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Abstract: In the present work, the effects of acetaminophen (paracetamol) on Phaseolus vulgaris L. 

and Triticum aestivum L. plants, two important vegetables in Romania, were studied. The treatment 

consisted of sowing the selected plant seed into soil watered with acetaminophen (100 mg kg‒1). The 

measurements of the foliage characteristics, photosynthetic pigments (chlorophylls and carotenoids), 

the antioxidant capacity, and the amount of the acetaminophen accumulated in the plants were 

determined in the first and second month of the plant’s exposure to acetaminophen. In the case of P. 

vulgaris, β-carotene decreased by 57.74% in the first month and continued the same decreasing trend 

in the second month of exposure by 58.55%. The acetaminophen decreased the chlorophylls content by 

7.08% and 13.19% in comparison with the control plants. In case of T. aestivum plants, the 

photosynthetic parameters decreased up to 44.80% compared to control plants, and the carotenoids 

decreased up to 53.82%. Acetaminophen was detected in P. vulgaris stems at a concentration of 0.44 

µg g‒1 FW (after the first month of exposure) and at 0.15 µg g‒1 FW (after the second month of 

exposure). The study results indicated a significantly reduction of foliage physiological activity caused 

by the acetaminophen, suggesting an alteration of the plants antioxidant capacity . 
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1. Introduction 
Nowadays, the contamination of the environment with pharmaceuticals represents an emerging 

issue in ecotoxicology. Due to the access of the population to healthcare services and the immoderate 

animal feeding and veterinary practices, the environment is subjected to a significant risk of 

contamination with a large number and amount of pharmaceuticals [1, 2]. One of the most consumed 

pharmaceuticals worldwide is acetaminophen [3, 4]. Acetaminophen (4′-Hydroxyacetanilide, 4-

Acetamidophenol, N-Acetyl-4-aminophenol, N-(4-hydroxyphenyl) acetamide, paracetamol) is an 

analgesic drug with antipyretic and anodyne properties used by humans [5-7]. This drug is considered 

to be safe for human consumption and is being sold without any medical prescription [3]. Nowadays, 

the consumption of drugs between the teenagers and young adults in the world represents a serious 

problem [8]. The acetaminophen is produced and consumed in immense quantities and is one of the 

most over-the-counter drug. The market of acetaminophen was evaluated at 801.3 million USD in 

2014 and is expected to reach 999.4 million USD in 2020 [9]. In the U.S., 36.5% of the interviewed 

subjects had used acetaminophen in two weeks [10]. In other countries from Europe, such as Germany, 

5.2% of the interviewed subjects used it in 7 days [11], in Sweden 70% of the interviewed subjects 

used acetaminophen during three months [12]. Several studies [13, 14] reported that in Romania the 

self-medication was administrated by 46.6% from the interviewed population used acetaminophen 

during six months. 
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This drug it is often determined in the environment, especially in the aquatic environment such as 

surface waters and wastewaters at concentrations between 0.01 ‒ 0.3 mg L‒1 [15, 16]. After entering 

the environment, the fate of acetaminophen is influenced by different processes such as 

adsorption/desorption, chemical oxidation, hydrolysis, photo-transformation, and biotransformation 

[17, 18]. Even more, the acetaminophen is extensively metabolized and only 5% is excreted 

unchanged in the urine. In the soil and water arrived different sulfate and glucuronide metabolites of 

acetaminophen. The list of drugs that produces bioactive metabolites is very long and includes 

common drugs such as acetaminophen, diclofenac, among many others. Consequently, the excreted 

bioactive metabolites and the parent drugs that persist in different environment compartments are 

equally important for consideration for a better risk assessment [19]. Regarding the persistence and 

fate of acetaminophen there are some uncertainty. Acetaminophen is resistant to direct photolysis 

under weak irradiation intensities of sunlight [20]. 

Several studies [21-23] demonstrated that the acetaminophen could cause hepatic necrosis, hepatic 

lesions, nephrotoxicity, and even deaths to humans and experimental animals in the case of overdoses. 

The acetaminophen was classified as harmful for aquatic organisms, after a research study performed 

by Henschel et al. [24] on algae, Daphnia, fish embryos, and bacteria. The possible ecological risk of 

the acetaminophen was demonstrated in animals [25], but the researches regarding its effects on plants 

are still limited. 

An et al. [5] demonstrated that the acetaminophen inhibits the growth of T. aestivum seedlings. It 

was also observed that the acetaminophen affects the photosynthetic pigments, soluble protein 

fractions, and the antioxidant defense system. Kummerová et al. [26] showed that the acetaminophen 

decreased the photosynthetic pigments, relative chlorophyll fluorescence, and increase the non-

photochemical quenching and the content of soluble proteins and phenolic compounds in Lemna minor 

plants. Consequently, acetaminophen exposure can cause numerous issues in target or non-target 

species [5]. Romanian researchers demonstrated that acetaminophen at concentrations of 1, 2, 3 and 4 

g L‒1 influences photosynthesis and the emission rate of the volatile organic compounds of P. vulgaris 

[9]. The residues of many chemicals/pollutants enter the environment and directly and indirectly affect 

the quality of food [27]. 

This study aimed to investigate the influence of the most consumed pharmaceutical worldwide, 

acetaminophen, on foliage characteristics of P. vulgaris and T. aestivum plants, photosynthetic 

pigments, which are usually monitored to evaluate the plant responses to different types of stress. The 

antioxidant capacity and the amount of the acetaminophen accumulated in the studied plants were also 

determined. The P. vulgaris and T. aestivum plants were selected for this study because are two 

important vegetables in Romania, widely consumed as food due to their important nutritional values.  

 

2. Materials and methods 
2.1. Plant material and growth conditions 

Bean (Phaseolus vulgaris L. Agrosem, Târgu-Mureş, Romania, 18 seeds) and wheat (Triticum 

aestivum L. cv. ‘‘Lovrin’’, Fundulea, Romania, 500 seeds) seeds were sown (depth 1 cm) in plastic 

pots (55×15×11 cm) filled with commercial garden soil (2.5 kg). The plants were grown at natural 

light (12 h/24 h light/dark period) in a greenhouse built within INCDTIM, Cluj-Napoca (Romania), 

monitoring the humidity and temperature. During the experiments, the average day/night temperature 

registered was 25.48 ± 2.33 / 18.21 ± 1.86°C and the average humidity was 47.64 ± 8.18%. 

 

2.2. Treatment with acetaminophen 

The acetaminophen (99% purity) was purchased from Sigma-Aldrich (Germany). The molecular 

formula of the acetaminophen is C8H9NO2, and the molecular weight is 151.16 g mol‒1. After the seeds 

have been sowed, the treatment with acetaminophen consisted of watering the 2.5 kg soil with 100 mL 

of double distilled water in which 250 mg of acetaminophen were dissolved. Thus, 100 mg of 

acetaminophen corresponded to 1 kg of soil. The control plants were grown in soil without 
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acetaminophen treatment. Subsequently, the plants were watered with double distilled water each day 

(48 mL in the first month and 67 mL in the second month). Thus, in these experiments 3 pots with 

control of T. aestivum, 3 pots with T. aestivum treated with acetaminophen, 3 pots of control P. 

vulgaris and 3 pots with P. vulgaris treated with acetaminophen were grown. The effects of treatment 

with acetaminophen were analyzed after 1 and 2 months. For the measurements of each parameter 

three independent plant samples grown in the same conditions were performed. 

 

2.3. Gas exchange measurements 

A portable gas exchange system GFS-3000 (Waltz GmbH, Effeltrich, Germany) was used for 

measurements of leaf gas exchange characteristics: assimilation rate (A), stomatal conductance to 

water vapor (gs) and intracellular carbon dioxide concentration (Ci). This system is equipped with an 

environment-controlled cuvette with an 8 cm2 window area. The experimental condition used for the 

determination of leaf gas exchange characteristics in the leaves of P. vulgaris and T. aestivum were: 

light intensity of 1000 μmol m‒2 s‒1, leaf temperature of 25°C, chamber CO2 concentration of 385 

μmol mol‒1, and 65% humidity [28]. The targeted photosynthetic characteristics were calculated per 

unit enclosed leaf area, according to von Caemmerer and Farquhar [29]. 

 

2.4. Extraction and analysis of the pigments 

Leaf samples (4 cm2) of selected plants were taken after gas exchange measurements, frozen in 

liquid nitrogen, and finely grounded with calcium carbonate. The photosynthetic pigments (zeaxanthin, 

lutein, β-carotene, chlorophylls a and b) were extracted in ice-cold 100% acetone and centrifuged for 3 

min (0°C and 9500 g). The supernatant was retained, and this procedure was repeated with small 

amounts of acetone until the supernatant remained colorless. The fractions of supernatant were brought 

with acetone to the final volume of 1 mL [28]. Before analysis, the obtained plant extracts were 

filtered with a nylon syringe filter (0.45 μm x 13 mm, VWR International, Radnor, PA, USA). 

The quantitative determinations of the photosynthetic pigments from the control plants and those 

treated with acetaminophen were performed with an HPLC-DAD (LC-2010, Shimadzu, Japan) liquid 

chromatograph. The chromatographic separation was performed using a Kinetex C18 column (100×3 

mm, 2.6 μm, Phenomenex, Germany) thermostated at 10°C with a mobile phase flow rate of 1.5 mL 

min‒1. The chromatographic elution consisted of buffered ultrapure water (0.1 M sodium phosphate 

buffer, pH = 8) and HPLC grade acetone, both purchased from Sigma-Aldrich (Steinheim, Germany). 

The chromatographic elution program is described in [28]. 

 

2.5. Extraction and analysis of the accumulated acetaminophen 

1 g of plant sample (leaf, stem, and root of P. vulgaris and leaf of T. aestivum) was taken and 

immediately frozen in liquid nitrogen. The sample was ground in liquid nitrogen with a mortar and a 

pestle, and the acetaminophen was extracted in 5 mL of 0.1 M HCl and occasionally mixed for 20 min. 

The extract was centrifuged at 4°C for 15 min, 9500 g. The extraction was repeated at least three 

times, with a total volume of 4 mL HCl. The extract thus obtained was subjected to SPE extraction 

using Oasis HLB cartridges (500 mg, 6 mL, Waters, USA). The main steps of the SPE extraction of 

the acetaminophen from plants consisted of conditioning of the cartridge with 10 mL methanol and 10 

mL ultrapure water, introducing the plant extract previously obtained, and the elution of the 

acetaminophen retained on the stationary phase was performed with 10 mL of acetonitrile: methanol 

(50 : 50, v/v). All SPE steps were performed with a flow rate of 1 mL min‒1. Using a rotary evaporator 

(40°C), the solvent of the sample was removed, and finally, the sample was solubilized in 1 mL of 

acetonitrile with 0.1% HCOOH : ultrapure water with 0.1% HCOOH (5 : 95, v/v). Before the 

chromatographic analysis, the sample was filtered using a nylon syringe filter. 

The analysis of the plant extract was carried out on an HPLC-DAD/MS (Shimadzu, Japan). The MS 

used was a single quadrupole. The chromatographic separation was performed using a Kinetex C18 

column (100×3 mm, 2.6 μm, Phenomenex, Germany). All the plant extractions were performed in 
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triplicate, and each extract was evaluated by HPLC-DAD/MS. The mobile phase used for the 

chromatographic analysis consisted of acetonitrile with 0.1% HCOOH : ultrapure water with 0.1% 

HCOOH (5 : 95, v/v), with isocratic elution and flow rate of 0.3 mL min‒1. The separation column was 

thermostated at 30°C. The injection volume of the plant extract was 20 µL. Acetaminophen was 

confirmed based on the retention time from chromatogram and the molecular ion (m/z = 152) from the 

MS spectrum obtained with electrospray Ionization in positive mode. 

 

2.6. Determination of the antioxidant capacity 

Leaf samples (1 g) of P. vulgaris and T. aestivum were cut off, frozen in liquid nitrogen and finely 

minced. The plants were soaked into 25 mL ethanol: ultrapure water (60 : 40, v/v) and maintained for 

10 min. This step was followed by sonication of the obtained mixture for 30 min, at 35°C. The 

sonication was performed using an ultrasonic bath Transsonic T 470/H, Elma (Germany). The plant 

extract was filtered, and the final volume of the extract was brought up to 25 mL of solvent extraction. 

The antioxidant capacity was evaluated following a slightly modified procedure reported by Brand-

Williams et al. [30]. A volume of 1 mL of extract was added to 3.9 mL of DPPH radical methanol 

solution (0.025 mg mL‒1) and after 10 min, maintained in the dark. The absorbance of the mixture was 

measured at 515 nm compared to the blank sample (1 mL extract added to 3.9 mL methanol) using the 

spectrophotometer (UV-Vis spectrophotometer T80+, PG Instruments, United Kingdom). The results 

were calculated from the calibration curve and expressed in mM Trolox g‒1 plant. All the 

determinations were performed in triplicate. 
 

2.7. Statistical analysis 

The values represent the means of three replications ± standard error with independent samples of 

plant. The means were statistically compared with one-way ANOVA followed by Tukey’s test using 

ORIGIN 9 (OriginLab Corporation, Northampton, MA, USA). The statistical analyses were 

considered significant at P < 0.05. 

 

3. Results and discussions 
Overall, in the case of both selected plants, acetaminophen decreased the photosynthetic parameters 

and pigments, and the antioxidant capacity in comparison with the control plants (Table 1, Figs. 1, 2). 

Photosynthesis is the most important fundamental biological process supporting growth, uptake of the 

nutrient, and affecting resistance to different kinds of biotic and abiotic stresses. In our study, in the 

case of P. vulgaris plants, a significant statistical decrease was observed for assimilation rate (A) in both 

months of the experiment (44.32% in the first month and 33.12% in the second month, Table 1), in 

comparison with control plants. In the previous studies, Aristilde et al. [31] and Opriş et al. [28] 

suggested that the different antibiotics inhibited the oxidizing side of photosystem II (PSII). The same 

mechanism could be associated with acetaminophen treatment. Also, our results are in accordance with 

results obtained by other researchers which demonstrated that the potential photosynthetic activity of 

the plant decreases in the presence of the acetaminophen [9]. 

Reduction was observed for stomata conductance to water vapor gs (50.62% in the first month and 

33.57% in the second month of treatment with acetaminophen (Table 1). This effect was associated 

with carotenoids reduction, which is the presumable precursor for the synthesis of abscisic acid (ABA). 

Thus, the decrease in stomatal conductance could be due to altered hormonal interactions [28]. 

A lower decrease but not statistically significant was also observed for intracellular carbon dioxide 

concentration Ci (8.39% in the first month, 10.08% in the second month of treatment with 

acetaminophen (Table 1). This trend could be explain by the fact that stomata were likely to maintain a 

constant Ci during the applied stress, which would determine the amount of carbon dioxide directly 

used in the chloroplast [32]. Such behavior is attributed to stomata limitation [33]. Another recent study 

[34] indicated a moderate reduction of foliage physiological activity as a response to the stress induced 

by anti-inflammatory drugs to the green leafy vegetables. 
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In the case of P. vulgaris plants treated with acetaminophen (first month), the decreases of the 

analyzed parameters were ranging between 7.08% (chlorophyll b) and 57.74% (β-carotene) (Figs. 1 and 

2). Photosynthetic parameters, such as pigments content or electron transport attributes, are generally 

considered to be stress indicators [35]. A reduction in the content of chlorophyll represents a typical 

stress response and could lead to a decreased light interception [36]. A decrease in chlorophylls content 

was also found by An et al. [5] in wheat seedlings after 7 days of cultivation with acetaminophen 

treatment. In our case, the P. vulgaris chlorophylls were affected by acetaminophen, inducing a 

decrease between 7.08% (for chlorophyll b after the first month of treatment with acetaminophen) and 

13.19% (for chlorophyll b after the second month of treatment with acetaminophen, Figure 1). 
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Figure 1. Changes in chlorophylls (a, b), carotenoids (c, d) concentration and antioxidant  

capacity (e, f) in P. vulgaris plants in response to acetaminophen after one month (a, c, e)  

and two months (b, d, f) of plant growth. Each data point represents the mean (± SEM)  

of three independent replicate experiments with a different plant. “*” demonstrates  

statistically significant differences between the acetaminophen treatment and the control  

(P < 0.05); “#” statistically significant differences between the treated plants for one month  

and those treated for two months (P ˂ 0.05). 

 

In plants, carotenoids are important lipid-soluble antioxidants. These pigments participate as integral 
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parts of pigment-binding complexes and in light-harvesting and excess energy quenching [37, 38]. In 

severe stress conditions, the carotenoids are quickly destroyed and further cannot protect the plant from 

oxidative stress and photoinhibition [36]. 

Regarding the photosynthetic pigments, in our case, the most affected parameter analyzed from P. 

vulgaris plants was β-carotene, with a decrease of 57.74% in the first month of treatment and continued 

the same decreasing trend (58.55%) in the second month of treatment (Figure 1). The highest effect of 

acetaminophen on the P. vulgaris plants antioxidant capacity during the second month of exposure, was 

observed on leaves, followed by leaves and stem, stem, and roots. Acetaminophen was detected in P. 

vulgaris stems (Table 1), at a concentration of 0.44 µg g‒1 fresh weigh (FW, first month) and at 0.15 µg 

g‒1 FW (after the second month of exposure). 

T. aestivum plants were also affected by the acetaminophen treatments (Table 1). After the first 

month of treatment with acetaminophen, the photosynthetic parameters varied from 5.69 to 44.80%, and 

after two months of treatment from 27.68 to 35.44%. Chlorophylls decreases (Figure 2) were higher 

after the first month of treatment (chlorophyll a 51.99% and chlorophyll b 52.46%). 
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Figure 2. Changes in chlorophylls (a, b), carotenoids (c, d) concentration and  

antioxidant capacity (e) in T. aestivum plants in response to acetaminophen after  

one month (a, c, e) and two months (b, d, e) of plant growth. The symbol above  

the columns stands for statistical differences, as in Figure  1 
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Decreases were observed for carotenoids at both times of measurements (Figure 2). In the first 

month, zeaxanthin decreased by 52.18%, lutein by 31.34%, and β-carotene by 44.78%. Zeaxanthin is 

considered to be a precursor for the synthesis of abscisic acid (ABA), the hormone responsible for 

stomatal closure [39]. This aspect is concluding that reduced stomatal control might reflect altered 

hormonal interactions. After two months of treatment, the content of zeaxanthin decreased by 36.68%, 

lutein by 26.09%, and β-carotene by 53.82% (Figure 2). A decrease of the β-carotene in the P. vulgaris 

plants exposed to acetaminophen was also observed by the other researchers [9]. 

Antioxidant activity represents the ability to inhibit the process of oxidation, which involves a set of 

different reactions [40]. The antioxidant capacity of the T. aestivum leaves has suffered slight decreases 

(28.00% in the first month and 14.28% in the second month of treatment, Figure 2). In the T. aestivum 

leaves, acetaminophen was not detected. 

 

4. Conclusions 
Acetaminophen influenced the growth and development of Phaseolus vulgaris L. and Triticum 

aestivum L. plants. The results presented in this paper demonstrate moderate effects of the 

acetaminophen on plant photosynthesis that resulted from alterations in stomatal conductance. The 

chlorophylls decrease represents the plant response to the stress induced by acetaminophen and could 

lead to a reduced light interception. In addition, the protection level of the plants against oxidative 

stress and photoinhibition can be affected due to the decrease of the carotenoids content. Future work 

could be focused on the influence of different acetaminophen derivatives on plants. 
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