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Introduction

Environmental pollution is a global issue caused by 
factors like population growth, economic growth, de-

forestation, agricultural development, urbanization, and 
industry. Heavy metals are essential for life’s development 
and survival, while trace elements are found in small con-
centrations in biological systems (Stankovic and Stankovic, 
2013). Concern over the declining quality of the environ-

ment led to the implementation of a considerable number 
of experiments on trace elements. In plants, animals, and 
humans, the elementary constituents are divided into ma-
jor and trace elements, with the latter category including 
both essential and non-essential elements; such as toxins 
(Asati et al., 2016). Heavy metals are dangerously prevalent 
in the environment and are considered useless to humans, 
as there is no specific and known mechanism for main-
taining their homeostasis (Ding et al., 2021; Vieira et al., 
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2011). It is known that heavy metals are highly toxic to liv-
ing organisms and have harmful effects on human health 
such as effects on vital organs in the body and cause can-
cer (ATSDR, 2003; Chou and Harper, 2007; Jomova and 
Valko, 2011; King et al., 2015). Cadmium (Cd) belongs 
to the heavy metals and is found in the earth’s crust along 
with other heavy metals such as Cu, Pb, Ni and Zn. Cd is 
widely used in several industries such as paint, batteries, 
and alloys. Humans can be exposed to this metal by in-
gestion and inhalation (Sharma et al., 2015). However, Cd 
toxicity causes acute and chronic effects in food chains and 
body tissues, including stomach pain, diarrhea, reproduc-
tive, renal, hepatic failure, bone integrity, immune system, 
nervous system, mental disorders, and cancer. It pollutes 
soil, surface water, and plants, causing soil organic matter 
to bind with Cd (Sharma et al., 2015).  

Historically, medicinal plants have been one of the most 
important sources for finding new treatments for human 
health problems (Sofowora, 1996). History of using me-
dicinal plants is parallel with human’s development and 
understanding of nature. The alternative methods of med-
icine (as distinct from allopathy) have played an important 
role in the health care sector all over the world (Al-Attar et 
al., 2017; Ali et al., 2023). The olive tree (Olea europaea and 
Olea oleaster), family: Oleaceae has been used for the treat-
ment of different diseases. Olive trees originate in the 
eastern Mediterranean and the Kingdom of Saudi Arabia, 
with compounds like oleuropein, flavonoids, and phenolics 
(Sofowora, 1996). Animal studies on the influences of olive 
leaves extracts or their components have revealed several 
therapeutic effects such as hypoglycemic, anti-tumor and 
antimicrobial activity (Gürbüz and Öğüt, 2020; Morandi 
et al., 2021; Sánchez-Gutiérrez et al., 2021). The present 
study may be the first investigation aimed to evaluate the 
influence of olive (Olea oleaster) leaves extract on male rats 
exposed to Cd.

Materials and Methods 

Olive leaves collection and Extraction 
Olive leaves were collected from Al Baha region, Sau-
di Arabia, and carefully dried to obtain superior quality 
leaves. The leaves were crushed to obtain a powder. 200g 
of powdered leaves were added to 6L of distilled water and 
boiled for half an hour. The mixture was filtered by filter 
paper and the filtrate was evaporated at 40°C. The filtration 
product was used for the experiment (Lafka et al., 2013). 

Experimental design 
For the purpose of the current study, 40 Wistar male rats 
weighing from 110-137g were selected and divided into 4 
groups (n=10/group). Experiments were carried out under 
standard laboratory conditions (temperature: 20±2°C; hu-

midity: 55%±10; 12:12h light: dark cycle). The first group 
was identified as a control group receiving saline solution 
orally. The second group was orally exposed to Cd at a con-
centration equal to 15 mg/kg of body weight per day. The 
third group was orally treated with olive leaves extract at a 
concentration of 600 mg/kg of body weight, and after 4h, 
rats were exposed to Cd as the case in the second group. 
The fourth group was treated with olive leaves extract as in 
the third group but was not exposed to Cd. After 6 weeks, 
blood samples were collected from all groups, and serum 
samples were obtained by centrifugation process. Blood 
serum samples were kept an 80°C. Serum analyses were 
performed to determine the values of alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), total bilirubin, total protein, albumin, 
creatinine, blood urea nitrogen (BUN), uric acid, malond-
ialdehyde (MDA) and catalase (CAT) were measured us-
ing specific assay kits. Tumor necrosis factor-α (TNF-α) and 
interleukin 6 (IL-6) were measured using enzyme-linked 
immunosorbent assay (ELISA) kits according to the in-
structions of manufacturer.

Statistical Analysis
All data are presented as mean ± standard deviation (S.D.). 
The data was subjected to statistical analysis by conducting 
analysis of one-way analysis of variation (ANOVA) using 
SPSS software package (version 22). P ≤ 0.05 was consid-
ered statistically significant.

Results

Table 1 shows the levels of ALT, AST, ALP, total bilirubin, 
total protein and albumin in all groups. The results of meas-
uring ALT level indicate a significant increase in the sec-
ond group (P≤0.000) and the third group (P≤0.002) com-
pared to the first one. The level of AST was significantly 
evoked in the second group (P≤0.000) and the third group 
(P≤0.01). The results showed that the level of ALP was 
enhanced in rats exposed to Cd (P≤0.000) and olive leaves 
extract plus Cd (P≤0.05). Statistical significant increases of 
total bilirubin were observed in rats of the second group 
(P≤0.002) and the third group (P≤0.01). The levels of total 
protein (P≤0.000) and albumin (P≤0.01) were declined in 
rats of the second group.

Fig. 1A-C shows increased levels of creatinine (P≤0.000), 
BUN (P≤0.001) and uric acid (P≤0.000) in Cd-exposed 
rats. In the third group, BUN (P≤0.05) and uric acid 
(P≤0.05) were increased compared to the control group. 
Significant increases of MDA (P≤0.001), IL-6 (P≤0.000) 
and TNF- α (P≤0.000) were noted in rats of the second 
group (Fig. 2A, 2C and 2D), while statistical significant 
decreases of CAT (P≤0.000) were detected in rats of the 
second group (Fig. 2B). Additionally, the results revealed 
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Table 1: Serum concentrations of ALT, AST, ALP, total protein and albumin in different treatments groups of rats after 
six weeks. Four groups were assigned for different treatments as; G1: Control (CTL), G2: Cd, G3: Olive leaves’ extract 
plus Cd (OLE+Cd), G4: OLE. All data were expressed as mean ± SD for 10 animals (n=10). Letters (a, b, ab) denote 
significance difference at P<0.05.  
Serum
Parameters

G1
Control (CTL)

G2 
Cd

G3
OLE + Cd

G4
OLE

ALT (U/L) 38.00 ± 2.97 b 98.33 ± 11.20 a 57.83 ± 9.58 a, b 40.67 ± 3.45 b

AST (U/L) 100.33 ± 5.20 b 207.17 ± 10.48 a 134.17 ± 16.69 a, b 98.83 ± 6.97 b

ALP (U/L) 152.00 ± 6.26 b 288.00 ± 16.17 a 194.50 ± 16.63 a, b 152.33 ± 8.57 b

Bilirubin (µmol/L) 0.98 ± 0.18 b 2.18 ± 0.44 a 1.47 ± 0.24 a, b 0.93 ± 0.12 b

T. Protein (g/L) 66.00 ± 3.52 a 52.83 ± 2.32 b 66.00 ± 2.00 a 57.17 ± 2.64 ab

Albumin (g/L) 35.00 ± 2.90 ns 28.50 ± 5.39 ns 34.50 ± 2.88 ns 36.00 ± 2.76 ns

significant increases of MDA (P≤0.02), IL-6 (P≤0.001) 
and TNF- α (P≤0.001) in rats of the third group with de-
cline of CAT (P≤0.04).

Figure 1: Serum concentrations of creatinine, blood urea 
nitrogen (BUN) and uric acid were shown in Fig. 1A, B 
and C, respectively. Four groups were assigned for different 
treatment throughout 6 weeks as; G1: Control (CTL), 
G2: Cd, G3: Olive leaves’ extract plus Cd (OLE+Cd), G4: 
OLE. All data were expressed as mean ± SD for 10 animals 
(n=10). Letters on bars (a, b, ab) denote significance 
difference at P<0.05.

Figure 2 A-D: Serum concentrations of the lipid 
peroxidation marker; malondialdehyde (MDA), catalase 
(CAT), interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-α) were shown in Fig. 2A, B and C, and D, 
respectively. Other explanations were given in Fig. 1.

Discussion

Environmental pollution, including Cd, is a major cause 
of diseases and deaths. This study evaluates the effect of 
olive leaves extract on rats exposed to Cd. Results show in-
creased serum ALT, AST ALP, and bilirubin levels, while 
decreasing total protein and albumin, ALT, AST, ALP, 
bilirubin indicators aid in diagnosing liver function. The 
blood level of these markers rises when there are abnor-
malities in liver function. Additionally, the drop in total 
protein and albumin levels is a sign of liver injury. How-
ever, the current outcomes are in line with earlier research 
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using Cd-exposed experimental animals (Andjelkovic et 
al., 2019; Poli et al., 2022; Yang et al., 2021).

In this study, kidney function was evaluated by measuring 
the levels of serum creatinine, BUN and uric acid. Increas-
ing levels of these parameters indicate a defect in kidney 
function. Similarly, previous studies indicate high levels 
of these parameters when treating experimental animals 
with Cd (Iserhienrhien and Okolie, 2022; Poli et al., 2022; 
Zhao et al., 2022). The present results show that the ex-
posure to Cd induced oxidative stress and inflammation 
that have been confirmed by the decrease of CAT, and the 
increase of MDA, TNF-α and IL-6 levels. These results are 
consistent with previous studies (Poli et al., 2022; Zhao et 
al., 2022). MDA and CAT are used as indicators of oxidative 
stress markers. TNF-α is well known as an inflammatory 
cytokine.    In acute inflammation, macrophages/mono-
cytes produce TNF-α, and  it is responsible for a various 
range of intracellular signaling events, causing necrotic or 
apoptotic processes ( Jang et al., 2021). IL-6 is a multifunc-
tional cytokine synthesized in response to stimuli such as 
inflammation and tissues damage (Ekici et al., 2022; Tana-
ka et al., 2018).

Currently, there is more interest in medicinal plants and 
natural products due to their effective treatment proper-
ties (Abdel Ghfar et al., 2022; Abdel Ghfar et al., 2023; 
Greenwell and Rahman, 2015). Many studies indicate the 
antioxidant capacity of these medicinal plants and natu-
ral products with promising therapeutic properties, fur-
thermore they safe, easily available and cheaper in most 
of the cases (Al Syaad et al., 2023; Hussein et al., 2022). 
Interestingly, the present results indicate the ability of olive 
leaves extract to protect against the physiological effects of 
Cd toxicity in rats, and this is confirmed by indicators of 
oxidative stress (MDA and CAT), and inflammation and 
immunopathy markers (TNF-α and IL-6). This indicated 
the effectiveness of olive leaves extract in prevention of Cd 
toxicity. The possible mechanism of olive leaves extract as 
a protective factor may be due to its antioxidant properties 
which impair the activation of Cd into the reactive form. 
Previous investigations by (Al-Attar et al., 2017) indicated 
the ability of O. oleaster extract to reduce the toxic effect of 
thioacetamide in mice and Pb in rats through physiological 
and histpathological evaluations. Oleuropein is a phenolic 
compound and the main glycoside present in olive leaves 
and the oil of its fruit. The antioxidant, anti-inflammatory, 
anti apoptotic and anti-cancer roles of oleuropein were de-
tected by several experimental studies (Asgharzade et al., 
2020; Hsu et al., 2021; Lemonakis et al., 2022). 

Conclusion 

Certainly, this study confirms the ability of olive leaves ex-

tract to protect against Cd toxicity and reduce its effects, 
which gives biological indications to encourage the use of 
olive leaves extract and its active components to treat Cd 
toxicity and in a way that stimulates the use of this extract 
to treat the effects of other chemical pollutants and patho-
logical factors.

Conflicts of Interest

The author declares no conflict of interest.

novelty statement

The present study highlights the ability of the O. oleaster 
leaves’ extract could nearly normalize those blood parame-
ters for protection against cadmium toxicity.

authors contribution

Fatimah A. Al-Saeed: conceptualization, methodology, 
original draft, investigation, visualization, formal analysis, 
revision, and editing. Author have read and approved the 
final manuscript.

References

Abdel Ghfar S.S., M.E. Ali, M.A. Momenah, F.A. Al-
Saeed, A.A. Al-Doaiss, Y.S. Mostafa, A.E. Ahmed, M. 
Abdelrahman. (2022). Effect of Allium sativum and Nigella 
sativa on alleviating aluminum toxicity state in the albino 
rats. Front. Vet. Sci. 9:1042640. https://doi.org/10.3389/
fvets.2022.1042640

Abdel Ghfar S.S., M.E. Ali, M.A. Momenah, F.A. Al-Saeed, A.A. 
Al-Doaiss, Y.S. Mostafa, A.E. Ahmed, M. Abdelrahman. 
(2023). Corrigendum: Effect of Allium sativum and Nigella 
sativa on alleviating aluminum toxicity state in the albino 
rats. Front. Vet. Sci. 10:1160163. https://doi.org/10.3389/
fvets.2023.1160163

Al-Attar A.M., M.H. Elnaggar, E.A. Almalki. (2017). Protective 
effect of some plant oils on diazinon induced hepatorenal 
toxicity in male rats. Saudi J. Biolog. Sci. 24:1162-1171. 
https://doi.org/10.1016/j.sjbs.2016.10.013

Al Syaad K.M., A.A. Al-Doaiss, A.E. Ahmed, H. El-Mekkawy, 
M. Abdelrahman, A.A. El-Mansi, M.F.-e.-A. Kulyar, M.E. 
Ali. (2023). The abrogative effect of propolis on acrylamide-
induced toxicity in male albino rats: Histological study. 
Open Chem. 21:20220321. https://doi.org/10.1515/chem-
2022-0321

Ali M.E., M.F.A. Abd-Elkariem, S. Fahmy, H.A. Hussein, M. 
Abdelrahman, A.E. Ahmed. (2023). Dietary supplementation 
with different nano and organic selenium doses improves 
ovarian activity, fertility rate, and progesterone level in 
Ossimi ewes. Italian J. Anim. Sci. 22:651-659. https://doi.or
g/10.1080/1828051X.2023.2231946

Andjelkovic, M., A. Buha Djordjevic, E. Antonijevic, B. 
Antonijevic, M. Stanic, J. Kotur-Stevuljevic, V. Spasojevic-
Kalimanovska, M. Jovanovic, N. Boricic, D. Wallace. (2019). 

https://doi.org/10.3389/fvets.2022.1042640 
https://doi.org/10.3389/fvets.2022.1042640 
https://doi.org/10.3389/fvets.2023.1160163 
https://doi.org/10.3389/fvets.2023.1160163 
https://doi.org/10.1016/j.sjbs.2016.10.013
https://doi.org/10.1515/chem-2022-0321 
https://doi.org/10.1515/chem-2022-0321 
https://doi.org/10.1080/1828051X.2023.2231946 
https://doi.org/10.1080/1828051X.2023.2231946 


Advances in Animal and Veterinary Sciences

October 2023 | Volume 11 | Issue 10 | Page 1643

Toxic effect of acute cadmium and lead exposure in rat 
blood, liver, and kidney. Int. J. Environ. Res. Pub. Health. 
16:274. https://doi.org/10.3390/ijerph16020274

Asati A., M. Pichhode, K. Nikhil. (2016). Effect of heavy metals 
on plants: an overview. Int. J. Applicat. Innovat. Engineer. 
Manag. 5:56-66.

Asgharzade S., S.H. Sheikhshabani, E. Ghasempour, R. Heidari, 
S. Rahmati, M. Mohammadi, A. Jazaeri, Z. Amini-Farsani. 
(2020). The effect of oleuropein on apoptotic pathway 
regulators in breast cancer cells. Euro. J. Pharmacol. 
886:173509. https://doi.org/10.1016/j.ejphar.2020.173509

ATSDR A. (2003). Toxicological Profile for Cadmium. US 
Department of Health and Humans Services. Public Health 
Service, Centres for Diseases Control, Atlanta, GA.

Chou S., C. Harper. (2007). Toxicological profile for arsenic, US 
Department of Health and Human services. Pub. Health 
Serv. Agency Toxic Substan. Dis. Registry, Atlanta:1-3.

Ding R., Y.H. Cheong, A. Ahamed, G. Lisak. (2021). Heavy 
metals detection with paper-based electrochemical 
sensors. ACS Publications. https://doi.org/10.1021/acs.
analchem.0c04247

Ekici Ö., S. Ay, M.F. Açıkalın, Ö. Paşaoğlu. (2022). 
Immunohistochemical evaluation of IL-1β, IL-6, TNF-α 
and IL-17 cytokine expression in peripheral giant cell 
granuloma and peripheral ossifying fibroma of the jaws. 
Archiv. Oral Biol. 136:105385. https://doi.org/10.1016/j.
archoralbio.2022.105385

Greenwell M., P. Rahman. (2015). Medicinal plants: their use in 
anticancer treatment. Int. J. Pharmaceut. Sci. Res. 6:4103. 
https://doi.org/10.4172/2167-0412.1000225

Gürbüz M., S. Öğüt. (2020). Antidiabetic effect of olive leaf 
extract on streptozotocin-induced diabetes mellitus in 
experimental animals. Nutrición hospitalaria: Organo oficial 
de la Sociedad española de nutrición parenteral y enteral. 
37:1012-1021. https://doi.org/10.20960/nh.03051

Hsu M.-L., W.-C. Huang, Y.-R. Zhou, S. Hu, C.H. 
Huang, S.-J. Wu. (2021). Oleuropein protects human 
retinal pigment epithelium cells from IL-1β–induced 
inflammation by blocking MAPK/NF-κB signaling 
pathways. Inflammation.:1-11. https://doi.org/10.21203/
rs.3.rs-578820/v1

Hussein H.A., A.S.A. Hassaneen, M.E. Ali, R.A. Sindi, A.M. 
Ashour, S.M. Fahmy, A.A. Swelum, A.E. Ahmed. (2022). 
The Impact of Rumen-Protected L-Arginine Oral 
Supplementation on Libido, Semen Quality, Reproductive 
Organ Biometry, and Serum Biochemical Parameters 
of Rams. Front. Vet. Sci. 9. https://doi.org/10.3389/
fvets.2022.899434

Iserhienrhien L.O., N.P. Okolie. (2022). Protective effect of 
Geophila obvallata (Shumach) Didr leaf extract and its 
fractions against cadmium-induced nephrotoxicity in male 
Wistar rats. Toxicol. Rep. 9:87-93. https://doi.org/10.1016/j.
toxrep.2021.12.008

Jang D.-i., A.-H. Lee, H.-Y. Shin, H.-R. Song, J.-H. Park, T.-
B. Kang, S.-R. Lee, S.-H. Yang. (2021). The role of tumor 
necrosis factor alpha (TNF-α) in autoimmune disease and 
current TNF-α inhibitors in therapeutics. Int. J. Molecul. 
Sci. 22:2719. https://doi.org/10.3390/ijms22052719

Jomova K., M. Valko. (2011). Advances in metal-induced 
oxidative stress and human disease. Toxicology. 283:65-87. 

https://doi.org/10.1016/j.tox.2011.03.001
King K.E., T.H. Darrah, E. Money, R. Meentemeyer, R.L. 

Maguire, M.D. Nye, L. Michener, A.P. Murtha, R. Jirtle, S.K. 
Murphy. (2015). Geographic clustering of elevated blood 
heavy metal levels in pregnant women. BMC Pub. Health. 
15:1-12. https://doi.org/10.1186/s12889-015-2379-9

Lafka T.I., A.E. Lazou, V.J. Sinanoglou, E.S. Lazos. (2013). 
Phenolic Extracts from Wild Olive Leaves and Their 
Potential as Edible Oils Antioxidants. Foods. 2:18-31. 
https://doi.org/10.3390/foods2010018

Lemonakis N., V. Mougios, M. Halabalaki, I. Dagla, A. 
Tsarbopoulos, A.-L. Skaltsounis, E. Gikas. (2022). Effect 
of Supplementation with Olive Leaf Extract Enriched with 
Oleuropein on the Metabolome and Redox Status of Athletes’ 
Blood and Urine—A Metabolomic Approach. Metabolites. 
12:195. https://doi.org/10.3390/metabo12020195

Morandi F., V. Bensa, E. Calarco, F. Pastorino, P. Perri, M.V. 
Corrias, M. Ponzoni, C. Brignole. (2021). The olive leaves 
extract has anti-tumor effects against neuroblastoma through 
inhibition of cell proliferation and induction of apoptosis. 
Nutrients. 13:2178. https://doi.org/10.3390/nu13072178

Poli V., R. Madduru, Y. Aparna, V. Kandukuri, S.R. Motireddy. 
(2022). Amelioration of cadmium-induced oxidative damage 
in wistar rats by Vitamin C, zinc and N-acetylcysteine. Med. 
Sci. 10:7. https://doi.org/10.3390/medsci10010007

Sánchez-Gutiérrez M., I. Bascón-Villegas, A. Rodríguez, 
F. Pérez-Rodríguez, Á. Fernández-Prior, A. Rosal, E. 
Carrasco. (2021). Valorisation of Olea europaea L. olive 
leaves through the evaluation of their extracts: Antioxidant 
and antimicrobial activity. Foods. 10:966. https://doi.
org/10.3390/foods10050966

Sharma H., N. Rawal, B.B. Mathew. (2015). The characteristics, 
toxicity and effects of cadmium. Int. J. Nanotechnol. 
Nanosci. 3.

Sofowora A. (1996). Research on medicinal plants and traditional 
medicine in Africa. J. Alternat. Complement. Med. 2:365-
372. https://doi.org/10.1089/acm.1996.2.365

Stankovic S., A.R. Stankovic. (2013). Bioindicators of toxic 
metals. Green Mat. Ener. Prod. Depollut.:151-228. https://
doi.org/10.1007/978-94-007-6836-9_5

Tanaka T., M. Narazaki, T. Kishimoto. (2018). Interleukin (IL-
6) immunotherapy. Cold Spring Harbor Perspect. Biol. 
10:a028456. https://doi.org/10.1101/cshperspect.a028456

Vieira C., S. Morais, S. Ramos, C. Delerue-Matos, M. Oliveira. 
(2011). Mercury, cadmium, lead and arsenic levels in three 
pelagic fish species from the Atlantic Ocean: intra-and inter-
specific variability and human health risks for consumption. 
Food Chem. Toxicol. 49:923-932. https://doi.org/10.1016/j.
fct.2010.12.016

Yang Z., Y. He, H. Wang, Q. Zhang. (2021). Protective effect of 
melatonin against chronic cadmium-induced hepatotoxicity 
by suppressing oxidative stress, inflammation, and apoptosis 
in mice. Ecotoxicol. Environ. Safety. 228:112947. https://
doi.org/10.1016/j.ecoenv.2021.112947

Zhao M., X. Zhu, D. Shan, X. Huang, Q. Xu. (2022). 
Metabolomics in liver injury induced by dietary cadmium 
exposure and protective effect of calcium supplementation. 
Analyt. Biochem. 641:114556. https://doi.org/10.1016/j.
ab.2022.114556

https://doi.org/10.3390/ijerph16020274 
 https://doi.org/10.1016/j.ejphar.2020.173509
https://doi.org/10.1021/acs.analchem.0c04247 
https://doi.org/10.1021/acs.analchem.0c04247 
 https://doi.org/10.1016/j.archoralbio.2022.105385 
 https://doi.org/10.1016/j.archoralbio.2022.105385 
https://doi.org/10.4172/2167-0412.1000225 
https://doi.org/10.20960/nh.03051 
https://doi.org/10.21203/rs.3.rs-578820/v1 
https://doi.org/10.21203/rs.3.rs-578820/v1 
https://doi.org/10.3389/fvets.2022.899434 
https://doi.org/10.3389/fvets.2022.899434 
https://doi.org/10.1016/j.toxrep.2021.12.008 
https://doi.org/10.1016/j.toxrep.2021.12.008 
https://doi.org/10.3390/ijms22052719 
https://doi.org/10.1016/j.tox.2011.03.001 
https://doi.org/10.1186/s12889-015-2379-9 
https://doi.org/10.3390/foods2010018 
 https://doi.org/10.3390/metabo12020195 
. https://doi.org/10.3390/nu13072178 
https://doi.org/10.3390/medsci10010007
https://doi.org/10.3390/foods10050966 
https://doi.org/10.3390/foods10050966 
https://doi.org/10.1089/acm.1996.2.365 
https://doi.org/10.1007/978-94-007-6836-9_5 
https://doi.org/10.1007/978-94-007-6836-9_5 
. https://doi.org/10.1101/cshperspect.a028456
 https://doi.org/10.1016/j.fct.2010.12.016 
 https://doi.org/10.1016/j.fct.2010.12.016 
https://doi.org/10.1016/j.ecoenv.2021.112947 
https://doi.org/10.1016/j.ecoenv.2021.112947 
https://doi.org/10.1016/j.ab.2022.114556
https://doi.org/10.1016/j.ab.2022.114556

