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Abstract: Streptomycin, isolated in 1943 from the actinobactetium Streptomyces grisens, was the first aminoglycoside antibiotic
discovered and regarded as a landmark in modern medicine. Its introduction provided the first effective chemotherapy against
Mycobacterium tuberculosis, revolutionizing the treatment of tuberculosis. The molecule is a bactericidal agent that functions by
irreversibly binding to the 16S tRNA of the bacterial 30S ribosomal subunit. This binding interferes with translational initiation
and promotes the misreading of mRNA, leading to the synthesis of non-functional proteins that disrupt cell membrane integrity.
Pharmacokinetically, streptomycin is a highly polar molecule, resulting in negligible gastrointestinal absorption and necessitating
parenteral administration. It distributes primarily within the extracellular fluid and is eliminated unchanged via glomerular
filtration. Its clinical utility is concentration-dependent and benefits from a significant post-antibiotic effect. Despite its historical
importance, systemic use is now limited by significant toxicities, primarily irreversible ototoxicity and reversible nephrotoxicity.
Today, streptomycin retains a critical, specialized role in combination therapy for multidrug-resistant tuberculosis, specific
zoonotic infections such as plague and tularemia, and in synergistic regimens for bacterial endocarditis.
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1. Introduction

The discovery of streptomycin in 1943 marked a pivotal moment in the history of medicine and the dawn of the antibiotic era for
Gram-negative bacteria and mycobacteria [1]. Isolated from the soil actinomycete Strepfomyces grisens by Albert Schatz, a graduate
student in Selman Waksman's laboratory, streptomycin rapidly proved its efficacy [2]. Its most profound impact was as the first
antimicrobial agent effective against Mycobacterium tuberculosis, transforming tuberculosis from an intractable disease with high
mortality into a treatable condition [3]. This discovery, which earned Waksman the Nobel Prize in 1952, established a new class of
antibiotics—the aminoglycosides—and spurred the search for other therapeutic agents from microbial sources [4].
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Figure 1. Structure of Streptomycin
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Streptomycin is a trisaccharide composed of streptidine, streptose, and N-methyl-L-glucosamine [5]. Chemically, its IUPAC name
is 5-(2,4-diguanidino-3,5,6-trihydroxy-cyclohexoxy)-4-[4,5-dihydroxy-6-(hydroxymethyl)-3-methylamino-tetrahydropyran-2-yl]oxy-
3-hydroxy-2-methyl-tetrahydrofuran-3-carbaldehyde. As a polycationic base, it is highly polar and water-soluble. These properties
are fundamental to its pharmacokinetic profile, dictating its route of administration, distribution in the body, and mechanism of
entry into bacterial cells [6]. It is typically formulated as streptomycin sulfate for clinical use.

2. Mechanism of Action

Streptomycin's bactericidal effect is a multi-stage process involving entry into the bacterial cell and subsequent inhibition of protein
synthesis.

2.1. Bacterial Cell Entry

Entry into Gram-negative bacteria is a complex, energy-dependent process [7]. It begins with an initial, rapid phase where the
polycationic streptomycin molecule electrostatically binds to negatively charged components of the bacterial outer membrane, such
as lipopolysaccharide (I.PS) [8]. This binding displaces divalent cations (Mg?* and Ca?") that normally stabilize the LPS, leading to
membrane disruption and increased permeability [9]. This allows the drug to traverse the outer membrane and access the periplasmic
space.
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Figure 2. Mechanism of Action of Streptomycin

Subsequent transport across the inner cytoplasmic membrane is biphasic. It involves a slow, energy-dependent phase I (EDP-I),
followed by a more rapid, accelerated energy-dependent phase II (EDP-II) [10]. This transport is coupled to the bacterial electron
transport chain, which is why aminoglycosides are largely ineffective against anaerobic bacteria that lack this system [11].
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2.2. Ribosomal Inhibition

Once in the cytoplasm, streptomycin's primary target is the bacterial 30S ribosomal subunit. It binds irreversibly to a specific site
on the 16S rRNA, near the A-site (aminoacyl-tRNA binding site) [12]. This binding has two major consequences. First, it interferes
with the formation of the 70S initiation complex, effectively blocking the start of protein synthesis [13]. Second, it induces a
conformational change in the A-site, causing the misreading of mRNA codons. This leads to the incorporation of incorrect amino
acids into the growing polypeptide chain [14]. The accumulation of these mistranslated, aberrant proteins, many of which may be
inserted into the cell membrane, leads to further disruption of membrane integrity, loss of essential metabolites, and ultimately, cell
death [15]. This multi-pronged attack—Dblocking initiation and inducing toxic protein synthesis—accounts for streptomycin's potent
bactericidal activity.

3. Pharmacological Profile

3.1. Pharmacokinetics
The pharmacokinetic properties of streptomycin are dictated by its high polarity.
3.1.1. Absorption

Gastrointestinal absorption of streptomycin is negligible (less than 1%) [16]. Consequently, for systemic infections, it must be
administered parenterally, typically via intramuscular (IM) injection, from which it is rapidly and completely absorbed. Intravenous
(IV) administration is also possible.

3.1.2. Distribution

Following absorption, streptomycin distributes primarily into the extracellular fluid compartment. Its volume of distribution is low,
approximately 0.2 to 0.3 L/kg in adults, reflecting its poor lipid solubility and limited tissue penetration [17]. It does not readily
cross the blood-brain barrier, resulting in low concentrations in the cerebrospinal fluid (CSF), even in the presence of meningeal
inflammation [18]. It also penetrates pootly into vitreous humor, bronchial secretions, and abscesses. However, it does cross the
placenta and can accumulate in fetal plasma and amniotic fluid [19]. Plasma protein binding is relatively low, typically reported in
the range of 20-35%.
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Figure 3. Pharmacokinetic Profile of Streptomycin
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3.1.3. Metabolism and Excretion

Streptomycin is not metabolized in the body [20]. It is eliminated almost entirely by the kidneys via glomerular filtration, with over
90% of a dose excreted unchanged in the urine within 24 hours in patients with normal renal function [21]. The serum half-life is
approximately 2.5 hours in healthy adults. This reliance on renal excretion means that the half-life is significantly prolonged in
patients with renal impairment, necessitating careful dose adjustments to prevent accumulation and toxicity [22].

Table 1. Pharmacokinetic Parameters of Streptomycin

Parameter Value / Description

Bioavailability (Oral) < 1% (Negligible)

Bioavailability (IM) ~100% (Rapid and complete absorption)

Volume of Distribution (Vd) | 0.2 — 0.3 L/kg (Confined to extracellular fluid)

Plasma Protein Binding 20% — 35%

Metabolism Not metabolized

Elimination Half-life ~2.5 hours (in adults with normal renal function)

Excretion >90% eliminated unchanged in urine via glomerular filtration

3.2. Pharmacodynamics

Streptomycin exhibits concentration-dependent bactericidal activity, meaning that higher peak concentrations (Cmax) relative to the
minimum inhibitory concentration (MIC) correlate with a more rapid and extensive bacterial killing [23]. It also possesses a
significant post-antibiotic effect (PAE), where bacterial growth remains suppressed for a period even after the serum concentration
has fallen below the MIC [24]. These two principles—concentration-dependent killing and a long PAE—are the pharmacological
basis for modern, high-dose, extended-interval (once-daily) dosing regimens. Such regimens maximize efficacy while minimizing
the time drug concentrations are in the toxic range, potentially reducing the risk of nephrotoxicity [25].

4. Clinical Applications

The clinical use of streptomycin has evolved significantly since its introduction. Once a broad-spectrum agent, its application is now
highly specialized due to the availability of less toxic alternatives and the rise of bacterial resistance.

4.1. Tuberculosis

Streptomycin's historical role as a first-line agent for tuberculosis has been largely superseded. However, it remains a critical
component of second-line treatment regimens for multidrug-resistant tuberculosis (MDR-TB), always used in combination with
other active agents to prevent the emergence of resistance [20].

Table 2. Major Clinical Applications of Streptomycin

Indication Role of Streptomycin | Regimen

Multidrug-Resistant Second-line agent Always used in a multi-drug combination regimen.

Tuberculosis (MDR-TB)

Plague (Yersinia pestis) First-line agent A primary treatment for all forms of plague.

Tularemia (Francisella First-line agent Highly effective, considered a drug of choice.

tularensis)

Brucellosis Combination therapy | Used synergistically, typically with doxycycline.

Bacterial Endocarditis Synergistic agent Combined with a cell-wall agent (e.g., penicillin) for enterococcal or
resistant viridans streptococcal infections.

4.2. Non-Tuberculous Infections

Streptomycin retains first-line status for several severe, uncommon infections. It is a cornerstone of therapy for plague, caused by
Yersinia pestis [27], and tularemia, caused by Francisella tularensis [28]. It is also used in combination with doxycycline for the treatment
of brucellosis [29].
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Its use in synergistic combinations is also important. For bacterial endocarditis, particularly cases involving Enferococcus faecalis ot
resistant viridans group streptococci, streptomycin is combined with a cell-wall active agent (such as penicillin G or ampicillin) [30].
The cell-wall agent inhibits peptidoglycan synthesis, which is thought to enhance the uptake of streptomycin into the bacterial cell,
leading to a synergistic bactericidal effect where neither agent alone would be sufficient [31].

4.3. Non-Clinical Use
A common application of streptomycin is in biomedical research. It is frequently formulated with penicillin as "Pen-Strep," a

standard antibiotic cocktail added to eukaryotic cell culture media to prevent bacterial contamination, which can otherwise confound
experimental results [32].

5. Adverse Effects and Toxicity
The therapeutic utility of streptomycin is significantly limited by its potential for severe, dose-dependent toxicities.
5.1. Ototoxicity

Ototoxicity is the most serious and feared adverse effect, as it is often irreversible [33]. Streptomycin primarily causes vestibular
toxicity (vestibulotoxicity), damaging the sensory hair cells of the vestibular apparatus. This manifests as vertigo, nausea, vomiting,
and ataxia (loss of balance) [34]. Cochlear toxicity, leading to tinnitus and high-frequency hearing loss, can also occur but is less
common than with other aminoglycosides like amikacin or kanamycin. The risk is related to cumulative dose, duration of therapy,
peak and trough concentrations, and pre-existing renal impairment [35].
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Figure 4. Toxicity of Streptomycin
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5.2. Nephrotoxicity

Streptomycin can cause nephrotoxicity by accumulating in the epithelial cells of the renal proximal tubule, inducing acute tubular
necrosis (ATN) [36]. This typically presents as a non-oliguric rise in serum creatinine and blood urea nitrogen (BUN) after several
days of therapy. Unlike ototoxicity, this effect is usually reversible upon discontinuation of the drug, as the proximal tubule cells
have a high capacity for regeneration [37].

5.3. Other Adverse Effects

Neurotoxicity, though less common, can manifest as a peripheral neuropathy (numbness or tingling, particularly around the face)
[38]. A rare but serious effect is neuromuscular blockade, which can lead to respiratory paralysis. This is typically seen in patients
with co-administering neuromuscular blocking agents or in those with conditions like myasthenia gravis [39]. Hypersensitivity
reactions, including skin rash, fever, and eosinophilia, may also occur [40].

Table 3. Adverse Effects and Toxicities

Toxicity Type Manifestation Mechanism Reversibility
Ototoxicity Vestibular:  Vertigo, ataxia, nausea | Damage to sensory hair cells in the | Generally
Cochlear: Tinnitus, hearing loss (less | vestibular apparatus and cochlea. Irreversible
common)
Nephrotoxicity Non-oliguric rise in serum creatinine and | Accumulation in proximal tubule cells, | Usually Reversible
BUN leading to acute tubular necrosis (ATN).
Neurotoxicity Peripheral  neuropathy  (paresthesia, | Not fully elucidated; direct neural effect. | Variable
especially perioral)
Neuromuscular Respiratory paralysis, muscle weakness | Inhibition of acetylcholine release at the | Reversible — (with
Blockade neuromuscular junction. intervention)

5.4. Drug Interactions and Contraindications

Careful consideration of potential interactions is essential when administering streptomycin. The most significant interactions
involve additive toxicity. Co-administration with other agents that have ototoxic or nephrotoxic potential, such as loop diuretics
(e.g., furosemide, ethacrynic acid), amphotericin B, vancomycin, or cisplatin, can dramatically increase the risk of toxicity [41, 42].
The combination with loop diuretics is particularly hazardous, as these drugs can independently cause ototoxicity and also alter fluid
and electrolyte balance, exacerbating aminoglycoside toxicity.

Streptomycin is contraindicated in patients with a known history of hypersensitivity or setious toxic reactions to it or any other
aminoglycoside, as cross-sensitivity within the class is common [43]. Its use during pregnancy is also contraindicated. Streptomycin
readily crosses the placenta and has been definitively linked to bilateral congenital deafness and vestibular damage in the fetus,
making it a known human teratogen [44].

Table 4. Clinically Significant Drug Interactions

Interacting Agent / Class Potential Effects Recommendation

Loop Diuretics (e.g., Furosemide, | Potentiates ototoxicity and | Avoid  co-administration if  possible.
Ethacrynic Acid) nephrotoxicity. Monitor auditory and renal function closely.
Other Nephrotoxic ~ Agents  (e.g., | Additive nephrotoxicity. Avoid concurrent use. If unavoidable,
Amphotericin B, Vancomycin, Cisplatin, requires intensive monitoring of renal
other Aminoglycosides) function.

Neuromuscular Blocking Agents (e.g., | Potentiation ~ of  neuromuscular | Use with extreme caution, particularly post-
Succinylcholine) blockade, risk of respiratory paralysis. | operatively. Monitor respiratory status.

6. Conclusion

Streptomycin occupies a unique place in the history of chemotherapy. It saved countless lives and fundamentally altered the course
of infectious diseases. While its broad clinical use has been curtailed by the development of safer, more effective antibiotics and the
significant, persistent risk of irreversible ototoxicity and nephrotoxicity, it is not obsolete. It remains an indispensable tool in the
modern therapeutic arsenal for specific, life-threatening conditions, including multidrug-resistant tuberculosis, plague, tularemia,
and synergistic treatment of endocarditis. The continued, careful use of streptomycin requires rigorous patient selection, therapeutic
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drug monitoring, and a profound respect for its toxic potential, embodying the critical balance between efficacy and safety that
defines modern pharmacotherapy

References

(18]

[19]

[20]

Schatz A, Bugie E, Waksman SA. Streptomycin, a substance exhibiting antibiotic activity against gram-positive and gram-
negative bacteria. Proc Soc Exp Biol Med. 1944;55:66-9.

Kingston W. Streptomycin, Schatz v. Waksman, and the balance of credit for discovery. ] Hist Med Allied Sci.
2004;59(3):441-62.

Hinshaw HC, Feldman WH. Streptomycin in treatment of clinical tuberculosis: a preliminary report. Proc Staff Meet Mayo
Clin. 1945;20:313-8.

Waksman SA. Streptomycin: background, isolation, properties, and utilization. Nobel Lecture, December 12, 1952.

Polikanov AS, Staroseletz YI, Osterman IA, Burakovsky EA. Mechanism of streptomycin action: a new look at an old
problem. Expert Rev Mol Med. 2018;20:e8.

Hancock RE. Aminoglycoside uptake and mode of action. ] Antimicrob Chemother. 1981;8(6):429-45.

Krause KM, Serio AW, Kane TR, Dials L. Aminoglycosides: An Overview. Cold Spring Harb Perspect Med.
2016;6(6):2027029.

Hancock RE. The role of the outer membrane in antibiotic transport. | Antimicrob Chemother. 1997;40(5):603-7.

Moore RA, Hancock RE. Involvement of outer membrane of Pseudomonas aeruginosa in susceptibility and resistance to
m-lactam and aminoglycoside antibiotics. Antimicrob Agents Chemother. 1986;30(6):923-6.

Taber HW, Mueller JP, Miller PF, Arrow AS. Bacterial uptake of aminoglycoside antibiotics. Microbiol Rev. 1987;51(4):439-
57.

Edson RS, Terrell CL. The aminoglycosides. Mayo Clin Proc. 1999;74(5):519-28.

Carter AP, Clemons WM, Brodersen DE, Morgan-Watren RJ, Ramakrishnan V| et al. Functional insights from the structure
of the 308 ribosomal subunit and its interactions with antibiotics. Nature. 2000;407(6802):340-8.

Luzzatto L, Apirion D, Schlessinger D. Mechanism of action of streptomycin in E. coli: interruption of the ribosome cycle
at the initiation of protein synthesis. Proc Natl Acad Sci U S A. 1968;60(3):873-80.

Davis BD. Mechanism of bactericidal action of aminoglycosides. Microbiol Rev. 1987;51(3):341-50.

Shakil S, Khan R, Zarrilli R, Khan AU. Aminoglycosides versus bacteria--a description of the action, resistance mechanism,
and clinical application. ] Biomed Sci. 2008;15(1):7-18.

Peloquin CA, Berning SE. Pharmacokinetics of streptomycin. In: Heifets LB, editor. Drug-susceptible tuberculosis. New
York: Marcel Dekker; 1999. p. 293-312.

Zhu M, Burman WJ, Jaresko GS, Berning SE, Jelliffe RW, Peloquin CA. Population pharmacokinetics of intravenous and
intramuscular streptomycin in patients with tuberculosis. Pharmacotherapy. 2001;21(9):1037-45.

Mandell GL, Bennett JE, Dolin R, editors. Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases.
8th ed. Philadelphia: Elsevier Saunders; 2015. Chapter 27, Aminoglycosides.

Snider DE Jr, Layde PM, Johnson MW, Lyle MA. Treatment of tuberculosis during pregnancy. Am Rev Respir Dis.
1980;122(1):65-79.

Buggs CW, Pilling MA, Bronstein B, Hirshfeld JW. The absorption, distribution, and excretion of streptomycin in man. J
Clin Invest. 1946;25(1):94-102.

Peloquin CA. Aminoglycosides in tuberculosis. In: Rom WN, Garay SM, editors. Tuberculosis. 2nd ed. Philadelphia:
Lippincott Williams & Wilkins; 2004. p. 779-90.

Gilbert DN. Aminoglycosides. In: Mandell GL, Bennett JE, Dolin R, editors. Principles and Practice of Infectious Diseases.
7th ed. Philadelphia: Churchill Livingstone; 2010. p. 337-56.

Craig WA. Pharmacokinetic/pharmacodynamic parameters: rationale for antibactetial dosing of mice and men. Clin Infect
Dis. 1998;26(1):1-10.

Vogelman B, Craig WA. Postantibiotic effects. ] Antimicrob Chemother. 1985;15(Suppl A):37-46.

Sunil Kumar D and Sunitha Kamidi 374



[25]

6]

(27]

NN

Journal of Pharma Insights and Research, 2025, 03(05), 368-375

Nicolau DP, Freeman CD, Nightingale CH, et al. Once-daily aminoglycoside therapy. Antimicrob Agents Chemother.
1995;39(3):650-5.

World Health Organization. WHO consolidated guidelines on drug-resistant tuberculosis treatment. Geneva: World Health
Organization; 2019.

Inglesby TV, Dennis DT, Henderson DA, et al. Plague as a biological weapon: medical and public health management.
JAMA. 2000;283(17):2281-90.

Dennis DT, Inglesby TV, Kuni-Vistnes K, et al. Tularemia as a biological weapon: medical and public health management.
JAMA. 2001;285(21):2763-73.

Solera J. Update on brucellosis. Infect Dis Clin North Am. 2010;24(1):89-105.

Baddour LM, Wilson WR, Bayer AS, et al. Infective endocarditis in adults: diagnosis, antimicrobial therapy, and management
of complications: a scientific statement for healthcare professionals from the American Heart Association. Circulation.

2015;132(15):1435-86.

Moellering RC Jr, Weinberg AN. Studies on antibiotic synergism against enterococci. 1I. Effect of various antibiotics on the
uptake of 14C-labeled streptomycin by enterococci. ] Clin Invest. 1971;50(12):2580-4.

Freshney RI. Culture of Animal Cells: A Manual of Basic Technique and Applications. 7th ed. Hoboken, NJ: Wiley-
Blackwell; 2016.

Selimoglu E. Aminoglycoside-induced ototoxicity. Curr Pharm Des. 2007;13(1):119-26.

Rybak LP, Ramkumar V. Ototoxicity. Antimicrob Agents Chemother. 2007;51(8):2627-31.

Govaerts P, Claes J, Van de Heyning P, et al. Aminoglycoside-induced ototoxicity. Toxicol Lett. 1990;52(3):227-51.
Mingeot-Leclercq MP, Tulkens PM. Aminoglycoside nephrotoxicity. Antimicrob Agents Chemother. 1999;43(5):1003-12.

Howard JE, Bivins BA, Bell RM, et al. Clinical and pathological aspects of aminoglycoside nephrotoxicity. Am Surg.
1982;48(11):535-9.

Jones M. Streptomycin toxicity. Proc R Soc Med. 1952;45(10):769-70.

Sokoll MD, Gergis SD. Antibiotics and neuromuscular function. Anesthesiology. 1981;55(2):148-57.
Waksman SA. Streptomycin: nature and practical application. Baltimore: Williams & Wilkins; 1949.
Rybak LP. Ototoxicity of loop diuretics. Otolaryngol Clin North Am. 1993;26(5):829-44.

Peloquin CA. Pharmacology of the antimycobacterial drugs. Med Clin North Am. 2002;86(1):79-99.

Weinstein L. Streptomycin. In: Goodman LS, Gilman A, editors. The Pharmacological Basis of Therapeutics. 4th ed. New
York: Macmillan; 1970. p. 1242-53.

Czeizel AE, Rockenbauer M, Serensen HT, Olsen J. Streptomycin and congenital defects: a population-based case-control
study. Teratology. 1999;60(6):333-7.

Sunil Kumar D and Sunitha Kamidi 375



	1. Introduction
	2. Mechanism of Action
	2.1. Bacterial Cell Entry
	2.2. Ribosomal Inhibition

	3. Pharmacological Profile
	3.1. Pharmacokinetics
	3.1.1. Absorption
	3.1.2. Distribution
	3.1.3. Metabolism and Excretion

	3.2. Pharmacodynamics

	4. Clinical Applications
	4.1. Tuberculosis
	4.2. Non-Tuberculous Infections
	4.3. Non-Clinical Use

	5. Adverse Effects and Toxicity
	5.1. Ototoxicity
	5.2. Nephrotoxicity
	5.3. Other Adverse Effects
	5.4. Drug Interactions and Contraindications

	6. Conclusion
	References

