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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Primary dysmenorrhea is painful menstruation
without recognizable pelvic disease that is extremely frequent
in adolescents and managed with NSAIDs or hormonal
management. In this age group, however, such treatments are
ill-tolerated or inappropriate. There is mounting evidence that
oxidative stress may be a cause of menstrual pain, which implies
the growing interest in the non-hormonal use of antioxidants.

Objective: The aim of the study was to assess the effectiveness
and safety of oral N-acetylcysteine (NAC), a glutathione
precursor and a potent antioxidant in decreasing menstrual
pain and oxidative stress among adolescents with primary
dysmenorrhea.

Methods: 50 adolescents aged 13—19 years with moderate to
severe dysmenorrhea were randomly assigned to either NAC (600
mg twice daily, five days, starting with menstrual period in three
menstrual cycles) or placebo in this randomized, double-blind,
placebo-controlled trial. The severity of pain was measured on
a 0—10 visual analogue scale (VAS) on a daily basis. Secondary
outcomes were NSAID use and urinary concentrations of the
oxidative stress marker 8-iso-prostaglandin F.o adjusted by
creatinine.

Results: There were no differences between the two groups
in baseline. In the three cycles, NAC group was found to
have significantly low mean VAS scores in comparison to the
placebo group (4.6£1.3 vs. 5.9£1.1, p < 0.001). Use of rescue
ibuprofen was also markedly lower with NAC (666.7+445.1 mg
vs. 1,299.7+£626.6 mg per cycle, p < 0.001), along with fewer
NSAID-use days per cycle (1.5 vs. 2.4, p = 0.004). Urinary
8-is0-PGF:a levels were significantly reduced in the NAC group
as well (0.6+0.2 vs. 0.8+0.2 ng/mg Cr, p = 0.010). Multivariate
analysis found treatment assignment to be an independent
predictor of the pain and oxidative stress reductions.

Conclusions: Oral NAC during menstruation reduced the
intensity of pain, biomarkers of oxidative stress, and NSAID use
in adolescents with primary dysmenorrhea significantly. Such
results make NAC a safe, non-hormonal, and mechanistically
plausible intervention. Further research is required to prove
long-term benefit and to directly compare NAC to other
antioxidant interventions.

Key words. N-Acetylcysteine, menstrual pain, prostaglandin,
NSAIDs, acetaminophen.

Introduction.

The most frequent gynecologic complaint in the adolescent
group is primary dysmenorrhea, which occurs in up to 90% of
adolescents and significantly decreases the quality of life [1].
Increased endometrial prostaglandins (especially PGF2a) are
the primary drivers of pain in this condition that leads to intense
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uterine contractions, reduced blood flow, and ischemic pain [2].
Recent investigations have also linked menstrual pain to the
presence of oxidative stress and inflammation such as increased
levels of disulfide and redox imbalance in individuals with
menstrual pains [3,4].

Despite the fact that NSAIDs and hormonal contraceptives
are the first-line, they may cause adverse effects on the
gastrointestinal system and hormonal imbalances, and they are
not necessarily suitable in the case of adolescents [1,5]. These
complications underscore the necessity to examine oxidative
and inflammatory processes as emerging therapeutic targets of
primary dysmenorrhea [2,6]. N-acetylcysteine (NAC), a sulfur-
containing substance, and a precursor of glutathione, is a potent
antioxidant that eliminates reactive oxygen species and restores
redox homeostasis, and it is particularly significant in conditions
like primary dysmenorrhea where oxidative stress seems to
play a role [7,8]. The NAC has shown significant usefulness in
gynecologic pain disorders, including decreased symptoms of
pain, reduced size of endometrioma, decreased CA-125 levels,
and lower levels of NSAID use [9-11].

NAC is already widely prescribed in the primary treatment
of dysmenorrhea, most commonly in combination with alpha-
lipoic acid, bromelain, and zinc due to its anti-inflammatory and
analgesic activity, in regular clinical practice [12]. Nevertheless,
the literature on NAC evaluating its effectiveness alone in
adolescents experiencing primary dysmenorrhea remains quite
insufficient, which makes the current trial innovative and timely.
NAC is a scientifically grounded and mechanistically plausible
option to manage dysmenorrhea by alleviating oxidative stress
and modulating the effects of inflammatory and neurochemical
pathways [13,14].

The study objectives were formulated as a result of the necessity
to find a safe, non-hormonal therapy of primary dysmenorrhea
in adolescents. In particular, the objective of the trial was to
identify the ability of oral NAC administered at menstruation
to alleviate pain by inhibiting oxidative stress. This was not
only to observe the clinical effectiveness of NAC in reducing
the level of pain but also to determine whether NAC could have
any effect on biochemical indicators of oxidative stress that
were involved in the pathophysiology of dysmenorrhea. The
study was developed with an awareness of the fact that existing
interventions usually rely on NSAIDs or hormonal interventions
that have their disadvantages and adverse effects, which many
teenagers do not want to experience. Thus, the goals were
aimed at the identification of whether NAC may be used as a
viable option, which would address the biological processes
underlying menstrual pain instead of simply suppressing
symptoms. The research was also aimed at determining whether
participants that would be given NAC would require less rescue
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medication in the form of NSAIDs as compared to those that
would be given placebo. This allowed real-life clinical benefit to
be assessed, especially in the aspects of enhanced comfort, less
reliance on conventional pharmacologic therapy, and decreased
drug exposure in a more susceptible age group. Additionally, the
objectives included documenting the safety and tolerability of
NAC at the chosen dose and regimen, and one of the expectations
was the absence of side effects. With this general understanding,
the study was intended to produce not only evidence on clinical
outcomes but also underlying mechanisms that would further
promote knowledge on antioxidant therapy as an emerging
method of managing primary dysmenorrhea in adolescents.

Materials and Methods.

Study design and setting: The study was carried out in
the form of a randomized, double-blind, placebo-controlled
clinical trial conducted in Iraq, at a tertiary medical center
that provided outpatient adolescent gynecology services. This
setting facilitated uniform recruitment, reliable follow-up,
and availability of laboratory services that could handle the
biomarker samples needed in the study.

The sample size was calculated based on a significance level
(a) of 0.05 and a power (1-B) of 80% to detect an expected
difference in the VAS pain score of 1.5 cm (Cohen’s d =
1.0) between the two groups. Using the standard formula for
comparing two means, the required sample size was calculated
as 17 participants per group. Considering an anticipated dropout
rate of approximately 30% during the follow-up period spanning
three menstrual cycles, the final sample size was determined to
be 25 participants per group (a total of 50 participants). The
calculation was performed using formula

n=(Zi-a2+Z1-B)? x2 x g2/ A?

Participant selection and eligibility criteria: Adolescent
females with recurrent menstrual pain that was typical of
primary dysmenorrhea were recruited. The participants were
required to be 13 to 19 years old and experience moderate
or severe menstrual pain, which was determined by having a
visual analogue scale score of 5 or above out of 10 during the
recent menstrual cycles. Exclusion criteria were those with
pelvic pathology like endometriosis or other developmental
abnormalities of the reproductive tract were also excluded
during clinical examination and analysis of any prior diagnostic
results. Individuals who are presently taking hormonal
contraceptive pills, intrauterine devices or long-term antioxidant
or anti-inflammatory supplements were also excluded as they
might influence the interpretation of the results. Other exclusion
criteria involved chronic systemic illness, known liver or kidney
impairment and hypersensitivity to N-acetylcysteine.

Randomization and blinding procedures: A computer based
randomization sequence (https://www.random.org/sequences/),
this website were used and set up of number 1 to number 25 for
both groups were adjusted and generated number were based
on for participant allocation in placebo or NAC-treated group
allocation. The active and placebo capsules had the same look,
taste and packaging and the participants were not aware of the
treatment they received. The patient’s allocation concealment
was based on third party which has been done by nursing staff
using sealed envelopes with sequential numbers.
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Intervention protocol for N-acetylcysteine administration:
Active-treatment arm involved the administration of 600 mg of
immediate-release N-acetylcysteine twice daily, that is, 1,200
mg per day.

Data collection procedures and pain diary documentation:
The data collection was done on a daily electronic pain diary
which involved one end-of-day rating of the menstrual pain
on a 100-mm visual analogue scale. The scale was made up of
horizontal line with 0 mm being the “no pain” and 100 mm being
the “worst imaginable pain,” with the responses being marked
to the nearest whole millimeter. This strategy was in accordance
with the existing standards of using VAS, according to which
the intensity of pain was projected as the distance between the
left anchor and the mark of the participant in millimeters.

The participants were asked to fill in one diary entry per
calendar day within the established window of observation
per cycle with a 24-hour recall period to summarize the pain
that day. The end-of-day design was adopted to standardize the
recall and minimize the bias related to a longer period of recall,
as methodological research indicates that daily ratings are more
ecologically valid compared with weekly recall.

The implementation of the diary was as an electronic patient-
reported outcome in a mobile application with automatic
time stamps and programmed entry windows. Only early
evening to late evening local time could be used as an entry
point and the diary was locked to ensure no retrospective entry
could be made. These limitations were aligned with the best-
practice recommendations of eCOA and ePRO systems, which
promote convenient time-window management and audit trails
to ensure data quality. The source data were stored as per
regulatory provisions of electronic PRO documentation such as
accessibility to the investigator and retrievability.

Measurement of rescue medication use: The use of rescue
analgesics was used as a quantitative outcome and was recorded
at the time of intake. The allowed rescue drugs were the readily
available nonprescription and prescription drug regimens in
adolescents and young adults, including ibuprofen, naproxen,
mefenamic acid, and acetaminophen.

Collection and analysis of wurinary oxidative stress
biomarkers: Oxidative stress assessment of the urine samples
was done using first-morning and midstream clean-catch urine
samples on cycle day two to avoid any variation based on time
of the day and hydration status. Samples were pooled in one
hour of voiding in sterile 120-mL polypropylene containers and
aliquoted.

Aliquots to be subjected to Fa-isoprostane analysis were
supplemented immediately with butylated hydroxytoluene to a
final concentration of 0.005% (w/v) and snap-frozen at —80 °C
to inhibit artificial oxidation during storage. Another aliquot of
the sample without a preservative was made on the same day to
determine creatinine.

The concentration of free 8-iso-PGF2a (8-isoprostane) was
measured with a competitive ELISA that was certified to work
with urine samples (Cayman Chemical, Item No. 516351). The
absorbance was recorded at 412 nm by means of a microplate
reader that can read 405-420 nm. Appropriate illustrations
were the BioTek/Agilent Synergy H1 and Molecular Devices
SpectraMax iD3, which are both capable of working with UV-



Vis absorbance between 230 and 1000 nm. Each specimen was
examined twice as per the instructions of the manufacturer.

Urine samples to be measured by ELISA underwent optional
enrichmentor purification in case of suspected matrix interference
before ELISA analysis. The manufacturer-validated affinity
purification was performed as per the 8-Isoprostane Affinity
Purification Kit (Cayman Item No. 501110; column Item No.
401111), or alternatively solid-phase extraction as described in
the kit documentation, both of which reported recoveries near
90% in urine. As a secondary reference approach, selected
samples might also be measured by employing published
validated methods of urinary F:-isoprostanes.

Measurement of creatinine, to correct the effect of urine
concentration, was done on the same cycle-day of the sample,
using a colorimetric Jaffe-reaction assay (Cayman Chemical
Creatinine [urinary] Kit, Item No. 500701). At 490-500 nm,
absorbance was measured with a 0-15 mg/dL standard curve;
the normal range of one-time urine creatinine of 25—400 mg/dL
was acted upon by proper dilution based on the kit directions.
The end results were indicated as 8-isoprostane per milligram
of creatinine (ng/mg Cr) which was calculated on the basis
of the measured creatinine in mg/dL and the concentration of
8-isoprostane in ng/mL.

Ethical considerations and regulatory approval: The
study was performed in regard to the Declaration of Helsinki.
Enrolled subjects were adolescents, a dual-consent design was
adopted for parent and participants.

Statistical analysis: The statistical analysis was all conducted
in IBM SPSS Statistics version 26.0 (IBM Corp., Armonk,
NY, USA). Continuous variables were presented in the form of
meantstandard deviation (SD) and categorical variables in the
form of frequencies and percentages where applicable. In all the
analyses, the p-value below 0.05 was taken to be statistically
significant. Welch two-sample t-test was used to conduct
comparisons between groups concerning continuous variables.
Linear mixed model (LMM) with random intercept within-subject
variability and correlation in repeated measures. Multivariate
linear regression analyses were done using LMM estimation to
determine independent predictors of treatment response.

Results.

The demographic parameters were matched, age was 16.3
years (SD 1.7) in the NAC group versus 16.9 years (SD 1.9)
in the placebo group (p=0.253). Body mass index (BMI in kg/
m?) was 22.2 (SD 3.2) for NAC and 22.8 (SD 2.7) for placebo
(p = 0.469). At the beginning of the study, the two treatment
groups were similar in terms of the severity of pain measured
by the Baseline VAS 0-10 scale variable. The average baseline
score in the NAC group and the placebo group was 6.9 and
7.1 respectively (p = 0.543). However, when comparing the
results of the analysis of VAS Over 3Cycles, the difference was
significant in favor of NAC intervention. The mean pain in the
NAC group was 4.6 (SD 1.3) and the placebo group reported
a higher mean of 5.9 (SD 1.1) (p < 0.001), it is commonly
considered that the difference of 1 point on a 0—10 VAS scale is
considered to have clinical importance.

The use of rescue NSAIDs throughout the treatment cycles
showed that the NAC group had a considerable decrease in
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the use of rescue NSAIDs as compared to the placebo group.
There was also a significantly lower level of ibuprofen taken
per cycle in patients who were taking NAC, a mean of 666.7
mg (SD 445.1) versus 1,299.7 mg (SD 626.6) in the control
group. This was statistically significant (p < 0.001), which
proved that patients in the NAC arm were less dependent on
the supplementary pharmacological pain relief. Likewise,
the NSAID-use days per cycle were less in the NAC group,
which was 1.5 days (SD 0.7) per cycle when compared to 2.4
days (SD 1.1) in the placebo group. The difference between
the groups too was statistically significant (p = 0.004), which
additionally confirmed the conclusion that NAC not only was
able to decrease the total amount of ibuprofen taken, but also
reduced the length of time the analgesic was taken throughout
a menstrual cycle. Such results are consistent with the earlier
research in the gynecologic pain populations that found that the
NAC supplementation led to the decrease in pain scores and
the decrease in the NSAID rescue therapy. The current data
support this trend by objectively recording the reduced use and
the number of use days in the NAC group and this indicates a
significant practical advantage in medication sparing.

Urinary 8-iso-prostaglandin F.o normalized to creatinine,
which is a validated indicator of systemic oxidative stress,
showed a statistically significant difference in treatment arms
on cycle day 2. The mean level of biomarkers in the NAC
participants was 0.6 ng/mg creatinine (SD 0.2), whereas
the level of biomarkers in the placebo group was 0.8 ng/mg
creatinine (SD 0.2). The statistical significance of the difference
between these groups was p = 0.010, which is statistically
significant and shows that there is a biologically and clinically
significant decrease in oxidative stress with the use of NAC.
This is a reduction in the NAC group of about 25% which
correlates with the known antioxidant effect of N-acetylcysteine
and helps explain its capacity to reduce the oxidative burst
typically seen in early menstruation. The biomarker difference
is in line with the mechanistic rationale of NAC, and reflects the
trends of trials in which systemic oxidative stress biomarkers,
especially Fa-isoprostanes, were reduced with clinical symptom
improvement. These data continue to support the importance
of NAC in regulating oxidative mechanisms that are involved
in menstrual pain and its possible use as a non-hormonal
treatment option for dysmenorrhea. The measured rescue
NSAID consumption or 8isoPGF2a were shown no differences
at baseline when placebo compared to NAC group. Patients
receiving either NAC or placebo therapy reported no adverse
effects (Table 1).

The intervention group was the most powerful independent
predictor of the mean pain score in three cycles in this
multivariate model. Being in the placebo group as opposed to
NAC was linked to an adjusted pain score change of 1.0043
units (p < 0.001), which signifies the clinical benefit of NAC in
alleviating pain without regard to the baseline VAS score, age,
body mass index, intake of NSAIDs, and the level of oxidative
stress biomarkers. BMI also showed significant relationships
with increased mean VAS scores, with one unit of BMI increase
corresponding to an implied 0.4158 unit increase in pain (p <
0.001), and it can be argued that increased body mass leads to
increased perception, or reporting, of pain. Other covariates



Table 1. Comparisons of demographic, clinical, and oxidative parameters between studied groups.

Characteristic NAC (n=25) Placebo (n=25) p-value* p-value#
Demographic parameters Age, years 16.3+1.7 16.9+1.9 0.253
BMI, kg/m? 22.2+3.2 22.8+2.7 0.469
VAS Pain scores Baseline 6.9£1.0 7.1£1.0 0.543 0.543
0-10) Over 3 Cycles 4.6+1.3 5.9+1.1 0.001 0.001
Ibuprofen, Before 1280.0 £420.0 1320.0+430.0 0.741
. mg per cycle After 666.7+445.1 1299.7+£626.6 0.001
Rescue NSAID Consumption oo\ 1y Before 25408 26409 0.713
days per cycle After 1.5+£0.7 2.4+1.1 0.004
Urinary Oxidative Stress 8isoPGF2a, Before 0.83+0.18 0.84+0.19 0.843 0.843
Biomarker ng per mg Cr After 0.6£0.2 0.8+£0.2 0.010 0.012

All values are presented as meantstandard deviation. Statistical comparisons were conducted using *Welch’s two-sample t-test for continuous
variables, without assuming equal variance, # Linear Mixed Model (LMM) with random intercept providing marginal means + standard error

(SE). A p-value less than 0.05 was considered statistically significant.

Table 2. Multivariate linear regression analysis for mean pain reduction (VAS) across 3 cycles.

Variable Coefficient Std. Error
Intercept (const) -5.0829 0.3007
Group (Placebo vs NAC) 1.0043 0.0230
Age (years) 0.0971 0.0729
BMI (kg/m?) 0.4158 0.0021
Baseline VAS (0-10) -0.1662 0.1325
Ibuprofen (mg per cycle) -0.0000 0.0000
NSAID days per cycle 0.0084 0.0060
Urinary 8-iso-PGFza (ng/mg Cr) 0.0281 0.0361

t p-value 95% CI (Lower to Upper)
-16.9054 <0.001 -5.6897 to -4.4762

43.6632 <0.001 0.9579 to 1.0507

1.3315 0.1902 -0.0501 to 0.2443

195.8234 <0.001 0.4115 to 0.4201

-1.2545 0.2166 -0.4335t0 0.1012

-1.6477 0.1069 -0.0001 to 0.00001

1.4102 0.1658 -0.0036 to 0.0204

0.7771 0.4414 -0.0449 t0 0.1010

Multivariate linear regression analysis was performed using Linear Mixed Model to identify independent predictors of the primary outcome,
defined as the mean pain score (VAS) across three treated menstrual cycles. Categorical exposure variable (Group) was coded as 0 = NAC and 1

= Placebo. Statistical significance was defined as p < 0.05 (two-tailed).

Table 3. Multivariate linear regression analysis of predictors of urinary oxidative stress biomarker (8-iso-PGF:a,).

Predictor Coefficient Std. Error
Intercept -0.5086 1.3332
Group (NAC vs Placebo) -0.2083 0.0917
Age (years) -0.1477 0.3069
BMI (kg/m?) 0.0204 0.0084
Baseline VAS (0-10) 0.4783 0.5542
Ibuprofen (mg/cycle) -0.0001 0.0001
NSAID days per cycle 0.0381 0.0245

t-value p-value 95% CI (Lower to Upper)
-0.3815 0.7047 -3.1973 t0 2.1800

-2.2710 0.0282 -0.3932 t0 -0.0233

-0.4811 0.6329 -0.7665 to 0.4712

2.4298 0.0194 0.0035 to 0.0374

0.8632 0.3928 -0.6392 to 1.5959

-1.9433 0.0585 -0.0003 to 0.00001

1.5572 0.1267 -0.0112 to 0.0874

Multivariate linear regression was performed using Linear Mixed Model estimation. The dependent variable was urinary 8-iso-PGF:a (ng/mg
creatinine), and independent variables included treatment group (coded as NAC=1, Placebo=0), age (years), BMI (kg/m?), baseline VAS pain
score, ibuprofen dose per cycle (mg), and number of NSAID days per cycle. Statistical significance was set at p <0.05.

such as age, baseline VAS, ibuprofen use, NSAID days and
urinary 8-iso-PGFa0 were statistically insignificant in the
adjusted model (Table 2).

The regression analysis showed that the urinary levels of 8-iso-
PGF:0 were significantly correlated with two predictors. To
begin with, the treatment group (NAC vs placebo) demonstrated
statistically significant negative relationship with 8-iso-PGF2a
levels (B = -0.2083, p = 0.0282), which implies that patients
in the treatment group (NAC) had lower levels of oxidative
stress biomarker in relation to patients in the placebo group.
Secondly, BMI was significantly and positively correlated with
urinary 8-is0-PGFza (f = 0.0204, p = 0.0194), indicating that
patients with high BMI levels had more levels of oxidative
stress. The other model variables, such as age, baseline VAS
score, ibuprofen dosage, and NSAID usage days, were not
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significant predictors of the urinary biomarker. The dosage
of ibuprofen was nearly significant (p = 0.0585), but not the
conventional threshold. The general model indicates that NAC
supplementation and BMI are the most significant among those
that were tested in the prediction of the level of oxidative stress
in the study population (Table 3).

This figure represents the personal patterns of the intensity
of menstrual pain measured in a 0—10 visual analogue scale
(VAS) across three treatment cycles in both NAC and placebo
groups. The small lines show the trend of pain of one participant
over time, whereas thick lines show the group averages. The
NAC group exhibits a more even and significant decrease in
pain between cycles, whereas the placebo group exhibits little
change or variability. This individual perspective underscores
the variability within a group as well as the enduring analgesic



impact of NAC that cannot be described using summary
statistics alone (Figure 1).

The linear regression (95% confidence intervals) between
urinary 8-iso-prostaglandin F.a (ng/mg creatinine) and total
ibuprofen intake (mg) per menstrual cycle demonstrated positive
trend indicating that increased use of NSAIDs has a minor
positive effect on the levels of oxidative stress, suggesting that
there is a feedback mechanism in which increased inflammation
and oxidative load might be prompting an increased reliance
on analgesics. The rationale is supported by this correlation of
antioxidant interventions in the management of dysmenorrhea
in addition to symptom suppression (Figure 2).

Discussion.

The current research indicated that oral N-acetylcysteine
(NAC) reduced the level of menstrual pain in adolescents with
primary dysmenorrhea during three consecutive menstrual
cycles. The success of randomization was supported by the
fact that the baseline pain scores were not different between the
NAC (6.9£1.0) and the placebo group (7.1+1.0) (p = 0.543).
However, in the course of treatment, NAC participants scored
significantly lower on the mean pain (4.6+1.3) compared to the
placebo participants (5.9+1.1) and the p-value was < 0.001.
Clinically, this 1.3-point decrease on a 10-point visual analogue
scale (VAS) is both statistically significant and meaningful in
overall terms of enhancing daily functioning and quality of life.
These results confirm the postulation that NAC has an analgesic

Pair

X
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effect, which may be due to its antioxidant effect, which may
reduce the effect of prostaglandins on uterine contractile activity
and inflammation.

The same results were demonstrated in a 2023 study by
Anastasi et al., where NAC had a significant positive effect on
dysmenorrhea, chronic pelvic pain, and dyspareunia in women
with endometriosis. Despite the fact that that was conducted
among adult women as opposed to adolescents, the dosing
procedure and outcome measures were the same as those in the
current trial. The NAC-treated group had major improvements
in VAS scores of dysmenorrhea and reduction in NSAID use
which is highly comparable to the present findings and is an
additional evidence to the anti-inflammatory effect of NAC in
gynecologic pain disorders [15]. Fadin et al., tested a combined
supplement of NAC, curcumin, and quercetin in patients with
endometriosis, and outcomes indicated that dysmenorrhea and
associated pain symptoms were significantly reduced, and NAC
might have a significant role in pain relief, but the effect could
not be explained by NAC itself due to the combination therapy.
However, the results they have obtained are relevant to the
present study because they show a correlation between NAC-
containing treatment and the reduction of pain and the intake of
NSAIDs [16].

Further evidence is provided by a systematic review
conducted by Nurwany et al. which concluded that antioxidant
interventions, such as NAC, were systematically found to
reduce menstrual pain in women with endometriosis. The
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Figure 1. Individual Trajectories of Pain Score Reduction Across Three Cycles.
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review has highlighted the potential of NAC to reduce oxidative
stress as it aligns with the biomarker results of the current study
and reinforces the argumentation of the analgesic effect of NAC
in adolescents [17]. Najimudeen et al. still recognized NSAIDs
and hormonal contraceptives as the initial therapies to be used
in treating dysmenorrhea without focusing on antioxidants
like NAC. They still indicate some caution on the part of their
conclusions toward alternative therapies, that NAC might have
positive effects but its role in management is yet to be supportive
until other evidence is accessible [6]. Likewise, Shrivastav et
al. concentrated on curcumin as a natural remedy in curing
dysmenorrhea and found it had a solid evidence to support it
but not NAC. Although this does not directly contradict the
current results it suggests that other natural compounds can
be as effective in their therapeutic effects as this one, perhaps
due to variations in its anti-inflammatory or hormone-related
actions [18]. Nineu et al. also noted that pineapple juice and
honey significantly reduced pain, but nothing was said about
NAC. Their findings show that non-pharmacologic and natural
remedies could also be used in menstrual pain management,
which means that there are likely to be other options with
comparable effects that can be equal to NAC [19].

The current research also revealed that oral NAC was a
significant reduction in the amount and frequency of NSAID
use in adolescent girls with primary dysmenorrhea. Participants
in the NAC group took an average of 666.7 mg of ibuprofen
each cycle compared to 1,299.7 mg in the placebo group and
they needed NSAIDs on a fewer number of days (1.5 vs. 2.4
days). These observations indicate that NAC generates clinically
significant analgesia effect that alleviates the necessity to take
extra medication. This decrease is significant not only as a
measure of symptom management but also as it can potentially
curb the NSAID-related adverse effects in younger patients [9].

The results are substantiated by the findings of Anastasi et al.,
who observed that NAC therapy was associated with a great
decrease in the use of NSAID in endometriosis-related pain in
women as well as enhanced dysmenorrhea and chronic pelvic
pain [15]. Similarly, Fadin et al. also found that a preparation of
NAC, quercetin, and curcumin was very effective in reducing
the use of NSAIDs in women with endometriosis, indicating that
anti-inflammatory and antioxidant effects of these substances
could be additive [16]. These studies, when combined, are
consistent with the current results and contribute to the opinion
that NAC can be an effective, safe, and non-hormonal additive
in managing menstrual pain. Additional evidence is presented
by the review by Nurwany et al. that found that antioxidant
treatments such as NAC have the major effect of reducing the
symptoms of pain in endometriosis and dysmenorrhea. They
found on their systematic analysis that the regular decrease
in NSAID dependence was recorded when using antioxidant
supplementation, which is close to the clinical trend observed
in the current trial [17].

Conversely, Oladosu et al. have found that a significant
percentage of women having dysmenorrhea still had inadequate
pain relief under the NSAID treatment. They concentrated on
NSAID resistance and suggested that the complexity of NSAID
pharmacokinetics is responsible, and low serum naproxen
levels may be responsible in persistent symptoms. This brings
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up the possibility that a decreased use of NSAIDs does not
necessarily mean a direct decrease in symptom control, and
it brings a new way of interpreting the results of medication-
sparing [20]. Another source of difference is observed in the
work by Mohan who compared cannabidiol (CBD) to ibuprofen
in menstrual pain. Despite the evidence of non-inferior efficacy
of CBD, the study did not show changes in the use of NSAID
over time. This implies that other types of therapies can also
be effective in relieving pain without necessarily reducing the
use of NSAIDs unless such is the desired effect, which was
the case with the NAC study being conducted [21]. Similar
findings were also reported by Chebotareva and Petrov who
reported the continued reliance on NSAIDs despite fixed-dose
combinations. Their results indicated that NSAIDs were still
the most common first-line treatment of moderate-to-severe
dysmenorrhea and that there were no significant decreases in
the total use of the therapy. This is more traditional management
trend within certain healthcare facilities and it is opposed to the
medication-sparing effect witnessed with NAC in the current
study [22]. Estrada and Carmona, in their turn, examined NAC
in combination with other antioxidants and discovered that most
gynecologists favored prolonged continuous usage instead of
perimenstrual administration, with the lower priority to reduce
the use of NSAIDs. According to their work, in spite of NAC
being a well-known intervention in clinical practice, the effects
of NSAID sparing might not be as highly valued in the real-
world treatment setting as this presently used short-course,
symptom-directed approach [12].

The current research also showed a statistically significant
reduction in the urinary concentrations of the oxidative stress
marker, 8-iso-prostaglandin F.a (8-iso-PGF:a) in adolescents
with primary dysmenorrhea who were treated with NAC as
compared to the control group. Such results are in line with
a number of recent reports, in a clinical study of patients
undergoing cardiac surgery, NAC lowered myocardial 8-iso-
PGFza levels, which indicated its reactive oxygen species-
scavenging effect in an acute inflammatory environment,
which, although not identical, has some mechanistic similarity
to menstruation [23]. Similarly, the CARAPACE study design
that was conducted on radiation-induced oxidative stress
proposed NAC as a preventive agent against increases in
urinary 8-is0-PGF.a and 8-OHdG, yet again demonstrating its
ability to regulate systemic oxidative stress in clinical settings
[24]. The second recent study by Sambiagio et al. confirmed
the use of sophisticated methods to measure 8-iso-PGFza in
urine and emphasized its effectiveness as a reliable indicator
of systemic oxidative stress in biomonitoring studies, thus
justifying the choice of this biomarker in the present research
[25]. NAC was not found to have a significant effect on the
level of urinary isoprostanes in a randomized trial of dogs that
receive hemilaminectomy to treat spinal trauma even though it
was well tolerated [26]. This variation can be associated with
species variation, intravenous rather than oral administration, or
because the pathways of oxidative stress in trauma are not the
same as those in menstruation. Similarly, Saklayen et al. did not
find significant change in urinary 8-isoprostane after one-month
oral NAC therapy in diabetic nephropathy, but there was a
tendency toward reduced levels in the ones with a high baseline



oxidative stress [27]. Such findings suggest that the efficacy of
NAC can be reliant on the prevalent state of the disease, as well
as the original level of oxidative load. Other evidence has also
been mixed. Nitescu et al. demonstrated that NAC increased
renal levels of glutathione and plasma oxidative products, but
did not have any significant effect on the urinary levels of 8-iso-
PGF:a in response to renal ischemia-reperfusion injury. This
could have been because of short exposure period or variation
in dosing [28].

Conclusion.

Oral N-acetylcysteine (NAC), when used during the
symptomatic period of a menstrual cycle, can significantly
decrease the severity of pain and oxidative stress in adolescents
with primary dysmenorrhea. The patients who were treated
with NAC reported a significant reduction in VAS pain, reduced
usage of NSAIDs, and a reduction in the number of days
that they needed rescue analgesics, which suggested clinical
effectiveness and practical value. Notably, NAC also did not
fail to significantly reduce urinary 8-iso-prostaglandin F.a
which is a well-known biomarker of systemic oxidative stress.
This biochemical result reinforces the mechanistic plausibility
of NAC therapeutic action and indicates that the benefits it
provides could be beyond symptom relief and include the ability
to affect the oxidative pathways that lead to menstrual pain. This
information supports the idea that NAC can be a promising non-
hormonal option or supplement to the treatment of adolescent
dysmenorrhea, especially in individuals that do not want to take
hormonal medications or minimise NSAID intake. With its good
tolerability, convenient dosing schedule and solid mechanistic
explanation, NAC can take a significant place in the treatment
regimens of this group of people.
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