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Abstract—Putrescine, a vital polyamine involved in various cellular functions, particularly cell proliferation,
is often associated with health conditions such as cancer. Traditional methods for putrescine determination
suffer from limitations such as high detection limits and complexity. Hence, there is a need for sensitive and
efficient detection methods. In this research, a novel spectrophotometric method utilizing boron-doped carbon
quantum dots (B-CQDs) was developed for the detection of putrescine in artificial blood samples. B-CQDs, being
a promising member of semiconductor quantum dots, offer improved optical properties along with enhanced
biocompatibility and stability compared to conventional quantum dots. B-CQDs were synthesized via a
straightforward method using boric acid, citric acid, and urea. The B-CQDs were characterized by Fourier-
transform infrared spectroscopy, scanning electron microscopy, dynamic light scattering, and ultraviolet-vis-
ible spectroscopy, and the absorbance wavelength of B-CQDs was found to be 204.0 nm. The addition of
putrescine to B-CQDs resulted in an increase in absorbance, enabling the quantification of putrescine
through absorbance difference measurements. Optimization studies revealed that the developed method
exhibits maximum sensitivity at pH 6.0, within the stable putrescine concentration range (1.0 μM). The linear
working range of the method was found to be 0.05–0.75 μM with a high correlation coefficient (R2 = 0.9975).
The stability of the B-CQDs solution was evaluated, indicating its suitability for at least 20 min of continuous mea-
surements. The applicability of the developed method was validated by analyzing putrescine in artificial blood
samples, yielding satisfactory recovery values (89.5 ± 0.9% and 98.3 ± 0.6% for two different concentrations).
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Biogenic amines, particularly polyamines, have
been linked to positive impacts on human health
because of their anti-inflammatory and antioxidant
characteristics [1]. They play a role in basic cellular
functions, including cell proliferation and differentia-
tion [2, 3]. Several studies have also pointed to the role
of polyamines in glucose utilization, insulin sensitiv-
ity, and fat oxidation [4, 5]. However, polyamine con-
centrations generally decline with aging in most
organisms, and this decline has been associated with
various age-related health disorders in humans [6].
Polyamines have been suggested to increase lifespan,
possibly through stimulation of the autophagic cycle of
cytoplasmic organelles or senescent proteins [7]. Poly-
amines, spermine, spermidine, and their precursor
putrescine, are produced by mammals. Putrescine,
also known as 1,4-diaminobutane, is formed by the
enzyme ornithine decarboxylase, while S-adenosyl-
methionine decarboxylase produces decarboxylated
S-adenosylmethionine. Putrescine is one of the pre-

dominant polyamines in mammalian cells and is
widespread in a wide variety of organisms, as it is
essential for cell growth and proliferation [8]. Certain
types of cancer have been reported to be linked to high
putrescine concentrations in tissue. Putrescine has
been reported to accumulate in human lung tumors,
blood, serum, and mucosa of cancer patients [9].
Therefore, putrescine has been listed as a tumor
marker [10, 11]. Detection of putrescine in clinical
samples may be important for diagnosing malignancy
and monitoring the effectiveness of treatment, such as
radiotherapy [12] or chemotherapy [13].

Quantitative determination of putrescine has been
reported by different methods; chromatographic
methods are the most common. Cation exchange
chromatography, capillary electrophoresis [14],
reverse-phase high-performance liquid chromatogra-
phy, and ion chromatography-integrated pulsed
amperometric detection [15], ion-spray ionization
mass spectrometry [16] are among the methods used.
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In addition, enzymatic and immunological methods
have also been employed [13]. These techniques offer
good separation and low detection limits, but they also
require expensive apparatus and sophisticated pro-
cessing operations. Spectrophotometric methods can
be an alternative for the detection of putrescine
because of their advantages such as low cost, simple
procedure, and ease of use.

Carbon quantum dots (CQDs), a class of semicon-
ductor quantum dots (QDs), are zero-dimensional
carbon materials with strong optical properties [17,
18]. CQDs have low toxicity, improved chemical sta-
bility, and biocompatibility compared to conventional
QDs, as well as being easily functionalized. Despite
these advantages, insufficient emission sensitivity and
selectivity have limited their use in applications. CQD
properties can be improved by functionalization with
dopant atoms [19, 20]. Furthermore, one of the most
efficient methods for enhancing and controlling the
photoluminescence characteristics used to determine
quantum efficiency is doping of CQDs [21]. Hetero-
atom-doped CQDs, including f luorine, phosphorus,
nitrogen, and boron, have recently been synthesized
and used as dopants in optoelectronic devices. Due to
their close proximity in the periodic table and similar
atomic diameters, boron is naturally selected for
atomic doping [22, 23]. Although studies on doped
CQDs are limited, studies so far have shown that the
photoluminescence efficiency of CQDs is enhanced
after boron doping [24, 25]. Further, B-CQDs have
excellent stability with respect to storage, ultraviolet
(UV) illumination time, temperature, and pH [26].

In light of previous studies, spectrophotometric
determination of putrescine may be possible using
B-CQDs. B-CQDs have not been previously used and
reported as a putrescine measurement method. In this
study, a spectrophotometric measurement method
was developed using B-CQDs for in vitro detection of
putrescine in artificial blood samples.

EXPERIMENTAL
Reagents and instruments. A Shimadzu UV-1280

UV-Vis spectrophotometer (Japan) was used to make
the spectrophotometric measurements. The solutions’
pH levels were measured using an Ohaus Starter 2100
pH meter with a combination pH electrode. A phos-
phate buffer (PB) solution (0.1 M) was used to prepare
solutions utilized in the spectrophotometric experi-
ments. Fourier-transform infrared (FTIR) spectra
were obtained at the Gulhane Faculty of Pharmacy,
University of Health Sciences. Scanning electron
microscope (SEM) and dynamic light scattering
(DLS) measurements were taken at the Middle East
Technical University Central Laboratory for the char-
acterization of B-CQDs. A stock putrescine solution
was prepared by dissolving 8.8 mg of putrescine
(Sigma-Aldrich, cat. no. 51799) in 10 mL of distilled
water. Putrescine solutions used in the experimental
JOURNAL OF A
studies were prepared by diluting this stock solution.
One milligram of B-CQDs was dissolved in 1 mL of
dimethyl sulfoxide (Aromel, cat. no. mf_PRM04). It
was then diluted to 1 : 100 in a pH 6.0 PB solution. The
diluted B-CQDs solution was used in experiments.
Simulated blood plasma was prepared as described
below [27]: 0.40 g NaCl (Sigma-Aldrich, 99.5%),
0.02 g NaHCO3 (Sigma-Aldrich, 99.7%), 0.01 g KCl
(Sigma-Aldrich, 99.0%), 0.01 g K2HPO4·3H2O
(Merck, 99.0%), 0.015 g MgCl2⋅6H2O
(Sigma-Aldrich, 99.0%), 0.014 g CaCl2 (Merck),
0.004 g Na2SO4 (Sigma-Aldrich, 99.0%), 0.303 g
Na3C6H5O7⋅2H2O (Sigma-Aldrich, 99.0%) were
added and allowed to dissolve on a magnetic stirrer at
36.5°C (each reagent was added only after the previous
one was completely dissolved). The pH of the solution
was adjusted to 7.4 by titrating with 1 M HCl (Tekkim,
37.0%) solution. The volume was made up to 50 mL
with distilled water. The solution was maintained at
4°C throughout the utilization process.

B-CQDs synthesis. Four grams of boric acid, 4 g of
citric acid (VWR International, USA, 99.5%), and 4 g
of urea (Sigma-Aldrich, 99.0%) were dissolved in
80.0 mL of deionized water and placed in a Teflon-
coated stainless steel autoclave [28]. Boric acid was
used as a boron source, with urea and citric acid serv-
ing as carbon sources. The autoclave was then placed
in an oven at 120°C for 12 h to complete the reaction.
At the end of the process, the autoclave was cooled
down to room temperature, and the solution changed
from a clear yellowish color to green-black. The solu-
tion was then separated from the solvent by centrifuga-
tion at 6000 rpm for 10 min. The solid precipitate was
washed three times with distilled water to remove the
solvent. It was then dried in an oven at 80°C for 24 h.

RESULTS AND DISCUSSION

Characterization of B-CQDs. A solution of
0.05 μg/mL B-CQDs was measured at a wavelength
range of 200–800 nm to determine the absorbance
wavelength of B-CQDs. According to UV-Vis spec-
troscopy, a maximum absorption was detected at
204 nm, with a UV absorption in the range of 200–
230 nm (Fig. 1a). The n–σ*, n–π*, and/or π–π* elec-
tronic transitions of the hydroxyl and carbonyl groups
could be the cause of the maximum absorbance value
at 204 nm [29]. The FTIR spectra of B-CQDs are
shown in Fig. 1b. The peak at 3191 cm–1 is related to
the O–H stretching vibration [30], and the peak at
1408 cm–1 corresponds to B–C [31]. The peaks at 1193
and 703 cm–1 indicate B–OH [31] and B–O–B bend-
ing vibrations, respectively [32]. The average hydrody-
namic size of B-CQDs was determined to be 8.0 nm
using DLS measurements (Fig. 1c). SEM was used to
analyze the morphology of the synthesized B-CQDs.
The agglomeration of the B-CQDs may account for
NALYTICAL CHEMISTRY  Vol. 81  No. 1    2026
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Fig. 1. (a) Spectrophotometric response, (b) FTIR spectrum of B-CQD, (c) DLS, and (d) SEM images of B-CQDs.
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the varying sizes observed in the SEM images
(Fig. 1d).

Spectrophotometric detection of putrescine. The
absorbance value of B-CQDs at 204.0 nm was used for
spectrophotometric measurements. Putrescine was
indirectly determined using spectrophotometry by
monitoring changes in the absorbance value of
B-CQDs. Figure 2 shows the spectrophotometric
measurement of a B-CQDs solution with and without
putrescine. The change in absorbance caused by
putrescine was observed by adding 1.0 μM putrescine
solution to 0.05 μg/mL B-CQDs solution (Fig. 2).
The addition of putrescine increased the absorbance
of B-CQDs. The amino groups of putrescine and the
oxygen-containing functional groups on the surface of
B-CQDs are thought to interact through hydrogen
bonds. The electrical environment of B-CQDs may be
altered by this interaction, improving their optical
characteristics. A schematic illustration of the interac-
tion between B-CQDs and putrescine is presented in
Fig. 3. Putrescine determination was performed using
the absorbance difference (A1–A0) (A0: absorbance of
B-CQDs, A1: absorbance of B-CQDs + putrescine).
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 81  N
Optimization of pH. Establishing the optimum
medium pH value for the developed method is crucial
since it can impact the spectrophotometric response
of B-CQDs. The optimum medium pH for putrescine
determination using the B-CQDs-based spectropho-
tometric technique was determined at a constant
putrescine concentration (1.0 μM). In pH optimiza-
tion, different PB solutions were used in the pH
range of 5.0–8.0, and the change in absorbance values
of B-CQDs was analyzed. The optimal pH value for
the spectrophotometric method was determined to be
6.0, as this was the value at which the highest absor-
bance difference response was produced (Fig. 4).
CQDs exhibit good pH stability and their optical char-
acteristics are strong in the pH range of 5 to 9. Under
acidic and/or basic conditions, pH stability is
impaired and their optical properties weaken [33, 34].

Performance parameters of the spectrophotometric
method. The linear working range of the B-CQD-
based spectrophotometric method was determined by
adding different concentrations of putrescine solution
to 0.05 μg/mL B-CQD solution and calculating the
(A1–A0) values. (A1–A0) values and putrescine con-
o. 1    2026
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Fig. 2. UV-Vis absorption spectra of (a) B-CQDs and (b)
putrescine-B-CQDs (pH 7.0 PB solution, concentration of
putrescine: 1.0 μM, concentration of B-CQDs: 0.05 μg/mL.
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centrations were plotted, and a calibration graph was
obtained (Fig. 5). The linear range of the developed
method was found to be 0.05–0.75 μM. The correla-
tion equation of the spectrophotometric method is
shown in Eq. (1).

(1)

The detection limit (LOD) for the B-CQDs-based
spectrophotometric method was calculated to be
0.05 μM (LOD = 3.3 × SD/m, where SD is the stan-
dard deviation of the responses from ten different
0.05 μM putrescine solutions and m is the slope of the
calibration curve). Furthermore, the quantification
limit (LOQ) was determined to be 0.15 μM (LOQ =
10 × SD/m, where SD is the standard deviation of the
responses from ten different 0.05 μM putrescine solu-
tions and m is the slope of the calibration curve). The
LOD of the B-CQDs-based spectrophotometric
method is lower than 0.33 μg/mL for the SDS-
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Fig. 3. Schematic representation of spectrophotometric dete

B-CQDs

+

Putrescine
AgNPS-based colorimetric method [35], 10 ppm of
the ninhydrin-based colorimetric method [36],
1.9 μM for the N,S-CDs@CdTe QDs-based f luores-
cent sensor [37], and 68 nM for the thiazole-based flu-
orescent sensor [38].

The measurement stability of the B-CQDs solu-
tion, which was employed as a nanomaterial in the
development of the method for the determination of
putrescine, was investigated both in the absence and
presence of putrescine by taking measurements
every five minutes for 20 min. The standard
deviation of the measurement results was calculated as
0.03, and the relative standard deviation (RSD) was
calculated as 3.52% (Table 1). According to calcula-
tions, the B-CQDs solution is stable for at least 20 min
both in the absence and presence of putrescine.

To evaluate the performance of the developed
spectrophotometric method using B-CQDs, a com-
parison with different methods for putrescine determi-
nation reported in the literature was presented in
Table 2. The results summarized in Table 2 show that
the B-CQDs-based spectrophotometric method is
equal or superior to the other methods reported so far.

Analytical applicability. The applicability of the
B-CQDs-based spectrophotometric method was
investigated by determining putrescine in artificial
blood samples. The laboratory-prepared artificial
blood sample, as detailed in the experimental section,
was diluted to 1 : 7 before being utilized in the experi-
ments. Putrescine measurement was performed using
B-CQDs based on the standard calibration curve. In
the first sample, 0.35 μM putrescine was added, and
the three replicate measurements yielded 0.310 ±
0.003 μM. In the second sample, 0.45 μM putrescine
was added, and the three replicate measurements
resulted in 0.440 ± 0.003 μM. (Table 3). The recovery
values, calculated as 89.5 ± 0.9% and 98.4 ± 0.6% for
two different concentrations, show the applicability of
the developed method in sample analyses. The absor-
bance spectra of the artificial blood sample with and
without the analyte are shown in Fig. 6.
NALYTICAL CHEMISTRY  Vol. 81  No. 1    2026
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Fig. 4. Optimization of pH (concentration of putrescine:
1.0 μM, concentration of B-CQDs: 0.05 μg/mL).
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Evaluation of greenness of the proposed spectropho-
tometric method. Green analytical chemistry deals
with measuring various environmental impacts of ana-
lytical processes. The greenness of the proposed spec-
trophotometric method was evaluated using the ana-
lytical greenness metric (AGREE) and the analytical
greenness metric for sample preparation
(AGREEprep) tools. Greenness is assessed using
12 criteria by AGREE and 10 criteria by AGREEprep,
which are then converted into a score ranging from 0
to 1 [48]. The AGREE and AGREEprep pictograms
for the proposed method are shown in Fig. 7. The yel-
low, green, and red colors in the pictograms indicate
the performance of the method in each criterion. The
closer the overall score obtained as a result of the eval-
uation is to 1, the greener the method becomes. The
AGREE and AGREEprep scores for the method are
0.69 and 0.7, respectively. The scores close to 1 indi-
cate that the proposed spectrophotometric method
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 81  N

Table 1. Stability study for the spectrophotometric method
based on B-CQDs

SD—standard deviation, RSD—relative standard deviation, CI—
confidence interval.

Time, min A0 A1

0 0.99 1.08
5 0.99 1.31
10 0.92 1.18
15 0.93 1.08
20 0.94 1.05
Mean 0.95 1.15
SD 0.03 0.11
RSD, % 3.52 9.38
CI 1.05 ± 0.16 1.04 ± 1.24
has a green character. Moreover, the close scores
obtained with the two tools indicate that the advan-
tages and disadvantages obtained with AGREE and
AGREEprep are consistent.

CONCLUSIONS

In the present work, B-CQDs were employed to
create a spectrophotometric method for putrescine
that is quick, simple, and sensitive. The synthesized
B-CQDs were characterized by SEM, DLS, FTIR,
and UV-Vis absorbance measurements. B-CQDs-
based spectrophotometric method demonstrated a
wide working range (0.05–0.75 μM), low LOD
(0.05 μM), and good stability in pH 6.0 PB solution.
The analytical usability of the spectrophotometric
method was investigated by determining putrescine in
artificial blood samples. The recovery results (89.5 ±
0.9 and 98.4 ± 0.6%) indicated that B-CQDs can be a
useful nanomaterial in the development of a spectro-
photometric method for the determination of putres-
cine. In conclusion, the proposed spectrophotometric
method utilizing B-CQDs offers a sensitive-and reli-
able approach for the determination of putrescine in
artificial blood samples, thus holding potential for
clinical diagnostics and biomedical research.
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Table 2. Putrescine quantitative measurement methods

4CTP – (E)-4-chloro-2-((thiazol-2-ylimino)methyl)phenol, OPA- o-phthalaldehyde.

Method LOD Reference

Ion chromatography-integrated pulsed amperometric detection method 1.25 ng/25 mL [15]
Capillary electrophoresis 1–40 μM [14]
Ion spray ionization-mass spectrometry 5.0 μM [16]
Amperometric biosensor (in vitro measurement) 50 nM [39]
Voltammetric sensors 0.34 μM [40]
Amperometry 0.11 μM [41]
Multiwall carbon nanotube-based electrochemical biosensors 0.50 μM [42]
Amperometric biosensor 5.0 μМ [43]
Enzymatic nanointerfaced biosensor 0.65 nM [44]
Ion-pair facilitated non-enzymatic electrochemical sensing 0.25 μM [45]
Liquid-liquid microextraction coupled with gas chromatography-mass spectrometry method 0.5 μg/L [46]
N, S-CDs@CdTe QDs-based fluorescent sensor 1.9 μM [37]
Thiazole-based f luorescent sensor (4CTP) 68 nM [38]
Ninhydrin-based colorimetric method 10 ppm [36]
Colorimetric method using OPA derivatization 0.44 μM [47]
Sodium dodecyl sulfate-protected silver nanoparticles-based colorimetric method 0.33 μg/mL [35]
B-CQDs-based spectrophotometric method 0.05 μM This study

Table 3. Recovery results of putrescine in artificial blood
samples

±SD calculated from three different absorbance measurements.

Putrescine added, μM Found, μM Recovery, %

0.35 0.310 ± 0.003 89.5 ± 0.9

0.45 0.440 ± 0.003 98.4 ± 0.6

Fig. 6. Absorbance spectra of (a) artificial blood sample, (b) arti
CQDs in the presence of 0.35 μM putrescine, and (d) artificial 
(0.1 M, pH 6.0 PB solution, concentration of B-CQDs: 0.05 μg
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Fig. 7. Pictograms of AGREE and AGREEprep for the proposed B-CQDs-based spectrophotometric method.
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