild mint
Blue sage, wild sage, purple sage or
blousalie®
Davidjies®

Guava
Spekboom?, Elephant bush
Old Man's Beard or Rooivergeet®

Bitter buchu
Rue, common rue or herb-of-grace

Night- or evening- scented bush

10

Leaves, flowers
Leaves, roots, flower

Leaves, stem
Leaves

Leaves

Leaves

Leaves

Roots

Leaves, stem, flower

Leaves

Leaves
Leaves, stem, roots

(Thring and Weitz
2006)
(Davids et al., 2016)

(Davids et al., 2016)
(Davids et al., 2016)

(Van de Venter et al.
2008)

(Van de Venter et al.
2008)

(Hulley and Van Wyk
2019)

(Van Wyk et al. 2008)
(Davids et al., 2016)
(Thring and Weitz
2006)

(Van Wyk 2008b)
(Davids et al., 2016)



al., 1978). In India, the plant is boiled in water and administered orally for cancer treatment
(Virmani et al., 1978). Previous studies have shown evidence of anti-oxidant, anti-microbial,
anti-inflammatory as well as anti-hyperglycaemic potential in plant extracts of Catharanthus
roseus (Oluwaseun and Saliu 2018).

3.1.1. Phytochemical constituents of Catharanthus roseus

Catharanthus roseus (L.) G. Don., a plant species, has been found to have therapeutic potential
due to its various bioactive compounds (Ponnusamy et al., 2011). These compounds include
flavones, phenols, tannins, glycosides, reducing sugars, and other phytochemicals (Malathi et
al., 2010). Over 120 alkaloids have been identified in C. roseus, of which 70 are
pharmacologically active (Barrales-Curefio 2015). Catharanthus roseus (L.) G. Don. has also
been reported to contain various alkaloids, including vinblastine and vincristine, which have
been shown to possess anti-hyperglycaemic activity in animal models. Vincristine and
vinblastine, two alkaloids found in C. roseus, are potent chemotherapeutic agents used in
cancer management (Van Der Heijden et al. 2004). Vindogentianine, another alkaloid found in
the leaves of C. roseus, has potential anti-hyperglycaemic activity against type 2 diabetes
(Tiong et al., 2015). The plant's medicinal potential needs further exploration. These
compounds were found to increase glucose uptake and glycogen synthesis in skeletal muscle
and adipose tissues, resulting in improved glucose homoeostasis (Pham et al., 2020).

The anti-hyperglycaemic potential of C. roseus has been recorded in several in vivo studies
with blood glucose reductions varying anywhere from 13 % up to 78 % (Table 3). The only
solvent that caused animal deaths were recorded for the chloroform treated groups (Table 3)
and it was speculated that the deaths were due to the presence of some toxic alkaloids such as
tropane, piperidine, pyrrolizidine and indolizidine (Thawabteh et al., 2019; Islam et al., 2009).
More in vivo studies are listed in Table 3.

The effectiveness of C. roseus as a anti-hyperglycaemic treatment, is clearly supported by
scientific evidence for the management of diabetes mellitus.

3.2. The potential role of Portulacaria afra in the management of diabetes mellitus

Portulacaria afra Jacq., also known as the Porkbush, Elephant bush/food (English) (Khanyile
et al., 2021), Spekboom (Afrikaans) (Hulley and Van Wyk 2019), iNtelezi, isAmnilane,
isiCococo (isiZulu) and iGgwanitsha (isiXhosa) (Maroyi 2020), belongs to the Portulacaceae
family and is widely found in the southern and south- eastern regions of South Africa
(Guralnick and Ting 1987; Hankey 2009; Van Jaarsveld and Le Roux 2021). This plant is used
as a garden ornament or as a medicinal agent for the treatment of skin disorders, toothaches,
colds, coughs, pain, constipation, high blood pressure, obesity, cancer, and diabetes mellitus
(De Wet et al. 2013; Dlova and Ollengo 2018; Hulley and Van Wyk 2019; Olaokun et al.,
2017). he leaves of P. afra are considered the most preferable part of the plant and can be
characterised by a sour or bitter taste (Hankey 2009; De Wet et al. 2013). Traditional use of P.
afra has been associated with treating skin-related ailments due to its anti-microbial properties
(De Wet et al. 2013; Hulley and Van Wyk 2019; Nciki et al., 2016). However, a recent in vivo
study revealed that P. afra extract exhibited anti-inflammatory activity and had potential in the
prevention of inflammation (Tabassum et al., 2022).
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Table 3. A list of recent in vivo studies that evaluated the anti-hyperglycaemic effects of Catharanthus roseus and its potency as represented by the percentage (%) reduction
in blood glucose levels by making use of various plant parts, solvents, oral dosages (unless specified otherwise), animal strains and chemically-induced diabetic models (Alloxan
or STZ).

Treatment of C. roseus Dose (mg/kg or Period Animal Diabetes Percentage reduction in Reference
mL/Kg) (days) induction blood glucose levels (BGL)
method
Methanolic leaf 250 mg/kg 7 Male Albino rats Alloxan 69 % (Aruljothi and Samipillai
2016)
Aqueous flower, root, leaf and 250 mg/kg 6h Male mice: Mus Alloxan ~50 % (reduction in fasting (Vega-Avilaetal., 2012)
stem musculus CD-1 BGL)
strain
Fresh leaf juice 1.0 mL/Kg 20h Rabbits Alloxan 36.5+4.8 %, (p<0.001) (Nammii et al., 2003)
Methanolic whole plant 300 and 14 Wistar rats (Male & = Alloxan 25-50 % (Ahmed et al., 2010)
500 mg/kg Female)
DCM: methanol (1:1) leaves and 500 mg/kg 7and 15  Male Sprague STZ 49 % (7 days) and 58 % (15 (Singh et al., 2001;
twigs Dawley rats days) Salehi et al., 2019)
Aqueous 1000 mg/kg 21 Male Sprague STZ 20.2 % (Singh et al., 2001)
Dawley rats
Aqueous leaf 1000 mg/kg 14 Albino rats (Male STZ ~13% (Mostofa et al., 2007)
& Female)
Ethanolic  leaf  (Petroleum 150 mg/kg 1 Long-Evans female STZ 52% petroleum ether 0% (Islam et al., 2009)
ether,Chloroform &  Ethyl Rats (chloroform) and 50 % ethyl
acetate) acetate
Ethanolic leaf 100 and 28 Male Wistar rats STZ 46 % (100 mg/kg) and 54 % (Al-Shagha et al., 2015;
200 mg/kg Salehi et al., 2019)
Methanolic leaf 200 and 13 Mice STZ 58 % (200 mg/kg) and 59 % (Singh et al., 2014)
400 mg/kg
Methanol leaf 250 mg/kg 7 Albino rats Alloxan 37 % (Ohadoma and Michael
2011)
Aqueous leaf 100 mg/kg 60 Male albino Wistar = STZ 78 % (Rasineni et al., 2010)
rats
DCM: methanol (1:1) leaf 500 mg/kg 20 Male albino Wistar =~ Alloxan 54 % (Jayanthi et al., 2010)
rats
Dry leaf powder 1.5 and 45 Male albino Wistar = STZ 59 % and 61 % (3.0 mg/kg) (Chauhan et al., 2012)
3.0 mg/kg rats
Aqueous leaf 500 mg/kg 15 Albino rats STZ 46.5 % (Prasad et al., 2009)
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Ethanolic leaf

Ethanolic leaf
Aqueous leaf, flower and stems

Leaf juice
Ethanolic leaf

Aqueous leaf
Aqueous stems

IP=Intraperitoneal administration.

300 mg/kg

300 mg/kg
25 mg/kg

500, 750 and
1000 mg/kg
150 mg/kg

0.1 mg/kg (IP)
250 mg/kg

14

30
6h

Male albino Wistar
rats

Albino rats

Male albino Wistar
rats

Rabbits

Male and female
albino rats

Albino Wistar rats
Male mice, M.
musculus CD-1

13

Alloxan

Alloxan
Alloxan

Alloxan
Alloxan
Alloxan

STZ (single
135 mg/kg)

53 %

74 %
18 %

17%, 29% and
(1000 mg/kg)
49 %

39 %

51%
51.2+193%

(Manoharan et al., 2011)

(Mohan et al., 2015)
(Iweala and Okeke 2005)

(Satyanarayana et al.,
2008)
(Akhtar et al., 2007)

(Muralidharan 2014)
(Espejel-Nava et al.,
2018)



A quantitative ethnobotanical survey by Hulley and Van Wyk (2019) revealed that P. afra was
used for the treatment of high blood pressure and diabetes. While studies have shown the anti-
hyperglycaemic potential of P. afra, they lack scientific evidence from an in vivo source.
Therefore, future studies are required to evaluate its application in the management of diabetes
as it is being prescribed to patients by traditional healers. Overall, P. afra has several medicinal
potentials, including anti-hyperglycaemic activity, and further research is required to establish
its potential in diabetes management.

3.2.1. Phytochemical constituents and pharmacological evidence of Portulacaria afra: anti-
hyperglycaemic activity

Several studies have highlighted the potential of Portulacaria afra in the management of
diabetes. The plant has been reported to possess anti-hyperglycaemic properties due to the
presence of various phytochemicals such as flavonoids, saponins, tannins, phenolic
compounds, and terpenoids (Adeleye and Risenga 2022; De Wet et al. 2013; Opabode et al.,
2019). Some of the potential anti-hyperglycaemic mechanisms of Spekboom include
improving glucose uptake, reducing insulin resistance, and protecting pancreatic beta-cells
(Olaokun et al., 2017; Oyenihi et al., 2019; Visagie et al., 2019). Additionally, P. afra has been
found to have anti-oxidant and anti-inflammatory properties that could contribute to its
potential in diabetes management (Opabode et al., 2019; Tabassum et al., 2022; Tabassum et
al., 2023). The biological activity of anti-oxidants are well known for their effectiveness in
reducing diabetic complications (Bajaj and Khan 2012; Johansen et al., 2005; Krishnaiah et al.,
2011). Furthermore, the plant has been reported to have a low glycaemic index and high fibre
content, which may help regulate blood glucose levels. However, more research is needed to
fully explore the anti-hyperglycaemic potential of Spekboom and its mechanisms of action.

4. Pharmacological potentials of the combination of Catharanthus roseus and
Portulacaria afra

It is accepted that complex mixtures of two medicinal plants is more effective due to beneficial
combination interactions (Vaou et al., 2022). However, scientific evidence of their therapeutic
properties is lacking. According to our phytochemical analysis report obtained from Agro-
processing of Medicinal and Food Crops Lab (Agricultural Research Council (ARC)
Roodeplaat: Vegetable and Ornamental Plants), aqueous leave extracts of both C. roseus and
P. afra presented positive results for metabolites of flavonoids and total phenolics. Flavonoids
and phenolics (and many other including alkaloids) are active metabolites that are promising
sources of natural anti-hyperglycaemic agents and could be the subject in future studies
(Oliveira et al., 2014). In fact, the activity of medicinal plants is the result of multiple intra-
phytochemical interaction with synergistic or antagonistic activity (Ulrich-Merzenich et al.,
2010). The most comprehensive technique used to evaluate the effects of herb-herb interactions
is shown in vivo model systems (Potts et al., 2013). To date, a sufficient number of in vivo
reports documented the anti-hyperglycaemic effects of leave extracts of C. roseus, however,
only in vitro anti-microbial, anti-hyperglycaemic and anti-inflammatory (in vitro and in vivo
model) assays have been performed on the leaf extracts of P. afra (Teffo et al., 2022). There
remains a significant shortage of in vivo reports on the pharmacological activity of P. afra in
the management of diabetes mellitus. Understanding the herb-herb interactions between these
two medicinal plants will result in the development of new combination anti-hyperglycaemic
therapy. Therefore, it is recommended that a well-designed animal study be performed using a
1:1 combination of aqueous leave extracts of C. roseus and P. afra. The safety and efficiency
of herbal preparations is greatly dependant on in vivo research.
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5. Conclusion

Currently, diabetes management in South Africa heavily relies on pharmacological agents,
which come with a variety of drawbacks such as adverse side-effects, high costs, and their
monotherapeutic nature. This issue is especially pronounced in low-income countries due to
various socio-economic challenges. However, the rich floral biodiversity of Africa has
provided a potential solution through the use of medicinal plant remedies. By combining two
medicinal plants that present similar pharmacological properties, in a 1:1 mixture, traditional
healers have been able to further increase their synergistic potency for the management of
certain chronic diseases. One such combination that has gained attention in the management of
diabetes is the mixture of Catharanthus roseus and Portulacaria afra leave extracts. While
anecdotal evidence from traditional healers supports the therapeutic properties of this mixture,
there is currently a lack of scientific validation to confirm its anti-hyperglycaemic properties.
Despite the extensive ethnobotanical records, in vitro and in vivo exploration is needed to fully
explore the therapeutic benefits of this combination. By further investigating the potential of
these plant extracts, we may be able to offer a more accessible and cost-effective solution for
the management of diabetes in South Africa and beyond.
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