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Background: We decided to conduct this study with the aim of investigating the 
effects of N-Acetylcysteine (NAC) on obesity complications and senescence of 
visceral adipose tissue in obese adults.

Methods and analysis: The present study was conducted as a randomized clinical 
trial (RCT) (Clinical trial registry number: IRCT20220727055563N1) on 40 obese 
adults candidates for bariatric surgery, who were randomly assigned to receive 
600  mg of NAC (n  =  20) or placebo as a control (n  =  20) for 4  weeks. During 
bariatric surgery, visceral adipose tissue was used to examine gene expression 
and senescence cells using SA-β-gal.

Results: Our findings showed that intervention with NAC significantly reduces SA-
β-gal activity (as a marker of senescence) and expression of p16 and interleukin 
6 (IL-6) genes in the visceral adipose tissue compared to placebo in obese adults 
for 4  weeks. In addition, our findings showed the potential and beneficial effect 
of NAC administration on reducing the levels of inflammatory factors including 
IL-6 and high-sensitivity C-reactive protein (hs-CRP), as well as the level of 
fasting blood sugar (FBS), homeostatic model assessment of insulin resistance 
(HOMA-IR), and insulin compared to placebo after adjusting for confounders. No 
significant effect was indicated on anthropometric factors and lipid profile.

Conclusion: Findings showed that NAC, in addition to having a potential beneficial 
effect on reducing some of the complications caused by obesity, seems to have 
synolytic/senomorphic potential as well.

Clinical trial registration: [https://clinicaltrials.gov/], identifier 
[IRCT20220727055563N1].
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Introduction

Overweight and obesity are spreading throughout the world 
and are recognized as a pandemic problem (1). Obesity, especially 
abdominal obesity, is known as a risk factor for contracting 
non-communicable diseases, including various cancers, diabetes 
mellitus, fatty liver, cardiovascular diseases, etc. (2, 3). 
Environmental and genetic factors as well as disturbances in energy 
balance and lifestyle changes have been reported as the causes of 
obesity (4).

Numerous studies have found a connection between obesity 
and higher levels of oxidative stress, which causes DNA damage (5). 
When DNA is broken, a series of molecules in the DNA damage 
response pathway are activated, which first includes the ataxia-
telangiectasia-mutated (ATM) and ataxia telangiectasia and rad3-
related (ATR) kinases and leads to the p53 tumor suppressor 
protein through CHK1 and CHK2 (6, 7). Actually, phosphorylation 
of p53  in N-terminal domain by this latest kinases lead to p53 
activation. Depending on the type and amount of cell stress, p53 
can have several responses, including growth arrest, apoptosis, or 
senescence (6). A natural reaction to inhibit the proliferation of 
damaged cells is called senescence (8). However, Senescence-
associated secretory phenotype (SASP) is a major tissue function 
impairment caused by the increase of senescent cells (9). So that, 
the primary source of sterile inflammation in the adipocytes of 
obese people is the secretory phase of senescent cells, and this mild 
to moderate inflammation can also contribute to insulin resistance 
and other metabolic problems (7, 10). So that, inflammation and 
insulin resistance are among the most important mechanisms 
mentioned for the body’s resistance to low-calorie diets for weight 
loss in individuals with obesity (11). To detect senescent cells in 
tissues, several senescence biomarkers have been suggested that the 
most widely used of which relies on elevated senescence-associated 
β-galactosidase (SA-β-gal) (12, 13). Other markers are including 
p16 and p21 which relate to cell cycle arrest (14). Therefore, 
considering that there is a lot of evidence about the role of 
senescence on insulin resistance and inflammation as the main 
problems in obesity and related disorders and even resistance to 
weight loss, it seems that reduce or prevent senescence can be used 
as a therapeutic solution in the treatment of obesity and 
its complications.

Recently, the use of synolytic/senomorphic drugs and 
antioxidant supplements has been considered in order to 
investigate them on senescence activity (15). One of these drugs 
that has recently attracted the attention of scientists is 
N-acetylcysteine (NAC) (16, 17). NAC is a sulfur-containing 
amino acid derived from acetylated cysteine. Due to the effects of 
increasing antioxidant and reducing free radicals following the 
administration of this drug (18), the role of this drug in improving 
insulin secretion following the regulation of its receptor activity, 
reducing fat tissue, preventing and improving endothelial damage 
and ischemia, inhibiting phospholipid metabolism and also 
regulating the process of releasing pro-inflammatory cytokines 
has been noted (19, 20). In addition, it has been shown in a study 
that NAC leads to the suppresses the phosphorylation of proteins 
effective in the AKT/mTOR pathway as well as through the 
inhibition of signal transducer and activator of transcription 3 
(STAT3) phosphorylation as a determining factor in the IL-6 

signaling pathway, can effectively improve insulin resistance and 
reduce the secretion of factors effective in inflammation (21–23). 
In addition, a study showed that NAC, attenuated senescence and 
reduces kidney fibrosis through the activation of sirtuin1(SIRT1) 
and deacetylation of p53 (24).

Therefore, considering the importance and growing 
prevalence of overweight and obesity and limitations in appetite 
and weight control strategies for obese people, we  decided to 
conduct this study with the aim of investigating the effects of NAC 
on anthropometric indices, inflammatory factors, insulin 
resistance, and senescence of visceral adipose tissue (using 
senescence-associated β-galactosidase (SAβgal) activity assay) of 
obese adults.

Materials and methods

Participants

The current study is a double-blind randomized clinical trial 
(RCT) study that was conducted during the years 2022–2023 and 
includes adults with a BMI ≥ 35 kg/m2 (obese) referring to 
Modares Hospital, Tehran, Iran. The research sample will 
be selected from candidates for bariatric surgery (abdominoplasty 
or liposuction) using convenience sampling based on inclusion 
and exclusion criteria. The ethics committee of the Shahid 
Beheshti University of Medical Sciences approved the study (IR.
SBMU.NNFTRI.REC.1401.029). Moreover, this clinical trial was 
registered on the Iranian Registry of Clinical Trials1 website 
(IRCT20220727055563N1; registration date: 2022-08-19).

Inclusion and non-inclusion criteria
The following things were considered as inclusion criteria: 

(1) Willingness to participate and sign the informed consent 
form after being fully aware of the study’s aims and methodology; 
(2) Obese men and women aged 25–50 years and BMI ≥ 35 kg/m2; 
(3) Adults candidates for bariatric surgery (abdominoplasty or 
liposuction). In addition, participants who had the following 
conditions were prohibited from entering the study: (1) history 
of various inflammatory, cancer, cardiovascular, liver, diabetes, 
kidney, infectious, and gastrointestinal diseases, (2) use or history 
of use during the last 3 months of all types of supplements or 
drugs affecting appetite, weight, or metabolism, (3) receiving or 
following dietary and exercise treatments affecting weight during 
the last 6 months, and (4) Alcohol intake and smoking.

Exclusion criteria
If the studied samples experience any of the following 

conditions during the study, they will be  excluded from the 
current study: (1) any event affecting the health status, (2) 
receiving various supplements or drugs affecting weight and 
metabolism despite previous warnings, (3) Failure to comply and 
receive medication regularly due to personal reasons or other 
reasons, and (4) Immigration. In addition, we  checked the 

1 www.irct.ir

https://doi.org/10.3389/fnut.2023.1237869
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://www.irct.ir


Sohouli et al. 10.3389/fnut.2023.1237869

Frontiers in Nutrition 03 frontiersin.org

acceptance and compliance of the people with the desired drug 
after the study was completed, and if the compliance and 
acceptance rate was less than 80%, the people were excluded from 
the study.

Sample size calculation
The sample size for this research was determined based on the 

difference between the means in the serum level of tumor necrosis 
factor α (TNFα) as the primary outcome and in accordance with 
the previous research (25), which according to the type I  error 
probability level of 5% (α = 0.05) and the type II error probability 
level of 20% (β = 0.20, power 80%), the number of individuals were 
calculated, 20 subjects in each group. Assuming 10% possible loss, 
22 patients were considered in each group.

Study design and intervention
Forty four individuals with obesity who met the inclusion 

requirements for this double-blind, randomized clinical trial 
were randomly assigned to one of two groups that received NAC 
or a placebo, with the intervention lasting 4 weeks. According to 
the meta-analysis study conducted in this field, the doses of NAC 
in this field were in doses of 600–1,800 mg and the duration of 
the intervention was between 5 days and 12 months that most of 
the effect of this drug was in the dose below 1,000 and the 
duration of the intervention was 4–6 weeks. It has been mentioned 
in the studies that there is no significant difference between the 
use of doses of 600 to 1,000 on different factors, and even doses 
close to 1,000 cause a decrease in compliance in the use of the 
drug due to the increase in the number of times of daily drug use 
and finally, it may reduce the effectiveness of the drug. For this 
reason, we considered a dose of 600 mg for this study. For this 
reason, in this study, we  considered a dose of 600 mg and an 
intervention duration of 4 weeks for the study (10). The length of 
the intervention period in this study was 4 weeks, and the 
participants of the intervention and control groups received the 
relevant drugs for 4 weeks before bariatrics surgery. Subjects in 
the intervention group received 600 mg/day of NAC, and 
individuals in the control group received 600 mg/day of placebo 
(along with lunch), which is similar in appearance and taste to 
the group receiving NAC and contains starch powder. The tablets 
were provided by Karen (placebo tablets) and Avicenna (NAC 
tablets) Pharmaceuticals Company. The tablets were given to the 
participants at the beginning of the study and they were asked to 
bring the empty can packages at the end of the study in fourth 
week to check the acceptance rate of the drugs. At the beginning 
of the study, all study participants received recommendations to 
adjust total energy intake per day based on energy intake 
calculated based on age, gender, and BMI. The distribution of 
caloric intake was estimated to include 30% fat (7% saturated and 
a maximum of 300 mg of cholesterol), 50% carbohydrate and 20% 
protein, and all subjects received the same 
dietary recommendations.

Randomization and allocation
BMI and sex were randomly assigned by stratified 

randomization and the permuted block randomization technique 
with quadruple and binary blocks to ensure the uniform distribution 
of these parameters in the groups. Using the web platform, the 

quadruple block or double block were generated based on the 
sample size of 44 patients.2

Unique codes were put on the pharmaceutical boxes to apply 
concealment during the randomization process, and the software 
also generates the desired code. No participant or researcher knows 
which of the two groups received the NAC or the placebo thanks to 
this method of concealment. The company receiving the NAC and 
placebos added these codes to the packaging. The medicine package 
including the code was given to each participant in the trial 
depending on the sequence that was created. The random sequence 
produced for the investigation was also unpredictable.

Primary and secondary outcomes
SA-β-gal activity test, substantial changes in the expression of 

the genes for tumor necrosis factor (TNF-α), IL-6, and p16, and 
blood concentrations of TNF-α and IL-6 were the main end 
measures. Weight, BMI, waist circumference (WC), FBS, insulin, 
HOMA-IR, total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 
triglycerides (YG), and hs-CRP were used as secondary 
outcome measures.

Anthropometric and physical activity 
measurements

Before and after the study, anthropometric factors were 
measured. Adults’ height and weight were measured with minimal 
clothing and without shoes. The Seca digital scale (manufactured in 
Germany) was used to measure each subject’s weight twice, with an 
accuracy of 0.01 kg. The International Physical Activity 
Questionnaire (IPAQ) was used to measure the amount of physical 
activity at the start and end of the study (26).

Dietary assessment
In order to check the dietary intake of patients in terms of 

energy, macronutrients, micronutrients and caffeine intake at the 
beginning and end of the research, a 24-h dietary recall 
questionnaire for 1 day off and 2 days off for each person (a total of 
9 food note), was completed through face-to-face and telephone 
interviews. The analysis of dietary records was done using 
Nutritionist IV (N4) nutritional software.

Adipose tissue biopsies and SA-β-gal activity
During bariatrics surgery, paired visceral adipose tissue was 

harvested and using the Senescence Cells Histochemical Staining 
Kit (Sigma, St Louis), fresh adipose tissue samples were examined 
for SA-β-gal activity (27). The process was standardized as follows: 
At 37°C during the whole night, 100 mg of adipose tissue was 
incubated in 700 μL of an X-gal-containing staining solution. 
Fixation buffer was used to block the reaction. This method was 
used on human adipose tissue samples to produce a blue-green 
stain, which was measured on images of adipose tissue that had 
been digitally analyzed using Image J (NIH, United  States). To 
determine each pixel’s cyan value, RGB photos were transformed 

2 www.sealedenvelope.com
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into CMKY format.3 The ratio of cyan pixel intensity to the total 
number of pixels in the biopsy region, multiplied by 1,000, was used 
to calculate the SA-gal values, which were then reported as arbitrary 
units (AU).

RNA extraction, cDNA synthesis, and quantitative 
real-time polymerase chain reaction

Using the RNX-Plus solution and the manufacturer’s instructions 
(Cinaclone, Iran), total RNA was extracted from adipose tissues. 
Furthermore, following the manufacturer’s instructions, 1 μg of total 
RNA (Viragen, Iran) was used to create cDNA. Polymerase chain 
reaction (PCR) for TNF-α, IL-6, p16 and 18 s RNA (as an internal 
control) was also performed in duplicate using the following instruction 
and in a final volume of 20 μL: (1) 10 μL BIOFACT™ 2X Real-Time 
PCR Mix Master (for SYBR Green I; High. Rox, BIOFACT, South 
Korea); (2) 7 μL double-distilled water; (3) 0.5 μL each of forward and 
reverse primer (10 pmol/μL); (4) and 2 μL cDNA. Forty cycles of 
amplification were performed following a 15 min at 95°C initial 
denaturation stage. Each two step cycle included a denaturation step, 
25 s at 95°C and an annealing step, 25 s at 60°C (for TNF-α an annealing 
step, 30 s at 60°C was used). The melt curve ranged from 60 to 95°C 
(StepOnePlus; Real-Time PCR, Applied Biosciences, Paisley, 
United Kingdom). The fold change as described by 2−ΔΔct was used to 
obtain the results for gene expression. Supplementary Table S1 includes 
a list of the applied primers.

Biochemical measurements
Serum TC, HDL-C, and TG levels were measured using Pars 

Azmoon commercial kits (Tehran, Iran) by a biochemistry autoanalyzer. 
Serum LDL-C levels were calculated using the Friedewald Equation (28): 
LDL-C = TC − (HDL-C) − TG/5. FBS was determined using commercial 
kits from Pars Azmoon (Tehran, Iran) and serum insulin levels were 
determined using the immuno-turbidimetry technique. Fasting insulin 
(mU/L) × FBS (mmol/L)∕405 were used to compute HOMA-IR.

According to the manufacturer’s instructions, serum levels of 
hs-CRP were determined using a colorimetric enzyme-linked 
immunosorbent assay (R&D Systems, Minneapolis, MN). 
Furthermore, respectively, Serum TNF-α and IL-6 was assessed using 
ELISA kits (Crystal Day Biotech Co, Shanghai, China and Mediagnost 
Co, Germany).

Statistical analysis

While qualitative factors were expressed as numbers 
(percentage), quantitative data were presented as mean (standard 
deviation). To compare the mean of the quantitative variables and 
the mean of their changes between the two groups at the beginning 
and conclusion of the research, an independent sample t-test was 
utilized. With each group, a paired sample t-test was employed to 
compare the mean of quantitative variables between before and 
after the intervention. The qualitative characteristics between the 
two groups were compared using the chi-square test or Fisher’s 
exact test. After taking into account potential confounding 

3 https://imagej.net/RGB_to_CMYK

variables, the effect of NAC on quantitative variables was examined 
using the covariance test (ANCOVA). SPSS software version 16 was 
used to obtain statistical analyses, and significant levels for all tests 
were considered as p-value <0.05.

Results

Characteristics of the participants

From 44 adult’s obesity eligible for inclusion, 40 were selected and 
entered the final analysis (20 in the intervention group and 20 in the 
placebo group) (Figure 1).

In Table 1, the individuals’ initial characteristics are listed. The 
participants’ mean ages were 39.68 years in the control group and 
40.21 years in the intervention group. For all factors (sex, weight, BMI, 
WC, other metabolic characteristic, physical activity, multivitamin 
usage, drug use, marital status, and education level) except HOMA-IR, 
there was no significant difference between the two groups.

SAβgal activity assay (high Saβgal activity in 
adipose tissue samples of obese subjects)

We used a well-known cytochemical test that we optimized and 
standardized for human adipose tissue samples to investigate SA-β-gal 
activity. Individuals and fat depots both displayed very varied blue 
staining as a result of this assay (Figure  2A). We  discovered that 
SA-β-gal staining and quantification were significant lower in 
intervention groups than in placebo group, using an in-house 
quantification method (Image J) (p = 0.001) (Figure 2B).

Dietary intake

Dietary intake is indicated in Table 2. Table 2 lists the dietary 
consumption. According to the results of the 24-h food recall 
questionnaire and a comparison of the study’s beginning and end, 
in the both group, intake of vitamin E increased significantly. In 
addition, the mean intake of folic acid at the end of the study was 
significantly reduced after receiving the placebo. However, there 
was no significant difference in the mean consumption of calories 
and other nutrients between the groups at the start and end of 
the trial.

Analyses of TNF-α, IL-6, P16 gene 
expressions

After analyzing the raw data of real-time PCR and analysis of 
expression fold change, our findings showed that the level of IL-6 
(P 0.014; fold change: 0.02) and P16 (P 0.047; fold change: 0.23) gene 
expression in the intervention group with NAC was significantly lower 
than the control group with placebo. However, our findings did not 
show a significant effect on TNF-α gene expression after intervention 
with NAC compared to placebo. Although the expression of TNF-α 
gene decreased in the intervention group compared to the control 
group (P 0.713; fold change: 0.72) (Figure 3).
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Biochemical and anthropometry 
parameters

We observed significant within-group improvement for NAC and 
placebo group in all markers assessed. In addition, compared to the 
placebo group (after adjusting for baseline values, energy intake, fiber, 
and vitamins E, A, D, C), NAC administration for 4 weeks caused 
significant reduction changes for FBS, HOMA-IR, insulin, IL −6, and 
hs-CRP levels. However, no significant changes were observed on 
weight, BMI, WC, TC, TG, LDL, HDL, and TNF-α (Table 3).

Discussion

One of the common features of obesity and aging is the 
accumulation of adipose tissue that has undergone senescence (6). 
Although cellular senescence is a defensive mechanism that inhibits 
tumor growth, when it occurs in adipose tissue, it results in impaired 
adipogenesis, inflammation, abnormal adipocytokine secretion, and 
insulin resistance, all of which contribute to adipose dysfunction (6). 
Therefore, reducing or preventing senescence activity in adipose 
tissue, in addition to being useful in the treatment of obesity along 
with other treatment methods, can prevent the occurrence of many 
metabolic and inflammatory problems. For this reason, in this study, 
we used adipose tissue to identify senescent cells using the SA-β-gal 
biomarker. Our findings also demonstrated the significant effect of 
NAC on reducing senescence activity using a marker known as SA-β-
gal, both quantitatively and qualitatively. This finding of ours was 

confirmed when we observed that the expression of p16 gene was 
significantly decreased. Recently, in line with our study, the use of 
synolytic drugs and antioxidant supplements has been considered in 
order to investigate them on senescence activity. So that in a study 
published on diabetic kidney patients in 2019, the findings indicated 
a reduction in the senescence activity of adipose tissue following the 
use of the combination of dasatinib (as a synolytic drug) and quercetin 
(as an antioxidant supplement) within 11 days through the reduction 
of cells expressing p16, p21, and SA-β-gal activity (12). In addition, 
circulating SASP factors including IL-6 were decreased. In another 
study, the mentioned drug combination (Dasatinib and Quercetin) 
significantly decreased the expression of pro-inflammatory cytokines 
and the level of SASP factors in the circulation (29). However, no 
comprehensive human study has been conducted to evaluate the effect 
of NAC on senescence. The results of a study examining the impact of 
NAC (500 mg/kg) on cisplatin-induced senescence in the kidney 
tissues of male C57BL/6 mice treated with cisplatin showed that NAC 
therapy decreased the positive region of SA-Gal staining and 
downregulated the mRNA levels of SASP factors (IL-6, IL-1, and 
TNF-), as well as the p53 and p21 proteins. These findings suggest that 
NAC is a potent inhibitor of cisplatin-induced kidney senescence (24). 
This study also showed that N-acetylcysteine attenuates cisplatin-
induced senescence in a SIRT1 activation-dependent manner. 
According to the evidence, the Nicotinamide adenine dinucleotide 
(NAD)-dependent deacetylase SIRT1 is crucial for both cellular 
senescence and organismal aging (30). In another study, NAC 
enhanced cognitive and motor abilities while reducing age-related 
memory loss and behavioral alterations in the senescence-accelerated 

FIGURE 1

Consort flow diagram for the trial.
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prone 8 (SAMP8) mouse model (31). Furthermore, it has been 
suggested that NAC reduces the markers indicating the level of 
oxidative DNA damage and the frequency of DNA deletion, and in 
this way, it deals with genetic instability as one of the factors that 
increase the level of senescence and its related problems (21). 
However, the potential beneficial effect of this drug on reducing the 
level of inflammatory factors through antioxidative and cytoprotective 
activities of per- and polysulfides can also be  one of the other 
discussed mechanisms (21). An increase in the level of inflammatory 
factors is one of the factors affecting DNA damage.

According to the results of the present study, NAC administration 
decreased IL-6 and hs-CRP concentration compared to placebo 
administration. On the other hand, it was observed that this drug 
significantly reduces the expression of IL-6 genes compared to 
placebo. Although there was no significant difference between the two 
groups regarding TNF-α (level of serum and expression gene). 
Examining and aligning the serum level and gene expression of these 
two inflammatory factors can have an increasing effect on confirming 
the results. In line with our findings, in a meta-analysis study in 2020 
that included 24 RCT studies and 1,057 participants, the findings 
showed that oral administration of NAC (with a variable dose of 400 
to 2000 mg/day) significantly reduced serum levels of CRP and IL-6. 

While there was no significant effect on TNF-α following oral intake 
of this drug (18). However, injecting this drug caused a significant 
decrease in TNF-α. The conflicting results on TNF-α following oral 
intake and injection of NAC administration may be due to the fact 
that NAC injection increases its bioavailability (32). Oral 
administration appears to have a poor bioavailability (10%), since oral 
administration of 600–1,200 mg of NAC per day only produced 
plasma NAC concentrations of 16 and 35 M, respectively. This may 
be a result of the slow intestinal absorption rate and/or the rapid first-
pass metabolism (32). This reason can also explain the lack of 
meaningful reporting of our findings on NAC.

In addition, it was reported in our study that NAC administration 
improves insulin resistance and insulin secretion compared to placebo. 
However, in the present study, no significant findings were observed 
on lipid factors after receiving NAC compared to placebo. Following 
intake of NAC in humans, various effects on glycemic markers and 
level of lipid profile have been documented. In line with our results, 
an RCT study reported that receiving 1800 mg of NAC for 12 weeks 
significantly reduced all glycemic factors, including fasting glucose 
and insulin, as well as improved insulin resistance (33). However, it 
did not report a significant effect on lipid profile. According to the 
research of Javanmanesh et al., in compare to metformin, receiving 

TABLE 1 Baseline characteristics of participants.

Variables Groups, mean (SD) P-valuea

NAC (n  =  20) Control (n  =  20)

Age, y 40.21 (5.60) 39.68 (6.91) 0.798

Female (n, %) 10 (52.6) 11 (57.9) 0.744

Weight (kg) 125.96 (13.05) 127.21 (11.90) 0.758

BMI (kg/m2) 44.84 (3.05) 44.31 (4.21) 0.661

Waist-circumference (cm) 137.55 (11.07) 136.27 (10.39) 0.936

FBS (mg/dL) 124.43 (38.62) 151.72 (40.06) 0.065

HOMA-IR 5.66 (1.90) 7.68 (2.45) 0.018

Insulin (μIU/mL) 18.79 (3.62) 20.39 (3.90) 0.206

TC (mg/dL) 156.95 (34.53) 157.07 (46.34) 0.993

TG (mg/dL) 142.99 (34.47) 165.63 (79.12) 0.276

HDL-C (mg/dL) 44.05 (4.86) 40.59 (7.91) 0.123

LDL-C (mg/dL) 90.01 (33.55) 91.82 (43.33) 0.891

IL-6 (pg/mL) 3.97 (0.44) 5.25 (2.91) 0.066

TNF-α (pg/mL) 3.55 (0.28) 3.69 (0.61) 0.367

hs-CRP (mg/dL) 0.79 (0.30) 1.09 (0.90) 0.184

Physical Activity (met.h/wk) 1170.00 (644.92) 1198.57 (749.88) 0.917

Multivitamin use (n, %) 6 (31.6) 6 (31.6) 1.00

Drug use (n, %) 8 (42.1) 10 (52.6) 0.516

Marital status (married) (n, %) 15 (78.9) 11 (57.9) 0.163

Education levels (n, %) Less than a diploma 6 (31.6) 6 (31.6) 0.707

Diploma 5 (26.3) 8 (42.1)

Bachelor 3 (15.8) 2 (10.5)

Higher than bachelor 5 (26.3) 3 (15.8)`

Bold value means statistical significance of p < 0.05. aData obtained from independent sample t-test for continuous variables and Chi-square for categorical variables. NAC, N-Acetylcysteine; 
BMI, Body mass index; FBS, Fasting blood sugar; HDL-C, High density lipoprotein-cholesterol; HOMA_IR, Homeostatic model assessment-insulin resistance; LDL-C, Low density 
lipoprotein-cholesterol; TC, Total cholesterol; TG, Triglycerides; WC, Waist circumference; IL-6, Interleukin-6; TNF-α, Tumor necrosis factor-α; hs-CRP, high-sensitivity C-reactive protein.
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NAC at a dose of 1800 mg per day for 6 months decreased the level of 
FBS, insulin, HOMA-IR, and serum TG in women with polycystic 
ovary syndrome (PCOS), but it had no effect on their other lipid 
profiles (34). Furthermore, one study reported that co-administration 
of NAC and metformin for 12 months in patients with nonalcoholic 
steatohepatitis (NASH) decreased serum FBS, fasting insulin and 
insulin resistance, HDL-C, and TG levels but did not change serum 
concentrations of TC (35). However, it is unclear in this study 
(Oliveira et al.) whether the observed potential beneficial effect are 
due to the effects of NAC or metformin. In general, through regulating 
the gene expression of peroxisome proliferator-activated receptors 
gamma (PPAR-γ), inhibiting enhancer binding protein beta, and 
modifying the PI3K/Akt insulin signaling pathway, NAC may have an 
impact on glucose and lipoprotein metabolism (19).

Furthermore, compared to the control group, no significant effect 
was observed on anthropometric factors after receiving NAC. The 
results are in line with a meta-analysis article published in 2020. In this 
meta-analysis (36), which included 7 RCT articles, the findings showed 
that NAC administration has no significant effect on weight, BMI and 
waist circumference. We hypothesized that administration of NAC, an 
antioxidant that contains sulfur, may aid in weight reduction in these 
individuals by regulating energy-related genes and hormones including 
leptin and adiponectin, as well as lowering insulin resistance and the 
anti-inflammatory pathway (36). In fact, inflammation has been linked 
strongly to obesity (37). However, it is possible that antioxidant drugs 
or supplements reduce inflammation by some other mechanism rather 
than affecting adipokines and obesity (38).

Changes in the consumption of vitamin E and folic acid during 
our study can be due to various reasons, such as recommendations for 

FIGURE 2

(A) Representative pictures of adipose tissue samples from two 
control and intervention groups used for quantification of SA-β-gal 
staining. (B) SA-β-gal activation quantification in intervention and 
control groups using an in-house quantification method (Image J).

TABLE 2 Energy, macronutrient, and micronutrients intake at baseline and at the end of study.

NAC Placebo P-valueb

Baseline After P-valuea Baseline After P-valuea

Energy (kcal/d) 3705.29 (187.18) 3679.43 (164.14) 0.066 3710.67 (183.67) 3691.59 (156.46) 0.175 0.817

Carbohydrate (g/d) 544.55 (78.88) 504.01 (71.50) 0.125 555.38 (76.09) 525.96 (72.09) 0.177 0.233

Protein (g/d) 137.50 (35.75) 137.96 (29.36) 0.670 130.95 (16.74) 129.18 (17.63) 0.169 0.174

Fat (g/d) 128.72 (30.31) 126.72 (31.96) 0.098 120.03 (29.92) 118.96 (27.76) 0.254 0.165

SFA (g/d) 40.50 (11.65) 40.31 (8.84) 0.950 40.62 (13.38) 45.74 (9.40) 0.141 0.075

MUFA (g/d) 43.28 (10.24) 41.23 (13.39) 0.507 39.85 (11.16) 47.72 (21.89) 0.141 0.278

PUFA (g/d) 28.77 (8.82) 27.31 (7.33) 0.604 26.19 (11.20) 24.89 (10.81) 0.629 0.508

Fiber (g/d) 56.11 (30.74) 56.63 (14.21) 0.952 59.93 (26.50) 47.94 (19.09) 0.122 0.121

Sodium (mg/d) 5933.60 (2496.40) 5780.27 (1786.81) 0.790 6797.52 (4676.22) 5164.25 (2299.73) 0.229 0.363

Vitamin B12 (mcg/d) 5.71 (2.94) 6.95 (3.40) 0.149 6.79 (2.57) 9.86 (7.91) 0.137 0.150

Folate (mcg/d) 659.09 (200.59) 614.37 (113.68) 0.435 789.98 (204.53) 572.07 (152.23) 0.002 0.338

Magnesium (mg/d) 588.84 (174.66) 553.24 (107.96) 0.482 597.95 (116.58) 532.87 (122.81) 0.148 0.591

Calcium (mg/dL) 1596.34 (418.94) 1389.14 (407.04) 0.154 1733.79 (305.62) 1673.61 (459.80) 0.631 0.058

Vitamin A (RE) 1386.65 (598.11) 1066.93 (479.83) 0.315 1099.95 (660.08) 1258.34 (856.25) 0.479 0.401

Vitamin E (mg/d) 15.52 (6.39) 24.62 (9.14) <0.001 15.31 (4.15) 21.77 (6.12) 0.003 0.347

Vitamin C (mg/d) 266.74 (164.61) 263.39 (118.38) 0.941 260.43 (143.31) 269.74 (79.98) 0.784 0.848

Vitamin D (mcg/d) 2.34 (1.45) 2.85 (3.17) 0.481 2.91 (2.15) 2.57 (1.83) 0.268 0.471

Selenium (mg/d) 127.72 (120.93) 153.83 (57.47) 0.469 157.91 (108.65) 128.59 (48.92) 0.279 0.154

Zinc (mg/d) 18.58 (4.99) 17.33 (3.72) 0.446 18.35 (2.59) 17.15 (4.38) 0.276 0.896

Bold values means statistical significance of p < 0.05. aData obtained from independent sample t-test. Data are expressed as Mean (SD). aP-values for comparison of within-group differences. 
bP-values for comparison of mean values between two groups. PUFA, Polyunsaturated fatty acid; SFA, Saturated fatty acid; MUFA, Monounsaturated fatty acid.
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adjusted energy intake and proper distribution of macronutrients 
throughout the day by the researchers of this study.

The main strength of this article is the design and novelty of the 
RCT, given that this research was the first human study to investigate 
the effects of NAC administration on senescence and factors 
associated with metabolic disorders in obese subjects. In addition, 
conducting this study on visceral adipose tissue is another strength 
of this study. However, there are limits to our investigations that offer 
viewpoints. First, we could not assess obesity-related hormones and 
body fat percentage due to budget constraints. Second, senescence 
in adipose tissue is evaluated globally by the SA-gal test. As suggested 
by Biran et al. (39), more research is required to clearly identify the 
many senescent cell types that are present in adipose tissue by 
combining the labeling of senescence markers identity. Also, 
considering that RNA expression is not always equal to protein 

expression and may affect the results of evaluated inflammatory 
markers, this point can be another limitation of our study. Failure to 
perform immunohistochemistry (IHC) as the gold standard for 
evaluating inflammatory changes in fat tissue, as well as the short 
duration of the intervention, which can affect the results of the 
present study, can be limitations of this study.

Conclusion

The findings of the present study showed that NAC significantly 
reduces the activity of SA-β-gal as well as the expression of p16 and IL-6 
genes in the visceral adipose tissue of obese adults compared to placebo. 
Also, after adjusting for confounders, reducing and potential beneficial 
effect on inflammatory factors such as IL-6 and hs-CRP, as well as 
glucose metabolism were observed after receiving NAC. Although the 
purpose of this study was mostly focused on reducing the complications 
caused by obesity, according to our findings, it seems that this drug can 
have synolytic/senomorphic potential as well.
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TABLE 3 Anthropometric characteristics and laboratory markers at baseline and at the end of study.

NAC Placebo P-valueb

Baseline After Change P-valuea Baseline After Change P-valuea

Weight (kg) 125.96 (13.05) 119.65 (11.82) −6.30 (2.05) <0.001 127.21 (11.90) 121.68 (11.43) −5.53 (2.74) <0.001 0.277

BMI (kg/m2) 44.84 (3.05) 42.16 (2.82) −2.68 (0.59) <0.001 44.31 (4.21) 41.97 (3.90) −2.33 (0.80) <0.001 0.147

WC (cm) 137.55 (11.07) 127.83 (9.88) −9.71 (3.11) <0.001 137.27 (10.39) 128.86 (10.09) −8.40 (2.13) <0.001 0.141

FBS (mg/dL) 124.43 (38.62) 111.92 (34.83) −12.51 (6.02) <0.001 151.72 (40.06) 144.47 (39.50) −7.25 (3.69) <0.001 <0.001

HOMA-IR 5.66 (1.90) 3.55 (1.04) −2.82 (0.86) <0.001 7.68 (2.45) 6.04 (1.89) −1.63 (0.90) <0.001 <0.001

Insulin (μIU/mL) 18.79 (3.62) 13.13 (3.27) −5.66 (2.62) <0.001 20.39 (3.90) 16.83 (2.60) −3.55 (2.11) <0.001 <0.001

TC (mg/dL) 156.95 (34.53) 149.94 (33.58) −7.01 (2.82) <0.001 157.07 (46.34) 150.66 (44.41) −6.40 (3.36) <0.001 0.528

TG (mg/dL) 142.99 (34.47) 132.16 (33.72) −10.83 (4.49) <0.001 165.63 (79.12) 158.41 (73.22) −7.22 (7.99) 0.002 0.107

HDL-C (mg/dL) 44.05 (4.86) 43.01 (4.71) −1.04 (1.08) 0.001 40.59 (7.91) 38.72 (8.47) −1.86 (1.56) <0.001 0.173

LDL-C (mg/dL) 90.01 (33.55) 85.77 (32.31) −4.23 (3.74) <0.001 91.82 (43.33) 88.34 (40.79) −3.48 (4.56) 0.006 0.565

IL-6 (pg/mL) 3.97 (0.44) 3.33 (0.46) −0.63 (0.27) <0.001 5.25 (2.91) 4.90 (2.84) −0.34 (0.12) <0.001 <0.001

TNF-α (pg/mL) 3.55 (0.28) 3.26 (0.26) −0.29 (0.07) <0.001 3.69 (0.61) 3.44 (0.62) −0.25 (0.06) <0.001 0.079

hs-CRP (mg/dL) 0.79 (0.30) 0.36 (0.27) −0.42 (0.09) <0.001 1.09 (0.90) 0.82 (0.85) −0.26 (0.11) <0.001 <0.001

Bold values means statistical significance of p < 0.05. Data are expressed as Mean (SD). aP-values for comparison of within-group differences. bP-value changes for between-group differences 
using analyses of covariance, considering baseline values, energy intake, fiber, and vitamin E, A, D, C as covariate. NAC, N-Acetylcysteine; BMI, Body mass index; FBS, Fasting blood sugar; 
HDL-C, High density lipoprotein-cholesterol; HOMA_IR, Homeostatic model assessment-insulin resistance; LDL-C, Low density lipoprotein-cholesterol; TC, Total cholesterol; TG, 
Triglycerides; WC, Waist circumference; IL-6, Interleukin-6; TNF-α, Tumor necrosis factor- α; hs-CRP, high-sensitivity C-reactive protein.

FIGURE 3

Gene expression results were expressed as the fold change defined 
by 2−ΔΔCt. Also, ΔΔCT defined by ΔCT intervention group − ΔCT 
control group. *P <  0.05 between control and intervention groups.
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