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Abstract. The present study was conducted to evaluate the association between residues of a-
endosulfan, B-endosulfan, endosulfan sulfate and total endosulfan (X endosulfan) with serum
cholesterol, alkaline phosphatase (ALP) and total proteins (TP) in diagnosed cancer patients and
healthy subjects of Karachi, Pakistan. Donors provided fasting blood samples with informed
consent and serum was separated within two hours of blood collection through centrifugation at
2500 rpm. Levels of serum cholesterol, ALP and TP were quantified on Roche/Hitachi
spectrophotometers while gas chromatograph (GC-17A) coupled with 63Ni electron capture
detector was used for the quantification of endosulfan residues. Detected mean concentrations of
a-endosulfan, p-endosulfan and endosulfan sulfate were higher in the cases compared with
controls (p > 0.05). Mean levels of serum cholesterol and TP were found significantly reduced in
the cancer cases (p < 0.05) while ALP activity was found significantly elevated in the cancer
cases compared with controls (p < 0.05). An association between endosulfan sulfate and
cholesterol levels (r = 0.333) and between X endosulfan and cholesterol (r = 0.245) was detected
in the cancer cases but no such association was found in the control group. The presence of higher
serum concentrations of oa-endosulfan, B-endosulfan, endosulfan sulfate and X endosulfan
associated with abnormal serum biochemical parameters may be a risk factor of various
malignancies in humans.
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Introduction

Endosulfan is a broad spectrum organochlorine insecticide used around the
globe in household and agriculture to control insect pests (Dilna et al., 2018).
Endosulfan has been reported in human tissues, milk and serum samples (Latif et
al., 2012; Khawaja et al., 2012; Khwaja et al., 2013; Saeed et al., 2017; Attaullah
et al., 2018). Endosulfan consists of a and  isomers in the ratio of 7:3 (Wan et al.,
2005). The main endosulfan metabolite is endosulfan sulfate which is liphophilic
and mainly accumulated in the adipose tissues (Cerrillo et al., 2005). Endosulfan
causes a variety of disorders in humans including testicular cancer, prostate cancer
and breast cancers (Soto et al., 1994; Romeo and Quijano, 2000; Saiyed, 2003;
Ibarluzea et al., 2004), teratogenicity (Grumfeld and Bonefeld-Jorgensen, 2004;
Singh et al., 2007; Silva and Beauvais, 2010), DNA damage (Bhalli et al., 2009)
and neurotoxicity (ATSDR, 2015). Endosulfan damages human RBCs at
concentrations ranging from 1ppb to 1ppm (Daniel et al., 1986).

Serum cholesterol is a useful biomarker of several metabolic disorders. Levels
of serum cholesterol are mostly found diminished in the cancer patients compared
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with the healthy subjects (Ding and Hu, 2008). There is a potential association
between serum concentrations of chlorinated pesticides and serum cholesterol
levels (Aminov et al., 2013; Singh and Chan, 2018). Alkaline Phosphatase (ALP)
is found almost in all tissues and is comparatively stable in serum. ALP levels are
found elevated in the cancer cases compared with controls as reported in colorectal
carcinoma (Saif et al., 2005), breast cancer (Prabasheela et al., 2012) and
osteosarcoma (Kim et al., 2017; Sahran et al., 2018).

Serum total protein contents is a good indicator for the assessment of various
malignancies and stage of the disease as reported in squamous cell carcinoma
(Nayyar et al., 2012). Several studies have shown a correlation between persistent
organochlorine pesticide residues and alterations in enzyme levels (Azmi et al.,
2006; Arshad et al., 2007; Dyk and Pletschke, 2011), serum proteins and ALP
(Khan et al., 2008) and serum cholesterol, TP contents and ALP levels
(Paccagnella et al., 1971).

Endosulfan is banned in Pakistan but is sold and used illegally on vegetables,
fruits, crops and for other miscellaneous purposes as confirmed in recent studies
across the country (Anwar et al., 2011; Randhawa et al., 2016; Ahmad et al., 2018;
Hayat et al., 2018). It was therefore necessary to evaluate endosulfan residues with
respect to health risk in humans. The present study was aimed to comparatively
evaluate the concentrations of a-endosulfan, B-endosulfan and endosulfan sulfate
in the cancer cases and healthy subjects and to find out any potential association
between endosulfan concentrations with serum cholesterol, ALP and TP contents.

Materials and Methods

Analysis of endosulfan isomers (o and ) and endosulfan sulfate, cholesterol,
ALP and Total Proteins was carried out in sera of the diagnosed cancer cases (n=
51) and healthy control subjects (n = 30) at Karachi, Pakistan. Mean ages and male
to female ratio was (39.5 years, 47:53) in the cancer cases and (33.3 years, 90:10)
in the controls respectively. The study was conducted in general population of
Karachi, Pakistan with no past history of occupational exposure of the subjects to
endosulfan. The study subjects were indirectly exposed to endosulfan due to intake
of contaminated vegetables, food, water, fruit and milk. This shows exposure of
the general population to endosulfan indirectly through food chain. Blood samples
(8 ml each) were collected randomly from the cancer patients and healthy subjects
with informed consent at various hospitals of Karachi. Serum was separated from
the blood within two hours of collection through centrifugation and was stored at —
20 °C at the Toxicology Laboratory, Department of Zoology, University of
Karachi. Extraction, purification and quantification of endosulfan in the serum
samples was carried out according to the previously described methods (Dale et
al., 1970; Atuma and Aune, 1999; Moreno Frias et al., 2001). The detailed protocol
for the extraction of endosulfan residues, clean-up with florisil column and
quantification through Gas Chromatography coupled with Electron Capture
Detector (GC-ECD) has been described elsewhere (Attaullah et al., 2018).

Cholesterol analysis was carried out according to (Allain and Roeschlau, 1974)
with Cholesterol Kit catalogue no. (CHOL 12016630 122), COBAS Registered
was used for this purpose. About 3.0 pl of the sample was mixed with 250 pl of R1
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reagent. A photometric determination of the color intensity produced by hydrogen
peroxide was made on Roche/Hitachi 902 analyzer.

ALP in the serum samples was processed according to (Bowers and McComb,
1975) with the help of ALP Kit catalogue no. (AP 7927) and quantification was
carried out on HITACHI 717 Spectrophotometer, Randox Laboratories Ltd., UK.
About 0.025 ml (25 ul) of serum sample was mixed with 1.0 ml of reagent and
heated up to 37 °C for 5 min. A yellow colored p-nitrophenol was produced at 405
nm. The color intensity is a measure of the level of ALP in the sample.

Total Proteins in the serum were determined according to (Weichselbaum,
1946) with Kit catalogue no. (TP-11553836 316), COBAS Registered. Serum
sample (5 ul each) was mixed with 90 ul of R1 reagent, then R2 reagent (90 pl)
was added which formed a purple colored biuret complex. The color intensity of
the biuret complex was quantified with Roche/Hitachi 902 Spectrophotometer at
546 nm.

Statistical evaluation of the data was carried out using MS Excel Office Version
365 by calculating the mean values of endosulfan concentrations, cholesterol, ALP
and Total Protein contents in the cancer cases and controls. The calculated mean
values of the studied parameters were compared in the cases and controls through
independent t Test (two samples assuming unequal variances) with p values less
than 0.05 showing statistically significant difference between the cancer cases and
controls. Values of Pearson correlation coefficient (r) between endosulfan and
serum biochemical parameters were calculated in MS Excel and were confirmed
statistically through regression analysis.

Results

Elevated mean concentrations of endosulfan isomers and endosulfan sulfate
(mg/kg wet weight serum) were detected in the cancer cases compared with
controls. Mean levels of endosulfan in the cases versus control subjects were: a-
endosulfan (0.043 vs. 0.03, p = 0.56), pB-endosulfan (0.041 vs. 0.021, p = 0.42),
endosulfan sulfate (0.104 vs. 0.1, p = 0.62) and X endosulfan (0.189 vs. 0.153, p =
0.37) (Table 1).

Table 1. Mean levels + SD of the studied parameters in the cancer cases and controls

Studied Parameters Cases Controls P
Mean SD Range Mean SD Range values
a-endosulfan (mg/kg) 0.043 | 0.124 | 0-0.712 | 0.03 | 0.06 0-0.231 0.56
B-endosulfan (mg/kg) 0.041 | 0.161 | 0-1.118 | 0.021 | 0.044 | 0-0.183 0.42
Endosulfan Sulfate (mg/kg) | 0.104 | 0.236 | 0-—1.422 0.1 0.183 | 0-0.771 0.62
¥ Endosulfan (mg/kg) 0.189 | 0.364 | 0-2.134 | 0.153 | 0.178 | 0-0.771 0.37
Chol. (mg/dl) 116 22.7 78 — 165 157 349 | 82-225 | <0.05
ALP (U/L) 128 49.5 60 — 419 109 28.6 | 71-223 0.03
TP (g/dl) 6.2 0.57 45-7.3 7.2 1.06 | 46-9.1 | <0.05

Legend: X endosulfan = Sum of the endosulfan isomers (a, B) and endosulfan sulfate, SD = Standard
Deviation. Normal ranges in an average adult human for cholesterol: < 200 mg/dl; ALP: 30-120 U/L;
Total Proteins: 6.0 — 8.0 g/dI
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Cholesterol levels were found significantly diminished in the cancer cases
compared with controls. The detected mean levels of cholesterol in the cancer cases
versus controls were (116 £ 22.7 mg/dl vs. 157 + 34.9 mg/dl; p <0.05) (Table 1).
ALP activity was found elevated in the cancer cases compared with controls. Mean
ALP levels in cases versus controls were detected as 128 + 49.5 U/L vs. 109 + 28.6
U/L; p < 0.05) (Table 1). Total Proteins in cases were found significantly reduced
(6.2 g/dl) compared with controls (7.2 g/dl; p < 0.05) (Table 1).

In the cancer cases, Pearson correlation coefficient between endosulfan sulphate
and cholesterol (r = 0.333; p = 0.02) and between X endosulfan and cholesterol (r
= 0.245; p = 0.08) indicate a positive association between endosulfan and
cholesterol levels as shown in Fig. 1. Correlation between endosulfan and ALP
was found very weak in the studied cohort (Fig. 1). Statistical significance was not
achieved between endosulfan residues and the studied parameters because
significance level obtained was higher than 0.05 in all of the cases except between
endosulfan sulphate and cholesterol (r = 0.333; p = 0.02) and between a-
endosulfan and TP (r = - 0.303; p = 0.03) in the cancer cases (Fig. 1).
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Figure 1. Correlation between endosulfan residues with serum Cholesterol (chol.), alkaline
phosphatase (ALP) and total protein (TP) contents in the cancer cases and controls

In the major cancer sites, the Lymphatic system showed the lowest mean cholesterol
level (99.6 mg/dl) with a higher concentration of endosulfan sulfate (0.107 + 0.152
mg/kg), reduced mean ALP level (99 + 4.2 U/L) and reduced mean TP level (5.6 + 0.1
g/dl) (Table 2). Highest ALP activity was detected in the blood cancer cases (148 + 30.7
U/L) with reduced mean cholesterol level (102 = 19.1 mg/dl) and a mean X endosulfan
level of 0.131 £ 0.244 mg/dl (Table 2).

In the sub sites of cancer cases, lowest mean level of cholesterol was detected in
Hodgkin’s Lymphoma (HL) as 83 mg/dl with mean level of endosulfan sulfate as 0.215
mg/kg and lowest mean level of TP (5.5 g/dl) (Table 2). Highest mean cholesterol level
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was detected in the ovarian carcinoma (151 mg/dl) with significantly reduced level of a-
endosulfan (0.007 mg/kg) (Table 3).

Table 2. Mean levels + SD of the tested parameters in the studied major cancer sites

a- - Endosulfa X
Major endosulfan | endosulfan | n Sulfate | endosulfan (rih?(;i) ('t‘JI/‘LP) (T/(F;I)
Cancer (mg/kg) (mg/kg) (mg/kg) (mg/kg) g g
Sites Mean+£SD | Mean+SD | Mean+SD Mean+SD Me%nis Me%nis MeaDnd:S
Oral 1) 007:0.01 | 0.089:0.08 104423
Cavity, ) 3 ) ' 5 ' 0.07+0.121 | 0.167+0.054 4 " | 11246.65 | 6.5+£0.5
Pharynx
Digestive | 0.022+0.07 | 0.1062030 | 575, 11 | 0.204+0.336 | 127520 | 133:87.3 | 6.2:0.6
System 1 9 7
Respirator | 0.004+0.00 0 008540 17 | 0.089+0.179 111423, | 141.5+15. 59401
y System 8 3 9
Breast 0'144;0'25 0'003(;:0'00 0'34450'51 0.492+0.708 | 12520 | 108+21.8 | 6.6+0.4
Skin 0'0076?:0'01 0'006:0'01 0.06+0.107 | 0.074+0.101 107?;14' 125:16.4 | 6+0.3
Female
Genital 0'002;0'00 0.007:001 0 0.009:0012 | 13%2% | 1052241 | 6.1:08
System
Blood 0.0567i0.11 0.0327i0.06 0.0429io.04 0.13140.224 1021i19. 1484307 | 6.1405
Lymphati 0.107+0.15 99.5+23.
¢ System 0 0 2 0.107+0.152 3 99+4.2 5.6+0.1
Table 3. Mean levels + SD of the tested parameters in the sub sites of cancer cases
a- - Endosulfa X
Sub sites | endosulfa | endosulfa | n Sulfate | endosulfa (r?qh;)(jli) ('t\JI/_IS TP (g/dl)
of cancer | n(mg/kg) | n(mg/kg) (mg/kg) n (mg/kg) g
cases
Mean£SD | Mean+SD | Mean+SD | Mean+SD MeaDnﬂ:S MeaDniS MeaDniS
Tongue 0.011(;:0.01 0.081;:0.11 0.10550.14 0.198;:0.01 111.?:27 11046 3 6.840.4
Pharynx 0 0.106+0 0 0.106+0 89+0 118+0 60
ESOpShagu 0'005;0'00 0 0.04+0.053 | 0.046+0.05 | 125+17.3 | 116+24.2 | 6.4+0.8
Stomach 0 0'559;0'78 0'04250'05 0'60150'84 125424 | 119565 | 6.2+0.1
Colon | 0.065+0.13 0'059f0'10 0'005f0'01 0'13150'22 1314184 | 106+16.7 | 6.3+0.3
Rectum 0 0.007:001 | 0146013 | O.A53:0.14 | 4374943 | 2054186 | 613
Appendix 0.01+0 0 0.318+0 0.328+0 91+0 113+0 5.9+0
Larynx 0 0 0 0 102+0 161+0 6.2+0
Lung 0.005;:0.00 0 0.11361:0.19 0.119(;:0.20 1144276 | 13524112 5940.1
Breast 0.144;:0.25 0.0035:0.00 0.3445iO.51 O.492§cO.7O 195420 1084218 6.6:0.4
Neck 0 0 0.13+0.171 | 0.13+0.171 97+2.8 112+19.7 | 5.8+0.5
Cheek 0.012+0.02 | 0.011+0.01 | 0.013+0.01 | 0.037+0.02 | 113+16.4 134+8 6.2+0.1
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1 9 1 8
Cervix 0'002;0'00 0'014;0'01 0 0'016(:0'01 1454205 | 108+41 | 5.8+1.2
Ovary | 0.007+0 0 0 0.007+0 | 151+0 10440 6.1+0
Vagina 0 0 0 0 105+0 98+0 6.8+0
ALL 0.007;0.01 0.0046io.00 0.024;0.03 0.036;0.02 113:513 | 136:85 | 62106
AL 0.0926io.14 0.0533io.08 0.049510.05 0.195110.28 92.8;11. 1432300 | 62606
CML 0 0 0'0487*0'06 0'0487*0'06 1204395 | 182414 | 5.7+0.2
HL 0 0 021540 | 0.2150 8340 10240 5,540
NHL 0 0 0 0 11640 960 5.7+0

Legend: ALL= Acute Lymphoblastic Leukemia; AML= Acute Myeloid Leukemia; CML= Chronic
Myeloid Leukemia; HL= Hodgkin’s Lymphoma; NHL= Non-Hodgkin’s Lymphoma.

Discussion

Endosulfan is a widely used insecticide worldwide and has been associated with
various malignancies in human and animal studies. The present study was conducted
to evaluate the potential association of endosulfan residues with serum biochemical
parameters and to ascertain the possible role of endosulfan residues in causing various
malignancies in humans. Findings of the present study are consistent with the previous
cases-control studies on the association of endosulfan with various cancers in humans
(Kumar et al., 2010; Arrebola et al., 2015; Shah et al., 2018). Serum mean cholesterol
levels and Total Proteins were found significantly reduced in the cancer cases
compared with controls (P < 0.05) while serum ALP levels were found elevated in the
cancer cases than controls (P < 0.05) (Table 1). Similar findings in cancer cases
versus controls have been detected in previous studies for cholesterol levels (Mufti
and Baseer, 1996; Memon et al., 2007; Chawda et al., 2011; Ahmad et al., 2012), for
Total Protein levels (Nayyar et al., 2012) and for ALP levels (Saif et al., 2005;
Prabasheela et al., 2012).

Variations in levels of serum cholesterol, ALP and TP from the normal levels
indicate the severity of disease in various cancers and can be utilized as diagnostic and
prognostic biomarkers.

An association between endosulfan sulfate and cholesterol (r = 0.333) and between
¥ endosulfan and cholesterol (r = 0.245) has been detected in the cancer cases. A very
weak association between a-endosulfan and cholesterol (r = 0.011) has been detected
in the control subjects (Fig. 1). This indicates that endosulfan concentrations are
associated with cholesterol levels and support the previous literature on the subject
(Aminov et al., 2013; Singh and Chan, 2018; Fadaeipuor et al., 2016). Endosulfan and
organochlorine pesticides residues increases with increasing levels of serum
cholesterol and declines with decreasing levels of cholesterol. In the present study,
although levels of cholesterol were significantly lower in the cancer cases but the
residues of endosulfan were higher in the cancer cases in comparison with controls
(Table 1). Apparently, reduction in cholesterol level may be an immune mechanism
for decreasing the lipid pool in serum and thus reducing the storage reservoirs for
lipophilic toxic chemicals in the body. Another reason for the reduced cholesterol
levels in the cancer cases may be due to the adverse effects of higher endosulfan
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residues in the cancer cases. A weaker association was found between endosulfan and
ALP in the cases compared with controls (Fig. 1).

Serum endosulfan concentrations detected in the present study may not be capable
to affect ALP activity as indicated by the weak association from the Pearson
correlation coefficient (Fig. 1). Highest ALP activity (148 U/L) was found in the
blood cancer cases while lowest was found in cases of the lymphatic system (99 U/L)
(Table 2). In the blood cancer cases, detected mean levels of endosulfan were: a-
endosulfan (0.056 mg/kg), B-endosulfan (0.032 mg/kg), endosulfan sulfate (0.042
mg/kg), £ endosulfan (0.131 mg/kg) with reduced mean level of cholesterol (102
mg/dl) and elevated level of ALP (148 U/L) (Table 2). This indicates that the altered
levels of cholesterol and ALP might be due to the presence of high endosulfan
concentrations. Lowest cholesterol level (99.5 mg/dl), lowest ALP level (99 U/L) and
lowest TP level (5.6 g/dl) were detected in cases of the lymphatic system with
detected mean conecentration of endosulfan sulfate as 0.107 mg/kg (Table 2). The
altered parameters in lymphatic system is indicative of the role of endosulfan sulfate
in cases of the lymphatic system. A similar pattern was also detected in cases of AML,
Neck and Appendicular Carcinoma (Table 3).

In cases of Hodgkin’s Lymphoma, reduced mean TP level (5.5 g/dl), lowest mean
cholesterol level amongst sub sites (83 mg/dl) and significantly elevated mean level of
endosulfan sulfate (0.215 mg/kg) were detected (Table 3). This indicates a possible
role of endosulfan sulfate in the risk of HL and an association with cholesterol and TP
levels.

In the sub sites of cancer cases, highest ALP activity was found in cases of the
rectal carcinoma and CML while lowest was detected in cases of NHL (Table 3).

The overall results indicate that cancer cases are having higher residues of
endosulfan compared with controls. Serum cholesterol and total proteins are
significantly lower in the cancer cases compared with controls while ALP activity was
higher in the cancer cases compared with controls. There was a positive association
between endosulfan residues and serum cholesterol levels in the cancer cases, but no
such association was detected in the controls. Presence of lower cholesterol levels and
higher endosulfan residues simultaneously may act as risk factors of various
malignancies in humans. The overall results indicate that the cancer cases are having
higher serum concentrations of endosulfan associated with abnormal levels of serum
biochemical parameters compared with the control group.

Conclusion

The presence of higher serum concentrations of a-endosulfan, B-endosulfan,
endosulfan sulfate and X endosulfan associated with abnormal serum biochemical
parameters may be a risk factor of various malignancies in humans. Further work is
recommended to ascertain the actual causes of endosulfan toxicity focusing on the
mechanisms underlying alterations of serum biochemical parameters and associated
health risks in humans and experimental animals.
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