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Abstract 

In Côte d'Ivoire, the market of aphrodisiacs of natural origin has been significantly growing over the last decades. The 
objective of this study was to evaluate the cytotoxicity of the most employed by Ivorian men, called Aphro.  

For that, Caco-2/TC7 enterocytes and Vero ATCC cells kidney epithelial cells grown in DMEM medium were exposed to 
Aphro at concentrations ranging from 216 to 864 µg/mL.  

Lactate dehydrogenase (LDH) released upon cell death was assayed after 1, 2 and 24h of exposure. In parallel, the effect 
of Apho was evaluated in differentiated confluent cells by measurements of the trans-epithelial electrical resistance.  

A time course and significant dose response related increase of LDH was measured in the culture medium of Caco-2/TC7 
and Vero ATCC cells exposed to the aphrodisiac. The trans-epithelial electrical resistance of the Caco-2/TC7 cell 
monolayers also showed a significant decrease from 1400 Ω*cm2 at the onset of the experiment to 450 Ω*cm2 after 24 
h of treatment.  

Cell detachment and structural disorganization were observed in both cell lines. This study reveals the strong 
cytotoxicity of Aphro extract on both cell lines.  
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1. Introduction

Erectile dysfunction is defined as a persistent inability to achieve or maintain an erection that is sufficiently rigid and 
durable to permit satisfactory sexual intercourse [1, 2, 3]. 

Several factors are responsible for erectile dysfunction, including psychological factors [4,5,6] physiological factors 
(hormonal, hypertension, diabetes) [7, 8, 9]. More than 150 million men are affected worldwide [10]and its prevalence 
is estimated to more than 300 million people in 2025 [11, 3] with a large increase in developing countries, particularly 
in Africa, Asia and South America [12]. In Côte d'Ivoire, the prevalence of men affected by erectile dysfunction is 
unknown. Many drugs have been developed by pharmaceutical industry for the treatment of erectile dysfunctions, but 
their high cost is a limiting factor [3, 13]. Thus, in recent years an increasing rush to natural sexual stimulants issued 
from traditional medicine has been observed. These natural products are sold at almost every street corner and are 
proposed as syrups, decoctions, herbal tea or powders. One of them (Aphro) remains by far the most popular product 
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on the market today. However, many testimonials associate the use of this aphrodisiac with the occurrence of immediate 
side effects: headaches, palpitations, sweating, limbs trembling, instant erection and even priapism crisis [14]. Despite 
the benefits attributed to this traditional remedy, there is no scientific data available to date on its effect on human 
health. The aim of this study was to evaluate the cytotoxicity of the Aphro sex stimulant on enterocytes (Caco-2/TC7) 
and kidney (Vero ATCC) epithelial cells.  

2. Material and methods 

The "Aphro" phytomedicine used for this study was purchased in a sales outlet in the municipality of Abobo (Abidjan, 
Côte d'Ivoire). Cytotoxicity tests were performed on the following cell lines: a human tumor cell line of intestinal origin 
isolated from a colonic adenocarcinoma (Caco-2/TC7) and Vero ATCC cells from the kidneys of African green monkey 
(Certopithecus aethiops). These cell lines were obtained at the Laboratory of Microbiology Signals and 
Microenvironment of the University of Rouen (France). The culture medium used was Dulbecco's Modified Eagle's 
Medium (DMEM) with 4.5 g/L Glucose and L-Glutamine (Lonza, Belgium) supplemented with: 10 % (for Vero ATCC) or 
15 % (for Caco-2/TC7) of fetal calf serum; penicillin/streptomycin 10,000 U/mL - 10,000 µg/mL (Biochrom, Germany); 
Trypsin (0.05%); 0.53 mM EDTA and sodium bicarbonate. For the evaluation of cytotoxicity, the non-radioactive 
Cytotox 96 kit was use. Trans-epithelial electrical resistance was measured in 24-well plates using a Millicell-ERS device 
(Millipore, Bedford, U.S.A). Cell observations were carried out using a Zeiss Axiovert S100 microscope (Artisan 
Technology, Canada) equipped with a Nikon DXM 1200F camera. 

2.1. Freeze-drying and preparation of concentrations  

A volume of 1500 mL of Aphro was filtered and freeze-dried. The freeze-dried material was stored at 4°C until use. For 
all tests, solutions with increasing concentrations of lyophilized Aphro were prepared by dissolving extemporaneously 
216, 432 or 864 µg/mL of the extract in cell culture medium. 

2.2. Cells culture 

To evaluate the cytotoxicity of the "Aphro" product, Caco-2/TC7 and Vero ATCC cells were cultured in flasks containing 
DMEM supplemented with 15 % fetal calf serum for Caco-2/TC7 and 10 % for Vero, to which 2 mM L-glutamine, 100 
U/ml penicillin and streptomycin and 1 % non-essential amino acids were added.  

For experimental tests, the cells were seeded at a mean density of 105 cells / cm2 in 24 wells culture plates. The cells 
were incubated at 37°C in 5 % CO2 atmosphere and the medium was changed daily. Caco-2/TC7 and Vero ATCC cells 
grown in 24-wells culture plates were incubated until confluence [15, 16]. 

2.3. Cytotoxicity - lactate dehydrogenase (LDH) test  

Cytotoxicity was determined using an enzyme assay (Cytotox 96 Promega, France) which measures the release of lactate 
dehydrogenase (LDH), a stable cytoplasmic enzyme, in the medium when the membrane of eukaryotic cells, presently 
Caco-2/TC7 and Vero ATCC cells, loose integrity during the dying process. LDH is present in many types of eukaryotic 
cells and its release is considered as an indicator of necrosis. When Caco-2/TC7 and Vero ATCC cells are at confluence, 
the initial culture medium is replaced by DMEM comprising 216, 432 or 864 µg/mL of lyophilized Aphro. Cells are 
incubated in drug supplemented medium and aliquots of the culture supernatant are collected at 1, 2 and 24h interval, 
for measurement of LDH release. Two control experiments were carried out for calculation of percentage of cytotoxicity. 
Caco-2/TC7 and Vero ATCC cells were exposed to Triton X100 (0.9%) and then used as a positive control for total LDH 
release (100% lysis) as specified by the manufacturer's recommendations. The baseline level (0% LDH release) was 
determined with untreated culture medium [17]. 

2.4. Measurement of the trans-epithelial electrical resistance of the Caco 2/TC7 

Caco-2/TC7 cells were detached from the flasks by trypsin treatment, then 200 μL of cell suspensions (106 cells/ml) 
were seeded in Millipore inserts of 3 μm porosity (Millipore Corp, Bedford, USA) of Complete DMEM (800 μL) was added 
in the basal part of the insert. After 15 days of culture (37°C, 5% CO2), the epithelial cells start to organize as a 
monolayer. The culture medium in the insert is removed and replaced with DMEM medium containing 216, 432 or 864 
µg/ mL of lyophilized Aphro. The integrity of the junctions was assessed by measuring the trans-epithelial resistance 
using a Millicell-ERS Volt-Ohm meter (Millipore, Bedford, U.S.A.) [18]. 
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2.5. Cells observation 

The cytological effects of the different concentrations of the extracts were assessed at 1h, 2h and 24h on Caco-2/TC7 
and Vero ATCC cells using a Zeiss Axiovert S100 microscope (Artisan Technology, Canada) equipped with a Nikon DXM 
1200F camera. 

2.6. Statistical analysis 

The statistical analysis was performed using the XLSTAT 2017.1 software. All experiments were repeated three times. 
The effect of the different concentrations of the extract was compared to that of control cells grown in DMEM and DMEM 
medium obtained from control cells submitted to total lysis by exposure to Triton X10 by using the following formula 
[19]: 

 % cytotoxicity = [(Experimental LDH release (OD490) – Control medium LDH release (OD490)) / (Maximum LDH 
release (OD490) – Control medium LDH release (OD490)) x 100 

where OD 490 is the optical density at 490 nm. 

The effects of different concentrations of Aphro were compared using an ANOVA test followed by Dunnet's post hoc 
tests to determine the statistical difference.  
The statistical meanings between untreated control cells and treated cells are represented in the graphs as p < 0.05 (*), 
p < 0.01 (**) and p < 0.001 (***).  

3. Results  

3.1. Cytotoxicity: Lactate Dehydrogenase (LDH) assay on Caco 2/TC7 cells 

The evaluation of the cytotoxicity of the phytomedicine Aphro on Caco-2/TC7 and Vero cells was realized at different 
concentrations and at 1, 2 and 24 h intervals by measuring LDH release. After 1 h of exposure to Aphro, no significant 
difference of cytotoxicity (% LDH release) was observed (P > 0.05) using Caco-2/TC7 cultures (Figure 1). A significant 
increase of LDH release was observed with 216 and 863 µg/mL of lyophilized Aphro after 2h of exposure (P < 0.05 and 
P < 0.01). The increase observed using Aphro 432 µg/mL was not statistically significant in comparison to the control 
(Fig. 1). 
After 24h incubation, exposure of Caco-2/TC7 cells to Aphro was leading to an important cell lysis (P < 0.01 and P < 
0.001) in the treated compared to cells grown in the absence of Aphro (Figure 1). 

3.2. Cytotoxicity: Lactate Dehydrogenase (LDH) assay on Vero ATCC cells  

 

Figure 1 Cytotoxicity of Aphro on Caco 2/TC7 cells at times 1h, 2h and 24h. 
 * = p < 0.05; ** = p < 0.01 (*, **: ***: indicates statistically significant increases) 
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When the same experiment was realized using Vero kidney cells, after 1h incubation with Aphro, and at all tested 
concentrations, a very significant increase of LDH was already observed in the culture medium of the cells treated with 
the phytomedicine (P < 0.001) (Figure 2). This effect slightly diminished when Vero ATCC cells were exposed to the 
phytomedicine for 2 or 24h, but was still significant (P < 0.01) compared to the control (Figure 2).  

 

Figure 2 Cytotoxicity of Aphro on ATCC Vero cells at times 1h, 2h and 24h.  
 * = p < 0.05; ** = p < 0.01 (*, **: indicates statistically significant increases) 

3.3. Measurement of the trans-epithelial electrical resistance of the Caco 2/TC7 

Evaluation of the trans-epithelial electrical resistance of Caco-2/TC7 cell monolayer was carried out 10 min after 
removal of the DMEM medium and addition of the extracts incorporated into the complete medium. No significant 
difference in trans-epithelial resistance was observed in the culture media as a whole compared to the control (Figure 
3). After 1 h of contact, a significant drop in trans-epithelial electrical resistance was observed in the culture medium 
containing the phytodrug at the highest concentration (864 µg/ml) (P < 0.05). No difference was measured at other 
doses. After 2 and 24h of exposure, a very significant drop in trans-epithelial resistance was observed for all cells treated 
with the phytodrug extract at the three tested doses of 216, 432 and 864 µg/mL(P < 0.05; P < 0.01 and P < 0.001, 
respectively) (Figure 3). 

3.4. Cells observation 

Concerning the morphology of the cells treated with Aphro, structural disorganization was observed in both cell lines 
(Figures 4c, 4d, 4f, 4g and 4h). The cells in the treated batches showed a shrinking in size (plasmolysis) and a clear loss 
on intercellular contacts (Figures 4c, 4d, 4g and 4h). 

 

Figure 3 Effects of Aphro on the trans-epithelial electrical resistance (TEER) of CaCo2/TC7 cells over a 24h period 1h, 
2h and 24h. * = p < 0.05; ** = p < 0.01 (*, **: indicates statistically significant increases) 
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4. Discussion 

The cytotoxic effect of the phytodrug Aphro on Caco-2/TC7 and Vero ATCC cells was evaluated by quantifying the LDH 
release in culture medium. The LDH test provides a simple means for measuring plasma membrane damage, based on 
the release of lactate dehydrogenase, a cytoplasmic enzyme present in many cells [20]. The results indicate a significant 
increase in enzyme release in the batches treated with the phytomedicinal product compared to the controls. These 
results demonstrate the cytotoxicity of Aphro on Caco-2/TC7 and Vero ATCC cells.  

 

Figure 4 Observations characteristics of Caco-2/TC7 and Vero ATCC cells treated with Aphro after 24h 
a: Microphotograph of confluent Caco-2/TC7 cells in the control culture medium.  
b: Microphotograph of Caco-2/TC7 cells treated with Aphro at the concentration of 216 µg/ml.  
c: Microphotograph of Caco-2/TC7 cells treated with Aphro at concentration = 432 µg/ml.  
d: Microphotograph of Caco-2/TC7 cells treated with Aphro at concentration of 864 µg/ml.  
e: Microphotograph of Vero ATCC cells present in the control culture medium.  
f: Microphotograph of Vero ATCC cells in the culture medium treated with Aphro at concentration of 216 µg/ml.  
g: Microphotograph of Vero ATCC cells in the culture medium treated with Aphro at concentration of 432 µg/ml.  
h: Microphotograph of Vero ATCC cells in the culture medium treated with Aphro at concentration of 864 µg/ml. 
 
Our results are coherent with those obtained by George et al. [21] who indicated a concentration-dependent increase 
in LDH release in Caco-2/TC7 cells treated with acetone extract from the roots of Rubus fairholmianus Gard, a phytodrug.  
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Our results also show a strong cytotoxicity of Aphro on Vero ATCC cells. This toxicity appears within the first hours and 
more rapidly than in Caco-2/TC7 and therefore suggest a higher sensitivity of Vero kidney cells to Aphro. This difference 
in sensitivity of the two cell lines was not elucidated during our study but we can suggest that as Vero cells originate 
from an elimination organ (kidney) they should be more sensitive to a toxic compound such as Aphro.  

The barrier properties of intestinal and kidney epithelial models formed by Caco-2/TC7 and Vero ATCC cells grown 
over 10 days were evaluated by measuring the trans-epithelial electrical resistance. A decrease in the trans-epithelial 
electrical resistance of Caco-2/TC7 cell monolayers is considered as an indication of rupture of tight junctions between 
epithelial cells, indicating an increase in the paracellular permeability of the epithelial cell layer [22]. 

During our study, a significant decrease in trans-epithelial electrical resistance of the Caco-2/TC7 monolayers was 
observed in the batches treated with the phytodrug drug Aphro at all concentrations. These results suggest a loss of 
intercellular contacts through tight junctions. However we cannot rule out a potential effect of Aphro on plasma 
membrane permeability or integrity. Aphro seems therefore to be cytotoxic on Caco-2/TC7 through different 
mechanisms. Our results are consistent with those obtained by Wonfor et al. [23] who showed a significant reduction 
(P <0.05) in the value of the trans-epithelial electrical resistance of Caco-2/TC7 cells when treated with extracts of 
Maytenus ilicifolia Mart. e.g. Reiss, (Celastraceae), a phytodrug at concentrations ranging from 12.5 to 200 µg/mL. 

Brucker et al. [24] demonstrated that the increase in permeability of HT-29 colonic epithelial cells monolayers was due 
to an embrittlement of their plasma membrane. This embrittlement leads to a decrease in trans-epithelial resistance 
and is correlated with the decrease in tight junction proteins such as claudines and occludines. Our results would 
therefore argue in favour of the toxic nature of Aphro, which could produce harmful effects on the junctions of Caco-
2/TC7 cells, causing high membrane permeability which results in a significant decrease in trans-epithelial electrical 
resistance.  

Concerning the cell morphology, we observed different architectures of the two cell lines treated with the 
phytomedicine compared to the control batches after 24h of exposure. The Caco-2/TC7 and Vero ATCC cells treated 
during our study had the appearance of being isolated from each other whereas in control studies they were compacted 
and confluent. These observations corroborate well the results obtained during the evaluation of cytotoxicity using the 
LDH test and trans-epithelial electrical resistance measurement. Our observations corroborate the results of Monga et 
al. [25] Indeed, these authors noted that test batches cells exhibited the typical morphology of cells undergoing 
apoptosis, such as detachment from the culture plate, cytoplasmic condensation, cell shrinkage, condensation and 
aggregation of nuclear chromatin, and loss of contact with neighboring cells. 

5. Conclusion 

This work shows that at concentrations of 216, 432 and 864 µg/ mL, the phytomedicinal drug Aphro induces 
cytotoxicity on human tumor cells of intestinal origin isolated from the colonic adenocarcinoma (Caco-2/TC7) and 
kidney Vero ATCC cells of African green monkey (Certopithecus aethiops.) origins . This cytotoxic appears rapid and 
massive leading to disorganization of the plasma membrane and epithelium integrity. Taken together, these data 
reinforce the concerns on the safety of Aphro and indicate that it should be employed with the greatest caution, if its 
use cannot be banned. 
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