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Temporal SERS Quantification, Chemometric Monitoring of Amikacin Release in Blood
Serum from Stimuli-Responsive Drug Carrier: Kinetics Modeling and In-Vitro

Pharmacodynamic Evaluation
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Fig. S1: The SERS mean spectra (detailed peak assignment) of AMK released from PVA/AgO
Hydrogel in human blood Serum.

Amikacin

Fig. S2: The chemical structure of Amikacin (AMK).



Table S1: The tentative SERS peak assignments of the SERS bands from mean plot.

SERS Bands | SERS Assignment Functional Group of References

(cm™) AMK

352 Ring deformation core of aminoglycoside [1-3]

426 Skeletal bending vibration | C-C-O deformation in [3, 4]
aminocyclitol ring

457 Ring breathing vibration aminoglycoside skeleton [3,5, 6]

480 C-0O-C bending Ether linkage between [3, 7-10]
sugar units

518 C-C skeletal stretch Polyhydroxylated sugar [11,12]
ring framework

580 C-N bending Amino substituents on [13-16]
sugar rings

630 C-C-N bending Amine group vibrations in | [3, 17, 18]
aminocyclitol

657 C-O deformation Secondary alcohol groups | [16, 19]
(-CHOH)

727 Ring breathing aminocyclitol (2- [3, 13,16, 19]
Deoxystreptamine) ring
vibration

765 C-O-C stretching Glycosidic bond between [3, 13, 16, 20, 21]
sugar residues

813 C-0O-C symmetric stretch Bridge between sugar and | [3, 13, 16, 20, 21]
amikacin side chain

851 C-H deformation Anomeric carbon (sugar [11,22]
ring) vibrations

949 C-O stretching Alcohol and hydroxyl [12, 23]
groups

1026 C-N and C-O stretching Amino sugar [3,5, 6]
(glucosamine) backbone

1042 C-O-H bending Primary and secondary (3, 24]




alcohol vibrations

1131 C-N stretching Amino group in glycosidic | [25, 26]
linkage

1168 C-H bending CH and CH, modes in [12, 25, 27]
sugar ring

1238 C-N-H deformation Amino groups in [3]
deoxystreptamine ring

1320 CH, wagging and twisting Aliphatic chain vibrations | [3, 27]

1372 CHj; symmetric bending Methyl groups (side chain | [12, 26]
vibrations)

1432 CHj, scissoring C-H in aminosugar [3, 11]
skeleton

1444 CH, deformation Aliphatic C-H stretch in [3, 23]
side chain

1502 N-H bending / C-N stretch | Amide linkage in acyl side | [13-16, 28]
chain

1605 N-H bending and C=C Amide II and aromatic-type | [2, 12, 22]

stretch vibrations
1695 C=0 stretching (Amide | Acyl amide group in [3, 6]

band)
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Fig. S3: The PC-2 plot of PCA analysis of SERS data.

Section 1. Optimization of Incubation Time for SERS Measurement

The Fig.S4 shows how the incubation time can be optimized to measure the SERS spectra of AMK
released in serum from PVA/AgO hydrogel. The Raman and SERS spectra (Fig. S2(a)) indicate
that the intensity of the bands increases with the increase in the incubation time between 5 and 20
min, and then the signal sustained indicating that an adsorption equilibrium between the AMK
molecules and the AgNPs surface is reached after 20 min and sustained after 25 and 30 min [5,
29-31]. This observation can also be illustrated by intensity difference box-plot (Fig. S2(b)) which
shows the gradual growth of the median values of the intensities until 20 min, followed by the
level, and the deceleration of the interquartile range indicates the steady acquisition of the signals
[31, 32]. Also, the relative standard deviation (RSD %) (Fig. S2(c)) indicates an increase in
spectral reproducibility as the incubation period increases, decreasing to values under 5% after 20
min. All these findings indicate that the best incubation time was 20 min, which is a compromise
between amplification of the signals and accuracy of measurements, which ensures effective
plasmonic coupling and homogenous adsorption of the molecules used in the quantitative chemical

analysis of AMK release.
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Fig. S4: Incubation time optimization of SERS measurement of AMK released in serum, (a) SERS
spectra of AMK (4 h interval sample) at different incubation times (5-30 min) with normal Raman
spectrum. (b) Boxplot analysis of intensity of SERS band at 1605 cm! that shows the median
increase followed by stability thereafter, and (¢) Relative standard deviation (RSD%) versus

incubation time indicating that spectral reproducibility and stability have improved after 20 min.

Table S2. Comparative overview of recent chemometric SERS literature using PCA-PLSR to

analyze quantitatively drugs or antibiotics.

quantification and batch uniformity

Analyte / | Chemome | Sample /| Major Quantitative Findings Reference
Application | tric Matrix

Method
Losartan PCA + | Solid PLSR calibration R>=0.99; RMSEC | [33]
Potassium PLSR tablets = 0.38 mg; RMSEP = 2.98 mg.
(antihyperte Demonstrated accurate API




nsive) via Raman-chemometric coupling.
Sitagliptin PCA + | Pharmace | R* = 0.99; RMSECV = 0.36 mg. | [34]
(antidiabetic | PLSR utical Validated direct quantitative
) solid form | prediction in  multicomponent
excipient matrices.
Cefixime PCA + | Commerci | Achieved R?=0.99; RMSEC = 0.56 | [35]
(broad- PLSR al tablet | mg; RMSEP = 3.13 mg. Enabled
spectrum formulatio | discriminant  and  quantitative
antibiotic) ns analysis of dosage forms.
Insulin PCA + | Liquid PCA  separated time-dependent | [36]
degradation | PLSR pharmace | degradation; PLSR R? = 0.98.
kinetics utical Quantified storage-induced
formulatio | structural changes by SERS
n chemometrics.
Methyl PCA + | Liquid Quantitative adulterant detection | [37]
Eugenol PLSR formulatio | with R? = 0.99; RMSEC = 1.9;
adulteration n RMSEP = 3.86. Demonstrated
in pesticide Raman-PLSR for trace contaminant
formulation control.
Methotrexat | PCA + | Human Quantitative SERS-PLSR (R* = | [38]
e PLSR serum 0.98; LOD = 0.15 uM). Enabled
(anticancer | (SERS- simultaneous quantification of MTX
drug) mapping) and metabolites in clinical matrices.
Oxytetracyc | PCA + | PBS Linear SERS quantification | [31]
line PLSR release validated with UV—Vis; R? = 0.97.
medium Demonstrated chemometric tracking

of hydrogel-mediated antibiotic




release.
Spectinomyc | PCA  + | PBS Multivariate  model  improved | [5]
in (SPM) | PLSR release quantification accuracy over
and its medium univariate analysis; R? > 0.98.
Cu/Zn Showed metal-complex influence on
complexes spectral variance.
Illicit drugs PCA successfully classified five
(amphetami illicit drugs with >95% accuracy
PCA Street ) )
ne, cocaine, o using SERS spectral fingerprints
(qualitativ | drug ) [39]
MDMA, . (1000-1800 cm™). Provided the
e) mixtures
heroin, foundational basis for PCA—-PLSR in
methadone) spectral chemometrics.
Amikacin PCA + | Serum (in- | Real-time quantitative monitoring of | Current
(AMK) in | PLSR vitro AMK release; PLSR R? cal = | work
PVA/AgO pharmaco | 0.9765, R? val = 0.8731, RMSEC =
hydrogel kinetics) 0.87, RMSEP = 0.88. Demonstrated
(controlled diffusion-controlled release tracking
release) in biological matrix.
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Fig. S5: UV vis absorption spectra of Amikacin (AMK) that were emitted in PVA/AgO hydrogel

in (a) blood serum and (b) phosphate-buffered saline (PBS) at the various intervals (4 to 32 h).

The corresponding blank media (serum or PBS), were used as the reference to record the spectra

in the range of 200-600 nm to remove the background absorption. Both media have a typical AMK

absorption peak of 312 nm in which intensity increases with time, which proves that the drug

releases over time. The reference blanks did not give any spectral interference.
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