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Abstract: Ocotillo (Fouquieria splendens) has been used in Mexican traditional medicine for the 

treatment of blood circulation problems, swelling, and prostatic hyperplasia, among others. The objective 

of this study was to use different extraction methods (soxhlet, hydrodistillation and ultrasound) and 

solvents with different polarities (hexane, methyl chloride, ethyl acetate, acetone and methanol) to 

determine volatile compounds contained in ocotillo stems. Solvents used were water in hydrodistillation; 

hexane, methyl chloride, ethyl acetate, acetone, and methanol in soxhlet; and a solvent mixture of water 

acidified with methanol, acetone, and 1% acetic acid at a 50:35:15 ratio in the ultrasound method. The 

major components identified were bis (2-Ethylhexyl) phthalate, bis (2-Ethylhexyl) ester, butyl acetate, 

palmitic acid, and myristic acid. A toxicity assay on Artemia salina was conducted and the median 

lethal concentration was quantified. The bioassay showed that extracts isolated by non-polar solvents 

are extremely toxic because they were lethal at concentrations lower than 100 ppm, while polar extracts 

were innocuous. However, in polar extracts were found compounds that suggest their use in traditional 

medicine, the most relevant being 2-butoxyethanol, pentadecanol, and undecanal. 

Keywords: Fouquieria. Splendens; volatile compound; traditional medicine; Soxhlet; ultrasound; 

hydrodistillation 

 



358 

AIMS Agriculture and Food  Volume 7, Issue 2, 357–369. 

1. Introduction 

Fouquieria splendens, commonly called Ocotillo [1] is, together with the Boojum tree (F. 

columnaris), the most representative member of the thirteen species of the Fouquieriaceae family [2,3]. 

It is a shallow-rooted, ligneous succulent plant with non-xeromorphic leaves; the stems have water-

storing cells [4]. It is endemic to the arid and semi-arid zones of North-ern Mexico and the 

Southwestern United States [5,6], typically found in exposed rocky slopes or calcareous soil plains 

with high calcium carbonate contents selenite of the Mojave, Sonora, and Chihuahua deserts [3]. 

Nearly 80% of the human population – approximately four billion people – uses plants as the primary 

remedy for many diseases [7]. A notable example is the use of fresh stems of F. splendens, used in 

Mexican traditional medicine to help in the treatment of pelvic circulation, congestion, abdominal 

swelling, hemorrhoids, and prostatic hyperplasia, among others. Applications are also associated with 

fat assimilation, glucose metabolism regulation, and alleviation of coughing, varicose veins, urinary 

infections, menstrual cramps, and pelvic pain [8]. Some authors suggest that ocotillo may prevent and 

treat chronic diseases such as ulcerative colitis, Crohn’s disease, Alzheimer’s disease, diabetes, liver 

disorders and cancer [9,10]. It has been reported that secondary metabolites play a significant role in 

plants’ defense mechanism [11]; that is the reason for the interest in understanding how secondary 

metabolites allow different plant species and populations to adapt and defend from these changing 

conditions and for determining which factors to attribute the increase in concentration, production, or 

inhibition of phytotherapeutic compounds [12]. Antimicrobial activity of ocotillo methanol extracts 

has been determined against bacteria such as B. cereus, B. subtilis, E. coli and S. aureus; in addition to 

this, the antifungal efficiency of these extracts against M. gypseum, M. nanum, M. cookie and M. canis 

fungi was demonstrated at a 125 mg/ mL concentration, and antiparasitic activity against E. histolytica 

trophozoites was demonstrated at a 0.25 mg/ mL concentration [13,14]. Likewise, the use of Ocotillol 

type terpenoid antiseptic molecules from the ocotillo plant has been identified and their ability to 

improve the susceptibility of some antibiotics has been determined, showing strong effects against 

bacteria such as S. aureus, B. subtilis and even P. aeruginosa because these molecules may exert their 

antibacterial effect by damaging the bacterial cell membranes [15,16]. It has also been reported that 

methanol extracts of the ocotillo root show phytotoxic activity against L. sativa and L. perenne and 

herbicide activity against the green peach aphid M. persicae [11]. This information reveals the need to 

research the abundance, diversity, and toxicological effects of secondary metabolites from F. splendens 

that allow considering it as a phytotherapeutic alternative. The aim of this study is therefore to 

determine volatile compounds present in F. splendens stems using three different extraction methods 

and solvents with different polarities, as well as the extracts obtained against Artemia salina. No prior 

studies have been conducted using solvents with different polarities in different seasons of the year. 

2. Materials and methods 

2.1. Plant material 

Ocotillo stems were collected during the fall, winter, and spring of 2019. The coordinates of the 

collection sites were 28°36′27.846″N, 105°51′38.923″W in the state of Chihuahua, Mexico. AbaTax 

taxonomic key database (www.Abatax.abaco2.org) was used using the key for families of flowering 

plants (Magnoliophyta) present in Mexico for the authentication of collected ocotillo plants. For the 

http://www.abatax.abaco2.org/
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collection of plant material, the largest plants and the highest number of stems were selected. 1-meter-

long ocotillo rods were cut, and the apical end (10 cm) was removed. The material was crushed and 

stored at 0 ℃ for later use. 

2.2. Extractions 

Extracts from the F. splendens stems were obtained by three extraction methods: 

Hydrodistillation: A modified Schilcher hydrodistillation devise was used (10 L capacity), where 

a portion of plant material corresponding to each season of the year was placed with distilled water at 

a 1:10 ratio (500 g/5 L); then it was boiled (model 301-10 SEV Mexico) for 6 hours [17]. 

Soxhlet solid-liquid extraction: Organic solvents with different polarities were selected: hexane 

(99.9% No. CAS 110-54-3 J.T. Baker), methylene chloride (99.6% No. CAS 75-09-02 J.T. Baker), 

ethyl acetate (99.9% No. CAS 141-78-6 J.T. Baker), acetone (99.6% No. CAS 67-64-1 J.T. Baker) and 

methanol (99.9% No. CAS 67-56-1 J.T. Baker). The plant material (40 g) was placed in the extractor 

with the solvent (200 mL) and the mixture was boiled (Corning Lab model PC-400D Mexico) for 5 

hours. The samples were then filtered and concentrated by rotary evaporation (DLAB Scientific 

Instrument Inc. model RE100 Pro Ontario, CA United States) [18]. 

Ultrasound solid-liquid extraction: 50 g of plant material were placed with 125 mL water 

acidified with methanol, acetone, and 1% acetic acid at a 50:35:15 ratio in a beaker, which in turn was 

submerged in iced water inside of an ultrasound bath (Branson 5800, model CX5800H, Danbury, USA) 

for 30 minutes. Extraction was conducted at 40 kHz power. Once the sample was obtained, it was 

filtered and evaporated with the solvent mixture [19]. 

A total of twenty-one extracts were obtained from the three seasons analyzed, including three 

repetitions for each experiment. Extracts were identified with the following nomenclature: hexane 

(SnH), methyl chloride (SnCl), ethyl acetate (SnAE), methanol (SnM), acetone (SnA), 

hydrodistillation (HnC) and ultrasound (UnS) where n represents the season (1 = Fall; 2 = Winter; 3 = 

Spring). 

2.3. Gas chromatography-mass spectrometry analysis 

Identification of the extract volatile components was conducted with a gas chromatographer 

(Agilent Technologies 7890B, Palo Alto, CA, USA) coupled with a mass spectrometer (Agilent 

Technologies 5975C, Palo Alto, CA, USA) equipped with an HP- INNOWax 19091N–133I column 

(30 m × 0.25 mm × 0.25 µm with a temperature range from 40 ℃ to 270 ℃, Agilent Inc., Santa Clara, 

CA, USA). The oven was set at 40 ℃, ramp at 4 ℃/min until 260 ℃, maintaining this temperature for 

15 minutes. The injection temperature was 260 ℃ with 1 µL/min helium flow. The temperature at the 

source at 200 ℃ and a mass range of 40 to 600 a.m.u. was detected. Three repetitions were performed 

by injecting 1 µL of each of the samples with a 25:1 Split. Retention indices were calculated by the 

retention times of C6-C26 n-alkanes that was injected under the same chromatographic conditions. 

Identification of major chemical compounds was conducted by comparing the mass spectrums with 

the NIST 17 MS Demo ver.2.4, AMDIS_32 libraries (NIST, Washington, DC, USA). 

 



360 

AIMS Agriculture and Food  Volume 7, Issue 2, 357–369. 

2.4. Toxicity test of extracts 

For the toxicity analysis, the method of Meyer et al. [20] was followed with slight modifications. 

For the incubation of Artemia salina eggs (White Mountain, Great Salt Lake, Utah, USA), a 3.5% 

NaCl (Golden Bell, 99.9%, CAS No. 7647-14-5) solution was prepared as follows: 35 g of iodine-free 

sodium chloride and 0.006 g of baker’s yeast were weighed and adjusted to one liter of water purified. 

The procedure was conducted by incubating 0.1 g of A. salina eggs in the saline solution and placing 

them in a 1 L beaker under dark and oxygenated conditions. At 24 h, the nauplii were transferred with 

the help of a sterile glass micropipette to another container and kept under oxygenation, lighting, and 

temperature conditions of 25 ℃ for 24 h. Ocotillo extracts were dissolved in a solution of 30% DMSO 

(ACS reagent, 99.9%, CAS No. 67-68-5) in 3.5% NaCl, they were tested at concentrations of 1000, 

750, 500, 250, 100, 50, 10 and 1 mg/L. With a micropipette, ten nauplii (48 hours after hatching) were 

taken in sterile glass vials. Subsequently, 3 mL of the dilutions of the extracts to be evaluated are added. 

Potassium dichromate (Sigma Aldrich, 99%, CAS No. 7778-50-9) and 30% DMSO in 3.5% NaCl were 

used as a negative control and positive control. After applying the extracts, they were incubated for 24 

hours at 25 ℃ and the dead Artemias were counted with the help of a stereoscopic microscope. Using 

the Probit method, the LD50 was determined [22,22]. 

2.5. Statistical analysis 

To determine the median lethal dose (LD50), a Probit analysis was performed using a significance 

level of 0.05. Then, in the yield of the extracts and the lethal concentration, a 7 × 3 factorial analysis 

was conducted in which the factors extraction technique (heating, hexane, acetone, ethyl acetate, 

methanol, dichloromethane, the hydrodistillation technique, and the ultrasound technique) and the 

harvesting season of the ocotillo plants (fall, winter, and spring). After the above, an analysis of 

variance (ANOVA) was performed with mean differences through Tukey’s analysis. 

3. Results 

F. splendens is a deciduous plant in a response to the evolutionary effect of the environmental 

conditions that allow water to be conserved; therefore, it is possible that ocotillo and all plants exposed 

to changing conditions may generate changes in their chemical composition [4]. In addition to this, 

exposure to drought or stress caused by elevated levels of salt in ocotillo’s endemic zones causes many 

common reactions in plants such as deficient secondary metabolite production and reduced yield 

percentage, less than 10% of the plant weight [12]. Using a 7 × 3 factorial analysis in which the 

conditions that arise from the extraction yield are evaluated. It was possible to conclude with 95% 

confidence that both the extraction techniques with different solvents, the harvesting season of the 

plants, and their interactions affected the extraction yields (P ˂ 0.05). being the extracts obtained by 

the soxhlet technique using acetone and methanol the ones that acquired the best yields. Results 

indicated that in the fall, higher extraction yields were obtained with S1M (51.12% ± 2.77); in the 

winter, with S2A (35.15% ± 4.77) and U2S (36.48% ± 2.42); in the spring with S3A (69.40% ± 4.82) 

and S3M (60.48% ± 4.59) as shown in Figure 1. Such polar extracts do not show significant differences 

in the yield percentage in the winter, unlike in the fall and spring, when methanol and acetone are the 

most effective solvents. Extracts obtained by ultrasound, if they were compared, would not show 
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significant differences in the 3 seasons; this may be related to F. splendens characteristic of being 

highly adapted to extreme temperature conditions. It must be mentioned that extraction yields may be 

affected by the individual extraction conditions during each of the seasons analyzed [9]. 

 

Figure 1. Yield percentages of ocotillo in the three seasons of the year using solvents with 

different polarities. * Medians that do not share a letter are significantly different in each 

season, (α = 0.05) by the Tukey test. 

In samples HnC (corresponding to essential oil) it was observed that it was not possible to obtain 

yield values, suggesting that F. splendens cannot synthetize enough essential oil in stems to be 

extracted by hydrodistillation in any of the evaluated seasons. This behavior in the plant may be related 

to the small number of single-cell trichrome present in the stems of this plant genus [23,24]. These 

structures are secreting glands that allow storing and expelling volatile compounds. Plants synthetize 

a wide range of metabolites and for a long time, it was thought that defensive chemicals were high 

priced for plants due to the resources consumed in their biosynthesis [25]. However, when plants are 

stressed or in changing weather conditions such as in the Chihuahua desert, the production of 

secondary metabolites may increase because growth is often inhibited more than photosynthesis, and 

fixed carbon is assigned to secondary metabolites [12]. Such variations in these metabolites may be 

observed in major eluents of each of the extracts obtained by GC-MS and compared with the AMDI-

IS_32 y MestReNova databases with a 1% minimum area threshold for each peak; a total of thirty 

different volatile compounds were identified. As shown in Table 1 and Figure 2, the most abundant 

compounds present in extracts isolated by non-polar solvents were bis (2-Ethylhexyl) phthalate (DEHP) 

and bis (2-Ethylhexyl) ester (DEHA), palmitic acid, and myristic acid. On the other hand, in polar 
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extracts, the most abundant compounds are butyl acetate, diacetone alcohol, Butyl acrylate, and 2-

butoxyethanol. It is important to mention that phthalate esters have been extensively applied in the 

chemical industry as plasticizers or dissolvents, such as DEHP, considered an extremely toxic 

compound and extremely polluting to the environment. In addition to this, the US Environmental 

Protection Agency (EPA) classified DEHP as a probable human carcinogen; it has also been reported 

as an apoptosis inhibitor, a progesterone receptor agonist, and it alters insulin transduction, which 

exacerbates type 2 diabetes mellitus [26,27]. On the other hand, it is known that the presence of cold-

tolerant compounds is associated with higher levels of phenolic molecules as reported by Wollenweber 

et al [3] and as determined by Monreal-García et al. [9], as well as linear chain molecules such as 

octacosane, octadecanol, and eicosane that were determined in this study and can be observed in Figure 2 

in the winter [3,9,12]. 

Table 1. Area percentage of the chemical constituents of F. splendens extracts in three 

seasons of the year using solvents with different polarities. 

No. 

 

RT*  

(min) 

Compounds Relative peak area (%)b 

IKCAL Fall Winter Spring 

   HnC 

1 43.7 DEHA 1892 4.92± 0.62 95.88 ± 0.2 tr 

2 45.4 palmitic acid 2280 Tr tr 12.72 ± 8.47 

3 51.5 DEHP 3104 95.08 ± 0.62 95.88 ± 0.2 86.1 ± 11.62 

   SnH 

4 37.3 tridecane 1366 Tr tr- 7.4 ± 1.8 

5 39 pentadecanol 1776 Tr 13.95 ± 2.25 tr 

6 41.3 pentadecane, 2-methyl- 1565 Tr tr 8.48 ± 2.85 

7 41.7 heptadecanol 2287 1.61 ± 1.39 5.23 ± 0.74 22.39 ± 1.94 

8 43 4-methylpentadecane 1559 Tr tr 10.35 ± 2.32 

1 43.5 DEHA 1892 Tr 3.16 ± 1.63 tr 

9 44.5 diethylene glycol hexyl ether 1363 Tr 1.12 ± 1.47 tr 

2 45.6 palmitic acid 2280 Tr 1.62 ± 0.82 16.42 ± 4.06 

10 47.9 2-methylundecanoic acid 1506 Tr 7.51 ± 4.35 tr 

11 48.6 octacosane 461 0.53 ± 0.83 tr tr 

12 49.4 eicosane 2056 2.25 ± 1.19 tr tr 

3 51.5 DEHP 3104 88.49 ± 2.16 67.41 ± 3.6 34.95 ± 8.24 

13 54 methyl stearate 2245 1.72 ±0.89 tr tr 

   SnCL 

14 23 2-Ethylhexyl glycidyl ether 1363 Tr 3.66 ± 0.58 8.17 ± 2.02 

15 38.8 octadecanol 1846 Tr 9.93 ± 0.11 tr 

7 39.1 heptadecanol 2286 10.2 ± 0.36 tr 6.8 ± 0.36 

2 45.1 palmitic acid 2280 Tr 4.28 ± 0.44 8.81 ± 2.84 

12 49.3 eicosane 2056 9.24 ± 0.33 15.38 ± 0.17 Tr  

3 51.1 DEHP 3104 73.63 ± 1.71 66.75 ± 1.08 76.22 ± 1.18 

13 54 methyl stearate 2245 6.94 ± 2.32 tr tr 

Continued on next page 
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No. 

 

RT*  

(min) 

Compounds Relative peak area (%)b 

IKCAL Fall Winter Spring 

   SnAE 

16 5.3 butyl acetate 1078 79.24 ± 1.48 21.91 ± 2.4 58.62 ± 0.17 

17 7.8 butyl acrylate 1189 10.07 ± 2.08 3.21 ± 1.44 8.25 ± 0.01 

18 13.2 diacetone alcohol 1352 Tr tr 5.91 ± 0.01 

19 14.5 2-butoxyethanol 1406 10.69 ± 0.6 1.7 ± 0.03 8.08 ± 0.3 

20 43.2 undecanal 1609 Tr 13.87 ± 0.24 tr 

21 46.1 myristic acid 1660 Tr 18.76 ± 0.31 tr 

2 50 palmitic acid 2713 Tr 40.54 ± 0.73 19.13 ± 0.14 

   SnA 

16 5.3 butyl acetate 1078 48.61 ± 0.97 55.75 ± 0.1 63.77 ± 0.74 

17 7.8 butyl acrylate 1189 7.55 ± 0.15 7.21 ± 0.06 10.35 ± 0.28 

18 13.2 diacetone alcohol 1352 11.02 ± 0.75 21.79 ± 0.04 9.89 ± 0.55 

19 14.4 2-butoxyethanol 1406 4.29 ± 0.89 6.95 ± 0.04 7.85 ± 0.17 

22 16.2 acetic acid 1460 28.53 ± 0.53 8.3 ± 0.07 8.14 ± 0.17 

   SnM 

16 5.3 butyl acetate 1078 76.71 ± 0.1 77.93 ± 1.52 79.15 ± 1.38 

23 6.8 m-xylene 1146 2.95 ± 0.52 1.22 ± 0.09 tr 

17 7.7 butyl acrylate 1189 10.79 ± 0.25 10.54 ± 0.74 10.77 ± 0.35 

19 14.4 2-butoxyethanol 1406 9.54 ± 0.37 10.31 ± 0.68 10.08 ± 1.03 

   UnS 

16 5.3 butyl acetate 1078 57.58 ± 0.23 49.14 ± 2.33 3.99 ± 0.53 

17 7.7 butyl acrylate 1189 5.42 ± 0.73 6.01 ± 0.28 tr 

24 11.4 hydroxyacetone 1318 Tr tr 4.28 ± 0.29 

19 14.4 2-butoxyethanol 1406 5.7 ± 0.35 5.14 ± 0.2 tr 

22 16.2 acetic acid 1460 31.29 ± 0.86 39.71 ± 1.85 42.96 ± 1.55 

25 16.5 3-furaldehyde 1454 Tr tr 2.92 ± 0.44 

26 18 oxalic acid 1127 Tr tr 5.08 ± 0.69 

27 22.3 furfuryl alcohol 1669 Tr tr 2.76 ± 0.26 

28 33.3 dihydroxyacetone 2075 Tr Tr 8.87 ± 0.46 

29 37.4 trehalose 2816 Tr Tr 13.57 ± 0.51 

30 42.4 1,3,5-benzenetriol 2692 Tr Tr 15.57 ± 0.6 

Note: * Retention Time, IKCAL = Retention Index relative n-alkanes (C6 to C26) on a HP-Innowax 19091N133I capillary 

column. tr = below detection rate. 
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Figure 2. Area percentage of the chemical constituents of F. splendens extracts in three 

seasons of the year using solvents with different polarities. 

In extracts isolated by non-polar solvents of F. splendens, there are high concentrations of DEHP, 

these values may be related to the results shown in Table 1 and Figure 2, where the high toxicity (LC50 

< 100 ppm) of these extracts can be observed. The presence of this molecule in ocotillo stems may be 

attributed to two phenomena: the first suggests that F. splendens has the capacity for phytoabsorption 

and compound accumulation because there have been reports of the presence of phthalate esters in 

nature, such as in sediments, natural waters, soils, and plants. There is evidence of the use of some 

plants such as L. salicaria that are grown in the course of water in rivers and streams for 

phytoremediation of wastewaters; however, plants such as Pongamia pinnata, Raphanus salivas, T. 

Aestivum, Triticum aestivum, Brassica napus and Zea mays that are generally grown for food have 

also proven to absorb these phthalate esters due to their capacity of receiving nutrients and toxic 
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substances through the roots and the green parts above grade [26,27]. Second, there is the possibility 

of molecule synthesis and accumulation, as done by Brown algae called sargassum (U. pinnatifida, L. 

japonica and Ulva sp) which are capable of synthetizing and storing phthalate esters [26–28]. Another 

compound identified in this study was butyl acrylate, commonly used in the elaboration of paints, 

coatings, sealants, and adhesives, and a blooming compound in plants, attractive for some insects such 

as Apolygus lucorum [29]. Being an attractant molecule, plants synthetize it when they are in a 

reproductive state. This can be confirmed with the information in Figure 2 which shows an increase of 

this compound in polar extracts (SnA, SnAE and SnM) obtained in F. splendens blooming seasons 

(fall and spring) and a decrease in the winter season, in agreement with the data obtained by Moraru 

et al. [29], and Yan et al. [30]. Killingbech [4] and Monreal et al. [9] mention this compound, together 

with the anthocyanins identified in their experiments, maybe the attractant compounds for 

hummingbirds and carpenter bees to migrate North through the arid regions during migration and cause 

fertilization of ocotillo seeds in the spring season [4,9]. It has also been discovered that the 

accumulation of anthocyanins and the metabolites described above is stimulated by diverse 

environmental stresses, such as high-intensity ultraviolet light, to which ocotillo is exposed when 

temperatures rise [12]. Three abundant vegetable metabolites are butyl acetate palmitic acid and 

myristic acid; the former is a characteristic component in apple’s aroma [29], the latter two are 

components of palm, cocoa, and coconut oils in percentages up to 40%, in addition to being skin and 

eye irritants [31], in some animals developed tumors, a possible indication that exposure to F. 

splendens extracts may generate the same clinical manifestations [32]. However, these compounds 

have also been identified in other consumable plants showing phytotherapeutic properties with 

antioxidant, antidiabetic, and anticarcinogenic effects [10]. The presence of volatile compounds was 

also determined; those with the highest phytotherapeutic interest are undecanol, pentadecanol, and 2-

butoxyethanol. Undecanal has also been identified in Citrus reticulata essential oil; its high 

antimicrobial potential has been reported [33] as well as its possible pesticide and herbicide effects; 

Pérez-Leal et al. [11] determined up to 53% of growth inhibition for M persicae and Lactuca sativa. 

Pentadecanol, is a compound found in vegetable waxes and its relevance in phytotherapy lies in the 

reduction of plasmatic cholesterol in humans, as well as octacosanol and triacontanol, allowing a 

reduction of low-density lipoproteins (LDL) and increase in high-density lipoproteins (HDL); this 

explains the use of ocotillo to reduce cholesterol and fatty acid levels. Trehalose or micose, also 

identified in this study, is a compound involved in anhydrosis. Although in plants the determined 

concentration was lower, the levels increase with exposure to abiotic stresses as suggested by 

Marcorro-Gallardo et al. [34], as shown in Table 2 (U3S = 653.4 ± 34.5). This molecule could be 

involved in the capacity of F. splendens and other plants to withstand prolonged periods without 

humidity and to resume cell activity without any damage from extreme conditions; it also regulates 

efficient water use and stoma movement [34,35]. 

3.1. Toxicity test 

Figure 3 shows the results obtained in the determination of median lethal concentration (LC50) 

of the F. splendens stem extracts using the crustacean Artemia salina. K2Cr2O7 5% was used as positive 

control and saline solution in DMSO was used as a negative control. In this section, a factorial analysis 

was also conducted, which showed that both the extraction technique with different solvents, the 

season of the year of harvesting of the ocotillo plants, and their interaction affected the concentration 
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at which the population of A. salina appeared in 50%. 

With the results obtained it is possible to classify the extracts according to their level of toxicity, 

showing that the polarity of the molecule is related to the concentration required to kill 50% of the 

Artemia population. 

 

Figure 3. Predictions of lethal dose 50 (LC50) of F. splendens stem extracts in the three 

seasons of the year, using different solvents. 

According to the factor analysis and as can be seen in the previous figure. The extracts that 

appeared with a higher LD50 (less toxic) were those obtained with acetone, and methanol using the 

soxhlet technique and those obtained by the hydrodistillation technique (floral water) and by the 

ultrasound technique. On the contrary, the extracts that presented the highest toxicity were those 

obtained with ethyl acetate, dichloromethane, and hexane as extraction solvents. Similarly, concerning 

the season of the year, the extracts obtained in the spring season presented less toxicity while those 

obtained in winter presented greater toxicity. The polar extracts (SnM, UnS and SnA) show a higher 

LC50, with values ranging from 500 ppm (nontoxic) to over 1000 ppm (innocuous). These results are 

similar to the report of Serrano-Gallardo et al. [35], who obtained LC50 values close to 1000 ppm for 

methanolic extracts, in contrast with extracts isolated by non-polar solvents (SnH, SnCL, and SnAE) 

which recorded values under 100 ppm (toxic). This toxicity may be attributed to the presence of DEHA 

and DEHP in such extracts. 

4. Conclusions 

Probit analysis revealed that extracts isolated by non-polar solvents of F. splendens are not 

suitable to be used in phytotherapy because their high content of DEHA and DEHP and the LC50 

values under 100 ppm make them extremely toxic. However, in polar extracts, there are molecules 

such as 2-butoxyethanol, pentadecanol, and undecanal that allow justify the use of ocotillo in 

traditional medicine, because these molecules have proven insecticide capacity, antimicrobial, and 

cholesterol-reducing activity 
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Table 2. Predictions of lethal dose 50 (LC50) of Ocotillo stem extracts in the three seasons 

of the year, using different solvents. 

Extract LC50 Classification 

H1C 467.8 ±41.9 Moderately toxic 

H2C 440.3 ± 8.9 Moderately toxic 

H3C 924.6 ± 46.7 Moderately toxic 

S1H ND Extremely toxic 

S2H ND Extremely toxic 

S3H 92.6 ± 6.2 Toxic 

S1Cl 5.3 ± 0.0 Extremely toxic 

S2Cl ND Extremely toxic 

S3Cl 15.5 ± 10.5 Toxic 

S1AE 49.2 ± 4.9 Toxic 

S2AE ND Extremely toxic 

S3AE 30.2 ± 3.3 Toxic 

S1A 986.3 ± 123.2 Moderately toxic 

S2A 701.3 ± 37.1 Moderately toxic 

S3A 1324.0 ± 61.0 Nontoxic 

S1M 1274.7 ± 116.8 Nontoxic 

S2M 659.3 ±115.5 Moderately toxic 

S3M 876.9 ± 105.7 Moderately toxic 

U1S 523.4 ± 28.8 Moderately toxic 

U2S 519.2 ±58.8 Moderately toxic 

U3S 653.4 ± 34.5 Moderately toxic 

Note: ND (Not defined for LC50 as is very close to 0). 
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