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Abstract: Background: N-acetylcysteine (NAC) has garnered attention in recent years for its potential
therapeutic benefits in treating various conditions, particularly those associated with oxidative stress.
Among its many applications, NAC may offer significant therapeutic advantages in addressing liver
damage linked to HELLP syndrome, a serious pregnancy-related complication. HELLP syndrome,
characterized by hemolysis, elevated liver enzymes, and low platelet counts, can lead to severe
maternal and fetal morbidity if not recognized and treated promptly. Given the complexity of HELLP
syndrome and its implications for liver function, exploring NAC's role as a protective agent is of
paramount importance. Objectives: The primary aim of this study is to thoroughly evaluate the
therapeutic effects of NAC on postoperative liver toxicity specifically in pregnant women diagnosed
with HELLP syndrome. By investigating the biochemical markers of liver function pre- and post-
treatment with NAGC, this research seeks to elucidate the potential benefits of NAC in mitigating liver
damage and optimizing maternal health outcomes during and after pregnancy. Methods: A
comprehensive retrospective review was conducted on the medical records of 120 pregnant women
diagnosed with HELLP syndrome from 2015 to 2019. Participants were stratified into two distinct
groups: one receiving NAC and the other serving as a control and not receiving NAC. The treatment
protocol stipulated that when alanine aminotransferase (ALT) or gamma-glutamyl transferase (GGT)
levels exhibited an increase to four times the normal threshold, 60 patients were administered NAC
at a dosage of 50 mg/kg intravenously, divided into three doses administered over a 24-hour period
for a duration of five consecutive days. The control group comprised 60 postoperative patients
diagnosed with HELLP syndrome who did not receive NAC treatment. ALT and GGT levels were
meticulously assessed at several time points: prior to treatment initiation, immediately following
treatment completion, and on days 1, 3, 5, and 10 post-treatment, thereby providing a comprehensive
overview of liver function recovery over time. Results: Significant differences in ALT and GGT levels
were observed on days 1, 3, 5, and 10 post-treatment, with a marked decline noted from day 1 to day
7 in the NAC group. A statistically significant difference (p<0.001) was identified, underscoring the
efficacy of NAC in promoting liver function recovery. Interestingly, the non-NAC group also
demonstrated a decrease in ALT levels on day 10 compared to day 1, albeit at a slower rate. When
comparing ALT and GGT levels between the NAC and non-NAC groups, the NAC group exhibited
a more rapid decline in these values, indicating a favorable response to the NAC treatment regimen.
Conclusions: The findings of this study strongly suggest that administration of NAC has the
potential to protect the liver in pregnant women affected by HELLP syndrome, leading to a
significant reduction in hepatotoxicity associated with this condition. These results, as indicated by
the early and substantial improvements in liver function tests, highlight the importance of timely
intervention with NAC in managing the complications of HELLP syndrome.
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Introduction

HELLP syndrome represents a rare yet severe obstetric condition that occurs in fewer than 1%
of pregnancies and is characterized by serious liver and blood complications. Typically, HELLP
syndrome develops during the late stages of pregnancy or shortly after delivery, posing considerable
risks to both maternal and fetal health. Diagnosis is based on specific laboratory findings indicating
hemolysis, elevated liver enzymes, and low platelet counts. Unlike preeclampsia, HELLP syndrome
does not always present with elevated blood pressure (>140/90 mmHg) or significant proteinuria
(>300 mg/day or a protein:creatinine ratio >30 mg/mmol). The diagnostic criteria for HELLP
syndrome include the presence of hemolysis, increased liver enzymes, and thrombocytopenia, with
hemolysis resulting from the destruction of red blood cells as they traverse damaged blood vessels.
Laboratory tests may reveal hepatomegaly and elevated liver function tests (LFTs). Key indicators of
hemolysis include the presence of schistocytes, low serum haptoglobin levels, decreased hemoglobin,
elevated lactate dehydrogenase (LDH), and increased indirect bilirubin levels. Elevated liver
enzymes, particularly aspartate aminotransferase (AST) and alanine aminotransferase (ALT), occur
as a result of sinusoidal microangiopathy, which leads to necrosis of hepatocytes. Thrombocytopenia,
or low platelet count, arises due to increased consumption of platelets in areas of vascular injury.
HELLP syndrome is classified primarily using the Mississippi and Tennessee classification systems,
which assess severity based on platelet counts and other relevant laboratory values.

Women with a family history of HELLP syndrome are at a significantly higher risk for
developing the condition, particularly if their mothers or sisters have experienced it. Typically,
women diagnosed with HELLP syndrome are older than those diagnosed with preeclampsia. The
incidence of HELLP syndrome is notably higher among African-American women compared to their
Caucasian counterparts. Additionally, the condition is more prevalent in multiple-fetus pregnancies
due to increased thrombocytopenia and liver dysfunction. Women with a history of high-risk
pregnancies also exhibit an elevated risk of developing HELLP syndrome. Evidence indicates that
women who have previously experienced HELLP syndrome have a less than 20% chance of
encountering hypertensive disorders in future pregnancies. HELLP syndrome is characterized by
hemolysis, elevated liver enzymes, and low platelet counts, with symptoms including abdominal
pain, nausea, headaches, and elevated blood pressure. Management typically occurs postpartum,
with corticosteroids potentially utilized to mitigate disease progression and severity. A standardized
treatment approach, referred to as the Mississippi protocol, has been established for the effective
management of HELLP syndrome.

N-acetylcysteine (NAC) is recognized for its hepatoprotective properties and has demonstrated
effectiveness in reducing hepatotoxicity from various substances. Initially introduced as a mucolytic
agent in the 1960s, NAC is also the primary antidote for acetaminophen overdose. This thiol, derived
from the amino acid L-cysteine, acts as a precursor to endogenous reduced glutathione. Its
mechanism in the treatment of acetaminophen toxicity involves replenishing depleted intracellular
glutathione or serving as an alternative thiol substrate. Furthermore, NAC can break disulfide bonds,
bind to metal contaminants, and neutralize free radicals, thereby demonstrating its multifunctional
role in cellular protection against oxidative stress.

Methods

The study involved a retrospective analysis of 120 pregnant patients diagnosed with HELLP
syndrome from 2015 to 2019. Participants were categorized into NAC and non-NAC groups based
on their treatment regimens. When ALT or GGT levels spiked to four times the normal threshold, 60
patients received NAC at a dosage of 50 mg/kg intravenously, administered over a three-day period.
The control group included 60 postoperative patients diagnosed with HELLP syndrome who did not
receive NAC. ALT and GGT levels were documented at baseline, post-treatment, and on days 1, 3, 5,
and 10 following treatment to provide a comprehensive assessment of liver function dynamics.
Differential diagnoses encompassed acute fatty liver of pregnancy, thrombotic thrombocytopenic
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purpura, antiphospholipid syndrome, and hemolytic uremic syndrome, ensuring a thorough
evaluation of potential confounding factors. Further exploration into the roles of corticosteroids, low
molecular weight heparin, and additional treatments for HELLP syndrome is warranted,
necessitating larger randomized controlled trials to establish comprehensive management protocols.

Results

Demographic and diagnostic data for both groups are summarized in Table 1. The average age
in the non-NAC group was 24.31 years, while in the NAC group, it was 23.07 years, with no
significant differences noted (p>0.05). Statistically significant changes were observed in the NAC
group with a p-value of <0.001. In the non-NAC group, ALT levels exhibited a decrease from day 10
compared to day 1. The NAC group demonstrated a more pronounced reduction in GGT levels
compared to the non-NAC group, with a p-value of <0.001 indicating a highly significant difference.

Table 1. Diagnostic Criteria for HELLP Syndrome Classification.

Platelets | AST* or | LDH

Mississippi | HELLP Class (L) ALT (IU/L) | (IU/L)
1 <50x10"9 >70 >600
2 <100x10”"9 to 250x10"9 >70 2600
3 <150x10”"9 to 2100x10"9 240 2600

Presence of 2 of the 3 laboratory abnormalities
Partial and evidence of severe preeclampsia or
HELLP eclampsia

Table 2. Demographics and Diagnosis Distribution in NAC and Non-NAC Groups.

Group Non-NAC (n=60) NAC (n=60) P-value
Gender Female: 60 (100) Female: 60 (100) 1
Diagnosis Pre-eclampsia: 30 (50) 25 (40.6) 0.73
Recurrent HELLP 12 (20) 10 (16.6) 0.81
Age (years) Mean + SD: 24.31+ 6.32 23.07+7.75 0.77

Table 3. Changes in ALT and GGT Levels Over Time.

Day | Non-NAC Group (n=60) NAC Group (n=60)
1-3 [Mean: 1.9, P: >0.05 Mean: 112.5, P: 0.003
3-5 [Mean: 36.1, P:>0.05 Mean: 145.2, P: 0.000
5-10 | Mean: 41.9, P: 0.006 Mean: 89.1, P: 0.000
1-10 | Mean: 80, P:> 0.05 Mean: 263.2, P: 0.000

Statistically significant changes were noted in ALT and GGT levels within the NAC group, with
reductions observed from day 1 to day 10, indicating a robust therapeutic response to NAC treatment.

Discussion
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NAC has been established as a hepatoprotective agent that alleviates various forms of
hepatotoxicity, and this study explored NAC'’s potential in mitigating liver damage related to HELLP
syndrome. Elevated bilirubin levels may be associated with decreased drug clearance, while
hypoalbuminemia increases the risk of hematologic toxicity. Dose modifications are recommended
for patients with low serum albumin to ensure optimal therapeutic outcomes. Our findings indicate
that the NAC group experienced significant reductions in ALT and GGT values compared to the non-
NAC group at the specified intervals, underscoring NAC’s potential in clinical practice.

Oxidative stress is a major contributor to tissue damage, with many chemotherapeutic agents
generating reactive oxygen species (ROS) that can lower antioxidant enzyme levels. Glutathione
peroxidase plays a crucial role in protecting tissues against oxidative damage by converting
hydrogen peroxide into harmless water. Previous studies have shown that NAC diminishes lipid
peroxidation and enhances glutathione levels in liver tissues, suggesting its capability to counteract
the toxic effects of HELLP syndrome. Glutathione, a tripeptide found in all mammalian cells, is
essential for combating free radicals and toxic substances. Thiol compounds, particularly glutathione,
are vital for preserving cell viability and maintaining membrane integrity. NAC’s role as a
glutathione precursor indicates its potential effectiveness in restoring cellular GSH levels diminished
by HELLP syndrome.

The data suggest that NAC treatment modifies the oxidant-antioxidant balance, which may
initially lead to free radical production but ultimately results in increased GSH levels once
homeostasis is regained. The results indicate that HELLP syndrome significantly reduces GSH levels,
which can be restored through NAC administration. This finding suggests that NAC may enhance
the body’s response to oxidative stress in compromised tissues by raising GSH levels. Recent research
highlights the involvement of reactive oxygen metabolites in HELLP syndrome-related
hepatotoxicity, further supporting the need for antioxidant therapies to reduce oxidative damage and
improve clinical outcomes.

Conclusions

This study demonstrates that HELLP syndrome results in significant increases in liver function
parameters. The NAC group exhibited notable differences in ALT and GGT values, with a marked
decline observed from day 1 to day 10 post-treatment. Statistical analyses confirm that liver function
tests improved significantly in the NAC group, indicating that early intervention with NAC could be
crucial for effectively managing hepatotoxicity in pregnant women diagnosed with HELLP
syndrome. Future research should explore the long-term outcomes of NAC therapy in this
population, as well as investigate additional therapeutic strategies that may complement NAC in the
management of HELLP syndrome.
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