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ARTICLE INFO ABSTRACT

Keywords: Diabetes and hypertension have been declared as a global health menace of the 21st Century.
Diabetes Thus, the search for potential therapeutic agents from medicinal plants for the management of
Hypertension

diabetes and hypertension is important. This study was undertaken to investigate medicinal

f&%‘;ﬁz:ﬂy plants being used in the management of diabetes and hypertension by herbalists in Ghana. Data
Ghana were obtained from 36 herbalists through questionnaire interviews and conversations. Botanical

specimens were collected, processed and identified following standard ethnobotanical methods.
Data were analyzed using Fidelity Level (FL) and Informant Consensus Factor (ICF). A total of 39
species of plants belonging to 31 families were reported being used for management of diabetes
and hypertension. Eighteen of these plants are used for the treatment of hypertension, 12 species
for diabetes, and 9 species for management of both diseases. Informant consensus factor was
highest for plants used to treat both diseases (IFC = 0.82) followed by hypertension (ICF = 0.31)
and then diabetes (IFC = 0.24). FL values were high for Carica papaya L. Moringa oleifera Lam. and
Khaya senegalensis A. Juss. for the management of both diabetes and hypertension. Of the 14
species used for hypertension, Tetrapleura tetraptera (Schum. ex. Thonn.) recorded the highest FL
value whiles Momordica charantia L. recorded the highest FL value for antidiabetic plants. Baphia
nitida G. Lodd, Luffa aegyptiaca Mill. and Tapinanthus banguwensis (Engl. & k. Krause) Dancing are
being mentioned for the first time in the management of hypertension. Herbal medicines for
treatments of both diabetes and hypertension were usually prepared from multiple plant pre-
scriptions by boiling the plant parts, and the decoctions drunk for treatments. The results show
that there is substantial preclinical evidence to support the usefulness of some of these herbs as an
important choice for patients with diabetes and hypertension. However, clinical studies are
important to confirm the efficacy and safety of the herbal medicines prescribed by herbalists.

1. Introduction

Since time immemorial medicinal plants have, and continue to play a key role in the healthcare delivery system in the world,
particularly in developing countries. It is reported that about 80 % of the population in developing countries depend on traditional
medicine, largely herbal medicine, for their primary health care and socio-economic needs [1,2]. In Africa, many areas lack hospitals
and even where they are available, they are far from most of the populace. For instance, Torres-Ledn et al. [3] reported that local
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people have to walk for at least 53 km to access the conventional healthcare system, and thus resorted to plant medicine for their
healthcare needs.

Medicinal plants have been reported as being used in the treatment and management of many diseases such as malaria [4,5],
tuberculosis [6,7], hepatitis B [8] and typhoid fever [9] in both developing and developed countries of the world. As a result, the World
Health Organization has recommended its adoption into the mainstream health system including some herbal products on the essential
medicine list [10]. Efforts to improve and consolidate herbal medicine have been enormous with the availability of scientific evidence
supporting the efficacy of herbal medicine [11-13]. Studies have explored the importance of medicinal plants in the management of
diabetes [14], and hypertension [15] in other jurisdictions. However, in Ghana there is inadequate knowledge about medicinal plants
being used by herbalists in different areas in the management of diabetes and hypertension declared as a global health menace of the
21st Century [16,17].

Diabetes mellitus is a chronic endocrine disorder that adversely alters the metabolism of carbohydrates, proteins, fat, electrolytes
and water, predominantly due to a derangement in insulin production and/or action [18]. Diabetes is associated with long-term
complications such as heart disease, stroke, kidney failure, blindness, nerve damage and neuropathy, atherosclerosis, chronic in-
fections, immune deficiency and peripheral vascular disease that may lead to ulcers, gangrene and amputation [19,20]. Studies have
reported on two main types of diabetes mellitus, namely, Type 1 and Type 2 [21,22]. Type 1 diabetes is mostly attributed to inadequate
secretion of insulin resulting in chronic hyperglycemia [21]. Type 2 diabetes mellitus is reported to be more prevalent than all types of
diabetes and affects about 90 % of the global population [23], which is caused by inefficient metabolic processes or organ damage or
malfunction. Bahrami and Gerstein [24] noted that type 2 diabetes mellitus is a serious public health menace as 50 % of people living
with it are undiagnosed. It has been estimated that about 7 % of the world’s population has diabetes [25,26], and 80 % of such cases are
reported in developing countries. The eighth edition of the International Diabetes Federation (IDF) Atlas report noted that Sub-Saharan
Africa accounts for 77 % of all diabetes-related deaths in people under 60 years worldwide. Likewise, IDF projected prevalence rate of
diabetes in Africa is 156 % by the year 2045 [27]. According to [28] the incidence rate of diabetes in Ghana is 4.1 % and it is expected
to rise to 5.0 % by 2030. Similarly, available statistics indicate that of all disease conditions reported in the various hospital across
Ghana, diabetes-related complications accounts for about 6 % between 2002 and 2017 [29].

Hypertension is the most common risk factor for acute myocardial infarction, stroke, and peripheral vascular disease, and is the
major known factor for cardiovascular disease and its mortality [30,31]. The major causes of hypertension include excessive alcohol
intake, obesity, stress, too much salt intake, oral contraceptive drugs, renal failure, tobacco use, lack of exercise and hereditary-related
[32,33]. It is reported that about 40 % of the world’s adult population (25 years and above) have been identified with hypertension,
out of this; Africa leads with 46 % [21,34]. Hypertension has been classified broadly into two main types; primary and secondary
hypertension. Primary hypertension results in high Blood Pressure for which no medical reason has been confirmed and constitutes
about 90-95 % of all reported cases [35]. While, secondary hypertension is induced by conditions that affect the heart, kidney, arteries
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or the endocrine system [36].

Diabetes and hypertension are pathophysiologically related diseases. Epidemiological studies have indicated the co-existence of
diabetes and hypertension in some patients, and both diseases share common risk factors [37]. There are several commercial drugs
available for the treatment or management of diabetes and hypertension. These drugs include Glibenclamide and metformin for the
management of diabetes and Amlodipine and Lisinopril for the management of hypertension. However, the intensive and vigorous
management regimes associated with the use of orthodox medicine for the management of both diabetes and hypertension coupled
with drug resistance, related side effects, and high treatment cost has necessitated a paradigm shift towards plant medicine regime [38,
39]. Studies have shown that medicinal plants due to their active ingredients, medicinal and antioxidant compounds have beneficial
effects on human health and have a therapeutic effect on various organs of the body and various diseases [4,40,41]. Therefore, it is
imperative to explore potential therapeutic agents with minimal side effects from medicinal plants, which may be useful in the
management of diseases. As yet, there is a scarcity of studies on medicinal plants being used by herbalists in the management of
diabetes and hypertension in Ghana. Thus, this present study aimed to investigate the pharmacotherapeutic potential of medicinal
plants that are being used by herbalists in the management of diabetes and hypertension in Ghana. Specifically, the study addresses the
following questions: (1) What species of medicinal plants are used in the management of diabetes and hypertension in Ghana? (2) How
are the medicinal plants being prepared and used in the management of the diseases; (3) What are the common symptoms for the
diagnosis of diabetes and hypertension by herbalists?

2. Materials and methods
2.1. Study area

The present study was conducted at the Centre for Plant Medicine Research (CPMR) in Ghana. The Centre for Plant Medicine
Research (CPMR) is one of the leading research institutions in Ghana. It was established by the Government of Ghana in 1975 as an
Agency of the Ministry of Health mandated to undertake research into plant medicine. This makes the Centre a unique research
institution in Sub-Saharan Africa and beyond. The CPMR is located on Latitude 5°55'04.7"N and Longitude 0°08’ 03.2" W in the peri-
urban town of Akuapem-Mampong in the Eastern Region of Ghana.

Ghana is situated in West Africa bounded by Burkina Faso on the north, Togo on the eastern border, Cote d’ivoire on the west, and
the Gulf of Guinea on the south (Fig. 1). The country has a total surface area of 238,540 kmZ. Total annual rainfall ranges from 780 mm
in the dry eastern coastal belt to 2200 mm in the wet southwest corner of the country. Traditional medicine is a major component of the
health care delivery system in the country [42]. Thus traditional healers in Ghana such as herbal practitioners, fetish priests, divine
healers, psychic practitioners and traditional medicine practitioners are well-organized under an umbrella organization Ghana
Federation of Traditional Medicine Healers Association (GHAFTRAM).

2.2. Selection of herbalists and ethnobotanical interviews

A total of 36 registered herbalists belonging to GHAFTRAM were involved in this study. The 36 herbalists represented 64 % of the
56 herbalists that participated in a training workshop organized by CPMR in September 2022. Herbalists who participated in this study
were located in the Western (44 %), Greater Accra (22 %), Eastern (19 %) and Ashanti (14 %) regions of Ghana.

Ethnobotanical data were acquired from the herbalists through conversation and interviews using a semi-structured questionnaire
with predetermined open-ended and direct questions. Pretesting of the questionnaire was undertaken with 20 randomly selected
herbalists within the study area and improvements were made to the questionnaire before its use. The questionnaire was designed to
capture data on the demographic background of herbalists, vernacular names of the plants, plant parts used, mode of preparation and
administration. Face-to-face interviews with herbalists involved an interpreter, a recorder and a botanist. We also followed the face-to-
face interviews with telephone conversations with the herbalists to validate information that they have previously provided. Data
collection took place between September 2022-January 2023.

Voucher specimens of the species of plants reported being used were collected with the herbalists from the field. The plant
specimens collected were pressed and processed following standard ethnobotanical practices [43], and voucher specimens have been
deposited at the Centre for Plant Medicine Research herbarium (CPMR). Plant identification was achieved via comparison of the
voucher specimens collected with already identified specimens at the CPMR herbarium. Nomenclature and classification of the species
of plants follow Plants of the World Online (POWO) and The Plant List databases (http://www.theplantlist.org; and https://powo.
science.kew.org/accessed respectively on December 18, 2022 and July 10, 2023).

Ethical statement

The selection of the herbalists and the conduct of interviews were guided by the principles of the Code of Ethics of the International
Society of Ethnobiology [43,44]. In this regard, the purpose of the study including methods of data collection and intention to publish
data as well as an assurance of the confidentiality of the information to be provided was thoroughly explained to herbalists to enable
them to make prior-informed decisions about their participation, as involvement in this study was voluntary. Only herbalists that
consented to the objectives of the study were enrolled and consequently interviewed.
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2.3. Data analysis

Data were analyzed using two ethnobotanical indices, namely, Fidelity Level (FL) and Informant Consensus Factor (ICF). The
Fidelity Level is a way of calculating the percentage of informants who use a particular plant for the same purpose compared to all uses
of all plants, and was computed using the formula [45]: FLS = Ns/URs; where Ns is the number of informants that use a particular
plant for a specific purpose, and URs is the total number of use reports for the species.

Informant Consensus Factor (ICF) was employed to deduce the homogeneity of the information about plant use to treat a particular
category of disease (i.e., diabetes and hypertension). The ICF was calculated using the formula [46]: ICF = (Nur — Nt)/(Nur — 1)
where “Nur” refers to the total number of use reports for each disease category and “Nt” refers to the total number of species used for
that category.

3. Results and discussion
3.1. Background of herbalists

Information about demographic background of the 36 herbalists interviewed is summarized in Table 1. More than half (64 %) of the
herbalists interviewed were males, and the majority (47 %) of the herbalists were within the age group of 41-50 years. The herbalists
interviewed had attained different levels of education ranging from primary school to university level. The herbalists interviewed
included Christians (92 %), traditionalists (5 %), and Muslims (3 %). About 53 % of the herbalists had practice for more than 40 years.
The extensive experience (>40 years) of most of the herbalists (53 %) could indicate that the herbalists have adequate knowledge in
the management of diseases [47].

The herbalists diagnosed diabetes mellitus based on symptoms such as unexplained weight loss (36 %), frequent urination (28 %),
increased thirst (25 %) and extreme hunger (11 %). These symptoms are among those commonly used by traditional healers in the
diagnosis of diabetes mellitus for their treatments [48,49] and used in clinical diagnosis of the disease. In Kenya, some herbalists in
addition to the previously mentioned parameters relied on headache, sweating and fever in diagnosing diabetes [50]. Note that in
Traditional Chinese medicine patients with chronic diseases such as diabetes are also examined using physical examination, pulse and
breath odour, in addition to relying on the history of the patients [51].

Regarding the diagnosis of hypertension, herbalists mentioned irregular heartbeats (35 %), difficulty in breathing (22 %), vision
problems (16 %), chest pains (14 %), fatigue (5 %), and blood in the urine (8 %). In the Maritime Region of Togo, traditional healers
used a combination of symptoms including nose bleeding, headache, swarming, loss of consciousness, and shortness of breath for
diagnosis of hypertension [15]. In addition, the herbalists also relied on an orthodox diagnosis of patients with diabetes and hyper-
tension for their treatments. This is usually the practice if herbalists have the training and the equipment to subject patients to the
clinical examination of diabetes and hypertension [50].

About 44 % of the herbalists reported that 10 patients on average per week visited their clinics for treatment of both diseases, and
that they received positive feedback from the patients. This suggests that herbalists play a major role in the management of both
diabetes and hypertension in Ghana, which also means that the effects of their medicines on patients must be properly investigated.

3.2. Medicinal plants

A total of 39 species of plants belonging to 31 families were reported by the herbalists as being used in the management of hy-
pertension and diabetes (Table 2). Most of the species of plants belong to the Apocynaceae (14 %), Fabaceae (14 %), and the others;

Table 1
Background on herbalists (n = 36) interviewed.

Categories Variables Number of herbalists % of herbalists

Gender Male 23 64
Female 13 36

Age-groups 18-30 2 6
31-40 5 14
41-50 17 47
51-60 12 33

Religion Christian 33 92
Muslim 1 3
Traditional 2 5

Educational level No formal education 2 6
Basic education 9 25
Senior High School 16 44
Tertiary 9 25

Years of practice 10-20 8 22
21-30 2 6
31-40 7 19
>41 19 53
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Medicinal plants reported used for management of diabetes and hypertension by herbalists in Ghana with information on their vernacular names,
conservation status, habits, diseases treated, and how they are being used.

Species (Voucher Family (habit) Local name Disease Plant Modes of preparation Modes of
#)/Conservation Status type* parts administration
Aframomum melegueta K. Zingiberaceae Fam wisa (Twi) H Seeds Decoction: boil with stem bark of ~ Oral: drink
Schum. (CPMR 4945) (herb) Khaya senegalensis and Zingiber decoction
officinale
Alchornea cordifolia Euphorbiaceae Ogyama (Twi) D Leaves Decoction: Boil with leaves of Oral: drink
(Schumach. & Thonn.) (shrub) Psidium guajava and Citrus decoction
Miill. Arg (CPMR 4920) aurantifolia leaves
Alstonia boonei De Wild. Apocynaceae Nyamedua (Twi) H Stem & Decoction: Boil leaves and stem Oral: drink
(CPMR 4911) (Tree) leaves together and add Zingiber decoction
officinale
Alternanthera pungens Kunth Amaranthaceae Nkasienkasie D Stem bark  Boil with leaves of Taraxacum Oral: drink
(CPMR 4906) (herb) (Asante) officinale and moringa oleifera decoction
Anthocleista nobilis G. Don Loganiaceae Awudifo kete D Stem bark  Boil with whole plant of Paullina Oral: drink
(CPMR 4930) (tree) (Twi) pinnata, Carica papaya leaves and decoction
add lemon juice
Azadirachta indica A. Juss. Meliaceae (tree) Nim (Fante) D Root bark Boil with leaves of Carica papaya, Oral: drink
(CPMR 4933) Gossypium arboreum leaves and decoction
seeds Xylopia aethiopica
Baphia nitida G. Lodd. (CPMR  Fabaceae (tree) Odwene (Twi) H Leaves Boil leaves with Xylopia aethiopica ~ Oral: drink
4921) fruits decoction
Bryophyllum pinnatum (Lam.) Crassulaceae Egoro (Twi) H Leaves Boil with fruit Tetrapleura Oral: drink
Oken (CPMR 4925) (herb) tetraptera decoction
Carica papaya L. (CPMR Caricaceae (tree) Brofre (Twi) DH Leaves Boil with Khaya senegalensis stem Oral: drink
4917) bark, whole plant of Paullinia decoction
pinnata and Psidium guajava leaves
Cinnamomum zeylanicum Lauraceae (tree) Anoatre dua (Twi) H Stem bark  Boil with fruit Monodora myristica ~ Oral: drink
Blume. (CPMR 4928) and dried Zingiber officinale decoction
Cymbopogon citratus (DC.) Poaceae (grass) Ti-ahaban (Fante) H Whole Boil whole plant Oral: drink
Stapf. (CPMR 4924) plant decoction
Fleurya ovalifolia (Schumach. Moraceae (tree) Nsasono (Twi) DH Leaves Grind dried into granules with Oral: drink
& Thonn.) Dandy (CPMR Carica papaya and Momordica decoction
4943) charantia leaves
Gomphrena celosioides Mart. Amaranthaceae Water globe H Whole Boil whole plant Oral: drink
(CPMR 4907) (herb) (English) plant decoction
Gossypium arboreum L. Malvaceae (tree) Asaawa (Twi) D Leaves Boil with root of Carica papaya, Oral: drink
(CPMR 4932) Morinda lucida and leaves of decoction
NT Ocimum gratissimum
Dianthera secunda (Lamb.) Acanthaceae Jehovah witness D Leaves Boil leaves with krokrodoso leaves  Oral: drink
Griseb. (CPMR 4905) (shrub) tree (English) decoction
Khaya senegalensis (Desr.) A. Meliaceae (tree) Kuntunkuri (Twi) DH Stem bark Boil with dried leaves of Carica Oral: drink
Juss. papaya, decoction
(CPMR 4934)
VU
Kigelia africana (Lam.) Benth. ~ Bignoniaceae Nufuten (Asante) H Leaves, Boil stem bark and leaves together ~ Oral: drink
(CPMR 4916) (tree) Stem bark decoction
Lantana camara L. (CPMR Verbenaceae Anansedokono H Whole Boil with Tapinanthus Oral: drink
4944) (shrub) (Akan) plant banguwensis, Citrus aurantifolia decoction
leaves and Zingiber officinale
Luffa cylindrica M. Roem. Cucurbitaceae Sapo (Twi) H Leaves Infusion: soak fresh leaves in Oral: drink
(CPMR 4918) (shrub) water. infusion
Mangifera indica L. (CPMR Anacardiaceae Amango (Asante) DH Leaves Boil leaves and bark together with ~ Oral: drink
4908) (tree) Psidium guajava leaves decoction
Momordica charantia L.CPMR  Cucurbitaceae Nyinya (Twi) D Fruit Mill fruits Oral: drink
4919 (tree) decoction
Morinda citrofolia L. (CPMR Rubiaceae (tree) Noni (Hawalli) DH Fruit, Boil dried leaves and ferment the Oral: drink
4940) Leaves fruits. decoction
Morinda lucida Benth. (CPMR  Rubiaceae (tree) Konkroma DH Leaves, Mill fresh leaves and stem bark Oral: drink
4939) (Asante) Stem bark  and add lemon juice decoction
Moringa oliefera Lam. (CPMR Moringaceae Moringa (English) DH Leaves Boil freshly together with Launaea  Oral: drink
4935) (tree) taraxacifolia or Mill dried leaves decoction
with Launaea taraxacifolia
Musa paradisiaca L. (CPMR Musaceae (tree) Brodea (Twi) H Leaves, Boil with dried leaves of Oral: drink
4936) Stem Mangifera indica and maize husks decoction
Musa sapientum f. pruinosa Musaceae (tree) Kwadu (Twi) D Leaves Boil together with dried leaves of ~ Oral: drink
King. (CPMR 4937) carica papaya and Zingiber decoction
officinale

(continued on next page)



T. Asafo-Agyei et al.

Table 2 (continued)

Heliyon 9 (2023) e22977

Species (Voucher Family (habit) Local name Disease Plant Modes of preparation Modes of

#)/Conservation Status type* parts administration

Ocimum gratissimum Forssk. Lamiaceae (herb) Nunum (Twi) DH Leaves Boil dried leaves with Morinda Oral: drink
(CPMR 4926) lucida leaves decoction

Paullinia pinnata L. (CPMR Sapindaceae Toatin (Asante) D Whole Boil with Psidium guajava leaves, Oral: drink
4941) (shrub) plant Carica papaya leaves decoction

Persea americana Mill. (CPMR  Lauraceae (tree) Paya (Akan) H Seed Grind dried seeds into powder. Oral: drink
4929) decoction

Psidium guajava L. (CPMR Myrtaceae (tree) Oguawa (Twi) D Leaves Boil with Caricapapaya and Persea  Oral: drink
4938) americana leaves decoction

Rauvolfia vomitoria Wennberg ~ Apocynaceae Kakapenpen (Twi) D Root bark Boil with Paullinia pinnata whole Oral: drink
(CPMR 4912) (tree) plant decoction

Rosmarinus officinalis L. Lamiaceae (herb) Rosemary H Leaves Boil with leaves of Alstonia boonei, ~ Oral: drink
(CPMR 4927) (English) Zingiber officinale roots and stem decoction

bark of Khaya senegalensis

Senna alata (L.) Roxb. (CPMR Fabaceae(tree) Osempe (Twi) D Leaves Boil with Alchornea cordifolia Oral: drink
4922) leaves and whole plant of decoction

Paullinia pinnata

Strophanthus hispidus DC. Apocynaceae Omaatwa (Twi) H Root bark Boil roots Oral: drink
(CPMR 4913) (shrub) decoction

Tapinanthus banguwensis Loranthaceae Nkrapan (Twi) H Whole Boil with Launaea taraxacifolia Oral: drink
(Engl. & k. Krause) (Climber) plant leaves and add Xylopia aethiopica decoction
Danser (CPMR 4931) Fruits

Launaea taraxacifolia (Willd.) ~ Compositae Dandelion H Leaves Boil with Moringa oleifera leaves Oral: drink
Amin ex C. Jeffrey (herb) (English) decoction
(CPMR 4915)

Tetrapleura tetraptera Fabaceae (tree) Prekese (Twi) H Fruits Boil the dried fruit with leaves of ~ Oral: drink
(Schumach. &Thonn.) Ocimum gratissimum decoction
Thaub. (CPMR 4923)

Trema orientalis (L.) Blume Cannabaceae Sesea (Asante) D Leaves Decoction: boil together with Oral: drink
(CPMR 4942). (tree) roots of Morinda lucida decoction

Gymnanthemum amygdalinum  Asteraceae Anwonwene DH Leaves Decoction: boil with leaves of Oral: drink
(Delile.) Sch. Bip. (CPMR  (shrub) (Akan) Persea americana decoction
4914)

Xylopia aethiopica (Dunal.) A. Annonaceae Hwentia (Twi) H Seed Decoction: boil with Leaves of Oral: drink
Rich (CPMR 4909) (tree) Gossypium arboreum, roots of decoction

Morinda lucida and Carica papaya

Zanthoxylum zanthoxyloides Rutaceae (shrub) Okantor (Twi) D Stem bark Decoction: boil together with Oral: drink
(Lam.) Zepern.& Timler Alchornea cordifolia leaves, stem decoction
(CPMR 4910) bark of Khaya senegalensis

Zingiber officinale Roscoe Zingiberaceae Kakaduro (Twi) H Root bark Decoction: boil with Tetrapleura Oral: drink
(CPMR 4946) (shrub) tetraptera decoction

NT= Near threatened; VU=Vulnerable; *D = Diabetes; H = hypertension.

Amaranthaceae, Cucurbitaceae, Lamiaceae, Lauraceae, Meliaceae, Musaceae, Rubiaceae and Zingiberaceae have Ten percent
respectively. Trees formed the majority (55 %) of the plants being used while shrubs and herbs formed 24 % and 21 %, respectively. Of
the 39 species of plants, 18 were being used for the management of only hypertension and 12 species for only diabetes. Nine species of
plants, namely, Carica papaya L. Fleurya ovalifolia Schum. & Thonn., Khaya senegalensis A. Juss., Mangifera indica L., Morinda citrifolia
L., Morinda lucida A. Gray., Moringa oleifera Lam., Ocimum gratissimum A Forsk. and Gymnanthemum amygdalinum (Delile) Sch.Bip was
reported being used in the management of both diabetes and hypertension. The use of the same species of plants in the management of
both diabetes and hypertension has been reported [52]. However, the species reported in this case is different from what has been
reported elsewhere [52].

The results of literature search showed that all the species of plants reported for the management of diabetes by herbalists have
been previously documented for this use [53-62]. However, major differences exist in the way the plants are being used in different
areas of Ghana and elsewhere for the management of diabetes. In a recent review of the use of plants in traditional management of
diabetes in Nigeria [56], only 21 of the 115 species of plants identified were reported in the present study. Moreover, plants such as
Aframomum melegueta K. Schum, Cympopogon citratus (DC.) Stapf and Tapinanthus banguwensis (Engls. and K. Krause) Danscing were
reported being used by the herbalists in this study but not in the management of diabetes. In a study of medicinal plants used in the
management of diabetes in the Dangme West district of southern Ghana [46], only seven of the species identified were reported used in
this study. Only 16 of the 76 plants reported used in the management of diabetes by [54] were reported in this study. Sometimes the
plant parts used also differed in different areas. For example, the decoction of whole plant of Momordica charantia L. is used in the
Dangme West district while it is the fruits that are used in the management of diabetes in this study. Understanding the use of species in
different areas can assist in selecting those plants that justify further studies.

Sixteen of the species of plants have been previously documented in the management of hypertension. These species were Afra-
momum melegueta K. Schum. [63], Alstonia boonei De Wild [54], Kalanchoe pinnata (Lam.) Pers. [64], Cinnamomum verum J. Presl [65],
Cymbopogon citiratus (DC.) Stapf. [55], Gomphrena celesioides Mart. [66], Kigelia africana (Lam.) Benth. [60], Lantana camara f. albiflora
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Moldenke [67] and Musa paradisiaca L. [68], Persea americana Mill. [69], Rosmarinus officinalis L. [70], Strophanthus hispidus DC. [71],
Taraxacum erythrospermum Andrz. ex-Besser [72], Tetrapleura tetraptera (Schumach. & Thonn.) Taub. [73], Xylopia aethiopica (Dunal) A.
Rich [74] and Zingiber officinale Roscoe [75]. However, to the best of our knowledge four species; Baphia nitida G. Lodd, Luffa
aegyptiaca Mill. and Tapinanthus banguwensis (Engl. & K. Krause) Dancing are being documented for the first time in the management of
hypertension (see Table 2).

3.3. Informant consensus and fidelity level

A quantitative analysis of herbalist’s agreements about the use of medicinal plants for management of the diseases is presented in
Table 3. The highest ICF value (0.82) was recorded for both hypertension and diabetes, followed by 0.31 for only hypertension, and
0.24 for only diabetes mellitus. These results mean that the healers agreed more on the use of plants for the management of hyper-
tension compared to diabetes. A similar study by [76] reported high ICF values for hypertension (ICF = 0.90) and diabetes (0.81)
among healers. ICF value may vary due to the abundance, diversity and availability of medicinal plants and their associated knowledge
in a particular locality [76]. Also, constraints in the transfer of ethnobotanical knowledge from one generation or locality to another
may affect ICF values [76].

Fidelity level (FL) values for the 39 medicinal plants regarding the management of the diseases are presented in Tables 4-6. The
species of plants with high FL values for diabetes were Momordica charantia L. (FL = 17.3), and Psidium guajava L. (FL = 13). For
hypertension, the highest FL of 15 was recorded for Tetrapleura tetraptera (Schum. ex. Thonn.) Thaub. followed by Persea americana
Mill. (12.5) and Launea taraxifolia (Willd.) Amin ex C. Jeffrey (12.5). For both hypertension and diabetes, the highest FL of 23.3 % was
recorded for Carica papaya L. (Table 4). These results suggest that herbalists have their preferences regarding the choice of medicinal
plants for the management of diseases. It is, however, unclear what informed their choices in the selection of plants for treatments.

3.4. Formulation and application of medicinal plants

The herbal medicines for the treatments of both diabetes and hypertension were commonly prepared from multiple plant pre-
scriptions. The multi-component nature of herbal medicines for the treatment of hypertension is known and it is believed to improve
efficacy through synergism [77]. Unlike the situation in the Endo state of Nigeria, non-plant materials like snail, potash, earthworm
and native chalk were not reported added to the recipes for the management of hypertension [77] in this study. Generally, multiple
plant prescriptions are very complex in terms of standardization, identification of bioactive agents, and monitoring of the uses of plants
[78]. There were, however, a few instances of single plant prescriptions such as the use of Cympopogon citratus (DC.) Stapf., Gomphrena
celosoides Mart., Persea americana Mill., and Strophanthus hispidus DC., for hypertension, Momordica charantia L. for diabetes, and
Morinda citrofolia L. and Morinda lucida A. Gray for both diabetes and hypertension. The availability of particular plant species and
knowledge of traditional healers are factors that could determine whether species of plants are used singly or in combinations [78].

Although the plant’ parts used for the management of the diseases differed, the most common parts used were leaves and stem bark
(Fig. 2). Similar to the results of this study, stem bark was the most commonly used plant part in the management of diabetes in Guinea
[79], and leaves formed the most frequently used plant part in the management of hypertension in nearby Togo [15] and Nigeria [77].
The plant parts used in traditional medicine could depend on the availability of the plants as well as the knowledge of local people.
Scientifically, bioactive agents in plants could be related to the plant parts as secondary metabolites differ in concentration in the
different plant parts.

Except for the leaves of Luffa cylindrica M. Roem that were prepared in the form of an infusion for the management of hypertension,
the herbal medicines were prepared by boiling the plant parts and the decoctions drunk. This observation was not surprising because
most traditional medicines are prepared as decoctions for oral administration [80,81]. However, other modes of preparation and
administration of herbal medicines for the management of both diabetes and hypertension have been reported elsewhere. For example,
in the Dangme West District of Ghana, pulverized plant materials were added to food and eaten for the management of diabetes [48].
Also, concoctions, powders, and essence as modes of preparation of herbal medicines for hypertension have been reported [15].

4. Review of anti-diabetic and anti-hypertensive studies on medicinal plants

The results of the literature review on the bioactivity, phytochemical constituents and clinical studies about the medicinal plants
identified are presented in Table 7. Out of the 39 plants reviewed, 38 have been investigated for their biological activities (14 anti-
diabetic, 16 anti-hypertensive and 8 for both properties). In the last few decades, the discovery and development of phytochemi-
cals intended for anti-diabetic and anti-hypertensive effects have gained some attention. Anti-diabetic and anti-hypertensive effects of
medicinal plants are attributed to the group of phytochemicals or single chemical constituents of plant extracts, which work by various

Table 3

Informant Consensus Factor (IFC) about medicinal plants used by herbalists in Ghana for the management of diabetes and hypertension.
Disease category Number of use-reports Number of species ICF
Diabetes mellitus 18 14 0.24
Hypertension 27 19 0.31
Diabetes mellitus and hypertension 45 9 0.82
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Table 4
Fidelity level for medicinal plants reported by herbalists in Ghana as used in the management of hypertension.

S/N Species Hypertension

Fidelity level

Urs Ns FL
1. Aframomum melegueta 40 1 2.5
2. Alstonia boonei 40 1 2.5
3. Baphia nitida 40 1 2.5
4. Bryophyllum pinnatum 40 2 5
5. Cinnamomum zeylanicum 40 1 2.5
6. Cymbopogon citiratus 40 1 2.2
7. Gomphrena celesioides 40 1 2.5
8. Kigelia africana 40 2 5
9. Lantana camara 40 1 2.5
10. Launnea officinale 40 5 12.5
11. Luffa aegyptiaca 40 1 2.5
12. Musa paradisiaca 40 2 5
13. Persea americana 40 5 12.5
14. Strophanthus hispidus 40 2 5
15. Tapinanthus banguwensis 40 2 5
16. Tetrapleura tetraptera 40 6 15
17. Xylopia aethiopica 40 3 7.5
18. Zingiber officinale 40 2 5
Table 5
Fidelity level for medicinal plants reported by herbalists in Ghana as used in the management of diabetes.
S/N Species Diabetes
Fidelity level
Urs Ns FL
1. Alchornea cordifolia 23 1 4.3
2. Alternanthera pungens 23 1 4.3
3. Anthocleista nobilis 23 1 4.3
4. Gossypium americana 23 1 4.3
5. Momordica charantia 23 4 17.3
6. Musa sapientum 23 2 8.6
7. Paullinia pinnata 23 1 4.3
8. Psidium guajava 23 3 13
9. Rauvolfia vomitoria 23 1 4.3
10. Senna alata 23 1 4.3
11. Trema orientale 23 1 2
12. Zanthoxylum zanthoxyloides 23 1 2
Table 6
Fidelity level for medicinal plants reported by herbalists in Ghana as used in the management of hypertension.
S/N Species Diabetes and Hypertension
Fidelity level
Urs Ns FL
1. Carica papaya 30 7 23.3
2. Fleurya ovalifolium 30 2 6.6
3. Khaya senegalensis 30 4 13.3
4. Mangifera indica 30 2 6.6
5. Morinda citrofolia 30 2 6.6
6. Morinda lucida 30 3 10
7. Moringa oliefera 30 4 13.3
8. Ocimum gratissimum 30 3 10
9. Vernonia amygdalina 30 3 10

mechanisms. Some phytochemicals with anti-diabetes properties for instance, work through the regulation of glucose and lipid
metabolism, stimulation and regeneration of p-cells, insulin secretion, regulation of the NF-kB signalling pathway, inhibition of
gluconeogenic enzymes and oxidative stress. Also, pharmacological effects such as regulation of potassium and calcium ion channels,
adenylate cyclase, nitric oxide (NO) and adrenergic system (o and f} receptors), inhibition of angiotensin-converting enzymes (ACE),
serotonin (5HT), norepinephrine (NE), prostaglandins (PGs)- pathways, phosphodiesterase (PDE) and sodium ion absorption may
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Fig. 2. Plant parts used in the management of diabetes and hypertension by herbalists in Ghana.

underscore the mechanisms used by phytochemicals with anti-hypertensive properties.

The groups of phytochemicals mostly investigated and reported for these activities include saponins, polyphenols, flavonoids,
alkaloids, tannins, glycosides polysaccharides and stilbenes. For this review, the phytochemicals will be classified based on their
comparable chemical features, without necessarily considering their common biosynthetic pathways. The classification is as follows;
nitrogen-containing compounds (alkaloids), terpenes and terpenoids, polyphenolic compounds, and hydroxyl-containing compounds.

4.1. Alkaloids

Alkaloids are a large family of nitrogen-containing phytochemicals with a lot of medicinal value. The antidiabetic and antihy-
pertensive properties of plants such as Alstonia boonei De Wild., Alternanthera pungens Kunth, Carica papaya L., Gossypium arboreum L.,
Dianthera secunda (Lam.) Griseb., Kigelia africana (Lam.) Benth., Paullinia pinnata L., Strophanthus hispidus DC. and Launaea taraxacifolia
(Willd.) Amin ex C. Jeffrey has been attributed to the presence of phytochemicals including, alkaloids. Some studies have related
certain alkaloids with their specific molecular targets in defining their possible mode of action. In the case of antidiabetics, a special
reference is made to the insulin-signaling pathway, where there is scientific data to support the activities of compounds like Na-
formylechitamidine, berberine, trigonelline, piperine, oxymatrine, vindoneline, evodiame and neferine in the regulation of insulin-
signaling and other related cascades associated with f-cells, adipose tissues, myocytes and the hepatic cells [11].

Akuammicine, purified from the chloroform extract of Picralima nitida (Stapf) T. Durand & T. Durand (seeds), is known to stimulate
the uptake of glucose in 3T3-L1 adipose cells [132]. This alkaloid is also detected in plants belonging to the genus Alstonia. This may
partly explain why species such as Alstonia boonei De Wild. and Alstonia congensis Engl. have hypoglycemic activity.

There are also reports on alkaloids which exhibit anti-hypertensive properties [54]. reported on echitamine, an alkaloid isolated
from Alstonia boonei De Wild. Echitamine lowered arterial blood, relaxed the smooth muscles of the heart and induced negative
chronotropic and inotropic responses [87]. Reserpine, another alkaloid isolated from Rauvolfia vomitoria Wennberg is also reported to
have antihypertensive activity [88]. Reserpine decreased blood pressure by depletion of catecholamines from the peripheral sym-
pathetic nerve endings thereby regulating heart rate, cardiac contractions and peripheral resistance [133].

4.2. Terpenes and terpenoids

Terpenes are a class of compounds made up of one or more isoprene units. Compounds with an exact sequence of isoprene units are
strictly referred to as terpenes while those modified sequences that look like terpenes (with isoprene skeletal pattern and other
functional groups) are termed terpenoids. Isoprene or isoprenoid is the simplest unit of terpenes and terpenoids and consists of 5
carbons, connected with some alkene bonds.

Isoprene unit.

Many terpenes and terpenoids isolated from plants have been reported to have anti-diabetic and anti-hypertensive activities.
Nimbidin, lupeol, oleanolic acid, p-amyrin, glutinol, ursolic acid are a few known examples. Oleanolic acid is a pentacyclic triterpene
present in the fruits, vegetables and herbs of some plants. It has been isolated from ethyl acetate fraction of Aframomum melegueta K.
Schum. fruit [63], chloroform fraction of Morinda lucida Benth. ethanolic leaf extract [134] and methanolic extract of Mormodica
charantia L. (gourd). The anti-diabetic activity of oleanolic acid, isolated from the fractions of various plants, has been reported [135].
Oleanolic acid, such as thymol and carvacrol extracted from Gymnanthemum amygdalinum (Delile) Sch.Bip. has been reported to show
anti-diabetic activities [136,137].
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Table 7
Biological activity, bioactivity constituents, and clinical studies on medicinal plants reported used by herbalists in Ghana for management of diabetics and hypertension.

Species Biological activity Phytochemical constituents Clinical studies
Aframomum A. melegueta ethyl acetate fraction (AMEF) treatment at 300 mg/kg Gingeredione, oleanolic acid [63]. Lowering of cardiovascular indices such as systolic blood pressure
melegueta showed potent anti-diabetic effect in a T2D model of rats [82]. (SBP), diastolic blood pressure (DBP). The degree of reduction was

Alchornea cordifolia

Alstonia boonei

Alternanthera pungens
Anthocleista nobilis

Azadirachta indica

Baphia nitida
Bryophyllum
pinnatum

Carica papaya

Cinnamomum
zeylanicum

Cymbopogon citratus

Fleurya ovalifolia
Gomphrena
celosioides

Administration of Alchornea cordifolia leaf extract to diabetic animals
significantly (p < 0.05) decreased the blood glucose level in the group
treated with 200 mg/kg b w and decreased by a higher margin (p <
0.01) in animals treated with 400 and 800 mg/kg b w [83].

Aqueous extract of the stem bark caused about 44 % and 40 %
reduction in the activities of hepatic glu-6-phosphatase and fru-1, 6-
phosphatase, respectively. This was accompanied by about 30.5 %
increase in glu-6-phosphate dehydrogenase [85].

Treatment with 50, 200 and 300 mg kg™ of A. pungens extract
improved and restored rat serum HDL level [57].

The stem and root bark extracts significantly (p < 0.5) reduced fasting
blood glucose concentration of diabetic animals [53].

Aqueous extracts of neem plant showed antihyperglycemic activity in
streptozotocin-induced rats and this effect was due to an increase in
glucose uptake and glycogen deposition in isolated rat hemidiaphragm
[86].

No previous report

Both the aqueous and methanolic leaf extracts of B. pinnatum (BP,
50-800 mg/kg iv. or i.p.) produced dose related, significant (P < 0.05 -
0.001) decrease in arterial blood pressure and heart rates of
anaesthetized normotensive and hypertensive rats [87].

The methanolic extract of C. papaya elicited angiotensin converting
enzyme inhibitory activity. The antihypertensive effects elicited by the
methanolic extract of C. papaya were similar to those of enalapril, and
the baroreflex sensitivity was normalized in treated spontaneously
hypertensive rats [89].

Acute intravenous administration of C. zeylanicum extract (5, 10 and
20 mg/kg) to .-NAME-induced hypertensive rats provoked a long-
lasting decrease in blood pressure. Mean arterial blood pressure
decreased by 12.5 %, 26.6 % and 30.6 % at the doses of 5, 10 and 20
mg/kg, respectively. In chronic administration, MECZ and captopril
significantly prevented the increase in blood pressure and organs’
weights, as well as tissue histological damages and were able to reverse
the depletion in NO tissue’s concentration [90].

A fresh leaf aqueous extract of Cymbopogon citratus administered in
normal rats lowered the fasting plasma glucose and total cholesterol,
triglycerides, low-density lipoproteins and very low-density
lipoprotein dose dependently while raising the plasma high-density
lipoprotein level in the same dose-related fashion, but with no effect on
the plasma triglyceride levels [92].

No previous report

Ethanolic extract of G. celosioides (EEGC) acutely reduced Mean arterial
pressure the dose of 100 mg/kg. In the 4-week assay, EEGC acted as
diuretic after acute administration after 1, 2, 3 and 4 weeks of

Anthranilic acid, protocatechuic acid, ellagic acid
[84].

Akuammicine, echitamidine, Na-
formylechitamidine, boonein, loganin, lupeol,
ursolic acid, and f-amyrin [54].

Glycosides, alkaloids, terpenoids, flavonoids
carotenoids [57].

Sweroside, secoiridoid, scopoletin [53]

Nimbidin, g-sitosterol [11]

No previous report
Oleic acid, alpha-p-Glucopyranoside [64].

flavonoids quercetin, rutin, nicotiflorin, clitorin,
and manghaslin [89].

Cinnamaldehyde, eugenol [65]

Esters, aldehyde and fatty acids [55,106]

No previous report
Aurantiamide, aurantiamide acetate [66]

found to be within safety limits, indicating its potential usefulness in
managing hypertension in young and elderly hypertensive patients
[471.

No previous report

No previous report

No previous report
No previous report

No previous report

No previous report

Using measured hypercapnic-hypoxic breathing training
rehabilitation protocol in patients with mild essential hypertension
leads to reduction of high blood pressure indexes [88].

No previous report

Improves insulin potentiating activity [91].

No previous report

No previous report
No previous report

(continued on next page)
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Table 7 (continued)

Species

Biological activity

Phytochemical constituents

Clinical studies

Gossypium arboreum

Justicia secunda

Khaya senegalensis

Kigelia africana

Lantana camara

Luffa cylindrica
Mangifera indica

Momordica charantia

Morinda citrifolia

Morinda lucida

Moringa oleifera

Musa paradisiaca

treatment. EEGC also acted as an antihypertensive and it showed
significant difference already after 1 week (and after 3 and 4 weeks)
compared to control, with its MAP close to pre-surgery values at the
end of the experiment [93].

Orally administered diethyl ether and ethanolic extracts of Gossypium
arboreum significantly decreased blood glucose level [108.

Aqueous extract of J. secunda (AEJs) showed a dose dependent glucose
reduction of glucose-induced hyperglycemia where a dose of 3 g/kg
BW was substantially identical (P > 0.05) to that of glibenclamide at
10-2 g/kg BW. Examination of the liver-released glucose level of
control normoglycemic rats and normoglycemic rats treated with AEJs
and glibenclamide showed that aqueous extract of Justicia secunda and
glibenclamide decreased the glucose released by the liver [58].
Treatment of diabetic groups withv organic fractions of K. senegalensis
and and metformin in wistar albino rats showed significant decrease in
fasting blood glucose (FBS), ameliorated hepatic and renal damages by
decreasing the level of AST, ALT, ALP, Urea and creatinine compared to
untreated diabetic rats and stimulated insulin secretion by p cells [95].
Significant lowering of the blood glucose levels was also expressed in
mice following the administration of 50, 100, 200, and 300 mg/kg
body weight of K africana [60].

Ethanolic extract of Lantana camara leaves reduced workload of heart,
maintained isotonic levels by negative chronotropic effect, relaxed the
smooth muscles in chick and salt hypertensive rats against renal and
vascular injuries [96].

No previous report

M. indica leaf extract significantly inhibited alpha-amylase activity in a
dose-dependent manner. The inhibitory effect was observed up to (51.4
=+ 2.7 %) at a concentration of 200 pg/mL [97].

M. charantia improved glucose tolerance and suppressed postprandial
hyperglycemia in rats [12].

Aqueous extract of M. citrifolia significantly inhibited rat lens aldose
reductase (RLAR) activities and improved free radical scavenging
activities in vitro as compared to ethanolic and chloroform extracts
thereby indicating a potential to inhibit cataract formation and prevent
diabetic complications [101].

Administration of aqueous and methanolic extract of M. lucida
significantly (p < 0.05) reduced fasting blood glucose of diabetic
animals by 73.5 and 39.0 % of their initial values, respectively [103].
Ethanolic extract of M. oleifera leaves showed a blood pressure
lowering effect in rats, mediated possibly through a calcium antagonist
effect [105]. M. oleifera extract showed significant decrease in
malonaldehyde and improvements in the inflammatory cytokines
(TNF-a and IL-6) compared to control animals in STZ-induced diabetic
rats fed with equivalent of 250 mg/kg of MO for 6 weeks [106].

M. paradisiaca extracts inhibited angiotensin-I converting enzyme
(ACE) activity in a dose-dependent manner (0-25 pg/ml). Unripe
plantain peel (UPP) extract showed had a stronger inhibition (IC50 =
14.93 pg/ml) of ACE activity than over ripe plantain peel (OPP) and

Flavonoids, phenolic compounds, tannins and
alkaloids [94].

polyphenols, alkaloids, saponosides and sterols
and polyterpenes [58].

methyl 6-ethyl-7-hydroxy-7,8-dihydrophenan-
threne-2-carboxylate [95].

phenols, flavonoids, alkaloids, tannins,
terpenoids, saponins [60].

Glycosides, Saponins, Tannins, Flavonoids,

Terpenoids and Steroids [96].

No previous report
Mangiferin [98]

Charantin, momordicin, oleanolic acid, vicine
[13].
Lucidin, morindone [102].

Steroids, anthraquinone Oleanic acid [104].

Nitrile, mustard oil glycosides, thiocarbamate
glycosides [105]; quercetin [107], chlorogenic
Acid [108], and isothiocyanates [109].

cardiac glycosides, terpenes, deoxy sugar [67].

No previous report

No previous report

No previous report

No previous report

No previous report

No previous report
No previous report

Hypoglycemic effect in only diabetic patients [99,100]

No previous report

No previous report

No previous report

No previous report

(continued on next page)
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Table 7 (continued)

Species

Biological activity

Phytochemical constituents

Clinical studies

Musa sapientum

ripe plantain peel (RPP) extracts (IC50s of 21.80 pg/ml and 21.32 pg/
ml, respectively [110].

Forty-five-day treatment with M. sapientum L extract significantly
reduced the fasting blood glucose and the concentration of HbAlc in
diabetic rats [111].

Ocimum gratissii

Paullinia pinnata

Persea americana

Psidium guajava

Rauvolfia vomitoria

Rosmarinus officinalis

Senna alata

Strophanthus hispidus

Tapinanthus
banguwensis
Launaea taraxacifolia

Tetrapleura tetraptera

O. grati: leaf extract at a dose of 200 mg/kg bw decreased the
blood glucose of diabetic rats by 20.9 %, at 4 h whereas 250 mg/kg bw
was able to decrease the blood glucose of diabetic rats by 29.3 % at 4 h
[113].

P. pinnata extract (50 mg/kg) and glibenclamide (2 mg/kg) produced a
significant (p < 0.05) oral glucose tolerance effect in both
normoglycemic and diabetic rats. The extract produced concentration-
dependent increase in antioxidant activity and had its optimum effect
at 400 p pg/mL concentration [59].

The hydroalcoholic extract of the leaves of Persea americana reduced
blood glucose levels and improved the metabolic state of treated
animals. Additionally, PKB activation was observed in the liver and
skeletal muscle of treated rats when compared with untreated rats [69].
Significant blood glucose lowering effects of P. guajava extract were
observed after intraperitoneal injection of the extract at a dose of 10
mg/kg in both 1- and 3-month-old Lepr (db)/Lepr(db) mice [116].

At 500, 700 and 1000 mg/kg ethyl acetate of R. vomitoria caused a
reduction of blood glucose level of treated normoglycemic rats similar
to glibenclamide at 10 mg/kg [61].

Rosmarinus officinalis extract on blood glucose and serum insulin levels
was studied in alloxan-induced diabetic rabbits. Of the three doses of
extract, the highest dose (200 mg/kg) significantly lowered blood
glucose level and increased serum insulin concentration in alloxan-
diabetic rabbits [70].

The a-glucosidase inhibitory effect of the crude extract of S. alata was
far better than the standard clinically used drug, acarbose (IC (50),
107.31 + 12.31 pg/ml) [120].

There was a protective effect in the case of mean arterial blood pressure
where, the 500 mg/Kg and 1000 mg/Kg of the plant extract did reduce
the hypertension, 60.0 + 4.80 and 50.50 + 6.80, respectively [71].

It is the first time it being mention for the treatment of hypertension

Results showed that one-off oral administration of L. taraxifolia leaf and
L. taraxifolia root significantly (p < 0.05) reduced systolic, diastolic and
mean arterial blood pressure. In a sub-chronic study L. taraxifolia leaves
extract significantly (p < 0.05) prevented an increase in blood pressure
throughout the period of treatment [72].

Polyphenol-rich hydroethanolic extract of Tetrapleura tetraptera (HET)
reduced weight gain, fasting blood glucose and plasma insulin levels as
well as homeostasis model assessment of insulin resistance (HOMA-IR)
and alleviated obesity and T2DM associated oxidative stress and
hypertension in rats [73].

Gallocatechin [112]

Steroids, terpenoids, flavonoids and cardiac
glycosides [114].

Alkaloids, flavonoids, glycosides, tannins,
saponins and terpenes/sterols [59].

p-coumaric acid, quercetin and epicatechin [115].

Strictinin, isostrictinin, pedunculagin [117].

Alkaloids (eg. reserpine), flavonoids, and
anthrones, anthraquinones, catechin tannins,
saponins and monoterpenoids [61].

Ursolic acid [118].

Kaempferol, kaempferol 3-O-gentiobioside [121].

Alkaloids, flavonoids, saponins, and cardiac and
cyanogenic glycosides [122].

Saponins, flavonoids, alkaloids, phenols,
triterpenoid [123]

Hytate, triterpenoid, coumarinic (scopoletin),
triterpene glycoside [124].

No previous report

No previous report

No previous report

No previous report

No previous report

No previous report

Both blood pressure variables of SBP and DBP reflect the clinically
significant anti hypotensive effect of Rosemary essential oil that was
maintained throughout the treatment period. After validation of the
use of the questionnaire (Cronbach’s alpha coefficient 40.82),
statistically significant differences have been found between
pretreatment and post-treatment values of PSC and MSC, which
indicate an improvement in these parameters that is directly related
to the variation in blood pressure values [119].

No previous report

No previous report

No previous report

No previous report

No previous report

(continued on next page)
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Table 7 (continued)

Species

Biological activity

Phytochemical constituents

Clinical studies

Trema orientale

Vernonia amygdalina

Xylopia aethiopica

Zanthoxylum
zanthoxyloides

Zingiber officinale

Aqueous stem bark extract of T. orientalis was reported to have
hypoglycemic effects in induced diabetic rats by mechanism different
from that of sulfonylurea agents [125].

The aqueous extract of the leaves of V. amygdalina caused a significant
reduction in blood glucose levels of extract only, and allocan plus
extract treated animals [127].

The anti-diabetic effect of Xylopia aethiopica has also been studied. A
chloroformic extract of the dried fruits of Xylopia aethiopica
administered orally at a dose of 250 mg/kg showed an 82 % reduction
in the blood glucose concentration of alloxan monohydrate induced
diabetic Wistar albino rats while diabetic non-treated rats and
glibenclamide treated rats showed a 6.9 % and 74 % reduction
respectively [74].

Z. zanthoxyloides significantly (p < 0.05) lowered blood glucose in
treated animals compared to non-treated groups. Total cholesterol and
LDL were significantly lower in Z. zanthoxyloides treated groups, with
lowest values found in groups treated with higher concentration. It was
also observed that LDH, ALP and ALT showed highest activities at 15 %
of Z. zanthoxyloide feed with AST activity lowest at the highest
concentration of the feed [122].

50 mg/kg/day p.o administration of the petroleum ether and 10 mg/
kg/day p.o of toluene fraction reduced the blood pressure in unilateral
nephrectomized DOCA salt and fructose-induced hypertensive rats
[130].

Flavonoids, phenolic acids [126].
Flavonoids, tannins, saponins, and triterpenoids
[128].

Methyl ester, 12-octadecanoic acid, hexadecanoic
acid [129].

No previous report

Gingerol [131]

No previous report

No previous report

No previous report

No previous report

Increase insulin receptors and enhancep-cell function to decrease
insulin resistance of diabetic patients [75].
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4.3. Phenolic compounds

These are secondary metabolites found in plants and consist of an aromatic ring with one or more hydroxyl groups [138]. Phenolic
compounds are mostly bioactive constituents and are grouped as simple phenols, flavonoids, lignins, lignans, tannins, xanthones and
coumarin [139]. Scientific evidence shows that some phenolic compounds isolated from medicinal plants such as Carica papaya L.,
Cinnamomum zeylanicum Blume, Gossypium arboreum, Moringa oleifera, Persea americana and Mangifera indica have cardiovascular
protection making them possible anti-hypertensive agents. Phenolic compounds could also be anti-diabetic agents due to their ability
to regulate glucose uptake and as well restrict the formation of islet amyloid polypeptide, amylin aggregates (IAPP) [138]. Examples of
these phenolic compounds include chlorogenic acid, caffeic acid, coumaric acid, gallic acid, quercetin, isorhamnetin, kaempferol,
hesperetin, naringenin, phloretin, enterolactone and enterodio [140]. Quercetin, kaempferol and their glycosides have been detected
and isolated from the leaf extracts of Moringa oleifera [141]. Rutin and quercetin have been isolated from the ethanolic leaf extract of
Persea americana [142].

Studies by [143] revealed some methoxy phenyl derivatives, isolated from Zingiber officinale, inhibited the enzyme aldose reductase
both in vitro and in vivo, by preventing the accumulation of sorbitol and galactitol in human erythrocytes and the lenses of rats,
respectively; underscoring the anti-diabetes properties of phenolic compounds.

The aromatic hydroxyl group in the benzo-y-pyran of most flavonoids has been linked to their antioxidant activity, most especially
their ability to scavenge free radicals. This helps to protect against oxidative stress and enable the regeneration of vital cells. For
instance, epicatechin and quercetin, two key flavonoids in green tea, protect the islet cells of the pancreas from oxidative stress and
also helps regenerate p-cell [56]. Similarly [144], noted that flavonoids can promote the differentiation and mineralization of oste-
oblasts at a high glucose level.

4.4. Hydroxyl containing compounds

These are non-phenolic but hydroxylated compounds. A number of them have been isolated and purified from medicinal plants,
and are shown to be bioactive compounds. The anti-diabetes and anti-hypertension properties of these compounds have been reported.
Gingerols, isolated from Zingiber officinale, promote glucose uptake by increased expression of GLUT4 receptor [56]. Also, 6-gingerol
was reported to reduce blood pressure by normalizing the expressions of hypertensive biomarkers through peroxisome
proliferator-activated receptor delta (PPARS) [145].

5. Conclusion

Ghana is bestowed with an abundance of plant biodiversity; several are used in managing diabetes and hypertension in Traditional
Medicine Practice. This study has documented the current state of indigenous knowledge and medicinal plants used by herbalists for
the treatment and management of diabetes and hypertension in Ghana. The results show that there is substantial preclinical evidence
to support the usefulness of some of these plants as an important choice for patients with diabetes and hypertension. The reported use
of medicinal plants identified in this study confirmed with previous studies could be an indication that the plants might be potent in the
treatment of the diseases. Indeed, many of the plants have biological activities, and their bioactive compounds have been identified.
However, clinical studies are few, and thus important that the efficacy and safety of the herbal medicines prescribed by herbalists be
investigated to validate their medicinal usefulness in people with diabetes and hypertension. Similarly, Baphia nitida G. Lodd, Luffa
aegyptiaca Mill. and Tapinanthus banguwensis (Engl. & k. Krause) Dancing being mentioned for the first time in the management of
hypertension by the herbalists need to be investigated for their medicinal properties. By doing so, the pharmacotherapeutic potential of
these plants could be harnessed towards a possible incorporation into the healthcare system.
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