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Purpose: Post-cesarean section pain management remains a crucial challenge in obstetric care, with implications for maternal
recovery, mother-child bonding, and long-term health outcomes. Quercetin, a naturally occurring flavonoid with anti-inflammatory and
antioxidant properties, has shown promising analgesic effects in preclinical studies but has limited clinical evidence for acute pain
management. This study aimed to assess the efficacy of preoperative Quercetin administration on acute post-operative pain following
cesarean section.

Patients and Methods: In this prospective, double-blinded, randomized controlled trial, 80 patients undergoing elective cesarean
section under spinal anaesthesia were randomly allocated to receive either 500 mg oral Quercetin (n=40) or matching placebo (n=40)
one hour before surgery. The primary outcome was postoperative pain intensity assessed using a 10 cm Visual Analog Scale (VAS) at
2, 6, 12, and 24 hours after surgery. Secondary outcomes included time to first analgesic request, total morphine consumption,
incidence of postoperative nausea and vomiting, time to physical activity initiation, functional activity, patient satisfaction, and adverse
effects.

Results: The Quercetin group demonstrated significantly lower VAS scores at all measured time points (p<0.001) and delayed time to
first analgesic request (3.9+1.3 vs 2.73+0.78 hours, p<0.001) compared to the placebo group. Additionally, patients receiving
Quercetin initiated physical activity significantly earlier (15.2£1.9 vs 19.03+2.66 hours, p<0.001) and reported higher satisfaction
levels on postoperative day 2 (p=0.042). However, total morphine consumption, functional activity, incidence of nausea and vomiting,
and hospital length of stay were comparable between groups, with no significant differences in adverse effects.

Conclusion: Preoperative administration of 500 mg Quercetin significantly reduced postoperative pain and delayed the need for
rescue analgesia following cesarean section, allowing for earlier mobilization without increasing adverse effects. These findings
suggest Quercetin may serve as a safe, effective adjunct in multimodal pain management protocols for cesarean delivery.

Clinical Trial Registration: NCT06650891 (2024—-10-21).
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Introduction

The rate of Cesarean section (C-section) has been increasing over the past decades and now exceeds 32% of births.'
C-section can cause moderate-to-severe postoperative pain in a large percentage of women.” Effective postoperative pain
management is crucial yet challenging, as insufficient pain control can impact a mother’s ability to care for her newborn
and impair mother-child bonding.®> Inadequate postoperative pain management risks chronic pain, increased opioid
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consumption, impaired recovery, and postpartum depression,*® while causing immobility-related complications,” and
economic burdens through extended hospitalizations and readmissions.®’

Thus, providing adequate pain relief following cesarean delivery is essential to ensure better health outcomes and
overall patient satisfaction.’

Oral, intramuscular and intravenous analgesics have been traditionally used to manage acute postoperative pain.'
Opioids, particularly when injected, have been effective in relieving acute pain.'''? Nevertheless, opioid use is
accompanied by dose-related side effects such as respiratory depression, nausea, vomiting, urinary retention, itching,
drowsiness, and postoperative ileus.'>'*

While opioids are essential for managing pain after surgery, their risk of addiction and fatal overdose means each
patient’s risk factors for substance abuse must be carefully assessed before prescribing these medications. '

Consequently, it is crucial to explore compounds that can enhance the analgesic effects of opioids, improving pain
control while reducing opioid consumption.'®

Natural medicinal plant compounds show promise as safer pain management alternatives with fewer side effects than
traditional medications.'” Flavonoids are a significant class of natural products categorized as secondary plant metabo-
lites with polyphenolic structures.'® Commonly found in fruits, vegetables, and natural beverages, they encompass
several classes including flavones, flavanones, isoflavones, flavonols, flavanonols, flavan-3-ols, and anthocyanidins.19

Quercetin (3,3',4',5,7-pentahydroxyflavone), a flavonoid and polyphenol, is abundantly present in various plants and
fruits, including capers, cranberries, figs, red onions, asparagus, radish leaves, walnuts, broccoli, and coriander. This
compound possesses distinctive properties that improve physical and mental performance while reducing the risk of
infection.*”

Quercetin has garnered significant attention from researchers due to its wide range of beneficial properties, including
its ability to combat inflammation, neutralize harmful free radicals, regulate blood sugar levels, inhibit cancer cell
growth, and protect heart function. Additionally, research suggests quercetin may safeguard liver and brain health,
prevent excessive blood clotting, fight bacterial infections, and assist in weight management.*'~>

Rising evidence shows Quercetin has antinociceptive effects in various rodent models of chronic pain, including
inflammatory, neuropathic, and cancer pain®**° Anjaneyulu et al first demonstrated that chronic Quercetin treatment
significantly effectively reduced both heat hypersensitivity and cold allodynia induced by streptozotocin.?®

In chronic constriction injury (CCI)-induced neuropathic pain, Civi et al found Quercetin’s analgesic effect superior
to gabapentin and morphine®’ Moreover, Quercetin dose-dependently alleviated thermal hyperalgesia and mechanical
allodynia in neuropathic pain associated with paclitaxel use by stabilizing mast cell membranes, preventing excessive
histamine release, and blocking protein kinase C epsilon type (PKCe) and transient receptor potential vanilloid-1
(TRPV1) activation.”®

Kaur et al revealed that co-administering low doses of Quercetin with clonidine (a2-agonist) produces synergistic
analgesic effects by modulating adrenergic pathways.”’

The sigma-1 receptor is critical in chronic pain generation and maintenance.’>**' And Espinosa-Juarez et al
demonstrated that sigma-1 receptor antagonists potentiated Quercetin’s antinociceptive effect in CCI-induced neuropathic
pain.*

Literature indicates Quercetin exerts analgesic effects by suppressing neuroinflammation and oxidative stress while
modulating synaptic plasticity, GABAergic, and opioidergic systems.*

For cancer pain, Quercetin showed good analgesic activity in Ehrlich tumor-induced hyperalgesia by inhibiting
interleukin —1 (IL-1B) and tumor necrosis factor-o. (TNF-o)) production.*® Li et al demonstrated that chronic Quercetin
treatment ameliorated bone cancer pain by suppressing peripheral and central sensitization.*>

Additionally, Quercetin may prevent excess bleeding, decrease inflammation, initiate early fibrinolysis, and prevent
adhesions after gynecological surgery in female Wistar Hannover rats,*® while also inhibiting fibroblast proliferation and
reducing surgery-induced epidural fibrosis.>”

As its safety is well established, Quercetin has great potential for clinical use in pain treatment. However, there are
limited clinical studies on the effect of Quercetin on acute or chronic pain. Only one study reported that 500 mg
Quercetin daily supplementation for 8 weeks resulted in improvements in clinical symptoms, disease activity, high-
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sensitivity tumor necrosis factor-o (hs-TNFa), and health assessment questionnaire in women with rheumatoid
arthritis.*®

Therefore, the current study is designed to assess the efficacy of preoperative Quercetin administration in acute post-
operative pain following cesarean section.

Materials and Methods
Study Design and Setting

This prospective, double-blinded, randomized controlled trial was conducted in accordance with the Declaration of
Helsinki. The study took place at the obstetrics and gynecology unit of Al Matareya Teaching Hospital in Cairo, Egypt.

Ethical Considerations

The study protocol was approved by the Research Ethics Committee of the General Organization for Teaching Hospitals
and Institutes (HMO000184) and the Research Ethics Committee for Experimental and Clinical Studies, Faculty of
Pharmacy, Future University in Egypt (RFC-PH-3/2024) and registered on clinicalTrials.gov (NCT06650891). Written
informed consent was obtained from all participants during preoperative appointments before enrollment.

Study Population

The study included pregnant females aged over 18 years with American Society of Anesthesiologists (ASA) physical
status -1, who underwent elective major cesarean section under spinal anesthesia at full-term gestational age. Exclusion
criteria comprised a history of seizures, pre-eclampsia or eclampsia, hypertension, use of narcotic analgesics within
24 hours prior to surgery, or medications known to induce neuropathy (eg, amiodarone, metronidazole, phenytoin,
colchicine) or interact with the study intervention (eg, fluoroquinolones, loratadine, fexofenadine, alvimopan, armoda-
finil). Additionally, patients with prolonged cesarean section duration (>90 minutes), increased incision size, intraopera-
tive complications, failed spinal anesthesia requiring conversion to general anesthesia, or contraindications to spinal
anesthesia were excluded.

Intervention and Randomization

Participants were randomly allocated to one of two groups using a computer-generated random number sequence. The
Quercetin group received 500 mg of oral Quercetin (NOW Foods Egypt) one hour before surgery, while the control
group received a matching placebo. All participants, caregivers, and outcome assessors were blinded to group
assignments.

Before spinal anesthesia, patients received a 1000 mL crystalloid preload (0.9% normal saline or Ringer’s solution) to
minimize hypotension risk. Spinal anesthesia was administered with a 22G or 20G Quincke needle using a midline or
paramedian approach, with the bevel oriented laterally. A mixture of 10 mg (2 mL) of 0.5% hyperbaric bupivacaine and
25 pg (0.5 mL) of fentanyl was injected intrathecally at the L4/L5 interspace.

Intraoperative monitoring included continuous electrocardiography (ECG), non-invasive blood pressure (NIBP),
peripheral oxygen saturation (SpO,), and end-tidal carbon dioxide (EtCO,). Vital signs were recorded every five minutes
for 45 minutes after the block and continuously throughout the procedure.

Postoperative analgesia was initiated with 75 mg intramuscular diclofenac sodium at peritoneal closure, while 4 mg
ondansetron hydrochloride was administered after abdominal closure to prevent nausea and vomiting. Patients were
monitored in the recovery area for two hours before being transferred to the obstetrics department.

A standard postoperative analgesic strategy was administered to the patients, which included acetaminophen 1 g orally 4
times a day.

Rescue Analgesia Protocol
Patient-controlled analgesia (PCA) with morphine (1 mg/mL) was initiated upon arrival in the post-anesthesia care unit
(PACU). The PCA pump (CareVis PCA Pump, Promecon Medical Supplies, Hamburg, Germany) was programmed to
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deliver a 5 mg bolus dose with a 20-minute lockout interval and a maximum dose of 40 mg within a 4-hour period.
Patients were instructed to self-administer a bolus as needed for pain relief. The time to the first rescue analgesia request
was recorded.

Outcome Measures and Follow-Up
Preoperative data were collected, including baseline and demographic patient characteristics such as age, gestational age,
ASA physical status, surgery duration, and medical history.

Primary Outcome

Postoperative Pain

Postoperative pain intensity was assessed using a 10 cm Visual Analog Scale (VAS) at 2, 6, 12, and 24 hours following
surgery. The VAS ranged from 0 cm (no pain) to 10 cm (worst imaginable pain), and scores were assessed by a qualified
assessor blinded to the study groups.

Secondary Outcomes
Secondary outcomes included the following:

e Postoperative Nausea and Vomiting (PONV): The occurrence of postoperative nausea and vomiting was monitored
at 2, 6, 12, and 24 hours post-surgery.

e Postoperative Symptoms: The incidence of any post-operative symptoms such as pruritus, headache, and backache
was recorded. The need for antiemetic medication was also documented for each patient.

e Postoperative Analgesia Assessment: The time to the first request for analgesia was measured in hours from the
completion of surgery to the administration of the first rescue analgesic dose. In addition, opioid consumption
within 24 hours postoperatively was monitored and recorded for each group.

e Physical and Functional Activity Assessment: The time to initiation of physical activity was recorded. Also,
functional activity was assessed by evaluating the patients’ ability to sit with or without assistance, stand with or
without assistance, and walk with or without assistance at 24 hours post-surgery.

e Patient Satisfaction Assessment: Patient satisfaction was evaluated on days 1, 2, and 3 postoperatively using
a structured questionnaire, with responses categorized into five levels: extremely unsatisfied, unsatisfied, mildly
satisfied, satisfied, and extremely satisfied.

e Hospital Length of Stay and Medication Safety: The length of the hospital stay, from admission to discharge, was
recorded. Medication safety was assessed by documenting any side effects, including headache and other adverse
reactions.

Statistical Analysis
Statistical analysis was done by SPSS version 28 (IBM Co., Armonk, NY, USA). Numerical data were presented as the
mean and standard deviation (SD) and analyzed using independent samples #-test or as the median and interquartile range
(IQR) and analyzed using Mann Whitney-test. Categorical data were presented as the frequency and percentage and
analyzed using Chi-square test or exact test, as appropriate. Time to first analgesic request was analyzed using Kaplan
Meier curve with Log rank test. A two tailed P value < 0.05 was considered statistically significant.

The sample size was calculated using G*Power 3.1, with a type-1 error (o) of 5% and power of 90%. Based on
a previous study which reported a mean time to first opioid request of 3.53 £+ 1.51 hours in the intervention group and
2.03 £ 1.73 hours in the placebo group, a minimum of 26 participants per group (52 total) was required.*® To account for
potential dropouts and enhance power in detecting clinically relevant differences between groups, 40 participants were
enrolled in each group (80 total).
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Results

Patient recruitment was conducted at the obstetrics unit from November 2024 to February 2025. A total of 138 patients
were initially screened for eligibility. Of these, 80 eligible patients were randomly allocated in a 1:1 ratio to either the
Quercetin group (n=40) or the placebo group (n=40). All randomized patients completed the study protocol and were
included in the final analysis, with no dropouts in either group (Figure 1).

Baseline and Demographic Characteristics
As shown in Table 1, there was no statistically significant difference between the two studied groups in terms of age,
gestational age, ASA physical status, duration of surgery and medical history.

Postoperative Pain, PONYV, and Postoperative Symptoms

VAS was significantly lower in Quercetin group than placebo (P<0.001) after 2 hours, 6 hours, 12 hours and 24 hours
postoperatively. The percentage of patients who suffered nausea was 12.5% in Quercetin group vs 17.5% in placebo group
after 2 hours, 12.5% vs 15% after 6 hours, 7.5% vs 10% after 12 hours and 5% vs 7.5% after 24 hours while that of patients
who suffered vomiting was 5% vs 7.5% after 2 hours and 0% vs 2.5% after 6 hours, and those differences were not statistically
significant. Moreover, the incidence of pruritus, headache and backache was respectively 5% in Quercetin group vs 7.5% in
placebo group, 17.5% vs 17.5% and 25% vs 27.5%, with no statistically significant differences. Furthermore, the percentage of
patients who were prescribed antiemetics was insignificantly different between the two groups [Table 2, Figures 2 and 3].

Assessed for eligibility
(n=138)

Excluded (n = 58)

Not meeting inclusion criteria (n =49)

Declined to participate (n = 9)

Randomized (n = 80)

Allocated to Quercetin (500 mg) (n = Allocated to Placebo group (40 mg) (n =
40) 40)
Lost to follow-up (n=0) Lost to follow-up (n=0)

Analyzed (n =40) Analyzed (n =40)

Figure | CONSORT flowchart.
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Table | Baseline Characteristics of the Studied Groups

Item Quercetin Group | Placebo Group | P-value
(n=40) (n=40)

Age (years)

Mean * SD 341 £ 6.11 33.03 £ 5.65 0.416

Range 19 - 45 19 - 41

Gestational age (weeks)

Mean * SD 387 £ I.11 39.03 + 1.21 0.215

Range 37 - 41 37 - 41

ASA physical status

| 37 (92.5%) 38 (95%) >0.999
Il 3 (7.5%) 2 (5%)

Duration of surgery (min)

Mean + SD 62 £ 9.11 64.75 + 7.68 0.148
Range 45 - 85 45 - 80

Medical history

No 36 (90%) 37 (92.5%) >0.999
DM 2 (5%) | (2.5%)

Asthma I (2.5%) 0 (0%)

Hypothyroidism I (2.5%) 2 (5%)

Notes: Categorical data are presented as frequency (%), Statistical significance at P-value<0.05 (denoted
by bold values).
Abbreviations: ASA, American Society of Anesthesiologists;, DM, Diabetes mellitus.

Table 2 Postoperative Parameters of the Studied Groups

Item Quercetin Group Placebo Group | P-value
(n=40) (n=40)

2 hr

VAS

® Median (IQR) 5(4,6) 6.5 (5, 8) <0.001

® Range 2-9 5-10

Nausea and vomiting

® No 33 (82.5%) 30 (75%) 0.707

® Nausea only 5 (12.5%) 7 (17.5%)

® Vomiting only 2 (5%) 3 (7.5%)

® Antiemetics prescribed 3 (7.5%) 4 (10%) >0.999
(Continued)
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Table 2 (Continued).

Item Quercetin Group Placebo Group | P-value
(n=40) (n=40)

6 hr

VAS

® Median (IQR) 33,4 55, 6) <0.001

® Range 2-6 3-8

Nausea and vomiting

® No 35 (87.5%) 33 (82.5%) 0.755

® Nausea only 5 (12.5%) 6 (15%)

® Vomiting only 0 (0%) I (2.5%)

® Antiemetics prescribed 2 (5%) I (2.5%) >0.999

12 hr

VAS

® Median (IQR) 2.5(2, 3) 5(4,5) <0.001

® Range | -5 3-6

Nausea and vomiting

® No 37 (92.5%) 36 (90%) >0.999

® Nausea only 3 (7.5%) 4 (10%)

® Antiemetics prescribed 1 (2.5%) I (2.5%) >0.999

24 hr

VAS

® Median (IQR) 2(1,2) 33,4 <0.001

® Range 0-4 0-5

Nausea and vomiting

® No 38 (95%) 37 (92.5%) >0.999

® Nausea only 2 (5%) 3 (7.5%)

® Antiemetics prescribed 0 (0%) 2 (5%) 0.494

Post-operative symptoms

® Pruritus 2 (5%) 3 (7.5%) >0.999

® Headache 7 (17.5%) 7 (17.5%) >0.999

® Backache 10 (25%) Il (27.5%) 0.799

Notes: Categorical data are presented as frequency (%), Statistical significance at P-value<0.05

(denoted by bold values).

Abbreviation: VAS, Visual analog scale.
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Figure 2 Comparison of VAS scores in the studied groups.
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Figure 3 The incidence of nausea and vomiting in the studied group.
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Figure 4 Kaplan-Meier curve analysis for time to first analgesic request.

Postoperative Analgesia
Analgesic request was significantly delayed in Quercetin group than placebo, with a mean of 3.9 + 1.3 vs 2.73 +
0.78 hours (P<0.001). The result of Log rank test was consistent with that of unpaired #-test (P<0.001), with hazard ratio
of 0.22 (95% CI: 0.11 to 0.42) for Quercetin group as shown in Figure 4

The mean morphine intake in 24 hours was 58.3 + 6.48 mg in Quercetin group vs 58.9 = 6.2 mg in placebo group,
denoting no statistically significant difference [Table 3 and Figure 5].

Physical & Functional Activity and Patient Satisfaction
Start of physical activity was significantly earlier in Quercetin group than placebo (P<0.001) with a mean of 15.2 + 1.9 vs
19.03 + 2.66 hours. As regards to functional activity reported after 24 hours, it was comparable between both groups,

Table 3 Analgesic Intake of the Studied Groups

Item Quercetin Group Placebo Group P-value
(n=40) (n=40)

Time to first analgesic request (hr)

Mean * SD 3913 273 £ 0.78 <0.001

Range 2-6 I-5

Patient opioid intake (morphine mg) in 24 hrs

Mean * SD 583 + 6.48 589 +6.2 0.673

Range 45 -70 49 - 75

Notes: Categorical data are presented as frequency (%), Statistical significance at P-value<0.05
(denoted by bold values).
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Figure 5 Morphine intake during 24 hrs.

with 20% of Quercetin group vs 22.5% of placebo group being able to sit without assistance, 30% vs 37.5% being able to
stand with assistance and 20% vs 15% being able to stand without assistance [Table 4].

Patient satisfaction was similar between both groups at day 1 postoperatively. On the other hand, satisfaction level
was significantly higher in Quercetin group than placebo after 2 days (P=0.042), with 20% vs 45% being satisfied and
60% vs 45% being extremely satisfied. After 3 days, the satisfaction was comparable between both groups, with 72.5%
of Quercetin group vs 57.5% of placebo group being extremely satisfied [Table 5 and Figure 6].

Hospital Length of Stay and Medication Safety
As demonstrated in Table 6, hospital stay was comparable in both the Quercetin and placebo groups (P=1). Noteworthy,
17.5% of each group had headaches, and epigastric symptoms were similar in both groups as side effects of medications.

Table 4 Physical and Functional Activity of the Studied Groups

Item Quercetin Group Placebo Group | P-value
(n=40) (n=40)

Start of physical activity (hr)

Mean * SD 152+ 1.9 19.03 + 2.66 <0.001

Range 12 - 20 15-25

Functional activity

Can sit with assistance 5 (12.5%) 6 (15%) 0.906
Sit without assistance 8 (20%) 9 (22.5%)

Stand with assistance 12 (30%) 15 (37.5%)

Stand without assistance 8 (20%) 6 (15%)

Walk with assistance 4 (10%) 2 (5%)

Walk without assistance 3 (7.5%) 2 (5%)

Notes: Categorical data are presented as frequency (%), Statistical significance at P-value<0.05
(denoted by bold values).
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Table 5 Patient Satisfaction in the Studied Groups

Item Quercetin Group Placebo Group P-value
(n=40) (n=40)

Day |

Extremely unsatisfied 1 (2.5%) 2 (5%) 0.757

Unsatisfied 2 (5%) 2 (5%)

Mildly satisfied 12 (30%) 13 (32.5%)

Satisfied Il (27.5%) 14 (35%)

Extremely satisfied 14 (35%) 9 (22.5%)

Day 2

Unsatisfied 3 (7.5%) 0 (0%) 0.042

Mildly satisfied 5 (12.5%) 4 (10%)

Satisfied 8 (20%) 18 (45%)

Extremely satisfied 24 (60%) 18 (45%)

Day 3

Mildly satisfied 0 (0%) 2 (5%) 0.213

Satisfied 11 (27.5%) 15 (37.5%)

Extremely satisfied 29 (72.5%) 23 (57.5%)

Notes: Categorical data are presented as frequency (%), Statistical significance at P-value<0.05.

Discussion

Quercetin has demonstrated promising anti-nociceptive properties in chronic pain and shown potential benefits in post-
surgical recovery through its anti-inflammatory and fibrinolytic effects in various animal models. While clinical evidence
is currently limited to one study showing improved outcomes in rheumatoid arthritis patients, Quercetin’s well-
established safety profile makes it a promising candidate as an adjuvant analgesic for post-operative pain management.*®

This randomized controlled trial evaluated the efficacy of Quercetin for post-operative pain management and recovery
outcomes following cesarean section. Our findings demonstrate that Quercetin administration significantly improved
post-operative pain control with a favorable safety profile.

The most notable finding was the significant reduction in post-operative pain scores across all time points in the
Quercetin group. VAS scores were lower at 2, 6, 12, and 24 hours post-operation compared to the placebo group. This
analgesic effect was further evidenced by the significantly delayed time to the first analgesic request in the Quercetin
group (3.9 hours versus 2.73 hours, p<0.001), suggesting that Quercetin reduced the likelihood of early analgesic
requirement. These findings may be explained by previous literature reports demonstrating Quercetin’s anti-
inflammatory and analgesic properties, potentially mediated by inhibiting pro-inflammatory cytokines and oxidative
stress pathways. Furthermore, animal studies indicate the impact of Quercetin on the modulation of the opioid system to
potentiate morphine’s analgesic effects.?®

Similarly, a study compared the analgesic efficacy of different Melatonin doses (5 mg vs 10 mg) against placebo in
post-cesarean pain management. They reported that a higher dose of Melatonin (10 mg) provides more effective post-
surgical pain control compared to a lower dose (5 mg) or placebo and prolonged time before requiring pain medication.
The 10 mg Melatonin dose demonstrated significant pain control at all time points (6, 12, and 24 hours post-surgery),
while the 5 mg Melatonin dose only showed significantly better pain control than placebo at 6 and 12 hours, indicating

a dose-dependent analgesic effect of Melatonin.*”
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m Placebo group  m Quercetin group
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Percentage of patients

Figure 6 Patient satisfaction level.

Another clinical study investigated the analgesic efficacy of preoperative melatonin and vitamin C in major
abdominal surgery. The research demonstrated that both melatonin (6 mg) and vitamin C (2 g), administered orally
one hour before surgery, significantly improved postoperative pain management compared to placebo. Both interventions
showed comparable efficacy in reducing pain scores.*’

Quercetin shares similar mechanisms with Melatonin and Vitamin C in postoperative pain management due to their
common antioxidant properties. All three reduce pro-inflammatory cytokines and oxidative stress while increasing
endogenous antioxidant defenses. Despite acting through different pathways (Quercetin and Melatonin via receptor-
mediated mechanisms, Vitamin C by direct antioxidant effects), they demonstrate comparable efficacy as adjuvant
analgesics in postoperative pain protocols.*'**
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Table 6 Hospital Stay and Medication Side Effects in the Studied Groups

Item Quercetin Group | Placebo Group | P-value
(n=40) (n=40)

Hospital stay (days)

Median (IQR) 2(1,2) 2 (1,2) H.NS

Range -3 1-3

Medication side effects

Epigastric discomfort 3 (75%) 4 (10%) H.N.S

Headache 7 (17.5%) 7 (17.5%)

Notes: Categorical data are presented as frequency (%), Statistical significance at P-value<0.05
(denoted by bold values).
Abbreviations: H.N.S: Highly non-significant.

Interestingly, unlike previous studies with Vitamin C and Melatonin, which demonstrated reduced postoperative
morphine consumption, our investigation found that Quercetin, while effectively lowering pain scores and delayed
analgesic request time, did not significantly decrease total morphine consumption over 24 hours compared to placebo
(58.3 mg versus 58.9 mg, p=0.673). This may be attributed to the fact that our protocol allowed unrestricted access to
morphine through PCA, allowing patients to manage pain proactively. This approach, despite prioritizing patient comfort,
may have led patients to use morphine before severe pain occurred, possibly masking the true differences in opioid needs
between the groups. Future studies might benefit from implementing a different analgesic regimen to better elucidate
Quercetin’s opioid-sparing effects. Additionally, the single 500mg dose of Quercetin may have been insufficient to
significantly reduce the opioid needs after cesarean. Like Melatonin, which showed better results at higher doses,
Quercetin might require multiple or higher doses to reduce morphine use.** Nevertheless, the improved pain scores
with unchanged morphine consumption suggest Quercetin may boost the effectiveness of standard pain treatment rather
than directly reducing opioid needs. Higher doses may be investigated in future trials.

A particularly promising finding was the significantly earlier initiation of physical activity in the Quercetin group
(15.2 hours versus 19.03 hours, p<0.001). This accelerated mobilization could be attributed to better pain control in the
early postoperative period. However, this advantage did not translate into differences in functional activity or hospital
length of stay. This suggests that while Quercetin may facilitate earlier mobilization, other factors may play more
dominant roles in determining functional recovery and discharge timing. The return of normal physiological functions
like bowel movements and achievement of mobility goals as well as the development of postpartum complications, play
crucial roles in determining hospital stay duration***® Similar to our Quercetin findings, both 5mg and 10mg doses of
Melatonin significantly reduced time to physical movement compared to placebo.*”

Patient satisfaction data revealed an interesting temporal pattern. While satisfaction was comparable between groups
on day 1, the Quercetin group reported significantly higher satisfaction on day 2, with 80% of patients being satisfied or
extremely satisfied compared to 90% in the placebo group (p=0.042). This difference normalized by day 3, suggesting
that Quercetin’s greatest impact on patient experience may occur during the intermediate postoperative period.

Regarding safety, the incidence of PONV was comparable between groups, with no significant differences in
antiemetic requirements. This may be attributed to the comparable opioid use by patients from both groups. Other post-
operative symptoms, including pruritus, headache, and backache, occurred at similar rates in both groups. The compar-
able incidence of medication-related headaches and epigastric discomfort in both groups suggests that Quercetin is safe

with minimal adverse effects like those associated with standard post-operative care.*”**

Study Limitations
Despite the promising findings of this study, several limitations should be acknowledged, the use of a single dose of
Quercetin suggests that higher doses may be necessary to observe significant effects on secondary outcomes.
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Additionally, the small sample size may limit the generalizability of the findings. The study population was restricted to
patients undergoing cesarean sections, which may not reflect outcomes in other surgical procedures. Furthermore, the
short follow-up period also restricted the assessment of long-term effects.

To address these limitations, future research should include larger, more diverse patient populations and evaluate the
impact of different dosing regimens. Extending the follow-up period would help determine whether the observed benefits
persist beyond the immediate postoperative phase.

Conclusion

In conclusion, this study highlights the potential of Quercetin in reducing postoperative pain and prolonging the request
for analgesia, suggesting its role as a complementary, safe approach to pain management. The findings support its
efficacy, paving the way for further research to optimize dosing and explore its broader clinical applications.
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