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ABSTRACT

Introduction: species of the genus Smilax are a vital source of potentially useful compounds that may be 
effective as nephroprotective agents, but there is little scientific evidence to support such claims.
Objective: to analyze the chemical composition and nephroprotective activity of hydroalcoholic extracts of 
leaves and rhizomes of Smilax purhampuy. 
Methods: hydroalcoholic extracts were elaborated by maceration and analyzed by gas chromatography-mass 
spectrometry (GC-MS). The gentamicin-induced nephrotoxicity model was tested in Wistar rats at a dose of 
80 mg/kg i.p. and extracts were administered orally at doses of 100, 200 and 400 mg/kg. Serum creatinine 
and serum urea were quantified, and histopathological observations of the kidneys were performed. 
Results: in the extract of leaves, 33 compounds were identified, where the majority were palmitic, linoleic 
and linolenic acid. In the extract of rhizomes 23 phytoconstituents were recognized, predominantly stearic 
acid, dihydrocorinanteina and palmitic acid. There was evidence of a significant decrease in the level 
of creatinine and urea in the groups protected with extracts of leaves and rhizomes with respect to the 
gentamicin group in a direct relationship to the dose of the extracts. Renal histopathological changes were 
observed in the gentamicin group, while the groups receiving the extracts decreased the severity of damage. 
Conclusions: the results indicate that Smilax purhampuy has a potential role in improving gentamicin-
induced kidney damage, providing the first findings on its nephroprotective activity.
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RESUMEN

Introducción: las especies del género Smilax son una fuente vital de compuestos potencialmente útiles que 
pueden ser eficaces como agentes nefroprotectores, pero existen pocas pruebas científicas que respalden 
tales afirmaciones.
Objetivo: analizar la composición química y la actividad nefroprotectora de extractos hidroalcohólicos de 
hojas y rizomas de Smilax purhampuy. 
Métodos: se elaboraron extractos hidroalcohólicos por maceración y se analizaron por cromatografía de 
gases-espectrometría de masas (GC-MS). Se ensayó el modelo de nefrotoxicidad inducida por gentamicina 
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en ratas Wistar a una dosis de 80 mg/kg i.p. y se administraron extractos por vía oral a dosis de 100, 200 y 
400 mg/kg. Se cuantificaron la creatinina y la urea séricas y se realizaron observaciones histopatológicas de 
los riñones. 
Resultados: en el extracto de hojas se identificaron 33 compuestos, en su mayoría ácido palmítico, linoleico y 
linolénico. En el extracto de rizomas se reconocieron 23 fitoconstituyentes, predominando el ácido esteárico, 
la dihidrocorinanteina y el ácido palmítico. Se observó una disminución significativa del nivel de creatinina 
y urea en los grupos protegidos con extractos de hojas y rizomas con respecto al grupo de gentamicina, en 
relación directa con la dosis de los extractos. Se observaron cambios histopatológicos renales en el grupo 
gentamicina, mientras que los grupos que recibieron los extractos disminuyeron la severidad del daño. 
Conclusiones: los resultados indican que Smilax purhampuy tiene un papel potencial en la mejora del daño 
renal inducido por la gentamicina, proporcionando los primeros hallazgos sobre su actividad nefroprotectora.

Palabras clave: Química; CG-EM; Actividad Nefroprotectora; Hojas; Rizomas; Smilax Purhampuy.

INTRODUCTION
Medicinal plants are a promising source of new compounds potentially useful for the treatment of kidney 

problems, since the effectiveness of some plant species has been demonstrated as nephroprotective agents 
that can mitigate processes such as interstitial nephritis, alteration of intraglomerular hemodynamics, tubular 
necrosis or glomerulonephritis. However, scientific evidence to support such claims is scarce.(1,2,3)

Nephrotoxicity is one of the most common kidney problems and can be defined as a kidney disease or 
dysfunction that occurs when our body is directly or indirectly exposed to harmful drugs and industrial or 
environmental chemicals, because of this, the kidneys become highly susceptible. Several toxic agents are 
responsible for nephrotoxicity, including gentamicin, widely used for the treatment of gram-negative bacterial 
infections. However, its nephrotoxicity and ototoxicity are the main limitations in clinical use.(4) Therefore, it 
is necessary to search for natural alternatives to mitigate such damage.

The genus Smilax belongs to the family Smilacaceae and is distributed in tropical and subtropical regions. 
The species are widely used in traditional medicine for the treatment of rheumatism, syphilis and as a 
diuretic. Previous research has pointed to several biological activities of Smilax species extracts, such as anti-
inflammatory, antinociceptive, antifungal, estrogenic, diuretic, and antihyperuricemic properties.(5,6) However, 
nephroprotective activity has been little explored.

Smilax purhampuy is native to the Amazon region, distributed throughout Ecuador, Peru, Nicaragua, 
Colombia, Bolivia, Costa Rica, Venezuela, Honduras and Brazil.(7) Traditionally, it is used to lower cholesterol 
and triglycerides, in the treatment of chronic gastritis, cystitis, arthritis and inflammation of the prostate.(8) 
Recent studies demonstrated the anti-inflammatory efficacy of hydroalcoholic extracts of leaves and rhizomes 
on the model of acute inflammation induced by carrageenan, as well as the presence of phenolic compounds 
and triterpenoids.(9)

Taking into consideration the limited phytochemical and biological studies and the need to find new options 
for the prevention of induced renal toxicity, the objective of the present study was to analyze the chemical 
composition and nephroprotective activity of hydroalcoholic extracts of leaves and rhizomes of Smilax 
purhampuy.

METHODS
When working with experimental animals, the ethical principles based on the 3Rs were considered from 

the beginning to the end, guaranteeing their well-being and protection and reaching the validity of the results 
obtained, such is the case for carrying out the euthanasia, where rats were subjected to an ether-saturated 
atmosphere. In addition, the established Bioethics and Biosafety Standards were complied with The World 
Medical Association.(10)

Plant material
S. purhampuy Ruiz was collected in the months of May and April 2019 from specimens from the Francisco 

de Orellana province in Ecuador. The samples were transferred to the GUAY herbarium of the Faculty of 
Natural Sciences of the University of Guayaquil where it was assigned the identification code 13,117. Genetic 
characterization of the species was also performed.(11)

From the collections, the leaves and rhizomes were used, washed with drinking water and dried in a Mettler 
Toledo oven (Switzerland) at 40 °C ± 2 °C, up to constant weight. The dried samples were crushed in a hand-
crafted blade mill and stored in amber glass jars for further analysis.
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Obtaining the extracts
The extracts of leaves and rhizomes of S. purhampuy were prepared by maceration (seven days), with 

sporadic shaking at a temperature of 30 ± 2 ° C at a rate of 20 g of drug / 100 mL of solvent,(12) with the use of 80 
% hydroalcoholic mixture as menstruum. For the biological test the extracts were concentrated under reduced 
pressure in a rotoevaporator (IKA RV, China) at 40 °C and in order to facilitate the dosage of the extract they 
were resuspended in 0,5 % carboxymethylcellulose (Sigma Aldrich).

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
The extracts of leaves and rhizomes were analyzed in a gas chromatograph Agilent Technologies (California, 

USA) coupled to Agilent 5975C mass spectrometer with ionization source with electronic impact and single 
quadruple analyzer. Prior to analysis, samples were derivatized with N,O-Bis(trimethylsilyl)trifluoroacetamide 
(BSTFA), Sigma-Aldrich (100 μL of the derivatizing agent was added in 100 μL of dry sample and placed in 
water bath at 80 °C for 2 hours). The working conditions were injector temperature 250 °C, injection volume 
2 μL; helium carrier gas at 1,2 mL/min; DB-5MS column (30 m length × 0,25 mm internal diameter and 0,25 
micrometers film thickness); initial temperature 70 °C for 2 minutes increasing 5 °C / min to 300 °C for 6 min. 
Mass spectrometer operated at 70 eV in full scan mode from 50 to 550 mass units. Source temperature 230 °C, 
quadrupole temperature 150 °C.(13) The compounds were identified by comparing their mass spectra and the 
Wiley 9th mass reference with NIST 2011 MS Library taking into account those with a similarity percentage of 
95 % or greater.

Nephroprotective activity
The nephroprotective activity wasverified using the gentamicin-induced acute nephrotoxicity model in rats 

by intraperitoneal injection at a dose of 80 mg / kg of body weight, as described by Abdel-Raheem.(14)

We used 40 adults male Wistar albino rats weighing between 160 and 210 g, from the National Center for 
the Production of Laboratory Animals (Mayabeque, Cuba) with their corresponding quality certificates that 
guaranteed their health, being suitable for this type of test. 

The animals were housed in the vivarium of the Center for Studies for Biological Research and Evaluations 
of the Institute of Pharmacy and Food (CIEB-IFAL) of the University of Havana with a local temperature of 20 
± 3 ° C, relative humidity of 30 - 70 % ± 5 %, light / dark cycle of 12 / 12 h. Water and food were provided "ad 
libitum". The sanitation of the boxes and the replacement of the beds were guaranteed, the overcrowding of 
the animals, exposure to noise and other factors that could cause stress were avoided. 

The rats were divided into eight equal groups consisting of five animals each: Group 1: sodium chloride (0,9 
%), 5 mL/kg body weight (BW) orally (normal control); Group 2: gentamicin (Empresa Laboratorios AICA, Cuba), 
80 mg/kg BW intraperitoneally (IP) (negative control); Groups 3, 4, 5: leaf extracts at doses of 100, 200 and 
400 mg/kg BW, respectively, with gentamicin IP, 80 mg/kg BW.; Group 6,7,8: rhizome extracts at doses of 100, 
200 and 400 mg/kg, respectively, with gentamicin IP, 80 mg/kg BW The animals received gentamicin for seven 
days to induce nephrotoxicity and were consecutively administered with different doses of the extracts in the 
morning hours.

At the end of the experiment (24 h after the last administration of the treatments), all rats were sacrificed 
in a chamber saturated with ether. Blood was drawn from the heart for the estimation of renal function 
tests: serum urea (using the Urea SaliUrea-test kit, Cuba) and serum creatinine (creatinine kit, Cuba). The 
determinations were made on a spectrophotometer (VS-820, Cuba) at 500 nm and 620 nm, respectively. The 
elevation of urea and creatinine levels in serum was taken as an index of nephrotoxicity.(14,15)

Both kidneys were isolated from the rats and divided into two longitudinal sections. Half of each kidney 
was fixed in 10 % buffered neutral formalin solution (Sigma-Aldrich) and then embedded in paraffin and finally 
cut into a Kedee manual microtome (model KD-202A, China). Dewaxed sections (5-8 μm) were stained with 
hematoxylin and eosin (Sigma-Aldrich).(16) Histological observations were performed using a NOVEL optical 
microscope (China) (10X and 20X lenses).

All biological experiments were carried out following the provisions of the standard operating procedures 
(SOP) in force at the Study Center for Biological Research and Evaluations of the Institute of Pharmacy and Food 
of the University of Havana. The refinement techniques that govern animal experimentation were also taken 
into account, guaranteeing their welfare and protection, complying with the instructions recommended in the 
International Guidelines.(17,18)

Statistical analysis
Pharmacological test data were analyzed by single-way ANOVA, followed by a Tukey's multiple mean 

comparisons test, considering significant differences p ≤ 0,05. For the processing and statistical analysis of the 
results, the statistical program SPSS for Windows version 8.0 was used. Experimental values were expressed as 
mean/standard deviation (SD).
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RESULTS
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

In the extract of leaves, 33 compounds were identified, where the majority were palmitic, linoleic and 
linolenic acid. The extract of rhizomes was characterized by the presence of 23 phytoconstituents, predominantly 
stearic acid, dihydrocorinanteina and palmitic acid. Figure 1 illustrates the analytical gas chromatograms 
of hydroalcoholic extracts of leaves and rhizomes of S. purhampuy Ruiz and table 1 shows the compounds 
identified.

Figure 1. Analytical gas chromatograms of hydroalcoholic extracts S. purhampuy Ruiz. (A) Leaf extract; (B) Rhizome 
extract

Table 1. Compounds identified in the hydroalcoholic extract of leaves and rhizomes of S. purhampuy Ruiz

Rhizome Extract Leaf Extract

No. TR (min.) Compounds AR (%) No TR (min.) Compounds ON (%)

1 13,34 L-Prolina 0,04/0,00 1 5,68 Propane- 1,2 diol 0,15/0,01

2 14,30 Propanoic acid 0,03/0,00 2 6,48 Butano 0,04/0,00

3 15,09 Serina 0,15/0,00 3 8,86 3-Hydroxypropionic acid 0,10/0,01

4 18,36 Succinic acid 1,16/0,01 4 9,73 Phosphoric acid 0,18/0,02

5 19,19 α-Proline-5-oxo-methyl ester 0,06/0,04 5 13,10 Thymol 0,11/0,02

6 20,27 n-Dodecanol 0,14/0,00 6 13,57 Butanedioic acid 0,05/0,01

7 21,45 Glutamic acid 0,03/0,00 7 13,70 Glyceric acid 0,29/0,01

8 21,68 Ribonic acid-γ-lactone 0,03/0,00 8 16,34 3,4-dihydroxybutanoic acid 0,07/0,00

9 22,17 Lauric acid 0,12/0,00 9 17,49 Arabino-hexos-2-ulosa 0,21/0,07

10 22,48 D-Arabinopyranose 0,03/0,00 10 17,72 Malic acid 0,27/0,01

11 24,64 Tetradecan 0,28/0,00 11 18,36 Succinic acid 0,11/0,01

12 25,81 Citric acid 0,32/0,00 12 19,20 D-Eritro-pentitol, 2-deoxi 0,06/0,00

13 25,92 α-D-Talapiranosa 0,26/0,00 13 21,04 D-(+)-Ribono-1,4-lactone 0,56/0,00

14 26,38 L-Altrosa 2,47/0,03 14 23,05 L-(-)-Arabitol 0,20/0,01

15 28,00 Glucitol 0,30/0,12 15 23,15 Ribitol 0,13/0,01

16 28,41 D+thafuranose 0,06/0,00 16 25,30 D-(-)-Fructofuranosa 0,15/0,01

17 30,29 Palmitic acid 1,65/0,01 17 26,45 D-gluonic acid 0,37/0,00

18 31,01 Inositol 0,31/0,02 18 27,27 Palmitic acid methyl ester 0,32/0,01

19 31,30 Nonacosanol 0,06/0,00 19 27,32 D-manitol 0,37/0,01

20 33,30 Oleic acid 0,10/0,00 20 30,29 Palmitic acid 1,66/0,04
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Table 1. Compounds identified in the hydroalcoholic extract of leaves and rhizomes of S. purhampuy Ruiz

Rhizome Extract Leaf Extract

No. TR (min.) Compounds AR (%) No TR (min.) Compounds ON (%)

21 33,86 Stearic acid 3,97/0,04 21 31,37 Margaric acid 0,13/0,04

22 43,56 Dihydrocorinanteina 2,82/0,01 22 31,59 Tributil aconitato 0,25/0,03

23 48,40 Stigmasterol 0,05/0,00 23 31,79 Decanedioic acid dibutyl 
ester

0,35/0,03

24 32,50 Linoleic acid 0,46/0,03

25 32,62 α linolenic acid 1,40/0,06

26 35,01 9-octadecenamide 0,46/0,09

27 36,34 Uridine 0,32/0,06

28 40,27 Maltose 0,27/0,03

29 40,67 2α –Mannobiosa 0,32/0,02

30 41,36 13-Docosenamida 0,36/0,01

31 41,88 3-α-Mannobiosa 0,24/0,02

32 44,22 Galactinol 0,13/0,02

33 49,39 D-(+)-Turanosa 0,09/0,01

Note: RT= retention time,  x ̅/SD= Average value of determinations/standard deviation (n=3)

Nephroprotective activity
The nephroprotective efficacy of hydroalcoholic extracts of leaves and rhizomes of S. purhampuy Ruiz, 

administered for seven days, was demonstrated by reversing the damage caused by gentamicin, which was 
evidenced in a decrease in serum levels of urea and creatinine. Table 2 shows the results of the study. There 
were significant differences in the groups supplied with the extracts at different doses with respect to the 
group treated with gentamicin, achieving a concentration dependent nephroprotective effect, where the lower 
values of urea and creatinine were appreciated at the highest dose evaluated, both leaves and rhizomes.

Table 2. Nephroprotective activity of hydroalcoholic extracts of leaves and rhizomes of S. pur-
hampuy Ruiz

Groups Parameters

Urea (mg/dL) Creatinine (mg/dL)

NaCl 0,9 % 22,7 ± 1,78a 0,57/0,04a

(Gentamicin 80 mg/kg 52,16 ± 1,07b 4,20/0,24b

Leaf extract 100 mg/kg 32,86 ± 2,54c 2,06/0,008c

200 mg/kg 30,00 ± 0,77d 1,77/0,21d

400 mg/kg 25,81 ± 1,64e 1,14/0,05e

Rhizome extract 100 mg/kg 36,12/2,95f 2,47/0,20f

200 mg/kg 31,04/0,86cd 2,05/0,10c

400 mg/kg 28,78/0,99d 1,60/0,17d

The results are expressed as the mean of the determinations ± standard deviation. (n=5). Different 
letters in a column indicate significant differences, according to Tukey's test (p ≤ 0,05).

Histopathological studies demonstrated that gentamicin-induced acute nephrotoxicity in rats was 
characterized by the presence of glomerular congestion, peritubular congestion, epithelial desquamation of 
the proximal tubule, congestion of blood vessels, and large numbers of inflammatory cells in the negative 
control group. In the normal control groups and those administered with extracts, both leaves and rhizomes at 
doses of 200 and 400 mg / kg, no kidney involvement was perceived. However, in the groups treated with doses 
of 100 mg/kg extract, some inflammatory cells were observed; However, at this dose it was also possible to 
reduce serum levels of urea and creatinine, demonstrating its nephroprotective effect.

DISCUSSION
The GC-MS study revealed that S. purhampuy is an important source of metabolites. The leaf extract had a 

composition richer in phytochemicals, characterized by the presence of saturated and unsaturated fatty acids, 
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low molecular weight alcohols, organic and inorganic acids, sugars, an alkane, and a monoterpene. For its part, 
the extract of rhizomes presented amino acids, alcohols of high molecular weight, organic acids, saturated and 
unsaturated fatty acids, sugars, an alkaloid, and a sterol. 

Among the major and common compounds for both extracts with a similar relative abundance, palmitic acid 
was found, which has recognized anti-inflammatory activity through the inhibition of phospholipase A2, one of 
the mediators of the inflammatory process.(19) The prevalence of linoleic and linolenic acid in the leaf extract 
shows the therapeutic potential of the species. Both fatty acids directly inhibit inflammation by competing with 
arachidonic acid or indirectly by affecting transcription factors or nuclear receptors responsible for inflammatory 
gene expression.(20) The majority presence of palmitic, linoleic and lyolenic acid is in correspondence with 
studies carried out on extracts of Smilax brasilensis leaves,(21) as well as the presence of stearic acid and 
stigmasterol (although minority) has been identified in the rhizomes of Smilax canellifolia.(22)

The notorious aspect of the study was the fact of finding the alkaloid dihydrocorinanteina that has reported 
significant leishmanicidal activity in vitro(23) and has not been previously reported in the genus Smilax. All the 
compounds identified constitute new reports for the species.

In the present research, the nephroprotective action of hydroalcoholic extracts of leaves and rhizomes of 
S. purhampuy Ruiz administered orally at doses of 100, 200 and 400 mg / kg of body weight for seven days was 
evaluated, considering antecedents of the same study with other plant extracts of the same genus.(24) 

Gentamicin was used as an agent inducing nephrotoxicity; This drug is an aminoglycoside antibacterial that 
is commonly used worldwide for the treatment of infections caused by Gram-negative bacteria;(25,26,27) however, 
it has significant nephrotoxic potential in humans and experimental animals, so it is widely used as a model to 
study nephrotoxicity.(15,26,27)

The pathological mechanism of gentamicin-induced nephrotoxicity includes oxidative stress, apoptosis, 
necrosis, and increased monocytes/macrophage infiltration. Gentamicin-induced nephrotoxicity is associated 
with renal oxidative stress in the kidney due to overproduction of reactive oxygen species, reduction in renal 
antioxidant defense mechanism, and results in glomerular damage, renal inflammation, and tubular necrosis 
among the important complications.(2,4,28)

Supplementation with several doses of extracts of leaves and rhizomes of S. purhampuy Ruiz to rats treated 
with gentamicin, caused a decrease in urea and creatinine levels, being more significant at the dose of 400 mg 
/ kg where the leaf extract showed the lowest values, which evidences the dose dependent nephroprotective 
effect. Rats treated with gentamicin alone produced a typical pattern of nephrotoxicity manifested by a 
marked increase in serum creatinine and serum urea.(29) It is known that urea and creatinine are evaluative 
parameters of renal function, they are wastes resulting from metabolism that are excreted by the kidneys and 
thus compared.(30)

The histological observations correspond to the renal parameters evaluated in the negative control group 
where a significant decrease in renal functions was perceived compared to the normal control groups and those 
that were administered with the extracts, mainly at the highest doses evaluated (200 and 400 mg / kg). Similar 
results were obtained by Unis and Abdelbary(27) in which they showed that the groups of rats that received green 
coffee bean extract orally for seven days, after a daily intraperitoneal injection of gentamicin for seven days, 
manifested a significant improvement in kidney function tests compared to the group treated with gentamicin.

The results of the present study are also consistent with those obtained by Özsoy (24) in evaluations carried 
out at various doses (100, 200 and 400 mg/kg body weight) of an aqueous extract of Smilax excelsa leaves, but 
in a model of carbon tetrachloride-induced nephrotoxicity, where it was observed that at the highest dose the 
nephrotoxic effect was reversed. Nephroprotective activity has also been reported for S. china.(31)

The nephroprotective effect of the extracts could be related to the phytochemicals detected for the species 
under study. Previous research by Soledispa(9) on hydroalcoholic extracts of leaves and rhizomes of S. purhampuy 
demonstrated the presence of phenolic compounds. Several investigations have shown that phenolic compounds 
(phenolic acids, flavonoids) have nephroprotective activity through their potent antioxidant effect, and in 
models of nephrotoxicity induced by gentamicin(32) and by carbon tetrachloride.(33)

Research with omega-3 fatty acids suggested that these are effective in reducing proteinuria in patients 
with chronic glomerular disease and that action is dose-dependent, thereby improving kidney function. (34) 
Xie demonstrated the nephroprotective effect of eight amino acids, including L-proline and serine, against 
cisplatin-induced nephrotoxicity.(35)

In the literature, this is the first scientific evidence exploring the effect of S. purhampuy Ruiz on gentamicin-
induced acute nephrotoxicity in rats. The present study demonstrated that the administration of hydroalcoholic 
extracts of leaves and rhizomes protects against the deterioration of renal functions induced by gentamicin 
under the test conditions. Further studies are needed to elucidate the exact cellular mechanism of the 
demonstrated nephroprotective effect.
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CONCLUSIONS
In the present study, for the first time, according to the literature consulted, the presence of fatty acids, 

organic and inorganic acids, alcohols and sugars in the extracts of leaves and rhizomes of Smilax purhampuy 
is reported. The hydroalcoholic extracts of leaves and rhizomes of S. purhampuy Ruiz at the three doses 
tested were effective as nephroprotective agents and may be a potential therapeutic option in the effective 
management of gentamicin-induced nephrotoxicity.
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