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 Background: Solanum cernuum Vell. (Solanaceae) is a native plant from Brazil 

traditionally used for treating ulcers, liver damage, skin infections, gonorrhea, and benign 

prostatic hyperplasia (BPH). Objective: To evaluate the impact of hydroalcoholic extract 

and cernumidine obtained from S. cernuum Vell. leaves against prostate primary smooth 

muscle cell culture and assess their potential effect in inducing apoptosis (annexin V assay 

by flow cytometry). Methods: The hydroethanolic extract of S. cernuum was obtained by 

macerating powdered dried leaves followed by fractionation, furnishing 4.8 % w/w of 

cernumidine alkaloid as established by high performance liquid chromatographic analysis. 

Primary BPH smooth muscle cell culture was used in cell proliferation and apoptosis 

assays, whereby prostate smooth muscle cells were subjected to 0.125-5.0 mg/mL of 

hydroethanolic extract and 0.025-1.0 mg/mL of cernumidine for 48, 72, and 96 h. Results: 

Hydroethanolic extract (2 mg/mL) and cernumidine (1 mg/mL [3.3 × 10-6 M]) inhibited 

the cell growth by 60 % and 62 % at 96 h, respectively, and eventually led to cell death by 

apoptosis. On the other hand, only cernumidine (1 mg/mL) induced significant death by 

necrosis compared to control. Conclusion: The obtained findings corroborate the use of 

S. cernuum in native medicine and indicate that cernumidine is a promising candidate for 

further studies focusing on BPH treatment. 
 

1. Introduction 

Benign prostatic hyperplasia (BPH) occurs 

frequently in middle-aged and older men. It is the 

most common benign neoplasm affecting men 

and is associated with increased proliferation of 

prostatic epithelial and stromal cells by 

increasing their size and number, causing 

prostate enlargement. It is estimated that 14 
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million men in the United States have symptoms 

of BPH [1, 2]. Worldwide, this number reaches 

approximately 30 million [3], and is rapidly 

rising, particularly in low- and middle-income 

countries [4]. 

Due to the increase in life expectancy, global 

BPH prevalence has also increased. The 

available treatments comprise the use of α1-

adrenoceptor antagonists and phosphodiesterase-

5 and 5α-reductase inhibitors. If not treated, BHP 

leads to severe complications, such as infections, 

kidney failure, and impairment of life quality [5]. 

Solanum cernuum is an herbal medicine from 

southern and southeastern Brazil [6]. It is 

popularly known as “panacea,” as it is believed 

to have many beneficial actions against a variety 

of medical conditions. While it remains 

insufficiently studied, flavonoids, guanidinic 

alkaloids, saponins, and triterpenoids have been 

isolated from S. cernuum [7–12]. 

Many folk uses have been reported for infusions 

of the aerial parts of S. cernuum, such as anti-

inflammatory, gastroprotective, antitumor, 

diuretic, anti-hemorrhagic, and anti-arrhythmic [6]. 

It is also used to treat liver damage, skin infections, 

gonorrhea, and in the prevention and treatment of 

BPH. However, no report in the literature 

corroborates its use for BPH.  

The literature reports that alkaloids with in vivo 

activity reduced the inflammation associated with 

BPH, such as demethyleneberberine, palmatine, 

and berberine isolated from Cortex Phellodendri 

[13], berberine from Coptis chinensis Franch [14], 

isocorynoxeine, an indole alkaloid from Uncaria 

rhynchophylla [15], and yohimbine from the 

Pausinystalia yohimbe bark [16]. 

Guided by this evidence, the purpose of this study 

was to assess the efficacy of S. cernuum 

hydroethanolic extract and its isolated alkaloid, 

cernumidine, in reducing BPH symptoms. 

Accordingly, we evaluated their inhibitory effect on a 

BPH primary smooth muscle cell culture and their 

apoptosis-inducing effect in vitro. 

 

2. Materials and methods 

2.1. Plant Material 

The leaves of S. cernuum were collected in 

Teresópolis, State of Rio de Janeiro, Brazil, in 

January 2021. A voucher specimen is kept under 

registration number SPFR: 15118 with the 

Herbarium of the Biology Department of the 

University of São Paulo, the Ribeirão Preto, São 

Paulo State Brazil campus. 

The plant name was confirmed 

on www.theplantlist.org on the 1st of February 

2021. The SISBIO ICMBio authorized collecting 

the plant material under 18458–1. An ethical 

clearance (approval number 010221/2012-3) 

from the Brazilian Ministry of Environment, 

under the auspices of the Council for Genetic 

Heritage Management (CGEN/MMA) was 

obtained to access the traditional knowledge 

associated with genetic resources for research 

purposes from the traditional communities. 

 

2.2. Preparation of the Extract, Isolation of 

cernumidine and HPLC analysis  

Extract preparation and cernumidine isolation 

were previously described in detail [17]. Fresh 

leaves were briefly dried in an oven at 40 ◦C with 

circulating air for 24 h and powdered in a knife 

mill. Then, 2 kg of dried and powdered leaves 

were macerated in 70 % aqueous ethanol at room 

temperature for 48 h, followed by percolation, 

yielding 325.74 g of crude hydroethanolic extract 

after undergoing concentration and 

lyophilization processes. 

Cernumidine was isolated by digesting the 

crude extract with n-butanol, followed by 

chromatography methods, including open 

chromatographic columns and preparative 

HPLC. The detailed chromatographic process, 
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including the HPLC-UV the S. cernuum 

hydroethanolic extract chromatographic profile 

and quantitative analysis of cernumidine (4.8 % 

W/W) was previously reported using a Synergi 

Polar-RP (4 μm, 15 cm (h), 0.46 cm (i.d.) 

Phenomenex column. The mobile phase 

comprised 0.1 % formic acid in water and 

acetonitrile [12, 17].  

 

2.3. Assays with the primary culture of smooth 

muscle cells of BPH 

2.3.1. Primary culture 

Primary BPH smooth muscle culture cells 

were purchased from the LONZA® company: 

CC-2587 PrSMC (Prostate Smooth Muscle 

Cells). The primary culture was maintained in 

SmGmTM medium - 2Bullet KitTM (CC-3182) 

(LONZA®) and incubated in a humid 

atmosphere containing 5 % CO2 at 37 °C [18].  

 

2.3.2. Cell Proliferation Assay 

Cells from the primary culture were seeded in 

96-well plates (800 cells/well). After 24 h of 

incubation, the culture medium was removed, 

and the cells treated with hydroethanolic extract 

(5; 4; 3; 2; 1; 0.5; 0.25 and 0.125 mg/mL) 

solubilized in 0.5 % of DMSO or with 

cernumidine alkaloid (1; 0.9; 0.8; 0.7; 0.6; 0.5; 

0.4; 0.3; 0.2; 0.1; 0.05 and 0.025 mg/ml) 

solubilized in 0.14 % dimethyl sulfoxide. The 

cells were treated for 48, 72, or 96 h. After the 

respective exposure times, the culture medium 

was removed, and 195 µL of medium containing 

5 µL of resazurin was added to each well. Then, 

the plates were incubated for 4 h, and the 

absorbance was read using iMark Microplate 

Absorbance Reader (BioRad Laboratories®). 

The reading was performed at wavelengths of 

570 and 595 nm. The experiments were done in 

triplicate, considering all evaluated times. 

Dimethyl sulfoxide at 0.5 % and 0.14 % were 

used as negative controls [19].  

 

2.4. Apoptosis assay 

The assay to detect cell death was performed 

by labeling apoptotic cells with Annexin V Cy-5 

(BD Biosciences Pharmigen®) and necrotic cells 

with propidium iodide (PI). Primary smooth 

muscle culture cells were seeded into 6-well 

plates containing 4 × 104 cells/well. The 

concentrations of hydroethanolic extract were 2, 

0.5, and 0.125 mg/ml. Cernumidine was tested at 

1 mg/mL (3.3 × 10-6 M), 0.5 mg/ml (1.6 × 10 -6 

M), and 0.05 mg/mL (1.6 × 10 -7 M). The 

evaluated exposure time was 96 h. Next, the cells 

were trypsinized and centrifuged at 1000 rpm for 

5 min at 4 °C, washed with ice-cold PBS, and 

resuspended in 300 µL of diluted binding buffer 

(1x) (BD Biosciences Pharmingen®). 5 µL of 

annexin V Cy5 was added to each sample tested. 

Tubes were incubated at room temperature and 

protected from light for 15 min. After incubation, 

50 µl of a PI solution (50 µg/ml) was added, and 

the cells were analyzed immediately by BD 

FACSCaliburTM flow cytometry (BD 

Biosciences®). Cells in culture medium and 

culture medium with 0.5 % or 0.14 % dimethyl 

sulfoxide were used as a negative control. The 

test was performed in triplicate. Statistical 

analysis for primary cell culture assays was 

performed using GraphPad Prism® software. 

ANOVA followed by Tukey's test was used [20]. 
 

2.5. Statistical analysis 

The data for cell proliferation and apoptosis 

assays were expressed as mean+-standard error 

using one-way analysis of variance (ANOVA), 

followed by Tukey test and *P < 0.05, **P < 

0.01, ***P < 0.001 considered as significant. 

 

 

 

3. Results 
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Figs. 1a and 1b show the effect of 

hydroethanolic extract and cernumidine, 

respectively, after 96 h of exposure on cell 

proliferation in BPH primary smooth muscle 

culture. It is evident that the extract in 0.5−5 

mg/mL concentrations significantly reduced cell 

proliferation (P < 0.05) compared to the control 

group, with a maximum inhibition effect of 60 %. 

Likewise, the alkaloid applied in 0.4−1 mg/mL 

concentrations reduced proliferation (P < 0.05), 

inhibiting cell growth by up to 62 %. As shown 

in Fig. 1b, the concentration−response effect was 

also observed. 

 

 

Fig. 1. Inhibitory effect of hydroalcoholic extract (a) and cernumidine (b) on benign prostatic hyperplasia muscle cell 

proliferation. Statistical analysis ANOVA followed by Tukey test. Significant difference compared to the control group 

(CTRL) *P < 0.05, **P < 0.01, ***P < 0.001. 

 

There was no statistically significant 

difference in cell proliferation in the assays 

performed at 48 and 76 h for either the extract or 

cernumidine (data not shown). 

 

3.1. Effect of hydroalcoholic extract and 

cernumidine on apoptosis induction 

To verify the cytotoxic effect of decreasing 

cell proliferation, the percentage of apoptotic 

cells was also evaluated after 96 hours of the 

following treatments: hydroalcoholic extract 

(0.125, 0.5, and 2 mg/mL) and cernumidine (0.05 

mg/mL [1.6 × 10-7 M], 0.5 mg/mL [1.6 × 10-6 M], 

and 1 mg/mL [3.3 × 10-6 M]). These 

concentrations were selected based on the 

preliminary cell proliferation tests to verify if the 

extract and the alkaloid would present a 

concentration−response effect. 

For the hydroalcoholic extract, a significant 

induction of apoptosis was observed at 0.5 and 2 

mg/mL, whereby a maximum effect of 53 % was 

obtained at the highest concentration (P < 0.05) 

(Fig. 2a). 

 In cells treated with cernumidine, a high 

induction of cell death by apoptosis was observed 

at all concentrations compared to the control 

(52.93 %, 44.06 %, and 32.05 % for 1, 0.5, and 

0.05 mg/mL, respectively). However, only the 

highest concentration (1 mg/mL) resulted in a 

significant difference (16.94 %) in cell death by 

necrosis compared to the control (Fig. 2b).  

Cell death by apoptosis was also observed to 

exhibit a concentration−response effect 

correlation (Fig. 2a and 2b) and yielded good 

flow cytometry separation (Fig. 3). 

  

Hydroalcoholic extract Cernumidine 
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Fig. 2. Effect of hydroalcoholic extract and cernumidine at different concentrations on apoptosis induction. Statistical 

analysis ANOVA followed by Tukey test. Significant difference compared to the control group (CTRL) **P < 0.01 and 

***P < 0.001. 

 

Fig. 3. Flow cytometry plots for hydroalcoholic extract and cernumidine treatment. Q1: damaged cells or naked nuclei 

cells; Q2: necrosed cells; Q3: live cells; Q4: apoptotic cells. 
 

4. Discussion 

It is known that toxic or deleterious effects on 

the cell can trigger cell death by necrosis or 

apoptosis, whereby these processes are 

differentiated by cellular morphology and 

biochemical pathways, with necrosis referring to 

a violent form of cell death [21]. During necrosis, 

cells transform, resulting in increased cell 

volume, chromatin aggregation, cytoplasmic 

disorganization, loss of plasma membrane 

integrity, and consequent cell disruption 

(cytolysis) [22, 23]. On the other hand, apoptosis 

is a regulated physiological process of 

programmed cell death that plays an essential 

role in the homeostasis of different tissues in 

response to numerous stimuli [21]. It is 

Hydroalcoholic extract Cernumidine 
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characterized by alterations that include 

chromatin condensation and DNA 

fragmentation, forming extensions in the plasma 

membrane, and forming apoptotic bodies that are 

rapidly phagocytosed by macrophages and 

removed without causing an inflammatory 

response [24, 25]. 

As a part of their investigation, Yasuhara et al. 

assessed the potential apoptosis-inducing effect of 

guanidine alkaloid nitensidine A in SiHa strains 

(cervical carcinoma strain immortalized by HPV-

16) and C33A (strain not immortalized by HPV) 

[26]. At 24 and 48 h following treatment with 0.25, 

0.74, 2.22, 6.66, and 20.0 µg/mL of the compound, 

the authors detected high induction of cell death by 

apoptosis. In our study, we found that treatment 

with S. cernuum extract and isolated cernumidine 

resulted in a significant increase in cell death 

through apoptosis. 

Lopes et al. [7] reported that cernumidine was 

inactive in a prostate tumor cell line (PC-3). 

However, in extent literature, natural products 

are typically tested against several cancer cell 

lines, as they are easy to grow and require less 

expensive culture-media conditions. 

Nevertheless, primary cultures, especially for 

assessing BPH, provide advantages by better 

representing the aspects associated with the 

pathology of the disease [27-33].  

In their literature review, Allkanjari & 

Vitalone described the use of herbal medicine in 

treating BPH. They demonstrated that several 

parts of different species, such as Serenoa repens 

(Aricaceae), Pygeum africanum (Rosaceae), 

Curcubita pepo (Cucurbitaceae), and Urtica 

dioica (Urticaceae), have been used in patients 

with mild to moderate BPH symptoms [34]. 

Based on preclinical studies involving these 

species, several mechanisms of action have been 

proposed, including 5α-reductase inhibition, α-

adrenergic antagonism, and estrogen receptor 

inhibition. Findings yielded by randomized 

clinical trials involving these plant products also 

indicate significant efficacy in improving urinary 

symptoms and diminishing BPH adverse effects. 

Our findings further indicate that S. cernuum 

hydroalcoholic extract and its isolated 

cernumidine compound induce cell apoptosis at 

lower concentrations and cell necrosis at higher 

concentrations. However, these findings should 

be confirmed by additional in vitro and in vivo 

experiments. The cell death process by necrosis 

is not controlled and may affect large tissue 

areas, and it would not be a desired treatment 

outcome. Therefore, lower concentrations of 

cernumidine might be a better strategy, as this 

would ensure that only apoptosis is induced. 

Regarding the safe oral use of S. cernuum 

extracts, Almança et al. [35] performed orally acute 

and sub-chronic toxicological evaluation in mice 

with increasing doses of hydroethanolic extract 

obtained from S. cernuum leaves (2, 4, 8, 12, 16, 

20, and 25 g per kg of animal body mass). These 

authors estimated the LD50 at 14.50 g/kg and 

concluded that oral consumption of this plant is 

highly safe, which supports clinical applicability. 

It is important to highlight that this plant has 

been used in folk medicine as a tea for a long 

time. Therefore, its crude extract standardization 

should be performed via further studies involving 

both in vivo preclinical assays and clinical 

assays, allowing its eventual adoption as 

phytotherapeutic medicine. Likewise, the 

guanidine alkaloid cernumidine could be a 

suitable starting compound for producing some 

active semisynthetic derivatives in the future.  
 

5. Conclusion 

The results obtained in this study support the 

hypothesized effect of Solanum cernuum on the 

prostate primary smooth muscle cells, with 

apoptosis as the suggested mechanism of action, 
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corroborating the folk use of this plant for 

ameliorating benign prostate hyperplasia (BHP). 

The hydroethanolic extract of S. cernuum and its 

isolated alkaloid cernumidine reduced cell 

proliferation of BPH primary smooth muscle cell 

culture. Cernumidine’s potential for reducing 

BPH symptoms thus deserves further 

investigation, including experimental studies 

aiming to confirm its mechanism of action in 

different assays, including in vivo models. 
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 تحقیقاتیمقاله 

بر روی  .Solanum cernuum’s Vell اثرات عصاره اتانولی و ترکیب سرنومیدین بدست آمده از
 خیم پروستاتهیپرپلازی خوش
، ژایرو 4چسنیجیمز دیویی مک ،3، کلیتون سیلوا بورجس3، آگوستو فاریا آندراد2، کلودیا سارس،*1ماریزا آبرو میراندا

 2س دوس ریس، رودولفو بورج1کناپ باستوس
 لی، دانشگاه سائوپائولو، سائوپائولو، برزریبیرائو پرتو ییدانشکده علوم دارو 1
 ، دانشگاه سائوپائولو، سائوپائولو، برزیلریبیرائو پرتو گروه جراحی و آناتومی، دانشکده پزشکی 2
 لی، دانشگاه سائوپائولو، سائو پائولو، برزریبیرائو پرتو یپزشکگروه اطفال، دانشکده  3
 آکسفورد، ایالات متحده آمریکا ، ترکیبات طبیعیجداسازی  تجاری وسسهم 4

 چکیده  اطلاعات مقاله
 واژگان:گل

 یسلول تیسم

 یعضلان یهاسلول

 پروستات

 آپوپتوز

 دیآلکالوئ

Solanaceae 

درمان زخم،  یبرا یبه طور سنتبوده و  لیبرز یبوم ،Solanum cernuum Vell. (Solanaceae) اهیگ :مقدمه 

 هدف:شود. ی( استفاده مBPHپروستات ) میخوش خ یپرپلازیسوزاک و ه ،یپوست یهاعفونت ،یکبد بیآس
برابر  ر. دS. cernuum Vell گیاه برگآمده از دستبه نیدیسرنومترکیب و  یدروالکلیعصاره ه ریتأث یبررس

عصاره  :ررسیب روش. یتومتریفلوس ه روشباثر بالقوه آنها  یابیپروستات و ارز هیعضله صاف اول یکشت سلول
گیاه و به روش خیساندن حاصل گردید. این عصاره پودر شده و خشک  یهابرگاز  S. cernuum یدرواتانولیه

ص گردید، مشخبالا  ییبا کارا عیما یکروماتوگراف به روش که نیدیسرنوم دیآلکالوئ یوزن-یدرصد وزن 8/4حاوی 
ز مورد استفاده و آپوپتو یسلول ریدر سنجش تکث سرطان خوشخیم پروستات هیعضله صاف اول ی. کشت سلولبود

 - 5/0 ساعت در معرض 96و  72، 48به مدت  خوشخیم پروستاتسرطان عضله صاف  یهاسلول .قرار گرفت
قرار گرفتند.  نیدیسرنوم تریلیلیبر م گرمیلیم 025/0 - 1/0 و یدرواتانولیعصاره ه تریلیلیبر م گرمیلیم 125/0
[( به M6-10 × 3/3] تریلیلیدر م گرمیلیم 1) نیدی( و سرنومتریلیلیدر م گرمیلیم 2) یدرواتانولیعصاره ه :نتایج

با آپوپتوز شدند.  یمنجر به مرگ سلول تینهاساعت مهار کردند و در 96را در  یدرصد رشد سلول 62و  60 بیترت
در اثر نکروز نسبت به شاهد  ی( باعث مرگ قابل توجهتریلیلیدر م گرمیلیم 1) نیدیتنها سرنوم گر،ید یاز سو
که  دهدیو نشان م کندیم دییرا تأ یدر طب بوم S. cernuumآمده استفاده از دستبه یهاافتهی :یریگجهینتشد. 

 .باشدیم سرطان خوشخیم پروستاتبا تمرکز بر درمان  شتریمطالعات ب یبرا ترکیب مناسب کی نیدیسرنوم
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