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Abstract. The pharmaceutical industry has provided an extraordinary variety of drugs that have improved 

human health, yet the incorrect final disposal of drugs has been released into the environment. In this 

research, the phytotoxic effect of four pharmaceutical products exposed to five concentrations was 

evaluated, using Lactuca sativa, and the percentage of germination, stem, and root length were evaluated. 

The four pharmaceuticals used in this bioassay caused inhibitory effects on root growth, elongation of 

hypocotyls, and germination of Lactuca sativa seeds. The greatest inhibition effect occurred from 10 to 

1000 mg L-1, likewise significant differences, and interaction (p≤0.05) were observed between 

concentrations and drugs. Ranitidine was the drug that had the greatest phytotoxic effect on the inhibition 

of germination and root growth of Lactuca sativa. The results obtained in this study could contribute as a 

reference to future chronic studies with Lactuca sativa, as well as to prevent or reduce the impact on 

ecosystems and agricultural soils. 
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Introduction 

Currently, the consumption of pharmaceutical products has been increasing due to the 

increase in the world population as a basic need for the improvement of human health, 

however, the incorrect final disposal of medicines has been released into the environment 

(Arnold et al., 2013; Vasquez et al., 2014; Christou et al., 2019). Moreover, 

pharmaceuticals are generally discharged into the environment through contaminated 

wastewater and biosolids in different environmental compartments such as rivers, water 

tables, coastal areas, as well as in agricultural soils (Singh et al., 2018). In addition, 

pharmaceutical residues in rainy seasons can be transported by terrestrial runoff that 

reaches surface waters or can also infiltrate the soil, thus generating the dispersion of the 

pharmaceutical pollutant in other environmental compartments of the subsoil (Edwards 
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et al., 2009; Bártíková et al., 2016; Hurtado et al., 2016). Most research conducted on 

ecotoxicology has focused on aquatic organisms (e.g., phytoplankton, marine bacteria, 

algae, crustaceans, or fish) and very few studies on soil-dwelling organisms (e.g., 

invertebrates, plants, soil bacteria, and fungi). There are other studies, but only for 

phytoremediation purposes or to determine possible human exposure through trophic 

transfer (Carvalho et al., 2014). However, the effects of toxicity documented with 

pharmaceuticals on land plants are rare (Hillis et al., 2011; Carvalho et al., 2014; 

Bártíková et al., 2016). Some studies conducted with pharmaceutical products such as 

paracetamol were classified as harmful to the copepod Tisbe battagliai (Trombini et al., 

2016) and exhibited toxicity to a variety of other aquatic species such as the unicellular 

algae Pseudokirchneriella subcapitata, the cyanobacterium Cylindrospermopsis 

raciborskii (Nunes et al., 2014). Ibuprofen can accumulate in the soil and cause toxic 

effects on plants in their development (Schmidt, 2015) or inhibition of root growth 

(González and Boltes, 2014), depending on the type of species. On the other hand, 

amoxicillin has been determined to stimulate photosynthetic activity and microcystin 

production of Microcystis aeruginosa (Liu et al., 2016). This pharmaceutical product was 

also able to induce oxidative stress in zebrafish (Dania rerio) (Oliveira et al., 2013). 

Amoxicillin has also shown toxicity to terrestrial organisms affecting photosynthetic 

processes in wheat (Triticum aestivum) (Opri et al., 2013). 

The Lactuca sativa seed toxicity bioassay is a 120-hour static acute toxicity test, which 

evaluates the phytotoxic effects of pure compounds or complex mixtures on the process 

of seed germination and seedling development in the first days of growth (Bowers et al., 

1996). The success or fitness of a seedling to settle in a certain environment is of great 

importance to ensure the survival of the species. The evaluation of the development of 

the radicle and hypocotyl are representative indicators to determine the establishment and 

development capacity of a plant (Priac et al., 2017). The use of bioassays with plants 

represents a fast and economical method for the characterization of the toxicity of 

environmental samples (Chan-Keb et al., 2018). Therefore, the objective of this study is 

to determine the acute toxic effects of the exposure of four pharmaceutical products to 

different concentrations in the germination and elongation of the radicle and hypocotyl 

of lettuce (Lactuca sativa L.). 

Materials and methods 

Characterization of pharmaceutical products and experimental design with Lactuca 

sativa 

The experiment was conducted at the Faculty of Chemical Biological Sciences of the 

Autonomous University of Campeche, Mexico. The sowing of the lettuce seeds and the 

analysis of the samples were carried out in February 2019. 

For the realization of the bioassay, Lactuca sativa seeds (Vita-Los Molinos) were used, 

four pharmaceutical products were used (bezafibrate, hydrochlorothiazide, losartan, and 

ranitidine) of Sigma Aldrich, the physicochemical properties are shown in Table 1. For 

this bioassay, 1 liter of 1000 mg L-1 (w/v) stock solution of each of the four drugs was 

prepared with distilled water. 

For the determination of acute toxicity, 5 treatments per drug were performed with 

concentrations of 0.01, 0.1, 1, 10, and 1000 mg L-1 that were obtained from successive 

dilutions in triplicate and for the negative growth, control distilled water was used, for a 

total of 80 experimental units. 
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Table 1. Physicochemical properties of the four drugs 

Chemical group Compound Drug class Formula molecular 
Molecular weight 

(g mol-1) 
PKa 

CAS Registration 

Number 
ATC 

H2 Antagonist Ranitidine Anti-ulcer agents C13H22N4O3S 314.404 7.8 66357-35-5 A02BA02 

PPAR-alpha agonist Bezafibrato Lipid-lowering agents C19H20CINO4 361.8 3.83 41859-67-0 C10AB02 

Diuretics; Sodium 

chloride symporter 

inhibitors 

Hydrochlorothiazide Antihypertensive agents; C7H8CIN3O4S2 297.7 7.9 58-93-5 C03AA03 

Angiotensin II 

receptor blockers type 

1 

Losartan 
Antiarrhythmic agents; 

Antihypertensive agents 
C22H23CIN6O 422.9 5.5 114798-26-4 C09CA01 

ATC: For its acronym in English refers: Anatomy, Therapeutics, Chemical Classification System 
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For each unit, 25 seeds of Lactuca sativa (Vita - Los Molinos) were placed in a 

polyethylene container (petri dish) 90 mm in diameter, with filter paper (Whatman® No. 

3) at the bottom as support. Subsequently, 10 ml of each of the concentrations of the 

aqueous solution were applied. All units were kept at a controlled room temperature of 

24 ± 1°C for 120 hours (5 days) as set by the EPA for phytotoxicity testing. At the end of 

the exposure period, the number of germinated seeds was counted and the length of the 

root and hypocotyls was measured. As response variables, the mean and standard 

deviation of radicle length and hypocotyls were determined in the negative controls and 

each treatment (exposure concentration) (Figure 1). In addition, the percentage of 

germination (%G) of the seeds for each concentration concerning the negative control 

was determined according to the equation of Chan-Keb et al. (2018), Eq. (1). 

 

 
% G = (No. of sprouted seedlings in each concentration *100) / 

No. of germinated seedlings in the control 
(Eq.1) 

 

 

Figure 1. (A) Experimental diagram of the exposure of Lactuca sativa seeds to drug dilutions; 

(B) Exposure of Lactuca sativa seeds to different treatments for each drug 

 

 

Statistical analysis 

To evaluate the toxicity effect of pharmaceutical products on the morphometric 

variables (seed germination, root elongation, and hypocotyl) in Lactuca sativa, we 

compared the treatments and the four drugs exposed, to determine the variation or 

interaction of these two factors, applying a two-way ANOVA. Before this comparison 
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analysis, the normality of the variables was validated with the method of Shapiro and 

Wilks (1965), with a significance level α = 0.05, not complying with the assumption of 

normal distribution, the data were transformed using the Box-Cox method so that the 

variables will present the assumptions of normal distribution (Zar, 2010). Post-hoc 

analysis was realized with least significant difference (LSD) Fisher test. All statistical 

analyses were performed with the STATISTICA V.12 program (©Copyright StatSoft, 

Inc., Palo Alto, CA, USA, 1984–2014). 

Results 

Figure 2 shows the data of the percentage of germination of lettuce seeds concerning 

the negative control with distilled water. Seeds germinated in the negative control were 

considered 100% germination. In the treatments, the phytotoxic effect was observed when 

drugs exposure concentration increased. The low germination was statistically significant 

in all treatments with regard to control (p≤0.05, Table 2). For bezafibrate, 

hydrochlorothiazide and losartan the effect on decrease germination was noticeable from 

the exposure of 10 to 1000 mg L-1, in addition, ranitidine shown the lowest germination 

to concentrations of 0.01 to 1000 mg L-1, where decrease of 61 to 41% are observed when 

increasing the concentration of exposure (Figure 2). 

 

Figure 2. Average germination of Lactuca sativa seeds between the concentrations of the 4 

drugs exposed. The error bars represent the standard deviation 

 

 

Exposure to different concentrations of the 4 drugs also showed a decrease in the 

development of root length and the hypocotyls of lettuce (Figure 3A and 3B). When 

performing a 2-way ANOVA, significant differences were observed between drugs and 

exposure concentrations in the average development of root length and hypocotyls of 

Lactuca sativa (Table 2). From the above, considering all the concentrations of the 4 

drugs, a decrease in the elongation of the radicles were observed concerning the control, 

being the treatment at 1000 mg L-1 the greatest effect was presented (Figure 3A); it was 

also observed in the treatments exposed with ranitidine they were notorious in terms of 

the decrease in root elongation. 
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Table 2. Two-way analysis of variance concerning germination, root length, and hypocotyls 

of Lactuca sativa between concentrations (Control, 0.01, 0.1, 1, 10, and 1000 mg L-1) and 

exposure to 4 drugs (bezafibrate, hydrochlorothiazide, losartan, and ranitidine), with a 

significance level of p<0.05 

Parameter Factor Gl F P 

Germination (%) 

Concentration 5 258.09 <0001 

Drug 3 174.89 <0001 

Concentration * Drug 15 10.42 <0001 

Error 48   

Root length (mm) 

Concentration 5 1420.09 <0001 

Drug 3 11.99 <0001 

Concentration * Drug 15 2.43 <0.010 

Error 48   

Hypocotyl length (mm) 

Concentration 5 2569.93 <0001 

Drug 3 119.14 <0001 

Concentration * Drug 15 9.92 <0001 

Error 48   

 

 

Figure 3. Average growth in (A) root length; (B) length of the hypocotyl of Lactuca sativa 

between the concentration exposed to 4 drugs. The error bars represent the standard deviation 
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In Figure 3B see that the bezafibrate, hydrochlorothiazide, and losartan shown 

significative less hypocotyls length that ranitidine effect in concentrations of 0.01 to 

100 mg L-1, however, for 1000 mg concentrations do not significate differences were 

observed among all drugs. 

Discussion 

In general terms, germination, root length, and hypocotyls of Lactuca sativa showed a 

decrease concerning control, this is due to the phytotoxic effect of the 4 drugs to which 

they were exposed different concentrations, which were absorbed through the roots. The 

results in the germination of Lactuca sativa seeds show that there was a greater phytotoxic 

effect caused by ranitidine when the exposure concentration increased compared to the 3 

drugs (bezafibrate, hydrochlorothiazide, and losartan) and control, this may be due to the 

sensitivity of lettuce seeds to ranitidine. Similar findings have been reported by authors 

such as Rade et al. (2019) where they performed an individual toxic evaluation and the 

mixture of three pharmaceutical products (paracetamol, ibuprofen, and amoxicillin) in the 

germination and growth of seeds in Lactuca sativa, where they determined that the lowest 

amount of germination occurred in the drug ibuprofen and the mixture of the 3 drugs 

(Rade et al., 2019). Moreover, authors such as Biruk et al. (2017) found that lettuce seeds 

were more sensitive to extracts containing inorganic elements than organic extracts. 

The phytotoxic effect on the radicle and hypocotyl of lettuce was greater at 

concentrations of 10 to 1000 mg L-1 in the four drugs exposed. This is due to the 

absorption of drugs that are bioavailable in aqueous solution, through the roots, as the 

main route for transfer and direct contact, where the influx of nutrients and water in 

lettuce is also regulated, that is, the morphology, anatomy, and biomass production of the 

roots is also associated with the effect on the absorption of drugs (Rodriguez-Ruiz et al., 

2015), as presented in this study. 

When comparing the effects of ranitidine on radicular and hypocotyl length in lettuce, 

it was observed that the toxic effect was greater in the roots than in the length of the 

hypocotyls, therefore, we described that the root was more sensitive to aqueous solutions 

of ranitidine, due to direct contact in the absorption of the drug generating physiological 

stress. In this regard, Gómez-Oliván et al. (2014) mention that the presence of isolated 

drugs in the soil can induce oxidative stress in plants and influence their antioxidant 

defenses giving rise to different responses (phytotoxic effects), this will depend on the 

drug, its concentration and the sensitivity of the plant species (Carvalho et al., 2014; 

Marsoni et al., 2014; Minden et al., 2017). On the other hand, Christou et al. (2019) 

mention that the bioaccumulation of contaminants in plant tissues depends on the type of 

soil, the physicochemical properties of the contaminants, and the interactions of these 

factors, as well as the type of species. 

Based on the results obtained from this research, more future studies can be carried 

out on chronic phytotoxic effects in Lactuca sativa considering other types of indicators 

to be evaluated, different concentrations of drugs or similar to those found in the 

environment, to contribute to the environmental regulations that allow establishing the 

permissible limits of discharge of residual drains that contain drug residues and thus be 

able to prevent or mitigate short-, medium- and long-term impacts on coastal areas, rivers, 

soils, and crops. 



Chan-Keb et al.: Acute phytotoxicity of four common pharmaceuticals on the germination and growth of Lactuca sativa L. 

- 3744 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):3737-3746. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2005_37373746 

© 2022, ALÖKI Kft., Budapest, Hungary 

Conclusions 

This study describes the phytotoxic effect of four drugs where 3 are commonly used 

(bezafibrate, hydrochlorothiazide, and losartan) and one (ranitidine) that was banned from 

use and excluded since 2019 for marketing and consumption by the U.S. Food and Drug 

Administration (FDA), due to its classification as a carcinogen. Phytotoxicity caused by 

the drugs was related to inhibitory effects on a radicle, hypocotyl elongation, and seed 

germination in Lactuca sativa. Exposure to ranitidine aqueous solution exerted a greater 

effect on seed germination and root elongation in lettuce. Based on the results of this 

study, the phytotoxic effect of ranitidine that it can cause in a plant species such as 

Lactuca sativa is verified and described for the first time. The test used allowed the 

identification of different levels of phytotoxicity in the samples of drugs in aqueous 

solution, in addition, the bioassay with Lactuca sativa proved to be efficient, sensitive, 

economical, fast, and reproducible. Likewise, the results of our research could contribute 

as reference information for future chronic studies with Lactuca sativa and other drugs. 
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