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Abstract
Objectives
This study aimed to assess the expression of neuropeptide Y (NPY) in human dental pulp after tooth bleaching with three in-office hydrogen peroxide (H2O2)-based systems.

Methods
Forty pulps were collected from premolars scheduled for extraction and divided into four groups (n = 10): Control (no bleaching; basal NPY values); Pola Office (35% H2O2, 8 minutes); Opalescence Boost (40% H2O2, 20 minutes); and Zoom (25% H2O2 + cold blue light, 15 minutes). After extraction, pulps were fixed in 4% formaldehyde and processed. NPY levels were quantified using enzyme-linked immunosorbent assay. Data distribution was assessed with the Shapiro-Wilk test. One-way analysis of variance and Tukey post-hoc test with Bonferroni correction were applied (p < 0.05).

Results
NPY expression differed significantly among groups (p = 0.0097). The control group showed the lowest mean expression (0.026 ± 0.002 pmol/mg of pulp tissue), followed by Zoom (0.031 ± 0.005 pmol/mg), Pola Office (0.040 ± 0.004 pmol/mg), and Opalescence Boost, which exhibited the highest NPY expression (0.044 ± 0.004 pmol/mg). Post-hoc analysis revealed a statistically significant difference between the control and Opalescence Boost groups (p = 0.0122).

Conclusions
The increase in NPY expression—particularly with Opalescence Boost—indicates that in-office bleaching agents can elicit measurable neurobiological responses in pulp tissue after a single application. The significant difference between the control and Opalescence Boost groups suggests a possible H2O2 concentration- or formulation-dependent effect on pulpal neuropeptide activity, underscoring the need for further research on the biological impact of bleaching treatments.
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INTRODUCTION
The human dental pulp is a highly specialized, vascularized, and innervated ectomesenchymal tissue, comprising an array of cell types, including immune cells, fibroblasts, and odontoblasts. The dental pulp can initiate a range of biological mechanisms to maintain homeostasis and pulp vitality in response to noxious stimuli, such as tooth-bleaching procedures [1,2].
Most tooth-bleaching products contain hydrogen peroxide (H2O2) as the active ingredient. When activated by chemicals or physical activators (i.e., enzymes, light, or heat), H2O2 dissociates into free radicals such as hydroxyl (OH), oxygen (O), and perhydroxyl (HO2)—the most reactive free radical—responsible for the dentin’s bleaching effect [3,4].
H2O2-based tooth-bleaching systems such as Pola Office (35% H2O2; SDI, Bayswater, VIC, Australia), Opalescence Boost (40% H2O2; Ultradent Products, South Jordan, UT, USA), and Zoom (25% H2O2 + cold blue light, Zoom! Bleaching System; Discus Dental, Culver City, CA, USA) are some of the most popular in-office bleaching products. The free radicals released by these bleaching agents can diffuse through the enamel and dentin to reach the dental pulp, thus triggering a transitory reversible neurogenic inflammatory phenomenon that may manifest as dentinal hypersensitivity, with a prevalence of 15% to 78% of cases [4–7]. The extent of the inflammatory phenomenon depends on the H2O2 concentration, the free radicals’ interaction time with the substrates, and the activators’ molecular weight in each particular bleaching system [8].
The inflammatory response that arises from the passage of free radicals into the pulp tissue is neurogenic in nature, as the nervous system governs the vascular and immune systems through the release of potent neuropeptides. Somatosensory nerve fiber stimulation causes the release of calcitonin gene-related peptide (CGRP), substance P (SP), and neurokinin A (NKA), whereas sympathetic and parasympathetic fibers release neuropeptide Y (NPY) and vasoactive intestinal peptide (VIP), respectively [9].
Neurogenic inflammation involves both myelinated Aδ and unmyelinated C fibers. Aδ and C fibers anastomose at the pulp tissue’s periphery, interacting with the vascular component to form the so-called Rashkow plexus, responsible for regulating blood flow through neuropeptide influence. The release of SP, CGRP, and NKA provokes vasodilation and drives the migration of immune cells via chemotaxis, thus setting up an inflammatory response [4,10]. As a compensatory mechanism, NPY, a strong vasoconstrictor, and VIP, a regulatory vasodilator, are released to modulate the inflammatory process and preserve tissue homeostasis. Additionally, NPY and VIP promote pulp tissue repair by binding to specific cells, such as odontoblasts, fibroblasts, and immune cells [11].
Neuropeptides are released in response to orthodromic and/or antidromic stimuli [12,13]. An orthodromic stimulus occurs under physiological conditions, such as temperature fluctuations or masticatory function. In these situations, A-delta fibers become activated, releasing NPY or VIP neuropeptides to sustain tissue homeostasis [14,15]. In contrast, H2O2 free radicals that reach the dental pulp generate an antidromic signal by exciting type C nerve endings, leading to the release of SP and CGRP, which triggers an inflammatory response that increases blood flow, intrapulpal pressure, and causes pulp volume expansion, which results in fluid flow into dentinal tubules, clinically translating into dentinal hypersensitivity [4,10]. As a negative control mechanism, the sympathetic system releases NPY to counteract the neurogenic inflammatory phenomena triggered by somatosensory neuropeptides. NPY-induced vasoconstriction reduces blood flow and intrapulpal pressure [16,17]. Likewise, NPY inhibits acetylcholine- and SP-induced vasodilation and amplifies the post-synaptic effects of other vasoconstrictors such as noradrenaline [16]. NPY vasoconstriction modulates the vasodilatory impact of SP and CGRP, preventing pulp volume expansion and avoiding fluid movement in an antidromic direction into the dentinal tubules [14]. Therefore, NPY functions as a defensive mechanism by regulating the inflammatory process in the dental pulp. Similarly, it has been proposed that the presence of NPY-1 receptors in fibroblasts, undifferentiated cells, and odontoblasts may be linked to pulp mineralization processes as a defense mechanism [18,19]. However, to date, the expression of NPY in dental pulp following different bleaching protocols is unknown. This information could be valuable for evaluating NPY behavior during routine clinical procedures and, as a result, aid clinicians’ decision-making to reduce pulp tissue injury.
In light of the preceding, the purpose of this study was to determine the effect of different tooth-bleaching protocols (Pola Office, Opalescence Boost, and Zoom) on NPY expression in healthy human dental pulp, aiming at identifying potential control mechanisms of neurogenic pulp inflammation and dentinal hypersensitivity following tooth-bleaching procedures.

METHODS
A descriptive comparative clinical study was conducted in accordance with the guidelines of the Colombian Ministry of Health regarding ethical considerations in research involving human tissues. The Bioethics Committee of the Universidad Cooperativa de Colombia (the members of the Medellin Sectional Bioethics Subcommittee) approved the study under resolution BIO407—Acta No.12, May 25, 2023. Written informed consent was obtained from each patient who participated in the study. The study protocol was registered in ClinicalTrials.gov (ID: NCT06606236).
The minimum sample size was calculated in advance as 10 per group using sampling software (G power ver. 3.1.9.2; Heinrich-Heine Universität Düsseldorf, Düsseldorf, Germany) based on previously published studies with a similar study population and methodological design from our group [4,17]. Forty dental pulps were collected from healthy non-smoking human donors aged 18 to 27 years who underwent premolar extractions for orthodontic purposes. All premolars were caries and restoration-free, with complete root development, confirmed both visually and radiographically, with normal response to sensitivity testing, and no evidence of periodontal disease, traumatic occlusion, or previous orthodontic force application. Teeth with similar features were selected to ensure the validity and reliability of the results, while limiting bias and any confounding factors.
Samples were randomly assigned (with the aid of a randomizer tool [random.org]) into four groups containing 10 healthy premolars each (without discriminating between maxillary and mandibular premolars): (i) control group: the teeth were not exposed to dental bleaching agents (healthy pulps with normal/basal NPY values); (ii) Pola Office group: application of Pola Office (35% H2O2) for 8 minutes (single application), (iii) Opalescent Boost group: application of Opalescent Boost (40% H2O2) for 20 minutes (single application), and (iv) Zoom group: application of Zoom! (25% H2O2 + cold blue light) for 15 minutes (single application). A high-intensity LED light source emitting in the visible blue spectrum (400–505 nm) was employed, delivering an average irradiance of 150–200 mW/cm2. This corresponds to a total energy density of approximately 72–96 J/cm2. According to the manufacturer, this energy range ensures efficient activation of the photoinitiators contained in the bleaching gel while minimizing thermal effects on dental and pulpal tissues. The manufacturer’s instructions were strictly followed, but due to the nature of the research, a single application was performed in the experimental groups.
A preliminary sensitivity test was conducted to assess the normal state of the pulp. This involved using a pulp tester to evaluate the pulp’s response to an electrical stimulus. Likewise, a cold test was performed using Endo Ice (1,1,1,2 tetrafluoroethane; Hygenic Corp, Akron, OH, USA) to confirm the results further. These tests collectively verified that the sensitivity of the premolars was within normal limits.
Clinical procedures and sample collection
Following tooth bleaching, teeth were anaesthetized immediately with 3% mepivacaine without vasoconstrictor infiltration injection for maxillary premolars and inferior alveolar nerve block injection for mandibular premolars. Ten minutes later, the teeth were extracted using conventional methods, employing a supraosseous luxation and extraction technique. The extraction process took no more than 5 minutes. For the control group, extraction was also performed 10 minutes after the anesthetic application. After extraction, all teeth were rinsed with 5.25% sodium hypochlorite to remove any remaining periodontal ligament that could contaminate the pulp sample. The teeth were sectioned using a Zekrya bur (Dentsply, Tulsa, OK, USA) in a high-speed handpiece, irrigated with a saline solution. Pulp tissue was collected using a sterile endodontic excavator, deposited on an Eppendorf tube with 1 mL 4% paraformaldehyde, and stored at 70°C until examination [17]. Tubes were identified with a code to blind the operator who would process the samples.

Enzyme-linked immunosorbent assay
Dental pulp samples were defrosted without thermal shock, dried on a filter, and weighed on an analytical balance. NPY was extracted by adding 150 mL of 0.5 mol/L of acetic acid and double boiling in a thermostat bath for 30 minutes [13]. NPY expression was determined by a specific enzyme-linked immunosorbent assay (ELISA) for NPY.
A volume of 50 µL from each standard, blank, and sample was added to the corresponding wells. All samples and standards were duplicated. The sample dilution was established by preliminary experiments. A 50 µL/well working solution with biotinylated antibody was added. The plate was covered with sealing film and incubated for 45 minutes at 37°C. After decanting the solution, each well was dispensed with 350 µL of wash buffer (soaked for 1 minute). Plates were washed three times and gently blotted before 100 µL of horseradish peroxidase-conjugated working solution was added to each well. The plate was covered with a new sealing film and incubated at 37°C for 30 minutes. After washing plates five times as previously described, the substrate was added (50 μL/well). The plate was incubated for 15 minutes at 37°C. The plate was protected from light by wrapping it in aluminum foil, which caused a color change. A volume of 50 µL/well of stop solution was added in the same order as the substrate solution was previously added. The optical density (OD) of each well was determined using a microplate reader at 450 nm [20].
A calibration curve from 31.25 to 2,000 pg/mL was prepared in duplicate according to the kit instructions (Human Neuropeptide Y ELISA Kit, E-EL-H1893; Elabscience, Houston, TX, USA) (Appendix 1). The kit’s sensitivity is 18.75 pg/mL. The NPY concentration (pg/mL) was obtained by interpolating the OD results with the sample supernatants (pre-weighed tissues, macerated in phosphate-buffered saline [pH, 7.4; 100 mM] and centrifuged at 6,000 g at 4°C for 15 minutes). The amount of NPY/pg was then divided by the molecular weight of the neuropeptide and the amount of sample in mg to get the NPY concentration in pmol of the peptide/mg of fresh tissue.

Statistical analysis
Values were obtained in duplicate from each sample (20 per group). For each of the bleaching techniques analyzed, mean and standard error, as well as minimum and maximum values for NPY, expressed in pmol/mg of pulp tissue, were calculated. A Shapiro-Wilk test was applied to determine the distribution of the dataset. An one-way analysis of variance (ANOVA) test was performed to evaluate statistically significant differences between groups (p < 0.05). Since significant differences were found, the Tukey post-hoc test with Bonferroni correction was applied at a significance level of p < 0.05.


RESULTS
Table 1 outlines the NPY expression in pmol/mg of pulp tissue, revealing that the lowest expression was observed in the control group, followed by the Zoom! Pola Office and Opalescence Boost systems, respectively (one-way ANOVA: single factor p = 0.0097).
Table 1. Expression of neuropeptide Y in dental pulps after different bleaching techniques
	Group	n	Mean	Standard error	Median	Maximum	Minimum	95% CI	IQR	p-value (SW)	Single factor p-value (one-way ANOVA)
	Control	10	0.026	0.002	0.024	0.047	0.012	0.0223–0.0302	0.012	0.169	0.0097
	Pola Office	10	0.040	0.004	0.034	0.075	0.011	0.0314–0.0484	0.030	0.350	
	Opalescence	10	0.044	0.004	0.037	0.086	0.019	0.0355–0.0526	0.020	0.091	
	Zoom	10	0.031	0.005	0.027	0.068	0.006	0.0222–0.0406	0.033	0.200	


CI, confidence interval; IQR, interquartile range; SW, Shapiro-Wilk; ANOVA, analysis of variance.Pola Office: SDI, Bayswater, VIC, Australia; Opalescence Boost: Ultradent Products, South Jordan, UT, USA; Zoom! Bleaching System: Discus Dental, Culver City, CA, USA.


Table 2 displays Tukey post-hoc comparisons, which demonstrate that the only statistically significant difference was observed between the control and Opalescence Boost groups (p = 0.012). All other pairwise comparisons showed no statistically significant differences (p ≥ 0.05).
Table 2. Tukey post hoc comparisons
	Group 1	Group 2	Mean	Standard error	p-value
	Control	Pola Office	0.014	0.004	0.0817
	Control	Opalescence	0.018	0.004	0.0122
	Control	Zoom	0.005	0.004	0.7981
	Pola Office	Opalescence	0.004	0.004	0.8844
	Pola Office	Zoom	0.009	0.004	0.4377
	Opalescence	Zoom	0.013	0.004	0.1221


Pola Office: SDI, Bayswater, VIC, Australia; Opalescence Boost: Ultradent Products, South Jordan, UT, USA; Zoom: Discus Dental, Culver City, CA, USA.


Figure 1 displays NPY expression levels in dental pulp tissue across the four bleaching protocols. Box plots represent NPY concentrations (pmol/mg) in control, Pola Office, Opalescence Boost, and Zoom groups. Red lines indicate medians, and black diamonds denote means. A significant increase in NPY was found in the Opalescence group compared to the control (p < 0.05).
[image: Figure 1.]
Figure 1. Boxplot of the neuropeptide Y (NPY) expression in dental pulp following different bleaching techniques. Pola Office: SDI, Bayswater, VIC, Australia; Opalescence Boost: Ultradent Products, South Jordan, UT, USA; Zoom: Discus Dental, Culver City, CA, USA.


DISCUSSION
Tooth bleaching has been shown to elicit a neurogenic, reversible pulpal inflammatory response, as free radicals dissociated from H2O2 diffuse through enamel and dentin into the pulp tissue. The magnitude of the neurogenic inflammatory response is strongly related to the bleaching system’s H2O2 concentration, exposure time, and activation mode [1,3-6,9].
H2O2 free radicals activate somatosensory nerve terminals in the Rashkow plexus [11], leading to the up-regulated expression of SP, CGRP, and NKA from Aδ and C fibers, resulting in transient pulp inflammation. When the inflammatory phenomenon is not properly regulated, it can lead to the apoptosis of odontoblasts and fibroblasts, resulting in premature pulp aging, which jeopardizes the pulp tissue’s protective mechanisms and homeostasis [5,9,21,22]. Furthermore, the inflammatory phenomena caused by bleaching procedures trigger antidromic stimulation due to increased blood flow and intrapulpal pressure, resulting in an increase in dental pulp volume and enhanced fluid flow into the dentinal tubules, which is clinically described as post-bleaching dentinal hypersensitivity [23].
NPY is released by exocytosis from sympathetic Aδ and C fibers as a compensatory anti-inflammatory mechanism. NPY binds to target cells via the NPY-1 receptor, which is expressed in fibroblasts, endothelial cells, macrophages, odontoblasts, and undifferentiated dental pulp cells. It competes and antagonizes pro-inflammatory somatosensory neuropeptides, such as SP, CGRP, and NKA [11,15,16,24]. NPY exerts a vasoconstrictor effect, aided by norepinephrine at the post-synaptic level, thus counteracting the vasodilation generated by SP and CGRP [17]. Furthermore, NPY promotes pulp tissue repair by attaching to its receptor NPY-1 in target cells, such as macrophages responsible for degrading H2O2 free radicals [25]. Likewise, NPY drives endothelial cells to promote angiogenesis, fibroblasts to renew and repair the extracellular matrix, and dental pulp stem cells to undergo odontoblastic differentiation, with the ultimate aim of producing tertiary dentin even up to 21 days following exposure to H2O2 agents [15,22,26]. All of these regulatory and reparative mechanisms lead to a decline in the inflammatory reaction a few days post-tooth bleaching, which in turn results in the control of dentinal hypersensitivity by restricting fluid flow into the dentinal tubules [23]. Additionally, when dental pulp is exposed to H2O2 free radicals, the up-regulated expression of dismutase and catalase, which enzymatically break down the perhydroxyl ion, provides a protective impact on the pulp cells and preserves pulp vitality over time [11,13].
Three different in-office tooth-bleaching systems—Pola Office, Opalescence Boost, and Zoom—were used in this study to quantify NPY expression in human dental pulp following tooth-bleaching procedures. We rigorously followed the manufacturer’s instructions, as the detrimental impacts of H2O2 on pulp tissue are proportional to the concentration, application time, and activation method [27]. Depending on NPY expression, it may be feasible to infer the magnitude of the neurogenic inflammatory phenomenon following tooth-bleaching procedures and how NPY modulates the inflammatory process [23].
The ELISA test was performed to quantify NPY expression. It has been established that the ELISA test is sensitive enough to quantify neuropeptides in pmol/mg of pulp weight, the most generally used unit of measurement for neuropeptide expression in freshly extracted human dental pulp [28]. Considering the lack of previous research on NPY expression following tooth bleaching, a direct comparison was conducted between basal levels (pre-bleaching) and pulp inflammation (post-bleaching) in healthy premolars requiring extraction for orthodontic reasons [17]. Differences found between groups validate the sensitivity of the ELISA test.
All groups received 3% mepivacaine without a vasoconstrictor as a local anesthetic to prevent alpha-adrenergic agonists from minimizing neuropeptide expression. To allow NPY expression, a 10-minute interval was set aside following the removal of the bleaching agent [28]. Teeth were extracted using a supraosseous luxation and extraction technique, which should not take longer than 5 minutes to prevent endogenous endopeptidases from degrading the neuropeptide and to quantify the NPY expression linked to the bleaching procedure rather than the dental extraction [4,17].
The control group exhibited a mean NPY expression of 0.026 pmol/mg of pulp tissue, demonstrating that NPY is present in human dental pulp under physiological conditions. These values are consistent with previous studies that employed radioimmunoassay to assess NPY expression [17]. The Zoom system group (25% H2O2) achieved an average NPY expression of 0.031 pmol/mg of pulp tissue after 15 minutes of application and activation with a cold blue light. There was no significant difference (p ≥ 0.05) compared to the control group’s reference values. These results can be attributed to the fact that the Zoom bleaching system utilizes the lowest concentration of bleaching agents evaluated in this study, and its activation method involved a cold light lamp. Notably, the findings from this study differ from those of previous research, which assessed SP expression in human dental pulp in response to 25% Zoom bleaching with hot light activation. The Zoom system was found to elicit the highest SP expression, most likely due to the increased release of H2O2 free radicals by the activation source [29]. Such results confirm that the activation method of the bleaching agent impacts the expression of neuropeptides in the dental pulp and, therefore, the severity of neurogenic inflammation [4,30].
Similarly, NPY expression is directly proportional to the amount of H2O2 free radicals that enter the pulp tissue. The Pola Office system group (35% H2O2) with 8 minutes of application and the Opalescence Boost system group (40% H2O2) with 20 minutes of application displayed an average expression of 0.040 pmol/mg of pulp tissue and 0.044 pmol/mg of pulp tissue, respectively. No significant difference (p ≥ 0.05) was observed between these two groups.
Opalescence Boost was the only group that showed statistically significant differences (p ˂ 0.05) compared to the control group, implying that NPY expression is directly proportional to the concentration of the bleaching agent. Furthermore, it can be inferred that the Pola Office, followed by the Opalescence Boost system group, triggers a more intense inflammatory phenomenon, as evidenced by higher NPY expression, which attempts to preserve pulp tissue homeostasis [4,9].
NPY is released to modulate neurogenic inflammation mediated by somatosensory neuropeptides, thereby making pulp inflammation reversible [14,23,31]. NPY promotes protective vasoconstriction, thereby decreasing blood flow, intrapulpal pressure, and inflammatory cell chemotaxis, while also inhibiting neural activity by blocking SP and CGRP, thereby modulating the antidromic stimuli of fluid flow into dentinal tubules, which minimizes post-bleaching dentinal hypersensitivity [23,31]. However, as a long-term adverse effect, NPY release may result in premature aging of the dental pulp by eliciting pro-angiogenic defensive reactions [1,28]. It has been proposed that NPY binding to its specific receptor, NPY-1, in fibroblasts, undifferentiated mesenchymal cells, and odontoblasts may be linked to pulp mineralization processes as a defense mechanism. Apoptosis of these cells has also been observed when the effect of free radicals generated by dental bleaching surpasses the pulp tissue’s tolerance [9,11,32]. When the aggression of free radicals from tooth bleaching systems exceeds the tolerance of the pulp tissue’s defense mechanisms, as a result of using high concentrations of H2O2 and improper application times, irreversible pulpitis associated with the overexpression of NKA, SP, and CGRP may develop [4]. This leads to the destruction of immature odontoblasts and the DNA of undifferentiated cells [5,9,22], degeneration of pulp fibroblasts, and irreversible damage to immune cells, such as macrophages, which prevents pulp tissue from being repaired [26,32]. In this scenario, neither parasympathetic nor sympathetic neuropeptides, such as VIP and NPY, can regulate the inflammatory response.
This biological response suggests that bleaching protocols employing agents with higher irritative potential—particularly those containing high concentrations of peroxides or relying on unnecessary light activation—may contribute to premature pulpal aging [1,28]. Consequently, clinicians should carefully consider the selection of bleaching protocols, prioritizing the use of lower-concentration peroxide agents, minimizing the number of sessions, and avoiding light sources in products that do not require photoactivation. These findings underscore the importance of strictly adhering to the manufacturer’s instructions, as deviations from the recommended protocol may increase the risk of pulpal damage without providing significant aesthetic benefits.
In light of these findings, future research should incorporate clinical sensitivity assessments alongside NPY quantification; investigate NPY responses to novel bleaching formulations, including nanoparticle-enhanced systems; examine the longitudinal effects of multiple bleaching sessions; and explore the spatial distribution patterns of NPY and NPY-1 receptors within the pulp tissue.
One of the main limitations of our study is the design of the treatment protocol. Although the single-application approach ensured methodological consistency and minimized variability, it does not fully represent routine clinical practice, where multiple bleaching sessions are commonly performed. Evidence from studies evaluating novel whitening agents suggests that cumulative exposure over successive applications may produce different biological effects on dental tissues. Therefore, a longitudinal investigation assessing NPY expression following multiple bleaching sessions would yield findings that are more representative of real-world clinical scenarios [33].
Despite the limitations of this in vivo study, it can be suggested that NPY expression correlates with the concentration of the bleaching agent and the intensity of the inflammatory response, thereby modulating the pulp’s reactions to neurogenic pulp inflammation induced by tooth-bleaching procedures. This study found the highest NPY expression in Opalescence Boost, followed by Pola Office and Zoom. Further research on this topic should focus on correlating NPY expression with dentinal hypersensitivity levels following tooth bleaching protocols, with the goal of identifying mechanisms that contribute to dentinal hypersensitivity oversight.

CONCLUSIONS
The highest NPY expression values were found in Opalescence Boost, followed by Pola Office and Zoom. The significant increase in NPY expression, particularly in the Opalescence Boost group, demonstrates that even a single application of hydrogen peroxide-based bleaching agents can activate neurogenic signaling pathways within the dental pulp. This finding reveals a biologically active response at the molecular level, suggesting that tooth whitening procedures may induce early pulpal stress. The significant difference observed between the control and Opalescence Boost groups suggests a potential H2O2 concentration- or formulation-dependent effect on pulpal neuropeptide activity, highlighting the need for further longitudinal studies on the biological impact of bleaching treatments.
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Appendix 1. Calibration curve for neuropeptide Y (NPY) quantification by competitive enzyme-linked immunosorbent assay.
[image: ]

OPS/rde-51-1-cover.jpg





OPS/rde-2026-51-e10f1.gif
o

(enssn djnd Jo bw/jow

o

) uoissaldxa AdN

Polaoffice  Opalescence Zoom

Control





OPS/rde-2026-51-e10a1.gif
y = -0.0036x + 2.8927

R? = 0.9892

o
8
<
©
2

2
<

1

05

0

- 50 100 150 200 250

NPY (pg/mL)





