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ABSTRACT: Antioxidants are important in the detoxification of free radicals, which are the hazardous derivatives
of metabolic processes in the body. However, the mop up of free radicals in the prevention and management of cervical
intraepithelial neoplasm is not clear. This study presented an assessment of the status of catalase (CAT), glutathione
peroxidase (GPx), superoxide dismutase (SOD), total antioxidant capacity (TAC) and some trace metals (Ca, Mg, Cu and
Zn) in women diagnosed with Cervical Intraepithelial Neoplasm (CIN) lesions. The study was carried out at the
Department of Obstetrics and Gynaecology, University of Benin Teaching Hospital Benin City and Department of
Chemical Pathology, Edo University lyamho, Edo state Nigeria. Study participants were grouped into two; those with
CIN lesions (n = 144) and the control (n = 53). Venous blood was obtained from participants and serum antioxidant levels
were determined using standardized laboratory methods. Results showed that CAT levels increased significantly from
23.88 u/pl/min in the control group to 31.79 u/ul/min in CIN. The incidence of cervical intraepithelial neoplasm lesions
did not significantly affect total antioxidant capacity (TAC) of the study population (2.43 - 2.70 mM, P>0.05). There were
minimal increases in antioxidant status between the control and CIN groups respectively (P> 0.05). Cu was implicated as

the only trace metal within the CIN group without significant correlation to the antioxidants investigated.
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Free radicals are thought to contribute and/or trigger
the onset of cancers. Antioxidants have been reported
to reduce these radicals from the body system
(Shannon et al., 2002). The interaction between free
radicals and antioxidants in the serum of patients with
premalignant conditions is important in monitoring the
advancement or treatment of the condition. Garcia-
Closas and colleagues in 2005 concluded in their
research that the likely protective effect against
cervical neoplasia was afforded by folate, retinol,
vitamin E, vitamin C and lycopene. Cervical
Intraepithelial Neoplasm (CIN) embraces all grades of
dysplasia in situ and epithelial aberrations of the
cervix. (Munoz et al., 2002) It is an antecedent lesion
for squamous cell carcinoma of the uterine cervix (van
Dam et al., 2018). Cervical intraepithelial neoplasm
progresses in 3 stages as CIN 1, CIN 2 and CIN 3,
depending on the degree of cellular stratification and
abnormality within the epithelium (Bais, et al., 2005).
Risk factors in CIN include several sexual partners,
HPV infection, lower genital tract neoplasia, cigarette
smoking, immuno-deficiency, multiparity and long
term oral contraceptive pill uses (Parkin, 2001). These
stress factors may cause the accumulation of free

radicals which lead to ageing of the body cells and
reduced immunity. Certain lifestyle habits have also
been associated with elevated levels of reactive
oxygen species (ROS) in the body system. Cigarette
smoking initiates lipid peroxidation and causes
endothelial cell dysfunction (Walboomers et al.,
1999). Studies revealed that nutritional factors may
play an important role in the development and
progression of cervical cancer (Potischman and
Brinton, 1996; Tomita et al., 2010). Epidemiological
and analytical studies have been conducted to
investigate the relationship between antioxidant
nutrients and cervical cancer (Wideroff et al., 1998).
This interaction between antioxidant nutrients and
abnormal cell metabolism remains complicated and
should be properly studied. Over the preceding two
decades, epidemiological findings indicated that
higher ingestion of dietary antioxidants and increased
serum concentrations of antioxidant micronutrients
may be associated with a reduced risk of several
cancers, including cervical cancer (Michels et al.,
2001). These cancers are thought to be mostly caused
or assisted by ROS, which are dangerous by-products
of metabolic processes in the body. Antioxidants serve
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as scavengers of ROS. In healthy systems, usually
used as control groups in studies like this, ROS and
antioxidants are in a state of balance (Kim ez al.,
2002). However, when the quantity of ROS exceeds
those of antioxidants, the system enters a state of
oxidative stress (Ziegler, 1991). Antioxidative
enzymes, such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPX),
glutathione reductase (GR) and glutathione-S-
transferase (GST), maintain redox balance. Their
activities can be used to estimate the oxidative defense
mechanism capacity of an individual. Antioxidative
enzymes may also inhibit both the initiation and
promotion of carcinogenesis (Jelic et al., 2018).
Researchers have shown that the HPV is involved in
cervical cancer. The mechanism by which HPV acts is
by damaging the DNA. Other studies have shown the
potential of ROS in damaging DNA, thereby causing
mutations. There are evidences that both HPV and
ROS have same effect with regards to cervical cancer
(Lee et al., 2005), hence the assessment of the status
of serum antioxidants and trace metals in the
screening, progression or regression of patients with
premalignant cervical lesions is important. This study
aim was to examine the status of catalase (CAT),
glutathione peroxidase (GPx), superoxide dismutase
(SOD), total antioxidant capacity (TAC) and some
trace metals (Ca, Mg, Cu and Zn) in women diagnosed
with Cervical Intraepithelial Neoplasm (CIN).

MATERIALS AND METHODS

One hundred and ninety-seven (197) participants were
recruited for this study at the Urogynaecology and
Gynae-oncology Unit of the Department of Obstetrics
and Gynaecology, University of Benin Teaching
Hospital (UBTH) from August 2017 to January 2019.
Study participants were grouped into two; those with
CIN lesions (n = 144) and the control (n = 53) (Plates
1 - 4). The biochemical analysis of the research
participants was done at the Metabolic Research Unit
of the Department of Chemical Pathology, Edo
University Iyamho, Edo state, Nigeria. Cases included
patients with histological diagnosis of cervical
intraepithelial neoplasm and abnormal Pap smear
referred from Gynaecology Clinic, General Practice
Clinic, Community Development Clinic in UBTH and
also referrals for Colposcopy from private hospitals in
Benin City. Control participants were selected from
the Gynaecology clinic of UBTH and were patients
with normal Colposcopy who matched the case for age
and parity. Venous blood was obtained from
participants and serum catalase (CAT), glutathione
peroxidase (GPx), superoxide dismutase (SOD), total
antioxidant capacity (TAC) and some trace metals
(Ca, Mg, Cu and Zn) levels were determined using
standard laboratory methods.
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CAT determination. CAT was determine using
colorimetric method. Catalase reacted with a known
quantity of hydrogen peroxide (H»0,).The reaction
was stopped after one minute with catalase inhibitor.
In the presence of peroxidase, remaining H,O; reacted
with 3, 5- dichloro-Z-hydroxybenzene sulfonic acid
(DHBS) and 4 aminoantipyrene, AAP to form a
chromophore with a color intensity inversely
proportional to the amount of catalase in the original
sample (Aebi, 1984).

GPx determination: This was carried out using
spectrophotometric method. Glutathione peroxidase
catalysed the oxidation of glutathione by cumene
hydroperoxide. The oxidized glutathione was
converted to the reduced form in the presence of
glutathione reductase and NADPH. The NADPH was
oxidized to NADP+ simultaneously. The decrease in
absorbance at 340nm was then measured (Magnani e?
al., 2000).

SOD determination: Superoxide dismutase was
determined using pyrogallol autoxidation method. The
enyzme superoxide dismutase has the ability to inhibit
the autoxidation of pyrogallol. The autoxidation of
pyrogallol in the presence of EDTA at a pH of 8.2 is
50%. The principle of this method is based on the
competition between the pyrogallol autoxidation by
0, and the dismutation of this radical by SOD
(Marklund and Marklund, 1974).

TAC determination: Total antioxidant capacity was
determined using spectrophotometric technique which
relied on the combined action of the antioxidants
provided by the sample as standard. This standard
acted to reduce Cu*" to Cu'. This reduced form of
copper selectively formed a 2:1 complex with the
chromogenic reagent. This complex is stable and has
an absorption maximum at 490nM (Magnani et al.,
2000).

Trace metals: The serum levels of selected trace
metals were determined spectrophotometrically.
Randox, Teco, and Fotress diagnostic commercial kits
were used, and standard operating procedures was
followed (Henry, 1984).

RESULTS AND DISCUSSION

There were 144 participants in the cervical
intraepithelial neoplasm (CIN) group as compared to
53 participants in the control group (Table 1). The CIN
group which comprised of 144 women had 45
individuals who were at stage 1 CIN, 49 at stage 2 CIN
and 50 women who had CIN stage 3. However, there
were no candidates implicated for CIN in the control
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group. According to the age factor, 11% of the CIN
group consist of the 31-40 age category as compared
to the 38.9% that belonged to the 51-60 years age
category within the CIN group. On the basis of
conception, 98% of the CIN group conceived
successfully. However, 1% each of the CIN group had
2 and 7 wunsuccessful conceptions respectively.
Cervical cancer is thought to be mediated by Human
Papilloma Virus (HPV) but past studies have revealed
the role of oxidative stress in cervical cancer (Smita et
al., 2007). However, the toxic effects of free radicals
causing oxidative stress are expected to be protected
by a defense system such as antioxidant vitamins,
minerals, and antioxidant enzymes (WHO, 2002). The
findings in this study assessed the status of CAT, GPx,
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SOD and TAC including some trace metals; Ca, Mg,
Cu, and Zn in women expected to have various level
of oxidative stress due to their CIN status. The serum
antioxidant status and trace metal levels in the study
participants were also presented (Table 2). There were
significant differences in serum catalase (CAT) level
between the normal and the CIN groups (P < 0.05).
CAT levels increased significantly from 23.88 u/ul to
31.79 u/ul. However, there were minimal increases in
SOD levels between the normal and the CIN groups
(P>0.05). The incidence of cervical intraepithelial
neoplasm lesions did not significantly affect total
antioxidant capacity (TAC) of the study population
(2.70 mM - 2.43 mM, P>0.05).

Table 1: Socio-demographic characteristics of the study population

CIN group Control group Df  X° B-
(=144} (=53} value
() Ge) @ (%)
CIN Stavs  Normal 0 0.0 53 269 30 0463 0925
Stage 1 45 22, 0 0.0
Stage 2 44 249 0 0.0
Stage 3 50 254 0 0.0
Arerroup 3140 wrs 17 118 15 283 40 37H 0215
41-50 vrs 2 222 1o 18.9
5160 vrs 36 3590 X 3T
B1-70 vrs 10 6.5 3 15.1
>0 vrs 2 01 0 0.0
Educational PrmaryEdu. 58 403 5 04 20 2 0.368
Stage Secondary Edu. 16 111 26 491
Tertiary Edu. 70 486 22 415
Parity 1.00 0 0.0 o 170 3.0 11.501 0175
200 6 2 0 0.0
3.00 2 167 11 20,8
400 38 264 17 32
5.00 2 222 6 11.3
6.00 19 132 8 15.1
7.00 0 0.0 2 3.8
.00 22 133 0 0.0
11.00 3 21 0 0.0
Unsueesssful 00 142 086 40 025 30 438 0223
conception 10D 0 0.0 4 13
200 1 3 0 A
700 1 3 0 A
Marazz Monogamy 127 882 I 69.5 10 24
pe Polyeanmy 17 118 16 302
Smalcing Smokers 45 31e 7 13.2 10 24
habit MNon Smokers 03 £63.1 46 36.8
History of  MNo history 66 458 2 453 40 5584
vsage of <lwr 68 472 8 17.0
oceE 1-3 wrs 4 2. 5 G4
46 vrs 0 0.0 12 22,
>Bvrs 6 2 3 5.7

The bivariate relationship between serum antioxidants
and serum level of trace metals in CIN group against
the control group showed that Mg and Ca were
positively correlated to glutathione peroxidase (GPX)
(r = 0384 and r = 0.446 respectively) in CIN
participants (P < 0.01). Whereas, there were no

significant correlations between these two metals and
GPx in the control group (r = -0.096 and r = 0.164, P
> 0.05 respectively). Mg fairly correlated positively
with SOD in the CIN group (r = 0.264, P < 0.01);
however, SOD and Mg were not significantly
correlated in the control group (r =-0.194, P> 0.01).
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Table 2: Serum antioxidant status and elemental composition in the study participants.

CAT SOD GPX TAC Mg Ca Cu Zn
(m) (umol/ml/min) (U/mL) (U/L) (mM) (mg/dl) (mmol/L) (ng/dl) (ng/dl)

Normal 53 23.88a 1.08a 6.7la 2.17a  2.50a 2.04b 56.0lab 127.02a
Level 1 45 27.29b 1.30ab 7.80a 2.39a 2.48a 2.11c 58.23b 137.03b
Level 2 49 27.67b 1.40b 796a 248a 2.37a 1.97a 52.23ab  125.13a
Level 3 50 31.79¢ 1.49b 9.16b 243a 2.49a 2.05b 49.59%a 135.40b
F- statistics 17.05 2.78 5.70 1.35 13.73 11.12 2.61 6.89
p-value <0.001 0.042 0.001 0251  0.067 <0.001 0.053 0.001

Means on the same column with similar alphabets do not differ significantly from each other (p>0.05)

Table 3: Comparison of bivariate association between serum antioxidant status and elemental composition of CIN group against the control

group.
Correlations — CIN Correlations — Control
Mg Ca Cu Zn Mg Ca Cu Zn
Catalase | -0.13 -0.047 0.053  -0.086 0.169 0 0.057 349"
p 0.122  0.573 0.531 0.303 0227 0995 0.687 0.01
SOD r 264" 0059 0.148  -0.022 -0.194 0.042  -0.049 -0.246
p 0.001 0.484  0.078  0.795 0.164 0.763 0.729  0.076
GPX r 3847 446  -0.161 .216™ -0.096 0.164 340" -.350"
p O 0 0.054  0.009 0.493 0.24 0.013  0.01
TAC r 0.15 .192° 0.107  -332" 0.253 0.15 274" 0.049
p 0.073 0.021 0.201 0 0.067 0.285 0.047  0.729

** Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed).

Table 4: Distribution of Comparison antioxidant status and elemental composition of the study participants with history of smoking.

Antioxidant/elements Smokers N Mean SD p-value 95%Cl1 95%C1
(lower) (upper)

CAT (pmol/ml/min) Control 7 20.46 9.47 0.001 -13.09 -3.41
CIN 46 28.70 5.30

SOD (U/ml) Control 7 0.96 0.46 0.001 -0.89 -0.26
CIN 46 1.53 0.38

GPx (U/L) Control 7 5.40 4.49 0.007 -5.72 -0.98
CIN 46 8.75 2.63

TAC (mM) Control 7 2.61 1.50 0.483 -0.41 0.86
CIN 46 2.39 0.63

Mg (mg/dl) Control 7 2.53 0.13 0.003 0.05 0.21
CIN 46 240 0.10

Ca (mmol/l) Control 7 2.03 0.05 0.339 -0.22 0.08
CIN 46 2.10 0.19

Cu (pg/dl) Control 7 83.91 17.78 <0.001 17.69 38.39
CIN 46 55.87 11.87

Zn (ng/dl) Control 7 131.40 16.31 0.052 -0.08 16.97
CIN 46 122.96 9.42

The antioxidant and trace metal status of participants
with a positive history of smoking for both the control
and CIN groups were presented in Table 4. Serum
levels of CAT and SOD of participants within the CIN
group were significantly higher compared to the
control group. Serum CAT level was 20.46 u/ml/min
in control and 28.70 w/ml/min in CIN group while
serum SOD level was 0.96 u/ml in control and 1.53
u/ml in CIN group (P< 0.001). Though, the level of
total antioxidant capacity (TAC) was slightly more in
the control group. However, the observed mean
difference of the TAC status among participants with
smoking history were not statistically significant; 2.61
mM, in the control group and 2.39 mM in CIN
(P>0.001). Participants with a positive history of
smoking in the control group had serum Cu level of
83.91 pg/dl, whereas serum Cu level was 55.87 pg/dl

in the CIN group. Individuals in the control group also
had higher serum Zn level of 131.40 pg/dl compared
to 122.96 pg/dl in the CIN group. The only trace metal
with serum level significantly different among
smokers in control and CIN group was Cu (83.91 pg/dl
in control as against 55.87 pg/dl in CIN group) p-value
<0.001.

The increasing serum catalase (CAT) status of the
under studied individuals with Cervical Intraepithelial
Neoplasm (CIN) implies that more of the enzyme was
required by the CIN participants to protect their
system from the redox imbalance created due to
progress of the premalignant lesion. An increase in
CAT activities has been reported in breast cancer,
uterine cancer as well as cervical cancer
(Kumaraguruparan et al., 2002; Wozniak et al., 2007).
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The present study agrees with these reports. However,
the status of the other serum antioxidants examined
(GPx, SOD and TAC) in CIN patients were not
significantly different from the levels in the serum of
the healthy women. This may probably be due to the
similar dietary pattern; environmentally induced
physiology and lifestyle of the subjects in this study
given that all participants reside in Benin City, and
may likely depend on diets of relatively similar
antioxidant contents.

AT i A4
Plate 1: CIN-1 x10, and x40. Sections showing dysplastic

squamous epithelial cells involving the lower third of the ecto
cervix.

L ST LR woieZs
Plate 2: CIN-2 x10, and dysplastic
squamous epithelial cells involving the lower two-thirds of the ecto
cervix

Plate 3: CIN-3 x10, and x40. Sections showing dysplastic
squamous epithelial cells involving the full thickness of the ecto
cervix.

iG.

The level of Glutathione Peroxidase (GPx) increased
in participants with stage 3 CIN compared to those
with stages 1 and 2 CIN respectively. The serum GPx
status in the control group however, was statistically
the same for the CIN 1 and CIN 2 participants. In the
study of Kim and coworkers, (2003) serum glutathione
peroxidase (GPx) activity was significantly lower in
patients with CIN than controls. The contrasting
observation between our study and that of Kim et al.
2003 may be due to the difference in genetics and
geographic locations of the study population.

epithelial cells lining the ectocervix.

Results from the study of Jelic ez al., 2018 showed that
SOD activity in serum was increased in all examined
patient groups compared to healthy subjects, with
statistical significance for patients in the advanced
cervical cancer group. In the present study, the
unhealthy participants were in the premalignant stage
of the disease which may have been the reason for the
insignificant difference between the serum SOD in
CIN and control groups. Another research by (Cho et
al., 2009) reported significant decreased serum levels
of antioxidant micronutrients, such as b-carotene,
lycopene, zeaxanthin plus lutein, retinol, a-tocopherol,
and g-tocopherol in patients with CIN. These
micronutrients were probably in high demand by the
premalignant cells. This micronutrient decrease is
similar to that observed in serum Cu level of
participants with a positive history of smoking in the
CIN group of the present study.

A previous study that investigated serum lipid
peroxidation, antioxidant capacity, and trace element
levels in Korean women as related to uterine cervical
neoplasia, reported that a significantly lower zinc (Zn)
levels and higher copper/zinc ratios were found in both
CIN and cancer patients compared with the controls
(Kim et al., 2003). The present study presented a
contradicting pattern among the Nigerian women
sampled that did not have history of smoking. There
was no significant difference in serum Zn levels of
women in the CIN and control groups (see Table 2).
The Cu/ Zn ratio in this study was low (< 0.5) for both
the CIN and healthy individuals. Although among the
women with a positive history of smoking, Cu levels
were significantly higher in the control group than in
the CIN group (Table 4).

It is relevant to state that the relationship of nutritional
elements with cervical neoplasia has been reported to
be complex by its multifactorial etiology, with many
of the acknowledged risk factors being correlated with
nutritional and socioeconomic standing. (Potischman
and Brinton, 1996). Though, going by the Chi Square
(X?) presentation in Table 1, all the parameters
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examined in the socio- demographic characteristics of
the study population had p-values greater than 0.05.
An indication that the distribution between the control
and CIN groups within each of the categories were not
subjective. This means that the observed and expected
were basically the same based on their
proportionalities.

Serum Mg levels in this study were statistically not
different in the control and CIN groups evaluated. This
observation is different from the report from a study to
compare serum Mg levels in women with breast
cancer in Benin City, Nigeria (Atoe et al., 2014). In
the just mentioned study, results showed a significant
reduction in serum Mg levels of patients with breast
cancer compared with those without the disease. The
reason for basically same level of Mg in healthy and
CIN patients observed may be because the disease is
still in its precancerous state and the systems Mg level
or supply was not yet depleted. This study suggests
that serum Cu is easily used up in CIN patients with
positive history of smoking than in patients without a
smoking history. This buttresses that smoking is a
major risk factor in cervical intraepithelial neoplasia.

Conclusion: The relevance of antioxidant status and
nutritional elements in cervical neoplasia has been
reported in this study. This is even more necessary
particularly given the role they both play in estimating
the oxidative defense capacities of patients at various
stages of Cervical Intraepithelial Neoplasia. Proper
lifestyle changes are also very important as a
significant correlation between smoking and serum Cu
was established. Serum Cu is of high demand by the
premalignant cell metabolism of patients with a
history of smoking.
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