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Table S1. The representatives of tetracyclines class from first and second generations and their approval in therapy (FDA — USA Food and Drug Administration, EMA —
European Medicine Agency, MHRA - UK Medicines and Healthcare Products Regulatory Agency).

Genenc. name Generation Year of Tl.1e authf)nz- IUPAC name Reference
(Commercial name) approval ing entity
Chlortetracyshne First 1948 FDA (45,4a5,5a5,65,12uR)—7‘—chloro—4—(d1methylam1no)—1,6,10,11,12u—pentabydroxy—6— [1-4]
(Aureomycin) methyl-3,12-dioxo-4,4a,5,5a-tetrahydrotetracene-2-carboxamide
Oxytetracyl.lne First 1950 FDA (4S,411R,55,511R,6S,12.11R)-4-(d1methylam1no)-1,5,6,10,11,12a-hexahyc.1roxy-6-me- [1,5]
(Terramycin) thyl-3,12-dioxo-4,44,5,5a-tetrahydrotetracene-2-carboxamide
Tetracycline . (45,4a5,5a5,6S,12aR)-4-(dimethylamino)-1,6,10,11,12a-pentahydroxy-6-methyl-
First 1954 FDA 1,6,7
(Achromycin) s > 3,12-dioxo0-4,4a,5,5a-tetrahydrotetracene-2-carboxamide [1,6,7]
Rolitetracycline . (45,4115',5515,65,1ZaR)-4'-(.dlmethylam1no)-1,6,10,11,12a-pentahydroxy-6-methyl-
f First 1959 FDA 3,12-dioxo-N-(pyrrolidin-1-ylmethyl)-4,44,5,5a-tetrahydrotetracene-2-carbox- [8,9]
(Reverin) .
amide
Demeclocycline First 1960 FDA (4S,4aS,5aS,6S,?2aR)—7—chloro—4—(d1methy1am1no)—1,6,10,11,12a—per.1tahydroxy— [10]
(DMCT) 3,12-dioxo-4a,5,5a,6-tetrahydro-4H-tetracene-2-carboxamide
Doxycycline (45,4aR,55,5aR,6R,12aR)-4-(dimethylamino)-1,5,10,11,12a-pentahydroxy-6-me-
(Vibramycin) Second 1967 FDA thyl-3,12-dioxo-44,5,5a,6-tetrahydro-4H-tetracene-2-carboxamide [1,11]
Minocycline (4S5,4a5,5aR,12aR)-4,7-bis(dimethylamino)-1,10,11,12a-tetrahydroxy-3,12-dioxo-
1971 FDA 12
(Minocyn) Second 9 4a,5,5a,6-tetrahydro-4H-tetracene-2-carboxamide [12]
Methacycline (45,4aR,55,5aR,12aR)-4-(dimethylamino)-1,5,10,11,12a-pentahydroxy-6-methyli-
27?
(Rondomycin) Second 198277 FDA dene-3,12-dioxo-4,44,5,5a-tetrahydrotetracene-2-carboxamide [13,14]
(25)-6-[[[(4S,44S,5a5,6S5,12aR)-4-(dimethylamino)-1,6,10,11,12a-pentahydroxy-6-
Lymecycline Second 1995 MHRA and ~ methyl-3,12-dioxo0-4,44,5,5a-tetrahydrotetracene-2-carbonyl]amino]methyla- [15,16]

(Tetralysal) EMA mino]-2-aminohexanoic acid




Table S2. Modern tetracyclines of the third generation introduced in therapy.

Compoun-d name (Com-  Year of The autltorlzmg IUPAC name Approved use in therapy  Reference
mercial name) approval entity
Complicated skin and soft tis-
sue infections
) . (4S,4aS,5aR,12aR)-9-[[2-(tert-butylamino)acetyl]amino]-4,7- . . .
Tigecycline 2005, 2006 FDA, EMA bis(dimethylamino)-1,10,11,12a-tetrahydroxy-3,12-dioxo- _CrPlicated intra-abdominal |, )10,
(Tygacil) . infections
4a,5,5a,6-tetrahydro-4H-tetracen-2-carboxamide . .
Community-acquired bacte-
rial pneumonia
45 4aS,50R,124R)-4,7-bis(dimethylamino)-9-[(2,2-dime- —C™P hc::gcilrfgcr;rr‘s soft tis-
Omadacycline (Nuzyra) 2018 FDA thylpropylamino)methyl]-1,10,11,12a-tetrahydroxy-3,12-di- . . . [20]
. Complicated intra-abdominal
ox0-4a,5,5a,6-tetrahydro-4H-tetracene-2-carboxamide . .
infections
) (45,4aS,5aR,12aR)-4-(dimethylamino)-7-fluoro-1,10,11,12a- . ) .
Er:‘)‘(’a::‘f;“e 2018 FDA,EMA tetrahydroxy-3,12-dioxo-9-[(2-pyrrolidin-1-ylacetyl)amino]- Comphcatiicf:?tt_riabdommal [21,22]
€ 4a,5,5a,6-tetrahydro-4H-tetracene-2-carboxamide 1ons
] (45,4aS,5aR,12aR)-4-(dimethylamino)-1,10,11,12a-tetrahy-
Sarecycline 2018 FDA droxy-7-[[methoxi(methyl)amino]methyl]-3,12-dioxo- Moderate to severe no,n nod [23]
(Seysara) ular acne vulgaris

4a,5,5a,6-tetrahydro-4H-tetracene-2-carboxamide




Table S3. Essential structural features of tetracycline antibiotics.

OH o OH 0

R1 RZ R3 R4 N [c H3 }2
Tetracycline representatives C9 (Rs) C7 (R1) C6(R2) C6(Rs) C5(Rq) C2
Chlortetracycline - Cl OH -CHs - -CO-NH:
Oxytetracycline - - OH -CHs OH -CO-NH:
Tetracycline - - OH -CHs - -CO-NH:

°|
Rolitetracycline - - OH -CHs - /LH/\D

Demeclocycline - Cl OH - - -CO-NH:
Metacycline - - - =CH> OH -CO-NH:
Doxycycline - - - CHs OH -CO-NH2
Minocycline - -N(CHa)2 - - - -CO-NH:
Limecycline - - OH -CHs - -CO-NH-CH>-NH-(CH.):-CH(NH2)-COOH

Sancycline - - - - - -CO-NH2
CHs
HaC .
Tigecydline e N -N(CH:)» - ; - -CO-NH:
H
NN

Omadacycline H -N(CHs)2 - - - -CO-NH:




R1 RZ R3 R4 N[CH3}2
Tetracycline representatives C9 (Rs) C7 (R1) C6(R2) C6(Rs) C5(Rya) C2
N
. N ~
Eravacycline O -F - - - -CO-NH2
O

Sarecycline - LN/ O\ - - - -CO-NH:




Table S4. Physicochemical properties of third-generation tetracyclines.

Tigecycline Properties References
Chemical formula C29H39N50s [24]
Molecular weight (g/mol) 586.6 [24]
Aspect odourless, crystalline orange powder [25]
Solubility 14.55 mg/L at 25°C (water); 0.45 mg/mL (water) (ALOGPS); highly ionisable throughout [24,26]
the pH range
LogP 0.8 (experimental), 0.66 (ALOGPS), -3.9 (ChemAxon) [26]
3.17 (strongest acidic), 8.97 (strongest basic);
pka srone 2.8; 4.4; ;.4; 8.9(; 95 ! [26,27]
Melting point 163-173°C; decomposition at 188.6°C [28,29]
Storage 2-8 °C; under -20 °C [25,28]
Omadacycline Properties References
Chemical formula C29H10N1O7 [30,31]
Molecular weight (g/mol) 556.66 [30,31]
Aspect powder [32]
Solubility 0.213 mg/mL (in water) [30]
LogP 0.92 (ALOGPS), -2.2 (ChemAxon) [30]
pKa 2.87 (strongest acidic), 10,54 (strongest basic) (Chemaxon) [31]
Melting point Not available
Storage under -20 °C [32]
Omade-ncychne Properties References
(tosilate)
Chemical formula CssH1sN4010S [33]
Molecular weight (g/mol) 728.85 [33]
Aspect Not available
Solubility 100 mg/mL at 25 °C (water, ethanol, ' DMSO) [33]
LogP 4.736 [34]
pKa 2.87 (strongest acidic), 10,54 (strongest basic) (Chemaxon) [35]
Melting point Not available




three years at -20°C (powder)

Storage two years at -80°C (in solvent) [33]
Eravacycline Properties References
Chemical formula C27H31FN4Os [36]
Molecular weight (g/mol) 558,56 [36]
Aspect Pale yellow to dark yellow cake [37]
Solubility 0.838 mg/mL (water)( ALOGPS) [38]
LogP 0.24 (ALOGPS), -3.5 (ChemAxon) [38]
pKa -2.96 (strongest acidic), 9 (strongest basic) [38]
Melting point Not available
Storage Not available
Eravacycline (dihydrochloride) Properties References
Chemical formula C27H33C12FN4Os [39]
Molecular weight (g/mol) 631.5 [39]
Aspect Powder, pale yellow to dark yellow [37]
Solubility 0.838 mg/mL (water)( AITOGPS)f‘ 50 mg/mL(water), 220 mg/mL (! DMSO); [40,41]
Unstable in solutions, use freshly prepared.
LogP 0.24 (ALOGPS), -3.5 (ChemAxon) [40]
pKa -2.96 (strongest acidic), 9 (strongest basic) [40]
Melting point Not available
Storage -80°C; protected from light, stored under nitrogen [41]
Sarecycline Properties References
Chemical formula C24H29N30s [42]
Molecular weight (g/mol) 487.5 [42]
Aspect Not available
Solubility 2.01 mg/mL (water)(ALOGPS); [43]
LogP -0.17 (ALOGPS), -3.1 (ChemAxon) [43]
pKa 3.31 (strongest acidic), 8.699 (strongest basic) [43]
Melting point Not available
0-4°C (days to weeks; dry and dark place)
Storage —yZO°C (months t}(l) years) F [44]
(h:jlzzcci,lizﬁ(;e) Properties References
Chemical formula C24H30CIN3Os [45]
Molecular weight (g/mol) 524.0 [45]
Aspect Solid powder [44]




Solubility 2.01 mg/mL (water)(ALOGPS); soluble in ' DMSO [44,46]
LogP -0.17 (ALOGPS), -3.1 (ChemAxon) [46]
pKa 3.31 (strongest acidic), 8.69 (strongest basic) [46]
Melting point Not available
Storage 4°C (stored under nitrogen) [47]
! DMSO—Dimethyl sulfoxide.
Table S5. The antibacterial spectrum of the newly approved tetracyclines.
Tetracycline Gram-positive pathogens Gram-negative pathogens Other pathogens References
Tigecycline Aerobes Aerobes Atypical bacteria:
-Bacilli:
-Enterobacteriaceae: Escherichia coli,
Klebsiella pneumoniae, Klebsiella oxytoca,
Morganella morganii, Proteus mirabilis, -Bacilli: Mycobacterium abscessus,
_Cocci: Staphylococcus aureus, coagulase- Proteus vulgaris, Provider‘zcia spp., Shigell.a Mycobu.cterium cﬁelonae,
) . spp., Salmonella spp., Citrobacter freundi, ~ Mycobacterium fortuitum group,
negative staphylococci, Streptococcus . .
. . Enterobacter cloacae, Enterobacter aerogenes, — Mycobacterium avium complex,
pneumoniae, Enteroccocus faecalis, ) . .
. ) Serratia marcescens Mycobacterium lentiflavum,
Enterococcus faecium, Enterococcus avium, . . .
X -Non-Enterobacteriaceae: Stenotrophomonas Mycobacterium marinum, [48-71]
Enterococcus casseliflavus, Enterococcus . . . ..
. . maltophilia, Pseudomonas aeruginosa, Mycobacterium kansasii,
fallinarum, Enterococcus raffinosus, . . . .. .
Y Burkholderia cepacia, Acinetobacter baumannii Chlamydophyla pneumoniae,
Group A and B streptococci, Viridans . .
. (coccobacillus) -Pleomorphic: Mycoplasma
streptococci . . . .
-Respiratory pathogens: Haemophilus hominis, Mycoplasma pneumoniae,
influenzae (coccobacillus), Moraxella Ureaplasma urealyticum
catarrhalis (diplococcus)
-Other: Neisseria gonorrhoeae (coccus),
Eikenella corrodens (bacillus)
Anaerobes
-Cocci: Peptostreptococcus spp.,
-Bacilli: Bacteroides fragilis, Clostridium
perfringens, Clostridium difficile,
Propionibacterium acnes, Fusobacterium
spp., Prevotella spp., Porphyromonas spp.
Omadacycline Aerobes Aerobes Atypical bacteria:
-Cocci: Staphylococcus aureus, -Bacili: Escherichia coli, Klebsiella -Bacilli: Legionella pneumophila, [71-88]

Staphylococcus epidermidis, coagulase-  pneumoniae, Klebsiella oxytoca, Enterobacter Chlamydophila pneumoniae,




Gram-positive pathogens Gram-negative pathogens Other pathogens References

Tetracycline
negative staphylococci, Staphylococcus cloacae, Citrobacter freundi, Proteus mirabilis, Moycobacterium abscessus,
lugdunensis, Staphylococcus Salmonella spp., Serratia marcescens, Shigella Mycobacterium fortuitum,
pseudintermedius, Enterococcus spp.,  spp., Yersinia pestis, Pseudomonas aeruginosa, Mycobacterium chelonae
Enterococcus faecium, Streptococcus Strenotrophomonas maltophilia, Burkholderia -Pleomorphic: Mycoplasma
pneumoniae, Streptococcus anginosus cepacia, Eikenella corrodens, Bergeyella hominis, Mycoplasma pneumoniae,
group, Viridans streptococci, 3-hemo- zoohelcum Ureaplasma spp.
lytic streptococci, Streptococcus pyogenes, —-Coccobacilli: Acinetobacter baumannii,
Streptococcus agalactiae, Haemophilus influenzae, Pasteurella canis,
-Bacilli: Corynebacterium spp., Bacillus Pasteurella multocida
anthracis, Listeria monocytogenes -Diplococci: Moraxella catarrhalis, Neisseria
gonorrhoeae, Neisseria weaveri, Neisseria
zoodegmatis
Anaerobes Anaerobes
-Bacilli: Bacteroides fragilis, Bacteroides
-Cocci: Peptostreptococcus spp. ovatus, Bacteroides thetaiotoamicron, Bac-
-Bacilli: Clostridium difficile, Clostridium teroides vulgatus, Bacteroides pyogenes, Fuso-
perfringens, bacterium spp.,
Porphyromonas spp., Prevotella spp.
Eravacycline Aerobes Aerobes

-Bacilli: Citrobacter freundii, Enterobacter aer-
ogenes, Enterobacter cloacae, Escherichia coli,
Klebsiella oxytoca, Klebsiella pneumoniae, Mor-
-Cocci: Staphylococcus aureus, Staphylo-  ganella morganii, Proteus mirabilis, Proteus
coccus epidermidis, Streptococcus agalac- vulgaris, Pseudomonas aeruginosa, Salmonella
tiae, Streptococcus pneumoniae, Streptococ- spp., Salmonella spp., Serratia marcescens,

cus pyogenes, Enterococcus faecalis, Enter- Strenotrophomonas maltophilia
. . . . o [71,89-93]
ococcus faecium -Diplococci: Moraxella catarrhalis, Neisseria
gonorrhoeae

-Coccobacilli: Haemophilus influenzae

Anaerobes Anaerobes
-Cocci: Anaerococcus spp., Peptostrepto-  -Bacilli: Bacteroides fragilis, Bacteroides
coccus anaerobius, Peptostreptococcus mi- ovatus, Bacteroides thetaiotoamicron, Fusobac-
cros terium spp., Prevotella bivia, Prevotella buccae,




Tetracycline Gram-positive pathogens Gram-negative pathogens Other pathogens References
-Bacilli: Clostridium difficile, Clostridium  Prevotella disiens, Prevotella intermedia,
perfringens, Lactobacillus spp., Propioni- Prevotella melaninogenica
bacterium spp
Sarecycline Aerobes Aerobes
-Cocci: Staphylococcus aureus, Staphylo-
coccus epidermidis, Staphylococcus haemo- -Bacilli: Enterobacter cloacae, Escherichia coli,
Iyticus, Streptococcus pyogenes, Strepto-  Klebsiella pneumoniae, Proteus mirabilis, Sal- [94,05]
coccus agalactiae, Enterococcus faecalis, monella spp. ’
Enterococcus faecium
Anaerobes

-Bacilli: Cutinebacterium acnes

Table S6. Pharmacokinetics parameters of modern tetracyclines (iv - intravenuos, AUC - aria under the curve, Cmax - maximum concentration observed, ss - steady state,
D - dose, Tmax - time of maximum concentration, Ti2 - half life, FMO - flavin-containing monooxygenase) [96-99].

Tigecycline Omadacycline Eravacycline Sarecycline
initial dose of 100 mg iv; intermittent dosing-unique
Dosage. afld ro.ute of fo.llowed by iv infusion (30 100 mg iv 300 mg orally ar.ld repeated iv infusion (60 60 mg orally
administration minutes) of 50 mg every 12 minutes) of 1 mg/kg every 12
hours hours
Pharmacokinetic parameters (medium values)
Cmaxss (pg/ml) 0.87 2.12 0.952 1.825
AUCss(ug /L) 4.7 (AUCo-24n) 12.14 11.126 6.309 (AUCo-12n)
Accumulation ratio 1.5 1.45 1.5-1.6
Absorbtion
Bioavailability (%) 100 100 34.5 100
Medium Tmaxss (hours) 0.5 25
Distribution
79%-90%
(increases with increasing
Plasma protein binding 71-89% 20% plasma 62.5%-64.7%
(independent of concentration) concentrations, with 79% to
90% at plasma concentrations
ranging from 0.1 to 10 ug/mL)
Volume of distribution ss (L) 639 190 - 321 91.4-97




Elimination

Ti/2ss 42.4 16 15.5 20 21-22
Systemic clearence ss (L/hour) 23.8 8.8 - 3
(apparent oral clearance)
Renal clearence ss (L/hour) 51.0 2,4-3,3
Metabolism <20% No CYP3A4 and FMO <15% by microsomal en-
zymes
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