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ARTICLE INFO ABSTRACT
Keywords: Introduction: Malaria is a parasitic disease that is endemic in tropical areas and can be life-
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of the disease is still high in the country. Many Ghanaians depend on herbal products for malaria
treatment. This study aimed to survey and evaluate commercial herbal antimalarials in the Volta
Region of Ghana.

Methods: A survey of finished herbal antimalarials was done at herbal shops, pharmacies, and
over-the-counter medicine seller shops. Products available on shelves were purchased and their
details were recorded, after which they were examined using a visual inspection tool. The density,
pH, and extract weight per dose of each sample were also determined.

Results: Thirty-four liquid formulations (A-1-34) containing 1-9 different herbs were found. The
majority of the product labels had errors in consumer age classifications. Unconventional ways of
stating doses were found on two products (A-13, “tot”; A-19, cupful). Six products did not have
dosing devices. No duration of treatment was indicated on 24 products. Dose errors were found
on A-14 and A-22. Samples A-17 and A-28 did not have registration or batch numbers. Product A-
28 did not have its herbs listed on it and was indicated for persons aged 3-8 years at a dose of 45
mL. The relative density range for the products was 0.997-1.015. From the pH investigation, no
product was extremely erosive; however, 10 samples were deemed erosive (pH, 3.0-3.99),
whereas 24 were minimally erosive (pH, >4.0). The extract weight per dose volume (20-90 mL)
was 0.048-1.766 g, indicating that unit dose capsules or tablets could be formulated from the
products.

Conclusion: The findings clearly show that Ghanaian authorities responsible for regulating herbal
products must enforce guidelines for the formulation, label details, and sale of antimalarial
products. Additionally, the unpleasant taste of liquid herbal mixtures can affect patient compli-
ance and dosing convenience; therefore, it is recommended that oral solid dosage forms of herbal
antimalarials are produced as alternatives to the liquid mixtures.
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1. Introduction

Malaria is a mosquito-borne parasitic disease that is endemic in tropical areas and can be life-threatening. The initial symptoms of
malaria include fever, chills, headache, and flu-like illness. Although treatments for malaria are available, the increased prevalence of
the condition due to drug resistance can result in a high incidence of mortality [1,2]. According to the 2022 World Malaria Report, the
number of cases of malaria increased from 245 million in 2020 to 247 million in 2021, although the estimated number of deaths from
the disease decreased from 625,000 in 2020 to 619,000 in 2021. Notwithstanding the decrease in mortality rate, the high numbers still
indicate that malaria is a global public health concern [3]. Ghana is one of the countries in the world that has a high burden of malaria.

As a result of the socio-cultural practices of Ghanaians, a high percentage of the population depends on local herbal medicines for
the treatment of malaria and other conditions [4,5]. According to the World Health Organization (WHO), “herbal medicines include
herbs, herbal materials, herbal preparations, and finished herbal products that contain as active ingredients parts of plants, or other
plant materials, or combinations thereof” [6].

Herbs and the extracts prepared from them usually have a complex composition and are regulated differently in various regions,
which results in major classification, standardisation, and quality issues. These concerns are further worsened by the presence of
adulterants and contaminants in some herbal products. However, the clinical, economic, health, and pharmaceutical value of these
products has been increasing with steady market growth [7], which means that these products must be well monitored for their safety.
The WHO has recommended that herbal medicines should be included in existing national pharmacovigilance systems and that in
countries that do not have such systems, comprehensive national pharmacovigilance systems that include coverage of herbal medi-
cines must be established. This is very important to ensure the safety of these products because of the misconception among consumers
that herbal products are safe [8].

Generally, there is limited data on the quality, safety, and efficacy of some plants, their extracts and preparations, as well as the
active compounds they contain. Consequently, the requirements and procedures for the quality control of finished herbal products,
especially those that contain a mixture of herbs, are more complex than those for other pharmaceuticals. This is because the quality of
such products is affected by the quality of the raw material used [8]. In Ghana, there is progress in the plant medicine industry with
respect to the manufacture, packaging, and licensing of herbal products. This has resulted in the production of herbal formulations
with improved efficacy and reduced toxicity [9].

This study aimed to survey and evaluate herbal antimalarials for sale in herbal shops, pharmacies, and over-the-counter medicine
seller (OTCMS) shops in Ho, which is the capital city of the Volta Region of Ghana.

2. Materials and methods
2.1. Sample collection

A survey of all commercial herbal antimalarial products was done at herbal shops, pharmacies, and OTCMS shops in the Ho
Municipality of the Volta Region of Ghana until no new product was found from November 2022 to January 2023. Thirty-four products
were purchased and subsequently analysed.

2.2. Collection of details and visual inspection of samples

The basic details of each product, including manufacturing and expiry dates, price per bottle, registration number from the Food
and Drugs Authority of Ghana (FDA), listed indications, constituent plants, and dosage were recorded. The products were then visually
inspected using a checklist based on previously developed and modified inspection tools [10-12].

Briefly, the visual inspection tool (Supplementary Table 1) had five sections containing several indicators for assessment. The first
section focused on product packaging, accompanying items (package insert and dosing device), product name registration, and label
legibility and indelibility. The second section contained assessment items on the name(s) and amount(s) of herbs used and product
expiration. The third section was on dosage information. The fourth and fifth sections contained parameters to assess product
traceability and physical appearance, respectively.

2.3. Assessment of pH and density

The pH of each product was determined using a calibrated digital pH meter (model ST3100-F; OHAUS Corporation, Parsippany, NJ,
USA). Each formulation was well shaken, after which 10 mL was transferred into a 25 mL beaker for pH determination. The relative
density of each herbal mixture was determined using a pycnometer. The weight of the pycnometer and its stopper was taken, after
which the weights of equal volumes of water and the samples were taken individually. Relative density was then estimated as the ratio
of the weight of each sample to the weight of water only. All pH and density measurements were performed at room temperature
(approximately 30 °C). Triplicate determinations were made for each product.

2.4. Determination of dry extract weight per product dose

The weights of dry glass Petri dishes were recorded. Next, 50 mL of the various products were poured into separate labelled dishes.
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The samples were then placed in a hot-air oven and allowed to dry for 72 h at 60 °C. The dishes were reweighed, after which the
weights of the dried extracts were estimated. The amount of extract contained in a dose volume was then calculated for each product
[13]. The procedure was performed in triplicate for each sample.

2.5. Data handling and statistical analysis

Data collected using the visual inspection checklist as well as those obtained from the laboratory assessment of physicochemical
parameters were transferred into Microsoft Excel, checked for accuracy, and imported into IBM SPSS Statistics software (version 26;
IBM Corp., Armonk, NY, USA). The data were analysed using descriptive statistics, such as frequencies and percentages, as well as
contingency analysis. Multivariate data analysis was also performed using principal component analysis (PCA) and clustered heatmap
analysis. P values < 0.05 were considered statistically significant.

3. Results
3.1. General survey findings
The survey yielded 37 different locally produced herbal antimalarial products after visiting 14 pharmacies, 6 OTCMSs, and 4 herbal

shops; however, three products were a few days near expiration and were therefore excluded as no new batches were available during
the study period. The remaining samples were coded A-1 to A-34. All the samples were liquid dosage forms for oral use.

3.2. Results of the visual inspection of samples

The results of the visual inspection are shown in Supplementary Table 1 and Table 1. Out of the 34 samples, 24 (70.59%) had
secondary packaging and each was intact. All the samples had intact primary packaging. The closures of only A-14, A-23, and A-31
were not intact or airtight. Additionally, only A-12, A-17, and A-21 did not have clear storage information on their bottles.

Table 1
Results of visual inspection of the samples.
Parameter Yes n (%) No n (%) Not applicable n (%)
Packaging
Is there an external packaging? 24 (70.59) 10 (29.41) 0 (0.00)
Is the external packaging intact? 24 (70.59) 0 (0.00) 10 (29.41)
Is the bottle intact? 34(100.00) 0 (0.00) 0 (0.00)
Is the closure of the bottle intact and airtight? 31 (91.18) 3(8.82) 0 (0.00)
Does the primary packaging provide clear information on the storage conditions of the medicine? 31 (91.18) 3(8.82) 0 (0.00)
Does the product come with a package insert? 6 (17.65) 28 (82.35) 0 (0.00)
Dosing device provided with the product 6 (17.65) 28 (82.35) 0 (0.00)
Does the label on the carton match the label on the bottle? 24 (70.59) 0 (0.00) 10 (29.41)
Are all the details on the labels legible and indelible? 33 (97.06) 1 (2.94) 0 (0.00)
Symbol ® follows the trade name 8(23.53) 26 (76.47) 0 (0.00)
Side effects stated 0 (0.00) 34 (100.00) 0 (0.00)
Identification
Secondary packaging has the following information on the outer side
Active ingredient(s) name(s) 24 (70.59) 0 (0.00) 10 (29.41)
Amount(s) of active ingredient(s) per packaging 0 (0.00) 24 (70.59) 10 (29.41)
Expiry date in uncoded form 23 (67.65) 0 (0.00) 11 (32.35)
Primary packaging carries the following information on the outer side
Active ingredient(s) name(s) 33 (97.06) 1 (2.94) 0 (0.00)
Amount(s) of active ingredient(s) per packaging 0 (0.00) 33 (97.06) 1(2.94)
Expiry date in uncoded form 34(100.00) 0 (0.00) 0 (0.00)
Dosage
Dosage clearly indicated on primary packaging 34(100.00) 0 (0.00) 0 (0.00)
Dosage clearly indicated on secondary packaging 24 (70.59) 0 (0.00) 10 (29.41)
Traceability
Secondary packaging carries the following information on the outer side
Name and address of manufacturer OR company/person responsible for placing the product on the 23 (67.65) 1(2.94) 10 (29.41)
market
Batch number 23 (67.65) 1(2.94) 10 (29.41)
Primary packaging carries the following information on the outer side
Name and address of manufacturer OR company/person responsible for placing the product on the 34(100.00) 0 (0.00) 0 (0.00)
market
Batch number 32 (94.12) 2 (5.88) 0 (0.00)
Approval/registration number 32(94.12) 2(5.88) 0 (0.00)
Physical Appearance
Colour of product is homogeneous 34 (100.00) 0 (0.00) 0 (0.00)
Product texture is homogeneous, free from lumps/clots, foreign particles 27 (79.41) 7 (20.59) 0 (0.00)
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Unfortunately, a substantial proportion of the products (n = 28/34, 82.35%) did not have package inserts, and this included all
products without secondary packaging. A similar proportion of the products (n = 28/34, 82.35%) did not have accompanying dosing
devices, and this likewise included all products without secondary packaging and a significant proportion of those without package
inserts (2 = 5.247, p = 0.022). Primary and secondary packaging labels matched in each instance.

The label details on all the samples except A-15 were legible and indelible. Only a few products (n = 8/34, 23.53%) had the symbol
® following their product names, indicating that their tradenames are registered with the Registrar-General’s Department of Ghana. It
was also noted that none of the products had any information on side effects on their packaging. Constituent plants were listed on all
secondary packaging and most (n = 33/34, 97.06%) of the primary packaging. Only A-28 did not have its component plant(s) listed on
its bottle. None of the products had the amounts of herbs used in preparation indicated on either their primary or secondary packaging.
Only A-31 did not have an expiry date on its secondary packaging. Aside from this, the expiry dates on all the primary (n = 34) and
secondary (n = 23) packaging of the samples were in uncoded form. Additionally, all primary and secondary packaging had dosages
written on them (Supplementary Table 1, Table 1).

It is important that the label of every medicinal product contains information that can be used to trace the market authorisation
holder. Among the products, it was found that only A-25 and A-31 did not have manufacturer’s details and batch number, respectively,
on their secondary packaging. All primary packaging had product manufacturers’ details; however, only products A-17 and A-28 had
neither FDA registration numbers nor batch numbers on their bottles. Furthermore, only seven products (A-3, A-6, A-12, A-15, A-20, A-
29, A-31) had valid approval at the time of our search on the FDA website (http://196.61.32.245:98/publicsearch; May 4, 2023). The
remaining products were either not registered or their registration validity periods had expired as of the search time. Lastly, each
product had a homogenous colour. However, the texture of a few samples (n = 7/34, 20.59%) was not homogenous as those products
contained some particles (Supplementary Table 1, Table 1).

3.3. Specific product details

Specific details of the individual products are shown in Table 2. All the samples were contained in amber-coloured plastic bottles,
and the material used for secondary packaging for those that had it (n = 24) was paper. The shelf lives indicated on the products were
in the range of 1-3 years. The volume and price ranges of the products were 300-1000 mL and GHS 12-45, respectively (Table 2).
Fig. 1 shows the cost effectiveness of the various products via the relationship between pack volume, number of daily doses per bottle,

Table 2
Specific packaging details of the samples.
Product code Production date Expiry date Primary packaging Secondary packaging Volume (mL) Bottle cost (GHS)
A-1 09/21 09/23 Amber plastic Paper 500 15.00
A-2 07/22 07/24 Amber plastic Paper 500 17.00
A-3 01/21 01/24 Amber plastic Paper 330 23.00
A-4 05/22 05/25 Amber plastic Paper 500 15.00
A-5 10/21 10/23 Amber plastic Paper 500 15.00
A-6 12/21 12/23 Amber plastic N/A 1000 19.00
A-7 03/21 03/23 Amber plastic N/A 750 23.00
A-8 01/22 01/24 Amber plastic Paper 350 22.00
A-9 06/22 06/23 Amber plastic Paper 500 33.00
A-10 12/21 12/22 Amber plastic N/A 750 25.00
A-11 05/21 05/23 Amber plastic Paper 750 15.00
A-12 10/22 10/24 Amber plastic N/A 460 21.00
A-13 01/22 01/24 Amber plastic N/A 500 17.00
A-14 10/21 10/23 Amber plastic Paper 750 18.00
A-15 01/22 01/24 Amber plastic Paper 500 20.00
A-16 08/22 08/23 Amber plastic Paper 300 21.00
A-17 09/21 12/23 Amber plastic N/A 750 13.00
A-18 07/21 07/23 Amber plastic Paper 350 15.00
A-19 07/21 07/23 Amber plastic Paper 330 18.00
A-20 10/21 10/23 Amber plastic Paper 330 28.00
A-21 01/22 01/24 Amber plastic Paper 330 20.00
A-22 09/21 09/24 Amber plastic Paper 750 18.00
A-23 06/22 06/24 Amber plastic N/A 330 15.00
A-24 09/22 09/24 Amber plastic Paper 500 28.00
A-25 09/21 09/24 Amber plastic Paper 500 18.00
A-26 07/22 07/23 Amber plastic N/A 1000 45.00
A-27 06/22 06/24 Amber plastic Paper 330 15.00
A-28 06/21 06/23 Amber plastic N/A 500 12.00
A-29 03/22 03/24 Amber plastic Paper 750 23.00
A-30 05/22 05/24 Amber plastic Paper 500 25.00
A-31 07/22 01/24 Amber plastic Paper 500 23.00
A-32 06/21 06/23 Amber plastic Paper 500 28.00
A-33 06/22 06/24 Amber plastic Paper 330 17.00
A-34 10/22 10/23 Amber plastic N/A 500 18.00
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and cost of daily treatment.
3.4. Indications of the products

It can be seen in Table 3 that twelve of the products were indicated for only malaria. Product A-5 had five co-indications, which was
the highest among the samples. Fig. 2 shows that the indications other than malaria that were listed on the products were fever
(38.2%), body pains (23.5%), appetite loss (17.6%), typhoid (17.6%), jaundice (11.8%), menstrual disorders (5.9%), arthritis, immune
booster, stomach pains, and ulcer (2.9% each). Interestingly, the first three items, which form the majority of the co-indications, are
classic symptoms of malaria [3,14].

3.5. Dosages of the products

The doses and dosing frequencies of the samples are shown in Table 3. All the bottles had daily dosages indicated on them; however,
70.6% (n = 24) of their labels had no treatment duration specified on them.

The duration of treatment for the 10 products that had the information on them was as follows: A-34, 3 days; A-7, 5 days; A-1, A-3,
A-12, A-25, A-29, A-30, and A-33, 7 days; and A-11, 14 days. The doses of A-13 and A-19 were stated unconventionally in “tot” and
“cupful” units, respectively. The label of A-14 showed an adult dose of 500 mL and an age category for children as “112-18 years”. A-
15 did not state an age category for children. One tablespoon was considered equal to 10 mL on sample A-22. The label of product A-8
indicated adult age as >12 years, whereas the majority of the product labels indicated children’s age range as 12-18 years. It was
disturbing that for product A-28, the only age range for children was indicated as 3-8 years, and the dose for this group was 45 mL.

3.6. Herbs used in the products

Individual products contained a minimum of one herb (A-19, A-21, A-23) and a maximum of nine different herbs (A-24) (Table 3).
Overall, 53 different plants were collectively used in the 34 products. Cryptolepis sanguinolenta was the plant used in all the monoherbal
products. The most common herbs were Azadirachta indica (n = 10), Cryptolepis sanguinolenta (n = 8), Alstonia boonei (n = 7), Xylopia
aethiopica (n = 6), Khaya senegalensis (n = 5), Citrus aurantifolia, Morinda lucida, Paullinia pinnata, and Tetrapleura tetraptera (n = 4 in
each instance). The remaining plants were used in less than four products each (Tables 3 and 4). None of the products had the exact
plant part used indicated on their label.

References found from a literature search online for the antimalarial use of the various plants in the products are shown in Table 4.
The reports were based on in vitro test results, in vivo experiment findings, and/or folkloric use of the plants in various countries across
the globe. No reference for direct antimalarial use was found for 18.9% (n = 10) of the plants. However, among those ten plants, the
following were found to be indicated for other conditions listed on their product labels: Aframomum melegueta for pain [15], Musa
sapientum for ulcer [16], Swietenia macrophylla for pain [17], and Urena lobata for stomach pain [18].

14 - r 16
Em Number of daily doses per bottle

—- Cost of total daily dose

Number of daily doses per bottle
Cost of total daily dose (GHS)

-«~m<rmu>r~waac—c~mcmwrxeocse—crumvmsor\oomo-«rumﬁ
<<<<<<<<<-—4-—|r1-—1MﬂﬁﬁﬁTNNNNNNNNNNMMMM
d < 949 < €44 I<Ad<I<aCd<AACQAAACEAEAEACACEACACK

Sample

Fig. 1. Number of doses per bottle and cost of total daily dose.
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Indications, compositions, and dosages of the products.
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Product Indication(s) Constituent plant(s) Dosage for adults Dosage for children
code listed
A-1 Malaria Clausena anisata >18 years 12-17 years
Typhoid Cryptolepis 45 mL three times daily after food for 7 days 30 mL three times daily after food
Arthritis sanguinolenta
Menstrual Thonningia
disorder sanguinea
A2 Malaria Anthocleista nobilis >18 years 12-17 years
Phyllanthus fraternus 30 mL three times daily 30 mL two times daily
Vitex grandifolia Repeat for three weeks
A-3 Malaria Bidens pilosa >18 years 12-18 years
Fever Citrus aurantifolia 45 mL three times daily for 7 days 30 mL three times daily for 7 days
Paullinia pinnata
Psidium guajava
Xylopia aethiopica
A-4 Malaria Azadirachta indica >18 years 12-17 years
Fever Nauclea latifolia 30 mL four times daily 15 mL four times daily
Typhoid Phyllanthus niruri
Jaundice
A-5 Malaria Bombax >18 years 9-12 years
Jaundice buonopozense 30 mL three times daily before food 15 mL three times daily
Fever Cola gigantea
Body pains Solanum torvum
Menstrual pains  Spathodea
Loss of appetite campanulata
Vernonia amygdalina
A6 Malaria Alstonia boonei >18 years 12-18 years
Typhoid Lannea kerstingii 60 mL three times daily after food 30 mL three times daily after meal
Fever Mangifera indica
A7 Malaria Azadirachta indica >18 years 12-16 years
Morinda lucida 60 mL three times daily for 5 days 30 mL three times daily after meals for 5
Phyllanthus fraternus days
Tridax procumbens
A-8 Malaria Anthocleista nobilis >12 years 6-12 years
Fever Khaya senegalensis 30 mL three times daily after meals 15 mL two times daily after meals
Stomach pains Rauwolfia vomitoria
Urena lobata
A9 Malaria Alstonia boonei >18 years 12-18 years
Kigelia africana 30 mL two times daily after meals 10 mL twice daily after meals
Nauclea latifolia
A-10 Malaria Azadirachta indica >18 years 12-17 years
Body pains Citrus aurantifolia 60 mL three times daily after meals 40 mL three times daily
Loss of appetite ~ Moringa oleifera
A-11 Malaria Alchornea cordifolia >18 years 12-18 years
Alstonia boonei 20 mL three times daily after food for 14 days 15 mL three daily after meals for 14 days
Khaya senegalensis
Monodora myristica
Trichilia heudelotii
Xylopia aethiopica
A-12 Malaria Momordica No age indicated N/1
Fever charantia 45 mL three times daily before food for 7 days
Morinda lucida
A-13 Malaria Alstonia boonei >18 years 12-17 years
Loss of appetite Carica papaya One “tot” two times daily before meals 15 mL two times daily before meals
Tetrapleura
tetraptera
A-14 Malaria Alchornea cordifolia >18 years “1127-18 years
Fever Morinda lucida 500 mL three times daily after meals 20 mL three times daily after meals
Body pains Xylopia aethiopica
A-15 Malaria Azadirachta indica >18 years Age range N/I
Typhoid Khaya senegalensis 60 mL three times daily 30 mL three times daily after meals
Loss of appetite
A-16 Malaria Alstonia boonei >18 years N/I

Azadirachta indica
Cryptolepis
sanguinolenta
Monodora myristica
Xylopia aethiopica

75 mL two times daily after food

(continued on next page)
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Table 3 (continued)
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Product Indication(s) Constituent plant(s)  Dosage for adults Dosage for children
code listed
A-17 Malaria Alchornea cordifolia No age indicated N/I
Fever Swietenia 60 mL three times daily
Body pains macrophylla
A-18 Malaria Alstonia boonei >18 years 12-17 years
Body pains Khaya senegalensis 30 mL three times daily after meals 15 mL three times daily after meals
Paullinia pinnata
Pycnanthus
angolensis
Rauwolfia vomitoria
A-19 Malaria Cryptolepis >18 years 12-17 years
sanguinolenta Day 1: Three (3) cupfuls (90 mL) three (3) times daily Day 1: Two (2) cupfuls (60 mL) three
after meals (cup on bottle) times in the day
Day 2 onwards: 60 mL three times in the day after meals = Day 2 onwards: 30 mL three times in the
day after meals
A-20 Malaria Adenia >18 years >12 years
cissampeloides 20 mL three times daily after food 10 mL three daily before or after meals
Enantia polycarpa
Moringa oleifera
Plumbago capensis
Tetrapleura
tetraptera
A-21 Malaria Cryptolepis >18 years 12 years
sanguinolenta 30 mL three times daily 15 mL three times daily after meals
A-22 Malaria Azadirachta indica >18 years >12 years
Citrus aurantifolia 4 tablespoonfuls (40 mL) three times daily after meals 2 tablespoonfuls (20 mL) three (3) times
Cryptolepis daily
sanguinolenta
A-23 Malaria Cryptolepis >18 years N/I
sanguinolenta 30 mL three times daily after meals
A-24 Malaria Aframomum No age indicated N/I
Ulcer melegueta 60 mL three times daily
Body pains Carica papaya
Monodora myristica
Morinda lucida
Musa sapientum
Tetrapleura
tetraptera
Vernonia amygdalina
Xylopia aethiopica
Zingiber officinale
A-25 Malaria Paullinia pinnata >18 years 13-17 years
Immune Xylopia aethiopica 60 mL three times daily before meals for 7 days 60 mL three times daily before meals for 7
booster days
General body
pains
A-26 Malaria Carica papaya >18 years >12 years
Fever Cassia alata 60 mL three times daily after meals 30 mL two times daily after meals
Typhoid
Jaundice
A-27 Malaria Azadirachta indica >18 years 12-17 years
Cryptolepis 45 mL three times daily after meals 30 mL three times daily after meals
sanguinolenta
A-28 Malaria N/IL >18 years 3-8 years
Fever 60 mL three times daily before food 45 mL three times daily before meals
Jaundice
Typhoid
A-29 Malaria Aloe schweinfurthii >18 years 13-17 years
Fever Cassia siamea 60 mL three times daily for 7 days 60 mL three times daily for 7 days
Khaya senegalensis
Piliostigma
thonningii
A-30 Malaria Azadirachta indica >18 years 12-17 years
Loss of appetite Cymbopogon citratus 30 mL three times daily 5 min before meals for 7 days 15 mL three times daily 5 min before
Body pains Moringa oleifera meals for 7 days
Ocimum viride
Paullinia pinnata
Tetrapleura

(continued on next page)
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Table 3 (continued)

Product Indication(s) Constituent plant(s)  Dosage for adults Dosage for children
code listed
tetraptera
Theobroma cacao
A-31 Malaria Bombax >18 years 12-17 years
Loss of appetite buonopozense 30 mL three times daily after meals 15 mL three times daily after meals
Cola gigantea
Solanum torvum
Spathodea
campanulata
Vernonia amygdalina
A-32 Malaria Carapa procera >18 years N/I
Fever Cryptolepis 60 mL (2 of the 30 mL cup on bottle) three times daily
sanguinolenta
A-33 Malaria Alstonia boonei >18 years 12-17 years
Fever Azadirachta indica 30 mL three times daily after meals for 7 days 15 mL three times daily after meals
A-34 Malaria Azadirachta indica >18 years N/I
Citrus aurantifolia 60 mL three times daily after meals for 3 days
Hoslundia opposita
Phyllanthus fraternus

Securinega virosa

45 -

40 -

25 A1

20 -

15 A

Percentage of products (%)

10 A

Appetite Arthritis Body pains Fever Immune Jaundice Menstrual Stomach Typhoid Ulcer
loss booster disorders pains

Co-indications of the products

Fig. 2. Indications other than malaria on the product labels.
3.7. pH, relative density, and extract weights after drying

The pHs and relative densities of the herbal mixtures are shown in Fig. 3. The pH range was 3.22-6.43, indicating that the samples
were acidic or slightly acidic. The percentages of the products with pH values of <3.0, 3.0-3.99, and >4.0 were 0%, 29.4%, and 70.6%,
respectively. The relative densities of the products were in the range of 0.997-1.015. The weights of the extracts per product dose
ranged from 0.048 + 0.04 g for 30 mL of A-4 to 1.766 + 0.003 g for 30 mL of A-18 (Fig. 4).

3.8. Comparison of the physicochemical parameters of the products

Analysis of the physicochemical characteristics of the products revealed that the samples could be grouped into four classes. One
class was a group of products with relatively high pH values (range, 5.17-6.43). The second group was comprised of those with a high
number of doses per bottle. As per the recommended dosages for the products, it is possible to achieve several doses per product
purchased for these samples. This means that products in this group are possibly cost-effective and could be the preferred choice if
economic factors are considered during the purchase of a herbal antimalarial product. The number of doses per product in this group
was 5.55-12.50, with A-11 having the highest number. The third group of products was characterised by high relative density
(1.003-1.015) and high extract weight per dose (0.904-1.766); these products present as options with relatively higher extract
concentrations per dose administered for the management of malaria. The fourth group of products is composed of those that have high
costs for their daily dose (GHS 9.41-14.73) as well as high dose volumes (45-90 mL). In effect, this group of products could be
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Table 4
Plants used to formulate the herbal products.

Plant Literature reference(s) for No. of samples Plant Literature reference(s) for No. of samples
antimalarial effect containing plant antimalarial effect containing plant
Adenia [19] 1 Moringa oleifera [20] 3
cissampeloides
Aframomum None found 1 Musa sapientum None found 1
melegueta
Alchornea cordifolia  [21] 3 Nauclea latifolia [21] 2
Aloe schweinfurthii None found 1 Ocimum viride None found 1
Alstonia boonei [21] 7 Paullinia pinnata [22,23] 4
Anthocleista nobilis [24] 2 Phyllanthus [25] 3
fraternus
Agzadirachta indica [26] 10 Phyllanthus niruri [27] 1
Bidens pilosa [28] 1 Piliostigma [28] 1
thonningii
Bombax [29] 2 Plumbago capensis ~ None found 1
buonopozense
Carapa procera [30] 1 Psidium guajava [23] 1
Carica papaya [22,31] 3 Pycnanthus [21] 1
angolensis
Cassia alata [21] 1 Rauwolfia [21] 2
vomitoria
Cassia siamea [25] 1 Securinega virosa [24] 1
Citrus aurantifolia [32] 4 Solanum torvum [26] 2
Clausena anisata [33] 1 Spathodea None found 2
campanulata
Cola gigantea [34] 2 Swietenia None found 1
macrophylla
Cryptolepis [35] 8 Tetrapleura [36] 4
sanguinolenta tetraptera
Cymbopogon [31] 1 Theobroma cacao [371 1
citratus
Enantia polycarpa [38] 1 Thonningia None found 1
sanguinea
Hoslundia opposita [23,31] 1 Trichilia heudelotii ~ [38] 1
Khaya senegalensis [22] 5 Tridax [28] 1
procumbens
Kigelia africana [28] 1 Urena lobata None found 1
Lannea kerstingii [39] 1 Vernonia [22,31] 3
amygdalina
Mangifera indica [21,22] 1 Vitex grandifolia None found 1
Momordica [40] 1 Xylopia aethiopica [41] 6
charantia
Monodora myristica [41] 3 Zingiber officinale [42] 1
Morinda lucida [40] 4
7 —— 15
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Fig. 3. pH and relative densities of the products.
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considered the most expensive in terms of cost per dose. The breakdown of the products in the respective groups is shown in Fig. 5.

4. Discussion

The proper use of herbal medicines of assured quality is essential to reduce risks associated with such products. Unfortunately, the
regulation and registration of herbal medicines are not properly developed in most countries. Additionally, available standards for
regulating the labelling and publicity of herbal medicines are few, and many of these products are sold as over-the-counter
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preparations or dietary supplements. As a result, consumers may be unaware of the potential side effects of herbal medicines and how
to use the products safely [6]. Usually, the package and label details of such products are the main source of information for consumers;
therefore, these details need to be suitable and useful.

4.1. Lack of package inserts and other packaging and labelling issues

It is troubling that only six products had package inserts. A package insert contains detailed information provided by a drug
manufacturer on a drug product that is reviewed and approved by the relevant drug regulatory authority. Its use is to provide complete
and unbiased prescribing directions to health professionals as well as information to ensure patient safety [43]. A study conducted in
Brazil revealed that although a high percentage of the population usually read package inserts, people with low educational back-
grounds have difficulty reading and understanding them [44], which may be the same for other populations with similar de-
mographics. Nevertheless, a package insert is an essential component of the packaging of a drug product that drug regulatory
authorities in Ghana must ensure that manufacturers provide. The closures of three products were not intact or airtight, indicating that
they may be contaminated or deteriorate easily. Moreover, the liquid formulations can leak out of their bottles, which may be un-
desirable to the consumer. The information on the labels of most products was legible and indelible, which are important qualities to
ensure that consumers easily read label information and that the information cannot be easily cleaned or altered, respectively. The
uncoded expiry dates on the product labels are very important to allow for easy reading and interpretation by consumers.

4.2. Absence of dosing devices, unstandardised dosing devices, and dose errors

The absence of dosing devices with some of the sampled products may leave consumers to use household devices, which may be
inaccurate, to measure doses [45].

The “tot” used to state the dose for A-13 is the local term for a shot glass. Although a standard shot glass has a volume of
approximately 44.36 mL, there are different types of shot glasses with different volumes, which makes it a non-standard measurement
tool for the antimalarial mixture. The dose of A-14 was stated as “500 mL”, which we believe is an error, considering that the total pack
volume of the product is 750 mL and the dose for non-adults is 20 mL. This mistake is highly unacceptable and very concerning, as it
gives doubt as to the authenticity of the product’s FDA approval. The dose for sample A-19 was stated in “cupfuls”, which was in
reference to the dosing cup accompanying the product. We believe that it is unacceptable to state a dose as such, as any other cup may
be used to measure the product when the accompanying device is misplaced or destroyed. This can lead to underdosing or overdosing
because the full measure of some other dosing cup, irrespective of the actual volume, may be used by a consumer. It is therefore
important for regulatory authorities to ensure that all doses stated on the labels of herbal antimalarials are indicated in the usual “mL”
metric standard. Another concern may be that a “cup” is a cooking measurement that corresponds to about 250 mL, which further
indicates the unsuitability of the term. It was also observed that the dosing information stated on product A-22 suggested “4 table-
spoons” and “2 tablespoons” as being equal to “40 mL” and “20 mL”, respectively, which are wrong. This possibly indicates a
misconception by the manufacturer of that product that one tablespoonful is 10 mL instead of 15 mL.

4.3. No information on side effects of products

Unfortunately, the labels of all the samples had no information on side effects; however, it cannot be overemphasised that herbal
antimalarials, and herbal medicines in general, must be used carefully as being natural does not necessarily mean that they are always
safe to consume. Moreover, some plants with medicinal value may be inherently toxic [8]. Therefore, since there is a lack of data on the
safety of several herbs, it is important to encourage healthcare professionals as well as consumers and manufacturers of herbal products
to report the side effects of herbal preparations to the relevant authorities. In Ghana, these would include the FDA and the Traditional
Medicine Practice Council under the Ministry of Health.

4.4. Concerns with doses for different age categories

An error detected on product A-14 was that “112-18 years” was stated as the age range for children. Although a typographical
error, it is unacceptable for a commercial product bearing a registration number to have such a mistake. Product A-15 also had a
dosage for children but there was no age range indicated, which may leave room for inappropriate use in young children. The age
groups on most of the product labels indicate that some manufacturers are not abreast with the various age classifications. Usually, the
age groupings of non-adults are region-specific; however, the differences are not substantial. According to the International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use, the age ranges for newborns, infants and toddlers,
children, and adolescents are 0-27 days, 28 days—-23 months, 2-11 years, and 12-16 to 18 years, respectively [46], which clearly show
that the designations indicated on most of the products are incorrect.

With respect to A-28 being indicated for persons aged 3-8 years at 45 mL, there may be concerns about the appropriateness of the
product and its high dose volume for this group of children. It is logical that liquid formulations are the most appropriate dosage form
for younger paediatric patients as they cannot swallow solid oral dosage forms; however, the dose volume of a liquid medicine for them
must be considered. It is suggested that target dose volumes of medicines for this population should be < 5 mL for those aged <5 years
and <10 mL for those aged >5 years. This is because these volumes are convenient for both a child and their caregiver during drug
administration [47]. Notwithstanding these concerns, A-28 may have all these issues because it may not be FDA-approved.
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4.5. Treatment durations and associated cost of treatment

The estimates of treatment costs were made based on the adult dosage for each sample. Ideally, the total cost of treatment should be
considered; however, this was not possible as only 10 of the products had their duration of treatment indicated on their packaging. The
Ghana FDA and other relevant authorities must ensure that treatment duration, which is very essential information, is indicated on
herbal antimalarial products to ensure effective treatment when these products are consumed. Without this information, these anti-
malarials may be consumed as though they are supplements and various risks may be associated with their long-term use.

For all the 10 formulations that had treatment durations specified on them, it was noted that the total volume of preparation needed
to cover the indicated treatment duration was more than the respective product volume. Notwithstanding these shortfalls, with the
available data, A-11 appears to be the best product with respect to cost effectiveness per treatment day, as it has the lowest cost per
daily dose and yet contains the highest number of doses. In contrast, A-19 contained the smallest number of daily doses but was the
most expensive with respect to daily treatment costs. With its pack volume of 330 mL and a required daily volume of 270 mL, almost
one bottle of product A-19 would be required for each day of treatment. By the end of treatment, the patient would have been exposed
to extremely high volumes of the product, which may raise a concern of sub-acute toxicity.

4.6. Traceability of the products

The Ghana FDA registers food items, drugs, herbal preparations, supplements, and medical devices, among others, to protect public
health and safety [48]. A batch number (also known as a lot number) is a “unique combination of numbers, letters, and/or symbols that
identifies a batch (or lot) and from which the production and distribution history can be determined” [49]. The batch numbers of the
samples investigated in the present study are excluded from the presented data to ensure product anonymity. The lack of FDA ap-
provals and batch numbers on A-17 and A-28 brings to question the authenticity of the preparations. Moreover, these products cannot
be tracked during a recall.

4.7. Medicinal plant space for antimalarial products

A herbal antimalarial mixture can contain several herbs; however, it is reported that in Africa, causes of acute kidney injury include
herbal toxins and infections such as malaria [50-52]. This means that the management of malaria with a mixture of herbs must be done
carefully. For instance, the condition of the raw herbal materials used and precautions taken during product manufacture must be
highly considered to ensure that contamination is minimised to fall within acceptable limits.

In the present study, individual herbal products contained up to seven antimalarial plants with A-24 containing the highest number.
Currently in Ghana, the herbs approved by the Ministry of Health for treating malaria caused by Plasmodium falciparum are Azadirachta
indica, Cassia occidentalis, Cryptolepis sanguinolenta, Khaya senegalensis, and Morinda lucida, either alone or in combination [53]. From
the results obtained, Azadirachta indica, Cryptolepis sanguinolenta, Alstonia boonei, Xylopia aethiopica, and Khaya senegalensis were the
main plants used to formulate the herbal products surveyed. Our findings support those of a previous study in which these plants were
common components of herbal antimalarials surveyed in the Ashanti and Greater-Accra Regions of Ghana [54]. The preference for
these plants by herbal product manufacturers calls for the need to establish standards to regulate their quality, as the same plants
collected from different parts of the country may have different levels of quality [55]. Furthermore, the use of the plants in the samples
raises the issue of plant utilisation and its associated concerns with biodiversity conservation [56]. The over-reliance on a few plants by
manufacturers may be concerning, especially when the plant parts used are stems, roots, or whole parts. Therefore, while it is rec-
ommended that appropriate quality standards for these plants used to treat malaria are established because of their popularity, it may
be beneficial if equal attention is given to less explored plants, such as those that were used in less than three products in the current
study (Tables 3 and 4).

The successful treatment of malaria with drugs isolated from plants, such as quinine from Cinchona and artemisinin from Artemisia
annua L., clearly shows that comprehensive studies on plants that are folklorically used to treat malaria can yield valuable compounds
that can be developed into beneficial pharmaceutical antimalarial dosage forms [57]. Additionally, the examples of cryptolepine and
its analogues from Cryptolepis sanguinolenta [35], xylopic acid from Xylopia aethiopica [58], and gedunin, azadirone, and neemfruitin
from Azadirachta indica [59] present potential cases of hits that could be explored to develop new antimalarial drug candidates. This
can potentially curb the use of a cocktail of plants and plant parts possibly containing several phytochemicals and their associated
effects.

4.8. Concerns with the characteristics of the formulations

4.8.1. Physical appearance

The particles in the seven preparations that were not homogeneous could be contaminants, filtered portions of the marc from plants
used in their preparation, or precipitates that formed following the cooling of hot decoctions during production. It may not be con-
cerning if the particles are not contaminants, as it has been found that particle aggregates in decoctions may increase the absorption of
active ingredients through various mechanisms [60].

4.8.2. pH and relative density
A liquid for oral consumption that is too acidic can cause dental erosion, which can be defined as the irreversible acidic dissolution
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of the surface structure of the tooth chemically in the absence of microorganisms [61]. Relative erosivity zones established from
previous studies on the solubility of apatite in acid indicate that beverages with pH values of <3.0, 3.0-3.99, and >4.0 are considered
extremely erosive, erosive, and minimally erosive, respectively [62]. This indicates that 29.41% (n = 10) and 70.59% (n = 24) of the
samples may be considered erosive and minimally erosive, respectively. The suitable products in terms of pH were those that formed
one of the clusters in the PCA with pH of 5.17-6.43 (Fig. 5). The acidity of the antimalarial herbal mixtures is most likely due to the
types and amounts of acidic phytochemicals they contain. In addition to the fact that erosion of the tooth surface can occur as pH in the
oral cavity decreases to less than 4.0, every unit decrease in pH corresponds to a 10-fold increase in enamel solubility, which can
further cause a 100-fold increase in enamel demineralisation as pH drops from 4.0 to 2.0 [63]. However, the erosive potential of a
liquid is influenced by how the liquid is consumed. For instance, the contact time of the acidic substance with the teeth, swallowing
rate, frequency and duration of exposure to acidic beverage, the viscosity of the liquid, and drinking habits (e.g., sipping, swishing) can
affect teeth erosion [64]. Therefore, a simple solution to control the erosive effect of the antimalarials is to put caution on the labels
that following dose intake, the mouth should be rinsed with a neutral liquid such as water.

The relative densities of the products were in the range of 0.997-1.015, which is a very narrow range to indicate that the samples
were almost as dense as water. Each product was easily pourable from its bottle.

4.8.3. Extract weight per dose

From the survey, all the herbal antimalarials were liquids and several of them had high dose volumes of up to 90 mL. We believe
that manufacturers could consider formulating more concentrated mixtures to achieve low dose volumes for convenience of product
intake. In addition, we recommend that solid dosage forms of these liquid products are formulated as substitutes. To achieve this, dry
powder extracts could be produced from the mixtures by evaporating the solvents used for extraction. Alternatively, the mixtures could
be spray-dried or freeze-dried with or without the use of adsorbents, or they could be dried and milled [65]. A powder thus obtained
can then be compressed into tablets, filled directly into hard shell capsules, or processed into granules for tableting or filling into
capsules after adding the relevant excipients. In this way, the tablets or capsules could be useful alternatives that are also convenient to
carry compared to bulky liquid mixtures. Additionally, the capsules can mask the bitter taste of some herbs. Thus, we determined how
much dry extract was contained in a dose of each product. All the samples except A-23 dried completely within 72 h in the oven to
leave a solid residue. The weights of the extracts were found to be small enough for formulation into unit-dose tablets or capsules.
Sample A-23, which remained a very concentrated semisolid extract, could be processed into a powder by adding absorbents such as
starch, lactose, microcrystalline cellulose, and/or light magnesium carbonate [13].

4.9. Limitation of the study

Only herbal antimalarials for sale in pharmacies, OTCMS facilities, and herbal shops were analysed in this study. Therefore, it is
possible that other herbal antimalarial products available to consumers were missed because they are available in other types of
facilities.

5. Conclusion

Our findings from this study revealed a lack of dosing devices in some herbal antimalarial packages as well as errors in stated doses,
age ranges, and tablespoon volume. Additionally, unconventional ways of stating doses were found on two products. The high usage of
herbal medicines by Ghanaians makes it imperative for regulatory authorities to ensure that herbal antimalarial products have all the
needed details on their labels to correctly guide consumers and prescribers and that the products are safe for consumption. Important
details required include correct doses in “mL”, duration of treatment, known side effects, the names of all component herbs, and batch
numbers. Safety monitoring of commercial herbal antimalarials by the relevant divisions of the Ghana FDA may also reveal unreg-
istered products that the public can be warned about. Additionally, the formulation of solid dosage forms of herbal antimalarials must
be encouraged for consumers who may prefer them.

Financial support

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
Data availability

Research data is available upon request. Data can be obtained from the corresponding author via email.
CRediT authorship contribution statement

Hilda Amekyeh: Writing — review & editing, Writing — original draft, Supervision, Methodology, Investigation, Formal analysis,
Conceptualization. Doris Kumadoh: Writing — review & editing, Writing — original draft, Methodology, Conceptualization. Donatus
Wewura Adongo: Writing — review & editing, Writing — original draft, Methodology, Conceptualization. Emmanuel Orman: Writing
- review & editing, Writing — original draft, Methodology, Formal analysis. Sadique Abubakar: Methodology, Investigation. Audrey

Dwamena: Methodology, Investigation. Mike Okweesi Aggrey: Writing — review & editing, Writing — original draft, Methodology,

13



H. Amekyeh et al. Heliyon 10 (2024) e27032

Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments

None.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e27032.

References

[1] Centers for Disease Control and Prevention, Malaria. https://www.cdc.gov/parasites/malaria/index.html, 2022. (Accessed 18 March 2023).

[2] S. Mohammadi, B. Jafari, P. Asgharian, M. Martorell, J. Sharifi-Rad, Medicinal plants used in the treatment of malaria: a key emphasis to Artemisia, Cinchona,
Cryptolepis, and Tabebuia genera, Phyther. Res. 34 (2020) 1556-1569, https://doi.org/10.1002/ptr.6628.

[3] World Health Organization, World malaria report 2022. https://www.who.int/publications/i/item/9789240064898, 2022. (Accessed 10 March 2023).

[4] B. Kwansa-Bentum, I. Ayi, T. Suzuki, J. Otchere, T. Kumagai, W.K. Anyan, H. Asahi, N. Akao, M.D. Wilson, D.A. Boakye, N. Ohta, Administrative practices of
health professionals and use of artesunate-amodiaquine by community members for treating uncomplicated malaria in southern Ghana: Implications for
artemisinin-based combination therapy deployment, Trop. Med. Int. Heal. 16 (2011) 1215-1224, https://doi.org/10.1111/j.1365-3156.2011.02833.x.

[5] World Health Organization, Promoting the Role of Traditional Medicine in Health Systems: a Strategy for the African Region, 2000. https://www.who.int/
publications/i/item/AFR-RC50-R3. (Accessed 21 March 2023).

[6] World Health Organization, WHO Traditional Medicine Strategy 2002-2005, 2002 file:///C:/Users/EliteBook/Downloads/WHO_EDM_TRM_2002.1_eng.pdf.
(Accessed 24 March 2023).

[71 N.W. Muyumba, S.C. Mutombo, H. Sheridan, A. Nachtergael, P. Duez, Quality control of herbal drugs and preparations: the methods of analysis, their relevance,
and applications, Talanta Open 4 (2021) 100070, https://doi.org/10.1016/j.talo.2021.100070.

[8] World Health Organization, WHO Guidelines on Safety Monitoring of Herbal Medicines in Pharmacovigilance Systems, 2004. https://apps.who.int/iris/
bitstream/handle/10665/43034/9241592214_eng.pdf.

[9] L.E. Amoah, C. Kakaney, B. Kwansa-Bentum, K.A. Kusi, Activity of herbal medicines on Plasmodium falciparum gametocytes: Implications for Malaria
transmission in Ghana, PLoS One 10 (2015) 1-15, https://doi.org/10.1371/journal.pone.0142587.

[10] World Health Organization, Tool for Visual Inspection of Medicines, 2023. https://www.whpa.org/sites/default/files/2018-12/Toolkit BeAware_Inspection.
pdf. (Accessed 9 March 2023).

[11] B. Schiavetti, E. Wynendaele, V. Melotte, J. Van Der Elst, B. De Spiegeleer, R. Ravinetto, A simplified checklist for the visual inspection of finished
pharmaceutical products: a way to empower frontline health workers in the fight against poor-quality medicines, J. Pharm. Policy Pract. 13 (2020) 1-7, https://
doi.org/10.1186/s40545-020-00211-9.

[12] H. Amekyeh, A. Mensah, Y. Saaka, E. Orman, Comparative assessment of the physicochemical properties of antacid suspensions available in the Ho Municipality
of the Volta Region of Ghana, Sci. African. 13 (2021) e00955, https://doi.org/10.1016/j.sciaf.2021.e00955.

[13] M.A. Archer, D. Kumadoh, S.N.B. Gaizer, A. Mensah, J. Jato, M.O. Kyene, S.0. Mintah, G.N. Yeboah, P.K. Sodzi, O. Adi-Dako, Development and in vitro
evaluation of oral capsules from Antiaris: a convenient substitute for peripheral neuropathy, Adv. Pharmacol. Pharm. Sci. 2022 (2022) 5340953, https://doi.
org/10.1155/2022/5340953.

[14] National Health Service, Malaria. https://www.nhs.uk/conditions/malaria/, 2022. (Accessed 10 March 2023).

[15] K.T. Biobaku, O.M. Azeez, S.A. Amid, T.N. Asogwa, A.A. Abdullahi, O.L. Raji, J.A. Abdulhamid, Thirty days oral Aframomum melegueta extract elicited analgesic
effect but influenced cytochrome p4501BI, cardiac troponin T, testicular alfa-fetoprotein and other biomarkers in rats, J. Ethnopharmacol. 267 (2021) 113493,
https://doi.org/10.1016/j.jep.2020.113493.

[16] P.Prabha, T. Karpagam, B. Varalakshmi, A. Sohna Chandra Packiavathy, Indigenous anti-ulcer activity of Musa sapientum on peptic ulcer, Pharmacognosy Res 3
(2011) 232-238, https://doi.org/10.4103/0974-8490.89742.

[17] A. Das, J.A.J. Sunilson, R. Gopinath, S. Radhamani, K. Nilugal, Anti-nociceptive activity of the fruits of Swietenia macrophylla King, J. Pharm. Res. 2 (2009)
1367-1369.

[18] LO.Lawal, B.O. Rafiu, J.E. Ale, O.E. Majebi, A.O. Aremu, Ethnobotanical survey of local flora used for medicinal purposes among indigenous people in five areas
in Lagos State, Nigeria, Plants 11 (2022) 633, https://doi.org/10.3390/plants11050633.

[19] K. Annan, K. Sarpong, C. Asare, R. Dickson, K. Amponsah, B. Gyan, M. Ofori, S.Y. Gbedema, In vitro anti-plasmodial activity of three herbal remedies for malaria
in Ghana: Adenia cissampeloides (Planch.) Harms., Termina liaivorensis A. Chev, and Elaeis guineensis Jacq, Pharmacognosy Res 4 (2012) 225-229, https://doi.
org/10.4103/0974-8490.102270.

[20] C.N. Muthaura, J.M. Keriko, C. Mutai, A. Yenesew, J.W. Gathirwa, B.N. Irungu, R. Nyangacha, G.M. Mungai, S. Derese, Antiplasmodial potential of traditional
antimalarial phytotherapy remedies used by the Kwale community of the Kenyan Coast, J. Ethnopharmacol. 170 (2015) 148-157, https://doi.org/10.1016/j.
jep.2015.05.024.

[21] G.N. Zirihi, L. Mambu, F. Guédé-Guina, B. Bodo, P. Grellier, In vitro antiplasmodial activity and cytotoxicity of 33 West African plants used for treatment of
malaria, J. Ethnopharmacol. 98 (2005) 281-285, https://doi.org/10.1016/j.jep.2005.01.004.

[22] A. Asase, A.A. Oteng-Yeboah, G.T. Odamtten, M.S.J. Simmonds, Ethnobotanical study of some Ghanaian anti-malarial plants, J. Ethnopharmacol. 99 (2005)
273-279, https://doi.org/10.1016/j.jep.2005.02.020.

[23] M.C. Gessler, M.H.H. Nkunya, L.B. Mwasumbi, M. Heinrich, M. Tanner, Screening Tanzanian medicinal plants for antimalarial activity, Acta Trop. 56 (1994)
65-77, https://doi.org/10.1016/0001-706X(94)90041-8.

[24] S. Sanon, A. Gansane, L.P. Ouattara, A. Traore, [.N. Ouedraogo, A. Tiono, D. Taramelli, N. Basilico, S.B. Sirima, In vitro antiplasmodial and cytotoxic properties
of some medicinal plants from western Burkina Faso, Afr. J. Lab. Med. 2 (2013) 1-7, https://doi.org/10.4102/ajlm.v2i1.81.

[25] G. Komlaga, S. Cojean, R.A. Dickson, M.A. Beniddir, S. Suyyagh-Albouz, M.L.K. Mensah, C. Agyare, P. Champy, P.M. Loiseau, Antiplasmodial activity of selected
medicinal plants used to treat malaria in Ghana, Parasitol. Res. 115 (2016) 3185-3195, https://doi.org/10.1007/500436-016-5080-8.

14


https://doi.org/10.1016/j.heliyon.2024.e27032
https://www.cdc.gov/parasites/malaria/index.html
https://doi.org/10.1002/ptr.6628
https://www.who.int/publications/i/item/9789240064898
https://doi.org/10.1111/j.1365-3156.2011.02833.x
https://www.who.int/publications/i/item/AFR-RC50-R3
https://www.who.int/publications/i/item/AFR-RC50-R3
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref6
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref6
https://doi.org/10.1016/j.talo.2021.100070
https://apps.who.int/iris/bitstream/handle/10665/43034/9241592214_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/43034/9241592214_eng.pdf
https://doi.org/10.1371/journal.pone.0142587
https://www.whpa.org/sites/default/files/2018-12/Toolkit_BeAware_Inspection.pdf
https://www.whpa.org/sites/default/files/2018-12/Toolkit_BeAware_Inspection.pdf
https://doi.org/10.1186/s40545-020-00211-9
https://doi.org/10.1186/s40545-020-00211-9
https://doi.org/10.1016/j.sciaf.2021.e00955
https://doi.org/10.1155/2022/5340953
https://doi.org/10.1155/2022/5340953
https://www.nhs.uk/conditions/malaria/
https://doi.org/10.1016/j.jep.2020.113493
https://doi.org/10.4103/0974-8490.89742
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref17
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref17
https://doi.org/10.3390/plants11050633
https://doi.org/10.4103/0974-8490.102270
https://doi.org/10.4103/0974-8490.102270
https://doi.org/10.1016/j.jep.2015.05.024
https://doi.org/10.1016/j.jep.2015.05.024
https://doi.org/10.1016/j.jep.2005.01.004
https://doi.org/10.1016/j.jep.2005.02.020
https://doi.org/10.1016/0001-706X(94)90041-8
https://doi.org/10.4102/ajlm.v2i1.81
https://doi.org/10.1007/s00436-016-5080-8

H. Amekyeh et al.

[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]

[34]

[35]

[36]
[37]
[38]

[39]

[40]
[41]

[42]

[43]
[44]
[45]

[46]

[47]
[48]

[49]

[50]
[51]
[52]

[53]
[54]

[55]

[56]
[57]
[58]
[59]
[60]

[61]

Heliyon 10 (2024) e27032

A. Mesfin, M. Giday, A. Animut, T. Teklehaymanot, Ethnobotanical study of antimalarial plants in Shinile District, Somali Region, Ethiopia, and in vivo
evaluation of selected ones against Plasmodium berghei, J. Ethnopharmacol. 139 (2012) 221-227, https://doi.org/10.1016/j.jep.2011.11.006.

O. Ifeoma, O. Samuel, A.M. Itohan, S.0. Adeola, Isolation, fractionation and evaluation of the antiplasmodial properties of Phyllanthus niruri resident in its
chloroform fraction, Asian Pac. J. Trop. Med. 6 (2013) 169-175, https://doi.org/10.1016/51995-7645(13)60018-8.

C. Clarkson, V.J. Maharaj, N.R. Crouch, O.M. Grace, P. Pillay, M.G. Matsabisa, N. Bhagwandin, P.J. Smith, P.I. Folb, In vitro antiplasmodial activity of medicinal
plants native to or naturalised in South Africa, J. Ethnopharmacol. 92 (2004) 177-191, https://doi.org/10.1016/].jep.2004.02.011.

A.G. Christian, E.C. Thecla, E.A. Dick, A.E. Chile, C.K. Chimsorom, N.D. Ckukwu, N.N. Nwobodo, In vivo antiplasmodial activity of Bombax buonopozense root
bark aqueous extract in mice infected by Plasmodium berghei, J. Tradit. Chinese Med 37 (2017) 431-435, https://doi.org/10.1016/50254-6272(17)30148-6.
K.B. Koama, R.S. Yerbanga, N.T.R. Meda, N. Ouedraogo, O. Da, J.B. Ouedraogo, T.M. Coulibaly, G.A. Ouedraogo, In vivo antimalarial, antioxidant activities and
safety of Carapa procera DC. (Meliaceae), Pakistan, J. Biol. Sci. 24 (2021) 571-578, https://doi.org/10.3923/pjbs.2021.571.578.

T. Stangeland, P.E. Alele, E. Katuura, K.A. Lye, Plants used to treat malaria in Nyakayojo sub-county, western Uganda, J. Ethnopharmacol. 137 (2011) 154-166,
https://doi.org/10.1016/j.jep.2011.05.002.

S. Bapna, M. Ramaiya, A. Chowdhary, Brine shrimp toxicity and invitro antimalarial activity of Citrus aurantifolia (Christm.) Swingle against Plasmodium
falciparum 3D7, IOSR J. Pharm. Biol. Sci. 9 (2014) 24-27, https://doi.org/10.9790/3008-09512427.

C.N. Muthaura, J.M. Keriko, C. Mutai, A. Yenesew, J.W. Gathirwa, B.N. Irungu, R. Nyangacha, G.M. Mungai, S. Derese, Antiplasmodial potential of traditional
phytotherapy of some remedies used in treatment of malaria in Meru-Tharaka Nithi County of Kenya, J. Ethnopharmacol. 175 (2015) 315-323, https://doi.org/
10.1016/j.jep.2015.09.017.

C. Agyare, G.A. Koffuor, V.E. Boamah, F. Adu, K.B. Mensah, L. Adu-Amoah, Antimicrobial and anti-inflammatory activities of Pterygota macrocarpa and Cola
gigantea (Sterculiaceae). Evidence-based Complement, Altern. Med. 2012 (2012) 902394, https://doi.org/10.1155/2012,/902394.

P. Grellier, L. Ramiaramanana, V. Millerioux, E. Deharo, J. Schrével, F. Frappier, F. Trigalo, B. Bodo, J.-L. Pousset, Antimalarial activity of cryptolepine and
isocryptolepine, alkaloids isolated from Cryptolepis sanguinolenta, Phyther. Res. 10 (1996) 317-321, https://doi.org/10.1002/(SIC1)1099-1573, 199606)10:
4<317::AID-PTR858>3.0.CO;2-0.

J.B. Lekana-Douki, S.L. Oyegue Liabagui, J.B. Bongui, R. Zatra, J. Lebibi, F.S. Toure-Ndouo, In vitro antiplasmodial activity of crude extracts of Tetrapleura
tetraptera and Copaifera religiosa, BMC Res. Notes 4 (2011) 506, https://doi.org/10.1186/1756-0500-4-506.

G. Komlaga, A.D. Forkuo, N. Suleman, D. Nkrumah, R. Nketia, S.O. Bekoe, Antimalarial property and acute toxicity of the leaves of Theobroma cacao L. Evid.
Based Complement, Alternat. Med. 2021 (2021) 2852442, https://doi.org/10.1155/2021/2852442.

K. Kamanzi Atindehou, C. Schmid, R. Brun, M.W. Koné, D. Traore, Antitrypanosomal and antiplasmodial activity of medicinal plants from Cote d’Ivoire,

J. Ethnopharmacol. 90 (2004) 221-227, https://doi.org/10.1016/].jep.2003.09.032.

A. Diallo, K. Eklu-Gadegbeku, A. Agbonon, K. Aklikokou, G. Napo-Koura, E. Creppy, M. Gbeassor, Repeated dose toxicological studies of hydroalcoholic extract
of Lannea kerstingii Engl and K. Krause (Anacardiaceae) and identification of toxicity mechanisms, Int. J. Pharm. Sci. Res. 6 (2015) 604-611, https://doi.org/
10.13040/1JPSR.0975-8232.6(2).604-11.

G.L Olasehinde, O. Ojurongbe, A.O. Adeyeba, O.E. Fagade, N. Valecha, I.0. Ayanda, A.A. Ajayi, L.O. Egwari, In vitro studies on the sensitivity pattern of
Plasmodium falciparum to anti-malarial drugs and local herbal extracts, Malar. J. 13 (2014) 1-7, https://doi.org/10.1186/1475-2875-13-63.

F.F. Boyom, P.V.T. Fokou, L.R.T. Yamthe, A.N. Mfopa, E.M. Kemgne, W.F. Mbacham, E. Tsamo, P.H.A. Zollo, J. Gut, P.J. Rosenthal, Potent antiplasmodial
extracts from Cameroonian Annonaceae, J. Ethnopharmacol. 134 (2011) 717-724, https://doi.org/10.1016/j.jep.2011.01.020.

A. Biruksew, A. Zeynudin, Y. Alemu, L. Golassa, M. Yohannes, A. Debella, G. Urge, B. De Spiegeleer, S. Suleman, Zingiber officinale Roscoe and Echinops kebericho
Mesfin showed antiplasmodial activities against Plasmodium berghei in a dose-dependent manner in Ethiopia, Ethiop. J. Health Sci. 28 (2018) 655-664, https://
doi.org/10.4314/ejhs.v28i5.17.

K.T. Watson, P.G. Barash, The new food and drug administration drug package insert: Implications for patient safety and clinical care, Anesth. Analg. 108 (2009)
211-218, https://doi.org/10.1213/ane.0b013e31818c1b27.

T. da S. Dal Pizzol, C.G. Moraes, P.S.D. Arrais, A.D. Bertoldi, L.R. Ramos, M.R. Farias, M.A. Oliveira, N.U.L. Tavares, V.L. Luiza, S.S. Mengue, Medicine package
inserts from the users’ perspective: are they read and understood? Rev. Bras. Epidemiol 22 (2019) 1-12, https://doi.org/10.1590/1980-549720190009.
M.T. Bayor, S.L. Kipo, K. Ofori-Kwakye, The accuracy and quality of household spoons and enclosed devices used in the administration of oral liquid
medications in Ghana, Int. J. Pharm. Pharm. Sci. 2 (2010) 150-153. https://www.researchgate.net/publication/253241851.

ICH Harmonised Guideline. Addendum to ICH E11: Clinical Investigation of Medicinal Products in the Pediatric Population, International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH), 2017. E11 (R1), https://database.ich.org/sites/default/files/E11 R1_
Addendum.pdf. (Accessed 14 April 2023).

European Medicines Agency, Reflection Paper: Formulations of Choice for the Paediatric Population, 2006. https://www.ema.europa.eu/en/documents/
scientific-guideline/reflection-paper-formulations-choice-paediatric-population_en.pdf. (Accessed 14 April 2023).

Food and Drugs Authority, Ghana, Drug Registration and Inspectorate Division. http://www.fdaghana.gov.gh/drug-registration.php, 2023 (accessed 27 March
2023)..

United States Food and Drug Administration, Compliance Policy Guide (CPG). Q7 Good Manufacturing Practice Guidance for Active Pharmaceutical
Ingredients, Guidance for Industry, 2016. https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-q7a-good-
manufacturing-practice-guidance-active-pharmaceutical-ingredients. (Accessed 27 March 2023).

V.A. Luyckx, V. Steenkamp, M.J. Stewart, Acute renal failure associated with the use of traditional folk remedies in South Africa, Ren. Fail. 27 (2005) 35-43,
https://doi.org/10.1081/JDI-42872.

A.C. Brown, Kidney toxicity related to herbs and dietary supplements: online table of case reports. Part 3 of 5 series, Food Chem. Toxicol. 107 (2017) 502-519,
https://doi.org/10.1016/j.fct.2016.07.024.

D.D. Brown, S. Solomon, D. Lerner, M. Del Rio, Malaria and acute kidney injury, Pediatr. Nephrol. 35 (2020) 603-608, https://doi.org/10.1007/500467-018-
4191-0.

Ministry of Health, Antimalarial Medicine Policy, 2022, 2022. Ghana.

S. Osei-Djarbeng, E. Agyekum-Attobra, R. Nkansah, D. Solaga, S. Osei-Asante, G. Owusu-Dapaah, Medicinal plants constituting antimalarial herbal preparations
in the Ghanaian market, Br. J. Pharm. Res. 5 (2015) 153-162, https://doi.org/10.9734/BJPR/2015/14896.

E. Orman, S.O. Bekoe, S. Asare-Nkansah, I. Kralisch, J. Jato, V. Spiegler, C. Agyare, E.O. Bekoe, A. Hensel, Development of an analytical workflow to support the
establishment of monographs in African pharmacopoeias — Combretum mucronatum leaves as example, Planta Med. (2022), https://doi.org/10.1055/a-2002-
2260.

A.O. Agyemang, B.K. Turkson, M.F. Baidoo, I.K. Amponsah, M.L. Kwao Mensah, E. Orman, M.T. Bayor, Utilization of plants for medicinal purposes and concerns
with endangered plant species from Ghana, Tradit. Integr. Med. 6 (2021) 24-40, https://doi.org/10.18502/tim.v6i1.5926.

K. Srisilam, C. Veersham, Antimalarials of plant origin, in: .A. Khan, A. Khanum (Eds.), Role of Biotechnology in Medicinal and Aromatic Plants, vol. vol. II,
Ukaaz Publishers, Hyderabad, 2003, pp. 17-47.

J.N. Boampong, E.O. Ameyaw, B. Aboagye, K. Asare, S. Kyei, J.H. Donfack, E. Woode, The curative and prophylactic effects of xylopic acid on Plasmodium
berghei infection in mice, J. Parasitol. Res. 2013 (2013) 1-7, https://doi.org/10.1155/2013/356107.

G. Chianese, S.R. Yerbanga, L. Lucantoni, A. Habluetzel, N. Basilico, D. Taramelli, E. Fattorusso, O. Taglialatela-Scafati, Antiplasmodial triterpenoids from the
fruits of neem, Azadirachta indica, J. Nat. Prod. 73 (2010) 1448-1452, https://doi.org/10.1021/np100325q.

J. Wy, Y. Yang, X. Yuan, H. Xu, Q. Chen, R. Ren, Q. Zhang, Z. Hou, F. Jiao, D. Yin, Role of particle aggregates in herbal medicine decoction showing they are not
useless: considering Coptis chinensis decoction as an example, Food Funct. 11 (2020) 10480-10492, https://doi.org/10.1039/DOFO02179B.

R.P. Shellis, J.D.B. Featherstone, A. Lussi, Understanding the chemistry of dental erosion, Monogr. Oral Sci. 25 (2014) 163-179, https://doi.org/10.1159/
000359943.

15


https://doi.org/10.1016/j.jep.2011.11.006
https://doi.org/10.1016/S1995-7645(13)60018-8
https://doi.org/10.1016/j.jep.2004.02.011
https://doi.org/10.1016/s0254-6272(17)30148-6
https://doi.org/10.3923/pjbs.2021.571.578
https://doi.org/10.1016/j.jep.2011.05.002
https://doi.org/10.9790/3008-09512427
https://doi.org/10.1016/j.jep.2015.09.017
https://doi.org/10.1016/j.jep.2015.09.017
https://doi.org/10.1155/2012/902394
https://doi.org/10.1002/(SICI)1099-1573
https://doi.org/10.1186/1756-0500-4-506
https://doi.org/10.1155/2021/2852442
https://doi.org/10.1016/j.jep.2003.09.032
https://doi.org/10.13040/IJPSR.0975-8232.6(2).604-11
https://doi.org/10.13040/IJPSR.0975-8232.6(2).604-11
https://doi.org/10.1186/1475-2875-13-63
https://doi.org/10.1016/j.jep.2011.01.020
https://doi.org/10.4314/ejhs.v28i5.17
https://doi.org/10.4314/ejhs.v28i5.17
https://doi.org/10.1213/ane.0b013e31818c1b27
https://doi.org/10.1590/1980-549720190009
https://www.researchgate.net/publication/253241851
https://database.ich.org/sites/default/files/E11_R1_Addendum.pdf
https://database.ich.org/sites/default/files/E11_R1_Addendum.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-formulations-choice-paediatric-population_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-formulations-choice-paediatric-population_en.pdf
http://www.fdaghana.gov.gh/drug-registration.php
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-q7a-good-manufacturing-practice-guidance-active-pharmaceutical-ingredients
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-q7a-good-manufacturing-practice-guidance-active-pharmaceutical-ingredients
https://doi.org/10.1081/JDI-42872
https://doi.org/10.1016/j.fct.2016.07.024
https://doi.org/10.1007/s00467-018-4191-0
https://doi.org/10.1007/s00467-018-4191-0
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref53
https://doi.org/10.9734/BJPR/2015/14896
https://doi.org/10.1055/a-2002-2260
https://doi.org/10.1055/a-2002-2260
https://doi.org/10.18502/tim.v6i1.5926
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref57
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref57
https://doi.org/10.1155/2013/356107
https://doi.org/10.1021/np100325q
https://doi.org/10.1039/D0FO02179B
https://doi.org/10.1159/000359943
https://doi.org/10.1159/000359943

H. Amekyeh et al. Heliyon 10 (2024) e27032

[62] M.J. Larsen, B. Nyvad, Enamel erosion by some soft drinks and orange juices relative to their ph, buffering effect and contents of calcium phosphate, Caries Res.
33 (1999) 81-87, https://doi.org/10.1159/000016499.

[63] M. Larsen, Erosion of teeth, in: O. Fejerskov, E. Kidd (Eds.), Dental Caries: the Disease and its Clinical Management, second ed., Blackwell Munksgaard, Oxford,
2008, pp. 233-247.

[64] T. Stefariski, L. Postek-Stefaniska, Possible ways of reducing dental erosive potential of acidic beverages, Aust. Dent. J. 59 (2014) 280-288, https://doi.org/
10.1111/adj.12201.

[65] World Health Organization, Annex 1: WHO guidelines on good herbal processing practices for herbal medicines, in: WHO Technical Report Series, 2018,
pp. 81-152. No. 1010, https://apps.who.int/medicinedocs/documents/s23449en/s23449en.pdf.

16


https://doi.org/10.1159/000016499
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref63
http://refhub.elsevier.com/S2405-8440(24)03063-9/sref63
https://doi.org/10.1111/adj.12201
https://doi.org/10.1111/adj.12201
https://apps.who.int/medicinedocs/documents/s23449en/s23449en.pdf

	Evaluation of packaging, labels, and some physicochemical properties of herbal antimalarial products on the Ghanaian market
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Collection of details and visual inspection of samples
	2.3 Assessment of pH and density
	2.4 Determination of dry extract weight per product dose
	2.5 Data handling and statistical analysis

	3 Results
	3.1 General survey findings
	3.2 Results of the visual inspection of samples
	3.3 Specific product details
	3.4 Indications of the products
	3.5 Dosages of the products
	3.6 Herbs used in the products
	3.7 pH, relative density, and extract weights after drying
	3.8 Comparison of the physicochemical parameters of the products

	4 Discussion
	4.1 Lack of package inserts and other packaging and labelling issues
	4.2 Absence of dosing devices, unstandardised dosing devices, and dose errors
	4.3 No information on side effects of products
	4.4 Concerns with doses for different age categories
	4.5 Treatment durations and associated cost of treatment
	4.6 Traceability of the products
	4.7 Medicinal plant space for antimalarial products
	4.8 Concerns with the characteristics of the formulations
	4.8.1 Physical appearance
	4.8.2 pH and relative density
	4.8.3 Extract weight per dose

	4.9 Limitation of the study

	5 Conclusion
	Financial support
	Data availability
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


