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A B S T R A C T

Ethnopharmacological relevance: Acanthosicyos naudininus, Gomphocarpus fruticosus, and Cryptolepis decidua are,
according to the knowledge of traditional healers, used in Namibia to treat inflammatory disorders such as pain,
fever and skin rashes.

Aim of the study: The present study was conducted to evaluate the immunomodulatory effects and the
possible underlying mechanisms of action of the plant extracts on peripheral blood mononuclear cells (PBMCs)
such as T-lymphocytes.
Materials and methods: Methanolic and EtOAc extracts of A. naudinianus, G. fruticosus and C. decidua were
analysed for their immunomodulatory potential. PBMCs were isolated from the blood of healthy donors and
incubated with the plant extracts at concentrations 100, 30, 10, 3, 1 and 0.3 μg/mL. Effects on proliferation and
viability of activated human lymphocytes were assessed in comparison to ciclosporin A by flow cytometry using
carboxyfluorescein succinimidyl ester (CFSE) and WST-1 assay. Flow cytometry by annexin V/propidium iodide
(PI) staining was performed to investigate the necrotic/apoptotic effect of the plant extracts on mitogen-acti-
vated human lymphocytes. In addition, analysis of the influence of plant extracts on the regulatory mechanisms
of T-lymphocytes was performed using activation marker and cytokine production assays. An HPLC-PDA-ELSD-
ESIMS profile was recorded for each of the extracts.
Results: T-lymphocyte proliferation was inhibited in a dose-dependent manner by the extracts of A. naudinianus,
G. fruticosus, and C. decidua in concentrations not causing apoptosis or necrosis. This effect was mediated by
inhibition of lymphocyte activation, specifically the suppression of CD25 and CD69 surface receptor expression.
Moreover, the extracts suppressed effector functions, as indicated by reduced production of IFN-γ and IL-2. Based
on the HPLC profile, possible responsible compound classes could be identified for the extracts of A. naudinianus
(cucurbitacins) and C. decidua (indole alkaloids), but not for G. fruticosus.
Conclusions: The data show that the extracts of A. naudinianus, G. fruticosus and C. decidua have in vitro im-
munomodulatory activity and they interfere with the function of immunocompetent cells, suggesting an anti-
inflammatory mode-of-action. The present chemical determination and pattern recognition results explain the
therapeutic potency. However, further studies to investigate the therapeutic potential of the plants in in-
flammatory disorders should be done.

1. Introduction

The immune system is responsible for overall human health, pro-
tecting the body from disease. However, this same immune system, if
unstable, can cause tissue damage and pathology (Chen et al., 2017).
Chronic inflammatory responses, which are part of the body's defence

response, are a result of such a process. Long-term exposure to low
levels of inflammation, can cause diseases such as diabetes, cardio-
vascular disorders, arthritis, joint diseases, allergies (Pahwa et al.,
2019), cancer, respiratory diseases, mental disorders, and autoimmune
disorders (AID) (Bosma-den Boer et al., 2012). Moreover, autoimmune
disorders, which are characterized by an overly sensitive immune
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system attacking healthy tissues (Pahwa et al., 2019), can give rise to
diseases such as rheumatoid arthritis, systemic lupus erythematosus
(SLE), multiple sclerosis, type 1 diabetes mellitus, and psoriasis. Gen-
erally, these conditions are debilitating and can affect quality of life.
Importantly, these diseases are on an increase worldwide and are re-
sponsible for a high death toll (Pahwa et al., 2019); therefore regulating
the immune system is essential in combatting these diseases.

Besides the limited availability of anti-inflammatory drugs, which
have been shown to have numerous side effects (Oguntibeju, 2018), a
number of herbal treatments are available (Ko et al., 2014) and are
progressively used in the treatment of many chronic illnesses (Lull
et al., 2005; Du Preez et al., 2011; Du Preez, 2012; Ghasemian et al.,
2016). However, a lack of evidence on the efficacy for the herbal re-
medies remains a barrier. Research on ethnomedicines could contribute
to a cost-effective management of inflammatory disorders, improving
the quality of life of patients, and in so doing managing these disorders.

Namibia, a country in southwest Africa, has a strong history on use
of traditional herbal medicines, for many of them scientific studies have
not been conducted. There are about 2400 traditional practitioners in
Namibia and numerous plant species are used for medicinal purposes
(Von Koenen, 2007; Cheikhyoussef et al., 2011; Brumbaugh, 2015).
There is a heavy reliance on traditional medicine in both rural and
urban areas emphasizing that people are knowledgeable about the
names and uses of medicinal plants in addressing their health care
needs. As such, three plants were selected following field excursions in
the Hardap region in southern Namibia. These plants treat a wide array
of diseases including skin disorders which are inflammatory responses.

Leaves from Gomphocarpus fruticosus have been used for treating
febrile distemper, tuberculosis (TB) and gastro-intestinal complaints in
Namibia, while the roots have been used for diabetes and the latex for
warts as reported by Von Koenen (2007). Schmelzer et al. (2013) re-
ported similar uses with different plant parts; for instance the whole
plant G. fruticosus is used to treat illnesses such as coughing, diabetes,
tumors, and skin disorders including scabies and itchy skin. A tea
prepared using the root is drunk daily to treat diabetes and the San
people use the latex as an arrow poison ingredient. The leaves are also
used to rub the body in order to treat skin cancer in southern parts of
Namibia (Maguraushe, 2017). A study by Abe et al. (1994) reported
that G. fruticosus contains steroidal glycosides and, in the latex, cysteine
peptidases (Trejo et al., 2009), whilst Ndhlala et al. (2011) showed the
watery extract of the plant to be nonmutagenic using an Ames test.
Cryptolepis decidua roots, on the other hand are used as a remedy by the
Damara people for stomach ache, intestinal and liver pain, constipation,
vomiting; whereas the Nama and Himba use the root decoction for
gastrointestinal problems like diarrhoea. The roots are also used for
skin rashes attributed to venereal diseases and afterbirth cleansing of
the uterus. The Topnaar community, other than for constipation and
stomach ache, use the roots to treat menstrual pain, stomach ache,
fever, common cold and TB symptoms (Schmelzer et al., 2013).

Acanthosicyos naudinianus, according to Stuurmann (2016), is used
to manage cancer by the Nama people. It is used to treat fever, head-
aches, diarrhoea, abdominal pain, cough, skin lesions, inflammation
and sicknesses that are associated with HIV. This plant is also believed
to help for treatment of gonorrhoea, body sores, fungal infections of the
skin and skin rashes (Chinsembu et al., 2014). Furthermore, chemical
compounds known as cucurbitacins, which are common in Cucurbita-
ceae and various other plant species, are found to be cytotoxic (in-
cluding anticancer activity) and have anti-inflammatory and analgesic
properties (Grubben, 2004). In a recent ethnopharmacological study,
the aqueous root extract exhibited activity against MCF7, UACC62 and
TK10 cancer cells with IC50 values of 6.25 μg/mL, 16.41 μg/mL and
48.85 μg/mL, respectively with moderate cytotoxic activity against
normal fibroblast cells (Stuurmann, 2016). The ethanol root extract,
however, exhibited low in vitro anticancer activity and weak cytotoxi-
city effects of IC50 83.34 μg/mL.

Plant extracts are complex mixtures of compounds (Li et al., 2011),

the chemical profiles of plants are linked to the efficacy of plants as
ethnomedicines (Arendt and Zannini, 2013; Diep et al., 2015; Huang
et al., 2016; Kumar, 2019). A robust tool such as HPLC is needed to
isolate and identify compounds (Bansal et al., 2014). This tool is not
only important in the quality control of existing herbal products both
raw and finished (Belščak-Cvitanović et al., 2017; Thirumal and Laavu,
2017), but also for standardization of harvesting and extraction
methods (Kunle et al., 2012). It can also be used in developing new
drugs from traditional medicine (Sasidharan et al., 2010). The study
aimed to evaluate the immunomodulatory properties for the above-
mentioned plants using lymphocytes which are essential in in-
flammatory responses, and when regulated, can prevent self-tissue or
cell destruction (Camara et al., 2012). Using HPLC, we were able to
identify possible compounds responsible for the therapeutic effects
observed in this study.

2. Methods and materials

2.1. Selection and collection of plants

Traditional medicines based on plants endemic to Namibia were
selected using an ethnopharmacolgical approach (Oliveira et al., 2011;
Silva et al., 2013). Traditional healers from the Hardap region in Na-
mibia were identified with the help of local contact persons and sur-
veyed with a structured interview and the help of a translator. The
interview comprised, amongst others, questions on which plants have
been used for treating inflammatory conditions. Fresh plant material of
Acanthosicyos naudinianus, Gomphocarpus fruticosus, and Cryptolepis de-
cidua (foliage: G. fruticosus, tubers: A. naudinianus and roots: C. decidua)
were collected in the Hardap region of Namibia (Fig. 1) beginning of
the raining season in a sustainable manner to ensure the continued
viability of those plant populations. The plant samples were placed in
paper bags, properly labelled and transported to Windhoek in dry, cool,
well-ventilated containers. In addition, a sample of each plant
(25–40 cm long and up to 26 cm wide) was collected and preserved
using a plant press for confirmation of the scientific nomenclature of
the plants. This confirmation of identity was done by botanists of the
National Botanical Research Institute (NBRI) of Namibia. Information
on the respective family, local and English names, and voucher spe-
cimen numbers are shown in Table 1. The names of the plants were
verified with http://www.theplantlist.org indicating that they are all
recognized names of species in the respective genera.

Fig. 1. Map of Namibia showing the Hardap region where plants were col-
lected.
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2.2. Extract preparation

Maceration methods were used to prepare dry plant extracts. A se-
quential extraction of the same plant material with solvents of in-
creasing polarity (EtOAc and MeOH) was performed. Two cycles of
extraction for each solvent were done to make the extraction as ex-
haustive as possible. For this, a weighed amount of dried plant material
(10 g) was placed in an Erlenmeyer flask, suspended in 100mL of sol-
vent and stirred using an orbital shaker for 24 h at room temperature.
Thereafter, gravity filtration was done using Grade 1 Whattman filter
paper. The cycle was repeated for each solvent, and the extracts were
dried on a rotary evaporator (water bath set at 40 °C) followed by a
freeze-dryer under reduced pressure. The dry extracts were collected
and stored in airtight cryovials at −20 °C.

2.3. Human peripheral blood mononuclear cells (PBMCs) isolation

Peripheral blood mononuclear cells (PBMCs) or lymphocytes were
isolated from the blood of healthy donors obtained from the Blood
Transfusion Centre (University Medical Centre, Freiburg, Germany). In
detail, the blood was centrifuged on a LymphoPrep™ gradient (density:
1.077 g/cm3, 20min, 500×g, 20 °C; Progen, Heidelberg, Germany).
Cells were washed 3 times with Dulbecco phosphate buffered saline
(PBS) 1x (CaCl). Thereafter, the cells were re-suspended in the growth
medium consisting of RPMI-1640 1x (Gibco) supplemented with 10%
foetal calf serum (FCS), 1% penicillin/streptomycin (Gibco), 1% glu-
tamine, and 0.025% of β-mercaptoethanol (complete medium). In the
case of the CFSE assay, the cells were re-suspended in PBS. The cell
viability as well as cell density were determined using the trypan blue
exclusion test.

2.4. Activation and treatment of lymphocytes

Lymphocytes were stimulated with anti-human CD3 (clone HIT3a)
and anti-human CD28 (clone 28.2) mAbs (each 100 ng/mL;
eBioscience, Frankfurt, Germany) (1:100 v/v) as indicated by the pre-
sence of the medium, ciclosporine A (CsA; 5 μg/mL; Sandimmun
50mg/mL, Novartis Pharma, Basel, Switzerland), camptothecin (CPT;
300 μM: Tocris, Bristol, UK), 0.5% TritonX 100 or plant extracts in
different concentrations. After cultivation, the cells were assessed in
biological tests as described.

2.5. Cell proliferation assay: CFSE

Effects on proliferation and viability of activated human lympho-
cytes were assessed in comparison to ciclosporine A (CsA) using car-
boxyfluorescein succinimidyl ester (CFSE), a fluorescent dye which
binds to intracellular proteins. Briefly, PBMCs were re-suspended in
PBS at a density of 5×106 cells/mL. CFSE (5mM; Sigma, Taufkirchen,
Germany) was added in 1/1000 dilution, and the PBMCs were in-
cubated for 10min at 37 °C. The staining reaction was stopped by
washing twice with complete medium. The cell density of the stained
cells was adjusted to 2× 106 cells/mL, following stimulation with
monoclonal antibodies anti-CD3 and anti-CD28 (1:100 v/v). The cells
were seeded at a density of 2× 105 cells/ml. For the negative control,
the cells remained unstimulated and untreated, and for the positive
control, the cells were stimulated and left untreated. The control sub-
stance (CsA: 5 μg/mL) and plant extracts (final concentrations: 100, 30,
10, 3, 1, 0.3 μg/mL) were added to cells using 96 well flat bottom
plates, and were incubated for 72 h (37 °C, 5% CO2). Afterwards, the
cell proliferation was analysed using flow cytometry (FACS Calibur
instrument: BD Biosciences, Becton Dickinson, Franklin Lakes, NJ).

2.6. Cell viability assay: WST-1

In addition, cell cytotoxicity was measured using the WST-1 assay,Ta
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which is based on the reduction of the tetrazolium salt WST-1 to for-
mazan by cellular dehydrogenases. Briefly, the cell density of the iso-
lated PBMCs was adjusted to 2× 106 cells/ml, following stimulation
with monoclonal antibodies antiCD3 and antiCD28 (1:100 v/v). The
cells were seeded at a density of 2× 105 cells/mL. For the negative
control, the cells remained unstimulated and untreated, and for the
positive control, the cells were stimulated and left untreated. The
control substances (CsA: 5 μg/mL and triton-X: 0.005%) and plant ex-
tracts (final concentrations: 100, 30, 10, 3, 1, 0.3 μg/mL) were added to
cells using 96-well flat bottom plates, and were incubated for 72 h
(37 °C, 5% CO2). The cells were washed twice with PBS buffer, after
which 100 μL of freshly prepared WST-buffer solution was added to
each well and incubated for 1 h at 37 °C. The viability of the cells were
measured using the ELISA Reader (Tecan Reader Infinite M 200) at
450 nm.

2.7. Analysis of apoptosis and necrosis using annexin V and propidium
iodide staining

Flow cytometry by annexin V/propidium iodide (PI) staining was
performed to investigate the necrotic/apoptotic effect of the plant ex-
tracts. Briefly, activated PBMCs (2×106 cells/ml) treated with dif-
ferent concentrations (100, 30, 10, 3, 1, 0.3 μg/mL) of the plant extract
for 72 h were washed twice and re-suspended in PBS. The cells were
then incubated in the dark at ambient temperature with 50 μL Annexin-
staining Mastermix (0.5 μL Annexin-V stain +50 μL Annexin-Buffer
dilution (1:9 v/v)) for 15 min. Cells were incubated for another 15 min
in the dark after addition of 5 μL PI. Unstimulated cells (NC), untreated
cells (PC), treated cells with camptothecin (CPT, 300 μM) (control for
apoptosis) and treated cells with TritonX 100 (0.5%) (control for ne-
crosis) served as controls. Thereafter, apoptosis and necrosis rates were
acquired using a FACS Calibur flow cytometer.

2.8. Analysis of CD69 and CD25 activation markers

Freshly isolated PBMCs (2×106 cells/mL) were stimulated (except
the NC) with 100 μg/mL antihuman antiCD3 and antiCD28 monoclonal
antibodies (1:100 v/v). Next, the cells were seeded at a density of
2× 105 cells/well and incubated together with plant extracts at con-
centrations 100, 30, 10, 3, 1, 0.3 μg/mL and controls (CPT: 300 μM;
CsA: 5 μg/mL) for 24 h (37 °C, 5% CO2). Incubated cells were washed
twice with FACS buffer (DPBS (1x) Gibco, 10% FCS and 5% NaN3) and
stained with FITC-labelled anti-human CD69, PE-labelled anti-human
CD25 mAbs and APC-labelled CD4 (eBioscience, Frankfurt, Germany)
for 20min at 4 °C. Next, the cells were washed twice with FACS buffer
and resuspended. The expression of CD69 and IL-2 surface receptor
αchain CD25 was measured by FACS analysis using a FACSCalibur flow
cytometer.

2.9. Determination of cytokine production

Activated cells (3× 106) were treated for 48 h (37 °C., 5% CO 2)
with plant extracts at concentrations 100, 30, 10, 3, 1, 0.3 μg/mL and
control (CsA: 5 μg/mL); and were restimulated (except the NC) with
50 ng/mL PMA, 1 μg/mL Ionomycin and 1 μL/mL BD Golgi Plug
(Sigma-Aldrich, Taufkirchen, Germany) for 4 h at 37 °C. Next, the cells
were resuspended, washed with FACS buffer and fixed with 4% paraf-
ormaldehyde (PFA) (Sigma-Aldrich) for 10min at room temperature.
The cells were then permeabilised using Perm/Wash solution (Becton
Dickinson, Franklin Lakes, NJ) for 15min at 4 °C, followed by staining
with PE-conjugated anti-human IFN-γ mAb or PE-conjugated anti-
human IL-2 mAb (both from eBioscience). Cytokine production was
analysed with a BD FACSCalibur flow cytometer using FlowJo X
Software.

2.10. HPLC analysis

HPLC-PDA-ELSD-ESIMS analysis was carried out on a Shimadzu
HPLC system consisting of a degasser, binary high-.pressure mixing
pump, autosampler, column oven and diode array detector. An Alltech
E3300 ELSD detector and a Shimadzu LC-MS/MS 8030 quadrupole MS
were connected via a T-splitter. Extracts were dissolved in DMSO at
10mg/mL, centrifuged for 5min at 13,000 rpm and 5 μL of the super-
natant were injected. HPLC-MS grade acetonitrile (Macron Fine
Chemicals, solvent B) and water from a Milli-Q water purification
system (Merck Millipore) were used for HPLC separation with 0.1% of
formic acid (FA, Acros Organics). The gradient used for analytical HPLC
on a Waters sunfire C18 (3.5 μm, 3.0×150mm i.d., equipped with a
guard column 10×3.0mm i.d.) was [H2O + 0.1% FA (A), CH3CN +
0.1% FA (B); 5% B (0–2 min), 5–100% B (2–30 min), 100% B (30–37
min), 100 to 5% B (37–38 min), 5% B (38–43 min)].

2.11. Data analysis

The biological assays were conducted in 3 independent experi-
ments. The data was analysed using GraphPad Prism 8.1.0 (325). One-
way ANOVA was used to determine statistical significances, followed
by Dunnett's post hoc pairwise comparisons or by paired two sample t-
tests. For not normally distributed data, statistical significances were
calculated using the Kruskal-Wallis test for independent samples.
Values are presented as mean ± SEM for the indicated number of
independent experiments. The asterisks represent significant differ-
ences from controls (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).

3. Results

3.1. Effects of Namibian plant extracts on proliferation of T-lymphocytes

In order to analyse the immunomodulatory activity of selected
Namibian plant extracts, the effects on cell growth was evaluated at
varying concentrations (0.3–30 μg/mL). CFSE-labelled cells were used
to determine the impact of Namibian plant extracts on cell division of
PBMCs (Fig. 2). In the presence of ciclosporine A (CsA), the activated
cells did not proliferate (2.63% ± 1.18) compared to the stimulated
cells alone (positive control: PC), which showed a 100% proliferation.
Similarly, the extracts showed a reduction in proliferated cells in a
concentration dependent manner. At concentrations as low as 3 μg/mL
(A.n.e: 0.4% ± 0.1, C.d.m.: 0.6% ± 0.1 and G.f.m.: 7% ± 0.8), pro-
liferation of< 10% was observed, with the exception of A.n.e. (64
% ± 3.0) and C.d.e (39 % ± 3.8) extracts. EtOAc extract of G. fruti-
cosus (G.f.e.) were the most potent (0.3 μg/mL: 0.6% ± 0.2; 1 μg/mL:
0.8% ± 0.2; 3 μg/mL: 0.4% ± 0.1; 10 μg/mL: 0.2% ± 0.04; 30 μg/
mL: 11% ± 2.4 μg/mL in inhibiting proliferation.

The plant extracts were further analysed to determine their impact
on the viability of PBMCs using the WST-1 assay (Fig. 3). The results
demonstrate a decreased viability of human immunocompentent cells
compared to stimulated cells alone (100%). The inhibitory effects on
viability of the PBMCs were mostly seen in the EtOAc extract of
G. fruticosus (G.f.e.) (0.3 μg/mL: 10% ± 1.6; 1 μg/mL: 9% ± 1.0;
3 μg/mL: 10% ± 1.4; 10 μg/mL: 15% ± 1.8; 30 μg/mL: 40% ± 5.2).

3.2. Effects of Namibian plant extracts on lymphocyte apoptosis and
necrosis

To disregard possible cytotoxic effects as cause of the observed re-
duced cell proliferation, the apoptotic and necrotic effects of the ex-
tracts were evaluated (Fig. 4). Staining PBMCs with annexin-PI enables
the discrimination between viable, apoptotic and necrotic cells. The
data shows that the EtOAc extracts of G. fruticosus (G.f.e.), induced
apoptosis, mostly at increased concentrations (Fig. 4a). At concentra-
tions of 10 and 30 μg/mL extracts (G.f.e: 253% ± 5.7 and
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295% ± 6.7, respectively) were comparable (p > 0.5) to the control
CPT (279% ± 6.3). Furthermore, the extracts under investigation
showed no significant necrotic effects (Fig. 4b). The control TX
(2691% ± 544) significantly increased necrosis, compared to extracts
and the positive control (PC= 100%). These data indicate that the
inhibitory effects of low extract concentrations on PBMCs proliferation
is not mediated by cytotoxic effects.

3.3. Effects of Namibian plant extracts on activation of T-lymphocytes

The non-cytotoxic effects of the selected plant extracts warranted
for investigation into the regulatory mechanism. Activation markers
such as CD25 and CD69 are normally expressed when T-lymphocytes
are stimulated by antigen binding of T-cell receptors. Post activation,
the percentage of CD25 (Fig. 5a) and CD69 (Fig. 5b) was strongly in-
duced in stimulated lymphocytes (PC) compared to unstimulated cells
(NC) (Fig. 5). The data also indicate that the expression of both markers
was significantly reduced for the treated cells compared to untreated
cells (positive control, PC= 100%) in a concentration-dependent
manner. EtOAc extracts of A. naudinianus (A.n.e) and G. fruticosus
(G.f.e), showed a reduction in expression in CD25 starting in

concentrations of only 3 μg/mL and 1 μg/mL, respectively. These two
extracts also had significant reduction of CD69 expression starting at
concentrations of 10 μg/mL.

3.4. Effects of Namibian plant extracts on cytokine secretion of T-
lymphocytes

Further analysis on the influence of plant extracts on the effector
functions of T-lymphocytes was performed. Stimulation of T-lympho-
cytes leads to the activation and expression of the cytokines interleukin
2 (IL-2) and interferon γ (IFN-γ), thereby initiating T-cell proliferation.
Consequently, the effects on IL-2 and IFN-γ secretion of the extracts
under investigation were analysed (Fig. 6). The results demonstrate that
the secretion of both IL-2 (33% ± 15) and IFN-γ (2% ± 0.5) was di-
minished by ciclosporine A (CsA) compared to positive control
(PC= 100%), and also in the presence of extracts. A dose-dependent
reduction of IL-2 for EtOAc extracts of A. naudinianus (A.n.e), G. fruti-
cosus (G.f.e.), and C. decidua (C.d.e.); and MeOH extracts of C. decidua
(C.d.m.) and G. fruticosus (G.f.m.) were observed. (Fig. 6a). For G. fru-
ticosus (G.f.e.) and C. decidua (C.d.m.) this reduction in IL-2 was ob-
served in already very low concentrations (starting from 0.3 μg/mL).

Fig. 2. Inhibitory effects of Acanthosicyos naudinianus (A.n.), Gomphocarpus fruticosus (G.f.) and Cryptolepis decidua (C.d.) extracts on the proliferation of
PBMCs. PBMCs were stained with CFSE, activated with antihuman CD3 and CD28 mAb (100 ng/mL each) and incubated with EtOAc extracts of A.n. (A.n.e.), G.f.
(G.f.e.), C.d. (C.d.e.), and MeOH extracts of C.d. (C.d.m.) and G.f. (G.f.m.) at various concentrations. An unstimulated, untreated sample served as the negative control
(NC) and a stimulated, untreated sample served as the positive control (PC). Dimethyl sulfoxide (DMSO) served as the vehicle. The control substance used was
ciclosporin A (CsA 5 μg/mL). Data from 3 independent tests are presented as means ± SEM in relation to PC. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

Fig. 3. Inhibitory effects of Acanthosicyos naudinianus (A.n.), Gomphocarpus fruticosus (G.f.) and Cryptolepis decidua (C.d.) extracts on the viability of
PBMCs. PBMCs were activated with anti-human CD3 and CD28 mAb (100 ng/mL each) and incubated with EtOAc extracts of A.n. (A.n.e.), G.f. (G.f.e.), C.d. (C.d.e.),
and MeOH extracts of C.d. (C.d.m.) and G.f. (G.f.m.) at various concentrations. All were stained with WST-1 after 72 h). An unstimulated, untreated sample served as
the negative control (NC) and a stimulated, untreated sample served as the positive control (PC); Dimethyl sulfoxide (DMSO) served as the vehicle. The control
substances used were ciclosporin A (CsA, 5 μg/mL), camptothecin (CPT, 300 μM) and triton-X (Tx). Data from 3 independent tests are presented as means ± SEM in
relation to PC. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

C.I. Du Preez, et al. Journal of Ethnopharmacology 254 (2020) 112683

5



IFN-γ levels were, at low concentrations (3 μg/mL) only reduced by
G. fruticosus (G.f.e.) (Fig. 6b).

3.5. HPLC analysis

The phytochemical profiles of the plant extracts were recorded via
HPLC using an electron light scattering detector (ELSD), a photo diode
array detector (PDA) and a quadrupol MS detector. The chromatograms
can be found in the supporting information (Figs. S1–S3). From ELSD,
the peak at 13.3 min was most abundant in the EtOAc extract of
Acanthosicyos naudinianus (Fig. S1, see Supplementary Information). It
showed a mass of m/z 487 in positive mode and only very little UV
absorption above 220 nm. Other significant peaks showed masses at m/
z 497, 501 and 499 in positive mode.

In the EtOAc extract of Gomphocarpus fruticosus (Fig. S2, see Sup-
plementary Information), ELSD showed larger peaks only after 30min
with no corresponding signals in MS or PDA. One other small ELSD
peak is visible at 18.7 min, corresponding to a mass in MS at m/z 570 in
positive mode and an UV Maximum at 219 nm. Other representative
masses found were m/z 556, and 519 in positive mode. The MeOH
extract showed one ELSD peak at 10.8min, corresponding to UV
maxima at 255 and 350 nm and a mass of m/z 611 in positive mode.

In the EtOAc extract of Cryptolepis decidua (Fig. S3, see Supple-
mentary Information), the ELSD trace shows only one peak without
corresponding MS or PDA signal. Other notable peaks were found

between 24 and 27min showing MS signals in positive mode with
corresponding UV maxima at m/z 279 (UV 227 nm), 295 (224 and
278 nm) and 297 (224 nm) and m/z 391 (206, 228 and 325 nm). M/z
391 was also found at 11.6 and 13.1 min with similar UV maxima. Also,
the MeOH extract showed the same peaks containing m/z 391 along
with a major peak at 10.0min with m/z 229 in positive mode with a
corresponding UV maximum at 271 nm.

4. Discussion

Traditional herbal medicine is used by many developing countries
to address their primary health care needs (Abdullahi, 2011). Medicinal
plants as alternative or complementary medicine, have become in-
creasingly important throughout the world, due to them being acces-
sible, cost-effective and having less side effects (Del Prete et al., 2012).
By the same token, people are becoming more health conscious and opt
for herbal treatments instead of conventional medicine. In Namibia
traditional herbal medicine has up to now not been integrated into
mainstream medicine even though in some communities, especially in
economically poor areas, herbal concoctions are the only option in view
of limited access to healthcare facilities. However, medicinal plants are
used anecdotally and based on past experiences, hence they lack sci-
entific validation (Ozioma and Chinwe, 2019). This validation of the
traditional herbal treatments will allow their safe, cheap and effective
use and provide a basis for their integration into mainstream healthcare

Fig. 4. Apoptotic (A) and necrotic (B) effects of Acanthosicyos naudinianus (A.n.), Gomphocarpus fruticosus (G.f.), and Cryptolepis decidua (C.d.) extracts on
PBMCs. PBMCs were activated with anti-human CD3 and CD28 mAb (100 ng/mL each) and incubated with and EtOAc extracts of A.n. (A.n.e.), G.f. (G.f.e.), C.d.
(C.d.e.), and MeOH extracts of C.d. (C.d.m.) and G.f. (G.f.m.) at various concentrations; and stained with annexin-PI. An unstimulated, untreated sample served as the
negative control: NC and a stimulated, untreated sample served as the positive control (PC). Dimethyl sulfoxide (DMSO) served as the vehicle. The control substance
used was camptothecin (CPT, 300 μM) and triton-X (Tx). Data from 3 independent tests are presented as means ± SEM in relation to PC. ∗p < 0.05, ∗∗p < 0.01,
∗∗∗p < 0.001.
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in Namibia.
Traditionally, Acanthosicyos naudinianus, Gomphocarpus fruticosus

and Cryptolepis decidua are used to treat conditions such as pain, fever
and skin rashes, which are symptoms of inflammatory responses
(Gratton and Imboden, 2010; Sonoda et al., 2017), a criteria for se-
lecting the plants under investigation. A few studies relating to the
biological activities have been done, including anticancer: A. naudi-
nianus, antibacterial (Saidu et al., 2014), anti-inflammatory, anti-
oxidant, anticancer and anti-viral (HPV-1) (Twilley et al., 2017):
G. fruticosus. None of the herbs, however, have been investigated for
immunomodulating properties using PBMCs. A preliminary screening
was conducted to select extracts with anti-inflammatory activity for
further testing in this study, this excluded the MeOH extract of A.
naudinianus (A.n.m.). All three plants significantly and dose depen-
dently supressed PBMC proliferation with two complementary
methods, namely the CFSE and the WST-1 assay (Figs. 2 and 3), of
which G. fruticosus exhibited the highest activity. It is noteworthy, that
the inhibition of proliferation by the EtOAc extract of G. fruticosus was
observed at low concentrations (0.3 μg/mL). The reduction in pro-
liferation of PBMCs at this low concentration range was not of a cyto-
toxic nature as no significant dose related necrotic effects were ob-
served (Fig. 4). As for the MeOH extract of G. fruticosus a significant
reduction in PBMCs was observed at concentrations 1 μg/mL (CFSE)
and 3 μg/mL (WST-1). The same can be said for the extracts being of a

nontoxic nature – no significant effects of necrosis was observed. This is
in correlation with a study by Twilley et al. (2017) who reported
nontoxic effects against the human embryonic kidney 293 (HEK-293)
cells and anti-inflammatory activity demonstrated by a 41.32% COX-2
inhibition at 10 μg/mL following treatment of with an ethanolic leaf
extract of G. fruticosus. MeOH extracts of C. decidua (C.d.m.) and EtOAc
extracts C. decidua (C.d.e.) and A. naudinianus (A.n.e.) also suppressed
proliferation of PBMCs and also showed nontoxic activities. These ac-
tivities correlate with reduced effects of activation marker and cytokine
production.

The cytokine production and expression of activation markers ap-
pear to be the potential upstream mediators of the reduced T-cell pro-
liferation observed in the current study. All the extracts under in-
vestigation reduced the expression of CD25 and CD69 surface
activation markers (Fig. 5), and IL-2 and IFN-γ secretion (Fig. 6). Upon
activation of T-lymphocytes during an immune response, production of
various cytokines including IL-2, IFN-γ, and IL-4 is initiated and in turn
expands T-cells, whereas other cytokines influence differentiation of
naive CD4+ T-cells into either Th1 (IFN-γ) or Th2 (IL-4) subsets
(Henderson et al., 2012). T-lymphocyte proliferation can also be in-
duced by the expression or upregulation of surface markers CD69 (early
activation marker) and CD25 (late activation marker) (Bajnok et al.,
2017). Even though T-cells are responsible for clearance of pathogens,
they are also responsible for pathology, hyper-inflammation and tissue

Fig. 5. Effects of Acanthosicyos naudinianus (A.n.), Gomphorcapus fruticosus (G.f.) and Cryptolepis decidua (C.d.) extracts on the activation of CD4+ and
CD8+ T-lymphocytes. Lymphocytes were activated with antihuman CD3 and CD28 mAb (100 ng/mL each) and incubated with and EtOAc extracts of A.n. (A.n.e.),
G.f. (G.f.e.), C.d. (C.d.e.), and MeOH extracts of C.d. (C.d.m.) and G.f. (G.f.m.) at various concentrations for 72 h; and stained with FITC-labelled antihuman CD69, PE-
labelled anti human CD25 mAbs and APC-labelled CD4. The expression of markers CD25 and CD69 was analysed using flow cytometry. An unstimulated, untreated
sample served as the negative control: NC and a stimulated, untreated sample served as the positive control (PC). Dimethyl sulfoxide (DMSO) served as the vehicle.
The control substances used were ciclosporin A (CsA, 5 μg/mL), and camptothecin (CPT, 300 μM). Data from 3 independent tests are presented as means ± SEM in
relation to PC. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.
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damage. The suppression of the T-lymphocyte related immune response
is essential in cases where the adaptive immune system is overactive or
unstable, as it is in autoimmune diseases or hyper-inflammatory in-
fectious diseases which can present with prolonged fever, pain or skin
rashes.

In the present experiments, a substantial decrease in cytokine for-
mation were observed as a result of exposure of PBMCs to plant ex-
tracts. Cytokines are important in inflammatory responses (Mazzone
et al., 2001; Zhang and An, 2007) including IL-2 (Hoyer et al., 2008)
and IFN-γ (Zhang and An, 2007). The extracts had the capacity to re-
duce cytokine production by reducing the expression of IL-2 and IFN-γ
(Fig. 6). This, in turn, indicates that the plant extracts have anti-in-
flammatory effects. Hence, the plants can be encouraged to be used for
the treatment of inflammatory related illnesses, however further ex-
periments have to be done to ascertain these effects. On a different note,
according to Che et al. (2013) polyherbal remedies or use of combi-
nation treatment regimen have attributed to additive or synergistic
therapeutic effects compared to when used alone. Studies have also
shown that conventional drugs are combined with additional herbal
substances to increase the effects of treatment regimens, and because it
is cost effective (Ameade et al., 2018). Therefore, the plants in-
vestigated in this study could be used in combination therapies with
each other or with conventional medicines to enhance the observed
effects. The use of medicinal plants in combination with anti-

inflammatory drugs such as Tramacet (tramadol-acetaminophen) can
help lower the dose of the drug resulting in less adverse side-effects.
This should be taken into advisement, particularly from health care
professionals, as the concurrent use of herbal medicine and orthodox
medicine may have undesirable pharmacokinetic and pharmacody-
namic effects (Rivera et al., 2013).

The extraction of compounds is of utmost importance, as this in-
fluences the biological activity of extracts (Liu, 2008). Knowledge of the
phytochemicals of interest and their abundance is useful in selecting a
method of extraction (Pandey and Tripathi, 2014). There are several
approaches with tremendous advantages such as pre-soaking, liquid
ammonia pretreatment, and co-digestion. All of the above processes can
change plant cells either morphologically or breaking down inter-lignin
bonds (Hassan et al., 2017), allowing compounds to be released thereby
increasing the number of compounds extracted. For instance, the size of
plant particulate matter has a great effect on the yield; and using en-
zymes for cell wall degradation in sample preparation has a major
impact on particle size (Azwanida, 2015). For this study, sequential
extraction was done using maceration methods. The latter is involved in
the breaking of the cell wall of plant cells to release compounds
(Azwanida, 2015). Sasidharan et al. (2010) recommend that methods of
extract preparation should be based on those used in ethnomedicinal
settings, which was water for the plants used in this study, however,
EtOAc and MeOH were used as solvents because organic solvents are

Fig. 6. Effects of Acanthosicyos naudinianus (A.n.), Gomphocarpus fruticosus (G.f.) and Cryptolepis decidua (C.d.) extracts on secretion of IL-2 and IFN-γ by T-
lymphocytes. Lymphocytes were activated with anti-human CD3 and CD28 mAb (100 ng/mL each) and incubated with and EtOAc extracts of A.n. (A.n.e.), G.f.
(G.f.e.), C.d. (C.d.e.), and MeOH extracts of C.d. (C.d.m.) and G.f. (G.f.m.) at various concentrations for 72 h; and stained with PE-conjugated anti-human IFN-γ mAb
and PE-conjugated anti human IL-2 mAb. Cytokine production was analysed using flow cytometry. An unstimulated, untreated sample served as the negative control
(NC) and a stimulated, untreated sample served as the positive control (PC). Dimethyl sulfoxide (DMSO) served as the vehicle. The control substance used was
ciclosporin A (CsA, 5 μg/mL). Data from 3 independent tests are presented as means ± SEM in relation to PC. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.
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more effective in isolation of compounds (Hassan et al., 2017).
A primary phytochemical analysis on the basis of HPLC-PDA-ELSD-

ESI-MS data was conducted to tentatively identify predominant com-
pound classes in the respective extracts. In the EtOAc extract of
Acanthosicyos naudinianus (Fig. S3, see Supplementary Information), the
mass (m/z 487 in positive mode) of the main peak could be explained
by a range of cucurbitane type triterpenes isolated from Momordica
charantia (Jiang et al., 2016), some of which were described with
cancer preventive properties (Zhang et al., 2012). The other masses
found might be related to cucurbitacins isolated from the related spe-
cies Acanthosicyos horridus (Hylands and Magd, 1986). Some cucurbi-
tacins have been described as anti-inflammatory (Komissarenko et al.,
1995; Kaushik et al., 2015) and might contribute to the activity of the
extract.

In the EtOAc extract of Gomphocarpus fruticosus (Fig. S2, see Sup-
plementary Information), MS (m/z 518 in positive mode) together with
a UV maximum at 219 nm from the butenolide lactone ring indicates
the presence of glycosylated cardenolides similar to gomphoside or
gomphotin, compounds which have been isolated from the leaves of
G. fruticosus (Komissarenko et al., 1995). The even masses 570 and
556m/z in positive mode suggested nitrogen containing compounds,
possibly related to uscharin, a cytotoxic nitrogen and sulphur con-
taining cardenolide (Roy et al., 2005) found in other Asclepiadaceae.
The main component (611m/z in positive mode) in the MeOH extract
was most likely a flavon-on diglycoside similar to hesperidin.

To our knowledge, no compounds have been isolated from
Cryptolepis decidua so far. For the masses m/z 279, 295 and 297 found in
the EtOAc extract from Cryptolepis decidua (Fig. S3, see Supplementary
Information), a series of indole alkaloids similar to vincamenine (iso-
lated from Melodinus khasianus, Apocynaceae) (Cheng et al., 2016),
vinburnine and eburnamine (isolated from Kopsia jasminifolia, Apoc-
ynacae) (Kitajima et al., 2014) might be responsible for the activity
observed in this study. Vinburnine is mentioned in a patent as a possible
agent in combination therapy against NFκB mediated diseases (Steiger
et al., 2011). For m/z 391 in positive mode found in both, the MeOH
and the EtOAc extract, three possible compounds, isolated from dif-
ferent Apocynaceae (Cheng et al., 2016), were found. All three, the
irioid loganin from Alstonia scholaris (Feng et al., 2008), the steroidal
alkaloid holadysenterine from Holoarrhena antidysenterica (Kumar et al.,
2007) and the indole alkaloid rauvoloid D from Rauwolfia yunnanensis
(Geng and Liu, 2013) were possible matches and had no reported im-
munomodulatory or anti-inflammatory activity. No information is
available on the major ELSD peaks found in the extracts of Gompho-
carpus fruticosus and Cryptolepis decidua other than their lipophilicity
and lack of UV absorbance.

5. Conclusion

The extracts of the plants in this study inhibited PBMC proliferation.
This activity can be related to the observed reduction in the expression
of CD25 and CD69 markers, and cytokine (i.e. IL-2 and IFN-γ) pro-
duction. Furthermore, the data demonstrate that the extracts of
A. naudinianus, G. fruticosus, and C. decidua interfere with the function
of immunocompetent cells in vitro, suggesting an anti-inflammatory
mode-of-action. While cucurbitacins are likely the active constituents in
the extract of A. naudinianus and indole alkaloids for the extracts of C.
decidua, all extracts should be subjected to activity guided fractiona-
tions to identify the specific compounds responsible. The results of the
study also provide a rational basis for the traditional use of the plants,
however, further studies are required to corroborate these effects. These
include in vivo studies to investigate the therapeutic potential of the
plants in inflammatory disorders; specific signal pathway assays such as
the effect of plant extracts on transcription factors (i.e. activator protein
1 (AP-1), nuclear factor of activated T-cells (NFAT) and nuclear factor
kappa-light-chain-enhancer of activated B-cells (NF-κB)); and finally
the investigation of the resorption properties of the plant compounds

using the Caco-2 permeability assay to determine absorption of relevant
compounds in the extracts intestinally.
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Abbreviations

A.n.e. Acanthosicyos naudinianus ethyl acetate extract
AID Autoimmune disorders
CaCl Calcium chloride
CD Cluster of differentiation
C.d.e. Cryptolepis decidua ethyl acetate extract
CFSE Carboxyfluorescein succinimidyl ester
C.d.m. Cryptolepis decidua methanol extract
CO2 Carbon dioxide
CPT camptothecin
CsA Ciclosporine A
DMSO dimethyl sulfoxide
ELISA enzyme-linked immunosorbent assay
EtOAc ethyl acetate
FACS Fluorescence-activated cell sorting
FCS Fetal calf serum
FITC Fluorescein isothiocyanate
G.f.e. Gomphocarpus fruticosus ethyl acetate extract
G.f.m. Gomphocarpus fruticosus methanol extract
h Hour
HIV Human immunodeficiency virus
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IFN Interferon
IL- Interleukin
mAb Monoclonal antibody
MCF-7 Michigan Cancer Foundation-7
MeOH methanol
MET Ministry of Environment and Tourism
mg Milligram
mL Millilitre
NC Negative control
NCRST National Commission on Research, Science and Technology
ng Nanogram
p P-value
PBMCs Peripheral blood mononuclear cells
PBS Phosphate buffer saline
PC Positive control
PFA Paraformaldehyde
PI Propidium iodide
RPMI Roswell Park Memorial Institute medium
SEM Standard error of means
SLE Systemic lupus erythematosus
TB Tuberculosis
UACC62 University of Arizona Cell Culture-62
WST-1 water-soluble tetrazolium or 2-(4-iodophenyl)-3-(4-ni-

trophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, mono-
sodium salt

μg microgram

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jep.2020.112683.
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