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Currently, there is a belief that drugs used after their expiration date no longer work or can even cause some damage. In the present work
several types of drugs on the market with different expiration dates are analyzed to find out if those with expired expiration dates present
spectroscopic differences from those whose expiration dates are still valid. This study used the Raman spectroscopy technique to determin
the chemical composition of the drugs. To measure the drug Raman spectra, Horiba equipment, LabRam HR800, was used with an Olympu:
confocal microscope focusing a laser of 830 nm and 17 mW on the drugs thré0ghlaeica long-range objective. The Super Paramagnetic
Clustering (SPC) method was applied to classify the Raman spectra. In the SPC method, the clustering process is based on a phenoment
observed in nature at the atomic level and perfectly described by a statistical physics model known as the Potts model, which describes
the interacting spins on a crystalline lattice. This clustering method allows for identifying hierarchical structures in the spectral data banks.
Fourteen drugs were analyzed, including 2 capsules, 5 tablets, 2 liquid samples, 4 ointments, and one spray, with 1 to 3 expired expiratior
dates. Comparing drugs with expiration dates that are still valid and expired, the SPC results applied to the Raman spectra showed tha
although some drugs indicated chemical differences, others indicated no chemical differences, even among those with up to two expired
expiration dates. The results showed that Raman spectroscopy and SPC are excellent tools for discriminating between expired and non
expired drugs. Principal Components Analysis (PCA) was also applied as a cross-checking method of the SPC results, obtaining consisten
results. To our knowledge, this is the first preliminary result evaluating the usefulness of Raman spectroscopy and SPC in identifying expired
drugs distributed on the market.
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1. Introduction using the ideal technique for this chemical study, known as
Raman spectroscopy, supported by a method to identify pat-

. . . terns in data banks known as the Super Paramagnetic Clus-
In 1979, the United States Food and Drug Admmlstratlorltering (SPC) method P g

(FDA) began requiring that an expiration date be included on ] .
medicines sold with or without a prescription in that coun- ~ Currently, laboratory techniques are available to study the
try, and the World Health Organization (WHO) decided thatduality of drugs based on the analysis of the chemical compo-
medications should not exceed 5 years [1,2]. Nevertheles§ition, such as X-ray diffraction [6], mass spectroscopy [7],
currently, there is a belief that expired drugs are no longefigh-performance liquid chromatography (HPLC) [8], or vi-
effective or that they can even cause harm to the people whirational methods such as infrared spectroscopy [9]. Nev-
consume them, which is why it is suggested that they shoul§rtheless, a non—destru_ctlvg and econqmlcal technique is Ra-
always be thrown away on their expiration date. On the othef@n Spectroscopy, which is an analytical tool based on the
hand, the health sector's and patients’ economic losses grofjPrational modes of the molecules that make up the sub-
year after year, which is why there is a debate in severgptance [10]. As these vibrational modes are .unlque_for each
countries in Latin America, Asia, and Africa about whetherMolecule, a Raman spectrum serves as a fingerprint of the
medicines can be used even after the expiration date witho§@MPle in question, allowing the detection and quantification
losing effectiveness [3,4]. Therefore, there have been doub@ 0rganic and inorganic molecules in low concentrations in
about whether the methods for evaluating the stability or th&©lid; liquid, and powder samples [11-13].

expiration dates of the drugs on the market should be further The Raman technique has been an excellent support in
analyzed. It was even suggested in The Medical Letter jourthe area of solid-state physics, allowing the monitoring of the
nal that drug manufacturers could be asked to set a prelimhomogeneity of material deposits in thin films [14]. In the
nary expiration date and then update it after long-term testpharmaceutical industry, it provides valuable information for
ing [5]. Thus, the main goal of the present work is to proposevarious process steps in drug manufacturing, evaluating the
a novel method that allows finding chemical differences beuniformity of samples [15]. The Raman technigue has shown
tween expired drugs and those that have just hit the markeits potential in biochemistry, especially in classifying biolog-
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ical samples such as breast and cervical cancer and leukemia, The Potts super-paramagnetic clustering technique was
with excellent results [16-18]. However, in many cases, Raapplied according to the optimization procedure described by
man spectroscopy alone is insufficient to make a discrimBlatt[22], obtaining clusters in the network with high interac-
ination analysis between samples of any type. Clusteringion. Furthermore, for the Monte Carlo Markov chain in the
techniques are used to better appreciate the differences beetts model, the Swendsen-Wang method [29,30] was used
tween many Raman spectra. These clustering techniques aecording to the following procedure proposed by BEitt

low identifying clusters corresponding to the different classesl.:

of spectra present in the data banks. The main clustering tech-
niques are the k-means [19,20] and PCA [16-18] methods.
Nevertheless, the SPC method is a different method that suc-
cessfully clusters all data types. The SPC method is based
on concepts of statistical physics, which perfectly describe
phenomena at atomic levels [21-23]. This method, which ex-
ploits the properties of phase transitions in disordered Potts

ferromagnets, has been applied to the study of the expres- 3.

sion levels of large numbers of genes [24,25] and protein
sequences [26]. Furthermore, this method has already been
applied to successfully classify blood serum samples Raman
spectra from patients, allowing discrimination between dif-
ferent types of cancer [27] and detecting diabetes [28]. An
important characteristic of this method is its hierarchical na-
ture, meaning clusters can be observed within other clusters.
Thus, in this paper, the SPC and Raman techniques were used
to study drug expiration.

The PCA method was also applied as a cross-checking
method for the results. Using the PCA method, the large
amount of spectral information in Raman spectra could be
reduced to three important parameters known as principal
components, highlighting the differences between the exist-

ing spectral clusters. PCA has also been applied in numerous 6.

Raman spectroscopy studies [16,17,18].

2. Description of the SPC Algorithm

In this model, each vertex; was assigned a spin variablg
which can take one of integer values; = 1,2,...,q. The
nearest neighboring interactions,ands;, were defined by
the coupling term

1 1 (deis\’

where the angular brackets denote neighbor pdifs,; - is

the distance between verticesandv;, d is the mean dis-
tance between interacting neighbors, akids the average
number of interacting neighbors of a vertex [21-23]. The Eu-
clidean distance was chosen to analyze the similarity of the
data. The interaction between spins that are not neighbors
was set to zero. The total energy of the system was defined
by the Hamiltonian of an inhomogeneous ferromagnetic Potts

model:
e Y

all neighbors(i,5)

Ji’(ssi,sw (2)

whereS = {s;}, is the state of the system, and delta func-
tiond,, s, = 1if s; = s; and zero otherwise.

1. Choose the number of iteratiodd to be performed.

. Generate the initial configuration by assigning a ran-

dom value (spin) to each vertex.

Assign a frozen bond between nearest neighbor ver-
ticesv; andv; with probability

P, (T) =1 — exp (—?) . 3)

4. Connect subgraphs by frozen bonds. A new configura-

tion is created: spins of each subgraph are assigned a
new, randomly chosen spin value. Spins that belong to
the same subgraph are assigned the same value.

5. Go to step 3 unless the maximum number of iterations,

M, reached.

Calculate frozen bond averagé€s,; = (c;;), for each
edge [29,30].c;; is 1 if v; andv; belong to the same
Swendsen-Wang cluster, dotherwise.

. Calculate the spin-spin correlatiog,;, as

qg—1)c;; +1
91’;’27( )qj , 4)

If a threshold forg;; is imposed, a link is established
between neighboring vertices andv;, and the clus-
ters are observed.

. Calculate the thermodynamic quantity, susceptibility

(variance of the magnetizationy, as

N
X:?(< m? > — <m >?), (5)

where N is the number of vertices and is the mag-
netization,

Nmax N -1

m= —/ /q. (6)
1-1/q

whereN,,., defines the largest number of spin with the

same orientationy was used to select the temperature

for which data patition took place.
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3. Methodology The data matrix, thus constructed, allowed the study of
the correlation between the spectra using the SPC method,
3.1. Investigated drugs and Raman measurements i.e. the existing relationship between the drugs with different

expiration dates based on chemical differences.
Atotal of 14 drugs in the form of ointments, capsules, tablets, The chemical composition of the drugs was not analyzed
syrups, and sprays were studied. For each drug, one new depth in this work, focusing only on finding spectral differ-
product (current expiration date) and 2 to 4 products withences between drugs with different expiration dates using the
different expiration dates were analyzed. At the time of theSPC clustering method. Only three-drug SPC method appli-
measurements, the expired drugs had been expired for 8 to Z4tions are detailed, and the results for the other eleven drugs
months. are reported.

Among the drugs, tablets containing acetylsalicylic acid _ o )
and paracetamol (for pain and fever) were studied, as wef$-2. Super paramagnetic clustering implementation

as tablets for nasal discharge, excess mucus and phiegm "R the sPC method, each processed Raman spectrum is repre-

moval, and anti-flu purposes. Antiseptic and disinfectant ented by a point; to which a Potts spis; is assigned. The

ointments for superficial wounds and burns, anti-acne, an uclidean distances between neighboring siteandy; are
muscle pain ointments were also included. Liquid drugs Sucrr‘epresented by the distance matrix, The input data lgorthe
sprav druas for nasal congestion. were analvzed %PC method are represented by this distance maljgixgon-
pray drug 9 ’ yzed. taining all the distances between the data points. The distance
The an_alyzed drugs were generally stored at room €My, ariy is used to construct a graph whose vertices are the data
perature since they were collected from people close to thgints and edges correspond to connections between neigh-
authors. The control drugs were acquired directly fro.m "€y oring points. Two points are considered neighbors (and thus
pharmacy. No trade names for the drugs were used; insteafly,e an edge) if they are within tHe nearest neighbors of

labels were assigned: five d_rugs in tablet form were labeled - other. In the ferromagnetic model, each point is sup-
T1,T2, T3, T4, and T5; two in the form of capsules (C1 andposeq to have a Potts spin, equivalent to ongiateger val-
C2); four in the form of ointment (O1, 02, O3, and O4); tW0 |\ ng ¢ — 1 9 ¢. A pair of neighboring pointsy; andv;

19 T Ly Ay eeey Y [3 J1

liquids (L1 and L2); and one spray (SP1). that have the same spisy, = s;, interact with a strengt; ;,

To measure the Raman spectra of the drugs, a laser with\ghich is a function of the distance matrix,;. Only clusters
wavelength o830 nm (Jobin-Yvon LabRAM HR800 Raman  of neighboring spectra with similar spectral profiles could oc-
apparatus) was focused on different points of a small drug,r,
sample. All spectra were measured frdfi) to 2000 cm™! The results depend weakly on the valueoThe optimal
with a spectral resolution of 0.67. A silicon sample was parameter settings for our simulation were= 10, K = 15,
used to calibrate the Raman system, with the main Rama@ndgij > 0.5 [25-28]. As a typical default threshold value,
peak at520 cm~!'. To ensure statistically sound sampling, se = 0.5 can be taken [33,34].
aroundl0 spectra from different regions of each drug sample  The calculation of the distance matrik; and the SPC
were collected. algorithm were implemented in MatLab on the Windows 10

The tablet drug spectra were measured by placing thelatform. The running time on a Dell Inspiron 14 7000 to ob-
tablets on the microscope platform and focusing the laser ugain the magnetic susceptibility plot for different temperature
ing a50x objective. A special aluminum slide with holes values with 50,000 iterations was 15 minutes.
of different depths was used to measure the spectra of liquid
and powder drugs. The liquid and powder drugs were place ; .
inside the holes, and the laser was focused accordingly. ﬂ Results and discussion

Raw spectra were processed using the Savitzky-Golayhe first studied drug was an acne treatment ointment called
smoothing algorithm [31,32]. The fluorescence contributionD1. The Raman spectra measurements were carried out in
was removed by applying a baseline correction using a sixMarch 2022. Two products were studied: one was still in
spline interpolation method with eleven points. Finally, theforce (December 2023), call€dl-C' (control), and the other
preprocessed spectra were normalized using the highest peafad an expiration date of January 2020, callsd1
The Raman System LabSpec 6.0 software executed the algo- To compare th&1-C andO1-1 spectra, the Raman spec-
rithms and normalization process. tra were processed as described in the previous section and

The processed Raman spectra were used to build the datanstructed into 8004 x 20 data matrix, where the first
matrix for each drug. In this data matrix, each column repre-0 columns correspond to expired drug spectra and the last
sents a Raman spectrum, and each row represents a spectrlithcolumns correspond to control drug spectra, forming a
peak (Raman shift). Thus, the data matrix consist§ @bws 20 x 20 distance matrix.

andD columnsj.e, anN x D matrix, whereN is the num- A simple spectral comparison of th@1-C' and O1-1
ber of spectra, and is the number of spectrum peaks in the drugs can be performed by analyzing the most characteristic
400 — 2000 cm~! region. bands of the Raman spectra. Nevertheless, the SPC method
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FIGURE 1. a) Mean Raman spectra from the ointmefi ], with an expiration date still in forca]1-C), and the expired ointmenéX1-1).
b) The magnetic susceptibility;, as a function of temperature. c) The distance matrix for the SPC clusters. d) The tree diagram of the
control and expired drug Raman spectra data.

algorithm application is a more comprehensive study that alnumber of temperature steps@®@f01. Only one superpara-
lows for discriminating the drugs considering all 3004 peaksmagnetic phase &t = 0.026 temperature was observed. As

from the 20 spectra. expected, all data points remain within the main cluster at
Figure la) shows the mean processed Raman spectiav temperatures.
of O1-C and O1-1 drugs, including baseline correction, Figure 1c) shows the distance matrix calculated for the

smoothing, and normalization to remove noise and fluoresSPC clusters in phase transition temperatures. The most in-
cence. Each Raman band corresponds to the chemical bonsise colors correspond to smaller distances between points.
of the molecules constituting the drug. As mentioned pre-The diagonal and off-diagonal elements correspond to inter-
viously, this work go into a non-detailed chemical analysisand intra-cluster distances, respectively.
of the different studied drugs. Thus, in the average spectra To determine all-natural clusters in which the main clus-
from O1-C andO1-1 drugs, the main observed spectral dif- ter was split, the Stoopt al. method was applied to SPC,
ferences were in th&00-1200 and1400-1550 cm~! regions.  resulting in a hierarchical tree structure. Figure 1d) demon-
The intensities of the 3004 peaks from the 20 measuredtrates that SPCY{ = 5) could correctly determine the pres-
spectra were recorded in the data matrix to calculate the dignce of two natural clusters in the data. The tree diagram
tance matrix using the Euclidean metric, allowing for theprovides the natural clusters (blue boxes) obtained in the su-
analysis of the similarity between all the Raman spectraperparamagnetic phase. In Fig. 1d), the only split of clusters
Once the distance matrix is calculated, optimum temperaat theZ’ = 0.026 temperature was observed, according to
tures for the network are estimated, determining superpard-ig. 1b). The only split corresponds to the main cluster parti-
magnetic phases where the first granulations or splits of théon into clusters 1 and 2. Clusters 1 and 2 are natural clusters,
network took place. These temperatures of superparamagieaning they have no structure.
netic phases are determined by locating peaks of the magnetic In Fig. 1d) and Table I, when the superparamagnetic-to-
susceptibility shown in Fig. 1b), where the scale denotes thparamagnetic phase transition occurred, the main cluster with
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TaBLE |. O1 Drug: Clusters obtained by applying the SPC method to the Raman spectra bank, along with their respective members.

Cluster Size Trerro T sT Members
20 0.0159091 0.0454545
1 9 0.025 0.207545 12, 13, 14, 15, 16, 17, 18, 19, 20
11 0.0545455 1,2,3,4,5,6,7,8,9, 10,
11

20 elements split into cluster 1 (9 elements) and cluster 2 (1At low temperatures, all the data define the main cluster, but
elements). These clusters remained stable in their composas the temperature increases, the system starts to become dis-
tions without presenting a new phase transition, expressed lyrdered until reaching the first superparamagnetic transition,
a single peak iry. Clusters 1 and 2 remain unstructured, soobserving a partial ordering of the data and defining the clus-
they are also natural clusters. ters. The temperature increases, and a second transition is ob-
Thus, SPC detected two natural clusters in the bank o$erved, meaning that one of the already formed clusters splits
Raman spectra labeled as 1 and 2 in a tree diagram whoseto more subclusters. No more transitions are observed, so
members are shown in Table |, where each member indicatesl the natural clusters have been found, and a hierarchy of
the number of columns in the data matrixe.,, the number clusters has been defined.
of the spectrum from the given drug. Recall that columns Figure 2c) shows the distance matrix calculated for the
1-10 correspond to the spectra from the expired déut (), SPC clusters af’ = 0.092 and7T = 0.123. The Stoop
and columns 11-20 correspond to the spectra from the contrehethod is now applied to the SPC method wih = 5
drug ©1-C). Clearly, we can observe that clusters 1 and 2to determine the natural clusters. Figure 2d) shows that at
members correspond to Raman spectra from our control affl = 0.092, the first transition has occurred, implying the
expired drugs groups, respectively. It is observed that onlylata partition into clusters 1 (2 elements) and 2 (18 elements),
spectrum number 11, indicated in yellow, corresponding tdinding the first natural or unstructured cluster, cluster 1. Fur-
the control drug, was incorrectly classified. thermore, a second transition takes place, and cluster 2 con-
Thus, we could identify the expired drug using Ramantinues splitting into two clusters, clusters 2 1 (12 elements)
spectroscopy and SPC methods. It is important to note thatnd 2 2 (6 elements). Here, it is observed that these last clus-
our result is in complete agreement when cross-checking iters are both natural, and the splitting stops.
made using another classification method, such as PCA (next According to Fig. 2d) and Table Il, SPC detected three
section). natural clusters in the bank of Raman spectra labeled as 1,
The second studied case in this work was a liquid drug? 1, and 2 2 in a tree diagram whose members are shown
in the form of drops used to treat symptoms associated witin Table I, where each member indicates the number of the
seasonal allergies. This drug was labeled. &s column in the data matrix,e., the number of the spectrum
The Raman spectra measurements were carried out finom the given drug. Recall that columns 1-10 correspond to
September (2021). Two products were studied: one was stithe spectra from the expired drugi(-1), and columns 11-20
in force (January 2022), callddl —C' (control), and the other correspond to the spectra from the control driig-().
had an expiration date of May (2020), called-1. From Table I, it can be observed that although two splits
The 3004 x 20 data matrix was built with the processed occurred in the whole process, it was observed that the 20
Raman spectra from thiel samples. The first 10 columns in spectra were mixed in all the natural clustems, no signifi-
this matrix correspond t&1-1 expired drug spectra, and the cant differences between the 20 spectra were observed. Thus,
last 10 columns correspond fd-C' control drug spectra. no chemical differences were detected between the control
If only the mean processed Raman spectra, shown idrug and the expired drug. In the next section, cross-checking
Fig. 2a), are compared directly, minimal differences arewas made using PCA.
observed betweei1-C' and L1-1 in the range 0f200 — If the elements of cluster 2 1 corresponded to the spec-
2000 cm~!, but a more detailed study could be performedtra of the control drugL1-C, and the elements of cluster 2
using the SPC method proposed here, where all Ramah corresponded to the spectra of the expired diuty,l, it
bands (3004 peaks) associated with the different bonds of theould be concluded that the drug has indeed expired. Never-
molecule are compared. theless, it did not happen like this; therefore, fhiedrug has
The distance matrix is calculated using this data matrix tanot expired.
run the SPC algorithms. The magnetic susceptibility is calcu- As a final study shown in this work, one of the most
lated with these algorithms to estimate the temperature whengidely used drugs for the treatment of headaches and mus-
the phase transitions take place. In Fig. 2b), two superparantie pain, and recommended for preventing heart attacks, was
agnetic transitions & = 0.092 andT" = 0.123 are observed. analyzed. This drug was labeled’&s.
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FIGURE 2. a) Mean Raman spectra from the control and expired liquid drug. b) The magnetic susceptibdityg function of temperature.
¢) The distance matrix calculated for the SPC clusters. d) The tree diagram of the control and expired drug Raman spectra data.

TABLE Il. L1 Drug: Clusters obtained by applying the SPC method to the Raman spectra bank, along with their respective members

Cluster Size Tterro T ST Members
20 0.0772727 0.00909091
1 2 0.00227273 14,17
18 0.0204545 0.0409091
21 12 0.0863636 0.883721 [E215600,
11,12, 13, 15, 16, 18, 20
19

Raman spectra were measured in September 2021. Four The mean processed Raman spectra are shown in Fig. 3a).
products were studied: one with a still valid expiration dateComparing the four average spectra, slight differences can be
(September 2021), callédl-C (control), and others with ex- seen between the spectrum of the control drfig-C) and
piration dates in August 2020°(-1), May 2021 {"1-2), and  the three expired drugg9'(-1, 7'1-2, and7'1-3) in the 500-
September 2020[(1-3). 1000 e¢m region. Nevertheless, only four mean spectra were

The 3004 x 40 data matrix was built using the processed analyzed here. A more comprehensive study involves analyz-
Raman spectra from tHEl samples. The first 10 columns in ing the 3004 Raman peaks in the 40 spectra.
this matrix correspond tdi{1-3), columns 11-20 to{1-2), Using the SPC method to analyze the 40 spectra, we first
columns 21-30 toq'1-1), and columns 31-40 td/{1-C). constructed the data matrix, then calculated the distance ma-
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FIGURE 3. a) Mean Raman spectra from the control and expired tablet drug. b) The magnetic susceptilaiityg, function of temperature.
¢) The distance matrix calculated for the SPC clusters. d) The tree diagram of the control and expired drug Raman spectra data.

trix and the magnetic susceptibility, which indicated the tem-nificant differences between the 40 spectra. Thus, no chemi-

perature at which the superparamagnetic phase transitiomsl differences are detected between the control drug (T1-C)

took place. In Fig. 3b), two superparamagnetic transitionsand the expired drugs (T1-1, T1-2, and T1-3), indicating that

were observed & = 0.071 andT = 0.122. the T1 drug has not expired. In the next section, a cross-check
As in the previous case, during the first transition atusing the PCA method is conducted.

T = 0.071, the data partitioned into two clusters, and later,  Additionally, 11 other drugs were studied, of which 6 had

one of these clusters further divided during the second trarexpired and 5 showed no significant chemical changes (not

sition atT" = 0.122, forming additional clusters. expired) according to the expiration dates on their packaging.
Figure 3c) shows the distance matrix calculated for the Based on the spectral differences, it might be interesting
SPC clusters at these transition temperatures. to study the transpose matrix of the data matrix to analyze

Natural clusters were identified usifig = 5. Figure 3d) the correlation between the different Raman peaks instead
shows the first transition & = 0.071, where the data split of the relationship between spectra. In this case, clusters of
into clusters 1 (22 elements) and 2 (18 elements), identifyingpeaks could be identified; each cluster could indicate a certain
the first natural cluster, cluster 2. At the second transitionmolecule present in the samples, and several clusters of peaks
cluster 1 split into natural clusters 1 1 (18 elements) and 1 vithin a larger cluster would suggest a chemical relationship
(4 elements). according to the Raman spectra of the control and expired

From Fig. 3d) and Table 1ll, SPC detected three naturablrugs. Molecules in the same cluster with a known functional
clusters in the bank of Raman spectra, labeled as 2, 1 1, andle may help infer the functional role of other molecules in
1 2 in a tree diagram, with their members shown in Table Ill.the same cluster whose role was initially unknown. Thus, the

Despite two splits occurring in the entire process, the 4thierarchy of clusters obtained using the SPC method could
spectra are mixed in all the natural clusters, indicating no sigeontribute to understanding the drug degradation process and
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TABLE Ill. T1 Drug: Clusters obtained by applying the SPC method to the Raman spectra bank, along with their respective members.

Cluster Size Trerro T ST Members
0 40 0.0386364 0.0113636
1 22 0.0409091 0.0113636
11 18 0.0545455 0.827586 1,10,

13, 14, 15, 16, 17, 18, 19,

12 4 0.00227273 7,
12

2 18 0.00909091 2,3,4,5,6,8,9,
11, 20,

make the corresponding chemical modifications to extend thagrees with the SPC method results. Thus,/therug is not
expiration time. Nevertheless, this involves heavy computaexpired, even though the packaging indicated otherwise. This
tional work and better computing equipment. is the same case for tlel drug shown in Fig. 4c). Itis also

This paper also uses the PCA method as a cross-chediiexpired, consistent with the result obtained in the previous
for the reported results. The PCA method constructs a ne&ection.
space, that of the principal components (PCs), to analyze the Although PCA is one of the most widely used methods,
Raman spectra, making it easier to observe the clusters #hmay require other methods to define the boundary of each
the data. In PCA, cluster formation implies that cluster ele-cluster and identify which cluster a data element belongs to.
ments have greater similarities among themselves than witHnlike PCA, the SPC method directly provides the observed
elements outside the cluster; that is, two nearby points arglusters in the data and their elements, allowing sensitivity
more similar than two distant points. Figure 4 shows the reand specificity to be immediately calculated for the disease
sult of applying PCA to the SPC-studied drug spectra. Eacifetection method.
point represents one Raman spectrum. Figure 4a) shows the
PCA results for the)1 drug, revealing two clusters (red and 5. Conclusion
blue points). The red points cluster corresponds to the ex-
pired drug (01-1), and the blue points cluster corresponds toThis work analyzed fourteen drugs, including 2 capsules, 5
the control drug ©1-C). The formation of the two spectral tablets, 2 liquids, 4 ointments, and 1 spray with 1 to 3 expired
clusters implies that the drugs are chemically different, meanexpiration dates. By comparing drugs with valid and expired
ing the expired drug showed significant chemical changesxpiration dates and applying the clustering method called
confirming the result obtained using the SPC method. ConSPC to the Raman spectra, it was shown that some drugs
versely, Fig. 4b) shows that the blue points (control didg  clearly indicated chemical differences, while others showed
C) are mixed with the red points (expired drug), indicating nono chemical differences, even among those with up to two ex-
differences between the Raman spectra of both drugs, whigbired expiration dates. The results demonstrated that Raman
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spectroscopy and SPC are excellent tools for discriminatingers in the data and their elements, allowing the sensitivity
between expired and non-expired drugs. Principal Compoand specificity of a disease detection method to be immedi-
nents Analysis (PCA) was also applied as a cross-checkingtely calculated.

method for the SPC results, yielding consistent outcomes. To
the best of our knowledge, this is the first preliminary result

evaluating the usefulness of Raman spectroscopy and SPCMACknowledgments
identifying expired drugs distributed on the market. Unlike
PCA, the SPC method directly provides the observed clusThe authors wish to thank Adolfo for his comments.
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