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Abstract

Tetracycline is one of the most worldwide used antimicrobial agents. Unfortunately, it is partially metabolized
by human body and a significant amount is excreted unchanged into wastewater. In addition, its resistance to
biodegradation during wastewater treatment leads to a persistent occurrence in aquatic environments. There,
tetracycline exerts a selective pressure on microbial communities, promoting the emergence and spread of
antibiotic resistance genes such as tetA and tetM. Tetracycline concentrations in surface waters could reach
up to 20 ug/L. This concentration level has been sufficient to induce sublethal effects in sensitive bacteria and
to promote adaptive mechanisms within aquatic microbial populations. The aim of this study was to explore
microbial adaptation mechanisms, especially of Vibrio fischeri incubated in presence of 0.3+5 mg/L
tetracycline. Tested tetracycline concentrations were higher than those typically found in the environment, but
they were selected to define adaptation limits and clearly observe toxic effects under controlled laboratory
conditions such as Vibrio fischeri bioluminescence and optical density (ODsoo). Results revealed significant
reductions in both bioluminescence and viability at concentrations as low as 0.6 mg/L and a complete
inhibition at 5 mg/L. The Relative Light Units (RLU) / ODsoo, ratio indicated changes in bacterial metabolic
efficiency across the tested range. The dose—response patterns were aligned with ecotoxicity thresholds and
supported the integration of V. fischeri-based assays into environmental risk assessment frameworks. Chronic
exposure results further suggested that sublethal antibiotic levels may influence microbial community structure
and resistance development in aquatic ecosystems.
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INTRODUCTION

Tetracycline (TET) is a broad-spectrum antibiotic extensively used in human and veterinary
medicine. Its widespread application and incomplete biodegradation during metabolic processes
result in its release into wastewater via bodily excretion, eventually reaching surface waters,
sediments, and even groundwater. The persistence of TET in these ecosystems has raised
ecotoxicological concerns due to its potential effects on non-target organisms across trophic levels
[1]. In order to evaluate its presence and environmental risk, several parameters are commonly used:
the effective concentration at 50% (ECso), the lethal concentration at 50% (LCso), the no observed
effect concentration (NOEC), and the lowest observed effect concentration (LOEC), all of which are
essential for environmental risk assessment. ECso refers to the concentration producing 50% of the
maximal observed effect (e.g., bioluminescence inhibition in V. fischeri) and is used to assess sub-
lethal potency. LCso indicates the concentration at which 50% of exposed organisms die, providing a
measure of acute toxicity. NOEC is the highest concentration tested that causes no statistically
significant effect compared to the control, while LOEC is the lowest concentration at which
statistically significant adverse effects are first observed. These parameters enable a nuanced
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evaluation of immediate and long-term biological impacts of emerging contaminants, including
antibiotics. Reporting ECso together with NOEC/LOEC is recommended because response and
sensitivity differ between acute and longer exposures [2]. Phytoplankton, particularly green algae and
cyanobacteria, have shown notable sensitivity to TET with cyanobacteria frequently exhibiting
greater susceptibility [3, 4]. Various other biological models have shown sensitivity to TET. Chlorella
pyrenoidosa exposed to 0.5+10 mg/LL TET developed oxidative stress, significantly inhibiting
pigment production (up to 62%) and growth (up to 49%) [5]. Algal toxicity has been reported at ECso
values between 0.0018 and 20.6 mg/L [6, 7], while cyanobacteria was identified as particularly
sensitive [8]. Invertebrates such as Daphnia magna exhibit chronic sensitivity, with NOEC values as
low as 0.01 mg/L. Exposure of Daphnia magna to 0.1+0.5 mg/L reduced growth rate by 30+-60%,
while 29.4 mg/L over 21 days caused population collapse [9]. Acute LCso values for Danio rerio
exposed to tetracycline generally range from 84 to over 500 mg/L [6], while sublethal developmental
and endocrine effects, including embryotoxicity, apoptosis, and thyroid disruption, have been
reported at concentrations as low as 0.4 mg/L [10, 11]. These findings indicate that TET effects can
occur well below acute toxicity thresholds, emphasizing the need for chronic and sub-lethal exposure
assessments. Regulatory agencies such as the European Medicines Agency and Joint Research Centre
report standardized ECso values ranging from 0.0018+20.6 mg/L in algae, 0.22+120 mg/L in
invertebrates, and 84+1000 mg/L in fish. Predicted no-effect concentrations (PNECs) are often below
1 ng/L, suggesting ecological risk even at environmentally relevant levels. The marine bacterium V.
fischeri, a Gram-negative, rod-shaped, non-pathogenic organism known for its natural
bioluminescence regulated via quorum sensing, is a widely used bioindicator in ecotoxicological
research. Its bioluminescence inhibition forms the basis of standardized assay Microtox® test [12],
offering high sensitivity, short duration, low cost, and ease of use [13]. Its luminescence is tightly
linked to cellular metabolism, with disturbances in respiratory activity or protein synthesis rapidly
reflected in reduced light emission [14]. Across classes (metals, PAHs, pesticides, pharmaceuticals,
nanomaterials), V. fischeri bioluminescence inhibition tests often provide early and highly sensitive
indicators of contaminant toxicity—sometimes detecting sub-lethal effects long before other
bioassays [15]. However, short exposure times (acute teste) may underestimate pollutants that impact
long-term physiological processes [16]. Because acute-to-chronic relationships in V. fischeri depend
on chemical mode of action, it was considered both exposure durations [17]. Recent studies integrate
chronic exposure protocols, enabling assessment of microbial adaptation and resistance mechanisms
under prolonged stress [18]. Thus, combining acute and chronic tests, V. fischeri offers a more
accurate representation of ecological stress and adaptation potential under prolonged TET exposure.
This study aimed to characterize V. fischeri sensitivity to varying TET concentrations by measuring
bioluminescence and ODsoo and exploring adaptation mechanisms under chronic conditions.

Despite the extensive ecotoxicological research on tetracycline, several important knowledge gaps
remain unresolved. Most available studies focus either on acute toxicity or on single-endpoint
measurements, providing limited insight into how bacterial systems respond to prolonged, sublethal
antibiotic exposure. In particular, comparative assessments of V. fischeri under acute versus chronic
tetracycline stress are scarce, leaving uncertainties regarding the transition between short-term
metabolic inhibition and long-term adaptive responses. The mechanisms by which V. fischeri
modulates bioluminescence and viability at sublethal tetracycline concentrations also remain poorly
characterized. Furthermore, the metabolic efficiency indicator RLU/ODsoo—highly relevant for
distinguishing between growth impairment and metabolic disruption—has rarely been used to
evaluate antibiotic-induced stress [19]. Additionally, tetracycline’s mode of action, involving binding
to the 30S ribosomal subunit and inhibition of aminoacyl-tRNA entry [20, 21], suggests potential
impacts on the lux bioluminescent pathway.

Addressing these gaps, this study integrates acute and chronic assays with metabolic normalization
to evaluate sublethal stress and adaptation thresholds in V. fischeri. To our knowledge, this is one of
the few studies comparing acute and chronic effects of tetracycline on V. fischeri using the
RLU/ODsoo metabolic ratio to investigate early adaptation mechanisms.
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MATERIALS AND METHOD

Bacterial strain and culture conditions

The bioluminescent strain V. fischeri (ATCC 7744) was reactivated following ISO 11348-3 [22] using
a kit produced by Modern Water. Lyophilized bacteria were reconstituted in 1 mL of bacterial
activation solution — AZF686016, serving as the stock culture.

Preparation of tetracycline solutions

A tetracycline stock solution (1 g/L; 98.0+102.0% purity, HPLC; Sigma-Aldrich, Germany) was
prepared in sterile water, sterilized by filtration through a 0.22 pm membrane, and stored at 4°C in
dark glass bottles.

Ecotoxicological acute and chronic tests

Although the tetracycline concentrations selected for this study exceed those typically reported in
natural aquatic environments, their inclusion is essential for defining the physiological and adaptive
limits of Vibrio fischeri under controlled laboratory conditions. Higher concentrations allow the
identification of inflection points between sublethal stress, metabolic compensation, and complete
functional inhibition—transitions that cannot be fully captured at environmentally relevant levels
alone. Furthermore, localized contamination events, such as effluent discharges from wastewater
treatment plants or pharmaceutical production sites, may temporarily expose microbial communities
to elevated antibiotic levels, making upper-range testing ecologically meaningful. By encompassing
both environmental and supra-environmental concentrations, the study provides a more
comprehensive understanding of bacterial resilience, stress thresholds, and potential adaptation
mechanisms relevant to real-world exposure scenarios.

In acute toxicity tests, V. fischeri was exposed to tetracycline (1 mg/L+1 g/L) for up to 30 min. This
upper range was selected to ensure a full inhibition profile for accurate ECso determination.

During all bioassays, pH values were maintained within the recommended range for V. fischeri
(6.0+8.5, optimum 7.0+7.5), and salinity was adjusted to 2% NaCl (within the acceptable range of
1.8+2.2%) according to ISO 11348-3 [22] and Microtox® testing standards. Chronic tests were
carried out up to 48 h, in presence of 0.3, 0.6, 1.25, 2.5, and 5 mg/LL TET. Incubations were carried
out at 25°C in the dark, with continuous shaking at 160 rpm. The 25°C incubation temperature was
selected to optimize bacterial metabolic activity during prolonged exposure. Negative controls
contained LB broth (Lennox) from Chemsolute, without TET. Positive controls consisted of 3, 5-
dichlorophenol (3, 5-DCP; Sigma-Aldrich, Germany), used as a reference toxicant according to ISO
11348-3 [22] guidelines, to verify the sensitivity of V. fischeri.

Bioluminescence and optical density measurements

Bioluminescence of V. fischeri cultures exposed to various TET concentrations was measured using
a Microtox® Model 500 Analyzer (Modern Water Inc., USA). The emitted light was recorded as
Relative Light Units (RLU). Bioluminescence inhibition (%) was calculated by comparing the
luminescence of V. fischeri exposed to TET with that of the untreated control, using the formula (1):

Inhibition (%) = (I-RLUexposed / RLUcontrol) x 100 (1)

Optical density at a wavelength of 600 nm (ODsoo) was recorded to monitor bacterial growth and was
acquired with a SHIMADZU spectrophotometer (Kyoto, Japan) [23]. The ECso was estimated from
the inhibition curve using non-linear regression analysis. NOEC was observed compared to the
control, while LOEC was identified as the lowest concentration producing a statistically significant
effect. The RLU/ODsoo ratio monitor the biomass-related variability and assess the metabolic activity
per cell density.

109



Statistical analyses

All experiments were performed in triplicate. Bioluminescence and ODsoo were analyzed separately
by one-way ANOVA. Normality (Shapiro—Wilk) [24] and homogeneity of variances were tested;
Tukey’s HSD was used for p <0.05. The concentration—response for bioluminescence inhibition was
fitted using a four-parameter logistic (4PL) model [25] in Microsoft Excel (GRG Nonlinear Solver).
ECso and Hill slope were estimated; fit quality was evaluated with R2.

RESULTS AND DISCUSSION

Acute tests

Exposing V. fischeri to concentrations of 1 mg/L to 1 g/L TET using acute Microtox assay, it was
determinate ECso = 5 mg/L.

Chronic tests and adaptation

Results showed a significant decrease in bioluminescence at concentration higher than 0.6 mg/L TET,
with luminescence completely suppressed at 5 mg/L TET. ODsoo followed a similar decreasing trend.
The metabolic activity per unit biomass (RLU/ODsoo) had a relatively higher metabolic efficiency at
0.3 mg/L TET, suggesting a potential bacterial adaptation to sublethal stress (Table 1).

Statistical interpretation: ANOVA revealed highly significant differences among treatments for both
bioluminescence and ODsoo (p < 0.001 for each). Tukey’s HSD statistical analyses tests identified a
LOEC for bioluminescence at 0.3 mg/L. and a NOEC below 0.3 mg/L. The ODsoo analyses showed a
LOEC at 0.6 mg/L and a NOEC at 0.3 mg/L. The 4PL regression model provided an ECso estimate
of 0.6 mg/L, with an excellent goodness-of-fit (R* > 0.98), confirming the robustness of the
concentration—response relationship (Table 2). These values reflect short-term metabolic inhibition
and do not capture adaptation effects observed in chronic exposure. These results indicated that V.
fischeri bioluminescence was more sensitive than growth measurements to TET exposure. This
divergence between acute and chronic sensitivity aligns with mode of action-dependent patterns
reported for V. fischeri [15].

Table 1. Bioluminescence, ODsoo, and normalized RLU/ODsoo for V. fischeri under chronic

exposure (48 h)
TET Bioluminescence ODsoo RLU/ODsoo* Inhibition
(mg/L) (Mean = SD) (Mean = SD) (%)**
0.00 200+ 2.00 0.225 £ 0.001 889 0.00
0.30 160 +2.00 0.139+0.001 1151 20.0
0.60 96.0 £2.00 0.034 +0.001 2824 52.0
1.25 23.0+£1.00 0.023 £0.001 1000 88.5
2.50 1.00 £ 0.00 0.021 +£0.001 47.6 99.5
5.00 0.00 = 0.00 0.020 + 0.001 0.00 100

*RLU/ODesoo values were calculated to assess metabolic activity per cell density. Deviations across
concentrations may reflect differential stress responses or survival dynamics

Table 2. Statistical analyses for ecotoxicological parameters of V. fischeri exposed to TET

Parameter Statitical Values

ANOVA p-value (Bioluminescence) <0.001
ANOVA p-value (ODsoo) <0.001
NOEC (Bioluminescence) <0.3 mg/L
LOEC (Bioluminescence) 0.3 mg/L
NOEC (ODsoo) 0.3 mg/L.
LOEC (ODsoo) 0.6 mg/L
ECso (Bioluminescence) 0.58 mg/L

R? (4PL Fit) > (.98
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Notes: NOEC (No Observed Effect Concentration) and LOEC (Lowest Observed Effect Concentration) were
determined using one-way ANOVA followed by Tukey’s HSD test (p < 0.05). ECso was derived from a 4PL
model fitted to the bioluminescence inhibition data. The coefficient of determination (R?) indicates the
goodness-of-fit of the model.

Statistical analysis revealed that V. fischeri exhibited greater sensitivity in bioluminescence responses
than in ODsoo-based growth measurements when exposed to low tetracycline concentrations. This
finding aligns with previous observations that bioluminescence inhibition often precedes detectable
growth inhibition [26], and that metabolic readouts such as luminescence are more responsive than
growth metrics under stress conditions [27]. The 4PL model confirmed that half-maximal inhibition
occured at ~0.58 mg/L, which was within the concentrations range known to induce sublethal stress
in aquatic microorganisms. The difference in LOEC values between bioluminescence (0.3 mg/L) and
ODsoo (0.6 mg/L) suggested that metabolic impairment preceded measurable growth inhibition,
making bioluminescence a more sensitive early-warning endpoint. The high R? of the model (>0.98)
supported the robustness of the dose—response relationship, and the steep slope indicated that toxicity
rapidly escalates once a threshold was reached (fig.1). NOEC values determined using one-way
ANOVA followed by Tukey’s HSD test (p < 0.05). The NOEC for bioluminescence was <0.3 mg/L;
for graphical purposes, it is represented as 0 mg/L (fig.2).
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Fig.1 Tetracycline dose—response of V. fischeri (RLU/ODsoo). Blue dots show mean values (+SD),
red line shows the fitted 4PL curve
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Fig. 2. Comparison of NOEC and LOEC values for bioluminescence and optical density (ODsoo) in
V. fischeri chronically exposed to TET

111



Building on these statistical findings, a deeper mechanistic interpretation helps clarify why V. fischeri
exhibited such differential sensitivity between bioluminescence and ODsoo-based growth
measurements. As previous work has shown, luminescence inhibition typically precedes detectable
growth effects because the lux bioluminescent system is tightly coupled to cellular metabolic status
and respiratory activity [14]. Thus, the lower LOEC observed for bioluminescence reflects the fact
that even mild perturbations in energy metabolism are rapidly translated into decreased light
emission, making this endpoint a more sensitive and rapid indicator of antibiotic-induced stress. The
increase in the RLU/ODsoo ratio at 0.3+0.6 mg/L TET further supports this interpretation, suggesting
a transient hormetic stimulation characterized by metabolic overcompensation under mild stress.
Such sublethal activation is consistent with hormesis theory and may reflect the early engagement of
stress-response pathways and metabolic reconfiguration mechanisms previously described in bacteria
exposed to sub-inhibitory antibiotic levels [28, 29]. At higher concentrations, however, the sharp
decline in luminescence indicates substantial metabolic impairment. This effect is consistent with
tetracycline’s mode of action—binding to the 30S ribosomal subunit and blocking aminoacyl-tRNA
entry—which disrupts protein synthesis and may directly suppress luxA/luxB expression, thereby
diminishing luciferase activity. Because bacterial luminescence is also closely linked to respiratory
chain efficiency, disturbances in electron transport could further amplify the observed inhibitory
effects. The substantial difference between acute and chronic ECso values (5 mg/L vs. 0.6 mg/L)
reinforces the importance of long-term toxicity assays. Acute tests alone may underestimate
ecological risks, as chronic exposures reveal cumulative or delayed physiological disruptions that do
not manifest in short-term assays. This acute—chronic divergence, widely recognized in
environmental toxicology [30], underscores the necessity of integrative, multi-endpoint approaches
when assessing the impact of emerging contaminants such as antibiotics. Collectively, these results
demonstrate that tetracycline exerts both sublethal and inhibitory effects on V. fischeri, with
bioluminescence providing a highly sensitive measure of early physiological stress. The hormetic
response at low concentrations suggests transient metabolic adaptation, whereas higher
concentrations overwhelm cellular defenses, leading to pronounced translational and metabolic
inhibition. These findings highlight the ecological relevance of sublethal antibiotic exposures and
confirm the value of V. fischeri as a bioindicator for assessing microbial stress, adaptation potential,
and antibiotic-driven ecological changes in aquatic environments.

CONCLUSIONS

Overall, these findings demonstrate that V. fischeri provides a sensitive and reliable model for
detecting early metabolic disturbances induced by tetracycline, while chronic exposure reveals
adaptation thresholds that cannot be captured by short-term assays. Such integrative approaches are
essential for improving ecological risk assessment of antibiotics in aquatic environments.

ACKNOWLEDGEMENTS
This work was carried out through the “Nucleu” Program within the National Research Development

and Innovation Plan 2022-2027 with the support of Romanian Ministry of Research, Innovation and
Digitalization, contract no. 3N/2022, Project code PN PN 23 22 02 01.

REFERENCES

[1] AMANGELSIN, Y., SEMENOVA, Y., DADAR, M., ALJOFAN, M., BJORKLUND, G.,
Antibiotics, 12, no. 3, 2023, https://doi.org/10.3390/antibiotics12030440.

[2] WESTLUND, P., NASUHOGLU, D., ISAZADEH, S., YARGEAU, V., Arch. Environ. Contam.
Toxicol., 74, no. 4, 2018, p. 557, https://doi.org/10.1007/s00244-017-0483-9.

[3] DIAS, E., OLIVEIRA, M., JONES-DIAS, D., VASCONCELOS, V., FERREIRA, E.,
MANAGEIRO, V., CANICA, M., Front. Microbiol.,, 6, 2015, https://doi.org/10.3389/
fmicb.2015.00799.

[4] GUO, J., SELBY, K., BOXALL, A.B., Environ. Toxicol. Chem., 35, no. 10, 2016, p. 2587,
https://doi.org/10.1002/etc.3430.

112



[5S] TANG, J., YANG, J.,, WHANG, X., ZHAO, S., XIE, Z., Agronomy, 12, no. 10, 2022,
https://doi.org/10.3390/agronomy12102497.

[6] HALLING-SORENSEN, B.N.N.S., NIELSEN, S.N., LANZKY, P.F., INGERSLEV, F.,
LUTZHQFT, H.H., JORGENSEN, S.E., Chemosphere, 36, no. 2, 1998, p. 357,
https://doi.org/10.1016/S0045-6535(97)00354-8.

[7] LUTZHQFT, H.C.H., HALLING-S@RENSEN, B., JORGENSEN, S.E., Arch. Environ. Contam.
Toxicol., 36, no. 1, 1999, p. 1, https://doi.org/10.1007/s002449900435.

[8] YE, J., DU, Y., WANG, L., QIAN, J., CHEN, J., WU, Q., HU, X., Toxins, 9, no. 2, 2017,
https://doi.org/10.3390/toxins9020053.

[9] KIM, H.Y., ASSELMAN, J., JEONG, T.Y., YU, S., DE SCHAMPHELAERE, K.A.C., KIM,
S.D., Environ. Sci. Technol., 51, no. 21, 2017, p. 12898, https://doi.org/10.1021/acs.est.7b05050.
[10] YANG, M., HU, J., LI, S., MA, Y., GUL, W., ZHU, G., J. Appl. Toxicol., 36, no.6, 2016, p. 844,
https://doi.org/10.1002/jat.3230.

[11] ZHANG, Q., CHENG, J., XIN, Q., Ecotoxicol., 24, no. 4, 2015, p. 707, https://doi.org/10.1007/
s10646-015-1417-9.

[12] RIBO, J.M., KAISER, K.L., Environ. Toxicol., 2, no. 3, 1987, p. 305, https://doi.org/10.1002/
t0x.2540020307.

[13] PARVEZ, S., VENKATARAMAN, C., MUKHERIJI, S., Environ. Int., 32, no. 2, 2006, p. 265,
https://doi.org/10.1016/j.envint.2005.08.022.

[14] DUNLAP, P.V., J. Mol. Microbiol. Biotechnol., 1, no. 1, 1999, p.5.

[15] KAHRU, A., DUBOURGUIER, H.-C., Toxicology, 269, no. 2-3, 2010, p. 105,
https://doi.org/10.1016/j.t0x.2009.08.016.

[16] ESCHER, B.., HACKERMULLER, J, POLTE, T. SCHOLZ, S. AIGNER, A,
ALTENBURGER, R., BOHME, A., BOPP, S.K., BRACK, W., BUSCH W.,, CHADEAU-HYAM,
M., COVACI, A., EISENTRAGER, A., GALLIGAN, I.J., GARCIA-REYERO, N., HARTUNG, T.,
HEIN, M., HERBERTH, G., JAHNKE, A., KLEINJANS, J., KLUVER, N., KRAUSS, M.,
LAMOREE, M., LEHMANN, I, LUCKENBACH, T., MILLER, G.M., MULLER, A., PHILLIPS,
D.H., REEMTSMA, T., ROLLE-KAMPCZYK, U. SCHUURMANN, G., BENNO
SCHWIKOWSKI, B., TAN, Y.M., TRUMP, S., WALTER-ROHDE, S., KOHRER, K., Environ.
Int., 99, 2017, p. 97, https://doi.org/10.1016/j.envint.2016.11.029.

[17] WANG, X.H., FAN, L.Y., WANG, S., WANG, Y., YAN, L.C., ZHENG, S.S., MARTYNIUK,
CJ., ZHAO, Y.H. J. Hazard. Mater., 338, 2017, p. 458, https://doi.org/10.1016/
j.jhazmat.2017.05.058.

[18] WEL S., WANG, F., CHEN, Y., LAN, T., ZHANG, S., Environ. Sci. Pollut. Res., 25, no. 26,
2018, p. 26504, https://doi.org/10.1007/s11356-018-2720-9.

[19] FERNANDEZ-PINAS, F., RODEA-PALOMARES, I., LEGANES, F., GONZALEZ-PLEITER,
M., ANGELES MUNOZ-MARTIN, M., Evaluation of the ecotoxicity of pollutants with
bioluminescent microorganisms. Chapter in Bioluminescence: Fundamentals and Applications in
Biotechnology, vol. 2, Springer, Berlin, Heidelberg, 2014, p. 65-135, https://doi.org/10.1007/978-3-
662-43619-6 3.

[20] BRODERSEN, D.E., CLEMONS, W.M., CARTER, A.P., MORGAN-WARREN, R.J,
WIMBERLY, B.T., RAMAKRISHNAN, V., Cell, 103, no. 7, 2000, p. 1143,
https://doi.org/10.1016/S0092-8674(00)00216-6.

[21]CHOPRA, 1., ROBERTS, M., Microbiol. Mol. Biol. Rev., 65, no. 2, 2001, p. 232,
https://doi.org/10.1128/mmbr.65.2.232-260.2001.

[22] ISO 11348-3:2007:Water quality. Determination of the inhibitory effect of water samples on the
light emission of Vibrio fischeri (Luminescent bacteria test).

[23] SCOPES, R.K., Anal. Biochem., 59, no. 1, 1974, p. 277, https://doi.org/10.1016/0003-
2697(74)90034-7.

[24] SHAPIRO, S.S., WILK, M.B., Biometrika, 52, no. 3—4, 1965, p. 591, https://doi.org/10.2307/
2333709.

113



[25] MOTULSKY, H. J., CHRISTOPOULOS, A., Fitting models to biological data using linear and
nonlinear regression: A practical guide to curve fitting, Graph Pad Software Inc., San Diego CA.,
2004.

[26] GELLERT, G., Ecotoxicol. Environ. Saf., 45, no. 1, 2000, p. 87, https://doi.org/10.1006/
eesa.1999.1849.

[27] SILVA, A.R., SOUSA, C., EXNER, D., SCHWAIGER, R., ALVES, M.M., PETROVYKH, D.
Y., PEREIRA, L., Chemosensors, 9, no. 10, 2021, https://doi.org/10.3390/chemosensors9100283.
[28] DAVIES, J., DAVIES, D., Microbiol. Mol. Biol. Rev., 74, no. 3, 2010, p. 417,
https://doi.org/10.1128/MMBR.00016-10.

[29] FRIDMAN, O., GOLDBERG, A., RONIN, I., SHORESH, N., BALABAN, N.Q., Nature, 513,
2014, p. 418, https://doi.org/10.1038/nature13469.

[30] VESTEL, J.,, CALDWELL, D.J., CONSTANTINE, L., D'ACO, V.J., DAVIDSON, T., DOLAN,
D.G., MILLARD, S.P., MURRAY-SMITH, R., PARKE, N.J., RYAN, J.J., STRAUB, J.O,,
WILSON, P., Environ. Toxicol. Chem., 35, no. 5, p. 1201, https://doi.org/10.1002/etc.3260.

Citation: Feodorov, L., Popa, M., Nita-Lazar, M., Ardelean (Muntean), P., Cornea, C.P., The analysis of

tetracycline impact on aquatic systems by in vitro ecotoxicity tests, Rom. J. Ecol. Environ. Chem., 2025, 7,
no.2, pp. 107+114.

® © 2025 by the authors. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.Org/licenses/by/4.0/).

114



