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Abstract
Preeclampsia is one of the leading causes of maternal mortality-morbidity, and environmental factors act as the main driving
force for the development of disease in genetically lean women. Trace element levels (zinc, copper) and thiol state (total, native
thiol) may affect involved risk factors and play a role in the pathogenesis. The objective of our study is to assess trace element and
thiol levels in patient and control groups. A total number of 88 pregnant women (in their third trimester) included 43 preeclampsia
patients and 45 normotensive pregnant women as controls. The main findings of this study were the significantly elevated copper
levels and decreased thiol levels (native and total thiols) in the patient group compared to controls (p < 0.05). Disulfide levels
were not statistically different between the groups (p > 0.05). In patients, the predictive cutoff value of copper was 224 μg/dL and
was 1.19 for the copper/native thiol ratio. Zinc levels were not statistically different between the two groups. Correlation analysis
revealed no relationship between zinc-copper and zinc-total thiol levels in patients, while a positive correlation was evident in
controls (zinc-copper, p < 0.05, r = 0.425, and zinc-total thiol levels, p < 0.05, r = 0.642). Patients had marginally high ALT and
AST values in the normal range, and a significant difference was found between the two groups (p < 0.05). According to these
results, elevated copper levels and decreased thiol levels may have a value for early prediction. The mechanisms that may be
responsible for the altered element and thiol status have been discussed here in the context of oxidative stress.
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Introduction

Preeclampsia (PE), one of the major causes of preterm deliv-
ery and maternal morbidity/ mortality, is seen as a complica-
tion in 10% of all pregnancies. It may both present as new
onset hypertension with proteinuria or new onset hypertension
with end-organ dysfunction after the 20 weeks of gestation.
Pathogenesis depends on the placental and maternal vascular
dysfunction, and several risk factors are identified for the

development of the disease. Systematical reviews showed
several contributing risk factors that are associated with the
disease, and clinical factors that carry the highest relative risk
(RR) are found such as history of preeclampsia, multiple preg-
nancy, pregestational diabetes, autoimmune diseases, and
chronic kidney disease [1, 2]. Increased prevalence of pre-
eclampsia among poor women has led researchers to investi-
gate the role of nutritional condition, but contradictory results
did not provide a specific target [3]. There also is increasing
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knowledge that oxidative stress plays an important role in the
pathogenesis of preeclampsia. Herewith, the micronutrient is-
sue became prominent since nutrients can alter oxidative sta-
tus by numerous mechanisms [4]. The present study investi-
gates zinc (Zn2+) and copper (Cu2+), within the context of
micronutrient concept and aims to contribute to literature
which has conflicted results of trace elements in preeclampsia.

Trace elements constitute a small fragment of human body;
however, they play a crucial role in maintaining normal met-
abolic function. Deficient or excess amount of these elements
cause improper function of the relevant enzymes and so to
various clinical manifestations. Zinc, the second most abun-
dant trace element in body, functions as a part of multiple
metalloenzymes [5]. The enzymes containing zinc in their
active site are alcohol dehydrogenase, alkaline phosphatase,
lactate dehydrogenase, carboxypeptidase, carbonic anhydrase,
superoxide dismutase (SOD), DNA, and RNA polymerase. It
is essential for prenatal-postnatal development, and both defi-
ciency or excessive state of Zn2+ is related to various clinical
outcomes [6]. Zn2+ is carried in blood by albumin (60%) and
transferrin (10%) with the rest found in free form. Zn2+ is
crucial for maintaining normal reproductive health and de-
creased amounts cause to serious maternal-fetal outcomes as
postpartum bleeding, fetus growth restriction (FGR), fetal
malformations, preterm delivery, and as discussed in this
study detailed, preeclampsia [7].

Copper is another essential transition metal functioning as
cofactor for multiple cuproenzymes: ceruloplasmin (Cp), lysyl
oxidase, copper-zinc superoxide dismutase (Cu-Zn SOD),
dopamine-β-hydroxylase, cytochrome c oxidase, and tyrosi-
nase [3]. Around 95% of Cu2+ in plasma is bound to cerulo-
plasmin, and the free form is carried by albumin throughout
the body. Clinical states associated with Cu2+ deficiency are
diabetes, cardiovascular disease, altered cholesterol metabo-
lism, increased frequency of infections, and Menkes disease
[8]. In utero deficiency may lead to early embryonic death,
structural abnormalities (permanent neurologic, cardiovascu-
lar dysfunction, and impaired bone formation), as well as im-
mune dysfunction [9]. The effect of marginal excess of Cu2+ is
not fully understood, but higher levels cause acute or chronic
toxicity. Crucially, high levels of Cu2+ increases oxidative
response in cells by Fenton-type redox reactions, and this fact
may explain the pathogenesis of oxidative damage-related
diseases that found to be associated with Cu2+ toxicity [10].
Studies investigating the role of Cu2+ on reproductive health
displayed conflicted results; in infertility and preeclampsia,
both increased and decreased levels are reported [11, 12].

Thiols are functional –SH (sulfur and hydrogen atom)
groups that reside in the cysteine structure (-S-S). Total thiols
can either take part in glutathione as free form or be bound to
cysteine groups of proteins. Even the cysteine groups only
correspond to 3% of whole protein, they are crucial for pro-
teins for their pleiotropic functions on signal transduction,

molecular stabilization, forming metal complexes and antiox-
idant defense as a potent reductant [13]. Thiol pool term cor-
responds to the richness of these cysteine groups in the related
compartment. In the context of plasma thiol levels, relatively
lower amounts are present, and these are found mainly in the
human serum albumin (HSA) structure [13]. In the last 20
years, this topic took great attention of researchers and numer-
ous studies found disruptive thiol/disulfide homeostasis in
multiple diseases. Thiol/disulfide homeostasis is used as a
novel marker for oxidative research, and the shift in favor of
the oxidized form, disulfide, has been found to be associated
with the increased oxidative status. According to this, reduc-
tion in the thiol pool will lead redox imbalance and constitute
for variety of inflammatory disease processes and as one of
them is broadly discussed here, preeclampsia. Our study ex-
amines total-native thiol levels with disulfide levels of pre-
eclamptic and normotensive pregnant women. Correlation
analysis of thiol levels with zinc and copper levels also will
be performed.

The aim of our current study is to investigate the levels of zinc
and copper in the serums of pregnant women with or without
preeclampsia. As a well-established concept, oxidative stress
plays an important etiological role in the development of pre-
eclampsia. We evaluate the thiol/disulfide status in two groups
as a novel oxidative stress marker and also look for a possible
correlation between thiol levels and the investigated parameters.
The studywill provide new evidence and contribute to the efforts
for understanding preeclampsia by reviewing previous studies
and discussing the role of trace elements in the pathogenesis.

Materials and Methods

This observational case-control study was planned to compare
the serum levels of zinc and copper between preeclampsia and
normotensive pregnant women. Element measurements were
done in all volunteers that were in their third trimester preg-
nancy (from week 28 to week 40). The study complies with
the Declaration of Helsinki and was approved by the clinical
research ethics committee of Bezmialem Vakıf University
(Ethical number: 18/352, 27.10.2020). Each volunteer has
been asked to provide written informed consent. The pre-
eclampsia patients had been diagnosed according to the diag-
nostic criteria of American College of Obstetricians and
Gynecologists ACOG Practice Bulletin No. 202: Gestational
Hypertension and Preeclampsia [14] and followed until their
delivery date in the obstetrics and gynecology clinic of
Istanbul Education Research Hospital.

Population of Study

Power analysis with 80% power level revealed that a mini-
mum number of 42 individuals for each group (total number
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of 84) should be included in the study (given the effect size of
0.62 and p value of 0.05). From September 2020 to December
2020, our case-control study consisted of 43 preeclamptic
women and 45 normotensive healthy pregnant women as a
control group. All individuals participated in the study were
selected according to the following inclusion criteria and ex-
cluded if they met one or more of the following exclusion
criteria.

Inclusion Criteria

Pregnant women aged in 18–45 and in their third trimester
pregnancy were selected, and preeclampsia diagnosis has
been made if normally normotensive pregnant woman has ≥
140/90 mmHg systolic blood pressure (in repeated measure-
ments with 6-h interval) and proteinuria (24-h urine collection,
≥ 300 mg) after 20th gestational week.

Exclusion Criteria

Maternal diabetes, obesity (body mass index > 30 kg/m2),
chronic diseases before pregnancy, pathologies leading to hy-
pertension and proteinuria rather than preeclampsia, malig-
nancies, cardiovascular and renal diseases, drug usage, genetic
diseases, alcohol and cigarette usage, recent history of surgery
or transfusion, having treatment with medications, fetal anom-
alies, fetal death in utero, active infection.

Sample Preparation

Blood samples were collected in obstetrics and gynecology
clinic of Istanbul Education Research Hospital following
12 h of fasting from the cubital vein to biochemistry tubes that
do not contain separation gel (for trace element analysis). The
serumswere separated after centrifugation. Samples were then
analyzed in Bezmialem University routine clinical laboratory.

Methods

Serum zinc concentrations were measured with commercially
available Rel Assay zinc measurement kit (Gaziantep,
Turkey) using a fully automatic photometric method (Abbott
ARCHITECT c8000 clinical chemistry analyzer). The princi-
ple of the Zn2+ method is that total zinc in the sample changes
the red-orange color of 5-Br-PAPS to light pink in alkaline
conditions. Absorbance change measured at 548 nm is pro-
portional to the concentration of Zn2+ in the sample (μg/dL).
The standard of the method is zinc sulfate.

Serum copper concentrations were measured with com-
mercially available Rel Assay copper measurement kit
(Gaziantep, Turkey), using a fully automatic photometric
method (Abbott ARCHITECT c8000 clinical chemistry ana-
lyzer). The novel method principle depends on the color

change of red-orange DiBr-PAESA to violet in alkaline con-
ditions that is proportional to the copper concentration in sam-
ples (μg/dL). Absorbance change is measured at 572 nm, and
copper sulfate is used as a standard.

Serum levels of total and native thiol were measured with a
novel method developed by Erel and Neselioglu [15]. In this
method, serum dynamic disulfide bonds (-S-S-) is reduced to
native thiol groups (-SH HS-) by sodium borohydride
(NaBH4) and native thiol levels were measured. Total thiol
levels (μmol/L) were measured using a fully automatic pho-
tometric method (Abbott ARCHITECT c8000 clinical chem-
istry analyzer) using Ellman reagent. The disulfide level is
calculated by subtracting the native thiol level from the total
thiol level and taking half of it.

Serum ALT and AST levels were measured by using a
fully automatic photometric method (Abbott ALT/AST kit,
Abbott ARCHITECT c8000 clinical chemistry analyzer).

Serum urea (urea nitrogen) and creatinine levels were mea-
sured by using a fully automatic photometric method (Abbott
urea nitrogen/ creatinine analyte kit, Abbott ARCHITECT
c8000 clinical chemistry analyzer).

Statistical Analysis

The G Power analysis program was used to calculate the sam-
ple size of the study. Data distributions were assessed with a
single sample Kolmogorov-Smirnov test and were found nor-
mally distributed (p ≥ 0.05). Results were analyzed using in-
dependent sample t-test to determine any statistically signifi-
cant difference between the groups, and MANOVA test was
applied for matching groups. Data were expressed as the mean
± standard deviation (SD) in Table 1, and p value less than
0.05 was considered statistically significant. Receiver operat-
ing characteristic curve (ROC) analysis was carried out to
define optimum cutoff values of copper and copper/native
thiol (Cu2+/NThiol ratio) for the prediction of preeclampsia.
Discriminant analysis was employed for the Cu2+/NThiol ra-
tio to assess its segregation capacity for PE patients and con-
trols. All parameters were included initially, and stepwise dis-
criminant analysis was followed to identify each parameter’s
function coefficients. Analyses were done with IBM SPSS
version 27.0 software (IBM Corporation, Armonk, NY,
USA).

Results

Sociodemographic Data

The sociodemographic parameters of the individuals are pre-
sented in Table 1. There was no significant age, gestational
age (weeks), and BMI differences between the patient and
control groups (p > 0.05). Aspartate transaminase (AST) and
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alanine aminotransferase (ALT)mean values were close to the
upper limit of the normal reference range in the preeclamptic
patients with the values of 18.9 and 16.8 units per liter (IU/L),
respectively (Table 1). ALT and AST levels were significantly
different in two groups (p < 0.05).

Trace Element Status

Assessing the zinc status of 43 preeclamptic and 45
healthy pregnant women, zinc level is found slightly de-
creased in both groups, with the mean value of 80.3 μg/

dL in controls and 75.1 μg/dL in patients. Considering
that 66 to 110 μg/dL of normal zinc values in healthy
adults drops to 50–77 μg/dL in the third trimester (in
healthy pregnant women), our groups did not show an
important decrease (p > 0.05)[16]. There was also no sig-
nificant difference in zinc levels comparing two groups (p
> 0.05). Conversely, the copper level is increased physi-
ologically in pregnancy and normal reference interval for
the third trimester is 130–240 μg/dL [16]. Even an in-
creased copper levels have been found in both groups,
preeclamptic patients had significantly higher levels with
the mean value of 224.5 μg/dL than controls, with the
mean value of 195.2 μg/dL (p < 0.05). These findings
are shown in Table 1.

Figure 1 shows ROC analysis of copper levels and
Cu2+/NThiol ratio. AUC values were 0.72 for copper
and 0.90 for Cu2+/NThiol ratio (Table 2). The cutoff
values were 224 μg/dL for copper and 1.19 for Cu2+/
NThiol ratio, and these values predicted preeclampsia
with 59% and 86% sensitivity with 78% and 90% speci-
ficity, respectively (95% CI 0.85–0.99 for copper and
0.82–0.99 for Cu2+/NThiol, p < 0.001) (as shown in
Table 2). Figure 2 shows that Cu2+/NThiol ratio was sig-
nificantly different between the two groups (p < 0.05).
Discriminant analysis revealed that when combined with
AST levels, Cu2+/ NThiol ratio significantly separated PE
patients from controls with an overall accuracy of 76.5%
(67.4% sensitivity and 90.0% specificity, Table 3).
Table 4 shows the function coefficients of the two clinical
markers, Cu2+/Nthiol ratio and AST. Depending on these

Table 1 Demographical and clinical characteristics of preeclampsia
patients and healthy pregnant women. Values are shown as mean ±
standard deviation (ns: not significant; *0.01 < p < 0.05; **0.001 < p <
0.01; ***p < 0.001 level of significance of effects)

Parameter Control Preeclampsia p value

Age 27.2 ± 5.3 30.2 ± 6.8 ns

BMI 29.8 ± 3.9 29.5 ± 5.5 ns

Gestational week 35.8 ± 1.9 35.3 ± 3.3 ns

Cu2+ 195.2 ± 38.6 224.5 ± 29.6 0.001***

Zn2+ 80.3 ± 17.7 75.1 ± 20.9 ns

NThiol 214.2 ± 52.9 137.8 ± 28.2 0.000***

TThiol 429.5 ± 95.6 305.8 ± 73.9 0.000***

Disulfide 107.7 ± 21.4 84 ± 17.5 ns

ALT 12.9 ± 4.2 16.8 ± 7.4 0.011*

AST 11.9 ± 5.1 18.9 ± 10.9 0.001***

Urea 12.4 ± 9.6 17.7 ± 8.2 ns

Creatinin 0.4 ± 0.1 0.5 ± 0.1 ns

Cu2+/Zn2+ 2.4 ± 0.8 3.2 ± 0.9 0.001***

Fig. 1 ROC analysis for copper
and Cu2+/NThiol ratio in the
prediction of preeclampsia
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values, the equation of segregation function was
determined.

Assessment of the relationship between the two trace ele-
ment for both groups revealed a positive correlation in healthy
pregnant women (p < 0.05, r = 0.43, as shown in Table 5).
There was no significant correlation between element levels
for preeclamptic patients (p > 0.05, Table 6).

Total and Native Thiol Levels

Table 1 reports total-native thiol status of preeclampsia pa-
tients and healthy pregnant women. Total and native thiol
levels were significantly lower in preeclampsia patients than
the control group with the mean values of 305.8 μmol/L and
137.8 μmol/L, respectively (p < 0.05). The correlation analy-
sis between zinc and total thiol levels revealed a strong posi-
tive relationship in healthy controls (p < 0.05, r = 0.64,
Table 5), while this relationship was disrupted in preeclampsia
patients (as shown in Table 6). The calculated disulfide levels
were not statistically different between the two groups with
the mean values of 107.7 μmol/L in controls and 84μmol/L in
patients (p > 0.05, Table 1).

Discussion

As main findings of the present study, we found a significant
increase in serum copper levels with a predictive cutoff value of
224 μg/dL (AUC value of 0.72) and in Cu2+/ NThiol ratio with

a predictive value of 1.19 (AUC value of 0.90). Copper to
native thiol ratio had an outstanding ability to diagnose patients,
and we assume that this ratio is the best predictor of PE accord-
ing to the present literature. As discriminant analysis revealed,
combiningAST levels with the Cu2+/NThiol ratio had correctly
predicted PE patients with overall accuracy of 76.5%.
Decreased levels of total thiol in patients were also found com-
pared to controls. Disulfide levels were not statistically differ-
ent between the groups. A slight decrease in zinc serum levels
was not significantly different between the two groups. ALT
and AST levels were marginally high and significantly higher
in the preeclampsia group. As another recent finding, an im-
paired association of Zn2+- Cu2+ levels was found in pre-
eclampsia patients that are normally seen as a negative correla-
tion in healthy people. Our study is also first to examine the
relationship between zinc and total thiol levels in preeclampsia
patients, and a disrupted relationship was found in patients
while the control group showed a strong positive correlation.

Investigating zinc and copper metabolism in preeclamptic
patients revealed a possible relationship but with the contra-
dictory results. Several studies have found significantly lower
zinc and copper levels in preeclamptic women compared to
controls [12, 17]. One of these studies displayed significantly
increased SOD enzyme activity as the compensator factor for
lower Zn2+-Cu2+ in patient group [12]. Elevated levels of Cu2+

with decreased levels of Zn2+ have been reported, and these
findings coincides with the current study [18]. Comparing
element levels in mild and severe preeclampsia, few studies
found increased levels of copper as an indicator of oxidative

Table 2 AUC values of copper
and Cu2+/NThiol ratio Area under the curve

Test result variable(s) Area Std. error Sig. Asymptotic 95% confidence interval

Lower bound Upper bound

Cu2+ .72 .08 .004 .59 .85

Cu2+/NThiol .90 .04 .000 .82 .99

Fig. 2 Cu2+/NThiol ratio shows a
significant difference between the
two groups (p < 005)
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stress together with increased lipid peroxides in severe pre-
eclamptic patients [19, 20]. A 2010 study concluded that zinc
serum levels were significantly lower in both mild and severe
preeclampsia compared to controls, but there was no signifi-
cant difference between the two patient groups [7].
Contradictory to these findings, a study revealed increased
levels of zinc in preeclamptic women compared to controls
[21]. An insignificant difference in zinc levels in patient and
control group has also been reported [22].

As the previous studies put forth, zinc deficiency appears to
be strongly associated with preeclampsia pathophysiology and
may be a risk factor for the development of the disease, al-
though there are some studies found elevated levels in contrast.
Our finding of lower but not significantly different Zn2+ levels
in patients agrees with the major part of previous studies on the
issue [3, 23]. Lacking Zn2+may promote the oxidative stress by
increasing the lipid peroxidation due to decreased antioxidant
defense and with the insufficiency of zinc dependent antioxi-
dant enzymes such as Cu-Zn SOD [24]. Further, important
knowledge of the relationship between zinc deficiency and
preeclampsia, fetal growth restriction, prematurity, birth de-
fects, and immune abnormalities is supporting the involvement
of Zn2+ in ensuring physiological pregnancy process [25].
However, decreased Zn2+ concentrations observed in pre-
eclamptic patients may be an outcome of the albumin loss
which is a major component of proteinuria seen in preeclamp-
sia. Albumin is a main transporter of Zn2+ in the plasma and
utilizes zinc delivery to cells; its loss will eventually lead de-
creased total Zn2+ levels, a possible explanation for our finding
of marginally lower Zn2+ levels [26]. Even more important
mechanism, activated inflammatory processes in preeclampsia
pathogenesis may contribute to the deficient element state [27,
28]. Suggestions for preventing the poor maternal and fetal
outcomes with early supplementation of zinc appears clinically
valuable [29]. Zn2+ supplementation for preventing preeclamp-
sia is still up for debate, and further studies with larger sample
size are needed to reach the final outcome.

Copper plasma levels in preeclamptic patients displayed
more heterogenic pattern and this fact may be due to the
Cu2+’s complex actions in the organisms mediating both

oxidative and antioxidative pathways. Our current work found
significantly elevated serum levels of Cu2+ in preeclampsia
patients than healthy pregnant women, and this finding is
consistent with the other several publications [18–20]. The
ROC analysis revealed Cu2+’s predictive cutoff value as 224
μg/dL and AUC value of 0.72, indicating that Cu2+ may be
assumed as an acceptable biomarker for PE diagnosis.

During pregnancy, copper levels are physiologically in-
creased and each trimester has its own normal ranges [16].
This fact may be the result of high amounts of serum estrogens
in pregnant women considering that previous works proved
increased serum copper levels by estradiol therapy or in preg-
nancy period [30, 31]. The mechanism may be explained by
increased expression of ceruloplasmin (Cp) under estrogenic
activity since estrogens are one of themain determinants of Cp
expression [32]. Although preeclampsia patients displayed
lower estradiol concentrations [33], they had elevated Cp
levels which may clarify higher copper levels compared to
controls [34]. On the other part, a considerable amount of
evidence proves the copper’s role in the activated oxidative
response and its elevated levels are associated with develop-
ment of many pathological processes [35]. Since elevated lip-
id peroxidation and its products (MDA) have been reported in
preeclampsia patients [12, 18–20], Cu2+, as a transition metal,
may contribute to disease progression by producing free rad-
icals that lead to lipid peroxidation and damaging endothelial
cell function. Other supporting data strengthening the oxida-
tive imbalance induced by copper hypothesis came from sev-
eral studies that showed elevated ceruloplasmin levels since
Cp is a potent antioxidant molecule itself, the increase of it
may be recognized as a compensation response for the elevat-
ed copper levels and oxidative stress [36]. Ceruloplasmin was
not included in the current study as elevated Cp levels in PE
have been shown by numerous studies [19, 34]. Another ro-
bust theory may explain the elevated copper levels as it results
from an activated inflammatory response other than being an
etiological factor [37]. Cu2+ elevation in serum may also be
dependent on the Zn2+ decrease considering the antagonism
between the two elements [38]. According to our results, in-
creased copper levels in patients contribute to oxidative dam-
age and so are related to the preeclampsia pathogenesis.
Although this premise agrees with multiple studies, there are
contradictory results. So, copper levels in preeclampsia pa-
tients should be analyzed together with parameters that affect

Table 3 Classification results show that when combined with AST
levels, Cu2+/Nthiol ratio had 67.4% sensitivity and 90.0% specificity
with overall accuracy of 76.5% for predicting PE

Classification resultsa

Group Preeclampsia Control Total

Preeclampsia 29 14 43

Control 4 40 45

Preeclampsia 67.4 34.6 100

Control 10 90 100

aAbout 76.5% of original grouped cases correctly classified

Table 4 Function
coefficients of the two
clinical marker (Cu2+/
Nthiol ratio and AST)

Classification function coefficients

Parameter Preeclampsia Control

Cu2+/Nthiol 18.6 11.2

AST .48 .29

(Constant) − 18.3 − 7.2

Gul et al.



Cu2+ metabolism like other elements and serum proteins. In
addition, antioxidant supplementation would be in great value
for both preventing increased oxidative damage by copper
excess and reverse the disadvantage of lower levels of an
important antioxidant element, zinc, in preeclampsia patients.

Other finding of the study is positively correlated Zn2+ and
Cu2+ levels in normotensive pregnant women. However, this
association was found impaired in preeclampsia patients.
Physiologically increased copper levels in healthy pregnant
women may be the reason for positively correlated element
levels as our current study showed. This association was not
obtained for patient group and the finding may indicate im-
balanced trace element metabolism in preeclampsia.

The finding of significantly higher ALT and AST levels in
patients refer to damaged liver functions seen in preeclampsia
patients [39]. Researchers showed elevated levels of these
enzymes in the serums of patients and they suggested its use
as a prediction tool for both severity of disease and adverse
materno-fetal outcomes [39]. Current results displayed signif-
icant difference between groups, but the mean values were in
the normal reference range. Since previous works majorly
found abnormal high AST and ALT levels in patients, further
studies are needed to confirm our findings.

The total and native thiol levels were found significantly
decreased in preeclampsia patients compared to control group.
This decrease may be an outcome of promoted oxidative path-
ways observed in the disease progress so that antioxidant ef-
fectors such as thiols will be diminished to buffer the oxidative
stress [40]. Besides, proteinuria in preeclampsia results in al-
bumin loss and considering that albumin is the main thiol
group carrier protein in the plasma, total and native thiol levels
will secondarily drop off in accordance with our findings in
this study. Previous studies have confirmed the declined thiol
levels in preeclampsia [41, 42]. Our study is first to assess the
correlation between total thiol and zinc levels in patients with
healthy controls. A positive strong correlation that exists in the

normotensive pregnant women changed in the patient group
as no correlation was found.

Serum disulfide levels correspond to disulfide bonds that re-
side in the cysteine groups of serum proteins (mainly albumin).
In the presence of increased oxygen radicals, reduced thiol
groups turn into oxidized state and form disulfide bonds [43].
Therefore, increased serum disulfide levels may reflect redox
imbalance in favor of oxidative processes. Both total and native
thiol concentrations were found decreased in patients while di-
sulfide levels were not statistically different between the groups.
Patients have been expected to have higher disulfide levels due to
the promoted oxidative stress seen in preeclampsia pathogenesis
[44]. However, since disulfide levels are not directly measured
and calculated from total-native thiol levels, the estimated num-
bers may not reflect the exact levels and be dependent on the
sample size. Hence, our finding of not different levels may be
due to the limited number of individuals enrolled in the study.
Larger sample sized trials are needed to reveal more reliable
results for serum disulfide levels.

Except from these, the most important contribution of our
study was the finding of elevated Cu2+/NThiol ratio which
appears as an outstanding predictor of PE. As far as we know,
this ratio had the highest diagnostic value for PE according to
our ROC analysis. Due to increased levels of copper and loss
of thiol containing proteins with proteinuria, the ratio was
significantly higher in patients than healthy pregnant women.
We offer that this novel parameter may be used as an early
indicator of preeclampsia. To test this premise, we also call for
further studies investigating the ratio in high risk population
before the onset of disease.

Conclusion

In conclusion, our present work shows that preeclampsia pa-
tients have considerably lower serum levels of zinc and

Table 6 Correlation table of the
parameters showing the
significant relationships observed
in the patient group

Pearson correlation Cu2+ (μg/dL) Zn2+ (μg/dL) NThiol (μmol/L) TThiol (μmol/L) p value

Cu 2+ (μg/dL) 0.24 0.146

Zn 2+(μg/dL) 0.06 0.729

NThiol (μmol/L)

TThiol (μmol/L)

Table 5 Correlation table of the
parameters showing the
significant relationships observed
in the control group

Pearson correlation Cu2+ (μg/dL) Zn2+ (μg/dL) NThiol (μmol/L) TThiol (μmol/L) p value

Cu2+ (μg/dL) 0.43 0.014

Zn2+(μg/dL) 0.64 0.000

NThiol (μmol/L)

TThiol (μmol/L)
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significantly higher levels of copper compared to normoten-
sive healthy pregnant women. Crucial finding about elevated
copper levels in patients contributes to the literature which has
heterogeneous results. Oxidative markers, total and native thi-
ol levels with disulfide levels were also investigated. Total-
native thiol levels have been found lower in preeclamptic
group as consistent with the previous study findings while
disulfide levels were not statistically different between the
groups. Altogether, the most important finding was the elevat-
ed Cu2+/NThiol ratio in PE patients with an outstanding diag-
nostic value. We offer that this novel parameter may be used
as an indicator of PE development. Still, its predictive role is
an inquiry that needs to be investigated with further studies.
Moreover, considering both elevated oxidative damage con-
ducted by excess copper and decreased antioxidant defense
due to zinc and thiol deficiency, antioxidant supplementation
may be beneficial for reversing the altered oxidative status in
preeclampsia patients and also may help for preventing the
development of PE in predisposed healthy pregnant women.
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