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A cross-sectional study on metoprolol concentrations in various biological samples and their inter-correlations
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Table S1. List of metoprolol interactions with co-administrated drugs in this work
	Drug name
	Interaction/mechanism
	Ref

	Hydrochlorothiazide
	Not Reported

	Atorvastatin
	

	Gabapentin
	

	Rosuvastatin 
	

	Exemestane
	

	Lorazepam
	

	FeFol
	

	Tamsulosin
	

	Prostatan
	

	Metformin 
	Diabetic patients taking beta blockers are 1.27 times more likely to develop hypoglycemia than those not taking beta blockers. 
	1

	Gliclazide
	
	

	Empagliflozin
	
	

	Linagliptin
	
	

	Pioglitazone
	
	

	Glibenclamide 
	
	

	Insulin aspart/glargine
	
	

	Acarbose
	
	

	Losartan
	The co-administration of antiarrhythmic agents can result in additive effects. Metoprolol may increase the arrhythmogenic activities of losartan and amlodipine.
	2

	Amlodipine
	
	

	Clonidine
	The risk or severity of hypotension may be increased when clonidine is combined with metoprolol.
	

	ASA
	Non-steroidal anti-inflammatory drugs (NSAIDs) such as Acetylsalicylic acid (ASA) can produce vasoconstriction, leading to decrease the antihypertensive activities of metoprolol.
	3

	Valsartan 
	Minor» Valsartan as a antihypertensive agent increases the hypotensive activities of metoprolol.
	4

	Sertraline
	Escitalopram, citalopram, and sertraline as moderate CYP2D6 inhibitors increase serum concentrations of metoprolol.
	5

	Citalopram
	
	

	Escitalopram
	
	

	Phenazopyridine 
	Minor» Phenazopyridine may decrease the renal excretion rate of metoprolol which could result in higher serum levels of metoprolol.
	6

	Clonazepam
	Minor» Clonazepam and carbamazepine compete with metoprolol for renal elimination, leading to decreased renal excretion and higher serum levels of metoprolol.

	7

	Carbamazepine
	
	

	Levothyroxine 
	The therapeutic efficacy of Levothyroxine can be reduced when used in combination with metoprolol as an Adrenergic beta antagonist which inhibits deiodination of thyroxine (T4).
	8

	Finasteride 
	Minor» Finasteride is known to induce hypertension, leading to decrease the antihypertensive activities of metoprolol.
	9

	Fluoxetine 
	Fluoxetine as a known CYP2D6 enzyme inhibitor, increases the serum concentrations of metoprolol.
	10

	Spironolactone
	Spironolactone induces diuresis and renal tubular reabsorption, leading to increase the renal excretion rate of metoprolol and decrease the serum levels of metoprolol.
	11











Table S2. List of developed methods for the determination of metoprolol following preconcentration approaches.
	Drug name
	Sample 
	Methods and Sample Preparation
	Linear range
(g·L-1)
	Ref.

	Metoprolol and bisoprolol
	Human plasma 
	Liquid-liquid extractions (LLE) coupled with  high-performance liquid chromatography (HPLC) – fluorimetric (FL) 

	6.25–200
	12

	Metoprolol
	Human plasma (pediatric sample) 
	Solid-phase extraction (SPE) coupled with HPLC–FL

	2.4–195.2
	13

	Metoprolol and a metabolite 
	Human plasma and urine
	SPE coupled with HPLC–FL

	1–400
	14

	Atenolol, metoprolol, and propranolol
	Environmental
waters
	Hollow fiber solid/ liquid phase microextraction coupled with  HPLC–FL
	-
	15

	Metoprolol, propranolol, and carvedilol
	Human urine and plasma
	Polypyrrole-sodium dodecylbenzene sulfonate/zinc oxide (PPy-DBSNa/ZnO) nanocomposite as sorbent, coupled with  HPLC with Ultraviolet (UV)
	5–5000

	16

	Acetaminophen, atenolol, metoprolol, gliclazide, metformin, lovastatin, nifedipine, and caffeine
	Water samples
	Magnetic effervescent tablet-assisted ionic liquid dispersive liquid-liquid microextraction coupled with 
HPLC with diode-array detection (DAD)
	-
	17

	Atenolol, atenolol, metoprolol, and propranolol
	Blood real samples
	Dispersive liquid-liquid microextraction method using ionic liquids coupled with 
HPLC-DAD
	 9–1000  
	18

	Propranolol, metoprolol, pindolol, and atenolol 
	Water samples
	Molecularly imprinted polymer solid-phase extraction coupled with   HPLC-UV
	40–200 
	19

	Atenolol, metoprolol, and propranolol
	Urine and plasma sample
	Magnetic dispersive micro-solid phase extraction procedure employing in situ sorbent modification coupled with   
HPLC
	50–5000 
	20

	Atenolol, metoprolol, and propranolol
	Real water samples
	Pseudo-stir bar hollow fiber solid/liquid phase microextraction coupled with   HPLC-FL
	(30–9000)×106 

	21

	Metoprolol and propranolol
	Water samples
	Vortex-assisted liquid-liquid microextraction based on in situ formation of a natural deep eutectic solvent by microwave irradiation coupled with   HPLC
	1000-100000
	22

	Metoprolol and vitamin B6
	Water
	Molecularly Imprinted Copolymer copolymer of methacrylic acid (MAA) and ethylene glycol dimethacrylate (EGDMA) for SPE
coupled with   HPLC
	-
	23

	Atorvastatin, carbamazepine, ciprofloxacin, clarithromycin, diclofenac, metoprolol, naproxen, sitagliptin, sulfamethoxazole, and tetracycline.
	Drinking, river, and treated wastewater samples
	Solid phase extraction
coupled with HPLC
	25–5000 
	24

	Metoprolol succinate and simvastatin
	Human plasma
	protein precipitation technique for extraction coupled with   liquid chromatographic–tandem mass spectrometry
	1.0–500.0 
	25

	Propranolol and metoprolol
	Human plasma and pharmaceutical wastewater samples
	Tandem dispersive liquid-liquid microextraction coupled with   
HPLC-UV

	3–2000 
	26

	Metoprolol
	Plasma and wastewater
	microcrystalline cellulose as sorbent coupled with   HPLC–MS/MS de

	1–1,000: plasma and 0.1–1,000 : wastewater samples
	27

	Metoprolol and propranolol
	Urine and plasma samples
	Continuous flow membrane microextraction coupled with   HPLC
	3–1000 
	28

	Metoprolol enantiomers
	Human urine
	LLE, coupled with  HPLC
	100–2000
	29

	Metoprolol
	Human Spiked Plasma
	Green micellar HPLC-fluorescence method
	(0.1–10) ×103 
	30

	Felodipine and metoprolol succinate, and their major metabolites 
	Human Spiked Plasma
	RP-HPLC and an Eco-friendly HPTLC Method
	0.5–10 ×103 for the RP-HPLC method and 1.5–16 µg/band
	31

	Atenolol, metoprolol, propranolol, citalopram, fluoxetine, nadolol, pindolol, salbutamol and sotalol.
	Wastewaters
	Liquid chromatography-tandem mass spectrometry (HPLC-MS-MS) method
	1–500 
	32

	Metoprolol and propranolol
	Urine and plasma samples
	Continuous flow membrane microextraction coupled with HPLC
	3–1000 
	28

	Metoprolol and its two metabolites
	Human plasma and urine
	HPLC–FL
	5–600 
	33

	Metoprolol and two main metabolites 
	Human urine
	Solid-phase extraction coupled with HPLC-FL
	(0.25 - 4) ×103
	34

	Metoprolol and α-hydroxy metoprolol 
	Plasma samples
	HPLC
	0-200 
	35

	Metoprolol tartrate and ramipril
	Human plasma
	Liquid chromatography-tandem mass spectrometry method
	5–500 
	36

	Metoprolol succinate and amlodipine besylate 
	Human plasma
	Liquid chromatography-tandem mass spectrometry method
	1–100
	37




References
1. Tsujimoto T, Sugiyama T, Shapiro MF, Noda M, Kajio H. Risk of cardiovascular events in patients with diabetes mellitus on β-blockers. Hypertension 2017;70(1):103-10. 
2. Dan G-A, Martinez-Rubio A, Agewall S, Boriani G, Borggrefe M, Gaita F, et al. Antiarrhythmic drugs–clinical use and clinical decision making: A consensus document from the european heart rhythm association (ehra) and european society of cardiology (esc) working group on cardiovascular pharmacology, endorsed by the heart rhythm society (hrs), asia-pacific heart rhythm society (aphrs) and international society of cardiovascular pharmacotherapy (iscp). Ep Europace 2018;20(5):731-2an. 
3. Kalafutova S, Juraskova B, Vlcek J. The impact of combinations of non-steroidal anti-inflammatory drugs and anti-hypertensive agents on blood pressure. Advances in clinical and experimental medicine: official organ Wroclaw Medical University 2014;23(6):993-1000. 
4. Kothari N, Ganguly B. Potential drug-drug interactions among medications prescribed to hypertensive patients. Journal of clinical and diagnostic research: JCDR 2014;8(11):HC01. 
5. VandenBrink BM, Foti RS, Rock DA, Wienkers LC, Wahlstrom JL. Prediction of cyp2d6 drug interactions from in vitro data: Evidence for substrate-dependent inhibition. Drug Metabolism and Disposition 2012;40(1):47-53. 
6. Yin J, Wang J. Renal drug transporters and their significance in drug–drug interactions. Acta Pharmaceutica Sinica B 2016;6(5):363-73. 
7. Tiong HY, Huang P, Xiong S, Li Y, Vathsala A, Zink D. Drug-induced nephrotoxicity: Clinical impact and preclinical in vitro models. Molecular pharmaceutics 2014;11(7):1933-48. 
8. Wiersinga W. Propranolol and thyroid hormone metabolism. Thyroid 1991;1(3):273-7. 
9. Grossman E, Messerli FH. Drug-induced hypertension: An unappreciated cause of secondary hypertension. The American journal of medicine 2012;125(1):14-22. 
10. Sager JE, Lutz JD, Foti RS, Davis C, Kunze KL, Isoherranen N. Fluoxetine‐and norfluoxetine‐mediated complex drug–drug interactions: In vitro to in vivo correlation of effects on cyp2d6, cyp2c19, and cyp3a4. Clinical Pharmacology & Therapeutics 2014;95(6):653-62. 
11. Wile D. Diuretics: A review. Annals of clinical biochemistry 2012;49(5):419-31. 
12. Braza AJ, Modamio P, Lastra CF, Mariño EL. Development, validation and analytical error function of two chromatographic methods with fluorimetric detection for the determination of bisoprolol and metoprolol in human plasma. Biomedical Chromatography 2002;16(8):517-22. 
13. Albers S, Elshoff JP, Völker C, Richter A, Läer S. Hplc quantiﬁcation of metoprolol with solid‐phase extraction for the drug monitoring of pediatric patients. Biomedical Chromatography 2005;19(3):202-7. 
14. Mistry B, Leslie J, Eddington N. A sensitive assay of metoprolol and its major metabolite α-hydroxy metoprolol in human plasma and determination of dextromethorphan and its metabolite dextrorphan in urine with high performance liquid chromatography and fluorometric detection. Journal of pharmaceutical and biomedical analysis 1998;16(6):1041-9. 
15. Ghanbarzadeh M, Ghorbani A. Utilizing a three-phase hollow fiber liquid-phase micro extraction method for metoprolol succinate extraction from biological urine prior to hplc-uv analysis. Analytical and Bioanalytical Chemistry Research 2021;8(1):55-63. 
16. Hemmati M, Rajabi M, Asghari A. Ultrasound-promoted dispersive micro solid-phase extraction of trace anti-hypertensive drugs from biological matrices using a sonochemically synthesized conductive polymer nanocomposite. Ultrasonics Sonochemistry 2017;39:12-24. 
17. Rajendran S, Loh SH, Ariffin MM, Khalik WMAWM. Magnetic effervescent tablet-assisted ionic liquid dispersive liquid–liquid microextraction employing the response surface method for the preconcentration of basic pharmaceutical drugs: Characterization, method development, and green profile assessment. Journal of Molecular Liquids 2022;367:120411. 
18. Raoufi A, Ebrahimi M, Bozorgmehr MR. Application of response surface modeling and chemometrics methods for the determination of atenolol, metoprolol and propranolol in blood sample using dispersive liquid–liquid microextraction combined with hplc-dad. Journal of Chromatography B 2019;1132:121823. 
19. Morante‐Zarcero S, Sierra I. Simultaneous enantiomeric determination of propranolol, metoprolol, pindolol, and atenolol in natural waters by hplc on new polysaccharide‐based stationary phase using a highly selective molecularly imprinted polymer extraction. Chirality 2012;24(10):860-6. 
20. Abadi MAA, Masrournia M, Abedi MR. Simultaneous extraction and preconcentration of three beta (β)-blockers in biological samples with an efficient magnetic dispersive micro-solid phase extraction procedure employing in situ sorbent modification. Microchemical Journal 2021;163:105937. 
21. Sarafraz-Yazdi A, Abedi MR, Es' haghi Z. Pre-concentration and determination of β-blockers using carbon nanotube-assisted pseudo-stirbar hollow fiber solid-/liquid-phase microextraction and high-performance liquid chromatography with fluorescence detection. Journal of Liquid Chromatography & Related Technologies 2013;36(6):750-69. 
22. Yıldırım S, Sellitepe HE. Vortex assisted liquid-liquid microextraction based on in situ formation of a natural deep eutectic solvent by microwave irradiation for the determination of beta-blockers in water samples. Journal of Chromatography A 2021;1642:462007. 
23. Plesz K, Szajnecki Ł, Gawdzik B. Synthesis of molecularly imprinted copolymer and its application as a spe sorbent for preconcentration of metoprolol and vitamin b6 from water. Journal of Liquid Chromatography & Related Technologies® 2009;32(13):1831-46. 
24. Krakkó D, Licul-Kucera V, Záray G, Mihucz VG. Single-run ultra-high performance liquid chromatography for quantitative determination of ultra-traces of ten popular active pharmaceutical ingredients by quadrupole time-of-flight mass spectrometry after offline preconcentration by solid phase extraction from drinking and river waters as well as treated wastewater. Microchemical Journal 2019;148:108-19. 
25. Selvan PS, Pal T. Chromatography–tandem mass spectrometry method for the simultaneous quantitation of metoprolol succinate and simvastatin in human plasma. Journal of pharmaceutical and biomedical analysis 2009;49(3):780-5. 
26. Hemmati M, Asghari A, Bazregar M, Rajabi M. Rapid determination of some beta-blockers in complicated matrices by tandem dispersive liquid-liquid microextraction followed by high performance liquid chromatography. Analytical and bioanalytical chemistry 2016;408:8163-76. 
27. Marzi Khosrowshahi E, Limuie Khosrowshahi B, Farajzadeh MA, Jouyban A, Tuzen M, Afshar Mogaddam MR, et al. Application of microcrystalline cellulose as an efficient and cheap sorbent for the extraction of metoprolol from plasma and wastewater before hplc–ms/ms determination. Biomedical Chromatography 2022;36(7):e5371. 
28. Mahmoudi A, Rajabi M. Selective determination of some beta-blockers in urine and plasma samples using continuous flow membrane microextraction coupled with high performance liquid chromatography. Journal of Chromatography B 2019;1128:121768. 
29. Kim KH, Kim HJ, Kang J-S, Mar W. Determination of metoprolol enantiomers in human urine by coupled achiral–chiral chromatography. Journal of pharmaceutical and biomedical analysis 2000;22(2):377-84. 
30. Mabrouk MM, Hammad SF, El-Malla SF, Elshenawy EA. Green micellar hplc-fluorescence method for simultaneous determination of metoprolol and amlodipine in their combined dosage form: Application on metoprolol in spiked human plasma. Microchemical Journal 2019;147:635-42. 
31. Emam AA, Naguib IA, Hassan ES, Abdelaleem EA. Development and validation of rp-hplc and an ecofriendly hptlc method for simultaneous determination of felodipine and metoprolol succinate, and their major metabolites in human spiked plasma. Journal of AOAC International 2020;103(4):966-71. 
32. MacLeod SL, Sudhir P, Wong CS. Stereoisomer analysis of wastewater-derived beta-blockers, selective serotonin re-uptake inhibitors, and salbutamol by high-performance liquid chromatography-tandem mass spectrometry. J Chromatogr A 2007;1170(1-2):23-33. doi: 10.1016/j.chroma.2007.09.010
33. Xu T, Bao S, Geng P, Luo J, Yu L, Pan P, et al. Determination of metoprolol and its two metabolites in human plasma and urine by high performance liquid chromatography with fluorescence detection and its application in pharmacokinetics. Journal of Chromatography B 2013;937:60-6. 
34. Chiu F, Damani L, Li R, Tomlinson B. Efficient high-performance liquid chromatographic assay for the simultaneous determination of metoprolol and two main metabolites in human urine by solid-phase extraction and fluorescence detection. Journal of Chromatography B: Biomedical Sciences and Applications 1997;696(1):69-74. 
35. Pautler DB, Jusko WJ. Determination of metoprolol and α-hydroxymetoprolol in plasma by high-performance liquid chromatography. Journal of Chromatography B: Biomedical Sciences and Applications 1982;228:215-22. 
36. Gowda KV, Mandal U, Selvan PS, Solomon WS, Ghosh A, Sarkar AK, et al. Liquid chromatography tandem mass spectrometry method for simultaneous determination of metoprolol tartrate and ramipril in human plasma. Journal of Chromatography B 2007;858(1-2):13-21. 
37. Sarkar AK, Ghosh D, Das A, Selvan PS, Gowda KV, Mandal U, et al. Simultaneous determination of metoprolol succinate and amlodipine besylate in human plasma by liquid chromatography–tandem mass spectrometry method and its application in bioequivalence study. Journal of Chromatography B 2008;873(1):77-85. 

