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Abstract 

Introduction: Medicinal plants from the Aristolochia genus have traditionally been em-
ployed to treat various pathologies. However, these plants are known to contain substantial 
quantities of aristolochic acids, both type I and II, which have been linked to the develop-
ment of nephropathies and high-risk cancers due to their inherent toxicity. Thus, using 
these plants is considered a severe health risk for individuals. 

Methods: This study aimed to identify effective extraction and isolation methods for aris-
tolochic acid-desired natural matrices to obtain a standardized extract of the Aristolochia 
plant, Zaragoza liana (Aristolochia) from Puyo and Macas, Ecuador, was selected for analysis. 
The extraction methods employed included supercritical fluids and ultrasound-assisted ex-
traction, with methanol as the solvent. Subsequently, the metabolites sing thin-layer chro-
matography (TLC) to confirm the presence of aristolochic acid. 

Results: The results revealed that aristolochic acid exhibited a retention factor within Rf 
0.61-0.77. These results were observable through yellow-colored bands under white light, 
which appeared dark or gray under UV light at 254 nm, and that the products displayed 
black coloration with a yellow halo under UV light at 366 nm. These distinctive character-
istics provided conclusive evidence of the presence of aristolochic acid in the analyzed sam-
ples. 

Conclusion: This study established effective methods for extracting and isolating aris-
tolochic acid from Aristolochia plants. The results obtained through thin-layer chromatog-
raphy confirmed the presence of this compound in the analyzed samples, underscoring the 
concern regarding the toxicity associated with medicinal plants. These findings emphasize 
the importance of standardizing Aristolochia extracts and highlight the potential risks linked 
to their consumption for human health. 
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Aristolochic Acid, Maceration, Aristolochia, Supercritical Fluids, Ultrasound, Thin Layer Chromatog-
raphy. 

http://rev-sen.ec/
http://doi.org/10.56867/70
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es
https://orcid.org/0009-0005-6528-3827
https://orcid.org/0000-0002-0464-8280


  REV SEN  Original Article DOI: http://doi.org/10.56867/70                                                               Nephrotoxins | Nephrology 

  

Toral M, et al. REV SEN 2024;12(1): Page 33 

idney diseases have become a severe health problem, with 
nephrotoxicity being one of the most recurrent causes of 
hospital admissions. The kidney is the primary organ in-

volved in detoxifying drugs and traditional herbal medicine [1]. 
Some species have been previously identified as medicinal 

agents but are unfamiliar with their metabolites, which can lead to 
possible tubulointerstitial kidney disease [2]. 

Aristolochic acid is a natural compound found in herbaceous 
plants of the genus Aristolochia that contains different toxic compo-
nents, such as aristolochic acid type I (AA-I) and aristolochic acid type 
II (AA-II). This genus of bacteria is widely used in traditional medi-
cine for treating different diseases due to its known anti-inflammatory, 
analgesic, expectorant, and antibacterial effects. However, in addition 
to its pharmacological properties, it can cause nephrotoxicity and car-
cinogenesis, mainly due to long-term administration [3, 4]. 

Several extraction and identification methods have been ap-
plied to natural sources of aristolochic acid in different countries, such 
as China, Sudan, Brazil, Chile, and Russia; however, the appropriate 
extraction method must be determined to obtain aristolochic acid ef-
fectively. This work compares two of the most commonly mentioned 
methods in the literature to determine which yields a better concen-
tration of metabolites, including aristolochic acid. 

Materials and methods 
Study design 
This project is based on a practical design that aims to extract and 
isolate aristolochic acid from the natural genus Aristolochia's natural 
matrices using standard maceration and more advanced and environ-
mentally friendly extraction methods, such as maceration assisted by 
ultrasound and supercritical fluids. This study determined which 
method yielded the most aristolochic acid. 

Reagents and Equipment 
Table 1. Equipment and reagents used. 

Reagents Equipment 

Methanol Bathroom of ultrasound Branson 8893, state 

Joined 

Chloroform Rotavapor brand Laborota 4000 Efficient 

of Heidolph ® (Schwabach , Germany) 
Acid acetic Biofreezer Fisher Science ® R134A 

(Massachusetts, 
state Joined) 

Acid hydrochloric freeze dryer, FreeZone 2.5 of LAB-

CONCO ®, (Kansas, state Joined) 

Tin Chloride Dihydrate . Equipment of fluent supercritical, brand 

Waters ®, model MV10 (Milford, state 

Joined) 

Water type 2 Oven utility , model 61305 VWR, 

Nitrogen gaseous degree 3 CAMAG ® FTA Visualizer. 

Dioxide of carbon, Linde 

brand (Germany). 

 

Reagent of Dragendorff  

Collection of plant matter 
The plant samples to be studied were Aristolochia sp., known as Zara-
goza Lianae; they were collected in Pastaza (Puyo) and Morona San-
tiago (Macas) in the eastern zone of Ecuador. 

The rattan samples were found to be domestically grown liana. 
The aerial parts (stems and leaves) of two samples of Zaragoza liana 
were collected during sampling. For the analysis, approximately 150 
g of fresh samples were collected because plants between young and 
mature ages exhibit better characteristics, such as color and size, with-
out signs of deterioration (leaf burning or leaf spots). The samples pre-
sented differences in the thickness of the stem and the size of the 
leaves, with the stem being thicker and the leaves of the plant collected 
in Puyo being larger (Figure 1). 

Figure 1. Leaves and stems of the Puyo and Macas plants. 

Preparation of the plant sample 
The fresh sample was taken to the Laboratory of Medicinal Plants 
and Natural Products Department of Biosciences of the University of 
Cuenca to select and dry the analyzed parts. Each sample was 
weighed to choose the parts that did not deteriorate. Then, the plants 
were washed with drinking water, drained three times, placed in dis-
tilled water for 10 minutes, and emptied again. After this, the plants 
were placed on mesh covered with absorbent paper to remove excess 
water, and finally, on an electric dryer, meshes covered with newspa-
per were spread out and separated so that there was adequate airflow 
and drying was uniform throughout a temperature of 48 °C. The 
samples were reviewed after 48 hours to verify their drying status, and 
after 72 hours, the samples were removed from the electric dryer. 

K 
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Sample crushing 
Each dry sample was weighed before grinding, which was carried out 
in an Oster brand blender. The process consisted of placing a part of 
the dry matter in the blender for 10 seconds, turning it off, waiting a 
moment, and repeating the procedure three times. Subsequently, the 
plants were passed through a small mesh light sieve and stored in an 
airtight plastic bag. This process was carried out until the entire sam-
ple was crushed and sieved. In the case of the stems, they are chopped 
until they are approximately 1 to 3 mm in size. Once the two samples 
were utterly crushed and sieved, each was weighed again, and the fi-
nal dry weights of the Puyo and Macas samples were obtained; these 
samples were referred to as T01 and T02, respectively. The samples 
were stored frozen at -80 °C. 

Extraction process 

This process consists of three phases to obtain the final concentration 
of metabolites: an extraction phase, a second concentration phase, 
and a lyophilization phase to help preserve the sample. 

In the first phase, two techniques were used: ultrasound-assisted 
maceration and prior moistening of the sample. Maceration is carried 
out with agitation to increase the extraction of metabolites using a 
polar solvent, an analytical type of methanol, in sufficient quantity to 
allow for an adequate contact surface. This process removes the me-
tabolites present in the plants. Sonication increases the solvent contact 
with the components, increasing metabolite amounts. 

The second phase concentrates the metabolites by evaporating 
the solvent through distillation and then condensing it. The third 
phase consists of a freeze-drying process in which the sample is dehy-
drated and preserved for later storage (Figure 2). 
.

Figure 2. Metabolite extraction and concentration process diagram 

http://doi.org/10.56867/70
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Freeze-drying process 
The freeze-dried extract tube was frozen in a freezer at -80°C. The 
tube was first placed horizontally for 5 minutes; after this time, the 
tube was rotated and left for 3 minutes, after which it was rotated 
again for 3 or 2 minutes; this process was repeated, but the time be-
tween turns was decreased until the tube wholly froze in a circular 
shape attached to the walls of the tube. The mixture was frozen for 2 
hours, after which the tubes were subjected to lyophilization at a pres-
sure of 0.090 mBar and a temperature of -52°C. 

Extraction with supercritical fluids 
For the extraction, supercritical fluid equipment was used following 
the Standard Work Procedure established in the Phytochemistry La-
boratory of the Medicinal Plants group of the University of Cuenca. 
This equipment uses carbon dioxide as a nonpolar solvent and has a 
purity of 99.99%. Initially, 2.3 g of each sample was weighed and 
placed in the cells; the cell was placed in the sample holder connected 
to the ports. For the extraction, an automatic method was used, where 
the polar cosolvent was HPLC grade methanol with a flow of 0.5 
ml/min, which represents 10% of the flow, and CO2 had a flow of 
4.5 ml/min at a temperature of 60°C and a pressure of 200 bar. The 
extraction took place in dynamic mode for 20 min, after which the 
mixture was static for 30 min and then dynamic again for 10 min for 
two cycles, for an extraction time of 120 min. The sample was col-
lected in screw-cap tubes and subsequently concentrated with nitro-
gen until approximately 4 ml of the sample was left and stored refrig-
erated. 

Identification via thin-layer chromatography of aris-
tolochic acid 
To identify the presence of aristolochic acid in the extracts obtained 
from Zaragoza vines, a process from the Phytochemistry Laboratory 
of the University of Cuenca was used based on the TLC methodology 
[5], which was modified to observe the presence of the aristolochic 
acid better. Silica gel 60 F254 plates 5 × 10 cm in length with glass 
and plastic backing were prepared and activated in a utility oil oven 
at a temperature of 100°C for 1 hour. Two mobile phases were pre-
pared: the first was chloroform: methanol (6:1), and the second was 
chloroform:methanol: acetic acid (90:8:2). The mobile phases were 
conditioned for 30 min before they were added to the chamber; in 
addition, Dragendorff's reagent and tin chloride reagent 
(SnCl2*2H2O) were used as developers. After being developed with 
SnCl2*2H2O, the mixture was placed in an oven at 100°C for 10 to 
15 minutes. White light was applied at 254 nm and 366 nm using 
CAMAG® TLC Visualizer equipment. 

Analysis of the data 
Notably, aristolochic acid was present under conditions of yellow col-
oration under white light, dark gray or black coloration under UV 

light at 254 nm, and black coloration with a yellow halo at 366 nm, 
which led to an Rf ranging between 0.53 and 0.80 [5-9]. 

Results 

Collection of data 
The Zaragoza vine species were collected from different places to 
compare the presence of aristolochic acid; thus, the Puyo sample was 
referred to as T01, and the Macas sample was referred to as T02 (Ta-
ble 2). 

Table 2. Geographic data of the collection location. 
 T01 T02 

Sector Siguín, via Macas Neighborhood “La Flor-
ida” 

Length -77.907296 -78.122302 

Latitude -1.545143 -2.287472 

Elevation 983.3 masl 1063.7 masl 

Temperature 25°C 23°C 

Date of harvest 02-03-2023 02-03- 2023 

Drying of Zaragoza vine samples 
The fresh samples initially weighed 176.34 g for T01 and 156.57 g for 
T02, which, after the drying process, resulted in dry weights of 72.25 
and 39.26 g for T01 and T02, respectively. This could be because the 
percentage of humidity presented by each sample had a notable vari-
ation of 15%. The moisture content was more significant in the sam-
ple obtained in the city of Macas with 75% humidity than in the Puyo 
sample obtained with 60% humidity, which could be due to the ma-
turity of the plants, which was defined by characteristics such as flow-
ers and the thickness and size of the leaves. In general, the observed 
humidity range agrees with a study by [10], in which young leaves 
and stems taken at random had a humidity ranging from 60-80%, 
with young leaves and stems exhibiting greater humidity. 

Extraction yield of Zaragoza rattan obtained by ultra-
sound-assisted maceration versus extraction yield by su-
percritical fluids 
The extract yield obtained by ultrasound-assisted maceration of sam-
ple T02 was more significant than that obtained from sample T01 
since 11.9% and 7.1% g of lyophilized extract were obtained from 10 
g of dry sample, respectively. Similarly, after extraction by supercriti-
cal fluids (2.3 g), the yields were 10% and 15.2% for the extracts of 
T01 and T02, respectively, as appropriate, after reducing the sample 
with gaseous nitrogen. With these results, extraction with supercritical 
fluids performed better than ultrasound-assisted maceration. There-
fore, supercritical fluid extraction is more efficient than ultrasound-
assisted maceration. 

 

http://doi.org/10.56867/70
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Identification by thin-layer chromatography 
The coloration determined the presence of aristolochic acid in this 
metabolite: a yellow color in the visible light, a dark or gray color in 
the UV light at 254 nm, and a black color with a yellow halo in the 
UV light at 366 nm, the same as what was observed in the images. 
This coloration was compared with the results of published studies of 
different species of Aristolochia. 

When using a mixture of chloroform:methanol: acetic acid as a 
mobile phase from the extracts obtained by supercritical fluids, the 
presence of a dark color with a yellow halo at a wavelength of 366 nm 
was observed, which may indicate the presence of aristolochic acid, 
with Rf values of 0.63 and 0.66 for extracts T02 and T01, respectively, 
which were revealed with tin chloride dihydrate (Figure 3). These val-
ues were similar for the plate developed with the dragendoff reagent; 
an Rf of 0.61 was obtained for T02, and an Rf of 0.63 was obtained 
for T01. However, it is worth mentioning that the color intensity in-
creased more in T02 than in T01. On the other hand, for the extracts 
obtained by ultrasound-assisted maceration, bands corresponding to 
aristolochic acid were not observed (Figure 4). 

A dark color with a yellow halo was also observed for the second 
mobile phase mixture of chloroform: methanol. However, unlike in 
the previous case, the Rf values were only 0.63 and 0.77 for the T02 
extract obtained by the supercritical fluid and revealed with tin chlo-
ride dihydrate (Figure 5). These values and the coloration were similar 
in the plate developed with the Dragendorff reagent, with Rf values 
of 0.68 and 0.77 in the T02 extract (Figure 6). A more intense color-
ation was observed in both plates at an Rf of 0.77. Likewise, the ab-
sence of bands in the ultrasound-assisted maceration extraction indi-
cated the presence of aristolochic acid. 

Discussion 

This study aimed to determine the appropriate extraction and identi-
fication methods for obtaining aristolochic acid from the Zaragoza 
bejuco species. Ultrasound-assisted maceration methods and super-
critical fluids were evaluated, and the best method was selected by 
identifying aristolochic acid by thin-layer chromatography using two 
mobile phase mixtures. 

In this project, two developers are used. The first is the Dragen-
dorff reagent, which allows the presence of the metabolite to be visu-
alized. However, the intensity of the coloration was lower than that of 
the SnCl2*2H2O reagent developer, which showed more intense col-
oration, allowing more precise identification. Thus, SnCl2*2H2O al-
lows better visualization of the samples. 

The retention factor ranged from 0.61-0.77, which, when com-
pared with Dey, Blatter & Reich, Sudhakaran, Ioset, and Abdelgadir, 
was calculated based on similar methodologies, where a range of Rf 
between 0.53 and 0.80 was found. 

In this study, it was observed that sample T02 obtained by su-
percritical fluid presented conditions that may indicate the presence 
of aristolochic acid in the two mobile phases. On the other hand, in 

sample T01, these conditions were observed only in the mobile phase 
chloroform:methanol: acetic acid.  

Figure 3. TLC was performed with a mobile chloroform, metha-
nol, and acetic acid phase at 254 and 366 nm. Rev. SnCl2*2H2O. 

 

Figure 4. TLC was performed with a mobile phase of chloro-
form:methanol: acetic acid at 254 and 366 nm with Rev. Dragendorff 
Reagent. 
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This means that the presence of bands that indicate the presence of a 
metabolite depends on several factors, such as the extraction method, 
the nature of the compound, the concentration of the compound, and 
its affinity for the stationary and mobile phases [11].The concentra-
tion of metabolites varies depending on the efficiency of the extraction 
method. An efficient extraction method allows the recovery of the 
most significant number of metabolites possible from the sample. If 
extraction is complete, metabolites may be included in the sample 
matrix and will not be detected at substantial concentrations [12]. 

When performing the extraction, only with supercritical fluids 
could the presence of the metabolite be observed on the thin layer 
chromatography plates. This may be due to the parameters used in 
this method since a nonpolar solvent, carbon dioxide (CO2), which 
has a critical temperature of 31°C and a pressure of 74 bar, is used 
for the extraction. By exceeding the essential points of pressure and 
temperature, a supercritical fluid is obtained; this fluid has a density 
and viscosity that allows greater diffusion of the solvent through the 
membrane, increasing penetration into the pores, which, in this way, 
results in an excellent yield of the final extract. In addition, a cosolvent 
that confers a particular polarity to the supercritical fluid increases its 
capacity as a solvent [13]. 

On the other hand, ultrasound-assisted maceration extraction 
involves using high-frequency and powerful sounds ranging up to 100 
kHz to release the compounds of interest [12]. For this purpose, the 
temperature, extraction time, and sonication duration must be con-
sidered. This approach is essential for obtaining a higher concentra-
tion of metabolites, considering the substance to be extracted. This 
study considered these factors using three one-hour cycles at 40°C. 
However, the presence of the metabolite of interest could not be con-
firmed. 

According to the results, the absence of metabolites in the thin-
layer chromatography plates may be mainly due to the extraction 
method since an adequate extraction method can purify the sample 
and eliminate unwanted compounds. Concentrating the sample by 
removing unwanted solvents or diluents is also possible. A more con-
centrated sample can produce more intense bands via chromatog-
raphy [11]. 

Furthermore, the mobile phase used in chromatography signif-
icantly influences the presence of bands in thin-layer chromatography 
[11]. Since the expected substances must be able to dissolve, if a sub-
stance is poorly soluble in the mobile phase, it may not move ade-
quately across the plate, resulting in a weak or absent band. Com-
pared with the results obtained in the chloroform: methanol mobile 
phase, the absence of a band on the plate may be due to the concen-
tration of the metabolite and the affinity of this sample for this phase. 

Conclusion 
Based on these tests, the optimal extraction method is the supercritical 
fluid method due to the conditions presented in the chromatography 
plates, raising suspicion of the presence of aristolochic acid. Further-
more, the mobile phase that showed the best affinity was a mixture of 

chloroform:methanol: acetic acid, together with the development of 
tin chloride dihydrate, which allowed better visualization of the 
bands.  
Figure 5. TLC was performed with a chloroform: methanol mobile 
phase at 254 and 366 nm. Rev. SnCl2*2H2O.

 

Figure 6. TLC was performed with chloroform: methanol mobile 
phase at 254 and 366 nm, Rev. Dragendorff Reagent. 
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However, the ideal identification method cannot be determined be-
cause a reference standard is required to verify the presence of aris-
tolochic acid and the conditions applied. 
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