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Abstract 

Antibiotics are considered a type of antimicrobial that particularly has an impact on bacteria or fungi 

in humans and animals. The widespread use of common antibiotics, combined with the fact that the 

majority of active antibiotics and their metabolites are water-soluble, results in persistent pollution 

in aquatic environments, as well as a potential threat to ecosystems. Moreover, there are inadequate 

ecotoxicological data on many antibiotics, such as azithromycin, which has been quantified at 

elevated levels in the aquatic system. Raphidocelis subcapitata is a globally distributed green alga that 

is commonly used as a model species for evaluating chemical toxicity due to the availability of a 

sequenced genome and its rapid growth, which allows assessing chemical effects across many 

generations. the aim of this project is to provide an insight on genotoxicity for R. subcapitata and 

study the effects of azithromycin antibiotic on algae, on both growth rate and molecular levels by 

determining gene expression levels, specifically, its effect related to chlorophyll pigments, 

biosynthesis, and DNA replication levels. In order to do that, toxicity test according to OECD 

guidelines for 7 days, photosynthetic pigment extraction and qRT-PCR were utilized. In the present 

study, an EC50 of 24 µg/L was obtained, while low risk in the Swedish water streams was indicated, 

significant induction in Chlorophyll a and b at high concentrations while no effects on carotenoids 

were observed, no significant difference in pcna and cyt P450 at LOEC and lower concentrations was 

obtained. This might suggests testing higher concentrations in upcoming research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Abbreviations 

OECD: Organisation for Economic Co-operation and Development 

BLAST: Basic Local Alignment Search Tool 

OD: Optical density 

qPCR: Quantitative Polymerase Chain Reaction 

Cq: Quantitation cycle 

E: Amplification efficiency 

R2: Regression Factor Value 

pcna: proliferating cell nuclear antigen 

Cyt P450: Cytochrome P450 
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Introduction 
Pharmaceuticals are critical for preserving public health and maintaining quality of life. A variety of 

new active compounds are reportedly used in massive amounts to treat and cure human and animal 

diseases. They have also been discovered as micro-contaminants in soil and water ecosystems across 

the last two decades (Boxall, 2004; Carvalho & Santos, 2016). Antimicrobials are substances that can 

defeat or inhibit the growth of microorganisms (e.g., bacteria, microalgae, and fungi). Antibiotics are 

considered a type of antimicrobial that particularly has an impact on bacteria or fungi in humans and 

animals, thus, distinguishing them from disinfectants or other antimicrobials (Brandt et al., 2015). 

Different antibiotics are widely and clinically used as over-the-counter (OTC) drugs with typically 
broad antimicrobial spectrums. Antibiotics are also used in large quantities to promote animal 

growth, treat and prevent diseases in aquaculture and livestock farms.  Advanced chemical analyses 

have improved the capacity to detect antibiotics among the numerous pharmaceuticals, 

consequently, the elevated existence of antibiotics in soil and water ecosystems is concerning, as 

their increasing use and the resulting improvement of multi-resistant bacteria, pose significant risks 

to humans and animals' health (Bruhn, 2003; Pawlowski et al., 2016). Several aspects, including the 

antibiotic concentration, exposure time, involved ecosystem (soil or water), and the presence of 

other antibiotics and contaminants, can all impact the toxicity level of antibiotics in the ecosystem 

directly or indirectly (Grenni et al., 2018). 

The widespread use of common antibiotics, combined with the fact that the majority of active 

antibiotics and their metabolites are water-soluble, results in persistent pollution in aquatic 

environments, as well as a potential threat to ecosystems. The long-held belief that antibiotics inhibit 

bacterial growth and proliferation while causing no harm to the host is now being challenged. A piece 

of growing evidence suggests that parent antibiotics and metabolites discarded into the environment 

are bioactive and persistent in low concentrations (ng/L– g/L), posing a potential risk in the food-

chain system (Huang et al., 2014). Antibiotics in the aquatic systems have become an increasing 

source of concern. Following administrative procedures, antibiotics can initiate incomplete 

metabolization, with a high risk of toxicity. Whether the amount is expelled unchanged or as 

biologically active metabolites ended in an aquatic environment (Halm-Lemeille & Gomez, 2016; 

Kemper, 2008). Moreover, there are inadequate ecotoxicological data on many antibiotics, such as 

azithromycin, which has been quantified at elevated levels in the aquatic system (Valitalo et al., 

2017). In a study of 17 antibiotics in different Waste Water Treatment Plants from Portugal, Spain, 

Cyprus, Ireland, Germany, Finland, and Norway, content varied from 45.2 ng/L (Cyprus) to 597.5 

ng/L (Portugal) (Birosova et al., 2014; Rodriguez-Mozaz et al., 2020). 

Algae are the primary food source at the bottom of the food chain, providing a variety of provisioning 

and ecological services, including e.g., biomass production, carbon sequestration, toxic accumulation 

(Guo et al., 2015; Lorraine et al., 2018). Because algal species are abundant, vulnerable to a variety of 

toxic substances, negative effects on the algal population and health may cause harm to the entire 

ecosystem, and have an impact on the delivery of a variety of ecosystem services. As a result, algae 

are frequently used in toxicology research, hazard assessment and categorization of substances 

during the market authorization procedure (Guo et al., 2016).  

However, antibiotic pollution toxicology research generally concentrates on the morphometric and 

statistical analysis of non-target life, such as growth inhibition (A. Martins et al., 2013), teratogenesis, 

disordered locomotion behaviour, and cytotoxicity (Q. Zhang, J & Cheng, Q. Xin., 2015). In terms of 

the molecular basis of toxic effects, research into photosynthesis, antioxidant defence, oxidative 



damage, and especially toxicity biomarkers have made significant progress, though neurotoxicity and 

genotoxicity require more effort. In addition, research in molecular ecotoxicology of antibiotics faces 

challenges, such as defining the degree of damage and quantifying the relationship between 

biomarker expression level and pollutant concentration. Aside from the characterization of toxic 

effects, the metabolic pathway of bioactive components in vivo, epigenetic alterations caused by 

contaminations, and other drug-related mechanisms necessitate additional investigation. 

Recent advances in ecotoxicology have resulted in a shift away from acute toxicity testing and toward 
chronic testing of chemicals at trace concentrations, elucidating changes in gene expression levels as 

a result (Brockmeier et al., 2017; Nguyen et al., 2020). When combined with bioinformatics analysis, 

transcriptomic analysis, which quantifies genome-wide gene expression, can identify the biological 

pathways disrupted by the presence of a hazardous substance (Guo, Ito, Nguyen, Yamamoto, Tanoue, 

et al., 2018; Guo, Ito, Nguyen, Yamamoto, & Iwata, 2018). Furthermore, antibiotics affect algae 

photosynthesis by inhibiting chloroplast development and protein biosynthesis, as well as damaging 

chlorophyll (Halling-Sorensen, 2000). The loss of chlorophyll reduces the capacity of photosynthesis 

and metabolism, inhibiting cell proliferation and growth. Chlorophyll-containing hydrophytes are 

susceptible to even low concentrations of sulfonamide antibiotics (Vannini et al., 2011).  

Raphidocelis subcapitata (formerly known as Pseudokirchneriella subcapitata or Selenastrum 

capricornutum) is a globally distributed green alga that is commonly used as a model species for 

evaluating chemical toxicity due to the availability of a sequenced genome and its rapid growth, 

which allows for assessing chemical effects across many generations (OECD, 2011). R. subcapitata 

has being tested on a massive number of chemicals, resulting in an outstanding ecotoxicological 

dataset. However, the majority of ecotoxicity data is only accessible at the median effective 

concentration (EC50) level based on the growth endpoint, and a lack of understanding of molecular 

mechanisms of action makes extrapolation to other untested compounds difficult. Furthermore, to 

detect effects on apical endpoints like growth and chlorophyll synthesizing, the chemical 

concentrations used in acute toxicity testing are typically one to six orders of magnitude greater than 

the realistic exposure (OECD, 2011). As a result, questions have been raised about the suitability of 

these findings for hazard assessment. 

A study by Guo et al. (2020), concluded that Roxithromycin (ROX) at high concentrations significantly 

inhibited algal growth, with an inhibition rate of approximately 45 percent, whereas no harm was 

observed in R. subcapitata treated with ROX at the trace levels concentration, regardless of growth 

or transcriptomic profile. These findings show that at a realistic exposure level, ROX is unlikely to 

pose a threat to R. subcapitata. The high level of ROX treatment altered the algal transcriptome, 

indicating the down-regulation of pathways related to fatty acid, triterpenoid, sesquiterpenoid, as 

well as steroid biosynthesis, DNA replication and repair, chlorophyll and thiamine metabolism, and 

photosynthesis. Differently expressed genes in vital metabolic processes such as carbon fixation and 

nitrogen metabolism, on the other hand, were up-regulated. This was the first in-depth study into the 

molecular mechanism of antibiotics in algae. Since macrolide antibiotics were defined as the priority 

compounds in terms of their ecological risks to primary producers, it is advised that more antibiotics 

be tested in model algal species using transcriptomic analysis in conjunction with physiological 

measurements to fully elucidate their toxicological spectrum of activity. 

In a recently published study by Almeida et al. (2021) specifically identified azithromycin's specific 

acute toxicity on R. subcapitata. This macrolide inhibited photosynthesis processes by interfering 

with the regulation of energy dissipation at PSII centres. The photochemical conversion of energy 



and defensive managing machinery in the subjected microalgae were inadequate, resulting in 

radiation sensitivity and photodamage. Inadequate photochemical energy conversion, an insufficient 

defensive system, and the possibility of a blockage of photosynthetic electron flow all contributed to 

the creation of ROS and later oxidative damage, affecting membranes and DNA stability. 

 

Research question 
As mentioned previously the effects of azithromycin on R. subcapitata was investigated by studying 

pigments content and photosystem II performance (Ana Catarina Almeida et al., 2021), and the 

effects of Roxithromycin on R. subcapitata was investigated by determining the gene expression 

levels and providing a transcriptomic analysis (Guo, J., et al., 2020). The research question in this 

study is: “what is the effect of azithromycin on R. subcapitata on both, chlorophyll contents and the 

molecular level by determining gene expression levels, specifically its effect related to biosynthesis, 

and DNA replication”. Thus, the aim of this project is to provide an insight on genotoxicity for R. 

subcapitata and study the effects of medicine, specifically azithromycin antibiotic, on algae growth 

rate and molecular level.  

 

Objectives 
In order to answer the research question, a toxicity test is to be provided to determine EC50, effective 

concentration for 50% reduction, EC20, effective concentration for 20% reduction, EC10, effective 

concentration for 10% reduction, LOEC, lowest observed effect concentration and NOEC, no observed 

effect concentration. In addition to provide a photosynthetic pigments extraction to measure 

chlorophyll a, chlorophyll b and carotenoids concentrations in the treated algae. Finally, two genes’ 

expression will be studied, the gene encoding pcna, proliferating cell nuclear antigen, which is a 

protein that has been detected in all eukaryotic genomes as well as Archaea. pcna was discovered to 

be a DNA polymerase processivity factor, which is necessary for DNA synthesis during replication 

(Bravo et al., 1987; Prelich et al., 1987; Tan et al., 1986). Furthermore, pcna activities are linked to 

other critical biological processes such as chromatin remodelling, DNA repair, sister-chromatid 

cohesion, and cell cycle regulation (Maga & Hübscher, 2003). In addition to the expression of a gene 

encoding cytochrome P450 enzymes that are a genus of biocatalysts play an important role in natural 

product biosynthesis by coordinating a variety of processes. A rising number of P450 genes from 

algae have been found in the post-genome era, demonstrating their importance in the algal life-cycle. 

However, the investigations on this particular genes still slight (Zheng et al., 2022).  

 

Materials and methods 

Preparation 

Cell counts preparation 
According to OECD guidelines, algal biomass is defined as the dry weight per volume, e.g., mg 

algae/liter test solution. Dry weight was difficult to measure and therefore a surrogate parameter 

was used to determine biomass. To obtain absolute cell density, cell counting via hemocytometer was 

to be performed. However, counting cells via hemocytometer for many samples is time-consuming, 



consequently, other surrogates will result in relative numbers of cells density, a way to link another 

surrogate to hemocytometer counts was provided. 

As a result, the OD684 measurement was used to link cell density via hemocytometer to OD 

measurements and generate an equation that suits the experimental conditions. Four different 

cultures at conditions similar to the growth inhibition test were used. Each culture was diluted in 

serial dilutions (10 steps, 2-fold dilution) to generate a standard curve. The OD684 measurements 

were recorded in accordance with the hemocytometer counts at each step. Subsequently, standard 
curves were compared between the four cultures to obtain an accurate curve. An equation with 

relative counts to the hemocytometer was obtained for the downstream steps. Details about the 

calibration can be found in appendix 1. 

Media preparation 
The media used for algae culturing, is OECD Media, stock 1 and 4 was prepared according to OECD 

guidelines (OECD, 2011). Small alteration in stock 2 was performed, where 3.8 mg of iron chloride 

was used instead of 6.4 mg iron chloride hexahydrate. In addition, stock 3 was ordered readymade, 

Trace metal mix A5 with CO 92949 (Sigma-Aldrich). All stocks were sterilized according to the OECD 

guidelines and mixed properly. 

Algal culture 
Experiments were made using the unicellular freshwater microalgae R. subcapitata (Culture 

Collection of algae & protozoa, strain CCAP 278/4). The obtained algae were cultured at 22 ± 2 °C 

(room thermometer), on shaking incubators at 150 rpm and under continuous illumination from day 

light-type fluorescent tubes (cool white LED lights), and at 5000 – 8500 Lux (Peakmeter ms6612 

digital luxmeter). The algae were cultured in 500ml Erlenmeyer Flasks containing 200 ml OECD 

media. Sub-cultures from the obtained algae were used throughout the project as an algal source for 

the experiments. Pre-cultures were in an exponential growth phase, cultured in a 50 ml laboratory 

bottle covered with 5mm filter papers and contained 20 ml OECD media, incubated for three days at 

similar conditions to perform the toxicity test.  

Growth Inhibition test 
The Experiments were performed at similar conditions as those previously described for the pre-

cultures (22 ± 2 °C, orbital shaking at 150 rpm and under continuous illumination 7000 – 8500 Lux), 

and at an initial cell concentration of 4 × 104 cells/ml. Exponentially growing microalgae were 

exposed to azithromycin (PZ0007 Sigma-Aldrish) HPLC ≥ 98%, in a final concentration of 0.1% of 

dimethyl sulfoxide (D5879 Sigma-Aldrish) HPLC ≥ 98% as solvent, in batch cultures over 7 days in 

five different concentrations, 2, 5, 10, 20, and 100 µg/l. In addition, two controls were used, a control 

contain only 0.1% of solvent and a control without solvent. The effect concentrations EC10, EC20 and 

EC50 were calculated to select the concentrations to use for the subsequent studies, to determine 

specific sub-lethal effects of azithromycin to R. subcapitata. Experiments were performed at least 

thrice in 50 mL laboratory bottles covered with 5mm filter papers with 20 mL of test volume, in six 

replicates for the control, with and without DMSO as a solvent, and triplicates for the exposed 

samples. After seven days exposure, algal samples were collected for further analyses of specific toxic 

endpoints, such as determination of photosynthetic pigments. The remaining volume was used for 

gene expression analysis. 



All data obtained was compared to control with DMSO, control without DMSO was only to determine 

the effect of DMSO as a solvent. Inhibition percentage, growth rate and cell counts were calculated 

according to OECD guidelines and according to the following equations: 

Growth rate: μn− 0 = ln (Xn) − ln(X0) (day-1) 

                            tn − t0 

Where μn− 0 is the average specific growth rate from time 0 to time n, Nn is the cell density at time n 

and N0 is the cell density at time 0. Thus, the growth rate was indicated as fold induction compared 

to control. 

Percentage inhibition: %Ir = μc – μt × 100 
                                      tn − t0 

where: %Ir is percent inhibition in average specific growth rate, μC mean value for average specific 

growth rate (μ) in the control group and μT average specific growth rate for the treatment replicate. 

Assessment of risk quotients 
The potential ecological risks of azithromycin in aquatic environments can be predicted by risk 

quotients (RQs) (Wan et al., 2021), which were calculated using the following equation: 

RQs = MEC 
           PNEC 

where MEC is the median measured environmental concentration; PNEC is the predicted no-effect 
concentration, which was calculated by dividing the EC50 value by an assessment factor (1000). 

Photosynthetic pigments extraction 
The photosynthetic pigment determination was performed according to Mao et al. (2021). At the end 
of each experiment, 2ml of microalgae of each concentration was centrifuged for 30 minutes at full 
speed to pellet the cells, supernatant was discarded and 1ml of 80% Acetone was added to the pellet 
with a brief shaking. The extraction performed in the dark for 24 hours at 4 °C. the extract centrifuged 
for 10 minutes at 8000 rpm and the absorbance of the supernatant was recorded at wave length of 
470, 645 and 663nm using a spectrophotometer (DS-11 Series Spectrophotometer, DeNovix). 
Chlorophyll a (Chla), Chlorophyll b (Chlb) and carotenoid were calculated using the following 
equations: 

Chla (mg / L) = 12.21 A663 − 2.81 A645 

Chlb (mg / L) = 20.13 A663 − 5.03 A663 

Carotenoid (mg / L) = 1000 A470 − 3.27 Chla – 104 Chlb 
                                                                    229 

Where A470, A645 and A663 represent the absorbances at wavelengths of 470 nm, 645 nm and 663 nm, 
respectively. 

RNA Extraction 
Cells were collected and centrifuged at 2090 RCF for 10 minutes (Universal 32, Hettich). The 

supernatants were discarded and the cell pellets were saved at -82 °C until it was ready for the 

extraction. Many different methods for cell lysis were performed for the downstream steps of RNA 

extraction. Grinding by micro pestle with heat incubation at 65 °C, freeze-thaw cycles, -82 °C to 65 °C 

respectively for 3 cycles, cells disruption by TissueLyser LT (Qiagen) using different sizes of beads, 



3mm-5mm (Qiagen), and finally combining freeze-thaw cycles with TissueLyser, -82 °C to 99 °C (5-3 

minutes respectively) using two 5mm beads. The method with the best purity and highest RNA yield 

was applied for the downstream steps. RNeasy® Plant Mini Kit protocol (Qiagen) was followed for 

RNA extraction. The RNA concentration was measured using spectrophotometer (DS-11 Series 

Spectrophotometer, DeNovix). Subsequently, total RNA was reverse transcribed into cDNA using 

High-Capacity RNA-to-cDNA Kit (Thermo Fisher Scientific) for the quantitative polymerase chain 

reaction (qPCR) step. 

Quantitative PCR 
Using the BLAST web tool, one primer for reference gene, four primers for the gene of interest, 

magnesium chelatase subunit H (chlH) involved in the porphyrin and chlorophyll metabolism 

pathway were designed. In addition to one primer from a study by  Guo et al. (2020) on the same 

gene was obtained. All primers (Sigma-Aldrich; Thermo Fisher Scientific) were resuspended with 

nuclease-free water to a final concentration of 100 µM and validated for the downstream steps. None 

of the previously mentioned primers worked properly. Thus, two primers for different genes, 

proliferating cell nuclear antigen (pcna) involved in the DNA replication process and cytochrome 

P450 (Cyt P450) that is extensively involved in natural product biosynthesis and drug metabolism, 

were obtained for the qRT-PCR analysis. The gene expression levels were measured using qRT-PCR. 

To normalize the expression levels of these genes, two different housekeeping genes, small subunit 

18S rRNA (18S) and ubiquitin-conjugating enzyme E2 G1 (ubc) were used. The Cq values for used 

primers with different efficiencies were calibrated to 100% efficiency using GenEx (version 6.0). 

Details on the primer validation and qPCR process can be found in appendix 3. ∆Ct, ∆∆Ct and fold 

change FC (2-∆∆Ct) were calculated according to Livak’s method and according to the equation:  

FC= 2 – ((Cq target A – Cq reference A) – (Cq target B (control) – Cq reference B (control))). 

Statistical analysis 
The data from three repeated experiments pooled together, expressed as fold induction and 

presented as mean ± standard error of mean (SEM). Regarding the gene expression data, error bars 

represent standard deviation (SD). P value of < 0.05 was utilized across all tests. NOEC and LOEC (no 

and lowest observed effect concentrations, respectively), in addition to EC50, EC20 and EC10, were 

calculated using the statistical program ToxRatPro© (version 3.3.0). All statistical tests and results 

were performed and visualised using Prime GraphPad Prism 9.3.1 software (GraphPad Software Inc., 

La Jolla, CA, USA). Shapiro-Wilk test was used to test normality distribution of data. For multiple 

comparisons with normally distributed data and homogenous variance, the parametric tests one-

way ANOVA with Tukey post hoc were utilized.  

Ethical considerations 
In favour of pursuing new possibilities in medicine and pharmacology, which will, however, be long-

term, the emphasis which must drive basic research should be on finding new ways to reduce the 

cost of biomass. It is indeed a noble and ethical goal that should be pursued in the coming decades. 

However, microalgae are finding practical applications in healthcare, medicine, and cosmetic 

products, in which they are already making the world a better place. Microalgal agriculture is a 

promising field of biotechnology, and its advantages are already being realized (Vasileva et al., 2019). 

There were no ethical considerations regarding used species in this experiment. In contrast, this 

research aims to provide good quality research on the effects of one pollutant on algae which would 
give a better understanding of its effects regarding the environment and help to take further 



consideration for future risk assessment of pharmaceuticals. At the end of the experiment, all 

excessive medicines and chemicals used during this experiment will be treated in the right way e.g., 

the acids will be neutralised by weak base, chemicals disposed in the chemical waste and equipment 

that were in contact with yielded algae (e.g., tubes, spectrophotometer cuvettes, gloves) will be 

discarded in biohazard waste, autoclaved and disposed. 

 

Results 

Growth Inhibition test 
After calibrating OD measurements with cell density, Figure 2A and Table 1, cell densities were 

determined and data collected. The obtained data shows an increase in cell density by time in most 

cell cultures. The data shows a clear pattern between azithromycin concentrations and cell density. 

The growth inhibition percentage at three time points (day 3, 4 and 7) can be found in Appendix 2, 
Figure 3A. However, the algae culture did not reach 16 folds after three days as the OECD guidelines 

suggests, instead it reached 16 folds around day five as can be seen in figure 1. There was no 

significant difference between the two controls, with and without DMSO, thus the control with DMSO 

was used as the control for the downstream steps. 
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Figure 1. Growth dynamic of Raphidocelis subcapitata in response to azithromycin exposure. No significant 

difference between the two controls, with and without DMSO. Slight difference between the first two tested 

concentrations in comparison with higher concentrations. 

The calculated growth rate, Figure 2, showed that azithromycin significantly affected microalgal 

growth at the highest tested concentrations of 20 µg/L and 100 µg/L with induction of 46.09% and 

92.14% respectively. No significant differences were obtained between the control and the first three 

concentrations of 2 µg/L, 5 µg/L and 10 µg/L. 
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Figure 2. Growth rate (d-1) in Raphidocelis subcapitata exposed to azithromycin. The data (mean ± SEM) 

represent 3 independent studies. Different letters indicate significant differences between concentrations (p < 

0.05). Error bars: SEM, there is no significant difference between the first 3 tested concentration and the 

control, no significant difference between 10 µg/L and 20 µg/L while there is a significant difference between 

the highest tested concentration, 100 µg/L, and the rest of the tested concentrations in addition to control. 

The obtained data by nonlinear regression using 3 parameters, Normal CDF (cumulative distribution 

function), Table 2, shows that at the end of the experiment, day 7, the effective concentration for 50% 

reduction, is 24 µg/L while the lowest observed effect concentration is 10 µg/L and there is no 

observed effect concentration at 5 µg/L azithromycin. Thus, the lowest observed effect 

concentration, 10 µg/L, and the lowest tested concentration, 2 µg/L, in addition to the control is 

chosen for the downstream steps of RNA extraction and qRT-PCR analysis. 

Table 2. Summary of NOEC LOEC, EC50, EC20 and EC10, at time points 4 and 7 regarding the growth rate for 
azithromycin. 

End Point Azithromycin (µg/L) 

Day 4 Day 7 
EC50 23 24 
EC50 95%-CL upper 3 11 
EC50 95%-CL lower 158 54 
EC20 8 9 
EC20 95%-CL upper 2 5 
EC20 95%-CL lower 37 18 
EC10 4 6 
EC10 95%-CL upper 1 3 
EC10 95%-CL lower 23 12 
LOEC 20 10 
NOEC 10 5 

Where EC50 is effective concentration for 50% reduction, EC20 is effective concentration for 20% reduction, 

EC10 effective concentration for 10% reduction, 95%–CL is confidence limits, LOEC is lowest observed effect 

concentration and NOEC is no observed effect concentration. 



Photosynthetic pigments extraction 
Photosynthetic pigments, Chl a, Chl b and carotenoids, play important roles in the absorption and 

conversion of light energy. The present data revealed that only the highest concentration of 

azithromycin, 100 μg/L, reduced the contents of Chl a and Chl b, with maximum inhibition ratios of 

65.28% and 59.27%, respectively, but it did not affect carotenoids significantly after seven days of 

exposure Figure 3 A–C. 
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Figure 3. Effects of azithromycin on the contents of (A) Chl a, (B) Chl b, and (C) carotenoids at day 7. Different 

letters indicate significant differences between concentrations (p < 0.05). Error bars: SEM, there is only 

significant difference between the control and the highest tested concentration regarding Chl a and Chl b but 

not for Carotenoids. 
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RNA Extraction 
Many different methods of cell disruption for the RNA extraction were tested, Table 3. The data shows 

that combining freeze-thawing for one cycle (-82 °C to 99 °C) for 5 - 3 minutes respectively, With the 

TissueLyser set at 50 Hz for 10 minutes producing the highest yield and purity of RNA extractions. 

Thus, this method was used for the downstream steps. 

Table 3. A comparison between different methods of cell disruption for RNA extraction. 

Method Concentration range 
(ng/µl) 

Purity range 
(260/280) 

Micro pestle & heat incubation (65 °C) 0.9 – 7.0 0.799 - 1.640 

Freeze-thawing cycles (three cycles, -82 °C to 

70 °C) 

9.21 – 14.8 1.643 – 1.850 

TissueLyser LT (50 Hz for 10 min, 5mm beads) 13.1 – 24.4 1.770 – 1.971 

TissueLyser LT & Freeze-thawing (-82 °C to 99 

°C) for one cycle 

29.40 – 42.45 1.966 - 2.046 

 

The data obtained from the RNA extraction, Table 4, show high yield and purity that can be used for 

the downstream steps of qPCR to analyse the expression of the gene of interest. 

Table 4. RNA concentration (ng/µl) and Purity (260/280) in regard to tested concentrations and control. 

 Sample Concentration (ng/µl) Purity (260/280) 

Experiment (1) 
Control 94.66 1.997 
2 µg/l 34.34 2.232 
10 µg/l 29.41 1.970 

Experiment (2) 
Control 128.76 2.085 
2 µg/l 87.3 2.046 
10 µg/l 42.43 1.937 

Experiment (3) 
Control 94.31 2.026 
2 µg/l 89.1 1.936 
10 µg/l 54.59 2.005 

 

Quantitative PCR 
The obtained Cq values from qRT-PCR, Appendix 3 table 6, were used to calculate ∆Ct, ∆∆Ct and fold 

change FC, Table7, for the genes of interest. Data shows, -∆∆Ct regarding both genes, that there is 

upregulation at 2 µg/l and downregulation at 10 µg/l with maximum fold changes, in 

downregulation, for both genes, pcna and Cyt P450, of 2.53 and 3.36 respectively were obtained at 

the concentration of 10 µg/l. However, according to one-way ANOVA test on ∆∆Ct values, there was 

a significant difference in pcna gene expression between the lowest tested concentration, 2 µg/l, and 

10 µg/l but no significant difference between both concentrations and the control. There was no 

significant difference between the tested concentrations or between the tested concentrations and 

control, regarding the Cyt P450 gene. 
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Figure 4. Effects of azithromycin on the gene expression of pcna (A) and Cyt P450 (B) at 7 days. Different letters 

indicate significant differences between concentrations, according to ∆∆Ct values, (p < 0.05), Error bars: SD. 

There is only significant difference between 2 µg/l and 10 µg/l concentrations regarding pcna but no significant 

difference for Cyt P450. 

 

Discussion 

OD Measurement 
According to Lúcia et al. (2011), light absorbance for a solution with R. subcapitata screened between 

600 and 800 nm. Two peaks were obtained (at 624nm and 684nm) with the highest absorbance at 

684nm, representing the wavelength of maximum sensitivity to quantify R. subcapitata samples. 

Thus, the OD684 measurement was used to link cell density via hemocytometer to OD measurements 

and generate an equation that suits the experimental conditions. The equation obtained from this 

study was different from the equation obtained from the study by Lúcia et al. (2011) due to the 

difference in used media. The equation obtained herein was used to calculate cell density. However, 

this will provide an estimated cell density and not an absolute cell density as if a hemocytometer or 

electronic cell counter were used. 

Growth Inhibition test 
Azithromycin which is a broad-spectrum macrolide is one of the most frequently used and persistent 

antibiotics with a high environmental risk.  In comparison to erythromycin, to which it is structurally 

related, azithromycin is extremely stable at low pH, with a long serum half-life and elevated doses in 

biota tissues (Fu et al., 2017).  In addition, azithromycin antibiotic has also been added to the EU 

Watch List for EU monitoring of water policy, by Commission Implementing Decision (EU) 2018/840 

(Almeida et al., 2021). Ecotoxicological risk assessment research findings have already revealed that 
this macrolide poses a threat to the aquatic environment (Golbaz et al., 2021; Välitalo et al., 2017; 

Zhou et al., 2016).  

In this study the exposure period was extended to 7 days instead of 3 days, due to the fact that algal 

culture did not reach 16 folds after 3 days, figure 1, thus necessitated the extension of the exposure 

A B 



period according to the OECD guidelines. limitation of equipment and space led to using small bottles 

for the algal culturing and filter papers as covers which would block the light and result in relatively 

slow growth of algal culture in comparison with the OECD guidelines recommendations, if 

Erlenmeyer Flasks were used and covered by a small cotton plug relative to its size, thus, block the 

light from a small part of the bottom of the flask but since the culture is moving by a shaking incubator 

and the flask button is relatively bigger than its neck, the blockage would not be an issue. In addition, 

a longer exposure period can ensure sufficient algal biomass harvested for qRT-PCR analysis, 

especially in the treatment group of azithromycin. 

In the present study, an EC50 of 24 µg/L for 7 days of exposure was obtained. Different studies on 

azithromycin effects on R. subcapitata obtained different EC50 values due to the different strains of 

R. subcapitata used in each research and different conditions applied. Almeida et al. (2021) and Fu et 

al. (2017) reported an EC50 of 51 µg/L, and 5 µg/L for 3 days, respectively, an order of magnitude 

higher and lower than in the present study. In a comparison between the algal used in this study and 

the previously mentioned studies, all studies followed the OECD guidelines but the strains of R. 

subcapitata used in each experiment were collected from different environments, and the applied 

conditions were different in each study thus leading to a different response to toxins, subsequently, 

different EC50 values were obtained. on the other hand, the EC50 value would remain constant after 

a sufficient period of time, reaching 16 folds suggested in the OECD guidelines, thus, the difference in 

the exposure time between the mentioned studies and this study should not affect the EC50 value. 

However, since these EC50 values are less than 1 mg/L, this compound is categorized as very toxic 

to aquatic life in accordance with environmental classifications, labeling, and packaging of substances 

and mixtures (Almeida et al., 2021). 

The calculated potential ecological risk of azithromycin in aquatic environment (RQ) in this study 

was 0.08 where RQ was calculated according to the EC50 obtained from the present study and the 

concentration of azithromycin monitored in Swedish water streams. The ecological risk ranking 

criterion was as following: RQ ≥ 1, high risk; 0.1 ≤ RQ < 1, medium risk; 0.01 ≤ RQ < 0.1, low risk; and 

RQ < 0.01, insignificant (Hernando et al., 2006; Sánchez-Bayo et al., 2002). Thus, the RQ obtained in 

this study represents low risk. 

Photosynthetic pigments extraction 
Chlorophylls are widespread in nature and play a vital role in photosynthesis. Pigments are known 

to be bioactive substances with significant nutritional value. These chlorophylls have two primary 

absorption bands, which are green or blue (450-475 nm) and red (630-675 nm), resulting in their 

distinctive green color (Wan et al., 2021). Chlorophyll a and chlorophyll b are the two primary forms 

of chlorophyll. Chlorophyll a (C55H72O4Mg with a functional group of -CH3) is an essential light-

harvesting pigment, converting light energy into chemical energy.  Chlorophyll b (C55H70O6N4Mg 

with a functional group of -CHO) participates in photosynthesis indirectly by transferring the light it 

absorbs to Chlorophyll a (Fernandez et al., 1990; Zeb et al., 2022). Carotenoids in algae primarily 

function as photosynthesis accessory pigments. Carotenoids are chemically classified as carotenes 

and xanthophylls. Carotenes are a group of carotenoids with hydrocarbons that lack oxygen. 

Xanthophylls are carotenoids that contain oxygen in the form of –OH groups, oxi-groups, or a 

combination of both. Carotenoids' high reactive conjugated double bonds make them effective at 

trapping free radicals and thus serve as antioxidants (Christaki et al., 2013; Guedes et al., 2011). 

The present study revealed that only the highest concentration of azithromycin, 100 μg/L, reduced 

the contents of Chl a and Chl b, figure 3A-B, with maximum inhibition ratios of 65.28% and 59.27%, 



respectively, but it did not affect carotenoids significantly, figure 3C, after 7 days of exposure to 

azithromycin. Reduced formation of these photosynthetic pigments, Chl a and Chl b, resulted in a 

decrease in light energy absorbed in the reaction centres. Furthermore, when the ratio of these 

photosynthetic pigments is optimal, algae can efficiently utilize light energy (Qian et al., 2018). As a 

result, the significant change in Chl a and Chl b suggested that the absorption of light energy was 

inhibited under high concentrations of azithromycin treatment while no effects on carotenoids were 

observed. Thus, azithromycin affected light-harvesting pigments, light transformation to Chlorophyll 

a, while not affecting carotenoids including antioxidants. 

RNA Extraction 
Certain phytoplankton cell walls, such as these for R. subcapitata, are composed mainly of 

hemicellulose and saccharides, which inhibit the release of intracellular biological molecules (Abo-

Shady et al., 1993). Whereas the composition of the membrane and cell wall may affect disruption 

efficiency in various biota, the extent of cell disintegration is expected to vary depending on the algal 

species (Lavoie et al., 2009). A variety of treatment schemes have been developed and used to break 

down algal cells. Freezing, alkali and organic solvents, sonication, high pressure homogenization, 

bead milling, microwaving, enzymatic lysis, and manual grinding are a few examples (Zheng et al., 

2011). 

According to Aderemi et al. (2015), the method bead milling, using the appropriate parameters, is 

one of the most effective methods in disrupting R. subcapitata cells, for the extracting of intracellular 

substances. The freeze–thaw procedure is a "mild" homogenization method that is frequently used 

in collaboration with other homogenization methods. Moreover, a few enzymes are sensitive to 

repeated freeze-thaw cycles. Some enzymes' activities could be reduced by as much as 30% (Gagné, 

2014). Anyway, enzymes extraction is not needed herein. 

In this study the data revealed that combining both methods, freeze-thawing for one cycle (-82 °C  to 

99 °C) for five-three minutes respectively, with beads beating, two 5 mm beads, by TissueLyser 50Hz 

for 10 minutes, has the highest RNA yield (42.45 ng/µl) and purity (260/280: 2.046), Table 3, on the 

contrary Micro pestle & heat incubation method (65 °C for 3 minutes) has the least RNA yield (7.0 

ng/µl) and purity (260/280: 1.640). 

According to NanoDrop Lite protocol, the machine used for the measurements, 260/280 ratio of ~1.8 

is generally accepted as “pure” for DNA, and a ratio of ~2.0 is accepted as “pure” for RNA. As it can be 

seen in table 4, that was the case, since the ratio of the absorbance at the wavelength of 260nm and 

280nm (A260/A280) was close to 2.0, indicating that the samples were pure. In addition, this method 

used for cell lysis in the downstream steps yielded even higher RNA concentration. 

Quantitative PCR 
To metabolize chemicals in algal cells, exogenous compounds go through three different 

detoxification phases, transformation, conjugation, and compartmentation (Torres et al., 2008). Cyt 

P450 can act as a catalyst for various single oxidation or hydroxylation reactions in phase I of 

exogenous chemical metabolism, capable of excreting exogenous chemicals by bio-transforming 

lipophilic heterologous chemicals into compounds with increasing water solubility (Khanom et al., 

2019). Cytochrome P450 monooxygenases are engaged in the biosynthetic pathway of many plant 

compounds, including phenylpropanoids, lipids, and phytohormones. The epsilon-ring carotenoid 

hydroxylation reaction is associated with the formation of lutein, the most extensive carotenoid in 



photosynthetic tissues. Tian and DellaPenna (2004) recently reported that this reaction is caused by 

a cytochrome P450. 

Peng et al. (2021) reported decreased cyt P450 expression when R. subcapitata was exposed to 

clarithromycin at high levels, Thus, resulting in the production of reactive oxygen species (ROS). 

Furthermore, for the production of reactive oxygen species (ROS) when the same algae exposed to 

azithromycin, significant differences from the control were only obtained for microalgae exposed to 

20 µg/L, with a 44% increase for ROS (Almeida et al., 2021). In this study, figure 4B, data shows that 
the maximum fold changes, downregulation, for Cytochrome P450, Cyt P450, was 3.36 was obtained 

at the concentration of 10 µg/l. However, there was no significant difference between the tested 

concentrations or between the tested concentrations and control. This indicates that Cyt P450 gene 

expression remained intact at these concentrations (10 µg/L and 2 µg/L). Thus, it might indicate that 

it did not affect the oxidation or hydroxylation reactions in phase I of exogenous chemical metabolism 

nor the formation of lutein and this concur with the carotenoids extraction results in this study. On 

the other hand, according to previous studies the effects could be considerable at higher 

concentrations. 

PCNA, proliferating cell nuclear antigen, is a protein that was discovered to be a DNA polymerase 

processivity factor, which is necessary for DNA synthesis during replication (Bravo et al., 1987; 

Prelich et al., 1987; Tan et al., 1986). Furthermore, PCNA activities are linked to other critical 

biological processes such as chromatin remodelling, DNA repair, sister-chromatid cohesion, and cell 

cycle regulation (Maga & Hübscher, 2003). The packing of pcna onto chromatin is a critical stage in 

the initiation of DNA synthesis (Kang et al., 2019). Previous research has reported that inhibiting 

pcna expression causes morphology and structural changes in the cell nucleus (Li et al., 2015). During 

DNA replication, pcna must be opened and closed in order to completely encircle the DNA. Thus, the 

reduction in pcna expression could provoke the inhibition of elongation phase (Sakato et al., 2012). 

Anyway, regarding G1 (Gap phase), and G2 (growth) phases, it has been reported that exposure to 

azithromycin increased DNA values during the G1 phase while decreasing them during the G2 phase. 

Antibiotics have already been linked to changes in DNA replication and repair in algae (Liu et al., 

2011) 

Guo et al. (2020) reported decreased pcna expression in R. subcapitata when exposed to 

roxithromycin. While a study by Almeida et al. (2021) revealed a potential reduction in cell division 

and/or genotoxic effects of azithromycin on this algae, DNA values increased in G1, decreased in G2 

and remained intact in S phase. In the present study, figure 4A, shows that the maximum fold changes, 

downregulation, for pcna was 2.53 were obtained at the concentration of 10 µg/l, in addition, there 

was a significant difference in pcna gene expression between the lowest tested concentration, 2 µg/l, 

and 10 µg/l but no significant difference between both concentrations and the control. The significant 

difference in pcna gene expression, downregulation, between the lowest and the highest tested 

concentration may predict that there will be downregulation in gene expression in higher 

concentration. As mentioned early, azithromycin affected G1 phase and G2 phase by increasing and 

decreasing DNA values respectively. According to Strzalka and Ziemienowicz (2011) pcna interact 

with proteins in G1 phase while blocking others in G2 phase, i.e in G1 phase it acts as a link between 

Cdk2 and its substrates, for example RFC and DNA lig1, which are phosphorylated by the Cdk2 kinase. 

Thus downregulation of pcna gene concur with Guo et al. (2020) study, since roxithromycin has 

similar structure to azithromycin. In addition it confirms the study by Almeida et al. (2021) of the 



effect of azithromycin on R. subcapitata regarding changes in G1 and G2 phases. However, the gene 

expression of samples exposed to higher concentration of azithromycin should be studied. 

 

Conclusion 
EC50 value obtained in this study was less than 1 mg/L, which indicates that this compound is 

categorized as very toxic to aquatic life. On the other hand, the risk in aquatic environment in Swedish 

water streams obtained in this study represents low risk. The present study clearly identified the 

toxic effects of azithromycin to R. subcapitata. The significant induction in Chl a and Chl b suggested 

that the absorption of light energy was inhibited under high concentrations of azithromycin 

treatment while no effects on carotenoids were observed. Thus, azithromycin affected light-

harvesting pigments, light transformation to Chlorophyll a, while not affecting carotenoids 

antioxidants. On the gene levels, the data shows that azithromycin in low levels did not affect 

cytochrome P450 expression and this might indicate that it did not affect the oxidation or 

hydroxylation reactions in phase I of exogenous chemical metabolism nor the formation of lutein 

carotenoid. The expression of pcna, proliferating cell nuclear antigen, was not significantly different 

between the tested concentrations, lowest observed effective concentration and lower, and the 

control. However, there was significant difference, downregulation, between the two tested 

concentrations, this may predict that there will be downregulation in gene expression in higher 

concentration. Thus, affecting DNA values in G1 phase and the related proteins in G1 phase and G2 

phase. However, in the genotoxicity case, higher concentrations should be studied for more robust 

results. 
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Appendix 

Disk diffusion test 
Disk diffusion step was performed as a confirmational step. One million algal cells were inoculated 

on a 0.8% agar plates. Azithromycin-containing paper disks with different concentrations are then 

applied to the agar plates, in triplicates. The plates are then incubated at 22 ± 2 ◦C under continuous 

illumination 7000 – 8500 Lux for 7 days. Figure 1A shows a clear pattern between azithromycin 

concentration and algal growth. The highest algal inhibition was observed around the highest tested 

concentrations.  

 

Figure 1A. Disk diffusion test for the effect of azithromycin on R. Subcapitata. A similar trend to the obtained 

algal growth regarding different azithromycin concentrations was obtained. 
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Figure 2A. This figure shows algal cell density in relation to OD684 Measurements, n=11, using Microsoft Office 

(Excel 2019). 
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Table 1. Calibration Table for OD684 Measurements and cell density, n=10, according to ToxRatPro©. 

Calibration Table Alga, Growth Inhibition Test 

R²: 0.997 r: 0.998608 Slope b: 3.58E+07    Significance r 
Cell 
count 

Fluorescence Fluorescence Cell 
count 

x*y x² y² y^  r 0.9986 

940000 0.0259 0.026 9.40E+05 2.43E+04 0.001 8.84E+11 9.26E+05 n 10 
790000 0.0219 0.022 7.90E+05 1.73E+04 0.000 6.24E+11 7.83E+05 z 2.9958 
590000 0.0163 0.016 5.90E+05 9.62E+03 0.000 3.48E+11 5.83E+05 Alpha 0.0500 
540000 0.0148 0.015 5.40E+05 7.99E+03 0.000 2.92E+11 5.29E+05 Direction 1.0000 
420000 0.0123 0.012 4.20E+05 5.17E+03 0.000 1.76E+11 4.40E+05 critical z  1.6449 
220000 0.0069 0.007 2.20E+05 1.52E+03 0.000 4.84E+10 2.47E+05 p(z) 0.0014 
170000 0.0056 0.006 1.70E+05 9.52E+02 0.000 2.89E+10 2.00E+05     
40000 0.0024 0.002 4.00E+04 9.60E+01 0.000 1.60E+09 8.58E+04     
20000 0.0017 0.002 2.00E+04 3.40E+01 0.000 4.00E+08 6.08E+04     
10000 0.0009 0.001 1.00E+04 9.00E+00 0.000 1.00E+08 3.22E+04     
    0.109 3.74E+06 6.70E+04 0.002 2.40E+12 3.89E+06     
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Figure 3A. A comparison between growth inhibition percentage at 3,4, and 7 days for R. subcapitata treated 

with azithromycin.  

 

Appendix 3 
 

Primer validation 
The validation performed by five steps, ten folds dilution using qPCR to obtain the best primer with 

the best concentration. The results for 18s, ubc, pcna and Cyt P450 genes primers’ validation 

obtained according to table 2. 



Table 5. This table shows Primers’ sequence, concentration, R² (∆Rn), Efficiency (%), Cq SD Treated Ind. (∆Rn), 

Tm Product (-Rn'(T)) of the obtained primers used for validation. 

ubc primers Forward: TGCCGCTTCACTTCGGACAT, Reverse: 
CAGGCTGGTGCAGGATGGA 

Concentration 
(ng/µl) 

Cq 
(∆Rn) 

R² 
(∆Rn) 

Efficiency 
(%) 

Cq SD Treated Ind. (∆Rn) Tm Product (-Rn'(T)) 

20 35.88 1 95.9 0.029022938 86.5 

2 18.63 1 95.9 0.062095883 86 

0.2 22.07 1 95.9 0.052374399 86 

0.02 25.34 1 95.9 0.454269499 86 

0.002 28.92 1 95.9 0.838680032 86 

Cyt P450 primers Forward: GGACACAGACCTGCTGTCGT, Reverse: GCGAGCACCATCGTCTGCA 

Concentration 
(ng/µl) 

Cq 
(∆Rn) 

R² 
(∆Rn) 

Efficiency 
(%) 

Cq SD Treated Ind. (∆Rn) Tm Product (-Rn'(T)) 

20 No Cq 0.978 116.2 No Cq 68.5 

2 26.91 0.978 116.2 0.16522951 89 

0.2 30.63 0.978 116.2 0.377586494 88.5 

0.02 32.83 0.978 116.2 0.870356334 88.5 

0.002 No Cq 0.978 116.2 No Cq 67.5 

pcna primers Forward: TTGCGTGGCTGCGTATTGAA, Reverse: 
CGGAGCTTTACAAGAGAGGGA 

Concentration 
(ng/µl) 

Cq 
(∆Rn) 

R² 
(∆Rn) 

Efficiency 
(%) 

Cq SD Treated Ind. (∆Rn) Tm Product (-Rn'(T)) 

20 19.58 0.989 104.2 0.347765658 87.5 

2 22.35 0.989 104.2 0.757265059 87 

0.2 26.9 0.989 104.2 0 87 

0.02 28.83 0.989 104.2 0.239409996 87 

0.002 32.47 0.989 104.2 0.06469279 87 

18s primers Forward: GGGAAAGTCCTTAGAGCCCCT, Reverse: 
CATGAACAAGCAACCCACTGC 

Concentration 
(ng/µl) 

Cq 
(∆Rn) 

R² 
(∆Rn) 

Efficiency 
(%) 

Cq SD Treated Ind. (∆Rn) Tm Product 1 (-
Rn'(T)) 

20 12.1 0.998 98.1 0.729209929 86 

2 15.11 0.998 98.1 0.630338484 86 

0.2 18.65 0.998 98.1 0.353366731 86 

0.02 22.39 0.998 98.1 0 86 

0.002 25.3 0.998 98.1 0 86 

 

qPCR process 
the reaction was performed in 20 μL, which consisted of 10 μL 2 × SYBR real-time PCR premixture, 

10 μM forward and reverse primer, 2 ng cDNA, and 8.2 μL RNase free dH2O. the thermal profile was 

as following: thermally denatured at 95 °C for 5 minutes followed by 40 cycles consisting of 95 °C for 

15 seconds and 60 °C for 30 seconds. While the temperatures ranging from 60 °C to 95 °C, melting 

curve analysis was conducted at the end of each run. The mRNA levels for each target gene were 

calculated with the 2-ΔΔCt method and normalized to a housekeeping gene 18s and ubc. Subsequently, 



estimating the expression of azithromycin-treated samples relative to that of controls for each gene, 

pcna and Cyt P450. 

Table 6. The data obtained from qPCR process regarding the genes of interest pcna, Cyt P450 and the reference 

genes ubc and 18s. 

Sample Cq (∆Rn) Cq Avg. Treated 
Ind. (∆Rn) 

Cq SD Treated Ind. 
(∆Rn) 

Tm Product 
(-Rn'(T)) 

C1 pcna 22.11 22.12346 0.268849 87 

C2 pcna 23.12 23.12055 0.157167 87 

C3 pcna 21.91 21.90872 0.128741 87 

2 1 pcna 23.06 23.06662 0.188979 87.5 

2 2 pcna 22.8 22.79804 0.250752 87 

2 3 pcna 22.41 22.40826 0.092542 87 

10-1 pcna 20.96 20.97254 0.164395 87.5 

10-2 pcna 21.53 21.53801 0.223059 87 

10-3 pcna 22.33 22.33295 0.153739 87 

C1 18s 15.08 15.08131 0.060845 85.5 

C2 18s 15.75 15.75594 0.131223 85.5 

C3 18s 16.47 16.4656 0.167211 85.5 

2 1 18s 14.79 14.7863 0.056897 85.5 

2 2 18s 14.63 14.61608 0.275776 85.5 

2 3 18s 16.12 16.12013 0.012229 85.5 

10 1 18s 15.99 15.98852 0.021273 85.5 

10 2 18s 16.33 16.33365 0.018857 85.5 

10 3 18s 16.68 16.67878 0.01644 85.5 

C1 Cyt P450 26.55 26.55164 0.037474 89 

C2 Cyt P450 30.27 30.2731 0.12362 89 

C3 Cyt P450 31.03 31.04439 0.314326 89 

2 1 Cyt P450 30.34 30.35452 0.354803 89 

2 2 Cyt P450 30.1 30.11056 0.245163 89 

2 3 Cyt P450 29.86 29.8666 0.135523 89 

10 1 Cyt P450 27.5 27.50225 0.029701 89 

10 2 Cyt P450 29.49 29.49298 0.09071 89 

10 3 Cyt P450 27.52 27.51855 0.184343 89 

C1 ubc 22.26 23.12489 0.316948 86.5 

C2 ubc 23.1 22.26113 0.138566 86.5 

C3 ubc 24.82 24.82047 0.088593 86.5 

2 1 ubc 24.9 22.54925 0.125799 86.5 

2 2 ubc 23.725 23.73127 0.200795 86.5 

2 3 ubc 22.55 24.91329 0.27579 87 

10 1 ubc 23.35 23.92397 0.070156 86.5 

10 2 ubc 24.82 23.35239 0.033157 86.5 



10 3 ubc 23.92 24.82593 0.112768 86.5 

 

Table 7. the calculated mean ∆Ct, ∆∆Ct and fold change (FC) for each gene of interest pcna and Cyt P450. 

pcna gene expression Cyt P450 gene expression 

Sample ∆Ct ∆∆Ct FC (2-∆∆Ct) Sample ∆Ct ∆∆Ct FC (2-∆∆Ct) 

Control 6.61333 0 1 Control 5.89 0 1 

2 µg / L 7.57667 0.96333333 0.512871 2 µg / L 6.375 0.485 0.714497 

10 µg / L 5.27333 -1.34 2.531513 10 µg / L 4.14 -1.75 3.363586 

 

 

 


